INSULATING PASTE, ELECTRONIC DEVICE AND METHOD FOR FORMING INSULATOR
TECHNICAL FIELD The present invention relates to an insulating paste, an electronic device and
a method for forming an insulator. BACKGROUND OF THE INVENTION Recently, there is an
increasing need to form a minute insulating region in various types of electronic devices. In a TSV
(through-silicon-via) 10 technology, for example, a through-electrode has to be electrically insulated
from a silicon substrate. As means for electrical insulation, Japanese Unexamined Patent Application
Publication No. 2008-25186# disqiqsePadqannpiogy-afHerNitg B ring-ghapgd isolation groove passing
through a silicon substrate in such a manner as to surround a through-electrode, 15 forming a silicon
film directly on the bottom ani¥ifié BiddviAlis df tHeNsONG diNGDdv&T (&N forming an insulating film on
the silicon film in such a manner as to fill up a gap left in the isolation groove, and thermally oxidizing
each surface of the silicon film in contact with the inner or outer side wall of the isolation groove into a

thermal silii;% de-film. gyever, it is difficult to form a sufficiently thick insulating film, so that a
metallic cmﬁmm%h-electrode, e.g., Cu may be spread into the silicon oxide film and
then igto the silicogubsteaienimpaliingoine-elecdtical ingulationa @Rtheetbenhant Japaese

Unexamined Patent Application 25 Publication No: 2004-31923 discloses the details of how an
isolation trdnefremove shotithdddnimedifig aMi@8itednsistor or a bipolar transistor. Its disclosure is

generally g3 (IPN%O0UND OF THE INVENTION

Recently, there is an increasing need to form a minute insulating
region in various types of electronic devices. In a TSV (through-silicon-via)

10 technology, for example, a through-electrode has to be electrically insulated
from a silicon substrate. As means for electrical insulation, Japanese
Unexamined Patent Application Publication No. 2008-251964 discloses a
technology of forming a ring-shaped isolation groove passing through a
silicon substrate in such a manner as to surround a through-electrode,

15 forming a silicon film directly on the bottom and the side walls of the
isolation groove, then forming an insulating film on the silicon film in such a
manner as to fill up a gap left in the isolation groove, and thermally oxidizing
each surface of the silicon film in contact with the inner or outer side wall of
the isolation groove into a thermal silicon oxide film.

20 However, it is difficult to form a sufficiently thick insulating film, so
that a metallic component of the through-electrode, e.g., Cu may be spread
into the silicon oxide film and then into the silicon substrate, impairing the
electrical insulation.

On the other hand, Japanese Unexamined Patent Application

25  Publication No. 2004-31923 discloses the details of how an isolation trench
groove should be formed for a MOS transistor or a bipolar transistor. Its

disclosure is generally as follows.



(a) A suspension in which insulating particles such as silica particles are dispersed in a dispersion
medium such as an organic solvent is applied to a trench-having surface of a silicon substrate by spin
coating, and then, the dispersion medium is removed from the applied film to fill the trench with 5 the
insulating particles. The insulating particles are bonded neither to each other nor to the side walls and
the bottom of the trench. Then, therefore, the upper side of the trench is closed by a reflowable
dielectric layer, preventing the insulating particles from escaping from the trench. (b) Also disclosed is

a pa“icu'a@)i”S“'%i@Qéﬁ()é%’lrs1'8IYYIHCQ}?iféﬁﬁ%ﬂé’dﬂé%%@@&l%%@ﬁ@? & %ﬂﬂ%ﬁ?%ﬂ%ﬂ&ﬁ%@ in the same

manner as in the above’(a), the insulating particles are bonded to each other through an insulating

binder to faapametiverksinsgieis oh the disuatinghpagticles andhiltesisisulating Hindeid Koascribes that
an inorganic or organic SOG obtained by dissolving a silanol in an organic solvent can be used as a
material foftgreeRshinsIati Ay BRTeer Astldiosiocsdpis thathD Mrandedebond st BreBi &lgm in the

silanol used. for the inorganic or.organic SOG can be partially replaced with -H, that -CH3.in the silanol
et or B BIGETSR 8 FEgME T bEs BRSBTS E ol o e B i and -0
bondegl to g Shataatindhe:siianol upsd iakingQrApIcBQ&G caR b RasiplkieRlacsd wilh 20 alkyl
groups such as -CH3 and -C2H5, and so on. (c) Afirst particulate insulating layer containing no binder
and a secant qanicuatehin sidating 1ky en dahtaibingombif dae die comtEhed jitocaefinsuldiing layer. The
top of the first particulate insulatiraslayer containing no binder is covered with the second particulate

insulating BRBFE&HSIATNe SRR tatiegasider TR v shitctistesHa aNRT I BFEY % an

insulating lgyer nchides fist and segand Insulatingpaigies diat are homogeneously mixed together

(b) Also disclosed is a particulate insulating layer in which after the
10 insulating particles are filled in the trench in the same manner as in the
above (a), the insulating particles are bonded to each other through an
insulating binder to form a network structure of the insulating particles and
the insulating binder. It describes that an inorganic or organic SOG obtained
by dissolving a silanol in an organic solvent can be used as a material for the
15  insulating binder. Also disclosed is that -OH and -O- bonded to an Si atom in
the silanol used for the inorganic or organic SOG can be partially replaced
with -H, that -CHs in the silanol used for the organic SOG can be replaced
with other alkyl groups such as -CoHs, that -OH and -O- bonded to an Si
atom in the silanol used for the organic SOG can be partially replaced with
20  alkyl groups such as -CHj and -CeHs, and so on.
(c) A first particulate insulating layer containing no binder and a second
particulate insulating layer containing a binder are combined into an
insulating layer. The top of the first particulate insulating layer containing
no binder is covered with the second particulate insulating layer containing
25 an insulating binder.
(d) A particulate insulating layer forming an insulating layer includes

first and second insulating particies that are homogeneously mixed together

o



and an insulating binder for cross-linking them. In Japanese Unexamined Patent Application
Publication No. 2004-31923, however, since the insulating particles such as silica particles are bonded
neither to each other nor to the side walls and the bottom of the 5 trench, it is required to employ the
technique of closing the upper side of the trench with a reflowable dielectric layer (see the above (a))
or the technique of bonding the insulating particles through a binder (see the above (b) to (d)),
complicating the insulating structure and the manufacturing process. In the case of the above

technique (a); MORERVELILIS KRRASSRIR IR 10 farm,ab fnsiating layer having a high adhesion strength

to the silicon substrate. In the case of the technique (b), since the particulate insulating layer has a
network structure tampegecdeithd insslatingqhriias @nd Ainsutating BuddecathenadNesion strength
of the insulating layer to the silicon substrate is not sufficient, either. When using a binder such as an
organic 1528063 b32he BthErRaNENGR dd thinpRliERghayeictehnish aiboHeR Ratsialiterently

desirable as an, insplting Javer hat reaulies ijgh insulatendesisianceq In e eehnigyes c) and (&),
since the fitst and second insula ing particles are employed, the problem still remains regarding the

adhesion strengih i 2QFutheraore, sheihihenbindarioghopding dheinaulaine particles tReether is
filled and hardened after the insulating particles are put in the trench, the whole body may shrink to
leave a gafrbetiveeitlhe tedidatiigdayel et the sebsteatd v edwhile, Dapdhese thmegamined Patent
Application Publication 25 No. 2010-132511 discloses a technology in whicha S AGl(J TAL-B4373
(heatless GE8SNEARS TRRIATHARES RioFHAHE E%’Hiﬁg %}'egs%‘? éﬂ%ﬁ Eorrsioe\dre dispersed

and filled I%o%%&?&%?@ﬂ@t%@%tqﬁ%{v&%ﬁ&ure and the manufacturing process.

In the case of the above technique (a), moreover, it is impossible to

10 form an insulating layer having a high adhesion strength to the silicon
substrate. In the case of the technique (b), since the particulate insulating
layer has a network structure composed of the insulating particles and the
insulating binder, the adhesion strength of the insulafing layer to the silicon
substrate i1s not sufficient, either. When using a binder such as an organic

15  SOG, on the other hand, since the insulating layer contains carbon, if is not
inherently desirable as an insulating layer that requires high insulation
resistance. In the techniques (¢} and (d), since the first and second insulating
particles are employed, the problem still remains regarding the adhesion
strength. _

20 Furthermore, when the binder for bonding the insulating particles
together is filled and hardened after the insulating particles are put in the
trench, the whole body may shrink to leave a gap between the insulating
layer and the substrate.

Meanwhile, Japanese Unexamined Patent Application Publication

25  No. 2010-132511 discloses a technology in which a SIRAGUSITAL-B4373
(heatless glass) silica liquid in which inorganic compound particles of a

submicron size are dispersed and filled is coated on an interface between a



glass and a glass or a metal or between a metal and a metal or a ceramic and a vitrified networking
reaction is allowed to proceed to complete vitrification hardening. Also in this technology,
however, when the insulating particles are 5 hardened in a minute space, the whole body may shrink
to leave a gap between the insulating layer and the substrate. SUMMARY OF THE INVENTION 1.
Insulating Paste 10An insulating paste according to the present invention comprises insulating
particles, Si particles and an organic Si compound. The organic Si compound reacts with the Si
particles to joim g,31:0dhend Jiling.up.ihs,spase:atound 118 1a3Haling. AArlelas.. [ lnsylging paste
according t the preserit invention can be prepared by dispersing the insulating particles, the 15 Si
particles apd:Ahe; BEdaniew damPeuRctin:g Rrapendignersienseadivr hbiteriiditeating particles”
is interchangeable with the term "dielectric particles” in the sense that they can have a certain relative
permittivityh2rddaihgd for Forming Insulator In a method for forming an insulator according to the

present 20 invention, the insulator should be formed in a minute space. The term "minute space" as
used herein refe'r's‘ﬁt{g)sﬁ §ﬁ1§7?]§p5%‘§11‘% %@Ew@SW%M%fa a&@éﬁ?h?ef&ﬁéﬁé‘% %’I@%ﬁ%ﬁ‘o@(ﬁ’e formed in
a single member, (Yt Mathaddnag st methas he inaylaions famed in the.minytespace with 25

the insulating paste according to the present invention. In the first method, at first, an insulating paste
containinghaswesinglpattields t5ipbatiele s ad dian argesict& compound is poured into the minute
space.

SUMMARY OF THE INVENTION

1. Insulating Paste
10 An insulating paste according to the present invention comprises
insulating particles, Si particles and an organic Si compound. The organic Si
compound reacts with the Si particles to form a S1-O bond filling up the space
around the insulating particles. The insulating paste according to the
present invention can be prepared by dispersing the insulating particles, the
15  Siparticles and the organic Si compound in a proper dispersion medium. The
term “insulating particles” is interchangeable with the term “dielectric
particles” in the sense that they can have a certain relative permittivity.
2. Method for Forming Insulator
In a method for forming an insulator according to the present
20 invention, the insulator should be formed in a minute space. The term
“minute space” as used herein refers to a small space left between two
adjacent members or a hole or groove formed in a single member.
(1) First Method
In a first method, the insulator is formed in the minute space with
25  the insulating paste according to the present invention. In the first method,
at first, an insulating paste containing insulating particles, Si particles and

an organic Si compound is poured into the minute space.



Subsequently, the organic Si compound is reacted with the Si particles by heat treatment to form a

Si-0 bond network filling up the space around the insulating particles. By performing the above
process with the insulating paste according to the present invention, an insulator with excellent
physical and chemical strength can be formed in the minute space. Moreover, the Si-0 bond filling

up the space around metal oxide particles, more specifically, amorphous Si02 can be formed by
reacting the organic Si compound with the Si particles. That is, since the formation of the 10 oxide

from the Si particles increasesthe yolume, a highly reliable insulator can be formed in the minute
Space. which is re2 ISr SRS ot QLB B ALl 1 SABERd bE Morellhagthe volume

of the 5i02jn¢teaseHPhake 30 10-3n % MBrnihatelids.surasic/e sk Tis.comgspaNgsda.the

shrinkage ratio of the Si particles, preventing the formation of a void, a gap 15 or a crack due to the
shrinkage.aroufdithermeuda singe theiirselating paste according to the present invention contains the
insulating particles, the insulator can be provided with various electrical properties based on the

properties of the inSYIRGHE BR8P A AHOSe TonEH thERR B e as ke RrRpT RS
ferroelectrig Zt(%hm %rigl sy Qfggtboal{iuy titag@gt tlr“l%vl sulasor ﬁ:(lgntbﬁhprovi(#e v&itma Iargaq
) 0 eeﬁtsn 1%1 X Pm o ﬁw% Il n gswa pd.che

1
capacitance; w e Insulating pa?tlc €s comprise a 10 lelectric’ material, the msufgtor can be

provided Witheh ghhodcapagtanksl (B)Seacan Metbpdce. In a second method for forming the
insulator in the minute space, at 25first, a silicon oil is poured into the minute space and Si particles

are formed by heaMregtvent. thhehi4h beuthtfildipasiwcoheisingdnsutaing paetislesxidd an

particles, more specifically, amorphous Si0p can be formed by reacting the
organic 51 compound with the Si particles. That is, since the formation of the

10 oxide from the Si particles increases the volume, a highly reliable insulator
can be formed in the minute space, which is free from defects such as a gap, a
void or a crack. It should be noted that the volume of the Si0;: increases by
about 30 to 35% from that of the Si particles. This corresponds to the
shrinkage ratio of the Si particles, preventing the formation of a void, a gap

156  or a crack due to the shrinkage.

Furthermore, since the insulating paste according to the present
invention containg the insulating particles, the insulator can be provided
with various electrical properties based on‘the properties of the insulating
particles. For instance, when the insulating particles comprise a ferroelectric

20  material such as barium titanate, the insulator can be provided with a large
capacitance; when the insulating particles comprise a low dielectric material,
the insulator can be provided with a small capacitance.

(2) Second Method

In a second method for forming the insulator in the minute space, at

25  first, a silicon oil is poured into the minute space and Si particles are formed
by heat treatment.

Then, an insulating paste containing insulating particles and an



organic Si compound is poured into the minute space, and subsequently, the organic Si compound is
reacted with the Si particles by heat treatment to form a Si-O bond network filling up the space around
the insulating particles. The second method is different from the first method in that the silicon oil
in the minute space is subjected to heat treatment to form the Si particles. 3.Electronic Device An
electronic device according to the present invention can be formed 10 by the foregoing insulator
forming method with the foregoing insulating paste. For example, a small insulator may be formed for

aconductor i ctor erfill for fillin a minute pI ft betwe stacked
%b%? 88;%%% w2 ureg t(lé %g llngnl.{ge 8 ce %ﬁ uen %%

substrates m ormedina mut yered ectronic device. er O%jeCt COI’]S?%I‘UC?OI’]S and

advantagesrehihe [esenigiunyentiamuildeturhgred s&aﬂg@tmwme@ffe&’mi@ﬂh gnAttached
drawings. However, the attached drawings show only illustrative examples. BRIEF DESCRIPTION OF

THE DRAVNGS Si-O baigl Miste erbiwiildisehevpatiballypshowiagetnedcompositiodofag 20
insulating paste according to the present invention. Fig. 2 is a drawing showing a method for
forming an"ASU&OY in a minute space according to the present invention. Fig. 3 is a drawing

gl oot Uyl En ek /e g n ccordng o
insulator insHiminuwié spadeaedaicingiadhdpreddatindentinnat treatment to form the Si
particles.
3. Electronic Device
An electronic device according to the present invention can be formed
10 by the foregoing insulator forming method with the foregoing insulating
paste. For example, a small insulator may be formed for a conductor or a
semiconductor, or an underfill for filling up a minute gap left between
stacked substrates may be formed in a multilayered electronic device.
The other objects, constructions and advantages of the present

15 invention will be further detailed below with reference to the attached

drawings. However, the attached drawings show only illustrative examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing schematically showing the composition of an
20  insulating paste according to the present invention.
Fig. 2 is a drawing showing a method for forming an insulator in a
minute space according to the present invention.
Fig. 3 is a drawing schematically showing the structure of an
insulator that is formed with an insulating paste according to the present
25  invention.
Fig. 4 is a drawing showing another example of a method for forming

an insulator in a minute space according to the present invention.



Fig. 5 is a plan view showing a part of an electronic device according to the present invention. Fig. 6 is
a sectional view of the electronic device shown in Fig. 5. Fig. 7 is a plan view showing another
embodiment of an electronic 5 device according to the present invention. Fig. 8 is a sectional view of
the electronic device shown in Fig. 7. DESCRIPTION OF THE PREFERRED EMBODIMENTS 1.
Insulating Paste 10Referring to Fig. 1, an insulating paste 300 according to the present invention
contains insulating particles 311, Si particles 312 and a quuid organic Si compound 320. When reacted
with the Si partlclei:ﬂ?5 the orgdanlc Si C% oun%32a% or 1S a il t())%rlléj g@&;%d thel sulating
particles 311 (whic 'Borve asah a aggregate fhitks sgrvmg PII € space Hrodnd tsthe insulating
particles 3314 the pFdinsulating particles 311 and the Si partlcles 312 have a patrticle size of
nanometer order (equal to or less than 1 Ai m). Although the insulating particles 311 and the Si
particles 312 are dEpictédsas sxeitigrspharsabinthigelectirepindy Hiaves howy shapEiand. should not be
construed as 20 limjted to the spherical shape. Moreover, the insulating particles 311 and the Si

particles 312 are not¥eduifed & HRVEEY ﬁhBﬁﬂ%ﬁP&f&lgfie%ﬂpﬁﬁi&Wﬁ%eoéaﬂ% ESEFABRE sizes within
the nanomgier 1aN9e, 7N VIO IO Fming, insiasgr (1)First Method

Fig. 8 is a sectional view of the electronic device shown in Fig. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

1. Insulating Paste
10 Referring to Fig. 1, an insulating paste 300 according to the present
invention contains insulating particles 311, Si particles 312 and a liquid
organic Si compound 320. When reacted with the Si particles 312, the
organic Si compound 320 forms a Si-O bond around the insulating particles
311 (which serve as an aggregate), thus serving to fill up the space around
15 . the insulating particles 311.

The insulating particles 311 and the Si particles 312 have a particle
size of nanometer order {equal to or less than 1 z m). Although the
insulating particles 311 and the Si particles 312 are depicted as being
spherical in Fig. 1, they may have any shape and should not be construed as

20  limited to the spherical shape. Moreover, the insulating particles 311 and the
Si particles 312 are not required to have a uniform particle size but may
have various particle sizes within the nanometer range.

2. Method for Forming Insulator
(1 First Method

25 In a first method for forming an insulator in a minute space with the

insulating paste 300 according to the present invention, at first, members

111, 112 having a minute space 30 are prepared as shown in Fig. 2(A). The



25In a first method for forming an insulator in a minute space with the insulating paste 300 according
to the present invention, at first, members 111, 112 having a minute space 30 are prepared as shown
in Fig. 2(A). The members 111, 112 may be different members or may constitute a single member. It
is also preferable that at least the surfaces defining the minute space 30 possess electrical
conductivity. The minute space 30 may take various forms such as a vertical hole, a transverse hole, a
strip-shaped groove or a gap left between different members. Then, as shown in Fig. 2(B), the

nsulating pacle, 300 9w 19 Fig, 1 5 PARYLRIC IS MIte 3PRce. 30, A deseriped aipve, he

insulating paste contains the insulating par i par and th%lggg%nic Si

compound;32R:tis Bise Ressipleso-pRLY thadiawitbacganic SueompodrdAd.32thaltarthednsulating
particles 311 and the Si particles 312 are put in the minute space. Then, as shown in Fig. 2(C),

the organieBicodpopmse20 Maetattall withdthet Sipartidies 82 wosnmtie Fi-Obgnd akework filling
up the space around the insulating particles 3 Jégpreferably, the reaction between the 15 organic Si

compound“3ZHAG A particlas $17 EIBWES' S HoleEFuRtR: VilGud WHIR 58 ated, for
example, v%&t%qug Jem rft}é@ {ange. ﬁ?ﬁgré%ﬁﬁg&nﬂ_@és the insulator 3 can be formed as shown
. t '

in Fig.OZ(C rganic substances resulting from the reaction can be thermally decomposed and

discharged as a ga%:&0Thednsvlatos FhaastriciunesshevindipRigeBmovhick thinspaee around the
insulating particles 311 is completely filled up with the Si-0 bond network, more specifically,
amorphougssilivar¢8id2ie8oe minwerm prefefhbhs Hewtinbdd pbasemt: suehivbnmestlystances in

orocess U AHLFAELUIBEAGS T HMEREEHIROLIION ) e TSR ALSLAbbE A moreases
the densitysef H16 inskiatisgdayets MRYKG R adNRonR e SRMICERAUCSr SURFHRISd
10 320 after the insulating particles 311 and the Si particles 312 are put in the
minute space.

Then, as shown in Fig. 2(C), the organic Si compound 320 is reacted
with the Si particles 312 to form the Si-O bond network filling up the space
around the insulating particles 311. Preferably, the reaction between the

15  organic Sicompound 320 and the Si particles 312 is allowed to proceed under
vacuum while being heated, for example, within a temperature range of
130°C to 150°C. Thus, the insulator 3 can be formed as shown in Fig. 2(C).
Organic substances resulting from the reaction can be thermally decomposed
and discharged as a gas.

20 The insulator 3 has a structure shown in Fig. 3 in which the space
around the insulating particles 311 is completely filled up with the Si-O bond
network, more specifically, amorphous silica (8103 330.

More preferably, heating is performed such that the substances in the
hole or groove (minute space) are heated under pressure and then.cooled

25 under pressure. This process further accelerates the thermal decomposition
of the organic substances and also increases the density of the insulating

layer, improving the adhesion to the semiconductor substrate.



By performing the above process with the insulating paste 300 according to the present invention, the
insulator 3 with excellent physical and chemical strength can be formed in the minute space.
Moreover, the Si-0 bond filling up the space around the insulating 5 particles 311, more specifically,
the amorphous silica (Si02) 330 can be formed by reacting the organic Si compound 320 with the Si
particles 312. That is, since the formation of the oxide from the Si particles increases the volume, a
highly reliable insulator can be formed in the minute space, which is free from defects such as a gap, a

void or a crack and,has a high adhesion 10 strength to the.sjde wall. of the minute spacg. Mt should be
noted that the volume %?]fﬁoeggil ir?@%%agegﬁ/ ggggﬁ?%ﬁo %1%%%30% ugta gﬂﬁepﬁsggrtlgcqés 312. This
corresponds {9-te shinkagg ratiomf thecsipattices 3dupreventing:the feemationplaivgid, a gap or
a crack due to the shrinkage. Furthermore, since the insulating paste 300 according to the present 15

invention condathshiedhstitatieglpasticles Bii e indhdatomee bpgmovided with various electrical
properties based qn the properties_of the insulating particles 311. Basically, the insulating particles 311

are metal oxide p%@@v(%’éréhﬁ.cg"ter ﬁ%n%&i%éi?tﬁg%@ﬂﬁ’&ﬁn@rﬁ IEes 1R iiRge a
ferroe%ecmé?a%aﬁ:?ééa'ﬁ‘fhr%%xbearé @c%%% : 13g INSHIAIOF 530 By ﬁ%?‘.’ég‘?@%o%%"ﬁszc large

capacitance; when the isulating parti 11 comprise’a low dielectric mater as 5i.02 or
Al203, the insulador £aa e e \iEe dyditha albsanacianseo withd tupis pxasnpie ofthe organic Si

compound 320 to be used in the present invention is alkylalkoxysilane represented by the formula:
25CH30-[Siha0rsi(Gigintbe HRmiatias. of this exists fremeblotiovi foarufies wrtohoas the
Sid'CHgo'x[%ir&%‘é,lSChqgﬁﬁ(?ﬁQ é]ill’-lglljgl olg%ggloby foonggé)d in the minute space, which
is free from defects such as a gap, a void or a crack and has a high adhesion
10 strength to the side wall of the minute space. It should be noted that the
volume of the SiOg increases by about 30 to 356% from that of the Si particles
312. This corresiaonds to the shrinkage ratio of the Si particles 312,
preventing the formation of a void, a gap or a crack due to the shrinkage.
Furthermore, since the insulating paste 300 according to the present
15 invention contains the insulating particles 311, the insulator can be provided
with various electrical properties based on the properties of the insulating
particles 311. Basically, the insulating particles 311 are metal oxide particles
(ceramic). For instance, when the insulating particles 311 comprise a
ferroelectric material such as barium titanate, the insulator can be provided
20  with a large capacitance; when the insulating particles 311 comprise a low
dielectric material such as SiOz or AlsO3, the insulator can be provided with
a small capacitance.

A typical example of the organic Si compound 320 to be used in the

present invention is alkylalkoxysilane represented by the formula:

CHSO " [Slnonl(CHS) n(o CHS) n] -CHs.

o
[=1]

In this case, the reaction formula is as follows.

Si+CH30-[SinOn1(CH2)n(OCH)]-CHs — SiO+(C, H, O) T ..o, (D



When the substrate having the minute space is a Si substrate, the above reaction also occurs with Si
of the Si substrate. Alternatively, it is also possible to use organopolysiloxane (alkoxysilane having a
functional side chain). For instance, it is Si or disiloxane having an alkoxy group (RO), where R is an
organic group. (2)Second Method A second method relates to formation of Si. At first, as shown in
Fig. 4(A), a silicon oil 301 is poured into the minute space 30 formed in the members 111, 112 and
subjected to heat treatment to form Si particles 302, 10 as shown in Fig. 4(B). Then, the foregoing

reaction (1) is carried out as shawn in Figs. 4(C) and 4W). As the siligon gjl 301
dimethypolylsionaﬁgl&?zﬂ%eog%ﬁtﬁ?gﬁ t?éaﬁ %.t At e 2,78k f‘?egtiﬁb %ﬁéﬁ%ﬁ%&’p@%rmed first
under an ingyt-aascatnesPhre edbentndeyaauum sthaheatiraatmentcandition and she 15
reaction formula vary as follows. (a)When heating is performed under an inert gas atmosphere, the
following reastidiids tallowe chig progedgswithima terfipenssilenarigeroid S0CUnR00C] side
SiCH3+02SiCH2+H02 20 SiCH3+HO02 ---> S1CH2+2H0 2SiCH3+2H02(SiCH2)+2H20 SiCH2+02 -+
SiCH202sfbatofor instgpee dimissphetic AsatiigRes iy iR Bra8uay Siograwaf Yhould be

perforgedvgﬂgleaer} @iéngggragsaxaltirg&gg&g_re S0 as to produce Si. The heating 25 time is five hours or so.

(2) Second Method
A second method relates to formation of Si. At first, as shown in Fig.
4(A), a silicon oil 301 is poured into the minute space 30 formed in the
members 111, 112 and subjected to heat treatment to form Si particles 302,
10 as shown in Fig. 4(B). Then, the foregoing reaction (1) is carried out as shown
in Figs. 4(C) and 4(D).
As the silicon oil 301, dimethypolylsiloxane (CoFHsOSi)n may be used.
In this case, since heating should be performed first under an inert gas
atmosphere and then under vacuum, the heat treatment condition and the
15  reaction formula vary as follows.
(a) When heating is performed under an inert gas atmosphere, the
following reaction is allowed to proceed within a temperature range of 150°C
to 300°C.
SiCHz+0g — SiCHz+HOq
20  SiCHs+tHOz — SiCH2+2HO
28iCH3+2HO - 2(SiCHa)+2H20
SiCHe+02 — SiCH20; — Si0+CH20
Since atmospheric heating results in producing SiOgz, heating should
be performed under an inert gas atmosphere so as to produce Si. The heating
25  time is five hours or so.
SiCH202+51CHs — SiCH20:H+S51CHy
SiCH0:H — SiCH0+HO

10



SiCH202+SiCH3SICH202H+SiCH2 SiCH202H SICH20+HO (b) After heating for five hours, the
following reaction is allowed to proceed by heating under vacuum within a temperature range of 450C
to 500C. SiCH20 --> Si+CH20 5Through the above reaction, Si nanoparticles can be produced. When
the insulating particles comprise Si02 and when the substrate is a Si substrate, the Si nanopatrticles
can adhere to their surface. (c) Then, as the organic Si compound, alkylalkoxysilane represented by
the formula: CH30- iSinOn-i(CH3) n (0 CH3) CH3 is infiltrated into the minute 10 space along with the

insulating g@rtlclesA %&%er]gi%%e O%ELar tion 'ﬁoalL:%We:%éo ﬁ?‘(’:"%?g,%)s‘ gt&gqigh%%ri% ﬂg%tgag tv(\)/ithin a

temperature’range o i€ Teaction occurs as represented by the foregoing reaction

formula (1}, 3e6H 391 RiRARH GHRH QL3N -G HBHIOR Hlm b1t (hk 1eakede pumtEss af the above
reaction, when the substrate having the minute space is a Si substrate, the above reaction also occurs
with Si of théBTsubstrate. Alternatively, as described above, it is also possible to use
organopolysiloxane (alkoxysilane having a functional side chain). For instance, it is Si or disiloxane
having ané rﬁﬁﬁ@#@%ere R is an 20 organic group. Thus, a strong bonding layer of Si02

et T oo NGB8 RNGS O YARHANE S11AR AATNGIABAN QA0 B! SHARAE. Whigetronic
present invefition Is applicableto Various types of elecironic
the insulating particles comprise SiOz and when the substrate is a Si
substrate, the Si nanoparticles can adhere to their surface.
{c) Then, as the organic Si compound, alkylalkoxysilane represented by
the formula: CH30[Sin0x-1(CH3)n(OCHs)nl-CHj is infiltrated into the minute
10  space along with the insulating particles.
(d) Then, the reaction is allowed to proceed by atmospheric heating
within a temperature range of 450°C to 500°C. This reaction occurs as
represented by the foregoing reaction formula (1).
Si+CH30-[Sin0n1(CH)n(OCH)W-CHs — SiOoHC. H, O T ..o, (1)
15 In the process of the above reaction, when the substrate having the
minute space is a Si substrate, the above reaction also occurs with Si of the
Si substrate. Alternatively, as described above, it is also possible to use
organopolysiloxane (alkoxysilane having a functional side chain). For
instance, it is Si or disiloxane having an alkoxy group (RO), where R is an
20  organic group. Thus, a strong bonding layer of SiOs (Si-O bond network) can
be formed between the silica particles and the Si substrate.
3. Electronic Device
The present invention is applicable to various types of electronic
devices in which a small insulator should be formed for a conductor or a
25  conductive substrate of a semiconductor or the like. In various types of
electronic devices based on the TSV technology, for example, vertical

conductors formed in a semiconductor substrate can be electrically insulated
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devices in which a small insulator should be formed for a conductor or a 25 conductive substrate of a
semiconductor or the like. In various types of electronic devices based on the TSV technology, for
example, vertical conductors formed in a semiconductor substrate can be electrically insulated from
other vertical conductors and semiconductor circuit elements formed in the semiconductor substrate.
Its concrete example will be described hereinbelow. Referring first to Figs. 5 and 6, a semiconductor
substrate 1 has an 5 insulating layer 3 extending along its thickness direction. The insulating layer 3 is

filled in a hole or groove (hereinafter referred to as via) 30 extending.alang the thickness direction of,
for exampl CHSUT SEHEAI LB RGN Bib SO RIEG SIESAAT PN st iy take any
shape suchs aSHAGHEINE R LU ed {ine SHAREQT LG SHAPG-ID e CAse1R0] the hole, its
opening may take any shape such as a circular shape, a square shape or an oval shape. = The
insulating layesid#efiesmed with the insulating paste 300 shown in Fig. 1 and composed of the

nm-sized insulating particles 311 and the amorphous silica 330 filling up the space between the
insulating particlestefguring firgfHine Khgsing aath§ parfieraicandustier HbeTate bipithdes, the silica

330 is_,amarphqu ,andlrjindefi ite in shape. Accordingly, .even though heirelﬁments e almost
dentiéol ST O TRy Beb RIS ALCPthd By O A S S ot R BLK 4HEh other.

20In principje.it is prefaned thatthednsulptingRaticles Ria @S areferred to as via) 30
extending along the thickness direction of, for example, a silicon substrate
constituting the semiconductor substrate 1. The groove may take any shape
such as a straight line shape, a curved line shape or a ring shape. In the case

10 of the hole, its opening may take any shape such as a circular shape, a
square shape or an oval shape.

The insulating layer 3 is formed with the insulating paste 300 shown
in Fig. 1 and composed of the nm-sized insulating particles 311 and the
amorphous silica 330 filling up the space between the insulating particles

15 311

While the insulating particles 311 exist in the form of particles, the
silica 330 1s amorphous and indefinite in shape. Accordingly, even though
their elements are almost identical S10s, the insulating particles 311 and the
silica 330 can be distinguished from each other.

20 In principle, it is preferred that the insulating particles 311 has a
particle size equal to or less than one-tenth of the groove width of the via 30.
When the hole diameter or groove width of the via 30 is set equal to or less
than 10 ¢ m, for example, a few um, the particle size of the insulating
particle 311 is equal to or less than 1 u m, for example, about a few hundred

25 nm.

In the semiconductor substrate 1 according to the present invention,

since the insulating layer 3 is composed of the nm-sized insulating particles
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particle size equal to or less than one-tenth of the groove width of the via 30. When the hole diameter
or groove width of the via 30 is set equal to or less than 10 p m, for example, a few p m, the patrticle
size of the insulating particle 311 is equal to or less than 1 kt m, for example, about a few hundred 25
nm In the semiconductor substrate 1 according to the present invention, since the insulating layer
3 is composed of the nm-sized insulating particles 311 and the silica 330 filling up the space between
the insulating particles 311, as described above, there can be obtained a highly reliable insulating
layer 3 free from de&z}cts such as a (ﬁﬁ:}gk or a yoid. More specifically, if the insulating layer 3 is

composed by BrHHES Mg JRiRfeSBIPSRAGRISEE Hollds RidjBEBMIE Bfveen the
insulating Baficles fHdneasB ARG LLINe ISYatingdaver i And sualeTagKs Ak extend to the

semiconductor substrate 1, e.g., the si strate, damaging the silicon substrate an

semiconduetesCh duilcfeme mistiormeddherein cidlh tespresént invention, on the other hand, the
insulating layer 3 is composed of the insulating particles 311 and the silica 330 filling up the space
around the silica pAttefesiacifisaliatSidul viadaiinellewsberiesamreheshioiily paitdes 311 can

cubstiite AR HHETS AHIRORACILT ST SeAIoHEIIAGE (AN lE Tt Hoe sy ErARiing o the
e ST st st P e g s 11 e
reduced asmskeciie 0 effecidoftinethanecampositecttru ctudestsatihal the. distahee baiween the
semiconductor circuit elements and the insulating layer 3 can be shortened to improve area efficiency
for formatiHsT R SerfiRBia®r EheuitbispentiTieatsuaifg RyBiRIMEEENsHEIENd provided
In aring-sNAped. s formed therein.

10 In the present invention, on the other hand, the insulating laver 3 is
composed of the insulating particles 311 and the silica 330 filling up the
space around the silica particles 311, so that small voids or hollows between
the insulating particles 311 can be filled up with the silica 330. This prevents
cracking of the insulating layer 3, avoiding that the silicon substrate and the

15  semiconductor circuit elements formed therein are damaged by cracking or
the like.

When the nanocomposite structure is composed of the nm-sized
insulating particles 311 and the silica 330 tightly filling up the space around
the insulating particles 311, moreover, stress can be reduced as a specific

20 effect of the nanocomposite structure, so that the distance between the
semiconductor circuit elements and the insulating laver 3 can be shortened
to improve area efficiency for formation of the semiconductor circuit
elements.

The insulating layer 3 is ring-shaped and provided in a ring-shaped

25  groove 30 that is formed in the semiconductor substrate 1 to surround the

vertical conductor 2. With the insulating layer 3, accordingly, the

semiconductor substrate 1 is divided into an inner ring-shaped portion 11
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25 groove 30 that is formed in the semiconductor substrate 1 to surround the vertical conductor 2. With
the insulating layer 3, accordingly, the semiconductor substrate 1 is divided into an innerring-shaped
portion 11 and an outer portion. Thus, the vertical conductor 2 is electrically insulated from the
semiconductor substrate 1 and the other vertical conductors 2. The ring-shaped groove 30 can be
formed by a known technology such as a CVD process or a laser drilling process. The ring-shaped
groove 30 5 extends along the thickness direction of the semiconductor substrate 1 and has an first

inner diameder it 5 Arger than apuierslamalnef averieal Mol 20 aceommodatinn fng vertical

conductor 2. Between the inner wall surface of the vertical hole 20 and the inner wall surface of the

ring-shapeggroeive Snaeneddingly siie:sermicongduttiresiisiraiertisletblikaatisiand by 10 a
diameter difference, providing the ring-shaped portion 11. The ring-shaped groove 30 has an second

inner diameter that iBddrger shap tdesresrinAeraginrhetrpyed iosenwitthtcThagiisvewsiith of the
ring-shaped gro 0 m??gry be, but not limi _diio, e(ﬁj"al to or ? s than 10 /I in, for exam%?, a few m.
15The ins@%tﬁu&f}zr%‘" S5 TuRthér RERTETHATHERG RS 3T Re2 e SRARRGITARYE 31 32
prefergbly inglyde. an shiderfirenmeRe srefgrabiy 2 pitide film The gxide filtgpnddhe pitide film may
be a single layer, multiple layers or a combination thereof. In addition, the oxide film and the nitride film
may be dehasited firsthie wall Sisrface: of e dindashapet gioovwe 20 d0onohtainia byroiidizing or

nitriding the surface of the semiconductor substrate 1 which appears on the wall surface of the
ring-shapedposlessgommptsing hatingstisalurend negative EEBISRIHE MItERgIaYer 3 on the

Semicondus%lq%asclébg rgﬁg %’(*S%QCQF }?(l)?(—:(-: lﬁgabxydﬂ%génlsﬁjrllaegn\geﬂlfnssu%ﬁcézdf the ring-shaped
groove 30, accordingly, the semiconductor substrate 1 is left like an island by

10 a diameter difference, providing the ring-shaped portion 11. The ring-shaped
groove 30 has an second inner diameter that is larger than the first inner
diameter by a groove width. The groove width of the ring-shaped groove 30

may be, but not limited to, equal to or less than 10 um, for example, a few

1om.

15 The insulating layer 3 may further include insulating films 31, 32.
The insulating films 31, 32 preferably include an oxide film, more preferably

a nitride film. The oxide film and the nitride film may be a single layer,
multiple layers or a combination thereof. In addition, the oxide film and the
nitride film may be deposited on the wall surface of the ring-shaped groove

20 30 or obtained by oxidizing or nitriding the surface of the semiconductor
substrate 1 which appears on the wall surface of the ring-shaped groove 30.
With this insulating structure, a negative effect of the insulating layer 3 on

the semiconductor substrate 1 can be blocked by the insulating films 31, 32.
In the illustrated embodiment, the insulating films 31, 32 are
25  obtained by oxidizing or nitriding the inner wall surfaces of the ring-shaped
groove 30. That is, the wall surfaces of the ring-shaped groove 30 are covered

with the insulating films 31, 32, and the insulating laver 3 is filled in the
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In the illustrated embodiment, the insulating films 31, 32 are 25 obtained by oxidizing or nitriding the
inner wall surfaces of the ring-shaped groove 30. That is, the wall surfaces of the ring-shaped groove
30 are covered with the insulating films 31, 32, and the insulating layer 3 is filled in the ring-shaped
groove 30 covered with the insulating films 31, 32. If the semiconductor substrate 1 is a common
silicon substrate, for example, the oxide film is a silicon oxide film and the nitride film is a silicon nitride
film. The silicon oxide film and the silicon nitride film may be formed 5 by applying a known technology.
For example, there have been known a process of oxidizing or njtridir%t:e surface of the silicon

substrate dHLSHVRE L EITEBLifnYCER iFdtmERY ilﬁ?é}aé?%r@@% nieal vapor deposition process

(CVD process), an%) ither process may be layed. .The oxidizing or,nitriding depth of.the insulating
fims 91, 55, 5., SRR RO e D s B B PR Rl required

transmissiQr shplactalisticsde fildNe NsuiRinGiavRer Simaneasngladaysrernmaxiiave a plurality
of coaxially arranged, spaced layers. In addition, its shape is not limited to the illustrated circular shape

but may ber&pdlydidnal BhapelBuchamsde 18 reetah ghlas8hapenMoidofdm thheydrtidakoortiuctor 2 is
not limited to the illustrated circular or_cylindrical. shape, either. It may have a prismatic shape. The

vertical coR¥uBHSH ¥ ReifedRITE VERILM KSR JPBSHIMICISRGHRNEKRESE HRTH Bf the
Sem'CO“dUﬁS’E Sbsl %%R&i-zﬁ%:‘g*w%ﬁ'&?&ﬁ? cand %%Lﬁ?&'ﬁﬁﬁé G2:he 191K Ry aRRling,a known

technology such as a plating process, a moﬁen metal filling process or a conductive paste filling

process. Theo¥estica hanshietnestl afadisdntaderowsin @ subsiate Budpee dbpthetilbastrated
embodiment, the vertical conductor 2 is a through-electrode passing through the semiconductor

substrate Pr28a%e((Aftarcorrhlctord 2ishenmearmges way divemariangdnidrt pitshizingeen in a plane

taken along the substirate surface, For. example, th ) ) .
%1tr?d§ng epéah oir t%e insulating % ms g 1, 32, i.e., substantial layer thickness

10 is preferably determined in view of actually required transmission
characteristics.
The insulating layer 3 may be a single layer or may have a plurality
of coaxially arranged, spaced lavers. In addition, its shape is not limited to
the illustrated circular shape but may be a polygonal shape such as a
15 rectangular shape. Moreover, the vertical conductor 2 is not limited to the
illustrated circular or cylindrical shape, either. It may have a prismatic
shape.
The vertical conductor 2 is filled in the vertical hole 20 extending
along the thickness direction of the semiconductor substrate 1. Such vertical
20  conductors 2 can be formed by applying a known technology such as a plating
process, a molten metal filling process or a conductive paste filling process.
The vertical conductors 2 are distributed in rows in a substrate surface. In
the illustrated embodiment, the vertical conductor 2 is a through-electrode
passing through the semiconductor substrate 1.
25 The vertical conductors 2 are arranged at a given arrangement pitch
as seen in a plane taken along the substrate surface. For example, the

dimensions regarding the vertical conductors 2 are such that the
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dimensions regarding the vertical conductors 2 are such that the arrangement pitch is in the range of
4 to 100 p m and the maximum diameter is in the range of 0.5 to 25 p m. However, the arrangement
pitch is not required to be a certain size, while the diameter is not limited to the above value, either.
5Figs. 7 and 8 illustrate still another embodiment. In this embodiment, the insulating layer 3 fills up a
first hole 30 extending along the thickness direction of the semiconductor substrate 1, and the vertical
conductor 2 fills up a second hole 20 that is formed in the insulating layer 3. Also in this embodiment,
as shown in Fig. 3 under magnification, the insulating layer 3 10 is composed of the insulating particles
311 and the $AREEBOIREUb theidhdbe idnEe te hdGlatifg paritiéad1ihemaimeertical

conductor 2.is el%ctrlicaillly t|$gulglted fr?r& éhg %mcondﬁctor subsé aet_eal and theeoghert(\z/ﬁrltécal

conductors 7 AfS6 i the lectiontc device show irllnFlggWgﬁ]& SiAce the 15 I|ln§fJ]Iat|ng layer 3 is

composed gfihe ingHiating particles St apbing silica B3NNG4k the.fpaseareund thgsilica

particles 311, there can be obtained the effects described with reference to Figs. 4 and 5. Since
the nanocerhposite isetidkeecomprising a combination of the nm-sized insulating particles 311 and the
silica 330 filling up_the space 20 around the silica particles 311 serves to relax the stress occurring in

the vidinity of a thfog§h‘etdrdr§d8 utia e siiberpethes s modiraeat cbh dhétsroledimsditne

through-elggirade and semiconduior.clicult slements, can be shiatiened. o aprove argaeficiency for
formation o ﬁ1e semicorrauctor circuit elements. n addition, since’the In ulating layer insulates

the verticajgpngustasd Bxtensing sirngdhe dbiskaessidisectioRot theisgmisandugierssastrate 1 from
the semiconductor substrate 1, the semiconductor substrate
up a second hole 20 that is formed in the insulating layer 3. Also in this

embodiment, as shown in Fig. 3 under magnification, the insulating layer 3
10 1s composed of the insulating particles 311 and the silica 330 filling up the
space around the insulating particles 311, so that the vertical conductor 2 is
electrically insulated from the semiconductor substrate 1 and the other
vertical conductors 2.
Also in the electronic device shown in Figs. 7 and 8, since the
15 insulating laver 3 is composed of the insulating particles 311 and the silica
330 filling up the space around the silica particles 311, there can be obtained
the effects described with reference to Figs. 4 and 5.
Since the nanocomposite structure comprising a combination of the
nm-sized insulating particles 311 and the silica 330 filling up the space
20 around the silica particles 311 serves to relax the stress occurring in the
vicinity of a through-electrode, the distance between the vertical conductor 2
forming the through-electrode and semiconductor circuit elements can be
shortened to improve area efficiency for formation of the semiconductor
circuit elements.
25 In addition, since the insulating laver 3 insulates the vertical
conductor 2 extending along the thickness direction of the semiconductor

substrate 1 from the semiconductor substrate 1, the semiconductor substrate
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1 and the vertical conductor 2, e.g., the through-electrode can be electrically insulated with the
insulating layer 3 from the other vertical conductors 2 and the semiconductor circuit elements formed
in the semiconductor substrate 1. 5Moreover, the insulating layer 3 can be formed by filling an
insulating material into a ring-shaped groove or a hole extending along the thickness direction of the
semiconductor substrate 1. The insulating layer 3 thus formed does not cost much and has a sufficient
thickness commensurate with the diameter of the ring-shaped groove or the hole 30. 10Typically, such

an electrorjc devige can (aks (e farrp.of2 hree;dimensional systemsinpackang (30-S1R)
Specifically, it may be a system , a memo%/ LSI; an‘image sensor, a or the Tike! It may also

be an electianic.deyice: ickding, 801 anale A O diditab 6KCUikeA JNSINORY,GTCHIt SN REPRA_M, a logic
circuit such as CPU or the like or an electronic 15 device that is obtained by preparing different types
of circuits such dhansemalcgphightinequenoytcirdainantsa fovnireluencyhiove powvendeorsamption
circuit in different processes and stacking them. More specifically, it includes most of electronic
devices ha?ﬁﬂ?@‘é’fﬁ@léctronic circuit as a functional element, such as a sensor module, an 20

optoelectronic modle. NIPYAL UANSSIANE MOS FET. ,6MOS g, memagell. ifearated

circuits (IC) thereof, or various scales o In' the present invention, integrate circuits called "LSI"

include all {ypemefintegiatethtifauisastiely ahaunalireeaie dntgdativ R xdsmedidniseala lptegration, a
large-scale integration, a very-large-scale integration (VLSI), 25an ultra-large-scale integration (ULSI),

and so on.thickmassrdifrtwsiforeyfoihg vanvusnypesost sibstivriic delibesnsalditioietn frandthe one

disclosed in this _specifjcation regarding the stacking struciure of substrates, the type of the
omicondUMEF G E S LR A A eeTR Ak e Bl RSP GF 0 VSR 5 ctors 2

passin_g th(gﬁglhtﬂ‘ée(ﬁgmig&g}%{cg% %Qétﬁigp]eﬁ_rg%%%ﬁ@% fian.bgyincluded in_the present
invention as long as satistying the present invention regarding the structure of the insulating layer 3
and the relationshibygfitad¢linswathg layee R thrihevedisakeonductaaZe the form of a
three-dimensional system-in-package (8D-SiP). Specifically, it may be a
system LSI, a memory LSI, an image sensor, a MEMS or the like. It may also
be an electronic device including an analog or digital circuit, a memory
circuit such as DRAM, a logic circuit such as CPU or the like or an electronic
15 device that is obtained by preparing different types of circuits such as an
analog high frequency circuit and a low frequency, low power consumption
circuit in different processes and stacking them.
More specifically, it includes most of electronic devices having an
electronic circuit as a functional element, such as a sensor module, an
20  optoelectronic module, a unipolar transistor, a MOS FET, a CMOS FET, a
memory cell, integrated circuits (IC) thereof, or various scales of L.SIs. In the
present invention, integrated circuits called “LSI” include all types of
integrated circuits such as a small-scale integration, a medium-scale
integration, a large-scale integration, a very-large-scale integration (VLSI),
25  an ultra-large-scale integration (ULSI), and so on.
Even if the foregoing various types of electronic devices are different

from the one disclosed in this specification regarding the stacking structure
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The present invention has been described in detail above with reference to preferred embodiments.
However, obviously those skilled in the art could easily devise various modifications of the invention
based on 10 the technical concepts underlying the invention and teachings disclosed herein. WHAT
IS CLAIMED IS: 1.An insulating paste for an electronic device comprising Si particles and an organic
Si compound. 5 2.The insulating paste of Claim 1, wherein the organic Si compound reacts with the Si
particles to form a Si-0 bond. 3. The insulating paste of Claim 1, which further comprises insulating
particles and Whereln the organic Si compound reacts with the Si patrticles to 10 form_a Si-0 bond

around thePin 535%%0 - Y H%hedhs wﬁfﬁ%%?éi@?‘@%msilk\ﬁ?@r@n ihe%aﬁiéagﬁcompound is
either alkylalkon)gs?l%neo 0 gﬁ&op&)l ngéanef o‘;(é/gelgglec %\éug "E}rféJ é al SI cga h) 15 5. The
aim

insulating pas?e erein the organic SI compound IS elther a OX SI ane

organopolxy@mﬂwgﬂmm\ﬁf@ 1ad‘yaﬁaqneé,s&ﬁ@;pbgmwﬁl@irwaﬁtﬂnwg;@@m of Claim 3,
wherein the organic Si compound is _
invention as long as satisfying the present invention regarding the structure

5  of the insulating layer 3 and the relationship of the insulating layer 3 to the
vertical conductor 2.

The present invention has been described in detail above with
reference to preferred embodiments. However, obviously those skilled in
the art could easily devise various modifications of the invention based on

10 the technical concepts underlying the invention and teachings disclosed

herein.
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either alkylalkoxysilane or organopolysiloxane (alkoxysilane having a functional side chain). 7.An
electronic device having an insulator in. a minute space, wherein 25 the insulator is formed with the
insulating paste of Claim 1. 8.An electronic device having an insulator in a minute space, wherein the
insulator is formed with the insulating paste of Claim 2. 9.An electronic device having an insulator in a
minute space, wherein the insulator is formed with the insulating paste of Claim 3. 5 10. An electronic
device having an insulator in a minute space, wherein the insulator is formed with the insulating paste
of Claim 4., . electroni gyice having an insulator in a minute space, wherein 10 the insulator
is formed with euttiHg T2t f Claim 5. 12. An electronic device having an insulator in a minute
space, wharein theygsyigianisdermed it e iepuiatigPasts sl CaipiA2 14-pipalied for forming
an insulator in a minute space of an electronic :

and an organic Si compound.

5 2. The insulating paste of Claim 1, wherein the organic Si compound

reacts with the Si particles to form a Si-O bond.

3. The insulating paste of Claim 1, which further comprises insulating
particles and wherein the organic Si compound reacts with the Si particles to

10 form a Si-O bond around the insulating particles.

4, The insulating paste of Claim 1, wherein the organic Si compound is
either alkylalkoxysilane or organopolysiloxane (alkoxysilane having a

functional side chain).

15
b. The insulating paste of Claim 2, wherein the organic Si compound is
either alkylalkoxysilane or organopolysiloxane (alkoxysilane having a
functional side chain).

20 6. The insulating paste of Claim 3, wherein the organic Si compound is

either alkylalkoxysilane or organopolysiloxane (alkoxysilane having a

functional side chain).

7. An electronic device having an insulator in a minute space, wherein

25  the insulator is formed with the insulating paste of Claim 1.

8. An electronic device having an insulator in a minute space, wherein
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device, comprising the steps of; pouring a paste containing insulating particles, Si particles and
an organic Si compound into the minute space; and then, reacting the organic Si compound with
the Si particles by heat 20 treatment to form a Si-0 bond filling up a space around the insulating
particles. 14.A method for forming an insulator in a minute space of an electronic device, comprising
the steps of 25pouring a silicon oil into the minute space and forming Si particles by heat treatment;
pouring a paste containing insulating particles and an organic Si compound into the minute space;
and then, r,eactingg;[he organic Si compound with the Si }C:)articles by heat treatment to form a Si-0

bond filling*Bp FEPLREHISURENE ittty pariaBee paste of Claim 2.

9. An electronic device having an insulator in a minute space, wherein

the insulator is formed with the insulating paste of Claim 3.

10. An electronic device having an insulator in a minute space, wherein

the insulator is formed with the insulating paste of Claim 4.

11. An electronic device having an insulator in a minute space, wherein

10  the insulator is formed with the insulating paste of Claim 5.

12. An electronic device having an insulator in a minute space, wherein

the insulator is formed with the insulating paste of Claim 6.

15 13. A method for forming an insulator in a minute space of an electronic
device, comprising the steps of:
pouring a paste containing insulating particles, Si particles and an
organic Si compound into the minute space; and
then, reacting the organic Si compound with the Si particles by heat
20 treatment to form a Si-O bond filling up a space around the insulating

particles.

14. A method for forming an insulator in a minute space of an electronic
device, comprising the steps of:

25 pouring a silicon oil into the minute space and forming Si particles by
heat treatment;

pouring a paste containing insulating particles and an organic Si
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compound into the minute space; and
then, reacting the organic Si compound with the Si particles by heat
treatment to form a Si-O bond filling up a space around the insulating

particles.

21



