1 DESCRIPTION ClIRCU T BOARD, LAM NATED MEMBER FOR Cl RCU T BOARD, AND
METHOD FOR MAKI NG LAM NATED MEMBER FOR CI RCUI'T BOARD Techni cal  Ed The
present invention relates to a circuit board including a “W\m\\g \\m\l m
provided with an extrenely fine circuit pattern, a Ianinu er for a
circuit board, and a nethod for meking a |am nated member f or15UFCi rcui t
board w th excellent productivity. Background Art Wth the reduction in

size and wei ght of electronic product;s,- higher precisionyi ng of
printed circuit boards has been requilr ed. %i ncepf | exi bl A\M\\m‘m&m@m\a?es
can be bent, which enables three-dimensional wiring, they argegwmtable for
reduction in size of electronic products. Therefore, the demand for
flexible fil msubstrates is i ncrESGRETMN h respect to tape autonated
bonding (TAB) techni ques which are used for connecting. | to_Liquid
crystal d:59152U5§nF0§3DbyLﬁﬂéNﬁ8EP-MEMPBBIFﬁﬁogégguﬂﬁtﬁogﬁr?efgﬁﬁver
narrow polyimde filmsubstrate, it is_possihle o] | cel | ent
f!ne-patternMEEHQDrEQBnMéﬁﬁgﬁr&BEFNAﬁgﬁgvgﬁbgkhgoheggggghgngﬁgﬁﬁ
mcro-fabrication with a polyimde filmsubstrate is substantially
reaching its 1

Technical Field

The present invention relates to a circuit board
including a flexible film provided with an extremely fine
circuit pattern, a laminated member for a circuit board, and
a method for making a laminated member for a circuit board

with excellent productivity.

Background Art

With the reduction in size and weight of electronic
products, higher precision in patterning of printed circuit
boards has been required. Since flexible film substrates
can be bent, which enables three-dimensional wiring, they
are suitable for reduction in size of electronic products.
Therefore, the demand for flexible film substrates is
increasing. With respect to tape automated bonding (TAB)
techniques which are used for connecting ICs to liquid
crystal display panels, by the roll-to-roll process with a
relatively narrow polyimide film substrate, it is possiblé
to obtain an excellent fine-pattern as a resin substrate.
However, the development of micro-fabrication with a

polyimide film substrate is substantially reaching its



limts. In order to evaluate accuracy of mniaturized pattern, an index
represented by the line wwdth and the space between |ines, and an index
represented by the position of the pattern on the substrate are used. Wth
respect to the line width and the space between lines, further

m ni aturi zation may be possible. The latter index, 1i.e., dinensional
change rate, relates to the alignnent accuracy between a circuit board
pattern and el ectrode pads when the Gircuit board and el ectronic
conponents, such as |[|Cs, are connected to each other, and as the pitch
between electrode pads in an ICis further narrowed and the nunber of

el ectrode pads in an ICis increased, it becones_ difficult to neet the
requi r ed iaddisr.acyln Traten &0 el uate 1aTHEAFY ForelrkaiiudseEo 1, 000

el ectrode pads is connected to a circuit pattern, extrenely | ow _

di nensi qritetrangan rimdex i reprRARNERA thy aFRgynl HPe WYHECR| 2R b pads in an
ICwth fine electrode pads with a pitch of 60 mor |ess preferably 50
pm or | epscefoatinesan rkines pan@rant 1nAeRr FePEESeRhedsP¥ntl®change rate, it

is, in particular, difficult to inﬁ$ove t he fabrication,of %L éible film
subst r atrasitipn ref cihe patBRER B abR ¢ cBEPBhT 2hBat ™t Pﬁﬁ?ﬁen lgr ocesses,
devel oprendpedh d-pethor hide Wittt RS FBR; BPECT | DAL ESPcpeaPely subj ect ed
A M R Lt UM el L T
the Casein?P gigégé?££g¥ 8£aR&8C§§§8§ relates to the alignment

accuracy between a circuit board pattern and electrode pads

when the circuit board and electronic components, such as

ICs, are connected to each other, and as the pitch between

electrode pads in an IC is further narrowed and the number

of electrode pads in an IC is increased, it becomes

difficult to meet the required accuracy. That is, when an

IC having more than 400 to 1,000 electrode pads is connected

to a circuit pattern, extremely low dimensional change rate

is required to align all the electrode pads in an IC with

fine electrode pads with a pitch of 60 um or less,

preferably 50 pm or less, of the circuit pattern.

In terms of dimensional change rate, it is, in

particular, difficult to improve the fabrication of flexible

£ilm substrates. In the circuit board fabrication, heat

treatment processes, such as drying and curing, and wet

processes, such as etching and development, are performed,

and the flexible film is repeatedly subjected to expansion

and shrinkage. The hysteresis during the fabrication



require alignment, if expansion and shrinkage occur during such processes,
positioning error occurs between patterns forned. The distortion of the
flexible filmdue to expansion and shrinkage nore greatly affects a
flexible printing circuit (FPC) in which a substrate with a relatively
| arge area is treated. Additionally, positioning error is also caused by
external forces, such as tension and torsion, and, in particular, when a
thin substrate is used to increase flgxibility, adequate care nust be
taken. Since the flexible filmsubstrate expands and shrinks due to

hum dity and tenperature even after the circuit formation, it is
absolutely necessary to control tenperature and humdity of the circuit
board promrcdssdhecd G enniostdnnion BvEnthfenl reRsE upet bebaf OPatR8ging is
used, the production cost is increased, it is difficult to achieve

conpl et esubnatisatte e pioothe agrise Hehguar aptesapbky odli BFPFRFEEE. Under the

circunstances, the upper limt of dinensional chagge rate og the circuit
patt er n fequite opl bonnent bl bf  eXPRRELOR heRA EBRENYRFRACEG hedppFdxi mat el v

0.015 to 0.030% and it is becomng difficult to cgge wth gurther
narrowi ngi@# PYXPReDHFETh RPELFHERERE ST ROF hRCHtRBePebFeENeRRF6§E Sads in a.

convent | BRTeq eoh TR GUELSHOEEH PBERT abBFe T L PHEPpPolerl ChavERtors have
e L s h e SR ER 205 "o £X! GEIBLYy hEgRCELeY Bhexibhm ol reuit
printing circuit (FPC) in which a substrate with a
relatively large area is treated. Additionally, positioning
error is also caused by external forces, such as tension and
torsion, and, in particular, when a thin substrate is used
to increase flexibility, adequate care must be taken. Since
the flexible film substrate expands and shrinks due to
humidity and temperature even after the circuit formation,
it is absolutely necessary to control temperature and
humidity of the circuit board prior to the IC connection.
Even when moisture proof packaging is used, the production
cost is increased, it is difficult to achieve complete
moisture proof, and the guarantee period is limited. Under
the circumstances, the upper limit of dimensional change
rate of the circuit pattern formed on a flexible film has
been considered to be approximately +0.015 to #0.030%, and
it is becoming difficult to cope with further narrowing of
the pitch and increase in the number of electrode pads in a

IC.



| am nated nmenber for a circuit board with excellent productivity, and have
found that such problems are solved by attaching a flexible filmto a
reinforcing plate having excellent dinmensional stability with an organic
layer of rework style therebetween, followed by processing, and also have
searched into specific preferred enbodi ments. Brief Description of the
Drawings Fig. 1 is a front view which schematically shows a central part
of a lamnator 1 in accordance with_the present invention. Fig. 2 is a
sectional view taken along the line X-X of Fig. 1. Figs. 3(a) to 3(f) are
front views which schematically show steps in a |amnation nethod in
apcordancg with the present.invention. Ref erence Nunerals 1 |lam nator 2
filmholmisglahest of3 Tiwgget ot flexible film6 reinforcing plate 7 organic
| ayer of rework style 8 squeegee 9 base 10 frane 12 electrostatic
chargi ng devilpeview of the problems associated with the

conventional techniqﬁes described above, the present

inventors have conducted thorough research on an extremely

fine flexible film circuit board and a method for making a

laminated member for a circuit board with excellent

productivity, and have found that such problems are solved

by attaching a flexible film to a reinforcing plate having

excellent dimensional stability with an organic layer of

rework style therebetween, followed by processing, and also

have searched into specific preferred embodiments.

Brief Description of the Drawings

Fig. 1 is a front view which schematically shows a
central part of a laminator 1 in accordance with the present
invention.

Fig. 2 is a sectional view taken along the line X-X of
Fig. 1.

Figs. 3(a) to 3(f) are front views which schematically
show steps in a lamination method in accordance with the
present invention.

Reference Numerals
1 laminator
2 film holding sheet

3 stage



14 colum 16 bracket 18 notor 20 ball screw 22 bracket 24 guide 26 nut
28 squeegee support 32a, 32b bearing 34 rotary cylinder 36a, 36b guide
38 rail 40 noving body 42 stator 43 linear notor 44a, 44b support 46

| i near cylinder Best Mdde for Carrying Qut the Invention In one aspect of
the present invention, a circuit board includes a flexible filmand a
circuit pattern conposed of a netal provided on at |east one surface of
the flexible film and dinmensional change rate of the circuit patternis
within 0.01% The flexible filmof the present invention is a plastic
film and it is inportant that the plastic filmhas heat resistance
sufficient for thermal processes in the circuit- pattern-form ng step and

in the el ect donifd-exdmdendiitlm
6 reinforcing plate
7 organic layer of rework style
8 squeegee
9 base
10 frame
12 electrostatic charging device
14 column
16 braéket

18 motor

20 ball screw

22 Dbracket
24 guide
26 nut

28 squeegee support
32a, 32b bearing

34 rotary cylinder
36a, 36b guide

38 rail

40 moving body

42 stator

43 linear motor
44a, 44b support

46 linear cylinder



mounting step. Exanples of plastic filnms used include polycarbonate,

pol yet her sulfide, polyethylene terephthal ate, polyethylene naphthal ate,
pol yphenyl ene sul fide, polyimde, polyanmde, and liquid crystal polyner
films. Anbng these, a polyimde filmis preferably used because of its
excel l ent heat resistance and excellent resistance to chemcals. A liquid
crystal polyner is preferably used because of its excellent electrical
characteristics, such as low dielectrig _loss. A flexible glass-fiber
reinforced resin sheet may also be used. Exanples of resins of glass-fiber
reinforced resin sheet include epoxy resins, polyphenylene sulfide resins,
pol yphenyl ene ether resins, nmaleimde (co)polyner resins, polyamde
resins, Beskt podge nfee Casryning Thet t Bhekhr¥enbionthe flexible filmis
preferably small in view of reduction in weight and size, of the electronic
appar at uses amd dne &ﬂnﬁﬁtthf?hQnH§?ﬁ?Qﬁeﬁmﬁﬁ%ﬁﬁoﬂwnﬁeF%?ﬁP%Eﬁ%%ﬁE s is
preferably large in order_ to_ensure nechanical strength and t intain
fIatnessinqh@¢%$o¢e?1@ﬁbblﬁiEkh@séntatﬁércPFExPBEge?PIﬁPpgoﬁﬁgfgﬁasly in
the range of 7.5 to 125 m A circuit pattern conposed a.petal..i

provi dednehal t BECYEERALPR 2F i‘?a?ﬁeoﬁgt SPLEAGE gr?rafrE e%;"‘da?(rlfggeb);llﬁl’

lam nating a petallic foi], such_as a.c er..fajl I n,.a isve

| ayer, b?nng%F%P?hﬁ?aEyc Fﬁg?nﬁ?QSrOSygggnﬁﬂ%Fhét pﬁgggFﬁAﬁFe%ﬁgﬁﬁéély, a
raM/nateréa# esin or its precursor for the flexible filmnmay be applied
to a netaPt?t foil, such as a copper foil, followed by drying and curing to

form The flexible film of the present invention is a plastic
film, and it is important that the plastic film has heat
resistance sufficient for thermal processes in the circuit-
pattern-forming step and in the electronic-component-
mounting step. Examples of plastic films used include
polycarbonate, polyether sulfide, polyethylene terephthalate,
polyethylene naphthalate, polyphenylene sulfide, polyimide,
polyamide, and liquid crystal polymer films. Among these, a
polyimide film is preferably used because of its excellent
heat resistance and excellent resistance to chemicals. A
liquid crystal polymer is preferably used because of its
excellent electrical characteristics, such as low dielectric
loss. A flexible glass-fiber reinforced resin sheet may
also be used.

Examples of resins of glass-fiber reinforced resin
sheet include epoxy resins, polyphenylene sulfide resins,
polyphenylene ether resins, maleimide (co)polymer resins,
polyamide resins, and polyimide resins. The thickness of

the flexible film is preferably small in view of reduction



a flexible filmprovided with a netal layer. As the netal |ayer, any

hi ghl y conductive netal can be used, and for exanple, gold, silver, or

al um num may be used. As the nethod for formng the circuit pattern
conposed of the netal, a full additive process, a sem -additive process,
or a subtractive process may be used. The full additive process will be
descri bed below. A catalyst, such as palladium nickel, or chromum is
applied to the surface on which a cirguiit pattern is to be formed,

foll owed by drying. Herein, the catal yst does not act as the nucleus for
plating growh as it is. However, after the catalyst is activated, it acts
as the nucleus for plating growh. A photoresist is then app|/ied thereto
by a spiih Gedlgrt aidadd moatferthe cilectoeanlc anparddis’®s A diR coater, or
by screen printing, followed by drying. The photoresist is, exposed through
a phot orasiemittd fomr etisterviad kgt el ke e il PR ST ebFst 1ayer in the
sections in which the plating filmis not required, The , ex

osed
phot or egirsfe maldley el el ircAzdss e CRHEF RYFRAR £ aﬁﬁr?lﬁ‘é&bo?gﬁm de
filmis dipped in an electroless plating solution congosgf of copper
sul f at e tandna Froravent deaeRe 3. f PR EC EdbPer EE at R hGKPESRrO%i FR®a t hi ckness

of 2 to 20 m The photoresist |layer |S renoved as pequired. ircuit
pattern fhexih#Qﬂﬁgiﬁn%ﬁrﬁ%ﬁfq?%b%%ninaéﬁ?tF%%g%r%iezsém??l1%§ g%écribed

O o oo b R e SE AR AL, o gl aver s
the flexible film. The metal layer may be formed by
laminating a metallic foil, such as a copper foil, using an
adhesive layer, by sputtering, by plating, or by combining
these. Alternatively, a raw material resin or its precursor
for the flexible film may be applied to a metallic foil,
such as a copper foil, followed by drying and curing to form
a flexible film provided with a metal layer. As the metal
layer, any highly conductive metal can be used, and for
example, gold, silver, or aluminum may be used. As the
method for forming the circuit pattern composed of the metal,
a full additive process, a semi-additive process, or a
subtractive process may be used.

The full additive process will be described below. A
catalyst, such as palladium, nickel, or chromium, is
applied to the surface on which a circuit pattern is to be
formed, followed by drying. Herein, the catalyst does not
act as the nucleus for plating growth as it is. However,
after the catalyst is activated, it acts as the nucleus for

plating growth. A photoresist is then applied thereto by a



or an alloy of these netals. The thickness of the wunderlayer is in the
range of 1 to 1,000 nm It is effective in securing sufficient
conductivity for subsequent electroplating, in inproving adhesion of the
metal layer, and in preventing pinhole defects to deposit a copper |ayer
by sputtering further on the underlayer at a thickness of 50 to 3,000 nm
Before the underlayer is fornmed, in order to inprove adhesion, the surface
of the polyimde filmmy be subjected to plasnma treatnent, reverse
sputtering, prinmer layer application, or adhesive |ayer application as
appropriate. A photoresist is applied to the underlayer, 9 followed by
drying. The photoresist is exposed through a photomask with a

pr edet ergp iteccqut der rotadé ocon e photok bstettényebal ncoatesecProftd®i n whi ch
the plating filmis not required. The exposed photoresist is devel oped.

El ect r opdd iang, i sr thens peedénrpetnushag fhgl@ﬂadrbﬁy@FYé§gan TBRectrode. As
the electroplating solution, a copper sulfate plating solution, a copper
cyanide'gﬁ@ﬂ@I@SSQtui$om&pgse@obbé®u9?répﬁb@bﬁ@?ékaéghn@ soj ution, or the
like is used. A copper-plating layer is forned at a_thickness.of 2 to 20
m and opteder¢ryinedapahgewnt hogbPEM Aj BREFOresAStolayRE lpiigeié further
perfornmed. The photoresist is renpved, and .the nderla¥er i s trenoved by
slight esesrhonsAlkjveirh thatPerhiPg FEEWeB? BBEaFﬁQH} e s&é@raotive

process will be described below, First, . a 8nif9rn1netal | ayer is formed on
a fl exi bEEPPFEeh Phatoresist is developed. atalyst 1is then

activated, and the polyimide film is dipped in an

electroless plating solution composed of copper sulfate and
formaldehyde to form a copper-plating layer with a thickness
of 2 to 20 um. The photoresist layer is removed as redquired.
A circuit pattern is thereby obtained.

The semi-additive process will be described below. An
underlayer is deposited on a surface on which a metal layer
is to be formed by sputtering of chromium, nickel, copper,
or an alloy of these metals. The thickness of the
underlayer is in the range of 1 to 1,000 nm. It is
effective in securing sufficient conductivity for subsequent
electroplating, in improving adhesion of the metal layer,
and in preventing pinhole defects to deposit a copper layer
by sputtering further on the underlayer at a thickness of 30
to 3,000 nm. Before the underlayer is formed, in order to
improve adhesion, the surface of the polyimide film may be
subjected to plasma treatment, reverse sputtering, primer
layer application, or adhesive layer application as

appropriate. A photoresist is applied to the underlayer,



order to formthe uniform netal | ayer, a netallic foil, such as a copper
foil, my be lamnated to a flexible filmwith an adhesive |ayer, or the
netal |ayer may be forned on a flexible filmby sputtering, plating, or
conmbi nation of these. Alternatively, a raw material resin or its precursor
for the flexible filmmy be applied to a netallic foil, such as a copper
foil, followed by drying and curing to form a flexible filmprovided with
a netal |ayer. Next, a photoresist_jgaapplied to the netal |ayer, followed
by drying. The photoresist is exposed through a photomask with - 10 a
predeterm ned pattern to forma resist layer in the sections in which the
metal filmis required. The exposed photoresist is devel oped. After
et chi ng fdielowddl by ayeying t heTlphoplw earesishybs expeerdvERIOHAR & circuit
pattern is thereby obtained. It is inportant that dimensional change rate
of the pholandspatiehne opredeteprniesd PAYERTRORCI SOWRt Ai RPOLOISFIAT or der
to cope with further narrowi ng of the pitch and, incrﬁase in _the nunber of
el ect r odeayensin nthe $ect homs nbrewhpef BREDPYACURHRAL-BnAF BRAnge rate is
within 0.005. In another aspect of the present .inv ntign, a | am nat ed
nmenber f0¢q®;E¢dcuiTh%oé¥E°Fﬁ€IEH%EOEeFéPEbeCPﬁﬁeEPBF s an organic |ayer
of rework style, a flexible film and ad ci[cui% atksrnlcongoggdagf a
netal | afleateePiatingt 18r GReD Eﬁé%ﬁF@? oPSHREeFPEl $PPSF 18 YS(bEEr Al used
h reinforcin I i i i

as the eféctgogg.g Rsa%ﬁelgiggg%oh 9t %8'%095 i%%?’as%%gp%§ $W9%Fate

plating solution, a copper cyanide plating solution, a

copper pyrophosphate plating solution, or the like is used.

A copper-plating layer is formed at a thickness of 2 to 20

pum, and optionally, plating with gold, nickel, tin, or the

like is further performed. The photoresist is removed, and

the underlayer is removed by slight etching. A circuit

pattern is thereby obtained.

The subtractive process will be described below. First,

a uniform metal layer is formed on a flexible film. In

order to form the uniform metal layer, a metallic foil, such

as a copper foil, may be laminated to a flexible film with

an adhesive layer, or the metal layer may be formed on a

flexible film by sputtering, plating, or combination of

these. Alternatively, a raw material resin or its precursor

for the flexible film may be applied to a metallic foil,

such as a copper foil, followed by drying and curing to form

a flexible film provided with a metal layer. Next, a

photoresist is applied to the metal layer, followed by

drying. The photoresist is exposed through a photomask with



lime glass, borosilicate glasses, and silica glass; ceramcs, such as
alumna, silicon nitride, and zirconia; metals, such as stainless steels,
I nvar alloys, and titanium and glass- fiber reinforced resins. Al of
these materials are preferably used because of their small coefficient of
t hermal expansion and snmal | coefficient of hygroscopic expansion.

I norgani ¢ gl asses are nore preferably used because of their excellent heat
resistance and resistance to chenmicalg Ln the circuit-pattern-form ng
step, because - 11 |arge-area substrates with satisfactory surface

snoot hness are easily obtained, because plastic deformation does not
easily occur, or because particles are not easily generated by collision
during ta gnspietetmiomed Apante ey Eormok ose$ieht bayehsinr EPfesent ed by

al um noborosilicate glass is nost preferably used because of its high
modul us séctisbmsticiwlylemdtkeranetabefilei bht TeAUL ReRmal TRRpSHEPERY Wien a
metal or a glass-fiber reinforced resin is used t he rfi forcing plate,
al t hougrpheiter @ik | hy Reyebereder RERRE PRCRRBIT gﬁﬁn Beta |3ﬁb’e\ﬂeb, in

ot her words, perforped by roll-to-roll procgss, i N orger %g ?%skgy obtain
| ow di neklee aPeteremyet rha¥erthd EPPeYPE’ hBafd2ofLERB CpPBSERT Y Avention is
preferably manufactured by sheet processing. The sheet processing is also
pr ef er abFeepeeRucRtakPgR- al i gnnent accuracy is easily secured by opti cal
position detection,, novabl e staq&i et c.

| :
eIectronic-chde%ﬁFaﬁﬁﬁEﬂﬁmgt%?%p. ¢%9%+%?é?h%ﬁ§%%%trate of the

circuit pattern of the present invention is within #0.01% in
order to cope with further narrowing of the pitch and
increase in the number of electrode pads in an IC, and more
preferably, dimensional change rate is within +0.005.

In another aspect of the present invention, a laminated
member for a circuit board includes a reinforcing plate, an
organic layer of rework style, a flexible film, and a
circuit pattern composed of a metal laminated in that order.

Examples of materials for a substrate used as the
reinforcing plate include inorganic glasses, such as soda-
lime glass, borosilicate glasses, and silica glass; ceramics,
such as alumina, silicon nitride, and zirconia; metals, such
as stainless steels, Invar alloys, and titanium; and glass-
fiber reinforced resins. All of these materials are
preferably used because of their small coefficient of
thermal expansion and small coefficient of hygroscopic
expansion. Inorganic glasses are more preferably used
because of their éxcellent heat resistance and resistance to

chemicals in the circuit-pattern-forming step, because



processing nmeans that, instead of a | ong web, individual sheets are

handl ed. When a gl ass substrate is used as the reinforcing plate, if the
gl ass substrate has a snmall Young's nodulus or the glass substrate is
thin, since warpage and torsion are increased by the expansion and
shrinkage of the flexible film the glass substrate may be cracked when
vacuum sucked on a flat stage. Additionally, since the flexible filmis -
12 deformed by vacuum suction/rel easg; Lt tends to be difficult to

mai ntai n | ow di mensi onal change rate. %h the other hand, if the glass
substrate is thick, flatness may be degraded due to nonuniformthickness,
resulting in a decrease in exposure accuracy.' Additionally, handling |Ioad
by a robdrgeratém $ulketiateeastth apatisiactREsSUFERFRUFROPENPRSASE er

substrates quickly, resulting in a decrease in the Erodu tivih¥ and an
i ncreaseaie ¢amhbpovhbtabeed, Fegcahse PLasbhs dRECFPBEUCRLEVES RPLh respect

to the glass substrate used as a reinforcing plaﬁg émhgn t he sh%et
processi egsiky osedr, ehebpradsetPaftifteTodhg ECholafa y(ﬁﬁpﬁﬁﬁ)egnd t he

cube of the thickness (nm is preferably 850 o 860,000 kg-mm nore
pref er abby 205bbsi@n198r 509 Rﬁ?ﬁﬁ?oﬁﬁatﬁﬁgt 8?8r58ﬁ?’2?400 to 110, 000
Tot Al sUBSFPat LLRALSaILRAP| T YBEAGCD LHOATYuS BP PREC: PErar CETBO TR AE o
o B epi2EPage 200,107 3580 BLEauLACEEAT8Y RY gh"RoBARRSAN and
elasticity and small coefficient of thermal expansion. |

When a metal or a glass-fiber reinforced resin is used
as the reinforcing plate, although manufacturing may be
performed in the form of a long web, in other words,
performed by roll-to-roll process, in order to easily obtain
low dimensional change rate, the circuit board of the
present invention is preferably manufactured by sheet
processing. The sheet processing is also preferable because
high alignment accuracy is easily secured by optical
position detection, a movable stage, etc., in the
electronic-component-mounting step. Herein, the sheet
processing means that, instead of a long web, individual
sheets are handled.

When a glass substrate is used as the reinforcing plate,
if the glass substrate has a small Young's modulus or the
glass substrate is thin, since warpage and torsion are
increased by the expansion and shrinkage of the flexible
film, the glass substrate may be cracked when vacuum-sucked

on a flat stage. Additionally, since the flexible film is



film it becones inpossible to vacuum suck the substrate on a flat stage.
Since the flexible filmis defornmed due to the warpage and torsion of the
nmetal substrate, it becones difficult to secure |ow di nensional change
rate. Additionally, if creasing occurs, the product is considered to be a
defect product. On the other hand, if the metal substrate is thick,
flatness may be degraded due to - 13 nonuniformthickness, resulting in a
decrease i n exposure accuracy. Addit% nal Iy, handling |oad by a robot or
the like increases and it becones difficult to transfer substrates

qui ckly, resulting in a decrease in the productivity and an increase in
transport cost. For the reasons described apove, wth resggc% to Rpe net al
subst r atde farsedi dry waaiu et zekeasde b oeRRES ofC AR $HERYCEL Crodul us
(kg/ m®2) and the cube of the thickness (mm is preferabl é toh16§,560

kg- mm oy eagimefaimablaw 1binenSRmDh ChepPdtn FakY: noSh B}r‘%fé}: BFy"35% o
20,500 kg-mm The organic |ayer of rework ﬁtgle used in tge gr ggnt

i nvent i orf i Bhe ks Wes B BRInks | Vel ok pf L3ERPES SBAY| PRVESIA3RESi ve, and
any adhesive through which the flexible film can be d.to the

rei nf or cdiR) P RERHEPFBNFIMTFERCERe r‘??‘éi{#bﬁl% H 8§%£§§g§e%¥alched after

' b d. As _adhesi _ Cti Ve,
or exarteosten ageytocyor AfgthaneshbmeoroRogF LT BY) pafoBEREL Lond
{hat “satos WS o HaIRRCTERSFS Bxfli b RCoNebal2BILRRE (BURTRRGRCEANGE SO

substrates quickly, resulting in a decrease in the

productivity and an increase in transport cost. For the
reasons described above, with respect to the glass substrate
used as a reinforcing plate (when the sheet processing is
used), the product of the Young's modulus (kg/mm2) and the
cube of the thickness (mm) is preferably 8530 to 860,000
kg-mm, more preferably 1,500 to 190,000 kg'mm, and most
preferably 2,400 to 110,000 kg -mm.

When a metal substrate is used as the reinforcing plate,
if the metal substrate has a small Young's modulus or the
metal substrate is thin, since warpage and torsion are
increased by the expansion and shrinkage of the flexible
film, it becomes impossible to vacuum-suck the substrate on
a flat stage. Since the flexible film is deformed due to
the warpage and torsion of the metal substrate, it becomes
difficult to secure low dimensional change rate.
Additionally, if creasing occurs, the product is considered
to be a defect product. On the other hand, if the metal

substrate is thick, flatness may be degraded due to



when the flexible filmis processed and detachnent is easily perforned
W t hout causing distortion of the flexible film substrate. A silicone
resin filmnmay be used as a rel ease agent in the present invention. A
silicone resin layer with tackiness may al so be used as the organic |ayer
of rework - 14 style in the present invention. An epoxy resin layer with
tacki ness may al so be used as the organic |layer of rework style. An
adhesi ve whose adhesion decreases ipn {ge_low tenperature region, an
adhesi ve whose adhesion is decreased y ultraviolet irradiation, or an
adhesi ve whose adhesion is decreased by heat treatnment may al so be
preferably used. Anong them the adhesive in which adhesion is decreased
by ul t meoniun ieforim rigiti ckness i sramitkl Pref bR ad| §ecEYSPetBAUSEPASUERaNge in
adhesion is large before and after ultraviolet irradiatjon, and by
crossl i ddaurade. adhddi Vionyllyi rkandl B2 192ddPAt # ohOBeFoPE EPEctronic
conponents are bonded to the substrate with high-te er?ture and
hi gh- pr ebike ein¢reases pard| bt eerreppitis1cht tehPnjr 8RSERE adhesi ve due to
the tenperature and deformation due to the gressuren Ighorder to ensure
resi st ant@bbrates galckhyid HeadlFERYstBntcdPRIEARS 10 the
circuit-pattern-formng-step, crosslinki by ultraviolet - irgadiation is
preferab@?O%%G?thEH_%g@o?% fﬂ%rﬁ%?ep?BcgggnggﬁaﬁoFOﬁgétigakpﬁggess in the
ghgcfgékfgéégﬁg;égég}ggéﬁtSBoveFX%1 he§eg£eE@et8d@E§'ﬁgt5ﬂ WGl radhesi on

used as a reinforcing plate, the product of the Young's

modulus (kg/mm2) and the cube of the thickness (mm) is

preferably 2 to 162,560 kg-mm, more preferably 10 to 30,000

kg'mm, and most preferably 15 to 20,500 kg-mm.

The organic layer of rework style used in the present
invention is composed of an adhesive or pressure-sensitive
adhesive, and any adhesive through which the flexible film
can be attached to the reinforcing plate and from which the
flexible film can be detached after processing may be used.

As the adhesive or pressure-sensitive adhesive, for example,
an acrylic or urethane adhesive of rework style may be used.
The adhesion of the adhesive is preferably in the weak
adhesion range so that satisfactory adhesion is exhibited
when the flexible film is processed and detachment is easily
performed without causing distortion of the flexible film
substrate.

A silicone resin film may be used as a release agent in

the present invention. A silicone resin layer with

tackiness may also be used as the organic layer of rework



decreased by ultraviolet irradiation include a two-part acrylic adhesive.
Exanpl es of the adhesive in which adhesion and tackiness decrease in the
| ow-t enperature region include an acrylic adhesive which is reversibly
transforned between the crystalline state and the non - 15 <crystalline
state. In the present invention, the preferable adhesion of the organic

| ayer of rework style is nmeasured by the straight angle peel strength when
a flexible filmwith a wdth of 1 gnlgtgached to a reinforcing plate with
the adhesive of rework style is peeled off. The peel rate for neasuring
the adhesion is 300 M m n. Herein, the weak adhesion range refers to a
range of 0.1 to 100 g/cm when adhesion is nmeasured under the conditions
descri best yibovin tHe timee gt Stvemgion wi thn vepeRyt hesitekpBeE Vith is
peel ed off the organic |ayer of rework style is too small the flexible
fi 1 m eyt dek et o ealy daksadoe hesedramt tom oFgarhe £RYehi #LpkEYEFK. On the
other hand, if the peel strength with which the flexile filmis peeled off
" the orgamvkel ayer of rework style is too large, the flexible filmis

deformed during peeling, resulting in an_increase jn dinfnslonal change
rate. |f thePadmstiiasd g mdirie adhesPn |RGee2ReR | 1 gt % 1A% flexible film

may al so occur, which causes prqoblens in the steps,subsequent eel i ng.
The def beRETBFUBRRAJT@EFPRNg2R & hﬁ%bgﬁdwaﬂs‘?héd%ﬁﬁanslﬁogﬁlcﬁseta%gﬁd

thlCknesgyoaléggviéfékbkgr;éggLigx,ngtgglLhﬂgsgggs%hose adhesion is

decreased by heat treatment may also be preferably used.
Among them, the adhesive in which adhesion is decreased by
ultraviolet irradiation is more preferably used because a
change in adhesion is large before and after ultraviolet
irradiation, and by crosslinking the adhesive by ultraviolet
irradiation before electronic components are bonded to the
substrate with high-temperature and high-pressure, it is
possible to suppress softening of the adhesive due to the
temperature and deformation due to the pressure. In order
to ensure resistance to chemicals and heat resistance in the
circuit-pattern-forming-step, crosslinking by ultraviolet
irradiation is preferably performed before the wet process
and/or heating process in the circuit-pattern-forming-step.
Examples of the adhesive in which adhesion and tackiness are
decreased by ultraviolet irradiation include a two-part
acrylic adhesive. Examples of the adhesive in which
adhesion and tackiness decrease in the low-temperature
region include an acrylic adhesive which is reversibly

transformed between the crystalline state and the non-



paranmeters within specific ranges, the flexible filmis not detached in
the fabrication process, and the deformation and curling of the flexible
filmdue to peeling can be prevented. That is, the product of A B, and C
is preferably in the - 16 range of 4.3 x 10-6 to 4.3 x 10-3, nore
preferably in the range of 8.6 x 10-6 to 8.6 x 10-4, and nost preferably
in the range of 2.15 x 10-5 to 5.16 x 10-4, where A (g/cm is the peel
strength, B (m 1) is the reciprocal _ofgthe thickness of the flexible film
and C (m®2/kg) is the reciprocal of the Young' s nodulus of the flexible
film In order to apply the organic |ayer of rework style and a
photoresist to the substrate, a wet coating nethod is used. Exanples of
wet coatqiryp teplplairret Lsteastaised i ncl ude spin coaters, reverse coaters, bar

coaters, blade coaters, roll coaters, die coaterskS screen ﬁgint rs, dip
coaters, and Ieprtiye cumsent wen iR ortdihiRr 58/a0 17 qih&ﬁ 5t9te is

directly applied to jndividual reinforcing,glates ang 6 ggotoresist f or
form ng the efganic Laved 9?5 BeYeEk| SEYLppt? BCRBF i O¥dbdF flexible film

sheet substrates, a die cpater is preferably.used. T i ss.al though a
spi n coaﬁ%?alg%tu%%%}?yP%%%dsFﬁe?ﬂERmﬁ?eEoﬁt¥ﬁ xﬁg}ﬁog%igraEﬁ i%idual

bal ance WeAHecnt | heCBeRFATIBAI CF of cbo MO Coue BT RE G EE0aP e on of the
o SRRt r SOEPRERDAEL]Y, LA, PUBBUP e ernkpatty et e o o
measuring the adhesion is 300 mm/min. Herein, the weak
adhesion range refers to a range of 0.1 to 100 g/cm when
adhesion is measured under the conditions described above.
If the peel strength with which the flexible film is
peeled off the organic layer of rework style is too small,
the flexible film may be detached during the formation of
the circuit pattern. On the other hand, if the peel
strength with which the flexile film is peeled off the
organic layer of rework style is too large, the flexible
£ilm is deformed during peeling, resulting in an increase in
dimensional change rate. If the adhesive strength is too
large, curling.of the flexible film may also occur, which
causes problems in the steps subsequent to peeling. The
deformation and curling also depend on the Young's modulus
and thickness of the flexible film. By controlling these
parameters within specific ranges, the flexible film is not
detached in the fabrication process, and the deformation and
curling of the flexible film due to peeling can be prevented.

That is, the product of A, B, and C is preferably in the



Addi tionally, since the centrifugal force is not applied to the center of
rotation, although it depends on the types of the coating solution used,

i't may be difficult to apply a - 17 thixotropic coating solution or a
coating solution with high viscosity uniformy to the substrate. Wth
respect to a reverse coater, bar coater, or blade coater, in order to
obtain stable coating thickness, a coating Iength of several tens of
centinmeters to several neters or norejgs-required after discharging of the
coating solution starts, and therefore, such a coater mnmust be used
carefully when individual sheet substrates are coated. VWth respect to a

roll coater, screen printer, dip_coater spra oat er is difficult
H) obt ﬁm‘ariﬁegfoﬁa(ﬂc& ac QR Eeafli Agxt hPc :ané%%re qq?eb]t%lléﬁraﬁbee for the

ow characteristic of th coatlng sol ption is arro respect to a
rol | coatarge difp 8 coat e1r0 e 0£0a8sfr éyle and fog s B {[]yt:'on pﬁhé

thick film by t d
Eﬁlrolst)?;f?ﬂ%zcﬁﬁc\o?gr{% e]Lq dtﬁugg%%t Ergco,ﬁdn:@}é:]?%;ﬁr %P%IP {T‘%)y novi ng a
and a coatin a t f
(he ot dryal e f%gB ﬁagtaa?lg %gﬁd BRI BsSaAng hasy TLGESEAre 1o
SS e_nonyn ty t
coating %W%rff%ﬁﬁbi% t%%d %a ﬁaéﬁh nﬁ%lon #%F égéfgiﬂgﬂ% tsécgra

mllimet rs tp sev te f pvhen i ndividual sheet
subst'r at €317 ° 88%&%gus ffH(}Lperlo ?cally driven netering punps are

gear In order to apply the organic layer of rework style and
a photoresist to the substrate, a wet coating method is used.
Examples of wet coating apparatuses used include spin
coaters, reverse coaters, bar coaters, blade coaters, roll
coaters, die coaters, screen printers, dip coaters, and
spray coaters. When the organic layer of rework style is
directly applied to individual reinforcing plates and a
photoresist for forming the circuit board is directly
applied to individual flexible film sheet substrates, a die
coater is preferably used. That is, although a spin coater
is usually used in the wet coating method for individual
sheet substrates, since the thickness of coated layer is
controlled by the balance between the centrifugal force due
to the high revolution of the substrate and the
adsorbability to the substrate, the utilization ratio of the
coating solution is 10% or less, thus being ineffective.
Additionally, since the centrifugal force is not applied to
the center of rotation, although it depends on the types of

the coating solution used, it may be difficult to apply a



punps and piston punps. Since the organic |ayer of rework style generally
has a higher viscosity than that of a - 18 photoresist, a die coater is
preferably used. The organic |ayer of rework style nay be directly applied
to the reinforcing plate, or the organic |ayer of rework style may be
applied to anot her base, such as a long web, and then transferred to the
reinforcing plate. Wien transferring nethod is enployed, although a
portion with wuniformthickness only ¢gan_be used, the nunber of steps is
i ncreased, or another base for transferring is required. Alternatively, the
organic layer of rewirrk style may be applied to the flexible filmused as
the substrate of ~circuit board, and then lamnated to the reinforcgng
pl ate. Reeliolgromic beoaeiidorseitiomerr 22 ¢Prting eFhebloBerhblnltH
reinforcing plate and the organic layer of rework style or gt t he
i nt er f acel Seasiden Whif ormhyi €0 | Byersukstrater k YR er &P EhetPI 8xibl e film
Peeling is preferably perforned at the in%grfac§ bet ween_t he grganic
| ayer ofC@eREIk G2FTRL anfR¥ heCdFeki hPE P17FHERAGEE  t hB SFHBY 5P renovi ng
the organic | ayer of rework style adhering to_, the ilex'gl fil er
peel i ng @?Ptahe %Fﬁ%%?cc?%§é?go¥hl?§ﬂﬁ?§'sgngaEéﬂgb eBﬁ# tgg.sﬁrgﬁé?ably,
an auxiliary adhesjye #g er_is_provided getme E reLn ng4pl ate and
the or gah®Rs|ayerepFife ¥§ E?yfgvefﬁ seg gﬁ§l§? # ge g%gg%?g&?gyer of
rework style and the flexiblLe filmcan_he e he_i,pterface
therebetﬁgEﬁrn%+§CF§F9éﬁgy9% tLe coaglng so?ﬁ&@gg gt@&t%, a

therefore, such a coater must be used carefully when

individual sheet substrates are coated. With respect to a

roll coater, screen printer, dip coater, or spray coater, it

is difficult to obtain high accuracy in coating thickness,

and the tolerance for the flow characteristic of the coating

solution is narrow. With respect to a roll coater, dip

coater, or a spray coater, it is difficult to form a thick

film by coating. With respect to a die coater, by combining

a periodically driven metering pump, a mechanism for

relatively moving a substrate and a coating head, and a

system for comprehensively controlling the metering pump,

the substrate, and the coating head, it is possible to

suppress the nonuniformity of thickness in the moving

direction at the coating start section and the coating end

section in the range of several millimeters to several tens

of millimeters when individual sheet substrates are coated.

Examples of periddically driven metering pumps are gear

pumps and piston pumps. Since the organic layer of rework

style generally has a higher viscosity than that of a



Preferably, the auxiliary adhesive agent has strong - 19 adhesion with the
reinforcing plate and the organic layer of rework style., and preferred
exanpl es thereof include silane, organotitanium organophosphorus
auxiliary adhesive agents. Exanples of silane auxiliary adhesive agents
include hal ogen silanes, alkoxy silanes, and acetoxy silanes, and exanples
of organotitaniumauxiliary adhesive agents include titanium esters,
titaniumacilates, titanium chel ates. gxanples of organophosphorus
auxil i ary adhesive agents include nono- al kyl phosphate, alkyl
phosphonates, and dial kyl phosphites. Preferably, a silane auxiliary
adhesi ve agent is enployed because it can be easily and snmoot hly applied
to the pleotndoesisig phade apebteribsipespenabye. us®dn the reinforcing
plate is conposed of glass, an al koxy silane represented by formula (I)
bel ow i s par tTheulcdanisr diasreiblal TRt STl hasr 6 0 STHEEOF Y et t abi ity
with glass and quickly reacts with ?Iass to forma strong bond. .(Rl) a (R2
Si - (OR®PRLEe®- ko (the)reinmfaycingheiabf; ehchh8f ORI2RHE RBYFE 8fmonoval ent
al kyl group, R1 - 20 and R2 belng t he sang, or ifferenth each of R3 and R4
hsf?n aFRyPrkrotipl pala¥igee BPLLEdr henaRPORET RBSEndSEA h8Fng gﬁgg same or
ifferent, and each of a, b, and c_is i
rel ati ond®Pp and thnct;a&sfgrgegepﬂgtﬁg &QEEQSECERg 81a%e.2’W%%n3’ the
transferring method is employed, although a portion with
uniform thickness only can be used, the number of steps is
increased, or another base for transferring is required.
Alternatively, the organic layer of rework style may be
applied to the flexible film used as the substrate of
circuit board, and then laminated to the reinforcing plate.
Peeling may be performed either at the interface
between the reinforcing plate and the organic layer of
rework style or at the interface between the organic layer
of rework style and the flexible film. Peeling is
preferably performed at the interface between the organic
layer of rework style and the flexible film because the step
of removing the organic layer of rework style adhering to
the flexible film after peeling of the organic layer of
rework style can be omitted. Preferably, an auxiliary
adhesive layer is provided between the reinforcing plate and
the organic layer of rework style. Consequently, the
organic layer of rework style and the flexible film can be
detached at the interface therebetween more reliably.

Preferably, the auxiliary adhesive agent has strong



satisfied. Specific exanples of the al koxy silane represented by fornula
(1) include, but not limted to, vinyltrinmethoxy silane, vinyltriethoxy
silane, vinyltris((3 nethoxyethoxy) sil ane,

0- (3, 4- epoxycycl ohexyl )ethyl tri met hoxy silane, y-glycidoxypropyltrimethoxy
silane, y- glycidoxypropyl net hyl di et hoxy sil ane, y-

gl yci doxypropyl tri ethoxy silane, y- nethacryl oxypropyl net hyl di et hoxy
silane, y- methacryl oxypropyltrinetho sil ane, y-

met hacr yl oxypr opyl net hyl di et hoxy sil ané, y- nethacryl oxypropyltriethoxy
silane, N 13(am noet hyl)y- am nopropyl nmet hyl di met hoxy sil ane,

N 13(am noet hyl )y- am nopropyl tri nethoxy silane, N-13(am noethyl)y-

ami nopr cpgtd s it hokyh sthaneeiytend hoprppyte randt HoRyosgpake, layer o

y-am nopropyl tri et hoxy silane, N phenyl-y- am nopropyltrinethoxy sil ane,

y- chl or apswpyk t st yiee hoxyd Br¢§ﬁé¥e§-ﬁ%@@ﬁb@%p?hﬁ??@gihﬁFﬁBQ? §F¥5ﬁ§{ and
phenyltriethoxy silane. In the present invention, thg auxiliaré %dhesive

| ayer neygaeofbrariuby angapePhedPharusSt BHXEkARPYe2OBGSIVRePAGR Y PN - 21
whi ch an auxiliary adhesive agent is applied al one _or.as.a sgl tig

obt ai nedExgmplesop§i Alepe avkiltary aﬁﬁséwé ageRts LRCAugs) 8#9,9 F’ol | owed
by drying._ Specific exanples of the solyent used_includ met hyl

et hyl keﬁbh@?eﬁetﬁ@kostﬁbﬁﬁ9Fske?Bﬂe?C8§BF¥h§§§ﬁ8ﬁ8{ gpﬁe%%§h§2§5 et hyl

acetate’of organotitanium auxiliary adhesive agents include titanium
esters, titanium acilates, titanium chelates. Examples of
organophosphorus auxiliary adhesive agents include mono-
alkyl phosphate, alkyl phosphonates, and dialkyl phosphites.
Preferably, a silane auxiliary adhesive agent is employed
because it can be easily and smoothly applied to the
reinforcing plate and it is inexpensive. When the
reinforcing plate is composed of glass, an alkoxy silane
represented by formula (I) below is particularly preferable
because it has satisfactory wettability with glass and

quickly reacts with glass to form a strong bond.

wherein, each of R! and R? is a monovalent alkyl group, R1



butyl acetate, hexyl acetate, butyl propionate, nethanol, ethanol,

i sopropyl al cohol, ethylene glycol, propylene glycol, tetrahydrofuran,

1, 3-di oxane, 1, 4-di oxane, heptane, octane, nonane, decane,

y- butyrol act one, S-decanol actone, benzene, toluene, xylene,

1, 2-di chl or oet hane, chloroform chl orobenzene, 1, 2-di nmethoxyet hane,

di et hyl ene glycol dinethyl ether, diethylene glycol ethyl nethyl ether,
di et hyl ene gl ycol diethyl ether, N N-gjynethylformam de, N N

di met hyl acet am de, di net hyl sul foxide, N-nethyl-2- pyrrolidone, and
sulfolane. If the auxiliary adhesive layer is too thin, satisfactory
adhesion is not easily exhibited, and if the auxiliary %fﬁﬁvae | ayer is
t 0o t hi dnd ®2ables nandhseslamey ol Ifeaant TIRAETE e Rt 8% R cRFe88 of the

auxiliary adhesive layer is preferably 2 nmto m d, nor.e referably 5
nmto 1 aMkyh greuprkzeing i hvieht? oFRIPR of BRRSt OPE"? n?ﬂ%:}% G gcﬁ’e bet ween

the reinforcing plate and the organic_layer of .rework_styl roughness my
be for megRg Qh #Eﬁ?ﬁ%ﬁ%in@ndp¢%$%.°ffarothﬁ%gsci%Sfapnéaggﬂe?hg?surface
of the - 22 reinforcin late tp ich the flexiblLe.fLLmi .am nat ed,

t he renm¥able %¢d§ﬁi%lsg%§t5ﬁ RLEARE %ptﬁegrgughﬁeES} %ﬁgh %8#@ ion with
the reinforcing glate is increased by the anchoring effect. Surface
roughnes%a%%ﬁfb% formed by sand bl asting, chem cal etching, or a nmethod in

which a OthSpescuir iac(::ee:’l(éf’}Xpefeé Sof OB, PRt hes SYLfaceePfe 588 EQ BFOT Cing

formula (I) include, but not limited to, vinyltrimethoxy
silane, vinyltriethoxy silane, vinyltris (B-
methoxyethoxy)silane, B- (3, 4-epoxycyclohexyl)ethyltrimethoxy
silane, y-glycidoxypropyltrimethoxy silane, ¥-
glycidoxypropylmethyldiethoxy silane, y-
glycidoxypropyltriethoxy silane, y-
methacryloxypropylmethyldiethoxy silane, Y-
methacryloxypropyltrimethoxy silane, Y-
methacryloxypropylmethyldiethoxy silane, Y-
methacryloxypropyltriethoxy silane, N-B (aminoethyl)y-
aminopropylmethyldimethoxy silane, N-f (aminoethyl)y-
aminopropyltrimethoxy silane, N-f (aminoethyl) y-
aminopropyltriethoxy silane, y-aminopropyltrimethoxy silane,
y-aminopropyltriethoxy silane, N-phenyl-y-
aminopropyltrimethoxy silane, y-chloropropyltrimethoxy
silane, y-mercaptopropyltrimethoxy silane, and
phenyltriethoxy silane.

In the present invention, the auxiliary adhesive layer

may be formed by any method, and for example, by a method in



plate, but the nmethod is not limted thereto. In chemcal etching, the
reinforcing plate is imersed in an acid or al kaline aqueous solution so
that the surface is etched, thus form ng roughness. In particular, when
the reinforcing plate is a glass substrate, since the reinforcing plate
has high resistance to chem cals, high-concentration hydrogen fluoride or
sodi um hydroxide is preferably used. Al though the material for beads used
in sand blasting is not particularlyshinmted, since the reinforcing plate
is generally conposed of a hard material, a glass, a ceramc, a netal, or
the like is preferably used. If the particle size of the beads used in
sand blasting is too small, kinetic energy that_is sufficient for formng
r oughneseh io@m nant amxlbbaaYn@@he%hﬁel@geﬂtléstéﬁpﬂa?éealaéﬁs@rrBﬁgﬁness
cannot be obtained. Therefore, the particle size. is erably 10 m to 1
mm As tseluetddobhzimednbd @b%@%lghwa%el aysiliaryy eghﬁalHﬁ PH&“&urface
of the reinforcing plate, for exanp a f|In1| fornme

bl owi ng Eyent sehven e nﬁ?giowﬁﬁg?ﬁdﬁéﬁ%ngf tﬁBeFF i 3ﬁamPﬁésbP§wFﬂ§ agent
is then - 23 expanded. |n _another netho s, forned xi ng
addi t i vesoherh H?%ddé86%36§e6cﬁ§°ﬂ@atmegpyia9%§VgtkFFBHF' mg&% EL li ke
by Seio%é’émsﬂr?%%SE%m"%x%Sﬁﬂ's%‘énohﬁf "PreeBraBOfe KR ARREet Y O e as
?fscrlbedugg?v cekatg9ohgggilace 'C'%ﬂ%yﬁdg?%bqgn%%%noheQ%a%%ha'ned and

ethanol, isopropyl alcohol, ethylene glycol, propylene

glycol, tetrahydrofuran, 1,3-dioxane, 1,4-dioxane, heptane,

octane, nonane, decane, y-butyrolactone, 6-decanolactone,

benzene, toluene, Xylene, 1,2-dichloroethane, chloroform,

chlorobenzene, 1,2-dimethoxyethane, diethylene glycol

dimethyl ether, diethylene glycol ethyl methyl ether,

diethylene glycol diethyl ether, N,N-dimethylformamide, N,N-

dimethylacetamide, dimethyl sulfoxide, N-methyl-2-

pyrrolidone, and sulfolane.

If the auxiliary adhesive layer is too thin,

satisfactory adhesion is not easily exhibited, and if the

auxiliary adhesive layer is too thick, cracks and peeling

may occur. Therefore, the thickness of the auxiliary

adhesive layer is preferably 2 nm to 5 um, and more

preferably 5 nm to 1 pm.

In the present invention, in order to improve adhesion
between the reinforcing plate and the organic layer of
rework style, roughness may be formed on the reinforcing

plate. If roughness is formed on the surface of the



it is too large, flatness is degraded. Therefore, the average surface
roughness is preferably in the range of 100 nmto 5 pm and nore
preferably in the range of 1 pmto 3 ~tm In order to inprove the adhesion
between the reinforcing plate and the organic layer of rework style, the
nmet hod for providing an auxiliary adhesive |ayer and the nmethod for
form ng rough surface on the reinforcing plate may be used alone or in
conmbi nation. In the present inventiongpybefore the flexible filmis
laminated to the reinforcing plate, preferably, a circuit pattern and
alignment narks are fornmed on one of the surfaces of the flexible film

i.e., onthe lamnating surface. Wen the reinforgcin ate
t r ans parssitn fatwi nglpplirerito i keh aje bel eeHel ¢ hfbﬁ‘@h% ELa]i“éPﬁIES?Ci ng plate
or through the flexible film Wen a netal |ayer is formed on_ the
A ol il
Ir gsglr -ng_r&rfrﬁ egv‘le?n n%tn*tl p‘irﬁ E?%*af%ﬁlghm platdyis hénﬁ’é??é?écié’p K gaﬁneat gfcause
I exi bl ear11¢1|1<hﬂlg<_3 | ki Pt edsfg%[%%e f&aﬁ%{gﬁ%?ﬁg&%&aﬁgéf%fggagﬁggg‘ﬁ@ "he.
" a1 orekasteye bechrat Bt o benthuh e Blrnad S e Ror RO Ve
opposi te surface, Lo, the Laplpgt bROLRUr EAGeaBE! Bk the kaThrakiand o the
plate, but the method is not limited thereto. In chemical
etching, the reinforcing plate is immersed in an acid or
alkaline aqueous solution so that the surface is etched,
thus forming roughness. In particular, when the reinforcing
plate is a glass substrate, since the reinforcing plate has
high resistance to chemicals, high-concentration hydrogen
fluoride or sodium hydroxide is preferably used. Although
the material for beads used in sand blasting is not
particularly limited, since the reinforcing plate is
generally composed of a hard material, a glass, a ceramic, a
metal, or the like is preferably used. If the particle size
of the beads used in sand blasting is too small, kinetic
energy that is sufficient for forming roughness cannot be
obtained, and if it is too large, dense roughness cannot be
obtained. Therefore, the particle size is preferably 10 pm
to 1 mm. As the method in which a rough surface layer is
formed on the surface of the reinforcing plate, for example,

a film is formed by mixing a blowing agent into a major

ingredient of the film, and the blowing agent is then



reinforcing plate has a pitch of 60 pmor |ess, and nore preferably 50 pm
or less, which is a pattern with particularly high precision. In contrast,
the pattern formed on the lamnating surface to the reinforcing plate is
mai nly used for input/output termnals to the printed circuit board, their
peri pheral lines, power lines and ground lines, and in sone cases,
precision as high as that for the circuit pattern formed on the opposite
surface to the lam nating surface Lsy,got required. In accordance with the
present invention, double side wiring In which one side is provided with a
particularly fine pattern is easily provided. Advantages of double side
wiring are in that option in wring design is,enhanceg by crossing |ines
and vi @xdpsnetsd ¢ halnianq@%s%@m@?xoar%%m% hdi L_rye h?éhmé’ééaﬁ | Cs by
transmtting the ground potential to the vicinity, of th? geies ﬁry

| ocat i oredsi Wi eks [Wnkeh ¥ er deEPypose@tby theat, p%%EFBVéO 8%p é9§ t the
power potential fromdecreasing even - 25 in_hjgh-speed sw t.ching by
transm tQ¥ righe hel FRwerte cirdal Opot RAT¢df b ?ﬁeks?cigy?§’ofnghghﬁecessary

| ocation by wide Ilines, thus stabilizing the |C.operati.on. and that
ext er nal 2dgi ke ¢ oL § et BEB kRO VS e?%c??gﬂﬁﬁﬂﬁfféoﬁnggrFéf%nce sealing. In

this way, the ingortance of double side wiring increases as the speed of
ICs is | FRYFMRISand the nunmber of el ectrode pads in an I Cis increased.
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is too small, sufficient adhesion cannot be obtained, and if
it is too large, flatness is degraded. Therefore, the
average surface roughness is preferably in the range of 100
nm to 5 um, and more preferably in the range of 1 um to 3 um.

In order td improve the adhesion between the
reinforcing plate and the organic layer of rework style, the
method for providing an auxiliary adhesive layer and the
method for forming rough surface on the reinforcing plate
may be used alone or in combination.

In the present invention, before the flexible film is
laminated to the reinforcing plate, preferably, a circuit
pattern and alignment marks are formed on one of the
surfaces of the flexible film, i.e., on the laminating
surface. When the reinforcing plate is transparent, the
alignment marks may be read through the reinforcing plate or
through the flexible film. When a métal layer is formed on
the opposite surface to the laminating surface of the
flexible film, the alignment marks are preferably read

through the reinforcing plate because reading can be



is provided with a circuit pattern, the flexible filmis lamnated to the
gl ass substrate, and another circuit pattern is fornmed on the other surface
of the flexible film Wen both surfaces of the flexible filmare provided
with very fine circuit patterns, the flexible filmis preferably

|l am nated to a gl ass substrate before the circuit patternis fornmed on the
first surface. In such a case, first, the surface processed later is

lami nated to a glass substrate, and g4circuit pattern is fornmed by a
subtractive process, sem-additive process, or full additive process. The
surface provided with the circuit is then Iam nated to another gl ass
substrate, and the first glass substrate is eeled off, Acircuit pattern
i s then gerfrethah tdgaodbess elrthe oaytermteacthocnpiatesayeteni Th8diti ve
process, or full additive process. The glass substrate is then el ed

of f. - 26lidgnmamnie mrokeseay ni#e dpe oheedf LohetYP ad$1gUBEREatRED Eﬁﬁ] nat ed

to both surfaces of the flexible filmis peeleg, Erefe agly, Eﬂe organi c
| ayer offkesidekesfilme is hamipated tonthe BahBEPEARIPY Biﬁ Based”by

ultraviolet irradiation, and the flexible filmblocks ultraviol.et |ight or
a netal shgre Ofsth%r%%HGBW%Ptt%%rﬁﬁt??enQErPﬁgtlSFEFﬁéyfﬁé?ﬁtﬁg’fiIn1so
that the metal layer blocks the ul raviohet Iigh}na gdiEE?EQEEX as the
f1 exi bi | 289 ¥RYt HRIQF aSMUGBLY 1 uPRd| i FAEPBEERI™ Y hR gPASs Sabstrate is
nor e eas&égdpeeled off. Therefore, the thickness of the glass substrate is
The circuit pattern formed on the opposite surface to

the laminating surface after the lamination to the

reinforcing plate has a pitch of 60 um or less, and more

preferably 50 um or less, which is a pattern with

particularly high precision. 1In contrast, the pattern

formed on the laminating surface to the reinforcing plate is

mainly used for input/output terminals to the printed

circuit board, their peripheral lines, power lines and

ground lines, and'in some cases, precision as high as that

for the circuit pattern formed on the opposite surface to

the laminating surface is not required. In accordance with

the present invention, double side wiring in which one side

is provided with a particularly fine pattern is easily

provided. Advantages of double side wiring are in that

option in wiring design is enhanced by crossing lines and

via holes, that it is possible to reduce noise of high-speed

ICs by transmitting the ground potential to the vicinity of

the necessary location by wide lines, similarly, that it is

possible to prevent the power potential from decreasing even



preferably 0.7 mmor less, and nore preferably O S nmor less. In the
present invention, preferably, the lam nated nenber for the circuit board
is formed, and after electronic conmponents are nounted on the | am nated
menber for the circuit board, the flexible filmis detached fromthe
reinforcing plate. Wen the electronic conponents, such as |Cs, are bonded
to the circuit board, in particular, when nany el ectrode pads are bonded
simultaneously, it is inportant to_egsure |ow di nensional change rate.

Exanpl es of the bonding nethods include a nmethod in which a netal |ayer
conposed of tin, gold, solder, or the like formed on the el ectrode pads of
the circuit board is bonded to a nmetal |ayer conposed of gold, solder, or

the |ikeirf drigdt- speedeswididrinodey pesneni buhps BhetPRWer e2P¥RbRfC
conponents by - 27 thermal pressure bonding; and a nethod in mhigh, whi | e
pr essur eodtoert fayl atorethke VigRitynpbsele oreceRsagyl HOCabLaRIPY BrAEhe | ke
formed on the el ectrode pads of the circuit board ang ag t al Iaéei
conposedl Biegjol thus ot trp1 1 b2ingicthe ke PRRFREHIGA, t ARAeFREFr §YESPRAS or
bunps of the electronic conponents to each other, anjﬁg%sotro icl.

conduct iveiselheanvee BRoRERELRIUELAFE TAAREEH DI WEEh TRt eui t

board and the electronic, conmponents is.h ened .to perfarm i cal
bondi ng. IR ntli$ HEaY nethedi™PR t%BﬁﬁeBFiﬁ@ggggcf?SﬁswgfénpoégFggggggted at
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pads in an IC is increased.

In the example described above, after a surface of the
flexible film, which is not laminated to the glass substrate,
is provided with a circuit pattern, the flexible film is
laminated to the glass substrate, and another circuit
pattern is formed on the other surface of the flexible film.
When both surfaces of the flexible film are provided with
very fine circuit patterns, the flexible film is preferably
laminated to a glass substrate before the circuit pattern is
formed on the first surface. 1In such a case, first, the
surface processed later is laminated to a glass substrate,
and a circuit pattern is formed by a subtractive process,
semi-additive process, or full additive pfocess. The
surface provided with the circuit is then laminated to
another glass substrate, and the first glass substrate is
peeled off. A circuit pattern is then formed on the other
surface by subtractive process, semi-additive process, Or
full additive process. The glass substrate is then peeled

off.



sections is large at 5 to 50 g per bunp. If the organic |ayer of rework
style is deforned by high-tenperature pressure, |ow dinensional change
rate is not secured, and electrical connection reliability my be degraded
due to the deformation of the netal |ayer constituting the wiring circuit
pattern. In wire bonding in which many el ectrode pads are connected
consecutively, since high-tenperature pressure is applied in order to
perform netal bonding, the organic_lager of rework style may be deforned
as in the case of simultaneous bonding. In such bonding under high-
tenperature pressure, the deformation in the thickness direction of the
circuit board is referred to as "sinking", and the sinking is greferably 6
mor |ess, arfdh ribree Proasfss &t WiBLGh ome exfs they $hais ef @I rT2%$S connect i on
- 28 reliability is ensured. The organic layer of rework styl f the
present lammmmﬁ¢%nt¢Sb%ﬁﬁtsmﬁf@¢@%r° ot%?o@%ﬁﬁlPéﬁthé@s?sApgﬁgﬁah t he
organic |layer of rework style wth a thickness. of mis.usually

, 10 to_ 20
used, i rP¥dEeprbent Lhe@ReRBAC %?Y%Qt?Enﬁ?voﬁchEXSFnbstﬁetyﬁﬁcﬁﬁess of

th ic | f rework style, the circuit. board car ted f
boi ng e GFRCUSERR T GF CEEF BREECAoRBOHORE SBbRYRg- BRAGE 2ALGR: FEMper al r 6

Gl cct ronFS cEhFBRRhY s b 80P A kS T ERaRtPTeFor L abpaF Fnd LRe. dPdEFronic -
component s Lo 0508 L0f,8CLhE  BLeSNERELRYLET thBC £ERYIBIL! BY15EEL! ONS. 1N
that the metal layer blocks the ultraviolet light.
Additionally, as the flexibility of the glass substrate is
increased, the glass substrate is more easily peeled off.
Therefore, the thickness of the glass substrate is
preferably 0.7 mm or less, and more preferably 0.5 mm or
less.
In the present invention, preferably, the laminated
member for the circuit board is formed, and after electronic
components are mounted on the laminated member for the
circuit board, the flexible film is detached from the
reinforcing plate. When the electronic components, such as
ICs, are bonded to the circuit board, in particular, when
many electrode pads are bonded simultaneously, it is
important to ensure low dimensional change rate. Examples
of the bonding methods include a method in which a metal
layer composed of tin, gold, solder, or the like formed on
the electrode pads of the circuit board is bonded to a metal
layer composed of gold, solder, or the like formed on the

electrode pads or bumps of the electronic components by



such a case, heating and pressing are performed fromthe flexible film
side provided with the circuit pattern. Therefore, as the thickness of the
flexible filmand the thickness of the circuit pattern under the

hi gh-tenperature pressure head are increased, the influence of the high-
tenperature pressure on the organic layer of rework style is decreased,
and the thickness of the organic |layer of rewdrk style can be increased.
Preferably, the thickness of the, organic layer is 5 mor less. On the

ot her hand, adhesion of the organie Rayer of rework style increases as the
t hi ckness of the organic | ayer of rework style increases, and the
detachnent of the flexible filmin the fabrication process is easily
prevented. In addition, roughness of .the - .29 . f|lexible fj urface and

t he diffﬁb%ﬁﬁ%fiRr?ﬁéﬁFeogoga%B%rtan%a?t%FE%PSr%éd bggﬁéohhgpé easily
buried to_provide fl syr . ;Ther ef icknes t ani c

| ayer of®* %%F% 2?9?%n95gp&§%§r§a%;£y%irn C%%ngorstéa%e&%f@%p’%&?%é% %ﬁ]l&é%bre
preferab Lot a 1 r rably,if the range

b “0-2 v oY 2B, UFkETRdEnEh 0n " phY FLBMt=BAE BRRE pRLERE SR o the
reintorchpggl 2h8 9f nbPE1PIEER! cbi¥EaENOBE kB16) d8b10RY, ! @ dhstort the
flexible TrTmso that ['ow difrensional change” rate is maintained,

pref erab} yyoapplheat bANtAE 816LEEBdENpatliBe okNbRRRE o Hae! QR @frdnlie
flexible filmshould be avoided as nuch as possible. In particular, when a

circuit -gabbREAtkSthorHBH B8BnaRe sHr hageoliobhie Hoexulta viel latinkefiaree

or nonconductive adhesive placed between the circuit board
and the electronic components is hardened to perform
mechanical bonding. In either method, the connecting
sections are locally heated at 140 to 400°C for 1 second to
several minutes. The pressure applied to the connecting
sections is large at 5 to 50 g per bump. If the organic
layer of rework style is deformed by high-temperature
pressure, low dimensional change rate is not secured, and
electrical connection reliability may be degraded due to the
deformation of the metal layer constituting the wiring
circuit pattern. In wire bonding in which many electrode
pads are connected consecutively, since high-temperature
pressure is applied in order to perform metal bonding, the
organic layer of rework style may be deformed as in the case
of simultaneous bonding. In such bonding under high-
temperature pressure, the deformation in the thickness
direction of the circuit board is referred to as "sinking",
and the sinking is preferably 6 um or less, and more

preferably 3 um or less, so that electrical connection



the flexible filmis lamnated to the reinforcing plate, lamnation is
desirably performed with ow stress in order to ensure alignnment accuracy.
A nmet hod and apparatus for lamnating the flexible film of the present
invention will be described with reference to the drawings. Fig. 1 is a
front sectional view which schematically shows a central part of a

| am nator 1 (in which cross sections are shown by overall filling and
oblique lines), and Fig. 2-is a sectional view taken along the Iine X-X of
Fig. 1. Alamnator 1 includes a stage83-for holding a - 30 substrate 6
which is a reinforcing plate, a filmholding sheet 2 for holding a film4
pl aced right above the substrate 6, a squeegee 8 for sinmultaneously

pressing_the i hol dj et 2 and the film4 to the substrate 6 by
applyingr%f%%%£¥£?§ag% %ﬁggfggtrostatic charging device 12 for inparting

el ect rost al | onferge oy ey fdd B4 18, 0805by1 4 Ner {0 foldLng sheet 2

Herei n, the fi exi rthernore,” suction holes are

arranged; QR b PEon UPRCE-BHT {ACErQErt PE BLBYSd3 @AExiRRssUbshnaheuGhcan be
held by suction by the operation of a source of vacuum not shown in the

drawi ng. + BY 5PgaquLdangerobrarBRbikobtyakl i2h aPkAcedneBsackase oand a
pair of guides 24 engaged with the rails 25, the stage 3 is nounted on the

g?igghggon@ﬁ stag8uaB1isubesi zont ahkyprekabke infehitdon}. b nut 26 is
extremely decreasing the thickness of the organic layer of
rework style, the circuit board can be prevented from being
deformed during electronic component bonding under high-
temperature pressure. Preferably, the high-temperature
pressure head used for bonding electronic components also
acts as a part for supporting the electronic components in
order to facilitate heating of the connecting sections. 1In
such a case, heating and pressing are performed from the
flexible_film side provided with the circuit pattern.
Therefore, as the thickness of the flexible film and the
thickness of the circuit pattern under the high-temperature
pressure head are increased, the influence of the high-
temperature pressure on the organic layer of rework style is
decreased, and the thickness of the organic layer of rework
style can be increased. Preferably, the thickness of the
organic layer is 5 pm or less. On the other hand, adhesion
of the organic layer of rework style increases as the
thickness of the organic layer of rework style increases,
and the detachment of the flexible film in the fabrication

process is easily prevented. In addition, roughness of the



to the bottomof the stage 3. The nut 26 is engaged with a ball screw 20
which is rotatably held by brackets 22 and 16, and the ball screw 20 is
directly coupled to a notor 18 which is nounted on a side face of the base
9 with the bracket 16 therebetween. Consequently, the stage 3 can be

reci procated at a predeterm ned speed by the rotation of the notor 18. The
filmholding sheet 2 is conposed of a flexible <cloth or thin filmfixed on
a franme 10, and is supported by supports 44a and 44b which extend in the
traveling direction of the stage 3-ak%eth sides in the width direction
(ina- 31 direction orthogonal to the traveling direction) of the stage
3. Since the supports 44a and 44b are coupled to a pair of vertically

o bl BR R Y LI CE R £2ee D LRI aDOLALOACBNER 1 20BN LR | Y

. an
reci proc n<o inear cylinders nsequent |y,

the ;LL$%€F§§£de¥m£$F%$é%§éH?h9%n@a?@??ébﬁﬁ&@ﬁeﬁot o943t rate 6

subst i'n~para e distan erebetween can be set

arbitrarilye,I0e di $f,apee,can PReSehibXneTRNbEOLHRBIOLRENRRSNERRS oy | i near
4857°A7p £

a
scal es bUI¥¥ In the I near cylinders .. air of rails 38 extending in

the traveb{ngydireeti 98 pPErbhgnst,agn Bnar eafBENbedoonst ke SUpRQrts 44a and
44b \/\/nicﬁ!E supp%r? %he fFIn1%oIdi%g sheet 2a§ggas to sandmﬁchgpﬁe stage 3.
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in the longitudinal direction of the rails
preferably in the range of 0.2 to 2 um.

In the method for laminating the flexible film to the
reinforcing plate of the present invention, in order not to
distort the flexible film so that low dimensional change
rate is maintained, preferably, application of a force in
the in-plane direction of the flexible film should be
avoided as much as possible. In particular, when a circuit
pattern is formed on one surface of the flexible film before
the flexible film is laminated to the reinfgrcing plate,
lamination is desirably performed with low stress in order
to ensure alignment accuracy.

A method and apparatus for laminating the flexible film
of the present invention will be described with reference to
the drawings.

Fig. 1 is a front sectional view which schematically
shows a central part of a laminator 1 (in which cross
sections are shown by overall filling and obligue lines),
and Fig. 2 is a sectional view taken along the line X-X of
Fig. 1.

A laminator 1 includes a stage 3 for holding a



38. Bearings 32a and 32b are nounted on the guides 36a and 36b,
respectively, and a squeegee support 28 is rotatably fitted to the

beari ngs 32a and 32b. Consequently, the squeegee 8 fastened to the
squeegee support. 28 is also rotatable. A noving body 40 constituting one
part of the Ilinear notor 43 is fixed to the guide 36a and a stator 42
constituting the other part of the linear notor 43 is fixed to the support
44a. Consequently, the squeegee support 28 and the squeegee 8 can be

reci procated in the traveling direeti3on-of the stage 3 by the operation of
the linear - 32 notor 43 and the guidance of the rails 38 and the guides
36a and 36b. Furthernore, the squeegee support 28 rotatably supported by
t he bear|n$§t§% agd éf?h'f |r§§3h¥8§8?§5$ﬁlgge,a retary nexlyinder

Consequeﬁ? squ egee ene Ssqueegeé support 28 can be

pressed ggaLpsh EOR ALAHYnBOLIEIInShep) aéegrrﬂﬁﬁtp%%%%ecﬁ$hbe rel eased by

t he rota i irections |Pd|c € arrows e contact
section ugegee e t I
cdge- shag it ERagd Bong| piukEskace; é?‘s33%&%2%“‘*—%?&Yﬁ&’é%ﬁ&ﬁ&‘%fﬁi%gpéted by

t he suppe fRett Be o n8OUREUSE 18 QAR benrker lda v @y t oget her
with the ?iﬁnﬁéﬁdﬁggné gﬁge? gngy t%e%vertlcgﬁ gpgrg%?%% of thegﬁ:negr

cylinder gopThengl gebsgatatli anahangengcdeviseatrie exzerdnd Meviee widt h

dlrectlon of thé stage 3 in a range larger than the wdth of the stage,

and is sgppokifdrbyng edkutnoléaghev€orce to the film 4 to adsorb
the film holding sheet 2. Herein, the film 4 is thin and
flexible. Furthermore, suction holes are arranged on the
upper surface of the stage 3 and the substrate 6 can be held
by suction by the operation of a source of vacuum, not shown
in the drawing. By the guidance of a pair of rails 25
placed on a base 9 and a pair of guides 24 engaged with the
rails 25, the stage 3 is mounted on the guide 24. The stage
3 is horizontally movable in Fig. 1. A nut 26 is attached
to the bottom of the stage 3. The nut 26 is engaged with a
ball screw 20 which is rotatably held by brackets 22 and 16,
and the ball screw 20 is directly coupled to a motor 18
which is mounted on a side face of the base 9 with the
bracket 16 therebetween. Consequently, the stage 3 can be
reciprocated at a predetermined speed by the rotation of the
motor 18.

The film holding sheet 2 is composed of a flexible

cloth or thin film fixed on a frame 10, and is supported by
supports 44a and 44b which extend in the traveling direction

of the stage 3 at both sides in the width direction (in a



the base 9. The electrostatic charging device 12 blows positively or
negatively charged ionic wind to the object |ying beneath the device over
the width of the stage 3, and by passing the film4 attracted to the top
of the stage 3 beneath the electrostatic charging device 12, it is
possible to inpart electrostatic force to the film4. Simlarly, by
passing the el ectrostatic charging device 12 above the film hol ding sheet
2, it is also possible to inpart electrostatic force to the film holding
sheet 2. Additionally, an organic - -331 l-ayer 7 having tackiness is
prelimnarily attached to the upper surface of the substrate 6. Next, a

| am nation nmethod using the lamnator 1 will be described wth reference

WFwSﬁ§&£3&@@&&%@%J%%Qﬁed%%m@@ﬂ%®

schemati c | am nation ne I'n acc ance with the

present Lpygatson sf%&étﬁgégggégégflﬁ4hé gﬁgeq4boa§edgahgﬁa@dt%t athe left

edge posi n sho esin kg. 1, an I'm4 is

pl aced Oﬁ'aif'eo§t99§t§c9¥lg Insaaﬁ@er&lisl@gn:C%yﬁ@%er%hqwn ket g 1y awi ng) and
fi xed by vacuum suction ig | e"t he stage 4 i's noved ri ghtward

at a Conﬁéﬂﬂnﬁsgﬁéét Izheaﬁl b 4ek§1@§§§9dr@%':.%‘f"otcla%e@' 8¢t ket ati ¢ charging
device 12 which emts positively charged ionic wi nd dowmmward so that the

filma4 iéﬂé@étibﬁebf ehar gedeaVhenltihaeskage .3 roaskedenta yposite on beneat h
the filmholding sheet 2, the stage 3 is stopped and the suction of the

fihl rnf _4I i 8ilml eapedd byhehki feam ayldider shéetare famesd tthewandist rat r i ng
the ng substantially in parallel and the distance therebetween

can be set arbitrarily. The distance can be set by

monitoring the positions by linear scales built in the

linear cylinders 46..

A pair of rails 38 extending in the traveling direction
of the stage 3 are mounted on the supports 44a and 44b which
support the film holding sheet 2 so as to sandwich the stage
3. Guides 36a and 36b are placed on the pair of rails 38 so
as to be movable in the longitudinal direction of the rails
38. Bearings 32a and 32b are mounted on the guides 36a and
36b, respectively, and a squeegee support 28 is rotatably
fitted to the bearings 32a and 32b. Consequently, the
squeegee 8 fastened to the squeegee support 28 is also
rotatable. A moving body 40 constituting one part of the
linear motor 43 is fixed to the guide 36a and a stator 42
constituting the other part of the linear motor 43 is fixed
to the support 44a. Consequently, the squeegee support 28
and the squeegee 8 can be reciprocated in the traveling

direction of the stage 3 by the operation of the linear



hol di ng sheet 2 in close proximty to the film4 on the stage 3, and are

st opped when a predeterm ned distance is attained (Fig. 3(b)). The

di stance between the film4 and the filmholding sheet 2 is preferably 10
mmor less, or the face of the film4 and the face of the film hol ding
sheet 2 may be brought into contact with each other. Next, by rotating
the rotary actuator 34, the squeegee 8 is pressed against the upper
surface of the filmholding sheet 2 (the - 34 opposite surface to the
surface holding the film4) so that -t3 HIm4 is sandw ched between the
filmholding sheet 2 and the upper surface of the stage 3. The linear
motor 43 is then driven to transport the squeegee 8 fromthe left edge to

the 1lohoedoe9fahlicht Bhiaaftd a?etggegéégg 56! dha' el Liga3kageas 1

transferre I'ng sheet ectrostatic force (Fig.

3(c) . VHER 566, 11 bk fntenBELE EHetEggggggghghggegtsa@e&o%atahhgysqueegee 8

is deta rom di ng s y tating the rota cyl i nder

34 in th Lhendi ty : d e hLkn Wl WA Y% upwar d
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while. AL thisrotageinkibe sgueeggfs8quentoyedihe fsaaebgtete 8eUGR thied

operating the linear notor 43 and the stage 3 is npved to and stopped at
t he Iefttsdaﬁepgquéé@eeagapj[aoby 26" cuhNBet BeedBear a48inkhe thebstinat e 6

provided with the organic layer 7 having tackiness on the top is placed on
the stageldihy shbkeangport tHevpeesenetnsbewreileaiske tyawheg)otation

in the directions indicated by the arrows. The contact

section of the squeegee 8 to the film holding sheet 2 is

preferably edge-shaped. Additionally, since the squeegee 8

is eventually supported by the supports 44a and 44b, the

squeegee 8 can be vertically moved together with the film

holding sheet 2 by the vertical operation of the linear

cylinders.

The electrostatic charging device 12 extends in the
width direction of the stage 3 in a range larger than the
width of the stage, and is supported by a column 14 above
the base 9. The electrostatic charging device 12 blows
positively or negatively charged ionic wind to the object
lying beneath the device over the width of the stage 3, and
by passing the film 4 attracted to the top of the stage 3
beneath the electrostatic charging device 12, it is possible
to impart electrostatic force to the film 4. Similarly, by
passing the electrostatic charging device 12 above the film
holding sheet 2, it is also possible to impart electrostatic

force to the film holding sheet 2. Additionally, an organic



and fixed by suction (Fig. 3(d)). After fixing by suction, the stage 3 is
noved rightward and stopped when the stage 3 reached the position beneath
the flexible film4 held by the filmholding sheet 2 (Fig. 3~e)). The stop
position of the stage 3 is set so that the film4 can be lam nated to the
predeterm ned position on the substrate 6. The linear cylinders 46 are
driven to bring the film- 35 holding sheet 2 in close proximty to the
substrate 6 on the stage 3, and stopped when a predeterm ned di stance is
attai ned between the film4 and the-sdBstrate 6. The distance between the
film4 and the substrate 6 is preferably 10 nmor |ess. By operating the
rotary cylinder the squeegee 8 is pressed against the top of the film

hol di ng sheet 7%h§wlﬂ$e%£9ﬂ Lop, i@ reffmigéﬂlfyhgtgaéﬁeﬁhﬁo £hkm hol di ng

sheet 2 7T1s pressed to't stra e riving the Iirnear notor 43, the

squeege ed-from +tbeql gkt ggtho the right edge of the film 4,
and the ﬁ? %E% ?% by t%e f? nthg$d|ng sheet 2 is thereby transferred to

the substrat e on 4 heyrsiige ch (d thod(liddng Byné Ni smigResat 1011l hge
flexible film4 is lamnated to the substrate 6, and strongly | am nated by

the adhegéonr Obed NGi ok 0R8EErehad¥eto ridBen3the sgueegee 8rigachegayhe right
edge and stops, the rotary cylinder 34 is rotated in the opposite

directi opot®(Apveré hersaveegersSwniel behambbechillm babei Bgepsheat a2. The

|l inear cylinders 46 are then noved upward to elevate the film holding

sheet 2 padisatioonmethblieint ageoBdance with the present invention.

First, the stage 3 is moved to and stopped at the left

edge position shown by the broken lines in Fig. 1, and the
film 4 is placed on the stage 3 by a transport device (not
shown in the drawing) and fixed by vacuumlsuction (Fig.
3(a)). While the stage 4 is moved rightward at a constant
speed, the film 4 is passed below the electrostatic charging
device 12 which emits positively charged ionic wind downward
so that the film 4 is positiGely charged. When the stage 3
reached the position beneath the film holding sheet 2, the
stage 3 is stopped and the suction of the film 4 is released.
The linear cylinders 46 are moved downward to bring the film
holding sheet 2 in close proximity to the film 4 on the
stage 3, and are stopped when a predetermined distance is
attained (Fig. 3(b)). The distance between the film 4 and
the film holding sheet 2 is preferably 10 mm or less, or the
face of the film 4 and the face of the film holding sheet 2
may be brought into contact with each other. Next, by

rotating the rotary actuator 34, the squeegee 8 is pressed

against the upper surface of the film holding sheet 2 (the



is released. The substrate 6, to which the film4 is Ilamnated, is carried
to the next fabrication step by a transport device (not shown in the
drawing). By repeating the sane operation, another film4 and anot her
substrate 6 are lamnated. In accordance with the | am nation nethod of the
present - 36 invention, lamnation is enabled with a very snal

di mensi onal change rate of the filmat 0.01%or |less. The reason for this
is that, when the flexible filmon the stage 3 is held by the film hol ding
sheet 2, the flexible film4 can be Bharsferred as it is with
substantially no change in the size. This is because 1) since the film

hol ding sheet 2 which is elastically deformable in plane is used the film
hol di ng sheet. foIIo

h h
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(refer h&ithe dhSd) D6HLEED alaetflélggggédhvg gheetifad i hgcsrags 3 is

smal | at whén e squeegee S nove er pressure; thereby,

in the nPQn@ﬁ ﬁ'@}l@éntQotE?QREEOLPetﬁ@SEngggget@ef}bhnkﬁglQE@Q sheet 2 is

brought Tn close contact and trans to the film4 substantially
in parallghe tdtthé Pgéﬁtbéag&ootreﬁgfﬁmh@ fhen 4nkr emekhe1st #4em3 to the

filmholding sheet 2 without changing the relative position between the
filma4 op therptageagdeanditherbhkfefr88 to the film holding sheet 2
by electrostatic force (Fig. 3(c)).

When the film 4 is held on the film holding sheet 2,
the squeegee 8 is detached from the film holding sheet 2 by
rotating the rotary cylinder 34 in the opposite direction,
and the linear cylinders 46 are moved upward to transport
the film holding sheet 2 upward and left to stand for a
while. At this stage, the squeegee 8 is moved to the left
edge by operating the linear motor 43 and the stage 3 is
moved to and stopped at the left edge position again by
driving the motor 18. The substrate 6 provided with the
organic layer 7 having tackiness on the top is placed on the
stage 3 by a transport device (not shown in the drawing),
and fixed by suction (Fig. 3(d)). After fixing by suction,
the stage 3 is moved rightward and stopped when the stage 3
reached the position beneath the flexible film 4 held by the
film holding sheet 2 (Fig. 3(e)). The stop position of the
stage 3 is set so that the film 4 can be laminated to the
predetermined position on the substrate 6.

The linear cylinders 46 are driven to bring the film



the filmholding sheet 2, and therefore, strain is not caused in the film
4, resulting in no dinmensional change ; and 3) since the contact section
of the squeegee 8 to the filmholding sheet is a line, the film holding
sheet 2 and the film4 are not defornmed due to pressure, and air - 37
capturing can be prevented efficiently during |lamnation. Wen the film4
which is held by the filmholding sheet 2 without change in the size is
transferred (lam nated) to the substrate 6 provided with the organic |ayer
7, simlarly, the film4 can be transberred to the substrate 6 as it is,
i.e., inthe state that the film4 is being held by the film holding sheet
2. The reasons for this are, simlarly, 1) since the film holding sheet
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since the st ahce I ng eet the substrate 6 is
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hol di ng shee e substrate 6 is sm or less when pressed by
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filma4 i s broug t Irnto closg cpntact m4t and transferred to substrate 6
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filmholding sheet 2 to the substrate 6 w thout changing the relative

posi tionzgbetugenqhBeqgbe! B 4s0prtbeelli bghakd raeshept oz and tfian il m
holding sheet 2 by the rotation, and the film 4 held by the
film holding sheet 2 is pressed to the substrate 6. By
driving the linear motor 43, the squeegee 8 is moved from
the left edge to the right edge of the film 4, and the film
4 held by the film holding sheet 2 is thereby transferred to
the substrate 6 on the stage 3 (Fig. 3(f)). By this
operation, the flexible film 4 is laminated to thé substrate
6, and strongly laminated by the adhesion of the organic
layer 7. When the squeegee 8 reaches the right edge and
stops, the rotary cylinder 34 is rotated in the opposite
direction to move the squeegee 8 away from the film holding
sheet 2. The linear cylinders 46 arelthen moved upward to
elevate the film holding sheet 2 and suction of the stage 3
is released. The substfate 6, to which the film 4 is
laminated, is carried to the next fabrication step by a
transport device (not shown in the drawing). By repeating
the same operation, another film 4 and another substrate 6

are laminated.

In accordance with the lamination method of the present



4 on the substrate 6, and therefore, strain is not caused in the film 4,
resulting in no change in the size; and 3) since the contact section of
the squeegee 8 to the filmholding sheet is aline, the film4 is not
defornmed due to pressure - 38 and air capturing can be prevented
efficiently during l|amnation. Additionally, in order to control the

di nensi onal change rate at 0.005% or |ess, the-distance between the film
4 and the substrate 6 which are substantially in parallel is set at
preferably 5 mmor less, and nore pref3@&rably 1 mmor |less. Wth respect to
the squeegee 8, in order to enable the contact line thinner, the tip which
acts as the contact part 1is preferably edge-shaped, or rounded with an r
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enabl ed an u eneration 1S suppresse squeegee 8 is pressed
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suppress dust generation, the squeegee 8 may be a rotatable pressure roll.
As the prggsyeetiahkrefrbhehsaimelal wiehl sQbstanthhanCcort ethany@ linmy be

used. In order. to nake the contact |ine thinner

the size. This is because 1) since the film holding sheet 2
which is elastically deformable in plane is used, the film
holding sheet follows the roughness of the stage 3 and the
film 4, and thereby the plane of the film 4 can be uniformly
held; 2) since the distance between the film holding sheet 2
and the film 4 is small at 10 mm or less when their faces
are brought in close proximity, the angle 0 (refer to Fig.
3(c)) between the film holding sheet and the stage 3 is
small at 5° or less when the squeegee 8 is moved under
pressure; thereby, in the manner similar to that in the case
when the film holding sheet 2 is brought in close contact
with and transferred to the film 4 substantially in parallel,

it is possible to transfer the film 4 from the stage 3 to
the film holding sheet 2 without changing the relative
position between the film 4 on the stage 3 and the film 4 on
the film holding sheet 2, and therefore, strain is not
caused in the film 4, resulting in no dimensional change ;
and 3) since the contact section of the squeegee 8 to the
film holding sheet is a line, the film holding sheet 2 and

the film 4 are not deformed due to pressure, and air



to avoid capturing of air, preferably a roll with a snmall diameter of 30
mmor |ess is enployed. The pressure by the squeegee is preferably 5 to
500 Nm and nore preferably 10 - 39 to 100 NNm The noving rate of the
squeegee during lamnation is preferably 0.1 to 50 mMmn, and nore
preferably 5 to 1 S nmimn. The filmholding sheet 2 is preferably conposed
of a flexible cloth or thin filmbecause it nust be elastically
defornmabl e in plane. The frame 10 which supports the film hol ding sheet
desirably has satisfactory strength-add -flatness, and is preferably
conposed of a netal, synthetic resin, fiber reinforced resin, or the like.
As the flexible cloth, a mesh cloth obtained by weaving polyester
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in addition to t ectrostatic force desc above surface t ensi on of
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Surface tension of liquid, electrostatic force, or adhesion of an

organic j.e., in the state that the film 4 is being held by the film
holding sheet 2. The reasons for this are, similarly, 1)
since the film holding sheet which is elastically deformable
in plane is used, the film holding sheet 2 follows the
roughness of the surface of the substrate 6, and thereby the
film 4 can be brought into contact with the substrate 6
uniformly; 2) since the distance between the film holding
sheet 2 and the substrate 6 is small at 10 mm or less, the
angle ¢ (refer to Fig. 3(f)) between the film holding sheet
and the substrate 6 is small at 5° or less when pressed by
the squeegee; thereby, in the manner similar to that in the
case when the film 4 is brought into close contact with and
transferred to substrate 6 substantially in parallel, it is
possible to transfer the film 4 from the film holding sheet
2 to the substrate 6 without changing the relative position
between the film 4 on the film holding sheet 2 and the film
4 on the substrate 6, and therefore, strain is not caused in
the film 4, resulting in no change in the size; and 3) since
the contact section of the squeegee 8 to the film holding

sheet is a line, the film 4 is not deformed due to pressure



substance is preferably used because the hol di ng power and the peel
strength are easily balanced with each other and a - 40 |arge-scale
apparatus is not required. The methods in which surface tension is used
and in which electrostatic force is used are nore preferable conpared to
the nethod in which adhesion of an organi c substance is used because of
superior durability and reproducibility. The nmethod in which electrostatic
force is used is not particularly limted as long as one of the film

hol ding sheet 2 and the film4 is ch&'tged or polarities of the charges of
the filmholding sheet 2 and the film4 are opposite to each other.
Specifically, in order to charge either the film holding sheet 2 or the

specifically, in i
N e i e o

cdnductiy iH%t§BH|yi”9 a high voltage, the film4 can be attracted
thereto. Furthérnore, when a netal filmis formed on the surface of the

film4, by ap&%&igg?ﬁalnghw%ﬁ@g@ to therpBialnbi himehBeohhhm hol di ng
sheet 2 and the film4 are attracted to each other, and thereby hol di ng

is perforABHge 8288 8Xa0RLE5Rf obhechBt hodel BivRiagkeSBeiacent ene giiaf a
liquid is used, before holding, a liquid is attached to the surface of the

filma4 on the themshekdiragesBeahidhb¥receabist@ntipnay g, peiradewing sdrop,
and the film4 and the filmholding sheet 2 are put on each other to form
athin set at preferably 5 mm or less, and more preferably 1 mm or
less.
With respect to the squeegee 8, in order to enable the
contact line thinner, the tip which acts as the contact part
is preferably edge-shaped, or rounded with an r value of 5
mm or less. The material for the tip may be a hard material,
such as a metal, ceramic, or synthetic resin. Alternatively,
in order to apply pressure uniformly, a rubber with a Shore
hardness of 50 to 90 may be used. Preferably, the squeegee
8.and the film holding sheet 2 are coated with a
fluorocarbon resin or the like so that satisfactory sliding
is enabled and dust generation is suppressed when the
squeegee 8 is préssed against and moved over the film
holding sheet 2. In order to further suppress dust
generation, the squeegee 8 may be a rotatable pressure roll.
As the pressure roll, either a metal roll or a rubber-coated
roll may be used. In order to make the contact line thinner
to avoid capturing of air, preferably a roll with a small
diameter of 30 mm or less is employed. The pressure by the

squeegee is preferably 5 to 500 N/m, and more preferably 10



“layer of the liquid between the film4 and the filmholding - 41 sheet 2.
In another effective nethod, a liquid is scattered on the contact surface
of the filmholding sheet 2 and/or the film4 beforehand, both are put on
each other, and the surface opposite to the contact surface is squeezed by
novi ng a squeegee so that the thickness of the liquid | ayer between the
filmholding sheet 2 and the film4 is decreased. |In another nethod, the
filmhol ding sheet 2 conposed of a flexible cloth with openings and the
film4 are brought into contact w th38eh other in the dry state, a liquid
is scattered to the filmholding sheet 2 side opposite to the contact
section, and the liquid is supplied to the space between the film hol ding

sheet 2 @g$%¢QeN%%LEzghéhﬁgygﬁ%ﬁggaeoggnkﬂgs SBeE gef&h?§gglding sheet by a
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the Iiqui I hpar esl water is prefer y used because it has

reIativgéyekgfgg%gugfggelstﬁpﬁigp and is unlikely to act as an inpurity in

t he subsequent brication steps. In order to adjust surface tension, an
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adhesi on of an organic sub nce 1s use an adhesion layer is provided
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4. In such a case, an adhesive with weak to strong adhesion is preferably
formed i getbemdpleshapplehe. The frame 10 which supports the film
holding sheet desirably has satisfactory strength and
flatness, and is preferably composed of a metal, synthetic
resin, fiber reinforced resin, or the like.

As the flexible cloth; a mesh cloth obtained by weaving
polyester, polypropylene, liquid crystal polymer or
stainless steel fibers is preferably used. It is acceptable
to form openings in the cloth using a photosensitive coating
film or the like. Examples of the thin films used in the
present invention include plastic films, such as polyester,
polyimide, polyphenylene sulfide films. It is acceptable to
form openings by cutting.such plastic films. Furthermore, a
hard rubber may also be employed.

As the means for holding the film 4 on the film holding
sheet 2, in addition to the electrostatic force described
above, surface tension of a liquid, adhesion of an organic
substance, or vacuum suction may be used. Surface tension
of a liquid, electrostatic force, or adhesion of an organic
substance is preferably used because the holding power and

the peel strength are easily balanced with each other and a



- 42 stripe shape to decrease adhesion so that the film4 is easily
detached fromthe film hol ding sheet 2. Consequently, adhesion and peel
strength are easily balanced, and durability is inproved. Preferably, dots
with a diameter of 0.1 to 2 mmare arrayed with a separation of 1 to 10 mm
because adhesi on and peel strength are bal anced and satisfactory hol ding
power of the flexible filmis ensured. A nethod for nmaking a circuit board

of the present invention will be described. However, the present invention
is not limted thereto. To an al um roHdOresilicate glass with a thickness of
0.7 mm a silane coupling agent, as an auxiliary adhesive layer, is

applied by a spin coater, blade coater roll coater, bar coater, or die

coat er, PgESggggglgr%§§%PgtP IR ufreap'nTﬁgahsehpasp Rl Ghalhy used

in order ne coupl ing agen ively
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spin coater, Iade coater, roll coater, bar coater, or die coater, by
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The method in which electrostatic force is used is not
particularly limited as long as one of the film holding
sheet 2 and the film 4 is charged or polarities of the
charges of the film holding sheet 2 and the film 4 are
opposite to each other. Specifically, in order to charge
either the film holding sheet 2 or the film 4, in addition
to the method of applying positive or negative ionic wind
described above, when the film holding sheet 2 is
electrically conductive, by applying a high voltage, the
film 4 can be attracted thereto. Furthermore, when a metal
film is formed on the surface of the film 4, by applying a
high voltage to the metal film, the film holding sheet 2 and
the film 4 are attracted to each other, and thereby holding
is performed.

As an example of the method in which surface tension of
a liquid is used, before holding, a liquid is attached to
the surface of the film 4 or the film holding sheet 2 by
coating, spraying, or dewing drop, and the film 4 and the
film holding sheet 2 are put on each other to form a thin

layer of the liquid between the film 4 and the film holding



ul travi ol et curable adhesive agent of rework style with relatively high
viscosity uniformy to the individual sheet substrates periodically
delivered, a die coater is preferably used. After the adhesive agent of
rework style is applied, drying is perforned by heating or by vacuumto
obtain an adhesive |layer of rework style with a thickness of 1 W An
air-shielding filmconposed of a release film in which a silicone resin

| ayer is placed on a polyester filmis attached to the adhesive |ayer of
rework style and is left to stand fo4lore week at roomtenperature. This
period is referred to as "maturation”, in which crosslinking of the
adhesi ve agent of rework style proceeds and adhesion gradually decreases.
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In another method, the film holding sheet 2 composed of a
flexible cloth with openings and the film 4 are brought into
contact with each other in the dry state, a liquid is
scattered to the film holding sheet 2 side opposite to the
contact section, and the liquid is supplied to the space
between the film holding sheet 2 and the film 4 through the
openings of the film holding sheet by a squeegee. This
method is preferred because liquid supply and squeegeeing
are simultaneously performed, resulting in a reduction in
takt time. As the liquid for imparting adhesion, water is
preferably used because it has relatively large surface
tension and is unlikely to act as an impurity in.the
subsequent fabrication steps. 1In order to adjust surface
tension, an alcohol may be added to water.

As an example of the method in which adhesion of an
organic substance is used, an adhesion layer is provided
between the laminating surfaces of the film holding sheet 2
and the film 4. 1In such a case, an adhesive with weak to

strong adhesion is preferably formed in the dot shape or



polyimde film In such a | am nation process, the nethod in which the
flexible filmis held on the filmholding sheet and pressed against the
reinforcing plate to transfer the flexible filmto the reinforcing plate,
as described above, is preferably used. A circuit pattern is then forned
on the opposite surface to the |am nated surface of the polyimde film by
a full additive process, a sem -additive process, or a subtractive
process. The semi -additive process is preferably enployed because fine
pitch patterns can be formed with ki g2 productivity. In the sem-additive
process, an underlayer for ensuring electrical conductivity is fornmed by
sputtering chromum nickel, copper, or an alloy of these netals. Before

t he under] a i d, i i hesi .het th
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resin, polyamde resinh, polyimade resin, NBR, or the Tlike is preferred

because aﬁrgfﬁlhew%sa%ﬁ%beedlrmp%ifaga_b@ f egbt sThe radhesiiwmericaf eyrabl y
has hi gh hardness™in order to prevent sinking due to high tenperature and

hi gh pregsureo- 24am hRet Bergheat W9BhCaCaeparaft opoFeqt ithg 19t e and
preferably has a thickness of 2 mor |ess. Such treatnent and

because adhesion and peel strength are balanced and
satisfactory holding power of the flexible film is ensured.

A method for making a circuit board of the present
invention will be described. However, the present invention
is not limited thereto.

To an aluminoborosilicate glass with a thickness of 0.7
mm, a silane coupling agent, as an auxiliary adhesive layer,
is applied by a spin coater, blade coater, roll coater, bar
coater, or die coater, by screen printing, or the like. A
spin coater is preferably used in order to apply a thin film
of a silane coupling agent with relatively low viscosity
uniformly to individual sheet substrates periodically
delivered. After the silane coupling agent is applied,
drying is performed by heating or by vacuum, and a silane
coupling auxiliary adhesive layer with a thickness of 20 nm
is obtained.

An ultraviolet curable adhesive agent of rework style
is applied to the silane coupling agent layer by a spin
coater, blade coater, roll coater, bar coater, or die coater,

by screen printing, or the like. 1In order to apply the



application may be perforned before or after the lamnation of the
reinforcing plate. Preferably, a treatnent with roll-to-roll systemis
performed on a long polyimde film before the reinforcing plate is

|l am nated in view of inprovenent in productivity. The thickness of the
underlayer is in the range of 1 to 1,000 nm It is effective in securing
sufficient conductivity for subsequent electroplating, in inproving the
adhesion of the netal layer, and in preventing pinhole defects to deposit
a copper layer by sputtering further d3 -the underlayer at a thickness of
50 to 3,000 nm The underlayer may be formed after the flexible filmis
laminated to the reinforcing plate, or-may be formed, for exanple, on a
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yer is forned at a t ness of to 20 m and the photoresist is

renmoved. odhgi HNERr LaMekive reap¥edof rework style with a thickness
of 1 um. An air-shielding film composed of a release film
in which a silicone resin layer is placed on a polyester
film is attached to the adhesive layer of rework style and
is left to stand for one week at room temperature. This
period is referred to as "maturation", in which crosslinking
of the adhesive agent of rework style proceeds and adhesion
gradually decreases. The storage time and temperature are
selected so as to obtain desired adhesion. Instead of"-
attaching the air-shielding film, storing may be performed
in a nitrogen atmosphere or in a vacuum. An adhesive agent
of rework style may be applied to a long web, dried, and
then transferred to a reinforcing plate.

Next, a polyimide film with a thickness of 25 um is
prepared.. The air-shielding film on the glass substrate is
removed and the polyimide film is attached to the glass
substrate. As described above, at least one surface of the
polyimide film may be provided with a metal layer. The
polyimide film which has been cut into cut sheets with a

predetermined size may be used, or the polyimide film may be



by slight etching to obtain a circuit pattern. Furthernore, plating of
gold, nickel, tin, or the like is perforned as required. In the
circuit-pattern formati on step, connecting holes my be forned in the
polyimde film That is, via-holes may be fornmed in order to provide

el ectrical connection with the netal |ayer forned on the surface | am nated
to the reinforcing plate, or holes for placing balls for a ball grid array
package may be forned. In order to produce a fine pitch pattern, since

di rensi onal change rate of the conneauing holes is inportant as well as

di nensi onal change rate of the circuit pattern, preferably, after the
flexible filmis lamnated to the reinforcing plate to secure dinensiona
stabilit
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A circuit pattern is then formed on the opposite
surface to the laminated surface of the polyimide film by a
full additive process, a semi-additive process, or a
subtractive process. The semi-additive process is
preferably employed because fine pitch patterns can be
formed with high productivity.

In the semi-additive process, an underlayer for
ensuring electrical conductivity is formed by sputtering
chromium, nickel, copper, or an alloy of these metals.
Before the underlayer is formed, in order to improve
adhesion between the underlayer and the polyimide film, the
surface of the polyimide film may be subjected to plasma
treatment, reverse sputtering, primer layer application, or
adhesive layer application as appropriate. Above all,
application of an adhesive layer composed of an epoxy resin,
acrylic resin, polyamide resin, polyimide resin, NBR, or the
like is preferred because of its large adhesion improving
effect. The adhesive preferably has high hardness in order

to prevent sinking due to high temperature and high pressure



pl ated sinultaneously wwth the formation of the netal |ayer pattern on the
polyimde fil mdescribed above. The connecting hole for electrical
connection has a dianmeter of 15 to 200 gm The hole for placing the bal
preferably has a dianeter of 50 to 800 m and nore preferably 80 to 800 m
Next, el ectronic conmponents, such as IC chips, resistors, and capacitors,
are nounted on the circuit pattern thus forned. Any apparatus for nounting
el ectronic conponents nay be used in the present invention as long as it
has a function of optical position detdécti on and an ali gnnent nmechani sm
such as a novabl e stage, so that |low dinensional change rate is ensured.
The present invention 1is particularly effective in securing nmounting
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i ncrease or “connecting electronic conponents to the -

circuit pe m%ﬂe'?eiﬂfo? ? %éb@gentPQbe§aBQ§ par kiredhakhy kiiFht ed. In the

nmet hod in I ch e pads or bunp “are connected sinultaneously,
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present 1nvention Is preferably applied. Exanples of the nethods for

connectiPgfore the reinforcing plate is lamlnated in view of
improvement in productivity.

The thickness of the underlayer is in the range of 1 to

1,000 nm. It is effective in securing sufficient
conductivity for subsequent electroplating, in improving the
adhesion of the metal layer, and in preventing pinhole
defects to deposit a copper layer by sputtering further on
the underlayer at a thickness of 50 to 3,000 nm. The
underlayer may be formed after the flexible film is
laminated to the reinforcinglplate, or may be formed, for
example, on a long web before lamination. A photoresist is
applied to the underlayer thus formed by a spin coater,
blade coater, roll coater, or die coater, or by screen
printing, followed by drying. The photoresist is exposed
through a photomask with a predetermined pattern to form a
resist layer in the sections in which the plating film is
not required. The exposed photoresist is developed.
Electroplating is then performed using the underlayer as an
electrode. As the electroplating solution, a copper sulfate

plating solution, copper cyanide plating solution, copper



many el ectrode pads sinultaneously include a nethod in which a netal |ayer
conposed of tin, gold, solder, or the like fornmed on the el ectrode pads of
the circuit board is bonded to a nmetal |ayer conposed of gold, solder, or
the like fornmed on the el ectrode pads or bunps of the el ectronic
conponents by thermal pressure bonding; a method in which, while pressure
bonding a netal |ayer conposed of tin, gold, solder, or the like forned on
the el ectrode pads of the <circuit board and a netal |ayer conposed of

gold, solder, or the like formed or tdée el ectrode pads or bunps of the

el ectroni c conponents to each other, an anisotropic conductive adhesive or
nonconducti ve adhesive placed between the circuit board and the electronic

Comonerl  SpUBEAGEE g L, R8T EOIL FREaBcsl bondlog ggda it hod o

s’are farily fixed on a solder  paste
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resen nvention 1S greatly effective’in the
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conponents in the state In the circuit board is lamnated to

the gl aSBysgmgﬁet 8tchlinhStoPesshhheat @ ielulitnahe teent.r olphirithedimore,
tenperature an hum dity and noi sture proof packaging after the

fabricatphentifly beegshbguUht chaal dtyhli brmeuat 1ngeofi selpeatfinniedt davices. 1n
particular, in"flexible films, an irreversible dinmensional change is often
caused byegBhigkdre absorption,

In the circuit-pattern formation step, connecting holes
may be formed in the polyimide film. That is, via-holes may
be formed in order to provide electrical connection with the
metal layer formed on the surface laminated to the
reinforcing plate, or holes for placing balls for a ball
grid array package may be formed. In order to produce a
fine pitch pattern, since dimensional change rate of the
connecting holes is important as well as dimensional change
rate of the circuit pattern, preferably, after the flexible
film is laminated to the reinforcing plate to secure
dimensional stability, the connecting holes are formed from
the opposite surface to the laminated surface of the
polyimide film. In order to form the connecting holes,
laser drilling by a carbomn dioxide laser,/YAG laser, excimer
laser, or the like, or chemical etching may be employed.
When laser drilling is employed, a metal layer is preferably
formed as a stopper layer on the surface of the polyimide
film to which the reinforcing plate is laminated. As a

chemical etchant, hydrazine, potassium hydroxide, or the



and the present invention greatly contributes to ensuring of the
connecting accuracy between the circuit board and electronic devices.
Furthernore, even if the circuit board is defornmed by stress caused when
the circuit board is peeled off the glass substrate, by nounting
electronic devices to the circuit board before the circuit board is
peel ed of f the glass substrate, it is possible to prevent inpairnment of

t he connecting accuracy when the electronic devices are connected. After
the circuit board and the el ectroni e dGnponents are connected to each
other, the circuit board is peeled off the glass substrate. Before
peeling, preferably, the polyimde filmprovided with the circuit pattern

| ferably, the p i ded vi t
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50 The présent 1nvention w escri in nore detall based ‘on the

exanpl eschel oW, FPURYLLp1 LN REeSRAL i BUSRLERD oFStRRt nbiEist @det hereto. The
per f ormance val ues were neasured according to the follow ng methods.

Young' s ppgdubyss dhudtassonkateyiCal eHbakegnacsondbfgrhe #k$alR16@2rYoung's
nodul us of netal plate: Calculated according to ASTM

pattern on the polyimide film described above. The
connecting hole for electrical connection has a diameter of
15 to 200 wm. The hole for placing the ball preferably has
a diameter of 50 to 800 um, and more preferably 80 to 800 pm.

Next, electronic components, such as IC chips,
resistors, and capacitors, are mounted on the circuit
pattern thus formed. Any apparatus for mounting electronic
components may be used in the present invention as long as
it has a function of optical position detection and an
alignment mechanism, such as a movable stage, so that low
dimensional change rate is ensured. The present invention
is particularly effective in securing mounting accuracy of
large-scale ICs with small connection pitch and a large
number of pins. The IC package form is not particularly
limited, and the present invention is applicable to all of
bare chips, lead frame types, and ball grid array types.
Preferably, the present invention is applied to bare chips
or ball grid array types in which the number of pins is
increased.

The method for connecting electronic components to the



E1876-01 Peel strength: A polyimde filmwas | am nated to an adhesive

| ayer of rework style fornmed on a reinforcing plate, and then the
polyimde filmwas cut into a wwdth of 10 nm The strength by which the 10
mm wi de polyimde filmwas peeled in the straight angle direction at a
peel rate of 300 mMmim n wusing "Tensilon" manufactured by TM was defi ned
as the peel strength. EXAMPLE 1 As an auxiliary adhesive,

y-am nopropyl triethoxy silane was dissolved in isopropyl alcohol so as to
obtain a concentration of 5% by weigh8. ~-The auxiliary adhesive solution
was applied by a spin coater to a square alum noborosilicate glass with a
side of 300 mmand a thickness of 0.7 mm followed by drying at 100C for 5
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auxiliar I f wed b i a t Th
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a'r‘Sh'eﬁgéﬁgrgbh9189ﬁﬁgﬁﬁd Ofi:xamples of the methods for connecting
many electrode pads simultaneously include a method in which
a metal layer composed of tin, gold, solder, or the like
formed on the electrode pads of the circuit board is bonded
to a metal layer composed of gold, solder, or the like
formed on the electrode pads or bumps of the electronic’
components by thermal pressure bonding; a method in which,
while pressure bonding a metal layer composed of tin, gold,
solder, or the like formed on the electrode pads of the
circuit board and a metal layer composed of gold, solder, or
the like formed on the electrode pads or bumps of the
electronic components to each other, an anisotropic
conductive adhesive or nonconductive adhesive placed between
the circuit board and the electronic components is hardened
to perform mechanical bonding; and a method in which
electronic components are temporarily fixed on a solder
paste pattern-printed on electrode pads, and then connection
is performed by simultaneous reflowing. The present
invention is greatly effective in the connecting method by
thermal pressure bonding.

By mounting electronic components in the state in which



a filmin which an easily releasable silicone resin |ayer was placed on a
pol yester filmwas attached to the adhesive |ayer and was left to stand
for one week. The glass substrate had a Young's nodul us of 7,140 kg/ m®2,
and the product of the Young's nodulus (kg/mR) and the cube of the

t hi ckness (mm) was 2, 449 kg-nmm An adhesive for inproving the adhesion of
the nmetal |ayer was prepared as described below Into a flask in which

t he at nosphere was replaced with nitrogen, 228 parts by wei ght of

N, N- di met hyl acet am de was put and 19. 38 parts by wei ght of
1,1,3,3-tetranet hyl -1, 3- bi s(3- am nopropyl ) di sil oxane was di ssol ved
therein. 25.76 parts by weight of 3,3'4,4'-benzophenonetetracarboxylic
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m nut es, r m nutes, and at 1 m nutes, and curing

s peffﬁgﬂgiﬂtﬁ&%ﬁéﬁc Fﬁrf§emﬁyée§nf£§e_ LRI ¢kpeserafiptBe cured adhesive
yer was 0.5 m e polyimde filmon whi ch the adhesive was deposi ted
dimensional change is often caused by moisture absorption,
and the present invention greatly contributes to ensuring of
the connecting accuracy between the circuit board and
electronic devices. Furthermore, even if the circuit board
is deformed by stress caused when the circuit board is
peeled off the glass substrate, by mounting electronic
devices to the circuit board before the circuit board is
peeled off the glass substrate, it is possible to prevent
impairment of the connecting accuracy when the electronic
devices are connected.

After the circuit board and the electronic components
are connected to each other, the circuit board is peeled off
the glass substrate. Before peeling, preferably, the
polyimide film provided with the circuit pattern is
séparated into single pieces or sets of single pieces by a
laser, a jet of high-pressure water, a cutter, or the like
because handling after peeling is facilitated. 1In addition,
if the polyimide film is cut into single pieces or sets of
single pieces when the circuit pattern is formed, stress is

unlikely to remain in the polyimide film, which is desirable.



was cut into a square with a side of 300 mmand was stored in an

at nosphere of 25C and 45% RH for 10 hours. The polyimde filmwas then

pl aced on the stage 3 provided with a vacuum suction nmechani sm shown in
Figs. 1 and 3 with the adhesive |ayer surface facing upward, and vacuum
suction was perfornmed. Next, the polyimde filmwas passed bel ow t he

el ectrostatic charging device 12 while noving the stage 3. At this tineg,
negative ionic air was blowed fromthe electrostatic charging device 12 to
negatively charge the polyimde fiFmB0A-100-nmesh screen gauze conpeosed of
pol yester filanents was noved downward and brought into contact with
polyimde. film4. In such a state, the stage was noved so that the screen

gauze 2 passelqlﬁb}lroe\rf)%etr&e in%%?ﬁf&?tﬁif shag Qi itﬂ&i’ifr‘? r&grgmagba%@\?vas

swi tched so as ow positive itonic arr, an e screen gauze

posi L1 Vel yeEhargeh, TheatI£ache 9yt NoyshLeen, dRHECp2esclR 1ARRATILE (0 the

stage was squeegee ate ensur e e adhesion between the

p0|yi”idfsf%$€]ﬁiﬁfge&hﬁhefgfsgn JRYZBe2fotREn¥ACYHTLIEYCTLeR Of the stage 3
was stopped, the screen gauze 2 was nhoved upward, and the polyimde film

4 was trap %ﬁfé&daf:eo£3§n§Cﬁéeﬂhgaﬁéﬁlgwiﬁaemg\:ﬁ@&ss.UbStr_ate 6 provided
with the adhesive | ayer was placed on the stage 3 provided with the

vacuum susthgns nBahanksAE Fhesai pisheel dangulibkadoacthedadesovaIisayer was
renoved in advance. The screen gauze 2 |lamnated with the polyimde filmi4
was novegdigoza position above the gl ass

Young's modulus of metal plate: Calculated according to ASTM

E1876-01

Peel strength: A polyimide film was laminated to an adhesive

layer of rework style formed on a reinforcing plate, and

then the polyimide film was cut into a width of 10 mm. The

strength by which the 10 mm wide polyimide film was peeled

in the straight angle direction at a peel rate of 300 mm/min

using "Tensilon" manufactured by TMI was defined as the peel

strength.

EXAMPLE 1

As an auxiliary adhesive, y-aminopropyltriethoxy silane

was dissolved in isopropyl alcohol so as to obtain a

concentration of 5% by weight. The auxiliary adﬁesive

solution was applied by a spin coater to a square

aluminoborosilicate glass with a side of 300 mm and a

thickness of 0.7 mm, followed by drying at 100°C for 5

minutes. The dried auxiliary adhesive layer had a thickness

of 300 nm.

A mixture obtained by mixing an acrylic adhesive "SK-



substrate 6. The screen gauze 2 lamnated with the polyimde film4 was
noved downward and pl aced parallel to the glass substrate with a
separation of 0.7 mm Next, the surface of the screen gauze 2 opposite to
the surface abutting on the polyimde filmwas squeegeed by a rubber plate
8 wwth a Shore hardness of 50 to press the polyimde film4 against the
adhesi ve |l ayer of rework style 7, and the polyimde film4 was thereby
transferred to the glass substrate. The screen gauze was passed bel ow t he
el ectrostatic charging device 12 wH &1 was switched so as to blow positive
and negative ionic air, and the charges of the screen gauze were
neutralized. The gl ass substrate lamnated with the polyimde film was
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auxiliary adhesive layer, followed by drying at 80°C for 2

minutes. The dried adhesive layer of rework style had a

thickness of 1 um. Next, an air-shielding film composed of

a film in which an easily releasable silicone resin layer

was placed on a polyester film was attached to the adhesive

layer and was left to stand for one week. The glass

substrate had a Young's modulus of 7,140 kg/mm2, and the

product of the Young's modulus (kg/mm?) and the cube of the

thickness (mm) was 2,449 kg-mm.

An adhesive for improving the adhesion of the metal

layer was prepared as described below. Into a flask in

which the atmosphere was replaced with nitrogen, 228 parts

by weight of N,N-dimethylacetamide was put and 19.88 parts

by weight of 1,1,3,3-tetramethyl-1,3-bis(3-

aminopropyl)disiloxane was dissolved therein. 25.76 parts

by weight of 3,3'4,4'-benzophenonetetracarboxylic

dianhydride was added thereto and stirred in the nitrogen

atmosphere at 10°C for 1 hour. Reaction was carried out

while stirring at 50°C for 3 hours, and an adhesive composed

of polyimide precursor varnish was thereby obtained.



t hi ckness of 10 mwas thereby fornmed in the sections which did not require
a plating layer. In the photonmask pattern for testing, one unit consisted
of 380 connecting pads (20 mw de, 200 mlong) with a pitch of 50 pm
arrayed in two parallel colums and a distance of 1.5 mm between the
centers of the adjacent pads, and respective units were uniformy arrayed
with a pitch of 40 mfmmin 7 rows and 7 colums on a square polyimde film
with a side of 300 mMm At the sane tinme, for the purpose of neasuring

|l ength, 4 nmarkers were provided on-t#e photomask pattern at four points
di agonal |y apart fromthe center of the substrate wth a distance of
approximately 141 nmm (the di stance between the individual points being 200
nmin parall to the side). - 55  .Next., using the copper as an

el ect r ode, aq%ﬁﬁﬁéflﬁ%ﬂﬂﬁ %ﬁ???%ft%?%Kﬁ%% °0 géw%ﬁ1%%§9%%?%§%fgy
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the resis ayer were nove oft etching using a hydrogen
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of 1 mand a gofd l'ayer with a thickness of 0.2 mwere deposited by
el ectropkaktNakPihhaiyagr gekrermbRea€OBReL- Ebat hdgnliavees, Lhe 1Bi0ckel

el ectroplating was perforhed in a Watt bath. As the gold el ectroplating
sol utiongog DeuULEAaltael daplakikNn@50°c for 15 minutes, and curing was
performed at 250°C for 5 minutes. The thickness of the
cured adhesive layer was 0.5 um.

The polyimide film on which the adhesive was deposited
was cut into a square with a side of 300 mm and was stored
in an atmosphere of 25°C and 45% RH for 10 hours. The
polyimide film was then placed on the stage 3 provided with
a vacuum suction mechanism shown in Figs. 1 and 3 with the
adhesive layer surface facing upward, and vacuum suction was
performed. Next, the polyimide film was passed below the
electrostatic charging device 12 while moving the stage 3.
At this time, negative ionic air was blowed from the
electrostatic charging device 12 to negatively charge the
polyimide film. A 100-mesh screen gauze composed of
polyester filaments was moved downward and brought into
contact with polyimide film 4. 1In such a state, the stage
was moved so that the screen gauze 2 passed below the
electrostatic charging device 12 which was switched so as to
blow positive ionic air, and the screen gauze 2 was

positively charged. The surface of the screen gauze 2



sol ution including aurous potassium cyani de was used. A netal |ayer
pattern was thereby fornmed. Using a 150-nesh pol yester screen, a sol der
resi st NPR- 90 (manufactured by N ppon Polytex) was applied by a screen
printer to the entire surface of the polyimde filmprovided wth a netal
pattern, followed by drying at 70C for 30 minutes. Next, in order to renove
the solder resist on the electrode pad units arrayed in 7 rows and 7
colums and on the markers for neasuring |length, the solder resist was
irradiated with ultraviolet light at 680-mJ/cn2 through a photonmask, and

t he sol der resist was devel oped while spraying 1% by wei ght sodi um

car bonat e aqueous solution. Curing was perforned at 150C for 30 mnutes to
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80% RH for 0One week. ile heating an I C chip nodel, in

The glass substrate 6 provided with the adhesive layer
7 was placed on the stage 3 provided with the vacuum suction
mechanism. The air-shielding film on the adhesive layer was
removed in advance. The screen gauze 2 laminated with the
polyimide film 4 was moved to a position above the glass
substrate 6.

The screen gauze 2 laminated with the polyimide film 4
was moved downward and placed parallel to the glass
substrate with a separation of 0.7 mm. Next, the surface of
the screen gauze 2 opposite to the surface abutting on the
polyimide film was squeegeed by a rubber plate 8 with a
Shore hardness of 50 to press the polyimide film 4 against
the adhesive layer of rework style 7, and the polyimide
film 4 was thereby transferred to the glass substrate. The
screen gauze was passed below the electrostatic charging
device 12 which was switched so as to blow positive and
negative ionic air, and the charges of the screen gauze were
neutralized.

The glass substrate laminated with the polyimide film

was removed from the stage and was irradiated with



whi ch 380 bunps plated with gold were arrayed with a pitch of 50 m per one
row and two rows were arrayed with a separation of 1.5 mm at 150C from
the chip side, using an ultrasonic bonder FC2000 (manufactured by Toray
Engi neering Co., Ltd.), netal diffusion bonding with the el ectrode pads

on the circuit board was performed. Each bunp had a wwdth of 30 m a

| ength of 50 m and a height of 14 W The pressure for each bunp was 30 g.
The alignnment of the bunps of the IC chip nodel with the el ectrode pads on
the circuit board was satisfactory- A4cross section of the connecting

part was taken and observed by an el ectron nicroscope As a result, the

si nki ng of the bunps mas snall at 1.7 pm mhlch - caused no problens in

reli abilify.. A, pdge ol Lhec Pl yhgi g Lhb Mk ygs v Sgggg ckegsepdLhe

pol yi m de mwas gra uaI y peele Crrcuit

boar o wags shet 50y, oBL 1 00an 861 bb 291208 EQQOFgegky§grength vas 2 g/ cm

and t he produc . e peél strength A
(g/cm, the reeig 1§im§%§ﬂf91ﬁﬁl5&@55{%&k855§h@fg19§spghxgekgeefIIm

and the reciproca g) of the Young' s nodul us'of the pol ylnlde

film wag 8nfontidfl= élci{@f ROL ¥y M doeti meag BHEckH@EQCBQd4f meMahle a
adhesion layer in the circuit-pattern- form ng step. Wen the polyimde

filmwascoggbedlaltr fhen RotMiskAeski b was paekedOlibpakitled iint erface
with the ‘adhesion layer, and curling of the polyimde P | mdid not occur.
The resuthaptogheeubl bBpatdevasgstoradthe alloy composition, the

weight ratio of chromium to nickel was 20:80.

A positive photoresist was applied to the copper layer
by a spin coater and dried at 110°C for ten minutes. The
photoresist was exposed through a photomask. Next, the
photoresist was developed, and a resist layer with a
thickness of 10 um was thereby formed in the sections which
did not require a plating layer. 1In the photomask pattern
for testing, one unit consisted of 380 connecting pads (20
pm wide, 200 pum long) with a pitch of 50 pum arrayed in two
parallel columns and a distance of 1.5 mm befween the
centers of the adjacent pads, and respective units were
uniformly arrayed with a pitch of 40 mm in 7 rows and 7
columns on a square polyimide film with a side of 300 mm.
At the same time, for the purpose of measuring length, 4
markers were provided on the photomask pattern at four
points diagonally apart from the center of the substrate
with a distance of approximately 141 mm (the distance
between the individual points being 200 mm in parallel to

the side).



at nosphere of 25C and 45% RH for 10 hours. The di stance between the two
poi nts, which were provided for neasuring |ength as described above,
originally about 283 nmapart diagonally (200 nmin the x direction, 200
mmin the y direction) was neasured by the | ength-nmeasuring device SM C
800. As a result, dinensional change rate was maintained extrenely
satisfactorily, i.e., within 5 m (5 pmdivided by 283 nmequals 0.0018%
relative to the photomask pattern. EXAMPLE 2 An adhesive for inproving the
adhesion of a netal layer was prepared in the same manner as that in
Exanple 1. The - 58 adhesive was continuously applied to a |ong polyimde
film ("UPILEX" manufactured by Ube Industries Ltd.) with a thickness of

manner as Chalhy Bty GERPOLTRAptr B 80 o POE UL e BB s
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of the surfaces the polyi m de prov sive layers,
a chrom ym-phHckel sahkgxel BYSEiWyt BoldttiBhekBssss@l asnnand a copper |ayer
with a thickness of nm weré deposited in that order by a sputtering

appar at ugl@ttboﬁ%tlh@ é@hhti?éﬁt enmrhkNphBeozkk¥t GarPesmoved dHyhe wei ght
ratio of chromumto nickel was 20:80. A copper-plating |layer with a
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apparatus wth roll-to-roll system As the plating solution, copper
nickel alloy layer below the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solution. A nickel layer with a thickness of 1 um and a
gold layer with a thickness of 0.2 pm were deposited by
electroplating in that order on the copper-plating layer.
The nickel electroplating was performed in a Watt bath. As
the gold electroplating solution, a neutral gold plating
solution including aurous potassium cyanide .was used. A
metal layer pattern was thereby formed.

Using a 150-mesh polyester screen, a solder resist NPR-

90 (manufactured by Nippon Polytex) was applied by a screen
printer to the entire surface of the polyimide film provided
with a metal pattern, followed by drying at 70°C for 30
minutes. Next, in order to remove the solder resist on the
electrode pad units arrayed in 7 rows and 7 columns and on
the markers for measuring length, the solder resist was
irradiated with ultraviolet light at 600 mJ/cm? through a
photomask, and the solder resist was developed while
spraying 1% by weight sodium carbonate aqueous solution.

Curing was performed at 150°C for 30 minutes to cure the



sul fate was used. The polyimde filmprovided with the copper-plating

| ayer was cut into a square sheet with a side of 300 mMmm A dry filmwas

| am nat ed on the copper-plating layer by a roll Jlamnator, and a dry film
resist pattern was fornmed by exposing the dry filmresist through a

phot omask and by developing. In the photomask pattern for testing, one
unit consisted of 28 pads with a dianeter of 500 marrayed on a straight
line with a pitch of 10 nm and respective units were arrayed with a pitch
of 40 mmin 6 rows in parallel - 59- Beom a position 50 nmapart fromthe
side of the square polyimde filmwth a side of 300 nm Furthernore,
every other adjacent pads were connected with a line wwth a wwdth of 100

m By showering a ferric, chlorid gueous_sql ution, Qnt o, the I | de film
o vl ded SERE CRESUR b {1 P PRSP e b BB aERr P he 2o BARar Lo B aat ter neq.
and also r ckel al l oy |l ayer under the copper |ayer was
patternedﬁggsgyrgﬁggg%g fern and alignnent mar ks were thereby fornmed. The

dry f|In1re$h?%e pad§ @Wéatwgsb§£n§§r'ﬁﬂf5huﬁ? rQolyinmde film

provi ded with e Wiring pattern oh one’s ace thereof was

thereby ;9?&@&&@& bp &Qgﬁaéﬂﬁgﬁgeﬂ Enagst aggck@bééa%b%e ,oéag%éullyary

adhesi ve | ayer an adhesi v r were forned on a squa e

al unm nobgggst | zégtﬁmghaaﬁwﬁiag@nam? ?b080AmMhardeax Hhrekrass, of 0.7 mm
An air-shielding filmwas attacChed

200 mm in the y direction) was measured by a length-
measuring device SMIC-800 (manufactured by Sokkia Co., Ltd.).
As a result, dimensional change rate was extremely
satisfactory, i.e., within £5 pm (5 pm divided by 283 mm
equals +0.0018%) relative to the photomask pattern.
Furthermore, the resultant laminated member for the

circuit board was left to stand in an atmosphere of 30°C and
80% RH for one week. While heating an IC chip model, in
which 380 bumps plated with gold were arrayed with a pitch
of 50 um per one row and two rows were arrayed with a
separation of 1.5 mm, at 150°C from the chip side, using an
ultrasonic bonder FC2000 (manufactured by Toray Engineering
Co., Ltd.), metal diffusion bonding with the electrode pads

| on the circuit board was performed. Each bump had a width
of 30 pum, a length of 50 pum, and a height of 14 um. The
pressure fdr each bump was 30 g. The alignment of the bumps
of the IC chip model with the electrode pads on the circuit
board was satisfactory. A cross section of the connecting
part was taken and observed by an electron microscope. As a

result, the sinking of the bumps was small at 1.7 pm, which



thereto and left to stand for one week. The polyimde filmprovided with
the pads and the wring pattern on one surface thereof was stored in an
at nrosphere of 25C and 45% RH for 10 hours. The polyimde filmwas then
pl aced on the stage 3 provided with a vacuum suction nmechani sm shown in
Figs. 1 and 3 with the surface provided with the pads and the wiring

pattern facing downward, and vacuum suction was perforned. The polyi m de

filmwas |lam nated to the glass substrate in the same nanner -

60 as th

in Exanple 1. The gl ass substrate | am5Yated with the polyimde film was
removed fromthe stage and was irradiated with wultraviolet light at 1,000
mJ/cn2 fromthe glass substrate side to cure the adhesive |ayer. Next,

poninﬁd§a£g%%LM§$%§g$i Mgtbagaéfgggiggkgg carbon di oxide |aser, a via

hole w t er of pm an

bott om di arret er of 60 m was

at
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a positive photoresist |ayer was
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the product of the peel strength A (g/cm), the reciprocal B

(1/pm) of the thickness of the polyimide film, and the

reciprocal C (mm2?/kg) of the Young's modulus of the

polyimide film, was 8.6 x 107, The polyimide film was not

detached from the adhesion layer in the circuit-pattern-

forming step. When the polyimide film was peeled off,

the

polyimide film was peeled off at the interface with the

adhesion layer, and curling of the polyimide film did not

occur. The resultant circuit board was stored in an

atmosphere of 25°C and 45% RH for 10 hours. The distance

between the two points, which were provided for measuring

length as described above, originally about 283 mm apart

diagonally (200 mm in the x direction, 200 mm in the y

direction) was measured by the length-measuring device SMIC-

800. As a result, dimensional change rate was maintained

extremely satisfactorily, i.e., within 5 pum (5 pum divided

by 283 mm equals +0.0018%) relative to the photomask pattern.

EXAMPLE 2
An adhesive for improving the adhesion of a metal

was prepared in the same manner as that in Example 1.

layer

The

rmed on the copper layeéer, followed by



t he same manner as that in Exanple 1, one unit consisted of 380 connecting
pads (20 mw de, 200 mlong) with a pitch of 50 marrayed in two parall el
colums and a distance of 1.5 mm between the centers of the adjacent pads,
and respective units were uniformy arrayed with a pitch of 40 mmin 7
rows and 7 colums on a square polyimde filmwith a side of 300 mMm At
the sanme tine, for the purpose of neasuring length, 4 markers were

provi ded on the photomask - 61 pattern at four points diagonally apart
fromthe center of the substrate w-thg8a-di stance of approximately 141 mm
(the distance between the individual points being 200 mmin parallel to
the side). Next, using the copper |ayer as an el ectrode, a copper |ayer

bl at' ng SREPERR fae rebhTRNCTRET aPATRr kR ;Q'négé@ga&ll?lﬁ?@%i“fgﬁ hf)?teii st
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| ayer. the nic ectroplating solution, a nickel sulfate plating
sol uti Ono’éﬁ§ru§§9fa6§ bhetgel go@b%&aepka&mngass%latt'e@nm%lpl RWOUS

pot assi um cyani de plating solution was used. A netal |ayer pattern was
t hereby h@neBEveNeXhilhBly, followed by drylng and curing.

On oné of the surfaces of the polyimide film provided
with the adhesive layers, a chromium-nickel alloy layer with
a thickness of 5 nm and a copper layer with a thickness of
200 nm were deposited in that order by a sputtering
apparatus with roll-to-roll system. In the alloy
composition, the weight ratio of chromium to nickel was
20:80. A copper-plating layer with a thickness of 5 um was
formed on the copper layer by an electroplating apparatus
with roll-to-roll system. As the plating solution, copper
sulfate was used.

The polyimide film provided with the copper-plating
layer was cut into a square sheet with a side of 300 mm. A
dry film was laminated on the copper-plating layer by a roll
laminator, and a dry film resist pattern was formed by
exposing the dry film resist through a photomask and by
developing. In the photomask pattern for testing, one unit
consisted of 28 pads with a diameter of 500 um arrayed on a
straight line with a pitch of 10 mm, and respective units

were arrayed with a pitch of 40 mm in 6 rows in parallel



the sane manner as that in Exanple 1, a solder resist pattern was forned
and a |l am nated nmenber for a circuit board was obtained. The di stance

bet ween the two points, which were provided for neasuring |length as

descri bed above, originally about 283 nm apart diagonally (200 mmin the x
direction, 200 mmin the y direction) was neasured by a length - 62
nmeasuri ng device SM C- 800 (nmanufactured by Sokkia Co., Ltd.). As a result,
di mensi onal change rate was extrenely satisfactory, i.e., within 5 m(5 pm
di vided by 283 mm equals 0.0018% rel& i-ve to the photonmask pattern.
Furthernore, the resultant |am nated nenber for the circuit board was |eft
to stand in an atnosphere of 30C and 80% RH for one week. \Wile heating an

| Cchip wedela Bes1%@bﬁh5689mbaga§tpk§5ﬁdtwgt@1@%'qu% Yqaged W Lh a

pitch er one row and TwWo rows were arraye Separation of

1.5 mm ?51}§Q§agr@quhh@leh'a side o@Sb@@ ﬁﬁ u%ﬁ&%%% thn%ﬂ%rF 000

(manuf actured by Toray Engineering Co., Ltd.), netal si on bondi ng

Wi th theo@hegt aeﬁlsceﬁqspaa@ ua%e%eﬁﬂbkt@aawitﬂa% rl%feom%@l aEaakydpurp had
awdth of 30 m alength of 50 m and a height of 14 m The pressure for

each bunprwaso3fimg- The alignment of the bunps of the IC chip nodel with
the el ectrode pads on the circuit board was satisfactory. A cross section

of the conneckynghopérinyas takencapnlobseevedubyuanselaeibanofter oscope.
As a result, the sinking of the bunps was small at 1.7 m which
the polyimide film provided with the dry film resist pattern,
the copper layer was pétterned, and also the chromium-nickel
alloy layer under the copper layer was patterned. A wiring
pattern and alignment marks were thereby formed. The dry
film resist was then removed by a resist stripper. A
polyimide film provided with the pads and the wiring pattern
on one surface thereof was thereby obtained.

In the same manner as that in Example 1, an auxiliary
adhesive layer and an adhesive layer were formed on a square
aluminoborosilicate glass with a side of 300 mm and a
thickness of 0.7 mm. An air-shielding film was attached
thereto and left to stand for one week.

The polyimide film provided with the pads and the
wiring pattern on one surface thereof was stored in an
atmosphere of 25°C and 45% RH for 10 hours. The polyimide
film was then placed on the stage 3 provided with a vacuum
suction mechanism shown in Figs. 1 and 3 with the surface
provided with the pads and the wiring pattern facing
downward, and vacuum suction was performed. The polyimide

film was laminated to the glass substrate in the same manner



caused no problens in reliability. An edge of the polyimde filmwas
vacuum sucked and the polyimde filmwas gradually peeled off the gl ass
e. At this stage, the peel strength was 2 g/cm and the product

substrat
X B x C,

(1/m of
(m2/ kg)

pattern-
pol yimd
and curl

di st ance
| engt h,
directio

i.e., the product of the peel strength A (g/cnm), the reciprocal
t he thickness of the polyimde - 63 film and the reciprocal

C

A
B

of the Young's nodulus of the polyimde film was 8.6 x 10-5. The
polyimde film was not detached fromthe adhesion |ayer in the circuit-

form ng step. Wien the pol yi-méde fil mwas peeled off, the

e filmwas peeled off at the interface with the adhesion |ayer,

ing of the polyimde filmdid not occur. The resultant circuit
board wagssEgggdlhnﬁggpaggngsphere of 25C and 45% RH for 10 hours. The

points, which were provided for neasuring
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rcult board was obt ai ned In

he sanme manner as that in Exanple 1.

sedgetref cike tpel woRede vkl haywas vacuum sucked and the pol yi m de

gradual |y peeled off the glass substrate. The resultant
Next, the polyimide film was shot with a short-pulse

carbon dioxide laser, a via hole with a top diameter of 120
pum and a bottom diameter of 60 pum was formed at the position
correspohding to the pad previously formed with a diameter
of 500 pum. Smears on the bottom of the via hole were
removed by immersing the polyimide film in a permanganic
acid aqueous solution.

A chromium-nickel alloy layer and a copper layer were
deposited on the polyimide film in that order in the same
manner as_that in Example 1. Then a positive photoresist
layer was formed on the copper layer, followed by exposure
and development. In the photomask pattern for testing, in
the same manner as that in Example 1, one unit consisted of
380 connecting pads (20 um wide, 200 um long) with a pitch
of 50 um arrayed in two parallel columns and a distance of
1.5 mm between the centers of the adjacent pads, and
respective units were uniformly arrayed with a pitch of 40
mm in 7 rows and 7 columns on a square polyimide film with a
side of 300 mm. At the same time, for the purpose of

measuring length, 4 markers were provided on the photomask

%ﬁ .
ngt h- measuri ng



circuit board was left to stand in an atnosphere of 30C and 80% RH for one
week, and bonding was attenpted by aligning an the IC chip nodel that is
simlar to that in Exanple 1 wth electrode pads on the circuit board. Due
to strain of the circuit board, in 4 units out of 49 units on the circuit
- 64 Dboard, it was not possible to align the el ectrode pads on the
circuit board with the bunps in the |IC. COVWARATI VE EXAMPLE 1 -An adhesive
for inmproving the adhesion of the netal |ayer was prepared in the sane
manner as that in Exanple 1. As in-Bé6anple 1, the adhesive was
continuously applied to one surface of a long polyimde film("UPILEX"
manuf actured by Ube Industries, Ltd.) with a thickness of 25 mand a

r%gtgoﬁggggg%r?l?%f é&weg gxtg %%Qgﬁﬁg?éﬁu Fggt g@oﬂn@hgfﬁgn%e§uBEaces of

pr ovi ve | ayer rom um ni ckel
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ratio of chromumto nicke he polyimde film provided with

the chroghyum nibekeh tﬁglgydggyer and the copper layer was cut into a square
sheet wth a side of mm The cut polyimde sheet was fixed by suction

on the Vacuunfl@#@tl@@lﬁ%bim B ér PPsyELVEs PROLDEESEHe)as appbeed to the

copper | ayer fol | owed
layer with a thickness of 5 um was formed by electroplating.
A copper sulfate plating solution was used as the
electroplating solution. The photoresist was removed by a
photoresist stripper, and the copper layer and the chromium-
nickel alloy layer below the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solution. A nickel layer with a thickness of 1 um and a
gold layer with a thickness of 0.2 um were deposited by
electroplating in that order on the copper plating layer.
As the nickel electroplating solution, a nickel sulfate
plating solution was used. As the gold electroplating
solution, an aurous potassium cyanide plating solution was
used. A metal layer pattern was thereby formed. Next, in
the same manner as that in Example 1, a solder resist
pattern was formed and a laminated member for a circuit
board was obtained.

The distance between the two points, which were

provided for measuring length as described above, originally
about 283 mm apart diagonally (200 mm in the X direction,

200 mm in the y direction) was measured by a length-



drying at 110C for 10 m nutes. The photoresist was exposed through a

phot omask and devel oped to forma resist layer wth a thickness of 10 min
the sections in which the plating |ayer was not required. In the photomask
pattern 65 for testing, as in Exanple 1, one unit consisted of 380
connecting pads (20 mwi de, 200 mlong) with a pitch of 50 marrayed in
two parallel colums and a distance of 1.5 nm between the centers of the
adj acent pads, and respective wunits were uniformly arrayed with a pitch of
40 mmin 7 rows and 7 colums on a-s@lare polyimde filmw th a side of
300 M At the sane tinme, for the purpose of neasuring length, 4 markers
were provided on the photomask pattern at four points diagonally apart
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usi ng a hydrogen peroxide-sul furic acid aqueous solution. In the sane

manner as thaguithdxadpee the ardsekednt!| 2yRindt 8 Rehbebekpessthk 1 mand a
gold layer with a thickness of 0.2 mwere deposited in that order on the
circuit board was left to stand in an atmosphere of 30°C and
80% RH for one week. While heating an IC chip model, in
which 380 bumps plated with gold were arrayed with a pitch
of 50 um per one row and two rows were arrayed with a
separation of 1.5 mm, at 150°C from the chip side, using an
ultrasonic bonder FC2000 (manufactured by Toray Engineering
Co., Ltd.), metal diffusion bonding with the electrode pads
on the circuit board was performed. Each bump had a width
of 30 um, a length of 50 pum, and a height of 14 um. The
pressure for each bump was 30 g. The alignment of the bumps
of the IC chip model with the electrode pads on the circuit
board was satisfactory. A cross section of the connecting
part was taken and observed by an electron microscope. As a
result, the sinking of the bumps was small at 1.7 pum, which
caused no problems in reliability.

An edge of the polyimide film was vacuum-sucked and the
polyimide film was gradually peeled off the glass substrate.
At this stage, the peel strength was 2 g/cm, and the product
A x BxC, i.e., the product of the peel strength A (g/cm),

the reciprocal B (1/um) of the thickness of the polyimide



copper-plating layer. A netal |ayer pattern was thereby fornmed. Next, as
in Exanple 1, a solder resist pattern was forned, and a circuit board was
obtained. - 66 The resultant circuit board was stored in an atnosphere of
25C and 45% RH for 10 hours. The di stance between the two points, which
were provided for neasuring length, originally about 283 nmm apart
diagonally (200 mmin the x direction, 200 mmin the y direction) was
nmeasured by a | ength-neasuring device SM C- 800 (rmanufactured by Sokkia
Co., Ltd.). As aresult, a deviatien6df ~45 m (45 mdivided by 283 mm
equal s 0.0159% fromthe photomask pattern toward the outside of the board
was observed, thus being a failure. EXAMPLES 4 to 8 In each Exanple, a
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the adhesion layer, and curling of the polyimide film did
not occur. The resultant circuit board was stored in an
atmosphere of 25;C and 45% RH for 10 hours. The distance
between the two points, which were provided for measuring
length, originally about 283 mm apart diagonally (200 mm in
the x direction, 200 mm in the y direction) was measured by
the length-measuring device SMIC-800. As a result,
dimensional change rate was maintained extremely
satisfactorily, i.e., within #5 pm (5 pm divided by 283 mm
equals +0.0018%) relative to the photomask pattern.
EXAMPLE 3

A laminated member for a circuit board was obtained in
the same manner as that in Example 1. Next, an edge of the
polyimide film was vacuum-sucked and the polyimide film was
gradually peeled off the glass substrate. The resultant
circuit board was left to stand in an atmosphere of 30°C and
80% RH for one week, and bonding was attempted by aligning
an the IC chip model that is similar to that in Example 1
with electrode pads on the circuit board. Due to strain of

the circuit board, in 4 units out of 49 units on the circuit



results in Exanple 1 are also shown in Table 1. In Exanple 6 in which a

gl ass substrate was used as the reinforcing - 67 plate and the product of
t he Young's nodul us and the cube of the thickness was |ess than 850 kg/ mm
t he maxi num deviation of the circuit pattern was relatively satisfactory
at 20 pm relative to 283 mm However, the deviation is |arger conpared
wth Exanple 1, etc., which may result in a decrease in the yield in the
fabrication of circuit substrates. cl) ma~Q ci4) o o cc)00o co c~~a 0 ca
VCOC) CLCO a)00000 C. 0) 0 a) c EGOEGE C C) ¢ O m

board, it was not possible to align the electrode pads on
the circuit board with the bumps in the IC.
COMPARATIVE EXAMPLE 1

An adhesive for improving the adhesion of the metal
layer was prepared in the same manner as that in Example 1.
As in Example 1, the adhesive was continuously applied to
one surface of a long polyimide film ("UPILEX" manufactured
by Ube Industries, Ltd.) with a thickness of 25 um and a
width of 300 mm, followed by drying and curing.

On one of the surfaces of the polyimide film provided
with the adhesive layer, a chromium-nickel alloy layer with
a thickness of 5 nm and a copper layer with a thickness of
200 nm were deposited in that order by a roll-to-roll type
sputtering apparatus with roll-to-roll system. In the alloy
composition, the weight ratio of chromium to nickel was
20:80.

The polyimide film provided with the chromium-nickel
alloy layer and the copper layer was cut into a square sheet
with a side of 300 mm. The cut polyimide sheet was fixed by
suction on the vacuum suction table, and a positive
photoresist was applied to the copper layer, followed by
drying at 110°C for 10 minutes. .The photoresist was exposed
through a photomask and developed to form a resist layer
with a thickness of 10 um in the sections in which the

plating layer was not required. In the photomask pattern
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for testing, as in Example 1, one unit consisted of 380
connecting pads (20 pum wide, 200 um long) with a pitch of 50
um arrayed in two parallel columns and a distance of 1.5 mm
between the centers of the adjacent pads, and respective
units were uniformly arrayed with a pitch of 40 mm in 7 rows
and 7 columns on a square polyimide film with a side of 300
mm. At the same time, for the purpose of measuring length,
4 markers were provided on the photomask pattern at four
ﬁoints diagonally apart from the center of the substrate
with a distance of approximately 141 mm (the distance
between the individual points being 200 mm in paréllel to
the side).

Using the copper layer as an electrode, a copper layer
with a thickness of 5 um wés formed by electroplating. A
copper sulfate plating solution was used as the
electroplating solution. The photoresist was removed by a
photoresist stripper, and the copper layer and the chromium-
nickel alloy layerlbelow the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solution. In the same manner as that in Example 1, a nickel
layer with a thickness of 1 um and a gold layer with a
thickness of 0.2 um were deposited in that order on the
copper-plating layer. A metal layer pattern was thereby
formed. Next, as in Example 1, a solder resist pattern was

formed, and a circuit board was obtained.
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The resultant circuit board was stored in an atmosphere
of 25°C and 45% RH for 10 hours. The distance between the
two points, which were provided for measuring length,
originally about 283 mm apart diagonally (200 mm in the x
direction, 200 mm in the y direction) was measured by a
length-measuring device SMIC-800 (manufactured by Sokkia Co.,
Ltd.). As a result, a deviation of 45 um (45 pum divided by
283 mm equals 0.0159%) from the photomask pattern toward the
outside of the board was observed, thus being a failure.
EXAMPLES 4 to 8

In each Example, a laminated member for a circuit board
was obtained in the same manner as that in Example 1 except
that the material for the reinforcing blate and the
thickness of the reinforcing plate were changed those shown .
in Table 1.

After the resultant circuit board was stored in an
atmosphere of 25°C and 45% RH for 10'hours, the distance
between the two points, which were provided for measuring
length, originally about 283 mm apart diagonally (200 mm in
the x direction, 200 mm in the y direction) was measured by
a length-measuring device SMIC—BOO (manufactured by Sockkia
Co., Ltd.). The maximum deviation from the photomask
pattern measured is shown in Table 1. The measurement
results in Example 1 are also shown in Table 1. In Example

6 in which a glass substrate was used as the reinforcing
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EXAMPLES 9 to 15, COWPARATI VE EXAMPLE 2 As polyimde filns, "UPILEX"

(manuf actured by Ube Industries, Ltd.)(Young' s nodulus: 930 kg/ M) with a
t hi ckness of 25 ~tm 75 ~=, and 125 pm respectively, and "Kapton"

(manuf actured by DuPont-Toray Co., Ltd.)(Young's nodulus: 650 kg/mMmR2) with
a thickness of 25 pmwere prepared. In order to adjust the peeling strength
between the polyinmde filmand the adhesive, as an adhesive, a m xture
"Oribain" BPS5227-1 (manufactured by Bdyo Ink Mg. Co., Ltd.) and a curing
agent BXX5134 (rmanufactured by Toyo Ink Mg. Co., Ltd.) at a mxing ratio
of 100:5 was used in Exanple 9. In each of Exanple 10 and Exanple 11, a
mxture ppfte C&héatﬁ;xg &cg53f(HHQU§BEBH“gde&uIﬁﬁoaNPktkggcugﬁigf Ltd.)

and a curlng agent B manuf actured by Toyo | nk ) at a
m xi ng ragdorR{ AR89 was yégg than Esannb¢m$2 tﬁenhékghﬁmohe vR4RR/NN"

SH 101 (manufactured by Toyo Ink d.) and a curing agent T-501B
(manuf acé gir ede by i FeMot | pktMegn @Es,rblgtlvélyasé%Ean@Eory at 20 pm
relative to 283 mm. However, the deviation is larger
compared with Example 1, etc., which may result in a

decrease in the yield in the fabrication of circuit

substrates.



100: 3 was used. In Exanple 13, a mixture of "SK-DYNE" SW 11A (nmanufactured
by Soken Chem cal and Engi neering Co., Ltd.), a curing agent L45

(manuf actured by Soken Chemi cal and Engineering Co., Ltd.), and a curing
agent E-5XM (nmanufactured by Soken Chem cal and Engineering Co., Ltd.) at
a mxing ratio of 100:2:0.7 was used. In Exanple 14, a m xture of

"SK- DYNE" SW 11A (manufactured by Soken Chem cal - 70 and Engi neering Co.,
Ltd.), a curing agent L45 (manufactured by Soken Chem cal and Engi neering
Co., Ltd.), and a curing agent E-SXM (manufactured by Soken Chem cal and
Engi neering Co., Ltd.) at a mxing ratio of 100:3:1.5 was used. In

Exanpl e 15, a m xture of "Oibain" BPS5227-1 (manufactured by Toyo Ink
Mg. Co., Ltd.) and a curing agent BXX5134 (manufactured by Toyo |Ink Mg.
Co., Ltd.) at a mxing ratio of 100:2 was used. In Conparative Exanple 2,

a mxture of "Oribain" BP$567B3 (nanufactjured by Toyo Ink Mg. Co., Ltd.)
and a curing agent E3HS-851E>Sgwamfacturec By| Toyo Ink Mg. Co., Ltd.) at a
m xing ratio of 100:5%,&1 d %‘fl'ke(u;peet 'gtregggth of each adhesive is
shown in Table 2. Dafasf®E £X3I§)|eg_ i g |absp Shown in Table 2. In each
Exanpl e, a | am nat ecl-gﬁgrg)er ®of @ |ciF cuPt| oprd| was obtained in the sane
manner as that in B_gry@l% 1 except| that (tde adhesi ve described above was
used. An edge of the®© B3t vilni dp_fi|ll m has [vachum{sucked and t he pol yi m de
filmwas gradually |pegled|off|the glpass |substrate. A circuit board thus
obt ai ned was stored|ingan atnosphgere pf 25 C and 45% RH
E3 . | 9| 9P $
gug £ £ (=) o = M~
SES | £| & 7| Y & ¢
=E = | = =
3
O E
X
ER
-§‘<‘C.>E\ % B v = % 0
= w
Eso |J| ] 3| 2| &
o> O =
58 '
| 2 3
[0 0] S
0 (=]
\ EX-
3 @
T = o~ o~ (o] (=]
esE |28 8 8|88
w5 D N~ © «© © & b
25
3
=e
o
o 3
og,.\ w0
858 |S |~ 3| 3|8 g
£
£°8
@
o S
© B T| @
5 o g 21 4| 4 3| B
= %]
=8 (2 | 5 S S| & &
o £ E3 S| 8| 8| | =
St |28 3| & 8| 8| 3
—
-— <r ) [{e] M~ 0
23 9| o o o 2| @
| [« [=% [=% o o a
9 5| E| §| | §| §
e S| 4] O 4] &S| 4O




for 10 hours. The distance between the two points, which were provided for
measuring length, originally about 283 mm apart diagonally (200 mmin the
x direction, 200 nmin the y direction) was neasured by a | engt h-nmeasuring
device SM C 800 manufactured by Sokkia Co., Ltd.). The maxi num deviation
fromthe photonmask pattern neasured is showmn in - 71 Table 2. The product
AXx Bx C i.e., the product of the peel strength A (g/cm, the reciprocal
B (1/pn) of the thickness of the polyimde film and the reciprocal C
(mmR/ kg) of the Young's nodulus of tH® polyimde film is shown in Table
2. If the product A x Bx Cwas less than 4.3 X 10-6, since the polyimde
fil mwas detached fromthe adhesive |layer during the formation of the

circuit gg g ﬁs bhe p@gto&@ﬁ ﬁhA gb&ehg $pThssing, resulting in a defect
duc x

pattern. pr odu excee x 10-3, the polyimde film

was extrenelyscHéi gnﬁé%EElPﬁ§|ln PIEB?"DQ%XFHEQStLE|st%?SUBESO def or med

due to stress during peeling, resu ting in a large tron in the

g;g)c& t @fmh@wl@@ ,tReapeliybihde sf hbtu1us: Che: kaghar) #998cqaC) CDCO

thickness of 25 pm, 75 pum, and 125 pum, respectively, and
"Kapton" (manufactured by DuPont-Toray Co., Ltd.) (Young's
modulus: 650 kg/mm?) With a thickness of 25 um were prepared.
In order to adjust the peeling strength between the
polyimide film and the adhesive, as an adhesive, a mixture
"Oribain" BPS5227-1 (manufactured by Toyo Ink Mfg. Co.,"-
Ltd.) and a curing agent BXX5134 (manufactured by Toyo Ink
Mfg. Co., Ltd.) at a mixing ratio of 100:5 was used in
Example 9. 1In each of Example 10 and Example 11, a mixture
of "Oribain" EXKO01-257 (manufactured by Toyo Ink Mfg. Co.,
Ltd.) and a curing agent BXX5134 (manufactured by Toyo Ink
Mfg. Co., Ltd.) at a mixing ratio of 100:9 was used. In
Example 12, a mixture of "Cyabain" SH-101 (manufactured by
Toyo Ink Mfg. Co., Ltd.) and a curing agent T-501B
(manufactured by Toyo Ink Mfg. Co., Ltd.) at a ratio of
100:3 was used. In Example 13, a mixture of "SK-DYNE" SW-
11A (manufactured by Soken Chemical and Engineering Co.,
Ltd.), a curing agent L45 (manufactured by Soken Chemical
and Engineering Co., Ltd.), and a curing agent E-5XM
(manufactured by Soken Chemical and Engineering Co., Ltd.)

at a mixing ratio of 100:2:0.7 was used. In Example 14, a

mixture of "SK-DYNE" SW~11lA (manufactured by Soken Chemical
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and Engineering Co., Ltd.), a curing agent L45 (manufactured
by Soken Chemical and Engineering Co., Ltd.), and a curing
agent E-5XM (manufactured by Soken Chemical and Engineering
Co., Ltd.) at a mixing ratio of 100:3:1.5 was used. 1In
Example 15, a mixture of "Oribain" BPS5227-1 (manufactured
by Toyo Ink Mfg. Co., Ltd.) and a curing agent BXX5134
(manufactured by Toyo Ink Mfg. Co., Ltd.) at a mixing ratio
of 100:2 was used. In Comparative Example 2, a mixture of
"Oribain" BPS5673 (manufactured by Toyo Ink Mfg. Co., Ltd.)
and a curing agent BHS-8515 (manufactured by Toyo Ink Mfg.
Co., Ltd.) at a mixing ratio of 100:5 was used. The peel
strength of each adhesive is shown in Table 2. Data for
Example 1 is also shown in Table 2.

In each Example, a laminated member for a circuit board
was obtained in the same manner as that in Example 1 except
that the adhesive described above was used. An edge of the
polyimide film was vacuum-sucked and the polyimide film was
gradually peeled off the glass substrate. A circuit board
thus obtained was stored in an atmosphere of 25°C and 45% RH
for 10 hours. The distance between the two points, which
were provided for measuring length, originally about 283 mm
apart diagonally (200 mm in the x direction, 200 mm in the y
direction) was measured by a length-measuring device SMIC-
800 manufactured by Sokkia Co., Ltd.). The maximum

deviation from the photomask pattern measured is shown in
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Table 2.

The product A x B x C, i.e., the product of the peel
strength A (g/cm), the reciprocal B (1/um) of the thickness
of the polyimide film, and the reciprocal C (mm2/kg) of the
Young's modulus of the polyimide film, is shown in Table 2.
If the product A x B x C was less than 4.3 x 10'5, since the
polyimide film was detached from the adhesive layer during
the formation of the circuit pattern, the photoresist
pattern was missing, resulting in a defect pattern. If the
product A x B x C exceeded 4.3 x 103, the polyimide film was
extremely curled after peeling. The polyimide film was also
deformed due to stress during peeling, resulting in a large

distortion in the circuit pattern on the polyimide film.
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circuit boards were obtained in the same matter as that in Exanple 1
except that the
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EXAMPLES 16 to 18

Laminated members for circuit boards were obtained in
the same matter as that in Example 1 except that the
thickness of the adhesive of rework style was set at 4.5 um,
6 um, and 15 um, respectively. With respect.to each member
for a circuit board, while heating an IC chip model, in
which 380 bumps plated with gold were arrayed with a pitch
of 50 um per one row and two rows were arrayed with a
separation of 1.5 mm, at 150°C from the chip side, using an
ultrasonic bonder FC2000 (manufactured by Toray Engineering
Co., Ltd.), metal diffusion bonding with connecting pads on
the circuit board was performed. The pressure for each bump
was 30 g. A cross section of the connecting part was taken
and observed by an electron microscope to measure the
sinking of the bump. The results therecf are shown in Table
3 below. Data in Example 1 is also shown in Table 3.

If the thickness of the adhesive layer of rework style
was 5 um or less, the sinking of the bump was 6 pm or less,
which caused no problems in electrical connection
reliability. On the other hand, if the thickness of the
adhesive layer of rework style exceeded 5 um, the sinking of
the bump exceeded 6 um, resulting in a problem in

reliability.



t hi ckness of the adhesive of rework style was set at 4.5 p-m 6 pm and 15
gm respectively. Wth respect.to each nenber for a circuit board, while
heating an I C chip nodel, in which 380 bunps plated with gold were arrayed
with a pitch of 50 pmper one row and two rows were arrayed with a
separation of 1.5 nm at 1500C fromthe chip side, using an ultrasonic
bonder FC2000 (manufactured by Toray Engineering Co., Ltd.), netal

di ffusion bonding with connecting pads on the circuit board was perforned.
The pressure for each bunp was 30 g. 7A cross section of the connecting
part was taken and observed by an el ectron mcroscope to neasure the
sinking of the bunp. The results thereof are shown in Table 3 below Data
in Exanplgpdrpis also shown in Table 3. If the thickness of the adhesive

| ayer of "frework style was 5 pmor |ess, the sinking of the bunp was 6 ~tm

or less, which caused no problens in el ectrical connection reliability.
On t he pther—hand—+

T

hao
fre—t fAess—of—the auu"3ive .ayer of rework style

exceeded 5 ~m the sinkj #hlc TS Hp exiceeded 8%t regulting in a
probl emin rellablllty. Skﬂﬂﬂk?xFﬁhlckness bmlslnklnc adhesi ve | ayer
(m (m (pm) '

Example 1 1 1.7

Example 16 4.5 5.8

Example 17 6 7.5

Example 18 ' 15 13

EXAMPLE 19

A member for a circuit board was obtained in the same
manner as that in Examplé 1 except that the auxiliary
adhesive layer was not provided. An edge of the polyimide
film was vacuum-sucked and the polyimide film was gradually
peeled off the glass substrate. The adhesive layer of
rework style was partially detached from the glass and
remained on the polyimide film. After the polyimide film
was peeled off, a step of cleaning the polyimide film was
required, resulting in a decrease in productivity.

EXAMPLE 20

An adhesive for improving the adhesion of the metal
layer was prepared in the same manner as that in Example 1.
The adhesive was continuously applied to a long polyimide
film ("UPILEX" manufactured by Ube Industries, Ltd.) with a

thickness of 25 um and a width of 300 mm, followed by drying



Exanpl e 111.7 Exanple 164.55.8 Exanple 1767.5 Exanpl e 181513 EXAMPLE 19 A
menber for a circuit board was obtained in the sane nanner as that in
Exanple 1 except that the auxiliary adhesive |ayer was not provided. An
edge of the polyimde filmwas vacuum sucked and the polyimde filmwas
gradually peeled off the glass substrate. The adhesive | ayer of rework
style was partially detached fromthe glass and remained on the polyimde
film After the polyimde film was peeled off, a step of cleaning the
polyimde filmwas required, resultintpim a decrease in productivity.
EXAMPLE 20 An adhesive for inproving the adhesion of the netal |ayer was
prepared in the sane manner as that in Exanple 1. The adhesive was

continuo y ed p i fl ! y tured b
b 1 ndusrr CEERPEG") SInd gy, HE B e Tl A ity o 300 mm

Fol I oved,pyedr ghwaCJ%f %B@ w&wm@ A1, f,oltl%@e%ﬂm%ﬁ M& MRS ARPl i ed to
the other surface of the polyimde film fol I owed by drying and curing.

As an auxikiagy adhesive, y-am nopropyltriethoxy silane was dissolved in
i sopropyl alcohol so as to obtain a concentration of 5% by weight. The

auxiliary adhgsi ¥8 auxiliary adhesive, y-aminopropyltriethoxy silane
was dissolved in isopropyl alcohol so aé to obtain a
concentration of 5% by weight. The auxiliary adhesive
solution.was applied by a spin coater to a square soda glass
with a side of 300 mm and a thickness of 0.5 mm, followed by
drying at 100°C for 5 minutes. The dried auxiliary adhesive
layer had a thickness of 300 nm. A mixture obtained by
mixing an acrylic adhesive "SK-DYNE" SW-11A (manufactured by
Soken Chemical and Engineering Co., Ltd.), in which adhesion
was decreased by ultraviolet curing, with a curing agent L45
(manufactured by Soken Chemical and Engineering Co., Ltd.)
at a mixing ratio of 50:1 was applied to the glass substrate
provided with the auxiliary adhesive layer, followed by
dryiﬁg at 80°C for 2 minutes. The dried adhesive layer had
a thickness Qf 1 um. Two glass substrates provided with the
auxiliary adhesive layers and the adhesive layers of rework
style were prepared. Next, an air-shielding film composed
of a film in which an easily releasable silicone resin layer
was placed on a polyester film was attached to the adhesive
layer and was left to stand for one week. The glass
substrate had a Young's modulus of 6,832 kg/mm2, and the

product of the Young's modulus (kg/mm¢) and the cube of the



solution was applied by a spin coater to a square soda glass wth a side
of 300 mmand a thickness of 0.5 mm followed by drying at 100C for 5

m nutes. The dried auxiliary adhesive I|ayer had a thickness of 300 nm A
m xture obtained by mxing an acrylic adhesive "SK-DYNE" SW11A

(manuf actured by Soken Chem cal and Engineering Co., Ltd.), in which
adhesi on was decreased by ultraviolet curing, with a curing agent L45
(manuf actured by Soken Chem cal and Engi neering Co., Ltd.) at a mXxing
ratio of 50:1 was applied to the glass/&substrate provided with the

auxi liary adhesive |layer, followed by drying at 80C for 2 mnutes. The

dri ed adhesive layer had a thickness of 1 m Two gl ass substrates provided

Wi th theth?H%hEEQrémﬁﬁb§§EV§5ha¥§rﬁﬁind the adhesive layers of rework

style were prepare an ai elding filmconposed of a filmin

which an easitye s 3paPIE B11hCORCHESERNthEY AN WRFePEBCCINBR-FiRG YEST €T
filmwas attached to the adhesive |ayer and was left to stand for "one

veek. Thepgl aaﬁesiulqsbsfat;ﬁehﬁétaﬂ%@grs waBdebus «of WaisB3tka/mi . and the
product of the Young's nodul us (kg/ mR) and the cube of the - 76 thickness

(MM wass§h4rkgwith Zheipe! wirmi3de hinl Anen waki okl agdhesi \wrfdpHaHy ovi ng
t he adhesion of the netal |ayer was coated was cut into a square with a

si de of 280cnmEnandseagrHstteredoi hodtsat noepher én 256 authed daritd f ais 10
hours. Next, in the same manner as that in Exanple 1, the polyimde film
provi dedthathihh&xaaghesilye thay eo lwdmildemfidme g riovides fWirtdt leass
Subsuatidhesive layer was laminated to the first glass substrate
provided with the adhesive layer of rework style. The glass
substrate to which the polyimide film was laminated was
removed from the stage, and the adhesive layer was cured by
ultraviolet irradiation at 1,000 mJ/cm? from the glass
substrate side.

On the polyimide film laminated on the glass substrate,
a chromium-nickel alloy layer with a thickness of 4 nm and a
copper layer with a thickness of 200 nm were deposited in
that order by sputtering. In the alloy composition, the
weight ratio of chromium to nickel was 20:80.

A positive photoresist was applied to the copper layer
by a spin coater and dried at 110°C for ten minutes. The
photoresist was exposed through a photomask. Next, the
photoresist was developed, and a resist layer with a
thickness of 10 um was thereby formed in the sections which
did not require a plating layer. Four markers were provided

on the photomask pattern at four points diagonally apart

from the center of the substrate with a distance of



provided with the adhesive | ayer of rewrk style. The glass substrate to
which the polyimde filmwas | am nated was renoved fromthe stage, and the
adhesive layer was cured by wultraviolet irradiation at 1,000 mJ/cnR2 from
the glass substrate side. On the polyimde filmlam nated on the gl ass
substrate, a chromumnickel alloy layer with a thickness of 4 nmand a
copper layer with a thickness of 200 nm were deposited in that order by
sputtering. In the alloy conposition, the weight ratio of chromumto

ni ckel was 20:80. A positive photoresist was applied to the copper |ayer

by a spin coater and dried at 110C for ten mnutes. The photoresist was
exposed through a photonmask. Next, the photoresist was devel oped, and a

resi st |§it5$rro¥¥'1¥ngt@lyt ﬁh@kﬂﬁs%tﬂfe 8 smapes LReLRRA hYdTEG 41 i sect i ons
which did not requife a plating |ayer. Four markers were provided on the

phot omaskopatkeraial @@@rmﬂohﬂt?aqhqg@qa&byt§@a@gxk;ron1the center of the
substrate with a di stance of - approxi mately 141 nmm (t he di stance

bet ween the Il@é’kt’% duaingPehat s0ppkRI1398rMELI Anpanakkebdk) Tah%of%ﬁé%) Next,
usi ng the copper |ayer as an electrode, a copper layer with a i ckness of

5 ~tm wagakermadthy ackBstkeplsat 0Fg.5 ph GRRPForidd e dlleit i isditg.on was
used as the electroplating solution. The photoresist was renoved by a

phot or eshstopbetrppern faied pllag igeppelutdyper wad ushel ey agnaum  ni ckel al | oy
| ayer bel ow the resist |ayer were renoved by

electroplating solution. The photoresist was removed by a
photoresist stripper, and the copper layer and the chromium-
nickel alloy layer below the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solution.

The distance between the two points, which were
provided for measuring length as described above, originally
about 283 mm apart diagonally (200 mm in the x direction,
200 mm in the y direction) was measured by a length-
measuring device SMIC-800 (manufactured by Sokkia Co., Ltd.).
As a result, dimensional change rate was extremely
satisfactory, i.e., within 5 pm (£5 pum divided by 283 mm
equals £0.0018%) relative to the photomask pattern.

After the air-shielding film was removed from the
second glass substrate provided with the auxiliary adhesive
layer and the adhesive layer of rework style, the polyimide
film provided with the copper layer pattern was placed
thereon, and both were laminated with each other by passing

them through a roll laminator MAII-550 (manufactured by

Taisel Laminator Co., Ltd.). Both the upper roller and the



soft etching using a hydrogen peroxide-sul furic acid aqueous

the x direction, 200 mmin the y direction) was neasured by
measuring device SM C-800 (rmanufactured by Sokkia Co., Ltd.)
di nensi onal change rate was extrenely satisfactory, i.e

solution. The
di stance between the two points, which were provided for nmeasuring | ength

as descri bed above, originally about 283 mmapart diagonally (200 mmin

a |l ength-

. As a result,

., Wthin5 ~tm (5

pm di vided by 283 nm equals 0.0018% relative to the photomask pattern
After the air-shielding filmwas rerov@d-fromthe second glass substrate

provided with the auxiliary adhesive |ayer and the adhesive
rework style, the polyimde filmprovided with the copper |

Vas p'acfgw%PGESPF?raQQrQOﬁQtﬁﬁéf?@gg%QaESQtphtQi%ﬁCQB§BQ$;

them t hrough a ro | am nat or (rmanutactured

Co.. LtdrypnBpthabfigcUpnet tobl appapdibiter 185 hese! bold eh

rollers coated wt ber. r hardness of the uppe

| ayer of
ayer patte

bynRassi ng
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Lam nat or

t al
PESPPET was

Hs50, angd,thge5ubBer tnban dpessrai1bbewhewgs7hol I er was Hs70. The surface of
t he second gl ass substrate was fixed on a vacuum suction table, and a

edge of the fiststtfSSe SHbSKE AbEcHRS yBsYENssHsKedtandakheikbasbngl ass
substrate was gradually peeled off. After the first glass substrate

renmoved, at igcgemnosdcgiaastaplisl r aha wasedgkaelfedhkr Firsttheglwaeguum suction

tabl e, and the adhesive |ayer was cured
substrate was vacuum-sucked and the first glass subs

was gradually peeled off. After the first glass sub

trate

strate

was removed, the second glass substrate was detached from

the vacuum suction table, and the adhesive layer was

cured

by ultraviolet irradiation at 1,000 mJ/cm? from the glass

substrate side.

On the polyimide film laminated on the glass substrate,

a chromium-nickel alloy layer with a thickness of 4
copper layer with a thickness of 200 nm were deposit
that order by sputtering. In the alloy composition,

weight ratio of chromium to nickel was 20:80.

nm and a
ed in

the

A positive photoresist was applied to the copper layer

by a spin coater and dried at 110°C for ten minutes.
photoresist was exposed through a photomask. Next,
photoresist was developed, and a resist layer with a
thickness of 10 um was thereby formed in the section
did not require a plating layer. Four markers were
on the photomask pattern at four points diagonally a

from the center of the substrate with a distance of

The

the

s which
provided

part

approximately 141 mm (the distance between the individual

n

was



by ultraviolet irradiation at 1,000 M/CW fromthe glass substrate side.
On the polyimde filmlamnated on the gl ass substrate, a chrom um ni ckel
alloy layer with a thickness of 4 nmand a copper layer with a thickness
of 200 nm were deposited in that order by sputtering. In the alloy
conposition, the weight ratio of chromumto nickel was 20:80. A positive
phot oresi st was applied to the copper layer by a spin coater and dried at
1100C for ten mnutes. The photoresist was exposed through a phot omask.
Next, the photoresist was devel oped, 7@8nd a resist layer with a thickness
of 10 ~tmwas thereby forned in the sections which did not require a
plating layer. Four markers were provided on the photonmask pattern at four

ts di I . n .t t t ith di st
noi nts haBRpsLbYifgetho bhoTHLRgSRILST (Bl shae qunsLrate with a distance
ol ot ode, ”‘;“I%%%%ZP?HI‘? of P PEPELE hlayRE ts o BReLEROARPTE cpBKEE &= an
e ectropy gwgmtﬁ SOEB%JFEEEE%% Bl fh 955 2bithie@N s ga%né%%q aatth%g
el ectroplating solution hotoreSi st was renoved by a phot or esi st

stripperp LhesgopReE bay Enangoﬁﬂ%lgﬂr%@%uﬁke@!%ﬁe%hél|Oy I ayer bel ow

&
the resist nger wer e rennveg soft etching using a hydrogen

per oxi dee§HEEHBb§a@‘ih@ agyQeysn. solmte' Phot e sdistt 3G realoren m t wo
poi nts, which were

photoresist stripper, and the copper layer and the chromium-
nickel alloy layer below the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solution.

The distance between the two points, which were
provided for measuring length as described above, originally
about 283 mm apart diagonally (200 mm in the x direction,
200 mm in the y direction) was measured by a length-
measuring device SMIC-800 (manufactured by Sokkia Co., Ltd.).
As a result, dimensional change rate was extremely
satisfactory, i.e., within %5 um (£5 pm divided by 283 mm
equals *0.0018%) relative to the photomask pattern.

An edge of the polyimide film was vacuum-sucked and the
polyimide film was gradually peeled off the glass substrate
to obtain a circuit board. The resultant circuit board was
stored in an atmosphere of 25°C and 45% RH for 10 hours.

The distance between the two points, which were provided for
measuring length, originally about 283 mm apart diagonally
(200 mm in the x direction, 200 mm in the y direction) was

measured by the length-measuring device SMIC-800. As a



. provided for nmeasuring |length as descri bed above, originally about 283 mm
apart diagonally (200 mmin the x direction, 200 mmin the y direction)
was neasured by a | ength- neasuring device SM C- 800 (manufactured by Sokkia
Co., Ltd.). As a result, dinensional change rate was extrenely
satisfactory, i.e., wiwthin 5 m (5 mdivided by' 283 mm equals 0.0018%
relative to the photonask pattern. An edge of the polyimde filmwas

vacuum sucked and the polyimde filmwas gradually peeled off the glass
substrate to obtain a circuit board. 8the resultant circuit board was
stored in an atnosphere of 25C and 45% RH for 10 hours. The di stance

bet ween the two points, which were provided for neasuring |ength,

ori gi nal |y agwdgﬁéngme%r&hgh %%ytw% f&gﬁgﬁhme&ahmr%m i on, 200

mmin the fection meas measuri ng

SM C 80055 8% s ac §9119689'& dhE‘EHEhO%' gah%s%awvmag g”%@h”ﬁﬂl

extrenely satls acto e., Wthin ~tm (S Wdivi y 283 mm

equal s 0.QQ38%) +bebaiBYE, EQl&E‘?VBhQBOﬁHék RBtbAEEK pEEVRARATI VE EXAVPLE 3 A
| am nat ed nenber for a circuit board ?abrlcated in the sane manner as

that in ExapRRETIVEXERALPE RAt, |nstead of curing the adhesive | ayer by
ultraviolet irradiation from the glass substrate side, after the polyimde

filmwas |amngieihited htefbessredbat eateuitl boaydowes fabadcatiean was

perfornmed i medi ately before the application of the solder resist. Wen

t he phot 9heshst sappl nadnenr tBetdappeh Example 1 except that, instead
of curing the adhesive layer by ultraviolet irradiation from
the glass substrate side, after the polYimide film was
laminated to the glass substrate, ultraviolet irradiation
was performed immediately before the application of the
solder resist. When the photoresist applied on the copper
layer was dried, foaming occurred in the adhesive layer,
resulting in irregqularities on the surface of the polyimide
film. In the wet process, the adhesive layer of rework
style swelled and the holding power for holding the
polyimide film was decreased. Therefore, when the distance
between the two points, which were provided for measuring
length, originally about 283 mm apart diagonally (200 mm in
the x direction, 200 mm in the y direction) was measured by
the length-measuring device SMIC-800, a maximum deviation of
80 pm (80 pum divided by 283 mm equals 0.028%) from the
photomask pattern was found.

When the polyimide film of the resultant laminated

member for the circuit board was peeled from the glass

substrate, the peel strength was 40 g/cm, which was larger



| ayer was dried, foam ng occurred in the adhesive layer, resulting in
irregularities on the surface of the polyimde film In the wet process,
t he adhesive |l ayer of rework style swelled and the hol di ng power for

hol ding the polyimde filmwas decreased. Therefore, when the distance
bet ween the two points, which were provided for nmeasuring |ength,
originally about 283 mm apart diagonally (200 mmin the x direction, 200
mmin the y direction) was neasured by the |ength-neasuring device

SM C-800, a maxi num devi ation of 80 [Blm~ (80 ~tm divided by 283 nm equal s
0.028% fromthe photonmask pattern was found. Wien the polyimde film of
the resultant |am nated nenber for the circuit board was peeled fromthe
glass suhghrehgc LRhecRempiatienghl was 49r8LE™ sWBkehpas Jrager - 81
than that in Exanple 1, and the circuit substrate after peeling was
slightlypedilgg. wibespigauty Au¥1BgX Crhk. rodutReapiogdugt cof it ke peel
strength A (g/cm, the reciprocal B (1/m of the thickness of the

pol yi m denhéi paodand bhetheegkplosakefgtANR/ k@) cal ,t haeYourd psodadulgus of
the polyimde film was 1.72 x 10-3. COVWPARATI VE EXAMPLE 4 A | am nat ed
menber foL/amEi 6€uthebohidknessobfathedpblyihhtes@&iB@myaangr tae that in

Exanple 1 except that a roll [|am nator was used when the polyimde film
was | am natédrboalt tle (ghéskgsubst thae eYpuony! sedodinl ist 8 adbesi ve | ayer of
rework style. As the roll lamnator, MAlI-550 (nmanufactured

polyimide film, was 1.72 x 10-3.
COMPARATIVE EXAMPLE 4

A laminated member for a circuit board was obtained in'
the same manner as that in Example 1 except that a roll
laminator was used when the polyimide film was laminated to
the glass substrate provided with the adhesive layer of
rework style. As the roll laminator, MAII-550 (manufactured
by Taisei Laminator Co., Ltd.) was used. Both the upper
roller and the lower roller were metal rollers coated with
rubber. The rubber hardness of the upper roller was Hs50,
and the rubber hardness of the lower roller was Hs70.

An edge of the polyimide film was wvacuum-sucked and the
polyimide film was gradually peeled off the glass substrate.
A circuit board was thereby obtained. The resultant circuit
board was stbred in an atmosphere of 25°C and 45% RH for 10
hours. The distance between the two points, which were
provided for measuring length, originally about 283 mm apart
diagonally (200 mm in the x direction, 200 mm in the y
direction) was measured by the length—measuring device SMIC-

800. As a result, the polyimide film was deformed due to



by Tai sei Lam nator Co., Ltd.) was used. Both the upper roller and the

| ower roller were netal rollers coated wwth rubber. The rubber hardness of
t he upper roller was Hs50, and the rubber hardness of the |ower roller was
Hs70. An edge of the polyimde fil mwas vacuum sucked and the polyimde
filmwas gradually peeled off the glass substrate. A circuit board was

t hereby obtained. The resultant circuit board was stored in an atnosphere
of 25C and 45% RH for 10 hours. The distance between the two points, which
were provided for nmeasuring | ength, —oSi2ginal |y about 283 nm apart

di agonally (200 mmin the x direction, 200 mmin the y direction) was
nmeasured by the | ength-neasuring device SMC 800. As a result, the

pol yi mi dgr fo5 X‘Bﬁlgéaoﬁﬁ?gnguﬁaﬁlﬁ?nat§3n St £655138Bhi BEcHWERD i haryaat i on.
Expansi on occurred in the roller passage direction and shrinkage occurred

ina d'f@?ié?np9§§9§8daﬁybéﬁléﬁ bhe éHkhﬁkaEéS%@QﬁrQbGegh'Q” That is,
stress in the polyimde filmwas rel eased by the peeling of the polylnlde

film andiséeionopeupenditilhhetoCtheuirblpatt gaes@@et ae reelyiom.de film
The maxi num strain was 100 m (100 pm di vi ded by 283 mm equal s 0. 035%

rel ati veThao ibe pbetssnsk paet polyilXAWPEE1RLwAs| aeileased mEhee for a
circuit board was obtained in the sane nmanner as that in Exanple 1 except
t hat t hepeédihgwbigthet pollynwasdenpliamedantdes trhénpolkyunirée finl mhaas
| am nated to the gl ass substrate provided with the adhesive

circuit pattern on the polyimide film. The maximum strain

was 100 pum (100 pm divided by 283 mm equals 0.035%) relative

to the photomask pattern.

EXAMPLE 21

A laminated member for a circuit board was obtained in
the same manner as that in Example 1 except that the
following method was employed when the polyimide film was
laminated to the glass substrate provided with the adhesive
layer of rework style.

A polyimide film 4 provided with an adhesive layer of
rework style, cut into a square with a side of 300 mm was
placed on the stage 3 provided with a vacuum suction
mechanism shown in Fig. 3, and vacuum suction was performed.
Water was then sprayed onto the polyimide film by a nozzle
(not shown in the drawing). A 100-mesh screen gauze 2
composed of polyester fibers was placed so as to face the
poiyimide film 5 in parallel with a separation of 0.7 mm
therebetween. The surface of the screen gauze 2 opposite to

the surface abutting on the polyimide film was squeegeed by

a rubber plate 8, and while decreasing the thickness of the



| ayer of rework style. A polyimde film4 provided with an adhesive | ayer
of rework style, cut into a square with a side of 300 mmwas placed on
the stage 3 provided with a vacuum suction nechani sm shown in Fig. 3, and
vacuum suction was performed. Water was then sprayed onto the polyimde
filmby a nozzle (not shown in the drawing). A 100-nesh screen gauze 2
conposed of polyester fibers was placed so as to face the polyimde film5
in parallel with a separation of 0.7 mm therebetween. The surface of the
screen gauze 2 opposite to the surfad® abutting on the polyinide filmwas
squeegeed by a rubber plate 8, and while decreasing the thickness of the -
83 water filmbetween the polylnlde film4 and the screen gauze 2, the

screen gﬂggtsﬁgF%T@hEQ%w@thtﬁbdﬁ khm}lée\ﬂ%q 40%Q§t thleNsR rele?s &4 fi%@aﬁ

w th eac € vacuum suc the stage 3 was stopped, e screen

gauze wag, n?ﬁsdseme@hdgauaedzt Qﬁdp‘%)é' Bod§ifiil@ 4:1was 4t Lanef g0 the
screen gauze . The openings of the sCcreén gauze were placed inside the

regi on whjeh )ﬂ@ésleaﬁbﬂ%%@ Wethheapsl yiriede firhd by cauiimsee t ildiatofexcess
wat er did not spread over the stage. The gl ass substrate 6 provided with

t he adhesh¥eskayer 3 Qhsr g\a@pﬁeat,yltadsw&%eml 36&@ O alsh@oStecd &1phaydyvi ded
with the vacuum suction nmechanism The screen gauze 2 lamnated wth the

pol yi m dentii khed4pvayifntded fiomt e waesitiriats falkeed tthe thleassradistgatze 6. The
screen gauze 2 was noved downward and pl aced above

2. The openings of the screen gauze were placed inside the

region which was laminated to the polyimide film by 2 mm so

that excess water did not spread over the stage.

The glass substrate 6 provided with the adhesive layer
of rework style 7 was placed on the stage 3 provided with
the vacuum suction mechanism. The screen gauze 2 laminated
with the polyimide film~4 was moved to the position above
the glass substrate 6.

The screen gauze 2 was moved downward and placed above
the glass substrate with a separation of 0.7 mm. Next, the
surface of the screen gauze 2 opposite to the surface
abutting on the polyimide film was squeegeed by a rubber
plate 8 with a Shore hardness of 50 to press the polyimide
film 4 against the adhesive layer of rework style 7, and the
polyimide film 4 was thereby transferred to the glass
substrate.

An edge of the polyimide film was vacuum-sucked and the
polyimide film was gradually peeled off the glass substrate.
A circuit board was thereby obtained. The resultant circuit

board was stored in an atmosphere of 25°C and 45% RH for 10



the gl ass substrate with a separation of 0.7 mm Next, the surface of the
screen gauze 2 opposite to the surface abutting on the polyimde film was
squeegeed by a rubber plate 8 with a Shore hardness of 50 to press the
polyimde film4 against the adhesive |ayer of rework style 7, and the
polyimde film4 was thereby transferred to the glass substrate. An edge
of the polyimde filmwas vacuum sucked and the polyimde filmwas
gradual |y peeled off the glass substrate. A circuit board was thereby
obtained. The resultant circuit boar®4was stored in an atnosphere of 25C
and 45% RH fob 10 - 84 hours. The distance between the two points, which
were provided for neasuring length, originally about 283 mm apart

diagonalﬁ%§£§00 fg%g?%gggnéedBEQQEEHDthaogwg?b%gBEge Yrhidh Gebieon) was

measur ed the -neasuri ng device SM As"aresult, di mensional

change r Lot ai ext sat-k gk il . ©83 Wt B m(5 m
i vi ded Dby PBa e e e Y et P e e e M e ¢
EXAMPLE 424

ﬁohéﬂ?aw@o”ﬁﬂb% tae & aikeuirtoBoardowasm qht aneed in the sane
manner as that in Exanple 1 except that the ol I owi ng nmet hod "was enpl oyed

when thegpebytibde HhkMvasurkambhatad tenyie-glass riwdsdedtieepspmicded with
t he adhesive |ayer. An emul sion was applied over the entire surface to a
100- meshggQr eeasgauzesdlepndanedsabnael yhahege fialt@menlss Madntained

extremely satisfactorily, i.e., within 5 pum (+5 pm divided

by 283 mm equals +0.0018%) relative to the photomask pattern.

EXAMPLE 22

A laminated member for a circuit board was obtained in
the same manner as that in Example 1 except that the
following method was employed when the polyimide film was
laminated to the glass substrate provided with the adhesive
layer.

An emulsion was applied over the entire surface to a
100-mesh screen gauze 2 composed of polyester filaments to
seal the openings. By screen-printing the same material as
that for the adhesive layer of rework style provided on the
glass substrate, dot-shaped adhesive parts were formed on
the screen gauze 2. The dot had a diameter of 0.5 mm, and
the distance between the adjacent dots was 5 mm. The dots
were uniformly placed on the screen gauze at the surface
abutting on the polyimide film.

An adhesive was deposited on the stage 3 provided with
a vacuum suction mechanism shown in Fig. 3, a polyimide film

4 cut into a square with a side of 300 mm was placed thereon,



seal the openings. By screen-printing the sanme material as that for the
adhesi ve | ayer of rework style provided on the glass substrate, dot-shaped
adhesive parts were forned on the screen gauze 2. The dot had a dianmeter
of 0.5 mMm and the distance between the adjacent dots was 5 mm The dots
were uniformy placed on the screen gauze at the surface abutting on the
polyimde film An adhesive was deposited on the stage 3 provided with a
vacuum suction nechani smshown in Fig. 3, a polyimde film 4 cut into a
square with a side of 300 mm was pl acé® t-hereon, - 85 and vacuum suction
was performed. The screen gauze 2 provided with the dot-shaped adhesive
parts was placed so as to face the polyimde film4 in parallel. The

par a1 ot St keau b sl REEER BFSOBRY (hEnR, CIhRLSsTeP T RN B en gauze 2

surface screen gauze 2

OPPOST tepl gyt e SYE LACADULE 1G04 i A9 Wde o LD s queedeed by a

rubber pta sCreen gauze polyimd wer e

brought - gt ?acecItﬂgepgggﬁﬁciﬁev“ftllime@cIIEOE:E‘%%llQle VAE B %Iﬁf the

stage 3 was StO screen gauze 2 was noved upwar d,

pol yi mi dg I«hé%év\élas dbvalaker 8d als0 tbh%a%%r e8R %q&ﬁ_nadeﬂﬁm aﬁslrﬁlJbSt rate

6 provided wth the adhesive |ayer rework style 7 was placed on the
stage 3 pepewihded With at Rep %&%@qmuﬁtmw rRChamhsmsukl® & e rtigauze 2

|l am nated wth the polylnlde film4 was noved downward and pl aced
screen gauze 2 opposite to the surface abutting on the
polyimide film was squeegeed by a rubber plate 8, and the
screen gauze 2 and the polyimide film 4 were brought into .
close contact with each other. The vacuum suction of the
stage 3 was stopped, the screen gauze 2 was moved upward,
and the polyimide film 4 was transferred to the screen gauze
2,

The glass substrate 6 provided with.the adhesive layer
of rework style 7 was placed on the stage 3 provided with
the vacuum suction mechanism. The screen gauze 2 laminated
with the polyimide film 4 was moved downward and placed
parallel to the glass substrate 6 with a separation of 0.7
mm. Next, the surface of the screen gauze 2 opposite to the
surface abutting on the polyimide film was squeegeed by the
rubber plate 8 to press the polyimide film 4 against the
adhesive layer of rework style 7, and the polyimide film 4
was thereby transferred to the glass substrate.

An edge of the polyimide film was vacuum-sucked and the
polyimide film was gradually peeled off the glass substrate.

A circuit board was thereby obtained. The resultant circuit



parallel to the glass substrate 6 with a separation of 0.7 nm Next, the
surface of the screen gauze 2 opposite to the surface abutting on the
polyimde filmwas squeegeed by the rubber plate 8 to press the polyimde
film4 against the adhesive |layer of rework style 7, and the polyimde
film4 was thereby transferred to the glass substrate. An edge of the
polyimde fil mwas vacuum sucked and the polyimde filmwas gradually
peel ed of f the glass substrate. A circuit board was thereby obtained. The
resultant circuit - 86 board was stom&l < n an at nosphere of 25C and 45% RH
for 10 hours. The distance between the two points, which were provided
for measuring length, originally about 283 mmapart diagonally (200 mmin
the x di I,O 2 int [ .0 s ur,

. : . X 0
Iength-n%§§%§lQ%Sdgg?gghsapcgﬁ8é5mggéﬁggkegél?g 8r%§§sﬂ§%a %tﬁgﬁgé rate was
mai nt ai n Xtr | . Lsfa LLY, +hha€ it hin 5 (R2pMmdi e ded by 283
nn1equalgngg018A§8réﬁ§?%b§Et%E?hg%§hg?8nggﬁ E?Pgﬁﬁ.%kﬁgughgfal
Appl i Cabbl:b{ddgﬁefSUﬁH?EuE‘?f&gdieB thhe oRhgIgah 1kNUeRLIOD 83 Gim fagﬁqrtabl y
used for wring boards for el é&ctronic apparatuses, interposers for |1C
packaglnai%pbhhmg bQébéstQ&n“@B%Tx|%&%%th%hp'Q@Ofﬁﬁk§h$tﬁg(y - 87

. c

CLAIMS 1 Ircuf't board conprising a exible filmand a circuit pattern

conpri si pgraci®bal RreVhdaduerdt Be thexikhgth-measuring device SMIC-
800. As a result, dimensional change rate was maintained
extremely satisfactorily, i.e., within 5 pm (45 pm divided

by 283 mm equals #0.0018%) relative to the photomask pattern.

Industrial Applicability

The circuit boards of the present invention are
favorably used for wiring boards for electronic apparatuses,
interposers for IC packaging, wiring boards for wafer level

burn-in sockets, etc.



film wherein dinmensional change rate of the circuit pattern is within
0.01% 2. A lamnated nenber for a circuit board, conprising a reinforcing
pl ate, an organic |ayer of rework style, a flexible film and a circuit
pattern conprising a netal lamnated in that order. 3. A |am nated nenber
for a circuit board according to Caim2, wherein the reinforcing plate,
the organic |layer of rewrk style, another circuit pattern conprising a
netal, the flexible film and the circuit pattern conprising a netal are
| am nated in that order. 4. A lam nat&J menber for a circuit board
according to Caim2, further conprising electronic conponents bonded to
the circuit pattern conprising the netal. 5. A |lam nated nenber for a
circuit board according to Clain12tﬂ%ﬁ¥ in the product of the Young's
nmodul us (kg/ nmm®2) and the cube of the I'ckness (nm) of the reinforcing
plate - 88 1is 2 to 860,000 kg-mm 6. A lam nated nenber for a circuit
board according to Claim2, wherein the reinforcing plate is a sheet. 7. A

| am nat ed; rengeg; £oy; 8 sbaealEomgéaglﬁgcgrQuaqlbqe ®iakmagq wherein the
reinforcing plate conprises a gl ass, he product of the Young's

modul us &KgéHH@)paegekhecsﬂﬁeleﬁnbha h@ta&n?§%vﬁ@€h oh the rmigxiene ng
plate is 850 to " 860,000 kg-nm 8. A |am nated nenber for a circuit board
accordi ngilf, wherein dimensional change rate of the circuit pattern

is within *0.01%.

2. A laminated member for a circuit board, comprising a
reinforcing plate, an organic layer of rework style, a
flexible film, and a circuit pattern comprising a metal

laminated in that order.

3. A laminated member for a circuit board according to
Claim 2, wherein the reinforcing plate, the organic layer of
rework style, another circuit pattern comprising a metal,
the flexible film, and the circuit pattern ;omprising a

metal are laminated in that order.

4. A laminated member for a circuit board according to
Claim 2, further comprising electronic compénents bonded to

the circuit pattern comprising the metal.

5. A laminated member for a circuit board according'to
Claim 2, wherein the product of the Young's modulus (kg/mm?)

and the cube of the thickness (mm) of the reinforcing plate



Claim2, wherein the reinforcing plate conprises a netal, and the product
of the Young's nodulus (kg/m®) and the cube of the thickness (m) of the
reinforcing plate is 2 to 162,560 kg-mm 9. A |am nated nenber for a
circuit board according to Claim2, wherein the product Ax.Bx Cis in
the range of 4.3 x 10-6 to 4.3 x 10-3, wherein Ais the peel strength
(g/cm) when the flexible filmis peeled off, Bis the reciprocal (m1l) of
the thickness of the flexible film and Cis the reciprocal (m2/kg) of
the Young's nmodulus of the flexible 8 m - 89 10. A |lam nated nmenber for
a circuit board according to Caim2, wherein the organic |ayer of rework
style has a thickness of 5 pmor less. 11. A lam nated nenber for a
circuit a d C aim2, further conprising an auxiliary
adhesivepga?/er81 §? bg@ gm%éL t he relnforC|ng plate and the organic |ayer
of rework style. 12. A lam nated nmenber for a circuit board conprising at
least a reinforcing plate, an organic layer of rework style, a circuit

pattern C@”p S B9li AaPBhAkhenBRY &ok! Xihheulik! Bbakd aRBAY ity making a

| am nat ed er for a circuit board conprising the steps of lamnating a
f1exibl ec‘ihhﬁ{‘ 50 whekehAf @REI @glaka&%,m@n lfaQreml'égaas@ﬂereQ:U't pattern
conprising a netal on the flexible fil A nethod for nmaking a circuit

board conprising the

7. A laminated member for a circuit board according to
Claim 2, wherein the reinforcing plate comprises a glass,
and the product of the Young's modulus (kg/mm?) and the cube
of the thickness (mm) of the reinforcing plate is 850 to

860,000 kg-mm.

8. A laminated member for a circuit board according to
Claim 2, wherein the reinforcing plate combrises a metal,
and the product of the Young's modulus (kg/mm?) and the cube
of the thickness (mm) of the reinforcing plate is 2 to

162,560 kg-mm.

9. A laminated member for a circuit board according to
Claim 2, wherein the product A x B x C is in the range of
4,3 x 1076 to 4.3 x 1073, wherein A is the peel strength
(g/cm) when the flexible film is peeled off, B is the
reciprocal (um-1l) of the thickness of the flexible film, and
C is the reciprocal (mm2/kg) of the Young's modulus of the

flexible film.



steps of lamnating a flexible filmto a reinforcing plate, formng a
circuit pattern conprising a netal on the. flexible film and peeling the
flexible filmoff the reinforcing plate. 15. A nethod for nmaking a circuit
board according to Claim- 90 14, wherein a first circuit patternis
formed on a first surface of the flexible film the reinforcing plate and
the first surface of the flexible filmare lamnated to each other with
an organic |ayer of rework style therebetween, and a second circuit
pattern is forned on a second surfaceg8%f the flexible film 16. A nethod
for making a circuit board according to Claim 14, wherein a first
reinforcing plate and the flexible film are lam nated to each other with
an organi ¢c.layer.of .rework style_therebetween,. a first pattern.is fornmed
on a1 rst0surhabanobSERY FeBRES: SO b Lt hBLH Popol PSR oald §osecond
reinforcing.plate are | am pat .each h i n ani_c lLayer of

r ewor k s¢§géﬁt ér¥§8?ﬁéggyﬂgh§gg%g§§b 8y8%iﬁﬁ1¥%&%5e g5gg%fﬂﬁ%eaf¥rst

r ei nf or cj , econ LLcuit pattern is formed on a second surface
of the Fﬁgigﬁgésf??n§ gﬁdg{hgb%%éxible filmis peeled off the second

reinforcing plate. 17. A nethod for nmaking a circuit board according to
Claim 14, wherein the flexible filmis peeled off the reinforcing plate

after el egtronjc)gRRRAReAt feAberl Ybikhar cherded 8BLed LRR ity ttopattern
conposed of the netal

Claim 2, further comprising an auxiliary adhesive layer

placed between the reihforcing plate and the organic layer

of rework style.

12. A laminated member for a circuit board comprising at
least a reinforcing plate, an organic layer of rework style,

a circuit pattern comprising a metal, and a flexible film.

13. A method for making a laminated member for a circuit
board comprising the steps of laminating a flexible film to
a reinforcing plate, and forming a circuit pattern

comprising a metal on the flexible film.

14. A method for making a circuit board comprising the
steps of laminating a flexible film to a reinforcing plate,
forming a circuit pattern comprising a metal on the flexible
film, and peeiing the flexible film off the reinforcing

plate.

15. A method for making a circuit board according to Claim



18. A nmethod for making a circuit board according to Claim- 91 14,
wherein a via hole is formed froma surface of the flexible filmopposite
to the surface lamnated to the reinforcing plate. 19. A method for making
a circuit board according to Claim14, wherein the reinforcing plate is a
sheet. 20. A nethod for nmaking a circuit board according to Claim 14,
further conprising a step of irradiating an ultraviolet curable organic

| ayer of rework style with ultraviolet Iight before the step of form ng
the circuit pattern. 21. A method for 9fktng a circuit board according to
Claim 14, wherein the flexible filmis held on a surface of a film
hol di ng sheet, the flexible filmis placed so as to face a surface of the

el nfor chgg ghakslpr quirded icilan OLURIE 112 el Alech dif SOGtEIIY ned

di st ance | exible filTmis ransferred to the relnforC|ng pl ate by

pressi ngstbeabh! B Bgpdine,shaet nd, {hed QU i nAGAlDotnd Niohe

rei nforcing hod lamnating a flexible filmaccording

to daimgi2lt %%rf%'c@ bl#e thidl m1lelid1R0 fSheeta and diig dtlRKit] &adi I m are
pressed against the reinforcing plate by noving a |inear pressing el enent

from onecedge mthh%n%&@;ranqnga@fer oF2 red i |l & HdddBe A erf) Met hod
for lamnating a flexible filmaccording to Caim?21, wherein the flexible
filmis hekdaorelbadswifid@dt pattern is formed on a second surface

of the flexible film.

16. A method for making a circuit board according to Claim
14, wherein a first reinforcing plate and the flexible film
are laminated to each other with an organic layer of rework
style therebetween, a first pattern is formed on a first
surface of the flexible film, the first surface and a second
reinforcing plate are laminated to each other with an
organic layer of rework style therebetween, the flexible
film is peeled off the first reinforcing plate,.a second
circuit pattern is formed on a second surface of the
flexible film, and the flexible film is peeled off the

second reinforcing plate.

17. A method for making a circuit board according to Claim
14, wherein the flexible film is peeled off the reinforcing
plate after electronic components are further bonded onto

the circuit pattern composed of the metal.

18. A method for making a circuit board according to Claim



of the filmholding sheet using surface tension of a |liquid,
adsorption, or adhesion of an organic substance.

el ectrostatic
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14, wherein a via hole is formed from a surface of the
flexible film opposite to the surface laminated to the

reinforcing plate.

19. A method for making a circuit board according to Claim

14, wherein the reinforcing plate is a sheet.

20. A method for making a circuit board according to Claim
14, further comprising a step of irradiating an ultraviolet
curable organic layer of rework style with ultraviolet light

before thé step of forming the circuit pattern.

21. A method for making a circuit board according to Claim
14, wherein the flexible film is held on a surface of a film
holding sheet, the flexible film is placed so as to face a
surface of the reinforcing plate provided with an organic
layer at a predetermined distance, and the flexible film is
transferred to the reinforcing plate by pressing the film
holding sheet and the flexible film against the reinforcing

plate.

22. A method for laminating a flexible film according to
Claim 21, wherein the film holding sheet and the flexible
film are pressed against the reinforcing plate by moving a

linear pressing element from one edge to the other edge of
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the flexible film.

23. A method for laminating a flexible film according to
Claim 21, wherein the flexible film is held on the surface
of the film holding sheet using surface tension of a liquid,
electrostatic adsorption, or adhesion of an organic

substance.



