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Field The present invention relates to a circuit board including a
flexible filmprovided with an extrenmely fine <circuit pattern, a |am nated
menber for a circuit board, and a nmethod for nmeking a | ami nat ed nenber for
a circuit board wth excellent producti-vity. Background Art Wth the
reduction in size and weight of electronic products, higher precision in
patterning of printed circuit boards has been required. Since flexible

filmsubstrates can be bent, t hree-di nensional wring, the
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- relatively narro Sstrate, 1t 1s possible to obtain an
excellent fine-pattern as a resin substrate. However, the devel opment of
mcro-fabrication with a polyimde filmsubstrate is substantially
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The present invention relates to a circuit board
including a flexible film provided withran extremely fine
circuit pattern, a laminated member for a circuit board, and Lk)
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 ﬁrecision 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 fespect to tape autoﬁated‘bonding (TAB)
technigques whieh 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 possibie
to obtain an excellent finme-pattern as a resin substrate.
However, the development;of micro—fabriéation with a

polyimide film substrate is substantially reaching its




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

m niaturization may be possible. The latter index, i.e., di mensi onal
change rate, relates to the alignment 2 accuracy betmeen a circuit board
pattern and el ectrode pads 'when the circuit board and el ectronic
conponents, such as |[Cs, are connected to each other, and as the pitch

bet ween _ el ectrode pads in an | s, further narro wed a he nunber of
el ectrod]e”b‘atb% |nI%1EP1T Wstc? rﬁ:‘Fag%Eéiﬁe ??C‘b]é?:%sfre T %ﬁ#%g‘?%uneet t he
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it rove t rication of flexible
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processes, curil ng and wet processes, SUCh as etchi ng

and devet ﬂlmf‘é&ﬁfiéﬁdwqma érckl@s{ﬂ;féﬂ blend i1stisrreneaked y
subjecte to expansion and shrlnkage he hysteresis during the

fabricati an 9 MiNedOnhaB change rate, relates to the alignment
()

accﬁracy 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
éléctrode 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 eléctrdde pads is connected
to a circuit pattern, extremely low dimensional change'rate

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

C

fine electrode pads with a pitch of 60 um or less,
preferably 50 pm or lesé, of the circuit pattern.

In terms of dimensional change ra%e, it is, in
particular, difficult té improve the fabrication of flexible
film 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 fiim is.repeatedly subjected to expansion

and shrinkage. The hysteresis during the fabrication



processes causes distortion of the circuit pattern on the substpais.200n
the case when a plurality of processes require alignnent, if expansion and
shrinkage occur during such processes, positioning error occurs between
patterns fornmed. 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 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 nust be taken. Since the flexible film

subst r atpraograas caubeshidimorduen ©f ke FiscWid R ateR e RS en after
the circuit formation, it is absolutely necessary to control tenperature
and hurdubsatrasfe t hdrtithauiqassoatheprd IR He 1€ FOMRII9HN.  Even when
moi sture proof packaging is used, the production_ cost is increased, it is
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llimted. Under the circunstances, the upper limt o dineng%onal change
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printing circuit (FPC) in which a substrate with a
relatively large area is tréated. Additionally, positioning -
error is also caused by external forces, such as tension and
torsion, and, in particﬁlar, 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 ciréuit 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 ofgdimensional change
rate of the circuit pattern formed on a flexible film has
been considered to be approximately +0.015 to iO.QBO%, and
it is becoming difficult to cope with further narrowing of

the pitch and increase in the number of electrode pads in a

IC. -




In view of the problens associated with the conventional techni Qus 2005
descri bed above, the present inventors have conducted thorough research on
an extrenely fine flexible filmcircuit board and a nethod for making a

| am nated nmenber for a circuit board with excellent productivity, and have
found that such problens are solved by attaching a flexible filmto a
reinforcing plate having excellent -digvensional stability with an organic

| ayer of rework style therebetween, followed by processing, and also have
searched into specific preferred enbodi ments. Brief Description of the
Drawings Fig. 1 is front_ view which schematically shows a central part
of a |larf S?F?rﬁ%uiﬁﬁ?ﬁﬁﬁﬁ?thh the present i%vention. Fig. 2 ispa

sectional view taken al Qng the, l.ine X-X of. .Fi 1. Ehgs. 3(a) to 3(f) are
front views \?&‘u‘i gﬁe?'cﬁ? %céﬂrloylegﬁovavssstoecﬁgﬁer?gg o RC
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- plate inventors have conducted thorough research on an extremeiy '
fine flexible film éircuit board and a ﬁethod 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 stabilityrwith an organic layer of

rework style therebetweén, followed by processing, and also

have searched into specific preferred embodiments.

" Brief Description of fhe Drawings
Fi@. 1 is a front view which schematically shows a
central part of a laminator.lrin accordance with the present
invention.
’Q) Fig. 2 is a sectional view taken along the line X-X of
Fig. 1.
Figs. 3(a) to 3(f) are front vieﬁé which‘schematically
show steps in a lamination method in accordance with the
- present invention. |
Reference Numerals
1 laminator
2 film holding sheet

3 stage




7 organic layer of rework style 8 squeegee 9 base 10 frame 12 9May 2005
el ectrostatic charging device 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 |inear
notor 44a, 44b support 46 linear cylinder 9 May 2005 6 Best Mde for
Carrying Qut the Invention In accordapce with a first aspect of the
“invention, . there is provided a circuit board includes a flexible film
4 flexible film

6 reinforcing plate

7 organic layer of rework style

8 sdqueegee
"9 base

10 frame

12 electrostatic charging device

14 column

16 bracket

18 motor

20 ball screw

" 22 Dbracket
‘24 guide
26 nut

28 sdqueegee support

32a, 32b Dbearing

34 rotary cylinder : )
.'36a, 36b guide

38 rail

40 moving body

42 stator

43 linear motor

44a, 44b support

46 linear cylinder




and a circuit pattern conposed of a netal provided on at |east one surface
of the flexible film and di mensional change rate of the circuit pattern
is within 0.01% The flexible filmof the enbodi nrent of the present
invention is a plastic film and it is inportant that the p¥a%wi¢°%i| m has
heat resistance sufficient for thermal processes in the
circuit-pattern-formng step and in 4 ke- el ectronic-conponent-nounti ng
step. Exanples of plastic filnms used include pol ycarbonate, polyether

sul fide, polyethylene terephthal ate, polyethyl ene naphthal at e,

po'yphe%%@%nﬁoﬁgl%BgeCaP?%¥%éié¥%i#%%)ﬁﬁ@éﬁ%RﬁTd liquid crystal polyner

films. Anbng these, a po mi's  preferably used because of its

- excel l ent hedn resicstance andh excerliest sesést anceth®d ohemiciads. A liquid
crystal polymer is preferably used because of its excell|ent electrical
char act &fie€i é§, PEa¥RAES RoGi BFel echeaed| breludes |exiknwilyle sl i ber

reinfor 6gth Lo aheeh IRl sonfiscunedy EXAUPLES oL 1h8) ng, of ol ass- 1| ber

rei nf or resin’s i'nc poOXy resins, pol nyl'ene” sul fi de resins,

“pol yphenylaghe ogthenrrasenss ohé ef NégEo]€0f PIhy nid reisidiss iomal yani de
resins, and polyimde resins. The thickness of the flexible filmis
pr ef er asynggairietien ofi efeorirediyEt PaRt9rVays2005h1iy 6. Wei-ght and si ze of

h I i .and | f i ia- , whi | h
(Do ol ecl o pparaLuses, ahCkn ool rpelplptntipeevigebpe, while Lhe

t hi ckness is eféera | ar n
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. Amcng these, a polyimide film is
preferably used because of its excellent heat resistance and
excellent resistance to chemicals. A ligquid crystal polymer
is preferably used because of its excellent electrical
characteristics, such as low dielectric loss. A flexible
giass—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,
polyvamide resins, and polyimide resins. The thickness of

the flexible film is preferably small in view of reduction




r to maintain flatness. Therefore, the-thickness of the flexibl @ndyawss
preferably in the range of 7.5 to 125 pm A circuit pattern conposed of a
nmetal is provided on the flexible film The netal |ayer nmay be formed by
|l am nating a netallic foil, such as a copper foil, using an adhesive
| ayer, by sputtering, by plating, or by conbining these. Alternatively, a
raw material resin or its precursor _ for the flexible filmmy be applied
to a nmetallic foil, such as a copper foil, followed by drying and curing
to form a flexible filmprovided with a netal |ayer. As the netal | ayer,
any highly conductive nmetal can be used, and for exanple, gold, silver, or
al um numTee iR used sAset lod tinet leddkdftororfisr MPREIEHAISES ARG Pattern
conposed of the netal, a full additive process, a sem -additive process,
or a sihideactio/eEqmoddne viy-bo kesod whiHe fiilg tAd@Rn8AS process will be
described below. A catalyst, such as palladium nickel, or chromum is
appl'i ed pre fichmlsly flacgeod nudirsle ra tel reRAUr RGN i@k ¢ geEng rfaébé, ,
followed by drying. Herein, the catal yst dges not . act as:the nucleus for
pl ati ng tgr owtimtzmsini tf liagnesewey dhereafaes, tHhe Hraknass LH At %ated, it acts
as the nucleus for plating growth. A photoresist £s7 t$e¢10a}g§éi’_ﬁ9 thereto
by a 9 Niexidos B lpiis esafarabhdd it 20919t coat er° f 'coater, or
die coater, or by screen printing, follqwed_ b ryi_n
' A.cir%uit pattgrn composed J% a me aq Yl %rdUT%ed on

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

iayer, 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, Qr 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




photoresist is exposed through a photomask with a predeterm nedyopgalyt>eon to
forma photoresist layer in the sections in which the plating filmis not
required. The exposed photoresist is devel oped. Catalyst is then
activated, and the polyimde filmis dipped in an electroless plating

sol ution conposed of copper sulfate and formaldehyde to forma
copper-plating layer with a thicknessgaf 2 to 20 pm The phot oresi st | ayer
is renoved as required. A circuit pattern is thereby obtained. The
_sem -add:ctl ve pr S\E_es?] will be described below. An underlayer is deposited
on a surface on Wich a nmetal layer is to be formed by sputtering of
chrom unspin ket teroppeade epater al Toy! ofodhese I?%Ya(F%‘}.‘/tq*E'e ?ﬂi(&%ess of
the underlayer is in the range of 1 to 1,000 nm It is. effective in
secur i ngCeaF ¥ ci @b oFeRReR WEP I s b2 btRed PRI ¥Y TPt at TRY, in

i mprovi ng adhesi on of the netal: | ayer and in preventin i nhol e defects .
:ﬁ' dEpos_E’%ﬂO?OE%%b%‘F }%g‘ag’gpoﬁ?gsg??%/‘é?]i& g %?*E%%‘énw%‘h% ngarl aygr :t e; S,
t hi ckness_o o 3, nm Before the underl ' ' d t
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-adgesi veS§Q Jg‘?ﬁpbii)%%lt?%n g pg?)%yg%r?%jflgﬂi llb(ﬁ%'?%‘? s?%tg&i sl'g%%l iotrad to the
under | ayer 9 follo i h LSt i
i ough Sse g ERanke fr s e ey | o e CEREh . Dot or e st

' activated, and the polyimide film is dipped in an '

U

electroless plating solution composed of copper sulfate and
formaldehyde to form a copper-plating layer with a thickness
of 2 to 20 uym. The photoresist layer ié removed as required.
A'dircuit pattern is thereby obtained.
| The semi-additive process will be described below. An
underiayer is deposited on a surface on which a metai layer
is to Be formed by sputtering of chromium, nickei, copper,
or an alloy of these metals. The thickness of the
underlayer is in the range of 1 to 1,000 nm. It is
i\) ~ effective in securing sufficient conductivity for subsequent
electroplating, in improving adhesion of the metal layer,
and in preventing pinhole defects to éeposit a copper layer
by sputtering further on the underlayer at a thickness of 50
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 abplication, or adhesive layer application as

- appropriate. A photoresist is applied to the underlayer, -




| ayer in the sections in which the plating filmis not requiredyM#&e005
exposed photoresist is developed. Electroplating is then perfornmed using
the underl ayer as an electrode. As the electroplating solution, a copper
sulfate "plating solution, a copper cyanide plating solution, a copper

pyr ophosphate plating solution, or the like is used. A copper-plating

| ayer is forned at a thickness of 2 tog 20 Pm and optionally, plating with
gold, nickel, tin, or the Ilike is fut Rer performed. The photoresist is
renoved, and the underlayer is renoved by slight etching. A circuit
pattern is thhereby obtained. The subtractive process will be described

bel ow. RidiStowed BARi d9FIRFEL athd RiRItdsed DR axgodddxitatandh lan I n
.order to]Torn1the uniformnetal |ayer, a metallic foil, such as a copper
foil, n?.lgjteon{m netad 4 reddiied ipavéth tanfadhesipeotayssisor the
nmetal |ayer may be forned on a flexible filmby sputtering, plating, or
conbi natippeofin thesese i@idain wich athavp batt g afilresis wetits precursor
for the fl'exible filmmy be applied to a netallic foil, such as a copper
foil, foldqwerkdy driye ngkposkd wholptesisot ms adéveldpr@. fil m provided with
a nmetal layer. Next, a photoresist is applied to the netal |ayer, foll owed
by dryirigsctiep phiotog ess sthérs mxpbsated hioing BheHAPREXYN t3° Phay 2005
- 10 a predeterm ned pattern to forma resist layer in the sec{%ons in
whi ch t helemtzddd i | s stheqiecttorirt ixposetution, a copper sulrate

'~ plating solution, a copper cyanide plating solution, a

e

.copper pyrophosphate plating solution, or the like is used.
A copper-plating layer is formed at a thickness of 2 to 20

pm, 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 wiil be.désctibed 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 “}
: aﬁ adhésive layer, or the metal layeramay 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,
-sﬁch as a copper foil, followed by drying and curing to form
a flexible fiiﬁ'pfbyided with a metal layer. Next, a
photoresist is applied to the nmetal layer, followed by

drying. The photoresist is exposed through a photomask with




photoresi st is devel oped. After etching the netal |ayer, the photoresist

| ayer is renoved, and a circuit pattern is thereby obtained. It is

i nportant that dimensional change rate of the «circuit pattermpf2obbe
enbodi nent of the present inventionis wthin 0.01%in order to cope with
further narrowing of the pitch and inchease in the nunber of el ectrode
pads in an 1C, and nore preferably, dinensional change rate is within
0.005% In accordance with the second aspect of the invention, there is
provi ded. a | am nated nmenber for a circuit bpard. includes a reinforcing
pl ate, anPHPYERFEMFAGErPRFtPEROFR T9¥I 2, &St PbxiBYE fHEntN%nd a circuit

tt d.of a, tal | am . in that order. I teri
P o CoferPaRs icafial e 1 ety Rl S Bkl Jaeees.
such as ggda: LIDE oLags, parosi | igals dlasses, and =1Jica ggssi geram cs,
such as®a um na, SiTicon nl?gldé, and zirceconia® metals, suc ds stainless

steel s phBNarcal Lovoayapditl1aniiin, A ol dsseoliDofauialaf arped resins. Al

of these nmaterrals ar prefer because o elr small coefficient
of therppL cg¥PaWSiond small coefficient of hygroscopic expansion.
| norgani ¢ gl asses are nore-preferably, used because of their excellent

heat resi stange; @nthg&st StaNEeat U Ghes LSl | dhdde: fddcw -padtern-formng
step, because 9 May 2005 .large-area substrates with satisfactory surface
snoot hnesscuit pattern of the embodiment 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 1C,

and more preferably, dimensional change rate 1is within

In accordance with the second aspect of the invention,
thére is provided a laminated member for a circuit board
includes a reinforéing plate, an corganic 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 ccefficient of thermal
expansion and small coefficient of hygroscopic expansicn.
Inorganic glasses are more-preferably, used because of their
excellent heat resistance and resistance to chemicals in the

circuit-pattern-forming step, because




are easily obtained, because plastic deformati on does not i1y

because particles are not easily generated by collision du??zblth@QDOS >
transportation. Anong them a borosilicate glass represented by

al um noborosilicate glass is nost preferably used because of its high
nmodul us of elasticity and small coefficient of thermal expansion. Wen a
metal or a glass-fiber reinforced resin is used as the reinforcing plate

: _although manuf acturing may be perfork®d”in the formof a long web, in ’
other words, performed by roll-to-roll process, -in order to easil& obtain
| ow di nensi onal change rate, the circuit board of the present invention is

pref er ably. yAnufactynad v shestth Nacessidg rihashast pracessesy is al so
prefera?legﬁgcause hi gh al i gnment accuracy'iéﬁeasily secured bym%ptical

pFSiti0%f¥*é§§ﬂf¥“oﬁt§ﬂ%&ﬁ‘%éﬁéﬁﬁb $l&stidc Méhermation does not
el ectroni c-conponent - nounting step. Herein, the sheet ‘processi ng neans
that, instead, et ONgr Weksaiidulipd stiad 1es heet snatr ecdmilly egenewehed gl ass
substrate IS used as the reinforcing plate, if the glass substrate has a
- smal | YQUPQ st st Scer i idh et r il syscr isabisom at eAneng htkemsiace war page and
~torsion are i ncreased by the expansion and shrinkage of the flexible -
film trﬁbgﬁgﬁmﬁéﬁt§tq;ﬁssrmapﬂnsen%m&é@ywﬂban@@th@%%%%%@teoﬁlés?|at
stage. Additionally, since the flexible filmis 9 My 2005 1% def ornmed by
vacuum siitiasy reteteesbly usedidecawee doffikslpigh modulus o |
elasticity and small coefficient of thermal expansion. N
When a metal or a glass-fiber reinforced resin is used g)
"as the reinforcing plate, although manufacturing may be
performed in the form of a long web, in other words,
pérformed 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 detectioﬁ, a movable stage, etc., in the
‘electronic-component-mounting step. Herein, the sheet u)
processing means that, instead of a long web, individual
sheets are handled.
When a glasé 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




to maintain |ow di mensional change rate. on the other hand, if

--substrate I's thick, flatness may be degraded -due to nonuniforn1?2$g%?g§:
resulting in a decrease in exposure accuracy. Additionally, handling | oad
by a robot or the like increases and it becomes difficult to transfer
substrates quickly, resulting in a decrease in the productivity and an
increase in transport cost. For the- ggasons described above, with respect
to the glass substrate wused as a reinforcing plate (when the sheet
processing is used), the product of the Young's nodulus (kg/ m2) and the

b f th i ' i
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nonuni f of ness, resulfing 1n a decrease in exposure
o 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),rthe product of the Young's modulus (kg/mm2)  and the
cube of the thickness (mm) is preferably 850 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
i;} ‘metal substrate is thin, since warpage and torsion are
increased by‘the expansion and shrinkage of the flexible
film, it becomes impossible to vacuumisuck 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 productik On the other hand, if the metal _

substrate is thick, flatness may be degraded due to




accuracy. Additionally, handling | oad by a robot or the 1Iike increases and
it becones difficult to transfer substrates quickly, resulting in a
decrease in the productivity and an increase in transport cost. For the
reasons described above, with respect to the netal substrate® Magetf%s a
reinforcing plate, the product of the Young's nodulus (kg /MW and the
cube of the thickness (mm is prefergbly 2 to 162,560 kg-nm nore
preferably 10 to 30,000 kg-mm and nost preferably 15 to 20,500 kg mm The
organic layer of rework style used in the enbodi mrent of the present

[ ti iS. d of dhesi : - it ive, d
any. adnSe Ve LERPBU R LRANEHS | AESRT LTSI 0PI drcaeere ot il ihe
reinfor g algle agndchpamn bl Chahlieihh CxbBY eyl 41680, hey deached art er
processi ng nmay-“be used. ihe'a ﬁe5|ve or pressure-sensitive adhesive,

for exanmplke iagraekkki endr idr pehsnesadhesivelof torevaikfstyl e may be used.
The adhesion of the adhesive is preferably in the weak adhesi on range so

t hat satsubldchdey qadbé&diyenresudkhingi irdawheoreheefiexilde filmis
processed and detachnment is easily perfornmed w thout causing di'stortion of
the fl eRPPCECHilVALTUBEOr @he INATERSEC dRe tEABBROLLI FPFRy EETusB8 as a rel ease
agent in the enﬁgdinegt of .the pr nt _inventj A_sili esin | ayer

Weh (adkeNees AayCAresobebee WEER FeBraanta 1a drSttl retericR Ty 2005
14 ~used as a reinforcing plate, the product of the Young's

ﬁodulus (kg/mm?) 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 embodiment
of 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 acdhesive 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 embodiment of the present invention. A
silicone resin layer with tackiness may also be used

as the organic layer of rework




style in the enbodi nent of the present invention. An epoxy resin |ayer
with tackiness may al so be used, as the organic |ayer of rework style. An
adhesi ve whose adhesi on decreases in the |ow tenperature region, an
adhesi ve whose adhesion is decreased by ultraviolet irradi a?ides, 26¥ an
adhesi ve whose adhesion is decreased by heat treatnment may al so be
preferably used. Anong them the adhgsiwve in which adhesion is decreased
by wultraviolet irradiation is nore preferably used because a change in
adhesion is large before and after ultraviolet irradiation, and by

i rradiation bef

L e e

corrponer?téf ar e bon enper at ur e “an

hi gh- pr essUne lalvkeri §1itROSsERE Bt BAPPAESS 1SOT IS hh PitHN @ rhas ve due to
the tenperature and deformation due to the pressure. In order to ensure
resi st ad@@eto oharivogks shvite heat resistance in the

i rcuit-pattern-form ng- L i nki,ng_by ul travjol irradiation i
Sreferably poPf PRGN -Eer SPEoEnE s 1BPolBSSC ARG/ bF RBRt FRG process in the
Ci rcui t tRaldeeiufrer PR@ost ERn aBXaBBkes wibskhadadheshvesi BewhkegReadhesi on

and tackiness are decreased by ultraviolet irradiation include a two-part
acryl i chadwdsirew icEeanplresdotti.hn, adhesnvadhaswhe clihashesdodps iamdis acki ness

decr eas Ln tge | oWt e e%atu e rggion i ncl ude ancacr i c_adhesi ve which
o 1 oGRS EraRyt BEREA" CEFEERE ‘PRE Bro8: FI PAEFSEAbLY i The non 9 Ny
2005 - pk@ng 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-




crystalline state. In the enbodi nent of the present invention the

pref erabl e adhesi on of the organic |ayer of rework style is neasured by
the straight angle peel strength when a flexible filmwith a width of 1 cm
attached to a reinforcing plate with the adhesive of rework?dtayl 8t05 s
peel ed off. The peel rate for neasuring the adhesion is 300 mm m n.

Herein, the weak adhesion range refens to a range of 0.1 to 100 g/ cm when
adhesion i s neasured under the conditions described above. If the peel
strength with which the flexible filmis peeled off the organic |ayer of

rework style i.s:t0o0 I, the flexible filmmy be detached during the
fornati6%%§&qgﬁékgcfigglf pattern. On the other hand, if the peel strength

wi th which the fdiexidneddimarts dqealrd (fdsde iorganiion ayey of rework
style is too large, the flexible filmis defornmed during peeling,

resul ti Mysferblenadessam ofi MhesicsvanicHangs ©oft @ework he adhesi ve

st rengt hStI iet aQ Im%ra%?,rec rbé,i ng . of.  the . flexi tilee fi Ilm nma 0 occur, which

I al
causes pré% ens 1 n e steps suggéaﬁ ﬁF 0 eeﬁeﬁg.sfﬁéngg ormati on and

curling alesp denend iR tHen'eury $ Mddus and dhigdesedfco the flexible
film By controlling these paraneters within specific ranges, the flexible
filmis ancteigdicrshiod imative wiftdbriileatddresinec ©Fs reapgkt fbydef or mati on and

curl 19 GF S b O Aol LSS fo RSPLLIR GAR PR Ry event et That s, 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 film 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 cccur, 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




9 May 2005 16 range of 4.3 X 10-6 to 4.3 X 10-3, nore, preferabl pMay 2008
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/cn) is the peel strength, B (WI)
is the reciprocal of the thickness of the flexible film and C (m2/kg) is
‘the reciprocal of the Young's nodulus of the flexible film In order to
apply the organic layer of rework styhg and a photoresist to the
substrate, a wet coating nethod is used. Exanples of wet coating
apparatuses used include spin coaters, reverse coaters, bar coaters, blade

coaters, roll coaters, die coaters, _scfeen printers p coat.ers, and.
spray coRtRe9e. oiwdnd thel brigkhi é- a?efLBo?’ F‘é?/%‘lp%efé?%ak? Y Jarilfif'al%:%l y applied

to individual i nf i | at d.a_, photoresist f ' t i it
poar o' | SEeRgectfyB ot | T 453 Bty raddr 1 1 BV | P SHoRt LB Uia 7 s, o
di t ' f bl d. .That i s,-alt j [ |
used ©n tRe95e P BT g WEERGE ol Aundi dudtenda (B PR 6 < nce the
t hi ck ted | [ | .ed.. t
nr iR SRy E o R nligh P ETEPER AT Che eubatr At e e T

centrif i n the substrate and the

adsor babiLityy Loikie spe! Tale ot inid) 4 101 Tl osicdhcae aadd i ng

- solution™i's t hus béi ng i'neffective. tionally, since-the

- centrifugal £ oL GRS 0Ot APPhL efl dRividescapt er of ‘rotation, although it
depends on ?ﬁeétj%es.o Othe c0atinb solution used, it may be difficult to

: aPply a In order to apply the organic layer of rework style and
-/ ré photoresist to the substrate, a wet coating method is used.
Examples of wet coating apparatuses used include spin
coaters, revefse coatérs, 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 preférably 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 theycentrifuqal 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,ralthough it depends on the types of

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




9 May 2005 17 thixotropic coating solution or a coating sol uti o Mdyt2oohi gh -
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 length of several tens of centinmeters to several neters or nore
is required after discharging of the coating solution starts, and
therefore, such a coater nust be used carefully when individual sheet
substrates are coated. Wth 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

~ coati Ng tirS@ItHdpar iceatdgwo Mitilvrr especicoad ing adludarewitd fridvat er,
or a spray coater, it is difficult to forma thick filmby coating. Wth
respect wigm«dity eodtferrmiy twortthieniswps taater.i odiddl | seshesteF It eri ng punp,
a mechanismfor relatively noving a substrate and a coating head, and a
syst em frasvenanprosiatresi,védar coreted, o hlsdensaatiary pdhPrd%hdSubst rat e,
and the coating head, it is possible to suppress the nonuniformty of

t hi cknesstiain tabds npatinedhigkreshe GRTINY sttt &t (B t he
coating end section’in the range of several millineters to several tens
of nilliteeteres weart imetiedsida saasals fiedaTat &F B Todt LB hpl es of
periodical ly driven netering punps are gear unps_.an isth punps. 'Si nce
the or gafiten aligchefrgigwbrad s/ | afdmet A4 aﬁﬁ‘%ﬁgr MScosity than
that Of'éherefore, such a coater must be used carefully when

S

individuél sheet substrates.are coated. With respect to a
roll coatef, 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 pericdically 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, %t 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.
-fExémples-of periddicallg driven metering pumps are gear
pumps and piston pumps. Since the organic layer of reworkr

style generally has a higher viscosity than that of a




9 May 2005 18 photoresist, a die coater is preferably used. Theommao0s

| ayer of rework style may be directly applied to the reinforcing plate, or
the organic | ayer of rework style nay be applied to anot her base, such as
a long web, and then transferred to the reinforcing plate. Wen
transferring nethod is enployed, although a portion with wuniformthickness

only can be used, the nunber of steps;gs. increased, or another base for

transferring i s required. AIternative}y, the organic |ayer of rework style

may be applied to the flexible filmused as the substrate of circuit

board, and then |lam nated to the reinforcin | ate. Peeling may be

per f or neshetéhesist, thediaterdter iHarvrEsramby ai$8brcing plate and the

organic layer of rework style or at the interface between the organic

|l ayer of rewdrk ostgdrd arddyare off eavsitk fShhe el ia%y PLeSriet erabt y

perfornmed at the interface between the organic hﬁéer of iemork tyle and
t

the flexaépphbi¢d|pe bekauseinfereied PHLe eV MY tPeITHant2YFay?t of rework
style adhering to the flexible filmafter peeling of the organjc |ayer of
rewor k stg¥erkasitpbe gnrytlerl. appbied o 2nQ %xk?fl’g%'rysu‘é h%gi?/ei?ré%’/er i's
perided betmeen the reinforcing, plate and . the organi yer Qé rewor k
style. CBﬁ%eq%%@tF??ntﬁﬁan%#%ﬁﬁgé Ty eo¥e+%£hﬁﬁ;§?y?gag d p%e Tlexible
oD, Bt 2Eo Al S L85 LRI BBEELGR! ko
 \ uniform thickness only can be used, the number of steps is
iJ) increased, or another base for'tranéferring is required.
| Alternatively, the organic layer of rewérk 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 stylelor at the interface between the organic laye;_'
of rework style and the flexible film. Peeling is
preferably performed at the interface between the organic
lj) ~ 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 thé 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




9 May 2005 19 adhesion with the reinforcing plate and the organbodyapes of
rework style, and preferred exanples thereof include silane,
organoti tani um organophosphorus auxiliary adhesive agents. Exanples of
silane auxiliary adhesive agents include hal ogen silanes, alkoxy sil anes,
and acetoxy silanes, and exanples of organotitaniumauxiliary.adhesive
agents include titanium esters, titaniumacilates, titaniumchelates.
Exanpl es of organophosphorus auinTa}% adhesi ve agents include nono- al kyl
phosphat'e, al kyl phosphonates, and di al kyl phosphites. Preferably, a
silane auxiliary adhesive agent is enployed because it can be easily and
smoot hl y, gRRiised WiaH e &I R NGy Plaite: and ithd srgmxiperisie ofhen t he
reinforcing plate i1s conposed of glass, an al koxy silane represented by
formul a dho el aWiiss, RAd i Ridnedreiapise thmemSandlutes sidnsfact ory
wettability wth glass an qui ckly reacts with glass to forma strong
bond: (RBr@amRtdkdhiun§ ordddRphdbphdrus aind)li@yyORdhdmies massdeh of R
and R2 is ‘a nonoval ent alkyl group, RL 9 May 2005 - 20 and R2 being the
sanme or midfrantar esichand 8l laind R abifies jare  agfanyls grvtildmbayP e o 5
carbon atons, R3 and R4 being the o

silanes, alkoxy silanes, and acetoxy silanes, and examples

of organotitanium auxiliary adhesive agents include titanium
esters, titanium acilates, titanium-chelatés.- Examples of
ofganophosphorus auxiliary adhesive agents include mono-
alkyl phosphaté, 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
reihforcing plate is composed of glass, an alkoxy silane
represented by formula (I) below is particularly preferable
because it has satisfactory wettability with glass and

gquickly reacts with Qlass to form a strong bond.

(RY) ,

(R¥5—Si—tOR*) 4_a-p-c (I)

(OR?) .

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




sane or different, and each of a, b, and c is an integer of 0, 1, 2, or 3,
the relationshipa+ b +c 1t o3 being satisfied. Specific exanples of

t he al koxy silane represented by fornmula (1) include, but not limted to,
vinyltrinethoxy silane, vinyltriethoxy silane, vinyltris(0 9 May 2005

met hoxyet hoxy) si | ane, 0(3, 4- epoxycycl ohexyl )ethyltrimethoxy silane,

y-gl yci doxypropyl tri net hoxy sil ane, _ysgglyci doxypropyl net hyl di et hoxy

si l.ane, y- glycidoxypropyltriethoxy silane, y-
nethacryloxypropylnethyldiethoxy silane, y- nethacryl oxypropyl trinmethoxy

si | ane, acr r opyl net |et oxy skl a - .
net hacrﬂr&(% Eﬁi’ﬂl p%@fggs?lf a?/%aﬁ: et Fz)Sy d R is an
am nopr opyd e H@Rﬁiﬁ ylstbaﬂslecafb&l (A0 etfiyhhdYR! being the

' anlnopropyltrlnet oXy Si ane NP (anlnoethyl) y- anlnopropyltrlethoxy
si | ane, q&nmnqm[m:fﬁyelmmtﬁreahdxyashl abhea, 9 afmdlcxprxﬁp;art rllréftetm | ane,

N- phenyl -y-_ anj nopr pyI rime S lane chl or ltrinmethoxy silane,
7-nerca 'oﬂﬂogbIFFi tﬁh?yrgﬁﬁgﬁénsg +Héﬁyptr|gt RF+4%e. In the
enbodi nen; iQfribhe present invention, the auxiliary adheS|ve | ayer may be

formed by any nmethod, and for exanple, by a nethod in 9 May 2005 - 21
whi ch an auxBpeai§iadéesivkesagehtths aljp:ivedidlaose repraseated by

formula (I) include, but not limited to, vinyltrimethoxy
silane, vinyltriethoxy silane, vinyltris(B-

methoxyethoxy) silane, B{(3, 4-epoxycyclohexyl)ethyltrimethoxy
silane, y-glycidoxypropyltrimethoxy silane, y-
glycidoxypropylmethyldiethoxy silane, y-
glycidoxypropyltriethoxy silane, vy-
methacryloxypropylmethyldiethoxy silane, y-
methacryloxypropyltrimethoxy silane, Y-
methacryloxypropylmethyldiethoxy silane, y-
methacryloxypropyltriethoxy silane, N-B {(aminoethyl) y-
aminopropylmethyldimethoxy silane, N-f (aminoethyl) y-
amincpropyltrimethoxy silane, N-B (aminoethyl) y-
aminopropyltriethoxy silane, y-aminopropyltrimethoxy silane,
y—aminopropyltriethoxy silane, N-phenyl-y-
aminopropyltrimethoxy silane, y-chloropropyltrimethoxy
éilane, y-mercaptopropyltrimethoxy silane, and

phenyltriethoxy silane.
In the embodiment of the present invention, the
auxiliary adhesive layer may be formed by any method, and for

example, by a method in




sol ution obtained by dissolving the auxiliary adhesive agent in a solvent,
foll owed by drying. Specific exanples of the solvent used include acetone,

nmet hyl ethyl ketone, methyl isobutyl ketone, cycl ohexanone, 2-heptanone,
ethyl acetate, butyl acetate, hexyl acetate, butyl propiona?élayngtdanol ,
et hanol , isopropyl al cohol, ethylene glycol, propylene glycol,

tetrahydrof uran, 1, 3-di oxane, 1, 4-di-oxane, heptane, octane, nonane,
decane, y-butyrol actone, 8-decanol actone, benzene, toluene, xylene,
1, 2-di chl oroet hane, chloroform chl orobenzene, 1, 2-di nethoxyet hane,

di et hyl ol i;ret hyl r | yl. V.C thyl. ether,
diethylgﬂg'g %%%ﬂa%ﬁ%£g%fgyé¥§§§§3%€;%qﬁékﬂﬁﬁx%éﬁ%ﬁéﬁcéﬁéa%I&g?Eﬂ¥ a

di met hy lsadettarirdebtdiineidhyy stlfaxivieg Ntreetausd -12-a Py radi 4 gone, a gard:

sul folane. If the auxiliary adhesive |ayer is too thin,satisfactory

adhesi o™} & FGLv@adi/| Fadbdiwnc &, Bting. t Paabdic axarrktestidlayer is
too thi %lv%[?acc!ﬁsse?{‘Qn%ﬁ?fden% yonOeCC%etilyE&ee{tgig %e%é}?et%ecﬁ{%fs of the

auxi l i ary adhesive 1ayer 1Is preferdbly pm and nore preferably 5
nmto 1iobutylhéeamipedi kil obleai@nps, egehbpitavienkl, ORthyl @cdeatk inprove
adhesi on between the reinforcing plate and the organic |ayer of rework
styl e, RBUGHNnESStRdp, b&eEIinBgedn tehe PutelnPeppiipgapieat ethinpdughness i s

formed anthesunlacs ol Lhecholsy 2A03ent?gignhor g yllete to which the
glycel, 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 embodiment of 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




the renovabl e organi c substance enters the roughness, and adhesioQumaaohh
the reinforcing plate is increased by the anchoring effect. Surface
roughness may be forned by sand blasting, chemical etching or a nmethod in
whi'ch a rough. surface layer is forned on the surface of the reinforcing

pl ate, but the nmethod is not limted thereto. In chemcal etching, the
reinforcing plate is imersed in an_.agbd_.or al kaline aqueous sol ution so
that the surface is etched, thus formng roughness. In particular, when
the reinforcing plate is a glass substrate, since the reinforcing plate
has high resistance to.chem cals, high-concentr 1'on.hyfro en | uori de or
sodi um hyetrofodeing wpraferp whigedhey ?*ﬁ)‘&’g‘?}letﬁjei%%%r %EF%?%Fe ‘eads used

~in sand blasting is not particularly limted, éénce t he reinfgﬂging pl at e
is generie | erorpvbe P HIaR GaF WP FERREE FR A P HLT, FRUEPERT €, FAT metal, or

the like is preferably used. If the particle, size of e used in
sand bl aadheylon Wb skhe |r,ekﬁ1f«fé¥%n£e% 755 %%a{n(ﬁge%ﬁ%&?%gegﬂéf or fornmng
roughness cannot be__obtai ned if it is too l@égfor 456

,.and if it d r olghness
cannot bRNClE Hr% R fqPler ef DREIAT R PATRTRTE BFYe s Prererabl y 10 Wa to 1
mm As the nethod in whic rough. surfac rs1s d he
sUrfaceJ%¥a§h%ngei?ﬁ%W%?%g %F%?%,gfo?regéﬁ%#ﬁgg %ﬁf??%?%ggfggﬂ%% by mi xi ng
a bl owi ng agent jnto a, maipor _jngregien e fi dnkbecbhew ng agent
is then guﬂgﬁc%o%%y6531%x F%%%.génggﬁo%%g%aégt%%d#ﬂg ?gy%r is fgrned by
m xing plate, but the methodris 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

W

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 sﬁrfaée layer is
 formed on -the surface-of the reinforcing plate, for example,

a film is fd:med by mixing a blowing agent into a major

ingredient of the film, and the blowing agent is then



addi ti ves which are deconposed by heat, ultraviolet light, or theddyides
into a major ingredient of the layer, and the additives are then renoved
by deconposition to formroughness. |If the size of the roughness fornmed as
descri bed above 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 100 nmto 5 pm and nore '
preferably in the range of 1 Mto 3 pm In order to inprove the adhesion

- between.the reinforcing plate and the organic-layer of rewrk style, the

met hod for providing an auxiliary adhesive |ayer and the nethod
for. fornaxgandadgh sinfauether tethednfarkaYRE platOrnes B BE24% one or in
conbi nation. In the.present invention, before the flexible filmijs .
| ami nat exidiot ihes neb floraie gt enrosen S erkgaly, - Wl b3 ER etpil’f?l%#h and
alignment marks are fornmed on one of the surfaces of the flgxtgée film

i

i .e., oront Hehe abiketimee aurdirie. ingeediert ref nklf cI2¥eHr atR

transparent, the alignment marks nmay &% read t€r0ug@ tfe reinforcing plate
or thr adhitiees| ake bFeen i FeRORR PH FREIPPIYEtOP s P ot ARG on the

opposite surface to-the laminating surface of the flexible film the
al i gnmentouEt@S@re preferably read through the reinforcing plate because

Lg? g: n? a.f,g? _ %%%hl\éaysizzoeo%f %%ep Ei\:roflloc_:[rhr}Fedssr %atrufgcf Sk Q{eééﬁkp@ﬁ-tﬁ&@f the
is too small, sufficient adhesion cannot be obtained, and if
it is too large, fiatness is degraded. Therefore, the
average surface roughness is preferably in the range of 100
nm to 5 pm, and more preferably in the range of 1 pm to 3 pm.
In order té improve the adhesion between the’

| reinforcing plate and the organic 1ayer‘of rework style, the
method for proﬁiding an auiiliary adhesive layer and the
method for. forming rough surface on the reinforcing plate
may be used alone or in combination.

In thé.present\invention, before the flexible film is

L

Ilaminatéd to the reinforcing plate, preferably, a ;ircuit “)

pattern and alignment marks are forme? 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

=‘ ' fléxible'film, the alignment marks are preferably read

" through the reinforcing plate because reading can be




alignnent marks may al so be used for the alignnent when the fl exiNdye20bf| m
~is lamnated to the reinforcing plate. The shape of the alignment marks is
not particularly limted, - and any shape comonly used in aligners may be
preferably wused. The circuit pattern formed on the opposite surface to

the lami nating surface after the lamination to the reinforcing plate has a
pitch of 60 [Lmor less, and nore prgjerably 50 pmor less, which is a
pattern with particularly high precision. In contrast, the pattern forned
on the lamnating surface to the reinforcing plate is mainly used for
input/output-termnals -to the printed circuit board, their peripheral
lines, poewforneksegardigsumt |theLatiern wEdme dalal 1REY si oiP%s high
as that for the circuit pattern forned on the opposite surface to the

| ami nat i aly guwdrr andkn Ay i dee UFPACERF debe 2 W e hevhp R sEht
invention, double side wiring in which one sidg is provided with a

parti cul Bkexilsimel b tiey nlaminalsd yto prlsi Feth FELERf dbUBl e side
wiring are in that option in wring design is enhanc by. crpossing |lines
and vi shepewof tHe diignspis AHES tH° r%%ﬁc%aﬁa%@f%?ef%i%h@%g%éﬁ "I Cs by
transmtting the ground potential to,the vicinity of _t ry

| ocat i orAHY Wfﬂeshqﬂf‘es‘?o’&‘c?ﬁ %r??}?ét:}féta}%gﬁl%rs Rt %ﬁ%ﬁ%@%ﬁt t he
power potential from decreasing even 9 May 2005 25 in high-speed sw tching
by. transt¥%¥¥i ng t'he power source

L ‘The circuit pattern formed on the opposite surface to
iJ) the laminating surface after the lamination to the
reinforcing plate has a pitch of 60 um or less, and more
preferabiy 50 um or less, which is a pattern with
particularly high'precision. In 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
grouhd lines, and in some cases, preéision 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, sihilarly, that it is

possible to prevent the power potential from_decreasing even




potential to the vicinity of the necessary |ocation by wi de |inesaytioos
stabilizing the |C operation, and that external noise can be bl ocked by
el ectromagnetic interference sealing. In this way, the inportance of
doubl e side wiring increases as the speed of I1Cs is increased and the
number of electrode pads in an ICis increased. In the exanple described
above, after a surface of the flexible film which is not lam nated to the
gl ass substrate, is provided with a e rcuit pattern, the flexible filmis
| am nated to the glass substrate, and another circuit pattern is formed on
the .other surface of the flexible film When both surfaces of the flexible
filmaregprgyiaded Bwitehing My aidaaitni tiakieris pavker fdaxidg e filmis
preferably I7amnated to a glass substrate before the circuit patternis
formed o idit ifd)r Ho sWe adeinlinyswdh theasmeddarst  1ddeisurlinosiqe ocessed
later is lamnated to a glass substrate, and a circuit pattern is formed
by a subtiraad, ey eeedd.lizden -tAcditd wpquaddess, aovd fillat smlieinal process.
The surface provided with the circuit is then amnated to another glass
subst r atiyi s cdheod ibkdckpdislsy sebsctavsagset peelingestPrence BeFlinGgat t er n
is then formed on the other surface by subtractive process, seni-additive
- pr ocess,IrorthifulWayaddite vepomieess ohelqitbdss sidss tWating siAReRe §12) ed
off. 9 May 2005 - 26 In the process in which one of the gl SS suQ;trates

e e

~as the speed of ICs is increased and the number o ectro
pads in an IC is increased. .

In the exampie described above, after a surface of the
flexible film, which is not laminated to the glass substrate,
is provided with a cifcuit pattern, the flexible film is
léminated to the glass substrate, and another circuit
pattefn is formed on the other surface of the flexiblé £ilm.
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

S’

surface processed later is laminated to a glass substrate,
ahd a circuit pattern is formed by a Qubtractive 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, oOr
full additive process. The glass substrate is then péeled

off.




| am nated to both surfaces of the flexible filmis peeled, preferably, the
organic |l ayer of rework style is a type in which adhesion is decreased by
ultraviolet irradiation, and the flexible filmblocks ultraviolet |ight or
a netal layer is forned over the entire surface of the fl exPlag £G¢95m so
that the netal |ayer blocks the ultraviolet light. Additionally, as the
flexibility of the glass substrate Lsygi.ncreased, the glass substrate is
nore easily peeled off. Therefore, the thickness of the glass substrate is
preferably 0.7 mmor less, and nore preferably 0.5 mmor less. In the

enbodi nent of_t resent inventi.on, pref |y, . the | am_nated nenmber for
The ol roul t bbra S PG LAt Lt (BIS teati e CobRnEncs S o mount cd
on the haminpted temeeh fRrrhkescoicuht boakdpitheifhexsbheefbhmis

detached fromthe reinforcing plate. \Wen the el ectronic conponents, such
as | Cs, rarefehmided ttdiet g geinvicuila viegaod, riewogdr tsitgllearls awftgpenany

el ectrode .pads are.bonded sinultaneously, it,i i nportant. to ensure | ow
di mensi OHTCRAGE A &5 BRRRBRESIORY HETBHATRG Wt HOA- A4l GUS & met hod
in whichip mataliphayen 1nceMBersduetriifo180! ti g0l &era rdihe dydke formed

‘on the electrode pads of the circuit board is bonded to a netal |ayer
conposed ffagmied], cymirdéhe entilre Isulkd afcer wdd the ttHexdlbdet fade spads or

DuTpS o119 SLCSLEORI 6 CoTpanents, BY O, MRy, 2008 27, cherml pressur e

composegRfi thildha199),d.asS¥hderElexibility 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 embodiment of 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




or the like fornmed on the el ectrode pads of the circuit board and® Mayn®Wa
| ayer conposed of gold, solder, or the I|ike formed on the electrode pads
or bunps of the electronic conponents to each other, an ani sotropic
conducti ve adhesive or nonconductive adhesive placed between the circuit
board and the electronic conponents is hardened to perform m echani cal
. bonding. In either nmethod, the connecting sections are |ocally heated at
140 to 4000C for 1 second to several 2minutes. The pressure applied to the
connecting sections is large at 5 to 50 g per bunp. If the organic |ayer
of rework style is defornmed by high-tenperature pressure, |ow di nensional
change rate is_not secured, apnd ele trica% cqQnpectj on reI'a?iIity may be
apd| 49erhEBhet TR

degr aded® b PReSSHET PRI of R he T | 3§ ¥ EGRst YRULPNg the wiring
circuit pattern. In wire bonding in which many el ectr.ode pads are
Connect & EoTEEE PRAYS &1 REGeRi SRYFENGEMEOGFS or dudtr O Sa i dsF 1 n
order (S RCLLS" {1 P8 BLRORL 0 18y oSSR AY L oLy PRk T Ty e
3", | SRRELANS RLASEMLE)allF SOASSLRY BP hOIATebIEKTERE, cflrecti o o
B L P LMK 3y PR e P ol UL il SfestRolEl |
layer of (LeNOrk, SEVLE Qhch NEeRELSEM anisotropic conductive adhesive
' §r nonconductive adhesive placed between the cifcuit board _ i)
and the electronic componenté is hardened Eo perform
mechanical bonding. in éither method{ the connecting
Sections are localiy heated at 140 to 4OQ°C for 1 second to
several minutes. The pressure épplied to thé connecting
sécﬁions is iarge'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
électrical 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 rewofk style may be deformed as in the case
of simultaneous bonding. In such bonding under high-
‘temperature pressure,_the defprmation in the thickness
diréction of tge-cifcﬁi£’56ard is reférred to as "sinking“,“
and the sinking is preferably 6 pm or less, andlmore

preferably 3 pm or less, so that electrical connection




invention is soft in order to provide tackiness. Although the orgdsi2005

| ayer of rework style with a thickness of 10 to 20 pmis usually used, in
the present invention, by extrenely decreasing the thickness of the organic
| ayer of rework style, the circuit board can be prevented from being

def ormed during el ectronic conmponent bondi ng under high- tenperature
pressure. - Preferably, the hi-gh-tenperature pressure head used for bonding
-el ectronic conponents also acts as—a3fart for supporting the electronic
conponents in order to facilitate heating of the connecting sections. In
-.such a case, heating and pressing are performed fromthe flexible film

si de proyj htpthe ghiegquiy pattern. Therefore, as the thickness of the
flexible %?F%?g%%EYheg th%cﬁngss of the circuit pattern under the

hi gh-t enper at4he o PEESEU L NEAD AT Lo b IFk €368Te SPechdfbencer of the high-
tenperature pressure on the organic layer of rework style is decreased,

and. t he {hiyekpess 95 tberoifapigetaysr pebvh BWOEKck$h¥ks. Can1bBoLBE! eased.
Preferably, the thickness of the. organic layer is 5 ~Lmor less. On the

ot her - hage aﬂ,ﬁﬁﬁi@nlasﬁértbﬁ pE@SPkCskgyer wothr ewehkcBhyke blcLeases as the
- thickness of the organic layer of rework style increases, and the

detachmept wh ibeufhexipleaséd) mmntheeptkabehtaihoantpsecelsg is easily
prevented. In addition, roughness of the 9 May 2005 - 29 flexible film
‘surface extirtheld déereaseng nthevehioknebscatt thpavteanifolagdrt héreon are
easily buried to provide flat :
i¥) - rework style, the circuit board can be prevented from being
- deformed during electronic component bonding undet high-
: temperature pressure. Preferably, the high-temperature
pressure head used for bonding electronic components also
‘aéts as a part for sﬁpporting tﬁe electronic'components in
order to facilitate heating of the connecting sections. 1In
such a case, heating ahd pressing are performed from the
flexibleﬂfilm side provided with the circuit pattern.
Therefore, as the thickness of the flexible film and the
thickness of the circuit pattern undér the high-temperature
pressure head are increased, the influence of the high-
temperature pressure on the organiq 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 pf reWork‘stylé incfeééééf
and the detachment of the flexible film in the fabricationr

process is easily prevented. 1In addition, roughness of the




surfaces. Therefore, the thickness of the organic layer of rework style is
preferably in the range of 0.05 to 5 pm nore preferably in the range of
0.1 to 3 Wi, and nost preferably in the range of 0.2 to 2 gm In the
method for lamnating the flexible filmto the reinforcing pl*atve2®P the
present invention, in order not to distort the flexible filmso that |ow
di mensi onal change rate is naintainegy preferably, application of a force
in the in-plane direction of the flexible filmshould be avoided as much
as possible. In particular, when a circuit pattern is fornmed on one
surface (gf, g f 'fﬁ’ikn]b's%r‘?fat:@ B%‘Zio%get Agreligxibl e Tilmys fampated to the
rei nforcing plate, am natron 1s eS|raE?y perforne% Wth 16w StTess in

order t@ateRSU &oalregh FRlre2BL WiRC Yoadin ARG \fﬁgdxtd\riétié herL aspect of
the invention, there is provided |amnated nmenber for a circuit board

conpr i sistg faceseas hg rediorkoer dhrg tpligkacsan odr §hri ervayper leverewdrk style,
a circuit pattern_conprisin a flexible film_In accordance

|, d
with a FEICER S5Yd6t 16t Pffﬁé%r%@g?ﬁ ?LBn,t%gt Kerge 8tpPolPdéd a HBr hBareor
Ki | am d. f i it d i Si t f
T g, B HRARGS TTE el B g, S0P e B o cut
patterni%pqﬁgi%gﬁg?a?fﬁﬁ%i199252§1flexible film 9 May 2005 29a In
a’Ti

accordance Wt aspect ‘the invention
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. 1In particular, when a circuit pattern
is formed on one surface of the flexible film before the
flexible film is laminated to the reinforcing plate,
lamination is desirably performed with low stress in order to
ensure alignment accuracy.

In accordance with a third aspect of the invention,
there is provided 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.

In accordance with a fourth aspect of the invention,
there is provided 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.



there is provided a nethod for making a circuit board conprising the steps
of lamnating a flexible filmto a reinforcing plate,formng a circuit
pattern conprising a netal on the flexible film and peeling the flexible
film off the reinforcing plate. A nethod and apparatus for PBafaynatdsng the
flexible film of the present invention will be described with reference to
the drawings. Fig. 1 is a front sectiopgl view which schematically shows a
central part of a lamnator 1 (in which cross sections are shown by
overall filling and oblique lines), and Fig. 2 is a sectional view taken
along the line X-X of Fig. 1. Alamnator 1 includes a stage 3 for hol ding
a ...... . --In acapngapceoes thy@ fabdby &ﬁ@egt\/\ﬁﬁcﬁhﬁslavﬁéig:hpﬁr cing plate,
a fllrni%ﬂ &9 5 %ﬂ%ﬁ&d%dg%rHE&E%BDQOQ thgbé Bl%%%%uﬁkgﬁ%a§?pve the
substrate 6, a squeegee 8 for sinultaneous pr €ssing the i | m hol di ng
sheet 2 cgmbtheihdyl Phé Eeecbhe cFuhsintiais hdPya BPPkYbNE PEesSwoea and an

el ectrostatic charging device 12 for inparting electrostatic force to the
film4 tielausording heletemfpsmdingg ssiidac it mateiernt @emPrimiagi & thin and
flexible, .Furthernore uetbon hal es are arranged, on e_.upper-.surface of
t he stagréetfﬁan%nttfr@es%%f{rgéﬁg glgénﬁ t?glqié?eaefjbrggsﬁgfgi gc;ne%ﬁ%{iﬁe f&%é’“r ation of

a source oo Ma@utmnﬂ@gcghgvx@lait@_the drawi ng. By the guidance of a pair of
rails 25

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 oblique 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




pl aced on a base 9 and a pair of guides 24 engaged with the rai 9M®5200¢ he
stage 3 is nmounted on the guide 24. The stage 3 is horizontally novable in
Fig. 1. Anut 26.is attached 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
nmounted on a side face of thebase 9 with the bracket 16 therebetween.
Consequently, the stage 3 can be reci3precated at a predeterm ned speed by
the rotation of the notor 18. The film holding sheet 2 is conposed of a
flexible cloth or thin filmfixed on a frane 16, and is supported by

it
G e v e
Lhethgpf?% THh o% %hg |7 egr?cyllnders h@. Ebn%eque t?y, §%¢8 P?Pn14 hel d
AR R e e e O e R e

di st anceaﬁﬁf%gﬁgS&ng%QPnaﬁ&rwgei@ét98§i:&i;%sci@arbmeaae@@aée§2bui 't in

the |inear i nders
for imparting electrostatic force 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 suption 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 engagéd 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 bottoﬁ of the stage 3. The nut 26 is engaged with a
ball screw 20 which is rotatably held 5§ 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 97with the
bracket 16 therebetween.A Consequently, the stage 3 can be .
reciprocated at a predetermined speed by the rotation of fhe
motor 18.

The film holding sheet 2 is composed of a flexible

-:Héiéﬁh_ér—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



A pair of rails 38 extending in the traveling direction of the §Mayei85are
nmount ed on the supports 44a and 44b which support the filmholding sheet 2
- so as to sandwich the stage 3. CGuides 36a and 36b are placed on the pair
of rails 38 so as to be novable in the longitudinal direction of the rails
38. Bearings 32a and 32b are nmounted on the guides 36a and 36b,
respectively, and a squeegee support 28 is rotatably fitted to the
beari ngs 32a and 32b. Consequently, _t B _squeegee 8 fastened to the
squeegee support 28 is also rotatable. A noving body 40 constituting one
-part of the linear notor 43 is fixed to the guide 36a and a stator 42 .
constituting the other part_of the |linear_notor 43 js f'xeg to the support
44a, Cordterehiey, o¥Heodeptbgee HippbravebingndirpetigubegtetBcan be
reciprocated in the traveling direction of-thggsta e 3 Db éhg ogeration of
the |inedra®e ndy 29bBce sphentproptandde nanrguf Hanke o?o?ﬂie arfs?38 and the

dUppor ¢ ey Phe? SRR TRLLY PV Anke SoEPPEr ar T LLRRSTRokpl obPT or Lhir of ary
25 can o HRLSECEhaEa: Deter HEE 1TTHE S Fof W e ehenre ol PReBfecs can be
LS eRSEL R PR ALY S e B[ SELLE ) Tk SRLEd LD grpcvs. The
e
6 substantially in parallel andlthe distance therebetween i)'
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 thé supports 44a and 44b which
suppert the film holding sheet 2 so as to saﬁdwich the stage
3. Guides 36a and 36b are placed on the pair of rails 38 so
as to.be movable in Fhe 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. Consequgntly, 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 paft of the linear motor 43 is fixed
 to thé éup§§££.ééa. éonsequently, the squeegee sﬁpport 28
and the squeegee 8 can be reciprocated in the traveling

‘direction of the stage 3 by the operation of the linear




squeegee 8 can be vertically noved together with the film holdiﬁ@ﬁ%ﬁ@ﬁi 2
by the vertical operation of the linear cylinders. The electrostatic
chargi ng device 12 extends in the wdth direction of the stage 3 in a
range larger than the w dth of the stage, and is supported by a colum 14
above the base 9. The el ectrostatic.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 -byZpassing 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. Slnllarly,

Bassing sl £9L ANt BhLCoRDALALRYoRONEC 121 800 Cablier L ggkdeag sheet

2, is al'so possi ectrostatlc orce to t m hol di ng

Sheet 2 ﬁﬁdag%onath¥tﬁégm9£9antﬁe s §9955u§§o£@y§a ZoEQEhEg tacki ness

is prelimnarily attac fhe “upper surface of the substrate 6. Next, a

-Ianlnatlga ﬁ@%h@é Hgleﬁetﬁéakgﬁhgaéga Anwi Bbpbes é@ﬁ@étbgdcﬁupmeaetsrence
to Figs. a) to Figs. 3(a) to 3(f) are front views which

schenatlgafbyaﬁpoay§iﬁa§rl94a t@ﬁbeghbﬁﬂlyﬁtbﬁd Eguasgeedanegswehbdt he
present invention. First/ the stage is noved to and stopped at the left.

edge postdi BRe SBQUBel¥et Sepbookens| tansbenpriegsed, agathsbethei Fiid is
pl aced on the stage 3 by a transport device (not shown in the draw ng) and
fi xed byhwadimgn sheétobh $Fi ghe press can be released by the rotatlon
g;). in the directions indicated by the arrows. The contact
| gsection of the squeegee 8Ito 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 2. 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 1ébébb%e‘£hé film
Eolding sheet 2, it is also possible to impart electrostatic

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




3(a)). Wiile the stage 3 is noved rightward at a constant speed, the film
4 is passed below the electrostatic charging device 12 which emts
positively charged ionic wind dowmward so that the film4 is positively
charged. \Wen the stage 3 reached the position beneath the fl,m&ed di ng
sheet 2, the stage 3 is stopped and the suction of the film4 is rel eased.
The linear cylinders 46 are noved downward to bring the film hol ding sheet
2 in close proximty to the film4-op3the stage 3, and are stopped when a
predeterm ned distance is attained (Fig. 3(b)). The distance between the
film4 and the film holding sheet 2 is preferably 10 mmor |ess, or the
face of the f he face of t

br ought'3%eto cbﬁt‘féeg Feck Bann be mers Retae TL A it Hn otyafi

actuator 34, th 8._i agai nst the upper surface of the
film hgﬁﬁeﬁb gheet 2 %g%%e H% e 8% 34 opposite surface to the surface

hol di ng theNrekEm ééﬁhﬁé‘ﬁ‘iontlﬁ&tﬂ#& ”ﬁsu;@ %?Qst agﬂ?%c@x_ert r!th e film

hol di ng sheet e upper surface I near notor 43

s the@é@&fﬂ%@dﬁ%1&%@&%&%&%n%%et%Q¥%%%ee3§agrQ%‘@h% yl.ef i gsedggato the
right edge of the film4, and the flexibl Im 4 on the stage i's

transf ey ed )0 shrke firidhi RaleflisnghsReetchembY i@keaLT @bat isecherea GFi g.
3(c)). Wen the film4 is held on the filmholding sheet 2, the squeegee 8

i s det achadaftriom e hibid mnhelcdiotdasikeectvi2hby her ptratsieng tllneenoﬁany cyl i nder
34 in the opposite direction,

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 vacuum suction (Fig.

3(a)). While the stage 3 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 positively 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




and the linear cylinders 46 are noved upward to transport the fPMaH80di ng
sheet 2-upward and left to stand for a while. At this stage, the squeegee
8 is noved to the left edge by operating the linear notor 43 and the stage
3 is noved to and stopped at the |left edge position again by driving the
not.or 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 Sdction (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 film holding

sheet 2 4EbfsspledhrIbe LOPnROSkEERD OfothengStAOerd1hSapeLosenbbat the

film4 ca amnated to t predeterm ned position on the substrate 6.

The "”eéﬁecfilﬂd@r§s4§aﬁ8£19ﬁéaeﬁe£@egﬁ'Eﬂetbﬁlﬁ'hﬂlgl ysR@8B 235 hol di ng
sheet 2 in close proximty to the substrate 6 on the -stage 3, and stopped

when a pagdetre hppdrdsst8REE b tﬁététﬂﬁé‘QQtWEEQ Lheehilbdoandst he
substrate 6., The ~di stance between the I'm4 and the substrate 6 is

preferably &HeﬂnaeivéﬁS§o_Ewa@ Bt i figet BgueolaLysCyLomdere B4rtt he
squeegee 8 i s pressed agai nst e top of the film holding sheet-2 by the

rotati onedg@adidhehéi iyt hedge bcyftﬂee film bpl dndigthéeﬁleileepr$med to
the substrate 6. By driving the linear notor 43, the squeegee 8 is noved
from the éefthedgeaye Bhesrtgatsteigeedfto hehéi fiid, hahdinpesheen 2
{Ej | by electrostatic force (Fig. 3(c)).

| When the film 4 is held on the film holding sheet 2,
the squeegee 8 is detached from therfilm 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 sfand 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 stoppedrat 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 oh the
stage 3 by a transport device (not shown in the drawing},
and fixed by suction (Fig. 3(d})). After fixing by suctidn,
‘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




4 held by the filmholding sheet 2 is thereby transferred to thé8Mayg8P3ate
6 on the stage 3 (Firg. 3(f)). By this operation, the flexible film4 is

| am nated to the substrate 6, and strongly | am nated by the adhesi on of
the organic |layer 7. Wien the squeegee 8 reaches the right edge and

stops, the rotary cylinder 34 is rotated in the opposite direction to nove
the squeegee 8 away fromthe filmholding sheet 2. The |inear cylinders 46
are then noved upward to elevate thes§ilm holding sheet 2 and suction of
the stage 3 is released. The substrate 6, to which the film4 is

| am nated, is carried to the next fabrication step by a transport device

(not shown in the drawing). By repeating .the sane gperation, another film
‘4 and ametidng @Wwetate 6 @aEq Qﬁ%@&y 1P é@lﬁ)r‘?ﬂ’gﬁ'&r%? 6 132 1B nat i on

met hod of the ﬁreseht 9 May 2005 36 inyention, ac{;jtr]%iti on is enabled with
a very sthige i s DAPShAAG® rda Ry At HEF§ I GBS G0t | ess. The
reason for this is that, when the flexible filmon the stage 3 is held by

the fil Aticidierh kaferen thad ki R qu%%%b%%tbee Y an %rred as it is
oAt e 6% SRR, 11\ L TSHAET DT
T oL SIEE Lo P AU oS S s e e
di st anc%ﬁett%eens&lpeeegeié & F}_og (:E)ir[&ssehfeége?inst the top of the fiim
holding sheet-2 by the rotation, and the £film 4 held by the i)
film holding sheet 2 is pfessed to the substrate 6. By
Vdriving the linear motor 43, the squeegee 8 isrmoved from
the left edge to the right edge of the film 4, and the film
4 held by the film holding sheetA2 is thereby transferred to
the substrate 6 on the stage 3 (Fig. 3(f})). By this
obération, the flexible film 4 is laminated to the 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 are-then 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
thehéam; ope?étion, ancther film 4 and aﬁbther substrate ©
are laminated.

In accordance with the lamination method of the present




and the film4 is small at 10 nmor |ess when their faces are b0} n
close proximty, the angle O (refer to Fig. 3(c)) between the film hol ding
sheet and the stage 3 is snmall at 5 or |ess when the squeegee 8 is noved
under pressure; thereby, in the manner simlar to that in the case when
the filmholding sheet 2 is brought in close contact with and transferred
to the film4 substantially in parallel, it is possible to transfer the
film4 fromthe stage 3 to the fil m-hgkding sheet 2 wi thout changing the
relative position between the film4 on the stage 3 and the film4 on the
filmhol ding sheet 2, and.therefore, strain is not caused in the film 4,
resulting in Qo'diqfnsional change %@P i) si.nce the contact section of the
squeegee BVERF MY  FIMRROHAR nbS SRR IS H R 2, VERE $REN hol di ng sheet 2
~and the,film4 ar ot_deforpmed due to.pressure, daiyr 9 My,2005 - 37
capt uri BRI EUTH TS BFTT OB HUK rat | 40 PA P B S thnen e 11 m 4
whi ch is_he b fil [N ] i ge. | h ize is
- transf er?%ﬁé%‘ a%r;?l%l;&eld% {%ha%%%' g‘ﬂlﬁéslf?% ee%%lv%%i(}g#%e%b%gtﬁnt eé o%%ga ic |layer
7, simlarly, : [ 4 S t e te.f.ap it is,
i.e., | nﬁt % %‘%%{P}S{ héa@tﬂgﬁFiIF?nléliI% %%‘%\%%’e?tdﬁ%yf?%gfﬂgmﬁﬁnol %i ng sheet

2ot oo T S e ek, B sttt Wl el shest
follows ghe s7AUghnEsss of s thecaud ace Sfnddafdibst Iitito faidgdsidet epy the
) which is elastically deformable in plane is.used, the film
7. holding sheet follows the roughness bf 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 6r less when their faces
ére 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'ddntébt sebtion_of:thé sqﬁéegee 8 to the
film holding sheet is a line, the film holding sheet 2 and

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




film4 can be brought into contact with the substrate 6 unifor ni%May3005
since the distance between the filmholding sheet 2 and the substrate 6 is
small at 10 nmor less, the angle 4 (refer to Fig. 3(f)) between the film
hol di ng sheet and the substrate 6 is small at 5 or | ess when pressed by

t he squeegee; thereby, in the manner simlar to that in the case when the
film4 is brought into close contact with and transferred to substrate 6
substantially n parallel, it is passi-ple to transfer the film4 fromthe
filmholding sheet 2 to the substrate 6 without changing the relative
position between the film4 on the filmholding sheet 2 and the film 4 on
the substrate 6,.and therefore, strain is not caused.in the film4,

resul ti ngptnriogckangbei preverdiede effigisntdivhair ifite 1@ o%ect i on of
the squeegee 8 to the filmholding sheet is aline, the film4 is not
def or ned dueWhenptlssfiénodvahighboss Beldnbyathecapdlr PRGIERA BBSBFevent ed
efficiently during lamnation. Additionally, in order to controql the

di mensi @nyil thenngbangee 1a te0Si%Por 5| 48PSR % Hide eMthe film
4 and the substrate 6 which are substantially in p rallei is. _set_at

pr ef er abhg Sukmtsateess Praftidast &igeridiamtydanhm 6fYeT eds. SWiLﬁaFggpect to
the squeegee 8, in order to enable th ntact l.ine thinner, the tip which
acts astpﬁefééﬁtécpaﬁaﬁﬁ qq?ﬁﬁ%%ﬁ§?§b%ﬁ %% e SURSHEE % F%hﬁ'edEVAth an r

value of 8 i, the state that the film 4 is being held by the film

hdldihg sheet 2. The reasons for this are, similarly, 1} i)
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 thé
film 4 can be broughtrinto contacf with the substrate_G
unifOrmly; 2) since the distance befween 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
tranéferred 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 pot_caused in
the f£ilm 4, resﬁlting in no-chaﬁge in fhé éize;ﬁénd 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.




mmor less. The material for the tip may be a hard material, su8Mado®
nmetal, ceramc, or synthetic resin. Alternatively, 1in order to apply
pressure uniformy, a rubber with a Shore hardness of 50 to 90 may be
used. Preferably, the squeegee 8 and the film hol ding sheet 2 are coated
with a fluorocarbon resin or the like so that satisfactory sliding is
enabl ed and dust generation is suppressed when the squeegee 8 is pressed
agai nst and noved over the film hokdepg-sheet 2. In order to further
suppress dust generation,.the squeegee 8 may be a rotatable pressure roll.

As the pressure roll, either a nmetal roll or a rubber-coated roll nmay be
used order to ke t he cont act _line thin .to v0|d cqgturing of air,
preferatﬁ“@/:rl a*%l?a PHRY AR | ecﬁ%ﬁ%ﬁQ§EQﬁe€¥;?ﬁﬁ?ﬁ e enpl oyed. . The
‘pressur he squeegee is preferably 5 to 500 Nm and nore preferably
10 9 Ma %ﬁ%ﬁ? FPto 100 hVn1 The nDV|ng rate of the squeegee during

I'am nati on i era t [ fer Iy 5to

15. m mn. Thél‘(g yrfg Jnr1e0§:t | < pre %P)a Iq%%l coCirrlg%eg}e qfa a flexible

cloth or, %\%@%f%%%ggg It{gr.lnsf%%edeé@ét%fﬂéﬂ qué é@ﬁl&é ”fPi ne. The

frame 10 i g sheef desira as satl’s actory

strengt hy afgly {1t OG5Sy drétﬂéj 6 Swipf &f ear@{ .iu]& Roeed }]33( &rﬁéﬁéllé}’%Qet' c

resin, fiber reinforced resin, or th exi bl e cloth, a nesh
C|0th‘ﬂ§éﬁr5¥j§%bfﬁ¥ﬁﬁﬂ@ 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, ﬁhe.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 thé 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 hoiding sheet 2 are coated with a
:flﬁorocérbon resin or the like so that satisfactory sliding
is enabled and dust deneration is suppressed when the
squeegee 8 is préssed against and moved over the fiim
holding sheet 2. 1In order to further suppress dust
generatioﬁ, the squeegee 8 may be a rotatable pressure roll.
ﬁs 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 smalll
diameter of 30 mm or less is employed. The pressure by the

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




pol yester, polypropylene, liquid crystal polynmer or stainless sP&&Y PPher s

is preferably used. It is acceptable to formopenings in the cloth using a

phot osensitive coating filmor the |like. Exanples of the thin filns used

in the present invention include plastic films, such as pol yester,

pol yi mi de, pol yphenyl ene sulfide filnms. It is acceptable to form openings

by cutting such plastic filnms. Furthernore, a hard rubber may al so be

enpl oyed. As the nmeans for holding thgfilm4 on the filmholding sheet 2,

in addition to the electrostatic force described above, surface tension.of

a liquid, adhesion of an organic substance, or vacuum suction nmay be used.

Surface.tension of a liquid, electrostatic force, or adhesion of an

or gani c tosét Hime | Thpr mpgialkl yaise® Ihébgusauergeroddirig%ower and the

peel strength are easily balanced with each other and a 9 May 2005 40

| ar ge- sdamd nappanatgsprrsfaseblaq@i-dedo PReBERodS PN ™AFiCch ~surface

tension is used and in which electrostatic force is wused are nore

pr ef er abrefesapaved t6 Lhe™®iRod i n which adhesion of an organic

substance i s _used, because, of sugerior. dur a iIiti and regrgdu%ibility. The
Ry et

method in whiBh &iéRiRelehpgcShePte?i $5uBERTPE2ROY PAPPFEM & 1§ Iinited as
019, 25,318 01k IS Ll I NEhdLng, sslPet Boand L hecll WO Ll geshangsd of
Opposite Lo eaen 04neh1a8R8C IheldYne 1 02LHSkn BupPRL¥E the film

holding sheet desirably has satisfacﬁory strength and )

flatness, and is preferabiy composed of a metal, synthetic

resin, fiber reinforced resin, or the like.

As the flexible cloth; a mesh cloth obtained by weaving

pblfester,‘polypropylene, liquid crystal polymer or

stainless steel fibers is preferably used. It is aéceptable

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 cuttingfsuch 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 1iquid, adhesion of an organic
substance, or vacuum suction may be used. Surface tension
of é ligquid, electrostatic'fbréé, 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




either the filmholding sheet 2 or the film4, in addition to t AN
of applying positive or negative ionic wind described above, when the film
hol ding sheet 2 is electrically conductive, by applying a high voltage,

the film4 can be attracted thereto. Furthernore, when a netal filmis
formed on the surface of the film4, by applying a high voltage to the
nmetal film the filmholding sheet 2 and the film4 are attracted to each
ot her and thereby holding is perforneg.-As an exanple of the nethod in

whi ch surface tension of ,a liquid is used, before holding, aliquidis
“attached to ‘the surface of the film4 or the film holding sheet 2 by
~coating, spraying, or dewi.ng drop, .and the fjlm4 and the, f.il m,hal.ding
sheet 2 HEIHUHHC @Mliﬁtr’rg? 1% T rﬁeag"lj‘rﬁ%‘fl' I ﬁbﬁ' HERIES A0 et ween
the film4 and the f.ilmholding 9 2005, 4 heet, 2.. 1 n. anot -

ef fecti @qé%dienéﬁqlhdisd_qssecgcaﬁmd%lﬁ?t eeccS‘C 3 %CJscur‘?oarccee of the film
hol di ng sheet 2 and/or _ the film4 hefor n b aut each ot her,
and t he u%‘?fffaarcee MOS0 TH TFH e TEME C?ts];lajl)r %élceeq%%rg%%eléﬁzjew rEyh novi ng a

See el e NEIESS Sbdlhds W O Bes e dl g

hol di ng Creased n anot

hol di ng .12 ‘18X ble cloth with openings and the film
4 are br%%%l%%r@g%éﬁzﬁ%ﬁoc\%%lhble%c 'ojt her in the dry state, a liquidis
scattered toghRepbihaunehdiRg chhekc2rok@qreeresice 4@ Wed is not

) particularly limited as long as one of the film holdiﬁg

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 hqldihg‘sheet 2 dr 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. | A
| As an example‘bf 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
‘coatinq,‘Spféying{lor déﬁiﬁg‘éroﬁ,'and the film 4 and the
film holding sheet 2 are put on each other.té form a thin

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




contact section, and the liquid is supplied to the space bet weefl Maye2%P? | m
hol di ng sheet 2 and the film4 through the openings of the film holding
sheet by a squeegee. This nethod is preferred because liquid supply and
squeegeeing are sinmultaneously perforned, resulting in a reduction in
takt tinme. As the liquid for inparting adhesion, water is preferably used
because it has relatively large surface tension and is unlikely to act as
an inpurity in the subsequent fabricagtion steps. In order to adjust
surface tension, an al cohol may be added to water. As an exanple of the
met hod in which adhesion of an organic substance is used, an adhesion
| ayer is provided between the |am nating surfaces of the film hol ding
sheet 2ghand bhe frinl Bnéthed sHchcticesaethndadhediiveiv tils wealt tewedst r ong
adhesion is preferably fornmed in the dot shape or 9.May 2005 42 stripe
shape t gndegeeaseataditesieifase bifathieh&iflin modding ehsidty 2deral/lvad from t he
filmhol ding sheet 2. Consequently, adhesion and peel strength are easily
bal anceg@heatid 1mddr dleifloirieaingl, i bpthy ede Puél emalslagh ddtbherwi @mda tdieanet er of
0.1 to 2 mmare arrayed with a separation of 1 to 10 mm because adhesion
and peekustrergbbpasd tealtanthe st tasht issfrdecsr y sheiadiasgesoldr of the
flexible filmis ensured. A method for making a circuit board of the
pr esent moviingni sausiediechsodébarti kbe. thiwkness offe threddfitichvénS™on is
not limted thereto. i )

between the film holding sheet 2 and the film 4 is decreased.

In another method, the film holding sheet 2 composed of a i)
flexible cloth with openings and the film 4 are brought into
contact with each other in the dry state, a liguid 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. In order to adjust surface

' ténsion, an alcochol may be added to water.

As an example of the method in which adhesion of an
organic substance is used( an adhesiog layer is provided
betweén the_laminating‘surfaceé of'thevfilﬁ holding sheet 2
and the film 4. In such a case, an adhesive with weak to

strong adhesion is preferably formed in the dot shape or’




To an al um noborosilicate glass with a thickness of 0.7 mm a s PMaYe005
coupling agent, as an auxiliary adhesive layer, 1is 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
athinfilm of a silane coupling agent with relatively | owviscosity
-uniformy to individual sheet substrates periodically delivered. After the
silane coupling agent is applied, drysng is performed by heating or by
vacuum and a silane coupling auxiliary adhesive |ayer with a thickness of
20 nm is obtained. An ultraviolet curable adhesive agent of rework style

“is applied to the silane coupling agent |ayer spi coater, bl ade
coat er, StGlipesdhiage tpadesssese BT okt etrhat a&ﬁesc‘%ele%% $iting, or the

like. In order to appl t he 9 May_2005 ul tr t curable adhesive
agent ofe&SSviof %&ﬁq?mrﬁn%ufkemyhﬂ% fngi § 8§€t§ unﬁ FEP5 1 he

i ndi vi dual sheet substrat er.i.odi cal el i,vered d|e coater is
preferatﬁii‘j;h"b%é%]“L 3G &esln q%}(?ﬁ)éléﬁ eerﬁy ]gjf ea%)aijf s(fy i s appl i ed,
drying i rf rned by, heatin quum t n ayer of
- rewor k §f“9‘lpa§° W 45 H1Wr?e"$ erﬁa :\L CP i eada1 f]% m céorrgbosed of a
rel ease whi ch a e e | yest er
g argcch ahe ar h & qu.lif 1S :cea[tlcﬁn QJﬂCl dccpgl@rﬂ'ﬁ) y

filmis att e %4 ayer of rework style an is left to

stand f cgecoari'lesev\ea%e%lorno%'ﬂdt PR agﬂ']:reehgthﬂﬁlse balanced and

g=) 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 gless with a thickness of 0.7

mm, a silane coupling agent, as an auxiliary adhesive laver,
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

W

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 stylé
is applied to the silane coupling ageﬁt 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




period is referred to as "maturation", in which crosslinking of 9Mgy 2005
adhesi ve agent of . rework styl-e proceeds and adhesion gradually decreases.
The storage tinme and tenperature are selected so as to obtain desired
adhesion. Instead of attaching the air-shielding film storing may be
“performed in a nitrogen atnosphere 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 polyim filmwith a thickness of 25 [tm.s
prepared. The air-shielding filmon the glass substrate is renoved and the
polyimde filmis attached to the glass substrate. As described above, at
| east one surface of the polyimde filmmy be provided with a netal

| ayer. TAérapdbyieti darhblm whhelsilvas ageat odt riewos ko Pt ydifestithni th a
predeterm ned size may be used, or the polyimde filmmy be - --- -------
9 May 2@@3atdvellymhighediangsdtity seddermlyl [bp whie dnehiwiisBiady SesH | of the
polyimide film In such a | anination process, the nethod in which the

f | exi bl subisitreiteshpled iodicad 1y Kdaligiediody $héde CRIFPr dsSed agai nst the
reinforcing plate to transfer the flexible filmto the reinfq{ ing plate,

as descPirisderabdveuseds ppEfterathe deb@siNecROeth FattIH K & f or med

on the opposite surface tqQ the |am nated surface of the polyim.de film by
‘a  full 1§d@Ppil¢&dpr SE¥IRY. 18 ?@rﬁf-oi&ﬁ%t g\)’e%’ﬁf"&&é’@s ,orofbya Ve £0

obtain an adhesive layer of rework style with a thickness

of llum. An air-shielding film cémposed of é 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 pm 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 ﬁrovided 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




subtractive process. The sem -additive process is preferably en‘BI %9?% _
because fine pitch patterns can be formed with high productivity. P%e‘
sem -addi tive process, an underlayer for ensuring electrical conductivity
is formed by sputtering chromum nickel, copper, or an alloy of these
metals. Before the underlayer is forned, in order to inprove adhesion
bet ween the underlayer and the polyimde film the surface of the .
polyimde filmmy be subjected to plggma treatnent, reverse sputtering,
prinmer |ayer application, or adhesive |ayer application as appropri ate.
Above all, application of an adhesive |ayer conposed of an epoxy resin,
acrylic resin, polyanlde resin, polyimde resin, NBR or t
preferréﬂfiTfki»ék'?‘éaﬁiﬁe5‘(5‘!’d iqug I%’@n&dﬁééyor‘i’h% AHgd 1é‘l’gfé‘ctr° é’égﬁ’@sl ve

pr ef erably has hi har dness |n order to prevent sinkin hi gh

t enper atifle/ gfg}ﬁ“br eSSUrR Y oy FHEHT I3 RTFQ9RS s £ G eﬁhOd

el ectronic- conponent C, ne%; ng .st nd ) kness of 2
i mor ESSR Shen dheeien yE 5 By o hoat i
Ja:‘{ne?rtlhe am nation af tth‘EI nfgl% cgﬁlplate Pre:f}? l% f a treg[ﬁeg{

with rénd PFessed &RraRG S5 £ oS Vit i 53 before t he
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ef fecti ue |pnre%%ck%3|lr§]g usstéfcfl ci ent
A circuit pattern is then formed on the opposite
sufface 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.
Vformed 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 en adhesive layer composed of an epoxy resin,
acryllc resin, polyamlde resin, polyimide resin, NBR, or the
like is preferred because of its large adhesion 1mprov1ng
effect. The adhesive preferably has high hardness in order

to prevent sinking due to high temperature and high pressure




conductivity for subsequent electroplating, in inproving the adgggig@ gf
the netal layer, and in preventing pinhole defects to deposit a %b P
| ayer by sputtering further on the underlayer at a thickness of 50 to
3,000 nm The underlayer may be forned after the flexible filmis

|l am nated to the reinforcing plate, ormay be forned, for exanple, on a
| ong web before |am nation. A photoresist is applied to the underl ayer
“thus formed by a spin coater, blade ater, roll coater, or die coater
by screen printing, followed by dryinig. The photoresist is exposed

t hrough a photomask with a predeterm ned pattern to forma resist |ayer
the sections in which the plating filmis not required. The exposed
phot or eshsthies edevelropdd-cofbentnipannegtiing lsérpperhdr pee fesiald nt he
under| ayer as an electrode. As the electroplating solution, a copper
sul f at ehapl at ithg ckolestsi oif, 2cppper dpasi-de Spicht ithgasolenti end copper 9 May
2005 46 pyrophosphate - plating solution, or the |like is used. A,

copper - pbailing tiaye mays beoprsdozmed biifosess off tert Fhpo Lagdmatien
photoresist is renoved. The underlayer is renoved by slight etching to
obt ai n afcitheuire ipfiorering Pdether mBreferpbdtiing &Fegémentndik® . tin, or

or

in

the like is perfornmed as required. In the circuit-pattergef%éqgtion step,
[

connect £Ag 1éPes o lday VISé oo i feB et fOERE do 6Py Bnil @8 9f POhY L % a- hol es
may be formed tn order toprovtde ehecyiSa (aqnectial Weth the
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 forrsubseqﬁent electroplating, in improving the
adﬁesion of the métal layer, and-in preventing pinhole
defects to deposit a copper layer by sputtering furthér on
the unaerlayer at a thickness of 50 to 3,000 nm. The
underlayer may be formed after the flexible film is
laminated to the reinforcing.plate, 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
.fesist layer in the sections in which the plating film is
not required. The exposed phqtqresist is developed.
.Electroplafiﬁg-is theﬁ berforﬁed.using—the underlayer as an.

| electrode. As the electroplating solution, a copper sulfate

‘plating soluticon, copper cyanide plating solution, copper




netal |ayer formed on the surface lam nated to the reinforcing pl @ée 2()?5
holes for placing balls for a ball grid array package may be fo? %ﬁ n
order to produce a fine pitch pattern, since dinensional change rate of
the connecting holes is inportant as well as di nensional change rate of
the circuit pattern, preferably, after the flexible filmis lamnated to
the reinforcing plate to secure dinensional stability, the connecting
holes are formed from the opposite_sygface to the |am nated surface of the

polyimde film In order to formthe connecting holes, laser drilling by a
~ carbon dioxide | aser, YAG |aser, excimer |aser, or the like, or chem cal
etching may be enployed. Wen laser drilling is enployed, a netal |ayer is

pr ef er am¥rophnsrite e ki aliiggheio I o X et U F ik et DU pdtyi mide” film
to which the reinforcing plate is lamnated. As a cheni E%I et [Eant,
hydr azi FOPRAFRAHRDYRYSE de G 3¢ vyt BbeEres ¢ '?’&yzc drsed. As
a mask for chem cal etching,, a att ern hotoresi st_or netal |ayer may
be used.2here Q%’qqusﬂ%&,ﬁeﬁp@%\ﬁe 5 ,uréc??éfa%%nje%t]f%mﬁ% es are
formed, .preferably, the inner_surfaces of the holes are I

si nul taﬁgbu%]tjsﬂqﬁ tH-THe G g}qmcll? e tFiet At B PF RV pa léi?}%ee%?wo{%'e

Connect (FH I & ikt e GToe 76 V200t THES HOTSE 157 A REd He- bal
B;nef er al%lé/qﬁq_;se@. di ameter of 50 to~800 ~tm and nore preferably 80 to 800
;:) In the circuit—pattern formation step, connecting holes
) may be formed in the polyimide film. That is, via—hbles 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. 1In 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 carbon dioxide laser,ﬁfAG 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 surfage ofrthe-polyiﬁide o
filﬁ to which the reinforcing plate is laminated. As a

chemical etchant, hydrazine, potassium hydroxide, or the




Next, el ectronic conmponents, such as IC chips, resistors, and ca Qﬁﬁéﬂbf’
unti ng

are nounted on the circuit pattern thus forned. Any apparatus for

el ectronic conponents may be used in the present invention as long as it
has a function of optical position detection and an alignnment mechani sm
such as a novabl e stage, so that |low dinensional change rate is ensured.
The present invention is particularly effective in securing nounting
accuracy of large-scale ICs with si ,JFponnection pitch and a | arge
nunber of pins. The | C package formis not particularly ,limted, and the
present invention is applicable to all of bare chips, lead frane types,

and ball grid array types. Preferably, the present invention is applied to

bare chilpke aaybbll ugeidd afsay impsés fior whieahi datle etnibierg,ofa pins is

i ncreased. The nmethod for connecting el ectronic conponents to the 9 May
2005 4patitecniet] pbatdries isle opr esdatl ilayert mery ke nstedpar tWhan arl y
limted. In the nmethod in which many el ectrode pads or bunp are connected
si mul t amdewsincailt cogniegpdrnarits madens &fd erowondiasdrigiodwll eghaife. rate, to

whi-ch the present invention is preferably applied. Exanples of the nethods

for confecmiedg predprebddtr dhe panersiswmivgssoed] yhadid®s &4t hod in
which a _netal |ayer conposed of tin, gold, solder, or the like formed on
the el edlpbed panslspnerusdiyr ¥iith Sbar doraasdege @t tdea makad Jaxpd:

-conposed of gold, solder, qr.the |ike . :
pattern on the poly;mlde film described above. The

connecting hole for electrical connection has a diameter of
..15 ﬁo 200 pm. The hole for placing the ball preferably has
a diameter of 50 to. 800 um, and more-preferably-80 to 800 um.
| Next, electronic components, such as IC chips,
resistors, and capacitors, are méunted on the-circuit
pattern thus formed. Any apparatus for mouﬁting electronic
'f 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, ahd the present invention is applicable to all of
bare chips, lead frame types, aﬁd ball grid array types.
Preferably, the present invention is applied to bare chips
- or ball grid-érray types ‘in which the number of pins is
increased.

The method for connecting electronic components to the

S




formed on the el ectrode pads or bunps of the electronic’ conpon?q& %5
“thermal pressure bonding; a nethod in which, while pressure bon in%’a
nmetal | ayer conposed of tin, gold, solder, or the like fornmed on the

el ectrode pads of the circuit board and a netal |ayer conposed of gold,
solder, or the like fornmed on the el ectrode pads or bunps of the

el ectroni c conponents to each other, an anisotropic conductive adhesive or
nonconducti ve adhesi ve pl aced betweenggthe circuit board and the el ectronic
conponents is hardened to perform nmechanical bonding;, and a nethod in

whi ch el ectronic conponents are tenporarily fixed on a solder paste
pattern-printed on el ectrode pads, and then conpection

si mul t arfebU@ Fle PRt Agln THee hEResit RVERt 3R %%.@?‘éalfﬁtsje&?gcﬁ%d@ Eyt he
Componerh SH1TPd e £ abee MG W BI0RY 4oLt He AT TS Barae

of 't ompat (FEER SR R L AT St LF o pr DR pEtRagT o PEF £he
201 Rl ot e, ELLEH (RO, STl ML R0 ploel Bigpiig coyi oeo.
caused, W PLENE AIBPLRY! Okl e S SLLAETLOTLBER LRG|
board angl £l 861 LN §e AEYAE ESt I ISR § - 1 SY B Ta LS 15 d CHH twibdd d
i.) a metal layer composed of tin, gold, soldé;, or the like
) formed on the electrode pads of the circuit board is bonded

to a metal layer composed of gold, solder, or the ;ike.

formed on the electrode pads or bumps of the electronic’

components by thermal pressure bondiﬁg; 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

conductivé 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
ﬁihvehfibh‘is_gréatly effective in the connecting method by

thermal pressure bonding.

. By mounting electronic components in the state in which




is deformed by stress caused when the circuit board is peeled c')fng 05

gl ass substrate, by nmounting electronic devices to the circuit boa

before the circuit board is peeled off the glass substrate, it is possible
to prevent inpairnment of the connecting accuracy when the el ectronic
devices are connected. After the circuit board and the electronic
conponents are connected to each other, the circuit board is peel ed off

t he gl ass substrate. Before peeling, cpée_f erably, the polyimde film
provided with the circuit pattern is "Separated 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. In addition, if

t he pol yha dd rfauirh iteagat iisnflamdnagled gicedds glaset subfstrsiteyl dipiidces when
~the circuit patternis formed, stress is wunlikely to remain in the

pol yi m geskibhe Wi e ind na¢si cabiteold ivgy of00Bmpsy s ep@sent i nvention
W || be described in nore detail based on the exanpl es bel ow | However,

t he predamidifvemmidmoiissuret Priogitt Peakaska aftiesr & dakparicati®ues were
measured according to the followng nmethods. Young's modul us of .glass

pl ate: e dheatdd addobgiarg UHLILSNORMEGNIYQIhGLETROMLEs V4 ESal pl at e:
~Cal cul ated according to ASTM E1876-Q1 Peel strength: A polyimde filmwas
| ami nat é@ Perddc¥disgsi & flexible films, an irrev rsible

dimensional change is often caused by moisture absorption,

and the present invention greatly contributes to ensuring of - i)
the connecting accuracy between the c¢ircuit board and

electronic devices. Furthermore, even if the circuit board

is deformed by stress caused when the circuit board is

peéied 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
léser, a jet of high-pressure water, a cutter, or the like
because handling afterlpeeling is facilitated. 1In addition,
if fhe polyiﬁide fiiﬁ ié-cut-into single pileces or sets 6f
single pieces when the circuit pattern is formed, stress is

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




Iayer of rework style fornmed on a reinforcing plate, and then &234 2005
polyimde filmwas cut into a wwdth of 10 mm The strength by i ch t%e 10

mm wi'de polyimde filmwas peeled in the straight angle direction at a

peel rate of 300 mMmMIm n wusing "Tensilon" manufactured by TM was defi ned

as the peel strength. EXAMPLE 1 As an auxiliary adhesive, -
~y-am nopropyltriethoxy silane was dissolved in isopropyl alcohol so as to
obtain a concentration of 5% by wei gitt .- The auxiliary adhesive selution

was applied by a spin coater to a square alum noborosilicate glass with a
side of - 300 nmand a thickness of 0.7 mm followed by drying at 1000C for

A n?L?ﬂ?ZSobf %ne%éﬁvzﬁfibté§é¥°§2?§fiVﬁ%bﬁé%%sggggﬁéé“%ékge%%%a9%13%3NE?
SW11A
whi ch aQRSES agmgbgdgg%gggg%ngpq%%]Caho%@@egngkﬂ%egrggengo1nth@1£n In

ul'traviolet a curing agent

L45 (HHEUfaCEuredl%%dsg%%getghe”ﬁ%gl %Q%o%@ghE%e%hﬁ%egowerEtd ) at a mxing

ratio o I"i'ed to the gl RSs*Substrate provided with the

auxi | i af alggco% hy 0! 0Ued o i N @othoBRC for 2 mnutes. The
ESI ve e

dried a ayer o wor k style a thickness of 1 pm Next, an
ai r-shi el di bﬁh&ﬂ%p%§e%1%%s %1B%bn1tﬁl@hﬂ%&e@na@@&hﬁﬁn@eheasable

siliconé re in ayer
“R1602
;') Ybung's modulus df metal plate: Calculated according to ASTM
- E1876-01 | |
Peel strength::A pdlyimide 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—aminopropyltriethqu silane
was dissolved in isopropyl alcohol so as to obtain a
concentration of 5% by weight. The auxiliary adhésive
solution was applied by a spin coater to a square
alumiﬁoborosilicate 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;adheéive'layef'had a‘fﬁiékngés'
of 300 nm.

A mixture obtained by mixing an acrylic adhesive fSK-



was placed on a polyester filmwas attached to the adhesive |aygn @ﬂﬂm?ﬂs
-left to stand for one week. The glass substrate had a Young's nn&ﬁ us of
7,140 kg/ MR, and the product of the Young's nodulus (kg/rM) and the cube
of the thickness (mm was 2,449 kg-nm An adhesive for inproving the
~adhesion of the netal |ayer was prepared as described below. Into a flask
in which the atnosphere was replaced wth nitrogen, 228 parts by weight
of N, N-di net hyl acet am de was put and .88 parts Dby weight 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 3,314, 4'-benzophenonetetracarboxylic

di anhydri de was added thereto and stirred in the nitrogen atnosphere at
10' C f oDYNEYo B - 1REa citnizom feers: wrard ibed Smiken Wihidrei el rand@rgirg@m@itor 3
hours, and an adhesive conposed .of polyimde precursor varnish was -

t her eby Cobt,ailded.) ,9 ivhwGUE adiesisimgias caaneavd &y uHerawidsitve was
continuously applied to one surface of a long polyimde film (11UPI LEX"
manuf actrdaoby Wikd andustimesgantd 4 i mmg ed dpgdiaken of 930

kg/ m®, a thickness of 25 gm_ and a wi_dth of 300 nm_ Z Next, drying was
per f or médrenti ced enthEng nAeiits Coatr Id0k-¢ Flora Folmnitiatiadtf at 1500C
for 15 mnutes, and_curing was perfornmed at 2500C for 5 m nutes. The

t hi cknesf:df "afe 2PRlied ddhddiy glegfesuhad 1 ts RIRVIRRS Bt F filmon

whi ch the esive was .depaqsited o o
aux% qary adg%sivéxiayer, followed by drying at 80°C for 2

minutes. The dried adhesive layer of rework style had a ' | i)
thickness of 1 pm. 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
la&er and was left to stand for éne week. Thé glass
substrate had a Young's modulus of 7,140 kg/mmZ, and the
product of the Young's modulus (kg/mm2) 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 N
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)disiloxanerwas dissolved therein. 25.76 parts
by weight of 3,3'4,4'-benzophenonetetracarboxylic
dianhydride was added thereto and stirred in thg nitrogen
étmosphere at 10°C for 1 hour. Reaction was éarfied out.
while stirring at 50°C for 3 hours, and an adhesive composed

-0of polyimide precursor varnish was thereby obtained.




was cut into a square with a side of 300 mm and was stored in ahay2005
at nosphere of 250C 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 fromthB2 electrostatic charging device 12 to
negatively charge the polyimde film A 100-nesh screen gauze conposed of
pol yester filanments was noved downward and brought into contact with

pol yi m de. film:4. . | [ , e : the screen
gauze 2 passé@lﬁ}eﬁ oa\r/lvct%@ gioe%ltctt%trrgsttglt%l & ckha%ﬁgieng ég‘&:églceh%%o\tﬁn%ﬁé’h was

swi tche t i LA Vesiomn [ i?ﬁﬁ e + 2 Was
posi ti vgéqulrplc ar gig%.%(ﬁ\év&gﬁ? %%:e&ofé)%%g;cé%le ga%éggf%ﬁ% ﬁ/?f{/ 2 )g 53

0pposi t gudith L $t YD PashS Hesaned by, a Fabperi g al erfuld ¢ SRSt Bad he

adhesi on between the polyimde film4 and the screen gauze 2. The vacuum
suction of d3® 168 A2, 3 ANahi KRRRES LIFe ST @8l GAWARILA WaS 300V agh . upward,
and the -polyimde film4 was transferred to the screen gauze 2. The gl ass
subst r atdeesf pravw deg wid hdhoathesitvesd ayefor VWasuplacey ot tisostage 3
provided with the vacuum suction. mnechanism The air-shielding filmon the
adhesi vefdmayler miasutasharet] dtn Edfancer The micnesss gaie chdiarg nat<ed

wi th.the
YM} performed at 250°C for 5 minutes. The thickness of the

cured adhesive layer was 0.5 pm.

The polyimide film on which the,adhesive was'deposited
was cut into a sqﬁare 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 cﬁarging device 12 to negatively charge the
polyimide film. A 100-mesh screen gauze composed of
'polyester filaments was moved downward and brought into
-contaét with polyimide film 4. In such a state, the stage
was moved so that the screen gauze 2 passed below the
.éiecﬁrdstatic 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




polyimde film4 was noved to a position above the glass substrghgHgedhe
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 with a Shore hardness of
50 to press the polyimde film4 against the adhesive |ayer of rework
style 7, and the polyimde film4 wag;thereby transferred to the glass
substrate. The screen gauze was passed bel ow the electrostatic charging
devi ce 12 which was switched so as to bl ow positive and negative ionic
air, and the charges of the screen gauze were negb%8§ e i TBe | ass
subst r aPBPPaAtRated Thet Ftage Héﬁy?ﬁpﬁ§gﬁﬁﬁnPYWésr fLE stage and

was irradiated with 9 May 2005 54 ultravi.ol et ﬁ at 13%32 /C\V2 from
t he gIa§§S§EBSFF§t§dh§F&@ntBeéﬁﬁéntﬁ aHﬁé§FW&dF %& moﬁ P RSstyle. on
t he polyi m de fllntlﬁntnabed on the ss su%s atet hrontun}nlckel

al | oy Ié?é?eﬁtﬂﬁuéet irckn §sv8FuHmnﬁt &og % &r Sl §§8r mn?ﬁ a thi ckness

of 200 nntmer osited in__that ,order I n he allo
conposi 8 Rpegh gﬁe?ﬁﬁFePaPPBZSf cHP&nPﬁ&F%p%%'g | 780. A %05|t|ve

?Qgggrfgb Féﬁlﬁfa plle ngst@%aﬁggegEeda¥8rth%ys%réghngggageﬁ.and dried at

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
neetrelizea. | | -

| The glass substrate laminated with the polyimide film -

was removed from the stage and was irradiated with



phot oresi st was exposed through a photomask. Next, the phot oresiggfia¥85
devel oped, and a resist layer with a thickness of 10 gmwas thereby forned
in the sections which did not require a plating layer. In the phot omask
pattern for testing, one unit consisted of 380 connecting pads (20 M

wi de, 200 pmlong) with a pitch of 50 pmarrayed in two parallel colums
and a distance of 1.5 mm between the centers of the adjacent pads, and
respective units were wuniformy arfayed-with a pitch of 40 mmin 7 rows
and 7 colums on a square polyimde filmwith a side of 300 mm At the
sane time, for the purpose of neasuring length, 4 markers were provided on

t he phot sk .pattern at faqur i nts, di,agonal Ly apart fro enter of
. the sub%ﬁ&%?gl 'ﬁﬁ1%§ téf%héécgﬁfngF i P@I§%f4%%ﬁﬁF(FH S%?%F%nce
bet ween _t.he i.ndi vi dual_ pqi pts .hei 0 i n | to the side). 9 My
2005 55 extt,O t?Slrr?g%}he acdci?ﬁpsérqreﬁ ;l%é’%%ag@;‘r#eeoggﬁgoé e,e'a copper “layer with

a thickness gf 15.h8”g%’ggégﬁglgegﬁg}ﬁeF‘c%ﬁf‘ch&‘ﬂ?lﬂ%hn@he g aggpg%sﬁghfcet,e

pl ati ng sol ution wa ectroplating sol dation. e ot or esi st

- was f_emav%fg}éﬂéﬁmgﬁqukglesalsﬂoeétfgmmtfhn%t 8 SeRREr Jravenandd he

chrom um ni ayer below the resist layer were removed by soft
et chi ng disiag a Rpedr Qe RereNiceesy b e cashd RAUE D0 S ien. A ni ckel

layer with a thickness of 1 pmand a gold layer with a thickness of 0.2
- ~tm wver e ¢epeide®d iy sputtering. In the alloy composition, the

) weight ratio of chromium to nickel was 20:80,
) A positive photoresist was applied to the copper layef
by a spin coater and dried at 110°C for ten minutes. The.
photoresist was exposed through a photomask. Next, the
phbtoresist was developed, and a resist layer with a-
thickness of 10 pum was theréby formed in the sections which
did not regquire a plating layer. In the photomask pattern
for testing, one unit consisted of 380 cbnnecting pads {20
gm wide, 200 pm 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 weré
uniformly arrayed with a pitch of 40 mm in 7 rows and 7
columns on a square polyimide film withra side of 300 mm.
At the same time, for the purpose of measuring length, 4
markers were provided 6n the'photomask pattern at four
pdints diagonally apart from the center of the substrate
with a distance of apprdximatély.lél mmr(fhérd}sténée
between the individual points being 200 mm inrparallel to

the side).




~electroplating in that order on the copper-plating layer. The nisalf8} 2005
el ectroplating was perforned in a Watt bath. As the gold electroplating
solution, a neutral gold plating solution including aurous potassium
cyani de.was used. A netal |ayer pattern was thereby forned. Using a

150- mesh pol yester screen, a solder resist NPR- 90 (manufactured by Ni ppon
Pol yt ex) was applied by a screen printer to the entire surface of the
polyimde filmprovided with a nmetalggpattern, followed by drying at 70*C
for 30 mnutes. Next, in order to renove the solder resist on the

el ectrode pad units arrayed in 7 rows and 7 colums and on the markers for

nmeasuring length, the solder resist was irradiated with ultraviolet |ight-
at 600 M /6MIexhr cughne thROFERESK, 1aKBTt AE 3Bl B4FCEESHS RaSCHBYEI oped whi

‘e spraying 1% by wei ght sodi um carbonate aqueous solutlon ri ng was
per f or mM@yaf wéobcaf &hl%n@isﬁuto@s St e s ERETENBY £365LISH 1SS REr resi st .
A | am nated nenber _for a circguit bgard was ther(ﬁéﬁkgﬁﬁlned The di stance
bet ween®t FEPPRS 68@§@§e Wt Age SQ-UGLEY HES #5E “hg length as

descri be above i nal abou 83 nn1a ar.t .di agonal nn1|n the x
directi & ECtQQB tslﬁ’&‘%rlﬂﬁnrecﬁpgn?h\%? FEASr &F %bfeg“%('?%lz%% measuri ng

g?ﬁ%ﬁglg 3|0§%§ﬁ & Fifg%%éégg bﬁeﬁgﬁycoggtls g%%iffdﬁih% %&%ﬁﬁﬁmk pm (5
pﬁ]leI%Qd X aﬁ%oy layér below the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solﬁtion. A nickel layer with a thickness of 1 pm and a
gold layer with a thickness of 0.2 um were deposited by
electroplating in that order on the copper-plating layer.
The nickel electroplating was pefformed in a Watt bath. As
fhe gold electroplating solution, a neutral gold plating
solution inciuding 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

S

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 unité arrayed in 7 rows and 7 columns and on
the markers for measuring length, the-solder resist was
irrédiated 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




equal s 0.0018% relative to the photonask pattern. Furthernore, ©heay2005
resul tant | am nated nenber for the circuit board was left to stand in an
at nrosphere of 30*C and 80% RH for.one week. Wile heating an I C chip
nodel, in which 380 bunps plated with gold were arrayed with a pitch of
50 jimper one row and two rows were arrayed wwth a separation of 1.5 nm
at 150'C fromthe chip side, using an ultrasonic bonder FC2000

(manuf actured by Toray Engineering -Ceé6,-Ltd.), nmetal diffusion bonding
-wWith the electrode pads on the circuit board was performed. Each bunp had
a wdth of 30 pm a length of 50 pm and a height of 14 pm The pressure

for eac S 9. AT | nmodel
with t h% %Lé{e%\rl% de %ads orq%t“ﬁe %%Hél%etngeb%tﬁdpv%an@gﬁ s‘% rﬁ%} ory Cross
section fé %&&Qggm#¥g part was taken and observed by an electron

mcroscope res t he si nki ng of the bunps was small at 1.7 pm

wh ch 9 Wey 280543 fafRUseaLhBeR" lge%o' Bolifklabyhiily. wlieedge of the

pol yi mi de fil mwas vacuun}sucke ylnlde fi1mwas gradually

~peel ed Arloilte O3S m%té%trrﬁitge lerﬁ_{t@i ra‘é“cfe%’lﬁd’@%ddber Qﬁyl(ﬁmﬁlqu Al

this stage, the peel strength was 2 g/cm, and the product A x

.e., LR oduinplagdhe @Q%'goiifafqu}gt@d@ Gl GR) tHeh& (B U 10, B (1/1 im
of the thickness of the polyimde film and the reciprocal C (an/kg) of

]Ehle Youngos mody 4oy idieecpalop)mde midaBursas b¥ & XeHyth- The pol yi ni de.
Il mwas not

&) 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 iaminated member for the

'circuit board was left to etand 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 pm pei 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. ¥ach bump had a width
of 30 pym, a length of 50 pm, and a height of 14 pum. The
pressure fer 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




detached fromthe adhesion layer in the circuit-pattern- forn1n99$L@900N%en
the polyinmde filmwas peeled off, the polyimde filmwas peeled of f at
the interface with the adhesion Iayer and curling of the polyimde film
did not occur. The resultant circuit board was stored in an atnosphere of
250C and 45% RH for 10 hours. The distance between the two points, which
~were provided for neasuring |ength as described above, originally about
283 mm apart diagonally (200 nmin tde x direction, 200 nmin the y

di rection) was neasured by the | ength-neasuring device SMC 800. As a
resul t, dinmensional change rate was nai ntained extrenely satisfactorily,
i.e., mdthln S pm (5 pmdivided by 28 3 mmequals 0.0018% relative to the
photonashupaﬁtepnprOEXANPLEHZrAﬁlééﬁé§¢Wé for inproving the adhe5|on of a
nmetal |ayer was prepared in the sane manner as that in Exa %11 The 9

May 2005 582mdadgeverl weke coal VinbdS ?l&EpWﬁédV%ﬂ%mrﬁﬂﬁ EB‘I gnri §8%fi 1 m
("UPI LEX" manufactured by Ube Industries, th.a K of 25 pm

" and a wPQﬂHl@ﬂdgoél%ﬂawﬁélBéﬂé&aﬁﬁydpﬁeﬁ&d &ﬁé ¢ Fl e Fﬂgxgﬁﬁéxhanner as
that in_Exanple 1. The other surfac of t g_ Hlde film coated with

t he - adﬁe§ﬁ€§u§¢nPP§Fﬂy?a§oFP@%@HYb? &@9Pﬁ -anét FEQStéﬁ'd t he

surfaces of the i mde f|In1prOV|d t he_adhgsive | ayers, a

chr omi uReRiLcREES glﬁywﬁﬁygr %gfkﬁgg ust g‘nn?a%d%é go%pér | ayer

M‘th a EEECEQ%EEC% of the peel strength A (g/cm), the reciprocal B

(1/pum) of the thickness of the polyimide film, and the )
reciprocal C (mm?/kg) of the Young's modulus of the
polyimide film, was 8.6 X 16'5. The polyimide film was not
detached from the adhesion layer in the circuit-pattern-
'fofming step. When the polyimidé 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 45 pm (&5 pm divided

| by 283 mm equals +0.0018%) relative to the photomask pattern.
EXAMPLE- 2 |

An adhesive for impfoving the adhesion of a metal layer

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




200 m were deposited in that order by a sputtering apparatus 9 May 2005
withroll-to-roll system In the alloy conposition, the weight ratio of
chromumto nickel was 20:80. A copper-plating layer with a thickness of 5
pmwas formed on the copper |ayer by an el ectroplating apparatus wth
roll-to-roll system As the plating solution, copper sulfate was used. The
polyimde filmprovided with the copper-plating |ayer was cut into a
square sheet with a side of 300 nm-Asgdecy filmwas | am nated on the
_copper-plating layer by a roll lamnator, and a dry filmresist pattern
was formed by exposing the dry fi | mresist through a photomask and by

~devel opi I n the phot oamask ern for. testi one .unjt, ., consj sted of 28
pads vth&hﬁﬁﬁ%ﬁnﬁﬁﬁ S EEH ﬂﬁ% r%RRQ}QQtﬁ? %ﬂ %ﬁHO%Y%ﬁ}%ﬁtﬁE%npitch of

in paral t‘ﬂﬁ@%%g“n';%ﬁg“”' t: R A d Lﬁaoe;tyq%ﬁw Sin JgfD) R e sl de of the
. 3 F . h

i acont BHARBSET & L omart Gt S 18 vadth i G ORSEC 100 il
shower i ga% lec'nue]{Jtrtlechﬁ hI r| dseam%qtgnal[%%s soas“tﬂh% Qnt @ .t '9@ lyimge film

provi de 9 mYesi's tern he cop ayer was patterned,
and al so,dfe %H&Héém Céifé D aJ%i/dea%ﬁnwee%r ctdtecéap §h |@yer was
patterne W i ng pattern an i gnnent marks were thereby formed. The
dry adhesive similarly, followed by drying and curing.

Q) On one of the surfaces of the polyimide film provided

with. the adhesive layers, a chromiﬁm—nickel alley leyer with
e thickness of 5 nm and a copper layer with'a thickness of
200 nm were deposited in that order by a sputtering
apﬁaratus with roll-to-roll system. In the ailoy
composition, the weight ratio of chromium to nickel was
20:80. A copper-plating layer.with a thickness of 5 pm 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 th;ough a photomask and by
developing. In the photomask pattern for testing, one unit
consisted of 287pade withia'diéméfefTo£7500 pm arraﬁed 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




filmresist was then removed by a resist stripper. A polyinide biNap2005 -
provided with the pads and the-wiring pattern on one surface thereof was

t hereby obtained. In the sane nmanner as that in Exanple 1, an auxiliary
adhesi ve | ayer and an adhesive | ayer were forned on a square

al um noborosilicate glass with a side of 300 mmand a thickness of 0.7 nm
- An air-shielding filmwas attached thereto and left to stand for one week.
The polyimde filmprovided with the gagpds and the wiring pattern on one
surface thereof was stored in an atnosphere of 250C and 45% RH for- 10
hours. The polyimde filmwas then placed on the stage 3 provided with a.
vacuum suction nmechanismshown in Figs. 1 and 3 with the surface provided
with thérpade nadithenwiSli my pRecér Arpacithg sdén®dr dheaFdu@&@uum sucti on
was perfornmed. The polyimde filmwas |amnated to the glass substrate in
the sanPohiandde- film with a giggy 0F0@8060m as FFAiherHOERamSVETY. The gl ass
substrate lam nated with the polyimde film, was renoved %L$n1t st age and
was i rr 8dbateaURCRNtuPROsy MEIEet CPPRCTEE Yid80 2md AlRe VitEmPt We Yttass
substrate _side to cure the adhesive layer. Next, the polyimide filmwas
shot wi Ph &°8hBPt-pul se carbon dioxide laser, a via hole with a top

et o O 37 snBT A% LML L ATBE £he b afQoRE BT P6PEnEL PO

" the polyimide film provided with the dry film resist pattern,
the copper layer was pétterned, and also the chromium-nickel Q)
-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
poiyimide 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 Qith 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 tﬁé'wiring ﬁattefn-fécing
downward, and vacuum suction was performed. The polyimide

film was laminated to the glass substrate in the same manner




corresponding to the pad previously formed.with a diameter of S50Qvpn2005
Snears on the bottomof the via hole were renoved by imersing the -
polyimde filmin a permanganic acid aqueous sol ution. A chronium nickel
all oy layer and a copper |ayer were deposited on the polyimde filmin
that order in the sane nmanner as that in Exanple 1. Then a positive

phot oresi st |ayer was fornmed on the copper |ayer, followed by exposure
and devel opnent. In the photomask pateérr for testing, in the same manner
as that in Exanple 1, one unit consisted of 380 connecting pads (20 pm
wi de, 200 pmlong) with a pitch of 50 gmarrayed in tw parallel colums
and a di st e of % tween the centers of the adjacent pads, and
respect i V@ ?Yslﬂe %aﬁﬁr% h1y arrayed with a pitch of 40 mmin 7 rows

and 7 colunn onﬁglsqg éﬂe fgﬁf q¥ﬁtﬁ%:ﬁ§qy1ﬁgg%rgg ift the

.sane tine, neasurlng ers were provided on

the phot"?g@s]l?elg?%/g sug&?r 1?% %’M@%%eeréhd@twéguir $ap£§eg|@gaqal ly apart from

t he center stance of approximtely 141 mm (the

di'st ance, peLyesn: Lpe) | gt VA AUB! o 91 A PPl fithr? Abhd i s RAYGled O the

si de) using t e copper layer as an electrode, a copper layer with a
thi ckness; 88 B, PRy V@SSO Atk Dy £l eoyLopl ating. A copper sulfate plating

sol ution was used as the el ectroplating solution. The photoresist was
removed by aynext, the polyimide film was shot with a short-pulse
{_} darbon.dioxide laser, a via hole with a top diamete; of 120
4 - pm and a bottom diameter of 60 pum was formed at the position
correspoﬁding to the-pad previously formed with a diameter
- of 500 pwm. Smears on the bottom of the via hole were
‘reﬁoved by immersing the polyimide film in a permanganic
acid agueous 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

S

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 pm wide, 200 pm long) with a pitch
of 50 pm 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 andZT columns on a square polyimide film with'a'

side of 300 mm. At the same time, for the purpose of

measuring length, 4 markers wererprovided on the photomask




phot oresi st stripper, and the copper layer and the chrom um ni clealayalthey

| ayer bel ow the resist |ayer were renoved by soft,etching using a hydrogen
peroxi de-sul furic acid aqueous solution. A nickel |layer with a thickness
of 1 pmand a gold |layer with a thickness of 0.2 pm were deposited by

el ectroplating in that order on the copper plating layer. As the nickel

el ectroplating solution, a nickel sulfate plating solution was used. As
-the gold electroplating -solution, angaurous potassium cyanide plating

solution was wused. A netal |ayer pattern was thereby forned. Next, in the
sanme manner as that in Exanple 1, a solder resist pattern was fornmed and a
| am nat ed nmenber for a circuit board was obtained. The distance between
 the twopeditretrn, athifsiiwemod ntsr eViiadienaldry gty iTpn ddg rest ek i bed
above, originally about 283 nmapart diagonally (200 mmin the x.

directi dle s2bGtnatan wikd v disdanicamne aPrroadmadely 141 eyt 1% vay 2005
62 neasuring device SM C 800 (manufactured by Sokkia Co., Ltd.)- e, As a
resul t, dist@nsicoratwasandde dndifEduad RS RednmE Y oY 2% e, within 5
~tm (5 pmdivided by 283 nm_ equals 0.0018% relative to the photomask

- pat t er nPEENSr sy &8 1% d8dsul t ant | ami nated menber for the circuit board

was |left to stand in, an %Lnns her e Rf 30' C and 0%%RH f or _one me%k. Wi |l e
heating an | Be&ky pUfdadl Ehppcopper layer as an eleCtrode, a coppe

layer with a thickness of 5 pum was formed by electroplating.
A.copper sulfate plating sdlution was used as the
electroplating solution. Tﬁe photoresist was removed by a
photoresist stripﬁer, and the copper layer and the chromium-
Vnickel alloy layer below the resist layer were removed by
_softfetching using a hydrogen pefoxide—sulfuric acid aqueocus
solution. A nickel layer with a thickness of 1 pum 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 lengtﬁ'as described above, originaily
about 283 mm apart diagonally (200 mm in the x direction,

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

£y .
T




whi ch 380 bunps plated with gold were arrayed with a pitch - of SOMdy2605 one
row and two rows were arrayed with a separation of 1.5 mm at 1500C from
the chip side, using an ultrasonic bonder FC2000 (nanufactured by Toray
Engi neering Co., Ltd.), netal diffusion bonding with the electrode pads

on the circuit board was perforned. Each bunp had a width of 30 pm. a
length of 50 pm and a height of 14 pm The pressure for each bunp was 30
g. The alignnent of the bunps of the&d G chip nodel 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

si nki ng of the bunps wa l.at 1.7 whi G : i
o Sy 42 ) b on e S e
Crage P el cHIPR RIS 1g BRSNS L YBRo Tt R B x C 1. e, the
Product o W CRESl, L Rngt (ol 88 o5, RCUBUSRY By(BbECER of the
( MVR/ k f .t he . Young' Ry ' -

0 fla1lNG0YRYR855 JRYULUSe 26 LhE BAbYLHLAR Dakierwas 8 6 x 10-5. The

polyinlﬁ _ tache romthe adhesion”layer in the circuit-
pattern'forrFﬂgtﬁégﬂorgbeEh he.pRh¥LALd@aki hAt wasSnBrBkedfoef thet he

‘pol yi m de filfmwas pee ed off at the interface with the adhesion layer,
and curld;ng. Qf y&%.-rﬁo LisT146 f ioMs@iatid Net 29C Gtto sPhe ree il BATT @indcui t
board was stored I n an

/ ) " 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 rowWw and two rows were arrayed with a
separation of 1.5 mm, at 150°C from the chip side, using.an
ultrasonic bonder FC2000 (manufaétured 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 um, and a height of 14 pm. 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 pm, which
caused no problems in reliability.

" Bn edge of the polyimide film was vacuum-sucked and the
polyimide film was gradually peeled off the glass substrate.
At thié'stége, Ehe’peéiwétténgfh'was 2 g/cm, and the product
AxBxC, i.e., the product.of the peel strength A (g/cm),

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




at nosphere of 250C and 45% RH for 10 hours. The di stance between M&Ae20090
poi nts, which were provided for neasuring |length, 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. As a result,

di mensi onal change rate was nmi ntained extrenely satisfactorily, i.e.,
within 5 pm (5 jimdivided by 283 mm equals 0.0018% relative to the
phot omask pattern. EXAMPLE 3 A | am.n d menber for a circuit board was
obtained in the sanme manner as that 1n Exanple 1. Next, an edge of the
polyimde filmwas vacuum sucked and the polyimde filmwas gradually
peel ed of f the glass substrate. The resultant circuit board was left to
stand i #ildm, aemospher o estirgooelafd (r@8%48H Pér thre Yauak ' sanedbdidi ng was
attenpted by aligning an the IC chip nodel that is sinilar to that in
Exanpl eof thiet Rodivdaticdsd e idands was Bhé & AOUTt bBRe deotwimide sE¥brn of the
circuit board, in 4 units out of 49 units on the circuit 9 May 2005 64
board, MaSwa® n@@t@§§§4ﬂﬁ¥qm)§ﬁﬁl@ﬁhﬁﬁéoélé@&ﬁﬁaéjbé@§ SATUHE i 1 cui t
board with the bunps in the | C_ COVWARATI VE EXAMPLE 1 An adhesive for

i nprovi RGHEREPIIRESIAY Stone WEER thraper Yids d5 dddie #3Sh PER eéjarre manner

o0 12 ol BEAIPLE L, XA 2oLy e Anesie ves Somlinuouel Y
the adhesion layet, 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 measufing
length, originally about 283 mm apart diagonallyr(ZOO mm in

'Athe x direction, 200 mm in the y direction) was measured by
thé length-measuring device SMIC-800. As a result,
dimensional change rate was maintained extremely
satisfactorily, i.e., within +5 pm {(+5 pum divided by 283 mm
equals +0.0018%) relative tc 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 f£ilm was vacuum-sucked and the polyimide film was
.gradually peelea 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 bondlng was attempted by aligning
an the IC chip. model that is 51mllar 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




| J.by Ube Industries, Ltd.) with a thickness of 25 pmand a w dtMaf20860
mm followed by drying and curing. On one of the surfaces of the polyimde
filmprovided wth the adhesive layer, a chromiumnickel alloy layer with
a thickness of 5 nmand a copper 1ayer 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 - conposition, the weight ratio of
chromiumto nickel was:- 20:80. The pogyimide filmprovided with the
chromumnickel alloy |layer and the copper |ayer was cut into a square
sheet with a side of 300 mm The cut polyimd6 sheet was fixed by suction
on the vacuum suction table, and a positjve photoresiigémas applied to the
copper Begerd, figh |Wae .y PRESHME &0 Abt € £l 1D 9 MRS Padie C%hot or esi st

- was exposed through a phot,onasli_tﬁa:id deve] oped tIo forma resist layer wth
a t hi ckridss Grapt heptthariddrh YRS hERelC pl ating 1 ayer was not
required, In the photomsk pattern 9 May 2005 -,65 for testing, as in -
ExanpleqﬂMRﬂﬁﬁxﬁ## R of 380 connecting pads (20 pm w de, 200 jim

I ith it f. 50 . |]i dint al | el I d

(i Sthnce of 195 TN aBuIER CRE-COATd: 05t ARGt bt g
distance of £5 & e nd

ana 7 cortrie e PR U Tk AR Flin £ MR ggaBren T To

uare” pol yim
As in Example 1, the adhesive was continuously applied to

i) one surface of a long polyimide film ("UPILEX" manufactured
- by Ube Industries, Ltd.} with a thickness of 25 pm énd 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-rell system. Iﬁ the alloy
composifion, 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
througﬁ‘a photomask and developed to form a resistrlayef
with a thickness of 10 pm in the sections in which the

plating layer was not required. In the photomask pattern




mm At the sanme tinme, for the purpose of neasuring |length, 4 nma9késns200ere
provided on the photomask pattern at four points diagonally apart fromthe
center of the substrate wth a distance of approximately 141 nm (the

di stance between the individual points being 200 nmin parallel to the
side). Using the copper layer as an electrode, a copper layer wth a

t hi ckness of 5 pmwas fornmed by electroplating. A copper sulfate plating
solution was used as the electroplatigg solution. The photoresist was
removed by a- photoresist stripper, and the copper |ayer and the chromum
ni ckel alloy: layer below the resist |ayer were renoved by soft etching
usi ng a hydrogen peroxide-sul furic acid agqueous solution. In the sane
manner &9n REstindExagpia Exagpdicciel oneayeyt twiqomsd stk iofes®bf 1 pmand a
gold layer with a thickness of 0.2 pmwere deposited in that order on the
copper - ploarasE ingy Badsa (3 4 WiFer &0 & LeRe )t Hatlpy PRGCGRe®L Nét, as

in Exanple 1, a solder resist pattern was forned,. and a ciycuit board was
obt ai ned™ GINEYSd0dE tHE PRE S CRAIES SR ab%&ﬁ&a\ﬁ&e Sored T an

at _rn)sph%rﬁ%iw of 250C ag]g 45% RH th%;géig hours. The %%%ta_nce betmeen the two
poi nt s, AFH"ER AT ot !alcr?élt!é’ , diF&95-about 283 nm
e oadTied BYES SPAAGERINEARIATIG HATCE SHCCTBOS (el A2tk 6B Sokii a
S ‘and 7 columns on a squére polyimide film with a side of 300
mm. At the same time, for the purpose of measuring length, 53
4 markers were provided on the photomask pattern at four
ﬁoints diagonally apart.frém'the center of the substrate
with a diétance of approximately 141 mm (the distance
'befween 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 pm 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 laye; below the resist layer were removed by
soft etching using a hydrogen peroxide-sulfuric acid aqueous
solution. In the same manper as that in Example 1, a nickel
layer with a thickness of 1 um and a gold layer with a
thickness of 0.2 pum were deposited in that order on the
copper-plating layef; A metal layer pattern was.thereby

formed. Next, as in Example 1, a solder resist pattern was

formed, and a circuit board was obtained.




Ltd.). As a result, a deviation of 45 pm (45 WA divided by 283 Wmeqdabs
0.0159% fromthe photonmask pattern toward the outside of the board was
observed, thus being a failure. EXAMPLES 4 to 8 In each Exanple, a

| am nated menber for a circuit board was obtained in the same manner as
that in Exanple 1 except that the material for the reinforcing plate and
the thickness of the reinforcing plate were changed those shown in Table
1. After the resultant circuit board g@s-stored in an atnosphere of 250C
and 45% RH for 10" hours, the distance between the two points, which were
provi ded for-nmeasuring Ilength, originally about 283 nn1apart diagonally

200 th d t i th d t. d '
fengtEnhggsu?hggéﬁébﬁgénéﬁgérgﬁét?hgﬁkgag?grggo%% obﬁla @%@ogﬁgag@e_ The 2
t t hot t T bl 1.
'Irrﬁ)él gue;n e Ior}ﬂésﬁ% SFH'FHLp % ufég?e so s oE\}AHn&?drge?za e 1He:1n aExarerpl e
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plate afd'} Wé’ Sdudti it t‘”ﬁereYé)ur?éﬁgﬁﬁig lhugnéaandm he cu e of’ "the thickness
was |ess than § foddeuci ftUide Battern was
rel atively y FAT 8’ ory a%&g e at| rlz\%S mm However, © t he

deviat! ot ilet.o: 9tz fip qgt}ﬁ% @&%ﬁo]n) Sl meMthshedayy resul t in a
G

. decrease’i e yieé rication of circuit
' length-measuring device SMIC-800 (manufactured by Sokkia Co.,

Ltd.). As a result, a deviation of 45 um'{45 pm divided by

et

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 lamlnated member for a circuit board
was obtained in the sSame manner as that in Example 1 except
that the material for the'reinforcing plate 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;houfs, the distance
between the two points, which were provided for measuring
length, originally about 283 mm apart diagonally (200 mm in
the % direction, 200 mm 1n the y direction) was measured by
a length-measuring device SMIC—SOO (manufactured by Sokkia
Co., Ltd.f. The maximum deviation frdm the photomask
pétterﬁ meaéuféd'{s_shOWn:in Table 1. The measurement
fesults in Example 1 are also shown in Table 1. In.Example

6 in which a glass substrate was used as the re;nforcing
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plate and the product of the Young's modulus and the cube of
the thickness was less than 850 kg/mm, the maximum deviation
of the circuit pattern was relatively satisfactory at 20 um
_relative to 283 mm. Howevér; the deviation is larger .
compared witﬁ Example 1, etc., which may result in a
decrease in the yield in the fabrication Qf circuit

substrates. o | ' ' g)
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1n order to adjust the peeling strength between the polyimde fiolMaya0dsthe
adhesi ve, as an adhesive, a mxture "Oibain" BPS5227-1 (manufactured by
Toyo Ink Mg. Co., Ltd.) and a curing agent BXX5134 (nanufactured by Toyo
Ink Mg. Co., Ltd.) at a mixing ratio of 100:5 was used in Exanple 9. In
each of Exanple 10 and Exanple 11, a mxture of "Oibain" EXKO1l-257
(manufactured by Toyo Ink Mg. Co., Ltd.) and a curing agent BXX5134
(manufactured by Toyo Ink Mg. Co., At4d.) at a mxing ratio of 100:9 was
used. In Exanple 12, a m xture of "Cyabain" SH 101 (manufactured by Toyo
Ink Mg. Co., Ltd.) and a curing agent T-501B (nmanufactured by Toyo I nk
Mg. Co., Ltd.) at a ratio of .100:3 was used. In Exanple 13, a m xture of
" SK- DYNEXABRLEE1 A Crvadof, a COMPERAT VB E&aMEddvical and Engi neering Co.

Ltd.), a curing agent L45 (manufactured by Soken chenical and Engi neering
Co., Ltd.), &Adralrimidg &géms,E"BRVLELHadurasfacsureg bok&hecChem cal and
Engi neering Co., Ltd.) at a HIXIng ratio of 100:2:0Q.7 was used. |In Exanple
14, a " SRADPNELesw Hﬂi ( FERUNEC SuFegUBSSo RS ds9d/mrédl wothay 2005 70 and
Engineering Co., Ltd.), a curing agent L45 (manufactured_ by Soken Chemi cal
and Englﬁé€#Pﬁ§508f 2§t&m7 T3n#fing éﬁﬂ|ﬁ§5 &@enFeEpﬁﬂmlFﬁ&ﬁhfé@@ured by
~Soken Ch% .and En erlﬁg o Ltdé%.at a HIX|ng&rat|o of 100:3:1.5
was used: OnEx HeRE ?5 uge ?FUPE P tr@TE; (0 -Bpddsh - OUREh§ act ur ed

by Toyo I ulusg 6% kg|7 3 % r| Ig(negsentoP% pm were prepared.

In order to adjﬁst the peeling strength between the 3
polyinide 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. In-each of Example 10 and Example 11, a mixture
of "Oribain" EXK01-257 (manufactured by Toyc 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-

.llA {(manufactured by Soken Chemical and Engineering Co.,
.Ltd.), a curing agent L45 (manufactured by Scken Chemical
and Engineering Co., Ltd.}, and a curing agent E-5XM
(manufaétu?éd by Soken Chemical and Engineering Co., Lfd.)
at a mixing ratio of 100:2:0.7 was used. In Example 14, a

'mixture,of_“SK—DYNE“ SW-11A (manufactured by Soken Chemical




(manufactured by Toyo Ink Mg. Co., Ltd.) at a mxing ratio of 20Qiy200&s
"used. In Conparative Exanple 2, a mxture of "Oribain" BPS5673
(manuf-actured by Toyo Ink Mg. Co., Ltd.) and a curing agent BHS-8515
(rmanufactured by Toyo Ink Mg. Co., Ltd.) at a mxing ratio of 100:5 was
used. The peel strength of each adhesive i's shown in Table 2. Data for
Exanple 1 is also shown in Table 2. In each Exanple, a | am nated nenber for
a circuit board was obtained in the -gpme manner as that in Exanple 1
except that the adhesive described above was used. An edge of the

polyi mde filmwas vacuum sucked and the polyimde filmwas gradually
peeled off the glass substrate. A circuit board thus obtal ed was stored
in an aemdsfnerieestrizg Cand 4BHMIRHE O ITY ROATS: REEWEGneen t he
two points, which were provjded for neasuring Ien th oyigi nall)é about 283
nm apakty @o&@@n@heym(czdoaﬁﬁﬁmlﬁ@eﬁaigr@wo&tdzg 0{

direction) was neasured by a |l en th ne surln devi.ce G .800 nanufactured
by Sokkicgend. E“ﬁﬁﬂ)(maﬂﬂ$%ﬁ£8 L R RS 1Pt t er n
neasured is shown in 9 May 2005 71 T 0 3 pr.oduct Cf i.e.
the prodigetr %-He ad_eé% I A c1 r c?lsprudgca ?ﬂpn) of the

R (di

oung st P 8 R A Mt ariti)
AX X C oyo ﬁc tl\ﬁa 4(,30., ]LQ:dG) Sa'n@ic% téllﬁ:lng agent BXX5134
';c) (manufactured by Toyo. Ink Mfc. Co., Ltd.) at a mixing ratio
‘% of 100:2 was used. In Comparative Example 2, a mixture of

"Oribain" BP85673 {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. rThe 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 houfs. The distance between the two points, which
were provided for measuring length, originally about 283 mm
apart dlagonally (200 mm in the x direction, 200 mm in the y
'dlrectlon) 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




polyimde filmwas detached fromthe adhesive |ayer during the f9dvap2006n
of the circuit pattern, the photoresist pattern was mssing, resulting in a
defect pattern. If the product A x B x C exceeded 4.3 x 10-3, the
polyimde filmwas extrenely curled after peeling. The polyimde filmwas
~also defornmed due'to stress during peeling, resulting in a |large
distortion in the circuit pattern on the polyimde film 9 May 2005 (D dj
O~ -Ir LO 00O mwwgqg, 006 G5 us-cz1 & O C. O &) 0d) G4 mCD
(DO -0 ama) (DmwmtE 75 ~5 12

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 (mmz/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 1@‘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 defeéf pattern. If the

.pioduct A x B x C exceeded 4.3 x 1073, 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.

o
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ui. LLJ x wLUww LU w9 May 2005 73 EXAMPLES 16 to 18 Lam nat-edMmeibes s
for circuit boards were obtained in the sane matter as that in Exanple |
except that the thickness of the adhesive of rework style was set at 4.5
-gm 6 jim and 15 gm respectively. Wth respect. to each nenber for a
circuit board, while heating an IC chip nodel, in which 380 bunps plated
iMth gold were arrayed wwth a pitch of 50 jimper one row and two rows
were arrayed with a separati-on of 1. mm at 1500C fromthe chip side,
using an ultrasonic bonder FC2000 (nanufactured by Toray Engineering Co.

. Ltd.), netal. diffusion bonding with connecting pads on the circuit board
was perfornmed. The Qressure for each bunp was 30 g. A cross section of the
connect EXGMBEFE hastPakén and observed by an el ectron nicroscope to
measure the _sinking of the bunp. The results thereof are shown. in Table 3
bel ow. Data mewemqmbgra §Brsﬁb’6\ﬁ‘1’r% Hedres avere Pheathedkiess of the

adhesi ve_ | ayer of remnrk st was 5 or |less |ng of the bunp
was 6 gih6r SPBEsIAtHREcASch dlﬁoEﬁﬁﬂgﬁénﬁ FﬁcépchgﬁiaF €onnection -

reliabil On th her hand, if _the thickpess of the hesi.ve | ayer of
ework LhyFEPERscalcths BAFCEHEes PAkFRYCBE SERLSols deteddod 8 B
reSU|tlggphp gngr?glﬁﬁl!Qesﬁgkkggéiyty 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

I
Nwgrn”

of 50 pm per one row and two rows were arrayed with a

separation of 1.5 mm, at 150°C from the chip side, using an

:ultrasonlc bonder FC2000 (manufactured by Toray Engineering
Co., Litd.) ., metal diffusion bonding with connectlng 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 therecof 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 Um or less,
which caused no problems in electrical conneétion
reliability. ©On the other hand, if the thickness of the
adhesive layer of rework style exceeded 5 pm, the sinking of
the bump exceeded 6 pm, resulting in a problem in

reliability.



9 May 2005 74 TABLE 3 Thickness of Sinking adhesive |ayer (pm 9M$m005
Exanple 1 1 1.7 Exanple 16 4.5 5.8 Exanple 17 6 7.5 ,Exanpl 5 13
EXAMPLE 19 A nenber for a circuit board was obtained in the sane nanner as
that in Exanple 1 except that the auxiliary adhesive |ayer was not

provi ded. An edge of the polyinmde filmwas vacuum sucked and the
polyim de filmwas gradually peeled off the' glass substrate. The
adhesi vel ayer of rework style was -pargi-ally detached fromthe glass and
remai ned on the polyimde film After the polyimde film was peeled off, a
step of cleaning the polyimde filmwas required, resulting in a decrease
in productivity. EXAMPLE 20 An adhesive for inproving the adhesion of the
nmetal FBPEE Was prepared in the same nmanner as that in Exanple 1. The
adhesi ve was continuously applied to a long polyimde film("UPILEX"

manuf actured by Ube Industries, ltd ) with a thickness of 25 pmand a-
wi dth of 300 nm folloped Byleksesy of Sinking
o a adhesive layer ‘ (pm)
_ (m)

Example 1 1 1.7

Example 16 4.5 5.8
:-)- Example 17 6 7.5
- Example 18 15 113

EXAMPLE 19

A member for a circuit board was obtained in the same
ménnsr as that in Examplé 1 except that the auxiliary
adhesive layer was not provided. 2An edge of the polyimide
film was vacuum-sucked and the polyimide film was gradually

' peeled off the glass substrate. Thé adhesive_layér 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 decreaée 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 pm and a width of 300 mm, followed by drying




9 May 2005 75 and curing. Simlarly, the adhesive was applied t&Mdy2005
ot her surface of the polyimde film followed by drying and curing. As an
~auxiliary adhesive, y-ami nopropyltriethoxy silane was dissolved in
i sopropyl alcohol so as to obtain a concentration of 5% by weight. The
auxiliary adhesive solution was applied by a spin coater to a square soda
glass wth a side of 300 nmand a thickness of 0.5 mm followed by drying
at 100" C for 5 minutes. The dried auxjdiary adhesive Ilayer had a thickness
of 300 nm A m xture obtained by mxing an acrylic adhesive " SK- DYNE"
SW11A (rmanufactured by Soken Chem cal and Engineering Co., Ltd.), in
whi ch adhesion was decreased by ultraviolet curing, with a curing agent
- L45  (mandf setrdngd by iSdker lehehealadies iMegivasesibpd el toLitdhe at a
mxing ratio of 50:1 was applied to the glass substrate provided with.the
auxi | i apghgahesinfadeapdr theopPdwdaisle fdrlyi ndodtl oBegChbofry iR des. The
dri ed adhesive layer had a thickness of 1 W Two gl ass substrates provided
with th&Urlg@xiliary adhesive |ayers and the adhesive | ayers of rework
style were prepared. Next, an air-shieldin filn1cqups d of filmin
whi ch an easPFy2RePBx34bREY sPARRBAESy o¥T AN RYRFOPYH o &3P0l yest er
filmwas attacheqd to the adhesiv lLayer .and was | eft to _stand for one
week. THESgA4SS$° §Eﬁ%PPaPéoﬁﬁﬁpgﬁYéﬁﬁ%§§ﬂnﬁﬁhP&bt8fO%Fgéﬁ Rg/ 2, and the
product _of, Lhe Youngs cmadulys, CKGHWME) a0d 39,9488 QhirkhSve
solution was applied by a spin coater to a square soda glass o
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 .45
(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 of 1 uym. 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
layér and was left to stand for one week. The glass

substrate had a Young's modulus of 6,832 kg/mm?, and the

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




9 May 2005 76 thickness (nmm) was 854 kg-mm The polyimide fil m omMadiooh

t he adhesive for inproving the adhesion of the netal |ayer was coated was
cut into a square with a side of 300 nmand was stored in an atnosphere
250C and 45% RH for 10 hours. Next, in the same manner as that in Exanple
1, the polyimde filmprovided with the  adhesive |layer was |am nated to
the first glass substrate provided with the adhesive |ayer of rework
style. The glass substrate to which the-polyinmde filmwas . |am nated was
renoved fromthe stage, and the adhesive |ayer was cured by ultraviolet
irradiation at 1,000 m}J/cnR fromthe glass substrate side. On the

polyimde filmlamnated on t: | ass substrate, a chrom um nickel all oy
| ayer vvit'.thriL.‘%lmcerﬁ%%%@s hoji %#ﬁﬁm copper layer with a thickness of 200

rimwere depgsited.in ,that..qrder by .sputtering. l.n t al.l osition,
the weight rafi 8310 ASmth: anﬁ%‘%(??‘ \[X/%‘? ?g%&lvﬁ odi t1 eog)]%o or esi st
was appl.jed tg the co r. layer . by a spin coat.er i.ed 0'C for
ten m nﬁ}bes.a#}?@loﬁhoc?%&ekﬁ sr%/e%i/avals t?Lea)é(peorsed—’lst kﬁogautgehd 3&%0 %tﬁglsrﬁ%o %xt , the
phot or esi st. was .devel ope A resist, | (gAY ot %}ﬁfs;n 0 ~Lm
was thersecﬁlyal:feorwr‘?g%‘ i ,]T'ncfei(:j sogfgfgl ogonsf&?/\haﬁqc “?ayd?e d er@o%&} gqnuiJrHe ap tkf%\rgell ayer.

o A S AR L B S e 0L R e oS
that in Example 1, the polyimide film provided with the

g;) adhesive 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

ulfraviolet irradiation at 1,000.mJ/cm2 from fhe 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 tﬁickness 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 pm was thereby formed in the sections which
did not require a plating layer. Four ﬁérkérs were provided
on the photomask pattern at four points diagonally apart

from the center of the substrate with a distance of




9 May 2005 - 77 approximately 141 mm (the di stance between the i ndiMdydoab
.points being 200 nmin parallel to the side). Next, using the copper |ayer
a:s an el ectrode, a copper layer with a thickness of 5 pmwas fornmed by

. electroplating. .A copper sulfate plating solution was used as the

el ectropl ati ng solution. The photoresi st was renoved by a photoresist
stripper, and the copper |ayer and the chrom um nickel alloy |ayer bel ow
the resist |layer were renoved by soft-,etching using a hydrogen

peroxi de-sul furic acid aqueous solution. The distance between the two

poi nts, which were provided for measuring length as described above,
originally about 283 nmmapart diagonally (200 mmin the x direction, 200
mm i n t leeprokimedialon)l dlasmmedthe et dharad drgtveemedsurindi wisiagle SM G- 800
(rmanuf actured by Sokkia Co., Ltd.). As a result, dinensional change rate
was ext Poigihs bedinias 200 omy in paraldiegdhite ShemgBlem di vi ded by 283 mm
equals 0.0018% relative to the photomask pattern. After the air-shielding
filmwas rente&8,f BeFNEhELes EOPREIglagers gbs Bhatd ssitewidged aniCORPERe
auxiliary -adhesive |ayer and the adhesive |ayer of rework style, the

pol yi mi d@vyer Mt svitdeFkmass e T oppatas a@%m%thﬁéﬁil%%la?d@dlg ‘t her eon,
and both were |l am nated wi_th each qther by passi themthrough a roll
| ami nat & GORPeIs 5 I ERdsu Aty st ut 'Féinsé‘iaq_é%ﬁerfgtatﬁ %&£, Ltd.). Both the

upper roller an
PP electro qatlng solution. The photoresist was removed by a

photoresist stripper, and the copper layer and the chromium- D
nickel alloy layer below the resist layer were removed by
- soft etching using a hydrogen peroxide-sulfuric acid aqueous
solutien.
The distance between the two points, which were

.provided for measuring length as described above, originaliy

about 283 mm apart diagonally (200 mm in the x direction,

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

measuring device SMIC-800 (manufactured by Sokkia Co;, Ltd.) .

As a result, dimensional change rate was extremely

N

.satisfactory, i.e., within 5 pm (£5 pm 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 prov1ded with the copper layer pattern was placed
thereon, and both were laminated with each other by pa551ng_
them through a roll laminator MAII-550 (manufactured by

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




9 May 2005 78 lower roller were netal rollers coated w th rubbenMax05
rubber hardness of the upper roller was Hs50 and the rubber hardness of
the lower roller was Hs70. The surface of the second gl ass substrate was
fixed on a vacuum suction table, and an edge of the first glass substrate
was vacuum sucked and the first glass substrate, was gradually peeled off.
After the first glass substrate J was renpved, the second gl ass substrate
was- det ached from the vacuum suctiomgable,,and the adhesive |ayer was
cured by ultraviolet irradiation at 1,000 nj/cnR2 fromthe glass substrate
side. on the.polyimde filmlamnated on the glass substrate, a
chrom um ni ckel alloy layer with a thickness of 4 nmand a copper |ayer
with a tievsknesd lefr 250 enmakerle redpesist 69ated rHdd ey d5fttering. In
the alloy conposition, the weight ratiQ of chrogm umto nickel s 20:80. A
posi t i v&UbkeTohedide sk fafie &@res R 1e&dpp@s Hapdl aﬁﬁdq&%pirﬁl\g%@ﬁ er and
dried at 1100C for_ten m nutes. _The hot oresi st was exposed through a

phot ora$RIraNEss, AthdNHHEMETe Lt Sha¥2Fe Vs 'dhed, and a resist layer with a

t hi ckness of 10 pn was ther formed in_the sections which._ did not
require a pIQPPnSUF£§E?.?Eoﬁgghﬁ?ﬁg?g ﬁgﬁgsp?BgﬁggateoHthelﬁggt8§ask
\F/)MQE Le;n dalatérfaff?ﬂua:rg\ %?Jc@ti%ndlt%%qréél Ia da%%r %dgfer QP ttl?leé (?Eeﬂlsetr gqfastshe subst r ate

substrate was vacuum-sucked and the first glass substrate

- was gradually peeled off. After the first glass sﬁbstrate

-

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. A |

- 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 ih
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 pum 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

approximately 141 mm (the distance between the individual




approximately 141 mm (the distance between the individual 9 May 208% 2089
points being 200 mmin parallel to the side). Next, using the copper |ayer
as an electrode, a copper layer with a thickness of 5 Vn was forned- by

el ectroplating. A copper sulfate plating solution was used as the

el ectropl ati ng solution. The photoresist was renoved by a photoresist "
stripper, and the copper |ayer and the chrom um nickel alloy |ayer bel ow
the resist |layer were renoved by sot} et ching using a hydrogen

per oxi de-sul furi c acid agueous solutlon The di stance between the two

poi nts, which were provided for measuring |ength.as described above,
originally about 283 mmapart diagonally (200 nmin the x direction, 200
mmin tpeintdi beihigoBPOwam reaparedley 4ol éhgt lsideasuring devi ce SM C 800
(rmanuf actured by Sokkia Co., Ltd.). As a result, dinensional change rate
‘was extrenel jextatusingt bh9 copper wWayaiknas anrre@GCbnpde»n dedobyer83 nm
equal s 0.0018% relative to the photomask pattern. An edge of the polyinde
fil m wadavasuwitbuek&bighaesie ofpdl yinivae Tormera®yyedes: ﬁpplﬁéém@d off the
gl ass substrate to obtain a circuit board. The resultant circuit board was
stored Pncapparnsyphate pflazing sedufionRHasoMSegd RSutde The di stance

bet ween the two_points, which were provided for neasuring |ength,
or|g|naPﬂ?C&BBBQaQBBQWﬁPéﬁéﬂPnd|aaBﬁaPP9t°€2éésﬁnWPﬁ FFQO%Qﬁ B¥cf on, 200

ﬁﬁ]ln t he di rection
- pho oresgs t%lpper, and the copper layer and the chromium-

nickel alloy layer below the resist layer were,removed by

e’

soft etching using a hydrogen peroxide-sulfuric acid aqueoué
solution.

The distance between the two points, whiqh were
provided for measuring length as described aboﬁe, originally
~about 283 mm apart diagonally (200 mm in the X direction,
200 mm in the y direction) was measured bf‘a length-
measuring device SMIC-800 (manufactured by Scokkia Co.,_Ltd.).
As a result, dimensional change rate was extremely

: satisfactory, i.e., within %5 pym (15 pm divided by 283 mm
equals *0.0018%) relative to the photomask pattern.

An edge of the polyimide film was vacuum-sucked and fhe
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
:ﬁeasurlng 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




- measured by the | ength-neasqring device SM C 800. As a 9 May 200% M&X®005
result, dinensional change rate was maintai ned extrenely satisfactorily,
i.e., within 5 gm (5 pmdivided by 283 mm equals 0.0018% relative to the
phot omask pattern. COVPARATI VE EXAMPLE 3 A | am nated nmenber for a circuit
board was fabricated in the sane nanner as that in Exanple 1 except that, -
instead of curing the adhesive layer by ultraviolet irradiation from the
gl ass substrate side, after the polyimde filmwas |amnated to the gl ass
substrate, ultraviolet irradiation ™ performed i medi ately before the
application of the solder resist. Wen the photoresist applied on the
copper |layer was dried, foam ng occurred in the adhesive layer, resulting
in irregwarit, esimhdimaSurdraceyeofrdtee waal wiaiinde irfdd mxtirendie wet

process, the adhesive |ayer of rework style swelled and the hol ding power
f or hol diatgi 4 fhe-tquallyi, mides f,i whtkeish deécnpeased. pfhdiafidiee bane@83t ma di st ance
between the two points, which were provided for nmeasuring |ength,

ori gi naldgualouit0 .283 8h apdett idieaganditey piA@a®k wpattteerx. direction, 200
mm in the y direction) was neasured by the |ength-nmeasuring device

SM C- 80 OMPARDE IMEMEXAMEGE oh of 80 pm (80 pm divi ded by 283 nm equal s
0.028% fromthe photonask pattern was found, Wien the polyimde film

of _t he~r esul Bademisptegt mgnbganfer pocitrylisi Peart Wesr FaRad cg&&bed from
‘the gl ass

in the same manner as that in Example 1 except that, instead
of curing the ‘adhesive layer by ultraviolet irradiation from-
.thé glass substrate side, after the poljimide film waé
laminated to the glass substrate, ultraviolet irradiation
was performed immediately before the application of the
solder resist. When therphotoresist applied on the copper
lgyer was dried, foaming occurred in thé'adheéive layer,
resulting in irregularities on the surfacerof 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 abeout 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 Qm (80 pm divided by 283 mm equals 0.028%) from the
photomask pattern was found.

When the polyimide film bf”fhérrgéultant laminated
member for the circuit board was peeled from the glass

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




substrate, the peel strength was 40 g/cm which was |arger 9 May9ME50081
than that in Exanple 1, and the circuit substrate after peeling was
slightly curled. The product A x Bx C, i.e., the product of the peel
strength A (g/cm), the reciprocal B (1/~tm of the thickness of the
polyimde film and the reciprocal C (MW/kg) of the Young' s nodul us of
the polyimde film was 1.72 X 10-3.. COMPARATI VE EXAMPLE 4 A | am nat ed.
menber for a circuit board was obtained in the same manner as that in

Exanple 1 except that a roll |am mat®t was used when the polyinide film
was lanmnated to the glass substrate provided with the adhesive |ayer of
rework style. As the roll laminator, MAII-550 (manufactured by Tai sei

Lami nat @f, 60 t’haltt dn) Mangized., Beld tthfée URRET t TRIdRr AR & over rol ler

were netal rollers coat eéﬂwth rubber. The rubber hardness of t~e upper

roller vage1H$g0wasARd il 1nuRReN Jar dress Riodie lovwen rold,er was Hs70. An
edge of "the pdlyimde filmwas vacuum sucked and the polyimde filmwas

gradual lthepealormhcaf foft R c0krss SURS@EIe A & /GG Uithdaard prascdiher eby
obt ai ned. The resultant circuit board was stored in an atnosphere of 25 c

and 45%RiApE9r o¥0 thRowhs c khee sdiost ahee peatmegret Fa 1o apei ke Whi ch were
provi ded for neasuring length, originally about 283 nmapart diagonally

(200 Mrieripheceldicr deindRg) 268 rhei Hohhe'y mddnéoki of) thas measur ed by t he
| engt h- neasuri ng device SM C
polyimide film, was 1.72 x 1073,

COMPARATIVE EXAMPLE 4

D

Allaminated 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 ILaminator Co., Ltd.) was used. Both the upper

roller and the lower roller were metal rollers coated with
rubber. The rubber hardness of the uppér roller was Hs50,
and the rubber hardness of the lower roller was Hs70.
| An edge df 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 stbred in an atmosphere of 25°C and 45% RH for 10
| hours. The distance between the two points, which were
provided for measufing length, originally about 283 mm apart
dlagonally (200 mm in the x dlrectlon, 200 mm in the y
dlrectlon) was measured by the length—measuring device SMIC-

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



800. As a result, the polyimde filmwas defornmed due to 9 May 2005 82
stress applied during | am nation. Expansion occurred in the roller pass
direction and shrinkage occurred in a direction perpendicular to the
roll er passage direction. That is, stress in the ponini@ng%Igb@@s

rel eased by the peeling of the polyimde film and strain ocCurred int
circuit pattern on the polyimde film The maxi mumstrain was 100 pm (1
pm di vided by 283 nm equal s 0.035% red-ative to the photonmask pattern.
EXAMPLE 21 A | am nated nenber for a circuit board was obtained in the s
manner as that in Exanple 1 except that the follow ng nethod was enpl oy

age
he
00

ane
ed

when the polyimde filmwas _|amnated to_the glass substrate provided with

the adfediSFE APRISL ARG RABLPRELIOR . poF¥PATEECRI PRFUTEPOVEBEE M t h an

adhesi ve .l.ayer of rewark %pyle cut i uare with a side of 300 mm

was  plEdeF ok A WE ISt fecs

in Fig.. nd._vacuu yuct kon s, perfo d. _Water was then sprayed ont
the poiitsciacr BBtk or e 18 BE SRETRT ReyRedtr dh R} oA 200 nesh

screen gayzg 2 cqnposed of ypolyester f bens yas plagsd.5013sho face the
fiTh & ot Peds sl vy,

pol yi m de in paralle a separation o er ebet ween.
surf aceafl itRe FCreen pg;q%ﬁﬁagom%ﬂ,t &nk0 sttB8 nSHELACE ALY kR On the
y

polyi mde fil'mwas squeegee
circuit pattern on the polyimide film. The maximum strain
was 100 pm (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
polyimide film 4 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

. nto a
prov A8Ed SHER g@ZgEGHF§ﬁétFBnanechanisn1shomn

(0]

The




a rubber plate 8, and while decreasing the thickness of the - -- 9-May2005- 9
May 2005 83 water film between the polyimde film4 and the screen gauze

2, the screen gauze 2 and the polyimde film4 were brought into close
contact with each other. The vacuum suction of the stage 3 was stopped,
-the screen gauze was noved upward, and the polyimide film4 was
transferred to the screen gauze 2. The openings of the screen gauze were .
pl aced inside the region which was |lam nated to the polyimde filmby 2 nm
so that excess water.did not spread ®¥er the stage. The gl ass substrate 6

"~ provided with the adhesive layer of rework style 7 was placed on the stage
3 provided with the vacuum suction nechanism The screen gauze 2 | am nated

i tH th S . ) ST
\émubst ra?’é_:&%ryl elqr_gtgrégé‘{r?egla\tﬁ% ?%&géﬁ%vigﬁ&%pﬁmgﬁﬁ%ogﬁ%&ée%€a%o% t he
gl ass substnal & Wdd ZRERATALERN e Bof YR N1 16 wetlt TRt the

screen gauze 2 opposite to the surface abutting on the polyimde fil mwas

squeegead, iy A Jdibhesnt RIakA 13 Wddh diBhar e hafdresandf Sdibress the

polyimde film4 against the adhesive |ayer of rework style 7, and the

pol yi m de,d idtRgt Wasddheyteypdd, ansfeldc@d drd ddie:ahiss mesiers tupie:d An edge

of the polyimde filmwas vacuum sucked and the polyimde filmwas

gr adual landpegleepoaffintilie giass Sukst talehsferred to the screen gauze

- 2. The openings of the screen gauze were placed inside the
region which was laminated to the polyimide film by 2 mm so o

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 fo the position above
the glass substrate 6.

The screen gauze 2 was moved downward and placed above
the glass subétrate with a separation of 0.7 mm. Next, the
surface of the screen gauze 2 oppdsite 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 graduéllf-peeled off the glass substréte.
-A circuit board was thereby obtained. The resultant circuit

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




"Acircuit board was thereby obtained. The resultant circuit boa9daa05
stored in an atnosphere of 250C and 45% RH foi; 10 9 May 2005 84 hours.
The di stance between the two points, which were provided for measuring

| ength, originally about 283 nmapart diagonally (200 nmin the X
direction, 200 mmin the y direction) was neasured by the |ength-neasuring
device SM C- 800. As a result, dinensional change rate was maintai ned
extrenely satisfactorily, i.e., mﬁthh? 5 pm (5 Wdivided by 283 mm equals
0.0018% relative to the photomask "pa'%er n. EXAVPLE 22 A | am nated nenber
for a circuit board was obtained in the sane manner as that in Exanple 1
except that the follow ng nethod was enpl oyed when the polyimde film was
| ami-nat efhvire .t hahgl akiss tsinist tattereenovrihae dwal oo itthes ,adihdsihv eerieayer . An

enul si on was applied over the entire surface to a 100-nmesh screen gauze 2
conposegrefv igtaldy dstre mefashanent d dngthsealr igiaadgeniahgiit BB 3sawea®aFiti nt i ng
the same material as that for the adhesive |layer of rework style provided
on the djlaasmadiilyst (2410 mddin $hheped dddiesdiipa, p#0G Medd t&emdd on  the
screen gauze 2. The dot had a diameter of 0.5 mm and the distance between
the adj atisrectdons wes Haaauris biottde engtinireasmning sedd cn StHE"scr een
gauze at the surface abutting on the polyimde film An_a%hesive was
deposi t &P bn He astragarld prdjwicdsd ey change rate was maintained

extremely satisfactorily, i.e.,_within +5 pm (5 pm divided
by 283 ﬁm equals #0.0018%) relative to the photomask pattern.
EXBEMPLE 22

A laminated member for a circuit board was obtained in
the same manner as that in Examp}e 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 screeﬁ—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.

" Ah adhesive Was.déﬁoéitgd on the stage 3 provided with
a vacuum suction mechanism shownuin Fig. 3, a polyimide film

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




a vacuum suction nmechani smshown in Fig. 3, a polyimde film 4 oway20® a
square with a side of 300 mm was pl aced thereon, 9 May 2005 85 and vacuum
suction was performed. The screen gauze 2 provided with the dot-shaped
adhesi ve parts was placed so as to face the polyimde film4 in parallel
The screen gauze 2 was noved downward so as to face the polyimde filma4
in parallel with a separation of 0.7 nm The surface of the screen gauze
2 opposite to the surface abutting on the polyinmide filmwas squeegeed by
a rubber plate 8, and the screen gawe 2 and the polyimde film4 were
brought into close contact wth each other. The vacuum suction of the
stage 3 was stopped, the screen gauze 2 was noved upward, and the
polyimde film4 was transferred t.o the screen he gl ass

subst r af@d% VHFRIERHOR 158 RERESTFH %Faygﬁg 5%§%%§b ku§§y?e 7 vias pl aced
on the stage 3 provided wih a ti ni h r-een
gauze 2Ptg 'lﬁigfje&'l\{:\l}ﬁ '(t%glet é)tpgﬁjggﬁ}édéarﬁg}s% %S’}t%\%fa g\f\ryﬁ?\?&r (;I%OZ%ds pl aced

paral | el %a%getggaéﬁlgggééﬁﬁ%ﬁlﬁ.%@Eﬁ ?gﬁ?ﬁg%ﬁtioWh%fs%réenNM%uM%xt, the

t
surfacetgf the scre 2 opposite surface abutting on the

pol yim de Lidl MR ¥guesased oy sheo tuRRek ?}Q/)lqgg%rﬁ@ep@i& tahg rpol yi ni de

film'4 against "the esive layer of rewrk s , and ‘the polyi mde
filma4 8%@1&%@ ¥t HARTRRed ohoolth® .0l ass Sulbst IlrFachn ogdgaeof the
e fi

pol yi m I'm was vacuum sucked and the
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
élose contact with each other. The vacuum suction of the
stage 3 was stopped, the screen gauze 2 was moved upward,

- ahd 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 thé 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 sgueegeed 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 gla;s substrate.

| An edge of Ehe‘polyiﬁiée'fiim Qés‘;acuuﬁ—sucked and the
polyimide film was gradually peeled off the glass substrate.

A circuit board was thereby obtained. The resultant circuit




polyimde filmwas gradually peeled off the glass substrate. A ®iNM&Io0s
board was thereby obtained. The resultant circuit 9 May 2005 86 board was
stored in an atnosphere of 250C and 45% RH for 10 hours. The di stance

bet ween the two points, which were provided for neasuring |ength,
originally about 283 mmapart diagonally (200 mmin the x direction, 200
mmin the y direction) was neasured by the | ength-neasuring device SM C
806. As a result, dinensional change te was maintained extrenely -
satisfactorily, i.e., within 5 pm (5 B di vided by 283 nm equal s 0.0018%
~relative to the photomask pattern. Industrial Applicability The circuit
boards of the present invention are favorably used for wiring boards for
" el ectr onga PPpAAtdSESed imtar posesspiare | patkagmy, 4 9% rkihgtdioarls f or
-wafer |evel Dburn-in sockets, etc. 9 May 2005 87 CLAIMS 1. Acircuit
boar d camgpirsi ngrige fdextdiee fodtweaen the ciwe upainpes t evlni dorR¥Si ng a net al
provided on the flexible film wherein dinensional change rate of the
circuit mattiaded for wiedsurinhdiben®thA dmhdizakdy mpdiet 293 B0 AR t
board, conprising a reinforcing plate, an organic layer of rework style, a
- flexibl edfagonakiy 229 rnowiin pehe et rdEorpiietnZ 0 filg ain the y

" direction) was measured by the length-measuring device SMIC-
800. As a result, dimensional change rate was maintained
;1) extremely satisfactorily, i.e., within &5 pm (15 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.




| ami nated in that order. 3. A lam nated nmenber for a circuit boapdiay2005
according to Caim?2, wherein the reinforcing plate, the organic |ayer of
rework style, another circuit pattern conprising a netal, the flexible
film and.the circuit pattern conprising a netal are |lamnated in that
order. 4. A lam nated nenber for a circuit board according to Caim 2,
further conprising el ectronic conponents bonded to the circuit pattern
conprising the nmetal. 5. A lam nated nenber for a circuit board according
to. Claim2, wherein the product of- the “Young's nodul us (kg/ M) and the
cube of the thickness (nmm of the reinforcing plate 9 May 2005 88 is 2 to
860, 000 kg-mm 6. A lam nated nenber for a circuit board according to
Claim2, wherein the reinforcing plaiemMs a sheet. 7. A lam nated nenber
for a circuit board according to Caim?2, wherein the reinforcing plate .
~conprises a glass, and the product of the Young's nodulus (kg/ M) and the
cube of the thickness (mM of the reinforcing plate is 850 to 860, 000 '
kg-mm 83 A hapirated peaker chbaprasingcul filkedbd eacddidiangl to C aim 2,
wherein the reinforcing plate conprises a netal, and the product of the
Young' s ce@ulis pbkeern? Foapdichagcabeetall phevibieck nes £ hiemhl eofittlke
reinforcing plate is 2 to 162,560 kg-mm

film, wherein dimensional change rate of the circuit pattern

is within +0.01%.

Y
Mt

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 components 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




9. Alam nated nenber for a circuit board according to Caim 2, oWngreos
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/cn) when the flexible filmis peeled off, Bis
the reciprocal (pirl) of the thickness of the flexible film and Cis the
reci procal (mm®/kg) of the Young's nmodulus of the flexible film 9 My
2005 89 10. A lamnated nenber for a circuit board according to Caim 2,
wherein the organic |ayer of rework style has a thickness of 5 pin or

| ess. 11. A l-am nated nmenber for a‘ti&%uTt board according to Caim 2,
further conprising an auxiliary adhesive |ayer placed between the '
reinforcing plate and the organic layer of rework style. 12. A | am nated

nmenber fiQr sa ¢ gl lodpaddrgenPrising at least a reinforcing plate, an
organic layer of rework style, a circuit pattern conprising a netal, and a
flexible film 13. A nethod- for making a | am nated nenber for a circuit
board conprising the steps of lamnating a flexible filmto a reinforcing

plate, and f oy MA@ matdd adndbepatfioar m conpritsiegral metcairdima Ko | exi bl e
film 14. A nethod for nmaking a circuit board conprising the steps of
| am nat igig ign T, exitdeifri 1the aed nifeimfiorciplg e dtse,a sheati.ng a circuit
pattern conprising a netal on the flexible film and peeling the flexible
filmoff the reinforcing : .

7. A laminated member for a circuit board according to
iR Ciaim 2, wherein the reinforcing plate comprises a glass,
and the product of the Young's modulus (kg/mm2) and the cube
of the thickness (mm) of the reinforcing plate is 830 to

860,000 kg-mm.

8. . A laminated member for a circuit board according to
Claim 2, wherein the reinforcing plate comﬁrises 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 cifcuit board according to
" Claim 2, wherein the product A x B x C is in the range of
4.3 x 1075 to 4.3 x 1073, wherein A is the peel strength
(g/cm) when the flexible film is peeled off, B is the
reciprocal (pm?) of the thickness of the flexible film, and
C is the reciprocal (mm?/kg) of the Young's modulus of the

flexible film.




plate. 15. A nethod for making a circuit board according to C ai pngiylVays
2005 90 14, wherein a first circuit pattern is formed on a first surface
of the flexible film the reinforcing plate and the first surface of the
flexible filmare |lam nated to each other with an organic |ayer of rework
style therebetween, and a second circuit pattern is fornmed on a second
surface of the flexible film 16. A method for making a circuit board
according to Claim 14, wherein a figest reinforcing plate and the flexible
film are lam nated to each other with an organic |ayer of rewrk style
therebetmeen a first patternis formed on a first surface of the flexible
film t s sur f cond relnforC|n plate agre | am nated to
cach ot hDr a&ﬁnaﬁ?éaﬂ?ﬂb%y Pot FLABIIC QA ARECTEOReéR,  t he
flexiblﬁ] pee g off the.first reinforcin pIaE a second circuit
pat t er fr i &r'rré%le&r‘?lg bEOREIEN FadBYEE Pite ToFPEXi BILELF PFhs &nd the
frexibk%.fklnlls %%? off . the second reinforcing plate. 17. A nethod for
maki ng aTCTrenrt© oaﬁﬁ' 850}8?%9 to Claim 14, wherein the flexible filmis
peel ed off the reinforcing plate after electronic conponents are further
bonded onto the circuit pattern conposed of the netal. 18. A nethod for

maki ng QJQirﬁuhﬁmQHQEgdaﬁgﬂEgEn@okoachﬁkghgtNﬁ%aggogccording to

Claim 2, further comprising an auxiliary adhesive layer
placed between the reinforcing 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 meking 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 peeling thé flexible film off the reinforcing

plate.

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




91 14, wherein a via hole is formed froma surface of the fleximwkﬁijn
opposite to the surface lamnated to the reinforcing plate. 19. A nethod
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 conprising a step of irradiating an ultraviolet curable
organic layer of rework style with ultraviolet |ight before the step of
formng the circuit pattern. 21. A nethod for making a circuit board
according to Claim 14, wherei nthe f%xible filmis held on a surface of a
film holding sheet, the flexible filmis placed so as to face a surface
of the reinforcing plate provided with an organic |ayer at a predeterm ned
di stance,q anghdrha f ledible fdilviix datarsherired dmdhernr e rfiorsti ng plate by -
pressing the film holding sheet and the flexible film against the
rei nf or yiady afe th22.f1AxmiRod e, rld ng im ftivaciuig diedred aactdihdi ng t o
Claim 21, wherein the filmholding sheet .and the flexible filmare
pressed migaitngurthed & Mitiecifigpitdtee filmutiend aninatesd tress®i ng el ement
fromone edge to the other edge of 9 May 2005 - 92 the flexible film 23.
A net hodfieyr MEKIINGA crigariid leggrd et amvdinly 2y 1@ dibarebetwiftyein t he
flexible filmis held on the surface of the

" and a second circuit pattern is formed on a second surface

of the flexible film.

| &m) '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 filim, the first surface and a second
reinforcing plate are laminated to each other with an

~organic la?er'of rework styie therebetween, the fle;ible
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 meta1:

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




filmholding sheet using surface tension of a liquid, electrostatic
adsorption, or adhesion of an organic substance. 9 May 2005 93 ABSTRACT
The present -invention relates to a circuit board including a flexible film
provided with an extrenely fine circuit pattern, a |am nat&¥aend&5 for a
circuit board, and a nmethod for meking a | am nated nmenber for a circuit
board w th excellent productivity.—Axitcuit board of the present
invention includes a flexible filmand a circuit pattern conposed of a
metal provided on the flexible film and di nensional change rate of the

ci rcui attern.is within 0,01% A |am nated nenber for a circuit board of
t he prtggn’f’hef:ﬁ%’én?i oha M lRiesS a tPEMRfordiRy I 5PELaGR Gfgdhic | ayer of

o e DERrg el B oM e 8N Eng ULl PRARE D SOTBOSSR OF @ et

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 ultraviclet
curable organic layer of rework style with ultraviolet 1light

before the step of forming the circuit pattern.

2l. 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 making a circuit board 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



9 May 2005

- 92 -
the flexible film.

23. A method for making a circuit board 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.






