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(57) ABSTRACT

A part cartridge for a mounter device used in a mounting
process for mounting electronic parts on a substrate by
heating the substrate to a predetermined temperature after
the electronic parts are mounted on the substrate put on a
conveying carrier by the mounter device, comprising hold-
ing part holding the substrate in the state of being fitted to
the conveying carrier, and a guide tape holding the holding
part. The holding member is stored in the state of being
wound together with the guide tape so that the holding part
can be mounted on the conveying carrier by the mounter
device. By this, a method of holding and carrying the
substrate for mounting the holding part on the conveying
carrier by using the mounter device can be adopted in the
mounting process. The deflection of the substrate in reflow
can be securely prevented while suppressing cost by effec-
tively utilizing the existing mounting line and devices.
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MOUNTER DEVICE, PART CARTRIDGE FOR THE
DEVICE, AND METHOD OF HOLDING AND
CARRYING SUBSTRATE

TECHNICAL FIELD

[0001] The present invention relates specifically to a
mounter device, a part cartridge for the device, and a method
of holding and carrying substrate, which are favorably used
during the manufacture of electronic circuit boards using
especially thin printed circuit boards.

BACKGROUND ART

[0002] Conventionally, electronic circuit boards were
manufactured by mounting electronic parts on the substrate
placed and held in the conveying carrier and the substrate
heated to the predetermined temperature in the reflow oven.
To prevent the occurrence of deflection in the substrate due
to thermal stresses during reflow and to improve the yield of
the electronic circuit boards during this manufacturing stage,
the technology, for instance, disclosed in the Japanese
Unexamined Patent Application, First Publication No. 2003-
142898, of holding down arbitrary locations of the fringes
and the central part of the substrate in close contact with the
conveying carrier to prevent the board from being raised
above the conveying carrier, was used.

[0003] However, when manufacturing the electronic cir-
cuit boards using thin printed circuit boards such as thin
PWB or FPC substrate, the method of coating resin material
with low adhesiveness on the base material of the conveying
carrier, and holding the substrate by the adhesive force of the
resin material, or the method of fixing the conveying carrier
using tape or weight on the fringes of the substrate, were
often adopted.

[0004] The methods mentioned above bad issues however,
such as the ones described below. Firstly, in the method of
adhesion and holding of the substrate, the force occurring
due to thermal stresses during reflow of the substrate some-
times exceeds the adhesive force of the conveying carrier,
and the deflection in the substrate cannot be prevented.
Moreover, in the method for fixing the substrate using tape
or weight, the costs may increase because of the increase in
the man-hours. Furthermore, when a metallic weight is used,
this weight absorbs heat during reflow. As a result, the
temperature distribution of the substrate surface becomes
non-uniform, which may cause unevenness in the molten
solder.

[0005] Particularly in recent years, with the increasing use
of small data recording media and IC cards by general
consumers, the demand for electronic circuit boards using
very thin substrates has grown rapidly. In these electronic
circuit boards, halogen-free substrates and lead-free solder
are often used based on the environmental measures mainly
adopted in Europe. However, in view of these measures,
deflection occurs comparatively easily during reflow in
halogen-free substrates, and the melting temperature of
lead-free solder is comparatively high; therefore, these mea-
sures are disadvantageous considering deflection prevention
of substrates. Furthermore, there is a trend these days to
make the substrates used in such electronic circuit board
thinner, and the cost of these substrates also creates very
severe conditions for their manufacture.
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[0006] The present invention has the object of preventing
deflection during reflow of substrate by effectively using
existing mounting lines and devices and by restricting costs
after considering the circumstances mentioned above.

DISCLOSURE OF THE INVENTION

[0007] To resolve the disadvantages mentioned above, the
present invention provides a part cartridge for a mounter
device used in the mounting process for mounting electronic
parts on a substrate by heating the substrate to a predeter-
mined temperature after the electronic parts are mounted on
the substrate placed and held on a conveying carrier by the
mounter device. This mounter device comprises a holding
part for holding the substrate in close contact with the
conveying carrier, and a guide tape for holding the holding
part. The part cartridge contains the holding parts held by the
guide tape in would condition so that the holding part can be
mounted on the conveying carrier by the mounter device.

[0008] By using the part cartridge for the mounter device
and by using the mounter device formed by fitting the part
cartridge, the method of holding and carrying a substrate in
which the holding pins are fitted by the mounter device to
the conveying carrier can be adopted.

[0009] According to the method for holding and carrying
substrates mentioned above, even if thermal stresses occur
in the substrate after heating, the substrate is held in close
contact with the conveying carrier by the holding part. Thus,
the rise of the substrate from the conveying carrier, namely
the deflection of the substrate can be securely prevented.

[0010] The electronic circuit board formed by mounting
electronic parts on the substrate can be manufactured by
using existing mounting lines and devices, and at the same
time, the holding pins can be automatically fitted at high
speed using the existing mounter device.

[0011] In the method of holding and carrying substrate
mentioned above, a predetermined latching force is gener-
ated between the holding part and the conveying carrier
when the holding part is inserted while brought into sliding
contact elastically with the conveying carrier. Thus, if the
latching force is set such that it can hold the substrate at a
holding force that just exceeds the force generated by
thermal stresses in the substrate during heating, then deflec-
tion of the substrate can be prevented and the holding part
can be easily fitted and removed from the conveying carrier.

[0012] Furthermore, in the method of holding and carrying
substrate mentioned above, if the holding part is disposed so
as to hold the fringes of the substrate, the fringes (outer
edges) of the substrate that is likely to rise from the
conveying carrier can be held firmly in close contact with the
conveying carrier, and the deflection of the substrate can be
effectively prevented. Here, the fringes of the substrate
include internal edges such as edges of holes and slits
provided on the substrate (including the state of the base
material before the formation of the substrate) in addition to
the fringes mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a perspective view of the mounting line
in the embodiment of the present invention.

[0014] FIG. 2 is a perspective view of the parts feeder of
the mounter device.
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[0015] FIG. 3 is a perspective view of the substrate placed
and held on the conveying carrier.

[0016] FIG. 4 is a cross section view along the line A-A in
FIG. 3.

[0017] FIG. 5 is the elevation of the front view of the
holding pin.

[0018] FIG. 6 is a perspective view of the part cartridge.

[0019] FIG. 7 is a perspective view equivalent to FIG. 2
when a tray-type part cartridge is used.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0020] The embodiments of the present invention are
described here referring to the drawings.

[0021] FIG. 1 shows the important parts in a mounting line
1 for surface mounting (hereafter referred to as “mounting™)
of various kinds of electronic parts (see FIG. 2) 11 such as
IC chips (integrated circuits) and elements such as transis-
tors and capacitors on thin printed circuit boards (hereafter
referred to as “substrates”) with a thickness of 0.01 to 1.0
mm, such as thin printed wiring boards (PWB) and flexible
printed circuit (FPC) boards.

[0022] As shown in this figure, the mounting line 1 has a
plurality of substrates 10 trimmed to the desired shape
placed and held on one conveying carrier 12. In this form,
a series of processes is performed on each substrate 10 in the
mounting stage while each substrate 10 is transported on the
conveying carrier 12. In the figure, the arrow F indicates the
direction of transport of the substrate 10 and the conveying
carrier 12.

[0023] The mounting stage mentioned above comprises a
printing process for printing desired patterns of cream solder
using a printing device 2 on the substrate 10 placed and held
on the conveying carrier 12, a mounting process for auto-
matically mounting various kinds of electronic parts 11 on
the substrate 10 using a mounter device 3, which is an
automatic electronic part loading machine, and a reflow
process for heating the substrate 10 mounted with various
kinds of electronic parts 11 to the predetermined temperature
(220 to 280° C.) in the reflow oven, and for connecting and
fixing the various kinds of electronic parts 11 through the
molten cream solder. While the reflow process is imple-
mented at a high temperature, the printing process and the
mounting process are implemented under room temperature.

[0024] Each substrate 10 after undergoing the processes
mentioned above is removed from the conveying carrier 12,
washed and inspected, and becomes a finished product,
namely an electronic circuit board.

[0025] Referring to FIG. 2, the mounter device 3 is
provided with a multiple parts feeder 6 that can be
exchanged with the mounter body 5. Each parts feeder 6 is
installed to suit each electronic part 11, and has a feeder
body 7 to which a part cartridge 8 containing each electronic
part 11 is exchangeably fitted. This part cartridge 8 has a
case that accommodates suitable electronic parts 11 held by
a guide tape 9 in the reel-wound condition.

[0026] As shown in FIG. 6, the guide tape 9 comprises an
embossed carrier tape 21 provided with multiple embossings
(concave-shaped parts) in a row arrangement at equal spac-
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ing in the longitudinal direction and a top cover tape 23
attached to the embossed carrier tape 21 so as to seal the
embossings 22. Within each embossing 22, electronic part
11 is set in an attitude (condition) that enables it to be
mounted on the substrate 10, and each electronic part 11 is
arranged at an equal spacing and held in the embossing
within the guide tape 9. The guide tape 9 is provided with
multiple feed holes in a row that enables transportation of
the tape.

[0027] Also, as shown in FIG. 2, the guide tape 9 is
intermittently pulled in and at the same time, the top cover
tape 23 is wound over it from the reel 25 when the mounter
body 5 operates. In this condition, the electronic parts 11
arranged in the guide tape 9 are positioned one by one at the
parts feed position in the feeder body 7.

[0028] The electronic part 11 arranged at the parts feed
position is adsorbed and held in a mount arm 5a of the
mounter body 5. When this mount arm Sa activates, the
electronic part 11 is moved to the specified position of
substrate 10 placed and held on the conveying carrier 12 and
is also mounted on the substrate 10.

[0029] The operation of the mounter device 3 together
with the mount arm 5 is controlled by a control device not
shown in the drawings to suit the substrate 10 and the
electronic parts 11. To replenish or to replace electronic parts
11, the part cartridge 8 may be exchanged.

[0030] At least one of the parts feeders 6 is provided for
supplying holding pins (holding part: see FIGS. 3 to 5), that
place and hold the substrate 10 closely on a supporting
surface of the conveying carrier 12, to the mounter body 5
of the mounter device 3, and is prepared as parts feeder 6A
for pins, which is associatively operated by feeder body 7
and part cartridge 8A for pins (part cartridge for mounter
device). The part cartridge 8 A for pins is different from other
part cartridge 8 in that the holding pins 15 are held in the
guide tape 9 instead of the electronic parts 11 and these pins
are contained in a case in the reel-wound condition.

[0031] Similar to each electronic part 11, each holding pin
15 is contained in the embossing 22 of guide tape 9 in an
attitude (condition) that enables it to be fitted to the con-
veying carrier, and each pin is arranged in a row at equal
spacing in the guide tape and held by the tape. Similar to the
other part cartridge 8, with the operation of the mounter
body 5, the guide tape is intermittently pulled and the top
cover tape 23 is wound over by the reel 25 for winding the
tape. In this condition, the holding pins 15 arranged in a row
in the guide tape 9 are positioned one by one at the parts feed
position in the feeder body 7. The holding pin 15 is adsorbed
and held in the mount arm 5a, and when it moves to the
specified position of the conveying carrier 12, it is fitted to
the conveying carrier 12.

[0032] As shown in FIG. 3, the substrate 10 in this
embodiment has a roughly rectangular shape, and the hold-
ing pins 15 are installed at locations near each corner of the
rectangle at the fringes (outer edges) of the substrate 10 in
the conveying carrier 12. The fringes of substrate 10 are held
in position and restrained from being raised above the
substrate supporting surface 13 of conveying carrier 12 by
each of the holding pins 15 fitted to the conveying carrier 12.

[0033] Referring to FIG. 4, through holes 14 are provided
at locations outside the edges of the substrate 10 and near the
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corners of the substrate 10 in conveying carrier 12 to enable
holding pins 15 to be fitted. On the other hand, each holding
pin 15 has a leg part 16 that can be inserted in the through
hole 14 of conveying carrier 12 and an umbrella-shaped
head part 17 that can be installed by the side of the substrate
10 (substrate edge side) of the leg part 16. Each through hole
14 of the conveying carrier 12 is formed almost perpendicu-
lar to the substrate supporting surface 13. By inserting
holding pins 15 in each of these through holes 14, the fringes
of the substrate 10 are pressed down and held in place by the
head part 17, thereby preventing separation, namely the rise
of' the fringes from the substrate supporting surface 13 of the
conveying carrier. In this condition, the fringes of the
substrate 10 are held between the undersurface of the head
part 17 of each holding pin 15 and the substrate supporting
surface 13 of the conveying carrier 12.

[0034] Here, the conveying carrier 12 may comprise a
comparatively hard base material 12a made of glass-cloth
epoxy resin laminate, aluminum, stainless steel or magne-
sium alloy, which may be coated with a comparatively soft
material 125, having low adhesiveness satisfying a value
between 10 to 1000 g/cm?, such as fluoride-based or silicon
based resin material. The substrate supporting surface 13 is
formed by resin material 1256. The holding force that restricts
the substrate 10 from being raised from above the substrate
supporting surface 13 acts on the substrate 10 placed and
held on the substrate supporting surface 13 because of the
adhesive force of the resin material 125. At the same time,
the substrate 10 is positioned along the direction of the
substrate supporting surface 13. After all processes in each
stage are completed, the substrate 10 can be easily separated
from the conveying carrier 12. To place and hold the
substrate 10 at a predetermined position on the conveying
carrier 12, a jig for mounting the substrate (not shown in the
drawings) and the reference hole in the substrate 10 corre-
sponding to the jig may be used.

[0035] As shown in FIG. 5, the leg part 16 of the holding
pin 15 has multiple latching claws 16a shaped such that their
central parts in the longitudinal direction are curved approxi-
mately so as to extend outward diametrically and are pro-
vided at a specific spacing S in the circumferential direction.
Each latching claw 16a has spring-like properties. While the
claws deform elastically and displace so as to reduce the
spacing S, the diameter of the leg part 15 can be reduced.
The maximum diameter of the leg part 16 before reduction
in diameter has been set such that it is greater than the inside
diameter of the through hole 14 of the conveying carrier 12.
This leg part 16 is brought into sliding contact elastically
with the inside surface of through hole 14 of each latching
claw 16a, and inserted in the through hole 14. As a result, a
predetermined latching force is generated between the hold-
ing pin 15 and the conveying carrier 12, and the substrate 10
is held in position at its fringes by the combined latching
force and the adhesive force of the conveying carrier 12.

[0036] The length and the maximum diameter of the leg
part 16 of the holding pin 15 have been set to suit the through
hole 14 of the conveying carrier 12. An example of these
dimensions is: length 1, of leg part 16 is approximately 1.25
mm, its maximum diameter D1 is approximately 1.2 mm,
corresponding to the inside diameter of through hole 14 of
approximately 1 mm. At this stage, the diameter D2 of the
head part 17 of the holding pin 15 was taken as about 1.5
mm, and the thickness T2 of the head part 17 was taken as
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approximately 1 mm so as to have adequate holding strength
to hold the substrate 10 fitted to the conveying carrier 12. At
a location on the side of the undersurface (side of leg part 15)
of head part 17, a disc-shaped seat 18 with thickness T3
equivalent to that of the substrate 10 (for instance, 0.45 mm)
is provided with the leg part 16 extending below its under-
surface. The diameter D3 of seat 18 is approximately 0.9
mm.

[0037] Such aholding pin 15 should preferably be made of
a thermoplastic resin such as polystyrol or acrylic resin, or
thermo-setting resin such as polyacetal or epoxy resin, or
made of a metal such as stainless steel or aluminum, and
should preferably be heat resistant and pliable. In addition to
the characteristics mentioned above, the holding pin should
preferably have conductivity that prevents electrification
due to static electricity. In the embodiment, each holding pin
is fitted to the conveying carrier 12 automatically at high
speed using the existing mounter device 3 during the mount-
ing process, which is a process before the reflow process. To
remove each holding pin 15 from the conveying carrier 12,
apush-out jig (not shown in the drawings) having a push-out
pin to suit each holding pin may be used for pushing out the
leg part 16 of each holding pin 15 from the through hole 14
out of the undersurface of the conveying carrier 12.

[0038] If the tip of the push-out pin is set such that it
pushes against the undersurface of head part 17 (seat 18)
rather than the tip of each claw of the holding pin 15, then
each holding pin 15 can be smoothly removed without
crushing any of the latching claws 16a. As described above,
after the part cartridge 8A in the embodiment above is
mounted with electronic parts 11 by the mounter device 3 in
the substrate 10 placed and held on the conveying carrier 12,
the substrate 10 is heated to the predetermined temperature
so that it can be used in the mounting process in which
electronic parts 11 are mounted on the substrate 10. To
enable the holding pins 15 which hold the substrate 10 in
close contact with the conveying carrier 12 to be fitted to the
conveying carrier 12 by the mounter device 3, the holding
pins 15 held in the guide tape 9 are stored in the reeled
condition together with the guide tape.

[0039] By using the part cartridge 8A for the above-
mentioned pins and the mounter device 3 formed by fitting
the part cartridge 8A, the method of holding and carrying
substrates in which the holding pins 15 are automatically
and speedily fitted by the mounter device 3 to the conveying
carrier 12 can be adopted.

[0040] According to the method of holding and carrying
substrates mentioned above, even if thermal stresses occur
in the substrate 12 during heating, since the substrate 10 is
held in close contact with the conveying carrier 12 by the
holding pins 15, the rise of the substrate 10 from the
conveying carrier 12, or the deflection of the substrate 10
can be securely prevented.

[0041] Considering the environmental measures that are
frequently adopted in recent years in electronic circuit
boards, such as the use of the so-called halogen-free sub-
strates not containing halogen-based fire-retarding materials
such as bromine and chlorine, or the use of the so-called
lead-free solder not containing lead (Pb), the halogen-free
substrate is likely to deflect during reflow, and the melting
temperature of the lead-free solder is high (250 to 280° C.),
therefore, the measures are disadvantageous from the aspect
of preventing deflection of the substrate.



US 2007/0266556 Al

[0042] However, if the method of holding and carrying the
substrate mentioned above is used, even if electronic circuit
boards are manufactured using halogen-free substrates or
very thin substrates in which deflection is likely to occur
during heating, or using lead-free solder in which the
melting temperature is high, the deflection of the substrates
can be securely prevented; therefore, the yield can be
improved and the manufacturing cost can be restricted.

[0043] Also, in the method of holding and carrying sub-
strate mentioned above, the holding pins 15 are inserted
while they are brought into sliding contact elastically with
the conveying carrier 12, and the configuration is such that
a predetermined latching force is generated between the
conveying carrier 12 and the holding pins 15. Thus if the
latching force mentioned above is set such that the substrate
10 can be held by a holding force that exceeds the force
generated by the thermal stresses in the substrate 10 during
heating, the deflection of the substrate 10 can be prevented,
and the holding pins 15 can be easily attached and removed
to/from the conveying carrier 12.

[0044] Furthermore, if a configuration of holding pins 15
to hold the fringes of the substrate 10 is selected in the
method of holding and carrying substrate mentioned above,
the fringes of the substrate 10 which were likely to be raised
above the conveying carrier 12, can be properly held in close
contact with the conveying carrier 12, and the occurrence of
deflection in the substrate 10 can be effectively prevented.

[0045] The electronic circuit board formed by mounting
electronic parts on the substrate 10 can be manufactured by
using existing mounting lines and devices, and at the same
time, the holding pins 15 can be automatically fitted at high
speed using the existing mounter device 3.

[0046] Since a series of processes such as the printing
process, mounting process and the reflow process are per-
formed in the mounting line 1, introducing the process of
fitting holding pins 15 between these processes will result in
large changes in the existing mounting line 1 and, is there-
fore, not preferred. The holding pins 15 may be fitted before
the printing process as in the conventional method of
securing the substrate 10 using tape, but the thickness of
head part 17 of holding pin 15 is significantly larger than the
thickness of tape mentioned above (about 80 pum), which
obstructs cream solder printing and increases the working
man-hours similar to the conventional method using tape.

[0047] Consequently, the method of holding and carrying
substrate mentioned above in which the holding pins 15 for
holding the substrate 10 are fitted using the existing mounter
device 3, is extremely effective because it leads to suppres-
sion of equipment costs and increase in productivity.

[0048] Note that the present invention is not limited to the
embodiments mentioned above. For instance, in the mounter
device 103 shown in FIG. 6, instead of the parts feeder 6, a
tray-type part cartridge 108 containing multiple electronic
parts 11 in the tray unit 107 may be fitted. Multiple depres-
sions 109 are provided in proximity in a row arrangement on
the mounting surface of the part in the tray unit, and
electronic parts of the same type or of different types are set
in these depressions 109. Each electronic part in this con-
dition is directly adsorbed and held by mounting arm 105«
of the mounter 10, moved to the specified position of the
substrate 10 and mounted on the substrate 10. Among one of
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these part cartridges 108, is a part cartridge for pin 108A
(part cartridge for mounter device) containing holding pins
15 instead of electronic parts 11.

[0049] Each holding pin 15 is not inserted at a location
outside of the fringe of the substrate 10 in the conveying
carrier 12, but it may be inserted in the conveying carrier 12
through the fringe of the substrate 10. For this purpose, the
reference hole (for instance hole with diameter 3.2 mm or 4
mm) used for positioning the substrate 10 in the conveying
carrier 12 maybe used as the through hole of holding pin 15
in the substrate 10.

[0050] Furthermore, an arm-shaped object that extends
from the substrate edge part of leg part 16 may be set as the
part that restrains the separation of the substrate 10 at the
holding pin 15 from the conveying carrier 12, instead of the
umbrella-shaped head part 17.

[0051] Moreover, the holding pins 15 may be arranged
such that they hold the inside edges of slit or hole provided
in the substrate 10. Here, when the substrate 10 is in the base
substrate form before it is formed as a substrate, and even
when it is held in conveying carrier 12, holding pins 15 may
be disposed so as to hold this base substrate using fringes of
the substrate and the inside edges of the provided holes or
slits, without being limited to individual substrates or piece
substrates.

[0052] The conveying carrier 12 may be positioned along
the direction of the substrate supporting surface 13 by the
holding pins 15, for instance, instead of using the method of
adhesion and holding of the substrate 10 by the conveying
carrier 12. In this case, either the holding pins 15 should
preferably be fitted to the conveying carrier 12 before
mounting the electronic parts 11, or tape or other means
should be used to fix the substrate 10 to the conveying
carrier 12 beforehand.

[0053] Furthermore, instead of accommodating electronic
parts or holding pins in the embossings 22 by a guide tape,
they may passed through an adhesive layer or may be
inserted, and in a guide tape.

[0054] The holding part for holding the substrate 10 is not
limited to a holding pin, but a snap button or even a
thumbtack may be used.

[0055] The configuration in the embodiment mentioned
above is one example; various changes may be effected to
the present invention without departing from the spirit and
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0056] According to the present invention, even during the
manufacture of electronic circuit boards using very thin
boards or halogen-free boards (substrate) that are likely to
deflect during heating, or using lead-free solder with high
melting temperatures, the deflection of the substrate can be
securely prevented, the yield can be improved and the
manufacturing costs can be restricted.

[0057] Moreover, the electronic circuit boards can be
manufactured as mentioned above, using the existing
mounting lines and devices, and the holding parts can be
fitted using mounter device automatically and at high speed,
therefore, efficiency of production can be improved by
restricting the equipment costs.
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1. A part cartridge for a mounter device used in a
mounting processes for mounting electronic parts on a
substrate by heating the substrate to a predetermined tem-
perature after the electronic parts are mounted on the sub-
strate placed and held on a conveying carrier by the mounter
device, the part cartridge comprising: holding parts for
holding the substrate in close contact with the conveying
carrier; and a guide tape for holding the holding parts, the
part cartridge containing the holding parts held by the guide
tape in wound condition so that the holding parts are
mounted on the conveying carrier by the mounter device.

2. The mounter device provided with the part cartridge for
the mounter device according to claim 1.

3. A method for holding and carrying substrate used in a
mounting process for mounting electronic parts on a sub-
strate by heating the substrate to a predetermined tempera-
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ture after mounting the electronic parts on the substrate
placed and held on a conveying carrier by the mounter
device, the method comprising fitting a holding part which
holds the substrate to the conveying carrier by the mounter
device so as to hold the substrate in close contact with the
conveying carrier.

4. A method for holding and carrying substrate according
to claim 3, wherein the holding part is brought into sliding
contact elastically with the conveying carrier while inserting
the holding part to generate a predetermined latching force
between the holding part and the conveying carrier.

5. A method for holding and carrying substrate according
to claim 3 or claim 4 wherein the holding part is fitted to hold
the fringes of the substrate.
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