NETHOD OF FABRI CATI NG A SEM CONDUCTOR DEVI CE I'N A MOLDED RESI N E?QééﬁESEgcgg
i iwention rélates to a sem conductor 5 device a -
‘echnique for sealing the sane. In fabricating a sem conductor integrated

uit (hereinafter called on "IC"), a nunber of IC units are generally
ricated integrally with one another, the integrated article is then

nol ded inside a nold for each 10 I C upit using a resin and after _
unnecessary portions such as | eads arée punched out, the resulting nol ded f&
article is separated into the I1C units. In the resin nolding nmethod in the
conventional IC fabrication procedures, a transfer nolding nethod using a

15 heat-setting resin such as an epoxy resin or a silicone resin has been

wi dely enpl oyed. According to this nolding nmethod, a specific nolding
apparatus equi pped at its nold with a runner for charging a nolding resin

and a dam f oMerHOE TE EABREEADINGS Al BEMIRUNDICEIR t HEVEBEd S gnecessary.

20 Moreover, SInCe a not_rnconsigeranl e perfod of tTNME (60 tU 180 seconds)

~i1s necessary for the resin MOLUDED RESINPPAIRAGEViItY is | ow. Moreover,

because the resin undergoes curing rnside the runner, the resinis masted.!

-2- This invention relates to a : semiconductor

5 device and also to a technique for sealing.the same,

In fabricating a semiconductor integrated circuit
(hereinafter called on "IC"), a number of IC unit; are
generally fabricated integrally with one another, the
integrated article is then molded inside.a mold for each

10 IC unit using a resin and after unnecessary portions such
as leads are punched out, the resulting molded article is
separated ihto the IC units. |

;n the resin molding method in the conventional IC
fabrication procedures, a transfer mplding method using a

15 heat-setting resin such as an epoxy resin or a silicone
resin has been widely employed. According to this molding
method, a specific molding apparatus equipped at its mold
with a runner for charging a molding resin and a dam'for
preventing outflow of the resin from the mold is necessary.

20 Moreover, since a not inconsiderable period of time (60 to 180
seconds) is necessary forTEhe resin to.be cured, producﬁivity
is low.. Moreover, because the resin undergoes curing inside

the runner, the resin is wasted..



I'n viewpf these drawbacks of the resin nolding nethod, the Applicant of
thFE‘iﬁ@ention previously proposed an invention entitled "Ml ding nethod
integrated citcuit" as Japanese Patent Application No. 22909/ 1975-(Japanese
5 . Patent Laid-Open No. 98969/1976). The invention disclosed in the -
prior patent application is characteri2ed by clanping one unit of an |IC by
upper and.lower nolded articles that are prepared in advance, and then -
coupling the nolded articles together at the clanp portion. Though this

method is suited,10_ . _far ss-prpdugti an_an mar kahl.y reduces th
quantity of a ne%%sgﬁ?V‘ggsi 9%4)4%?¢hﬁék?rgg'%Eﬁﬂf?ﬁénﬁﬁﬁaﬁgﬁﬁ% T%§P°?he
| C main bo t ends br.o due to nechanical or.thermal inpact applied
thereto ar s Heaat SpRE 85 Y CHRiRh (EFR cReaPietrly BT aaned o
seni conduct; t €S th i terisihCs
since the r%g{‘{sﬁggggt%/‘ggi%?\ggapgg ﬁ%isil%ﬁ xt‘%gh%réol agdgg"f? %%Iag%%a%tci efé'% %i r
coupling a sjgﬁ' T I ' r Oyl t
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el enent and parts of said netallic wires; preparing nol ded upper and | ower
seal i Ng- - ¥rid Alrebt ObfaaheICN bR PPe  arkdi Towakdmg 1dRAc arddit 1layeehaeal i ng
25 articles being shaped so that when placed together they _
are prepared in advance, and then coupling the molded articles

together at the clamp portion. Though this method is suited
10 for mass-prbduction and remarkably reduces the quantity of a
| necessary'resin, it is-not- free from the drawbacks that the
Ié main body tends to be broken due to mechanical or thermal
impact applied thereto at the time 'of coupling of the molded
articles and the semiconductor element undergoes degradation
15 of its characteristics since the moisture stays in gaps inside
the molded articles after their coupling and sealing.
The presént’inQention provides'é méthod of'ﬁabricatin§
a semiconductor device comprising the steps of:
fitting a semiconductor element on a lead frame ané
electrically connecting said semiconductor element to leads
20 of the lead frame by means of metallic wires;
applying a éoating of a resin material over said semi-
conductor element and parts of said metallic wires;
preparing molded uppér and lower sealing ‘articles of
a resin material, said molded upper and lower sealing
25 articles.béihg shaped so that when placed together they
define a cavity for enclosing the semiconductor element;

locating said molded upper and lower sealing articles

o -



define a cavity for enclosing the sem conductor elenent; locating s#dg =
nol ded upper and | ower sealing articles -3- together inrelation to said
ead frame so as to interpose said frane therebetween and to encl ose sald

‘'sem conductor elenent and said netallic wires; and nelting the resin:
materi al of adjacent edge portions 5 of said nolded upper and | ower ~
sealing articles by heating them to seal said nol ded upper and | ower Rood
sealing articles together. Prefer¥ed enbodi ments of the invention wll now
be described by way of exanple, with reference to the 10, acconpanying

dr awi F@gethas e‘:'h rﬂ@%mp?ﬁy gadd (‘-S)adarfé'aé‘@ne"'r%ﬁ% ?ﬁah"’éﬁﬂggﬁﬁt i onal

vi ews of a sem conductor elenent affixed to ale kéj 9@5 8 2(a) is a
schenﬁﬁkﬁ\ﬁ?ﬂ@%ﬂﬁﬂﬁ?@P%ﬁVﬁﬁPlE&?lGﬁ eRcdass s E% REBPEdevi ce;

Fig. 2(b) is an nlqb?enent gt par.t of Fi 2(a); Figs. 3 and 4 are
schemédieneddc 3 Agtay thylFEFFhéP abri cation st eps;

melting the resin material of adjacent edge portions
'5 of said molded upper and lower seaiing articles by heatihg
them, to seal said molded upper and lower eealing articles.
toge;her.
Preferred embodiments of the invention will now be
described by way of-example, withireferenCe to the
10 accompanying drawings, wherein:
Figs. 1(a) and 1(b) are schematic plan and sectional
views - of a semiconductor'element-affixed to a lead
frame;
Fig. 2(a) is a schematic view showing a fabrication
15 step of a semiconductor device;
Fig. 2(b) is an enlargement of part of Fig. 2(a);
Figs. 3 and 4 are schematic sectional views showing

further fabrication steps;



embodi nent of a sem conductor device nmade using 5 the present inventio
As shown in Figs.l(a) and | (b), an IC chip (sem conductor elenent) 2
consisting of silicon is bonded to a tah=l ead 12 of each unit franme of a
L@gd frame 1 consisting of a netal. Electrodes on the chip are bonded to
respective leads 13 on the 10 lead frame 1 by wires 3. A frame of dotted
line [ERR] represgnts dhe position ai.which nolded.resin articles to be
described | ater A8 dobd REATECChiRFng el FRgHist: the \THaRS .ok pplded

material is gep Si y. potting over an area such as to enconpass 15 at
| east an exﬁ g § éH%%%%%J (%§§ el ectrode of the sem conductor el enent and

wr ds. a5 shown' PAgE g de biepd 18 aE@CRaGk BhaD VIR IO MR pad

portion) [ERRhoAlthedtPYE Of 4&iRiEBAALcEbECadvaLR GRGY QfkiHd h a protective

20 filmb5 consisting of a soft insulating material. 1In Figure 2b, synbol

J repregent sp@ Rl demiCtiiRbnt £5,£r ence nuneral 10 represents an [ERR] film
and reference ﬁuneral 11 re- presents an insulation filmsuch as phosphor

glass or a polyi Kisd%ﬂd@? e P{gdl1(aFuashaas (B9, 3¢ THIPr GkhiGonductor

element) 2 consisting of silicon is bonded to a tab lead 12 of

-4- F'rQ 5 Is a perspective view show ng the shape of nolded resin ' \
arti®les; and Figs. 6, 7 and 8 are sectional views each show ng an @

each unit frame of a lead frame 1l consisting of a metal.
Electrodes .on the chip ére bonded to respective leads 13 on the
10 lead frame 1 by wires 3. A frame of dotted line Ll'rep;esents
the position at which molded'résin articles to be described
later are located. |
Next, turning to Figure 2, a éiscous soft material is
. deposited by potting over an area such aé to encompass
15 at least an exposed aluminium (Af) electrode of the semiqonductor
‘element and the metal wire portion coming into contact
with the electrode. In other words, as shown in Figure 2b,
" the exposed AL elgctrodq portign (bonding pad portion) Ai
and a part of the metal wire 3 are covered with a protective
120 film_S consisting of a soft'insulating-matefial. In Figure
2b, symbol J, represents a PN junction, reference numeral
10 representé an §i0, film.and referenée numeral 1l re-
presents an insulation film such as phosphor glass or a
polyimide type resin film such as polyimideiéoindroquina—

25 zolindion. Suitable examples of the protective film 5



C lsting of a soft material are silicone gel, silicone grease, silic%né"
riyber "and the |ike. Thereafter, treat- nent is made at a tenperature of

100"t o 2000C so that the soft mate+§-al does not lose its softness or its
elasticity 5 but retains the state of the initial potting. Next, nolded
articles 6, 7 in the formof a package and consisting of a thernnplastic

i .q. | yph I [ fi.d . h
o gerslsding HEY h%%?s?‘ﬁa&aaﬁaéﬁs 8 LGB RE Lo piASeRE it T0
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consisting of a thermoplastlc resin (e.g. polyphenylene

Ziggfolindion. Sui t abl e exanpl es of the protective film5 - 5-

sulfide résin) are prepared in advance as shown in Figure 5
and are then arranged so as to clamp and support one unit
10 of the abovementioned.IC chip.ahd lead frame from above and
below as shown in Figure 3. The support portign 8 of the
molded resin articles is then heated to the molding tem-
perature of the molded articles, e.é., to about 350 to about
{50?0, thereby coupling and sealing the molded resin articles
15 together as shown in Figure 4. 'Heating of this support
portion is carried ouﬁ by first pre-heating it to about 200°C
and then applying loca1 heating within a short pefiod of
time by ultrasonic electric o#cillation, high frequency heat-
ing, 1nfrared heatlng, a hot jet or the like method. Thereafter,
20 the frame portion is cut off from the leads protrudlng outwardly
from the molded articles 6, 7, which are not shown, thereby to

obtain the IC device of each unit.

This embodiment has the following advantagess:



ob Al N he | C device of each unit. This enmbodi ment has the fol | ow ng @
aﬁtages -6- (1) If a gap is present between the nol ded resin <

artlcles and ‘the. el ement, the noisture that has entered the nol ded resin
articles frominside or outS|de the resin nolded articles penetrates into
the gap to formwater droplets,which 5 =6= water droplets in turn coul d
ofdinarily cause degradation of the characteristics of the el enent such as
dué to corrosion_of aluminum However, in the present_enbodi ment, since
the surfactlbf FTheaagapl égt presasit thetueeneihe moidadrresint ARELELLSI t h
the soft material, the water droplets or 10 water filnms are not all owed
to stay orandetherelement i khe Roistusdetbat: hassentaxaidicele Beidedt. |t
is thus possible to prevent degradation of the .characteristics. gg The
prot ecti veL EBLM 5aEbhSLES; rfgrcm lmf%l@%f ernpuksige mhe xasincme}dséeh as
silicone rubber. Accordin : - mut ual contact between the netall.i
wires, red¥EiGies  BRRERES, el?ra?tf}% e 78R Rt Nakek drarlstse¥iiic g
of the upper -and_|l ower resin nol ded artlcles, can be prevg; t ed % { he
resﬁ|eﬂuaﬁ%ﬁe¥H@éoﬁéﬁﬁscé@eﬁqﬁ?rﬁ&%4¢a9r VﬂéﬁlﬂééHQqu ?&ﬁ&é F1pReofi B
of coupli of the ded a e t he 20 radatjion of the
char acten%ﬁ%@cﬁ?rﬁ'ﬁ&l&ls r?é‘%tti}ﬁjéé:’t%me such SRS corrosion

of aluminum. However, in the present embodiment, since

the surface of the AL electrode of the element. is covered

intimately with the soft material, the weter?droplets or

10 water films are not allowed to stay on the surface of the

- 'electrqde of the sem;conductor element. It is thus possible
to prevent degradation of the characteristics.
(2) The protective film 5 consisting of the soft material
has resiliency such as silicone rubber. Accordingly,

15 matual contact between the metallic wires, resulting from .
the vibration applled thereto at the time of coupling of the
upper and lower resin molded articles, can be prevented by
the resiliency of this soft covering materlal When heating
is made at the time of coupllng of the- molded articles, the

20 degradatlon of the characterlstlcs of the element due to
the heat change can be prevented by this soft’ coverlng
material. For these reasons, not onIY.a part but also the
entire portion of the metallic wire may be covered with this
soft material as shown in Figure 7. It is by no means

25 difficult to cover the entire portion of the metallic wire



heat change can be prevented by this soft covering material. For hgs%
sons, not only a part but also the entire portion of the netallic wre
be covered with this-soft material as shown in Figure 7. It is by no
ans 25 difficult-to cover the entire portion of the netallic wire
-7- with this soft material. (3) [gg nol ded article package of this -
thernopl astic resin makes it possibl’e to reduce the installation cost as ./
wel | as the installation space to below 1/2 in conparison with 5 t he i
convephiwgnalh {4 a0SEET mApkd; shhi-s al so makes it easy to automate the
assenbl'y procedures, thereby drastically im proving productivity. (4)
Sel ectgy@n | Le I3 1, ' f S rﬁﬁ%ﬁr' 3 the 10
nol de Bgrt;&z: éegh%?%%u&dégﬁé%&%%‘?@ri%sﬂge g? teﬁ% er oréesgiuls@g%gegra i on of
an | Cughi@ll 11 ©'pobEiblke ¢ol halauudll che! ipsehLaBbl st & L] ' avs,

t hat. has been t '

_ e critical prog emw th the conventional ceram c package.
I't i s als0 tife N SEalDatibhe spiake Mo IBWES | D21 $ni Boitpakdson WaeR estri cted

to the abovenentioned enbodinent. Figure 6 shows an enbodi nent of a ;
§en cehd crveityicRaln twaneferf eyld e PrRLsCh1bb! Make LUt iddky to -
automate the assembly procedures, tﬁereby'drastically im-
proving productivity.
(4) Selection of
suitable resin materials for the soft material and for the
10 molded articles providés a counter-measure for the erroneous
operation of an IC memory or the liﬁe, that would otherwise
occur due to a rays, that has been the cfitical prbblém.with
the conventional ceramic package.
.It is to be noted that the present inﬁention is in no
15 way restricted to the abovementioned embodiment.
Figure 6 shows an embodiment of a
semiconductor device in which after the pellet-fitting portion
(tab portion 12) of the }ead frame 1 is bent in advance, the
surface of the IC chip 2 is covered with the protective film
20 5 of the soft material and the upper molded érticle is put
on an&.coupled with the lower molded article in such:a manner.
as to clamp and support the lead frame ﬁhile'the lower surface '
of the tab portion 12 is brought into contact with the bottom

of the lower molded article. According to this structure, it

25  is possible to make effective use of the cavity within the



(tabqpéﬁtion 12) of the lead frame 1 is bent in advance, the surface of the

I C chip 2

Is covered with the protective film 20 5 of the soft materi al

and the upper nolded article is put on and coupled with the | ower nolded
article in such a manner as to clanp and support the, lead frane while the

| ower surf
bott om of
i s possi bl

ace' of the tab portion 12 is brought into contact with the
the | ower nolded article. Accogding to this structure, it 25
e to nake effective use of the cavity within the -8- | ower

resin nolded article so that the package for the sem - conductor device.
‘can be naddawem.reésin onobhdedebatiocdehisp dhatodilie padicigeecfior hehéeadmi-

surface, "t
surface of

o which the netallic wire is to be connected, and the el ectrode
adnsiwsstoc odeiviicer can be madecrhim, Risete|thet reldtionstipcefi s

positioned on the sanme plane as, or below, the electrode surface. For this
reason, t hepeosgitdonshetweer rithed léad surfage;gto mhicbothenmetallile wire désrteers of

the element, thus nakiing it, pQssible to prevent_ breakage of the wire.
thae1ackrpl gt

Figure 7

10
WSOBREFRER ro ARG #, SHUX TGk ¢ cSamirardustorhe

sem conductor_el enent w th the protective film of, t.he spft terial, an
“ins® atior® ﬁﬂﬁnﬁ'oFL§h egtr iﬁﬁrgﬁcﬁdﬁésﬁﬂéﬁﬁhﬂq %mngh% soRer

surface of

10

piQEe'E%? or below, the electrode surface._'For this reason;

the wire is prevented from coming ;nto contact with the
corners of the element, thus making it possible to prevent
breakage of the wire. |

Figurer7 shows another embodiment in which, in covering
the surface of the seﬁiconductor element with the-protedtive

film of the soft material, an insulation tape 4 or sheet

'havipg an adhesi?g?applied,on the lbwer surface of the lead

‘frame. 'This tape 4 prevents outflow of the

15

20

25

protective film and restricts its expansion in the trans-
verse direction. Thus, the protection film can be used
highly efficiently and its effect can be enhanced.

" Figure 8 shows still another embodiment in which the

tip of the lead 13, to which the surface of the semiconductor.

element and the wire are connected,
is covered with the protective film 5. When the molded
articles are sealed by oscillation heating such as ultrasonic

oscillation, this embodiment prevents the wire connected

to the lead from being cut by the abovementioned oscillation..

As the material for the protective film 5, a polyimide type

@

/



nme. This tape 4 prevents outflow of the 15 prot ect hvg
fiJ]imand restricts its expansion in the trans- verse direction.. Thus, the

tection filmcan be used highly efficiently and its effect can be.

anced. Figure 8 shows still anot+®* enbodinment in which the tip of the
| ead 13, to which the surface of the sem conductor. 20 el ement and the

s

wire are connected, is covered with the protective filmb5. Wen the nolded .

arti-cles are ﬁ?eal ed béllosm |1 at.i on, (ﬁ%tl ng such .as .ul t nasoni cl?)osm Il ati on,

this erd5otithe r evBREY IEHES, 120G rERAEE L RE O M BRi ng cut by

;meago%r%’gtﬁned O?—gﬁgl?% Y"é“”feestfif-P?erﬁtsggp. F%elrr‘f': %‘for the pr ot ec: ve
Ol DAoL e IR RY s bOCESLUR PO Yodafifd oSN has

hi gher resrstance t rdsin 1% possTble to

suf fi cigentdye Pi&f%ﬁﬂ%gl gﬁe Ql‘?ﬂ@'tﬁé‘f H§Pﬁ§1 ¢4 E.%r@é 5 auc%? ng at the

time of sea Ing t artlcles upon the sem’con Ierrent.

Burt hew&néh&pehw Bhide Bﬁo%ééﬁﬂb hﬂ%etﬁSﬁETdegrt‘i l%f&v@“t'i ng the

erroneous ope ation of the el enent due t As the'lead fr/airre
for thegannasd i 9emetohBckdr ele&ﬁﬁ@ondﬁﬁkﬁhe%@i@t the |[petyineae not

having a dam may
type res:.n has the effect of preventlng the erroneocus oper-
ation of the element due to a rays.
As the lead frame for the connection of the
10 semiconductor element, a lead frame not having a dam may

also be ﬁsed.



al so ‘he used. -10- CLAIME: 1. A nethod of fabricating a seniconductd{éé;i)
d&Pte conprising the steps of: fitting a sem conductor elenent on a |ead

frame and 5 electrically connecting said seni conductor elenment To |eads
of the lead frame by neans of netallic wres; appsl)ﬂlmumﬂmllﬂ m: aresin
material over said sem conductor elenent and part d W res;
preparing nol ded upper and |ower sealing articles ¥O & resih materi al
sai d nol ded upper and | ower sealing ar+l@+es being shaped so that when

- placed together they define a cavity for enclosing the sen conductor _

el ement; | oc@LAEMSsai d nol ded upper and | ower sealing articles together in
relation to said lead frane so as to inter- 15 pose said franme .

t her ebet weenl and Aometblods @fs fiabrsiazet ingnalusenicehdnenbradeéviaied netal lic
wires; and nelting the resin material of adjacent edge portions of said

mol ded upperC@RBr L shag §@ﬁ|&ﬂynﬁtdﬁﬁes by heating them to seal said

nol ded upper and |Lower sealing 20 articles together. 2. A net hod of
fabricating a senfibkdng: & sediconductor element on a lead frame and ,

5 electrically connecting said semiconductor element to

leads of the lead frame by méans of metallic wires;
applying a coating of a resin material over said
semiconductor element and parts of said metallic wires;
preparing molded upper and lower sealing articles of
10 a2 resin material, said molded upper and 10Wer.sealing
articles being shaped so thatlwhen placed together they
define a cavity for enclosing the semiconductor element;
locating said molded upper and lower sealing articles
together in relation to said lead frame so as to inter-
15 pose said frame therebetween and to enclose said semi-
conductor eiemént and said metallic wires; and
‘melting the résin material of adjacent edge portions
of said molded upper and iower sealing articles by
heating them, to seal said molded upper and lower sealing

20 articles together.

2. A method of fabricating a semxconductor device as
defined in claim 1, wherezn the heat1ng in said meltlng
step is carried out by means of ultrasonic electric

25 oscillation; high frequency heating or infrared heating,

or by means of a hot jet.

3. A method df fébricating é semiconductor device as



@ined in claiml, wherein the heating in said nelting step is carrfed.dut_
“peans—of ultrasonic electric 25 oscillation, high frequency heating of® =

ANobrared heating, or by neans of a hot jet. 3. A nethod of fabricating a
sen conollmmmmjmﬂmmm defined in claim1 or claim2, wherein before
the nel thily | ded upper and | ower sealing articles are
preheated. 5 4. " A nmethod of fabricpiing a seniconductor device as
defined in claiml1, 2 or 3, wherein said resin nmaterial- for the coating is
el astic. 5. A nmet hod of fabricating a sem conductor device as 10 defi ned
in claim4 wherein said resin material for the coating is a silicone type
resin. 6. defifedhaa eflafiabrl wat i¢atm SEN WREGEEhObedReC @ 1S refd 16gl 1 N
claim5 wherein said silicone type resin is 15 silicone gel, silicone
grease or stépgosaidumddrded’ .uppek raidiolowérf 88a1eAL AGtd I¥H Gyluct or
device as defined in claiml, 2 or 3 wherein said resin material for the
coating copseBeatefi.a polyimde type resin. 20 8. A nmet hod of fabricating
a sem conductor device as defined in any one of the preceding clains,
wherein the '

/

5 4. A method of fabricating a semiconductor device as
defined in claim 1, 2 or 3, wherein said resin material
for the coating is eiastic.

5. A method of fabricating a semiconductor deVice as

10 defined in claim 4 wherein said resin material for the

coating is a silicone type resin,

6. A method of fabricating a semiconductor device as
defined in claim 5 wherein said silicone type resin is

15 silicone gel, silicone grease or silicone rubber.

7. A method_oﬁ fabricating a semiconductor device as
defined in claim l} 2 or 3 wherein said resin maﬁerial
for the coating consists of a polyimide type resin.
20 | |
8. A method of fabricating a semiconductor device as
defined in any one of the.preceding claims, wherein the
portions of said leads to which said wires are connected
are aléo covered by 2 said coating of a resin material.
25 |
9. A method of fabricating a sémiconductor device as

defined in any one. of the preceding claims, wherein said



gn;bqps of said |l eads to which said wires are connected are al so cov Qqa
by a.-said coating of a resin material. 25 9. A net hod of fabricating_a

sem conduct or device as defi-ned in any one of the prqugLng.cLaFHB

wherein said -12- wires are conpletely cove red By said coatin 10. A
met hod of fabricating a sem conductor device sub M‘\ ﬂ “(wcrl bed
Rerein with reference to the 5 accorrpanyl g drawﬂm\\“ t he

speci fication has been reproduced by ph copylng*thé dppllcants ori gi nal
typescri pt. It may contain a few anendnents which are difficult to read.
The ori gi nal typescript containing these amendnents may be i nspected on the

prem ses of bQ%egate@:égﬁéfétely covered by said coating.

10. A method of fabricating a semiconductor device
substantially as described herein with reference to the

5 accompanying drawings.

The text of the specification has been reproduced by photocopying the applicants original
typeacript. It may contain a few amendments which are difficult to read, The original
typescript containing these amendments may be inspected on the premises of the Patunt Office



