D U& ( C%?WW% G6GT$H -1 METHOD OF PRODUCI NG EPOXY RESI N- ENCAPSULATED
SEM BACKGROUND OF THE | NVENTION Field of the I nvs 'NU“
Thi s i kﬂ? ﬂgﬁ ~Jm02

es to a nethod of producing a resin-encapsul a
sem conducteoztievi ce. 15 NO. 2002 5 Nbrg particularly, it relates to a
met hod of produci ng a resin-encapsul at ed”sem conduct or devi ce by injecting
an epoxy resin conpound into an injection nold, in which a lead frane, to
which a sem conductor has been bonded and wire-bonded, is fixedly set as an

insert in 10 an inj nol d. _and curi such_epo resin conmpound in
the injection ml@ﬁ&%c% pﬁ%UQﬁNCE hép%¥aff Dy NG I%I\é‘b‘qt%]i—'i[?:apsuI ation of
sem conduct or devi ces such as transfer nol di ng net hod,
15 using an epoxy resin nnldi?éﬁ%ééﬁﬁﬁ#ﬁékté%y% etofore been used because
of the low cost, high reliability and efficient productivity thereof.
Generally, in the transfer nolding, the epoxy resin nolding compound is

f or med intoB giip! bker Eaggv Rdofyhen this tablet 20 is charged into a
pot in a nDI , g Rebtab wﬁﬁle ﬁelted by heat in the nold, is

pressurlzedFlea gkueggrgnggnE@gh t he nol ten nol di ng conpound i s caused to
flow, and then is cured. ~1 ~" 2002 - 2 Wth this nolding nethod,

however, it is neCGSS@thtQn@bﬁ@&oﬁh@éﬁatég epoX¥ymeedbda &8l di ng
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,
&Ai 15 wusing an epoxy resin molding compound, has heretofore
’ v 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 1is 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.
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conpound into the required configuration (that is, tablet-Iike shgps) \a%uz
therefore the shaping step is S needed. Depending on the shape an i&%

sem conduct or devices, the shape of the tablets varies w dely, and
therefore there are required nmany nolLdsdevi ces for shaping the epoxy resin
nmol di ng conmpound. Since the charging of the tablet and the nelting of the
10 tablet by heat are required for _each nol ding operation, a the tine
period of the noldi ng'tyRI ehtanmebiing Febiedd POWPESE. thanid predet er ni ned
time period, and this limts the reduction of the cost_and the nass

product i vi t YECESPRREr EOt ReFEti §NaPBOSEPLEPPYY LRELNIBOLADOFI ties are

intruded into the . di ng on?ound in the_preprocessing steps such as the
shapi ng steﬁ?mPﬂuPﬁglPFangggr ﬁBPaFﬁa,CPE§EQH§Pt&8P|étﬂﬁtra ners through

which th | di d h d into_th t, fl t | d ity,
and in the BOFare CBApEERBR) - offd P rE 85°ARd A er BFSF B9 3 SRot Sbe T eUsed.
Thi s resgltﬁgbgeg.p[ﬁgbgghﬁgghaﬁcEﬂggghgggugkdpgiggsb@ ot her than the.

resin used t ormthe sem ¢ tor packKages 1S wasted. On the other hand,

there has heemtebaacheenaesiede anst udkoal Jiee! kap1@pkding using a
t hernosetting resin nolding conpound, such as an epoxy resin. In the

i njection nplideng) ARGERMPEYTOHeN chRkrdi BGeC HRRAUREA hany mo1g ~NOV . ~200~ -
3 the formof powder or granules is supplied into an injection nolding

nmachi ne, andeis ckeptfodlsheping aheylepaster redith nd ldijnecCicethpoltind.a nol d by a
screw. Therefore, the step of shaping the epoxy resin nolding 5 conpound
into a tabl Stinice nthie rétaegsiary ofanthebeaides tand adnt malauisgpoddudid on i s
possi bl e, and the device for this shaping purposes, as well as the tine for
.thi s shafi ngablstoiivt et Rure requisiedc € rheandl diglglimat ededatiiont,he nol ten
'state is injected into the nold, 10 the curing tine is shorter as conpared
with the 1 théndfidie msrdiady ofartdia Meleimnge afle MRMawh Psyiadsiad for mass

N th opoxy” FESITE RISy ST G ot TS JRAT H6bn T S, br et i cal
Fesi n' ol di g EGT IR AT By Mgl MORte Tt TRC W00, the vi scost ty. of
oS o 9 AR T SRRRS GG P 0 SREON A BRIl Ehe
(r:nogggﬁflési gqé«ﬁﬂtdryﬁn‘g]%ys Iaa{(;% t%e%%ﬂnﬁ aél}ﬂsé :ﬁn%log?én{}go@% eicrf?I '(tjlhgg
injection Myl (firded MR SRES st 4@ N 6B € 1n
the transfer molding, residual culls in runners through
which the 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 large 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



25 injection is required As a result, the binding wres on the
sem conductor device may be deformed or cut off, so that the relight hNfw,
15 hov JBNCV 002

t he produced sem conduct or package is greatly degraded.

There has been pointed out another proplemthat when interrupting the
nol di ng operation for a predetermned tinme period, for exanple, for
cleaning the nold, the epoxy resin nolding conmpound is cured in 5 the
cylinder, &t tham «oh rtddse amjoared eshereafunglied IHee ame conti nuous
production is, adversely affected., SUMWARY OF THE INVENTION i It is an

obj ect of tIMIEFTHINTOIRG Rarhide 1RRE et NRPoMPFRUCIhE a

sem conduct or

conmpound, By Ha Fhg-T i T SR

deyi ce encapsul ated by injection polding using an epoxy resin
]vﬂtﬂ% %lrﬂtfb‘i& W&%gb%n%l $/#s®Y pr oduct i on can

be effectedgﬁffi ientlg. To this_end, according to one aspect . of the 15

7 On; T T he

present inv

® iR RV PR R I ROBF otk gl A ng

Compound | REAISRTIR, SArT oh WA EES | 16 VA b e PRRY { ohes BRSOMFER o
sem conductof, h@én??x?@o@%‘]'ﬁé’dgéggi%rfé b?é‘é’&?bl%? gﬂdftﬁgd&v%cﬁ"%d?f‘ga”

insert in the injection curing suc

epoxy resin no

conpound i ngdheq i ?Qﬁéﬂ%&%@rpé@@s el Hode £OMRL I 5480, {RE f&fgt_?hgé:

i njecting epoxy resin no

7

I ng conmpound into the injection no

gradual |y i|g€&8286N0i 8Noh Dt €641 OPuPERESUT 810k SEhE hBL&CH
machi ne in such a manner that a maxi mum pressure of 30 kg

on nol di ng
cn2 to 300 kg/cn?

i s achi evedmaterial 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 wviscosity 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.



15 NQ'~ 20~~ _ 5 _at the time when 80%to 95% of a total anpbunt o. the
epoxy resin nol ding conpound to be injected is injected into the i 'echbo?
nol d; and injecting the renaining epoxy resin nolding 5 conpound al alN 002
injection pressure of 20 kg/cn2 to 100,kg/cnR2. According to anot her aspect
of the invention, there is provided a nmethod for producing a

resi nencapsul at ed sem conductor device by neans of injecting 10 an epoxy
resin nol di ng conpounthént chasn Hegrqd one edl dut i lodr aptreldefir ame havi ng
a sem conductor el enent bonded thereto and wire-bonded thereto is fixedly
set as an i BB@FtWhenahntareept bhd nbhdi ngléboai eeeroE1Pnj éeti Ag an epoxy
resin nmol di ng conpound into the 15 injection nold, the injection nolding
machi ne i ncPEBRREeEMEPeEnBERSpPBYiE8d APT oRBABAYSE hEPEOFLRRPANE hopper

t hrough which the_epoxy resin is supplied, into the injection nolding

machi ne andtgF Pﬁégotﬁﬁﬁ EREXY hERESH mpﬁﬁlagnsgwpgynﬂhFéhCeyﬁﬁnaﬁr s

axially divided into.a 20 _plurality of sections, wherein each _of which
sectionsgis£ﬁ8 8¥T&8ﬁFF0IP§8 EﬁagpgﬁaeHPFy Fnlpgﬁﬁéﬁgtﬁggrﬁﬁgfg5f, and one
of the sect kgns,nstygl 036,10, 38000288 15 TR Qkglned;gt 65C - 110C and
one of the Séctions nost cl'ose 10 e hopper i'S maintarned at a 25 room

t enper at ur e ¥ sa@Ceglhe epoxy resin nol ding conpound used in the present

i nvention usually contains, as essenti al 1 ~~P~~~~20Q - 6

conponents, an epoxy resin, a curing agent, a curing accelerator and an
inorganic filler. It is in the formof powder or granules. It is not needed
to be shapegumia®vaoraltuet tqgenrroe transfer nol di ng. The epoxy 5 resin
nol di ng conmpound is preferably required to exhibit a good thermal stability
Jin a cylinder of an imtedki an obhdicagofachige iavenancexeel pewtyideui dity in
a cavity, and be cured rapidly. In view of these, the epoxy resin should be
one havifg a mrewhoe tofvipsedsictiyng B0 semdltcasiva trmov dleaki-deype epoxy resin and
a biphenolic resin, and particularly having a softening point of 50C - 80C
As the curi gcagsitlated handnieatésim moddiing 31 neo\egl HeLHHeEgitidhol i ¢
resin, a paraxylylene nodified phenolic resin and dicycl opentadi ene

nodi fi ed 15 GHEBING IsiRiGh 8 d@Rg Fidip ARy s me 1374 r esi n,
havi ng a softenin int, of 60C,- 120C and, cont.ai.ning a | ow nonocaryon
content and™@9%W Cﬁ’ﬁ:}ﬂ&? & B efiteghsd e‘*‘rl{]%d:.l Yve curing

accel erator, for exanple,. .di azahi cycl oundecenes (DBU) or ,or i,c. 20

phosphi ne, such as anBIrq p’fﬁlé‘r?yl sﬁﬁicr? %Fllng [}soe(?,(nea%pp%ce e abrlihyethe curing
accel er atzor _| f_ high | at i it i iwity.at | ow

Femper atty e PR, ol TR SN Bloptiedd iiad o

Sprue- r unnerd,&ss, s gl &%&ﬁql%pé\ﬁa&&? Sapttddbatiyr dbgitemperature of

the sprue portion of the nold or the tenperature of the sprue portion and
the runner poijding LONEPSLY fed th and BIDES atdtigowid Whihed &ke nol ding

conpound is hardly cured, that is, a
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 resin 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



15 ~~tJV 2002 tenperature generally equal to the tenperature mﬁLﬂﬁnNBQezmm
cylinder) and by doing so, at the next cycle after the nol ded protdtc

(i.e., the resin-encapsul ated sem conductor device) is renoved or taken
out, the 5 uncured nol ding conpound, _rgsiding in the sprue portion or the
sprue-runner portion, can be filled in the cavity, thereby effecting the
nmol di ng. Accordingly, any cured nol di ng conpound ot her than the nol ded
product is Harety §HreeeRemnilt He? 3ot 0 f herect sl ~anounghpéveliean advant age
that the anbunt of resin waste is greatly reduced. In_the encapsul ation by
the ordi nar§PYFansEen P HEHYY FAEOPERE oL RF P nEN28F e 28i AnMASERDi n t he
cull -runner, portion to.the. total | di pg conmpound is 15 40% - 60% but in

t he encapsu+§$?oﬁh%yl?%%c?h?%c??%ﬁPn%?aing of the present invention, the

ratio of the cured resin m€ste iﬁ slightly reduced to 30@6-130@’ and in the
spruel ess nol di ng, tht&2FAHE i S MicH? Bt YT Y588 13588 L ANETi n t he

Sprue-rqyne§éﬁﬁéuﬂglg£n n Eggﬁagg?§2%%§s%ﬁrgﬁé?p5Sdﬂﬁ?gmnotgo%%b 30% The

above objec construction rese I'nvention wll
become nani fgstmEromthe follow ng description. BRI EF DESCRI PTION OF THE
DRAWNGS 25 Fig. 1 is a graph showing the relation between an injection

pressure of an inject A@R-F® Al NPo NBEHE REr a88paL | BECEhEONnLEARIBAY the
rel ati on between "1 '51~ t~u 2b02 8 the 1njection pressure and the

position of tharenjiechrenigesew; mEtdod2fog Brodewisgow mesdinwvi sion zones of
a heating cylinder of the injection nolding machine; 5 Fig. 3 is a
Cross-secti enabpsudateiosendcanduased deldcanthyl tneaassed andecpdngs i n hoop
nolding; Fig. 4 is a cross-sectional view taken along the line IV-1V of

Fig. 3;16i ganSepoxy ceess- sedtingakompennd inte wol dnjdetsloowimed da
condition in which nolded products are ejected and discharged; Fig. 6 is a
cr oss- sect i epaWhicwaofl eefe firgme, hanawong siealcoaguicsorofelgmesdd f r ane;

Fig. 7 is an enlar%%%, pl an vi ew showi ng the 15 arrangenent. of a runner,

gates and cRPPEESs Therehe Aprd Wizisd PoReRch Fheresiits dixafiddisftel y after a
mol di ng Cong%ug% E%s%&klﬁg g% Hg%e%%%%%?%%lding machine for
injecting an epoxy resin molding compound into the
15 1injection 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
sections 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



Fig. 8 is a cross-sectional viewtaken along the line VIII-VIIl of Fig. 7,
1 20 Fig. 9is a schematic plan view of a rotary injection nol di-pg; MOV 2002
apparatus; Fig. 10 is a schematic side-elevational view of the rotary

i njection nol ding apparatus; and Fig. d1_is a plan view of a | ower nold of
a 25 nol d device, showing a condition in which |lead franes are set in the
nol d device, and a nol ding conpound is filled in the cavity of the nold
devi ce. Iompdrent2002an  apoxyPESERIP T 0O GF ridHa ;RREFERRERY: HVRBODI MENTS An

i njection nol ding machine used in the present inventionis not limted to a
particul ar aggelemantbannd it ablerdansctiiohlem! dihy hachi nehe simtmas a 5
screw inline type, a plunger type and a screw plunger type, can be used;
however, irP¥iROWERr 26 \yoBVUMEI@F . ankt uhs R tn meddedig;o the Saredinl i ne type
is nost preferred. One enbodj nent of the present invention is 10
charact eri zEC? rf t 1218 25 ERtFoh pransine BPldHT | njRteRP<Yl di ng

nachineg i ncreased.to a maxi mu gressuge w@L&h is petween 30 kg/cnR and
300 kg/ chp TR B4 d1RBoFdfPQURd HF PHEERIZONY a8t T8t BR epoxy resin

| di d. h b i Nj (o] h | d. i pi | d
ol v Corpouri: g 5es Lk eplecelnte e nBl . rhe g g o
kg/cn. | I , crat] h . f
kgm0 ARLscERst ligpthacRloL st ch et et gntey forrer

hi gher thangthg,a veaﬁnﬁéoeegggawﬁ%w._remeemebz,thQEé,e Eged

possi bility that bonding W reés on a sem conductor device nmay be deforned

or cut off.ephxgOopbE@At shbhillihBeaBA¥ENEYWONEr 8SSHKEReRECVE BWBEIERAN the
above-nenti oned val ues, respectively, there is a possibility that the

o di ngl@onmpoundagey A6vobekpegper epoky| Fedihnaadnel BipAenbYicPreferably,
the 25 maxi muminjection pressure is in the range of 100 kg/ cn2 - 250
kg/ cn2, andrebénl abhérppressuteriys havihe sasg€tehid8 bgianPof 120 kg/cnt.

These injection

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
containing a low monocaryon content and a low dicaryon
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 sgpecifically, 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



"~ a ~dt~u 2D02 - 10 pressures are |ower as conpared with ordinary
injection nolding of a thernosetting resin. Since the injection pressure is
| ow and the tenperature control can be effected easily, a long-ti NV gmz
conti nuous operation can 5 be effected;at a | ow pressure. Accordfugly th
nolding is effected at the | ow pressure, the degree of deformation of the
bonding wires is low Therefore a |ead frame, having the sem conductor

nount ed t h&EEBRET T DI FTHRTRDY RBE TN AIF auF THEL ey f r ane,
havi ng the sem conduct or bonded thereto, is fixedly set as an_insert in the

mol d, and tH¥h PHETIRRT 13016 P I Fndd. it dF¥yl @ pidtind i s
injected i tiétQ§H?D d. The nn#ding ch ound. is filled at generally
const ant rgi FDHIhE LRI of* the 1517 i MF 1O THERTWERWiEn the 15 maxi mum
injecti ; [ hi d..If the filli ' of th | di d

S0 cont i NUGETTET FHEE Ret BT B cLe L TSPt VAR Othe Tifo when the
filli ' h . di t h ti

at o fin SR nding ol agi SaEt A sk BE e ol e BRLEE NG "

TBXi UM Pr eSSULKe | SpAGBL hund Op SSEOLIR! | Ot ObeCHL11BE" 04T oL the bondi ng

wires occurs. Therefore) according to the present invention, the injection
pressure iscdedteedeisbiaby| ¥yrbeteiggt FRefMblaNAgl S AeABLEigg1yand
thereafter the 25 filling is continued at the | ower pressure. Accordingly,
t he def or mednwncored uhdlAngf Eompotih€ other~thanrthe’mdldedl bonding wres
can be prevented. The set tenperature of a cylinder is usually 65C, to
110C, and tpeodeopeiat bardtpnfoohnetiheandf theredsyei nhekhesisange. However,
inviewof a nmelt 5 viscosity and a thernal stability, it is preferred that
‘thjs set0teapeiavedeansaivancege70BatotBeCampfinthe fcykishdewaserpésature is
|l ow, the thermal stability is good although the nelt viscosity is high. In
t he epoxy r@5fAtHY| dPAYCEBrpound in the present invention, 10 particularly
when the above preferred conposition is used, the nelt viscosity is |ow,
and therefore the cyIFﬂdEFetGﬁﬁépaPﬁﬁEleﬁnbbetéét°F91§a65n§F68?§8Fy | ow

| evel . Howeve erature is . set to less n 65C, the

-.1 T the cylinder te ) ha
onper at ur TOBIAREY et FETAS! Bifns Nes COSRHoARE BOUBREE Tt FPBAIt . I n
contrast, if e_cvlinder tenmperature is_ _higher t.han 110 the melt
S eoarty | Eulperifne Bork SBRCER ¥hE KBelnINRN AR copbonr 3T L

s Lon, . ; ) <tahilii . f
ot et S ogoRoD SRRy, BEY, 48 hit crllapsladailon Pt I | D iring

tinme of them@@h@h@go@om@?ﬂe%@ﬁtSQnQ@ntti% Seind YMAIAH ef the nold is
150C to 190C, and preferably 165C to 185C. Wth this set tenperature, the

mol di ng cyckaredn riee iRotva¥diet i@y iRt 1Secdisednd Z0% n t30% cagrl of the
nol di ng conpound of the preferred conposition, the nolding cycle can be not
nore than 8Ans¢étendprueless 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



15 ~~~ 20a2 - 12 Exanple 1 An epoxy resin nolding conpound, used here,
conpri ses, as main conponents, an orthocresol novol ak type epoxﬁrﬁe#\ﬁmj ity
(epoxy resin equival ent weight 200), 5 phenolic novol ak (hydroxyl group
equi val ent wei ght 103), diazabicyclogngegenes (curing accel erator), and
molten silica, and further a nold rel ease agent, a pignent and so on. An

i njection nolding machi ne of the screwi 10 inline type (manufactured by
Mei ki Sei saklughbnaadt sohdpuadsuréhend radenaosiofoivt 82)ansingedtiont hi s
Exanple. A zone of a heating cylinder, nost close to a nozzle, a length of
which is 309680€wWi he overall |length of the cylinder, is maintained at 75C,
and the other zone of 15 the cylinder is maintained at 30C. Wth respect to
an injection pressurefi@helndRi Auvd Py esBeweng sdPYDS kg crPRes Jheai nj ecti on
pressure is raised ugﬁo t.he ngxinun1pnessure by_20 seconds fromthe start
of the injeBERBANSTRELEBAEEr Oft TPE LBWBFE4OR0MBBAKEPCRECEABSI s mai nt ai ned
20 for 5_seconds, and_then_gate cut pins are o frated to shut off the
gates. The tine charthg'tﬂean?eEF?gﬁ'ﬁ?E§§9Pg oV LEKeSRAYARPoR bet ween the

gates. . oh pPESIEe” of LefieshaNaEFon bet
peTod {1 ontERESH) BOTRg “0F he RECACEE ERPBREM A BPoRs PREREFG i < 60
void 15 sel o 175C O] 4 Rg, HYEE8ey 3l TBRRT O Ll ER kBRI BN *) Ol

Two | ead frapesi1eaeh tRANG£1@;LC gl.ements (16p DI P) disposed sequentially,
bonded thereto and mﬁre-bonéed thereto by gold wires are automatically set

in the nold, and the pignl di A8 bScEB8EEL-8dcHbnaINYEBWOLS! ¥heThB1apPeEAr ance,
filling ability, wire sweep, and surface hardness of the resin-encapsul ated

sem congoct shotldvigc @s care itdasuried weNehy mMadded Besduct sakgeshown in Tabl e
b ejected and discharged;
Fig. 6 1s 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.



Tabl e 1 AppearanceFilling abilityWre sweepSurface hardnessl ni tiﬁl

st agegoodgoodnot nore than 5%45 hours past""7410 hours past"-~" 55”9&2&02
past""" 7520 hours past"""76 (Measurenent) 10 (11 Appearance; Filling
ability; These are judged with the visual-inspection, and particularly the
appearance is checked wth respect to whether or not it has good |uster.

(2) Wre sm&&g: A soft X-ray is %%%Iied to the 15 nol ded product, and the
anount of sweepTof THRA B5ndiiFy PREFERBED EYFODIMENTSj re (semi-hard gol d

wire having a dianeter _of, 25 um and.a.length 3 mm is neasured. The wire
sweep i s expressed i n®Phé &GP QO%?&P@ %Pcpﬁgenﬁﬁﬁﬁuﬁﬁmt sweep to the
di stance (5 i het ween t he baondi S wres. (3) Surface hardness: The
surface har g’%ée\séser%tf ltnﬁ'eerﬁdoa}ad'spflggugiqqmitﬁéﬁ aarfttlecrﬁtaﬁe S5 ng of the
nmold is meaguyyr y A har ter (#935). These.results shown in
the table 1%319‘2%{‘8' sslqlrﬁ abfl QJI olr}fjﬁé‘)c{slg%g]b%ngoﬁr@él 'nf%c?lhnee ’cosnvcehnta}sonaal | ow

bressur e st r ahsiehr sl Gy dd d RALRIS [dAle IR & |ty RRhlp At all.

Therefore, it will be appreci‘ate ong-tinme, contlnuous nol ding

can be effeehesd, |durand NeeMdidlRIY, ofn Wik YERALN céhthhesd ng

cylinder of an injection nDIding machine is divided into a plurality of
zones in anuaifdrmdintedodingg, the dureriofiddegoess ifodt | east two, and
this nunber is not limted to a specified nunber. However, four or five
zones are prefefrextted. The zones i 20 are controlled in tenperature

i ndependently. In order to effect the continuous nolding nore stable than
t he conventional nol didng dnfediemrer atfurdhefpresmare rheersiinaf ties of t en
referred to as "nost nozzl e-side zone") nearest to a nozzle is controlled
bet ween 165C cimrartanined alnl that tampat el konforesonee (hkrehdafter of ten
referred to as, "nost hopper-side zone) nearest to_a hopper |is controlled
bet ween an(ﬁQﬂgﬁﬁﬁpq Mg reachine "'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

15 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. If the above two
pressures are higher than the above-mentioned values,
respectively, there is a possibility that bonding wires

20 on a semiconductor device may be deformed or cut off.
In contrast, if the above two pressures are lower than
the above-mentioned values, respectively, there is a
possibility that the molding compound may not be
properly filled in a mold cavity. Preferably, the

25 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



15 10V 2002 - 15 and 50C. The forner tenperature is preferably 70C to 90C
and the latter tenperature is preferably 30C to 40C. In these te rNﬁ\erﬂl]Z
ranges, the feature that the epoxy resin nolding conpound has a low nelt 5
viscosity is fully achieved, and thereds_no problemwth the therma
stability, and therefore the stable, long-tinme, continuous nolding can be
effected. In the case where the heating cylinder has two zones, the overal
length of tBESRBYFSR0ZFEeloVEs 30 comBared2Bishoondsmaryt haisgeianl |ength
of the cyli In the case where the heating ¢cylinder has 3 to 5 zones

t he nost no@?i@lggd@fz@néhﬁ§§°§ﬁ5téﬁﬁer?§hﬁeraﬁﬁﬁ@eaﬁaeléﬁé?ﬁté§ndescr|bed

above for the twozone CX nder.. The tengerature of oag to three 15
i nt erveni enPTZ8RBES] $8a PEWﬁBPaFBFetFWP FAEHF St EOBEFReefi2Pn&St enper at ure of

t he nost noz e zon and ﬁhe t erature.of the nost hopper-side zone.

The higher  ERECEERPeFARATE of THEST ﬁ?@sveﬁﬂ&ﬁenms BBoAA o RE™nor 6 ¢ he

I nter Veng enbﬁzg@%ecﬁe l %e t ?o'\tﬂhgﬁégsﬁ?g[ n% ngyzgﬂ% EH%J‘%\ nper ature
escrl e

of the nbst "hoppér-side ZoRe 148 €~ §aine "as above

two-zone cyligndere Iy L "E”an'és&et e?’%‘%%% z@nes pat ﬁ%;rteaa%ct he most

nozzl e-si de zone are suitab nlne in view of the thermal stability

and melt vi geesiiatbn® 'E%eeB%&‘Mlh%S'w'lr@%l disng o6oMPawade fidre e cyl i nder
tenperature is low, the thermal stabrlity is goog al t hough the nelt

viscosity 1kad NQ¥méORavilg the kieghcondudterep@untiedsithaadi,ng compound
in the present invention, particularly when the above preferred conposition

i s used, theamelde \Horersl tinntcs d ddneancbatthesref.ore the cylinder tenperature
can be set 5 to the considerably |Iow |level. However, if the cylinder
tepper al@re becones | 6% tllead EFEmet, hdavemge titeusemdeendolc tget ones

difficult. In contrast, if the cylinder tenperature is higher than 110C,
the melt vi me@ qr@rtawmw fixediat Sat ias eSS diffihalt ,i 10 to
ef fect the praoper ection nol ding,, and besjdes the satisfactory thernal

stability i é“Qdec'er? tthethi R dold sl R AHie™ed he THRention, with
respect to ection ssure of th ectlon d|n machi ne, the
sane condltl 4&#&: ‘EHﬁﬁél%Plﬁ? I%Qﬂ? %dvantages can
be obtai ned._1,n,this enbodi f.th |nvent|on |n Vi ew e curing
time of the "éop]bwgr e%?’?lp%ﬂ%? tg an%t P SO ahllyt hceor%serfarg htrat ure of

the ml d i usyaliye 150, o 4y Pl oAbl v 463 o Wih 1

20 this set enperé%ure he nd dlng CycC e can nore an 170

seconds.; sangnd B i %ﬁ’f@c@foﬂ *&é@éﬂf@%%&%@@e&f the PRef 811 g
conposition, the nolding cycle can not nore than 100 seconds.
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



—_ o

Exanple 2 25 An epoxy resin noldi ng conpound, used here, conprises, as main
conponents, an orthocresol novol ak 15~ QV 202 - 17 type epoxy resin
(epoxy resin equival ent wei ght 200), phenolic novol ak (hydroxyl ¢ Qufisy 2002
equi val ent wei ght 103), diazabicycloungecenes (curing accelerator), and
nmolten silica, and further a nold rel ease agent) a 5 pignent and so on. An
i njection I(ﬁd¥% machi ne of the screw inline type (manufactured by Meik
Sei sakusho g’r‘?ﬂl I Wik e ke &F@vARESsH- M 32) is used in this Exanple.
As shown in Fig. 2, the cylinder 20 is divided axially 10 and eqyally into
five zones P - $. TheTgﬁnéeﬂ_t@F“pérﬁéé’trien@fcﬂ iYddfidgfpdts Msysd 1o a

nozzle, is ot ai_ne /5C._ T zone $ next to the zone A is_naintained
at 65C and t ergdt ﬁ:eo_r qzlgcﬁé:s' el gﬁ’(f %,enﬁ’reé:ar}:dﬁﬁ eﬁ%oﬁt ,ec?fe_s’psecti vely.
Wth respecteats(g, n 'HﬂiesCtzla%{'%el.S. SIECSYVINCS fﬁgvjt%lﬁ)r{% %ﬁsure IS 290

kg/ cn2. The injection pressure is raised u ressure by 20
seconds from;t tart hg}j |fctdany;thareafter it | red to 50
kg/cn2 and i slén%sﬁlt i naergi faf)r Igﬁea?‘oné S, lalnl(kjl-"e“‘t'[’h:j‘ntt gla% eé%éu erbrlo%g %f%t oper at ed
to 20 shul offid idaldperdifild I RAULALL IAE NG d@sing of diie mold Lo

[

t he opening of the nold is 60 seconds, t he total ng cycle is 80

seconds. TheyeRsAtilHatiie My ddw, SSle tohdin P52
tvventy-cavitfm)l d. TV\DHQ? eaad 25 frames eache havi ng 105]?%0& e%entss (16p D P)

di sposed sequasd il dhoudtondes rdied 6 s uh ty I £5 borgled theret® &yogpe!l d wires

are automatically set in the nold, and the 15 Nov ~op~ - 18 nolding is
carried out mssin mmliing ddvpappkairandss présémg obivéndt yon re sweep, and
surface hardness of the resin-encapsul ated seni conduct or devices are
, particularly when the above preferred composition is
used, the melt viscosity is low, and therefore the
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
15 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.
20 In this embodiment of the invention, in view
of the curing time of the molding compound 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
25 1in the case of the molding compound of the preferred
composition, the molding cycle can be not more than 80

seconds.



measured every hour. Results are shown in Table 2. Table 2

AppearanceFilling abilityWre sweepSurface hardnesslniti al stage?agggﬁfgﬂﬁi
nore than 5%45 hours past"""7510 hours past"""7415 hours past"" h

past"""76 5 (Measurenent) (1) Appearﬁng?;_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) Wre sweep: A soft
X-ray is appXfBBlEolthe nol ded product, and the anount of sweep of the
bonding wire (sem -hard gold mﬁre,having_a di aneter .of 25 _umand a length 3
my is measured. The @Pr%pgﬁﬁeﬁeFén mgldipg._copppynd, 19sedyBeESsed in t he

termof a ratio of the_maxinumwre sweep to the distance 5509 m between
t he bondi ng“RI"PESSEE3) 28uMPabe CRRPAREES S TRB QEFF&EéeﬁSﬁdﬁ ¥8 6#"5 t he

| ded d [ ' I f h [ .of -th l.d. i db
Bar col har RGEE PRERY: Fress) COrifdeg PaCrHY ‘SRARCI NOERES DG 2 are
ar c r B3 SRl :
ol i ng, > anf CRar o6t BV RAR L KAV F5ORS BBl B SEE Ofher of ore, i1

wi |l be apprgeiat ed 2LRgL LR JuaRGch®R) (CaRhhauaus SR dicgcanpe ef fect ed.
A further enbodinment of the present invention’is characterized in that hoop

mol ding is wee@enRefianikang and Fudthe? WOmd1 @ ARG deLydntamy 15 1, having
portions on which the sem conductors are to be nounted, is unwound or
suppl i ed fr@hgmentelandn@lo 'orshown), and sem conductors 12 are bonded to the
|l ead frame 1, and are wire-bonded to the lead frane 1. The lead frame 1 is
gui ded by a feed gui danl@nijelceianmmodddnt 2@ chdniehaif aher edetedr m ned | ength
of the lead frame 1 is set in the nold 4. The feed guide 10 is supported by
return pPns ihlineowwpeendsmmffadimnest toyn Maiksl Kelmakwsippartddddd a support

plate 18 which is noved upward and downward by a drive cylinder 16. The
mold 4 25 c@mﬂrsééx%ﬂnqsgmamﬁmf M- 49 ovwad rigl d-18is Brammiger nol d 2

can be noved upward away fromthe lower nold 3 by drive neans (not shown)
so that thed Ay 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 the 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 molding cycle is
80 seconds. The temperature of the mold is set to

175°cC.



15 ~Q- 2002 - 20 can be opened. Ejector pins 6) well known in the art,
extend slidably through the ower nold 3 to cavities 34 in the staV 2“02
Lower ends of the ejector pins 6 are supported by an ejector pin operating
plate 17. The 5 plate 17 is connected to the support plate 18, and is noved
upward and downward by the drive cylinder 16. Referring to Figs. 7 and 8, a
nol di ng conpound from an injection nolding machine is filled in each cavity
34 in the nold 4 thrdligd moldinhera ldwamtly acgat ey Iibol&at eTd#O tewdpins 7 are
provi ded for opening and cl osing the respective gates 15, |ower ends of

whi ch pi ns &rameappechedavyna pPnISuppemenpkat @629DIPhedpsnosePport pl ate
19 is noved upward and downward with a distance t (see Fi%. 4) by drive
means (not SAGWARLsdliKat boRdedsthareteuangi wsrz-eandegen éﬁﬂtéléxe t he
respective ggggs 15. A feed nmechanism9 for nnvingﬁanother feed guide 8 in

a right-han r WEERPBNSERI gRUBPMRELEROVY dEBTChEPWEBR PRV ofBF FBFd 3 and
the feed guidﬁ 8. 20 In the,cgndition shown in Fig. 3, the nol ding conpound
i s inj ect ed™PhERPhéScafPFFe8938UFnCPRELRBPYSAY -andehEPYERERGE pins 7 are

operated to . off. the _gates_ 15, so _that .each .ol ded _praoduct .(conpri sing
t he senicongggggpglibégéﬁg$uVéFSdsgfgpheansFHr$&9ﬁ §§r§§e€%nﬁgund 13) is
isolated fr t Eunner At tar 1.0j rial .i.s cured, the
upper nold SHFSQ%S&gdggﬁﬁééa1?%%§pgﬁggﬁgg§§%§%%‘askgﬁ%%naf% Fig. 6. Then,
as 15 P~ - h in Ei i AN r, 26 is driven to
nove the sﬁgﬁggggﬁFaégefg 3§3éfd.EE%“%§Fe§E%t%&F¥§1?%% gﬁfdéé 10 and 8,
supported by the return pins 11, are noved upward away fromthe | ower nold
3. The 5 ejector pin operating plate 17 is also noved upward, so that the
ej ector pins 6 eject the respective nDLﬂﬁgngoducts fromthe respective
cavities 34 in the lower nold 3. They & scharged fromthe [ower nold 3.
Then, the feed nmechanism9 is operated to nove the feed 10 guide 8 in the
ri ght-hand @rrection, thergoy noving a ol ded, Teqd fr.ame pofiion 5 by la
predet ermi néd di stance in théPPP@ﬁPnﬁénP %%%tb?g n. W&l |y arlati on
of the noldéd |ead frame portion 5 and | h@Phehty ng GWeeRads| FEMETT dne 15

portion 5 a eff.ected at tijhe sane .tinel K ashes {forned on {he I phgry of
each nol ded ;’8&}&% zf‘rdtéage elasi | $9P&movell s¥R28 su @ﬁgﬁ@%ﬁs arepﬁ ual Iy
e S 20

very thin. As.shown in Fig ! 6 after t feed gui returned tlo its
initial posifti W% ed nechgnismP, the drilve cylindef 16 45 operated
to nove the _Lesfr:)ril}'n pst: &gag’lt’le nd.the ejector pins 6! downward 'Lhe_jiad_f.rarre
1 is again setp ibde pggyyer| nol d 3, and|then«the pppers nol dj2 i s74oved
downwar d t o fet-ese—the—rpldd—25-The—abpve—renti-oped—rphdi-nrg—s—repeatied on
a non- nol ded POMd s Ghadde) | ead forane | subsequept torthe 75
pr ecedi ngl y+retded—eatd—+ape—port+or—5

20 hours past “ “ 4 76

J
(Measurement)
10 (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.

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

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



15 MD~ 2002 - 22 Figs. 7 and 8 are enlarged views show ng the runner, the
gate and the cavity in the nold, and show a condition i nmedi at el y%ﬁt}é@\!tm
nol di ng conmpound 13 is filled in the cavity 34. The injected nolding
compound 5 is filled in the respective gavities 34 through the sprue (not
shown), the runner 14 and the gate 15. The |lead frame 1, each having the

sem conduct or 12 bonded theretq, have been set again in the cavities 34,

respecti vel J*¥FhéASMaaBRTgadeleut L pPn eV 8InByBdST6 8pward 2By B di st ance
correspondi ng.to the height of the gate, thereby shutting.off the gate
15 After tRESHDI g?ﬂgtgog‘pm} lesm‘é‘GFﬂH?gt-heL}ﬁﬁ Hire §HERBd1%and t he nol ded
products are e%ecte ..Th% nngdingﬁgonpound cureghin the runner 14 is

i sol at ed fr5HPEAESHE d8dFEadSFFa TSrBBFPiSS ReTREFE 8 e “AE ol ded | ead
frame portign is_.S t hl.y transf ed by.the feed.mechani.sm9, so ' that
t he subsequ§W?gRD?8ig§%o§é¥gépgﬁ égpbbgm?apﬁtggeﬁughel%Ogggggof no gate cut
pins 7, £t |;S.pgcessary to cut off the gate by some nmeans after the product
is 20 ejected, or it is necessary that the gate be formed into such a shape

as that of a3pin poingugakeeOhadhbka: JalrgeSAuttakel hat@nck® eBONt aneously
cut off easily. In this enbodi nrent of the invention, the hoop nolding is

used, and t haeehendedheraauentimledial@lig o2 2 QRS Dreime cutpaat i cal |y
effected in an unmanned manner, which process includes the steps of

unwi ndi ng otolllde ilseaedouans] ByordBag cofl tHarEwss audtedror@$#93gre  151V0-J
2002 - 23 bonding, setting of the lead frame in the nold, nolding,

renmovi ng the nol ded pMhdiset sessdpar ahiomg time tihe dedlgr ddwates from the | ead
frame, and bending of the | eads of the nol ded products Therefore, the
sequent L8l stigpdafr ¢ra ttheasmwibidiimpdwittie dleaddreant tanahe post
processing of the nol ded product can be carried out in one system Exanple
3 An epoxy RESISFURS dinaRdEpamidingednitrigidir i@ ipid dsieZ® i n

el BNt 200) AP RATITISE v et ke (AT O o ot v HROYRA GHed08)
o szat o35 HESHES G4 AR Scsl 2100 UL IPASH s ERpcng. Tur et
Oh ol sorew | 1 e e L{RAA S A 151 Sl 0T o under
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



As shown in Fig. 2, the cylinder 20 is divided axially 20 and eq*gl into
five zones 8 - E The zone A of a heating cylinder, nost close to lh%wzm
is maintained at 75C. The zone $ next to the zone g is maintained at 65C
and the other zones Cp, and E, are gakgtgined at 35C, respectively. Wth
respect to an injection 25 pressure, t maxi mum pressure i s 200 kg/cnR.
The injection pressure is raised upto the maxi num pressure by 20 seconds
fromthe stand 80°Che Mhjeedpiroer tempBrEOMr2002 preferahdyedOfér tia is

| owered to 50 kg/cn? and is maintained for 5 seconds, and then gate cut

pi ns are op8Piafedand et leffterhs eg@esat urse itsi mraferiadd Y MG ke cl osi ng
of the nmold tqg the opening of the nold is 60 seconds, and 5 the total

mol di ng cychO°iCs 83T &EEREs teTmerasmyer ZRMIESof ke HRFItHTSs et to 175C A
nold had two_rows of cavities, each rowi ng having 10 cavities, and

therefore t A& SERPHYs LS MAFOERG CPTIRAVDC ey 3 &Y Metes are unwound or
suppl i ed.10 r.especti vel rramreels. 1C ele ts (16p DP re bonded to
each of Pheé’é‘%cg’fd'tfyr d‘%sﬁul&ﬁd a\ﬁ%'lee-vt?&de@d@mﬁg’reé:teo Lo%%ol%%lre&. These two
| ead frames _are fed tq the.abhqve .nold nd, the ding.,i s aut tically
effected cor‘ftﬁit%luotg'lsel ytci—laetana‘.’1 lrr[ﬁ (fl%nl lctﬁjc’l %rbc% %%%ee%ohnedss.%afoln@él ded frame

portion of & deagk fr frﬁmﬁﬁoﬂﬁﬁ%% angd, lt?éac%sfd?é &qent, and at the
ed pro

same time flashes around the periphery of each no duct are renoved.

These flashes are veryd iy QG theref o thay gy remvet singd t aneousl y

with the separation of 20 the frane portion and the bending of the |eads.
The appear ansgé ddrdd hredidvdnal W Iengeept sie fieser hesfihesss tdet he nol ded

products are nmeasured every hour. Results, obtained every five hours, are
shown i 10Takiene.is 2AG% b ADODEf 2% overall length of the
cylinder. 1In 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 temperature 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 as described above for the
two-zone cylinder. The lengths of those zones other
than the 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



Tabl e 3 AppearanceFilling abilityWre sweepSurface hardness' I nitial

st agegoodgoodnot nore than 5%45 hours past"""7510 hours past"""?4iﬁ B urﬁ
past""" 7520 hours past"""76 (Measurenent) (1) Appearance; FiIIing1 N itQ(ﬂ
These are judged with the visual inspegiiaon, and particularly the
appearance is checked with respect to whether or not it ' 5 has good

luster. (2) Wre sweep: A soft X-ray is applied to the nol ded product, and
the anount df° - of 1t HE'H ERAMY 1RTies Nekdingharengint wit e avi ng a

di ameter of 25 um.and a |length is measured. The wire sweep is 10

expressed i FAHE 1 erfeis i§;£EQQQﬁ?§ﬁ%dWﬁﬁﬁvﬁh%e%ﬁ%%% to the distance
o ones o AL AU o ol e LR L5 o
These. resul (ondi 11 The ¢ ab 8" G e A% | PREF THIES TR drheiin 11 the
conventignmtd(gﬁéwégﬁgqééﬁiéa fﬁﬁwrgg§gfg,lﬁgﬁg%§gica e.fhat there is no

problemat all. Therefore, be™ appr eci ' th tt?%e | ong-ti ne,

conti nuous ey Xl ige £ Aediferll 8 Sk cdled M s 1O MBRc O fdie | nvention, it

has beconme clear that the encapsulation e sem conducfors by the epoxy

resin mol di ngergeeRat e Cathhity B EedRes CONEE IMONS! Y $07 8t PG [ifE peri od

by the 10 injection nolding of the hoop nolding W thout any problem In

this enbodi nem¢ flihder nuanbéuidel Hoepgnet dimgn i 510sed, cRadnéher efore
t he sequential nol ding process can be automatically effected in an unmanned

manner, whi chigtosikss inctomesow hesstEipst of t unav sisheginds ofii fhechead frane,
bondi ng of the sem conductors thereon, wi re bonding, setting of the |ead
frame i A0 heco 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-



nol d, nol ding, renoving the nolded products, and post worKking of S@Y%ﬁz
products. A further enbodi nent of the present invention 20 is charta

in that a rotary nolding nethod is used. Referring to Figs. 9 to 11, a
rotary injection nolding apparatus 35 nprises an injection nolding
machi ne 20 having a hopper 23, and a rotary 25 table 24 provided in
general ly juxtaposed relation to the injection nolding machi ne 20. Four
nol d devi cetSYR§, epéxy27eand 28pax¢ meahhedqonvahentowaightaBPé) 24, 15
N-JV 2002 - 27 and are circunferentially spaced by 90 fromone another. In
Fig. 9, a nBkenelsg apVPﬁaékr rﬁpeérpwlnﬁr@ungegneﬁa eneowesdantini cates with a
sprue- runner 32 (see Fig of the nold device 25, and a nolding 5
conpound i s 108Dy GlPﬁaPHEYEépﬁnééﬁﬁﬁé525cuThG§ aﬁﬁéiﬁﬁﬁﬁpﬁ@rcéﬁﬁound is
filled in the ggld d vice 25, % ES held gredeternlned pressure, and
at the same™PiiE™ féliGRingR6r TPREDRBI @i A éoﬁﬁ GR&SpREEBEds i n the nol d
devi ces 56 and 27tmhere the nold is closed or 10 clanped. In the nold

devi ce 28, Pﬁgmﬁﬁldapé Sﬁeﬁgd to renmove the nDIded products (each
conprising a sem condyct @ I t a d by e _nol di ng conpound
30), and |l ead franes %é c%g%ﬂ m%%d?ﬁé %3 n? 89 t%% °$*Cl'osed. 15 When

each of 't he qup, Tl el \qa%ge'c%urreau &seak&le§ el nala pasidl i on, one

nol di ng cycle vice |s onpl et here ore, the nDIdlng

cycle of eaghau! drdevireRdnmmk? SeLands i o gDl RGiiss Eeéan@ateed at a
cycle of 30 seconds since this 20 rotary injection nolding apparatus 35 has

the four stageshowd ittherif.ore the eyAraldermlodiiRg Gyal®RdE akika 19 eat |y
reduced. Particularly, a certain tine period is necessary for the epoxy

resi n milodi rod equalily timtee £25e waredn hed@. nTheanmbrid A ofidficult to
reduce the time period fromthe injecting start to the nold opening. In
this enbodi mestt iofg tdyd iindeent immst tdiese to 28 nazla,y irlmbingdinadgsed, and
therefore this tinme period can be greatly reduced. Therefore, the nolding
cycle can batyri&ady rBwucane Bimenr tqdhe amegis B33 I@ﬁfleltpﬁﬂmﬁ@ied inb5
each nol d, and after t he nol ding compound is injected and filled in the
nol d, the gdtte QU AN B RFpAMe Go BhANDE 37 Rt iReds to

i solate the nolqﬁg:products fr nrthe S ue runner 32, thereby, faC|I|tat|ng
the renmoval ¥f 1 rnﬁ?ﬁRFiﬁb © anft pect to dn injec

15 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.
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 (1l6p DIP) disposed

sequentially, bonded thereto and wire-bonded thereto by

gold wires are automatically set in the mold, and the
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(Measurement)
(1) Appearance; Filling ability

judged with the visual inspection,

These are

and particularly the

appearance is checked with respect to whether or not it

has good luster.
(2) Wire sweep:

molded product,

A soft X-ray 1s applied to the

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



15 NOV 2002 - 30 for 5 seconds, and then gate cut pins are operated to
shut off the gates. The tine period fromthe closing of the nDId.ig Nbg 2002
opening of the nold is 60 seconds, and the total nolding cycle is 80
seconds 5 Each of nold devices has two 4ows of cavities, each row ng having
10 cavities, and therefore the nold device is a twenty-cavity nold. Two

| ead frames each having IC elenents (16p DI P) bonded thereto and

wi r e- bondedexheeesedbyngohe wermspfaserseioi aft hbelfarpimdmdeviee, A nold
tenperature is set to 175C. The four nold devices are nounted on a rotary
tabl e, and eweennter &hei dikyasgacé8090nm) oheoweeanshrebPon®hagnol di ng
operation is carried out as 15 described above with reference to Fig. 9,
and the tin¥1FE8uired for one revolution of the rotary table is 120
seconds, and_the tinme _of stop of _each nold device at_ each sta is 30
seconds. Undér these §Bﬁé?F?oH§FdPﬁéséon?bﬁuéHEfﬁE?dhﬁﬁdp§séf8§cted. The

tti ft lead f th | the mol ded product
o1 1 cot S0botRebPoRATaE EHREn LONEAAICDY A CFaBob S ALRUR S RIEAt hose

oper at | 0ns. (a9 he CLILGLE YN 3K PEAbAm. A mlded sadycts are

separated fromeach lea ame, and thé S are bent. Simul'taneously, 25

t he fl ashes around th%h%ﬁ%i?%%%ﬁg%fsﬁé%ﬂ Iq%g Q%gﬂgpb ane renoved. These

fl ashes are very thin, erefore can be renmoved sinultaneously with the

I 5 ~av_200%imidhr %@%}%é&%ﬁaﬂr{é@ WidTE oMY WRfytd el hiepgi ng of the

| eads. The appearance, filling ability, wre sweep, surface hardness of the
encapsul at eghriis@Aid < AHres BRI Ry, eland a1 FasdIdiat alledeneds every five

5 hours, are shown in Table 4. Table 4 AppearanceFilling abilityWre
sweepSuilflaceio 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



har dnessl nitial stagegoodgoodnot nore than 5% 65 hours past"""7610 hours
past""" 7515 hours past"""7520 hours past"""77 (Measurenent) (l)LgpﬂB?rzmﬂe;
Filling ability: These are judged with the visual inspection, a
particularly the appearance is checke ith respect to whether or not it 10
has good luster. (2) Wre sweep: A soft " X-ray is applied to the nol ded
product, and the anmount of sweep of the bonding wires (sem-hard gold wre
havi ng a di aart be opeRbdum a@jdcackepdghb §,nMuklils kaeaauiedchEharyi,re sweep
IS ~ 5 Nov 2002 - 32 expressed in the termof a ratio of the maxi num
wire sweep estehd dildtiabdy (hEOuyhnmiheeflwwer tbédbdndiongawitess (3) Surface
har dness: The surface hardness of 5 the nol ded product imedi ately after

t he openi ngisr thRemedld 4i.s howeyr eddsy od Bivec ¢li esaodn@isist éstage (#935) .
These results are simlar to those obtained with the conventi onal

| ow pr essur EUPPRRSEEr Dyp i ®§ecard LAl oReFatiag Phate ild .no Theobl em at

all. 10 Therefore, the automatic, continuous nol di_ng, including the
sequenti 3l PrétEsdi’ng SsCOFERSTER e LI SURPBT BHEUSdd /f P&%esS n the nol d

to the post-processing of the nol de roduycts, .,can be .effected for a | ong
period of tfnﬁé(.e 150X &&WQGPW% %Yer#ieo T iMfe ¥ | dt9-0on of the

sem conduct Qrs by .the e y resin ldi ng ¢ ound.__can be fected
cont i nuousl %ef% rrhéamlg r%"épﬁ(lrges 'p?ri By Fh&IhTE ISHERIE i B The rotary

| di t I : f AN t; [ .qf 20, the | ead
?Ir)arr{eg,g tKgﬁpgﬁtg@gﬁ%o?@ihdgn%In?géll@éog'usit%g,ﬂltr%ie lggset%?%% Iod(ﬂ:‘l}g"'sl;klfyn93'040f teheea
mol ded prodyef $ NG A AR iacazlairﬁ'x 3 Mﬁgff WP Yard Nes .”D'@A%g Corm of

operation can be conpl etely autonated. The no ng conmpound in t

powder A0 2%ugr FIALS Cak e HRld obat Qi i | b giglinige machi ne, and
t herefore does not need to be preforned into a tablet-1like shape as in the

transfer nolrdspectivie gdtds-15 200ver dhds het afitich piasd appar at us and
time required for the tableting are omtted. Since the pre-processing such
as the tabl etuppprtedirine e gsar ysugdere plate t19 e Phissidid | syppduat
inpurities are included into the S nol ding conpound. Spruel ess nol ding and
sprue runnemledse i dishgnaeed bpwatobtant] downvwaded efitle a hdistance of the

cured material (waste? other_than the nol ded products is greatly reduced.
(see Fig. 4) by drive means (not shown) so that the

15 gate cut pins 7 can open and close the 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 that each molded product (comprising the
semiconductor 12 encapsulated by the resin molding

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

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



15 ~1D~ 200 -34 CLAfIU S 10 1. A nethod for producing a resin-encapsul ated
sem conduct or device by an injection nolding machi ne by neans of injectin
an epoxy resin nolding conpound into an injection nold in which 4 H AV 20%2
frame having a sem conductor el enment_npunted thereto and w rebonded thereto
is fixedly set as an insert, said injection nolding nmachine including a
cylinder QL5 provided at one end_thereof Wth a hopper through which the
epoxy resi rSReWRupp| Fid. i it o-hdedt hiyecey bindet dl hgl sre@hivenarel at the ot her
end thereof with a nozzle) characterized in that said cylinder is axially
di vi ded i nt®P%e ptie afPHOBE RBERES ohd, uRWRFd of Ahizhre®elt onsheés to be
controlled Lndependently in tenperature thereof, and one of said sections
nost cl ose @%e§a9919%§2¥% #3d n@i ntepReEted BEChe orehwEn oREnN®f 1 5ai d
sections nost close_ 20 to gaid ho Egr i S intained at a roomtenperature -
ks

50C. 2. A netRdBeRERorBrAECt BVRY af 7R, ¢ PYVEY niCtfe> st eplCof: gradual |y
. . et _conpristi o Lo "
2 ranners { et S ReXPHAnPBFESChPE BraBBohl SENPAEDIBORGRCIBYATS: aBtut |30, WP
(300 kg(cnyZp Eﬁeagﬁéﬁt\fgg %‘En&hg Eﬁg@BV‘@ﬁQ. §8%§889i32(y%8&§§8t otal amount

of the epoxy resin nofding coipound e I'njec 'S Injec Into said
mol d; and , pkoliblge! kpdn! BRe! PUBDBLAG EPOXY1 EESLNIHOLHI BAcCoBRAYNd at an

i njection pressure of about 2 a 20kg/cn2§ to about 10 MPa (1DO kg/cnR).
30 3, A netheddagcor ¢heg heeChakBhdrgkher erBmf thel Ngweai Mol di.ng conmpound
in said nold is stopped by neans of shutting off gates through which said
mol di ng conpaefnd thewseedf ethsaidmmel dsngpeeapedndol fok/el kad ifaegai d nol d
and before said nold is opened, 35 4. A nethod for producing a

resi n- eh@apgulideed senchendighorhded déresaidnpethetebgnmoivinggat he steps
of: locating a plurality of sem conductor elenents to a |ongitudinal |ead
frame in sempeéded deedmiremet bprtuone Shbrdiangredet esminedndustencel enent s
to said lead frame; 40 setting said |ead frame as an insert in an injection
mol d;  ~ ~in-the.righs-hend dlsectignan epoxy resin nol di ng conpound into
said nold by an injection_nolding machine; ejecting the nolded |ead frane
fromsaid nold after E&PﬁﬁéyoftggiHeﬁﬁFBFﬁ&nc8ﬁp6§ﬁdW°§dﬁ€vﬂﬁ6dsaid | ead

frame in a lengthw se .directian by redet erm.ned | ength, d again
setting sai 5rla%‘§d9°rr e &7G rrrg’@r ?’el%r‘l:il% &%e&%saﬁ&gitﬂee%{}iaﬁ& sai d epoxy
resin din oynd i nt al.d ool d wth respect to._a _subsequent portion
of Bal ggFeaR%fr(r‘tgL%{ % &% %%rﬁgeg teldor?tm.ji-‘l\ﬁ(% ﬁ&nﬁa&ﬁn}%‘ i alfg]eﬁ’g a cylinder
provi ded atfgqﬁ & i H :#gq i OoXy resinis
supplied Into t e?l%r# gctefg%fgﬁh%rﬁ’g%%%cne%% a %Oeﬁh(ﬁ\{:garreegnq t her eof
W th a nozzlegysicharasdiidd ad ide tdirth SaidbHad ididerudumiax} aldyy divided into
a plurality of sections, each of which sections is to be controlled
i ndependent lghiim, tenperature thereof, and one of said sections nost close
to said nozzle is maintained at 65C 110C and one of said sections 15 nost
cl ose to said hopper ias mhowmaiimediat. &,r efodrengher dflagd guislHC8 s | ~
nmetihod according to claim1, further conprising the steps:

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

precedingly-molded lead frame portion 5.



providing a rotary injection nolding apparatus in which a plurality of nold
devices are nounted on a rotary table, and are equl angularly spaqeﬁ mWan]Z
predeterm ned angle fromone 20 another; setting said |ead frane avi ng

t he sem conductor el enent nmounted thereto and wirebonded thereto, in each
of said nold devices; injecting Bald Xy resin nolding conpound into one
of said nold devices '"at an injection position by said injecting nolding
machi ne; 45 internmttBngsy 7oémdi Bgasai entetaeg vabve bhiowand pnedet er m ned
angle to bring the next nold device to said infection; and renoving the
resi n- encapsutaesd $bei gehduendr tievicewityoansahd mold devidcehos. aA net hod
according to claim1l, wherein said epoxy resin nolding corrpound 30

conpri ses aﬁoééé%\}Oﬂesmedaapﬁékiolalf@ere§hﬁ asldisgr scagennd a3cdeing
accelerator, and _an inorganic filler. 7. A nethod according to claim1l, in
whi ch sai d fdldefs 18 §peuspEdsynghd. 3Fbeg lnAeﬁ}éteﬁoawoé@éagduca@ppana aiml,

in WhICh sai.d ilsasrue runner | ess nol d.
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processing of the molded product can be carried out in

one system.

Example 3

j An epoxy resin molding compound, used here,
10 comprises, as main components, an orthocresol novolak-
type epoxy resin (epoxy resin equivalent weight 200),
phenclic 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 , D, and E are maintained
at 35°C, respectively. With respect to an injection

25 pressure, the maximum pressure is 200 kg/cm2. The
injection pressure is raised upto the maximum pressure

by 20 seconds from the start of the injection.
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of the mold is set to 175°C. A mold had two rows of
cavities, each rowing having 10 cavities, and therefore
the mold is a twenty-cavity mold.
Long lead frames are unwound or supplied
y 10 respectively from reels. IC elements (l6p 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.
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(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 pum
and a length 3 mm) is measured. The wire sweep is
10 expressed in the term of a ratio of the maximum wire
sweep to the distance (500 um) between the bonding
wires.
(3) 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).
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5 that the long-time, continuous molding can be effected.

In this embodiment of the invention, it has
become clear that the encapsulation 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,
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and are circumferentially spaced by 90° from one
another. 1In Fig. 9, a nozzle 36 of the injection
molding machine 20 communicates with a sprue-runner 32
(see Fig. 11) of the mold device 25, and a molding
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, and at the same
time the curing of the molding compound proceeds in the
mold devices 26 and 27 where the mold is closed or
clamped. In the mold device 28, the mold is opened 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.

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 cycle of each mold device is 120 seconds, the
molding is effected at a cycle of 30 seconds since this
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
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



, 1109%%¢& ()-B DDEEEEE~ @C 10, !10%& ()-B , !10%& ()-B, !10%& ()-B
)?8!, 110%& ()-B , !109%& ()-B EEEE E) E+E~_@C 10, !10%& ()-B 4§ NOV 200
11096& ()-B , !109%& ()-B )?8!, 110%& ()-B , !10%& ()-B +E- EOELE2E@E"=bC
10 ~0'110%! k& ()- . 10%& ()-, !10%6& ()-B)?8!, !10%& ()-B

1 1096& ()-B EEEXFYFZF[ FgFnFvU4 - -

15

20

25

rotary molding is used, and therefore this time period
can be greatly reduced. Therefore, the molding cycle
can be greatly reduced.

Further, gate cut pins 33 are provided in
each mold, and after the molding compound is injected
and filled in the mold, the gate cut pins 33 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
post-processing. Usually, the separation of the molded
products from the lead frame and the bending of leads
of the molded products are effected at the same time.
At this time, flashes formed on the periphery of each
molded product are easily removed since such burrs are
usually very thin.

It is 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. 1If the removal of
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.

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

and post-processing of the molded products after the
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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 Meikil 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°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
pressure, the maximum pressure is 200 kg/cmz. The
injection pressure is raised upto the maximum pressure

25 by 20 seconds from the start of the injection.

Thereafter it is lowered to 50 kg/cm2 and is maintained
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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 stop 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
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measured every hour.

Results, obtained every five

5 hours, are shown in Table 4.

Table 4
Appearance | Filling Wire Surface
\ ability sweep hardness
Initial stage good good not more 76
than 5%
5 hours past “ u “ 76
10 hours past u “ “ 75
15 hours past “ “ “ 75
20 hours past “ “ " 77
J
(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
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expressed in the term of a ratio of the maximum wire

sweep to the distance (500 pum) betweern the bonding

wires.

(3) Surface hardness: The surface hardness of

5 the molded product immediately after the opening of 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 molded products,
the post-processing of the molded products and so on
automatically 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.
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bonded thereto is fixedly set as an insert, said injection molding machine including a cylinder

15  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,
characterized in that said cylinder is axlally divided into a plurality of sections, each of which
sections is to be controlled independently in temperature thereof, and one of said sections
most close to said nozgle |s maintalned at 65°C-110°C and one of said sections most close

20 to said hopperis maintained at a room temperature — 50°C.

2. A method according to claim 1, comprising the steps of:
gradually increasing an injection pressure of said injection molding machine in such a
manner that a maximum pressure of about 3 MPa (30 kg/em?) to about 30 MPa (300 kg(cm?)
25 js achieved at the time when B0% to 95% of a total amount of the epoxy resin molding
compound to be injected is injected Into said mold; and .
] injecting the remaining epoxy resin molding compound at an injection pressure of
N about 2 MPa (20kg/cm?) to about 10 MPa (100 kg/cm?).

30
3. 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, after
said molding compound is filled in sald mold and before said mold is opened,

35 4. A method for producing a resin-encapsulated semiconductor device, said method

- comprising the steps of:
locating a plurality of semiconductor elements to a longitudinal lead frame in series,
intermittently;
wire-bonding said semiconductor elements to said lead frame;

40 setting said lead frame as an insert in an injection moid;
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5 moving said lead frame in 2 lengthwise direction by a predetermined length, and
again setting said lead frame as aninsert in said mold; and
injecting said epoxy resin molding compound into said mold with respect to a
subsequent portion of sald lead frame.,
said injection malding machine including a cylinder provided at one end thereof with a
10 hopper through which the epoxy resin is supplied Into the injection molding machine and at
the other end thereof with a nozzle,
characlerized In that said cylinder is axially divided into a plurality of sections, each of
which sections is to be controlled independently in temperature thereof, and one of said
sections most close to said nozzle Is maintained at 85°C-110°C and one of sald sections

15 most close to said hopper is maintained at a room temperature — 50°C.

5. Amethod 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 equiangularly spaced by a predetermined angle from one

20 another;
setting said lead frame, having the semiconductor element mounted thereto and wire-
bonded thereto, in each of said mold devices;
injecting sald epoxy resin molding compound into one of said mold devices -at an
injection position by sald injecting molding machine;
25 intermittently rotating said rotary table by 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 epoxy resin molding compound
30 comprises an epoxy resin, a phenolic resin as a cure agent, a curing accelerator, and an

inorganic filler.

7. A method according to claim 1, in which said maold is a sprueless mold.

35 8. A method according to claim 1, in which said mold is a sprue-runnerless mold.



