1 5, Co SEM CONDUCTOR DEVI CE = BACKGROUND OF THE | NVENTI ON
The present invention relates to a semi conductor deviceﬁqﬁhﬂpba Ficilar+y
to a sem conductor device i ncludi ng: a sem conduct or elenenﬁﬂhémmpq
"electrodes; a filmcircuit having a plurality of external electrodes and
| ead wirings for connecting the external electrodes to the electrodes of
the sem conductor elenent; and a radi atilng menber- i ncl udi ng a heat
spreader for pronoting radiation of the senmiconductor elenent froma
bottom surface thereof and a reinforcing body disposed in such a manner

as to surround the seni condSEMICENPUEORODENVTICH Or cing the film
circuit; wherein the lead wirings of the filmcircuit are bonded to t he

el ectrodes of the sem conductor element; connecting portions between the
sem conductor elenment and the film circuit are seal ed; and the heat

spreader portigKcrcrouNt logs imrel YNOBRR$EENON t he botton1surface of the
" sem conductor el enment and the reinforcing body portion is adhesi vel y

bonded on a bOttOW‘5Uﬁﬁﬁp?r@Eeh@elﬁbéH}EbﬁCféiates to a éﬁ%ﬂ‘ 5EVF% d 78

are sectional views eac howi ng a ated art sem conduc in

whi i & sem CQALAT andl BARRI chialPY"E80a SRS diddBLIddHide aNd 2

radi ati ng nenber |s prov ancing ra I on
including: a semlconductor element having electrodes; a
film ciréuit having a plurality of external electrodes and
lead wirings for connecting the external electrodes to the
electrodes of the semiconductor elemeht; and a radiating
mehber including a heat spreader for promoting radiation of
the semiconductor element from a bottom surface thereof and
a reinforcing body disposéd in such a manner as to surround
the semiconductor eiement for reinfofcing the film circuit;
wherein the lead wirings of the film circuit are bonded to
the electrodes of-thé semiconductor element; connecting
portions between the semiconductor element and thé film
circuit are sealed; and the heat épreader portion is
adhesively bonded on the bottom surface of the
semiconductor element and the reinfbrcing body portion is
adhesively bonded on a bottom surface of the film circuit.

Figs. 7A and 7B are sectional views each showing a %
- related art semiconductor devicé in which a semiconductor ‘

element is mounted using a film circuit and a radiating

member is provided for enhancing radiation of the



2 ssem conductor elenment. In these figures, reference nuneral 1 indicates
a sem conductor elenent; 2 is an el ectrode pad disposed on a peripheral
portion of the semiconductor elenment 1; and 3 is a filmcircuit -used for
mounting the sem conductor elenment 1. The filmcircuit 3 includes an
insulating film4 on one surface (lower surface) of which are forned inner
| eads 5 and on the-other surface of which are fornmed solder balls 6
connected to surfaces of the inner |eads 5 through openings. The sol der
balls 6 constitute external electrodes of the sem conductor device.

- Ti ps of the insemiteadactonreldansmied tIm theseclfdghirede pefleréncé hilmeral
sem conductor elenent 1, whereby the filmcircuit 3 is assenbled to the

sem conduct or - 1eliadRBhtds Red@nbEniuttte elehentyi aissan ebectrods
seal i ng connecting portions between the sem conductor elenent 1 and the

filmcircuit 34disposed onRefgéeipieral i%n bfdtrat semidcoadhétbny nember
whi ch is conposed of an al unmi num nade heat spreader 9 and an al um num nade

reinforcing pl %&Sméﬂtsfpaéﬂ&ei Yid r0 tlkhecn.li'%ﬁ&tsQééadfér%oJﬁ'elﬁ'&aﬁhe

spreader 9 is a rectangul ar sheet | ckness: for exanple, O. and

The T €1 1 orC1 NG embhBhfudfot ‘e AN0UAG, PRARECSPARED SHER GALh Chposs:

insulating film 4 on one surface-(lower surface) of which
are forﬁed inner leads 5 and on the Gther surface.of which
are formed.solder balls 6 connected to surfaces of the
inner leads 5 through openings. The solder balls 6
constitute external electrodes of the'semicénductor device.

Tips of thé-inner leads 5 are bonded to the
electrode éads 2 of the semiconductor element 1, whereby
the film circuit 3 is assembled to the semiconductor
element 1. Reference numergl 7 indicates a resin for
sealing connecfing portions between the semiconductor
element 1 and the film circuit 3.

Reference numeral 8a indicates a radiating member
which is composed of an aluminum made heat spreader 9 and
an aluminum made reinforcing plate 10 separately from the
heat spreader 9. The heat spreader 9 is a re¢;angu1ar
sheet (thickness: for example, 0.3 mm), and thg reinforcing
plate 10 is a rectangular ffame shaped sheet (thickness:
for example, 0.5 mm) bonded on the surface of the heat

spreader 9 with an adhesive 11. The radiating member 8a in



for:exanple, 0.5 nmm bonded on the surface of the heat spreader 9 with an
adhesive 11. The radiating nenber 8a in : '

8 the related art sem conductor device is thus fornmed into one- body by
adhesively bonding the reinforcing plate 10 to the heat spreader 9 with
t he adhesive 11. The back surface of the sem conductor elenent 1
S adhesi vel y bonded by neans of the adhesive 11 on the surface of a
portion of the heat spreader 9 surrounded by the reinforcing plate 10.
Then, the back surface of a peri pheral portion of the filmcircuit 3 is
adhesively  bthelakelated aursfesicopiuckerr deviiee cisgtinst fommedintans

of an adhesive 13. In this way, the radiating nenber 8a is nounted to the
sem conduct or ehesiody by ladhseddivellynbondingetbacreimfieraing platei I teB

i ndi cates an external ring whi ch constitutes part of the filmcircuit 3.

The rel ated arthéaeawprdaierddviwith Bheeadhesive 1problens. Firstly,
there is alimtation in reducing a radiation resistance of the

sem conduct or devi ce duR adKGurifadeabENghaesdficéfdudtvs éFem@maUbas in
the radiating nenber 8a, the adhesive 11 interposed between the heat

spreader 9 andadfes {RI1Y Yotidis Dydinahl §EPEhE! &iNeé ¥EELL distite heat
resi stance which is very larger fhan that of a nmaterial for formng the
radi ating menbgiy 88U £Portion of the heat spreader 9 surrounded by
the reinforcing plate 10. Then, the back surface of a
peripheral portion of the film circuit 3 is adhesively
bonded on the surface of the reinforcing plate 10 by means
of an adhesive 13. 1In this way, the radiating member 8a is
mounted to the semiconductor glement 1. In addition,
reference numeral 14 in Fig. 7B indicates an external ring
which constitutes part of the film circuit 3.
The related art semiconductor device,.ﬁ0wever, has
problems. Firstly, there is a limitationlin reducing a
radiation resistance of the semiconductor device due to the
radiating member 8a. This is because, in the radiating
member 8a, the adhesive 11 interposed betﬁeen the heat
spreader 9 and the reinforcing plate 10 separately formed
has a heat resistance ﬁhich is very larger than that of a
materiél fér forming the radiating mehber 8a such as
.alﬁminum.

Secondly, since the radiating member 8a is obtained

by separately forming the heat spreader 9 and the



al um num Secondly, since the radiating nenber 8a is obtained by
separately formng the heat spreader 9 and the

‘4 reinforcing plate 10 and then adhesively bonding themto each other by
t he adhesive 11, the formation of the radiating nenber 8a requires many
steps, resulting in the increased cost. This becones one factor of
obstructing a reduction in fabricatior cost of a sem conductor device.
Thirdly, since the heat spreader 9 constituting an- essential portion of
the radiating nenber 8a is required to be nade as thin as 0.3 mMmto neet
requi rement s seinforeimgoptiake di0 dad dchenuedhesivalyinbondibng | lyemvied ght ness
and thereby it is liable to be defornmed, heights of the solder balls 6
tend to be nadechnether Hhithermdhemive 41,bthdi figrihationeofihidmet he sol der
balls 6 are bonded to a wring filmof a printed circuit board.

Fourthly, whepaBhatiedi menskict8y réguiteshadnggsbeps, pesehbimgl im the in a
refl ow furnace to formthe solder balls 6 into done shapes, gas (for

exanpl e, noi siHeLeaséd SEb¥ JedrilsoBebfieadbaei ¥actesiof IdbsEudtiEngadl i ng
resin 7 into gaps 15 between the sem conductor elenent 1 and the

radiati ng menpggudeidt idefdBricatavnapded. ot hhsamiGsnlibctdbaded@s e My
occur such a failure that the adhesive 11

Thirdly, since the heat spreader 9 constituting an
essentiél portion of the rédiating member 8a is required to
be made as thin as 0.3 mm to meet requirements of a
semiconductor device such as thinning or lightweightness
and thereby it is liable to be deformed, heights of the
solder balls.6 teqd to be made uneven. This may cause a
bonding failure when the solder balis 6 are bonded to a
wiring film of a printed circuit board.

Fourthly, when the semiconductor device having been
assembled is put in a reflow furnace to form the solder
balls 6 into dome shapes, gas (for.example, moisture)
discharged from the adhesive resin 11 and the sealing resin
7 inté gaps 15 between the semiconductor element i and the
radiating member 8a is thermally expanded, with a result
that there may occur such a fajlure that the gdhesive 11
between the heat spreader 9 and the reinforcing plate 10 is

peeled due to the expansion pressure or the sealing effect

is reduced.



bet ween t he heat spreader 9 and the reinforcing plate 10 is peeled due to
t he expansion pressure or the sealing effect 1is reduced.
5 SUMVARY OF THE | NVENTI ON An obj ect of the present invention is
to enhance the radiation characteristic of a radiating nenber, to :
reduce the formation cost of the radiating nenber, to obstruct the
deformation of the radiating nenber by 5enhancing its rigidity thereby
preventing a reduction in connection between external termnals of the
sem conduct or devi.ce _and ot her nenbers such as a printed wiring board,
and to preventSGRRRY,QFc FHES IPVRNTIONG fromresins for  sealing and the
i ke at the reflow step for, shaping sol der balls and is accunul ated and
expanded in gaps bet wd@nobgect pfdthei presenbeinventiane iseticc @nhancer
element, frombeing _ thermally expanded, thereby preventing air-tightness
from . being diiehirggiedion chavaectebispie| ofiga ofadiatiaghesimberjuéo to the
I ncr eased .expansi on pressure of the gas. . To achi eve the above
obj ect, -accor diatgiceo thef fosmatiopecosiofof hehermesbiatinyy artiber,, there is
provi ded a- -sem conduct or device including: a sem conductor elenent having
el ectrodes; a dbsttomcitr thet defiormgtion|of athé yradiateinige neaibes! ®gt r odes and
| ead wirings for connecting the '

enhancing its rigidity thereby preventing a reduction in

connection between external términals of the semiconductor
device and other members such as a printed wiring board,
and to prevent gas, which is generated from resins for
sealing and the like at the reflow step for shaping solder
balls and is accumulateg and eipandgd in gaps between the
radiating member and the semiconductor element, from beiné
thermally expanded, thereby preventing air-tightness from
being eliminated or reduced by peeling of the adhesive due
to the increased expansion pressure of the gas.

To achieve the above object,laccording to a first
aspect of the present invention, there is provided a
semiconductor device including: a semiconductor element
having electrodes; a film circuit having a plurality of
external electrodes and lead wirings for connebting the
external electrodes to the electrodes of the sémiconductor
element;iaﬁd a radiating member including a heét spreader
for promotihg radiation of the semiconductor-element from a

bottom surface thereof and a reinfbrcing body disposed in



external electrodes to the el ectrodes of the sem conductor elenent; and a
radi ati ng menber including a heat spreader for pronoting radiation of the
“sem conductor elenment froma bottom surface thereof and a reinforcing body
di sposed in 6 such a manner as to
surround the sem conductor element for reinforcing the filmcircuit, the
reinforcing body being forned integraléy with the heat spreader; wherein
the lead wrings of the filmcircuit are bonded to the el ectrodes of the
sem conductor el enment; connecting portions between the sem conductor

el ement and t B¥chi armannex)as fe sywzovnd zhe semiconductor celrmergorfioon is
adhesi vel y bonded on the bottom surface of the sem conductor el enent and
the reinforciregnboryinpyrithenfiln adesiite| Yhbondinfoncingdvedynbsing ace of
the filmcircuit. Wth this configuration, since the radiating

menber is cofpomed iitédwaligadvidiir adde heatdspheader nfwherein ptlat deddr med
integrally with each other, any material having a |arge heat resistance

such as an adWgsings iSf nelie i filed PTG itbaireebondéa t6aths Erasfodd of
reinforcing plate. As a result, the heat which is generated fromthe

sem conduct or thel eeRiiomffb i Enicn®d tenhBetRGt pSPE PeEle 'betfwddif the

radi ating nmenber is effectively radiated to the exterior not only through

the heat spreggficopiucicr® dlumHth ande the film circuit are sealed; and
the heat spreader portion is adhesively bonded on the
bottom surface of the semiconductor element and the
reinforcing body portion is adheéively bonded on a bottom
surface of the film circuit.

| With this configuration, since the radiating member

is composed of the head spreader and the reinfo;cing plate
formed integrally with each other, any material having a
large heat resistance such as an adhesive is not interposed
between the heat'spreadef and reinforcing plate. As a
result, the heat which is generated from the semiconductor
element and transmitted to the heat spreader of the
radiating ;ember is effectively radiated to the exterior
no£ only through the heat spreader but élso through the
reinforcing body, to thereby make the radiation
characteristic higher thaq that of the related art
semiconductor device.

Since the radiating member is composed of the heat

spreader and the reinforcing body formed integrally with



reinforcing body, to thereby make the radiation characteristic higher than
that of the related art sem conductor device. Since the radiating

irenber is conposed of the heat spreader and the reinforcing body formed
integrally with ' 7 each other, it is

possible to elimnate the necessity of assenbl ing the radiating nenber.
This nakes it possible to reduce the punber of steps of formng the

radi ati ng nmenber and | ower the formation cost thereof, and hence to |ower
the fabrication cost of the sem conductor device. In particul ar, since
the radi ati nge®ehbethesn bt $$ gpoddibde [bo eldimimlayeokhei nedebyidyeef or mi ng
a netal powder using a formng die by the powder metallurgical process,
it is possilaseemblingnthe coadiatimedwembcie f hist nakesost pbssible to
radi ati ng nmenber. Since the radiating nenber is conposed of the

heat spreaderedndet bher pumber ch g tepdy JOTERHiNGt EHéai:h&iAM:iH% RaRbe Pt her,
the heat spreader is reinforced by the reinforcing body, to thereby

increase the an@i Ubidr othé hforniaion icostMeHeeeorACSRATHBALY . tbNfowddi ati ng
menber is |ess defornmed, to prevent a reduction in connection between

external termthal fabliéd€idk BSHNHCihe d@WicBnlfcPbPCheviEIPEr fnSUCh as a
printed wiring board. :
particular, since the radiating member can be significantly
simply obtained by die-forming a metal powder using a
forﬁing die by the powder metallurgical process, it is
possible to significantly reduce the formation cost of the
radiafing member.

Since the radiating member is composed of the heat
spreader and the reinforcing body formed integrally with
each other, the heat spreader is reinforced by the
reinforcing body, to thereby increase the rigidity of the
radiating member. Accordingly, the radiating member is
less deformed, to prevent a reduction in connection between
external terminals of the semiconductor device to other
members such as a printed wiring board.

According to a second aspect of the p;esent
invention, there is provided a semiconductor deVice
including: e semiconductor element having electrodes; a
film circuit having a plurality of external electrodes and

lead wirings for connecting the external electrodes to the

electrodes of the semiconductor element; a radiating member



According to a second aspect of the present invention, there is provided a
~sem conductor device including: a sem conductor elenent having el ectrodes;
"a filmcircuit having a plurality of external electrodes and |ead wirings
for connecting the external electrodes to the electrodes of the

sem conductor elenent; a radiating nenber .

8 including a heat spreader for pronotging radiation of the sem conductor
el ement froma bottom surface thereof and a reinforcing body disposed in
such a manner _as_tog, surrqund the sem conductor elenment for reinfqgrcing the
filmcircuit,ineheding A HAhFRICRIELRY PEPREBLNG B3RO0 ?h ¥hR heat
spreader; and vent holes fornmed in the radiating nmenber in such a manner
as to communi 8etceopirCtar lamante from at ba§torefnEfage dthereatAndduct or
el ement to an external surface of the radiating nenber; -wherein the | ead
wi rings of theeinforeing dady gflisposedednt sucheacharnends o stround

sem conduct or el enent; connecting portions between the sem conductor

el enent and tthe fsémicondudtoraed epeatefiprandinfoecimgt thvgrEblde rcipmnwiitgn i s
adhesivel y bonded on the bottom surface of the sem conductor el enment and

the reinforcthy bailyfqrurinigbaddy beliagi feimetoinesgral by baitlonthe hridaace of
the filmcircuit. Wth this.configuration, since gas (for exanple,
spreader; and vent holes formed in the radiating member in
such a ﬁanner as to communicate gaps beﬁween the radiating
member and the semiconductor element to an external surface
of the radiating member; wheréin the lead wirings of the
film circuit are bonded to the electrodes of the
semiconductor element; connecting portions between the
semiconductor element and the film circuit are sealed; and
the heat spreader portion is adhesively bonded on the
bottom surface of the éemiconductor element and the
reinforcing body portion is adhesively bonded on a bottom
surface of the film circuit.

With this configuration, since gas (for example,
moisture) discharged from a resin used as an adhesive into
gaps between the semiconductor element and the radiating
member is released to the exterior through the vent holes,
there is no possibility thatlthe gas is thermally expanded
at the reflow step for.shaping the solder balls and the

air-tightness of the semiconductor device is eliminated or

reduced by peeling of the adhesive due to the increased .



nmoirsture) discharged froma resin used as an adhesive into gaps between
the sem conductor elenent and the radiating nenber is released to the
‘exterior through the vent holes, there is no possibility that the gas is
thermal |y expanded at the reflow step for shaping the solder balls and the
air-tightness of the sem conductor device is elimnated or reduced by
peeling of the adhesive due to the incrgased

9 expansion pressure of the gas. Bﬁ EF DESCRI PTI ON OF THE DRAW NGS
Figs. 1A and 1B are views showng a first enbodi nent of a sem conduct or
devi ce of theeppaseidn pressinewf whergas.Fig.” 1A is a plan view, and Fig.
1B is an enlarged sectional view taken on line B-B of Fig. 1A

Fig. 2 is a sectional view of a radiating nenber of the first enbodinent;
Figs. 3A to 3E are sectional views showing a nethod of fabricating the

sem conduct or pREEF QEE ST ION IOFOTHELARARMINGEB in the order of fabrication
st eps; Fig. 4 is a sectional view of a second enbodi nent -of the

sem conduct or devi ce ﬁ%g.hquragﬁeljh hP¥ePibRs; showing a ikt 5 IS a view
showing a state in which the '
embodiment of a semiconductor device of the present
invention, wherein Fig. 1A is a plan view, and Fig. 1B is
an enlafged sectional view taken on line B-B of Fig. 1A;

Fig; 2 i§ a sectional view of a radiating member of
the first embodiment;

Figs. 3A to 3E are sectional views showing a method
of fabricating the semiconductor device shown in Figs. 1A
and 1B in the order of fabricatioﬁ éteps;

Fig. 4 is a sectional view of a second embodiment
qf the semiconductor device of the present invention;

Fig. 5 is a view showing é state in which the
semiconductor device of the present.invention is mounted on
a printed wiring board;

Fig. 6 is a view showing an electronic equipment
usiné the semiconductor device of the present invention;
and
| Figs. 7A and 7B are sectional views each showing a

related art semiconductor device.



sem conductor device of the present invention is nounted on a printed
W ring board; Fig. 6 is a view show ng an el ectroni c equi pnent
*using the sem conductor device of the present invention; and -
Figs. 7A and 7B are sectional views each showing a related art

sem conduct or devi ce. 10° DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTG® Prior to description of
preferred enbodi nents of the present invention, there will be described
features of the present invention. A sem conduct or device

accordi ng to RETAIEED DESERIPTION LR IRHE.EREFERREDLEMPODIMENTS a radi ating
menber conposed of a heat spreader and a reinforcing body forned
integrally with each ptier,tovdssimipion ofdpredbraedsenbodimentsrog! enent
are bonded on leads of a film circuit; connecting portions between the

sem conduct or thel pFeséneninvéreidd Mttierelivilal besa@ategdibeddfédeubédtor
spreader is adhesively bonded on a bottom surface of the sem conductor

el ement and t el pr8sEHE! NvdiPdiori.s adhesively bonded on a bottom surface
of the filmcircurt. In the filmcircuit, an insulating layer is nmade from
a ‘resin such as a pojYidhfiCortiuciiP evate ackBedingeto! £2f$rst

invention is characterized by préviding a radiating member

composed of a heat spreader and a réinforcing body formed

integrally with each other, whérein electrodes of a

semiconductor element afe bonded on leads of a film

circuit; connecting portions between the semiconductor

element and the film circuit are sealed; and the heat

spreader is adhesively bonded on a bottom surface of the

semiconductor element and the reinforcing body is

adhesively bonded on.a bottom surface of the film circuit.

In the film circuit, an insulating layer is made from a

resin such as a polyimide or epoxy resin; the inner leads

are made from, for eiample copper; and the exte?nal

términals are formed by nickel plating and solder plating

and are shaped in dome shapes at the reflow step. The film

circuit surrounds the semiconductor element, #nd may have

or have not an external ring for reinforcing apd

| electrostatically shielding the film circuit.

The radiating member, which is composed of the heat

spreader and the reinforcing body formed integrally with



are made from for exanple copper; and the external termnals are forned
by nickel plating and solder plating and are shaped in done shapes at the
‘reflow step. The film circuit surrounds the sem conductor el enent, and nmay
have or have not an-external ring for reinforcing and electrostatically

shielding the filmcircuit. The radi ating nmenber, which is .
conposed. of the heat - spreader and thejjei nforcing body forned integrally
W th each other, can be obtained by die-formng a powder of a

metal having a high thermal conductivity such as alum num or copper using
a form ng di eebghaopher; canadbé¢ whliadaled pryddesforming a podwderoofl a

sem conduct or device according to a second invention is characterized by
provi di ng venmeballehavinyha higiditidmelnodnductivitghsachoaseal afihunm
comuni cate gaps between the radiating nmenber and the sem conduct or

el enment to aBrexbppés! usind ag efcymilte dirdibyt anpowebRetaIleryesil hol es
are preovided, for exanple, 1n the vicinities of four corners of the
rectangul ar sppgbeegguctor element, and a dianeter of each vent hole is set
at a value, for exanple, in arange of 0.3 to 1.0 mm

Hereinafter, the presgnieddiy®¥dmiiboldictdt device according to a second
invention is characterized by providing vent holes in the
radiatiﬁg member in such a manner as to communicate gaps
bétwegn the radiating member énd the seﬁicdnductor element
to an external surface of the radiating member. The vent
holes are provided, for example, in the viéinities of four
corners of the rectangular semiconductor element, and a
diameter of each vent hole is set at a value, for example,
in a range of 0.3 to 1.0 mm.

Hereinafter, the present invention will be
described in detail by way of preferred embodiments with
reference to the accompanying dréwings;

Figs. 1A and 1B are sectional views showing a first
embodiment of a semiconductof device of the present
invention. In the figures, reference numerai 1 indicates a
semiconductor elemenﬁ; 2 is an electrode pad'disposed on a
peripheral portion of the semiconductor element 1; and 3 is
a film circuit used for mounting the semiconductor element
1. The film circuit 3 has an insulating film 4 on one

surface (lower surface) of which are formed inner leads 5



described in detail by way of preferred enbodinents with reference-to the
acconpanyi ng draw ngs. Figs. 1A and 1B are sectional views show ng
"a first enbodinent of a senm conductor device of the present invention. In
the figures, reference nuneral 1 indicates a sem conductor elenent; 2 is
an el ectrode pad disposed on a peripheral portion of the sem conductor
element 1; and 3 is a filmcircuit used for nounting the sem conductor
elenent 1. The filmcircuit 3 has an insulating film4 on one surface

(I ower surface) of which are forned inner leads 5

12 and on t hendtdrertiiidther surfacehofirehich nexe sturmieyd dlder6 baddsnéct ed
to surfaces of the inner leads 5 through openings. The solder balls 6

constit ut e 'exé¢Sinited s siedasesl of hehs eimn@PdLsddy F@tirsughand are forned
by electroplating with the inner leads 5 taken as a backing layer. In

thi s embodi egon kel THoALENRaE ShRPTS 0 Bohst Gl W dbha10! der i ali ng,

to formthe so der havi ng a doubl e | ayer structure. Each sol der

bal | 6 has a wﬂ% @ %ipaw#amcanawge&oae&& Misa Hi%, 3ol Byl o

are arranged wt pitc or exanpl e erence

nunmeral 14 i ’@ié@#%%l%%gﬁﬁ}%ﬂﬁ' thé "fhn é}ﬁié" gy G%Qf%% %‘; b%p:%tngl5o

[err]m I'nner |'eads are Bonge
layer. In this embodiment, nickel plating is performed,

followed by solder plating, to form the solder balls 6
having a double layer structure. Each.soider ball 6 has a
height of 0.5 mm and a width of 0.6 mm. The soider balls 6
are arranged with a pitch of, for example, 1.0 mm. In
addition, reference numeral 14 indicates an external ring
having a thickness of about 150 ;2m.

Tips of the inner leads 5 are bonded to the
electrode pads 2 of the semiconductor element 1, whereby
the film circuit 3 is assembled to the semiconductor
element 1. Reference numeral 7 indicates a resin for
sealing connecting portions between the semiconductor

_élement 1 and the film circuit 3.

Reference numeral 8 indicates a radiating member
which is, as shown in Fig. 2, composed of a h§;t spreader 9
and a reinforcing plate 10 formed integrally with each
other. To be more specific, the radiating memher 8 is
obtained by die—forming-a metal having a high thermal

conductivity such as aluminum or copper using a powder



el ectrode pads 2 of the sem conductor elenment 1, whereby the filmcircuit
3 is assenbled to the seniconductor elenent 1. Reference nuneral 7
indicates a resin for sealing connecting portions between the

senm conductor elenent 1 and the filmcircuit 3. Ref erence nuner al
8 indicates a radiating nenber which is, as shown in Fig. 2, conposed of a
heat spreader 9 and a reinforcing platg 10 fornmed integrally wth each
other. To be nore specific, the radiating nmenber 8 is obtained by
die-forming a netal having a high thernmal conductivity such as al um num or.

copper using fep@Mergical process. Although a.boundary béBweel®thé! urgi cal
process. Although a boundary between the heat spreader 9 and the

reinforcing phahe dfrésdern® Gai®dhdyednfeRcdaly phats Lonesi indidatda such.
a boundary is conceptual, that is, actually not present because the heat

spreader 9 a”ﬁ{“&%&&dﬁf’ré}ia{!ﬂx Fhfi‘feeﬂaoﬂ §0rgﬁé h”BSEﬁ 1;1% ygth each

ot her. The thitkness of peri pheral por i on’of t radi at nenber 8,

that is, the &8&@%@1:&& khess ta@f:u'%ﬁﬁ.& égge?g85e§taﬂgc%ﬁ§er e% ng

plate 10 is.set avalueind ran ness of

t he reinforci ?ﬁ’é@%‘#f 910aﬂ§(§§\9et tl%gnggr]ﬁgg_ogdgig Oiﬂit %f%(fémggout I ess than

0.2 mm than Kness
integrally with each other. The thickness of a peripheral

portion~of the radiating member 8, that is, the total
thickness of the heat spreader 9 and the reinforcing plate
10 is set at a value in a range of 0.5 to 2.0 mm. The
thickness of the reinforcing plate 10 is set to be equal to
or thicker,'about less than 0.2 mm, than the thickness of
the semiconductor chip 1.

Reference numeral 20 indicates a vent hole formed
in the heat spreader 9 of the radiating member 8. The
diameter of the vent hole is set at a value in a range of
0.3 to 1.0 mm. The veﬁt holes 20 are formed in portions
slightly outward from four corners of the rectangular
semiconductor element 1 in such a manner as to communicate
gaps 15 between the semiconductor element 1 and the
radiating member 8 to an external shrface of ghe radiating
member 8. The vent holes 20 function to prevent gas in the
resin 7 or the like from being accumﬁlated and expanded in
the gaps 15 at the subsequent reflow step fér shaping the

solder balls 6.



Reference nuneral 20 indicates a vent hole forned in the heat spreader 9
of the radiating nmenber 8. The diameter of the vent hole is set at a val ue
“inarange of 0.3 to 1.0 mm The vent holes 20 are formed in portions
slightly outward fromfour corners of the rectangular sem conductor
elenment 1 in such a manner as to comuni cate gaps 15 between the

sem conductor element 1 and the radiating nenber ‘8 to an external surface
of the radiating menber 8. The vent hbfes 20 function to prevent gas in-
the resin 7 or the like from being accumul ated and expanded in the gaps

15 at the subsequent 1gfd dyoetichp suaifazedpoigibhcof Sehdlcliedl $préader 9
14 In a bottom surface portion of the heat spreader 9 of the

‘radi ating nengertgd PA@iACIAR kR0 dte €8fHed Grodes HEPtERdH a range
of 0to 0.2 M wth a pitchhof 0O to 1.0 mm The grooves 21 are formed for

i ncreasing t Nay Sy AGePaiPla 'HARGBOLEOR! B4 b3 Rl Jith NP AT 9.

t hereby enhancing the rddiation characteristic thereof on

ref erence nungéai 3%m&f"“iﬁg Jovdk09ye E Mg ' écﬁﬁfrgh ' qgﬁg or the
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like, which is identical Thn Uepth to't e groove
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thereby enhancing the radiation characteristic thereof. 1In
additioﬁ, reference numeral 22 indicates a groove for
indicating one pin mask or the like, which is”identical in
depth to that of the.groove 21 but is different in width
and shape from the groove 21. The grooves 21 and 22 are
formed simultaneously with die-forming of the radiating
member 8 using the powder metallurgical process.

The back surface of the semiconduétor element 1 is
adhesively bonded on the surface of a portion of the heat
spreader 9 surrounded by the reinforcing plate 10 with a
thermally conductive adhesive (conductive paste) 23 or an
adhesive (polyolefin based adhesive sheet or epoxy/nitrile
based adhesive, thickness: 20-100 um) 13. Meanwhile, the
back surface of a peripherél portion of the film circuit 3
is adhesively bonded on the front surface of ﬁhe |
reinforcing plate 10 with the adhesive 13. 1In this.way,
the radiating member 8 is mounted on the semiconductor
element 1.

In the case where the semiconductor element 1 is



formed sinultaneously with die-formng of the radiating nenber 8 using-.the
powder netall urgical process. The. back surface of the

*sem conductor elenent 1 is adhesively bonded on the surface of -a portion
of the heat spreader 9 surrounded by the reinforcing plate 10 with a
thermal |y conductive adhesi ve (conductive paste) 23 or an adhesive
(pol yol efi n based- adhesi ve sheet or epqu/nltrlle- based adhesi ve,

t hi ckness: 20-100 [err]m) 13. Meanwhil-€~ the back surface of a peripheral
portion of the filmcircuit 3 is adhesively bonded on the front surface of

the reinforchBepivéEy Ionddd tdanediediveihg mbiibehi 8 Weyh thée radiating
menber 8 is nounted on the sem conductor el ement 1. In the case

where the Se”tﬁéﬂﬂﬂfiﬁ”céﬂdﬁ5¥1vélddﬁes1ve 23, the adhesive 23 functions 15
adhesi vely bonded to the radiati ng nenber 8 with the thermally conductive

adhesi ve 23, EB%&Q@%& tfﬁgwatéa%n gagtg’ﬁgg ﬁg%ééﬁ {._ﬁg heat resi stance

bet ween the sem con el ement he radi at1 ng 8. To be
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' adhesive 23. Reference numeral 24 indicates a conductive

paste fér electrically connecting the external ring 14 to

the radiating member 8. The conductive paste i4 functions

to earth the external ring 14 and hence to allow the

external ring 14 to exhibit an electrostatic shield

function. Accordingly, it is possible to enhance an anti-

radio noise characteristic.

According to the semiconductor device in this
embodiment, since the radiating member 8 is composed of the
head spreader 9 and the reinforcing plate 10 formed
integrally with each other, any material having a large
heat resistance such as an adhesive is not interposed
between the heat spreader 9 and reinforcing plate 10. As a
result, the heat which is generéted from the semiconductor
element 1 and transmitted to the heat spreadef 9 of the
radiating member 8 is effectively rédiafed_to the exterior
not only through the heat spreader 9 but.also through.the

reinforcing plate 10, to thereﬁy make the radiation

characteristic higher than that of the related art



external ring 14 to exhibit an electrostatic shield function. Accordingly,
It is possible to enhance an anti- ‘radi o noise -characteristic.

“According to the sem conductor device in this enbodinment, since the

radi ati ng nmenber 8 is conposed of the head spreader 9 and the reinforcing
plate 10 formed integrally with each other, any material having a |arge
heat resistance such as an adhesive islgot interposed between the heat
spreader 9 and reinforcing plate 10. As a result, the heat which is
generated fromthe sem conductor ~elenent 1 and transnmitted to the heat
spreader 9 ofsemicondutiton dgviesber 8 is effectively radiated to the
exterior not only through the heat spreader 9 but al so through the -
reinforcing plate 10Simee ltheemdiaking membelr 8 i ion canposect exfi sthiec hi gher
than that of the related art 16

sem conduct orheltyispreader 9 andStheéerébeforcing ipigtetiterfodre’sl conposed of
the heat spreader 9 and the reinforcing plate 10 forned integrally with

each other, iintlegrd3si Rieht eaehi 6thétf ibeis esnsivle) t&f eddindmakenghbhe
radi ati ng menber 8. This nakes it possible to reduce the nunber of steps

of form ng thfecdsadityt idid a8BERBY ifg 2Pkl | AY@Iatfify hemBy @1 Caflist hakess .

and hence to |ower the fabrication”cost of.the '
it possible to reduce the number of steps of forming the
radiatin§ member 8 and lower the formation cost thereof,
and hence to lower the fabrication cost of the
semiconductor device. In particular, since the radiating
member 8 can be significantly simply obtained by die-
forming a metal powder using a forming die by the powder
metallurgical process, it is possible to significantly
reduce the formation cost of the radiating member 8.

| Since the radiating mémber 8 is éomposed of the

heat spreader 9 and the reinforcing plate 10 formed
integrally with eéch-other, the heat spreader 9 is
reinforced by theﬂ;einforcing plate 10, to thereby increase
the rigidity of the radiating member 8. Accordingly, the
radiating member 8 is less deformed, to prevent a reduction
in connection between external terminals of the
semiconductor device to other members such as a prinfed
wiring board due to deformation of the radiating ﬁémber 8.

Further, since the vent holes 20 for communicating

gaps 15 between the radiating member 8 and the



sem conductor device. In particular, since the radiating nenber 8 can be
significantly sinply obtained by die- formng a netal powder using a
‘formng die by the powder netallurgical process, it is possible to
significantly reduce the formation cost of the radiating nenber 8.

Since the radiating nenber 8 is conposed of the heat spreader 9 and the
reinforcing plate 10 forned integrally with each other, the heat spreader
9 is reinforced by the reinforcing pI%ﬁe 10, to thereby increase the
rigidity of the radiating nmenber 8. Accordingly, the radiating nenber 8 is

| ess def or red seinficpn@uetbdr seIenmbiet i Do iah extesnalopubeavecor ekher nal
termnals of the sem conductor device to other nenbers such as a printed

Wi ring board ¢daiseifgfemmés 0@ Hfe tftAncliial ithe FeaDetiSy member 8,
Further, since the vent holes 20 for comuni cating gaps 15 between the

radi ating menggs préPdekdfiple, moisture) discharged from the resids 7
sem conductor "elenent 1 to an external 'surface o0f the radiating nenber 8
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expanded at tES.“eiéoé{V fé&ﬁé%he%a&isngxot g%ssibility that the gas is
fhermaliy expanded at the reflow.step for shaping the
solder balls 6 and the air-tightness of fhe semiconductor
device is eliminated or reduced by peeling of the adhesive
due to the increased expansion pressﬁre of the gas.

Figs. 3A to 3E are sectional views showing one
example of a method of fabricating the semiconductor device
shown ianigs. 1A and 1B in the order of fabrication steps.

As shown in Fig. 3A, there is prepared a film
circuit 3 forming a lead frame on which leads corresponding
to a plurality of semiconductor devices are integfally

. formed. At this step, solder balls 6 for forming external
terminals of.the £film circuié 3 are left as being plated,

| that is, not formed in ball shapes because they are not
subjected to reflow treatment.

As shown in Fig. 3B, bumps 5a formed at tips of
inner leads 5 of.the film circuit 3 are bonded to electrode

pads 2 of the semiconductor element 1. In the case where

the bumps 5a are made from aluminum, they must be bonded by



sol'der balls 6 and the air-tightness of the sem conductor device is
elimnated or reduced by peeling of the adhesive due to the increased

“expansi on pressure of the gas. | Figs. 3A to 3E are sectional views
showi ng one exanple of a nethod of fabricating the sem conductor device
shown in Figs. 1A and 1B in the order of fabrication steps, As

shown in Fig. 3A there is prepared a i%lnl circuit 3 formng a lead frane
on which' | eads corresponding to a plurality of sem conductor devices are
integrally formed. At this step, solder balls 6 for form ng externa

termnal s of &hegie |pBinit Gordings ¢hlitkt iasthei dgs@|iete tHhAHunps 20t
formed in ball shapes because they are not subjected to reflow treatnent.

As shown in Fife midle B gAd,0htRY Bhn! bBScOiledtifs1ly iR By gid | | M
circuit 3 are bonded to el éctrode pads 2 of the sem conductor elerfent” 1.
In the case “ﬂﬁﬂ&inéﬁe bunps 5a are made from al um num they nust be bonded
by single point bonding; while in

18
t he case where the blﬂ@%h%%m q&lquggegﬁaagh?ﬁé%fgéé%@ft de collectively

bonded by gang bonding. e surface of the
Co ot o Sh AT HyERAREC. B87Bbh e RF WS pSERSTE
| . semiconductor elemen£ 1 and the film circuit 3 are sealed
with a ﬁealing resin 7.

As shown in Fig. 3D, a radiating_memberl8 (composed'
of a heat spreader 9 and a reinforcing plate 10 formed
integrally with each other) is adhesively bonded by means
of adhesives 13 and 23 on a bottom surface of the
semiconductor element 1 and a bottom surface of the film
circuit 3 at portions where the solder balls are formed.

| As shown in Fig. 3E, the solder balls 6 are formed
into dome shapes by reflow treatment, followed by cutting
the film circuit 3 into parts corresponding to the
semiconductor devices. Then, an external ring 14 ié
connected to the radiating member 8 with a conductivé paste
24 for allowing the external ring 14 to exhibit an |
electrostatic shield function. Fig. 3E shows:é state after
connection of the external ring 14 using the conductive
paste 24.

Although the reflow treatment is performed at a

temperature at which the solder balls 6 are melted and



wth a sealing resin 7. As shown in Fig. 3D, a radiating nenber 8
(conmposed of a heat spreader 9 and a reinforcing plate 10 forned
tntegrally with each other) is adhesively bonded by nmeans of adhesives 13
and 23 on a bottom surface of the sem conductor el'enent 1 and a bottom
surface of the film circuit 3 at portions where the solder balls are

f or med. As shown in Fig. 3E, the solder balls 6 are forned into
donme shapes by reflow treatnent, followed by cutting the filmcircuit 3
“into parts corresponding to the seniconductor devi ces. Then, an external

ring 14 is coppepsly tﬂe di¥&hal EEBﬁei:hé Yeéing ﬁoi'ﬁ’a'cﬂ VQ:H@?a% 24
for allow ng the exter ring 14 t bit an electrostatic shiel
function. Fig.; ]%%p f:ter n r{igledd N9 14
usi ng the conduct past:f b%ﬁﬁ acﬁ%ﬁﬂ%ﬁ{:éﬁ aﬁ% é@?@#fr%gt nlw{aént S
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gaps 15 are coggurgéggéﬁgl surface of the radiating member 8 through the
vent holes 20, and thereby the gas is released through the
vent hoies 20.

Fig. 4 shows another embodiment of the present
invention. While the semiconductor device in the first
embodiment, shown in Figs. 1A and 1B, is realized by
applying the presen£ invention to thé semiconductor device
shown in Fig. 7A, the semiconductor device in this
embodimént is realized by applying the present invention to
the semiconductor device showﬁ in Fig. 7B and is different
in only the type of the semiconductor device from the |
semiconductor device in the first embodiment.

Fig. 5 is a view showing a state in which the
semiconductor device of the present invention is mounted on
é printed wiring board, and Fig. 6 is a view showing one
example of an electronic equipment using the sémiconduct&r

" device of the presenﬁ invention.
The above semiconductor device in which the

radiation characteristic is improved and the deformation of

the radiating member is reduced can be desirably connected



the external surface of the radiating nenber 8 through the vent holes 20,
and thereby the gas is released through the vent holes 20. Fig. 4
"shows anot her enbodi nent of. the present invention. Wile the sem conductor
device in the first enbodinent, shown in Figs. 1A and 1B, is realized by
applying the present invention to the sem conductor device shown in Fig.
7A, the sem conductor device in this empbodinment is realized by applying
the present invention to the senm conductor device shown in Fig. 7B and is
different in only the type of the sem conductor device fromthe

sem conduct or tdeeleetrodedeof ithet poiimteidneriring board, &nd.i$ mest view
showing a state in which the sem conductor device of the present invention
i s nmount ed onsudtableted beé mountehion vardolsgeléctsonidieyguibboent gswrte
exanpl e of an. electronic equi pnent using the sem conductor device of the
present invenasoa. portable tdiEphuiRy@sseloGandtcreg. deyice in which the
radi ati on characteristic is inproved and the deformation of the radiating

nenber is reduced cangipelélegid grefdidedeen®ddiments of the present

20 to electrodes of the printed wiring board, and is nost’ suitable to be
mount ed on vahheEft £oF haR Kedifl ¥ 1bedl 68ingSspePPE it ErhS] ep@pe as

shown in Fig. 6. _
description is for illustrative purposes only, and it is to
be understood that ‘changes and variations may be made

without departing from the spirit or scope of the present

invention.



Whirl e.the preferred -enbodi nents of the present invention have been

descri bed using specific terns, such descriptionis for illustrative
“purposes only, and it is to be understood that changes and variations nmay
be made w thout departing fromthe spirit or scope of the present

I nventi on. 21  Wiat is Clained is:

1. A sem conductor device conprising: 21 ‘a sem conductor el enent
havi ng el ect rodes; “afilmcircuit having.a plurality of externa

el ectrodes and lead wirings for connecting said external electrodes to
sai d el ectrodumtofissgldimedi geaductor el enent; and a radiating
menber including a heat spreader for pronoting radiation of said

sem conduct or el emengy.fr amsami B6h&ASLSH ddreicd mpfisim@g:a rei nforcing body
di sposed in such a manner as to surround said sem conductor elenent for

rei nforcing said fil @ gonSUbhausebf &RARGR Yt ROl RRirRed;0r Ted

integrally with said heat spreader; wher'ein said |lead wrings of
said filmcircuit arg f?.?ﬂd%!r{:ﬂi’éahgv%ﬂfq réﬁqﬁ%lg.ftf@fj gqduct or
el enent ; connecting portions between sal em conduct or

électrodes and lead wirings for connecting said external
electrodes to said electrodes of said semiconductor
element;-and

a radiating member including a heat spreader for
promoting radiation of said semiconductor element frbm a
bottom surface thereof and a reinforcing body disposed in
such a manner as to surround said semiconductor element for
reinforcing said film circuit, said reinforcing body being
forméd integrally with said héat spreader;

wherein said lead wirings of said film circuit are
boﬁded to said electrodes of said semiconductor element;

connecting portiqns between said semiconductor
element and said film circuit are sealed; and

said heat spreader portion is adhesively bonded on
the bottom surface of said semiconductor element and said |
reinforcing body portion is adhesively bonded 6n a bottom
surface of said film circuit.

2. A semiconductor device COmprising:

a semiconductor element having electrodes;

a film circuit having a plurality of external



el enment and said filmcircuit are seal ed; and sai d heat épreader
portion is adhesively bonded on the bottom surface of said seniconductor
el ement and said reinforcing body portion is adhesively bonded-on a bottom

surface of said filmcircuit. 2. A sem conductor device conprising:
a sem conductor el enent having el ectrodes; ' afilmcircuit having a
plurality of external : : 22 el ectrodes
and lead wirings for connecting said ex@2ernal. el ectrodes to said

el ectrodes of said sem conduct or el enent ; a radiating nenber

including a hepdceriRariind Qead RALTRESNGor bRl sl ss@EGRAUCt Or

el enmrent froma bottom surface theredf and a reinfortcing body disposed in

such a mannere fscdQduid W@%@abﬂe&@giagggdaftﬁif'&m ordiicedze! Nforci ng

;
said filmcircurt, sald reintorcing bel ng ormed Integrally with said
heat spreadere'l . vent holes formed in said radiating menber in
such a manner  as td communi cat e- gaps between said radi ating nenber and

merber o Cnerorg gt drBonBRhAr et B a2t 2 bonded
to said 6|eCtﬂfg¥% fﬁb %%h&a.gghcggdggg rsgﬁfggggﬂctor element from a
bottom surface thereof and a reinforcing body dispdsed in
- such a ménner as to surround said semiconductor element for
reinforcing said film circuit, said reinforcing body being
formed integrally with said heat spreader; and
vent holes formed in said radiating member in such
a manner as to communicate gaps between said radiating
member and said semiconductor element to an external
surface of said radiating member; ’
wherein said lead Wirings of said filﬁ circuit are
bonded to said electrodes of said semiconductor element;
connecting portions between said semiconductor
elemeqt and said film circuit are sealed; and
said heat spreader portion is adhésively bonded on
the bottom-surface of said semiconductor element and said
reinforcing body portion is adhesively bonded'§n a bottom
surface of said film circuit.
3. A semiconductor device according to claim 1 or

2, wherein said radiating member is a metal body formed by

a power metallurgical process.



connegting portions between said sem conductor element and said film
circuit are seal ed; and said heat spreader portion is adhesively
“bonded on the bottom surface of said sem conductor elenent and-said

rei nforcing body portion is adhesively bonded on a bottom surface of said

filmecircuit. 3. A semconductor device according to claim1l or
2, wherein said radiating menber is a ggtal body formed by -a power
netallurglcal process. 23 ' 4. An

el ectroni c equi pnment: on which a wiring board is nounted, conprising said

sem conduct or devi ce £ccamliglgctironttaequipmaheren nwisiell £xtiriey board
el ectrodes of said sem conductor device are connected to el ectrodes on

said wiring peafishnted, comprisi 3 shedt seiii eoRdutEFE MewiteMiddbr ity | Ng
board is nounted, conprising said sem conductor device according to claim

2, wherein said epdiag nal vﬁie&‘étlhogﬁidoéxéérﬂalséﬂé@f%& fo deysipe are
connected to el ectrodes on said W ring board.
semiconductor device are connected to electrodes on said
wiring board.
5. An electronic equipmént on which a wiring board
is mounted, comprising said semiconductor device according
to claim 2, wherein said external electrodes of_said

semiconductor device are connected to electrodes on said

wiring board.



