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Fol- RESI N SEALI NG TYPE SEM CONDUCTOR RIm (’éA;
DEVI CE AND METHOD OF MAKI NG THE SAME 0«%&)

OF THE | NVENTI ON 1. Field of the Invention 5 The
invention relates to a sem conductor device with a heat radiator and
a nmet hod of making such a sem conduct or -1- devi ce. 2.
Description of Related Art In recent years, with the increase
i n power consunp- 10 tigesPli sERLMS! Tepe SEMItONDYEYORES. the need for
| ow cost | nprovenents to the heat radiating properties of sem con-
ductor devices with has | PEBVITEANDTGETHOD OF MAKENG THE SAME has been
st udi ed whet her the thermal conductivity in | ead frames or sealing
resin should be inproved. In ternms of the 15 structure, it has been
studi ed whet her the heat radiating

. - BACKGROUND OF THE INVENTION

1. FEield of the Invention

5 The invention relates to a semiconductor device with.
a hea{ radiator and a method of making such a semiconductor
device.

2. Description of Related Art

In recent years, with the increase in power consumpf

10 tion of the VLSI and similar devices, the need for low cost
improvements to the heat radiating properties of semicon-

ductor devices wifh has increased. To meet this need, it

has been studied whether the thermal conductivity in 1éad

frames or sealing resin should be improved. In terms of the

15 structure, it has been studied whether the heat radiating
property should be improved by changing the design of the

lead frames or by providing an additional heat sink or heat
radiator. Particularly the improvement of the heat radiat-

ing property of a package by adding the heat radiator 1is



‘proberty shoul d be inproved by changing the design of the | ead

frames or by providing an additional heat sink or heat radi at or.
Particularly the inprovenent of the heat radiat- i ng property of a
package by adding the heat radiator is _ _

- 2- believed to be the nost orthodqg;xnmterneasure in LSIs in
whi ch the power consunption thereof is substantially equal ~ totwo
watts per chip. . From t he vieywoint of the heat radiatiqgn, JP
653300 5 | DEdENEGedoaber thE PR ATHAPEAXCRUATrIBRRUGE ARyIRGSATN
hi gh thermal conductivity is used in place of a die pad. Such a
structure can p Ihfle Serl.aen l.C i ! o]

heat radiation.wﬂ\“bﬂ the sahg?fggﬁégﬁngﬁﬁugFgfaéfei§n§“P§tﬁ83xﬁiiyoﬁ99g‘
heat 10 radiator after the heat radiator has been plated with

silver or the |itgetwbh@ather per eniplectrical conductivity

‘ From the viewpoint of the heat radiation, JP 6-53390

5 discloses a structure in which a heat radiator having a

high thermal conductivity is used in place of a die pad.

Such a structure can provide a semiconductor device that is
superior in heat radiation.

If a semiconductor element 1is mounted on a heat

10 radiator after the heat radiator has been plated with

silver or the like, the thermal or electrical conductivity

between the heat radiator and the semiconductor chip can be

improved.

However, the plating materials such as silver or the

15 like are inferior 1in resin adhesion property. If the

semiconductor device is of resin sealing type, therefore,

a gap tends to be formed between the heat radiator and the

sealing resin due to inferiority of the adhesion there-

between. If moisture is accumulated in such a gap then
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‘bet ween the heat radiator and the sem conductor chip can be

| mproved. However, the plating materials such as silver or the
15 like are inferior in resin adhesion property. |If the
sem conductor device is of resin sealing type, therefore, ~a gap
tends to be formed between the heat radiatorgand the sealing resin
due to inferiority of the adhesion there- - between. If noisture is
accurmul ated in p er . . . -3
when the seni com}l g‘%e@é‘@b&?@'ﬁ%&?"edﬁje\’h‘é‘e mbf sPERLefy the m°1StHé_e may
expanded into vapor to enlarge the gap, resulting in - separation of
‘the heat radi at gy S o] r | :
SMARY O THE EVERRT A 76 LHd’i’%[het%bggé rge Y Rap, Cresuiting in
provide a resin seal i ng type sen1conductor devi ce whi ch has
superi or separation of the heat radiator from the semiconductor
chip.
5 SUMMARY OF THE INVENTION

The objedt of the invention is to provide a resin
sealing type semiconductor device which has superior
adhesion properties between the heat radiator and the
sealing resin and whfch has superior heat radiating

10 propgrtiés, and a method of making such a semiconductor
device.

The invention provides a resin sealing type
semiconductor device comprising a semicondudtor element

. with an electrode and a fixing surface. The fixing surface

15 is bonded to another member. A heat radiator for cooling
the semiconductor element has a mounting surface for
mounting the semiconductor element. A bonding layer exists
between the fixing surface of the semiconductor element and

the mounting surface of the heat radiator and is disposed



‘adhesi on properties between the heat radiator and the sealing resin

and whi ch has superior heat radiating 10 properties, and a method of
maki ng such a seni conduct or devi ce. The invention
pr.ovi des a resin sealing type sem conduct or device conpri sing
a sem conduct or el enent with an el ectgode and a fixing surface. The
fixing surface 15 I s bonded to another nenber. A heat radiator for

cool i ng e ] 4610 nt S t| urfa

mount  ng the seRicsREURPBRCLRlnBHFF EE8 D TAR hOnTHE" LaFel T 576l P, fpen
the fixing surface of the sem conductor elenment and the mounti ng
surface of the $¢§Enba§U??ﬁbe@nﬂn'%dﬂb%ﬁ@%BQ3yer bonds .the semiconductor
-4- on the mounting surface. The bondi'ng layer is snmaller than

fixing surface. An adhesive |ayer bonds the sem conductor el ement
to the bondi ng edgmentWtoetheorbwwdingabsydp. tWeéres connect leads to the

' electrodes of the semiconductof element. A resin package
5 seals the semiconductor element, the heat radiator, parts
of the leads, and the connecting wires.

Since the planar dimension of the bonding iayer formed
on the:heat rédiator is smaller than that of the fixing
surface of the semiconductor element, the bonding tayer

10 will not extend outwardly from the semiconddctor element.
Therefore, the resin paékage can seal the heat radiator
without contacting the bonding layer. This provides an-
improved adhesion property between the resin package and

. the heat radiator.

15 © With the resin sealing type semiconductor device, it
is preferred that the heat radiator is electrically conduc-
tive, the fixing surface of the semiconductor element being

electrically connected to the mounting surface of the heat

radiator.



‘el ectrodes of the sem conductor element. A resin package 5 seal s the

sem conduct or el enent, the heat radiator, parts of the | eads, and
t he connecting wires. Since the planar dinmension of the
bondi ng | ayer forned on the heat radiator is smaller than that of
the fixing - surface of the senicondugégr el enent, the bonding | ayer
10 w Il not extend outwardly fromthe sem conductor el enent.

Therefore, the resin package can _seal .the heat ragi ator i t hout
contacting the bondiﬁ@‘l% GC War spr&b?d@? nraé%é%oriﬂﬁ?ggéﬂbi%hgéﬁo@n

property between the resin package and the heat radiator. 15

Wth the resin ' pe ' ot ~deyvi s 1t : i ef.err
that the heat r ot (AP epSREEIVHED Canfddtio tp, jits | GoBUT R
surface of the sem conductor el enent being el ectrically connected to

the mounting surdoriuctfivittg .heaElectricandyi dodductive materials include
' various metals such as gold, si]ver. and copper. It is
5 further preferable that the semiconductor element is
electrically connected to the heat radiator through the
fixing and mounting surfaces of the semiconductor element
and heat.radiator. Thus, the semiconductor element may be
grounded through the heat radiator if the heat radiator is
10 - in negative potential, for example.

It is further preferable that the bonding layer inter-
posed between the fixing and mounting surfaces of the
semiconductor element and heat radiator have an electrical

. conductivity higher than the surfaée of the heat radiator.

15 The electrical conductivity between the fixing and mounting
surfaces is thus improved through the bonding layer. For
example, the heat radiator may be made of copper while the

bonding layer is made of silver.

With the resin sealing type semiconductor device, it



‘I'n other words, the heat radiator preferably has an el ectrical
conductivity in addition to its good thermal conductivity.
Electrically conductive materials include various netals such as
gold, silver and copper. It is 5  further preferable that the

sem conductor element is electricglly connected to the heat
radi at or through the f|X|ng and mounting surfaceﬁ of the 4

sem conduct or el.ement nd heat radiator. Thus, the sem conductor
el ement may be 1SW%UFth@ﬁo@ﬁ&é@rfﬁﬂoﬁﬁﬁttﬁ@ ﬁéaptraaaaﬂarcpnduné1w@aﬂayer

radiator is ‘10 in negative potential, for exanple.

Fixi ng and mountFnd iAot 28 ¢héa B¥Rer' 3bEh: tha hapd "Sgiﬂk%féﬁﬁﬁﬂhiﬁs

radi ator have an el ectrical conductivity higher than the surface of

the heat radiat gounting suTW%c%'thb'EQBCT??gﬁqﬁ&VbbﬁdBEEW@S”AEEErfhébqﬂg
and nmounting surfaces 1s thus inproved thiough t bon g | ayer.
For exanpl e, the heat radi ator nay be nade of copper while the

bondi ng | ayer i anmedecdfr igidlveronductivity higher than the surface of the
5 heat radiator.

The electrically conductive layer can electrically
connect the electrodeslof the semiconductor element to the
heat radiator or the leads to the heat radiator. Wires can
connect . the electrodes to the heat radiator, and can

10 connect the leads to the heat radiator. As a result, the
flexibility in designing the 1leads can be improved by
electrically connecting the electrodes to the leads through
the heat radiator. The materials of the electrically

- conductive 1layer include various metals such as gold,

15 silver and copper.
| With the resin sealing type semiconductor device, the
conductive layer may be disposed contfnuous]y around the
periphery of the bonding layer or may be formed in a shape

of a dot having a diameter equal to that of the connecting



‘VVth the resin sealing type sem conductor device, it

- 6- Is further preferred that an electrically conduct i ve | ayer

is formed in an area other than the bonding | ayer on the nount i ng
surface, the electrically conductive |ayer having an el ectri cal
conductivity higher than the surface of the,_5 - heat radiator.

The electrically conductive |ayer can electrically connect the

el ectrodes of the sem conductor elenment to the heat radi ator or the
| eads to the hedt M&di at or. eres can connect the el ectrodes to
the heat radiator, and can connect the Ieads to the heat radiator.

by G ectri cal M tonfilt 083%3’33? £2 i1 the° Eortihsils, Rhase”

the heat radiator. The naterlals of the electrlcally

conductive | ayepriotpdudhe’ Perdphest A tHeCbdRi ) hayer, the electrodes
‘ of the semiconductor element or leads can easily be con-
5 nected with the conductive layer by the connecting wires..
With the conductive layer in the shape of a dot, the
contact area between the resin package and the conductive
layer can be minimized since the size of the conductive
layer is the minimum necessary for connecting the connect-
10 ing wires and the conductive layer. Since the conductive
layer has an inferfor adhesion property because of the
resin package, the separation of the resin package from the
conductive 1ayef can be reduced to a minimum by minimizing
the contact area between the resin package and the conduc-

15 tive layer.
It is further preferable that the bonding layer has a
thermal conductivity higher than the surface of the heat

radiator.

Thus, the semiconductor element can effectively be



+ 15 silver and copper. Wth the resin sealing type

sem conduct or device, the conductive | ayer may be disposed
continuously around the peri phery of the bonding | ayer or may be
formed in a shape of a dot having a dianeter equal to that of the
connecting . 8- -7- W res.
Wth the conductive |ayer in the cont i nuous “shape around t he

peri phery of the bonding | a t he el ectrodes of the sem condugt or
el enent or | eadgoedfdeRyi | fﬁé"c%ﬁ—]y opnductiitg ethey hpathd reBhding i §@mi-

| ayer by the connecting wres. Wth the conductive layer in
the shape of a cont the resin package and
t he conductive 88&dua?8ra§éﬁmggﬁ g@ ﬁﬁ%iﬁéggdpgbmgggfhe size of the
conducti ve | ayer is the m ni mum necessary for connecting the

connect- 10 Ing phrescadrife GANAYRL' ViGed fiY Cpackhlee 44118 0RECI hy st
‘ radiator while leaving part of the heat radiator exposed,
5 the efficiency of heat radiation can be further improved.
The resin sea]ing type semiconductor device is provid-
ed by a method comprising several steps.
A bonding layer, which is smalier than a fixing
surface of a semiconductor element, is mounted on a mount-
10 ing surface of a heat radiator.
The fixing surface of the semiconductor element is
bonded to the bonding 1ayér via an adhesive agent.
Leads and electrodes of the semiconductor element are
. connected using connecting wires.
15 The semiconductor element, the heat radiatof, parts
of the leads and the connecting wires are sealed with a
resin to form a resin package.

It is preferable that the method of making the resin

sealing type semiconductor device further comprise the



‘layer has an inferior adhesion property because of the resin

package, the separation of the resin package fromthe conductive

| ayer can be reduced to a m ninmum by nmnimzing _ the contact area
bet ween the resin package and the conduc- 15 tive |l ayer. It
Is further preferable that the bonding | ayerghas a t her ma
conductivity higher than the surface of the heat radi at or.

Thus, the senicqgﬁag%ﬁr el t can effectively be : cool ed
by efficiently c [ eat fromthe sem - conduct or el ement
to the heat radiator. Particularly, if the resin package seals
the heat = . radialg st 1¢ diRAMdul R terPthddica Nt ¢ 1861 26 PT aB¥RRTARY:
5 the efficiency of eat ation can be further T nprove

The resin sealing type sen1conductor device is provid-
a first recess on one surface of the mask and another

portion for defining a second recess on the other surface
5 of the mask. The diameter of the first recess is larger
than the diameter of the second recess, the diameter of the
second recess is similar to the diameter of one of the
connecting wires, and the first recess and the second
recess form a through hole.
10 The second recess of the mask is placed on the
mounting surface of the heat radiator.
A conductive layer, whose diameter is similar to a
diameter of one of the connecting wires, is formed in a
- shape of a dot through the through hole of the mask on the
15 mounting surface of the heat radiator by means of electro-
plating.
The conductive layer and electrodes of the semi-
conductor element are connected via a first set of

connecting wires, and connecting. leads and electrodes of



‘ed by a nethod conprising several steps. A bondi ng | ayer, which

Is smaller than a fixing surface of a sem conductor elenent, is
nounted on a nount- 10 ing surface of a heat radiator. The
fixing surface of the sem conductor elenent is - bonded to the bonding
| ayer via an adhesive agent. Lagds and el ectrodes of the
sem conductor elenent are connect ed usi ng connecting rﬁres 4
The seni conduct I t a of t S anh
'he connecting wSSaRgondiEoR gt aPe offibGted vig £ 2qdihd, e
package. It is preferable that the nethod of making the resin
seal ing type serggretHciny wigdgse further conprise the

-9- foll ow ng steps. A mask is provided which has a

portion for defining _
Parts of the leads and the connecting wires are

sealed with the resin.
5 These methods can efficiently produce the semicon-
ductor device of the invention.

Particularly by using the mask in which an aperture is
made with a large—diémeter recess on one surface thereof
and a small-diameter recess on fhe other surface thereof

10 communicating with each other, the plating material can
effectively pass through the aperture. Even if the
spot-Tike conductive layer is relatively small, it can
easily be formed on the mounting surface of the heat
radiator.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail with refer-
ence to the following drawings, in which like reference
numerals refer to like elements and wherein:

Fig. 1 is a schematic sectional view taken along the



‘a first recess on one surface of the mask and anot her portion for
defining a second recess on the other surface 5 of the mask. The

di aneter of the first recess is |arger than the dianeter of the
second recess, the dianeter of the ' second recess is simlar to the
di ameter of one of the connecting wynes, and the first recess and
the second recess forma through hol e. The second

f h k nountj n urface of the
hest radintor - 1TREC 1 i N%onﬁuébpvénpaeersemmgd UG torerdavice o Ehe

to a di aneter of one of the connecting wires, is forned in a _
shape of a dot tht@HER hhe t hrough hole of the nask on the 15 nount i ng
surface of the heat radi 4t or by neans of el ectro- pl ati ng.

The conductive layer and el ectrodes of the semi- conduct or elenent

are connected via a Fiigst 2s4ts @&f schematiO'PRA I VieWM ¢ £SthéNSeRPESRELE PO
| eads and electrodes of
device of the invention without a resin package;
5 Fig. 3 illustrates another embodiment of the semicon-
ductor device of the invention;
Fig. 4 1illustrates still another embodiment of a
semiconductor device of the invention;

Fig. 5 is a diagram showing a process of making the

10 semiqonductor device shown in Fig. 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic sectional view taken along the
Tine I-I in Fig. 2 showing a semiconductor device of the
invention. Fig 2 is a schematic plan view of the semicon-

15 ductor device without a resin package.

The semiconductor device comprises a heat radiator 10,
a semiconductor element 20 disposed on the heat radiator
10, a plurality of leads 30 and a frame lead 32 disposed

outside of the semiconductor element 20. These components



- 10- t he sem conductor el enent are connected via a second set of
connecting wres. Parts of the |eads and the connecting
wires are sealed with the resin. 5 These nethods can
efficiently produce the sem con- ductor device of the invention
Particularly by using the mask in which an_gperture is made with a
| ar ge- di aneter recess on one surface thereof and a snmal | -di anet er

recess on the other surface thereof. 10 co ni cating with each ot her,
the plating nateariealseac]aﬁgceny a rexyn.A3ckagde p@gs t hrough the aperture.

Even if the spot-like conductive layer is relatively small, it can

! _ | ol 2
BRI EF DESCR PT1 N CF hees iy N’ T8~ 735 the e adiator, 1)1 ARTUdes™

described in detail with refer- ence to the follow ng drawings, in
which like refer@re@ portionnuaeantisarsh€T1 tpodtich alemdits G e the

' large portion 12, forming an inverted T-shape in

5 cross-section. The lower surface of the large portiqn 12
forms a mounting surface 16 on which the semiconductor
element 20 is mounted. The upper surface of the small
portion 14 forms an exposed area since the resin package 40

does not seal the upper sﬁrface. With this structure the

10 heat radiation of the semiconductor device can be improved.
The heat radiator 10 may be formed of epoxy substrates

or ceramics, preferably formed of thermally conductive
material such as copper, silver or go1d. These metals are

- also electrically conductive. In this embodiment copper is

15 used for economical considerations. On the mounting
surface 16 of the heat radiator 10 a bonding layer 22 is
disposed. The semiconductor element 20 is mounted on the

heat radiator 10 through the bonding layer 22. The bonding

lTayer 22 is superior in thermal and electrical conductivity



-Fig. 1 is a schematic sectional view taken along the i ne

|-1 in Fig. 2 showing a seni conductor device of the I nventi on;

Fig. 2 is a schematic plan view of the sem conductor devi ce of the
i nvention without a resin package; 5 Fig. 3 illustrates another
enbodi nrent of the sem con- duct or g§§Lce of the invention

Fig. 4 illustrates still another enbodi nent of a sem conduct or
device of the invention: .Fig. 5 is,a diagram show ng a_process
of making the fé‘“n maysRf; £8RAGH: Of %ﬂeﬁ‘f‘%’e sgr?o%%fnpﬁgé.’"&'!“s ToleXalipe:
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1is a

h ti ti | i t t sl -4 Fi f
S L ety A7, VAR BREBAERE W jver, o D8glr | 401 7 BooBoRfagins
vi ew of the sem con-

considerations. The bonding layer 22 is thin and equal to
a few micrqns in thickness although it is exaggeratedly
5 shown in Fig. 1. The bonding layer 22 may be formed throQgh
sputtering or electro-plating. Alternatively, the bonding
layer 22 may be in the form of an embedded thin fiim or a

plate with an electrical conductivity.
The sémiconductor element 20 has a fixing surface 24
10 which faces the bonding 7layer 22 and is electrically
connected with the bonding layer 22. When the heat radiator
10 is formed of copper and the bonding layer 22 is formed
of silver, the semiconductor element 20 can electricai]y be
connected with the heat radiator 10 via the fixing surface
15 24 through the bonding layer 22, because these metals are
electrically conductive. In addition, the bonding layer 22
formed of silver can effectively maintain the electrical
connection since tﬁe electrical conductivity of the silver

is higher than that of the copper.



15 ductor device without a resin package. The sem conduct or

devi ce conprises a heat radiator 10, a sem conductor el ement 20

di sposed on the heat radiator 10, a plurality of leads 30 and a
frame | ead 32 di sposed out si de of the sem conductor el enent 20.
These conponents —{4- -1 2- are
seal ed by a resin package 40. As shomg I n Flg 1, the hezt

radi ator 10 incl udes and .a por n
protruding fromthe When thPar%@ﬁ%‘?'ﬁ‘?‘b&‘u{qg ]éf%(?m‘ﬁnﬁg |1rﬁ/elet f‘é"ﬁéﬂé’

I n 5 cross-section. The |lower surface of the large portion 12

- forms a nountingardaeR] 60 tHY Hedder f@f&r“d‘r’@tPﬁ such shﬁa?-nt A2
& 13 Pl

is mounted. The upper surface of the smal
exposed area since the resin package 40 does not seal the upper

surface. Wth t semictonductior elemeh® 20 tgntedsili nibey rdfurididl IBFoURMERkOr
devi ce can be | mproved. |
heat rad1ator 10 if the heat radiator 10 is in negative
5 potential, for example.

As seen from Fig. 1, the length "1" of the bonding
layer 22 is smaller than the length "L" of the fixing
surface 24 of the semiconductor element 20. Thus, the
bonding Yayer 22 will never extend beyond the periphery of

10 the fixing surface 24.

This arrangement is provided because when the bonding
tayer 22 is formed through silver plating, the silver is
inferior in adhesion to a resin which forms the resin

. package 40.
15 If the bonding layer 22 extends outwardly from the
periphery of the semiconductor element 20, the extended
layer portion cannot effectively adhere to the resin

package 40. It may be possible that the resin package 40

is separated from the bonding layer 22. 1In such a case, it



‘“The heat radiator 10 may be formed of epoxy substrates or ceramcs,
preferably fornmed of thermally conductive material such as copper,
silver or gold. These netals are - also electrically conductive. In
t his enbodi nent copper is 15 used for econonical considerations.

On the nounting surface 16 of thq_ﬂgat radi ator 10 a bondi ng

| ayer 22 is di sposed. The semi conduct'dr el enent 20 is nounted on

t he heat radi ator 10 through the bonding |ayer 22. The bondi ng
| ayer 22 is supeﬁorasﬁﬁ‘"l‘ﬁgr ﬁgﬁgang‘h%l ehagtddicadongapnegitipn between the
-13- and may be forned of silver, gold or platinum for exanple.

The bondi ng | ayer 507 s PR Eo8nE? 4Tt Bo Sem1EBhaugtog, et RHRRiC U o “tne
t hi ckness although it is exaggeratedly

bonding layer 22 is broken. This means that the electrical
connection cannot be assured when the fixing surface 24 of

5 the semiconductor element 20 is to be connected to ground
(GND) through the bonding layer 22, for example.

As shown in Fig. 1, therefore, the planar dimension of
the bonding layer 22 is forméd to be smaller than that of
the fixing surface 24 of the semiconductor element 20 so

10 that the bonding Tayer 22 will never extend beyond the
periphery of the fixing surface 24. Thus, the resin
package 40 will not contact the bonding layer 22. As a
result, the resin sealing can completely be made while the
electrical connection between the fixing surface 24 of the

15 semiconductor element 20 and the bonding layer 22 is
certainly maintained.

More particularly, the semiconductor element 20
adheres to the heat radiator 10 by an adhesive layer 26 of

silver paste. As shown in Fig. 1, the adhesive layer 26



‘5 shown in Fig. 1. The bonding layer 22 may be forned through
sputtering or electro-plating. Alternatively, the bonding | ayer 22
may be in the formof an enbedded thin filmor a plate with an

el ectrical conductivity. The sem conductor el enent 20 has a

fixing surface 24 10 which faces the_ Pgnding |l ayer 22 and is
electrically _ connected with the bon& ng | ayer 22. \Wen the heat

radi at or 10 is f0 copper and the bonding |ayer 22 is forned
of silver, the g@ﬁméoﬁdﬁdﬁgegewghﬁ d ﬁeéaﬁsetﬁch@YQalg§ 3 anar d1mens1on
connected with the heat radiator 10 via the fixing surface

conducti ve. 1 BRBE orehatho thend: ek BT 58867 2% “6F , the, Wﬁgq&@@p&g' 'y

effectively nmaintain the electrical connection since the electrical

ngductivity of g1 BMcht! ¥O. If the' DoMGRY AT PRI 4 Neh&OPPESNFined

within this fillet, fhe bonding layer 22 will nevef contact
5 the resin package 40. When a tolerance of disposing the
semiconductor element 20 is taken into account, however, it
is preferable that the planar dimension of the bonding
layer 22.is smaller than that of the fixing surface 24.
For example, the 5onding layer 22 preferably has such a
10 shape that the periphery of the bonding layer 22 is located
about 0.05 millimeters inwardly of the periphery of the
fixing surface 24.
On the mounting surface 16 of the heat radiator 10, a
- plurality of spot-like conductive layers 18 are formed,
15 spaced away from one another around the semiconductor
element 20. The conductive layers 18 are formed of a
material which is superior in electrical conductivity, such
as silver, gold, or platinum. Particularly from the

economical viewpoint, this_embodiment uses silver. Although



‘When the sem conductor elenent 20 is electrically connected with
the heat. radiator 10 in such a manner, the sem conductor el enent 20
can easily be grounded through the heat radiator 10 if the heat
radiator 10 is in negative 5 potential, for exanple. As
seen fromFig. 1, the length "1" of the bong? | ayer 22 is smaller
than the length "L" of t he fixing face 24 of the seniconductor

el enent 20. Thu onding | ayer 22 will never extend beyond the
peri phery of %he CPHQUF¢£Vﬁg]§dﬁF§Cé82@Te shown exaggeyatedwuntRhekt ins

provi ded because when the bonding | ayer 22 is formed through silver

pl ati ng, the si f r|or adhesj,on to_a resin i.ch forns
the resin l:\{gacka’getﬁ%y af%U%] ép?f Bhé“ﬁ% %PHB 14y ef gg”éktiﬂﬁgr
outwardly fron1the ' peri phery of the sem conductor el enent 20, the

ext ended hh@y¥Rg BO%hi@ n%%”@hu hf 4%t 2/ Sl %ji'?f‘rr d0 th¢ é674dctive
F IS

package 40. It may be possible that e resin package
separated fromthe bonding layer 22. In such a case, it
layers 18 may be formed through any suitable technique,

5 such as sputtering or electro- plating. Alternatively, the
conductive layers 18 may be in the form of an embedded
silver stud.

Since the electrical conductivity of the silver
forming the conductive layers 18 is higher than that of the
10 copper forming the heat radiator 10, the electrical
connection can effectively be maintained by connecting the
semiconductor element 20 to the heat radiator 10 through
the conductive 1layers 18, rather than via a direct
connection.
15 The conductive layers 18 are electrically connected to
electrodes 28 in the semiconductor element 20 or to leads
30 via connecting wires 34.
On the top surface of the heat radiator 10, an

insulation layer (not shown) is formed except on the areas



-is assuned that the electrical connection between the fixing
surface 24 of the sem conductor elenent 20 and the bondi ng | ayer
is broken. This

assured when the fixing surface 24 of

connecti on cannot be
t he sem conductor el enent 2

means that the electrical

s to be connected to ground (GND) igrough t he bonding | ayer 22,
for exanple.
di mensi on of

As shown in Fig. therefore t he pl anar
the bonding | ayer 22 is fornmed to be snmaller than th

of t he pmkwﬁdcbuﬁh§c§°2¢169 ﬂﬁ¥e§eﬂ?céﬁﬁu@96¢U§FéHﬁnﬂ329r§o1319re
that the bonding Ilayer 22 wl| never extend beyond the perrphery
of the fixing

not contact the
can conpl etely be nmade while the el ectrical connection betmeen th

fixing surface

bondi ng

| ayer

10

totieio” 06h 25 theutdtion " TaYEr may halTRERRR S BhY
%glﬂ’ctfalbtsl'ée materiateds CeaFUGOrit ehgge@t dedi r@d‘dinéﬂ?ation

certarnly maintal ne

property. It is however preferable thét the material is a

metal oxide film provided by oxidizing the metal forming

the heat radiator 10, for example. If the heat radiator 10
is formed of copper, the surface of the heat radiator 10
may be oxidized by the use of a strong a]ka]ine treating
Tiquid to form an insulation layer. With such an insulation
layer, the leads 30 and frame lead 32 can be prevented from
short-circuiting with the heat radiator 10. If the insula-
tion layer is formed of copper oxide, it is normally of a

dark color such as black or brown. Thus, the leads 30'can

- easily be recognized using image recognhition in the wire

15

bonding process. In addition, the adhesion property of the
heat radiator 10 to the resin package 40 can be improved to

increase the mechanical strength in the resin package.

On the mounting surface 16 of the large portion 12, a

continuous support 36 is fixed by adhesive. The support

22
0

at

e



-More particularly, the sem conductor el enent 20 adheres to the heat
radi ator 10 by an adhesive | ayer 26 of silver paste. As shown in
Fig. 1, the adhesive | ayer 26 -1
6- forns a fillet which diverges to have its planar dinmension
llarger than the fixing surface 24 of the segpconductor el ement 20.
I f the bonding | ayer 22 has a shape confined within this fillet,

he bondi I i h ' k
2 tolerance of BK4gAGRngeMa the BSt Bhar xonfthb el Erbe "Ser e ot it o

account, however, it Is preferable that the planar dinension of the

bondi ng ; | it t heafi Xi rfac -
For exanpl e, thégggﬁgrﬁg ?%fﬁﬁﬁggﬁgﬂgggﬁggpaﬁﬁg?n§uzﬁraék§%p$g’sﬁd@ggﬁnat
t he periphery of the bonding |ayer 22 is | ocated about 0. 05

mlli m_eters | nwgedkyngf rebenpsutRhasypeiiyifede or epokyxiregipurface 24.
‘ The support 36 has so small a width along the periph-
5 ery of the heat radiator 10 as to support only parts of the
leads 30. The support 36 made of the aforementioned resin
material absorbs moisture by nature, but the amount of the
absorbed moisture may be reduced to as little as possible
by makihg the support 36 small.

10 , The leads 30 are fixedly adhered to the support 36.
The frame lead 32 is disposed between the semiconductor
element 20 and the leads 30 but does not éontact the 1eadé
30. As shown in Fig. 2, the frame lead 32 includes four
support leads 32a extending outwardly that support thé

15 frame lead 32 in a stable manner. Each support lead 32a
has a part fixed on the support 36.

The frame lead 32 functions as a source voltage (Vcc)

lead or a reference. voltage (Vss) lead. If the frame lead

32 1s used as a Vcc lead, the number of necessary power



‘On the nounting surface 16 of the heat radiator 10, a plurality of
spot-1li ke conductive |ayers 18 are forned, 15 spaced away from one
anot her around the sem conductor el ement 20. The conductive

| ayers 18 are fornmed of a material which is superior in electrical
conductivity, such as silver, goldgygor platinum Parti.cul arly
from the econom cal viewpoint, this enbodi nent uses silver.

'g\lotnggg?r]ve I ayer%u&%] @R, fRN 956841 Xt by geg“?%cﬁ_ql)f:_connectirpqt ﬁ%""ﬁ“ﬁe‘y

actually are in the formof a thin Iayer havi ng a thi ckness equal

to a few nicronsyddey ‘@F’éﬁ‘ﬁ‘dd’é‘s 8 and 1'@6%; %Olfiowacheb?raﬂ{e”q%aﬁ‘%%“%a

any suitable tec nlque suc as s ing or electro-
Al ternatively, the conductlve Iayers 18 may be in the forn1of an

gpbfﬂgegilvgr the lominedtithg wires 34. Tﬁh@pethéenGMEéfrbﬁabigﬂQGQQEhw%ty

can be increased. This is advantageous since the design

5 flexibility of wiring cbnfigurations between the electrodes

28 of the semiconductor element 20 and the leads 30 can be

improved.

With the frame lead 32, a predetermined source voltage

or reference voltage can be supplied to any position of the

10 electrPdes 28 of the semiconductor element 20. Thus, the

operational speed of the semiconductor element 20 can be
accelerated because noise sources are reduced.

In this embodiment the frame lead 32 is supported by

- four support leads 32a. Any number and location of the

15 support leads 32a can be selected so long as the support

leads 32a can stably support the frame 1lead 32. For

example, two support leads may be provided at two opposite

positions.

A method of making the semiconductor device of the



form ng the conductive |ayers 18 is higher than that of the 10  copper
formng the heat radiator 10, the electrical . connection can
effectively be maintai ned by connecting the sem conduct or el enent 20
to the heat radiator 10 through the conductive layers 18, rather
than via a direct connection. 15 91— The conductlye | ayers 18
are electrically connected to el ectrodes 28 in the sem conduct or

. On
The top surf ace 330 TEREVdanea, AasgmeDt 311 Ao B, dbeariigdayer (not

shown) is forned except on t he areas 0o _ I
-18- on whi ck &Hﬁ“ﬁ % aysr s, g
formed. Such an i nsul atl a {;%é ol egﬁgrﬁﬁm anyé ?8’ %2 sﬁaﬁﬁgﬂ

material as far as it has a deS|red |nsulat|on property. It is
however preferalfoemeldatby heimaieari plak$ngd or the 1like on the mounting

‘ | surface 16 of the heat radiator 10. The formed layers 18
5 and é2 are masked and then immefsed in a bath of oxidizing
solution (e.g., "Ebonol" (Trademark) available froﬁ MELTEX
Co. Ltd.) for a few seconds to form an insulation tlayer
(not shown) on the surface thereof. The insulation layer
thus formed may have a fiim thickness of 2 to microns and
10 an electrical resistivity equal to or lower than 10'*Q-cm.
It has been found that such an insulation layer exhibits

improved insulation properties.
Alternatively, the conductive and bonding layers 18,
22 may be formed after the insulation layer has been

15 formed.

The semiconductor element 20 is then adhered to the
bonding layer 22 on -the heat radiator 10 through the

conductive adhesive layer 26 that may be made of silver

paste or the 1ike. Thereafter, the heat radiator 10, the



5 metal oxide filmprovided by oxidizing the nmetal formng t he
heat radiator 10, for exanple. |If the heat radiator 10 is formed
of copper, the surface of the heat radiator 10 may be oxidized by
the use of a strong al kaline treating liquid to forman insul ation
| ayer. Wth such an insulation 10 layer,, the | eads 30 and frane | ead
32 can be prevented from short - C|rcw%|rm with the heat radiator
10. If the insul i s forned of

- | t ]
normal 1y of & SUPPOT i3, cARG, U EIABE KRAk SHOWoW FaRtAL maéaﬂéiorgwego

can easily be recogni zed using i mge recognition in the wre

pondi ng process. 1dqufight bAR e BAIRS! 988" 3801k Podifioned ovBE2 ee"ﬁ#‘e

radiator 10 to the resin package 40 can I mprove
mechani cal strength in the resin package. On the nDuntlng

surface 16 of thethear gangor then dBové compondiPi i RUQUS tﬁéﬁﬁfbr-tco%@ﬁe%sfﬂdfﬁd
by adhesive. The support
bonded and fixed together by the use of an adhesive such as
5 epoxy resin. The connecting wires 34 are then bonded in a
given pattern by a wire bonding device through the conven-
tional technique.
The resin package 40 is then formed of epoxy or any
other resin around the integral frame through the conven-
10 tional molding process. At this time, the top surface of
the small portion 14 of the heat radiator 10 is left
exposed outwardly from the resin package 40.
Finally, the integrated leads 30 and frame lead 32 are
- cut away to complete the semiconductor device.
15 In the resin sealing type semiconductor device thus
produced, the bonding layer 22 has such a configuration
that it will never extend outwardly from the fixing surface

24 of the semiconductor element 20. Therefore, the bonding

layer 22 will not contact the resin package 40 that is



:extends al ong the periphery of the nounting surface 16 and S
formed by a tape-like insulation, for exanple, a therno- setting
resin such as polyimde or epoxy resin. The support 36 has so
small a width along the periph- 5 ery of the heat radiator 10 as to
support only parts of the | eads 30. ,The support 36 nmade of the

af orementioned resin material absor D& moisture by nature, but the
amount of the | . absorbed npisture nay be reduced to as little as
possi bl e ind@rigki Ag adBegipRote tie fANAing ll@yer 22. #Agea) EQaY 150
are fixedly adhered to the support 36. The franme | ead 32 is di sposed

contact the | cadt® SeniSonguctor, HEGTER, or A ‘o e ekl A6F ARk,

f our support | eads 32a extending outwardly that support the 15
frame | ead 32 i ; n t 2 _ s h rt
fixed on the sugpgg§hg2%ﬁtg§a Ale toE$ﬁ2aF$gﬁgﬁl%ggﬁgsﬁfgn%t{%ﬁ;nagﬁgﬁagé
source vol t'age (Vcc) | ead or a reference voltage (Vss) lead. If the
frame | ead 40 aPd itheupeddimgal¥ger! @ad, the nunber of necessary power

5 Fig. 3 is a schematic plan view showing the primary
parts of another embodiﬁent of a semiconductor device con-
structed in accordance with the invention. The shape of a
conductive layer 48 of this semiconductor device is differ-
ent from that of the conductive layer 18 shown in Fig. 2.

10~ A1l the other parts are similar to those of the semiconduc-
tor device shown in Fig. 2. Therefore, they are denoted by
similar reference numerals, but will not further be de-
scribed.
Referring to Fig. 3; the conductive layer 48 is formed
15 into a rectangular ring between the leads 30 and the frame
lead 32, unlike the spot-1ike conductive layers 18 shown in
Fig. 2.
Thus, the conductive layer 48 can more easily be

electrically connected at any location than a plurality of



‘-éO- supply leads can greatly be reduced by connecting the power

supply electrodes 28 and leads 30 to the frane | ead 32 via t he
connecting wires 34. Thus, the nunber of signal |eads can be

i ncreased. This is advantageous since the design 5 flexibility of
wiring configurations between the el ectrodesy. 28 of the

sem conductor elenent 20 and the | eads 30 can be : | nproved. f

Wth the frame I&gﬁh . ryg ned source voltage or reference
vol tage can be supp L?%H\?%pg%gé'fo%sﬁ'i on of the 10  electrodes 28 of the
sem conductor el enment 20. Thus, the operational speed of the

sem conduct or el ementF £y, CaNi8ea schemat3eC Y BYrAt $HowCSAIRENGOHE /

are reduced. &4 In this enboginenﬁyﬁie frane ﬁead 92 'S zﬁgpoﬁﬁéd
by - four support |eads 32a. Any nunber and |ocation of the 15

support | eads 3Zmrks dfe stdlldcandther! emgoasméhe ¢HRP®dmiconductor device

! constructed in accordance with the inveq;ion. The shape of

5 conductive layer 58 of this semicohductor device is differ;

ent from that of the conductive layer 18 shown in. Fig. 2.

A1l the other components are similar to those of the

semiconductor device shown in Fig. 2 and designated by

similar reference numerals.

10 Referring to Fig. 4, the conductive layer 58 is formed

iﬁto a dot having the same diameter as that of the connect-

ing wire 34, unlike the spot-like conductive layers 18‘

shown in Fig. 2. More particularly, if the diameter of the

. connecting wire 34 is equal to about 0.8 millimeters, it is

15 preferred that each of the conductive layers 58 has a
diameter substantially equal to 0.8 millimeters.

The conductiye layers 58 are formed of silver plating

material or the like that is inferior in adhesion to the

resin package 40. When the conductive layers 58 are formed



'l eads 32a can stably support the frame lead 32. For exanpl e,

two support |eads may be provided at two opposite positions.

A nmet hod of meking the sem conductor device of the

-21- af orenenti oned enbodi mrent wi Il now be descri bed.

The conductive and bonding layers 18, 22 arggfirst formed by silver
plating or the like on the nounting surfgce 16 of the heat radi ator
10. The forned | 8 2 are mas an e

bath of oxidizi A %yghg1% as g?%??ﬁﬂk .%ﬂ?ve@h ﬁ%ﬁé §3§eﬁ9bﬂge
from MELTEX Co. Ltd.) for a few seconds to form an |nsulat|on | ayer

(not shown) on cBAduetiaee 1RFEPET 5eTNEnUNSINE! IR ikAYBhckage

40t RS p
formed may have a filmthickness of o m crons and e?ectrlcaF
resistivity equal to or |ower than 10[err].cm It has been found
that such an ingedaciedn toayss #£xhshald as possible. Thus, the conductive

. layers 58 can more effectively be prevented from being
5 separated from the resin package 40.
Fig. 5 illustrates a process of forming such extremely
small conductive layers 58. Normally, the conductive layers
58 can be formed through an electro-plating method in which
the 1iquid silver is electro-deposited on the semiconductor
10. device through apertures in a mask. If the diameter of the
conductive layers 58 is extrehe]y small, however, the
diameter of the apertures in the mask is also extremely
small. It is difficult to pass the liquid silver through
these apertures in the mask. To overcome such a problem, it
15 may be considered that the mask is reduced in thickness.
However, the thinner mask tends to be easily fractured.
In this embodiment, therefore, the conductive layers

58 are formed using a mask 60 shown in Fig. 5. Thegmask 60

includes apertures 66 formed therethrough, each of which



‘i mproved insul ation properties. Al ternatively, the conductive

and bondi ng | ayers 18, 22 may be formed after the insulation |ayer
has been 15 f or med. The sem conductor elenent 20 is then
adhered to the bondi ng |l ayer 22 on the heat radiator 10 through the
conductive adhesive |layer 26 that may be nggg_of silver paste or the

| i ke. Thereafter, the heat radiator 10, the . .
ort 36,_and a frame (not shown) integrating all the

-29. .
| eads 30 and fﬁggﬁrﬁﬂfﬁmEQ&HQQTQJ%NQk%WtﬁQﬁﬂﬁﬁ fogaed in %he maskeh 0 aonl

t he above conponents are therno-conpression bonded and fi xed

t oget her by the e qfy.a hesi h epox si_n. Tge.
connect i ng mﬁre%H§4ngg Eﬁgﬁ %oﬁégaagﬁ g?ime;%r & pé?tépﬁmﬁ d N the
bondi ng devi ce through the conven- tional - technique.

mask 60 on the other side, these recesses 62 and 64
communicate with each other. The inner wall of each of the
5 apertures 66 between the enlarged-diameter and
reduced-diameter recesses 62, 64 is formed to be a step.

Alternatively, the inner wall may be tapered.
The mask 60 is set on the heat radiator 10 with the
reduced-diameter recess 64 facing fhe mounting surface 16
10 thereof. Liquid silver is then poured onto the mounting
surface 16 of the heat radiator 10 from the
enlarged-diameter recess 62 through the apertures 66 of the
mask 60 to form the dot-like conductive layers 58 having
- the same diameter as that of the connecting wire 34 through

15 the electro-plating technique.

Since the mask 60 has the enlarged-diameter recess 62
through which the liquid silver is poured into the aper-
tures 66 of the mask, the liquid silver can easily flow

through the apertures 66 of the mask 60. In such a case,



‘The resin package 40 is then forned of epoxy or any ot her resin
around the integral frane through the conven- 10 tional nol ding
process. At this time, the top surface of the smal|l portion 14 of
the heat radiator 10 is left exposed outwardly fromthe resin
package 40. Finally, the integ[%ﬁgg | eads 30 and frame | ead 32
are cut away to conplete the sem conductor device. 15 I n

the resin sealin yPe sem conduct or device thus produced, the
bondi ng | ayer 2 HH% Rieknessonfi §heamask 60 1tsekﬂmﬁantbﬂnﬂncﬁ§a§edexﬂéhd

outwardly fromthe fixing surface 24 of the sem conductor el enent

20. Therefore, t g - | ayer 22 will not contact the resin
package 40 t hat ﬁg@é&%&?;‘ -23-
inferior in adhesion to the bonding | ayer 22. As a result, t he

G Taivmnt cug a1 <Bis BIPaBSREUTERINS, A1, B Fggner cobonents 1o
similar to the process of making the semiconductor devices
5 shown in Figs. 1 and 2.

While this invention has been described in conjunction
with the above outiined specific embodiments thereof, it is
evident that many alternatives, modifications and varia-
tions will be apparent to those skilled in the art.

10 Accordingly, the preferred émbodiments of the inventions as
set forth above are intended to be illustrative, not
limiting. Various
changes may be made without departing from the scope and

spirit of the invention.



‘40 and the bonding | ayer 22. 5 Fig. 3 is a schematic plan view
showi ng the primry parts of another enbOdIHEDL_DL_a—SEH+€6ﬁdUC10r
devi ce con- structed in accordance with the invention. ﬁm

a conductive |ayer 48 of this sem conductor dT“mm“lRl“““‘L}
ent fromthat of the conductive layer 18 shgyn in Fig
other parts are simlar to those of the sen1conduc- devi ce

shown in Fig. 215L!Tmer§ g{l Eilp!ééﬁyﬁf're denoted by sim I ar ref erence
nuneral s, but w ‘de- ' scri bed.

Referrlng to Fig. 3, the conductive layer 48 is formed 15 into a

rectangul ar ring bet“ﬁentA“aPSQ?@ 3%e§ﬁqnhhe€VE§“3§9m1c3ndu8?gr32dewa'ke

the spot-1ike conductive l'ayers
Thus, the conductive |ayer 48 can nore easily be electrically

connected at anycdmpratgioig t han a plurality of
‘ a semiconductor e}ement, said semiconductor element

5 having a plurality of electrodes and a fixing surface for
bonding to another member;

a heat radiator for cooling said semiconductor ele-
ment, said heat radiator having a mounting surface for
mounting said semiconductor element;

10 : a bonding layer existing between said fixing surface
of said semiconductor element and said mounting surface of
said heat radiator, said bonding layer being disposed oﬁ
said mounting surface, and said bonding layer being smaller

- than said fixing surface;

15 an adhesive layer Sonding said semiconductor element
to.said bonding layer;

a plurality of leads;

a plurality of wires, at least one of said wires

connecting one of said leads to one of said electrodes of



- 24- conductive | ayers 18. Fig. 4 is a schematic plan
vi ew showi ng the primary . parts of still another embodi ment of a
sem conduct or device constructed in accordante—mrth—thE‘THVEﬁTTbn
The shape of 5 conductive layer 58 of this semc

differ- ent fromthat of the conduc%nve Iayer “m “m
Al'l the other conponents are sinmilar to those of the I f

devi ce shomm in F| nated b _ sim ar re erence
numer al s. dt s%ﬂgfcgmqqﬁb& qﬁ ey"f' 30 conductive layer 58 is
f or med into a dot having the sane di aneter as that of thﬁ connect -
ing wire 34, unlike the - hi n (6] I s |

Flg 2. More partlcm%;ﬁégﬂ?fb?égageaﬁgﬁgﬂﬁ1=%%i? Séﬁ]con%%%%%ﬁt?ﬁgmﬁﬂFé
34 is equal to about 0.8 mllineters, it is 15 preferred that each of
the conductive saixeimaA8 fasiator, saidlWATRIEr andb Pty 7 %aﬁ%ﬂ'eatd% 0.8
mllinmeters, The conducti ve Iayers 58 are formed of silver

pl ati ng material or the like that is inferior in adhesion to the
2. The resin sealing type semiconductor device of

tOI’

5 claim 1, wherein said heat radiator has ﬁigh electrical
conductivity, said fixing surface of said semiconductor
element is electrically connected to said mounting surface
of said heat radiator and said bonding layer has higher
electrical conductivity than said heat radiator.

10 3. The resin sealing type semiconductor device of
claim 2, further comprising a conductive layer, wherein
said conductive layer has higher electrical conductivity
than said heat radiator, and said conductive layer is
disposed on said mdunting surface of said heat radiator and

15 separated from said bonding layer.

4. The resin sealing type semiconductor device of
claim 3, wherein said conductive layer is disposed continu-
ously around a periphery of said bonding layer.

5. The resin sealing type semiconductor device of



‘resi n package 40. Wen the conductive |ayers 58 are forned
- 25- as small as possible, however, the contact area between the

conductive layers 58 and the resin package 40 can be ' mmlli be
as small as possible. Thus, the conductive IayLIIIImSHﬂ":ﬂ "J
. effectively be prevented from being 5 _%%parated'fr0n1ihé-r65|ﬁ package

40. Fig. 5 illustrates a process of form ng such extrenely
smal | conductive Jayers 53. Narmall.y, the conductive |ayers . 58 can
be forned thr ou&f%ﬁﬁg’eﬁﬁ&edlnatsﬁﬁ Fr@f‘ﬁ%g?‘ﬁe e s {orchp]emiaqlﬁ?@pe
silver is electro-deposited on the sem conductor 10 devi ce through
apertures in a Kk th i h : dugt i : rs¢H8 Jjs
extrenely snall?ﬂﬁoaeé¥$ﬁ'tﬁgg %pﬁa?§%€g%%t§F o?al%e%@ﬁerf%réﬁ"ﬁﬂ%ﬁhetﬁaéi
is also extrenely small. It is difficult to pass the liquid silver
t hr ough tohiesre tarerdfurge I0¥ t928 dasiesl0 overcone such a problem it
6. The resin sealing type semiconductor device in
5 any one of claim t to 5, wherein said bonding layer has

higher thermal conductivity than said heat radiator.

7. The resin sealing type semiconductor device in
any one of claim 1 to 6, wherein said resin package seals
said heat radiator while exposing a portion of said heat

10 radiator.

8. A method of making a resin sealing type
semiconductor device comprising:

mounting a bonding layer on a mounting surface of a

..heat radiator, said bonding layer being smaller than a
15 fixing surface of a semiconductor element;

bonding said fixing surface of said semiconductor
element to said bonding layer with an adhesive agent;

connecting a plurality of leads to a plurality of

electrodes of said semiconductor element with a first



‘15 may be considered that the mask is reduced in thickness.

However, the thinner mask tends to be easily fractured. ~In this
enbodi ment, therefore, the conductive Iayers ing a
mask 60 shown in Fig. 5. The mask 60 - | udes apertures

t her et hr ough, each of which m\“uul\u“““mm“‘ -26-
has an enl arged-di ameter recess 62 fornmed |3 the A 50 oneth
side and a redu ter, recess 64 formed in the' mas on e
ot her side, the(sbe'q"rr%c] es°f62“’ afr?d;'Gi‘ com‘rum cate with each other.
The inner wall of each of the apertures bet ween t he

L _ . , i s _fqrmed
fgl zgreggdsgleg-rreter S%jlﬂenrgna% vdelry, t e(ﬂllnéfliegralt § é'ﬁ%@ ga{?éloeggal-?&w‘qrarlﬁe_

The mask 60 is set on the heat_radlator 10 mnth t he
reduced- di anet ertorgcgsesr tat dRceBBht F n@aid | pYusHl § 89€0¥6 1eads, and said

' first plurality of wires with a resin, said rgsin forming
5 a resin package.
9. The method of making a resin sealing type
semiconductor device of claim 8, further comprising:
providing a mask, said mask having a first portion for
defining a first recess on a first surface of said mask and
10 a second portion for defining a second recess on a second
surface of said mask, a diameter of said first recess being
larger than a diameter of said second recess, said diameter
of said second recess being similar to a diameter of a
second wire, said first recess and said second recess
15 forming a through hole;
putting. said second recess of said mask on said
mounting surface of séid heat radiator;

forming a conductive layer on said mounting surface of

said heat radiator in a shape of a dot through said through



10 thereof. Liquid silver is then poured onto the~ﬁ9un1|ng
surface 16 of t he heat radi ator 10 from the

enl arged-di ameter recess 62 through the apertures 66 "I,ﬂﬂw sk 60
to formthe dot-like conductive |ayers 58 having Mﬂwﬁet er
as that of the connecting wire 34 through é? the el ectrad-plwa

t echni que. Slnce the mask 60 h t he enl arged- dlaneter recess

62 t hrou whi ¢h th silver oured into the ape
tures 66 of theQQg O%tﬁé1 gg gYIW%ﬁ"% EQQEIQQ(ﬂ$1n9' a dﬂﬁﬂ@ﬁ@ﬁ orfe

apertures 66 of the mask 60. In such a case,

necessary, | Sa1d COMARITS B DOt ST G ?5@§ﬁ§§n8ht§a19

simlar to the process of making the sem conductor devices shown in
Figs. 1 and 2. second wire;

connecting said conductive layer with said second

5 wire; and

sealing said second wire with said resin.



While this invention has been described in conjunction with the

above outlined specific enbodinents thereof, it is evi dent that many
alternatives, nodifications and vari a- tions will be apparent to
those skilled in the art. 10 Accordi ngly,- the preferred enbodi nents of

t he inventions as set forth above argq.ntended to be illustrative,
not limting. Various changes may be made wi thout departing
fromthe scope and spirit of the IE¥ BA8? VWHAT | S
CLAI MED 1 S: 1. A resin se#t rype sem conductor device
conpri si ng: a sen1conductor elenent sald sem conduct or

rface for

el enent 5 havi R4
bondi ng to anot her nenber

e ETHOD OF MAKING THE‘SAME

A resin sealing type semiconductor device includes a
semiconductor element having electrodes and a fixing
surface, and a heat radiator for cooling the semiconductor

5 element. The heat radiator includes a mounting surface on
which the semiconductor element is mounted. A bonding layer
is formed on the mounting surface between the semiconductor
element and the heat radiator. The planar dimension of the
bonding layer is smaller than that of the fixing surface of

10 the semiconductor element. The semiconductor element
adheres to the .bonding layer through an adhesive layer. A
resin package seals the semiconductor element, the heat

radiator, and parts of leads and wires.

Figure 1



a heat radiator for cooling said sem conductor ele- ment, said heat

radi at or having a nounting surface for nounti ng said sem conduct or
el enent; 10 a bonding | ayer existing between said fixing surface
of said sem conductor elenent and said nounting surface of sai d heat
radi ator, said bonding | ayer being di sposed on sai d nounting
surface, and said bonding | ayer being smal{®r than said fixing
surface; 15 an adhesi ve | ayer bondi ng said sem conductor el enent
to said bonding | ayer; a plurality of |eads; a
plurality of wires, at |east one of said wires connecting one of
said | eads to one of said el ectrodes of

- 29- sai d sem conductor el enment; and a resin package

seal ing sai d sem conductor el enent,

e €

l
184

FI1G.




. said heat radiator, said wires, and parts of said |eads. 2.

The resin sealing type sem conductor device of 5 claim1, wherein said
heat radi ator has high electrical conductivity, said fixing surface
of said sem conduct or elenent is electrically connected to said
mounting surface of said heat ragsator and said bonding | ayer has
hi gher el ectrical conductivity than said heat radiator. 10
3.° The resin sealing type sem conduct or device of claim?2, further
conprising a conductive |layer, wherein sai d conductive |ayer has
hi gher el ectrical conductivity than said heat radiator, and said
conductive |layer is di sposed on said nounting surface of said heat
radi ator and 15 separated from said bonding | ayer. 4. The
resin sealing type sem conductor device of claim3, wherein said
conductive |ayer is disposed conti ously around a periphery of
" sai d bonding | ayer. ?E%ﬁé:; ézn seal i ng type sem conduct or
device of
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. - 30- claim 3, wherein said conductive layer is forned in a shape
of a dot, and a dianeter of said dot is simlar to a di anet er of
one of said wres. 6. The resin sealing type sem conductor
device in 5 any one of claiml1 to 5, wherein said bonding |ayer has
hi gher thermal conductivity than said h@4P radiator. 7. The
- resin sealing type sem conductor device in any one of claiml to 6,
wherein said resin package seal s sai d heat radiator while exposing
a portion of said heat 10 radi at or. 8. A nmethod of
making a resin sealing type sem conduct or devi ce conpri sing:
nmounti ng a bonding |ayer on a nounting surface of a heat radi ator,
said bonding |ayer being snmaller than a 15 fixing surface of a

sem conduct or el enent; bondi ng said fixing surface of said

sem conduct or el ement to said bonding layer with an adhesi ve agent;

FIG.3
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, connecting a p

each of said p
wth a resin,
The et hod

devi ce of clai

of

lurality of

lurality of

said resin formng

maki ng
m 8

a

resin
further conprising:

mask having a first portion for

surface of sa
recess on a se
recess being
di amet er

L

30

d nmask and
cond

10
surface of said mask,

| eads to a plurality of
sem conductor elenent with a first

seal i ng sai d sem conductor el enent,
| eads,

sai d heat radi a-

and said
5
sealing type

defining a first

el ectrodes of said
plurality of wres;
parts of

first plurality of wires
resi n package.

tor,

sem conduct or
provi di ng a mask,

recess on a first
a second portion for defining a second

a dianeter of said first

| arger than a dianmeter of said second recess,

of said second recess being simlar to a dianeter of a

FIG.4

e

34

o |
@

w_-T]

32

9))
60

/58 ) 30 } 34
X Nl 7
W72
—= N
T %Mmﬂa& NS
/



'second wire, said first recess and said second recess 15 formng a

t hrough hol e; putting said second recess of said mask on said
nounting surface of said heat radiator; form ng a conductive

| ayer on said nounting surface of said heat radiator in a shape of a
dot through said through - 32-

hol e of said mask by neans of eIectropIa?(%g, a di aneter of sai d
conductive layer being simlar to a dianeter of said second wre;
connecting said conductive |ayer with said second 5 w re; and

sealing said second wire with said resin.

: FIG.5
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