-1 DESCRIPTION Title of the Invention CERAM C SUBSTRATE, FUNCTI ONAL

CERAM C SUBSTRATE, PROBE CARD 5 AND METHOD FOR MANUFACTURI NG CERAM C
SUBSTRATE Techni cal Field [0001] The present invention relates to a ceramc
substrate, a functional ceramc substrate unit and a nmanufacturing nethod
of a ceram c substrate, and nore specifically, relates to a ceramc
substrate suitable for use in a wafer test substrate unit, a functional 10
ceram c substrate unit, a manufacturing nethod of a ceram c substrate and a
probe card as a wafer test substrBESGIPTIOBackground Art [0002] There has
recently been an increasing demand to conduct ICtest in Si wafer unit.
Wth the upsizing of Si wafers, it is currently demanded to conduct such
test evenrupkRrapk BIARHR (12- |nch) Si wafers. For the test of these wafers,
a neasurement j1g needs to be forned with a connection termnal for
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15 on ¢$300mm (12-inch) Si wafers. For the test of these wafers, a measurement jig needs to

be formed with a connection terminal for contact with a pad of the wafer.
[0003]  As the measurement jig is used repeatedly upon contact with wafers to be tested,
it is required that a substrate of the measurement jig has high strength to withstand
repeated measurements. From this point of view, a ceramic substrate is used as the
20 substrate of the measurement jig. The ceramic substrate is generally manufactured by
producing a sintered ceramic body through a predetermined sintering process and
performing a polishing treatment to smoothen front and back surfaces of the sintered
ceramic body and thereby adjust the sintered ceramic body to a given thickness.
[0004] By the above polishing treatment, however, microcracks occur in front and back
25 surfaces of the ceramic substrate so that the front and back surfaces of the ceramic
substrate have brittle layers containing these microcracks at surface portions thereof.
This causes deterioration in the strength of the ceramic substrate and results in failure to
exert the intrinsic high-strength characteristics of the ceramic substrate adequately.
[0005]  In view of such a problem, for example, Patent Document 1 describes an
30 attempt to modify and repair the brittle layers of the ceramic substrate by, after the
polishing treatment, heat treating the ceramic substrate in a temperature range lower than a

sintering temperature of the ceramic substrate. However, there is a case where the



polishing treatnent, heat treating the ceramc substrate in a tenperature
range |l ower than a sintering tenperature of the ceram c substrate.

However, there is a case where the 2 ceram c substrate shrinks again by
the heat treatnment and shows a |large degivation fromthe target

di mensi ons. Nanely, the dinension accuracy of the ceram c substrate can be
deteriorated by the heat treatnent. [0006] There is also a problemthat, in
the case of formng a wiring layer in the ceramc 5 substrate, the wiring
| ayer getceranst onbetdichyrinkeadagaby thedatnesatmert ant ahowhe lacgy darivatisu bstirthe e

cannot be produced as signed. ,[]0007] On the ofher hand, for the
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formed ory-anRritel By dé'HeaCEeadthedtn® ceram c substrate manufactured through
t he above process steps. Wth the repeated use of the neasurement jig, the
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to be tested. It is..thus regujred that, the connection term nal has high
aheSi on BTt e PRl cEOARLETEORT toias BERTED: oo hetiBe Capais g osate
substrat &aphfHGhodiR¥EYEdesidldg. Drittle layer is present at the surface
portion of the ceramc substrate inmmediately after the polishing treatnent
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t he measurene ereis a pro he connection
t er mi nal mghatsligeb thaeedarhiy stibdratcheat treatnent for nodification and repair

of the brj e layer. [0010. farmng . the connection termnal after the
modt 1 cat PR lanaibaser PSP Piepephfestpe At eChEB it avol d the
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strength between the ceram c substrate and the connection termnal. [0011]
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only the substantial joint strength of the connection terminal to the ceramic substrate but
also the connection reliability between the connection terminal and the ceramic substrate
are deteriorated in the occurrence of breakage of the brittle layer during the repeated use of
20 the measurement jig.
[0009]  There is further a problem that the connection terminal gets deformed by the
heat treatment for modification and repair of the brittle layer.
{0010] By forming the connection terminal after the modification and repair of the
brittle layer, it is possible to avoid the above problem but is not yet possible to attain
25 sufficient joint strength between the ceramic substrate and the connection terminal.
[0011]  Further, Patent Document 2 describes an attempt to perform lapping treatment
on the ceramic substrate with free abrasive grains after the polishing treatment and thereby
remove the brittle layer from the ceramic substrate. In this technique, it is possible to
improve the strength of the ceramic substrate but is not possible to improve the joint
30 strength between the ceramic substrate and the connection terminal.

[0012]  There 1s also a problem in the technique of Patent Document 2 that, in the case

of forming a wiring layer and a via conductor layer in the ceramic substrate, the wiring and



renove the brittle layer fromthe ceramc substrate. In this technique, it
is possible to inprove the strength of the ceramc substrate but is not
possible to inprove the joint 30 strength between the ceram c substrate and
the connection termnal. [0012] There is also a problemin the technique of
Pat ent Docunent 2 that, in the case of formng a wring |layer and a via
conductor layer in the ceram c substrate, the wiring and 3 via conductor

| ayers protrude fromthe ceram c substrate due to a difference in polishing
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of the | iVeHed BrroBsigeiaBnR ot hepdnasiantigngly beeeen i rrtrmIc UBRIAT 2 thes an
obj ect ofcdnl@ctBf B§QNt invention to provide a novel ceramc substrate
capabl e of attaining good adhesion, i.e., high joint strength to a
connect i ofatedDvichmeniwiilhpanesolaid€ipen RgtentPoblsiation Not $-@353H. Means for
Solving t Probl ens, 4. 51 1n.order ieve t bject, there is
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conposed of a crystalline phase and dispersed in the base material,
15 Patent Document 4: Japanese Laid-Open Patent Publication No. 8-236938

Disclosure of the Invention

Problems to be Solved by the Invention

[0014]  Itis an object of the present invention to provide a novel ceramic substrate
capable of attaining good adhesion, i.e., high joint strength to a connection terminal while
20 securing sufficient strength.

Means for Solving the Problems

[0015]  In order to achieve the above object, there is provided according to the present
invention a ceramic substrate, comprising: a base material composed of an amorphous
phase; and particles composed of a crystalline phase and dispersed in the base material,

25 wherein some of the particles protrude from at least one surface of the base material.
[0016]  There is also provided according to the present invention a manufacturing
method of a ceramic substrate, comprising: producing a sintered ceramic body, the sintered
ceramic body comprising a base material composed of an amorphous phase and particles
composed of a crystalline phase and dispersed in the base material; and performing a

30 chemical mechanical polishing treatment on at least one surface of the sintered ceramic
body.

[0017]  The present inventors have made extensive researches to achieve the above



25 wherein sonme of the particles protrude fromat |east one surface of the
base material. [0016] There is also provided according to the present

i nvention a manufacturing nethod of a ceram c substrate, conprising:
producing a sintered ceram c body, the sintered ceram c body conprising a
base material conposed of an anorphous phase and particles conposed of a
crystalline phase and di spersed in the base material; and performng a 30
chem cal mechanical polishing treatnment on at |east one surface of the
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performing a chemical mechanical polishing (CMP) treatment on the surface of the

ceramic substrate according to the above-mentioned manufacturing method.

20 [0021]  The chemical mechanical polishing treatment is a general-purpose polishing
technique and is commonly performed to improve the surface smoothness of an object to
be polished. Conventionally, a semiconductor material or a metal material is used as the
object to be polished by the chemical mechanical polishing treatment. In contrast to such
conventional technology, the present invention is characterized by using the ceramic

25 material as the object to be polished by the chemical mechanical polishing treatment and
performing the chemical mechanical polishing treatment on the ceramic material for the
purpose of roughening the surface of the ceramic material. Even though the
general-purpose chemical mechanical polishing treatment is adopted in the present
invention, the technical idea and effect of the adoption of the chemical mechanical

30 polishing treatment according to the present invention are completely different from those
according to the conventional technology.

[0022]  When the ceramic substrate contains a crystalline filler and glass in the present



be polished. Conventionally, a sem conductor material or a nmetal materi al
Is used as the object to be polished by the chem cal nechani cal polishing
treatnment. In contrast to such conventional technol ogy, the present

i nvention is characterized by using the.ceramc 25 material as the object
to be polished by the chem cal nechanical polishing treatnent and

perform ng the chem cal nmechanical polishing treatnent on the ceramc
material for the purpose of roughening the surface of the ceramc

mat er i al . ingemtion, Heugystdllize fidemad dhe gasspossitutedhd oxbtalime phasecat thxol i shi ng
treatnment is % ted in the present invention, the technical idea and
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[0026]  According to another aspect of the present invention, surfaces of the some of the

particles protruding from the at least one surface of the base material are preferably
flattened. This allows, in the case of manufacturing a functional ceramic substrate unit as
20 mentioned below, an increase in the contact area of the ceramic substrate with a conductive
element so as to enhance the anchoring effect on the conductive element. It is thus
possible to improve the adhesion between the ceramic substrate and the conductive
element.
[0027]  In the present invention, a mechanical polishing treatment may be performed,
25 after producing the sintered ceramic body and before performing the chemical mechanical
polishing treatment, on the surface of the sintered ceramic body subjected to the chemical
mechanical polishing treatment. This mechanical polishing treatment is generally
performed to control the thickness of the ceramic substrate.
[0028] A brittle layer containing microcracks is formed at the surface portion of the
30 sintered ceramic body by the mechanical polishing treatment, but can be removed by the
subsequent chemical mechanical polishing.

[0029]  According to still another aspect of the present invention, there is provided a



flattened. This allows, in the case of manufacturing a functional ceramc
substrate unit as 20 nentioned bel ow, an increase in the contact area of
the cerami c substrate with a conductive elenment so as to enhance the
anchoring effect on the conductive elenent. It is thus possible to inprove
t he adhesi on between the ceram c substrate and the conductive elenent.
[0027] In the present invention, a mechanical polishing treatnment nay be
performed, 25 after producing the sintered ceram c body and before

per f or mi rfgndtivaalodeeambic atbsreehanii laforming|a @hilngive ekanane nn theabovérpraslucddace of

the sintered .ceramc bod ubjected to the chem cal ham o | i shing
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cerani ¢ lvedynibyulishretenemttwnisedhs pgla whientpst subsirate nnif by aelecting thekimdwbted by

the _subse gent c em cal nmechani cal polishing. [0029] According to still
anotther é’é’g WIVSFQFWEt?)Sraé’QQPP&Fenventl on, there is provided a 6 functional

ceram c syhstd @ik WRkAidy formng a conducti ve el ement on the
above-produced ceramc substrate through the protruding crystalline phase
conmponent[00FHr t i &b desrribathabovefitisqossiblglin Serpuesent nyeriionde pravada a nelilé ch has

h d f
ied as. datpmif sl tode bl fialhs 3661 RroIf LerBREINIG FHORRIGh Cor RS
conduct i werngihgnmiile sesuraippudditdtsgendthf ects of the Invention [0030] As

descrlbed.above it possi ble in the present invention to provide a noble
cer 8vi c SEMHISSEEDUORON Y LIawWies at t ai ni ng good adhesion i.e. high joint

strength co . 10

Bri ef gDes[gg?latl oﬁﬂ%? Hg[i?&mfﬁg{sgqog‘gé%%lh—% %Sﬁ%ﬁé@gﬁgﬂﬁréa Eﬁﬁ%\?\ﬁ\%&%&lyocess
of a manubbgtak acegrdieg foaoe einbedoesm ot the pmsbsttmvmmoaccordl ng to one

enbodi nent of th rese i nvention. FIG 2 ram shqw process
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process of the nmanufacturing nethod of
15 FIG. 3 is a diagram showing a process of the manufacturing method of the

ceramic substrate according to the one embodiment of the present invention.
FIG. 4 1s a diagram showing a process of the manufacturing method of the
ceramic substrate according to the one embodiment of the present invention.
FIG. 5 is a diagram showing a process of the manufacturing method of the
20 ceramic substrate according to the one embodiment of the present invention.
FIG. 6 is a diagram showing a process of the manufacturing method of the
ceramic substrate according to the one embodiment of the present invention.
FIG. 7 is a section view of a functional ceramic substrate unit according to
another embodiment of the present invention.
25 FIG. 8 is a section view of a probe card according to still another embodiment of
the present invention.
FIG. 9 is a diagram showing a surface condition of a sintered ceramic body
(subjected to only mechanical polishing) before chemical mechanical polishing.
FIG. 10 is a diagram showing a surface condition of the sintered ceramic body
30 after chemical mechanical polishing.

Best Modes for Carrying Qut the Invention

[0032]  Embodiments of the present invention will be described below with reference to



ceram c substrate according to the one enbodi nent of the present invention.
FIG 4 is a diagram show ng a process of the nmanufacturing nmethod of the
ceram c substrate according to the one enbodi nent of the present invention.
FIG 5 is a diagram showi ng a process of the manufacturing nmethod of the
20 ceram c substrate according to the one enbodi ment of the present

i nvention. FIG 6 is a diagram show ng a process of the manufacturing nethod
of the ceram c substrate according to the one enbodi nent of the present

i nvent i orthe Bfa@ifigs.s a section view of a functional ceramic substrate unit

accordin anpt her . ehodi nent of the present invention. 25 FIG8 is a
section aloé%']of Eé?f?%e%ﬁ&ﬁtgicpordi ng to still another enbodinent of the
present inventi opiG§11Go% iowiprdtAssPashaii ReurheSHEthad Bf £ 8deintd @Bstte a
sintered ceram c body (subjected to only mechanical polishi ng) bef ore

cheni cal aveotding toaine solbodiveng of the Eresont ipventiohagMoe speoilicaly. 1901 4 e

condLtion of the.sintered.ceram.c 3Q after . .chem cal, nechani cal

ol i ngree BB B P EMEEH PO e o 12 o Mbiee FORM GB R BRI e s o
the presefdatuhBigRbdeosts Wf te Mendaseiidashbel owivhdrtinmetaarteaage to 7 the
drawi ngs. [0033] [Ceram c Substrate]. FIGS. 1 to 6 show processes of a
manuf act uppRiacatipsmethod descsibsd belogi ip srerely one seaaplappd istot Hiendsdfoimient of
the presegt Hggﬁq&,&%nl}ﬁy&ospecifical ly, FIGS. 4 to 6 5 are enlarged

Vi ews show Rg surface conél tions of a sintered ceramic body in polishing

t r eat ment [0pB4ic es Towml five piven sipaetsl dd ttoid i harerfattrepardd andda@raeddrtogaahed t hat

t he _manuf acturjng nmet hod descri bed bel ow is nerely ope ex and i.s not
| nt dfided SEFPHEY totpﬁ%wig% laxqﬁ@é%flrsgﬁettlmteolﬁ obeuE ERa. | Al g een
sheet s 11&m&,qnﬁéf5¢_oaa&é$ﬂ 1hdss @Iﬁﬁﬂe@&n@é@lﬁbd AFbAAEEcd ﬁ&ﬁé BRkn 1fkcpypcessively

to provide a nmultilayer green-sheet lamnate 11 as showmn in FIG 1. At this
time, innepecemduceolayeraydd4 aeisgmilany farmedod front and basktsurfages of thedreanhe

green shegtedld,  AHADSinGRRF Skl IAVEl b b kA 25, J9RIRS 80
green sheet 114.

15 [0035]  Further, via conductor layers 112B are formed in the green sheet 112 so as to
establish an electrical connection between the inner conductor layers 112A and 113A.
Via conductor layers 114B are formed in the green sheet 114 so as to establish an electrical
connection between the inner conductor layers 113A and 114A.  Via conductor layers
111B and 115B are formed in the green sheets 111 and 115 so as to electrically connect the
20 inner conductor layers 112A and 114A to an outer conductor layer and a connection
terminal on the later-obtained ceramic substrate, respectively.
[0036]  Although the number of the green sheets is set to five in the present
embodiment, an arbitrary number of green sheets can be used as needed. For example, a
single green sheet may be used. The form and number of the inner conductor layers and
25 the form and number of the via conductor layers can also be set arbitrarily as needed. The
green sheets to which the inner conductor layers and the via conductor layers are applied
can be selected and set as appropriate.
[0037]  Each of the green sheets 111 to 115 contains a crystalline filler and glass.
[0038]  Examples of the crystalline filler quartz, alumina, zirconium oxide, mullite,
30 forsterite, enstatite, spinel, magnesia, calcium zirconate, strontium silicate, calcium titanate,
barium titanate and the like. [t is preferable to use alumina due to the fact that the

alumina shows particularly high crystallinity, does not shrink by sintering and thereby does



sheet 113. Inner conductor |ayers 114A are also simlarly fornmed on a front
surface of the green sheet 114. 15 [0035] Further, via conductor |ayers
112B are formed in the green sheet 112 so as to establish an electrical
connection between the inner conductor éayers 112A and 113A. Via conductor
| ayers 114B are formed in the green sheet 114 so as to establish an

el ectrical connection between the inner conductor |ayers 113A and 114A.
Via conductor layers 111B and 115B are forned in the green sheets 111 and
115 so asiot canst detridradidl in dioension atdueac@Daridprevideohigh goior stteagidris thicl 2A and

114A to an outer conductor |ayer apnd a_connection. term nal .on the
| at er - obtcanRRsHoR Erminat %%rﬂiﬁgtoﬂlélﬂ@ur&ég BE@F&?I@W .08?66@6"]3”,5{?‘? SERSGAEt he nunber

of the gr[mfhe@%a?%élés St&he gfasurxg]dse cB&@W@éﬁst sfehad iR coffinffghi trary
nunber of green sheets can De used as needed. For exanple, a single green
sheet mayut kastusedxideenfponentanldctad fitoar thefgroupeconsineng chbalbdOetByO:) dy@rBpind 25

the f b f.th i duct | al b t bit il
s rieedediaprahgrearpidisand afksl rdiodre SHRET: ROMIGEIOR g EFs and the
vi a CO”dLngQJCi?ﬁb?ﬁl%Esé sahLpapRhier fl&@ﬁn@gi(%eﬂﬁtﬁgofg’%%‘féss AFhaPM R4, at e.

[ 0037] Eac e green sheets Ill to 115 contains a crystalline filler
and gl assir, Bf 0028)} alkel njdicats ghdssesh BagiagsasaPb glaeseki Bi glassquand the leuni na,

zirconiu l,de, .;,oul I'i.te 30.for i enstatite ! es| a,

cal ci um ;ﬂjﬁ@dnat Herew, F@&I?W}?Ftﬁﬁégioeiﬁc‘é@&e rl}%’ l%a.‘%da‘%g’?'é’a% 813;5?3% ?rﬂﬁllket anat e
and the Ifilfe and theigBasP safhed @REEbinBerutSedbimdvpti O]y With b eolvam] a plagicidehe

al um na shows particularly high crystallinity, does not_ shrink by sintering
andlq her gl t and applyingihe SCYEING GeEHRICSBITY BY 2iiomiershlade pieesss-adpltingngd
provi des fj j.Ql.nt.: st £he connection termnal formed on the
surface #b%h@%aﬁrﬁégﬂ%ﬂrg%g%?rn%gh%gr am c substrate. [0039] Exanples of the
gl ass ar q0oddse Thatiaicondgt@tlayeed$2B SndOeheaniberivie ¢dnenctoo hiyadswan e &irmedast
one oxide c onent selected fromthe group c j.sting of Al2(03, B203, ZnO,
PO, 5 AVIIDEAD hITHBE APoGrRraREed Arpe et Andaline GRTtygtor G holet

bor osi | i Gat cma%%eﬁae%ﬂer coritHoi2¢8 19bASHRd 1R QReBAER DASERordhpsS At

Si 2-B28 A12(B- glass (where Mi1s Ca, Sr, Ba or Zn), alkall silicate

gl asSes; fBomel by pafrmbig ybcaswerintBig pypeess @platingproenss pi e likpEOA®] Herei n,
the green,sheets 111 to 115 can be prepared by m xing the crystalline
filler anaé’oyﬁ-greéjﬁrfégéﬁntsﬁe%&gi ven binder material and optionally wth a

sol vent, [@0ptjast Peiferably, the inner conductor layer 112A and the other inner conductor layers

as well as the via conductor layer 112B and the other via conductor layers contain at least
one selected from the group consisting of Ag, Au, Ag/Pt alloy, Ag/Pd alloy and Cu. These

20 metal materials are electrically highly conductive and chemically stable and thus can exist
stably without causing a loss of the functions of the conductor layers even when subjected
to the below-mentioned sintering process.
[0043]  The multilayer green-sheet laminate 11 is next sintered in the state shown in FIG.
1. Inthe present embodiment, air is used as the sintering atmosphere. There is however

25 no problem in alternatively using an inert gas or nitrogen gas as the sintering atmosphere.
The sintering temperature can be set to 800 to 1000°C. The sintering time can be set to
10 to 120 minutes. As shown in FIG. 2, a sintered ceramic body 13 is obtained by
sintering the multilayer green-sheet laminate 11. This sintering process may be
performed by a constrained sintering technique as appropriate.

30 f0044]  Subsequently, a mechanical polishing treatment is performed on front and back
surfaces of the sintered ceramic body 13 in such a manner that the thickness of the sintered

ceramic body 13 becomes substantially equal to a desired thickness of the ceramic



10 and the like and applying the resulting ceramc slurry by a doctor bl ade
process, a rolling process, a pressing process or the |ike. [0041] The via
conductor |ayer 112B and the other via conductor |ayers can be formed by
drilling holes in the above-prepared grgen sheets and filling conductors in
the holes, respectively. The inner conductor |ayer 112A and the ot her

i nner conductor |ayers can be 15 formed by perform ng a screen printing
process, a plating process or the like on the above-prepared green sheets.
[ 0042] Prssbssrasdb(rough ¢ratiohrie shewn tulcios. | e mechamicad polishing Bedvaent preress

conductor_| ayer as, well as.the vi anductor | ayer. 11 nd t .0t her via
cConduct orcen Y epSorin Y hesrery gagrse BriRgRy Slehas vpr g R 188 £oBSHEE ot no

of Ag, AngitfgbRisredrtRyiikéAg/ Pd al l oy and Cu. These 20 netal materials are
electrically highly conductive and chemi cally stable and thus can exi st

stably w0t caAdisi ihgt, a chesisabheghsaicplpriishingdrestmaertiés pesframed on thegfjeiits even
wh bj d 1 | i i i . Th
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FIG 1. donanédi@npérafifdllis @HAimENt  TheidhemscallfRohanscal P6lishiin teFatient
at nosphere. There is however 25 no problemin alternatively using an inert

gas or niRIPeR§e pAREsPes IR uBder2eRerAlgPHPASGoRditions Wi the weafiafdemidaber at ur e
can be Se(kgiﬁ%ﬁgﬁ‘gﬂf&%%??s' eSjl'he sintering tine can be set to 10 to 120
shown 1n |

m nut es. a sintered ceram c body 13 is obtained by
si nt eri ng0D#&E nmuBeforapeforglieethe siteebinita potisttieg fréatmehi, shesdimtedicagnpe ocess

may be perfornmed by a constrained sjntering.techni as appropyiate. 30

[0040] SUbdddnin §ais thasd _w%glﬁnﬁab?sgﬂfngﬁv%%mﬂ? theSFyselies HG ton f1 ont
and back pegpd igeesedgh i EnSipRORS SlsSEE. FREmARAN] 158 bthe Yehs as SRAAEH Hibat

t he thickness of the sintered ceramc body 13 becones substantially equal

to a desi4.ed thickness of the ceramic 9 substrate (rough control) as shown

0 F1G 3 roBe TeSHRN Rk Rl bR LSRR iPRARSRRy SRS AERLPT T bY @

general - p e techn qu S g w with a

pol i sh orcdnfning kecrobA0KSE féinicdrat b haifacespoetiendLiat sieedbdrealc Haalyilghk ng
treatnent is performed on the front 5 surface of the sintered ceram c body
13 dA whi BRHB FEGnducVherethechericel meehrnica! plishiedtsabment éy pRrfoameds to be

formed. Tgh%s&ﬁ@ﬁﬁﬁ e UTRAD ﬁf}iexcf’él ROLhSTHING thir&BLE®R the particles 13A protrude

from the surface of the base material 13B as shown in FIG. 6 due to the fact that the
etching rate of the base material 13B is greater than the etching rate of the particles 13A.
[0048] In the present embodiment, the protrusion length of the particles 13A is 10 nm
20 or greater. The upper limit of the protrusion length is approximately 500 nm in the
present embodiment although it depends on the kind of the glass constituting the base
material 13B and the kind of the crystalline filler constituting the particles 13A.
[0049]  The sintered ceramic body 13 after subjected to the chemical mechanical
polishing treatment is used as a ceramic substrate 14. 'When the conductor layer such as
25 connection terminal is formed on the polished surface of the ceramic substrate 14, it is
possible to attain high joint strength of the conductor layer by the anchoring effect of the
particles 13A protruding from the surface of the ceramic substrate 14.
[0050]  Asshown in FIG 6, there occurs such a specific phenomenon that some of the
particles 13A protrude from the surface of the base material 13B by the application of the
30 chemical mechanical polishing treatment to the ceramic material in the present
embodiment. On the other hand, surfaces of these the particles 13A themselves are

flattened by the chemical mechanical polishing treatment similarly to the effects of



process can be perfornmed under general -purpose conditions with the use of a
chem cal (acid or alkali) and abrasives. [0046] Before performng the
nmechani cal polishing treatnent, the sintered ceramic 10 body 13 is in a
state that the crystalline phase i. p]hrti cles 13A of the crystalline
filler is being dispersed in the armrp ous phase i.e. base material 13B of
the glass as showmn in FIG 4. [0047] Wen the nechani cal polishing
treatment is perforned, a brittle |layer 131 containing mcrocracks is
f or med atcoeavsutiromab@lepmal imnhzmﬁcal pelishing @eatnienter altiicpdsoide UBflatenimgzhehown i n
FIG 5. We chem chani cal oI i shing,treat [ erfornmed
Subs equertees e Ry {R{LRCESE hE Sonficheba UehPRiRe bondiCfib e End
particl espd 3sndiaid élﬁ'l%entf éﬂfﬁh&é‘ﬁe%ﬁéﬂtﬁ‘ﬁx &@cﬁ&ﬁh@ﬁﬁﬁcl@?&ﬁtﬂe@on&&%v@s shown
in FIG 6 due to the fact that the etching rate of the base material 13B
i's great eslembtrand teeratyciipngyerthe ediesiontretvyrantthetasmicdabstrfi@@udiel n t he
presgnt enbadl nmen the protrusion |length of the particles 13Ais 10 rim 20
eat eFONHHECSHIRT Y i mit of the protrusion length is approximately 500

nm i n t hefoopries entis AFRApSBIble @ ddOp&htiol tHIQRRRARs 8P HeRthikeAder@inid b&1yI! ass
o

constituting the base materlal 13B and the kind of the crystalline Il er
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term nal 14 formed on the polished surface of the ceramc substrate 14, it

ossible to attain high {10| nt strength of the conductor | ayer by the

ancH ri ng[OQﬁ]ect Adghoypghethe aeal polishang freatmghy is gesforsad; angthe sivfesed of t he
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specific phenorrenon that sone of articles 13A protrude
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t hensel vegeament. f HabicoBethelibiiag ezheafﬂh@Ichafﬁrohmbaehldapbmhmgqréaﬁﬁeﬁri@ent
simlarly to the effects of 10 conventional chem cal mnechanical polishing

t r edbrrent Blativelyilewp o Egnay thuptake plengdime ip paformghe leam@lgalaﬂecthn@lcﬁanlmhmes 13A
to incr eaégaul&@ﬁ &%ttﬁ&hancga?%eﬁgtfg%gﬁ%ﬁmegf@ %Ekﬁeg?%f]{h@ts é?r@ erhilf

conductive el enent rin ect o rcf 88 on t he
conduct i vieody 13 and the desired thickness of the ceramic substrate 14.
[0053] Furthermore, the chemical mechanical polishing treatment may be also
performed on the back surface of the sintered ceramic body 13 although the chemical
20 mechanical polishing treatment is performed on only the front surface of the sintered
ceramic body 13 in the present embodiment.
[0054] It is preferable that the ratio of an occupying area Sr of the particles 13A on the
surface of the sintered ceramic body 13 after the polishing treatment, i.e., on the surface of
the ceramic substrate 14 to the whole area of the surface of the ceramic substrate 14 is in a
25 range 0f 0.30 t0 0.45. The occupying area can be controlled by e.g., in the preparation of
the ceramic green sheets, mixing the raw glass power material and the raw crystalline
particle material at such a ratio as to satisfy the following relationship: [volume of raw
crystalline particle material / (volume of raw crystalline particle material + volume of raw
glass powder material)] = 0.3 to 0.45.
30 f0055]  If the ratio exceeds 0.45, the proportion of the glass in the ceramic substrate 14

becomes decreased so that the ceramic substrate 14 may not be sufficiently closely packed

and may not be prevented from shrinkage. This results in not only failure to improve the



- element and thereby inprove the adhesi on between the ceram c substrate and
the 5 conductive elenent. [0051] It is further possible to finely control
the thickness of the sintered ceram c body 13 by the chem cal nechani cal
polishing treatnment in such a manner that the thickness of the sintered
ceram ¢ body becones equal to the desiréed thickness of the ceramc
substrate 14. 10 [0052] Al though the nechanical polishing treatnent is
performed on the sintered ceram c body 13 as nentioned above in the
present edihedsioneatcurachef thecdeaamic alibgiatd Bhadegquattlydat aleotieteryraben ontheét ed. | n
such a case, the rough control of the thickness of .the sintered ceramc
oty 131 BEBARPPIBE Tk B5raRti DNEAT c obY RORFAh i CE 01 SR than

treat mentg 3¢iqReNBiesioh ¥RefPh b&heBYiteabRinfil sitiGaNHadhe FRMRAMM@ImiAl | Shi ng
treatnment 1s 15 relatively low It nmay thus take a long tinme to performthe

chenmi cal meybeméasalvifhahé piopngiontof et pasitleshbhexiveedatithe surfage ge. tHe f f er ence
bet vxgen t he thi ckgg_ﬂ%s of 1léhe ﬁi ntered ceramc body 13 and the desired
t hi cRnessPTOPOHARR OLEF SR Y Fat e 14. [0053] Furthernore, the cheni cal

nechani cajoop@| | s kiifgodsibidioRAlre BRMnEE e th AIth&siRhceirab V61 tAaekafii f ace
of the sintered ceram c body 13 although the chem cal 20 nechani cal

pol i shi ngsubsteaie deard the aghesia sheagbroios gonnpeiicn terrinal ip flarcesramiictshbstedat er ed
ceramc b z{j]X %nﬁ nthE pzﬁioo i egécu i q}egeff}to‘ft eooa f3A H{e%tnefgi b&ﬁhé hat the
h 0 cup%/ 5 e Al on - the

rati o of ing area Sr o partic surface of the

si nt er ed @e4mMiFIsabRCY 1416 thé vibletdi€n ¢gfahe Slitdeg of frralkrmiiit substi@te, 14000 witlen
surface of the cerani¢c substrate 14 to the whole area of the surface of
t he 1er anihe rags Of P0do 945538 meptignesbaloxgge of 0.30 to 0.45. The occupyi ng

area can nt . i ol : ] en
hoot o L HRIIEIn Hechpfing alc S BE ERRERL PPy ShscrhBE AT otk
parti cl e ¢emtrercisabstate witk hn glec@en miagsdope s himsdgnifidason of 2O myes) eftat thonshi p:

[ volume of, raw, crystalline.particle terial / (volume aof raw crystalline
Lot or e shen il afeclat S phBSuR e n3t Bsisubatol i Gfped Aied w3 45
30 [0055]pﬂof;esgéuabyﬁhh@za@m@gﬂ@edgd_%, the proportion of the glass in the
ceranm c substrate 14 becones decreased so that the ceranic substrate 14

may Aot bEOSBK f i Efunstipnal Elepseir pupsitdelnitand may not be prevented from.
shrinkage. This 'N%§f;' latfﬁndti%nﬂoctera?rm‘,¥ul:§sﬁla{eqfn?t l}sﬂlé tﬁgﬁggv%—ébqging‘dlceranﬂc

substrate will be described below. FIG. 7 is a cross section view of a functional ceramic
substrate unit according to one embodiment of the present invention. In FIG. 7, the same
or like elements are designated by the same reference numerals as those of the ceramic

20 substrate shown in FIGS. 1 to 6.
[0059]  As shown in FIG. 7, the functional ceramic substrate unit 20 includes the
above-obtained ceramic substrate 14." First outer conductors 21 are provided on a first
main surface (lower surface) 14A of the ceramic substrate 14, whereas second outer
conductors 22 are formed on a second main surface (apper surface) 14B of the ceramic

25 substrate 14. Further, microprobes 23 for electrical testing are provided on the first outer
conductors 21 so as to astride adjacent ones of the first outer conductors 21.
[0060]  Each of the first and second outer conductors 21 and 22 preferably has a layer
structure in which Ti, Cu, Ni and Au layers are successively laminated together. This
layer structure can be formed by sputtering a Ti film and applying Cu plating, Ni plating

30 and Au plating to the Ti film sequentially.
f0061]  The ceramic substrate 14 is so structured that some of the particles protrude

from the surface of the base material (with the surfaces of the some of the particles being



di mensi on accuracy of the ceram c substrate 14 adequately but al so
deterioration in the mechanical properties of the ceram c substrate. By
contrast, if the ratio is snmaller than 0.30, the adhesion strength between
the ceram c substrate 14 and the connegtion termnal nmay decrease with the
proportion of the particles 13A exposed at the surface i.e. the 5
proportion of the crystalline filler. [0056] It is possible to secure

bal ance between the di nensi on accuracy of the ceramc substrate 14 and the
adhesi on fiattened) tak siofwn hnee.g diiGet a9 bin chemisahmechaoicahpolisbingriicatrganbas well s 14

by setting the ratjio of.the occ ing area. Sr of th art.icles A t he
o face dfe michaniial Boifbing rafRett B g kel o b in e Tl i ShfRe AL of
the ceranjg sHRsd fidkeatd 44 bR wHidHthe first Quich onra@es 2f. 0B Bhetadckbritl efBct

menti oned above. [0057] Herein, the occupying area Sr can be determ ned by

obser vi nepfithese pantickes stho jointwrengtb bgiwesnsighearamicsubitrate khawd deontsn i cr oscope

(at magni f.i cati.gn of, 2000 ti ngs). aft.er e . chem cal mechani.c | i shing
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bi nar i zatthemhigsprBesBrbughind H@aEonlitostd1 VAR be GRIreited Substrate Unit) Next,
a functional ceram c substrate unit using the above-obtai ned ceramc

subst r at 0062l bEhigerakes dlnstesyble tEatEver when sgheomisgaprelest33one varededly a

function ] A ' ' dj

o acens " iroSERTk Cop Rl & Actiphts ARl BB R el | |
t he sane sikéoar(@hoeafen Ter epeatabeltdigsa taf of the IC efeamrings @Dthssehdturalityeofshown i n
FIGS. 1tqg.6. [0059] As shown in FIG 7, the &E)gtional. cer.%imc substrate
uni £020 | gqrgRaterspibe eloghiral §aican e gordictrd; stab prlopgting WitBoptauing o
conduct ors,.2 LoAfe@tibf %@%ﬁa@gr@eé b3 B eqii@hlenB iAGSt dli@Rndsiibiaq8) hhAA of
the ceram ¢ substrate 14, whereas second outer conductors 22 are formed on
a second cesamicsubdtatel4 ppmtacs prefsired etd 4B of the cerami ¢ 25 substrate 14.

Further, microprobes 23.for el gctrigal testin r rovi ded. the fjrst
out er - oot br 388 Secpa iin et 1A s St s Bl B R o
conduct or guiédeonl@RSR22ERCProvidell iendt ik &d for it 2becOBldcteidilatst Gnttuaing s 21 and
22 preferably has a layer structure in which Ti, Cu, N and An |ayers are

sucdBssi viBFipte piebhRine @ msglensdrabovs JFor(thiy Erasen. thcioint strengih Berveer Hsd by
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to the Ti sequenti a
thus enough to perform only the mechanical polishing treatment on the second main

surface of the ceramic substrate 14 without performing the chemical mechanical polishing
treatment. This does not however mean to eliminate the possibility to perform the

20 chermical mechanical polishing treatment on the second main surface of the ceramic
substrate 14.
[0064] A plurality of inner conductors 141A to 145A are provided in layer form in the
ceramic substrate 14. Interlayer connection conductors 141B to 149B are also provided
in the ceramic substrate so as to establish electrical connections between any ones of the

25 inner conductors 141A to 145A and between any of the inner conductors 141A to 145A and
the first and second outer conductors 21 and 22. More specifically, the first outer
conductors 21 are electrically connected with the inner conductors 144A .by the interlayer
connection conductors 141B and electrically connected with the inner conductors 143A by
the interlayer connection conductors 142B; and the second outer conductors 22 are

30 electrically connected with the inner conductors 142A by the interlayer connection
conductors 143B.

[0065]  The second outer conductors 22 are electrically connected with the inner



[0061] The ceram c substrate 14 is so structured that sonme of the particles
protrude fromthe surface of the base material (with the surfaces of the
sonme of the particles being 12 flattened) as shown in e.g. FIG 6 as the
chem cal mechanical polishing treat ment, ;as wel | as the nechani cal
polishing treatnment have been perfor rre& on the first main surface 14A of
the ceram c substrate 14 on which the first outer conductors 21. By the
anchoring effect of these particles, the joint strength between the

ceram ¢ swhédotas ¢4314 bankk inkeelagert connéetivondudictars 1448 anhele¢iyicadkt eomseased t he

j oi nt strength bet th 1.C . trat 14 d,th ) o]
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21 are el getdperatiohy connected with the inner conductors 144A by the

interl ayer
[0069]  (Probe Card)

Next, a probe card using the above-obtained functional ceramic substrate unit
20 will be described below. FIG. 8 is a cross section view of a probe card according to
another embodiment of the present invention. In FIG. 8, the same or like elements are
designated by the same reference numerals as those of the ceramic substrate shown in
FIGS. 1 to 6 and of the functional ceramic substrate unit shown in FIG. 7.
[0070]  As shown in FIG. 8, the probe card 30 includes a metal frame 31. A flange 311
25 is formed on a lower portion of the metal frame 31 so that the functional ceramic substrate
unit 20 of FIG. 7 is fixed to the metal frame 31 by the flange 311. Herein, the inner
conductors and interlayer connection conductors in the functional ceramic substrate unit 20
are omitted from the drawing for the purpose of simplification.
[00711 A printed wiring board 32 is provided laterally through the metal frame 31.
30 Connection terminals 33 are arranged on upper surfaces 32A of end portions of the printed
wiring board 32 exposed from the metal frame 31. These connection terminals 33 are

connected to a current supply source (power source) for the probe card 30 to conduct



connection conductors 141B and el ectrically connected with the inner
conductors 143A by the interlayer connection conductors 142B; and the
second outer conductors 22 are 30 electrically connected with the inner
conductors 142A by the interl ayer connggtion conductors 143B. [0065] The
second outer conductors 22 are electrically connected with the inner 13
conductors 143A by the interlayer connection conductors 144B and

el ectrically connected wth the inner conductors 144A by the interlayer
connect i aieotiderdwst o EC dléhBnts Dhe: silicoarwafeomdecnoecsedlid 24 carednal 4dvicafoe

el ectrically connected with each other hy t interhgﬁer cqnnecti.on
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el ectri cadr%%i}%onnect ed with each other by the interlayer connection
conduct or ; the inner conductors 143A and 145A are electrically
connect eg0O¥2]h eRathed}dncnndrycohtetonBaris pyosidedamtheqirinted wning kot 321438; and

t he i nner conductor 145A.and e .qute onduct or 2 re.electricall
connbot edoA SHETRRG AT PEFIAFEh bite e TFah QR PO TE IO, 10
[ 0067] Qgﬁ:@,yr{e@&w sennfnag 34l S hrr L8 on GRNBUEE Phifteribnaidolshe dPtRb@niidial 23 are

el ectri connected to the second outer conductors 22. [0068] The
f unct i onalerameicanbstragasyst 2Gael each haroeledtri@il Gonrections théhginoed eaduaipr 321

di mensi ons_of, 5. t hi ckness 3 engt h x,300 i A i s case,
e pobePedin BecBnitorns bett ca e eup iRl b anto B2 2 FTY o
I C el emendrnt@nwatinkbdarB DR Hids2d] Sxtiidalie RARICEId t8iehdiCORenidf tBit, PRhOtRe of

separating the I1C elenents by cutting the wafer, i.e., possible to conduct

el ed®ri cagondugingghe glepirigalapstiof thef1Q etemenys owyl%iléq%bifgeréw&? prabgicard s ¢
ti R , : dep s : i ned
Pt onad SaBARRa b HARE nRlGar bbby SuRfiB BRSO Al b RRAEPRY®, o0

cross secsftho 10 ekwenfs ate fetedied bpthd excemul devige thooughnbt benneetitrodimimalks 36f t he
present invention, In FIG 8, the sane or |ike elenents are designated by
the same $ReRtRed2bR¥feral s as those of the ceramic substrate shown in

FIGS. 1 tpefingd of the functional ceram c substrate unit shown in FIG 7.
shown

[ 0070] As in FIG 8, the probe card 30 includes a netal frane 31. A
fl adge 31[0073] (Preparation of Green Sheets)

A ceramic slurry was obtained by filling 1 kg in total of a borosilicate glass
predominantly composed of SiO;,, Al;O3 and B>O3 and an alumina powder into an alumina
pot at a weight ratio of 50:50, adding 120 g of an acrylic resin binder, a solvent (MEK) and
a plasticizer. (DOP) into the pot, and then, mixing the resulting mixture for 5 hours. This

20 ceramic slurry was applied by a doctor blade process, thereby forming green sheets with a
thickness of 0.15 mm. Herein, the alumina powder had an average particle size of 2 ym
and a specific surface of 1 m%g.
[0074]  (Manufacturing of Ceramic Substrates)

Via conductor layers were formed by drilling holes in the above-prepared green

25 sheets and filling conductors in the holes, respectively. Further, inner conductor layers
were formed on the above-prepared green sheets, respectively. A green-sheet laminate
was obtained from these green sheets as shoWn in FIG. 1. The obtained green-sheet
laminate was sintered at 850°C for 30 minutes to produce a sintered ceramic body as
shown in FIG. 2.

30 [0075]  Subsequently, one surface of the sintered ceramic body was subjected to a
mechanical polishing treatment by a lap polishing machine using #400 alumina abrasives

as needed, and then, subjected to a chemical mechanical polishing treatment. The



25 is formed on a | ower portion of the netal frame 31 so that the
functional ceram c substrate wunit 20 of FIG7 is fixed to the netal frane
31 by the flange 311. Herein, the inner conductors and interlayer
connection conductors in the functionah5ceranic substrate unit 20 are
omtted fromthe drawing for the purpose of sinplification. [0071] A
printed wiring board 32 is provided laterally through the netal frane 31.
30 Connection termnals 33 are arranged on upper surfaces 32A of end

porti ons chkmidadmechanid poldhingigeatmentdyBheesip psdamiadonitt the usetbdolliordabe 31.

These connection. term nals. 33 cted to a current supply source

( powner oﬁrﬂf@e@j’rafsB’stl}]@l%L@HES(?i’rt’(?néﬁﬁtr}g?conduct 14 electrical test on IC
el ement s g[@ S' FI®9® @110 shdbd sePReGh&fohCoftHe ShtRE N GraHR\HoaS bERke
measurin signals (current values) in the electrical test”although not

so shown dnd atfﬂaetheethawcabme{:mitm pélishirigdreatraenti nNere speodfivatlp FIGX stiogws

provi ded | n t e printed n ard 3 5 to e ubstantlally in
b e s rhaahohal TreshirBe B miC vl tiors wbiSoird 10e shsme

Connect | Ofﬁe&rﬂaﬁmmﬂﬁm%g t@h@ne (A9 96hj8ed da%r%)eﬁ@nﬂe&uﬁlem ;@ﬁﬁ&iﬂgt or s 22 of
the functional ceram ¢ substrate unlt 20 and each have el ectrical

connect i dnstment; Hed lFﬂﬁe]JO showd tls Burfagp Qondmmfdb@i SmWer*@rngrhOéﬂ afigrr i ng

32 are t HOEraR iechPfyef Al BRRAEAT BB b inePe S bk 5710

conduct i %eais%n@k;ﬁﬁlﬁl’td) eBstatlefelsolidl, 1teh,a1ﬂrﬁinelpen&tﬁssaxm1hé hghﬁaréas@eﬂemher by
the probe card 30, or equivalently, by the functional ceram c substrate
uni 2020, toreqrRhays salidd-coBlase| ectrical test of the I C el enents are

det ect ed he I S
mont oned hive. PEiareat FEFRARIPY &S RETERLA, SONOLTahd 0
ceramc sslmlfacqs ofdlse :rlbtnaiar[mltiddys Wwertel flangned #ndFIGn1Q. otlals thiis caedmhamhd | cat e

gl ass %1 ose of Si A12%g&§db8203 an an H% powder
into an asl téeo u’é‘t‘n WroFﬁ 1ng from S DARFdPH ﬁnﬂﬂf’r@ dcrylic
resin bi nﬁgrche,ﬁlcglqhymcﬁll\ﬁﬂshﬁlgqrea@@k_ast| cizer (DOP) into the pot and
then, mxi nggthe resulting mxture for 5 hours. This 20 ceramc slurry was

appltped blP0a8Hoclvalustignet premrais Substraaseby forning green sheets with a
thickness of 0.13, M. B nutbifir oY BB BRI mPAd b @M AYE HRAGRAr Li Cl €

size of 2 pm
manner as above, and forming conductor layers by sputtering, plating, exposure and

development on the respective surfaces of the ceramic substrates that had been polished

with the alumina abrasives. Each of the samples was tested for the joint strength of the
20 conductor layer to the ceramic substrate. More specifically, a thin film was applied by

sputtering and plating and subjected to exposure and development to provide a pad of i

100 pm x t40 um. The shear strength of the pad was measured with a shear.tester

(DAGEA4000) from the side of the pad at a height of 10 pm. The joint strength was

determined from the obtained shear strength and the adhesion area (10000 um?) of the pad.
25 The results are indicated in TABLE 1.
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i she
performing the chemical mechanical polishing treatment on the sintered ceramic body

according to the present invention (Examples 1-5), the joint strength of the ceramic
substrate and the conductor layer was at a high level of 15 mg/mm? or higher regardless of
whether or not performing the mechanical polishing treatment.

f0080]

mechanical polishing treatment on the sintered ceramic body (Comparative Examples 1-5),

In the case of obtaining the ceramic substrate without performing the chemical

by contrast, the joint strength of the ceramic substrate and the conductor layer was low, and
particularly low when performing only the mechanical polishing treatment with no air
baking, as is apparent from TABLE 1.

[0081]

chemical mechanical polishing treatment on the sintered ceramic body according to the

It is thus shown by the above examples that it was possible, by performing the

present invention, to allow the crystalline phase particles of the filler protrude from the
surface of the obtained ceramic substrate and improve the joint strength between the
ceramic substrate and the conductor layer by the anchoring effects of these particles.

[0082]

specific embodiments, the present invention is not limited to the above embodiments.

Although the present invention has been described above with reference to the

Various modification and variation of the embodiments described above will occur to those



wi th the alum na abrasives. Each of the sanples was tested for the joint
strength of the 20 conductor |ayer to the ceram c substrate. Mre
specifically, a thin filmwas applied by sputtering and plating and

subj ected to exposure and devel opnent tg provide a pad of U 100 mx t 40
pm The shear strength of the pad was asured with a shear tester
(DAGE4000) fromthe side of the pad at a height of 10 pm The joint
strength was determ ned fromthe obtai ned shear strength and the adhesion
area (100QQ1dath theodrt WhtBoR@dpartin® frofethe eSopets tiy gresondinganttsh.i n TABLE 1. 16

[ TABLE 11 Adhesion strength Polishing condition Treatnent (ng/m,)

Exanple 1 polish CWP by acid solution 16.6 Exanple 2 polish CPM by al kal
solution 17.8 Exanple 3 polish CVMP by acid solution 15.0 Exanple 4 polish
CPM by alkali solution 17.1 Exanple 5 - CPM by al kali solution 15.4
Conparative Exanple 1 I ap none 9.6 Conparative Exanple 2 |ap air baking at
850C 14.6 Conparative Exanple 3 polish none 9.8 Conparative Exanple 4
polish air baking at 850C 11.7 Conparative Exanple 5 polish none 10.1
[0079] As is apparent from TABLE 1, in the case of obtaining the ceramc
substrate by performng the chem cal nechanical polishing treatnment on the
sintered ceram c body 5 according to the present invention (Exanples 1-5),
the joint strength of the ceranmic substrate and the conductor |ayer was at
a high level of 15 ng/m®2 or higher regardl ess of whether or not
perform ng the mechanical polishing treatnent. [0080] In the case of
obtaining the ceram c substrate wi thout perform ng the chem cal nechanica
polishing treatnment on the sintered ceram c body (Conparative Exanples
1-5), 10 by contrast, the joint strength of the ceram c substrate and the
conductor |ayer was |ow, and particularly | ow when performng only the
mechani cal polishing treatnent with no air



baki ng, as is apparent from TABLE 1. [0081] It is thus shown by the above
exanples that it was possible, by performng the chem cal nechanical
polishing treatnment on the sintered ceram c body according to the 15
present invention, to allow the crystalline phase particles of the filler
protrude fromthe surface of the obt ai ned ceramic substrate and i nprove the
joint strength between the ceram c substrate and the conductor |ayer by

t he anchoring effects of these particles. [0082] Although the present

i nventi on has been described above WCILAI¥S&f erence to the specific

enbodi nents, the present invention is not limted to the above enbodi nents.
20 Various nodification and variation of the enbodi nents descri bed above
will occur to th illed in. art without departing fromthe scope
of the pﬁésent i%égﬁﬁﬁéﬁ. ?@£’%E%Fﬁgﬁgl. A ceram c substrate, conprising: a
base material coapasethtaial eomposedplfianamphpses phasd; g8l t i cl es conposed of a
crystalline phase and disperieg in the base nﬁgﬁrial s é%%rei n sa of the
particles protrubEcles epmpased aba erysialime phpseand sispersgd pntls bajpmatenay o The
ceram ¢ substrat &hde Aottt th %{iab%rktm&&eﬁ&h% fh& AERLIARUT tRIG:SE
contains glass; and the crysta? I ne phase contains a crystalline filler. 3.
The cer amatesalbstrate according to claiml1l or 2, wherein a ratio of the
particles protruding fromthe base material to an area of the at |east one
surface of the base material is in arange of 0.3 to 0.45. 4. The ceramc

subst r at ) accor dirfgcdrmabsifite &cofding thcldint 0, Whersifi @iccariorphoisastase of  t he

some of the particles protruding fromthe at |east one surface of the base

mat er i al conging glagst andche crystaflinephess mEAincReerapring fIlskr at e unit,

conprising: a ceram c substrate having a base material conposed of an

anor phous phase and particles conposed of a crystalline phase and

di spersed3.i n t heThas&anmi sibiigdts acordingfo clhinel pafwihdrein apatd ofitiepgrifciesm at

| east one surface of the base naterial; .
“protruding from the base material to an area of the at least one surface of the base material

is in a range of 0.3 to 0.45.

4. The ceramic substrate according to any one of claims 1 to 3, wherein surfaces of
the some of the particles protruding from the at least one surface of the base material are

flattened.

3. A functional ceramic substrate unit, comprising:

a ceramic substrate having a base material composed of an amorphous phase
and particles composed of a crystalline phase and dispersed in the base material, some of
the particles protruding from at least one surface of the base material;

a conductive element formed on the at least one surface of the base material of
the ceramic substrate via the particles; and

a metal element attached to the conductive element.

6. The functional ceramic substrate unit according to claim 5, wherein the

amorphous phase contains glass; and the crystalline phase contains a crystalline filler.

7. The functional ceramic substrate unit according to claim 5 or 6, wherein a ratio

of the particles protruding from the base material to an area of the at least one surface of



a conductive element fornmed on the at |east one surface of the base
material of the ceramc substrate via the particles; and a netal el enent
attached to the conductive element. 6. The functional ceram c substrate
unit according to claimb5, wherein the,,anorphous phase contains glass; and
the crystalline phase contains a cryst&?l ine filler. 7. The functional
ceram c substrate unit according to claim5 or 6, wherein a ratio of the
particles protruding fromthe base material to an area of the at |east one
surface ahe B8 e nideeridbasia amabgr ofdl.3 tos0.4m a range of 0.3 to 0.45. 8. The
functional ceram c substrate unit according to any one of clainms 5 to 7,
wherein surfaces of the sone of the particles protruding fromthe at | east
one surface of t fuh@t?&lapgérﬁﬁﬁ@éubﬁfﬁ {ihi#heBRify tPanydrRoF BRIHAS € 7,
conprising: the functional ceramc su%strate unit according to any one of
cl ai ns 5 wiger8n sutfares ofithelsomerif die Eitirienproiradiag firoobide pi leastbie surface of the
manuf actyri ng net hod .of a ceram c substrate, conprising: producing a

si nt er ed ‘?%‘r’ﬁe Baflatened. sintered ceramic body having a base material
conposed of an anor phous phase and particles conposed of a crystalline
phase and dispersed in the base nmaterial; and perform ng a chem cal
mechani cél. pol i sAipnepetqaechcamptisiog: the finstional sawmi¢ pytgtateait acerrdmigie aned

ceram ¢ body. 11. The nuf.act ur i t ceram c substrate
accor di ngor{e(f’fgﬂaélfl?‘rgfb?’%eﬁ;’sﬁfe’er &g{égnﬁlgﬁlggﬁg:a%%ﬁe&ﬁn‘pr oduci ng the sintered

ceram ¢ body and before perform ng the chem cal nmechanical polishing
treatnent, perform ng a nechanical polishing treatnent. on the at |east one
surface of0-t he sirpaiéstuEznebodhby ceramic substrate, comprising:

producing a sintered ceramic body, the sintered ceramic body having a base
material composed of an amorphous phase and particles composed of a crystalline phase
and dispersed in the base material; and

performing a chemical mechanical polishing treatment on at least one surface of

the sintered ceramic body.

11. The manufacturing method of the ceramic substrate according to claim 10,
further comprising: after producing the sintered ceramic body and before performing the
chemical mechanical polishing treatment, performing a mechanical polishing treatment on

the at least one surface of the sintered ceramic body.



