
DESCRIPTION DISCHARGE DEVICE FOR LIQUID MATERIAL CONTAINING PARTICLES
TECHNICAL FIELD [0001]        The present invention relates to a device and
method for discharging liquid material including particle-like bodies.
BACKGROUND ART [0002]        Japanese Laid-Open Patent Publication No.
2005-238787 (hereinafter "Document 1") discloses an ink discharge amount
measuring method for measuring the discharge amount of an ink droplet
discharged from a nozzle of an ink jet head. This method finds the ink
discharge amount by carrying out a step of discharging an ink droplet from
a nozzle onto an ink droplet shape evaluating jig, a step of measuring the
diameter of the ink droplet discharged onto the ink droplet shape
evaluating jig, and a step of calculating the ink discharge amount from the
diameter of the measured ink droplet based on correlation found in advance
between the diameter of an ink droplet and the ink discharge amount.
DISCLOSURE OF THE INVENTION 



[0003]        The use of ink jet technology developed for printer
apparatuses to discharge ink and other substances onto printing paper or
other materials is being investigated. As the material to be discharged,
research is being conducted not only into simple liquid materials (which
includes liquids and materials that exhibit fluidity such as solutions) but
also liquid materials (mixtures) including particle-like bodies (particles,
fine particles, particulate material, granulated substrate) which includes
for example living materials (organisms) like cells and genes, and solids
like metals, oxides, or the like. In applications that discharge
particle-like bodies such as cells, it is necessary to discharge precisely
according to predetermined conditions from the nozzle of an ink jet head
toward a target such as a microplate. [0004]        One aspect of the
present invention is a discharge device including a discharge head that
discharges a liquid material from a  nozzle opening connected (fluidly
connected) to the cavity by varying the internal pressure of the cavity
using an actuator. The discharge head includes a monitoring portion
(detection portion) provided between the cavity and the nozzle opening. The
discharge device further includes a detection apparatus that detects the
number and/or form of particle-like bodies included in the liquid material
in the monitoring portion of the discharge head and a control apparatus
that drives the actuator according to the detection result of the detection
unit to change a state of the particle-like bodies included in the liquid
material of the monitoring portion. [0005]        With this discharge
device, it is possible, via the monitoring portion (detection portion), to
acquire a detection result including the number and/or form of the
particle-like bodies (for example, cells) included in the liquid material
to be discharged next timing. This means that with this discharge device,
it is possible to confirm the state of the liquid material, especially the
state of the particle-like bodies included in the liquid, immediately
before discharge. [0006]        In addition, this discharge device is
capable of varying the internal pressure of the cavity by driving an
actuator and therefore able to change the state of the particle-like bodies
included in the liquid material in the monitoring portion fluidly connected
to the cavity. Accordingly, the control apparatus is capable of changing
the state of the particle-like bodies included in the liquid material in
the monitoring portion any number of times until the detection result is
within a range of a predetermined condition for discharging. For this
reason, the discharge device is capable of precisely controlling the number
and/or form of the particle-like bodies included in the liquid material
discharged onto a target. 



[0007]        A typical method (means) of changing the state of the
particle-like bodies included in the liquid material in the monitoring
portion is to discharge the liquid material. Accordingly, the control
apparatus should preferably include a function (discharge target selection
function unit) that changes the discharge target of the liquid material
according to the detection result. If the discharge device discharges onto
a plurality of targets with different discharge conditions, by discharging
the liquid material onto a target for which the detection result (detected
condition of the particle-like bodies included in the liquid material)
matches, it is possible to change the state of the particle-like bodies
included in  the liquid material in the monitoring portion. Also, by
changing the discharge target of the liquid material and disposing of the
liquid material at a different location to the target(s), it is possible to
change the state of the particle-like bodies included in the liquid
material in the monitoring portion. [0008]        It is also possible to
change the state of the particle-like bodies included in the liquid
material in the monitoring portion by driving an actuator to agitate the
liquid material in the monitoring portion without having the liquid
material discharged from the nozzle opening. It is effective for the
control apparatus to include a function (agitation function unit) that
agitates the liquid material in the monitoring portion according to the
detection result without having the liquid material discharged from the
nozzle opening. By doing so, it is possible to suppress consumption of the
liquid material and the particle-like bodies. [0009]        In this
discharge device, the monitoring portion of the discharge head should
preferably include an oblate flattened portion where a cross section of a
flow path from the cavity to the nozzle opening of the discharge head
extends like oblate in a first direction, the flattened portion dispersing
the particle-like bodies in the first direction. The nozzle opening of the
discharge head may be shaped or molded by being flattened so as to extend
in the first direction. [0010]        Since the monitoring portion
internally includes a flattened space, the particle-like bodies included in
the liquid material are dispersed in the first direction and it becomes
easier to determine the number and form (such as the size (diameter),
shape, and color) of the particle-like bodies and thereby obtain the
detection result more clearly. For this reason, in the discharge device,
even when the particle-like bodies included in the liquid material are
particle-like bodies with a comparatively small particle diameter, it is
easy to precisely confirm the form (type) of the particle-like bodies
included in the liquid material before discharge. Accordingly, the
discharge device is capable of discharging particle-like bodies toward
targets according to predetermined conditions with much higher precision
and reliability. 



[0011]        With this discharge device, it is preferable for the
monitoring portion of the discharge head to be light transmissive
(transparent) and for the discharge device to include an image  pickup unit
that carries out image recognition on a plurality of the particle-like
bodies using light. With this discharge device, it is possible to observe
the particle-like bodies included in the liquid material using visible
light. The image pickup unit is typically a camera equipped with an image
pickup element such as a CCD or a CMOS and an optical lens, and by having a
processor carry out image processing on an image obtained by the image
pickup unit, it is easy to distinguish even minute particles such as cells.
In particular, by using an image pickup apparatus with a parallel
processing feature as the image pickup unit, it is possible to detect
minute particles present in the monitoring portion at high speed. Also,
since it is possible to include a fluorescent-colored material in a living
material such as cells, in such case it is possible to illuminate the
material with light aside from visible light that can detect fluorescence,
such as "black light", and observe the material using a camera capable of
detection. [0012]        In this discharge device, the monitoring portion
should preferably include a first region that is connected or next to the
nozzle opening and a second region that follows the first region, and the
detection apparatus should preferably acquire the number and/or form in the
first region and the number and/or form in the second region of the
monitoring portion. The control apparatus should preferably be operable,
when the detection result of the first region is outside a range of a
predetermined condition or when the detection result of the second region
is outside a range of a predetermined condition, to change the state of the
particle-like bodies included in the liquid material in the monitoring
portion. The discharge device discharges the liquid material onto a target
only when the detection result of the first region and the detection result
of the second region are in the ranges of predetermined conditions. This
means that it is possible to further improve the precision of the number
and/or form of the particle-like bodies injected into the target. [0013]
In the discharge device, the actuator should preferably be a piezo element,
and the control apparatus should preferably include a feature or functional
unit that supplies drive pulses of a pushing type (pushing method) to the
piezo element when the liquid material is to be discharged. [0014]
Another aspect of the present invention is a discharge head that discharges
a liquid material from a nozzle opening connected 



to the cavity by varying the internal pressure of a cavity using an
actuator.The discharge head includes a monitoring portion provided between
the cavity and the nozzle opening.The monitoring portion disperses a
plurality of particle-like bodies included in the liquid material to be
discharged from the nozzle opening. The monitoring portion of the discharge
head should preferably include an oblate flattened portion where a cross
section of a flow path from the cavity of the discharge head to the nozzle
opening extends in a first direction, the flattened portion dispersing the
plurality of particle-like bodies in the first direction. The nozzle
opening of the discharge head should preferably be shaped (molded) so as to
be flattened so as to extend in the first direction. [0015]        In this
discharge head, it is preferable for the monitoring portion to be light
transmissive. The monitoring portion of the head typically includes a first
side wall and a second side wall that are flat and are disposed facing one
another. Since the cross section of the flow path in the monitoring portion
is rectangular or a similar shape, across the entire monitoring portion, it
is difficult for the plurality of particle-like bodies to become placed on
top of one another (overlapped on each other) in the narrowed direction
between the first side wall and the second side wall, which improves the
probability that the individual particles can be individually detected.
[0016]        The discharge head should preferably include a tubular member
that holds the liquid material and part of which is shaped or molded so as
to form the cavity whose internal pressure is varied by an actuator
attached to an outside, the nozzle opening being provided at one end of the
tubular member, and the monitoring portion should preferably be provided
between the cavity of the tubular member and the nozzle opening. Since it
is possible to seamlessly form the parts from the cavity to the nozzle
opening via the monitoring portion from one tubular member, for example, a
glass tube, it is possible to provide a discharge head that less shows
stagnation and blockages due to bubbles and the like and is suited to
discharging a wide variety of particle-like bodies and liquid materials.
[0017] 



The monitoring portion can be formed by squeezing a part of the tubular
member from the outside. A typical example of the  tubular member is one of
a glass tube, a resin tube, and a ceramic tube that is translucent. [0018]
Yet another aspect of the present invention is a method of discharging a
liquid material including particle-like bodies onto a target using a
discharge device. The discharge device includes a discharge head that
varies the internal pressure of a cavity using an actuator to discharge the
liquid material from a nozzle opening connected to the cavity, a control
apparatus that controls the actuator, and a detection apparatus that
detects the particle-like bodies included in the liquid material in the
monitoring portion provided between the cavity and the nozzle opening. The
method includes the following steps.  1. The control apparatus acquiring,
from the detection apparatus, a detection result including a number and/or
form of the particle-like bodies included in the liquid material.  2.
Changing a state of the particle-like bodies included in the liquid
material in the monitoring portion by driving the actuator according to the
detection result. [0019]        The changing a state (step 2) includes
agitating the liquid material in the monitoring portion without having the
liquid material discharged from the nozzle opening according to the
detection result. The changing a state may include changing a discharge
target of the liquid material according to the detection result. The
changing the discharge target may include disposing of the liquid material.
[0020] 



The acquiring the detection result (step 1) should preferably include
setting, in the monitoring portion, a first region that is connected to the
nozzle opening and a second region that follows the first region, and
acquiring the detection result for the first region and the detection
result for the second region. Also, The changing a state (step 2) should
preferably include changing the state of the particle-like bodies included
in the liquid material in the monitoring portion when the detection result
of the first region is outside a range of a predetermined condition or when
the detection result of the second region is outside a range of a
predetermined condition. BRIEF DESCRIPTION OF THE DRAWINGS [0021]
FIG. 1 shows an outline of a discharge device according to the present
invention.        FIG. 2 is a perspective view showing an enlargement of
the construction of a discharge head.        FIG. 3 is a cross-sectional
view showing a cross section in the length direction of the discharge head.
FIG. 4 is a cross-sectional view showing a different cross section in the
length direction of the discharge head.        FIG. 5 is a cross-sectional
view showing an enlargement of the front end of the discharge head.
FIG. 6 is a cross-sectional view showing a front-end part of the discharge
head.        FIG. 7 is a cross-sectional view showing a flattened part of
the discharge head. 



FIG. 8 is a cross-sectional view showing a cylindrical part of the
discharge head.        FIG. 9 is a cross-sectional view showing a different
flattened part of the discharge head.        FIG. 10 is a cross-sectional
view showing a narrowed part of the discharge head.        FIG. 11 is a
perspective view showing a different example of a discharge head.
FIG. 12 is a perspective view showing yet another example of a discharge
head.        FIG. 13 is a diagram showing a flowchart of the discharging
method according to the present invention.        FIG. 14 is a diagram
showing a flowchart of another discharging method according to the present
invention.        FIG. 15 is a series of cross-sectional views showing an
enlargement of a flattened part of a discharge head, with (a) to (c) as
diagrams schematically showing states where liquid material is agitated or
disposed of and (d) as a diagram schematically showing a state where the
liquid material is discharged onto a target.        FIG. 16 is a
perspective view showing yet another example of a discharge head.
FIG. 17 is a cross-sectional view showing yet another example of a
discharge head. 



FIG. 18 is a cross-sectional view showing an enlargement of a flattened
part of the discharge head shown in FIG. 17. DETAIL DESCRIPTION [0022]
FIG. 1 shows the outline of a discharge device according to a first
embodiment of the present invention. The discharge device 1 includes a
discharge head (nozzle head, or nozzle head driven according to an ink jet
method) 10 equipped with a glass tube 20 that is a tubular member, a vessel
or container 5 storing a liquid material 50 discharged from the discharge
head 10 for example, a carrier such as water, a first actuator 6 for
discharging a droplet 71 from the discharge head 10, a driving unit
(apparatus) 2 that drives the first actuator 6, a detection unit
(apparatus) 7 that detects the state of the droplet 71 immediately before
and immediately after discharge from the discharge head 10, a second
actuator 79 that moves or travels the discharge head 10, a table 83 that
supports a plurality of targets 81a, 81b, and 81c on which the discharge
head 10 discharges a droplet or droplets 71, a third actuator 89 that moves
or travels the table 83, and a control unit (apparatus) 74 that controls
the movement actuators 79 and 89. [0023]        A disposer 82 for disposing
of a droplet 71 from the discharge head 10 is provided on the table 83. In
the discharge device 1, by moving the table 83 using the third actuator 89
or moving the discharge head 10 using the second actuator 79, it is
possible for the droplet 71 from the discharge head 10 to be injected into
one of the targets 81a to 81c or to be disposed of by the disposer 82. The
targets 81a to 81c only need to receive the droplet 71 and as examples may
be petri dishes, analysis plates, test tubes, or the like. [0024]
The discharge head 10 includes the glass tube (tubular member) 20 that
extends in substantially a straight line. On the glass tube 20, a front end
part 21 is a nozzle opening 11 that is flattened (i.e., has a flat shape),
a part (first flattened portion) 22 that is joined (connected, fluidly
connected) to the front end part 21 and extends back from the front end
part 21 is a flattened monitoring portion (detection portion) 12 that
includes the nozzle opening 11, and a part (second flattened portion) 24
that is joined (connected, fluidly connected) to the first flattened
portion 22 and extends back from the first flattened (flat) portion 22 is a
flattened cavity (pressure chamber) 14. Also, the end (rear end) 29 of the
glass tube 20 is connected via a supply tube 4 to the vessel 5. [0025]
The entire tubular member 20 that includes the flattened parts 21, 22, and
24 is light transmissive (transparent, translucent) and is shaped (formed
or molded) from a single glass  



tube according to an appropriate method (using a mold, for example).
Accordingly, a seamless flow path is formed from the cavity 14 via the
monitoring portion 12 to the nozzle opening 11 inside the glass tube 20 of
the discharge head 10. [0026]        The discharge head 10 includes a
plate-like piezoelectric element (piezo element, actuator) 6 attached to a
surface (outer surface) on an outside of a flat wall 24a of the cavity 14
of the glass tube 20. The control unit 74 includes a driving unit2 that
drives the piezoelectric element 6 to change the internal pressure of the
cavity 14 and discharge a liquid material 50 from the nozzle opening 11
connected to the cavity 14 as the droplet 71. The control unit 74 is also
capable of driving the piezoelectric element 6 to produce an amount of
pressure that agitates the liquid material 50 inside the glass tube 20
including the monitoring portion 12 but does not cause the liquid material
50 to be discharged from the nozzle opening 11. [0027]        Between the
cavity 14 and the nozzle opening 11, the glass tube 20 of the discharge
head 10 includes the flattened monitoring portion (detection portion,
observation chamber, detection chamber) 12 where the cross section of the
flow path extends in a direction (first direction) 9x which is
perpendicular to a center axis 9z of the glass tube 20. In the flattened
monitoring portion 12 that includes such flattened internal cross-section,
a plurality of particle-like bodies (particles) 51 included in the liquid
material 50 to be discharged from the nozzle opening 11 are dispersed in
the first direction 9x. The monitoring portion 12 has a flattened
cross-section and side walls 22a and 22c are substantially flat that
facilitates observation of the inside of the monitoring portion 12 with
image picking up images of an inside of the monitoring portion 12 since
refraction and total internal reflection of light are suppressed. Also,
flattened monitoring portion 12 does not have or has little part where the
inside thereof cannot be seen. This means that the particle-like bodies 51
included in the liquid material 50 can be precisely observed via the
transparent and flat side walls 22a and 23c of the monitoring portion 12.
[0028]        The monitoring portion 12 holds the liquid material 50 to be
discharged next timing (immediately before discharge) from the nozzle
opening 11, and if a plurality of the particle-like bodies 51 are included
in the liquid material 50 immediately before discharge, it is possible to
disperse such bodies in the direction 9x  perpendicular to the flow and to
independently detect (observe) the plurality of particle-like bodies 51
with a high probability. Accordingly, with this discharge device 1, if, in
the monitoring portion 12, particle-like bodies 51 are included in the
liquid material 50 immediately before discharge, it will be possible to
acquire information on not only the number of such bodies 51 but also the
properties (form or state) of the particle-like bodies 51, such as the
diameter (size), shape, pattern, and color. This means that the detection
unit 7 is capable of specifying the type (kind) of particle-like bodies 51
included in the liquid material 50 in the monitoring portion 12.
Accordingly, the detection unit 7 can output a detection result 7a
including the number and/or form of the particle-like bodies 51 included in
the liquid material 50 of the monitoring portion 12. [0029] 



By driving the piezo element 6 based on the detection result (measurement
result) 7a of the monitoring portion 12 to apply vibration that agitates
the liquid material 50 in a range where the liquid material 50 is not
discharged or that discharges the liquid material 50 onto one of the
targets 81a to 81c or the disposer 82, in the discharge device 1, the
internal state of the monitoring portion 12 can be changed to the state
where the bodies 51 are appropriately disposed. That enables liquid
material 50 including only an indicated or predetermined number and/or form
(i.e., particle-like bodies of the predetermined type judged from the form)
of the body 51 or the bodies 51 to be discharged onto one of the
predetermined targets 81a to 81c. [0030]        In the discharge device 1,
an instruction (or "signal") in the control unit 74 is received by the
driving unit (or "driving apparatus" or "driver") 2, and the driver 2
drives the actuator 6 using drive pulses. The control unit 74 may be an
apparatus equipped with hardware resources of a general purpose computer
such as a CPU and a memory, or may be a control unit equipped with
hardware, including an LSI, an ASIC, or the like, that is dedicated to the
discharge device 1. It is desirable for the control unit 74 to include a
function for communicating with a host apparatus such as a personal
computer. Also, the control unit 74 may be installed in a personal computer
that serves as a host apparatus, or functions as the control unit 74 may be
provided by appropriate software (or "program" or "program product").
[0031]         When the piezo element 6 that is the actuator expands or
contracts and/or deforms due to the drive pulses, the flat wall 24a of the
cavity 14 provided in the glass tube 20 becomes displaced, producing
fluctuations in the internal volume of the cavity 14. For this reason, the
internal pressure of the cavity 14 changes and the liquid material 50
supplied from the vessel 5 is supplied to the monitoring portion 12 via the
cavity 14. By the internal pressure changes in the cavity 14, the liquid
material 50 held in the monitoring portion 12 is also pushed out from the
nozzle opening 11 provided at the front end part 21 of the glass tube 20
and is discharged as a droplet 71. When doing so, if any particle-like
bodies 51 are mixed into the liquid material 50 held in the monitoring
portion 12, liquid material 50 including such particle-like bodies 51 is
discharged from the nozzle opening 11. [0032]        The control unit 74
includes a head controller 74a, and the head controller 74a includes a
function (acquisition unit) 75 acquiring the detection result 7a of the
detection unit 7 and a function (state changing unit) 76 that changes the
state of the particle-like bodies 51 included in the liquid material 50 of
the monitoring portion 12 according to the detection result 7a. The state
changing unit 76 includes a discharge target changing function (discharge
target changing unit) 78 that controls the piezo element 6 and the
actuators 79 and/or 89 so as to discharge the liquid material 50 onto a
predetermined one of the targets 81a to 81c if, according to the detection
result 7a of the detection unit 7, the number and/or form or the like of
the particle-like bodies 51 included in the liquid material 50 immediately
before discharge satisfies a predetermined condition. The discharge target
changing unit 78 includes a disposal function (disposal unit) 78a that
controls the piezo element 6 and the actuators 79 and/or 89 so as to
dispose the liquid material 50 into the disposer 82 and change the state of
the monitoring portion 12. The state changing unit 76 also includes a
function (agitating unit) 77 that drives the piezo element 6 to an extent
where the liquid material 50 is not discharged but change the state of the
particle-like bodies 51 in the liquid material 50 of the monitoring portion
12 if, according to the detection result 7a of the detection unit 7, the
number and/or state of the particle-like bodies 51 included in the liquid
material 50 immediately before discharge does not satisfy the predetermined
condition. [0033]  



In this way, the discharge device 1 is capable of discharging or dispensing
the liquid material 50 including various particle-like bodies 51 on the
target 81 using the an ink-jet type discharge head 10, with detecting or
confirming the number and form (external appearance, state) of the
particle-like bodies 51 included in the liquid material 50 immediately
before discharge inside the discharge head 10. In this specification, the
particle-like bodies 51 may be any material that is independently present
in the liquid material 50 and whose presence may be detected (identified or
recognized) using various methods via the glass tube 20. A typical
detection method includes image processing using light (visible light,
infrared light, or the like), with it being effective to acquire an image
that has been enlarged by an appropriate lens system. The detection method
may be a method that uses a magnetic field or an electric field.
Particle-like bodies (particles, fine particles) 51 including biological
materials such as cells and genes (DNA, RNA) can be given as examples of
typical particle-like bodies 51. The particle-like bodies 51 include not
only spherical matter (grains) but also matter that is linear or other
shapes. [0034]        Such particle-like bodies 51 will often become
blocked or unevenly distributed in the range from the cavity 14 to the
nozzle opening 11. From the cavity 14 to the nozzle opening 11 including
the monitoring portion 12 those are the main parts of the discharge head 10
of the discharge device 1 are seamlessly formed by a single glass tube 20.
This means that the discharge head 10 is resistant to or does not show
stagnation, blockages, and uneven distribution due to air bubbles or the
like, and in the discharge head 10, even particle-like bodies 51 that are
susceptible to blockages, such as cells, can be guided to the nozzle
opening 11 in a state where the particle-like bodies 51 are comparatively
uniformly present in the liquid material 50. [0035]        FIG. 2 shows an
enlargement of the construction (arrangement) of the glass tube 20 of the
discharge head 10. FIGS. 3 and 4 show the overall construction of the glass
tube 20 by way of cross sections that include the first direction 9x
(hereinafter, X direction) that is perpendicular to the length direction
(center axis) 9z and the second direction 9y (hereinafter, Y direction)
that is perpendicular to the center axis 9z and the first direction 9x. A
typical size of the glass tube 20 is an external diameter of 0.5 to 5mm and
a thickness of 0.01 to 1mm. The glass tube 20 includes the front end part
21 that is toward the  nozzle opening 11 at the front end and formed
(molded) in a flat shape that is wide in the X direction and narrow in the
Y direction, the first flattened portion 22 that is to the rear of (above
in FIG. 2) the front end part 21 and is formed (molded) in a flat shape
that is wide in the X direction and narrow in the Y direction, a first
cylindrical portion 23 that is to the rear of the first flattened portion
22 and is substantially cylindrical, the second flattened portion 24 that
is to the rear of the first cylindrical portion 23 and is formed (molded)
in a flat shape that is wide in the X direction and narrow in the Y
direction, a second cylindrical portion 25 that is to the rear of the
second flattened portion 24 and is substantially cylindrical, a narrowed
portion 26 that is to the rear of the second cylindrical portion 25 and is
narrower than the second cylindrical portion 25, and a third cylindrical
portion 27 that is to the rear of the narrowed portion 26, is substantially
cylindrical, and is used to connect the glass tube 20 to the supply tube 4.
The front end part 21, the first flattened portion 22, and the second
flattened portion 24 may be flattened in different directions. For example,
the second flattened portion 24 may be molded in a flat shape so as to be
wide in the Y direction and narrow in the X direction. [0036]        The
various parts are described in more detail. First, as shown by the
enlargement in FIG. 5, the front end part 21 of the glass tube 20 is formed
(molded) by squeezing the front end of the glass tube 20 from the outside
into an appropriate size for the nozzle opening 11. A cross section of the
front end part 21 is shown in enlargement in FIG. 6. Since the nozzle
opening 11 is molded into a flat shape that is wide in the X direction and
narrow in the Y direction and whose cross-sectional form is flattened into
substantially an oblate (oval) or a similar shape, it becomes easy for the
particle-like bodies 51 to become uniformly dispersed in the X direction
and to visually confirm or detect the particle-like bodies 51 immediately
before discharge. A typical size of the nozzle opening 11 internally has a
maximum height (maximum inner diameter) d in the Y direction of 15 to
200pm. To discharge minute particle-like bodies 51 such as cells of the
order of pm, the amount of the liquid material 50 discharged from the
nozzle opening 11 in a single operation should preferably be controlled to
a range from pl (picoliter) order to fl (femtoliter) order. Although one
method of forming the front end part 21 is to heat the glass tube 20 and
then press the glass tube 20 from the up-down direction (a direction
perpendicular to the length direction), it is  



possible to use a variety of known glass working methods and the method of
working is not limited to this example. [0037]        Note that the
expression "oblate (oval)" in the present specification refers to an
elongated circle which excludes shapes with corners, such as a rectangle or
a square, and also excludes a perfect circle. The oblate (oval) includes,
in addition to an oval, a concept that includes a variety of shapes such as
shapes where a rectangle or square with semicircles arranged at opposing
sides with a diameter equal to the distance between the opposing sides (or
"gap between opposing sides"). [0038]        The first flattened portion 22
to the rear or back of (next to) the front end part 21 is formed by
squeezing the glass tube 20 from outside and is a part that constructs the
monitoring portion 12 with a flattened or box-like space formed inside.
FIG. 7 shows an enlargement of the cross section. A typical size of the
first flattened portion 22 internally has the maximum height (maximum
diameter) h in the Y direction of 0.05 to 1.0mm, a maximum width WI in the
X direction of around 0.3 to 10mm, and an internal length in the length
direction 9z of 1 to 20mm. The maximum internal width WI should more
preferably be around 1 to 3mm. The first side wall 22a and the second side
wall 22c are plate-like and extend in the X direction so that the
particle-like bodies present in the monitoring portion 12 can be observed
through the walls, the wall thickness t should preferably be around 50 to
500pm or more preferably around 50 to 300pm. The first flattened portion 22
is formed so that the external maximum width Wo is around 0.55 to 7mm.
[0039]        In the present embodiment, the first flattened portion 22 is
molded or formed by squeezing the glass tube 20 from outside and has the
monitoring portion 12 with a flattened opening that is substantially oblate
(oval) or a similar shape formed inside. The volume of the monitoring
portion 12 is set by the internal cross-sectional area and the length, and
is important in view of the method in which the monitoring portion 12 is
used. That is because the detection algorithm for the particle-like bodies
51 described below will change according to how many discharge amounts are
held in the monitoring portion 12. [0040]        The maximum height
(maximum internal diameter) h in the Y direction of the monitoring portion
12 should preferably be  



selected as appropriate according to the size of the particle-like bodies
51 that flow into the monitoring portion 12. That is, if the maximum height
(maximum internal diameter) h of the monitoring portion 12 is too large
relative to the size (for example, the diameter) of the particle-like
bodies 51, the probability that the particle-like bodies 51 will be present
on top of one another (overlapping) inside the monitoring portion 12
increases and therefore the probability that it will not be possible to
identify individual bodies in the plurality of particle-like bodies 51
increases. On the other hand, if the maximum height (maximum internal
diameter) h of the monitoring portion 12 is too small relative to the size
of the particle-like bodies 51, the monitoring portion 12 will provide
resistance to passage of the particle-like bodies 51 and there is the
possibility that it will be difficult for the particle-like bodies 51 to be
smoothly discharged from the nozzle opening 11. [0041]        Accordingly,
the maximum height (maximum internal diameter) h in the Y direction of the
monitoring portion 12 and the average particle diameter (diameter) r of the
particle-like bodies 51 to be identified should preferably satisfy the
condition below. 1.2h1rIc100.0 ... (1)        (h/r) should more preferably
be 50.0 or below. Also, (hlr) should preferably be 1.4 or above and even
more preferably 1.5 or above. [0042]        Also, the maximum height
(maximum internal diameter) h in the Y direction of the monitoring portion
12 and the maximum height (maximum internal diameter) d in the Y direction
of the nozzle opening 11 should preferably satisfy the condition below.
0.5sh/d5_20.0 ... (2)        (hid) should more preferably be 15.0 or below.
Also, (hid) should more preferably be 0.8 or above. [0043]        Also, the
maximum height (maximum internal diameter) d in the Y direction of the
nozzle opening 11 and the maximum width b in the X direction of the nozzle
opening 11 should preferably satisfy the condition below. 



1.0.5.b/d_20.0 ... (3) (bid) should more preferably be 10.0 or below.
[0044]        One method of forming the first flattened portion 22 is to
heat the glass tube 20 and then press the glass tube 20 in the up-down
direction (a direction perpendicular to the length direction).  By forming
the glass tube 20 not in one dimension (the front-back direction or length
direction) but in two dimensions (the up-down direction and a direction
perpendicular to the length direction) with pressing the glass tube 20 in a
state squeezed outward, the monitoring portion 12 that is internally
provided with a flattened space is formed. In addition, a flat surface 22b
is formed on the outside of the first side wall 22a of the first flattened
portion 22 of the glass tube 20 and a flat surface 22d is formed on the
outside of the first side wall 22c. This method of forming is one example,
but it is also possible to mold the glass tube 20 into a predetermined
shape by blowing a tubular member such as glass or resin into a mold as in
injection molding, or by rolling metal to obtain a tubular member of a
predetermine shape. [0045]        The first side wall 22a and the second
side wall 22c may be flat or may be curved. If the walls are curved, the
particle-like bodies 51 of the monitoring portion 12 will become easy to
visually confirm due to a lens effect. On the other hand, if the first side
wall 22a and the second side wall 22c are flat, if the maximum height
(maximum internal diameter) h inside the monitoring portion 12 is uniform,
it will be easy to obtain an image with little distortion through the side
walls 22a and 22b which makes it easy to distinguish the type of the
particle-like bodies 51 from the form of the particle-like bodies 51. Also,
the box-like monitoring portion 12 is constructed by the flat side walls
22a and 22c, so that the particle-like bodies 51 can easily be uniformly
dispersed in the X direction of the monitoring portion 12. Accordingly if a
plurality of particle-like bodies 51 are present in the monitoring portion
12, it is easy to visually confirm or detect the particle-like bodies 51.
[0046]        The first cylindrical portion 23 that is to the rear of (next
to) the first flattened portion 22 is a part that constructs a first
connecting channel 13 for connecting (fluidly connecting) the monitoring
portion 12 and the cavity 14. As shown by the enlarged cross section in
FIG. 8, the first cylindrical portion 23 has high strength by its
cylindrical shape, so that even if the cavity 14, described later, deforms
due to the piezoelectric element 6, such change in form will have little
effect on the first flattened portion 22. Note that in order to transmit
changes in the internal pressure of the cavity 14 to the monitoring portion
12 and have the liquid material 50 in the monitoring portion 12 discharged
from the nozzle opening 11, it is desirable for the internal
cross-sectional area of the first cylindrical portion 23 to be
substantially the same 



as the internal cross-sectional area of the monitoring portion 12. Also,
instead of the first cylindrical portion 23, the cavity 14 and the
monitoring portion 12 may be connected by a flattened part. [0047]
The second flattened portion 24 to the rear of (next to) the first
cylindrical portion 23 has a flattened box-like space formed inside as the
same way as the flrst flattened portion 22, and is a part that constructs
the cavity 14 which is a pressure chamber. An enlargement of the
cross-section of the second flattened portion 24 is shown in FIG. 9. The
flat piezoelectric element (piezo element, actuator) 6 is attached to the
surface (outer surface) 24b on the outside of the flat wall 24a of the
cavity 14. The piezo element 6 is attached to the glass tube 20 together
with a thin-film electrode 6e made of ITO, metal, or the like, receives
driving pulses (voltage driving pulses) via the electrode 6e and expands
and contracts to cause fluctuations in the internal volume of the cavity
14.Note that a piezoelectric element 6 is a typical pressure-electro
conversion element and the piezo element 6 has a known construction that
includes an electrode and the like. [0048]        The second cylindrical
portion 25 to the rear of the second flattened portion 24 is a part that
constructs a second connecting path 15 for connecting the cavity 14 and a
narrow flow path 16 to the rear that functions as an orifice where the
opening area is narrower. The connecting path 15 also functions as a buffer
for supplying the liquid material 50 including the particle-like bodies 51
to the cavity 14. [0049]        The narrowed part 26 to the rear of the
second cylindrical portion 25 is a part that constructs the flow path 16
where the opening area is narrowed and an enlargement of the cross section
of the narrowed part 26 is shown in FIG. 10. The inner diameter of the flow
path 16 is 20 to 200pm, for example, the pressure variation of the cavity
14 is effectively transmitted to the nozzle opening 11 side so that it is
difficult for the pressure variation of the cavity 14 to propagate to the
supply tube 4 and the vessel 5. One method of forming the narrowed part 26
is to pull the heated glass tube 20 in the front-rear direction (length
direction). The third cylindrical portion 27 to the rear of the narrowed
part 26 is a part that constructs a third connecting path 17 for connecting
to the supply tube 4. [0050]  



The front end part 21, the first flattened portion 22, the first
cylindrical portion 23, and the second flattened portion 24 are formed by
working (molding) the single glass tube 20. Accordingly, since it is
possible to form the glass tube 20 seamlessly from the cavity to the nozzle
opening, stagnation and/or blockages due to bubbles or the like hardly
occur, so that it is possible to prevent the particle-like bodies 51 such
as cells from adhering and prevent the stagnation of the flow of the liquid
material 50 and blockages of the particle-like bodies 51 from the outset.
For this reason, it is possible to provide the discharge head 10 that is
suited to discharging a wide variety of particle-like bodies 51 and liquid
materials 50, from low viscosity to high viscosity. [0051]        Note that
although the glass tube 20 is used in the above description, in place of
the glass tube 20, it is possible to form a resin tube or a ceramic tube
that is light transmissive (transparent) into the same form and thereby
provide a discharge head 10 that is seamless and is suited to measuring the
number or the like of the particle-like bodies 51 at low cost. [0052]
In this way, since the discharge head 10 includes the flattened monitoring
portion 12to the rear of the nozzle opening 11 and the flattened monitoring
portion includes the flattened nozzle opening 11, it is possible to detect
the number and form of the particle-like bodies 51 included in the liquid
material 50 to be discharged next or to be discharge laterfrom the nozzle
opening 11 by the detection apparatus 7. On example of the detection
apparatus 7 is shown in FIG. 4. The detection unit 7 includes a light
source 101 disposed so as to face the first side wall 22a of the first
flattened portion 22, an image pickup unit 102 disposed so as to face the
second side wall 22c opposite the light source 101, and the image
processing mechanism 103 that processes an image acquired by the image
pickup unit 102. The light source 101 illuminates the particle-like bodies
51 present in the monitoring portion 12 and the particle-like bodies 51
included in the droplet 71 discharged from the nozzle opening 11. One
example of the light source 101 is a so-called strobe light that is able to
cyclically emit light, and as one example it is possible to use a halogen
lamp such as a xenon lamp, an LED lamp, or a "black light" (ultraviolet
light). It is desirable for the light source 101 to be capable of adjusting
the luminance in keeping with the performance of the image pickup unit 102.
[0053]         The image pickup unit 102 acquires an image, via the
transparent second side wall 22c of the monitoring portion 12, including a
state of the liquid material 50 illuminated by the light source 101 and the
liquid material 50 discharged from the nozzle opening 11 toward the targets
81a to 81c. Accordingly, when particle-like bodies 51 are included in the
liquid material 50 in the monitoring portion 12 and/or particle-like bodies
51 are included in the discharged liquid (droplet) 50, by analyzing the
obtained image, it is possible to recognize the number and form of the
particle-like bodies 51 included in the monitoring portion 12 and the
number and form of the particle-like bodies 51 included in the discharged
liquid material 50. An image pickup unit that acquires an image of the
particle-like bodies 51 included in the liquid material 50 in the
monitoring portion 12 and an image pickup unit that picks up an image of
the liquid discharged from the nozzle opening 11 may be separately
provided. [0054]        One example of the image pickup unit 102 is a
camera equipped with an image pickup element (CCD, CMOS), and an optical
lens. The optical lens is capable of adjusting the focal length and also
changing the image pickup magnification and should preferably be capable of
setting an image pickup magnification in a range where it is possible to
simultaneously pick up an image of a plurality of minute particle-like
bodies 51 included in the liquid material 50. The image processing
mechanism 103 analyzes an image acquired by the image pickup element 102,
and identifies the presence, number, and form of the particle-like bodies
51 in the monitoring portion 12 and the presence, number, and form of the
particle-like bodies 51 in the droplets 71 after discharging. One example
of the image processing mechanism 103 includes a parallel computational
processing feature or configuration, and one example of the parallel
computational processors is a high-speed image processor that has position
computation elements each corresponding to each pixel of a CMOS sensor. 



[0055]        The monitoring portion 12 is flattened and is formed so as to
be wider in the X direction and narrower in the Y direction than the first
cylindrical portion 23. Accordingly, if a plurality of particle-like bodies
51 such as cells, included in the liquid material 50 are present in the
monitoring portion 12, such particle-like bodies Si will disperse and
spread out in the X direction and tend to become present in a
non-overlapping state between the first  side wall 22a and the second side
wall 22c. For this reason, in the discharge head 10, when a plurality of
the particle-like bodies 51 are present in the monitoring portion 12, it is
easy to separately detect the particle-like bodies 51 from outside the
first side wall 22a and the second side wall 22c and to identify whether a
plurality of the particle-like bodies 51 are present. [0056]
According to the discharge device 1 equipped with the discharge head 10, by
observing the presence, number, and form of the particle-like bodies 51 in
the monitoring portion 12 which is immediately above (immediately upstream)
of the nozzle opening 11, it is possible using the detection apparatus 7 to
identify whether particle-like bodies 51 are included in the liquid
material 50 (the droplet 71) to be discharged next and also the included
number of particle-like bodies 51 and the form (type) of the included
particle-like bodies 51 before the liquid material 50 is discharged
(dispensed) from the nozzle opening 11 and thereby obtain the detection
result 7a. This means that with the discharge device 1, only the liquid
material 50 that includes the particle-like bodies 51 of the desired number
and form (type) is discharged onto one of the targets 81a to 81c and that
in other cases, it is possible to agitate the liquid material 50 to change
the state of the monitoring portion 12 and/or to dispose the liquid
material 50 into the disposer 82 to change the state of the monitoring
portion 12. [0057]        Therefore, according to the discharge device 1,
it is possible to selectively discharge only a droplet 71 (which includes
particle-like bodies) where the detection result 7a satisfies a
predetermined condition onto the targets 81a to 81c. For this reason, when
dispensing the droplets 71 including the particle-like bodies 51 onto a
microplate (target) including a plurality of wells, it is possible to
greatly reduce the presence of wasted wells that do not satisfy conditions
of an experiment or the like. [0058]        FIG. 11 shows a different
example of a discharge head 10. The glass tube 20 of the discharge head 10
is equipped with the nozzle opening 11 that is cylindrical. At the front
end part 21 of the glass tube 20 that forms the nozzle opening 11, the
front end of the glass tube 20 is molded or formed into a narrowed shape of
a suitable size as the nozzle opening 11. A typical internal diameter of
the nozzle opening 11 is 15-200pm. [0059] 



In the discharge device 1 equipped with the discharge head 10 also, the
presence and number of particle-like bodies 51 are observed at the
monitoring portion 12 that is connected to and is immediately above
(immediately upstream) of the nozzle opening  11. This means that it is
possible before the liquid material 50 is discharged (dispensed) from the
nozzle opening 11, to acquire, from the detection apparatus 7, a detection
result 7a including whether particle-like bodies 51 are included in the
liquid material 50 (the droplet 71) to be discharged next and the number,
form, and the like of the included particle-like bodies 51. For this
reason, in the discharge device 1, it is possible to discharge only the
liquid material 50 including the particle-like bodies 51 of desired
condition, that is, a predetermined number and/or form (type) onto a
predetermined one of the targets 81a to 81c. When the detection result 7a
does not match the desired condition, it is possible to agitate the liquid
material 50 to change the state of the monitoring portion 12 and/or to
dispose of the liquid material 50 into the disposer 82 to change the state
of the monitoring portion  12. Since the remaining construction of the
discharge head 10 is the same as the discharge head described above,
description thereof is omitted. [0060]        FIG. 12 shows yet another
example of the discharge head 10. The glass tube 20 of the discharge head
10 is equipped with a cylindrical monitoring portion 12. That is, the glass
tube 20 includes a fourth cylindrical portion 28 that forms the monitoring
portion 12 to the rear of the front end part 21 and in front of the first
cylindrical portion 23. Accordingly, if the size of the particle-like
bodies 51 is comparatively large and the particle diameter (diameter) r of
the particle-like bodies 51 is lOpm or above for example, it is possible to
detect the particle-like bodies 51 by providing the fourth cylindrical
portion 28 where the glass tube 20 is still cylindrical in place of the
first flattened portion 22 where the glass tube 20 is molded by being
squeezed from outside. Since the remaining construction of the discharge
head 10 is the same as the discharge head described above, description
thereof is omitted. [0061]        On the other hand, if the particle
diameter (diameter) r of the particle-like bodies 51 is below 10pm, since
there is increased probability that the particle-like bodies 51 will be
present on top of one another (overlapping each other) inside the
monitoring portion 12 and increased probability that it will not be
possible to  distinguish individual particle-like bodies 51 out of the
plurality of particle-like bodies 51, it is preferable to provide the first
flattened portion 22 formed by squeezing the glass tube 20 from outside. If
the particle diameter (diameter) r of the particle-like bodies 51 is 5pm or
below, it is even more preferable to provide the first flattened portion
22. 



[0062]        FIG. 13 shows, by way of a flowchart, a method (a control
method of the discharge device 1) of discharging a droplet 71 including
particle-like bodies 51 according to a predetermined condition onto one of
the targets 81a to 81c using the discharge device 1 equipped with the
discharge head 10. [0063]        If, in step 110, a discharge instruction
has been outputted from the host apparatus, in step 111 the control unit 74
uses an image of a nozzle surface ha of the nozzle opening 11 obtained from
the detection apparatus 7 to determine whether particle-like bodies 51 are
present on the nozzle surface 11a of the nozzle opening 11 shown in FIG. 5.
If particle-like bodies 51 or other foreign matter is present at the nozzle
surface 11a, the control unit 74 switches to cleaning mode (wiping mode) in
step 112b. If the particle-like bodies 51 or other foreign matter is
present at the nozzle surface 11a, the flying direction of the droplet 71
discharged from the discharge head 10 will change and there is the
possibility that the droplet 71 will not reach the desired target.
Accordingly, it is first confirmed whether the nozzle surface 11a is clean,
and if foreign matter is present, the nozzle surface 11a is cleaned. [0064]
In cleaning mode, the actuator 79 and/or 89 is used to move the discharge
head 10 to the home position and the nozzle surface 11a is cleaned using a
wiping mechanism or the like provided at the home position to remove the
foreign matter. In cleaning mode, the discharge head 10 may move to the
disposer 82 and the particle-like bodies 51 or the foreign matter present
at the nozzle surface 11a may be removed by disposing of the droplet (i.e.,
cleaning). [0065]        After the cleaning in step 112b ends, the control
returns to step 110, it is confirmed that a discharge instruction is held,
and the discharge process described below continues. After the cleaning in
step 112b has ended, the control may return to step 111 without confirming
the discharge instruction to confirm once  again whether foreign matter is
present on the nozzle surface ha and then continue the discharge process
described below. 



[0066]        If particle-like bodies 51 are not detected at the nozzle
surface 11a, in step 112a an acquisition unit 75 of the control unit 74
acquires the detection result 7a including information on the number and/or
form (for example, the size (diameter), shape, pattern and color) of the
particle-like bodies 51 included in the liquid material 50 in the
monitoring portion 12 from the detection unit 7. In step 113, if a
condition such as the number and/or form or the like of the particle-like
bodies 51 included in the detection result 7a is within a range of a
predetermined condition, in step 114a the discharge target changing unit 78
of the state changing unit 76 selects one of the targets 81a to 81c and in
step 114b moves the discharge head 10 to one of the targets 81a to 81c that
matches the predetermined condition using the actuator 79 and/or 89 and
uses the driving unit 2 to discharge the liquid material 50 onto the
designated target Si. [0067]        On the other hand, if the acquired
detection result 7a is not within the range of the predetermined condition,
in step 115a the state changing unit 76 determines whether to dispose of
the liquid material 50. If the liquid material 50 is to be disposed of, in
step 115b, a disposal unit 78a of the discharge target changing unit 78
moves the discharge head to the disposer 82 using the actuator 79 and/or 89
and disposal is carried out using the driving unit 2. After this, the
control returns to step 110. [0068]       If the liquid material 50 is not
to be disposed of, in step 116, an agitation unit 77 controls a driving
voltage applied to the piezoelectric element (piezo element) 6 from the
driving unit 2 to change or fluctuate the internal pressure of the cavity
14 to an extent where a droplet is not discharged, thereby agitating the
liquid material 50 and changing the state of the monitoring portion 12,
then the control returns to step 110. [0069]        By selecting agitation
in step 116, it is possible to change the distribution and position of the
particle-like bodies 51 in the monitoring portion 12 without disposing of
the particle-like bodies Si, This means that it is possible to greatly
reduce the presence (amount) of the particle-like bodies 51 that is wasted
and it is also unnecessary to move the discharge head 10 or the table 83
using the actuator 79 and/or 89 to carry out disposal.  [0070] 



The decision whether to select disposal in step 115b or to select agitation
in step 116 may be set in advance as an initial setting of the state
changing unit 76 or disposal may be selected when a detection result 7a
that matches a predetermined condition has not been obtained in spite of
agitation being repeated a number of times. It is also possible to select
agitation or disposal by determining, according to the detection result 7a,
whether it is possible to change the state of the monitoring portion 12 so
as to match the predetermined condition by selecting agitation in step 116.
[0071]        When a droplet 71 is discharged onto one of the targets 81a
to 81c in step 114b or the liquid material 50 is disposed of in step 115b,
the control unit 74 drives the piezoelectric element 6 via the driving
apparatus 2 with drive pulses for a "pushing" type (method), not drive
pulses for a "pulling" type (method). Here, the expression "pulling type"
refers for example to applying a voltage to the piezoelectric element 6 in
a normal state to keep the cavity 14 in a state with a reduced volume,
reducing the applied voltage immediately before discharge to increase the
volume of the cavity 14 and then applying a voltage once again to reduce
the volume of the cavity 14 and discharge a droplet 71. On the other hand,
the expression "pushing type" refers to having no voltage applied to the
piezoelectric element 6 in a normal state and applying a voltage when
discharging a droplet 71 to cause the piezoelectric element 6 to deform and
increase the pressure in the cavity 14, thereby discharging a droplet 71.
[0072]        Since the meniscus of the nozzle opening 11 will be pulled in
if the pulling type pulses are used, the meniscus may be pulled in as far
as inside the monitoring portion 12, which varies the internal state of the
monitoring portion 12. This means that the state of the monitoring portion
12 that was confirmed in step 113 may change and unexpected particle-like
bodies 51 will be included in the droplet 71 that is discharged. On the
other hand, with the pushing type pulses, since the meniscus of the nozzle
opening 11 is hardly pulled in, the state of the monitoring portion 12 will
not be varied and it will be possible to discharge a droplet 71 including
the expected particle-like bodies 51. [0073]        Immediately after
supplying drive pulses for the pushing method to the piezoelectric element
6 in step 114b, the driving  unit 2 supplies pulses that cancel movement of
the meniscus to the piezoelectric element 6 in step 117. By causing rapid
attenuation of the vibration of the meniscus and suppressing movement of
the meniscus to a minimum, it is possible to quickly stabilize the internal
state of the monitoring portion 12. [0074] 



If, in step 114b, the particle-like bodies 51 of the indicated condition
have been discharged on the indicated target 81a to 81c, in step 118a the
acquisition unit 75 of the control unit 74 acquires an image of the droplet
immediately after discharge and a detection result 7a for the monitoring
portion 12 after discharge from the detection apparatus 7. [0075]        In
step 118b, if particle-like bodies 51 that satisfy the conditions before
discharge are present in the detection result 7a after discharge, the
control unit 74 determines that a droplet 71 including the particle-like
bodies 51 has not been discharged. If the liquid material 50 may be
repeatedly discharged onto the desired target 81a to 81c, in step 120 the
control returns to step 110 without changing the target, the conditions are
confirmed again in steps 111 and 113, and then discharging is repeated in
step 114b. [0076]        If the particle-like bodies 51 that satisfy the
conditions before discharge are not present in the detection result 7a
after discharge, in step 119 the control unit 74 uses the image of the
discharged droplet to determine whether particle-like bodies 51 of
predetermined conditions were included in the discharged droplet. If
particle-like bodies 51 are not detected in the discharged droplet 71, the
control unit 74 determines that a droplet 71 including the particle-like
bodies 51 has not been discharged on the desired target 81a to 81c. If the
liquid material 50 may be repeatedly discharged onto the desired target 81a
to 81c, in step 122 the control returns to step 110 without changing the
target 81, the conditions are confirmed again in steps 111 and 113 and then
discharging is repeated in step 114b. [0077]        At the same time as
step 118b or at around the same time, by confirming in step 119 that the
particle-like bodies 51 are included in the droplet 71 after discharge, the
possibility of particle-like bodies 51 adhering to the nozzle surface 11a
and not being discharged onto the target 81 is detected so that it becomes
possible to reliably discharge the particle-like bodies Si.  [0078]
If in step 121 there is another target, in step 123 there is a change to
another target and the control returns to step 110. If there is no other
target in step 121, the control ends. 



[0079]        FIG. 14 shows one example of an algorithm for a case where a
droplet 71 including only one particle-like body 51 is discharged onto a
target 81. In this algorithm, the control unit 74 of the discharge device 1
uses the detection apparatus 7, the driving apparatus 2 for controlling the
piezo element 6 and the second actuator 79 and/or the third actuator 89 for
movement Note that description is omitted for steps that are the same as
the flowchart described above. [0080]        FIG. 15 shows the state of the
monitoring portion 12. In this example, as shown in FIG. 15, the monitoring
portion 12 has a volume that holds an amount equivalent to three discharges
and the inside of the monitoring portion 12 is ideally or virtually divided
into a part (first region) 31 to be discharged next from the nozzle opening
11, a part (second region) 32 to be discharged after that (i.e., second),
and a part (third region) 33 to be discharged after that (i.e., third).
Although the monitoring portion 12 of the discharge head 10 is shown in
FIG. 15 as being clearly separated into these regions 31 to 33 from the
nozzle opening 11 at the front end to the rear end 29, such regions are
virtual regions set for image analysis and the form of the boundaries of
the regions 31 to 33 are not limited to this example. [0081]        If, in
step 110, a discharge instruction has been outputted from the host
apparatus, in step 111 the control unit 74 determines whether the
particle-like bodies 51 have been detected at the nozzle surface 11a of the
nozzle opening 11. If no particle-like bodies 51 have been detected at the
nozzle surface 11a, in step 112a, the acquisition unit 75 of the control
unit 74 acquires the detection result 7a including information on the
individual particle-like bodies 51 included in the liquid material 50 of
the monitoring portion 12 from the detection apparatus 7. [0082]        In
step 113a, if no particle-like bodies 51 have been detected (zero
detection) or two or more particle-like bodies 51 have been detected in the
first region 31 closest to the nozzle opening 11 in the monitoring portion
12, the state changing unit 76 determines whether to dispose of the liquid
material 50 in step  115a. If the liquid material 50 is to be disposed of,
in step 115b, the disposal unit 78a of the discharge target changing unit
78 points the nozzle opening 11 at the disposer 82 using the actuator 79
and/or 89, carries out disposal using the driving unit 2, and the control
returns to step 110. If the liquid material 50 is not to be disposed of, in
step 116 the agitation unit 77 agitates the liquid material 50 with an
amount of pressure that does not cause discharge to change the state of the
monitoring portion 12 and the control returns to step 110. 



[0083]        FIG. 15(a) shows a case where zero particle-like bodies 51
are detected, that is, particle-like bodies 51 are not detected, in the
first region 31. FIG. 15(b) shows a case where two particle-like bodies 51
are present in the first region 31. The first region 31 holds liquid
material 50 to be discharged next from the nozzle opening 11 and if zero or
two or more particle-like bodies 51 are present in the first region 31, by
disposing of or agitating the liquid material 50 in step 115 and 116, it is
possible to prevent the failure of a particle-like body 51 to enters the
target 81 or the supplying of two or more particle-like bodies 51. [0084]
At the same time as step 113a or at around the same time, if in step 113b
one or more particle-like bodies 51 is measured in the second region 32
which is to be discharged after the first region 31, the state changing
unit 76 determines in step 115a whether to dispose of the liquid material
50. If the liquid material 50 is to be disposed of, in step 115b the
disposal unit 78a points the nozzle opening 11 at the disposer 82 using the
actuator 79 and/or 89, carries out disposal using the driving unit 2, and
the control returns to step 110. If the liquid material 50 is not to be
disposed of, in step 116 the agitation unit 77 agitates the liquid material
50 with an amount of pressure that does not cause discharge to change the
state of the monitoring portion 12 and the control returns to step 110.
[0085]         FIG. 15(c) shows a state where one particle-like body 51 is
present in the first region 31 and one particle-like body 51 is also
present in the second region 32. If particle-like bodies 51 are present in
the second region 32 that is adjacent to the first region 31, there is the
possibility of the particle-like bodies 51 in the second region 32 being
discharged together with the particle-like bodies 51 in the first region 31
in the next discharge, which would result in a droplet 71 including two
particle-like bodies 51 being  discharged onto the target 81 in the next.
In this case, the second region 32 is used as a buffer region and if a
particle-like body or particle-like bodies 51 are included in the second
region 32, the liquid material 50 is agitated or disposed of to change the
state of the monitoring portion 12 and further improve the discharge
precision. [0086]        If, in steps 113a and 113b, a condition for
agitating or disposing of the liquid material 50 is not satisfied, in step
114 the discharge target changing unit 78 of the state changing unit 76
uses the actuator 79 and/or 89 to point the nozzle opening 11 at the target
81 and discharges the liquid material 50 in the first region 31 onto the
target 81 using the driving unit 2. The case where a condition for
agitating or disposing of the liquid material 50 is not satisfied in steps
113a and 113b refers to a case where only one particle-like body 51 is
detected in the first region 31 and no particle-like bodies 51 are detected
in the second region 32. FIG. 15(d) shows one example of this state. Since
only one particle-like body 51 is present in the region including the first
region 31 and the second region 32 which is the buffer region, a droplet 71
including only one particle-like body 51 will be discharged toward the
target 81 in step 114. 



[0087]        After the particle-like body 51 has been discharged, in step
118a the acquisition unit 75 of the control unit 74 acquires an image of
the droplet immediately after discharge and the detection result 7a for the
monitoring portion 12 after discharge from the detection apparatus 7. In
step 118b, it is determined whether a particle-like body 51 has been
detected in the first region 31. If a particle-like body 51 has not been
detected in the first region 31, in step 119 the control unit 74 uses an
image of the discharged droplet to determine whether a particle-like body
51 is detected in the discharged droplet 71. On the other hand, if a
particle-like body 51 is detected in the first region 31, the control unit
74 determines that a droplet 71 with a particle-like body 51 has not been
discharged. In a case where the discharging of liquid material 50 onto the
target 81 may be repeated, in step 120 the control returns to step 110
without changing the target 81, the conditions of the monitoring portion 12
are confirmed again in step 113a and 113b, and discharging is carried out
again in step 114. [0088]        If, in step 119, a particle-like body 51
has been detected in the discharged droplet 71, the control unit 74
determines that a  droplet 71 of a predetermined condition, that is, a
droplet 71 that includes one particle-like body 51 has been discharged onto
the target 81 and in step 121 determines whether there is another target 81
onto which a particle-like body 51 is to be discharged. On the other hand,
if a particle-like body 51 has not been detected in the discharged droplet
71, the control unit 74 determines that a droplet 71 that includes a
particle-like body 51 has not been discharged onto the target 81. In a case
where the discharging of liquid material 50 onto the target 81 may be
repeated, in step 122 the control returns to step 110 without changing the
target 81, the conditions of the monitoring portion 12 are confirmed again
in step 112, and discharging is carried out again in step 114. [0089]
If, in step 121, there is another target, in step 123 the target is changed
to the other target and the control returns to step 110. If, in step 121,
there is no other target, the control ends. [0090]        If the
discharging of liquid material 50 may be repeated, the volume Q1 of the
first region 31 should preferably satisfy Condition (A) below relative to
the volume q of a droplet 71 discharged from the nozzle opening 11.
HQ1/qS1000 ... (A) [0091] 



Also, the volume Q2 of the second region 32 should preferably satisfy
Condition (B) below. 0 Q2/q5_.1000 (B) [0092]        If the concentration
of the particle-like bodies 51 in the liquid material 50 is sufficiently
low or the volume Q1 of the first region 31 is large relative to the volume
g of the droplet 71, the second region 32 does not need to be provided and
step 112b can be omitted. [0093]        In the case of Condition (A) above,
the particle-like bodies 51 present in the first region 31 are discharged
onto the target 81 or disposed of in Q1/g discharges. Accordingly, in step
114 and 115, the control may return to step 110 and confirm the state of
the monitoring portion 12 after each discharge or may return to step 110
after a maximum of Q1/g discharges. [0094]        In addition, when the
state before discharge does not satisfy the condition and the liquid
material 50 is to be disposed of  in step 115, if the concentration of the
particle-like bodies 51 relative to the volume of the liquid material 50 in
a single discharge is too high, the number of particle-like bodies 51 that
are disposed of will increase, which can easily result in high cost. On the
other hand, if the concentration of the particle-like bodies 51 relative to
the volume of the liquid material 50 per single discharge is too low, the
number of times disposal will be carried out until the number of
particle-like bodies 51 matches the predetermined condition increases,
which makes it difficult to reduce the time required to discharge onto the
target 81. 



[0095]        Accordingly, it is preferable to discharge a droplet 71 with
the volume q that satisfies the condition below in each single discharge
from the nozzle opening 11. 0.0001Dxcr5.3.0...(5.0)        where D is the
number of particle-like bodies 51 included per unit volume of the liquid
material 50. (Dxq) should more preferably be 2.0 or below or even more
preferably 1.0 or below. Also, (Dxq) should more preferably be 0.001 or
above or even more preferably 0.01 or above. [0096]        FIG. 16 shows
yet another example of the discharge head 10. The glass tube 20 of this
discharge head 10 is equipped with a cylindrical cavity 14. That is, the
glass tube 20 includes a fifth cylindrical portion 34 that forms the cavity
14 to the rear of the first cylindrical portion 23 and in the front of the
second cylindrical portion 25. The piezoelectric element 6 that is
cylindrical is attached via an electrode 6e to a surface (outer surface)
34b on the outside of the cylindrical wall 34a of the cavity 14.
Accordingly, even in a so-called Gould-type discharge head 10 where the
glass tube 20 and the cylindrical piezoelectric element 6 are combined, it
is possible to provide a monitoring portion 12 for detecting the
particle-like bodies 51 between the cavity 14 and the nozzle opening 11.
Since the remaining construction of the discharge head 10 is the same as
the discharge head described above, description thereof is omitted. In this
way, by providing the monitoring portion 12 between the cavity 14 and the
nozzle opening 11 regardless of the construction of the cavity 14, it is
possible to selectively discharge a droplet 71 that includes particle-like
bodies 51 according to a predetermined condition onto the target 81. [0097]
It is also possible to use a thermal-type ink jet method where a heater is
attached to the glass tube 20 of the discharge head 10 in place of the
piezoelectric element 6 and the internal pressure of the cavity 14 is
varied using bubbles. Also, although one example of a control algorithm of
the control unit 74 based on an example that discharges a droplet 71
including one particle-like body 51 has been explained in the above
description, the algorithm may discharge droplets 71 that include n (where
n is an arbitrary integer) particle-like bodies 51. [0098] 



FIG. 17 shows yet another example of the discharge head 10 by way of a
cross-sectional view. The cavity 14 of the discharge head 10 is molded into
a state where the walls on both sides are narrowed and a second wall 24c
with an outer surface 24d that is flat on the opposite side is provided at
a position that faces (i.e., is opposite) the first wall 24a with the flat
outer wall 24b onto which the piezo element 6 is attached. In the discharge
head 10, a second piezo element 8, which is driven independently of the
piezo element (first piezo element) 6 attached to the first wall 24a, is
attached to the outer surface 24d of the second wall 24c at a position that
is shifted so as to not be opposite the first piezo element 6 in the Y
direction. It is possible to supply drive pulses 2p1 and 2p2 with different
timing, pulse widths, pulse heights, and the like from the driving unit 2
to the first piezo element 6 and the second piezo element 8 respectively.
[0099]        For example, by supplying the drive pulses 2p1 and 2p2 with
different timing or changing the time for which the piezo elements 6 and 8
deform (are displaced) by the drive pulses 2p1 and 2p2, it is possible to
produce a travelling wave that propagates from the cavity 14 toward the
nozzle opening 11 with the liquid material 50 held inside the discharge
head 10 as the medium. Accordingly, as shown in FIG. 18, it is possible to
move the particle-like bodies 51 present in the second region 32 toward the
first region 31 and further onto the nozzle opening 11 using the travelling
wave. Note that the first piezoelectric element 6 and the second
piezoelectric element 8, may be attached to the first wall 24a and the
second wall 24c so as to face one another in the Y direction or may be
attached to one of the first wall 24a and the second wall 24c at positions
that are shifted in the length direction 9z. [0100]         Note that as
shown in FIG. 18, the regions 31 to 33 inside the monitoring portion 12 may
be separated from one another in a radial fashion (i.e., in a bow shape)
from the nozzle opening 11 toward the cavity 14. Although the regions 31 to
33 are set so as to have convex boundaries from the nozzle opening 11
toward the cavity 14, it is also possible to set convex boundaries from the
cavity 14 toward the nozzle opening 11. The shapes of the boundaries 31 to
33 can be changed as appropriate according to the discharge method such as
the pushing method or the pulling method or according to conditions such as
the shape or the like of the monitoring portion 12 and/or the nozzle
opening 11. [0101] 



Note that the targets for discharging the particle-like bodies 51 and the
liquid material 50 include well-known experimental and testing equipment,
such as a microplate (well microplate), a glass plate, a test tube, or a
petri dish, and analysis equipment such as a DNA microarray (DNA chip)
where a large number of DNA fragments are disposed with a high density on a
plate made of plastic, glass, or the like. [0102]        Although an
example that uses an actuator as a piezo element has been explained in the
above description, the actuator that varies the internal pressure of the
cavity may be a heater that produces bubbles inside the cavity using heat.
However, a piezo element is preferable as the actuator since a piezo
element is capable of changing the pressure inside the cavity using
mechanical force with little thermal effect on the liquid and the
particle-like bodies included therein. In addition, although the actuator
is driven by drive pulses for the pushing method in the above description,
the pulling method may be used. The pushing method can suppress pulling in
of the meniscus at the nozzle opening as far as the monitoring portion,
which makes it easier to stabilize the state of the monitoring portion 12.
This means that when liquid including particle-like bodies that match a
predetermined condition is discharged, a drop in discharge precision due to
the inclusion of an unexpected number of particle-like bodies can be
suppressed.  CLAIMS  1. A discharge device comprising a discharge head that
discharges a liquid material from a nozzle opening connected to a cavity by
varying an internal pressure of the cavity using an actuator ,
wherein the discharge head includes a monitoring portion provided between
the cavity and the nozzle opening, and the discharge device further
comprises:        a detection apparatus that detects a number and/or form
of particle-like bodies included in the liquid material at the monitoring
portion of the discharge head; and        a control apparatus that changes
a state of the particle-like bodies included in the liquid material at the
monitoring portion by driving the actuator according to a detection result
of the detection apparatus. 



2. The discharge device according to claim 1,        wherein the monitoring
portion includes a flattened portion where a cross section of a flow path
from the cavity to the nozzle opening of the discharge head extends like
oblate in a first direction, the flattened portion dispersing the
particle-like bodies in the first direction.  3. The discharge device
according to claim 2,        wherein the nozzle opening is flattened so as
to extend in the first direction.  4. The discharge device according to any
one of claims 1 to 3, wherein the monitoring portion is light transmissive
, and        the detection apparatus includes an image pickup unit that
carries out image recognition on the particle-like bodies using light.  5.
The discharge device according to any one of claims 1 to 4,        wherein
the control apparatus includes a function of agitating, in accordance with
the detection result, the liquid material in the monitoring portion without
causing the liquid material to be discharged from the nozzle opening.  6.
The discharge device according to any one of claims 1 to 5, 



wherein the control apparatus includes a function that changes a discharge
target of the liquid material according to the detection result.  7. The
discharge device according to claim 6,        wherein the function that
changes the discharge target includes a function that disposes of the
liquid material. 8. The discharge device according to any one of claims 1
to 7,        wherein the monitoring portion includes a first region that is
connected to the nozzle opening and a second region that follows the first
region,        the detection apparatus acquires the number and/or form in
the first region of the monitoring portion and the number and/or form in
the second region, and        the control apparatus is operable, when the
detection result of the first region is outside a range of a predetermined
condition or when the detection result of the second region is outside a
range of a predetermined condition, to change the state of the
particle-like bodies included in the liquid material in the monitoring
portion. 9. The discharge device according to any one of claims 1 to 8,
wherein the actuator is a piezo element, and        the control apparatus
includes a feature that supplies drive pulses of a pushing type to the
piezo element when the liquid material is to be discharged. 



10. A discharge head that discharges a liquid material from a nozzle
opening connected to a cavity by varying an internal pressure of the cavity
using an actuator,        the discharge head comprising a monitoring
portion provided between the cavity and the nozzle opening, the monitoring
portion dispersing particle-like bodies included in the liquid material to
be discharged from the nozzle opening. 11. The discharge head according to
claim 10,        wherein the monitoring portion includes a flattened
portion where a cross section of a flow path from the cavity to the nozzle
opening extends like oblate in a first direction, the flattened portion
dispersing the particle-like bodies in the first direction. 12. The
discharge head according to claim 11,        wherein a maximum height h in
a second direction that is perpendicular to the first direction inside the
flattened portion and an average particle diameter r of the particle-like
bodies satisfy a condition that 1.2h/r5.100.0.   13. The discharge head
according to claim 12,        wherein the maximum height h and an internal
diameter d of the nozzle opening satisfy a condition that 0.5h/d5_20.0. 14.
The discharge head according to any one of claims 10 to 13, 



wherein the monitoring portion includes a first side wall and a second side
wall that are flat, light transmissive and disposed facing one another. 15.
The discharge head according to any of one claims 10 to 14,        further
comprising a tubular member that holds the liquid material and part of
which is shaped so as to form the cavity whose internal pressure is varied
by an actuator attached to an outside, the nozzle opening being provided at
one end of the tubular member,        wherein the monitoring portion is
provided between the cavity and the nozzle opening of the tubular member.
16. The discharge head according to claim 15,        wherein the monitoring
portion is a part formed by squeezing part of the tubular member from the
outside. 17. The discharge head according to claim 15 or 16,        wherein
the tubular member is one of a glass tube, a resin tube, and a ceramic tube
that is light transmissive.  18. A method of discharging a liquid material
including particle-like bodies onto a target using a discharge device,
wherein the discharge device includes a discharge head that discharges the
liquid material from a nozzle opening connected to the cavity by varying an
internal pressure of the cavity using an actuator, a control apparatus that
controls the actuator, and a detection apparatus that detects the
particle-like bodies included in the liquid material in a monitoring
portion provided between the cavity and the nozzle opening, 



the method comprising:        the control apparatus acquiring, from the
detection apparatus, a detection result including a number and/or form of
the particle-like bodies included in the liquid material, and
changing a state of the particle-like bodies included in the liquid
material in the monitoring portion by driving the actuator according to the
detection result.  19. The method according to claim 18,        wherein the
changing a state includes agitating the liquid material in the monitoring
portion without having the liquid material discharged from the nozzle
opening according to the detection result. 20. The method according to
claim 18 or 19,        wherein the changing a state includes changing a
discharge target of the liquid material according to the detection result.
21. The method according to claim 20,        wherein the changing a
discharge target includes disposing of the liquid material. 



22. The method according to any one of claims 18 to 21,        wherein the
acquiring the detection result includes setting, in the monitoring portion,
a first region that is connected to the nozzle opening and a second region
that follows the first region, and acquiring the detection result for the
first region and the detection result for the second region, and        the
changing a state includes changing a state of the particle-like bodies
included in the liquid material in the monitoring portion when the
detection result of the first region is outside a range of a predetermined
condition or when the detection result of the second region is outside a
range of a predetermined condition. 23. The method according to any one of
claims 18 to 22, wherein the actuator is a piezo element, and        the
method comprises the control apparatus supplying drive pulses of a pushing
type to the piezo element when the liquid material is to be discharged. 24.
The method according to any one of claims 18 to 23,        wherein the
control apparatus includes discharging a volume q of the liquid material in
one discharge from the nozzle opening that satisfies a condition
0.0001_Dxq3.0, where D is a number of the particle-like bodies included in
a unit volume of the liquid material. 25. The method according to any one
of claims 18 to 24,         wherein the discharge device includes an
apparatus that picks up an image of a droplet discharged from the nozzle
opening and carries out image analysis, and 



the method further comprises the apparatus that carries out image analysis
determining whether the particle-like bodies are included in the droplet
discharged from the nozzle opening. 


