*167167* 3 AUG 2006, SPEC| FI CATI ON Conductor paste, ceramc nultilayer

substrates, and production process forNﬂﬁmmmmwmmmMLilayer substrat es
Background of the invention Technical F ent invention relates
to a ceramic nultilayer substrate used for«pr@duction of high-deéhslify2006

wiring circuit boards and a proguetfpp.prggess of a ceramc multilayer
substrate, and a conductor paste used as a conductor material for these

W ringcehfcdich rbpacds., <Backarouwnd tArta Jdr istipe!da denown dhaf - sevaraly
ceram c green sheets on which wring circuit patterns are forned are

| am nat ed and si ndeseskd of o Obt @t fimac cetani Captt shiayerasybstrate as a
production process for a high-density wiring circuit. To connect a circuit
of each layer in a ceramic nultilayer substrate to a circuit of the
corresponding |ayer, a fine through hole, i.e., via hole is formed on the
green sheet conposi ng eddckyagendiaf athantevemdiene via hole is filled
with a conductor paste and the conductor paste which the via hole was
filled with is sintered at the sane tine when the green sheet lanmnate is
si nt er’' &AL doMtidt or paste for the via hole, a past-state conponent

contai ni n nductive powders such as or Pd, .etc.. mixed wt a gl ass
Frit or binddl VEsr BT ERYERE T RS Tnon SF6P by RrBH g 5 o SRS hete

| am n rd - Mucsi st esf ng; Lhe S agi '
thernaEﬁ?%??ﬁié%é?%d%§i§$aé%?%béghggﬁggpﬁngﬁg%%% g%?gﬁgﬁgb%%fﬁsfaggsa of
the | afidater 16h g08sLESICT $hEirAkagenoft N8 d 28k pat 82 PAS ab&eNconductor

paste used as a conductor material for these wiring circuit boards.

Background Art

It is well known that several ceramic green sheets on which
wiring circuit patterns are formed are laminated and sintered to
obtain a ceramic multilayer substrate as a production process for
a high-density wiring circuit.

To connect a circuit of each layer in a ceramic multilayer
substrate to a circuit of the corresponding layer, a fine through
hole, i.e., via hole is formed on the green sheet composing each
layer in advance and the via hole is filled with a conductor paste
and the conductor paste which the via holewas filled with is sintered
at the same time when the green sheet laminate is sintered.

As a conductor paste for the via hole, a past-state component
containing conductive powders such as Ag or Pd, etc. mixed with
a glass frit or binder resin is used.

As a method for sintering a green sheet laminate, an art of
sintering the green sheet laminate with
thermal—shrinkage—constrainingsheetslaminatedontothebothfaqes

of the laminate to constrain shrinkage of the laminate has been
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*@00002* 3 AUG 2006, proposed. The thermal -shriiakage-constraining sheet is

conposed of a green sheet containing a ceramc material which will not
cause thermal shrinkage or. sintering within the sintering tenpe@q%ﬂrg
range for the green sheet |laminate. The thermal - shrinkage-cons Héiwﬁng

sheet | am nated onto the green sheet |amnate can prevent the thernal
shri nkaeePoted he Threekine Shebt Sh A kagecopstaadpebpisite ek afpl@Pait &Plni na
green sheet is used as a . thermal - shrinkage-constrainin heet to be
| ami nat & St SR GoAdS 1 Pdi%am Cgrdet Sl “Iagmwﬁ‘&tcé‘. wg\ﬂinngér aft'ée

mul 1 aver, Subst LAl es, ar e, PLogUCeduhy, SLALET LG <L e<0t R8N sheet b arknat e

w th a“conductor pas was fille I's brings

about A, problemei,n that voi ds arg.producede nsi de,of ,1ie via condygtor and
cracks are generated on the substrate around the via conductor. In

addi t i ole rifh BCH | Cn K £5¢ S¢ GMNEEr ¥ 2h UL shefe t hen Ml Bt £OBHUB IO $OFBE ERBS theconme
fairly higher than expected values. Miyreover, this brings about a problem
t hat | hangaant € cangtrenviealtst henchaded 1ish siai kh gehef mhke-gglramkiaget ¢anshraieni ng
sheet are stuck on the surface of the via conductor which said

t her meks shr | fikeaget tonskpaPAeng heet vidmes dreeonsheetni th, ugkidcas a
remarkably spoils the reliability, of connection when another conduct or

ci rcui B¢ 5T bRl REP IR EPRS ShR FAERIS aetoiPs LaMtRRERH onfte Fhe ddédffed
that these problens are cayused inly by a gap in the sintering timng or
sinter?%ﬁaﬁgﬁaﬁf%?% %%?%Ee aTh%gg8nductor paste which the via hole was

I: 'm' ﬁg ‘t’)“'et c\e@é’? tﬁ%%gr%reig:ﬁrﬂgﬁggféyg%@n%}fée@rét@%r'%i Pr 9808 HiPE 1 RLALERNY
the green sheet laminate with a conductor paste which the via hole
was filledwith, thisbrings aboutaprobleminthatvoids are produced
inside of the via conductor and cracks are generated on the substrate
around the via conductor. 1In addition, electric resistance values
of the via conductor sometimes become fairly higher than expected
values. Moreover, this brings about a problem that inorganic
materials included in said thermal-shrinkage-constraining sheet
are stuck on the surface of the via conductor which said:
thermal-shrinkage—-constraining sheet comes in contact with, which
remarkably spoils the reliability of connection when another
conductor circuit is connected to the surface of the via conductof.

It is assumed that these problems are caused mainly by a gap
in the sintering timing or sintering behaviors between the conductor
paste which the via holewas filled with and the green sheet laminate.
The big gap in the sintering timing between the green sheet laminate
and the conductor paste of the via hole causes excessive stress
ordistortionsbetweenthesinteredsubstrateandtheviacmnductor,
resulting in generation of said voids or cracks, increase in

resistance values and decrease in said connection reliability.:

Conventionally, compositions of conductor pastes which the
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and the conductor paste of the via hole causes excessive stress or
distortions between the sintered substrate and the via conductor,
resulting in generation of .said voids or cracks, increase in regigi@nee
val ues and decrease in said connection reliability. Conventionally,
conposjiti ens Of; ,cendyctor ., past ' e AUG.2006_.via hole is
filled lva{ ?Lh have geen chaﬁged fg?)e\gg %/Q ésrgﬁ”%fg%droscﬁ gr%éve ﬁS\ﬁgv %?Qg%’fl?l‘ ci ent

reSU|tﬁb#é¥gﬂi|Eﬂﬁ%ﬂ3ﬁeﬁ¥*¥b§ﬂ¥ﬁ%'B%LfﬁﬂﬁéJ@lno%abgegeBBQginEBeoﬁfgsg I'S
based on that even increasing the conbination anobunt of a glass frit has
not i nprievetesiabd. probkefeasaht hogha sédidogl ass tf rduvehasn beens cansidered as
an effective material to adjust sintering properties. In particular, in the
met hodcargiimg t idre agmiwh it lodr ragishei hkagercongttr dimpirogesheatid pheblem,
conventional conductor could not be functioned sufficiently. Summary of

t he | MAdidus s obfledtaissesr bt hiaseb ¢ an eotiscile rad abpectf fofcttihe patsehal
invention is to elimpate problens involved in the via conductor of said
ceram @ AAPEF Y SR RUBSOPSIEies o PR Hel Gukvnddét Bhe pedtecespRdi ng a
via cqnductaor,excellent . in electrical and, nechanical properties and to

pr oduc %1%ﬁﬁQM#%?rW§}T%WE&&%%&FE%%%? ﬁ?énhﬁgiﬁﬁe%RceFﬁ%ngobY%BE+?P%§ usi ng

Sai d_ Gonduatar nasice.netial | e DeaGrLRLLOR: OF; Lheyy nvention  Conduct or
paste 1t 1s preferable that a conductor powder coﬁﬁbsing an Ag powder
havi ng an average particle dianeter of 3- 10pm anounting to 95% or nore
of the whol e weight -of a conduct powder and an organic vehicle

Summary of the Invention

Objectives of the Inventions

An object of the present invention is to eliminate problems
involved in thevia conductor of saidceramicmultilayered substrate,
to provide a conductor paste composing a via conductor excellent
in electrical and mechanical properties and to produce a ceramic
multilayered substrate having excellent properties using said

conductor paste.

Detailed Description of the Invention

- Conductor paste -

Itispreferablethatiaconductorpowdercomposingan1Agpdeer
having an average particle diameter of 3- 10um, amounting to 95%
or more of the whole weight of a conduct powder and an organic vehicle
are included but a glass frit is not included in a conduct paste
according the invention.

Use of the conductor paste according to the invention as a
via conductor for the ceramicmultilayer substrate will have effects
such as preventing voids between the via conductor and the substrate,
-preventing generation of cracks on the substrate and improving

electrical properties of resistance values, etc. regarding the via
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are included but a glass frit is not included in a conduct paste according
- the'invention. 'Use of the conductor paste according to the invention as a
via conductor f or the ceramic. nulti layer substrate will have effects
such as preventing voids between the via conductor and the subst datg 2006

.-preventiing generation of cracks on the substrate and inproving
el ectrical "propérties of resistance values, etc. regarding the via 3 3 AUG

2006 Conducﬂ%oncﬁ%dﬁgtﬂgrérpQMeEolen?(e)gegq_nPﬁQE tartr}.i%ts %ﬁ{i‘:ré %n\oﬂl.'{',than

function of conductance in the sint Vi a conductor. S is y netals

or alley PONEessagxEeld ae 1N RANAUCEI Ve cBLARERLILES Bk LS u§§dvm}g}prmettanes

conduct or powder. A conductor powder is conposed of an Ag powder nainly,
amountbngalloy 959 @ rodacof 1dhe ot enhawet ghte HfrdbCONAUCtOfe RRWERFoA L 1S
preferable that an Ag powder having an average particle dianeter of 3 to
10pm i shgsedndSiheer bagdbehavi ors vary greatly depended on the particle
size. Voids or cracks are likely to be generated whether an average
particle di%ﬁ@ﬂ@PCF§ﬂﬂﬂy%m%+§C@WHQ%%%QfPﬁA@Hﬁﬂdﬁ%$@lﬂiﬁn@&ﬁmﬁt;qu
smal |, ja conductor is shrunk earlier than a green sheet en
sinterFﬂg?gﬁcaﬁs?ﬂﬁetﬂg Eﬁﬁ ¥BRAGcHEr IS Sfr 8t ERTERS e R WSISdet and cracks

tob t trate near the,via hale. |If a particle diameter
o Lot arger CarePyraeeE Rl 50 E AT Bh st Hltal ehan RS Baet GE

whi ch &P&§é98r9899§a£5”90ﬁ8i?§ hetyween the via conductor and the _
substrate. In addition, the [arger a particle dianmeter of an Ag powder is,
the highetefesysbansei¥akuesry greatly depended on the particle size.
Voids or cracks are likely to be generated whether an average particle
diameter is too small or large. If aparticle diameter is too small,
a via conductor is shrunk earlier than a green sheet when sintering,
causing the via conductor to stretch the green sheet and cracks
to be generated on the substrate near the Via hole.
If a particle diameter is too large, the via conductor is sintered
later than the substrate, which causing generating voids between
the via conductor and the substrate. In addition, the larger a
particle diameter of an Ag powder is, the higher resistance values
of a via conductor are.

Moreover, materials except for an Ag powder can be mixed with
the conductor paste according to the invention as a conductor power
within the range in which excellent properti_es with the Ag powder
are not spoiled. As a specific example, a Pd or Pt powder can be
used. ‘A Pd or Pt powder has an effect of constraining Ag powders
frombeing sintered. Since aparticle diameter of conductor powders
other than the Ag powder will affect the properties of the via
conductor, it is preferable that a comparatively small particle
diameter isused. Asaspecificexample, whenusingaPdorPtpowder,. -

a Pd or Pt powder having an average particle diameter of 0.1 — lpm,
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of a via conductor are. Mireover, materials except for an Ag powder can be
“mxed with the conductor paste according to the invention as a conductor
power within the range in which excellent properties with the Ag3poiidis
are not spoiled. As a specific exanple,. a Pd or Pt powder can be used. A

Pd or Btopondes hasy an effectr afo LOoRst g 180 weewHer s Lr e9hh8kegr
sintered. Since a particle dianeter of conductor powders other than the Ag

powderpsvdidr athactd heipsdper thes ofiltihenyv@ aaorduetar,of tdésrpaefirgabl e
that a conparatively small particle dianmeter is used. Asa specific
exanpleesiienasi vglee Pdo bra PripowdedpctarPfuothPrmpowder havi ng an aver age
particle diameter of 0. 1 Ipm 4 3 AUG 2006 anounting to 0.1 - 5% or nore
of the whol earightiviak copngedioor Ppehdera canobeonieded! athiif iwielsl shake an
effect of decreasing resistance values of a via conductor furthernore.
Convent§ ohdfr SUMHucR OFIPaSt et GrdScBRpbEed 6PmagAPHFveE ddehtian Fﬁoﬁganlc
powder as anot her onent addition to conduct powder
prinC|i$F§h??1If§5ﬁbeaﬂd|ﬁpc§§15§lpﬁ35egﬂgeaam?cﬁdék) V?ﬁi%?n%FOESnHBSFor
past esgcan I u r .past 0 to th
|nvent|%ﬁ aP H§E§E0hgglgg%gffﬁf&hﬁgnﬁggga %8 - %1§a‘%h§fﬁégq haﬁﬁling

such asohdhding gderdia nols W tiy @@quﬁ;teq{tﬁwqqrt%u%t %r!;%gsr@ﬁtbe
turned into a paste state. This is why an organic vehicle must

i ncl uded. nds sadeti als for an organic vehicle, the sane naterlals for
conventional conductor pastes are used. For exanple, an organic vehicle
can be giverlo faldriditatreeshashaudhing sucletayyif igéhhgl tise vare hdileselived in a
SOlvenéonductor powders, materials must be turned into a paste state.
This is why an organic vehicle must be included. As materials for
an organic vehicle, the same materials for conventional conductor
pastes are used. For example, an organic vehicle can be given,
wherein resins such as an ethyl cellulose are dissolved in a solvent
like a terpineol.
For themixture ratio between a conductor powder and an organic
vehicle, a general mixture rate can be employed. For example,

conductor powders and organic vehicles are mixed in a ratio of 80

- 95 to 20 - 5 usually.

— Production process for ceramic multilayer substrates -

A production process for ceramic multilayer substrates
according to the present invention is performed by laminating and
sintering several ceramic green sheets, comprising:

a process in which a via hole created on a green sheet is filled
with said conductor paste according to the invention;

a process in which a laminate for sintering is obtained by

laminating several green sheets which are filled with conductor . . ... .. ..

pastes;



like a terpineol. For the m xture ratio between a conductor powder and an
~organic vehicle, a general mxture rate can be enployed. For exanple,
conduct or powders and organic vehicles are mixed in a ratio of 80 4 g@~ggm20

- 5 usually. - Production process for ceramic nultilayer substraté€s
production prac Jfor ceranic nultilayer sgpstrate accordin e
present |nvenﬁP%%§|s per orne&'%?rﬁgﬁfn W B SSPATEATSgE 3 & 3@F&W%§bram<:

green %D%&E&eﬁ%&k%bﬂ%he@et@ 0685 ol i M SiDaAG W 5 gqt'%% gcgﬁetc%%%%t%rgfee“

sheet is f illed "Wwth said conductor paste according t invention; a
procesgasne@hlch a laminate for sintering is obtained by I|amnating
several green sheets which are filled with. conductor........ - pastes; 5 |

AUG 2006 a prdcesseferail ehhatceramboipuhitlididysre isubist t a4 €e s cokidaimed by
sintering green sheets for |amnation and sintering and conductor pastes.
It is preferabhecthaenal ¢ erkar tnedity | eyernsubs) ratde sdodending seve rialie
invention is obtained by |am nating and sintering several ceramc green
sheetsCﬁﬁé@écsHFF88e§h8PFéuWPOﬁFrﬁﬁﬁfﬁﬁﬁﬁeﬂﬁ§0@ﬂé WAKiLACe (hadire IiseBdgien a
green shee% as _a via hole which is filled with a conductor paste; wherein
a condH&tB egagPe to be pl ugged into a via hole is conposed of a conductor

e onr AL PO A, A0 POPURLC YNNI 203 28T 8% PR 18 (Al o 3
conductor paste;
wherein a conductor paste to be plugged into a via hole is
composed of a conductor powder containing an Ag powder having an
average particle diameter of 3 - 10pm, amounting to 95% or more

of the whole weight of a conduct powder and an organic vehicle but

is not composed of a glass.

Brief Description of the Drawings
Fig. 1 is a sectional view of a green sheet laminate according
-to Example of the present invention.
Fig. 1 is composedof agreensheet 10, aviahole 12, a conductor
paste 30, a thermal-shrinkage-constraining sheet and a green sheet

laminate.

_Description of the Preferred Embodiments

Fig. 1 shows a structure of a laminate at the étage where a
sintering process is carried out in Example of the invention.

A green sheet 10 is made by preparing slurry as a glasé ceramic
material and molding the prepared slurry to a sheet state. A green
sheet 10 has a via hole 12 which is penetrated and formed in a
predetermipedpositionduringthepunchingprocessf. Aceramicgreen. . ..

sheet can be composed of the same materials used for a production
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sectional view of a green sheet |am nate according to Exanple quﬁp
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whol e wei ght. of a conduct powder and an organic vehicle but is
ed of a glass. Brief Description of the Drawings Fig. 1 is a
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t invention. Fig. 1 is conposed of a green sheet 10, a via hole

not

% o
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Exanpl e of the invention. 'A green sheet 10 is ma y preparing

Aa§iﬂegls§-§§a,@eéﬁ3’%§ ofred eFi AlhAand @l diengmpbheyRHEPAT € Sd A YvdyP
state. A green s
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a

eet 10 has a via hole 12 which is penetrated ‘and

f or medaisncanvpnedehan nnned-ipagietd enbdriarg st hen pLane i g RIOCess, o A ey am ¢
sheet can be conposed of the sanme materials used for a production 6

green
3 AUG
| npart
mat er i

ho06s processwfiahbenti ohatu terdemigmul didilayeresubsances.hole
icular, an alum na, %Iass ceramcs, etc. are used as a ceramc
aFb. aPRr@*mefsiloR&l Os

way as conventional nultilayer substrates. A lay out pattern of via
are determ ndd W PRt CHekegh. SPASHT difet®r PPt dohbT @ 2i Prapptox.

0- 110 Re M 0 JaaniLed sheets of ofsen shegts A9 pre tamuaied to forma

| am nate sheet

sheet s
sheet s

. n,s
n a l'am nat e’ sheet vi a hol es

cg-rg'ne@izgd &OQ%CE%LIO l\ﬁﬁwﬁgr Q)tfh?gminlélume[)f OJreleﬁ‘rg]’Pe%rtg Oc@noge %re%epf

can be set if necessary. The range fromsevera

can bens&lssary. The range from several to several dozens can be set.

The inside of a via hole 12 is filled with a conductor paste
20. Said method for filling with a conductor paste according to
the inventioncanbe the same as theproductionprocess of conventional
circuit boards. 1In other words, each via hole 12 for an individual
green sheet 10 canbe filled with a conductor paste 20 or an operation
of filling an opening via hole 12 on the surface with a conductor
paste 20 can be repeated while laminating a green sheet 10 serially.
A screen printing method can be applied to the method for lamination
of a conducto; paste 20.
be formed onto a surface of a greensheet 10. Awiringcircuitpattern

can include not only a conductor circuitbut also a functional section

- such as a resistance. For a wiring circuit pattern, the same

conductor paste as a conductor paste 20 for a via hole can be formed
by a screen printing. A screen printing allows a via hole to be
filled with a conductor paste 20 and forming of a surface circuit
at the same time. It is a matter of course that a conductor paste

suitable for forming a surface circuit, which is different from

dPe of a via hole can be enployed in the sane

hol es

PR s&Veral Ygfeen

to several dozens

a conductor paste in-component mixture canbe used:” Awiring circuit-- -

pattern can be connected to said conductor paste which the via hole
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The inside of a via hole 12 is filled with a conductor paste 20. Said

met hod for fill'ing with a conductor paste according to the invention can
be the sane as the producti.on process of conventional <circuit boards. In
other words, each via hole 12 for an individual green sheet 10 carUise20fB
illed withra,gapdyctgr paste 20 or an operation of filling an opening via
hol e 1§%%n the surface with a conductor paste 20 can be repeated while

| ami nating argisegrsheetsnkdserhal by sihtSHLeMm fHd nting,88Lhod;gan be
applied to the nmethod for lam nation of a conductor paste 20. Al though a
sket chprsfemablled, athhting sintetinpattelrs carped®fmsdred aHighg@ surdf ace
of a green sheet 10. Awring circuit pattern can include not only a
conductberoviicahtribbfgalsonatfranotingnal sedtdedn such as aacesiditrarice. For
awring circuit patter n, the same conductor paste as a conductor paste
20 fortheymalhsh&lekagpechopiwd indpdaskeetan br BAt FAQPoAl Bgrae pmiims ng
allows a via hole to be filled with a conductor paste 20 and form ng of a
surf acBT8PRcIRtEt &t tRe tedhet PREC Pethfaremiler GFetdui et Hamigate
conducgor paste suitable for formng a surface circuit, which is different
from a conductor paste in conmponent m xture can be used. -- Awring

circuit patgeR cag be ect sai tor; paste.wi the via
hole 7 3 Ad% 2006 Qwasg?%%Péd 3??%9:Thi§ag$£%ﬁgsheé ca%l eeggﬁfereg

al one. tHewaY @F shiri nk8gePEehEE2R 8 ihbat s15d &t enignOr i Sc PESAOT TR 4Sing &

t her mal - shri nkage-constrai ni ng sheet. Accordingly,

t her nahasbri akage-const raimiagrekectiedd, 160f CONPOS itk ialy alkwdsia vedheen

sheet is installed onto both faces of a green sheet |am nate
and is composed of a lower material in thermal expansion coefficient
than that of a green sheet 10 within a sintering temperature range
of a green sheet laminate S. For example, if a green sheet that
is composed of glass ceramics that is sintered at low temperatures
comparatively, aluminaceramicswithlittle thermal expansionwithin
the range of the sintering temperature of the glass ceramics can
be used for the green sheet. Protective films (not illustrated)
can be installed onto both faces of a green sheet laminate or outside
of a thermal-shrinkage-constraining sheet. A protective film is
used to protect a comparatively soft green sheet when transferring
a green sheet laminate S from a lamination process to a pressurizing
process or storing a green sheet laminate S temporarily. Asynthetic
resin such as a PPS or a PET is used for the protective film. A
protective filmis attached toa laminate and carries out a protective
functionduring treatment from the preliminary pressurizing process
to the pressurizing process.

A laminate that is composed of this green sheet laminate S
and the thermal-shrinkage-constraining sheet 30 is fed to a heating
.- furnace for-sintering and is heated at appropriate temperatures -

around 1000°C to be sintered. The same process for sintering



S. Wien a green sheet lamnate is sintered, a thernal-

shrinkage-constrai ni ng sheet 30 functions as a sheet nmaterial to constrain

a green sheet 10 from shrinking excessively and is conposed of a |ower=

material in thermal expansion coefficient than that of a green shé8t 48

Within a sinterin er at ur of a green sheet |lamnate S. For
gncggg

exanpléonvﬁnﬁlﬁpé @ﬂctWéitliéyéénﬁBQéHréFeﬁl%%saE%H%ﬂﬁ%ﬁ?qtﬁﬁ tihe

sintered ow1te era %ﬁ aratlve m.na ceranic th little
&9

Cher ma BYBAASEGH Gu At Bt g ST od bl nd e
gl ass @g@gg&g%u%e ana ymglé% &Qseg@tﬁﬁ@gw@@&r Brotesctivg fiilins (ot

illustr can be installed onto aces a’ green sheet |amnate or

out5|d@0rog grbber aaketshii Rkaga GNP R HNGsheet. A protective filmis
used to protect a conparatively soft green sheet when transferring a green

sheet | am nahe gSeknomhakdt@m Makhdn pmeiesSt @b ¥ €36UthdkRgo RHhRGaSSOr
storing a green sheet lamnate S tenporarily. A synthetic resin such as a
PPS or shrPEXaps used horcompenyrigigect i veviftii m A sipricteiotgve f ilmi gt
attached to a lam nate and carries out a protective function during

treat méh?rfﬂﬁérﬁibﬁénﬁﬁéprﬁpﬁawaamewm%wape deassatieg qihec beek S@aciesi ng
process.. A lamnate that is conposed of this green sheet lamnate S and

t he thefﬁa?r%@rﬁﬁhﬁﬁb a@dﬁéttewa*r*h? ﬁbe§ﬁééf5§61f‘§af9%dc?85érﬁéa%Pﬁjhelel}rsnace
f t te t t d 0 Ct
o i near el Re ok P RhCE o B L R s R S R B0 ol

be si ntlere sane process rtor si n eri

ceranlgrgghtgh@g%rd§99§5r@hgs | ot B %ga%gbc dto the sintering process f
or the green sheet and con uctor past €. Slnterlng

Whenthe51nter1mgprocess1scxmmleteq,aceramicmultilayer
substrate is obtained as a resultant product which a green sheet
laminate S is sintered and changed to. A
thermal-shrinkage—-constraining sheet 30 is removed from the ceramic
multilayer substrate.

The ceramicmultilayer substrate obtained after the sintering
process is completed, undergoes a post process as required. For
example, a wiring circuit pattern is prepared on the surface of
the ceramic multilayer substrate, a electronic element is mounted
on the substrate and the ceramic multilayer substrate is combined
with other electronic components.

| Effects of the invention are described using actual and
comparison samples.shown in Example as follows.

Example

{Conductor paste]

A conductor paste that is cémposed.of components shown in the
table listed below was produced and quality properties were

. evaluated.
~Asaspecificexample, 5 —25weightof ethylcellulosedissolved

in a terpinelol was added to 100 weight of conductor paste that
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tenperatures and tine are determ ned according to materials used for a
green sheet or required properties. A green sheet 10 and conductor paste 20
undergo thermal shrinkage, acconpanying with sintering. if thergal
-shrinkage-cons training sheets are |am nated onto both faces ofzﬁ%ﬁ@@ﬁ

sheet | am nate he_t hermal - shri nkage-cons trajinin heets . | am nated onto
bot b fHeeRO R ROnaE r & n g HEOPTIRT nAPORRr PRKSDf M4 POPagh SREePadBPITIGTt e

Si nter 19: p106ess,. Wel the SIJI 81109 ALOGESRCLE CORI £1ed. g Geran e

an
~multilayer strate is obtai'ned as a resu pro t I C gr een

sheet hamdalfeahi r3dUA" ¢4 a0 rehaRgad 1l oni Aoq tNRY MBle{Yd Rkage gAns

training sheet 30 is renoved fromthe ceramc nultilayer substrate. The

cer am qiubhéhayesv sugstrate eblakned ahteint hecshhhiBEbAgpapELCESS 'S
conpl eted, undergoes a post process as required. For exanple, a wiring

circuit patterhassapdepavedcmnutthe shvwhaceTabletlhéndeeankes arubtidiayen
substrate, a electronic elenment is nounted on the substrate and the

cer am @norm t idfagépssulbst ¥ diee sirsigeopbr hédl e wiitamegtdrer lebectr.dnirc, gdapenent s.
Effects of the invention are described using actual and conparison sanples
shown ¥FeERRpPR %%1¥6II6%8?CExﬁﬁﬁﬁ%al%€%ﬂHH@FoFeBﬁgFéFuA¢¢g§§96€br past e

t hat ig conposed OI conponents shown in the table |isted bel ow was

produck@ any uaftly properties were evaluated. As a specific exanple, 5 -

2 5 weight of éﬁfam_é,' cgﬁgén%%eqi sReLy&ehidi i@ fol R pell ey gdded.Lg 100

wei ght of conductor paste
borosilicate glass and an alumina mainly was used.

On the green sheet, a 0.2mm diameter of a via hole was processed.

Said conductor paste which a via hole on a green sheet was
filled with.. A conductor paste used for an inner layer circuit,
which is mainly composed of an Ag powder was printed on a surface
of a green sheet using a screen printing to obtain a inner layer
circuit pattern.

Several green sheets underwent the same processing and were
laminated to obtain a green sheet laminate.

A.thermal—shfinkage—constraining sheet which is composed of
an alumina green sheet was laminated on both faces of the green
sheet laminate. Sintering temperatures of an alumina green sheet
are 1300 to 1500°C, which are sufficiently higher than those of
a glass ceramic green sheet.

The green sheet laminate and the
thermal—shrinkage—constréining sheet were combined into one
laminate by applying pressure of 100 to 200kg/cm? at 80 to 100°C.

The laminate was dewaxed by heating at 400 to 700°C and then
it was sintered at 900°C for 10 to 15 minutes.

An effect -of the - thermal-shrinkage-constraining sheet -

‘constrained -the resultant ceramic multilayer - substrate £from

10



9 3 AUG 2006 is conposed of an Ag powder alone or an Ag powder and Pd
powder having an specific average particle diameter and 5 - 25 wei ght of
the resultant product was sufficiently m xed and kneaded usi ng an

equi pmrent having three rolls to obtain a conductor paste. "d ass addisti0eh
amount” shown in Table 1 indicates an addition anmount of glass f rit

(aver ag8Tpakifel dndeahetérontals directaan njed&salilyansiti on point: 670' C,
crystallization tenperature: 980" (). G een. she A gl ass ceram c green
sheet which :Tgle ieﬁluétgor?ﬁ’ﬁsleuaato?é:abﬁ’e%aa?%%)f’%%i I%léatrggb’@??%aﬁc?lﬁi" umi na
mai nly : - reen s 0. di.ameter of a via hole was

pr ocesgggiﬁéggé (%Br?glt}%tagre ggset g%\elxokt‘ﬁncﬁna%@a?%oll'e on a green sheet was
filled with. vg1Ac¢QRAUELOY sPAsLE Wsede fOr AR hBner |Qy&faGid€ibd ity ch is
mai nly conposed of an Ag powder was printed on a surface of a green sheet
usi Nng ansiikceerspin Rilierd rtiec bt akbaAcknnelud dyereach Kadl dopidesn, Jemer al
green sheets underwent the sane processing and were |amnated to obtain a
green Skeedsl.anraake’, Adiny meEnershirdachbageeeons ¢ raicondg csloget ndhi chid s
conposed of an alum na green sheet was | am nated on both faces of the
green hoReePT| anvhhied SHhftetFngot epperalee? el ofragk alaamaim tgream dheet

are 1300 to 1500*C, which are suffici entlg hi gher than those of a gl ass
cer am SUGPEERTENERTE CAREIHI¥En {R&et PPYAR At Anid*d hewhether an alumia

ther mal. sl nkage; cnstrai bi,ng, shegt, uere conbined into one; ;| amnate by
appl yi ﬁ)g préssure of 1d6 "t 6°200 o/ a 0 AH0*C g

is stuck on the surface of the via conductor on the surface of the

ceramic multilayer substrate was observed.

11



The | am nate was dewaxed by heating at 400

" sintered at 900*C for 10 to 15 m nutes.

i nkage- cons t-ra-ining sheet
multilayer - substrate from 10 3 AUG 2006

directi refe
cermﬁcﬁ%%}%iv

c

An
onstrai ned

to 7000C
ef f ect

-of the -

and t hen

it was

t her mal - shr

-the resultant ceramc
shrinking in a horizch®db 2006
rably. The results evaluated by anal yzing the resultant

ayer substrate are shown in Table 1. "Electric resistance

val ue of via ho| e". ., emalyati on |t§p§$3|nd|gﬁ;Q§}gn q&gggg&; Lesistance
val ue for each Via conductor. For voi ds, |cracks”, vyoids generate& bet ween
a via conductor| agghduMbd pd@ke Phhad WJesNY Ci{GULLe |Yr DEaReNce Qf.ccracks
generated on the substrate were| observed. | For "powder sticking”, whether
an aluma powder aswaigmterial for the thervahestyd nkagax=ceonokbadNi ng
sheet is stuckjon the surface of the via ¢conductor on the surface of the
cerami c nultil ayéerarsubsd rdabeewas| observed. | 3 AUG 2005 [ Tabl e| 1]
Conposition of [dass Electric Prigesence Presence conductor power additives
resi stance of vpids of & uck Wej ght % val ue for or ¢racks powders
(particle diamefer via pm @9 Pd Exanple 1 99 3) 1 (I.0) 0 0{8 No No
Exanmple 2 99 5)|1%90.5) 0 0.% Noj No Exanple 3 99 (10) 1 (0.1) 0 1.0 No No

Example 1 9% ( 3) |1 (1.0) 0 0.8 No No

Example 2 99 ( 5) 1|1 (0.5) 0 0.9 No No

Example 3 99 (10) {1 (0.1) 0 1.0 No No

Example 4 95 ( 3) |5 (0.5) 0 1.0 No No

Example 5 95 ( 5) {5 (1.0) 0 1.5 No No

Example 6 100 (10) | - 0 1.5 No No

Comparison 95 (1) |5 (1.0) 0 1.0 Yes No

sample 1

Comparison | 100 (15) { - 0 5 Yes Yes

sample 2

Comparison 70 ( 1) | - 30 20 Yes No

sample 3

Comparison B0 ( 5) {5 (1.0) 20 20 Yes Yes

sample 4

Comparison 90 (10) | - 10 15 Yes Yes

sample 5

As shown above, it is found that a ceramic multilayer substrate

having a via conductor excellent in quality properties such as a

low resistance value, no voids or cracks, no stuck alumina powder

can be obtained in Example according to the prevention.

12
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Example 4 95 ( 3) 5 (0. 5), 0 1.0 No No Exanple 595 ( 5) 5 (1.0). O

. No No
Yes No
(1 -
sanpl e

Exanpl e ‘6 100 (10) - 0 1-5 No No Conparison 95 ( 1) 5 (1.0) O
sanple 1 Conparison 100 (15) - 0 5 Yes Yes sanple 2 Conpariso

1.5
1.0
n 7

30 20 Yes No sanple 3 Conparison 80 ( 5) 5 (1.0) 20 20 YesA¥ag006

4 Conparison 90 (10) - 10 15 Yes Yes sanple 5 As shown above,

it

0

i's

found tIvaPag Jewr mac kel 19 |Tay d<asuiblst rat exsehaviings | ofi anicoinduct oriexbel | ent
in quality properties such as a |ow resistance value, no voids or cracks,
no st ufRBUnchaPHoRaerer chi BeCOBR af HeP it Bxshil 6MaééorBPHYtt of thePd

prevent on. ,Wien
of mxing a’litt

anount

Q@ RE pouder is added to an Ag powder decreased an electric

resi stance value of a via. On the other hand, voids or cracks are

gener ated si 0getRE dthe PWMRIA NS @SBRI ErRakt ifle diharstey é?agéaé*ﬂ?'ﬁgs

and 3.

In Exanple 2, since an Ag power has a |large particle dianeter;

2, since an Ag power has a large particle diameter, voids or cracks
are generated and an alumina power is stuck. In Examples 3 through
5, addition of a glass frit causes electric resistance values to
increase greatly and voids or stuck alumia powders to generate.

A metal or alloy powder excellent in co_nductance must be used
for a conductor powder as a component which carries out a conductance
function in the via conductor after sintering. As described above,
a conductor powder according to the invention is composed mainly
of an Ag powder amounting to 95% or more of the whole weight of
a conduct powder. In addition, it is important that an average
particle diameter is 3 to 10 pm. Sintering behaviors vary greatly
depended on size of a particle diameter and voids or cracks are
likely to be g_enerated whether an average particle diameter is too
small or too large. If an average particle is too small, a via
conductor is shrunk earlier than a green sheet and the via conductor
stretches agreen sheet, causing cracks tobe generatedon a substrate
around a via hole. If a particle diameter is too large, voids are
generatedbetweenaviaconductor andasubstratesinceaviaconductor
is sintered latér than a substrate. In addition, the larger a
particle diameter of an Ag powder is, the larger resistance values
of a via conductor are.

In addition to an Ag powder, another material can be included

in an Ag powder are not spoiled. As a specific example, a Pd powder
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in a conductor powder within the range in'which excellent properties

2006 ' Ex le 6 to Exanple 3, useful ness
P ot o P PR B o beprEy et & e I 6 e e

voi ds goweranks a amalgeperatedeadthaatal UM RRapEWRE 1 Srsd YCKrn IFk Fyuwl es 3

through 5, addition of a glass frit causes electric resistance values to



increase greatly and voids or stuck alum a powders to generate. A netal or

- al l oy powder excellent in conductance nust be used for a conductor powder
as a conponent which carries out a conductance function in the véaua?ms
conductor after sintering. As described above, a conductor powder
accordjng invention. i npaos i nl A r_amunting to
5% or "hore ot Hnora he SHETor T & chadaet il PoReRERhe TR 1

i mpor t 2ty § BaLadP FALRN 808 e PALS Lekeh M QRIS Fd & 8o 1R 1R R o PEALERING.
behavi ors vary greatly depended on size of a particle dianeter and voi ds

or cragekssakfcelikele/ot @ beagenehates whetihee @areauesa0e Ped Hiiahe tdiramet er
is too small or too large. If an average particle is too small, a via
conducbeérai Sostidnkr easwder diteer aclgieem Fheebwaled tHEevita pobguetaks
stretches a green sheet, causing cracks to be generated on a substrate
aroundo& wi aihokendihftarpaiti ¢bepdiedrerbilel $httoal apgparetidslar emall
generated between a via conductor and a substrate since aviaconductor is
si nt erBATFaF6P I e S dsesate. A atRif ¢l biC cewe@pigrgék & Ppafeirebde
dianete& gf gg_ﬁg(gomder i%j the |arger. resistance values of a via
conduc AR tat 89 PAARHIATIoR HoPAHIRG HOWHEY SPaRbt Fare madriche BaAmseer
| ncl uded oin & conugon pavder Wi hip {ne,1aN9s J 0 uhich exsellent
propertiesS "in an Ag powder ‘are not spol d. a specific exaone, a
powder 5n 13y 3AHEr2P6n Omalt iRly RAWHe: ;caRhe used . AB Bhrand ;B
powder constrains anAgpowder from sintering and have an eftect to decrease
an el egtkineteesbskaneeny¥ahtengf pawdea ¢eBAUGEAEterShgcexe¥aBigeparticle

di aneter of a conductor powder other than an Ag powder affects properties
of a via conflunaideti,tiidn,i 5t prsafieralbig orhtahn tat lcdtrpatabugel ad&ined ves such

Pd

as glasses or inorganic powders in addition to a conductor powder
can be included in conventional conductor pastes, a glass frit cannot
be included in a conductor paste according to the invention.

Moreover, it is necessary to turnmaterials into a paste state
by including an organic vehicle to facilitate the handling such
as filling the via hole with conductor powders. As materials for
a organic vehicle, the same materials for conventicnal conductor
pastes are used. For example, an organic vehicle can be given,
wherein resins such as an ethyl cellulose are dissolved in a solvent
like a terpineol.

For themixtureratiobetweena conductor powder andanorganic
vehicle, a general mixture rate can be employed. For example,
conductor powders and organic vehicles are mixed in a ratio of 80

- 95 to 20 - 5 usually.

Industrial Field of the Invention
As specifically described, in a production process for a conductor
. paste and a ceramicmultilayer.substrate accroding to the invention,..

a-conductor powder is composed mainly of an Ag powder having a special -

14



particle dianeter is used, As a specific exanple, it is preferable that a
. Pd powder and a Pt powder having an average particle diameter of 0. 1 to

| pm are used. A too small particle dianmeter constrains an Ag powder from
sintering insufficiently and a too large particle diameter cons8rditnd0&n
Ag powder from sintering excessively. In addition, it is nore inportant

t hat alpahaugh caddiavieves wah ncas ofl asEs 0 1A, gad iccHpaEey sndth @dgéd i on
to a conductor powder can be included in conventional conductor pastes, a
gl ass fo Pilg gaanbetwpeni athbudedntnbahevhduet of pastedactor dbagte candien
invention. Moeover, it is necessary to turn materials into a paste state
by i ncloiieRgShReEr gahi @ VBRANEFe 3 & iH@U9d seE2PA6 Hahbi{ageswrdbstasate | |ing

the via hole m%t? conduct or gomd [s As materials for a organic vehicle,
the sarté Halt &f F8IY GNP OHEP Coifdlct 82 Pastied o andgetP sigrate.

exanpl g, ggp' vehigle.can b iven rein resins such as an ethyl
cel lul (;%sre%(gr(gé i sclég ch(}cﬁéns é%sig)lsvugon refﬁ(gn\agnE%VSi %)é%?ifi%g qlhoémrﬁ%?ﬁ e
ratio hetaeen: &; £ODANGLY- RSN and,an a%rgﬁ@l(écv\%:qm ELE. s R AERES A, M xture
rate can be enpl oyed. For exanple, conductor powders and organi ¢ vehicl es
are mxed i nia pattoc@iaB0 wire®2 §0e8f shdetiaUdlilnatd Rdusift &l &ivelth Oof the
I nvention As specifically described, in a production process for a
conductoons tpasing ngnd grezar ahiee tnlbmi hayerf Isubshranheé iagcondingllo ddieng
invention,,..- a conductor powder is conposed mainly of an Ag powder having
a specifathermad-abcipbege-papsitépe ndingnenee thus inber bhgal e frrd tiomhi ch
does not,-cause a hig gap between sintering behaviors of a conductor paste
and a with a green sheet'and a conductor pastecan be carried out preferably

and excellent properties of a via conductor on a ceramic multilayer

substrate can be obtained.
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green sheet. As a result, a sintered ceramc nultilayer substrate is not
likely to generate voids between a via conductor and a substrate, or to
generate cracks in a substrate and have excellent properties in electrical
characteristics such as an electric resistance value. 1n particular, when a
green sheet laninate is sintered while constraining a green shettliGad¥that e
fromshrinking thermally using a thermal-shrinkage-cons training sheet,
sintering in conbination wth a green sheet and a conductor paste can be
carried out preferably and excellent properties of a via conductor on a
ceramic nultilayer substrate can Hél®imsi ned. 15 AU 6 2006 Cainms 1. A
conductor paste conprising: a conductor powder which is conposed of a Ag
powder having an average particle dianeter of 3-10ttm anounting to 9S!'~ or
nore _of the whole weight of the conductor powder, and a Pd powder and/or
a Pt powlefFCoREVEHgraRagver ageppasingt e di aneter of 0.1-1~tm anounting to
0.1-51; of the whole weight of the conductor powder; an organic vehicle;

and not a I%%%dtzk%_ 2. Q%PTOdUCtiOD process, wherein several ceranc
green sheets “are I8k RREFFatt 'Shtlet etPIRPSSHt ifn @ &er paivde r mukiviihayer

subst aat eyvecempr ipsidtgd.cla RIQGRSSd W chy,a, .8, hol.e of a green sheet is
fillede @ﬁ&ﬁ &pe condyct or pastelaccordind té%ﬁéfgfﬁghtg a?br%ﬁe@@an
whi ch”several “§Pten “sHE8Fs CtwhfBR wenduichiredowsierh sandl eormiucpondpast e,

are |lamdneted beo ﬁ%ﬂé@f‘ﬁb¢fﬂ@rﬁﬂ(%Jé¥ége particle diameter of 0.1-1um

amounting to 0.1-5% of the whole weight of the conductor powder;
an organic vehicle; and

not a glass frit.

2. A production process, wherein several ceramic green
sheets are laminated and sintered to obtain a ceramic

multilayer substrate, comprising:

a process in which a via hole of a green sheet is filled
with the conductor paste according to claim 1;

& process in which several green sheets, which were filled

with said conductor paste, are laminated to obtain a laminate for
sintering;

@ process in which said laminate for sintering and the

conductor paste are sintered to obtain a ceramic multilayer
substrate.

3. The production process according to claim 2 comprising:
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sintering;, a process in which said |amnate for sintering and the
conductor paste are sintered to ,obtain a ceramic nultilayer substrate. 3.
The production process according to claim2 conprising: AUG 200b a process
in which a lamnate for sintering is obtained by installing therna
-shrinkage -constraining sheets onto both faces of said |am nat & AdB 2008
sintering before sinteringi a process in which said thermal - shrinkage
-constraining sheet is renoved after sintering said |amnate for
sintering. 4-pA duct.i .process according to any of claim2 and claim3
corrprilsrilsntq fﬁpr ogégg ?h \%fﬁ}ilgh a v%iaﬁﬁlﬁ’g:’tﬁatftcm e iirg- epriepar ad o § heag sgg,f ace
of the cerdntc"hubbeFayersisubstaat e qraduaed by ssald 5 I ¢ ceslfs] nethod. “S. A
cer ani@f mAd | ayernsbsidata ., Mich s bt ai ned by I"am nat i #y-fanbaces
sintering several ceramc green sheets WhGs8'BLPFAEEs a circuit wiring
pattern is printed on, wherein said ceram c green sheet have a via hole
which is 4 [H%dasist inawhiiahC@AdUCEAE 1 na WNEL €] 0. 8 Via conductor, which the
sai d Misa t@loR-das ofricleled ; npith, cont gi g_s a %‘glhl 3‘&%‘? PInRiera \hiinch gleeet
conposed of a Ag powder havi ng aR*avetaber parkic|widianster of 3- 10gm
anounting to 95t or nore of the whole weight of the conductor powder, and
a Pd powder and/or a Pt powder having an average particle dianeter of
0. 1- 1pm ramddiNRg L0 -5% of the whole weight of the conductor powder,
but dggg not . cont aiOEI] 5Q”§| ass PrYPg to any of claim 2 and clajm 3
PLlsing a process in which a wirin
surface of the ceramic

Process method.

g pattern is prepared on the
multilayer substrate Produced by said

5. A  ceramic multilayer substrate
Ham?nat}ng and sintering seve
4 Clrcuit wiring pattern is p

which is obtained by
ral ceramic

green sheets wh
: le)
rinted on. sSe surfaces

wherein said ceramic green sheet h

y . ave a via hole whi i
filled with a via conductor; ' ;Ch N

-wh i i i
erein a via conductor, which the said via hole is filled

with, ¢ i
¢« contains a conductor powder which is composed of a Ag

owd ' i
P er and/or a Pt powder having an average particle diameter of

0.1-1 i
_ AUm amounting to 0.1-5% of the whole weight of the conductor

powder, but does not contain a glasg frit.
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