1 SPECI FI CATI ON METHOD FOR MANUFACTURI NG ELECTRONI C DEVI CE,
ELECTRONI C DEVI CE, METHOD FOR MANUFACTURI NG ELECTRONI C DEVI CE PACKAGE
AND ELECTRONI C 5DEVI CE PACKAGE TECHNI CAL; FI ELD [0001] 1 The present
invention relates to a nethod for manufacturing an 10 el ectronic
device, an electronic device, a nethod for manufacturing an
el ectroni c devi ce package and an el ectroni c devi ce package.
BACKGROUND ART 15[ 0002] Wth thegoait-deqy rements of higher
functionality, lightness, thinning, mniaturization and
conpacti zation in el ectronic devices, high-density integration and
hi gh- densi nnuntin@ of electronic conRonents are_in grogress. 20As
8 Ef

t
2 semi contiGEUEP Gebi NPERCRPBRNEeRSFEY ABURt PRYICEneFeEhABOBEENPEVICE,

Gt ot ur SR ERRMEN D RS KERE AR A CREVARE PRCRARRDED g rmomic

substgate, and a substrate havmgD f@ﬁoggcﬁgghconductor el enent
nmount eéd thereon is placed over the Tirst seém conductor 25 device.

As the sem conductor device conprising the first sem conductor

el ement which is used in the sem conductor package having the POP 2

TECHNICAL FIELD
(0001]
The present invention relates to a method for manufacturing an
100 electronic device, an electronic device, a method for
manufacturing an electronic device package and an electronic

device package.

BACKGROUND ART

15 [0002]

With the recent requirements of higher functicnality, lightness,
thinning, miniaturization and compactization in electronic
devices, high-density integration and high-density mounting of
electronic components are in progress.

20 As a semiconductor device for high-density mounting, there has
been proposed a semiconductor package having a package-on-package
{POP) structure, in which a first semiconductor element is mounted
on a substrate, and a substrate having a second semiconductor
element mounted thereon is placed over the first semiconductor

25 device.

As the semiconductor device comprising the first semiconductor

element which is used in the semiconductor package having the POP



structure, a structure as shown in Fig. 8 has been proposed (see, for
exanpl e, patent docunment 1). [0003] The sem conductor device shown in
Fig. 8 conprises a substrate 5 900 and a, first sem conductor el enent
901 nmounted on the substrate 900, in which the first sem conductor

el ement 901 is covered with a nolding material 902. In addition,

hol es are foQ¥§9 in_th ing_material, 9 and conductive

Ld ,
matori al ORI Fed CEHEEHS Shar cioMD RELARED DPRENERI Prpeed (see,

DOCUMENT 0] t.e t. 1. Japanese Unexani ned Patent
Appl i et Tlamnie  patet g o o e e o The

| NVENTI ON [ 37l n general, the holes in the nolding material 902
are formed by 20 irradiating the nolding material 902 with a | aser

beam Howevemhe isBiiB8ne@eeoirNa¥hi €8 $h&ymol-dirng Met 86kdlisss a substrate
irradiated with a |aser beam it is difficult to accurately control

the iptengd ynaraifiat aemarchidietefr &heméasesobemntarlohhehs Wilkdterate
of the substrate 900 is etched by the | aser beam thus naking it

di fficul toag dbt ahhcR5tlae hi gldty sealiicabidaicterr edrdeatopbOpatkagerered with
[ 0006] In accordance with the present invention, there is provided a
a2 molding material 902. 1In addition, holes are formed in the
molding mater;al 902, and a conductive material 903 is filled in
the holes.
10
RELATED DOCUMENT
PATENT DOCUMENT
[0004]

Patent Document 1: Japanese Unexamined Patent Application

15 Publication No. 2009-520366

DISCLOSURE OF THE INVENTION
[0CO5]
In general, the holes in the molding material 902 are formed by
20 irradiating the molding material 902 with a laser beam. However,
in the case in which the molding material is irradiated with a laser
beam, it is difficult to accurately control the intensity or
irradiation time of the laser beam, and the surface of the substrate
200 is etched by the laser beam, thus making it difficult to obtain
26 a highly reliable semiconductor package.
[CCO06]

In accordance with the present invention, there is provided a



3 method for manufacturing an el ectronic device, conprising: placing
an el ectronic conmponent on a substrate; form ng standing portions on
the surface of the substrate on which the el ectronic conponent is

pl aced, the standing portions conprising a thermally 5 deconposabl e
resin; applying an encapsulating material so as to encapsul ate the

el ect roniﬁet%ooﬁ%%”rﬁ?&??a% i {%cﬁ%%””ﬁe%P]?oﬁié‘r%feivﬁ%eDOEEﬁrnrgi@;s‘i“ﬂi L& 1acing

exposi ng ‘a portion of eac € standrng portions ‘fro g sdr fface;

O iNe SIARRSWALIAG TREARLAL: SR N0.Idhe aNgLOR; PO LLOASI A9 ozt tons

deconpose and renove tanding portions, ere or m ng

through tdhe tepcapsybati 9g RL el o r AN Rl a6kRE Bnsontuet HyR MRt @iddent
in the holes. [0007] In the present invention, the standing

portions i @ fidred Qe tdheriiibed sl e hd nbridie Bl REtd A Lrniompnent

pl aced thereon, and 15 the encapsulating material is applied in such

a manper ddwimpdsakaverns Airguntbding it andidig prdlizanisigvmnd tee s g30rdd & to
of each of the standing portions is exposed fromthe surface of the
encapsul anaepavdiagrd ahe dhent rémec stcapdineg tpantli ons: aeeouner tad Istanding
deconposed by heating, thereby form ng the holes through the

encapsul &g 26 mwhiiéei akposin & pios tacroahtgac lifghhy $edndbhe portions
el ectroni c device nmay be obtained without etching the substrate

surface HyoR [tAserswdane [doddle encapwqqmmegenwldcétﬁa&dﬁ@e Wi h
the present invention, there may 25 al so he provided an el ectronic .

devi ce BTGNS 8 TALOSSdItRgIEEOTRESEhBTE - HRBRYE HetP mmfHct LM g ions.,

met hqQd. | n addition, .in accordance wth the present .i.nvention,. there
mmy T SRR R P HIRRIARTG G e o and
devi ce pagk C risjing.an electr.onic devijce, nuf act ur ed

accordin %f%ggﬁ%%ggﬁgé}ﬁgggﬁﬁ§E§x§€ﬁﬂt§ﬁbﬁ%F%§mH%%?ce manuf act uri ng

met hod, and @@quditional el ectroni c device stacked with the
manuf act ur e

In the present invention, the standing portions are formed on
the substrate having the electronic component placed thereon, and
15 the encapsulating material is applied in such a manner that it
covers around the standing peortions while a portion of each of the
standing portions is exposed from the surface of the encapsulating
material. Then, the standing portions are thermally decomposed
by heating, thereby forming the holes through the encapsulating
20 material.
On this account, a highly reliable electronic device may be
obtained without etching the substrate surface by a laser beam.
(0008]
Furthermore, in accordance with the present invention, there may
25 also be provided an electronic device manufactured according to
the above-described manufacturing method.

In addition, in accordance with the present invention, there may



5 el ectronic device, the nethod conprising: nounting the additional
el ectronic device on the electronic device, in such a manner that a
conductive material in the manufactured glectronic device cones into
contact with an el ectrodefornmed on the additional el ectronic device,
t her eby obtaining a stack conposed of the manufactured 10 el ectronic

devi ce ang J0e, addifjonal -elgehuants, deyh oe: p00; heati ng Lhe, siAckidp ce

bond t he conductive nmateri a he el ectrodée o i oha

el ect ron![:%éq@avlé:%o '§1'1%2&H yeléé@cﬁli@ydé\}diﬁ%db?noﬂﬁécﬁﬁgr@dq according

el ectronic devi ce package nuf act ured accor

above- des ithRda b @ELHOBE £1H8Y | £ RAGHALE JBBRLACEURL Rr ISt IBI RO Ghethod,
EFFECT OF THE | NVENTI ON [ 0009] According to the present invention,

there arerd avi dadi ancAQ] ed st f £oth Lo dRMi e Frauiaet Wit A0 etheth factured
capabl e of obtaining a highly reliable electronic device, an

el ect bonied adenniceel,c develect £haine tthewd canpadlkage :naouhachyrting awtifitcbnal
and an el ectroni c devi ce package. 25 BRI EF DESCRI PTI ON OF THE

DRAW NGS gl tijorRigdeyiice anctiissebactianat ddveweshdw agchna manner that
el ectronic device 5 manufacturing process related to one enbodi nent

of the presenducihvestneherial I ghemagugfagitaredi eheshoainhg device comes
arrangenment of standing portions which are used in an el ectronic

devi ce. SMtP cankach wipiasedersrarevi eimeh ol hjeaar@l eterahied ectronic

devi ce .
device, thereby obtaining a stack composed of the manufactured

10  electronic device and the additional electronic device; and
heating the stack to bond the conductive material to the electrode
of the additional electronic device. Additionally, there may also
be provided an electronic device package manufactured according
to the above-described electronic device package manufacturing

15 method.

EFFECT OF THE INVENTION
(0009}
According to the present invention, there are provided an
20 electrcnic device manufacturing method capable of obtaining a
highly reliable electronic device, an electronic device, an
electronic device package manufacturing method and an electronic

device package.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a cross-sectional view showing an electronic device



manuf act uri ng process. Fig. 4 is a cross-sectional view show ng

an el ectroni c device manufacturing process., Fig. 5is a
cross-sectional view show ng an el ectronic device 10 manufacturing
process. Fig. 6 is a cross-sectional view showi ng an el ectronic
devi ce package manufacturing process. Fig. 7 is a cross-sectional

vi ew showi n n alternative enbo of the presen |nve tion.

I5Fig. 8 Tt A it SHow 57 AT i BRI § P resent
pri or artnD%%t PTICN CF EVMBODI MENTS [ 0011] 20Fbre|nafter an

enbodi ment” ot the' present invention will be described with reference

to Figs. 1 tEQLQG 21 %}at lz{rb%lé%%tylr?% atnh;x?r Hggrgérq?%% &Lhd?ﬁg portions

descri ed. manuf acturing an e tronic device

accor di ng;{i0-1f halr% erdodi neNdn CONRI.SESIc RIALIAY, an el ectronic
conmponent 10 on a 25 substrate 11; formng standing portions 13 on

the syrface mafy.t heigubstrate- ééc@ﬂoﬁ@lc{hé\bes@éﬁfﬁ%% G It drice
is placed, the standi ng portions 13 conprising a thermally
deconposabireiffs@iurindg process.
Fig. 4 is a cross-sectional view showing an electronic device
manufacturing process.
Fig. 5 is a cross-—-sectional view showing an electronic device
10 manufaciuring process.
Fig. 6 is a cross-sectional view showing an electronic device
package manufacturing process.
Fig. 7 is a cross-sectional view showing an alternative
embodiment of the present invention.

15 Fig. 8 is a view showing an electronic device according to the

prior art.

DESCRIPTION OF EMBODIMENTS
[0011]
20 Hereinafter, an embodiment of the present invention will be
described with reference to Figs. 1 to 6.
First, the summary of this embodiment will be descried.
A methed of manufacturing an electronic device according to this
embodiment comprises: placing an electronic component 10 on a
25 substrate 11; forming standing poriiocns 13 on the surface of the
substrate 11 on which the electronic component 10 is placed, the

standing portions 13 comprising a thermally decomposable resin;



appl yi ng an encapsul ating material 14 so as to encapsul ate the

el ectroni ¢ conponent 10 and cover around the standing portions 13

whi | e exposing a portion of each of the standing portions 13 fromthe
surface of the encapsulating material 14; heating the standing 5
portions 13 to deconpose and renobve the standing portions 13, ther eby

f hol 141 th h t t and t 13 d
conducti VPR EN 7 TP UHE TR AT 145 i et ¢
Lhe el eoty pnic. davi SSukd AcaeThoonduci o, dewl 6o 1 and, Lol o {;g&ag 13

conponent 1S & Sem COI’I or relna

met hod of HTPfL f@%tolérdlé%g“ gSEE‘HSﬁtéP’E{c@%‘@ (Eﬁ aSEQEQ&Hg %8:%%1’%%13 from

enbodi rrent I'n detali

1A, the sayd %9@9%‘&%%0& GHeP eh@abSuTBYAL g £ D1 Sluiosh'ééft%nélthé%%dlng
substrate 11 is a sem conductor chip mdunting substrate which is th

so- cabl edbdatibrs ded 1 rddidmpd s tarat e-Alovalldrd aeindidE Wdrtions 13
substrate. The substrate 11 nmay consist of either only a core | ayer,

or a bui lthanedayRsrndeppsidledt At e rsuwidhatofsddirlicnr @dayens ar3; and
only the build-up layer. 20The build-up layer is an alternating stack

of an i nsulaatiimyg d ayerdwrid vee cericrcitalve Seiincuitte [haylers 1akld t he core

| ayer consists of the insulating | ayer and the conductive circuit

| ayer. At Rdugh emsodsimemt,, &hcordeattingeici dewviitcd dyer (eivieognductor
is formed on the front and _back surface of the substrate 11. 25 The
senm cond@&GiCchi p21® Ghe elestrrgar GoRPARGRE b Wi EANE AendBAbOEt¢VEP 10.-
circuiit layer of the substrate 11. In this enbodi nent, the

sem d8nduct 9P O] p 10 is electrically connected with the 7

duct t th | d b 2.
o o fie %ﬁ@?gﬁ £BE A EEned éﬂé&ﬁé&&?&ﬁ%’éﬁ’ﬂh%l@efrhferé’%ﬁp%éeme
b 12 t
sglnger C(rfr%%éal ni n Iea hq‘%[ %%%ﬂdl%een ﬁ"ceiﬁL as se%:/\ﬁ%t% ﬂ nn%%%lﬂ
standi ng POGLARS 13 A6 OETPH ON 4 NenSB Al e 188 400 Scunced

portions 13 are for S0 as to° surroun e sem con
when vi ewed fhomuhe SuwS age of the substrate 11. For exanple, the
standi ng portions 13 nmay

15 The substrate 11 is a semiconductor chip mounting substrate
which is the so-called both-sided circuit substrate or multilayer
circuit substrate. The substrate 11 may consist of either only
a core layer, or a build-up layer depcosited on the surface of the
core layer, or only the build-up laver.

20 The build-up layer is an alternating stack of an insulating layer
and a conductive circuit layer, and the core layer consists of the
insulating layer and the conductive circuit layer.

Although not shown, a conductive circuit layer (circuit) is
formed on the front and back surface of the substrate 11.

25 The semiconductor chip 10 is electrically connected with the

conductive circuit layer of the substrate 11. In this embodiment,

the semiconductor chip 10 is electrically connected with the



10 be forned at the four corners of the substrate 11 as shown in Fig.
2A, or may be formed so as to surround the sem conductor chip 10 as
shown in Fig.2B. The standing portians 13 are formed in a

col umar shape, such as a circular or rectangul ar col umar shape.
15The hei ght of the standing portions 13 fromthe surface of the

substrate 11 is higher than_the height of the sem_conductor chip 1
from the QUBTEE SirHidd dAUSESOLfidre SukRsir@ters it bh1°88d %?ﬁg%gmmps
st andi ng rtions, 13 are forned directl t he conductjve circ

Cayer of Thaulit o 31 bR Ss5ercE b Flon SrieRESeteE G [ The
circuit | [ 4] The ,st | Ity 5 conprise thermal |y
deconposa l2C[érresb|q}r%r.;lp 2e ms%gr?cﬁ %qipé;%ﬁgansle%gfpérrg eersar%dyesrcoorarrpﬁ se the

t her mal | -gﬁp%Qg ; eS] i Y npapent (when the

st andi nngl port%@%B&Egdnp%r@?eég%s%qﬂ\%rﬁr@he content of the
thernglly degeipgsable resin is 50 wt% or nore based on the total

wei ght excluding the solvent). Exanples of the thernmally deconposabl e

8 resin conperent sef shbenstanedigg petseasdidqgipsttidens 13 are formed on
pol ycar bonat e- based resin, polyacetal -based resin, polyester-based
resin, pahmanuesthased Ilesi Mhepaitdndider hased aresivg g Yetderd based to
resin, polyurethane-based resin, 5(neth)acryl ate-based resin and the

l'i ke. Fromrirveind exgsoissmigfondverival ahegoifosalsn itiypweche rsrartdiengurface
portions 13 preferably conprise a resin, selected fromthe group

consi sti ®f ¢fhe s tr@diend,l -i n Ear gnoumtleof @ Wignek ngome rodees tlife may
standi ng portions 13 conprise a solvent, the content of the thernal%y
decofPosds éorpefedt nthe Byncorarrioré Bag edkat taie tidt aF sReghtin Fig.
excl udi ng _the sol vent). Anong these resins, the , ,
poIycarb%ﬁatQFbQ§¥nge§Pﬁm?§ E?e?%r%%l@u{Eﬁﬁpéﬁquu§ﬁﬂﬁQPQQHﬁ$§ﬁéﬁP%H 10
the standing.porti.ons,.13.in order to effectively shorten the tinme of

t hermal d&éc ﬁﬁg?iﬁwo§j§f2¥ﬂe 15 standi ng portions 13 as descri bed

later. The standing portions 13 are formed in a columnar shape, such
as a circular or rectangular columnar shape.
15 The height of the standing portions 13 from the surface of the

substrate 11 is higher than the height of the semiconductor chip
10 from the substrate surface and is, for example, 10 to 1,000
pum. The standing portions 13 are formed directly on the conductive
circuit layer of the substrate 11 and cover a portion of the
20 conductive circuit layer.
(00147
The standing portions 13 comprise a thermally decomposabie resin.
The standing portions 13 preferably comprise the thermally
decomposable resin as their main component (when the standing
25 portions 13 comprise a solvent, the content of the thermally
decomposable resin is 50 wt% or more based on the total weight

excluding the solvent). Examples of the thermally decomposable



In addition, the resin conmposition form ng the standing portions 13
may conprise only one resin or may conprise two or nore resins. In
this specification, the term"resin co sition" is also referred to
when the standing portions 13 are nmade of one resin. 20[ 0015]
Exanpl es of the pol ycarbonat e-based resin include, but are not

ifically. limted to | ypropyl ene car bonate, polyethyl ene
o onas e it | I B B A, oy bonat e,
1, 4- pol yhut-hyl b t i s-2, 3-pol ybut hylene 25 carbonate,
trang?2Y§%§8%§§ﬁgﬁ§ﬁéﬂg£%§$ d%%ﬁ%ﬁ’eﬁé&¥%%ﬁ%%%&ﬁﬁﬁ ene *dHr bonat e,
, Y- pol yi 16 ‘ [ S e ele]! vl e g AL
o' 1 s, P AR I G, By TR G I SR A s ea
car bonat & ¢ dirANSsoh, At YO QPULI 181 (LARRANAL RN LYUINRXENE 1 1,

car bonat e, polycyclopropene carbonate, 'pol'ycycl ohexene carbonate, 5

1, 3- pgl ycyd ohexana far-ponale, r 0l (Rt MHL Ghehexenent alRonatdpoint of
pol y(vi nyl cycl ohexene carbonate), polydi hydronapht hal ene carbonat e,
pol yhexahydyrastly e ngaydeoidtie, v ,p alhee i ofiexan erapgyrena X ydamads 1y
pol ystyrene carbonate, poly(3-phenyl propyl ene carbonate),
pol y( 3-t rdamgtrhidesid yWemdiyn 1 G qhraapyd e e ccarthenatrejup consisting of these
pol y( 3- net hacryl oyl oxy propyl ene carbonate), polyperfluoro propyl ene
car bonat &;esggisynénban reneurardfondt et s pot yrorcbdrhanet bardoredie)g gedtions
conbi nati ons thereof. Exanples of the go%%norbornene carbonate resin

P

i ncl ude &xocEEPyriceher ehEeBSr bbhat eon -9b| Yo e ed & sasemamosable

15 trans-pol yngrbaornene carbonate, cis-poI¥Porbornene_carbonate and
t he MPkeresin is 50 wt% or more based on the total weight excluding the

solvent).

Among these resins, the polycarbonate-based resin is preferably
used as the main component of the standing portions 13 in order
to effectively shorten the time of thermal decomposition of the

15 standing porticns 13 as described later.

In addition, the resin composition forming the standing portions
13 may comprise only one resin or may comprise two or more resins.
In this specification, the term “resin composition” is also
referred to when the standing portions 13 are made of one resin.

20 [0015]

Examples of the polycarbonate-based resin include, but are not
specifically limited to, polypropylene carbonate, polyethylene
carbonate, 1,2-polybuthylene carbonate, 1,3-polybuthylene
carbonate, 1,4-polybuthylene carbonate, cis-2Z,3-polybuthylene

25 carbonate, trans-2,3-pclybuthylene carbonate,
o, B-polyiscobutylene carbonate, «o,y-polyisobutylene carbonate,

cis-1,2-polvcyclobutylene carbonate,



[ 0016] In addition, exanples of the polycarbonate-based resin
i nclude a pol ypropyl ene carbonat e/ pol ycycl ohexene car bonate

copol ymer, a 20 1, 3-pol ycycl ohexane carbpnat e/ pol ynor bor nene
carbonat e copol yner, a pol y[ (oxycar bonyloxy-
1,1,4,4,-tetranet hyl but ane)-al t - (oxycar bonyl oxy- 5-nor bor ne- 2-e
ndo- 3- endo dlnet

pol y[ (oxycHr Q%%ﬁ%;KFXE%ﬂﬁqﬁﬂ%ﬁﬁ%ﬂﬁﬁrgﬂﬁaﬁ%mycarbonyloxy 5- nor born

2- endo- 3-
Sgﬁy[(32§%§?HdggﬁﬁgyﬁF%Ffﬁhﬁhi&%ﬁéﬁﬁ%ﬁﬁqﬂﬁﬁfhe) al t - (oxycar bonyl oxy- p-
xylene)],.

pol y[(oxycrzaaa[r}bonyl ofyOIflczyc Obuttr?'yﬁeou ane ;{iatt.e('o yOCl Qi eoxcyarbonf(Fer
_xylene)] éfq?ﬂéggie cardtem e Yéggiéhé%éﬁﬂfgagﬂéﬂy%ﬁﬂ”e

car bonat ynor por e carbonate ’C

1, 3-pgl yqycéigm 1 henat %é%gna%yn@é@p(rﬁ@@ﬁyf@wp&%ﬁeﬁ@%mate ,

abl1,3- polycyclohexane car bonat e/ endo-'pol ynor bor nene carbonat e

copol ynempand #ihe,ld k.o HO@hE darmdgditd )on pdiRelipslaeaihonata-ased
resin may al so be a polycarbonate resin having at |east two cyclic
groups. Heerburdrer, HdIlofhddeth sty r@meupsdordare,or nore, preferably
2 to 5 nore preferably 2 or 3, and even nore preferably 2. Wen the

pol ycar b@edtys wasde teesior cporiteaien ssaicn anerb gro lofs toyrsiniec qgrdepsite;t
wi || have excellent adhesion to the substrate 11. [ 0018] 15Alt hough
t he pl ur @9kwl Sofehepulicg apydgps @y biosyahed -cmedgl (3nikked methylsilyloxy

10 propylene carbonate), poly(3-methacryloyloxy propylene
carbonate), polyperfluoro propylene carbonate, polynorbornene
carbonate, polynorbornane carbonate, and combinations thereof.

Examples of the polynorbornene carbonate resin include
exoc-polynorbornene carbonate, endo-polynorbornene carbonate,

16 trans-pclynorbornene carbonate, cis-peclynorbornene carbonate and
the like.

[0016]
In additicn, examples of the polycarbonate-based resin include
a polypropylene carbonate/polycyclohexene carbonate copolymer, a

20 1, 3-polycyclohexane carbonate/polyncrbornene carbonate copolymer,
a poly|[ (oxycarbenyloxy-
1,1,4,4,-tetramethylbutane)-alt-(oxycarbonyloxy-5-norborne-2-e
ndo-3-endo-dimethane) ], poly|[ (oxycarbonyloxy-
1,4-dimethylbutane}-alt-(oxycarbonyloxy-5-norbornene-2-endo-3-

25 endo-dimethane) ], poly|[ (oxycarbonyloxy-
1,1,4,4-tetramethylbutane)-alt-(oxycarbonyloxy-p-xylene)], and

poly[ (oxycarbonyloxy-1,4~dimethylbutane) -alt- (oxycarbonyloxy-p



pol ycyclic structure in which the cyclic groups are |inked
end-to-end, they preferably forma condensed pol ycyclic structure in
whi ch they are |inked side-by-side. In is case, the heat resistance
in the process of encapsulation with an“encapsul ating 20 material 14
can be ensured while the tine of thermal deconposition of the
standi ng portions 13 can be shortened. In addition, each of the
cyclic groupens bor éré??éfmei/ I5.kfenbered or 6-nenmberred. In this case,
the planari of the carhonate structural units can be i nt.ai ned,
bnd Lhe a0l (ATIRLRS 17 O et B Y B PR e Sl R e wrene
such cycl | S | r | icygl i o] | f each of

eE g ecoteyul> .dospdﬁﬁr}e‘%} ARN AL A YL ﬁcﬁﬁgcmf%%g(ane

the cycliC groups isan-“alicyclic conpound, ove-descri bed

ef 1ot Wl e, i g SIRL AR S PIdho 001 odon i of these

consi derations, carbonate “struct units 1 n the polycarbonat e- based

resi nspart i LA & Al YA o7 sHd e dreRreseit e Mon £y
exanple, the followng fornmula (1): [0020] [Chém cal Fornula 1]

copolymer and the like.

[0017]

In addition, the polycarbonate—basgd resin may also be a
polycarbonate resin having at least two cyclic groups. The number

10 of the cyclic groups 1is two or more, preferably 2 to 5, more
preferably 2 or 3, and even more preferably 2. When the
polycarbonate-based resin contains this number of cyclic groups,
it will have excellent adhesion to the substrate 11.

(0018}

15 Although the plurality of cyclic groups may form a crosslinked
polycyclic structure in which the cyclic groups are linked
end-to-end, they preferably form a condensed polycyclic structure
in which they are linked side-by-side. In this case, the heat
resistance in the process of encapsulation with an encapsulating

20 material 14 can be ensured while the time of thermal decomposition
of the standing porticns 13 can be shortened.

In addition, each of the cyclic groups is preferably 5-membered
or b6-memberred. In this case, the planarity of the carbonate
structural units can be maintained, and the solubility in a solvent

25 can be further stabilized.

Each of such cyclic groups is preferably an alicyclic compound.

If each of the cyclic groups is an alicyclic compound, the



[ 0021] 10Meanwhil e, the pol ycarbonate-based resin having the
carbonate structural units represented by fornula (1) can be obtained
by pol ycondensation of decalin diol with,diester carbonate such as

di phenyl carbonate. [0022] 15In addition, in the carbonate structural
unit represented by formula (1), carbon atons |inked to the hydroxyl

groups of decql ach bho, qﬁbo car bons i tuti
decal i n (10E %C%@%fo? S Fohnibiy 6 o darak e ey
structure), three or nore carbon atonB are preferably

i nterposed b me n these 20 carbon atons |inked to the hydroxyl

Int I
groups. In thy %1%%?&% Ssggﬁg{slﬁa resul&r?lsft he&%ggte%eygeweea}sl%%ﬁ@s in

resin can be contro resi stance of

resin in dhe Q10ResS*Ha@Naapa atd o ?!éﬁl%l%%p%ﬂ@ééﬂ%l@tﬁd@

14 can be ensured 12 while the tinme of thernmal deéconposition of the

st andsng fxonidanse k2 paarkdhe «shpyl ened.e ddnaddi Ft'h@”folb@wiﬂgx babrink Va 0(f1
the resin in a solvent can be further stabilized. [0023] 5Exanpl es of

t hi s carbongto®agtiructural unit include those represented by the
followi ng fornmulae (1A) and (1B): [0024] [Chem cal Fornmula 2]
[Chemical Formula 1]

-

(1)

[0021]

10 Meanwhile, the polycarbonate-based resin having the carbonate
structural units represented by formula (1) can be obtained by
polycondensation of decalin diocl with diester carbonate such as
diphenyl carbonate.

[0022]

15 In addition, in the carbonate structural unit represented by
formula (1), carbon atoms linked to the hydroxyl groups of decalin
diol are each bonded to carbons constituting decalin (i.e., two
cyclic groups forming a condensed polycyclic structure), while
three or more carbon atoms are preferably interposed between these

20 carbon atoms linked to the hydroxyl groups. In this case, the
decomposability of the polycarbonate-based resin can be controlled,
and as a result, the heat resistance of the resin in the process

of encapsulation with an encapsulating material 14 can be ensured



(1B) (1A) 10 [0025] Furt hernore, each of the cyclic groups may be
an alicyclic conmpound or a heteroalicyclic conpound. Even if each of
the cyclic groups is a heteroalicyclic genpound, the above-described
effects will be nore renmarkably exhibited. 15[ 0026] In this case,
carbonate structural units in the pol ycarbonat e-based reS|n

part L eul aglit prsL oy eSSt YEL UL P EReDet D R | 9
13 can be shortened. In addition, the solubility of the resin in
a solvent can be further stabilized.
[0023]
5 Examples of this carbonate structural unit include those
represented by the following formulae (1A) and {1B):
[0024]

[Chemical Formula 2]

o~

I l
__O

(14a)

10 [0025]

Furthermore, each of the cyclic groups may be an alicyclic
compound or a hetercalicyclic compound. Even if each of the cyclic
groups is a hetercalicyclic compound, the above-described effects
will be more remarkably exhibited.

15 [0026]

In this case, carbonate structural units in the
polycarbonate-based resin particularly preferably have a
structure represented by the following formula (2):

[0027]

20 [Chemical Formula 3]



I n addi tion, the pol ycarbonate-based resin having the carbonate
structural units represented by fornula (2) can be obtained by 5
pol ycondensation of an ether diol represented by the follow ng
formula (2a) with a diester carbonate such as di phenyl carbonate:
[0029] [Chemical Fornula 4] 7N01-1- ( 2 a ) \ 10 [0030] In
addition, in the carbonate structuraP unit represented by fornula

et her diol represented by| f
constituting the cyclic he

carbon atons derived fro th%}n% oxyl groups of the cyclic
(2a) |are each bonded to 15 carbons

e., t cyclic groups formng a

condensed pol ycyclic structure) \ while three @F nore carbon atons are
preferably interposed betweent carbon atons |inked to the hydroxyl
carfe

groups. In this case, t b

sistamce of the resin in the process

of encapsul ation with an encapsul ating 20 material 14 can be ensured
while the time of thermal deconposition 14 of the standing portions
13 can be sharzened. In addition, the solubility of the resin in a
sol vent nentioned-bel ow can be further stabilized. [0031]

In addition, the polycarbonate-based resin having the carbonate

structural units represented by formula (2) can be obtained by

5 polycondensation of an ether diocl represented by the following

formula (Z2a) with a diester carbonate such as diphenyl carbonate:
[0029]

[Chemical Formula 4]

OH
O//>7’

{2 a)

o
vo

10
[0030]

In addition, in the carbonate structural unit represented by
formula (2), carbon atoms derived from the hydroxyl groups of the
cyclic ether diol represented by formula (2a) are each bonded to

15 carbons constituting the cyclic ether (i.e., two cyclic groups
forming & condensed polycyclic structure), while three or more
carbon atoms are preferably interposed between the carbon atoms
linked to the hydroxyl grcups. In this case, the heat resistance
of the resin in the process of encapsulation with an encapsulating

20 material 14 can be ensured while the time of thermal decomposition



5Exanpl es of this carbonate structural unit include 1,4

: 3, 6-di anhydro-D-sorbitol (i sosorbide) represented by the foll ow ng

formula (2A), and 1,4 :3, 6-di anhydro-D- pgannitol (i sonanni de)
represented by the following formula (2B): 10[0032] [Chem cal Formula
51 ( 2 A(2 B) [0033] The wei ght-average nol ecul ar wei ght (M) of
the 15 polycarbonat e-bhased resin is preferabl %000 to\é_POO 000
and or 6 B STEF a1y B IB0 T SU0: dob EAeIF (HEP AU avet SSBLTIEn, the
nol ecul ar LOht s tQ.Qr gre grb e \E imt t
above ransgo\gf,ﬂk%‘rﬁielJda%S f ?nl yrée l??h:é pao%%gare g%ﬁ?ﬁe&b%ljéée)%\%%is(%%cfa 8%?hf2uerther
substrat%%i%-clairb > inproved and 20 the filmform ng property of the
resin can eJTurt er inproved. In addition, when the
wei ght - aver agey3ml ecul ar wei ght is equal to or bel ow upper limt of
the above range, the solubility of the resin in various solvents and
the thernal meepIResaly luHiy Jartgackd structural unit include
1,4 : 3,6-dianhydro-D-sorbitol (isosorbide) represented by the
following formula (2A}, and
1,4 : 3,6-dianhydro-D-mannitocl {isomannide) represepted by the
following formula (2B):
10 [0032]
[Chemical Formula 5]
HI
—"O"llrnm
(24) (2 B)
[0033]
The welght-average molecular weight (Mw) of the
15 polycarbonate-based resin is preferably 1,000 to 1,000,000, and
more preferably 5,000 to 800,000.

When the weight-average molecular weight is equal to or greater
than the lower limit of the above range, the affinity of the
polycarbonate-based resin for the substrate 11 can be improved and

20 the film-forming property of the resin can be further improved.

In addition, when the weight-average molecular weight is equal
to or below upper 1limit of the above range, the solubility of the

resin in various seclvents and the thermal decomposability of the



standi ng portions can be inproved. [0034] The pol ycarbonat e- based
resin can be prepared using, but not particularly to, various
known pol yrmerization nethods, for exanplg, 5 a phosgene nethod
(solution nmethod) or an ester exchange nmethod (nelting nethod).

[ 0035] The resin conponent is preferably blended in an anmount of

10 to 100 w % based on. t he totg% wei ght of the conponents of the
st andi ng %E??ﬁﬁqq(ﬁﬁfﬁﬁ??§fc?Q1 StdANdi hg" portions 13 contain a

sol vent, the &6&4? wei ght excluding the solvent). Mre preferably, it
i s bl ended i% an "amount of 50 wt % or nore, particularly 80 to 100

w % When t%ec%l%ﬂ;oﬁatlee—r Iy E@(ﬁjﬁ?{‘% 3 #g:e\;&fa%e%{ elr’n%fil byt not

particularly 80 w r nore, the residue remaini ter t

deconposigdd.an Qf1 48, shangl AL PO ihoQRspd ByhaP: Per 1 894G ods) for example,
addition, when the content of the resin conmponent In the standing

porti @ns alpHesddid easathd t e 1StEn e fid)i ANs a3 ik et Intthod
deconposed within a short tine. [0036] 20CGenerally, the tenperature

of the engefdsilrat img-treat)erial 14 in the encapsul ation process is

about 125 C and the post-cure tenperature of the encapsul ating

material 14 [[(W3&Jout 175 C. Thus, the resin conponent is preferably a
resin conponent which is difficult to thermally deconpose at 125 C

and is ther e yegsndecnppositd it prE8eCabllly bhesdedse; arhemount of 10 to
exfoliation or deformation of the standigg portions 13 in the process

of encapsifilattEnPafe®h Frhéhentapsbi“aidly ratehe Aorpeneant shefi Hig sitee@ling

and the post-cure_ _16
10 %ortions 13 (if the standing portions 13 contain a solvent, the

total weight excluding the solvent). More preferably, it is
blended in an amount of 50 wt% or more, particularly 80 to 100 wt%.
When the content of the resin component is 10 wt% or more,
particularly 80 wt% or more, the residue remaining after thermal

15 decomposition of the standing portions 13 can be reduced. 1In
addition, when the content of the resin component in the standing
portions 13 is increased, the standing portions 13 can be thermally
decomposed within a short time.

[0036]

20 Generally, the temperature of the encapsulating material 14 in
the encapsulation process is about 125 °C and the post-cure
temperature of the encapsulating material 14 is about 175 °C. Thus,
the resin component is preferably a resin component which is
difficult to thermally decompose at 125 °C and is thermally

25 decomposed at 175 °C. In this case, the exfoliation or deformation
of the standing portions 13 in the process of encapsulation with

the encapsulating material 14 can be inhibited and the post-cure



of the encapsulating material 14 can be carried out sinultaneously
with the thermal deconposition and renoval of the standing portions
13, whereby the process of manufacturin 6the el ectroni c device can be
sinplified. 5[0037] Particularly preferred exanples of the resin
conponent include pol ypropyl ene carbonate, 1, 4-pol ybuthyl ene
carbonate,_and a 1,3-§§%gg%clohexane car bonat e/ pol ynor bor nene

car bonat € 5561 FREFPS A f 13 o didt 2D RhEPRERRY dek chpisid-aqteously

the t t f. 10 | at i, by th i terial 14

bnd have B ERE M THIS e CABEBRIGSaE 119 SID eHe £ driser SEBfoh ozt Lons
| atd ti terial 14 hi gher.. [003

Vor oover T eRErRE YRR IR G phom AR P68 s 1 Ynd s aBEErgh b vice can

cont ai ns | yGaybonat e- based resin, polyacetal -based resin,

pol yester - asggfre3|n, pol yam de- based resin, polyimde-based resin,
pol yegher - bagghesi n, pol yur et hane-based resin, or
(nmeth)acryl ate-based resin, it preferably contains a photoacid

generator. Ipyddiich1casss prBEctespeshmh e Ofot ReMBk sd8CONMOSHdh©ON 20 ude
of the standing portions 13 can be | owered by exposing the standing

portions gl ydderyiairdey «cdetamasgblle 468 1vaamasind anrkdoandteghtandNien

the standing portions 13 are exposed to light after the sem conductor
chip 10 dnd e whandihegkaer ceohsnia8edpelgncapsuhahedcantbdnd e copolymer,
encapsul ating material 14, the tenperature of thermal 25 '
deconposh@hiﬁ% efret Haf&ignditngopoheroasly3deapmpest overtgty temrandture of
damage to the el ectronic device can be prevented, and the standing

por t 8ns SIF AR I5é 1BV el S| sRFARTIEAISING Wiate niitd pdsand rarfexcrilent
the encapsul ating mterial 14, [0039] bereinafter, description wll ..
encapsulating material 14 or higher.
[0038]
Moreover, when the thermally decomposable resin compeosition
15 contains polycarbonate-based resin, polyacetal-based resin,
polyester-based resin, polyamide-based resin, polyimide-based
resin, polyether-based resin, polyurethane-based resin, or
(meth)acrylate-based resin, it preferably contains a photoacid
generator. In this case, the temperature of thermal decomposition
20 of the standing portions 13 can be lowered by exposing the standing
portions 13 (thermally decomposable resin composition) to light.
When the standing portions 13 are exposed to light after the
semiconductor chip 10 and the standing portions 13 are encapsulated
with the encapsulating material 14, the temperature of thermal
25 decomposition of the standing portions 13 can be lowered, thermal

damage to the electronic device can be prevented, and the standing

portions 13 can be removed simultaneously with the post-cure of



the tenperature of thermal deconposition is |owered when a 5

pol ypropyl ene carbonate resin that is a polycarbonate-based resin is
used as the resin conponent. As shoywa in the follow ng fornula
(3), H+ derived fromthe photoacid generator protonates the carbonyl
oxygen of the pol ypropyl ene carbonate resin and further transfer the

pol ar 1015%§qgiéé§%hé%§%§a ééEE%jE?EEﬂp unstabl e tautoneric

i nt er medi a
t her mal

€ Internediate [A] is subjected to

es en,

cle in which it is fragnented into acetone and 002, and

thus the tenperature of thermal deconposition is lowered. In _
addi tion, thejinteiredi aheskBlpPEoAuLes) BeRiARY L8RE CAMRMALS W hihich
then 15 forns a thermally cyclized structure which is fragnented into

CO2 and piHpy e i des AN Hdviga it ke deipeyiative iof TR when a
deconposition is |lowered. [0040] [Chemical Formula 6] 18 H HO

G G 05C @polyfedpyll-ellle carbonate resin that is a polycarbonate-based resin

10

15

is used as the resin component.

As shown in the following formula (3), H' derived from the
photoacid generator protonates the carbonyl oxygen of the!
polypropylene carbonate resin and further transfer the polar
transition state, thus making unstable tautomeric intermediates
(A] and [B]. Then, the intermediate [A] is subjected to thermal
cleavage in which it is fragmented into acetone and CO;, and thus
the temperature of thermal decomposition is lowered. In addition,
the intermediate [B] produces a propylene carbonate which then
forms a thermally cyclized structure which is fragmented into CO,
and propylene oxide, and thus the temperature of thermal
decomposition is lowered.

[0040]

[Chemical Formula 6]
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[0041]

The photoacid generator is a compound that generates acid by
irradiation with chemical rays. The photoacid generator is not
5 specifically limited, and examples the£éof include nucleophilic
halides, complex metal halide anions, and the like. More specific
examples of the photoacid generator include
tetrakis (pentaflucrophenyl)borate-4-methylphenyl[4-(1l-methylet
hyl)phenyl]iodeonium {DPI-TPFPB), tris(4-t-butyl
10  phenyl)sulfoniumtetrakis- (pentafluorophenyl)borate

(TTBPS-TPFPB), tris(4-t-butyl



HO C=CH2 + CO2 CH3 H3C-C-CHs 0 | FORM NG THERVALLY 0+0- ...H O7N-O
ro-"""0 ,- \1,, 1./i \-. iC2 o (3) [0041] The photoacid
generator is a conpound that generates ggid by irradiation with

chemi cal rays. The photoacid generator is not 5 specifically limted,
and exanpl es thereof include nucleophilic halides, conplex netal

ggln;?:t gpll}ogqigf]d dl%onlumhexa%\ﬁloro eocslgl{ate X&%P? [-Pr'f‘P)t he phot oaci d
Let r aki 5(1{)']% }gg n\lplosr‘_9(pji&e::grly‘lF%:ﬁt%i:)}rl_jﬁalt et[ phenyl [ 4- (1- et hyl et
yl ) phenyl]i"odonium s(4 Uutyl
bis(4-tert-butylphenyl)iodoniumtriflate (DTBPI-TLf), triazine
{(TAZ-101), triphenvlsulfoniumhexafluoroantimonate (TPS-103),
5 triphenylsulfeonium bis(perflucromethanesulfonyl)imide (TPS-N1),
di- (p-t-butyl)phenyliodonium,
bis (perfluoromethanesulfonyl)imide (DTBPI-N1),
triphenylsulfonium, tris(perfluoromethanesulfonyl)methide
{TPS-C1),
10  di-(p-t-butylphenyl)iocdoniumtris (perfluoromethanesulfonyl)meth
ide (DTBPI-Cl), and the like.

[0042]

The content of the photoacid generator is preferably 0.1 to 15
parts by weight, and particularly preferably 0.5 to 10 parts by

15 weight, based on 100 parts by weight of the resin component. In
this case, the temperature of thermal decomposition of the
thermally decomposable resin composition can be effectively
lowered by exposing the resin composition to light, and the residue
remaining after thermal decomposition can be further reduced.

20 [0043]

The resin composition constituting the standing portions 13 may
contain, in addition to the photoacid generator, a sensitizer that
functions to express or increase the reactivity of the photoacid
generator to light of a certain type or wavelength.

25 [0044]

Examples of the sensitizer include, but are not limited to,

anthracene, phenanthrene, chrysene, benzopyrene, fluoranthene,



10 phenyl ) sul f oni unt etraki s- (pent af | uor ophenyl ) borate ( TTBPS- TPFPB)
tris(4-t-butyl 19 phenyl)sul f oni unmhexaf | uor ophosphat e ( TTBPS- HFP),
tri phenyl sul foniuntriflate(TPS-Tf), 9

bi s(4-tert-butyl phenyl)iodoniuntriflate EDTBPI-Tf), triazine
(TAZ-101), triphenyl sul foni unmhexaf! uoroanti nonate (TPS-103), 5

E“r I_ FB?? }llbI{SH | feg)rpﬁl.{g mmbl%%éegﬁ {}{jalrﬁut roonrree,t r]ianr]cﬁ‘:lsnutI h].croen e!,) Itrlnl ido%«:a -It-:l?lse_nl\ell—) d-one,

bi f 1 yor onet h f.onyl )i m de( DEBPI-N1), triphenyl sul foni
{1 S{per 15T OTARST PO Re e (s €y 10 o

di - (p-t-buty ).iQdani. iﬁ?&ﬂg'j _uqgr.onet hanesul fonyl )nmeth i de
(DTBPI-Cl,lééﬁyﬁaﬂglﬁﬂgﬂhﬁg%{ ¢ %ﬁ%&%ontent of the photoacid

g?g?;?aglrlchnggfrﬁ%—eﬂ-g@p%c{gcsy]tbﬁl%%t@% Q[S,-1 d’\@ﬂ&%re@qq}'@é{d% Ay

y 15 weig ased on 100 parts by wei ght

of thg resiftLanBenai schlithia rcas@ratrhebePeIALULe sOby LREIYMR! or less,
deconposition of the thermally deconposable fesin conposition can be

ef fectivelnd hower pde byrexposi M@ d1e beSkBigRIN®Sildsd) basklgbh, 1@NGarts
the residue remai ning after thermal deconposition can be further
reduced. RO[WHI43t . The resin conposition constituting the standing
portions 13 may contain, in addition to the photoacid generator, a
sensitizer tl&4Xlunctions to express or increase the reactivity of

the photoacid generator to light of a certain type or wavel ength. _
25[ 0044] Inx agslids oof tthe Semdint icomposidligde copsit 14ud inat thenistegding
to, anthracene, phenanthrene, chrysene, benzopyrene, fluoranthene,

10 portions 13 may contain, for example, an acid scavenger, in
addition to the above-described components. The acid scavenger
is a component that functions to prevent an acid, generated by
irradiaticon with light, from diffusing to the portion of the resin
composition that is not irradiated with light. In other words,

15 the acid scavenger is a component that functions to prevent an
enhancement of the solubility in a developer solution and a
decrease in the temperature of thermal decomposition of the resin
composition in the portion of the resin composition, which was not
irradiated with light. When the resin composition contains this

20 acid scavenger, the degree of patterning of the resin composition
by development and thermal decomposition can be further increased.

[0046]
Examples of the acid scavenger include tri(n-propyl)amine,
triethylamine, amines (sec-amines or tert-amines) such as a
25 compound represented by the following formula (4) or a compound

represented by the following formula (5), and mixtures thereof.

[0047]



20 rubrene, pyrene, xanthone, indanthrene, thioxanthene-9-one,

2-1 sopropyl - 9Ht hi oxant hene- 9-one, 4-i sopropyl-9Hthi oxant hene-9-one,
1- chl or o- 4- pr opoxyt hi oxant hone, and nix% res thereof. The 5 content
of the sensitizer is preferably 100 parts by weight or |less, and nore
preferably 50 parts by weight or |ess, based on 100 parts by weight.
[0045] In addition, the resin _conmposition constituting the standing
10 portions H%PQW%FQﬁNEQﬁmﬁi%(ﬂJ exanpl e, an acid scavenger, in
addition to the above-descri bed conponents. The acid scavenger is a
conponent that functions qq1prevent an acid, generated by irradiation
with light, fromdiffusingto the portion of the resin conposition
that is not irradiated w light. In other words, 15 the acid
scavenger i s a cgrpoRen f i ons to prevent an enhancenent of
the solubility i pn and a decrease in the

t enperature of of {4e resin conmposition in the
portion of the ‘ ch was not irradiated with
light. When the reSin co

the degree of patterning of the resin conposition by devel opnent and
t hermal deconposition can be further increased. [0046] Exanpl es of
the acid scavenger include tri(n-propyl)amne, triethylamne, am nes
(sec-am nes [@04Bdrt - am nes) such as a 25 conpound represented by the
following formula (4) or a conpound represented by the follow ng
fornul a (5) Inas@rmwuitur(dd -t Reriedfl quOowy]alkyl group.

5 [0049]

| N CA
el oper
deconpdg
osi tJ

[Chemical Formula 8]

R6 ~_-R2

(5)

RS RS

R4

[0050]

10 In formula (5), R? to R® are H, or arbitrary two of R to R® are

a methyl group and the remaining are H.

[0051]

Among these compounds, at least one compound selected from the

group consisting of the compound represented by formula (4) and

15 the compound represented by formula (5) is preferably used. More

preferably, the compound represented by formula (4) is used.

this case, the sensitivity of the resin composition to light can



[ Chem cal

Formula 7] Ri [0048] In formula (4), R is Hor an alkyl

group. 5[ 0049] [Chem cal Formul a 8] R4 [0050] 10In formula (5), R2
to R6 are H or arbitrary two of R2 to R§ are a methyl group and the
remai ning are H.

10

15

20

25

be increased while an enhancement of the solubility in a developer
solution and a decrease in the temperature of thermal decomposition
of the resin composition can be meore effectively prevented in the
portion of the resin composition, which was not irradiated with
light.

[0052]

The content of the acid scavenger is preferably 0.01 to 10 parts
by weight, and more prefersbly 0.02 to 8 parts by weight, based
on 100 parts by weight of the photoacid generator. In this case,
an enhancement of the solubility and a decrease in the temperature
of thermal decomposition of the resin composition can be more
effectively prevented in the portion of the resin composition,
which was not irradiated with light.

[0053]

In addition, the resin composition constituting the standing
portions 13 may contain an antioxidant. The antioxidant functions
to prevent the generation of undesired acid or the natural
oxidation of the resin composition.

[0054]

Preferred examples of the antioxidant that may be used in the
present invention include, but are not specifically limited to,
Ciba IRGANOX (trademark) 1076 and Ciba IRGAFOS (trademark) 168,
which are commercially available Ciba Fine Chemicals {Tarry Town,
New York, USA).

[0055]

In addition, other examples of the antioxidant that may be used

in the present invention include Ciba Irganox (trademark) 129, Ciba



[ 0051] Among t hese conpounds, at | east one conpound sel ected fromthe
group consi sting of the conpound represented by fornmula (4) and 15

t he conmpound represented by formul a (5)2?5 preferably used. More
preferably, the conpound represented by formula (4) is used. In this
case, the sensitivity of the resin conposition to light can 22 be

LQ?Lt: ?iﬁdiar“ré"#rép%i‘ﬁ9@22@%@??&%%@%%@%? ﬁhﬁv%i#if% o R@ﬁ?‘f%%:a'%ﬁ@iﬁi P60 Ciba
por 1 on' o THE T G211 e ariBte) F1 A COT G gkt hor™ Pt od wi th

5l i ght. [00§%b56] The content of the acid scavenger is preferably
0.01 to 10 parts by weight, and nore preferably 0.02 to 8 parts by

wei ght, based,pB40QnRaKEScHY WRisght: @t he Photoas) 1, generat 96-pahﬂaes by

this case, 10 an enhancenent of the solubility and a decrease Int

t enpepat uies Mt ,t RaunBbrdesoaposini P .of tbhs o8t N 1K0HRAGHE], 092688 & 100
nore effectively prevented in the portion of the resin conposition,

whi ch wagpatals ipy adiiafred off tthd igtin [Q@p3nekdl.n addition, the resin
conposition constituting the standing portions 13 may contain an
anti oxi dant .[ODI3¢ Jant i oxi dant functi ons
In addition, the resin composition constituting the standing
portions 13 may, if necessary, contain additives, including an

10 acrylic-based, silicone-based, fiuorine-based or vinyl-based

leveling agent, a silane coupling agent, and the like.
[0058]
Examples of the silane coupling agent include, but are not
specifically limited to, 3-glycidoxypropyltrimethoxysilane,

156 3-glycidoxypropylmethyldiethoxysilane,
3-glycidoxypropyltriethoxysilane, p-styryltrimethoxysilane,
J-methacryloxypropylmethyldimethoxysilane,
3-methacryloxypropyltrimethoxysilane,
3-methacryloxypropylmethyldiethoxysilane,

20 3-methacryloxypropyltriethoxysilane,
3-acryloxypropyltrimethoxysilane,
N-2-(aminocethyl)-3-aminopropylmethyldimethoxysilane,
N-2-(aminocethyl)-3-aminopropyltrimethoxysilane,
N-2-{amincethyl)-3-aminopropyltriethoxysilane,

25 3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
N-phenyl-3-amincopropyltrimethoxysilane,

3-mercaptopropylmethyldimethoxysilane,



to prevent the generation of undesired acid or the natural oxidation
of the resin conposition. [0054] 20Preferred exanples of the

anti oxi dant that may be used in the present invention include, but
are not specifically limted to, G ba | NOX (trademark) 1076 and
Ci ba | RGAFCS (trademark) 168, which are commercially avail able G ba

Fine Chemcals (Tarry Town,, New York, USA). 25[0055] I n addition,

ot her ex;%fﬂﬁ‘eelécqﬁtcf@fépég]ﬁ% X¥Hiak2Haybe used in the present

i nvention_include . Ciba Ir x [(trade k) 129, Ciba 23 Irganox

1330, G Bgalﬁ gra]heggbofﬁlﬁo%a@g@%a&&(ff%edemr k) 1790, Ci ba Irganox
3114, G bai ﬂ%% l%%%?} £ 'ﬂg. 005 oy T n f
the anti giil ant |CHS%1 pre éjr)gjbq%yl%&id}% 0 ]ﬁ[npea{r ?édbfyh% l\%é{iegﬂb'?}?fﬁg%r%?% used
preferably b 410 5 RA S RI Nt o RASGh QN -parts by wei ght of

the resin conponent. [0057] In addition, the resin conposition

const pt ut i NnGiHNE tolaRdsRd compB8t tiBAScARs MBYut i hg NEEESSH N1 fPHA N ons
additives, including an 10 acrylic-based, silicone-based,

fl uori ne-lgasethtering ryle- basadel evabinggaggsht, atsé | afiee €0MPldMNEhe resin
agent, and the |iKke.
composition during patterning can be improved.
[0059]
Herein, the 50% weight loss temperature of the thermally
10 decomposable resin component that is contained in the thermal
decomposable resin composition constituting the standing portions
13 is 400 °C or below, and preferably 350 °C or below. If the 50%
welght loss temperature is 400 °C or below, the influence of heat
on the semiconductor chip 10 or the resin composition for
15 encapsulation during thermal decomposition of the standing
portions 13 can be reduced.

In other words, when the 50% weight loss temperature is 400 °C
or below, the standing portions 13 can be thermally decomposed by
controlling the heating time without heating above 400 °C. Thus,

20 the influence of heat on the semiconductor chip 10 or the
encapsulating material 14 during thermal decomposition of the
standing portions 13 can be reduced.

[0060]

In addition, the difference between the 95% weight loss

25 temperature and 5% weight loss temperature of the thermally

decomposable resin component that is contained in the thermal

decomposable resin composition constituting the standing portions



[ 0058] Exanpl es of the silane coupling agent include, but are not
specifically limted to, 3-glycidoxypropyltrinethoxysilane, 15

3- gl yci doxypropyl met hyl di et hoxysi | ane, ¢

3-gl yci doxypropyl triethoxysilane, p-styryltrinethoxysilane,

3- et hacryl oxypr opyl net hyl di net hoxysi | ane,

3- et hacr.y| oxypr | trimethoxysi l oc
3 et hacri o8 oA Lttﬁtéxy Joi iGrffid AP0 °C. More preferably, the
3-nethac;$ﬁgﬁ%§%q$¥lE%%gtho éawelght loss temperature and the 5%

3-acrylo

N-2- (am no 31% %L g Opr opy]%({rgghyl | BHNOXY S A€ e difference between

N-2- (am no |net oxysi |l ane,

N- 2- (a”‘Q9§§@%b)wélﬁﬁiggﬂ%PQ%hb%&%EEQéY§h& 542wei ht loss temperature

3-am nopropyl tri nmet ane, “3-am nopropyltriet oxyS| ane,

N-phepyl -i3- ameaopropybiEl et hexysi hadent of outgas can be prevented from
3- ner capt opr opyl net hyl di net hoxysi | ane, 24

3- mer captefrepykheiraetlodysi t ane raiis( theehBOXyPEomyds i el sastdddiiesn and
3-isocyanatepropyl triethoxysilane, and the |ike, which my be used

al one or fasma aurktanrie aofi rigve cori pmare .t hareafddi5\Ween tihenr eédien 95% weight
conposition constituting the standing portions 13 contains the silane
coupl i ng lagentt empiee adaiiresiron bhet hé wesght cbhopostemperauriagis 300 °C or
patterning can be inproved. [0059] Herein, the 50% wei ght | oss

t enper at Ped oo, the tims raApnyred %@t@hﬁé@é@l@%@@ﬁmﬁmﬁémb@ [gdoritened,
contained in the thermal deconposable resin conposition constitutin

the dPandifgtpyst %ﬂ@g?st? § Mo G SR GO NERICHR Y &ﬁapp¥%f%1? dhg ezsgreudpting

bel If the .5Q% we I t 400 !
|ﬁf?3;nc§‘5F$H % g%é”%ﬁ%ﬁ s %P%rﬁp%sakp%w(i 4§;§%¥08agie resin

conp05|t|on fa 15 encap ulatlon d ln her mal __deco itiaon.of the
st andi ng pof%ﬁ&%é opgcg B% % uce§£ gl% o remalh qp%%e semlconductor
chip 10.
[0061]
15 In addition, the thermally decomposable resin component which

is contained in the thermally decomposable resin composition

preferably has a 5% weight loss temperature of 50 °C or above,

particularly 100 °C or above. In this case, unnecessary thermal

decomposition of the standing portions 13 during the process of
20 manufacturing the semiconductor device 1 can be inhibited.

[0062]

As used herein, the terms “50% weight loss temperature, “95%
weight loss temperature” and “5% weight loss temperature” mean the
temperatures corresponding to weight losses of 50%, 95% and 5%,

25 respectively, as measured by thermogravimetry (Tg)/differential
thermal analysis (DTA). The TG/DTA analysis can be performed by

precisely weighing about 10 mg of the thermally decomposable resin



In other words, when the 50% wei ght | oss tenperature is 400 C or
bel ow, the standing portions 13 can be thermally deconposed by
controlling the heating tinme wthout he?%ing above 400 C. Thus, 20
the influence of heat on the sem conductor chip 10 or the

encapsul ating material 14 during thernal deconposition of the

standi ng portions 13 an reduc 060] .In .addit.ion, the
differ enf%r%jt% % §[§F%2 r{aelrﬁér'iatulf‘r”é‘gar?d T§%Qﬁe”i gwstem

o cont al g e%tﬁ%r%oﬂéxng?l &%%%%ﬁ 35 CaRpRdT T BfPeh acntiphere
consti t“%ltn%otﬁéeatsfrfd;‘géaa&% Qﬁ{ ? %5 13 |s pr eferably between 1 C

and 300 re pre fFérence between the 95% wei ght

| oss tenper?,%etén%hqu% tr%%eSOé’OWe'u@lE;hltosi%stse'ﬁé?rﬁo%tr’ért%ﬂe oF tt(?ieZQ@legﬁally

When the difference bBetween the 95% wei ght 1 0Ss tenperature and

5% webghtad RedHJRIMY aldy i@ 2dipoheatolcADE seit 1A A ameuRfy ¥elow, for
outgas can be prevented from bei ng generated due to a rapid thernal

deconposidsi=a llegacdy & lad ifdgom eaHaaghald Mg re@dhRRE Ntthelrihaaddi ti on,
when the 95% wei ght | oss tenperature and the 5% wei ght | oss

t enper at Wweedrp BB 1E arediel @wmpichertt M wieqguinced fiaydiler mal aromatic
deconposition can be shortened, 10 and thus danage to the

sem conductedretehi.p 10 or the encapsulating material 14 can be
inhibited and the thermally deconposable resin conp05|t|on can be
made difficdint adeitémai-n the Chéfesrneendeteenching 6% pedell i5es
addition, the thermally deconposabl e resin conponent which i

cont 4P e e titorr F ped%ed'fﬁ)’c%l'atbllé?%%éeﬁ@@éﬁﬁb’é’et PaR BPeteF d b tO
s P PELEL SRy Rl BRI o™ ©
S anng o s 13 400 LI Bacoss AL 28 ROV RGN oo
terms "5Q0%.uei %t&gnplogistito%qper ature, "95%
Furthermore, the 5% weight loss temperature can be set at 50 °C
15 or above, for example, by controlling the molecular weight of the
thermally decomposable resin component.
[0063]
Methods of forming the standing portions 13 using the
above-described resin composition include a spin coating method,
20 a screen printing method, a dispense application method and the
like.
When the standing portions 13 are formed by the spin coating
method, a solvent is added to the resin composition to make a
varnish state. The varnish-state resin composition is applied to
25 the substrate 11 by the spin coating method. In this case, since

the resin composition is applied over the entire surface ¢f the

substrate 11 so as to surround the semiconductor chip 10 on the



wei ght | oss tenperature” and "5% wei ght | oss tenperature” nean the
tenperatures corresponding to weight |osses of 50% 95% and 5% 25
respectively, as neasured by thernogravipetry (Tg)/differential
t hermal analysis (DTA). The TQ DTA anal ysis can be performed by
preci sely wei ghing about 10 ng of the thernmally deconposable resin

26 d f i TG DT, | ysi i TG DTA te
(Mt actHets T Bt ko §Ho RIS MO ST rosehn ARG e ©rat

heat i t e, .of C/'m . Meanwhi | th % wei_ght. |
of the | AT S e BhpbARE e et bR e edn pe SaFt SPRa0D: Getds
or bel ow { Of. AL DY ASL SR 108 & SITAGN G KARRY, JDERIRd b1
econposapl e resin conponen aving no allcC clic or aromati c

skel et on..d gy pddidnc tdie didferener et ueen. he, Q% el 19t eld <o,

tenperature an e 5% wel g 0SS tenperature e se 1 to 300

C fop exarlis R GMdWldd ihd Ne 18] @GRS Wal Ght ydiBty idtdH 91y of

the resin conponent of the thermally deconposabl e resin conposition.

Fur t her marease ltdpenchfh, Weicghti dgs ot @meenatiy.e can be set at 50 C 15 or
above, for exanple, by controlling the nol ecul ar wei ght of the

thermal | y ddeardddsabl e resin conponent. [0063] Met hods of form ng
the standing portions 13 using the above-described resin conposition

i nclude a sfhe wmeadhpagefetdrod,ing the resin composition by dry etching can

be performed by forming a resist layer on portions in which the
10 standing portions 13 are to be formed, dry-etching portions other
than the portions in which the standing portions 13 to be formed,
and removing the resist layer, thereby forming the standing
portions 13, but is not specifically limited thereto. The methods
of dry etching include plasma etching, reactive ion etching and
15 the like, but the reactive ion etching method having excellent
anisctropy and in which the shape of the standing portions 13 is
stable is preferably used.
[0065]
When the method of removing the resin composition by development
20 and the method of removing the resin composition by heating are
used, the resin composition preferably contains a photoacid
generator.
[0066]
In the method cf removing the thermally decomposable resin
25 composition by development, when the thermally decomposable resin
composition is exposed to chemical rays, the solubility of the

exposed portion in a developer solution will be increased and the



20 a screen printing nethod, a dispense application nethod and the

i ke. When the standing portions 13 are fornmed by the spin coating
nmet hod, a solvent is added to the resin,gonposition to make a varnish
state. The varnish-state resin conposition is applied to 25 the
substrate 11 by the spin coating nmethod. In this case, since the

resin conposition is lied over the entire surface of the substrate .
11 so as %I%Jrh%c?fﬁg‘esé‘ﬁin&?ﬁfﬁﬁéfegrpeﬁFbOIilﬁ &ﬁt%%m%?%‘bjs‘?l?%t]&) in

L1, the et MLl desomRosetl S5 RoComROSLL! OBy XPLdLD Ly
Nethods Tt SEUBNAS0,1 1 hengpbL e CechmAsall Eafeelyl, OO B son

the resin €omposidd el chijng, devel opment, heating, or the
| i ke. [0064] fLe ﬁﬁ?ﬁ%ﬁ*ﬁT removing the resin conposition by dry

etchipg can heygugrfornmed by formng a resist layer on portions in
whi ch the 10 standing portions 13 are to be formed, dry-etching

portions ot mandlan tdTe tpher idrems.dal Whiyeh ithhke ustcandidag sporg-rals badt @he
be formed, and renoving the resist |ayer, thereby form ng the

st andi ng lJpdeet.i ons 13, but is not specifically limted thereto. The

nmet hods of dry etching include plasma etching, reactive ion etching

and 15 t he [lTirkeddadti anhe exeagtliase dforthet ceivied opetigod claviliog eéxcahlident
ani sotropy and in which the shape of the standing portions 13 is

st abl e | $PENErEaBlyghused ~ eSO vihe 1§ IHE PRSItiReP NS oireReNERAg artfk alkali
resin _conposition by devel opnent 20 and the nethod of renoving the

resi A9coMSTSIUARST BP IidaOnNTy S8 FSedD GRAISOES 1§ odoridsi Cifon

preferab Itye t%%r&e%ih@i aanur%?l%_tu?na?‘liy% r%exq_e eato?:r a n[ %%%%]ou s solution of sodium
bicarbonate. Among them, the aquecus sclution of
tetramethylammonium hydroxide having a low environmental burden
is preferably used.
15 [0068]

In the method of remcving the thermally decomposable resin
composition by heating, when the resin composition is expcsed to
chemical rays, the thermal decompeosition temperature of the
exposed portion will be reduced, and the thermal decomposition

20 temperature of the non-exposed portions (standing portions 13)
will not change. The use of this difference in thermal
decomposition temperature can result in the formation of the
standing portions 13. Herein, examples of the chemical rays
include i-line, g-line and the like, similar to the methcd of

25 removing the resin composition by development.

In addition, the method of forming the standing portions 13 may

also be performed by a screen printing method. In this case, the



In the nmethod of renpbving the thermally deconposable resin 25
conposition by devel opnent, when the thermally deconposable resin
conposition is exposed to chem cal rays,qthe solubility of the
exposed portion in a devel oper solution will be increased and the 28
solubility of the non- exposed portions (standing portions 13) in the
devel oper sol ution w

f this diff
sol ubi | | 53T Fﬁ@paé&éﬂsae?og%*fHf%%%#er SEARELPE R lf%{%rﬁffeb'ﬁ%a@lled
t he stanq: ngdportlbosq:s gL[ 00&5‘ |11<geh al gl(p?l?erflpgﬁlr{tthe ch m caI rTﬁ%/en’

i ncl ude i-Tays, ra §an tS5F ¢t

35!?282%?%%%‘%%&@%2'0“"9 A& iah Sﬁf%*?bﬁs%fe“ﬁ? Fiir .”%%asndsh% oRE t4ns

aqueous sg ution of tetramethyl anmmoni um hydroxi de or an aqueous
sol ution of sodium bi carbonate. Anong them the aqueous sol ution of

tetraget hyl apmamiemdasdr oxinde RN G oW R m@ﬁ%@lyb%@h%m% no
preferably used. 15[0068] In the method of renpving the thermally

deconposallieranasi nheaaesid idayibyy healddyg cdmemd keniresidn conposition
is exposed to chemical rays, the thermal deconposition tenperature of

t he exposed Iportiddniwnl | the segutidy ot idres tBemagl a ec drgp s traah uAQAng
tenperature of the non-exposed portions (standing portions 13) wll

not change diBpengse .of Irhitdigi fdeercenee siod viehér el adelcoitositticoresin
tenperature can result in the formation of the standing portions 13.
Herei n, &REMSISESioN Ehdadifedi BN rHysStats gaein-¢omeosxiome Hirl vegaish

i ke S|n1Iar to the nethod of
10 1s dispensed using a dispenser on portions in which the standing

portions 13 are to be formed. Then, the dispensed varnish is dried,
thereby forming the standing portions 13.
[0069]
Then, as shown in Fig. 3A, the semiconductor chip 10 is
15 encapsulated with an encapsulating material 14. Herein, the
encapsulating material 14 completely encapsulates the
semiconductor chip 10 while covering around the standing portions
13. 1In addition, the upper surface of the standing portions 13
is exposed from the surface of the encapsulating material 14,
20 opposite to the surface of the substrate 11.

Meanwhile, in this embodiment, an encapsulating resin
composition having low melting viscosity is used, and the
encapsulating resin composition is also filled into the gap between
the solder bumps 12 fcrmed between the semiconductor chip 10 and

25 the substrate 11.

[0070]

The encapsulating resin composition constituting the



25 renpving the resin conposition by devel opnent. I n addi tion,
the nethod of form ng the standing portions 13 may al so be perforned
by a screen printing method. In this casg, the 29 resin conposition
constituting the standing portions 13 is applied to the substrate 11
through a screen printing plate. Then, the resin conposition is

STLe0 UheLeh plin Do dhe SIS IS PUL AR, S Ns SR s,
Qm tt Lr it th t i i 1
b 2005 CAREE I 41 gL BB 100 1B S AP BEELLENS By ERYy s

the resi 1’%—&?’3?10%%& 4@ '%E'i‘?‘ae%.VaﬁHESQﬁéA%‘él‘?lé@E%l@ &%Pf\;élil icﬁzﬂﬁoyb%sed

var ni sh s di'spensed using a dispenser on portions in

standi ng OrhiANSorkFo &L €169 I bataRdu1 FReN:hé el SRRARED v aHALST) Wi th
dried, thereby formng the standing portions 13. [0069] Then, as

shownsi n dxich1 13t e SEHLC UHHICt 101 abk tSimkd aMeapsdadad iddhsion
an encapsulating material 14. Herein, the encapsulating material 14
conpl et elgpeifcapad Attt dder sem condudi=ori wdiiyp B\ [l mnedrligm

around the standing portions 13. In addition, the upper surface of

t he standi nd g80rlt]li ons 13 is exposed fromthe surface of the

encapsul ating material 14, 20 opposite to the surface of the

substrat e 1Examplisamthithe, spevhiresdmbddialemte, caysdrddpod &Hioxy resins
resin conposition having |low nelting viscosity is used, and the .
encapsul &UMy 2FeSilRNEBNpoSYPEORPPEYaF§81R; | PoePhen ol the Y ripedpsin,

the sol der, bunps .12 forned between the sem conductor chip 10 gnd 25
t he dBpstrisivheppl F-type epoxy resin, stilbene-type epoxy resln or

hydrcquinone-type epoxy resin; novolak-type epoxy resins such as
cresolnovolak-type epoxy resin, phenolnovolak-type epoxy resin or
naphtholnovolak~type epoxy resin; phenolaralkyl-type epoxy resins
such as a phenolaralkyl-type epoxy resin containing a phenylene

15 skeleton, a phenolaralkyl-type epoxy resin cocntaining a
biphenylene skeleton, or a naphtholaralkyl-type epoxy resin
containing a phenylene skeleton; trifunctional epoxy resins such
as triphenolmethane-type epoxy resin or alkyl-modified
triphenolmethane-type epoxy resin; modified phenol-type epoxy

20 resins such as dicyclopentadiene-modified phenol-type epoxy resin
or terpene-modified phenol-type epoxy resin; and
heterocycle-containing epoxy resins such as triazine
nucleus—-containing epoxy resin. These epoxy resins may be used
alone or in a combination of two or more thereof.

25 [0072]

The epoxy resin that is used in the present invention is

particularly preferably one represented by the following formula



[ 0070] The encapsul ating resin conposition constituting the 30
encapsul ating material 14 is preferably based on a cured resin
conposi tion containing, for exanple, an,epoxy resin, a curing agent
and an inorganic filler. The encapsulatlng mat eri al 14 conposed of
this conposition can encapsul ate the sem conduct or chip 10 with 5

excel | ent adhesi on and, at the sane tine, the the ex on
coefficietft! t hdtSst R e F%at ﬁF‘e‘:lJ)P éfﬁqﬁﬁe&ﬁ%ﬁig& Ip”tugﬁ fe) is

bi pheny! JLyRE SHoR vedt T BISBHATE TR Lo dholt Tl oI Biegeno
F-type epoxy, Jasin %to'ntl%ﬁ?ﬁ y?ﬁlgpé’ %elﬁé&rg’rcawgr OQHBFBEE' &ytpc? a low
epoxy resin, novol ak-type epoxy reS| as cresolnovo Eyp

epoxy reslg{,elphed@l 98&9' ﬁlf tﬁ’%ﬁ%&sﬁ%l%rpha%aghi&ﬁﬂ%’ﬂaﬁk é;éb%%smn

epoxy resin; pheno aral kyl -type epoxy resins such as

phenokar q’ﬂd@'ﬂfﬂdﬁ%tﬁpoﬁbxf a9 G NG d%%'?sb"r%%@nl%oﬂ@%sﬁttql&m
phenol ar al kyl -type epoxy resin contalnlng a bi phenyl ene skel eton, or

a napht halartadikinmdg WIE LREOK Y eSigincant %dﬂij’@:t&acpftemﬂe@m%e%@t@e%@ in a
trifunctional epoxy resins such as triphenol nethane-type epoxy resin

or al kyl suidiefri e fliowppepcksst liane- | ypepepoxys reSitgatnod filed electronic
phenol -type epoxy 20 resins such as dicycl opent adi ene-nodified

phenol -t yeer igdxy anesthuerthemzare-tastt bifedefhemet i oy pef epox g leesinenics
and het erocycl e-contai ni ng epoxy resins such as triazine

nucl eus- deigienPAgkegExynr EBiA. PTRES S epdxiedectths Hy the nnsa® abesause
or |n a conbi nation of two or nore thereof. 2?&0072] The epoxy resin

t hat 1Ps dd&d SPR¥ & S5ids &P LEREetEioRYi $h8a GVrPy IpravdAaity dife @

represena%%—%%l%%%l%%]%%Qgh% nggga?llne resin, it has low melting point,

and the epoxy resin composition containing this has excellent

flowability.
[0073]
15 [Chemical Formula 9]
HOT pH—CH—o—CH@X—QCH;—o—CH crl CH,  (6)
{R7) a (R7}a
[0074]

In formula (6), X is a group selected from among a single bond,
200 -0-, -S~-, and —R8CR8-wherein R8 are hydrogen or alkyl groups having
1 to 4 carbon atoms and may the same or different; R7 are alkyl
groups having 1 to & carbon atoms and may be the same or different;
and a is an integer ranging from 0 to 4.
[0075]

25 The epoxy resin represented by formula (6) 1s more preferably



31 (6). Because the epoxy resin represented by formula (6) is

bi functional, the crosslinking density of the cured resin conposition
containing this epoxy resin can be inhiQited to a |ow level, and thus
the resin conposition has a | ow t hermal "expansion 5 coefficient. For
this reason, the cured resin conposition containing this epoxy resin
is subjected to reduced stress in a solder reflow process (i.e., a
process cﬁ'4uﬁﬂ%9ﬁyq%é;%¥Q&§hQﬂﬁ%3 devi ce), and thus the magnitude of

reduced. uithet ot TR Use ol (0 A P TP e 6 Ty
fol ['ow n%{){’{ﬂg %Aeer)[ec!ﬁ gllt}}c:e\égeméo?n lglﬁ{dswm aH ye'iitc%lllller?]t airbga.ls_Llr?gfcel tof

has | ow mel'ting point, an epoxy resin conposition con

this has ent, f | AT ] [[Chemcal Ul 2
79H CHTO %é?qrtdf -ag}f???ﬂalc%%ﬂcza[(l g)%g(a RI;%S al R7>l°§ C{:S%ro%j]ealtﬁi fé(;e(rtw he
(6), X ismaouRxpehesiedchbeor aMBRY & HiHOLeBeRE1 a20ng0natePtal @ at
- RBCR8-wherein R8 are hydrogen or al kyl groups having 1 to 4 carbon
atons and, mayw tiheresiame or different; R7 are al kyl groups having 1 to
6 carbon atons and may be the sane or different; and a is an integer
rangi ng fromo@7eg 4. [0075] 25The epoxy resin represented by formnul a
(6) is nore preferably 32 4,4'-diglycidoxybi phenyl,

Meanwhile, examples of the curing agents include amines such as

;
straight-chain aliphatic diamines containing 2 to 20 carbon atoms

10 include ethylenediamine, trimethylenediamine,
tetramethylenediamine or hexamethylenediamine,
methphenylenediamine, paraphenylenediamine, paraxylenediamine,
4,4’ -diaminodiphenylmethane, 4,4’-diaminodiphenylpropane,

4,4’ -diaminodiphenylether, 4,4"-diaminodiphenylsulfone,

15 4,4’ -diamincdicyclohexane, bis{4-aminophenyl)phenylmethane,
1,5-diaminonaphthalene, methxylenediamine, paraxylenediamine,
1,1-bis(4-aminophenyl)cyclohexane, or dicyandiamide; resol-type
phenol resins such as aniline-modified resol resin or dimethyl
ether resol resin; novolak-type phenol resins such as

20 phenolnovolak resin, cresolnovolak resin,
tert-butylphenclnovolak resin, or nonylphenolnovolak resin;
phenolaralkyl resin such as a phenolaralkyl resin containing a
phenylene skeleton, or a phenoclaralkyl resin containing a
biphenylene skeleton; phenol resins having a condensed polycyclic

25 structure such as & naphthalene skeleton or an anthracene skeleton;
polyoxystyrene such as polyparaoxy styrene; acid anhydrides,

including alicyclic acid anhydrides such as hexahydro anhydrous



3,3,55 -tetranet hyl-4, 4' -di gl yci doxybi phenyl, or a nelted m xture

t hereof. These conpounds have an excel |l ent bal ance of workability and
practicality and make it possible to set_,the 5 thermal expansion
coefficient of the encapsul ating material 14 at a | ow | evel . [ 0076]
Meanwhi | e, exanples of the curing agents include am nes such as
straight-chain aliphatic diam nes con ainingyz to arbon atons, 10

20 .
i ncl ude dtHylEhedidmichd BEEA) nefnYFEREdF&RF A ,d’{%t%‘%ﬁgﬁw%mhﬁﬁ% acid
o eI ENedl A oL hEhEI] s A, peteehenfigned g ne
4, 4" -di amg Fely! , 4" - di amp nadi |.et. ;
4 4 i amngit pret Surronas’ 24 AR B ae e (uom) ox
b'3(4'anﬁﬁ%ﬁ%ﬁﬁ%@&&H&%@@f%%iggﬁ%g%kﬁgégﬁénk§@B§Pptggﬂ§%ﬁ¥captan compounds

met hxyl enedi am ne, par axy

1, 1- bss(4naiH BAPHSNYL) CY EhOheXRNSa st r S CYRNILBALEE: i $68PAnd PR ompounds
phenol resins such as aniline-nodified resol resin or dinethyl ether
resol resjuth ROV alsPeiae el iy Ry PUTties 3¢ iemelrgvenaK organic
resin, cresolnovolak resin, tert-butyl phenol novol ak resin, or

nonyl pheralineyokakhresicarbpkendlcas al &ytonesini sggdovlag s qphenetasal Kplese
resin containing a phenyl ene skel eton, or a phenol aral kyl resin

cont ai ni nypm@chinplemadyeme sieeldetadrnephendin resiond inatiing & fcdvdensedore
pol ycyclic 25 structure such as a napht hal ene skeleton or an

ant hr acetéegiesifet on; pol yoxystyrene such as pol yparaoxy styrene; acid
anhydri des, including alicyclic acid anhydrides such as hexahydro
anhydPous 380Hthalic acid (HHPA) or methyltetrahydro anhydrous

phthalic acid (MI'HPA), and aromatjic aci d anhydrides such as_anhydrous
trine||iticAE€§& €$ , JafRYErEGE %ﬁﬁ&ﬁ@lPFtﬁ@aééi&WPPBBﬂPO&FC ydroxyl

such bs BOVER FRGBnS, AL aBEEEF bF PhPOBRBrY TEBLyShatts CORpnagent of
such as i %%ﬁ‘@élgrggi%ﬂ%r%%er?{ 101 ocked, fé)gyo%n@%xg}s &E‘Qiﬁé%adﬁ]ngcs include

acids, such as ¢ oxy I'd-containing polyes fesin
conpounds, R ofe tY3ed pRlPRe ol HRAD 'a%ayh%lﬂ 0Qhol WA aRr YERAG,
t hereof. 10[0077] Anong them a compound having at |east two

phengki ¢ Bl cdERURS sl , ORR riRLeeY @nksiophekenal! ycusadoas the
curing agent of the encapsulating agent 14. Exanples of this curing

agent i nebuge phevelalkviype phenal; resons:iswehpasnpherelsiawgl ak resin,
15 cresol novol ak resin, tert-butyl phenol novol ak resin or

" nonyl phepollyovglsak reesi apchessl pd yyss phenp|s nesims;, phelnpdeystijydneesins
such as pol yparaoxy styrene; phenol aral kyl resins containing a
phenyl engocskelietiog; aaptieplyérokasdkekgtonesians pbanailairag kalbirpkengl ene
skel eton. Wen a conpound sel ected from
containing a biphenylene skeleton. When a compound selected from
20 among these compounds is used, the thermal expansion coefficient
of the encapsulating material can be set at a low level. These
compounds are excellent in moisture resistance, relisbility and
the iike.
[0078]
25 As the curing agent having at least two phenolic hydroxylic

groups in one molecule, a phenol resin represented by the following

formula (7) is particularly preferably used. The phenol resin



20 anong t hese conpounds is used, the thernmal expansion coefficient
of the encapsulating material can be set at a |ow | evel. These
conmpounds are excellent in noisture resi;gtance, reliability and the
| i ke. [0078] 25As the curing agent having at |east two phenolic
hydroxylic groups in one nol ecule, a phenol resin represented by the

resin ”%reﬁ‘””“'a L bsbgoPBii B { AR “erLae%?é faRGG e Sk LRETB T ing
havi ng novoI

resin. BAALe ‘%yht@fpp%?gﬁspoﬂ-reﬁ%ﬁn? Z‘aﬁfde %ﬁﬁémﬁﬁsﬂﬁﬁ%‘%ﬁ Eﬁﬂ%?gi

novol ak- type phengl a ggﬂﬁg&g t a s
short dlstanc etme é_§¥%%§l|l I ng p0|n?5Pj$nﬂﬂ% reS|n §keleton

and exhi b, &D’ %ﬁrﬂ@@%@é dantAddi té]é%rletlb%cali%e has a

t he phenol reS|n tr| eno ane-type phenol resin as

fundagent@{orsd(@l%t@hcé tbe%ﬂate%i Nhd Wx%@l;@ﬁ%&)ﬁﬁj’ﬁ??ﬁé' fotif QlHéS dd¥in
one nol ecul e, and thus has high crosslinking density, 10 and a cured

resin compesidtdanaaand:Hinitg ghbs ahensl 1 1168 Rdeas deyel 8t i ghn Gldass ion,
transition tenperature (Tg) and |ow |inear expansion coefficient, and
can al sobemsmdd gihes totengtih. reAdeottisnginy phehe Inesinaneeigygs tdhemol resin
contai ning the phenol resin represented by formula (7) has good

curabi | i &y ligadifngidemenned! |sdrtl atpindabit] idoptalifis rehashdi tdromorehdiydroxyl
t her nmal expan5|on and shrinkage of the resin conposition after

mol di ng, SEURTy 1an@neh@odEcutliceatamshtt harse heel é@mg\heloyrqwmém@gt Hegasity,
t he apount of deformation of the resin conpasition in th

seni ¢Bnd@oR Caje‘iﬁci:éefl@a%orb%oﬁjeﬁ%@%d:on[t@eﬁg]figzél[lmé?ﬁe&ﬂl E§8AH erLbpve

35
a high glass transition temperature {Tg) and low linear expansion

coefficient, and can also have high strength. Accordingly, the
resin composition containing the phenol resin represented by
formula (7) has good curability leading to excellent moldability.
15 In addition, the thermal expansion and shrinkage of the resin
composition after molding, curing and thermal treatment are
relatively low, and thus the amount of deformation of the resin

composition in the semiconductor device 1 can be reduced.

[0072]
20 [Chemical Formula 10]
0 [ oH |[ OH ]
™ H\ H\
| o o w Ho
R11)4 (R9), R 1
R10), _Im




[0080] In fornmula (7), R9, RLO and Rh | are selected from al kyl
groups having 1 to 4 carbon atons and nay be the sanme or different; b
is an integer ranging fromO to 3; c is.,an integer ranging fromO to
54; dis an integer ranging fromO to 3; m and n represent the nol ar
fractions of the respective units; and O<nkl, O<n<l, and m+ n = 1.
[0081] In a% it in formula (7), the nolar ratio of mand n (nin)
10 is prefer 1/5 to 5/1, and nore preferably 1/2 to 2/1. In this
case,

Lo e et rstrOe oY r o2l LRE I Bk b ER Y Fron Ak giroups
(0082] 15Nk 6, 3PEgLbLe SXARPIES, oLyt e PRENOLSesL 1T PLESENS 38 1o

by formula inc e a conpou repres e fo | oW ng

formul a (8) 1ncQOB3] rEEReRycabohosMb a3 1Y i20an integer ranging from 0 to

5 4; d is an integer ranging from 0 to 3; m and n represent the molar
fractions of the respective units; and 0<m<1l, 0<n<l, and m + n =
1.

[0081]
In addition, in formula (7), the molar ratio of m and n (m/n)

10 is preferably 1/5 to 5/1, and more preferably 1/2 to 2/1. In this
case, the effects of both novolak-type phenol resin and
triphenclmethane-type phenol resin can be synergistically
enhanced.

[0082]

15 Meanwhile, specific examples of the phenol resin represented by
formula (7) include a compound represented by the following formula
(8).

[0083]
[Chemical Formula 11]
20
OH [ OH ][ O |
I h | l h CH ﬁ//L::q H (8)
RS

[0084]



[0084] 36 In fornmula (8), mand n represent the nolar fractions
of the respective units, and O<nkl, 0O<n<l, and m+ n = 1. [0085]
Exanpl es of the inorganic filler that is.contained in the 5

encapsul ating material 14 include silica such as fused and crushed
silica, fused spherical silica, crystalline silica or secondary

fl occul at ed SI| ca, aIu na titanium white, alum num hydroxi.de,

talc, clay,, i BerdNch Ay HHRF 95968 t\}\}‘ﬁ & iy e dedisa cgnd e
or in a conbln |on of tmo or then1 fused 10

opheri car e L Bl o e | et er Iy BTA o dhe Lt he ¢ her mal
expansi on cqg#%%glent of the encapsulating material 14 can be set at

a |low | evel 6] Meanwhil e, the shape of the inorganic filler is

preferably ahp13RNey4 ﬁ:"i"be hd iRl &1 1aRd. t %ﬁf' ild 'd%glt%?]ﬁlé@t in the

t her eof can e I'ncrease y particles havin er ent

partigle & ul'ﬂ%’!‘:ﬁ(gefnattel?@a@aiﬁ '1Q1ce_Lu'%ieZ§1Qﬁcbh§uélﬁl%rsgﬁﬂ‘sﬁdféﬂ1&1 RIrished
preferably 0 01 pmor nore and 150 pmor less in view of filling into

a space afiQuksht sl dg/hdyurps 121120, 0Q84]stalline tdiarimer er tReondary
resin conposition constituting the encapsulating material 14 may

cont ai n &lsidana teaupliiligaagentimiaacotpoandur ot At e ngl aninde dxydroxide,
group bonded to each of two or nore adjacent carbon atons
const i t uttiadg,anlayemeida, pilags &itka, emd nge like, which may be used alone
or in a combination of two or more thereof. Among them, fused
100 spherical silica is particularly preferred. 1In this case, the
thermal expansion coefficient of the encapsulating material 14 can
be set at a low level.

[0086]

Meanwhile, the shape of the inorganic filler is preferably as

15 spherical as possible, and the filling amount thereof can be
increased by using by particles having different particle sizes.
'However, the particle size of the inorganic filler is preferably
0.01 pm or more and 150 um or less in view of filling into a space
around the solder bumps 12.

20 [0087]

Furthermore, the resin compositicon constituting the
encapsulating material 14 may contain a silane coupling agent, a
compound containing a hydroxyl group bonded to sach of two or more
adjacent carbon atoms constituting an aromatic ring, and a curing

25 accelerator, in addition to the epoxy resin, the curing agent and

inorganic filler.

[0088]



25 accelerator, in addition to the epoxy resin, the curing agent and
inorganic filler. [0088] 37 Exanpl es of the silane coupling
agent include, but are not specificallyLimted to, epoxysilane,
am nosi |l ane, ureidosilane, nercaptosilane and the |ike, which may be
used alone or in a conbination of two or nore thereof. Wen this

si l ane coupljn gent IS cq tained in the resin .conposition,
reaction bet aJt Oefg ar?earﬁ?ut NohGi%5ar ¢ aiidsr &af @E@uPOt

t hus i ncreasi erfaC| strengt h. bet ween, the poxy I es

the i norgapnefCl%qap;ryq[ Exa%rgél%?n%pomw%ﬂn P ey T ane,
used in ity 4 de

y-glyci doxyprﬁ&fﬂr I-[.énoxym égntralcl% glwyhcllcc}—lox aﬁ’r opyl% ri mﬁ O(glxeysel zi'rllqe =

y- gl yci doxmpysqRw st B}flﬂﬂgﬁhﬁ(ﬁ’é%h@}%o@ndWhen this 51lane c%upllng agent

p- (3, 4, epoxycycl ohexyl) et trimet hoxysil ane. Exanpl es of

am nosi | anecbhak i ABY ﬂet%%eﬂesﬂnfd&lwﬁs;%n,l AVEMH ¢ O BelkWden the epoxy
y-am nopropyl triethoxysilane, y-am nopropyltrimethoxysilane,

N- P- (am nastiby g/ -te nef ity ifmtikoxyeid atur, thus increasing the
N- P- (am noet hyl ) - y-am nopr opyl net hyl di net hoxysi | ane,

N- pheny| -iyrtam fiegpiradp \d tirdrefthobesivesre , t 20 epoxy resin and the inorganic
N- phenyl - y-am nopropyl tri nmet hoxysi | ane,

N- P- (am rfgétlip.) - y- ami nopropyl tri et hoxysi | ane,

N- 6- (am nohexyl) - 3- anlnopropyltrlnethoxy5|Iane and
N-(3-(trinetl®®82di | yl propyl ) -1, 3- benzenedi met hane. I n addition,

exanpl es of ureidosilane that maybe used in the present invention 25
i ncl dfe y- urEéﬁaHtE&teé”p?/f te,ppéstyﬁd,}@qu Rt MRS SeaRBPReRING g tion

i ke, and e | es ne ca t osil.ane that may be used in the present
| vent Lo ORISR B Lo R A e 38 [ 0090)

vy-glycidoxypropyltrimethoxysilane,
y—-glycidoxypropylmethyldimethoxysilane and
-(3,4,epoxycyclohexyl)ethyltrimethoxysilane. Examples of

15 amincsilane that may be used in the present invention include
y-aminopreopyltriethoxysilane, y-aminopropyltrimethoxysilane,
N-B- (amincethyl)-y-aminopropyltrimethoxysilane,
N-pB-{aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltriethoxysilane,

20 N-phenyl-y-aminopropyltrimethoxysilane,
N-B- (aminoethyl) -y-aminopropyltriethoxysilane,
N-6—{(aminohexyl)-3-aminopropyltrimethoxysilane and
N~ (3-(trimethoxysilylpropyl)-1, 3-benzenedimethane. In addition,
examples of ureidosilane that may be used in the present invention

25 include y-ureidopropyltriethoxysilane, hexamethyldisilazane and
the like, and examples of mercaptosilane that may be used in the

present invention include y-mercaptopropyltrimethoxysilane.



Meanwhi | e, the silane coupling agent has the effects of reducing the
viscosity of the resin conposition and increasing the flowability of
the resin conposition, due to its synergistic effect 5 with a
conmpound cont ai ni ng a hydroxyl group bonded to each of two or nore
adj acent carbon atons (hereinafter also referred to as the "hydroxyl
group-contagghﬂﬁ)conpound"), as described below. Thus, in the case in
which the r donposition contai ns the hydroxyl group-containing
conmpound, i ref.erabl y, al so contains.the sil.ane 10 ca ing agent.in
order to medl I i EPP ettt TS RUPhy B RS HaT B o G e tHy AF Gy luc Lo
group-co | Ni: . |+ - esi q?gg% i Lal

consti tuﬁ}ﬁégq{%og’%%;gﬁzﬁd@ngg%gl}nt chénr%%hoglv?@uf I Cl Zérﬁm%n the

1 owabi | i1, 8y€n WheR {ie ¢0BYE A ASndod AF U5 28RN qftsasﬁ}lﬁ’éf‘(%:i%’ﬁlé’ effect
hi ghly viscous resi'n or a large anount of the 15 inorganic filler.

[0091F witdWbeevRpout¥abbhesifing e d GOMAbBhAEdat Y &KW E two
group bonded to each of two or nore adjacent carbon atons

consti t utdmg@oad atpaeéht dd:gr( Bydmexyhe ge OnprcontAl v 1@ feerpaund)as the
i nclude a 20 compound represented by the following formula (9), a
conpound ‘Vaplressrit gdoby-thettdhbiow agnponmat p, (@D)Xesamdehebéi&e. Thus,
[0092] [Chem cal Formula 12] OH 1
in the case in which the resin composition contains the hydroxyl
group-ceontaining compound, it preferably also contains the silane
10 coupling agent in order to maximize the effect caused by the
addition of the hydroxyl group-containing compound. In this case,
the resin composition constituting the encapsulating agent 14 can
have sufficient flowability, even when it contains a large amount
of a relatively highly viscous resin or a large amount of the
15 inorganic filler.
[0091]
Moreover, examples of the compound containing a hydroxyl group
bonded to each of two or more adjacent carbon atoms constituting
an aromatic ring (hydroxyl group-containing compound) include a
20 compcocund represented by the following formula (9), a compound
represented by the following formula (10}, and the like.
[0092]

[Chemical Fermula 12]



[ 0093] In fornmula (9), either of R12 and R16 is a hydroxyl group,
and if one of R12 and R16 is a hydroxyl group, the other is hydrogen,
5 a hydroxyl group or a group sel ected om substituents other than a
hydr oxyl group; and R13, Rl14 and R15 are each i ndependently hydrogen,
a hydroxyl group or a group selected fromsubstituents other than a
hydr oxyl group and may be the sanme or different. [0094] 10[ Chem cal
Forrmul a 13] R22RE)IH 0095] In fornmula (10), either of R17
and R23 is a hydroxyl group, and 15 if one of RLl7 and R23 is a

hydr oxyl ggfup, t he lot her is hydrogen, 40 a hydroxyl group or a
group sel efYigd~fr om s ifﬁﬂpts ot her than a hydroxyl group; R18,
R19, R20, R21 an £R22 afe each indggﬁpdently sel ected from hydrogen
a hydroxyl group|lor a gfoup sel ect from substituents other than a

[ e same or 5 different. [0096]

13

hydr oxyl gRpup.-2
15

(0093]
In formula (9}, éither of R12 and R16 is a hydroxyl group, and
if one of R12 and R16 is a hydroxyl group, the other is hydrogen,
5 a hydroxyl group or a group selected from substituents other than
a hydroxyl group; and R13, R14 and R15 are each independently
hydrogen, a hydroxyl group or a group selected from substituents

other than a hydroxyl group and may be the same or different.

[0094]
10 [Chemical Formula 13]
R1 7 R1 3
HO Rig
(10)
R23 RZO
R22 R21
[0095]

In formula (10), either of R17 and R23 is a hydroxyl group, and

15 if one of R17 and R23 is a hydroxyl group, the other is hydrogen,



Meanwhi | e, specific exanples of the conpound represented by formula
(9) include conpounds represented by the following formula (11),
including catechol, pyrogallol, gallic ggid, gallic acid 10 ester,
and derivatives thereof. In addition, specific exanples of the
conmpound represented by formula (10) include conpounds represented by

the fol | ow f I 12), incl udi 1, 2-di hyd bt hal
25 o hy B GRREGINARGHE, Chr et 16T Y 661 - UTRBL b EBrpGie: £nan
Ty be USed AL80C 106 il R b COTH! MBS Ol SN 0! BT S LI eRl: nenc 1y

Anong t heés&YEERp8andse e &y "having“a f ene“Frig as

mai n skel {4 €& -.di r oxy

D d by droahirrengeRssey AR RE Wi pr 2 orom selgered fron
sel ect ed,s hagausgdhe Jdrahiddd va %Mﬂb'df&% they %%fy YL 8RSk or
control and the 20 volatility thereof islow [0097] [Chem cal

Formuga W4lffd+ed0098] [Chem cal Fornula 15] 5[ 0099]

Furt hernore, exanples of the curing accelerator include, but are not
specificall yydgadited to, diazabicycl oal kene and derivatives such as

1, 8-di azabi cycl o( 5, 4, 0) undecene-7; am ne-based conpounds such as
tributyl am Meagwhidrgy |sgiendtftiyl amamg;ldsmicdazblee coompomadsepresented by

formula (9) include compounds represented by the following formula
{11), including catechol, pyrogallol, gallic acid, gallic acid
10 ester, and derivatives therecf. In addition, specific examples
of the compound represented by formula (10) include compounds
represented by the following formula (12), including
1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, and
derivatives thereof. These compounds may be used alone or in a
15 combination ¢of two or more thereof. Among these compounds, a
compound having a naphthalene ring as its main skeleton (i.e.,
1, 2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, or a
derivative thereof) is more preferably selected, because the
flowability and curability thereof are easy to control and the
20 volatility thereof is low.
[0097]

iChemical Formula 14]

OH

OH
(11)



10 such as 2-nethylim dazol e; organi c phosphi ne such as

tri phenyl phosphi ne or net hyl di phenyl phosphi ne; tetra-substituted
phosphoni umtetra-substituted borate sugh as

t et raphenyl phosphoni umt et raphenyl bor at €,

t et raphenyl phosphoni umtetra benzoic acid borate, 15
tetraphenylgﬂg&gﬂoniun}tetra napht hoi ¢ acid borate,

t et raphenyl sphoni um t et ra napht hoyl oxy borate or

t et raphenyl sphoni.um tetra ht hyl oxy borate; and an adduct of
triphenylphgggﬁfﬁgﬁﬁ{g?%ﬁﬁ%%ggﬂnone. These conpounds nay be used

alone or in a conbination of two or nore thereof. 20[0100]

Furthernore, the resin conposition constituting the encapsul ating

mat eri al n?¥ i f necessar contain, in addition to the

above- descH®ed cef various additives, including colorants

such as carbon ng agents, for exanple, 42 natural wax
such as car naubg synt he iC\MDg(ﬁﬂbher fatty acids or their

nmet al saltﬁ para . propyl ene oxi de; stress-rel axi ng agents

such as si K%one o'l or silicone rubber; ion scavengers such as
hydrotalcite; flame retardants such as 5 al um num hydroxi de; and

ant i oxi dants. Next, the encapsul ating resin conposition is nolded
using a nolding method such as transfer nolding, conpression nolding

or inPectioﬁoﬁgﬁding, foll owed by curing, thereby obtaining the
encapsul ating material 14. As_the nol di ng nethod, conpression 10

nmol di ng i s PHREFERCIBIOF SusLRTR bRF & fvT RSO dod C o EYBREP AG Y Hede, but are
positional vari atian d exfaliation of the standing portions 13, buyt
"5 not sPek FRSAIy vt ddTHHERe (6  OLaZAB YR PHEBiec RIS SAEG EL ves
material 14, has ihg_gane Size fng s?agf qi the substrate 11 when d
vi eved f oAt RS sUFTRER7 3P The bt r At Ri48CTHe ™ Ah FESHpT R WIS CoBRargds
t he subs e T i de. ' erial,l4

Si'de of o saparr A S TS SpPaiay TR SRR A G L Sk Bunas
the sem cARAUGLOD dRVYiHGA i6ARDG 1R e veRked f LAMsBRIiAG %%fc%[ %d- [0101]

20Thereafter, the structure conprising the sSubstrate 1
triphenylphosphine or methyldiphenylphosphine; tetra-substituted

phosphonium-tetra-substituted borate such as
tetraphenylphosphonium~-tetraphenylborate,
tetraphenylphosphonium-tetra benzolc acid borate,

15 tetraphenylphosphonium-tetra naphthoic acid borate,
tetraphenylphosphonium-tetra naphthoyloxy borate or
tetraphenylphosphonium-tetra naphthyloxy borate; and an adduct of
triphenylphosphine with benzoquinone. These compounds may be used
alone or in a combination of two or more thereof.

20 [0100]

Furthermore, the resin composition constituting the
encapsulating material may, if necessary, contain, in addition to
the above-described components, various additives, including

colorants such as carbon black; releasing agents, for example,



standi ng portions 13, sem conductor chip 10 and the encapsul ati ng
material 14 (the structure shown in Fig. 3A) is heated, thereby
thermal | y deconposing the standing portigns 13. As a result, as shown
in Fig. 3B, the standing portions 13 are renoved to | eave 25 hol es
141. The heating tenperature of the structure varies dependi ng on

Lhe ner e CecPTRen 100 d STPELAYR P o180 08 RATECER, ot
f bl (0] ' ,..150.1.0,200 C. Th
oot a0l 180 Lo 450, A v IoE, P Sl 0 200, € The

structure 1s nhe n an ‘ovVen “or on a’h t he

conducti vg gl j ; trate L1 i _ |t .
bott om of%lﬁéegsﬁt%%ls&l%riﬁ fﬁ%i?b@@iﬁﬁa lé%%%e%sﬁgﬁfﬁ%lplg:r%ﬁnrsubber’

13. I'n addid i¥hvddgd e di8sl die 1afatde & andi ng Her tians-dedh ¢ LMRIdIS as
at the bottom of the holes 141, the residue can be renoved by wet or

dry clseand ngniafurerhfdvensstdndidig partdionsdakd: have been renoved by
heating. In the wet cleaning process, the 10 resi due can be renoved
usi ng a sol \wenit sudle as agetane,: metdadi retdoplpdedttdre, is molded using a
y- butyrol act one, or pol yethyl ene glycol nethyl ether acetate. In the
dry cl eamaigliprpeessiod eigres sdue st doe medbiver  usinmpy e ider plcdsiimg or
argon plasma or the |like. [0102] 15Then, as shown in Fig. 4A a
conduct i VierJresttdrdralmalsligicac e lilrpwete tholas ingl,. thesrsdondidtdiveng the
material 15 may be, for exanple, metal particles such as sol der .
bal | s. Preafc@Papi it e i Vi -matfer itdle 1% lghidd metdeidu@ampgression
circgit | ayer. of the se\lj{estr te 11 are heated to the nelting point or

hi ghéf of® "Condudt S/ & Tigter e F I AaftEVRHIh Ah@TENTRIdTd &he

terial 15.i | d_i.n, the hol 41, h t it ] ted. t
he. condieti Ve RITie Jie (Hhyar, S0 SHq GG ety -PHsc SRR P -, 13
th d I Ve j - 1 ' hol 141. In thi
cagef:o'?h%@oé%ugﬁﬁsgp%lﬁﬁﬁf};%ﬁéﬁ%g Ljfho%rlletejc%dngl :,S a condﬂct i i/Z

oSt a3 90, 6% RS OB AR b AL e e
formed ond heesytbaceadt ihe,d esidtly rafoh€lhe surface of the substrate
15 11, and completely covers the substrate 11. The side of the
encapsulating material 14 and the side of the substrate 11 are
coplanar with each other. In this case, the semiconductor device

can be prevented from being deformed.
[0101]

20 Thereafter, the structure comprising the substrate 11, the
standing portions 13, semiconductor chip 10 and the encapsulating
material 14 (the structure shown in Fig. 3A) is heated, thereby
thermally decomposing the standing portions 13. As a result, as
shown in Fig. 3B, the standing portions 13 are removed to leave

25 holes 141.

The heating temperature of the structure varies depending on the

thermal decomposition temperature of the standing portions 13. For



44 which an insulating resin conposition 17 may be filled in the
inside of the conductive material 15. In the case in which the

fil mshaped conductive material 15 is pl.gced in the holes 141, as
shown in Fig. 5B, each of solder balls § of an upper sem conduct or
device 3 may 5 be placed in each of the holes 141 such that the

| d bal | f act th th duct material 15
At e nat ST L n TS hag%ﬁ%il %ﬁp@éﬁew I RO Al e e rg Ragap Y
duct f f f t 41, and
Coeldo of Ahe S uc“t@fve‘)ﬁrﬁ%?eeﬁa i ?p“lfﬁ 72 iR e el o

paste su | .der Lonductive
Cﬂllsé)ld&eh%i RS o S & hes LPCr}jec

material 15 cones into e cond |ve circuit

layer of thessbatingl e thl condubPiltBec£ASE: 4 M W Ch et Eﬁeféuﬂé*{%?é@@dll is

conductive material 15 is formed, it may have a base layer,

i nt er pediaimdayafo alkk aocsbt&&rurcfmoc&lé ayelles 1111t HcrneRs &y fﬁm&ﬁé@ﬁ@fe,the
there nmay be used a method in which Ti, C and Cu layers are forned

on the i memdind poetabnishes hOII@Sa&idltbyﬁn$p_Ufttﬁfd g stielukos M thdaseinding
| ayer, after which a Cu layer is fornmed on the base |ayer by plating

to form gontmiterared atendiayerat aniek thegrtcan N /tAe Iheylers 11811, orohed residue
the 20 internediate |ayer by plating to forma surface | ayer. By

t he abovesateder rbedvproegsees,on e ysefrenndycabiedettice tlarchimdeortions
obt ai ned. Thereafter, as shown in Fig. 6A, another sem conductor

devi ce 3 liZhaggnbeanoretdiecd v 86addE0er Heiheewet Theanihgrprocess, the
sem conduct or 25 device 3 conprises a substrate 31 and a

sen dBndF&SGHAU PPN FE FBUAVEH Whthe bR Hasdchias preteacksToleh vt ethyl

the Se”‘ﬁPQQUCEOY butyrolactone, or polyethylene glycol methyl ether

acetate. In the dry cleaning process, the residue can be removed
using oxide plasma, argon plasma or the like.
[0102]

15 Then, as shown in Fig. 4A, a conductive material is placed in
the holes 141. The conductive material 15 may be, for example,
metal particles such as solder balls. Preferably, the conductive
material 15 and the conductive circuit layer of the substrate 11
are heated to themelting point or higher of the conductive material

20 15, after which the conductive material 15 is placed in the holes
141 such that it is connected to the conductive circuit layer.

Alternatively, as shown in Fig. 4B, the conductive material 15
may be filled in the holes 141. 1In this case, the conductive
material 15 may be, for example, a conductive paste such as a solder

26 paste or a copper paste.

Alternatively, as shown in Fig. 5A, the film-shaped conductive

material 15 may be formed on the surface of the holes 141, after



device 3 is provided with solder balls 33 serving as netal 45

el ectrodes, and the other sem conductor device 3 is nmounted on the
sem conductor device 1 in such a nanner4%hat the solder balls 33 cone
into contact with the conductive material 15. Then, a stack

consi sting of the sem conductor device 1 and the sem conductor 5

devi 3 1S, ted h that th | der. bal | §.33 d,to the., .
Conduct i VESIEL P S HEE 4l erdf FMPGE Lo dAdtet 6F phabksgdt HS tnsiae

gﬁt ?Lgegaocﬁ(g‘8lg%?d‘%‘§€“§@§‘s eirr:]La'ii 5 O?E{l tsnoé gg.rsepm%[i%% g.ffiq_rrrg—%qlaped

substrate 1 he  sem conductor device 1.

Then, 10 c%}d(;ff‘dso "@@gH%EQ%%PﬁfgL%ngéeﬁoﬁg% ng_grsf’@%'ﬁ,t 10508300 pig.

t hrough t er bunps rel na e operations

and ef fecis, @bchhbe eshadi ment Wkl o beydesgdbednitahAubkbs device 3 may
enbodi ment, the thermally deconposabl e standi ng portions 13 are

forned omd he sshstindkachlofafbet RE168CAPS UL @th NghdRteid Aok d Halls 33
applied such that it covers around the standing portions 13 while
exposi ng coneoritritan cafnteadh wiftH hées tcamdiueg iper mzars-iE3 fisam t he
surface of the encapsulating material 14. Then, 20 the standing
portions 13Adtemizarivalllyy déeorposedalpoheat usgd thewrehpd anmwhgchhe
hol es 141 through the encapsul ating material 14. On this
account, fiHa-ahgired ceindatsite. vee madendadt éis, dovimsel brecdmebeusiitegiened the
wi t hout etching the surface of the substrate 11 by a 25 | aser beam
[0104] | RoA&EH Liténand hailgsdasoaf et casicitigiramagepérti bhsf ilbleg @ith
10 a conductive paste such as a solder paste or a copper paste.
The conductive material 15 comes into direct contact with the
conductive circuit layer of the substrate 11.
In the case in which the film-shaped conductive material 15 is
formed, it may have a base layer, an intermediate layer and a
16 surface layer. In this case, for example, there may be used a method
in which Ti, Cr and Cu layers are formed on the inner surface of
the holes 141 by sputtering to form a base layer, after which a
Cu layer is formed on the base layer by plating to form an
intermediate layer, and then an Ni/Au layer is formed on the
20 intermediate layer by plating to form a surface layer.
By the above-described processes, the semiconductor device 1 can
be obtained.
Thereafter, as shown in Fig. 6A, another semiconductor device
3 is mounted on the semiconductor device 1. The other semiconductor
26 device 3 comprises a substrate 31 and a semiconductor chip 32

mounted on the substrate 31. The backside of the semiconductor

device 3 is provided with solder balls 33 serving as metal



46 made of a thernmally deconposabl e conposition and have a therna
deconposition tenperature (i.e., 50% wei ght |oss tenperature) of 400
C or below, and thus they are easily thgemally deconposed. This can
prevent the standing portions 13 fromrenaining in the 5 holes 141.
Thus, the highly reliable sem conductor device can be obtai ned.

Parti cul ar] carbon e based resin is used . as the t.her mal
decorrposaeo]t%dtr’g%cs%s’oﬁntdh e st an e8P Lbrrs doBaentbgron the
constltut ar s_13, whereby t 0_stan

portions can 1ﬁﬂgrnaﬁ1 39c3h58§8daa?a?%¥at?9e the CH&%& balls 33

tenmper at Y £s. 1[1‘1(%%0%]3111:&1(:1:' J.‘gﬁidll,}tié %ncﬁl@%el gﬁrfg-l q.r t1|50n dl;l‘gn A€ stack

formed by a di spense netho wher eby t e stan

por ti ons A, Gan ey L ensirasandhdde deighi &f 1 @%ﬁt@{wlé&l@yﬁd%r

13 fromthe surface of the substrate 11 can be greater than the

t hi ckpessicafiddhe senhegnddct@enh et kthe HlsictaBa@NSURS éiqéltf&i@j to the
hol es 141 are fornmed through the encapsulating material 14. [0106]

20Fur t herqmtdactinvd as eariadilBent Ast Heremehps W addnng-dradiert @t pb4:14as;e is
i njected between the solder bunps 12 forned between the substrate 11
and t he sdfieciorrdlict or chip 10. This elimnates the need to fill an
underfill between the bunps 12 and can sinplify the process for

manuf act ur i Fgerhe asembovmddet ¢l gdeiBce sp1dR3] PLOT 16 ptrei Sorpebeon the
understood that the scope of the present invention is not limted to

t he abov&agesddeped eRpciindntateadd c47the semiconductor device 1. Then,

10 the semiconductor package is mounted on a mounting board through

the solder bumps 16.

[C103]

Hereinafter, the operations and effects of this embodiment will
be described.

15 In this embodiment, the thermally decomposable standing
portions 13 are formed on the substrate 11, and the encapsulating
material 14 is applied such that it covers around the standing
portions 13 while exposing a portion of each of the standing
pertions 13 from the surface of the encapsulating material 14. Then,

20 the standing portions 13 are thermally decomposed by heating,
thereby forming the holes 141 through the encapsulating materizl
14.

On this account, the highly reliable semiconductor device 1 can
be obtained without etching the surface of the substrate 11 by a
25 laser beam.
[0104]

In addition, in this embodiment, the standing portions 13 are



nodi fications, inprovenments and the like within the range in which

the objects of the present invention can be achieved fall within the

scope of the present invention. For exanpple, in the above-described

enbodi ment, the 5 sem conductor chip 10 I's electrically connected to

the substrate 11 through the sol der bunps 12, but the scope of the
t.o and the senicon

dth
?Beiﬁgtaﬁ@'%fn“%aect %”%%W AT e TR AP T it rttPermal
Wi res qﬁ §¥Eldﬁ1té%3 qye d%sqr[begoenbggﬁ ni S%J%%wﬁﬁf%ﬁﬂ;e

encapsulé% i g GEE conpo oS fiFred ga

sol der Jt% Jrorﬂa%hpetm?ceﬁdﬁe téfé(;@t Cac_’credl'écatsﬁrl\kﬁ rl:.'(_]%laiq/d cteh:%mposed.

substrate 11, is not l1m

under fil l72ls mih gl.s0,d fidd e&dﬂt}ﬁg{]%r&%&eﬁvﬁ%&heﬁe%%h%rBé)lifﬁpsche

12 fornmed between the sem conduct or 10 and the substrate 1

Then, sa sgym<gonduct Othﬂépk@g@ Ht?hl@e r@a&%@et YeREcbAdhiBeosaNBY BENGIN be
as the first enbodi nent. MPLES [ 0108 Hereinafter, the

exanpl es it dibedor esent |nvent|on wil | be 20 descri bed. Exanple 1
According to the sane nethod as the above-descri bed enbodi nent,

st andi ng porfeiransuwlerrd yf, o e d cartboneltes baskel fresied itshnekgh aan the
encapsul ating material. Specifically, Exanple 1 was carried out 25 in
the fol | Gieraddimeecoagpseldsi seefinlod- pot yihetnd Bhe deordmpraaple resin
resin> To a three-neck flask equipped with a stirrer, a raw materi al

48 composition constituting the standing portlons 13, whereby the

10 standing portions 13 can be thermally decomposed at relatively low

temperatures.

[0105]

In addition, the standing portions 13 are formed by a dispense
method, whereby the height of the standing portions 13 can be

15 ensured and the height of the standing portions 13 from the surface
of the substrate 11 can be greater than the thickness of the
semiconductor chip 10. This can ensure that the holes 141 are
formed through the encapsulating material 14.

[0106]

20 Furthermore, in this embodiment, the encapsulating material 14
is injected between the solder bumps 12 formed between the
substrate 11 and the semiconductor chip 10. This eliminates the
need to fill an underfill between the bumps 12 and can simplify
the process for manufacturing the semiconductor device 1.

25 [0107]

It is to be understood that the scope of the present invention

is not limited to the above-described embodiment, and



inlet and a nitrogen gas inlet, 1,4-butanediol (168 g, 1.864 nol) and
di et hyl carbonate (264.2 g, 2.236 nol) were added and the m xture was
di ssol ved by heating to a tenperature of,;90 to 100 Cin a nitrogen
at nrosphere. Then, a 20% sodi um et hoxi de et hanol 5 solution (80 m,
0.186 nmol) was added thereto, and the m xture was stirred at 90 to

100 C i Py . h f 1 h . Then, A | . ,
100 C 0 Gy ALoRe AL eSSl e oL T N0 Tl LRIt o o unon
ti i 90 .t 0 i 120 f T, . t.he .
SLITT NG gl 9040000, Cibar cTH! aniAL 10-G 0L Joholeq TER, 10,

for 1 ho rs / The reaction product
Lghéiﬁiggﬁiﬁﬁiéﬁgiyré%éH%{fhv%ﬁeg

obt ai ned as ove was dissolv I'n tetrahydrofuran (2 L)

and filteredd0 &.emme t he eafalitvdeal duspehempddignddd,t e was
added to a solution (26 L) of 15 distilled water/nethanol = 1/9, and

the ppeciginiaicehdas 30ldragt ed apdesubtirebentycyasbetedMtd s Pubdtihte
(10 L) of distilled water/nmethanol = 1/9, thereby obtaining 125 g

(48% yi elid) wfrduglr pdley budld reneingar honateit e synidesifzathe present

1, 4- pol ybut hyl ene carbonate had a wei ght-average nol ecul ar wei ght of

35, 000 asir2@GmEasuiedndy IGRG ted tTheelodapdl ttritskylievaduartanahept husmay
obt ai ned had a 50% wei ght | oss tenperature of 311 C. In addition, the

di f f er encd Ssebreeheche19834d Vet gmnetosd teiher atbhrbrand bloviwiglah Woges.
tenperature of the obtained 1, 4-polybuthylene carbonate was 34 C.

Fur t her nor e 123 0cHé 168y ailme dhe, ADsoleysiataided cabwsiacathadhg 5%

wei g % | oss tenperature of 277 C. As, used herein, the ternms "50%
| 68 G EESIOGEIPRPAY WP YHS FosSePehiple? A5 8P RfREWS3R the

wei g
i ght | " . di
woi Oht | GRI6ET0PUBR, Ld5F0 ARAC50S P ERRokLrVEr DL S bRl iy O and the

t her nogr asgbrg%graxee( -[19) / Bhgf %e@{ %iﬁa@%mheﬁgﬁé&g ig(()l%(é\)f[a llt‘]e%:rge’/t r?-el(-Aan

T
anal ysi s can be perférne precisely weighing a gy

Lgie:]mi' I i decanmasahl e %Jl%oc%@%ﬁﬁtedarlﬁiﬁ}:%ertfh%r ?‘a%g pEE LA anal ¥3hSier
g a TG DTA system (manufactured by Sei ko Instrunments Inc.) in a
ni trogen Rpes pherErmld Bchgabhnghd alti®onuetrchip 10 and the substrate
15 11. Then, a semiconductor package may be manufactured in the same
manner as the first embodiment.
EXAMPLES
[0108]
Hereinafter, the examples of the present invention will be
20 described.
Example 1
According to the same method as the above-described embodiment,
standing portions were formed and holes were formed through an
encapsulating material. Specifically, Example 1 was carried out
25 in the following manner.

<Synthesis of 1,4-polybuthylene carbonate resin>

To a three-neck flask equipped with a stirrer, a raw material



[0110] 10<Preparation of thermally deconposable resin conposition>
100 g of 1, 4-pol ybut hyl ene carbonate obtai ned as descri bed above, 5 g
of Rhodorsil Photoinitiator 2074 (FABA) ,gmanufactured by Rhodia
Japan, Ltd.) as a photoacid initiator, and 1.5 g of

1- chl or o- 4- propoxyt hi oxant hone (Speedcure CPTX (product nane) 15

i al | bl e, from Lanbso |
3?225[32319% 55 niFféﬁ?&ﬁ% B ssenty 1 Errdey e pdprng: ot "E6F mol)

th [ bI | n r concent

of 400% ZFN '@8??1 ST TR 480 SN SR ORI o
deconpos i i ni.ha r i ratj %

nas HPspZﬁls%afﬁi %Bﬁ?@%&%&‘é’%@ ey e t%s‘f*@%?%tu%ﬁ QEV‘?‘% 00 *C

on an FR#, stbstd@lfed 3xMBaniner) ha ng gajd &%{s&%r@tesmﬁ; fdwretlhoaéml

corners of the surfiace. Then, the resin corrp05|t| on was dried at

C for 530 g8 Iittiasm t(® 0251 eVePDE @t 13nisel gddéheiteye fOr Bt Bbaftk figre was
portions, each having 600 pm square and a thickness of 300 pm [0111]
50 <Appl istattmd aft eacapdwlcal Cnon manetirelgzn atmddeher@nf@ndapsukat imgn,
resin conposition was conpression-nolded on the entire surface of the
FR- 4 substhraatietarna 1t prpesater ef of hd 2% a(Ctamd wa spreslsoed bo%adat i 30 kPa,
such a nmanner that a portion of 5 each of the standing portions was
exposed, g bt starmgng sanpPete okO@vdl fari dnheonpandi ag B0 for
pm -thick encapsulatlng material covering around the standin

portions.l NoUss tHdredn aﬁ?semrmqffg%tsm lorEWs?%ﬂr(r@aﬂn@m%m@edeum

S TOVG BAKELITE 00 D). vps used 10Weanunij e D per, s ace
[0102]

The reaction product obtained as described above was dissolved
in tetrahydrofuran (2 L) and filtered to remove the catalyst
residue. Then, the filtrate was added tc a solution {20 L) of

15 distilled water/methanol = 1/9, and the precipitate was collected
and sufficiently washed with a soclution (10 L) of distilled
water/methanol = 1/9, thereby obtaining 125 g (48% yield) of
1l,4-polybuthylene carbonate. The synthesized 1,4-polybuthylene
carbonate had a weight-average molecular weight of 35,000 as

20 measured by GPC.

The 1,4-poclybuthylene carbonate thus obtained had a 50% weight
loss temperature of 311 °C. In addition, the difference between
the 95% weight loss temperature and 5% weight loss temperature of
the obtained 1, 4-polybuthylene carbonate was 34 °C. Furthermore,

25 the obtained 1,4-polybuthylene carbonate had a 5% weight loss
temperature of 277 °C.

As used herein, the terms “50% weight loss temperature”, “95%



exposed fromthe encapsulating material. [0112] <Curing of
encapsul ating material and renoval of standing portions (formation of
hol es)> 15Then, the sanple for evaluatigg was placed in an oven, and
the encapsulating material was thermally cured at 175 C for 8 hours
while the thermally deconposabl e resin conposition was thernmally

deconposed tg | eave holes. The holes.@f the resulting sanple were

obser ved W19 125 5P GPESEROPLE T oddobe Thba s RepBERPr irfrgtean the
resi due I eco l.e resin.c QSiti 1S o o
obser vedo%enﬁ}{%?re&@%%%céeyro% Jﬁgo tpoad‘gesjf&tghrtrrgL osflést hogﬁns‘r’\tﬁ’g t ;‘925%06 and >%,
surface ; l., s : o) i .
mat eri al %m%séépﬁa%% 3{'n%iﬁoﬂrséc{r%ﬁg%ﬁgéoz%raﬁltmer en@}?gl/&g; t Lr\eé%tlal
st andi ng PRLEHONSnd1RAsebY palhai nirRg 2cBefhcongdust 08 deyie pd:¥k3led by
51 Exanple 2 <Preparation of thernally deconposable resin

conposi t igrse {he W wé- paliybuiibyhenes sarbpnaietabirabned ddcdnssddleld resin

was di ssolved in 150 g of anisole (solvent) to prepare a thermally 5 .
deconpos afumgaresitn aratpesd fid ren aViiQYPTR res Iy cienegiticatd @t /afT248%stem
(manufactured by Seiko Instruments Inc.) in a nitrogen atmosphere
at a heating rate of 5 °C/min.
[C110]
10 <Preparation of thermally decomposable resin composition>
100 gof 1, 4-polybuthylene carbenate obtained as described above,
5 g of Rhodorsil Photoinitiator 2074 (FABA) (manufactured by Rhodia
Japan, Ltd.) as a photoacid initiator, and 1.5 g of
l-chloro-4-propoxythioxanthone (Speedcure CPTX (product name)
15 commercially available from Lambson, Ltd., GB) as a sensitizer were
disscolved in 159.8 g of anisole (solvent), thereby preparing a
thermally decomposable resin compositibn having a resin
concentration of 40%.
<Formation of standing portions>
20 The prepared thermally decomposable resin compesition having a
resin concentration of 40% was dispensed by a dispenser
(manufactured by Asymtek; Model DV-01) on an FR-4 substrate (35
mm corner) having gold pads at the four corners of the surface.
Then, the resin composition was dried at 100 °C for 30 minutes to
25 evaporate anisole, thereby forming standing portions, each having

600 pm square and a thickness of 300 pum.

[0111]



<Formation of standing portions, application of encapsul ating
material and curing of encapsul ating material > The formati on of
standi ng portions, the application of ag,10 encapsul ating nateri al
and the curing of the encapsulating naterial were carried out in the
same manner as described in Exanple 1. <Renoval of standing portions

(formation of, hal.es)> Then, a sanpl-e.f.or eval uati.qn was thermally
treated at 3%%%?? o n%nﬁﬁtpgllmﬁng ﬂ?%etrﬁ‘eaﬁ%al | y deconposabl e
resin conposition i i t i tj 0 el |
deconposed tslg1 _néaeg%g%égsﬁlar{%ﬁlgfgg%ﬁ&%n ssgL(r)rcrpﬁden_ %%%&eﬁ%&r&w\iﬂ t c)laded
Ster eoscop G HE ISGAPE, AL A 2 tiRSWHL4 e J18511due 0fy theperature of

thermal |y deconposabl e resin 20 conposition was not observe?l on the

surface of24 e geld apadeskareed onmbhei substh at enswid Acenh ANt the-wadd of
surface of the holes. Then, a conductive material was placed in the

hol es5rengidi R afHeers venval wfrtike s tandigigpeed, aterdie®tining a
obt ai ni ng a sem conduct or device. 25[0114] In the above exanpl es,
1, 4- pol ymsnipilee rfe rec ardadneatte. oma s angad sdsid ke 30tenwalHth idéc empesahlleating
resin conponent of the standing 52
material covering arcund the standing portions.
As the encapsulating material, EME-7351 (manufac;ured by
SUMITOMO BAKELITE CO., LTD.) was used.
10 Meanwhile, the upper surface of the standing portions was
exposed from the encapsulating material.
[0112]
<Curing of encapsulating material and removal of standing
portions (formation of holes)>
15 Then, the sample for evaluation was placed in an oven, and the
encapsulating material was thermally cured at 175 °C for 8 hours
while the thermally decomposable resin composition was thermally
decomposed to leave holes.
The holes of the resulting sample were observed with a
20 stereoscopic microscope, and as a result, the residue of the
thermally decomposable resin composition was not observed on the
surface of the gold pads formed on the substrate surface and the
wall surface of the holes.
Then, a conductive material was placed in the holes remaining
26 after removal of the standing portions, thereby obtaining a

semiconductor device.

[0113]



portions.

It is to be understood that, even if pol ypropyl ene

carbonate or the like is used as the thermally deconposable resin
conponent, it can be thernally deconposgable at 250 C within 1 hour
and a sem conductor device can be obtained in the same manner as 5
described in Exanple 1. [0115] This application clains priority based
on Japanese agﬁg%ﬁgpplication No. 2009-270110 filed on Novenber 27,

2009, the di

its 10 enti r<eEIrye;Pear5a3ci%TfA‘.lo'\§ tlﬁer‘%‘Iaer

el ectroni

of which is incorporated herein by reference in

od for factur.ing an ey
AN AR A M S & ibasicion>

c devi conprisi ng:

substrate; %fhg gﬂd{h%ﬁflg}bg!o R 1 Q05,02 %%rt%q(}l%cpfi&t rt%(aﬁoﬁ}ri%t hat&s

on whi ch

t he onent 1s placed, the stan tion

Ing p

conpri si ng & diRRIATBl] Y Hecprrosabl & 11eSidhivent )RR WA a thermally
encapsul ating material so as to encapsul ate the el ectronic conmponent

and ceverdeydnpukddie: steidi QQDr@b’sﬁiﬂmﬁq Waiieigl & @0 RO rRPREARNO £

each of the standing portions

romthe surface of the encapsul ating

materi al ;40%. heating the standing portions to deconpose and renove
the standing portions, thereby form ng holes through the
encapsul at i rgomatagriical pfantdat8phgcpogt dowendugd i e matrerdfalencapshid ating

hol es

10

15

20

25

material and curing of encapsulating material> ‘

The formation of standing portions, the application of an
encapsulating material and the curing of the encapsulating
material were carried out in the same manner as described in Example
1.

<Removal of standing portions (formation of holes)>

Then, a sample for evaluation was thermally treated at 320 °C
for 30 minutes while the thermally decomposable resin composition
constituting the standing portions were thermally decomposed to
leave holes.

The resulting sample was observed with a stereoscopic microscope,
and as a result, the residue of the thermally decomposabie resin
composition was not observed on the surface of the gold pads formed
on the substrate surface and the wall surface of the holes.

Then, a conductive material was placed in the holes remaining
after removal of the standing portions, thereby obtaining a
semiconductor device.

[(0114]

In the above examples, 1,4-polybuthyliene carbonate was used as

the thermally decomposable resin component of the standing



2. The nmethod according to claim 1, wherein the electronic conponent
is a sem conductor chip and the substrate is a sem conductor chip
mounting substrate. 20 3. The nethod ageording to claim1 or 2,
wherein a circuit is forned on the surface of the substrate on which
the el ectronic conponent is placed, and the standing portions are

f d the ci it i.n the, st f_f | t.he standi t
the'sur {456 O e 35 sUbstt 4o DI It HEE1 ect FOnI - SompGIaRy 10

I d. ' t | 9 :
2 Chor i 13 U8LONDOSabl § Fosrr Sl 6LL o3 FFant (KB g} op Conreting: ari”
pol yoar bonglfeRased : kesd i Phyanah 2, RasGhd ST ROLYFHEL1RAIRA hour

resin, polyam de-based resin, polyi ased 5 resin,

pol yet hersiased e TidhduR@loyubeiiase-hasgd £885kMmed@Nfh the same manner as
(met h) acryl at e- based resin. 5. The met hod according to any one of
clains 1desdibsieriel Eddagplsd andi ng portions conprise

pol ycar bonat e-based resin as their main 10 conponent. 6. The nethod
according tgddylone of claims 1 to 5, wherein a resin constituting
the standing portions is dispensed on the substrate by a di spenser,

t her eby t he Tdtizndipmd iperttiicons lisg fsomedr ity tlas ets ost grehefser pangnt
the standing portions on the surface of the substrate on which the

el ect ronia@Pgd{ﬁ?(ﬁém Nog p08¢ed. 701107 fitiesl psn Moy sadear dilng 2408 %any:hene
of claims.1 to 6, wherein the encapsul ating material is applied
so as t o LAEPTHE &t e uriSad@ rrroratee deFsiraty ineierenstefoflts
appl ﬁbng t he encapsul ating material. 8. The nethod according to
clai nY1, Shitér'&™ the thermal |y deconposabl e resin has a 50% wei ght

| oss tenperature of 400 C or 25 | ower.



55 deconposabl e resin has a 5% wei ght | oss tenperature of 50 C or

hi gher. 10. The method according to claim1, wherein the
thermally 5 deconposable resin has a di fsherence between 95% wei ght

| oss tenperature and 5% wei ght | oss tenperature of equal to or nore
than 1 C and equal to or less than 300 C 11. An electronic
devi ce ured according to the nethod as 10 set forth in any
one in clains to 10. 12. A nethod for manufacturing an el ectronic
devi ce package conprising an el ectronic device, manufactured
according to the nethod as set forth in any one of clains 1 to 10,

and an addi td ghalhdp ﬁﬁ%dﬁﬁ&tﬂ?ﬂ’irﬁf &t acked: Mt td@vir@é‘],ufcﬁﬁﬁ[ﬁyiesq_ng:

el ectronic device, the nethod conprising: nounting the additional

el ectroni c daddigiPmar e &l eddianiongdar Jmrufagdnedaccording to
the nethod as set forth in any one of clains 1 to 10, in such a

mannes that feonduetiavaimgt@siad ond ohhe S2AQ fsrubacing edbelteet-eosh Ghich
devi ce cones into contact with an electrode formed on the additional

el ect r onithaelisss; rdmier elompebteaihiing @l sstealbk tdenEosediiofy tdeertion
manuf act ured el ectroni c device and the additional el ectronic device;

and dregtimginche sthesknald yooled antee sedniductasian/mat eri al to the

el ectrode 25 of the additional electronic device. 56 nethod as set
forth in cl @mplying an encapsulating material so as to encapsulate the

electronic component and cover around the standing portions while
10 exposing a portion of each of the standing portions from the surface
of the encapsulating material;
heating the standing portions to decompose and remcve the
standing portions, thereby forming holes through the encapsulating
material; and

15 placing a conductive material in the holes.

2. The method according to claim 1, wherein the electronic
component is a semiconductor chip and the substrate is a
semiconductor chip mounting substrate.

20
3. The method according to ¢laim 1 or 2, wherein a circuit is formed
on the surface of the substrate on which the electronic component
is placed, and the standing portions are formed on the circuit in
the step of forming the standing portions on the surface of the

25 substrate on which the electronic component is placed.

4. The method according to any one of claims 1 to 3, wherein the
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standing portions comprises a total of 50 wt% or more of a thermally
decomposable resin selected from the group consisting of
pelycarbonate-based resin, peolyacetal-based resin,
polyester-based resin, polyamide-based resin, polyimide-based
resin, polyether-based resin, polyurethane-based resin, and

(meth)acrylate-based resin.

5. The method according to any one of claims 1 to 4, wherein the
standing portions comprise polycarbonate-based resin as their main

component.

6. The method according to any one of claims 1 to 5, wherein a resin
constituting the standing porticns is dispensed on the substrate
by a dispenser, thereby the standing portions is formed, in the
step of forming the standing portions on the surface of the

substrate on which the electronic component is placed.

7. The method according to any one of claims 1 to 6, wherein the
encapsulating material is applied so as to cover the entire surface
of the substrate in the step of applying the encapsulating

material.

8. The method according to claim 1, wherein the thermally
decomposable resin has a 50% weight loss temperature of 400 °C or

lower.

9. The method according to claim 1, wherein the thermally
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decomposable resin has a 5% weight loss temperature of 50 °C or

higher.

10. The method according to claim 1, wherein the thermally
decomposable resin has a difference between 95% weight loss
temperature and 5% weight loss temperature of equal to or more than

1 °C and equal to or less than 300 °C.

11. An electronic device manufactured according to the method as

set forth in any one in claims 1 to 10.

12. A method for manufacturing an electronic device package
comprising an electronic device, manufactured according to the
method as set forth in any one of claims 1 to 10, and an additional
electronic device stacked with the manufactured electronic device,
the method comprising:

mounting the additional electronic device on the electronic device,
manufactured according to the method as set forth in any one of
claims 1 to 10, in such a manner that a conductive material in the
manufactured electronic device comes into contact with an
electrode formed on the additional electronic device, thereby
obtaining a stack composed of the manufactured electronic device
and the additional electronic device; and

heating the stack to bond the conductive material tc the electrode

of the additional electronic device.

13. An electronic device package manufactured according to the



56

method as set forth in claim 12.



