MULTI LAYER PRI NTED Cl RCUI T BOARD BACKGROUND OF THE
“ITNVENTION  Field of the Invention This invention relates to a

mul tilayer printed circuit board, and nore particularly td?émhultilayer
printed circuit board for nounting of flip chip capable of nounting in a
hi gh 'density and being less in the distortion through curing shrinkage of
resin and the position shifting of solder and having an excellent nounting
reliability. Descri ption of Related ALt In general, the
multil.ayer printed circuit board for the nmounting of flip chip (for
exanpl e, package) is provided

MULTILAYER PRINTED CIRCUIT BOARD
BACKGROUND OF THE INVENTION

‘Field of the Invention
This invention relates to a multilayer printed circuit
Fﬁﬁard, and more particularly to-a multilayer printed circuit
' E;'y‘ié:"xszi‘a”;rd for mounting of flip chip capable of mounting in a high
-fﬁﬁnSity and being less in the distortion through curing
shrinkage of resin and the position shifting of solder and

hiving an excellent mounting reliability.

‘Daéscription of Related Art

In general, the multilayer printed circuit board for
?%ﬁe mounting of flip chip (for example, package) is provided
iét its mounting surface with a group of solder pads having
fﬁﬁlder bumps planarly arranged.

The solder pad has a structure that solder having a
spherical shape through surface tension is formed on a surface
of a flat and disc-shaped conductor as a mounting pad (or

. land) connected to a given conductor pattern of the wiring

:5§ﬁbstréﬁb, which are electrically connected to external
“terminals for mounting a package on a mother board or the like
zéﬁrough given wirings drawn out from the mounting pad.

In such a structure of the solder pad group, however,
‘it is required to electrically connect a conductor pattern
connected to a mounting pad constituting the solder pad
located in~the inside of the solder pad group to the external
terminal through a wiring drawn out from the pad while being
‘detoured from a mounting pad located in the outside of the
sclder pad group. Therefore, it is necessary to ensure a zone
CGriesponding to a width of the wiring in a gap between pads

located in the vicinity of an outer periphery of the wiring



at its mounting surface with a group of sol der pads.-havi-ng—sol-der—bups
pl anarly arranged. The sol der pad has a structure that sol der
havi ng-a spherical shape through surface tension TS 3hest HesBegReplacsdir f ace

of a flat and di sc-shaped conductor as a mounting piu” I!g:q m !lconnect ed
to a given conductor pattern of the wiring substratf il |

el ectrically connected to external ternpnals fo& nDuntlngfa pacEage onta
mot her "~ board. or . the like through given wirings drawn out fromthe nounting
pad. - -~ WULTLIAYQRWIrIRG JAURTS oFhRRBCEBFHERC piil Hradul)héheveeldert s
requi-red. tgagketbeh tad | Fraw et Fot0RAUEE 8ERPALY Of Fom GNRGEESd to a
mounting pad constituting the solder pad |ocated in the inside of the
soIdeT,p@dpﬁFbﬁb°?o°$hEh%»&?%qﬁﬂ paPeHﬁPH&IaFﬁrS%@ﬁt%P%ﬁqqlﬁjﬁbrﬁhﬁtout_from
tﬂe 'pa.dl‘\é\ﬁisaasgebﬂgecd@@rﬁw Q?bri‘dxﬂi’ﬂ_o? @SB‘&'&E&-HQIB@Q‘&:%&(&I Qﬁ;ée'&gﬁzﬁgﬁg%s' de of
the soldetf-p roup. erefore, it I's necessary to ensur z
cornespond'Hggﬁﬁgaaﬂﬁdf?FQﬁrtQH¥Rﬂ forgednog §he 5%¥ﬁ§§ﬁfﬁéb§helﬁé§§ed in
the viciniwhiok 8ReOdbBlePPAdPAIPLLHRS WhhhNEhese solder pads are

“Z6nstructed with viaholes connected to flat innerlayer pad

‘group located in an inner layer and solder bumps formed in
‘Pecess portions of the viaholes, and (2)‘the solder pads
located from first row to fifth row from an outer position of
‘the innerlayer pad group are constructed with flat pads
connected to conductor patterns in the same layer as the
‘innerlayer pad group, while the innerlayer pad groups other
than the pads are constituted with flat pads connected to a
;fhrther innerlayer flat pad group located inward the above
innerlayer through viaholes, and (3) the layer having the
- “structure of the above item (2) is at least one layer.
A typical structure of the above multilayer printed

“dircuit board is shown in Fig. 1. .

Thus, the invention proposes a novel construction of
solder pad groups in the multilayer printed circuit board for
mounting flip chip in which the solder pad group having pads

.. Planarly arranged with solder bumps is formed on the outermost
“surface of the multilayer wiring layers formed on the core

_“substrate by alternately laminating the interlaminar
jihsulating layer and the conductor dircuit.
' The term “planarly arranged” used herein means not
‘ohly a method of arranging pads at cell state in X-Y axial
‘directions as shown in Fig. 2 but also a method of arranging
‘pads at zigzag state every one in X-Y axial directions as
“shown in Fig. 3. Particularly, the zigzag arranged form is
“advantageous in a peoint that the wiring is easily drawn out

“From pads of the second to fifth rows from an outer position




2 nultilayer wiring layers, characterized in that (1) the sol der pads
Jocated in at |least one and up to five rows froman outer position of the
sol der pad group are constructed with flat pads connected to conductor
pattern | ocated on the outernost surface and sol der bunps fornmed on the
surfaces -of the pads, while the sol der pad group other than these sol der
pads are constructed with viaholes connected to flat innerlayer pad group
| ocated in an inner |ayer and solder bungs formed in recess portions of the
vi:ahol es; and (2) the solder pads located in at |east one and up to five
rows from an outer position of the innerlayer pad group are constructed
with flat pafstGereeCE8dthdt CHKINCHQY Balkbar BSprobide GaE jlayer as the
i nner] ayer.pad group, while the innerlayer pad groups other than the pads
atie consti t4 §§}QHHthPISP“$%ﬁ%‘Hﬁﬂhé@F@Gr?Glﬁnfaftﬂ ctrpfeqemperenfat pad
group:-| ocat gshigyyard t he above innerlayer through viaholes, and (3) the
| ayer..having the structure of the above iten1(2% Is at. | east one |ayer.
Astypical structuré&foftthd HptRrdedta Prpgucsr FResaUl tHiauan BSdatd is shown
i n-l-gi g.. 'laf-'a«iircuit bobl#dSbyt l&‘@—dl:ﬂ/ﬁti imm—g&ogxa&h_adpgaqb%ﬁg&{ lggCtion of
sol der pad:groups in the nmultilayer printed circuit boar or _ nounting
flip chip H‘?P%#ﬁéh TRy BFdB?dia%g gt AfFHadiendopRae ol B rTYFEaS=aRged with
Iso‘_l der ]E)urrm?éé wﬁﬁ{]@duaatbbe%outﬂ{émob rels,Uftﬁ'l%&'é fzfs l&sesmllaf iﬂx&sjﬂhbmvw ring
ayers formed on_t core . substrate hy alternate am nating the
nter| am narhat HATRIAGRTPEyBF SHEPAME T GRASERo PR FPELFEES trate Surfagpe
term " epl andlié yedrihan @Rdings sArhsk£4d sl ahe lsin or the difference of

thermal expansion coefficient, or cracks resulted therefrom

sre caused. If such a displacement or strain is existent on
. 'the surface of the wiring substrate, the sure surface mounting
of the chip onto the substrate can not be carried out, or
‘further if the cracks are created on the wiring substrate, the

‘donductor pattern is broken.

SUMMARY OF THE INVENTION

, It is, therefore, an cocbject of the invention to solve
‘the aforementioned problems of the conventional technique and
to propose a novel construction of solder pad group in a
multilayer printed circuit board for mounting of flip chip
advantagecus for the high integration of chips and having
“axcellent mounting reliability without causing displacement or
‘strain of substrate surface or cracks resulted therefrom.

The inventors have made varicus studies in order to
achieve the above cbject and as a result the invention has
been accomplished.

According to the invention, there is the provision of a
‘multilayer printed circuit board comprising a core substrate,
ﬁultilayer wiring layers formed on the substrate by
“élternately laminating an interlaminar insulating layer and
‘@onductor circuit and a group of solder pads having solder

bumps planarly arranged on an outermost surface of the



only a method of arranging pads at cell state in X-Y axial directions as
shown in.Fig. 2 but also a nethod of arranging pads at zigzag state every
one in X-Y axial directions as shown in Fig. 3. Particularly, the zigzag
arranged formis advantageous in a point that the wiring is easily drawn
out from pads of the second to fifth rows froman outer position

3 substrate, so that there is caused a problemthat it is difficult to
conduct high integration of electron conﬁonents- (chi ps). If it is

i ntended t asPrRIGRLBE cBWhEE! aYEL -1 M fiihGYist board by so-called
bui | d-up net hod, gﬁbo?tion of Iocéﬁﬁa cf%mding pads of a netal is formed on
the surface of the wring substrate. Therefore, there is caused a probl em

that- di'spl acement or strabBRIES DESGRIbPION 8 THRSDRAKEnEYr face due to the
curing shrinkage of the resin or the difference of thermal expansion
coefficient, or cradcRsip¥enrien vk &9 siasgrabeduyish referpnes; to the

di spl acenenicEdmpEmAing dea®Xh§kCNMhéFein:

' Fig. 1 is a diagrammatically section view of an
embodiment of the multilayer printed circuit board according
to the intention; )

Fig. 2 is a diagrammatic view illustrating a first
embodiment of the arrangement of solder bumps {cell state);

Fig. 3(a) is a diagrammatic view illustrating a second
embodiment of the arrangement of solder bumps (zigzag
arrangement) and Fig. 3(b) is a bartly enlarged view thereof;

Fig. 4(a) is a view illustrating an opening state of
solder resist in a flat pad and Fig. 4(b) is a view
illustrating a position displacement of solder bump in a flat
‘pad; _

. Fig. 5(a) is a view illustrating an opening state of
‘golder resist in a viahole and Fig. 5(b) is a view
illustrating no position displacement of solder bump in the
viahole;

Fig. 6 is a view illustrating fitting of solde: pattern
into an opening of solder resist in solder transferring
process;

Fig. 7 is a view illustrating difference of forming
state of solder bump between (a) no plating resist and (b)
‘plating resist; and

Fig: 8 is a view illustrating the connection of a
‘solder bump to respective conductor pattern in which layer.

Fig. 9 is a view illustrating solder resist having the

opening size which is smaller than the diameter of the pad.

Description of Reference Symbols



the surface of the wiring substrate, the sure surface nmounting of the chip
onto the substrate can not be carried out, or further if the cracks are

created on the wiring substrate, the conductor pattern is broken.
SUMVARY OF THE | NVENTI ON It is, therefore, an object of the

i nvention to solve the aforenentioned problens of the conventional
technique and to propose a novel construction of solder pad group in a
multilayer printed circuit board for noudBting of flip chip advantageous

for the high i euegeaht@n(&ér&hi ps and having excell ent nounting
reliability wthout causing displacenent or strain of substrate surface or
cracks redul’t eFoPREFePRBREIN The i nventors have nmade various studies

i.n-order ¥p aahiseyatiHg AbOMe obj ect and as a result the invention has
been_apcogglished. According to the invention, there is the
provi-si on%f aThFeuEhrA9L? printed circuit board conprising a core
substratess NMulfnde?yafmi Wt DEshBYEIRy figryed on the substrate by

al ternateky lanmi nating an interlam nar insulating |ayer and conductor
circuit arl a JI@K3ngf re8L8Er pads having sol der bunps planarly arranged
on an- out & nostyisiiace of the

g Flat pad
10 Solder resist
‘f1  Solder pad

DESCRIPTION OF PREFERRED EMBODIMENTS
In the multilayer printed circuit board according to
the invention, the solder pads located from a first row to a
aﬁifth row from the outside of solder pad groups located on the
. ‘Sutermost surface of the multilayer wiring layers are
x “@onstructed with flat pads connected to conductor patterns on
-iﬁhe outermost surface and solder bumps formed on the surfaces
“8f these pads, while the solder pad group other than these
'soldér pads is constructed with viaholes connected to
'innerlayer flat pad group located inside the above pad group
and solder bumps formed in recess portions of the viaholes.
Accorﬂing to the above construction, pads in the solder
;ﬁads located from the first row to the fifth row from the
“bﬁtside of the solder pad groﬁp (e.é;fpads'of‘first, sacond
‘and third roﬁs in Fig; 2) are connected to the conductoer
-patterns.on the outermost surface, which are electrically _
connected to external terminals through wirings drawn out from
these pads. At the same time, the pads (e.g. pads of fourth,
‘fifth, sixth, seventh, eighth and ninth rows in Fig. 2) other
‘than the above solder pads located from the first to fifth
rows are connected to innerlayer flat pad group located in the

innerlayer through viaholes, which are electrically connected
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4 of pad group toward external term nals. BRI EF

DESCRI PTI ON OF THE DRAW NGS The invention will be described with
reference to the acconpanyi ng draw ngs, wherein: Fig. 1is a

di agrammatically section view of an enbodi ment of the multilayer printed
circuit board according to the intention; Fig. 2 is a diagrammtic
view illustrating a first enbodi mrent of tghe arrangenment of sol der bunps
(cell state); Fig. 3(a) is a diagrammatic viewillustrating a
second: enbpsli erettdrmaf] tHeemanaaBgeneshglofwisnl sy drawpso(ti fFag tHasengenent )

and Fi-g. 3(b) is a part epnl arged vjew t hereqf; Fig. 4(a),is a
view iT1ust? ??]r?d’e:fg pﬁi nSLEEa%E' 0 h%o‘f‘%fé%ucrq-’@ﬁ §?titﬁr35f?%fn Li® Fig.
4(b) is a‘thewadd UsddariddnFramperéet £ s €i tspl gickme rowsf £eoh detie mugzsiide a
flat pad; = '

sol der . res"i“g‘iE ??P‘he%@gjn&%é%ﬁldsef—‘gﬁg‘e? b%elﬁ!"gls’%‘r]\aﬁt Ig\%%f’%gﬂgggglt‘? 'S'{’i%t |¢e)o§}c tion
di spl aceneatawh oot dRforbwhe padshehilalipéing detouredFifgombthe padd F _
st rat e E 09 0T S0 00 B2 SADLL LR AP YUE RhafObRS alSd St 11
o “‘pads are constructed with the viaholes and connected to the
innerlayer pads, which are connected to the external terminals
“through the wirings drawn out from these innerlayer pads.

In the invention, therefore, the wirings for the
‘connection to the external terminals are sequentially drawn
out from the respective innerlayer pads instead of the
‘Gonventional structure that all wirings are drawn ocut from the
solder pad group on the outermost surface, so that it is
‘sufficient to ensure a region capable of passing'four wirings
2t most as the distance between the pads and it is possible to
‘attain the high densification of the solder pads.

_ In the multilaver printed circuit board according to
‘the invention, the solder pad group other than the solder pads
‘located from the first to fifth rows are constructed with the
viaholes connected to the flat innerlayer pad group located in
the innerlayer and the solder bumps formed in the recess
‘portions of the viaholes.

Therefore, the multilayer printed circuit board
réccording to the invention has a structure that a metal column
is embedded in the interlaminar insulating.layer, so that the
deformation of resin through curing shrinkage is small as
compared with the conventional structure of merely arranging
the flat pads on the outermost surface. As a result, there is
caused no distortion or warping of the substrate in the
multilayer printed circuit board according to the invention.

Furthermore, according to the above structure of the

solder pads, the amount of solder can be increased and hence
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Fig. 7is aviewillustrating difference of formng state of sol der bunp
between (a) no plating resist and (b) plating resist; and Fig. 8
is aviewillustrating the connection of a sol der bunp to respective
conductor pattern in which | ayer. Fig. 9is aviewillustrating
sol der resist having the opening size which is smaller than the dianeter
of the pad. Descriptioz of Reference Synbol s

51 . Substrate (core) 2,7 Copper pattern Insulating resin 4

Thr ough- hokige ccurdteLodRicial L 9SehALI &9 A;ﬁ%@%e@.f-al?hﬁ{ngﬂg Sl St

resulted from surface tension.

The viahole according to the invention has a structure
‘that an opening is formed in the interlaminar insulating layer
‘80 as to expose the innerlayer pad and coated with a metal
film for electrically connecting the innerlayer pad to a
‘¢onductor circuit on the surface of the interlaminar
insulating layer. The solder pad according to the invention
is formed by filling solder in the recess portion of the
viahgle. Therefore, the invention is not a technique of
electrically connecting the innerlayer pad to the conductor
circuit on the surface of the interlaminar insulating layer
through the solder as discloseq in JP-A-4-337695. When the
solder is directly contacted with the insulating resin layer
as disclosed in JP-A-4-337695, the degradation of resin is
caused due to diffusion of lead. Furthermore, the wetting
between resin and solder is poor, so that there is caused a
drawback that the viahole constituted with the solder is
“éasily fallen down. In the invention, the viahole is made
‘from the metal film and the solder is filled in the recess
portion of the viahole, so that there is no degradation of
resin nor falling of viahole.

In the multilayer printed circuit board according to
‘the invention, only the pads constituting the solder pads
located from the first to Fifth rows in the solder pad group
are not viaholes but are flat pads. Thus, these flat pads are
rendered into a buffer region, whereby the occurrence of
c¢racks due to the difference of curing shrinkage or thermal
expansion cocefficient between the region of viaholes and
region of interlaminar insulating layer can be controlled.

Another feature of the multilayer printed circuit board
according to the invention lies in that the pad group located

from the first to fifth rows in the innerlayer pad group
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8 Vi ahol e 9 Fl at pad 10 Sol der resist 11 Sol der pad
DESCRI PTI ON OF PREFERRED EMBODI MENTS In the nmultilayer printed
circuit board according to the invention, the solder pads |ocated in |east
one and up to five rows fromthe outside of solder pad groups |ocated on
the outernost surface of the multilayer wiring layers are constructed with
fl at pads connected to conductor patterng on the outernost surface and

sol der bunps fornmed on the surfaces of these pads, while the sol der pad

group ot hergdiitittidie e $RE 0Q1alpsliss =< Unlsitrabedd Wi th Vi otk gaaesect ed
to innerlayer flat pad roug | ocated i nside the above pad group and sol der
bunmps for ne‘bo‘?’??‘?r@ég&? BREPEHRT FatifFnA difolthe, same lavenag,tdiehg to the

above constimedtidyerP@dasi Nahdecss! ﬂﬁ{eﬂ%?‘feﬂ peat glohipoMdERer fiba®t row to
the fifth row fromthe outside of the solder pad group (e.g. pads of first,

second and tHRF® Rastks 378 ePRstaycted sHothdteedlns PRES coPRRREW F& t¥ens on

the out er nosiasUidrGQayehi pAdagLoeh EXddd e livs Qﬂ@neﬁhéﬁlléﬁeﬁxﬁkﬁ%’i@h
term nals through wirings drawn out fromthese pads. At the sane tinme, the
pads (e.g. YRS fourth, fifth, sixth, seventh, eighth and ninth rows in

Fig. 2) other than tnhkemabeyEeaget deFihads didealiedpbasd) 488cfdirsd tod thief t h
rows are connected tq innerlayer flat pad group |ocated in the innerlayer

t hr ough vithY%%Fl?ﬂﬂ 180eSBPRCR %Y VS Eelias at least one

‘innerlayer, in which the solder pads located at an innermost
side in the solder pad group located on the outermost surface
of the multilayer printed wiring layer are connected to the
innerlayer pads on the core substrate.

Thus, it is possible to attain the high densification
of the innerlayer pads even in the innerlaver pad group
likewise the above case.

Further, only the innerlayer pads located from the
first to fifth rows in the innerlayer pad group are flat pads
not connected to the viaholes. As a result, these flat pads
are rendered into a buffer region, whereby the occurrence of
c¢racks due to the difference of curing shrinkage or thermal
expansion coefficient between the region of wviaholes and
region of interlaminar insulating layer can be controlled.

As mentioned above, the solder pad group located on the
outermost surface provided with the viaholes having the solder
bumps therein is connected to the innerlayer pad group located
in the underlaver tﬁrough the viaholes, and the pads other
ihan the pads loccated from the first to fifth rows are
successively connected to the innerlayer pads further located
below the layer through the wviaholes, and finally connected to
the innerlayer pads on the substrate. Furthermore, the
conductor patterns connected to the pad groups are divided
into each of the innerlayer pad groups and drawn out from pads

of the first to fifth rows from an outer position of the



6 to external terminals through wirings drawn out fromthese innerlayer
pads. That is, the conductor patterns connected to the pads |located in at

| east one and up to five rows fromthe outside are connected to the
external termnals through the wirings drawmn out fromthe pads while being
detoured fromthe pads of the first to fourth rows, while the pads other
than the above pads are constructed with _the viaholes and connected to the
i nnerl ayer pads, which are connected to fhe external terminals t hrough t he

Wi rings dray t fromthese innerlayer pads In the invention

t herefore, gﬁﬂﬁ'ggy\na ?ﬁg%a‘% ot e aé‘éig r‘f«?%‘f‘iefiﬁegot? R eI hdieFeraitfal sPar e

sequenti al y rdsabh, otihe f saiddhpade gpetp 1eckiadr drnyeie e rmdsttead of the

conventi onal truc%grﬁhthat all_wrings are drawn out_fromthe sol der pad
S

group on t K&*5aFEr SUPT LS AVES HHEENEt 1p¥eT (3§ i TS0 e AOURBSH Regi on
capabl e of apaegiiog Eapablé réMgsa i ngd Fouds wi Bends Séanass beisvage t he pads
nd G s, PRRTLAbS Beratd thd et dh e eat bonof SR A et P
_ from the outer periphery of the solder pad group and it is
‘Possible to attain the high densification of the solder pads.

Moreover, the conductor patterns of the multilayer
wiring layer connected to the pad group are connected to
‘external terminals such as solder bumps or conductor pins
formed on a rear surface of the core substrate through the
through-holes. Particularly, it is favorable that multilayer
wiring layers formed by alternately laminating conductor layer
electrically connected to the through-hole and the resin
insulating layer are arrénged on the rear surface of the core
substrate and solder bumps are formed on the surface (see Fig.
1).

In the multilayer printed circuit board according to
the invention, the viahcles constituting the soclder pad group
are apt to be peeled because they are connected to only the
innerlayer pads. 1In order to prevent the peeling of the
viahole, therefore, it is desirable that the surface of the
interlaminar insulating layer forms a roughened surface having
a surface roughness of 5-15 ym. When the surface roughness is
less than 5 pm, the adhesion strength to the viahole is
insufficient, while when it exceeds 15 pm, it is difficult to
obtain a fine conductor pattern.

In the invention, it is advantageous that the solder
resist layer is formed on the outermost surface of the
multilayer wiring layer and the opening size of the solder
resist is made larger than the diameter of the flat pad and

viahole constituting the solder pad so as not to overlap the
solder resist with the pad and the viahole.



the invention, the solder pad group other than the sol der pads located in
at least one and up to five rows are constructed with the viaholes

connected to the flat innerlayer pad group located in the innerlayer and
the sol der bunps fornmed in the recess portions of the viaholes.

Therefore, the nultilayer printed circuit board according to the invention
has a structure that a nmetal colum is edded in the interlam nar

insulating |ayer, so that the defornation of resin through curing

shrinkage is snall na%hgsg@g{:ﬁgr%nu%grﬁ @Eleanélalééf Li?at&‘sr g 0fi jrerel y

arranging . the fla t su ace As a result, there is
caused no ﬂhetm\temqmr, Wdr phegopénime sidsstafatthe solher resisy dfer printed

o the abofeoe: Tt ek (B8 UBHEHLLETLE eng pad, UGN Ehd e e e
|ncreased “#adibtnuade from the photosen51t1ve resin is opened by light
exposure phenomenon (so-called photolithography), the position
*ghifting of the opening is caused by expansion or shrinkage of
‘a photomask through temperature to substantially decrease the
"exposed area of the pad. As a result, when solder is formed
"én the opening portion, it is apt to cause defects such as
‘solder flowing, solder bridge and the like and hence the
mounting reliability of components is poor.

Therefore, it is desirable that the opening size of the
solder resist according to the invention is made larger than
the diameter of the pad or the viahole.

On the contrary, in the conventicnal technique that all
solder pads located on the outermost surface of the multilayer
wiring layer are flat pads, all of these flat pads are
connected to the conductor patterns at the same layer existing
these pads. Therefore, if the opening size of the solder
resist is made larger than the diameter of the pad, a part of
the wiring in the conductor pattern is apt to be exposed (see
Fig. 4(a)). As a result, when the solder is formed on this
portion, the solder rides on the wiring of the exposed
&onductor pattern to lower the solder bump and the position
shifting of the solder bump is caused (see Fig. 4(b)).

In this point, according to the invention, the solder
pad group other than solder pads located from the first to
fifth rows in the pad group is constituted with the solder
pads formed in the recess portions of the viaholes, so that
they are not connected to the conductor patterns located at
the same layer. Furthermore, the pads for the formation of
solder bump are not newly connected from the viaholes in the

“invention, soc that even if the opening portion of the solder



the accurate nmounting is enabled by a self-alignnent effect resulted from
surface tension. The vi ahol e according to the invention has a
structure that an opening is forned in the interlamnar insulating |ayer so
as to expose the innerlayer pad and coated with a netal filmfor

el ectrically connecting the innerlayer pad to a conductor circuit on the
surface of the interlamnar insulating |layer. The sol der pad according to
the invention is formed by filling solder~in the recess portion of the

vi ahol e. Therefore, the invention is not a techni of electrical
connect i ngFeHes ¥ e MRdfe L3598 Gh?ﬂet‘é%nm%?erci&g&hle Uﬁaﬁﬁi‘%u 4t of

the interl agi ¢ d:fsdcrt ithe ha¥ehgt BEOURE Ehmdseddiepartedins€romethé n
JP- A- 4-337695. \When the solder is directlg,coniaotﬁg MAEQ she i nsul ati ng
resin | ayePPaRiRg RITSQP 9F Fbeaselderssesishe Ry i°dR 4 resin is

caused duerhardidfelsirsrdilmpdo kuet BeFGBtEret titatieitid @ ldetrWeampr £si n and
sol der is poor, so that there is caused _a drambaﬁklthq% t he viahBIe
consti t ut edORFPER thethe) kRGeS ROFEIPD PEI FBR WHIRCLIEn Tife SOUPER: PBIP t he

vi ahol e is;igagdetfiomide 4rd al1dd Itmileapdsiheosohﬂfftirsg foft lud iselbe recess

portion of the viahole, so that there is Fg degradation of resin nor
falling of PYBRhdFenot caused (seq FagmSdPPAver printed circuit board

according to the tRyeptiry, iRintidhe iBafiadeopsssible ngp tdisposkedehepads

0t i ahol S2168F EPELFFafSYRHEn TR SABtbrPR: SFals. 4t ATE MURERs: ni o

buffer regigpe peheteby LHEfersyidRnaR Golderabfipdus the!dentdidlf eregice of

curi ng shri nkage or thefmal ) exnansion coeff] ent et peene the fgaion of
rows from an outer position in the solder bump group.

The above structure that the opening size of the solder
resist is made larger than the pad diameter is particularly
advantageocus when the solder bump is formed by solder
transferring method. The solder transferring method is a
method wherein a solder foil attached onto a film is etched so
as to form a pattern of the solder foil in place corresponding
to positions of pads and placed on the pads so as to contact
with them and reflowed by heating to transfer solder to the
pads because the solder is poor in the wettability with the
film but goed in the wettability with the metal. In such a
solder transferring method, the area of the solder foil
pattern formed on the film becomes generally larger than the
pad. Therefore, when the opening size of the solder resist is
made larger than the pad diameter, the solder pattern is just
inserted into the opening portion of the solder resist and the
positioning therebetweeﬁ becomes easy (see Fig. 6).

In the multilayer printed circuit board according to
the invention, the wiring layer located at the outermost
surface is formed by flat pads and viaholes between plating
resists through the plating resist and further the solder

resist layer provided with an opening exposing the flat pad



region of interlamnar insulating |layer can be controll ed. Anot her
feature of the nultilayer printed circuit board according to the invention
lies in that the pad group located fromthe first to fifth rows in the

i nner | ayer pad group 8 connected
to the viaholes are constructed with the flat pads connected to conductor
patterns in the sane | ayer as the innerlayer pads, and the innerlayer pad
groups other than these pads are constructed with the flat pads connected

to the flatzddingld ¥8holadi ' SeEnd LR @thel BukBackNner t ayeradviindiagbous
vi ahol es. The nmultilayer printed circuit board accordlegyfo t.he

i nvention haathg Saak 8f| fherPadr ugiahcd eh 2o PlRELRE BRELThisy I=XPeFedi n

whi ch the sglggreHiadpeh®6at Beréiomiod MY Holdetl dasistt eyewibiemapadggr oup
| ocated on the outernost surface of the multilaye nted w.ring,|ayer are
connect ed tEP%rﬂ?ﬁqﬁﬂ%ﬂsé§8r°5a8§e0§9%4ﬁ¥(ﬁﬁ§§5§u§§¥ﬁ téarger than it is

possi bl e t ogpdddidy tJFe thieOpadensd f¥taidien of the innerlayer pads even in
t he innerlayer pad grou

According to the above structure, the surrounding side
faces of the pad and viahole are covered with the plating
resist (see Fig. 7). Therefore, the solder is not adhered to
the surrounding side face. As a result, the connection
reliability is excellent because the solder bump is not
lowered.

In heat cycle, cracks may be generated in the
interlaminar insulating resin layer (the adhesive layer for
electroless plating) starting from a boundary between the
plating resist and the conductor circuit. In order to prevent
the occurrence of cracks, it is desirable that the opening
size of the solder resist layer is made smaller than the
diameter of the flat pad or the viahole so as to overlap the
solder resist with the pad or the viahole as shown in Fig.S.

The production method of the multilayer printed circuit
board according to the invention will be described below.

(1). At first, innerlayer copper patterns 2 are formed on a
surface of a substrate (core) 1.

The formation of the copper pattern 2 on the substrate
1 is carried out by a method of etching a copper-clad laminate
or a method wherein an adhesive layer for electroless plating
is formed on a substrate such as glass epoxy substrate,
polyimide substrate, ceramic substrate, metal substrate or the
like and the surface of the adhesive layer is roughened to
form a roughened surface and then subjected to an electroless
plating.

Particularly, when the copper-clad laminate is etched

to form the copper patterns 2, it is desirable that a solvent-



| i kewi se the above case. Further, only the innerlayer pads |ocated
fromthe first to fifth rows in the innerlayer pad group are flat pads not
connected to the viaholes. As a result, these flat pads are rendered into a
buffer region, whereby the occurrence of cracks due to the difference of
curing shrinkage or thermal expansion coefficient between the region of

vi ahol es and region of interlamnar insulating | ayer can be controll ed.

As mentioned above, the solder pad group Tocated on the outernost surface

provi ded widde temsivi 3hqepsxParedon tde saldeli JeUrasihhel §i fpopBi&Ppgected to
t he innerl‘%gzer pad %r?iup | gcated in the underl ayer through the viaholes,
and the patiersst e ASPRE pRdexPeRat e 1GMRSTh@2ttrERst 9. fYhHetehYows are

successi vetlye calbaniat sarfheei DoeshadEemads fsihRetnkosabee-el ow t he
| ayer throqggfthe.viaholig, and finally connected to the innerlayer pads on
the subst r3fe39th&MAOFEenefe KRRRIUEIQ PhRiAsensd tayRnéREIREHNG he pad

groups ar erésin detydmtic €aeheal th@febi Nl k¥ s@ BEBSMAE Guith fy¥y, Out
frompads of the first to fifth rows froman outer position of the
9 so that the exposure and development thereof are easy.

Moreover, through—holes 4 are formed in the core
substrate 1, so that the wiring layers located on front and
rear surfaces are electrically connected to each other through
the through-holes 4.

(2). Then, an interlaminar insulating layer 5 is formed on
the innerlayer copper patterns 1 formed in the item (1). The
interlaminar insulating layer 5 is desirable to be made from a
thermosetting resin such as epoxy resin, polyimide resin,
bismaleimide triazine resin, phenolic resin -or the like, a
photosensitive resin obtained by photosensitization of the
thermosetting resin, a thermoplastic resin such as polyether
su;phone or the like, a composite of thermoplastic resin and
thermosetting resin, or a composite of thermoplastic resin and
photosensitive resin.

.The surface of the resin layer may be subjected to a
roughening treatment with an oxidizing agent, an acid, an
alkali or the like. The adhesion property of conductor
circuit formed on the surface can be improved by such a
roughening. '

Particularly, it is desirable that an adhesive for
electroless plating may be used as the interlaminar insulating
material. As the adhesive for electroless plating, a product
obtained by dispersing heat-resistant resin particles soluble
in acid or oxidizing agent into a heat-resistant resin hardly
soluble in acid or oxidizing agent is optimum. This is due to
the fact that pot-like anchor can be formed on the surface by

removing the heat-resistant resin particles soluble in acid or



i nnerl ayer pad group and connected to external termnals. As a result, the
sol der pad group |located on the outernost surface of the nmultilayer wring

| ayer is sufficient to ensure a region capable of passing four wrings at
nost as the distance between the pads located fromfirst to fifth rows from
the outer periphery of the solder pad group and it is possible to attain
the high densification of the sol der padsg. Moreover, the conductor
patterns of the nultilayer wiring |ayer connected to the pad group are

connect ed &%idxdtiaidalgdn® Ehealigh SHeligien i) d¥) ikgFBTeOthe ORGhES Y Pi NS
formed on a_rear sq:rfa e of the core substrate through the through-holes.
Parti cul ar PYOPFIHY &9 é’&‘& SEPEUERAT X 4%yer wiring |ayers forned by

alternately | am nair ntheCabBguét a8hésines, alRC ighctalskiiscenpegt ed .to the
t hr ough- ho e resin_ insulating | ayer are arran%ed on the rear

d the
surface of l:ﬁﬁ%‘q%%?%t%ﬁé%aﬁﬂdtg%lﬂ@? Wihss ofr &heoPhRbosPREHE 286  ace

(see Fig. thermosettind relshf HHAH! thaYyEefidpliaftid r@dih bBeardesemid ng to
the inventi on{éh%{}g vi ahol.es constituting, the solder pad group_ are apt to be

peel ed becis SP YT SEGARE 5851D ¥ RehuRE 18y &hepassd 9% order to

prevent thexpaetimg aferith®ecaabel ehethﬂfﬁﬁpé e?ad tedsn@eaie[] abhge& the
surface of .fhe . interlam nar insulati ayer forns a roughened surface

havi ng a sﬁf‘?a&’e&%ﬁﬂ?‘l’é&r%ﬁng- fg\fﬁﬁgpw%ﬁ PHIE FF £B€ roughness is | ess
than 5 pm phbecadhest o tiiohengFarthetheté aitmlghdésfs' Reawf Bégiﬂﬁiev&iﬂﬁf when
it exceeds 15 [err It is difficult to obtain a fine conductor pattern.
In the i nvERFP ﬂ?'& {T‘]ﬂ?es BIRFRFERGE L g A nERe TR Tesdy ¥ithathe s
fornmed on thermupbiseisd rdfingCcehekebltethe peel strength of the

conductor circuit can be improved and the occurrence of cracks
in the viahole portion through heat cycle can be prevented.

Concretely, epoxy acrylate obtained by reacting epoxy
resin with acrylic acid,_methacrylic acid or the like and the
composite of epoxy acrylate and polyether sulphone are
favorable. As the epoxy acrylate, it is desirable to react
20-80% of all epoxy group with acrylic acid, methacrylic acid
or the like.

In the adhesive, the heat-resistant resin particles is
desirable to be selected from (D heat-resistant resin powder
having an average particle size of not more than 10 pm, @
aggregated particles having an average particle size of 2-10
um by aggregating heat-resistant resin powder having an
average particle size of not more than 2 pm, ® a mixture of
heat-resistant resin powder having an average particle size of
2-10 ym and heat-resistant resin powder having an average
particle size of not more than 2 ym, and @ false particles
formed by adhering at least one of heat-resistant resin powder
and inorganic powder having an average particle size of not
more than 2 pym onto surfaces of heat-resistant resin powder
having an average particle size of 2-10 um because they can

form complicated anchor. Aas the heat-resistant resin, epoxy



mul tilayer wiring layer and the opening size of the solder resist is nade
| arger than the diameter of the flat pad and viahole constituting the

sol der pad so as not to overlap the solder resist with the pad and the

vi ahol e. 10 In the
structure of high densified solder pads as in the invention, if the
openi ng size of the solder resist is nade snmaller than the dianeter of the
pad, when the solder resist nmade fron1théjbhotosen5|t|ve resin is opened by

l'igh h IIed hat oli t hogra t he position
slh?f E i ﬁgpg?‘é{ Egpog@%ﬁﬁgglgsé%gﬂg& reée’ngl ol* gﬁ%/%'hkﬁj?“ﬁf“lé‘ephot omask

t hr ough tenwgnaﬂuaedtbheub@keuareﬂﬁqwaﬁabﬂeasePhheleupmﬁﬁﬁ,aﬂﬁa of the pad.

As | tg | der .4 on the o gaLn ortj IS apt to
caugergzgect é\@ggﬁ%gsggoﬂé &%% Ny, soid BFFgﬁg ’(Jé)t‘?ﬁe P Z2ARG hence
t he nount i mgeand] icabi bet ghafiged o nentysi nigs tpeokmd of oliddmedef ®ieid off i S
desi rabl e thal hacaReNLAG Shags Al WSty eSkSL BEGQHI N L0, the

example,
invention is ma rger
bisphenol A-type epoxy resin oligomer is cured with an amine

curing agent, the resulting product is easily dissolved in the
oxidizing agent. However, the product obtained by curing
novolac epoxy resin oligomer with an imidazole curing agent is
hardly dissclved in the oxidizing agent.

As the acid usable in the invention, there are
phosphoric acid, hydrochloric acid, sulfuric acid, formic acid
or organic acid such as acetic acid or the like. Aamong them,
the organic acid is desirable because it hardly corrodes the
metal conductor layer exposed from the viahole after the
roughening treatment. As the oxidizing agent, chromic acid,
permanganate {potassium permanganate and the like) are
desirable. Particularly, when the amino resin is dissolved
and removed, it is desirable to alternately conduct the
roughening treatment with the acid and the oxidizing agent.

In the multilayer printed circuit board accordihg to
the invention, the interlaminar insulating layer 5 may be
plural. For example, there are the following forms of the
plural layers.

@® 1Interlaminar insulating layer of two-layer structure formed
between the upperlayer conductor circuit and the lowerlayer
conductor circuit, in which an adhesive for electroless
plating formed by dispersing heat-resistant resin particles
soluble in acid or oxidizing agent into heat-resistant resin
hardly socluble in acid or oxidizing agent is located at a side
near to the upperlayer conductor circuit and a heat-resistant
resin hardly scluble in acid or oxidizing agent is located at

a side near to the lowerlayer conductor circuit.



the dianmeter of the pad or the viahole. On the contrary, in the
conventional technique that all solder pads |ocated on the outernpst
surface of the nultilayer wring layer are flat pads, all of these flat
pads are connected to the conductor patterns at the sane |ayer existing

t hese pads. Therefore, if the opening size of the solder resist is nmade

| arger than the dianmeter of the pad, a pasft of the wiring in the conductor
pattern is apt to be exposed (see Fig. a)). As a result, when the sol der

is forned on thi tion, th 0 d des on the wirjn of t he exposed
Icgndurctor pattelr?\ It'g rhc}:ﬁ/enstfﬁgg‘ég?derr %{érpl Zﬁ&“ﬁﬁ B\émsf%‘i’gﬁ Ei'tl)r(lg gf

t he SOIderbbUﬁéemSldgﬂﬁkﬂév@&eﬁhEhgthé(iﬂﬁe51ve layer EBrtbléctﬁbI&ss

according t he inven sol der oth r than sol der pads
| ocat ed frBﬂ?{:ﬁ‘égf’rs? sst“tq:’(?dtﬁfif ?ﬁ ? ol ?rh S is constituted with

t he sol der @ patieflemiad ri inktPa t BS@ Skka e tdfomr@fa Lageri stwl@sareso t hat
at, . the sane

they are nqQt _co ec%ed t .t he _conduct or terns |l.ocated
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new y conneehadctdsﬁrmimlvd ahel ehich &heilinvenidsdim materhal eyefiifed he

openi ng poLe%weegftﬁémiéﬁgéiayer conductor circuits so as to render the
surfaces of the lower conductor circuit and the filling resin
material intc the same blaﬁe and a layer of a heat-resistant
resin hardly soluble in acid or oxidizirig agent formed thereon
and further an adhesive for electroless plating formed by
dispersing heat-resistant resin particles soluble in acid or
oxidizing agent into heat-resistant resin hardly soluble in
acid or oxidizing agent is formed thereon.

In this structure, the filling resin material is filled
between the lowerlayer conductor circuits to smoothen the
substrate surface, so that there is caused no development
inferior based on the scattering of the thickness. Further,
when inorganic particles such as silica or the like are
incorporated in the filling resin materizl, the curing
shrinkage can be decreased to prevent the warping of the
substrate. Moreover, solvent-free resin is desirable as the
filling resin material, and particularly solvent-free epoxy
resin is optimum. Because, when the solvent is used, it is
evaporated by heating to cause the interlaminar peeling.

(3) After the interlaminar insulating layer 5 formed in the
item (2) is dried, an opening portion for wviahole is formed by
light exposure and development in case of the photosensitive
resin, or by thermosetting and laser working in case of the
thermosetting resin.

{4) After the surface of the interlaminar insulating layer 5
provided with the opening portion for viahole in the item (3)

is roughened, a catalyst nucleus is za2pplied thereto.



resist is made | arger than the dianeter of the viahole, there is not
exposed the wiring of the conductor pattern fromthe opening portion of the
sol der resist (see Fig. 5(a)). Therefore, according to the structure that
the solder bunp is forned in the recess portion of the viahole, the sol der
bunmp is not |owered and al so the position shifting of the solder bunp is
not caused (see Fig. 5(b)). Thus, _the invention is nade possible to
di spose the sol der resist |layer on the sbf der bunp group w thout causing

the position shifti f | der in the ral. regj { han
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pads so as pbatongaresist I tiserficamedr.ef | oned by heating to transfer sol der

to the pads becaus S . 1S L.ip th |t i.th the film but
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just epoxy resin with acrylic acid, methacrylic acid or the like,
or a composition of epoxy acrylate, pquether sulphone and
imidazole curing agent may be used.

In this case, the ratio of epoxy acrylate to polvether
sulphone is desirable to be about 50/50-80/20. If the ratio
of epoxy acrylate is too large, the flexibility lowers, while
if it is too small, the photosensitivity, resistance to base,
resistance to acid, resistance to oxidizing agent lower.

As the epoxy acrylate, it is desirable to react 20-80%
of all epoxy groups with acrylic acid, methacrylic acid or the
like. 1If the acrylation ratio is too high, the hydrophilicity
through OH group becomes high and the hygroscopicity rises,
while when it is too low, the resolution lowers.

As a basic skeleton resin, the epoxy resin is desirable
to be novolac type epoxy resin because it is high in the
crosslinking density and excellent in the resistance to base
and can adjust the water absorption of the cured product to
not more than 10%. As the novolac type epoxy resin, there are
cresol novolac type epoxy resin and phenol novolac type epoxy
resin.

{6) A portion not forming the plating resist 6 through the
treatment of the item (5) is subjected to a primary plating.

In this case, not only copper pattern 7 but also viaholes 8
are formed.



i nserted into the opening portion of the solder resist and the positioning
t her ebet ween beconmes easy (see Fig. 6). In the nmultilayer printed
circuit board according to the invention, the wiring |layer |ocated at the
outernost surface is fornmed by flat pads and vi ahol es between pl ating
resists through the plating resist and further the solder resist |ayer
provided with an openi ng exposing the flat pad

12 and the viahole is formed on the surfface. It is advant ageous that a

part of the pad, VAshele prichadhablBEiRgFi S4 4B KXRASRA nlyr Ak hhea PPEIL LY
portion of the solfe{ resist |la by maki ng the opening size of the sol der

| ayer I
resist | ayd™ BP5RF 19R% %%F@qﬁeéréfe% GPPPRE, pikFkfy \AohFditeand

Accordi ng tphopRofBSVEs Sdddicddb1R HelQusH! ERUSCA NGy i 10 Hidke3nOknkhe pad and
vi ahol e are covered with the plating resist (see Fig. 7). Therefore, the

sol der is ﬁ&FeﬁgﬁgrﬁﬂdtﬁﬁﬁH@“§ﬁWFbG%&iR@eéiﬂér?%Qg?-As a result, the
connection reliabifhtihd praxeehl leckesddse phersr) i1 dimR,i $¢neL | ower ed.

desirable to use hydroxy carboxylic acid as a complexing.agent
forming a stable complex with copper, nickel, cobalt ion under
a basic ceondition.

In the primary electroless plating solution, a reducing
agent for reducing a metal ion to a metallic element is
desirable to be at least one substance selected from aldehyde,
hypophosphate (called as aphosphinate), hydroboride and
hydrazine. These reducing agents are soluble in water and
excellent in the reducing force. Particularly, the
hypophosphate is desirable in a point of precipitating nickel.

As a pH adjustiﬁg agent for adjusting the basic
condition in the primary electroless plating solution,'it is
dasirable to use at least one basic compound selected from
sodium hydroxide, potassium hydroxide and calcium hydroxide.
A hydroxy carboxylic acid forms a complex with nickel ion or
the like under the basic condition. As the hydroxy carboxylic
acid, citric acid, malic acid, tartaric acid and the like are
desirable. The concentration of hydroxy carboxylic acid is
desirable to be 0.1-0.8M. When it is less than 0.1M, the
sufficient complex can not be formed and the abnormal
precipitation and liquid decomposition are caused. While,
when it exceeds 0.8M, the precipitation rate becomes slow and
the occurrence of hydrogen is large. _

The primary electroless plating solution is desirable
to contain bipyridyl because bipyridyl can control the
occurrence of metal oxide in the plating bath to control the
occurrence of nojule.

Moreover, copper ion, nickel ion and cocbalt ion are



In heat cycle, cracks may be generated in the interlamnar insulating resin
| ayer (the adhesive |ayer for electroless plating) starting froma boundary
between the plating resist and the conductor circuit. In order to prevent

t he occurrence of cracks, it is desirable that the opening size of the

sol der resist layer is nade snmaller than the dianeter of the flat pad or
the viahole so as to overlap the solder rrgsist with the pad or the viahole
as shown in Fig.9. The production™nethod of the multilayer printed
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Therefore, the primary plated film has the same anchors as the

roughened surface. Therefore, a secondary plated film formed

on the primary plated film ensures the adhesion property owing

to the anchors. For this end, the primary plated film is

desirable to be a high strength plated film precipitated from

the aforementioned electroless plating solution for

controlling the peel strength, while the secondary plated film

is desirable to be high in the electrical conductivity and

fast in the precipitation rate and is preferably a plated film

precipitated from a simple copper plating solution instead of

the composite plating solution.

(7) A secondary plating is applied onto the primary plated

film formed in the item (6) to form conductor circuits

inclusive of viaholes. The plated film through the secondary

plating is desirable to be a copper plated f£film.

As the secondary electroless plating solution, it is
desirable to use an electroless platin§ solution comprising
copper ion, trialkanol amine, reducing agent and pH adjusting
agent, in which the concentration of copper ion is 0.005-0.015
mol/l, and the concentration of the pH adjusting agent is
0.25-0.35 mol/l, and the concentration of the reducing agent
is 0.01-0.04 mol/l. This plating solution is stable in the
bath and less in the occurrence of nojule.

In the secondary electroless plating solution, the
concentration of trialkancl amine is desirable to be 0.1-0.8M.

The plating precipitation reaction most proceeds within this



13 free resin 3 (epoxy resin or polyimde resin) is applied and cured and
polished to expose the copper patterns 2, whereby the substrate surface is
snmoot hened. Since the substrate surface is snoothened, when the

phot osensitive insulating resin |ayer is forned thereon, the thickness
beconmes uniform so that the exposure and devel opnent thereof are easy.

Mor eover, through-holes 4 are fornmed in §he core substrate 1, so that the
wiring layers |located on front and rear surfaces are electrically connected
to each other through the through-holes 4. (2). Then, an interlam nar

i nsul ati ng ¥2B%8%- 5 ﬂse ft&iAdiaBal « #eine e Idepdirabdppte bataterimast boered in
the item (13r Sheedrmidil afhpal tESHLAIAA dftifle, O chindPRIAGD!filid BRa™Ie
froma thernosetting resin such as epoxy resin, polylmde resin,
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t her nopl astic _resin such asb%g§§ﬁ¥Eégégﬁﬁﬁg%gﬁesgge?ﬁé %§%&glé}'c§§§osite of
t her mopl ast FRAyetd agartt Hér deserably tedie atodeastonapesef elafehyde,
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Particularly, it_is desirable that an adhesive for
one of sodium hydroxide, potassium hydroxide and calcium
hydroxide.

In this way, there are formed conductor patterns
comprised of the primary plated film and the secondary plated
film, innerlayer pad group connected through the upperlayer
and viaholes (32 pads in total from third and fourth rows in
Fig. 1, 108 pads in total in Figs. 2 and 8) and viahole group
for connecting to conductor patterns on the core substrate
(four viaholes in center of fifth row in Fig. 1, 38 viaholes

in total in Figs. 2 and 8B).

(8) Thereafter, the steps (2) and (3) are repeated to form
an interlaminar insulating layer 5 having opening portion for
viahole (36 openings in total of rows other than first and
second rows in Fig. 1, 144 viaholes in total in Figs. 2 and 8)
for forming solder pad group on the upperlayer).

(9) After the surface of the interlaminar insulating layer
is roughened and a catalyst nucleus is applied thereto, a
plating resist composition is applied, dried, exposed and
developed to from a plating resist G'having opening portions
for the formaticn of pad and viahole (100 openings in total in
Fig. 1, 324 openings in total in Figs. 2 and 8) at positions
for the supply of solder bump 11.

(10) Then, the steps (6), (7) are repeated, whereby a
portion not forming the plating resist 6 is subjected to the
primary plating and the secondary plating to form flat pads 9



el ectroless plating may be used as the interlamnar insulating material. As
t he adhesive for electroless plating, a product obtained by dispersing
heat-resi stant resin particles soluble in acid or oxidizing agent into a
heat-resi stant resin hardly soluble in acid or oxidizing agent is optinmm
This is due to the fact that pot-like anchor can be fornmed on the surface
by renmoving the heat-resistant resin particles soluble in acid or

14 oxi di zi ng agent through roughening t &1l nprove the adhesi on property to
t he conductor circuit. In the above adhesive, the photosensitized

t her noset t iatg thesifim rabdatd esecompbidws Af64t ipadshdhosehsl) i aretl vildodesest i ng
resin and the er, l.astic _resi re desirabl e _a e. heat-resi stant resin
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Phot osensi (15 ThaPEaLL EPg TR TE ST Tte IParRoBTaErTe 16 (Ao Amherany
t he peel stirengitaldf inheasendficFigs ci2 and &.an be i nproved and t he
occurrence'Fflfragﬁ%n’ the surfaces of the pads 9 and the viaholes 8
formed in the item (10) are subjected to Ni plating and Au
plating in this order.

(12) Further, a photosensitive solder resist 10 is applied,
exposed to light and developed to form a layer 10 of the
solder resist provided with openings having a size larger than
the pad 9 and viahole 8 at poéitions corresponding to these
pads and viaholes. Concretely, the size of the viahole 8 is
175 pm, and the size of pad 9 is 100 um, and the opening size
of the solder resist 10 in the viahole portion 8 is 200 um,
and the opening size of the solder resist 10 in the pad
portion 9 is 125 pm.

{13) A solder foil is laminated on a polyethylene
terephthalate film, which is etched so as to leave solder
patterns at positions corresponding to the viaholes and the
pads. Then; the film is laminated so as to contact the solder
patterns with the pads and the viaholes and the solder is
transferred ontc the pads and the viaholes by reflowing under
heating to form solder bumps. Moreover, the ratioc of solder
amount in the pad portion to solder amount in the vizhole
portion is, for example, 190:210.

A diagrammatically section view of the thus cbtained
multilayer printed circuit board is shown in Fig. 1. The
illustrated multilayer printed circuit board is provided on
its rear surface side with multilayer wiring layers, which is
fundamentally produced in the same manner as described above.

“In the invention, a semi-additive process may be

adopted in addition to the above full additive process as the



in the viahole portion through heat cycle can be prevented.
Concretely, epoxy acrylate obtained by reacting epoxy resin with acrylic
acid, nmethacrylic acid or the |like and the conposite of epoxy acrylate and
pol yet her sul phone are favorable. As the epoxy acrylate, it is desirable to
react 20-80% of all epoxy group with acrylic acid, nethacrylic acid or the
i ke. I n the adhesive, the heatopesistant resin particles is
desirable to be selected from[err] heat-resistant resin powder having an
average particle size of not nore than 10 [err]m [err] aggregated
particl es mathed efi preduegengariid aivd tiilageof pRidbed arinjaunilty baggdegati ng
heat -resi stant resi nTRQV\deri_haaaq}p:qﬁ,an avera eiﬁaar‘t[aecl e Si.48.f not nore
than 2 [err]m [err] a nf SEurs EaP-PESPEL ant res}h povv&g? Ra®i ng an
aver age parsurflagesicfeanf i2edfl dreimarmizsdlhcihgr essst didyaredisn rpaghenedavi ng
an average payticl.e size of_not re.than g err] a q}'&ﬁ”h%l gal se
particles f%d’ngalggﬁcgaée'f? ng a‘?lﬁn%fsﬁlegﬁep Fkhré%tg‘l‘r'easirké It EEPRSBowder
and i nor gamvepawfal lhaurfigecanmsd & e tpant resesti ve fdrmeat omowe t han 2
[err] montaq_sur.face heat - r esj st ant, resji n.powde avi.ng. an _aver age
particle sipzoer'gcdfm"z-<> 0% sr??%%%%a e pt]‘r?‘etye%cEﬁ%‘“o?1 éc%%rﬁui 8 éi‘ﬁ‘é’ﬂgr. As
t he heat - r esidtaamporntésnnnotpHayming the resist is subjected to an

electrolytic plating of a thick thickness and then the plating

resist and the electroless plated film located therebelow are

removed to form a conductor circuit pattern.”

The multilayer printed circuit board develops the

following effects.

@. As seen from Fig. 1, the solder bumps are gradually

divided from the outside into stepwise underlayer conductor

circuits and connected to externalterminals located at the

rear surface side through each of the conductor circuits.

Therefore, the solder bumps are not required to be connected

to the external terminals through wirings drawn out from the

pads, and also the distance between the solder pads is

sufficient to have an approximately width capable of passing

one wiring. As a result, the high integration of chips (high

densification) can be realized., Furthermore, the wiring

length can be shortened, so that the transmitting delay

becomes small and a signal of high frequency can be

transmitted.

@. Since the group of metallic viaholes are formed in the

interlaminar insulating layer, there is cause no warping or

distorsion of the interlaminar insulating layer accompanied

with the curing shrinkage or thermal expansion of the resin.

Furthermore, the flat pads surrcund the outer periphery of the

viahole group so as to serve as a buffering zone, which can

control the occurrence of cracks surrounding the viahole group

forming zone (it is guessed by the difference of thermal



15 resin, amno resin (nelamne resin, urea resin, guanam ne resin) and
the like are favorable. Particularly, the solubility of the epoxy resin to
arbitrary acid or oxidizing agent can be changed by varying the kind of

ol i gonmer, kind of curing agent and crosslinking density. For exanple, when
bi sphenol A-type epoxy resin oligoner is cured with an am ne curing agent,
the resulting product is easily dissolved in the oxidizing agent. However,
t he product obtained by curing novolac epbky resin oligoner with an

i m dazol e curing agent is hardly dissolved in the oxidizing agent.

As the aci deisamd Forl NeddiE iicivart beBwedh et AFRHINRS BRRLLC £8EhIng zone
hydrochloric acid, sulfuric acid, formc acid or organic acid such as

acetic aci d@B8¢ e InsutatingnFeFRB3YR® organic acid is desirabl e because

it hardly c@rodes rioheaget 3F sepsiveiy 4y ofighxpengdri romdderiahol e after
t he roughenlnggtreatnent“ As the oxidizing agent, chrom c acid,

per manganat 8°F#RF RuTRn dedr HEn §EFEEE2 Y dtEde th Opani®ddsirrapf ethe

Particul arl ¥o1488Nrédies @i tald@S 1B rhsrdtgse! Med Al 3Mewedpalit obS
desirable to alternately conduct the roughenjn%_treatnent wth the acid and

the oxidi zi Kg2BgeRtconsidering |ther pasyfiion | dyeplanenandd ofi thait board

accordi ng tphbheméﬁwentixﬁrthit§1%dim:$rlaé&iaf'@inc_!t;ntSd“tﬁ‘Ié GeRYebn? BRYn bEF
plural . For gé?ﬁ |l e, there are the following tforns of the plural |ayers.

[err] Interf PRINE FHAS AF MRS 18F9Bwo? | S5RF LT RdttureE fFBePnEaldefween
the upper| apadl go6GPCLOmLtdHad widhd thBevigMBIdayedo that there is

caused no exposure of the conductor pattern resulting in the
position displacement or height lowering of the solder bump.

As mentioned above, according to the invention, there
can be provided a multilayer printed circuit board for the
mounting of flip chips capable of attaining the high
densification of the solder bumps and being. less in the
distorsion accompanied with the curing shrinkage of the resin
and the position displacement of the solder and having an
excellent mounting reliability.

Furthermore, the multilayer printed circuit board
according to the invention can control the occurrence of
cracks in heat cycle (can prevent wiring breakage) and is
excellent in the durability.

Moreover, the multilayer printed circuit board
according te the invention can shorten the wiring length and
is less in the transmission delay and low in the noise and can

be used at a high frequency zone.



conductor circuit, in which an adhesive for electroless plating formed by
di spersing heat-resistant resin particles soluble in aETﬁ‘UT-oxré+z+ng

agent into heat-resistant resin hardly soluble in ac i ng agent
is located at a side near to the upperlayer conducto ﬁﬂ @ E’
heat -resistant resin hardly soluble in acid or OXIdIZHngc

at a side near to the | owerlayer conducté%' circuit.

16 In this structure, there is ‘taused no shortcircuit between

| ayers even when the adhesive |ayer for electroless plating is subjected to
a rougheni Whatrbatekmimed dst] Interlaninar insulating layer of three-layer

structure formed bletme%}mlageﬂémﬁe&%%}w 1o ﬁ%{mﬁ@fﬁ%i,ﬁ%q' ayer

conductor circuit, in resin naterla ween the
Iomerlayerc@Bﬁdﬁ%@%ﬁr%ﬁﬁmnmqk§l§éya§ Fbr¥@mdk#YQﬂﬁaﬁgmmEdces thet he | ower

conduct or gi,EEHEL £&N8l L& drinlaltel igﬁiﬂae?ﬁggrdr@'ldé&‘i Ea?a sxﬂﬁierxa%‘”d a

| ayer of a heat-resistant resin rd y SO e in aci I ZI NG ent
f or med the#éﬁﬁraﬁﬂdf@ﬁﬁ4kﬂtQH1Q%ﬁﬁéétvenﬁoﬁ areun rofl @9§dprapadg haviregd by

solder bumps planarly arranged on an outermost surface of the
multilayer wiring layvers, characterized in that (1) the solder
pads located from first row to fifth row from an outer
position of the solder pad group are constructed with flat
pads connected to conductor pattefn located on the outermost
surface and solder bumps formed on the surfaces of the pads,
while the solder pad group other than these solder pads are
constructed with viaholes connected to flat innerlayer pad
group located in an inner layer and solder bumps formed in
recess portions of the viaholes, and (2) the solder pads
located from first row to fifth row from an outer position of
the innerlayer pad group are constructed with flat pads
connected to conductor patterns in the same layer as the
inﬁgrlayer pad group, while the innerlayer pad groups other
than the pads are constituted with flat pads connected to a
further innerlayer flat pad group located inward the above
innerlayer through viaholes, and (3) the layer having the
structure of the above item (2) is at least one layer.

2. A multilayer printed circuit board according to
claim 1, wherein the surface of the interlaminar insulating
layer forms a roughened surface having a surface roughness of
5-15 um.

3. A multilayer printed circuit board according to
claim 1, wherein the solder resist layer is formed on the
outermost surface of the multilayer printed circuit board and
the copening size of the solder resist is made larger than the
diameter of the flat pad and viahecle constituting the solder

pad so as not to overlap the solder resist with the pad and

This Sheet Has Been Rep
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is forned thereon. In this structure, the H‘smmﬂt“ﬁmlm\ erial is
bstrate

filled between the | owerl ayer conductor circuits t !
surface, so that there is caused no devel opnent in Ior bagedson”t he
scattering of the thickness. Further, when inorganic particles such as

silica or the like are incorporated in tfr2 filling resin material, the
curing shri kag{e gaE be decreased to prevent the warping of the substrate.
Mor eover , ne2Pree resin is desirable as the filling resin material,

and particularly salveAtmiy€rl BROXHrii@tleld ks rofl o rdesfdiringhes the
solvent is ysed, ,it js evaporated by heating_to cause_the interlam nar
peeling. (3)2Aft ér ¥ BrRHE ePAAHAST TaRES AgYPEyLF EOTRAMARP ithethe item
(2) is driefhtedthogReBuPGadOrbf Othd uliakQed® b¥iheLATEi PYuit HYarRXRAIUr €
and developg&nt in_case,of the photqgsensitive resin, or by thernosetting

and | aser IORGIRIC 8BS ofE t HE tIRdERF desitRg LEsPRde (9alkq% thame thgr f ace

of the intefilad@tedr ofNEHEAE1AE paY Ancd NW1dedoWstDtiiBEnPEE NGB 1RRAL | ON
for viahole ip the item (32: i s roughened, a catalyst nucleus is_applied
t hereto. pad so as to overlap the solder resist with the pad and the

wviahole.

»
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17 As the catal yst nucl eus, noble netal ion, colloid and the |ike
.are desirable. In general, palladiumchloride and palladiumcolloid are
used. Moreover, it is desirable to conduct the heating treatnent for fixing
the catal yst nucleus. (5) After the catalyst nucleus is applied in the item
(4), a plating resist 6 is forned. As the plating resist 6, use may
be made of commercially avail abl e produgks, but a conposition of an

i m dazol e curing agent and epoxy acrylate formed by reacting epoxy resin
with acrylic acid, methacrylic acid or the like, or a conmposition of epoxy
acryl ate, pol yet her sulthﬁéTéﬁﬂYFﬁ1%E&§ﬁ§P(ﬁﬁﬂqﬂjTé@QWFDhay be used.

In this case, the ratio of epoxy acrylate to pol yether sul phone is

desirable to be about 50/50-80/20. If the ratio_of oxy acrylate is too
large, the flexibility |ower #BSFRAFE PF T‘iEu%ISF&t?Sé’FFE t he

photosensitivity, heaLstaNefert Cpm&%d b&%bﬁianﬁ@ai& @&:\;ciusre%sas::aeée to
oxi di zi ng agent | ower. epoxy acr | ate, it is desirable to

react 20- SOGBQ)?t%qefeHHHrlbﬂﬁ%sw’vﬁ’tW FEYFECEQEPES ARt TR (SAbSEratrdbYr t he

like. If thﬂ@é‘fﬁé@l&oﬂafnilhbﬁlhé i:oqdﬂeg:hamtiherhildé@mtiﬂ@Iltawetrh&aagh CH

group becones hi and the hy sco |C|ty en it i.s too |ow,
t he resolut??ﬁ?qékﬂfsflrcult' g"&s ﬁé?ﬁnp?%§|WFV%Wﬁaﬁ§ﬁ8§§ resin

i's desirablsump® fleanaegl agralged emoXah rcﬁ‘uﬁdi'mbetaﬂﬁﬁfaéelﬁf hirgh in the

crosstl i g SETALY 309, SCFLLSNL LS che bl 308t ol S oo
from first row to fifth row from an outer position of the
solder pad group are constructed with flat pads connected to
conductor pattern located on the outermost surface and sclder
bumps formed on the surfaces of the pads, while the solder pad
group other than these solder pads are constructed with
viaholes connected to flat innerlaver pad group located in an
inner layer and solder bumps formed in recess portions of the
viaholes, and the soclder pads located from first row to fifth
row from an outer position of the innerlayer pad group are
constructed with flat pads connected to conductor patterns in
the same layer as the innerlayer pad group, while the
innerlayer pad groups other than the pads are constituted with
flat pads connected to a further innerlaver flat pad group
located inward the above innerlayer through vizaholes.

FIGURE 1

- \30""‘ FOTHIS SHEET HAS BEEN |
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not nore than 10% As the novol ac type epoxy resin, there are cresol
novol ac type epoxy resin and phenol novolac type epoxy resin. (6) A
portion not formng the plating resist 6 through the treatnment of the item

(5) is subjected to a primary plating. In this case, not only copper
pattern 7 but al so viaholes 8 are forned.
18 As the primary plating, an alloy plating using at |east tw netal

i ons sel ected from copper, nickel, cobalt and phosphorus is desirable
because this alloy is high in the strength and can inprove the peel
strength. In the primary el ectréf®ss plating solution, it is
desirable to use hydroxy carboxylic acid as a conpl exi ng agent formng a
stabl e conmpl ex with copper, nickel, cobalt ion under a basic condition.

In the primary electroless plating solution, a reducing agent for reducing
a nmetal ion to a nﬁggllic element is desirable to be at |east one substance
sel ected from al dehyde, " hypophosphate (call ed as aphosphi nate), hydroboride

and
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hydrazi ne. These reduci ng agents are soluble in water and excellent in the
reducing force. Particularly, the hypophosphate is desirable in a point of
preci pitating nickel. As a pH adjusting agent for adjusting the
basic condition in the primary el ectroless plating solution, it is
desirable to use at | east one basic conpound sel ected from sodi um
hydr oxi de, potassi um hydr oxi de and cal ci um hydroxi de. A hydroxy carboxylic
acid forns a conplex with nickel ion or the |like under the basic condition.
As the hydroxy carboxylic acid, citric } malic acid, tartaric acid and
the like are desirable. The concentratio f hydr oxy carboxyllc acid is
desirable to be 0.1-0.8M Wen it is less than 0.1M the sufficient conplex
can not be forned and the abnormal precipitation and |iquid deconposition
are caused. Wile, when it exceeds 0.8M the precipitation rate becones

sl ow and t he occurfignce of hydrogen is |arge. The primary

el ectroless plating solution is desirable to contain bipyridyl because

bi pyridyl can control the occurrence of netal oxide in the plating bath to

control the occurrence of noj Mor eover, er ion, nickel ion
and cobalt ion are $ £L0Ué {Otototbl LAL“LG
First row - —O & c—
Second row  ~-* -—-O
Third row ~— —Q T 0 Y Q
Fourthrow =—> —O O D OCOO0OOCQOQCO0OQ0CO0CQAQ
Fifth row - -~ =0 D000 00CO00GCO0OQOD0 c.p—
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19 supplied by dissolving conpounds of copper, nickel and cobalt such as
copper sulfate, nickel sulfate, cobalt sulfate, copper chloride, nicke

chl oride, cobalt chloride and the |ike. The primary plated film
formed fromthe electroless plating solution is excellent in the
followability'to the roughened surface of the adhesive |ayer for

el ectroless plating and traces the formof the roughened surface.
Therefore, the primary plated filmhas the sane anchors as the roughened
surface. Therefore, a secondary plated filmforned on the primary pl ated
filmensures the adhesion property omﬁng3ﬂé the anchors. For this end, the
primary plated filmis desirable to be a high strength plated film
precipitated fromthe aforenentioned el ectrol ess plating solution for
controlling the peel strength, while the secondary plated filmis desirable
to be high in the electrical conductivity and fast in the precipitation
rate and is preferably a plated filmprecipitated froma sinple copper

pl ati ng solution instead of the conposite plating solution. (7) A
secondary pl ating i§‘a§plied onto the primary plated filmforned in the
item (6) to formconductor circuits inclusive of viaholes. The plated film
t hrough the secondary plating is desirable to be a copper plated film

As the secondary electroless plating soluti@ad, it is desirable to use an

el ectrol ess plating solution gonpr,ising, copper, jon,,trial kanol am ne, -
reduci ng agent g@%tpH adjustiag aég tgb i gh ﬁf 3n ltraiion of copper
ionis 0.005-0.S JﬁﬂWrT*and he % dn i adj osti ng agent
is econd row - O
Third row ---- - ——o¥o olo—
©C O © O 0O 0 o0 o
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~-—Third row
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PR - -

0.25-0.35 mol /1, and the concentration of the reducing agent is 0.01-0.04
nmol /1. This plating solution is stable in the bath and less in the
occurrence of nojule. In the secondary el ectrol ess plating
solution, the concentration of trialkanol amne is desirable to be
0.1-0.8M The plating precipitation reaction nost proceeds within this
20 range. The trial kanol amne is desirable to be at | east one of
triethanol amne, triispanol anm ne, trinmethanol am ne and tri propanol

am ne because they are soluble in water. In the secondary

el ectrol ess plating solution, the reducinéfggent is desirable to be at

| east one of al dehyde, hypophosphate, hydroborate and hydrazi ne because
they are soluble in water and have a reducing force under the basic
condition. The pH adjusting agent is desirable to be at |east one of sodium
hydr oxi de, pot assiT#8 hyldr oxi de and cal ci um hydr oxi de. In this way,
there are formed conductor patterns conprised of the primary plated film
and the secondary pl ated

(a)

Wil‘iﬂg of

conductar pattern \\‘]Q w
\

(b)

Fig. 5




film innerlayer pad group connected through the upperlayer and viahol es
(32 pads in total fromthird and fourth rows in Fig. 1, 108 pads in total
in Figs. 2 and 8) and vi ahol e group for connecting to conductor patterns on
the core substrate (four viaholes in center of fifth rowin Fig. 1, 38
viaholes in total in Figs. 2 and 8). (8) Thereafter, the steps (2) and (3)
are repeated to forman interlam nar insulating |layer 5 having opening
portion for viahole (36 openings in total of rows other than first and
second rows in Fig. 1, 144 viaholes ingqgal in Figs. 2 and 8) for formng
sol der pad group on the upperlayer). (9) After the surface of the
interlamnar insulating |ayer is roughened and a catal yst nucleus is
applied thereto, a plating resist conposition is applied, dried, exposed
and devel oped to froma plating resist 6 having opening portions for the
formation of pagigndsviahole (100 openings in total in Fig. 1, 324 openings
intotal in Figs.”2 and 8) at positions for the supply of solder bunp 11.
(10) Then, the steps (6), (7) are repeated, whereby a portion not formng
the plating resist 6 is subjected to the primary plating and the secondary
plating to formflat pads 9 Solder pattern Film

Fig. 7

(a) . (b)

S Surrounding
side surface

Surrounding
side surface



21 at the first and second rows (64 pads in total) and viaholes 8 at the
.inside thereof (36 viaholes in total) in case of Fig. 1, or flat pads 9 at
the first, second and third rows (180 pads in total) and viaholes at the
i nside thereof (36 viaholes in total) in case of Figs. 2 and 8. (11) Then,
the surfaces of the pads 9 and the viaholes 8 fornmed in the item (10) are
subjected to N plating and Au plating in this order. (12) Further, a
phot osensi tive sol der resist 10 is applied, exposed to light and devel oped
to forma layer 10 of the sol der resistgpgovided with openings having a
size |l arger thap,the,pad 9 and viahole 8 at positions corresponding to
t hese pads and V|3ho es. Concretely, the size of the viahole 8 is 175
[err]m and the size of pad 9 is 100 [err]m and the opening size of the
solder resist 10 in the viahole portion 8 is 200 [err]m and the opening

size of the solder resist 10 in m (13) A sol der
foil is |am nated on a pol yet hyl s et ched so
as to | eave sol Eé’FStp%i‘f"t erns % |Ca-hol es and
t he pads. Then Setdrs fél M-+6 ej--patter ns

with the pads anﬂl&ﬁg@ylaholesaaa kp_lhe pads
and the vi ahol %U | owd n SN X oG TErE 'c@ reover,
the ratio of sold gnunt | OétbQS 8% gg
vi ahol e portion |s or ex Iy
section view qf > SPHE Tous™ o‘bt 0 ___.9_9._‘?.. 0%
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mul tilayer printed circuit board is shown in Fig. 1. The—1ttUsSTTared, .

ul ti’! a%er Bri nted circuit board is provided on its re rﬁwﬁéﬂll@eﬂ—% Ih
mul tilayer wiring layers, which is fundanmentally produged~tm thHe same | |
manner as described above. “I'n the invention, |asent-gddi®iye! |
process may be adopted in addition to the above full addiftive ‘process_mhs.
t he 22 et hod qf ‘producing the |
mul tilayer printed circuit board. The sem -additive process s 3

met hod wherein a surface of an interlamnar insulating résin layer 1s
roughened and subjected.to an el ectroless platin f a thin thickness over
a full sur?“é]cre‘)éﬁ)d’ra“bffé?? n]gaW§i'th?§a‘fthrrpﬁ§8dohga&}5’cﬁ titdnthF Fpider

el ectrol esgagyl abestda i dstlebor Bhogamonfucd divandwa fuant borouret: f ormi ng t he

resist is subjected n ctralyti | ati hi ¢k .t hickpess and
t hen the p? 3f*§b°nr eosfit ?{’ %aﬁgi(??'fte p%fje%f‘g%é)ea?se %g 3? téﬁé?%dm%llgéa{sg Qt her ebel ow
are renovedads ¢onmactegotducerductiorcpattens tlocated on the oWlermosti | ayer

printed cigaRELOOM S L1QUEL ORI @ ckRbl O NheLhhEBASes of the pads,
while the solder pad group other than these solder pads are
constructed with viaholes connected to flat innerlayer pad
group located in an inner layer and solder bumps formed in
recess portions of the viaholes, and (2) the solder pads
located in at least one and up to five rows from an outer position
o’ of the innerlayer pad group are constructed with flat pads
connected to conductor patterns in the same layer as the
innerlaﬁer pad group, while the innerlayer pad groups other
than the pads are constituted with flat pads connected to a
further innerlayer flat pad group located inward the above
innerlayer through wviaholes, and (3) the laver having the
structure of the above item (2) is at least one layer.

A typical structure of the above multilayer printed
circuit board is shown in Fig. 1. '

Thus, the invention proposes a novel construction of
solder pad groups in the multilayer printed circuit board for
mounting flip chip in which the solder pad group having pads
planarly arranged with solder bumps is formed on the outermost
surface of the multilayer wiring layers formed on the core
substrate by alternately laminating the interlaminar
insulating layer and the conductor éircuit.

The term “planarly arranged” used herein means not
only a method of arranging pads.at cell state in X-Y axial
directions as shown in Fig. 2 but also a method of arranging
pads at zigzag state every one in X-Y axial directions as
shown in Fig. 3. Particularly, the zigzag arranged form is
advantageous in a point that the wiring is easily drawn out

from pads of the second to fifth rows from an outer position



As seen fromFig. 1, the solder bunps are gradually divided_from.the
outside into stepw se underl ayer conductor circuits and corﬁnﬁgapﬂg\%m ouerT
externaltermnals |located at the rear surface side through jeag “of the. .
conductor circuits. Therefore, the sol der bunps are not requifed 19 be, ..o |
connected to the external terminals through wirings drawn out!fgdmftthe =¥ |
pads, and al so the di stance between the sol der pads is suffjclLent.t.o-have—
an approxi mately wi dth capable of passing one wiring. As a result, the high
i ntegration of chips (high densificatio can be realized. Eurthernore;—the—
wiring length c§r1fbe shortened, so that the transmtting delay becones

smal | and A si gRATS'BP i §R°¥F'equency can be transmitted. [err]. Si nce

t he group ef 7neCeppher patabohes are forned in the interlam nar insulating

| ayer, there is;causg ;N @@%& ng or distorsion of the interlam nar

i nsul ating | ayer acconpdni éd with the curing shrinkage or thernmal expansion
of the residn. FUkrr¢nghniwode the flat pads surround the outer periphery of

the viahol @ grogResM AAnk? SRIVE @R 10YLEEring zone, which can control the
occurrence of cracks surrounding thé viahole group formng zone (it is
guessed by 8 he BirEEreFesist t her mal

8 Viahole
9 Flat pad

10 Solder resist
11 Solder pad
N
DESCRIPTION OF PREFERRED EMBODIMENTS .

In the multilayer printed circuit board according to
the invention, the solder pads located in least one and up to
five rows from the outside of solder pad groups located on the
outermost surface of the multilayer wiring layers are
constructed with flat pads connected to conductor patterns on
the outermost surface and solder bumps formed on the surfaces
of fbeée pads, while the solder pad group other than these
solder pads is constructed with viaholes connected to
innerlayer flat pad group located inside the above pad group
and solder bumps formed in recess portions of the viaholes.

According to the above construction, pads in the solder
pads located from the first row to the fifth row from the
outside of the solder pad'groﬁp (e.élipads'ofhfirst, second
and third roﬁs in Figl 2) are connected to the conductor
patterns .on the outermost surface, which are electrically
connected to external terminals through wirings drawn out from
these pads. At the same time, the pads (e.g. pads of fourth,
fifth, sixth, seventh, eighth and ninth rows in Fig. 2) other
than the above solder pads located from the first to fifth
rows are connected to innerlayer flat pad group located in the

innerlayer through viaholes, which are electrically connected



23 expansion coefficient between the viahole group formmg-:
insulating resin layer). [err]. I n case of attainingitﬁé?hﬁ -
densification of the solder bunps, it is necessary that ther-openifig size
the solder resist is made larger than the size of the pad| o} .yi@hgleit®d
consi dering the position displacenent of the photonmask. Ih {hi's point
according to the invention, even if the opening size is nmad&-Targe,
greater part of the solder pad group is matched with the yiaholes, so t}
there is caused no exposure of the conduetor pattern resultiig in the

posi tion displacement or height |owering of the solder bunp. As
menti oned afR\&Xtegpedr Bery ned st Kbrov@ie iiirdngs tdd'e og&nTHR™ fiefeded a

nul tilayer pridt@edesl bedi! BERRAiEOr edd@onBBEESE Nhtdlerhki Bolidteacapabl e of
attaining the high_densjfication of the sol der bunps and being.less in the
di st or si on %Bﬁ‘girﬁ°§atw th theeaarimg ¥ URKEQSISF THE FEQT (FheafdtHids

posi ti on di aptacsiitteal té Nthes @ktebnancediad halls athraxte lkhenyi Fimygs i ng
reliability, Furthermore, . the .mul til.ayer inted, circujt hoard
according t 9 FHR THy & F‘o%hecé’nad%‘om‘%o? tf%é‘gog%é?lrl%%:e 6 tﬁ? apcidss i heat
cycle (can phevEhtswito figubtleaicage) whilk ithe prdel ¢ehwr ithanhthe uakadid i ty.

Moreover, {BeaBuLLl | ek BELD GHLofl EAUIVs diRAd 2RECAHdUISiod Mghd Nvent i on
I an IS e

can shorten.tﬁe wring length less in the transm ssion delay and
low i n the ABPSELAYRE ®aAS. behige@rat cartrfieds teqhbacstasmel terminals

through the wirings drawn ocut from these innerlayer pads.

In the invention, therefore, the wirings for the
connection to the external terminals are seguentially drawn
out from the respective innerlayer pads instead of the
conventional structure that all wirings are drawn out from the
solder pad group on the outermost surface, so that it is
sufficient to ensure a region capable of passing four wirings
at most as the distance between the pads and it is possible to
attain the high densification of the solder pads.

In the multilayer printed circuit board according to
the invention, the solder pad group other than the solder pads
located in at least one and up to five rows are constructed with the
viaholes connected to the flat innerlayer pad group located in
the innerlayer and the solder bumps formed in the recess
- portions of the wviaholes.

Therefbre, the multilayer printed circuit board
according to the invention has a structure that a metal column
is embedded in the interlaminar insulating layer, so that the
deformation of resin through curing shrinkage is small as
compared with the conventional structure of merely arranging
the flat pads on the ocutermost surface. As a result, there is
caused no distortion or warping of the substrate in the
multilayer printed circuit board according to the invention.

Furthermore, according to the above structure of the

solder pads, the amount of solder can be increased and hence



24 What is clained is: 1. A multilayer pr+n&ed~0erULt
board conprising a core substrate, nutilayer wiring |ayers

core substrate by alternately lamnating an interlam nar in
and conductor pattern and a group of sol der pads having sol
pl anarly arranged on an outernost surface of the nultilayer
characterized in that the group of solder pads includes an jou
group and an inner |ayer pad group, wherein the outer
group includes solder pads |located in at; | east two and up tofrverows—fronr

e
et |ayC| pat

Iayer pad

an outer position of the solder pad group having flat pads each connected
to an outemmgsaccondUEM@mnpabgei$lénaba?édbzwatSﬁifoatégmmsﬂ:g@f&ace and

havi ng sol der,, RynRsef f98e59é3£ﬁ§§ of the sol der pads, wher ei n
sol der pads other t an t sol der pads connected to the conductor pattern
on the outernost stre¢ a‘@@hpé?rr?t’ﬁ%r imgeito| BRRripeptyPBulps angtructurewherein

the inner |@uer sRadpdhiaUP 1%0&"9Hn§@su5%@eineaﬂﬁmma@hlag@lmmae@hgert0
vi ahol es connected to flat inner gég | pcated on.one of a_first inner

| ayer and &t° PSasP SW?%rtthﬁell“Pﬁﬁ qu e reddiete L burb&aféiing f or med
in recess painin @s eie&flsheméllabobdﬁsecﬁﬂm@ itR8ei niénlafyepagdag@rdim conpri si ng

stglsldf[ oﬁagfs ?rh:gjaé%t%%elf:{]fg%tlr %%Stthgngur ace gft ghefe':\./neter \Qsmlgzl;om an outer
insulating layer. The solder pad according to the invention
is formed by filling solder in the recess portion of the
viahole. Therefore, the invention is not a technique of
electricaliy connecting the innerlayer pad to the conductor
circuit on the surface of the interlaminar insulating layer
through the solder as disclosed in JP-A-4-337695. When the
solder is directly contacted with the insulating resin layer
as disclosed in JP-A-4-337695, the degradation of resin is
caused due to diffusion of lead. Furthermore, the wetting
between resin and solder is poor, so that there is caused a
drawback that the viahole constituted with the solder is
easily fallen down. In the invention, the viahole is made
from the metal film and the solder is filled in the recess
portion of the viahole, so that there is no degradation of
resin nor falling of viahole.

) In the multilayer printed circuit board according to
the ‘invention, only the pads constituting the solder pads
located in at least one and up to five rows in the solder pad group
are not viaholes but are flat pads. Thus, these flat pads are
rendered into a buffer region, whereby the occurrence of
cracks due to the difference of curing shrinkage or thermal
expansion coefficiént between the region of viaholes and
region of interlaminar insulating laver can be controlled.

Another feature of the multilaver printed circuit board
according to the invention lies in that the pad group located

from the first to fifth rows in the innerlayer pad group



pad group that are connected through the viaholes to flat pads- Cﬂpﬂectea”f”
conductor patterns on the first inner layer, while SO|derlﬁ&éS“OT”r%b j

| ayer pad group other—than—the—sotder pads connected to f a--ﬁadS"Cbhnected'

to conductor patter i nner |ayer are connecﬂe gp?owgh b i l
vi aholes to flat p iﬁﬂ@%ﬂh m Mﬁﬂﬂe at least one further|i Iaye[__’_a__‘__j
| ocated i nward reI St i nner |ayer. | —— The!

mul tilayer printed circuit board according to claim1, wh rein the I
interlam nar insulating |layer conprisesz;g@ roughened surface—traving a
surface roughness of 5 to 15 [err]m 3. The nultllayer
printed ci kgt 3 gog{gﬂﬁgfqrdlng to claim1, wherein an outernost surface of
the nultilayer printe rcuit board conprises a solder resist |ayer, and
wher ei n an openi nglef 4 mulsdlaver mrdnsed| aifenideborhdnceommiizieger of a

cor r espondi ggrd |sabsBagtaN Gt itangl & ler@néoiéjﬁérso%@rﬁedaénttﬁxenm overlap the

sol der resist on the correspondin at pad "and vi ahol e.
25 substrate by alteggatelygaamlnatgng an interlaminar insulating

layer .and conductor circuit and a group of solder pads having
solder bumps planarly arranged on an outermost surface of the
multilayer wiring layers, characterized in that (1) the solder
pads located in at least one and up to five rows from an-outer
position of the solder pad group are constructed with flat

s pads connected to conductor pattern located on the outermost
surface and solder bumps formed on the surfaces of the pads,
while the solder pad group other than these solder pads are
constructed with viaholes connected to flat innerlayer pad
group located in an inner layer and solder bumps formed in
recess portions of the viaholes, and (2) the solder pads
located from first row to fifth row from an outer position of
the innerlayer pad group are constructed with flat pads
connected to conductor patterns in the same layer as the
inﬁgrlayer pad group, while the innerlayer pad groups other
than the pads are constituted with flat pads connected to a
further innerlayer flat pad group located inward the above
innerlayer through viaholes, and (3) the layer having the

e/ structure of the above item (2) is at least one layver.

2. A multilayer printed circuit board according to
claim 1, wherein the surface of the interlaminar insulating

layer forms a roughened surface having a surface roughness of
5-15 pm. '

3. A multilayer printed circuit board according to

claim 1, wherein the solder resist layer is formed on the
outermost surface of the multilayer printed circuit board and
the opening size of the solder resist is made larger than the
diameter of the flat pad and viahole constituting the solder

pPad so as not to overlap the solder resist with the pad and

heet Has Been Replaced THES S mF T IMS BEEN |

T s




4. : The rnn—ul—ayeiL—pH—n{—ed—c-:l rcuit board according-tao claim.l,

wher éi n an out er npst mul tilayer printed ci rcp[fan@pm{qT S}Jk:'
conprises a sol der g“g @HM[M‘ E wherei n an openi ng of
resist is smaller t a corresponding flat p d apd Mga QJ ea
of a solder pad so as to overl ap the sol der resist on thejc r e ghdl*ﬁ@4 J
flat pad and vi ahol e. he nmultil ayer pri ed-e+r—~e»u44—--«
board according to claima1, vvherel n the inner |ayer pad gnoup conpri sing

sol der pads located in at |east one and up to five rows fremafr—otuter—m——-
posi tion of Whatj hﬁe?l‘?%ﬂ%? ¥&d group conprises a plurality of rows from an

outer position. The il r|nted circuit board
according to claih 2, mhereﬁaWY‘H'r%'fn %‘% BEBIPE ng sol der
pads | ocated sulilstéﬁte,l MRakilayen aviting layers FormhetEon A6 céd@osmb@ﬁaﬁubﬁ altpasidly on of

bosi tion  IsminBfy dh SeSai S%wﬁ%ﬁ%ﬁn hrfeete Wech AR RarBb ok
accor di ng t oseldest pads hawingselder binaps plaaarly apmangedbeh ap outprmestpurfscenf thel der

pads | ocat edd‘ﬂﬁﬁgcfl .and up to five rows froman outer position of
the inner |ayer group corprises a plurality of .rows froman outer

posi ti on. chgracterized in that ghe giounyef solder pads)includésap opier inyer
accordi.ng t opad gtdiptanddifinsinlaf ldryib&i | ayer pad group conpri si ng sol der

Phe inner | ayer palegTbls BT Eﬁaffazmnéﬁﬁf'?@v sphdef Gl °“fsﬁaﬂ%33' T
posi tion. two and np to five rows from an outer position of the solder pad group having ﬂat
pads each conxnected to an outermost conductor pattern located on the outermost
surface and having solder bumps formed on surfaces of the solder pads,

wherein solder pads other than the solder pads connected to the conductor
pattern on the putermost surface form the inner layer pad group, and

wherein the inner layer pad group comprises solder pads which are
connected to viaholes connected to_flat inner layer pads located on one of a first
inner layer and at least one further inner layer with solder bumps being formed in
recess portions of the viaholes, the inner Iayer pad group comprising selder pads
located in at least one and up to five rows from an oufer position of the inner layer
pad group that are commected through the viaholes to flat pads comnected to
conductor patterns on the first inner Iayer, while solder pads of the inner layer pad
group other than the solder pads connected fo flat pads connected to conductor
patterns on the first inner layer are connected through the viaholes to flat pads
located on the at least one further inner Iayer located inward relative to the first
inner layer.

2. The multilayer printed circuit board according to claim 1,
wherein the interlaminar insulating layer comprises a roughened surface having a
surface roughness of 5 to 15z m.

3. The multilayer printed circuit board according to claim 1,
wherein an outermost surface of the multilayer printed circuit board comprises a
solder resist layer, and wherein an opening of the solder resist is larger thar a
diameter of a corresponding flat pad and viahole of 3 solder pad so as to not
overlap the solder resist on the corresponding flat pad and viahole.



e

9. ' The rrultll—&ye'r‘prlnted circuit board according tao.claim.l,. )
wherein the inner |ayer WW\‘@l ses sol der pads whi cth{[ﬂg‘H; mmef;‘t‘ﬂﬁ' !
to vi ahol es connect ed ﬂmm‘“m er pads | ocated on a_ =y o
further, inner |ayer. » ¢ L10 The nultilayer prii tg@ «ClrlGUlsbn ‘
board according to claim2, wherein the inner |ayer pad grqgu rfrprul's’e*s“‘” :
sol der pads which are connected to vi %ol es connected to flja -nner—-—l——aye1=~-—---‘
pads | ocated on at |east one further i“mnher |ayer.

26 11. The nultilayer printed circuit boarid-aeceredtngto

claim 3, wherein jhe inner . I whi ch are

connected to ,vi ahol es con#hg%{ﬂcji lgggf&h?g@uner : g?/ggﬁpgﬂglt%?gtﬂg on at

| east one f umhbesin anogtermagtesurface of the multifayer printed cirmgit haard icpmpEsesH i nt ed

circuit boar gugGCrisfit fhﬁ}ef- Gnd!vtheRifl-an opening of the solder resist is smaller than a
diameter of a corresponding flat pad and viabole of a-solder pad s as to overlap

the solder resist on the corresponding flat pad and viahole,

5. The multilayer printed circuit board according to claim 1,
wherein the inner layer pad group comprising solder pads located in at least one
and up to five rows from an outer positics of the inner layer pgd grbup comprises
a plurality of rows from an outer position.

6. The multilayer printed circait board according to claim 2,
wherein the inner layer pad group comprising solder pads located in at least one
and up to five rows from an outer position of the inner layer pad group comprises
a plurality of rows from an outer position.

7. The multilayer printed circuit board according to claim 3,
wherein the inner layer pad group compnsmt, solder pads Iocated in at least one
and up to five rows from an outer posxﬁon of the inner layer pad group comprises
a plurality of rows from an outer position.

8. The multilayer printed circuit board according to claim 4,
wherein the inner layer pad group comprising solder pads located in at least one
and up (o five rows from an outer position of the inuer layer pad group comprises
a plurality of rows from an outer position.

A

9, The multilayer printed circuit board according te claim 1,
wherein the inner layer pad group comprises solder pads which are connected to
viaholes connected to flat inner layer pads located on at least one further inner
layer,

10. The multilayer printed circuit board according to claim 2,
wherein the inner layer pad group comprises solder pads which are connected to
viaholes connected to flat inner layer pads located on at least one further inner
layer.



wherein the inner layer pad group conprises solder pads which are connected
t o vi ahol es connected to—ftat—iTiner |ayer . pads |ocated on %IE L@ﬂﬁ BNG, o
further inner | aye Mﬁ‘m‘“ The nul tilayer plrint rt’w
board according to m ‘m‘u“ the sol der pads which afe connected to
vi ahol es connect ed cdat i hnet I"ayer pads |ocated on atj | eadt ¢ §35Rt her
I nner | ayer conprises a plurality of ro of sol der pads. 14. i
The nmultilayer printed circuit board according to claim 10, wherein the
sol der pads which are connected to viahol es connected to iflat._inner ] ayer
pads | ocated on at, | east I sty of
rows of sol der @11 O’f‘fe&xgﬁ&ﬂ%r bﬂﬂﬁzﬁh&%{ P&%ﬁps&% t‘gdaéilﬂr gﬂut
boar d accordmrftmthﬂmnmbfer m@geawmrm Gﬂdetmﬁﬂg W‘a@émé@ﬁﬂlé?;t ed to
vi ahol es congpghid cbﬂnéchﬁtto' agmwgs%q&s%n&mepmfurther
I nner | ayer conprises a |ty o pads

The mul til ay@yeﬁrl nt ed CI rcw t board accordl ng to claim12, wherein the

sol der pads which are connected to vi ahol es con'nect ed to flat I|nner Iayer

pads | ocated on at,| east fur i nn aye r| se a ty of
rows of sol der il% O-PEe 37” prin gﬂ,@'%ﬂ{ ttgaé‘%'ﬁ ui t
board accordmhgrmmthel e lhyemm glmptdompriswmldqrapmlsaﬂﬁdaammdctzd drag in

R e et Kot e Rt

ayer.

13, The multilayer printsd circuit board according to claim 9,
wherein the solder pads which are connected to viaholes connected to flat inner
layer pads located on a¢ least one further inner layer comprises a plurality of rows
of solder pads.

4. The maltilayer printed circuit board according to claim 10,
wherein the solder pads which are connected to vizholes connected to flat inner
layer pads located on at least one further inner layer comprises a plurality of rows
of solder pads.

15. The multilayer printed circuit board according to claim 11,
wherein the solder pads which are connected to viaholes connected to flat inner
layer pads located on at least one further inner layer comprises a plurality of rows
of solder pads.

16. The multilayer printed circuit board according to claim 12,
wherein the solder pads which are connected to viaholes connected to flat inner
layer pads located on at least one further inner layer comprises a plurality of rows
of solder pads.

17. The multilayer printed circuit board according to claim 1,
wherein the solder pads are arranged zigzag in an X-Y direction on the outermost

surface of the multilayer wiring layer.

18. The multilayer printed circuit board according to claim 2,



27 wherein the soLder-_pads—ar—e—aHﬁﬁged zigzag in an X-Y Pingeg;\ pﬁ @;n Qtsh

out ernost surface wring |layer.

mul il ayer print ed ’!!“g “rmg @ ording to claim3, whe e n the., pl_ger
pads are arranged Ln w@n sX- ¥ di rectlon on the outer sur‘%‘
the nultilayer wiring |ayer. The nul tj E-)L@lf-—-pl’—l—niu&d-
circuit board according to claim4, V\/nerel t he sol der pagds are arranged

zigzag in an X-Y direction on the outernmost surface of the—uhtttayer-———
Wi ring |ayer.wherein the solder pads are arranged zigzag in an X-Y direction on the ontermost

surface of the multilayer wiring layer.

19. The meltilayer printed circuit board according to chim 3,
wherein the solder pads aré arranged zigzag inan X-Y dxrecuon on the oufermost
surface of the multi[ayer wmng layer.

20. * The multilayer printe'd circuit board according to claim 4,
wherein the solder pads are arranged zlgmg in an X-Y direction on the oufermost
surface of the multilayer wiring layer.

Hmtze v, St e e i b et
i
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MULTILAYER PRINTED CIRCUIT BCARD

ABSTRACT OF THE DISCLOSURE
A multilayer printed circuit board comprises a core
substrate, multilayer wiring lavers formed on the substraée by
alternately laminating an interlaminar insulating layer and

conductor circuit, and a group of solder pads having solder

bumps planarly arranged on an outermost surface of the
multilayér wiring layers, in which the solder. pads located
from first row to fifth row from an outer position of the
solder pad group are constructed with flat pads connected to
conductor pattern located on the outermost surface and solder
bumps formed on the surfaces of the pads, while the solder pad
group other than these solder pads are constructed with
viaholes connected to flat innerlayer pad group located in an
inner layer and solder bumps formed in recess portions of the
viaholes, and the solder pads located from first row to f£ifth
row from an outer position of the innerlayer pad group are
constructed with flat pads connected to conductor patterns in
the same layer as the innerlayer pad group, while the
innerlayer pad groups other than the pads are constituted with
flat pads connected to a further innerlayer flat pad group

located inward the above innerlayer through viaholes.
FIGURE 1



