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DESCRIPTION

LAMINATING APPARATUS

TECHNICAL FIELD
[0001] The present invention relates to a laminatin
apparatus capable of laminating a circuit board and

resin film together uniformly to a desired thicknes

BACKGROUND ART

[0002]With the decreasing size and increasing
performanceofelectronicdevices,multi-layeredci
boards known as "build-up boards" have been used mo
frequentlyaselectroniccircuitboardsincorporate
these electronic devices. Each of the build-up boa

is produced by alternately laminating circuit board
having surfaces with asperities formed by printed
interconnect lines and the like and electrically
insulative resin films together in a multi-layered
fashion. LaminatingapparatusesdisclosedinPTL1
shown in FIGS. 3 and 4, for example, are used for t
manufacture of the build-up boards.

[0003] ThelaminatingapparatusshowninFIG.3inc
workpiece transportunits (steps AandA'; indicate
dash-and-dot lines hereinafter), a vacuum laminatin

device(stepB),aflatpressdevice(stepC),and
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device(stepD). Specifically,theworkpiecetrans
units (steps A and A') intermittently transport
sheet-likeworkpiecesW,eachofwhichincludesac
board and an electrically insulative resin film mer
placed on the circuit board, in the direction of th
sequence of steps (inadirection fromright to lef
seeninthefigure)whileholdingtheworkpiecesW
upperandlowertransportingfilms FandF'(madeo

or the like) unwound from transporting film unwindi
machines10and10'. Thevacuumlaminatingdevice
B)isdisposedinthe course of the workpiece trans
step(A -A')incontiguousrelationthereto,andincludes
a vacuum laminating device 50 and the like. The fl
press device (step C) makes a workpiece W in which
resin film is brought into intimate contact with th
circuit board by the vacuum laminating device into
build-up board (product) having a uniform overall
thickness by flattening a surface of the resin film
theworkpiece W,andincludesaflatpressdevice 6
thelike. Thecoolingdevice(stepD)coolsthebu

board (product) having passed through the flat pres
device.

[0004]Inthe laminating apparatus shownin FIG. 3,
referencecharacters22and22'inthevacuumlamin

device 50 designate heating platens each containing
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heaterandthelike,andthereferencecharacters?

24' designate vacuum frames for forming a

reduced-pressure space (vacuum portion) between upp

and lower plates 21 and 21'. The reference numeral
designatesahydrauliccylinderusedformovingthe
plate21'upwardlyanddownwardly;53designatesa
stand; and 54 designates a support post for support
the lower plate 21' movably up and down. The hydra
cylinder 51 may be an air cylinder.
[0005]FIG.4isapartialenlargedviewofthefla

device 60 in the laminating apparatus shown in FIG.
The flatpress device 60 includes: a plurality of (

two out of four atfour cornersare showninFIGS.

4) support posts 64 provided upright on a press sta
63; an upper press block 31 fixed to the support po
64withfixturessuchasboltsandnuts;andalowe

block 31' fixed to the support posts 64 movably up
down. In the figure, the reference characters 32 a
32'designate heating platensforheatingthe workp
Wwiththeresinfilminintimatecontactwiththe

board.

[0006] Intheflatpressdevice60,thelowerpress

31'is coupled to a hydraulic cylinder 61 via a joi
(notshown)orthelike ,asinthevacuumlaminatin

50. Thus, the lower press block 31" is configured
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move upwardly and downwardly as a piston rod of the

hydrauliccylinder6 Imovesupwardlyanddownwardly
hydraulic cylinder 61 may be an air cylinder.
[0007]Insomecases,apluralityofhydrauliccyli
oraircylindersareusedinplaceoftheaforement
single hydraulic cylinder (designated by the refere
numeral 51 or 61) to move the lower press block 31
the flat press device 60 and the lower plate 21' of
vacuumlaminatingdevice50upwardlyanddownwardly
example,asshowninFIG.5,aknownstructurefor

the press block 31' upwardly and downwardly include
total of five hydraulic cylinders: four (only two o

of four are shown) hydraulic cylinders 62 disposed
the four respective corners of the press block 31’
addition to the hydraulic cylinder 61 disposed at t
center of the press block 31" as seen in plan view.
[0008]Withregardtothelaminatingapparatusincl

the aforementioned steps Ato D, the present applic
has already proposed a laminating apparatus in whic
vacuumlaminatingdeviceincludingupperandlower
each having asurface provided with an elastic pres
platemadeofaheat-resistingrubberisusedasth
laminatingdeviceofthelaminatingapparatustoth
bringingalaminatingmaterial(resinfilm)intoti

intimatecontactwithandintofollowingengagement
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a to-be-laminated material (board) without bubbles

betweentheto-be-laminated materialandthelamina ting
material even when the surface of the to-be-laminat ed
material has asperities (interconnect lines) of fin e
spacing (on the order of 20 um) or of great depth (not

less than 40 um) (PTL 2).

[0009] Withregardtothelaminatingapparatusincl uding
the aforementioned steps Ato D, the present applic ant
hasalsoproposedalaminatingmethodinwhichuppe rand
lowerpressblockseachhavingasurface(onpress side)

provided with a flexible metal plate, with a buffer

material therebetween, are usedforaflatpressde vice
usedastheflatpressdeviceofthelaminatingapp aratus
to thereby provide a laminate having a uniform over all
thickness and including a resin film having a surfa ce
thatisaflatsurfaceexcellentinspecularity (PT L 3).

RELATED ART DOCUMENT

PATENT DOCUMENT

[0010]PTL 1: JP-A-2002-120100
PTL 2: JP-A-2008-12918

PTL 3: JP-A-2003-291168

SUMMARY OF INVENTION

[0011]In these laminating apparatuses, the vacuum
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laminating device and the flat press device do not have
afeedbackcontrolsystemasasingleunit,andthe press

pressure on each workpiece W is proportional to the

pressure of a working fluid supplied to the hydraul ic
cylinders or the air cylinders used for forcing up the
lower plate orthe press block. The operating spee d of
thehydrauliccylindersortheaircylindersiscon trolled

byaspeedcontroller(flowregulatingvalve)inter posed

in a flow passage of the working fluid.

[0012]Inrecentyears,therehasbeenademandto control
thethicknessofproductsatahigherlevelsoast oachieve
amoreuniformthicknessoftheproducts. Inparti cular,
when sealing (film laminate) with a resin film is u sed
asanalternativetoaresinmoldinaboard mounte dwith
alight-emittingelementsuchasanLED, productsh aving

different thicknesses result in a difference in LED

element color and intemperature. Thatis, variati ons
in thickness of products increase a fraction defect ive
toreduceyields. Itishencehighlydesirableto develop

a laminating apparatus capable of controlling the

thicknessofproductsatamorepreciseleveltosu ppress
variationsinthethicknessofproductsfromlotto lot.
[0013]Inviewoftheforegoing,itisthereforean object
ofthepresentinventiontoprovidealaminatingap paratus
capable of precisely controlling the stopping posit ion
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ofapressingelement,suchasapressblock,forp

a workpiece in a flat press device of the laminatin
apparatustoreducevariationsinthicknessofresu
products.

[0014] Toaccomplishthe aforementioned object, af
aspect of the present invention is intended for a
laminating apparatus comprising: a workpiece transp
unit for transporting a workpiece including a circu
boardandaresinfiimforlaminationplacedonthe
board;avacuumlaminatingdeviceforapplying pres
to the workpiece by sandwiching the workpiece betwe
a pair of pressing elements under a reduced-pressur
conditionto bring theresinfilmintointimate con

with a surface of the circuit board; and a flat pre
device for pressing the workpiece with the resin fi
inintimatecontactwiththecircuitboardbysandw
theworkpiecebetweenapairoffirstandsecondpr
elementstoflattenasurfaceoftheresinfilm,wh
theflatpressdeviceincludesaballscrewhaving

shaft and supporting the first pressing element, a
servomotorconnectedtothescrewshaftoftheball

agap measuring device formeasuring adistance bet
thefirstpressingelementandthesecondpressing

and a pressing gap control system for moving the fi

pressing elementto apositioninwhichapredeterm
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gap is defined between the first pressing element a
the second pressing element to stop the first press
element at that position, and wherein the pressing
control system changesthe RPM ofthe servomotor, b
oninformationonthedistancebetweenthefirstan
pressingelementswhichisprovidedfromthegapme
device.

[0015]In particular, a second aspect of the presen
invention is intended for the laminating apparatus
whereinthe pressing gap control system changesthe
oftheservomotorstepbystep,basedontheinform

on the distance between the first and second pressi
elementswhichisprovidedfromthegapmeasuringd
andwhereinthe pressing gap control systeminclude
approachspeedprogramforcontrollingthespeedat
thefirstpressingelementapproachesthesecondpr
element.

[0016] Thepresentinventorshavediligentlymades

to solve the aforementioned problem. As a result

present inventors have found that the use of the ba

screw, the servomotor, the gap measuring device for

measuringthedistancebetweenthepressingelement
thepressinggapcontrolsystemintheflatpressd
in place ofthe hydraulic cylinder and the air cyli

which are used widely as an elevating mechanism for
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pressing element such as a plate and a press block
pressingtheworkpieceachievesthe precise setting
theelevatingspeedofthepressingelement,thest
position ofthe pressingelementandthe pressingf

of the pressing element in accordance with the desi
guality of the product to reproduce the product hav
a more uniform thickness with accuracy.
[0017]Thelaminatingapparatusaccordingtothepr
invention includes the flat press device for pressi
theworkpiecehavingpassedthroughthevacuumlami
deviceandhavingtheresinfilminintimatecontac

the circuit board by sandwiching the workpiece betw
the pairofupperandlowerpressingelementstofl

the surface of the resin film. The flat press devi
includes the ball screw supporting the first pressi
element, the servomotorconnectedtothe screw shaf
the ball screw, the gap measuring device for measur
the distance betweenthefirstpressing elementand
second pressing element, and the pressing gap contr
system for moving the first pressing element to the
positioninwhichthepredeterminedgapisdefined
thefirstpressingelementandthesecondpressing
tostopthefirstpressingelementatthatposition
pressing gap control system changes the RPM of the

servomotor, based on the information on the distanc
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betweenthepressingelementswhichisprovidedfro
gap measuring device.

[0018] Thespeedofrotationor RPM ofthe servomot
freely adjustable. Thus, the laminating apparatus
according to the present invention is capable of
controlling the RPM of the servomotor by means of t
pressing gap control system to thereby control the
stopping positionofthefirstpressingelement(mo
side) in the flat press device with accuracy. This
achieves the precise settings of the gap between th
pressingelementsandthepressingforcefromthep
elements. The laminating apparatus according to th
present invention is therefore capable of setting t
processing conditions of the workpiece more finely
achieve a reduction in variations from product lot
product lot and accordingly a reduction in product
fraction defective.

[0019] Further,thelaminatingapparatusaccording

presentinventioninwhichthepressinggapcontrol

changes the RPM of the servomotor step by step, bas

ontheinformationonthedistance betweenthefirs
second pressing elementswhichis provided fromthe
measuring device and in which the pressing gap cont
systemincludesanapproachspeedprogramforcontr

thespeedatwhichthefirstpressingelementappro
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the second pressing elementis capable of reducing
cycle (tact time) of the repeating operation genera
for each product lot while maintaining the uniformi
of the thickness of the product. The laminating
apparatus including the approach speed program is
thereforecapableofimprovingtheproductioneffic

of the product.

BRIEF DESCRIPTION OF DRAWINGS
[0020][FIG. 1] FIG. 1 is a schematic view showing
configurationofalaminatingapparatusaccordingt
embodiment of the present invention.

[FIG.2] FIG.2isanenlargedviewofaflatpre
device (step C) in the laminating apparatus accordi
to the embodiment.

[FIG. 3] FIG. 3 is a schematic view showing a
configuration of a conventional laminating apparatu

[FIG.4] FIG.4isanenlargedviewofaflatpre
device used in the conventional laminating apparatu

[FIG. 5] FIG. 5is a view showing another
exemplary configuration of the conventional flat pr

device.

DESCRIPTION OF EMBODIMENTS

[0021] Next, an embodiment according to the present
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disclosurewillnowbedescribedindetailwithref

to the drawings.

[0022]FIG. 1 is a view showing a configuration of
laminating apparatus according to an embodiment of
presentdisclosure. FIG.2isanenlargedviewof
pressdevice(stepC;flatpressdevice30)showni

1. Like reference numerals and characters are used
FIGS. 1 and 2 to designate components similar to th
of the related art (FIG. 3).

[0023] This laminating apparatus laminates an
electrically insulative resin film to a circuit boa
having a surface with asperities formed by printing
interconnectlinesandthelikethereon,andisesp
suitableforthemanufactureofabuild-upboardin

circuit boards and resin films that are alternately
laminated together in a multi-layered fashion. Thi
laminatingapparatusincludesworkpiecetransportu
(steps A and A’; indicated by dash-and-dot lines
hereinafter),avacuumlaminatingdevice(stepB),
press device (step C) and a cooling device (step D)
[0024] Specifically,thislaminatingapparatusincl
theworkpiecetransportunits(stepsAandA’';indi
bydash-and-dotlineshereinafter)including: upper
lower transporting film unwinding machines 10 and 1

and upper and lower transporting film winding machi
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40 and 40" which are disposed on opposite ends of t
steps(onaright-handsideasseeninthefigures
asastepstarting pointand on aleft-handside as
inthefigureservingasastependingpoint);tran

films F and F'; and a plurality of rollers supporti
thetransportingfilmsFandF'inapluralityofl

of the steps. The vacuum laminating device (step B
the flat press device (step C) and the cooling devi
(step D) are disposed in the course of the workpiec

transport step (A

(step B) includes a vacuum laminating device 20 tha

sandwichesasheet-likeworkpiece W (temporarylami
includingacircuitboardandaresinfilmmerelyp
onortemporarilyfixedonthecircuitboard)trans
bythetransportingfilmsFandF'betweenupperan
plates21and21'underareduced-pressure conditio
bringtheresinfilmintointimatecontactwiththe

of the circuit board. The flat press device (step
includes the flat press device 30 that presses the
workpiece Wwiththeresinfilminintimate contact

the circuit board between upper and lower press blo
31 and 31' (a pair of pressing elements) to flatten
surface oftheresinfilm, thereby making the thick
oftheworkpiece Wuniform, sothataproduct(lami

isprovided. Thecoolingdevice (stepD)includes
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42 and 42' for cooling the product obtained by the
press device.

[0025] As shown in FIG. 2, the flat press device 30
the laminating apparatus according to this embodime
further includes: the pair of press blocks 31 and 3

a ball screw 36 having a screw shaft 36a and suppor
the lower press block 31'; a servomotor 35 connecte
thescrewshaft36aoftheballscrew36;aprogram
logic controller (PLC) and a servo amplifier (both
shown) for controlling the rotation of the servomot
35;andalinearscale37disposedbetweenthelowe
block 31' and a press stand 63.

[0026] The servomotor 35 is rotated based on an
instruction signal from the PLC to move the lower p
block31'towardtheupperpressblock31. Atthis
thelinearscale37continuouslyandindirectlymea

a distance (gap) between the press blocks 31 and 31
The flat press device 30 is set so that information
thedistancebetweenthepressblocks3land31'me
bythelinearscale37isfedbacktotheservoamp
andisprogrammedtocontroltheinstructionsignal
thePLC,basedontheinformationonthedistanceb
thepressblocks31land31'. Thus,theflatpress

30 is capable of changing the RPM of the servomotor

step by step or continuously in accordance with the
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distance betweenthepressblocks31and31'tosto
pressblock31'preciselyatapresetposition. In
manner, the present disclosure includes a pressing
control system for changing the RPM of the servomot
35,basedontheinformationonthedistance betwee
pressblocks3land31'. Thisisthemoststriking

of the laminating apparatus according to the presen
disclosure.

[0027] The configuration of the flat press device 3

the laminating apparatus according to the present
disclosure will be described first in detail, and t
configurationsofothercomponentswillbedescribe

As shownin FIG. 2, the basic configuration of the
press device 30 is similar to that of the conventio

flat press device 60 (with reference to FIG. 4). T
flat press device 30 includes: a plurality of suppo
posts 64 (only two out of fouratfourcornersare

in FIG. 2) provided upright on the press stand 63;
upper press block 31 fixed to the support posts 64
fixturessuchasboltsandnuts;andthelowerpres

31' fixed to the support posts 64 movably up and do
[0028]Heatingplatens32and32'eachcontaininga

are mounted respectively on the inside (press side)
the upper and lower press blocks 31 and 31', with a

heat-insulating material (not shown) therebetween.
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Flexible metal plates 34 and 34' are further dispos
respectively on the inside (press side) of the heat
platens 32 and 32', with buffer materials 33 and 33
therebetween. Thus, the workpiece W having passed
throughthevacuumlaminatingdevice(stepB)andh
theresinfilminintimatecontactwiththecircuit
ispressedbetweentheflexible metal plates 34 and
Thismakesthethicknessoftheworkpiece Wuniform
provides a product (laminate) in which the surface
the resin film layer is a specular flat surface.
[0029] The respective surfaces of the buffer materi
33and33'mountedontheinside(pressside)ofth
platens32and32'ofthepressblocks3land31’p

have aShore Ahardnessofnotlessthan60degrees
more preferably in the range of 65 to 75 degrees.
the Shore A hardnessislessthan 60 degrees, there
cases in which the effect of obtaining the uniformi
of the thickness of the resin film (laminate) after
lamination is not produced. The Shore A hardness
accordingtothepresentdisclosureismeasuredpur
toJ1SZ2246. Thebuffermaterials33and33'pre

have a thickness in the range of 0.2 to 20 mm, more
preferably in the range of 0.2 to 10 mm, and furthe
preferablyintherangeof0.2to4mm. Ifthethi

of the buffer materials 33 and 33'islessthan 0.2
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thereare casesinwhichthe buffermaterials33an
have a low elastic strength, which is not preferabl
If the thickness of the buffer materials 33 and 33’
greater than 20 mm, there are cases in which the en
of the buffer materials 33 and 33' are deformed, wh
is not preferable.

[0030]Any one surface-polished material selected f
the group consisting of paper, rubber, plastic and
like may be usedasthe buffermaterials 33and 33’
these, rubber is preferably used, and fluororubber
particularlypreferablyused. Examplesoffluororu
used herein include vinylidene fluoride rubber,
fluorine-containing silicone rubber,
tetrafluoroethylene rubber, fluorine-containing vin
etherrubber,fluorine-containingphosphonitrileru
fluorine-containing acrylate rubber,
fluorine-containing nitrosomethane rubber,
fluorine-containing polyester rubber and
fluorine-containing triazine rubber. The buffer
materials33and33'maycontainaheat-resistingr

a glass fiber sheet, a metal foil sheet and the lik
[0031] The flexible metal plates 34 and 34' mounted
the inside (press side) of the buffer materials 33
33' of the press blocks 31 and 31' preferably have

thicknessintherangeof0.1to10mm,andmorepr
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intherangeoflto3mm. Ifthethicknessofthe

metal plates 34 and 34'is less than 0.1 mm, there
cases in which the mechanical strength of the flexi
metal plates 34 and 34'isdecreased. Ifthethick

of the flexible metal plates 34 and 34'is greater

10 mm, there are cases in which the flexibility of
flexiblemetalplates34and34‘isdecreased. As

there are cases in which the effect of obtaining th
uniformity of the thickness of the resin film after
lamination is not sufficiently produced. Mirror
polishing of the surfaces of the flexible metal pla
34and34'bybuffingorthelike,whichprovidesa

mirror surface of a product (laminate), is more
preferable.

[0032] Examples of the material of the flexible met
plates34and34'includestainlesssteel,iron,al
andaluminumalloys. Stainlesssteelispreferably
from the viewpoint of anti-rust properties.
[0033]Anelevatingmechanismforthepressblock3
formedinthespacelyingunderthe pressblock 31’
includes: the ball screw 36 including the screw sha

36aandanut(ballnut);andtheservomotor35con

to the screw shaft 36a. The RPM of the servomotor

iscontrolled by the servo amplifier (notshown), b

ontheinstruction signal fromthe PLC and the fed-
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information on the distance between the pressblock
and31'. Thatis,thelowerpressblock31'iscon
through a joint (not shown) or the like to the nut

of the ball screw 36. Thus, the aforementioned
configuration is capable of controlling the operati
ofrotatingtheservomotor35connectedtothescre

36ato thereby controlling the press block 31' mova
up and down.

[0034] The linear scale 37 that measures a distance
between the press block 31' and the press stand 63
furtherdisposedinthespacelyingunderthepress

31'. The linear scale 37 includes: a scale 37a fix

to the press stand 63; and an encoder head 37b moun
tothe pressblock 31'and slidably moving upwardly
downwardlyinsynchronismwiththepressblock31'.
linear scale 37 indirectly measures the distance (g
betweentheupperpressblock3landthelowerpres
31'moving upwardly and downwardly as the servomoto
is operated to rotate.

[0035] Examples of the linear scale 37 used herein
include linear scales (linear encoders) of a magnet
typehavingamagneticheadandofanopticaltype
light-emittingandlight-receivingelements. Furth

a distance meter in another form capable of measuri

the gap between the press blocks 31 and 31' directl
19
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indirectlyinacontacting ornon-contacting manner
be used in place of the linear scale 37.

[0036] The linear scale 37 may be disposed so as to
abletodirectlymeasurethegapbetweenthelower
block31'andtheupperpressblock31. However,i
linear scale 37 isdisposed between the press block
and 31', there is a danger that the linear scale 37
affected by heat from the heating platens 32 and 32
which in turn results in a danger that it is diffic
forthelinearscale 37tomeasureaprecise gap wi
considerationofheat. Itishence preferablethat
linear scale 37 is disposed in a position remote fr
theheatingplatens32and32',e.g.underthepres
31l'asinthisinstance,tomeasurethedistancebe

the press block 31' and the press stand 63, thereby
indirectlymeasuringthegapbetweenthelowerpres

31" and the upper press block 31.

[0037] The flat press device 30 includes the servo
amplifier (not shown) that controls the operation o
rotating the servomotor 35, based on the instructio
signal fromthe PLC and the fed-backinformation on
distance between the press blocks 31 and 31'. The
between the press blocks 31 and 31'is controlled n
onlybasedontheinstructionsignal(pressinggap

program)incorporatedinthePLCbutalsobythepr
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gap control system set in consideration of a distan
signal provided fromthelinearscale 37. Thatis,
operation ofrotating the servomotor 35 operated by
instructionsignalfromthePLCiscontrolledbyfe
back the information on the distance between the pr
blocks31and31'sentfromthelinearscale37. |
instance thepressblock3lismovedupwardlyby

the servomotor 35, based onthe instruction signal
the PLC. When the gap between the press blocks 31
31'(informationonthedistancebetweenthepress
3land31'sentfromthelinearscale) reachesapr
value, information indicating that the set value is
reachedisfedbacktotheinstructionsignalincor

in the PLC, so that the rotation of the servomotor
is slowed down or stopped. This allows the setting
the stoppingpositionofthepressblock31'withh
precisiontotherebyallowthesettingofthegapb

the press blocks 31 and 31' with higher precision.
[0038] Withthesearrangements,thelaminatingappa
includingtheflatpressdevice30iscapableofca
thefinishedthicknessoftheproduct(laminate)to

a desired thickness as previously set. That is, th
laminatingapparatusiscapableofpreciselysettin
distance (gap) between the press blocks 31 and 31'

theflatpressdevice30toapredeterminedvaluet
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the thickness of the product to have the predetermi
value, thereby eliminating the variations in produc
thickness from press to press. This increases the
reproducibility of the product thickness to improve
yields.

[0039] Inparticular,theprovisionofanapproach
programthatsuppressestheRPMoftheservomotor3
is,thespeedofupward movementofthe pressblock
stepbystepinaccordancewiththegapbetweenthe
blocks31and31'tocontrolthespeedatwhichthe
block 31' approaches the press block 31 achieves th
control of the finished (product) thickness of the
workpiece W with higher precision. Further, the
reductionincycle(tacttime)oftherepeatingope
generated for each product lot improves production

efficiency as compared with conventional steps. Th

aforementioned approach speed program used herein m

be incorporated in the PLC, for example.

[0040] Thepressinggapcontrolsystemincludingth

the ball screw 36, the servomotor 35, the linear sc

37, the servo amplifier and the like may be provide

the vacuum laminating device 20 including an elevat
mechanism for pressing elements (plates 21 and 21')
[0041] Next,othercomponentsofthelaminatingapp

thantheflatpressdevice30(stepC)willbedesc
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[0042]First,theworkpiecetransportunits(steps

A") include: the upper and lower transporting film
unwinding machines 10 and 10' positioned at the ste
starting point; a carrying-in conveyor portion 11 f
carryingintheworkpiece W (temporarylaminate wit
resin film merely placed on ortemporarily fixed on
circuit board); the transporting film winding machi

40 and 40' disposed at the step ending point; a
carrying-out portion 41 for carrying out the workpi

W; the transporting films F and F' for transporting
workpiece W; and a plurality of guiding rollers and
like supporting the transporting films F and F' in
plurality of locations.

[0043]Workpieces W supplied in succession at
predetermined intervals from the carrying-in convey
portion 11 are held intermittently at predetermined
intervalsbetweentheupperandlowertransporting

F and F' unwound from the respective transporting f
unwinding machines 10 and 10'. While being guided
the guiding rollers in synchronism with the traveli
ofthetransportingfilmsFandF',eachworkpiece
betweentheupperandlowerplates2land21'ofth
laminating device 20, betweenthe upperandlowerp
blocks 31 and 31' of the flat press device 30 and v

the cooling device (step D), and is thus formed int
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product (laminate). Then, the holding of the produ
between the transporting films F and F' is released
[0044] After releasing the holding of the product

therebetween, thetransportingfilms Fand F'arew

on the transporting film winding machines 40 and 40

respectively, and are puttoreuse andthe like. A
the holding of the product (laminate) between the
transporting films F and F' is released, the produc
(laminate) is carried out of the carrying-out porti
41 at the step ending point (on the left-hand side
seen in the figure).

[0045] For example, films made of polyethylene
terephthalate (PET) are preferably used as the
transporting films F and F'. Examples of such film
include"EMBLETPTHSeries"availablefromUnitika
"Matte Film Series" available from Diafoil Co., Ltd
and"Lumirror Series" available from Toray Industri
Inc. Itispreferablethatthewidthofthetransp
filmsFandF'isapproximately 10to 40 mm greater
the width of the workpieces W so that the melted re
film (laminated film) of the workpieces W does not
out in the width direction. The transporting films
and F' are generally placed under a tension of 0.5
150 N.

[0046] Next, the vacuum laminating device (step B)
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including the vacuum laminating device 20 applies h
and pressure under areduced-pressure vacuum condit
to a workpiece W transported by the transporting fi
FandF'tobringtheresinfilm of the workpiece W
intimate contact with the circuit board.

[0047] The vacuum laminating device 20 includes: a
pluralityofsupportposts54provideduprightona

stand 53; the upper pressing element (plate 21) fix
tothe support posts 54 with fixtures such as bolts

nuts; and the lower pressing element (plate 21") fi

to the support posts 54 movably up and down.
[0048]Heatingplatens22and22'eachcontaininga

are mounted respectively on the inside (press side)
the upper and lower plates 21 and 21', with a
heat-insulating material (not shown) therebetween.
Elasticpressingplates23and23'madeofaheat-r
rubberorthelike are furtherdisposedrespectivel

the inside (press side) of the heating platens 22 a
22'. Vacuum frames 24 and 24' (movable vacuum fram
movingrelativelyintegrally with the plates 21 and

are disposed respectively around the upper and lowe
plates 21 and 21' and the heating platens 22 and 22
When the lower plate 21' is moved upwardly to a
predetermined position, an enclosed space is define

between the upper and lower plates 21 and 21', so t
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the pressure in the enclosed space can be reduced.
[0049]In this vacuum laminating device 20, the low
plate21'issupportedbyaballscrew26andaser
25,andalinearscale27thatmeasuresadistance

the plate 21'and the press stand 53 is disposed in
space lying under the plate 21', as in the flat pre
device 30. The linear scale 27 includes: a scale 2
fixedtothepressstand53;andanencoderhead27

to the plate 21' and slidably moving upwardly and
downwardlyinsynchronismwiththeplate21'. The
scale27indirectlymeasuresthedistance (gap) bet
theupperplate2landthelowerplate21'movingu
anddownwardlyastheservomotor25isoperatedto
This vacuum laminating device 20 includes a servo
amplifier (not shown) that controls the operation o
rotatingtheservomotor25,basedonaninstruction
fromaPLC and afed-backdistance signal provided
the linear scale 27. The vacuum laminating device
isthuscapableofmovingthelowerplate21'toa
inwhichapredeterminedgapisdefinedbetweenthe
plate21andthelowerplate21',and stoppingthe
plate 21' at that position.

[0050] With this arrangement, the vacuum laminating
device20ofthelaminatingapparatusiscapableof

the thickness of the workpiece W pressed under vacu

26

er
vomotor
between
the
Ss
7a

bmounted

linear
ween
pwardly

rotate.

signal
from
20
position
upper

lower

causing

um



10

15

20

25

Finalized Mirror Translation
Ourref. 1541-US,SG,MY

tohaveadesiredvaluepreviouslyset. Also,the
laminatingdevice20iscapableofcausingthethic
oftheworkpiece Watthe endofthis steptofall
asetrange. Thisallowsthepressbymeansofthe
pressdevice30thatisthenextfinishingstepto

the accuracy of the thickness of the product. Int

vacuum laminating device 20, the servomotor or the

need not be used, but the plate may be moved upward

and downwardly by means of a hydraulic cylinder, an
cylinder or the like. That is, only the provision

the pressinggapcontrolsystemintheflatpressd
30sufficientlyincreasestheaccuracy ofthe thick

of the product.

[0051] Next,thecoolingdevice (stepD)forcoolin
product obtained by the aforementioned flat press
includes the fans 42 and 42' over and under the
transporting films F and F', as shown in FIG. 1.
Specifically, the cooling device blows air (cool ai
downwardlyandupwardlytowardthe productheld bet
thetransportingfilms FandF'andtransportedfro

flat press device 30 to cool the product. The cool
device (step D) is not necessary depending on the t
of the resin film used and the like, and need not
necessarily be provided.

[0052] ThetransportingfilmsFandF'areseparate
27
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the front and back surfaces of the cooled product,
that the holding of the cooled product between the
transporting films F and F' is released. After the
holding of the cooled product between the transport
films F and F'is released, the product is carried
ofthelaminatingapparatusbymeansofthecarryin
portion41l. Afterreleasingtheholdingofthe pro
therebetween, the transportingfilms Fand F'arew

on the transporting film winding machines 40 and 40

respectively.

EXAMPLES

[0053] Next,anexampleofthepresentdisclosurei
theaforementionedlaminatingapparatus(FIG.1)wa

to manufacture a product (laminate) from a workpiec
(temporary laminate) will be described. It should
noted thatthe presentdisclosure is notlimited to
example.

[0054] First, a resin film for lamination including
epoxy resin composition layer (with a glass transit
temperature of 80°C and a thickness of 42.5

polyethylene terephthalate layer (support layer, wi

SO

ing

out
g-out
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um) and a

th

a thickness of 38 um) was placed on a front surface of

a circuit board (with a thickness of 0.4 mm, an

interconnectlinethicknessofl18

28

um,andaninterconnect
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linespacingof20 pm)havingthefrontandbacksurfaces

with asperities (interconnect lines). An automatic
sheetcutlaminatorwasusedtotemporarilyfixthe
filmonthecircuitboard. Thus,aworkpieceW(te
laminate) was produced.

[0055] Then, the transporting films F and F' (with

thickness of 26 pm and a surface roughness Rz of 4

madeofpolyethyleneterephthalatewereunwoundfro
transportingfilmunwindingmachines10and10'and
passedthroughtheentiresteps. Then,thetranspo
filmsFandF'weresetsoastobewoundonthetr

film winding machines 40 and 40'. Prior to vacuum
lamination, the temperature of the heating platens
and 22' of the vacuum laminating device 20 was rais
to110°C,sothattheinteriorofanenclosedspace

between the vacuum frames 24 and 24' and the upper
lowerplates2land21'washeated. Also,thetemp
oftheheatingplatens32and32'oftheflatpress

30 was raised to 100°C.

[0056]With preparationscompleted, the workpiece W
carried from the carrying-in conveyor portion 11 in
thelaminatingapparatus. Then,theworkpieceWwa
betweenthetransportingfilms Fand F'unwoundfro
transportingfilmunwindingmachines10and10'. |

state,thetransportingfilmsFandF'weremovedt
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theworkpieceWtoapredeterminedpositionlyingb

the plates 21 and 21' of the vacuum laminating devi
20.

[0057] Then, the servomotor 25 was rotated to move
lowerplate21'ofthevacuumlaminatingdevice20
Thisbroughtthevacuumframes24and24'intoenga
with each otherto define an enclosed space between

plates 21 and 21'.

[0058] Next, a vacuum pump (not shown) was actuated

After a decrease in pressure in the enclosed space

100Pawasverified,thelowerplate21'wasfurthe

upwardly. The upward movement of the lower plate 2

wasstoppedwhenagapbetweentheelasticpressing
23 and 23'disposedrespectively onthe surfaces (p
side) of the plates 21 and 21' reached 0.42 mm. Th
posture was maintained for 20 seconds to apply pres
to the workpiece W. Thereafter, the pressure in th
enclosedspacewasreturnedtoatmosphericpressure
thelowerplate21'wasmoveddownwardly. Thus,th
Bbymeansofthevacuumlaminatingdevicewascomp
[0059] AfterthestepBbymeansofthevacuumlami
device was completed so that the resin film of the
workpiece W was inintimate contact with the surfac
the circuitboard, the transporting films Fand F'

movedtomovetheworkpieceWtoapredeterminedpo
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lying between the press blocks 31 and 31' of the fl
press device 30.

[0060] Specifically,theservomotor35wasrotated

on aninstruction signal from the PLC to move the p
block 31'upwardly, and adistance signal provided
the linear scale 27 was fed back to the servo ampli
(not shown). The servomotor 35 was controlled to
completely stop rotating when the press blocks 31 a
31'hadapreviouslysetpredeterminedgaptherebet
(inthis example, when a gap between the flexible m
plates 34 and 34'disposedrespectively onthe surf
(pressside)ofthe pressblocks31and31'reached
mm). Thisensuresthe precise positioning ofthe p
block 31"

[0061] Thepostureinwhichthegapbetweenthefle
metal plates 34 and 34' was 0.42 mm was maintained
50seconds. Specifically,pressureandheatwerea
totheworkpieceWwiththeresinfilminintimate
withthecircuitboardfor50secondstoformthew
Wintoaproduct. Thereafter,thelowerpressbloc
wasmoveddownwardlytoreleasethepressureapplic
Thus, the step C by means of the flat press device
completed.

[0062] The productobtained afterthe completion of

stepCbymeansoftheflatpressdevice wastransp
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to a cooling stage by moving the transporting films
and F'. Inthis cooling stage, the product was coo
byblowingairfromthefans42and42'thereto[co

device (step D)]. Thereafter, the transporting fil

F and F' were separated upwardly and downwardly.

transporting films F and F' were wound respectively
thetransporting filmwinding machines40and 40'.
product released from between the transporting film
and F' was carried out of the laminating apparatus
means of the carrying-out portion 41.

[0063] Thedistance fromthe processing position of

workpiece W in the vacuum laminating device 20 to t

processingpositionoftheworkpiece Wintheflat
device 30 is approximately equal to the distance fr
the processing position of the workpiece W in the f
pressdevice 30tothe coolingstate (thelocation
airblownfromthefans42and42'impinges) becaus
stepsareperformedinsuccession. Thepositionso
workpiece W or product in the three location, i.e.
vacuum laminating device 20, the flat press device
and the cooling stage [cooling device (step D)], ar
automaticallydeterminedbymovingthetransporting

F and F' intermittently.

[0064]In the laminating apparatus having the

aforementionedconfiguration,theresinfilminint

32

T

led
oling
ms
he
on
The

sk

by

the
he
press
om
lat
where
ethe
fthe
the

30

films

imate



10

15

20

25

Finalized Mirror Translation
Ourref. 1541-US,SG,MY

contact with the circuit board is first fixed in a
predeterminedpositiononthecircuitboardbythe
laminating device. This prevents the resin film fr
being out of position and from being twisted due to
nextpressbymeansoftheflatpressdevice. Ina

the flatpress deviceincludesthe pressing gap con
systemthatfeedstheinformationonthedistanceb

the pressblocks 31 and 31' (pressing elements) bac
the instruction signal from the PLC to change the R
oftheservomotor35. Thus,thethicknessofthep

is not conventionally controlled based on experimen
butiscorrectly precisely setfromthe beginning.
obtainedproductiscooledquicklybythenon-conta
coolingdeviceinthecoolingstage. Thispromotes
curingofthefilmresintoavoidthe deformationo
likethereofduringthetransportorcarrying-outt
Thatis, the laminating apparatusis capable of cau
the thickness of the productto have adesired cons
valuepreviouslysettosignificantlyreducevariat
inthicknessfromproductlottoproductlot,asco

with the conventional manufacturing methods.
[0065] Althoughspecificformsinthepresentdiscl

have been described in the aforementioned example,

aforementioned example should be considered as mere

illustrative and not restrictive. It is contemplat
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that various modifications evident to those skilled
the art could be made without departing from the sc
of the present disclosure.

[0066] Thelaminatingapparatusaccordingtothepr
disclosure is capable of laminating the circuit boa
andtheresinfilmusedforelectricalinsulationb
boardstogethertoaprecisethickness, andissuit
forthe manufacture of products (laminates) require
haveaprecisefinishedthickness,suchasbuild-up
andboardsmountedwithlight-emittingelementsinc

LEDs and the like.

REFERENCE SIGNS LIST
[0067]20 Vacuum laminating device
30 Flat press device
31 and 31" Press blocks
35 Servomotor
36 Ball screw
36a Screw shaft
37 Linear scale

W Workpiece
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CLAIMS

[CLAIM 1] A laminating apparatus comprising:
a workpiece transport unit transporting a

workpieceincludingacircuitboardandaresinfil

lamination placed on the circuit board;

a vacuum laminating device applying pressure to

theworkpiecebysandwichingtheworkpiecebetween
ofpressingelementsunderareduced-pressurecondi
to bring the resin film into intimate contact with
surface of the circuit board; and

a flat press device pressing the workpiece with
theresinfilminintimatecontactwiththecircuit
bysandwichingtheworkpiece betweenapairoffirs
secondpressingelementstoflattenasurfaceofth
film,

whereintheflatpressdeviceincludesaballscre
having a screw shaft and supporting the first press
element, a servomotor connected to the screw shaft
theballscrew,agapmeasuringdevicemeasuringa
betweenthefirstpressingelementandthesecondp
element, and a pressing gap control system moving t
first pressing element to a position in which a
predeterminedgapisdefined betweenthefirstpres

elementandthesecondpressingelementtostopthe
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pressing element at that position, and

wherein the pressing gap control system changes

arevolutions per minute (RPM) of the servomotor, b ased
oninformationonthedistancebetweenthefirstan dsecond

pressingelementswhichisprovidedfromthegapme asuring

device.

[CLAIM 2] The laminating apparatus according to

claim 1,

wherein the pressing gap control system changes

the RPM of the servomotor step by step, based on th e
informationonthedistancebetweenthefirstands econd
pressingelementswhichisprovidedfromthegapme asuring
device, and

whereinthe pressinggap controlsystemincludes

anapproachspeedprogramcontrollingthespeedat which
thefirstpressingelementapproachesthesecondpr essing
element.

36



