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MULTI-~AYER PRINTED CIRCUIT BARE BOARD 
ENABLING HIGHER DENSITY WIRING AND 
A METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENXION 

Field of the Invention 

The present" .invention relates to a multi-layer 
printed circuit bare board, a~d mo~e particularly to. 

10 s·uch a board 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 c.:l.rcui 1;. bare boards along with the 

trend of higher function . ~nd higher density 
interconnection of electronic equipment. Multi­
·1ayer printed circuit bare boards have been put to use 
in order to meet the request. Multi~layer printed 

20 circuit bare boards consist of insulating layers and 
conductive ·1ayers accumulated with one on the other 

·with th~'terminals of electionic parts mounted on the 
surface of the substrate, ~.u:ch as the solder bumps of 
BGAs (ball grid arrays) , connected to an intend~d layer 

25 through the conductive holes, or via holes, which 
penetrate between the layers. 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 conv·entional multi-layer printed 
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circuit bare board~, it is getting difficult to draw 

out sig~~l lines from BGA terminals using via holes, 

because via holes leave less space for wiring. In 

order to overcome the problem, a built-up structure of 

5 -multi-layer printed boards may be used which can have 

sm•ller via holes and few~r through holes than 

conventiona,1. mul t~-laye:: boards. Built-up multi-

layer printe.d circuit bare boards are manufactured in 

a "build-up" method, with which a c·onductive layer is 
. . 

10 formed over another conductive i·ayer subsequently, so 

that the more layers require the more process step~. 

·Far _example, at least the following process steps would 

l;>e needed to make built-up boards; 1) a surface 

treatment process to increase adhesion between resin 
15 ·and conductive m.aterial, 2) applying insulation 

material (resin) over a conductive layer, 3) cure of 

the resin, 4) lasering (hole-:-making) , 5) removing resin 

smear, 6) electroless copp.er deposition, 7) electrical: 

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

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·fill~d sufficiently so that some 

amount of solder is taken in the via hole ieaving 

insufficient amount of soldez:· for joint. This problem 

farced putting connection lands between the solder bump 

lands, which placed a limi ta ti on ._to higher wiring 

30 density of .the printed· bare boards. 

Moreover,· with the conventional multi-layer 

built-up printed circuit boards, when the surface, or . . . 

first, layer is required to be connected to the fourth 
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la.yer from the surface, the process includes 27 process 

steps, which are three ~imes as many as the above­

mentioned process steps 1) -9 l , which has increased the 

manufacturing cost of built-up multi-layer boards. 

·In addition, with the manufacturing process of 

a conventional built-up structure of .multi-la·yer 

printed circuit bare boards as desc~ibed above, the 

interconriectiori b~tween ~he first-and fourth layers 

10 requi·res the boards to be subject to a resin cure 

process· up-to th·ree times, which may generate excessive 

heat to cause warp in the resin·, resulting in a 

dimensio~al inaccuracy. 

15 SUMMARY OF THE INVENT! O.N 

It is an object o~ the present invention to give 

a solution to these problems, more specifically to 

provide a multi-layer printed circuit bare board,. ~nd 

a method of manQfacturing the same, in which a 

20 connection is .established between con4uctive layers 

with another conductive layer intervening in between 

with better dimensional accuracy and· fewer process 

steps than those of conyent,i.onal built-up multi-layer 

~rinted circuit bare boards. 

25 

In acdordance with the present irivention, a 

mul ti-laye.r printed circuit bare board, which has 2n 

circuit layers, where n is a n~tural number exceeding 

a unity~ includes electrical connections established 

30 between the ( 2i-1) -th layer· and the 21-th layer, where 

i-1, 2, .... ,n, by hol~s which are created through 

insulati-on material layers in between and filled with 

copper pl·ating. Electrical connections are also 

accomplished between the 4i-th layer and the (41-3) -th 
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layer by holes cireated th~ough insulation material 

layers in between and filled with copper plating. 

In accordance with the present inv-ention, a 

· 5 mul~i-layer printed circuit bare board comprises: at 
least two insulative layers each having two generally 
flat, primary surfaces; circuit layers including 
ele.ctricaliy conductive material forming electric 
circuitry and carried on at least one of the primary 

10 · surfaces of said iilsulative. layers; and bonding layers 
of insulative ~aterial.intervening between adjacent 
ones of said insulative layers. and bonding said 
adjacent insulative laye~s 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 layers carried 
thereon with each other. 

20 

25 

In an aspect of the invention, said electrically 
conductive material may ~dvantageously be of copper 
plating. 

Further in an aspect ~f the invention, said 
first through hole may pre~erably 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 

bonding layers which is bonded to said first insulative 
layer have a second through hole cut therethrough to 
extend to the primary surf ace of second one of said 

insulative layers which is bonded to said one bonding 
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layer, said second through hc>ie being f~lled with 

electrica.lly c.onductive material interconnecting the 

circuit layers·· carried on said first and second 

insulati•e layers with each other. 

Iri accor<;l.ance with the pres.ent · invention, a 

multi-la·y·e.r printed circuit bare board comprises: 2n 
. . 

circuit layers having.electrically condu.ctive material 

forming electric circuitry, where n ·is a natural ~umber 

10 exceeding a UJ?.i ty; n insula_tjve layers havi·ng two· 

primary surfaces· on which (2i.-l)~th and 2i-th ones.of 

said c,!rcuit layers a·re carried, where i is a natura1. 

number not exceeding n; and n-1 bonding layer~ of 
insulative material intervening between adj a cent ones 

15 of sa"id n insulative layer·s and bonding said adjacent 

insulative layers with·each other to accumulate said 

circuit layers with one above the o-:ther; the insulative 

layers between the (2i-1) -th and 2i-th circuit layers 

having a first through hol~ open to the prima~y surfaces 
20 thereof and filled with electrically conductive 

material inter~onnecting the (2i-1)-th and 2i-th 

circuit layers with each other. 

Further in accordance with the present 

25 inventioni a method of manufacturing a multi-layer 

printed circuit bare board comprises the s~eps of: 

preparing ~ sheets of insulativ~ materiali where n is 

a natural number exceeding a unity; making first holes 

through the sheets of insulative material for 

30 interconnecting (2i-1)-th and 2i-th circuit layers to· 

be respectively carried on two primary surfaces of the 

sheets of insulative material, where i is a natural 

number n~t exceeding n; depositing electrically· 

conductive material inside the first holes using an 
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elec·trical plating process until: the holes are filled 

with the conductive material; forming an electrically 

conductive pattern of the (2i-1) -th and 2i-th circuits 

on the she~t of irisulati~e material~ stacking .the 

? sheets of insulative mate:rial ·having the electrically 
.• 

qonductive pattE1:rn formed one above the ot_h~r and· 

-~~he~irtq adjacent ones 6i the sheets with each oth~r . 
. : by us.in:g bonding ma·terial; making second hole·s ·through 

( 2i-·1) -th _and ( 2i+l) -th circuit layers; and d·eposi ting 

10 electrically conductive material insid~ the second 

boles using-an ~l~c~rical plating process. 

BR;tEF DESCRIPTION OF THE 'DRAWI~..G.S. . . 

The ~bjects and features of the present 
15 invention will become more apparent from consideration 

of the following detailed description taken in 
c~njunction with the accompanying drawings in which: 

F!G. 1 is a schematic cross sectional view 
showing a preferred embodiment of the multi-layer 

20 prin-ted circuit bare board in accordance with the 
present inve~tion; and 

25 

FIGS. 2A and _2B sh.ow exemplified shapes of holes 
·~ut through an insuiation maierial of the embodiment 
shown in FIG.l. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to FIG. 1, .a multi-layer printed 

circuit bare board (MLB), .generally denoted with a 

reference numeral 1, ~n accordance with a preferred 
80 embodiment of the present invention has 2n multiple 

layers 3, 5, 9, 13, 29, 25, 21and19, where n is a natural 

number exceeding a unity (1), which form electric 
circuitry. The mul ti--layer printed circuit bare board 

1 has a generally rectangular plan view with a couple 
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of generali~ flat, primary surf,ces 61 and 63. · FIG. 

1 shows a cross section substantially perpendicula·r to 

the primary surfaces 61 and 63. The specific l~yer 

structure shown in FIG. 1 includes eight layers, i.~. 

5. n i;s 4. The.invention is not restricted to the specific 

illustrative embodiment but·applicab~e to a generic 

caie comprising 2n circuit layers. In addition, the 

invention is also ~pplicable to ~ mu,! ti-layered 

structure of printed circuit bare board which has even 

10 an odd.number of circuit layers such as layers 3 and 

5 accumulated one above the other. 

The multiple layers 3, 5, 9, 13, 29, 25, 21 ~nd 

19 are form.ed on. the prim~ry surfaces of electrically 

16 insulative material layers 35 to establish electro­

conductive wiring 69 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. 

20 Likewise, the fourth layer 13 is interconnected to the 

third layer 9 ·by a conne.ctor 15, ·and also to the f_irst 

layer 3 by ~ connector 17. In the same way, the 4n-th, 

·or lowest, layer 19 is interconnected to the (4n-l)-th 

layer 21 by a connector 23, and also to the (4n-2)-

25 th_e layer 25 by a c::oni:iec:tor 27. The· (4n-3) -th layer 

29 is interconnected ·to the (4n-2)-th layer 25 by a 

connector 31, and also to the· 4n-th layer 19 by a 

connector 33. 

80 Holes 37, which are preferably 40 micrometer or 

less in diameter, are created through, and 

substantially perpendicular:ly to, insulative material 

layers 35 between the first layer 3 and the second layer 

5, between the third layer 9 and the fourth layer 13, 
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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 3 7 is 4 0 micrometer 

or less, more preferably 25-30 micrometer, and 

5 preferably not less than 15 microm~ter. Those holes 

37 are filled with copper plati~g 39, making connection 

from the first layer 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· 2_1, and from the 

10 (4n-2)-th layer· 2? to the (4n-3)-t~ layer 29. 

A hole 41 is also cut from the fikst laye~ 3 

through an· insulative, bonding layer 45 to extend to 

the connector 15, which is a copper-filled via formed 

15 on the third layer 9, and another hole 43 is cut from 

the 4n-th layer 19 through another insulative, bondi·ng 

layer 45 to extend to the connector .31, which is also 

a copper-fille4 via· on the (4n-2)-th layer 25. The 

holes 41 and 43 are pl·ated with ~opper plating 39 ~ 

20. making electrical connections from ·the first layer 3 

to the fourth l~yer 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 

25 4n-th layers 3 and 19 through the insulative, bonding 

layers 45 to reach the third and (4n-2) -th layers 9 and 

21, respectively, as shown in the figure .. The holes 

65 and 67 are also plated ~i th copper plating 39, making 

electrical connections from the first layer 3 to the 

30 third layer 13 and from the 4n-th layer 19. to the 

(4n-2)-th layer 29, respectively. 

Those holes 37, 41, 43, 65 and 67 may 

advantageously be of a circular cross section 
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perpendicular to the primary surfaces o_f the insulative 

m•terial sheets 35. The invention is not restricted 

to this particular cross-sec.tional shape of the holes 

but may also be applicable to the oval shape shown in 

5 FIG. 2A, and also to cylindrical throug~ holes which 

have a cross-section perpendicular to the longitudinal 

axis thereof and f·ormed by a couple of opposing sectors 

interconnected to each other by straight lines. 

10 The insulation material layers 35 may 

advantageously be made of either ot glass epoxy, gl·ass 

BT, glass polyimide, polyimide film, epoxy film, epoxy 

impregn~ted liquid crystal ·polymer fiber cloth~ BT 

impregnated liquid crystal ~olymer fiber·cloth, fo~ 

15· example. · Conductive material for wiri"ng 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 the (4n-2)-th layer 25 to 

the ·c 4n-3) -th layer ~9. The size of the holes 3 7 would 

be favored to be 40 mi~rometer or less {n diameter 

25 cons~dering t~e wi~ing sp~ce 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 the holes 37 may 

be increased with the dimension in a particular 

direction maintained to be 40·micrometer or less. As 



'. 

10. 

a result, the conductivity of the copper-filled vias 

may be adjusted to.be substantially equ~i to that of 

the remaining portions of the circuitry, without 

enlarging th~ dimension of the holes 37 in a desired 

5 direction. That is· also the case with the remaining 

holes 41, 43, 65 and 67. 

In order to deposit conductive material inside 

the holes 37, 41, 43, 65 and 67, Pd, ·carbon, or polymer 

10 with electro-conduc:tive particles dispersed therein 

may advantageously be deposited by using an absorption 

method. Electroless copper plating may follow this. 

Instea4 of an absor~tion 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 t}l.e plating of the hole~ 37, 41, 

20 43, 65 .and 67. In such cases, the _p.lating thickness 

of 20 micrometer or more w<;»uld advantageously fill the 

holes 37, 41,·t3, 65 and 67. An electroless plating 

method may be used instead. 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 simu~taneou~ly. 

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 con,nector, such as 31, formed in the insulating layer 

35. 
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The conductive patter~~ of electronics or 

circuitry 69 are formed on the insulating layers 35 by 

using a subtractive meth~d, with which ~n etching mask 

is formed over the copper foil that is laminated on the 

5 insulation material 35 on the side where the desired 

10 

·conductive pattern 69 is to be formed, and then unwanted 

portion.a of the copper foil is _etched way. Either of 

a liquid, film,. or electro-_d_eposi ted type of material 

may be used ~s the etching resist; 

The insulation materials 35 which have.a desired 

copper circuit pattern formed thereon are r~gistered 

with each other to be laminated or stacked with each 

other by using the bonding or adhesive material layer 

15 ·4 5. More spe.cifically, multi-layer structures 51, 53, 

55 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 l~yer 21-, and the 

(4n-2)-th layer 25 .and the (4n-3)-th layer 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 bo~rd 1 consequently. 

25 

so 

A laser method may favorably be used for forming 

the holes on the resultant printed circuit bare board 

1. Either of carbon dioxide gas, YAG (yttrium alumi.num 

garnet), UV (ultra-violet)-YAG, or excimer laser may 

advantageously be applicable. 

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 crea~ed through the insulation 
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material layeJ;~ 3 5 in order to make connection from the 
. . 

first lay~r 3 to ~he 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 the. (4n-2)-th layer 

5 25 to the (4n-3)-th layer 29 . 
. ---· --- ... -·· ... - .. ··----·- ·-. - . -·· ·- ---- ·-- ---- --··· ....... --· ·····-· -- -- ---·-- ·---- -.. -·-- --·- ---· - -···· .. -· --- .... --·-·-·- - .• -- --- . --- ----- ... -- -·-- ---··--- ··-·------ -·-···- -·-- ..•. -- ---- ..... --· 

Then, conductive material is deposited inside· 

the hole~ 3 7, ·and copper 39 for example is ei:ectrically 

plated until the holes are fille"d. Successively, 

10 cond~ctive circuit patterns are formed on the 

insulation material layers 35. 

The multi-layer structures 51,- 53, 55 and 57 

that consist of the first layer 3 and the second layer 

15 5 r 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 layer 9, and from the 

4n-th layer 19 to the (4n-2)-th layer as. Conductive 

material is deposited inside the holes 41 and 43 that 

25 come through the first laye.r 3 to the third layer. 9 and 

through the 4n-th layer 19 to the (4n-2)-th layer 25, 

respectively, tq establi$h the electrical copper 

plating 39, so that the bare board 1 is fina~ly formed. 

If necessary, an additional layer of conductive pattern 

30 may be formed over the most outer layers 3 a·nd 19, for 

example. 

With the multi-layer printed circuit bare board 

1, which has as 4n layers, the holes 37 are created 
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through the insulation ma~erial 35 between ·the first 

lay.er 3 and the second layer 5, between the third layer 

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

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

5 and the (4n-3)-th layer, 29 respectively, and are 

filled with the copper plating 39, making connections 

between the first layer 3 and the second layer 5, 

between the third layer 9 and the four th layer 13, the 

4n-th layer 19 and the (4n-1) -th layer 21, and :between 

10 t~e (4n-2)-th laye~ 25 and the (4n-3)-th layer 29, 

respectively. The connections can therefore be 

acco,mplished separately for ~ach of the .multi-lay.er 

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 th~ (4n-2)~th layer 25 and the 

(4n-3)-th layer·29, respectively. After that, those 

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 

structu·res 51, 53, 57 and 55 can be achieved between the 

intended layers with the fewer manufacturing process 

steps. 
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EXAMPLE 
A detailed description will be made on an 

~xample where some multi-layer printed circuit bare 

5 boards of the structure. in accordance with the 

invention were manufactured together with the result 

of the performanc• tests. 

The holes ·of 25 micrometer in diameter were 

10 created through a copper--clad laminate (marketed from 

Matsushita Denko Kabushiki Kaisha; model R-1705: 

laminate thickness 0.06mm, copper foil thickness 12 

micrometer) using UV-YAG laser. After the laminates 

were processed through Pd catalyst solution, 

15 electr.ol~ss copper plating was done. Then electrical 

copper platin~ w~s done until copper is deposited up-to 

20 micrometer over the surface to fill the via holes. 

A photoresi~t (marketed from Asahi Chemical 

20 Industry Co., ;Ltd., model AQ-2588) was la;minated over 

the surface of the laminates, and an etching mask was 

formed through an exposure and development pr~cess. 

Then the unmasked portions of the copper foil were 

etched·off through a cupric oxide solution to get 

25 40-micrometer width and spacing copper circuit 

pattern!51. 

The laminates on l!f.hicb the copper circuit 

patterns were formed were stacked up with sheets. of 

30 bonding material intervening between them, registered 

in respect to circuit images, and thereafter the 

materials were press-lam~nated to make the 8-layered 

structure. Then holes were created form the outermost 

layers to the connector areas of the third and fourth 



15 

layers· and ·of the fifth and sixth layer with the 

SO-micrometer in diameter beam of YAG-laser applied 

from the both sides thereof. 

5 The boa·rds thus fabricated were processed 

through a Pd catalyst solut~on, electroless copper 

plating, and further electrical copper plating. Then 

dry-film photo-resist (produced by Asahi Chemical 

Industry Co., Ltd., model AQ-2588) ·was laminated, and 

10 circuits were fo~med through exposure, development, 

and etching, to finally obtain 220 mm-wide~ 220 mm­

long, O. 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 m~lti-layer printed circ~it bare 

boards was approximately four times as high as that of 

the conventional through hole p~in~ed boards. That 

confirmed that a higher interconnection density of the 

packaging is possible. 

25 

30 

It was also verified that the process steps were 

fewer by a factor of 1 B than those of the conventional 

built-up multi-layer printed circuit b~re board with 

the same number of layers. 

In summary, as described above, with the 

multi-layer printed circuit bare board having 4n layers 

stacked up, holes are machined through the insulation 

material layers that lay between the first and second 
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layers, between the third 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 interconnections between the first and second lay~rs, 

between the third and fourth layers, between the 4n-th 

and (4n-1)-th layers, and betw~en the (4n-2)-th and 

( 4·n-3) -th layers.· 

10 Making holes from ·the first l~yer to the 

copper-£ illed vi as on the th.ird layer and from the 4n-th 

layer to the copper-filled yias on the··( 4n-2) -th layer, 

and plating· these holes make connections between the 

first and fourth layers and. bet~een 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 printed circuit bare board, it is possible 

20 to increase the wiring density at lower manufacturing 

cost ·than that of the conventional built-up multi-layer 

printed 6ircuit bare boards. 

· In accordance with the manufacturing process 

25 for the mult~-layer printed circuit bare board of the 

i~yenti~n, holes are formed through the insulation 

material between the conductive laye~s, and filled with 

copper plating, and the resultant multi-layer 

structu~es 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 C4n-

3)-th layers, respectively, using insulation bonding 

material. Holes are cut from the first layer to ~he 

third layer.and from the 4n-th layer to the (4n-2)-
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th layer, and electrically plated with copper·. This 

enables direc·t connections between the intended layers 

by the via holes made atter lamination, a~d achieves 

connections between the first layer and the fourth 

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

layer with fe~er process steps and higher dimensional 

accuracy t~an the conventional built-up method in which 

the multi-layer structure is formed layer by layer by 

repeating similar process steps. 

10 
The · entire . disclosure of Japanese patent 

application No. 2000-069637 filed on March 14, 2000, 

including the specif~cation,, claims,, accompanying 

drawings and abstract of the disclosure is incorporated 

15 herein by reference in its entirety. 

While the present invention has been described 

with reference to the p~rticular · illustrative 

embodiment, it is not to be 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. 
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CLAIMS 

1. A multi-layer printed circuit bare board 

9omprisincj": 

at least two insulative layers each having two 

gen~rally fl~t, primary sur~ace~; 

circuit layers · including ·electrically 

conductive material forming ele.ctric circuitry· -and 

carried on at least one of the primary surfaces of said 

insulative layers; and 

~onding layers of insulative material 

10 intervening between adjacent ones of said insulative 

layers and bonding said adjacent insul-ative·.layers with 

each other to accumulate said circuit layers ~·1th one 

above the other; 

15 
CHARACTERIZED BY 

at. least one of said insulative layers (35) 

having a first through hole (37) open to the primary 

surfaces thereof· and filled with electrically 

conductive material (7, 1~, 39) inter~onnecting the 

circuit layers (3, 5) carried thereon with each other. 

2. The bare board in accordance with claim 1, 

CHARACTERIZED IN THAT said electr~cally conductive 

material (39) is of copper plat~~g. 

3. The bare board in accordance with claim 1, 

CHARACTERIZED IN THAT said first through hole (37) has 

a substantially circular cross section perpendicular 

to a longitudinal axis thereof. 

4. The bare board in accordance with claim 3, 

CHARACTERIZED IN THAT said first through hole (37) has 

a diameter of 40 micro-meter or less. 
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5. The bare board in accordance with claim 1, 

CHARACTERIZED IN THAT said first through hole (37) has 

a substantially .oval or elliptical cross section 

perpendicular to a longitudinal axis ther.eof (FIGS. 2A, 

5 2B. 

6. The bare board. in accordance with claim 5, 

CHARACTERIZED IN THAT said first through hole ( 37) has 

a ·width of 40 micro-meter or less; 

7. The bare board in accordance with claim 1, 

CHARACTERIZED IN THAT first one of said insulative .. . 

layers (35) and one of said bonding layers (45) which 

is bonded to sai~ first insulative ~ayer (35) have a 

5 second through hole (41, 65) cut tberethrough to extend 

to the primary ·surface of second one of said insulative 

layers (35) which is bonded·to said one bonding layer 

(45), said second through hole (41, 65) being filled 

with e~ectrically conductive material (39) 

10 interconnecting the circuit layers (3, 9) carried oh 

said first and second insulative layers (35) with each 

other. 

8. The bare board in accordance with -claiin 7, 

CHARACTERIZED. IN THAT said second through hole (41) 

extends to said electrically conductive ~aterial (15) 

filling the first through bole. 

9. The bare board in accordance with claim 7, · 

CHARACTERIZED IN THAT said electrica~ly conductive 

material (39) is of copper plating. 

10. The bare board in accordance with claim 7, 

CHARACTERIZED IN THAT sai~ second through hole (41, 65) 
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has a substantially circular cross section 

perpendicular to a longi tudin.al axis thereof (FIGS. 2A, 

5 2B) • 

11. The bare board in a_ccordance with claim 10, 

CHARACTERIZED IN THAT said second through hole (41, 65) 

has a diameter of 40 micro-meter or less. 

12. The bare board in accordance with claim 7, 

CHARACTERIZED IN THAT said second through hole.(41, 65) 

has a substantially oval or elliptical cross section 

peipendicular to a longitudinal ~xis thereof. 

13. A multi-layer printed circuit bare board 

comprising:· 

2n circuit layers having electrically 

conductive material forming electric circuitry, where 

5 n is a natural number exceeding a unity;· 

10 

15 

n insulat1ve layers having two primary surfaces 

on which (2i-l.)-th and 2i-th ones of said ~ircuit layers 

are carried, where i is a natural number not exceeding. 

n; 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; 

CHARACTERIZED BY 

the insulative layers (35) between the 

(2i-1) -th and 2i-th circuit layers ·(3, ·s) having a first 

through hole (37) open to the primary surfaces thereof 

and filled with electric~lly conductive material (7, 

20 15, 3_9) interconnecting the (2i-1)-th and 2i-th circuit 

layers (3, 5) with each other. 
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14. The bare boarcl in accordance with claim 13, 

CHARACTERIZED IN THAT the insulative layers (35) 

between the (2i-1)_-th and 2i-th circuit layers (3, 5) 

further have a second through ·hole (41~ 65) open to the 

5 primary surfaces thereof,· sa~d second through hole ( 41, 

65) ·being filled with ele_ctrically conductive material 

(39) interconnecting the (2i-1)-th and (2i+l)-th 

circuit lay~rs (3, _9) with e~ch other. 

5 

15. A method of manufacturin~ a·multi-layer 

printed circui~ bare board, comprising the ·step of 

preparing n she~ts of insulati•e material, where n is 

a natural number exceeding· a unity; 

CHARACTERIZED BY 

further comprising the steps of: 

making first holes (37) through the sheets of 

insulative material. (35) for interconnecting (2i-1) -th 

and 2i-th.circuit layers (3, 5) to be respective!¥ 

10 carried on two primary surfaces of the sheets of 

insulative material (35) , where i is a natural number 

not exceeding n; 

depositing electrically conductive material 

(39) inside the first holes ·(37) using an electrical 

15 plating process until the holes (37) are filled with 

the conductive material t39); 

20. 

forming an electrically condu~tive pattern of 

the (2i-1)-th and 2i-th circuits (69) on the sheet of 

insulative material (35) ; 

stacki.ng the sheets of insulative material (35) 

having the electrically conductive pattern ( 6 9) farmed 

one above the other and adhering adjacent ones of the 

sheets (35) with each other by using bonding material 

( 4 5) ; 
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making second holes (41, 65) through (2i-1)-th 

and (2i+l)-th circuit layers (3, 9); and 

depositing electric.ally conductive material 

(39) inside the second holes (4.1, 65) using an 

electrical plating process. 

16. The method in accordance with claim 15, 

CH.ARACTERIZED IN THAT in the step of making the second 

holes (41,. 65) said second holes (41, 65) a·re cut into 

the bonding material ( 45) to extend to the electrically 

5 conductive-material (15) filling the first hole ·(37) . 


