3 April 72006 TI TLE OF THE | NVENTI ON Met hod for Nhnufacturing Seykggpductor
Devi ce and Heat-Resistant Pressure-Sensitive Adhesive Tape ﬁ@ Therein
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to a method for nmanufacturing a sem conductor device using a netal
| ead frame attached with a heat-resistant pressure-sensitive adhesive tape
and relates to a heat-resistant pressure-sensitive adhesive tape for use
in the nethod. Description of the Related Art In recent years, LSI

packagi ng technol ogy has f et ek | e Package (CSP) |

technol ogy. This technol og?ftf%i@gl?%m ' 1e Quad Fl at Non-I ead
package (QFN), S e terdn pna ae pl ac i.nside j-he pgckage. This is
‘one of the parwg'ﬁ(ﬁgrﬁr St P&ﬁ}“ﬁfﬁ‘& éﬁﬂ@‘?f’ﬁl uetor }S?"iﬁen?ﬁauri'zation and

high intggration densijy. In rece ears, rticul arl otlighted
net hod f oﬁ%ﬁgﬁ?s‘}égﬁlf h’%xiﬁmrqﬁaqsﬂ@védégﬁpﬁgreg’}gpg Usg 51&1‘&@#10 ally
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 seal ed body into individual N structures. Such a nethod
can drastically increasBA&/KGRQHHRQR/ﬂ’@Eﬁ VENTIOB the lead frane. In
this QFN process including the step of sinultaneously 3 April 2006 sealing
a plural ilgiﬂ-ldfoﬁminﬂdut an chips, the nolding dies clanp

The present invention relates to a method for
manufacturing a semiéonductor device using a metal lead fraxﬁe
attached with a heat-resistant pressure-sensitive adhesive tape and
relates to a heat-resistant pressure-sensitiﬁe adhesive tape for use
Vin the method.

‘Description of the Related Art

- In recent yeérs, LSI packaging technology has focused on

| Chip Size/Scale Package (CSP) technology. This technolo.gy |

typically includes the Quad Flat Non-lead package (QFN), whﬁse
lead terminals are placed inside the package. This is one of the
particularly spotlighted forms_in terms of miniaturization and high
integrafion 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 sirkiultaneously.
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only the portions outside the resin sealing region which 'i?fﬁﬁﬁibﬁi
beyond t he package pattern region. Therefore, the pressure.

-nol ding dies for holding the outer | 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 |l eak of the sealing
resin into the outer lead side, and the QFN termnals or the |like can tend
to be undesirably covered with the resin. Against this problem a

pressure- L5 1.V ey A | \(§ be gttached to.the quter |ead side of
the | ead %érld;l?#éé ianﬁ{‘ﬁ?‘é'i@,\ﬁfgﬁﬁﬁg@@ug}gﬁ cj“?ﬁo@ﬁ&“’&ﬁ&ﬁ%ﬁ?ﬁ@‘% i ng
effect b t he ., aut ohesi gon, ( maskin yoperty of _the : :
pressureﬁﬁﬁs?ﬁﬁ@r&m%_ Si‘f%lﬁ ChEF Mﬁ‘?g oxy which lie ouside at
preventi the,l.eak of . the resin to the outer |lead side in the resin

seal i ng rs]?%lb nd the package patfern regians Bhexafore, thedpréssuwet fromat t ach
the heat-resistant pressure-sensitive adhesive tape after the step of '

mount i ng e meldiag for loldingsthe puteriead face can betinsuffieierst ep of
wire bondin of handling. In a preferred manner, therefore, the

, in terns
heat - r esiigt g‘h@ Packager pattersi reéglona glaationdarhpat ithe e¢ntahportiont he out er
pad .face of the lead frame at an early stage and then nmaintai ned during
the step Wrereofint Therefiere, st tambdundny difficquit 2odpidvesst e déakigfe bondi ng
before the resin sealing step. Therefore, the heat-resistant

pressur e-tiensealing restihdatodHeapater iéad elde and HHRYOFN téanlifals 68 the
sealing resin but also satisfy all the necessary properties such as high

heat 3 Atitid 1ik@0an tehd! tnbe @GALSERbIY oReRE@SHILY RO ¥EEIMT t he .
sem conductor chips and no interference with the sophisticated operation
in the Against thig problem, a pressure-sensitive adhesive tape can
be attached f.o the outer lead side of the lead frame in the QFN
process. Such a process obtains the sealiﬁg effect based on the -
autohesion (masking) property of the pressure-sensitive adhesive
| tape and may be particularly effective at preventing the leak of the
resin to the outer lead side in the resin sealing step. _

In such a process, it is substantiélly difficult to attach the
heat-resistant pressure-sensitive adhesive tape after the step of
mounting the semiconductor chips on the lead frame or after the
step of wire bonding, in térms 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
ahd then maintained during the step of mdunting 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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wi re bonding step. If high stickiness is enphasized for the purﬁg§§ of
preventing the resin | eak, a general heat-resistant pressuré- ¢
adhesi ve can be sel ected. However, such a general heat-resistant
pressure-sensitive adhesive tape can interfere with the wire bondi ng due
to a high elasticity of the pressure-sensitive adhesive. In this case, the
necessary functions during a series of the processes can be contradictory
and difficult to be satisfied at the sane tinme. In order to solve these
probl ens, ocess of a, ,sem conduct or device proposed by the inventors
uses a hﬁﬁﬁig&%‘a‘f’ﬁtaﬁﬁmﬂ é&ﬁ@"&%ﬁs‘i’ mﬁ&‘%&iﬁ'&g sempic atgra -
pressur e- s§n3|t|ve adhesi ve layer with a thickness of 10 pmor |ess -

( Japanese©bipeandapg) intgrfenence W@Dthgmsﬁiﬁatpdbﬂlpemndn the priority

date of this application). In this process, a series of steps including

wi re bondWite bandiagstep.ed out free fromthe resin leak. Recently, the
nunber of - the packages arranged per |ead frane has been increased in terns
of producti vityif liigh etivkinesstis emphasixed ok the purgride 6fis been made
finer, but also the arrangenent nunber has been so increased that nore

packages preventingethedesin boak s2 genvyab bisaitaesidhaitef ore, the
above-mentioned heat-resistant pressure-sensitive adhesive tape with a

rel ati vel préssipe-seéitve bidheatve vanche axbécled. HbWHYEr, Siichm cushi on may
have difficulty in balanci'ng sufficient sealing property wi'th ot her

pr opert | egefiofhl hoat-2éistalit)preebusdRenRilive ddhéciieStpd BanDasi ¢ purpose,
interfere with the wire bonding due to a high elasticity of the
pressure-sensitive adhesive. In this case, the necessary functions
during a series of the processes can be contradictory and difficult
to be satisfied at the same time, |
In order to solve these problems, a process of a

: _semiconductor device proposed by the infentors uses a

- heat-resistant pressure-sensitive adhesive tape having a
pressure-sensitive adhesive layer with a thickness of 10 uym or less
(Japaﬁese Patent Application No. 2001-020395 not published on
the priority date of this application). In this process, a series of
steps including wire bonding can -be carried out free from the resin
leak.

Recently, the number of the packages arranged per.lead
frame has been increased in terms of productivity. Therefore, not
only the packége itself has been made finer, but also the
a_.rrangement number has been so increased that more packages can

~ be sealed in one sealing portion. Therefore, the above-mentioned

heat-resistant pressure-sensitive adhesive tape with a relatively
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prevention of the resin leak. It is therefore an object of %21 S. 'b%}/ﬁention
to provide a nethod for manufacturing a sem conductor devi pl“r'1 ch the
heat -resi stant pressure-sensitive adhesive tape can appropriately prevent
the resin leak during the step of sealing to formthe recent fine type of
QFN, in particular, during the step of sinultaneously sealing a |large
nunber of packages in a large matrix pattern, and in which the attached
‘tape can hardlz cause trouble in the series of manufacturing steps, and to
provi de thihcadhesivieslayer fogra sednotivan in iqushiothowiy bavepdiffioultse i n such
a met hod. SUMVARY OF THE | NVENTI ON The inventors have nade active

i nvest i dat balanaingpyfficieht seating prepertpwdth athertproperdéies and t he ot her
properties of the heat-resistant pressure-sensitive adhesive tape and

found t tiierefiere aboy motbapptopriatély achiewe the\basic pnmpdseqttheesi st ant
pressure-sensitive adhesive tape conprising a pressure-sensitive adhesive

| ayer t hateveation gfoghd résimhleadiess, is made of an acrylic resin and has a
suitabl e storage elastic nodulus at high tenperature. Based on the

finding, the gt4saMerefofahWbjees offGH8 inVENtEdRGo providecadance with an
aspect of the present invention, there 4 3 April 2006 is provided a nethod

for manyhathbd fod MatRitaeCifidy 2'sedRiddifductN eI th WiticH €Ré Of .

nount i ng and bondi ng sem conductor chips onto die pads of a netal |ead

frame haqyddi0rSdistAhE Bﬁ@%ﬁ-g&s%@@dﬂbs}v@ @pe’ &oh SpPtopriately
pressure-sensitive adhesive tape Is
prevent the resin leak during the step of sealing to form the recent
fine type of QFN, in particular, during the step of simultaneously
sealing a large number of packages in a large matrix pattern, and in
which the attached tape can hardly cause trouble in the series of

manufacturing steps, and to provide a heat-resistant

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
é.bove 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 completed.

In accordance with an aspect of the present invention, there

4




attached; wiring a bonding wire between each term nation of3the {Bq%ad frame
and each el ectrode pad on the sem conductor chips; sealing é@ﬁ%% duct or
chips in a sealing resin fromone side; and cutting the sealed body into

i ndi vi dual sem conductor devices, wherein the heat-resistant
pressure-sensitive adhesive tape conprises a base |ayer nmade of a
polyimde resin and a pressure-sensitive adhesive |layer wth a thickness
of 1to 20 m that is made of an acrylic resin and has a storage elastic
nmodul us isgirovidediséethed fopmanufactigifga kemicoashwtortdevice,
pressure-sensitive adhesive tape with the base |ayer of the polyimde

resi n nomarisinghthghsteps ofemounting andrbeniding semiconductear t her nal
expansi on coefficient may be close to that of the netal |ead frane.

Ther ef orchipshenta die ganishef dl metal detud drasephaging apeehtew paldesideher mal |y
expanded. The tape can nmaintain a high sealing effect and therefore can
appr opr itet @hich eabireshgtamtspredstne-dendibiresadhesive tape ikn addition, the
base layer of the polyimde resin can provide a good workability and a

good hangditashel} Wirin8 BoRdiE Wite beteeh edbRMerthimit®énofstlfe suitable
storage el astic nodulus at high tenperature and therefore can totally

Mai Nt ai Nedd Sithhid hf dCéndh Ve Stddifd paUSHn W' @eﬁlticaﬁ;aiul'i’:tg{é g.Jlﬁi,gvel y large

: i 6 Wth such a

t hi ckness of about 20 m In the bonding step 5 3 Ap
heat - r esd (A= ids hiske LS lq;rhatg&g s qLh oss of the
bondi ng%ee%gr Sggﬁaggﬁﬁv&?r%b%ﬁif%%m%%d| ngfcan e \%é?%’ %g#iforrred in a

o e o by RO alo b4 inbd UG diar iniE5RERCtST Bb1dE, T TN

parti cul ar

wherein the 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 uym
that is made of an acrylic resin and has a storage elastic modulus
of 1.0x10° Pa or more at 200°C
| The heat-resistant pressure-sensitive adhesive tape with the
base layer of the polyimide resin may have a high heat resistance,
in addition, its linear thermal expansion coefficient may be 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 modulus at high temperature and therefore
can totally maintain a suitable cushion effect even where it has a

relatively large thickness of about 20 pm. In the bonding step
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pattern type with a | arge nunber of packages sinultaneously se?&&%, t he
sealing material has to produce a sufficient packing ef f ect HPY
appropriately prevent the resin |eak during the nolding step. In this
regard, the pressure-sensitive adhesive |ayer should have an appropriate
thickness of 1 mor nore. Therefore, the acrylic pressure-sensitive
adhesive layer with a thickness of 1 to 20 mmay provide a suitable
thickness as well as a suitable storage elastic nodulus. In the inventive
pr ocess wifth smehifacbeat-registast pressureisemsitiviecadhesisreetape, the resin | eak
may appropriately be prevented in the sealing step with the heat-resistant
pr essur attached] the ddbeufitthd bpadingerndmpyatandielbw; apd teewizedl y cause
trouble in a series of the steps. The present invention may al so be

di r ect etbhomliag é®ntbe eilbpasformed Sur £ mens ireliubledhanhnes. t Bpehleor use in
such a nethod for manufacturing a sem conductor device, conprising: a

base | ajffoceBs dftheireebiit mﬂ&tggéidﬂ QFN] panti@silye therargeé Ratdshesi ve
| ayer with a thickness of 1 to gmthat 1s made of an acrylic resin and

has a Shyfiteefn Q&ﬁét\ivi?tlfr&%&gé ﬁim—’be_@@ioﬁa@ﬁagés siPhfit#heslffy | N accordance
wi th anot her aspect of the present invention; there is provided a nethod

of usi n%eﬁl&ﬁ,aﬂié %E&ﬁhg‘ﬁmaﬁ:éiﬁpﬁéé tgﬁge&@%fé AW FrrRGEak ackiaghesi ve tape,

conprising the steps of: attaching t -resistant pressure-sensitive
adhesi ve ghaficed ggﬁ%gman%gﬁgvam résitfiedk Hndfh "tﬁﬂ%oﬂﬂ}%s' ng the
| ead franme to ma sem-<conductor device conpri si a sem cortuctor chip

and step. In this regard, the pressure-sensitive adhesive layer should

have an appropriate thickness of 1 ym or more. Therefore, the
acrylic pressure-sensitive adhesive layer with a thickness of 1 to
20 ym may provide a suitable thickness as well as a suitable
storage elastic modulus. In the inventive process of
manufacturing a semiconductor device, therefore, the resin leak
‘may appropriately 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.

The present invention may also be 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 um that is made of an
acrylic resin and has a storage elastic modulus of 1.0x105 Pa or
more at 200°C.

| In accordance with another aspect of the present invention,

- there is provided a method of using a heat-resistant
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a sealing resin in which the sem conductor chips are seal ed,_f,rol e side,
wherein the heat-resistant pressure-sensitive adhesive tapéAcPS'i%?(i? es a
base | ayer nade of a polyimde resin and a pressure-sensitive adhesive

| ayer with a thickness of 1 to 20 m that is nmade of an acrylic resin and
has a storage el astic nmodulus of 1.0X105 Pa or nore at 200C. The present
I nvention may, if the heat-resistant pressure-sensitive adhesive tape is
heated at 200C for one hour while being attached to a stainless steel

pl at e, mresenaeisensitiveandhesivestape scomppising the GtepsDfoim wi dth or | ess.
In such a case, a desired adhesive strength for preventing the resin | eak
can be attachimlgithet heateeasistgnstipressane-sehisitivehmdkesivienpd ¢p.arsuch a
tape can easily be peeled off w thout causing breakage of the sealing
resin. BRiter plcbCSRIEDIAnEtalHeadFiRhieSahdassink( the 1€ad fEam? o di agr ans
for show ng an exanple of the process for manufacturing a sem conductor

devi ce Foefi di sWimliCohdfictéf devide icovRplisilg I s&Mmicdhducter ¢Hip #HQW an
exanple of the lead frame used in this invention, wherein Fig. 2(a) is a

front vigueakihg resthlih whiéh BMEséhiidonduétet &lg@sai‘_’e”ééﬂledpﬁbh and Fig.
2(c) is a 3 April 2006 sectional view showing a configuration after the

resin segid Q?Hé,{vﬁ;héreﬂﬂhgiHTaérééisﬁaiifﬁ%ﬂﬁﬁ-s@ﬁ%ﬁﬂi@@‘%{%%p’fgg show ng

an exanple o resin sealing step | I's T nvention.
DESCRI P Bi"fs ﬁ\/B AAE ' 0 present
i nvent i }hggr‘gﬁl scr?%ggﬁo@(g@ Wit h T'eygﬁegggi%giﬁgé%ﬁé\nnﬁrﬁ. Referring to

Fi gs. 1(pq)es§8r&-(s%)ﬂsi€i@e adhesive layer with a thickness of 1 to 20 ym

that is made of an acrylic resin and has a storage elasfic modulus
of 1.0x105 Pa or more at 200°C.

The present invention may, if the heat-resistant
pressure-sensitive adhesive tape is heated at 200°C for one hour
while being attached to a stainless steel plate, preferably have 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




exanple of the inventive process for manufacturing a sem 032{1%28%devi ce
i s described bel ow. As shown in Figs. 1(a) to 1(e), the inveéntH t hod
for manufacturing a sem conductor device includes the step of nounting
sem conductor chips 15, the wiring step with bonding wres 16, the sealing
step with a sealing resin 17, 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 - r esi ure-sensitive adhesjve tape 20 is ., attached to an outer
bad si de SeeHonBl SIEY! oK A ¢onENFAHPD AT i ESiiny seAling stops,
exanple, th ea rane I.,s made, of nmetal .such as copper and has a

f or med @%Pﬁeéi& %is 3a‘ff{é???ﬁﬁ5fﬁ8°§°éﬁlﬂi@w fonphewipgan sxample af | ead
frame 10 may be, coated or plated with such a material as silver, nickel,
pal | adi unth@regisl gealing stepin thisdnventiomkral |y has a thi ckness of 100 to
300 m However, thin portions formed by partial etching or the |Iike may

not have B 3 April 2006 such a thickness. The |ead frame 10 preferably has °
systematically arranged QFN patterns so as to be easily divided in the

| at er cutti BETAILED DESCRIPTION OF THE FREFERREODEMBODIMENTS:, t he

configuration of the lead frane 10 with two-di nensional matrix patterns, so
called matrix Embortinhéit< bR thesprosentf inventiontare déecribed ipeldw r ane

configurations. Recently, the nunber of the packages arranged
with reference to the drawings. Referring to Figs. 1(a) to 1{e), an
example of the inventive process for manufacturing a
semiconductor device is described below.

As shown in Figs. 1{(a) to 1(e_), the inventive method for
manufacturing a semiconductor d'evif:e includes the step of
mounting semiconductor chips 15, the wiring step with bonding
wires 16, the sealing stepuwith‘e.l sealing resin 17, and the step of
cutting the sealed body 21. |

Referring to Figs. 1(a)v and 1(b), the mounting step includes
bonding semiconductor chips 15 onto die pads 11c of -a lead frame
10, wherein a heat-resistant pressure-sensitive adhesive tape 20 is
attached to an outer pad side (the lower side of each drawing) of

‘the legd frame 10.

For example, the lead frame 10 is made of metal such as
copper and has a forméd QFN terminal pattern. The electric
contact portions of the lead frame 10 may be coated or plated with
such a material as silver, nickel, paﬂadium; or gold. The lead
fraine 10 generally has a thickn_ess of 100 to 300 pm. However,
thin portions formed by partial etching or the like may not have
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per | ead frame has been increased in ternms of productivity. Thergh%%
only the package itself has been nmade finer, but also the a t
nunber has significantly been increased so that nore packages can be
sealed in one sealing portion. Referring to Figs. 2(a) and 2(b), the | ead
frame 10 has package pattern regions 11. In each of the regions 11, GFN
package designs are systematically arranged, in which a plurality of .
t erm nal portions 1 Ib are arranged around each of adjacent openings | |a.

For a gener each package design (corresponding to each lattice
regi on i S Hhprises termnal portions 1 Ib which are arranged

ar ound the opegﬂi and _each have_an outer |ead face on the | ower
side, a die pa ellﬁadpﬁ'ﬁ% 19 preferably bassyysteamatieatlyarrangednd die bars
11d that _support. the die pad 11c fromthe four corners of the opening lla.
The heat - Q¥ Pﬂﬁtﬁr%%ﬁr&l berrasily dividest in shealader@utéing stepy abl y
attached outside at | east the package pattern region 11 and preferably

att ached ReferringitonFigsat2(ahandd@th); fer exanepleydheneonfigmratiodeof he regi on
to be sealed in resin. In the vicinity 9 3 April 2006 of the side edge, the
| ead frankhe Deaykfeamiel yOhmithytwdedimenbivesl Adhtrixpatbermgsd calliedg in the
resin sealing step. Therefore, the tape 20 is preferably attached to a

regi on t hmatebeQFNori MARQFN i ohel ¢B5tHS mésP 'éféﬂrbkl Iehdr frainte seal i ng
regions are arranged in the |longitudinal direction of the |lead frane 10.

lgeggf ggee%ngﬁggﬁﬁ%iggﬁ%ur REGERLLY, theolifilieiCof ERE pitlkdrdy &fﬂn%é‘d»’ at tached
. 7 y extend over the plurality "of the resin sealing
F€QI ONS. per lead frame has been increased in terms of productivity.
Therefore, not only the package itself has been t'nade finer, but also
'- the arrangement number has significantly been increased so that
more packages can be sealed in one éealing portion.
Referring to Figs. 2(a) aad 2(b), the lead frame 10 has
| .package pattefn regions 11. In each of the regions 11, QFN
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 laftice region in Fig. 2(a)) comprises
terminal portions 11b which are arranged around the opening 11a
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 cerners of the opening 11a,
The heat-resistant pressure-sensitive adhesive tape 20 is
' prei"erably attached outside at least the package pattern region 11
and preferably attached to a region that includes the whole

perimeter outside the regien to be sealed in resin, In the vicinity
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On the lead frame 10 as descri bed above, sem conductor chigs %ﬁ @?ich are
silicon wafer chips each formng a sem conductor integrate AR 29 , are
nmount ed. Mounting areas for fixing the sem conductor chips 15, each called
the die pad .1le, are provided on the lead frame 10. The. step of bonding
(fixing) . each sem conductor chip 15 to each die pad 11c nmay be carried

out by any nethod such as a nethod using an electrically conductive paste
19, an adhesive tape, an adhesive, or the like. Wen die bonding is

per f or med I n he gl ectrical conductive aste, a thernosettin

adhesi ve %fﬂi‘ﬁ%i&ﬁ ,g‘hetfhe i‘?ﬂ‘i me 12 gengnally bas guidepin holes 13
tenperature of about 150 to 200C for 30 to 90 mnutes. Referring to Fig.
1(c), thetog thepositigning ingthe sesin sealingstepsnBherefore, thediape wire 16
between the tip of each termnal portion 11b (each inner |ead) of the |ead
frane 10 20dsdqueferablycattachedatp asregionethat deesaroblimtlodectie 15. For
exanple, the bonding wirée 16 is a gold wire or an alumnumw re. The wire
bondi ng ilolgsnt8al A pluralitydobwesimsealingt refriohst erechrmangeibit aher e 10 3
April 2006 of 120 to 250C under conbi ned application of ultrasonic

osCi | | at i lomgitwd tnaladitectivmof therldadofraige dl0. | Thicheforel ¢he the face of
the. heat-resistant pressure-sensitive adhesive tape 20 attached to the

| ead franprek@uiysditsitive ddheyiketapd 0 is preforanty %tﬁ&cﬁe&% alltgck.

Referring to Fig. 1(d), the sealing step includes Sealing  sem conductor

chips 15 dgn€indouily '@tehd évti tHe Puradlity of the resin sealing regions.
- On the léad frame 10 as described above, semiconductor

.chips 15, which are silicon wafer chips each forming a

semiconductor integrated ciréuit, are mounted. Mounting areas
for fixing the semiconductor chips '15, each called the die pad 1le,
are provided on the lead frame 10. The step of bonding (fixing)
each semiconductor chip 15 to each die pad 11c may be carried
out by any method such as a method using an electrically
conductive paste 19, an adhesive tape; an adhesive, or the like.
When die bonding is performed using the electrically conductive
paste, a the_rmosetting 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

i0



sealing step is carried out to protect the sem conduct or chipsrég nount ed
on the lead frame 10 and the bonding wires 16. In the seal?ﬁ@ Q%? t he
sealing resin 17 such as epoxy resin is typically nolded in dies.
Referring to Fig. 3, in such a case, a die unit 18 conposed of an upper
die 18a and a | ower die 18b each having a plurality of cavities is
generally used to carry out the sealing step in which a plurality of
portions are simultaneously sealed in the sealing resin 17. For exanple,

the resin | i rried out_at heat i te raturg of 170 to 180C,
at whi ch %ﬁ‘i&ﬁ’g&%s@ﬁ?ﬁ@de&ﬂomﬁve&é\mﬁg@ ﬁ&fggﬁrﬂﬁﬂni%en post - ol d
curing is carried out .-for several hours, In a preferred manner, the

heat - r esi @Seillation encrey and sontast hending.engrey 2 0In $hisstep, the prior to
the post-nold curing. Referring to Fig. 1(e), the cutting step includes
cutting tfaee ebshedanidiesistant pressurs-densitiverndhesive dapd@Pces 21a. In
the cutting step, a rotary cutting blade such as a dicing sawis generally
used t o caktacheld taithedgadi franie dMmahbesemdumm-sackad £6. be Aamelyi ng to
this invention, the heat-resistant 11 3 April 2006 pressure-sensitive
adhesi ve hekkofla head blockhe above-described process conprises: a base

| ayer nmade of a polyimde resin; and a pressure-sensitive adhesive |ayer
with a thi cknesReférring o Migpn glg,f‘ﬂie kealihgastep Bivlades/dealimei n and has a
storage elastic nodulus of 1.0X105 Pa or nore at 200C. The heat-resi stant
pressur e-sARseohdficB eRiye 15 RE sedling FEsihl 17 TRoh Yndtdiaehedpe the |ead

frame 10 and then heated T n the process as descri bed above.
sealing step is carried out to protect the semiconductor chips 15

mounted on the lead frame 10 and the bonding wires 16. In thé

sealing step, the sealiﬂg resin 17 such as epoxy resin is typically

moldeﬁ in dies. Referring to Fig. 3, in such a case, a die unit 18
composed of an upper die 18a and a lower die 18b each having a
plurality of cavities is generally used to carry out the sealing step
in _which a plurality of portions are simultaneously sealed in the
sealing.resin 17. For example, the resin sealing is carried out at a
heating temperature of 17 0 to 180°C, at which curing is carried out
- for several minutes, and then post-mold curing is carried out for
several hours., Ina preférred 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 dicin# saw is
- generally used to cut each cutting site 17a of the sealing resin 17,

According to this invention, the heat-resistant

11



In the step of die-bonding the sem conductor chips 15, for exargﬁlg heat
curing is generally carried out at a tenperature of about 13@\prH 4 %out
200C for about 30 to about. 90 mnutes. In the step of wre 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

resinis _sufficiently, nelted.,Such a erat ure be .about 175C. Under

such condPT¢%5iHre-% s @,aﬁFﬁévﬁgéPgriég@FQ ‘ ﬂib?%eéd%ﬁgﬁlﬁéve adhesi ve
tape has to satisfy the required |level of heat resistance. The | ead frane

10 to whi PFPGGRS semnriges:sa hase layes madesedainalyimidaaesia; aadaa 20 will be
attached is nade of- netal such as copper as descri bed above and therefore

gener al | ypressurg-sensitive adhesivelapeswith eothickriesstobil teb20tph 8X10-5 to

about 1.9x 10-5 /K If the lead frane significantly differs fromthe

heat - r esi thainis pasbs of arsacxylic wesinilvand hastapto2ge eldstiatmhadobus 12 3

April 2006 thereto In |inear thermal expansion coefficient, distortion

caused byf tiex 10t Par en ool bt 200900 MThechent-resistantons nay lead to
war pi ng or peeling of the tape when both are heated in the bonded state.

Ther ef or eprédsuire-sumyitivecddhbsive topd P ié Prelindindrily ab@AdE o Thant
pressure-sensitive adhesive tape has a linear thermal expansion

coef fi ci epgfadCirasie 10 hfat u@éntﬁatbaaﬁ% Eﬁérﬁd&herd@hesgﬂbeaw%&, such a

base material is a polyimde resin w
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
_ bo.nding of all thé semiconductor devices, if one lead frame is used
- to form a large number of semiconductof devices. The resin
sealing step also has to use a temperature at which the resin is
sufficiently melted. Sucha te:ﬁperature may be about 175°C.
Uﬁder 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 abdve and therefore generally
has a linear thermal expansion coefficient of about 1.8x10°% 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




a linear thermal expansion coefficient of about 1.5x10-5 to_about 2.8x10-5
/K, which can have a high workability and a high handl eabi P&l 280:h a
material is preferably used in this invention. The |linear thermnal

expansi on coefficient herein is a value determ ned by Therno-Mechani cal
Anal ysis (TMA) according to ASTM D696. Exanples of the filmmade of such a
polyimde resin include Kapton(r) (Du Pont-Toray Co., Ltd.), Upilex (trade
nane) (Ube Industries, Ltd.), and Apical (r) (Kaneka Corporation) and the
li ke. The, base | r of the heat-resistant pressure-sensitive adhesive
tape 20 pﬂb?%bﬁ%//ﬁl%ram%mﬂhégﬂa&ﬁm@ ooeflictenin distortdpnscausest event i on
of breakage or tearing and in terns of good - handl eability. The adhesive

| ayer of BYidherdiffexancehetween both theemalmxpasionsutnaybleasd tstic to sone
extent in terms of pressure-sensitive adhesion function. If the adhesive

| ayer is wetping orgpeelingafcthe tape wehen thoth arel hented int thevbotideidhe
pressure-sensitive adhesive tape is attached, can be insufficiently fixed

due to thetatehi Mfhemefoby, it3is3prefeite® thatithe bhes lages of theof the
pressure-sensitive adhesive layer in the step of connecting the bonding

wire. As hesatgesistahbressiutsiseneitivedadResiveytdpd iaB £ Tieas Wit nkgl danped;
and failures can occur in the bonding step. In order to prevent such

bondi ng. f@kigamﬁmﬁadefﬁcméﬁas% t& that OftHe RHEBatReShiatesial, f or
preventing the resin leak in the sealing step, or I1n order to ensure the
performances WigheRAMiple, such a base material is a polyimide resin with
a linear thermal expansion coefficient of about 1.5x1075 to about
2.8x107% /K, ﬁhich can have a high workability and a high
handleability. Such a material is preferably used in this invention.
The linear thermal expansion coeffiéieni; herein is a value
determined by The.rme-Meéhanical 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 basé layer of the heat-resistant pressure-sensitive
adhesive tape 20 preferably has a thickness of 10 to 100 um in
terms of_ prevention of breékage 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 insufﬁcienﬂy fixed due to the inhibition by
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ot herw se be rruf ually contradictory, the pressure-sensitive_ adhesive |ayer
has a storage el astic nodulus of 1.0X 105 Pa or nore, nore3pﬁ‘1§é'¥ et y

~ 5.0X105 Pa or nore and has a thickness of 1 to 20 m nore preferably 5 to

15 pm according to this invention. Such a pressure-sensitive adhesive
| ayer can maintain a slight cushion performance as a whole so that the
W re bonding can be appropriately carried out in a nore reliable manner.
In the sealing step, such a pressure-sensitive adhesive |layer with an

appropri aje hi ckness ¢ rovide a suffjcient_sealing performance. The
st or age e#%%?ﬁ%sﬁﬁgﬁf"ﬁ% ‘ﬁi}r"& Hrggsgegﬁ%ﬁtg\r%pgggs Yo dayer kg dhesten al ue
determ ned_with a viscpelastic spectroneter at a frequency of 1 Hz and at
a tenper a?{,pgnpieggi\fq&{:ge(kog@qg WireheAgenteseld; thgpontasthendingsitive
adhesive tape is peeled off at any stage after the sealing step. If the
pr essur e-SRGEZY fXam pressing campe ped,cand failugesi¢hasoocusindiegt h, t he
peeling can be difficult to achieve and in sone cases, the nolded resin

can be peenhdingistepsr broken by the. tape-peeling stress. Therefore, a
pressure-sensitive adhesive which has an adhesive strength 14 3 April 2006

stronger than rigcesder yo tprewenitestich homiiapr failireg Hhd tocefiS@td A resin
woul d rather be unpreferred. In this regard, after heated at 200C for one

hour whi | suffiiieataiditedied steefigthFok! Heventost thleddcdin lelk in the
pressure-sensitive adhesive tape preferably has an adhesive strength of

P ovun YL 815500 18360000 ARSI Yy dmbndt HICH Gt | oo
otherwise be mutually contradictory, the pressure-sensitive
adhesive layer has a storage elastic modulus of 1.0%105 Pa or more,
more préferabiy 5.0x105 Pa or more and h.';\s a thickness of 1 to 20
pm, more p:eferz;\bly 5 to 15 pm, accbrding to this invention. Such
a p_reésure-sensitive adhesive layer can maintain a slight cushi'on
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
thiqkness 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 af 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 th§ pressure-sensitive
adhesive tape has a too strong adhesive strength, the peeling can
be difficult to achieve and in soﬁe 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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A preferred exanple of the pressure-sensitive adhesive having the above
physi cal properties is an acrylic pressure-sensitive adhes?ﬁEFﬂ@§9@h can
easily provide a suitable storage elastic nodulus and suitabl e adhesion
strength. For exanple, such an adhesive conprises an acrylic copol yner
formed by copol ynerization of nononers including at |east alkyl
(nmeth)acrylate. Exanples of the al kyl (neth)acrylate include nethyl
(meth)acrylate, ethyl (neth)acrylate, butyl (nmeth)acrylate, isoanyl

(et h) acr yl, r 3 s Tﬂﬂp te,
I sooct yl %ﬂnrg%x%egc ?{%?Q% ce?%%ﬁ%)%lﬁ% %ﬁﬁ)éﬁe%{&g@%}i#&% rre?%lyé yl at e,
and dodecyl .(meth [ YAl . T rylic pr ure-sensitive adhesi ve having
2 heat iRl Safndt Re MABrdfriedr Ba SHS FERRFE; Rt eRted A
ar oup. cort0Phe i Rt hpRryhicbaliE Ao e s sEApIare Stadkpiateery i
pressure-sensitive adhesjves may each contain an appropriate _crosslinking
agent . ExEipbressHre-sansitive adigsiye 4gpst preferably hasamadbesivessl i nking
agents, epoxy crosslinking 15 3 April 2006 agents, aziridine crosslinkin
agents, a$iaesgthafb& B9 mmwidthon lessymeore pyefenablyt2.0f Ny 42 -
.crosslinking agent is not particularly limted, but the crosslinking agent
i's pref ersshywidtdedr 1ess through the measurement adwording fiood Eht
crosslinking for the purpose of achieving a desired elastic nodulus. For
exanpl e, Z0287.an anount is preferably 0.1 to 15 parts by weight, nore
preferably 1.0 to 10 parts by weight, based on 100 parts by weight of the
A preferred example of the pressure-sensitive adhesive ‘
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 (methjacrylate, n-hexyl. (meth)acrylate, 2-ethylhexyl
(meth)acrylate, isooctyl (méth}acrylate, isonohyl {meth)acrylate,
decyl (meth)acrylate, and dodecyl (meth)acrylate.
The acrylic pressure-sensitive adhesive having a heat
tesistance 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. Eziamples of the crosslinking

agent include isodyanate-crosslinking agents, epoxy crosslinking
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acrylic polyner. In this invention, the storage elastic nodul us_at 200C may
be adjusted within the desired range by adding the crossli nﬁiﬁﬂjﬂzﬁ%nt in a
relatively large anount. Alternatively, the type of the crosslinking
agent, the type of the nononer, the copolynerization ratio, or the

- mol ecul ar weight of the material may be altered, or a filler nmay be added,

for the purpose of adjusting the storage elastic nodulus. The acrylic
adhesi ve may contai n any other conponent. Exanples of any other conponent
include a varjety of additives. such as a plasticizer, a filler, a pignent,
a dye, anaﬁ?ﬁlt%gﬂéiﬂi?‘eaﬁwssia‘mg 3ganfts and chelate cresslinkinghe
above-described acrylic pressure-sensitive adhesive has a relatively high
heat resiagent®e The wsageamoynpofitheccrossiinsing agent ds mokge el astic
modul us and a suitable adhesive strength and therefore is preferably used
in this - pattdeulanly limited; bubtherexosslinkingragent g preferably addedat nent
for the pressure-sensitive adhesive or back surface treatnment of the base
materi al impubh gemimomnt @ to grdducel Suffidient! crdsfintiag foreitid ve

heat -resi stant pressure-sensitive adhesive tape for use in the inventive

process cpupposesftavhieting hodesiradtelabbit Afddilus. PIESSBREnABSslikhe
adhesi ve | ayer as described above. The heat-resistant pressure-sensitive

oo o SmONAS pR SO Of 01 e e DR
roller  npo b 15 partd by e RE Biscd baCio0DANS By Weikhit ot Y
acrylic polymer. '

In this invention, the storage elastic modulus at 200°C may
be adjustgd within the ;lesired range by adding the crosslinking
agent in a relatively large amount. Altei'natively, the fype of the
crosslinking agent, the type of the monomer, the copolymerization

| ratio, or thé molécular 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 confain any other component,

- Examples of any other componeént 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-describe& acrylic
pressure-éensitive 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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pressure-sensitive adhesive tape. Cenerally, a nethod using a%@r%ﬁ roller
Is wdely used in attaching the tape to the |ead frane. EXARPHES 2094
features and effects of this invention are specifically shown in the
exanpl es bel ow. Exanple 1 A polyimde filmwth a thickness of 25 pm
(Kapton(r)100H, Du Pont-Toray Co., Ltd.) was used, as a base material. The
polyimde filmhad a linear thermal expansion coefficient of 2.6x 10-5 to
2.8x 10-5 /K, which was obtained by neasurenent at a tenperature rise rate

of 10C/ mi n betweegn ,100C . and,200C. Al crylic copol r used, which was
conposed of 10\3?%5#%’%“’%3 Treﬁ%‘&mgﬁsﬂ?ﬁ%ﬁg&%ﬁﬁﬁﬁ er and 5
parts by wei ght of aia(jgt rl)Eacr¥ I c acid nononer. To_ 100 parts by wei ght of
this coptﬂﬁg?r Ha&e 8 InveRfive proGesy Rpmprises dheRase laxes arfdng agent
(Tetrad-C_ Mtsubishi Gas Chemical Conpany, Inc.) to form an acrylic
pr essur e- e acrylie prassuresensitivesadhesisenlayenas deserihed aboves adhesi ve
| ayer of the acrylic pressure-sensitive adhesive with a thickness of 10 .
p. mwas fBhedieafresistant praaserd-sensitive adhesive dapecmiay bat
pressure-sensitive adhesive tape. The pressure-sensitive adhesive had a
st orage eittacheditaltheslealdd frantx iGkldlaany cddition cA vadetypiofl ned by
measurenent with ARES (Rheonetric Scientific F. E. Ltd.) at a frequency of
1 Hz at ameamper ahetkods wingtacheht hiinator] hapd' wllle, pressanllért h a
sanple size of 7.9 mm(err) in a shear storage elasticity node. The

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 beiow.

Example 1 ‘

A polyimide film with a thickness of 25 pm (Kapton®100H,

Du Pont-Toray Co., Ltd.) was used as a base material. The
polyimide film had a linear thermal expansion coefficient of
2.6x1075 to 2.8x1075 /K, which was obtained by measurement at a
temperature rise rate of 10°C/min between 100°C and 200°C. An
‘ aérylic copolymer was used, which was composed of 100 parts by '
weight of a butyl (meth)acrylate monoiner ahd 5 parts by weight of
a (methjacrylic 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 'pressui'e-sensitive adhesive, A pressure-sensitive
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pressure-sensitive adhesive tape was heated at 200C for one Qeur @?ile
being attached to a stainless steel plate. The tape was t hed 49% ed for
adhesive strength according to JI'S Z0237. The neasured adhesive strength
was 0.3 NI 19 mmw dth. The heat-resistant pressure-sensitive adhesive tape
was attached to an outer pad side of a copper |ead franme whose termnna
potions were plated with silver and which had a 4 by 4 matrix for 16-pin
side type QFN. ‘Sem conductor chips were; bonded to the respective die pad
portions of the | ead frame using an epoxy phenol - based silver paste and

fixed by adhesiyedayesmd the agsplic presswsgrsensitivecadhesiveswiths at hen
vacuum sucked fromthe heat-resistant pressure-sensitive adhesive tape

si de to Uhickuess®of 10 pmavasforinat oncthebaseooatarial forformeaal porti ons
of the lead franme were also held by a wind clanper. The sem conduct or

chi ps weheat-besistamf pressuresensitive raiilnesivetttape. 25Tkerr) n{err) gold wire
(GMG 25, Tanaka Precious Metals) in a 115 kHz wire bonder 18 3 April 2006
(UTC 300Eressare-sehisitivecadhdsiveihddra sheragmdldstic mbdubus offt  t ook about
one hour to conplete the bonding. First bonding pressure: 80 g Utrasonic

| nt ensi ty9,0% 1ig%ePa iat 200 W wibdchokils NtathedhP aned sieredRBhiE GRehon time: 10
nmsec Second bonding pressure: so g Utrasonic intensity in the second
bondi'ng: - ARG SEARALIOSRIEAUTALR, EALLY atid BreqhdiidFf 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 sforage 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-sensitivé adhesive tape was
-attached to an outer pad side of a copper lead frame whose
terminal potions were piated With's-ilver' and véhich 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 frofn the
heat-resistant pressure-sensitive adhesive tape side to be fixed on a
heat block heated at 200°C. The peﬁpheral 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
{(GMG-25, Tanaka Precious Métals) in a 115 kHz wire bonder
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Thereafter, the sem conductor chips were sealed in an epoxy geabbag resin
(HC-300, Nitto Denko Corporation) using a nolding nachine é I“~Y=seri es,
TOM Corporation). The nolding was carried out under the foll ow ng

condi tions: 175C, preheat for 3 seconds, an injection tine of 12 seconds,
and a curing tinme of 90 seconds. The heat-resistant tape was then peel ed
off. After post-nold curing was further carried out at 175C for about 3
hours for the purpose of sufficient curing, a dicing saw was used to cut

the seal egrapdyni ndi ¥ “sem.,condu deyices. Jhe
resul ting gﬁégﬂg -%%bgg’ﬁ#lgﬁﬁ%‘wg ]g#&¥ﬁ§“fe§31?‘ne °Qﬁ'§ﬁg‘?§‘s i;ﬁtﬂ%'ctftve st eps
I ncl udi ng wire bondin re snpof h arried out wthout troubles.
Exanpl e Zt% a‘éﬂ,o&%ggeﬁlpo%&ﬁemcgnﬁ ; tﬁg ‘!‘g%rm QFN type seni conduct or
devi ces except that, the pressure-sensitive adhesive |ayer of the
heat - r esi st H'Ftbtoé’s‘g&gepg%‘fﬂ*rﬁ‘ve adhesi ve tape ha®0:&19 3 April 2006
t hi ckness qf 15 m, The resulting QENs had no overrunning of the resin, and
the respectYiiEasenisintansity iy figst dosuhimigag weBS0 saWot hly carri ed out
wi t hout troubles. Exanple 3 The process of Exanple 1 was used to forma
heat - r esi stiBiFst benstingrapplestion timdhesi ve tape el@mpisechat the addition
amount of the epoxy crosslinking agent was 0.5 parts by weight. The
resul ting tSgromddonding ppessirest i ¢ nodul us of 2. 80185 Pa at 200C and an
adhesive strength of about .2.5 N 19 mmwi dth after heated

| Ultrasonic intensity in the second bonding: 500 mW

‘Second bonding application time: . 8 msec
' Thereafter, the semiconductor chips were sealed.in an epoxy
séaling resin (HC-300, Nitto Denko Corporation) using a molding
machine [Model—Y—series, TOWA Corporatioﬁ). The molding was
carried out under the following conditioné: 175°C, preheat for 3
. seconds, an injectio-n time of 12 seconds, and a curing time of 90
" seconds. The heat-resistant tape was then péeled off. After
posf-moid curing was further carried out at 175°C fo;‘ about 3 hours
for the purpose of sufficient curing; a dicing séw was used to cut
the sealed body int(la‘individual QFN type semiconductor devices.
The reéu%lting 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-sensitivé adhesive tape had a

19




at 200C. The pressure-sensitive adhesive |ayer of the tape Badra bakiickness
of about 5 m The heat-resistant pressure-sensitive adhesi SR [}Q s then
attached to the outer pad side of the copper lead frane as used in Exanple
1, and the sem conductor chips were bonded under the sane conditions. The
| ead frame was then vacuum sucked fromthe heat-resistant
pressure-sensitive adhesive tape side to be fixed on a heat bl ock heated
at 200C. The peripheral portions of the lead frame were also held by a wind

IS SRR ST A ol I,
MB- 2200, I i i - ). Lti |
Lot one”#éﬁ?%q‘ﬁ%%é?ﬁgﬁfﬁ’@ &oegﬁb?)dﬁ'ﬁ%‘ﬁfl i §3FK by lsgngziée.wso g °
| i i i i i iing: 25 nW 20 3. [ Fi
t)Jotn(rj??ISnia%ﬁ’ﬁ%i’??#ﬁ%’égu%dﬁ{@té@ torgé{!ﬁﬂa bondi rg prégghre: 200 IgrSt

Utrasonic intensity in the second bonding: 50 nW Second bondi ng
application.time: 50 nmsec Thereafter, the sem conductor chips were seal ed
in an epoxy sealing resin (HC 300, Nitto Denko Corporation) using a
mol di ng WE&aMPIe \bdel - Y-series, TOM Corporation). The nol di ng was
carried out under the follow ng conditions: 175C, preheat for 40 seconds,
an i nj ection tihbegiroress afdBrampleshavas usedriy fomm heatdesistamtds. The
heat -resi stant tape was then peeled off. After

- pressure-sensitive adhesive tape except that the addition amount

.of the epoxy crosslinkihg 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-resistén_t 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. Thé lead frame was
- then vacuum-sucked ffom 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
clampe_r.' 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 comﬁlete the
bonding.
First bon_cling pressure: 30 g
Ultrasonic intensity in the first bonding: 25 mW
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post-nold curing was further carried out at .175C for about _3 hqﬁra for

t he purpose of sufficient curing, a dicing saw was used to SutPrp0& e a) ed
body into individual QFN type sem conductor devices. The resulting QFNs
had no overrunning of the resin, and the respective steps including the
wi re bonding were snmoothly carried out w thout troubles. Conparative
Exanpl e 1 The process of Exanple 1 was used for investigation except that
t he base | ayer of the tape was a high density polyethylene film (with a

t hi ckness qQf; mJ.<and a |.j near thermal expansion ef fi ci ent of 15x10-5
/K). At thgif%ﬁkgﬁfﬁ?ﬁé‘l’@]*‘?eﬁg&gﬁbe‘i n the step BéBWI ng the o
sem conductor chj ps, ?i ni fi cant winkles and partial peeling were :
produced i qq?é“i 59&‘1 T‘g RIGSSHEPYi ng step, the tap@O0vas not able to
suppress the overrunning of the resin at 21 3 April 2006 Conparative
Exanpl e 2 THérasonissintensiby imtheiseeend handing: i HQanMgat i on except that
the pressure-sensitive adhesive tape was conposed of a polyester base

mat eri al afecembbpmding cpplicationctiseesi tive adh@@imsetayer of a silicone
based pressure-sensitive adhesive, which provided an adhesive strength of
about 7 NI 19 (Thevedifter,dicesetrdeoadiimito? AfipsAsere sealdd inmsepokyt he
wires were not sufficiently bonded in the second bonding due to the

i el eS0T e g, U,
the | eadnhehife [MTe]-Vivlerid&dTOWA Co fiddtfon N ArRé thofdidd &ageal i ng
| carried out under the following conditions: 175°C, preheé\t for 40
seconds, an injection time of 11;5 seconds, and a curing time of
120 seéonﬁs. The heat-resistant tape was fhen peeled off, A_i‘ter
_ post—niold curing was further carried-'out at 175°C for about 3 hours
for the purpose of sufficient curing, a dicing saw waé used to cut
E the sealed body into ihdividual QFN type semiconductor devices.
The resuiting QFNs had ﬁo overrunning of the resin, and the

respective steps including the wire bonding were smoothly carried

out without troubles.

Comparative Examplé 1

' ‘The process of Example 1 was used for investigatioh exct-apt
that the base layer of the tape was a high density polyethylene film
(with a thickness of 25 pym and a linear thermal expansioﬁ
coefficient of 15%1075 /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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resin was al so peeled off. Conparative Exanple 3 The procesz of.gé@gple 1
was used for investigation except that a silicone based pr §§ﬁ# “Sensitive
adhesive that had a storage elastic nodulus of 1.1x104 Pa at 200C was used
to formthe pressure-sensitive adhesive |ayer with a thickness of 30 pm
In the bonding step, nost of the wires were not sufficiently bonded due
to the cushion of the tape, and bonding failures frequently occurred. 22 3
April 2006 WHAT IS CLAIMED IS: 1. A nmethod for manufacturing a

sem condugtor device, conprising the steps of: nmounting and bondi ng

sem conduTtbr chips onto die pads of a netal |ead frane having an outer
pad side to which a heat-resistant pressure-sensitive adhesive tape is
attached; wiring a bonding wire between each term nation of said | ead

frame and_each el ectrode pad on said sem conductor chips; sealing

seni condueedpangtive BExampde|2 ng resin fromone side; and cutting the
seal ed body into individual sem conductor devices, wherein said

heat - r esi st ant ‘PaegnocessarSExampladhovis usedfior investigation exaxept! ayer
made of a polyinmde resin and a pressure-sensitive adhesive |ayer with a
“t hi cknessthut the préssuresemsitivenmiicesitveatapecwplsi compusedaoflahas a storage

el astic nodul us .

polyester base material and a 50 pm thick pressure-sensitive

adhesive layer of a silicone baséd 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 1.1x10% Pa at 200°C was used to form the
pressﬁre-sensitive adhesive Iayér with a thickness of 30 pm, 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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of at least 1.0x 105 Pa at 200C. 2. The nethod according to?ﬁ ajl%éﬂ
wherein if said heat-resistant pressure-sensitive adhesive heat ed
at 200C for one hour while being attached to a stainless steel plate, it
will have an adhesive strength of at nost 5.0 NN 19 mmwidth. 3. A

heat -resi stant pressure-sensitive adhesive tape for use in the nethod
according to Claiml, conprising: a base |ayer nade of a polyimde resin;
and a pressure-sensitive adhesive |layer with a thickness. of 1 to 23 3
April 20 t hat 1 e of an acrylic resin and has a storage el astic
nmodul us or* h&a@ﬁm Pa at 200C. 4. The tape according to Caim 3,
wherein if said tage IS Bgfat ed at i200C for one hour while _belng attached
to a stainless Lstddnethggdor; magyiachusinga seapieonduetodeviesr at nost
5,0 NI 19 mmw dth. 5. A nethod of using a heat-resistant .

pr essur e-esumditising theisbeps €%t ape, conprising the steps of attaching said
heat -resi stant pressure-sensitive adhesive tape to an outer pad side of a
nmetal |ead frarmountingsindybondingsemicemductor chips ondei dienpads ®f devi ce
conprising a sem conductor chip and a sealing resin in which said

sen condux mwetalliepd frame having famoutes padisidevierwhiclsai d heat - r esi st ant
pressure-sensitive adhesive tape conprises a base |ayer nade of a ‘

p?' yi m dehestsresistant prpssuressensitive tadleesitbcaipecis aptached;h a t hi ckness
of 1 to 20 m

wiring a bonding wire between each _terminatioh of said lead
. frame and each electrode pad on said semiconductor chips;
sealing semiconductor éhips in a sealing resin from one side;
and
| cutting the sealed body into iﬁdividual semiconductor
devices, wherein
sai& 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 pm _
that is made of an acrylic re_sin 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-sensitiire adhesive tapé is heated at 200°C
for one hour while being attached t6 a stainless steel plate, it will
“have an adhesive strength of at most 5.b N/19 mm width.
3. A heat-resiétgnt pressuré-seﬁsitive adhesive tape for use
in the method according to Claim 1, comprising:
# base layer made of a polyimide resin; and

a pressure-sensitive adhesive layer with a thickness of 1 to
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that is nade of an acrylic resin and has a storage elastic g%dul gﬁ of at
| east 1.0x105 Pa at 200C. 6. The nethod according to O aimb5, Rﬂlu @Wnif
said pressure-sensitive adhesive tape is heated at 200C for one hour

whil e being attached to a stainless steel -plate, it will have an adhesive
strength of at nost 5.0 N 19 nmw dth. 24

20 pm that is made of an acrylic resin and has a storage elastic
modulus of at least 1.0x105 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-éensitive 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 seéling resin in which said
- semiconductor chips are sealed from one side, wherein
said heat-resistant pressure-sensitive adhesive tape
-compriées.a base laye.r 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 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 I 19 mm width.
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