;e3e(D>6tT]c) TITLE OF THE | NVENTI ON Met hod for Manufacturing Sem conduct or
Devi ce and Heat - Resi stant Pressure-Sensitive Adhesive Tape for Use Therein
BACKGROUND OF THE | NVENTION Field of the Invention *150150* The present
~invention relates to a nmethod for manufacturing a sem conductor device
using a netal |lead frame attached with a heat-re5| stam ‘\LHHMW‘HM@ ‘Eensmlve
adhesi ve tape and relates to a heat-resistant pressur dhesi ve
tape for use in the nmethod. Description of the Rel ated Aricodot2*recent years,
LSI packagi ng technol ogy ha é_ , ' | cal e Package (CSP)
technol ogy. This technol ogyi‘tI g’ﬁgg‘id?%hMﬁﬁés@ad Fl at Non-| ead
package (QFN), nal s, ar ced. insid e package. This is
one of the part%‘?ﬁ%‘*? S&Q téHi?STSFEm? @Fﬁ’é"%i’eﬁ i zation and
hi gh integration densit In recent ears, a particularl tlighted

met hod fo?imm istant qwrw$m¥méﬁhmvstme 69%%98‘%&!98% ly
arrangi ng QFN chips on die pads in a package pattern region of a | ead
frame, sealing the chips with a sealing resin at atinme in a die cavity,

and cutting the sealed body into individual QFN structures. Such a..net hod
can drastically increasBACKGROIND OFt THRINVENTIONt he | ead frane. In

e N eid of the tavention ¢ o = aneessty AN

*150150%

The present invention relates to a method for
manufacturing a semiconductor device using a metal lead frame
attached with a heat-resistant pressure-sensitive adhesive tape and
relates to a heat-resistant pressure-sensitive adhesive tape for use
in the method.

Description of the Related Art

In recent years, LSI packaging technology has focused on
Chip Size/Scale Package (CSP) technology. This technology
typically includes the Quad Flat Non-lead package (QFN), whose
lead terminals are placed inside the package. This is one of the
particularly spotlighted forms in terms of miniaturization and high
integration density. In recent years, a particularly spotlighted
method for manufacturing the QFN includes the steps of
systematically arranging QFN chips on die pads in a package
pattern region of a lead frame, sealing the chips with a sealing
resin at a time in a die cavity, and cutting the sealed body into
individual QFN structures. Such a method can drastically increase
the productivity per area of the lead frame.

In this QFN process including the step of simultaneously
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sealing a plurality of sem conductor chips, the nolding dies clanp only the
"portions outside the resin sealing region which |ie outside beyond the
package pattern region. Therefore, the pressure fromthe nolding dies for
-holding the outer |l ead face can be insufficient in the package pattern
region, particularly at the center portion thereof. Therefore, it can be
very difficult to prevent the leak of the sealing resin into the outer |ead
side, and the QFN termnals or the like can tend to be undesirably covered
with the resin. Against this problem a pressure-sens&ﬁ%ye adhesi ve tape
can be at8egting a plurality,of semiconduetos chips, the meldipg dieselamp
process. Such a process obtains the sealing effect based on the aut ohesion
( maski ng) oply thet portionsowtaide the sesin sealingaegionwhich limautside)e
particularly effective at preventing the leak of the resin to the outer

| ead si debeyondethe package patterncregiom.s [Ehereforec the pressuge foom antial | y
difficult to attach the heat-resistant pressure-sensitive adhesive tape
after thetheapobdingdi¢s for hioddiregrithennwtdoleathfpee cant be ithsaffi¢iente or
after the step of wire bonding, in ternms of handling. In a preferred
manner, thetheopeckipe putteri aegionppapticutarly- st the tcertezdimtion tape is
attached to the outer pad face of the lead franme at an early stage and then

nai nt ai neghékédf)y Therefore, df cahUmé vedyldiffiealt ¢opshesiedlt tHe bealtod t he step
of wire bonding before the resin sealing step. Therefore, the

heat - r esi ghaYealkir}f se6H1 $RE6 the \Gufd R d/ SidéiRéndthle QFN eetmiRaRyV 6Pt t he
| eak of the sealing resin but also satisfy all the necessary properties

such as NiB €@ et ted Yooba i EKIRABR} chVEred WRESHRG rEBI! | Ng t he

sem conduct or ips and no interferencé with the sophisticated operation in

the wire bondingesigg: this Brofleihl GhpReNuress GINAN Salebive tigertipOse of

preventi ng the ré&sin a gene resi stant pressure-sensitive

adhesi ve GahARCARUCH) Sfle SUVE Raq SHRof HERAX pISRRRCHE N o

pressure-Sensitl Ve eslve pe can Interfere w e wre
a high el lcity gf the pr re- ARY S] [ e, the
necessar y%?éﬁg??'o nguﬁhr‘f rP3°§%§§ rq%et?iﬁg %eg%ﬁgﬁgséﬁgc%gﬁség % oﬁﬁ?adi ctory
and difficult, to, be, sati.gfied at the tinme. In order to .solye these

Pt obi e, SHEBRSBIAR (GasKiog)roRasEY ot \e Presspisachaftive AdikaiVen or <
uses a heat-resistant pressure-sensifive adhesive tape having_ a

or essur o- 58RE and anay /e pacticzlary siactivent preventing She Jesk ofthe
(Japanese Patent Application No. 2001-020395 not published on the priority
date of tEesimpe theseutey lead, side dnthe gesin gealingstem. st eps i ncl udi ng

wi re bonding can be carried out free fromthe resin | eak. Recently, the

nunber of the plelepdsapragessdipds substantisily difficultta attachsthein terns

of productivity. Therefore, not only the package itself has been nade
finer, buheatsesistant presgunensensitive adhesive tape afterdhecstemof nore
packages can be sealed in one sealing portion. Therefore, the
above- nrenmounting therseanicoamduptes chips vantheileadofinase or afipr thiet h a
relatively 3
step of wire bonding, in terms of handling. In a preferred manner,
therefore, the heat-resistant pressure-sensitive adhesive tape is
attached to the outer pad face of the lead frame at an early stage
and then maintained during the step of mounting the
semiconductor chips and the step of wire bonding before the resin
sealing step. Therefore, the heat-resistant pressure-sensitive
adhesive tape must not only prevent the leak of the sealing resin

but also satisfy all the necessary properties such as high heat
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thin adhesive layer for a reduction in cushion may have difficulty in
bal anci ng sufficient sealing property with other properties and therefore
may not appropriately achieve the basic purpose, the prevention of the
-resin leak. It is therefore an object of this invention to provide a nethod
for manufacturing a sem conductor device in which the heat-resistant
pressure-sensitive adhesive tape can appropriately prevent the resin | eak
during the step of sealing to formthe recent fine type of QFN, in
particular, during the step of sinultaneously sealing a |arge nunber of
packages itesistpncgagrinsttheaprecess afimouniing thergemieandagternpe can
hardly cause trouble in the series of manufacturing steps, and to provide a
heat - r esi chips gndaointerferance withiths sophigticated operatioquin thenet hod.
SUMMARY OF THE | NVENTI ON The inventors have nade active investigations on
physi cal miredranding stemri al s, thickness and the other properties of the
heat -resi stant pressure-sensitive adhesive tape and found that the above
obj ect can be alhhéghdtbhykimessiscemmptiagieed fozrtheoparpose-afensitive
adhesive tape conprising a pressure-sensitive adhesive |ayer that has a
speci fic tpteventing the revin lehkom génytalchestresiwtidnias a suitable storage
el astic nodulus at high tenperature. Based on the finding, the present
i nventi on pragstiféaenitive! fdhesiveccdR Mo Seledtell. HowevBYLBACRM | S
therefore directed to a 4 met hod for manufacturing a sem conduct or
device, | iglnietal hedt-dertstart réddifie-Sns itV estid tapadeqy Sem conduct or
chips ont0 die pads of a netal lead franme having an outér pad side to which
a heat -regj ; i Lad j i haW r'ing a
It e AR S EE NI NEYY & Rl elntitiniorthe

bondi ng wi re between eac ranme each el ectrode

pad on th Wefo] ChRSeivaealql e r j ' l'ing
asin f r oBroaguEe eI ve el REatyar ) I EhACEA S M HtoabRARY fifloficifd

sem conduc{.0 evi \ in.t heat - r £si St SSUl e-S i tihye
adnesi ve diping pFs SLERE doodseps Run B3 OBl fiSLhRuc it 2
pressure-gsengsiti dhesi,ye layer with a thickness of 1 to 20 umthat is
made of a?foa ?)7#@‘?%‘@?& t&'rfds time, age el astic modul us of 1.0x 105 Pa
or nore at 200C_ In this inyentjon, th hysi cal properties including the
storage el asti clmﬂst%PQY%égPFFm%}gﬂébé proees$ Pfide net hods

descri bed bel pw. According to this inventjon, the heat-resistant

pr essur e- §exBiqanduetor-device praposed hynthe dayentoes useside pol yimide resin
has a high heat resistance, in addition, its linear thermal expansion

coef fi ci ehegtsregigtant pressure;sensitivie mdhesiyg taperhavimgacfore, the tape
can hardly produce warping or peeling when thermally expanded. The tape can
mai nt ai n Presgure-ssnsitivef ddzesivedlayesrwith a thicknessopt L6t win/oplesent t he
resin leak in the sealing step. In addition, the base |layer of the

pol yi m de (JapanesearPatenti Applicatinn No.k2001+-02039% nof gublisined @xbi | ity.
The pressure-sensitive adhesive |ayer has a suitable storage elastic 5
modul us atthie priorétypdate wictldschppiécation). cIn this grocess| ntsenies ofui t abl e
cushion effect even where it has a relatively large thickness of about 20
Vim In tlstepsritichadiigvive tHomditg candsé caetled aut fpée frourctheresinve
adhesi ve tape attached, the | oss of the bonding energy can be |low, and the
w re bondijggkcan be well perfornmed in a nore reliable nmanner. In the
process of the recent fine type of QFN, particularly the large matrix

pattern type W ihced@gIthBUTRRING o P PREIARTAIIH hABRAE pbr3galcd. the

sealing material has t0 produce a suf

appr opr i atgeh vhPha¥ Yeed Mickéaddd (hj;ﬁfi%rﬂ’xhr Pg%rbﬁﬁncgﬁlg&ng THéRfold, hBtS

regard, the pressure-sensitive adhesive er s have an appropriate

Chi ek e ¢ [
b essur o Sy PR RAREC bt hAb bell B¢ tndd Wl Riep (hET 20TV LT

i d i i ck | | i tab t ti dul us.
Pt he i nadkehBEHTend nERBET 1% Peun i e sl Hiat R0t Badkzgscdd 1! U°
th f th in | eak i I dinth [
St ep wi t e ealedt 1 onecrenliie TRETPh. S Therelord, e anover MARtigRad no”
att ached HﬁP% caq hardly cause troy?le in a series of the stePs.

at-resistant pressure-sensitive adhesive tape with a relatively




_This invention is also directed to a heat-resistant pressure-sensitive
adhesi ve tape for use in such a nethod for manufacturing a sem conductor
device, conprising: a base |ayer nmade of a polyimde resin; and a
-pressure-sensitive adhesive layer with a thickness of 1 to 20 umthat is
made of an acrylic resin and has a storage el astic nodulus of 1.0x 106 Pa
or nore at 200C. 6 This invention is also directed to a nmethod of using
the inventive heat-resistant pressure-sensitive adhesive tape, including
the steps of: attaching the heat-resistant pressure-sensitive adhesive tape
to an out thinadhssive dayer for & reduetipnsin cughion nay hawe difficultye (o
forma sem conductor device conprising a sem conductor chip and a sealing
resin in tmihslanking swfficient sealing propertyswithothes prepertiescandner ei n
the heat-resistant pressure-sensitive adhesive tape conprises a base |ayer
made of athere¢faoredmaycnot approprjatelyachiewvesthe basicipurposel ther with a
thickness of 1 to 20 umthat is nade of an acrylic resin and has a storage
el asti c mpaeveatisn ofthelfésindeak.more at 200C. In this invention, if the
heat -resi stant pressure-sensitive adhesive tape is heated at 200C for one
hour while bei ngt #¢ thePeforecan obijectofthis invenpicn ¢o piovidela preferably
have an adhesive strength of 5.0 NN 19 nmw dth or less. In such a case, a

desired agheEho@® for AAuUTaéAiriRgey Semitdridifctorsdéviceain wailchetgasured in
the sealing step, and after the sealing step, such a tape can easily be

peel ed of feytl feaistait préhUeCséngitive adlRstvetape dF approPridtePFSCR PTI ON
OF THE DRAWNGS Figs. 1(a) to 1(e) are diagrans Tor show ng an exanpl e of

ocsone - HEAFRS TSR ans BT GO MY Ot bR AP
ﬁ%gn! :‘ Peéﬂ\ﬁe e\l’:\? ﬁ?'ﬁafnlﬁggg‘éﬂ;ﬁ)g*ﬂgg%, %‘é\lg}lg ?@5?%§qfsaﬁ taﬁseggf I nZaI | \S;i ZW
3e?¥“.-h£‘2| " 588 0nes 1Ak BoflnbBF dr Padkdkds M b R Blstdsth, g in® |
i i i i ) TA] L DESCRI PTI OF THE, P ENBQODI VENTS
'Eﬁbégi ben RTGH ?fs 4PEachEf tane AR Aty AN EERUDIS, l&m T’%)T]%Pg: once 1o

: R : Fi 1 1 , . :
brocose | RARMNLS DR RGPS, 300 60 RiRMIde AyBbRETSSERRC, | bed bel on. A
shown in Figs. 1(a) to 1(e), the inventive nethod for

pressure-sensitive adhesive tape for use in such a method.

=

SUMMARY OF THE INVENTION

The inventors have made active investigations on physical
properties, materials, thickness and the other properties of the
heat-resistant pressure-sensitive adhesive tape and found that the
above object can be achieved by using a heat-resistant
pressure-sensitive adhesive tape comprising a pressure-sensitive
adhesive layer that has a specific thickness, is made of an acrylic
resin and has a suitable storage elastic modulus at high
temperature. Based on the finding, the present invention has
been cﬁmpleted.

More specifically, this invention is therefore directed to a
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~manufacturing a sem conductor device includes the step of nounting

sem conduct or chips 15, the wiring step with bonding wires 16, the sealing
step with a sealing resin 1T, and the step of cutting the seal ed body 21.
-Referring to Figs. 1(a) and 1(b), the nounting step includes bonding

sem conductor chips 15 onto die pads 11c of a lead frane 10, wherein a
heat -resi stant pressure-sensitive adhesive tape 20 is attached to an outer
pad side (the |l ower side of each drawing) of the |ead frame 10. For

exanple, the lead frame 10 is nmade of netal such_as, copper d has a forned
QFN ter i mﬂmf(}eﬁ manpdaciuring;a segHcandustor dexics; nelndingat ane 10

may be coated or plated with such a material as silver, nickel, palladium
or gol d. least the stepsofi mounting ppdrbandingsemiconductanchips00tei m
However, thin portions fornmed by partial etching or the |like nmay not have 8
such a t hidi&pasis offanamesaliléad frame having am qutex padssidesto sehich ar r anged
QFN patterns so as to be easily divided in the later cutting step.

Ref er r i ngheatfiegistaiitapressiirecsdnsitive adheslive tape ismfttagived; iwiring t he

| ead frame 10 with two-di nensional matrix patterns, so called matrix QFN or
MAP- QFN, ashaméing wibe batsteen ehchrtethhrationaofthedéaddrameand Recently,

t he nunber of the packages arranged per | ead franme has been increased in

terms of pacHueleictrode p‘&@bﬁfﬂwsemlcdnducﬁdwcnﬁidsmliﬁ%elf has been made
finer, but also the arrangenment nunber has significantly been increased so

that nor egpaflicodrfucto? deipechl atkddling FeShtifi ot oAktdide; amkf eutting to Figs.
2(a) and 2(b), the lead frame 10 has package pattern regions 11. I'n each of

the regi Oleﬁ?Jdeaﬁ% HABS ma%%ﬁalfée&n%ﬁaggtbfalew eé,rﬁng?ém kReWhi ch a

: C !
plurality of termnal portions 1 arranged around eac adj acent

Rt co r SRatreRis APl ienfitive AR, REp o ARG AT 7 o "
arranged HAUhARE ot Boigichide 20 AR DB R0 OeRlail R IRGEAT (he

| ower si de, e certter o e openi ng a, and die
Ta The tier PIERY thicipéntal I te 2D bid BhakiasRsae SE AR ARG, of cr abl y
2t tached FEun R Ba o atonage SReEIS bR o5 Brdde Pe B arBze the o on
10 gener aPOP°Ras Tuthis [FveRtion, the physien prapertios inoiingthesi n
sealing step. Therefore, the tape 20 is preferably attached to a_region

that doesSkerageelastic ;nedpdus arespecifically deyermined;by the meghedsi ons

are arranged in the longitudinal direction of the |ead frame 10. Therefore,
t he pressgescsiled belaweadhesi ve tape 20 is preferably attached so as to

continuously extend over the plurality of the resin sealing regions.
According to this invention, the heat-resistant

pressure-sensitive adhesive tape with the base layer of the
polyimide resin has a high heat resistance, in addition, its linear
thermal expansion coefficient is close to that of the metal lead
frame. Therefore, the tape can hardly produce warping or peeling
when thermally expanded. The tape can maintain a high sealing
effect and therefore can appropriately prevent the resin leak in the
sealing step. In addition, the base layer of the polyimide resin can
provide a good workability and a good handleability. The

pressure-sensitive adhesive layer has a suitable storage elastic
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.On the lead franme 10 as descri bed above, sem conductor chips 15, which are
silicon wafer chips each form ng a sem conductor integrated circuit, are
nount ed. Mounting areas for fixing the sem conductor chips 15, each called
-the die pad 11c, are provided on the |lead frame 10. The step of bonding
(fixing) each sem conductor chip 15 to each die pad 11c may be carried out
by any nethod such as a nethod using an electrically conductive paste 19,
an adhesi ve tape, an adhesive, or the like. Wien die bonding is perforned

usi ng the ricall.v.con i e t ef 1] | r the
To. hoatiadif 6F i Gtdekh e R threrp®é R KO0l HRBRIE £ 150 (o
200C for 30,t10.90 m.nutes.. Referring to Fig. 1(c h i ring step includes
ol ect r 1 caPRitabIR ARG SMEEE aven Mhesertf Hie aoislativBiy tares each t er i nal
portion 11b, (each inner lead) of the |lead franme 10 and each el ectrode pad
15a on eaﬁﬁi%%?%ﬁgag’@&x S&ilﬂnﬁ&“ﬁﬂe &a@w,stﬁpe%&h&m@w re 16 is a
gold wire_or an alumnumw re. The w re bondi n% Is generally carried out in
a heat ed beatzesistant-pressurersensitive,adhegive tape@ttagbed, Hhe;

application of ultrasonic oscillation energy and contact bonding energy. In
thi s stepofithe bonding emesgyeccan beslawaandpkhe wire bonding canewslle t ape
20 attached to the lead frame 10 may be vacuum sucked to be surely held on
a heat bl pekformedrin agnove Fiediabl¢ dnanmier. sdal the) process 0fl theccecent i ng
sem conductor chips 15 in sealing resin 17 fromone side. The sealing step
i s carri efimutype qff QFH; tpdrtéicularly thduarge mhatpix patternntype evithhe | ead
frame 10 and the bonding wires 16. In the sealing step, the sealing resin
17 such alargeonumber ofipachagessimubinesusly sbaled, Bheegedllggto Fig. 3, in
such a case, a die unit 18 conposed of an upper die 18a and a | ower die 18b

each havi ngaterdhl hakitio/ppodaseid safficieicpacking effext toappropriztely he
sealing step in which a plurality of portions are simnultaneously sealed in

the seali pgeveat rthlﬂreﬂﬁﬂe@l@&ﬁkf&g the mdlding s8épNIIhtHisregaddPtheat a
heating téenperature of 170 to 180C, at which curing is carried out for

several Mypub&s e-ﬁaﬂalﬁ% Rfirdsive! lﬁggilréﬁ&xﬂclshﬁéérdr?Qggirx‘bpfrPitesever al

hours. In“a preferred manner, the t-resistant pres e-sensitive

Fro 1(o) tERsAdet BEREF S iork 2k e (ditiant Bhprtieing 1T "0 10
bl ade sucAElE BrADEtiRILNE lpdsivd holy Pt EukiiPent'of 1 8 017,

f th | [ 17. ., A ' hi [ t. , th t- istant 11
of Lo e it £33 Dot SUTAP HEihdey Y SPUAIa B RLAEBRRL 2T
O Sk, A By S St W m B LSRR oot L v

[ d h | ti | f 1.0x 106 P t. 200C. Th
T e i Sh Aol res 1ol a5 RupFopiafiny 0 T

attached to the lead frane 10 and then heated in the process as descri bed
above. be prevented in the sealing step with the heat-resistant

pressure-sensitive adhesive tape, and the attached tape can hardly
cause trouble in a series of the steps.

This invention is also directed to a heat-resistant
pressure-sensitive adhesive tape for use in such a method for
manufacturing a semiconductor device, comprising: a base layer
made of a polyimide resin; and a pressure-sensitive adhesive layer
with a thickness of 1 to 20 pm that is made of an acrylic resin and

has a storage elastic modulus of 1.0x10°% Pa or more at 200°C.
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In the step of die-bonding the sem conductor chips 15, for exanple, heat
curing is generally carried out at a tenperature of about 150 to about 200C
for about 30 to about 90 minutes. In the step of wire bonding, for exanple,
-at a tenperature of about 120 to about 250C, it can take one hour or nore
per lead frame to conplete the bonding of all the sem conductor devices, if
one lead frane is used to forma | arge nunber of sem conductor devices. The
resin sealing step also has to use a tenperature at which the resin is
sufficiently nelted. Such a tenperature nmay be abqut_ 175C.. Under such

condi ti ons, theTbﬂ%riEYePﬁ@fhé%ﬁﬁ%S’iiEQ‘éﬁﬁd E‘P@sm@%%‘i‘%ﬁi% thesi ve tape
has to satisfy the required | evel of heat resistance. The lead frane 10 to
whi ch t helneentivesheatniesintant pressutersensitivenadhesivepepeoingludipg
attached is nade of metal such as copper as described above and therefore
gener al | ythestepsi ok attaching thexbeat-resistant ipressuresensitive 1. 8x 10-6 to
about 1.9x 10-6 /K If the lead frane significantly differs fromthe

heat - r esi adhesiye ¢aparto anoutervpaddiideiofta mptallpad fizane} andhuding®
thereto in linear thernmal expansion coefficient, distortion caused by the
di f f er encthbdeadefrainné itot formal semiconductoraleviceccdmpertsingng or peel i ng
of the tape when both are heated in the bonded state. Therefore, it is

pr ef er r ed sehsiconudtdichijyandod sehfingefdsinein silsieh thie semicomrigeton e
adhesive tape has a linear thermal expansion coefficient close to that of

the | ead thIFE aFeistdlel froai one Bl e whesbird thaYeedBiédisthnts a pol yi mi de
resin wwth a |linear thermal expansion coefficient of about 1.5x 10 6 to

about 2. BptfstutdiselilitiVe Wihduive il §6nfHik88'd bhde Hifef niadl of a

Ihandl eabih y. Such a mat er|? isp raply used | S Invent :jog. The
Ther mo- N BRI BIHE TRBI0 Aot K pieu il sofidltie SqBekfie By SLEAMRE. Y |\
L) pERisREees B A0 P sBadaPRdiCO BATAGHIEHe bR b i ALY

Co [ d the.like., Th f the heat. '

o PO ot bt oAt Pyal s BRI R U PSRLETIFE L 16 16 100
handi cabi 1 ty. PTIANBEEPEIQy B bt Hegt-tasiataiit-PEeautte- SERBIRER ve ( ape
20 shoul d he elastic to sone extent in terns of pressure-sensitive adhesion
funct i on. aghesige tapeds heatgdati200%, fappone,Ronr yhile being.attachedt | cad

frame, to which the pressure-sensitive adhesive tape is attached, can be
i nsuf fi ci &ata ptainless gteel plates it wilbprefarably tmve an adhesive

strength of 5.0 N/19 mm width or less. In such a case, a desired

adhesive strength for preventing the resin leak can be ensured in
the sealing step, and after the sealing step, such a tape can easily

be peeled off without causing breakage of the sealing resin.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1(a) to 1(e) are diagrams for showing an example of the
process for manufacturing a semiconductor device according to the
present invention; Figs. 2(a) to 2(c) show an example of the lead
frame used in this invention, wherein Fig. 2(a) is a front view, Fig.

2(b) is a magnified view of an essential part, and Fig. 2(c) is a
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the elastic force of the pressure-sensitive adhesive |ayer in the step of
connecting the bonding wire. As a result, the contact bonding energy from
pressi ng can be danped, and failures can occur in the bonding step. In
-order to prevent such bonding failures and to ensure a sufficient adhesive
strength for preventing the resin leak in the sealing step, or in order to
ensure the performances which woul d otherwi se be mutually contradictory,
the pressure-sensitive adhesive |ayer has a storage elastic nodul us of 1.0x
105 Pa or nore, re preferably 5. 105, Pa qr e and has_a thjckness of
Tvo 20 verptinmel iper shamipes contlguration adteriEhg testn seatie Savon  such
a pressure-sensitive adhesive layer can maintain a slight cushion

per f or man88daEigh A% @cvertically sectionak view for showinganexamnlaef v
carried out in a nore reliable manner. In the sealing step, such a

pr essur e- thegesin sealing step inythisdnvengionppr opri at e t hi ckness can provi de
a sufficient sealing performance. The storage el astic nodulus herein is a
shear storage elastic nodul us value determ ned with a viscoel astic
spectroneter at a frequency of 1 Hz and at a tenperature rise rate of

5C/ m n. The DEPAILED PESCRIPEIGN'OFsFHE PREFERRED EMBODIMENTS| ed of f

at any stage after the sealing step. If the pressure-sensitive adhesive

tape has a too Enibodimeénts oftlsd [Vpﬁ‘éﬁéht ihbenpin apg dewtribedibelogul t to
achieve and in sonme cases, the nolded resin can be peeled off or broken by

the tape- pathirefeFdiiés to tHieiraRings2 Reféfing-toeFigs. V@) thﬁ?i),\/ﬁn\’\'hi ch has
an adhesive strength 14 stronger than necessary to prevent the

over r unni |4 & firhahutgctibihgeferred. In this
regard, afe?g?i%fggtsggﬁgt w;%gﬁo@rgﬁghﬁggr wﬁi Iue %ei ngﬁattached to a

st ai nl esssé%bﬂﬁ@f&éﬁﬁﬁggﬁﬁﬁ&ﬁiﬁb@ adhesi ve tape preferably has

an adhesi ve streng or less, nore preferably 2.0 N
19 mMm wi dth or S (o} e u [ 237. A
preferred exarrpbg %}3{}&16%?%%%“}@@”%@??5 gg‘h%g? :I\l/\g@ ﬁ‘ggil:l%étfﬁg above

physi cal pro i,s,.s an ryli ressur.e- I Ll dhesi ye, which can
easily pr gﬁ?ﬁgfé\c@{f}?étﬂ ge&ﬁ8¥§§l§m3f’§sf‘?%ci%%ihgeéﬁ&%sgﬁlgﬁﬁe adhesi on
strength. For anpl e,, suc n _adhesi nprjses gn_aceyl i c ol yner

For med by POBBFUIE ReRMeRRtustor iR 16, FRF irige stepcuith bppyfibe
(meth)acryl.ate. | es,.of the alkyl h)acryl ate inc¢l ude t hyl

(It h) acr WiEeE 165 A spatipesten, FAtE o SEAURE (traim L and b stem A
(meth)acryl ate, n-hexyl &mat h)acryl ate, 2-ethyl hexyl (neth)acrylate,

i sooctyl Chitingthe seaded badio@N.” (neth)acryl ate, decyl (meth)acrylate, and
dodecyl (meth)acrylate. The acrylic pressure-sensitive adhesive having a
heat resi st anceReforing: to Figs. ha)yand 1{b), the meunting.gtep pacludes zati on
of a m xture of nonomers including an am de group-contai ning (nmeth)acryl ate
and al kyl bomsting=semiconduther ¢hips 15 ontocdieupads chie of weleathfrdmes my
each contain an appropriate crosslinking agent. Exanples of the

cr ossl i nkil@y wherein adienteresistynt pressuvssenskiivg aijresive opec20 is
crosslinking 15 agents, aziridine crosslinking agents, and chel ate

cr ossl i nkattaclyed its. ard lvutergmd aite fthe lotver sidesof eandh drasmagy) ofs not
particularly limted, but the crosslinking agent is preferably added in

such an atheTeadsframeri@luce sufficient crosslinking for the purpose of
achieving a desired el astic nodul us. For exanple, such an anmount is

preferably 0.1 Forldxdxmple, te 18adfrani®10 ¥ i@ b \nétM §@chtsparts by
wei ght, based on 100 parts by weight of the acrylic polyner.
copper and has a formed QFN terminal pattern. The electric
contact portions of the lead frame 10 may be coated or plated with
such a material as silver, nickel, palladium, or gold. The lead

frame 10 generally has a thickness of 100 to 300 um. However,

thin portions formed by partial etching or the like may not have

8



In this invention, the storage elastic nodulus at 200C nay be adj usted
within the desired range by adding the crosslinking agent in a relatively

| arge anount. Alternatively, the type of the crosslinking agent, the type
-of the nononer, the copolynerization ratio, or the nol ecular weight of the
material may be altered, or a filler nmay be added, for the purpose of

adj usting the storage el astic nodulus. The acrylic adhesive may contain any
ot her conponent. Exanpl es of any ot her conponent include a variety of

addi tives sugh gﬁyakglasticizer, afiller, a pignment, a dye, an

ant i oxi dafcif $®$-static agent and the |like. The above-descri bed
acrylic pressure-sensitive adhesive has a relatively high heat resistance
and can easily Phedead frametQ preferably hag systematically arranged a

sui tabl e adhesive strength and therefore is preferably used in this

i nvent i onQEN padterns 8o astods agsilydlivided iprthe laterccuttingestepior the
pressure-sensitive adhesive or back surface treatnent of the base materi al
may be peRefermiugato Fdgsic@(a)ind 2(b) fomexample hthe configuration of
pressure-sensitive adhesive tape for use in the inventive process conprises
t he base thgdeadntanie 10 with two-dimensional imhatrixaphtterns, sayonllead

descri bed above. The heat-resistant pressure-sensitive adhesive tape may be
attached neatdie %ENbe MAP-QFNs lis dtie of tiiel iust preferired Yead fremes or

met hods using a heat |lam nator, hand roller, press roller may be used in

the step gbn¥igwatidds.! hRe'&%ﬁftl)‘,eﬁiéEﬁfﬁlb_ﬁiml{@pﬁelk&gbk\ﬁiraﬂ@éﬂi ve tape.
Cenerally, a nethod using a press roller is widely used in attaching the

tape to ! pRriBad fhAE naw 0Eh TRcTORsd# I it ARE prdtvity, (i s nvention

are specifica shown 1 n the exanples below. Exarmple 1 A pdlyimde film

wth 2 NreldHeI0rEIng orily (HAPPABRAGE CEMITTAN peBR3haie nnerdplitiRBoUsed as

a base materia he p a |l near thernal expansion

L Sl o bt OB o
(et by acr Phate BEhasts' b Y2 9cid B Sl eprlinB Ut ) Soryl i ¢ acia
TP AL M TP BN TR ) g R A
o . paskagevpattern Teglons 11, PIn ‘each of the regions 11, QF "

package designs are systematically arranged, in which a plurality of

terminal portions 11b are arranged around each of adjacent

openings 11a. For a general QFN, each package design

(corresponding to each lattice region in Fig. 2(a)) comprises

terminal portions 11b which are arranged around the opening 11la

and each have an outer lead face on the lower side, a die pad 11c

placed at the center of the opening 11a, and die bars 11d that

support the die pad 11c from the four corners of the opening 11a,

The heat-resistant pressure-sensitive adhesive tape 20 is
preferably attached outside at least the package pattern region 11
and preferably attached to a region that includes the whole

perimeter outside the region to be sealed in resin. In the vicinity

9



_adhesive layer of the acrylic pressure-sensitive adhesive with a thickness
of 10 pmwas forned on the base material to forma heat-resistant
pressure-sensitive adhesive tape. The pressure-sensitive adhesive had a

- storage el astic nodulus of 9.0x 10s Pa at 200C, which was obtained by
measurenment with ARES (Rheonetric Scientific F. E. Ltd.) at a frequency of
1 Hz at a tenperature rise rate of 5 mn with parallel plates with a
sanple size of 7.9 mm- in a shear storage elasticity node. The
pressure-sensitive agdhesjve_tape was ated at. 2Q0C for, on our Lle

e ng ot 1 SERDE 8ide.4Re: Hheleat Txame, 10 genermity hoe euidd pln halasut8u"r o
adhesi ve strength according to JI'S 20237, The nmeasured adhesi ve strength
was 0.3 Nfontheypagitioning,in theiresinisealing stensuThesefara, the tapesi ve t ape
was attached to an outer pad side of a copper |ead frame whose term nal

poti ons w@lcispprefesably attached tomi reglom thay does pptinedude theor 16-pin
side type QFN. Sem conduct or chips were bonded to the respective die pad
portions hlesdd.cadl plunatity ufwesin seading pegions bae edrangedrinpthee and
fixed by curing at 180C for about one hour. The |ead frame was then

vacuum subdsglitiudinal dirdetionreftise dead fransu 10-. scTisetefore athesi ve t ape side
to be fixed on a heat bl ock heated at 200C. The peripheral portions of the

| ead franpresswrerbénsitive adhesivetdpd 20pis prefecabhyrattuched gb aditps vere
then subjected to wire bonding with a 25 ~m- gold wire (G 25, Tanaka

Preci ous phntmlobslyexténd dver tite liﬂﬁ?'ﬂlt%%f tHd 1ésit08ENHBYegiGhsNkava

Ltd.) under the conditions below |{took about one hour to conplete the

bondi ng. Fi rst beygding 18a8sriirfe 30 A5 ddsr i & abdR) Feinliddhddétds T St
bondi ng: 550 MAFi rst bondi ng application tine:10 nsecSecond bondi ng

pressureiﬁgr{?ylfg,aaﬂ%ﬁ d'_rgtﬁi‘i%' ﬁﬁe*%ii@ !?Gﬂﬁiiﬁgia%o mASecond

bonfli gg ap cation ti rrF nseclhereafter; the sem conductor chips were
, : , 3 , : .
iﬁ?d?ng' “@%ﬁfﬁ?ﬁéﬁ&éﬁ%&ﬁﬁ%@ tars st itotiehtk ArkRR) (2 17 G
. Lo T 17 ,
fh’ﬁ} ccti onfot eiBe G EEE@E@?%&%‘#??SC'%@%%59?.3%8-6‘%#1%6 t?gi@ﬁeﬁ%m& -
cigi i 23%3%%0%38&3@6 tbﬁﬁl“&@%gﬁﬁimgf%ar %%Eéfafﬁ’ét?%%ﬂ%”*&aﬁﬁf cur i ng.
L : R N
e conduSAGh SRICERIESET Shig 19,10 488 HAPHD IALMER G BRBHeANS T esi
and the respective steps including the wire bonding were snoothly carried
out wit ho@utihyamyemethad snehasgemathod using paaglacirically used to form

QFN type sem conductor devi ces except that the pressure-sensitive adhesive
| ayer of ceaduative pastel?, anadhesivectape, an aghasivecordhe Hke.a 19

When die bonding is performed using the electrically conductive
paste, a thermosetting adhesive or the like, heat curing is generally
carried out at a temperature of about 150 to 200°C for 30 to 90
minutes.

Referring to Fig. 1(c), the wiring step includes electrically
connecting a bonding wire 16 between the tip of each terminal
portion 11b (each inner lead) of the lead frame 10 and each
electrode pad 15a on each semiconductor chip 15. For example,
the bonding wire 16 is a gold wire or an aluminum wire. The wire

bonding is generally carried out in a heated state at a temperature

10



thickness of 15 Vim The resulting QFNs had no overrunning of the resin,
and the respective steps including the wire bonding were snoothly carried
out without troubles. Exanple 3 The process of Exanple 1 was used to forma
-heat-resi stant pressure-sensitive adhesive tape except that the addition
anount of the epoxy crosslinking agent was 0.5 parts by weight. The
resulting tape had a storage el astic nodulus of 2.0x 10s Pa at 200C and an
adhesive strength of about 2.5 NV 19 mimmwi dth after heated at 200C. The
pressure-sensjtive hesi ve | ayer, of the tape, had a thickness of about 5
P *The REAA0 882800 unden S midied pplithTien osatmaRoRiss « hen ot t ached
to the outer pad side of the copper |ead frane as used in Exanple 1, and
the sem ceﬁeﬂgqﬁpwm@né %ngwt baadingpnergy Jdshthis step, thee | ead
frame was then vacuum sucked fromthe heat-resistant pressure-sensitive
adhesi ve fage ofithe heatwesistantpressuratsensitivenadhesive tape20 The
peri pheral portions of the lead frame were also held by a wind cl anper. The
sem conduettachéd o the teaddrameblOanay be veicunrnesuicked wot e suzély-m- gol d
wire (G.D 25, Tanaka Precious Metals) in a 60 kHz wire bonder (MB-2200,
Ni ppon Avihedd @on @cheat btbgkunder the conditions below It took about one
hour to conplete the bonding. First bonding pressure: 30 g Utrasonic
intensity in thReferdhgban¥igol(d); thé/séalingistep imeldides seatirigat i on tine:
100 nsec Second bondi ng pressure: 200 g Utrasonic intensity in the second
bondi ng: §eniidorRRIOrERIfs 15D 4RAEesIhE7 fRAOM6AE side! eafier. the
sem conduct or chips were Sealed in an epoxy sealing resin (HCG300, Ntto
Denko Cor ' ' | ﬁigﬁ@c 2 ita$,
Cor por at i gﬁ?ﬁ“ﬁ?ﬁ%ﬁiiﬂﬁéﬂﬁaﬁg&gg?r&i e ou?qt}‘rggggﬁitiﬁze{n?g‘%tg\?f#g%%i tions:
1?5C, pre S 14 1 i f co nd a
curing ti ﬁ%ﬁgﬂ&gg@gﬁ%@ﬁ frﬁgﬂﬁelarq Q?Itgsﬂg?tgrﬁiglﬁe&v}\fae} fi Eénrig:te}f %d of .
After post,.: i rt cahrle t hour s
e BBk 6340 Ve B0a e AMRinCFY Sl B lorflf foie € bRy

for the purpos curing, a g*saw wasS use t he
Gt had RO M ek, "SR AT FiRCR, RN ol A Wlo sl 167U g
Exanpl ¢ 100aPAted aes MRBERAIE 183, R4 K lowet dlp 8 Sagh PaRIE Bopt ¢ hat
{hi cknoss BFAlCR A FRyiEles HoaenorRI Vet bo RaFEY SHcte SPRHREFORy 10. s
/K). At the time of the cure heating in the step of m)untira t he

seni condudpdvhich gsplusadity: ?EHﬁthg%kt%ﬂ%ﬂtmwuﬁly sealedyin §Bee produced

in the tape. In the nolding step, the tape was not able to suppress the
over r unni Sgabing resinekyn g‘\%rquample, the resin sealing is carried out at a

heating temperature of 170 to 180°C, at which curing is carried out
for several minutes, and then post-mold curing is carried out for
several hours. In a preferred manner, the heat-resistant
pressure-sensitive adhesive tape 20 is peeled off prior to the
post-mold curing.

Referring to Fig. 1(e), the cutting step includes cutting the
sealed body 21 into individual semiconductor devices 21a. In the
cutting step, a rotary cutting blade such as a dicing saw is
generally used to cut each cutting site 17a of the sealing resin 17.

According to this invention, the heat-resistant
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~all. Conparative Exanmple 2 The process of Exanple 1 was used for

I nvestigation except that the pressure-sensitive adhesive tape was conposed
of a polyester base material and a 50 ~mthick pressure-sensitive adhesive
-layer of a silicone based pressure-sensitive adhesive, which provided an
adhesive strength of about 7 N 19 mmw dth after heated at 200C. As a
result, nost of the wires were not sufficiently bonded in the second
bondi ng due to the cushion of the tape, and bonding failures frequently

Seal i ng. s PRRSSRISPORIYS aifientbs tabscrOrwnd B theoduoveddesenifiart of (e
Exanpl o 1DFRGORS COMBFIsERy Botassl4YaT Bl Of A BOIATRIde FeplBARde
pressure-sensitive adhesive that had a storage elastic nodulus of 1.1x104
Pa at 200@reasursssensitiveadhesiverlayenmeitheadhickneasiofsl fo 20ym with a
t hi ckness of 30 Nxn. In the bonding step, nost of the wires were not
suf fi ci enthatismiadecitan marydiccresinoandfhase starage eldsticnoiodulus | ur es
frequently occurred. 22 WHAT IS CLAIMED 1S: 1. A method for manufacturing
a sem conodck.0x 105/Pz or morprats200°Che Fhe heatfresistant

pressure-sensitive adhesive tape 20 is preliminarily attached to the

lead frame 10 and then heated in the process as described above.

In the step of die-bonding the semiconductor chips 15, for example,

heat curing is generally carried out at a temperature of about 150

to about 200°C for about 30 to about 90 minutes. In the step of

wire bonding, for example, at a temperature of about 120 to about

250°C, it can take one hour or more per lead frame to complete the

bonding of all the semiconductor devices, if one lead frame is used

to form a large number of semiconductor devices. The resin

sealing step also has to use a temperature at which the resin is

sufficiently melted. Such a temperature may be about 175°C.

Under such conditions, therefore, the heat-resistant

pressure-sensitive adhesive tape has to satisfy the required level of

heat resistance.

The lead frame 10 to which the heat-resistant

pressure-sensitive adhesive tape 20 will be attached is made of

metal such as copper as described above and therefore generally

has a linear thermal expansion coefficient of about 1.8x1075 to

about 1.9x10°5 /K. If the lead frame significantly differs from the

heat-resistant pressure-sensitive adhesive tape 20 to be attached

12



~nounting and bondi ng sem conductor chips onto die pads of a netal |ead
frame having an outer pad side to which a heat-resistant pressure-sensitive
adhesive tape is attached; wiring a bonding w re between each term nation
of said |lead frane and each el ectrode pad on said sem conductor chi ps;
seal ing sem conductor chips in a sealing resin fromone side; and cutting
the seal ed body into individual sem conductor devices, wherein said
heat -resi stant pressure-sensitive adhesive tape conprises a base |ayer nade
of a polyimde resin and a pressure-sensitive adhesive | aé?eéj with a
t hi cknesstBereta in lineay thermal expansioneoeffigient, distortion cansed st or age
el astic nodulus of at least 1.0x 10s Pa at 200C. 2. The nethod according to
Claim1, Wycthe difference hedsween-bothtthenmakexpansions may leaddo ve tape is
heated at 200C for one hour while being attached to a stainless steel
pl ate, it warpingomrpeealinghafthe tapecwhen bothtaredseatedinthedbomdeddt h. 3.
A heat-resistant pressure-sensitive adhesive tape for use in the nethod
accor di ngstatell arherdfore9ipis preferred that the base layer of the
heat-resistant pressure-sensitive adhesive tape has a linear thermal
expansion coefficient close to that of the lead frame material.
For example, such a base material is a polyimide resin with
a linear thermal expansion coefficient of about 1.5%x1075 to about
2.8x1075 /K, which can have a high workability and a high
handleability. Such a material is preferably used in this invention.
The linear thermal expansion coefficient herein is a value
determined by Thermo-Mechanical Analysis (TMA) according to
ASTM D696.
Examples of the film made of such a polyimide resin include
Kapton® (Du Pont-Toray Co., Ltd.), Upilex (trade name) (Ube
Industries, Ltd.), and Apical® (Kaneka Corporation) and the like.
The base layer of the heat-resistant pressure-sensitive
adhesive tape 20 preferably has a thickness of 10 to 100 uym in
terms of prevention of breakage or tearing and in terms of good
handleability.
The adhesive layer of the pressure-sensitive adhesive tape
20 should be elastic to some extent in terms of pressure-sensitive
adhesion function. If the adhesive layer is too soft as a whole,
however, the lead frame, to which the pressure-sensitive adhesive

tape is attached, can be insufficiently fixed due to the inhibition by
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~a base layer nmade of a polyimde resin; and a pressure-sensitive adhesive
| ayer with a thickness of 1 to 23 20 ~mthat is made of an acrylic resin
and has a storage elastic nmodulus of at least |.Ox 10s Pa at 200C. 4. The
tape according to Caim3, wherein if said tape is heated at 200C for one
hour while being attached to a stainless steel plate, it will have an
adhesive strength of at nost 5.0 NV 19 mmwi dth. 5. A nethod of using a
heat - resi stant pressure-sensitive adhesive tape, conprising the steps of:

pad o1 do SREFIRBTIR (910801 AR HreRRreraeRTITE ATRGR Ve FET S Fop BEGP
ohCh ool 6t Connecting the bonding wire. As a result, the contact bonding ' °> " "
energy from pressing can be damped, and failures can occur in the
bonding step.

In order to prevent such bonding failures and to ensure a
sufficient adhesive strength for preventing the resin leak in the
sealing step, or in order to ensure the performances which would
otherwise be mutually contradictory, the pressure-sensitive
adhesive layer has a storage elastic modulus of 1.0x10% Pa or more,
more preferably 5.0x105 Pa or more and has a thickness of 1 to 20
pm, more preferably 5§ to 15 pm, according to this invention. Such
a pressure-sensitive adhesive layer can maintain a slight cushion
performance as a whole so that the wire bonding can be
appropriately carried out in a more reliable manner. In the sealing
step, such a pressure-sensitive adhesive layer with an appropriate
thickness can provide a sufficient sealing performance. The
storage elastic modulus herein is a shear storage elastic modulus
value determined with a viscoelastic spectrometer at a frequency
of 1 Hz and at a temperature rise rate of 5°C/min.

The heat-resistant pressure-sensitive adhesive tape is peeled
off at any stage after the sealing step. If the pressure-sensitive
adhesive tape has a too strong adhesive strength, the peeling can
be difficult to achieve and in some cases, the molded resin can be

peeled off or broken by the tape-peeling stress. Therefore, a

pressure-sensitive adhesive which has an adhesive strength
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_sem conductor chips are sealed fromone side, wherein said heat-resistant
pressure-sensitive adhesive tape conprises a base |ayer made of a polyimde
resin and a pressure-sensitive adhesive layer with a thickness of 1 to 20
-pmthat is made of an acrylic resin and has a storage el astic nodul us of at
| east 1.0x 10s Pa at 20Q0C. 6. The nethod according to Claim5, wherein if
sai d pressure-sensitive adhesive tape is heated at 200C for one hour while
being attached to a stainless steel plate, it will have an adhesive

1 th 1 t 5.0 N 19 i dt h. . Al . AE. . Aa2 E. A E. AY. A;
B Yy Steotigdl thart Aes oA Ty IO Yo hEfle GVepning gn th dealliig

So ) RSP R M St G i o Mo o=
*y+~+1, w Q. . :

<<#>AB{ uoR@ORRUfay enehewy sdyile bedngjatierbsictpcsteialassaslesiplase] caul cayl
cal] ca] caglcaU] cal] ca] caU] cal] cal] ca] cal] cal] cal] ca] caBBC| GHHIJIJMNNG STTt VI

Zr ZF\ \ "M thepreissuresensitive] adbesiveatspe pirefesally) has poaadhesive | cal] cal] c
a] cal] cal] ca] cal] cal] cal] ca] cal] cal] ca] cal] cal] ca] cal] cal] cal] ca] ca, ceeh5j q
kwkkmovp| stapngshsof &O0{N /[ 19: mm width or less, more preferably 2.0 N/19
{v{}}"~g~~o{uoi c] WQU] U] cal] calU] cal] cal] cal] cal] cal] cal] ca] cal] cal] cal] cal] c
al] cal] cajpmml fvddth o lea] thaidugl] the|mehsarkmdicactording foall® : >t T' dj P} wgk
f* ZTNU] caU] cal] caU] ca] cal] caU] cal] caU] cal] cal] cal] caU] ca] cal] cal] cal] cal] ca
U] cal] calgo@dz.al] cal] caU] cal] cal] cal] cal] ca] caP9nP- a' dj P} wgkf ~ ZTNU] caU] caU
] cay] ca] caU] cal] cal] cal] cal] cal cal] cal] ca] ca] cal] cal] cal] cal] cal] cal] cal] c
aU caU] caU] caU] paplerabkéd LS EHQ FAELIWE G AsitIve AR sive Y 107X () - F

- 10908 ()- 10%0& () - 10%0& ()-"WIE!' 5' 110%0&' ()- 3 10%0% () -
having the above physical properties is an acrylic
pressure-sensitive adhesive, which can easily provide a suitable
storage elastic modulus and suitable adhesion strength. For
example, such an adhesive comprises an acrylic copolymer formed
by copolymerization of monomers including at least alkyl
(meth)acrylate. Examples of the alkyl (meth)acrylate include
methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate,
isoamyl (meth)acrylate, n-hexyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, isooctyl (meth)acrylate, isononyl (meth)acrylate,
decyl (meth)acrylate, and dodecyl (meth)acrylate.

The acrylic pressure-sensitive adhesive having a heat
resistance may contain an acrylic polymer formed by
copolymerization of a mixture of monomers including an imide
group-containing (meth)acrylate and alkyl (meth)acrylate.

These acrylic pressure-sensitive adhesives may each contain

an appropriate crosslinking agent. Examples of the crosslinking

agent include isocyanate crosslinking agents, epoxy crosslinking
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#1098 ()- F ! FL0%0& () - Y10%0& ()-!10%0& ()- U
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7:10%08% ()- U SUWWKuj @ 109%0& ()-4 10-u 10-u 10- uf <s10% u& () -
- 10% u& ()-!nL!10% ()- @! 10% u& ()- @}[<j _@s! 10%0& ()-:![! 10%hbh& ()- !
10908 ()-"!'d, 10%Kké& ()-, 10%08& ()- ']
109%7b?& () -4~ @6 10%& ()-3:!10%& ()- ![- 10%u& ()-:- 10%& ()-: 100 100
100y<s10%0& ()-PRSTU{\:!nM 10% i & ()-M 10% u& () -
agents, aziridine crosslinking agents, and chelate crosslinking
agents. The usage amount of the crosslinking agent is not
particularly limited, but the crosslinking agent is preferably added
in such an amount as to produce sufficient crosslinking for the
purpose of achieving a desired elastic modulus. For example, such
an amount is preferably 0.1 to 15 parts by weight, more preferably
1.0 to 10 parts by weight, based on 100 parts by weight of the
acrylic polymer.

In this invention, the storage elastic modulus at 200°C may
be adjusted within the desired range by adding the crosslinking
agent in a relatively large amount. Alternatively, the type of the
crosslinking agent, the type of the monomer, the copolymerization
ratio, or the molecular weight of the material may be altered, or a
filler may be added, for the purpose of adjusting the storage elastic
modulus.

The acrylic adhesive may contain any other component.
Examples of any other component include a variety of additives
such as a plasticizer, a filler, a pigment, a dye, an antioxidant, and
an antistatic agent and the like. The above-described acrylic
pressure-sensitive adhesive has a relatively high heat resistance
and can easily provide an appropriate storage elastic modulus and
a suitable adhesive strength and therefore is preferably used in this
invention. In addition, recoating including primer pretreatment

for the pressure-sensitive adhesive or back surface treatment of

the base material may be performed as needed.
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10-u 10- utape for use in the inventive process comprises the base layer and

the acrylic pressure-sensitive adhesive layer as described above.

The heat-resistant pressure-sensitive adhesive tape may be

attached to the lead frame under any condition. A variety of

means or methods using a heat laminator, hand roller, press roller

may be used in the step of attaching the heat-resistant

pressure-sensitive adhesive tape. Generally, a method using a

press roller is widely used in attaching the tape to the lead frame.

EXAMPLES

The features and effects of this invention are specifically
shown in the examples below.
Example 1

A polyimide film with a thickness of 25 pym (Kapton®100H,
Du Pont-Toray Co., Ltd.) was used as a base material. The
polyimide film had a linear thermal expansion coefficient of
2.6x10°5 to 2.8x10°5 /K, which was obtained by measurement at a
temperature rise rate of 10°C/min between 100°C and 200°C. An
acrylic copolymer was used, which was composed of 100 parts by
weight of a butyl (meth)acrylate monomer and 5 parts by weight of
a (meth)acrylic acid monomer. To 100 parts by weight of this
copolymer was added 2 parts by weight of an epoxy crosslinking
agent (Tetrad-C, Mitsubishi Gas Chemical Company, Inc.) to form

an acrylic pressure-sensitive adhesive. A pressure-sensitive
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adhesive layer of the acrylic pressure-sensitive adhesive with a
thickness of 10 pm was formed on the base material to form a
heat-resistant pressure-sensitive adhesive tape. The
pressure-sensitive adhesive had a storage elastic modulus of
9.0x105 Pa at 200°C, which was obtained by measurement with
ARES (Rheometric Scientific F. E, Ltd.) at a frequency of 1 Hz at a
temperature rise rate of 5°C/min with parallel plates with a sample
size of 7.9 mm¢ in a shear storage elasticity mode. The
pressure-sensitive adhesive tape was heated at 200°C for one hour
while being attached to a stainless steel plate. The tape was then
measured for adhesive strength according to JIS Z0237. The
measured adhesive strength was 0.3 N/19 mm width.

The heat-resistant pressure-sensitive adhesive tape was
attached to an outer pad side of a copper lead frame whose
terminal potions were plated with silver and which had a 4 by 4
matrix for 16-pin side type QFN. Semiconductor chips were
bonded to the respective die pad portions of the lead frame using
an epoxy phenol-based silver paste and fixed by curing at 180°C for
about one hour.
The lead frame was then vacuum-sucked from the

heat-resistant pressure-sensitive adhesive tape side to be fixed on a
heat block heated at 200°C. The peripheral portions of the lead
frame were also held by a wind clamper. The semiconductor chips

were then subjected to wire bonding with a 25 pmé gold wire
(GMG-25, Tanaka Precious Metals) in a 115 kHz wire bonder
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(UTC-300BIsuper, Shinkawa Ltd.) under the conditions below. It

took about one hour to complete the bonding.

First bonding pressure: 80¢g
Ultrasonic intensity in the first bonding: 550 mW
First bonding application time: 10 msec
Second bonding pressure: 80¢g

Ultrasonic intensity in the second bonding: 500 mW
Second bonding application time: 8 msec
Thereafter, the semiconductor chips were sealed in an epoxy
sealing resin (HC-300, Nitto Denko Corporation) using a molding
machine (Model-Y-series, TOWA Corporation). The molding was
carried out under the following conditions: 175°C, preheat for 3
seconds, an injection time of 12 seconds, and a curing time of 90
seconds. The heat-resistant tape was then peeled off. After
post-mold curing was further carried out at 175°C for about 3 hours
for the purpose of sufficient curing, a dicing saw was used to cut
the sealed body into individual QFN type semiconductor devices.
The resulting QFNs had no overrunning of the resin, and the
respective steps including the wire bonding were smoothly carried

out without troubles.

Example 2
The process of Example 1 was used to form QFN type
semiconductor devices except that the pressure-sensitive adhesive

layer of the heat-resistant pressure-sensitive adhesive tape had a
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thickness of 15 pm. The resulting QFNs had no overrunning of the
resin, and the respective steps including the wire bonding were

smoothly carried out without troubles.

Example 3

The process of Example 1 was used to form a heat-resistant
pressure-sensitive adhesive tape except that the addition amount
of the epoxy crosslinking agent was 0.5 parts by weight. The
resulting tape had a storage elastic modulus of 2.0x105 Pa at 200°C
and an adhesive strength of about 2.5 N/19 mm width after heated
at 200°C. The pressure-sensitive adhesive layer of the tape had a
thickness of about 5 pm. The heat-resistant pressure-sensitive
adhesive tape was then attached to the outer pad side of the
copper lead frame as used in Example 1, and the semiconductor
chips were bonded under the same conditions. The lead frame was
then vacuum-sucked from the heat-resistant pressure-sensitive
adhesive tape side to be fixed on a heat block heated at 200°C.
The peripheral portions of the lead frame were also held by a wind
clamper. The semiconductor chips were then subjected to wire
bonding with a 25 pm¢ gold wire (GLD-25, Tanaka Precious Metals)
in a 60 kHz wire bonder (MB-2200, Nippon Avionics Co., Ltd.) under
the conditions below. It took about one hour to complete the
bonding.

First bonding pressure: 30 g
Ultrasonic intensity in the first bonding: 25 mW
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Thereafter, the semiconductor chips were sealed in an epoxy
sealing resin (HC-300, Nitto Denko Corporation) using a molding
machine (Model-Y-series, TOWA Corporation). The molding was
carried out under the following conditions: 175°C, preheat for 40
seconds, an injection time of 11.5 seconds, and a curing time of
120 seconds. The heat-resistant tape was then peeled off. After
post-mold curing was further carried out at 175°C for about 3 hours
for the purpose of sufficient curing, a dicing saw was used to cut
the sealed body into individual QFN type semiconductor devices.
The resulting QFNs had no overrunning of the resin, and the

respective steps including the wire bonding were smoothly carried

out without troubles.

Comparative Example 1

The process of Example 1 was used for investigation except
that the base layer of the tape was a high density polyethylene film
(with a thickness of 25 um and a linear thermal expansion
coefficient of 15x10°% /K). At the time of the cure heating in the
step of mounting the semiconductor chips, significant wrinkles and
partial peeling were produced in the tape. In the molding step,

the tape was not able to suppress the overrunning of the resin at
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Comparative Example 2

The process of Example 1 was used for investigation except
that the pressure-sensitive adhesive tape was composed of a
polyester base material and a 50 uym thick pressure-sensitive
adhesive layer of a silicone based pressure-sensitive adhesive,
which provided an adhesive strength of about 7 N/19 mm width
after heated at 200°C. As a result, most of the wires were not
sufficiently bonded in the second bonding due to the cushion of
the tape, and bonding failures frequently occurred in the bonding
step. In the step of peeling off the tape after the sealing step, the
lead frame became deformed by the stress, and part of the sealing

resin was also peeled off.

Comparative Example 3

The process of Example 1 was used for investigation except
that a silicone based pressure-sensitive adhesive that had a storage
elastic modulus of 1.1x104 Pa at 200°C was used to form the
pressure-sensitive adhesive layer with a thickness of 30 um. In
the bonding step, most of the wires were not sufficiently bonded
due to the cushion of the tape, and bonding failures frequently

occurred.
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comprising the steps of:

mounting and bonding semiconductor chips onto die pads of
a metal lead frame having an outer pad side to which a
heat-resistant pressure-sensitive adhesive tape is attached;

wiring a bonding wire between each termination of said lead
frame and each electrode pad on said semiconductor chips;

sealing semiconductor chips in a sealing resin from one side;
and

cutting the sealed body into individual semiconductor
devices, wherein

said heat-resistant pressure-sensitive adhesive tape
comprises a base layer made of a polyimide resin and a
pressure-sensitive adhesive layer with a thickness of 1 to 20 um
that is made of an acrylic resin and has a storage elastic modulus
of at least 1.0x105 Pa at 200°C.

2. The method according to Claim 1, wherein if said
heat-resistant pressure-sensitive adhesive tape is heated at 200°C
for one hour while being attached to a stainless steel plate, it will
have an adhesive strength of at most 5.0 N/19 mm width.

3. A heat-resistant pressure-sensitive adhesive tape for use
in the method according to Claim 1, comprising:

a base layer made of a polyimide resin; and

a pressure-sensitive adhesive layer with a thickness of 1 to
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20 pm that is made of an acrylic resin and has a storage elastic
modulus of at least 1.0%x105 Pa at 200°C.

4. The tape according to Claim 3, wherein if said tape is
heated at 200°C for one hour while being attached to a stainless
steel plate, it will have an adhesive strength of at most 5.0 N/19
mm width,

5. A method of using a heat-resistant pressure-sensitive
adhesive tape, comprising the steps of:

attaching said heat-resistant pressure-sensitive adhesive
tape to an outer pad side of a metal lead frame; and

using said lead frame to form a semiconductor device
comprising a semiconductor chip and a sealing resin in which said
semiconductor chips are sealed from one side, wherein

said heat-resistant pressure-sensitive adhesive tape
comprises a base layer made of a polyimide resin and a
pressure-sensitive adhesive layer with a thickness of 1 to 20 um
that is made of an acrylic resin and has a storage elastic modulus
of at least 1.0x105 Pa at 200°C.

6. The method according to Claim 5, wherein if said
pressure-sensitive adhesive tape is heated at 200°C for one hour
while being attached to a stainless steel plate, it will have an

adhesive strength of at most 5.0 N/19 mm width.,
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