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GROUND OF THE | NVENTI ON Field of the Inven
|nvent|on relates to a sem conductor device and a nanufact |ng netho
thereof and nore particularly to a semjcqnductor device haw q
sem conductor chip bonded on a radiator plate with interp05|tuop(¥$
bondi ng | ayer. Description of the Related Art ha

s
been r equigrEMi ¢dRDUCTORUDEYVEFDH| ANDCHETAHIOD RORIMAENHPACT TEHIING hEHE SAM?A/
requi renent has called for one chip structuring of a sem conductor devite
or high density nmounting of a sem conductor device, and thus area array
packages such as ball grid array, in which external connecting termnals

are arranged in the form ogabwerdiviansoRnalranewENeif@red to sinply as
"BGA" hereinafter), and land grid array (referred to sinply as "LGA"

herei nafter) have begen p5oResedea %$VéH@£5hcally used to satisfy the

requi rement for multi-prn sem conductor As a related area

package, tape BGA <H§gf%§g{%%f%n§¥e £ Qs U B! YeRS coh R o PYAF AL LEIA -

in which TAB (Tape I'ng) TS us as I nterconnection
technique, is gscrlbed refe

seni conduc® dPRRY BCEN@%&WB@#@%@ 0% 8¢ BPEE PRF t%)ﬁ?wlsl ?ﬁ':%ltg? 4
Copper Tt onauetor dabfee havitly & PAShEc8R301% Y WSl p *BondlY on
a radiator plate with interposition of a bonding layer.

Description of the Related Art

It has been required that consumer appliances are
made cémpact and the requirement has called for one chip
structuring of a semiconductor device or high density mounting
of a semiconductor device, and thus area array packages such
as ball grid array, in which external connecting terminals
are arranged in the form of two-dimensional area (referred
to simply as “BGA” hereinafter), and land grid array (referred
to simply as “LGA” hereinafter) have been proposed and
practically used to satisfy the requirement for multi-pin
semiconductor.

As a related area package, tape BGA (Tape-BFA,
referred to simply as “T-BGA” hereinafter), in which TAB (Tape
Automated Bonding) is used as interconnection technique, is
described referring to FIG. 2.

For example, a semiconductor chip 44 is bonded on

a radiator plate 40 consisting of copper material with

interposition of a paste bonding layer 42. Many electrode
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-2 pads 46 are formed on the surface of the seniconductor chip 44.

" the circunference of the radiator plate 40 . surroundi ng the
sem conductor chip 44, a stiffener 50 is bonded wth interposition of a
bondi ng layer 48. On the stiffener 50, nany external connecting termnals
54 having a ball-shaped end respectiVe@y’afe arranged di spersedly in the
formof array. These many external connecting termnals 54 are
connect epads the arecfootedads tdre tsher Saaecofidubieois entli goAducwiorh chip
interposition of respective inner |eads 56. These many external connecting
term nal 4464 are covered with an insulating film58 excepting the
bal | - shaped ends and insul ated stably each other. As described herein

above, the externaly Copgegt kiR reRabsog4 tHdNeiql #8688 PHhateddag
insulating film58 constitute a wiring pattern 60 for connecting the

| ectrod : i i 4 . .
The sem contaraning SAEF GENCHARAC ER Bndf 410 A 951 EESTR R0 bs ponded
i nt iti f. th | i 4 i
conneet o't FRC B BSRANE Dt Soafitheldali, 40" s 3 Faer BEh T Rmet i
i -call ed [ | i ng. . As d [ h ' b , Nt
T BoA, bEOUTE AL SR AP HRY ST R RLRe  8Y G bR gspaped
di spersedly_in the formof array on the stiffener 50 surrounding the
sem condﬂ@Fe&ﬁﬁFﬁhYeiNeaﬁ%@Ear@é‘%?‘%éiloﬁp%r%@égﬁ IR ER&IEOTERF RN i f

the pitch of the external connecting termnals | )
These many external connecting terminals 54 are

connected to the electrode pads on the semiconductor chip 44
with interposition of respective inner leads 56. These many
external connecting terminals 54 are covered with an
insulating film 58 excepting the ball-shaped ends and
insulated stably each other. As described herein above, the
external connecting terminals 54, inner leads 56, and
insulating film 58 constitute a wiring pattern 60 for
connecting the electrode pads of the semiconductor chip 44
to the extermal.

The semiconductor chip 44 bonded on the radiator
plate 40 with interposition of the paste bonding layer 42 and
the inner leads 56 connected to the electrode pads 46 are
coveredwith sealing resin 62, this is so-calledresin sealing.

As described herein above, in the T-BGA, because many
external connecting terminals 54 are arranged dispersedly in
the form of array on the stiffener 50 surrounding the
semiconductor chip 44, the package size of a T-BGA is made

small even if the pitch of the external connecting terminals



-3-" 54 of the sem conductor device having many pins is relatively |arge,
Jor exanple, 1.0 nmor 0.27 nm therefore this structure is effective for
hi gh density nounti ng. Further, the sem conductor chip 44 is
bonded directly on the radiator plate 40 with interposition of the paste
bondi ng | ayer 42, and therefore heat geherated fromthe sem conductor

el ement during operation is easily dissipated, thus this structure is also

ef fecti ve5Hoo £l oMe heahi € 8aslcAe defAd@didifing many pindevRlat ivehe
above-nentioned T-BGA, the thermal expansion coefficient of the

sem CondUQhQ’fgé?,hEBr“éxéﬁ?léF)pi opinRe! ¥ . 37pRAT [@d1+&rand thestdheri@ture

expansi on coefficient of the radiator plate 40 consisting of copper

material ks éﬁggégig@t$b¥_%ﬁdﬁygéﬁggkggﬂﬁyhgfﬂ e difference in the

thermal expansion coefticient” between conponénts causes the stress
concentration on th te bonding | ayer 42 bet n_t sen conductor chip
44 and the radiator%Hggﬁggﬁﬁ,@?%rge@%éﬁﬁégcgﬁgﬁgsﬁg54%%%%2%88?%¥fdevice

i s subjected t thermal cycle test (referred to,sinmply as T/C test

her ei naf t &l)r,eco‘%ﬁyvﬁ?ﬁc‘#“? h’éaéé é’rratl%}raet%f‘le é Hel FhpERtesbegy ey e Ei Ehe vy,

t he bondin% strgg th of the paste bonding |layer 42 is decreased to cause
cracki ng 8RS I JHRY At BpGthereftge heat generapgdjézen bbe

herei n above, though the sem conductor device is excellent in heat
di ssi pat i §8MAHARAEHorseliempat dupingapperadiian iy easdsty dilss hpatedg
strength of the paste
thus this structure is also effective for low heat resistance
packaging.

However, in the above-mentioned T-BGA, the thermal
expansion coefficient of the semiconductor chip 44 is
approximately 3 ppm/TC and the thermal expansion coefficient
of the radiator plate 40 consisting of copper material is
approximately 17 ppm/C, the large difference in the thermal
expansion coefficient between both components causes the
stress concentration on the paste bonding layer 42 between
the semiconductor chip 44 and the radiator plate 40, for
example, when the semiconductor device is subjected to a
thermal cycle test (referred to simply as T/C test hereinafter) )
in which the temperature of the T-BGA is varied cyclically,
the bonding strength of the paste bonding layer 42 is decreased
to cause cracking or separation occasionally at the end

As described herein above, though the semiconductor
device is excellent in heat dissipation initially as it is

fabricated, after T/C test, the bonding strength of the paste

bonding layer 42 which has been subjected to stress



bondi ng | ayer 42 which has been subjected to stress

.~ 4- concentration is decreased, and good contact between the

sem conductor chip 44 and the radiator plate 40 is deteriorated to result
in significantly reduced heat dissipation, and thus the reliability in
endur ance becones poor di sadvantageously. _ . Not only T-BGA but al so
sem conductors of other types as long as a bonding |ayer is provided

bet ween a senteandsdiivn THi fedfdazxaddi ahar gpbdt et e tli Bepadaronshéet i ng
of copper material are involved generally in the problem The

present inyentcemdire Heenhigreomid ehedrhgisebreplibe Abaeqarr et eq
probl em and the object of the present invention is to provide a

serm conduct gr deyi £8; A digh P1 cARTH SPRLNGIYIa FBLR. B9RASHAAN gn! Athallly.

plate with interposition g layer 1n whic ress concentration

per 1 or mancEante AP EN 1EET B PR B b Bfbd MR e antatB ALY

per f or mancé and exce 1 N endur an

nmet hod for manufactufi t hereqf The inyentors of the present
venti on exant ned tHBE GRICCHSR Brtse b 8o ThceRtRaERES ShatieR rEes
bondi ng | ayer, between, bonded gddies,forned,gf different materials_ due to
the differ8fAckPPd 3%1& RAPYERFahEYET E6PFPULERE BREWESR RIRE_BRICRRABIGEPS to
sol ve the above-nentioned probl em . In general, sufficiently

t hi ck thi ckRéPsapd @ 1ssHAtRE |RY2Ee 81T aqilce®adh qtkstings9f copper
concentration on the bonding |layer to be provided between a sem conduct or
chip and matediialoraxe aievehiveld lgarexadlyi fhetde nrwphen.expansi on

The present invention has been accomplished to solve
the above-mentioned problem, and the object of the present
invention is to provide a semiconductor device having a
semiconductor chip bonded on a radiator plate with
interposition of a bonding layer inwhich stress concentration
caused in the bonding layer is relaxed to maintain the heat
dissipation performance and which is excellent in reliability
in endurance and a method for manufacturing thereof.

The inventors of the present invention examined the
reduction of stress concentration caused in a bonding layer
between bonded bodies formed of different materials due to
the difference in thermal expansion coefficient between these
materials to solve the above-mentioned problem.

In general, sufficiently thick thickness of a
bonding layer is required to relax stress concentration on
the bonding layer to be provided between a semiconductor chip
and a radiator plate which have the different thermal expansion

coefficient each other. However, it is difficult to form an



coefficient each other. However, it is difficult to forman

-5- . even bonding layer having a sufficient thickness with a single |ayer
“of a rel ated paste-based bonding | ayer, and a bonding |ayer having the
sufficiently thick thickness can not be realized. To secure an
even bonding | ayer having a thickness ssufficient for the bonding |layer to
rel ax stress concentration caused on the bonding |ayer, the inventors

tried to wSRmMbohdEHPREyHr Bakiihg Hondf fycl eyer thiskesd ovigds beshagae
bonding layer. In this case, though it was easily achieved to forman even

bondi ng | aygfehays ng ?ef&ﬁé&cggﬂtea%é&?mYng_t hegleresand he bendirg
| ayer was involved in the problemof blistering in at |east any one of

| nterfaces Relwee S 'C%gﬁe hp g dbechhexmRlagids hblemondi ng
| ayer orﬁa radi a o?n8|§§§ and t %f?ﬁggﬁbp astic filmbonding | ayer when

t he thernqplqg#ic fil mbonding | ayer placed between a sem conductor chip
of a hard Aféter? ?'and a radiator plate of a hard nmaterial was

press-bonded together. In detail, thaugh_.ng blListering was not, caused when
a thernopl astic film® B&FHNG arréﬁ\femﬁgglg%agdhgyeg &é’%ﬁ%%a%c’f%f’cgﬁieﬁsor a
radiator plate, however, it _was ., very diffjicult_to prevent insterin% when
a radi at oSy bt elgptafeekhehRandidg ﬁﬁysrm}ae &ﬁ%%%ﬁﬁto‘?ﬁﬁﬁcoaf:‘%lﬁ'érat on
t hermopl astic. fil mbonding | ayer bonded on the sem conductor chip or the
radi at or SlangedTaR thiestnding layerp| itherlREsnledd it¥ ¥*AuEed Wshd ng
strength and reduced

thermoplastic film bonding layer instead of paste-based

bonding layer. 1In this case, though it was easily achieved
to form an even bonding layer having a sufficient and necessary
thickness, the bonding layer was involved in the problem of
blistering in at least any one of interfaces between a
semiconductor chip and the thermoplastic f£ilm bonding layer
or a radiator plate and the thermoplastic film bonding layer
when the thermoplastic film bonding layer placed between a
semiconductor chip of a hard material and a radiator plate
of a hard material was press-bonded together. In detail,
though no blistering was not caused when a thermoplastic £ilm
bonding layer was bonded on a semiconductor chip or a radiator
plate, however, it was very difficult to prevent blistering
when a radiator plate or a semiconductor chip was press-bonded
on t';he thermoplastic f£ilm bonding layer bonded on the
semiconductor chip or the radiator plate. The existence of
the blister resulted in reduced bonding strength and reduced
heat dissipation performance of the bonding layer.

Experiments were repeated to find a bonding layer



heat di ssipation performance of the bonding | ayer. Experiments
were repeated to find a bonding | ayer - 6-
for form ng an even bonding | ayer having a necessary and sufficient

t hi ckness to relax stress concentration by a nethod in which blistering
was prevented so as not to cause reducéion of bonding strength and
reduction of heat dissipation performance. As the result, the

sem conducte¥ €levmeagans tdigen NBdhalntor aypatif Ratvingng tleteodary and
accordance with the present invention has been acconpli shed.

SUMVARY  OFs\J#HE & NWENT# N kness to reldk d@trdds cd i €PREY6hAy dEMEER I
accordance with one aspect of the present invention is a sem conductor

device haw) Ggh .15 8f i) RANDEL XL & d adial 8repbaberdhhB i on

i nterposition of a bonding yer, “wherein the bonding ayer conprises a

| am nated siructyre ingcludi a_ihe | asi | i ongh ng. r.and a
paste-basé’ H%%Haﬁaghihﬁgné%h aﬁg Eggﬁﬁﬁiﬁggs%%i%§h§u3g5¥95%€¥§8q n
accordance with one aspect of the presepnt inventiaqn, because the |am nated
SLructur o REEFREPAGoEe. PReFRERTSSERE 1 FIf BOMIFRETIS Shy:qhand the
past e- based bonding | ayer is enployed_as the bonding | ayer for_ bonding the
seni condudi®Fhedi fogn Mager hagtra ngpﬁQﬁie%ﬁ lﬁvéﬁdéﬁé?ﬁﬁflﬂﬁép &8 ng a
necessary and sufficient thickness is fornmed, and blistering, which causes
reduct i on R¥SHEREI AgVesttianthaaniecsd RAGIMPO bishes- di ssipation of the
bondi ng layer, is prevented.

SUMMARY OF THE INVENTION

In detail, a semiconductor device in accordance with
one aspect of the present invention is a semiconductor device
having a semiconductor chip bonded on a radiator plate with
interposition of a bonding layer, wherein the bonding layer

comprises a laminated structure including a thermoplastic
film bonding layer and a paste-based bonding laver.

In the semiconductor device in accordance with one
aspect of the present invention, because the laminated
structure including the-thermoplastic film bonding layer and
the paste-based bonding layer is employed as the bonding layer
for bonding the semiconductor chip on the radiator plate, an
even bonding layer having a necessary and sufficient thickness
is formed, and blistering, which causes reduction of bonding
strength and reduction of heat dissipation of the bonding layer,
is prevented.

In other words, the thermoplastic £ilm bonding layer

is served to secure the necessary and sufficient thickness



I n "ot her words, the thernoplastic filmbonding layer is served to secure
.the necessary and sufficient thickness ) -7-
of the bonding layer and to secure the evenness of the bonding |ayer, and
on the other hand, the paste-based bonding |ayer formed of soft material
which is provided on the one side of _ yhe thernoplastic filmbonding | ayer
Is served to prevent blistering when the bonding |ayer is press-bonded

toget her ot tthd herdigigmuplyst ishd idonskendia@Heaglenness of thelB®nding
sem conductor device in accordance with another aspect of the present

i nvention jgyarSeghaoBaueher &ﬁélcqqa&&,sCEthﬁag%éJwasa@@VBoﬁa?#&Oﬁ &laim

1, wherein the total thickness of the thernoplastic film bond | 'ayer and

Lhe (Pasteronned BPCLRE hAXEL i Wh ol AWHLOPTLRY LA 1AL eld Iao A0E,

the stress concentration suppression npr oved

heat di ssi [ f eGt . t he. bondi na. .l aye havi.ng t he t | ayer
structure %%ﬂﬁ?&?ﬁg&glé £138 %Ior?%d‘er%%i {?Y?ﬁe lt%tsaefr‘f‘ﬁ cﬁﬁ’ei’sr%‘felf‘ﬁe

t hermopl astjc . fil.mbonding |ayer and the paste-based bqndi ng_l ayer thinner
t han 50 [éﬂ'ﬁr}:?ﬁ%&ﬁ vhsp %el?l%cﬁangllrr’@s ac%‘?%eﬁ?r&ﬁ%?‘%‘(}b%g@ﬁpﬁr?t&@%ct
on the bondjgg Igyer having the two |l ayer structure though the heat

di ssi pat i ot BRf EER toeTRARIIRELifo LI 18k RRR@INEhd 38%&31 | ent cont act bet ween

the sem conductor chip and the radiator plate is deteriorated and the heat
di ssi pation perfor R Eawicerdugsoq deviceTin aesprdgncanyitheanother

reliabilityinendurancet hereforebeconespoor. Ontheot her
aspect of the present invention is a semiconductor device

described in the above-mentioned claim 1, wherein the total
thickness of the thermoplastic film bonding layer and the
paste-based bonding layer is in a range from 50 to 150 pm,
and the stress concentration suppression effect is thereby
improvedwhiletheheatdﬁssipatioﬁeffectofthebondinglayer
having the two layer structure is maintained. |

In detail, the total thickness of the thermoplastic
film bonding layer and the paste-based bonding layer thinner
than 50 gm results in reduced stress concentration
suppression effect on the bonding layer having the two layer
structure though the heat dissipation effect is improved, for
example, the excellent contact between the semiconductor chip
and the radiator plate is deteriorated and the heat dissipation
performance is decreased after T/C testing, and the
reliability in endurance therefore becomes poor. On the other
hand, the total thickness of the thermoplastic film bonding
layer and the paste-based bonding layer thicker than 150 M

m results in reduced heat dissipation effect though the stress



hand, the total thickness of the thernoplastic filmbonding |ayer and the
.past e-based bonding layer thicker than 150 [err] mresults in reduced heat
di ssi pation effect though the stress - 8-
concentration suppression effect on the bonding layer having the two |ayer
structure is inproved. Accordingly, theg total thickness of the

thernopl astic fil mbonding |ayer and the paste-based bonding | ayer of 50

to 150 [erdgmeéstphefionablhppresd it Q/EF 68 ShIEss KONELAY BABR having
suppression effect while the heat dissipation effect of the bonding | ayer

having the faqyd akBFe StdtUst fﬁrésiénﬂﬁﬁ¥8@eq. _Accordirﬂgl?r,‘i £k eE%t%ffOt he
bl'y

t hernopl astic fil mDbonding ayer 1s prefera In a rang ormZ20 to 0

[err] man lC f - - hongi A r.is _preferably in
L hge Tran GEnbasC i Ehe e FpBBYRT e o B s Y ey S PRE e

| ayer havi e I re.structure g | r fram 50 tpo 15 errlm
The seni con u{‘:golr)gg%\?i ?’é%ldf%%c ?%3ﬁc8§w5ph%§n;%r# hdpe&ED e’fﬂglér §§{9nt
invention js a seniconductor described ,in the above-nentioned claim1,

wher ei n t HERHRY Foptastiie $F IGANARIHGE AL PRYBIPPE efsdiqn &d fRChdrider thie h
rubber-based nmaterial. For exanple, polyolefin-based or polyin de-based

t her nopl adt§t r@sefipPativm mide ek of cHaedbanding Lastee havibber theutad ene
rubber, urethane rubber, or acrylic rubber, and the filmlike

t her nopl ask@¥e¥ esEHUSENdIENd.$ alBPrPYecher eby rendered soft and lowin the

el astic nodulus, thus the larger stress concentration relaxation effect is
brought about with The thickness of the thermoplastic film bonding

layer is preferably in a range form 20 to 100 gum and the
thickness of the paste-based bonding layer is preferably in
a range from 10 to 70 pxm while the total thickness of the
bonding layer having the two layer structure is in a range
from 50 to 150 um.

The semiconductor device in accordance with another
aspect of the present invention is a semiconductor described
in the above-mentioned claim 1, wherein the thermoplastic film
bonding layer is modified or blended with rubber-based
material. For example, polyolefin-based or polyimide-based
thermoplastic resin is modified or blended with silicone
rubber, butadiene rubber, urethane rubber, or acrylic rubber,
and the film-like thermoplastic resin bonding layer is thereby
rendered soft and low in the elastic modulus, thus the larger
stress concentration relaxation effect is brought about with
the thinner thickness. Particularly the thermoplastic film
bonding layer having the elastic modulus of 1 GPa or lower

at a room temperature and the elastic modulus of 3 GPa or lower



t heé thinner thickness. Particularly the thernmoplastic film bonding |ayer
havi.ng the elastic nodulus of 1 GPa or lower at a roomtenperature and the
‘el astic nodulus of 3 GPa or |ower _ -9- at
-25 [err]Cis nore effective in stress concentrati on suppression.

The sem conduct or device in accordance w_th another aspect of the present
invention is a sem conductor described” in the above-nmentioned claim 1,

wher ei n ceram 25 fOne panslee e@F gttiiare POMIEE rieS gTicatk éntirbe itdrer mopl asti ¢
filmbonding |ayer. The ceramic fine powder or nmetal power is served to

i mprove t hg,dhes gl oponductivity of the thernoplastic film bonding layer
and t hereby brings about the nore inproved heat dissipation perfornance

Exanpl es of cer ani Cgfn@%ea&v@&&dueegwg bersig ablcReyBRYIEh oo

alumna; silica, an silicon nitri exanp

e o BEE e ool %ma“g%%h% o SeEEe”

Ice I'n accordance ano er spect (?Tdthe

t t th duct
bt o- basc DERGRONFAPER HAOTRG GOl Pt | ROSHGudbr TIATLY FEOF BRHIS,

the fine.powder filler such as silyer powder or silica powder. is n1xed |n
epoxy resi9F dretpli BeWLlatashs MI¥aT: A& S i e Evepl alsﬁ'g. oﬁdhﬁ

and thermal conductivity of t he past e- based bondi ng | ayer.
Further, t¥RYeeni cBheueesamdeyifcne pawderdasceetal power is served to

improve the thermal conductivity of the thermoplastic film
bonding layer, and thereby brings about the more improved heat
dissipation performance. Examples of ceramic fine powder

include, for example, fine powder of alumina, silica, and

silicon nitride, and examples of metal powder include, for
example, silver powder and aluminum powder.

Further, the semiconductor device in accordance
with another aspect of the present invention is the
above-mentioned semiconductor, wherein the paste-based
bonding layer is mixed with fine powder filler. For example,
the fine powder filler such as silver powder or silica powder
is mixed in epoxy resin or silicone resin, and thereby improves
the bonding strength and thermal conductivity of the
paste-based bonding layer.

Further, the semiconductor device in accordance
with another aspect of the present invention is a semiconductor
device described above, wherein the paste-based bonding layer
is formed of epoxy-based adhesive resin, and the epoxy-based

adhesive resin is modified or blended with rubber-based



wi t‘h anot her aspect of the present invention is a seniconductor device
.described above, wherein the paste-based bonding |layer is formed of
epoxy-based adhesive resin, and the epoxy-based adhesive resin is nodified
or blended wi th rubber-based - 10 -
material . For exanple, epoxy-based adhegpve resin is nodified or blended
with silicone rubber, butadi ene rubber, urethane rubber, or acrylic

rubber, thratihd =l astfer nedahpde,i epdeyebyseaduchtts ians sgshinedaxy- based
adhesive resin exhibits the nore stress concentration rel axation effect

with the jhbigiHed Hkassde&ani tBUL 2L ¥ordd & RSt e; hasesdaikerdiAtbhayer
having an elastic mbdulus of 1 GPa or |ower at a roomtenperature exhibits

the marked,$bh@shE PUPUF Ald Oy chf] fXath BB 8flen the eéasti@ﬁr{cﬂﬁgjh%gher

met hod for manufacturing a sem coriductor device in accordance Wt

| g a ser _ _ not her
aspect of §8° sl - BANRI OB GOTILRCELR,8) 80 L0 £8ALLIGR hagis-base

bondi ng | ayer on Side o e chip, & ste

bondi ng a ther, | astic _filmbponding |ayer _on .a radi.ator,plate and a step
For hest - pPCa T LS PRG SoH LB FoCRRCEBha R Oh P Tl €8 THEPAE otk
side of the_sem.conductoy . chip and _the fhernoplastic film bonding_ |ayer
bonded on CHE HHinRSF t%FS%@Qﬁﬁﬂﬂtﬁﬁ?thU1arRY' the (RRSherkes dr

manuf acturing a sem conductor device in accordance with another aspect of
the presenPolidishtiafead aeingi praehaptis mosielus it JasRa s Pwerd g

a room temperature exhibits the marked stress concentration
relaxation effect.

Further, a method for manufacturing a semiconductor
device in accordance with another aspect of the present
invention comprises a step for coating a paste—based.bonding
layer'on the back side of the semiconductor chip, a step for
bonding a thermoplastic £ilm bonding layer on a radiator plate,
and a step for heat-press-bonding the paste-based bonding
layer coated on the back side of the semiconductor chip and
the thermoplastic £ilm bonding layer bonded on the radiator
plate together.

In the method for manufacturing a semiconductor
device in accordance with another aspect of the present
invention as described herein above, the paste-based bonding
layer coated on the back side of the semiconductor chip and
the thermoplastic film bonding layer bondéd on the radiator
plate are heat-press-bonded together to thereby form an even
bonding layer having a neceéssary and sufficient thickness

comprising the laminated structure including the



| dyer coated on the .back side of the sem conductor chip and the

t hernopl astic fil mbonding | ayer bonded on the radiator plate are

heat - pr ess- bonded toget her to thereby forman even bonding |ayer having a
necessary and sufficient thickness conprising the |am nated structure

i ncl udi ng the t her nopl ast+ c¥i4 m bondi ng | ayer and the
past e- based bonding layer. In this case, blistering, which causes

reduct i orthfrmdmhals ngcst i émgbbndidar édyetri amcothisepe stiessigred dvonding
performance of the bonding |ayer, is prevented because the thernoplastic
fil mbondiayget ayern itshbondadeonblis veadiad prwhptat eaase st hedudiei exposed
side is heat-press-bonded to the paste-based bonding |ayer of soft

mat eri al pbahidiggestgnbt@Marddersasettibal dhendgndungslipuariidg pl aced
directly between the sem conductor chip and the radi ator plate of hard

mat erial o aneh PEERSeDBRIRGd QISIALhy 1ayer, is/pPBYBAECHOLABNUEACLYLI N 2

sem conductor device in accordance mﬁtx anot her” aspect of the present
on a raaii SATBPLEEEAE Tudh ind Al ThRx X% BOREEY B i YA RFoLT e
e conddittre Hid SR bnbRsa SHBoraRLE SR M 5y Bresy-RUNALE e
of the pRAE PRoef PERATES Taves: PoeaoRt BRESHIRY, i FASRELHaan
bonding aer 15, PRded, oSSt heT FROLIS HILmAondLng  ay g bonded or
t he g p

the semiconductor chip and the radiator plate of hard material

and press-bonded together.

A method for manufacturing a semiconductor device
in accordance with another aspect of the present invention
comprises a step for bonding a thermoplastic film bonding layer
on a radiator plate, a step for coating a paste-based bonding
layer on the thermoplastic film bonding layer, and a step for
press-bonding the semiconductor chip on the paste-based
bonding layer.

In the method for manufacturing a semiconductor in
accordance with another aspect of the present invention, as
described herein above, the paste-based bonding layer is
bonded on the thermoplastic film bonding layer bonded on the
radiator plate to thereby form an even bonding layer having
a necessary and sufficient thickness comprising the laminated
structure including the thermoplastic film bonding layer and

the paste-based bonding layer. Because the paste bonding

layer of soft material is coated on the exposed'surface of



radi ator plate to thereby forman even bonding | ayer having a necessary
and sufficient thickness conprising the lamnated structure including the
‘thernopl astic fil mbonding |ayer and the paste-based bonding | ayer.
Because the paste bonding |ayer of soft material is coated on the exposed
surface of . - 12 - - 12 - the thernoplastic film
bondi ng | ayer after the thernoplastic film bonding |ayer has been bonded

on the radt@éOth@tﬁagaaslalllcstferllnmonmr@ 1GANSL S £ sl on1od - Repd

strength and reduction of heat d|SS|pat|on per formance of the bon |n

ayer Ptﬁyﬁéﬁ‘i {4y denhby L Ly aagechhand he, pondigo ﬂfé’fé

pl aced d|rec etwe Sent -condi I'p and t radr at or

hard mat er. nd.t hen press-bonded to ether

DEccr BT CREEe St AR 620888 AR Tn of pondimg 5 EFSE‘@I%Q%&%naI
vi ew for |IIustrat|n T- BGA.i n ,accor dance di ent_ of the
bresent | VRAREbHON OF heat Ot pRdbar 1 e Pt eHHRICoT b Lo BePdRE LoVeaR 1 or
illustrating the rel ated_T-BGA DETAI LED DESCRI PTI ON OF THE
PREFERRED EvEOLs WEnrsd dlf fidently Expadbheiase that fhe bendine faxer

will be described in detail hereinafter with reference to the attached
drawi ngs. is placed directly between the semiconductor chip and the

radiator plate of hard material and then press-bonded

together.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross sectional view for
illustrating T—BGA in accordance with one embodiment of the
present invention.
FIG. 2 is a schematic cross sectional view for

illustrating the related T-BGA.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment of the present invention will be
described in detail hereinafter with reference to the attached
drawings.

FIG. 1 is a schematic cross sectional view for
illustrating a T-BGA in accordance with one embodiment of the
present invention.

Asemiconductorchip]A=isbendedcnlaradiatorplate
10 consisting of , for example, copper material with

interposition of a bonding layer 12 having a total thickness



FIG 1 is a schematic cross sectional viewfor illustrating a T-BGA in
accordance with one enbodi nent of the present invention. A

sem conductor chip 14 is bonded on a radiator plate 10 consisting of , for
exanpl e, copper material with interpoggtion of a bonding |ayer 12 having a
total thickness - 13 - of 80 [err]m
conprising two |layer structure of a thernoplastic filmbonding |ayer 12a°
havi ng a dhi&&kness admpmOigéng] tmoaddyeepast euchboamdi of laayEhedRbphagitigs a
thickness of 30 [err]m A plurality of electrode pads 16 are fornmed on the

surface ofilM&ors@ithgarkyiet a2 hay iy Fehiexaiese,of Suolyeleid r basad
adhesive resin nodified with butadi ene rubber mxed with alum ha fine

powder i ,488¢ngS1bPermabe halvitg tdha-hifrnBee! 8%t 39 fihM bRNdingahawsy
12a, and , for éxanple, a epoxy-based adhesive resin nodified with

silicone b Lxed W E WadeLgi §pu rical . of the
past e- bas%g ggé’é?‘%‘& a;%gr&€2}g§ 4ze %- % é?l ?_?%n%?ntz%g?ga gngglc? on the
radi at or t urroundi ng .t he m or _chi Lt h {nterposition
of a bon |Iﬁbgf)é§élrc ) %%#u?él‘itgggf eéé() %éﬂ 8()%8@3%",41”%\%1%@%’%,‘9& s 24
having a bal | -shaped end are, arranged .di.spersedl in.the formof array on
the o fradeesSyeas T Rods RO it SRERASPRE oS m ke WA Y, 0
plurality of external connecti n% ternmjnals 24 are connected to the
e

el ect r od@PaBines LN iRRYUIBE EHe USRS £ tBP MREIdRLoPbuthsr chip 14

with interposition of respectijve _,
thermoplastic film bonding layer 1l2a, and , for example, a

epoxy-based adhesive resin modified with silicone rubber
mixed with silver powder is used as the material of the
paste-based bonding layer 12b.

A stiffener 20 is bonded on the radiator plate 10
surrounding the semiconductor chip 14 with interposition of
a bonding layer 18. A plurality of external connecting
terminals 24 having a ball-shaped end are arranged dispersedly
in the form of array on the stiffener 20 with interposition
of a bonding layer 22.

The plurality of external connecting terminals 24
are connected to the electrode pads 16 provided on the surface
of the semiconductor chip 14 with interposition of respective
inner leads 26. The plurality of external connecting
terminals 24 are covered with an insulating film 28 excepting
the ball-shaped ends, and are insulated stably each other.
The plurality of external connecting terminals 24 having a
ball-shaped end, inner leads 26 connected to the respective

external connecting terminals 24, and the insulating film 28



i nher | eads 26. The plurality of external connecting termnals 24 are
covered with an insulating film 28 excepting the ball-shaped ends, and are
i nsul ated stably each other. The plurality of external connecting
termnals 24 having a ball-shaped end, inner |eads 26 connected to the
respective external connecting terninﬁ%s 24, and the insulating film 28

- 14 - which covers these external conhhecting term nals 24 excepting the

bal I - Shapﬁﬂiggd&GQJfﬂét UL A MbFhRY @@ﬁﬁ@em%%]te&mimrgemi agctee)ecingrhe

el ectrode pa 16 o e sem conductor 14 to e external

sem condu r Lp [ LS t he . :radj at e 15 h

i nt er posi ﬁ[l%nbgﬁlt ﬁéﬁi{%&n%i %lgd af/:g)(r?1 1 1gg(rarprgi glr%q{ﬁﬁ%%éﬁgt gi)osqgrlltjct ure
i ncl udi ng_t he her | astic filmbondin ayer_.12a and. th st.e .bpndi ng
| aver 1o5coHRgcHAEE e ket FoeoBAte te o e St eePRvE R £F ot
pads 16 are covered with the sealing resin 32 and resin seal ed.

Next, thetPfre¥teIMaati on process of the T-BGA is descri bed.
First, the wiring pattern 30 conprising the_ plurality of external

connecting term nal Ehg4spadicendcwar | CBARpdd et i¢hels nhepdeshen dehe
connected to the respective external connecting termnals 24, and the
i nsul at i ngaflipmozsplate AP suvdr snterpespsdon e fcsheebondd nerkayver s124
excepting ball-shaped ends, is heat-press-bonded on the stiffener 20
comprising the laminated structure including the
thermoplastic film bonding layer 12a and the paste bonding
layer 12b, and the inner leads 26 connected to the respective
electrode pads 16 are covered with the sealing resin 32 and
resin sealed.
Next, the first fabrication process of the T-BGA is
described.
First, the wiring pattern 30 comprising the
plurality of extermnal connecting terminals 24 having a
ball-shaped end, the inner leads 26 connected to the respective
external connecting terminals 24, and the insulating film 28,
which covers the respective connecting terminals 24 excepting
ball-shaped ends, is heat-press-bonded on the stiffener 20
with interposition of the bonding layer 22. The plurality of
external connecting terminals 24 having a ball-shaped end are
arraﬁged dispersedly in the form of array on the stiffener
20 as described herein above.
Next, the semiconductor chip 14 is bonded on the

radiator plate 10 consisting of copper material at a

predetermined position with interposition of the bonding



with interposition of the bonding | ayer 22. The plurality of external
.connecting termnals 24 having a ball-shaped end are arranged dispersedly
in the formof array on the stiffener 20 as described herein above.

Next, the sem conductor chip 14 is bonded on the radiator plate 10
consisting of copper material at a presleterm ned position with

I nterposition of the bonding - 15 - | ayer

12 conpri §i | @ Rat r u E Gk uch ek I | LLm
bondi ng | E%Iyrértlggz acgégliln ﬁ%%gé‘?: e#%sieﬁmiggﬁ%ﬁn%%@%u%b?ﬁ%ﬁﬁ#%&cggg t wo
met hods ar, : o] t 0 h - L.ne past e- based
bondi ng Itglfgml@%gg%'ﬁgi gfl ilrr1ng bo%n%%%%y?ggg%dq%e%?éegpés' 3 s%%7$?§88 wth
silicone rubber havin hi ckness .of 30 [err]mis.coated on the hack side
of the sefM¢s ﬁcﬁy%‘ﬁﬁﬁ 4. i&ghr%?ﬂésr ,catsﬁ[e' & eF“r?%‘&o 2ES PR i@'

| ayer 12a consisting of ol qigain-ba ed adhesive resin podifjed with

but adi ene rubber hawi P& W%% RAeQE bResEWer iR iRADbRTRE S&E RRNABBGat or

plate 10 at a predeterm ned position. Subsequently, the paste-based

bondi ng | dperen ARk A shingeobaseexyidrawedtadhesiecsasict orodif ad t he

thernoplastic fil mbonding | ayer 12a bonded on the radiator plate 10 are

heat - pr es¥iidhddidl i ¢eget hsbber having anthhekogssr afetdbduof itshedabedt he

thernoplastic filmbonding | ayer 12a consisting of polyol efin-based

adhesi ve oasitihenbdicdk ed de tdf hiteadicamc onfbetorachhigp 44. Further, the
thermoplastic f£ilm bonding layer 1l2a consisting of
polyolefin-based adhesive resin modified with butadiene
rubber having a thickness of 50 gm is bonded on the radiator
plate 10 at a predetermined position. Subsequently, the
paste-based bonding layer 12b coated on the-based side of the
semiconductor 14 and the thermoplastic film bonding layer 12a
bonded on the radiator plate 10 are heat-press-bonded
together.

In the other method of the two, the thermoplastic
film bonding layer 1l2a consisting of polyolefin-based
adhesive resin modified with butadiene rubber having a
thickness of 50 gm is bonded on the radiator plate 10 at a
predetérmined position. Subsequently, the paste-based
bonding layer 12b consisting of epoxy-based adhesive resin
modified with silicone rubber having a thickness of 30 #nlis
coated on the thermoplastic film bonding layer 12a. Further,
the semiconductor chip 14 is press-bonded on the praste-based

bonding layer 12b.

Next, the stiffener 20 on which the wiring pattern



thickness of 50 [err]mis bonded on the radiator plate 10 at a
predeterm ned position. Subsequently, the paste-based bonding |ayer 12b
consi sting of epoxy-based adhesive resin nodified with silicone rubber
having a thickness of 30 [err] mis coated on the thernoplastic film
bondi ng layer 12a. Further, the sem_cqgductor chip 14 is press-bonded on
t he paste-based bonding |ayer 12b. Next, the stiffener 20 on

which the worhag PRI&EIHress-bonded is aligned and then boifed {ﬁé
been press-bonded is aﬁ?éned and Fheﬁ'bé%d%%ngn ?ﬁé réﬁ%at%r S|af§91

e _ “then borided radiator "plate i
Tayer 15, SAReesuanPiAte RY erkdghrditl! the JOFLEBRCRb L P50

t ed l.ect r od ds,16 on th f f.th ' t
chip 14 KEchEBaEPAYE: REG AR "Trdtr G5 D orP R iRRERE E ace
Cerminal s DRy GES A0neTs hAG WAHS IR LyrhnkroT BROBBRGURY. £o the

Next, the sem conductor chip 14 bonded on the radiator plate 10 with
i nt er posi t BORCEL AR RASR] %5 PRy el sukapei efn§hens amivs epdug tomr Wi e
including the thernoplastic filmbonding |ayer 12a and the paste-based
bondi ng | a¥ér 125 degcridddhhareigadzboeecobheceddctyode padssfettdvehe
el ectrode pads 16 are coveredwith the sealing resin 32 and resin seal ed.
Thus t he TsBGAagieowt ithe| Semicoaductioy cehepy. 14 are conhexted e sggend
fabrication nmethod of T-BGA shown
external connecting terminals 24 by way of the inner leads
26 by inner lead bonding.
Next, the semiconductor chip 14 bonded on the
radiator plate 10 with interposition of the bonding layer 12
comprising the laminated structure including the
thermoplastic film bonding layer 12a and the paste-based
bonding layer 12b and the inner leads 26 connected to the
respective electrode pads 16 are coveredwith the sealing resin
32 and resin sealed. Thus the T-BGA shown in FIG. 1 is
fabricated.
Next, the second fabrication method of T-BGA shown
in FIG. 1 is described.
First, phe wiring pattern 30 comprising the
plurality of external connecting terminals 24 having a
ball—shapedend,theinnerleads26connectedtxntherespective
external connecting terminals 24, and the insulating film 28,
which covers the respective connecting terminals 24 excepting

ball-shaped ends, is press-bonded on the stiffener 20 with

interposition of the bonding layer 22. The plurality of



in FIG 1 is described. First, the wiring pattern 30 conpri sing
the plurality of external connecting term nals 24 having a ball-shaped
end, the inner |eads 26 connected to the respective external connecting
termnals 24, and the insulating film28, which covers the respective
connecting term nal s.24 excepting Bball7shaped ends, is press-bonded on the
stiffener 20 with interposition of the bonding |ayer 22. The plurality of
- 17 - estwsnedl comeetidggt eenmialest 22 shhwvigoaabahllsbhpekdrthchpee
arranged di spersedly in the formof array on the stiffener 20 as descri bed

herei n akguweanged disperddlythe theerfdmefdst 28rphyt be Whe ngt paEkey 30
whi ch is press-bonded on the stiffener 20 is connected to the electrode

pads 16 o the sHLEaGe L Hdee sgniperR@uctor chip 14 by inner |ead bonding.
As descri bed herein above, the electrode pads 16 on the surface of the

sem conduct or- chi pNé?t ar gpgonpgeted 4054 h§6r8§p‘é‘ﬁ% mx%g%r;s@{t%gﬁn%' ng
y O xt, the

termnals 24 by wa t he respectlve I nner
sem condugt

hi ' I
o1 edet or MR JUS A SrE vP PR Sne B EB8: T bh 6P %é%?%ﬁ?é%ﬂ?a 159 fp the
t he | ted t t th t film,
bondi ng. 1542 C198° BATS HE ot Ehbastd T B Pﬁseﬁ% FecERE B ener
20 is bonded on the radlator | ate 1Q suyroun 8 h sen1conductor chip
14 with i¥ FHoirpedn 1Gad H%O%ahagng pgy&escribed herein above, the

electrode pads 16 on the surface of the semiconductor chip
14 are connected to the respective external connecting
terminals 24 by way of the respective inner leads 26.

Next, the semiconductor chip 14 is bonded on the
radiator plate 10 at a predetermined position with
interposition of the bonding layer 12 compfising the laminated
structure including the thermoplastic film bonding layer 12a
and the paste-based bonding layer 12b, and the stiffener 20
is bonded on the radiator plate 10 surrounding the
semiconductor chip 14 with interposition of the bonding layer
18. Two methods are employable alsoc in this case.

In one method, the paste-based bonding layer 12b
consisting of epoxy-based adhesive resin modified with
silicone rubber having a thickness of 30 um is coated on the
back side of the semiconductor chip 14. The fhermoplastic
film bonding layer 12a consisting of polyolefin-based
modified with butadiene rubber having a thickness of 50 um
is bonded on the radiator plate 10 at the position where the

semiconductor chip 14 is to be mounted, and the bonding layer



18 Two nethods are enployable also in.this case. I n one nethod,
t he paste-based bonding | ayer 12b consisting of epoxy-based adhesive resin
“nmodified with silicone rubber having a thickness of 30 [err]mis coated on
the back side of the sem conductor chip 14. The thernoplastic film
bondi ng 1ayer 12a consisting of polyel &8i rR-based nodified wth butadiene
rubber. having a thickness of 50 [err] m is bonded on the radiator plate 10

at the posigt Ilgn & tdE cEM&QRde O @ g é@r}.eu%lrﬂw}?@ 2gdet he

bondi ng | aye (S coated on the

di at t h 14
':g Ibg ?nr)u h.‘&fe 1%31 %aﬁ gh%c{‘%)e B%% basedsebon?D H]Pgiglerl%t&fzgrcgalt gd onI >
th back d f th duct hip, 14 and the th I ' fi
bondi ng. | S oD BN ecH bR RIRET aHPARST bsps?%gléa&ser TREPofk 'o‘éosloh%%‘d
oo e antak A i reinaRLESY SR o Ra e M 12

thernoplastic filmbonding layer 12a consisting of _polyolefin-based

adhesi ve rfddimh bemdingedayiath m derededhon e 13 ERREEs PdfaBD 1PepEmi s
bonded on the radiator plate 10 at the pl ace where the sem conductor chip
14 is to beaiprtess-Bobsegudindgthelie past elbasstififenditm@ 0 aysr 12b

consi sting of epoxy-based adhesive resin nodified with silicone rubber
havi ng a triedsrdssndéd36n| ¢he] imorslimyal @deonlBheocthedhop! ddie crddiator
bondi ng | ayer 12a. The sem conductor chip 14 is thereafter press-bonded on
t he plate 10.

In the other method, the thermoplastic f£ilm bonding
layer 12a consisting of polyolefin-based adhesive resin
modified with butadiene having a thickness of 50 gm is bonded
on the radiator plate 10 at the place where the semiconductor
chip 14 is to be mounted. Subsequently, the paste-based
bonding layer 12b consisting of epoxy-based adhesive resin
modified with silicone rubber having a thickness of 30 um is
coated on the thermoplastic f£ilm bonding layer 12a. The
semiconductor chip 14 is thereafter press-bonded on the
paste-based bonding layer 12b coated on the thermoplastic £film
bonding layer 12a, and the stiffener 20 is press-bonded on
the bonding layer 18 coated on the radiatoxr plate 10.

Next, the semiconductor chip 14 bonded on the
radiator plate 10 with interposition of the bonding layer 12
comprising the laminated structure including the
thermoplastic film bonding layer 12a and the paste-based

bonding layer 12b and the inner leads 26 connected to the

respective electrode pads of the semiconductor chip 14 are



past e- based bondi ng | ayer 12b coated on the thernoplastic film bonding

| ayer 12a, and the stiffener 20 is press-bonded on the bonding |ayer 18
coated on the radiator plate 10. Next, the sem conductor chip 14
bonded on the radiator plate 10 with interposition of the bonding |ayer 12
conprising the |lam nated structure |ngbud|ng the thernoplastic film
bondi ng | ayer 12a and the paste-based bondlng | ayer 12b and the inner

| eads 26 sgpaeeliedith the s&83peact F¥aigl eot aaéeregséﬁ 8Ea1 B8  semRANGYLd or
chip 14 are - “covered with the

seal i ng r@shAA32HARA, rJqulpIéealle%sC test ted. BGA shown in FIG 1 is

fabri cat ed. result on the T-BGA i n accordance
with the present e scri bed. In the
T C ten, Pihechi on BeRber hahAdtadt Feture dh SRRCTBER 15 aceorgand ang
the low te rature side erature s set .,to -55 [err]C, Four s ts of
condi t1 orLFBr the arage %w{%drmamm TRuibeF T O d L casresdmedos,
600, and 1000 were used. Ten test T-BGAs_ shown in FIG 1 were fabricated
and these Ten T-BGAnwERE Julf] dee %t t Bheh & s CempFatykpadidm, Ten

rel ated T-BGAs as shown in FIG 2 wer fabricated and these related 10
T- BGAs weF€MREI@ tans e sdsefo tohd Kane Ard tieke . low temperatieraumbde of
defectives caused in the lamnated structure including the thernoplastic
fi | m bondteypkapdruri waangdethsopaste-baselovandiats |y eron@btébnishef ok BGAS
" thermal cycling namely the number of cycles of 200, 400, 600,
and 1000 were used. Ten test T-BGAs shown in FIG. 1 were
fabricated and these Ten T-BGAs were subjected to the test.
For comparison, Ten related T-BGAs as shown in FIG. 2 were
fabricated and these related 10 T-BGAs were also subjected
to the same T/C test.

The number of defectives caused in the laminated
structure including the thermoplastic £ilm bonding layer 12a
and the paste-based bonding layer 12b of the T-BGAs in
accordance with the present embodiment shown in FIG. 1 and
the number of defectives caused in the paste-based bonding

layer 42 of the related T-BGAs shown in FIG. 2 in the T/C test

are shown in Table 1.



actordance with the present enbodi nent shown in FIG 1 and
defectives caused in the paste-based bondi ng
" T-BGAs shown in FIG 2 in the T/C test
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As obviously shown in the T/C test result in Table
1, zero test piece out of 10 T-BGA in accordance with the
present invention shown in FIG. 1 are defective due to cracking
or separation in the bonding layer 12 comprising laminated
structure including the thermoplastic £ilm bonding layer 12a
and the paste-based bonding layer 12b after 1000 repeated
that is,

thermal cycles, no defective was caused.

On the other hand, in the case of the related T-

BGAs shown in FIG. 2, though no defect was caused after 200
repeated thermal cycles, two defectives were caused after 400
repeated thermal cycles, and 10 defectives were caused after
600 repeated thermal cycles,. that is, all the test pieces were
defective.

As described herein above, according to the present
embodiment, by heat-press-bonding the paste-based bonding
layer 12b consisting of soft material having a thickness of

30 ym coated on the back side of the semiconductor chip 14

and the thermoplastic film bonding layer 12a having a thickness



enbodi nent, by heat - press-bondi ng the paste-based bonding |ayer 12b
consisting of soft material having a thickness of 30 [err]mcoated on the
* back side of the sem conductor chip 14 and the thernoplastic film bonding
| ayer 12a having a thickness - 21 - of 50
[err] m bonded on the radiator plate-1Q@1tegether or by press-bonding the
sem conduct or chip 14 on the paste-based bonding |ayer 12b having a

t hi cknessoef 580 /f fr bbndedich tias baen atdof Erth by coatiodetiodt pasts, based
bondi ng naterlal on the thernoplastic filmbonding |ayer 12a having a

thi cknessyob o550 diesflan adedraditud @gk akAspPhal erl Gind heaBeadinis Lay er

12 conprising the laninated structure iIncluding a total I ckness o
f t
cvenly, HatEtEd 1BV S AR U K BEen B of AT B0 l%%%%ﬁo%%ﬂ

he bondi I d red f d d
bondi ng. EPFOBHLRY deeet fBdaeRER. B dievash 82 PR Wt FERE: " e
tratj d b th I
STt ur 6 CHRATER hAA 41 hLaRCBP pé%%qééwarsgﬁs%%&ﬁfn” eﬁfg?ﬁﬁ\r%@ SSREt hus
high reliability in_endurance is _.reali

above- menPPordd RemearneRt thengapdsding P]}aa‘}/%rlqrz %ﬁpﬁa?&iﬁ&‘—’t HéYe®i hat ed

structure including the thernoplastic filmbonding |ayer 12a and the
past e- basegmpidising thgelanibaitad ngtauestge dmciudsrgor 80Yagkrimis

used, however the total thickness of the bonding Iayer 12 conprising
thickness of 80 gm, which satisfies the necessary and

sufficient condition, is formed evenly, and blistering which
will cause reduction of bonding strength of the bonding layer
and reduction of heat dissipation is prevented, the bonding
structure described herein above is effective to relax stress
concentration caused in the bonding layer 12 comprising the
two1ayerstructureandtx)maintainexcellentheatdissipation
performance, and thus high reliability in endurance is
realized.

In the above-mentioned embodiment, the bonding
layer 12 comprising the laminated structure including the
thermoplastic film bonding layer l1l2a and the paste-based
bonding layer 12b having a total thickness of 80 ym is used,
however the total thickness of the bonding layer 12 comprising
the two layer thickness is by no means limited to this value,
for example, any bonding layer 12 may be used to improve the
stress concentration preventing effect while maintaining the
heat dissipating effect on the bonding layer 12 comprising

the two layer structure as long as the total thickness is,



the two | ayer thickness is by no neans limted to this value, for exanple,
any bonding layer 12 may be used to inprove the stress concentration
“preventing effect while naintaining the heat dissipating effect on the
bondi ng | ayer 12 conmprising the two |ayer structure as long as the total

t hi ckness i s, - 22 - - 22 - for exanple, in a
range fromb50 [err]mto 150 [err]m The bonding | ayer 12 exhibits
the naxi mfzed edangste , COACANIaRIGONE ¥ &hagong: »f tect 5w thma thi nner

t hi ckness by enpl oyi ng pol yol efi n-based adhesive resin nodified with

but adi ene rubber asrhBepBREHAN ekt NS (et 1OPLISERE hakimibendi fgrbayer
12a to formthe bonding | ayer of & soft thernoplastic resin film by using

ool bt perssny kUL Buisgime itansichy

mat eri al plastic ing layer a so that t

| ayer is_for of soft thernoplastic_ fil m.resi i .Qw el as

m)éul us. EH@%@E“%O%%YS#F A eadsséa%h%éb\??lrveesi%%i’Elggé%lvﬁéf hw%hf’adi ene
rubber conptains, al um fine powder so that t t hermal conductj vi is

| hor eased R i S oRUERP S A ELh et bR taRce TS TR EpaRIast i
t he above-nent,ioned present enbodinment, the thernpplastic resin_of

pol yol ef i ROPLSEH abE_T vé 2Redith fEm taedPending a¥erapop t$Rft

thernoplastic filmbonding | ayer 12a, however the material of the

t her nopl a$hiceman I pohdi Kgsinafédm by nsing PelEariinnbersed @desivesin,
for exanple, other thernoplastic resin such as polyimde may be used. The
t her nopl agEiscy exidi fhedhwii shnbuiteiddeenvt ttulbbeadaentheuppsierial of the

thermoplastic £film bonding layer 12a so that the bonding layer
is formed of soft thermoplastic film resin having low elastic
modulus. Further, polyolefin-based adhesive resin modified
with butadiene rubber contains alumina fine powder so that
the thermal conductivity is increased and the heat dissipation
performance is improved.

In the above-mentioned present embodiment, the
thermoplastic resin of polyolefin-based adhesive resin was
used as the material of the thermoplastic film bonding layer
12a, however the material of the thermoplastic £ilm bonding
layer 12a is no by means limited to this resin, for example,
other thermoplastic resin such as polyimide may be used. The
thermoplastic resin which is modified with butadiene rubber
is used in the above-mentioned present embodiment, however
other polymers such as silicone rubber; urethane rubber, or
acrylic rubber may be used for modification or blending.
Further, fine powder of ceramics such as silica or silicon

nitride, or metal fine power such as silver power or aluminum



is’used in the above-nentioned present .enbodi nent, however other polyners
. such as silicone rubber, urethane rubber, or acrylic rubber may be used
for nodification or blending. Further, fine powder of ceram cs such as
silica or silicon nitride, or metal fine power such as silver power or
~alum num - 23 - - 23 - powder nay be m xed

i nstead of alum na fine powder. The bonding strength and thernal

conduct i vigdowcddr thgy Bashelasethdeadingfl ayeimixnd aifel E@W@d by using
epoxy- based adheS|ve resin mxed with S|Iver powder as t mat eri al of the

past e- based bondi ngglg%vﬁgﬂﬁ%ﬁh Becaw ﬁd E‘ﬁké?hhﬁ %ﬁghlﬂhkﬁﬂ?%&e@ﬁgd by

nDdlfylng epoxy bas esli resi I cone t he "bondi ng

e o R OB LA £ el a%ntarraé mcfgggégogl efJﬁeCﬁ%pwth a

t hi nner t ness. ove- nentlone oxy- based
adhesi ve resin xed $ siJl ver mder IS q}a e nmateri of tge
past e- bas &P Bbhc %ﬁe?a9g ?Eﬁyer5 §8rmﬂm? qafl BFTt REVGEH 2Dakhf
bondi ng layer 12b_is_by no neans |limted to this resin, for exanple,
S|I|coneI&%ﬁﬁF%ﬂ%e%ﬁvéh?eEPﬁtﬁhﬁ®ﬁﬁ§w§ﬁ%ﬂ+ﬂ9tééHGGT lghoxy Beeausadbbsi ve

resin. Further, fine owder filler such as silica powder or alum na powder
my be usddshke e@@dﬁguﬁ lierdpevaer edepok okt Euinghesory thasedi s
nodi fied with silicone rubber in the above-nentioned enbodi nent, however
for exanpleaihésivei casinubtidth siticane mulliry, bheabepding ubamerrray be
used for nodification or blending.
exhibits significant stress concentration relaxing effect
~ with a thinner thickness.

In the above-mentioned embodiment, epoxy-based
adhesive resinmixed with silver powder is used as thematerial
of the paste-based bonding layer 12b, however the material
of the paste-based bonding layver 12b is by no means limited
to this resin, for example, silicone-based adhesive resin may
be used instead of epoxy-based adhesive resin. Further, fine
powder filler such as silica powder or alumina powder may be
used instead of silver powder. Epoxy-based adhesive resin is
modified with silicone rubber in the above-mentioned
embodiment, however for example, butadiene rubber, urethane
rubber, or acrylic rubber may be used for modification or
‘blending.

As described herein above, according to the
semiconductor device and the fabrication method thereof in
accordance with the present invention, the present invention

exhibits the following effects.

In detail, according to the semiconductor device in



As descri bed herein above, according to the sem conductor device and the
fabrication nmethod thereof in accordance wth the present invention, the

present invention exhibits the follow ng effects. In detalil
according to the sem conductor device in
- 24 - accordance wth the claim1, -bedaause the | am nated structure

I ncl udi ng the thernoplastic filmbonding | ayer and the paste-based bondi ng

layer is amldath@s Jienbondi daiaye! béesube @h_@glhbﬁnﬁf’i@&%‘@iﬂ'ﬁ%ghr@i p

on the radiator plate, an even bonding |ayer EaV|ng a necessary and

2U1 1 1 el 5SSk ELAReh 1 2003 B 3081 Wit oD S Samedl | on O

5 Pevenabe d U 0EA, BURATLE R 8000l LRI ERU9E LR, Hisabendyng daver
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the thernoplastic film bonding,layer and the paste-based, bonding | ayer is

in a rang&Vet BRASGNDL1ANG I RAVERE ARPIHRSIFY ARA E3Hdehe  antorh gppesssi on

effect is thereby inproved while the heat dissipation effect of the

bondi ng | dfeformadhg ar s tayéndst whdclr eausesmmiadughban of bonding

Accordi ng to the sem conductor device in accordance with claim3, the

t her nopl asttirerg tmabshdedy dtdyer oifsheatidisslipation of the bonding layer,
is prevented, further the stress concentration caused in the
bonding layer is relaxed while the heat dissipation
performance is maintained, and thus high reliability in
endurance is obtained.

According to the semiconductor device in accordance
with claim 2, the total thickness of the thermoplastic film
bonding layer and the paste—based.bonding'layer is in a range
from 50 to 150 xm, and the stress concentration suppression
effect is thereby improved while the heat dissipation effect
of the bonding layer having the two layer structure is
maintained.

According to the semiconductor device in accordance
with claim 3, the thermoplastic film bonding layer is modified
or blended with rubber-based material. and the film-like
thermoplastic resin bonding layer is thereby rendered soft
and low in the elastic modulus, thus the larger stress

concentration relaxation effect is brought about with the

thinner thickness.

According to the semiconductor device in accordance



or” bl ended with rubber-based material and the filmlike thernoplastic
resin bonding |layer is thereby rendered soft and lowin the elastic

nodul us, thus the larger stress concentration relaxation effect is brought
about with the thinner thickness. According to the

sem conductor device in accordance . 25 _ - 25 -
wth claim4, ceramc fine powder or netal powder is mxed in the

thernopl agitg EhbAnbandidwrdayer £ihke 5&%@@1 Cokl pRtaOVKIRIaSr HRl #ispauer
is served to inprove the thermal conductivity of the thernoplastic film

bondi ng Imeghea%ﬂeﬁ&b%f&gtgei 295 PR ai g TRRR A MPrgYed. 8egh i¢ Séixgétion

per f or mance. According to the sentconductor device In accordance

F T er, aRRMORE 85 9 buBe ERe TDonarhie ot Fendai e P, MR maBbuct i vi ty

devi co | rESREBPAIIEEY it REREAF RS IR Shb%y Toatb RCEPy doved n 7ad

nodi fied or blended with rubber-based material, the elastic nodujus is

t hereby rEBRBEERY AdRGRh2BpEBky Hies MPER/nLEPFOVIESs i HeaknihSELPAHECRDY e

stress concentration relaxation effect with the thinner thickness.

Accor di ngPERECKEEASE f or manufacturing a sem conductor device in

accordance with claim?7, the paste-based bonding | ayer coated on the back

side of the senicohdgorddnghitp tihe sérichndmsiics dieyifde mrbandionyfdayer
Wit_:h claim 5, the paste-based bonding layer is mixed with fine
powder filler, and thereby improves the bonding strength and
thermal conductivity of the paste-based bonding layer.

According to the semiconduct.or device in accordance
with claim 6, the epoxy-based adhesive resin is modified or
blended with rubber-based material, the elastic modulus is
thereby reduced, and such epoxy-based adhesive resin exhibits
the more stress concentration relaxation effect with the
thinner thickness.

According the method for manufacturing a
semiconductor device in accordance with claim 7, the
paste-based bonding layer coated on the back side of the
semiconductor chip and the thermoplastic film bonding layer
bonded on the radiator plate are heat-press-bonded together
to thereby form an even bonding layer having a.necessary and
sufficient thickness comprising the laminated structure
including the thermoplastic f£ilm bonding layer and the

paste-based bonding layer. Further, blistering, which

causes reduction of bonding strength and reduction of heat



honded on the radiator plate are heat-press-bonded together to thereby

forman even bondi ng | ayer having a necessary and sufficient thickness

conprising the lam nated structure including the thernoplastic film

bondi ng | ayer and the paste-based bonding |ayer. Further, blistering,

whi ch causes reduction of bonding st r%gg_th and reduct.d on of heat

- 26 - dissipation performance of the ‘bonding |ayer, is prevented because

the therrppdashbheibhl Pdroreh-nantayers ltih@%@ﬁdiﬁﬁ thger adi St 8¢RI €@nd
e

then the exposed side is heat-press-bonded on t past e- based bondi ng

| f i ) . : .
|er of 1S9l Bl nornoptast AU td el ol gBruL gt o
ponding Laysi oL 5,0914ed, aRal o naraunlasiia LLhps bond o, gxec bonsd o

necessary and sufficient_ thickness c rising the |amnated.structure

i ncl udi nd®% hghet Héﬁﬁﬁp‘&?ﬁ?g gppalﬁl&gli%eFﬁgr S %&2 MR SEERd based bondi ng

| ayer. Further, because the paste bonding |ayer of soft naterial is coated

on the exposed surfARECHEIPRe tt%é%}h%plpﬁ*%gf’é 54 RYSREREGUEARE After the

thermopl astic fil mbonding | ayer has been bonded on the radiator plate,

bl i st eri rREMAPBERVEHPTe LY b8l c iR AFORSRAF AgWithe gt aimng  r &Rt i on of

heat di ssipation perfornance of the bonding |ayer, is prevented,
paste-based bonding layer is bonded on the thermoplastic £ilm

bonding layer bonded on the radiator plate to thereby form
an even bonding layer having a necessary and sufficient
thickness comprising the laminated structure including the
thermoplastic film bonding layer and the paste-based bonding
layer. Further, because the paste bonding layer of soft
material is coated on the exposed surface of the thermoplastic
film bonding layer after the thermoplastic £film bonding layer
has been bonded on the radiator plate, blistering, which causes
reduction of bonding strength and reduction of heat

dissipation performance of the bonding layer, is prevented,



- v 27 - VWHAT IS CLAI MED | S: 1. A sem conduct or
devi ce having a sem conductor chip - bonded on a radiator plate with
interposition of a bonding |ayer, wherein said bonding |ayer conprises a
| am nated structure including a thernpplastic film bondi nlmlliaﬂv"er and

I M

a
past e- based bondi ng | ayer. -227a"seni conductlm nj ﬁ'l Mered
inclaiml, wherein the total thickness of said therH3Bf #ondi ng
| ayer and said pastﬁﬁg@sgg %ﬂ%¥ Ifger is 50 to 150 [err] m 3.
A semi conductor device aS clained in claiml, wherein said thernoplastic
filmbonding |ayer js n%di fied or ?FI end(id W ghh%vr.ubber- basedog%t ecrl_i' al .
4. A seniconduct or Hevi®eS§RLEPRHREF I T %G1 PR & Pt gonductor
thernoplastic filmbonding |Layer is_mxed with ceram. c fine_powder_or
metal povdib bonded on acadit Epraohaile b t Ay Er RS FAPRRRE h PAREHRY,
wherei n sai d paste-based bonding |ayer conprises a resin mxed wth fine
powder filgger, wherein saif HOMCIGIH UERVET dEPIMRE B8 L | Ai FEBINARESAi m 5,
wherein said paste-based bonding | ayer is fornmed of epoxy-based adhesive
resin, angtyacduepoxyndhsdingdheshegmambistic Madinf ieehding| éagedt i@ a
rubber - based nmaterial . 7. A method for manufacturing a
sem conduat pastedebassed obpndingg:layer. a step for coating a
past e- based bonding | ayer on the back side of a sem conductor chip;

2. A semiconductor device as claimed in claim 1,
wherein the total thickness of said thermoplastic £film bonding
layer and said paste-based bonding layer is 50 to 150 gm.

3. A semiconductor device as claimed in claim 1,
wherein said thermoplastic £ilm bonding layer is modified or
blended with a rubber-based material.

4. A semiconductor device as claimed in claim 1,
wherein said thermoplastic f£ilm bonding layer is mixed with
ceramic fine powder or metal powder.

5. A semiconductor device as claimed in claim 1,
wherein said paste-based bonding layer comprises a resin mixed
with fine powder filler.

6. A semiconductor device as claimed in claim 5,
whereiln said paste-based bonding layver is formed of
epoxy-based adhesive resin, and said epoxy-based adhesive
resin is modified or blended with a rubber-based material.

7. A method for manufacturing a semiconductor
device comprising:

a step for coating a paste-based bonding layer on

the back side of a semiconductor chip;



- 728 - a step for bonding a thernoplastic filmbondi ng_|ayer

~on a radiator plate; and a step for heat-press-bonding said
past e- based bonding |ayer coated on the back side o [ “mﬂ tor
chip and said thernoplastic filmbonding | ayer bondehlm\m\m‘“ or
pl ate toget her. 8. A nmethod fgr _manufacturi kg a sem®coriduét or
devi ce conpri sing: a step for bonding a thernoplastic film

bonding layer on a, I%%@EEBE’ l%ﬁaghghae thermopfa§¥§g fPImm&Fﬂgalayer

past e- based bondi ng l'ayer on sal rmoplastic i1l mbon ayer;~ and

a step fognpgeﬁag%ncdoipgpfaﬁgr;ﬁ %%rajuctor chip on said paste-based bonding

| ayer.

a step for heat-press-bonding said paste-based
bonding layer coated on the back side of said semiconductor
chip and said thermoplastic £ilm bonding layer bonded on said
radiator plate together.

8. A method for manufacturing a semiconductor
device comprising:

a step for bonding a thermoplastic film bonding layer
on a radiator plate;

a step for coating a paste-based bonding layver on
said thermoplastic film bonding layer; and

a step for press-bonding a semiconductor chip on said

paste-based bonding laver.



