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DESCRIPTION 

LAMINATING APPARATUS 

 

TECHNICAL FIELD 

[0001] The present invention relates to a laminatin g 5 

apparatus capable of laminating a circuit board and  a 

resin film together uniformly to a desired thicknes s. 

 

BACKGROUND ART 

[0002] With the decreasing size and increasing 10 

performance of electronic devices, multi-layered ci rcuit 

boards known as "build-up boards" have been used mo re 

frequently as electronic circuit boards incorporate d in 

these electronic devices.  Each of the build-up boa rds 

is produced by alternately laminating circuit board s 15 

having surfaces with asperities formed by printed 

interconnect lines and the like and electrically 

insulative resin films together in a multi-layered 

fashion.  Laminating apparatuses disclosed in PTL 1  and 

shown in FIGS. 3 and 4, for example, are used for t he 20 

manufacture of the build-up boards. 

[0003] The laminating apparatus shown in FIG. 3 inc ludes 

workpiece transport units (steps A and A'; indicate d by 

dash-and-dot lines hereinafter), a vacuum laminatin g 

device (step B), a flat press device (step C), and a cooling 25 
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device (step D).  Specifically, the workpiece trans port 

units (steps A and A') intermittently transport 

sheet-like workpieces W, each of which includes a c ircuit 

board and an electrically insulative resin film mer ely 

placed on the circuit board, in the direction of th e 5 

sequence of steps (in a direction from right to lef t as 

seen in the figure) while holding the workpieces W between 

upper and lower transporting films F and F' (made o f PET 

or the like) unwound from transporting film unwindi ng 

machines 10 and 10'.  The vacuum laminating device (step 10 

B) is disposed in the course of the workpiece trans port 

step (A → A') in contiguous relation thereto, and includes 

a vacuum laminating device 50 and the like.  The fl at 

press device (step C) makes a workpiece W in which the 

resin film is brought into intimate contact with th e 15 

circuit board by the vacuum laminating device into a 

build-up board (product) having a uniform overall 

thickness by flattening a surface of the resin film  of 

the workpiece W, and includes a flat press device 6 0 and 

the like.  The cooling device (step D) cools the bu ild-up 20 

board (product) having passed through the flat pres s 

device. 

[0004] In the laminating apparatus shown in FIG. 3,  the 

reference characters 22 and 22' in the vacuum lamin ating 

device 50 designate heating platens each containing  a 25 
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heater and the like, and the reference characters 2 4 and 

24' designate vacuum frames for forming a 

reduced-pressure space (vacuum portion) between upp er 

and lower plates 21 and 21'.  The reference numeral  51 

designates a hydraulic cylinder used for moving the  lower 5 

plate 21' upwardly and downwardly; 53 designates a press 

stand; and 54 designates a support post for support ing 

the lower plate 21' movably up and down.  The hydra ulic 

cylinder 51 may be an air cylinder. 

[0005] FIG. 4 is a partial enlarged view of the fla t press 10 

device 60 in the laminating apparatus shown in FIG.  3.  

The flat press device 60 includes: a plurality of ( only 

two out of four at four corners are shown in FIGS. 3 and 

4) support posts 64 provided upright on a press sta nd 

63; an upper press block 31 fixed to the support po sts 15 

64 with fixtures such as bolts and nuts; and a lowe r press 

block 31' fixed to the support posts 64 movably up and 

down.  In the figure, the reference characters 32 a nd 

32' designate heating platens for heating the workp iece 

W with the resin film in intimate contact with the circuit 20 

board. 

[0006] In the flat press device 60, the lower press  block 

31' is coupled to a hydraulic cylinder 61 via a joi nt 

(not shown) or the like, as in the vacuum laminatin g device 

50.  Thus, the lower press block 31' is configured to 25 
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move upwardly and downwardly as a piston rod of the  

hydraulic cylinder 61 moves upwardly and downwardly .  The 

hydraulic cylinder 61 may be an air cylinder. 

[0007] In some cases, a plurality of hydraulic cyli nders 

or air cylinders are used in place of the aforement ioned 5 

single hydraulic cylinder (designated by the refere nce 

numeral 51 or 61) to move the lower press block 31'  of 

the flat press device 60 and the lower plate 21' of  the 

vacuum laminating device 50 upwardly and downwardly .  For 

example, as shown in FIG. 5, a known structure for moving 10 

the press block 31' upwardly and downwardly include s a 

total of five hydraulic cylinders: four (only two o ut 

of four are shown) hydraulic cylinders 62 disposed at 

the four respective corners of the press block 31' in 

addition to the hydraulic cylinder 61 disposed at t he 15 

center of the press block 31' as seen in plan view.  

[0008] With regard to the laminating apparatus incl uding 

the aforementioned steps A to D, the present applic ant 

has already proposed a laminating apparatus in whic h a 

vacuum laminating device including upper and lower plates 20 

each having a surface provided with an elastic pres sing 

plate made of a heat-resisting rubber is used as th e vacuum 

laminating device of the laminating apparatus to th ereby 

bringing a laminating material (resin film) into ti ghtly 

intimate contact with and into following engagement  with 25 
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a to-be-laminated material (board) without bubbles 

between the to-be-laminated material and the lamina 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 µm) or of great depth (not 5 

less than 40 µm) (PTL 2). 

[0009] With regard to the laminating apparatus incl uding 

the aforementioned steps A to D, the present applic ant 

has also proposed a laminating method in which uppe r and 

lower press blocks each having a surface (on press side) 10 

provided with a flexible metal plate, with a buffer  

material therebetween, are used for a flat press de vice 

used as the flat press device of the laminating app aratus 

to thereby provide a laminate having a uniform over all 

thickness and including a resin film having a surfa ce 15 

that is a flat surface excellent in specularity (PT L 3). 

 

RELATED ART DOCUMENT 

PATENT DOCUMENT 

[0010] PTL 1: JP-A-2002-120100 20 

 PTL 2: JP-A-2008-12918 

 PTL 3: JP-A-2003-291168 

 

SUMMARY OF INVENTION 

[0011] In these laminating apparatuses, the vacuum 25 
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laminating device and the flat press device do not have 

a feedback control system as a single unit, and the  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 5 

lower plate or the press block.  The operating spee d of 

the hydraulic cylinders or the air cylinders is con trolled 

by a speed controller (flow regulating valve) inter posed 

in a flow passage of the working fluid. 

[0012] In recent years, there has been a demand to control 10 

the thickness of products at a higher level so as t o achieve 

a more uniform thickness of the products.  In parti cular, 

when sealing (film laminate) with a resin film is u sed 

as an alternative to a resin mold in a board mounte d with 

a light-emitting element such as an LED, products h aving 15 

different thicknesses result in a difference in LED  

element color and in temperature.  That is, variati ons 

in thickness of products increase a fraction defect ive 

to reduce yields.  It is hence highly desirable to develop 

a laminating apparatus capable of controlling the 20 

thickness of products at a more precise level to su ppress 

variations in the thickness of products from lot to  lot. 

[0013] In view of the foregoing, it is therefore an  object 

of the present invention to provide a laminating ap paratus 

capable of precisely controlling the stopping posit ion 25 
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of a pressing element, such as a press block, for p ressing 

a workpiece in a flat press device of the laminatin g 

apparatus to reduce variations in thickness of resu ltant 

products. 

[0014] To accomplish the aforementioned object, a f irst 5 

aspect of the present invention is intended for a 

laminating apparatus comprising: a workpiece transp ort 

unit for transporting a workpiece including a circu it 

board and a resin film for lamination placed on the  circuit 

board; a vacuum laminating device for applying pres sure 10 

to the workpiece by sandwiching the workpiece betwe en 

a pair of pressing elements under a reduced-pressur e 

condition to bring the resin film into intimate con tact 

with a surface of the circuit board; and a flat pre ss 

device for pressing the workpiece with the resin fi lm 15 

in intimate contact with the circuit board by sandw iching 

the workpiece between a pair of first and second pr essing 

elements to flatten a surface of the resin film, wh erein 

the flat press device includes a ball screw having a screw 

shaft and supporting the first pressing element, a 20 

servomotor connected to the screw shaft of the ball  screw, 

a gap measuring device for measuring a distance bet ween 

the first pressing element and the second pressing element, 

and a pressing gap control system for moving the fi rst 

pressing element to a position in which a predeterm ined 25 



Finalized Mirror Translation 

Our ref. 1541-US,SG,MY 

8 

 

gap is defined between the first pressing element a nd 

the second pressing element to stop the first press ing 

element at that position, and wherein the pressing gap 

control system changes the RPM of the servomotor, b ased 

on information on the distance between the first an d second 5 

pressing elements which is provided from the gap me asuring 

device. 

[0015] In particular, a second aspect of the presen t 

invention is intended for the laminating apparatus 

wherein the pressing gap control system changes the  RPM 10 

of the servomotor step by step, based on the inform ation 

on the distance between the first and second pressi ng 

elements which is provided from the gap measuring d evice, 

and wherein the pressing gap control system include s an 

approach speed program for controlling the speed at  which 15 

the first pressing element approaches the second pr essing 

element. 

[0016] The present inventors have diligently made s tudies 

to solve the aforementioned problem.  As a result, the 

present inventors have found that the use of the ba ll 20 

screw, the servomotor, the gap measuring device for  

measuring the distance between the pressing element s and 

the pressing gap control system in the flat press d evice 

in place of the hydraulic cylinder and the air cyli nder 

which are used widely as an elevating mechanism for  the 25 
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pressing element such as a plate and a press block for 

pressing the workpiece achieves the precise setting s of 

the elevating speed of the pressing element, the st opping 

position of the pressing element and the pressing f orce 

of the pressing element in accordance with the desi red 5 

quality of the product to reproduce the product hav ing 

a more uniform thickness with accuracy. 

[0017] The laminating apparatus according to the pr esent 

invention includes the flat press device for pressi ng 

the workpiece having passed through the vacuum lami nating 10 

device and having the resin film in intimate contac t with 

the circuit board by sandwiching the workpiece betw een 

the pair of upper and lower pressing elements to fl atten 

the surface of the resin film.  The flat press devi ce 

includes the ball screw supporting the first pressi ng 15 

element, the servomotor connected to the screw shaf t of 

the ball screw, the gap measuring device for measur ing 

the distance between the first pressing element and  the 

second pressing element, and the pressing gap contr ol 

system for moving the first pressing element to the  20 

position in which the predetermined gap is defined between 

the first pressing element and the second pressing element 

to stop the first pressing element at that position .  The 

pressing gap control system changes the RPM of the 

servomotor, based on the information on the distanc e 25 
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between the pressing elements which is provided fro m the 

gap measuring device. 

[0018] The speed of rotation or RPM of the servomot or is 

freely adjustable.  Thus, the laminating apparatus 

according to the present invention is capable of 5 

controlling the RPM of the servomotor by means of t he 

pressing gap control system to thereby control the 

stopping position of the first pressing element (mo ving 

side) in the flat press device with accuracy.  This  

achieves the precise settings of the gap between th e 10 

pressing elements and the pressing force from the p ressing 

elements.  The laminating apparatus according to th e 

present invention is therefore capable of setting t he 

processing conditions of the workpiece more finely to 

achieve a reduction in variations from product lot to 15 

product lot and accordingly a reduction in product 

fraction defective. 

[0019] Further, the laminating apparatus according to the 

present invention in which the pressing gap control  system 

changes the RPM of the servomotor step by step, bas ed 20 

on the information on the distance between the firs t and 

second pressing elements which is provided from the  gap 

measuring device and in which the pressing gap cont rol 

system includes an approach speed program for contr olling 

the speed at which the first pressing element appro aches 25 
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the second pressing element is capable of reducing the 

cycle (tact time) of the repeating operation genera ted 

for each product lot while maintaining the uniformi ty 

of the thickness of the product.  The laminating 

apparatus including the approach speed program is 5 

therefore capable of improving the production effic iency 

of the product. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] [FIG. 1] FIG. 1 is a schematic view showing a 10 

configuration of a laminating apparatus according t o an 

embodiment of the present invention. 

 [FIG. 2]  FIG. 2 is an enlarged view of a flat pre ss 

device (step C) in the laminating apparatus accordi ng 

to the embodiment. 15 

 [FIG. 3]  FIG. 3 is a schematic view showing a 

configuration of a conventional laminating apparatu s. 

 [FIG. 4]  FIG. 4 is an enlarged view of a flat pre ss 

device used in the conventional laminating apparatu s. 

 [FIG. 5]  FIG. 5 is a view showing another 20 

exemplary configuration of the conventional flat pr ess 

device. 

 

DESCRIPTION OF EMBODIMENTS 

[0021] Next, an embodiment according to the present  25 
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disclosure will now be described in detail with ref erence 

to the drawings.   

[0022] FIG. 1 is a view showing a configuration of a 

laminating apparatus according to an embodiment of the 

present disclosure.  FIG. 2 is an enlarged view of a flat 5 

press device (step C; flat press device 30) shown i n FIG. 

1.  Like reference numerals and characters are used  in 

FIGS. 1 and 2 to designate components similar to th ose 

of the related art (FIG. 3). 

[0023] This laminating apparatus laminates an 10 

electrically insulative resin film to a circuit boa rd 

having a surface with asperities formed by printing  

interconnect lines and the like thereon, and is esp ecially 

suitable for the manufacture of a build-up board in cluding 

circuit boards and resin films that are alternately  15 

laminated together in a multi-layered fashion.  Thi s 

laminating apparatus includes workpiece transport u nits 

(steps A and A'; indicated by dash-and-dot lines 

hereinafter), a vacuum laminating device (step B), a flat 

press device (step C) and a cooling device (step D) . 20 

[0024] Specifically, this laminating apparatus incl udes 

the workpiece transport units (steps A and A'; indi cated 

by dash-and-dot lines hereinafter) including: upper  and 

lower transporting film unwinding machines 10 and 1 0' 

and upper and lower transporting film winding machi nes 25 
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40 and 40' which are disposed on opposite ends of t he 

steps (on a right-hand side as seen in the figure s erving 

as a step starting point and on a left-hand side as  seen 

in the figure serving as a step ending point); tran sporting 

films F and F'; and a plurality of rollers supporti ng 5 

the transporting films F and F' in a plurality of l ocations 

of the steps.  The vacuum laminating device (step B ), 

the flat press device (step C) and the cooling devi ce 

(step D) are disposed in the course of the workpiec e 

transport step (A → A').  The vacuum laminating device 10 

(step B) includes a vacuum laminating device 20 tha t 

sandwiches a sheet-like workpiece W (temporary lami nate 

including a circuit board and a resin film merely p laced 

on or temporarily fixed on the circuit board) trans ported 

by the transporting films F and F' between upper an d lower 15 

plates 21 and 21' under a reduced-pressure conditio n to 

bring the resin film into intimate contact with the  surface 

of the circuit board.  The flat press device (step C) 

includes the flat press device 30 that presses the 

workpiece W with the resin film in intimate contact  with 20 

the circuit board between upper and lower press blo cks 

31 and 31' (a pair of pressing elements) to flatten  a 

surface of the resin film, thereby making the thick ness 

of the workpiece W uniform, so that a product (lami nate) 

is provided.  The cooling device (step D) includes fans 25 
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42 and 42' for cooling the product obtained by the flat 

press device. 

[0025] As shown in FIG. 2, the flat press device 30  in 

the laminating apparatus according to this embodime nt 

further includes: the pair of press blocks 31 and 3 1'; 5 

a ball screw 36 having a screw shaft 36a and suppor ting 

the lower press block 31'; a servomotor 35 connecte d to 

the screw shaft 36a of the ball screw 36; a program mable 

logic controller (PLC) and a servo amplifier (both not 

shown) for controlling the rotation of the servomot or 10 

35; and a linear scale 37 disposed between the lowe r press 

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 ress 

block 31' toward the upper press block 31.  At this  time, 15 

the linear scale 37 continuously and indirectly mea sures 

a distance (gap) between the press blocks 31 and 31 '.  

The flat press device 30 is set so that information  on 

the distance between the press blocks 31 and 31' me asured 

by the linear scale 37 is fed back to the servo amp lifier, 20 

and is programmed to control the instruction signal  from 

the PLC, based on the information on the distance b etween 

the press blocks 31 and 31'.  Thus, the flat press device 

30 is capable of changing the RPM of the servomotor  35 

step by step or continuously in accordance with the  25 
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distance between the press blocks 31 and 31' to sto p the 

press block 31' precisely at a preset position.  In  this 

manner, the present disclosure includes a pressing gap 

control system for changing the RPM of the servomot or 

35, based on the information on the distance betwee n the 5 

press blocks 31 and 31'.  This is the most striking  feature 

of the laminating apparatus according to the presen t 

disclosure. 

[0027] The configuration of the flat press device 3 0 in 

the laminating apparatus according to the present 10 

disclosure will be described first in detail, and t he 

configurations of other components will be describe d next.  

As shown in FIG. 2, the basic configuration of the flat 

press device 30 is similar to that of the conventio nal 

flat press device 60 (with reference to FIG. 4).  T he 15 

flat press device 30 includes: a plurality of suppo rt 

posts 64 (only two out of four at four corners are shown 

in FIG. 2) provided upright on the press stand 63; the 

upper press block 31 fixed to the support posts 64 with 

fixtures such as bolts and nuts; and the lower pres s block 20 

31' fixed to the support posts 64 movably up and do wn. 

[0028] Heating platens 32 and 32' each containing a  heater 

are mounted respectively on the inside (press side)  of 

the upper and lower press blocks 31 and 31', with a  

heat-insulating material (not shown) therebetween.  25 
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Flexible metal plates 34 and 34' are further dispos ed 

respectively on the inside (press side) of the heat ing 

platens 32 and 32', with buffer materials 33 and 33 ' 

therebetween.  Thus, the workpiece W having passed 

through the vacuum laminating device (step B) and h aving 5 

the resin film in intimate contact with the circuit  board 

is pressed between the flexible metal plates 34 and  34'.  

This makes the thickness of the workpiece W uniform , and 

provides a product (laminate) in which the surface of 

the resin film layer is a specular flat surface. 10 

[0029] The respective surfaces of the buffer materi als 

33 and 33' mounted on the inside (press side) of th e heating 

platens 32 and 32' of the press blocks 31 and 31' p referably 

have a Shore A hardness of not less than 60 degrees , and 

more preferably in the range of 65 to 75 degrees.  If 15 

the Shore A hardness is less than 60 degrees, there  are 

cases in which the effect of obtaining the uniformi ty 

of the thickness of the resin film (laminate) after  the 

lamination is not produced.  The Shore A hardness 

according to the present disclosure is measured pur suant 20 

to JIS Z 2246.  The buffer materials 33 and 33' pre ferably 

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 r 

preferably in the range of 0.2 to 4 mm.  If the thi ckness 

of the buffer materials 33 and 33' is less than 0.2  mm, 25 
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there are cases in which the buffer materials 33 an d 33' 

have a low elastic strength, which is not preferabl e.  

If the thickness of the buffer materials 33 and 33'  is 

greater than 20 mm, there are cases in which the en ds 

of the buffer materials 33 and 33' are deformed, wh ich 5 

is not preferable. 

[0030] Any one surface-polished material selected f rom 

the group consisting of paper, rubber, plastic and the 

like may be used as the buffer materials 33 and 33' .  Of 

these, rubber is preferably used, and fluororubber is 10 

particularly preferably used.  Examples of fluororu bber 

used herein include vinylidene fluoride rubber, 

fluorine-containing silicone rubber, 

tetrafluoroethylene rubber, fluorine-containing vin yl 

ether rubber, fluorine-containing phosphonitrile ru bber, 15 

fluorine-containing acrylate rubber, 

fluorine-containing nitrosomethane rubber, 

fluorine-containing polyester rubber and 

fluorine-containing triazine rubber.  The buffer 

materials 33 and 33' may contain a heat-resisting r esin, 20 

a glass fiber sheet, a metal foil sheet and the lik e. 

[0031] The flexible metal plates 34 and 34' mounted  on 

the inside (press side) of the buffer materials 33 and 

33' of the press blocks 31 and 31' preferably have a 

thickness in the range of 0.1 to 10 mm, and more pr eferably 25 
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in the range of 1 to 3 mm.  If the thickness of the  flexible 

metal plates 34 and 34' is less than 0.1 mm, there are 

cases in which the mechanical strength of the flexi ble 

metal plates 34 and 34' is decreased.  If the thick ness 

of the flexible metal plates 34 and 34' is greater than 5 

10 mm, there are cases in which the flexibility of the 

flexible metal plates 34 and 34' is decreased.  As a result, 

there are cases in which the effect of obtaining th e 

uniformity of the thickness of the resin film after  the 

lamination is not sufficiently produced.  Mirror 10 

polishing of the surfaces of the flexible metal pla tes 

34 and 34' by buffing or the like, which provides a  uniform 

mirror surface of a product (laminate), is more 

preferable. 

[0032] Examples of the material of the flexible met al 15 

plates 34 and 34' include stainless steel, iron, al uminum 

and aluminum alloys.  Stainless steel is preferably  used 

from the viewpoint of anti-rust properties. 

[0033] An elevating mechanism for the press block 3 1' is 

formed in the space lying under the press block 31' , and 20 

includes: the ball screw 36 including the screw sha ft 

36a and a nut (ball nut); and the servomotor 35 con nected 

to the screw shaft 36a.  The RPM of the servomotor 35 

is controlled by the servo amplifier (not shown), b ased 

on the instruction signal from the PLC and the fed- back 25 
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information on the distance between the press block s 31 

and 31'.  That is, the lower press block 31' is con nected 

through a joint (not shown) or the like to the nut 36b 

of the ball screw 36.  Thus, the aforementioned 

configuration is capable of controlling the operati on 5 

of rotating the servomotor 35 connected to the scre w shaft 

36a to thereby controlling the press block 31' mova bly 

up and down. 

[0034] The linear scale 37 that measures a distance  

between the press block 31' and the press stand 63 is 10 

further disposed in the space lying under the press  block 

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

to the press stand 63; and an encoder head 37b moun ted 

to the press block 31' and slidably moving upwardly  and 

downwardly in synchronism with the press block 31'.   The 15 

linear scale 37 indirectly measures the distance (g ap) 

between the upper press block 31 and the lower pres s block 

31' moving upwardly and downwardly as the servomoto r 35 

is operated to rotate.  

[0035] Examples of the linear scale 37 used herein may 20 

include linear scales (linear encoders) of a magnet ic 

type having a magnetic head and of an optical type having 

light-emitting and light-receiving elements.  Furth er, 

a distance meter in another form capable of measuri ng 

the gap between the press blocks 31 and 31' directl y or 25 
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indirectly in a contacting or non-contacting manner  may 

be used in place of the linear scale 37. 

[0036] The linear scale 37 may be disposed so as to  be 

able to directly measure the gap between the lower press 

block 31' and the upper press block 31.  However, i f the 5 

linear scale 37 is disposed between the press block s 31 

and 31', there is a danger that the linear scale 37  is 

affected by heat from the heating platens 32 and 32 ', 

which in turn results in a danger that it is diffic ult 

for the linear scale 37 to measure a precise gap wi thout 10 

consideration of heat.  It is hence preferable that  the 

linear scale 37 is disposed in a position remote fr om 

the heating platens 32 and 32', e.g. under the pres s block 

31' as in this instance, to measure the distance be tween 

the press block 31' and the press stand 63, thereby  15 

indirectly measuring the gap between the lower pres s block 

31' and the upper press block 31. 

[0037] The flat press device 30 includes the servo 

amplifier (not shown) that controls the operation o f 

rotating the servomotor 35, based on the instructio n 20 

signal from the PLC and the fed-back information on  the 

distance between the press blocks 31 and 31'.  The gap 

between the press blocks 31 and 31' is controlled n ot 

only based on the instruction signal (pressing gap control 

program) incorporated in the PLC but also by the pr essing 25 



Finalized Mirror Translation 

Our ref. 1541-US,SG,MY 

21 

 

gap control system set in consideration of a distan ce 

signal provided from the linear scale 37.  That is,  the 

operation of rotating the servomotor 35 operated by  the 

instruction signal from the PLC is controlled by fe eding 

back the information on the distance between the pr ess 5 

blocks 31 and 31' sent from the linear scale 37.  I n this 

instance, the press block 31' is moved upwardly by rotating 

the servomotor 35, based on the instruction signal from 

the PLC.  When the gap between the press blocks 31 and 

31' (information on the distance between the press blocks 10 

31 and 31' sent from the linear scale) reaches a pr eset 

value, information indicating that the set value is  

reached is fed back to the instruction signal incor porated 

in the PLC, so that the rotation of the servomotor 35 

is slowed down or stopped.  This allows the setting  of 15 

the stopping position of the press block 31' with h igher 

precision to thereby allow the setting of the gap b etween 

the press blocks 31 and 31' with higher precision. 

[0038] With these arrangements, the laminating appa ratus 

including the flat press device 30 is capable of ca using 20 

the finished thickness of the product (laminate) to  reach 

a desired thickness as previously set.  That is, th e 

laminating apparatus is capable of precisely settin g the 

distance (gap) between the press blocks 31 and 31' in 

the flat press device 30 to a predetermined value t o cause 25 
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the thickness of the product to have the predetermi ned 

value, thereby eliminating the variations in produc t 

thickness from press to press.  This increases the 

reproducibility of the product thickness to improve  

yields. 5 

[0039] In particular, the provision of an approach speed 

program that suppresses the RPM of the servomotor 3 5 (that 

is, the speed of upward movement of the press block  31') 

step by step in accordance with the gap between the  press 

blocks 31 and 31' to control the speed at which the  press 10 

block 31' approaches the press block 31 achieves th e 

control of the finished (product) thickness of the 

workpiece W with higher precision.  Further, the 

reduction in cycle (tact time) of the repeating ope ration 

generated for each product lot improves production 15 

efficiency as compared with conventional steps.  Th e 

aforementioned approach speed program used herein m ay 

be incorporated in the PLC, for example. 

[0040] The pressing gap control system including th e PLC, 

the ball screw 36, the servomotor 35, the linear sc ale 20 

37, the servo amplifier and the like may be provide d in 

the vacuum laminating device 20 including an elevat ing 

mechanism for pressing elements (plates 21 and 21') . 

[0041] Next, other components of the laminating app aratus 

than the flat press device 30 (step C) will be desc ribed. 25 
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[0042] First, the workpiece transport units (steps A and 

A') include: the upper and lower transporting film 

unwinding machines 10 and 10' positioned at the ste p 

starting point; a carrying-in conveyor portion 11 f or 

carrying in the workpiece W (temporary laminate wit h the 5 

resin film merely placed on or temporarily fixed on  the 

circuit board); the transporting film winding machi nes 

40 and 40' disposed at the step ending point; a 

carrying-out portion 41 for carrying out the workpi ece 

W; the transporting films F and F' for transporting  the 10 

workpiece W; and a plurality of guiding rollers and  the 

like supporting the transporting films F and F' in a 

plurality of locations. 

[0043] Workpieces W supplied in succession at 

predetermined intervals from the carrying-in convey or 15 

portion 11 are held intermittently at predetermined  

intervals between the upper and lower transporting films 

F and F' unwound from the respective transporting f ilm 

unwinding machines 10 and 10'.  While being guided by 

the guiding rollers in synchronism with the traveli ng 20 

of the transporting films F and F', each workpiece W passes 

between the upper and lower plates 21 and 21' of th e vacuum 

laminating device 20, between the upper and lower p ress 

blocks 31 and 31' of the flat press device 30 and v ia 

the cooling device (step D), and is thus formed int o a 25 
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product (laminate).  Then, the holding of the produ ct 

between the transporting films F and F' is released . 

[0044] After releasing the holding of the product 

therebetween, the transporting films F and F' are w ound 

on the transporting film winding machines 40 and 40 ', 5 

respectively, and are put to reuse and the like.  A fter 

the holding of the product (laminate) between the 

transporting films F and F' is released, the produc t 

(laminate) is carried out of the carrying-out porti on 

41 at the step ending point (on the left-hand side as 10 

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 s 

include "EMBLET PTH Series" available from Unitika Ltd., 15 

"Matte Film Series" available from Diafoil Co., Ltd ., 

and "Lumirror Series" available from Toray Industri es, 

Inc.  It is preferable that the width of the transp orting 

films F and F' is approximately 10 to 40 mm greater  than 

the width of the workpieces W so that the melted re sin 20 

film (laminated film) of the workpieces W does not leak 

out in the width direction.  The transporting films  F 

and F' are generally placed under a tension of 0.5 to 

150 N. 

[0046] Next, the vacuum laminating device (step B) 25 
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including the vacuum laminating device 20 applies h eat 

and pressure under a reduced-pressure vacuum condit ion 

to a workpiece W transported by the transporting fi lms 

F and F' to bring the resin film of the workpiece W  into 

intimate contact with the circuit board. 5 

[0047] The vacuum laminating device 20 includes: a 

plurality of support posts 54 provided upright on a  press 

stand 53; the upper pressing element (plate 21) fix ed 

to the support posts 54 with fixtures such as bolts  and 

nuts; and the lower pressing element (plate 21') fi xed 10 

to the support posts 54 movably up and down. 

[0048] Heating platens 22 and 22' each containing a  heater 

are mounted respectively on the inside (press side)  of 

the upper and lower plates 21 and 21', with a 

heat-insulating material (not shown) therebetween.  15 

Elastic pressing plates 23 and 23' made of a heat-r esisting 

rubber or the like are further disposed respectivel y on 

the inside (press side) of the heating platens 22 a nd 

22'.  Vacuum frames 24 and 24' (movable vacuum fram es) 

moving relatively integrally with the plates 21 and  21' 20 

are disposed respectively around the upper and lowe r 

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 d 

between the upper and lower plates 21 and 21', so t hat 25 
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the pressure in the enclosed space can be reduced. 

[0049] In this vacuum laminating device 20, the low er 

plate 21' is supported by a ball screw 26 and a ser vomotor 

25, and a linear scale 27 that measures a distance between 

the plate 21' and the press stand 53 is disposed in  the 5 

space lying under the plate 21', as in the flat pre ss 

device 30.  The linear scale 27 includes: a scale 2 7a 

fixed to the press stand 53; and an encoder head 27 b mounted 

to the plate 21' and slidably moving upwardly and 

downwardly in synchronism with the plate 21'.  The linear 10 

scale 27 indirectly measures the distance (gap) bet ween 

the upper plate 21 and the lower plate 21' moving u pwardly 

and downwardly as the servomotor 25 is operated to rotate.  

This vacuum laminating device 20 includes a servo 

amplifier (not shown) that controls the operation o f 15 

rotating the servomotor 25, based on an instruction  signal 

from a PLC and a fed-back distance signal provided from 

the linear scale 27.  The vacuum laminating device 20 

is thus capable of moving the lower plate 21' to a position 

in which a predetermined gap is defined between the  upper 20 

plate 21 and the lower plate 21', and stopping the lower 

plate 21' at that position. 

[0050] With this arrangement, the vacuum laminating  

device 20 of the laminating apparatus is capable of  causing 

the thickness of the workpiece W pressed under vacu um 25 
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to have a desired value previously set.  Also, the vacuum 

laminating device 20 is capable of causing the thic kness 

of the workpiece W at the end of this step to fall within 

a set range.  This allows the press by means of the  flat 

press device 30 that is the next finishing step to increase 5 

the accuracy of the thickness of the product.  In t he 

vacuum laminating device 20, the servomotor or the like 

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

and downwardly by means of a hydraulic cylinder, an  air 

cylinder or the like.  That is, only the provision of 10 

the pressing gap control system in the flat press d evice 

30 sufficiently increases the accuracy of the thick ness 

of the product. 

[0051] Next, the cooling device (step D) for coolin g the 

product obtained by the aforementioned flat press 15 

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 r) 

downwardly and upwardly toward the product held bet ween 

the transporting films F and F' and transported fro m the 20 

flat press device 30 to cool the product.  The cool ing 

device (step D) is not necessary depending on the t ype 

of the resin film used and the like, and need not 

necessarily be provided. 

[0052] The transporting films F and F' are separate d from 25 
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the front and back surfaces of the cooled product, so 

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 ing 

films F and F' is released, the product is carried out 5 

of the laminating apparatus by means of the carryin g-out 

portion 41.  After releasing the holding of the pro duct 

therebetween, the transporting films F and F' are w ound 

on the transporting film winding machines 40 and 40 ', 

respectively. 10 

 

EXAMPLES 

[0053] Next, an example of the present disclosure i n which 

the aforementioned laminating apparatus (FIG. 1) wa s used 

to manufacture a product (laminate) from a workpiec e W 15 

(temporary laminate) will be described.  It should be 

noted that the present disclosure is not limited to  the 

example. 

[0054] First, a resin film for lamination including  an 

epoxy resin composition layer (with a glass transit ion 20 

temperature of 80°C and a thickness of 42.5 µm) and a 

polyethylene terephthalate layer (support layer, wi th 

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

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

interconnect line thickness of 18 µm, and an interconnect 25 
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l ine spacing of 20 µm) having the front and back surfaces 

with asperities (interconnect lines).  An automatic  

sheet cut laminator was used to temporarily fix the  resin 

film on the circuit board.  Thus, a workpiece W (te mporary 

laminate) was produced. 5 

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

thickness of 26 µm and a surface roughness Rz of 4 µm) 

made of polyethylene terephthalate were unwound fro m the 

transporting film unwinding machines 10 and 10' and  were 

passed through the entire steps.  Then, the transpo rting 10 

films F and F' were set so as to be wound on the tr ansporting 

film winding machines 40 and 40'.  Prior to vacuum 

lamination, the temperature of the heating platens 22 

and 22' of the vacuum laminating device 20 was rais ed 

to 110°C, so that the interior of an enclosed space  defined 15 

between the vacuum frames 24 and 24' and the upper and 

lower plates 21 and 21' was heated.  Also, the temp erature 

of the heating platens 32 and 32' of the flat press  device 

30 was raised to 100°C. 

[0056] With preparations completed, the workpiece W  was 20 

carried from the carrying-in conveyor portion 11 in to 

the laminating apparatus.  Then, the workpiece W wa s held 

between the transporting films F and F' unwound fro m the 

transporting film unwinding machines 10 and 10'.  I n that 

state, the transporting films F and F' were moved t o move 25 
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the workpiece W to a predetermined position lying b etween 

the plates 21 and 21' of the vacuum laminating devi ce 

20. 

[0057] Then, the servomotor 25 was rotated to move the 

lower plate 21' of the vacuum laminating device 20 upwardly.  5 

This brought the vacuum frames 24 and 24' into enga gement 

with each other to define an enclosed space between  the 

plates 21 and 21'. 

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

After a decrease in pressure in the enclosed space to 10 

100 Pa was verified, the lower plate 21' was furthe r moved 

upwardly.  The upward movement of the lower plate 2 1' 

was stopped when a gap between the elastic pressing  plates 

23 and 23' disposed respectively on the surfaces (p ress 

side) of the plates 21 and 21' reached 0.42 mm.  Th is 15 

posture was maintained for 20 seconds to apply pres sure 

to the workpiece W.  Thereafter, the pressure in th e 

enclosed space was returned to atmospheric pressure , and 

the lower plate 21' was moved downwardly.  Thus, th e step 

B by means of the vacuum laminating device was comp leted. 20 

[0059] After the step B by means of the vacuum lami nating 

device was completed so that the resin film of the 

workpiece W was in intimate contact with the surfac e of 

the circuit board, the transporting films F and F' were 

moved to move the workpiece W to a predetermined po sition 25 
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lying between the press blocks 31 and 31' of the fl at 

press device 30. 

[0060] Specifically, the servomotor 35 was rotated based 

on an instruction signal from the PLC to move the p ress 

block 31' upwardly, and a distance signal provided from 5 

the linear scale 27 was fed back to the servo ampli fier 

(not shown).  The servomotor 35 was controlled to 

completely stop rotating when the press blocks 31 a nd 

31' had a previously set predetermined gap therebet ween 

(in this example, when a gap between the flexible m etal 10 

plates 34 and 34' disposed respectively on the surf aces 

(press side) of the press blocks 31 and 31' reached  0.42 

mm).  This ensures the precise positioning of the p ress 

block 31'. 

[0061] The posture in which the gap between the fle xible 15 

metal plates 34 and 34' was 0.42 mm was maintained for 

50 seconds.  Specifically, pressure and heat were a pplied 

to the workpiece W with the resin film in intimate contact 

with the circuit board for 50 seconds to form the w orkpiece 

W into a product.  Thereafter, the lower press bloc k 31' 20 

was moved downwardly to release the pressure applic ation.  

Thus, the step C by means of the flat press device was 

completed. 

[0062] The product obtained after the completion of  the 

step C by means of the flat press device was transp orted 25 
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to a cooling stage by moving the transporting films  F 

and F'.  In this cooling stage, the product was coo led 

by blowing air from the fans 42 and 42' thereto [co oling 

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

F and F' were separated upwardly and downwardly.  T he 5 

transporting films F and F' were wound respectively  on 

the transporting film winding machines 40 and 40'.  The 

product released from between the transporting film s F 

and F' was carried out of the laminating apparatus by 

means of the carrying-out portion 41. 10 

[0063] The distance from the processing position of  the 

workpiece W in the vacuum laminating device 20 to t he 

processing position of the workpiece W in the flat press 

device 30 is approximately equal to the distance fr om 

the processing position of the workpiece W in the f lat 15 

press device 30 to the cooling state (the location where 

air blown from the fans 42 and 42' impinges) becaus e the 

steps are performed in succession.  The positions o f the 

workpiece W or product in the three location, i.e. the 

vacuum laminating device 20, the flat press device 30 20 

and the cooling stage [cooling device (step D)], ar e 

automatically determined by moving the transporting  films 

F and F' intermittently. 

[0064] In the laminating apparatus having the 

aforementioned configuration, the resin film in int imate 25 
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contact with the circuit board is first fixed in a 

predetermined position on the circuit board by the vacuum 

laminating device.  This prevents the resin film fr om 

being out of position and from being twisted due to  the 

next press by means of the flat press device.  In a ddition, 5 

the flat press device includes the pressing gap con trol 

system that feeds the information on the distance b etween 

the press blocks 31 and 31' (pressing elements) bac k to 

the instruction signal from the PLC to change the R PM 

of the servomotor 35.  Thus, the thickness of the p roduct 10 

is not conventionally controlled based on experimen ts 

but is correctly precisely set from the beginning.  The 

obtained product is cooled quickly by the non-conta cting 

cooling device in the cooling stage.  This promotes  the 

curing of the film resin to avoid the deformation o r the 15 

like thereof during the transport or carrying-out t hereof.  

That is, the laminating apparatus is capable of cau sing 

the thickness of the product to have a desired cons tant 

value previously set to significantly reduce variat ions 

in thickness from product lot to product lot, as co mpared 20 

with the conventional manufacturing methods. 

[0065] Although specific forms in the present discl osure 

have been described in the aforementioned example, the 

aforementioned example should be considered as mere ly 

illustrative and not restrictive.  It is contemplat ed 25 
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that various modifications evident to those skilled  in 

the art could be made without departing from the sc ope 

of the present disclosure. 

[0066] The laminating apparatus according to the pr esent 

disclosure is capable of laminating the circuit boa rd 5 

and the resin film used for electrical insulation b etween 

boards together to a precise thickness, and is suit able 

for the manufacture of products (laminates) require d to 

have a precise finished thickness, such as build-up  boards 

and boards mounted with light-emitting elements inc luding 10 

LEDs and the like. 

 

REFERENCE SIGNS LIST 

[0067] 20  Vacuum laminating device 

 30  Flat press device 15 

 31 and 31'  Press blocks 

 35  Servomotor 

 36  Ball screw 

 36a  Screw shaft 

 37  Linear scale 20 

 W  Workpiece
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CLAIMS 

[CLAIM 1] A laminating apparatus comprising: 

 a workpiece transport unit transporting a 

workpiece including a circuit board and a resin fil m for 

lamination placed on the circuit board; 

 a vacuum laminating device applying pressure to 

the workpiece by sandwiching the workpiece between a pair 

of pressing elements under a reduced-pressure condi tion 

to bring the resin film into intimate contact with a 

surface of the circuit board; and 

 a flat press device pressing the workpiece with 

the resin film in intimate contact with the circuit  board 

by sandwiching the workpiece between a pair of firs t and 

second pressing elements to flatten a surface of th e resin 

film, 

 wherein the flat press device includes a ball scre w 

having a screw shaft and supporting the first press ing 

element, a servomotor connected to the screw shaft of 

the ball screw, a gap measuring device measuring a distance 

between the first pressing element and the second p ressing 

element, and a pressing gap control system moving t he 

first pressing element to a position in which a 

predetermined gap is defined between the first pres sing 

element and the second pressing element to stop the  first 
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pressing element at that position, and 

 wherein the pressing gap control system changes 

a revolutions per minute (RPM) of the servomotor, b ased 

on information on the distance between the first an d second 

pressing elements which is provided from the gap me 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 

information on the distance between the first and s econd 

pressing elements which is provided from the gap me asuring 

device, and  

 wherein the pressing gap control system includes 

an approach speed program controlling the speed at which 

the first pressing element approaches the second pr essing 

element.


