
;e3eBL6TBN  Title of the Invention Specification  [000.] Method and Device
for Pressing Workpiece Background of the Invention [00D2] The invention
relates to improved method and device for pressing a workpiece, and more
particularly to method and device for heat-pressing a workpiece such as a
mufti-layered board by applying heat and pressure simultaneously thereto.
[0003] A mufti-layered board such as printed wiring board (PWB) is
generally manufactured by heat-pressing a plurality of vertically stacked
members such as plurality of circuitry members and prepreg members inserted
between the respective adjacent pair of circuitry members. [0004]
Heat-pressing is generally carried out by employing a pressing device
having a pair of opposing heating platens, one of which is a=ranged to be
driven toward and away from the other one. [ooos] Practically) a stack of
circuitry members and prepreg members is prepared and placed between the
pair of heating platens to be heat-pressed therebetween. During 1   1. r
heat-pressing process, the temperature of the heating platens is controlled
such that the resin component of the prepreg members is substantially
liquidized for a predetermined period of time to thereby bond the adjacent
circuitry members and unite all the stacked members together to form a
multi-layered printed wiring board. [0006] As a printed wiring board
manufactured as above is required to have uniform thickness, heat-pressing
must be carried out with heating platens having high surface 



flatness. On the other hand, a printed wiring board is recently becoming
thinner and thinner due to the demand for producing compact electric
devices in which a printed wiring board is to be installed. For example,
the thickness of a printed wiring board to be manufactured, is less than
100 ~,m, and in this case, a heating platen must have the surface flatness
variation of less than IO wm. [000'7] If the surfaces of the heating
platens do not satisfy the condition mentioned above and have relatively
large undulation, the pressure exerted from the heating platens on the
printed wiring board varies across the printed wiring board. Such variance
in the pressure results in thickness variance of the pressed printed wiring
board. In addition, poor bonding property between the circuitry members
occurs at locations where the pressure Was insufficiently applied. 2   d r
(0Q08] In addition to the above, pressing devices have recently employed
large heating platens in order to simultaneously press a plurality of
printed wiring boards by one pressing operation. However, since the
realization of the required flatness of the heating platens becomes more
difficult with the size thereof, the number of defective printed wiring
boards, i.e. boards having low thickness uniformity and/or poor bonding
property) also increases. [0009] In order to avoid the above defects, it
has been proposed to employ a cushion member, to be placed between a
workpiece and a heating platen, such as a kraft paper that 



has a small surface roughness and small deformation on one side of which
hardly affects the surface roughness of the other side. [0010] Materials
used in such a cushion member, however, have extremely low thermal
conductivity compared to the heating platen. Such low thermal conductivity
requires longer heating time and results in low productivity. Summary o the
Invention [0011] It is therefore an object of the invention to provide
improved method and device for pressing a workpiece capable of applying
uniform pressure over a workpiece 3   r irrespective the level of flatness
of a pressing surface. [0012] It is another object of the invention to
provide improved method and device for pressing a workpiece capable of
applying uniform pressure over a workpiece irrespective the size of a
pressing surface. [0013] It is a further object of the invention to provide
improved method and device for heat-pressing a workpiece capable of
applying uniform pressure over a workpiece as well as of effectively
heating a workpiece. [001] According to an aspect of the invention, a
method for pressing a workpiece with a uniform pressure across the
workpiece is provided. In this method, a pressing plate is located on the
pressing surface of a platen. Then a spacer thicker or deeper than the
workpiece is planed beside the workpiece. The spacer is pressed by the
platen to define a gap between the pressing plate and the workpiece. Then,
a liquid layer formed between the platen and the pressing plate is
pressurized such that the pressing plate bends toward the workpiece due to
the pressure of the liquid layer and thereby presses the workpiece. Since
the liquid layer exerts a uniform pressure over the pressing plate, the
pressing plate applies a uniform pressure over the workpiece. [00l53 Thus,
the platen can keep contacting the spacer and the distance between the
platen and the workpiece 4 



r remains constant while the liquid is being pressurized, which prevents
the pressing plate from breaking due to too much bending toward the
workpiece. [001b] According to another aspect of the invention) a pressing
method is provided in which a workpiece to be pressed is located on the
pressing surface of the platen and a cushion member is provided between the
platen and the workpiece. The cushion member includes a pair of plates
joined to each other to form a sealed space therebetween. The sealed space
is filled with liquid to form a liquid layer. [0017a Then) the platen is
forced towards the workpiece such that the workpiece is pressed by the
cushion member. Since the cushion member is filled with liquid, the cushion
member applies a uniform pressure across the workpiece. [0018 Optionally,
an intermediate plate may be provided between the cushion member and the
workpiece before the workpiece is pressed by the cushion member. The
intermediate plate may be bendable along the surface of the workpiece when
the intermediate plate is pressed against the workpiece. 10019a
Alternatively) a stack of workpiece may be formed by alternatively pilling
a plurality of the workpieces and the intermediate plates and placed the
pressing surface of the platen for pressing. 5   1 [0020] The intermediate
plates mentioned above assists in enlarging the area that the cushion
member can exert uniform pressure on the workpiece. L0021] According to
another aspect of the invention, there is provided a device for pressing a
workpiece) which has a platen movable towards the workpiece and a pressing
plate provided between the platen and the workpiece such that the workpiece
is pressed by the pressing plate when the platen is moved toward the
workpiece. t0022] A liquid layer is formed between the pressing plate and
the platen. This liquid layer transfers the force for pressing the
workpiece from the platen to the pressing plate. During the transmission of
the force) the force exerted on the liquid layer from the platen is changed
to a 



constant pressure of the liquid layer irrespective the surface geometry of
the platen. Therefore, the force exerted on the pressing plate by the
liquid layer is constant across the pressing plate and, as a result, the
pressure applied an the workpiece from the pressing plate becomes uniform
a11 over the workpiece. (0029] The pressing plate is a thin plate so that
it bends along the surface of the workpiece during pressing. Optionally,
the workpiece side of the pressing plate is finished in a mirror smooth
state for smooth contact between the pressing plate and the workpiece. 6
[0024] In some cases) the platen is a heating platen heated to a
temperature sufficient to heat the workpiece to a temperature required for
heat-pressing. In such case) the liquid layer is preferably a layer of heat
cenductivity oil. Since the heat transfer oil has high heat conductivity,
the heat of the heating platen is effectively transferred to the workpiece.
Therefore the workpiece can be heated in a short time and thus the time
required for the whole pressing process is reduced. t00251 Optionally, the
pressing plate is detachably mounted to the platen such that a space is
defined therebetween. The space is utilized to form the liquid layer by
filling the space with liquid. The pressure of the liquid filled in the
space is preferably controlled by a pressure controller such that, fax
example, the pressure of the liquid is raised only when the workpiece is
pressed. Q0028] In the above case, the press may further include a spacer
for keeping the distance between the workpiece and the platen during the
pressing. The spacer is arranged to the workpiece side of the platen and
sustains the platen forced towards the workpiece such that a clearance is
defined between the pressing plate and the workpiece when the liquid layer
is not pressurized. The clearance is defined to have a size small enough to
allow the pressing 7   r .i 



plate to bend by the liquid layer and press the workpiece when the liquid
layer is pressurized. [0027] The pressure controller raises the pressure of
the liquid such that the pressing plate bends and presses the workpiece
only when the platen is sustained by the spacer. Further, the pressure
controller raises the pressure of the liquid up to a predetermined level
that is not greater than the maximum pressure the platen can apply. The
pressing plate bends towards the workpiece when the liquid is pressurized.
However, as long as the conditions mentioned above are satisfied, the bend
of the pressing plate is restricted to a small degree due to the small
clearance and the breakage of the pressing plate caused by high pressure of
the liquid layer is prevented. [0028 In some cases, the pressing device
includes a pressure controller adapted to control the pressure of the
liquid layer, and a backing plate joined to the pressing plate such that a
space is defined therebetween. The space is filled with liquid to form the
liquid layer. The backing plate is detachably mounted to the platen so that
it can be exchanged together with the pressing plate joined thereto. The
backing plate includes a conduit that is in communication with the space
and an opening formed at a side surface of the backing plate. The opening
is connected a   to the pressure controller so that the pressure of the
liquid layer can be controlled. (0029] In the above case, the pressing
device may be configured such that the space is formed when the liquid is
pressurized to a predetermined level) while the space disappears and the
pressing plate becomes in contact with the backing plate when the pressure
of the liquid is reduced below the predetermined level. [0030l Optionally,
a groove may be formed to the backing plate at the surface facing the
pressing plate, which is in communication with the conduit to provide the
liquid into the groove. The groove may be formed in a grid pattern
extending over the surface of the backing plate so that the liquid quickly
spreads over the backing plate and the liquid layer is formed in a short
time after the liquid layer is pressurized. (0031] Where the platen is a
heating platen, the backing plate is mounted to the platen such that the
surface facing the platen is in contact therewith so that the heat of the
heating platen is efficiently conducted to the workpiece. (0032] In some
cases, the pressing device includes a pair of the platens) a pair of the
pressing plates, and a pair of the liquid layers. The platens, pressing
plates and liquid layers are arranged to sandwich and press the workpiece
between the pair of pressing plates so that a 9   uniform pressure can be
applied over both sides of the workpiece. [0033] In some cases, the
pressing device comprises a cushion member which carries the pressing plate
and an additional plate. The additional plate and the pressing plate are
joined to each other to define a sealed space therebetween. The sealed
space is filled with liquid to form the liquid layer. The cushion member is
located between the platen and the workpiece such that the additional plate
faces the platen and the pressing plate faces the workpiece. During the
press, pressure is applied from the platen to the workpiece through the
cushion member. Since the cushion member includes the liquid layer, uniform
pressure is applied across the workpiece even if the surface flatness of
the platen is relatively low. 



[00341 Where the platen is a heating platen, the sealed space of the
cushion member is filled with heat transfer oil so that the heat of the
heating platen is efficiently conducted to the workpiece during the press.
[0035] In the above case, it is preferable to form the pressing plate and
the additional plate from a material of high heat conductivity such as
metal. It is also preferable that the workpiece side of the pressing plate
is of a mirror finished surface so that the pressing plate doss not scratch
the workpiece during pressing. 10   I00363 The sealed space may be formed
by welding the pressing plate and the additional plate along the entire
peripheries thereof. t0037] Alternatively, the cushion member may include a
spacer located between the pressing plate and the additional plate to keep
the pressing plate substantially flat and thereby increase the area that
can be utilized to press the workpiece. The spacer may also serve to keep
the additional plate substantially flat. The spacer may further serve to
keep the pressing plate and the additional plate substantially parallel to
each other. The spacer above may be an annular member having an upper rim
and a lower rim. The upper and lower rims may be respectively welded to the
pressing plate and the additional plate to form the sealed space. [0038]
The pressing device of the above mentioned case may include a pair of the
above described platens, and a pair of the above described cushion members.
These platens and cushion members may be arranged to sandwich and press the
workpiece between the pair of cushion members. [0039] Optionally, the press
may include a flat intermediate plate. During pressing of the workpiece,
the intermediate plate is located to one of first and second places, where
the first place is defined between the workpiece and the cushion member and
the second place is I1   defined between two workpieces stacked to be
pressed simultaneously. Such intermediate plate located to the first or
second place assists in applying uniform pressure to the workpiece. [0040]
Preferably, the intermediate plate is thin enough to bend along the surface
of the workpiece when it presses the workpiece. The intermediate plate is
preferably made of a material of high heat conductivity such as metal.
Brief Description of the Accompanying Drawings Examples of the present
invention will now be described, with reference to the accompanying
drawings, in which: [0041] Fig. 1 schematically shows a configuration of a
press of a first embodiment of the invention; j0042] Fig. 2 shows a
horizontal sectional view of an upper heating platen of the press shown in
Fig. 1; 



(0043] Fig. 3 is a sectional view of the upper hot plate and an upper
platen cover fastened thereto, taken along a line I-T in Fig. 2; [0844]
Fig. 4A through 4C shows a procedure to press a printed wiring board by the
press shown in Fig. 1; [0045] Fig. 5 schematically shows a configuration of
a press of the second embodiment of the invention; 12    [0046] Fig. 6 is a
horizontal sectional view of an upper heating platen of the press shown in
Fig.5; [0047] Fig. 7 shows a horizontal sectional view of an upper platen
cover of the press shown in Fig. 5; [0048I Fig. 8 shows a vertical
sectional view of the upper platen cover mounted to the upper heating
platen) taken along a line II-II in Fig. 7; [0049I Fig. 9 schematically
shows the configuration of a press of a third embodiment of the invention:
COOSOI Fig. 10 is a vertical sectional view of a part of the press of Fig.
9 showing a cushion member pressing a stack of printed wiring boards; and
[005A Fig. 11 is a vertical sectional view of a part of the press of Fig.
10 showing a cushion member which is a variation of the cushion member
shown in Fig. 10. 



Detailed Description of the Embodiments (0052I Hereinafter, the embodiments
of the invention will be described with reference to the accompanying
drawings. [04531 (First Embodiment) Fig. 1 schematically shows the
configuration of a pressing device 140 according to a first embodiment of
the 13   invention. [0054] The pressing device 100 has a piston-cylinder
mechanism 102 mounted to a ceiling 104a of a frame 10A. The piston-cylinder
mechanism 102 includes a cylinder 106 and a piston 108 located within the
cylinder 106 to slide up and down along the inner wall of the cylinder I06.
A through hole l12 is bored at the bottom of the cylinder 106. A piston rod
110 is mounted to the bottom of the piston 108 to move up and down together
with the piston I08. (0055] The inner space of the cylinder 106 is divided
into an upper space 106a and a lower space 106b by the piston 108. Both
upper and lower spaces 106a, 106b are filled with hydraulic oil. The upper
and lower spaces 106a, 106b are connected to a hydraulic under the control
of a controller 210 increases the pressure of the the upper and lower
spaces 106a, pressure of the other one to move dawn. pump 210 which
actuates 170. The hydraulic pump hydraulic oil in one of 106b while
decreasing the the piston 108 up and (0056] A moving table 114 is fixed to
the lower end of the piston rod 110 to be moved up and down by the force
generated by the piston cylinder mechanism 102. An upper heating platen 116
is further fixed to the undersurface of the moving table 114 with a heat
insulator 118 provided therebetween. The heat insulator 118 prevents heat
loss of I4   



the upper heating platen 116 due to heat conduction from the upper heating
platen 116 towards the moving table 114. The undersurface of the heating
platen 116 is covered with an upper platen cover 120. [005 p A fixed table
122 is settled on a base 104b of the frame 104, and a lower heating platen
124 is mounted on the fixed table 122 with a heat insulator 126 for
preventing heat loss of the lower heating platen 124 therebetween. The top
surface of the lower heating platen 124 is covered with a lower platen
cover 128. r0058] One or more workpieces, such as printed wiring boards,
copper clad laminates or the like may be placed on the lower platen cover
128 for pressing. In the present embodiment, one printed wiring board 134
having two layers of circuitry and one layer of prepreg provided
therebetween is placed on the lower platen cover l28. The thickness of the
circuitry layer and the prepreg layer are 18 um and 50 Vim, respectively.
Accordingly, the total thickness of the printed wiring board 134 is 86 dun.
[U059] The upper and lower heating platens 116, 124 are connected to a pump
7.30 that provides a heating medium such as a heat transfer oil into a
conduit formed in each heating platen (116, 124) as will be described
later. A heater 132 is provided between the pump 130 and the two platens
116, 124 to heat the heat transfer oil. 15   C0060] The heat transfer oil
provided from the pump 130 is heated by the heater 132 and then flows
through the upper and lower heating platens 116, 124. In this manner, the
upper and lower heating platens 1I6, 124 are heated to a predetermined
forming temperature which is required for heating the prepreg of the
printed wiring board 134 up to a temperature at which the prepreg becomes
substantially liquid. [00G1] If the moving plate 114, and therefore the
upper heating platen 11b fixed thereto, are forced downwards by the
piston-cylinder mechanism I02, the printed wiring board 134 placed on the
lower platen cover l28 is sandwiched between the upper and lower platen
covers 120, 128. The sandwiched printed wiring board 134 is both heated and
pressed by the upper and lower platen covers l20) 128. As a result, the
circuitry layers are firmly bonded by the prepreg layer and the printed
wiring board 134 is formed into a uniform thickness. [0062] Fig. 2 shows a
horizontal sectional view of the upper heating platen 115. The upper
heating platen 1I6 is a thick plate made of steel and having an essentially
square shape. First through eleventh through holes I40-160 are formed in
the upper heating platen 1i5. [0063] The first through eighth through holes
140-154 are formed in parallel with each other in up and down 1s    



direction in Fig. 2. On the other hand, the ninth through eleventh through
holes 156-160 era formed in a lateral direction in Fig. 2. In particular,
the ninth through hole 156 is formed near the lower end of the upper
heating platen 116 in Fig. 2 so that it intersects with each of the first
though eighth through holes 140-154 at a right angle. Further, the tenth
through hole l58 is bored near the top end of the upper heating platen 116
from the left side up to the sixth through hole 15O. The eleventh through
hole 160 is also bored near the top end of the upper heating platen 116
from the right side up to the seventh through hole 152. [0064a A plurality
of blank caps 162 are filled into the through holes 140-160 so that a
single heating conduit 164 is formed within the upper heating platen 116)
which starts at one end 140a of the first through hole 140, meanders
through the upper heating platen 1l6, and ends at one end 154a of the
eighth through hole 154 as indicated with a broken line A in Fig. 2. [0065]
The heat transfer oil provided from the pump 130 flows through the heating
conduit 164 to heat the upper heating platen 116. The upper heating platen
116 is provided with a thermal sensor (not shown) which is connected with
the controller 170 (see Fig. 1). The controller 170 controls the heater 132
based on the i~    temperature detected by the thermal sensor to adjust the
temperature of the heat transfer oil flowing through the heating conduit
164 such that the upper heating platen 116 is heated to the predetermined
forming temperature of the prepreg, e.g. 200 in this embodiment, [006b] A
plurality of through holes 172 are formed to the periphery of the upper
heating platen 116 in a direction perpendicular to Fig. 2. The upper platen
cover 120 is mounted to the undersurface of the upper heating platen 13.6
by means of bolts inserted through the through holes 172 as will be
described later. [0067] The upper heating platen 116 is further provided
with two holes 180 and 182. The hole 180 is bored between the sixth through
hole 150 and the seventh through hole I52 from the upper end of the upper
heating platen 116 in Fig. 2 in parallel with the sixth through hole 150.
The hole 182 is bored from the undersurface of the upper heating platen 1I6
so that it runs into the hole 180 at a right angle. The two holes 180 and
I82 constitute a pressure conduit 184 that extends from the side surface to
the undersurface of the upper heating platen 116. 10068] Fig. 3 is a
sectional view of the upper heating platen 116 and the upper platen cover
120 fastened thereto, taken along a line I-I in fig. 2. 18   .. 



[0069] The upper platen cover 120 includes a rectangular annular frame 190
and a metal plate 194. Both of the frame l90 and the metal plate 194 are
made of a material having high heat conductivity. (0070 The frame 190 has a
flange 7.92 formed around the outer periphery in the vicinity of the
bottom. The flange 192 extends outwardly from the frame 1.90 substantially
parallel to the undersurface of the frame 190. The metal plate 194 is a
thin sheet made of stainless steel having mirror smooth surfaces. (0071]
The metal plate 194 and the flange 192 are welded to each other along their
entire periphery in a water tight manner. Thus) the metal plate 194 and the
frame 190 are integrated into one piece. ( 0D721 The frame 1.90 has a
plurality of screw holes 1.96 bored vertically from the upper surface (only
one is shown in Fig. 3). These screw holes 196 are formed for fastening the
upper platen cover 120 to the upper heating platen 116 by means of bolts
198 as will be described later. [0073] The upper heating platen 1l6 has a
protrusion 116a at its bottom and a shoulder portion 1.16b surrounding the
protrusion 116a. The protrusion 116a is formed such that it loosely fits
into the frame l90 of the upper platen cover 120. The protrusion 116a can
be inserted until the top surface of the frame 190 abuts the shoulder
portion 19   4 116b of the upper heating platen 116. The shoulder portion
116b restricts the length of the protrusion 116a inserted into the frame
190 to form a space 200 between the undersurface 116c of the upper heating
platen 116 and the metal plate 194. [00741 A groove 116d is formed to the
shoulder portion 116b into which the upper portion of the frame 190 fits.
By fitting the frame 190 into the groove 116d, the relative position
between the frame 190 and the upper heating platen 116 is adjusted such
that each through hole 172 of the upper heating platen 116 aligns with a
respective screw hole 1,96 of the frame 190. Thus, the upper platen cover
I20 can be fastened to the upper heating platen 7.16 by inserting the bolt
198 to each of the through holes 172 and screw into the respective screw
hole 196. (0075] The space 200 formed between the undersurface 116c) or the
pressing surface, of the upper heating platen 116 and the metal plate 194
is in communication with the pressure conduit 184. The space 200 and the
pressure conduit 184 are filled with heat transfer oil to transmit the heat
from the upper heating platen 116 to the metal plate 194. Since the heat
transfer o11 has high thermal conductivity, the temperature of the metal
plate 194 becomes substantially same as that of the upper heating platen
116. 20   



[0076] One end 186 of the pressure conduit 184 is connected to a pressure
generator 202 (see Fig. 1) which changes the pressure of the heat transfer
oil filling the space 200 under the control of the controller I70. A
packing 204 is provided between top surface of the frame 190 and the groove
116d of the upper heating platen 116 to prevent the heat transfer oil from
leaking out from the space 200 even if the pressure generator 202 has
pressurized the heat transfer oil therein. [0077] It should be noted that
the lower heating platen 124 and the lower platen cover 128 have
substantially same structures and functions as that of the upper heating
platen l16 and the upper platen cover 120, respectively. Therefore the
above description related to the upper heating platen 116 and the upper
platen cover I20 applies also to the lower heating platen 124 and the lower
platen cover 128. [0078] Hereinafter, the procedure to press the printed
wiring board 134 by the pressing device I00 will be described by referring
to Fig. 4A through 4C. [0079] First, as shown in Fig. 4A, one or more
spacers 210 are placed on the metal plate 194 of the lower platen cover 128
at a location above the frame 190. The spacers have a height h which is
slightly larger than the thickness t of the printed wiring board 134. 21
[0080] Next) the pump l30 and the heater 132 of the pressing device 100 are
actuated so that hot oil flows through the heating conduits 164 formed in
the upper and lower heating platens 116 and 124. The temperature of the
heat transfer oil is controlled so that the temperatures of the upper and
lower heating platens 116, l24 are kept at the predetermined forming
temperature. (0081] The heat of the upper heating platen 116 is transmitted
by the heat transfer oil filled in the space 200 to the upper platen cover
120. Therefore) the upper platen cover 120 is also heated to the forming
temperature. The lower platen cover 128 mounted to the lower heating platen
124 is also heated in the same manner as described above. I0082] The
temperature of each of the upper and lower heating platens l16 and 124 is
measured by the temperature. sensors {not shown) provided therein. After it
is confirmed that the upper and lower heating platens l16 and 124 are
heated to the predetermined forming temperature, the printed wiring board
132 is placed on the lower platen cover 128. [00831 Next, the
piston-cxlinder mechanism 102 is actuated to force the upper heating platen
116 and the upper platen cover 120 mounted thereto towards the printed
wiring board 134. As a result) the upper heating platen 116 22   and the
upper platen cover 120 moves until the upper platen cover 120 presses the
spacers 210, as shown in Fig. 4B. [0084] The spacers 210 abut the upper
platen cover 120 at the frame 190, and thereby support and sustain the
upper platen cover, and also the upper heating platen I16, such that a
clearance is formed between the printed wiring board 134 and the metal
plate 194 of the upper platen Cover 120. [0085] Next, the heat transfer oil
filled between the upper heating platen I30 and the upper platen cover 140
and also the heat transfer oil filled between the lower heating platen 124
and the lower platen cover 128 are pressurized to a predetermined level by
the pressure generator 202. The predetermined level is not greater than the
maximum pressure that the heating platen can apply. Therefore, the
pressurized heat transfer oil never pushes the heating platen away from the
spacer(s). 



(0086] As the heat transfer oil is pressurized, the metal plates I94 of
both of the upper and lover platen covers 1Z0, 128 slightly bend towards
the printed wiring board 134) as shown in Fig. 4C. The bend of each metal
plates 194, however, is limited by the distance between the upper and lower
heating platens 116) 124 that are pressing the spacer 210. Therefore, the
metal plates 194 do not break due to excessive bending. 23    Q0089] The
two metal plates 194, that have bent) sandwich and press the printed wiring
board 134. The metal plates 194, which are formed from thin metal sheets,
bend along the surface of the printed wiring board 134 due to the pressure
of the heat transfer oil and thereby apply uniform pressure all over the
printed wiring board 134. In addition, since both sides of the printed
wiring board 234 is pressed With same and uniform pressure, the printed
wiring board 234) and also the metal plates 294 pressing the printed wiring
board, becomes substantially flat during the pressing process. [0088]
Further, since the metal plates 194 have mirror smooth surfaces, they do
not forms any flaw on the printed wiring board 234 during pressing. Q0089]
The pressing device 100 keeps the above state for a time sufficient for
bonding the circuitry layers by the prepreg layer. Then, the pressure
generator 202 reduces the pressure of the heat transfer oil between the
upper/lower heating platen (116, 124) and the upper/lower platen cover
(120, 128. As a result, the metal plates 194 returns to a substantially
flat state as shown in Fig. 4B. Next, the moving table 1l4 is driven
upwards to move the upper platen cover 120 away from the lower platen cover
128 so that the printed wiring board 134 can be removed. 24   [0090] As
above, the heat transfer oil filled between the upper/lower heating platen
(11b, 124) and the upper/lower platen cover (Z20, 128) is pressurized to
the predetermined level after the upper heating platen 116 is pressed
against the spacers 210 to define the small clearance between the printed
wiring board 134 and the metal plate 194 of the upper heating platen 116.
In this way, the pressing device 100 according to the present embodiment
prevents the metal plates 194 of the upper and lower platen covers 120, 128
from bending too much and breaking due to applying high pressure to the
heat transfer oil. [0091] {Second Embodiment) . Hereinafter, a pressing
device according to a second embodiment of the invention will be described.
It should be noted that in this and the following embodiments, elements
that are substantially game as those described in the first embodiment are
denoted by the same reference numbers. L00921 Fig. 5 schematically shows
the configuration of a pressing device 300 according to the second
embodiment of the invention. The structure, and also the operation
procedure) of the pressing device 300 according to the second embodiment of
the invention is same as that of the pressing device l00 according to the
first embodiment 28  



except the structures of the upper and lower heating platens 302, 304 and
the upper and lower platen covers 306, 308. In particular, the upper and
lower platen covers 306, 308 differ from those of the first embodiment in
that they include a backing plate 310 instead of the frame 190. [0093] Fig.
6 is a horizontal sectional view of the upper heating platen 302 of the
pressing device 300 shown in Fig. 5. The upper heating platen 302 of Fig. b
differs from the upper heating platen 116 of Fig. 2 in that it does not
have any conduit corresponding to the pressure conduit 184. Apart from the
above, the structure of the upper heating platen 302 of Fig.5 is same as
that of the upper heating platen 116 of Fig. 2. (0094] Fig. 7 is a
horizontal sectional view of the upper platen cover 306 showing the
undersurface of the backing plate 310, and Fig. 8 is a vertical sectional
view of the upper platen cover 306 mounted to the upper heating platen 302,
taken along a line II-II in Fig. 7. j0095] As can be seen in Fig. 8, the
backing plate 310 is a thick metal plate having a top surface 312 and an
undersurface 314. A flange 320 is formed around the circumference of the
backing plate 310 near the undersurface 314. The edge of the flange 320 is
welded to the edge of the metal plate 194 along the entire periphery so
that the top surface of the metal plate 194 is normally 26   in contact
with the undersurface 314 of the backing plate 310. [009b] A plurality of
screw holes (not shown) are formed to the backing plate 310 from the upper
surface at positions corresponding to the through holes 172 formed in the
upper heating platen 302. The backing plate 310 is fastened to the upper
heating platen 302 by bolts (not shown) passed through the through holes
172 and then screwed into the screw holes. When the backing plate 310 is
fastened to the upper heating plate 302) the top surface 312 of the backing
plate 310 is in contact with the undersurface of the upper heating platen.
Accordingly, the upper heating platen 302 can heat the backing plate 310
efficiently. [0097] As shown in Fig. 7, the undersurface 3I2 of the backing
plate 3I0 is provided with a groove 322 formed in a grid pattern and
extending substantially a11 over the undersurface 312. A pressure conduit
324 is also formed in the backing plate 310 that connects the groove 322
with an opening 326 formed at one of the side surfaces of the backing plate
310 (see also Fig. 8). [0098] The pressure conduit 324 is connected with
the pressure generator 202 (see Fig. 5) via the opening 326 formed at the
side surface of the backing plate 310. The pressure generator 202 provides
the heat transfer oil to 27   the grid patterned groove 322 through the
pressure conduit 324 and also controls the pressure thereof. 



[0099] Since the metal plate 194 is normally in contact with the
undersurface of the backing plate 310 and there is no space other than the
groove 322 therebetween, the heat transfer oil provided through the
pressure conduit 324 flows mainly through the groove 322 and thereby
spreads quickly over the metal plate 194. [01001 The pressure conduit 324
includes four vertical holes 330 bored from the undersurface 312 of the
backing plate 3i0. The pressure conduit 324 also includes an annular
portion 332 that is in communication with the four vertical holes 330 and
also with a lateral hole 334 extending from the opening 326 formed at the
side of the backing plate 310. The four vertical holes 330 are formed at
locations corresponding to the outermost corners of the grid pattern groove
322 such that the heat transfer oil provided to the groove 322 is spread
quickly and uniformly all over the groove 322. [0101] If the pressure
generator 202 pressurizes the heat transfer oil after it has spread all
over the groove 322, the pressurized heat transfer oil press the metal
plate 194 away from the undersurface 312 of the backing plate 310 and fills
the space that has appeared between the metal plate 194 and the backing
plate 310. As a result, a 28   liquid layer of the heat transfer oil is
formed between the metal plate 194 and the backing plate 310 that applies a
uniform pressure across the metal plate 194. Q0102] It should be noted that
the pressing device 300 according to the present embodiment does not have
any conduit that extends from the upper heating platen 302 to the upper
platen cover 306. Therefore, the pressing device 300 according to the
present embodiment has less risk of oil leaking, and the upper platen cover
306 can mounted to and demounted from the upper heating platen 302 easily
since no packing is required to be inserted therebetween. r01031 It should
be also noted that the lower heating platen 304 and the lower platen cover
308 have substantially the same structures and functions as that of the
upper heating platen 302 and the upper platen cover 306. respectively.
Therefore the above description related to the upper heating platen 302 and
the upper platen cover 306 applies also to the lower heating platen 304 and
the lower platen cover 308. [0l041 (Third embodiments) dig. 9 schematically
shows the configuration of a pressing device 400 according to a third
embodiment of the invention which is a modification of the pressing device
300 according to the second embodiment of the invention. 29   [0105] The
pressing device 400 according to the third embodiment differs from the
pressing device 300 of the second embodiment in that the undersurface of
the upper heating platen 302 and the top surface of the lower heating
platen 304 are respectively covered by a top plate 402 and 



a carrier plate 404, both made of stainless steel, instead of the upper and
lower platen covers 306, 308. Further, the pressing device 400 according to
the third embodiment includes two cushion members 406 and one or more
intermediate plates 408. Each intermediate plate is made of stainless steel
and have mirror finished surfaces each of which surface roughness is within
several dun. Apart from the above) the structure of the pressing device 400
according to the third embodiment is substantially same as that of the
pressing device 300 according to the second embodiment. [010fi] According
to the third embodiment of the invention, a plurality of the printed wiring
boards 134 and a plurality of intermediate plates 408 are alternately
stacked so that each printed wiring board 134 is sandwiched between two
intermediate plates. Then the stack of the printed wiring boards 134 and
the intermediate plates 408 is placed between the tap plate 402 and carrier
plate 404 in order to be simultaneously pressed by one pressing operation.
30   ,, [OI07~ One of the cushion member 406 is placed between the tap
plate 402 and the uppermost intermediate plate 408 while the other cushion
member 406 is placed between the carrier plate 404 and the lowermost
intermediate plate 408. No spacer) however, is provided between the heating
platens 302, 304 in the present embodiment. The cushion members 408 placed
as above cancel, during pressing, the effect of undulation and/or
inclination of the top plate 402 and the carrier plate 404 an the printed
wiring boards 7.34, as will be described later. [0108a Fig. 10 is a
vertical sectional view of a part of the pressing device 400 of Fig. 9
showing the cushion member 406 pressing the stack of the printed wiring
boards 134. The cushion member 406 has first and second metal plates 420,
422. Hoth first and second metal plates 420 and 422 are made of stal.nless
steel, for example, and have mirror finished surfaces. The first and second
metal plates 420, 422 are arranged in parallel with each other and joined
to each other by welding the ends 424 along the entire periphery so that
the space 426 therebetween is sealed from the exterior. The space 426
sealed as above is filled with heat transfer oil to form a liquid layer
between the first and second plates 420, 422. [0109) By the cushion member
406 configured as above) the pressing farce from the top plate 402 is once
applied 31   ,, .. to the liquid layer and then to the second metal plate
422. Since the pressure within a continuous liquid layer is same at any
location, the liquid layer applies a uniform pressure over the second metal
plate 422 even if the top plate 402, being in contact with the cushion
member 406) has unevenness or inclination. i01101 The second metal plate
422, in turn, applies a uniform pressure over the uppermost intermediate
plate 408. In the same way, the other cushion member 406 placed between the
lower heating platen 304 and the stack of printed wiring board l34 applies
a uniform pressure over the lowermost intermediate plate 408. As a result
the stack of the printed wiring board 134, and therefore each printed
wiring board 134 therein. is pressed with a uniform pressure. Thus, each
printed wiring board 134 are formed in a un.tform thickness and the
circuitry layers are firmly bonded with the prepreg layer all over the
board. (011i] It should be noted that the second metal plate 422 of the
cushion member 406 and the intermediate plates 408 are formed of relatively
thin metal sheets so that they bend along the surface of the printed wiring
board 134 and thereby assure the application of uniform pressure all over
the printed wiring board 134. 



I01121 xt should be also noted that the cushion members 406 does not
disturb the heat transfer from the upper and 32   ,s lower heating platens
302, 304 to the stack of printed wiring board 134 since the cushion member
406 is filled with the heat transfer oil which has high heat conductivity.
Therefore, the pressing device 400 according to the embodiment does not
require a long time for heating and, as a result) for pressing the printed
wiring board 134. [0T.13] Fig. 11 is a vertical sectional view of a part of
the pressing device 400 of Fig. 9 showing a cushion member 430 which is a
variation of the cushion member 406 shown in Fig. 10. [1I4] The cushion
member 406 shown in Fig. 11 has two metal plates 432, 434, e.g. stainless
steel plates, that are arranged in parallel with each other. An annular
frame 436 is placed between the two metal plates 432, 434 to keep them
parallel to each other with a predetermined distance (e. g. several
millimeters) therebetween. [0115] The frame 436 is welded to the two metal
plates 432, 434 at the entire upper and lower edges so that a space 440
defined inside the two metal plates 432, 434 and the frame 436 is sealed
from the exterior. This space 440 is filled with heat transfer oil to form
a liquid layer between the two metal plates. [013,6] The liquid layer
cancels the surface unevenness and/or inclination of the top plate 402
pressing the cushion member 430 so that the cushion member 430 of Fig. 33
~ 1 11 applies a uniform pressure to the upper most intermediate plate 408
like the cushion member 4o2 of Fig. 10. The liquid layer also realizes a
good heat conductivity of the cushion member 430. Therefore, the cushion
member of Fig. 11 does not hinder effective heating of the stack of the
printed wiring board 134 during pressing. I0117] It should be noted that
the second metal plate 422 of the cushion member 406 shown in Fig.lo can
press the intermediate plate 408 with uniform pressure only at a relatively
small area around the center thereof since the area near the edge, which is
welded to the edge of the first metal plate, ie curved upwards as is shown
in Fig. 10. The second metal plate 434 of the cushion member 430 shown in
Fig. 11, however, can press the intermediate plate 408 with uniform
pressure at a lager area since the frame 436 keeps the second metal plates
432 substantially flat. 



34   What is claimed is: 1. A pressing method for pressing a workplace, the
method comprising the steps of: locating a pressing plate, for pressing
said workplace, on a pressing surface of a platen; placing a spacer beside
said workplace, said spacer being deeper than said workplace; pressing said
spacer by said platen to define a gap between said pressing plate and said
workplace; and pressurizing a liquid layer formed between said platen and
said pressing p7.ate to bend said pressing plate toward said workp~.ece by
the pressure of said liquid layer and thereby press said workplace. 2. A
pressing method according to claim 1, wherein said liquid layer is
pressurized up to a predetermined level not greater than the pressure the
platen applies. 



3. A pressing method or pressing a workplace, the method comprising the
steps of: providing a workplace to be pressed on a pressing surface o a
platen; providing a cushion member between said platen and said workplace,
said cushion member including a pair of 35   plates joined to each other to
form a sealed space therebetween, said sealed space being filled with
liquid; and forcing said platen towards said workpiece such that said
workpiece is pressed by said cushion member. 4. _ A pressing method
according to claim 3, further comprising a step of providing an
intermediate plate between said cushion member and said workpiece before
said workpiece is pressed by said cushion member, said intermediate plate
being bendable along the surface of said workpiece when said intermediate
plate is pressed against said workpiece. 5. A pressing method according to
claim 3 or 4, comprising the steps of: forming a stank of workpieces by
alternatively piling 



a plurality of said workpieces and intermediate plates, said intermediate
plate being bendable along the surface of said workpiece being in contact
when said intermediate plate is pressed against said plate, wherein said
stack o workpieces is placed on said pressing surface of said platen for
pressing. 36   6. A device for pressing a workpiece, the device comprising:
a platen, movable toward said workpiece to be pressed; a pressing plats,
provided between said platen and said workpiece for pressing said workpiece
when said platen is moved toward said workpiece; and a liquid layer, formed
between said pressing plate and said platen for transferring force for
pressing said workpiece to said pressing plate from said platen through
said liquid layer. 7. A device according to claim 6, wherein said pressing
plate is a thin plate bendable slang the surface of said workpiece during
the pressing of said workpiece. 8. A device according to claims 6 or 7,
wherein said 



pressing plate is detachably mounted to said platen. 9. A device according
to an one of claims 6 to 8, wherein said pressing plate is mounted to said
platen such that a space is defined therebetween, and wherein said liquid
layer is formed by filling said space with liquid. 37   I0. A device
according to claim 9, further comprising a pressure controller for
controlling the pressure of said liquid filled in said space. 11. A device
according to claim 10, further comprising, a spacer arranged to support the
workpiece side of said platen to sustain said platen forced towards said
workpiece, such that a clearance is defined between said pressing plate and
said workpiece when said liquid layer is not pressurized, said clearance
having a size small enough to allow said pressing plate to bend by action
of the liquid layer and press said workpiece When said liquid layer is
pressurized by said pressure controller. 12. A device according to claim
12, wherein said pressure controller raises the pressure of said liquid
such that said pressing plate bends and presses said workpiece only when
said platen is sustained by said spacer. 



13. A device according to claim 12, wherein said pressure controller raises
the pressure of said liquid up to a predetermined level not greater than
the maximum pressure the platen can apply. 14. A device according to claim
5, further comprising: 38   a pressure controller for controlling the
pressure of said liquid layer; and a backing plate joined to said pressing
plate such that a space is defined therebetween, said space being filled
with liquid to form said liquid layer) said backing plate being datachably
mounted to said platen, said backing plate including a conduit being in
communication with said space and an opening formed at a side surface of
said backing plate, said opening being connected to said pressure
controller. 15. A device according to claim 14, wherein said space is
formed when said liquid is pressurized by said pressure controller to a
predetermined level, while said space disappears and said pressing plate
becomes in contact with said backing plate when the pressure of said liquid
is reduced below said predetermined level by said pressure controller. 16.
A device according to claim 14 or 15, wherein a groove is formed to said
backing plate at the surface facing said pressing plate, said groove being
formed in a gr~.d pattern extending over said surface of said backing
plate. said groove being in communication with said conduit to provide said
liquid into said groove. 39   



17. A device according to any one of claims 14 to 16) wherein said platen
is a heating platen heatable to a temperature sufficient to heat said
workpiece to a temperature required for pressing, and said backing plate is
mounted to said platen such that the surface facing said platen is in
contact therewith. 18. A device according to claim 6) comprising: a pair of
said platens; a pair of said pressing plates; and a pair of said liquid
layers) wherein said platens, pressing plates and liquid layers are
arranged to sandwich and press said workpieae between said pair o pressing
plates. 19. A device according to claim 6, comprising: a cushion member
including said pressing plate and an additional plate joined to said
pressing plate to define a sealed space therebetween, said sealed space
being filled with liquid to form said liquid layer, wherein said cushion
member is located between said platen and said workpiece so that said
additional plate faces said platen and said pressing plate faces said
workpiece. 



~o   t 20. A device according to any one of claims 6 or 7 and 19, wherein
said platen is a heating platen heatable to a temperature sufficient to
heat said workpiece to a temperature required for pressing, and wherein
said sealed space is filled with heat transfer oil to form said liquid
layer. 21. A device according to any one of claims 7, 19 and 20, wherein
the workpiece side of said pressing plate is of a mirror finished surface.
22. A device according to any one of claims 19 to 21, comprising: a pair of
said platens, and a pair of said cushion members, wherein said platens and
cushion members are arranged to sandwich and press said workpiece between
said pair of 



cushion members. 23. A device according to claim 22, further comprising a
flat intermediate plate, said intermediate plate being located to one of
first and second spaces while said workpiece is pressed, said first space
being defined between said workpiece and said cushion member) said second
41   space being defined between two workpieces stacked to be pressed
simultaneously. 24. A device according to claim 23, wherein said
intermediate plate is thin enough to bend along the surface of said
workpiece when said intermediate plate is pressing said workpiece. 25. A
device according to claim 24, wherein said intermediate plate is made of a
material of high heat conductivity. 26. A cushion member to be located
between a platen of a 



press and a workpiece to be pressed, the cushion member comprising: first
and second plates joined to each other to define a sealed space
therebetween, said sealed space being filled with liquid. 27. A device or
cushion member according to claims 19 to 21 or claim 26, wherein said
sealed space is formed by welding said pressing and additional plates or
said first and second plates along the entire peripheries thereof. 42   28.
A device or cushion member according to claims 19, 26 or 27, wherein said
first and second plates are made of a material of high heat conductivity.
29. A cushion member according to any one of claims 26 to 28) wherein said
sealed space is filled with a heat transfer oil. 30. A device or cushion
member claims 19 to 21 or claims 26 to spacer located between said pre. or
said first and second plates additional plates or said first substantially
flat and parallel according to any one of 29, further comprising a ssing
and additional plates to keep said pressing and and second plates to each
other. 31. A device or cushion member according to claim 30, wherein said
spacer is an annular member having an upper rim and a lower rim, said upper
and lower rims being respectively welded to said pressing and additional
plates or said first and second plates to form said sealed space. 
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