SEM CONDUCTOR DEVI CE AND FABRI CATI ON PROCESS THEREOF Technical Field
The present invention relates to a sem conductor device 5 with inproved
heat -rel easi ng capability and a process for fabricating the sane.
Background Art Figure 7 illustrates a sem conductor device with
I nproved 10 heat releasing capability in the prior art. O |eads shown,
at | east a part of an inner lead 501 is pasted with a nonconductive
tape 502 to a heat-rel easing block 504 conprising a netallic or ot her

type of materi L.cond e LS. P #1 an epoxy
resin not shomﬁ%épﬁ@%igﬁs#&ﬁ%ﬁwgiqgu Egéggf’ﬁlaéﬁﬁwﬁ bl ock 504.
The el ectrode on the sem conduct or el enent 503 and the inner |ead 501
is connected with a wire 505 such as a gold wire or the |ike. These

conponent SI%ﬁﬁnfﬁi*%’Eiﬂﬂh a sealing resin 506, and an outer |ead 507
Is extracte romtne sealing resin 506. 20 Note here that the
general practiceppe presefit Q.ﬁbehﬂﬁoﬁui”éiates td @G enld Eohuastbbeqey spei nt  of
the thickness of the sealing resin 06. According to the
above descyiphi dfpr&vel hddterii@asing capabJ.lJ.ty and a process for

fabricating the same.

Background Art

Figure 7 illustrates a semiconductor device with improved

10 heat releasing capability in the prior art. Of leads shown, at
least a part of an inner lead 501 is pasted with a nonconductive
tape 502 to a heat-releasing block 504 comprising a metallic or
other type of material. A semiconductor element 503 is pasted
with an epoxy resin not shown in the illustration onto the

15 heat-releasing block 504. The electrode on the semiconductor
element 503 and the inner lead 501 is connected with a wire 505
such as a gold wire or the like. These components are sealed with
a sealing resin 506, and an outer lead 507 is extracted from the
sealing resin 506.

20 Note here that the general practice is to extract the outer
lead 507 from the midpoint of the thickness of the sealing resin
506.

According to the above description, since the heat-
releasing block 504 is located off-centered to one side (i.e.

25 1lower side in the illustration) of the sealing resin 506 as seen

from its thickness-wise direction, the flow of the sealing resin

above and underneath become irregular at the time of resin sealing,



feleaéing bl ock 504 is | ocated off-centered to one side (i.e. 25 |ower
side in the illustration) of the sealing resin 506 as seen fromits

t hi ckness-wi se direction, the flow of the sealing resin above and
underneath becone irregular at the tine of resin sealing,

1 t hus causing defects such as anunfiiled portion. In other
wor ds, di fference between the spaces above and under the

heat - r el easi ng bl ock 504 to the nmetal form ng nold causes a vari ance
in filling speed at_the ti t he seal] resin is injected. delaying
the 5 filFPRGcaRSiAg defrstemich apan ARGt hied partionas TLoEREG ¥arhgal 1
filling. S Ll C rii el .a | arge
and thi ok PEaroreRteBbnyenn e BBheks 5N aBRdddes Bhe heMithereasitly
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rise to aneg@gﬁ &Eoé}lém?ime, th‘@%éﬁ@in?ewéﬂﬂeis hﬁ?:féldt@d%aaiéiﬁy?.h ckngoul d

only provid Inferior heat-releasing capablility. For insfance, for
a 3-mMms  fipackg@F She AWAH AREOSL HoiniAGMNGRI addNElRis rcaheaﬁ?rw fauate

havi ng a thickness of about 0.5 nm has caused a faulty fill. If a
filling. Such a faulty fill is apt to occur particularly when
a large and thick heat-releasing block is employed to improve the
heat-releasing capability.
While the above-mentioned problem could be solved by making
10 the heat-releasing block thinner, it gives rise to another problem
whereby a thinner heat-releasing block could only provide an
inferior heat-releasing capability. For instance, for a 3-mm
package of a semiconductor device, a heat-releasing plate having
a thickness of about 0.5 mm has caused a faulty fill. If a
15 heat-releasing plate of about 1.5 mm in thickness is used to avoid
the trouble, heat-releasing capability may be insufficient.
Accordingly, with an aim at eliminating the above-described
problems in the prior art, it is an object of the present invention
to provide a semiconductor device in which defective resin filling

20 can be prevented and a process for fabricating the same.

DISCLOSURE OF THE INVENTION
(1) A resin-sealed type semiconductor device of the
present invention comprises:
25 a semiconductor element having electrodes;
a radiator facilitating divergence of heat from the

semiconductor element;



15 heat-releasing plate of about 1.5 mmin thickness is used to avoid

the trouble, heat-releasing capability may be insufficient.

Accordingly, with an aimat elimnating the above-descri bed probl ens
in the prior art, it is an object of the present invention to provide
a sem conductor device in which defective resin filling 20 can be
prevented and a process for fabricating the sane. DI SCLOSURE OF THE
| NVENTI ON (1) A resin-seal ed type sem conductor device of the

ol octrodes: o &°TBaa RS rindin oo 1pplBRRERRR i A SR AaE VLB?n
t he @E&%QBHUCLR& el enent ;

a lead havirng~an’inner | ead portlon and an outer |ead portion; and

a resin portion segl iég}@ggrgqgﬁdggm,ﬁﬂgné R con%eﬁe se;ﬁic%hﬁﬁ%ﬂb the

radi ator and the inne portion, ctor enent ang t he

nner | eadepehthel eid asherhtior WAR the ihAdkalédd Pl o aber placed to

straddl e a center
5 semiconductor element and the inner lead portion attached to the

radiator, the radiator placed to straddle a center of a
thickness-wise direction of the resin portion, the inner lead
portion formed with its end placed at a position deviated from
the center of the thickness-wise direction of the resin portion,
10 the inner lead portion bent toward a direction of the center of
the thickness of the resin portion, and the ocuter lead portion
protruding from a position of the center of the thickness of the
resin portion.
In accordance with the present invention, the radiator
15 straddled the center of the thickness of the resin portion. Such
a configuration is enabled by the inner lead portion formed with
its end placed at a position deviated from the center of a
thickness-wise direction of the resin portion, and at the same
time bent toward the direction of the center of the thickness of
20 theresinportion. The above-mentioned arrangement roughly evens
the spaces above and under the radiator to the metal forming mold.
It therefore equalizes the flow of the resin above and under the
radiator at the time of resin sealing, thus preventing a faulty
filling.
25 (2) The semiconductor element may be attached approximately
at a central region of the radiator in a direction perpendicular

to the thickness-wise direction of the resin portion, and the



t hi ckness-wi se direction of the resin portion, the inner |ead portion
formed with its end placed at a position deviated from the center of
the thickness-wise direction of the resin portion, 10 the inner |ead
portion bent toward a direction of the center of t he thickness of the
resin portion, and the outer |ead portion protruding froma position
of the center of the thickness of the resin portion. I n
accordance with the present invention, the radiator 15 straddled the

conter o, bifed 552, 'y 5 BEPRRHAH, enUiber por il b4pbL " 1
posi tion dg %afséodr 40 N8B BheOfadiator {4 I Tn SendkbRaLOF O the

resin porti and at theé same toward I'Tectron o
center of %f ciesS heq?0 the resin portion. The above- nentloned
arrangenment roughly evens t he spaces above and under the radiator to

the nmetal form NGy §hd semicordudtdy @hLemEnt dhay Ib?eesttaenéa% nel B€a&esi n
above and under the radiator at the tinme ‘of resin sealing, thus

prevents ngof t1Relltadiator,f bhii e indler lead pbZtidhem&eBe Atdbached ebenent

may be attached apprOX|nater at a central region of the radiator in a
directi on asothedicflitite side b the rAdikvess-w se direction of the resin
portion, and the 3

(4) The radiator may be made of aluminum and be provided
with a porous surface by anodic oxidation treatment.
(5) The surface of the radiator may be treated with a

10 roughening finish.

(6) The surface of the radiator may be treated with ceramic
flame-spraying.

(7) The surface of the radiator may be treated with a
blackening finish.

15 (8) The inner lead portion of the lead may be attached to
the radiator via a dielectric material having adhesive materials
on both of its sides, the inner lead portion may be attached so
that it intrudes into one of the adhesive materials of the
dielectric material.

20 (9) The inner lead portion of the lead may be attached to
the radiator via a dielectric material having adhesive materials
on both of its sides, the dielectric material may have its end
positioned under a tip of the inner portion on a center side of
the radiator.

25 (10) A method for fabricating the semiconductor device in
accordance with the present invention comprises:

a first step of placing at predetermined positions a



i nner | ead portion nmay be attached at an outer perineter of the

radiator on a side of the radiator to which the sem conduct or el enent
i s attached. (3) The semni conductor el enment nay be attached to
one side 5 of the radiator, and the inner |ead portion may be attached to
anot her of the side of the radiator. (4) The radiator may be
made of al um num and be provi ded with a porous surface by anodic

oxi dation treatnent. (5) The surface of the radiator may be
treated with a e surface %f t he
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bot h of |tss nner ortion may be atta

i ntrudes 'ﬁéﬁtf&? e?fe i RHeRs ! ‘tﬁer@héib%f ﬂcilrﬁatlng di%ePgbhte of

mat eri al . (9) The i'nner 1 ead portion of the” ead nay be attached

to Sthﬁeé@dffélﬁ)rtné %e’ﬂu@o@ﬂdﬁ@tbtce]]&h@ﬁta'aﬁtﬁ,w ng adhesive materials
on both of its sides, the dielectric material may have its end

positioned under a ai@e@ind herepidr £pemihgnaotesit gpdiion @@adfing thet he
radiator. semiconductor element, the radiator, and the inner lead portion
of the lead, in the first step, the radiator is placed at a position
intersecting a center of a thickness of the resin portion, and
10 a junction between the inner lead portion and the outer lead
portion is placed at the center of the thickness of the resin
portion through a bent portion of the inner lead portion.
In accordance with the present invention, the radiator is
placed at a position intersecting the center of the thickness of
15 the resin portion. Such a configuration is enabled by bending
the inner lead portion toward the direction of the center of the
thickness of the resin portion. The arrangement makes it possible
to bring the spaces above and under the radiator to the inner
surface of the metal forming mold roughly even. It therefore
20 equalizes the flows of the resin above and under the radiator at
the time of resin sealing, thus preventing a faulty filling.
(11) The radiator may be made of aluminum, and the radiator
may be provided with anodic oxidation treatment prior to
performing the first step.
25 (12) Prior to performing the first step, the radiator may

be provided with an electroplating treatment using an electric

current density that is large enough to cause a surface roughening



25 b (10) A nethod for fabricating the sem conductor device in

accordance with the present invention conprises: a first step
of placing at predetermn ned positions a

4 sem conduct or el ement having el ectrodes, a | ead having an
out er | ead portion and a partially bent inner |ead portion, and a

radi ator to which the sem conductor elenent and the inner |ead portion
are attached, the radiator facilitating divergence of 5 heat fromthe

sem conductor_ el enent; and, a second step of formng a resin

portion scBRERRenRn- seni conductor el ement, the radiator, and the inner

ead portion 1.1 ghiie Laag of N 1DGd LSl olPRy HNEaRAGS ALOLY Sl aced a

a position I'Ng a cen I'ckness o € restn portion,
and 10 ap | ' i ' éﬁﬁoﬁbﬁ Wl £} £od

portion |2rd|5 cée%%gfg?ﬁéﬁé%e%nft g:?leloggtg}?%ﬁt%ﬁ?% ngslgeo t he rescﬁpn portion
t hrough a Q@gﬁ_portion of the inner |ead portion. I n accordance

with the present invention, the radiator is placed at a position
intersecting thegagnpeiopied gerfm&@%ﬁe@irsl@stébe tRs ElrpacéiotheSuch a

configuration is enabl ed by bending the inner |ead portion toward the
direction padidwor amdyebeoftreted with ceramic flame-spraying.
(15) Prior to performing the first step, the surface of the
radiator may be treated with a blackening finish.
(16) The first step may comprise:

10 a step of attaching the inner lead portion of the lead
to the radiator via a dielectric material having adhesive
materials on its both sides; and

a step of applying a pressure between the inner lead
portion and the dielectric material so that the inner lead portion

15 is caused to intrude into one of the adhesive materials on the
dielectric material.

(17) The first step may comprise:

a step of pasting a dielectric material having adhesive
materials on both of its sides to an outer perimeter of the

20 radiator;

a step of pasting the inner lead portion to the
dielectric material in such a way that the inner lead portion
extends at least to an end of the dielectric material on a side
of a center of the radiator or closer to the center; and

25 a step of applying pressure to an area between the inner

lead portion and the radiator.



thicknessoftheresinportion The arrangenment mekes it possible to bring

t he spaces above and under the radiator to the inner ~ surface of the
metal forming mold roughly even. It therefore 20 equalizes the flows of
the resin above and under the radi ator at the tine of resin sealing,
thus preventing a faulty filling. (11) The radiator nay be made
of alum num and the radiator may be provided with anodic oxidation

t r eat ment prlor to performng the first step. 25 (12) Prior to
per form ng bR DBD t [ y be provided with an

el ectropl at’ atne current density that is
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performng the first step rror to pef}orn1ng t he

first step, the BigPe28fardd 2B views' AW tatTRY tHe 16884 84 AMddrEaficdM ¢
f | ame- sprayi ng. (15) Prior to performng the first step, the
sur f aceS of wtith one embodiment of the present invention;
Figure 3 is a view illustrating a semiconductor device in
accordance with another embodiment of the present invention;
Figure 4 is a view illustrating a semiconductor device in
accordance with another embodiment of the present invention;

10 Figure 5 is a partial view illustrating a semiconductor
device in accordance with another embodiment of the present
invention;

Figure 6 is a partial view illustrating a semiconductor
device in accordance with another embodiment of the present

15 invention;

Figure 7 is a cross-sectional view illustrating a

conventional art semiconductor device with improved heat

releasing capability.

20 Best Mode for Carrying Out the Invention
In the following sections, preferred embodiments of the
present invention are explained in more detail. Figure 1 is a
schematic view illustrating a cross-section of a semiconductor
device in accordance with one embodiment of the present invention.
25 The semiconductor device comprises a semiconductor element 104,
a heat-releasing block 103, and leads comprise an inner lead 101

and an outer lead 108.



r adi étor may be treated with a bl ackening finish. (16) The first

step may conprise: 10 a step of attaching the inner |ead portion
of the |ead © to the radiator via a dielectric material having adhesive
materials on its both sides; and a step of applying a
pressure between the inner |ead portion and the dielectric material so
that the inner lead portion 15 is caused to intrude into one of the

adhesive materials on the dielectric material. (17) The
first step may i se: . a step of pasting a dielectri
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of a center of the radiator-or closer to the center;
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and the radi ator. 6

pasted along the outer perimeter of the heat-releasing block 103.
The semiconductor element 104 is fixed to the heat-releasing block
103 with a resin 105 such as an epoxy resin with good thermal
conductivity. More specifically, semiconductor element 104 is
fixed approximately at the center on the face of the heat-
releasing block 103 to which the inner lead 101 is attached. The
electrode pad (not shown in the illustration) on the semiconductor
element 104 and the inner lead 101 are connected by a wire 106,
such as gold wire or the 1like. Further, the semiconductor element
104, the heat-releasing block 103, and the inner lead 101 are
sealed within a resin portion 107. Sealing the heat-releasing
block 103 within the resin portion 107 prevents the heat-releasing
block 103 from exposing outside, and protects it from corrosion
or other damage. Additionally, the outer lead 108 is extracted
from the midpoint of the thickness of the resin portion 107. The
inner lead 101 is bent toward the direction of the center of the
thickness of the resin portion 107 so that the outer lead 108 can
be pulled out from the above position.

The outer lead 108 may be formed either toward the opposite
direction of the semiconductor element 104 as shown in the
illustration, or in the same direction the semiconductor element
is attached. Also, while the outer lead 108 shown in the

illustration is in a gull-winged shape, its shape is not limited



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a view
Illustrating a sem conductor device in - accordance with one enbodi nent
of the present invention; Figures 2A and 2B views illustrating
the |l eads in accordance 5 wth one enbodi nent of the present invention;
Figure 3 is a viewillustrating a sem conductor device in accor dance
w t h anot her enbodi nent of the present invention; Figure 4 is a
view illustrating a sem conductor device in accordance w th anot her
enbodi nent _of the present invention; 10 Figure 5is a partial view
iIIustratiﬁﬁeE¢E%h1conductor device in accordance wth anot her
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view illustrati vice accor dance w 1t h anot her
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Cross-sectiona ustrating a onventional art em conauc
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Carrying Qut the Invention foll owm ng sections, preferred

enbodi nent gpptokiifately PHRS.ENTo | EyAd QD sHtd sPaRtarPellev 8]l NOF enalt ai | .
Figure 1 is a schematic viewillustrating a cross-section of a

sem conduc@fgvergencelgthecthickmesy dEncite Nehlt-geteasingibimak 103 tiesptesent
i nvention. 25 The sem conductor device conprises a sem conductor el enent
104, behaaiut eneathigdbdddhel package theiaknessnpsi desanibethabovead 101
Further, it is preferable to keep the size of the heat-releasing
block 103 within a range of 30 to 80% (particularly preferably
10 65 to 75%) of the size of the resin portion 107 (package size),
because such an arrangement can prevent exposure of the heat-
releasing block 103 from the resin portion 107.
According to the present embodiment, the heat-releasing
block 103 is placed at a position intersecting the center of the
15 thickness of the resin portion 107. Further, the thickness of
the resin portion 107 on the two sides of the heat-releasing block
103 is made to be roughly equal.
The fabrication process of the semiconductor device of the
present invention includes a step of sealing the semiconductor
20 device within metal forming molds above and underneath it with
resin. As described previously using a prior art example, when
the spaces above and under the heat-releasing block to the metal
forming mold differ, a variance in flow speed of the sealing resin
to cause a faulty filling or an unfilled portion occurs. In the
25 present invention, the heat-releasing block 103 is placed at a
position intersecting the center of the thickness of the resin

portion 107 by forming the inner lead 101 with a bent portion.



and an outer |ead 108. 7

The inner lead 101 is formed in a partially bent shape and fixed with
a nonconductive tape 102 to the heat-rel easi ng bl ock 103 nmade of a
nmetal such as copper, alumnum or the |like, or anot her material, and
has a plate |like shape. The tape 102 is 5 pasted along the outer perineter
of the heat-rel easing bl ock 103. The sem conductor elenent 104 is
fixed to the heat-rel easing bl ock 103 with a resin 105 such as an
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el enent such s a{rb%x{ﬁﬂtléae#uﬁéﬁiaﬁ.b' ock 103, and the inner lead 101 are

15 sealed wthin a resin portion 10/. Sealing the heat-rel easing
bl ock 193 wi t hi rAdde:i!o%%'l'lgrlQQ'i’t' 98 gRdrF YRt Proviigat thel 8Bsved

bl ock 103 from exposi ng ouiside, and protects it from corrosion or
ot her danapeat-¢sl¢d=imy bYock N30kt alstadatelSrovgitedimet edatment from
the standpoint of adhesion with the resin portion 107. The above
may be achieved by providing the heat-releasing block 103 with
an electroplating using a large electric current density to form
10 a plated layer having a coarse surface. More specifically, the
above process can be applied when a copper plating is provided
on a heat-releasing block 103 made of copper. Alternatively,
anodic oxidation may be used when the heat-releasing block 103
is composed of aluminum. Another alternative is to strike the
15 heat-releasing block 103 with hard particles by a sand blasting
to provide the surface with a roughening finish. Another option
is to glaze the surface of the heat-releasing block 103 with
ceramic by ceramic flame-spraying. Yet another option is to
.chemically oxidize the surface of the heat-releasing block 103
20 with a blackening treatment.

With the above-mentioned methods, the surface of the
heat-releasing block becomes porous, thus improving adhesion with
the resin portion 107. Moreover, when ceramic flame-spraying or
blackening treatment is applied, formation of a thermally induced

25 oxide film having weak adhesion with the resin can be prevented
since a ceramic film or a chemically formed oxide film is formed

by such a treatment. Note that the aforementioned methods for

10



fromthe mdpoint of the thickness of the resin portion 107. The 20 inner
| ead 101 is bent toward the direction of the center of the t hi ckness
of the resin portion 107 so that the outer |ead 108 can be pul | ed out
fromthe above position. The outer |ead 108 may be forned either
toward the opposite direction of the sem conductor elenment 104 as
shown in the 25 illustration, or in the sane direction the sem conductor
el enent is attached. Also, while the outer | ead 108 shown in the

Ty B e B e e

the thicknegss ortian e._ the package thlckness) S
approxi mat el'y afh ngeﬁn$%ﬁéﬁﬁﬁéhq% BESPED %ggiharﬁ+5tk 103 has a thickness of

i vgfgéﬂﬁémi e ThY S8 SRFPRRR S APl dhos EXTheCtat R cpp 1e00s
about one- tii A8cOfddice Hﬁ%lhagﬁoﬁﬁ‘éf‘é?r%ﬁ SnfleSE rﬂﬁ%egréggﬁﬁ HBFHC‘&%#’U?H ’

it is preferable to keep the size of the eat-releas

Within & reaigs Pigd® DB ¥PeidAAG & %h&bsél#eeﬁféﬁéﬁ%léw tlt&o&ﬁ, tﬁe&%%nof the
size of the resin portion 107 (package size), because such an
arrangenenplaae pfeFigarexrpsure of the heat-
After fabricating an inner lead 201 in one piece together
with a support portion 202 either by a pressing or a photoetching
technique, a bent portion 203 is formed by pressing, and a
10 nonconductive tape 204 is bonded. Since the bent portion 203 is
formed by pressing on the inner lead 201 while it is connected
to the support portion 202 as described above, it enables to
reliably fabricate the inner lead 201 while avoiding warping or
other irregularity. Moreover, if the support portion 202 is cut
15 off only after the tape 204 for fastening the inner lead 201 to
the heat-releasing block is attaiched and the inner lead 201 fixed
to the heat-releasing block, it provides additional protection
against warping or fluttering of the inner lead 201.
Figure 3 is a view illustrating another embodiment of the
20 present invention. It 'provides a cross-sectional view of a
semiconductor device fabricated by fixing an inner lead 301 having
a bent portion to a heat-releasing block 303 through a
nonconductive tape 302, mounting a semiconductor element 304,
with an adhesive 305 such as an epoxy resin, on the surface of
25 aheat-releasing block 303 on which the inner lead 301 is attached,
connecting an electrode pad (not shown in the illustration) of

the semiconductor element 304 to the inner lead 301 with a wire

11



rel easing block 103 fromthe resin portion 107. According to the
present enbodi nent, the heat-rel easing bl ock 103 is placed at a
position intersecting the center of the 15 thickness of the resin portion
107. Further, the thickness of the resin portion 107 on the two sides
of the heat-rel easing bl ock 103 is nade to be roughly equal .

The fabrication process of the sem conductor device of the pr esent

i nvention includes a step of sealing the sem conductor 20 device within
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a bent portion.
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and under the heat-releasing 103 to the netal form ng nold.
other problems during the resin-sealing step.

Figure 4 is a view illustrating another embodiment of the
present invention. It shows an inner lead 401 having a bent
portion fixed to a heat-releasing block 403 through a

10 nonconductive tape 402. On the surface of a heat-releasing block
403 opposite to which the inner lead 401 is attached, a
semiconductor element 404 is attached with an adhesive 405 such
as an epoxy resin. The electrode pad (not shown in the
illustration) of the semiconductor element 404 is connected to

15 the inner lead 401 with a wire 406 such as a gold wire.

As with the present embodiment, the heat-releasing block
403 is also placed at a position intersecting the center of the
resin portion 407. However, the center of the heat-releasing
block 403 and the center of the resin portion 407 do not coincide

20 in the present embodiment; rather, the center of 'the resin portion
407 is positioned closer toward the face of the heat-releasing
block 403 to which the semiconductor element 404 is attached. The
arrangement such as above brings the thickness of the resin
portion 407 above the face of the semiconductor element 404 at

25 the opposite side of the heat-releasing block 403 and that above
the face of the heat-releasing block 403 at the opposite side of

the semiconductor element 404 roughly equal. It therefore

12



It therefore equalizes the flow of the resin to prevent defects such
as an unfilled portion. 5 Additionally, it is preferable to provide
t he above heat -rel easi ng bl ock 103 with a surface rougheni ng treatnment
from t he standpoint of adhesion with the resin portion 107. The above
may be achi eved by providing the heat-rel easing block 103 with an

el ectroplating using a large electric current density to form 10 a plated
| ayer having a coarse surface. Mre specifically, the above process

can be applied when a copp | ating.is, pr.ovided ._ on_a.heat-rel easing
bl ock 103 FRSRTSP % SBBEED. B bPRat Lt 2108 €0 saminsBRading FhAg 208 uosd
when t he heat-re%eafi .bl%gﬁgggé I s conposed of alum num Anot her

al t er nat i vBTF¥PG® s +i$&9?|1 ‘heat -rel easi ng bl ock 103 with hard
particles by a s [ (O)Vi urfac s heni ng
finish. Another %%%lgdnﬁa _tt?)gitget Brégg{zf{é %‘h‘gg%%{'%a%’e %h% t@ﬁﬁf‘l&@g F{:gygasi ng
bl ock 103 wklient 404 HadlThCs e GRIATYCohhATES RERY hagt Yol e o8R! | OF

is to chemcally oxidize the surfaCe of the heat-rel easing block 103

20 with agbback@igitn GeehBB)ta smooth flow W Frelsh® daBovRabEadi By ed
met hods, the surface of the heat - r el easi ng bl ock becones porous, thus

i nprovi ng eghasigingithe thickh8€s IESithePpes i® pot@ionMIE@tetheVdlinie oFr ani C
fl ame- sprayi ng or bl ackening treatnent is applied, formation of a
thermal |y hedteedle2Sing bk 408 land npevsakicoidsetior wlidmente 4045i n can
be prevented since a ceramc filmor a chemcally fornmed oxide filmis
f or med rathesutham simpdiynmbmingilogethe dthidknesisopfnthe i vesih moxidon f or
407 equal on both sides of the heat-releasing block 403.
10 Alternatively, multiple smaller semiconductor elements may
be mounted in place of the semiconductor element 404 in the present
embodiment.
Figure 5 illustrates a modification of the semiconductor
device shown in Figure 1 and is a part of a cross-sectional view
15 through the V-V plane of the Figure 1. As shown in the
illustration, a tape 602 for bonding an inner lead 601 and a
heat-releasing block 603 cémprises adhesive layers 602b provided
on both sides of a core tape 602a. Additionally, the inner lead
601 is arranged in such a way that it intrudes into one of the
20 adhesive layers 602b, extending to the core tape 602a directly
underneath it. Such an arrangement prevents a faulty wire bonding
caused by the adhesive layer 602b becoming soft and acting as a
cushion under the temperature (i.e. 250 to 260°C) encountered at
the time of bonding.
25 To obtain this configuration, a pressure of four to five

times the pressure used in the conventional way (i.e.

approximately 200 kg-f) may be applied between the inner lead 601

13



10 | I mprovi ng adhesion with the resin could as well be

applied equally to all other enbodi nents presented herein.

Figures 2A and 2B are schenmatic views illustrating the | eads in
accordance wi th anot her enbodi nrent of the present invention, 5wth
Figure 2B providing a cross-sectional view through the II-11 pl ane of
Fi gure 2A. After fabricating an inner |lead 201 in one piece

t oget her with a support portion 202 either by a pressing or a

phot oet chi echnigue, a bent portio 03 is formed by pressing, and
a 10 noncr‘%'%gdtijgfe i bgaFE WW%%(#%EF?%BI?@@%WW t5%h 203 i's
formed by g | €4l I . .Whi 1t 1S _connecte . to the
support porir sangds Pontdcet el e BRL At Y, g bah S SRR depiep-
fabricate the ingggt! 8§ ' AeTHe ] i t
irregularity. Mor eover, %uf?c%tlﬁ\gyshgp%? taﬁ%oérqtgf"\clgh%gggi gé (,ptftevefl% Pﬁ;(%ftagﬁ y
after the sapard@4oh’ Na®9)i B LhRet M 'AAM 120 i
heat-releas%%g bl ock is attgghed ande;he |ng§?'ﬁ§aét§8€h??xEéJghé Sﬁﬂg t he
heat - r ef easifng hesttirelidagimeyvbliesk st tu's@.ﬂ?' aPEdPeLGo20having fAiidi%es |

war ping or fluttering of the inner |ead 201I. Figure 3 is a view
Il lustrati ogp bobthhsidesbodi nent of the 20 present invention. It provides a
cross-sectional view of a sem conduct or device fabricated by fixing an
i nner | ead 301 hiwithg above arrangement, the inner lead 701 protrudes from

the tape 702 toward the center-side of the heat-releasing block
703 (i.e. approximately 0.1 to 0.5 mm). In other words, the tape

10 702 ends inside of the center-side tip of the inner lead 701 on
the heat-releasing block 703.

When pressure is applied between the inner lead 701 and the
heat-releasing block 703 to bond them, the pressure is applied
fully to the side end 702a of the tape 702 since the tip 70la of

15 the inner lead protrudes further than the tape 702. Thus the
adhesion of the tape 702 to the heat-releasing block 703 is
increased as well as the adhesion of the inner lead 701, to also
improve the stability of the wire bonding.

Note that the same effect could be obtained by bringing the

20 face of the tip 70la of the inner lead 701 flush with the side

end 702a of the tape 702.

14



a benf portion to a heat-rel easing block 303 through a nonconducti ve

tape 302, nounting a sem conductor el enent 304, wi th an adhesive 305
such as an epoxy resin, on the surface of 25 a heat-releasing block 303
on which the inner lead 301 is attached, connecting an el ectrode pad
(not shown in the illustration) of t he sem conductor elenent 304 to
the inner lead 301 with a wire 11
306 such as a gold wire, and subsequently sealing with a resin portion
307. According to the above-nentioned iment, a | ead flame with a
fine inner lead pitch can be used to n the length of the
‘connecting wres, even when a mniaturized sem conductor 5 elenent is
nount ed, preventing short circuiting of the wires or _other problens
during the resin;seglididifl&Paled type semitodidhfotbd ae@i\éb%lﬁéfﬂssitrf Ll ng
anot her enbodi nent of the present invention. It shows an i nner 7 ead

401 having a bent a semiebhifBtbr*ETehént? HifAlng @1eatkBaelL 0Ck 403 through
a 10 nonconductive tape 402. On the surface of a heat-refl easing bl ock

403 oppSsite to whixlradiatorneach Beta¥ity idiwirq@ekedofaheat £86f1 §£WUCt Or
el ement 404 is attached with an adhesive 405 such
semiconductor element;
a lead having an inner lead portion and an outer lead
portion; and
a resin portion sealing and embedding said semiconductor
10 element, said radiator and said inner lead portion, said
semiconductor element and said inner lead portion attached to said
radiator, said radiator placed to straddle a center of a
thickness-wise direction of said resin portion, said inner lead
portion formed with its end placed at a position deviated from
15 saidcenter of said thickness-wise direction of said resin portion,
said inner lead portion bent toward a direction of said center
ofsaidthicknessofsaidresinportion,andsaidoutefleadportion
protruding from a position of said center of said thickness of
said resin portion.
20
2. The semiconductor device according to Claim 1, wherein
said semiconductor element is attached approximately at a central
region of said radiator in a direction perpendicular to said
thickness-wise direction of said resin portion, and said inner
25 lead portion is attached at an outer perimeter of said radiator
on a side of said radiator to which said semiconductor element

is attached.

* C L M ] *
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as an epoxy resin. The el ectrode pad (not shown in the Il lustration)
of the sem conductor elenent 404 is connected to 15 the inner |ead 401

with a wire 406 such as a gold wire. As with the present

enbodi nent, the heat-rel easing bl ock 403 is also placed at a position
I ntersecting the center of the resin portion 407. However, the center
of the heat-rel easing bl ock 403 and the center of the resin portion
407 do not coincide 20 in the present enbodinent; rather, the center of
the resin portion 407 is positioned closer toward the face of the
heat - r el easi ng bl ock403 to which the sem conductor elenment 404 is

ttached. Th i th
Cee ol The | i35, TG AEREIych il a8 BB NE A 1P thiCL AT BKNGRECBEn | 1T
25 the Oegsat he&ﬁﬁé&?dlfétdﬂ“%ﬂéﬁé t geaewsh@aoe&&ﬂ@@%lh@at i‘bgéﬁd he

the face eat-rel easi ng block 403 at the opposite sid

sem condughQi atbLedrd 434 d" eHABE Y1 & Hortilont REr §£€4a&hed to another of
12 ensures a snooth flow of resin during the resin-sealing

step ardl said pigyeds ddid iradidebect s. According to the present
enbodi nent, the sem conduct or el ement 404 has a size nearly equal to
the heat-rel easi ng bl ock
4. The semiconductor device according to any one of Claims
1 to 3, wherein said radiator is made of aluminum and is provided

with a porous surface by anodic oxidation treatment.

10
5. The semiconductor device according to any one of Claims
1 to 3, wherein a surface of said radiator is treated with a
roughening finish.
15 6. The semiconductor device according to any one of Claims

1 to 3, wherein a surface of said radiator is treated with ceramic

flame-spraying.

7. The semiconductor device according to any one of Claims
20 1 to 3, wherein a surface of said radiator is treated with a

blackening finish.

8. The semiconductor device according to any one of Claims
1 to 3, wherein said inner lead portion of said lead is attached

25 to said radiator via a dielectric material having adhesive
materials on both of its sides, said inner lead portion is attached

so that it intrudes into one of said adhesive materials of said

* [~ L " S *
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5 403. In such a case, a snooth flow of resin is enabled by equal i zi ng
the thickness of the resin portion 407 on the side of heat - r el easi ng
bl ock 403 and the sem conductor el ement 404, rather than sinply
bringing the thickness of the resin portion 407 equal on both sides of
t he heat-rel easing block 403. 10 Al'ternatively, nultiple smaller
sem conduct or el enents nay be nounted in place of the sem conductor

el enent 404 in the present enbodi nment . ] _Figyre 5 alluztrates
a nodi fi catyis duct or device shown in Figure 1 and is a
part of a ?%%2§8§£%€|%%g §¥2m1 15 through the V-V plane of the Figure 1.

As shown in the illustration, a tape 602 for bonding an inner |ead 601
and a heat - r el easi ng bl ock 603 conpri ses adhesive | ayers 602b provi ded

on both sides of9a M 8ehdPSndiiior AR ELOAGEd M Eo'é}f&egglee claimg®0l 1S

arranged in such a way that it intrudes into one adhesive

| ayers 602h, t6)X3 eitieReihOsd NP i¢Ree 1888 3ol bEHEdM lead i@ﬂﬁyé%%lat C

Such an arrangenment prevents a faulty wire bondi ng cause

adhesi v& | apesahf2badbatst ngics af [dilectetcnflatér fal hav_ﬁ'l? RidWesyRder the
tenperature (i.e. 250 to 260[err]C) encountered at e tinme of

bondi ng. mM@terials ofpbobhadf ittlsi sidesf ispidadiebectr jur m&emamfhés)liﬂ:st 0
five times the pressure used in the conventional way (i.

appr oxi mat €ngd pewitipred padepa &pplcpé@abdtmr poetionarn laeaeln’ﬁéhi side

13
of said radiator.

10 10. A method of making a resin-sealed type semiconductor
device comprising:

a first step of placing at predetermined positions a
semiconductor element having electrodes, a lead having an outer
lead portion and a partially bent inner lead portion, and a

15 radiator to which said semiconductor element and said inner lead
portion are attached, said fadiator facilitating divergence of
heat from said semiconductor element; and,

a second step of forming a resin portion sealing said
semiconductor element, said radiator, and said inner lead portion

20 of said lead, in said first step, said radiator is placed at a
position intersecting a center of a thickness of said resin
portion, and a junction between said inner lead portion and said
outer lead portion is placed at said center of said thickness of
said resin portion through a bent portion of said inner lead

25 portion.

11. The method of making a semiconductor device according

i O O R



and t he heat - rel easi ng bl ock 603 before performng the af or ement i oned

step of fabricating the sem conductor device. Next, Figure 6 is
an exanpl e of a neans to prevent the tape separation. Nanely, an inner
| ead 701 is attached to one side 5 of a heat-rel easing block 703 using a
tape 702 havi ng adhesi ves on both sides. In the above
arrangenent, the inner |ead 701 protrudes from the tape 702 toward the
center-side of the heat-rel easing bl ock 703 (i.e. approximately 0.1 to

L L
en pressi‘é&é%f:gg% ;p}%\}t?@eggﬁgtp Snb&?ﬁéo%f@a{h&# e th EREiOT Oy

heat - r el easi ng hem ressure I's app

to the sid ffﬁ%ﬂiﬁﬁiég' 8 rs@PgtéfB2 since the tip 70la of 15 the inner
Eﬁes urt er%ﬁ1

| ead protr an the tape 702. Thus the adhesi on of the
tape 702 to the heat-releasing block 703 is I ncreased as well as the
adhesion of the inner lead 701, to al so i nprove the stability of the

wire bonding.  12. The metdd® dfahkifg & ¥emiebhautteeudev e akaragdgby
bringing the 20 face of the tip 70la of the inner lead 701 flush wth the
si de todCYdPm 1f, wheredpnepridr to performing said first step, said
radiator is provided with an electroplating treatment using an
electric current density that is large enough to cause a surface
roughening phenomenon.
10
13. The method of making a semiconductor device according
to Claim 10, wherein said radiator is treated with sandblasting
to roughen a surface of said radiator prior to performing said
first step.
15
14. The method of making a semiconductor device according

to Claim 10, wherein a surface of said radiator is treated with

ceramic flame-spraying prior to performing said first step.

20 15. The method of making a semiconductor device according
to Claim 10, wherein a surface of said radiator is treated with

a blackening finish prior to performing said first step.

16. The method of making a semiconductor device according
25 to any one of Claims 10 to 15, wherein said first step comprises:
a step of attaching said inner lead portion of said lead
to said radiator via a dielectric material having adhesive
AR TR
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14 CLAI M5 1. A
resi n-seal ed type sem conductor device conpri sing: . a

sem conductor el enment having el ectrodes; 5 a radi ator
facilitating divergence of heat from said sem conductor el ement;

a |l ead having an inner |ead portion and an outer |ead portion; and
a resin portion sealing and enbeddi ng said sem conductor 10 el enent, said
radi ator and said inner |ead portion, said sem conduct or el enent and

sai d inner ﬂa%%giggéﬁ 5§?ia§tggtq}eﬂ8.%{eﬁ§§i§?\ﬁ ‘o radi ator, said radiator placed

to straddl e a Ccén direction of said resin
portipn, Sa'd 'nneralgegp of éﬂﬂfyi%@ Boﬁﬁgggﬁ!éibééﬁ%eﬁngaghafﬁﬁgfulé%d
position deviated from
portion and said dielectric material so that said inner lead
portion is caused to intrude into one of said adhesive materials

5 on said dielectric material.

17. The method of making a semiconductor device according
to any one of Claims 10 to 15, wherein said first step comprises:

a step of pasting a dielectric material having adhesive

10 materials on both of its sides to an outer perimeter of said
radiator;

a step of pasting said inner lead portion to said
dielectric material in such a way that said inner lead portion
extends at least to an end of said dielectric material on a side

15 of a center of said radiator or closer to said center; and

a step of applying pressure to an area between said inner

lead portion and said radiator.

* [ L ] s *
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i5 said center of said thickness-wise direction of said resin portion,

said inner |ead portion bent toward a direction of said center of said
t hi cknessof said resin portion, and said outer |ead portion pr ot rudi ng
froma position of said center of said thickness of said resin portion.
20 2. The sem conductor device according to Claim1l, wherein

sai d sem conductor elenent is attached approxinately at a central

region of said radiator in a direction perpendicular to said

t hi ckness-wi se direction of said resé#[#ﬁ@@%rg(@#f on, and said inner 25 |ead
portion is attached at an outer peri sai d radi ator on a side of
said radiator to which said sem conductor el enent is attached.

15 3. The sem conductor device according to aim

1, wherein %bdmié&hmheﬁléé%@?ﬁﬁléﬁ dekrkated ﬁé%l(ﬁnﬁpil@{ gga of
sai d radi ator, and said inner |lead portion is attached to another of 5
said SidesbéfpféWéhﬁéﬂﬂ abfé-embodiment has a metal heat-releasing plate
5 (103) with good thermal conductivity, which is sealed within a
resin portion (107). An inner lead (101) is attached to the
heat-releasing plate (103) and is at the same time provided with
a bent portion. The heat-releasing plate (103) is located at the
center of the resin portion (107) in its thickness-wise direction.
10 The above arrangement roughly equalizes the spaces above and under
the heat-releasing plate (103), thereby improving the resin
filling performance to enable fabrication of a semiconductor

device without causing defective resin filling such as anunfilled

portion.

15
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4. The seniconductor device according to any one of C ains 1to 3

wherein said radiator is made of alum numand is provided wth a
porous surface by anodic oxidation treatnent. 10 5. The

sem conductor device according to any one of C ains 1 to 3, wherein a
surface of said radiator is treated with a rougheni ng fini sh. 15
6. The semni conductor device according { éhy one of C ains l1to 3,
wherein a surface of said radiator is treated with ceramc

f | ame- sprayi ng. 7. The sem conductor device according to any
one of Clains 20 1 to 3, wherein a surface of said radiator is treated
wth a bl ackeni ng fi ni sh. 8. The sem conductor device
according to any one of C ains 1 to 3, wherein said inner |ead portion
of said lead is attached 25 to said radiator via a dielectric materi al
havi ng adhesi ve materials on both of its sides, said inner |ead
portion is attached so that it intrudes into one of said adhesive
material s of said 16

FIG. |

V <
o8 10 | 04 106 07
TS
|
/o
|02(_I IC}3 \IOS
, | v



dielectric material.
any one of Cains

9. The sem conductor device according to
1 to 3, wherein said inner
is attached 5 to said radiator via a dielectric material having adhesive

| ead portion of said | ead

materials on both of its sides, said dielectric material has its end
positioned under a tip of said inner portion on a center side of said
radi at or. 10 10. A nethod 0f2¢ﬂ5rm)a.re5|n seal ed type

sem conduct or devi ce conpri si ng: a first step of placing

at predetermined positions a

a | ead having an outer

i nner | ead portion are attached,
of heat from said sem condul

step of formng a resin portion

sai d radiator, and sai d i nner
step, said radiator is placed at a
t hi ckness of said resin

| ead portion and said
said thickness of
i nner | ead

)
-

S
(T

out er
said resi

portion,

sem conduct or el ement havi ng el ectrodes,
| ead portion and a partially bent inner |ead
portion, and a 15 radiator to which said sem conductor el enent and said

said radiator facilitating divergence

EIjr gé and,
| sem conduct or el enent,

| ead portlon of

a second

said lead, in said first

p05|t|on intersecting a center of a
and a junction B86&2wen said inner

| ead portion is placed at said center of
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25 portion. : 11. The met hod of making a sem conductor device
accordi ng 17 to Caim
10, wherein.said radiator is made of alum num and said radiator is
provided wi th anodic oxidation treatnment prior to performng said
first step. 5 12. The met hod of mnaking a sem conductor device
accordi ng to daim10, wherein pr8gfSo performing said first step,
sai d radiator is provided with an el ectroplating treatnent using an

el ectric current density that is |arge enough to cause a surface
rougheni ng phenonenon. 10 13. The nmethod of nmaking a

sem conduct or devi ce according to daim110, wherein said radiator is
treated with sandbl asting to roughen a surface of said radiator prior
to performng said first step. 15 14. The met hod of naking
a sem conduct or devi ce according to Caim10, wherein a surface of
said radiator is treated with

301 304 306
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ceranic flame-spraying prior to performing said first step. 20 15.
The nmet hod of naking a sem conductor device accordi ng to daim1l0,
wherein a surface of said radiator is treated with a bl ackeni ng finish
prior to performng said first step. . 16. The nmet hod of making a
sem conductor device according 25 to any one of Clains 10 to 15, wherein
said first step conprises: 4 step of attaching said inner

| ead portion of said | ead to said radiator via a dielectric nmateri al
havi ng adhesi ve - 18

materials on its both sides; and a step of applying a
pressure between said inner |ead portion and said dielectric nmateri al
so that said inner |ead portion is caused to intrude into one of said
adhesive materials 5 on said dielectric material. 17. The
met hod of making a sem conductor devi accordi ng to any one of Cains
10 to 15, wherein said first step co ses: a step of
pasting a dielectric material having &dhesive 10 naterials on both of its

sides to an outer perineter of Sai%;)ﬂ
/// 602b
RN

< S 6020~-602
FIG.5
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radi at or; a step of pasting said inner |ead portion to said

dielectric material in such a way that said inner |ead portion ext ends
at least to an end of said dielectric material on a side 15 of a center of

said radiator or closer to said center; and a step of

appl ying pressure to an area between said inner | ead portion and said

radi at or . 5/5 19
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