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TECHNICAL FIELD

This invention relates to a printed circuit board and
more particularly to 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.

BACKGROUND ART
At the present, 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 and portable
electronic equipments. In the filed 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 éubstrate.

| As the conventional technique suitable for the high
densification of mounting the part,.there is known a flip chip
mounting method in which a solder bump is arranged on a
sﬁrface mounting pad formed in the wiring substrate and the
solder bump is joined to the chip.

Such a flip chip mounting is concretely a technique in
which a conductor circuit indluding a mounting pad is formed
on the mounting surface of the wiring substrate and then a
solder 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 solder bump is subjected to a reflow treatment

to conduct an ‘electrical connection between the solder bump
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TECHNICAL FI ELD This invention relates to a printed circuit board
and“nore particularly to a printed circuit board suitable for the high
~densification of nounting parts using a solder bunp and for the

i npr.ovenents of connection reliability and nounting reliability.

BACKGROUND ART At the present, it is always demanded to render

el ectrorgc eq{“él J\{zsor{fg a@@h performances. Lately, it strongly tends to
conduct “super-mnia urlza 'Oh and reduction

However, the flip chip mounting has the following many
problems. _

(1) In the flip chip mounting, the opening portion of
the solder resist feeding the solder in the printed circuit
board is formed by exposing portions other than the openings
to a light through a photomask film printed with an opening
pattern, dissolving and removing unexposed portions through
development treatment and then conducting thermosetting. The
thus formed opening portion of the solder resist has hitherto
been constituted by making the size smaller 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 shown in Fig. 1. That is, opening
edge of the solder resist locates on the surface of the pad.
Therefore, when light is exposed on positions other than the
opening of the solder resist, the difference in hardness
through light exposure between an upper layer portion and a
lower layer portion of the solder resist is caused due to
deflection of incident light and the like. Particularly, the
pad surface is eésily subjected to an influence of light
scattering produced on the surface. For this end, the curing
through light exposure becomes insufficient at the boundary

- between the lower layer of the solder resist and the pad
surface in the formation of the opening portion of the solder
resist and hence the solder resist is eroded up to the
position other that the opening portién by the development
treatment. As a result, there is caused a problem that a gap
is created in the boundary between the opening edge of the
solder resist and the pad through the subsequent
thermosetting.

(2) When the solder bum is formed on the mounting pad
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of thickness and weight in fields of nobile and portable electronic
equipnents. In the field of printed circuit boards, therefore, it is
proceeded to devel op a technique corresponding to the high densification of
mounti'ng el ectronic parts (chips) onto a wring substrate. As the
conventional technique suitable for the high densification of nounting the

part, there_is known. . a flip chip unting nethod.in | gh a sqglder bump is
arrangedggnf_ed§89f§9$ ﬁﬁgﬁ?Fh§Pp % G % RAFEHAY | gﬁgﬁb§Fﬁ§%§?and_the
sol der bpeRis® hel #8d pbRihRedCRiRcuit board,SUdh ik nddessiry HhaY ithe i s a

technique in which a conductor circuit including a nmounting pad is forned
on the SHBEGACENGLstheaPeuBtingePad, eXgosess dmathe; APariay PoFhigay afs

fed on t 1LBg hg Qu : i 0 I bunp in
. openi Shopartron SPerRY 18 PervARelR, sREPRT e sOME Ry PIRIRe
subj ect ednt the rehventirpailnmsfrucsurendfctthe solder resist described

in the above item (1), therefore, a plating solution sinks
into the gap produced between the opening edge of the solder
resist and the pad in the Ni/Au plating treatment and the
precipitation of the plated film proceeds in this portion to
conduct the penetration between the solder resist and the pad.
As a result, there is caused a problem of causing the floating
(peeling) in the opening edge of the solder resist.

(3) When the solder bump is formed on the mounting pad
by feedihg the solder into the opening portion of the solder
resist in the printed circuit board, in order to avoid the
drawbacks such as flowing of sclder, solder bridge and the
like, it is necessary to arrange a step difference between the
mounting pad surface and the solder resist surface.

Therefore, it is desirable to make the thickness of the solder
resist thicker as far as possible. However, as the mounting
pad becomes small in accordance with the high densification of
mounting the part, it is very difficult to feed thé solder to
the pad and even if the step difference is arranged, there is
caused a problem that the draﬁbacks such as solder flowing,
solder bridge and the like can not be avoided in the formation
of the solder bump on a small-size pad. Further, in the
conventional structure of the solder resist described in the
item (1), the solder contacts with the solder resist, so that
there is 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
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an el.ectrical connection between the sol der bunp and an
2 - .

mounting the part through the reductions of the weight,
thickness and length of the elctronic part. In order to cope
with this tendency, it is necessary to form fine opening
portion in the solder resist and attain the improvement of the
resolution of the solder resist. However, there is a problem
that sufficient resolution is not obtained in the conventional
structure of the solder resist described in the item (1)
subjected to an influence of light scattering produced on the
pad surface during the light exposure.

(5) 1In case of rendering the wiring substrate into
multilayer, it is necessary that the viazhole or through-hole
existing on the mounting surface is completely clogged with
the solder 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 shbck, burn out and the like and hence the connection-
reliability lowers.

(6) In case of rendeting the wiring substrate into
multilayer, it is general to connect the wiring substrate to
the éhip 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 density and hence it is difficult to mount the part in
a higher density.

It is an object of the invention to solve the
aforementioned problems in the pért mounting using the solder
bump (flip chip mounting) and to provide a printed circuit
board suitable for the high densificafion of mounting the part
using the solder bump and foi the improvements of the
connection reliability and mounting reliability.

For this purpose, a first object is to provide a
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el ectronic part. However, the flip chip mounting has the foll ow ng
many probl ens. . (1) In the flip chip nmounting, the opening portion
of the solder resist feeding the solder in the printed circuit board is
formed by exposing portions other than the openings to a |light through a
photomask filmprinted with an opening pattern, dissolving and renoving

{hor nocRFERBeA THEE PHAE PoPRBaRBRBRENY BBF: FoRUSFIPHe SHArdoRa: ool st has
hi t her t orbeeDuto6At i sUbrdebyefitkwiighblie eansingakher pebafinghefsiche of the
por | phor 8L SRECreBLEbr aplr FRRcFyLaPE: HETBadp=oRoPRELABL R EFEASEE Shown
in Fig. ;?rgbgtbésfegpggiegeeggg ghr¥leesol der resist |ocates on the
surface of the pad. Therefore, when |light is exposed on positions other
t han t he A second ocbject is to provide a printed circuit board
having a new structure that the solder bump for mounting the
part can surely be fed to the pad surface without lowering the
wiring density and the connection reliability.

Moreover, JP-A-4-337695 discloses a technique of
electrically connecting the wiring layers provided on both
sides of the insulating layer through the solder. On the
contrary, the invention is concerned with a new structure of
solder resist and solder bump suitable for mounting electronic
parts onto a wiring substrate, which is clearly different from
the technique of JP-A-~4-337695. Further, the technique
disclosed in JP-A-4-337695 lies in a point that the solder is
contacted 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 insulating
layer to cause shortcircuit between the layers or between
pétterns, and @ the solder having a poor wéttability 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. From
these facts, the above conventional technique is impossible to

realize the object of the invention.

DISCLOSURE OF THE INVENTION

The inventors have made various studies in order to
achieve the above objects. As a result, the inventors found
that it is effective to attain the first object by a structure
that the opening portion of the solder resist is made larger
than the size of the mounting pad so as not to overlap the

resist with the pad.
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openi ng of the sol der resist, the difference in hardness t hrough | i ght
exposure between an upper |ayer portion and a | ower |ayer portion of the
-sdl der resist is caused due to deflection of incident |light and the |ike.
Partjcularly, the pad surface is easily subjected to an influence of |ight
scattering produced on the surface. For this end, the curing through

| i ght exposure becones insufficient at the boundary bet ween the | qwer

| ayer of the sol %F%@%'i'sf:g&n&“f’ﬁé‘tﬁ&& Y6 ﬁ&é’é‘%’r hete lftor"ﬁaﬁé_t}ﬁcé:f'vtene
openi ng per hiteBiff thie seebAdl cbielY By NG thenRdirddansd d4le 'RAGr | S
eroded up to the - position other that the gﬁgﬁlng_pqrtlon by the

devel opnPBEP 1gr farmedt SOA8Sa teedaitch midihe Pogdddon whobthenviladele gap
is creat ' he; d ' the solder resist
and 1 he. BSsPPREGTIRTHRC RS BELUTES LaRrRREIGD RO Batt (2) Wen the
sol der bunp is fBherinventhenmisnbasgdpad the above knowledges and has

the essential feature and construction as mentioned later.
(1) ‘A printed circuit board comprising a conductor pattern

inclusive of a mounting pad formed on a mounting surface and a

solder resist covering the conductor pattern, characterized in
thét a size of an opening portion formed in the solder. resist
is made larger than the mounting pad so as not to overlap the
solder resist with the pad (first invention).

{(2) In the invention described in the item (1), it is
desirable that a clearance created between an opening edge of
the solder resist and an outer peripheral edge of the mounting
pad is 20-60 pm.

(3) In the invention described in the item (1), it is
desirable that the solder resist has a thickness of 15-30 pm.
(4) - A printed circuit board comprising a solder bump formed
on a mounting surface, characterized in that a position of
forming the solder bump is arranged so as to match with a
position of a viahole (second invention).

(5) A printed circuit board having a structure of
alternately a laminating conductor circuits and interlaminar
insulating layers, in which the interlaminar insulating layer
insulating between a surface layer of conductor circuit and an
inner layer of conductor circuit is provided with an opening
exposing the inner layer of conductor circuit and a viahole
made from a metal film electrically connecting the surface
layer of conductor circuit to the inner layer of conductor
circuit and a solder bump is filled and formed in the wviahole

(third invention) .
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{6) In the invention described ip the item (4) or(5), it is
desirable that the solder bump is formed so as to fill the
viahole on the mounting surface and cover a portion just above

the wviahole.
(7) In the invention described in the item (4) or (5), it

'is desirable that the viahole has a structure that the metal

film for electrically connecting the inner conductor layer to
the outer conductor layer is formed in a concave opening
formed in the insulating layer provided on both surfaces with
the conductor layers so as to expose the inner conductor layer
from the surface of the insulating 1ayer.1 .

(8) In the invention described in the item (4) or (5), it
is desirable that an opening diameter of the wviahole having
the solder bump is 50~220 pm.

(3) In the invention described in the item (4) or(5), it is
desirable that a land size of the viahole having the solder
bump is 80-300 pm.

(10) A printed circuit board comprising a mounting pad
provided with a solder bump formed by covering a mounting
surface with a solder resist, characterized in that a position
forming the solder bump is matched with a position of a
viahole and a size of an opening portion formed in the solder
resist is made larger than a land size of the viahole so as
not to overlap the sclder resist with the viahole (fourth
invention).

(11) A.printed'circuit-board comprising a mounting pad
providéd with a solder bump formed by covering a mounting
surface with a solder resist, characterized in that the
printed circuit board has a structure of alternately
laminating a conductor circuit and an interlaminar insulating
layer, ahd the interlaminar insulating layer insulating a

surface layer of the conductor circuit from an inner layer of
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by feeding the solder to the opening portion of the solder resist in the
primted circuit board, it is necessary that the surface of the nounting pad
exposed in the opening portion of the solder resist is previously subjected
to Ni/'Au plating. In the conventional structure of the solder resist
desctibed in the above item (1), therefore, a plating solution sinks into

t he gap produced between the openi ng edge of the sol der resist and the pad

in the Nithe gandudtern gt dhPrnedad idh A0 APRALIRPFERWR i1 m
proceeds d é&c{]ﬂn@ gmé 1100 1 tccf] £ Wife Q?d}?&d@édPrbleédP@” ddie sol der

resi st an a resu ere i s caused a problem of cau5|ng t he
peel i ng |maﬂmée)padm¢'xwg@ afetzie MMQlGMmally connecm)gwm t he

solder DUdatd SUIRL U G UL S S0 Ul 0 ok U e
or der towlamtw@mﬁ SuC IForandd G theofomalidey . peast i, kndige and
the the viahole is filled with the solder bump, and the size of
the opening portion formed in the solder resist is made larger
than a land size of the viahole so as not to overlap the
solder resist with the viahole (fifth invention).
(12) In the invention described in the item (10) or (11), it
is desirable that the solder bump is formed so as to fill the
viahole on the mounting surface and cover a portion just above
the wviahole. '
(13) In the invention described in the item (10) or (11), it
is desirable that the viahole has a structure that the metal
film for electrically connecting the inner conductor layer to
the ocuter conductor laver is formed in a concave opening
formed in the insulating layer provided on both surfaces with
the conductor lavers so as to expose the inner conductor layer
from the surface of the insulating layer.
(14) In the invention described in the item (10) or (11), it
is desirable that a clearance produced between an opening edge
of the solder resist and an outer peripheral edge 6f the
mounting pad is 20-60 um.
(15) In the invention described in the item (10) or (11), it
is desirable that a thickness of the solder resist is 15-30
pm.
(16) In the invention described in the item (10) or (11), it
is desirable that an opening diameter of the viahole having
the solder bump is 50-220 um.
(17) In the invention described in the item (10) or (11), it

is desirable that a land size of the viahole having the:solder
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li ke, "t i-s necessary to arrange a step difference between the nounting
pad:surface and the solder resist surface. Therefore, it is desirable to
make the thickness of the solder resist thicker as far as possible.
However, as the nmounting pad beconmes small in accordance with the high
densification of nounting the part, it is very difficult to feed the
solder to the pad and even if the step difference is arranged, there is
caused abprpbienBPhafO0t kwm.dr awbacks such as sol der flowi ng, solder bridge
and the |like can not be avoided in the formation of the solder bunp on a
smal | -si ze pad. Further, in the conventional structure of the sol der
resi st JBBEEFHPESCRIPHEON OFt THE( PRAWINGSsol der contacts with the solder

(oSt S0 Lha st "R S ByBRH RANGLRE SRk e TSR R
pad bepenragsshhpeaofoapaoldérmreb1she1h|ghedenswhn¢abnad @klnted

' circuit 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 A-A section view
illustrating an opening shape of a sclder resist in the
printed circuit béard according to the invention. Fig. 4 is a
‘partial section view illustrating a forming state of s older
bump in the printed circuit board according to the invention.
Fig. 5 is a partial section view illustrating production steps
of an embodiment of forming a solder bump on a mounting
surface in the printed circuit board according to the
inventioen.

In the drawings, numeral 1 is a solder bump, numeral 2

a mounting pad, numeral 3 a conductor (conductor circuit),
numeral 4 a solder resist, numeral 5 a viahole, numeral 6 an
insulating layer, numeral 7 a plated resist (permanent
resist), symbol X an opening size of the solder resist, symbol
Y an opening size of the viahole, symbol Z a land size of the
viahole, symbol AX a clearance created between an opening edge
of the solder resist and an outer peripheral edge of the

mounting pad.

BEST MODE FOR CARRYING OUT THE INVENTION

The printed circuit board according to the first
invention lies in an opening shape of the solder resist so as
not to leave the solder resist on the pad as shown in Fig. 3
or a structure that the size of the solder resist is made
larger than the size of the mounting pad so as not to overlap

the sclder resist with the pad.
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4 pnuhting t he part thrbugh t he reductions of the weight,

*j

Such a structure is not influenced by light scattering
or the like produced on the pad surface in the light exposure,
so that the curing degree at the boundary between the opening
edge of the solder resist and the pad is improved as compared
with the conventional structure and hence there can be solved
a problem that the gap is created through the.development. As
a result, there can be solved a problem that the plating
solution sinks into the gap in the Ni/Au plating treatment and
the precipitation of plated film proceeds in this portion to
cause the peeling in the opening edge of the solder resist.

Further, the above struéture widens the acceptable
range of the resolution accompanied with the reduction of the

pad size and is not influenced by the light scattering or the
like produced on the pad surface in the light exposure, so
that it is possible to copé with the mounting in a higher
density;

Particularly, when the printed circuit board is
produced by the additive process in which an adhesive layer
for electroless plating is formed on a substrate and the
surface thereof is rouéhened and a plated resist and a
conductor pattern including a mounting pad is formed on the
roughened surface and then the plated resist, mounting pad and
conductor pattern are covered with a solder resist, the solder
does not contact with the solder resist and the crack hardly
occurs. In the printed circuit board through the additive
process, the plated resist (permanent resist) remains as it
is, so that even if the opening size of the solder resist is
made large, the flowing of the solder is not caused owing to
the step difference between the permanent resist and the

- mounting pad. _
Moreover, the structure that the opening size of the

solder resist is made larger than the size of the pad is
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t hi ckness and length of the elctronic part. In order to cope with this
tendency, it is necessary to formfine opening portion in the solder resist
and attain the inprovenent of the resolution of the solder resist. However,
there is a problemthat sufficient resolution is not obtained in the
conventional structure of the sol der resist described in the item (1)

subj ect.ed to an i nfluence of ght scattering produced on the gad surface

during t IRAVIRFRIKQPP iR case of formingthesgobfer PP RFPRENt Re wiring

substrat egdjir %Aﬂé@é{frprééesé ”efﬁ’éS@Sl’déPa{:réﬁgféﬂ:aﬁPEéeQé'§§' 89 on the
nmounting surface is conpletely clogged wth the solder Tesist. However, it

is very dhfdcess twlmreJeralazmatmm,oqxﬁlzeteol:deggfgglana fermedt hernlasea

T A

burn out =nthdied |tkea afidliient ea t hesiwnsmech | a8 pelyabhyléyel ovners.
terephthalate or the like and the pattern of the solder foil
is placed on the pad so as to contact therewith and heated and
reflowed to transfer the solder to the pad. 1In such a solder
transfer process, the area of the soclder foil pattern formed
on the film is generally larger than the pad. For this end,
when the opening size of the solder resist is made larger than
the size of the pad, the solder pattern just fits into the
opening portion of the solder resist, which facilitates the
positioning in the transfer.

In the printed circuit board according to the
invention, it is desirable that the clearance created between
the opening edge of the solder resist and the outer peripheral

_edge of the mounting pad is 20-60 pum. In the invention, it is
necessary that the opening portion is formed in the solder
resist so as not to overlap with the pad, so that when the
clearance is less than 20 pm, the alignment between the.
6pening portion of the solder resist and the pad portion is
difficult. Further, When the pad is subjected to Ni/Au
plating after the formation of the solder resist, the plating
solution is apt to remain on the edge of the solder resist.

As a result, when the clearance is small, the residual plating
solution is apt to be applied onto the pad and hence the
wettability to the solder is poor in the formation of the
solder bump and the connection reliability lowers. On the
other hand, when the clearance is more than 60 um, it is apt
to cause the lowering of wiring density, shortcircuit due to

exposure of adjoining pad and the like, and also drawbacks
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(6) Ln 'case of nultilayering the wiring substrate into nultilayer, it is
genegral to connect the wiring substrate to the chip by newy wiring the
rounting pad for the formation of the solder bunp fromthe viahole.
Therefore, there is a problemthat the wiring | ength beconmes | onger to
lower the wiring density and hence it is difficult to mount the part in a
hi gher, density. an object of the invention to solve the

It is

af or enenéighedsprebrersPFidgRe2pdr thRodrkengrEs ARG MRe PSoI@¥SSd BiffH tX 1 i p
chi p mue&y%:&a@ibp B%O&heﬁmauﬁr 58886 -Chump, ! 1282810 wvidiehdlge Jror the
hi gh densitication of nounting the part using the sol der bunp and for the
i nprovenbump oH the mounhhsgt ofnthel pabitl and &he Adketing reliability.
For this purpose, a nain opject.is_to provi i i reult hoard
having a hew st rHeFRPEePnabhEnsLeiraBes, dhafsR Bethb8H tné! bBUhinY

edge of the solder resist and the outer peripheral edge of the

mounting pad means a gap produced between the opening edge of
the solder resist and the outer peripheral edge of the
mounting pad.

In the printed circuit board according to the
invention, the thidkness of the solder resist is desirable to
be 15-30 ym. When the thickness is less than 15 pm, the
effect of the solder resist as a solder dam is not obtained
and the shieldability for the wiring circuit lowers. Further,
the unevenness of thé lower layer is easily affected and there
is.a fear of exposing the lower layer. Particularly, the
problem pointed out in the conventional technique, that is, a
problem that the curing degree of the lower layer of the
solder resist becomes insufficient to cause the floating
(peeling) of the solder resist is remarkable when the
thickness of the soclder resist is not less than 15 ym.
Therefore, the structure according to the invention is
particularly effective when the thickness of the solder resist
is not less than 15 pm as restricted above. On the other
hand, when the thickness is exceeds 30 pm, the light exposure
and development are difficult and the large difference in the
curing degree through light exposure between the lower layer
and the upper layer in the solder resist is created, so that
even if the structure of the invention is.adopted, the peeling
dreated in the opening edge of the solder resist can not be
prevented. = Particularly, in the printed circuit board through
the additive process, it is necessary that the thickness of

the solder resist is not more than 30 pm. Because, in the
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mounting the part can surely be fed to the pad surface w thout |owering the
W ri-hg density and the connection reliability. Mor eover,

JP- A-4-337695 di scl oses a technique of electrically connecting the wiring

| ayers provided on both sides of the insulating |ayer through the sol der.
On the contrary, the invention is concerned with a new structure of sol der

bump sui tablfe {9 SRBLLLY BhECLEPELE PELISLODL Or8rmed on the plated
(permanent) resist, so that the step difference (between pad
surface and upper surface of solder bump) becomes 1arge'and
the mounting is difficult;. '

From the aforementioned reasons, when the thickness of
the solder resist is restricted to 15-30 um, the peeling of
the solder resist peculiarly created can be prevented.

The printed circuit board according to the second
invention lies in a point that the position of forming the
solder bump is arranged sc as to match with the position of
the viahole as shown in Fig. 4, particularly a structure that
the soider bump is filled in the viahole on the mounting
surface and formed so as to cover a portion just above the
viahole. Particularly, the viahole is desirable to have a
structure that an opening portioﬁ is formed so as to pass
through the interlaminar insulating layer providing the
insulation between the surface layer of conductor circuit and
the inner layer of conductor circuit and covered with a metal
coating electrically connecting the inner conductor layer to
the surface conductor layer in the printed circuit board
having a structure of alternately laminating the conductor
circuits and the interlaminar insulating layers (third
invention). '

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 shortened
and the improvement of the wiring density can be attained.

In the above structure, the inside of the viahole is
completely filled with the solder bump. As a result, it is
not necessary to fill 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,
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wiring substrate, which is clearly different fromthe techni que of

JP- A-4-337695. Further, the technique disclosed in JP-A-4-337695 lies-in a
point that the solder is contacted with the insulating resin |ayer.
Therefore, if this technique is applied to the invention, there are caused
new problems that [err] lead diffuses into the resin of the insulating

| ayer t.o cause shortcircuit betmeef_the | ayers_ or get$ef£_gatt rnﬁ, and
[err] thdRotHEPINBOFRECR 383 thet hb?lf iB tRethesFhiisd gpP t 5%8e peel ed
of f fromifeaspniasiselr fosest Ost88er €81 BhbOcdeePLRht the ¥bshetkeigade from
the solder. Fromthese facts, the above conventional technique is

i npossi blenifermbyiz2ed gemphebely ofithed inebheoyiahobpsthreupl frsieg.

INVENTld\f‘urther, thghgriﬂyggt8i§c@f¥6b839§ HQGiRHStﬁéugﬁgéeiEt?ﬁgﬁﬁréo
according to the invention is alsp excellent in the electrical
connection reliability because the inside of the viahole is
completely filled.' '

According to the structure, the solder bump is filled
and formed in the concave portion of the wviahole made from the
metal coating. As a result, the solder bump does not directly
contact with the resin of the insulating resin layer, so that
there is no breakage of the insulation between the layers or
between the patterns due to diffusion of lead even under high-
temperature and high-humidity conditions. Moreover, the
solder does not close to the resin, so that the peeling is
caused when the viahole is made from the solder. In this
connection, the solder bump according to the invention
contacts with only the metal coating constituting.the viahole,
so that it is excellent in the adhesion property to the metal
coating. And also, the solder bump is formed by filling in
the concave portion of the viahole, so that the amount of
solder used may be made large and.it is possible to conduct
the accurate mounting of the part through self-alignment
effect based on surface tension. Further, it is desirable
that the metal coatings of nickel and geld are formed on the
surface of the viahole according to the invention from the
surface side of the viahole. Nickel is excellent in 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 deéirable that the opening size of the

viahole is 50-220 pm. When the opening size of the viahole 5
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achi eve the above objects. As a result, the inventors have found that it
Is effective to attain the main object by a structure that the sol der
bunmp is located in the viahole wthout wiring the pad for connecting the
part. - The invention is based on the above know edge and has t he
essehtial feature and construction as nmentioned | ater. (1) In the first
preferred enbodi nent of the invention, rinteg circuit board conprising

>

_ a
a sol der HEnpes? 5hﬁ%uﬁ9iHﬂ!sﬁ??aﬁé?eaﬂfaEPﬁrﬁa AR5 PUFRNT faFe8 tEREEE: o

circuits gdy ghili £riapdlaandaehébi Bhe! 8Y8EEridAli BbRNLARLAAM | Nsul ating
| ayer positioned between a surface |ayer of one conductor circuit and an

i nner | ayeel pabbhbtyieto cbheupavt t#rdegraded| andnglan shenragtackoprean
€Xposi ng ﬂ%@w %Rﬁ%?é?#f%?gietgﬁ?agﬂéh 5n88998§t9£§8%r28b£tﬁand a viahol e

conposed O a m el ecirrcal 'y connectin he surface |ayer of the
one condutherebéensath becdtihesi small tbagegradiet hheaedbebtricahductor circuit

20 O ko B PPl o S LB B B O ofEnz0l 0ET
iS_ r oughem@s . hand, when the opening size of the viahole exceeds 220
pm, the solder bump is toco 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 copes with the
pitch of the flip chip so as not to obtain the effect of
improving the wiring density.

In the printed circuit board according to the
invention, it is desirable ﬁhat the land diameter of the
viahole is 80-300 pm. As the opening size of the viahole
becomes small, the amount of the solder fed may be decreased,
but when the land diameter is less than 80 yum, the solder bump
can not completely be filled in the vizhole and formed so as
to make higher than the solder resist. On the other hand,
when the land diameter exceeds 300 ym, the solder bump is
inversely too large and hence the drawbacks such as solder
bridge and the like are apt to be caused on the side of the
part to be connected and the mounting density and wiring
density lower. Moreover, the loﬁering of the mounting density
is caused due to the fact that the mounting area is decreased
by the increased portion of the solder bump though the
necessary mounting number is unchangeable.

_ The printed circuit boards according to the fourth and
fifth inventions lie in a point that the structure of the
soclder resist in the first invention is adopted in the printed
circuit board according to the second or third invention.

According to such a structure, the printed circuit board
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5a . (2) In the second preferred enbodi nent of the invention, a printed
cirguit board conprising a solder bunp on a nounting surface, an
alternatingly | am nated conductor circuits and interlam nar insulating

| ayers, an interlam nar insulating |ayer positioned between a surface |ayer
of one conductor circuit and an inner |ayer of another conductor circuit

I ncl udi ng an qpenin rtion exposi e .inner .|l ayer of_.th ot her
conduct oRCEPFELRE, n%gﬁ ;Péﬁﬁ&lhe°fo:$5t§g‘d lc?f"entlm‘y as’'the Tollowing

effects.

@D. In the printed circuit board according to the
invention, the position of forming the solder bump_is arranged
so as to match with the position of the viahole, so that it is
not necessary to conduct the new wiring of the pad for the
formation of the bump and the wiring length can be shortened
and the improvement of the wiring density can be attained.
Thus, it can easily cope with the reduction of weight,
thickness and length of the substrate;

Q. In the printed circuit board according to the
invention, the solder bump is filled in the viahole on the
amounting surface and formed so as to cover a portion just
above the viahole and the opening size of the solder resist is
set to be larger than the opening size of the viahole, so that

" the conditions required in the resist such as resolution,
thickness and the like are mitigated and the selection width
of the soclder resist to be used becomes wide. Furthermore,
conditions of feeding the solder become moderate becéuse the
restriction of the resolution for forming the solder pattern
on the transferring plate is mitigated in the solder transfer
process, and the restriction on the resolution in the
formation of mask such as a metal mask or the like is
mitigated in the cream printing process. Moreover, the
opening size of the solder resist is larger than the land
diameter of the viahole, so that even if the shifting is
caused between both the opening positions, the position
shifting of the solder bump may be dec:eased. Therefore,
according to the invention, the printed circuit board surely
forming the solder bump can be provided without causing the

peeling of the solder resist, which is effective to improve

e
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~a metal filmelectrically connecting the surface | ayer of the one conductor
cirguit to the inner layer of the another conductor circuit so as to match
a position of the viahole with a position of the solder bunp to be forned,
and sai d vi ahol e being nmade from copper and provided at its surface side
with netal filns of nickel and gold in this order. (3) In the third
preferred.enbodi nent of the invention, a printed circuit board conprising a

sol der b on a TheuRriRfed, qifcui thoand ardanhing tahithe @Rt or

cirecuitspand g Qe AMAARHAS Wi i941 dély Bidnp Bhrl MY AR BdStl Bitddg
| ayer positioned between a surface |ayer of ‘one conductor circuit and an
Cinner | ajer thle aiehede .cardddiady idl deuinot meeRsararto @l hdhraelser

exposi ng _t [ l!]?_y r,of . . C Qg‘ift | rouyt aﬂ?.h?e:i’i hol e
_corrposedrg% aStnne%%l |Ieir'}1k% é‘é{]ﬁ:lh%gﬂ%%{co&negec m%%ﬁée %t#rfbaece ‘ayer %f t he
one condpebblem rthatt the drawbauks lsuar af Hubdolaenotuveffi Ideed yeimtriarn r cui t
so as to tch a_position _ of the vi l.e with Siti of .the sol.der bunmp
To be f oPHEUEREAIER RIS (Limthe Bl nd PERE® D AP ot o

t her mopl aginpd @I £i2 @ ,C P AHAE the AT 1AddthddEidh and a

thernosetting resin or a conposite of a thernoplastic resin and a
phot osengeligbidddvnis excellent.

@. In the printed circuit board according to the
invention, the solder bump is filled in the concave portion of
the viahole and the solder amount thereof is large as compared
with the solder bump having the same size formed on the_
conventional mounting pad, so that the mounting reliability in
the mounting of the electronic part is improved. In
electronic parts having pins such as DIP or the like, there is
particularly obtained an effect of easily aligning the parts
by inserting the pin into the concave portion.

- ®. In the printed circuit board according to the
invention, the solder bump is filled and formed in the concave
portion of the viahole made from the metal coatiné, so that
the solder bump does not directly contact with the resin of
the insulating resin layer and there is caused no breakage of
insulation between the layers or between the patterns due to
the diffusion of lead even under high-temperature and high-
humidity conditions. Furthermore, the solder bump according
to the invention contacts with only the metal coating
constituting the viahole, so that the adhesion property to the

metal coating is excellent.

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

(1) At first, an inner layer of copper pattern is

17
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6 .(4) In the invention described initens (1), (2) and (3), it is
desi.rable that the solder bunp is forned so as to fill the viahole on the
hounting surface and cover a portion just above the viahole.

formed 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 is formed
on a substrate such as glass epoxy substrate, polyimide
substrate, ceramic substrate, metal substrate or the like and
the surface of the adhesive layer is roughened and then
subjected to an electroless plating.

Particularly, it is desirable that when the copper
pattern is formed by etching the copper lined laminate, a non-
solvent resin (epoxy resin or polyimide resin) is applied,
cured, polished to expose the copper pattern to thereby
smoothen the surface of the substrate. Such a smoothening of
the substrate surface easily conduct the light exposure and
development because the thickness of the photosensitive
insulating resin lavyer formed on the substrate surface becomes
uniform.

| (2) Then, an interlaminar insulating layer is formed
on the inner layer of copper pattern formed in the item (1).

The interlaminar insulating layer is desirable to be
made from a thermosetting resin such as epoxy resin, polyimide
resin, bismaleimide triazine resin, phenolic resin or the
like; a photosensitive resin obtained by photosensitization of
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 ﬁhe thermoplastic'resin
and the photosensitive resin. -

The surface of these resin layers may be subjected to a
roughening treatment with an oxidizing 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
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(5) d4n the invention described initens (1), (2) and (3), it is desirable
that-the viahole has a structure that the netal filmfor electrically
connecting the inner conductor layer to the outer conductor |ayer is forned
in a,concave opening fornmed in the insulating | ayer provided on both
surfaces with the conductor |layers so as to expose the inner conductor

| ayer fromthe surface of the insulating layer. BRI EF DESCRI PTI ON OF THE
DRAW NGSparticularly glesinable kg tuse an R i ferelectrakess ng an

oo 0 BN 30 SN ek SULSUNEL L 0L St
sol der bvep dbtatimede tw elitspersdiny ihen-resishant boesich padrtgicles s a
part |3l sestydn, wiew il Ut aNg s B TN NS A S PYR D the
hardly soluble in acid or oxidizing agent. This is due to the
fact that the heat-resistant resin particles soluble in acid
or oxidizing 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
thermosetting resin or a composite of a photosensitized |
thermosetting resin and a thermoplastic resin is used as the
heat-resistant resin hardly soluble in acid or oxidizing
agént. Because, the viahole can easily be formed by light
exposure and development owing to the photosensitization.
Furthermore, the toughness can be improved by compositing with
the thermoplastic resin, whereby the improvement of peel
strength in the conductor circuit and the prevention of the
occurrence of cracks in the viahole portion by heat cycle can
be attained.

Concretely, there are an epoxy acrylate 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-resistant resin powder having an average
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according to the invention. Fig. 4 is a partial section view illustrating
production steps of an enbodi nent of formng a solder bump on a nounting
surface in the printed circuit board according to the invention.

In the drawings, nuneral 1 is a solder bunp, nuneral 2 a nounting pad,

nuneral 3 a conductor (conductor circuit), nuneral 4 a sol der resist,
nuneral. 5 a viahole, nuneral 6 an |nsulat|nq3gayer nuneral 7 a plated
resist (pemtkedm sizeqbmot mltl’%‘hr? dBeniBY & misctyre f dgader resist,

nbol ’
ool SXAGREY s Ko T O L el ane gi2¢ 0F fde

print ed goreuithamodard m@rdjlheyﬁ-mednestamtemem powdess hav:a'lg)camt that

the sol der t%% e Ipsax:lt(g.ca.l.teedsz.lzne to nvoltarxlr?olre than 1/5 of the particle
size of the above powder but 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 pm and inorganic powder to surfaces of heat-resistant resin
powder having an average particle size of 2 ym - 10 ym. They
can form complicated anchors. As the heat-resistant resin,
epoxy resin, amino resin (melamine resin, urea resin,
guanamine resin) are favorable. Particularly, the solubility
of the epoxy resin to acid or oxidizing agent can be changed
by varying the kind of ocligomer, kind of curing agent and
crosslinking density. For example, the resin obtained by
treating bisphenocl A-type epoxy resin oligomer with an amine
type curing agent is easily dissolved in the oxidizing agent.
However, the resin obtained by treating nowvolac epoxy resin
oligomer with an imidazoie-type curing 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 acids such
as formic acid, acetic acid and so on. Particularly, the
organic acid is preferable. Because, when 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
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as shewn in Fig. 3, particularly a structure that the sol der

7.\

bump is filled in the viahole on the nounting surface and

invention, a plurality of interlaminar insulating layers may
be used. For instance, there are the following forms in case
of using the plural layers.

) . The interlaminar insulating layer of two-layer
structure arranged between the upper layer of conductor
circuit and lower layer of conductor circuit in which the side
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 oxidizing agent and
the side near to the lower layer of conductor circuit.

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

@ The interlaminar insulating layer of three -layer
structure arranged between the upper layer of conductor
circuit and the lower layer of conductor circuit in which a
filling resin is embedded between the lower layers of
conductor circuit so as to render the lower layer of the
conductor circuit and the filling resin into ﬁhe same plane, a
heat-resistant layer hardly soluble in acid or oxidizing 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
hérdly soluble in acid or oxidizing agent.

In this strﬁcture,_the filled resin is filled between
the lower layers of conductor circuit, so that the surface of
the substrate becomes smooth and there is no poor phencmenon
of causing the scattering of the thickness. Further,
inorganic particles such.as silica or the like is included in
the filling resin, whereby the shrinkage through curing can be

reduced to prevent the warping of the substrate. Moreover,
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formed so as to cover a portion just above the viahole. Particularly, the

viahol e is desirable to have a structure that an opening portion is forned

so as to pass through the interlam nar insulating |layer providing the

i nsul_ation between the surface |ayer of conductor circuit and the inner

| ayer of conductor circuit and covered with a netal coating electrically

connectln%Pthe I nner, conductqQr | ayer to the surface caonductor |ayer in the
|

printed cthReUPPRESA TRV FRFLIR i desdrabde as dheaddilyt ingrinesithg anse

conduct or S.Hi:‘i%hﬁ.&r@?dnbﬁesbﬁ.%ﬁta@p%@:g IS4 A tisN G d 8 Yt - When usirg? such
a structure, it is noOt required to conduct the new w ring of the pad for

the for mathensefvens,s &h&e Femadpingr smlven by ilsh evaporadae ve haadinig itey
| engt h cagaggeng ?H%?ﬁ gggngge eg&r ement of the wiring density can be

attai ned. ove truc re, the inside of the viahole is
conpl etel ¥3pi | | edagkélr the $nkdelahinpr Assala¢siungt layeri formed in the

item (2) is dried, an opening portion for viahole is formed by
light exposure and development in case of the photoéensitive
resin, or by thermosetting and laser work in case of the
thermosetting resin.

(4) The surface of the interlaminar insulating layer is
roughened and a catalyst nucleus is applied thereto. The
catalyst nucleus is desirable to be noble metal ion, colloid
or the like, and palladium chloride or palladium colloid is
generally used. Moreover, it is desirable to conduct the
heating treatment for fixing the catalyst nucleus.

(5) After the application of the catalyst nucleus in the
item (4), the plated resist is formed. As the plated resist,
use may be made of commercially available product, or a
composition comprising epoxy acrylate obtained by reacting
epoxy resin with acrylic acid, methacrylic acid or the like
and an imidazole type curing agent, and a composition
comprising epoxy acrylate, polyether sulphone and an imidazole
tvpe curing agent.

In this case, a ratio of epoxy -acrylate and polyether
sulphone is desirable to be about 50/50-80/20. When the epoxy
acrylate is too large, the flexibility lowers, while when it
is too small, the photosensitivity, resistance to base,
resistance to acid and resistande 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
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not necessary to fill the solder resist or the like in the viahole, so

t hat -t here can be solved the problemof the conventional technique that

t he drawbacks such as bubble, wunfilled portion and the Iike remain in the
filling of the solder resist. This is due to the fact that the solder is
uniformy and conpletely filled in the viahole through fusion. Further,

the printed circuit board having the gbaove structure according to. the
| nvent i on TS SHERE BRRATRIAOR FAIRE o 'HES CHIEn (M ASTELR FIAR SER 19 1o
because t hgd ndwle e AL i d &ely filled.

According to the structure, the solder bunp is filled _and fornmed in the
concave portion ofAs Hae epeaie nefdd Heing e fundangntadarskaieton resiqul ¢

the S0l det, ST A Updlly SHldh £ WAGTMId D AdBSS) 10134 Mich 4n

insul ating resin |ayer, "sotha there 1's no breakage of the i1 nsulation

bet ween t lihd aymyssldmking density, and can adjust its water absorption
after the curing 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 and phencl novolac type.
{6) A portion not forming the plated resist in the
‘treatment of the item (5) is subjected to a primary plating.
In this case, not only the copper pattern but also the viahole
are formed.

As the primary plating, it is desirable to be an alloy
plating using at least two metal ions selected from copper,
nickel, cobalt and phosphorus. Because, these alloys are high

- in the strength and can improve the peel strength.

In the electroless plating solution for the primary
plating, it is desirable that a reducing agent reducing é
metal ion to a metal element is at least one selected from
aldehyde, hypophosphate (called as phosphinate), boron hydride
and hydrazine. These reducing agents are soluble in water and
excellent in the reducing force. Particularly, hypophosphate
is desirable in view of the precipitation 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. Under the basic conditiomns,
hydroxycarboxylié acid forms a complex with nickel ion or the
like. As the hydroxycarboxylic acid, succinic acid, malic
acid, tartaric acid and the like are desirable. They easily

form a complex with nickel, cobalt and copper. The

—_—
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between the patterns due to diffusion of |ead even under high-

tenperature and high-hum dity conditions. Mreover, the sol der does not
ctose to the resin, so that the peeling is

concentration of the hydroxycarboxylic acid is desirable to be
0.1-0.8M. When it is less than 0.1M, the complex can not
sufficiently be formed and abnormal precipitation and
decompositidn of the solution create, while when it exceeds
0.8M, there are caused inconvenienceé that the precipitation
rate becomes slow and the occurrence of hydrogen is frequent.

The electroless plating solution for the primary.
plating is desirable to contain bipyridyl. Because, bipyridyl
can control 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 dissolving compounds of copper, nickel and cobalt
such as copper sulfate, nickel sulfate, cobalt sulfate, copper
chloride, nickel chloride, cobalt chloride and the like.

The primary plated film made from the electroless
plating solution is excellent in the followability to the
roughened surface of the adhesive layer for electroless
plating and traces the form of the roughened as it is.
Therefore, the primary plated film has the same anchor as the
roughened surface. Therefore, the secondary plated film
formed on the primary plated film ensures the adhesion
property owing to the anchor. Thus, the primary plated film
is desirable that the strength precipitated by the
aforementioned electroless plating solution is high for
controlling the peel strength. Since 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 film precipitating'fro, a simple copper plating
solution rather than a composite plating.

(7) The primary plated film formed in the item (6) is
subjected to a secondary plating to form conductor circuit

including viahole. The plated film through the secondary

24

——
———
"-\

This Sheet Has

[T ﬁll



caused when the viahole is made fromthe solder. |In this connection, the
sol der bunp according to the invention contacts with only the netal coating
constituting the viahole, so that it is excellent in the adhesion property
to the netal coating. And also, the solder bunp is fornmed by filling in the
concave portion of the viahole, so that the ampbunt of sol der used may be
made large and it is possible to conduct the accurate nounting of the part
throughfgﬂétrm¢ghandesérahbe basked anceppézcplabadi 6almkurther, it is

desirable that t s_of kel rmed on.the
surface of the vi g&@aé%g %Fﬂge?i ?£%E+ﬁgeﬁ?93gg??oﬁ?fhgggu??ﬁgﬁdgrﬁe of
the viahgbratdhgkelti bsedeeiablei Bot H8eahhi aléytrblassoppppervpibeifggl d is
excellent in the affinity with nickel and sol der. In_ the printed
circuit bURFUEIRR FAPRELFLNG HEOPPRY ehPRontTirlkanglsamiBre FRAECERE openi ng

size of tdfent and pH adjusting agent that the concentration of the
copper ion is 0.005-0.015 mol/l, the concentration of the pH
adjusting agent is 0.25-0.35 mol/1l and the concentration of
the reducing agent is 0.01-0.04 mol/l/ This plating solution
is stable in the bath and less in the occurrence of nodule or
the like.

In the electroless plating solution for the'secondary
plating, it is desirable that the concentration of trialkanol
amine is 0.1-0.8M. The plating precipitation reaction is mest
proceeding within this range. The trialkanocl amine is
desirable to be at least one selected from triethancl amine,
triisopanol amine, trimethanol amine and tripropanol amine.
They are soluble in water. _

In the electroless plating solution for the secondary
plating, the reducing agent is desirable to be at least one
selected from aldehyde, hypophosphate, boron hydride and
hydrazine. It is soluble in water and has a reducing force
under basic conditions. The pH adjusting :agent is desirable
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 circuits inclusive of viaholes on the
mounting surface is produced through a given method. In this
case, pads for the formation of sclder bump as 'in the
conventional technique are not wired on the conductor circuit
in the mounting surface of the printed circuit board. Fig. 5

is a partial section view illustrating production steps of an
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vi ahol e 'is 50-220 [err]m Wen the opening size of the viahole 5 is |less
than, 50 [err]m the size of the solder bunp is restricted to a small |evel
and hence the electrical connection reliability to the part is degraded
and also the contact atea between the viahole and the conductor |ayer

| ocated therebeneath beconmes small to degrade the electrical connection
reliability to the inner circuit layer. On the other hand, when the

openi ng semwodimene fonhDdrmingethls £8Ddefchuipm ohhtheohdenthngpsusface
caused oPt ST BERRFee (el BERER comBcreblonhfon) ehei ReRBPRYCopes
vmtr1truawxnﬁ(&bﬁéréﬁ&efwithcﬂhpSSﬂlgﬁreot to obtain the effect of
|nprOV|ng(tPe V“rfﬂ§’é§§§%ééér circuit 3 inclusive of viahole 5 on the
moun;ing 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 4 opening the viaholé
portion is fofmed by light exposure, development and the like
so as to match a solder bump forming portiqn provided with an
opening portion having a size X larger than an opening size Y
of the viahole 5 with the viahole portion (see Fig. 5(2)).
{10) Then, a solder ball is fed to the inside of the viahole
5 and subjected to a reflow treatment, whereby the solder bump
1l is formed so as to completely fill the fused solder in the
viahole 5 and to thereby produce the multilayer printed
circuit board comprising the solder bump formed on the
mounting surface (see Fig. 5(3)).

An example on the opening shape of the solder resist
constituting the printed circuit board according to the
invention will be described below with reference to Fig. 3.
(Example 1)y

On a substrate provided with an inner circuit layer ié
formed a conductor pattern including a moﬁnting pad 2 as a
mounting surface for an electronic part by an additive
process. In this case, a size of the mounting pad 2 is 100
pmd .

Thén, a surface of the permanent resist 7 is chemically
roughened to form a solder resist 4 opening a portion of the
mounting pad. In this case, the solder resist 4 has a film
thickness of 20 pym and an opening size of 180 pym. Moreover, a
clearance AX created between an opening edge of the solder

resist and an outer peripheral edge of the mounting pad 2 is

NS e
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9 ’ In the printed circuit board according to the invention, it is
deS|rabIe that the land dianeter of the viahole is 80-300 [err]m As the

vpeni ng size of the viahole becones small, the anobunt of the solder fed may
be decreased, but when the | and di aneter is | ess than 80 [err]m the sol der

bunp
within a range of 25-55 pum.
{Comparative Example 1)

On a substrate provided with an inner circuit layer is
formed a conductor pattern including a mouhting pad 2 as a
mounting surface for an electronic part by an additive
process. In this'case, a size of the mounting pad 2 is 100
pma . '

Then, a surface of the permanent resist.7 is chemically
roughened to form a solder resist 4 opening a portion of the
mounting pad. In this case, the solder resist 4 has a film
thickness of 20 pm and an opening size of 90 pym, in which the
outer peripheral edge of the pad is overlapped with the
opening edge of the solder resist. '

(Comparative Example 2)
On a substrate provided with an inner circuit layer is

formed a conductor pattern including a mounting pad 2 as a
mounting surface for an electronic part by an additive
process. In this case, a size of the mounting pad 2 isildo
Hme . |

Then, a surface of the permanent resist 7 is chemically
roughened to form a solder resist 4 opening a portion of the
mounting pad. In this case, the solder reéist 4 has a film
thickness of 20 uym and an opening size of 120 um. Moreover, a
clearance AX created between an opening edge of the solder
resist and an outer peripheral edge of the mounting pad 2 is
within a range of 0~20 pm.
(Comparative Example 3)

On a substrate provided with an inner circuit layer is
formed a conductor pattern including a mounting pad 2 as a
mounting surface for an electronic part by an additive

process. In this case, a size of the mounting pad 2 is 100

pmd .
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can not ‘conpletely be filled in the viahole and formed so as to make hi gher
than, the solder resist. On the other hand, when the | and di ameter exceeds
300 [err]m the solder bunp is inversely too | arge and hence the drawbacks
such as solder bridge and the |like are apt to be caused on the side of the
part” to be connected and the nounting density and wiring density |ower.
Moreover, the lowering of the nounting density is caused due to the fact

t hat t he nmounti ngTherma assuefacasef byetpermaneeasedspattVohsobhehécablﬁer

D o S SRS P R A A IR 3 MORIRNEE b eson of, thea 4
accordi ngnbéntiegi pa&Nt i DA thik ba&se(lethéi poldbel P¥sist 4 has a film
thickness of 20 ym and an opening size of 300 pym. Moreover, a
clearance AX created between an opening edge of the solder
resist and an outer peripheral edge of the mounting pad 2 is
within a range of 80-120 um.
(Comparétive Example 4)

On a substrate provided with an inner circuit layer is
formed a conductor pattern including a mounting pad 2 as a
mounting surface for an electronic part by an additive
process. In this case, a size of the mounting pad 2 is 100
pm .

Then, a surface of the permanent resist 7 is chemically
roughened to form a solder resist 4 opening a portion of the
mounting pad. In this case, the solder resist 4 has a film
thickness of 10 ym and an opening size of 180 ym. Moreover, a -
clearance AX created between an opening edge of the solder
resist and an ocuter peripheral edge of the mounting pad 2 is
within a range of 25-55 pm.

(Comparative Example 5)

On a substrate provided with an inner circuit layer is
formed a conductor pattern including a mounting pad 2 as a
‘mounting surface for an electronic part by an additive
process. In this case, a size of the mounting pad 2 is 100
pmd .

Then, a surface of the permanent resist 7 is chemically
roughened to form a solder resist 4 opening a portion of the
mounting pad. In this case, the solder resist 4 has a film
thickness of 40 um and an opening size of 180 pym. Moreover, a
clearance AX created between an opening edge of the solder

resist and an outer peripheral edge of the mounting pad 2 is
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(1) At first, an inner |ayer of copper patternis formed on a substrate.
The formation of the copper pattern on the substrate is carried out by
etching a copper lined |am nate, or by a nethod wherein an adhesive | ayer
for an el ectroless plating is forned on a substrate such as gl ass epoxy
substrate, polyimde substrate, ceram c substrate, netal substrate or the
|l i ke and the surface of the adhesive layer is roughened and then

subj ect edvithian ®| eige| @SS2P4-55 i 1ng. Particularly, it is
desirabl e that when the copper pattern-is fornmed by etching the copper
| ined | am nate, a non- solvent resin (epoxy resin or polyimde resin) is

appl i ed, cur ed, Irpothe heel ri Ped xginseu i t ocpd eproeai ded nwi €h t ties eby
condﬁctor pattern including the mounting pad and the solder
resist, the mounting pad is subjected to Ni/Au plating of 3 pm
and the solder is fed through cream printing process and then
the appearance, resistance to cold-heat shock and insulation
property based on the difference of the opening shape in the

solder resist are evaluated. The results are shown in Table

1.
Table 1

Peeling of | Test for resistance Insulation

resist *1 to cold-heat shock*2 | property*3
Ekample 1 none more than 1000 cyc O
Comparative ’
Example 1 presence 500 cve o)
Comparative
Example 2 resenc 500 cve O
Cémparative
Example 3 none more than 1000 cyc X
Comparative '
Example 4 none more than 1000 cyc X
Comparative '
Example 5 presence 500 cye O

*1 peeling of solder resist; presence or absence of peeling
by visual inspection

*2 test for resistance to cold-heat shock; time of creating
cracks of solder resist in cycle test of -65°C<—> 125°C '
*3 insulation property; electrical insulation to adjacent
conductor circuit (including adjacent pad), O is good and X is

poor
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10 ., sroothen the surface of the substrate. Such a snoothening of the
subsjrate surface easily conduct the |ight exposure and devel opnent because
t-he t hi ckness of the photosensitive insulating resin |layer formed on the
substrat.e surface becones

As seen from the results of Table 1, in the printed
circuit board according to the invention, there is no peeling
of the solder resist and the resistance to cold-heat shock and
insulation property are excellent.

On the contrary, in the printed circuit board having
the structure that the outer ﬁeripheral edge of the pad |
overlaps with the opening edge of the solder resist as shown
in Comparative Example 1, the gap is created at the boundary
face of the pad to the opening edge of the scolder resists in
the formation of the soclder resist and hence the Ni/Au plating
solution penetrates thereinto to progress the precipitation of
the plated film and the peeling is caused in the opening edge
of the solder resist. Therefore, crack is caused from the
floating (peeling) portion in the test for the resistance to
cold-heat shock.

As shown in Comparative Example 2, in the printed
circuit board having a structure that the clearance AX created
between the outer peripheral edge of the pad and the opening
edge of the solder resist is made smaller than the lower limit
defined in the invention, it is apt to create the alignment
miss of the opening portion of the solder resist and a part of
the conductor pad is covered with the solder resist to cause
the drawback that the peeling is caused from the boundary
face. Therefore, the crack is created from the floating
(peeling) portion in the tes; for the resistance to cold-heat
shock. '

As shown in Comparative Example 3, in the printed
circuit board having a structure that the opening size of the
solder resist is made larger, the clearance AX created between
the outer peripheral edge of the pad and the opening edge of
the solder resist is larger than the upper limit defined in

-the invention, so that the adjoining conductor circuit is
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uni f orm (2) Then, an interlamnar insulating layer is fornmed on
the isnner | ayer of copper pattern fornmed in the item(1). The
interlam nar insulating |layer is desirable to be nade froma thernosetting
resin such as epoxy resin, polyimde resin, bismaleinide triazine resin,
phenolic resin or the Iike; a photosensitive resin obtained by

phot osensiti zati on of these resins; a thernoplastic resin such as pol yether
sul phone exptbed! tiseraaseothesielectiriichd ishertmilrastiitc inethe #fedniatdon

t hernosetting resin;, or a conposite of the thernoplastic resin and the
photOSEnsPFigBer§§Sﬂ9r bump. © The surface of these resin layers may be

subjected to a raygERBIAJLAM EaipBRRE tWEhERBmPLiedizi AE &8@Npridkeaci d, an
alkali or the |ike. By such a roughening, the adhesion to the conductor
circuit fetreaisnberEdshaVARg @afthuctiygeofbgt the film xhickaesst @£ ani nar

I nsul atingngBLgibak rbkik® is thinner than the lower limit defined in
the invention, the solder is plied on the solder resist in the
formation of ﬁhe solder resist and hence the solder resist
does not act as a solder dam and the bridge defect to the
adjoining solder bump is caused to form an electrical
shortcircuit.

As shown in Comparative Example 5, in the printed
circuit board having a structure that the film thickness of
the solder resist is thicker than the upper limit defined in
the invention, the curing of the lower layer of the solder
resist is insufficient and the floating is caused in the
opening edge of the solder resist. Therefore, the crack is
caused from the floating (peeling) portion in the test for the
resistance to cold-heat shock. Further, since the film
thickness of the solder resist is thick, a portion of the bump
protruding from the opening of the solder resist is less and

hence the electrical reliability lowers.

Then, an example on the forming state of the solder bump
constituting the printed circuit board according to the
invention will be described with reference to Fig. 4.
(Example 2)
| (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 is

roughened by treating with chromic acid and a catalyst is
31

—_— .
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partieularly desirable to use an adhesive for electroless plating. The
adhesi ve for electroless plating is optimumto be obtained by dispersing
héat-resistant resin particles soluble in acid or oxidizing agent into
heat-resistant resin hardly soluble in acid or oxidizing agent. This is
due to the fact that the heat-resistant resin particles soluble in acid
or oxidizing agent are roughened and renoved, whereby octopus trap-shaped
anchors capielddrpedorm tdhecondtater t porhpenvepenind aphatednresbstriy to

(e, sontusk Rl IR ide o anshe S 05 ST, Mertdn! PdERRE LB 2,

t her npset t{igh ragjedtst atd Noi NEP@ckdTes£Sedppep PERULIAG 6P€15 pm. 1In
this case, an opening size Y of the viahole 5 is 120 um, and a
diameter Z of a land portion of the viahole 5 is 190 um.

(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 wviahole 5
portion is formed through light exposure, development and the
like. 1In this case, the solder resist 4 has a film thickness
of 20 uym and an opening size of 250 ym. |

(4) Further, a cream solder is printed through a metal
mask by a doctor bar and the metal mask is removed.
Thereafter, a solder bump 1 is formed by a printing method in
which the solder is supplied through reflow to produce a
printed circuit board.

(Example 3)

(1) An insulating resin is applied onto a substrate
"provided with an inner layer of conductor circuit by a given
method and cured to form an insulating layer 6. Then, a non-
through hole for the formation of a viahole 5 having an
opening size Y of 100 uym is formed in the insulating layer 6
through a laser.

(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 plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 pym. 1In
this case, a diameter Z of a land portion of the viahole 5 is
150 pm.

(3) Next, the conductor circuit 3 including the:

viahole 5 is subjected to Ni plating and Au plating in this
- —\m““m .
This Sheet Has B

-



heat -resi stant resin hardly soluble in acid or oxidizing agent. Because,

t he wi ahol e can easily be formed by |ight exposure and devel opment owing to
t he photosensitization. Furthernore, the toughness can be inproved by
conpasiting wth the thernoplastic resin, whereby the inprovenment of peel

order and thereafter a solder resist 4 opening the viahole 5
portion is formed through light exposure, development and the
like. 1In this case, the solder resist 4 has a film thickness
of 20 ym and an opening size of 200 pm. Further, a clearance
AX created between the opening edge of the solder resist 4 and
the outer peripheral edge of the land portion of the viahole 5
is within a range of 25-30 um. -

{4) A multilayer printed circuit board is produced by
forming a solder bump 1 through a solder transfer method in
which a solder sheet having a respective pattern is used and
positioned and reflowed to supply the solder. 1In this case,
the solder sheet has a film thickness of 35 pm and a pattern
diameter of 120 um, and the reflow of the solder is carried

out at 245°C.

{Comparative Example 6)

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

(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 plated resist 7
inclusive of a mounting pad 2, which is then subjected to an
electroless copper plating of 15 um. In this case, a size of
the pad is 200 pm. '

(3) A scolder 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 printing method to
form a solder bump 1, whereby a p:inted circuit board is

_

produced.



strepgth in the conductor circuit and the prevention of the occurrence of
cracks in the viahole portion by heat cycle can be attai ned.

€oncretely, there are an epoxy acryl ate obtai ned by reacting the epoxy
resin wth acrylic acid, nethacrylic acid or the |ike, and a conposite of
epoxy acryl ate and pol yet her sul phone. As the epoxy acrylate, it is
desirable to react 20- 80% of total epoxy group with acrylic acid,

nethacrylqgogﬁggagivghgxgmgge 7) In the above adhesive, the
heat -resi stant resin articles is desirable to be selected from/[err]

heat-re5|stant ré3)n pewiesuhating ansabelfgePpaiercPRtei 2eSBPSHER RO e

e 0, bEb bl S5 ko' G sapect ol Eplatin pecRusEagg weghvale e

aggloneramehgoaeandrexpSSthtoeimghpoaddrdbaelngednaadecaged 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 opening plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to én electroless copper plating of 15 pm. In
this case, an opening size Y of the viahole 5 is 100 ym and a
diameter Z of the land portion of the wviahole 5 is 330 pm.

{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 printing method to
form a solder bump 1, whereby a printed circuit board is
produced.

{(Comparative Example 8)

' (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 aﬁd developed and cured to form an
insulating layer 6 provided with a non-through hole for the
formation of a wviahole 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 opening plated resist 7
inclﬁsive 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 pm and a
diameter Z of the land portion of the wviahole 5 is 70 pm.

(3) A solder resist 4 is formed by opening a portion
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partjclé size of not nore than 2 [err]m [err] a m xture of heat-

resi stant resin powder having an average particle size of not nore than 10
Ferr]mand heat-resistant resin powder having an average particle size of
not nore than 1/5 of the particle size of the above powder but not nore
than 2 [err]m and [err] false particles obtained by adhering at | east one
of heat-resistant resin powder having an average particle size of not nore

than 2 [&f rine aRsunPRPPEE DOVERE sameUndAses 96 Deatxsmpistanindeshe
powder hawgncgi an average particle size of 2 [err]m- 10 [err]m They can
f or m confeeding of cyptder Ass tprrFied - Pl BY gbhe (REIRting yBRThedsERA.  ani no

resin {rgffym ¢ $58hd B, 1 eSiflerelty 20 APLELLESEM AL € bAYPAAPLE.
produced.
(Comparative Example 9)

(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 is
roughened 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 eléctroless copper plating of 15 um. 1In
this cése, an opening size Y of the viahole 5 is 250 pm and a
diameter Z of the land portion of the viahole 5 is 300 pm.

(3) A solder resist 4 is formed by copening a 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 10)

(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 wviahole 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 Qpening plated resist 7

inclusive of a viahole 5 and a land portion thereof, which is

——————
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12 ,of the epoxy resin to acid or oxidizing agent can be changed by
varying the kind of oligonmer, kind of curing agent and crosslinking
density. For exanple, the resin obtained by treating bisphenol A-type epoxy
resin oligomer with an amne type curing agent is easily dissolved in the
oxi dif zing agent. However, the resin obtained by treating novol ac epoxy
resin -

then subjected to an electroless copper plating of 15 ym. 1In

this case, an opening size Y of the viahole 5 is 30 pm and a
diameter Z of the land portion of the vighole 5 is 80 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 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-heat shock, evaluation of mounting numbers
and evaluation of connection reliability are carried out with
respect to the thus produced printed circuit boards to obtain

results aé shown in Table 2.
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oligamer with an inidazole type curing agent

oxidi zi ng agent.

As the acid used in the invention,

I's hardly dissolved in the

there are

phosphoric acid, hydrochloric acid, sulfuric acid, and organic acids such

as formic acid, acetic acid and so on. Particularly, the organic acid is
pref érabl e. Because, when it is subjected to the roughening treatnent, it
hardly corrodes the netal conductor |ayer exposed fromthe viahole. As the
oxi di zing agent, it is preferable to ugapier @vic acid, pernanganate

e o R T i e TS e e
rougheniing treatentiw t h aediakdned Jichsed-20eNtnumber*3 | ddiitdle printed
circuit |board acgording tof the i nventlion, a pldrality of |nterlam nar
i nsul atijng | ayerg may be| §oe¢ollor i nyadde®m tHere are thpbHidlit¥n ng
forms in case heat shock |viahole *4
*2 section
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 7 3.5x10%
1000 cycles| bubble
8 | 50/70 | more than no 14 5.2x10°
1000 cycles| bubble
9 | 250/300 | more than no 7 1.3x10?
1000 cycles| bubble
10 30/80 more than no 13 7.4x10?
1000 cycles | bubble

*1 wvia/land; opening size of viahole (pm)/diameter of land

(pm)

*2 test for the resistance to cold-heat shock; time of
creating cracks of wviahole portion in cycle test of -65°C<—>

125°C
*3 mounting number; number of mountable bumps per unit area
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of using the plural |ayers. [err] The interlam nar insulating |ayer
of« t wo- | ayer structure arranged between the upper |ayer of conductor
eerU|t and | ower |ayer of conductor circuit in which the side near to
t he upper layer of conductor circuit is an adhesive for electroless
pl ati ng formed by di spersing heat-resistant resin particles soluble in
acid or oxidizing agent into heat- resistant resin hardly soluble in acid
or oxidi'zpaya8gest tanBumpt BRapedgsneal ,t probvedednehaltagedistaneeduct or
circuit. In this structure, there is caused_no_shortcircuit
between bumps is constant and number in Example 1 is 10.
*4 connection reliability; value of resistance (Q) in
mounting portion as measured after 300 cycles of -65°C<—> 125°C

(test for the resistance to cold-heat shock)

As seen from the results of Table 2, in the printed
circuit boards according to the invention, the mounting is
possible in a higher density, and no occurrence of bubble 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 wiring the
mounting pad 2 from the 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 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 aensity (high'
moupping number) is not attained.

As shown in Comparative Examples 7-9, in the printed
circuit boards having a structure that the opening size Y 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 density (mounting number) and the
connection reliability to the part is poor as compared with
the wiring boards of Examples 2 and 3. That is, when the
opening size Y of the viahole 5 or the land diameter Z is
larger as-in Comparative Example 7 or 9, the wiring density is
low and the solder bump 1 to be formed is large, so that the

formation of higher mounting density (mounting number) is not

i
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13 _ between the layers when the adhesive |layer for electroless plating is
too roughened by the roughening treatnment. [err] . The interlam nar '
'1nsulat|ng | ayer of three -layer structure arranged between the upper |ayer
of conductor circuit and the Lower |ayer of conductor circuit in which a
filling resin is enbedded between the | ower |ayers of conductor circuit so
as to render the |ower |ayer of the

attained. On the other hand, when the opening size Y of the
viahole 5 or the land diameter Z is small as in Comparative
Example 8 or 10, the bump 1 filled in the viahole 5 can not be
formed so as to make higher than the solder 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.

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 mounting
reliability.

Therefore, the pfinted 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 fields requiring high performances and high

densification of electronic parts.

————
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conductor circuit and the filling resin into the sane pl ane, a
heat-re3|stant | ayer hardly soluble in ang,e#~ﬁxrerThg agent is forned

thereon and an adhesive for electroless platin thereon by
dlsper3|ng heat-resi stant resin partlcles ﬁh“ii or oxi di zi ng
agent into heat-resistant resin hardly so or oxidi zi ng agent.

In this structure, the filled resinis fllled betmeen the |ower |ayers of
conductorCEBAIMEi t, so that the surface of- the substrate beconmes snmooth and

there is no poor Ehenm§ ﬁteaf cERUR BOpbAES CbEL kifgOh tBAdLRickness.

Further, inorganic par es such as silica or e Is included in
t he fllllpgttesnn;nmhusebg DﬁeaSMDuntage phdoﬁ@ﬁmedrbngacmnubélngeduced to

e Toby cOSrPERR Bl LOTRUPRLERLE HUREIKE! rno' IBAUARESS KaRLeLES 1 1 °

desi r abl e53§ ] I'Cu non-sol vent epoxy 'resin
is optlnuahafﬁeﬁehszag ihhehael sesizet b€ aandprniggspordéibni Sormapoiat ed by
heatlng tthe solder resist is made larger than the mounting pad so as
not to overlap the solder resist with the pad.

2. A printed circuit board according to claim 1,
wherein a clearance created between an opening edge of the
solder resist and an outer peripheral edge of the mounting pad
is 20-60 pm. ' '

3. A printed circuit board according to claim 1,
wherein the solder resist has a thickness of 15-30 pm.

4. A printed circuit board comprising a solder bump
formed on a mounting surface, characterized in that a position
of forming the solder bdmp is arranged so as to-match with a
position of a wviahole.

5. A printed circuit board having a structure of
alternately a laminating conductor circuits and interlaminar
insulating layers, in which the interlaminar insulating layer
insulating between a surface layer of conductor circuit and an
inner layer of conductor circuit is provided with an opening
_ exposing the inner layer of conductor circuit and a viahole

made from a metal film electrically connecting the surface
layer of conductor circuit to the inner layer of conductor
circuit and a solder bump is filled and formed in the viahole.

6. A printed circuit board according to claim 4 or 5,
wherein the solder bump is formed so as to fill the viahole on
the mounting surface and cover a portion just above the
viahole.

7. A printed circuit board according to claim 4 or 5,

wherein the viahole has a structure that the metal film for

40
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cause, the interlam nar peeling. (3) After the interlam nar insulating
layer formed in the item(2) is dried, an opening-portion for viahole is
forned by [|ight exposure and dev ' man‘oif t he phot osensitive
resin, -or by thernpsetting and Iag “ |“H‘ of the thernpsetting
resin. (4) The surface of the rnterltani®arf ifisulating |layer is
roughened and. _a, c | yst nucleus | s applied thereto. The _catalyst nucleus
i s desira %cFﬁlﬁ%iﬂ%ngnﬂﬁ? ?ngohge08$P8Fd°°ngu°E°r 13Fer e’ iter
conductor layer is formed in a .concave opening formed in the

insulating layer provided on both surfaces with the conductor
layers so as to expose the inner conductor layer from the
surface of the insulating layer.

8. A printed circuit board according to claim 4 or 5,
wherein an opening diameter of the viahole having the solder
bump is 50-220 pm.

9. A printed circuit board according to claim 4 or 5,
wherein a land size of the viahole having the solder bump is
80-300 um. | |

10. A printed circuit board comprising a mounting pad
provided with a solder bump formed by covering a mounting-
surface with a solder resist, characterized in that a position
forming the solder bump is matched with a position of a
viahole and a size of an opening portion formed in the solder
resist is made larger than a land size of the viahole so as
not to overlap the solder resist with the viahole.

11. A printed circuit board comprising a mounting pad
provided with a solder bump formed by covering a mounting
surface with a solder resist, characterized in that the
printed circuit board has a structure of alternately
laminating a conductor circuit and an interlaminar insulating
layer, and the interlaminar insulating layer insuléting a

surface layer of the conductor circuit from an inner layer of

the conductor circuit is provided with an opening portion =" "~

exposing the inner layer of the conductor circuit, -and a
viahole made from a metal film electrically connecting the
surface layer of the conductor circuit to the inner layer of
the conductor circuit is formed in the opening portion, and '
the viahole is filled with the solder bump, and the size of

the opening portion formed in the solder resist is made larger
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14 L orthe like, and palladiumchloride or palladium colloidis general ly
used, Mrreover, it is desirable to conduct the heating treatnent for fixing

the catal yst nucleus. (5) Afte“'lﬂﬁﬂﬂ“lﬂﬂﬂlﬂﬂllhm the catal yst nucleus in
the item (4), the plated resi st . e plated resist, use may be
made” of conmercial ly available product, br % conposition conprising epoxy
ccr ! ate PRLA! 1eg BN Lo3Cl LA, ERO et o L Sl cedincryi i
solder resist with the viahole.
12. A printed circuit board according to claim 10 or
11, wherein the solder bump is formed so as to fill the
viahole on the mounting surface and cover a portion just above
the viahole.
13. A printed circuit board according to élaim 10 or
11, wherein the viahole has a structure.that the metal film
for electrically connecting the inner conductor layer to the
outer conductor layer is formed in a concave opening formed in
the insulating layer provided on both surfaces with the
conductor layers so as to expose the inner conductor layer
from the surface of the insulating layer.
14. A printed circuit board according to claim 10 or
11, wherein a clearance produced betwéen an opening edge of
the solder resist and an outer peripheral edge of the mounting
pad is 20-60 pm. '
15. A printed circuit board according to claim 10 or
11, wherein a thickness of the soclder reéisﬁ is 15-30 um;
16. A printed circuit board according to claim 10 or
11, wherein an opening diameter of the wviahole having thé
solder bump is 50-220 pm.
17. A printed circuit board according to c¢laim 10 or

11, wherein a land size of the viahole having the solder bump

is 80-300 pum.
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connJiang epoxy acryl ate, polyether sul phone and an i m dazole type curing

ageny . In this case, a ratio of epoxy acrylate and pol yet her

sul phone is desirable to be about 50/50-80/20. Wien the epoxy acrylate is
too large, the flexibility lowers, while when it is too small, the
photosensitivity, resistance to base, resistance to acid and resistance to
oxi di zi ng agent |ower. As the epoxy acrylate, 20-80% of total
epoxy gr OABSTRACT desirable to be reacted with acrylic acid, methacrylic
acid or the like,  \Wen the acrylation rati.o, is toq hi i the . .hydrophilic
property through GHL&r Rﬁfeﬁ&(?ﬁ’eé'shlt&npa"r?é'ltdﬁea A5t )ﬁﬁ?‘g‘rses,

whil e wheguiRaAE o ithe hilgh dehsilfa@dtdwn (@ xﬂcﬁﬁ'ﬂillﬂg‘ Parts dmrrﬂ;i%d

As the epoxy resin being a fundanental skeleton resin, novol ac type epoxy

resin is &€ ﬂeabb@mpsé@éu@r ithg dmprgvements; |of qannaatigmFeddriiity
can adj ustpl RoRkEng?Req4BYiA1 ty, and proposes a printed circuit board

comprising a mounting pad provided with a solder bump by
covering a mounting surface with a solder resist,
characterized in that a position of forming the solder bump is
arranged so as to match with a position of a viahole, or a
size of opening poftion formed in the solder resist is made
larger than a size.o§ a land of the viahole so as not to

overlap the solder resist with the viahole.

e

—

—
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after the curing to not nore than 0.1% and is excellent in t he

resi stance to base. As the novolac type epoxy resin, there are cresol

, hovol ac type and phenol novol ac type. (6) A portion not form ng the
pl ated resist in the treatment of the item (5) is subjected to a primary
plating. In this case, not only the copper pattern but also the viahole
are formed.

Fig. 1
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15 As the primary plating, it is desirable to be an alloy plating
using at |east two netal ions selected fromcopper, nickel, cobalt and
Phosphorus. Because, these alloys are high in the strength and can inprove
t he peel strength. In the electroless plating solution for the
prinary plating, it is desirable that a reducing agent reducing a nmetal ion
to a nefal element is at | east one selected from al dehyde, hypophosphate
(call ed as phosphi nate), boron hydride and hydrazi ne. These reduci ng agents
are soluble in water and excellent in the reducing force. Particularly,
hypophosphate is desirable in view of the precipitation of nickel.

Fig. 3
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In the electroless plating solution for the primary plating, it is

. desirable to use at |east one basic conpound selected from sodi um

~ "hydroxi de, potassium hydroxide and cal ci um hydroxi de as a pH adj usting
agént. for the adjustnment to basic conditions. Under the basic conditions,
hydr oxycarboxylic acid forns a conplex with nickel ion or the like. As the
hydroxycar boxylic acid, succinic acid, malic acid, tartaric acid and the
li ke d@re desirable. They easily forma conplex with nickel, cobalt and
copper. The concentration of the hydroxycarboxylic acid is desirable to be
0.1-0.8M When it is-less than 0.1N, the conplex can not sufficiently be
formed and abnormal precipitation and deconposition of the sol ution.
create, while when it exceeds 0.8MFther® are caused inconveniences t hat
the precipitation rate becones slow and the occurrence of hydrogen is
frequent. The el ectroless plating solution for the primry
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plating is desirable to contain bipyridyl.
t he occurrence of netal

occurrence of nodul e.
cobaltion SHP

Because, bi pyridyl can control
oxide in the plating bath to suppress the

Mor eover, copper ion, nickel ion and

- qlund hy_.di ssol vi ng conpou ds of__cop ni cKel —ana
cobal t J“‘; LACENERYT T §HEE@Se, st cke| sulf BEB&P@D@IS%ETSODDQG
t+ \,""t o 8] Pras)
oy S;mn : ;3 o %ie ?::8: 25 ) : E( Description : paged .214. to paged ...7...
B}JT awing(s) 22 [IE- GP(;@ a 313 E’ Claim(s) : paged 26 to paged .......
Absiract s peged 2o paged ... i{] Drawing(s) : paged ...=.. to paged ...7..
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PRINTED CIRCUIT BOARDS

" TECHNICAL FIELD

This invention relates to a prihted circuit board and
more particularly to a printed circuit board suitable for the
high densification of mounting parts using a soldexr bump and

for the improvements of connection reliability and mounting
reliability.

" BACKGROUND ART

At the present, 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 and portable

electronic equipments. In the £field of printed circuit

boaxds, therefore, it is proceeded to develop a technique
corresponding to the high densification of mounting electronic
parts (chips) oato a wiring substrate.

As the conventional technique suitable for the high
densification of mounting the part, there is known a £lip chip
nmounting 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 is a technique in which a
conductor circuit including a mounting pad is formed on the
mounting surface of the wiring substrate and then a golder is
fed on the mounting pad through a solder resist to form a
éqlder bump in aﬁ opening portion of the resist and thereafter
the solder bump ig subjected to a reflow treatment to conduct
an electrical connection between the solder bump and an
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16 chloride, nickel chloride, cobalt chloride and the |ike. The
primary plated filmmde fromthe el ectroless plating solution is excellent

_in the followability to the roughened surface of the adhesive |ayer for

el ectrol ess plating and traces the formof the roughened as it is.
Ther ef or e,

the primary plated filmhas the sane anchor as the 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 strengt® precipitated by the

aforenentioned el ectroless plating solution is high for controlling the
peel strength. Since the secondary pl ated

electronic part.

However, the £lip chip mounting has the following many
problems.

(1) In the £lip chip wmounting, the opening portion of
the solder resist feeding the solder in the printed circuit
board is formed by exposing portions other than the openings
to a light through a photomask film printed with an opening
pattern, dissolving and removing unexposed pbftiona through

development treatment and then conducting thermosetting. The

thus formed opening portion of the golder resist has hitherto
been constituted by making the size smaller 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 shown in Fig. 1. That is, opening

edge of the solder resist locates on the surface of the pad,
Therefore, when light is exposed on positions other than the
opening of the solder resist, the difference in hardness

through light exposure between an upper layer portion and a

lower layer portion of the solder rvesist ig caused due to

deflection of incident light and the like. Particularly, the

pad surface is easily subjected to an influence of light

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

through light exposure becomes insufficient at the boundary
between the lower layer of the solder resist and the pad

surface in the formation of the opening portion of the solder
resist and hence the solder regigt i eroded up to the

position other that the opening portion by the development

treatment. As a result, there is caused a problem that a gap

is created in the boundary betwaeen the opening edge of the
solder resist and the pad through the subsequent
thermogetting.

(2) When the solder bump is formed on the mounting pad
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filmis desirable to be high in the electrical conductivity and fast in the
precipitation rate, it is favorable to be a plated filmprecipitating fro,
a sinple copper plating solution rather than a conposite plating. (7)

The primary plated filmformed in the item(6) is subjected to a secondary
plating to form conductor circuit including viahole. The plated film

t hrough the secondary plating is desirable to be a copper plated film

As the el ectroless plating solution for the secondary plating,

_ it is
desirable to use an electrol ess copper pl3ating
ion, trial kanol am ne,

sol ution conprising copper
concentrati on of the

reducing agent and pH adjusting agent that the
copper ion is 0.005-0.015 nol/1, the concentration of

D g RSO fsEER W B B ROR R LT (e

bath and | gesiét idettor quimdedecékcnbtiibeant, it is necessary that the
surface of the mounting pad exposed in the opening portion of
the solder resist is previously subjected to Ni/Au plating.
In the coaventioﬁal structure of the solder resist described
in the above item (1), therefore, a plating solution sinks
into the gap produced between the opening edge of the solder
resist and the pad in the Ni/Au plating treatment and the
precipitation of the plated film proceeds in this portion to
conduct the penetration between the solder resist and the pad.
As a result, there is caused a problem of causing the peeling
in the opening edge of the solder resist.

(3) When the solder bump is formed on the mounting pad
by feeding the solder into the opening portion of the solder
resist in the printed 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 suxrface.

Therefore, it is desirable to make the thickness 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 is very difficult to feed the solder to )
the pad and even if the step difference is arranged, there is
caused a.préblem that the drawbacks such as solder flowing,
solder béidgé and the like can not be avoided in the formation
of the solder bump on a small-gize pad. Further, in the
conventional structure of the golder resigt described in the
item (1), the solder contacts with the golder regist, s0 that
there ig a problem that crack is created f£rom the contact
point.

(4) There is a tendency that the area of the pad
becomes small accompanied with the high den_'s-.i:-'f;:i_.'é_,ag_ipn. of .-
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i ke.

the | In the electroless plating solution for the secondary
ptating, it is desirable that the concentration of trial kanol anmne is
0.1-0.8M The plating precipitation reaction is nost

4

mounting the part through the reductions of the weight,

thickness and length of the elctronic part. In order to cope

with this teadeacy, it is necessary to form fime opening

portion in the golder resist and attain the improvement of the

resolution of the solder resist. However, there is a problem

that sufficient resolution is not obtained in the conventional
structure of the solder resist described in the item (1)

subjected to an influence of light scattering produced an the
pad surface during the light exposure.

(5) 1In case of multilayering the wiring substrate into
multilayer, it is necessary that the v;ahole existing on the
mounting surface is completely clogged with the solder 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 reliability 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 f£rom the viahole. Therefore, there is a

problem that the wiring length becomes longer to lower the
wiring density and hence it is difficult to mount the part in
a higher density.

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

For this purpose, a main object ig to provide a printed
circuit board haviag a new structu;é'iﬁatkthe s0lder bump for
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17 proceeding within this range. The trial kanol amne is desirable to be
at |east one selected fromtriethanol am ne, triisopanol am no, trinethanol
am ne and tripropanol am ne. They are soluble in water.

In the
el ectrol ess plating solution for the secondary plating, the reducing agent
Is desirable to be at | east one selected from al dehyde, hypophosphat e,
boron hydride and hydrazine. It

Is soluble in water and has a reduci ng
force under basic conditions. The pH adj usting agent is desirable to be at

| east one sel ected from sodi um hydroxi de, potassi um hydroxi de and cal ci um
hydr oxi de. (8) | f necessary, the steps of the itens (2)-(8) are

repeated, whereby a nmultilayer printed circuit board
mounting the part can surely be fed to the pad surface without
lowering the wiring density and the connection reliability.

Moreover, JP-A-4-337695 discloses a technique of

electrically connecting the wiring layers provided on both
gidaes of the insulating layer through the solder. On the
contrary, the invention is concerned with a new structure of
solder bump suitable for mounting electronic parte onto a

wiring substrate, which is clearly different from the

technique of JP-A-4-337695. Further, the technique disclosed

in JP-A-4-337695 lies in a point that the solder is contacted

with the insulating resin layer. Therefore, if this technique

ig applied to the invention, there are caused new problems

that D lead diffuses into the resin of the imsulating layer to
cause shortcircuit between the layers or between patterns, and
®@ the solder having a poor wettability to the resin is apt to

be pealed off from the contact surface to the resin to drop

off the viashole made from the solder. Froﬁ these factse, the

above conventional technique is impossible to realize the
object of the invention. '

DISCLOSURE OF THE INVENTION

The inventors have made various studles in order to
achieve the above ochjecte. AEs a result, the inventors 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 part.

The invention iz baged on the asbove knowledge and has
the cssential feature and congtruction as mentioned later.
(1) A printed circuit board compriging e solder bump formed
on a mounting surface, characterized £n that the solder bump
ie located in a viahole.

(2) In the invention described in the item (1), 4it is
degirable that the golder bump is formed so as to £ill: the
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conprising conductor circuits inclusive of viaholes on the nounting surface
i's produced through a given nethod. In this case, pads for the fornation of
sol der bunmp as in the conventional technique are not wired on the conductor
circuit in the nmounting surface of the printed circuit board. Fig. 4 is a
partial section view illustrating production steps of an enbodi nent for
formng the sol der bunp on the nounting surface of the printed circuit
board. The followi ngs are described with rgference with this figure. (9)
The conductor circuit 3 inclusive of viahole 5 on the nmounting surface of

the printed circuit board produced in the items (1)-(8) is subjected to
Ni plating and

openi ng the VFaﬁ%Fglgﬁbﬁ&?:éﬁPQQ}gﬁifﬁ% aﬁﬁﬁggbﬁFsgfiggﬁgngerVé?§bﬁ§ﬁ?eand

the like sehasviahobéch a sol der bunp forming portion provided with an

opening portign havipg &8 ffehts3nIqbsb e LOREY 1ot 18)) it is
desirable that the viahole has a structure that the metal £ilm
for electrically coanecting the inner conductor layer to the
outer conductor layer is formed in a concave opening formed in
the insulating layer provided on both surfaces with the
conductor layers 80 ag to expose the inner conductor layer
from the surface of the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGE

Fig. 1 is a partial A-A section view illustrating an

opening shape of a solder resist in the conventional printed

circuit boaxrd. 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 s older bump in the printed circuit board

according to the inveation. Fig. 4 is a partial section view

illustrating production steps of an embodiment of forming a
gsolder bump on a mounting surface in the printed circuit board
according to the invention.

In the drawings, numeral 1 is a solder bump, numeral 2
a mounting pad, numeral 3 a conductor (conducho: circuit),
numeral 4 a solder resist, numeral 5 a viahole, numeral 6 an
znsulating layer, numeral 7 e plated resist (permanent
resist), symbol X an opening size of the solder resist, symbol

¥ an opening size of the viahole, symbol Z a land size of the
viahole.

BEST MODE FOR CARRYING OUT THE INVENTION _
The printed circuit board according to the inventieon
lieg in a point that the solder bump is located ia the viahole

as shown in Fig. 3, particularly a structure that the solder
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of the viahole 5 with the viahol e portion (see Fig. 4(2)). (10) Then, a
sol der ball is fed to the inside of the viahole 5 and subjected to a
;reflom/treatnent, wher eby t he sol der bunp

bump is filled in the viahole on the mounting surface and
formed so as to cover a portion just above the viahole.
Particularly, the viahole is desirable to have a structure
that an opening portion is formed so as to pass through the
interlaminar finsulating layer providing the insulation between
the surface layer of conductor circuit and the inner layer of
conductor circuit and covered with a metal coating
electrically connecting the inner conductor layer to the

surface conductor layer in the printed circuit board having a

structure of alternately laminating the conductor circuits and
the interlaminar insulating layers. '

In such a structure, it is not required to conduct the
nevw wiring of the pad for the formation of the solder bump
from the viahole, and hence the wiring length can be shoxtened
and the improvement of the wiring density can be attained.

In the above structure, the inside of the viahole is

completely filled with the solder bump. As a result, it is

not necessary to £ill the solder resist or the like in the’
viahole, so that there can be solved the problem of the
coaventional technique that the drawbacke 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 €illed in the viahole throﬁéh.fusion.
Furthexr, the printed circuit hoard having the above structure
according to the invention is also excellent in the electrical

connection reliability because the inside of the viahole is
completely £illed.

According to the structure, the solder bump is £illed

and formed in the concave portion of the viahole made from the

wetal coating. As a result, the solder bump does not directly

contact with the resin of the ingulating resin layer,'sb that
there is no breakage of the ingulation between the layere or
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1 is formed so as to conpletely fill the fused solder in the viahole 5 and
t=o thereby produce the nultilayer printed circuit board conprising the

sol der bunmp formed on the nmounting surface (see Fig. 4(3)).

Then, an exanple on the formng state of the sol der bunp constituting the
printed circuit board according to the invention will be described with
reference to Fig. 3. (Exanple 2) (1) Aninsulating resinis
applied onto a substrate provided with an inner |ayer of conductor circuit
by a given nmethod and exposed to |ight and’developed and cured to form an

between the patterns due to diffusion of lead even under high-

temperature and high-humidity conditioms.
solder does

Noreover, the

not close to the resin, so that the peeling is

the viatole is wmade from the solder. In this

the solder bump according to the inveation
contacts with oaly the metal coating congtituting the viahole,

so that it is excellent in the adhesion property to the metal
coating.

cauged when

connection,

And also, the solder bump is formed by filling in
the concave portion of the viahole, so that the amount of
solder used may be made large and it is possible to conduct

the accurate mounting of the part through self-alignment

effect based on surface teasion. Further, it is desirable

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 in 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 5

is lesg than 50 um, the size of the solder bump is restricted
to a small level and hence the electrical connection
reliability to the part is degraded and also the contact area
between the viahole and the coanductor layer located
therebeneath becomee small 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 bump is too large and the drawback such as
solder bridge or the like is apt to be caused on the gide of
the part to be connected} and also it hardly copes with the

pitch of the flip chip so as not to obtain the effect of
improving the wiring density.
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insul ating layer 6 provided with a non-through hole for the formation of a
vi ahol e S.

(2) Then, the surface of the insulating |ayer 6 is
roughened by treating with chromc 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 el ectrol ess copper
plating of 15 [err]m In this case,

an gpening size Y of the viahole 5 is
120 [err]m and a dianeter Z of a |and portion of the viahole 5 is 190
[err]m (3) Next, the conductor circuit 3 including the viahole
5 is subjected to N

plating and Au plating in this order and thereafter a
sol der resist 4 opening the viahole 5 portion is f

| grned t hrough | i ght
exppsure,_developﬂ@hﬁhéhﬂrﬁﬂéedl?iﬁﬁ“ﬁﬁmhﬂﬁ?g BSSRrIIRG O th& resist 4 has
a filmt E'EK@@&@L«:@)’ Lloli[se%klbaﬂﬂeaﬂhw;ﬂﬁd“gﬁiﬂzﬂiﬁfmeéﬁ ¢£tHeM
(4) Furt eLiaﬁbféefgnéglégﬂ-ﬁﬁi pkgngﬁg gpééEJ g%zg?%%lthe viahole

becomes small, the amount of the solder fed may bg decreased,
but when the land diameter is less than B0 um, the solder bump

can not completely be filled in the viahole and formed so as

to make higher than the solder resist. On the other hand,

when the land diameter exceeds 300 um, the solder bump is
inversely too large and hence the drawbacks such as solder
bridge and the like are apt to be caused on the side of the

part to be connected and the wounting density and wiring

dengity lower. Moreover, the lowering of the mounting density

ig caused due to the fact that the mounting area is decreased
by the increased portion of the solder bump though the
necessary mounting number is unchangeable.

A typical production method of an embodiment of the

printed circuit board according to the invention will be
desgcribed below.

(1) At first, an inner layer of copper pattern is
formed 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 is formed
on a substrate such ag glags 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, it is desirable that when the copper
pattern is formed by etching the copper lined laminate, a non-
solvent resin (epoxy resin or polyimide resin) is applied,
cured, polished to cxpose the copper pattern to thereby
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mask by a doctor bar and the netal nmask is renoved. Thereafter, a sol der
bunp 1 is formed by a printing nethod in whi ch the solder is supplied
t hrough reflow to produce a

19

10

smoothen the surface of the substrate. Such a smoothening of

the substrate gurface easily conduct the light exposure and
development because the thickness of the photoseasitive

insulating resin layer formed on the substrate surface becomes
uniform.

(2) Themn, an interlaminar insulating layer is formed
on the inner layer of copper pattern formed in the item (1).
The interlaminar insulating layer is desirable to be
made from a thermosetting resin such as epoxy resin, polyimide
resin, bismaleimide triazine resin, phenolic resin or the

like; a photosensitive resin obtained by photosensitization of
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 1ayeré may be subjected to a
roughening treatment with an oxidiring agent, anrn acid , an

alkali or the like. By such a roughening, the adhesion to the

conductor circuit formed on the surface can be iwproved.
As the interlaminar insulating material, it ies

particularly desirable to use an adhesive for electroless

plating. The adhesive for electroless plating is optimum to

be obtained by dispersing heat-resistant resin particles

soluble in acid or oxidizing agent into heat-resistant resin

hardly soluble in acid or oxidizing agent. This is due to the

fact that the heat-resigtant resin particles soluble in acid
or oxidirzing agent are roughened and removed, vwhereby 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

thermosetting resin or a compogite of a photosensitized

thermosetting resin and a thermoplastic resin is used as the .
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printed circuit board. (Exanple 3) (1) An insulating resinis
applied onto a substrate provided with an inner |ayer of conductor circuit
by a given nmethod and cured to forman insulating |layer 6. Then, a non-

t hrough hole for the formation of a viahole 5 having an opening size Y of
100 [err]mis formed in the insulating |layer 6 through a | aser.

(2) Then, the surface of the insulating |ayer 6 is roughened by treating

with chromc acid and a catalyst is applied to forma conductor portion
opening plated resist 7 inclusive of a Miahole 5 and a | and portion

thereof, which is then subjected to an el ectrol ess copper plating of 15
[err]m In this case, a dianeter Z of a |land portion of the viahole 5 is

heat-xesistant resin hardly soluble in acld or oxidizing
agent. Because, the viahole can easily be formed by light
exposure and development owing to the photosensitization.
Furthermore, the toughness can be improved by compositing with
the thermoplastic resin, whereby the improvemeat of pesl
strength in the conductor circuit and the prevention of the
occurrence of cracks in the viahole portion by heat cycle can
be attained.

Concretely, there are an epoxy acrylate 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, Gbagglomerate particles having an average particle size
larger by 3 times or more than that of powder and obtained by
agglomerating heat~resistant resin powder having an average
particle size of not more than 2 um, @ a mixture of heat-
resistant resin powder having an average particle size of not
more than 10 ym and heat-resistant resin powder having an
average particle size of not more than 1/5 of the particle
size of the above powder but not more 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 um and inorganic powder to surfaces of heat-resistant resin

powder having an average particle size of 2 um ~ 10 ym.

They
can form complicated aachors.

As the heat-resistant resin,
epoxy resin, amino resin (melamine resin, urea resin,

guanamine resin) are favorable. ?articularly.”the solubility

" REPLAGEMENT SHEET

27 OCT 1997




150 [err]m (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 5 portion is forned
through |ight exposure, developnent and the like. In this case, the solder

resist 4 has a filmthickness of 20 [err]mand an opening size of 200
[err]m Further, a clearance [err]X created between the opening edge of

the solder resist 4 and the outer peripggral edge of the |and portion of
the viahole 5 is within a range of 25-30%err]m (4 A

mul tilayer printed circuit board is produced by formng a solder bunp 1
t hrough a solder transfer nethod in whi ch a sol der sheet having a

respective P&t tBpnepPexyisEesimto 85ds ProREddintnG HIHke FoRoPE LPhARE GG

sol der. | nghhivarg2ag the! REnd WS WLindack, 'REnd df |durithigclagens ada 35 [err]m
e CdlassdialEhS aShetey. | ¥4 Txanple "6nd Sl YoehtBed %™ '
carried g ) & xampde, Y
treating bisphenol A-type epoxy resin oligomer with an amine
type curing agent is easily dissolved in the oxidizing agent.
However, the resin obtained by treating novolac epoxy resin
oligomer with an imidazole type curing 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 acids such
as formic acid, acetic acid and so on. Partieularly, the
organic acid is preferable. Because, when 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). Especlally, when the
amino resin is diesolved and removed, it is desirable to
alternately conduct the roughening treatment with acid and
oxidizing agent.

In the printed circuit board according to the
invention, a plurality of interlaminar insulating layers may

be used. For instance, there are the following forms in case
of using the plural layers.

Q) The interlaminar insulating layer of two=layer
gtructure arranged between the upper layexr of conductor
circuit and lower layer of conductor circult in which the side
near to the upper layer of conductor circuit is an adhesive
for electroless plating formed by disperesing heat-resistant
resin particles soluble in acid or oxidizing agent into heat-~
resistant resin hardly goluble in acid or .oxidizing agent and
the side near to the lower layer of conductor cirouit. |

In this structure; there is cauged go_iho:bcircuit
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out at 245[err]C,

20

(Conpar ative Exanple 6)

13

between the layers when the adhesive layer for clectroless
plating is too roughened by the roughening treatment.
@ The interlaminar insulating layer of three ~layer
structure arranged between the upper layer of conductor
circuit and the lower layer of conductor circuit in which a
£illing resin is embedded between the lower layers of
conductor circuit so as ﬁo render the lower layer of the
conductor circuit and the £illing resin into the same plane, =
heat-resistant layer hardly soluble in acid or oxidizing 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 £illed resin is £illed between
the lower layers of conductor circuit, so 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 £illing resin, whereby the shrinkage through curing can be
reduced to prevent the warping of the substrate. Moreover,

the non-solvent resin.ié desirable &s the filling resin, and

particularly non-solvent epoxy resin is optimum. When using

the solvent, the remaining solvent is evaporated by heatiang to
cause the interlaminar peeling.

(3) After the interlaminar insulating layer formed in the

item (2) is dried, an opening portion for viashole is formed by
light exposure and development in cace of the photosensitive

resin, or by thermosetting and laser work in case of the
thermosetting resin.

(4) The surface of the interlaminar insulating layer is
roughened and a catalyst nucleus is applied thereto. The
catalyet nucleus ig degirable to be noble metal ion, colloid
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(1) An insulating resin is applied onto a substrate provided with an inner
l'ayer of conductor circuit by a given nmethod and exposed to |ight and
devel oped and cured to forman insulating |ayer 6 provided with a

non-t hrough hole for the formation of a viahole 5 and an opening for a flat
nount i ng pad. (2) Then, the surface of the insulating layer 6 is
roughened by treating with chromc acid and a catalyst is applied to forma
conductor portion opening plated resist {4inclusive of a mounting pad 2,

which is then subjected to an- electrol ess copper plating of 15 [err]m In
this case, a size of the pad is 200 [err]m (3) A solder resist 4
Is fornmed by openiﬂgka portion

of the nounting pad.in.the sgge manner as

in Exanpl e Srakher hikes carf Rpldediymychloside, ot arldadign cALioid ks ng

nethod t0 generally used. Moreover, it is desirable to conduct the
heating treatment for fixing the catalyst nucleus.

(5) After the application of the catalyst nucleus in the
item (4), the plated resist is formed. As the plated resist,
use may be made of commercially available product, or a

composition comprising epoxy acrylate obtained by reacting
epoxy resin with acrylic acid, methacrylic acid or the like
and an imidazole type curing agent, and a composition

comprising epoxy acrylate, polyether sulphone and an imidazole
type curing agent.

In this case, a ratio of epoxy acrylate and polyether

sulphone is desirable to be about 50/50-80/20. When the epoxy

acrylate is too large, the flexibility lowers, while when it
is too small, the photbsensitivity, 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 absorptioa rises, while when the acrylation ratio is
too low, the resolution i degraded.

As the epoxy resin being a fundamental skeleton resin,
novolac type epoxy resin is desirable. Because, it is high in
the crosslinking density, and can sdjust its water absorption

after the curing to not more than 0.1%, and ;s excellent in

the resistance to bage. As the novolac type epoxy resin,

there are cresol novolac type and phenol novolac type.
(6) A portion not forming the plated regigt in the
trecatment of the item (5) is subjected to a primary plating.

In this case, not only the copper pattern but also the viahole
axe formed.
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forma sol der bump 1, whereby a printed circuit board is produced.
(Conpar ative Exanple 7)

. (1) Aninsulating resinis applied onto a
‘substrate provi ded with an inner

_ | ayer of conductor circuit by a given
nmet hod and exposed to light and devel oped and cured to forman i nsul ating

| ayer 6 provided with a non-through hole for the formation of a viahole

5. (2) Then, the surface of the insulating layer 6 is r oughened
by treating with chromic acid and a cat algst 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 this

100 [errImand a Lﬂl%\‘%‘r‘gt%‘?‘“fré'f %iﬁéif‘%ndego{]ﬁ r%FSI 4 le | fﬁgﬁé' ole 5is

1% 330
[err]m plating ugShglasolernt rtewi sptali Sonsrskedhed fromngoppens ti on

nickel, cobalt and phosphorus. Because, these alloys are high

in the strength and can improve the peel streangth.

In the electroless plating solution for the primary
plating, it is desirable that a reducing agent reducing a
metal ion to a metal element is at least one selected from

aldehyde, hypophosphate (called as phosphinate), boron hydride

and hydrazine. These reducing agents are soluble in water and

excellent in the reducing force. Particularly, hypophosphate
is desirable in view of the precipitation 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. Under the basic conditions,
hydroxycarboxylic acid forms a complex with nickel ion or the
like. A&s the hydroxycarboxylic acid, succinic acid, wmalic
acid, tartaric acid and the like are desirable. 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 0.1W, the complex can not
sufficiently be formed and abnormal precipitation and
decomposition of the solution create, while whea it exceads
0.8M, there are caused inconveniences that the precipitation
rate becomes slow and the occurrence of hydrogen ig £requent.

The electroless plating solution for the primary

plating is desirable to contain bipyridyl. Because, bipyridyl

can control the occurrence of metal oxide in the plating bath
' to suppress the occurrence of nodule.
Morcover, copper ion, nickel ion and cobalt; ion are
supplied by dissolving compounds of copper, nickel and cobalt
guch arg copper gulfate, nickel gulfate, coﬁalt.sulfate copper
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of the mounting pad in the same manner as in Exanple 2 and the
21

16

chloride, nickel chloride, cobalt chloride aand the like.

The primary plated film made from the electroless
plating solution is excelleat in the followability to the
roughened surface of the adhesive layer for electroless
plating and traces the form of the roughened ap it is.
Thercfore, the primary plated filwm has the game anchor as the
roughened surface. Therefore, the secondary plated film

formed on the primary plated film ensures the adhesion

property owing to the anchor. Thus, the primary plated £ilm

is desirable that the strength precipitated by the
aforementioned electroless plating solution is high for
controlling the peel strength. Since the secondary plated
film is desirable to be high in the electrical conductivity
and fast in the precipitation rate, it is favorable to he a
plated film precipitating fro, a simple copper plating
solution rather than a composite plating. _
(7N The primary plated f£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 gecondary
platiang, it is desirable to use an electroless copper plating
solution comprising copper ion, trialkanol amine, redugthg
agent and pH adjusting agent that the concentration of the
copper ion is 0.005-0.015 mol/l, the concentration of the pH
adjusting agent is 0.25-0.35 mol/l and the concentration of
the reducing agent is 0.01-0.04& mol/l/ This plating solution
is stable in the bath and less in the occurrence of nodule or
the like.

In the electroless plating solution for the gecondary
plating, it is desirable that the concentration of trialkanol

amine is 0.1-0.8M. The plating precipitation reaction is most
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feeding of solder is carried out by the printing method to form a sol der
bump 1, whereby a printed circuit board is produced. (Conparative Exanple

8) (1) Aninsulating resin is applied onto a substrate provided
with an inner layer of conductor circuit by a given nmethod and exposed to

| i ght and devel oped and cured to forman insulating |ayer 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 by treating with chromc
acid and a catalyst is applied to form &7conductor portion opening plated

resist 7 inclusive 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
openi ng si peo¥eadindavittaivithis rangl. [ erkd A KAndlagRige & of the |and
portion of ,the vathe 5is 70 L rr

desirable to be at lea o

m

e selected from triethanol amine,
triisopanol amine, trimethanol amine and tripropanol amine.
They are soluble in water. '

In the electroless plating solution for the gecondary
plating, the reducing agent is desgirable to be at least one
selected from aldechyde, hypophosphate, boron hydride and

hydrazine. It is soluble in water and hae a reducing force

under basic coanditions. The pH adjusting ageant is desirable

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 circuits inclusive of viaholes on the
mounting surface is produced through a given method. In this
case, pads for the formation of solder bump as in the
conventional technique are not wired on the conductor 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
thic order and then the solder resist 4 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 e sigze X larger than an opening sire ¥
of the viahole S with the viahole portioh (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
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(3) A solder resist 4 is formed by opening a portion of the nounting pad
I'n the sane nmanner as in Exanple 2 and the feeding of 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 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-through hol e
for the formation of a viahole 5. 18 (2) Then, the surface of the

Insulating layer 6 is roughened by treating with chromc acid and a
catal yst is applied to forma conductor portion opening plated resist 7

inclusive ofy stkﬁPﬁé& ? a%ﬁ’é%'éﬂ%ﬁl&%&igoéi%f ffu‘M& Eﬁlhér id 6%
subjected to an e ectro ess copper “plati
viahole 5 and to therehy ptoduce the m ilaye: p:lnted
' circuit board comprising the solder bump formed on the
mounting surface (see Fig. 4(3)).

Then, an example on the forming state of the solder
bump constituting the printed circuit board according to the

invention will be described with reference to Fig.
(Example 2)

(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 is
roughened 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 of 15 pm. In
this case, an opening size Y of the viahole 5 is 120 ym, and a
diameter € of a land portion of the viahole § is 190 um.

(3) Next, the conductor circuit 3 including the
viahole § is subjected to KNi plating and An'plating in thie
order and thereafter a solder resist 4 opening the viahole 5
portion is formed through light exposure, development and the
like. In this case, the solder regist & has a £ilm thickness
of 20 ym and an opening sire of 250 um.

(4) Further, a cream solder ig printed through a metal
mack by a doctor bar and the metal mask ies removed.
Thereafter, a golder bump 1 is formed by a printing method in
which the solder is supplied through reflow to produce a
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22 this case, an opening size Y of the viahole 5 is 250 [err]mand a

19

printed c¢circuit board.
(Exanmple 3)

(1) An insulating resin is applied onto & substrate
provided with an {nner layer of conductor circuit by a given

method and cured to form am insulating layer 6. Then, a non;

through hole for the formation of a viahole § having an

opening size Y of 100 pm is formed in the insulating layer 6
through a lasger,

(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 plated resist 7
inclusive of a vishole 5 and a land portion thereof, which is

then subjected to an electroless copper plating of 15 um. 1In

this case, a diameter Z of a land portion of the viahole 5 is
150 um.

(3) Next, the conductor circuit 3 including the
viahole 5 is subjected to NKi plating and Au plating in this
order and thereafter a solder resist 4 opening the viahole 5

portion is formed through light exposure, development and the

like. In thie case, the solder resist &4 has a film thickness

of 20 ym and an opening sige of 200 pm. Further, a clearance

AX created between the opening edge of the solder resist 4 and
the outer peripheral edge of the land portion of the viahole 5
is within a range of 25«30 um.

(4) A multilayer printed circuit board is produced by
forming a solder bump 1 through a solder transfer method in

which a solder sheet having a respective pattern is used and

positioned and reflowed to supply the solder. 1Ia this case,

the solder sheet has a film thickness of 35 um and a pattern

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

(Comparative Example 6) REPLACEMENT SHEET




di aneter Z of the land portion of the viahole 5 is 300 [err]m

! (3)
A solder resist 4 is forned by opening a portion of the nounting pad in the
- sanme nmanner as in Exanple 2 and the feeding of solder is carried out by the

printing nethod to forma solder bunp 1, whereby a printed circuit board is
produced. (Conparative Exanple 10) (1) Aninsulating resinis

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-t2a ough hole for the formation of a
vi ahol e 5.

(2) Then, the surface of the insulating layer 6 is
roughened by treating with chromc acid and a catalyst is applied to form

a conductor portiopippeshN{nélPitithg’ @ebsh s dpjlied vatof aaswbathaite 5 and a
| and portion thereof, gplch I S

provided with an inner layer of conductor circuit by a given
method and exposed to light and developed and cured to form an
ingulating layer 6 provided with a non-through hole for the

.formation of a viahole 5 and an opening for a flat mounting
pad.

(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 plated resist 7
inclusive of a mounting pad 2, which is then subjected to an
electroless copper plating of 15 um.

In this 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 printing method to

form a solder bump 1, whereby a printed circuit board is
produced.

(Comparative Example 7)

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

(2) Then, the surface of the insulating layer -6 ie
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated vesgist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 um. 1In
this case, an opening sire Y of the viahole 5§ is 100 ym and a
diameter 2z of the land portion of the viahole 5§ is 330 um.

(3) & solder resist 4 is formed by opeaning a portion
of the mounting pad in the same manner ag in Example 2 and the
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then subjected to an el ectrol ess copper plating of 15 [err]m In this
case, an opening size Y of the viahole 5is 30 [err]mand a dianeter Z of
the land portion of the viahole 5 is 80 [err]m (3) A solder

resist 4 is formed by opening a portion of the nmounting pad in the sane
manner as in Exanple 2 and the feeding of solder is carried out by the

printing method to forma solder bunp 1, whereby a printed circuit board
is produced. The observation of section of viahole 5, test for
t he resi stance to col d- heat shock, evaluati on of nounting nunbers and
eval uation of connection reliability are carried out with respect to the
t hus produced printed circuit boards to obtain results as shown in Table

2. fceding of solder is carried out by the printing method to

form a solder bump 1, whexreby a printed circuit board is
produced.

(Comparative Example 8)

(1) An insulating resin ig applied onto a substiate
provided with an {nner 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 §.

(2) Then, the surface of the Lnsulaéing layer 6 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opening plated regist 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 ym and a
diameter Z of the land portion of the viashole 5 is 70 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 printing method to

form a solder bump 1, whereby a printed circuit board is
produced.

(Comparative Example 9)

(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 noa=~through hole for the
formation of a viahole 5.

' (2) Then, the surface of the ingulating layer 6 is
roughened by treating with chromic acid and a catalyst ie
applied to form a conductor portion opening plated resist 7
ianclusive of a viahole 5 and a land portion thereof, which is

then subjected to an clectroleses copper plating of 15 um. 1In
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Table 2

22

this case, an opening sizc Y of tha viahole § i{s 250 ym and a
diameter Z of the land portion of the viahole 5 ig 300 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 printing method to

form a solder bump 1, whereby a printed circuit board is
produced.

(Comparative Example 10)

(1) An insulating resin is applied onto a substrate
provided with an inner layer of conductor circuit by a given
method and éxposed 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 is
roughened by treating with chromic acid and a catalyst is
applied to form a conductor portion opeming plated resist 7
inclusive of a viahole 5 and a land portion thereof, which is
then subjected to an electroless copper plating of 15 ym. 1In
this case, an opening size Y of the viahole 5 is 30 um and a
diameter Z of the land portion of the viahole § is 80 uw.

(3) A solder resist 4 is formed by opening a portion
of the mounting pad in the game 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. ' '

The observation of section of viahole 5, test for the
resistance to cold-heat shock, evaluation of mounting numbers

~ and evaluation of connection reliability are carried out with

respect to the thus produced printed circuit boavrds to obtain
resulte as shown in Table 2.
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via/land Test for

(um)

SEM Mount i ng Connecti on *1
Fesistance obser- nunber*3 relia- to cold-
“vation bility heat shock viahol e
*4 *2 section Exam ple 2 120/ 190 nor e
t han no 10 3. 5x10[ err] 1000 cycl es
bubbl e 3 100/ 150 nore than no R 3.4x10[ err]
1000 cycles bubble Com para- tive Exam ple 6 pad 500 cycl es
presence 3.1x10[ err] 23 nount - of
Table 2
via/land| Test for 6EN Mounting | Counection
*1 regigtance | obser- nunber+3 relia-
to cold- vation bility
heat shock | viahole *4
€2 section
Exame
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 200 cycles | presence 5 3.1x10}
mount- of
ing bubbles .
7| 100/330 | wore than no 1 2.5x%10%
1000 cycles | bubble
8 50/70 more than no 14 5.2x10%
1000 cycles | bubble
9| 250/300 | more than no 1 1.3x10*
1000 cycleg | bubble
10, 30/80 more than no i3 1.4%10%
1000 cycleg } bubble
*1 wvia/land; opening size of viahole (um)/diameter of land

*2 test for the resigtance to cold-heat shock; time of
creating cracks of viahole portion in cycle tegt of -65°C<—

128°C
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I ng

: bubbl es 7 100/ 330 nore than no

7 3.5x10[ err] 1000 cycles bubble 8 50/ 70

nore than no 14 5.2x10[ err] 1000

cycles bubble 9 250/ 300 nore than no 7

1. 3x10[err] 1000 cycles Dbubble 10 30/ 80

nore than no 13 7.4x10[ err] 11000

bubble *1 vialland; opening sizge of viahole ([err]m/dianmeter of

([err]m *2 test for the resistance to col d-heat shock; tinme of

creating cracks of viahole portion in cycle test of -65[err]C<-->

125[err] C

+3 mounting number; number of mountable bumps per unit area
relative to bump shape (sire), provided that a distance
between bumps is constant and number in Example 1 is 10.

+4 connection reliability; value of resistance (Q) in

mounting portion as measured after 300 cycles of -65°C<—> 125°C
(test for the resistance to cold-heat shock)

As seen from the results of Table 2, in the printed
circuit boards accordiag to the invention, the mounting is
possible in a higher density, and no occurrence of bubble is
caused in the viahole, and the resistance to cold-heat shock
‘and the connection reliability are excelleat.

As shown in Comparative Example 6, in the conventional
printed circuit board forming the solder bump 1 by wiring the
mounting'pad 2 from the viahole 5, bubbles are existent in the
resin filled in the viahole 5, so that cracks are apt to be
caused in the test for the resistance to cold-heat shock to
bring about the degradation of the comnection reliability to
the part. Further, the wiring density is lowered as compaved
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) is not attained.

As shown in Comparative Examples 7-9, in the printed
circuit boards having a structure that the opening eize Y of
the viahole 5 or the land diameter Z is outside the preferable
:aﬁge 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 ae compared with

the wiring boards of Examples 2 and 2. That ie, when the
opening size ¥ of the viahole 5 or the land diameter Z is
larger as in Comparative Example 7 or 9, the wiring density is

low and the golder bump 1 to be formed is large, so0 that the
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24  *3 nounting nunber; nunber of nountable bunps per unit area relative

to bunp shape (size), provided that a distance between bunps is constant
and nunber in Exanple 1 is 10.

25

formation of higher mounting demsity (mounting numﬁer) is not
attained. On the other hand, when the opening size ¥ of the
viahole 5 or the land diameter & is swall as in Comparative
Example 8 or 10, the bump 1 filled in the viahole 5 can not be
formed so as to make higher than the solder 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 therebeng¢ath is 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 & solder bump and

the improvements of connection reliability and mounting
‘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.
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*4 connection reliability; value of resistance ([err]) in nmounting portion
as neasured after 300 cycles of -65[err]C<--> 125[err]C (test for the

resi stance to col d- heat shock) As seen fromthe results of Table
2, inthe printed circuit boards according to the invention, the nounting
I's possible in a higher density, and no occurrence of bubble is caused in
t he viahole, and the resistance to cold heat shock and the connection

reliability are excellent. Qﬁ%n in Conparative Exanple 6, in
t he conventional printed circuit board rmng the solder bunp 1 by wiring

the mounting pad 2 fromthe viahole 5, bubbles are existent in the resin

filled in te§%V|ahole 5, so that cracks are apt to‘BE“Caused‘Ln_Lhe t est
for the res

MRe to col d-heat shock to bri ng abo radati on of
the connection reliability to mm ﬁm ﬂ

M

1. R printed circuit board comprising a solder bump
formed on a mounting surface, characterized in that the solder
bump is located in a viahole.

2. A printed circuit board according to claim 1,
wherein the solder bump is formed so as to £ill the viahole on
the mounting surface and cover a portion just above the
viahole. ' | |

3. A printed circuit board according to claim 1,
wherein the viahole has a structure that the metal film for
electrically connecting the inner conductor layer to the outer
conductor layer iz formed in a concave opening formed in the
insulating layer provided on both surfaces with the conductor

layers o0 as to expose the inner conductor layer from the
surface of the insulating layer.

’I‘hls Sheet Has Been Rep

T
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the part. Further, the wiring density is |owered as conpared w th Exanpl es
2 and 3 due to the wiring of the nounting pad 2 and hence the formation of
hi gher nounting density (high nounting nunber) is not attained.

As shown in Conparative Exanples 7-9, in the printed circuit boards
having a structure that the opening size Y of the viahole 5 or the | and
dianeter Z is outside the preferable 2ange of the invention, it has been
confirmed that at | east one of the nmounting density (nmounting nunber) and
t he connection reliability to the part is poor as conpared with t he

Wi ring boards of Exanples 2 and 3. That is, when the opening size Y of
the viahole S or the | and JPRHETEP GIRGUIT|BOARPS3s in Conparative Exanple

7 or 9, the wiring density is- low and the solder bunp 1 to be forned is
| arge, so that the
ABSTRACT

This invention is to provide a printed circuit board
suitable for the high densification of mounting parts using a
soldér 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,
characterized in that the solder bump is located in a viahole.

 REPLACEMENT SHEET

27 OCT 1997




25

attai ned. On the other
the | and diameter Z is snmall
filled in the viahole 5 can not be

formati on of higher

Fig. 2
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nmounting density (nounting nunber)
hand, when the opening size Y of the viahole 5 or
as in Conparative Exanple 8 or

1/3
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10, the bunmp 1
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formed so as to make hi gher than the solder resist 4, so that the
el ectrical 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 |ocated
‘t her ebeneath is al so poor. | NDUSTRI AL APPLI CABI LI TY As menti oned

above, according to the invention, there can stably be provided printed
circuit boards suitable for high densifi2¢gati on of nmounting parts using a
sol der bunmp and the inprovenents of connection reliability and nmounting
reliability. Therefore, the printed circuit board according to the
i nvention can easily cope with reductions of weight, thickness

Fig. 3
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and | ength of substrate and exhibits an excellent adaptability in many
fields requiring high performances and high densification of electronic
parts. Cl ai ns:

3/3
Fig. 4
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1. A printed circuit board conprising a solder bunp on a nounting
surface, an alternatingly |am nated conductor circuits aae—tht-ertarm-Rer

insul ating |ayers, an interlamnar insulating | ayer posjREMA(CEMENTSHERT

surface«l ayer of one conductor circuit and an inner |aygr [0 anorier
condéctor circuit including an opening pgtion exposing twezi?ﬂgk 1b?9/er of
' ' conposed of h al fil'm

t he anot her conductor ci ; _
electricak .onnecting t ' ' of- the one copdbet-er—ei+etii—it 0
the i-nner r of the anFﬂﬂHm!‘ijkgﬁﬂml rcuit so as fo match a positiagn
of the viahole with a pos Ko ssokder bunp to be'T'O'r'r‘rE'd',—i‘-n“W'rﬂ'tnﬂa
surface of said interlamnar insulating |ayer is roughened. 2. A

printed circuif boapty$REPtirsuil Boid TOhipeising RO} FniPoh hirhehntig fsaffice, 3
alternatingly [am nat'ed conductor circuits and interlam nar insulatin

I?yer s, aaiteumntmgd' inghplaiminated pendugtor gircuits/and iptesiaminardusulatingdayers, aninfeslaminary er
of one conduyctor, circult ' I f t duct [ '

o e oS BE S biorEB et BRI R B RO Bos FRRL B b
‘conduct or o hidikert condiiftoR citaib PhudifFRAHeniE portiBh @kpdsingTtiel bér lagad bF the

connecting the surface |ayer of the one conductor circuit to the I nner
| ayer of anothexcondustoreiretite angd a viahelgicomposed of a metal film electrically connecting the

surface layer of the one conductor circuit to the inner layer of the another conductor circuit

-

so as to match a position of the viahole with a position of the solder bump to be formed, in

which a surface of said interlaminar insulating layer is roughened.

2. A printed circuit board comprising a solder bump on a mounting surface, an
alternatingly laminated conductor circuits and interlaminar insulating layers, an 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 circuit
so as to match a position of the viahole with a position of the solder bump to be formed; and
said viahole being made from copper and provided at its surface side with metal films of
nickel and gold in this order.

3. A printed circuit board comprising a solder bump on a mounting surface, an
alternatingly laminated conductor circuits and interlaminar insulating layers, an 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 circuit
so as to match a position of the viahole with a position of the solder bump to be formed; and
said interlaminar insulating layer being made from a thermoplastic resin, or a composite of
a thermoplastic resin and a thermosetting resin or a composite of a thermoplastic resin and

a photosensitive resin.



so as to match a position of the viahole with a position of the sol der bunp
to be fornmed; and said viahole being nade from copper and provided at its
surface side with nmetal filns of nickel and gold in this order. 3. A

printedjscircui tl{ﬂ““mm“mwtuﬂu a sol der bunp on a nounting surface, an
alternatingly I . *r!circuitzs and interlam nar insulating
| ayers, an interl*anfnal i‘hsul at’ing | ayer positioned between a surface |ayer

‘of one conductor circuit and an inner |layer of another conductor circuit

i ncluding an opgni ' Sl j r_f

conductor Circ itp,rﬂ'ger‘\ioa‘9 é:h\h/t?%ﬁgqg&’%r {5(2%‘})0 gafrrééatqglﬁ lf%%%ﬁg@?%@gﬁ%ump
.connect i ngs fhenalwol &ae fillthe viahblet drethe meounting surtfane anid cowérta partiom gust atave the

|l ayer of the another conductor circuit so as to match a position of the

Vi ahol e vvi‘tlﬂlcdﬁposi tion of the solder bunp to be fornmed; and said

interlam nar insulating | ayer being made froma thernoplastic resin, or a
conposite of a thernoplastic resin and a thernosetting resin or a conposite
'of a thermppl asAiptint&btifcudtisbaad pluordiag s ahy vee pEelaims 1-3, wherein the viahole has

a structure that the metal film for electrically connecting the inner conductor layer to the
outer conductor layer is formed in a concave opening formed in the insulating layer provided
on both surfaces with the conductor layers so as to expose the inner conductor layer from the

surface of the insulating layer.
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4. A printed circuit board according to any one of clains 1-3, wherein.
the solder bunp is forned so as to fill the viahole on the nounting surface
and cover- a portion just above the viahole. 5. A printed circuit board
according to any one of clainms 1-3, mhergin t he vi ahol e has

mounting the part can surcely be fed to the pad surface without
lowering the wiring demsity and the comnnection reliability.
Moreover, JP-A-4-337695 discloses a technique of
electricaliy connecting the wiring layers provided on both
gides of the insulating layer through the solder. On the
contrary, the invention is concerned with a new structure of
solder bump suitable for mounting electronic parte onte. a
wiring'éubstrate, vwhich is clearly different from the
technique of JP-A-4-337695. Further, the technique digclosed
in JP-A-4-337695 lies-in a:point that the solder is contacted
with the insulating resin layer. Therefore, if this technique
is applied to the invention, there are caused new problems
that @ lead diffuses into the resin of the insulating layer to
cause shortcircuit betﬁeen the layers or between patterns, &and
® the solder having 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 technique is impossible to realise the
object of the invention. '

DISCLOSURE OF THE INVENTION

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

The invention i bazed on the ahove knowledge and hasg
the eagential feature and congtruction ag mentioned later.

1) In the first preferred embodiment of the invention, a printed circuit board coinprising
a solder bump on a mounting surface, an alternatingly laminated conductor circuits and
interlaminar insulating layers, an 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 circuit so as to match a position of the viahole with a position

of the solder bump to be formed, in which a surface of said interlaminar insulating layer is

roughened. ' REPLACEMEYH SHEET
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a structure that the nmetal filmfor electrically connecting the inner
conductor layer to the outer conductor layer is fornmed in a concave opening
formed in the insulating |layer provided on both surfaces with the conductor
layers so as to expose the inner conductor |ayer fromthe surface of the
insulating layer. 5a

@) In the second preferred embodiment of the invention, a printed circuit board comprising

a solder bump on a mounting surface, an alternatingly laminated conductor circuits and

interlaminar insulating layers, an 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 circuit so as to match a position of the viahole with a position -
of the solder bump to be formed; and said viahole being made from copper and provided at its

surface side with metal films of nickel and gold in this order.

3) In the third preferred embodiment of the invention, a printed circuit board comprising
. a solder bump on a mounting surface, an alternatingly laminated conductor circuits and
interlaminar insulating layers, an 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 circuit so as to match a position of the viahole with a position
of the solder bump to be formed; and said interlaminar insulating layer being made from a
thermoplastic resin, or a composite of a thermoplastic resin and a thermosetting resin or a

composite of a thermoplastic resin and a photosensitive resin.
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4) In the invention described in items (1), (2) and (3), it is desirable that the solder bump

is formed so as to fill the viahole on the mounting surface and cover a portion just above the
viahole.

5) In the invention described in items (1), (2) and (3), it is desirable that the viahole has

a structure that the metal film for electrically connecting the inner conductor layer to the outer
conductor layer is formed in a concave opening formed in the insulating layer provided on both

surfaces with the conductor layers so as to expose the inner conductor layer from the surface
of the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial A-A section view illustrating an

opening shape of a solder resist in the coanventional printed

circuit boaxd. 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 s older bump in the printed circuit board

according to the ianvention. Fig. 4 is a partial section view

illustrating production steps of an embodiment of forming a

golder bump on a mounting surfage in the printed circuit board
according to the invention. .

In the drawings, numeral 1 is a solder bump, anumeral 2
a mounting pad, numeral 3 a conductoxr (conductor circuit),
numeral 4 a solder resist, numeral 5 a viahol.e, numeral 6 an
:.nsul.ati.ng layer, numeral 7 a plated resist (permanent
resist), symbol X an opening size of the solder resigt, symbol

Y an opening gire of the viahole, symbol Z a land size of the
viahole.

BEST MODE FOR CARRYING OUT THE INVENTIONMN
The printed circuit board according to the invention
lies in a point that the soldexr bump is located in the viahole

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



