DESCRI PTI ON PROCESS FOR PRODUCI NG A MULTI - LAYER PRI NTED W RI NG BOARD 5
Techni'¢al Field The present invention relates to a process for producing a
mul ti-layer printed wiring board, said process permtting mass production
of a multi-layer printed wiring board with small-di aneter via hol es.

I ncreased productivity is 10 nade possible, by driving the gal vano head at
a hi gher speed. Background Art A build-up nmultilayer wiring board
alternately has interlayer resin SCPTEON s and conductive circuit

| ayers, provides holes to the intgg;ayer—resrn i nsul ator layers, and then
el ectrically connects the upper |ayers and | ower |ayers by formng
conductive filnms on the surface of the walls of these holes. A hole (via
hol e) in t hPRACESSHFOR PRODUCING AMULTHLAYER PRINTED WIRINGBOARDed wit h
t he use of an exposure and devel opi ng process, which gives photosensitive
property to the interlayer resin. However, the required dianmeter of these
via hol & iTechdieliFidigyer printed wiring board is alnost 100 [err]m or

| ess, thus TT 1S necessary to develop 25 technol ogy which nmakes it
possible to maintain this small dianmeter. Due to such stringent
requirenents, the_enploynent of a processing nethod utilizing a | aser beam
for the boring of IenBrasgnt inventiem clateis! ta-ai proeess ifvraprdusing angnultbdayerwi | |

now be | “VeSrHtgé‘\ﬁﬁng board, said process permitting mass production of a multi-layer
printed wiring board with small-diameter via holes. Increased productivity is

10 made possible, by driving the galvano head at a higher speed.

Background Art

A build-up multilayer wiring board alternately has interlayer resin
15 insulators and conductive circuit layers, provides holes to the interlayer resin
insulator layers, and then electrically connects the upper layers and lower

layers by forming conductive films on the surface of the walls of these holes.

A hole (via hole) in the interlayer resin insulating layer is generally
20 formed with the use of an exposure and developing process, which gives

photosensitive property to the interlayer resin.

However, the required diameter of these via holes in a multilayer
printed wiring board is almost 100 pm or less, thus it is necessary to develop
25  technology which makes it possible to maintain this small diameter. Due to
such stringent requirements, the employment of a processing method utilizing
a laser beam for the boring of the holes in the build-up multilayer wiring board

will now be investigated.



Technol ogy using laser for boring is proposed, in JPA HEl 3-54884.
According to this method, a |ight beamfroma | aser source is received by a
processing head for deflection. Thereby, the |aser beamis irradiated to a
predetermned resin insulator to forma hole. 5 In mass production of

mul ti-layer printed wiring boards, which have hundreds to thousands of via
hol es in each |ayer, efficient hole drilling is essential. In addition,

rcuite in the | yaToRBRRing Bt i srindi Bldposay. AIEAEE) SheeBecllt o
control, wi Abcdrdiry tecthisiraéthod! 8%ighiasédm HonPh I4sks Sbuldelidfedivaby ar Vi a hole
drilling in mass production. This has aroused a need for a process for

f abri cat i ngP@cessing -heagder deflaction. wihénehy piharlaserdeaa isiimgdiafethtongs at’

accurate positions. wever, the cyrrent nethod of 15 manuf act ure can not
guar ant ee alEGF f@‘%ﬁr%‘%mstit%mﬁama hal9.adi ation. | nmprovement in

positiom ng accuracy is offset by a necessary decrease in head driving
speed, which in turn lowers productivity. The present invention ains to

address the abovennmaks produdtionbbeffulti-layer printed wiring boards, which have
hundreds to thousands of via holes in each layer, efficient hole drilling is
essential. In addition, via holes need accurate positioning for electrical

connection to conductor circuits in the layers below.

10

Unfortunately, it has been difficult to control, with high accuracy, the
position of laser irradiation for via hole drilling in mass production. This has
aroused a need for a process for fabricating a multi-layer printed wiring board
containing openings at accurate positions. However, the current method of
15 manufacture can not guarantee accurate positioning of laser irradiation.
Improvement in positioning accuracy is offset by a necessary decrease in head

driving speed, which in turn lowers productivity.

The present invention aims to address the above-mentioned problems.

20 It is an object of the present invention to provide a process for producing a
muiti-layer printed wiring board, said process permitting accurate positioning of

via holes independent of the accuracy of position for laser irradiation, thereby

drilling a large number of holes efficiently by laser irradiation.
25 it is another object of the present invention to provide a method for
increasing the driving speed of the scanning head without decreasing the

accuracy of positions of via holes.

Disclosure of the Invention




20 It is an object of the present invention to provide a process for
produéing a nulti-layer printed wiring board, said process permitting
accurate positioning of via holes independent of the accuracy of position
for laser irradiation, thereby drilling a |arge nunber of holes efficiently
by |l aser irradiation. 25 It is another object of the present

I nvention to provide a nethod for increasing the driving speed of the
scanni ng head wi t hout decreasing the accuracy of positions of via holes.

Di scl osure of the Invention - 2- In order to achieve the aforenentioned

obj ectives, the phesedér itovaohieod thec aifehehtertionéd abbBjedtivad! OthedgsteSeritr 0Ccess
for producing a nulti-layer printed wiring board, which conprises the
fol | owi ng sin¥patignaceerding)to daimn)l, pravidasga anodassdot prastucingsa imultidayaresi n

| ayer having. tal fil n.openi ng for aQn_t he | filmand a

regi ster rraﬁrllnatSHE“('Wég gﬁ?ﬂa@'ﬁ%&?’@%&ﬁﬁﬁ%’ e é&?éggfjmcg'h a conduct or

| ayer, 1) (b) removing that part of the interlayer insulating resin
| ayer which is exposed through the opening in said netal film by

irradiation of a (apsésmiing@n interlayer insulating resin layer having a metal film, an
opening formed on the metal film and a register mark on the surface thereof on

a board covered with a conductor layer,

10 (b) removing that part of the interlayer insulating resin layer which is
exposed through the opening in said metal film, by irradiation of a laser beam
aimed at the opening according to data obtained by sensing the position of the
register mark, thereby forming an opening through which a via hole is formed,
and

15

(c) forming via holes and conductor circuits.

In order to achieve the invention's objectives, the present invention
according to claim 2, provides a process for producing a multi-layer printed

20 wiring board, which comprises the following steps (a) to (c).

(@) forming an interlayer insulating resin layer on a board covered

with a conductor layer,

25 (b) forming a metal film, an opening formed on the metal film and a

register mark on the surface of said interlayer insulating resin layer, and

(c) removing that part of the interlayer insulating resin layer which is

exposed through the opening in said metal film, by irradiation of a laser beam

_3_



it

ai red at the opening according to data obtained by sensing the position of
the register mark, thereby form ng an opening through which a via hole is
formed, and 15 (c) form ng via holes and conductor circuits. In order to
achieve the invention's objectives, the present invention according to
claim?2, provides a process for producing a nmulti-layer printed 20 wring
board, which conprises the following steps (a) to (c). (a) formng an

ayer, 35 afnel & 6RbAeRid ac Ao B PRSI I AoRIUERE o

filmand a f@téﬁ RiarkiBh&redy foMeing thd agéniag tisraligh Which & Qiechiolé isformedng resin
| ayer, and (c) renoving that part of the rnterlayer insulating resin |ayer

whi ch is exposed through the opening in said nmetal film by irradiation of
a | aser beam - 3- aj med at .t he openi ng accqrding tg data obtai ned by
sensi ng the posi toRMSF torRchieNs m%'”"ﬁﬁﬂﬂr,‘st SeilFs ﬁ}enPFF‘ggeL"Eén Bng

thr ough 91! 8ikcaioatd Oty drBIHEE a bRoc¥Er bty ‘mbitayd Biikiea™ °

obj ecti ves, esent I nv
wiring board, which comprises the following steps (a) to (d).

(a) placing a metal-clad resin film on a board covered with a
conductor layer and performing hot-pressing, thereby forming an interlayer

10 insulating resin layer having a metal film on the surface thereof,
(b) forming an opening and a register mark on said metal film,

(c) removing that part of the interlayer insulating resin layer which is

15 exposed through the opening in said metal film, by irradiation of a laser beam
aimed at the opening according to data obtained by sensing the position of the
register mark, thereby forming the opening through which a via hole is formed,

and
20 (d) forming a via hole and a conductor circuit.

In order to achieve the invention's objectives, the present invention
according to claim 4, provides a process for producing a multi-layer printed
wiring board, which comprises the following steps (a) to (f).

25

(a) forming an interlayer insulating resin layer having a metal film, an

opening formed on the metal film and a register mark on the surface thereof on

a board covered with a conductor layer,



5 according to claim3, provides a process for producing a nmulti-Iayer
printeg wiring board, which conprises the following steps (a) to (d). (a)
placing a netal-clad resin filmon a board covered with a conductor |ayer
and perform ng hot-pressing, thereby formng an interlayer 10 insulating
resin layer having a netal filmon the surface thereof, (b) formng an
opening and a register mark on said netal film (c) renoving that part of

the interlayer i | 3bidding®Bh ph ' P i ithe
opening in said rren@?lal fil r?llg by Pr?ﬁ?g%%é%&yﬁé@é%@%gﬂaz?%%t1%t he
openi ng accexpbseg thooutpt theadpemingeih said hestal filg, bydrradiation @f adbsémisedrgi st er
mar k, thereby form ng the opening through which a via hole is formed, and

20 vigyed aviempening acaesiing 4o date eliainedthyr sanisinguthe. pasitiosr efdhet o
Crai m o, pr BoEa el e BBl ebitg M iRl Bilon bR VAR RIGMRR, ng

board, which conprises the following steps (a) to (f). 25 (a) forming an
interlayer insulating resin layer having a nmetal film an opening formed on
the netal film an@d) aforedng aefiimriy &lecinolebe plating arethe heaed bbtained Posteg

covered with a conductor |ayer, - 4-
b) above,

(d) forming a plating resist on the board obtained in step (c) above,
10
(e) performing electroiytic plating on the part where said plating resist

is not formed, and

| (f) removing said plating resist and, removing by etching, the metal
15  film and electrolessly plated film under the plating resist, thereby forming a via
hole and a conductor circuit.

In order to achieve the invention's objectives, the present invention
according to claim 5, provides a process for producing a multi-layer printed
wiring board, which comprises the following steps (a) to (h).

20
(a) forming an interlayer insulating resin layer on a board covered

with a conductor layer,

(b) forming a metal film on the surface of the interlayer insulating

25  resin layer,

(c) forming an opening and a register mark on said metal film,



(b) renoving that part of the interlayer insulating resin |ayer which is
exposed through the opening in said netal film by irradiation of a laser
beam ai ned at the opening according to data obtai ned by sensing the
position of the register mark, thereby form ng the opening through which a
via hole is forned, 5 (c) formng a filmby electroless plating on the
board obtained in step (b) above, (d) formng a plating resist on the board

oar d obt: | g resist on the bo
par ¢ wher ¢ 'sai ik ranoy g et pat oFEiq RiCHR: TSR KehbaletMie 27, (T g

resi st and, exposedi theough theadpening inhsaideiethl filln, bliitradiation of adaser lesarhy
plated filmunder the plating resist, thereby formng a via hole and a

conduct or caimead at theropening acosrdingite deta chiained vt sansing thejpositioneef thehe
toi ti di to.claimb5, . i d . J f [
Tl L - | ayer "SGR @At TRGY fEhing T pReniog HipRaR whidie Yig NolR S gMDetns (a)

to (h)..s20 (a) formng an interlayer insulating resin |ayer on a board
covered

(e) forming a film by electroless plating on the board obtained in step
(d) above,

(fH forming a plating resist on the board obtained in step (e) above,
10
(g) performing electrolytic plating on the part where said plating resist

is not formed, and

(h) removing said plating resist and, removing by etching, the metal

15  film and electrolessly plated film under the plating resist.

In order to achieve the invention's objectives, the present invention
according to claim 6, provides a process for producing a multi-layer printed

wiring board, which comprises the following steps (a) to (g).

20
(a) placing a metal-clad resin film on a board covered
with a conductor layer and performing hot-pressing, thereby forming an
interlayer insulating resin layer having a metal film on the surface thereof,
25 (b) forming an opening and a register mark on said metal film,

(c) removing that part of the interlayer insulating resin layer which is

exposed through the opening in said metal film, by irradiation of a laser beam



with a conductor layer, (b) formng a netal filmon the surface of the
interlayer insulating 25 resin layer, (c) form ng an opening and a

regi ster mark on said netal film -5- (d) renoving that part of the
interlayer insulating resin |ayer which is exposed through the opening in
said netal film by irradiation of a | aser beam ai ned at the opening
according to data obt ai ned by sensing the position of the register mar Kk,

th by f '
fore;nené a01[|II m by eI e trhpgass p‘l()q ghgﬁ%ﬁ@@%g%ﬁr@bgzﬁh& I'n s(?fetés(d)
above, (f) registiemmack,therebydormting te operilig tHroagtlwhizhaa viachdleissfoepede)

above, 10 (g) performng electrolytic plating on the part where said
plating resist is not formed, and (h) renoving said plating resist and,

[ﬁgmé: gtgl % reteglhl@s; fct)r%ng”%tfﬁlln l;Ly5eIelz:frclﬂrelnséa1 B%tlﬁb%%t 8|b%sé?c|i %bpallr?etde fri1 sftébm under

5 (c) above,
(e) forming a plating resist on the board obtained in step (d) above,

(f) performing electrolytic plating on the part where said plating resist

‘t0  is not formed, and

(9) removing said plating resist and, removing by etching, the metal
film and electrolessly plated film under the plating resist, thereby forming a via
hole and a conductor circuit.

15

In order to achieve the invention's objectives, the present invention
according to claim 7, provides a process for producing a multi-layer printed
wiring board, which comprises the following steps (a) to (c).

20 (@) forming an interlayer insulating resin layer having a metal film,

openings formed on the metal film, and register marks on the surface thereof

on a board covered with a conductor layer,

(b) placing said board with said register marks on a table of an

25  apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect the
direction of the laser beam in X-Y directions, a camera to sense the register

mark on the board, a table to support the board, an entry part for entrance of



In order to achieve the invention's objectives, the present invention
according to claim6, provides a process for producing a nulti-I|ayer
printed wiring board, which conprises the followi ng steps (a) to (g). 20
(a) placing a netal-clad resin filmon a board covered with a conduct or

| ayer and perform ng hot-pressing, thereby formng an interlayer insulating

resin | ayer having a netal filmon the surface thereof, 25 (b)
¢ : : _ : . P i ng
that part ol enor fateife bkt oEhoR] 1 of BErRad et SCdorh B, 10 o1

t he openi ngrdsaltsatl aroperdtionrparhy irradiation of a |aser beam- 6 -
aimed at the opening according to data obtained by sensing the position of
t he regi st eent@dng procassaigydataimtorsgid agpasgtiusi ng t hrough which a via hole is
formed, (d) formng a fH m b .el‘gfc%rol ess plating on the board o%lﬁi ned in
step (c) above, (5NN WeRPsiian akingdegigter pargencihe gy M3 &dhen step
(d) abpwe, r ' tr ol Yid G PLAt d0a: . er j,d
'k g Fos Lo R RARRL L1E' Ko PLR SORIAY WP Hloutl sl
: processing data, thereby generating in the operation part, data necessary to
drive the scanning head, the table, and storing the data in memory,

irradiating the openings in said metal film with a laser beam, with the
scanning head and table controlled by the control part which reads the driving
110  data from memory, thereby removing the interlayer resin layer and forming

openings through which via holes are formed, and

(c) forming via holes and conductor circuits.

_ In order to achieve the invention's objectives, the present invention
15 according to claim 8, provides a process for producing a multi-layer printed

wiring board, which comprises the following steps (a) to (c).

(@) forming an interlayer insulating resin layer on a board covered
with a conductor layer,
20
(b) forming a metal film, openings formed on the metal film, and

register marks on the surface of said interlayer insulating resin layer, and

(c) placing said board with said register marks on a table of an

25  apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect the
direction of the laser beam in X-Y directions, a camera to sense the register

mark on the board, a table to support the board, an entry part for entrance of



(g) renoving said plating resist and, renoving by etching, the netal film
and elgectrolessly plated filmunder the plating resist, thereby formng a
via hole and a conductor circuit. 15 In order to achieve the invention's
obj ectives, the present invention according to claim7, provides a process
for producing a multi-layer printed wiring board, which conprises the

followng steps (a) to (c). 20 (a) formng an interlayer insulating
resin |ayer | éﬂﬁg fy H@T}h f ; Alofiolfed and
register ngrak@)(dorﬁg?ﬂoe S rat#‘ gcﬂed at ’eér)eo 6(}2%% sgggﬁ @éy@g?ﬁmbt hoypcggnduct or

| ayer, (b) resulty, agdsm shdvatisripatt h said register marks on a table of an 25
apparatus for producing a nulti-layer printed wiring board, said apparatus
i ncl udi ng; eaterid proeesyng dats intksaid @oparadvs, a scanning head to deflect the

eqi ster mark onSPRINBARS Aoskon B e oA of HE BRARS mRBBRE har 1o
Fabr i cati ngosta gnd Soalifh, LR IEMs U SRRegriin Rreloy eoRisr e
processing data, thereby generating in the operation part, data necessary to
drive the scanning head, the table, and storing the data in memory,
irradiating the openings in said metal film with a laser beam, with the
scanning head and table controlled by the control part which reads the driving
10 data from memory, thereby removing the interlayer resin layer and forming

openings through which via holes are formed.

In order to achieve the invention's objectives, the present invention
according to claim 9, provides a process for producing a multi-layer printed

15 wiring board, which comprises the following steps (a) to (d).

(a) placing a metal-clad resin film on a board covered with a
conductor layer and performing hot-pressing, thereby forming an interlayer
insulating resin layer having a metal film on the surface thereof,

20

(b) forming openings and register marks on said metal film,

(¢) placing said board with said register marks on a table of an

apparatus for producing a multi-layer printed wiring board, said apparatus

25 including; an emitter of fabricating laser, a scanning head to deflect the
direction of the laser beam in X-Y directions, a camera to sense the register

mark on the board, a table to support the board, an entry part for entrance of

data for fabricating the board, a memory to store fabricating data or computed

results, and an operation part, entering processing data into said apparatus,

_9_.



entering processing data into said apparatus, sensing the position of the
regi stier mark on the board by nmeans of the 5 canera and conparing the
results of sensing with previously entered processing data, thereby
generating in the operation part, data necessary to drive the scanning
head, the table, and storing the data in nenory, irradiating the openings
in said netal filmwith a |laser beam wth the scanning head and table

controlled by t h@eﬁﬁﬂé E@Jz Pﬁ%\{ién ‘6@’(@&@%‘1’&%59@9#“&55&8%& medAS 8f iHee™m

menory, thereby renov rnterlay@ Tesrn layer an or m ng openi ngs

t hr ough whicamera aahg! e@mﬁaﬂné ofhee Gesitsd dfC)sefﬁsﬂﬁ%\ WithV previsss @ftérezpnduct or
circuits. In order to achieve the invention's objectives, the present

i nventi on Processingr datag theseby genemtingrio\the expesatinnopart sdatar nenesdani ieg a
Lti-| printed wWiri whi ' t.he foll ow t
Do (o) L aflt i Seeniing Rbediias Sabi il sERRE e Ra it Jyefonh & boar d cover ed
i th duct or ; £ or o ] - : on
metal 1 and ENEing e brbningt [ £8ld fnctel fim ith B 1R BSRM Wil R D7 0

resin | ayescammifg headmiciabie saiteblied bycthei dontrdRpakt whidisteidsrthe kisivimg a tabl e
of an 25 apparatus for producing a nulti-layer printed wiring board, said
appar at us dae e gnemaryerthereby remaving theaintedayessesin layet andi iogmingad t o

deflect t h%penings through which via holes are formed, and

10 (d) forming via holes and conductor circuits.

In order to achieve the invention's objectives, the present invention
according to claim 10, provides a process for producing a multi-layer printed
wiring board, which comprises the following steps (a) to (h).

15
(a) forming an interlayer insulating resin layer on a board covered

with a conductor layer,

(b) forming a metal film on said interlayer insulating resin layer,
20

(c) forming openings and register marks in said metal film,

(d) placing said board with said register marks on a table of an apparatus for
producing a multi-layer printed wiring board, said apparatus including; an
25  emitter of fabricating laser, a scanning head to deflect the direction of the laser
beam in X-Y directions, a camera to sense the register mark on the board, a
table to support the board, an entry part for entrance of data for fabricating the
board, a memory to store fabricating data or computed results, and an

operation part, entering processing data into said apparatus,

_10_



direction of the laser beamin X-Y directions, a camera to sense the

regi st,er mark on the board, a table to support the board, an entry part for
entrance of - 8 - data for fabricating the board, a nenory to store
fabricating data or conputed results, and an operation part, entering
processing data into said apparatus, sensing the position of the register
mark on the board by neans of the 5 canera and conparing the results of

sensing wi th preytsuisy heepotisi PRt natkich thbkﬁdﬁglgg%gﬁﬁe@% fg.lgei n the

operation part, data hecessary to driVe the scanning , and
storing t heanhera amd neoropgring rihadiresultsg of hsensgiremi wills previcaisty rexttededf i | m
with a |laser beam with the scanning head and table controlled by the
control paPfOGRRSRE dataqtharely generating 1o the sparatiopnparb At necessalyior enovi ng

the interl esin. [ rmon eni ngs ,t.hr.ough which via holes are

formed. | naﬁf%g{e %%?%ﬁ@%&gﬁéﬁ%@{ﬁ %ﬁ”@g ﬂ% % iy ,m?We pr esent

i nventimn accor dirRgi i inda’ Avd Ci

mul ti-layer pri n!tr@g'éltg‘g%% d;qez‘én%o@r%i@v?nh?gﬁm@gﬁtgﬁidcs%%efhggﬁ’)l ovm@‘r?g st eps

(a) to (d)scgming peadiang tableetaritrolied dyrthe iconfrol pardwhichbeads thedeiving Wit h a
data from memory, thereby removing the interlayer resin layer and forming

openings through which via holes are formed,

10 (e) forming an electrolessly plated film on the board obtained in said
step (d),

(i forming a plating resist on the board obtained in said step (e),

15 (g) performing electrolytic plating on the part where said plating resist

is not formed, and

(h) removing said plating resist and, removing by etching, the metal

film and electrolessly plated film under the plating resist.

20
In order to achieve the invention's objectives, the present invention
according to claim 11, provides a process for producing a multi-layer printed
wiring board, which comprises the following steps (a) to (c).
25 (a) forming an interlayer insulating resin layer and a metal film on a

board covered with a conductor layer,

(b) forming an opening and a register mark on said metal film, and

._11_



conductor |ayer and perform ng hot-pressing, thereby formng an interl ayer
i nsul aging resin |ayer having a netal filmon the surface thereof, 20 (b)
form ng openings and register marks on said netal film (c) placing said
board with said register marks on a table of an apparatus for producing a
mul ti-layer printed wiring board, said apparatus 25 including; an emtter
of fabricating |laser, a scanning head to deflect the direction of the |aser

beamin X-Y direcgkio ; ' r r Jpoard, a
table To support Ehe EaargBE fart of HHfedayer IRHIAG oBR Byftwhish 8
fabri cat i ngexguseddhralighathetopening in stid hethiEiim, egtiiradiatién af arlasspudrgd
results, and an operation part, entering processing data into said

appar at us, 3imged at the spesingpaceeding {0 dataobiained dyrsapsingethe pmskionroftthe boar d

by means of n onpari,ng the results of sensin ygath revi ously
ent er ed prorgggg?'ﬁggﬁé?‘é%e&g?rgﬁ?ﬂ eReng, iroydh W 'CQF?eY'chog%' QFm,gddat a
necessaly to drive the scanning head, the table, and storing the data in
menory, 5 irradiating the openings in said netal filmwith a | aser

beam with the sdanoideg ttesthigvediticalnventen rodjdotidedythehgregent irlenfight Whi ch
eads the drivin
' accordigg to claim 12, provides a process for producing a multi-layer printed

wiring board, which comprises the following steps (a) to (d).

10 (a) forming an interlayer insulating resin layer and a metal film on a

board covered with a conductor layer,
(b) forming openings and register marks on said metal film,

15 (c) placing said board with said register marks on a table of an
apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect the
direction of the laser beam in X-Y directions, a camera to sense the register
mark on the board, a table to support the board, an entry part for entrance of

20  data for fabricating the board, a memory to store fabricating data or computed
results, and an operation part, entering processing data into said apparatus,

sensing the position of the register mark on the board by means of the
camera and comparing the results of sensing with previously entered
processing data, thereby generating in the operation part, data necessary to

25  drive the scanning head, the table, and storing the data in memory,

irradiating the openings in said metal film with a laser beam, with the
scanning head and table controlled by the control part which reads the driving
data from memory, thereby removing the interlayer resinllayer and forming

openings through which via holes are formed, and

_.12_
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data from nenory, thereby renoving the interlayer resin |layer and form ng
openi ngs through which via holes are forned, and 10 (d) formng via
hol es and conductor circuits. In order to achieve the invention's

obj ectives, the present invention according to claim 10, provides a process
for producing a multi-layer printed wiring board, which conprises the
followng steps (a) to (h). 15 (a) formng an interlayer insulating resin

| ayer on a board covered with a conductor |ayer, (b) formng a netal film
on said interlayer insulating resin |ayer, 20 (c) form ng openings and

regi ster marks i n(d}aifdrmingaia holesranddbngdlietor digcuitsi d board with said
regi ster marks on a table of an apparatus for producing a nmulti-|ayer
printed wiring board, said apparatus including; an 25 emtter of

R L T N L R A T e
by o ngPRELOHE STl R KRBl RO B et ul
resul ts, anshidregistaramarkispanm openingeformed in doe asstalofilchaand ithé seasing of
apparatus, éait::lLOre:qister mark is accomplished by sensing the sub-layer mark which is
visible in the opening formed in said metal film through the interlayer insulating
resin film.
10
According to the present invention, via holes are drilled in the resin
insulating layer, through openings made in a metal film attached thereto, by
laser irradiation directed approximately to said openings in response to the
board position sensed by a camera relative to the register marks inscribed on
15  the metal film. (This metal film functions as a resist mask for the laser beam,

and it is referred to as conformal mask hereinafter.)

In this way it is possible to form via holes at adequate positions even
though the accuracy of position for laser irradiation is not high, because the
20  accuracy of the position of via holes depends solely on the accuracy of the

position of the openings in the metal film (or conformal mask).

In this way it is also possible to make hundreds to thousands of via

holes efficiently owing to the register marks inscribed in the metal film having

25 openings for via holes. These register marks permit the position of the board
to be determined accurately relative to the scanning head (galvano head)
whose movement has already been programmed. The resulting data controls

the positioning of the table and scanning head.
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sensing the position of the register mark on the board by neans of t
canmerg and conparing the results of sensing with previously entered
processi ng data, thereby generating in the operation part, data necessary
to drive the scanning head, the table, and storing the data in nenor
irradiating the openings in said netal filmwith a |aser beam wth
scanni ng head and table controlled by the control part which reads t

driving data froﬂ%@ﬁ tol the! BFééehEWé'rﬁféntéf?f(i)ér [(}éﬁéib%% &ifiploy ff{g‘??r and

form ng openi ngs

whi ch"via hol es ar

an el ect r oligagibtion |vathendit fsatrificing tthe deearady ot thengskitioh ®fivih bRz €¢bn
formng a plating resist on the board obtained in said step (e), 15

(g) perf or iheughe|tbet boardt isc not docatgd ovenyhacguratelywhebiss impligs dhatnthe esi st
[ t f d h [ id plati ' d, r i ng.
et chi ng, _t MO NG F7% RS Bstero ARG, M EnPIes Rei 4 Tfe WG | ng
resist. 520 1 dHL L qﬁ{ r{)\ﬂa Mdﬁlf -ltyhe I nvention's objectives, the present

(?I ngD od?:ﬁal mqvi, )

i nventi on accor

provi des a process for producing a

he

y, 5
t he
he

form ng

()

mul ti-layer printed wiring board, which conprises the follow ng steps (a)

to (c).

10

15

20

25

In the present invention, the register marks on the multi-layer printed
wiring board should ideally be inscribed on the metal film with the use of

etching or the like. They may be circular, square, or rectangular in form.

Being opaque to light, the metallic register mark gives a silhouette
when it is illuminated upward from the table or reflects light when it is
iluminated downward. In other words, it can be recognized by the camera

regardless of the direction from which it is illuminated.

The register marks should be inscribed at the same time as etching for
openings on the metal film. This eliminates the necessity of performing two

steps separately for making the openings and inscribing the register marks.

In another preferred embodiment, a sub-layer mark is formed on the
surface of the board which is covered with an interlayer insulating resin layer
and an opening (as the register mark) is formed in the metal film which
functions as the conformal mask, as shown in Figs. 11 and 12. The position
is determined by sensing the sub-layer mark which is visible in the opening (or
the register mark) through the resin layer. The advantage of this embediment
is that the sub-layer mark 220B, which is covered with a resin layer, does not
oxidize to decrease in reflectivity, nor does it peel off (and hence it poses no

problem with recognition in silhouette).

_14_.
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25 (a) formng an interlayer insulating resin |layer and a netal
filmog a board covered with a conductor layer, (b) form ng an opening and
a register mark on said netal film and (c) renoving that part of the
interlayer insulating resin |ayer which is exposed through the opening in
said netal film by irradiation of a | aser beam ai ned at the opening
according to data obtained by sensing the position of the register mark,

Lhereby Tor o, LS ARPERESAEr U HSst o et O o g8 o= *°

claim12, pintatiayes mumm@e(ésmflayerpr&ﬁmg BA ltathéll'néthEﬁlﬁfV@ﬁhléﬁ fJHcﬂ@inw(a%') ng

boar d, V\/nl ch conprises the follow ng steps (a)

form ng an thet eonfagreal mask) by |p|h|gSIcaIsomclheml uapbrademmsitionf ot elestrolesboar d
covered with con uct or |ayer, form ng openi ngs and regi ster marks on
said metal PRARY ofPy hot-pressingja %f‘% couergdnuiti @ Metat i and dgimingr mar ks

boar d, a?:’a?dﬁ’%pf%ﬁ R Ra s San e Bhite BpBinbis BRI oo, "

scanni ng head to deflect the direction of the |aser beamin X-Y directions,
a canera to sense the register mark on the board, a table to support the
board, an entry pEhe above-mantianee interlayer insulating resin layer may be formed

from a thermosetting resin or a thermoplastic resin or a combination thereof.

10 It may also be formed from an adhesive for electroless plating. In its
most desirable form, the adhesive is composed of an uncured heat-resistant
resin slightly soluble in acid or oxidizing agent and particles (dispersed therein)
of a cured heat-resistant resin soluble in acid or oxidizing agent. Treatment
with acid or oxidizing agent dissolves and removes the heat-resistant resin

15 particles, thereby forming a rough surface with minute pits for anchorage.

The adhesive for electroless plating should preferably be one which
contains the cured heat-resistant resin particles specified by any of the
foliowing, because it gives anchorage of a more complex structure.

20
(1) Heat-resistant resin particles which have an average particle diameter

smaller than 10 pm.

(2) Agglomerate of heat-resistant resin powder having an average particle

25  diameter smaller than 2 pm.

(3) A mixture of heat-resistant resin powder having an average particle
diameter of 2 - 10 um and heat-resistant resin powder having an average

particle diameter smaller than 2 um.
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20 data for fabricating the board, a nenory to store fabricating data or
comput.ed results, and an operation part, entering processing data into said
apparatus, sensing the position of the register mark on the board by neans
of the camera and conparing the results of sensing with previously entered
processi ng data, thereby generating in the operation part, data necessary
to 25 drive the scanning head, the table, and storing the data in nenory,
irradiating the openings in said netal filmwith a |aser beam wth the
scanni ng head and table controlled by the control part which reads the

driving da{4) fPesudeeRglomdraRs epYebtriRistae et powast ﬁmhgréns iabetageer and
form ng openi n?s t hrough which via holes are forned, and - 12 - (d)

form ng vi farisie diametet of duet16r paj |eaoht;mrtlcra@fmmsimarriewemwsmuréamor di ng
to C|alml% grow des qaﬁyg)rocess far 5 rodu 8 E}rbnted W rin board as
defined | nPEABTERSteLIGR PORGEL o1 I0pGRBI PRueY P Bpth BAVIRG 31 Y9 openi ng
formed £n sing of said register mark is

50 DRI URmdtbr Shalis thaf 2361

acconplis y sensi ng e su yér mark which is visible in the opening
formed in said netal filmthrough the interlayer insulating resin film

(56) A mixture of heat-resistant resin powder having an average particle
diameter of 0.1 - 8 um and heat-resistant resin powder having an average
particle diameter larger than 0.8 pm and smaller than 2 um.

10
(6) Heat-resistant resin powder which has an average particle diameter of 0.1

-10 pm.

For good adhesion, the rough surface should ideally have a roughness
15  of Rmax = 0.01 - 20 um. In the case of semi-additive process, the preferred
roughness is 0.1 - 5 um, which ensures good adhesion while permitting the

electrolessly plated film to be removed.

The above-mentioned heat-resistant resin slightly soluble in acid or

20  oxidizing agent should preferably be a “composite of thermosetting resin and
thermoplastic resin” or a “composite of photosensitive resin and thermoplastic
resin”. The former is superior in heat resistance and the latter can be applied

by photolithography to form the opening for the via hole.

25 The above-mentioned thermosetting resin includes, for example,
epoxy resin, phenol resin, and polyimide resin. These chemicals may be
made photosensitive if their thermosetting groups are maodified with

methacrylic acid or acrylic acid. Acryl-modified epoxy resin is most suitable.
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10 According to the present invention, via holes are drilled in the resin

i nsul ating layer, through openings made in a netal filmattached thereto,
by laser irradiation directed approximately to said openings in response to
the board position sensed by a canera relative to the register marks

i nscribed on 15 the netal film (This metal filmfunctions as a resist
mask for the |aser beam and it is referred to as conformal mask
hereinafter.) In ' [ i | skl b Bai te

posi tions even thgﬁ%%pmréi%tﬁé@%gbtﬁgggm%%w r?sgﬁ%b?ﬁlg?%%?%&g%ﬁ I s not
hi gh, becautypet dvecra8ol navadak fpe aid talieyclio Bpbkp fesiiis Yortatobe snotiifieitidn sol el y
on the accuracy of the position of the openings in the nmetal film(or
conf or mal nwikicyclopentadiers: it is al so possible to make hundreds to

t housands of via holes efficiently owing to the register marks inscribed in
the netal film having 25 openings for via holes. These register marks

permt tfhe positi (e .aﬂﬁﬂ kvye to
t he scanEhni ng head??%gfeJml%ggé%lmﬁgd%ﬁ/@ngm %ﬁ%t@é%@fg@%&lgésx
progr ammﬁ. pglbeutfcg?JdRSF)gpdl?pﬁemﬁésmlfSné (RPSR Yolypheheneisutfide (PRES, and
scanni ng head. - -

J polyphenyl ether (PPE), polyetherimide (PI), and fluoroplastics.

The mixing ratio of the thermosetting (photosensitive) resin to the
10 thermoplastic resin should ideally be from 95/5 to 50/50, so that the resulting

compound has good toughness without a loss in heat resistance.

The amount of the heat-resistant resin particles should be 5 - 50 wt%,

preferably 10 - 40 wt%, of solids in the heat-resistant resin matrix.

15
The heat-resistant resin particles should preferably be those of amino
resin (such as melamine resin, urea resin, and guanamine resin) and epoxy
resin.
20 Incidentally, the adhesive may be composed of two layers, each

differing in composition as explained later.

Forming an interlayer insulating resin layer and a metal film
simultaneously is acceptable. In this case, the board having conductor layers

25  formed thereon is hot-pressed together with a prepreg placed thereon, said
prepreg being a thermosetting resin, a thermoplastic resin, or a composite of
thermosetting resin and thermoplastic resin, which is impregnated into a

fibrous substrate.
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According to the present invention, it is possible to enploy |aser
irradiation without sacrificing the accuracy of the position of via holes
even though the board is not |ocated very accurately. This inplies that
t he scanni ng head can nove faster, making nore via holes per unit tine,
which 5 | eads to inproved productivity. In the present invention, the
regi ster marks on the nmulti-layer printed wiring board should ideally be

i nscribed on thetREHglod édﬁs‘ﬂ"agé‘ﬁnraap%Ie:@?%ér)%oﬁlﬁgﬁi@ﬁbéMdh[ ke. They may

be circular, square, or rectangu ng opaque to light, the
metallic register mark gives a silhouette when it is illum nated upward
fromthe table or reflects light when it is illumnated dowward. | n other
words, it can beAﬂﬁﬂ‘@gr@iCQ%iéfab% pracessmoensists ¢f platingsa nagtat-elad desiadiimon from
which it is itél grr_i n }L‘ed. 15 %’-Pﬁ rle istfer ?rg[ ks shoul d be in%cri bed at the
same tine 851%¢ H?WE Y9 GRRNHTYlagers ek ingreqn. REOFAING RAGRIPSSINGS ¢ he
necessigy b e 0hh ; rat i ni and

i nscri b? ngﬁt%rgw efgi stggh%@kezr?%g"%%%hg '%Igﬁ\ ];aﬁ%{ @fb {S‘kge %Farlggﬁ\é odi nent ,
a_sub- | ayeetahingtHesmbtal filrd, therdbydosninake opénihandaegidteMmarnk. i s cover ed

with an interlayer insulating resin | aggr and an opening (as the register
mark) is formed Thet esimdilal mentiongdi aboveirmoay dies ofstheimosetiingr reginnask, as
shown in Fi&%s. 1?. ?.nd 12. The posi t.'kon . . .
rinoplastic Tesin, or a’ composite” of thermosetting resin and thermoplastic
resin.
10
The thermosetting resin includes, for example, one or more of the
following; epoxy resin, polyimide resin, phenolic resin, bismaleimide triazine
resin (BT). The thermoplastic resin includes, for example, one or more of the
following; polyether sulfone (PES), polyether imide (PEI), polyphenylene ether
15 (PPE), polyphenylene sulfide (PPS), and fluoroplastics. The thermoplastic

resin should be used in the form of uncured resin film.

Hot-pressing may be performed at 100 - 150°C and 5 - 50 kg/cm? for
thermosetting resins and 100 - 350°C and 5 - 100 kg/cm? for thermoplastic
20  resins.

The resin film should ideally be 5 - 100 um thick. Excessive
thickness presents difficulties when hole drilling with a laser beam.
Excessively thin films do not provide satisfactory interlayer insulation.

25

The metal film may be of one or more of the following metals; copper,
nickel, aluminum, and precious metal (such as gold, silver, palladium, and
platinum). Copper foil is the most desirable because of its low price and good

resistance fo laser beams.
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I's determ ned by sensing the sub-layer mark which is visible in the opening
(or 26 the register mark) through the resin layer. The advantage of this
enbodi ment is that the sub-layer nmark 220B, which is covered with a resin

| ayer, does not oxidize to decrease in reflectivity, nor does it peel off
(and hence it poses no problemw th recognition in silhouette). - 14 -

To be nore concrete, the process consists of steps of formng the
interlayer insulating resin layer, formng on it the netal film (which
functions as the conformal mask) by physical or chem cal vapor deposition

or el ectrol ess piTieimétabfinP¥hd\A8 idbaf§ DenD- 20 186 ithick.| | PxceR¥ReaHickhéds a et al
film and formng 5 the register mark at the sane tine as the opening is

formed by eloekingg yielt dinalpatierns; rndoxedssivelythimyfimsi ars idasily dgmagedrby ayer
may be for:gd froma thernosetting resin or a thernoplastic resin or a
conbi nat i orPSEIEEHS. 10 It may al so be formed from an adhesive for
el ectrogess plating. Inits nost desirable form the adhesive is conposed
of an uncured heat-resistant resin slightly soluble in acid or oxidizing

agent and particlieg grdfsrRel embobifferti Htheprésehtiféntion! theemetd! dilth ds2si n
soluble in acid or oxidizing agent. Treatnent with acid or oxidizing agent
di ssol ves &gl coniormeal maek hisaformedi by ephysicasiar chemical vapor deposition.
Through this mask, openings for via holes are formed with the use of a laser.
On this metal film is formed a layer by electroless plating. On this layer is
10 formed another layer by electrolytic plating. Incidentally, the
electrolessly-plated layer should be given a plating resist prior to electrolytic
plating. The electrolessly-plated layer under the plating resist is removed by
etching when conductor circuits and via holes are formed. The plating resist
protects the electrolytically plated layer used to form conductor circuits and via
15  holes from damage by the etching process because the metal film and
electrolessly plated layer are thin enough for easy removal. Thus it is
possible to create wiring with a fine pitch and via holes with an extremely small
diameter. Suitable etching solutions include aqueous solution of sulfuric acid
and hydrogen peroxide, aqueous solution of ammonium persulfate, and

20  aqueous solution of ferric chloride.

The physical or chemical vapor deposition may be accomplished by

sputtering or vacuum deposition.

25 The deposited metal film and the electrolessly-plated film covering it
should preferably be thinner than 2 uym. Such a thin film is easily removed by
etching when conductor circuits and via holes are formed by removing
unnecessary parts of the metal film and electrolessly plated layer. Therefore,

the electrolytically plated layer used to form conductor circuits and via holes
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15 particles, thereby formng a rough surface with mnute pits for
anchorage. The adhesive for electroless plating should preferably be one
whi ch ‘contains the cured heat-resistant resin particles specified by any of
the foll ow ng, because it gives anchorage of a nore conplex structure. 20
(1) Heat-resistant resin particles which have an average particle dianeter
smaller than 10 [err]m (2) Agglonerate of heat-resistant resin powder

havi o) ~t A
mxture of Epe pedeept e behg i s, RS Ris shRRLR ICERRR MG et o
of 2 - 10 [withrad finepitchanl vieholes dith dregitrenisl ﬁfallhﬁé@@@ran average particle

di aneter smaller than 2 [err]m - 15 - (4) Pseudo aggl onerate of
heat -resi stant resin powder having an average particle dianeter of 2 - 10

h f rf h - '
povder or 1 ot galt AhBORIRSATEIMMATRANY i PeSSINE 400 asTp e | PR et or
smal | er 5t hagnghksidd By ith the Teshaer REuIBERY ek ua}e?ntmg% AR Byavi N

an aver age parti
laminating a prepreg and then performing hot pressing to cure the resin. (The

prepreg is a glass fiber cloth or aramid fiber cloth impregnated with resin in B

stage. A resin film may replace it in B stage.)

10 In this case, the steps shown in Fig. 4(D) and Fig. 5(E) are replaced by
the steps shown in Fig. 9(D’) and Fig. 9(E".

Brief Description of the Figures

15 Fig. 1 is a schematic diagram showing the apparatus for producing a
multi-layer printed wiring board according to the first embodiment of the

present invention.

Fig. 2 is a block diagram showing the control system for the production
20 unit shown in Fig. 1.

Fig. 3 is a flow diagram showing processing by the control system

shown in Fig. 2.

25 Figs. 4(A) to 4(D) are diagrams showing the process of producing a

printed wiring board according to the first embodiment of the present invention.

Figs. 5(E) to 5(H) are diagrams showing the process of producing a

printed wiring board according to the first embodiment of the present invention.
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dianmeter of 0.1 - 8 [err]mand heat-resistant resin powder having an
average particle dianeter larger than 0.8 [err]mand smaller than 2 [err]m
10 (6) Heat-resistant resin powder which has an average particle dianmeter
of 0.1 - 10 [err]m For good adhesion, the rough surface should ideally
have a roughness 15 of Rmax = 0.01 - 20 [err]m In the case of

sem -additive process, the preferred roughness is 0.1 - 5 [err]m which
ensures good adhesion while permtting the electrolessly plated filmto be
renoved. The above-nentioned heat-resistant resin slightly soluble in acid
or 20  oxidizi nFigged(l) ®he(l)darer ¢ibgramhs whbeing theoproeess ef grotiieinguset ti ng
resin and thernoplastic resin" or a "conposite of photosensitive resin and
t her nopl astfrtedwiring baard aceerding losthe dissirerabbodimentaf thequesentiavending. t he
(after can be applied by photolithography to formthe opening for the via
hol e. 25 The above-nentioned thernosetting resin includes, for
exanpl eg epoxy r gstd, L Dy el S ém¥%5 : 1 cal s
may be ﬁade phot ﬁ%ﬂ?@?@ﬁ@ﬁéﬂa@ﬁ@?pﬁsﬁ'@ﬁge 8?%%%3 are rargglhglrged W th
net haglryl i cpr‘TgédiwiringBMarbl iacceding toAhe firstrambddimentoithe present imeentiont
suitable. - -

Fig. 8(A) is a plan view showing the board having an annular register

mark formed thereon. Fig. 8(B) is a plan view showing the board having a

10 square register mark formed thereon.

Figs. 9(D’) and 9(E") are diagrams showing the process of producing a
printed wiring board according to the first embodiment (with modification) of the

present invention.

15
Figs. 10(A) to 10(E) are diagrams showing the process of producing a
printed wiring board according to the first embodiment (with another
modification) of the present invention.
20 Figs. 11(A) to 11(E) are diagrams showing the process of producing a

printed wiring board according to the first embodiment (with another

modification) of the present invention.
Figs. 12(F) to 12(H) are diagrams showing the process of producing a
25  printed wiring board according to the first embodiment (with another

modification) of the present invention.

Best Mode for Carrying out the Invention
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The epoxy resin includes, for exanple, epoxy resins of phenol novol ak type

or cre§ol

novol ak type and alicyclic epoxy resins fornmed by nodification

wi th di cycl opent adi ene. 5 The thernoplastic resin includes, for

exanpl e,

pol yet her sul fone (PES), polysul fone (PSF), pol yphenyl enesul fone

(PPS), pol yphenyl ene sul fide (PPES), polyphenyl ether (PPE), polyetherimde
(PI'), and fluoroplastics. The mxing ratio of the thernosetting

), and I tics. the t} ng o
Fom 9515 o 50] S camRlreRs b D el B s bt ™

Ing conp

oughness

wi t hout a | referenceliedite demwingsince. The anount of the heat-resistant resin

particles should be 5 - 50 % preferably 10 - 40 % of solids in the

heat-resistant resin matrix. 15 The heat-resistant resin particles should

| ayers 25
t her eon,

10

15

20

25

referably be thase @f .am no,resin.(such as, nelapgne resin, urea resin,
Guanam e resi n) b G GRYDRUEIERt Soae Bresernt TysBHaR erapYS 2 APRAGRGSI ve my
be comapeda@nbllR if REEor BRIACHbA bPA il idyer PR iiRG pBBrEXP! ai ned
| ater. Formng an int a netal
sinmul taneously is acceptable. In this case, the board havi ng conductor

formed thereon is hot-pressed together with a prepre% pl aced
sai d In this embodiment, a CO, laser emitter 60 generates a laser

l'ayel 1 nsulating resi’n Nayer an film

eam.
The laser beam is reflected by a mirror 66 and transmitted to a galvano head

70 through a transfer mask 62 for sharp focusing on the board.

The galvano-head (scanning head) 70 is composed of a set of
galvano-mirrors including; a galvano-mirror 74X for scanning the laser beam in
an X direction and a galvano-mirror 74Y for scanning the beam in a Y direction.
Control motors 72X, 72Y drive these mirrors 74X, 74Y. The motors 72X, 72Y
adjust the angles of the mirrors 74X,74Y depending on the control command
from the computer (to be explained later), and also transmit the detection

signal from the built-in encoder to the computer side.

The scan area of the galvano-mirror is 30 x 30mm. Moreover, the
positioning velocity of the galvano-mirror is 400 points/sec within the scanning
area. The laser beam is respectively scanned in X-Y directions through the
galvano-mirrors 74X, 74Y and passes the -0 lens 76 and collides with the
aperture 30a of the metal layer of a substrate 20 (to be explained later) to form

a via hole (aperture).

The substrate 20 is placed on the X-Y table 80 moving in X-Y
directions. As explained above, since the scanning area of the galvano-
mirror of each galvano-head 70 is 30mm x 30mm and the substrate 20 of

500mm x 500mm is used, the number of step areas of the X-Y table 80 is 289
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prepreg being a thernosetting resin, a thernoplastic resin, or a conposite
of thernosetting resin and thernoplastic resin, which is inpregnated into a
fibrous substrate. - 17 - The fibrous substrate may be gl ass cloth or
aram d fiber cloth. Another acceptable process consists of placing a
metal -clad resin filmon the board having conductor |ayers forned thereon,
performng hot-pressing, 5 thereby formng the interlayer insulating reﬁi n
| ayer and t I pjd [: ' Ry ng the
opgni ng andn?egﬁ’gf}ermr‘r@ra% ﬂﬁ%l%?:%%lﬁ@%) f fh% gr@%ﬂ%%efn%%%%gegoﬁ@ye%g Hx‘ _
t her moset t i repeating the Movemepit of 80mnT BsamX directiors PPHATs Bn@fthd her noset ti ng
resin and thernmoplastic resin. 10 The thernosetting resin includes, for
exanpl e, on@oyemest i afY direstipo|17dines; resgestiyelyesi n, pol yi mi de resin,
phenolic resin, bismaleimde triazine resin (BT). The thernoplastic resin
i ncl udes, for exanple, one or nore of the follow ng; polyether sul foneI

PES) , | yet her @ : eny. ! . yphenyl ene
Sul 1 de (P9 . ani§ [oneiirdind Sopatfiopiingd pB5ve's alsd Blolidetited

CCD camera 82, therefore the positions of the positioning marks 30b placed

on each of the four corners of a substrate 20, are measured to start processing

after compensating for errors.

10 Subsequently, the control mechanism of this manufacturing apparatus

will be explained with reference to Fig. 2.

The control apparatus comprises of a computer 50 which processes
and receives, hole coordinate data (processing data) of the multilayer printed
15  wiring board, obtained from the input section 54, and the position of the
positioning mark 30b measured by the CCD camera 82 to generate the
processing data to be stored in the memory section 52. The actual boring
process can be conducted by driving the X-Y table 80, laser 60, and the
galvano-head 70, on the basis of the processing data.
20
Here, the processing data generating process by the computer 50 will

be explained in further detail with reference to Fig. 3.

First the computer 50 drives the X-Y table 80 to align the CCD camera
25 82, with the positioning mark 30b (first process). Errors such as deviation in
the X direction, deviation in the Y direction, the compression amount of the
substrate and the amount of rotation are measured by calculating locations of
the four positioning marks 30b with the CCD camera 82 (second process).

Here, error data is generated for correcting any errors of measurement (third
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resin should be used in the formof uncured resin film Hot-pressing my be
perforged at 100 - 150[err]C and 5 - 50 kg/cnR for thernosetting resins and
100 - 350[err]C and 5 - 100 kg/cnR for thernoplastic 20 resins. The resin
filmshould ideally be 5 - 100 [err]mthick. Excessive thickness presents

difficulties when hole drilling with a | aser beam Excessively thin films
do not provide satisfactory interlayer insulation. 25 The netal filmmay be
of one or ogegg)_ the follow ng netals; copper, nickel, alum num and

preci ous netal (such as gold, silver, palladium and platinun). Copper foil
I's the nost desirable because of its |ow price and good resistance to | aser
beans. - 18 - The netal filmshould ideally be 1 - 20 [err] mthick.
Excessi ve t hi ckneSdbsaseientlyithgicomputarfd orracts the, hale doerdinatsidatd y t hi n

Tolr Lg‘é n?r ieme/ .s:i%wgaqnfﬁﬂg %ggélr%aﬁég h{ %gs%rergtiveShollgs 9vitP\ rtﬁé g%? atearg)eoncgram%r&t of the
5 in the third process to generate the actual processing data consisting of the
coordinates of the holes actually bored (fourth process). On the basis of the
actual processing data, the galvano-head data for driving the galvano-head 70
is generated (fifth process), the table data for driving the X-Y table is generated
(sixth process), and the laser data for the timing of oscillating the laser 60 is
10 also generated (seventh process). This data is temporarily stored in the
memory section 52 as explained above and the actual boring process is
conducted by driving the X-Y table 80, laser 60, and galvano-head 70

depending on this data.

15 In the first embodiment, printed wiring boards are produced according

to steps sequentially explained below with reference to Figs. 4 to 7.

(1) The base material is a copper-clad laminate 20a. See Fig. 4(A). Itis
a 1-mm thick board 20 of glass epoxy resin or BT resin (bismaleimide triazine),
20 having both sides thereof laminated with 18-um thick copper foil 22. The
copper foil is pattered by etching using the standard method, to form a copper
pattern 22A and a register mark 22B on each side of the board. In actualty,

there are four register marks. See Fig. 4(B).

26 (2 After washing with water and drying, the board 20 undergoes acid
degreasing and soft etching. It is then treated with a catalyst solution
composed of palladium chloride and organic acid. The Pd-activated board 20

undergoes electroless plating, so that the copper pattern 22A is covered with a
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the conformal mask is formed by physical or chem cal vapor deposition.
Through this mask, openings for via holes are formed with the use of a
laser. On this netal filmis formed a | ayer by electroless plating. On this
| ayer is 10 formed another layer by electrolytic plating.
Incidentally, the electrolessly-plated |ayer should be given a plating
resist prior to electrolytic plating. The electrol essly-plated | ayer under

the plating s ﬁi’dﬁﬁcﬂ Faybf%‘PW—‘ib-éﬁ Ao ,hhﬂﬁ:h“ﬁ%“aQﬁﬂﬁvghﬁéc&?BPPBbé mgd via

hol es are for The plating resist protects the electrolytically plated
| ayer used4(0).f orm conductor circuits and via 15 hol es from danage by the
et chi ng process because the netal filmand electrolessly plated | ayer are
thin enough for easy renoval. Thus it is possible to create wiring with a

fi itch and via. hol i than. | L] _di . Sui t abl hi
Col ut Fon. 1 nol uddNadbaestlat &Y g SBR dRRig naf i Rep o, oxi e,
aqueousss 0|c6h’c£ﬁ]n§fa BB MIBriaB hIdurY §olf.1ﬁ&?', A50°CHH SOHGUIS %b%gfe){hepf

ferric chlori he physical or chem cal vapor deposition nmay

acconpl i shedugty serfate @3 isgcovergdaithna deBaen thiok tindubstituted plating ldggosi t ed
metal filmand the electrolessly-plated filmcovering it should preferably
be t hi nner (ﬂ‘Pﬁa‘-'rhOZW'[)err] m Such a thin filmis easily renoved by etching
when conductor circuits and via holes are formed by renoving unnecessary
parts of the metal filmand electrolessly plated | ayer. Therefore, the

el ectrol ytigpl |y TRbap&shd! 5068 Hotpredsed’ BEtIERNC RO nt ithiek  fhidréidstid @ hol es
10 sheets (“Teflon” from DuPont) under a pressure of 20 kg/cm? at 300°C for 30

minutes, so as to form the interlayer insulating resin layers 26. See Fig. 4(D).

The fluoroplastic sheet may be replaced by any known adhesive for

electroless plating or by any known resin such as polyphenylene suffide (PPS),

15 polyether ether ketone (PEEK), polyester, epoxy resin, bismalimide-triazine
(BT), etc. In the case of the former, a metal film as a conformal mask

(mentioned later) is formed by electroless plating as a matter of course.

The insulating resin layer 26 undergoes DC sputtering with a Cu target
20  in argon, so that a 0.5-um thick Cu layer (metal film) 30 is formed thereon.

See Fig. 5(E). Cu may be replaced by aluminum, chromium, or iron.

In addition, sputtering by physical vapor deposition may be replaced by
vacuurn vapor deposition or chemical vapor deposition. In the case where the
25  interlayer insulating resin layer 26 is formed from an adhesive for electroless

plating, the metal film is formed by electroless plating.

4) The Cu layer 30 is covered with a commercial photosensitive dry film

31, which is subsequently exposed to light (100 mJ/cm?) through a mask 31
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- 19 - are not damaged by the etching process. Thus it is possible to
create,wiring with a fine pitch and via holes wwth an extrenely small
dianeter. In the present invention, it is pernmssible to formthe netal
film5 sinultaneously with the interlayer insulating resin layer. This is
achieved by lam nating a prepreg and then perform ng hot pressing to cure
the resin. (The prepreg is a glass fiber cloth or aramd fiber cloth

| Pr egnat edplibéd thEoR WHoR His8 Blach § 'ﬂaf(gz Q@{Bgfez' oGS 'b‘iadge“@tstage )

10 his case, the steps sh wn 1n
repl aced by31b1¢fostaerm|stéromrk)n Seg F@(@F?] aﬁtblﬁl@t b (e ,‘rnasﬁrl*»‘li‘(lvltﬁetﬁérl ption
of the Figures 1 is a schematic di agram show ng the

appar at us f'B‘ParHr%Qj'ﬁcﬁqi'{fV&drhﬂ Qiignlf‘@y@ﬁ‘ rparkrﬁwcpmxheu mgskd4mithdbedegisteg to t he

showi ng- ne B0 78 okl BREREED BVOVE 3o e it Ko merA il SROWTY. 1
E:g ‘Z’ 55 anhlderchteresy éhammﬁemr@mb%ebafé%rﬁ%%é?é ﬁmy\ﬁhﬁﬁ“tﬁéo"‘“ In
register mark 22B is made visible by making an opening in the Cu layer 30 just
above it. In this case the register mark 22B functions also as the register
mark 22B shown in Figs. 11 and 12, which is used to determine the position of
the board and hence to calculate the position for laser irradiation, as

10  mentioned later.

After exposure, a photosensitive dry film is developed with 0.8%
sodium carbonate solution. In this way there is obtained a 15-pm thick
etching resist 32 which has an opening 32a for a via hole and an opening 32b

15  fora register mark. See Fig. 5(G).

(5) Etching with an aqueous solution of sulfuric acid and hydrogen
peroxide is performed through the etching resist 32, so that the Cu layer 30 is
partly removed at the opening 32a for the via hole and the opening 32b for the
20  register mark. Thus, an opening 30a (20 pm in diameter) and register marks
30b and 30b’ are formed. See Fig. 5(H). The etching resist 32 is removed
with an aqueous solution of sodium hydroxide. See Fig. 6(I). The thus
obtained board 20, which has openings 30a and register marks 30b is shown
in Fig. 8(A). In Fig. 6(l), two register marks 30b and 30b’ are shown on either
25  side; in actuality, however, the register marks 30b and 30b’ are positioned on
the four corners of the board 20 as shown in Fig. 1. The register marks 30b

shown here are annular, but it they may also be square as shown in Fig. 8(b).
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25 Fi gs.

4(A) to 4(D) are diagrans show ng the process of producing

a printed wiring board according to the first enbodi nent of the present

i nvention. Figs.

5(E) to 5(H) are diagrans showi ng the process of producing

a printed wiring board according to the first enbodi nent of the present
I nvention. - 20 - Figs. 6(1) to 6(L) are diagrans show ng the process of
producing a printed wiring board according to the first enbodi ment of the

present invgnt iTAB-board 20 is placEUQb‘h an ﬁ(’-\‘%tétﬂe ﬁb@anQn(Pl@gf anFheShOHicyy t he

process of producing a printed wring

oard according To the first

enbodi nent affthe heapd 26 éntdetermimead amd céirgcted With fhe ad[mlfme vegmes harksig t he

board havi ng an annul ar. regi ster nark fornmed t hereon. Is a plan
vi ew show r;g)bc fensenr wvhielyiarg sensed Qﬁuﬁ‘ﬁe%lwranﬁzk fT@ﬁnﬁﬂaf%& eon.
Figs. 9(D

printed w

Rt o sl BelReR 5B RO € sl eBRAERT OB AR A2, 1 on)

of the presgg dlrﬁ‘&ﬁé\iéléﬁbth)w THadart 6 fhe FéélriLQGE\)Jhr%ﬁEIs Qslxﬁ%éd“io thewe ng the

process of pro

ucing a printed W'ring board accordlngtothe I rst

enbodi nent lgsert pulsesthireugh the openings 30a in the Cu layer 30 is removed. As a

10

15

20

25

result, an opening 26a (20 um in diameter) for a via hole is formed, through
which the copper pattern 22A is partly exposed. See Fig. 6(J1). In other
words, the Cu layer (0.5 pm thick) is used as a conformal mask when the
opening 26a for a via hole is formed by a laser beam. In this embodiment, the
CO; laser beam is directed to the openings 30a one by one. The board 20 is
reversed. The position of the board 20 is determined and corrected with the
aid of the register marks 30b’ thereon which are sensed by the CCD camera
82. The board is subjected to laser puises, and that part of the resin 26 which
is exposed to these laser pulses through the opening 30a in the Cu layer 30 is
removed. As a result, an opening 26a (20 um in diameter) for the via hole is
formed. See Fig. 6(J2).

Incidentally, the beam should ideally have a diameter larger than 1.3
times the diameter (20 um) of the opening, so as to ensure that the laser
beam drills a via hole through the opening 26a even in the case where the
position of the laser beam is slightly dislocated. It follows that the accuracy of
the position of the via hole (or the accuracy of the position of the opening 26a
for the via hole relative to the register mark 30b) depends on the accuracy of
the position of the opening 30a for the via hole relative to the register mark 30b
formed on the Cu layer 30 as the conformal mask. Therefore, this
embodiment makes it possible to form the via hole at an adequate position

even in the case of low accuracy in the laser beam positioning.
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nodi fication) of the present invention. 20 Figs. 11(A) to 11(E) are
di agrans showi ng the process of producing a printed wiring board accordi ng
to the first enbodiment (with another nodification) of the present

i nvention. Figs. 12(F) to 12(H) are diagrans show ng the process of
producing a 25 printed wiring board according to the first enbodi nent
(with another nodification) of the present I nvention. Best Mode for

carrying oul e g Ciiiddient 3boo holes™di® STRRS oM 85 thOSUBNIRAEN!

. t
i nvention will escri wWith re erenc rawm ngs

enmbodi ment (500mhrex [B0OseN) witihadagdrbzaenp! e, as eﬁplh&fe@ltalﬁ)vé thes shown in
Fig. 1 for production of a nmulti-layer printed wring board. In this

enbodi nment scanuigpéred of theegalvana-mirorse @ma@mneanethwtlmmelméy I aser
beam o 1o S oage Mo i b R S o AR e
gal vanogheafle4s 6RHR X BRAL 268 (19 xCPﬁPOf‘fa%é?{l, tRe ¥der Process is

completed by repeating the movement of 30 mm in the X direction 17 times

and the movement of 30 mm in the Y direction 17 times. The moving velocity

of the X-Y table 80 is 15000mm/min. Meanwhile, the processing time of the

four positioning marks 30b by the CCD camera 82 is 9 seconds including the

10 moving time of the table 80. When the substrate 20 is processed by such

manufacturing apparatus, the manufacturing time is 269.5 seconds.

(7) The board 20, with the opening 26a formed therein, is dipped in chromic
acid for one minute for its de-smearing treatment. Then, the board 20 is
15  dipped in a neutralizing solution (from Shiplay Corp.) and rinsed. Instead of
dipping in chromic acid, it is also possible to remove residues from the opening
26a by dipping in potassium permanganate solution or by treatment with O,

ptasma, CF4 plasma, or O,-CF4 mixture gas plasma.

20 (8 The board 20 is given a palladium catalyst (from Atotech Corp.) and then
dipped in an electroless copper plating solution of the following composition so
as to form a 0.5-um thick copper film 40 on the Cu layer 30 and inside the
opening 26a for the via hole. See Fig. 6(K).

25 Composition of electrofess plating solution

EDTA 150 g/l
Copper sulfate 20 g/l
HCHO 30 mif
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gal vano-mrrors including; a galvano-mrror 74X for scanning the | aser beam
in an X direction and a gal vano-mrror 74Y for scanning the beamin a Y
direction. Control notors 72X, 72Y drive these mrrors 74X, 74Y. The notors
72X, 72Y 15 adjust the angles of the mrrors 74X 74Y depending on the
control command fromthe conputer (to be explained later), and al so
transmt the detection signal fromthe built-in encoder to the conputer
side. The scan area ofnhbg gal vano-mirror is %@  30nm Moreover, the 20
positioning velocity of the galvano-mrror is poi nts/sec within the
scanni ng area. The | asgj -bipgmdyls respectivel y 89aaged in X-Y directions

t hrough the gal vano-mrrors 74X, 74Y and passes the f-[err] lens 76 and
collides with the aperPBPe 30a of the netal |&%t8/lof a substrate 20 (to be
explained later) to forma via hole (aperture). 25 The substrate 20 is

pl aced on the X-Y table 80 noving in X-Y directions. As explai ned above,

Somm x Jomand (he Supart Al TAREH BE sIEdI, BlathaF 1o AR A ot
st ep ar eas cofnméeiakprotaslehsititd dng fild8 34; whith-is subsequently exposed to light
(100 mJ/em?) through a mask 36 placed thereon which has black spots 36a at
prescribed positions. See Fig. 6(L). Exposure is followed by development
with 0.8% sodium carbonate solution, which removes the unexposed section.

10 In this way there is obtained a 15-um thick etching resist 38. See Fig. 7(M).

(10)  Electrolytic copper plating is performed under the following conditions

so as to form a 15-um thick copper layer 44. See Fig. 7(N).

15 Electrolytic plating solution
Sulfuric acid 180 g/l
Copper sulfate 80 g/l
Additive 1 mi/l
20

(11)  The resist 38 is removed by treatment with 5% KOH solution. See
Fig. 7(0). Etching with a mixture of sulfuric acid and hydrogen peroxide is
performed to dissolve and remove the Cu layer 30 and the plated copper film
40, which are under the resist 38. In this way there are formed a conductor
25 circuit 46 and a via hole 48 (both 16 um thick), each consisting of a Cu layer
30, electrolessly plated copper film 40, and an electrolytically plated copper
layer 44. See Fig. 7(P). The board is then dipped in chromic acid solution
(800 g/l) at 70°C for three minutes until the interlayer insulating resin layer 26

between the conductor circuits is etched to a depth of 1um and the surface
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o

(17 x 17). Nanely, the processing of the substrate 20 can be conpl eted by
repeating the novenent of 30mmin an X direction 17 tines, and the novenent
ina Ydirection 17 tines, respectively. 5 The manuf acturing

appar atus expl ai ned above is also provided with a CCD canera 82, therefore
the positions of the positioning marks 30b placed on each of the four
corners of a substrate 20, are neasured to start processing after

ti - . | Voo ol ' f
U1 St eredt i€ EleBhed dftesigual pala i BIRRRL' ik teafiitts BodlBSEY °7 °
The cont r ol toapmsuretinsulation bewrenodoriiueiTbiNcaits. 5 A FOP ice ivéHian®s ity ané

receives, hole coordinate data (processing data) of the multilayer printed
15 wiri ng eauugtorogirasitndGl is sbewnHe thedigure although an, actual printed osiringon of

th i tioni k 30 d, by th 82t te the
prgcgg:: nlgoaéﬁi‘}a qn%r%gug%ﬁrrzg%r qqqgﬁ&?ﬁ?ﬁ%gﬁge&;ﬁ%ﬂs m%égoié'% MhBri ng
ARy cedr g Vi - 80, a t he
el vano heall o EORMURE G TAY! Bote "o L i Vs s B°fepeaitingrdfie’ "°
processi ng glsdve-grentiomad repy Qﬁesﬁuim?n%hﬁ: HRTRVIFIRG 18fervil lis R sSiHM abned in

further detail with reference to Fig. 3. First the conputer 50 drives the
X-Y tabl e sepmplets agrultiiryecpbnteshwiriag2®ard.82, with the positioning mark 30b
(first process). Errors such as deviation in
in this embodiment, the Cu layer 30 as the conformal mask is formed
10 by sputtering on the intertayer insulating resin layer 26. This means that it is
possible to make the conformal mask 30 thin with good adhesion to the
interlayer insulating resin layer 26. The advantage of having such a thin
conformal mask 30, is that it can be easily removed by etching when the
conductor circuit 46 and the via hole 48 are formed, hence there is no
15  possibility of the etching severely damaging the electrolytically plated copper
layer 44 which forms the conductor circuit 46 and the via hole 48. This results

in wiring with a fine pitch and via holes with an extremely small diameter.

Incidentally, the Cu layer 30 formed by sputtering and the film 40
20 formed by electroless plating should ideally be thinner than 2.0 pm so that

they undergo etching easily when their unnecessary parts are removed.

The above-mentioned embodiment may be modified by replacing the

galvano head for scanning with a polygon mirror and replacing the CO, laser

25  with any other laser. Also, instead of directing a laser beam to the opening
30a of the Cu [ayer 30 one by one in the above-mentioned embodiment, it is
possible to scan the entire surface of the board with a laser beam so that the

resin 26 under the opening 30a is removed.
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the X. direction, deviation in the Y direction, the conpression anount of
the supstrate and the anobunt of rotation are neasured by cal cul ating

| ocations of the four positioning marks 30b with the CCD canera 82 (second
process). Here, error data is generated for correcting any errors of
measurenent (third - 23 - process). Subsequently, the conputer 50
corrects the hole coordinate data consisting of the coordi nates of

respective hol es |nsidadt Beformiy tHEine ?riﬁéﬁﬁirgf réﬁbe‘%%&%cﬁd:laegéﬁo ss to

generate the actual processing data consisting t he

hol es act uafiliy sequentigliyonrthe aboeemehtioniad ehbddimeént, o ist hltoasdssiblle to
ano- head data for driving the gal vano-head 70 is

processi ng t'c(jaat a the_trgall Y \ \
generat ed ('O Weh siraditaneouply. « inthis ¢asa, ther steps\aheyn ineFigsy4(Bbandi s
generated (g§jipxt I]esrd for ? timng,of pscillating
the |aser GScETss ﬁgé%ﬁégkgéﬁg%a%ﬂcgﬂ ?ba;gﬁt ﬁ@} Seﬁgi ? ﬂﬁl{&le%é?%sﬁgwn
t enpor arg | yinskigr e’ NthieNsodra MY isSIaRiints i he
actual boring gr ogzs i s conduct esd by ﬁr?\%aﬁétrﬁéﬁ)@dﬁgﬁg%&éﬁgggr 60,
and gal vanol3kadn7ibedeioeass shown inhFig. O¢E'y. thébe layers are!borided fogetHer
enbodi ment,  printed wyi n% boards are produced according

through curing by hot pressing. (The prepreg is a glass fiber cloth or aramid

fiber cloth impregnated with a resin in B stage. A resin film may replace it in B

stage.)

10
Another embodiment in which the interlayer insulating resin layer and
the metal film are formed simultaneously is explained below with reference to

Fig. 10.

15 () A 9-um thick copper foil 230 is coated on one side thereof with an
epoxy resin of cresol-novolak type. By heating at 60°C for three hours, the
resin is converted into B-stage resin 226. Thus there is obtained a resin film
250. See Fig. 10(A).

20 (2 On both sides of the board 20 an internal layer copper pattern 22A,
and a register mark 22B, are formed in the same manner as in step (1) of the
first embodiment, which was explained above with reference to Fig. 4(B). See
Fig. 10(B).

26 (3) On the surface of the internal layer copper pattern 22A a 2.5-um thick
Ni-P-Cu ally layer with a rough surface is manifested in the same manner as in
step (2) of the first embodiment, which was explained above with reference to
Fig. 4(C). See Fig. 10(B). On this rough surface a 0.3-pm thick
fin-substituted plating layer is created (not illustrated).
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to steps sequentially explained belowwth reference to Figs. 4 to 7. (1)
The base material is a copper-clad | am nate 20a. See Fig. 4(A). It is a
1-mm t'hi ck board 20 of gl ass epoxy resin or BT resin (bismaleinde
triazine), 20 havi ng both sides thereof |amnated with 18-[err]mthick
copper foil 22. The copper foil is pattered by etching using the standard
nmet hod, to forma copper pattern 22A and a register mark 22B on each side
of the board. In actuality, there are four register marks. See Fig. 4(B).
25 (2) After washing with water and drying, the board 20 undergoes acid
degr easi ng (4nd sdhe dardi20ds sahtiwichel tRBWEER b6 Pictiet bf the pdgin Yilh 250! ut i on
conposed of palladiumchloride and organic_acid. The Pd-activated board 20
under goes avhigh has deenpireparad in siept(iht SerFigodpdd). pdhedesulting\laminateser ed
with a - 24 - 2. 5-[er thick Iayer of Ni-Po all oy, which has a rough
surface 238 §8§?pﬁs§ed4?etcif‘ldp§nﬁ§ qne E¥Wc@@@i@t§ ﬁ;’ &jfﬂé itW&gawrﬁiMeﬁg? in an
el ectrokes | 2 A | Lales Rl

ol uti on, - SEuSre R hdlom. | OENEHe® aToRRES the Ritp s e
with a 0. 3+Esinfdyards sid themetshfiln D80 edSpk Fig.n@(ERyer (not shown) .

vered

(5) A multi-layer printed circuit board is produced in the same manner as
in steps (4) to (11), which were explained above with reference to Fig. 5(E) to
10  Fig. 7(P).

Another example of a modified embodiment will be explained with

reference to Figs. 11 and 12.

15 It is characterized by the register mark 30b being circular instead of
annular (as in the previous embodiment) and the mark 230B also being

circular.,

The board 20 is provided with a sub-layer mark 220B and a conductor

20  circuit 22A, as shown in Fig. 11(B). The sub-layer mark 220B and the
conductor circuit 22A have their surfaces roughened, as shown in Fig. 11(C).

The copper-clad resin film 250, which is shown in Fig. 11(A), is laminated as
shown in Fig. 11(D). The laminate is heat-pressed to form the interlayer
insulating resin layer 226 and the metal film 230, as shown in Fig. 11(E). The

25 copper foil 30 is etched to form an opening 30b for the register mark and an

opening 30a for the via hole, as shown in Fig. 12(F).

The sub-layer mark 220B under the register mark 30b is viewed by the

CCD camera 82 through the resin layer 226 to determine and correct the
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(3) . The board 20 is hot-pressed between two 20-[err]mthick
fluorgplastic 10 sheets ("Teflon" from DuPont) under a pressure of 20
kg/cn?grr] at 300[err]C for 30 mnutes, so as to formthe interlayer
insulating resin |layers 26. See Fig. 4(D). The fluoroplastic sheet may be
repl aced by any known adhesive for electroless plating or by any known
resin such as pol yphenyl ene sulfide (PPS), 15 polyether ether ketone

PEEK), polyesi i ' i i azi et h
Of the' f or RoSTiofiof 8 BbArd 96, Bs shonffh F, AIEL 9 kater bldh isidifectad'at P CT00

by el ectr olties opehiati 30& idthe Crlayer 30kocUtoSemolBahatsart af thedresipsiaget ayer 26
undergoes DC sputtering with a Cu target 20 in argon, so that a 0.5-[err]m

thi ck Cu | 226rwhighisexpesad) theoughsit.f oflie gredess sreatesan anenings2€d (2Tw may be
| aced by al um hr.oni iron. In additjan, ttering h
everest vindt SRAEh: BRI boS! ablFbum BAGachl BB SSlRR i, o
hem i t] 25 .ot er | Lnsyl at i
Fesin. | By MEeRtPos, hansud Bkl made 2208K6es 1ot hidl & dBKRasen B 1 10

metal fil mrefledtivityresoridoed i€ peepoff $hentledit ipbges hé)problefh@itRuetsyttitiorBth i s
covered with a commerci al photosensitive dry film 31, which is subsequently
exposed t o silhguatie) 10 #is cembediment htherefare: itds possible s determine and
correct the position of the board 20 relative to the sub-layer mark 220B and to
control the direction of the laser beam relative to the register mark 30b.
10
The sub-layer 220B is an index for the position of the internal layer pad
to which the via hole is connected, and the register mark 30b is an index for
the position of the via hole. Therefore, if the sub-layer mark 220B and the
register mark 30b are excessively dislocated relative to each other, it follows
15 that the via hole will not connect to the internal layer pad. Measuring the
amount of relative dislocation makes it possible to detect defects during the

fabricating process.

Exploitation in Industry
20

As explained above, the present invention ensures the accurate
positioning of the opening for a via hole even in the case of the laser beam
aiming with low accuracy. This is advantageous to mass production of
multi-layer printed wiring boards, which require hundreds to thousands of holes

25  to be drilled by laser beams.

[n addition, the present invention permits the laser scanning head to
operate faster with low accuracy for the position of laser aiming without

sacrificing the accuracy for sensing the position of the opening for a via hole.
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pl aced t hereon which has a black spot 31a (for a via hole) and a bl ack spot
31lb (fer a register mark). See Fig. 5(F). Alignnent of the mask 31 with the
board 20 is achieved by aligning the mark 31b on the nmask 31 with the
register mark 22B on the board 20 by with the use of an X-ray canera (not
shown). 5 An alternative way of alignnent is by the use of a CCD canera,
in which the register mark 22B i s nade visible by making an opening in the

Cu layer 30Thegés ctions
2’50 a5 the Togy s th inbress ih Moo bt eI e Bk Rer vl i o
det er m ne t hengsoisctéasingoprotbetiviigar d and hence to calculate the position for
| aser irradiation, as 10 mentioned |ater. After exposure, a

phot osensitive dry filmis devel oped with 0.8% sodi um carbonate sol uti on.
In this way there is obtained a 15-[err]mthick etching resist 32 which has
an opening 32a for a via hole and an opening 32b 15 for a register mark.
See Fig. 5(G. (5) Etching wth an aqueous solution of sulfuric acid and
hydr ogen peroxide is performed through the etching resist 32, so that the
Cu layer 30 is partly renoved at the opening 32a for the via hole and the
opening 32b for the 20 register mark. Thus, an opening 30a (20 [err]min
di aneter) and register marks 30b and 30b' are forned. See Fig. 5(H). The
etching resist 32 is renoved with an aqueous sol ution of sodi um hydroxi de.
See Fig. 6(1). The thus obtained board 20, which has openi ngs 30a and

regi ster marks 30b is shown
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in Fig. 8(A. In Fig. 6(I), two register marks 30b and 30b' are shown on
either 25 side; in actuality, however, the register marks 30b and 30b' are
posi ti"oned on the four corners of the board 20 as shown in Fig. 1. The

regi ster marks 30b shown here are annul ar, but it they-+way—also be square

as shown in Fig. 8(b). - 26 - (6) The board 20 |n’gaﬁ d on an X-Y table
'L

80 shown in Fig. 1. The position of the board 20 i m&wﬂmy
sensed

corrected @mwféﬁe aid of the register marks 30b the
by the CCD-Camera 82. The board is subjected to |aser pulses (50 lerr]s)
fromthe laser emtter 60 (400Woutput and 5 10.6 [err] mwavel ength). That
part of the resin 26 which is exposed to these |aser pul ses through the
openi ngs 30a i n tthe AQprdcage for3prodscing e wadti-lafer arintesuwiringalmoardemibich 26a (20
[err]min dianmeter) for a via hole s fornmed, through which the copper
pattern 22&oMPrises follpwing stepg (@HOCki g. 6(J1). In other words, the Cu | ayer
(0.5 [egr]mthick) is used as a conformal nask when the 10 opening 26a for
a via hole is formed by a |laser beam In this enbodinment, the CJerr] |aser
beam i s directed(#)o foffi fritérta ﬂqsmmingyreem%yéfmmgaé%aal filtn, v er sed.
The position of the board 20 is determ ned and corrected with the aid of

t he regi st epenigkioraed on said enetalilie Andiceregesteramatiy on lilke €0facea tharaof

on a board covered with a conductor layer,

10 (b) removing that part of said interlayer insulating resin layer which is
exposed through an opening in said metal film, by irradiation of a laser beam
aimed at said opening according to data obtained by sensing the position of

said register mark, thereby forming an opening through which a via hole is

formed, and
15
(c) forming via holes and conductor circuits.
2. A process for producing a multi-layer printed wiring board, which
comprises following steps (a) to (c).
20

(@) forming an interlayer insulating resin layer on a board covered

with a conductor layer,

(b) forming a metal film, an opening formed on said metal film and a

25  register mark on a surface of said interlayer insulating resin layer, and

(c¢) removing that part of said interlayer insulating resin layer which is

exposed through an opening in said metal film, by irradiation of a laser beam
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82. The board is subjected to | aser pulses, and that part of the resin 26

which 15 is exposed to these |aser pulses through the opening 30a in the

Cu layer 30 is renoved. As a result, a”mmm" I [err]min dianeter)
for the via hole is forned. See Fig. 6 m"ﬁﬂﬂt, y, the beam shoul d

ideal |y have a diameter larger than 1.3"20° t4n#s the*dianeter (20 [err]m
of the opening, so as to ensure that the |laser beamdrills a via hole

t hrough the_.gpening .26a even_i J A L on. J.aser
beam s sl | BE, P SibeIE apqbrih 5 Ate WaEided BY sBPby it & S o
of the via fegiéeméné,hﬁe@a%mug ah mﬁir%%rwgwwm&hbh@a AR famsR for the
via hole relative to the register mark 30b) depends on the accuracy of 25
the position of the opening 30a for the via hole relative to the register
mark 30b fornmed on the Cu | ayer 30 as the conformal sk. . Therefore, this
embodi ment makes 34 "bd%'@?‘!ﬁse%h?r@@qwg Remy[tidaygy] B"r&?gaéﬂ’ir'%l&?@éé ewg'SSi tion

even inghe_case of.lLow ac Inhe | aser beam positioning. - 27 -
In this genb%?fﬁ%ﬁs, fo&ﬁ%f@%nsggégfértér@med at random on the substrate (500mMm
x 500m) with a | aser beam Here, as expl ained above, the scanning area of

the gal vano-mrror is 30 x 30mm and the positioning velocity i
(a) placing a metal-clad resin fim on a board covered with a

conductor layer and performing hot-pressing, thereby forming an interlayer
insulating resin layer having a metal film on surface thereof,
10

(b) forming an opening and a register mark on said metal film,

(c) removing that part of said interlayer insulating resin layer which is

exposed through an opening in said metal film, by irradiation of a laser beam

15 aimed at said opening according to data obtained by sensing position of said
register mark, thereby forming an opening through which a via hole is formed,

and

(d) forming a via hole and a conductor circuit.
20
4. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (f).

(@) forming an intertayer insulating resin layer having a metal film, an
25  opening formed in said metal film and a register mark on surface thereof on a

board covered with a conductor layer,

(b) removing that part of said interlayer insulating resin layer which is

exposed through an opening in said metal film, by irradiation of a laser beam
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is 400 points/sec in the scanning area. On the other—hand—the-nunaber of

step 5 areas of the X-Y table is 298 (17 x 17). NanE ne |l aser process
is conpleted by repeating the novenent of 30 mm IIHNEMB“M”I 17 tines
and the novenent of 30 nmin the Y direction 17 tilfes. p i vel ocity

of the X-Y table 80 is 15000m1 m n. Meanwhile, the processing tinme of the
four positioning nmarks 30b by the CCD canera 82 is 9 seconds including the

10 noving tii fods ; he j eSS by such
manuf acturiér{g{égp%asréﬁg)geﬁﬁgga%%ﬁﬂﬁggg ¥ né’stéutﬂf%‘{&%? %ngspggkféﬁd@se%}) The
board 20, weglstéhhamk) tidraby &imingaAePehingtBioughivehich BReFhbIB i§ ForEd; aci d
for one mnute for its de-snearing treatnment. Then, the board 20 is 15

di pped in a neutralizing solution (from Shiplay Corp.) and rinsed. |nstead
of dipping in chrom¢ acid, Lt iis also possible to remve residues fromthe
openi ng 26a by di(Bbi FRITIAG ol BV sl Ikes PIAfiNGeOR A 0GR OB dA¢ et
with 02gpl asctgﬁ b(‘?'-‘b% | asma, or 02-CF4 m xture gas plasma. 20 (8) The board
20 is given a BJI adi um catal yst (from Atotech Corp.) and then dipped in an
el ectrol ess copper plating solution of the follow ng conposition so as to
forma 0.5-[err]mthick copper film40 on the Cu layer 30 and inside the
openi ng 26a for tde farmingpplatipgereristion 6akl) board obtained in step (c) above,
Conposition of electroless plating solution EDTA 150
g/l Copper sulfate 20 g/ |

(e) performing electrolytic plating on section where said plating resist

)

—o

10  is not formed, and

() removing said plating resist and, removing by etching, said metal
film and electrolessly plated film under said plating resist, thereby forming a via
hole and a conductor circuit.

15
5. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (h).

(@) forming an interlayer insulating resin layer on a board covered

20  with a conductor layer,

(b) forming a metal film on a surface of said interlayer insulating resin

layer,

25 (c) forming an opening and a register mark on said metal film,

(d) removing that part of said interlayer insulating resin layer which is

exposed through an opening in said metal film, by irradiation of a laser beam
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HCHO . 30 M/ - 28 - NaOH 40

g/l a,a'-bipyridyl 80 ng/| PED . . _ 0.1 9g/l'5
(9) The Cu film40 (forned by electrol ess plating) i s”ﬂfﬂﬁwmﬁuﬂmmll
commer ci al photosensitive dry film34, which is subsequenill

light (100 ml/cnferr]) through a mask 36 placed thereon whi _c‘h Has *bl &ck*
spots 36a at prescribed positions. See Fig. 6(L). Exposure is followed by

devel 0IOrTEntaimeﬁfat%a?i%/%‘b@ﬁin'gh%&%mﬁ@?%%a?é)beaiirga{aéM’géﬁgnﬁ{SF}fﬁﬁ di'aid

unexposed secti on. In This way"there 1s 0o ( errjmtni ck
et chi ng r esegisteg8nakethefely for(riing arf dPening Ehreugh ehidh & vizoRGIetis Rdrddng i s
performed under the follow ng conditions so as to forma 15-[err]mthick
copper |layer44. See Fig. 7(N). 15 El ectrolytic

' ' I o L . 180, g/ Copper sulfate
gl)atg; lng A?ig! flt i/gn @& FOL}HII'?Q aChith by electroless piating,en ‘said Board oblained in

5 step (d) above,

() forming a plating resist on said board obtained in
step (g) above,

10 (9) performing electrolytic piating on section where said plating resist

is not formed, and

(h) removing said plating resist and, removing by etching, said metal
film and electrolessly plated film under said plating resist.
15
6. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (g).

(@) placing a metal-clad resin film on a board covered with a
20 conductor layer and performing hot-pressing, thereby forming an interlayer

insulating resin layer having a metal film on surface thereof,
(b) forming an opening and a register mark on said metal film,
2b {c) removing that part of said interlayer insulating resin layer which is
exposed through an opening in said metal film, by irradiation of a laser beam

aimed at said opening according to data obtained by sensing position of said

register mark, thereby forming an opening through which a via hole is formed,
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(11) The resist 38 is renoved by treatnent with S%Wg
7(0). Etching with a mixture of sulfuric acid and hydr ai&y eroxide is

perforfred to dissolve and renove the Cu layer 30 and t ﬂﬂﬂlm,ml | m
40, which are under the resist 38. In this way there ar tor
25 circuit 46 and a via hole 48 (both 16 [err]mthick), each con5|st|ng of
a Cu layer 30, electrolessly pI ated copper film40, and an electrolytically

pl at ed copper | ay p hrom ¢
acid solution (80@)9/4# mi g rﬁr?‘{%@%‘ﬁ%ﬁ @g?ﬁrﬂm @élgﬁﬁqq% (‘[ﬁﬁg"\eﬁt @rl ayer
i nsul ati ng &R (@) BBYRS, 26 between the conductor circuits is etched to a
depth of 1[err]m and the surface - 29 - thereof is cleaned of residual
pal I adium catal yst. This treatment is necessary to ensure insulation

bet ween conduct or II‘CUItS &qu conveni ence, only one conductor circuit 46
is shown in the f{®urfeMingy QHn%F?S&??t%‘a?fa"E)PPﬁ tﬁhnﬁfjrﬂ@stﬁ?a&d&ah%e’a nunber
of condugtor circuits.) In this way it is possible to forma 5 fine
conductor circuit 46 about 20 [err] m wi de. By repeating the

above-menti oned S{f}?pﬁeﬁfaﬁnlhg'él@btﬂﬂwwpléhfg Bh'delfion d¥Rfe shid piatimy sedist e to
conplete a multi-layer printed wiring board. In this embodinent, the Cu

| ayer 30 asisttot fovnédrarel nmask is fornmed

(@) removing said plating resist and, removing by etching, said metal
10  film and electrolessly plated film under said plating resist, thereby forming a via

hole and a conductor circuit.

7. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (c).

15
(a) forming an interlayer insulating resin layer having a metal film,
openings formed on said metal film and register marks on surface thereof on a
board covered with a conductor layer,
20 (b) placing said board with said register marks on a table of an

apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect direction of
a laser beam in X-Y directions, a camera to sense a register mark on a board,
a table to support a board, an entry part for entrance of data for fabricating a
25 board, a memory to store fabricating data or computed results, and an
operation part,
entering processing data into said apparatus,
sensing position of a register mark on a board by means of said

camera and comparing results of sensing with previously entered processing
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10 Dby sputtering on the interlayer insulating resin layer 26. This neans
that it is possible to make the conformal mask 30 thin with good adhesion
to thé interlayer insulating resin |layer 26. The advantage of having such a
thin conformal mask 30, is that it can be easily renoved by etching when

t he conductor circuit 46 and the via hole 48 are forned, hence there is no
15 possibility of the etching severely damaging the electrolytically

pl ated cop I ' for. he t j | 3 Vi a
Porc a5, rarte [y dorlStafit I6/efF obSiBtipl ekt o fieclihan 4B Ve baR v
extremel y soahdinghesd} said tdbiej alehsételihy dataie iembayer 30 forned by
sputtering and the film40 20 formed by el ectroless plating should ideally
be thinner than Pragiatig: pperings Hatsaich yetahfilr yithea drsergbeam; withysald t hei r

B L L ey
and. [ Sph acugfn iG] kol 8RR <ol RPNl AR5 fofSperif 220 of

t he above- treouglndichevib ddieseare, crédtedsampssi bl e to scan _the entire surface
of the board wth a | aser beam so that the resin 26 under the openi ng 30a

's removed. - 30 - R ) AR

(c) forming via holes and conductor circuits.

10 8. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (c).

(a) forming an interlayer insulating resin layer on a board covered
with a conductor layer,
15
(b) forming a metal film, openings formed on said metal film and

register marks on surface of said interlayer insulating resin layer, and

(¢) placing said board with said register marks on a table of an
20 apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect direction of
a laser beam in X-Y directions, a camera to sense register marks on a board, a
table to support said board, an entry part for entrance of data for fabricating a
board, a memory to store fabricating data or computed results, and an
2b  operation part,
entering processing data into said apparatus,
sensing position of register marks on a board by means of said camera

and comparing results of sensing with previously entered processing data,
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Instead of formng the interlayer insulating resin layer and the netal film
sequentially in the above-mentioned enmbodinent, it is also possible to form
t hem si mul taneously. In this case, the steps shown in Figs. 4(D) and 5(E)
are replaced by those shown in Figs. 9(D) and 9(E'). In the step shown 5
in Fig. 9(D), the board 120 is |am nated yvlth a prepreg 126 and a netal
foil 130. In the process sh;)wvm in Fig. 9(5 ), these layers are bonfegr
toget her ththe eratind’ih 49 bpBrafid Ipaft, datdfed¥s8Ry8 drivesdid 885ndihge"
cl gth or aram’t%wfﬁ”er cld(;th irrgregnatpiead wth a resirnin § s%age. rkgea n
filmnay rdigasaldtable, Bndistoring data inenieny, enbodi nent i n which the
interlayer insulating.resin |ayer and the netal filmare forned _

si nul t aneousl y i dM8XBHBY rFl%R?nBlQSQW wdwnsai dilmnwih t2 laseﬁ.bem?, \1/5? hi{al?] epoﬁy
O-[err]mthd | oated on.one _side thereof .w

resin of CF&%@P%@%‘%ER@ ;%@g%gbﬁﬂg%fbégtsﬁqm%P@ir;]’:@cé 6?3‘5112@\9“3 %,rets |hﬁ
resin i § coromr hinery! thBreblyasembaify "s#id6int r‘iﬁér%, rt fERIrf thyer©3ha' i
film250. See Fig. 1l8(A). 20 (2) 5 On bot%_ i des orf t}aee boarﬁﬁ% n

i nt ernal | s3peningsipeoughawhieh vi?Rales aralfoxmeedgi st er mark 22B, are formed in

the sane manner as in step (1) of the first enbodi nent, which was expl ai ned
above with reference to Fig. 4(B). See Fig. 10(B).

9. A process for producing a multi-layer printed wiring board, which
comprises following steps (a) to (d).

10
(@ placing a metal-clad resin film on a board covered with a
conductor layer and performing hot-pressing, thereby forming an interlayer
insulating resin layer having a metal film on surface thereof, e
Y A
15 (b) forming openings and register marks on said metal film,

(c) placing said board with said register marks on a table of an
apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating a laser, a scanning head to deflect direction

20  of alaser beam in X-Y directions, a camera to sense register marks on a board,
a table to support a board, an entry part for entrance of data for fabricating a
board, a memory to store fabricating data or computed results, and an
operation part, entering processing data into said apparatus,

sensing positions of said register marks on a board by means of a

25 camera and comparing results of sensing with previously entered processing
data, thereby generating in an operation part, data necessary to drive said
scanning head, said table, and storing data in memory,

irradiating openings in said metal film with a laser beam, with said

scanning head and table controiled by a control part which reads driving data

_41._.



25 (3) On the surface of the internal |ayer copper pattern 22A a

2. 5- [err]mthlck Ni-P-Cu ally layer with a rough surface is manifested in
the sate manner as in step (2) of the first enbodi nent, which was expl ai ned
above with reference to Fig. 4(C). See Fig. 10(B). 01 this rough surface
a 0.3- [err] m thick tin-substituted plating layer is created (not
illustrated). - 31 - (4) The board 20 is sandw ched between two

pi eces of t t ( ee Fig.
To(0y . The. o, ien). feraly a3 SARrB1SI 600, eber (R (himingt? T3
at 150[err]6‘pélﬁihgéﬂﬂ©ﬁ%ﬁw1*ﬁéh viadlesfare fomédahde of 10 kg/cnferr]. In this
way there are fornmed the interlayer insulating resin | ayer 26 and the netal

film230. See Fig. 10(E). (5) AmJItl-Iayer prlntedc ") m
produced in the s manner aE I n e(%@ 8 1) mm”"l mﬂ Ifwlm
above with refere fPB'"'ﬂgg)"a ples af‘g duc FS"C P) . Anot ter cexanpt e Sof

nodi fi eds enbodi nent will be explained with reference to Figs. 11 and 12. 15

It is characterized by the register mark 30b being circul ar instead of

annul ar (as in theoprA\procssseiop prodiRig a amdtildyer printed2wPiRgddcerd Pwhith

comprises following steps (a) to (h).

(a) forming an interlayer insulating resin layer on a board covered

10 with a conductor layer,
(b) forming a metal film on said interlayer insulating resin layer,

(c) forming openings and register marks in said metal film,
15
(d) placing said board with said register marks on a table of an
apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect direction of
a laser beam in X-Y directions, a camera to sense register marks on a board, a
20 table to support a board, an entry part for entrance of data for fabricating a
board, a memory to store fabricating data or computed resuits, and an
operation part, entering processing data into said apparatus,
sensing positions of regisfer marks on a board by means of said
camera and comparing results of sensing with previously entered processing
25 data, thereby generating in an operation part, data necessary to drive said
scanning head, said table, and storing data in memory,
irradiating openings in said metal film with a laser beam, with said

scanning head and table controlled by a control part which driving data from
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circular. The board 20 is provided wth a sub-Iayer
conduct or 20 circuit 22A, as shown in Fig. 11(B).

and the conductor circuit 22A have their surfaces roug
Fig. 11 (C. The copper-clad resin film 250, which is

Is lam nated as shown in Fig. 11(D). The lamnate is heat- pressed to form

the interlayer insulating resin |ayer 226 and the netal film 230, as shown

in Fig. 11( Ik ' t d p Ob for

the 1 ogi st remen €y RIRGIing e Ttelivef 280 oA s RARE SR o

12(F). The tb:dudhaylﬁchmtuholéeaa;mﬁl@a,the regi ster mark 30b is viewed by t he
CCD canera 82 through the resin |layer 226 to determ ne and correct the - 32
- position of the board 20, as shown in Fig. 12(G. A laser beamis

the resin | ayor 395 TR o' QrpeSesely pRIGHIM,On prbe RBEEd dnRAS an

openi ng526%té3gj[err] min diameter) for the via hole, as shown in Fig.
12(H). Being ¢ v)ered with 5 the resin 26, the sub-layer mark 220B does not
oxidize to decrease in reflectivity, nor does it peel off (hence it poses

no problemwth recofgni;ion in i
orming a plating resist on a board obtained in said step (e),

2208

() performing electrolytic plating on a part where said plating resist
10 s not formed, and

(h) removing said plating resist and, removing by etching, said metal

film and electrolessly plated film under said plating resist.

15 11. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (c).

(a) forming an interlayer insulating resin layer and a metal film on a
board covered with a conductor layer,
20

(b) forming an opening and a register mark on said metal film, and

(c) removing that part of said interlayer insulating resin layer which is
exposed through said opening in said metal film, by irradiation of a laser beam
25  aimed at said opening according to data obtained by sensing positions of

register marks, thereby forming an opening through which a via hole is formed.

12. A process for producing a multi-layer printed wiring board, which

comprises following steps (a) to (d).
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sil hoyette). In this enbodinent, therefore, it is possible to determne and
correct the position of the board 20 relative to the sub-layer mark 220B
and to control the direction of the |laser beamrelative T0 the regrster—

mark 30b. 10 The sub-layer 220B is an index for the poHIEERCHE QR ]!
internal | ayer pad to which the via hole is connect edﬁmuﬂﬂmmgﬂﬂﬂt’yt
mark 30b is an index for the position of the via hole. Thereforte, e
sub-layer mark 220B and the register mark 30b are excessively dislocated

relative to each other, it follows 15 that the via hole will not connect
to the internal |(ayefoming abbiatarayeginshiatingoesin layerr sidihi Metati filth @pe& i on
makes it possible to detect defects during the fabricating process.

Expl oi t at i o?P3rd coMakesk with acondueteplayehed above, the present invention
ensures the accurate positioning of the opening for a via hole even in the
case of the |aser beamaimng with | ow accuracy. This is advantageous to

undr ede. o 1 houshdg oy 9, SpEfings it Feqiete e sty metl i, T 1
addition, the present invention permts the |aser scanning head to operate
faster wwth | ow accuracy for_ the position of |aser aimng wthout
sacrificing the d8tuPlRING §Aids dRaIch Withhsaigorsgistem mearks an eptatileffan a vi a
hol e. apparatus for producing a multi-layer printed wiring board, said apparatus
including; an emitter of fabricating laser, a scanning head to deflect direction of

10 alaser beam in X-Y directions, a camera to sense register marks on a board, a
table to support a board, an entry part for entrance of data for fabricating a
board, a memory to store fabricating data or computed results, and an
operation part,
entering processing data into said apparatus,

15 sensing positions of register marks on a board by means of said
camera and comparing results of sensing with previously entered processing
data, thereby generating in an operation part, data necessary to drive said
scanning head, said table, and storing data in memory,

irradiating openings in said metal film with a laser beam, with said

20  scanning head and table controlled by a control part which reads driving data

from memory, thereby removing said interlayer resin layer and forming

openings through which via holes are formed, and

(d) forming via holes and conductor circuits.
25
13. A process for producing a printed wiring board as defined in one of
Claims 1 to 12, wherein said register mark is an opening formed in said metal

film and sensing of said register mark is accomplished by sensing said
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- 33 - The result is an increase in the nunber of openings to be forned
per unit tine, hence increasi ng pr oductivity. - 34 - CLAI M5 1. A process
for producing a nulti-layer printed wring board, fol |l ow ng
steps (a) to (c). 5 (a) formng an interlayer |n [mm m;mmu Imy havi ng
a netal film an opening formed on said netal filrhahd & r"eglsster mark on
the surface thereof on a board covered with a conductor |ayer,

xposea 1 hrgRoer ABHE whleh TR I8y R BbEryld Ritngy e hﬂ*@?mg haser

beam ai ned siid mﬂbyapmm"@q@gfncmmg to data obtained by sensing the
position of said register mark, thereby formng an opening through which a
via hole is
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formed, and 15 (c) forming via holes and conductor circuits. 2. A process
for 5goducing a nulti-layer printed wiring board, which conprises follow ng
steps (a) to (c). 20 (a) formng an interlayer insulating resin |layer on a
board covered with a conductor |ayer, (b) formng a netal film an opening
formed on said netal filmand a 25 register mark on a surface of said
interlayer insulating resin layer, and (c) renoving that part of said

interlayer insulating resin |ayer %@iétrgxposed t hrough an opening in
said netal film by irradiation of eam - 35 - aimed at said

openi ng according to data obtained by sensing position of said register
mar k, thereby form ng an opening through which a via hole is forned. 3. A
process for prodécherrd2islprovidey aith @ Caffitd 36ias angomfosmal, mabk, dh which
conprises foll.ow n ste.g %;2 to (d), (a) placing a netal-clad resin film
on a boar d &SV airegl t:gr rk 30b'and an opening 3a through which a via hole is
5 formed. A camera senses this register mark 30b so that the position of the
board 30 is determined. A laser beam is directed to the approximate position
of the opening 30a, so that the opening 26a through which the via hole is
drilled is formed. The accuracy of the position of the opening of the via hole
depends on the accuracy of the position of the opening 30a in the Cu film 30
10 as the conformal mask. Therefore, the via hole can be formed at an adequate

position despite the low accuracy of the position for laser irradiation.
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conductor layer and perform ng hot-pressing, thereby form ng an interlayer
insulating resin layer having a netal filmon surface thereof, 10 (b)

form ng an opening and a register mark on said netal film (c) renoving
that part of said interlayer insulating resin |ayer which is exposed

t hrough an opening in said netal film by irradiation of a | aser beam 15

ai ned at said opening according to data obtained by sensing position of
said register mark, thereby form ng an opening through which a via hole is
formed, and (d) formng a via hole and a conductor circuit. 20 4. A process
for producing a multi-layer printed wiring board, which conprises follow ng
steps (a) to (f). (a) formng an interlayer insulating resin |ayer having a
nmetal film an 25 opening fornmed in said netal filmand a register nmark on
surface thereof on a board covered with a conductor |ayer, (b) renoving
that part of said interlayer insulating resin |ayer which is exposed

t hrough an opening in said netaq'vﬂﬁﬁ zglirradiation of a |l aser beam - 36-

Fig.l
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ai med_at said opening according to data obtained by sensing position of

sai d register mark, thereby form ng an opening through which a via hole is
formed, (c) formng a filmby electroless plating on said board obtained in
5 step (b) above, (d) formng a plating resist on said board obtained in
step (c) above, (e) performng electrolytic plating on section where said
plating resist 10 is not forned, and (f) renoving said plating resist
and, renoving by etching, said nmetal filmand electrolessly plated film
under said plating resist, thereby formng a via hole and a conduct or
circuit. 15 5. A process for produci n@2Al%ul ti-layer printed wiring board,
whi ch conprises follow ng steps (a) Fig.h)z (a) formng an interlayer
insulating resin layer on a board covered 20 wth a conductor |ayer, (b)
formng a netal filmon a surface of said interlayer insulating resin

| ayer, 25 (c) fg));m' ng an oggni ng and %jegi ster mark on said netal
film (d) renoving thaf—pat—ef—saradtnterlay tpsylating resin | ayer

whi ch is exposed through gﬁ%ﬁri r%wlg;l d| m Mpﬁ% by irradiation of a
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- 37 - ai mred at said opening according to data obtai ned by sensing
p05|t|on of said register mark, thereby form ng an opening through which a
via hole is forned, (e) forning a filmby electroless plating on said board
obtained in 5 step (d) above, (f) formng a plating resist on said board
obtained in step (e) above, 10 (g) performng electrolytic plating
on section where said plating resist is not formed, and (h) renoving said
pl ati ng resist and, renoving by etchlng said netal filmand el ectrol essly
plated fil munder sald plating resi 9 15 6. A process for producing a

mul ti-layer printed wiring board, conprlses follow ng steps (a) to

(g). (a) placing a netal -clad resin f|In1on a board covered with a 20
conductor | ayer and per}ﬂmmgng hot - pr essiin thereby forjmng an interlayer
insul ating resin llayepdiat Eg tal fillm SARGE@f FAt hereof, (b) form ng
an opening and a reglst%ﬂnggr on| sai d nmetat—f++m '
1st PROCESS MOVING THE
TARGET TO THE
CAMERA POSITION
2nd PROCESS | MARSURING AN
ERROR WITE A
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3rd PROCESS | GENERATION OF
ERROR DATA
A
4th PROCESS | GENERATION OF
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5th 6th Tth
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25 (c) renmoving that part of said interlayer insulating resin |ayer
whi ch is exposed through an opening in said netal film by irradiation of a
| aser® beam ai med at sai d opening according to data obtained by sensing

position of said register mark, thereby form ng an opening through which a

via hole is forned, - 38 - (d) forming a.filmby electroless plating on
said board obtained in step (c) abovs, ezozﬁ:ning a plating resist on said
board obtained in step (d) above, ( er ing electrolytic plating on

section where said plating resist ispn g;fo d, and (g) renoving said

pl ating resist and, renmoving by etching=gaid netal 10 film and

el ectrolessly plated fi n&pr said plating resist, thereby formng a via
hol e and a conduct or ci — 7. A process for producing a L ti-layer
printed wiring board, which conprises follow ng steps (a) E%i ). 15 (a)
forming an interlayardnsulating resialayver baviog a oetgl ¥iTm openings
fommdonéﬂv)mﬂa ergof_on a
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Wt h, sald regi ster
nulti”layer printed wiring board,
fabricating | aser,
X-Y directions,
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o
(c) forming via holes and conductor circuits. 10 8. A process for
producing a nulti-layer printed wiring board, which conprises follow ng
steps® (a) to (c). (a) formng an interlayer insulating resin |layer on a
board covered with a conductor layer, 15 (b) formng a netal film openings
formed on said netal filmand register marks on surface of said interlayer
I nsulating resin layer, and (c) p (yng aid board with said register nmarks
on a table of an 20 apparatus f pr dereing a multi-layer printed wiring
board, said apparatus including; eFleg.@r of fabricating laser, a
scanning head to deflect direction of a laser beamin X-Y di rectlons a
canera to sense "'W‘ ol b , a taB@to support said board
an entry part for-egnN oard a menory to
store fabricating _OF r@ion part,
entering processi n@ikiEk-EANAD oTs p05|t|on of register
marks on a bcIa db 3 g e ;s Opay e?l@s of sensing
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t her ¢by generating in an operation part, data necessary to drive said
scanni ng head, said table, and storing data in nenory, irradiating openings
in said netal filmwith a |laser beam w th said scanning head and table
controlled by a control part which reads driving data 5 from nenory,
thereby renpbving said interlayer resin |ayer and form ng openings through
which via holes are fornmed. 9. A prcrze/s I producing a multi-I|ayer
printed wiring board, which corrprise ol ing steps (a) to (d). 10 (a)

placing a netal-clad resin filmon a q) d?overe i h a conductor |ayer
and perform ng hot-pressing, thz‘Qy form ng an i aye sul ating resin
| ayer having a netal fi I m on e thereof, 15 (4)dform ng
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sai d regi ster mar kg oH.& t-ant
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sensi ng positions of said register marks on a board by neans of a 25
canera ahd conparing results of sensing with previously entered processing
data, thereby generating in an operation part, data necessary to drive said
scanni ng head, said table, and storing data in nenory, irradiating openings
in said nmetal filmwth a |aser beam wth said scanning head and table
controlled by a control part whi ch&gﬁ‘sldzw ng data - 41 - from
menory, thereby renoving said inte in layer and form ng openi ngs

t hrough which via holes are for rredFEb(dBf orm ng via holes and conduct or
circuits. 5 10. A process for produc lti-layer printed wiring board,
whi ch conprises follow ng steps (a) @Ad) (a) formng an interlayer
insulating resin | ayer gga board co 10 with a conductor |ayer, (b)
formng a netal filmon dintg er insulating resin layer, (c) formng
openi ngs and regqi ster, mar)ks in sal metal film 15




(d) §Tacing said board wth said register marks on a table of an apparatus
for producing a multi-layer printed wiring board, said apparatus including;
an emtter of fabricating |laser, a scanning head to deflect direction of a
| aser beamin X-Y directions, a canera to sense register marks on a board,
a 20 table to support a board, an entry part for entrance of data for
fabricating a board, a nenory to store fabricating data or conputed
results, and an operation part, entering processing data into said
apparatus, sensing positions of register marks on a board by neans of said
canmera and conparing results of sepgi .t h previously entered processing
25 data, thereby generating in agjg%glgtéon part, data necessary to drive
sai d scanni ng head, said table, q:jgg gz data in nenory, irradiating
openings in said netal filmwth a’l am wth said scanning head and
tabl e controlled by a control part which driving data fronL-%f -

menory, thereby r eoorarerzssiraierirasg et ﬁl openi ngs

;
t hrough which via i ekectr y plated
filmon a board ob step (d),. . .”\’T ﬁ?%g
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(f) forming a plating resist on a board obtained in said step (e), (g)
performng electrolytic plating on a part where said plating resist 10 is
not forned, and (h) renoving said plating resist and, renoving by etching,
said netal filmand electrolessly plated filmunder said plating resist. 15
11. A process for producing a rrultl-layer printed wiring board, which

conprises follow ng steps (a) tP@ ng formng an interlayer insulating
resin layer and a netal filmo overed W|th a conductor |ayer, 20
(b) form ng an opening andar%a'lsge.r metal film and (c)
renmoving that part of said interlayer insul a sin layer which is
exposed through said opening in said netal by I rradi ation of a | aser
beam 25 aiFAqE)j at ] nsi ng
positions (o regi g E?@ ?Whl ch a via

o
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hole is fornmed. 12. A process tor producing a nulti-Is
board, which conprises following steps (a) to (d). - 43¢£
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(a)«f orming an interlayer insulating resin layer and a netal filmon a

boar d-covered with a conductor |ayer, 5 (b) form ng openi ngs and
regi ster marks on said netal film (c) placing said board with said

regi ster marks on a table of an apparatus for producing a nulti-I|ayer
printed wiring board, said apparatus including; an emtter of fabricating

| aser, a scanning head to defl 1g/fﬂ on of 10 a |laser beamin X-Y
directions, a canera to sense fég' te rks on a board, a table to support
a board, an entry part for entr ata for fabrlcatlng a board, a
menory to store fabricating data or conputed s, and an operation
part, entering proceSS|ng data |nto sai d appar-tus 15 sensi ng
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thereby generating 1'n an opera a necessa drive said
scanni ng head, said table, and storing data I n menory, Eér Qxng openi ngs
in said metal filmwith a |aser beam wth said 20 scanni ng head and
tabl e controlled by a control part which reig dniving data from nmenory,

h

t her eby renovi ng si? KRS?rlayer resin |aye orntng openi ngs t hrough
whi ch via hol es ar %? , and (d) form ng vﬁa hol es and conduct or
circuits.
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13. ﬁfb&ocess for producing a printed wiring board as defined in one of
Claink-1 to 12, wherein said register mark is an opening forned in said
metal *fil mand sensing of said reg@ister mark i s acconplished by sensing
said - 44 - sub-layer mark which is visible in an opening formed in said
metal filmthrough said interlayer insulating resin film - 45 -
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