16 .@ct ober 2006 PRINTED Cl RCU T BOARD AND | TS MANUFACTURI NG METHOD

" \BACKGROUND OF THE | NVENTI ON 5 The present invention rel i%%iﬁito az rinted
circuit board and its nmanufacturing nethod. Mre parti ¢RrMAPRLEr pr esent

invention relates to a so- called conposite printed circuit board which

conprises resin substrates |amnated on a ceram c substrate and al so

rel at es PRINTRD LIRCYITeBOARD (ANDoITS MANUFACTURINGoar d.

10 A so-called conposite printed circuit board, conprising resin substrates
| ani nat MEBTHQBY ani ¢ substrate, is conventional | y known as a printed
circuit board which is capable of assuring excellent heat radiation and
other thermal properties as well as realizing high-density electric

the fol lowing 15 mEvaer KEHOURE bk R TN RBEE N Geni ng resin: .
830 o sus GBIk okl seldtERolo £ BtiBtesk iBe s BOaRt TP it e
resi st omnamefatairiig mébst, M’oﬂeap’ﬁtichw,i tﬁeggg%érnggﬁﬁgpgégagé‘égf giped

portion on a heat-hardening resin layer"to c as"to
ext end &aHedscomposilgsiprintedecircuiteboard cwhikthc t aompsrisesr resim dsubstiatedr e

f or med LR th at - hardeni ng_resin_layer by plating.,or sputtering. -
when a prmisatd orf o Edhic s EAE Rad S ral s o Atmin iRtV RE methoso b o o
heat - hatﬁi@abﬂ?dsﬁ%ifﬁﬁ@dqg?&ﬁgbggrd.he hardened heat - hardeni ng resin. Then,
the above-described processes are repeated to obtain a conposite printed

cl@cuit 25 Woseealled camposits prindedoircait bjardpsomprising sesibawdsaatest he
above-d scrl_iwgeeg conventi pnal, technj que requires a [arge  nunber of

_manuf act3f P8R SSrAmIG sbstiade s sGanveationallydmassatasry prinked sirgnitd
The. congurd aHetl if &apaBlclof Bscuifng EEENERCHOR ARIFIR ahiiBeEPuimarr ™ "
const i t ptopegtias asheelt aspeslizin iig'ht-&ﬁ]ﬁt; electribeaftporfent dentifgm | ar steps
st be 1 epe%%dcér%pogﬁg eprilnl%:d coigctn?ilt)ebroarg 012 manufactured in the followin

g
15 manner.

First, a uncured state heat-hardening resin {e.g., a polyimide resin or the
like) is coated on a ceramic member (i.e., a ceramic substrate) on which a printed
conductor pattern and a printed resistor are formed. Next, a laser beam is applied
to a predetermined portion on a heat-hardening resin layer to open a via-hole so

20 as to extend across this resin layer. Then, a conductor pattern and a via are
formed on or in the heat-hardening resin layer by plating or sputtering.

When a plurality of resin substrates are laminated, another uncured state
heat-hardening resin is coated on the hardened heat-hardening resin. Then, the
above-described processes are repeated to obtain a composite printed circuit

25 board having a desired number of resin layers.

However, the above-described conventional technique requires a large
number of manufacturing processes starting from the step of coating the uncured
state heat-hardening resin on the ceramic substrate to the step of forming the
conductor pattern and the via. When the required number of layers constituting

30 the composite printed circuit board is large, similar steps must be repeated to
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bui'ld up the layers. The manufacturing processes becone very conplicate.

+ SUMMARY OF THE I NVENTION I n view of the foregoing probl of the prior
art, the present invention 5 has an object to provide i toherQde cui t

board and its manufacturing nethod which is capable of sinplifying -

manuf acturing processes even if a large nunber of resin layers are

| ami nat dwilshup the layars. Thesnanufacturingptecesses decome vety thmplivave and

ot her related objects, the present invention provides a printed circuit

board conprising a ceram c substrate and a 10 resin base |layer integrally

am nateq on said oot SUMMIERY' O YREIRVENTRON b8 | ver 1o for med
o ng 111 MIRCSSORURICHERSIBBRSIERS o ol SROCHEL PRV o O

padt er nhagameabjent to providee pfinted dincaii bodrd and its mMenofatitBengome oy

arrangengnt, .the resin base_.layer is_fornmed by the resin, filmmde of a
t her nopgvi'gf:h 48 Fnie 0?55“?@9 ngmappfaciusing precesses evandf a largeauanber essed

and heapegedinqaye8 arkJanfihdied S8 defdinic L@ Etﬁth%yer formed integrally on

the ceramc suﬁztrate. #ﬁe requi rec? proces§| g tinme can be reduced. \Wen a

plurality of Inaydesto a0camplishrtheadtsrle i ethéryelatePobjeRMIARE freséntt | ™ by
heat i ng, and pressi ng them together. Thus, the present ‘invéentidn sinplifies

the manlRYEat9N Prpvidesa psused Circhithoard cpraprising 2 oecamic substraté agd ko t he

i nt ed,. g L GU i nvent i i1 ferapl e that th
P10 mpT 1 Bie 98P irteBtally Grle BT ho s Braffie subssrate, §easinths Fasinooo vba
_in a tebpe hiyer ¢s fertaed Gy ﬂ)ﬂé@sih@eaﬁ@hbaﬁﬂg apfaﬁﬁlaiécﬁgﬁ)gg%nsﬁqﬁ%ﬂf. g9 to

this arrangenent, the reSin filmand the Ceramc su te can e surely
bonded @Qiygm@r peitepe fopning filmhang seids ceramiicrsnbistrateleand thee condiétopn  t hat

th I ' ff.cient .of in filpi fficiently .l dtoth
of 1 Pefmioiniad T80 SR altesin fimmade offa iralariosta esinandonauct or
pat t er rediuetoephitksR fdrinéd éhgagl%@-fgéélisgsm%%ﬁ{ fiimpattern filmhaving the

conductor pattetn formed on
15 According to this arrangement, the resin base layer is formed by the resin

film made of a thermoplastic resin. The resin film and the ceramic substrate are
pressed and heated together to obtain the resin base layer formed integrally on
the ceramic substrate.
The required processing time can be reduced. When a plurality of layers
20 are laminated, these layers are bonded at a time by heating and pressing them
together. Thus, the present invention simplifies the manufacturing processes of
a printed circuit board.
According to the printed circuit board of the present invention, it is
preferable that the thermoplastic resin has an elastic coefficient in a range of
25 1~1,000 MPa in a temperature level during the heat and press treatment.
According to this arrangement, the resin film and the ceramic substrate can
be surely bonded together by performing the press treatment under the condition
that the elastic coefficient of resin film is sufficiently lowered to the range of
1~1,000 MPa.
30 More specifically, it is preferable that the conductor pattern forming film
is a single-sided conductor pattern film having the conductor pattern formed on
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16 .Oct ober 2006 only one surface of the resin film According to this

*arrangenent, when a plurality of conductor pattern for 'Eﬂ:rtfil ae(rje
|l am nated, it is not necessary to prepare and process a‘?%) %tpqr{%m f

di fferent kinds of conductor pattern formng filnms. The manufacturing 5
processes can be further sinplified. Furthernore, it is preferable that the

ceramc %MQM@M&%@S&: flmt ed conductor pattern and a printed
ot her and fornmed on a-surface

lectric el A ted t h
The. coram ¢ Sunciine o 3 ARRNERUCRn ST A pidsebis aticandusior patern
bonded, fohmimg filvi iRt | 0 printi

conduct or L or ng pact o Mot pien I HCeRAns to Bretn At SoBEEh Riftafine o

whil e t 188 @iferenti kindgtofi conductont pateemg formivgs filvng)r Thei ﬁ%rﬁj%faeﬂ £ g-i c
el gnent { 1 N aste.sqQ as.to, he connected to the conductor form ng paste
an% th@ﬁ%&ﬁ?gﬁﬂz’e&%ﬂ@r&@ﬂl&l@?errent forming paste, and the printed
conductor p ' C ry. pattern fqorned qn the
resin film v?g&gﬁpﬁj? eé’lqgf(%{ljr% ?Eﬁ'ﬁpgﬁygmﬁcﬁ?g@%g‘é?ﬁr HfHiCOMPUses 3 pantedy a
vi a- hol eonsuetodipatean anslsa printed edéctric élemeivwhatly %@E&Eﬂéc EB“tSSeaic%x
possi bl et o %gfgd th@ rinted electric element along a oncﬁ ng surface
bet weenOHHiE PgRe f Genthe: aeraspicasuhstratpdotwhich thee wondugigrm | t
i's, hen ﬁ)oﬁﬁ' 10, [ t Of. nunber of electric elenments 20 to
b]gh rmun?gtotleon thghgum@rl ﬁ%gpﬁgﬁa’;@&ﬁ%ﬁé@h@ qqﬁ%ﬂaﬁﬁrbﬁﬁmg)fmmd Fyi s -
|lhds printihg aoondictondformin ' h'ssieti rapre. it is
preferagl e f’?ﬁ%ﬁ t he cgargafm' cIs%g)sa?Fda?iéGgg%rsﬁlglﬂgg“.%zﬁ{/ed?ﬁgw@?e{é?ﬁl tric
el ement PA3S¢ YIS the, psinted cleetsiarplernenthbeingrfbratent byaprigting drPeMchge il mis
.. bonded, | ric.elenent bei ormed by printing an 25

el ectri %l%@fe ﬁéﬁﬁﬁﬁ%ﬁéﬁégﬁégglb&rﬁ?“ﬂ?@ﬁ‘@ﬁ%ﬁa’érq(ﬁ’@uﬁ forouingipastd amdnt

f or m ngthepadhterirnth il b ng i mect.ed to the
conductore patt elrr;lg] féorar%dgﬂgrr?lte ﬁ]ee‘ﬂl rt g??{rllhﬁgfﬂmﬁ \?i@’aé%dfﬁ%ﬁgﬁ%wﬁeé‘a?? Yd@duct i ve
past e vpAttamiis connested to the condicior patteendormed-on thie rlsin fifvibidan Thi s

ICc e 30

rangefent. mpkes | 0ssi ble ta enbed the printed electric enent
g?ong aa‘g@ﬁ’&’gﬂé’ %ﬁl}“‘gg‘geﬁ&%é‘fbl? ds gﬂ@ﬁ%a%mewtmﬁngWIomﬂlmt or
patter resfofilfhng film It is, hence, possible to reduce the total nunber of
el ectric elenents |

This arrangement makes it possible to embed the printed electric element
along a bonding surface between the ceramic substrate and the conductor pattern
forming film. Itis, hence, possible to reduce the total number of electricelements

20 to be mounted on the outermost surface of the printed circuit board. This leads
to the downsizing of the printed circuit board.

Furthermore, it is preferable that the ceramic substrate comprises only a
printed electric element formed on a surface to which the conductor pattern
forming film is bonded, the printed electric element being formed by printing an

25 electric element forming paste and then sintering the electric element forming
paste, and the printed electric element is connected to the conductor pattern
formed on the resin film via an electrically conductive paste which is filled in a
via-hole extending across the resin film.

This arrangement makes it possible to embed the printed electric element

30 alonga bonding surface between the ceramic substrate and the conductor pattern

forming film. It is, hence, possible to reduce the total number of electric elements
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Page 3 16 October 2006 to be nounted on the outernost surface of the
“printed circuit board. This leads to the downsizing of the printed circuit
board. In addition, there is no necessity of formng t%oﬁt(?bﬂre’fpo@onductor
pattern on the surface of the ceram c substrate on which the conductor
pattern formng filmis bonded. The manufacturing 5 processes can be

furt Per tsbemodnted .onlthe putesmost Slgnfaoe of Mh@pﬁi;rlitﬂiesireuitebdim. s leadg

manuf acturing a printe ci rcui oard. In a mi npati ng step, a conductor
pat t er nt% Q}e,ﬁngn ZINg 928‘“’&131' 184 ﬁi@uggﬁ’s”l‘gahba&lélqﬂaﬁh%@tlédlo reeessiduct or
pattern s LImi.ng! In t LG resin
o o cBHITERE b Aol cdaactbs iR ol P SHEfAe Yt el oRRF bR e 2
bondi ngostwehicht e conductoe rpaytirheforndiagniing iﬁiﬁdﬂde’tfldfhé%ﬁﬁﬁﬁdét@riﬁ%bs'f rate
are bonded by heatjng and pressing fromboth sides of a |am nated Body of
t Be conm&eswn@%uwtbcmngphﬁc and the ceranic substrate, thereby

Subet rate. - biEeRaRCinyRion BGRERS & metfod Tof TydhufasufiBea pintedssi b o
to redugiecuit Hoar@dth 'L hRIRARES si9, td BBndVRRR ;Zat%r’drféxjrﬁihﬁzilhﬂé%?aare

| am nated, these layers are bond d at a ti me ‘by heati ng pressi ng them
t oget heceraffliasubstnate are daminatedy Theicondactoripattezn forming filfrainaludesa

processes. of.,a pri,nt i rcuit oard. 20, Furthernore, it is preferable
Phat & HESi flAIaRgHe i a Bherbplestiadesin 41t 8 ConguEtampaiter FsRehondha. ¢ he
ndi n | I LR | C where

? Qe el gsslﬁ?li‘%déc%gpg ﬁ%lﬁsg{nﬂﬁ?}f f’ﬂ[i ﬁgm:lﬁg]rq sgefﬂjdstﬁ? 88@{3‘?‘9}%:35#1@3%06@’@@8 fﬁﬁg resin
- fil mi saridthe cerarpéc siibstrate @6Obdirded By heatingandprebsiagrfroni bethwidéegofret hod,

i the resin filmand éhe egam’c 25 substrate can be surely bonded together
inthed mlil%tegt ke bem;g)é ¢ Jrandusten pattsre forming: Hink andathe caRmImdi ti on

ange orootraRBEFERY ol 2 Resih B8hdlayt Birberai i Biontne 8RS0 Co
above igbefrhgstive to inprove the surface activity of the nmetal conponent
contained in_the conductor pattern. Hence, the conductor 30 pattern and the

18sin fil m aFhe mansfgctysingsancthod of thisvneentior makesut possibie tereduce
the required processing time. When a plurality of layers are laminated, these

layers are bonded at a time by heating and pressing them together. Thus, the
present invention simplifies the manufacturing processes of a printed circuit
board.

20 Furthermore, it is preferable that the conductor pattern contains at least
one metal component and the bonding step is performed at a temperature level
not lower than 250°C where the elastic coefficient of the thermoplastic resin
constituting the resin film is in a range of 1~1,000 MPa.

According to this manufacturing method, the resin film and the ceramic

25 substrate can be surely bonded together in the bonding step by performing the
press treatment under the condition that the elastic coefficient of resin film is
sufficiently lowered to the range of 1~1,000 MPa. Furthermore, increasing the
temperature to 250°C or above is effective to improve the surface activity of the
metal component contained in the conductor pattern. Hence, the conductor

30 pattern and the resin film are surely bonded together when the conductor pattern
is pressed against the resin film which has a sufficiently lowered elastic
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is pressed against the resin filmwhich has a sufficiently |lowered elastic

- Page 4 16 Cctober 2006 coefficient. Mire specifically, it is preferable
that the conductor pattern formng film is a singl e-si%@%&@%
pattern film having the conductor pattern forned on only one surface of
the resin film 5 According to this arrangenent, when a plurality of
conductggeffieidmrn formng filns are lamnated, it is not necessary to
prepare andn!&rocess a plurality of different kinds of conductor pattern

form ng fil Morespecidicallysttisipigferpbledbst the eendunsor pattaen formisig fiined.

Furt her.qqr It .l refer te: acturing nethod for a, printed
10 ci r dadsiglereitp RpRdRCR, B itk BV RaibitdpEB et ottt b0
conductely RiHe! firfadeodMHWresig il printed conductor pattern is forned
before pefformng the Iamnating step. The printed conductor pattern is

f&rmed by prAeeondgng doctisi acrangement, whgmat plusality odrdemduator patterrer ani ¢
subs'.trgte on i ch the coagd&lcﬁor%&attern fgrm&n&fi Inaii?s bondeg{i{] t he
bo_nd![n OfHIILE & ﬁ&; HEH BT RRGIFGCPIEY (OR j rSral GRCRES BRSTBIN n a
printe : r S
for rredqinfg?g?%&ggr lgr rgnnﬁfg;tctq&ghq(ggnp agte i|Ehngfg gtﬂy;ljg %g'prq?{net g‘éa !ﬁ*fggﬁﬁncé el enent
i s forprdcégsepcantbienfurtheradiamlified. el enent forning paste so as to be
connected tqQ, the conductior form paste on _a surface of the ceramc
substrat e o%qxﬂieémqneeltdéﬂae%rebpeghﬁt aqeffnfaaufaq&grmgunpdmd foropadated n the

ndi ng.: ' ' Lc element form ng paste.
gnd, i%l%hﬁq? |ggﬁgﬁg‘%%ﬁnﬁgﬁa%H%?%&Amﬁ}ggﬁgé%tive paste is charged into an
end-cl osed Tharimeé costiactomeatterurforting etdpaa prahfetbcSdictor Eﬁtdteﬂﬂfsc' .osed

n

via- haol e exténds across,the conductor pattern forming film has a
bot t omfaemned bgfongyperfermingihe:lemipating step. dhhecprinted eenduston patiermist t er n

contuctpheSing pritfik 5 PRAUERCT WosttiRE Bfhts I sutafe Aol Beratnicet i
conneckub§tritetioteehidch thecevrtisdtor Id)aﬂé\ltd Rirthihg e iPPohdEd &P ﬂin%@ét ern

formng filmand the printed conductor patTern forned on the cera
Bubst r step. amdhithemdyusindening rthe mandustomerning pestei fhea primted tebectrici nt ed

el ectr iefe,ment forming step, a printed electric element is formed before performing the
laminating step. The printed electric element is formed by printing an electric
element forming paste so as to be connected to the conductor forming paste on
a surface of the ceramic substrate on which the conductor pattern forming film

20 is bonded in the bonding step and then by sintering the electric element forming
paste. And, in a filling step, an electrically conductive paste is charged into an
end-closed via-hole before performing the laminating step. The end-closed via-
hole extends across the conductor pattern forming film and has a bottom defined
by the conductor pattern formed on the conductor pattern forming film.

25 Then, through the bonding step, the electrically conductive paste filled in
the end-closed via-hole provides an electric connection between the conductor
pattern formed on the conductor pattern forming film and the printed conductor
pattern formed on the ceramic substrate.

This manufacturing method makes it possible embed the printed electric

30 element along a bonding surface between the ceramic substrate and the
conductor pattern formihg film. It is, hence, possible to reduce the total number
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30 el ement al ong a bonding surface between the ceram c substrate and the

- conductor pattern formng film It is, hence, possible reduce, the total
nunber Page 5 a 16 Cctober 2006 of electric elenents {éo&g&?ﬁ{m d on the

outernost surface of the printed circuit board. This leads to the
downsi zi n%&Of .the printed circuit board. Alternatively, it is preferable
that t hef pigRtricelements tapemounisd an theiantermost surtace dithegrinted loincuit

Crep, oo Ara AU FaRmitatng FSbRLETES EHAERSaRl ng (e 1 amnat i ng
step. The prAMeeratlelg! ifis pebsosbll that RBAURIBHIBEMOAFoTa YAt

el ement form ng (ﬁaste on a surface of the ceramc stbstrate on

conduct eircyisbeardiurshen eamprisas the fodloweing stepsidntzoprinte] eleepiceldnidign by
interipg the electric.el t_f.or ni te. And,, i filli tep,

orbct i Al 8By ol FlEchi®] defbatoRoForned dhetbra. perdorning dhnol o

bef £ afi IR {FiRatd t - via t.end

nor ose T uinatifl Mep.Phe prTUEd e Aemehl B SOfned P B B AL BIREIE Dy e

conduct elemeat tformingrpaste con tahsurfacedafcthe cpeirhiy substraienenf whieh Then.
nductive paste filled in 15

t hrough th gondi g steP,.th .electrical]y cg
t he endeQicir pRUSHY feFiping: il 18 Pended in dhe drordingontepeand dhen Hay
duct t.edns | ] film, th
oot et htorfit heclectPiBIeERRc Faln R Kasid, Kn® At il e h elecycally ' "©
t8nuf acgonductiverytastsliselegettinpwanidndeclosed W@%&é%e@éi@?&??ﬁhﬁ%ﬁieﬁ 20
Strate a e

el enent, al,ong a bondj ng erface bet ween the ceram c sub
conductladmipating step: drie aadrelosed via-hele exteads asoess theecamductdrpattefe t ot al

number | . n_t.he out erno surface of the
printe %@?ﬂgﬁ]ﬁf %%%bﬁ%@%&ﬁéﬁ%ﬁdéﬁ% ﬁge gBRﬂgF%r ?Eﬂm&tﬁgnﬁﬂi% circuit
boar d. ddmd&dtﬁrt]jaftfbrntf@?ﬁﬂn ifHmo necessity of form ng the printed conductor
pattern on the 'surface of The ceramc substrate on which the conductor

pattern for niheg, thionghsthgdronsling step, tixseleatrically conductivepasts filedhin be
rt herysinmgl ified. . BRI EF DESCRI PTI COF THE DRAW NGS The, above and at her
b8 cor ané plliclbed? winholf arAviget ag electac shanetion between the conductor

pattern formed on the conductor pattern forming film and the printed conductor

pattern formed on the ceramic substrate.
This manufacturing method makes it possible to embed the printed electric
element along a bonding surface between the ceramic substrate and the
20 conductor pattern forming film. It is, hence, possible to reduce the total number
of electric elements to be mounted on the outermost surface of the printed circuit
board. This leads to the downsizing of the printed circuit board. In addition, there
is no necessity of forming the printed conductor pattern on the surface of the
ceramic substrate on which the conductor pattern forming film is bonded. The
25 manufacturing processes can be further simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

~ The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
30 which is to be read in conjunction with the accompanying drawings, in which:

Figs. 1A through 1H are cross-sectional views respectively explaining
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invention will become nore apparent fromthe follow ng detail ed description
30 which is to be read in conjunction wth the acconpanyi dr aw n%s, I n
whi ch: Figs. 1A through 1H are cross-sectional views rei%ggﬁ‘?b?%l%po

expl aining Page 6 16 Cctober 2006 essential manufacturing processes for
manuf acturing a printed circuit board in accordance with a preferred
enbodi nessentia] ntanufaeteing processéofor madufiguridg $ paintédefrcatBomaah Vi ew
showi ng_a pr,int ed ﬁ{)rcui{. oard . in. accordance vvitﬁ anot her enbodi nent of

the preddaRcRMitiba Pre dimeat of the presarREPe ENBIDRMENT S

Pr ef d [ t . iv il | ai ned . .
her ei naf Ler b 12 et &, SossNECRRRAE Yok NEOKIAR 4" irintiB, EHRLA. Bérd, ig
denot edaduprdamee wdtteanether enttsodineitalfshe preseioinvenhfigndr awi ngs. 10

einafter, a preferred enbodi nent of thé present invention will be
expl ained with reference to the attached drawing. Figs. 1A to 1H are

roar | 2B P TIONE THEBRERERR ED LB NS o o
2 conduct or Tarered bBHGERENRS SOHE DASCRE thGhtioh i bic PSR or n 22
has  a lrethafter withdefiarehes fo whthched drawiig0Uaestiby] s hRddenSeaquet or

~foil (e,g., a copper foil having a thickness of 18m according to this
enbadi rlBASpmMEdederemcedrimerals throughous thedrawingsn 23. The resin film 23

rves as anyinsulatin erial. .20,.Accordi to this enbqadi nent, the
i@si nfilm eﬁeil*%f??rheé}g &?Bngﬁeég%qaén}bé’sqlﬂ‘eﬂ?ﬂ% H?F'a@éeﬁﬁmalnﬁsnpeﬂhwﬂl diher
ket one dx@$iifediwiRh refaei imde resin of 35-65weight %
The resi fli Iem“é3 Fs%ggﬂ? %ﬁ?ﬂ?ac négggw%si ngl e- si ded conduct or

pattern fil Higs 1A ta lddacuctoss-geativaahviewsexplaining mhntfrteraghips

I nventign. 25, After.form t he conduct o attern 22 shown in Fig. 1A a
car bon Wi HRIGLE &H?‘lFtag%?r‘fg’ Acy a&‘FEd”HE? EEP§ egibqdimentraf| the23 on

whi ch egémq?l.g;&mo[p.at tern 22 is formed. As shown in Fig. 1B, the
irradidtion of a carbon dioxide gas |aser
15 Fig. 1A shows a single-sided conductor pattern film 21 which comprises

a conductor pattern 22 formed on a resin film 23. The conductor pattern 22 has
a predetermined pattern which is configured by etching a conductor foil (e.g.,a
copper foil having a thickness of 18um according to this embodiment) adhered
on a surface of a resin film 23. The resin film 23 serves as an insulating material.

20 According to this embodiment, the resin film 23 is a thermoplastic resin film
made of a polyether ether ketone resin of 65~35weight % and a polyetherimide
resin of 35~65weight %. The resin film 23 is 25~75um in thickness. The single-
sided conductor pattern film 21 is a conductor pattern forming film of the present
invention.

25 After forming the conductor pattern 22 shown in Fig. 1A, a carbon dioxide
gas laser is irradiated on a surface of resin film 23 on which no conductor pattern
221is formed. As shown in Fig. 1B, the irradiation of a carbon dioxide gas laser
forms via-holes 24. The via-hole 24 is an end-closed via-hole which has a
bottom. The bottom of via-hole 24 is defined by the conductor pattern 22. In the

30 process of forming the via-hole 24, the carbon dioxide gas laser is precisely
controlled in the output power as well as in the irradiation time so as to prevent

Page 7



forns via-holes 24. The via-hole 24 is an end-closed via-hole which has a
"bottom The bottom of via-hole 24 is defined by the con tor ttern 22.
In the 30 process of form ng the via-hole 24, the car boﬂg@(’&b@ % | aser
is precisely controlled in the output power as well as in the irradiation
time so as to prevent Page 7 16 Cctober 2006 the via-hole 24 from
expandi thg viatholel2 frogi expafdingnitotthe regioneohc@Rdudtesipdetert 122, car bon
di oxi de gasn%as. r, ﬁ\n excli ney, | aser can be used,for for the via-hole
paidest

24. Furt her SREATBRN Higidgogay [asers an gaeimen atar Gy Be ussdior

hi o ' ! D3 _ ! . ‘s 5
vant ApERiEE e BUERbR, 2P hemioR, Minky B AL HERbIe Kb A BR8r o1 o
and aocstherimephining teohmigué o formrtheorinteole@yiudbwevien) tising 22aseffis er

acconplishing the formatjon,of via-hole 24 as _shown in_Fig. 1B, each
vga- hol & VARtIEEqUS| llneﬁlawtbﬁ size of sda-hode 24 canp hercaurately soatmiieghand ser ves

he- 10 RFSRIRER, P PmRR & bOlerh HaWhd bt Bt 28t 3009 and silver

grains of 3QQftepaecomplizlling tie fempatieRlofafiaditle 24 Bs ShalhsihF1e PR aver age

grain dianmeter of 5m and a specific surface (i.e., area/weight-ratlo) of

0.5 ne/egchgighale gdasfilledwitinan elactriegdy goaductivepaste S8whichasedves

i fi f ' ) / yei ght ti Q) .2.02/g. T [ [
spect 1o Bt ARk o BRI Bt Bl L S s e bRt e
i0 a mewtnbmg%ﬁuncﬁvezgg%s%pﬁl ghﬂﬁ{; beBQgé‘m‘Eﬂ?W& rifng te@)j&% )1

charged into the via-hol I ngl e-si conduct®r pa

by a sanixed withiteipigeoboh60g. Tithgrains heve eh averagegtain diaetdri ofespast e 50
of via-hales 24.is left ,in an at npspher e, of 405 16§§ for gpproximtely 30
m nut @M &Wlﬁlﬁéuffg%i(h%me &’&gfgﬁ rgo)iof b mi/g) PHyepgrainsbaveaal |y
conducty | =1 R4, i | . t screen
ot g EFagatn dfhh Bt of 1k a0 Popei B syltics (BB RRLARRgh RiRY'AIE 2 co
enpl oydk2 e’m Terpinédlds eherpanicaldlyemo Theahixe] patheahd oi‘qérﬁc_tsb@veﬂta' hol es
f4, i f th frusl I ng operation is_accurately acconplished. Terpineol can be
2pl acd&e &ﬁ ek dmixepte ehtainja pasiepref erabl e that the 25 organic

solvent 2045 deblicl 5Bl MEhige B s BUIRuA U6, PIERACEAE o o
single-sided conductor pattern film 21 by a screen printing machine. Then, the
electrically conductive paste 50 of via-holes 24 is left in an atmosphere of
140~160°C for approximately 30 minutes to dry the terpineol. Regarding the

20 filling of electrically conductive paste 50 into the via-holes 24, this embodiment
uses the screen printing machine. However, another method using a dispenser
will be also employable to fill the electrically conductive paste 50 into the via-
holes 24, if the filling operation is accurately accomplished.

Terpineol can be replaced by other organic solvent. It is preferable that the

25 organic solvent, added with the metal grains for obtaining the electrically
conductive paste 50, has a boiling point of 150~300°C. If the used organic
solvent has a boiling point less than 150°C, the viscosity of electrically
conductive paste 50 will vary largely with elapsing time. If the used organic
solvent has a boiling point larger than 300°C, it will take a long time to dry this

30 organic solvent. '

Furthermore, as metal grains for constituting the electrically conductive
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solvent has a boiling point |ess than 150C, the viscosity of electrically
“conductive paste 50 will vary largely with elapsing tine. If the used
organic solvent has a boiling point |arger than 300C, 1% Qgteherr2006 5 | ong
time to dry this 30 organic solvent. Furthernore, as netal grains for
constituting the electrically conductive Page 8 16 Cctober 2006 paste 50,
t hi s enpaste déhthissesbodenentuspsahesinngrainghavingtheranvgrage gidindiankter  of
5, um and %he sp%;ific surface_.of O /g and tgle silver grains, having the
aver ageOhPéih ada s spegficisuriaceat Une mpgcand ¢he silvse gramsihaving/ the 1t i s

pr ef er ahl r S ' aj ' er.,is in a
range 5 é?g%eog%ﬁt@a %égr?g.r ?‘lﬁg%satpl)@glhﬁ rc%ﬁgur a%g?tl.ag:rei éfqaﬁ?gﬁ?&flﬁoﬁ] 0.1
M2/ g t opreférabi@/for théset hetalveratge thpitahe alierape gram‘ didieRr 18 ifla @indens i s

| ess than 0,5m or en the specific surface of these netal grains exceeds
15 np/ om0 ttO%umandnthcbimhﬁ@ sybiages inaimange fremd.dan’fgdocbbai n a
paste h@?g]g a viscosity preferable 10 for filling the via-hole. Wen the
el ectri’cdl®'y conductive paste contains a great anount of organic solvent, .

it takes a |[nbelavEragd gilin dihﬁle@éﬂ@fli&sé%ﬁﬁl\tﬁrairfs isNess Hap @.gytng%‘f‘.t ment
ends dissatisfactorily, ‘a great amount of gas Il be generate uring a
heat i ngwher gherspecifissustacgiafdheseemetalgrainsweiasedsill 5 me’gg,ia greappewuntn t he

R T T e T
dpare!tr s TRV e U RNALE SRS Fol 2 °

these netal gFains 1s less than |y

conductdmeupbsf erganic sobventeit vakeswlon@2éime td drybthecorgadid §olvent..If The net al
grains w read non-uajfor. en if they are_20 hegted, it will be

LI s . Ev
0 2T diying FRaFReal Pais dlsheitiabinslYe hstnt GRONRL 66 85 SriNes Bovsraed i o 51

o1 G R s BRSSP by iy
el ect rivdatHote @hdlieisi wéll plzsdréorate ithd @eltiiilﬁlityi\ﬁith@egﬁé’& to the ﬁ]t@ﬂﬁg&r able to

apply an etching treatnment slightly on the = 25 conductor pattern 22 at a
ﬂ)grtiorbof@@bﬂgt)’t-o the via-hole 24. Furthernore, it is also

On the other hand, if the average grain diameter of these metal grains
exceeds 20um or when the specific surface of these metal grains is less than 0.1
m?/g, the filling of electrically conductive paste 50 into the via-hole 24 will
become difficult. The metal grains will spread non-uniformly. Even if they are
20 heated, it will be difficult to form a later-described electrically conductive
composition 51 which is a uniform alloy. The reliability with respect to the
interlayer bondability will not be assured.
Furthermore, before filling the electrically conductive paste 50 into the
via-hole 24, it is preferable to apply an etching treatment slightly on the
25 conductor pattern 22 at a portion facing to the via-hole 24. Furthermore, it is also
preferable to apply a reducing treatment on the conductor pattern 22 at the
portion facing to the via-hole 24. These treatments will lead to successful
formation of a later-described via connection. ,
Fig. 1D shows a ceramic substrate 31 which is 0.6~1.0mm in thickness.
30 A conductor forming paste is pattern printed on an upper surface of ceramic
substrate 31. Then, the conductor forming paste is sintered to form a printed

Page 9



preferable to apply a reducing treatnent on the conductor pattern 22 at the
portion facing to the via-hole 24. These treatnents wil| |ead to successful

formation of a | ater-described via connection. Fig. 1D 16 Setober, C
substrate 31 which is 0.6-1.0mmin thickness. 30 A conductor form ng paste
Is pattern printed on an upper surface of ceramc substrate 31. Then, the
conduct cenductor pgttpesB2.i s sintered to forma printed Page 9 16 Cctober

2006 conductor Eg.ttern 32. @cg.ordi ng to.,this enbodinent, the printed
conduct or pafCEPHIBE tpdh Qdiment, Fie prnleghonglueienpatternik isdodmedor

f or m ng; B lbSvi | ' | L. grains and.qgl ass grains
wth o ShCougRaB bR TPkl TRt hribe s ThCARA Y RBadibl noar eo

at the sibvaregming andf gh9-gaths Wiflporammicoid1vehe! Th | eby
fqQrm ng theegri nt ed c%nducgt%gr atter nggrgl. Accordin CS’S()bt?}]r{HS& eéﬁgggl?’?rent,

sP| ver ITENAS PASE Is tembeated gt thetemprrature o608 cfarappromimgtelpast e.
Howevergn Lty 8P 1 X_platid nu ai ns. an alladiymagrai.ns with
the si |@%frﬂlbl{rlgﬁ‘ishgﬁfrﬁ??éﬁ'g#rgg)m&g@?%pepc{n{au%ig %fﬁfé‘%g ¢ording &'ﬂ Sgrains
i nst eacerabodikRents sil9et Beaink laye thanid ' i Lgonduct or
pattern 32 as sﬂ%v\n_ﬁngFggé alD,haﬁ_%rtgg‘grsﬁér 5?%%%&%5%%%{?@%@%@&1?

pri nt edpaste. THOWpper, itia prefesable to mixplatinuhsgraimeandpallddient £84ink Wit or m ng
past e 3}1 % dl é het viﬁen ] redetﬁ)rm' ned Eortions,of pr{ nted conduct or . :
patt er & SHYRERralis v Ross 0% FR USHPPRPYLTAERS o Bpldigrains insteathofn i n
F0g. 1'ilsiﬂr;%ﬁ1é3§i]ﬁéne§rdiﬁ§.i stor 33 is a printed electric elenment. According
to this enbodi nent,“the resistor formng paste is fabricated by kneading

rut heni um diAfted foxmingp the painted zoddgtamspatern 32 W ishoWm&mifg, 3P, went. The
obt ai ned _r esi aste i,s then heated at the tenperaCure’of 20

600- 90GESIPEY @bﬁﬁ@éﬁ%@p@? 9§téerwmmeélsqn emuppeysurdace ofceramipisubstzater esi st or
added co M Fegslor SRR IR onathe Relihen Bt dGerhindf Acbons Ghoe
Si : intcg éj(rglitg%cro_nguetmsp@netmﬁﬂwm BititefRl {d-886h HpRinted rEsisidiessnige, the
P5 shown in #ig. 1E. The printed resistor 33 is a printed electric element.
According to this embodiment, the resistor forming paste is fabricated by
kneading lruthenium dioxide (RuO2) grains and glass grains with organic
solvent.
The obtained resistor forming paste is then heated at the temperature of
20 600~900° C for approximately 60 minutes, thereby forming the printed resistor
33. ‘
According to this embodiment, ruthenium dioxide is the resistor grains
added to the resistor forming paste. However, it is preferable to use silica (Si02)
grains or lanthanum boride (LaB6) grains. Furthermore, the printed electric
25  element can be formed by printing and sintering an electric element of a
capacitor. »
Furthermore, it is preferable to apply a laser trimming to the thus formed
printed resistor 33 if necessary to accurately adjust the resistance value of printed
resistor 33.
30 After finishing the filling of electrically conductive paste 50 into the via- |
holes 24 of single-sided conductor pattern film 21 as shown in Fig. 1C and the
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25 el enment can be fornmed by printing and sintering an electric elenment of a
*capacitor. Furthernore, it is preferable to apply a laser trimmng to the
thus fornmed printed resistor 33 if necessary to accur al® t%\tb?" & he

resi stance value of printed resistor 33. 30 After finishing the filling of
el ectrically conductive paste 50 into the via- holes 24 of single-sided
conduct formingt e priftedwedistas 33fomthe ceriic stbsratt 3has shagen #PFIS Qet ober

2006 forpgln?. of printed resistor 33 on the ceram ¢ substrate 31" as shown
in Fig. apturality of (eg.; 8ok qfé§1§¢§ agcamghing te thisrermbodioent) sigglessideids

cor am coonpuqtohPafegl s TRk Yol the o Bhie hBReaR 1 B B ror

patt er nfn Eig_qu,respect i ve single-sided conductor pattern filns 21 face
upward when nounted on the ceram c substrate 31. In other words, the
siongl e- si dedintibiscaseotheranduator patterns 22fsespedtivesinglensidad coaduatmnner

conduct BRGEIER PL BT R BER e R bE BrermiChibserte pd I Gkber
CO”dUCt%rdsl,Oth@aéihg[élsidédfbaﬁdﬁétfir_ aftdid ﬁ%@g%i gcg'sg@ﬁr@g%ﬁ? fﬁ%fgggge g

thereon. The ceranc substrate 31 is position
si ngl e-giadaer thaindutacer opat simglesideds cohduetdrhpattermrfilah e2il dendngtes

pattern_32. and th ripted,. resistor 33 faci upward, Th ower nost
si ngl e-%qwt%ﬂﬁi"crotno? ﬁgpf@rﬁs Mithna Pcei‘g Qﬁggﬁ%@oﬁlaglf’tﬂ@e@?%ﬁi@t@tjbst rate
I n f Ha~0l ' LIm23 are
g(?si ti z‘?ﬁﬁe rflljfgt?ﬁ‘ ggohv%aﬂl? éﬁg‘?’?ﬁ? g&@dﬁ%ﬁ%ﬁﬁ fp%@%‘f@%ﬁahﬁr ough this
posi ti oni ng, Theweeruirie bobsisaté 3148 positieatd betdw the ailedyeded 8i ﬁ%@d:ﬁ m ned
e

portions of the printged conductor pattern 32. After stacking )
si ngl e-@fﬂi&@t@&%{%ﬂéﬁﬂﬁa@laaﬁhﬁm painted epndugor patieanc32 and the pristesh as

2sseml ok B TAR s R o Oy AR 0L chtncr bbb A i 1 o
Agcor ding 1o hLs erbe Mo Pl e B Lo e
ﬂ-g.rrper a’@ginéilrre% RI%,pOSiOBEd (ustabove the pﬁﬂ%&d contductor paéelsn' 32 Thronghof 1-10
this positioning, the via-holes 24 are electrically connected to predetermined
portions of the printed conductor pattern 32. |
After stacking the single-sided conductor pattern films 21 on the ceramic
substrate 31 as shown in Fig. 1F, a pressing force is applied to the multilayered
20 assembly in the up-and-down by a heating under vacium press machine while
the multilayered -assembly is képt in a predetermined high temperature.
According to this embodiment, the multilayered assembly is heated up to the
temperature level of 250~350°C and is pressed under a pressing force of 1~10
MPa for 10~20 minutes.
25 Through the above heating under vacuum treatment, respective single-
sided conductor pattern films 21 and the ceramic substrate 31 are mutually
bonded as shown in Fig. 1G. The resin films 23 are made of the same
thermoplastic resin material. Therefore, the resin films 23 easily fuse and
integrate together into a resin base layer 26.
30 Furthermore, the electrically conductive paste 50 is sintered in the via-hole
24 and turns into the electrically conductive composition 51. The electrically
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MPa for 10-20 minutes. 25 Through the above heating under vacuum treatnent,

“respective single- sided conductor pattern filnms 21 and E; cerﬁgic
substrate 31 are nmutually bonded as shown in Fig. 1G Giehgr 2406 s 23
are made of the same thernoplastic resin material. Therefore, the resin
films 23 easily fuse and integrate together into a resin base |ayer 26. 30

Fur t her¢otdactiveeorhpesitions 1 provddesithid ivtemdapdrecrhection bHta/es ddriaéé?ﬁ

via-hole 24 and turns into the electrically conductive conposiftion 51. The
el ect r i gidugtorpaiéersiZ. s adhenseradbe clednigallyicondustivestamposBibmddvi des
the interl ayer .connectigon b en | ace conduyct orpatters 22,

Fur t horfrovEIES, 1 REBEFRBnr B I8t XetisniobREnR 28 A bk aeintede
connectd ti9rcotielctd : js C or

Pt e T B 1o COTpicoRId S ahe A Pesiftot 3 PR

obt ai niohjaiming la mudijkayeded printed ciicuitubeardoH@ wiidh the tprirted rpsistdre3’

resi stor 63 enhedded thﬁ! ei n. t:hntféhi S. Cﬂse, the electrically conductive
conposiGmbrdded therein. In thisgass theglecirically donductiye comepesition 31 isduct i ve

conposi;tki ' ﬁpéb(fﬁf | £ 1ttt Vi The
interl a{bte#%%glaﬁg [ﬁrré%ﬁl\aélrll?rsl?n%% Egg&r"]aé ctor l%ytvzé?ro\rf\nsﬁ ggﬁ\t%h]ﬂ %’é@}eﬁ@?y 10
expl ai rirle Rdrenoperavelyltenstitetg aivéal | y conductive paste 50 filled and

[ contains the mxture of tin grains and silver

dried in the via-hole 24 g (
grains. The mmgawﬁmndémgmqﬁ:h@nbﬁmgfcw yciorpaierns 4 wilkbesimplypoi nt  of
hl ver [: i Hence, when the electrically conductive paste 50 is
#()aat ed %ﬁ‘gé%@r?‘g‘%@&at ure level of 15 250-350C, the tin grains nelt and
adher e ar ourfthe elecaiicalty condubdtive @astd HOifilled BAdNE9éd *9 the /AR 24n this
condition makes the. nolten tin start diffusing fromthe surface of silver

gr ai ns contains thesmixturenf tinigsginsandisivengraiss. (Fhermekting point oftintgraipspoi nt of
on e 15220 11 WIS e AR oipE B BUERT opins oS 0 R ebsi Whemvipe
composiTan Y Sdlete PaSe0, 4 TieBled Wi 1§ B RS PerdurfIROEE S ve
tonposi2S0ed 501 G; the tist gradfs ntedt and agharecaronindothedibedrrgrdingir ough a
Continuing the heating treatment in this condition makes the molten tin
start diffusing from the surface of silver grains. As a resulf, an alloy of tin and
silver (having a melting point of 480°C) is formed. In this case, the pressing
force of 1~10 MPa is applied on the electrically conductive paste 50. In
20 accordance with the formation of an alloy of tin and silver, the electrically
conductive composition 51 is formed in the via-hole 24. The electrically
conductive composition 51 consists of the integrated alloy obtained through a
sintering treatment. ,
During the formation of electrically conductive composition 51 in the via-
25 hole 24, the electrically conductive composition 51 is subjected to a pressing
force and is therefore pressed against the bottom of via-hole 24 which is a
surface of conductor pattern 22. Under this condition, the solid-phase diffusion
occurs between the tin components contained in electrically conductive
composition 51 and the copper compositions of a copper foil constituting the
30 conductor pattern 22. Thus, a solid-phase diffusion layer is formed in the
boundary thereof. The thus formed solid-phase diffusion layer provides an
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sintering treatnent. During the formation of electrically conductive

- conposition 51 in the via- 25 hole 24, the electrically conductive
conposition 51. is subjected to a pressing force and i%GF%%QQﬁﬁﬂqgﬁpressed
agai nst the bottom of via-hole 24 which is a surface of conductor pattern
22. Under this condition, the solid-phase diffusion occurs between the tin
conponeticetricahcanneatiombelvezan thezl¢gtrically conduetive copgsodition S3lamitliet he

copper conpositions of,a copper foil constituting the 30 conductor pattern
22. Thﬁn@‘i‘?ﬂ??ﬁ?}'ﬂaé% diffusion layer is formed in the boundary thereof.

2006 61 ect T Ea o, BNl B R h e Bt PR a PR oc 1 on

51 and adnductenfoonting ppste; thepriftedeoriduetonpatterd B2 has s s ridPrdgicat ment

applied to the previoysly described conductor formng paste, the printed
cgnductll'.?l""r ég?t dﬂlz)'ﬁ)&é%éegﬁﬁgspmmﬁl cenfusior pagiesn 35 anddhadergmiet ween

h i 3 . i 1., T
ol ase. 1R R GG ERIBE H foelon PORE R AR CoTHABPRAIS Qibthe WBse, (e
print edm@xdpd@@?ﬁi?t@ﬁtbﬁdﬂc&ﬂ' pettera 32 h‘a@fa-gi]\ﬁéi_-ﬁéﬁirégi@ﬂ at e egﬁé)ﬁ'té e

surface sjde. . glass-riph region contains rich glass conponents. Like
the absbvlacacsdde. Bog glasewicly eegiparenmainseiabgless companenthieLidanthect or

tt | t ' i ded t th duct
Pt  or 930 e BRa S ISS tERRE MRl bRIWESR 1RE bR TctpEPatEBS st ng
20t he 790hh dlathrivcontitlion!isprovded detwiattl tHe LURANCIdIGARRA YA My AR tern 22
and the electrically conduclive conposition , the ectrically
conduc tprinted argpuBicton pastere x32 rthirowgh i an patke cdrmiﬁthi% df4 theuslidaphase

l'id-ph di f f usi I f d bet t he 15 tricall onduct i
corpos ABHOg IR (ORmeR PrtPrLBceR DrCiBRPRGieRn 552 andibe Alpdricabn 111 m
23 i ' . . kne, th
ci asti COTRRA EROPBS T the FlecRIN eI BT et 11
appr oxiimahelwiatholé Bbaand thecsolidiphase pliffusion 22yert fermeéd Hetdeeandiect or

ductive conposition 51 have inproved

ttern, 32, d the el.ectrically c .

ﬁgt i Vi @iﬁcz@cﬂfaéﬁon uotrge SOHH%QSééOG%qt@ twpuntetheondugtor patteny B2,

o rer © NORER e feSPn £f AT ProSsetifHehudd'BY thé héartig Bher Vicuum "o 9o
press machine, the elastic coefficient of resin film 23 is reduced to a level of
approximately 5~40MPa. The conductor pattern 22, the printed conductor
pattern 32, and the electrically conductive composition 51 have improved activity

20 when they are heated up to 250°C or above. Accordingly, respective resin films
23 and the ceramic substrate 31 are surely bonded together, while the conductor
patterns 22, the printed conductor pattern 32, the electrically conductive
composition 51, and the resin film 23 are surely bonded.

It is preferable that the elastic coefficient of resin film 23 is in a range from

25 1MPa to 1,000MPa during the heating and pressing treatment. If the elastic
coefficient of resin film 23 exceeds 1,000MPa, no thermal fusion will occur
between resin films 23. The conductor patterns 22 will be subjected to a large
stress and may be broken or damaged. On the other hand, if the elastic
coefficient of resin film 23 is lower than 1MPa, the resin film 23 will not be able

30 tokeepits shape during the heating and pressing treatment. This causes the drift

of conductor patterns 22 and makes it difficult to form the printed circuit board

Page 13



patterns 22, the printed conductor pattern 32, the electrically conductive
~conposition 51, and the resin film23 are surely bonded, |t is preferable
that the elastic coefficient of resin film23 is in a r H§tebesg0085 1\vpa
to 1,000MPa during the heating and pressing treatnent. If the elastic
coefficient of resin film 23 exceeds 1,000MPa, no thermal fusion will occur
bet ween108sin filns 23. The conductor patterns 22 will be subjected to a

| t d b k .d d. the other hand, if th

o noti ¢ oottt alRInIRg B PRTeq Rirsai i ar 80D AsHascrived ahens, Higchit 1 1 m 23
o ! . v e !

Ut eat nogiieSof ofr (ACKAEE palts G AR TCMCAb P dBRAIMBY PHBRS BT I,

di f fi cukconductbopattetre2@iformed o theuipgpebsarfdce Bipeintad Efrc@itiahat 19008 100.

Afier obt ai ni n'ﬁeé.he ﬂéi rltﬁd Ci rcuié board 100 as descri bed above, flip chip
el2nment SNQYVNotthel 18y abiaghhp amonnted spackagenpestsoh 1paceidhennsolderedrivi ons of

the co . pper surface of printed circuit
board 1B%ﬂgs@%w%%ﬁégfﬁgk%%& Eg{fgt ed package parts 61 are then

sol dered to Fatthermbiesntthe abowvet deeritfednnskafRdubabt in the
above-descri hed, manufacturing nethod, the procesg ﬁghr%\%}\f%ttla_?gwél%s

cor r espShIn B Kigs 1€ qqxgemdedg a fillingstspdifithis emb:cmdimem.éﬁhe p&b‘?ws hi n

Fig. 1D ' ' is 10

e:n‘godi VAR BRI bBcsRENAS R prgied eialclot Bateot forraing step efthib ect 1 ¢
. . ! i ; et

o espaneodlfien® e PloCs SIRIbA i Tig: 1B COmBsRGRES G A ¥nldl Pletrici:

pr ocesselentent farming astéppo£ thishgmbre it Athed ppodysss Shvwn in FFig. 1 to
formthe pri n%l'%c'is tﬂci rcuit .board 1Q0 sho inh Fig,_ 1G corresponds to a
i .

bondi ng"E{ERO idlamigating step-of this £mbediment: Surthermssestheeproce

bed
conducroreatiiatPpkesSiilg thelartiRpB8 bod U B Filh BF 18 EOR ERG BiRRed oo
t oget hetircuihdoasdi 106 eHowarlyn i Bighcdl asbreexpopidesard boAEIMOShp SFIEE
e C

égereof, {)h reby bonding respective resin filnms 23 and t ram c
bst r £BO9@MEAtat 5 tinme. As a result, the laminated resin filns 23 turn

into the resA B to the above-described arrangement and manufacturing method,
a plurality of single-sided conductor patterh films 21 and the ceramic substrate
31 are laminated together. The laminated body is heated and pressed from both
sides thereof, thereby bonding respective resin films 23 and the ceramic substrate

20 31 at a time. As a result, the laminated resin films 23 turn into the resin base
layer 26 positioned on the ceramic substrate 31. Thus, it becomes possible to
obtain the printed circuit board 100 which is a so-called multilayered composite
substrate. As apparent from the foregoing description, this embodiment provides
a novel manufacturing method for a printed circuit board which is simple

25 compared with a conventional method.

Furthermore, the single-sided conductor pattern films 21 laminated on the
ceramic substrate 31 have the same arrangement. This is advantageous in that the
manufacturing processes can be simplified because there is no necessity of
preparing and processing a plurality kinds of conductor pattern forming films.

30 Furthermore, the printed circuit board 100 includes the ceramic substrate

31at the lower side thereof. As shown in Fig. 1H, it becomes possible to mount
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| ayer 26 positioned on the ceranic substrate 31. Thus, it becones possible
'to obtain the printed circuit board 100 which is a so-called nmultilayered
conposite substrate. As apparent fromthe foregoing de%@ﬂcﬁb%@o%i S
enbodi ment provides a novel manufacturing nethod for a printed circuit
board which is sinple 25 conpared with a conventional nethod. Furthernore,

the singheeléditid element (61 opahé eippet isuffacdof @ghﬂﬂi eftcAft Bdkd %ﬁ?ﬁg@é’ t he

substrate, 31 have the_sane arrangenent. This 1s advantageous i
manuf actRiintag rpsistars33dsembpdded npithe iprintedcairceitteard 180Nkt beggasi ty of

Pl Thar! Fsiibie RLpGTAGE A Bt todt P Richys CaPEEs haskitiog uellent ni o
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possible to nmount Page 14 16 Cct 2006 the re on the
upPer sweldcitie componentadouvntiogit board 100. The printed resistor 33 is

enbedded in Fhe rinted cirquit bgard 100. It becones possible to provide
a printed ci Foff fB’&éPd*"%&ﬂ@FﬂS?@&d@?& £5MauBHRESrusteea shawn imEig.
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~nmounting free fromany concentrated stress occurring

gener at pagkagasmapdinghdraer framnanyt eosgentngtedestrespoicourringedwd qy chedescr i bed
one 15 pref Bable enbodi nent of the present invention provides a printed
circuit® %{F‘ﬁ n'corrpri sing a ceram c substrate (31) and a resin base |ayer

(26) int egfaAkYapda%EFﬁﬂﬁcﬁgl oR fdiegsmgakgcﬂﬁéa,r e a%ﬁ%.zdé@&g@%gg%@;he resin

base | ayer (26) i's fornmed by preSsing an eating a lam nat
dénsi st preferableembodiment of et present imventignfpromidedla peinted Hiecwie bad
subst "l S %%?n’g %ngegarﬁ?iccgg sut%tgr@l) and a resin base layer (26) integrall
y
larminated on the ceramic substrate (31), wherein the resin base layer (26) is
formed by pressing and heating a laminated body consisting of a conductor
pattern forming film (21) and the ceramic substrate (31), and the conductor
20 pattern forming film (21) includes a resin film (23) made of a thermoplastic resin
and a conductor pattern (22) formed on a surface of the resin film (23).
According to the printed circuit board disclosed in above-described one
preferable embodiment of the present invention, it is preferable that the
thermoplastic resin has an elastic coefficient in a range of 1~1,000 MPa in a
25 temperature level during the heat and press treatment. The conductor pattern
forming film (21) is a single-sided conductor pattern film (21) having the
conductor pattern (22) formed on only one surface of the resin film (23). The
ceramic substrate (31) comprises a printed conductor pattern (32) and a printed
electric element (33) which are connected to each other and formed on a surface
30 of the ceramic substrate (31) to which the conductor pattern forming film (21) is

bonded. The printed conductor pattern (32) is formed by printing a conductor
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20 pattern forming film (21) includes a resin film (23) nade of a
~thernoplastic resin and a conductor pattern (22) formed on a surface of
the resin film(23). According to the printed circuit H&ceherst0Wsed in
above-descri bed one preferabl e enbodi nrent of the present invention, it is
preferable that the thernoplastic resin has an elastic coefficient in a
range oformmgpasterad thea simsringthercanduetdrdfoemidgrpasee, wikilo ehé paintedr ess

t t st d . patt forn.ng fil 21) i i ngl e-si ded
conduct BIEcHAY ELSTReRt 3 is BPrmEl by StiRling i slBeirt lsamert orag pestara on

! &Y e § proier
Compr | a5 0 2PAnSIed1R (RE PORILLIOTEbfhlng bafe il BRI Bebibdrla oron

(33) whelementdoroning paste. tAndahe primted conducoorpattern (82)4sfcepnedkdap t he
attern formng film(21) is

ceram c substrate (3 to i ¢ch the conductqr p ( |

bohded. thﬁ@%ﬁi'ilﬁpécpé Hu%rfq{mq o @Eﬁz;ﬂ&l@ fgbﬁr@@)bvlapammfm@cally

conduct : : ' 1 then sintering the

conductgdrinqhtlf))(?fir@;keerh;g‘ar?s 5%1?%2 \Ml;ﬁ)ﬁ lg%@?zgd Ipd;Elg){/l{géggli@é??‘?@dcgpg%gﬁqss(%ﬂe?g f or ned

by prinfilmg23h. el ectric element formng paste so as to be connected to the
e and then sintering the electric elenent formng

past e, And, THeaBeVardsscobRd aneqrepaebla ombadimeat obiheqresehtinvéntion
conduct YT fo o, ot b Reitg BipHnled Beshe poaft Sbrapiasing acr oo
e R e e e e i e
board cusiiate (i Jathexwndaetorpatiegn fomping filmi(2bpinobedmeronrdietih (R3ytern
- formng fil and,a.ceram c substrate (31), t ondugt or pattern
For m ngnets i 28 ARD BTt SndfSnibkioratternddg) Soraed weravbitacs | ¢
(23) . 2By, Rl Petmote, ST A L nths FEmo¥ bl op of
bondi nchartding stepuafiondiapttke oomdnncutbpgaﬂéimﬂo(rﬂiihﬁiﬂﬁl (210 Grf theicerdkhic
38°% he SuBtalnad bydeaLIng 1 paeasine: oot sk oflacmingiadbodot et o (31)
Lher ebiorPBERhiterd fohihdBifh (F)ind 1e doPhiHE iblirhEH Hhelhy @
obtaining a resin base layer (26) integrally laminated on the ceramic substrate
(31).
| According to the manufacturing method of a printed circuit board
20 disclosed in above-described one preferable embodiment of the present
invention, it is preferable that the conductor pattern (22) contains at least one
metal component and the bonding step is performed at a temperature level not
lower than 250°C where the elastic coefficient of the thermoplastic resin
constituting the resin film (23) is in a range of 1~1,000 MPa. The conductor
25 pattern forming film (21) is a single-sided conductor pattern film (21) having the
conductor pattern (22) formed on only one surface of the resin film (23).
Preferably, the disclosed printed circuit board manufacturing method
further comprises a printed conductor pattern forming step of forming a printed
conductor pattern (32) before performing the laminating step. The printed
30 “conductor pattern (32) is formed by printing a conductor forming paste on a

surface of the ceramic substrate (31) on which the conductor pattern forming film
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According to the manufacturing nethod of a printed circuit board 20

~di sclosed in above-descri bed one preferabl e enbodi nent é t he present
invention, it is preferable that the conductor pattern f QCtQQ%t%QO@S at

| east one netal conmponent and the bonding step is perforned at a
tenperature | evel not |ower than 250C where the el astic coefficient of the
t her mop(2k}tis banssidnin thertandingistep ahd thes by sinterif@he ¢onductar feffmef
11,000 MPa. The conductor 25 pattern formng film(21) is a single-sided
conduct B¥StBattern film (21) having the conductor pattern (22) formed on

I L g )m P - th | sgl I nt ed
ottt boar dienahcloR [phRd cifPuie Hoard" TiadiAkirind (Eicth8’ B5FReRt or
pat t er ncémpriseg asprépteds eltotriv elgnsentrforirddg s@@pﬂd@féﬂhiﬂ?h:}:ﬁirﬂeﬂ @éct?ﬁ:f -or e
pg{form ng thz éagg)atl ng step. The printed 30 conductor pattern (32) is
f brred %Jyrrtmlt 33 hpetore prafrmyngttbe lamgﬂ%%sxep?we_pmnﬁ?t?lemrécaler?mtig c
substr . 0 r. pattern f.ormng film Page
Oct obe?@zi’éo% }?%?%f&rhﬁﬁlaglﬂgtﬁﬁé&sgﬁgf%egﬁ é”ﬁ“HHEﬁq tRASIE P & nttoegieng t he
conduct eindeoted r0 thosshéuctbhfortnksd pane g 4 BuPfhceigratt cephclsaBg et uri ng

met hod further _conprises a printed electric element tormng step 0

f;)r mi n_glj_(3zi)|§hfl! \Hh&gl EhleeQerqu:ctoBpéﬂteﬂmfugn(iag)fi]lm(ﬁl)éisgmﬂdrldﬁmetthmdilggi ?aft i ng

step. The printed.el ectri.c_el enent . is forne rinting an el éctric

el eﬁentsq?ggﬂfj%eﬂe@’t %lniglrég?]lg%gge&ttnégﬁ%{gepg rt”émtg@gﬁfgﬂduct o? forning paste
f ] b ' : tt

P ming 1) 0  SRIGRE BrindDeltaitc boart) mutitEing oM HibheP oy T

el ec]E r i GoTRpHSEsA fﬂhgg?t@ pbshargingail Iedaeci'ris]gl_l i‘eja@lxdnt'tin"e?ﬂfstd I iihtPaRr d

manuf act uy i t er. conprises i ng. step of chafgi ng an

el ectr i?’é‘?i}gegeﬂélﬁ‘g‘tqm&%f@r? prg?fromﬁggiheiaén mgssatgvahe nndgclogmj bef or e

o ( \ - g oy
Dot oos ViAhdiBR R EkRAds WS Fthe ColRIS: BaltEt rorth M B (23 anB S | nea by
the cortbttmdefittedeby the 2bnilocioepacterh f(,ez?f@ﬂnéﬂ@n ﬂ@técﬁ{dhctéﬁgéeém ng film.

%gl). Then, in. th ondi ng step, the electrically conductive paste (50)
Pl | ed TPFMIRG &ElBWER L} 0sed vi a- hol e (24) provides an electric connection

between theTpen in the bonding step, the electrically conductive paste (50) filled in
the end-closed via-hole (24) provides an electric connection between the .
conductor pattern (22) formed on the conductor pattern forming film (21) and the
printed conductor pattern (32) formed on the ceramic substrate (31).

20 According to the above-described one embodiment, in the manufacturing
of a printed circuit board, the printed conductor pattern 32 is formed on the
ceramic substrate 31 as shown in Fig. 1D. Then, the printed resistor 33 is formed
on the ceramic substrate 31 as shown in Fig. 1E. It is however preferable to form
only the printed electric elements, including the printed resistor 33, on the

25 ceramic substrate 31 without forming any printed conductor pattern.

In this case, the lowermost single-sided conductor pattern film 21 is
brought into contact with the ceramic substrate 31. In the laminating process, the
lowermost single-sided conductor pattern film 21 is positioned on the ceramic
substrate 31 in such a manner that electric connection is provided between the

30 via-holes 24 of the resin film 23 and the printed resistor 33. Then, by applying
heating press, the conductor pattern 22 is electrically connected to the printed
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conduct.or pattern (22) formed on the conductor pattern forming film(21)
~and the printed conductor pattern (32) forned on the ceramc substrate
(31). 20 According to the above-described one enbodi meni8 Qgtobere2006
manufacturing of a printed circuit board, the printed conductor pattern 32
Is formed on the ceramc substrate 31 as shown in Fig. 1D. Then, the

pr i nt edreséstos GG viddthieselotriexlly @@nﬂ@@ti@@t@?ﬂﬁoﬁ%ﬁtfmgﬁef’% @cﬁn@B?ﬂ%ni n Fig.
1E. It is however preferable to form only the printe el ectrit elenents,

i ncl udi ﬁstatllh%d piiovghdheasinterng Beatment okelegicalhnavndscties paste 30) asi t hout

form ng l?‘gx it ed conductor pattern. In this case, the | owernost
si ngl e- & eg%orﬁéu tor pattern film21 is brought into contact with the

cerani ¢ subspiceabeditk td thik Renbediniitl IObESRAES ps&@ge to Vil TR printed

si ngl e-si ded conductor pattern film 21 I's position on the cera
subst r acendictpnpaiien formingqrocess whidrismequiredin thé above desoribgé @nbet ween

t he 30 vi a- hol f th in film23 and t i n{ed_resj st 33. Then,

by app! UPRRATRERS  The trastGac ERinkpintFosey Cohbe dnrhsp SiapURGet ri cal 1y |
ted t ' . 2Q0 ' i.a th

clootri cal |y Sarelfr VK, eraitfd Subltate, (3 Y eORBriss Spbl Erp bR Ablily

t hr oughelement (B8 formetr emtanmmfacs oflthe toeramii¢ ¥ubstraec(3 MetoPatieh 18 as
odinent, it becones possible to omt

e o Suie e Rt ot (136 Ronded b chcric bemmda) n (e
APl e aa ERE o BRing R A ClEHc olGRePT RORf padld A BBE G e nica
el ect riglecteiceebarhef 8 Porindrigreshsne Arﬁi;rf}?&})rﬁiteﬂh@]e%?ﬁé‘gé'c}%n%sg f g5 (31) to

whi ch the conductor pattern formng film(21) is bond ri‘nted
el ect riconaestaghto thisyronductorfpatiarn (%Z)pﬁormeidngn dhe etsint film @33neatarf or ni ng

t interi th ct,r.i ¢ .el t formn ste. And, the
b nt e ertieEly SR bt (UF RkRdS T in enelacBRisrD CpaRdingn (22)
f or med gfodd e resimfifdn! 2_23) via an electrically conductive paste (50)
which is filled in a via-hole (24) extending across the resin film(23).

§ This enbddhigembediméntepravides enottrruhannfadtmgnganbtibdbf a prinfeided
circuit board comprising a printed electric element forming step of forming a

printed electric element (33) before performing the laminating step. The printed
electric element (33) is formed by printing an electric element forming paste on
a surface of the ceramic substrate (31) on which thé conductor pattern forming
film (21) is bonded in the bonding step and then by sintering the electric elveme‘nt
forming paste,
_ This another printed circuit board manufacturing method comprises a
_ filling step of charging an electrically conductive paste (50) into an end-closed
via-hole (24) before performing the laminating step. The end-closed via-hole (24)
extends across the conductor pattern forming film (21) and has a bottom defined
by the conductor pattern (22) formed on the conductor pattern forming film (21).
_ Then. In the bonding step, the electrically conductive paste (50) filled in the end-
closed via-hole (24) provides an electric connection between the conductor
pattern (22) formed on the conductor pattern forming film (21) and the printed
conductor pattern (32) formed on the ceramic substrate (31). |
According to the above-described one embodiment, the resin film 23 is
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circuit board conprising a printed electric elenment formng step of formng

" a printed electric elenent (33) before performng the |am nating step. The

printed electric element (33) is formed by printing anl@QebercQ08nent
formng paste on a surface of the ceram c substrate (31) on which the-
conductor pattern formpg 20 film (21) is bonded in the bonding step and
t hen bymadeoéaipa)yethersthen ketoneresivrof 6503 hwaightftand apobyethetimddepri nt ed

R BT TS BT B i P 8 o
ot 056 Pribe SRClGRUTGhS TROF CRAmPLEP IR R IBTAI0LE At ol la by
( g% _C”“ﬁi’éﬁ_m?% e bondng. ot ep. a?ﬁzﬂ2?;3‘:‘?22}?@t;“a*m"?&zfig“‘:;fﬂs (50)

{911 ea polyeeranite woi iyponsseinlods forniheassti, lgrné'l%'}:&fd:sg??greﬁx jon
film (9?&‘ rﬂ%rllgé@ %g%&lﬁrnl%egghéggﬁ%ﬁngégpﬁ Bg&#@?’ﬁ%gggpﬁyned (F;n the ceram cg

substrate (Firthéesors]in possitile tahmeea deseioplastiopel gitivieldi aedcalldte resin
film23 is Page 18 16 October 2006 nade of afgol ether et her ketone resin

of 65- ?B;lmédg:fysttad pelymeper ptherdhermeplastissiosing ésﬁs&n@bllgﬁhag@hmer, t he
) desifidim bl hn NSRS LOEEER i 4 Ed Hop f LN SR BatRBsed "

PQN- ConQBR[kiene Helak IresisttdreqRiredPR Yieé @@Idair]fg(;r r8ENA.¢. 29 Thagbsh S

polyetherimde resin. It is dalso possible to mthe resin filr 23 by
usi ng qrbgessimg). pol yet her ether ketone (PEEK) or the pol yetherimde (PEl).

Furthernore,,it, i s possible,to use a ther | asti olyimde, a so-called

l'i quid crystFé-lrhﬂf'd SLORding, Hq ﬁ@? r‘?&ﬂ‘@g&&&rf@ F?I.]Q‘el %’m%%a@@msa@aee t hat

the us | e d ol | b Ch | FaNg , 000MPa

and posoRdUERpattcrlO3E paltef R P BMifE £ ool cr B ROV ABr I

pr oces<copiduetor patterh€@Zoemt be pattesrs fomged bywsihg ancelectratlyr chmgudtivet he
ove-descri bed, qne enbodi nent, the conductor pattern 22 is pattern forned

ig et c/Ragle eOHBHHDEUBEIA SOMPARTSer , the conductor pattern 22 can be

pattern forgrdyy YN It dRER theSdve- S Hd dfibodiment, the ceramic

subétrate 31 extends entirely along one side of printed circuit board 100.

However, it is possible to form the ceramic substrate 31 as a part of one surface
‘ of the printed circuit board 100. It is also possible to provide the cgfarqic
20 . substrate 31 on both surfaces of the printed circuit board 100. It is also possibic
to form a resin base layer by bonding the conductor pattern forming film on both

surfaces of the ceramic substrate 31.
Moreover, according to each of the above-described embodiments, the
printed circuit board 100 is formed by laminating a total of four substrates.
25 However, the total number of laminated layers is not limited to a specific value.
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15 paste containing netal conmponents. Furthernore, according to the
above-descri bed enbodi nent, the ceramc substrate 31 extends entirely

al ong one side of printed circuit board 100. However, ﬂ@‘?@DE@%%QQﬁe to
formthe_ceram c substrate 31 as a part of one surfape of the printed
circuit dS16024%eq 5% so possible to provide the ceramic 20 substrate
31 on both surfaces of the printed circuit board 100. It is al so possible
to forma resin base | ayer by bonding the conductor pattern formng filmon
both sur.faces gfrired eriarcits lasd rdtonddr i drigeover, according to each of
t he above-descri bed enbodi nents, the printed circuit board 100 is forned
by | ani nati ng 3a 5t OfSUsihTaibst rates. 25 However, the total nunber of

| am nat ed | ayers,_.is; i m t ihfi ¢ value. .Page 19.16 Cctober
2006 What is%cfaél%%&doﬁg%:géﬁgiggr ?erllt%éa%q%ﬁrl uicjtal lonfscc?dco?rrgr?gf'cri\g:cérgm&& am ¢
substratRibsd RS N YAEE rayeh YHRIIBd}or | BAiNgt ¢draRrdsAM genamitated
substrate, said resin base |ayer being fornmed of a lam nated body by
pressi ndposyd BieapTegs bag hanfle heatiingt &¢tiodheankhwixiared dpady casdbsedsdt e,

id | amnated bod i sting_of a lLural ity of. conductor patterp formn
Films, SSTETHGr 1R T35 condetior AMIPABERTY olRMG (TTHE THEtdding &

respect ip1@i=asi &f | eonimee oof ﬁéEH@BP|§é£h§n§e$ﬂldﬂﬁjéé@@eﬁ§h¥ﬁlﬁﬁﬁin
base |ayer conductor patterns, ‘each of said réesin base |layer  conductor
pat t er nsheionguarare datrt exm yf orrei syr £ fbes ofnchedicgr respeading resisanfi | m
a print%d electric el ement di sposed on said ceramc substrate,. |ocated

bet ween 'SP rB3FH Hise-PEFRPPLAECSGI FO5CEr AMT IHEREFELYantt TohnBafEd
:’/":;f‘hgrgg‘i%rsaic%r{cﬁ%%xba St tleANRY caduCt it p%%&ﬁr “%'ﬁs‘i‘np' Béglei tia?fer
pened 1n said resin base ayer, each of the plurality o
Vi a- hol emrdeiow®pf | phedewhkh ling formed on only one surface of the
corregponding resin film;

a printed electric element disposed on said ceramic
substrate, located between said resin base layer and said
ceramic substrate and connected with one of said resin base
layer conductor patterns;

a plurality of wvia-holes opened in said resin base
layer, each of the plurality of via-holes being filled with an
electrically conductive composition that electrically connects
two of said resin base layer conductcr patterns with each
other, the electrically conductive compositions of the wvia-
holes electrically connecting said resin base layer conductor
patterns one another, and

an electric element provided on the upper surface of

said printed circuit board and connected with one of said

resin base layer conductor patterns.

2. The printed circuit board in accordance with claim 1,
wherein said thermoplastic resin has an elastic coefficient in

a range of 171,000 MPa in a temperature level during said heat
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el ectrically conductive conposition that electrically connects tw of said

resin base | ayer conductor patterns with each other, t@g elgctriﬁglry
conductive conpositions of the via- holes electrically R r@@ ai d

resin base I%yer conductor ~patterns one another, and an electric el enent
provi de@6h RIfE L& difitace of said printed circuit board and connected
with one of said resin base |ayer conductor patterns. 2. The printed
circuit board in accordance with claim1, wherein said thernoplastic resin
has an al.asti clroeptintedt dircuat apgerdf il' "dedOddMRee | widht efpeimt ure

| evel during said heat 20 and press treatment. 16 Cctober 2006 3. The

print ed "EIr&@Int doaFEntadacepfdghes wetheanaiim formgikren nsaigr caramic

conduct ttern is.farnmed on sai eram ¢ _substrate and is connected to
Che pri muita S pla e ehe e 4R 58 B pRARES R SN EAT  BRRRESES
connect gghd 0 one of said resin base |ayer conductor patterns via the
electrically conductive conposition filled in one of said plurality of
via- hol es. #aiTtheppihhedd eindudtohopad tiennactdr dameeakiech tbaignel, of

wherein a .printed conductor pattern is forned on sajd ceram c . substrate,
and sai @A ARl BRET] LoEPEmERE S o0 RAEE i O DA SBLACtFACAH ase

layer coudiielqri RALSINS M for el Bl &5t 1 CaLd Yor COREANCEHY Y82 € PRPOSEL 1,9 -
filled in one of said plurality of via- holes. 5. A nethod for
manuf acthwlie®y a printed circuit board conprising steps of: providing a
ceram c substrate; providing a plurality of resin filns nade of
4, The printed circuit board in accordance with claim i,
wherein a printed conductor pattern is formed on said ceramic
substrate, and
said printed electric element is connected to one of said
resin base layer conductor patterns via the electrically

conductive composition filled in one of said plurality of via-

holes.

5. A method for manufacturing a printed circuit board
comprising steps of:

providing a ceramic substrate;

providing a plurality of resin films made of
thermoplastic resin;

forming a resin base layer conductor pattern on only one
gsurface of each of the resin films to obtain a plurality of
conductor pattern forming films, each of said conductor
pattern forming films including one of said resin films and
one of said resin base layer conductor patterns;

forming a wvia-hcle in each of the resin films such that
said wvia-hole reaches the corregsponding resin base layer

conductor pattern;
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thernopl astic resin; formng a resin base |ayer conductor pattern on only

one surface of each of the resin filns to obtain a plu | of onduct or
pattern formng filnms, each of said conductor pattern {(gbr'ﬁ;(%berf%qoﬁs

i ncl uding one of said resin filnms_and one of said resin base |ayer
£

conduct or pat terns:"S ofA Ny 2fvi 82R01 V1R RAEFE o HE Adsi RLEFIEAE S8ddH t hat

sai d Vi adihgdRachesntde: o84 esponding resin base layer conductor
pattern; 21 16 Cctober 2006 filling each of said via-holes with an

electrically foomdusti\ee onpusid i eledtorini nglanenitnt eth elseddr | ceelhadent on

said ceranmic substrate; pressing and heating both a | am nated body
consi st isﬁ’ggs':d"fatseaﬁ d conductor pattern formng filns and said ceramc

substrate to f . resinab r.oteqra ; l.pat n I ramc

substrate sucﬁQ{E{?'aStalr{sgzi gﬂgr %édﬂﬁeg???]c%l g%‘réﬁ gg}e? I%gda??egog%tl\%égﬁgsai d

resin base lsajer ap@dsaicdrcepadternsubsinohe antims comrhedad Wekhaene of

said resin base |ayer conductor patterns, such that the electrically

conduct iSHPSIEHRFOSEP | RTHF Seacds it abABEe lpyeat cntiqul iy r bankndhaed ayer

el ectrics%llilé/ccegrnanmefts two_of, said resin base ndyctor . patterns with
n

bstrate ai Ia%er C@ e Lol e e
each ot BF&rS &id Tlch THAT I he: eT 88t r Feal | 52 R ohttREFTeSe5Rb0Ft EORTSEF t he
vi a- hol g el gehtkaal byt woaNeaiPardsi fSi Bh RS shaver af@NAHLPr cBaLERENS
one another; and providing an electric elenment on the upper surface of
sai d resivpdiasdd ayed seclranmsictssi dvigileconé coél emet Fesimobaset ddywirt h
one of said resin base |ayer conguct r_ pa terni. 6. .The_manuf acturin
iq%at t ec

net hod F@P%C&ﬂﬁqt &R "t B e e trically conductiv

composition of each via-hole located in said resin base layer
electrically connects two of said resin base layer conductor
patterns with each other, and such that the electrically
conductive compositions of the wvia-holes electrically connect
said resin base layer conductor patterns one another; and
providing an electric element on the upper surface of
said resin base layer such that said electric element is
connected with one of said resin base layer conductor

patterns.

6. The manufacturing method for a printed circuit board in
accordance with Claim 5, wherein said conductor pattern
contains at least one metal component and said pressing and
heating step is performed at a temperature level not lower
than 250°C where the elastic coefficient of said thermoplastic
resin constituting said resin film is in a range of 171,000

MPa.

7. The printed circuit board in accordance with claim 1,
wherein said electrically conductive compogition of each via-

hole includes tin and silver such that said electrically
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accordance wwth Claim5, wherein said conductor pattern contains at |east

one netal conponent and said pressing and heating step,d f d at a
tenperature | evel not lower than 250C where the el astil:é @ggﬁqrg t of

said thernmoplastic resin, constituting said resin filmis in a_range of

ge ,
1"" 1, 006 OB L e THEMBPFHE AR c £ PEDFt S BRI PR rdhtes ivR hlayermin
wher ei n sajpdi;8 ri 0 [ b §1.0 1@&@ I a- l.g .i.ncl udes
tin and silégrbgggﬁ % é%gggigggﬁgc¥$Fgg?Fgéi¥g %% 0 gf¥2%8gggggﬁ 3% ive
conposi targh fhenEcrressipahdihaserdsifiusiaer | byperi rondubewidasyt betneen sai d
electrically conductive conposition and the corresponding resi-n base |ayer
conduct G PatTer A% oS LpFEViigalanceneecricnl kRt i Gfiset Reertsdically

el ectri Qndugct | SL1i:0 nd, t arre i resin base | ayer
onduct o THTETE Gl FOIBR bR PR R IR e 0 BRE, 3R
step ofcdridudtiy eredtefn sai d via-holes includes: filling each via-hole
with said electrically conductive conposition including tin and silver,

the step of pressing and heating includes: generating solid-phase diffusion
bet ween sai d | ectrjcall y_conductive co si ti.on q% each via-g | e and the
correspéﬁding f% iﬁegégg ﬁﬁych85$&ﬁﬁﬁmﬁqght?ﬁﬁﬁ"la d ?%?ﬁ?hﬁ 8?0F$8$bhase
di ffusi &t lmyeridd eadwwaiyig befyaem sai theledd4i cal |y conductive
conposition and the corresponding resin base |ayer conductor pattern to
provi de an el&ttiimal esochnedbi-twleetwiddn swidl electrically conductiive
conposition and the corrg;pondiqg resin pbase | ayer conductor pattern. 23
composition including tim and silver,
the step of pressing and heating includes:
generating solid-phase diffusion between said
electrically conductive composition of each via-hole and the
corresponding resin base layer conductor pattern; and
forming a solid-phase diffusion layer in a boundary
between said electrically conductive composition and the
corresponding resin base layer conductor pattern to provide an
electrical connection between said electrically conductive

composition and the corresponding resin base layer conductor

pattern.
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