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(57) ABSTRACT

A management apparatus is connected to a mount substrate
manufacturing line including at least a print apparatus, a
component mounting apparatus, and a reflow apparatus,
through a network. The management apparatus instructs at
least one of apparatuses that are at a more upstream side than
the reflow apparatus in a mount substrate manufacturing
line, to perform at least any one of an operation relating to
maintenance, an operation relating to calibration, and an
warm-up operation, based on first data relating to a period of
time necessary to complete preparation for performing a
process by the reflow apparatus.
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MANAGEMENT APPARATUS, AND MOUNT
SUBSTRATE MANUFACTURING METHOD

BACKGROUND
[0001] 1. Technical Field
[0002] The present disclosure relates to a management

apparatus that is connected to a mount substrate manufac-
turing line through a network, and a mount substrate manu-
facturing method.

[0003] 2. Description of the Related Art

[0004] A mount substrate manufacturing line in which a
mount substrate that results from mounting an electronic
component on a circuit substrate is manufactured is config-
ured to include multiple apparatuses that are connected to
one another, such as a print apparatus that prints component
bonding solder on the circuit substrate, a component mount-
ing apparatus that mounts the electronic component on the
circuit substrate on which the solder is printed, and a reflow
apparatus that heats the circuit substrate after the component
is mounted and thus solder-bonds the electronic component
to the circuit substrate (refer to Japanese Patent Unexamined
Publication No. 5-102698). When production is performed
in the mount substrate manufacturing line, a preparation
process is needed for causing a state of each apparatus to be
a state suitable for the mount substrate that is to perform the
production, such as a start-up process that causes each
apparatus to be in a state of being operable at the time of
starting the production, or a machine-switching process at
the time of production the mount substrate that is performs
the production machine switching. Among these appara-
tuses, in the reflow apparatus, a process of adjusting a reflow
condition that results from setting up a temperature or an
atmosphere within a reflow oven according to a substrate
which is to be produced is needed (refer to Japanese Patent
Unexamined Publication No. 2005-125340).

SUMMARY

[0005] The present disclosure is to provide a management
apparatus and a mount substrate manufacturing method in
which a waste of time, which is due to the fact that other
apparatuses waits without starting the production during a
period of time up to and including the time when a prepa-
ration process is completed in a reflow apparatus, is sup-
pressed from occurring.

[0006] A management apparatus according to an aspect of
the present disclosure is a management apparatus that is
connected to a mount substrate manufacturing line that
includes at least a print apparatus, a component mounting
apparatus, and a reflow apparatus through a network. The
management apparatus instructs at least one of apparatuses
that are at a more upstream side than the reflow apparatus in
a mount substrate manufacturing line to perform at least any
one of an operation relating to maintenance, an operation
relating to calibration, and a warm-up operation that is to be
performed before starting production of a mount substrate,
based on first data relating to a period of time necessary to
complete preparation for performing a process by the reflow
apparatus.

[0007] A mount substrate manufacturing method accord-
ing to still another aspect of the present disclosure is a mount
substrate manufacturing method for use in a mount substrate
manufacturing system that includes a mount substrate manu-
facturing line that includes at least a print apparatus, a
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component mounting apparatus, and a reflow apparatus, and
a management apparatus connected to the mount substrate
manufacturing line through a network. In the manufacturing
method, the management apparatus instructs at least one of
apparatuses that are at a more upstream side than the reflow
apparatus in a mount substrate manufacturing line to per-
form at least any one of an operation relating to mainte-
nance, an operation relating to calibration, and a warm-up
operation that is to be performed before starting production
of a mount substrate, based on data relating to a period of
time necessary to complete preparation for performing a
process by the reflow apparatus.

[0008] According to the present disclosure, an occurrence
of a waste of time, which is due to the fact that other
apparatuses waits without starting the production during a
period of time up to and including the time when the
preparation process is completed in a reflow apparatus, can
be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is an explanatory diagram illustrating a
configuration of a mount substrate manufacturing system
according to an exemplary embodiment of the present
disclosure;

[0010] FIG. 2A is an explanatory diagram illustrating a
configuration of a print apparatus in the mount substrate
manufacturing system according to the exemplary embodi-
ment of the present disclosure;

[0011] FIG. 2B is an explanatory diagram illustrating a
configuration of an inspection apparatus in the mount sub-
strate manufacturing system according to the exemplary
embodiment of the present disclosure;

[0012] FIG. 3A is an explanatory diagram illustrating a
configuration of a component mounting apparatus in the
mount substrate manufacturing system according to the
exemplary embodiment of the present disclosure;

[0013] FIG. 3B is an explanatory diagram illustrating
configurations of a reflow apparatus in the mount substrate
manufacturing system according to the exemplary embodi-
ment of the present disclosure;

[0014] FIG. 4 is a block diagram illustrating a configura-
tion of a control system of the mount substrate manufactur-
ing system according to the exemplary embodiment of the
present disclosure;

[0015] FIG. 5A is an explanatory diagram illustrating first
data that is used for preparation before starting production in
a mount substrate manufacturing method according to an
exemplary embodiment of the present disclosure;

[0016] FIG. 5B is an explanatory diagram illustrating
second data that is used for the preparation before starting
the production in the mount substrate manufacturing method
according to the exemplary embodiment of the present
disclosure;

[0017] FIG. 6 is an explanatory diagram illustrating aux-
iliary operational data that is used for the preparation before
starting the production in the mount substrate manufacturing
method according to the exemplary embodiment of the
present disclosure;

[0018] FIG. 7 is a flowchart of a before-starting-produc-
tion process in the mount substrate manufacturing method
according to the exemplary embodiment of the present
disclosure;
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[0019] FIG. 8 is a flowchart of a before-starting-produc-
tion process in the mount substrate manufacturing method
according to the exemplary embodiment of the present
disclosure;

[0020] FIG. 9 is a flowchart of a before-starting-produc-
tion process in the mount substrate manufacturing method
according to the exemplary embodiment of the present
disclosure;

[0021] FIG. 10 is a timing chart of the before-starting-
production process in the mount substrate manufacturing
method according to the exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0022] Problems with technologies in the related art will
be briefly described below before providing descriptions of
exemplary embodiments of the present disclosure. Among
preparatory operations necessary for equipment that consti-
tutes the above-described mount substrate manufacturing
line, a preparatory operation necessary for a reflow appara-
tus takes a lot of time compared with other apparatuses. For
example, with regard to a temperature, temperature adjust-
ment has to be made in such a manner that temperature
distribution suitable for a temperature profile that is set in
advance for each mount substrate is available within a
reflow oven, and with regard to an atmosphere within the
oven, atmosphere adjustment has to be made in such a
manner that oxygen concentration within the oven is suitable
for a condition for solder bonding in use. An occurrence of
a waste of time is unavoidable because a waiting state is
forced to be maintained without starting the production of
other apparatuses until a preparatory operation for this
reflow apparatus is completed.

[0023] Next, an exemplary embodiment of the present
disclosure is described referring to the drawings. First, a
configuration of mounting substrate manufacturing system 1
is described referring to FIG. 1. Mount substrate manufac-
turing system 1 has a function of manufacturing a mount
substrate that results from solder-bonding an electronic
component on a substrate. Mount substrate manufacturing
system 1 for performing the component mounting operation
includes mount substrate manufacturing line 16 and man-
agement apparatus 3. Management apparatus 3 is connected
to mount substrate manufacturing line 15 through network 2.
Mount substrate manufacturing line 15 is configured to
connect substrate supply apparatus M1, substrate delivery
apparatus M2, print apparatus M3, inspection apparatus M4,
component mounting apparatuses M5 and M6, inspection
apparatus M7, reflow apparatus M8 and substrate recovery
apparatus M9 to each other. That is, each apparatus that
constitutes mount substrate manufacturing line 15 is con-
nected to management apparatus 3 through network 2.
Management apparatus 3 performs control for production
management of mount substrate manufacturing line 15, such
as when a production starting instruction is issued to each of
the apparatuses.

[0024] Substrate supply apparatus M1 supplies substrate 4
(refer to FIGS. 2A to 3B) on which a component is to be
mounted. Supplied substrate 4 is carried into print apparatus
M3 through substrate delivery apparatus M2. Print apparatus
M3 prints solder paste, on a component-bonding electrode
that is formed on the substrate. Inspection apparatus M4
determines whether or not a printing state of the solder
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which is printed on the substrate is good and performs print
inspection including detection of deviation of a position for
the printing of the solder on the electrode. Component
mounting apparatuses M5 and M6 mount electronic com-
ponents sequentially on substrate 4 on which the solder is
printed by print apparatus M3. Inspection apparatus M7
inspects a state of the component that is mounted on
substrate 4, after the electronic component is mounted on
substrate 4.

[0025] Reflow apparatus M8 solder-bonds the electronic
component to the substrate by heating substrate 4 on which
the electronic component is mounted in accordance with the
temperature profile and then melting the solder. Substrate
recovery apparatus M9 recovers a finished product, that is,
electronic-component-mounted substrate 4 that goes
through the reflow. In the above-described configuration,
apparatuses M1 to M7 constitute pre-reflow substrate manu-
facturing line 1a for manufacturing a pre-reflow substrate
that is in a state of waiting before entering a stage of carrying
the substrate into reflow apparatus M8 in order to manufac-
ture the mount substrate in mount substrate manufacturing
line 15. According to the present exemplary embodiment,
pre-reflow substrate manufacturing line 1a is configured to
include at least print apparatus M3 and component mounting
apparatuses M5 and M6.

[0026] The pre-reflow substrate that is manufactured in
pre-reflow substrate manufacturing line 1a is carried into
reflow apparatus M8 and then a reflow operation is per-
formed. Thus, the mount substrate on which an electronic
component to be mounted is mounted on substrate 4 with
solder bonding is manufactured. The expression of pre-
reflow substrate manufacturing line 1a is used to collectively
refer to apparatuses M1 to M7 that are arranged for a
preceding process by reflow apparatus M8 in mount sub-
strate manufacturing line 16. Consequently, a group of
apparatuses M1 to M7 that constitute pre-reflow substrate
manufacturing line 1a is not definitely distinguished from
reflow apparatus M8 in terms of apparatus configuration or
system management.

[0027] Next, configurations of print apparatus M3 and
inspection apparatuses M4 and M7 are described referring to
FIGS. 2A and 2B. In print apparatus M3 that is illustrated in
FIG. 2A, substrate holding section 11 that is configured to
hold substrate 4 by interposing substrate 4 between both
sides of substrate holding section 11 is installed on posi-
tioning table 10. Mask plate 12 in which a pattern hole that
corresponds to a print portion of substrate 4 is provided is
installed over substrate holding section 11. Positioning table
10 is driven by table drive unit 14, and thus substrate 4
moves horizontally and vertically relative to mask plate 12.
[0028] Squeegee unit 13 is arranged over mask plate 12.
Squeegee unit 13 is configured from ascending and descend-
ing pressing mechanism 1354 that causes squeegee 13¢ to
ascend and descend with respect to mask plate 12 and that
presses squeegee 13¢ against mask plate 12 with a given
pressing force (pressure), and squeegee moving mechanism
13a that moves squeegee 13¢ horizontally. Ascending and
descending pressing mechanism 135 and squeegee moving
mechanism 13 are driven by squeegee drive unit 15.
[0029] Squeegee 13c¢ is moved at a given speed horizon-
tally along a surface of mask plate 12 to which solder paste
5 is supplied, in a state where substrate 4 is brought into
contact with a lower surface of mask plate 12, and thus
solder paste 5 is printed on substrate 4 through the pattern
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hole. This print operation is performed by print controlling
section 16 controlling table drive unit 14 and squeegee drive
unit 15. Print controlling section 16 is connected to network
2 through communicating section 17. In the above-described
configuration, substrate holding section 11, mask plate 12,
and squeegee unit 13 constitute print mechanism 18 (refer to
FIG. 4) for printing solder to substrate 4.

[0030] In inspection apparatus M4 that is illustrated in
FIG. 2B, substrate holding section 21 is arranged over
positioning table 20, and substrate 4 is held in substrate
holding section 21. Camera 22 is installed over substrate
holding section 21 with an imaging direction being a down-
ward direction, and camera 22 images substrate 4 in a state
where an illumination apparatus (not illustrated) emits illu-
mination light to substrate 4. At this time, positioning table
20 is moved by controlling table drive unit 24, and thus an
image can be captured with an arbitrary position of substrate
4 being located directly under camera 22.

[0031] Image data that is acquired by the imaging is
image-processed by recognition processor 23, and a result of
recognition is output to inspection controlling section 26.
Inspection controlling section 26 performs inspection in
terms of each inspection target item based on the result of the
recognition, and controls camera 22 and table drive unit 24
and thus performs a inspection operation. Inspection con-
trolling section 26 is connected to network 2 through com-
municating section 27, and a result of the inspection is
output to a different apparatus through communicating sec-
tion 27. In the above-described configuration, positioning
table 20, substrate holding section 21, and camera 22
constitute inspection mechanism 28 (refer to FIG. 4) that
performs inspection on substrate 4.

[0032] Next, configurations of component mounting appa-
ratuses M5 and M6 and reflow apparatus M8 are described
referring to FIGS. 3A and 3B. In component mounting
apparatuses M5 and M6 that are illustrated in FIG. 3A,
substrate 4 is held and positioned in substrate positioning
section 30, and substrate 4 is bottom-supported by bottom-
of-substrate supporting section 30a. Component supply unit
31 on which a plurality of tape feeders 31a is mounted is
arranged beside substrate positioning section 30. Mounting
head 33 that has suction nozzle 334 mounted on the lower
end portion, and camera 34 are installed over substrate
positioning section 30 in such a manner that mounting head
33 and camera 34 are freely moved by head drive mecha-
nism 32. Head drive mechanism 32 is driven by mounting
head drive unit 35, and thus mounting head 33 mounts the
electronic component that is took out from tape feeder 31a
of component supply unit 31, on substrate 4 that is held in
substrate positioning section 30.

[0033] Camera 34 moves together with mounting head 33,
and performs position recognition of substrate 4 on substrate
positioning section 30 and position-recognizes a component
taking out position of tape feeder 31a. Accordingly, suction
position teaching that automatically teaches a position for
component suction by suction nozzle 33a is possible.
Mounting head drive unit 35, and bottom-of-substrate sup-
porting section 30a are controlled by mounting controlling
section 36, and thus a component mounting operation is
performed on substrate 4. Mounting controlling section 36 is
connected to network 2 through communicating section 37.
In the above-described configuration, head drive mechanism

Oct. 20, 2016

32 and mounting head 33 constitute component mounting
mechanism 38 (refer to FIG. 4) for mounting the electronic
component on substrate 4.

[0034] In reflow apparatus M8 that is illustrated in FIG.
3B, carrying path 41 along which substrate 4 is carried is
horizontally provided within heating oven 42 that is pro-
vided on stage 40. The inside of heating oven 42 is parti-
tioned into a plurality of heating zones 42a, and each heating
zone 42a includes heating device 43 that is capable of
temperature adjustment by temperature adjustment unit 44.
Moreover, adjustment of an atmosphere condition, such as
oxygen concentration or nitrogen concentration, for an inter-
nal atmosphere of heating zone 42a, is possible with atmo-
sphere adjustment unit 45.

[0035] Temperature adjustment unit 44 and atmosphere
adjustment unit 45 are controlled by reflow controlling
section 46, and thus are capable of causing an atmosphere
and a temperature that are set up within each heating zone
424 to be consistent with a reflow condition that is set in
advance. Reflow controlling section 46 is connected to
network 2 through communicating section 47, and is capable
of causing a preparatory operation for causing the tempera-
ture or the atmosphere within each heating zone 424 to be
consistent with a given condition to be performed according
to a command from management apparatus 3 before starting
the production.

[0036] The atmosphere within each heating zone 42a is
adjusted by atmosphere adjustment unit 45. Moreover, in a
state where heating device 43 is driven, and thus each
heating zone 42a is heated to meet a given temperature
condition, substrate 4 that has the electronic component
mounted on the solder paste thereof, is caused to pass the
heating zones sequentially from upstream side, and thus
solder components in the solder paste are heated and melted.
Accordingly, electronic component is solder-bonded to the
substrate 4.

[0037] Next, a configuration of a control system of mount-
ing substrate manufacturing system 1 is described referring
to FIG. 4. In FIG. 4, management apparatus 3 includes
general controlling section 50, storage 51, calculating sec-
tion 55, operation/input unit 56, display unit 57, and com-
municating section 58. General controlling section 50 is a
CPU that performs a function of processing by management
apparatus 3, and controls each unit that will be described
below, based on various programs or pieces of data that are
stored in storage 51. Accordingly, operational management
by each apparatus that constitutes mount substrate manu-
facturing line 15 is performed by management apparatus 3.
[0038] Stored in storage 51 are various pieces of data that
include first data 52, second data 53, and auxiliary opera-
tional data 54. First data 52 is data relating to the period of
time necessary for completing preparation for performing a
process by the reflow apparatus. At this point, the period of
time necessary for completing preparation for performing
the process is the period of time necessary for causing the
temperature distribution in the plurality of heating zones 42a
to be consistent with the temperature profile that is stipulated
in advance according to a type of substrate 4 that is to be
produced, for stabilization, and necessary for causing the
oxygen concentration or the nitrogen concentration in the
atmosphere within heating zone 424 to be consistent with
the atmosphere condition that is stipulated in advance
according to the type of substrate 4 that is to be produced,
for stabilization. According to the present exemplary
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embodiment, two types of pieces of data, one for a prepa-
ration operation that is performed for start-up when new
production starts, and the other for a machine switch opera-
tion that is performed when the type of substrate 4 that is to
be produced is switched while the production is in progress
are stipulated (refer to FIG. 5A).

[0039] Second data 53 is data relating to the period of time
necessary for manufacturing a pre-reflow substrate in pre-
reflow substrate manufacturing line la. For example, man-
agement apparatus 3 transmits a command to start produc-
tion of the mount substrate to pre-reflow substrate
manufacturing line 1a, and the period of time to complete an
operation that is performed by each of substrate delivery
apparatus M2 to inspection apparatus M7 on substrate 4 that
is supplied from substrate supply apparatus M1 and thus to
accomplish the pre-reflow substrate is stipulated for each
type of substrate (refer to FIG. 5B). Furthermore, the period
of time necessary for the operation by each of the appara-
tuses M1 to M7 may be stipulated for each type of substrate.
[0040] Auxiliary operational data 54 is not a production
operation in each apparatus that itself constitutes mount
substrate manufacturing line 15, but means a process opera-
tion for performing normal production. The auxiliary opera-
tions according to the present exemplary embodiment
include at least any one of an operation relating to a
maintenance such as maintenance and inspection of the
apparatus, an operation relating to calibration such as cali-
bration of an operational parameter that is set in advance for
correctly operating a process operation mechanism by each
apparatus, and a warm-up operation that is to be performed
before starting the production, which is necessary according
to apparatus characteristics of each apparatus to stabilize
each apparatus smoothly for operation.

[0041] Management apparatus 3 according to the present
exemplary embodiment instructs at least one apparatus that
constitutes pre-reflow substrate manufacturing line 1la to
start production of the mount substrate, based on first data
52, or desirably based on both of first data 52 and second
data 53. That is, management apparatus 3 instructs an
upstream-side apparatus, rather than reflow apparatus M8 in
mount substrate manufacturing line 15, to start production of
the mount substrate, based on first data 52, or desirably
based on both of first data 52 and second data 53. Moreover,
management apparatus 3 instructs at least one apparatus that
constitutes pre-reflow substrate manufacturing line 1la to
operate any one of the above-described auxiliary operations,
based on first data 52 or desirably based on both of first data
52 and second data 53. That is, management apparatus 3
instructs the upstream-side apparatus, rather than reflow
apparatus M8 in mount substrate manufacturing line 15 to
operate any one of the above-described auxiliary operations,
based on first data 52, or desirably based on both of first data
52 and second data 53.

[0042] First data 52 is referred to when the instruction of
the time to start the production of the pre-reflow substrate
and an instruction to perform the auxiliary operation are
provided, and thus a timing loss can be reduced by providing
a process instruction in which the period of time necessary
to complete at least the preparation for the performing of the
process by the reflow apparatus is considered. Moreover, the
process instruction in which the period of time necessary to
manufacture the pre-reflow substrate is also considered is
possible by referring to second data 53, and it is possible to
reduce the timing loss further.
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[0043] Calculating section 55 has a function of calculating
the waiting time to start production of the mount substrate,
based on first data 52 and second data 53 that are described
above. General controlling section 50 determines whether or
not it possible to perform any one of the operation relating
to the maintenance, the operation relating to the calibration,
and the warm-up operation before the start of manufacturing
an apparatus, within the waiting time that is calculated by
calculating section 55 and the operation time that is stipu-
lated in auxiliary data 54, that is, within the waiting time to
start production of the mount substrate. In a case where it is
determined that an auxiliary process that is possible to
perform within the waiting time is present, general control-
ling section 50 of management apparatus 3 instructs the
corresponding apparatus to perform the auxiliary process
that is possible to perform. At this time, in a case where
multiple auxiliary processes are present, the corresponding
apparatus is instructed to perform the auxiliary process
according to priority levels that are stipulated in advance.
[0044] Operation/input unit 56 is an input device such as
atouch panel or a keyboard, and performs an input operation
such as input of an operation command or data into man-
agement apparatus 3. Display unit 57 is a display device
such as a liquid panel, and performs display of a guide
screen at the time of the input operation by operation/input
unit 56 or of various report screens. Communicating section
58 is a communication interface. Communicating section 58
is connected to each apparatus that constitutes mount sub-
strate manufacturing line 15, through network 2 and trans-
mits and receives a control signal or data.

[0045] Print controlling section 16 of print apparatus M3
is connected to network 2 through communicating section
17. Print controlling section 16 controls print mechanism 18.
Inspection controlling section s 26 of inspection apparatuses
M4 and M7 are connected to network 2 through communi-
cating section 17. Inspection controlling section s 26 control
inspection mechanism 28 and recognition processor 23.
Mounting controlling sections 36 of component mounting
apparatuses M5 and M6 are connected to network 2 through
communicating section 37. Mounting controlling section s
36 control component mounting mechanism 38 and com-
ponent supply unit 31. Reflow controlling section 46 of
reflow apparatus M8 is connected to network 2 through
communicating section 47. Reflow controlling section 46
controls temperature adjustment unit 44 and atmosphere
adjustment unit 45. The controlling section of each appara-
tus is connected to management apparatus 3 through net-
work 2, and thus management apparatus 3 is capable of
controlling starting/ending of a process by each apparatus.
[0046] Next, first data 52, second data 53, and auxiliary
operational data 54 that are stored in storage 51 are
described referring to FIGS. 5A to 6. First, configurations of
first data 52 and second data 53 are described referring to
FIGS. 5A and 5B. First data 52 that is illustrated in FIG. 5A
indicates the period of time necessary to complete the
preparation for performing of process by reflow apparatus
MS8. First data 52 is configured from start-up data 52(1) that
is necessary for start-up of the apparatus when new produc-
tion starts in mount substrate manufacturing line 15 and
machine-switching data 52(2) that is necessary when a type
of substrate that is to be produced is switched while the
production is in progress.

[0047] Pieces of start-up data 52(1) result from organizing
as pieces of data “the period of time required for prepara-
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tion” 52(1)b (aa, bb, cc, and so forth)” that are necessary for
types of substrates (at this point, A, B, C and so forth),
respectively, that are indicated in “type of substrate” 52(1)a,
based on numerical values of actual results, or by making
predictions or the like. That is, with regard to the reflow
condition (a heating profile and the atmosphere condition) in
reflow apparatus M8, because an optimal condition differs
depending on the type of substrate 4, the period of time for
reaching the optimal condition also differs depending on the
type of substrate 4.

[0048] Furthermore, pieces of machine-switching data
52(2) result from organizing as pieces of data “the period of
time required for preparation” 52(2)b (ab, ab, ba, and so
forth) that are necessary for switch patterns, that is, “switch
patterns” 52(2)a (switching from the type A of substrate to
the type B of substrate is expressed as (A->B), and switching
between the types of substrates are, hereinafter in the same
manner, expressed as (A->C), (B->A), (B->C), and so forth),
respectively, according to which the type of substrate is
switched, based on numerical values of results, or making
predictions or the like.

[0049] Second data 53 that is illustrated in FIG. 5B is data
relating to the period of time necessary to manufacture the
pre-reflow substrate by each apparatus that constitutes pre-
reflow substrate manufacturing line 1a. In the same manner
as pieces of start-up data 52(1), pieces of second data 53 also
result from organizing as pieces of data “the period of time
required for manufacturing” 5356 (a*a, b*b, c*c, and so
forth) that are necessary for the types of substrates 4, that is,
“types of substrates” 53a (A, B, C, and so forth), respec-
tively, based on numerical values of results, or making
simulations or the like.

[0050] Next, auxiliary operational data 54 is described
referring to FIG. 6. At this point, the auxiliary operation is
not a process operation relating directly to the production
operation by each apparatus in mount substrate manufactur-
ing line 15, but means a process for enabling the process
operation by each apparatus to be performed normally and
smoothly. At this point, as operational types 60 of the
auxiliary operations, three types, that is, “maintenance” 65,
“calibration” 66, and “warm-up” 67 are illustrated, in a
major item 61. “The period of time required for operation”
63 and “priority level” 64 are stipulated, as details of data,
in each minor item 62 that results from dividing major item
61 for more detail.

[0051] For example, for “maintenance” 65, “suction
nozzle” 65a is illustrated as minor item 62. That is, suction
nozzle 33a that is mounted on mounting head 33 in print
apparatus M3 that is illustrated in FIG. 3A needs a mainte-
nance process operation, such as a cleaning operation of
removing contaminants that are attached to a lower end
portion of the nozzle at suitably-set intervals. As “the period
of time required for operation” 63 for performing the
maintenance process operation, X minutes/one nozzle is
stipulated, and “priority level” 64 is stipulated that indicates
an order of performing priority in a case where an item for
a process operation that needs to be additionally performed
is present. For “Priority level” 64, in an example that is
illustrated here, A (high priority level), B (middle priority
level), and C (low priority level) are assigned in order of
decreasing the priority level. That is, an operation relating to
the maintenance in auxiliary operational data 54 according
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to the present exemplary embodiment is maintenance of
suction nozzles 33a of component mounting apparatuses M5
and M6.

[0052] Furthermore, for “calibration” 66, “mounting
head” 66a, “tape feeder” 665, and “beam heat compensa-
tion” 66¢ are illustrated as minor item 62. “Mounting head”
664 is an item that is necessary in a case where mounting
head 33 is replaced with a different type of mounting head
33 in component mounting apparatuses M5 and M6 that are
illustrated in FIG. 3A, for example, calibration of a position
of a suction hole in a lower end portion of nozzle 33a or the
like. In this example, the actual position of the suction hole
in suction nozzle 33a is detected as a result of a component
recognition camera below suction nozzle 33a capturing an
image of suction nozzle 33a, an amount of positional
deviation from a normal position is obtained, and the
obtained amount of positional deviation is set to be a offset
value. For “the period of time required for operation” 63, Y
minutes/one head is stipulated, and “priority level” 64 is “A”
ranking.

[0053] “Tape feeder” 665 is subject to calibration of which
a detailed function is teaching of the position for the
component suction, which is performed at a given timing,
such as when tape feeder 31a is replaced in component
supply units 31 of component mounting apparatuses M5 and
MBé6. That is, the position for the component suction to which
suction nozzle 33a has to be position-aligned at the time of
the component suction operation is determined by moving
camera 34 above tape feeder 31a and then capturing an
image of the component taking out position. As “the period
of time required for operation” 63, Z minutes/one feeder is
stipulated, and priority level 64 is “B” ranking.

[0054] “Beam heat compensation” 66¢ is calibration of
which a detailed function is to offset for a positional error
due to thermal deformation over time, which results from a
temperature of a beam constituting head drive mechanism
32 increasing with the passage of the operation time. That is,
when the thermal deformation over time occurs, the posi-
tional error between a target position that is designated by a
control command from mounting controlling section 36 and
an actual position that is reached by mounting head 33 and
camera 34. In the calibration of which an object is “beam
heat compensation” 66¢, an amount of deviation equivalent
to a thermal error is obtained based on a result of recogniz-
ing a position by camera 34 capturing an image of a fixed
reference point that is provided in the stage or the like, and
a value of the control command is corrected according to the
amount of deviation. As “the period of time required for
operation” 63, M minutes/one time is stipulated, and priority
level 64 is “A” ranking.

[0055] Furthermore, as “warm-up” 67, “idling” 67a of
component mounting apparatuses M5 and M6 is illustrated
as minor item 62. In “idling” 67a, idling that does not
accompany an actual process operation is performed for a
given period of time that is determined in advance in order
to facilitate the operation of each mechanism before oper-
ating component mounting apparatuses M5 and M6. As “the
period of time required for operation” 63, N minutes (the
minimum time necessary) is stipulated, and “priority level”
64 is “C” ranking. Numerical values of X, Y, Z, M and N that
stipulate “the period of time required for operation” 63
described above are suitably set based on an empirical value.
Furthermore, items that are illustrated in FIG. 6 are
examples, and if the process operation in each apparatus is
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normally performed and this is an effective process, process
items other than these may be included in the auxiliary
operation.

[0056] Next, the mount substrate manufacturing method
that is performed in mount substrate manufacturing system
1 which is configured to include above-described mount
substrate manufacturing line 15 and management apparatus
3 that is connected to mount substrate manufacturing line 156
through network 2 is described referring to FIGS. 7 to 10.
FIG. 10 illustrates, in time sequence, before-starting-pro-
duction processes that are performed before the production
of the mount substrate starts in mount substrate manufac-
turing line 15, and illustrates a relationship to the auxiliary
process and the like that are performed concurrently with a
reflow preparation process of causing reflow apparatus M8
to be in a before-starting-production state. In an example
that is described here, the reflow preparation process starts
at timing t1 (reflow preparation starting timing), and ends at
timing t2 (reflow preparation completion timing).

[0057] First, a before-starting-production process flow in a
case where the auxiliary process is not performed concur-
rently with the reflow preparation process is described
referring to FIGS. 7 and 10. First, when the before-starting-
production process starts (ST 1), a substrate production
starting time is calculated based on first data 52 and second
data 53 that are calculated by calculating section 55 (ST 2).
At this point, first, required time T1 (refer to “the period of
time required for preparation” 52(1)b that is illustrated in
FIG. 5A) for the reflow preparation process that corresponds
to substrate 4 that is to be produced and required time T3
(refer to “the period of time required for manufacturing” 535
that is illustrated in FIG. 5B) for manufacturing the substrate
are read. Subsequently, calculating section 55 calculates
timing t2 that is elapsed required time T1 from timing t1 that
is illustrated in FI1G. 10. Subsequently, calculating section 55
calculates timing t4 that is earlier manufacturing required
time T3 for than timing t2, as a production starting time (a
pre-reflow substrate production starting timing).

[0058] Subsequently, at the calculated production starting
time (timing t4), at least one apparatus that constitutes
pre-reflow substrate manufacturing line 1a is instructed to
start the production (ST 3). This production starting instruc-
tion is performed by a control function that general control-
ling section 50 of management apparatus 3 has, and with the
production starting instruction, the before-starting-produc-
tion process ends. That is, management apparatus 3 instructs
at least one apparatus that constitutes pre-reflow substrate
manufacturing line 1la to start production of the mount
substrate, based on first data 52 with the above-described
configuration, or desirably based on first data 52 and second
data 53. That is, at least one of the apparatuses that is at a
more upstream side than reflow apparatus M8 in mount
substrate manufacturing line 15 is instructed to start pro-
duction of the mount substrate. At this time, management
apparatus 3 is made to instruct at least one apparatus that
constitutes pre-reflow substrate manufacturing line 1la to
start production of the mount substrate, in such a manner the
pre-reflow substrate is manufactured in accordance with
timing t2 (reflow preparation completion timing) at which
the preparation for the performing of the process by reflow
apparatus M8 is completed.

[0059] Next, the before-starting-production process tlow
in a case where the auxiliary process is performed is
described referring to FIGS. 8 and 10. First, when the
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before-starting-production process starts to be performed
(ST 11), the substrate production starting time is calculated
by calculating section 55 based on first data 52 and second
data 53 (ST 12), in the same manner as in the example that
is illustrated in FIG. 7. Subsequently, the waiting time up to
and including the substrate production starting time and the
period of time necessary for each auxiliary operation are
compared with each other (ST 13). At this point, the waiting
time differs depending on whether or not the reflow prepa-
ration process (refer to machine-switching data 52(2) that is
illustrated in FIG. 5A) that is to be performed is accompa-
nied by a preparation process for machine switching that
accompanies substrate-type switching. FIG. 10 illustrates an
example in which the preparation process is necessary at
required time T2. In a case where the reflow preparation
process (refer to machine-switching data 52(2)) is not
accompanied by the preparation, required time T2 is 0.

[0060] As illustrated in FIG. 10, the waiting time (first
waiting time TW1) up to and including the substrate pro-
duction starting time is obtained using the equation (T1-
T2-T3), and first waiting time TW1 and “the period of time
required for operation” 63 in auxiliary operation data 54 that
is illustrated in FIG. 6 are compared with each other. It is
determined whether or not the auxiliary operation is possible
to perform during first waiting time TW1 is present (ST14).
At this point, in a case where it is determined that the
auxiliary operation that is possible to perform is present, the
auxiliary operation that is possible to perform is selected in
accordance with a predetermined condition (ST 15). In a
case where it is determined that the auxiliary operation that
is possible to perform is not present, proceeding to ST 17
takes place. In the same manner as in FIG. 7 (ST 3), at the
calculated production starting time (timing t4), at least one
of the apparatuses that constitute pre-reflow substrate manu-
facturing line 1a is instructed to start the production.

[0061] That is, in an example that is illustrated in FIG. 8,
in the same manner, management apparatus 3 instructs at
least one apparatus that constitutes pre-reflow substrate
manufacturing line 1la to start production of the mount
substrate, in such a manner that the pre-reflow substrate is
manufactured in accordance with timing t2 (reflow prepa-
ration completion timing) at which the preparation for the
performing of the process by reflow apparatus M8 is com-
pleted. That is, at least one of the apparatuses that is at a
more upstream side than reflow apparatus M8 in mount
substrate manufacturing line 15 is instructed to start pro-
duction of the mount substrate.

[0062] A flow of auxiliary operation selection processing
that is performed at this point (ST 15) is described referring
to FIG. 9. First, when the selection processing starts (ST 21),
an operation (first auxiliary operation) that has the highest
priority level among the auxiliary operations that are pos-
sible to perform is selected as an auxiliary operation that is
to be performed (ST 22). Next, the waiting time (second
waiting time TW2 (=TW1-T4)), that is, the remainder that
results from subtracting the period of time necessary (re-
quired time T4) for performing the selected auxiliary opera-
tion from the waiting time (first waiting time TW1), is
calculated (ST 23). It is determined whether or not the
auxiliary operation that is possible to perform within the
waiting time (second waiting time TW2), that is, the remain-
der, is present (ST 24). For example, it is determined
whether or not at least any one of the operation relating to
the maintenance, the operation relating to the calibration,
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and the warm-up operation that is to be performed before the
apparatus starts the production is possible to perform within
the waiting time. At this point, in a case where the auxiliary
operation that is possible to perform is not present, the
processing ends and returning to FIG. 8 takes place.

[0063] In contrast, in a case where it is determined in ST
24 that the auxiliary operation that is possible to perform is
present, an auxiliary operation (a second auxiliary opera-
tion) that has the highest priority level among the auxiliary
operations that are possible to perform within the remainder
is added, for selection, to the auxiliary operation that is to be
performed (ST 25), and then the processing ends and return-
ing to FIG. 8 takes place. If the returning to FIG. 8 takes
place, the auxiliary operation that is possible to perform,
which is selected, is performed (ST 16). That is, the first
auxiliary operation starts at timing t3, and the second
auxiliary operation starts at timing t5 at which required time
T4 necessary for performing the first auxiliary operation
elapses and the first auxiliary operation is completed. The
second auxiliary operation is completed at timing t6 at
which required time T5 necessary for performing the first
auxiliary operation elapses. In a case where there is suffi-
cient waiting time during a period of time from timing t6 to
timing t4, other auxiliary operations that are possible to
perform are selected and are sequentially performed. There-
after, at timing t4 that is the production starting time, at least
one of the apparatuses that constitute pre-reflow substrate
manufacturing line la is instructed to start the production
(ST 17) and the before-starting-production process flow
ends.

[0064] As described above, in the management apparatus,
the mount substrate manufacturing system, and the mount
substrate manufacturing method according to the present
exemplary embodiment, mount substrate manufacturing line
15 that includes at least print apparatus M3, component
mounting apparatuses M5 and M6, and reflow apparatus M8
is connected to management apparatus 3 through network 2.
In this configuration, at least one of the apparatuses that is
at a more upstream side than reflow apparatus M8 is
instructed to start the substrate production, based on first
data 52 relating to the time necessary for management
apparatus 3 to complete the preparation for the performing
of'the process by reflow apparatus M8, or desirably based on
first data 52 and second data 53. Accordingly, a decrease in
production efficiency can be suppressed that is due to the
fact that other apparatuses waits without starting the pro-
duction during a period of time up to and including the time
when the preparation process is completed in reflow appa-
ratus M8.

[0065] Furthermore, at least one of the apparatuses that is
at a more upstream side than reflow apparatus M8 is
instructed to perform at least any one of the operation
relating to the maintenance, the operation relating to the
calibration, and the warm-up operation that is to be per-
formed before starting production of the mount substrate,
based on first data 52 relating to the period of time necessary
for management apparatus 3 to complete the preparation for
the performing of the process by reflow apparatus M8, or
desirably based on first data 52 and second data 53. Accord-
ingly, a waste of time, which is due to the fact that other
apparatuses waits without starting the production during a
period of time up to and including the time when the
preparation process is completed in a reflow apparatus, can
be suppressed from occurring. In this case, the at least one
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apparatus instructed to start production of the mount sub-
strate may be the same as at least one apparatus instructed
to perform any one of an operation relating to maintenance,
an operation relating to calibration, and a warm-up operation
that is to be performed before starting production of the
mount substrate. Alternatively, they may be different from
each other.

[0066] As described above, the management apparatus,
the mount substrate manufacturing system, and the mount-
ing substrate manufacturing method according to the present
disclosure have an effect in which an occurrence of a waste
of time can be suppressed that is due to the fact that other
apparatuses waits without starting the production during a
period of time up to and including the time when the
preparation process is completed in a reflow apparatus, and
are useful in a field in which a mount substrate is manufac-
tured in a mount substrate manufacturing line that includes
a reflow apparatus.

What is claimed is:

1. A management apparatus that is connected to a mount
substrate manufacturing line which includes at least a print
apparatus, a component mounting apparatus, and a reflow
apparatus, through a network,

wherein the management apparatus instructs at least one

of apparatuses that are at a more upstream side than the
reflow apparatus in the mount substrate manufacturing
line to perform at least any one of an operation relating
to maintenance, an operation relating to calibration, and
a warm-up operation that is to be performed before
starting production of a mount substrate, based on first
data relating to a period of time necessary to complete
preparation for performing a process by the reflow
apparatus.

2. The management apparatus of claim 1 comprising:

a storage which stores the first data.

3. The management apparatus of claim 1,

wherein the operation relating to maintenance is mainte-

nance of a nozzle of the component mounting appara-
tus.

4. The management apparatus of claim 1,

wherein the operation relating to calibration is at least one

of calibration relating to thermal compensation in the
component mounting apparatus, calibration relating to
a suction position in the component mounting appara-
tus, and calibration relating to a head of the component
mounting apparatus.

5. The management apparatus of claim 1,

wherein the warm-up operation is an idling operation of

the component mounting apparatus.

6. The management apparatus of claim 1,

wherein the management apparatus instructs the at least

one of the apparatuses that are at the more upstream
side than the reflow apparatus in the mount substrate
manufacturing line, to perform at least any one of the
operation relating to maintenance, the operation relat-
ing to calibration, and the warm-up operation, based on
the first data and second data relating to the time
necessary to manufacture a pre-reflow substrate in the
mount substrate manufacturing line.

7. The management apparatus of claim 6,

wherein, based on the first data and the second data, the

management apparatus calculates a waiting time to start
production of the mount substrate, and determines
whether or not any one of the operation relating to
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maintenance, the operation relating to calibration, and
the warm-up operation is possible to perform within the
waiting time.

8. The management apparatus of claim 6,

wherein the management apparatus instructs at least one

of the apparatuses that are at the more upstream side
than the reflow apparatus in the mount substrate manu-
facturing line and includes the at least one apparatus
instructed to perform at least any one of the operation
relating to maintenance, the operation relating to cali-
bration, and the warm-up operation, to start production
of the mount substrate, in such a manner that the
pre-reflow substrate is manufactured in accordance
with a timing at which the preparation for performing
the process by the reflow apparatus is completed.

9. A mount substrate manufacturing method for use in a
mount substrate manufacturing system that includes a mount
substrate manufacturing line which includes at least a print
apparatus, a component mounting apparatus, and a reflow
apparatus, and a management apparatus connected to the
mount substrate manufacturing line through a network,

wherein the management apparatus instructs at least one

of apparatuses that are at a more upstream side than the
reflow apparatus in the mount substrate manufacturing
line, to perform at least any one of an operation relating
to maintenance, an operation relating to calibration, and
a warm-up operation that is to be performed before
starting production of a mount substrate, based on data
relating to a period of time necessary to complete
preparation for performing a process by the reflow
apparatus.

10. The mount substrate manufacturing method of claim
95

wherein the operation relating to maintenance is mainte-

nance of a nozzle of the component mounting appara-
tus.

11. The mount substrate manufacturing method of claim
95

wherein the operation relating to calibration is at least one

of calibration relating to thermal compensation in the
component mounting apparatus, calibration relating to
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a suction position in the component mounting appara-
tus, and calibration relating to a head of the component
mounting apparatus.

12. The mount substrate manufacturing method of claim

wherein the warm-up operation is an idling operation of

the component mounting apparatus.

13. The mount substrate manufacturing method of claim

wherein the manage apparatus instructs the at least one of

the apparatuses that are at the more upstream side than
the reflow apparatus in the mount substrate manufac-
turing line, to perform at least any one of the operation
to relating to maintenance, the operation relating to
calibration, and the warm-up operation, based on the
first data and second data relating to a period of time
necessary to manufacture a pre-reflow substrate in the
mount substrate manufacturing line.

14. The mount substrate manufacturing method of claim

wherein, based on the first data and the second data, the

management apparatus calculates a waiting time to start
production of the mount substrate, and determines
whether or not at least any one of the operation relating
to maintenance, the operation relating to calibration,
and the warm-up operation is possible to perform
within the waiting time.

15. The mount substrate manufacturing method of claim

wherein the management apparatus instructs at least one

of the apparatuses that are at the more upstream side
than the reflow apparatus in the mount substrate manu-
facturing line and includes the at least one apparatus
instructed to perform at least any one of the operation
relating to maintenance, the operation relating to cali-
bration, and the warm-up operation, to start production
of the mount substrate, in such a manner that the
pre-reflow substrate is manufactured in accordance
with a timing at which the preparation for performing
the process by the reflow apparatus is completed.
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