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BACKGROUND OF THE INVENTION
Field of the Invention

This-invention relates to a method of
producing a resin-encapsulated semiconductor device.

5 More particularly, it relates to a method of producing
a resin-encapsulated semiconductor device by injecting
an epoxy resin compound into an injection mold, in
which a lead frame, to which a semiconductor has been
bonded and wire-bonded, is fixedly set as an insert in

10 an injection mold, and by curing such epoxy resin
compound in the injection mold.

Description of the Related Art
In the encapsulation of semiconductor devices
such as an IC and a LSI, a transfer molding method,

15 using an epoxy resin molding compound, has heretofore
been used because of the low cost, high reliability and
efficient productivity thereof. Generally, in the
transfer molding, the epoxy resin molding compound is
formed into a tablet-like shape, and then this tablet

20 is charged into a pot in a mold, and the tablet, while

melted by heat in the mold, is pressurized by a

he molten moldlng compound is caused
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usi ng an epoxy resin nolding compound, has heretofore been used because of
the-low cost, high reliability and efficient productivity thereof.
Cenerally, in the transfer nolding, the epoxy resin nolding conpound is
formed into a tablet-like shape, and the@ this tablet is charged into a
pottin a nold, and the tablet, while nelted by heat in the nold, is
pressurized by a pl unggs cnsent Bahol BEngPhbeRodY! HbilvePEUNgsi S Caused

to flom4 and then is cure _ _ _
Wth this nol diebgsiBiYO8o F¥RY¥EEhabk khe epoR9CeesahYmbldihgSt shape the

epoxy resin nolding conpound into the required configuration (that is,
tablet-1ike skapppundndntbetbkotrequiecghapnigoatrapion (thaeeded. Dependi ng
on the shape and size of sem conduct or devices, the shape of the

tabl ets vari esablet-liittel ghaped ,t beadetbeeetfbeee thee shegungedtemny snol d
devi ces for shaping the epoxy resin nolding conpound.

_ 5 needed. Depending on the shape and size of
semiconductor devices, the shape of the tablets varies
widely, and therefore there are.required many mold
devices for shaping the epoxy resin molding compound.
Since the charging of the tablet and the melting of the

10 tablet by heat are required for each molding operation,
the time.period of the molding cycle can not be reduced
to less than a predetermined time périod, and this
limits the reduction of the cost and the mass
productivity. Further, there is a possibility that

15 impurities are intruded into the molding compound in
the preprocessing steps such as the shaping step. In
the transfer molding, residual culls in runners through
which thé molding compound, charged into the pot, flows
to a mold cavity, and in the pot are completely cured,

20 and therefore can not be reused. This results in a
problem that a 1afge amount of resin other than the
resin used to form the semiconductor packages is
wasted.

On the other hand, there has heretofore been

25 made a study of injection molding using a thermosetting
resin molding compound, such as an epoxy resin. In the

injection molding, an epoxy resin molding compound in



Since the charging of the tablet and the nelting of the 10 tabl et by heat

are-required for each nol di ng operation, the tinme period of the
nol dirng cycl e can not be reduced to less than a predetermned tine
period, and this limts the reducti+oh of the cost and the nass

productivity. Further, there is a possibility that 15 inpurities are

i ntruded into ﬁ&hﬁi na.. i he. p S| s{.eps such as
t he shapi ng st%%& n &% ?éﬁ???aﬁgféga?%&%ﬁré% %éé#%ﬁé? %u sé?n runners
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to a nold cavity, and in the pot are conpletely cured, 20 and therefore
can not be reugglindérs &aSUiésSinfedted inpd bl wold ey & s@r@e. amount of

resin other than the resin used to formthe sem conductor packages is
wast ed. ThereforeOnthdéesoéhesf hsinapindetlee hepokeret¢oimrrobéemg 25
made a study of injection nolding using a thernosetting resin nol di ng

conmpound, chcempaun@pxyorastabletn igenot ne¢epsary onrand| besigesan epoxy
resin nol di ng conmpound. in

the continuous production is possible, and the device
for this shaping purposes, as well as the time for this
shaping, is omitted. Further, since the molding
material in the molten state is injected into the mold,

10 the curing time is shorter as compared with the
transfer molding, and therefore this method is suitable
for mass production.

However, at present, the injection molding

for encapsulating with epoxy resin molding compound has

15 not yet been put into practical. The reason for this
is that in the molten state of the conventional epoxy
resin molding compound in the cylinder heated to 70°C -
110°C, the viscosity of this molding compound increases
as the curing reaction of the resin in the molding

20 compound proceeds. As a result, its fluidity is lost
in 5 minutes - 10 minutes, and the thermal stability of
the molten molding compound is extremely low.
Therefore, it is impossible to effect the injection
molding at a low pressure, and then a high pressure

25 injection is required As a result, the binding wires
on the semiconductor device may be deformed or cut off,

so that the reliability of the produced semiconductor

package is greatly degraded.



- 3- the formof powder or granules is supplied into an I nj ection
nol_di ng machine, and is kept nolten in a cylinder, and is injected
into a nold by a screw Therefore, the step of shaping the epoxy resin
nmol ding 5 conpound into a tablet is not s1ecessary, and besides t he
cort i nuous production is possible, and the device for this shaping

purposes, as well as th%hgkg?g%g{H%?hzpﬁépteahgﬁkngnokﬁegnbkgﬁ epfurther,

since the nol ding nateri ten state I1s 1njected Into the

mold, 10 the (iU REhd Mo dei SRR 3% GRIRALRD ofedattiR for & ransfer

nmol di ng, and therefore this nethod’is suitable for mass production.

However, at presefdtedti®iddit8eld Peridi Fbr exanlle, efeapalleaning W th
epoxy resin nolding conpound has 15 not yet been put into practical. The
reason for thithe mold,s tHetegoxyt heginl eyl dimt eofpdune denveentédorial  epoxy
resin nmol di ng conpound in the cylinder heated to 70[err]C - 110[err] C,
t he vi scosity tife tdyilsindeni regnd drpou k. matedsesinjectess thareafitian
reaction of the resin in the nolding

so that the continuous production is adversely

affected.

SUMMARY OF THE INVENTION
It is an object of this invention to provide
10 a method of producing a semiconductor device
encapsulated by_injection mblding using an epoxy resin
compound, by which a 1ong—time continuous molding and
mass production can be effected efficiently.
To this end, according to one aspect of the
15 present invention, there is provided a method of
producing a resin-encapsulated semiconductor device by
injecting an epoxy resin molding compound into an
injection mold, in which a lead frame, to which a
semiconductor has been bonded and wire-bonded, is
20 fixedly set as an insert in the injection mold, and by
curing such epoxy resiﬁ molding compound in the
injection mold, the method comprising the steps of:
injecting epoxy resin molding compound into
the injection mold;
25 | gradually increasing an injection pressure of
said injection molding machine in such a manner that a

" maximum pressure of 30 kg/cm2 to 300 kg/cm2 is achieved



20 compound proceeds. As a result, its fluidity is |ost in 5 mnutes -
10 ;mi nutes, and the thermal stability of t he nolten nol di ng conpound
is extremely | ow. Therefore, it is inpossible to effect the injection
mol ding at a | ow pressure, and then a hi ¢h pressure 25 injection is
reguired As a result, the binding wres on the sem conductor device

may be deforngd @fd paCE@£MMen 80%5%0 t@g@ b&ear%Ht%Q'thﬁanthQhErOduced

seni conduct or e 1s greatly degraded
-4- epoxy! HIA 2D 1EeR RAmMPRELO o &@th@@cﬁ@@bh&ﬁunjecthat when

I nterrupting the nol di ng operation for a predeterm ned tine period, for
exanpl e, for cganithg injedrdomimbld;henepoxy resin nmol ding conpound is
cured in 5 the cylinder, and then can not be injected thereafter, SO
t hat the conti nuous prodnoecanngstaevgemehplng epgkveresdn molding
5 compound at an injection pressure of 20 kg/cm2 to 100
kg/cmz.

According to another aspect of the invention,
there is provided a method for producing a resin-
encapsulated semiconductor device by means of injecting

10 an epoxy resin molding compound into an injection mold
in which a lead frame having a semiconductor element
bonded thereto and wire-bonded thereto is fixedly set
as an insert by an injectioh molding machine for
injecting an epoxy resin molding compound into the

15 injection mold, the injection molding machine including
a cylinder provided at one end thereof with a hopper
through which the epoxy resin is supplied into the
injection molding machine and at the other end thereof |
with a nozzle, which cylinder is axially divided into a

20 plurality of sections, wherein each of which sections
is to be controlled independently in temperature
thereof, and one of the sections most close to said
nozzle is maintained at 65°C - 110°C and one of the
sectioné most close to the hopper is maintained at a

25 room temperature - 50°C

The epoxy resin molding compound used in the

present invention usually contains, as essential



SUMMARY OF THE | NVENTI ON It is an object of this invention
to provide 10 a nethod of producing a sem conductor device

encapsul ated by injection nolding using an epoxy resin conmpound, by
which a long-tinme continuous nolding and 6 - nass production can be
ef frect ed efficiently To this end, according to one aspect

of the 15 present r)\é:entlon t here ISnErOVIded a nmeth d of roduci ng
a resin- encapstl & EFSEH EOhARYSr “Févi eabfurlnglq%e léﬁgxy resin’

nol di ng conpo whi ad.fr to
whi ch g ™ Lgé:?:n con uct o™ das‘?I elgl%yt?%%&gg &er}_ reI(l;)Con%e % (1 I xedl y
set as an insgjgd ﬂd%&é}e drig e ARTO! Gt q]r},dnta»e needdd! '&%é%p%raoxy resin

nmol di ng compound i n I njection no he method conprising the

steps of: into a tabléﬁja@tllm&I@Q@éﬂsQ%ﬂnfBﬂ&ilﬂ@;g I @dikyl Nt O
the injection nold; 25 gradual ly increasing an injection

pressure of res:salnabmdnrg:tdompdmicﬁlmgprmﬂaamnynmdﬁﬁr&dmmer that a
maxi num pressure of 30 kg/cnm2 to 300 kg/cnR is achieved
exhibit a good thermal stability in a cylinder of an

injection molding machine and an excellent fluidity in
a cavity, and be cured rapidly. In view of these, the
epoxy resin should be one having a low melt viscosity,
10 such as a novolak-type epoxy resin and a biphenolic
resin, and particularly having a softening point of
50°C - 80°C. As the curing agent, a phenolic resin,
such as a novolak-type phenolic resin, a paraxylylene
modified phenolic resin and dicyclopentadiene modified
15 phenolic resin[ is used, and particularly a phenolic
" resin, having a softening point of 60°C - 120°C and
contéining a low monocaryon content and a low didaryon
content, is preferred. As the curing accelerator, for
example, diazabicycloundecenes (DBU) or.organic
20 phosphine, such as a triphenylphosphine, is used, and
preferably the curing accelerator is one of high
latency exhibiting low activity at low temperature.
In the present invention, a sprueless mold or
a sprue-runnerless mold can be used. More
25 gpecifically, the temperature of the sprue portion of
the mold or the temperature of the sprue portion and
the runner portion is controlled to a temperature at

which the molding compound is hardly cured, that is, a



- 5- at the tinme when 80%to 95% of a total anmount of the epoxy

resin nol ding conmpound to be injected is injected into the injection
nol d; and injecting the remaining epoxy resin nolding 5
conpound at an injection pressure of 2G Kg/cn2 to 100 kg/cnferr].
Accordi ng to another aspect of the invention, there is provided a

met hod for produgicRdtrarkCyelerally €80aRSELALEE SeRberaguckolidavihce by
means of injecting 10 an epoxy resin nolding conpound into an injection

nol d I N \ihieC lya inGed, f bade pavoitga se6MaeoRteC hektekgiBBt after bonded
thereto and wire-bonded thereto is fixedly set as an insert by an

i nj ection nol diheg mddeidneriodiuct (1i.ienj, echengezinepacgpsedianedol di ng
conpound into the 15 injection nold, the injection nolding nmachi ne

i ncl udi ng sexigpniduddiorpdeviided ds aemomed thretadernioul , a thepper

t hrough which the epoxy resin is supplied into the I nj ection nolding
machi ne an@ atnoygest Felddng crawspd, residing in the sprue portion

or the sprue-runner portion, can be filled in_the
cavity, thereby effecting the molding. Accordingly,
any cured molding compound other than the molded
product is hardly formed, and therefore there is

10 achieved an advantage that the amount of resin waste is
greatly reduced.

In the encapsulation by the ordinary transfer
molding, the ratio of the cured resin waste in the
cull-runner portion to the total molding compound is

15 40% - 60%, but in the encapsulation by the injection
molding of the present invention, the ratio of the
cured resin waste is slightly reduced to 30% - 50%, and
in the sprueless molding, this ratio is much reduced to
25% - 35%, and in the sprue-runnerless molding, this

20 ratio is much reduced to 10% - 30%.

The above objects, construction and effects
of the present invention will become manifest from the

following description.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a graph showing the relation
between an injection pressure of an injection molding

machine and an injection time and the relation between



Wi th a nozzle, which cyIindér Is axially divided into a 20 plurality of

sections, wherein each of which sections is to be controll ed

i ndependently in tenperature t hereof, and one of the sections nost
close to said nozzle is maintained & -65[err]C - 110[err]C and one of
t he sections nost close to the hopper is maintained at a 25 room
tomeratiure - oMl $hikbrion pressure andlRBePBLLIEN BeaLAgEATRRIN
used in the rdsent T nvantion usua 'y contains, as esseéen

- 6- conpgﬁggﬁp an epoxy resin, a curing agent, a curing

accelerator and an inorganic filler. It is in the form of powder or

granules. It is not neeggeg.to be ahaned showihBt @iRikabhekoassi Bit he
transfer nol ding. The epoxy 5 resin nolding conmpound is preferably

required to heatdxky lytl imdgaoe ft éendn jsicabion tmpliding oplchdder; of an
i nj ection nolding machi ne and an excellent fluidity in a cavity, and
be cured r&pidly. In vi&igof 3t hese, crihgs-sectional view showing a
closed mold and its assoéiated parts- in hoop molding}
Fig. 4 is a cross-sectional view taken along
the line IV-IV of Fig. 3;
Fig. 5 is a cross-sectional view of the mold,
10 showing a condition in which molded products are
ejected and discharged;
Fig. 6 is a cross-sectional view of the mold,
showing the transfer of a lead frame;
Fig. 7 is an enlarged, plan view showing the
15 arrangement of a runner, gates and cavities in the
mold, and showing a condition immediately after a
molding compound is filled in the cavities;
Fig. 8 is a cross-sectional view taken along
the line VIII-VIII of Fig. 7;
20 Fig. 9 is a schematic plan view of a rotary
injection molding apparatus;
Fig. 10 is a schematic side-elevational view
of the rotary injection molding apparatus; and
Fig. 11 is a plan view of a lower mold of a
25 mold device, showing a condition in which lead frames
are set in the mold device, and a molding compound is

filled in the cavity of the mold device.



epoxy resin should be one having a low nelt.viscosity, 10 such as a
novol ak-type epoxy resin and a bi phenolic resin, and particularl

haV|ng a softening point of
a phenolic resin,
parsaxyl yl ene

such as a novol ak3type phenolic resin, a
nodi fi ed phenolic resin and dlcyclopentadlene nmodi f

y

50[err]C - 80[err]C. As the curing agent,

i ed

15 phenolic rggkPRIPSTURCEF @ﬁﬂ PﬁEFEﬁﬂtﬁrtMB@DPﬁEﬁ@QIC resin, having

a softening point of 60[err]C - 120[err]C

containing a | ow

nonocaryon content and mlmw@lw%ﬂqnoldmgcmél@me wSedr e efied. As the
curing accelerator, for exanpl e, di azabi cycl oundecenes (DBU) or

20 ppoepkhbeinsenbian astnopheiyipedspbi aeparsicskdr ayde,

organi c
preferably the curing accelerator is one of high

| at ency exhi biti

i ng

| ow activity andl ewyt enpeebier énjection molding machhaepr eyeht abn&enti on,
spruel ess nold or a sprue-runnerless nold can be used. Mire 25
speci fi cal Py, SEKEW éRpEREL Y@e@fatﬁéu§§?6et¥EPtﬁ§ﬁ 8f Screw PhENEBEd or the
tenperature of the sprue portion and unngr gort on is conér

to a tenperat G¥8€at Can beyysed; th@wﬁﬁﬁﬁvnéncgﬁﬁﬂuﬂ

IS,
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uniform melting, the screw inline type is most
preferred.

One embodiment of the present invention is
characterized in that an injection pressure of the
injection molding machine is increased to a maximum
pressure which is between 30 kg/cm2 and 300 kg/cm2 when
80% - 95% of a total injection amount of an epoxy resin
molding compound has been injected into the mold. The
remaining molding compound is injected at an injection
pressure of 20 kg/cm2 to 100 kg/cmz. In this case, the
ratio of the latter pressure to the former maximum
pressure is preferably 1/4 to 1/2. 1If the above two
pressures are higher than the above-mentioned values,
respectively, there is a possibility that bondihg wires
on a semiconductor device may be deformed or cut off.
In contrast, if the above two pressures are lower than
the abéve—mentioned values, respectively, there is a
possibility that the molding compound may not be
properly filled in a mold cavity. Preferably, the
maximum injection pressure is in the range of 100 kg/
cm? - 250 kg/cmz, and the latter pressure is in the

range of 40 kg/cm2 - 120 kg/cmz. These injection

oll ed
t hat

a



-7- tenperature generally equal to the tenperature within t he
cylinder, and by doing so, at the next cycle after t he nol ded product
(i.e., the resin-encapsul at ed sem conductor device) is renoved or taken
out, the 5 uncured nol ding conpound, t+es0ding in the sprue portion or
the: sprue-runner portion, can be filled in the cavity, thereby

effecting the | l.agl ured L di h
ggggghggsrégﬁoigweg ds Fsm?afea GuERdopRE A5 PY Qﬁ?ﬁ@ﬂ@gnOt er

than the nold uct 1s hard orned, and therefore ereis 10

achi eved an aﬂ&aa&ﬁgeokhatthaemaaeaeingfrég§hn wesheel 8he inj@eeabhy
reduced. In the encapsulation by the ordinary transfer -

mol di ng, the pakkeuet tBelowr afddr eaentempeeatareheontrolcobh-banner portion
to the total nolding conpound is 15 40% - 60% but in the encapsul ation by
the injecti oneffectrdl easglef thdoppeséne,i neshinuvpust bperationofanhe
cured resin waste is slightly reduced to 30% - 50% and in_the
spruel ess Bol Wengffektedr ati 8 lownbrkssedgeedAceordingly the molding
is effected at the low pressure, the degree of
deformation of the bonding wires is low. Therefore a
lead frame, having the semiconductor mounted thereon,
can be formed into a finer pattern.
10 The lead frame, having the semiconductor
bonded thereto, is fixedly set as an insert in the
moid, and then the mold is closed or clamped. The
molding compound is injected into the mold. The
' moldihg compound is filled at a generally constant rate
from the start of the filling to the time when the
15 maximum injection pressure is achieved. If the filling
| of the molding compound is so continued that the
maximum pressure is achieved at the time when the
filling is effected 100%, the pressure acts directly on
the molded portion at a final stage of the filling
20 operation even if the value of the maximum pressure is
small, the deformation or cutting-off of the bonding
wires occurs. Therefore, according to the present
invention, the injection_pressure is reduced slightly
before the filling is completed, and thereafter the

25 filling is continued at the lower pressure.

Accordingly, the deformation or cutting-off of the



25% - 35% and in the sprue-runnerless nolding, this 20 ratio is nuch

reduced to 10% - 30% The above objects, construction and
effects of the present invention will becone manifest fromthe
foll owi ng descri ption. BRI EF DESGR PTI ON OF THE DRAW NGS 25

Fig. 1 is a graph showing the relation

of an injecti
bet ween

showi ng division zones of a

machi ne; 5

bet ween an injection pressure

2BniRhei R9res caf®BBi BecdBHtan.i njection time and the relation
L o _ - 8- the injection pressure
and the position of an TApesktObBemper&ttue®w, of a cylinder ifigsullig a view

65°C, to 1EN§C,3and aher tespsretivraktoncewlshbeiregfais

closed nold and its associated parts in hoop nol ding;
i s a cross-seegisyndn ¢héw rakee.al deyever, in view of a melt

5

10

15

20

25

viscosity and a thermal stability, it is preferred that
this set temperature is between 70°C to 90°C. If the
cylinder temperature is low, the thermal stability is
good although the melt viscosity is high. 1In the epoxy
resin molding compound in the present invention,
particularly when the ébove preferred composition is
used, the melt viscosity is low, and therefore tﬂe
cylinder temperature can be set to a considerably low
level. However, if the cylinder temperature is set to
less than 65°C, the temperature control of the molding
compound becomes difficult. In contrast, if the
cylinder temperature is higher than 110°C, the melt.
viscosity is too low, so that it is sometimes difficult
to effect the proper injection, and besides the
satisfactory thermal stability is often not achieved.
In this embodiment of the invention, in view
of the curing time of the molding cbmpound and so on,

the set temperature of the mold is 150°C to 190°C, and

preferably 165°C to 185°C. With this set temperature,

the molding cycle can be not more than 150 seconds, and
in the case of the molding compound of the preferred
composition, the molding cycle can be not more than 80

seconds.

heating cylinder of the injection nolding

Fig. 4



the line IV-1V of Fig. 3; Fig. 5is a cross-sectional view
of .the nold, 10 showing a condition in which nolded products are

ej ected and di schar ged,; Fig. 6 is a cross-sectional view of
t he nol d, showi ng the transfer of- 44 ead frang; . Fig. 7
I s=an enl arged, plan view show ng the 15 arrangenent of a runner, gates
and cavities gpfadhfe 1 nol d, and showing a condition i mediately after a

mol di ng conpound 1s filled in the cavities; Fig. 8is a
cross-sectional view takenemh8htesin mdlRiidgedfiddund,! lusdd Fexe,7; 20
Fig. 9 is a schematic plan view of a rotary I nj ection nol di ng

appar at us; comprises, as hhain lfomsorerstde nat | arishalred @V atovsibdkvi ew

of the rotary injection nolding apparatus; and Fig. 11 is a
pl an vi ew of wnmmoml:de%in alep®onot es teveaw] vahent reesgkorkl@) on in

whi ch | ead frames re set in_the nold device, and a no|di ng conpound
is fid | eeherethe %wh;/k of Y @HeORO UMD cgUivalent welght

103), diazabicycloundecenes (curing accelerator), and
molten silica, and further a mold release agent, a
pigment and so omn.
An injection molding machine of the screw
10 inline type (manufactured by Meiki Seisakusho and sold
under the tradename of M-32) is used in this Example.
A zone of a heating cylinder, most close to a nozzle, a
length of which is 30% of the overall length of the
cylinder, is maintained at 75°C, and the other zone of
15 thé cylinder is maintained at 30°C. With respect to an
injection pressure, the maximum pressure is 200 kg/cmz.
The injection pressure is raised upto the maximum
pressure by 20 seconds from the start of the injection.
Thereafter it is lowered to 50 kg/cm2 and is maintained
20 for 5 seconds, and then gate cut pins are operated to
shut off the gates. The time chart of the injection
pressure or the relation between the injection pressure
and the screw position is shown in Fig. 1. The time
period from the closing of the mold to the opening of
25 the mold is 60 seconds, and the total moldihg cycle is
80 seconds. The temperature of the mold is set to

175°C



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
present invention is not

-9-
nol di ng machi ne used in the

An injection
limted to a

particul ar type, and any suitable injection nolding machine, such as a
5 screwinline type, a plunger type andig screw plunger ~ type, can be
used; however, in view of easy control and uniformnelting, the screw

inline type i s nost re r.ed. _ .. One odpnment of. the
present invention is 1888h%§ggté i?eawFHtthFvéﬁinPiggiohw8rg§§8re OL t he
“injection nol @ IE HaS 3 lRACHAA t Xi r: re which is
bet ween 30 kg%gﬁﬁggf%ggﬁahf%Bh%gﬁ?anfﬁf%ﬁ%E%% (E%E%BE§9 g%%%% e? t ot al
injection am@é%;hu%tﬁﬁlﬁmxboh@@dn theret®PldiangiIRRHE N 2B HeeR Wy ect ed
into the nold. e remai ni ng nol ding conpound 1s injected at an

injection 15gqlkesdtied @fre?0 sgomaraicall 160 stR0 ikoitd @bk, ahd thies case,
t he ratio of the latter pressure to the former maxi num pressure
i s preferabl ymblfling 1/s2. cefrriiled almtveomtdnuously. The appearance,
filling ability, wire sweep, and surface hardness of
the resin-encapsulated semiconductor devices are

measured every hour. Results are shown in Table 1.

Table 1
Appearance | Filling Wire Surface
ability sweep hardness
Initial stage good good not more 74
than 5%

5 hours past- " " “ 74
10 hours past u “ . 74
15 hours past o o “ 75
20 hours past . “ “ 76
(Measurement)

10 (1) Appearance; Filling abiiity: These are

judged with the visual inspection, and particularly the
appearance is checked with respect to whether or not it
has good luster. |

(2)

15 molded product, and the amount of sweep of the bonding

Wire sweep: A soft X-ray is applied to the



pressures are higher than the above-nentioned values, respectively,
there is a possibility that bonding wires 20 on a sem conductor device my

be deformed or cut off. In contrast, if the above two pressures are

| ower than - t he above-nentioned vatué8, -respectively, there is a
possibility that the nolding conpound may not be properly filled in a
ol d cavity. Rrigfeer(@emi-hah@ gl dTesrdiMahAingClhl 8h aRk?esUbE RS um the range
of 100 kg/ cnferr] - 250 kg/cn2, and the latter pressure is in the
range of 40 kehchd -lehd@hk@/ amd. iBheg@asulicdCct i Che wire sweep is

- 10 - pressures are |ower as conpared with ordinary injection
mol di ng of a texemessed iimg thesitermSiofca tdad iionjogctthenmaximomesdoee is | ow
and the tenperature control can be effected easily, a long-tinme,

conti nuous op&WRERoRCciMe Gisgansef dS08dHaY) Hettwwenr sdeubendiangeor di ngly

t he nol di ng . _Is effected at the | ow pressure, the degree of

def ormati on of'1ff¥¥-bonding wires is |ow. Therefore a

(3) Surface hardness: The surface hardness of
the molded product immediately after the opening of the
mold is measured by a Barcol hardness tester (#935).
These results shown in the table 1 are
10 similar to those obtained with the conventional low-
~pressure transfer molding, and indicate that there is
no problem at all. Therefore, it will be appreciated
that the long-time, continﬁous molding can be effected.
In another embodiment of the invention, a
15 heating cylinder of an injection molding machine is
divided into a plurality of zones in an axial
direction. The number of the zones is at least two,
and this number is not limited to a specified number.
However, four or five zones are preferable. The zones
20 are controlled in temperature independently. In order
to effect the continuous molding more stable than the
conventional molding, the temperature of a zone
(hereinafter often referred to as “most nozzle-side
zone”) nearest to a nozzle is controlled between 65°C
25 and 110°C, and the temperature of a zone (hereinafter
often referred to as “most hopper-side zone) nearest to

a hopper is controlled between an ordinary temperature



| ead frame, having the sem conductor nounted thereon, can be forned

into a finer pattern. 10 The | ead franme, having the

sem conduct or bonded thereto, is fixedly set as an insert in the
nold, and then the nold is closed or claiped. The nmol di ng compound i s
i njected into the nold. The nmol di ng conpound is filled at a generally

constant rategng 5dolcOm e @k rOfteEgE)%xf%tl s heqfst %feh.‘%rta'm \g:‘be'[éhe ol d| ng

maxi num i nj ectlion pressure 1Is achl eve I Ng

conpound i s s@ent 'd’ﬂaE'Q:H&qtaﬂééﬁ‘r tem WREMIRY 3R -dIl yaaioeved at the
time when the lling is effecteé)looqb the pressure acts directly on

t he nol ded porgg°an atIna e teneetfurdhednddd NG he?Gestpafatdmat even if
t he val ue of the nmaxi num pressure is smal |, the deformation or

cutting-off oftHhedgmwtdinregsin moldimes covpitisd Haer ef Qo medaordi ng to the
pr esent i nvention, the injection pressure is reduced slightly
before the5fi IWNS@SlQZybdrﬁolfexléd’ s envest e @ince it e 126 o [piviolg €ms

continued at the _| ower pressure Accordln%1 t he deformation or
cutting- of f ofwitgde the thermal stability, and therefore the stable,

long-time, continuous molding can be effected.
In the case where the heating cylinder has
two zoneé, the overall length of the most nozzle-side
10 zone is 20% to 40% of the overall length of the
cylinder. In the case where the heating cylinder has 3
to 5 zones, the most nozzle-side zone has the same
temperature and length as described above for the two-
zone cylinder. The temperature of one to three
15 intervenient zones is a temperature intermediate
between the temperature of the most nozzle-side zone
and the temperature of the most hopper-side zone. The
higher the temperaturé of the intervenient zone
becomes, the more the intervenient zone is close to the
20 most nozzle-side zone. The temperature of the most
hopper-side zone is the same aé described above for the
two-zone cylinder. The lengths of those zones other
than thé'most nozzle-side zone are suitably determined
in view of the thermal stability and melt viscosity of
25 the epoxy resin molding compound[
If the cylinder temperature is low, the

thermal stability is good although the melt viscosity



bondi ng W res can be prevented. The set tenperature of a
cyli nder is usually 65[err]C, to 110[err]C and the tenperature
control thereof is easy in this ran%e. However, in view of a nelt 5
viscosity and a thermal stability, it rsipreferred that ‘this set
tenperature is between 70[err]C to 90[err]C. If the cyl i nder

tenperature igd GMigh.he Ihem@lepehgbidddit mdlding dRpARAQHIRH e mel t
viscosity is high. In the epoxy resin nmol di ng conpound i n the present

i nvention, 1@usssdritc ulmrenyt iwmen dare iathd\se 1y efhen etheC@Ras tion is
used, the nelt viscosity is low, and therefore the cylinder
t enper at ure caraferysmd composdtdicteriabluysedwthe melevelisddedeyeris i f the
cylinder tenperature is _set to less than 65[err]C, the tenperature
control of the9tbl @ney thesrefasippdied yddoder dieber@iture lancbet s&st, i f

t he cylinder .tenperature:.i.s higher than 110[err]C, the nelt
viscosity %s 5o 4 tg%§§ﬁﬁ%£§h%¥ i %%&ﬁﬁﬁlnesH@WFWFEUIﬂf the to effect the

proper 'nJeCtG%}iﬁﬁg%t%%ﬂﬁ%%%guy% becomes less than 65°C, the

temperature control becomes difficult. In contrast, if
the cylinder temperature is higher than 110°C, the melt
viscosity is too low, so that it is sometimes difficult
10 to effect the proper injection molding, and besides the
satisfactory thermal stability is often not achieved.

In this embodiment of the invention, with
respect to the injection pressure of the injection
molding machine, the same condition described above is

15 applied, and the same advantages can be obtained.

In this embodiment of the invention, in view
of the curing time of the epoxy resin molding compound
and so on, the set temperature of the mold is usually
150°C to 190°C, and preferably 165°C to 185°C. With

20 this set temperature, the molding cycle can be not more
than-170 seconds, and in the case of the molding
compound of the preferred composition, the molding

cycle can be not more than 100 seconds.

Example 2
25 An epoxy resin molding compound, used here,

comprises, as main components, an orthocresol novolak-



satisfactory thermal stability is often not achieved. 20 _ In
this enbodi nent of the invention, in view of the curing tine of the
nol di ng conpound and so on, the set tenperature of the nmold is
150[err]C to 190[err]C, and preferabty-165[err]C to 185[err]C. Wth
this set tenperature, the nol ding cycle can be not nore than 150

Composi 1 on, RESHSPA Ao yare (ERA e RBLAnsHe T AIA S0 wet SRelaDlTac

conposition, g.cyc e not “nore

- 12 - ExghBl®11c novolak (hydrBAyePgrbubesilivahdhpaycommaund, used

her e, conprises, as main conponents, an orthocresol nov type

epoxy resin (@oE33y dedizabedyciauadeceReghlc2@9hg aeciiiergkbs)noyakak
(hydroxyl group equival ent wei ght 103), di azabi cycl oundecenes (curing

accel erator), meid¢en sildwkteansi fuegdhegnd fultheelaasel dgeakeage agent, a
pi gment and so on.
pigment and so on.
An injection molding machine of the screw
inline type (manufactured by Meiki Seisakusho and sold
under the tradename of M-32) is used in this Example.
As shown in Fig. 2, the cylinder 20 is divided axially
10 and equally into five zones A - E. The zone A of a

heating cylinder, most close to a nozzle, is maintained

at 75°C. The zone B next to the zone A

is maintained
at 65°C and the other zones C, D, and E are maintained
at 35°C, respectively. With respect to an injection
15 pressure, the maximum pressure is 200 kg/cmz. The
| injection pressure is raised upto the maximum pressure
by 20 secbnds from the start of the injection.
Thereafter it is lowered to 50 kg/cm2 and is maintained
‘for 5 seconds, and then gate cut pins are operated to
20 shut off the gates. The time period from the closing of
the mold to the opening of the mold is 60 seconds, and
the total molding cycle is 80 seconds. The temperature
of the mold is set to 175°C.
The mold is a twenty-cavity mold. Two lead
25 frames each having 10 IC elements (16p DIP) disposed
sequentially,'bonded thereto and wire-bonded thereto by

gold wires are automatically set in the mold, and the



An injection nolding machine of the screw 10 inline type (nahufactured by

Mei ki Sei sakusho and sold under the tradenane of M32) is used in this
Exanpl e. A zone of a heating cylinder, nost close to a nozzle, a
| ength of which is 30% of the overall reh§th of the cylinder, is

maintai ned at 75[err]C, and the other zone of 15 the cylinder is

mai ntai ned at m3Adamng] Gs \Yalrhi@sRR%! cbatdRuouslyl.Nl etk APpRESESHe, the
maxi num pressure i s 200 kg/cn2. The injection pressure is raised upto
the maxi mum filljimgssinidily,2Wisecender,,r amd barsaaet hat-dneesi ajifect i on.
Thereafter it is lowered to 50 kg/cn? and is maintained 20 for 5 seconds,
and t hen gat e the@t reisia-ancapserlated tsemicondskttbroteviicesgates. The tine

chart of the injection ressure or the relation between the injection
pressure MG UIRE SYeEW irt-i oResyl&iSomre shewg. in Takd et 2ne
period fromthe closing of the nold to the opening of 25 the nold is 60
seconds, and the total nolding cycle is 80 seconds. The tenperature of
the nold is set to 175[err] C.
Table 2
Appearance | Filling Wire Surface
ability sweep hardness
Initial stage good good not more 74
than 5% '
5 hours past " u “ 75
10 hours past - “ “ 74
15 hours past “ a 4 75
20 hours past " “ " 76

5 (Measurement)
(1) Appearance; Filling ability: These are
judged with the visual inspection, and particularly the
appearance is checked with respect to whether or not it
has good luster. |

10 (2) Wire sweep: A soft X-ray is applied to the
molded product, and the amount of sweep of the bonding
wire (semi-hard gold wire having a diameter of 25 um

and a length 3 mm) is measured. The wire sweep is



- 13 - The nold is a twenty-cavity nold. Two | ead

frames each having 10 I1C el enents (16p DI P) di sposed sequenti al l vy,
bonded t hereto and wi re-bonded t hereto by gold wires are automatically
set in the nold, and the 5 nolding is 1l8arried out continuously. The
appear ance, filling ability, wire sweep, and surface hardness of

the resin-encapsilaled SEMERAUGHOLIIERI At the miSARTPGIBLIY hour.

Results are shown in Tab
Appear ance Fiduded to e distaned (@00 I|.l.m) between thedbondlng

ability sweep har dness Initial stage goo good not
nor e 74 wires. . t han 5% 5
hour s past 74 10 hours past

74 15 H@urs past Surface hardness: The surface hardnesgbof 20
hour s past5 76

the molded product immediately after the opening of the
mold is measured by a Barcol hardness tester.(#935).
These results shown in the table 2 are
similar to those obtained with the conventional low-
pressure transfer molding, and indicate that there is
10 no problem at all. Therefore, it will be appreciated
that the long-time, continuous molding can be effected.
A further_embodiment of the present invention
.is characterized in that hoop molding is used.
Referring to Figs. 3 to 8, a long lead frame
15 1, having portions on which the semiconductors are to
be mounted, is unwound or supplied from a reel (not
shown), and semiconductors 12 are bonded to the lead
frame 1, and are wire-bonded to the lead frame 1. The
lead frame 1 is guided by a feed guide 10 into a mold 4
20 so that a predetermined length of the lead frame 1 is
set in the mold 4. The feed guide 10 is supported by
return pins 11. Lower ends of the return pins 11 are
| supported by a support plate 18 which is moved upward
and downward by a drive cylinder 16. The mold 4
25 comprises an upper mold 2 and a lower mold 3. The
upper mold 2 can be moved upward away from the lower

mold 3 by drive means (not shown) so that the mold 4



(Measurenent) 10 (1) - Appearance; Filling ability: These are

judged with the visual inspection, and particularly the appearance i s
checked with respect to whether or not it has good | uster. (2)
Wre sweep: A soft X-ray is applied t-o2the 15 nol ded product, and the
ampunt of sweep of the bonding - 14 -
wre (sem-ha d hav e nd.@ | ength 3
nm is neasur%%‘gl%u Rg/\n\éﬁgd eggcgb‘d Sn‘% érg"é%lgg }LI%"FL 1r% ethn$o ‘ratio of
Lhe maximum wigfenq s1EY85LHY PRt 3 bswd' ng

5 wires. %§§n S Sur ace Jﬂé@%@ﬁ? e sur cegﬁg ne 0 t he

nol ded producinifmedhaie! ¥. afﬁ.@cﬁei: hen@p et nﬂaé’fejé@tor plﬂ@'@ 4 S MeAsUr ed
by a Barcol hardness tester (#935).
supported by an ejector pin operating plate 17. The
5 plate 17 is connected to the support plate 18, and is
moved upward and downward by the drive cylinder 16.
Referring to Figs. 7 and 8, a molding compound from an
injection molding machine is filled in each cavity 34
in the mold 4 through a runner 14 and a gate 15. Gate
10 cut pins 7 are provided for opening and closing the
respective gates 15, lower ends of which pins are
supported by a pin support plate 19. The pin support
plate 19 is moved upward and downward ﬁith a distance t
(see Fig. 4) by drive means (not shown) so that the
15 gate cut pins 7 can open and close thé respective gates
15.

A feed mechanism 9 for moving another feed
guide 8 in a right-hand direction (Fig. 3) is provided
between the lower mold 3 and the feed guide 8.

20 In the condition shown in Fig. 3, the molding
compound is injected into the cavities 34 in the mold
4, and the.gate cut pins 7 are operated to shut off the
gates 15, so thaﬁ each molded product (comprising the
semiconductor 12 encapsulated by the resin molding

25 compound 13) is isolated from the runner 14. After the
injected material is cured, the upper mold 2 is moved

upward to open the mold 4 as shown in Fig. 6. Then, as



These results shown in the table 1 are 10 simlar to those obtained with

t he conventional | ow pressure transfer nolding, and indicate that
there is no problemat all. Therefore, it will be appreciated
that the long-time, continuous nDIdlng‘é@n'be ef fect ed. In

anoet her enbodi ment of the invention, a 15 heating cylinder of an

i nj ection nolghfigh MBENENS. 15, the N&%Iﬁ&ﬁﬁ%@'dﬁﬂv&{ #ones in an
axi al directi on. The nunber of the Zones is at |east two, and

this nunber igon@tché digsbi® glepnecid i @swardberas a redioveyvethe four or
five zones are preferable. The zones 20 are controlled in tenperature

I ndependent | yfeed ngwidkes 10 and 8 efdisdortthed agnt e otst i dbivgs mor e st abl e
t han t he conventional nolding, the tenperature of a zone

(hereinafter afeenoved eupeaird caeay "fiost the Zlewver deold 3. zdfee) nearest to
a nozzle is controlled between 65[err]C 25 and 110[err]C, and_ the

t enper at ure WJ%CQ%eP%me@l@?mﬁm Plateoff?e¥1sr®¥%¢rw¢ RRWaThs SO

hopper - si de zon nearest to hopper is controll ed between an
ordi nary tenp % u e ejector pins 6 eject the respective molded

products from the respective cavities 34 in the lower
mold 3. They are discharged from the lower mold 3.
Then, the feed mechanism 9 is operated to move the feed
10 guide 8 in the right-hand direction, thereby moving a
molded lead frame portion 5 by a predetermined distance
in the right-hand direction. |
Usuaily, the separation of the molded lead
frame portion 5 and the bending of leads of the frame
15 portion 5 are effected at the same time. Flashes
formed on the periphery of each molded product are
easily removed since such flashes are usually very
thin.
As shown in Fig. 6, after.the feed guide 8 is
20 returned to its initial position by the feed mechanism
9, the drive cylinder 16 is operated to move the return
pins 11 and the ejector pins 6 downward. The lead
frame 1 is again set in the lower mold 3, and then the
upper mold 2 is moved downward to close the mold 4.
25 The above-mentioned molding is repeated on a non-molded
portion of the lead frame 1 subsequent to the

precedihgly—molded lead frame portion 5.



- 15 - and 50[err]C. The forner tenperature is preferably 70[err]Cto
90[err]C, and the latter tenperature is preferably 30[err]Cto

40[err]C. In these tenperature ranges, the feature that the epoxy
resin nol ding conpound has a |ow nelt -528iscosity is fully achi eved, and
there is no problem with the thermal stability, and therefore the

‘stabl e, Long-11 e, paglll Hugly E0LOLNGG305R8 §YLRE! Blowing the |

In the case where the heafing cyll ones,

ength of the rifesler]02He 8k d ank0 trk0REVEYy29% kiRYIE! bRE QveiAL
| ength of the cylinder. In the case where the heating cylinder has 3

to 5 zones, thkonditior0inedsa@el1F0RFLRES theemeadng comp@REr akurig and
| engt h as descri bed above for the two- zone cylinder. The tenperature

of one to thrédlled inntdweyeaivinly 3dnesThe dntjerpedahdldingt eorpduake
bet ween the tenperature of the nost nozzl e-side zone and the
tenper at ur & ofist Hd st imopher reispeczdve. cavéties 34 gheoughe thenperature
of the intervenient zone becomes, the nore the intervenient zone is
close to the sprue (not shown), the runner 14 and the gate 15. The
lead frame 1, each having the semiconductor 12 bonded
thereto, have been set again in the cavities 34,
respectively. Then, each gate cut pin 7 is moved
10 upward by a distance corresponding to the height t of
the gate, thereby shutting off the gate 15. After the
molding compound is cured, the mold is opened, and the
molded products are ejected. The mo;ding compound cured
in the runner 14 is iéolated from the molded lead frame
15 portion 5. Therefore the molded lead frame portion 5
is smoothly transferred by the feed mechanism 9, so
that the subsequent molding operation can be carried
out. In case of no gate cut pins 7, it is necessary to
cut off the gate by some means after the product is
20 ejected, or it is necessary that the gate be formed
into such a shape as that of a pin point gate or a film
gate so that it.can be spontaneously cut off easily.
In this embodiment of the invention, the hoop
molding is used, and therefore the sequential molding
25 process can be automatically effected in an unmanned

manner, which process includes the steps of unwinding

of the lead frame, bonding of the semiconductors, wire



20 nost nozzle-side zone. The tenperature of the nost hopper - si de
zone is the sane as described above for the t wo- zone cylinder. The
| engt hs of those zones ot her than the nost nozzl e-side zone are

sui tabl y determ ned in view of the 2Bermal stability and nelt
viseosity of 25 the epoxy resin nDIding conpound If the

cyl i nder tenp%ogbﬂag '%et%@h %% the 1 g% m%tablkh%y i good al t hough
0S|

the nelt visc i s high.

In the epoxy En%a'dringvl Fich 3 AP ad pf aateﬁeproducref eselbalr mg Bhe

particularly wnen t hé above preferred conposition 1s use

viscosity is moldebpwro@@@t%hg&%ho&%eth%aEYEk@Q%r beP8eald hg 6@”tﬂ% set
5 to the considerably |Iow | evel. However, if the cylinder tenperature

becones | ess tlleadstnferthkeCnolded prodhem:ger ahete fogel r ghebeeemestdiflfi cul t.

In contrast, if the cylinder tenperature is higher than 110[err]C, the

mel t VA setepsy firom ¢he eonwindingabfi thies leadetfiraee diof theubbst-
processing of the molded product can be carried out in

one system.

Example 3
An epoxy resin molding compound, used here,
10 comprises, as main components, an orthocresol novolak-
type'époxy resin (epoxy resin equivalent weight 200),
phenolic novolak (hydroxyl group equivalent weight
103), diazabicycloundecenes (curing accelerator), and
molten silica, and further a mold release agent, a
15 pigment and so on.

An injection molding machine of the screw
inline type (manufactured by Meiki Seisakusho and sold
under the tradename of M-32) is used in this Example.
As shown in Fig. 2, the cylinder 20 is divided axially

20 and equally into five zones A - E. The zone A of a
heating cylinder, most close to a nozzle, is maintained
at 75°C. The zone B next to the zone A is maintained
at 65°C and the other zones C, D, and E are maintained
at 35°C, respectively. With respect to an injection

25 pressure, the maximum pressure is 200 kg/cm?. The

injection pressure is raised upto the maximum pressure

by 20 seconds from the start of the injection.



10 to effect the proper injection nolding, and besides the

sat.i sfactory thermal stability is often not achieved. I n
this enbodi nment - of the invention, with respect to the injection
pressure of the injection nol di ng- @ ht ne, the sanme condition

descri bed above is 15 applied, and the same advantages can be obtai ned.

[0 his embodpepbaglet e | 1Yoy Pegl £ Vb6V on Ohnd NPs i LAC &R of the

epoxy resin IAg €O SO on, ehperature of the

mold is usual kyr 5 seéé%er rix?dtehéﬁ%gﬁé]&ltaﬁﬂn@rsfér a@ﬂ)é’r&@&ﬁe{é]c to
185[err]C. Wth 20 this set tenperature, the nolding cycle can be not

nor e t haghd¥?OoseCERESgatad. i thé heika@sgepiod hersm! €hedclosingosgpound of
the preferred conposition, the nolding cycle can be not nore than 100

seconds. theEmab@| Bo2th@5cpening of tha Bpbdyisebdnseobudag sndpound,
used here, _ conpri ses, as mai n_conponents, an orthocresol novol ak-

5 the total moldlng cycle is 80 seconds. The temperature
of the mold is set to 175°C. A mold had two rows of
cavities, each rdwing having 10 cavities, and therefore
the mold is a twenty-cavity mold.

Long lead frames are unwound or supplied

10 respectively from reels. IC elements (16p DIP) are
bonded to each of these lead frames, and wire-bonded
thereto by gold wires. These two lead frames are fed
to the above mold, and the molding is automatically
effected continuously at a molding cycle of 120

15 seconds. A molded frame portion of each lead frame is
separated, and leads are bent, and at the same time
flashes around the periphery of each molded product are
removed. These flashes are very thin, and therefore
they be removed simultaneously with the separation of

20 the frame portion and the bending of the leads. The
appearance, filling ability, wire sweep, surface
hardness of the molded products.are measured every
hour. Results, obtained every five hours, are shown in

Table 3.



- 17 - type epoxy resin (epoxy resin equival ent weight 200),
phepol i ¢ novol ak (hydroxyl group equival ent wei ght 103),

di azabi cycl oundecenes (curing accelerator), and nolten silica, and
further a nold rel ease agent, a 5 pignméht-and so on. An

I njection nol ding nmachine of the screw i nline type (manufactured by
Mei ki Sei sakusho and sol d under the tradenane of M32) is used in this
Exanpl e. As shown in Fig. 2, the cyllabder 20 is divided axially 10
and equally into five zones A - E. The zone A of a heating cylinder,
nost cl ose to-a—hezzle—is—mgintalned— —at—75lerr-C—Fhe—zonre—B—hexi-to
the zone A is|naintained Abpehtenet ¢ and 1itey ot hwiréoney SurlPacand|E
are mai nt ai negl at 35[err] C respectl\uﬂbalﬂﬂylw reweept tohamdnepecilon
15 pressure, tHre—reod-m pr-gSStre—+S 26 I\UI \.,|||_C| t J Fre 11} ectton
pressure is raﬁ@@dl@@t@tﬁge maxi maaegr esgur egood  hynoo mererids f7ém t he
start of the {njection. Thereafter ift is | onenefhed BB Kg/cn2 and is
mai nt ai ned for 5 secondy, and then dgate cut pifns are opdrated to 20
shut of f the gatedoUffePESke |peri od”fromlthe closing of * 75

10 hours past " “ " 74

174

15 hours past “ “ “ 75

20 hours past “ " “ 76

(Measurement)
(1) Appearance; Filling ability: These are
judged with the visual inspection, and particularly the
appearance is checked with respect to whether or not it
5 has good luster.
(2) Wire sweep: A soft X-ray is applied to the
molded product, and the amount of sweep of the bonding
wires (semi-hard gold wire having a diameter of 25 um
and a length 3 mm) is measured. The wire sweep is
10 expressed in the term of a ratioc of the maximum wire
sweep to the distance (500 pum) between the bonding
wires.
(35 Surface hardness: The surface hardness of
the molded product immediately after the opening of the

15 mold is measured by a Barcol hardness tester (#935).



the nold to the opening of the nold is 60 seconds, and the total

nol ding cycle is 80 seconds. The tenperature of the nold is set to
175[err] C. The nold is a twenty-cavity nold. Two |lead 25
frames each having 10 I C el ements (16p-DRP) —di sposed sequential |y,
bonded thereto and w re-bonded thereto by gold wires are automatically

set in the mold, and th&hese results shown in the table 3 are 18 -
nolding is carried out continuously. The appearance, filling ability,

W re sweep, argdimilrdfraoe drabesbeiined witthe thes icomreaisnaidt dbw-
sem conduct or devices are measured every hour. Results are shown in
Tabl e 2. pressure transfer molding, and Haldicake that there is

Appearance Filling _ Wre Sur f ace .
ability sweél pProfdemnéds all. Thengfgrest dde will peo@ppreciagssy not
frore g4 that the long-time, continuous molding caniﬁgﬂéé¥écted.

In this embodiment of the invention, it has
become clear that the encapsulatioh of the
semiconductors by the epoxy resin molding compound can
be effected continuously for a long time period by the

10 injection molding of the hoop molding without any
problem. In this embodiment of the invention, the hoop
molding is used, and therefore the sequential molding
process can be automatically effected in an unmanned
manner, which process includes the steps of unwinding

15 of the lead frame, bonding of the semiconductors
thereon, wire bonding, setting of the lead frame in the
mold, molding, removing the molded products, and post-
working of the molded products.

A further embodiment of the present invention

20 is characterized in that a rotary molding method is
used.

Referring to Figs. 9 to 11, a rotary
injection molding apparatus 35 comprises an injection
molding machine 20 having a hopper 23, and a rotary

25 table 24 provided in generally juxtaposed relation to

the injection molding machine 20. Four mold devices

25, 26, 27 and 28 are_mounted on the rotary table 24,



5 hours past : 75 , 10 hours past
74 . 15 hours past ' ' 75 20
hour s past 76 5

( Measur ement ) (1) Appearance; H1ting ability: These are
judged with the visual inspection, and particularly the appearance i s

checked with gagpget EorvhREELENPIaN®y bpaced bPaspYopfomusher. 10 (2)
Wre sweep: A soft X-ray is applied to the nol ded product, and the

anount of sweepothetbe DANBigY 9, anwhogzleeds-barghgoifjetttohavi ng a
di aneter of 25 [err] and a length 3 mm is neasured. The wire sweep is
- 19 - exnpldsngdmachihe 2@rgomfiunicates withhe spxuenrnumner 32
| (see Fig. 11) of the mold device 25, and a molding
5 compound is filled in the mold device 25. Thus, the
molding compound is filled in the mold device 25, and
is held at a predetermined pressure, ana at the same
time the curing of the molding compound proceeds in the
mold devices 26 and 27 where the mold is closed or

10 clamped. In the mold device 28, the mold is bpened to
remove the molded products (each comprising a
semiconductor element 31 encapsulated by the molding
compound 30), and lead frames 29 are set in the mold
and the mold is closed.

15 When each of the four mold devices is return
back to the original position, one molding cycle for
such mold device is completed. Therefore, if the
molding cyclelof each mold device is 120 seconds, the
molding is effected at a cycle of 30 seconds since this

20 rotary injection molding apparatus 35 has the four |
stages, and therefore the overall molding cycle can be
greatly reduced.

Particularly, a certain time period is
necessary for the epoxy resin molding compound to be

25 cured by heating, and it is difficult to reduce the
time period from the injecting start to the mold

opening. In this embodiment of the invention, the



sweep to the distance (500 [err] between the bonding W res. (3)
Surface hardness: The surface hardness of 5 the nol ded product

i mediately after the opening of the nold is measured by a Barcol
har dness tester (#935). -TRB&se results shown in the table 2
are: simlar to those obtained with the conventional |ow pressure

Therof ore, it WIT ba e e e oo yrienethrd LT L5 Behed

mol di ng can be# fecifbatly reduced. ’ﬂ‘heffgé ed’ﬁlé’%&‘ﬁﬁ‘n feyfdie P esent

I nvention is characterized in that hoop nol'ding is use

Referring to kigs.bes dredhly telicd®ad frame 15 1, having port I ons on

whi ch the sem conductors are to be nounted, is unwound or supplied
froma reel (not sfmmﬂheran(d;aaﬁﬁdimdiiﬁs)% breapgdwdaded ito the | ead
frame 1, and are wire-bonded to the lead frame 1. The lead frame 1 is
gui ded by & f e@ﬂguﬁ@ei.l(hnd]taf@mme 4noRings coanipiural piredistjratieted | engt h
of the |ead frane 1is in the nold 4. The feed guide 10 is

supported by and Fiklpg m@qpol%h%m%fcw@m @h giiers 11 are

operated to shut off the gates so as to isolate the
molded products from the sprue-runner 32, thereby
facilitating the removal of the molded product and the
10 post-processing. Usually, the sepafation of the molded
products from the lead frame and the bending of leads
of the molded products are effectéd at the same time.
At this time, flashes formed on the periphery of each
molded product are easily removed since such burrs are
15 wusually very thin.

It ié possible to encapsulate a plurality of
kinds of semiconductors simultaneously by means of
varying the cavity shape of the mold devices and/or the
configuration of the lead frames. If the removal of

20 the molded products and the setting of the lead frames
are effected automatically by a robot, the continuous
molding can be effected without manual operations, and
different kinds of molded products can be easily
assorted without mistake.

25 In this embodiment of the inﬁention, if the
separation of the molded products from the lead frame

and post-processing of the molded products after the



N

supported by a support plate 18 which is noved upward and downward by
a drive cylinder 16. The nold 4 25 conprises an upper nold 2 and a | ower

nold 3. The upper nold 2 can be noved upward away from the | ower
nold 3 by drive neans (not shown) so that2g¢he nold 4 _
- 20:- can be opened. Ejector pi ns 6, mell known in the art, ext end

slidably throug%?%ge Iogeéhgfbo toB%% It E%m the. tltdhe gold 4. Lower

ends of the egj y an €] ec piI'n operating

plate 17. The gfg&te% 14 'c%n%@?ﬁ%ﬁ%et}el%tﬁgge?kﬁp2?1@ nB1Rifgl8, and is

noved upward an ownwar rrve ¢ rring to Figs.

7 and 8, a nol acinaﬁou'qulef B tial IsRe@E! IFPRmRhE BGL¥RG B khefil | ed
in each cavity In the nol'd 4 through a runner 14 and a gate 15. Gate

10 cut pins 7 wa@ Fravwedas e aRAW R aMd poeti-pidce@sing ofegpective
gates 15, |ower ends of which pins are supported by a pin support

pl ate 19. The mioldadmpardduct can be carried out in one system.

Example 4
An epoxy resin molding compound used here
comprises, as main components, an orthocresol novolak-
type epoxy resin (epoxy resin equivalent weight 200),
10 phenolic novolak (hydroxyl group equivalent weight
103), a diazabicycloundecenes (curing accelerator), and
molten silica, and further a mold release agent, a
pigment and so on.
An injection molding machine of the screw
15 inline type (manufactured by Meiki Seisakusho and sold
under the tradename of M-32) is used in this Example.
As shown in Fig. 2, the cylinder 20 is divided axially
and equally into five zones A - E. The zone A of a
heating cylinder, most close to a nozzle, is maintained
20 at 75°cC. The zone B next to the zone A is maintained
at 65°C and the other zones C, D, and E are maintained
at 35°C, respectively. With respect to an injection
pressure, the maximum pressure is 200 kg/cmz. The
injection pressure is raised upto the maximum pressure
25 Dby 20 seconds from the start of the injection.

Thereafter it is lowered to 50 kg/cm2 and is maintained



plate 19 is noved upward and downward with a distance t - (see Fig. 4)
by drive nmeans (not shown) so that the 15 gate cut pins 7 can open and

cl ose the respective gates 15. A feed mechanism 9 for
nmovi ng anot her feed guide 8 in a rléﬁt-hand direction (Fig. 3) is
provi ded between the lower nold 3 and the feed guide 8. 20

I'n the conditifgp %h%W&ohasF'ansthkﬁeggghdbggtﬁlns gggpogggrgﬁegnkgcted

into the cavities 34 in e gate cut pins

operated to shu#utobiErt Ree gate@atQhelﬁaméopb?@bde§93mngh@e@lBEQﬂgcbg_
(conprising the sem conductor 12 encapsul ated by the resin nolding 25

conpound 13) ithe solldt ed themobkainhgneer thé. mohbt €6 Bhesecondk aaled
material is cured, the upper nmold 2 is noved upward to open the nold 4
as shown in Fite 6otFhemolddng cycle is 80 seconds - 21 -
shown in Fig. 5 the drive cylinder 16 is driven to nove the support
pl ate 18 émard As a rBaghtofimeld devices has two rows of
cavities, each rowing having 10 cavities, and therefore
the mold device is a twenty-cavity mold. Two lead
ffames each having IC elements (16p DIP) bonded thereto
and wire-bonded thereto by gold wires, are set in the
10 mold device, A mold temperature is set to 175°C
The four mold devices are mounted on a rotary
table, and circumferentially spaced 90° from one
another.
The molding operation is carried out as
15 described above with reference to Fig. 9, and the time
required for one revolution_of the rotary table is 120
seconds, and the time of sﬁop of each mold device at
each stage is 30 seconds. Under these conditions, the
continuous molding is effected. The setting of the
20 lead frames and the removal of the molded products are
effected both.by manual operations and by a robot. 1In
both cases, these operations can be effected without
any problem. A molded products are separated from each
lead frame, and the leads are bent. Simultaneously,
25 the flashes around the periphery of each molded product

are removed. These flashes are very thin, and

therefore can be removed simultaneously with the



feed gui des 10 and 8, supported by the return pins 11, are noved upwar d
away fromthe lower nold 3. The 5 ejector pin operating plate 17 is al so

noved upward, so that the ejector pins 6 eject the respective nol ded
products fromthe respective cavities 343inthe |ower nold 3. They are
di scharged fromthe | ower nold 3. Then, the feed nmechanism9 is

D e L L bEc 7, EReobeRe Srble L8 Lol Esch ot hereby
the rlght-hanﬁega§ect@ﬂe appearance, thékﬁﬂg'5%115?§r2§g§éa%%8§e°f the

nol ded | ead rame portron ding o frame 15
portion 5 aresﬁ%ﬁ&@beﬂaﬂanEBQ éﬁ”@hé'&ﬁcaﬁbé§9€éd prodh@tgedren the

peri phery of each nol ded product are . easily renoved since such flashes
are usual ly veegsured bltely hour. ResultsAsobbawAednetegy Givafter the
feed guide 8 is 20 returned to its initial position by the feed nmechani sm
9, the dri%e bpursdearé6shswnpénarebdleodnove the return pins 11 and
the ejector pins 6 downward. The | ead frame 1 is again set in the

|l ower nold 3, and then the

Table 4
Appearance Fillihg Wire Surface
ability sweep hardness
Initial stage good good not more 76
than 5%

5 hours past o 4 u 76
10 hours past “ " “ 75
15 hours past “ “ “ 75
20 hours past s # u 77
(Measurement)

(1) Appearance; Filling ability: These are

judged with the visual inspection, and particularly the

appearance is checked with respect to whether or not it
10 has good luster.

(2) Wire sweep: A soft X-ray is applied to the

molded product, and the amount of sweep of the bonding

wires (semi-hard gold wire having a diameter of 25 um

and a length 3 mm) is measured. The wire sweep is



upper nold 2 is noved dowmmward to close the nold 4. 25 The above-nenti oned

nol ding is repeated on a non-nol ded portion of the lead frame 1
subsequent to the precedi ngl y-nol ded | ead frame portion 5.

- 22 - Figs. 7 and 8 are-eARarged views showing the
runner, the gate and the cavity in the nold, and show a condi tion

i medi at el y afdx@rddwedminitie cumowWd al3dtSo of thd kit RELAVity 34.
The injected nolding conpound 5 is filled in the respective cavities 34

through the sweepraee thetdidtande (09 pndetivkeandHadogaiegl5. The

| ead frame 1, each having the sem conductor 12 bonded t hereto, have
been set agai Wineshe cavities 34, respectively. Then, each gate cut
pin 7 is noved 10 upward by a distance corresponding to the height t of
the gate, therdy shuttiSvgigce hradgess 15 Thef sar feige hardnesisdiofig conpound

imS;I S:J:]Sdc O%g&ﬁgel gtlﬁfgf%o%r}%%uc%n%n%nhe%iatelymgcheedr F%:rl'loedlén(izatesni;il'lrge oeg ?:(i'lteEd' The
mold is measured by a Barcol hardness tester (#935).
These results are similar to those obtained
with the conventional low-pressure transfer molding,
and indicate that there is no problem at all.

10 Therefore, the automatic, continuous molding, including
the sequential processing steps from the setting of the
lead frames in the mold to the post-processing of the
molded products, can be effected for a long period of
time.

15 According to the invention, the encapsulation
of the semiconductors by the epoxy resin molding
compound can be effected continuously for a long time
period by the injection molding of the rotary molding
type without any problem. By effecting the setting of

20 the lead frames, the removal of the moided products,
the post-processing of the molded products and so on
automatiéally or by a robot, the molding operation can.
be completely automated.

The molding compound in the form of powder or

25 granules can be supplied to the injection molding
machine, and therefore does not need to be preformed

into a tablet-like shape as in the transfer molding.



in the runner 14 is isolated fromthe nolded |l ead frame 15 portion 5.

Theyefore the nolded |lead frane portion 5 is snoothly transferred by
the feed nmechanism9, so t hat the subsequent nol ding operation can be
carried out. In case of no gate cut3pins 7, it is necessary to

cut-off the gate by sonme neans after the product is 20 ejected, or it is
necessary tha %P% e or, i.0t0 h t. of a pin
poi nt gate or%g'i qﬁyé' Q%S%tggggrﬁﬁgf F@hcéﬁ%%éf§€§2?§§e§§§|?ﬁ%ht of f

easily. tabletingd %r%hb&i%%gﬂqi”%Ehc%fth@ep&%¥§QbE%@sihBesﬂgﬂp

nmol ding is used, and therefore the sequential nolding 25 process can be
automat i cal | y o8f frert edplRtdmgUNBRRREGcessaF@)Neherhiigh 1pk@q@ss i ncl udes

the steps of unwi nding of the lead frame, bonding of the
sen conduct or possibdlity that impurities are included into 23e
bondi ng, setting of the lead frane in the nold, -nol di ng, renoving the

nol ded pr oducmeldsgmeacamoaynche Spruedleged molddagt endr sprdee | ead frane,

and bendi ng of the o
_ runnerless molding can be adopted, and therefore the

ratio of the cured material (waste) other than the

molded products is greatly reduced.



| eads of the molded—products Therefore, the sequenti al 5 steps fromthe

unwi ndi ng of th f he post - processi ng of the nol ded
product can be Bﬂ‘ﬂﬂ@“ﬂﬂmm“{!{ one system - Exanpl e 3

An epoxy resin '

an orthocresol novol ak- type epoxy resin (epoxy resin

cormponent s,

ampeund, used héde~ 10 conprises, as main

equi val ent wajpgdd 29 M1,aTMED PRENOIl i ¢ novol ak (hydroxyl group equival ent

wei ght

103), di azabi cycl oundecenes (curing accel erator), and

silica, and further a migkdiiease RaRMci®y &l T IHRMHcaYh 1S -

An injection nolding nmachi ne of the screw

nol t en

inline type (manufactured by

Mei ki Sei sakusémi entdisetsl deviamdey irmpedt aterameempdxyMB3Pgins used in this
As shown in Fig. 2, the cylinder 20 is divided axially 20
and equal |y imebdingecompmsnd into dmelnipeetiomfmald, imedticly aylinder,
nost close to a nozzle, is maintained at 75[err]C. The zone B next to

Exanpl e.

the zone A st
are nmi nt ai ned

10

15

20

25

and wire-bonded, is fixedly set as an insert in the
injéction mold, and by curing such epoxy resin molding
compound in said injection mold, the method comprising
the steps of:

injecting epoxy resin molding compound into
said injection mold;

gradually increasing an injection pressure of
said injection molding machine in such a manner that a
maximum pressure of 30 kg/cm2 to 300 kg/cm2 is achieved
at the time when 80% to 95% of a total amount of the
epoxy resin molding compound to be injected is ihjected
into the injection mold; and

injecting the remaining epoxy resin molding
compound at an injection pressure of 20 kg/cm2 to 100
kg/cmz.
2. A method according to Claim 1, wherein
filling said molding compound in said mold is stopped
by means of shutting off gates through'which said
molding compound flows in said mold, after said molding
compound is filled in said mold and before said mold is
opened.
3. A method according to Claim 1, further

comprising the step of heating a cylinder of said

nframed to whicks e$¢r]ltp%ma1<tw didrrbegmdeorgied, and E



at 35[err]C, respectively Wth r—'=s'|oect to an injection 25 pressure, the

maxi mum pressure is 200 k /cn\err I njection pressure is raised
upto the maxim y 20 seconds fromthe start of the

i nj ection. Iﬂmm Hﬂjlm “l‘l -35 - - 24 - Thereafter it is

| overed to 50 kg/cnd and ' s “mai nt ai ned for 5 seconds, and then gate cut
pins are opergifetditn noritHy didoHiie ¢ eme dThe igw peri od from t he

cl osing of- nold to the opening of the nold is 60 seconds, and 5
the total nolg] ng cycl A et erEBinthe d epRamilyr €urthedf the nold is
set to 175[err]C. A nold had two rows of cavities, each row ng having

10 cavities, compzineiref e stegdheofimwld is a twenty-cavity nol d.

Long |l ead franes are unwound or supplied 10 respectively fromreels. IC

el ements (16p DI P) are locatimwded tlmreddityofoft sesid |sead dondwetorand

Wi r e- bonded thereto by gold wires. These two |lead franes are fed to
t he above hlelenants H itid dgpad fuamseln @gYies, intermittently;

wire-bonding said semiconductor elements to
said lead frame;
setting said lead frame as an insert in said
mold;
10 injecting said epoxy resin molding compouﬁd
into said mold by saia injection molding machine;
ejecting the molded lead frame from said mold
after curing of said molding compound;
moving said lead frame in a lengthwise
15 direction by a predetermined length, and again setting
said lead frame as an insert in said mold; and
injecting said epoxy resin molding compound
into said mold with respect to a subsequent portion of
said lead frame.
20 5. A method according to Claim 1, further
comprising the steps: |
providing a rotary injection molding
apparatus in which a plurality of mold devices are
mounted on a rotary table, and are spaced by a
25 predetermined angle from one another;
setting said lead frame, having the
semiconductor element bonded thereto and wire-bonded

thereto, in each of said mold devices;



effected contTﬁUousiy at—a notding cycle of 120 15 seconds. A ded frame

pocrtion of eac separ at ed, an q-ﬂ(@BEEN nd at the
sanme tine H HMI@E peri phery of eactﬁ‘ﬁh)o@ pduct jare
ashe

removed. These thln amP ther ef ny be renoved

si nul taneously with the separation of 20 the frane portion and the bending
of the |eads. The apResEeNss sbid! dPSx@brésiy . m&%&fh& oendface

har dness of the nol ded products are neasured every hour. Results,

obt ai ned everynﬁbVBnBOUESsaaﬁemsmﬁmﬂeVBcesb?Ethelﬁjectlon position

- 25 - Table 3

Appearance Fbyl sagd iMfeeting mSldiagemachine;

ability sweep har dness Initial stage good good not
nor e 74 : intermittently rotating said rotarhamalbds by 5

hour s past " ) " 75 )
5 said predetermined angle to bring the next mold device

to said injection; and
removing the resin-encapsulated semiconductor
device from said mold device.
6. A method according to Claim 1, wherein said
10 epoxy resin molding compound comprises an epoxy resin,
a phenolic resin as a cure agent, a curing accelerator,
and an inorganic filler.
7. A method for producing a resin;encapsulated
semiconductor device by an injection molding machine by
15 means of injecting an epoxy resin molding compound into
an injection mold in which a lead frame having a
semiconductor element mounted thereto and wire-bonded
thereto is fixedly set as an insert, said injection
molding machine includihg a cylinder provided at one
20 end thereof with a hopper through which the epoxy resin
is supplied into the injection molding machine and at
the other end thereof with a nozzle, which cylinder is
axially divided into a plurality of sections, wherein
each of whieh sections is to be controlled
25 independently in temperature thereof, and one of said
sections most close to said nozzle is maintained at

65°C - 110°C and one of said sections most close to

This Sheet Has Been RTlaced

A




10 hours past 15 hours past

Zf/gasuremzagt;]ou?mlm [ﬁ l""”l"“gear ance; Filling Hﬁlﬁl ?%SE ?SEENere

judged with the visealtinspac and pdrticul ayl —-appdarance is
checked with respect to mhether or not |t 5 has good | ust er. (2)

Wre sweep: s%ﬁi)fﬂo&éxa)ié SnARRd 8fhd iae room éﬂft&b‘?ﬁ@m@m@d the

anount of sweep of the bonding W res (sem-har d wre having a

di aneter of 2b pm 20 R&thdE REdOrAINY tics CfI%.a_&UWQdCOHﬂﬁ'l\@lh@' FHREP 1S
10 expressed in the termof a ratio of the maximumwre sweep to the
di stance (50Gt=ps kefmeen the bondi ng W res. (3) Sur f ace
har dness: The surface hardness of t he nol ded product i medi ately
after the opening of tkradi&mlinl dnicreaedsigr @ HyjedBdono priemstres ©ft est er
(#935) .

5 said injection molding machine in such a manner that a
maximum pressure of 30 kg/cm2 to 300 kg/cm2 is achieved
at the time when 80% to 95% of a total amount of the
epoxy resin molding compound to be injected is injected
into said moid; and

10 injecting the remaining epoxy resin molding
compound at an injection pressure of 20 kg/cm2 to 100
kg/cmz.

9. A method according to Claim 7 wherein
filling said molding compound in. said mold is stopped

15 Dby means of shutting off gates through which said
molding compound flows, after said molding compound is
filled in said mold and before said mold is opened.
10. A method according to Claim 7, further
comprising the steps of:

20 locating s plurality of said semiconductor
elements to said lead frame in series, intermittently;

wire-bonding said semiconductor elements to
said lead frame;
setting said lead frame as an insert in said
25 mold;
injecting said epoxy resin molding compound

into said mold by said injection molding machine;

This Sheet Has Been Re
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- 26 - T These—+esuts shown in the table 3 are simlar to

t hose obt ai ned; g4 ventional | ow : -art nol di ng,
and indicate thI'jmym"nB@J”w no probl emat RIHIS SHEGle -ﬁ@,ﬁﬁt will be
appreciated 5 % they UM e, cont BAueus ol di REPLARERe ef flect ed.
In:this enbodi ment of the invention, it has becone clear that the
encapsul ati on of the . 1.C u IS 40 e y i | gi
conmpound can be eFngﬁggbcgﬁgi%&gggpyxfég g%ﬁgﬁgfgﬁﬁegsggiggagy t he

10 injection Jmlgdi Qﬂqu,fné e RQGR ﬁ;golgi% W nc@ny problem In this

enbodi nent of the invention, the nol ding is used, and therefore
the sequential nol di NgmevingPEREBSS BaAN FRAmMULE ML Nealkbkhwekkected in an

unmanned manner, whi ch process includes the steps of unwinding 15 of
the | ead frardrdoidimepyofa HredaEradmddtlenyth, ardhegedn ssttdngondi ng,
setting of the lead frane in the nol d, nol di ng, renoving the nol ded

product s, Sandgightlead frame as an insert in said mold; and
injecting said epoxy resin molding compound
into said mold with respect to a subsequent portion of
said lead frame.
li. A method according to Claim 7, further
10 comprising the steps:
providing a rotary injection molding
apparatus in which a plurality of mold devices are
mounted on a rotary table, and are equiangularly spaced
by a predetermined angle from one another;

15 setting said lead frame, having the
semiconductor element mounted thereto and wire-bonded
thereto, in each of said mold devices;

injecting said epoxy resin molding compound
into one of said mold devices at an injection position

20 by said injecting molding machine;

intermittently rotating said rotary. table by
said predetermined angle to bring the next mold device
to said injection; and |

removing the resin-encapsulated semiconductor

25 device from said mold device. |
12. A method according to Claim 7, wherein said

epoxy resin molding compound comprises an epoxy resin,

This Sheet Has Been Rerlaced

AR




wor ki ng of the nolded products. . Afurther embodiment of the

present inventi erlzed in thatTHS sk lng met hod is
used. ﬂml‘!ﬂmuﬂﬂﬂ o Figs. 9 tof11, q:{ﬂ"ég “iinjection
nol di ng appar at us conpri ses*an i njecBpon chdne 20 havi ng
a hopper 23, and a rotary 25 table 24 provided in generally juxtaposed

O s S BR Ba, Fh EBET  BusY o e
- 27 - '?1%2%] 12%415‘9%@‘ er enkihaldy spaced by 90 from one anot her.

In Fig. 9, a noz e I njection mol di ng machi ne 20

communi cates jwy th a spmumewaaeac%%rdmg 6:%6@15&9\ 111knOlntba gpkd device
25, and a nDIdlng 5 conmpound is filledin the nold device 25. Thus, the
nol di ng conpeddld iis fd |dprthdledsheora.d device 25, and is held at a
predeterm ned pressure, and at the sane time the curing of the nolding
conmpound @ oddeds in tAemethod according to Claim 1, in which said

mold is sprue-runnerless mo}d.
15. A method according\"t_/o/C1aim 7, in which said
mold is a sprueless mold. __
16. A method accord@ﬁ; to Claim 7, in which said

10 mold is a sprue—runnerlgés mold.

—_—
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nol d devices 26 and 27 where the nold is closed or 10 clanmped. In the
nol.d device 28, the nold is opened to renmove the nol ded products (each
conprising a sem conductor el ement 31 encapsul ated by the nol ding

conpound 30), and lead franmes 29 are set4ddn-the no EE ldis
cl esed. 15 ' When each of the four nold d%€$@5|2g%gg § ﬁﬂt

back to the oapkgirRabTPBEI £HRNpT8RECEBREI Ng cycle fhr e ool d tdevi ce
is conpleted. Therefore, 1f the nmol di ng cycle of each nold device is

120 seconds, the  nphdhngdetBo&f &LCHLEAEE i8g CH CLEs Ph- SR S8601&6eqi NCe
this 20 rotary injection nolding apparatus 35 has the four st ages,
and t her ef or esthéconduatbrnakdiing, cyclleadafirhfe haviggeahl y reduced.
Particularly, a certain tine period is necessary for the epoxy resin
mol di ng conposenitonfectds eliemdnbybhndedngheaatoi andswilkéfbonfiedt o reduce
t he time geriod fromthe injecting start to the nold opening. In
thi s enbodi nefifiesPtehési ARENRFOAN fRESrt into an injection mold. An

epoxy resin molding compound is injected into the mold
by an injection molding. In this method, an injection
pressure of the injection molding machine is gradually
. increased in such a manner that a maximum pressure of
30 kg/cm2 to 300 kg/cm2 is achieved at the time when
80% to 95% of a total amount of the epoxy resin molding
compound to be injected is injected into the mold.
Subsequently, the remaining epoxy resin molding
compound is injected into the mold at an injection
pressure of 20 kg/cm2 to 100 kg/cmz. A heating
cylinder of the injection molding machine is divided
into a plurality of zones which are controlled in the
temperature independently. The zone nearest to a
nozzle of the heating cylinder is controlled to 65°C -
110°C while that zone nearest to a hopper of the
heating cylinder is controlled to the ordinary

temperature to 50°C.

?7?
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- 28 - rotary nolding is used, and therefore this tinme period ‘can

be .greatly reduced. Therefore, the nolding cycle can be greatly _
reduced.. Further, gate cut pins 33 are provided in. 5 each
nol'd, and after the nolding conpound is injected and filled in the

“nmol-d, the gate cut pins 33 are - operated to shu d as to
i solate the mol ded products from the Bprue- run@%&%%m
the_

facilitating the renoval of the nol ded product and ~praodessi ng.

Usual Iy, the separation of the nol ded ~ products fromthe | ead frame and
t he bendi ng of | eads of the nol ded gﬁqggitslare effected at the sane
tinme. At this time, flashes forned peri phery of each nol ded

product are easily renoved since such burrs are 15 usually very thin.
It is possible to encapsul ate a pluraliﬁﬁw@g « Kkinds of sem conductors
SFCy -

si nul t aneousl y by means of varying shape of the nold
devi ces and/or the configuration of .the leadq frames, |If the renoval of
 andl | gurag 10" ' eady 30 4b
i 1 1 1 [ ] 1 1 1 | ] i
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20 the nol ded products and the setting of the |lead franes are effected

aut.omatically by a robot, the continuous " nmol ding can be effected

wi t.hout manual operations, and dlfferent ki nds of nol ded products can
be “easily assorted wi t hout m st ake. ' In this enbodi nent

of the invention, if the separ at Ié) éf the nol ded s omthe .
| ead frane and post - processi ng of t/h nol d mso?msﬂhﬁ BEEN{ he

- 29 - renoval of the nolded product fromthe rmmt_ggA&D ffected
in continuous relation to the nol ding oper ation—tRe—sequent | al st eps
fromthe setting of the lead frame in the nold to the post - processi ng
of the 5 nolded product can be carri F one system Exanpl e 4
An epoxy resin nolding conpound used here . — conprises, as main '

conponents, an orthocresol novol ak-
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type epoxy resin (epoxy resin eqU|vaIent wei ght 200),

10 phenolic novol ak-

As

/ i nt

to a

o

i's

(hydroxyl group_eguivalept—wetght 103), a di azabi cycl oundecenes
(curlng accelerato enReplacQplten silica, and further a nold rel ease
ageht, a An injection nolding
machi ne of the s lﬂﬁg e type Ti:f actured by Mei Ki

sol d under f M 32) ~ sed in

shown in Fig. 2, the cylinder 20 is divided aX|aIIJH‘ S A%

five zones A - E. The zone A of a J:ﬁtga cyllnderRE cl osce
nozzle, is maintained 20 at 75[err] esone B next to the zone A
mai nt ai ned - at 65[err]C and the other zones C /D, and E are nmuai ntai ned
at 35[err]C, respectively.- W espect to an injection pressure,

t he

maxi mum pressure is 200 kg/ exrr)y. | i p&fssure is raised
upto the maxi mum pressure : f& of the
injection.. Thereafter | 4/' (& d is maintained
1 34C 13 >4 13 5 8
\} r-?-lr/r-L 1 I,I—IJ M ] fri
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- 30 - for 5 seconds, and then gate cut pins are operated to shut -

off--the gates. The tinme period fromthe closing of .the nmold to the

opening of the nmold is 60 seconds, and the total nolding cycle is 80

seconds 5 - Each of nDId devi ces has two rows of cavities,.

each row ng haV|ng 10 cavities, and tnggggg - the pold device is a
ch havi

twenty-cavity nold. Two | ead . fra $gH|§:nggrrmsngEN_6p Dl P)

bonded thereto - and wire-bonded thereto by gol ¢ W r eggplaCepset ip the
10 nol d device, A nold tenperature is set to 175 et The
four nold devices are nounted on a rotary table, and circunferentially
spaced 90[err] from one anot her . The nol di ng operation
is carried out as 15 -described above 3$1tage;prence to Fig. 9, and the
time °  required for one revolution otary table is 120

seconds, and .the tinme of stop of each nold device at each stage is 30
seconds. Under these conditions, the continuous nolding is effected.
The setting of the 20 lead frames and the renoval of the mol ded products

are | ///—~\ P‘“-—’”(j _
Vi | 0 OOnno Vi
b : S 1
{ : i T
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EpENEpREEREEE \,\
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effected both by manual operations and by a robot. In both cases,

t hegse operations can be effected w thout ~any problem A nvol ded
products are separated from each l'ead frame, and the | eads are bent.
Si mul t aneously, 25 the flashes around the periphery of each nolded product
aresrenmoved. These flashes are very thlé‘n/ émd t herefore can be rermved
si mul taneously with the - 31 - '
separation of the frane portion and t he bendi ng of lt S EET SB qu
appearance, -filling ability, wire sweep, surfage SRl | ﬁ e
encapsul at ed products are _ rreasured-leeG hgnr. ainedl every
five 5 hours, are shown in Table 4. Nt 0

Table 4 . . = ' Appear ance Filling Wre . Surface -
ability = sweep “har dness 5 '

35
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Initial stage = good - good @ not nore 76

than 5% - 5 hours past : " " 76 10
houfs past - - .75 15 hours past
T 75 20 hours past " 77
(Measur enent)) ' (1) Appearance; Filling ability: These are
judged with the visual inspection, andEhéﬁiicularly t he appearance is

checked with respect to whether or not it 10 has_good |uster.
Wre sweep: A soft X-ray is applied to the : igesh ~and t he
amount of sweep of the bonding - wires (sem-hprd g \ _ﬁ§ ifng a
di aneter of 25 pm and a length 3 mm is neas i

" . This Sheet Has
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< 327 expressed in the termof a ratio of the maxinmum wire 7&102§ﬂ@eb
to the distance (500 pm) between the bonding . Wres. 3

Surface hardness: The surface hardness of 5 t he nol ded product
imrediately after the opening of the nold is measured by a Barcol

har dness tester (#935). - These results-are simlar to those
obt ai ned with the conventional |ow pressure transfer nolding, and
indicate that there is no problemat all. 10 Therefore, the automatic,

cont i nuous rmldln%4 i ncludin t he sequenti al processing steps fromthe
setting of the ETHR OF YRING ERRXY RES INcENAPSPEBEEBS|i ng of the
nol ded products, can be effected for _a qu? ﬁ r|od of time. 15
According to the invention, t of the sem conductors by
t he epoxy resin nol ding conpound can be effected continuously for a

| ong tine period by the injection nolding of the rotary nol di ng

type “‘thOUtB$E¥ﬁe R efk @MEe£&§§ﬁ%ngthe setting of 20 the |ead franesa

t he renoval ded produc
Field of the Invention

This invention relates to a method of
producing a resin-encapsulated semiconductor device.
More particularly, it relates to a method of producing
a resin-encapsulated semiconductor device by injecting
an epoxy resin compound into an injection mold, in
which a lead frame, to which a semiconductor has been
bonded and wire-bonded, is fixedly set as an insert in
an injection mold, and by curing such epoxy resin
coﬁpound in the injection mold.

Description of the Related Art

In the encapsulatien of semiconductor devices
such as an IC and a LSI, a transfer molding method,
using an epoxy resin molding compound, hae heretofore
been used because of the low cost, high reliability and
efficient productivity thereof. Generally, in tﬁe
transfer molding, the epoxy resin molding compound is
formed into a tablet-like shape, and then this tablet
is charged into a pot in a mold, and the tablet, while
melted by heat in the mold, is pressurized by a
plunger, so that the molten molding compound is caused

to flow, and then is cured.

REPLAGEMENT SHEET
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‘t he post-processing of the nolded products and so on automatical ly or
by a robot, the nolding operation can be conpl etely automat ed.

The nol di ng conpound in the form of powder or -25 granules can be supplied
to the injection nmolding ~ nmachine, gnd therefore does not need to be

pr ef or med into a tablet-1ike shape as in the transfer nolding.

- 33 - t%@ﬁ%ﬁ U pKBBHCIRBAESEy ARBSTNIENCAEULATEDOrSEMECONDUGTOR! | Ng

are omt TeRCE e pre- processing sucn as the tableting 1s

unnecess reis little ossibility that inpurities are included
TRAGT Qg PISCHASYR

into the 5 Fess nol di ng and sprue- runnerl ess

nol di ng can be adopted and th fore th ratio qQf the cured terial
(waste) other than theZ g‘@gl PEé‘ql?ggtaegﬁs;}nr’ 91 ved

semlcopductor device, a lead frame having an
semiconductor eiement bonded thereto and wire-bonded
thereto is set as an'insert into an injection mold. An

- epoxy resin molding compound is injected into the mold
by an injection molding. 1In this method, an injection
pressure of the injection molding machine is gradually
increased in such a manner that a maximum pressure of
30 kg/c;m2 to 300 kg/cm? is achieved at the time when
80% to 95% of a total amount of the epoxy resin molding
compound to be injected is injected into the mold.
Subseguently, the remaining epoxy resin molding
cdﬁpound is injected into the mold at an injection
pressure of 20 kg/cm2 to 100 kg/cmz. A heating
cylinder 6f the injection molding machine is divided
into a plurality of zones which are controlled in the
temperature independently. The zone nearest to a
nozzle of the heating cylinder is controlled to 65°C -
110°C while that zonélnearest to a hopper of the
heating cylinder is controlled to the ordinary

temperature to 50°C.
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VWHAT*1 S CLAI MED | S: 1. A nmet hod of producing a

resi n- encapsul at ed sem conductor device by injecting an epoxy resin

nmol di ng conpound into an injection nold, in which a 5 lead frane, to which

a. seni conduct or has been bonded and wi re-bonded, is

insert in the injection nold, and,by curing such eppx GEM %Isﬂfﬁfﬁ
t he steps oft

conmpound in said injection nold, the method conprising

10 i njecting epoxy resin nolding conpound i nt - 4 MARJ9MT
i njection nold;- gradual ly increasing an ihjection pressure
of said injection nolding machine

L0 . syuch a manner that a maxi mum
pressure of 30 kg/cnR to 300 kg/cn® is ghé\;eﬂ 15 at the time when 80%to
95% of a total anount of the epoxy resin nolding compound to be
injected is injected into the injection nold; and
i njecting the remaining epoxy resin rm"FfME(SEC) conpound at an injection
pressure of 20 kg/cn2 to 100 ,
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20 kg/cn{err] 2. A nmet hod according to Claim1l, wherein

filling said nolding conpound in said nold is stopped by nmeans of
shutting off gates through which said nol di ng conmpound flows in said
nold, after said nolding 25 conpound is filled in said nold and before

said nold is opened. 3. et hod according to.Claiml1,
further conprising the step of hea,t-l_ng a cylinder of sai —
i nj ection molding machi ne to 65[err]C - 110[err] C 4. %EPL%EIWTOSHEET
according to Caim1, further conprising the steps of:

| ocating s plurality of said sem conductor 5 elenents to sai I-eéMAnggm. -
In series, intermttently; W re-bondi ng said $ef conduct or

el enents to said lead frane;, FIG 3 setting sajd
an insert in said :
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nol d;© 10

said nold by said injection nolding machi ne;
nol ded | ead frame fromsaid nold

conpound;

direction by a predetermned | ength, and again setting >y
as an insert in said nold; and _%_ I njecting s |R hﬁwﬁ\ﬁ“§ﬂ
mol di ng conpound
of said lead frane. 20 5.

further

I njecting said epoxy resin nolding conpound into
. ej ecting the
after curing of said nDIdlng

noving said lead frane in a | engthw se

into said nold with respect to a su seqyent ortloj

t o=~ MAR) 19997

A net hod accordi

conprising the st eps: provi di a rotary
I njection nol di ng apparatus in V\AF!G& g’urallty of ol d devices are

mounted on a rotary table, and are spaced by a 25 predet
one anot her;

o o dev e b°“def/"%/€”‘/‘ﬂf/“/ﬁ‘%}‘f‘f
L

setting said
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36 -° I njecting said epoxy resin nolding conpound into

one of said nold devices at an injection position by said injecting
mol di ng machi ne; intermttently rotating said rotary table
by 5 said predetermned angle to bring the next nold device to said

I nj ection; and removi ng the resin-encapsul ated sem conductor
deV|cefromsa|d nol d devi ce. 6. -— A method accorgin

wherein said 10 epoxy resin nolding conpound conprises FrE g%%“ﬁngHEnﬂ
a phenolic resin as a cure agent, a curing accel erator, and an
inorganic filler. [Cains 7 to 12 del et ed] 7. =4 MAR R R h
according to Cdaiml, in which said

FIG. 7
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mol d*is a spruel ess nol d. 5 8. - A met hod according to Caim1l, in

whi ch said mold is sprue-runnerless nold. . [Clains 15 and 16

del et ed] ' sai d hopper is maintained-at a roomtenperature -
50[ert]C. 8. A nmet hod according to daim?7, conprising the

steps of: gradual Iy increasing an injectionfpm

said injection nolding machine in sudhiiihanner t hat a REBLA

pressure of 30 kg/cn2 to 300 kg/cn® is achieved at th :

to 95% of a total anobunt of the epoxy resin nolding ¢ 11y

injected is injected into said nold; and 10 I i " d
remai ni ng epoxy resin nol di ng conwgw ajyan i njecti s

kg/cn2 to 100 kg/cnierr]. G 9 jN
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9. * A nmet hod according to Caim7 wherein filli

ng sai d nol ding

compound in said nold is stopped 15 by neans of shutting off gates through
whi ch said mol di ng conpound fl ows, after said nolding conmpound is

filled in said nold and before said nold is opened.

according to Caim?7, further CORpKI sing the steps of:

10. _ A nethod

| ocating s plurality of said sem conduct or el enent s
in series, intermttently,; Wi re-bondi ng s3g
elenents to -  said |lead frane, _ setting
an insert in said 25 nold; ' I nj ecting said
nol di ng' conpound into said nmold by said injection n
-38 - ejecting the nolded lead frame from g

i%EE@Nﬁégﬁghéﬁﬂﬁpﬁ

sgid | ead franeja
dpoxd MAR 19997
I ng machi ne;

ald mor d —afte

curing of said nol ding conpound;

FIG. 11
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eaggﬁﬂH

nmoving said lead frame in a |l engthw se direction by a predetermn
I'ewd agagwmméﬁﬁ | apslicdionNG 9640299-1 nsert in said nold; and
i Nj sai d [ g [conmpound into said nold with
re to a subsequent portion of said | ead frame. 11. A
| Fm 7, farther 10 conprising the Steps.

gﬁfow x%qgi?ﬁgﬁégf(‘m on ol di ng ar)rrgar at ug in_whi rg aplurality of

| d devices are nounted on a rotary table, and are eqU|anguIarIy
spaced by a predeterm ned angle fromone another; 15
setting said | ead frame, having the sem conduct or el ement nount ed

thereto and w r gFEIHOPDOF PRODUEING BEPOXY RESINENCAPSUINTEDEVI ces;

iInjecting said epoxy resin §piA X PORNOEVICE | nto one of said nold
devi ces at an injection posi ' Dy~ sal d I nj ecting nol di ng machi ne;
ntermttently rotating said rotary table by said predeterm ned angle

— —

0 brl n% rilgtﬁog %)fg E)rortrill)llcggdaex}éls&?encapsulated sse%{lgoddﬂé e?hé\?lge, aalgad frame having an
semiconductor element bonded thereto and wire-bonded thereto is set as an insert into an
injection mold. An epoxy resin molding compounds is injected into the mold by an injection
molding. In this method, an injection pressure of the injection molding machine is gradually
increased. in such a manner that a maximum pressure of 294 N/cm® to 2943 N/em? is
achieved at the time when 80% to 95% of a total amount of the epoxy resin molding
compound to be injected is injected into the mold. Subsequently, the remaining epoxy resin
moldmg compound is injected into the mold at an injection pressure of 196 N/cm’ to 981
N/em? . A heating cylinder of the injection molding machine is divided into a plurality of
zones which are controlled in the temperature independently. The zone nearest to a nozzle of
the heating cylinder is controlled to 65°C - 110°C while that zone nearest to a hopper of the
heating cylinder is controlled to the ordinary temperature to 50°C.

Fig. 2.
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r eRpvi~ng t he resin-encapsul ated seni conduct or 25 device from said q?bgozqq -/

dévi c&. ~——ﬁA—neLh9d—aecord|ng to daim?7, wherein said

epoxy resin nDIdln ound conpr ses an epoxy resin, a
phenol i ¢ reS|n Fﬂ" MB a curing accel erator, and an inorganic
filler. cording to Caim1l, in whi ch said nol d
is a sprueless mol d- A nmethod according to Caiml1, in which
sai d nold is sprue- runnerless nol d. 15. A nmet hod according to
Claim?7, in which said nold is a sprﬁg% ss nol d. 16. A et hod
according to Claim7, in which said 10T Ts a sprue-runnerless nold.

injecting said epoxy resin molding compound
into one of said mold devices at an injection position
by said injecting molding machine;
' intermittently rotating said rotary table by
5 said_predetermined angle to bring the next mold device
to said injection; and
removing the resin-encapsulated semiconductor
device from said mold device.
6. - A method according to Claim 1, wherein said
10 epoxy resin molding compound comprises an epoxy resin,
a phenolic resin as a cure agent,.a curing accelerator,

and an inorganic filler.

[Claims 7 to 12 deleted]

7. A method according to Claim 1, in which said

mold is a sprueless mold.

5 8. . A method according to Claim 1, in which said

mold is sprue-runnerless mold..

[Claims 15 and 16 deleted]
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‘METHOD OF PRODUCING EPOXY RESIN-ENCAPSULATED SEMICONDUCTOR
DEVICE

ABSTRACT OF THE DISCLOSURE

In a method of producing a resin-encapsulated
semiconductor device, a lead frame having an
semiconductor element bonded thereto and wire-bonded
thereto is set as an insert into an injection mold. An
epoxy resin molding compound is injected into the mold
by an injection molding. In this method, an injection
pressure of the injection molding machine is gradually
increased in such a manner that a maximum pressure of
30 kg/cm? to 300 kg/cm? is achieved at the time when
80% to 95% of a total amount of the epoxy resin molding
compound to be injected is injected into the mold.
Subsequently, the remaining epoxy resin molding
compound is injected into the mold at an injection
pressure of 20 kg/cm? to 100 kg/cm?. A heating
cylinder of the injection molding machine is divided
into a plurality of zones which are controlled in the
temperature independently. The zone nearest to a
nozzle of the heating cylinder is controlled to 65°C -
110°C while that zone nearest to a hopper of the
heatigg cylinder is controlled to the ordinary

temperature to 50°C.

??
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