- 4 MAY 2004 WO 01/ 35704 PCT/ US00/ 30015 MULTI - LAYER DOUBLE- SI DED W RI NG
BOARD AND METHOD OF FABRI CATI NG THE SAME Detail ed Description of the MAY 200
I nvention Technical Field of the Invention The present invention relates to
a multi-|laver double-sided wiring board having wiring | f d on
bot h sﬁﬁégﬁgﬂnan I nsulating | ayer using a two-|ayer tap@¥ﬁg§ﬂ%gﬁg§y t hat
forms a conductive | ayer of copper or the like on an insulating |aver of a
pol yi mi de fil m oMUASTHLAYER PERIRLE SIDESD WIRINAHBONRE iAND MEEHOD OF

t her ebet ween, and al so havi ng a WWABRIGATING EHESWME i ng the wiring | ayers

and closed at one end with the conductive layer- The invention al so
relates to a nethod of fabricating such a multi-laver doubl e-sided wiring

board. Related Art A multi-| avepednabhershsdofhé i@nt@ard having wiring
| ayers formed on both sides Of—érT“rT—r-F“—l_—l suratin dayer _usihg a two-|aver tape

t echnol ogy, and al so having a bl ifeghnigalgi¢l ng the wiring |ayers,

Jis fabricated in acoqrdanae wlidich18akold OWMfiayBY REERSadT Lithg pBAAT L NG
with a tmo-Payer t ape ébnpr|3|ng a fil'mnade of “an 1 nsu éilng mat eri al
SﬁCh as polyi ][rirdein@ndriag tayebUfetrhateor Btk sideooMBtinbylatipubfe uking adtvoflhaki Ng on
t he upper surface of the film an openi ng whose upper end is clopsed with
the upper condu@RS ‘\9%1“1°§§Eér‘h?‘sfommdilﬁ“tcﬂéyqrﬁgﬁ?l?ﬂef ﬂ’g‘ﬁF §"e?“5‘§r"§éllaéﬁgi vel y
etching the | ovgye o%g%gma&fﬁlﬁ.hﬁ thd 18 without iSrpblifiB an &dnkitt Mepattern is
formed on the upper surface by an additive prdgess or a subtractive
process. Next, therebsideer.iaund alsayeying g bfiod ndnisyconagnuing éhei wiging layskssandridossder

the entire | ower surface,incl udi t.he inside | 1 ,0of openi nd the
bortion of he BEREFEERAIR srdueSRe SRbESeifin e RsldSen ARERRDL N <
way, the blind fdbAcdungisaei®ehub-idvet dtriblepfedd @nthelvowelr conductive |ayers
I nterconnected within the opening in a back-to-back configuration. In the
mul ti-Ilaver doubl e-sided wiring board fabricgted I n accordance with the
above process, at first a sufficient bo L ength is retained between
the polyinide and tRe,QanRRRE dSPMELREELiEREEELH halilE Wi PG torRld ShHBES 1S
applied in a subsequent

sides of an insulating layer using a two-layer tape technology, and also having a blind

15  via interconnecting the wiring layers, is fabricated in accordance with the following
process.

First, starting with a two-layer tape comprising a film made of an insulating
material such as polyimide and ﬁ conductive layer formed by sputtering or plating on
the upper surface of the film, an opening whose upper end is closed with the upper

20  conductive layer is formed in the insulating layer by selectively etching the lower
surface of the film. At this time. a wiring pattern is formed on the upper surface by an
additive process or a subtractive process. Next, a conductive layer is formed by
sputtering or plating over the entire lower surface including the inside wall of the
opening and the portion of the upper conductor which is exposed in the opening. In

this way, the blind via is formed with the upper and lower conductive layers

(5=
Lh

interconnected within the opening in a back-to-back configuration.

In the multi-layer double-sided wiring board fabricated in accordance with the
above process, at first a sufficient bonding strength is retained between the polyimide
and the copper sputtered thereon, but when heat or stress is applied in a subsequent

30  process. the bonding strength decreases. In view of this, when producing a two-layer
tape by forming a conductive layer on the upper surface of a polyimide film, it is

practiced to deposit an interface layer containing a dissimilar metal such as Cr, Ni, or
-1-



30 process. the bonding strength decreases. In view of this, when producing
a two-layer tape by formng a conductive |ayer on the upper surface pPMARIL
polyimde film it is practiced to deposit an interface |ayer containing a
dissimlar netal such as Cr, Ni, or -1 -- 4 MAY 2004 the like by sputtering
on the filmprior to the copper sputtering, thereby increasing the peel

strength bet welRsTikehsy sPaei @B]ﬂ ﬂ{e%ﬂla%/rfbrrtﬁﬁe Ld&?g‘iﬁ%ﬁg% rg;) lércefz . A nunber of

processes ring such an intérface er are Y Beesging theor
Manuf act ur i ng PesVisirengtinfeswechethe bast AndleRbinahy Rl LIS EndniEYs 1. 9. 95, . No.

373. pages 303-Q7.. .5 Emswarth. GB, | ndustrial Opportunities Ltd. Havant" On
t he ot her han fqgtz:%'?se'fbmgs\églh%‘? ’cﬁ‘éqrcﬁf‘? {ﬂ%‘?f.aFﬁ'sdJ . ied ﬂ‘ecﬁrﬂcﬂﬁspbthngufghfe‘rip@per and
| ower conduct iMtilageremab.” 2044 Reseldch MscWstre, me?géﬁﬁo?ﬁ*3eﬁ%cﬁgﬁfg#°' ni ng

portion is_as_ snmall as tens of microneters, the siZe te 'decr ease
with decredsi Kgsregh(R. lsduserial Opppramitize Lidhélemmmitned Pat ent Publ i cation No.

5-327224, for exa ' hat en sputtering copper,
hi gh-purity coppepajlll?wu@g%%%%&g%a@rl c?ngga%f‘ %’ﬁfeCE‘F‘E‘iBHH@&E theuppar end n t he

via hol e. Accmvei nonductitereyeps mskeblind e BintOtic siO8f Be joduiRg gﬁ,&?& 2

mul ti-layer dou Le- Si cl.ed W ring board which provides exc ent adhesi on
bet ween the cOAHLEY FRALLmLGOmetess, thesire tending)ta deomepse with dedreasingSeatark sizbe
provi sion of ah&3t Embemgnd ' € -and | C xhi bits
excel | ent congdt}’qt | Vi tny rel ifl%ﬁnlt%mgcéggﬁ%é t 32%2‘36"&”‘ rﬁ@ﬁ ‘Sﬁﬁi‘?s.esg'ébnduct ive
| ayers ar &0j oMhemsrggiagroppen hish-putitysopyer isdised ia oder boptevinb igtdmsig @

dissimlar nmetal: | to Be Sol ved by To inprove the bonding strength
bet ween t he i@d?&ﬁ?ﬁé%‘%’yer and the lower 20 conductor, it is also

possi bl e to interpaserding td tht prefac tvbm@iva) hie iReAddd \Embikal A ldbRgl.. | ayer and
t he | ower, copdu tor 3¥ @p ttering a dissimlar nmetal prior to the
formation of *PHe"F ard Srtchorpyidespxcsllent pghesigndretween e agpguative dayeuct or

descri bed abow®]thé shlagig lagaHRsaukoy ﬁN@ﬁroviﬁBﬂ'Sﬁaﬁ[ihﬁrﬁa{er Iui%lﬂf&ehiegve%ucr] t hat
the dissinilar metal is sandwi ched between the upper a Ot €8nduct i ve
| ayers (cg%peF‘)d‘f’W?h Hebits sxpritent candychigiterelishiliz e@se the uppesbhdlowtchat . t he
reliability ofordQatddiveld &y : and lawer. circuit sides of
the fini shed 3? r.Cli,IIi t b)’glarag Jgﬁ}ggt i% 3%8?%&2@3;““8%& without inferposing a

13s1milar metal,

Problems to Be Solved by the Invention

To improve the bonding sirength between the insulating layer and the lower
20  conductor, it is also possible to interpose an interface layer between the insulating
layer and the lower conductor by spuitering a dissimitar meta] prior to the formation
of the lower conductor, as is done for the upper conductor described above. In that
case, however, since the structure is such that the dissimilar metal is sandwiched
between the upper and lower conductive layers (copper) in the blind via, there arises
25  the problem that the reliability of conductivity between the upper and lower circuit
sides of the finished circunit board greatly degrades.

In the second method, on the other hand, while measures have been taken to
ensure good bonding between the copper patterns hased on advanced tecl-mologicai
studies, no solution has been provided for the adhesion to the base material.

30 : It is, accordingly, an object of the present invention to provide a multi-layer
double-sided wiring board and a method of fabricating the same, wherein the above

two problems, i.e., the adhesion between the lower conductive layer and the insulating

2.



In the second nethod, on the other hand, while neasures have been taken to
ensure good bonding between the copper patterns based on advanced -4 MAY 2004
technol ogi cal studies, no solution has been provided for the adhesion to
the base material. 30 it is, accordingly, an. object of the present

i nvent ivwA0v357p# ovi de, a multi-layer double-sided wiri ngP(E)'UHg‘H)!’:"“ﬁWd a

nmet hod of fabricating the sanme, wherein the above two problens, i.e., the
adhesi on between the | ower conduct isu@nlaayefthantlehdiéh i nsulating -2 - 4 MAY
2004 WO 01/35704 PCTI US00/ 30015 Summary of the rnvention According to the
present invention, tAsspulingtophoreshagingenian; theredy efoviflsd s rauludayrsdoyplei ng

board conpri sing;_.an_.i ti J.aver hawvi I - Y in.. a
first conducti \fgdeldavgpg ?’ §$r‘§e?8‘q§ﬁé‘§% Ji"anlggﬁrﬂns @&é&gg&g g?ﬁé%%&éﬁ?ﬁéﬁ@?‘er;
a second 5 condugist sdh@ieriaye foreed on aR upgrneirfsierdf aecnaflatingdayersatabhdg

| ayer and coverin

an _inside wall of the o ing and ortion of the
first condudti \Fé’“g‘ai}éﬁe I RS Oéﬁb%g%dlﬁ?%%?ﬂ& 1%&@?1‘?%3?;%%" SPVETREAPS ace
laver interposegd heturen Iﬁefb?ﬁfgﬂg Whepl g&aok aveE fﬁmloﬁmmé |y &t whiRH iSeGeNA

conductive | ayers, wherein econ [ aver difectly contacts

conductive
the first conduatthe epdnimgernd i inteefaoplemérngtempiosdtiohetwean: the pnsulating taver dndithe f ace

10 | ayer therebetween. The interposition of the interface layer, provides
good adhesi on béﬁ\%ﬂéﬂsef g C “H‘éﬁﬁ‘l"gﬁqyﬁ_ﬁ’ TVQVS'Pt HRPCPRL SSRGS léoeﬁéibr(e:‘ftl?' e
laver. and at thg & Be fitdiBonduOMNEUaYdr\ the opédhi @hbitiMieisingliad meifage nce
the first and second conductive | ayers contact each other in the opening.

15 Preferably, . lamr perebatderonduct i ve laver directly contacts the insulating
| aver at the insi deméaﬂt“% rggsétéarr]leof%e@}egggﬂaggﬁévihw %H%ﬁhé&%ntt{‘]}?wééﬁttﬁéface

| ayer therebetween. Se, e esl o between the second
conductive | ayemsaRflnd R¢er dndShak@coval dondiictivhdayvien snd at thagathayme, ¢gdnatvity

sufficient, this portion acts as a stress reljever . fqr the conductive.
| aver and thus &dkbdiy sgetawsd pigcy the f&e%ﬁla%eﬂ)@% ‘f‘V‘“P%‘I“fegBYeIrf’ E]ptat eﬁ%‘emh‘?dn
conductive |ayef, dg)reg%?_r ably, the interface | aver contains at |east one
nmetallic elenment seélected fromthe group consisting of nickel. cobalt,
zinc. and ch$omni um Preferably, the second conductive layer directly contacts the insulaung layer at

the inside wall of the opening without interposing the interface layer therebetween.

In this case, while the adhesion between the second conductive layer and the
inside wall of the insulating layer is not sufficient, this portion acts as a stress reliever
for the conductive laver and thus serves to secure the conductivity reliability of the

20  conductive layer.

Preferably. the interface layer contains at least one metallic element selected
from the group consisting of nickel. cobalt. zinc. and chromium.

Also provided is a method of fabricating a multi-layer double-sided wiring
board. comprising the steps of: selectively removing a portion of an insulating layer

75 on an upper surface of which is formed a conductive layer, and thereby forming in the
insulating layer an opening whose upper end is closed with the conductive layer;
forming an interface layer over an entire lower surface; selectively removing at least a
portion of the interface layer which contacts the first conductive layer; and forming a
conductive layer over the entire lower surface.

30 Also provided is a method of fabricating a muiti-layer double-sided wirng
board. comprising the steps of: forming an opening pattern by selectively removing a
portion of a conductive layer formed on a lower surface of an insulating laver with an
interface layer interposed therebetween, the insulating layer also having a conductive

23



Al so provided is a nethod of fabricating a nulti-Ilaver double-sided wring
board, conprising the steps of: selectively renmoving a portion of an; may 7004
insulating laver 25 on an upper surface of which is formed a conductive

| aver, and thereby forming in the insulating |layer an openi ng whose upper
end is closed with the conductive layer; formng an interface |ayer over
an entire |lo ; Lvel i.ng .at |east. oftion of the
interface Iaﬁ?eﬁmeﬁ%?oaﬁt' "?Ls\s the t%{ﬁo?;meégﬁ' u%li&;‘?c\elgayle%'\?%mops%d formng a
conduct i ve | afhercbdwesn; stlectmlyirermovingwe porsitn detheinsARin) 18R pE QUi gegl 1S a

met hod of fabrigati a multj-| a)éer .doybl e-sided wiring board, conprising
the steps of.P ?”n‘i"ﬁg" %c%%lﬁyﬂé iﬁ&f"t‘%ﬁ'ﬁ 5 patiarrediloviencpndustivr/fater 282 porti on
of a conduct imesk #dethetkby FRR] liM®l : i t | aver with
an interface |ayer intgjr;{glge n?ﬁlgrlebetn&%éﬁg,w@ﬁ’g%ﬁ ul‘%étg?‘ﬁ%%%@g‘r al so

havi ng a cbndilesell wath-the upper pemductieayieryed ffmingaconductine laparevestis émie
thereof with | f .| ayer interposed therebetween; selectively
renovi ng a po@?ﬁognug%?é %"%fe%‘g%“ﬁsadi“%ﬁ‘% IR, APFg a4 fortion of theipes on of t he
interface | ayan8udtive lgknghichés dxbosed patheopdmeg, | ower conductive |ayer as a
mask, and thereby formng in the insulating |ayer an openi ng whose upper

end is 5 closed with the upp C. uctive layer; and form ng a conductive
| ayer over the éntire |ower & s"’%ﬂ&ﬁﬂﬁgm wal | of the opening
and a portion of tHgRRBSws £OBeEihQIh RNz WO E R, SF % h8yf he
opening. Detailed Description of the |Invent igon F‘i H?e q‘ gﬁ%ﬁgaégéﬁr 0SS

section i19 usthe atevieysiydesopibed multislaygr dowhle-sidechdtiring Ho4rd in which I inteeface
previously d i : uble-sided wri rd in which the
interface | glég"{rr 1?3971@5[3{ I}r%%a| R |Jnlf%%pe§s °d%“i§%§iﬂ9r¥c'{ ﬂgﬂﬁgg@%\ggﬂ ng layer 10
and the | owercondwatidraddyiew £2. | Inythis cds2, th relitliility of agrluctivieg sighificaly ddpyaded
conductivity ,significant degr.ades ., hecause the interface |layer. 14 of a
di ssimlar meta SF.SJ}"&T‘BE#@% 1?}4.%4?5_{?@%@“@@&%8 F‘W@ec} W‘"@&%’(ﬁﬂﬂ%ﬁe | ayer
16 and | over wpstindistvelA el dall bWedRdRNVORYti13 il Se WAL GialB WiHigy are
i nter connfsgt _etﬂ‘. Figure 2 shows a cross section illustrating the vicinity of
[

a blind vi% iMeRAFmIECOmMesEEr doubl e- sided wiring board. according to a
first embodi ment ofigiBe sRE®SEBbss deb¥RANIaBAtingThb G RintY Br b BLGS 2kt haer 14 1S
not formed interposing between the upper

layer double-sided wiring board according to a first embodiment of the present

invention. Since the interface layer 14 is not formed interposing betwsen the upper
conductive layer 16 and lower conductive layer 12 in the blind via 18 where they are
20 interconnected, the reliability of conductivity is retained.

Figure 3 shows a cross section illustrating the vicinity of a blind via in a multi-
layer double-sided wiring board according to a second embodiment of the present
invention. As shown, the interposing interface layer 14 is absent not only in the
portion of the blind via 18 connecting to the upper conductive layer 16, but also in

25 the side wall of the via hole. In this case, while the adhesion between the lower
conductive layer 12 and the insulating layer 10 in this side wall portion is not
sufficient, this portion acts as a stress reliever for the entire structure of the conductive
layer and thus serves to secure the conductivity reliability of the conductive layer.

Results of reliability evaluation tests conducted on the respective samples are shown
30  inTable 1.



conductive layer 16 and | ower conductive |layer 12 in the blind via 18 where
they are 20 interconnected, the reliability of conductivity is retaf AdtAY 200
Figure 3 shows a cross section illustrating the vicinity of a blind via in
a nmulti- layer double-sided wiring board according to a second enbodi nent
of the present invention. As shown, the interposing interface layer 14 is
absent not only in the portion of thelggkqd via 18 connecting. to the

upper conductiye layer 16 __but also in 2% the side wall of the via hole. In
this case, whi]e the adldtéhdiamppetunclen Hizh @erpaviiet, [ Cl1 Ve Temyddurelp and
the insul ating | rftoray Crou High Himigiyi(itoure i%’qz}lf’f’rs) lif(did(ﬁduéﬁ., this

portion acts rbodippetd rellP@ver flor theokentire truodare |of 1gne

conductive | aymibo@Reht TNUS SEEYES 1|0 SECHE<L Mo Cphepttviy gd'«a lity of
t he Conductive_l_.l-_@?er. Besults of rlelighility eval ua |dﬁ tESt]g condlct ed
on. the respecti¥e*banplies arf® shown 30 1% Table| 1. ¥2 - 4 MAMz200
Enbodi nent 1 Enbodinent 2 Prior Art H gh Tenperatare—storage—tiroors) 1000<
1000 << 250 Table | Hi gh Tenperature, } PCT (hours) Tenperature Huh
Humi dity (hours cy®f&d gn memdahleebeb die firstand sctaid emboditheitdsatittpe fir st
and second enfRALNBRE SySRY ] _ w.. red.quality, . but the second
enbodi ment _wher e {Ee ?ﬁt el ’fbgg%le F(Eac)gg? éﬁgodﬁ'gf“% e the idettace fayer &

3 interposed at the side walls of the via hole exhibits a better quality. Tt will also be

noted that the second embodiment is easier to fabricate than the first embodiment.

The thickness of the interface layer is 10 nm to 500 nm, and preferably
150'nm, and the matexial is a single-element or 2 composite material containing Co,
Ni, Zi, or Cr, and a material containing Cr is particularly preferable. The upper and

10 lower conductive layers are 5 um to 50 um in thickness, and the material is preferably
copper. ‘The thickness of the insulating 1Iayer is 10 pm to 100 um, and preferably
50 um, and polyimide is preferable as the material. Dry plating methods for the
conductive layers include sputtering and vhpor deposition.

‘The multi-Jayer double-sided wiring board having the blind via of the present

15 invention is fabricated, for example, by ane of the following two processes. The first
process wiil be described first,

1) Aninterface layer 20 and 2 metal layer 22 are formed in this order by dry
plating on the upper surface of insulating Javer 10, which may be a
polyiniide film, thus forming a base substrate (Figure 4(a)).

20 2) Photoresist layers are formed on both surfaces of the base substrate, and
the photoresist layers are exposed to light through respective photo masks and
devé,loped to form resist pattemns 24 on both, surfaces of the base substrate (Figure
4(b)).

A Ilcad preform is formed by forming a conductive fayer L6 only on

25 the upper surface of the subsirate in the position where the resist pattern does not
exist,

4) The portion of the substrate lower surface where the resist pattern does not
exist is removed by wet or dry etching to form a polyimide pattern. At the same time,
the corresponding portion of the interface layer is also removed by etching.

-5-



5 interposed at the side walls of the via hole exhibits a better quality.

It will also be noted that the second enbodi ment is easier to fabri-dad& 200
than the first enmbodinent. The thickness of the interface layer is 10 nm
to 500 nm and preferably 150,nm and the material is a single-elenent or a
conposite material containing Co, N, Z, or C., and a materi al

containing C is p ' arly, preferable. The upper and 10 | ower

conductive |ayers gj; gﬁlgy%sfsiﬁ#ﬁcﬁ‘%ﬁ%‘:rﬂpipﬁ %ﬂﬁﬂ%‘(&ﬁé@@&%@ﬁh@ fstrde @ei al i s

preferably copmeved (Figukld(gkness of the insulating layer is 10 mto 100 m

and preferably 50_un, .and polyimde is preferable as the material, Dry

pl ati ng net hods f of) fRdnterenedaer 14 end ametakthinafiinidger 2p ate formeddn @i¢l vapor

deposition.. ghgr o . | e-si ded wiri.ng bpard having the blind
Wf'f%’- énﬁyaBWcrcg?l%%c ; erslug%@“a’tc 4?;15%&4@1

via of the present I nventron i anpl e, by one of the

fol l owi ng $wo proc®sdassistTiner isi fhistied RIRCIO& ST thie AL B Gk é\i.lﬁp%{'- 1) An
I nterface Iay(saurrfa%O.acnd a Eet al Ia,g{e[i1 22 are fornmed in this order by dry
plating on t h&™iSpECOLerrd BY & Prtective laven(resighi ayer 10, which maybe a

pol yi mde, thus fosyUsigsa paasanbs ifedbder E{af%ro?tl%(s?%%?té:?tﬂgﬁ%isﬂ;m—oreSi st

| ayers are fornmed on _both surfaces of the base subs He 18

phot or esi st | £§R9F 19 tighiand shendlevelopadge formtaresigsipatiers pe (igre 4ot 0 masks and

devel oped to form ges ol rns ;. both surfaces of the base
substrate (Figure )4?‘%%“6 g?gﬁap'ggﬁégr%g{%?rrﬁgﬂc < tﬁ%ﬁwﬁ&s tRidbe a

conduct i v&l | agubstrate arsretaned im the BSsifidnewhsppite reaidt faaem Rks hdtexsubstrate in the
position where the exist. 4) The portion O the

| st patter. _does nof . _,
substrate | ower su]rq):@éeslﬁﬁ tgmftﬁglf@g}ogf‘{géﬁ“f"e?(ﬂ))does not exist is renoved

by wet or dry etchilga medl Ofyet 20 RFhfied 'g@“ﬂeﬁﬁ f=14 o sane tine, the
correspondi ngwgﬁ)rt i_on of the int erfaceg}(a er, és egfhggﬁﬁ%rl%@/eé&u 'g'/ceet chi ng.

-5 - 4 MAY 2008h%Y forming ansinterfaeplaya thesehetween e Theide walhef thoviels thuy f aces of
the substrat emaddeledt8EMYy @nduztid! LgLerface layer 14 and a
metal thin-filmlayer 23 arrle":f orggrdtﬁé%‘lﬁqﬁ%ljﬁg?%%?ﬁcgtﬁmt ‘entire | ower
surface of3the su régadn, @Epgisitayensddrmed on the lower surface of the substrafe, and

the resist layer is exposed to light through a photo mask and then developed to form a

resist pattern (not shown).

13) A lead preform. 32 is formed on the lower surface of the substrate in the

position where the resist pattern of the resist layer does not exist (Figure 5(c)).

©d
=]

14} The resist pattern on the lower surface of the substrate js removed, and a
lead ig formed by etching off the upper and lower surfaces of the substrate in the
positions 34 where the lead preforms are not formed (Figure 5(d)).

15) If necessary, finish plating or solder resist coating is applied.

The second process will be described next,

25 1) The second process uses as the starting material a polyimide tape coated
with copper foil on both sides thereof (Figure 6(2)). This double-sided copper foil
polyimide tape ig fabricated by metalizing both surfaces of the polyimide insulating
layer10 by vacuum evaporation such as sputtering or vaporization, followed by
plating to give a certain degree of thickness to the copper foil. When metalizing,

30 interface layers 36 are formed to increasc the bonding strength,

2) Photoresist is applied to the double-sided copper foil polyimide tape, and
the photoresist is exposed and developed to form a via hole pattern. Using the
develaped photoresist as a maslk, the copper foil on one side of the tape is etched

-%-



57) Aresist layer is formed on the |ower surface of the substrate. (The
upper surface is covered by a protective layer (resist). 8) Using a4yt
mask on the | ower surface of the substrate, the resist layer is exposed to
light and then devel oped to forma resist pattern 28 (Figure 4(e)). 9) The
netal |ayer and interface |ayer forned on the | ower surface of the 10

substrate are(m®bgbef)). L tph : si st pattern does not

exist. 10) Thg F‘g\?\eg)»regﬁﬁsgy?g’!@g%@ggj%ﬁggéﬁa55:‘)’%3% -egxahﬁfal | ayer

30 is forned BAm&WHBEtering over the entire | ower surface wthout formng

an interface Iayer3tﬂ.§.re egtﬁ\een. 'g[he Si%ﬁ wal | of the via is thus nade

electrically condu®t PoRE US gehed GRRpet iRl pettesp 38 pgymate e refsimidee 5(b)). 15

12) Again, a imeslatdig lagdten id &cle-diyRdaR : f tihe,substrate,
g lagist LFRdaeodBém cM%@é(ﬁ%ﬂ%{igg %;,S)ke@

and the rgsist.layer is exposed to |ight throug Rd t hen
devel oped o FRPRR Ril opdhs appogitssidsrim expoprdithohghnthy viata)s efchee (Bigmeafcgrm 32 is

formed on the |owesy g AGEsi ybstrate in.,the posjtion where the

resist pattern of {)h'ew;nfem s?‘ﬂég“’g‘?‘ﬂ‘sé‘éz AHEF%SQFQ‘F V{ﬁfﬂ%&ob"@(‘@)“)s}de?be 1. 4)

The resist patiges madsreledicallpvendustive ddakingfthé fayiﬁiﬂlﬁoﬁ]@ﬁ&ivk% ][emr)]ved, band a
ower surfaces of the substrate

lead is f d b hi ff the.
i ﬁat hlas pggirrfi‘%ﬂ%"’@sﬁl‘%%gE@%h@“ﬁ%@?@%%ﬁ%fem% an ivqriide [aFegure 5(d) ) .
15) I f necess@igure Bﬂd??esﬂtfbd?hﬁkldﬁ%@ﬁolﬁﬂlh&%m?&?%%ta eﬁgéfcél coin,g%cg@el led. The

second prﬁ%cless will, described next, 25 1 e second *pro Uses as the
starting Hat eflPdolHicsapRar elitiae isrepformuiato eive twirebessap fiieknbaith tieropgézh Fi des

thereof (Fi gugemb s Thi e-si ded copper foil polyimde tape is
fabricated by melt gﬁ?”)zlwﬁg%@te%@egﬁ%‘f aces of the polyimde insulating |ayer10

by vacuum evapor atf)oAfientbhcapesplatingeritrgiliols, pRototegiat lapits ark Frfewsd by

plating to gi ryain degree of thickness to the copper foil, Wen

net al i zi ng, 3%%‘_@?%%%@& “f g‘ifgalp%s %fgh%ﬁ”g“faﬁﬁ" Fr'é‘g“sillﬁ gla58 reskseonitheupnsnendng

strength” 2) lehet arfsdsstheiphodppist 1agert e bR sEPRPi&=RpARE:. copper foi |

potyi m de, t ape, a% Ir‘%?gepr hot oresi st i s exposed and devel oped to forma via
i .

hol e patte&tn. Usi TRV B Pampthen G sepes andlowar sualkss of e subgper f oi |
on one side Ofn the)fositRiG wherehCrREE paflerhis S MW YEsiel DR es does not exist.

7) The tesist pattems on. the upper and lower surfaces of the substrate are

removed, and a Jead is formed by etching off the upper and lower surfaces of the

substrate in the positions where the lead preforms are not formed (Figure 6(¢)).

b
<«

8) if necessary, a PI patiern is formed by photolithography plus chemical
etching, die-punching laser processing, ete., which is further fotlowed by finish
plating or solder resist coating,

In the firsf and second processes, the circuit patterning has been described by

taking ar additive process as an example, but instead, a subiractive process may be
25  used.

Brief Description of the Drawings
Figure 1 is a cross-sectional view of.a multi-layer double-sided wiring board
where an interface layer is formed underlying the lower copductive layer.
Figure 2 is a cross-sectional view of a multi-layer double-sided wiring board
30 according to a fitst emhodiment of the present invention.
Figure 3 is a cross-sectional view of a multi-layer double-sided wiring board

according to a second cmbodiment of the present invention.
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(Figure 6(b)). If necessary, a Pl (polyimde) opening pattern nmay be forned
at the sane tine. 3) Using the thus etched copper foil pattern 38 a$ MAY 200
mask, the polyimde insulating, layer 10 is etched by a | aser or chemi cal
et chi ngyé byskrggi ne, etc,). The 5 copper foil on the oppopCtassdsiwis S
exposed through the via taus etched (Figure 6(c)). 4) After cleansing
(desnearing) the inside of the vi the.pol yi m tnside - de
electrically conduc?ﬁ%.fﬁ@ﬁ@%w&g XBFV?# ﬁlgrﬁégﬁl L%%E&\geep r%€£5 aéédcuolr]r%ﬁ 'shed
by copper sput figk kxdngtéofihe febrithiiboptocdse ot tRgmani-layteddubleesidalyeiring (Hoaglir
6(d)). After making the polyimide inside the via electrically conductive,
10 el ectrol yti ef @eppsentpieniiely i s performed to give the necessary thickness
to the copper on't i.m: i nsi . i I ting
of the via hole, phgf‘%%gi?ésa'[ﬂl %p‘g‘}%@g&.lﬁlgﬁﬁeﬁdr@m&l}%@gsgﬁg ot &
surfaces of5t hehedirbisdxample, of aindfabsitaipnghrasss fontiesnati-leyes dopplessided dvirthewer
surfaces, the ghotor sist |ayers. are exposed for devel opnent. 15 6) Lead
preforns are f8PHEPTEIF RIFEM M¥HEIORand | ower surfaces of the substrate in
the positions wherefgihige § &S Sihgmal foféfptaifling bRecdn@sxahplea Aicfabfefionot

exist. 7) The resist patterns on. the upper and |ower surfaces of the
substrate are preesiedtheamdtidayesddubie-sided moangioasd ehihpgresenat IRHAUABper and

| ower surfaces of the substrate in the positions where the |ead preforns

are not fornmed (Figure 6(e)). i ijRattern is forned by
photo |ithography plus chem ca%ce%%ecwIl of‘,&ﬁ (?E]che 1@L'lrﬁ)éml@aser pr ocessi ng,
etc., whichois further. {mlladnethyby finish plating or sol der resist

coating, In the fi rst2 ﬂgd segond processes, the circuit patterning has been
described by takingZat® add@P 'i“i}‘é(eg?y(?(:ess as an exanple, but instead, a
subtractive process Ry ifi&faceIapesed. Brief Description of the Draw ngs
Figure 1 is a cross-sectional view ofa nulti-layer double-sided wiring
board where an inteldf.ablindsger is forned underlying he | ower conductive

| ayer. Figure 2 is a cross-sectional view of a nulti-Ilayer doubl e-sided
wiring board 30 according to a first enbodi nent of the present invention.
Figure 3 is a cross-sectional view of a nmulti-layer double-sided wring
boar d

~




according to a second enbodi nent of the present invention. -7 4 MAY 2004 WO
01/ 35704 PCT/ US00I 30015 Figure 4 is a diagram for explaining the firdtMAalifh
of the process sequence in a first exanple of the fabrication process for
the nulti-layer double-sided wiring board of the present invention. Figure
5 is a diagramfor explaining the second half of the process sequence in 5
t he fir;%m%ple of the fabrication process for the nulti-I|ayer

doubl e- iring board of the present invention. Figure 6 is a diagram
for explaining a second exanple of the fabrication process for the

mul ti-layer dpubl easiged wiring board of the present invention. Description
of the Refere%ce u%n{ég@]dlg%rldﬁuﬁ[?'fl&?ddegfbaﬁdr‘?@m%?@gi 12, 16 ... conductive
layer 14 ...ad inbeltfiReBybebRinglsh apenir@ foRtfled/thfrein; 4 MAY 2004 CLAIMS 1. A

mul ti-layer doubl e-sjided wiring board conprising’ an insulating |ayer

havi ng an opehfiff§consugtve taprer formed an i upper sarfsteeifitveinbwyBig fagEed on. an
upper surfaceagegot(i]e icﬂxsﬁl afi nllgfla¥§r; ? second conductive |'ayér forned on
a | ower surface of  tHe FREUIPKET RYIFAHR A loskd sudecsratithe msulating tyenad  of t he
openi ng camerige PoInsiderwf bodi L | r ich iis expgsed in

t he openi ng;@and an int e?ttfﬂgggf’?rgéée?@%P%%géggc?éﬁﬁﬁauﬁwg li’%lﬁiﬁ%‘ﬁg | ayer
and at [®&88%eddn s epeningyhnd one or loth of the first and second conductive
.l ayers, vvhereai n Ehﬁ second. ' con %ctive | ayer directly contacts the first
conducti ve | aePTIRCE YT IDETPOSA bghvachaisaHting lawrand at laakter pptin ofur f ace

of the. igmeuk B thiRk aRd sdboftbbilcRYE ey BOUL &2 81 ded vi ring board

according to claim1l, wherein the secon ive layer directly
contacts t he thnswond conductiyeiayat dirtutly contadhe thiefidst @ndti@fve layer in the

portion of the opening adiacent the upper surface of the insulating layer.

2. A multi-layer double-sided wiring board according to claim 1, wherein the
second conductive layer directly contacts the insulating layer at the inside wall of the
opening.

3. A multi-layer double-sided wiring board according to claim 1 or 2,

wherein the interface layer contains at least one metallic element selected from the group
consisting of nickel, cobalt, zine, and chromium.

4. A method of fabricating a multi-layer double-sided wiring board,
comprising the steps of:

selectively removing a portion of an insulating layer on an upper surface of which
is formed a conductive layer, and thereby forming in the insulating layer an, opening

whose uppet end is closed with the conductive layer;
forming an interface layer over an entire lower surface;

selecﬁvely removing at least a portion of the interface layer which coptacts the
first conductive layer; and

forming a conductive Jayer over the entire lower surface,



opening. 3. A nulti-layer double-sided wiring board according to claiml or
2, wherein the interface |layer contains at |east one netallic el emerdtMAY 7004
selected fromthe group consisting of nickel, cobalt, zinc, and chrom um
4. A nmethod of fabricating a nmulti-layer doubl e-sided wring board,
conprising the steps of: selectively renoving a portion of an insulating

| ayer on an u pernﬁur%ﬁci g} which is formed a conductive |ayer, and

t hereby fornihg i nRENPHSLIBkArHEY ampelti-taver doyblersided witimgdoapher end i s

cl osed w j.ve layer; form ng an interface |ayer over an entire
| ower smﬁéfé‘?‘%s@%%m& y renoving at |least a portion of the interface

| ayer which clomgtan dpetingfpattsin iodketive : f 1 seonducti ve
| ayer over the enti reﬁlagwegrp surface. -9 qudlawﬁ\ﬁfé%gggﬁg@ﬁr?@taﬁ@ of

f abri catlayy farmaes an 2 lagyessurfersnfendhadating layengvithoar iterfacotayet mitergodele st eps

of form in ttern el.ectively .repovi a,portion of a
conduct it\ggre61 aﬁglﬁ)’%ﬁ%lr'grﬁg?méﬁayﬁr ?%9\5?“%?1“8 chye ?f%%%@aqi SRRAYPPEyer with
an i nt ersugface theitRr with! L1 RRSHLe I.azrbne. F,f&gé 08 Bbretelifedpnsul ating | ayer also
havi ng a conductive | ayer forne og a Supperlg]’)t‘esuere?iélce thereof with. an

interface | ayelectivelyrepevias aiportivreefibe msuktihg tayevad welt sswpomignadiles ti on of
Ui, - AneeROlay BBy Alhg  » oilk o e i Buer Bhtcimonionsiaisen
r enoved, remoded, had ﬁi&z‘eﬁ)@foﬁnﬂ% infthd H8ulafiSs!|agks di‘:goﬂleay rwl?d%ﬁ atBP&@nﬂq_s whose

upper end is closed with the upper conductive T, ormng a
conduct iakese aitly tho wppendoadestivierlaydrpandr surface i ncluding a side wall of

t he openin d a porti,on. af the upper .canductive |ayer which is exposed
int hg Ope%i ﬂ‘émngpﬂ Condu&Weq.aYer over the entire Jower surface incYuding a side wall of g

the opening and a portion of the upper conductive layer which is exposed in the opening.
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