PRINTED CI RCUI T BOARDS TECHNI CAL FELD4 This invention rﬁaﬂeﬁﬁ?;@gqpr'hted
circuit board and nore particularly to a printed circuit boa sui table for

“the high densification of nounting parts using a sol der bunp qagegprigg
i nprovenents of connection reliability jand mounting reliabilit'y. ;

BACKGROUZND ART At the present, it is always demanded to render electronic
equi pnents into high performances. Lately, it strongly tends to conduct
super-m ni aturization and reduction of thickness and weight in fields of
nobi |l e and portable el ectronic equipnents. In the field of printed circuit
boards, therefore, it is proceeded to develop a technique corresponding to
the high densification of nounting electronic parts (chips) onto a wiring
substrate. As the conventi onaf'a?%'&:ﬂﬂwus‘tﬁ £82BF8%f or the high
densification of mounting the part, there is known a flip chip nmounting
met hod iniﬁédﬁl sg&?gﬁ bunmp is arranged on a surface nounting pad formnmed
in the wiring substrate and the solder bunp is joined to the chip. Such a
flip chip nounting is a technique in which a conductor circuit including a
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bet ween thfbéq%ég”iégé ve%ggtgnof connection reliability and mounting

reliability.

" BACKGROUND ART

At the presant, it is always demanded to render
electronic equipments into high performances. Lately, it
strongly tends to conduct super-miniaturization and reduction
of thickness and weight in fields of mobile mnd portable
electronic equipments. 1In the field of printed circuit
boards, therefore, it is proceeded to develop a technique
corresponding to the high densification of mounting electronic
parts (chips) onto a wiring substrate.

As the conventional technique suitable for the high
deneification of mounting the part, there is kunown a £lip chip
nounting method in which a solder bump is arranged on a
surface mounting pad formed in the wiring substrate and the
solder bump is joined to the chip.

Such a £lip chip mounting ie a techanique in which a
conductor circuit including a mounting pad is formed on the
mounting surface of the wiring substrate and then a sgolder is
fed on the mounting pad through a solder resist to form a
solder bump in an opening portion of the resist and thereafter
the golder bump is subjected to a reflow treatment to conduct

an electrical connection between the solder bump and an



2 electronic part. However, the flip chip nmounting has the follow ng many
problems. (1) In the flip chip nounting, the opening portion of the sol der "
“resist feeding the solder in the printed circuit board is formed by
exposi ng portions other than the openings to a |ight through a phot omask
filmpribted with an opening pattern, di2solving and renovi ng unexposed
portions through devel opnent treatnent and then conducting thernosetting.
The thus fornmed opening portion of the colder resist has hitherto been

constitut e JutFRtichBakee site smaller than the size of the nounting pad
and overl apping the edge of the opening portion with the outer peripheral
edge (outer peri p#@?‘?VSFltW&e pEAAe shighBoHBEARY ke fhanfoiewmingnmpERy. 1.

that is, opegdGusadge of the solder resist |ocates on the surface of the
pad. Therefore mh n i on po itions other, than the opening
of the sol der resif etBFffgfgﬁ%Qﬂ? Hgss che MY PATtELH08E! e
bet ween aneu@pedldéty&femkt £eadind ehé weldcdaiar tRer profted défeesal der
resist is gaug&d dqg to flect i op_of |nCJdenttéaghghand he |ike.
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here Is cause lemth f
been constituted by making the size sma ler than the size of

the mounting pad and overlapping the edge of the opening
portion with the outer peripheral edge (outer periphery of the
pad) of the mounting pad as showm in Fig. 1. fThat is, opening
edge of the solder resist locates on the surface of the pad.
Therefore, when light is exposed on positions other than the
oﬁening of the solder resist, the difference in hardness
throﬁgh light exposure between an upper layer portion and a
lower layer portion of the solder resist ig caused due to

deflection of incident light end the like. Particularly, the

pad surface is easily subjected to an influence of light

gcattering produced on the surface. Por this end, the éuring

through light exposure becomes ingufficient at the bhoundary
between the lower layer of the solder resist and the pad
surface in the formation of the opening portion of the sgolder
resist and hence the solder resgigt is eroded up to the
position other that the opening portion by the development
treatment. As a result, therc ig caused a problem that a gap
is created in the boundary betwean the opening edge of the

solder resist and the pad through the subsequent
thermogetting.

(2) When the soldar bump i formed on the mounting pad



is.created in the boundary between the opening edge of the sol der resist
and the pad through the subsequent thernosetting. (2) Wen the solder bunp
is formed on the nmounting pad 3 by feeding the solder to the opening
portion of the solder resist in the printed circuit board, it is necessary
that the surface of the nounting pad expd%ed in the opening portion of the
sol der resist is previously subjected to NN/Au plating. In the conventional
structure of the solder resist described in the above item (1), therefore,
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t he sol der resist ., angd the i n..the N (Au i t r eat ment t he

preci pi t at i*§F 8 f‘ﬂe&b‘l" ﬁ%‘ﬁ‘%4 rﬁ’ﬁl‘:&?&eégafg‘ ?#ﬁ ggzp&aﬁegﬁafg ggﬂ'&u@ﬂet he
penetr at i orsviaeecn{t the Sdwtetinge past capdstdeipache Apemingspbttidhese i s
caused a pr c ' Igggli i ' e sol der
resist. (S)tq{%ﬁgn@lta%g gg%%? %“hu%p 'S Of“%gﬁeg“{c’)ﬁg?ﬁg‘?nmo&u%?%gx 63‘5"%951' eedi ng
t he sol der ¥mtthet conypshiogrbtiugtwfe wifetbol sekdergreniatn delserpbedt ed
circuit bo H LJar ayp{ d agk | sol der,
sol der bri ?i’:xg te;ir% a?’ﬁgél i’"&gm Q"i séti;l%:cég'rso?ggyst glilr:l?g %%délﬂégqéﬁ‘?er ence
bet ween t heltfiritionGapanrodneed chetrrathdhsoogeningsedge of filiee soldexef or e,

it is desiraddesed Qe Psat b ceneses Alu (P1eeinbdekehfrant dd¥ @y as far
as possi ble. However, as th

e nmountin ad beconmes spall 1 n accordance with
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the sol der &énduct the penetration between the solder resist and the pad.

As a result, there is caused a problem of causing the peeling
in the opeaing edge of the solder resist.

(3) “hen the solder bump is formed on the mounting pad
by feeding the solder into the opening portion of the solder
resist in the grinted circuit board, in order to avoid the
drawbacks such as flowing of solder, solder bridge and the
‘Like, it is necessary to arrange a step difference between the
mounting pad surface and the solder resist surface.

Therefore, &t is degirable to make the thickuness of the solder

regist thicker as far as possible. However, as the mounting

pad becomes small in accordance with the high densification of
mounting the part, it &5 very difficult to feed the golder ta
the pad and even if the gtep difference is arranged, there is
caused a problem that the drawbacks guch as golder flowing,
solder béidge and the liké can not be avoided in the formation
of the solder hump on a small-sizre pad. Further, in the
conventional structure of the solder resist described in the
item (1), the solder contacts with the golder regist, so that
there ig a problem that crack is created from the contact
point.

(4) There is a tendency that the area of the pad
becomes small accompanied with the high densification of



the pad and even if the step difference is arranged, there is caused a
ptobl em that the drawbacks such as sol der flow ng, solder bridge and the
"like can not be avoided in the formation of the solder bunp on a snall-size
pad. Further, in the conventional structure of the solder resist described
in the item (1), the solder contacts withi the solder resist, so that there
Is a problemthat crack is created fromthe contact point. (4) There is a
tendency that the area of the pad becones snmall acconpanied with the high

densi fi cat ;@ R ichgok trdducrughst Be £RAUGLL of the
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However, there |ssf$ pr.obl em t hat ngflCl resolutign i s not tained in
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burn out (5) 1n case of multilayering the wiring substrate into
multilayer, it is necessary that the viahole existing on the
mounting surface is completely clogged with the sgolder resist.
However, it is very difficult to realize the complete clogging
and hence there is a problem of leaving drawbacks such as
bubble, unfilled portion and the like. These drawbacks bring
about the occurrence of crack through thermal shock, burn out
and the like and hence the connection relisbility lowers,

(6) In case of multilayering the wiring substrate into
multilayer, it is general to connect the wiring substrate to
the chip by newly wiring the mounting pad for the formation of
the solder bump from the viahole. Therefore, there is a
problem that the wiring length becomes longer to lower the
wiring dengity and hence it ig difficult to mount the part in
a higher density.

It is an object of the invention to solve the
aforementioned problems in the part mounting using the solder
bump (£14ip chip mounting) and to provide a printed circuit
board suitable for the high densification of mounting the part
using the golder bump and for the improvemente of the
connection reliability and mounting reliability.

For this purpose, a maln chject ia to provide a printed

circuit board having a new structure that the solder bump for



and the |like and hence the connection reliability lowers. (6) In case of
mul tilayering the wiring substrate into nultilayer, it is general to
" connect the wiring substrate to the chip by newy wring the nounting pad
for the formation of the solder bunp fromthe viahole. Therefore, there is
a problemthat the wiring length becores | onger to lower the wiring density
and hence it is difficult to nount the part in a higher density. it is an
obj ect of the invention to solve the aforenmenti oned problens in the part
nmounting using the solder bunmp (flip chip nounting) and to provide a
printed cimmuitiinigodhd partatrme surelyhbehfedh tertdief padt sonfade viitdioutg t he
part usin e ool i SR f nnection
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On the contrg& , the |nv%nL on_.is concerned_ with a new structure of sol der
burp sui t aBPLASH YRR, AELEABLP CEOT FAUREIRE, CLERERPILG,BAS SBbR (R ate, whi ch

i s clearl ywtirifgratistrate,t tRickcinideardy dPffeded3#dn churther, the
techni que dbaghPqes' df' ab2atad337die) 'WuStnbl, 2RO’ totdfue’ AFs0osey ' °
in JP-A-4-337695 lies in a point that the solder ig caontacted
with the insulating resin layer. Therefore, if this technique
is applied to the invention, there are caused new problems
that D lead diffuses into the resin of the iusulating layer to
cause shortcircuit between the layers or between patterns, and
@ the solder haviag a poor wettability to the resin is apt to
be peeled off from the contact surface to the resin to drop
off the viahole made from the solder. Froﬁ these facts, the
above conventional techanique is impossible to reslise the
object of the invention. '

DIECLOSURE OF THE INVENTION

The ianventors have made various studies in order to
achieve the above objects. As a result, the inventore have
found that it is effective to attain the main object by a
structure that the solder bump is located in the viahole
without wiring the pad for connecting the pare.

The Sinvention ig based on the above knowledge ' and has
the cegential feature and congtruction ag mentioned later.

(1) A printed circuit board comprising e solder bump formed
on a mounting surface, characterized in thaet the colder bump

is located in a viahole.

(2) In the iavention described im the item (1), 4t 4ig
degirahle that the golder bump le formed so ag to €411 the



with the insulating resin |layer. Therefore, if this technique is applied
to the inventian, there are caused new problens that (1) |lead diffuses into
the resin of the insulating |ayer to cause shortcircuit between the |ayers
or between patterns, and (2) the solder having a poor wettability to the
resin is apt to be peeled off fromthe contact surface to the resin to drop
off the viahole nmade fromthe solder. Promthese facts, the above
conventtonal technique is inpossible to realize the object of the

i nventi on. ViEQITSGRE (U= PORALAYENTHERRCh AN ¢eResr 8 PRVl daista aboye

studies in gﬁge‘;ig%p@.hi eve the above objects. As a result, the inventors
have found that 1t 1s effective,to attain the main gbject. by a structure

that the sok3br burkh ithe SoY¥eBELPR deseribadola fhendtemw) ng dthdspad for

connecting ghgiPakhlc dH: IdHELRia0BLEShROSEGuctlecakhaveckaadader @ has

the essential feature, and construction as jpentioned later, (1 A
printed cir&aFt ehBSFEECRHF i<9ANGE188) HRE MRRF FORTETTOR éaéfgwﬁ?rﬁﬁe
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In the invention described in the item,(1),, Ji is desira at the
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial A-A section view illustrating an
opening shape of a solder resist in the conventional printed
circult board. Fig. 2 is a partial section view illustrating
a forming state of a solder bump in the conventional printed
circuit board. Fig. 3 &is a partial section view illustrating
a forming state of & older bump in the printed circuit board
‘according to the invention. Fig. 4 is a partial section view
illustrating produézzg;'steps of an embodiment of forming a
solder bump on a2 mounting surface in the printed circuit board
according to the invention. | -

In the drawinge, numeral 1 is a solder bump, numeral 2
a mounting pad, numeral 3 a conductor (conductor circuit),
numeral 4 a solder resist, numeral § a viahoie, rnumeral 6 an
insulatiﬁé layer, numeral 7 & plated resist (permaneat
resist), symbol X an opening eize of the solder resist, symbol

Y an opening gfze of the viahole, gymbol Z & land sice of the
viehole.

BEST MODE FOR CARRYIKG OUT THE INVEXTION
The printed circuit board according to the inventian
lies in a point that thec solder bump is located in the viahole

as shown in Fig. 3, particularly a structure that the solder



for electrically connecting the inner conductor |ayer to the outer
conductor layer is formed in a concave opening forned in the insulating
"l ayer provided on both surfaces with the conductor |ayers so as to expose
t he inner conductor |ayer fromthe surface of the insulating |ayer. BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a7partial A-A section view

Illustrating an openi ng shape of a solder resist in the conventional
printed circuit board. Fig. 2 is a partial section viem/illustrating a
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Fig. 3is a section view'rI'Tustrati ng s ol der
burmp in théoprehtas & ﬁ@uppvpsandpagt;nmhjgyﬁ<shpNe theemiaknﬁaJﬁ g. 4is a
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formng a sold on"a mounting surface in the printed circuit board
accor di ng FBﬂFh%ﬂ |‘Pﬂ/%91’t‘¥$)ri’°’-’t|4°!‘hé5dfam¢fbss° fsdea Pass| Shgoegh dkhre bunp,

nuneral 2 aneeumxmazpaasam&@ 13§er699&+!ﬁi£ug (&%miu%h@atﬁbﬁ Cwétf een

nuneral 4 a_sol der resjst, nuneral a vi ahol nuner al an i nsulating
| ayer, nunéF&lsVré?ﬁ?a}%XF§eaﬁ soudystrEnehrcyisiand th@y#ﬁBfolﬁhe%p@ﬁlng
si ze of the:oaahdearreswau %«wwov\éraa ﬁaemlmgnéudleda‘att;h vi ahol e, synbol

Z aland G gi ze ige vi ahol e. RRYI THE | NVENTI ON
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the sol der surfpcescbadatter ilngdie in ahel prastedavirduititgard, haekhgcal arly
a structurQ;rQ%E“& o§059€ernately laminating the conductor circuits and
the interlaminar insulating layers.

In such a structure, it is not required to conduct the

new wiring of the pad for the formation of the solder bump
'from the viahole, and hence the wiring length can be ghortened
and the improvement of the wiring density can be attained.

In the above structure, the inside of the vishole is
completely filled with the solder bump. As a result, it is
not nacessary to £4i11 the solder resist or the like in the-
viahole, so that there can be solved the problem of the
conventional technique that the drawbacks such as bubble,
unfilled portion and the like remain in the £illing of the
solder resist. This is due to the fact that the solder is
uniformly and completely filled in the viahole thro&gh fusion.
Further, the printed circuit board having the above sgtructure
according to the invention ig algo excellent in the electrical
connection reliability because the inside of the viahole is
completely filled. .

According to the structure, the solder bump &5 £illed
and formed in the coancave portion of the viashole made from the
wmetal coating. As a result, the colder bump does not directly
contact with the resin of the insulating resin layer, &o that

there is no brecakage of the insulation between the layers or



7 bunp.is filled in the viahole on the nounting surface and forned 60 as to
cover a portion just above the viahole. Particularly, the viahole is
‘desirable to have a structure that an opening portion is forned so as to
pass through the interlanoinar insulating |ayer providing the insulation
bet ween the surface |ayer of conductor circuit and the inner |ayer of
conductor circuit and covered with a netal coating electrically connecting
the inner conductor |layer to the surface conductor layer in the printed
circuit board having a structure of alternately Lam nating the conduct or
circuits anbetweennthe |patitenns dyel tei dEf fugimme of| Aesdchavensundent high-it is

not require W o) fo r on of the
col der bunpgfhgegg e V|§%ole@%aﬁgh%gggg é?éé%&%ﬁg% ROEE v%gnn@éshortened
and the inpBeeddgEndoss nofe %qﬂieng—°d§h§| r9stmn 8% “at GdPeﬁhlleel-%bove

structure, 1RskASiHEn Otnd NPLAMIAROLE kEd60FRRIEH e sfdllaLeQd Wrhhegfig sol der
bump. As a result, it is not necessary to e sol der resist or the

like in the SPRARSEAON s tRe Fokdes é’“@&naﬁ‘é"gé*‘%d‘-‘l e SYRENHEBR t he

convent i onalcdmattisduethhadLy flﬂx&ﬁﬁﬁi@&&a&ﬂﬁ@ Ssnditutdnguithiel L e8neDE] i ON
and the | Lke r§g$|n in,the f%iiﬁ &8 ?g r resist. this hs due to the
fact that tH® dafedti &8 AK¢ %é] R, OF tRFQRKF GY, toné §i mAbRE

t hrough f usiesatsfg.t hahd theo préwd enbl@errcbnkprb&rﬂahmﬂﬂg t#19 1488V en

structure ac ordln h nve [ I e i n the trica
connecti on r% $ &b 8fe e?&%g% %%éagﬁgﬁ'%oig’tﬁé cﬁ%? 5&b?gtely
filled, Accosqﬂdgftnseﬂhmnstbacmcdqnlaﬂua agddét &anposs;ﬁ1¢Iﬁnjcumduhhrned in

the concave ppLti Qi Qfed BOukt2R! &5 "B dehiMehlBugh self-alignment
effect based on surface tenmsion. Further, it ig desirahle
that the metal coatings of nickel and gold are formed on the
surface of the viahole according to the invention from the
surface side of the viahole. Nickel is excellent &n the
affinity with copper, while gold is excellent in the affinity
with nickel and solder.

In the printed circuit board according to the
invention, it is desirable that the opening size of the
viahole is 50-220 um. When the opening size of the vighole §
is less than 50 um, the size of the solder bump is restricted
to a small level and hence the electrical ébnnection
reliability'to the part is degraded and also the contact area

. between the viahole and the coaductor layer located
therebeneath becomes small to degrade the electrical
connection reliability to the inner circuit layer. On the
other hand, when the opening size of the vimhole exdeeds 220
Hm, the golder bump is too large and the drawback such as
solder bridge or the like is apt to be caused on the side of
the part to be connected} and also it hardly copee with the
pitch of the flip chip so as not to ocbtain the effecct of

improving the wiring density.



netal coating. As a result, the colder bunp does not directly contact with
the resin of the insulating resin layer, so that there is no breakage of
-the insulation between the |ayers or 8 between the patterns due to

di ffusion of | ead even under high- tenpegature and high-humdity
conditions. Moreover, the solder does not close to the resin, so that the
peeling is caused when the viahole is made fromthe solder. In this
connection, the solder bunp according to the invention contacts with only

the netal coating.,consti h sQ tha s xcellent in the
adhesi on propertyttot?1 E’ﬁe?gﬁgdco ﬁ‘f‘?% % %ﬁ& g?g%r&f 1R bump is
fornmed by £avéntipan itthdecdrebvabborttian tdie Lhadvadimpéeer xf tthat t he anount
of sol der Y rge t e_ Lo, con t ,the accurate
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desirable that the opening size of the viahole is 5 err Mhen t he
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connectlonbzgllabl part is degrade and al'so the contact atea
dge and he lxke are apt to be caused on the side of the
part to be connected and the mounting density and wiring
denegity lower. Moreover, the lowering of the mounting density
is caused due to the fact that the mounting area {s decreased
by the iucreased portion of the solder bump though the
necessary mounting number is unchangeable.

A typical production method of an emhodiment of the
printed circuit board according to the invention will be
degcribed below.

(1) At first, an inner layer of copper pattern is
forned on a substrate. '

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

Particularly, &t ig desirable that when the copper
pattern is formed by etching the copper lined laminate, a aon-
‘solvent resin (epoxy resin or polyimide resin) is applied,

cured, polished to ecxpose the copper pattern to thereby



bet ween the viahole and the conductor |ayer |ocated therebeneath becones
smal | to degrade the electrical connection reliability to the inner circuit
“layer. On the other hand, when the opening size of the viahole exceeds 220

pm the solder bunp is too | arge and thg,drawback such as sol der bridge or
the like is apt to be caused an the side of the part to be connected, and
also it hardly copes with the pitch of the flip chip so as not to obtain
thé effect of inproving the wiring density. 9 In the printed circuit

board aCC%rdiidl@lehothEeshPﬂé‘éE RL tHet subs€8gLE bl gudihal anutseehaaﬂng ﬁ.@@t er of
the viahole is 80- err%$1' he openi ng size of the viahol econes
smal |, the EﬂnﬁﬁmﬁtGFché“E reﬁii}ﬂﬂﬁﬁnﬁﬁcﬂeE?%%&*ﬁFt IgFPORMER £AE | and

di anet er l&edeqwmbmnbaea{xee rg e ﬁﬁle::&@sdebfbm@ mdmnscw{%etel y be
filled in he Vi hoIe ag or med_so her t han t he sol der
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sol der tnnnnitbﬁmnversely too Iarge and hence the drawbacks such as sol der
bridge and the Ii ar t sed on.the,s t he ,part to be
connect ed and the%un&}lﬁg'dé‘ﬁsg §/°% Cpali e ﬁ&aﬁeﬁéeﬁ/oﬁ SIthP &,

| oweri ng oéuntéte nouwn dgysdeneikt 9op§eca1mméotmedhbnfw t&m tihe
mounting area i s GqQ %%%QLQXLLQF LARIGASED ROLE EF Oéié{keaﬁoé & pRump

t hough the necessary nounting nunber 1s unchange I"cal productlon.
met hod of wadenfoei rerkharmosiettpngnresinigsuali tasbeapetyacea)i@h rep kydntdde

invention wekbnbeyiemalaimide triazine resin, phenolic resin or the
like; a photosensitive resin obtained by photosensitization of
these resins; a thermoplastic resin such as polyether sulphone
or the like; a composite of the thermoplastic resin and the
thermosetting resin; or a composite of the thermoplastic resin
and the photosensitive resin.

The surface of these resin layers may be sﬁbjected to a
roughening treatment with an oxidiring agent, an acid , an
alkali or the like. By such a roughening, the adhesion to the
conductor circuit formed on the surface can be improved.

As the interlaminar insulating material, it is |
particularly desirable to use an adhesive for electroless
plating. The adhesive for electroless plating is aptimum to
be obtained by dispersing heat-resistant resin particles
soluble in acid or oxidizing agent into heat-resistant resin
hardly soluble in acid or oxidiring agent. This is due to the
fact that the heat-resistant resin particles soluble in acid
or oxidiring agent are roughened and removed, whereby octopus
trap-shaped anchors can be formed on the surface to -improve
the adhesion property to the conductor circuit.

In .the adhesive, it is desirable that a photosensitized

thermogetting resin or a composite of a photosensitized

thermosetting resin and a thermoplastic regin ig used as the



descri bed below. (1) At first, an inner |ayer of copper pattern is fornmed
on'a substrate. The formation of the copper pattern on the substrate is
carried out by etching a copper lined l,am nate, or by a nethod wherein an
adhesive layer for an electroless plating is fornmed on a substrate such as
gl ass epoxy substrate, polyimde substrate, ceram c substrate, netal
substrate or the.like and the surface of the adhesive |ayer is roughened

and then suRioetashistaiit ee8th! RALSEy Riclub1@ (Raabti€ Wardiidiizings desirable
t hat when the copper pattern_is forned

by etching the co r lined
| ami nate, a®foRt: s&t erebPR YERRIYS r"'é{‘ﬁ I‘Fat‘fp"“ﬁoPﬁi ﬁ?mgﬁw ﬂ')‘g'ﬁé’ appl i ed,
cured, poliakpdsife aqbFevieleopaonpeswiny tiay theO phbesebysitiddk imamot hen t he
surface of hhetﬁubstrat%m.s CQ gnoothe&ln of %Qg gubggrat%.surfac
easi |y condb®t PHE"IHmt gxgﬁsgr ARdCHRVET ittt T ma T R =S of
t he phot osekbet tvermopsldstiiicngesdsi, nwheyeby fehrendshprovehent ubStpatle surface
becones unif e d [ | am i | 3L | s. £ or,nmed on
the inner | g)gg'rq}‘gﬁgcjé%&eq{rh ﬁg,?‘tdélrgﬁg?‘ o?rgr}eg‘?{% ﬁdej t?‘[ee%gf &?ngﬂ%’é ?Enttehref am nar
i nsul ati ng logperrescelesf retaaks dnpshpaddahebenpentiionnbyeheahgeyese cauch as

epoxy resiNgPgkyLildg. resin, bismaleimde triazine resin, phenolic resin
or the like; a photosensitive resin obtained by photosensitization of these
i esins; a thernopl aSereretadih $BENeasdrporycePRFY ARGHGLE obtained by

reacting the epoxy resin with acrylic acid, methacrylic acid
or the like, and a composite of epoxy acrylate and polyether
sulphone. As the epoxy acrylate, it is desirable to react 20-

80% of total epoxy group with acrylic acid, methacrylic acid
or the like.

In the above 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 um, GDagglomerate particles having an average particle size
larger by 3 times or more than that of powder and obtained by
agglomerating heat-xesistant resin powder having an average
particle site of not more than 2 um, @ a mixture of heat-
resistant regin powder having an average particle size of not
more than 10 um and heat-resistant regin powder having an
average particle size of not wmore than 1/5 of the particle
size of the above powder but not morxe than 2 um, and @ false
particles obtained by adhering at least one of heat-resistant
resin powder having an average particle size of not more than
2 pum and inorganic powder to surfaces of heat-resistant resin
powder.having an average particle size of 2 ym -~ 10 um. They
can form complicated anchors. Aas the heat-resistant resin,
epoxy resin, amino resin (melamine resin, urea resin,

guanamine resin) are favorable. Particularly, the solubility



or ‘the.like; a conposite of the thernoplastic resin and the thernosetting
resin, or a conposite of the thernoplastic resin and the photosensitive
“resin. The surface of these resin |ayers nay be subjected to a roughening
treatment with an oxidizing agent, an acid , an alkali or the like. By such
a rougheni ng, the adhesion to the conductor circuit fornmed on the surface
can be inproved. As the interlamnar insl2ating material, it is
particularly desirable to use an adhesive for electroless plating. the
adhesive for electroless plating is optimumto be obtai ned by dispersing
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to the factP¥ YAFYIRg ﬁgﬁtLXBgigfd?&‘??ﬁﬁq1 PFiEFeS“E*ﬂéhﬂi?qﬁ1°&éid or
oXi ﬂi zi ng a@mﬁb sflar:ﬁwh@ugbaﬁedyan?wemlmenebye@%m e’ byhaped ]
anchors can, be for on t urface to nmprove t adhesi pn property to the
conduct or c?’F%ﬁ‘t“.gnﬁﬂ'sﬁ?‘ﬁ@°§d§§g¥%%,el?cfxg fe(fé@i ngpgm?ﬁa‘f“} o EFEESsi ti zed
t her noset t i bgpe airingy sgentmiesetsiby digduliveseial theedxidbs:ims /iganig resin
and a ther I | C,Lesi S t - resi nt_resin hardly
oL ubl & i R o%?.edi‘%‘r% §gg§%f'&§%eb u%ree,a[{t%%é BBERIPE bodey bl [
formed by | ehhgomsapostikte sanduddesbdpntype cvwtina @gens phohasdhgi ti zati on.
Furt hernore ' by conpasiting with the

diEQ@l&@&'%%?&%@f.h@&&&&@.

t her nopl astic resin, rovenent of peel strength in the
~conductor circuit & thee asddyagpfiofnothe Hnwitiionensbese arebwiphadie

yiahole POr 498, Py HESEN O 3R, sulfuric acid, and organic acids such
as formic acid, acetic acid and s0 on. Par£icu1ar1y, the
organic acid is preferable. Because, whea it is subjected to
the roughening treatment, it hardly corrodes the metal
conductor layer exposed from the viahole. As the oxidizing
agent, it is preferable to use chromic acid, permanganate
(potassium permanganate or the like). Especially, when the
amino resin is dissolved and removed, it is desirable to
alternately conduct the roughening treatment with acid and
oxidizing agent.

In the printed circuit board according to the
iavention, a plurality of ianterlaminar insulating layers may
be uged. For instance, there are the following forms in case
of using the plural layers.

Q) The interlaminar insulating layer of two-=layer
structurae arranged between the upper layer of conductor
circuit and lower layer of conductor circult in which the gide
near to the upper layer of conductor circuit is 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 oxidiring agent and
the side near to the lower layer of conductor circuit.

In this structure, there is caused no ghortcircuit



be ‘attai ned. Concretely, there are an epoxy acryl ate obtained by reacting
the epoxy resin wth acrylic acid, nethacrylic acid or the |like, and a
“conposite of epoxy acryl ate and pol yet her sul phone. As the epoxy acryl ate,
it is desirable to react 20- 80% of total epoxy group with acrylic acid,

met hacrylic acid or the Iike. In the above adhesive, the heat-resistant
resin particles is desirable to be seleat3ed from[err] heat-resistant resin
powder having an average particle size of not nore than 10 Pm

[err]aggl onerate particles having an average particle size |larger by 3
times or nore than that of powder and obtai ned by aggl onerating

heat - r esi shalteefStRe PDAEESs RAenNGhaNaaNEE D8 INFel T SLé8eLoLWd nDre

t han 2 [er&bn& Eeﬁr]ta nixtq%§¥%g heﬁg- resi.stant resin powder having an
average paFtP&iBIstEcRP ¥HY PR FS 0T PRI g F R REsi st ant resi n
powder havi@g an awke afpetepcldriimiar dnpelatimptlagare ofh&hréb5-Diyddhe particle
size of th o] r h 2. [errlm_and [er fal se
particles gﬁ%&%ﬁ§58b§ggéﬁ€#gr%#€ﬁc egg% §§B°6ff#¥éﬁ-ﬂ€§§9£k§ﬁ§LFesin powder
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particle size of "2 [err]m - err]m They can Tormconplicated anchors.
As the heatcondsicdoancireyit, s@pdk\ta aeinderafhnolower dyymst &fi ktberesin, urea
resin, guanGHRCRSIClEcake LAY OERd! & 113t kekkar { to_ttﬂ% %f&ggbk.igkx, a 12
of t-he epoxy resin to acid or oxidizing agent can be change

heat-resistaat layer hardly soluble in acid or oxidiring agent

is formed thereon and an adhesive for electroless plating is

formed thereon by dispersing heat-resistant resin particles

soluble in acid or oxidizing agent into heat-resistant resin

hardly soluble in acid or oxidizing agent.

In this structure, the filled resin is filled hetween

the lower layers of coanductor circuit; g0 that the surface of

the substrate becomes smooth and there is no poor phenomenon

of causing the scattering of the thickness. Further,

inorganic particles such as silica or the like is included in

the f£illing resin, whereby the shrinkage through curing can ke

reduced to preveant the warpibg of the substrate. Moreover,

the non-solvent resin is desirable as the filling resin, and

particularly non-sgolvent epoxy resin is optimum.

When using
the golvent, the remaining solvent is evaparated by heating to

causc the interlaminar peeling.

3) After the interlaminar insulating layer formed in the
item (2) is dried, an apening portion for vishole is formed by
l1ight exposure and development in case of the photosensitive
resin, or by thermosetting and laser work {n casge of the
thermosetting resin.

(4) The surface of the interlamipar ingulating layer 4is
roughened and a catalyst nucleus is applied thareto. The

catalyet nucleus ic decirable to be noble metal ion, colloid



by varying the kind of oligomere kind of curing agent and crosslinking
density. For exanple, the resin obtained by treating bi sphenol A-type epoxy
"resin oligoner with an am ne type curing agent is easily dissolved in the
oxi di zing agent. However, the resin obtained by treating novol ac epoxy
resin oligonmer wth an i ni dat ol e type cy4ing agent is hardly dissolved in
the oxidizing agent. As the acid used in the invention, there are
phosphoric acid, hydrochloric acid, sulfuric acid, and organic aci ds such
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two- | ayer st cture arran ctor~circuit

and | oner |SRPXY Gﬁséﬁﬁﬁﬁégoﬁcﬁﬁ¥QSMQ¢H¢n Wﬁggﬂcfmkﬁ%lﬁﬁi¢mﬂﬁ the dhkeupper
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di spersi ng heat-re5|stant resin particles ;ﬁluble I n 'aci d_or oxidizing
agent into FRERTLSIBG epaxy REEYIRtRn AQLYESRER Euiphane AR &% iimidagglggent
and the si degygeeasudiagt lageh@wer | ayer of conductor circuit.

In th}s case, & ratio of epoxy acrylate and polyether
sulphone is desirable to be about 50/50-80/20. When the e€poxy
acrylate is too large, the flexibility lowers, while when it
is too small, the photogensitivity, resistance ¢to base,
resistance to acid and resistance to oxidizing agent lower.

As the epoxy acrylate, 20-80% of total epoxy groups are
desirable to be reacted with acrylic acid, methacrylic acid or
the like. When the acrylation ratio is too high, the
hydrophilic property through OH group becomes high and the
moisture absorption rises, while when the acrylation ratio is
too low, the.resolution ie degraded.

As the epoxy regin being a fundamental skeleton resin,
novolac type epoxy vresin is desirable. Because, it ie high in
the crosslinking density, and can adjust ite water absorption
after the curing to not more than 0.l1%, and is excellent in
the resistance to base. As the novolac type epoxy resin,
there are cresol novolac type and phencl novolac type.

(6) A portion not forming the plated regigt in the
trcatment of the item (5) is subjected to a primary plating.

In this casc, not only thec copper pattern but algso the vishole
are formed.



Inthis structure, there is caused no shortcircuit 13 between the | ayers
when theé adhesive |ayer for electroless plating is too roughened by the
roughening treatnment. [err] The interlam nar insulating | ayer of three
-l ayer structure arranged between the upaﬁg | ayer of conductor circuit and
t he Lower |ayer of conductor circuit in ich a filling resin is enbedded
between the | ower |ayers of conductor circuit so as to render the |ower

| ayer of the conductor circuit and the filling resin into the same plane, a
heat -resi stant | ay&® Ehedpyiseryiatingaciy bFf 4ffirabin tagdet ansaldoped
g her eon anok;}mm&mgimq mer 1eheet €wd _&S]chll Gbinﬁglsém_:éeém_ dul) Iopiple d_cl)_y
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prevent the wargl ng e substrate. Nbreover, € non-solvent recin iIs
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heating to causi the |nterlam har peellng. (32 After the interlam nar
“insul ating EXGE lepk bRy the (fgdlucing force. Particularly, hypophosphate

is desirable {n view of the precipitaﬁion of nickel,.

In the electroless plating solution for the 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 the adjustment
to basic conditions. Uader the basic conditions,
hydroxycarboxylic acid forms a complex with nickel ion or the
like. Aas the hydroxycarboxylic acid, succinic acid, wmalic
acid, tartaric acid and the like are desirahle. They easily
form a complex with nickel, cobalt and copper. The
concentration of the hydroxycarboxylic acid is desirable to.be
0.1-0.84. When it is less than 0.1¥, the complex can not
sufficiently beé formed and abnormal precipitation and
decomposition of the molution create, while when it exceeds
0.8%, there are caused inconveniencesz that the precipitation
rate becomes slow aad the occurrence of hydrogen is frequent.

The electroless plating solution faor the primary
plating is desirable to contain bipyridyl. Becausé, bipyridyl
can control the occurrence of metal oxide in the plating bath
to suppress the occurrence of nodule.

MKorecover, copper ion, nickel ion and cobalt, ion are
supplied by dissolving compounds of copper, nickel and cobalt
guch ag copper gsulfate, nickel sulfate, cobalt sulfate, copper



item (2) is dried, an openitg portion for viahole is fornmed by |ight
.exposure and devel opnent in case of the photosensitive resin, or by
thernosetting and | aser work in case of the thernosetting resin. (4)

The surface of the interlam nar insulating |ayer is roughened and a

catal yst nucleus is applied thereto. The ,catal yst nucleus is desirable to
be noble netal ion, colloid 14 or thelllke, and pal | adi um chl ori de or
pall adiumcolloid is generally used. Horeover, it is desirable to conduct
the heating treatnent for fixing the catalyst nucleus. (5% . After the
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o is desirable that the strength precipitated by the
aforementioned electroless plating solution is high for
controlling the peel streangth. 6ince the secondary plated
film is desirable to be high in the electrical conductivity
and fast in the precipitation rate, it is favorable to be a
plated £ilm precipitating fro, a simple coppexr plating
solution rather than a composite plating. _
(7) The primary plated £ilm formed in the item (6) is
subjected to a secondary plating to form conductor circuit
including viahole. The plated film through the secondary
plating is desirable to be a copper plated £ilm.

As the electroless plating solution for the secondary
plating, it is desirable to uge an electroless copper plating
solutfion comprising copper ion, trialkanol amine, reducing
agent and pH adjusting agent that the concentration of the
copper ion ig 0.005-0.015 mol/i, the concentration of the pE
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 {n the bath and less in the occurrence of nodule or
the like.

In the electroless plating solution for the secondary
plating, it is degirable that the concentration of trialkanol
amine is 0.1-0.84. The plating precipitation reaction ig most



hydrophilic property through On group becones high and the noisture
absorption rises, while when the acrylation ratio is too | ow, the
“resolution is degraded. As the epoxy resin being a fundam ental skel eton
resin, novolac type epoxy resin is desirable. uecause, it ia high in the
crosslinking density, and can adjust itggywater absorption after the curing
to not nore than O 1, and is excellent in the resistance to base. As the
novolac type epoxy resin, there are cresol novol ac type and phenol novol ac
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. to be at least one selected from sodium hydroxide, potassium
hydroxide and calcium hydroxide.

(8) If necessary, the steps of the items (2)-(8) are
repeated, whereby a multilayer printed circuit board
comprising conductor circuite inclusive of vigholes on the
mounting surface is produced through a given method. In this
casge, pads for the formation of solder bump as in the
conventional technique are not wired on the confuctor circuit
in the mounting surface of the printed circuit board. Fig. 4
is a partial section view illustrating production steps of an
embodiment for forming the golder bump on the mounting surface
of the printed circuit board. The followings are described
with reference with this figure.

(9) The conductor circuit 3 inclusive of viahole § on the
wounting surface of the printed circuit board produced in the
items (1)=(8) is subjected to Ni plating and Au plating in
this order and then the solder resist & opening the viahole
portion is formed by light exposure, development and the like
§0 as to match a solder bump forming portion provided with an
opening portion héving a size X larger than an opening sire ¥
of the viahole S with the viahole portion (see Fig. 4(2)).
(10) Then, a solder ball is fed to the ingide of the viahole

5 and gubjected to a reflow trcatment, whereby the solder bump



sel ected from sodi um hydroxi de, potassi um hydroxi de and cal ci um hydr oxi de
as a pH adjusting agent for the adjustnent to basic conditions. Under the

" basic conditions, hydroxycarboxylic acid forns a conplex with nickel ion or
the Iike. As the hydroxycarboxylic acid, succinic acid, malic acid,
tartaric acid and the |ike are desirable. They easily forma conplex with
ni ckel , cobalt and copper. The concentration of the hydroxycarboxylic acid
is desirable to.be 0.1-0.8M Wien it islBess than 0.1K, the conplex can not
sufficiently be formed and abnormal precipitation and deconposition of the
solution create, while when it exceeds 0.8M there are caused
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occurrence of nodul e. Moreover, copper ion, nickKel 1on an obal"',.ion are
suppl i ed byprayntdsay FHEEREAPERRRIFIF. Addddr, nickel and cobalt such as
copper sulfate, nickel sulfate, cobalt sulfate, oopper 16 chl ori de,

ni ckel chloride, cobalt chloride and the like. The primary plated film nmade
fromthe electroless plating solution is excellent in the followability to
t he roughened surf ZBetef 2k Hex3EMkss Ape they EpTRENT ckbrte R dheplaiday and

traces the dighddnskitutghenehatnidd Icdlrchlie’ BbREECallbrdtdd oY chba! o

filmhas the sane anchor as the :
invention will be described with reference to Fig. 3,

(Example 2)

(1) An insulating resin {s applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light-and-developea and cured to form an
insulating layer 6 provided with a non~through hole for the
formation of a viahole 5.

(2) <Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion apening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 pm. In
this case, an opening size ¥ of the viahole 5 is 120 um, and a
diameter Z of a land portion of the viahole § &g 190 um.

(3) Next, the conductor circuit 3 including the
viahole § ig éubjected to Ni plating and Au plating in ¢thie
order and thereafter a solder resist 4 opening the viahole §
portion is formed through light exposure, development and the
like. In this case, the solder vesist 4 hag a £ilm thickness
of 20 um and an opening sire of 250 um.

(4) Further, a cream solder is printed thtough a metal
mask by a doctor bar and the metal mask is removed.
Thercafter, a gsolder bump 1 is formed by a printiag method in
which the solder i supplied through reflow to produce a



roughened surface. Therefore, the secondary plated filmformed.on the
primary plated filmensures the adhesion property owing to the anchor.
*Thus, the primary plated filmis desirable that the strength precipitated
by the af orenenti oned el ectrol ess plating solution is high for controlling
the peel strength. Since the secondary plated filmis desirable to be high
in the electrical conductivity and fast ¥®n. the precipitation rate, it is
favorable to be a plated filmprecipitating fro, a sinple copper plating

sol ution rather than a conposite plating. (7) The primary plated film
forrredinth {1 ]S sa\l%ectedtoasecondary plating to form
conduct or BF FREF YA i%hol e. The plated filmthrough the secondary

plating iS(taampablb)to be a copper plated film As the electrol ess plating
sol ution for the S‘?ﬁ)”dﬂy 5 A1y %siﬁ E&%ﬁ;{ﬂeﬁ to%cusa 2 ELELd Ol ess
copper plating solttfon co I 0

rising-copper amne, rteducing
agent and tcdjdedt Waghageninaemtl ages Mneemlmtmerpimcwutebaoppeive@n is

0. 005-0.01 h t f t 25-0. 35
0. 00 fahereM andNGuFRECES! £ % natuliﬁtpk% #eé g AR asf%

and the concentration of t uci n 0.'01-0. 04 no [/ This
pl ating solﬁhﬂQﬂﬁh hodeaSpE Fhetﬁﬁﬁmﬁﬁ49Qaﬂ6 Pe!éabﬁﬂ?rﬁekﬁﬁiﬂﬂrence of noduf e

or the li _keo 4:%1%' eqt bel 866 fhaid %ﬁ@duihoéhéoinév.’(faéi‘%fgo'ﬂiru- gl ating,
it is de5|ra e tthat the concentration of trialkanol amne i's 0.8M The
pl ating prethyrugh ioda®€%etion is nost 17 |

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plabed resist 7
inclusive of a vighole § and a land portion thereof, which 4is
then subjected to an electroless copper plating of 15 um. 1In
this case, a diameter Z of a land portion of the viahole § is
150 pm.

(3) Next, the conductor circuit 3 including the
viahole 5 is subjected to Ni plating and Au plating in this
order and thereafter a solder resist 4 opening the viahole §
portion is formed through light exposure, development and the
like. 1In this case, the solder resist & has a film thickness
of 20 ym and an opening sigze of 200 um. Further, a clearance
AX created between the opening edge of the golder resist 4 and
the outer pevipheral cdge of the land portion of the viahole §
ie within a range of 25«30 um.

(4) A multilayer printed circuit board is produced by
forming 2 solder bump 1 through a golder transfer method in
which a solder sheet having a respective pattern is uged end
positioned and reflowed to supply the solder. 1Ia this case,
the solder sheet has a film thicknegs of 35 um and a pattern

diamcter of 120 um, and the reflow of the solder ig carried
out at 245°C.

(Comparative Example 6)



proceeding within this range. The trial kanol amne is desirable to be at
| east one selected fromtriethanol amine, triisopanol am ne, trinethano
“amne and tripropanol am ne. They are soluble in water. In the el ectrol ess
pl ating solution for the secondary plating, the reducing agent is desirable
to be at | east one selected from al dehyde, hypophosphate, boron hydride and
hydram ne. It is soluble in water and has a reducing force under basic
conditions. The pH adjusting agent is desirable to be at |east one sel ected
from sodi um hydr oxi de, potassi um hydroxi de and cal ci um hydr oxi de. (8)

|1 necessary. the GlehhadlnsUeat e Pl (D) afpfeEaPERS MIRIGALC

mul tilayer printed circuit board conprising C uctor circuits |ncIu5|ve of

vi ahol es oRreYitded htih s dimgde 1pyepr ofl RBWuatosughtaugt vien angdiver | n

this case, pRepsafaddat J&rdr&td qragat 8R4 ctfévélwpaaasnuncht@acwvm Qhal
technlque are not wire he caonductor circuit in the mounting surface of

the print edoepiating bb%X‘EF qzlitf“&dieé With # inanddrergh beity fer (&he ating

product i on fskRREL6h af £MasidRNts aad &ar spagidd &oioladen akupBureidde
nounting surface of the printed circuit board. The follow ngs are
described W2fh reference with this figure. (9) The conductor circuit 3

inclusive of viaho(2)5 Dited hethw unixifagesof f etoe iofsullatiogi dbedrcériai t board

produced | o ifehb Br(dhafbluk SAUPIRRHRAC! b MR MAIG-AU;R 210 11

this order an e SO reS|st opent ng on is
jforned by lépgiitiedxpos Foen deceﬁdgnﬁnn.pmm&ibheopetxngxpkﬁtaﬂ)mmsﬁsb A solder

bump form ng, QN o thgﬁgtl\@é & zo.p% g4 PEr{:lh hJLﬂ%ﬂ&ﬁ;O% thlf

| arger than an openi ng size e V|aho I'e porglon
(see Fig. %4IBdtroless copper plating of 15 um. 1In thxs case, a size of

the pad is 200 um. "

(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the same manner as in Example 2 and the
feeding of solder is carried out by the priuting method to
form a solder bump 1, whereby a printed circui€ hoard is
produced.

(Comparative Example 7)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a viahole §5.

(2) Then, the surface of the insulating layer -6 ig
roughened by treating with chromic acid eand a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole $§ and a land portion thereof; which i«
then subjected to an electrolese copper plating of 15 uﬁ. In
this case, an opening eire Y qf the viahole § ig 100 um and a
diameter Z of the land portion of the viahole § {s 330 um.

(3) A solder rcaeist 4 is formed by opening a portion

of the mounting pad in the samec manner as in Example 2 and the



(10) .. Then, a solder ball is fed to the inside of the viahole 5 and
subjected to a reflow treatnent, whereby the sol der bunp 18 1 is forned
so as to conpletely fill the fused colder in the viahole 5 and to thereby
produce the nmulitlayer printed circuit board conprising the sol der .bunp
formed on the mounting surface (see Pig. 4(3)). Then, an exanple on the
formng state of the solder bunp constituting the printed circuit board
according to the invention will be described with reference to Fig. 3.
(Exanple 2) (1) An insulating resin is appiied onto a substrate provi ded
with an inner layer of conductor circuit by a given nmethod and exposed to

| i ght and devel oped and cured to forman insulating |layer 6 provided with a

non-throughfagkﬁgégaftm&&f 'Akcdbadolt P! ehed prlitk HBCHechlE o4 face of

the insulatin r 6 is roughene treatTng wth chromc acid an
cat al yst is £8ppl pegolder dyam bo ¥ poPFigtediravdtpbarrd fesist 7
i nclusive ofpyaauca@ol e 5 and a land portion thereof, which is then

subj ected to an elecéroless copper plating of 15 [err]m in this case, an
openi ng si zLCPTBRTRELVE; B¥YMRLS §) 120 [err]m and a dianeter Z of a land

portion of the viahghp Sk SidSLdtdlng Pesdr) L Nepp1idd@ntendughBEtehfsuit 3

I ncl udi ng the vighqle g IS s g'ecpe to X gl &in L &l Ay plating in this

order and tHEF@%%Fgrwé BoPRetniesi v eﬁ|ﬁ§ Fﬁg i i bY,6r 8RY8D s

_forned t hr ouggtHadginde¥ppogee, toleladpramd dandldped and cured to form an

- finsulating layer 6 provided with a non-through hole for the
formation of a viahole 5.

(2) Then, the surface of the insulating layer 6 isg
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resiect 7
inclusive of a viahole 5§ and a land portion thereof, which is
then subjected to an electroless copper plating of 15 um. In
this case, an opening size Y of the viahole 5 is 50 um and a
diameter Z of the land portion of the viahole § is 70 um.

(3) A solder xesist 4 is formed by opening & portion
of the mounting pad in the same manner as in Example 2 and the
feeding of solder is carried out by the printing method to
form a solder bump 1, whereby a printed circuit board is
produced.

(Comparative Example 9)

(1) An insulating resin ie applied onto a gubgtrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
insulating layer 6 provided with a non-~through hole for the
formation of a viahole S.

(2) Then, the surface of the imsulating layer 6 is
roughened by trecating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion therecf, which is

then subjected to an clectrolegs copper plating of 15 um, 1In



like. In this case, the solder resist 4 has a filmthickness of 20 [err]m
and an opening size of 250 [err]m (4) Further, a creamsolder is printed
“through a netal mask by a doctor bar and the netal mask is renoved.
Thereafter, a solder bunp 1 is fornmed by a printing nethod in which the

sol der is supplied through reflow to produce a printed circuit board.
(Exanple 3) (1) Aninsulating resin is applied onto a substrate provi ded
with an inner |layer of conductor circuit by a given nethod and cured to
forman insulating |layer 6. Then, a non—%rwough hole for the formation of
a viahole 5 having an openi ng size Y of 100 pmis fornmed in the insulating
layer 6 through a laser. (2) Then, the surface of the insulating layer 6 is
r oughened bgﬁtreat|ng with chromic acid and a catalyst i s agplled to forma

conduct or $BAEi GAEBpehR IRPERH iR FiresKsPEthe cYiahald & 48 ¢PRNURATA dhd a

land porti a@aw%eoﬁ o¥hikd Jsnd @%&twm ssteﬂbtﬂmfé &ClE0R0G Spk OPPer
plating of 15 pm in this case, di anet Z of a land portlon of t he

viahole 5 is 150 [ &3} ?Q%dqméfps£ﬁﬁe4c ﬁdﬁ%?%ﬁd(HW(ﬂHQP 89; AcPREFIRP t he
viahol e 5 io¥ e ﬁ&hﬁdiﬁ@ Pid it sand Adnfbtadoin EddiipleoRdgndagke

t hereafter a sql der res 4 open| he ., v} ahp] e i on i forned

t hrough | i J1ReSRgo0E, B ia gﬁhﬂuﬁhéylgﬁﬁ.9f£h{$ﬁ d"£Re sol der
resi st 4 haomn fi lsm'abrcknﬁgsl pfwh’&{hi&yr e printedancbpewit barde sgf 200
[err]m Furt he‘{dc & C cl earance

(chparative Exanple 10)

(1) An insulating resin is applied onto a gubgtrate
provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
fnsulating layer 6 provided with a non~through hole for the
formation of a viahole 5.

(2) Then, the surface of the insulating layer 6 is
raoughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating af 15'um. In
this case, an opening sire ¥ of the viahole 5§ is 30 um and a
diameter Z of the land portion of the viahole § &g 80 uw.

(3) A solder resist & is formed by opening a portion
of the mounting pad in the game manner as in Exawple 2 and the
feeding of solder is carried out by the printing method to
form a solder bump 1, whereby a printed circuit board is
produced.

The observation of section of viahole 5, test for the
resistance to cold-hecat shock, evaluation of mounting numbers
and evaluation of connection reliability are carried out with

respect to the thus produced printed circuit boards to obtain
resultse as shown in Table 2.



[err] created between the opening edge of the solder resist 4 and the outer
peri pheral edge of the land portion of the viahole 5 is within a range of
+25-30 [err]m (4) A nmultilayer printed circuit board is produced by

form ng a solder bunp 1 through a solder transfer nethod in which a sol der
sheet having a respective pattern is used and positioned and reflowed to
supply the solder. In this case, the colder sheet has a filmthickness of
35 pmand a pattern dianeter of 120 [err]m and the reflow of the solder is
carried out at 245[err]C. (Conparative E anpl e 6) 20 (1) An insulating
resin is applied onto a substrate provided with an inner |ayer of conductor
circuit by a given nethod and exposed to |ight and devel oped and cured to
forman insulating |ayer 6 provided with a non-through hole for the
formation of a viahole 5 -and an opening for a flat nmounting pad. (2) Then,
the surface of the insulating |layer 6 is,toughened by treating wwth chromc
acid and a catalyst is applied to-fornFﬁbESn uctor _portion opening plated

resist 7 ncIusiVevdh/&au&@nrém@ fmd 2] 68K ch | 9| Bdaitszigpjiechadaet0ion
el ectrol egs copper plagting

of err In_this| case di ze of the pgad is
200 [err] (3) A sol der resF%%£g§§%94 Pﬁf&rﬁy *ﬁ%ﬁfé} poFFﬁ f=of tHe

mounting pad in the same ngnhercebd+n bwvagloe 2 pnd the fdgediindtgf solder
is carried out bylthe printiﬂQaQEéﬁgékt(¥iahole : “4
€2 gection
Exam-
ple 2 | 120/190 | more than no 10 3.5x10!
' 1000 cycles| bubble
3 100/150 | more than no 11 3.4x10%
1000 cycles} bubble
Com-~
para-
tive
Exam~
ple 6| pad 500 cycles | presence 5 3.1x10°
mount- of
ing bubbles .
7| 100/330 | more than no 1 3.5%10¢
1000 cycles | bubble
8 50/70 more than no 14 5.2x10%
1000 cycleg | bubhble
9 250/300 | more than no 7 1.3x10*
1000 cycles | bubble ’
10. 30/80 more than no 13 1.4x10*
1000 cycleaeg | bubhle

*1 wvia/land; opening size of viahole (um)/diameter of land
(um)
fz test for the resistance to cold-heat shock; time of

creating cracks of viahole portfon in cycle test of -65°C<—
125°C



forma solder bunmp 1, whereby a printed circuit board is produced.
(Comparative Exanple 7) (1) An insulating resin is applied onto a substrate
“provided with an inner |ayer of conductor circuit by a given nethod and
exposed to |ight and devel oped and cured to forman insulating | ayer 6
provided with a non-through hole for the formation of a Viabole 5. (2)

Then, the surface of the insulating layer 6 is roughened by treating with
chromic acid and a catalyst is applied to forma conductor portion opening
plated resist 7 inclusive of a viahole 524nd a | and portion thereof, which
I's then subjected to an el ectrol eas copper plating of 15 [err]m In this
case, an opening size Y of the viahole 5 is 100 pmand a dianeter Z of the
:cand golr3 tiosg Ofmddiﬂ:i‘ﬁigah_ﬁhﬁeE]i iﬁ!ﬁﬁi’& [ _iu]oﬁhtégleﬁbwaqreﬂ QRist afehS

ornmed by opening a portion t nting p ip the s manner as in
Exanpl e 2 & %ﬁ%ﬁé%e t°2%“F§eﬁﬁﬁ§°o€%ég%<de ‘%g‘gﬁprggﬁboﬁt &€ printing

met hod to fhetweers dulps Benpoistedteraby rmanbeirniadseanplie t1 boarid.i s

produced. (g¢pnpar.ative EX l.e 8% 1 i nsul ati.ng_resin.is,applied onto
B ubst r at o ¥r ot Gher SR Frdks b it R0 sREePERRER BR) iRl ol ven
met hod and sspeting tprdtiignt aancdedsuesédpefteand0Oucgdlee 661 A65H0<—s Ul28°Cng

layer 6 proyigded #it M TURGREAHENBOLELd Hadd'GelRiRL i 0N Of @ viahole 5.

As seen from the results of Table 2, in the printed
circuit boards according to the invention, the mounting &s
possible in a higher deansity, and no occurrence of bhubble is
caused in the viahole, and the resistance to cold-heat shock
and the connection reliability are excellent.

As shown in Comparative Example 6, in the conventional
printed circuit board forming the solder bump 1 by uiring the
mounting pad 2 from the viahole 5, bubbles are existent in the
resin £illed in the viahole 5, so that cracks are apt to be
cauged in the test for the resistance to cold-heat shock to
bring about the degradation of the connection reliability to
the part. Further, the wiring density is lowered as compared
with Examples 2 and 3 due to the wiring of the mounting pad 2
and hence the formation of higher mounting density (high
mounting number) £e not attained.

As shown in Comparative Examples 7-9, in the printed
circuit boards having a structure that the opening sgize ¥ of
the viahole 5 or the land diameter Z is outside the preferable
range of the invention, it has been confirmed that at least
one of the mounting dengity (mounting number) and the
connection reliability to the part is poor as campared wich
the wiring boards of Examples 2 and 3. That ig, when the
opening size Y of the viahole 5 or the land diamecter £ is
larger as in Comparative Example 7 or 9, the wiring dengity is
low and the solder bump 1 to be formed is large, so that the



(2) Then, the surface of the insulating |layer 6 is roughened by treating
W th chromc acid and a catalyst is applied to forma conductor portion
opening plated resist 7 inclusive of a viahole 5 and a | and portion

t hereof, which Ls then subjected to an el ectrol ess copper plating of 15
[err]m In this case, an opening size Y of the viahole 5is 50 [err]mand a
dianeter Z of the land portion of the viahole 5is 70 [err]n. (3) A solder
resist 4 is fornmed by opening a portion of the nounting pad in the sane
manner as in Exanple 2 and the feeding%¥ solder is carried out by the
printing nethod to forma solder bunp 1, whereby a printed circuit board is
produced. (Conparative Exanple 9) (1) An insulating resin is applied onto a

substrate pf%&%%nwfh h@ hkp nssua@y@g aza;fnmgdt{amae%g Chikdibd) & JiR/n

met hod and exposed t t and devel oped and cured form an |nsulat|ng

| ayer 6 profferinagt h°& %Bﬁ phRetghardt dheh Hhge opsRiRE; BhEe Y P it e
(2) Then, togawad ascenofthbhaahasata&lwsrlmyﬁ sRalll aeumheo yadiwati ng

with chromic acid and a _catalys p d to forma co portlon
openi ng pl aFEYREE & O ]‘IOHCF’k}é E“‘Bfi‘ Pu": ?ﬁna‘égf’gﬁdspﬁ?‘hw

t her eof , \Ahtebmcs d¢dalx wm&bedxgaeanenmctu@Is&ﬂﬁe&oﬁpe&spl a} i 8¢ efad>d
[err]m an o§enin

t.hi a . S§ Y qf the viahole 5 i 50
[err]n1and §h8|%. ?%ﬁf%é%ﬂCQﬁ%§°t§ & 58?%?%%f%ﬁyt % e R8s §2pst %dg?err]n1
(3) A col densuesdst Moveonviear,mudielny thpenpaging poikde dh of the viahole §
is small, the electrical connection reliability between the
viahole S and the conductor 3 located therebenecath ig also
poor,

INDUSTRIAL APPLICABILITY

As mentioned above, according to the invention, there
can stably be provided printed circuit boards suitable for
high densification of mounting parts using a solder bump and
the improvements of connection reliability and mountin§
reliability.

Therefore, the printed circuit board according to the
invention can easily cope with reductions of weight, thickness
and length of substrate and exhibits an excellent adaptability
in many flelds requiring high performances and high
densification of electronic parts.



of 'the.nmounting pad in the same manner as in Exanple 2 and the feeding of
~solder is carried out by the printing nmethod to forma sol der bunp 1,
whereby a printed circuit board is produced.. (Conparative Exanple 10) (1)
An insulating resin is applied onto a substrate provided with an inner

| ayer of conductor circuit by a given nethod and exposed to |ight and
devel oped and cured to forman insulating |layer 6 provided with a

non-t hrough hole for the formation of a viahole 5. (2) Then, the surface
of the insulating layer 6 is roughened bygtreating with chromc acid and a
catalyst is applied to forma conductor portion opening plated resist 7

I nclusive of a viahole 5 and a | and portion thereof, which is then
subjected to an el ectrol ess copper plating of 15 [err]m In this case, an
opening size Y of the viahole Sis 30 [err]mand a dianeter Z of the | and
portion of the viaWhatisclaimed:{errim (3) A solder resist 4 is formed by
opening a portion of the nounting pad in the sane manner as in Exanple 2
and the feeding of solder is carried out by the printing nmethod to forma
sol der bunp/l whereby a printed circuit board is produced. The observation

of section/of V|ahle5 ,
eval uati on of nou ? AJ; Zérdsgg% evaé @hé&ﬂ@% Is'&dé';rod)g—‘pg%}-reI -a I-P?ty are
carried gut V\smrfaqe ;apdcctondudbhsxrtdﬂ&sarpi aderlaminar instiating ilayens taltetmtldglyt 0
obtain resul tFanﬁ?atSé‘Oé!W é @uggtpétg) t?\rough etching of a _copper Ilned lamlnate @nw

interlaminar insulating layer positioned between a surface layer of one conductor

circuit and an inner layer of another conductor circuit including an opening portion
exposing the inner layer of the another conductor circuit, and a viahole composed
of a metal film electrically connecting the surface layer-of the one conductor circuit

to the inner layer of the another conductor cnrcu@so asto match a posmon of the
wahole with a ppf_(_t_g__gq of the_golder_ bump to _be formed. '

’

/t{ 5’ gw 2 A printed circuit board comprising a solder bump on a mountlng
surfacg, and (conductor circuits and interlaminar msulatmg layers altematmgly

EF

laminated on a substraté /through etching of a .copper_lined |ammate> an
/ ( interlaminar insulating Iayer posmoned between a surface layer of one conductor
circuit and an inner layer of another conductor circuit including an opening portion
exposing the inner layer of the another conductor circuit, and a viahole composed
of a metal film electrically connecting the surface layer of the one conductor circuit
to the inner layer of the another conductor circuit, and a solder bump filling said

viahole.}

! /mm Illlll Ill!l lllll II llll



23 Tabl.e 2 via/land Test for VM Mount i ng Connecti on *1

resi stance obser- nunber * 3 relia- to cold: Vat i on

bility heat shock Viahole *4 *2 section Exam ple 2
120/ 190 nore than no 10 3.5xIJerr] 1000 cycles
bubbl e 3 100/ 150 nore than no 11 3.4x10[err] 1000
cycl es bubble para- tive ple 6 pad 7 500 cycl es presence
3.1x1Jg err] nount- of . ing _ 7 -100/330
nore than no 3.5x10[ err] 1000 cycles bubble 8 50/ 70
nore than no 14 1000 cycles bubble 9 250/ 300 nore than

no 1 . 3x| 8reNTEDLOXRCUMT ®®ARDSODI e 10. 30/ 80 nor e

t han no 13 7, 4x10[err] 1000 cycles bubble *1 vial/land,

opening size of viahole ([err]m/dianeter of land ([err]M *2 test for the
resi st ance 8BSTRACTE heat shock; time of creating cracks of viahole portion

in cycle test of -QRlerilCentidn 125L8r£L8§ide a printed circuit board

suitable for the high densification of mounting parts using a
solder bump and for the improvements of connection reliability
and mounting reliability, and proposes a printed circuit board
comprising a solder bump formed on a mounting surface,

characterigzed in that the solder bump is located in a viahole.

Figure 3



24 *3 mounting nunber; - nunber of nountable bunps per unit area relative to
bunp shape (size)f provided that a di stance between bunps is constant and
nunber in Exanple 1 is 10. *4 connection roliability; value of resistance
([err]) in nmounting portion as neasured after 300 cycles of -65[err]C<->
125[err]C (test for the resistance to col d-heat shock) As seen fromthe
results of Table 2, in the printed circuit boards according to the
invention, the mounting is possible |ndf.$|gher density, and no occurrence
of bubble is caused in the viahole, { e resistance to col d-heat shock
and the connection reliability are excellent. As shown in Conparative
Exanple 6, in the conventional printed circuit board form ng.the sol der
bunp 1 by wiri ngfltm-e hrounting pad 2 fromthe viahole 5, bubbles are
existent in the resin filled in the viahole S, so that cracks are apt to be
caused in the test for the resistance to col d-heat shock to bring about the
degradation of the connecthgp reliability to the part. Further, the wring
Exanpl es 2 and 3 due tq Wi ring of

density is Iomedgd as L LoIpP
t he nmounting pa

drmation of hig oy no densi ty (high
nount i ng nunber) 3 ~As showni n ComNNSI7IR7Ef K es37-9, in
the printed CIrCU|t.h aving a structure tha&g 8 Y of
h

Y
_l

the viahole 5 or the 4 esdatianeter Z is outside t ange of the
invention, it has been éodflrned that at | east one of the nDuntlng density
(mounting nunber) and the |
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connection reliability to the part is poor as conpared with the wring
boards of Exanples 2 and 3. That is, when the opening size Y of the viahole
5 or the land dianeter [err] is larger as in Conparative Exanple 7 or 9,
the wiring density is low and the solder bunp 1 to be forned is |arge, so

t hat the 25 formation of higher nounting density (nmounting nunber) is
not attained. On the other hand, when the opening size Y of the viahole 5
or the land dianeter Zis small as in ﬁiarative Exanpl e 8 or .10, the bunp
1 filled in the viahole S can not be formed so as to make hi gher than the
sol der resist 4, so that the electrical connection reliability to the part
can not be ensured. Moreover, when the opening size Y of the viahole 5 is
small, the electrical connection reliability between the viahole 5 and the
conductor 3 located therebeneath is also poor. | NDUSTRI AL APPLI CABILITY As
menti oned above, according to the invention, 'there can stably be provided
printed circuit boards suitable for high densification of nounting parts
usi ng a Sol der #{E ?fd t he i nprovenents of connection reliability and
nounting reliabi y.~ Therefore, the printed circuit board according to the
invention can easily cope with reductions of weight, thickness and | ength
of substrate and exhibits an excellent adaptability in many fields
requiring high performances and hi gh densification of electronic parts.
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26 What is clainmed :-_1.

A printed.circuit board conprising a sol der

bunmp on a nounting surface and conductor circuits and interlam nar
insulating layers altematingly |am nated on a substrate)through etching of

a copper lined |am nate,

anot her conductor circuit

| ayer of the another conductor circuit,%ﬂ?
@.I qgnnecting t he surfac
Id§%r f the another conductor circuit so as to match a

filmelectric
to the inner

position of the viahole with a position of the sol der

an interlamnar insulating | ayer positioned
between a surface | ayer of one conductor circuit and an inner
i ncl udi ng an openi ng portion exposing the inner

| ayer of

d a viahol e conposed of a netal
ayer of the one conductor circuit

bunmp to be forned. 2

A printed circuit board conprising a soider bunp on a nmounting surface',

and (conductor circuits and interlam nar

7~through et chi prG
insul ating | &yE. o8l ti onkg/e
o L] O '/ :

| am nated on a substrat;
i nterl am nar

gnsulating layers alternatingly
of a copper_lined an
sUr f ace | ayer of one
\ : uctor circuit including
el .of it he anot her conductor
£ gctrically connecting the
to the inner layer of the
er blnp filling said viahole.

conductor circ(i) and ag ek
an openi ng portion exposi ng: e
circuit, and a viahol e conpésety/t//LAMéVi
surface | ayer of the one conductor ciyrcu
anot her conductor circuit, and a sol
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