WO 20051091361 PCT/JP2005/004410 1 DESCRIPTION
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING
THEREOF Technical Field [0001] This invention relates to a method of
manufacturing a semiconductor device S and to a semiconductor device

produgadibyobirgmethod. Hackuoound Art [0002] Sealing of
semiconductor devices is carried out with the use of a transFemHelgMmaes10

with a metal mold, potting with a liquid sealing resin, or screen-printing

with a liquid sealing resin. The r l{rlarn;l towards miniaturization of
. : TION . . )
semiconductor devices 10 demands &lectronic devices be smaller in

size, SEMICONBDICKRRSS: Pogh g}lﬁy}a@% E%Jin of packages as thin as
500 gm or thinner, [0003] If a trans er-mo§i M&%&%@Wﬁg

of tqj&ﬁmﬁ%f’ the thickness of the sealing resin could be precisely
con . witeteas there are problems that vertical displacements of

sentt®BHductBhishipsibecuiin o dawibadiguidsealing esin,of 15, . .
‘breakbge emidtasane cRRIAGDENS S thewires o%%gﬁﬁ)%%%%%é%fi Clice

deformations of bonding wires connecltelae%o eémiconductor chips under
theRsskEewidisissure in the flow of the liquid sealing resin, [0004] On the
oth@odnd, skieLeh LRLINGLLSEIQENR RrNting with.a liquid sealing resin
to m@g\}ﬁm rtects the bondigggy‘{évifeééa?rlc?%mér‘éaa% Rt
contact, these 20 methods MAKE AedaHacabrtrsror ssatmyminting cdatings
mor 8 siffelNEARnc akhs szt izsad tewrddrmationritgids saRRERk W S ices

10proisoseds thas alvedhie GbvenpERRISMS Bad.0.mapyiacture a Jggin-sealed
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sem@g@gﬁg&@&v&g&ﬁgﬂg&iﬁn&aﬁ unsealed semiconductor ey oa
e

m [ﬂl?)c?ilingI aces between Semiconductor device and the mold with
a ﬁ]c_) ble rggﬁnﬁ%ﬁr&ﬂ%@mw%@mm sl obtiiprassigs melding
(sdEFRpANESS sealtOperhiatentipplicasioniRy m&egq%gg%%%% ot

(hereinalibpretamed i0sagioakal) b6l 8:244064, Kokal Hel 11777
i sﬁga%%“g}*ﬁ%ﬁﬁéo%% BE TR Beaine i o

semiconductor chips that GCEUTe Rfthires occur because of deformations of bonding

wires connected to semiconductor chips under the effect of pressure in the flow of the

liquid sealing resin,

[0004}  On the other hand, although potting or screen-printing with a liguid sealing resin

to some extent protects the bonding wires from breakape and mutual contact, these

methods make accurate control of sealing-resin coatings more difficult and can easily lead

to formation of voids.

[G005] It was proposed to solve the shove problems and to manufacture a resin-sealed
semiconductor device by placing au unsealed semiconductor device into a mold, filling
spaces betwoen the semiconductor devics and the mold with a moldable resin, and curing
the resin by using compression-molding (see Japanese Laid-Open Patent Applcation
Publication (Kokai) (hereinafter referred to a5 "Kokai") Hei 8-244064, Kokat Hei 11-
77733, and Kokai 2000-27755 1),
[0006) However, due to thinning of semiconductor chips that ocenrs with
miniafurization of semiconductor elements, these methods inerease warping of the
semiconductor chips end printed-cirenit boards and may Isad to damaging of
semiconductor devices and to worsening of their performance characteristics,



miniaturization of semiconductor elements, these methods increase
warping of the 30 semiconductor chips and printed-circuit boards and
may lead to damaging of semiconductor devices and to worsening of their
performance characteristics. 2 [0007}lt is an object of the present
i@ﬁntio to provide a_method for efficient manuf; cturing{ of seale}%ﬁ]ient

1008 contiS AR P BT RA A B dRYSBRTAIRRTEH sidRHReg 182 s

mand@iefiainand reduassnamingobsamikenduatprahinTanchontet-eiteuit the
_hoards, Wt‘:ch in ¢ase of sealing with a curable liquid silicone . |
S‘*“‘BB%‘SBE‘?HS %ﬁﬁ%cgmrﬁm REPSSG WL RS AR MRt ity vt Roards.
whizhGthersebjesiimpravie sealad SEMUCONEMEGHEpYigesWth thesealed quickly
farementioned properties. Disclosure aof. Invention [Q008] The present
o IIEE A Mot bt P Ay B Qe S o
devsealedtintaeciitechsiicionedopdydiiglacing an unsealed semiconductor
device into a mold and subjecting a curable liquid silicone composition
DigHatifilsofHespaicoes between the mold and the unsealed semiconductor
[00 gxlce h%orp E:%%%l%rclt]lprlggll'g? \%. gse Erj.gn I'Irl%j(f })?Irrr?ellglelpac 1%%2&3 semicondltlctor
ermperature, wherein the curable liguid silicone composition has viscosity
devif O Pas ioralessedtsibomd dmbesatpite; andnvhsealndestimiedndetat frorite into a
e _moment.directly after. measurement of a tarque with a curometer at
o e 0 TRt DR T BB Fefiveen e
mokdjfcirisaingenotl essithewd ik minigvivhile the pirossiioienvédaigringiavihich the

torgue.is increased, from | kgf-cm to 5 kgf-cm_being not more than 1 min.
o e A St IS B S LAl QEMpEa o s
vispreitiucE8byather &feretmentioretbenetitedi {0GAin atfinst iaspest ftheréhe
mopgoYjfen 2 metiod of manyfactydng & semiconducior device sealed in

a cured silicone body by placing an unsealed Semiconductor device mto a
tenmpoighandosibbjeciingna Widrdbi ytation reachbie!lkglidsibeonencoiepodition min.,

whg‘ea&xfe'”[% 1he,pages betwaen the, rt%d‘r"%é‘{‘s%greﬁéjs%ﬁ%%ed FE%%*&%”%“&%%— cm

evice to compression molding under a predetermined molding

beiteympenatordéhavhereinm said curable liquid silicone composition has

100 OS* gzlc%%o%?:[ﬁeolrn@es’n igrtl EL?QOm }gx@@e%rgtéje@%ic%% o Po?rgégiget‘%}]ﬁg‘iuced by the
interval from the moment directly after measurement of a torque with a

afocemsmateednttbomolding temperature to the moment when the torque
[.Oﬁr(%(fhe%lak@ifég %Iggcggt%%l[g'{p)pgxﬂ%d a method of manufacturing a semiconductor

device sealed in a cured silicone body by placing an unsealed semiconductor device into a

mold and subjecting a hydrostlylation-curable liquid silicone composition that fills the
spaces between the mold and the unsealed semiconductor device to compression molding
under a predetermined molding temperature, wherein said curable liquid silicone
composition has viscosity of 90 Pa's or less at room temperature, and wherein a time
interval from the moment directly after measurement of a torque with a curometer at the
molding temperature to the moment when the torque reached 1 kgfrcm (0.0981N-m) is not
less than 1 min., while the time interval during which the torque grows from 1 kgf'em

(0.0981N'm} to 5 kgf'em (0.491N"m) is not more than 1 min.

Effects of Invention

[0010]  The method of the invention provides efficient manufacturing of sealed

semiconductor devices that prevent formation of voids in the sealing material and reduce



less than 1 min., while the time interval during which the torque grows

from 1 kgf-cm (0.0981Nm) to 5 kgf-cm (0.491N"m) is not more than 1

min. Effects of Invention [0010] The method of the invention provides

efficient manufacturing of sealed semiconductor devices that prevent

formatjon of voids in the sealing material and reduce 2a warping of . .
WG OO AT TS SHA G U BEARE thith i dasesorsesting with &
curd¥th lagaarabledie vigrsiisena . com pesiitn gaiine septeriondskhanaonitbility.

ydequate maldability. Furthermore, the jnvention provides sealed
FUr Il BT FBU LRI (s ke SRV ASTISS BrYatess Biief
afoRReseiipion iihetRsawings [0011] Fig. 1 illustrates main structural units of

compression molding machine suitable for realization of the method of
Brith®psesphdinehtdbea@iil’] Fig. 2 illustrates sealing conditions of a

iconductor device sealed with the .use.of a compression. moldi .
00 A T BYTR TR EIGH A e suitab
for 20003 G2 @IDHG440{ 0O EB}ibig. 3 is a sectional view of a
iconductor device praduced in.accordance. with Practical Examples

00 s e BT e SO TSN 1 e St the
useseimicanguctisdmdtBref tiee hinve ntibne d [0 1531 Eigtidnis fxhothethseatitdhal
inv\clhef‘yv of a semiconductor device of the invention. 5 [0016] Fig. 6 illustrates
ghéther t uoturo of uic-uumpcession molding machine suitable for
realization of the method of the invention. (0017] Fig, 7 is an example of a
t ree..dimensional view of a semiconductor device of the invention.
Reference numbers 10 10: semiconductor chip 12; printed-circuit board
14: cured silicone body 16: semiconductor device




20: fixed platen 15 22; lower base 23: lower mold 24; heater 26: lower
-clamp stopper 30: movable platen 20 32; upper base 33; upper holder
34: upper mold 34a: recess of the cavity 36: clamper 25 36a, 36b:
airports 37: spring 38: heater 39: upper clamp stopper 40a, 40b: release

films %%909411%@: feed rollers 44a, 44b: take-up rollers 46; guide roller
48: static charge remover WO 2005/091361 RCT/JP2005/082¢&@00d:di1q

curable liquid silicone composition 70: semiconductor device sealed with a

curqeggsjcong,body [2; cured silicone Pody Detailed Descri ties of the
Inve&#ﬂ;} 5 ) OElQl I_Set&{?s8 gfhlg‘ys1 cgén?sf;&@r“mlﬁ'lﬁ% erviegl raodhvetid ol sofctidance
invention BEN IR §oseuEnsBramoeductor devices. [0019]
e i meod estesiRg LIS, SR e
detyyggn the,moig and the CROMVIEW ofta semiconductor device of the invention,
B £ 6 tttustrates another structure of Sio-uom prossion moiding machme suitable
for realization of the method of the invention.
[0017] Fig.7isan exarnple of a three-dimensional view of a semiconductor device of

the invention.
Reference numbers

10 10: semiconductor chip
12; printed-cireuit board
14: cured silicone body
16: semiconductor device
20: fixed platen

15 22 lower base
25 lower mold
24 heater
26 lower clamp stopper
30: movable platen

20 32; upper hase
33 upper holder
34: upper mold
34a: recess of the cayity
36: clamper

25 36a, 36b: air ports
It spring
as: hester
35 Upper clamp stopper
402, 40b: release films

30 42a, 42b: feed roliers
44a, 44b: take-up rolless
46; guide roller

48: static charge remover
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semiconductor device with a curable liquid silicone composition and
subjecting the 10 composition to compression molding at a predetermined
molding temperature, A compression molding machine that contains the
aforementioned mold may be represented by a conventional compression
moldirgtnashmecomprised: an upper mold and a lower mold between
which a semiconductor device can be clamped and a curabledigdkebosnoa410
silicone composition can be fed for filling the cavities between the mold
and the sem$@onduct%&ﬁ@@ﬁ@ﬂf&fﬁg&.ﬁggg&g& compression molding; a
damper for eypplicatioggn%gr “?%ur to the Upper-and lower molds; and a
heater for cyyjng the curable fiquity $ficeHEdsHisosisdnitynBeating. Such
compression mmamﬁ%&ﬁm@m disclosed in ICokai Hei 8-244064,
Kokalethiph Besd {33 (g Kkai 2000-277551. In view of its simplicity, let
4s c%gggl%g., t g}&com 8%%%&?Mgh@dlsqlosgﬁ&;n_mokal
2000- . r QMR GSJURN, o
mackiie srskrsadtn dSiileai 2000- 277551 makes it possible to %g%ga%mnng
semidafluctacetRged meld, supply a_curable liquid silicone
compggitionJate g&%%gﬁ gé%\ﬁv%g%’ﬁ%%%paeﬁg%ﬁP&dé’ﬁ@rtﬁ'é’i@ﬁﬁﬁmmar
device, to clamp the se_%?l%ﬁﬁlﬁkfﬁ?%émgemi@m@ﬁ MRt me
low &P HTSH: Q%d%*w%aw&hdr@baeiﬁ&@ﬁr&%gwg%ggu@e in
L
madexindieion rame that encloses side B area
of tglea%g‘%%ﬁg(%@ %%ne ar%%%trcféméﬁﬁﬂiﬁ?éﬁ'%ﬂﬁfamﬁmm@lw PSR ted
vertically in the iFEERGHC BT N kling ropehingonfiiemeldalong ih elo
afoPHidfifisRehishiestadenantham-fiatwhem e mold s ogen g tover
HE lpibiinene

darpersitowenesddacerRigien!s.rom , the molding ace
) the lower mo?g%%\/%}ﬁ&eeﬁ DRE ST tReiRiea the shopemtnpish is

. h quenh(}?ﬁgrgm%wl}w‘ 1 .. . .
in direct contact'wit digl Mbomﬂm&mﬂﬁe@ggggm
surRE & dnseRidiprdomtuitheaifip ane SIS 6 ition, In____
pafieinarSeiecadpramentioneg compression-mol iﬁmar%%%ﬁ?ﬁgl Wrknéa
withealenios fopfeading 2 film. peelable from the Mo eiiirtf4iteokeka
dy to positi %@“‘@Sﬁc VBV &F hsimptezn 05 10943
cu l;:pa%sﬁn% g e o L S : by, 6.z, the
Fg{{&/ﬁﬁ%oof&lgéa lgﬁ@aﬁfbﬂ‘éﬁé@m@&wpmmmgl#r such a maﬁhlne,
tHEOaprsiiDendi, H tects t

il et e el o

- et e ’
SR SR L e e sy

and the

faces of th.e seah:ng area of the upper mold. The clamper is supported sq that i can freely

Sr;;:; B:::nﬁ-:::h t:: iz}l;:ln;; of cIO?ing-opening of the mold along the aforementioned

i e mold ig ‘opc'n, the clamper’s Jower end face projects from

. pper mold .and 18 biased to the lower mojq. When the Jower mold
ect contact with the curable ligui

d silicone composition, i i
o ' : position, its moldin
&s can be easily coated with g fluoro-resin composition, In particular, th; :



[0021] The aforementioned compression molding machine may also be
provided with 5 a feeding mechanism for feeding the film peelable from
the mold and silicone cured body to a position where it can cover the
molding surface that may support the semiconductor device in the lower
mold“]:djzrm%&re, the machine is equipped with an air suction
mechanism that applies a suction action to the release film sanhnedkswanio
end face of the damper and to the release film on the inner surface of the
sealingiay e, ' ir.from 10 the inner bottom surface of the curable
quuigéz%ﬁgs n %&ﬁ rﬁ g@%ﬁr%ea g AFesiiniening ofths samisofduaofithize via
damper and e s esiitersewrdiedySen mtickthgAcK WiSIARLRIAR: of the
afor@fiisrtishizalows oralgheniam wliably M%&rg}ﬁg%ls the release
filmfoeethe Mrigliages atively,.a suction mechanism for
510@@9‘@%5% ase- fgﬁ%ﬁsf%dg%%%ﬁﬁggxdb‘f%ﬂ%mﬁ%qﬁmmmm
end face 6f the clam P85 %ME%%@%MMWM&WW
forrfetPiitie Wil e avee e ldin nsfeiee 9146fa60 RLRR (IAMRSLAD
. . . A v CLOT
the@rdeewﬁiahﬁvafrﬁbﬂ.lﬂaﬁ%mgﬂéﬁﬁiﬁgquggpﬁ 'lge%%li'tied hy connecting

themaigsgmenti enjngs to an air-suction he UPhBr FifREmay
have on itéﬁ?@é%?r%% és)ﬁr a‘!cl:%ggc %:lg%ﬂﬁ/ 198 5rim Arithed pesercbed faveoiding

por‘ﬁ%ﬁp cor é‘b@’ﬁmﬁy%@@%@nmmhmmm%wmﬂ@&tﬁ&l

Oseriifine isttormonize oFteheaaonguthe: 23 4mer ol s%'six%él‘.é‘r?e! %%’Sd%y
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cavhyithatfesarsian m el Iding,.portion” correspon
seg}{ﬁ&ggr %B%-clmpl Iacem%%ﬁfgﬁ 0 ?ﬁ@%ﬁ%ﬁ%%&@a@w@pm
upper. moLg IS rﬁpvéﬁﬁfg"mﬁ‘@ b denibrdntic sbupmien se shadil;
is OVGaE o it amstimaredueisiony tovibyd sHomRed pithe molding
SuHagriefdtbisiawey speleh 4901 idj ReAyerflow of the,curable liquid
o o e e MR e
sepiconductor device, A'g Yafierese tommmside atdactofthe
overtion BatRs sidperteesd i parsackh Spdrtofomed nadhe $2BHRMng the
suifersmetited oninstdhatipppies m'@ﬁé%gpn;&g S8 ig&ndu&tor )
destge (DR} NS B3y ig%rt\du?%%r sealing operation, gn its molding
semigonductor device is place into 3 10 wEPFHigoResRmRdNe Weuid silicone
composition ToRRp i%%ﬁ%ﬁf@‘%ﬁi@éﬁ%@m@%ﬁ&ﬁm Pewiesmaidse a
filA e St ten s i otelnicht heno sl silicana: sy VeES the
sidacesmitihe seatiogAigia-e semicopductor dev{%ce is Squeezed

bettyy lower molds together with the Ea i enrdsivse.
com %ﬁgﬁ?ﬁ e g s ﬁ’a‘%‘?*ﬁf&?&%%ﬁ%ﬁ%ﬁwpm&pammr thaged o

forms affr_ﬁ‘ﬁ]\% Hfverinrsesy i bosicd suifacaddiibe SeAlng\ W6 mold
26057096 20 overflow of the curable liquid silicone composition from the sealing area

during sealing of the semiconductor deviee, A gate or gates, which are communicated ¢
3 fa]

the overflow cavity, and the sealing area may be formed on the clamping surface of the

clamper that applies a pressure to the semiconductor devige.
{60221 Whey, in 2 semicondnotor sealing operation,

mto 2 lower mold, & curable Houid silicone composition
and lower molds,

a semiconductor device is placed

is fed to a space between the upper
a film peelable from the mold and the cured silicone body covers the

surfaces of the sealing ares, the semiconductor dsvice is squeszed between the upper and

lower molds together with the curable silicone composition and is sealed. Under these

conditions, the clamper that forms 5 frame that embraces the side surfaces of the sealing



PCT/JP2005/004410 6 area of the upper mold freely moves in the vertical

“direction along the aforementioned side surfaces, projects with its lower

end face below the molding surface of the upper mold, is urged to the
lower mold, and seals the periphery of the sealing area; and while the
lowervanshdapgs molds gradually approach each other, the curable liquid
silicone composition 5 fills the sealing area, the molds stop FREHE@BRecto
position of the mold, and the semicondiictor device is sealed by the
curaivte ditieape-c R PASHON JR. L1 rin vity of the mold. [00231 Fig,

1 shaws maip. sty v%ttgr?ﬁgﬁg%%%ﬁg%%éﬁg%%mﬁﬁammemd side
suitable, for carrying BU THETARA6a Rian e mekingsutinga isf ckepiiRgmold, is
refereiee MR, sl derighenesphefiaritplatons Rd.'SIRISAS .o 1o,
nunaktarBo weldignatesipapaiek e Rlgien «Bol.plaiens,are incorporate '

intosaressuhe Ry e comprised of an elé%‘flrficsalllfﬁoaﬁ%‘?’lp‘ﬁfé%%
or g hydraulic D e&s?ié gapaﬁges%’? ﬁe%?i?ﬁﬁjgpﬁsgﬁﬁl‘?ﬁ&bﬁﬁétm By driving a
movaa%fenplfgf)g ﬁq TG Yertied Puitscuohldsiont Refeaieei MU 23vity of
deﬁﬁﬂ&%@s a lower base that is fixed to the fixed platen 15 20, and 23

shdie3 loweg nekddhatis ixgd 1o the lawer base 22. The upper surface
of maggvyﬁf?]g?r%g %2]3 . esﬁa settir%? p&%ﬁ%ﬁ%ﬁ“ﬁ?&%ﬂ?&%@ﬁ%ﬁ@@ﬁor

device 16. The semiconductsd sbhe nvegtigs thishwwiethefefidheumeral 20

O preEEREE HSH AR eatrefmercapiunalin 50 eamic SIS IS, 10p

15 pomximmwhmtﬁ%m@&%%%%glgs have 10 be C

faditféeureandbypinans the 5. mel rence numeral 24 '
depigiatlah el @Eﬁ%i in ﬂ}gﬁ%\/ﬁ%ﬁ%ﬁ;@isfﬁ‘g 31%%&% driven
intgpded for 20 heating the ower MoTS 3 SeaHieRItira bnddving a movable
temperature B mEEE fconductor device 16 supported by the lower mold
23[%¥%H maBhfrrenies prowiden veipleerolarin:SIRRREE 2 sm%%gg#i ea
L
cl 26 are installed on the Tow 2 {90PsE e
m?én?gfzﬁ E\%’ %@Sgﬁf?é‘“ SFEERSF B tismisaidocitodiomavaiie 25
pISTE S FrAESETiER! Aurmbiniie uhad affinghaltiardxes 1a,ieupper base
3Phamidh3f iwmudp@arcmgldofﬁgggigptp&@dgp@&ﬁ {%ollder 33. |n the method of
praseationRadinent ihe. semic nc;ltgctor Chips 10 areaiifiged Keberence
one side of the printed SrEaiPBEee22. Thniktei Bhts Hhededare,

10|
0 fﬁ%ﬁ‘?@g‘fi ﬁ&g@&lt{ﬁés %@m@ﬂm@é&@ﬁ terepappes sNold ﬁfhik%ﬁdﬁ&ofﬁ@xqge
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flaf) Rererehbe huinverahas designaies.a s 3gRRE Wads inthe font of a

N : WeT Glamp stoppers 26
frémedtiata position in which the upper and lower molds have to be clamped. The clamp

stoppers 26 are installed on the lower base 22,

002 Ter i
[0023]  Reference numeral 52 designates an upper base that i fixed to the movable

plate 30. Reference numeral 33 ig an upper holder fixed 1o the upper base 32, and 34 i an

upper mold fixed to the upper holder 33, In the method of present embodiment, the

senitjcouductor chips 10 are arranged and sealed on one sids of the printed circuit board 12
which Is flat, Therefore, in the sealing area the molding face of the upper mold 34 is alsa ,
made flat. Refsrence fnumeral 36 designates a clamper made in the
encloses side faces of the upper mold 34 and the upper holder 33,

supported by the upper base 32 with free vertical movements and is

lower mold 23 by a Spring 37, The molding face of the upper mold
end face of the clampe

form of & frame that
The clamper 36 is
biased towards the
34 is shifted from the
r 36, and & sealing area is formed in & closed state of the ﬁold



30 encloses side faces of the upper mold 34 and the upper holder 33. The
damper 36 is supported by the upper base 32 with free vertical
movements and is biased towards the lower mold 23 by a spring 37, The
molding face of the upper mold 34 is shifted from the end face of the
clampghR@nAld a sealing area is formed in a closed state of the mold WO
2005/091361 PCTJJP200sloo44fo 7 between the inner fad€Birtesco44t0
claniper 36 and the molding face of the upper mold 34. The biasing force
of filerd.aMne eIo d by means other than the spring, e.g.,
ma%zge?:ﬁégé % (?@W%@Falogglﬁemgtmm The
heétate) PRAYTE aF it ararg ﬁ@mmmﬁm@+w%qmg@t|@9
the2Ujspemdtioleiéinds. and the upper mold 34, so that the semiconductor
devimest6 canfe.h the moI IS cIosed 39 designates upper
SC|a£ﬁEjm§-§§? h ?g@%ﬁ%?@d‘ O the 1B ih %Wectﬁbﬂmmr&mm
stoppers ?ﬁlﬁ%ﬁff’éﬁééﬁ)é&@@@%lamn&t@emﬂm side of
théﬂf}ﬁ@tdtﬁ@lﬁdaﬂebéﬁ drebsiendivibe el AR ERRINEN, SO that in
a othsgnhiemtﬁs(ﬂﬁaﬁh@smm r into 10 muttal cor
Whendhe [%913( éP 3051?5%\5%? %%v%%r\:v&gr tﬁ%ﬂﬁé@gﬂﬁhﬁ?ﬁﬁ@
up&er clamp sto g To A Y M&ﬁﬁ?p‘mﬂdmmm side of

clanfRfRGTedR 16??1"‘-5’@6‘6!1 WitbdoUrale ssiticomnbeeRINRSILGR MQLIRG, e
10 spaetres cdetivieW s th@nﬁmﬁﬁdp%ﬁlg@ﬂ ng;‘ghedmtgar&'lge tgforemg%o ed

cl &%@@W sth thickness of the seaIan cu
sfgg i)(]:i%mgos |1(')9r§?%;)l/%gél o@rlré\qe? kit eps“é"é’lt’ﬁ 1‘8 f@{ﬂ@'ﬂ%’%ﬁ&ence

nume a arn %@ﬁ@ﬁ%@%ﬁ@%&@m@@eﬂ@@aegwp&mm
hetfi H*@ Wé&hmmmmwmmmmg@mm%m&% gﬁethg#p@p
Metel 84 candleHcow Ripoid % 3a &?&&%HVd ﬁeaF 0S e release
15 fllr[ggﬁpa apd-40b | |s to C the surfaces of t Dgﬁﬁ%g area in order to
prevenit direct contact oef%t Ysiamate binpiodindly ardnghirenaldifigs
sutt4LeL heinsmsicss wmmmm wommdt s SR PR ang
mfétﬁén‘atb,rwhléhkmﬂa&xeaﬁlImip@g@pg%{{&rpetgﬁerﬁ pid ap ‘g’%ﬁ%%eﬁsg}!ﬁf
theenabresistivit rd 0 the molding temperatures
rTE chanical str er¥ e% a&%%s%?ﬁétenpr% SRS S R0 e gurshbimie in

rder 1o Contar JidTe setces Braclsroidtivrsaandren aoiging faces.of
O \ispalgarbish Excimplaly oimiitaissAN AR s made fom
pefyietaftiomethylene R e%@%e&%)é%g etra}t;‘lqlﬁ ethylene copoefyme}ty
(ks i%?cﬂg%{aluo s%g%yene pertiuoropropyle SR ard mitimjent

POy glnm enefltioTi onfora to the recesses and projections on the

aces of the sealing area. Examples of such materials are films made from

polyteteafluoroethylene (PTEE), ethylene-te:traﬂuurocthyiene copolymer (ETFE)
£

25 tetraﬂuoroeﬂtylene-perﬂuompmpylmc copalymer (FEP), polyvinilidenefluoride (PVDF)
or similar flyorine- -containing resins; as well as polyethyleneterephthalate (PET)
polyptopylens (PP), ete, =
[0028]  When in the method of the nvention sealing is parfotmed only on the upper
side of the printed circuit b

N ircuit board 12, the release film 40a is supplied to the upper mold 34

for covering the surface that is to be in contact with the curable liquid silicone
composition. By feeding the release film 40b to cover the lower moid 23, it is possible to
use compressibility and elasticity of the film for effectively absorbing devintions of the
printed circuit board thickness from uniformity and thus to diminish non-ymiformities in



15 408md el dIBDai-[ARBS)], jfﬂ@cfﬂﬁé}%% film 40a fe

1éand t

or similar fluorine-containing resins; as well as polyethyleneterephthalate
(PET), polypropylene (PP), etc. [0028] When in the method of the
invention seating is performed only on the upper side of the printed circuit
board 12, the release film 40a is supplied to the upper mold 34 30 for
coveringpthasadiigce that is to be in contact with the curable liquid silicone
composition. By feeding the release film 40b to cover the lowsrmne@ds23:41;
is possible to use compressibility and elasticity of the film for effectively
abso#piligedie viatians af; inted circuit board thickness from uniformity
and tugdedi gﬁ@é@fh 0 r%?%% it?éag tﬁ;}e \‘}W%@gﬁ‘@ %1045 film 40a that is locateq
PCT@@E@)O&QOM 0 SRARAG v sullicletnoted, however, $ that the use
only relgﬁgeéeﬁﬁﬂﬂ@wﬁh&zaisd@%adﬁgﬁmggﬁe% éch upper mold
34 nfaj #&.suffietert A2l Reference pumerals 42a an ﬂ%’ﬁ%%@ﬁ@ﬁ%ﬁ 40a
feedamllessdas e KS8ase %‘Illlmﬁs Oa and‘yﬂ érf%%, HEPretire fredonfilmedtion
44a,44b g%s%%n %te take-Up rofSTefBee find solea@ned 4Bbng the talee-yp
respecively. &8 ﬁoﬁﬁ‘?ﬁ?ﬁ%@@mﬁtgsiﬁ&edﬁﬁdﬁ@lkﬁﬁg A2 %ﬁb nd
the @%&M&%m@mm #ABRPEA1ed.ON.0pposite sic?g's 0 ﬁ"‘@amu‘”
moldinGeiathing, Thedeag.r I,gerﬂegggﬁnd the ta?r%‘g?&*‘ét Fothsruersbiopless. 30,
uppgggépﬂlgegﬁoggg.@t ched t6 the movABIR et st dhedfetdbedliprd2b

mg%é_ake-up roller 245 e s sasatibta 25 ang ABAENRNIE dRG, ked
platen 20 WA e Sttsonatétottie oplearaiilmg.40a,904. 400 are move
thrdﬂ@hlmellﬂammmﬁm@@%ﬁig&gi@fﬁcgipld to the oppé%gfé%iﬂ‘@’d the:
thepeabThedeeryqligr42a and the take-Up ronereAeesden et hpeovasie
34 g;gog%glcau moved togeth&HRfte &‘iéi?ﬁ%b@dpﬂ&mﬁ%r@ﬁﬁ%ﬁﬁg%
numeral 46 QeSTHatESTsRIe T oot datASsiande i it char

miF8ts (icthe esteysantiic ' .
b IO ARaR] The 1o e R0 e sl 34

fixakaniod er mold 3415 and ReRTTR8f Shislicr: chedamperas
hag a%m%r%;ﬁg a&,91 \R/ﬁ?g: %agﬁ@wnwﬁeﬂawepmﬂdnfa{ﬁrggme%gg Rg’
Se0S A TRAS Sy woRcteamel oiene iR dRNeL, side faces of the |
cldfifpie r@BIAT bexlmirprats 28330 _%%lg are communicated 1 1Ershani sm
suigtias smeshRRiSH Jocate outsééé oFthe Tt R B ishrac o imgipimr

20 prﬂy%gg,gn%qggﬁ%rface ‘of e ferergsewhictcisipsidingzoniact

30

with the inner StiaEE Gt Hastpen SR Hhis:seal AQ:7iRg, RLgVents
SR i wdmotse hirspexta<BAl whsLLSHRION Is activated, AR P
isside faces of th © S16e Taces of the upper mold 54
€ upper holder 33, and inner faces of the olam . »
- par 36, s0 thet the air-suction



Dthenpeld 3t edim tﬁ@@,ﬁ@gﬁsﬁg%ﬁwﬁcﬁ&eﬂt softness and
) 10
e sha

20 UPRAE4S mold 3

25

30

formed that flows through the space defined between the side faces of the
upper mold 34, side faces of the upper holder 33, and inner faces of the
clamper 36, so that the air-suction action from the air port 36b holds the
release film 40a on the inner faces of the molding area formed by the
upper wolaB4sasag the damper 36 and fixes the film to these faces. It 25
should be noted that the suction unit connected to the airportec36e2amsdos410
36b is capable of developing not only a guction action but also of
suppl§iripeadempiessed ik the compressed air is fed via the
aforemeatigngegsports, the |Irr\1é\éf(§§?s&§arfs%ﬁ§ig é@%?e@lfr‘iﬂ’f?mmﬁmﬁmg:fm
face 9 1] A method of the invention for sealing the semiconductor
device with a Chiabid: Boaltiiginmompesiionwit gy be explained.
In FI&S felepre %d@ﬁsmﬁldﬁhﬁme@@@g[:%gé@e Clshows an opet statdish
the mkaidpamwmqatﬁg@nmé@p;%%aten 3018 I The “SPL P BetEAmd facthis the
statg, g, eé se filq;t?ﬁma anc BHBA?JWV%@]@% Befades pfgthe
mold, and then &S &@ﬁ%&wmmmmmgh%lwgggn%gS .
The W2 H63A50%IEm H@Wﬂﬁﬂ@%&@@ﬂﬁé&a&&?%@%ggﬂucmr device T
placédtriomhene ipasgilanAequerng the surface o (e LY smtblepe.
23. m:gge]nmg@gg ihe side on the right Tt Hdeafers plaspas a
1§tat§u§' which the rélease TR dheketiambidixamhimihauaper mold
34 and the 16 W%@lﬁmheeﬁﬂamwﬁ@ﬁgxﬁmg%hﬁ air suction
unitf%@@@mﬁﬁ:ménﬁadm@{g%&@%gl ing surface, afa therPie
ai ke dsaoRdG glports 262 and 36D THEHRBtFlampeds e
rele&gqﬂm&é ato.the ‘end face R B%Wﬁ)@ls@@mhﬂd(&sdbﬁ@lﬁbi&ﬁﬁgny
facgqsoﬁt eéaameéflﬁgﬁmwé filrer.40a is sucked along the inner
fac the HBATS lthe fﬂlﬁ%&l&fﬁ’&@eﬁ%@&}f}&%upper m%%;?é?:
thepsuelQa.a6Ha0. it follows th pE Of TELE e siinads ovpthieduppar
mgigé 4 a%?%#g %%Erég &F FBPhdie frepisrmdstani: dampenag Basa,, set in
pIurahf’fﬁ?@?ﬂ%t@%é@%@@hﬂ@am&mgﬁmgﬁg%gaggn[pentjoned face
cir&#ﬁ%hﬁ%@@&yﬁ&@@ﬂ;@rﬂyg&gn%aces from ea "B fb‘ﬁé%fl
Orvanwéiasich ihgLelepsg film 40a is pressed by i et deg dtrrapshethe
%5?1%%}3%%%5%%%% tmbiestiquid silicone
composition Is'su 10 & closed state when the semiconductor devics 14 i
épﬂglp»d between the lower mold 23 and fhe upper mold 34, A device 16 is

part of the mold located on
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printed circuit board 12 that supports the semiconductor device 16, which
has been set in the lower mold 23. Since the amount of the curable liquid
silicone composition 50 that has to be supplied corresponds to capacity of
the sealing area, it is recommended to supply the composition in metered
quan@;&ezgg:.ﬁ)ﬂ% ith the use of a dispenser. 20 100341 FIG, 2 shows the
mold in a closed state when the semiconductor device 16 iFalarmogchaaio
between the lower mold 23 and the upper mold 34. A part of the mold
locqigdspn theleflside fro center line CL shows a state, in which the
upper mold 34 is mo&g%fr ?@éﬁ%ﬁ?&%ﬂ%@%ﬁ@m@ammm sgharnper
36 i5 PreSSBT A murtrbst thidkaces duitundr ik Habsy dsfieso
senfreemdei dildbyicaii-tnasmper meld 34 degspot reach the 25
contiigieeleerREST PSIHAN.YYhen m}hdebse'alfri sp%é@?a%é&q omsf‘éﬁ%ﬁﬁ@ left
sdaﬁ?l&%g’% dhe %ura:ble liqUTd silicona COMEBIH Ay Bssinn stibilbphe
sealing space ‘ae %‘C@Wﬁr‘@s@éﬁ%ﬁr: Henipperemalci®a deskuigis?, Adart
T e
' i é%g? ces é\},& tf%]‘?%?aclamp

posiige: At the. Ding p ition, the e _
sto}mge?js 26%&%@% 0 %?oaf\figwm%ﬁ@ Eitierdéebabhtiio bppakdlamper

SRREd s theyst g@p@ghmmesmeséata@@%@i&%ﬁaﬁ@@&%ﬁ

t
102:@mmrtm e sapig 3PerEwals, b%%@z%&ﬁﬁ%wﬁ%%'c%%é ul %{%%%ﬁa

comminn et nsraligaics e SpCRT AR

34 goes down 18 THECIHSiIr (5 sitrokt basel i fvsalingse 2108, I5ARINSIRE 0
a ﬁ@%@éﬂ%@ﬁmmwmHM&ﬁ@m,%WQ%%qi .
cosiipletatyrfijtsithe Eﬂ@m%eﬁéﬁgwne@t@ga 2, In the side g%e
ine CT: a sm%@&ﬁ“@%ﬁéﬂm is
between the corner portio ﬁ%&%ﬁﬁ@b@%@ﬂ%mm ketenserdings
4 ?quwwméw ﬂ?@h‘?ﬁ;ﬁlﬁlﬂdﬁdiﬁmﬁﬁ%ﬁ lﬁma@.umggf r%};ggﬁon fhe
positisnetelapiiatrecst thauppeiRRIdA%.aN elease fijm .~
disapRamss.Andathe curable liquid silicone cor’npct)iéﬁﬁéﬁ sgﬁ'lﬁmlﬁf@féﬁf‘ﬁﬂs
thge"fge\hng‘%?{gqg%m% Since the surface of the semiconductor device 16
t hds to Be" SeABRC Hid sligoeetpotionse it andna e me
pelfbiyeniie voiny mshisopaliaphsaalen bt Ol dariner 3, the
sewiinis epevationsar heigasziedomtijhout leakage of the curabie Tiquid
. e - S o eg?]o tg,
siligong arapesitipn frm,the sealing area. In & Ry Rdetflnp Afrns
. s n 1 body does not stick to the molding surfaces, since the release
s 40a and 40b are easily peeled from the surfaces of the mold, so that the sealed
semiconductor device can be easily extracted from the mold. As deseribed above
s?para,t:on of the release film 40a can be facilitated by blowing compressed alr through the
alr ports 364 and 36b. After the mold is opened, the feed rollers 422, 42b agd the take-up
rollers 44a and 44b are activated, and the release filmg 402 and 40b are removed from the
mold together with the sealed semiconductor device.

[0038]  Pigs. 3,4, and 5 show serpiconductor devices sealed by the method of the

present invention. Since the upper side of the molded portion is flat, the molding surfice of
the upper mold 34 also is flag, As shown in the drawings, the intermediate positions
between the neighboring semiconductor chips 10 are intended for meking a cut through th
layer of the sealing resin and the printed circuit board for separating the saaled e



formed on the upper face of the printed circuit board 12 with minute steps,
the unevenness caused by such steps ran be absorbed by the release
film 40a, so that no curable liquid silicone composition leaks from the
sealing area when the semiconductor,¢evice 16 is 15 clamped in the
mold, The lower release film 40b that is applied onto the lower surface of
the prAIGA EIGULL haay Qo%ﬁdﬂJ%‘aa?P%&Q’éuBHg 39 53 fasil ‘S}ﬁﬂ%&ﬁ 188 dicin
thickness direction, the unevenness of the thickness of semlcondugtor
devidd: Bsentattinededitictiductor device can be properly sealed, [0037]
Aft¢etHe curaddiertiguichsHioonenddmposition &ogisdredtbd apd culdédimblyde
20 EJS%%QQI M%a@ﬁ;@é%d@&@ c&ﬁ@s&Q@d%Q&%ﬂ%@B%@% SEmicRRguctor

device, sealed Wf{th sin s re \{fd f&omt e md?d Snce sealing was .

ST con uctor ¢ 5011at 18 & 13! 1dud 1ts respechive cavi
carrie over R8 v&1ERd8 FTms 8aff}b he ¢l ed silicone bocf1 ty

doevﬁmétsgﬁpeﬂ@feéuﬂﬁfé %@Wb@ﬁa@&s%éélﬁﬁ@CP@Péé@éeQ\hYm §U4@aéihme
40hareicasiy peeled. iamidogisvehagesnatdheumplghveesthattheanse alagting

SerH-!QQ!&QH Y deyie IS%QH &?9%%%’%{%%{3%% QMhEJE&ngﬂLq ?0‘?%1%‘3{49%%

above, 25 separatio release film 40a can be facilitate blowing

co dﬁ?@@@&‘%ﬂﬂ?&i ﬁ@ﬁ‘ﬁ%@a‘ﬁw(ﬁ’&% SO B Rrtae e iofifing saw
opemedoitine, fedtt tdkers 42a, 42b and the take-up rollers 44a and 44b are

activgled, and thedselsase dilmsdQaandidiRars ﬂ?é?r@é%@ broma Is&@elmold
tog%&fhe%‘wr\(l%sl‘] c ah%c g;azl S%mﬁctqgat 1 I J d%gg)csg Qgg § Zeas ht rog}g ds
show Semicon ces sealdd by { the method of the resen
mv@ﬂﬁﬁfﬁ@rm@ th‘f’é qup@ﬂ%é BP*fh@erﬁ@lH@H Heseiyatie ﬂﬁﬁstﬁ@ﬁ%fﬁ fhg
surfagecetitthecuppetenole ddlalsgtsmflatuAs shiennieihedandrgsudhe
'”teJ&%Qd%tggPQ%'EWM 1REW ‘Fs%’&ttfé& PS%QHQB{ ' Q%ﬂ%‘%f@ [ely %!éi’i%ﬁ SR §\31Qch

are intended’for making a cut th I‘Ogt.l{%%the layer of the sealing resin

the BFifEde SRt AraTOrgkpart e gk 91 (P g deigpor
devicgs. fitdsingivididadl pispesic@ attingCirPbe anade oy rmeans bisavdicingir

SaWudaSRLGHHReh8)IGR i8R a@@%@ﬂ!i@%@ﬁﬂ?%@%ﬁﬁ@?&ﬂdﬂﬂ& thethe
moldlneq\iz?]ce of Iﬂ? pper | gj\% 34 4m ¥P m;f)dowﬂeguc[{v{:\!lth cavmest% gtthat
correspondO t6'the r%ountli’n Sitions of Maividual” Seficonductor ¢ pOrque
10, 6@ thatraier eHils m%@éﬁréﬁfﬁﬁlﬂﬁﬁdﬁﬁmﬁe%w@ﬁé%ww?a‘?ﬁ@e@ha
A semiorlgstor assaitbhy obtainad, Dy sdokha methotiaic: sealed byna

curediSiliGonk,L Ry ISishow Bf’&rl:(kg@s%d@%‘ﬁ’cgﬁﬂgﬁcﬁ%'ﬁglﬁem'%9&9&‘&”

devices are obtained by cutting, the assem hborln%; chips 10 in

centtal ﬁBéﬁB?&n‘fﬂ?@ﬁ Hﬁf’r‘édl’&ryg?do?rﬁ%’é‘ E%@é gy be either subjec

significant warping and worsening of moldability, or the curable liquid silicone

to mox e

composition will remain partially uncured. Thus, directly after measurement the torque
measured at the molding temperature should be less than 1 kgfem(0.0981N"m), while
during the curing stage the torque should be 5 kgf'em (0.491N'm) or more. In particular, it
is preferable to utilize such a curable liquid silicone composition that provides a time
interval from the moment directly after measurement of a torque with a curometer at the
molding temperature to the moment when the torque reached 1 kgf'ecm (0.0981N"m) not
fess than 1.5 min., and the time interval, during which the torque is increased from 1
kgfem (0.0981Nm) to 5 kglfem (0.491N"m), not more than 0.3 min. There are no special
restrictions with regard to the molding temperature, but in general it is preferable to have
this temperature in a range from room temperature (235°C) to 200°C, preferably from 56°C

to 150°C, and even more preferably, from 60°C to 130°C.



1sthessganeatwhenhe forgre el hed.

resins and the printed circuit board. Cutting can be performed by means of
a dicing saw, laser cutter, or the like. [0040] The curable liquid silicone
composition used in the method of the present invention is characterized
by the fact that it has viscosity of 90 Pas or less at room temperature, and
that a W@agieal from the moment directly after measurement of a
torque with a curometer at the molding temperature to the metmarmiwslesso
the torque reached I kgf cm (0.098IN-n?] is not less than 1 min, while the
time jodgryval dyyi ich the torgue is’increased from 1 kgf em
(0.0%ggrlslgw A XA TS opeoaae imimalndscasity of
the ¢ mpo&ﬁ%??"@%@@d@%@%ﬁbmﬂemp@m%lg{ggy\_/gmgm ir
such{fieeplyretitat compiisitips Bs fivahilipand may;lead to J‘(;)rrrgt'szjohmofL
voidgm]'elmlﬁmﬁlw%ﬁ@ﬁ%wQ?c&%@xglﬂterval from the MOMEH Aifee
aftermeasement of 4 torque with @ CurSTHEES e tREtirs! el 2 cursble
temperature to the %%ﬁ?@%ﬁ%ﬁﬁ@d@%ﬁmm\@mm{ﬁb&%;&
is s ARGA g thisasties diamgl ifdhe ggpglgmg,a(hgduring which
the easepepogrdlvenecinyikddiens (038 INcal; L9 o kgfem (0.491Ri-m), -
excggﬁ%_%%&%gﬂgdﬁtor chip and printecet MR fepleralyi6) a
eithgtglgrugb‘j‘?ct to moreé  signific FwfBee sRd Worserisigoofmpisiailie Or
the cura e%&k%dﬁﬁﬁ%ﬁ@h%mﬁmawwﬂﬁmmrgam@%%%q oS,
10dire‘“&i‘ty after measurement the torque measured at the molding - s,
temipeziture shouihhedess.than 1 kgfcm(0.0981Nm), while during the
curing 5tage the,lorgue shgﬁ_%%%)g sélﬁ%ép SR s Erodfdhermrssent nvention
parficular, it is pr TR F5 11t feers e pretastinaiohentiguitl sil caReng witlng,
compait edetersdon simienrinianah oM AR mEmED! directly after’
medseirabnentnafl ey o "t et fudrQm ﬁ: r.at tl}e molding teréﬁpé%ﬁﬁre to
roe g ‘élc}ﬁm B GEe NS Sheteats toan
1.5 min., and_the time rfiterval, siieotsrondéeisainoiensechirg
kg%ﬁf@"ﬁ%ﬁ%ﬂ% Yecrte. a8 i) npirionke ;hﬁgﬁg,mherga ’
ar@rﬁﬁ@dé@mbimetWM&mghﬁ@g%ng@ng temperature,tgut in
gefdeda] it is&gﬁg&gﬁa@gg@cg%%%mst mg rature & range from room
teRBELARL(25C) to 200C, pre erably TFORT 8ot eyrabeboantbénigrimore
preferably, from 60C" YSW%@W@M@W&ZM&QM@%%&Z

20 [00FT R Qrstrhermisneticureie figig %Qﬂgﬁiﬁgm&%%g& may be of

25 plurelity of lead wires, In the embodiment of Fi

30

semico i ing into indivi
a nductor wafers prior to eutting info individug) semiconductor deviges Examples of

such semi r dewi in Fi
' semiconductor devices are shown in Figs. 3 and 4 that respectively ilfustrate o
semiconduetor device that consists of semiconduct

or chips on a printed cirouit b
o ‘ ' oard and
device that consists of wire bonded semiconductor .

chips and a printed cireuit board with a

g- 3, the semiconductor devices are fo
. e b . rmed
by wire bonding the semiconductor chips 10 with bonding wires made from pold ar

:tl:;n;u:; ;‘itmez Sl:e::p: are s@cd bya d.ie*bond on & printed cireit board 12 made

' e, POXy resin, BT resin, or ceramie, In the embodiment of g
semiconductor device of Fig, 4, semiconductor ¢hips are electrically intercomected wi
the printed cirenit board via the use of solder balls or conductive bumps. For n.ez'ui"c:*::ﬂl
the solder balls or conduetive bumps may incorporate an underfill agent, Such an u;d;‘:?g
agent may be conmprised of a curable BpOXy resin composition or a ourable sific
composition, In the semiconductor devices of Figs. 3 and 4, in order 1o conna:tn:he
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hydrosilylation-curable type, condensation-curable type,
ultraviolet-ray-curable type, or a radical-polymerization-curable type. The
hydrosilylation-curable composition is more preferable from the point of
view of controlling curing characteristics, Such a curable 5 liquid silicone
compesitigr My, be comprised at least of the following components; (A)
an organopolysiloxane having at least two alkenyl groups peexedessba; o
(B) an organopolysiioxane having at legst two silicon-bonded hydrogen
atoMBFesINRASCIE latinum-typé catalyst; and (D) a filler, If
necesEaMy ihe t%% Qp}g%%%ﬁ%rﬁﬁ) ?f%vﬁ%ggﬁmmﬁh@rﬁﬁﬁ% nitECEiE She
such as pigments, QC?WW%? Betinesioprimipal gL gep ot ElGhe
[004%}Een Witk seeteshesl slictories oo Bl GRUN S8 Ax: eI nod of% present
inveritiot board. s dsaek BRlRRIYA 1&8[&9@;;\{1%@%%{“ for prgfeoct_ gprmted
semigpRanet ips and \é\{i{ing ut als U ?ﬁ’é"f%é@@#‘mﬂuﬁw
semgca(ffrgiductor chips a{ﬁgx prift Hehoa B8 argkessrambestividhd abs i)
layere Tor SEIFRRgH desicestip sawing printesheiisyiFROALs, ARG AlE o 15
spetitferéamd ChimSmidthuegaraiaihederms of cured silicone bodi s, And
they be mades rm of soft rubber, hard rubber, resin, etc. In
pargg:ujgﬁl i%isf%gé:gdn%ng_é%]aé%ﬂo 0" Srovias B sliin adtncued siote Bsticity
not exceeding ’ﬁ%ﬁ%‘%ﬁ%@?ﬂwﬁv@b@éﬁd&p&m&mﬁﬂmd

0 as Ins

it ekl epis nitispne wdymﬂmmeﬁhﬁﬂréﬁt%t%ﬁ%ﬁ%i%ﬁgt;?f can be

exeheplifidibyniat eehiitau hat maunts. 20 semiconducYdFEhfps,
semieaRgiciqL ﬁgé%gréoé?g 39%‘5%3% El%ltlg?(%éa B Brsemeesaductor
wafers prj T to_cutting to ?%M%W@@mm@@s of
suc eseeml%%gnM&Qﬁéﬁ%@b@@immﬁmﬁg@a&@%mte@éﬁgc&%g
i||u§fraﬁ@ran@éfﬂéaumguﬁmﬁa@yéﬁeﬂ&@hﬁ%?é?éﬁo%éemi -onductor chips on
ce DAL %éﬂ[zgs 0 °v1\1/§%%fﬁ&ed

semicanductor chips and a printed Ci RrirPEeBmpiuwidity of lead
m%@%‘fﬁ%ﬁ%%% P BFiRRg resstieisainimine iotondayicas A, formed
by e benrrmeickmicone e nalis Wil PARCINg Wires made
fram:gmédlmg@lgm'gag%%@;é%&ggf are secured by a fergﬁ%en?rlpgﬁ%
priptad,gircuit bg@r@ 12 made’ from A poNTmbE LA G peskereasineR T
resin, or é'érarnrluc. Wﬂéoe%ﬁﬁ'@?ﬁﬁ@ﬁwmrahméngiobmduﬁl@hﬂﬂﬂﬁ&% Fig, 4,
séﬂ%ﬁ&ﬂ%@ﬁ@h@g@mﬁec:ﬁﬂmumm@gﬁﬁﬂﬂ@ﬁﬁgo\g\{ip 30 the printed
Ciﬂflﬁiblﬁﬁaﬂddﬁialgpgeld@%&%qsgj %I\‘!? or conductive Umpe. it the roethod
FesrinfRisameant. the, solder g_ﬁ's OF CORUHETREBf s surbly livsist pticae
an underfill agent. u?:]ﬁe% GRRIERA e gempasitigbéqorpriase ofa.cuiahle
epoXy PESHEL R Serhere from taeloradrimailicone

(0046]  The following description will relate 1o g semiconductor device of the

invention, A sealed semiconductor device of the inven

. tion is the one produced by the
above-deseribed method of the Present invention. Since the sealitg material of the

semiconductor device is free of voids, it maintains an attractive appearance and is not
: . ‘ bals)
subject to loss of moisture-resistant properties. Furthermore, since such a device can b
, can be

produced with aceurate control of 5 seali in thi
ing resin thickness, it is suitable for miniaturizat
and thinning of electronic instruments, R

Zxamples

D0 i i
[0047] The semicondyctar devices of the fvention and method of their mentfacturing

will be further described with roference to practical and comparative #xamples, The



composition. In the semiconductor devices of Figs. 3 and 4, in order to
connect the WO 2005/091361 PCT/Jp20051004410 13 semiconductor
devices after they have been sealed to other printed circuit boards, the
printed circuit board 12 that supports these devices is provided, on the

side opposite to the chips, with external glectrodes, e.g., solder balls,
formed on the backside of the printed circuit board, If a device consists of

a plurality of simultaneously sealed semiconductor 5 chips arranged on
thectijsplerieribs Grthecsentiiore bk sgeicafiper drigesarits inumrd i
seatediserfticanthiatgivedvices by sawing or by punching, Fig, 5 shows an
exqmgjgs@‘]a wafer level Chip Scale Package, namely, CSP. [0044)

When durln%_sea!ing of a semiconductor, device with a cured silicone body
by HI% thetnddf Ot SHTBMIERETS SRR AUSErIaaPEB s Edso s
moldimgmidshinE-tye LOisuisdlecto it sidoriehmpesitioncoomEsdiatmter:
diregt, cantact with the mold, it leaves on the molding surfaces of the mold
a slimy substance that adheres to these surfaces. Therefore, it is
recSARIRIBY B PRFSIM compression sealing via the aforementioned
reléd&@ filmswatibustrohide thufdsiBcatiows positimious deatimgpdvitithrésimse
extengdsiaiealse peiwaendnaldaleaniaoRrsraieRsdand- s N eheasss:
production efficiency..15 .LOO4§ Theﬁje are.no spegial restrictions, wi d

reg B3 GSmEPOSMd R R CHRUM SR R B R b LG o
stregd ¥ dircait printednboa fds | ah thsestit oneletopid bilppsnétdanposition were
;ecgmeaeﬁ@t% Mamt' taiazgéréﬁeltaﬁgég%&mm%@@uﬁ@flmwﬁéﬂg%ﬁﬁg@étate upper
rom emperature 0 , prefer, ro , a
ittt S S e e o
mokihmEdamps Sldhg ROEHIHpressionamERlingbyels/ e a@ia blilieuid alue of
silicRregamprsitiensusesh . teenmethod of the invention may be of

vari 0Isnt O@ges\)f-(l) wever, sprea ing of the curable liquid silicone

compostition can be con'laro 54 applying the composition dropwise onto

a ptiEd cirdbitcwablediprahidianad wyntvsireatfesrautirs kterompliessioodelding
Thedollpwingideschirtionwil selaiects e semicandueiakaeviso®tiigsdBuin heat-

inventio ealed.semiconductoy.device of the inventign is.the one
A R e R T T
the Sdathsgsneliatiaromse feoRfurptcsPURVicl (ShrBd sy He stain rate

maintains an attractive appearance and is not
[0051]  The following criteria were used for evaluating the molded products.
[Appearance]
[0052]  Appearance of semiconductors sealed with cured bodies of the silicone resin
and epoxy resin was evaluated in term of thickness difference between the central part and
peripheral portions of the products. The following designations were used for this evaluation:
the difference does not exceed 5% - O; the difference is not less than 5% but does not exceed
16124 - A; the difference is not less than 10% - X,
[Fillability]
{0053]  The surfaces of semiconductor devices sealed with cured bodies of the silicone and

epoxy resin were visually ohserved and evaluated m accordance with the following



subject to loss of moisture-resistant properties Furthermore, since such a
device can be produced with accurate control of a sealing resin thickness,
it is suitable for miniaturisation 30 and thinning of electronic instruments. .
-=les [0047) The semiconductor devices of the invention and method of
their manufacturing will be further deseribed with reference to practical
and comparative examples. The 14 curable liquid silicone compositions
and the semiconductor devjces were evaluated with the use of the criteria
g.ve‘“ﬂf*S%é%o([f&1 I ISHESI 100%] sEsity OPSHEGHE T IRBEPESNOSTBHS 2
at rooisetémperature (25C) was measured by an E-type rotary viscometer
(the product of Tokimec Inc.; cone: 3, diameter: 28 min) [Curability by
CurbWiSRIFE[0049] Curability of curable liquid silicone compositions was
detgontified Wittpihevdsaeiafranedibe meteyr (ihexpredogt tiQfierietGiucthid,
Curgmelsl Mape! Lt Es) Bi-MeBSUNNG JOFAUAS: (Bgtmﬁ{g)t A HR G dual

intervals (min.) at various molding temperatures 70C and 120C). In each
meaSTHERRITOSHESY %H‘é’?&%?é&*%ﬂfafﬁl‘é Tighieest bﬁ&%@&%ﬁgm&aww the

placetirtddie lower mold, and measurement initiated at the moment of

C|05ﬂ0{% of t:le dﬂﬂ@@li% ﬁgHHQ%M@ Auee B&%@E%IW&{ Lual Eiﬁﬂa@ﬁﬁa%é&ﬁ;ﬁb%&ﬁ@h@f
e die for rubber, the an s3,t tation
roal SHEy WAk Tt Rl S s SRR R 1745 e rorque
rang€%fls 10 kgf cm (0.98 IN-m). [Composﬁe Modulus of Elasticity] [0050]
The curable liquid silicone compositiohgigélre subjected to compression
ma |@BQDIJQ51§H mi&naﬁg&gg]ﬁﬂagﬁgngoad of 30 kgf/c mga,§2.94§j\|/ mp)andmp)
thermt Ryooucr was againheat- elgteg ar12ocC orﬁ g[ejviAly ar114$v,n93
Th — LI |~J A TATT -
instmpsp@fmhafer measuring V|scoelast|C|ty (shear freq%@ﬂ‘cyqa?—klz }?ﬂfén 5@%

0 rnn!:ﬂ The nlln\nunn ad-fo \lo?r QD}PY ha coor
OS} nll(}diliiﬁ Q?S?és LCI a \IVCIC UOCU IUI vardu LII yu C IIIUI AV |

prc ppearance (f 0 %ﬁg@@rﬁnce of semieanduetors sealed4.0

with-etred-bodies-of-the-silicone-resin

mhncrl'a mnnll ||| IS nf alacticd \I Was-measur A avithitha 1y
T UJIrierrrougut CITUAILTOUT VIAID TTTOUCUAIOUT LU VVTLT i oaTe UY

Curing properties

Time till reaching torque of Tkefem (0.0981INm) 30 25 2.2 3.1
70°C (min.)

Time during which forque is increased
from lkgfem (0.098 IN-m)to Skgfem (0.491N"m) | 60 60 5.8 3l

(min.}

Time till reaching torque of tkgfem (0.098INmM) | 2 1.8 02 0.2
120°C (min.)
Time during which torque is increased

from lkgfom (0.0981N-mM}o Skefem (0.491N'm) | 02 0.1 0.2 04

(min.)

[ Practical Example 1}

[0057]  In the present practical example, a semiconductor device of the type shown in

Fig. 3 was used. More specifically, (8 mm x 14 mm) semiconductor chips 10 were fixed toa
{70 mm x 160 mm) printed circuit board made from a BT resin via a 35 pm-thick epoxy-resin
die-bond agent layer, The printed circuit board was comprised of a laminated structure formed
by applying an 18 um~thick copper foil via an epoxy-resin adhesive layer havinga 17um
thickness onto one side of a 200 pm-thick BT resin film. Circuit patterns

were then made from the aforementioned foil. Portions required for wire bonding of the



and epoxy resin was evaluated in tern of thickness difference between the
central part and peripheral portions of the products. The following
designations were used for this evaluation: the difference does not
exceed 5% - O; the difference is not less than 5% but does not exceed
10% - A; the difference is not less tha}rél 10% - X. [Fillability] [0053] The
surfaces of semiconductor devices sealed with cured bodies of the
silicone and epoxy resin were visually observed and evaluated in

aCCQr %ﬁ%ﬁ.@%&%é%@y&'ﬁgé&c&%&@ngﬁhﬁ%ﬁw&tm@\x/ﬂlQfsa@cre

absent some voids and |ncomp etey illed eas %Ee%gres

g O e A SR ongine

181G St

of avsemioardubiordevidstaseerm myl@am?dg}(ﬁkémﬁtﬁ@@ﬁ @Wnglwcured
phrlo{o@e%ﬁk@@é&éﬂ%ﬂaﬂiﬁm@n@@m@%m&wv@%@@@nm@e@@mm

the t ver the position of the fixed,si

corlidlo i SRS R SR e

the "RVEEHBFIAIE icEbHrEiR /e e REHR R P Rr At ealES SRk 12
Tablexde 00564 Plabie Ij-Gupakiediguit silicsnahipsheraod thoositiomse(A)cuit

(Ef;c%‘%%ﬁ%’?ﬁ%‘?ﬁ?ﬂ%?‘&?&ﬁdﬁ O e o
osite modulus, of elasticity o
sHmES’rFégrdeléer"(Qéfbaag %fdﬁ? %f %1% e Atl@n@ moﬁimﬁ machi Esed

urin roper es Ime
till réachingtorgee tbﬁkgﬂﬁh(@smm)? SO RB PRI and7paditiiangtiF g ihe
whighidergHB s INcHERS RIfraRD kg 00981 N:pp) oD kifert (AN 1 R)lease

60 6t9rr? h?ag’é :l’ro(rrpai@é?raﬂuomethy}en.e resin, and the film was pressed to the sealing surfaces
by air suction.) Compression molding was carried out in a clamped state of the printed circuit
board during 3 minutes at 120°C under a load of 35 kgf/01n2(3.43N/mm2). Following this,
the semiconductor device sealed in the silicone rubber was removed from the mold and heat
treated for 1 hour in an oven at 120°C. As a result, a sealed semiconductor device having a
600 pm-thick silicone rubber layer on the surfaces of semjconductor chips was produced.
Characteristics of the obtained semiconductor devices are shown in Table 2.

FPractical Example 2]

[0059] A semiconductor device was prepared in the same manner as in Practical
Example 1 with the exception that a hydrosilylation-curable liquid silicone rubber
composition (B) was used instead of the hydrosilylation-curable liquid silicone rubber
composition (A). Characteristics of the obtained semiconductor devices are shown n Téble 2.
[Comparative Example 13

[6060] A semiconductor device was prepared in the same manner as in Practical
Example 1 with the exception that a hydrosilylation-curable liquid silicone rubber
composition (C) was used instead of the hydrosilylation-curable liquid silicone rubber
composition (A) and that compression molding was carried out during 15 min. at 70°C and
with the load of 35 kgﬂc:132(3.43Ni:111n2). Characteristics of the obtained semiconductor

devices are shown in Table 2.



Time till reaching torque of lkgf cn (0.0981Nm) 2 1.8 0.2 0.2 120C (min.)

Time during which torque is increased from Ikgfcm (0.0981N-m)to 5kgfcm
(0.491N-m) 0.2 0.1 0.2 0.4 [Practical Example 1] [0057] In the present
practical example, a semiconductor device of the type shown in Fig. 3 was
used. More specifically, (8 mm x 14 mm) semiconductor chips 10 were

fixed to a (70 min x 160 min) printed circuit board made from a BT resin

via a 35 pm-thick epoxy-resin die-bond &bent layer, The printed circuit

board was comprised of a laminated structure formed by applying an 18

m-thick copper foil via an epoxy-resin adhesive layer having a 17m
thickfiesspantiveReasige 8f a 200 am-thick BT resin film. Circuit patterns

wereryoen madefremddhe.piRienentigaeskiol iRoripnsderuied (Rmpiraive
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ectrically

semicanehstiar Chipsdivideddntoi: blocksl aéhBchips inieaeh avadewn in Table
secused to the printed circuit board and formed into respective wire
patterns by wire bonding. 10058] The hydrosilylation-curable liquid

silicol&RTBBRY 51O tion (A) was applied at room temperature in
amoUefte2df 20 gritocpréahtredenipetiap facred indbp rte dieirsuitsioarchiiRative

made: {ramdhe BlHesttfRos HapPoring:seaiseoaHataiehipsidde andthen

the printed circuit board was placed into.the lower mold of a.compression
ol R o e Rk AT GRS RTINS o

of th&BHBrEHIB AfibMSIH SRITAG HRICHTENg B8R @IBsdaut dibddritotpréteernd
the matdlingisartacesdfonr@ntemimatitnrane feicilibde rbmiovhbafithatuctor
silicogg,rubbetfram ihe,mold, the inner surface of the upper mold was

coated with a release film made from a tetrafluoroethylene resin, and the

film WS HPEALEY T R SEhling surfaces by air suction.) Compression
moldiiyadhs carriedodtitradcikynpetrstatedintie primeduircaitinioandarative

during,3upivsiteshatelbiinder alpack bR keliemad AANBaMAbber
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silicone rubber layer on the surfaces of semiconductor chips was

prod%g@. Characteristics of the obtained semiconductor devices are
shown in '}'able 2.
{Table 2]

Example Na. | Pr. Ex. Of the Invention Comparative Examples
Characteristics 1 2 1 2 3 4
Appearance O O X X A A
Fillability O 0 X X X X
Warping 1 mm or lmmor | Imm | Ilmmor | 2Zmm 2 mm

less less or less less

Industrial applicability
[0065]

The method of the invention provides efficient manufacturing of sealed

semiconductor devices, prevents formation of voids in the sealing material, allows precise

control of thickness of the cured silicone bodies that seal the devices, protects the bonding

wires from disconnection and undesired contact, and reduces warping of semiconductor




[Practical Example 2] [0059] A semiconductor device was prepared in the
same manner as in Practical Example 1 with the exception that a
hydrosilylation-curable liquid silicone rubber composition (B) was used
instead of the hydrosilylation-curable liquid silicone rubber composition
(A). Characteristics of the obtained semiconductor devices are shown in
TabMO2BHibarative Example ] 10060] A semiconductordevioeswasao
prepared in the same manner as in Practical Example 1 with the
exception that a hydrgsilylation-curablégliquid silicone rubber composition
(C) WRE IS BH el braHes ettt iroursbleptiyides silbhonemdaoer
cormpasititmiia}eald thabcompreasion MoWing WASFAHISGOEAUNNG. 15

MinsiabiOeraneieith thedaad.of 3,43N/mm?2), Characteristics
et ey el s

[Comparative EXampiers A oali BeRire fuawtedvd thp repatien in

Ithesuiible T arinehEEtivCotbaritie dExamiplastwithihe exception that a
hydrosilylation-curable liquid silicone rubber composition (D) was used
instead of the hydrosilylation-curable liquid silicone rubber composition
(C). Characteristics of the obtained semiconductor devices are shown in
Table 2. [Comparative Example 3] [0062] A semiconductor device was
prepared in the same manner as in Comparative Example | with the
exception that a hydrosilylation-curable liquid silicone rubber composition
(C) was used instead the hydrosilylation-curable liquid silicone rubber
composition (A) and that compression molding was carried out during 3
min. at 120C and with the load of 50 kgflcm2(4.91N/mm2).
Characteristics of the obtained semiconductor devices are shown in
Table 2. [Comparative Example 4] [0063] A semiconductor device was
prepared in the same manner as in Comparative Example 3 with the
exception that a hydrosilylation-curable liquid silicone rubber composition
(D) was used instead the hydrosilylation-curable liquid silicone rubber
composition (C). Characteristics of the obtained semiconductor devices
are shown in Table



2. [0064] [Table 2] Example No. Pr. Ex. Of the Invention Comparative
Examples Characteristics 12 12 34 Appearance 0 0 X X A A Fillability
00X XXX Warping 1 mmor1mmorlmm1lintoor2nin2mm less
less or less less Industrial applicability [0065] The method of the invention
provides efficient manufacturing of seajgd semiconductor devices,
prevents formation of voids in the segligg g1aterial, allows precise -control
of thickness of the cured silicone b t seal the devices, protects the
bonding wires from disconnection and undgsired contact %%d reduce
warpingh PR SRS SIS T B Hram SODLI B0 T 500
chiplasivesrntsenlest seniswarasT i Praritadrothantsisioresrionsdyrity-
a metble dqid mianufacturingicabiellisémipors bdtomed dvicedithaltadivwsled
copiessivmMAIding ehdruiRblIcRilicone-CopRRRIIgNakibRrg Rttelture,
%ﬁ%@?ﬁ)&éﬁ%ﬂuﬁgbﬁggﬂ{&9&1&9&%%%%@5&&@{@ogog&t;smmgmg ships

printe glvent'o

) -mﬁwt ards. There‘;?%f” the mothod, of the inventionis 5 ..
SUTABRABE AN AR A A SR SR tHinning Of Slectronic Instruments, 18
CLiARvSVith Adessa B aRIasEPRRATsdmisrRRIcioY R el saa raerird |
a dfech SHEBNHE - o tynobieplidenyran. itk die dise vicor dutiterdesdide intaia
makdanshaLbigsBRY @ JoRrosi ytasiar euirabie) Newidssiticane: ectmposition
that fills the spaces between the mold and the unsealed semiconductor
device to compression molding under a predetermined molding
temperature, wherein said curable liquid silicone composition has
viscosity of 90 Pas or less at room temperature, and wherein a time

interval ﬁ%%éﬂ@dmm dikgeti afteieapyERINBAhO ban ok, withh aured,
f;a%@e%ei{l%&g gﬁ%&? olding.Jampstatie toibeamswhardheiugue

cm %0.0981Nm) IS hot less than 1 min., while the time
interval during which the torque
3. The method of Claim 1, wherein after the semiconductor device has been placed into a
lower mold and the curable liquid silicone composition has been fed into a space between an
upper mold and the unsealed semiconductor device, the unsealed semiconductor device is
clamped between the upper mold and the lower mold, and the curable liquid silicone

composition is subjected to compression molding.

4. The method of Claim 1, wherein at least two semiconductor devices are sealed, and then

the obtained sealed assembly is cut into separate sealed semiconductor devices.

5, The method of Claim 1, wherein the semiconductor device comprises semiconductor

chips on a printed circuit board, the chips being electrically connected via bonding wires.

6.  The method of Claim 3, wherein the curable liquid silicone composition is applied onto
the surface that supports semiconductor chips of the printed circuit board, and the connection

between the semiconductor chips and the bonding wires is sealed with a cured silicone body.

7. The method of Claim !, wherein a release film is applied to the inner surface of the

mold.



grows from | kgfcm (0.098IN-m) to 5 kgfcm (0.491N m) is not more than 1
min. 2. The method of Claim 1, wherein the curable liquid silicone
composition, when cured, forms a cured silicone body with a composite
modulus of elasticity of 1 GPa or less. 3. The method of Claim 1, wherein
after the semiconductor device has begp placed into a lower mold and
the curable liquid silicone composition has been fed into a space between
an upper mold and the unsealed semiconductor device, the unsealed

icon Ctor d m7 \gll ct{‘) eﬁd ie re?etavs\!eefﬁn lgil%&] 11 Qe é]gaEQ f’?éN §b1d by
mo d an %Fle cura e liqui cone composmon S su Jecte
corﬁ‘ﬁﬁé%‘é%‘n moldlng 4. The method of Claim 1, wherein at least two
semiconductor devices are sealed, and then the obtained sealed
assembly is cut into separate sealed semiconductor devices. 5, The
method of Claim 1, wherein the semiconductor device comprises
semiconductor chips on a printed circuit board, the chips being electrically
connected via bonding wires, 6. The method of Claim 5, wherein the
curable liquid silicone composition is applied onto the surface that
supports semiconductor chips of the printed circuit board, and the
connection between the semiconductor chips and the bonding wires is
sealed with a cured silicone body. 7. The method of Claim 1, wherein a
release film is applied to the inner surface of the mold. 20 8. The method
ofClaim 7, wherein the release film is held against the inner su face ofthe
mold by air suction.



