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DISCHARGE SYSTEM AND METHOD FOR DISCHARGING BY
DISCHARGE SYSTEM

TECHNICAL FIELD
[0001]

The present invention relates to a discharge system and to a
method of discharging a liquid material onto a target using a
discharge system.

BACKGROUND ART
[0002]

Japanese Laid-Open Patent Publication No. 2001-324510
(hereinafter “Document 1) discloses the provision of a highly
convenient variable discharge amount liquid dispensing apparatus
and variable discharge amount automatic separating system that are
capable of setting the added amounts of samples at desired values in
a variety of ways such as in each well, in each column, or in each row,
and by doing so are both highly precise and accurate and have
general purpose applicability. To do so, Document 1 discloses that a
pump for drawing liquid sample stored in a tank is provided
corresponding to each pipette and the pumps are controlled by a
control unit so that predetermined amounts of the liquid sample are
individually introduced into the wells in the respective columns or the
respective rows by the respective pipettes.

DISCLOSURE OF THE INVENTION
[0003]

Technologies (patterning technologies) that utilize ink jet
technology developed as a printing apparatus to draw with and/or
apply a liquid material including paint, such as an ink, and a
chemicals, such as a reagent, by discharging the liquid material are in
use or are being investigated for use in a variety of fields such as
printing, the manufacturing of image devices such as liquid crystal
panels, the manufacturing of semiconductors including DNA chips,
and immunological tests. When discharging various liquid materials
onto a target, it is important to discharge with the desired discharge
amounts.
[0004]

One aspect of the present invention is a discharge system
including: a discharge head that discharges a liquid material onto a
target from a nozzle opening that is communicated with a cavity by
changing an internal pressure of the cavity using an actuator; a state
estimating unit that estimates a state of the liquid material by
sucking the liquid material from a first vessel holding the liquid
material into the cavity via the nozzle opening; and a driving
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condition setting unit that sets conditions for driving the actuator
according to the estimated state of the liquid material.
[0005]

With ink jet technology, if the conditions for discharge are set,
it is possible to discharge a liquid material with favorable
reproducibility and to manage the discharge amount of the liquid
material on a droplet level. In this discharge system, by sucking a
liquid material whose state is unclear and estimating the state of the
liquid material, it is possible to set conditions for driving the actuator
according to the estimated state of the liquid material. Accordingly, it
is possible to provide a discharge system that is likely to discharge a
desired discharge amount of liquid material, even for an unknown
liquid material.
[0006]

It is desirable for the state estimating unit to include a
viscosity estimating unit that estimates a viscosity of the liquid
material according to a suction amount and a suction time when
applying a predetermined pressure and for the driving condition
setting unit to include a waveform control unit that controls a voltage
applied to the actuator according to the estimated viscosity of the
liquid material. With a liquid material whose viscosity is unclear, by
estimating the viscosity, it is possible to set a driving voltage that is
suited to discharging a desired discharge amount.
[0007]

It is desirable for the discharge system to include a liquid level
detecting unit that detects the liquid level of the liquid material when
the discharge head has sucked the liquid material and for the state
estimating unit to include a unit that estimates a state of the liquid
material according to the liquid level moving or reaching a
predetermined position. It is desirable for the liquid level detecting
unit to include a sensor that detects the liquid level that has reached
the predetermined position.
[0008]

In addition, it is desirable for the state estimating unit to
include a unit that estimates the state of the liquid material according
to a change in weight of the first vessel. To estimate the state
according to a change in weight of the first vessel, it is desirable to
precisely measure the weight of the first vessel. It is desirable for
the discharge system to further include: a weight measuring unit that
measures the weight of a vessel group including the first vessel and
of the liquid material held in the vessel group; and a first discharge
amount confirming unit that measures, using the weight measuring
unit, a change in weight when the discharge head has sucked from
any vessel in the vessel group and a change in weight when the
discharge head has discharged into any vessel in the vessel group



3

and identifies or confirms the discharge amount of the discharge head.
With ink jet technology, since the discharge amount per droplet has
high reproducibility, by identifying the weight in advance, it is
possible to manage the discharge amount by managing the number
of droplets without managing the weight itself. In this discharge
system, it is possible to confirm the amount per single droplet from
the number and amount of droplets that have been discharged and to
manage the discharge amount onto the target according to the
number of droplets.
[0009]

It is also desirable for the discharge system to include a
second discharge amount confirming unit that measures, using the
weight measuring unit, a change in weight when the discharge head
has discharged into any vessel in the vessel group after discharging
onto the target and confirms the discharge amount of the liquid
material discharged onto the target. By measuring the weight of any
vessel out of the vessel group, it is possible to detect the discharge
amount of the liquid material onto the target. In this discharge
system, since the discharge amount is managed using the number of
droplets discharged onto the target, by detecting, after discharge
onto the target, the number of droplets and discharge amount
discharged onto the target, it is possible to confirm the amount
discharged onto the target.
[0010]

It is desirable for the discharge system to further include: a
weight measuring unit that measures the weight of a vessel group
including the first vessel and of the liquid material held in the vessel
group; and a second discharge amount confirming unit that measures,
using the weight measuring unit, a change in weight when the
discharge head has sucked from any vessel in the vessel group and a
change in weight when the discharge head has discharged into any
vessel in the vessel group after discharging onto the target, and
identifies the discharge amount of the liquid material discharged onto
the target.
[0011]

It is desirable for the discharge system to further include: an
image pickup unit that picks up an image of droplets discharged from
the nozzle opening into any vessel in the vessel group; and a
reproducibility checking unit that checks reproducibility of a discharge
state of the droplets by comparing images recorded by the image
pickup unit.
[0012]

It is desirable for the discharge system to further include a
table moving unit that moves a table on which the target is placed
relative to the head unit so that the target is positioned below the
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discharge head, and for the image pickup unit to move to a position
that picks up images of the droplets in cooperation with movement of
the table by the table moving unit.
[0013]

It is desirable for the vessel group to be mounted on the
weight measuring unit, and for the discharge system to further
include a conveying unit that moves the weight measuring unit
relative to the discharge head.
[0014]

It is possible for the discharge system to further include a lock
unit that restricts movement between the weight measuring unit
relative and the discharge head.
[0015]

It is desirable for the lock unit to include: a lock rod that
moves up and down in cooperation with raising and lowering of the
discharge head; and a lock plate operable to restrict, when the
discharge head has been inserted in the first vessel, the movement of
the lock rod in a horizontal direction and to fix a position of the
discharge head.
[0016]

The discharge system may include a plurality of the discharge
heads, the state estimating unit may include a unit that estimates
states of a plurality of liquid materials held in a plurality of vessels
respectively by sucking the plurality of liquid materials using the
plurality of discharge heads respectively, and the driving conditions
setting unit may include a unit that sets conditions for driving the
respective actuators according to the respective estimated states of
the liquid materials.
[0017]

Another aspect of the present invention is a method of
discharging a liquid material onto a target using a discharge system,
the discharge system including a discharge head that discharges a
liquid material on to the target from a nozzle opening that is
communication with a cavity by changing an internal pressure of the
cavity using an actuator and a control unit that controls the actuator,
the method including: estimating, with the control unit, a state of the
liquid material by sucking the liquid material from a first vessel
holding the liquid material into the cavity via the nozzle opening; and
setting conditions for driving the actuator according to the estimated
state of the liquid material.
[0018]

It is desirable for the estimating of the state to include
estimating a viscosity of the liquid material according to a suction
amount and a suction time when applying a predetermined pressure,
and for the setting of the conditions for discharge to include
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controlling a voltage applied to the actuator according to the
estimated viscosity of the liquid material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a top view of a discharge system.
FIG. 2 is a front view of the discharge system from the front.
FIG. 3 is a right side view of the discharge system when a

discharge head is on suction.
FIG. 4 is a front view of the discharge system showing how a

lock unit is locked.
FIG. 5 is a front view of the discharge system showing a state

where the locking of the lock unit is released.
FIG. 6 is a top view of the discharge system showing a state

where the locking of the lock unit is released.
FIG. 7 is a right side view of the discharge system showing

how the discharge heads discharge the liquid material into second
vessels.

FIG. 8 is a right side view of the discharge system showing
how the discharge heads discharge the liquid material onto a target.

FIG. 9 is a flowchart of processing by a control unit.
FIG. 10 is a view showing another example of measuring the

suction time of a liquid material.
FIG. 11 is a flowchart of different processing by a control unit.

DETAIL DESCRIPTION
[0020]

FIG. 1 and FIG. 2 show the overall configuration of a discharge
system according to the present invention by way of views when
looking from different directions. FIG. 1 is a view when looking at the
discharge system from above and FIG. 2 is a view when looking at
the discharge system from in front. This discharge system (or
drawing system, applying system, discharge apparatus,
immunochromatography dispenser apparatus) 1 includes a head unit
10 including a discharge head 11 that discharges a liquid material
(such as a liquid, antibody, antigen, protein, DNA solution, reagent,
or analyte) 25 onto a target (membrane, cellulose film) 51, a weight
measuring unit 30 including an electronic weighing machine 31 that
measures the weight of a vessel group (liquid bottle group) 20 from
which the liquid material 25 is sucked or into which the liquid material
25 is discharged, and a control unit 80 that controls the head unit 10
and the weight measuring unit 30. The head unit 10, the weight
measuring unit 30, and the control unit 80 are housed inside a
housing 90. The vessel group (liquid bottle group) 20 may be tubes
or chips made of resin.
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[0021]
The head unit 10 includes three discharge heads 11 that are

aligned in a first direction (X direction, left-right direction) 101,
actuators (piezo elements, piezoelectric elements) 12 that cause
variation (change) in the internal pressures (internal volumes) of
cavities (pressure chambers) 13 of the discharge heads 11, and a
head moving unit (motors) 15 that moves the discharge heads 11 in
a second direction (Y direction, front-rear direction) 102 and a third
direction (Z direction, up-down direction). The respective discharge
heads 11 are nozzle types that include independent cylindrical
members (nozzles) 19 made of glass and are suction (draw)-type
heads where the front ends of the cylindrical members 19 extend
narrowly to end in nozzle openings 14, with such nozzle openings 14
being respectively inserted into vessels 20 and being capable of
sucking in the liquid material 25. Note that the head unit 10 may
include four or more discharge heads 11 and the respective discharge
heads 11 do not need to be aligned in a row in the left-right direction
101 and as one example may be laid out so that the positions in the
front-rear direction 102 are staggered. Also, the first direction 101,
the second direction 102, and the third direction 103 are respectively
perpendicular.
[0022]

The weight measuring unit 30 includes the electronic weighing
machine 31, a tray 32 mounted on the electronic weighing machine
31, and a group of vessels (liquid bottle group) 20 having twenty-four
vessels arranged on the tray 32. The twenty-four liquid bottles 20
are laid out in a matrix with three columns (rows) in the left-right
direction 101 and eight columns (rows) in the front-rear direction 102,
and include twenty-one vessels assigned as the first vessels 21
disposed in the first to seventh columns from the front 102a and
three vessels assigned as the second vessels 22 disposed in a single
column at the very rear 102b. The first vessels 21 are vessels where
different liquid materials 25 are stored in each column in the left-right
direction 101 and the second vessels 22 are vessels for discharging
(expelling, ejecting, exhaling) the liquid material 25, with no liquid
material 25 being held in the second vessels 22 when the vessels are
initially set.
[0023]

In this discharge system 1, when an instruction (suction
signal) for sucking the liquid material 25 is outputted from the control
unit 80, the head moving unit 15 moves the discharge heads 11 in
the front-rear direction 102 to dispose the discharge heads 11 at a
position that is above 103a of the first vessels 21 and lowers the
nozzle openings 14 at the front ends of the discharge heads 11
downward 103b to insert the nozzle openings 14 into the liquid
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material 25 in the first vessels 21. A pressure control unit 88 that
has received the suction instruction applies negative pressure via
tubes 89 to the discharge heads 11 so that the liquid material 25 is
sucked (siphoned) from the first vessels 21 into the cavities 13 and
the tubes 89. It is also possible to use a configuration where a vessel
or receiver (not shown) is provided between the discharge heads 11
and the pressure control unit 88 and the liquid material 25 is sucked
up into such vessel. When an instruction (discharge signal) for
discharging the liquid material 25 has been outputted from the
control unit 80, the head moving unit 15 raises the discharge heads
11 upward 103a to remove the nozzle openings 14 at the front ends
from the first vessels 21, and moves the discharge heads 11 in the
front-rear direction 102 to dispose the discharge heads 11 at desired
positions (for example, the position of the target 51 or above 103a of
the second vessels 22). A driver (not shown) that has received the
discharge instruction drives the piezo elements 12 of the discharge
heads 11 and by expanding/contracting and/or deforming the piezo
elements 12 to cause variations (change) in the internal pressure of
the cavities 13, the liquid material 25 is discharged as droplets 25a
from the nozzle openings 14 that are communication with (connected
to) the cavities 13.
[0024]

For the discharge system 1, as the initial state, the first
vessels 21 above the electronic weighing machine 31 may be filled or
not filled with liquid materials 25. In the cases where the first vessels
21 are not filled with liquid materials 25, empty first vessels 21 and
second vessels 22 are set on the electronic weighing machine 31.
Here, if the weight measuring unit 30 measures the total weight of
the component members of the vessels 20 and the like on the
electronic weighing machine 31 in a state where the first vessels 21
are empty and then measures the total weight in the same way in a
state where liquid materials 25 have been set in the first vessels 21,
it is possible to know the weight of the liquid materials 25 that have
been set. By using this total weight of the set liquid material 25
whenever the discharge weight of a liquid material 25 discharged
onto a membrane (target) 51 and/or the weight expelled (ejected,
exhaled) during cleaning, the amount that adheres to the nozzle
openings 14 and is wiped away using a wiper or a porous body, and
the like are subsequently calculated, it is possible to calculate the
effective remaining amount. Alternatively, when measurement starts
in a state with the liquid material 25 already set in the first vessels 21,
by using the weight measuring unit 30 to measure the change in
weight when the discharge heads 11 have sucked from the first
vessels 21, the change in weight when the discharge heads 11 have
discharged into the second vessels 22, and the change in weight
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when the discharge head 11 have discharged into the second vessels
22 after discharging on the target 51, and the like, it is possible to
measure the weight of the liquid material 25 that moves between the
first vessels 21, the second vessels 22, and the discharge heads 11.
Note that it is possible to measure the change in weight and the like
in the same way by discharging the liquid material 25 sucked from
the first vessels 21 into the first vessels 21 themselves, not the
second vessels 22.
[0025]

With the weight measuring unit 30, the weight of the first
vessels 21 and the second vessels 22 is constantly monitored. This
means that the weight of the liquid material 25 sucked up by the
discharge heads 11 from the first vessels 21 is known. In addition, if
a predetermined number of droplets 25a are discharged by the
discharge heads 11 into the first vessels 21 or the second vessels 22,
the increase in weight due to each discharge will be known. With an
ink jet, the discharge amount of each droplet has high reproducibility.
This means that if the increase in weight is divided by number of
discharges, the discharge amount of each droplet can be precisely
identified and it will be possible to subsequently manage the weight
by managing the number of droplets. For this reason, as examples
the weight of the liquid material 25 set in the first vessels 21, the
weight of the liquid material 25 sucked into the cavities 13 of the
discharge heads 11, the weight of the liquid material 25 discharged
from the discharge heads 11, the weight of the liquid material 25
remaining in the first vessels 21 (the second vessels 22), and the
weight of the liquid material 25 remaining in the cavities 13 of the
discharge heads 11 can all be calculated (measured, detected). In
addition, since it is possible to calculate the remaining weight in the
second vessels 22 that hold the liquid material 25 expelled from the
discharge heads 11, it is possible to estimate the liquid level height of
the liquid material 25 in the second vessels 22 without relying on
image processing, a light beam sensor or the like. This means that it
is possible to monitor the total weight of the liquid material 25
expelled from the discharge heads 11 and to avoid the liquid material
25 overflowing from the second vessels 22.
[0026]

The discharge system 1 also includes a conveying unit 35 that
moves the weight measuring unit 30 in the left-right direction 101
with respect to the head unit 10, a lock unit that restricts the
movement of the weight measuring unit 30 in the left-right direction
101 with respect to the head unit 10, a table moving unit 55 that
moves a table (stage) 50 on which the target 51 is placed in the left-
right direction 101 with respect to the head unit 10 to position the
target 51 below 103b of the discharge heads 11, and an image pickup
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unit 40 that moves in coordination with movement of the table 50 by
the table moving unit 55 to a position facing the second vessels 22
and picks up images of the droplets 25a (liquid material 25)
discharged into the second vessels 22.
[0027]

The image pickup unit 40 is typically a camera equipped with
an image pickup element such as a CCD or a CMOS and an optical
lens. The images acquired by the camera 40 are sent to the control
unit 80 and subjected to recording (history management) and image
processing, and by recognizing and comparing the state of the
droplets 25a, for example, the flying form (flying direction, discharge
form, discharge state) of the droplets 25a discharged into the second
vessels 22, it is possible to confirm or check the reproducibility of the
flying form and to recognize fine particles (granules, cells) and the
like included in the droplets 25a. Three flashes 41 are disposed in
front 102a of the three second vessels 22 so as to face the second
vessels 22 in the front-rear direction 102.
[0028]

The control unit 80 of the discharge system 1 includes
general-purpose resources for a computer, such as a CPU and
memory, and controls the head unit 10, the weight measuring unit 30,
the conveying unit 35, the table moving unit 55, the image pickup
unit 40, the pressure control unit 88, and the like in accordance with
a program (program product) stored in memory such as a RAM. The
control unit 80 may be a control apparatus that uses an ASIC, LSI, or
other integrated circuit. The respective units (functions) of the
control unit 80 described below are implemented in the control unit
80 by programs or appropriate circuits. The respective units of the
control unit 80 are also capable of being realized at a host apparatus
such as a personal computer that is a host of the discharge system 1.
[0029]

The control unit 80 includes a viscosity estimating unit (state
estimating unit) 81 that estimates the viscosity (states,
characteristics, properties) of each liquid material 25 by sucking the
liquid material 25 into the cavities 13 from the first vessels 21 via the
nozzle openings 14, a waveform control unit (pressure control unit,
driving condition setting unit) 82 that controls the conditions for
driving the piezo elements 12 according to the estimated viscosity
(state) of the liquid material 25, for example, controlling (for each
liquid material 25, that is, for each nozzle) the voltage, pulse width,
and pulse waveform applied to the piezo element 12, a reproducibility
checking unit 83 that confirms or checkes the reproducibility of the
discharge state (flying form) of the droplets 25a for each liquid
material by comparing images recorded by the image pickup unit 40
for each nozzle, a first discharge amount confirming unit 84 that
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identifies or confirms, for each liquid material, the discharge amount
and discharged number of droplets of the liquid material 25
discharged into the second vessels 22 using the weight measuring
unit 30 and calculates and/or identifies the weight of each droplet for
each nozzle, and a second discharge amount confirming unit 85 that
confirms, for each liquid material, the discharge amount and
discharged number of droplets of the liquid material 25 discharged
into the second vessels 22 after discharging onto the target 51 using
the weight measuring unit 30 and calculates and/or confirms the
weight of each droplet for each nozzle.
[0030]

FIG. 3 shows how the discharge head 11 suck the liquid
material 25 from the first vessels 21 when looking at the discharge
system 1 from the right side 101b. The viscosity estimating unit 81
of the control unit 80 estimates the viscosity of the liquid material 25
sucked by the discharge heads 11 into the cavities 13 or the tubes 89
or vessel (not shown) positioned upstream of the cavities 13.
[0031]

One example of a method of estimating the viscosity of the
liquid material 25 is to estimate the viscosity of the liquid material 25
according to the suction amount a and the suction time t of the liquid
material 25. Normally, since the form of a nozzle that includes a
nozzle opening will differ from discharge head to discharge head, the
fluid resistance for a liquid material that is pressed out from the
cavity to the nozzle opening will differ between discharge heads. This
means that the amount of discharged liquid material will differ
between discharge heads even with the same discharge conditions
and that it is not easy to discharge the liquid material with a desired
discharge amount. In addition, when discharging an unknown liquid
material for which the state (characteristics, properties), including the
viscosity, is unclear, it is even more difficult to carry out stabilized
discharge with a desired discharge amount.
[0032]

With the present invention, a liquid material (liquid) whose
viscosity has been known in advance is sucked into each discharge
head in an environment with a predetermined temperature, pressure,
and time, the suction amount in such case is measured, such
measurement is carried out for a plurality of viscosities, and data
such as the suction amount and suction time measured for each
viscosity is recorded in advance in a memory provided in each
discharge head as unique values (head data) of such discharge head.
When the discharge heads 11 in which such head data has been
written are installed in the discharge system 1, the viscosity
estimating unit 81 of the control unit 80 reads the head data (head
ID) for each discharge head 11 and, based on the head data,
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produces (generates) an approximation function f that estimates the
viscosity X of a liquid material 25 as a function of the suction amount
a, the suction time t, or the suction amount a and the suction time t.
Accordingly, with the viscosity estimating unit 81, by substituting the
suction amount a measured by the weight measuring unit 30, the
suction time t, or the suction amount a and the suction time t into
the approximation function f, it is possible to estimate the viscosity X,
even for an unknown liquid material 25.
[0033]

The waveform control unit 82 of the control unit 80 controls
the piezo elements 12 according to a voltage or voltage pattern that
is suited to discharging a liquid material 25 with the viscosity X
estimated by the viscosity estimating unit 81. This means that even
if a liquid material 25 whose state is unclear has been sucked into the
discharge heads 11, the viscosity estimating unit 81 will estimate the
viscosity of such liquid material 25 and the waveform control unit 82
will be automatically set at an optimal driving voltage and pulse width,
pulse waveform (discharge conditions) according to the estimated
viscosity. Accordingly, it is possible to provide the discharge system
1 that is capable of stably discharging with the desired discharge
amount, even for an unknown liquid material 25. The voltage or
voltage pattern suited to discharging the liquid material 25 with the
viscosity X may be set based on a function of the viscosity X of the
liquid material 25 estimated by the viscosity estimating unit 81 and
droplet speed V.
[0034]

With this discharge system 1, after the liquid material 25 has
been sucked from the first vessels 21, when the discharge head 11
are raised and are pulled up into the atmosphere from the first
vessels 21, there is the possibility of the liquid material 25 adhering
to the periphery of the nozzle openings 14. If the weight of the first
vessels 21 before the liquid material 25 is sucked up (i.e., the total
weight of the first vessels 21 and the liquid material 25) is W1, the
weight of the first vessels 21 after the liquid material 25 is sucked up
is W2, and the weight (adhering weight) of the liquid material 25
adhering to the periphery of the nozzle openings 14 without being
sucked into the cavities 13 is b, the weight a of the liquid material 25
that is actually sucked into the cavities 13 can be found according to
the Equation (1-1) below.

a=W1-(W2+b) .... (1-1)

One example of a method of finding the adhering weight b of
the liquid material 25 is to install an absorbent body (not shown) that
absorbs the liquid material 25 on the electronic weighing machine 31
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of the weight measuring unit 30, to press the absorbent body onto
the nozzle openings 14 to absorb the adhering liquid material 25 into
the absorbent body, and then measure the weight. That is, if the
weight after an absorbent set on the electronic weighing machine 31
has absorbed the adhering liquid material 25 is W2´(W2´=W2+b), it
is possible to find the weight a of the liquid material 25 actually
sucked into the cavities 13 according to the equation (2-1) below.

a=W1-W2´ .... (2-1)

Another example of a method of finding the adhering weight b
of the liquid material 25 is to experimentally find the adhering weight
b of the liquid material 25 by carrying out a test multiple times in
advance. That is, if the average adhering weight of the adhering
weight b found by a plurality of experiments is b’, the weight a of the
liquid material 25 actually sucked into the cavities 13 can be found
according to the equation (2-2) below.

a=W1-(W2+b´) .... (2-2)

Another example of a method of finding the adhering weight b
of the liquid material 25 measures the weight of the liquid material
25 of the first vessels 21 in advance using the weight measuring unit
30, then sucks the liquid material 25 with negative pressure using the
pressure control unit 88, measures the weight of the liquid material
25 after suction using the weight measuring unit 30, and finds the
suction amount W3 according to such difference. After this, positive
pressure is applied using the pressure control unit 88 to expel
(exhaled, ejected) all of the liquid material 25 into the second vessels
22 and the weight W4 of the expelled liquid material 25 is measured
using the weight measuring unit 30. By doing so, once “W3-W4
“ has been found, it is possible to set the result as the adhering

weight b of the liquid material 25 that adheres to the periphery of the
nozzle openings 14. In the above description, instead of expelling
into the second vessels 22, it is also possible to find the adhering
weight b in the same way by expelling into the original first vessels
21.
[0035]

In addition, the discharge system 1 includes a lock unit 60 that
restricts the movement of the weight measuring unit 30 in the left-
right direction 101 during suction, that is, while the discharge heads
11 are inserted into the first vessels 21.
[0036]

FIG. 4 shows how the lock unit 60 is locked by way of a view
looking at the discharge system 1 from the front side 102a. The lock
unit 60 includes a lock rod 61 that moves up and down in
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coordination with raising and lowering of the discharge heads 11 and
a lock plate 62 that restricts the movement of the lock rod 61 in the
horizontal direction (left-right direction) 101 and fixes the position of
the discharge heads 11 when the discharge heads 11 have been
inserted into the first vessels 21. The lock plate 62 is provided or
fitted on a side surface of the electronic weighing machine 31 and
fixed by the lock rod 61 so that the weight measuring unit 30 does
not move to the right 101b during suction by the discharge heads 11.
Hence, it is possible, during suction by the discharge head 11, to
prevent movement in the left-right direction 101 of the first vessels
21 set on the electronic weighing machine 31. Accordingly, it is
possible to suppress damage to the discharge heads 11, such as the
breakage of the nozzles, due to the discharge heads 11 interfering
(colliding) with the first vessels 21 and in addition to suppress
leakage of the liquid material 25 due to the first vessels 21 tilting
(falling over) or the like.
[0037]

Note that the lock unit 60 may include a lock rod 61 that
moves up and down in coordination with raising and lowering of the
discharge heads 11 and a lock hole (not shown) into which the lock
rod 61 is inserted and fixes the position of the discharge heads 11
when the discharge heads 11 are positioned above 103a the first
vessels 21. Since it is possible to lock the discharge heads 11 when
positioned above 103a of the first vessels 21, it is possible to prevent,
when the discharge heads 11 are not positioned above the first
vessels 21, the discharge heads 11 from being lowered and
interfering with the first vessels 21 or the like, which can damage the
discharge heads 11 and/or the first vessels 21.
[0038]

FIG. 5 shows a state where the locking of the lock unit 60 is
released, by way of a view when looking at the discharge system 1
from the front side 102a. FIG. 6 shows a state where the locking of
the lock unit 60 is released, by way of a view (a view that omits the
table 50) when looking at the discharge system 1 from above (top
side) 103a. When suction by the discharge head 11 ends and the
head moving unit 15 raises the discharge heads 11 to remove the
discharge heads 11 from the first vessels 21, the lock rod 61 is raised
in cooperation with the raising of the discharge heads 11. This
means that when the discharge heads 11 are removed from the first
vessels 21, the lock is removed and the weight measuring unit 30 is
pulled out toward the right side 101b. Accordingly, the weight
measuring unit 30 for which the lock has been removed is moved to
the right 101b by the conveying unit 35 on the rails that extend in
the left-right direction 101, and can be attached and detached from
the housing (chassis, case, housing) 90 to the outside via a door 91.
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It is possible to replace the liquid bottles 20 (the tray 32) without
removing the weight measuring unit 30 in the upward direction 103a.
Note that in the present embodiment, the locking is released when
the lock rod 61 is raised by around 40mm.
[0039]

FIG. 7 shows how the discharge heads 11 discharge the liquid
material 25 into the second vessels 22 by way of a view looking at
the discharge system 1 from the right side 101b. In this discharge
system 1, when an instruction for discharging the liquid material 25
to the second vessels 22 is outputted from the control unit 80, the
head moving unit 15 moves the discharge heads 11 in the front-rear
direction 102 and the up-down direction 103 so that the discharge
heads 11 are disposed at positions above 103a of the desired second
vessels 22. Images of the droplets 25a discharged from the
discharge heads 11 into the second vessels 22 are picked up
(acquired, taken) by the camera 40 and the flashes (strobe light) 41
disposed on respective sides of the second vessels 22 in the front-
rear direction 102.
[0040]

The reproducibility checking unit 83 of the control unit 80
confirms or checks the reproducibility or repeatability of the flying
form (discharge state) of the droplets 25a by comparing the images
recorded by the camera 40. Accordingly, since it is possible to
confirm the reproducibility of the flying form (flying direction) of the
droplets 25a by comparing images of the droplets 25a discharged into
the second vessels 22, it is possible to carry out discharging of the
liquid material 25 in a stable discharge state. In addition, in place of
comparing images, by using a plurality of images of the droplets 25a
where the light emission (flash) timing of the strobe light 41 is
changed, it is also possible to measure the droplet speed of the
droplets 25a and to confirm reproducibility with regard to a speed of
the droplets 25a inputted in advance. If there is no reproducibility or
no repeatability for the flying form and/or flying speed of the droplets
25a, or if it is determined that there is a problem with the flying form,
there is the possibility that the liquid material 25 will not reach the
desired target 51. Accordingly, in the discharge system 1, cleaning is
carried out such as by removing foreign matter and the like adhering
to the periphery of the nozzle openings 14 of the discharge heads 11
using a wiping unit (not shown) and moving the discharge heads 11
to a disposer (not shown) and test discharging the droplets 25a. If
the problem is not solved by doing so, cleaning is carried out by
applying positive pressure to the discharge heads 11 using the
pressure control unit 88 so that bubbles inside the cavities 13 and in
the flow paths are expelled to the outside together with the liquid
material 25.
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[0041]
The first discharge amount confirming unit 84 of the control

unit 80 measures, using the weight measuring unit 30, the change in
weight when the discharge heads 11 have sucked from the first
vessels 21 and the change in weight when the discharge heads 11
have discharged into the second vessels 22 and confirms (identifies)
the discharge amount of the liquid material 25 discharged into the
second vessels 22. By this unit, it is possible to confirm whether a
desired discharge amount of liquid material 25 will be discharged
before the liquid material 25 is discharged onto the target 51. That is,
in immunochromatography dispensing applications, it is important to
correctly manage the amount of the reagent 25 seeped into the
membrane that is the target 51, and by carrying out discharge into
the second vessels 22 according to the same discharge conditions as
the real discharge onto the target 51, it is possible to simulate the
amount of the reagent 25 consumed by the real discharge.
[0042]

FIG. 8 shows how the discharge heads 11 discharge the liquid
material 25 onto the target 51 by way of a view where the discharge
system 1 is viewed from the right side 101b. In the discharge system
1, when an instruction for discharging the liquid material 25 onto the
target 51 has been outputted from the control unit 80, the discharge
heads 11 are moved in the front-rear direction 102 and the up-down
direction 103 by the head moving unit 15 to dispose or set the
discharge heads 11 at a position above 103a of the target 51 and the
table 50 on which the target 51 has been placed is moved by the
table moving unit 55 in the left-right direction 101 so that the liquid
material 25 is drawn (discharged) in lines on the target 51.
[0043]

The second discharge amount confirming unit 85 of the control
unit 80 measures, using the weight measuring unit 30, changes in
weight after the discharge heads 11 have discharged into the second
vessels 22 after discharging onto the target 51 and confirms or
identifies the discharge weight of the liquid material 25 discharged
onto the target 51. This means that after the liquid material 25 has
been discharged onto the target 51, it is possible to confirm whether
the desired discharge amount of the liquid material 25 was
discharged.
[0044]

In the discharge system 1, if it is determined that the desired
discharge amount of the liquid material 25 was not discharged, bad
marking that indicates that lines were drawn by abnormal discharge
on the target 51 is carried out by a marking unit (not shown). By the
system 1, it is not necessary to continually visually check the
discharging of the liquid material 25 on the target 51 and it is
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possible to confirm whether discharging on the target 51 was
properly carried out after discharging onto the target 51. Accordingly,
it is possible to automatically carry out discharge tests of the liquid
material 25 on the target 51 in an unmanned state and it is possible
to determine whether the test results pass or fail by confirming the
discharge amount after discharge, which makes it possible to manage
the quality of the target 51. If it is determined that the results of the
discharge test pass, the manufactured target 51, that is, the target
51 on which a desired discharge amount of the liquid material has
been drawn may be unloaded by a loading/unloading unit (not
shown). In addition, with the discharge system 1, when confirming
the discharge amount using the first and second discharge amount
confirming unit 84 and 85, since the control unit 80 switches off a
heat dissipating fan (not shown), it is possible to carry out
measurement of the discharge amount with high precision while
suppressing vibrations.
[0045]

Alternatively, it is also possible to determine whether the
desired dispensing has been carried out either visually or by image
processing by using a dispensing image pickup unit (not shown)
equipped with a CCD camera and a lens to pick up, immediately
below (below 103b) or in the periphery of the nozzle openings 14 of
the discharge heads 11, images of the dispensed state on the surface
of the dispensing medium such as the membrane 51 or, immediately
after dispensing, lines formed by the liquid material 25 before the
liquid material 25 seeps into the membrane 51. It is desirable for
this dispensing image pickup unit (not shown) to be configured so as
to be integrated with the head unit 10 and to be arranged so as to
acquire images of the dispensing area diagonally from above. If a
plurality of discharge heads 11 are provided, it is possible to provide
the same number of dispensing image pickup units as discharge
heads 11 or to make the discharge heads 11 movable and to dispose
the dispensing image pickup unit directly below the nozzle opening 14
of the discharge head 11 for which image pickup is desired.
[0046]

FIG. 9 shows an overview of the processing of the control unit
80 of the discharge system 1 by way of the flowchart. In step 111,
the control unit 80 confirms that the head data of the discharge head
11 mounted in the discharge system 1 has been loaded. The
viscosity estimating unit 81 of the control unit 80 generates an
approximation function f that estimates the viscosity X according to
the suction amount a and the suction time t of the liquid material 25
based on the loaded head data.
[0047]
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In step 112, the control unit 80 moves and lowers the
discharge heads 11 using the head moving unit 15 to insert the
discharge heads 11 into the liquid material 25 in the first vessels 21,
applies a negative pressure via the tubes 89 to the discharge heads
11 using the pressure control unit 88, and sucks (siphons) the liquid
material 25 from the first vessels 21 into the cavities 13 and the
tubes 89. Alternatively, a vessel (not shown) is provided between
the discharge head 11 and the pressure control unit 88 and the liquid
material 25 is sucked up into such vessel. In step 113, the viscosity
estimating unit 81 estimates the viscosity X of the liquid material 25
according to the suction amount a of the liquid material 25 measured
by the weight measuring unit 30 and the suction time t. In step 114,
the waveform control unit 82 sets the voltage applied to the piezo
elements 12 according to the estimated viscosity X. In step 115, the
control unit 80 raises and moves the discharge heads 11 using the
head moving unit 15 to position the discharge heads 11 above 103a
the second vessels 22 and drives the piezo elements 12 using a
driving voltage set by the waveform control unit 82 to discharge a
predetermined number of droplets, for example 1,000 droplets, of the
sucked-up liquid material 25 into the second vessels 22 and
measures the weight. By doing so, the discharge amount per droplet
is identified.
[0048]

In step 116, the reproducibility checking unit 83 compares the
images recorded by the camera 40 and/or the droplet speeds
obtained from the images to confirm the reproducibility
(repeatability) of the flying form (discharge state) of the liquid
material 25 (the droplets 25a). On determining that there is no
reproducibility, in step 117 the control unit 80 carries out cleaning
using a wiping unit or the like and returns to step 115. Alternatively,
as shown by the broken line, the processing may return to step 112
and be carried out again after a positive pressure has first been
applied to the discharge heads 11 by the pressure control unit 88 to
expel or exhale all of the liquid material 25 in the tubes 89 or inside
the cavities 13 to the outside. If it is determined that there is
reproducibility, in step 118 the first discharge amount confirming unit
84 uses the weight measuring unit 30 to confirm or identify the
weight when a predetermined number of droplets of the liquid
material 25 have been discharged into the second vessels 22. If the
discharge amount into the second vessels 22 is not the planned value,
in step 119 the control unit 80 carries out two-point correction and
interpolation and extrapolation based on discharge results for
discharge carried out by changing the discharge conditions, and in
step 120, the driving conditions of the piezo elements 12 are reset
before the processing returns to step 118.



18

[0049]
If it has been determined that the discharge amount into the

second vessels 22 is the planned value, in step 121 the control unit
80 moves the discharge heads 11 using the head moving unit 15 to
dispose the discharge heads 11 at a position above 103a on the
target 51 and moves the table 50 on which the target 51 is placed
using the table moving unit 55 to draw (discharge) the liquid material
25 in lines on the target 51. In step 122, the second discharge
amount confirming unit 85 confirms whether the desired discharge
amount of the liquid material 25 was discharged onto the target 51
using the weight measuring unit 30. That is, after discharging onto
the target 51, a predetermined number of droplets 25a are
discharged onto the second vessels 22 again and it is confirmed that
there is no change to the planned discharge amount confirmed in
step 118. If, before and after discharge onto the target 51, there is
no change in the discharge amount (per droplet), or there is a change
that is within a predetermined error (tolerance), in step 124, it is
determine whether the discharge amount onto the target 51 is
correct and if necessary, a mark showing successful completion is
added to the target. On the other hand, if the discharge amount has
changed before and after discharge onto the target 51, in step 123
the control unit 80 determines that the discharge result of the liquid
material 25 onto the target 51 is a fail, and if necessary, a mark
showing a defect is added to the target.
[0050]

In the discharge system 1, before discharging the liquid
material 25 onto the target 51, by carrying out confirmation
(diagnosis) of the reproducibility of the flying form using the
reproducibility checking unit 83 and also carrying out confirmation
(diagnosis) of the discharge amount using the first discharge amount
confirming unit 84, it is possible to improve the probability of the
desired discharge amount of the liquid material 25 being stably
discharged toward the target 51. In addition, in the discharge
system 1, after the liquid material 25 has been discharged onto the
target 51, the reproducibility is checked and by storing the history,
the reliability of the discharge results onto the target 51 is improved.
Together with this, it is guaranteed that a target 51 of a
predetermined quality has been manufactured according to the
history or marks on the target 51. If there is a result is good (pass)
in step 124, in step 126 it is confirmed whether there is a next target
51. If there is a next target 51, the processing returns to step 121
and manufactures the next target 51. If there is no next target 51,
the processing ends. If there is a result is not good (fail) in step 123,
in step 125 it is confirmed if there is a next target 51. If there is a
next target 51, the processing returns to step 112 and readjustment
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is carried out from the setting of viscosity. Such processing is
repeated until the targets end. In this example, the next target is
successively loaded (supplied) onto the table 50 by a robot or the like
(not shown).
[0051]

FIG. 10 shows another example of measuring the suction time
t of the liquid material 25 in step 113 in FIG. 9. This discharge
system 1a has the same configuration as the discharge system 1 and
is also equipped with a liquid level detecting unit (sensor) 110 that
detects a liquid level 25b of the liquid material 25 that has reached a
predetermined position (first position) P1 when the liquid material 25
has been sucked by the discharge heads 11 and a suction time
measuring unit (timer) 120 that starts suction of the liquid material
25 and measures the suction time t until detection of the liquid level
25b by the liquid level detecting unit 110. Note that since the other
configuration is the same as the embodiment described above,
description thereof is omitted.
[0052]

Each discharge head 11 has a translucent (transparent, semi-
transparent) side wall portion 11c that is cylindrical (tube-shaped)
and connects the nozzle opening 14 formed at the front end 11a of
the cylindrical member 19 and a connecting portion 16 for the tube
89 at a rear end 11b of the cylindrical member 19. The tubes 89 are
also cylindrical and provided with translucent side wall portions 89c.
The liquid level detecting unit (photo interrupter) 110 includes a light
emitting unit (light projecting unit) 111 and a light receiving unit 112
disposed opposite each other on both sides of the side wall portion
11c of the discharge head 11 at a first position P1 on an upstream
side of the cavity 13 of the discharge head 11. This means that it is
possible to detect the liquid level 25b of the liquid material 25 using
the difference in the refractive index and the resulting difference in
the direction of refraction of light due to the presence or absence of
liquid material 25 inside the side wall portion 11c. In this
embodiment, the liquid level 25b is detected at the first position P1
using the fact that light is transmitted from the light emitting unit 111
toward the light receiving unit 112 if the liquid material 25 is present
inside the side wall portion 11c, while light from the light emitting
unit 111 scatters if the liquid material 25 is not present inside the
side wall portion 11c. The state estimating unit 81 includes a unit
81a that estimates the state of the liquid material 25 according to the
liquid level 25b moving or reaching the predetermined position P1.
[0053]

In this discharge system 1a, the first position P1 is set so that
when the liquid level 25b of the liquid material 25 that has been
sucked in from the nozzle opening 14 has reached the first position
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P1, the inside of the side wall portion 11c will have been filled with a
predetermined suction amount a of the liquid material 25. This
means that by starting the suction of liquid material 25 and
measuring the suction time t until the liquid level detecting unit 110
detects the liquid level 25b using the suction time measuring unit 120,
it is possible to measure the suction time t until the discharge head
11 has sucked in the predetermined suction amount a of the liquid
material 25. Accordingly, in step 113, by substituting the suction
time t of the liquid material 25 measured by the suction time
measuring unit 120 into the approximation function f, it is possible to
estimate the viscosity X of the liquid material 25. This means that it
is possible to provide a discharge system 1a that is capable of setting
a voltage or voltage pattern suited to discharging the liquid material
25 of the estimated viscosity X and carrying out stabilized discharge
with a desired discharge amount, even with an unknown liquid
material 25. Note that the position at which the liquid level detecting
unit 110 is set may be the first position P1 that sandwiches the side
wall portion 11c of the discharge head 11 or may be a second
position P2 that sandwiches the side wall portion 89c of the tube 89.
Also, by setting the first position P1 and the second position P2
downstream of (i.e., before) a liquid level position corresponding to a
volume (suction amount) that can be sucked by the discharge head
11, it is possible to prevent sucking of the liquid material 25 beyond a
suction limit. Also, the liquid level detecting unit 110 may be an
image pickup unit (CCD camera) that picks up images of the liquid
level 25b at the first position P1 or the second position P2 and may
detect that the liquid level 25b has reached (passed) from images
picked up by the CCD camera
[0054]

FIG. 11 shows an overview of different processing by the
control unit 80 of the discharge systems 1 and 1a by way of a
flowchart. In step 213, the state estimating unit 81 of the control
unit 80 may estimate the state of the liquid material 25 sucked into
the cavity 13, as examples, the viscosity, the surface tension, the
number and form, diameter (size), shape, pattern, and color of
particle materials included in the liquid material 25, or the specific
gravity of the liquid. It is also possible to record information relating
to the state of the liquid material 25 in the memory incorporated in
the discharge head 11 in advance as the unique values (head data) of
the discharge head 11 and to use such information when setting the
driving conditions of the discharge head 11. In addition, in step 214,
the estimated driving condition setting unit 82 of the control unit 80
may set conditions for driving the piezo elements 12 according to the
estimated state of the liquid material 25, for example, by setting
driving conditions that are capable of agitating the liquid material 25
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by changing the internal pressure of the cavities 13 to a degree
where the liquid material 25 is not discharged from the cavities 13,
supplying driving pulses to the piezo elements 12 according to a
pushing method or a pulling method, and changing the timing, pulse
width, pulse height, and the like for supplying the driving pulses.
Note that since the other steps are the same as the embodiment
described above, description thereof is omitted.
[0055]

Note that the target 51 onto which the liquid material 25 is
discharged includes, as examples, known testing and experimental
equipment such as microplates (well microplates), glass substrates,
membranes, cell sources, films, silicon substrates, test tubes, and
Petri dishes, and analytical equipment such as DNA microarrays (DNA
chips) where a large number of DNA fragments are laid out with a
high density on a substrate made of plastic or glass.
[0056]

Although an example where a piezo element has been used as
the actuator 12 has been described in the above embodiment, the
actuator that varies (changes) the internal pressure of the cavity 13
may be a heater that produces bubbles inside the cavity using heat.
Since a piezo element that is capable of changing the pressure inside
a cavity using mechanical force is resistant to effects due to heat, a
piezo element is favorable as an actuator. The discharge heads are
not limited to heads where a flat plate-like piezoelectric element is
attached to the outer surface of a cavity, and may be Gould-type
head where a glass tube and a cylindrical piezoelectric element are
combined.
[0057]

Note that the present invention is not limited to the
embodiments above and is defined by the range of the claims. Also,
the inventions defined by the range of the claims may be independent
from one another on a claim by claim basis.
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CLAIMS

Claim 1
A discharge system comprising:
a discharge head that discharges a liquid material onto a

target from a nozzle opening that is communicated with a cavity by
changing an internal pressure of the cavity using an actuator;

a state estimating unit that estimates a state of the liquid
material by sucking the liquid material from a first vessel holding the
liquid material into the cavity via the nozzle opening; and

a driving condition setting unit that sets conditions for driving
the actuator according to an estimated state of the liquid material.

Claim 2
The discharge system according to claim 1,
wherein the state estimating unit includes a viscosity

estimating unit that estimates a viscosity of the liquid material
according to a suction amount and a suction time when applying a
predetermined pressure, and

the driving condition setting unit includes a waveform control
unit that controls a voltage applied to the actuator according to an
estimated viscosity of the liquid material.

Claim 3
The discharge system according to claim 1 or 2, further

comprising:
a liquid level detecting unit that detects the liquid level of the

liquid material when the discharge head has sucked the liquid
material; and

the state estimating unit includes a unit that estimates a state
of the liquid material according to a liquid level moving or a liquid
level reaching on a predetermined position.

Claim 4
The discharge system according to claim 3,
wherein the liquid level detecting unit includes a sensor that

detects the liquid level that has reached the predetermined position.

Claim 5
The discharge system according to any of claims 1 to 4,
wherein the state estimating unit includes a unit that

estimates the state of the liquid material according to a change in
weight of the first vessel.

Claim 6
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The discharge system according to any of claims 1 to 5,
further comprising:

a weight measuring unit that measures a weight of a vessel
group including the first vessel and of the liquid material held in the
vessel group; and

a first discharge amount confirming unit that measures, using
the weight measuring unit, a change in weight when the discharge
head has sucked from any vessel in the vessel group and a change in
weight when the discharge head has discharged into any vessel in the
vessel group and confirms a discharge amount of the discharge head.

Claim 7
The discharge system according to claim 6, further comprising

a second discharge amount confirming unit that measures, using the
weight measuring unit, a change in weight when the discharge head
has discharged into any vessel in the vessel group after discharging
onto the target and confirms a discharge amount of the liquid
material discharged onto the target.

Claim 8
The discharge system according to any of claims 1 to 5,

further comprising:
a weight measuring unit that measures a weight of a vessel

group including the first vessel and of the liquid material held in the
vessel group; and

a second discharge amount confirming unit that measures,
using the weight measuring unit, a change in weight when the
discharge head has sucked from any vessel in the vessel group and a
change in weight when the discharge head has discharged into any
vessel in the vessel group after discharging onto the target, and
confirms the discharge amount of a liquid material discharged onto
the target.

Claim 9
The discharge system according to any of claims 6 to 8,

further comprising:
an image pickup unit that picks up an image of droplets

discharged from the nozzle opening into any vessel in the vessel
group; and

a reproducibility checking unit that checks reproducibility of a
discharge state of the droplets by comparing images recorded by the
image pickup unit.

Claim 10
The discharge system according to claim 9,
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further comprising a table moving unit that moves a table on
which the target is placed, relative to the head unit so that the target
is positioned below the discharge head,

wherein the image pickup unit moves to a position that picks
up images of the droplets in cooperation with movement of the table
by the table moving unit.

Claim 11
The discharge system according to any of claims 6 to 10,
wherein the vessel group is mounted on the weight measuring

unit, and
the discharge system further comprises a conveying unit that

moves the weight measuring unit relative to the discharge head.

Claim 12
The discharge system according to claim 11,
further comprising a lock unit that restricts movement

between the weight measuring unit and the discharge head.

Claim 13
The discharge system according to claim 12,
wherein the lock unit includes:
a lock rod that moves up and down in cooperation with raising

and lowering of the discharge head; and
a lock plate operable to restrict, when the discharge head has

been inserted in the first vessel, the movement of the lock rod in a
horizontal direction and to fix a position of the discharge head.

Claim 14
The discharge system according to any of claims 1 to 13,
comprising a plurality of the discharge heads,
wherein the state estimating unit includes a unit that

estimates states of a plurality of liquid materials held in a plurality of
vessels respectively by sucking the plurality of liquid materials using
the plurality of discharge heads respectively, and

the driving conditions setting unit includes a unit that sets
conditions for driving respective actuators according to respective
estimated states of the plurality of liquid materials.

Claim 15
A method of discharging a liquid material onto a target using a

discharge system,
the discharge system including a discharge head that

discharges a liquid material on to the target from a nozzle opening
that is communication with a cavity by changing an internal pressure
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of the cavity using an actuator; and a control unit that controls the
actuator,

the method comprising:
estimating, with the control unit, a state of the liquid material

by sucking the liquid material from a first vessel holding the liquid
material into the cavity via the nozzle opening; and

setting conditions for driving the actuator according to an
estimated state of the liquid material.

Claim 16
The method according to claim 15,
wherein the estimating of the state includes estimating a

viscosity of the liquid material according to a suction amount and a
suction time when applying a predetermined pressure, and

the setting of the conditions for discharge includes controlling
a voltage applied to the actuator according to an estimated viscosity
of the liquid material.


