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MULTI LAYER PRI NTED CI RCU T BOARDS BACKGROUND OF THE & :
I'NVENTI ON Field of the Invention The present invention FC2759-3

relates to a nultilayer printed circuit board, and nore particularly to a
mul tilayer printed circuit board for the nmounting of flip chips capabl e of
reduci ng the nunber of wiring |ayers while naintaining high density
packagi ng property on a surface of a wiring substrate.

Description of Related Art In thelnul tilayer printed circuit board

for the nounting of _ flip ﬁ{)#ﬂn g:rggok;&éﬁtm%plcq?{aﬁald%&%g;?by_ arrangi ng

many pads each provided w a solfder Dbump 1sTormed on a unting surface.

In general, the solder pad group is constructed sol der pads having a

structure that sphere-shapedaﬁekgﬁbukﬁ b Re: q¥56 ce of a flat and

di sc- shaped conductor called as a nounting pad {or an&? electrically

connected to a given Ebelldcbfr that Tavendficn

The present invention relates to a multilayer

printed circuit board, and more particularly to a
multilayer printed circuit board for the mounting of
flip chips capable of reducing the number of wiring
layers while maintaining high density packaging property
on a surface of a wiring substrate.

Description of Related Art

In the multilayer printed circuit board for the
mounting of flip chip, a group of solder pads formed by
arranging many pads each provided with a solder bump is
formed on a mounting surface.

In general, the solder pad group is constructed
solder pads having a structure that sphere-shaped solder
is formed on a surface of a flat and disc-shaped
conductor called as a mounting pad (or land)
electrically connected to a given conductor pattern of a
wiring substrate through surface tension, which is
electrically cpnnected; for example, to an external
terminal for mounting a package onto a mother board or
the like through given wiring drawn from the mounting
pad.

In such a structure of the solder pad group,
however, the solder pads located in an inner side of the
solder pad group are required to'electrically connect
the conductor pattern connected to the mounting pad
through wirings arawn from pads, which are located
outside the mounting pads at a biased state, to the

external terminals. Therefore, the distance between the



Wi ring substrate through surface tension, which is electrically connected,
for exanple, to an external termnal for nounting a package onto a nother
board or the like through given wiring drawn fromthe nounti ng pad.

In such a structure of the solder pad group, however, the sol der pads

| ocated in an inner side of the solder pad group are required to
electrically connect the conductor pattern connected to the nounting pad

t hrough wirings drawn from pads, which &re | ocated outside the nounting

pads at 2 bi 23S 13tEnek ndle U Y lod i ELond " SFOLfe Ll gt ance

bet ween t he AgaP to the
out er peri phesuybgftrialte \isr inegndirest rtad surelneqtakedat pegiiorl y t ake a region
corresponding to the width qQf the wi.rj hence there i.s caused a

bl om of | MAEPRESBRETHLON (R Sl ISHIDIOR WO (ERFENE RO BRRES ENERE)
difficult. is causkd b iprdbllea s mLk d atie thEghi fhtégiadiahi e of the

el ectroni ¢ conponents (chips) in the above structure of the sol der pad
group, the wi FLRFEFANLS SIMPIRANES i (RPARRY IRMWEELEWLEF requency of causing

failure If it is intended to attain the high integration
of the electronic components (chips) in the above
structure of the solder pad group, the wiring pattern is
made fine and hence the frequency of causing failure
places becomes high. In the buildup wiring board
forming the wiring layers every one layer, it is
difficult to confirm the failure in the production
course, so that if the failure is caused even at one
place in each wiring layer, the wiring board as a final
product becomes failure and the good laminated material
should be disposed and hence there is a problem of
facilitating the deterioration of production efficiency
and production yield.

When the multilayer printed circuit board for
mounting flip chips is particularly manufactured by the
buildup method, it is necessary to attain the high
integration of electronic components and at the same
time the reduction of the wiring layer number in order
to cope with the mass production without deteriorating
the production efficiency and ﬁhe production yield.

SUMMARY OF THE INVENTION
It is, therefore, an object of the invention to
provide a multilayer printed circuit board for mounting
flip chips which can realize high integration (high
densification) of solder pads and reduce the number of
wiring layers while maintaining high density packaging

property on a surface of wiring substrate.



pl aces beconmes high. In the buildup wiring board formng the wiring | ayers
every one layer, it is difficult to confirmthe failure in the production
course, so that if the failure is caused even at one place in each wiring
| ayer, the wiring board as a final product becones failure and the good

| am nated material should be di sposed and hence there is a probl em of
facilitating the deterioration of production efficiency and production

yi el d. When the nmultilayer printgd_circuit board for nounting flip

chips is particularly nyf red.by the. buil du t.1S_necessary
to attain the high ian%rngbhggF'@%&nﬂ%ﬁﬁéw%%ﬁg%%g%ggg%%ﬁ at ?ﬁgegane
time the redutbi achdkbviehehs mboyd Biejeatundred as ardesuld e¢hpe Wth the
mass productign mﬁ%pout deteriorating the production efficiency and the
product i on yi &pyention has been acc OF THE | NVENTI ON I't

i's, therefore, an obj pekoldinke Ho Y iitréwt D60y Ree Nkt thayer printed
circuit board for mounting flip chips which can realize high integration
(hi gh densi f i EXOVSF) ¥ Po @ lHdaver PebRtedt KRrhBgoBPasR wiring | ayers
whi | e mai nt ai gofpriisihgienddoe PATKSEEAe PrREEEL Ya@Braws i haCRadkry i ng
substrate. formed thereon by alternately laminating interlaminar
insulating layers and conductor circuits and a solder
pad group formed by two-~dimensionally arranging pads
provided with solder bumps on the surface of the
multilayer wiring layer, characterized in that the
solder pads of the solder pad group are arranged in only
a peripheral portion other than a central portion to
form a frame shape and the solder pads located at the
outside part among the frame-shaped solder pad group are
constructed with flat pads each connected to conductor
pattern on their surface and solder bumps formed on the
surfaces of the flat pads, while the solder pads located
at the inside part are constructed with viaholes each
connected to an innerlayer flat pad group located in an
innerlayer and solder bumps formed in.recess portions of
these viaholes.
In the multilayer printed circuit board
according to the invention, it is desirable that the
solder pads located at the ocutside part of the solder
pad group are solder pads located in first to fifth rows
viewed from the outermost periphery, and it is desirable
that the interlaminar insulating layer has a roughened
surface having a surface roughness of 5-15 um.
Furthermore, it is desirable that a solder
resist layer is formed on the multilayer wiring layer
and an opening size of the solder resist is made larger

than a diameter of each of the flat pad constituting the



- 3 - The i nventor has made various studies in order to achieve the
above object and as a result the invention has been acconpli shed.

According to the invention, there is the provision of a nultilayer printed
Wi ring board conprising a core substrate, nmultilayer wiring |layers forned
thereon by alternately lamnating interlam nar insulating |ayers and
conductor circuits and a sol der pad group fornmed by two-di nensionally
arrangi ng pads provided with sol der bunps_on the surface of the nultilayer
wiring |ayer, characterlzed in that the sol der fads of the sol der pad group
are arranged #Rdokh¢ ¥ipbeilghscarspdat die AYRFL3PEhe sekder resiston to

forma frame §Q§Hetﬁgdf§gg igbp@&|%y354fgﬁgfglal the outside part anong
t he frame-shaped sol h éigroup are constructed with flat pads each
pat,t

connected to conducto? e dnvemdiions pryepeses B skeves thankure opfied on

t he surfaces QE tggégé?tﬁg%pghcﬁgilea,%ﬁiéﬁ%€€%1%§g§ % nggg ir&ﬂf I nsi de

part are construct n | NNer ayer F at pad

group Iocatedbbardnfbwnmnhmpmngmﬁiunﬂqhﬂp&nmmmptnsnnd ther eores portions
of these viahgl

according to Fﬁggtﬁvtﬁf < Wpﬂg§#ﬁi§¢2é‘ i %a%%% Eé%§§§t5§8§r?ocated at
t he outside palte@hath&ysab&mmaxﬂhqnthg)fmgesbéﬂfnapaﬂgshpaaiﬁd in first
7o e DI S SATOS  PELLPEE Yoo Be Lof 3a505701 © Pt

group formed by two—dimensionally arranging pads

provided with solder bumps on the surface of the

multilayer wiring layer. '

The term “two-dimensionally arrangement” used
herein includes not only a method of arranging pads in
form of network in X-Y directions as shown in Fig. 2(a)
but also a method of arranging pads zigzag in X-Y
directions as shown in Fig. 2(b). Particularly, the
zigzag arranging form is advantageous in a point that
the wiring can easily be drawn out from the inside pad
toward the ekternal terminal.

The invention is optimum to have a structure
that the arrangement of the solder pad group takes a
zigzag form as shown in Fig. 1(b) and the solder pads
located from the outermost row to a third row in the
solder pad group are connected to conductor patterns on
the surface of the multilayer wiring layer.

In order to draw out the wiring from the solder
pad group in such a structure, it is favorable that the
conductor patterns to be connected to the pads of the
second and third rows are arranged so as to divide a
distance between the pads of the outermost row (first
row) into three equal parts and further the conductor
patterns to be connected to the pads of the third row
are afranged so as to divide a distance between the pad



surface having a surface roughness of 5-15 pm Furthernore, it is
desirable that a solder resist layer is forned on the nmultilayer wiring

| ayer and an opening size of the solder resist is nmade larger than a

di aneter of each of the flat pad constituting the

- 4 - and the viahole so as not to overlap the solder resist with the flat
pad or the viahole. Thus, the invention proposes a new structure of
the solder pad group in the nultilayergprinted circuit board for nounting

flip chips conprising the core substrafe, the nmulti er wring |aye
formed by al t'éfn‘éb@l irghi BeK RS kb mash (ofithe #?-&%ﬂ*%t’r’?hj +:§ §°‘e{nd t he

conductor cirg ?gg the sol der pad group formed by two- dlnenS|onaIIy
arrangi ng pads prov 5 with sol der bunps on the surface of the nultilayer
wiring |ayer. The term "two-di mensionally arrangenent” used herein

i ncludes not only a nethogRggpab@g@ﬁﬂyynaukbprwﬁgwgngﬁIN@gmork in XY
directions as shown in Fig. 2(a) but also a nethod of arranging pads zigzag

in X-Y directions as FhewAnventign i)l hmdeseriped, wika refeérence
to the accompanying drawings, wherein:

Fig. 1(a) is a diégrammatically section view of
a first embodiment of the multilayer printed circuit
board according to the invention;

Fig. 1(b) is a schematic view illustrating a
wiring state from solder pads on a surface of a wiring
layer;

Figs. 2(a) and (b) are schematic views
illustrating solder bumps arranged in form of network
and zigzag, respectively;

Fig. 3 shows a multilayer printed circuit board
having a sélder pad group arranged on a surface of a
multilayer wiring layer in form of full grid matrix, in
which (a) is a view illustrating a connected state of
innerlayer wirings and (b) is a view illustrating an
arrangement of solder bumps:;

Fig. 4 shows a multilayer printed circuit board
according to the invention, in which (a) is a view
illustrating a connected state of innerlayer wirings and
(b) is a view illustrating an arrangement of solder
bumps ;

Fig. 5(a) is a view illustrating an opening
state of a solder resist on a flat pad;

' Fig. S5(b) is a view illustrating an occurrence
of position displacement of a solder bump in the flat
pad;

Fig. 6(a) is a view illustrating an opening

state of a solder resist in a viahole;



zigzag arranging formis advantageous in a point that the wiring can easily
be drawn out fromthe inside pad toward the external term nal. The
invention is optimumto have a structure that the arrangenent of the sol der
pad group takes a zigzag formas shown in Fig. 1(b) and the sol der pads

| ocated fromthe outernost rowto a third rowin the solder pad group are
connected to conductor patterns on the surface of the multilayer wring

| ayer. In order to draw out the wiring fromthe solder pad group in
such a structure, it is favorable that™ tthe conductor patterns to be
connected to the pads Rifgi rﬁa(l:s)emmavﬂewmlﬂusbmtang aor acgadreacas to

divid di b ds of,th
i e cqual path PETHETN (RATPERESRONBUE oPOBAP o PHERL 57 M BoMABRENE 4 o 1 he

pads of the third rowRie. a7rﬁngaedvsewasuosdratdagafdmbascefbeb\aa@rthe

ad -5 - the first row and the pad of
?he second r o3I R APEQ AR PReRing of a S°Rder resist in solder '

transferring method;

Figs. B8(a) and (b) are views illustrating
formation of solder bump in the presence or absence of
solder resist, respectively; and

Fig. 9 is a schematic view illustrating an
arrangement of solder bumps when the solder pad group

arranged in a frame form has an octagonal shape.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The multilayer printed circuit board according

to the invention lies in a structure that the shape of
the solder pad group formed on the surface of the
multilayer wiring layer is a frame (ring) arranging the
pads in only a peripheral portion other than a central
portion and the solder pads located on outer portion
among the frame-shaped solder pad group, desirably
solder pads located from an outermost row to fifth row
are constructed with flat pads connected to conductor
patterns on the surface and solder bumps formed on the
flat pads, while the.solder pads located in the inside
portion other than the above solder pads are constituted
with viaholes connected to flat ihnerlayer pad group

- located in the inner layer and solder bumps formed in
recess portions of the viaholes.

In such a structure, the flat pads located from
the first to fifth rows among the solder pads of the
solder pad group (e.g. pads from first, second and third
rows in Fig. 1) are connected to the conductor patterns

on the surface and electrically connected to external



BRI EF DESCRI PTI ON OF THE DRAW NGS The invention wll be described
with reference to the acconpanyi ng draw ngs, wherein: Fig. 1(a) is
a diagrammatically section view of a first enbodi nent of the multilayer
printed circuit board according to the invention; Fig. 1(b) is a
schematic viewillustrating a wiring state from sol der pads on a surface of
a wring |layer; Figs. 2(a) and (b) are schematic views illustrating
sol der bunps arranged in formof netwsrR and zi gzag, respectively;

Fig. 3 shows a nultilayer printed circuit board having a sol der pad group
arranged on atemminadsoflogatelt cudsddeniaf the sekden padngoéupul | grid
matrix, in whi ' _ew 1l ]us td stgte ' rlayer
Wi rings and (%ﬁQPégg b?g%Pﬁflg%??éﬁf%g?é%gg??gﬁ%%%gﬁég%f s%#d%ﬁébéﬁgg;

Fig. 4 shows &imel,tithaypadsr iothet diharuithédossldencpadsi hgcabethfrom

invention, in_which (a).i.s,a view illustrati a gonngect ed, te_qf

i nner | ayer mﬁf%ﬁj? d%lfﬁpiﬁ?%f\ﬁ%ﬂﬁiIﬁﬁé%réﬁb%gfﬁﬂrgﬁragbg nanf sol der
bunps; sixkthg rowisain ¥ig.vilgwdrnd Usdrirddgd ato OpRAI Batstate of a

sol der resist .on a_flat pad; Fig, 5(b).is . a viewillustrating an

occurrence of-PRGTIAYET ISFOMR: oA teA S dEbe pliRpeFnleKers Fhroughy;
Fig. 6(a) is &hd @Wahldlest atd RO B PRQN Y cShRb8t8H 8oSehdebxtashal 1N a

viahol e; terminals located outside the pad group through the
wirings drawn out from the innerlayer pads.

That is, the conductor patterns connected to the
pads located from the first to fifth rows in the solder
pad group are connected to the external terminals
through the wirings drawn out from the pads detouring
the pads of first to fourth rows and the pads other than-
the above are viaholes connected to the innerlayer pads
and also connected to the external terminals through the
wirings drawn out from the innerlayer pads.

According to the invention, therefore, the
structure that the wirings connected to the solder pads
located in the inside of the solder pad group are
divided from the innerlayer pads and drawn out therefrom
is used instead of the conventional structure that all
wirings for connecting to the external terminals are
drawn out from the solder pad groué on the surface, so
that the distance between the solder pads on the surface
layer can be decreased and hence the high densification
(high integration) of the soclder pads can be attained.

According to the invention, the shape of the
solder pad group formed on the surface of the multilaver
wiring layer is rendered into a frame (ring) arranging
the pads in only the peripheral portion other than the
central portion, whereby the reduction of the wiring
layer number can be attained while maintaining the high



- 6 - Fig. 6(b) is a viewillustrating no occurrence of position
di spl acenent of solder bunp in the viahole; Fig. 7 1s a view

illustrating fitness of solder pattern into an opening of a sol der resist
in solder transferring nethod, Figs. 8(a) and (b) are views
illustrating formati on of solder bunp in the presence or absence of sol der
resist, respectively; and Fig. 9 is a schematic view illustrating
an arrangenent of sol der bunps when the &ot der pad group arranged in a
frame form has an octagonal shape. DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS densityTimuntling ayopertntefl thecsurfboer dfatber dimgngo t he

I nvention lies_in fructyre that the, e of sql de ad group forned
on the surfac&“o q%i?%ﬁntl %nﬁﬁa °?ivﬁﬁ?g§%rg?géggPﬁgngeéPgng) arrangi ng .
the pads in only a pemhalitertie Ehdporodttiee sbhder padt gabupolhki anfand t he

| r | n r rti n he. fr -sh | r
;?OSS 8gg?ragﬁ$kF%é%rf¥H§é é§L£AQPnaEPg9 g,ein gggei %ge%aigtg?n %%l

high density packaging property on the surface of the
wiring substrate, it is necessary that the solder pads
located toward the central portion are sequentially
divided and connected to each innerlayer pad group as an
under layer through the viaholes and finally connected
to the innerlayer pad group on the core substrate. 1In
this shape, therefore, it is required to use the wiring
layer for dividing into innerlayer pad groups, so that
the wiring layer number can not be decreased while
maintaining the high density packaging property on the
surface of the wiring substrate. On the other hand,
when the shape of the solder pad group is a frame form
arranging the pads in only a peripheral portion other
than the central portion as shown in Fig. 4, the solder
"pad is not existent in the central portion, so that the
number of the wiring layers for dividing into innerlayer
pad groups can be decreased by the number corresponding
to the row number in the central portion existing no
solder pad. 1In this case, in order to maintain the
number of solder pads (packaging density of solder
pads), it is necessary that the lacking number of solder
pads located in the central portion is compensated by
increasing the row number at the outside of the solder
pad group. However, the increase of the row number at
the outside of the solder pad group is less in the
lacking row number in the central portion. In the shape
of the solder pad group according to the invention,

| thereforé, it is possible to reduce the number of the

wiring layers while maintaining a high density packaging



sol der pads | ocated froman outernost rowto fifth row are constructed with
fl at pads connected to conductor patterns on the surface and sol der bunps
formed on the flat pads, while the solder pads |ocated in the inside
portion other than the above sol der pads are constituted with viaholes
connected to flat innerlayer pad group located in the inner |ayer and

sol der bunps fornmed in recess portions qf the viaholes. In such a
structure, the flat pads |ocated fromtRefirst to fifth rows anong t he

sol der pads of _the sol der ,pad gr (e.g.,.pads. fromfirs econd and third
rows in Fig. W°§F§%¥oﬁﬁeé‘&§d stq’éfc‘%l%ee c‘%ﬁd‘f}'@? o‘?’“ﬁh’f’?efﬂésfiﬁa?ﬁe surface and
el ectrically connect e@olr0 eé®le3! when the solder pad group is formed 7 -

termnals | ocated outside of th ol der _ pad %¥§u$ through wﬁrings dr awn out
fromthese pal¥. aRFANGINGH AP IHEeR RAIARVETRe? AR {Re2sBRYEIXpads

| ocat ed from feiohrid df0 of idfureoVEule. gridadls Shownf OHr ?mg.f Bf,t Bhangogkiat h
rows in Fig. 1) are connected to the flat innerlayer ga group located in

the inner | ay®uwmbeto@fh thee sekdrr Radmidiel 18t Xi L8l Fy328nnePhedheo t he

ext er nal contrary, as an example of the invention, there can be
exemplified a solder pad group arranged in a frame form
by removing a square solder pad group of 8 pads every a
side from a central portion of a solder pad group having
a square form of 20 pads every a side, in which the
total number of solder pads is 20 x 20 - 8 x 8 = 336.
That is, according to the invention, it is possible to
reduce the number of the wiring layers while maintaining
the sufficient solder pad number by increasing only the
two outer circumferential rows per a side as compared
with 8 rows removed from the central portion.
Furthermore, the row number is increased only by two
rows, so that it is not difficult to arrange conductor
patterns drawn out for connecting to external terminals
and the like, and also the density of the solder pads is
not lowered.

Although the above embodiment is mentioned with
respect to a case that the shape of the solder pad group
arranged in the frame shape is a square shape, the shape
may be rectangular, circular or polygonal such as
octagonal or the like as shown in Fig. 9. Particularly,
when the shape of the solder pad group is polygonal, the
detouring of the conductor patterns drawn out for
connecting the solder pads at corner part to the
external terminal or the like is becomes less as
compared with the case of rectangular or square shape.
Further, pads consisting of plural viaholes for
adjusting the number of solder pads can be formed in the



termnals | ocated outside the pad group through the wirings drawn out from
the i nnerl ayer pads. That is, the conductor patterns connected to
the pads located fromthe first to fifth rows in the solder pad group are
connected to the external termnals through the wirings drawn out fromthe
pads detouring the pads of first to fourth rows and the pads other than the
above are viahol es connected to the inne éayer pads and al so connected to
the external term nals through the mﬁrTng drawn out fromthe innerlayer

pads. According tq the invention, therefore, the structure that the
Wi rings conneCeBFRd PRFEAYE&XISIINT RAIH IO PP nsi de of the sol der

pad group are divided rhf @Rd RaitINeR)Y Yritoesa aRfr &6 f¥NLeN Lt herefromi s
used instead of the conventional structure that all w rings for connecting

to the extern@icaondiingalte dhe dmuanioianf rehet selderdeadgadogased 4n the
San be. decr cadhl ARE e ER RO Sthe oraR P haBa Rt Rl PREPES ™ The
sol der pads calesieakilynistddler pads otheorthay tbet seldevepaisnlocateshape
e v o L
peri pheral pontiiaholdsherorinsrtdédietaeflastl ipoerlaperwpadelyoupe lbediteid on of
the wiring layer NUMBSle fALNS Uld I8Hadh! LomfR! BLAAL" YA 1R g

portions of the viaholes.

According to the above structure of filling

solder in the recess portion of the viahole, therefore,

the amount of the solder can be increased and hence the

accurate mounting is made possible by self-alignment

effect resulted from surface tension.

The viahole according to the invention has a

structure that a metal film for electrically connecting

the innerlayer pad to the conductor circuit on the

surface of the interlaminar insulating layer is formed

in an openinq portion formed in the interlaminar

insulating layer so as to expose the innerlayer pad. By

filling the solder in the recess portion of the wviahole

is formed the solder pad as an embodiment of the

structure according to the invention. 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 disclosed, for example, in JP-A-4-337695. If

the solder is directly contacted with the insulating

resin layer as disclosed in JP-A-4-337695, the

degradation of the resin is caused by the diffusion of

lead. Aand also, the wettability between resin and

solder is poor, so that the viahole made from the solder

is apt to be fallen down. In this point, according to



- 8 - density nmounting property of the surface of the wiring substrate.
The reason will be described bel ow When t he shape of the sol der pad
group is a full grid matrix as shown in Fig. 3, in order to naintain the
hi gh density packagi ng property on the surface of the wiring substrate, it

I s necessary that the solder pads |ocated toward the central portion are
sequentially divided and connected to each innerlayer pad group as an under
| ayer through the viaholes and finally ggnnected to the innerlayer pad
group on the core substrate. In this shape, therefore, it is required to
use the wiri nFheajqrvantion vitheagrizhelenhermader fpom fheupetado fiilam t he
wiring layer myjd £ e 1l e Lat.atol h i density
packagi ng propert?{ho%:l t ?%ﬂﬁ%gg%fééhgnwmb%ngg%%%t ?g’tﬂégo&%tfhhetg%t her
hand, when t herigitaplee ofsa hehabl thereails gcaupedsne Hdegradadimmofartdieng t he

pads in only a_ _peripher rtion othe an_th ntral portion as shown
in Fig. 4, t herés)so r%:ler?o%?aa?gl%%tg%%l s?%n{:ﬁlenv%ﬁg‘og%ﬁt ral portion, so that
t he nunber of the wriMgréayer s s conddengri phattiemnsr lofy &dhepad gr oups can

be decreased by the nunber, corresponding to the row,punber in the central
portion exi sty FtRFT A HH0 Ehi §g88§8§:efint6’r e PS"W& FRRP

nunber of sol defe PeskinéPBEd a8b NExBEARALY telminader aradiiged torl THW GRSEAN Y

that the |acking nunber of sol der pads |ocated in the central portion is

conpensat ed byS rface of the core substrate such as solder bumps,
conductor pins and the like through the through-holes
formed in the core substrate. Particularly, it is
favorable that the multilayer wiring layer formed by
alternately laminating the conductor layers and the
insulating resin layers for electrically connecting to
the through-holes is formed in the rear surface of the
core substrate and the solder bumps are formed on the
surface thereof (see Fig. 1).

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

In the invention, the solder resist layer is
formed on the surface of the multilayer wiring layer.

In this case, it is advantageous that the opening size
of the solder resist is made larger than the diameter of
the flat pad constituting the solder pad or the viahole
so as not to overlap the solder resist with the pad or



I ncreasi ng the row nunber at the outside of the sol der pad group. However,
the increase of the row nunber at the outside of the solder pad group is
l ess in the lacking row nunber in the central portion. In the shape of the
sol der pad group according to the invention, therefore, it is possible to
reduce the nunber of the wiring layers while maintaining a high density

packagi ng - 12 - - 9 - property on the surface
of the wiring substrate. For exanpl e, when the solder pad group is

formed by arranging 18 sol der pads ever side [n a matrix_formof a
square full g??gh§§e§h3®ﬁqé$¥ﬁ e pa r%b?dYb? ﬂtﬁb@FéoF°Fﬁée§8FHer pads is
18 X 18 = 324 oxgdsdie fxdM tiHe/ optn g€ X8fPtReObol eri P¥SAELEN, there can
be exenplified a solder pad group arranged in a frame form by renoving a

square sol der pad grod® &Pﬁsﬁiﬁk?ﬁﬂ&ﬁy°%.%@%éh$95ﬁfaiEEﬁ9F§¥9ﬁoFpiéﬁrbf a

sol der pad gr guahad NG AU Rerd &8 Of wkén Pefe g18hing 8598 oleN eyl ch the
0 20 8 x 8 = 336. That

total nunber of solder pads is 20 X - I's, according to

the inventionsalden qesdsitlies rpdedipelies khapekhsf dinmekeri of Itager s
whi | e nalntalwdgl if the opening is formed by subjecting the solder

resist of the photosensitive resin to a light exposure
development (so-called photolithography), the position
shifting of the opening portion is caused by temperature
expansion and shrinkage of the photomask and hence the
exposure area of the pad is substantially decreased. As
a result, when the solder is formed on the opening
portion, problems such as flowing of solder, solder
bridge and the like are apt to be created and the
mounting reliability of the component becomes poor.

On the other hand, in the conventional technique
of constituting all solder pads located on the surface
of the multilayer wiring layer with flat pads, all of
the flat pads are connected to the conductor patters in
the same layer existing the pads. Therefore, when 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 at an exposed state (see
Fig. 5(a)). As a result, if the solder is formed on the
solder resist, it is placed on the exposed wiring of the
conductor pattern to lower the solder bump and also the
position shifting of the solder bump is caused (see Fig.
5(b)).

According to the invention, the solder pad group
other than the solder pads located at the outside of the
frame-shaped solder pad group are constituted with
solder bumps formed in the recess portions of the

viaholes, so that they are never connected to the



the sufficient solder pad nunber by increasing only the two outer
circunferential rows per a side as conpared with 8 rows renoved fromthe
central portion. Furthernore, the row nunber is increased only by two rows,
so that it is not difficult to arrange conductor patterns drawn out for
connecting to external termnals and the |like, and also the density of the
sol der pads is not | owered. Al t hough the above enbodinent is
mentioned with respect to a case that #Be-shape of the sol der pad group

dinth h ' h . th
Gt angul ar, IRt PapEebTsnaPsTEn 38" Fhe.chns Vet ITHEERRE shown
in Fig. 9. Painithéaihventhen,t bhespage @ort thes Holfiia thiash BHUblider

I |, t det ' f _th aduct t . t f ti
Phe’ Sof der pdad™it “Xoe nipmPriYoHERE G EaPh A e SRATRI oSy ThHTke 1o

becomes | ess @fefiOWREHcthei bfehRAgCaieedoff AHANKBIRIr Ofe STBET Bs SREdE -
Furt her, pads_ consisting of plural viahaoles for adjusting the nunber of
sol der - pads clargers EhaRqthg dpameter of the viahole, the wiring of g .

the conductor pattern is not exposed from the opening
portion of the solder resist (see Fig; 6(a)).
Therefore, when the solder bump is formed in the recess
portion of the viahole according to the invention, the
lowering of the solder bump is not caused and also the
position shifting of the solder bump is not caused (see
Fig. 6(b)).

The structure that the opening size of the
solder resist is made larger than the diameter of the
pad is particularly advantageous when the solder bump is
formed by solder transferring method. The solder
transferring method is carried out by etching a solder
foil attached onto a film to form patterns of solder
foil at places corresponding to positions of pads,
placing the patterned solder foil so as to contact with
the pads and reflowing under heating to transfer the
solder onto the pads because the solder is not drapable
with the film but is drapable with metal. 1In such a
solder transferring method, an area of solder foil
pattern formed on the film is generally larger than the
pad. Therefore, when the opening size of the solder
resist is made larger than the diameter of the pad, the
solder pattern is just fittea into the opening portion
of the solder resist to easily conduct the positioning
therecf (see Fig. 7).

In the multilayer printed circuit board
according to the invention, the wiring layer located as

an outermost laver is formed by flat pads and viaholes



central portion existing no solder bunp. In the multilayer printed
circuit board according to the invention, the solder pads |ocated in the

i nside portion in the frame-shaped sol der pad group, desirably sol der pads
ot her than the solder pads |ocated inward fromthe first to fifth rows are
a conbi nation of viaholes connected to flat innerlayer pad group located in
an i nner |layer and sol der bunps forned in recess portions of the viaholes.
According to the above structure of filling solder in the recess portion of

t he viahole, therefore,.the_amunt of sol.der, can be i ncreased and hence
the accurate ngﬁﬁ‘f'?ﬁﬁ P%agéﬁ‘g §8§§F%Ise-[t§€;°§1§hf f‘tﬁﬁ d#r?e'?ﬁn%f‘f%%ﬁs? t2d
fromsurface te8sd@p. resist laybe hadidle oGl THiidle foly edkpOsihgs a

structure that al filmfor, electrically connecting.the inperlayer pad
to the conductEﬁegﬁEEi Pagds fpd é’&??‘&}@sofl @Wﬁ%r?'h%‘?@%r“?@%‘l’%ti ng

| ayer is fornmeghkbpedl.opeei Ag E@bhHH&dEHUBﬁtﬂéttﬁﬁbiéﬁéﬂiﬁéﬁéﬁﬁei8§U|ating
| ayer so as to expose the innerlayer pad. By filling the solder in the
recess portiontBe ERAAGFaREsd Sits 1pyeRd s Mads| RFIPadthan sthe dbaratar of

the structure aecendi Baa’ 8! bid PIEHAIN LINBLAILE & pFe| ¥ CBRL OBl Ot

techni que of electrically connecting the innerlayer pad to the con ucf or
circuit on thevighpies shd: hhe platlimd mesistul ating | ayer through the

Zf"rgg[l as discl osed, fﬁ{, %%S%Ep'ae tiz%cl:%f%‘,4‘a33s7\ﬁ915¢uﬁicﬁ£esrf8é?écésof
y contacted with the 1 nsulating resin layer as disclosed in
JP- A- 4- 337695, thleepadgpad&hieo vighallee iestaversed awsth tyethbatifgusi on of
a0, A0, 3 0B SRR i Y 1" A SR e bk S5 BOREe 0 {1
adhered to the surrounding side face. As a result, the
solde; bump is not lowered and the connection
reliability is excellent.

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

Moreover, 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 pattern.

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 dianeter of the flat pad
or the viahole so as to overlap the solder resist with
the pad or the viahole as shown in Fig. 10.

Furthermore, when the multilayer printed circuit
board is manufactured by the semi-additive process, a
plating resist is not existent in the multilayer printed
circuit board, so that the peeling of the solder is apt
to be caused. In this case, when the opening size of the
solder resist is made smaller than the diameter of the
flat pad or the viahole, the peeling of the solder pad
can be prevented.



S épt to be fallen down. In this point, according to

t he

bnvention, the viahole is made fromthe netal filmand the solder is filled
in the recess portion of the viahole, so that there is caused no

degradation of the resin nor falling down of the viahole.

Mor eover,

the conductor patterns of the nultilayer wiring | ayer connected to the
above pad group are connected to ext er n; | terminals arranged on the rear
surface of the core substrate such as s$6l der bunps, conductor pins and the

l'i ke through the thrOﬂgh1hﬂb@iag%§ﬁ§$éé%i;§aéégfﬁsy 43 EneFpibigul arly,

It is favorable that the multil ayer

ormed by alternately

| ami nati ng t hpadoattecforsitaformeancn e sunface iof 2 esulpstogbes (Core
electrically &%@PQE &yg to the through-holes is formed in the rear surface
ubstrate

of the core s

and the sol der bunps are forned on the surface

t hereof (see Fig. 1). The formaltionhefintHle |cympeprpatesrni 2cont thear d

according to t

o
are apt to besﬁggkgé%g;% gEc SaE&Ere

jon,, the iaholes constiiiting Lhg g0l dot

r

dpad group

laminate, or by 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 a surface of

the adhesive layer is roughened to form a roughened

surface and then subjected to an electroless plating.

Particularly, when the copper pattern 2 is

formed by etching the coppef clad laminate, it is

desirable that a solvent-free insulating resin {(epoxy

resin or polyimide resin) is applied and cured and

polished to expose the copper pattern 2 and smoothen the

surface of the substrate. The smoothening of the

substrate surface facilitates the light exposure and

development because a thickness of a photosensitive

insulating resin layer to be formed on the substrate

surface is made uniform.

_ Moreover, through-holes 4 are formed in the core
substrate 1 shown in Fig. 1, and front and back wiring

layers are electrically connected to each other through

the through-holes 4.

(2) Then, an interlaminar insulating layer 5 is

formed on the innerlayer copper pattern 2 and innerlayer

pads 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

photosensitizing the thermosetting resin; a



they are connected only to the innerlayer pads. In order to prevent the
peeling of the viaholes, therefore, it is desirable that a roughened
surface having a surface roughness of 5-15 [err]mis forned on the
interlam nar insulating | ayer. Wen the surface roughness is less than 5
pm the adhesion strength to the viahole is insufficient, while when it
exceeds 15 [err]m it is difficult to ogﬁgin fi ne conductor patterns.

In the invention, the solder resist |lay i's formed on the surface of the

multilayer wiring |layer. .In this cas it is,adyvantageous that the opening
si ze of the s&h& qé&ﬁ%ﬁ}q:f%ﬁhﬁeﬁ%ﬁ é?stﬂgﬁy?ﬁgeﬁigH@PEP“8f°Fh§ | at pad
constituting 1hRkes0ladorpstite (dE thahehérfiopbastot ras@weahapth@e sol der
resist with the pad or - viahol e,

- 12
wher eby the pdPeEMPsAtHAE ZEHORY & FPBRPLERIOE  Shet kBeSPORLA§EiIS t he

sol der resistsesin and tHe BHoteddaics e evef r&8enhi gher integrated sol der
pads as in the invention, when the opening size of the solder resist is

made smal ler than the Theafdtzfacs efcthrdresint havepeRrigbes spbirededy

ZEB’O scting t heos @ dRJudifetlitlg Ard MEndRLT REEASAR! ¥RibE34 Aot AgRnlt,Ih
acid, an alkali or the like. Because the adhesion
property between the surface and a conductor circuit
formed thereon can be improved by such a roughening.

As the interlaminar insulating material, it is
particularly desirable to use an adhesive for
electroless plating. The adhesiﬁe for electroless
plating is optimum to be formed by dispersing heat-
resistant resin particies soluble in acid or oxidizing
agent into a heat-resistant resin hardly soluble in acid
or oxidizing agent. This is due to the fact that
octopus trap-shaped anchors can be formed on the surface
by removing the heat-resistant resin particles soluble
in acid or oxidizing agent through roughening to
considerably improve the adhesion property to the
conductor circuit.

As the heat-resistant resin hardly soluble in
acid or oxidizing agent in the adhesive, it is desirable
to use a photosensitized thermosetting resin or a
composite of photosensitized thermosetting resin and
thermoplastic resin because viaholes can easily be
formed by light exposure and development after the
photosensitization. Furthermore, the toughness can be
improved by the composite with the thermoplastic resin,
whereby the 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, the use of epoxy acrylate obtained



devel opment (so-call ed photolithography), the position shifting of the
opening portion is caused by tenperature expansion and shrinkage of the
phot omask and hence the exposure area of the pad is substantially
decreased. As a result, when the solder is forned on the opening portion,
probl ens such as flow ng of solder, solder bridge and the |like are apt to
be created and the nounting reliability of the conponent becones poor.

On the other hand, in the conventional technique of constituting all sol der

ds | d - -l g j 1 ] ' . pads,
pads | ocated g %egcméagg;ﬁg@c%%m v{#@yﬁ {& 91 QYEE mgw?{%gegéeng s

all of the flat pads ar to e conductor patters In
| ayer existingcitle pads. chmposiidies ofiepotthaanehathg andepolyvetbesol der

resist is mad r a l,anmet t he pad, of .fhe wiring in
t he conductorggggbgﬁ ﬁg %ﬁ&qiéﬁﬁ?%u §f€§$d@%%xgt%§59?é§3'F%%.lg(a)). As
aresult, if desirabler thatf @ov@EbWrof el kS odpskexy r@Bosp, ist reacpkdceatiithn t he
exposed mﬁring of .the _caonductor pattern to Iq%er t he sol der bunp and al so

the position SREFERSG3GEE KF DHAHIAF i3 Qused (see Fig. 5(b)).

According to the invenh @he Liihcwihdel tiad KEDEProshetahbapeshg sol der pads
| ocated at the outside of the frane-shaped sol der pad_group.are constituted

with sol der bBERFEICIETedhe dafd 1aRlR st e | FrkesrednEromaldi kRatzo t hat
they are neverezertanitedddd owder having an average particle size

of not more than 10 pm, @ aggregate particles having an
average particle size of 2-10 ym 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 averége particle size of 2-10 um
and heat-resistant resin powder having an average
particle size of not more than 2 pm and @ false
particles obtained by adhering at.least one of heat-
resistant resin powder having an average particle size
of not more than 2 uym and inorganic powder having an
average particle size of not more than 2 pm fo surfaces
of heat-resistant resin powder having an average
particle size of 2-10 pm because thesé particles can
form complicated anchors. As the resin in the heat-
resistant resin particles, epoxy resin, amino resin
(melamine resin, urea resin, guanamine resin) and the
like are favorable. Particularly, the epoxy resin can
optionally change the solubility to acid or oxidizing
agent by varying a kind of oligomer, a kind of a curing
agent and a crosslinking density. For example, a cured
product obtained by treating bisphenol A-type epoxy
resin Sligomer with an amine curing agent is easily
dissolved in an oxidizing agent, while a cured product
cbtained by treating novolac epoxy resin oligomer with
an imidazole curing agent is hardly dissoclved in an



- 13 - conductor patterns located in the sanme |ayer. Further, in the

i nvention, the pads for the formation of solder bunps are not newy wred
fromthe viaholes, so that even when the opening size of the sol der resist
is made |arger than the dianmeter of the viahole, the wiring of the
conductor pattern is not exposed fromthe opening portion of the sol der
resist (see Fig. 6(a)). Therefore, when the solder bunp is fornmed in the
recess portion of the viahole according to the invention, the | owering of

the sol der bugp;hs-98L Sakagd and aIsd‘ﬂH%'position shifting of the sol der
bunmp i s not cggéegz?séé g%gi'G(b)). The structure that the opening
size of the sol der redssthesagideulsadgen tthen irnweeniiboret enenticomengyd i s

particularly v g e, sol.der LS sQl der. .
transferring %gtﬁgég %%g§§%$%§$’tfhﬁ§%%ﬁﬂ é%éé%%%9§geg%$¥regugg?rb§
etching a sol detidf and atrigatliied aaiid sudh |as tfofmio paid grasebicsakcdidr foi
at places corresponding to posit.ions af pads | aci pg, the patterned,sol der
foil so as to°€o%‘?‘§ct" t'h %ﬁé'tﬂ‘fd’g' 'r:‘?%%vﬁ?@ v d*él?eh‘égg"f‘ﬂbct 8iflansf er
the sol der onig HegipaddcherRizurd e retiflercorndietodr BRgteedbbBetine film
but is drapable with netal. In such a sol der transferring?nethod an area

of sol der foiﬁrﬁﬁkﬁgﬁhvﬁﬁhﬂ$f(%?tﬁﬁ?ﬁ#Yrﬁ?E’?ﬁﬂ%r%ﬁF?rl ﬁeF°PH§ﬁ“?HS pad.
Therefore, wheR thNEheP YUY 21 . t Nes sehdesxidizing agent, chromic

acid, permanganate (potassium permanganate or the like)
are desirable. Particularly, in case of removing the
amino resin through dissolution, it is desirable to
alternately conduct the roughening treatment with acid
and oxidizing agent.

In the multilayer printed circuit board
according to the invention, the interlaminar insulating
layer 5 may be plural layers. For example, the
following forms may be taken as the plural layers.

@®. The interlaminar insulating layer formed between
upperlayer conductor circuit and underlayer conductor
circuit is an interlaminaf insulating layer of two-layer
structure in which a layer near to the upperlayer
conductor circuit is an adhesive for electroless plating
obtained by dispersing heat-resistant resin particles
soluble in acid or oxidizing agent into heat-resistant
resin hardly soluble in acid or oxidizing agent and a
layer near to the underlayer conductor circuit is a
heat-resistant resin hardly soluble in acid or oxidizing
agent.

In this structure, if the adhesive layer for
electroless plating is too roughened by the roughening
treatment, there is caused no shortcircuit between the
layers.

@. The interlaminar insulating layer formed between



resist is made | arger than the dianeter of the pad, the solder pattern is
just fitted into the opening portion of the solder resist to easily conduct
t he positioning thereof (see Fig. 7). In the multilayer printed
circuit board according to the invention, the wiring |ayer |ocated as an
outernost layer is formed by flat pads and vi ahol es

- 14 - between plating resists through b@@ pl ati ng resi st and a sol der
resi st |ayer having opening portions for“exposing the flat pads and

vi aholes is fe§339199e hgoadulbaos W18&kAle dda i&x&&?ﬂ%@ﬂe&!ﬁcﬁ%ég{;gt he

openi ng size of the Solder resist layer is made |arger than t met er of
the pad or theiycuhsl st aneipberlamimar dnsa ping, lavanobEsthndet he
plating resis u t LUGE W6, | | ce of the
Pad or the vi SAEPS FEresBiral Rrud S it FLORTatep aF 10
Ther ef ore, thembetided betweenadiher ethdexldyes womdudtoy sideuitsesoAssa

result, the sgldpy BUAR [1aRY HeRWRISH AN S SPOPEE! LORaLEELED Tty 1
circuit and the filling resin, and a heat-resistant
resin layer hardly soluble in acid or oxidizing agent is
formed thereon, and further an adhesive for electroless
plating obtained 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 underlayer conductor circuits, so
that the surface of the substrate becomes smooth and
there is not caused poor development due to the
scattering of the thickness. Furthermore, the shrinkage
through curing can be reduced to prevent warping of the
substrate by including inorganic particles such as
silica or the like into the filling resin material.
Moreover, solvent-free resin is desirable as the filling
resin material, and particularly solvent-free epoxy
resin is optimum. If a solvent is used, the remaining
solvent is vaporized by heating to cause interlaminar
peéling.

(3) After the interlaminar insulating layer 5 formed
in the item (2) is dried, an opening portion for viahole
is formed by light exposure and develop in- case of the
photosensitive resin or by thermosetting and laser work
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



The production of the nultilayer printed circuit board according to the
I nvention will be described bel ow. Moreover, 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
resi st and the conductor pattern. In order to prevent the

occurrence of cracks, it is desirable that the opening size of the sol der
resist layer is made smaller than the-diameter of the flat pad or the
vi ahol e so asapploEdr! ap the solder resist with the pad or the viahole as

shown in Fig. 10. Furt her nor e, en the | til printed.circuit
board is manuf act ur ed®BytRReC@ERAL VSIS ?ﬁﬁ%ﬂﬁé&?eém%%h1|ﬁf#%%ﬁ%t i s not

exi stent in thRdMuhei haxar apel dedd raibl@) tadibajehe sl 1y apal hedpael i ng of
the solder is agt to be caused. In this case, when the opening size of the
sol der resi st chsonhde 3ndl Padlegdnm eldioirbiare ofsefe MAFeP%T or1the

vi ggol_e, the pgeliplg-ab16N% S Yotiiudied Gk Oend' E¥EAEREnt for fixing
the catalyst nucleus. _
(5) After the application of the catalyst nucleus in
the item (4), a plating resist 6 is formed.

As the plating resist 6, commercially available
prodﬁct may be used, and also there may be used a
composition of an imidazole curing agent and epoxy
acrylate obtained by reacting epoxy resin with acrylic
acid or methacrylic acid, or a composition of epoxy
acrylate, polvether sulphone and an imidazole curing
agent.

A ratio of epoxy acrylate to polyéther sulphone
is desirable to be about 50/50-80/20. If the amount of
epoxy acrylate is too large, the flexibility lowers,
while when it is too small, the photosensitivity,
resistance to base, resistance to acid, resistance to
oxidizing agent and the like lower.

The epoxy acrylate is desirable to be a reaction
product that 20-80% of all epoxy groups is reacted with
acrylic acid or methacrylic acid. If the acrylation is
too high, hydrophilicity with OH group is too high and
the hygroscopicity rises, while if it is too low, the
resolution lowers. _

As the epoxy resin being a basic skeleton resin,
novolac type epoxy resin is desirable, because it is
high in the crosslinking density and can adjust the
water absorption of the cured product to not more than
0.1% and is excellent in the resistance to base. As the

novolac type epoxy resin, there are cresol novolac type



(1) An innerlayer copper pattern 2 and innerlayer pad are first forned
on a surface of a substrate (core material). The formation of the
copper pattern 2 on the substrate 1 is carried out by etching a copper clad
| am nate, or by a nmethod wherein an adhesive |ayer for electroless plating
s formed on a substrate such as gl ass epoxy substrate, polyimde
substrate, ceram c substrate, nmetal substyrate or the |ike and a surface of
t he adhesive |l ayer is roughened to forma roughened surface and then

subj ected to %g,ro%%sqlne%?‘ldgﬁ%m “°V°l%?a§9f’éi gﬂg |¥es‘.ﬁ’ﬁ?” t he copper

pattern 2 is by etc e copper amhate, 1t 1s desirable
that a sol vent(&iree i dspcattiimn mest nff¢opbng thei platipgl yesids Gedinn) is

applied and c d-QQQ pd,i she 0. € e.th p .n.2 a qQt hen
t he surface o;&‘t%hel Su s@r’ats'"}. dsf%bej%éng%?h%%i%gﬁgg‘g%%g ?&%??%fe seg'r?g;g'es
facilitates tlhmadd, gftlaaxpesis 68 andd dei/ghopeen® herangedaihhithlen€xramef a
phot osensi tive. i nsul ati resin layer.to be formed on the bstrate surface
i s made uni fo%rﬂm are P&Mﬁ‘go’d&r?‘y‘?ﬂ:bﬁﬁhgﬂogég FORPET S’F‘?Pg&rinn the core
substrate 1 shown in RBgg.a prided-y rerdting, baekiy desgrhbYer ¢cabe an
electrically cqnnected to each, other ihrough t he through-holes 4. (2)

Then, an int eAARhRIAHNT H#3IRE 1’ et e8SESLIE, Medadn L iS5 t8fer  copper

pattern 2 and #AuerdspiSdr Pasisci &1 Medobal thank! Bioebhorbiae HetatidAiH e
insulating layer 5 is desirable to be made froma thernosetting resin such

as epoxy resi mllRusianeididriin thenfFErhBYE APCaFPRe IMRFaYe aesd
resin or theIggggnékgmotosensitive resin obtained by

In the electroless plating solution for primary
plating, it is desirable to use hydroxy carboxylic acid
as a complexing agent forming a stable complex compound
with copper nickel, cobalt ions under basic condition.
In the electroless plating solution for the primary
plating, a reducing agent for reducing the metal ion
into metallic element is desirable to be at least one
selected from aldehyde, hypophosphate (called as
phosphinate), hydride borate and hydrazine. These
reducing agents are soluble in water and excellent in
the reducing power. Particularly, hypophosphate is
desirable in a point of precipitating nickel.

In the electroless plating solution for primary
plating, it is desirable to use at least one basic
compound selected from sodium hydroxide, potassium
hydroxide and calcium hydroxide as a pH adjusting agent
for adjusting to basic condition. Under the basic
condition, hydroxy carboxylic acid forms a complex with
nickel ion. As the hydroxy carboxylic acid, citric
acid, malic acid and tartaric acid are desirable. They
are easy to form a complex with nickel, cobalt or
copper. The concentration of the hydroxy carboxvlic
acid is desirable to be 0.1-0.8M. When the



phot osensitizing the thernosetting resin; a

- 16 - thernoplastic resin such as pol yether sul phone or the like; a
conposite of the thernoplastic resin and the thernpbsetting resin; or a
conposite of the thernoplastic resin and the photosensitive resin.

The surface of the resin |layer may be subjected to a rougheni ng treatnent
wi th an oxidi zi ng agent, an acid, an al I or the |ike. Because the
adhesi on property between the surface aftf a conductor circuit forned

thereon can bednBanetiBh SUCN &sd OO NIM, the cofplbiechAt ablam nar
insulating material, it is particularly desirable to use an adhesive for

el ectrol ess pisafifigientd vdrdemmedrand ceProre3l pracirgtrsispt ARGm to be
‘;gir g}?gi Ey di S RRInpb d193len f@ﬁié{é‘rﬁoix‘i’éwnpﬁ%i f.-é‘é.%e&‘?' URhg 16 ilﬁxie‘i‘x or
g agent 1nto a heat-resistant resin hardly soluble in.acid or
oxi di zi ng agertt eHMdeeds QUM ctheieprecipihationt spte begpmelsapderamsicbr s
o e TS G (G B MATRALEN LRASUERLES oL Aled Bl ©! €
The electroless plating solution for the primary
élating is desirable to contain bipyridyl. Because,
bipyridyl can contrcl the occurrence of metal oxide in
the plating bath to suppress the occurrence of nodule.
Moreover, copper ion, nickel ion and cobalt ion
are supplied by disscolving copper, nickel and cobalt
compounds such as copper sulfate, nickel sulfate, cobalt
sulfate, copper chloride, nickel chloride, cobalt
chloride and the like. |
The primary plated film made from such an
electroless plating solution is excellent in the
followability to the roughened surface of the adhesive
layer for electroless plating or traces the form of the
roughened surface. Therefore, the primary plated film
has the same anchor as in the roughened surface. As a
result, a secondary plated film formed on the primary
plated £ilm ensure the adhesioniiroperty owing to such
an anchor. Accordingly, the primary plated film is
desirable to be a high~strength plated film precipitated
from the electroless plating solution in order to
control the peel strength, while the secondary plated
film is desirable to be high in the electric
conductivity and fast in the precipitation rate and
hence to be a plated film precipitated from a simple
copper plating solution instead of a composite plating
solution.
(7) The primary plated £film formed in the item (6)
is subjected to a secondary plating to form conductor



considerably inprove the adhesion property to the conductor circuit.

As the heat-resistant resin hardly soluble in acid or oxidizing agent in
the adhesive, it is desirable to use a photosensitized thernosetting resin
or a conposite of photosensitized thernpbsetting resin and thernoplastic
resin because viaholes can easily be forned by |ight exposure and

devel opnent after the photosensitizatiqnysFurthernore, the toughness can be
i mproved by the conposite with the thernopl astic resin, whereby the peel

strength of tRercAREYCAE1GHIRY theA TR IFHEOVE b Ovi Ko PESUST ENPROT
cracks in the viahole Eortlon t'hrough heat cycle can be prevented.

Concretely, théatsd &ilepshyonghyltitee sanendaxy plating is desirable
- 17 - by reggtbggaeggFéfgegﬁgﬁgﬁiffﬁﬁyl|c acid or nethacrylic acid, or a

conposite. of epoxy acry e yet her sul phone is favorable. As the
epoxy acrylate, it isTHesplebiteolless 20-80Mmpfsalvticpoxfoyrbhe is reacted

heat -1 %) st anf oParBari- PRt § Yekizante to'Be' 2, AEREESEREN G, 1)

heat - plating solution comprising copper ion, trialkanol
amine, a reducing agent and a pH adjusting agent in
which the concentration of copper ion is 0.005-0.015
mol/1l, the concentration of the pH adjusting agent is
"0.25-0.35 mol/1 and the concentration of the reducing
agent is 0.01-0.04 mol/l. Such a plating solution is _
stable in the plating bath and less in the occurrence of
nodule and the like.

In the electroless plating solution for the
secondary plating, the concentration of trialkanol amine
is desirable to be 0.1-0.8M. The plating precipitation
rate is most promoted within such a range. As the
trialkanol amine, it is desirable to be at least one
selected from triethanocl amine, triisopancl amine,
trimethanol amine and tripropanol amine because they are
soluble in water.

In the electroless plating solution for
secondary plating, the reducing agent is desirable to be
at least one selected from aldehyde, hypophosphate,
hydride borate and hydrazine. They are soluble in water
and excellent in the reducing power. The pH adjusting
agent is desirable to be at least one basic compound
selected from sodium hydroxide, potassium hydroxide and
calcium hydroxide.

Thus, there are formed viaholes 9 each
consisting of the primary plated film and the secondary
plated film for electrically connecting the conductor

pattern and the flat pads 8 arranged in the frame shape



resistant resin powder having an average particle size of not nore than 10
[err]m [err] aggregate particles having an average particle size of 2-10
[err] m by aggregating heat- resistant resin powder having an average
particle size of not nmore than 2 [err]m [err] a m xture of heat-resistant
resin powder having an average particle_gize of 2-10 [err]mand

heat -resi stant resin powder having an a@érage particle size of not nore
than 2 [errlmand [err] false particles obtained by adhering at |east one
of heat - resiamﬂnthaxuppquEknranmdgcegraterage paneirdlayesi padsf. not nore

than 2 [err]mand 'nof%'"§i owg ! %@%I * }gvergge gartaéée 5| of not
) rests

nore than 2 [err]mto surfac nt redin po ﬁb an
aver age parti antbclineerof dflmt@n1beSﬁﬂsaréhEGemparbnchSuppeﬂWNUﬁface
conpl i cated anchar,s. n in the heat- sistant resi rticles,
cpoxy resin, “dih e it (Rashlfieor et SEPER PESERETRTATIATNES i) and

the like are frady at&le ef@étﬁ:@émwcohhecem&y tbeftlhlé Ghdudticral | y change
the solubility to acid or oxidizing agent var a klnd of oligoner, a
kind of a curiRRFEREH HhdtBe cFoEs| FR Fﬁﬁa&3n3| 212ty Radsed’

product obtai ngch bﬁ’ofxﬁé‘&tiﬂngéﬁQhEHQbeAthI@.ﬁee%@%ar&S'l%y%:‘ GFRIKM th an
am ne curing agent is easily dissolved in an oxidizing agent, while a cured

product obt ai rEeFg teekstrRtacetl theepukgidesiof diheyon afie-h an im dazol e
curing agent is hardl yiis5eb¥€dehd 881der pad group formed on the

surface layer of the wiring substrate is desirable to be
connected to the conductor patterns in zigzag form as
shown in Fig. 1(b). That is, as shown in Fig. 1(b), the
conductor patterns drawn from the pads of the second and
third rows are arranged so as to divide the outermost
peripheral pads into three equal parts and further the
conductor patterns drawn from the pads of the third row
are arranged so as to divide the pads of the first row
and the pads of the second row into two equal parts.

(8) Then, a photosensitive.solder resist 10 is
applied, exposed to light and developed to form a layer
of solder resist 10 having an opening size larger than
that of flat pad 8 or viahole 9 at positions of the flat
pads 8 and the viaholes 9. Concretely, the diameter of
the flat pad 8 is 100 pm, the diameter of the viahole 9
is 175 pm, the opening size of the solder resist 10 in
the flat pad 8 is 125 pm, ‘and the opening size of the
solder resist 10 in the viahole 9 is 200 pm.

(9) The surfaces of the flat pads 8 and viaholes 9
exposed from the opening of the solder resist 10 in the
item (7) are subjected to Ni plating and Au plating in
this order.

(10) Then, a solder foil is laminated onto a

polyethylene terephthalate film and subjected to an



-18 oxi di zi ng agent. As the acid used in the invention, nention may
be made of phosphoric acid, hydrochloric acid, sulfuric acid and organic
acid such as formc acid, acetic acid or the like. Particularly, the use of
the organic acid is desirabl e because a netal conductor |ayer exposed from
the viahole i's hardly corroded after the roughening with the organic acid.

As the oxidizing agent, chrom c acid, Qe&gagganate (pot assi um per manganat e
or the like) are desirable. Particularly;7in case of renoving the am no

resin throughedchingutireatment Sclas rtablledve asosbdant ghyteondush t he
roughening treatnent with acid and oxidizi,n

t I t
mul til ayer prPRE&EGEPFCFPETESRCT r?ﬁrﬁf%&f%gib}ﬁﬁeﬁ??oﬁ?e?ﬂﬁgg'

interlam nar Wexdl athig Ifader i% MRt tddrsd A9yesScofbacexangl solbbe
following fornms may be taken as the plural layers. [err]. The-interlam nar
i nsul ati ng | aP@tteEnsed ittt den Raskeand erizkptest dhdctheusPldrd dfider | ayer

conductor cir gtahsiFerdd BRI s 4 WaRg168Y8y PEivRLKhGYBhder
structure in which a | ayer near to the upperlayer conductor cifcuit is an

adhesive for beating &es figirm isel dsn Humrs bll di sHlerePrgrheat ragspsPant
osin hardly Sotuere it JH I T (ke | SO AR ol p By taear Eel
under | ayer codductfor exeample, sStWRMD-resistant resin hardly soluble in
acid or oxidizing The thus obtained multilayer printed circuit
board is diagrammatically shown in Fig. 1. This
multilayer printed circuit board has also multilayer
wiring layers at the back side, which are fundamentally
produced in the same manner as described above.

In the invention, a semi-additive process may
be adopted in addition to the full additive process as
the method of producing the multilayer printed circuit
board.

The semi-additive process is a method wherein a
surface of an interlaminar insulating resin layver is
roughened and subjected to an electroless plating of a
thin thickness over a full surface and a plating resist
is formed on a portion of the electroless plated film
not forming conductor and a portion not forming 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.

As mentioned above, according to the invention,
there can be provided multilayer printed circuit boards
for the mounting of flip chips capable of attaining the
high integration (high densification) of solder pads and
reducing the number of wiring layers while maintaining a

high density mounting property of wiring substrate



agent . In this structure, if the adhesive |ayer for electroless
plating is too roughened by the roughening treatnent, there is caused no
shortcircuit between the layers. [err]. The interlam nar insulating |ayer

formed between - 19 - upperlayer
conductor circuit and underlayer conductor circuit is an interlam nar
insul ating |ayer of three- |ayer struet@be-in which a filling resin

material is enbedded between the underl ayer conductor circuits so as to be
sane pl ane betswedadehe mhks,l aﬁ;ﬂEris:cpmlm:iblectociﬁﬂprané the ¥ikldngfresin,

d h - har dl » |
o et TR A Ao S P PG E SRR pBReBE "9, P0on

by di spersi ng piesiudtdsdrs tagdt s esi n partlcles soluble in acid or oxidizing
agent into heat- resistant resin hardly soluble in acid or oxidizing agent
is forned thereon. In this structure, the filling resin material is
filled between the underlayer conductor circuits, so



EE

)

that the surface of the substrate becones TART SGEHS 8 BEEN
poor devel opnent due to the scatterlng oflﬂ'ﬂﬂl " Hﬂ "ﬁur her nqﬂﬁm 'gg
shrinkage through curing can be reduced to *prevent marmlng ol—the te

by including inorganic particles such as silica or the like into t he '
filling resin material. Mreover, solvent-free resin is desirable as the
filling resin material, and particularly solvent-free epoxy resin is

optimum If a solvent is used, the remai m-sg solvent is vaporized by
heating to caﬂbétlhﬁepﬂaﬁmﬁdrlpeellng (3) After the interlamnar

insul ating layer 5 foFrred I\ glu&tggla&%arpn&;)d_evé?&iré@cufg 8‘9?9{1”9 portion for

viahole is formed by [ight” exposur op I'n case 0O
phot osensi ti veompsisiog bychmawsuhaﬁnaqPgumhltmkayenrklrnngaseyetsthe

ther nosettingr esi er_.t.he s of th . nterlanm nat |nsulat|ng
ayer 8¢ pr ovi GRETRR: FhEkeohE R e Y b anEid; TRERELARLRRES) I
roughened, a tasallptiingudlagienrs aand conductor circuits and a solder- 20 -
appl i ed. padA%roup ta%&;&)nq&&fu 1mé§§ion2f£y arranglng pads

provided with solder bumps on the surface of the

multilayer wiring layer, characterized in that the
solder pads of the solder pad group are arranged in only
a peripheral portion other than a central portion to
form a frame shape and the solder pads located at the
outside part among the frame-shaped solder pad group are
constructed with flat pads each connected to conductor
pattern on their surface and solder bumps formed on the
surfaces of the flat pads, while the solder pads located
at the inside part are constructed with viaholes each
connected to an innerlayer flat pad group located in an
innerlayer and solder bumps formed in recess portions of
these viaholes.

2. A multilayer printed circuit board according
to claim 1, wherein the solder pads located at the
outside part of the solder pad group are solder pads
located in first to fifth rows viewed from the outermost
periphery.

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

4. A multilayer printed circuit board according
to claim 1, wherein a solder resist layer is formed on
the multilayer wiring layer and an opening.size of the
solder resist is made larger than a diameter of each of

the flat pad constituting the solder pad and the viahole
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and the like are desirable, and gener Ioride—aﬁd??aLLadLunl__w
colloid are used. Moreover, is desﬂlummi"m w a heatTHi§ Hﬁit‘#’@BEEN
for fixing the catalyst nucleus (5) ter tmesapplicatiqn of BEELACED
catalyst nucleus in the item(4), a plating resist 6 is fornmed.

the plating resist 6, comrercially avail abl e product nmay be used, and also
there may be used a conposition of an i_np@azol e curing agent and epoxy
acryl ate obtained by reacting epoxy resin with acrylic acid or nethacrylic
acid, or a con%s%imtof—oeg’dﬁylapr fhat solgeiry aesdis b wighhorkthearfil atn pad

i m dazole curig @% 1ah A ratio of epoxy acrylate to polyether

sul phone is deS|ra e to e ©about 50/50-80/20. 1f the ampunt of epoxy
acrylate is too Iarge 5t he Almul bilaygr| préntedwiireuvitteiborird s too smal |,

t he phot osensi e n o] S t cd d i sfance to
oxi di zi ng agen%é %X%ﬁ% f’ %i %&/erE %%%el %éogﬂ%% l"gecs’raiél ate‘lﬁés desirabl e
to be a react|ﬁormedduntthhamuxﬁiaa%em=wﬂdlngxbayqp(nqﬂ;am omsreiegl Wit h

acrylic acid or,nethacrylic id |f tgﬁ r on t oq hi gh,
hydrophlI|C|tyshf?h°gkﬁéﬁoﬁﬁgﬁ§ T 58 SHiS (ﬁ%#%;ﬁﬂ@ﬂ% %?%@ rises,
while if it isdiemetew ofheachselfutthen flieiersd constltut%né heh& psxydéesi n
being a basic skeletgon resin,  novolac type eS|n |s desirabl e

e
because it is pﬁ?gﬁ“#ntpﬁeV&PBQQﬁ T AF &§h§VF§r RY resistiater

absor pti on of hhﬁhcﬁhedeéQdE&H o> 9le BIzhdI@N O. 1@6and |s excellent in
the resi stance to base novol ac type epoxy resin, there are creso

novol ac type
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- 21 - epoxy resin and phenol novol ac type epoxy resin. (6) A—go+ti-Qn

not formng the plating resist 6 in the item (5) is subjecte THb’ﬁﬁEEFHas)BEEN

plating. In this case, flat pads 8 and viaholes 9 arranged ih theHEFbAGED

formare formed in addition to the copper pattern. As a prinary
plating, it is desirable to be an all oy pleati ng using.at | east two netal
ions selected from copper MULTTKAYERC PRENTEDNGIRCUIThBOARDSECcause t hese
alloys are high in the strength and can inprove the peel strength.

In the el ectrol ess plating SOABSTRACTOOFPMHEEDESUIMSURE it is desirable to
use hydroxy carboxylic acid as a conplexing agent form ng a stable conpl ex
conpound with copper it @8t %ﬂﬁﬁﬂthkﬁEP%nﬂéF°Bé§lP°E€ﬁdFPWBH139ﬁ fhe

el ectrol ess plc’&ten&mwaw friil £ NEaPet "R ¥i Rhal hYBrsa FoRsidel RheAQRIM foOr

reducing the nmetal ion into etallic element iS deSirabie to be at | east

one sel ect ed ﬁ*&naalﬁfellﬂ%!é pm;ﬁm&pﬁgme@chm Eyoasiiprasienaddy), hydride
borate and hydy ng 15:8s S 884 20ERh aiae:%% & Ioh WRLls

excellent in the re u0|ng power. Particu hypophOsphate 1I's eS|r§%Ie

in a point ofqﬁxnthmqﬁtx@pynckmiplng layer,_in which the solder pads
of the solder pad group are arranged in only a
peripheral portion other than a central portion to form
a frame shape and the solder pads located at the outside
part among the frame-shaped solder pad group are
constructed with flat pads each connected to conductor
pattern on their surface and solder bumps formed on the
surfaces of the flat pads, while the solder pads located
at the inside part are constructed with viaholes each
connected to an innerlayer flat pad group located in an
innerlayer and solder bumps formed in recess portions of

these viaholes.

Figure 1
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In the el ectroless plating solution for primary plating,.it is desirable to
* use at |east one basic conpound sel ect ed’ fron1sod|un1hydrOX|de pot assi um
hydr oxi de and cal ci um hydroxi de as a pH adj usting agent for adjusting to
basic condition. Under the basic condition, hydroxy carboxylic acid forns a
conplex with nickel ion. As the hydroxy carboxylic acid, citric acid, malic
acid andgigftaric acid are desirable. They are easy to forma conplex with
ni ckel, cobalt or copper. The concentration of the hydroxy carboxylic acid
is desirable to be 0.1-0.8M Wen the , - 22
- concentration is less'than OI M thghppnplex can not sufficiently be
formed and abnormal precipitation and ‘deconposition of the solution are
caused. Wiile, when it exceeds 0.8M the precipitation rate becones sl ow

and the generation of hyqgx —padesi rably becones frequent. The
el ectrol ess plating sol utf: ) he primary plating is desirable to.
contain bipyridyl. Bet® - idyl can control the occurrence of netal
oxide in the plating_ bat B0 sfifor ess the occurrence of nodule.
Mor eover, copper ion,~ni<kgr i pfjf and cobalt ion
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are supplied by dissolving copper, nickel and cobalt conpounds such as
. copper sulfate, nickel 'sulfate, cobalt sulfate, copper chloride, nicke

chl oride, cobalt chloride and the |ike. The primary plated film
made from such an el ectroless plating solution is excellent in the
followability to the roughened surface of the adhesive |ayer for
el ectrol ess pl.ati or traces the formof the roughened surface. Therefore,
the primry g%ﬂfa filmhas the sane anchor as in the roughened surface. As
aresult, a secondary plated filmform2g7on the primary plated filmensure
t he adhesi on property ow ng to such an anchor. Accordingly, the primary
plated filmis desirable to be a high-strength plated film precipitated
fromthe electroless plating solution in order to control the peel
strength, while the secondary pla{ed filmis desirable to be high in the
el ectric conductivity and fast in the precipitation rate and hence to be a
plated filmprecipitated frama_sinple_copper_plating solution instead of a
conposite plating sol ut i &h. Q?)O r&)'heoprﬁﬂﬂrc} ptated filmformed in the

item(6) is subjected tocg %gcquakg Qbatkyg(so Egrnlconductor

© O O O 0O 0O O O
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- 23 - circuits including the flat pads 8 and viaholes 9. The plated film
t hrough the secondary plating is desirable to be a copper plated film

The el ectroless plating solution for the secondary plating is desirable to
be an el ectrol ess plating soluti.on conprising copper ion, trialkanol am ne,
a reducing agent and a pH adjusting agent in which the concentration of
copper | .005-0.015 nol /1, the concentration of the pH adjusting
agent is Cﬁ%B .35 nol /1 and the concents?gion of the reducing agent is
0.01-0.04 mol /1. Such a plating solution”fs stable in the plating bath and
| ess in the occurrence of nodule and the |ike. In the electrol ess
pl ati ng solution for the secondary plating, the concentration of trial kanol
amine is desirable to be 0.1-0.8M The plating precipitation rate i s nost
pronoted within such a range. As the trialkanol amne, it is desirable to
be at | east one selected fromtriethanol am ne, triisopanol am ne,
trimethanol am ne and tripropanol am ne because they are soluble in water.
In the electroless plating solution for secondary plating, the reducing
agent is desirable to be at |east @k sel ected from al dehyde,

hypophosphat e, hydride borate and hydrazine. 18f@adare soluble in water and

excellent in the reqp9+ng—pgm94——lhe—pkkadfﬁ5¢+ﬂg—ageﬁg is desirable to be
at | east "TTT?TrTﬁTh?dﬁeﬂ1§f7—Tmﬁ1ﬁﬁﬁ|Jm
hydr oxi d "
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Thus, there are forned viaholes 9 each consisting of the primary plated

+ filmand the secondary plated filmfor electrically connecting the
conductor pattern and the flat pads 8 arranged in the frane shape

- 24 - and the upperlayer conductor to the innerlayer pads. The
viaholes are 14 x 14 - 8 x 8 = 132 in the enbodinent of Fig. 1 and are
formed ohign dpper surface of the flat innerlayer pad group of
frame-arranged 132 pads for electricall4/Tonnecting to the conduct or
patterns in the core substrate. Further, 204 flat pads are forned in frane
shape on the surface |layer of the wiring substrate at the outside of the
‘vi ahol e. Mor eover, the sol der pad group fornmed on the surface |ayer
of the wiring substrate is desirable to be connected to the conductor
patterns in zigzag formas shown i(@Fig. 1(b). That is, as shown in Fig.
1(b), the conductor patterns drawn fron1t26prfs ggsi:he second and third
rows are arranged so as to divide the out€rnogt Berlpheral pads into three
equal pag onductor patterns,drawn.f Lo t he pads of the
third row are hrranged sp psjto divide the pad$ ¢f jthe Tirst]row

S O\
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- and the pads of the second rowinto two equal parts. (8) Then, a
phot osensitive solder resist 10 is applied, exposed to |ight and devel oped
to forma |ayer of solder resist 10 having an opening size |arger than that
of flat pad 8 or viahole 9 at positions of the flat pads 8 and the vi ahol es
9. Concretely, the diameter of the flat pad 8 is 100 [err]m the dianeter
of the viahole 9 is 175 [err]m the opening size of the solder resist 10 in
the flat fpiagl. 8is 125 pm and the openg@@ size of the solder resist 10 in
the viahole 9 is 200 pm (9) The surtdces of the flat pads 8 and
vi ahol es 9 exposed fromthe opening of the solder resist 10 in the item (7)
are subjected to Ni plating and Au plating in this order. (10) Then, a
solder foil is lam nated onto a poly?éhylene terephthalate filmand
subj ected to an \\ - 25 - etching treatnent
so as to | eave soldéﬁ patt erns on positions corresponding to the viaholes
and the pads. Next} ‘tRis Imis lamnated so as to ntact the sol der
patterns with the p&\ hol es and thel@ol der i Ltransfert@d to the
pads and viaholes\b unde - ‘

g 3 GRS
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Wiring of \ 10\

conductor pattern ' (b)
Position __ _ 1"

Fig. 6
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- pad to sol der anount

heating to form sol der bunps 11. Mreover, a ratio of solder anmpbunt in the

in the vi
t hus obtained nmultilayer print
Fi g.

ahole is, for exanple, 190:210. The
ed circuit board is diagrammatically shown in

1. This multilayer printed circuit board has also nmultilayer wring

| ayers at the back side, which are fundanentally produced in the sane

manner as ggécribed above.

process my be gdopted i n addi
met hod of producing the nmultil
sem -additive process is a net
i nsul ating resin |ayer
of a thin thickness over saiddf
portion of the electroless pl

In the invention, a sem -additive
tion to tQFquII additive process as the
ayer printé circuit board. The
hod wherein a surface of an interlam nar

i s roughened and subjected to an el ectrol ess plating

battdrhace and.a plating resist is formed on a
ted filmnot formng conductor and a portion

not formng the resist_is sub
t hi ckness and then thept-aiiwe
| ocat ed t her ebel ow. argnrane
As mentioned aboved—agLot
nul tilayer printe%] L hooynanane:
of attaining the "high’integra
reduci ng the nunber of wiring

"i§ﬁ“{ﬁ?§ﬁ'ﬁ€h§|

ected to an elpefrolytic plating of a thick *
i cuite e—el ¢otrol ess plated film

ptgr circuit pattern

there can be provided

AW L .
REsH M mrAderagnt Png of flip chips capabl e
fication) of solder pads and

| ayers while naintaining a high density

nounting property of wiring substrate

Fig.
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Surrounding
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~-"26 - surface. Thus, it is possible to inprove the yield of the
multilayer printed circuit board and reduce the production cost.
-27- What is clainmed is: 1. Amultilayer printed circuit board,
conprising, a core substrate, nmultilayer wiring |layer fornmed on the core
substrateFQy QJternater | am nating interlamnar insulating |ayer and
conduct or péktern, and a sol der pad group conprising two-dinmensionally
arranged pads havi ng sol der bunps on a74drface of the nultilayer wiring
| ayer, characterized in that sol der pads of the sol der pad group

are arranged in only a perlgh%raJ) ©c00000O0O
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portion ot-her than a central portion to forn1a fra enyq
sol der - pads | ocated at an outside part 0 lJl ’Tﬁﬁﬂtﬁﬁ have fl at ﬁﬁ’dsna-bq's
havi ng surfaces which are each connected tern on a sane

surface of one of the interlam nar insulatlng Iayer and have sol der bunps
formed on surfaces of the flat pads, the solder pads |ocated at the outside
part of the frame shape being located in at least two and up to five rows

from an out ernost periphery of the frane shape; and wher ei n sol der

pads | ocated at an inside part of the frame shape have vi ahol es which are

each connected to an innerlayer flat pad group located in an innerlayer,

and have sol der bunps in recess portions of’The vi ahol es. 2.

The nultlIdﬂ@ﬁ:pﬁlﬂl@dm@ﬂraﬁlt board of claim1, wherein the interlam nar

i nsul ating | ayer conprises a roughened surface having a surface roughness

of 5to 15 [err]n1 The mul ti}ayer printed CIFCUIt

board of claim 1,1fubt wa!ﬁlemrppr@f-‘wgcacwmdf somprisjngy & core swstra

nul tilayer multiliger withig Ia%ﬁl fohinéE ol e &B@%hﬁﬁrﬂ"e By alt&tatedy wﬂma&tngl s
| arger tha I anet er G LEs I’ldl@ one at .‘pad and vi.ahol e of

the ol dor TpikstnagaE, oty TEiE e ktfY afters P o oldRe 807 BRB0ncl ng
one of fl atcom!i'isilgitwo-dhnémonally arrangedads having solder Bumpsonta surface ofr i nt ed

circuit bo %%&%E&E&Eﬁﬁmﬁ%ﬁﬂ% el sol der resist layer on the

mul til ayer WI ring erern an opening of the solder resist is
smaller than a d.saldermadsfofathecspmﬁmdwm arapged i qulyaa cpeviphiemle of

E)Pef\rg![ dggdﬁmﬁgnéﬁéﬂga%ﬂ%mmhﬁ t6 Ririfs ffags ﬁ{apgn t he correspondi ng one
wherein solder pads located at an outside part of the frame shape have flat
pads having surfaces which are each connected to conductor pattern on a same
surface of one of the interlaminar insulating layer, and have solder bumps formed
on surfaces of the flat pads, the solder pads located at the outside part of the frame
shape being located in at least two and up to five rows from an outermost
periphery of the frame shape; and
wherein solder pads located at an inside part of the frame shape have
viaholes which are each connected to an innerlayer flat pad group located in an

innerlayer, and have solder bumps in recess portions of the viaholes.

2. The multilayer printed circuit board of claim 1, wherein
the interlaminar insulating layer comprises a roughened surface having a surface
. roughnessof Sto 15 pm.

3. The multilayer printed circuit board of claim 1, further
comprising a solder resist layer on the multilayer wiring layer, and wherein an
opening of the solder resist is larger than a diameter of a corresponding one of flat
pad and viahole of the solder pads so as to not overlap the solder resist on the
corresponding one of flat pad and viahole.

4. The multilayer printed circuit board of claim 1, further
comprising a solder resist layer on the multilayer wiring layer, and wherein an
opening of the solder resist is smaller than a diameter of a corresponding one of
flat pad and viahole of the solder pads so as to overlap the solder resist on the
corresponding one of flat pad and viahole.
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-28- .~ 5. The nultilayer printed circuit board of cla

wherei.n the sol der pads lcated at an inside pa ll!ﬂll '"lﬂl"ﬂﬁ"m hape :
conprise a plurality of rows of solder pads co er | ayer pad
group through vi ahol es. 6. The nul ti rayer printed circuit
board of claim 3, wherein the solder pads Icated at an inside part of the

frame shape conprise a plurality of rows eﬂBsoIder pads connected to an
i nnerlayer pad group through viahol es. The nmul til ayer

"nsi de. part of th8-frane SKabEGHSRT bEiated Afpdf W?rdoﬁf‘%m 1o pidrfh B
'(I:'ﬁgmrarﬁ} ??I ;solder padsdeated at ap iwsidy par of ﬂ:ecfnylheshwmbmpnse a plurs;l(x)tly(;grrowzd
| cated at aﬁg%or%g#o@(%g?ﬁh&?éﬂt %rﬁgrre ?aaéc%ﬁgrl Sg@gm\ uﬁb‘g] ity of Powz of

sol der pads connected to an innerlayer pad group through vi ahol es.

9. d q ;I'he {nal ti LayerTﬁé hgilﬂ[i y&t P ﬁhtédhai??ﬁtjbsirdﬁéﬂlﬁinls,mfﬁhft?é het
sol der pads cated a N iNgi e nme s risej a firs

ol ural i Ly ootk BadsiCated ot e Fnsie 5a5h e e ot shAR couqbtiss APRERIY O JoMs, oup
t hrough a f of sdlde@rgpadsicomncrisd ®oan iancriayerqad group through efaboless of sol der
pads connected to a second innerlayer pad group through a second set of

vi ahol es.
7. . The multilayer printed circuit board of claim 4, wherein the

solder pads Icated at an inside part of the frame shape comprise a plurality of rows
of solder pads connected to an innerlayer pad group through viaholes.

8. The multilayer printed circuit board of claim 5, wherein the
solder pads Icated at an inside part of the frame shape comprise a plurality of rows
of solder pads connected to an innerlayer pad group through viaholes.

9. The multilayer printed circuit board of claim 1, wherein the
solder pads located at an inside part of the frame shape comprise a first plurality
of rows of solder pads connected to a first inneriayer pad group through a first set
of viaholes, and second plurality of rows of solder pads connected to a second
innerfayer pad group through a second set of viaholes.

U 10. The multilayer printed circuit board of claim 3, wherein the
solder pads located at an inside part of the frame shape comprise a first plurality
of rows of solder pads connected to a first innerlayer pad group through a first set
of viaholes, and second plurality of rows of solder pads connected to a second
innerlayer pad group through a second set of viaholes.

11. The multilayer printed circuit board of claim 4, wherein the
solder pads located at an inside part of the frame shape comprise a first plurality
of rows of solder pads connected to a first innerlayer pad group through a first set
of viaholes, and second plurality of rows of solder pads connected to a second
innerlayer pad group through a second set of viaholes.

12. The multilayer printed circuit board of claim 5, wherein the
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10. L The multilayer printed circuit boa ' ' erein the
sol der, pads |ocated at an inside part of the fr mii ' U e afirst -
plurality of rows of solder pads connected to a | S pad group

through a first set of viaholes, and second plurality of rows of sol der
pads connected to a second innerlayer pad group through a second set of

vi ahol es. ' 11. The md29%4 ayer printed circuit board of
claim4, whelkk rpaub %@ﬁ@ﬂramm&ﬁiel beﬁ.@traane shipé eempeisd aqfrst pRrakige
shape conprise ra | oI der .pads fg‘@i
first mner‘?fé'?W ?é‘g‘fﬁ 'ir?t.#m YeSfPa\‘)&i'ﬂBP !

plurality adf ﬂ@hﬂes;fa:ﬂowdeud mﬁhtpbﬂeomd)ftsolmmmMmedlmwmd group

(nrougt 2, ShR oty PR meppttotoes. o U LT

-29- solder pads |ocated at an i'nsi de part of the frane shape conprise a

first plurality rows ofmp @g}&%.ﬁg natﬁ‘ér pad
group through a ?lﬁrst set o?pw a secong‘;agfiura |ty o# i
sol der pad<older padscare ar'@nge%mm&mrm c%oge'i!'@nd set

of vi ahol esmultilayer wiring layer.

14, The multilayer printed circuif board of claim 3, wherein the
solder pads are arranged zig-zag in an X-Y direction on the surface of the
multilayer wiring layer.

15. The multilayer printed circuit board of claim 4, wherein the
solder pads are arranged zig-zag in an X-Y direction on the surface of the
multilayer wiring layer.

16. : The multilayer printed circuit board of claim 5, wherein
the solder pads are arranged zig-zag in an X-Y direction on the surface of the
multilayer wiring layer.
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The nultilayer printed CII‘CLII .'board of claim1, wherein the
I pads are arranged zig-zag in an X-Y direction on the surface of the.
Itilayer wiring |ayer. 14. y The mul til ayer prlnted
circuit board of claim3, wherein the sol der’ pads are arranged zig-zag in
an X-Y direction on the surface of the nmultilayer wiring |ayer.

15. The multilayer printed circuit board of claim4, wherein the
sol der pads are arranged zi g zag in an X-3gdirection on the surface of the
mul tilayer wiring | ayer. The nmultilayer printed

an ¥ direction on't h”‘eifa‘ﬁ‘lelé@@#ﬁ Wﬁ% GBS ayer. - 0 0
ABSTRACT OF THE DISCLOSURE
A multilayer printed circuit board comprises a

core substrate, multilayer wiring layers formed thereon
and a solder pad group formed by two—dimeqsiqnally
arranging pads provided with solder bumps on the surface
of the multilayer wiring layer, in which the solder pads
of the solder pad group are arranged in only a

— peripheral portion other than a central portion to form
a frame shape and the solder pads located at the outside
part among the frame-shaped solder pad group are
constructed with flat pads each connected to conductor
pattern on their surface and solder bumps formed on the
surfaces of the flat pads, wﬁile the solder pads located
at the inside part are constructed with viaholes each
connected to an innerlayer flat pad group located in an
innerlayer and solder bumps formed in recess portions of

these wviaholes.

o REPLACEMENT SHEET|

Figure 1

28 DEC 1999




