12/ 04/ 2006 1 MULTI - LAYER PRI NTED Cl RCUI T BARE BOARD ENABLI NG HI GHER
DENSI TY WRING AND A METHOD OF MANUFACTURI NG THE SAME 5 BACKGROAND &F 2015

I NVENTION Field of the Invention The present invention relates to a
multi-layer printed circuit bare board, and nore particularly to 10 such
a board which enabl es higher density wilring, and also a nethod of :
manuf acturing the sane. Description of the Background Art. A further quest
for higher wring densitiyrisra¥x g egugsi®sn! By @f@dBﬂﬂEﬂ?ubbA@&;e boar ds
along with the trend of higher function and higher density "

i nterconnection of el ectt’thB&I&Gui HREHER WENS-IT]hy@IRp’mmtAND;:! r?:w t bare
boards have been put toau i r&ler it q . i-layer
printed 20 ci rcui!tO bareAbgg%ggﬁgn{g?syAmﬁ?ﬁéawﬁﬁng #gl)%‘ler%&/g d conductive
| ayers accunulated with one on the other wth the termnals of electronic
parts nounged on the surface of the. substrate, such as the sol der bunps

of BGAs (ball grid arrays) , connected to an intended |ayer 25 through the
conductive holBsCEE 3 eNr at e between the layers. In

order to make gt; 'r' lens; higher with the multi-layer printed .
circuit bare Et)arlg, rfle uc%I Pl of conductive wring patterns,
reduci ng the spacing Bbﬁwmsﬁ@ntomdw@ﬂWEow lf:ie_rlgw_gteﬁnla,mﬁqsgupgygliel
di aneters of | ng . \j les, and elimnating via holes, for _exanple,
woul d be effegtrﬁ\?gfeﬁb\%év\gecﬁff% gﬁ‘rceo:}i’/%ﬁﬁjonﬁnw?ﬁq RAF T pFudtaty to

10 such a beard which enables higher density wiring, and

also a method of manufacturing the same.

Description of the Background Art

A further quest for higher wiring density is

15 requested in printed circuit bare boards along with the
trend of  Thigher fuﬁction and higher density
interconnection of electronic equipment. Multi-
layer printed circuit bare boards have been put to use
in orxrder to meet the request. Multi-layer printed

20 circuit bare boards consist of insulating layers and
conductive layers accumulated with one on the other

"with the terminals of electronic parts mounted on the
surface of the substrate, such as the solder bumps of
BGAs (ball grid arrays), connected to an intended layer

25 through the conductive holes, or via holes, which
penetrate between the lavers. In order to make the
wiring density higher with the multi-layer printed
circuit bare boards, reducing the width of conductive
wiring patterns, reducing the spacing between

30 ~conductive wiring patterns, reducing the diameters of

'lands and via holes, and eliminating via holes, for

example, would be effective.

However, with conventional multi-layer printed



12/ 04/ 2006 2 circuit bare boards, it is getting difficult to draw out
signal lines fromBGA terminals using via holes, because via holles 0442606

| ess space for wiring. In order to overcone the problem a built-up
structure of 5 multi-layer printed boards may be used which can have

smal ler via holes and fewer through hoPes than conventional nulti-| ayer
boards. Built-up multi- layer printed circuit bare boards are manufactured
(n a 'bulld-upiroRiRoda el b &b 2:GONMICLLYE ity & £F 110 1 0T PBUaQUE]
anot her conductive |ayer subsequently, so that the nore [ayers require the
nore process <tepsS19PG! ekansise, faem B&R taemiokloni wgipoootss Soéps ,

woul d be needed-i@s@Rkei QUIHATHR bO2sds: s @ %ﬁé@gefotlr?x%ﬁr tg.prO%_fss

to i ncrease adhesi on between resin 15 and conduc ve materia applyf ng
insul ation nm@EReEl terespmcwverthecpndbdieme 4 é:yp:clt?;):p:tsrte:g)@ét;lmhfofl
resin, 4) kasering; (hal.gs L. vi ng resin mear., _electrol ess
copper depgsi :tﬂlirdo]%l 751%&?%%%%:2%%&%05%%%?@% giag’ngb.,e éﬁsﬁao{”%ﬁ%gﬁ”ﬁﬂ }éﬁﬁe
copper - et chi ngmaRbeandvd)a ctheles t lend esf aweBui Iﬁmwueghl t m—kdjacygr ﬂ\fklﬁrﬁ: ed
circuit bare fronte e difficulty with BGA packaging ~when a
via hole'is mﬁ%??dgfjﬁgg?la[afso ‘gle?ggﬁrﬁjy?ﬁofb%?\ﬁlgé 25 t%}élal LHgl ég‘f‘étHO‘t

filled sufficiiendy mointatd sohecudrmmbr©fbsakder aire haken far tidheedi anhol e
Thi s. probl em_. forced

putt i ng connedt | Bh T EhaaEbe e fie radi ar Eepa FRmestefhven nbeeat s

linmtatiol tof birgrest o/WerngnofiﬂldEqu){lyiqutiwhﬁ P???E:S@Fﬁ?gg@gﬁﬁhso
Eﬁ;?g\é?rb\h\gﬁntﬁ%t&g ﬁ'?egglg?%éfqaalygy‘lst IJl:elcial ;ﬂ‘e tlille more process steps.
' For example, at least the following process 3teps would
be needed to make built-up boards; 1} a surface
treatment process to incfease adhesion between resin
15 and conductive material, 2} applying insulation
material {resin) over a -conductive layer, 3) cure of
the resin, 4) lasering (hole-making), ‘5) removing resin
' smear, 6) electroless copper deposition, 7) electrical

copper plating, 8) photo-imaging and copper—-etching, 1

20 and 9) cure of the resin.

Built-up multi-layer printed‘ circuit bare
boards confronted some difficulty with BGA packaging
when a via hole is wanted under a solder bump foot since

25 the via hole is not filled sufficiently so that some
amount of solder is taken in the via hole leaving
insufficient amount of sdlder for joint. This problem
forced putting connection lands between the solder bump
lands, which placed a limitation to higher wiring

30 density of the printed bare boards.

Morecover, with the conventional multi—layer-
“built-up printed circuit boards, when the surface, or

first, layer is required to be connected to the fourth



first, Iayer is required to be connected to the fourth 12/04/ 2006 3 | ayer

fromthe surface,
times as many as the above- nentioned process steps 1)-9), which has

increased the nmanufacturing cost of buyilt-up nmulti-layer boards. In

addition, with the manufacturing process of a conventional built-up
structure of nulti-layer printed circuit bare boards as descrlbed above,

the interconngglicon thaimaale ther FLEst aRd E%é@s@%ﬁ@iu e rres 'p\rll\}e]oScC%Q%a

boards to be subj ect to a resin cure ‘proceSs up-to
generate excesSit¢® S helh itth cafise Warpe ntihe s essnmarpubtsi Nghén above-—

the process includes 27 process steps, whichl2/e04A2606

pr asont | vent Ton o Se T8 ol Ut orP Lot L iede pYobF koS obf 6285 4l y

resent invention to give
Fo provi de a fﬁﬁpplialca?‘érlmg ntedtciaubt idareupoand, t inlla ya 1 Hae dof .

manuf acturisng the sane, in which a 20 connection is established between
conductive layers wth another conductive |ayer intervening in between
with better dinmensiondln am:@iady)mndvi ehethpr acasst agsttepsi nfaprbbesss af ¢

convent onal 1 s oe R4 baseh, S g0 et bare fomn s B0l

accordance wt e presen "fhveRti

board, which tmsuZhedl r@rbullaymsrevmmj@rasl =@ Hatswa badngoexceqdi ng

ections est | i shed 30 between the (2i-

i h layer and The 5EOM e G5 8P WILEE SSrLIths. 21 3, and, PRuFas vhRTR 28 o

created tlhﬁoug‘requnsabatth@n wed edisal tbaM@és dubpetweepoand fikligd with
process-up-to three times, which may generate excessive

heat to cause warp in the resin, resulting in =

dimensional inaccuracy.

15 SUMMARY OF THE INVENTION
It is an object of the present invention to give

a solution to these problems, more specifically to
provide a multi—layer_printed circuit bare board, and
a method of manufacturing the same, in which a

20 connection is-established between conductive layers
with another conductive layer intervening in between
with better dimensional accuracy and fewerfr process
Steps than thbse of conventional built-up multi-layer
printed circuit bare boards.

25 ‘

In accordance with the present invention, a
multi—layej printed circuit bare board, which has 2n
circuit layers, where n is a natural number exceeding
a unity, includes electrlcal connectlons established

30 between the {(2i-1)-th layer and the 2i-th layer, where
i=1, 2,....,n, by holes which are created through
insulation material layers in between and filled with
- copper plating. Electrical connections are also

accomplished between the 4i-th layer and the (4i-3)-th

1)



copper plating. Electrical connections are also acconplished between the
4i-th layer and the (4i-3)-th 12/04/2006 4 |ayer by hol es creatd@/AM4 /2§06
insulation material layers in between and filled with copper plating. In
accordance with the present invention, .a 5. nmulti-layer printed circuit
bare board conprises: at |east two insfiative | ayers each having two

generally flat, primary surfaces; circuit layers including electrically
| east . one

conductive matgegiah fREm e i i reyitr nd._caryied on at
of the pri rraryp%%ésrurl?gcel{sw% gsglfjé%ﬁgu afg%i\fté)qy%lsefd‘g;sua% %;b"&?dilﬂafcleérfe‘?%
of insulative hayegisalinnbehrwagngabst weehlad] ackhh canmseof pdaitling.

i nsul ative layers. and bonding said adjacent insulative |layers with each
other to accunulate said circuit layers with one above the 15 other; at

| east one of said insdlrat feedd@nsehawing ahéi stesbnaughnbelns opgn tH
the primary s Sq.d epf .and filled w electrically conductive

mat eri al iﬁt'elrd{:l{)ﬁgct]iar?gg{rhgré‘i &ceu‘%itcf'gfé}%’gggﬁﬁee O3 her EGRRA I Fe8acR T
other. 20 In dreaspetwoofintshel aniert ilanyesai darilpddv abl ¥wocorducthye

mat eri al may vant ageously be of copper plating. 25 Further in an aspect
of the invent i%gna?tSaigHrlf"lér/rslf tﬂ?’é%& %ot e fray et erb®Y § Iifav & iE e dddicer
of 40 m cro- pdteart o claglsby AskyRauageions! ymh it e3CiG0I dag emWindd) e PLegent

30 inventi on,ggne of .sai d i€SU| ati,ve,l ayers and one of said bonding |ayers

which is bond§d T 85Fd AHStCrREdSH i 0B ataykRamkvens fohhet RouwRdT ol e

cut therethrosghrftaces of said insulative layers; and bonding layers
of insulative material intervening between adjacent
cnes of said dinsulative layers and bonding said
adjacent insulative layers with each other to
accumulate said circuit layers with one above the
15 other; at least one of said insulative layers having
a first'through hole open to the primary surfaces
thereof and filled with electrically conductive
material interconnecting the circuit lavers carried

_ thereon with each other. |

20

| .Dlanaspectcnftheinvéntion,saidelectrically
conductive material may advantageously be of copper
plating.

25 : Further in an aspect of the invention, said

first through hole may preferably have a diameter of

40 micro-meter or less.

Advantageously in accordance with the present

30 invention, one of said insulative layers and one of said
bon_dirig layers which is bonded to said first insulative
layer have a second through hole cut therethrough to
extend to the primary surface of second one of said

insulative layers which is bonded to said one bonding



extend to the primary surface of second one of said insulative |ayers
whi ch is bonded to said one bonding 12/04/2006 5 | ayer, said sed c04ﬁ2@l§)gfh

hole being filled with electrically conductive nmaterial interconnecting
the circuit layers carried on said first and second insulative |ayers
with each other. 5 In accordance with Phe present invention, a nulti-Ilayer
printed circuit bare board conprises: 2n <circuit Iayers havi ng

electrically cpp j Ve e e’é'e%onélorﬂﬂf'gu‘éjhecflﬁ'l%l g_lﬁl(%r¥llvy_here nig a
natural number 10 exceeding a unity; n Insdlative 1ayers havin
primary surf ac%éeé:ﬁiW@hl(YZlcanquCﬂhm@@tethadnelsnbércmmbctﬁmg tthe

ponal ng 1 ayer & 5f Y neul 2 S5 mar e Sttt SHVORPAGE betkEh o doeRERER 15

bonding layers o insulaty Ve materi

of said n insulasinietiyer 4 agmelr honditly sacd a,dqlaeent i nsul ative |ayers
with each gther to accunulate said circuit layers with one above the
other; the insulative |ayers between the (2i-1) -th and 2i-th circuit

| ayers having a firstin haoug:frdmhee’opeiltho the priemeytsulhaeas 2Ont heseof

and filled w ctr| I odutlve rial intergonnecting the
(2i-1)-th andgrg] {:E cf‘}r:%fu ﬁayq:ercg Wt gg"tﬁoﬁfﬁ’eho t AEPBIIL 38 E6r ddhce
with . the presentui25lapeerd hammgmrémﬂmfcamnyfc&sﬁaﬁb&g@em&ﬁérh%ﬂer

printed circu ozbrr?re boj‘grd conprises the ste preparing n sheets of

i nsul ative materiaf "IWREPET 1€ €& RUL TS - E? s 8l A UE AhitYmbRAKi ng
first holHs bhun@ﬁlh@ashmﬂﬁtyfIﬂsﬁﬁﬁulﬁﬂﬁﬁ@rW¥yé95:ﬂ%v1ng two

|nterconneCt|n% %%I-§)SEQ Jggglékhw HQQHEZLa ?U%ﬁ and 2i-th ones of
sa;d circuit layers are carried, where i is a natural
number not exceeding n; and n-1 bonding layers of
insulative material intervening between adjacent cnes

15 of said n insulative layers and bonding said adjacent
insulative layers with each other to accumulate said
circuit layers with.one‘ﬁbove the other; the insulative-
layers between the (2i-1)-th and 2i-th circuit layers'
havingaifirstthroughholeopentx)theprimarysurfaces

20 thereof and filled with electrically -conductive
material interconnecting the (2i-1)~th and 2i-th

circuit layers with each other.

_ Further in accordance with . the present
25 invention, a method of manufacturing a multi-layer
printed circuit bare board comprises the steps of;
preparing n sheets of insulative material, where n is
@ natural number exceeding a unity; making first holes
_ through the sheets of insulative material for
30 interconnecting (2i-1)—-th and 2i-th circuit layérs to
be respectively carried on two primary surfaces of the
sheets of insulative material, where i is a natural
number not exceeding n; depositing electrically-

conductive material inside the first holes using an



be respectively carried on two primary surfaces of the sheets of
insul ative material, where i is a natural number not exceedi ngl®/04/2006

depositing electrically conductive material inside the first holes using
an 12/04/2006 6 electrical plating process until the holes are filled wth
t he conductive material; formng an el 8ctricall y conductive pattern of the
(2i-1)-th and 2i-th circuits on the sheet of insulative material; stacking
the 5 sheets ofijksiative ﬂ%tt%rﬂ@pﬁg\éé‘%%tmt?he AR gggd%tghlelveed
pattern formed one above the other an adhering adj acent” ones  of

sheets with edthtBt hBe cioydist hg visormt hg rigtler ifalzmnki By sed@mdr?glaéﬂy
through (2i- Al cand, & 24 F4)< ol [d [AYe s qn asi1jng, .
electrically (]%%régctcfd\}e m?aétae)r&i)cg}ﬂ} nsjfg:léﬂ% hde sec?)n(ijﬁ1 %&%g? us| nggéﬁcu_lts

el ectrical pl@&mn§Fhs osdsst BRIFEF iDESCRR RTEIVEN @Et‘EHEii)RAWNGSc'Hﬁm@b{Ctﬂﬁés
and features e present. A5 i.nvention w.l.l . becone re_gpparent from
consi der at ison%f%%g'?ﬁeg?oﬁﬁosvﬁ *ngté&eaﬁ%geaésaclr PﬁtvilorhgtgﬁgneiﬁcE’éhfﬁﬂrétX on
wtr1theemcom&n@tngkw@wbmﬁméanﬁohméaGbﬁbisbawmhﬁmﬁiﬁﬂﬂéﬁggnd
sectional vie l.ng referred enbo nt of the multi-Iayer

printed ci rcu\ié{td}g%?}g%gogr djo??\egé:coor%?\ﬁcé’ W%hetﬁléeeﬁrses"éﬂzhl r?\%‘?ﬁ!%ﬁ?eénd
FI GS. 2A and BB siscvm@bemmpd i higed ashapes 10f mhadiasg ek ohlar Bedhe an-H ASULAL i on
mat eri al of tQ%-Qﬂ?PQEﬂEQ% ?EoggligtglGnl. 25 SCRIPTICNdCF THE 95E ERRED
EMBODI MENT W t'R ' ef br chica o (EFG L 1T T8 fdfaudt &Y pF Pt 88D ERPAT 1T bage
board (MH), gérertatiyaddnotedndibtdve material inside the second

holes using an electrical plating process.

BRIEF DESCRIPTION OF THE DRAWINGS
| The objects and features of the present
15 inventionwill become more apparent from consideration
of the following detailed description taken in
conjunction with the accompanying drawings in which:
FIG. 1 is a schematic cross sectional view
showing a preferred embodiment of the multi-layer
20 printed circuit bare board in accordance with the
present invention; and ' .
FIGS. 2A and 2B show exemplified shapes of holes
‘cut through an insulation material of the embodime-nf
shown in FIG.1.
25
DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to FIG. 1, amulti-layer pririted

circuit bare board (MLB), generally denoted with a
reference numeral 1, in accordance with a preferred
30 embodiment of the present invention has 2n multiple
layers 3, 5, 9, 13,_ 29,25, 21 and 19, wheren is a natural
number exceeding a unity (1)}, which form electric
circuitry. Themulti-layerprintedcircuit bare board

1 has a generally rectangular plan view with a couple



reference nuneral 1, in accordance with a preferred 30 enbodi nent of the
present invention has 2n nultiple layers 3, 5 9, 13, 29, 25, 22/{Mi/2006

where n is a natural nunber exceeding a unity (1), which formelectric
circuitry. The nmulti-layer printed circuit bare board 1 has a generally
rectangul ar plan view with a couple 12/04/2006 7 of generally flat,
primary surfaces 61 and 63. FIG 1 shows a cross section substantlally
perpendicular to the primary surfaces 1 and 63. The specific |ayer

structure shpwn I Iud ers, .i.e.
invention is not %g??ﬁ?%tegﬁ?g th lﬁé FEE¥FPUS tﬁvg Gghb§gg but
appl i cabl e t%ﬁQ¥Sgeﬁenqn@S@aSEBqﬂ;wpr|Sﬂhﬁ}aﬁniakmy'cpetpénﬂﬂ&uﬁarlrtoadthéi on,

the inventi IS 3 capble _to i-layered structure o rinted
circuit barg&ﬁbafg %ﬁﬁ%gﬁgiagﬁevgﬁ§ag§og§hg 5% 5t€ cﬁrgultfﬁayeﬁspsuch as

| ayers 10 3showa SiracElfwl ht edCén@efabev@ltt héayddser . i e nulisi pl.e frayers 3,

S5, 9, 13,5 29%nwncidd qu ot akg ]:Jf:f tt?% p.‘g fylcsur]rl%%%raglv |
electrically insulative mat eri a ayers 5 a I"i'sh e ectroconductlve
wiring 69 13WgeipeRf chutulpppieakdensto Tae gﬁnﬁsic | agee 8ofpoiminge Zrop in

the figure 'cﬁrbﬁi@r%'}g(:t fﬁi éﬁiltﬂ%nsegﬂé]dlrlv@ﬁ% EI? by & C%Bpfféﬁ[]leraygpd

also to the third | ayer by a connect or ew se, ourt
is |nterconﬁ@cﬁbdmﬂéirﬁéY?Wﬁq(Ft#QQFgﬁeQOEyPalebﬁ®e§@9¢um5 bared ktayd to the

first layer wBiby m2QveANERCER nhfivelNot hﬁr%%ﬁrgy_‘(@yeré NechNat g trS:‘ O\Nggt

| ayer 19 |s interconnected to the (4n-1)-th er- 21 by a conn

and al sd%t o3t #d (uAceymElatesy epe oabaye &hédﬁﬁéétor 27. The (4n-3)-th |ayer
29 is interconnected to the (4n-2)-th layer 25 by a connector 31, and al so
to the 4n-th layer 19 by 25 a connector 33. Holes 37, which are preferably
40 mi cr onet er OrTlpeegrgJ%tﬁple layers 3, 5, 9, 13, 29, 25, 21 and 19 are

formed on the primary surfaces of electrically insulative
material layers 35 to establish electroconductive wiring 69
15 forming circuit patterns. The first layer 3 from the top in
the figure is interconnected to the second layer 5 by a
connector 7, and also to the third layer 9 by a connector 11.
Likewise, the fourth layer 13 is interconnected to the third
layer 9 by a connector 15, and also to the first layer 3 by a
20 connector 17. In the same way, the 4n-th, or lowest, layer 19
is interconnected to the (4n-1)-th layer 21 by a connector
2_3, and also to the (4n-2)-th  layer 25 by a connector  27.
The (4n-3)-th layer 29 is interconnected to ‘the (4n-2)-th-
layer 25 by a cronnec'tor 31, and also to the 4n-th layer 19 by

'25 a connector 33.

Holes 37, which are preferably 40 micrometer or less in
diameter, are created “through, and substantially

'perpendicularly to, insulative material layers 35 between the

30 first layer 3 and the second layer 5, between the third layer

9 and the fourth layer 13, between the 4n-th layer 19 and the

(4n-1)~th layer 21, and between the (4n-2)}-th layer 25 and

the (4n-3)-th layer 29. The diameter of the holes 37 is 40

micrometer or less, more preferably 25 - 30 micrometer, and



di aneter, are created through, and substantially perpendicularly to,

insul ative material layers 35 between the 30 first |ayer 3 and tlie/ 84£@D6
| ayer 5, between the third layer 9 and the fourth |ayer 13, between the
4n-th layer 19 and the (4n-1)-th layer 21, and between the (4n-2)-th | ayer
25 and the (4n-3)-th layer 29. The dianeter of the holes 37 is 40

m cronmeter or less, nore preferably 25 - 30 mcroneter, and 12/04/2006 s

preferably not | ess than 15 mcroneter. Those holes 37 are filled with
tq_the second

copper plati ki ng.. connecti.on from.the first |ayer 3

| ayer 5, fro%gfeﬁ%réflﬂs(r d" téty(cairesﬁ Yy higf“l}tfrrf’ﬂe?%'irer%fé}% {"?Joerﬁ t¥e 3%R-t h

| ayer 19 to tthél¢dinwbti) cbppémyplaihg atal fmamiidhecdiec?ioh hfkayernhas to
the (4n- 3)-tk y 9. hgle 41 is.also cut fromthe first |ayer 3

t hrough an }EEJE% ajtggl‘\(/%, 3b§r?di%l}?§ FEGEHY 45955 g’kt &Ra™t %ﬂ? h@%&n&@é’gﬁrgla 10
which is a céppekreffeumd Vagefotdrdfom tthe thi-td layer B tandheanahher hole
43 is cutsfremyh ~thla rough . _anofher insulative, bagnding

| ayer 45 to eglt englaf}%rt %él' %gﬁnég?%&l?l,&\ﬁn?gh%s{a %rolaéjaggp%g?-g?wed Vi a
on the (4n- 2)=th lpager2®5. The holes 41 and 43 are plated with copper 15
plating 39, making electrical connections fromthe first |ayer 3 to the
fourth layer 13 and fromthe 4n-th layer 19 to the (4n-3)-th |ayer 29,
respectively. Holed9d% 4Ahdis7akece caltsbromt tie giirsiie 1évest3 amadodghtdn 20

ayers 3 andink9abbrauotbdbehnylbali ve. choodiag layels 49 eacly the
third and (4n-.2é-t.h I'gyers glgangbg%, r%('gs)pgc Ji]r\giel%?le%hse sﬁ?g&ln%dlg%lat € figure.
The hol €€ 63MdRE b5 Areorreirs 61 lest edawfermesbpwerchpl ahird 139erndkiangd
electrical a0gBAeSt hQAS fopmLhehirafo ayel Jnlont e Lhi re | ayer, §, 25 and
fromthe 4n-th |ayer 19 to the (4n-2) Ot ayer n2§, ré)sepecti ve?{yéug%
another insulative, onding layer 45 to extend to the
connector 31, which is also a copper-filled via on the (4n-
2)-th layer 25. The holes 41 and 43 are plated with copper
15 plating 39, making electrical connections from the first
layer 3 to the fourth layer 13 and from the 4n-th layer 19 to

the (4n-3)-th layer 29, respectively.

Holes 65 and 67 are also cut from the first and 4n-th

20 layers 3 and 19 through the insulative, bonding layers 45 to
reach the +third and {4n-2)-th layers 9 and 25,
respectively, as shown in the figure. The holes 65 and 67 are

also plated with copper plating 39, making electrical

 connections from the first layer 3 to the third layer 9
25 and from the 4n~th layer 19 to the ({(4n-2)-th layer 25,
respectively.

Those holes 37, 41, 43,'65 and 67 may advantageously be

of a circular cross section



Those holes 37, 41, 43, 65 and 67 nay advantageously be of a circular
cross section 12/ 04/ 2006 9 perpendi cul ar to the primry surfaced20f04K2006
insulative material sheets 35. The invention is not restricted to this
particular cross-sectional shape of the holes but may also be applicable
to the oval shape shown in 5 FIG 2A, @&nd also to cylindrical through hol es

which have a cross-section perpendicular to the Iongltudlnal axi s thereof
sectors I nt epconnect: to, each other by

ol oht 1 nosBo g BRIRE R B oS5 E Ry LPESSRIEE A0 SRS HLYS Y

straight |ines
made of eltherm@tegilaak ep@ats g3 ass Bk gha&mmylmdgptpcz:elfgkd%ﬁé&im
i ber clo

d,l d t
ot Lgnat o |60} BRAR S EbBPRA T BP-E O LSRR £ ARArH cE G RAKR S v

material for vibmtnmac ra:lu;bsb89ap@ﬁy1cb@beekGﬁthtl_elﬁeOggQ]Elh%'}%a?é aého@vr% aser
or drillin vored to na ol es or e connections
3 m%fgyeﬁ%ﬂ) 50 & setofd L 1gals tdhx enght Bigke paybd aht o

fromthe first
the fourth | ayevels, cfé@%@l&ﬂﬁoh%ééb@néﬂch()_éﬂ‘%o Eﬂl&- ib Jc@M%aZJfl

and fromthe (4n;2 the (4n-3) -th |ayer e size o
t he hol es 37 ) % %@?&’H@eﬂob% RronkPée Blf ‘PBQ@%W%%\%@F@&SZS

consi deri ng thmmrb@g:ﬁ@@ﬁ@daﬁﬂ) t8g ceoRPeR el Idy NGt rRrQALSS1 1P 4 he other
hand, the electric conductivity of the 40-mcroneter in di aneter holes 37

nlght be higher than the other part of the circuitry, though it is

desirabl el0o have sinrha camicts¥iion t hnpugheyt, 130 tl%%z&ﬁcw Y. *“%g
order to achieve this, the holes 37 nay have an oval | ptical pe

as |||ustratean§ntageously be made of either of glass epoxy, glass
BT, glass polyimide, polyimide film, epoxy film, epoxy
impregnated liquid crystal polymer fiber cloth, BT

_ impregnated liquid crystal polymer fiber cloth, for

15 eiample. Conductive material for wiring circuits 39

may be of copper or other metal.

A laser or drilling method would be favored to

make holes 37 for the connections from the first layer

20 3 to the second layer 5, from the third layer 9 to the
fourth layer 13, from the 4n-th layer 19 to the
(4n—1)“th layer 21, and from ther(4n—2)—th layer 25 to

the (4n-3)-th lajfer 29. The size of the holes 37 would

be favored to be 40 micrometer or less in diameter

25 considering the wiring space and the copper filling
- process. On the other'hand; the electric conductivity
of the 40-micrometer in diameter holes 37 might be
higher than the other part of the circuitry, though it

is desirable to have similar conductivity throughout

30 the circuitry. In order to achieve this, the holes 37
may have an oval or elliptical shape as illustrated in
FIGS. 2A and 2B, such that the area of thé holes 37 may

be increased with the dimension in a particular

direction maintained to be 40 micrometer or less. As



FIGS. 2A and 2B, such that the area of the holes 37 may be increased wth
the dinmension in a particular direction maintained to be 40 m droh@4€£20dr6

| ess. As 12/04/2006 10 a result, the conductivity of the copper-filled vias
may be adjusted to be substantially equal to that of = the remaining
portions of the circuitry, without entrging the dinmension of the holes 37
in a desired 5 direction. That is also the case wwth the remaining holes
41, 43, 65 and_67. In order to deposit conductive material insjide the

hol es 37, 41, A37°6% Hna B9° PERAURGIY DY Pl js AePReEmTilied vias

el ectro-conduchayebparddthesedi spersed shiies €h A ¢ iNBY1 fdugniageoysty e o ¢
deposited by usjng an ahsorption nethod. El ectroless copper plating my
follow this. ﬂﬁ?t ehd™maf H Ab PP A FretPbd, Thevapdr c¥eiosY i oWl therinbd

may be used toehdemditgnehecandEChENQd idM AR Side 5he Pl £S48 reg
met hod that is used for the manufacturing of

el ectrical plaing i
convent i ondl pfhﬁ EF1Q% cui Thajoat¥saheyp Hehesedsorwihie phat inmnai ntimy
of 20

hol es 37, 41, WP143, 465- apd,k 6%6.5 | H,gugly cases, the plating thickness
m cronmeter or nore woul d advantageously fill the holes 37, 41, 43, 65 and

67. An electroless plating nethod may be used instead. A negative inage
pattern of the circuit, payde £or j Lt L 25 3%, SO
that the via filling plating and tdf;%sSa'zltéeﬁoﬁ%ﬁgtfln%‘gnqﬂa%%%%l(f?nelnSlge

si mul t aneousl! ¥1 & Aisbee 2ppl ¢ Eat £8n, 65henbl6sd 657 dmycbebext ,endeg o bywde r

i nterconnggt ed it1G, t BefidtdL Laneh, 201 Wt i_t;hout bei ng ,cannect ed
the third and/or fourth I ayers 9 anéwgr rbl%{-t\éﬂﬁ:c e% ﬁg%é)enraiggl 3%‘% ein
i nt er connect e@atyoadvantageously be deposited by using an absorption

to

method. Electroless copper plating may follow this.
Instead of an absorption method, a vapor deposition
method may be used to form thinner conductive film

15 inside the holes.

An electrical plating method that is used for
the manufacturing of conventional printed circuit
boards may be used for thé plating of the holes 37, 41,

20 43, 65 .and 67. In such cases, the plating thickness
of.201nicrometer or more would advantageously £ill the
holes 37, 41, 43, 65 and 67. An electroless plating
method may be used instead.i A negative image pattern
of the circuit may be formed on the insulation material

25 35, so that the via filling plating and the pattern

plating may be done simultaneously.

In some application, the hole 65 may be extended

and interconnected to the fifth layer 29 with or without

30 being connected to the third and/or fourth layers 9
and/or 13. Such a hole may also be interconnected to

a connector, such as 31, formédj11the insulating layer

35,



a connector, such as 31, forned in the insulating |layer 35. 12/04/2006 11
The conductive patterns of electronics or circuitry 69 are forded b/ 2086
insulating layers 35 by wusing a subtractive nmethod, with which an etching
mask is fornmed over the copper foil that is Ianinated on the 5 insulation
material 35 on the side where the desilded conductive pattern 69 is to be

formed, and then unvvant ed portlons of the copper foil is etched way.
Either of a liquid, m ar ctro deposited type of material . may be
used as the etching reS| St ; CTB%'Pn t¥&ul &3 ohe hifer P4 se§59%|r6’|‘i”ﬁ%ﬁ/e QL

desired coppea:lclcnmuttypest&ra forrmmedtherena aheuneot sher edyan 4 @§w
other to be | am nat ed or stacked with each other by using the bondi ng “or

adhesi ve matertar™ a?e?ufg:%ththeemsep%?fll'c‘éllW Wi G4 -é}!ay%?cgftrn@ctn@rsés

51 53, 55 anisS5Fothetd eanst &th@fc&%wefﬁ ESti 1 RSt %@rl%rﬁhﬁa%%cc%% na%er
5, thethlyfsdlaa/ 9a.ndthefourth ayer 13, the 4n-th layer 19 an
(4n-1)-th 9y lafjoR pma tedt a3 t3ﬁ 1oy eEh 95SAR/E tHee £2ntd)e tdebayed 29,

20 respecti velcyonaﬁeta.cxﬁélfiﬂﬂﬁt@ﬁlnl eothisc Olekoafh g ! %B@aéﬁgn‘ﬂﬁvp?ﬁ%%rﬁ

other with the bondi ngsb@aéerlal 45 intervening to formthe nulti-Tayer
printed circuit®TbaP dhe oRpPfIet oyl 25 atiched wevhod Em’slhﬁavorfabl y

be used for ferminguikheriales HP éﬁ@cW&éBbsﬁrﬁé‘&eg 'r%Lf' ;mab%f 189ard

1. Either of carbon dioxide gas, YAG (yttrium alum num arn
(ul tra-vi ol et Pa¥ysee b‘rs%%c@?relthleas%‘ricwg aé&éﬁt%ﬁgeousl y be appl i cable. 30

10

The insulation materials 35 which have a desired
copper circuit pattern formed thereon are registered
with each other to be laminated or stacked Qith each
other by using the bonding or adhesive material layer

15 45. Morespedifically,multi—layerstructure551,53,
553 and 57 that consist of the first layer 3 and the second
layer 5, the third layer 9 and the fourth layer 13, the
4n—-th layer 19 and the {4n-1)-th layer 21, and the
{4n-2)-th layer 25 and the (4n—3) -th layef 29,

20 respectively, are accumulated in this order and
laminated with each other with the bonding material 45
intervening to form the multi- layer printed circuit

bare board 1 consequently.

- 25 A laser method may favorably be used for forming
the holes on the resultant printed circuit bare board
1. Eitherofcarbondioxidegas,YAG(yttriumalumiﬁum
garnet), UV (ultra-vioclet)-YAG, or excimer laser may

advantageously be applicable.

30

A detailed description on the manufacturing
process steps of the multi-layer printed circuit bare
~board 1 shall follow. First of all, the cylindrical

through holes 37 are created through the insulation



A detail ed description on the manufacturing process steps of the
mul ti-layer printed circuit bare board 1 shall follow First ofi2d104/20€6
cylindrical through holes 37 are created through the insulation 12/04/2006
12 material layers 35 in order to nake connection fromthe first |ayer 3
to the second layer 5, fromthe thirdllzayer 9 to the fourth layer 13, from
the 4n-th layer 19 to the (4n-1)-th layer 21, and fromthe (4n-2)-th | ayer
5 25 to the (4n:3)-th .l ayer 29..JThen, conductive nmaterial is deposited
inside the hi)hf]ae§£§721a§ %%Eﬁe%gﬁnfoorr‘g%%a |R3kE ‘éPE‘&er‘?EJaPPygrﬁI“htté’tF
until the hol ésimnse Tayked3 tSuddessiewsdyd Nyeanslyc v ©h & Gl § rpal YIS
ayers 35, The nulti-I|ayer

are formed on ¢ ppsulatio terial

structures 51, g§0 t eaﬁ%ﬁghmﬁy%ﬁné%st o e AR TRy dpYR BNyt He
second |ayer Thé, (¢helhitll Layerr R andabnhe foomt Bhleayern13) the AR50

| ayer 19 d gge é4n-g)-tc Iaé?r 1, .and the (4n-2)-th layer 25 and™the
(4n-3)-th Tayér 29° F8&pettRvdly thrdiaY&hick®d and adhered with each ot her-
by using bonding naterial 45 into a | am nated structure. 20 After that,

the holes 41 and 43 are created from the first layer 3 to the third |ayer
9, and fromthe 4n-thPRByercARARES fifee (BALial | h§efers s hadudtnvide

material is depeshoadd 3si deddedobes 45 apd 43akhate & I3 he
first layer. 3 &o thc? third | ayer cgﬁ!{;nd t hr ough ?;ﬁlg)alﬁ-?lt %ﬁg%{r:gfgi%gl&he
(4n-2)-th | ayRra338d padgebt Wt yhabeestamt i di thedel ecBricaesedppely,

plating 39 seohbiaictheebars peand 1 pschidtaldy Lgmede, i fecggsaryy, an

additional |ayer of conductive pattern
insulation materital layers 35.

The multi-layer structures 51, 53, 55 and 57
that consist of the first layer 3 and the second laver
15 5, the third layer 9 and the fourth layer 13, the 4n-th
layer 19 and the (4n-1)-th layer 21, and the (4n-2)~-th
layer 25 and the (4n-3)-th layer 29, respectively, are
stacked and adhered with each other by using bonding
material 45 into a laminated structure.
20
After that, the holes 41 and 43 are created from
the first layer 3 to the third laver 9, and from the
4n-th layer 19 to the (4n-2)-th layer 25. Conductive
material is deposited inside the holes 41 and 43 that
25 come through the first layer 3 to the third layer 9 and
through the 4n-th layer 19 to the (4n-2)-th layer 25,
respectively, to establish the electrical copper
plating 39, so that the bare board 1 is finally formed.
Ifnecessary,anadditionallayerofconductivepattern
30 may be formed over the most outer layers 3 and 19, for

example.

- With the multi-layer printed circuit bare board

1, which has as 4n layers, the holes 37 are created



30 may be fornmed over the nost outer layers 3 and 19, for exanple. Wth
the nulti-layer printed circuit bare board 1, which has as 4n [L&/dt&/ 2006

hol es 37 are created 12/04/2006 13 through the insulation material 35
between the first layer 3 and the seg nd | ayer 5, between the third |ayer
9 and the fourth layer 13, the 4n-th [Fayer 19 and the (4n-1)-th layer 21,
and between the (4n-2)-th layer 25 5 and the (4n-3)-th | ayer, 29

| | h.th o] 39, ek
respectively, %@goﬁreﬁt 43111 %91 W't %:;:;o% grhgg ?ﬁéag-ggoﬁg??’éy@%a%lgﬁﬁefﬂ\ééﬂ:the

connecti ons bétwee i TSt

third layer 9 Jaan]zletrhé éndrthel age:ron’ch ldper 3n-bhthayai t]l‘QeatﬂlﬁjJ.EHela er
25 and t he (4n 3)-th

(4n-1) - thlayeg gP tvvegiOthe 4n- Z%Tanhla er
| ayer 29, respect |v V. TR EBnnédtS onk3 caf Peh &bt bRel By e ackdnpris héd
separately for(4aeh)efti Heayatt2il ayad bstdweéHr€8e514n5I) 5§hapg?,@} 535

maki ng theghol es.37.and, ,t he copper_plating 39 between the first Tayer
and the 15°seddtd I%Ver (401} V\ggln 'Z‘Eé(etnm rd? aY8S Re GhivVery f oaftch alr@/er
13, bet Ween tIfeLl4he¢ﬁhwlm§heltlﬂeQ @agpkhe pOdt gt Bo |ﬁa§é@f13&,céﬂ‘i'1etheé¥\8ﬁ% the

(4n-2)-th Iaygr 25 and the (4n-3)-th layer 2 respectively. After f
those nulti- SQP Jdtar LBt 51333?%‘5 ghdagd wibe tﬁ@cw%oﬂiﬁé@m oﬁs

thus establ i sbe&méh bBeattURd at £¢c Wi bh, neaeh, Ot f
el nt ended Igeers aﬁl/ak:%n @t%ﬁﬁtgﬂeg%ﬁfolﬁf he %I rst

connecti ons between the
|l ayer 3 to thg }g’ JoppeF-17| ped W& ﬂ#rbnlﬂhén Rigvlerayér 9nghipettteednl e

52 110 i o LMSp o conuet g Sl Py L £8y ) e
connections f¥&FP ively. The connections can therefore be
accomplished separately for each of the multi-layer
structures 51, 53, 55 and 57 by making the.holes 37 and
- the copper plating 39 between the first layer 3 and the
15 second layer 5, between the third layer 9 and the fourth
layer 13, between the 4n-th layer 19 and the (4n—1)~;th
layer 21, and between the (4n-2)-th layer 25 and the
(4n-3) -th layer 29, respectively. After that, thosé
multi-layer structures 51, 53, 55 and 57 with the
20 connections thus established will be accumulated with
each other to enable further connections between the

intended layers.

Making the hole 41 from the first layer 3 to the

25 - copper-filled via 15 on the third layer 9 and the hole
43 from the 4n-th layer 19 to the copper~-filled via on

the (4n-2)-th layer 25, and plating the holes 41 and

43 with the copper 39 enable the connections from the
first layer 3 to the fourth layer 13 and from the 4n-th

30 layer 19 to the (4n-3)-th layer 29, such that the
interconnections through the laminated multi-layer
structures 51,53, 57 and 55 can be achieved between the
intended layers_.with the fewer manufacturing process

steps.



first layer 3 to the fourth layer 13 and fromthe 4n-th 30 layer 19 to the
(4n-3)-th layer 29, such that the interconnections through thelRafihA28d6
mul ti-layer structures 51,53, 57 and 55 can be achi eved between the
intended | ayers with the fewer manufacturing process steps. 12/04/2006
EXAMPLE 14 A detail ed description wll be nade on an exanple where sone
multi-layer printed circuit bare boards of the structure in accordance
with the invention were manufactured together wth the result of the

per formance § The holes of 25 micréfeter in dianeter were created

t hrough a copper- gﬁad | am nate (marketed from Matsushita 10 Denko Kabushi ki
Kai sha, nodel R-1705: |lam nate thickness 0.06mm copper foil thickness 12

m croneter) usin Al ter t | ami_nates were DI cessed t hr ough
Pd catal yst soI%%H%ﬁXAg%ecﬁégﬁu‘§lg%pw I8 6iaFﬁH8 fRs*Uo Refnere
el ectrical ce¥ppemupkatiane wesioiome qﬂatchhtclmqmerbomdde@ﬂsnﬁeedti:ﬁcu{rd o 20
mcronetey oMer the SHEL agerd o fd | via_holes,. Aggaotore sist (marketed
from Asahi Chemi cal ndust%/ﬁ E%é lTﬁ%ﬁ%lon JEFC ABEBBEE- UGS F8RF Hiffed over
t he surface Wth the H%ﬂlﬁaoésthaa@draurmm ngstask was fornmed through an 20

exposure and devel opment process. Then the unmasked portions of the copper
foil were etched off through a cupric oxide solution to get 40-m croneter
wi dt h and spaci ngh8opiées i c2f t mpatemstes. 26 Thendtami naims areatkidch t he

copper CirCiintoR@ t @r néo re-clfagr MBgLWERE Sk §,th geéi'p H‘o h @hgsel}s%l%f bondi ng

material  intervening ween them” regi stere o eIt eurt
i mages, ﬁndDﬁﬂ%9e5FPéFh%hb kaiehial sodele %m@%@-lahﬂnaﬁéd t thiglmleest he

8-1ayered sbl okt Ecogdtdn A 1S+ MRLIG S eai[fdmlcrometer) using UV-YAG
laser. After the laminates were processed through Pd catalyst
solution, electroless copper plating was done. Then
electrical copper plating was done until copper is deposited

15 up-to 20 micrometer over the surface to fill the via holes.

A photoresist (marketed from Asahi Chemical Industry

Co., Ltd., model AQ-2588) was laminated over the surface of

the laminates, and an etching mask was formed through an

20 exposure and development process. Then the unmasked portions
‘of the copper foil were etched off through a cupric oxide
solution to get 40-micrometer ~width and spacing copper

circuit patterns.

25 The laminates on which the copper circuit patterns were
formed were stacked up with sheets of bonding material
intervening between them, registeredA in respect to circuit
images, and thereafter the materials were press-laminated to
make the 8—layéred structure. Then holes were created

30 from the outermost layers to the connector areas of the third

and fourth .



30 fromthe outernost |layers to the connector areas of the third and

fourth 12/04/2006 15 layers and of the fifth and sixth |ayer w fli2A04&/2006

80-microneter in diameter beam of YAG | aser applied fromthe both sides

thereof. 5 The boards thus fabricated were processed through a Pd catal yst

solution, electroless copper platingldnd further electrical copper

pl ati ng. Then dry-film photo-resist (produced by Asahi Chem cal Industry
del AQ and 1Q circuits were fornmed

Co. , Ltd. , 2588) -was. | anminat ed, ) ;
t hr ough exposgf%,yedfe%/eﬁd’ﬁﬁeﬂtf, thRd BEfithganh Fifdih y 1ateF n wigbh mithede,
220 nm long, &0-faingwdéhetle8-1ayan didpted ydARuUbly bale-haards. A heal g
cycle test was )Eerformed at -65C to 125C 15 for 1000 cycles vmt?n Phese
mul ti-|ayer prllq PRd Te cBPitthat EdB8artdse raad -no defects were found such as

del am nation or crack. Moreover, it was verified that the wiring 20

density w éh those nulti-layer printed circuit bare boards was
approxi mat8ly four tifgs® aPhpgHsas thag of abutiec zbadenviearral niwoeghs dwl e

printed boardsnhddakh coNfed med L j 1f er i engi of
the packaging s pgssi bl e, 25711 \?\i;asséalrys%ﬂs{e:rlio?{’edgg%%te&%%gggg}océgg’%ﬁ%ps
were fewer byl ¥aBfor adfd R ATt Adecofichd compmeat imhakingui | t Then

mul ti-layer pyify-ed; gy Chhlo il pelqard with, ape n r. of,.l avers. 30
In sumuary, as descri bedBabov_e, ,ngth th\g1pt nu?{_‘li%%ld;ye p#lgﬁat%eld glhr% tf3ar e
board having 4Rdwgery Co., Ltd., model AQ-2588) was laminated, and
10 circuits were formed through exposure, development,
and etching, to finally obtain 220 mm-wide, 220 mm-—

long, 0.6 mm-thick 8-layer printed circuit bare boards.

| A heat cycle test was performed at -65°C to 125°C
15 for 1000 cycles with these multi-layer printed circuit
bare boards, and no defects were found such as

delamination or crack.

Moreover, it was verified that the wiring

20 density with those multi-layer printed-circuit bare
boards was approximately four times as high as that of

the conventional through hole printed boards. That
confirmed that a higher interconnection density of the

packaging is possible.

25
It was also verified that the process steps were
fewer by a factor of 18 than those of the conventional
built-up multi-layer printed circuit bare board with
the same number of layers. -
30 '

VIn summary, as described above, with the
multi~layerprintedcircuitbareboardhaving4nlayers
stacked up, holes are machined through the insulation

_material layers that lay between the first and second



stacked up, holes are machined through the insulation nmateri al ers that
| ay between the first and second 12/04/2006 16 | ayers, between ﬂ.ﬁ a4 2006
and fourth layers, between the 4n-th and (4n-1)-th layers, and between the
(4n-2)-th and (4n-3)-th layers, and filled with copper plating, thus
establishing electrical 5 interconneclfons between the first and second

| ayers, betvveen the third and fourth Iayers betvveen the 4n-th and
(4n-3)-th | ayers.

(4n-1)-th Iay and tvveenth % -2)
Maki ng hol es f ke e FEVeFayér tPﬁé? %efovmfbdlwsg%m I?%‘mmr%d
layer and fromalide #n-th bkayer (onthe -capperafillsed wims PriheeldnNte -th

| ayer, and pl se hol es nmake connectlons between the first and
fourth layers ‘a%fd"gé \ébr?”cq]e(%h B ~drf 1By ¢8R~ 33nOhitdyead v strceRrer

i nterconnecti ¢isathbhgugh thecharg nated mylddpl ayarn i ructures hetyween i he
i nt ended I&yers are established with fewer manufacturing process steps. As
a result, WitHAHRHECORAIGLL RS DRrtveea Ehrcditr phrandoargond Jaypossi bl e

20 to increasgdiipewh LAG @msﬁla Y ? # 9UR HTRRUS REL UM, B9 o ttﬁg%“e%t of
t he conventional built-up nulti-layer printed-circlit bare oar
accordance wi 8R4 hé4 rrddf-ael udiankp procassd DS thren htheul t4ntdyertipr emded

circuit bare Qqqlr_d‘:,pf_t}lhq_élpgg tion, holes are formed through the
insulation material betweenh the conductive | ayers, and filled with copper

plating, and the resultant nmulti-layer structures are |am nated, that
R e L
copper— fllledv1ascn1thethlrdlayerandfromthe4n th
layer to the copper-filled vias on the (4n-2)-th layer,
and plating these holes make connections between fhe
_ first and fourth layers and between the 4n-th and
15 (4n-3)-th layers, such that interconnections through
the laminated multi-layer structures between the
intended layers are established with fewer
manufacturing process steps. As a result, with this
_ multi—laYer‘printedrcircuit.bare board, it ié‘possible
20 +to increase the wiring density at lower manufacturing

costthanthatcﬁftheconventionalbuilt—upmulti—layer

printed circuit bare boards.

In accordance with the manufacturing process

25 for the multi-layer printed circuit bare board of the
| invention, holes are formed through the insulation
material betweer_l the conductive layers, and filled with
copper plating, and the resultant multi-layer
structures are laminated, that consist of the first and

30 second layers, the third and fourth layers, the 4n-
th and (4n-1)~th layers, and the (4n-2)-th and (4n-
3)-th layers, respectively, using insulation bonding
material. Holes are cut from the first layer to the

third layer and from the 4n-th layer to the (4n-2)-



3)-th l'ayers, respectively, using insulation bonding material. Holes are
cut fromthe first layer to the third layer and fromthe 4n-thi1Rayet/ 2006
the (4n-2) 12/04/2006 17 th layer, and electrically plated with copper.
This enables direct connections between the intended |ayers by the via
hol es made after |amination, and achi &fes connections between the first

| ayer and the fourth 5 | ayer, and between the 4n-th layer and the (4n-3)-th

| ayer with fe\/ﬁ[l ?rocess staps and hi gher. di nensi onal accuracy than the
conventional buf| {25 Tretdod P SHFERC 2 il et schyek tht cedmee. i s Tharsred

| ayer by | ayerebyblespaatid@t <dhhalk 1 8835e 8LeR%: nkl; Wr
di scl osure of Japanese patent application N%. 2000- 0.696-?57%1??351 gﬁyﬁarrsch
14, 2000, indiNdtRg VA dpetersi edena fded rsanasednipanyi rgd dreini ege sand
abstract of theshsehauHs bedweenPofRLed; 15:harain, by reference in its
entirety. ile the present invention has géen degﬁ#gﬁeénhﬁdgh're BP&TE to
the partictl at-2¥$Fustnst iRetverdbdi hentn-th i bamer tamdethest(dmt 20—y t he
enbodi ment . 2 dyei Sui BhbE ARDE 65 BLE 0 lded ig;the art  gan
change or nodi fyﬁthe embodi nent eﬁ\%\n t ho(tjstg ﬁ%%%?i %gldsiﬁrl(##%ﬁeaégloeﬂésﬁﬂﬂaa
spirit of thedfrayentyYitlentthe. ceprEs2006a18bCLAItVEIR met hukdt inlwiyeeh
printed circuit, Jarg, pear. rLsing. t.least t insul ative |ayers
each having two general‘q?yqﬁ%,ggf{ﬁ%&@r%u} a%%ls:f“e\é%)llaé'aif el?ﬁ’eéa}g’éf
insul ative |4pPeRhongngianfiest nhwoegls hotepbarned open to the prinmary
10
The entire disclosure of Japanese patent
application No. 2000-069637 filed on March 14, 2000,
including the specification, ~claims, accompanying
drawings and abstract of the disclosure is incerporated

15 herein by reference in its entirety.

While the present invention has been described
with reference +to the particular - illustrative
embodiment, it is not tobe restricted by the embodiment.

20 It is to be appreciated that those skilled in the art
can change or modify the embodiment without departing

from the scope and spirit of the present invention.



surfaces thereof; said first through hole having copper deposited by an 10
entirely electrical plating process; circuit layers including ellext@4£21006
conductive nmaterial formng electric circuitry, said circuit layers being
formed to be carried on at | east one of the primary surfaces of said
insulative layers, the electrically 15 conductive material filling said
first through holes to interconnect said circuit layers carried on the
primary surfaces with each other; and bonding | ayers of insulative
material intervening between adjacent jpnes of said insulative |ayers and
bondi ng 20 said adjacent insulative |layers wth each other to accunul ate
said circuit % X@rs'mﬁth one above the other; said first through hole
havi ng a subs ially circular cross section perpendicular to a

| ongi tudinal axis thereof, and having a dianeter of 40 mcro-nmeter or |ess.

25 2. The baje bq@;ﬂq LD A aiml, wherein first one of said
i nsul ative | ayers an one%%? g 3%8 dn: Iaﬁ%ﬁgmar i Th I $*Yohded to said
first insul ative dtayeprsthave ans@@éme léme@aghacm)llevcw Megeménaiﬂlgh to

extend to ongQf Saiitha30 CreHids ! ayer %\A’Q&C%gs &2 F'% Esﬁ E‘t RLi mary
surface of second one of said insulative [ayers d to said

one bondi ng 1&¥¢&F, hading sebbf FHF@N&ﬂ1hﬁéPefQﬁﬁeﬁg°P¢¢IV@dthPt9F1m§6bper

|nterconnechnﬁga&@£1ﬁk&6af; | ayers carried on said first and second
i nsul ative | ayers mnn? each_other. 12/04/2006 19 3. The bhare board in

accordance with GPATnTE SunEHEPARsEPLF R¥CHTd PRPBEgHSRRIIESExPENER to said
copper fiol | iengitdiky feilpstriddir pughingobeocdss;

circuit ™ layers including electrically conductive’
material forming electric circuitry, said circuit layers
being formed to be carried on at least one of the primary
surfaces‘ of said insulative layers, the electricélly
15 conductive material filling said Ffirst through holes +to
interconnect said circuit layers carried on the primary
surfaces with each other; and
bonding layers of insulative material interﬁening
_ between adjacent ones of said insulative layers and bonding
20 said adjacent insulative layers with each other to accumulate
said circuit layers with one above the other;
said first through hole having a substantially circular
Cross sedtion.perpendicular to a longitudinal axis thereof,
and having a diameter of 40 micro-meter or less.
25
2. The bare board in accordance with claim 1, wherein first
one of said insulative layers and one of said bonding layers
which is bonded to said first insulative layer have a second
through hole cut therethrough to extend to one of said
30 circuit layers which is carried on the primary surface of
second one of said insulative layers which is bonded to said
one bonding layer, said second through hole being filled with
copper intercomnecting the circuit layers carried on said

first and second insulative layers with each other.



4. The bare board in accordance with claim2, wherein said second through
hole has a substantially circular cross section perpendicular l@/A04/2006
| ongi tudi nal axis thereof. 10 5. A nulti-layer printed circuit bare board
conprising: at least two insulative |ayers each having two generally flat,
primary surfaces; circuit ‘layers including copper formng electric
circuitry and carried on at | east one of the primary surfaces 15 of said
insul ative layers; and bonding |ayers of insulative material intervening
bet ween.adj acent ones of said insulativyg |ayers and bonding = sai d adjacent
insul ative |layers with each other to accunulate said circuit layers with
one above the other; 20 at |east one of said insulative |ayers having a
first through hof8®dpEs PBathdPprrRardrnssr Fhble CuiBr dof "RETE LRI FREH Wit h

copper i nter eoanet timguiiendlier e¥téndsayer sacar fdgdr FhEIBEN thkt Bigach ot her;
wher ein firs%honelp% faid i nsul ative | ayers and one of 25 said bonding

| ayers which 15 Hohd&dto said first insulative | ayer have a second

t hrough hdle cut therethrough to extend to one of said circuit |ayers

which is carygied t.he pri . surface of second.one of said insulative
| ayers which is @%%&?%etéagg{énoﬁ%c:%%ﬁfﬁgw %yéﬁ?lgagﬁ'%g%gﬁﬂ ?%?%ugh hol e
30 being fil$eebod t kheomaber hphe ehegnnactsubgteheidillycutt rddyper screar ri ed on

said first agndSe60pd-ddasulatdVes! ayehs: Wdh . aagh; ¢ Sai d second
t hrough hol e havingpaiéubstanfiafly o&%ﬁw%f'f /%%7%8%%§é%f'elliptical Cross

section perpendicular to a longitudinal axis thereof. 6. The bare board in
accordange v§th ol aiultDy1a4Berghimeeal dirRisUbStARMLE | donPyaki Q. el i ptical

cross section has a.shortest . )

at least two insulative layers each having two generally
flat, primary surfaces;

circuit layers including copper forming electric
circuitry and carried on at least one of the primary surfaces

15 of said insulative layers; and

bonding layers of insulative material intervening
between adjacent ones of said insulative layers and bonding
said adjacent insulative layers with each other to accumulate
said circuit layers with one above the other;

20 at least one of said insulative layers having a first
through hole open to the primary surfaces thereof and filled
with copper interconnecting the  circuit layers <carried
thereon with each other;

wherein first one of said insulative layers and one of

25 said bqnding layers which is bonded to said first insulative
layer have a second through hole cut therethrough to extend
to one of said circuit layers which is earried on the primary
surface of second one of said insulative layers which is
bonded to said one bonding layer, said second through hole

30 being filled with copper interconnecting the circuit layers
carried on said first and second insulative layers with each
other;

'said second through hole having a substantially oval or



axis of 40 mcro-neter or less. 7. Anulti-layer printed circuit bare board
conprising: 2n circuit layers having copper forming electric 102404421006
where n is a natural number exceeding a unity; n insulative |layers having
two primary surfaces on which (2i - 1)-th and 2i-th ones of said circuit

| ayers are <carried, where i is a natural nunber not exceeding n and
increments in a direction perpendicular to the primary 15 surfaces, and n
- 1 bonding | ayers of insulative material intervening between adjacent
ones of said n insulative [ayers and bgpding said adjacent insulative

| ayers with gach+other tgr§§§urrug@{:@mr§aﬂ,&p%{i]§ég(lgrl ayers with ong above
[

the other; 20 the insulative | ayers between t -th and -th
circuit Iaye%%“ﬁ&yﬁﬁﬁﬂaaﬁF?§¢eﬁﬁ?6ugh hol e open to the prlnary surfaces
thereof and filled with copper interconnecting the (2i - 1)-th and 2i-th

circuit |ayers WITé\I} each other; 25 sajid first through hole having a
substanti al | § ci rd BRLe roatdhdt artsaidpycs v thorlain it vBgrett ceddsect i on

per pendi cul asukds@aatiang busi nal eaxistidar eebss ardehavinag a sfbamter or a
short est axigzﬁg ﬁo i crometer or |l.ess, respectively. 30 8. The bare board
in accordance i £h ©1 ALRFY “SWREr ¥ HeFRe insul ative |ayers between the (2
- 1) -th and 2i - th circuit layers and one of said bonding |ayers which

i's bonded to; sai @ i HQ psyl; | t Jave a second through
hol e 12/ 04/ 2006 21" d%%n 0 ?hlﬂ&glnéf%xgér%%%egg Ther€of: t%54% second

through hol e bePRg FEF¢Ed vmltahem)pplearvmqt eceppmectiongithe ¢Dictrig)-th and
(21 + 1)rot h GibGlidy,| akeFs Wit h €3¢0 91 NRfwer exceeding a unity;

n insulative layers having two primary surfaces on which
(2i - 1)-th and 2i-th ones of said circuit layers are
carried, where i is a natural number not exceeding n and
increments in a direction perpendicular to the primary

i5 surfaces, and

n - 1 bonding layers of insulative material intervening
between adjacent ones of said n insulative layers and bonding
said adjacent insulative layers with each other to accumulate
said circuit layers with one above the other;

20 - the insulative layers between the (2i - 1)~th and 2i-th
circuit layers having a first through hole open. . to the
primary = surfaces thereof and filled with - copper
interconnecting the (2i - 1)-th and 2i-th circuit layers with
each other;

25 said first through hole having a substantially circular
or substantially oval or elliptical Cross section
perpendicular to a longitudinal axis thereof, and having a
diameter or a shortest axis of 40 micrometer or less,
respectively.

30
8. The bare board in accordance with claim 7, wherein the
insulative layers between the (2i - 1)-th and 2i -~ th circuit
layers and one of said bonding layers which is bonded to said

i — th insulative layer further have a second. through hole



5 9. The bare board in accordance with claim8, wherein said second

t hrough hole extends to said copper filling the first through R@/Q44AR006
mul ti-layer printed circuit bare board conprising: 10 at |east two

insul ative | ayers each having two generally flat, primry surfaces;
circuit layers including copper formng electric circuitry and carried on
at least one of the primary surfaces of said insulative |ayers; and 15
bondi ng |l ayers of insulative nmaterial intervening between adjacent ones of
said insulative |ayers and bondi ng saizd adj acent insulative layers with
each ot her topaccunutiat epsiziadyCisnebhded apieirson) t Badde sabone theowfrher; at

| east one of e P ative layers havj a first 20 through. hole open to
the primary Is“ar gjgé{sq&t lgggéfw%% CPPP?%&“%F%“%&%E}E? %ﬁﬁ e(rzc}onnégtfihng t he
circuit | ayeprdc@irted -thherwiuatwidtersaehtiotdaeh; oigaird first through hole
having a substantially oval or elliptical cross section perpendicular to a

| ongi tudinal axis 25 thereof. 11. The bare board in accordance with claim
10, wherei n %ai d Theubararhdaar] ym ovedorsipnet | vighi cabinrdsshegeinomivas a

shortest axisesf »aprmfw o TR St Rlis| €5Ssa:30 c%gpeif he; Bang boarfid
accordance wiith claim 10, wherein first one of said Insulative |ayers and

one of said W&ﬁﬁg}‘oﬁeayers which is bonded to said first insulative |ayer
have a second through hole cut therethrough to extend to one of said
12/ 04/ 2006 _ ciAr%u%t._llagers which is carried on the primyry :surface ~of
second one of ‘saifd™PnsUrat Ty ETEYE? CHFEh FahBAYEY T8PTER W one bondi ng
| ayer, sHi d secord léagugho hissilbeing fayklkr@deach having two generally
flat, primary surfaces;
circuit layers including copper forming electric
circuitry and carried on at least one of the primary surfaces
of said insulative layers; and
15 bonding layers of insulative material intervening
between adjacent ones of said insulative layers and bonding
said adjacent insulative layers with each other to accumulate
said circuit léyers with one above the other;
at least one of said insulative layers having a first
20 through hole open to the primary surfaces thereof and filled
with copper interconnecting +the circuit layers carried
therein with each other;
said first through hole having a substantially oval or

elliptical cross section perpendicular to a longitudinal axis

25 thereof.

i1. The bare board in accordance with claim 10, wherein said
substantially oval or elliptical cross section has a shortest
axis of 40 micro-meter or less.

30
iz, The bare board in accordance with claim 10, wherein
first one of said insulative layers and one of said bonding
layers which is bonded to said first insulative layer have a

second through hole cut therethrough to extend to one of said



wi th copper interconnecting the circuit |layers carried on 5 said first and
second insulative layers with each other. 13. The bare board i n1l2ddbt 42006
with claim12, wherein said second through hole extends to said copper
filling the first through hole. 10 14. The bare board in accordance wth
claim12, wherein said second through hole has a substantially circular
cross section perpendicular to a |ongitudinal axis thereof. 15 15. A
multi-layer printed circuit bare board conprising: at |least two insulative
| ayers each having two generally flatgprimary surfaces; circuit |ayers

i ncl udi ng el ettauieal | yaprzducwhveh naterdaalrié@rdi RGeepLGldriyCseifLi try and
carried on at_least . 20 one of, the primary surfaces of . sajd jnsul ative
layers; and Bondinvg é’?‘ér§§0Faf%stﬁsé{]1‘a‘5év%%aé’reirél v ﬁ?}ér%%ﬂb&e@béﬁ%ﬂen

adj acent onesaigf osai kbondisyl dsyare lsayers:cand tiordiyhghoBaiteiad] atERA

insul ative | ay.ers.w er accumulate. said circuit lLayers with
one above th@M%%h% FEBS%%ﬁgrgggfcg%ggogﬁ%af FRsul &SP nggnghgging a
first throuwHchéiestoped secdndeipsilmaiye siaykasesitthenebfotdmd.filled with
copper interconnecting the circuit layers carried thereon with each other;
wherein first one of said insulative |layers and one of 30 said bonding

| ayers whi cht3-s Fo&RdeFa Hoasd ditf iacserdansgl aithvslainykt, hgsedn s@dénd

through hol eseedhdt herRighr auoh d:acaxtepd sdia epgpof ﬁqiﬂngi £1540i 45 Js@yers
which is carried ogﬁﬁhe primary surface of second one of said insulative

| ayers whi cH¥8Y9hd¥dEd to said one bonding | ayer, said second through hol e
12/ 04/ 2006 22a being filled wth copper interconnecting the circuit

layers carr II%q Oﬁlhé a};l;aq:ef bgesl;[:d ai@ld agggjgﬁ%cle nv?:l{’!:lha%ig:?ml ,egv?lerein said
second through hole has a substantially circular cross

section perpendicular te a longitudinal axis thereof.

15 15. A multi-layer printed circuit bare board comprising:
at least two insulative layers each having two generally
flat, primary surfaces;
circuit layers including electrically conductive
material forming electric circuitry and carried on at least

20  onme of,thé primary surfaces of said insulative layers; and

bonding layers of insulative material intervening
between adjacent ones of said insulative layers and bonding
said adjacent insulative layers with each other to accumulate
said circuit layers with one above the other:

25 at least one of said insulative layers having a first
through hole open to the primary surfaces thereof and filled
with copper interconnecting the circuit 1layers carried
thereon with each other;

wherein first one of said insulative layers and one of

30 said bonding layers which is bonded to said first insulative
layer have a second through hole cut therethrough to extend
to one of said circuit layers which is carried on the primary
surface of second cone of said insulative layers which is

bonded to said one bonding layer, said second through hole



w th each other; said second through hole having a substantially circular

5 cross section perpendicular to a longitudinal axis thereof, d&/D4&420Mb
t hrough hol e having a diameter of 40 mcronmeter or less. 16. A multi-Ilayer
printed circuit bare board conprising: 10 2n circuit |ayers having
electrically conductive material formng electric circuitry, where nis a
natural nunber exceeding a unity; n insulative |ayers having two prinmary
surfaces on which (2i - 1) -th and 2i - th ones of said circuit |layers are
15 carried, where i is a natural nunbej, not exceeding n and increnents in a

direction peppeRdi CeHakdt 0 fiR8 PriJmLy SWHACRRctARd Ninel bondiipg layers
of insulative material intervening between adjacent ones of said n
insul ative | B¥FS &RATbehdPRgsadd §hfh atfhceetondhsiiisat e’y alaedswi t h each
ot her to accwial akéh okdkd; circuit |ayers with one above the other; the
insulative layers hetween the (2i - 1)-th and 2i - th circuif |ayers and
one of said bondis‘r‘?dgl S WATRIPY Bolhdhidaded shsGertialdy FHEMIAE ve | ayer
have a t hy ougtoskolsecRboropeirpeadidia apr itbaky 1suti actsat hakeof thaaiod, t hr ough
hol e bei ng i.lled vvi(%h el ec;lrjﬁc I lr}' conduct.ive mater.i %I i nter c%nnecti ng

‘ t ole Ha R er

f
the (2i - 1)2FF &RGVTDI OIS PETTY) By &F 8 Hith %dach MbTHERS

er; “Wherein
sai d t hrouglrrthdkeshas a substantially circular, 30 or substantially oval
or elliptical cross section perpendicular to a |ongitudinal axis thereof,
and has a dianmeter or a shortest axis of 40 micro-nmeter or |ess,

respecti vel yY.6-12R0upPH0da29p rrinted métrksdt dfaneahed wk camprigsiagnul ti - | ayer

printed @ircuit 2n circuit layers having electrically conductive
material forming electric circuitry, where n is a natural
number exceeding a unity:;
n insulative layers having twe primary surfaces on which
(2Zi - 1)-th and 2i - th ones of said circuit layers are
15 carried, where i is a mnatural number not exceeding n and
increments in a udirection perpendicular to the primary
surfaces; and
n - 1 bonding layers of insulative material inftervening
between adjacent ones of said n insulative layers and bonding
20 said adjacent insulative layers with each other to accumulate
said circuit layers with one above the other;

-the insulative layers between the (21 - 1)-th and 2i -
th circuit layers and one of said bonding lavers which is
bonded to said i - th insulative layer have a through hole

25 open to the primary surfaces thereof, said through hole being
filled with electrically conductive material interconnecting
the (2i - 1)-th and (2i + 1)-th circuit layers with each
other;

wherein said through hole has a substantially circular,

30 or substantially oval or elliptical Cross section
perpendicular to a longitudinal axis thereof, and has a
diameter or a shortest axis of 40 micro-meter or less,

respectively.



bare board, conprising the step of preparing n sheets of insulative
material, where n is a natural nunber exceeding a 5 unity; furfli2ef04/2006

conprising the steps of: nmaking first holes, through the sheets of

insulative material for interconnecting (2i - |)-th and 2i - th circuit
| ayers to be respectively carried on two primary surfaces of 10 the sheets
of insulative material, where i is a natural nunber not exceeding n;

depositing electrically conductive material inside the first holes using
an el ectrical plating process until the, holes are filled with the
conductive material; 15 formng an el e&trical | y conductive pattern of the
(21 - 1)-th and 2i - th circuits on the sheet of insulative nmaterial;

st acki ng t helédneebsmefhadnefil miufackarierd & mavi Hgyerherittest ci capity

conductive pakier Boéﬂi,”ﬂ%n%ﬁ@sﬁhﬁv@hé hereot ber papds adierd nghadisacgnt ones

of the sheets with each 20 other by using bonding material; naking second
hol es t hr ough®¥212tVe) MprdAdr (Wiets D) ifn2 Betwailt PPERRY $XC8R4EFosi ti ng

el ectrica$ | yusdngucti ve material inside the second holes using an

el ectrical platingPRyocess. 25.18. The nmethaod in accordance with claim 13,
during the step ek FYPERE e GRdS HS1% 8 *sai d second holes are cut into
t he bondi ng mat erma&ingo faxtendotlest ktrcogipechéi Isheags t be ifnsuséthal e. 30

material for interconnecting (2i - 1)-th and 2i ~ th circuit
layers to be respectively carried on two primary surfaces of

18 the sheets of insulative material, where i is a natural
number not exceeding n;

depositing electrically conductive material inside the
first holes using an electrical plating process until the
holes are filled with the conductive material;

15 forming an electrically conductive pattern of the (2i -
1)-th and 2i - th circuits on the sheet of insulative
material; stacking the sheets of insulative material having
the electrically conductive pattern formed one above the
other and adhering adjacent ones of the sheets with each

20  other by using bonding material;

making second holes through {(2i - 1)-~th and (2i + 1)-th
circuit layers; and

depositing electrically conductive material inside the
second holes using an electrical plating process.

25 '

18. The method in accordance with claim 13, during the step
of making the second holes, said second holes are cut into
the bonding material to extend to the copper £illing the
first hole. '

30



