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(54) LIQUID EJECTION HEAD AND IMAGE FORMATION DEVICE

(57) ABSTRACT

PROBLEM: To be able to accurately detect temperature distribution in a liquid ejection

head having a plurality of heating sources.

SOLUTION: A liquid ejection head includes a plurality of individual liquid chambers



52 that respectively communicates with a plurality of ejection ports, and a common
liquid chamber 55 that supplies a liquid to the plurality of individual liquid chambers
52, and a plurality of temperature sensors 80 is arranged in the common liquid chamber
55. The temperature sensors 80 are arranged on a plurality of representative flow lines
71, 72 and 73 selected in advance from among a plurality of the flow lines indicating a
flow path in the common liquid chamber 55 of the liquid flowing into the common

liquid chamber 55 through a supply port 551.



CLAIMS

1. A liquid ejection head comprising:

a plurality of pressure chambers respectively communicating with a plurality of
ejection ports; and

a common liquid chamber that supplies a liquid to the plurality of pressure
chambers, wherein

a plurality of temperature detection elements is arranged in the common liquid
chamber.
2. The liquid ejection head according to claim 1, wherein

the plurality of pressure chambers is arranged in a predetermined two-
dimensional arrangement pattern, the number of which is the same as the number of the
ejection ports, and

the plurality of temperature detection elements is arranged in an arrangement
pattern different from the arrangement pattern of the pressure chambers, the number of
which is smaller than the number of the pressure chambers.
3. The liquid ejection head according to claim 1 or 2, wherein

the common liquid chamber has a supply port to which a liquid is supplied
from an outside of the common liquid chamber, and

the temperature detection elements are arranged at a plurality of representative
flow lines selected in advance from among a plurality of flow lines indicating a flow
path in the common liquid chamber of a liquid flowing into the common liquid chamber
through the supply port.
4. The liquid ejection head according to claim 3, wherein the plurality of
temperature detection elements is arranged for each of the representative flow lines.

5. The liquid ejection head according to claim 3, wherein the temperature



detection element is arranged one by one for each of the representative flow lines.

6. The liquid ejection head according to any of claims 3 to 5, wherein the plurality
of temperature detection elements is arranged along a direction perpendicular to at least
one of the representative flow lines among the plurality of representative flow lines.

7. The liquid ejection head according to any of claims 3 to 5, wherein the plurality
of temperature detection elements is arranged along a line formed by connecting points
where arrival time of a liquid from the supply port is equal.

8. The liquid ejection head according to any of claims 3 to 5, wherein the
temperature detection elements are respectively arranged at a plurality of positions
where arrival time of a liquid having flowed in from the supply port is different at a
time difference with an equal interval.

9. The liquid ejection head according to any of claims 1 to 8, wherein heating is
performed for each of the pressure chambers by an ejection unit that ejects a liquid in
the pressure chamber via the ejection port.

10. The liquid ejection head according to any of claims 1 to 9, wherein a
temperature adjustment element of at least one type of a heating element that heats a
liquid in the common liquid chamber, a cooling element that cools a liquid in the
common liquid chamber, and a heating and cooling element that heats and cools a liquid
in the common liquid chamber is arranged in the common liquid chamber.

11. An image formation device comprising the liquid ejection head according to
any of claims 1 to 10, wherein a predetermined recording medium is moved relative to

the liquid ejection head to form an image on the recording medium.

Detailed Description of Invention

Technical Field



[0001]

The present invention relates to a liquid ejection head and an image formation
device, and more specifically to a liquid ejection head and an image formation device
that eject a liquid onto a recording medium such as paper to form an image.

Related Art
[0002]

Conventionally, there is known an image formation device that forms an image
on a recording medium by ejecting ink from a nozzle toward the recording medium
while relatively moving an ink ejection head where a large number of nozzles are
arrayed and the recording medium such as paper.

[0003]

As an ink ejection head that is mounted on such image formation device, a
piezoelectric ink ejection head is known in which ink is supplied to a pressure chamber
communicating with the nozzle, a volume of the pressure chamber is changed by giving
a drive signal according to image data to a piezoelectric body attached to this pressure
chamber, and ink in the pressure chamber is ejected from the nozzle.

[0004]

On the other hand, a thermal jet ink ejection head is also known in which ink is
heated to generate bubbles and squirts ink droplets with the pressure.
[0005]

There is known an image formation device including a plurality of ink ejection
heads, in which one temperature detection element that detects temperature of the ink
ejection head and one heating element that heats the ink ejection head are provided for
each ink ejection head (see Patent Documents 1 and 2).

[0006]



The ink ejection head described in Patent Document 1 includes a temperature
detection element and a heating element (heater) in each of a plurality of ink ejection
heads, detects the temperature of the entire ink ejection head for each ink ejection head
by each temperature detection element, and performs overall heating control of each ink
ejection head for each ink head by each heating element so that a temperature difference
between the ink ejection heads falls within a predetermined temperature range.

[0007]

The ink ejection head described in Patent Document 2 includes a plurality of
nozzles (ink ejectors), a plurality of pressure chambers (ink chambers) respectively
communicating with nozzles, and one common liquid chamber (ink inflow chamber)
that supplies a liquid to the plurality of pressure chambers, and an outside of the
common liquid chamber (ink inflow chamber) is provided with one temperature
detection element and one heating element (heating body) in the vicinity of the common
liquid chamber. With such configuration, the temperature in the vicinity of the
common liquid chamber is detected by the temperature detection element in the vicinity
of the common liquid chamber, and the heating element in the vicinity of the common
liquid chamber heats and controls the ink in the common liquid chamber.

Patent Document 1: JP-A-1-95056 (typically Fig. 3)

Patent Document 2: JP-A-2-107447 (typically Fig. 2)

Disclosure of Invention
Technical Problem
[0008]
For the purpose of forming a high-quality image, high resolution is required.

Specifically, the diameter of each nozzle is reduced to reduce ink droplets ejected onto a



recording medium, a plurality of nozzles are two-dimensionally arrayed, and the
interval (nozzle pitch) between the nozzles is reduced to increase the number of pixels
per unit area.

[0009]

When the nozzles are two-dimensionally arrayed, in general, pressure
chambers communicating with the respective nozzles are also two-dimensionally
arrayed. Ejection conditions (for example, difference in ejection frequency and
characteristics of nozzles and the like) are different for each nozzle, and a plurality of
heating sources such as actuators (for example, piezoelectric bodies and heaters)
respectively corresponding to a plurality of pressure chambers exist in the ink ejection
head, and therefore two-dimensional variation occurs in temperature distribution in the
ink ejection head.

[0010]

Therefore, in order to achieve the purpose of forming a high-quality image, it is
not sufficient to make the nozzle array two-dimensional, and it is necessary to
accurately detect the temperature distribution in the ink ejection head in order to
perform appropriate temperature control.

[0011]

In the ink ejection heads disclosed in Patent Documents 1 and 2, only one
temperature detection element is provided for one ink ejection head. Therefore, even
though the temperature of the entire ink ejection head can be roughly grasped, the
temperature distribution in the ink ejection head (typically, temperature distribution in
the common liquid chamber) cannot be accurately detected.

[0012]

Patent Documents 1 and 2 describe that temperature detection is performed for



each ink ejection head, but do not include any description suggesting how to accurately
detect the temperature distribution in one ink ejection head.
[0013]

The present invention has been made in view of such circumstances, and an
object is to provide a liquid ejection head and an image formation device capable of
accurately detecting a temperature distribution in an ink ejection head including a

plurality of heating sources.

Solution to Problem
[0014]

In order to achieve the object, the invention according to claim 1 includes: a
plurality of pressure chambers respectively communicating with a plurality of ejection
ports; and a common liquid chamber that supplies a liquid to the plurality of pressure
chambers, in which a plurality of temperature detection elements is arranged in the
common liquid chamber.

[0015]

With this configuration, as compared with a case where one temperature
detection element is arranged in the vicinity of the common liquid chamber (for
example, a partition wall member of the common liquid chamber), the temperature
distribution in the common liquid chamber is accurately detected by the plurality of
temperature detection elements arranged in the common liquid chamber.

[0016]

The invention according to claim 2 includes a configuration in the invention

according to claim 1, in which the plurality of pressure chambers is arranged in a

predetermined two-dimensional arrangement pattern, the number of which is the same



as the number of the ejection ports, and the plurality of temperature detection elements
is arranged in an arrangement pattern different from the arrangement pattern of the
pressure chambers, the number of which is smaller than the number of the pressure
chambers.

[0017]

With this configuration, the temperature distribution in the ink ejection head
that changes by heating for each pressure chamber (for example, heating by actuator
driving or heating by a heater) is accurately grasped by detecting the temperature
distribution in the common liquid chamber, and the number of temperature detection
elements is reduced as compared with the case where the temperature detection element
is arranged in each of the plurality of pressure chambers, and therefore the temperature
distribution is efficiently detected.

[0018]

The invention according to claim 3 includes a configuration in the invention
according to claim 1 or 2, in which the common liquid chamber has a supply port to
which a liquid is supplied from an outside of the common liquid chamber, and the
temperature detection elements are arranged at a plurality of representative flow lines
selected in advance from among a plurality of flow lines indicating a flow path in the
common liquid chamber of a liquid flowing into the common liquid chamber through
the supply port.

[0019]

With this configuration, temperature detection using a two-dimensional liquid
flow in the common liquid chamber is performed, and a two-dimensional temperature
distribution in the common liquid chamber is accurately and efficiently grasped.

[0020]

10



The invention according to claim 4 includes a configuration in the invention
according to claim 3, in which the plurality of temperature detection elements is
arranged for each of the representative flow lines.

[0021]

With this configuration, the temperature of the liquid changing along the flow
of the liquid can be accurately detected.
[0022]

The invention according to claim 5 includes a configuration in the invention
according to claim 3, in which the temperature detection element is arranged one by one
for each of the representative flow lines.

[0023]

With this configuration, the number of temperature detection elements can be
minimized and temperature detection can be efficiently performed.
[0024]

The invention according to claim 6 includes a configuration in the invention
according to any of claims 3 to 5, in which the plurality of temperature detection
elements is arranged along a direction perpendicular to at least one of the representative
flow lines among the plurality of representative flow lines.

[0025]

With this configuration, the number of temperature detection elements can be
minimized and temperature detection can be efficiently performed.
[0026]

The invention according to claim 7 includes a configuration in the invention
according to any of claims 3 to 5, in which the plurality of temperature detection

elements is arranged along a line formed by connecting points where arrival time of a
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liquid from the supply port is equal.
[0027]

With this configuration, it is possible to accurately detect the difference in
temperature due to the difference in the flow path of the liquid simultaneously flowing
in from the supply port.

[0028]

The invention according to claim 8 includes a configuration in the invention
according to any of claims 3 to 5, in which the temperature detection elements are
respectively arranged at a plurality of positions where arrival time of a liquid having
flowed in from the supply port is different at a time difference with an equal interval.
[0029]

With this configuration, the number of temperature detection elements can be
reduced, and temperature detection can be efficiently performed.

[0030]

The invention according to claim 9 includes a configuration in the invention
according to any of claims 1 to 8, in which heating is performed for each of the pressure
chambers by an ejection unit that ejects a liquid in the pressure chamber via the ejection
port.

[0031]

With this configuration, temperature control can be performed without adding a
special heating element.
[0032]

The invention according to claim 10 includes a configuration in the invention
according to any of claims 1 to 9, in which a temperature adjustment element of at least

one type of a heating element that heats a liquid in the common liquid chamber, a
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cooling element that cools a liquid in the common liquid chamber, and a heating and
cooling element that heats and cools a liquid in the common liquid chamber is arranged
in the common liquid chamber.

[0033]

With this configuration, temperature control in the common liquid chamber can
be performed in detail in response to a temperature detection result of each temperature
detection element.

[0034]

The invention according to claim 11 is an image formation device including the
liquid ejection head according to any of claims 1 to 10, in which a predetermined
recording medium is moved relative to the liquid ejection head to form an image on the

recording medium.

Advantageous Effects of Invention
[0035]
According to the present invention, the temperature distribution in the ink

ejection head can be accurately detected.

Best Mode for Carrying Out the Invention
[0036]
Hereinafter, a best mode for carrying out the present invention will be
described in detail with reference to the accompanying drawings.
[0037]
[Overall Configuration of Image Formation Device]

Fig. 1 is a schematic block diagram illustrating an overall configuration of an
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image formation device of one embodiment according to the present invention.
[0038]

In Fig. 1, an image formation device 10 of the present embodiment is
configured to mainly include an ink ejection head 50, a temperature sensor 80
(temperature detection element), a main controller 110, a main memory 112, an image
data inputter 114, a conveyance controller 116, an ink ID inputter 118, a conveyor 126,
a print controller 150, a print control memory 152, a basic waveform generator 154, and
a head driver 156.

[0039]

The ink ejection head 50 ejects ink onto a recording medium such as paper.
The image formation device 10 of the present embodiment includes the ink ejection
head 50 of each of colors of black (K), cyan (C), magenta (M), and yellow (Y). A
specific structure of the ink ejection head 50 will be described in detail later.

[0040]

The temperature sensor 80 detects a temperature. Specifically, the
temperature sensor 80 includes, first, a plurality of temperature sensors (internal
temperature detection sensors) arranged inside the ink ejection head 50 to detect a
temperature distribution inside the ink ejection head 50, and, second, one temperature
sensor (surrounding temperature detection sensor) to detect a temperature (surrounding
temperature) outside the ink ejection head 50.

[0041]

The internal temperature detection sensor is used for determining whether or
not to adjust the temperature of the ink in the ink ejection head 50 and determining the
temperature adjustment amount, and used for confirming the temperature adjustment

result such as whether or not the target temperature has been reached by heating. The
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arrangement of the internal temperature detection sensors will be described in detail
later.
[0042]

On the other hand, the surrounding temperature detection sensor is used when
determining whether or not to tickle the meniscus of the ink in order to prevent rise in
viscosity of the ink due to evaporation of a solvent from the ink surface in the nozzle
51.

[0043]

The conveyor 126 moves a recording medium such as paper relative to the ink
ejection head 50. Specifically, the conveyor 126 includes a conveyance motor and a
conveyance belt, and conveys the recording medium on a predetermined conveyance
path.

[0044]

The image data inputter 114 receives image data from a host computer 300.

In the present embodiment, specifically, image data is received from the host computer
300 by a wired communication interface such as a universal serial bus (USB),
IEEE1394, or Ethernet, or a wireless communication interface. In the present
invention, the input aspect of the image data is not limited to a case where the image
data is input by communication with the host computer 300. For example, image data
may be input by reading image data from a removable medium such as a memory card
or an optical disc.

[0045]

The conveyance controller 116 controls the conveyor 126.  Specifically, the
conveyance controller 116 performs adsorption of the recording medium to the

conveyance belt constituting the conveyor 126, and drive of the conveyance belt.
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[0046]

The ink ID inputter 118 receives an ink ID (ink identification information) for
identifying the type of ink. In the present embodiment, specifically, the ink ID inputter
118 is attachable to and detachable from the image formation device 10, and reads the
ink ID from an ink cartridge (not illustrated) storing the ink. For example, there is an
input aspect such as reading an ink ID given as a barcode and wirelessly reading an ink
ID from an IC tag. The ink ID may be input by communication with the host
computer 300. The ink ID may be input by a user's operation.

[0047]

The print controller 150 performs control of ejecting ink from the ink ejection
head 50 toward the recording medium by the ink ejection head 50 based on the image
data stored in the main memory 112. The print controller 150 controls temperature
adjustment of the ink in the ink ejection head 50 based on the temperature distribution
inside the ink ejection head 50 detected by the temperature sensor 80. The print
controller 150 controls meniscus tickling for preventing rise in viscosity of the ink
based on the ink ID input to the ink ID inputter 118 and the surrounding temperature
detected by the temperature sensor 80. The print controller 150 includes a
microprocessor and a peripheral circuit thereof.

[0048]

The print control memory 152 is a memory for the print controller 150, and
stores a program executed by the printer controller 150, print data generated by the print
controller 150 based on image data, and various types of information necessary for the
print controller 150 to perform print control.

[0049]

The basic waveform generator 154 generates a basic waveform including an
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electric signal (drive waveform) necessary for drive of the ink ejection head 50. The
basic waveform generator 154 may be formed integrally with the print controller 150
described above. A specific shape of the basic waveform will be described in detail
later.

[0050]

The head driver 156 selects and give, to the ink ejection head 50, a necessary
drive waveform from among a plurality of types of drive waveforms based on the basic
waveform output from the basic waveform generator 154 and the electric signal
(selection waveform) that is output from the print controller 152 and instructs selection
of the drive waveform. The selection of the drive waveform by the head driver 156
will be described in detail later.

[0051]

The main controller 110 controls each unit such as the main memory 112, the
image data inputter 114, the conveyance controller 116, the ink ID inputter 118, and the
print controller 150. Specifically, the main controller 110 includes a microprocessor
and a peripheral circuit thereof.

[0052]

The main memory 112 stores a program executed by the main controller 110,
various types of information necessary for execution of the program, image data input
from the host computer 300, and the like.

[0053]

[Structure of Ink Ejection Head]

Fig. 2 is a plan perspective view illustrating an overall schematic structure of
the ink ejection head 50.

[0054]
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In Fig. 2, the ink ejection head 50 has a large number of nozzles 51 (ejection
ports) arrayed over a length exceeding at least one side of a recording sheet having the
maximum size, and ejects ink from the nozzles 51 toward the recording medium while
moving relative to the recording medium such as paper.

[0055]

The ink ejection head 50 is configured by arraying, in a two-dimensional
matrix, a plurality of pressure chamber units 54 each configured to include the plurality
of nozzles 51 that ejects ink, a pressure chamber 52 (individual liquid chamber) that
communicates with the nozzles 51 and applies pressure to the ink when ejecting the ink
from the nozzles 51, and an individual ink supply port 53 that supplies the ink to the
pressure chamber 52 from a common liquid chamber described later that is not
illustrated in Fig. 2.

[0056]

Fig. 3 is an enlarged view of a part of the ink ejection head 50 illustrated in Fig.
2.

[0057]

In Fig. 3, the plurality of nozzles 51 is arrayed along a main scanning direction
and arrayed along a direction forming a predetermined angle 6 with respect to the main
scanning direction. That is, the plurality of nozzles 51 is arrayed in what is called a
two-dimensional matrix.

[0058]

Specifically, m nozzles of, for example, reference numerals 51-11, 51-21, 51-
31,... (or51-16,51-26, 51-36, ...) are arrayed along the main scanning direction. For
example, n (n = 6, here) nozzles of reference numerals 51-11, 51-12, 51-13, 51-14, 51-

15, and 51-16 are arrayed along a direction forming the angle 8 with respect to the main
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scanning direction.
[0059]

In a virtual nozzle array (projection nozzle array) obtained by projecting all the
nozzles 51 on one line (main scanning line) along the main scanning direction includes
the nozzles 51 arranged at substantially the same interval as a dot pitch P (that is, the
interval in the main scanning direction between dots formed on the recording medium
by ejecting ink from the nozzles 51) in the main scanning direction. That is, the
projection nozzle array is a nozzle array having substantially the same pitch as the dot
pitch P.

[0060]

In practice, the interval (nozzle pitch) of the nozzles 51 is n times (here, n = 6)
the dot pitch P in the main scanning direction, and is d (= P x 1/cos0) illustrated in Fig.
3 in the direction forming the angle 6 with respect to the main scanning direction.
[0061]

Fig. 4 is a cross-sectional view taken along line 4-4 in Fig. 2, and illustrates
one pressure chamber 52 and the periphery thereof. Fig. 4 presents one nozzle 51, one
pressure chamber 52, one individual ink supply port 53, one individual electrode 57,
one piezoelectric body 58, and one temperature sensor 80, but actually, the ink ejection
head 50 includes a plurality of nozzles 51, a plurality of pressure chambers 52, a
plurality of individual ink supply ports 53, a plurality of individual electrodes 57, a
plurality of piezoelectric bodies 58, and a plurality of temperature sensors 80.
Specifically, the pressure chambers 52, the individual ink supply ports 53, the individual
electrodes 57, and the piezoelectric bodies 58 are provided in a two-dimensional matrix
by the same number of the nozzles 51, and the temperature sensors 80 are arranged in

an arrangement pattern different from the arrangement pattern of the nozzles 51, the
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pressure chambers 52, and the like, the number of which is smaller than the number of
the nozzles 51 (the number of the pressure chambers 52).
[0062]

A vibrating plate 56 is arranged on a side opposite to a side where the nozzles
51 are arranged with a space in the pressure chamber 52 interposed therebetween, and
constitutes a vibration surface of each pressure chamber 52. The vibrating plate 56 is
common to the plurality of pressure chambers 52 and is formed of one plate.

[0063]

A common liquid chamber 55 is arranged on a side opposite to a side where the
pressure chambers 52 are arranged with the vibrating plate 56 interposed therebetween,
and supplies ink to the plurality of pressure chambers 52 through the individual ink
supply ports 53 formed on the vibrating plate 56. That is, when the nozzles 51 are
viewed below with respect to the pressure chamber 52, the common liquid chamber 55
is formed as a liquid chamber forming one common space so as to cover all of the
plurality of pressure chambers 52 immediately above the plurality of pressure chambers
52. Specifically, the common liquid chamber 55 has a size in a planar direction that is
a size equal to or greater than a two-dimensional pattern in which the plurality of
individual ink supply ports 53 is arranged in a two-dimensional matrix. With such
common liquid chamber 55, ink is supplied with good refill properties to each of the
pressure chambers 52 arrayed in a two-dimensional matrix.

[0064]

The piezoelectric body 58 is made of, for example, piezoelectric, and changes
the volume of the pressure chambers 52 via the vibrating plate 56. One electrode of
the piezoelectric body 58 includes the individual electrode 57, and is connected to the

head driver 156 of Fig. 1 via the individual electrode 57. The other electrode of the
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piezoelectric body 58 includes the vibrating plate 56 (common electrode) and is
grounded. A drive waveform that is an electric signal for driving the piezoelectric
body 58 is given from the head driver 156 of Fig. 1 to the piezoelectric body 58.
[0065]

There are various types of drive waveforms given from the head driver 156 to
the piezoelectric body 58. First, there is a drive waveform (referred to as “ejection
drive waveform”) that generates, in the piezoelectric body 58, ejection vibration for
ejecting ink from the nozzles 51. Second, there is a drive waveform (referred to as
“heating drive waveform”) that heats ink by heating the piezoelectric body 58 without
ejecting the ink from the nozzles 51. Third, there is a drive waveform (referred to as
“egjection and heating drive waveform”) that heats the piezoelectric body 58 in parallel
with the ejection vibration. The ejection and heating drive waveform includes the
ejection drive waveform and the heating drive waveform described above. Fourth,
there is a drive waveform (referred to as “meniscus tickling waveform”) that tickles the
meniscus in the nozzles 51 with a minute amplitude so as to suppress rise in viscosity of
the ink without ejecting the ink from the nozzles 51. Fifth, there is a non-drive
waveform that does not drive the piezoelectric body 58 and does not include any of the
ejection drive waveform, the heating drive waveform, and the meniscus tickling
waveform.

[0066]

The piezoelectric body 58 of the present embodiment not only constitutes a
pressure generation unit that generates a pressure for ejecting ink from the nozzles 51
but also constitutes a heating unit that heats the ink and a viscosity adjustment unit that
adjusts the viscosity of the ink.

[0067]
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In the present embodiment, the plurality of temperature sensors 80 is arranged
on the top surface of the common liquid chamber 55. In the present embodiment, the
plurality of temperature sensors 80 is arranged in the common liquid chamber 55 in an
arrangement pattern in consideration of the flow of the ink flowing in the common
liquid chamber 55, and the temperature of the ink in each pressure chamber 52 is
specified together with the temperature distribution in the common liquid chamber 55
by the print controller 150 based on the temperature detection result of the plurality of
temperature sensors 80.

[0068]

Specifically, the temperature sensors 80 are arranged along a plurality of
representative flow lines selected in advance from among a plurality of flow lines
indicating the flow path of the ink in the common liquid chamber 55. The print control
memory 152 stores conversion table information for converting temperature distribution
information along the representative flow lines in the common liquid chamber 55
detected by the temperature sensors 80 into temperature information of ink for each
pressure chamber 52. The print controller 150 specifies the temperature of each
pressure chamber 52 based on the temperature distribution information along the
representative flow lines in the common liquid chamber 55 detected by the temperature
sensors 80 and the conversion table information stored in the print control memory 152.
[0069]

These temperature sensors 80 and the print controller 150 constitute a
temperature specifier of the present image formation device 10.

[0070]
Since the temperature distribution in the common liquid chamber 55 is detected

to obtain the temperature of the ink in each pressure chamber 52, the number of
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temperature sensors 80 can be reduced to detect the temperature of the ink in each
pressure chamber 52, and congestion of a signal wire can be alleviated as compared
with the case where the temperature sensors 80 is arranged in each pressure chamber 52.
[0071]

The present invention is not limited to the case where the temperature sensors
80 is arranged only in the common liquid chamber 55, and includes a case where the
temperature sensors are not arranged in the common liquid chamber 55 but arranged for
each pressure chamber 52, and a case where the temperature sensors are arranged in the
common liquid chamber 55 and arranged for each pressure chamber 52.

[0072]

The present invention is not limited to the case where the temperature of each
pressure chamber 52 is specified based on the detection result of the temperature
sensors 80, and includes a case where the temperature of each pressure chamber 52 is
specified by estimation processing based on image data input to the image data inputter
114 (edited image data, in a case where the image data is edited).

[0073]

Next, the structure of the ink ejection head 50 that is preferable from the
viewpoint of heat conduction will be described.
[0074]

As described above, the piezoelectric body 58 is attached to the vibrating plate
56, and the vibrating plate 56 is in contact with the ink in the pressure chamber 52.
Therefore, when the piezoelectric body 58 is used as a heating unit that heats the ink in
the pressure chamber 52, in order to efficiently transfer the heat generated by the
piezoelectric body 58 to the ink in the pressure chamber 52, it is preferable to satisfy the

following (Condition 1) to (Condition 5).
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[0075]

(Condition 1) The vibrating plate 56 is thin.
[0076]

(Condition 2) The area on the wetted side of the vibrating plate 56 is large (for
example, there are irregularities).
[0077]

(Condition 3) The thermal conductivity of the material of the vibrating plate 56
is high (for example, it is formed of iron, aluminum, copper, gold, a diamond thin film,
or the like).

[0078]

(Condition 4) The thermal conductivity between the piezoelectric body 58 and
the vibrating plate 56 is high (direct and tight contact, thin adhesive layer, and the like).
[0079]

(Condition 5) The surfaces of the piezoelectric body 58 other than the surface
in contact with the vibrating plate 56 have low thermal conductivity (are insulated).
[0080]

On the other hand, it is also possible to heat the ink in the common liquid
chamber 55 arranged on the opposite side to the vibrating plate 56 with the piezoelectric
body 58 interposed therebetween, and when the piezoelectric body 58 is used as the
heating unit of the ink in the common liquid chamber 55, it is preferable to satisfy the
following (Condition 6) to (Condition 9).

[0081]

(Condition 6) The surfaces of the piezoelectric body 58 other than the surface

in contact with the vibrating plate 56 have high thermal conductivity. For example, the

piezoelectric body 58 is covered with oil or the like having high thermal conductivity,
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and faces the common liquid chamber 55 via an actuator cover 68 (for example, a
material having high thermal conductivity such as aluminum) covering the piezoelectric
body 58.
[0082]

(Condition 7) The thermal conductivity of the vibrating plate 56 is low.
[0083]

(Condition 8) The vibrating plate 56 is thick.
[0084]

(Condition 9) The thermal conductivity between the piezoelectric body 58 and
the vibrating plate 56 is low (the adhesive layer is thick).
[0085]

[Drive Waveform of Piezoelectric Body]

As described above, the drive waveform given from the head driver 156 to the
piezoelectric body 58 mainly includes the ejection drive waveform, the heating drive
waveform, the ejection and heating drive waveform, the meniscus tickling waveform,
and the non-drive waveform. Each of these drive waveforms will be described in
detail.

[0086]

Fig. 5 represents, with the horizontal axis as time t and the vertical axis as
applied voltage V of the piezoelectric body 58, the ejection drive waveform in the case
of continuously ejecting n droplets (for example, n = 2) of ink from the same nozzle 51.
In Fig. 5, Tjt denotes an ejection cycle (equal to the minimum ejection cycle because of
continuous ejection), and Ajt denotes an amplitude of the ejection drive waveform.
When the ejection drive waveform having an uneven shape (a shape that generates pull

and push of the meniscus surface) as illustrated in Fig. 5 is given to the piezoelectric
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body 58, the piezoelectric body 58 generates vibration according to this uneven shape to
change the volume of the pressure chamber 52, the meniscus surface in the nozzle is
pulled and pushed with a stroke corresponding to an amplitude Ajt, and the ink in the
form of drops is continuously ejected from the nozzle 51 toward the recording medium
in an ejection cycle Tjt. For example, when the meniscus surface is continuously
pulled and pushed twice, two drops of ink are ejected from the nozzle and landed on the
recording medium.

[0087]

In order to perform ejection most efficiently in the ejection vibration, in
principle, the minimum ejection cycle Tjt is set such that the meniscus repeats pull and
push at a resonance frequency f0 (the frequency at which the vibration of the ink in the
pressure chamber 52 is maximized by a resonance phenomenon of the pressure chamber
52 under the condition that the amplitude of the drive waveform is constant) of the
pressure chamber 52.  Actually, in consideration of the stability of ejection, the
minimum ejection cycle Tjt may be appropriately set so as to vibrate the meniscus at a
frequency away from the resonance frequency f0 of the pressure chamber 52.

[0088]

Fig. 6 represents, with the horizontal axis as time t and the vertical axis as the
applied voltage V of the piezoelectric body 52, the heating drive waveform that heats
the ink in the pressure chamber 52. In Fig. 6, Tht denotes the cycle of the heating
drive waveform, and Aht denotes the amplitude of the heating drive waveform.

[0089]

In Fig. 7 represents, with the horizontal axis as time t and the vertical axis as

the applied voltage V of the piezoelectric body 52, the ejection and heating drive

waveform in a case of heating the ink in the pressure chamber 52 in parallel with the
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ejection of the ink droplets. In Fig. 7, Tjt denotes the ejection cycle, Tht denotes the
cycle of the heating drive waveform, Ajt denotes the amplitude of the ejection drive
waveform, and Aht denotes the amplitude of the heating drive waveform.

[0090]

The ejection and heating drive waveform illustrated in Fig. 7 has a shape
obtained by superimposing the heating drive waveform illustrated in Fig. 6 (however, a
shape indicated by the solid line) on the ejection drive waveform illustrated in Fig. 5.
In a case where such superposition formation of the ejection and heating drive
waveform is not performed, the heating drive waveform may be a waveform that
vibrates without temporarily stopping over the entire heating period as indicated by the
solid line with a supplementary dotted line in Fig. 6.

[0091]

In the heating drive waveform of Fig. 6, the peak value (maximum value) of
the applied voltage V is the same (for example, 24 [V]) as the peak value (maximum
value) of the applied voltage V of the ejection drive waveform illustrated in Fig. 5.
Similarly, the peak value (maximum value) of the applied voltage V of the heating drive
waveform in the ejection and heating drive waveform of Fig. 7 is the same (for
example, 24 [V]) as the peak value (maximum value) of the applied voltage V of the
ejection drive waveform in the ejection and heating drive waveform.

[0092]

A preferable heating drive waveform will be described in detail below.
[0093]

It is assumed that the piezoelectric body is driven with a sinusoidal wave, for a
theoretical and brief explanation using mathematical expressions. Then, a heating

value P of the piezoelectric body is expressed by the following Mathematical
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Expression 1.
[0094]
[Mathematical Expression 1]

P=V?x tand x 2nf x C

Here, V is an applied voltage (amplitude of the sinusoidal wave) of the
piezoelectric body 58, tand is a dielectric loss of the piezoelectric body 58, f'is a drive
frequency (frequency of the sinusoidal wave) of the piezoelectric body 58, and C is
capacitance of the piezoelectric body 58.

[0095]

For example, in Mathematical Expression 1, when V =24 [V], tand = 2.0 [%], f
=1 [MHz], and C = 300 [pF], the heating value P of the piezoelectric body 58 is 22
[mW].

[0096]

As indicated in Mathematical Expression 1, the heating value P of the
piezoelectric body 59 increases in proportion to each of the drive frequency f of the
piezoelectric body 58, the capacitance C of the piezoelectric body 58, and the square of
the applied voltage V of the piezoelectric body 58. That is, the heating efficiency of
the piezoelectric body 58 can be enhanced by appropriately setting the drive frequency
f, the capacitance C, and the applied voltage V.

[0097]

First, the relationship between the drive frequency f and the heating value P of
the piezoelectric body 58 will be described focusing on the capacitance C of the
piezoelectric body 58.

[0098]

The piezoelectric body 58 has a property that the capacitance C is maximized
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when the drive frequency f'is a resonance frequency fr of the piezoelectric body 58 due
to a resonance phenomenon of the piezoelectric body 58 itself. Therefore, by setting
the resonance frequency fr of the piezoelectric body 58 or a frequency in the vicinity
thereof as a frequency fht of the heating drive waveform given to the piezoelectric body
58, the capacitance C of the piezoelectric body 58 increases, and the heating value P of
the piezoelectric body 58 becomes greater than that in the above-described
Mathematical Expression 1.

[0099]

The resonance frequency fr (a plurality of them exists) of the piezoelectric
body 58 is fr > f0 in general, and in order to perform stable ejection in ejection
vibration, it is preferably fr > 2 x {0, and more preferably fr > 3 x f0.

[0100]

Next, the relationship between the drive frequency f and the heating value P
will be described focusing on the applied voltage V of the piezoelectric body 58.
[0101]

From Mathematical Expression 1 described above, the heating value P of the
piezoelectric body 58 increases in proportion to the square of the applied voltage V of
the piezoelectric body 58. However, when the applied voltage V is excessively
increased, the ink is ejected from the nozzle 51, which is inappropriate for heating
vibration. Therefore, the applied voltage V needs to be set to an appropriate value that
increases the heating value P of the piezoelectric body 58 within a range where the ink
is not ejected from the nozzle 51.

[0102]
Fig. 8 is a graph showing the relationship between the vibration frequency f

(drive frequency) of the piezoelectric body and a vibration gain g indicating the
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magnitude of vibration of the ink in the pressure chamber under the condition that the
applied voltage V is constant.
[0103]

As shown in Fig. 8, the vibration gain g is maximized at the resonance
frequency f0 of the pressure chamber 52.

[0104]

Here, for the purpose of simply preventing non-ejection of ink, it is
conceivable that the applied voltage V of the piezoelectric body 58 is only required to
be set small even if the vibration gain g is high, and it is also conceivable that the drive
frequency fis only required to be set small (for example, set to about 50 kHz) to lower
the vibration gain g. However, for example, in a case where the drive frequency f'is
set to the vicinity of f0, the applied voltage V of the piezoelectric body 58 has to be
extremely small in order to prevent ink ejection, and the heating value P of the
piezoelectric body 58 becomes smaller than that in Mathematical Expression 1. For
example, as the drive frequency fis decreased from f0, the heating value P of the
piezoelectric body 58 becomes smaller than that in Mathematical Expression 1.
However, in the heating vibration, it is not sufficient to simply prevent non-gjection of
ink, and it is required that heating efficiency is good. That is, it is necessary to select a
condition under which the vibration of the ink is less likely to increase even when a
large applied voltage V is given to the piezoelectric body 58.

[0105]

From the viewpoint of preventing such non-ejection of the ink and obtaining a
large heating value P, a frequency fth of the heating drive waveform is preferably equal
to or greater than 2 x f0 (570 kHz in Fig. 8) so as to become equal to or less than

approximately 1/2 vibration gain (g0/2) with respect to the vibration gain g0 of the ink
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in the pressure chamber 52 at the resonance frequency f0 (285 kHz in Fig. 8) of the
pressure chamber 52 from the relationship between the vibration frequency f and the
pressure chamber vibration gain g shown in Fig. 8 and the above-described
Mathematical Expression 1.

[0106]

More specifically, the frequency fht of the heating drive waveform is further
increased in order to further increase the heating value P while further increasing the
stability (non-ejection stability) in which ejection does not occur in heating drive.
Specifically, from Fig. 8, the frequency fht of the heating drive waveform is more
preferably equal to or greater than 3 X 0.

[0107]

In Fig. 8, as the drive frequency f increases from f0, the vibration gain g
converges toward a predetermined value (0.6 in Fig. 8). In the heating drive, if the
vibration gain g is sufficiently small within a range where the ink is not ejected from the
nozzle 51, it is conceivable that the frequency fht of the heating drive waveform is
preferably as high as possible so as to further increase the heating value P of the
piezoelectric body 58 focusing only on the above-described Mathematical Expression 1.
However, actually, it is necessary to set an appropriate frequency at which mist ejection
does not occur as the frequency ftht of the heating drive waveform.

[0108]

Here, the mist ejection is a phenomenon in which as the drive frequency f of
the piezoelectric body 58 is increased, the meniscus surface of the ink in the nozzle 51
vigorously vibrates, and fine spray of ink squirts from the meniscus surface of the
nozzle 51.

[0109]

30

31



The relationship between a meniscus surface amplitude h at which mist
ejection occurs and the drive frequency f of the piezoelectric body 58 is expressed by
the following Mathematical Expression 2.

[0110]
[Mathematical Expression 2]

h>2 (wp) x (p/Txf)'?

Here, p is viscosity [Pa - s], p is density of liquid [kg/m?], and T is surface
tension [N/my].

[0111]

For example, when vibration of 2.5 [MHz] is applied to water, the meniscus
surface amplitude h > 0.24 [pm], and mist ejection generally occurs.
[0112]

From Mathematical Expression 2, when the drive frequency f of the
piezoelectric body 58 increases, a boundary value of the meniscus surface amplitude h
(h where equality is established in Mathematical Expression 2) decreases in proportion
to 3. Therefore, in order to prevent mist ejection, a combination of f and V is
selected so that the actual meniscus surface amplitude h falls within a range below the
boundary value to mist ejection, and V2 x f is maximized from the above-described
Mathematical Expression 1.

[0113]

For example, when the applied voltage of the heating drive waveform is set to
an applicable maximum value (for example, the peak value is 24 V, which is the same as
the ejection vibration waveform), and the frequency fth of the heating drive waveform is
set to a maximum value within a range where mist ejection does not occur, the

maximum heating value P is obtained.
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[0114]

Whether or not mist ejection occurs differs depending on not only the
characteristics of the liquid (ink) but also the structure and shape of the ink ejection
head, and f and V cannot be uniquely determined over all the ink ejection heads.
Therefore, whether or not mist ejection occurs is determined according to the
characteristics of the liquid and the structure and shape of the ink ejection head. fand
V may be determined by experiment.

[0115]

The conditions of the preferable heating drive waveform given from the head
driver 156 to the piezoelectric body 58 described above are summarized as follows.
[0116]

(Condition 1) The frequency fht of the heating drive waveform is equal to or
twice (2 x f0) the resonance frequency f0 of the pressure chamber. More preferably, it
is equal to or greater than 3 x f0. Here, f0 is a frequency at which the vibration of the
ink in the pressure chamber 52 is maximized due to the resonance of the pressure
chamber 52 when a vibration waveform having a constant amplitude is given to the
pressure chamber 52.

[0117]

(Condition 2) The frequency ftht of the heating drive waveform is set to a
frequency at which mist ejection does not occur.
[0118]

(Condition 3) The frequency fht of the heating drive waveform is (a) set to a
maximum frequency within the mist non-ejection range from the viewpoint of
maximizing the heating value P of the piezoelectric body 58 as much as possible.

Alternatively, it is preferable to (b) set the resonance frequency fr of the piezoelectric
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body 58 or a frequency in the vicinity thereof as the frequency ftht of the heating drive
waveform within the mist non-ejection range.
[0119]

In the case of (b), for example, when fr =n x f0 (n is an integer), a frequency at
or the vicinity of fr = 2 % f0 is set as the frequency fht of the heating drive waveform.
More preferably, a frequency at or the vicinity of fr =3 x f0 is set as the frequency tht
of the heating drive waveform. In the case of (b), the relationship between the
preferable frequency fht of the heating drive waveform and the capacitance Cht of the
piezoelectric body 58 is as follows. Assuming that the capacitance of the piezoelectric
body 58 at the resonance frequency fr of the piezoelectric body 58 is Cr, and the
capacitance of the piezoelectric body 58 at a frequency (specifically, about 1/10 of fr)
sufficiently lower than the resonance frequency fr of the piezoelectric body 58 is CO,
with AC = |Cr - C0, it is preferable that |Cht - CO|/AC > 0.3 is preferable for capacitance
Cht at the frequency fht of the actually used heating drive waveform. More preferably,
the frequency at which |Cht - CO[/AC > 0.7 is established is set as the frequency fht of
the heating drive waveform.

[0120]

As described above, for a theoretical and brief explanation of the present
invention, the case where the drive waveform given from the head driver 156 to the
piezoelectric body 58 has a sinusoidal waveform has been described as an example.
However, the heating drive waveform is not limited to a sinusoidal waveform, and it
goes without saying that another shape such as a trapezoidal waveform or a square
waveform may be used.

[0121]

Comparing the ejection drive and the heating drive, the ejection drive that gives
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the piezoelectric body 58 a drive waveform for ejecting ink and the heating drive that
gives the piezoelectric body 58 a drive waveform having a large heating value within a
range where ink is not ejected have different drive waveforms.

[0122]

Specifically, while the ejection drive waveform has a shape that pulls and
pushes the meniscus surface (alternatively, it may be a shape for only pushing, or a
shape for pulling, pushing, and pulling), the heating drive waveform is a continuous
vibration waveform having an amplitude Aht smaller than the amplitude Ajt of the
ejection drive waveform and a cycle Tht smaller than the minimum ejection period Tjt
(that is, a frequency greater than the ejection frequency = 1/Tjt in the case of continuous
ejection). Here, the “continuous vibration waveform” is not limited to a case of
continuously vibrating over the entire heating period, and includes a case where
vibration is temporarily stopped in the middle of the heating period as indicated by the
solid line in Fig. 6.

[0123]

Next, the meniscus tickling waveform will be described.
[0124]

The meniscus tickling is vibration that suppresses rise in viscosity of the ink by
meniscus tickling that stirs the ink near the nozzle 51 with respect to rise in viscosity of
the ink due to evaporation of the solvent from the surface of the ink in the nozzle 51.
[0125]

Since the meniscus tickling suppressing rise in viscosity of the ink and the
above-described heating drive for heating the ink have totally different expected effects,
it is noted that drive waveforms different from each other are used and different controls

are performed so as to efficiently obtain the respective effects.
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[0126]

As the meniscus tickling waveform given to the piezoelectric body 58, a
waveform that can give the vibration gain g higher than that of the heating drive
waveform so as to efficiently perform meniscus tickling without waste of energy, and
that makes the heating value P of the piezoelectric body 58 smaller than that of the
heating drive waveform is used. Specifically, a waveform of a minute amplitude
having a frequency at or in the vicinity of the resonance frequency f0 of the pressure
chamber 52 and an applied voltage smaller than the heating drive waveform is used.
[0127]

Since the saturated vapor pressure increases as the temperature (surrounding
temperature) of the outside air with which the ink in the nozzle 51 is in contact
increases, the meniscus tickling is performed as the temperature increases.

[0128]

The meniscus tickling is performed on ink having high volatility, and is not
performed on ink having low volatility. For example, the ink ID is read from the ink
cartridge by the ink ID inputter 118 of Fig. 1, the temperature is detected by the
temperature sensor 80, and whether or not to perform meniscus tickling is determined
by the print controller 150. The ink ID of highly volatile ink that requires meniscus
tickling and a temperature threshold for determining whether or not to perform
meniscus tickling for each ink ID are stored in advance in the memory 152. When the
ink ID read from the ink cartridge corresponds to the ink ID stored in advance in the
memory 152 and the temperature detected by the temperature sensor 80 exceeds the
temperature threshold stored in advance in the memory 152, the print controller 150
determines to perform meniscus tickling.

[0129]
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Comparing the meniscus tickling with the heating drive, the meniscus tickling
that gives the piezoelectric body 58 a drive waveform for suppressing the heating value
not for the purpose of heating and the heating vibration that gives the piezoelectric body
58 a drive waveform for obtaining a heating value greater than that of the meniscus
tickling for the purpose of heating have different drive waveforms. Compared with the
heating drive waveform, the meniscus tickling waveform has a low frequency and a
small applied voltage.

[0130]

The meniscus tickling is controlled to perform on ink in which the solvent is
likely to volatilize and not perform on ink in which the solvent is less likely to volatilize
(for example, oily ink), whilst the heating vibration is performed when the temperature
is to be set to a predetermined temperature in place of controlling whether or not to
perform the heating vibration depending on the volatility of the ink solvent. That is,
the meniscus tickling performed when the volatility of the ink solvent is high and the
temperature is higher than the predetermined temperature threshold and the heating
vibration performed when the temperature is lower than the predetermined temperature
threshold in order to increase the ink temperature regardless of the volatility of the ink
solvent are qualitatively reversed in the direction of control.

[0131]

The non-drive waveform is a non-drive waveform that does not generate any of
ink ejection from the nozzle 51, heating of the ink in the pressure chamber 52, and
meniscus tickling. For example, the non-drive waveform is a waveform for
maintaining a constant voltage (for example, 24 [V]).

[0132]

[Selection of Drive Waveform]
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The selection of the drive waveform (also simply referred to as “switching”)
will be described.
[0133]

In the image formation device 10 of the present embodiment, as illustrated in
Fig. 9(a), the basic waveform generator 154 generates a basic waveform 901 having a
continuous shape on a time axis, in which a drive waveform 91 for ejection drive and a
drive waveform 92 for heating drive are superimposed. The print controller 150
generates a selection waveform 902 indicating a drive waveform to be selected from the
basic waveforms 901 on the time axis for each piezoelectric body 58 as illustrated in
Fig. 9(b). The head driver 156 selects a necessary drive waveform for each
piezoelectric body 58 on the time axis from the basic waveform 901 illustrated in Fig.
9(a) according to the selection waveform 902 illustrated in Fig. 9(b). Fig. 9(c)
illustrates a drive waveform 903 as an example of a selection result by the head driver
156. The drive waveform 903 selected by the head driver 156 in this manner is
supplied to the piezoelectric body 58.

[0134]

Hereinafter, the basic waveform, the selection waveform, and the selected drive
waveform will be described in detail.
[0135]

In Fig. 9(a), an ejection drive waveform 91 in the basic waveform 901 is an
uneven waveform for ejection that has the amplitude Ajt necessary for ejection and
generates pull and push of the meniscus. This ejection drive waveform 91 is inserted
every minimum ejection cycle Tjt (for example, 50 psec) on the time axis. In the
present embodiment, an uneven shape that generates pull and push of the meniscus is

used, but other examples of the uneven shape for ejection include a shape that generates
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only push of the meniscus, and a shape that generates pull, push, and pull. The heating
drive waveform 92 in the basic waveform 901 is a continuous vibration waveform
having the cycle Tht and the amplitude Aht necessary for heating drive, and is inserted
between the ejection drive waveform 91 and the ejection drive waveform 91 on the time
axis. The heating drive waveform 92 has an amplitude smaller than that of the ejection
drive waveform 91 and a cycle smaller than the minimum ejection cycle Tijt.

[0136]

The selection waveform 902 illustrated in Fig. 9(b) indicates selection (ON)
and non-selection (OFF) of the ejection drive waveform for each cycle (for example, 50
psec) on the time axis.  Specifically, Fig. 9(b) illustrates non-selection (OFF) of the
ejection drive waveform 91 and selection (ON) of the heating drive waveform 92 in a
first cycle (0 to 50 psec), and illustrates selection (ON) of the ejection drive waveform
91 and selection (ON) of the heating drive waveform 92 in a second cycle (50 to 100
psec).

[0137]

The drive waveform 903 selected by the head driver 156 illustrated in Fig. 9(c)
does not have the ejection drive waveform 91 and has the heating drive waveform 92 in
the first cycle (0 to 50 psec), and has the ejection drive waveform 91 and the heating
drive waveform 92 in the second cycle (50 to 100 psec). That is, in the first cycle,
only the heating drive waveform 91 is given to the piezoelectric body 58. In the
second cycle, the ejection and heating drive waveforms 91 and 92 are given to the
piezoelectric body 58.

[0138]
For the sake of convenience of drawing, Fig. 9 illustrates only two states of a

state where both drive waveforms of the ejection drive waveform and the heating drive
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waveform are selected, and a state where the ejection drive waveform is not selected
and only the heating drive waveform is selected. However, there are a state where the
heating drive waveform is not selected and only the ejection drive waveform is selected,
and a state where both the ejection drive waveform and the heating drive waveform are
not selected (non-drive state).

[0139]

That is, based on the selection waveform output from the print controller 150,
the head driver 156 drives the piezoelectric body 58 by selecting one state from a state
where both drive waveforms of the ejection drive waveform 91 and the heating drive
waveform 92 are given to the piezoelectric body 58 in parallel, a state where either one
of the drive waveforms 91 and 92 is given to the piezoelectric body 58, and a state
where neither of the drive waveforms 91 and 92 is given to the piezoelectric body 58.
[0140]

Here, the state where the ejection drive waveform and the heating drive
waveform are given to the piezoelectric body 58 in “parallel” is a state where heating
driving is also performed while droplets (ejection) are performed a plurality of times
from one nozzle 51. In other words, as indicated from the example of the drive
waveform in Fig. 9(c), microscopically, the heating drive is performed between the
ejection drives, but macroscopically, the ejection drive and the heating drive are
performed almost simultaneously.

[0141]

The print controller 150 specifies the temperature of the liquid in each of the
plurality of pressure chambers 52, and determines whether or not the temperature of the
ink in each pressure chamber 52 is a temperature to be heated. For the piezoelectric

body 58 corresponding to the pressure chamber 52 in which the ink is to be heated
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among the plurality of piezoelectric bodies 58, the selection waveform 902 instructing
selection (ON) of the heating drive waveform 92 is output to the head driver 156.
Based on such selection waveform 902, the head driver 156 gives the heating drive
waveform 92 to the piezoelectric body 58 corresponding to the pressure chamber 52 in
which the ink is to be heated among the plurality of piezoelectric bodies 58, and does
not give the heating drive waveform 92 to the piezoelectric body 58 corresponding to
the pressure chamber 52 in which heating is unnecessary.

[0142]

In the case of heating drive, pulse modulation is performed for switching the
switching time (the period during which the heating drive waveform 92 is turned on in
the selection waveform) according to the amount of temperature rise desired for each
pressure chamber 52.

[0143]

The minimum switching time and the maximum switching time are determined
in advance. The minimum switching time is one wave (or one mountain) of the
heating drive waveform. This is because if it is shorter than this, unnecessary
vibration is generated in the piezoelectric body 58. The maximum switching time is
time during which the ink does not foam due to heating. Since the foaming
temperature varies depending on the contact state between the ink and the heating
surface, it is preferable to determine the maximum switching time on an assumption that
the foaming temperature is 10 to 15 °C lower in consideration of a margin.

[0144]

Switching timing (timing of switching ON/OFF) is set while the basic

waveform 901 is at the reference voltage (for example, 24 V). This is because unless

the switching is performed while the basic waveform 901 is at the reference voltage,
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unnecessary vibration is generated in the piezoelectric body 58.
[0145]

The meniscus tickling does not need to be performed in parallel with the
ejection drive and the heating drive. Therefore, when the meniscus tickling is
performed, a selection waveform different from the selection waveform instructing the
selection of the ejection drive and the heating drive is given from the print controller
150 to the head driver 156.

[0146]

[Basic Arrangement Pattern of Temperature Sensors]

Various types of arrangement patterns of the temperature sensors 80 in the
common liquid chamber 55 will be described with reference to Fig. 10.

[0147]

Fig. 10(a) is a schematic diagram illustrating a first basic arrangement pattern.
[0148]

The common liquid chamber 55 includes a common ink supply port 551
through which ink is supplied from the outside of the common liquid chamber 55 to the
common liquid chamber 55, the plurality of individual ink supply ports 53 (not
illustrated in Fig. 10) two-dimensionally arrayed to individually supply ink from the
common liquid chamber 55 to the respective pressure chambers 52, and a common ink
discharge port 552 through which unused ink that has not been supplied from the
common liquid chamber 55 to the plurality of pressure chambers 52 is discharged from
the common liquid chamber 55 to the outside of the common liquid chamber 55.
[0149]

In such common liquid chamber 55, as illustrated in Fig. 10(a), the plurality of

temperature sensors 80 is arranged in an arrangement pattern different from the
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arrangement pattern of the pressure chambers 52 as illustrated in Fig. 2, the number of
which is smaller than the number of the pressure chambers 52 (equal to the number of
the individual ink supply ports 53), so as to efficiently detect the temperature
distribution of the ink in the common liquid chamber 55.

[0150]

In Fig. 10(a), lines 71, 72, and 73 with arrows reaching the common ink
discharge port 552 from the common ink supply port 551 are three representative flow
lines selected in advance from among a large number of flow lines in the common
liquid chamber 55. Among the three representative flow lines 71, 72, and 73, the
representative flow line 71 passing through a position 710 closer to one side wall (the
upper wall in the figure) 553 of the common liquid chamber 55 than a center 720 of the
common liquid chamber 55 is called a first representative flow line, the representative
flow line 72 passing through the center 720 of the common liquid chamber 55 is called
a second representative flow line, and the representative flow line 73 passing through a
position 730 closer to the other side wall (the lower wall in the figure) 554 of the
common liquid chamber 55 than the center 720 of the common liquid chamber 55 is

called a third representative flow line.

[0151]

Here, the flow line indicates a flow path of the ink in the common liquid
chamber 55.
[0152]

In the present embodiment, specifically, in a state where there is no supply of
ink from the common liquid chamber 55 to the plurality of pressure chambers 52 via the
individual ink supply port 53 (that is, in a state where there is no ejection of ink from

the nozzle 51), a trajectory of the flow in which the ink flows from the common ink
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supply port 551 to the common ink discharge port 552 is defined as the flow line.
[0153]

In Fig. 10(a), the common liquid chamber 55 is formed such that the width of
the common ink supply port 551 and the width of the common ink discharge port 552
are substantially the same as the width of the common liquid chamber 55 for
convenience of explanation. The flow velocities of the inks in the three representative
flow lines 71, 72, and 73 are all assumed to be the same.

[0154]

That is, in the first basic arrangement pattern, the first to third representative
flow lines 71, 72, and 73 are flow lines having linear shapes parallel to one another and
having a constant flow velocity from the common ink supply port 551 to the common
ink discharge port 552.

[0155]

In the first basic arrangement pattern, two temperature sensors 80 are arranged
along each of the representative flow lines 71, 72, and 73.

[0156]

In the first basic arrangement pattern, three temperature sensors 80 are arranged
along two perpendicular lines perpendicular to the representative flow lines. Each
perpendicular line is a line (simply referred to as “isochronal line’) connecting points
where the arrival time of the ink from the common ink supply port 551 (simply referred
to as “ink arrival time”) is equal.

[0157]

Specifically, three temperature sensors 80 are arranged along the isochronal

line in which the ink arrival time is t1. Three temperature sensors 80 are arranged

along the isochronal line in which the ink arrival time is t2.
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[0158]

Fig. 10(b) is a schematic diagram illustrating a second basic arrangement
pattern.
[0159]

In Fig. 10(b), unlike Fig. 10(a), the width of the common ink supply port 551
and the width of the common ink discharge port 552 are formed smaller than the width
of the common liquid chamber 55. In Fig. 10(b), similarly to Fig. 10(a), the three
representative flow lines 71, 72, and 73 selected in advance from a large number of flow
lines in the common liquid chamber 55 are indicated by arrows. However, the three
representative flow lines 71, 72, and 73 have different shapes and different flow
velocities from one another.

[0160]

Specifically, the first representative flow line 71 is a flow line in a curved shape
that starts from the common ink supply port 551, passes through the vicinity of the one
side wall (upper wall in the figure) 553 of the common liquid chamber 55 away from
the center 720 of the common liquid chamber 55, and reaches the common ink
discharge port 552. The second representative flow line 72 is a flow line in a linear
shape that starts from the common ink supply port 551, passes through the center 720 of
the common liquid chamber 55, and reaches the common ink discharge port 552. The
third representative flow line 73 is a flow line in a curved shape that starts from the
common ink supply port 551, passes through the vicinity of the other side wall (lower
wall in the figure) 554 of the common liquid chamber 55 away from the center 720 of
the common liquid chamber 55, and reaches the common ink discharge port 552.

[0161]

As for the flow velocity, the flow velocity of the second representative flow
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line 72 passing through the center 720 of the common liquid chamber 55 is greater than
the flow velocity of the first representative flow line 71 and the flow velocity of the
third representative flow line 73 passing through the vicinity of the side walls 553 and
554 away from the center of the common liquid chamber 55.

[0162]

Two temperature sensors 80 are arranged along each of the plurality of
representative flow lines 71, 72, and 73.

[0163]

The plurality of temperature sensors 80 is arranged along the isochronal line
having the equal ink arrival time. Specifically, three temperature sensors 80 are
arranged along the isochronal line in which the ink arrival time is t1. Three
temperature sensors 80 are arranged along the isochronal line in which the ink arrival
time is t2.

[0164]

Fig. 10(c) is a schematic diagram illustrating a third basic arrangement pattern.
[0165]

The common liquid chamber 55 illustrated in Fig. 10(c) is formed such that the
width of the common ink supply port 551 and the width of the common ink discharge
port 552 are substantially the same as the width of the common liquid chamber 55. It
is assumed that the three representative flow lines 71, 72, and 73, which are the same as
the representative flow lines of the first basic arrangement pattern illustrated in Fig.
10(a), are selected in advance from among the large number of flow lines in the
common liquid chamber 55, and the three representative flow lines 71, 72, and 73 have
the same ink flow velocity.

[0166]
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In the third basic arrangement pattern, as compared with the first basic
arrangement pattern illustrated in Fig. 10(a), the temperature sensors 80 are arranged on
each of the representative flow lines 71, 72, and 73 such that the number of the
temperature sensors 80 arranged on one representative flow line is reduced.

[0167]

Specifically, the three temperature sensors 80 are arranged along one
perpendicular line perpendicular to the representative flow lines 71, 72, and 73 such that
the ink simultaneously flowing into the common liquid chamber 55 from the common
ink supply port 551 flows along the respective representative flow lines 71, 72, and 73
and reaches the plurality of temperature sensors 80 in the common liquid chamber 55 at
the same time when reaching the plurality of temperature sensors 80. Specifically, the
three temperature sensors 80 are arranged along an isochronal line in which the ink
arrival time is a predetermined time t.

[0168]

Fig. 10(d) is a schematic diagram illustrating a fourth basic arrangement
pattern.
[0169]

In Fig. 10(d), unlike Fig. 10(c), the width of the common ink supply port 551
and the width of the common ink discharge port 552 are formed smaller than the width
of the common liquid chamber 55. In Fig. 10(d), similarly to Fig. 10(c), the three
representative flow lines 71, 72, and 73 selected in advance from a large number of flow
lines in the common liquid chamber 55 are indicated by arrows. However, the three
representative flow lines 71, 72, and 73 have different shapes and different flow
velocities from one another.

[0170]
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The shapes of the three representative flow lines in the fourth basic
arrangement pattern are the same as the shapes of the three representative flow lines in
the second basic arrangement pattern illustrated in Fig. 10(b).

[0171]

In the fourth basic arrangement pattern, as compared with the second basic
arrangement pattern illustrated in Fig. 10(b), the temperature sensors 80 are arranged
such that the number of the temperature sensors 80 arranged on one representative flow
line is reduced.

[0172]

Specifically, the three temperature sensors 80 are arranged along an isochronal
line formed by connecting points having the equal ink arrival time such that the ink
simultaneously flowing into the common liquid chamber 55 from the common ink
supply port 551 flows along the respective representative flow lines 71, 72, and 73 and
reaches the plurality of temperature sensors 80 in the common liquid chamber 55 at the
same time when reaching the plurality of temperature sensors 80. Specifically, the
three temperature sensors 80 are arranged along an isochronal line in which the ink
arrival time is a predetermined time t.

[0173]

Fig. 10(e) is a schematic diagram illustrating a fifth basic arrangement pattern.
[0174]

In Fig. 10(e), the width of the common ink supply port 551 and the width of the
common ink discharge port 552 are formed substantially the same as the width of the
common liquid chamber 55. The representative flow lines 71, 72, and 73 have the
same number, position, shape, and flow velocity as those of the first basic arrangement

pattern illustrated in Fig. 10(a).
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[0175]

In the fifth basic arrangement pattern, as compared with the first basic
arrangement pattern illustrated in Fig. 10(a), the temperature sensors 80 are arranged
such that the number of the temperature sensors 80 arranged on one representative flow
line 71, 72, and 73 is reduced.

[0176]

Specifically, the plurality of temperature sensors 80 is arranged at positions
such that when the ink having simultaneously flowed into the common liquid chamber
55 from the common ink supply port 551 flows along the respective representative flow
lines 71, 72, and 73 and reaches the plurality of temperature sensors 80 in the common
liquid chamber 55, the ink reaches at different times with time differences dt with a
substantially equal interval.

[0177]

Specifically, one temperature sensor 80 is arranged at a position where the ink
arrival time is predetermined time t0 in the first representative flow line 71, one
temperature sensor 80 is arranged at a position where the ink arrival time is t0 + dt in
the second representative flow line 72, and one temperature sensor 80 is arranged at a
position where the ink arrival time is tO + 2 x dt in the third representative flow line 73.
[0178]

In such fifth basic arrangement pattern, an information amount of for each
representative flow line decreases as compared with the first basic arrangement pattern
illustrated in Fig. 10(a), but temperature information can be uniformly obtained for the
entire common liquid chamber 55.

[0179]

[Specific Structure of Common Liquid Chamber]
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A specific structure of the common liquid chamber 55 will be described
separately in first to third aspects.
[0180]

Fig. 11 is a horizontal cross-sectional view illustrating the structure of the
common liquid chamber 55 of the first aspect.
[0181]

In Fig. 11, the first representative flow line 71 is a flow line in a curved shape
from the common ink supply port 551 to the common ink discharge port 552, passing
through the vicinity of the one side wall (upper wall in the figure) 553 of the common
liquid chamber 55 away from the center of the common liquid chamber 55. The
second representative flow line 72 is a flow line in a linear shape from the common ink
supply port 551 to the common ink discharge port 552, passing through the center of the
common liquid chamber. The third representative flow line 73 is a flow line in a
curved shape from the common ink supply port 551 to the common ink discharge port
552, passing through the vicinity of the other side wall (lower wall in the figure) 554 of
the common liquid chamber 55 away from the center of the common liquid chamber 55.
[0182]

The flow velocity of the second representative flow line 72 passing through the
center of the common ink chamber 55 is greater than the flow velocity of the first
representative flow line 71 and the flow velocity of the third representative flow line 73
passing through the vicinity of the side wall away from the center of the common liquid
chamber 55.

[0183]
Except for a temperature sensor 80-00 in the vicinity of the common ink supply

port 551, four temperature sensors 80-11, 80-12, 80-13, and 80-14 are arranged on the
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first representative flow line 71 passing near the one side wall 553 of the common liquid
chamber 55, three temperature sensors 80-21, 80-22, and 80-23 are arranged on the
second representative flow line 72 passing through the center of the common liquid
chamber 55, and four temperature sensors 80-31, 80-32, 80-33, and 80-34 are arranged
on the third representative flow line 73 passing near the other side wall 554 of the
common liquid chamber 55.
[0184]

Three temperature sensors of reference numeral 80-11, reference numeral 80-
21, and reference numeral 80-31 are arranged along the line where the arrival time of
the ink is t1. Three temperature sensors of reference numeral 80-12, reference numeral
80-22, and reference numeral 80-32 are arranged along the line where the ink arrival
time is t2 (> tl). Three temperature sensors of reference numeral 80-13, reference
numeral 80-23, and reference numeral 80-33 are arranged along the line where the ink
arrival time is t3 (> t2). Two temperature sensors of reference numeral 80-14 and
reference numeral 800-34 are arranged along the line where the ink arrival time is t4 (>
t3).
[0185]

In addition to the positions along the three representative flow lines 71, 72, and
73, temperature detection elements may be added to other positions. In the present
embodiment, two temperature sensors 80-01 and 80-02 are supplementarily arranged
around the common ink supply port 551.
[0186]

Fig. 12 is a horizontal cross-sectional view illustrating the structure of the
common liquid chamber 55 of the second aspect.

[0187]
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In Fig. 12, the representative flow line (the second representative flow line 72)
passing through the center of the common ink chamber 55 and the representative flow
lines (the first representative flow line 71 and the third representative flow line 73)
passing through the vicinity of the side walls 553 and 554 away from the center of the
common ink chamber 55 are the same as those in the first aspect illustrated in Fig. 10.
[0188]

In the second aspect, unlike the first aspect, representative flow lines (a fourth
representative flow line 74 and a fifth representative flow line 75) are supplementarily
selected in a middle between the representative flow line (the second representative
flow line 72) passing through the center of the common ink chamber 55 and the
representative flow lines (the first representative flow line 71 and the third
representative flow line 73) passing through the vicinity of the side wall away from the
center of the common ink chamber 55.

[0189]

The magnitude relationship between the flow velocities of the representative
flow lines 71 to 75 is as follows: the flow velocity of the representative flow line of the
center (the second representative flow line 72) > the flow velocity of the supplementary
representative flow lines (the fourth representative flow line 74 and the fifth
representative flow line 75) > the flow velocity of the representative flow lines in the
vicinity of the side wall (the first representative flow line 71 and the third representative
flow line 73).

[0190]

Two temperature sensors 80 are arranged on each of the representative flow

lines 71 to 75 except for the temperature sensor 80-00 in the vicinity of the common ink

supply port 551.
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[0191]

As for the relationship between the ink arrival time and the arrangement pattern
of the temperature sensors 80, the temperature detection elements of reference numeral
80-41 and reference numeral 80-51 are arranged along the isochronal line in which the
ink arrival time is t1, the temperature detection elements of reference numeral 80-12,
reference numeral 80-22, and reference numeral 80-32 are arranged along the line in
which the ink arrival time is t2 (> t1), the temperature detection elements of reference
numeral 80-43, reference numeral 80-23, and reference numeral 80-53 are arranged
along the line in which the ink arrival time is t3 (> t2), and the temperature detection
elements of reference numeral 80-14 and reference numeral 80-34 are arranged along
the line in which the ink arrival time is t4 (> t3).

[0192]

In the second aspect, the representative flow lines 81 to 85 in which the
temperature sensors 80 are arranged are made different between adjacent isochronal
lines.

[0193]

For example, on the isochronal line with the ink arrival time = t1, the
temperature sensors 80-41 and 80-51 are respectively arranged at positions intersecting
the fourth representative flow line 74 and the fifth representative flow line 75 that have
been supplemented. On the isochronal line where the ink arrival time is t2, adjacent to
this isochronal line, the temperature sensors 80-22, 80-12, and 80-32 are respectively
arranged at positions intersecting the representative flow line (the second representative
flow line 72) passing through the center and the representative flow lines (the first
representative flow line 71 and the third representative flow line 73) passing through the

vicinity of the side wall. On the isochronal line where the ink arrival time is t3,
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adjacent to this isochronal line, the temperature sensors 80-43 and 80-53 are
respectively arranged at positions intersecting the fourth representative flow line 74 and
the fifth representative flow line 75 having been supplemented. On the isochronal line
where the ink arrival time is t4, adjacent to this isochronal line, the temperature sensors
80-14 and 80-34 are respectively arranged at positions intersecting the representative
flow lines (the first representative flow line 71 and the third representative flow line 73)
passing through the vicinity of the side wall.

[0194]

In addition to the positions along the three representative flow lines 71, 72, and
73, temperature detection elements may be added to other positions. In the present
embodiment, two temperature sensors 80-01 and 80-02 are supplementarily arranged
around the common ink supply port 551.

[0195]

Fig. 13 is a plan view illustrating the structure of the common liquid chamber
55 of the third aspect.

[0196]

In Fig. 13, the arrangement pattern of the representative flow lines 71, 72, and
73 selected in advance and the temperature sensors 80 is the same as that in the first
aspect illustrated in Fig. 10.

[0197]

In the third aspect, unlike the first aspect and the second aspect, not only
heating is performed by heating drive of the piezoelectric body 58, but also heating is
performed by the heating element 82 arranged in the common liquid chamber 55.
[0198]

In the common liquid chamber 55 having the common ink supply port 551 and
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the common ink discharge port 552, the ink flows in a direction from the common ink
supply port 551 to the common ink discharge port 552 viewed as a whole. Namely,
even if the ink flows in various directions locally, the ink flows in a uniform direction as
awhole. That is, when a temperature change occurs in a certain part in the common
liquid chamber 55, it affects the downstream direction of the flow of ink. By
performing temperature control in consideration of such ink flow, the heating control in
the two-dimensional temperature distribution can be efficiently and accurately
performed by the heating elements 82, the number of which is smaller than the number
of pressure chambers 52 and the number of nozzles 51.

[0199]

In Fig. 13, the plurality of heating elements 82 is arranged in the common
liquid chamber 55 in an arrangement pattern different from the arrangement pattern of
the pressure chambers 52, the number of which is smaller than the number of the
pressure chambers 52 (that is, the number of which is smaller than the number of the
nozzles 51).

[0200]

Specifically, the heating elements 82 are arranged close to the temperature
sensor 80 on the upstream side of the flow line where the temperature sensor 80 is
positioned with respect to the arrangement position of the temperature sensor 80. By
doing this, the heating control result by the heating element 82 is immediately detected
by the temperature sensor 80 provided close to the downstream of the heating element
82, and therefore appropriate heating control can be performed.

[0201]
Fig. 13 illustrates a case where only the heating elements 82 are arranged in the

common liquid chamber 55 as electrothermal conversion elements for temperature
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control for convenience of illustration, but a plurality of cooling elements (not
illustrated) for cooling the ink in the common liquid chamber 55 may be arranged in the
common liquid chamber 55. In place of arranging both the heating element and the
cooling element, a Peltier element that performs heating and cooling may be arranged.
[0202]

Specifically, the cooling element may be arranged close to the temperature
sensor 80 on the upstream side of the flow line where the temperature sensor 80 is
positioned with respect to the arrangement position of the temperature sensor 80. By
doing this, the temperature control result by the cooling element is immediately detected
by the temperature sensor 80 provided close to the downstream of the cooling element,
and therefore appropriate cooling control can be performed.

[0203]

The heating element 82 (or the cooling element) may be arranged close to the
temperature sensor 80 on the downstream side of the flow line where the temperature
sensor 80 is positioned with respect to the arrangement position of the temperature
sensor 80. By doing this, it is possible to perform desired temperature control by the
heating element 82 (or the cooling element) immediately based on the temperature
detection result by the temperature sensor 80.

[0204]

The heating element 82 (or the cooling element) may be arranged so as to be
substantially evenly separated from the plurality of temperature sensors 80 positioned
around the heating element 82 (or the cooling element). By doing this, it is possible to
measure a state where the temperature control result by the heating element 82 (or the
cooling element) is transferred to the surrounding ink, and therefore appropriate

temperature control can be performed.
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[0205]

In the image formation device 10 including the common liquid chamber 55 of
the third aspect as illustrated in Fig. 13, first temperature adjustment by heating drive of
the piezoelectric body 58 and second temperature adjustment by the heating element 82
(or the cooling element) arranged in the common liquid chamber 55 can be used in
combination. Such use in combination is executed under the control of the print
controller 150. When used in combination, the temperature adjustment of a bias
reference temperature adjustment amount (the same temperature adjustment amount
over the plurality of pressure chambers 52) is performed by the heating element 82 (or
the cooling element) in the common liquid chamber 55, and the temperature adjustment
of a control residual (a difference from the reference temperature adjustment amount
different for each pressure chamber 52) is performed by heating drive of the
piezoelectric body 58. Then, since the control amount of the piezoelectric body 58 can
be reduced, the proportion in one cycle of ink ejection of the heating drive waveform
with respect to the piezoelectric body 58 can be reduced, and the ejection cycle can be
reduced.

[0206]

Such combined control can be applied even in a case of performing switching
using the basic waveform 901 having the ejection drive waveform 91 and the heating
drive waveform 92 as described with reference to Fig. 9, or even in a case of separately
generating the ejection drive waveform and the heating drive waveform and performing
switching of these drive waveforms. In either case, the heating drive time can be
shortened, and the ejection cycle can be reduced.

[0207]

[Columnar Wire]
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In the ink ejection head 50 illustrated in Fig. 4, a drive wire is arranged from
the individual electrodes 57 of the piezoelectric body 58 along a bottom surface of the
common liquid chamber 50, but in place of arranging the drive wire of the piezoelectric
body 58 along the bottom surface of the common liquid chamber 50 in this manner, a
columnar wire 60 may be arranged so as to perpendicularly penetrate the common
liquid chamber 50 as illustrated in Figs. 14 and 15.

[0208]

Fig. 14 is a perspective view schematically illustrating the ink ejection head 50
in which the columnar wire 60 is provided in the common liquid chamber 55. Fig. 15
is a specific cross-sectional view of the ink ejection head 50. In Figs. 14 and 15, the
same constituent elements as those in the case without the columnar wire illustrated in
Fig. 4 are denoted by the same reference numerals, and a detailed description will be
omitted. Since Fig. 14 is a schematic diagram briefly illustrating a columnar wire
structure, some components such as the temperature sensor 80 illustrated in Fig. 15 are
omitted.

[0209]

In Figs. 14 and 15, the columnar wire 60 rises in the common liquid chamber
substantially perpendicular to the arrangement surface of the piezoelectric body 58,
penetrates the common liquid chamber 55, and reaches the top surface of the common
liquid chamber 55. An electrode 59 on the piezoelectric body 58 side of the columnar
wire 60 is formed to extend from the individual electrode 57 of the piezoelectric body
58. An electrode 60a on the outer side of the columnar wire 60 (an upper wall 62 side
of the common liquid chamber 55) is connected to the head driver 156 of Fig. 1. An
insulating film 68 is formed on the wetted surface of the columnar wire 60.

[0210]
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As illustrated in Fig. 15, the temperature sensor 80 and the heating element 82
are attached to the top surface of the common liquid chamber 55 so as to avoid the
columnar wire 60. In such case, the representative flow line is generally different in
shape from the representative flow lines 71, 72, and 73 illustrated in Figs. 10 to 13.
Also in such case, the temperature sensor 80 and the heating element 82 are arranged on
a representative flow line selected in advance from among a plurality of flow lines, and
temperature distribution detection to which the present invention is applied is
performed.

[0211]

[Ejection Vibration Control Based on Ink Temperature]

Drive force is adjusted according to the ink temperature with respect to a
variation result of the ink temperature detected by the temperature sensor 80, and
ejection force is controlled to increase in the pressure chamber 52 having a low ink
temperature. The ejection force is determined so as to adjust the ejection ink amount
and/or the ink ejection speed to a target value.

[0212]

For example, the temperature of the ink in the pressure chamber 52 is specified
for each pressure chamber 52. In such specification of the ink temperature for each
pressure chamber, as illustrated in Figs. 11 to 13, the ink temperature for each pressure
chamber 52 may be indirectly specified based on the detection result of the temperature
sensor 80 provided in the common liquid chamber 55, or the temperature sensor may be
actually arranged for each pressure chamber 52 to directly specify the ink temperature
for each pressure chamber 52. Then, as illustrated in Fig. 16, the amplitude of the
ejection drive waveform is switched for each pressure chamber 52 based on the ink

temperature for each pressure chamber 52 having been specified.
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[0213]

When the ink temperature in the pressure chamber 52 is greater than a
predetermined first temperature threshold, the piezoelectric body 58 corresponding to
the pressure chamber 52 is given an ejection drive waveform having an amplitude AjtS
smaller than a standard amplitude AjtM.

[0214]

When the ink temperature in the pressure chamber 52 is equal to or less than
the first temperature threshold and greater than a predetermined second temperature
threshold (< the first temperature threshold), the piezoelectric body 58 corresponding to
the pressure chamber 52 is given an ejection drive waveform having the standard
amplitude AjtM.

[0215]

When the ink temperature in the pressure chamber 52 is equal to or less than
the second temperature threshold (< the first temperature threshold), the piezoelectric
body 58 corresponding to the pressure chamber 52 is given an ejection drive waveform
having an amplitude AjtL greater than the standard amplitude AjtM.

[0216]

[Application Control Associated with Manufacturing Variation]

For a nozzle with an initially weak ejection force due to a manufacturing error
or the like, the ink viscosity is lowered by increasing the ink temperature near the nozzle
(Fig. 17), and the fluid resistance is reduced and the ink flying speed is increased.
[0217]

When the ejection force is substantially the same and the flying speed of the
ink is different, the time required for arrival at the medium changes, and the dot position

variation appears as jitter on a line. Therefore, if the ejection force is substantially the
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same, it is important to equalize the flying speed.
[0218]

As an example, the ink speed in the nozzle at an ink viscosity of 20 cp is 27.5
m/sec as the reference state, and changes to 21.9 m/sec at a viscosity of 1.5 times.
[0219]

For a nozzle in which the dot size is stably reduced due to a manufacturing
error or the like, the dot size is controlled large by raising the ink temperature near the
nozzle, and the dot size is made to a desired size.

[0220]

On the contrary, for a nozzle in which the dot size increases, the dot size is
controlled small by lowering the ink temperature near the nozzle, and the dot size is
made to a desired size.

[0221]

A case where the present invention is applied to an image formation device
having a full-line ink ejection head where nozzles are arrayed in a two-dimensional
matrix as illustrated in Fig. 2 has been described, but the present invention does not
need such full-line ink ejection head as a precondition. For example, it goes without
saying that the present invention can be applied to an image formation device having a
shuttle scanning type ink ejection head that scans in the main scanning direction.
[0222]

[Example of Control Performed by Print Controller]

A representative control performed by the print controller 150 will be
exemplified.

[0223]

(Control 1) Based on image data, the piezoelectric body 58 corresponding to
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the nozzle 51 from which the ink is to be ejected is specified among the plurality of
piezoelectric bodies 58.
[0224]

(Control 2) The temperature of the ink in each of the plurality of pressure
chambers 52 is specified based on the detection result of the temperature distribution
inside the common liquid chamber 55 by the plurality of temperature sensors 80 and the
conversion table information stored in advance in the print control memory 152. Itis
determined whether or not the temperature of the ink in the plurality of pressure
chambers 52 having been specified is a temperature to be heated. That is, the
piezoelectric body 58 corresponding to the pressure chamber 52 in which the liquid is to
be heated is specified among the plurality of piezoelectric bodies 58. Specifically, it is
determined whether or not the ink temperature for each pressure chamber 52 having
been specified is within a predetermined target temperature range. For example, it is
determined whether or not the ink temperature of each pressure chamber 52 is equal to
or less than a predetermined temperature threshold, and when the ink temperature is
equal to or less than the temperature threshold, it is determined that heating should be
performed.

[0225]

(Control 3) Whether or not to perform meniscus tickling is determined based
on the ink to be used and the surrounding temperature of the nozzle 51.

[0226]

(Control 4) Based on determination results of control 1, control 2, and control
3, a selection waveform to be given to the head driver 156 is generated, and the
selection waveform is given to the head driver 156.

[0227]
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(Control 5) When heating drive is performed, the switching time of the heating
drive waveform (the period during which the heating drive waveform is on) is switched
based on the ink temperature for each pressure chamber 52.  Specifically, control is
performed such that the lower the ink temperature of the pressure chamber 52 has, the
longer the time to give the heating drive waveform to the corresponding piezoelectric
body 58 is.

[0228]

(Control 6) In a case of supplying heating drive waveform to the plurality of
piezoelectric bodies 58 at the time of heating drive, if drive of the plurality of
piezoelectric bodies 58 is started at the same time, a current starts to flow to the
plurality of piezoelectric bodies 58 at the same time. Therefore, switching timing of
the piezoelectric bodies 58 (timing when the heating drive waveform is switched from
off to on) is made different.

[0229]

There are various types of temperature pattern control of the ink ejection head
50 as follows.

[0230]

(Temperature pattern control 1) Temperature pattern control to cancel density
shading.
[0231]

(Temperature pattern control 2) Temperature pattern control to cancel
unevenness (streak unevenness).

[0232]
(Temperature pattern control 3) Temperature pattern control that compensates

for variations in ink supply capability due to dependence on an image pattern
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(dependence on a bias of a place where ink is injected, or the like). Specifically, the
temperature of a part where the ink supply capacity cannot be made in time is increased,
and the flow path resistance of a flow path portion for supplying the ink is reduced to
speed up the supply.

[0233]

(Temperature pattern control 4) Temperature pattern control to correct
variations in ink ejection speed and ink ejection amount due to manufacturing variations
of portions affecting ink ejection capability of the nozzle 51, the piezoelectric body 58,
and the like.

[0234]

(Temperature pattern control 5) Temperature pattern control for performing
recovery according to a non-ejection detection result.
[0235]

While a case where the present invention is applied to an ink ejection head
using a piezo actuator has been described, the present invention is not limited to an ink
gjection head using such piezo actuator. The present invention can be applied to, for
example, a thermal jet ink ejection head in which ink is heated to generate bubbles,
pressure is applied to ink in the pressure chamber by the bubbles, and ink droplets are
ejected by the pressure.

[0236]

In addition, the present invention is not limited to the examples described in the

embodiment, and various design changes and improvements may be made without

departing from the gist of the present invention.

Brief Description of Drawings
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[0237]

Fig. 1 is a schematic block diagram illustrating an example of an overall
configuration of an image formation device according to the present invention.

Fig. 2 is a plan perspective view illustrating a schematic structure of an ink
ejection head.

Fig. 3 is an enlarged view illustrating a part of the ink ejection head illustrated
in Fig. 2 in an enlarged manner.

Fig. 4 is a cross-sectional view of the ink ejection head taken along line 4 -4 of
Fig. 2.

Fig. 5 is a waveform diagram illustrating an example of an ejection drive
waveform.

Fig. 6 is a waveform diagram illustrating an example of a heating drive
waveform.

Fig. 7 is a waveform diagram illustrating an example of a drive waveform
(ejection and heating drive waveform) in a case where ejection and heating are
performed in parallel.

Fig. 8 is a graph showing a relationship between the vibration frequency of the
piezoelectric body and the ink vibration gain of the pressure chamber.

Fig. 9(a) is a waveform diagram illustrating an example of a basic waveform
that is a basis of a drive waveform to be given to a piezoelectric body, Fig. 9(b) is a
waveform diagram illustrating an example of a selection waveform representing an
instruction for selecting a necessary drive waveform from the basic waveform, and Fig.
9(c) is a waveform diagram illustrating an example of a drive waveform selected based
on the selection waveform from the basic waveform.

Figs. 10 (a), (b), (c), (d), and (e) are each a schematic diagram illustrating a
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basic arrangement pattern of temperature sensors.

Fig. 11 is a horizontal cross-sectional view illustrating an internal structure of
the common liquid chamber of the first aspect.

Fig. 12 is a horizontal cross-sectional view illustrating an internal structure of
the common liquid chamber of the second aspect.

Fig. 13 is a horizontal cross-sectional view illustrating an internal structure of
the common liquid chamber of the third aspect.

Fig. 14 is a schematic perspective view illustrating an example of an ink
ejection head having a columnar wire in the common liquid chamber.

Fig. 15 is a cross-sectional view illustrating an example of an ink ejection head
having a columnar wire in the common liquid chamber.

Fig. 16 is an explanatory view illustrating a control example of an ejection
drive waveform based on ink temperature.

Fig. 17 is a graph showing an example of a relationship between ink

temperature and viscosity.

Description of Reference Signs

[0238]

10 image formation device
50 ink ejection head

51 nozzle

52 pressure chamber

53 individual ink supply port
55 common liquid chamber
56 vibrating plate
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57 individual electrode

58 piezoelectric body

60 columnar wire

71,72,73 representative flow line

80 temperature sensor

82 heating element (or cooling element) in common liquid chamber
110 main controller

112 main memory

114 image data inputter

116 conveyance controller

118 ink ID inputter

126 conveyor

150 print controller

152 print control memory

154 basic waveform generator
156 head driver

551 common ink supply port
552 common ink discharge port

553,554 side wall of common liquid chamber
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FIG. 9
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40, 22X P ZARICEINENTHERSEINTWVS,

[0056]

KlcmaeNlka Yy 7Ny R500—0%ZHRKLTK3IIIKRT,

{005 7]

3BT, O/ ZXA)NV5 1 . EEAAFAMICH-> TR SN TV LI, =
EEAMICHLTHMEDOMEO ZRT AMIKIH-> TN ENTES, §9hbbE, HHOD/
ANV5 1@, Wbwd 2Rt M) Z7AKRTEHINETNTWVS,

{005 8]

Bk, iz, 55 1-11, 51-21, 51-31, - (HBWVIEMS51-16. 5
1-260 51-36, ) OmfAD/ X)W EEETMICH->TRHINENATHWSE, /. 2
. 55 1-11, 51-12, 51-13, 51-14, 51-15, 51-160Onfl (T Tidn=
6) O/ ANVHEEETMICHLTAHAEO ZART Amcih> TEIIEATWVS,
[0059]

FEEAMEK T EDOM (FEER) KE2TDOD/ANV5 1 EZ2RRELTERSREN
L AXVESN (BE S XVES) . FEBEAFMDORFY FEYFP (§45bB /A5 1
MEAYIhMBENE 2 ICXDEAEREARLICERENS Fy FALOFEEETWIICE
JAME) EHEE OB T/ A5 IAREINTES, §hbb, &E /A IVEHIE

Ry bEYFPLEEE DY FELHT S/ ANVEINTH B,

{006 0]

KEEWE, /X5 100 (/X)W EYyF) E, FEEFTRAICEVWTIE Ry hEY F
POnff (CCZTWEn=6) THOH, TEATMICHTLTAHEO ZXTHRICE N T,
M3lcmeEnNsdd (=PX1,  cosb) THbd,

{006 1]

M4d, M2D4 -4 B> THHEKTHD, CEDDENES 2 KT % DRIz R
LTW2, BB, Malkclx, /A5 1., JEHhES 2., Ml 705 3. 5] E M
57, EEHKSS, MU, HEELYY SO ZTNZTNUOEODTOHBEINATWVL B A, FHE
WK, 4> ANy R50@&k, /A5 1, JENES5 2, @Rl 74t81005 3., 7]
EMS5 7, FEMKS S, U, BT 80ZZFTNTNHEMZ TV, BEAMITIE,
JENZES5 2, Al 705 3, MAlEMS 7. MU, JEEAKS 8 /A5 1 &H
BMEF2RILIPMYITRARECFISENTHED, BELYS80WE /A NVS5 108 (Eh=E
5208) X0&ELBRVEET / ANE IRENBS 2HFORBNSN X -V ERTIHE
NE—VTHEINTVY S,

{006 2]

KRB S 6. EHES2HNDOEMEZHAT/ AVS5 1HARBETNTWLSHA L IE KA
KHEEINTELD, FENBES520RHHEEHERKL TS, IREMKS5 6. HHOILENZE
52k REFBOLEDELIHMDODTL—FTEREINTY S,

{006 3]

HE®R=ES55F., IBEMRS 6 FHATENES 2HARE N TV S M & KR fid i
ENTEHED, IREWRS6ICERENTVEMA A I7H/EDS 3ZNALTHEBDOIENZES
2IEA V2B T S, $hbE, FHES 2 LT/ ANVE512FELTHREE X,
LEWRES 5. HBROTFENES520BE LBV T. CNLODEBOFINES 202 TH
ook, OO0 HBOEMERIRELLTERINT WS, fFflicid, HE@R=E
55, FHAMOLETE LT, EHOMB > 7B D5 3 MW 2Kae~ MU 7 X RICE
BENTERZ2RENRNEZ—VHUEDREZAET S, COXI AHEMKEES 51K, 22X
X MY Z AR ENTERIENES 21/ LT, A2 70 VBTN 3
ki B,

{006 4]

JEE®RS 8. FIlAREZY NS0, IRHWRS56ZNLTHENES 20AKZELE
B, FEKSSO—HOEMIZMAMEMS 7> THRKENhTHBL, HYEmMS 7%
NMLULTHETIONY RRIANT56EHEHEINTVD, EEMAKS 8 DM /7 0 Mk ik 8) K
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56 (LEEmR KXo THKRKEINTED, BEMIETNTWVWE, HEENKS 8Z5EIT % EX
BEETHAMHWEEZ., M1 DAY RRSANTI560bHFEEKRESICHEIOND,
{006 5]

NYRRIANTIS56NLEERS SICHEAONSZBHFEBICERZIEDS, F1lic, /
ZANWS5 1oAY G2 MRS ZEEMA S 8ICHEIEZMEN T (kK
il EMmT32) bbb, B2lc, JANVS Ihb Ay rEHBERZ A EERK
58 HATI VIR EOAY I DOMAZIT WME W ( TINARS KL &I 3)
MbH B, H3IC, MIBIRE & W7 L THEEARS SICHAZI T L2WMEI KL ( ITHE - N
WEP ) T 5) DD 5., . MM - WEEKDI B & . a0k o rE K 8 2 & o 24
MBI e EEAT VWD, a4, JANVS I A7 EMBEIEZLEELS A0
K FAZMZBE3IC// ANVE 1THNDAZAAAEZWNGIRIECES THBREHKEE (TR
AN AMRENBIE ) EMTB) NH D, Ho5ic., MHEBEINE. MANKESKE., KU,
AZZAAAWMBEHFEFELOVWINZEZTER Y, EEARS SEHI LEAVWEBEKEND 3
{006 6]

AEMEEDEEZEKRS 8 E. /ANS5 1WAV I 2HHESEIZDDENERET S
JENHETFEZBRLTVWRREZTTEHELS, AV 72 MAT2MATE., KT, 41270k
Ez T HMERBEFREZEMKL TV,

{006 7]

BEXY 80, REMIPETIE., HERESS5ORMICEBEBIN TS, Tk
CAKMERETIE., BROBEEELY S0 EXERESSAERNE A Y 7 OKIAEE
ENEHBEBNZ -V THBEBRESSNCRHEBEINTED, COXIBREBOEEL VY 8
ODWEERMBRICH DSV TTY) Y MHBEH 1 50X LBEBRES SHNOEED /& &
LICBIENES 2NOAL V7 DRENET NG,

{006 8]

HAAMWICWE., BEEYY 801k, HEKRES SNTOAS Y7 OHWIREKEZ RITEHDORK
ROPLSE THBRRSNEEROREZFRBICH - TEBEEINTWVS, £, JUV M#A
MATV 152k, WEELYYSO0IKEsTHRBENZHLEKRES 5 NORERBICIH
SHIRENHRREZENES 2TLDA VY IV OREBRICERTZIEDOERT — T )L
BWMAHLEINTWVD, TUYMHMEBT 50, MEELYYS80IKKs THREBEEIN M
MW=ZES S NOREXHRMICH - TBWEPHEHEHRE., 7YV MHEHAEY 1 5 2ICKEE
NTVWBEBRT—TIVERECEDIVT, RENES52CLDOREERRET S,
006 9]

CNELDORELYYT8OKT Y Y MHIMHE 15 0 &AM EHEKEE 1 0 OIREREB
ERHEKLTWS,

[0070]

COXSICHBFBRES S NOBESAZMBLTEENES 2TLDA Y 7 OREZK
HDBH5EI2CHE>TVEDT, BEEVYYS0ODHEZHRBLTEENES 2T LDA 2T D
BEZMINTZ2IEeNTER LI, FENES2HNCEELYY 80 ZREEL LA
CHBUTESRMOEBEMZRM T S2ENTE S,

007 1]

B, RFEREZ, BELY80Z2HEEARES SNOAKKKEBELEZEARICKICREET N
250TCRAEL, HEBKES SHICREELEVWTRENES 2 LICEEELELEAE. &
U, HEKEESSHNICEBI S EIENES 2L IEBLESEAGZ ST,
[007 2]

Tl ARERHEG., BELT80DORHBMBRICEDVTEENES 2T & OiREZRE
THRHEABICWMEINZEOTE AL, BMBET—2Z AWML 1 4CANEINE BT — %2 (
ZOWHBT— 2 ERELEGSCEHEZOEB T —2) TEODVWTEENES 20D
MEZHEULMICLIOFET Z2HEAE T,

[007 3]
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i, RIZEDOBEIMSHFELWVA Y I7HEAY R50D0EICODWVWTHHT %,

{007 4]

%E@i%“ BARS SIIRFWS 6 IcMOMNIENTHEL, IRIMMNRS 61 FENES 2
DA %LTm%@T FEKSSEZENES 2HNDA Y72 MATZMATELL
fmw BH, EEKRS SORAZMEBEISIENES 2HNOA VY IJICIBEADZTD., RO XK

5 7% (% ﬁl)w(%ﬁ5)%ﬁkbfv%&&ﬁ\ﬁibwo
007 5]

(1) REKR S5 6 HEWL,

[007 6]

(ZZfF2) B S 6 DEBEMOBmEIKETY (FIZXE. MMADHZ) ,

007 7]

(%M 3) REWS 6 DMBORBERNLETL (FIZWE, &, 7IVI=2T L, ., &
VEATEYVREBRRETERESNATVS)

007 8]

(%t 4) EEKXRS BLIRHHMRS 6 LOMODALEEN GV (HEIMDHEICELTWVS
VEEEMEVWERE)

007 9]

(%&M5) HEEAXRS 8OHDS BTHRMMWS 6 LHELTVIZHUNFIASERBE L (
WX TWw3) ,

[0080]

— T, EEKS8ICE>T., TOLEEKRS 8ZATIRIMMNS 6 & K HMICHES N
TVBRHEBEBRESSHNOA Y 7 EMAT S LEAETHL, HBEBRESSHOAL I OD
MBAFERE LTS %58%%w%%ﬁku\m®£7&(%ﬁ6)~( - 9) 7zt
LTWwWaZeN, FELWV,

008 1]

(%1 6) IEEKXRS 8DHDS B THIREMWS 6 ICHEL TWVBHLUINEALLERNEL
Blzid, AmEEROFB A A IR ETEDN, F%¢58%%5*7%11 ﬁﬁA—G
8 (WIARXT7NIZULBREORABEEROFVWHME) ZALTHBERES S5ICHLTWVD
{008 2]

(&M 7) REIWS 6 DEUREBERN /N 1,

{008 3]

(1 8) wEh 5 6 BWE WV,

{008 4]

(%M 9) IEEKS 8LIRFHMS 6 LOMOARBELENEY (BEHEINELV) .
{008 5]

[ 78 & o> B Bh) 3% 1 |
JEEAE S 8ICHLTANY RRIANTL 560652 2WEEHLICIE, sido ki, &
ELT. MBS . BB . M - BB EI e, A A AMIRIBEE. K
U, MBI HEENIDZ, ChOLOMEBIFEKICDODWTENETNFEART 5,

{008 6]

5. A—D//XNV51Hh6ni (FAEn=2) O 7 2HEKELTHHBEIE S
GOMHEEREKEIEIC DN T, M 2Rt &L, WiZ2EEAEKS SOMMEEV & LTE
LTWVw%, MslkesWwT, Tj t@mEy GEmtitZo cm/pmEERICEFELY) T
HO, AjtEAHERFHEEOIRKTCH S, RMES5IKART XK ZMMEKR (A=A 4 XMD
TIWRCG Ty Y aZHEIRZBIRNTHZ) o2 HMEKEENEENKRS 812525
Nzd&., TOMMBIRICHE> TIEEAXRS SHIRE ZHRELTCENES 20RFBEZzELE &
H5ZCEIEOBIEA j tIKISCREAPMA =TT/ AINVHNDAZ AR AHD TIVKT TS v v
2ENT, SRS I hbidRicmd CHkor 7 HEHET j ¢ THF L TR
HENnd, AR, AZAAZAEOTIVRCT Ty a2l TcirTbhd &, /X

83

10

20

30

40

50



11) JP 2006-240262 A 2006.9. 14

MBE2WMDOA YD MHEN TREBEERICEMNT %,

(008 7]

HERHICENT, REMFRIMBEZITS ZDHICE., FHEMNICE., AZAAANZO
FENES 2 0IREBEH T 0 (MBIKEORKEZ —E& LEZMHETFTTHENES 2 0HiRH
RICEXODENES 2HNDA Y VORI NI RKICKEZIBAWERBTHZ) TTIVRT Ty vak
MORTEKSCRAMEFEHET j t ZRET S, EBRICE., mibtoZEetzERL T, &
H. ENES5 2O0HRBRABEB OrSEHNEEEHTAZAARAZRHEES LS5 &R
AT j t Z&RELTE X,

{008 8]

M6, ENES2HNOAL Y7 ZMATE2MAREFEEICDONT, Ml 2R ¢ &L
L fiEdh R EEAS 20MMEBEBEV ELTELTWVS, M6IKEBWT. T h ti&hn 6K S B
OB THDO., Aht ZMARESHEELOIRETH %,

{0089]

B 7@, 1Y 7HMOMMENITLTHENES 2HOA Y7 OMEZIT S HAEOH -
BB R IZICDWT, Bl ZrEM ¢t &L, Mtz E®EKkS 20MMEEV ELTERLTY
2, M7ICHBVWT, TjtEmEEMNTHED., Tht IMARBHERLOEMTHD ., Aj
t EHHEEEEORECTCHOL. Ah t ZMBARIHEEORIEBETH 3,

{00901

B TR THE - IAREERE. KNSRI BB EEICH L TH6ICRT
MBEB W (EZLULERTRIBR) ZEBLTCAZBEREAFALTVS, TDOXS G
o MEABESEEOERER ZITDLEVEAICRE., KE6KBWL TEBRICHMTHZL TR
TR, MABBHERCODVWTE., 2MAHBICbE> T—HFEILd 2 LR RHT
5P ELTE KW,

(009 1]

X6 DOMABMEBPEILICE O TCHMEBEBEVOY — 7 (RAM) &, K517, HH BK S
WEOMMEBEEVOE — 7 (kKM tM— (FlAE24 [V])IIKLTHZ., AHIC
T oM - IMABRB P OMARB K OMMEEV OY — 7 H (&AKE) &, %
DOMEH - MEABK B WO BB EEOHNMEIE VO — 7 (RKAKHE) &FM— (flx
24 [V]I) KLTHB,

{009 2]
HELWIARSEEICOWTU FFERT 2,
{009 3]

T, BXEZHOTHBNDOBEIICHMHT 272D, LXK TEEREZRHILZE DL
T2, £292¢, FTEROFRARPIZ. THLOHM 1 TXEINB,

{009 4]

(%01 ]
P=V? Xtand X2 n f xXC
T, VZEEKS 8OMMELE (EXFEOMRKME) . tand & EE wss ELCEREi=IN
fRHEEERS OB F W (EXEOFBKEE) . CEAHEERSSOHERRETDH %,
{009 5]

BlziX, l1icswnwC, V=24 [V]  tand=2. 0 [%] . f=1[MHz], C
=300 [pFl &L~BAE. EEERS SOHFARPIZ22 [mW] k&%,

{009 6]
BM1IKR_RENEEKSIC, EEARKS OORKMEP X, EEMAKS SOE AT, LEEMK
580HEAREC, MU, EEBEMAXRS SOHMEBEBIEVDO2E, IKEFNZTNHAILTARKEL X
5, §xbb, MEFEKEKTI ., FERBECKUTHMEBLEVEBEBYICHKRET ST LICXDIE
EARKS SORMNERLTHO R ENTE S,

{009 7]

¥9, FERS SOHERBCICEHLTEBMKS SO MM T L RAEP O
BRICDODWVWTHHT %,
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{009 8]

JEEMKS 813, TOHREMKRS SHHOHIRIRRIC KD, BB EEf WEEMKS 8 DI
RERBE r THZELESCHERABRCHPRRICESINEZET S, Lich> T, EEWKS
BICHAZMARMBPEL O h t LLUTHEENKS 8 DHIRB B r X1 T Dk
DEWKEHERETZLICED, HERERS SDHERABCHARETLS A>T, @D 1 &
D, EEEKSSDHRABPHIRELLE B,

[0099]

TE. EEES SOMRMMEf r (HEFLETSZ) &, —KRic, fr>f0THO,
HHRBICB W TZE LB ZIT S dicid, FELLEfr22Xxf0THb, B
HFELLWEfFr23xf0THhs,

[0o100]

Hic, EEKS 8OFMBIEVICHEE L THRBEAMEK I L RARP L ORFICD L TH
9 %,

[0101]

AR DE 1 KD, EBEERS SOKMAEPIIILEEKRS SOHIMEBEIEV D 2 FICH L TK

ELl BN, HHMBEBEVZREAL#EAETS ., JANVS 164V IHAHEHLTLES C
CICHE TR E L TR ABYICAKASZDT, AIMBEVIIE. /A5 1054270
HHLAVWHBENCTEEZEKRS SORRABPHPI RS LZ2WYRMBMIIRETIDNEND S,
[0102]

K8, HIMEBEVHS —EE&WVWIEMBTICE TS ESEEOINRE R (B E KB
EHENENDA Y VDR ORKREZT S ZRTIRH T AV g OBBERTITTITTH D,
[0103]

MB8ILmENZ X2, ENES 2OHBBEH I OICBVT, IR 17>V g MR KIC
VAN
[0104]

T, BZCAVYIOARMMENILTZ2HNWTONIE., IRE) T 7> gh@m TEEENK
5 8DHIMBEVEZMSLARETNR IV EEEZILONS L, /o, BEEEE £ &)
T BAXS50kHzEEBICERE) LTEBH VA YgrE FTF2K5LTd et
EZbN%, LHhL., FIZEBEBEREL Zf OBICRELESBFICE., 4127 OMH
ZHiIET 27 DICEEKRS SOHIMEBEIEVZMD TN BEIT228 45 AED, 81 &D
JEEKR S SORMBP NN Ao TLES, £/, PIZEWEBEREK T Z T 05X
LT &, B1EIVEBRSSORABP NN ATV, LML, MBKE T
. BIZA Y27 0RMEENBIEENNEIVENS DT TEL, FAGRP L & HAH
kKENzd, §5bb, EEBEARS SIKKZTERHMBLEVELSZATE A Y 7ORHIMVAKEL A
DI WVWENZEIDEND 5,

[0105]

CODEIBAVIORMHENIETZ LLEICKREARABPEEZ L VLSBEDLL,
M S8IC/RITMIBAMGBK I ELENEBRITZ AL g bOBEBRLMTHMABOE 1L XD, EHES 2
DOHBHEHBEH IO (K8TIWE285kHz) KBIZENES 2NDODAL YT ORET 1>
g O LTH 1 20T 1> (g0, 2) UFREAED XS, BB KIE O P
Bfthid2axfo (8TWE570kHz) UEETZDONTFELL,

[0106]

KOFEMITE., MAMESICBOWTHEIRELEZVEWVWIRZEE (AMBZEE) %
FICEHODODDODHABP ZHICKZL T2, MARSEEORWKEE T h t ZHICEHL T
5., BAEMICE., M8 XD, MANSKEORMEE T htid., 3IXfOLLEETBHDN,
KD ELWL,

[0107]

BB, K8IBWVWT, BMEHEHR TN orsE A3IcONT, RBTF A2 g E
DO (M8TIWEO. 6) WKMIFTWELTWL, MARH T, S/ AWV5 10564270
HELAVWHIANTIRB S A ghRmRI/hT T, bEiidOoH 1 OARAICHEBHLT
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JEEKS SOHABPRZ LY KELTE K5I, MAMIHBEREOMMEE T h t 3&Fnid
WX FEZIO6N2%, LML, EBRICE. MARBBEEOREH T h t &L T
I AMHEHPIRBRELAVEYZEAEBERETI2LHEND 5,

[0108]

TTT. SAMMBEE, EEAS SOOI AEH I ZzEd LTV E, JANVS5 1N
DAYVIDAZZAAAMHPBULLLIBEIL T, BIRKOWMMEBE A I/ A5 1DAZRA
AHMMHSRCHMTEHLETH S,

[01009]

SAMHHEPREETZA AN AMIRIEL EEEKRS SOMBE P T &OBBFE. F
o2 TERINB,

[0110]
(% 2]
hz2 (p/p) x (p/Trnf) 7 ?
TCTT., pldkiE [Pa-s] . pllkhho®EE (kg  mg] . TEEMmEN [N " m

] ¢h B,

[0o111]

Bz, kic2. 5 [MHz] Of#z2NzxlzeE, AZAHAHKEEh=0. 24 [
pm] &b, —ffRic., S AMEHEMIREET S,

[0112]

Boko, FEARSSOMBEARK I @< ase, 73 CHHILT., A=R A
ZHIRMEh OBERM (K20 TEKXNRITEZ2hTHB) /hEKks, 2T, 2
AMMHBZECEIAVESICTSDIC, HKEBOXZA A AMHKRKEhNAI A FHHEZS
BREE FRIZEEANT. DD, BRI IO VEXIABERERDZ LS., f RTV
D AEDOEEERINT %,

{011 3]

Bl Z W& . ho ZABK B % T o FI R E 2 i A AT RE A e R (B 2 I ¥ — 7 fE 2 ek R B Uk B
ERU24V) ICEREL, MABBKRILOEPEE L ¢ hid I X MIEHAFREAE L&KW
ThEMEICKRETNE., RAKOBRARBPMNELNZ T LICE D,

{011 4]

., SAMHEHIREETZLENE. WK (A7) OFEOE»., 4 7~y
FRNOMEREIRICERN > TEHED, 2TOA Y I7HEANY FRICE->TTI MU VE—E
KCEDHZD TR TERVDOT, TS DHMEOREE., A 7Ny ROREKRTEIRIC
JIGCTED S, HBRICKD f RTVEZRDTE X,

[0115]

DLEFHLULEANY FRRIAN15605EEKRS 8ICE R 24 F LW BVEKE) kI O %
PFICDODWTEHETEZELTFTO@ED TH B,

[0116]

(ZfF 1) MAREBBEEOFEBEHR I h t i3, EHEOHLKRHEHRTIOD2M (2 X0
) MEEdT B, IOFrELLIE., 3XFOMEETS, 22T, fOW. ~EDORMEDIRK
BWRIEEENES 2IC5ARGACHENES 20/ IBRICKVDENES 2HD A Y7 DIRE)
MERKICEZEAERTH 5.

[0o117]

(&fF2) MAREBEEOEBEEf h tid, SAFHEEIEELEVEAEREZRET 2
(011 8]

(ZfF3) MAME W EOR W h t &, (a) EEAEKS SOHARP ZA KR
RARKICTZEVHIEEANMPDE, SAMAHBOHEANCECTRADHERZRET %,
HBHWVWIE., (b)) IAFAMHOBEANICENT, EEEKS SOHIRMMEEf r XIFZoD
EHEORR B EMABE OB h t ELLTHRETZON, HFEL L,
[0o119]
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FE (b)) oFEAICE. M. fr=nXf0 (n@EBHK) THsrex, fr=2KX%
fOXBZOEFEDOFBEREZMARSBELOMMEEf ht LLTRET S, £ohrFLL
Ffr=3XfOXRBZOEFBEORGEHZMAKINE O EH I ht ELLTRET %,
B, kil (b)) OHBAICE. WELWMABE KB OB h t LHEEKS 8 DFfE
QECht&®%Mu\m®ﬁofﬁé F%%58®%%Hﬁﬁfrf®r k58D
HERBEZCTr., THEAEKS SOLRMMEH I r KO +OoEVEESR (BfAMNCcE, fro
1/10&#)T@F%%58®@%§E%Coabtk% AC:ICr—co\aL
T, HBICHVZ2MARNKEORKEHf h t TOHFERECh ticODWVWT, | Cht —
CO| /ACzZ0. 3THrTeIhHEFlLL, THWIKFEFLLWE. [Cht—-CO0 | /A
C=0. 7TeHR2EBERZMARNPERLOFIEH T h t &T 3,

[0120]

PLE, ARPIZOOWTHBHUPDOEKICHHT 272D, Ny RRI A N1 56H5[E
BIRS SICHAZMBE LN EXLEILIRTH 2L A Z BT L A, hnBEK 8 3% & &
HEEIRTHE2HECRHICEEINZEDOTEERL., BEEEBRRSHBIEFEIRSE O ok
RELTEEIWVWTLEESIETE R,

(01 21]

MRS E AR E e ERNIET R e, AV EMB IS ZRBEEEEEARS SR L
THZ2MHEBEHE, A7 ZMEBILEVHEHBENTHABN KX RRBKEZEEKS
SIKMNLTEZAZMARI L TIE., WEHKEINRZ S,

[0122]

HAMicd, HEBISIKRERZ., AZAHRAHEEZTSIVRT Ty ¥aT35RIK (B250IE
Ty aDRTBZERR., TV, Ty yaRU TV ETEZERTCH->TELY) THDOD
KR LT, MEERE B . MBI ORI A j ¢t KO & /N ARIEAh t &R/
WEBT j t X0&/NEEFMTht (ThbbEERHTI2HEAOMEREK=1 T
JtEROEBEREIEFEAWEE 23 2EBMNARBKEETCHS, T, FEKENZIRE
Wi &, MAMMORTICbles THEMNICKRHTIHAICRS T, K6 I1CHEBTHR
TERIIKCMAMMOBH TR -KMNICELTZHAEEAT.

[0123]

RIE, AZ AN AWBWEHIELICOWTHIAT %,

[0124]

AZ AR AWM E., /JANVS5 1AL Y IZDEHRDIOABNPERETZCLICHS AV
JOMELEFIIHLT, JANVS 1IEDA VI EBBITEZAAALAESLICESTA
VIUDOME LR EMA SR TH S,

[0125]

CDEIBAVIDBEEAZMZZ A AMIBIHE A2 7 OMMAZ TS RO
BEE T 2ORD 2L ALEZDT, TNFNOoHRERZHEILEGEOINE XS ICH
WICEHEZZHEBIKEZH VR LRI, BWVWICHRZZHEEZITS MICEHET %,

(01 26]

JEEA S SICHEABDAZAHAMBRIBE L E LTRE, TXIVFOMMBEEIHERI A
ANAFEL LZTDXDICMAREBE R IO EEVIR YA g2l 5eNTE, D
CINBEBEE XD EEERS SOHKARPH NI 5Ll EEH VS, BAMIC
. ENES 2OH-RAEB L OX I ZOEFEORBEHE. WMEABKEHE XD & /N K
MEEE ZH L EZBNREOWEEZHW2
[0127]

¥, JANVS 1 HNDODA Y IR ETIZNKROEE (FAARE) PEdiks el Z)E
MELZZ2DT, AZAAAWBRHIETERENGVIEETS> T LILK D,

[01 28]
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gL ClEirTbawv, i, M1 oA 27 I DANHETI1IS8ICK>TA YT H—F
')//75‘64’ 71 D%EHAMBELEII., RELYYVYT SO THEZBEHL., TV
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MBI LIS 0 X T AR AMBEHZIT>D0ENEZHET 2, BB, AZAA A
MDA ELEEREOGVA Y IDA 7 1 DE, 4227 1D EICAZ XA AMIE
ziT o ElzHETZODRERMEZATY 152 TFHRELTVS, UV E
FEEHB LS50, A7 H—b)wIDLFHEALANLNTEA YT IDBAEY 1L 52ICTOD
AEINEA Y7 I DICEY L, D, BELXVYTS0KI->THELEZRENAEY 1
S52ICTHHMEENLEERMEBIZ LEZICE., AZAWAWMIEHEZTS LHET B,

[0129]

AZAAAWBH MBS & 2Ltk T 2 &, MAEHMELS T HAE R X 2 KD
WaFEERS BICH L THEABZAZ AL AMRE L, MAZHNWE L TAZ AN AWMIRE)
KODERELGHRAENBONZIWH PR ZIEHBEARS I LTEA2MEART & Tid. K
e RE S, MABHEEEHBELTAZ AL AWMIBHEE I, BiEPEL, Bm
WEN/NE 0,

[0130]

Fle, AZAHAMIBREIE, BEPHERELPT VA Y 7R LU TS — 75 TIAB N EKE
LWL WZRHEA 7)) TR ITbEVEVLS KB ZITS N, MBARHIZ., 17
WHOHEREIC KT I ELEZHEITZ2O0TREELSEEEZNEORERBICRETIT RE &
FTWLIT2. §hbDb, A VI/BEHROERENGESHOMEDREMMEIDEREN GV &
FWRITIAZAHAMEBRIE, AV 7V BEBOMRERICEHDODET A VY I7EELZED S DI
FMEDEEMMI O BEENKVE ZITIT AR & . EWHEMIC., fIEO 5N Y T
»H B
[0131]

B, BEBKEEEZ., JANVS IOy TOME ., EHES2HADA Y7 O,
NUO, AZZAAZAWMEBEHONCITNEERELEVWERBHOWXRETH S, 21X, —EEIE
(FlzE24 [V]) ZHEFETZIHEIETH S,

[0132]

RSN AR EN

BREP L DOFEIR (HIiC T XAy F T EEMR) IWDODWVWTHHET %,

[0133]

AEMPEOBMBELEE 1 0TIE., EREEBENIT L S54ICX>T, B9 (a) k&m
TG, M HAONREEL I 1 EMARHORE LI 2 M EEINTHE S,
Rl L TOeHETOEBREZETAEAEELIOIPEKNENSE, iz, TV ¥ MEHIE
150IC&>T. M9 (b)) IKRT LS %, KM ETHEAEEI O 1 HEERTANEHRK
B 2 RS BEINEILE I 0 2 W REEMKRS ST ICERENSE, Ny RRFI A1 5613
K9 (a) IWRTHAKEFEIO I NS, K9 (b)) IKRTIERKIL I 021> T, W
il ECHRIEEFERS 8T IR BRI PFE R ZERT S, K9 (c) E. Ny RFFT AN
1 56 ICEBEBERGERO—HIELTOWEHERLI 003 ZRT, TOXKIKKLTANY FFT
ANT 56K THERENLHNFEKLIL O 0 3NEENKRS lctiaE N,

{013 4]

IR, JEARWE., BIRWBE., LT, EFREINEHEHERBCODVTENETNFELRT 5,
[0135]

M9 (a) lcBWVWT, AWK IO 1 OHFH O HESEE I 11k, EHICHEZRIEA
jtEBELE, AZAAADT VNG Ty v az®ESE2HEHOMMEETH S, C
O BB T 9 1R LB TRARHBEBT j t (FIZIE50 psec) T
HFATN TV, . KEMPETREAZANAD T IVKR T Ty vazZREZTEZ MY
BIRZEZHWVWEZH, HMHHOMMBIRICIE, i, XAZZAAADTyYaDhEREIES
JBIR®, T, Ty v aRkUOC TV EREIEZEREZEND S, RABEF OO0 1 oo
BOERSh Ui E 9 2k, MMARBIIC XA EAREMT h t X CIEEA h « 4 U 728 &0 & IR
Th-oT. FE EIcETHHESHEEL I 1 EHERIEE I 1 EoBMICHATATYL
. TOMARB PO 21, HHEKEKE I 1 X0E/NTHRIBEKDMBEMPT j ¢
KOENSHEAMZET %,
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[0136]

B9 (b)) ICATHEREELIO2E., MEM Lo A7)0 (IZE50upusec) T
S, MHEE B OER (ON) MUTIHEER (OFF) ZxR_d, M9 (b)) iITBWVWT,
HAEMEKE, 10942700 (0~50psec) Tk, HHEBEIE 9 1 OIEEIR (O
FF) UMK LI 2D#ERN (ON) ZxRL., H2DOY A7)0 (50~100 s
ec) Tk, IR ENIIE 9 1 OFEIR (ON) RUMARE KK 9 2 DFER (ON) ZR
LTW3,

[0137]

M9 (c) CHRINYRRERSANTISBICEIOVBEBRINLEBHKLI O3 E., H1OY
A7) (0~50psec) TWE. ML | MMIMARBELI 2Z2HL., B
20 A7) (50~100psec) Tk, MHERBEIEE 9 1 RUTCMEAKSEE 9 2 %
9%, §5bE, HI1OTYA I TIEMAREEEL I 1 OANEERXRS 8ICEZLNS
o Tl B2OY A ZIVTEME - MAKTHKEE I 1. 92N EEKRS SICHEADNS,
[0138]

B, KO TWE., KilFEKOMEE B K5 K O o 2B B 3 o i 5K 5 3 D
REINTVBIREE, THEBIKEDIEBIKRTNARBEEOADPBIRIN TV BZIRED
2ODIREDORRLT VSN, NMAKESKEEDIEZBRTCHEHBIKEEOAN BRI N T
ZOREE &L M HEK B I N O hn BN BK S i T o W ER B 3 E A JEE N o R BE (4 ER B o IR BE)
NdH 53,

[0139]

ThAbBE, AYERRSIANTI561 . 7YV MHMBEEHLIS0oNbH I NRINEEIC
HEOWT, MBI 9 1 UGB ENIE 9 2 O W HE ZEEK S5 8iIcMifr LT
52 %k, MBEKILI 1., 9205 Tcwinh—HEIEEMAKS 8ICH5 X 5IRE, &
. WKL 1. 92 FERSSICHEAZAVKEORFNMDL —DIRERZERL T
HKS 82BN T B KHICHE> TV,

[0140]

T, MHEKE I R AR E B 2 L EA S 8 THifr) LTHZXZIKELE X,
CEDOD/ A5 1S EBMEOIH (HH) Zir> T35 bICMAKBHEIT> TV
RETHD, VWA S L. K9 (c) ODWEHEEOFANMS EDOMNZ XS, MHENICTIE
MBS O SRIC AR E) Z 17> T2 WM, BRI EKE) & n A8 & & % A R
WKiIT> TWVWBIRRETH B,

[0141]

¥, 7UVMHIWEE 150, BROFENES 2NOBRKOREEZZNZTNREEL.
BRENES5 2HOAL Y7 DRENMAINIZXREBETHEZ2h G0 2 ET S, T LT,
BEHOTEARS 8D BTAYINDNIMAINEREIENES 2ICHBLTWVWSEEIRS 8
WKDWTWE., MANKIEE 9 20EIR (ON) ZHRI2EREELIOO2ZNY FFT A
N1I56IKHLTHNT S, COXIAEBRFEFLIO2ICHDIVWT, "y RFI A1 5
6ICKD, HEOEBARS 8D BETA Y INMAINEIRNETENES 2ICRHIELTVS
JEFEAR S SICIWEIMEANMBE KK I 2Hh G256 N, MADNABEZIENES 2ICHIGLTWVW3IE
EAS I IMEABE KK 9 21352 5NE WV,

[0142]

TE. MARSOBS., SEHNES52CLCHBEIRELEVRBICSUCUTAAL Yy F ¥ 7 HH
GERWIE TMAKEEIE 9 224 LTWVWEHIM) ZUYDHIZNIVALE#HET->T
W3,

[0143]

BRINAAL Yy FUITHRBERRKAALA Yy F Y 7THBE., TORDOLNTWVE, DALY F
VUWERIE ., MARE KO 1 (XiE 1) £€9%, XD WwWE, FEKS 8ICF
BRI ZE LI EEIDNLTHDE. RRKAAYF U ITRMIE., A 7B MEAICKX D REBL
BOKHEET 2, KARERZR A Y7 eRAmMEDEMRBICKODEHTLIOT, ¥—V ¥
FRHAATHEEWREREZIO~15CHEVEDELTRRKAASAYF Y ITHBERD S DN,
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HFE LWL,

{01 4 4]

Flh, AAvFU 724327 (ONJOFFZYOBMZAZRZ2AIVITTHD) &, &
ABEHIOO1IHAHMEBE (Hl2EX24V) THEZMET R, REEBELETHEMICAA v F
YO ULGWE, JEERS SIKAERIRFZELIEEINE TH 5,

[0145]

BB, AZANAMRE &, BB R GRS XTI OB EN TV, Lk
mo T, x~xﬁxﬁﬁﬁ%ﬁ5&%mu\%&Wﬁ&@m%w%@ﬁﬁ%%%?%%m
WG OBRRKIEDTY Y FHIEEHBLI 505Ny RRIANT56IC5256N%,
[01 46]

(REL T ORARRE 2 — 2]

HERESS5HNOEELYYS0DKEORERZ—VICDODWT, K1 0ZHVWEDRD
T %,

(01 47]

M10 (a) B, F1ORARERX—-VERTHEAKTSH 3.

(01 48]

HER=ES 5, HBRES 5ONBALSHEBEHRES S5IcA Y IR INh 281 >~
IS5 518, HERES SASKIENES 2Kl A > I 2MET 2 2 RicH S
ShiEBRO@M Ay 7H8BO053 (K1 OTRKRZEK) &, HEB@K=ES5 50 5HEK
DIEHNZES 21t EnaboltRFEHOAS 7 2 BRES 5 S HERES 5 DHE
KH T 281 Y 7HEHMO5522BLTWV5,

[0149]

COXIBRFEBWESSIKCE. W10 (a) TRENBZEHIC, HBOEELT 80
M, RERESSHNOA YV ORENHZNFRIMIBTE IS, IENES 208 (M
%4/7{%D53®&k%bw)&D%m&wﬁtw M2l REN3EIBENES
2OMBENREZ—VERFELZLIZEENRNZ—2VT,. EETNTWVWS
[0150]

10 (a) mTHEBAYIZMHBOS55 16T ALY Z7HHIOI5 5 2 NET B KA
%@ﬁ?l\72\73@\ﬁﬁm§55W®§ﬁ®mﬁ@¢#6\%b%méht3$
@1&%5’]7;@5%@ (REWRB) THs, TOE>ER3IADRERM7 1., 72, 7T3D53BH
T, HEHE=ES550HRT7T20&KDEHEARES 5DO—FOMEBE (KT EMAlDEE) S
53 t-ﬁlﬂfi%7 1 07BN ERBMT7T 1 ZFH 1 ORERBMEMLSRZ & t-b\ HoE W= 5
5DOHRT7T202FBALHANREMMBT22F20REZEFRBEMES EICL., ﬁ(ﬁiff) 50
*720&b0 84 ﬁmf55®@ﬁ®ﬂﬁ(I¢T@TM®%)554kﬁwu 30
FHALAMNREMMT SEEIOREXRMEML SR LT 5,

(o151]

TCT., iy, HEBWES S5HNTOAL Y7 ORIIBHZ RT,

(o152]

ARMBEEICBLT, BARMNICIE., RERES 5HhLEBMOIENES 21 L THEAA
IO OsS 3N LAY OB RVIRE (TAhAbBE// ANVS5 16D A YT DM
Al AVIRE) BT, @By fEO55 1o dEA Y 7HBO5 5 2%
2FETAVIDRIT2ZORBOMBERMEL TV B,

[0153]

BB, K10 (a) icBWVT, HEBHES S5, oM E L, HEa > 78K 055
1 OMERCGHEFE A 7HMO5 5 20RZRHEBEBRES 5OREBHE —-ICLTERENATY
5, ¥, 3AKAOREFHEM 71, 72, 73 CHBFIBZAY70FEEG., 2THELVWLODOE
T 5,

[015 4]

Thabb, H1OHARBSZ—ViEBWVWT, HI1~F3oREHW71, 72, 73
. HadEs oM Os s I b HEAS Y KROS5 2AES, HEWVICHEITREREIR
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ThHho T EMEDFHMTH %,

[0155]

ZLTC. H1OEARBENRZ—YTE., SRE{EWH7 1. 72, 731CH->T. 227
DREL VY8 ONBEINT WV S,

[0156]

Flh,. B1OEARBNNZ—VTE., RERKBICEEZ 2 ADERICH->T. TN TH
3DFTDOWEL VY8 OMNEBINTVS, ., SEEMAE., KBS 7B O55 10
S04 ORERHE (Bl T4y 78ERKME] &HT2) "EFLLUARALZHEATE?S
fO(HIC THERKR) &M 2) Th S,

[0157]

HAMWICWE, AV 7RERBNt 1 THI2FERRICIH->-T, 3D20EELYT 8 0ME
BENTWE, . AV 7HERBIt 2 THL2ERBICH->T. 3D20REL Y S8
OMREINTWV B,

{0o158]

10 (b)) &, FE20RARENRX—-VERTHEAKTS 3.

[0159]

M 10 (b)) TW&. K10 (a) &id®RED, @AY 7MHAEO5 5 1 Ol K& HEA
VIO 5 20MREAEZEERES 5DOBIDENSLSLTERLTHS, £/, K10
(b) T, W10 (a) HEMEIC, HBEKES SHNOZHOBMOP ML, FTHERRI
NE3ADOREXRMT 1, 72, T3ZRKHAMNETRLTWVWS, 2L, 3ARDMNKREFRMR
71, 72, 73k, BRKIPHEVICEEZ->TWS LB, MESAVICAEZ> T3,
[0160]

HAMiIck., B1oRE{ERM7 113, K@ I78BO55 1 BHELT, HERZE
550HMRT7 206N THBERES 5O HOMEE (KT EMOEE)S 53 D
@O, BV I7HHOL 5 2AE2MMBROBMTH S, HF2O0REBEWMT 2 &
CHEAS MBI S5 5 1 2R LT, HERESSOHRRT 202D, HiEA VY
OS5 5 2 \E52HEHMIEROFEMTH D, BEBI3IONXWM7 3. Ha@a > 7 #ftHOS5
51 %ZBHE LT, HEBEKRESS5OMRT7 20068 NTHBERES 5O MEE (X
HTIEFUOBE)S 5 40EFEREO, KB Y 7HMO5 5 2NEZ5MBREIROMBRT
H 5B,

[0161]

HHICOWVWTIE, HBERES55O0MRT7 2072 EZBE20REXFHM7 20 #H I, HE
HWES55DHMRNMLEENTHEES 53, 55 4D0EEZESH 1 ONREHRMRT 1 LUTE3
DOREWMT 3OWHEEL LR L TRKE W,

(o162]

COXIBBEBRORER BT 1. 72, T3DFTNEFNRKIB->T. 229 2REE VY
SOMBMEINT VS,

{016 3]

Flhe, AVIEERMMIELVERBRICH-> T, HEOBEEL Y SO0 RBEBINTL

o HAMICWE., AV 7RERMAt 1 THE2FRHBRICIH-T, 3D0EELYY 8 ON
fEEINTWVWSE, . AV 7FZERBNt 2 THE2FRMRICIH-T, 3DODD0DEEL VY
8O0AMAEMEINTWV S,

[0164]

K10 (c) iZ, HIDEAEBNNZ—VERIEAKNTH %,

[0165]

K10 (c) i rndHEm=EsSs5&, L@ 7MHBO55 1 OWEETHELS > 7 P
M55 20@MAEBEKRES SOWERE —ICLTERENATWS, £, H@HR=E55H
DEZFOFMOTHAS, W10 (a) TRITHIOEAKBRIZ-VORKXRBMRERF—D
SADREWRMT 1. 72, TINTHERINTED, ThHE5D3AROREWMT 1.
72. 7T3@3AYVI7ORENELVED LT B,
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[0166]

FIDHARBENRZ—2TWE., K10 (a) KRTH1ORARBE S X - LR L T

1 ADORERBICEHBINZEEE Y8 00HEMNP AL ASZ ESICLT., SRERRK
71, 72, 7T3RFNZTNHEL>YSOIEBEINT VS
[0167]

HAMWICE., @07 MfKBEO55 1S ERBWES 5 NICRMRICHALRALS VY 7D Z
NEFNOREBWHRMT7 1. 72, 7T3WCH->THN, HBBRES5S5NOEHRORE LT 8
OWHET B EE, TNHOWMELYY 8 OIWKHKRKICA Y INRET S X1, REFRBK
71, 72, 73wx U TCEER—ARDELRICH 9139@ﬂﬁh/ﬁ80ﬁMEéhf
W5, FFEMICE. A 7R ZERBENFERNt THIFRBICH->T, 3D20WMEL Y
OMEEINTWVS,

[0168]

K10 (d) i, FA40EARERNZ—VERIEANTD 5,

[0169]

10 (d) Tl K10 (c) &iF®RED, @AY A5 5 1 Ol KU @A
IO 5 20EZEEABES SDBEIDENSSLTEKRLTHS, . K10
(d) TWE. W10 (c) MK, LBABRES SNODZHOBHMOP NS, THERE
NEIAXDODREWRMT7 1, 72, T3ZRHANETTRLTWVWS, 2L, 3AXADRKRERR
71, 72, 73, BRKMAEWVWICEZ>TWVWDELEBIZ, MENHEWVWICEHZ> TV,
[0170]

BE., BAORARERZ—-—VIEBEF23ADOREFEBROEIRE, K10 (b)) IK/RT
F2ORARBERZ—VICETZ23ADRERBOBIKEFALTH %,

(017 1]

FBAORARBENRZ—2TWE., K10 (b)) K/RTH 2 ORAREN ‘&RKLT

1 ADORERBICHBINZEEL Y800 MNP AL AD XS IC Lf\mft
OMEEINTWVS,

(o0172]
Bk, L@ > 7G55 lb‘EJjQJEMZESSWLL_HB%LLYJIL)\LK/(/773‘
NTFNWOREERBT7T 1, 72, 73IKH->THN, HEBKRES 5NOEBDOEE >~

OICHET B L &, Ch%@?ﬂfg*&‘/ﬁS OWCHIFICA T WEET B XS I, 4"/7@
ERHEPEFELVARLZEATESFRRICH of(mlﬁﬂ/ﬁSOb‘ﬁE%éth\%oﬁ

Micix, A 7R ZERHNERBEt TH2FRBRICIH->T, 3D2DEELYT 8 0ME
BHENTWS,
{017 3]
M10 (e) &, FES5ORARERX—-VERTEAKTS 3.
(017 4]

K10 (e)lcbnT, @ ka5 5 1 0WAkTHE A Z7HETTS5 52 DIE
FHE R = 5 5®¢E8W§ﬁéblbfﬁﬁfﬂiéh“(b\% T, AERRERMT7T 1.0 72,0 731&F

HM10 (a) WrRIH1IOREARRESRZ -V AR, fiE., BIRK., KT, REHFELCT
»H 5,
[0175]
FHSORARBENRZ—2TE, W10 (a) WRITHF1OHEARKENZ - EHRLT
I ARORERMT 1. 72, 7T3ILCHEINZ2EELTS0DEHMNDELIARBZESIKC
LT, WELYYS8ONEBEINTVS
(01761
Bk, o 7{1"2%/\[:155lb‘E/\L(ﬁZ§5SWLLHB#CLYJIL)\bf;/f/ﬁfJ‘
%ﬂ%\h@1ﬁ§(m7{f‘7§7 1. 72, 73kK-THN, HBEKRES SHNOEBORE VY

OICHEIET B & &, %%Hﬁ@ﬁﬁ%dt%%of\ﬁ&%%%tﬂ%ﬁ%ﬁﬁw@&
REYX YT 80K EBINTWV S,
[017ﬂ
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REAIICE., B oOMRERM7 1ICE A 7HERMATERMNt 0 ThaMEICEE
Y8 ONVEODHBEIN, H2ONREHRM7 21 A Y 7HERMAt0+dt THB
MECRELY 80NV EDHEIN., FIDONKRMMT7 3ICE A 7EERHENt O
F2Xdt THANECRELYYSONVEDEHEINTV S
017 8]

COEIBHHESOHARENSNZ—2TWE. K10 (a) KARTH1IOEARE X —
EHBLUTRERBMO 1 AT LOERMBE RSN, HBEKRES 5D2KICDODWVTHEFICH
EHEREHRZENTE D,

[0179]

[ 553 = 0 E & i A o ]

HEHRES 50ERNAMEBEICODVWT, H1OEMILHEIOERE TCICHT THMHAT
2,

[0180]

K11, Fl1OEEOEBEERES SIKCDODVWTHEEZRIKENMERTH %,
(o181]

M11licB0T, F1OREXWR7 1, @ r7fB0O055 1056, HEBEKRESS
DR RZHENTHBEBRES 50— OB (KNP TIE LMOBE)S 5 30EHEZED .,

YIPHHOS 5 2AELZMBMEBIROFERTCH D, H2oRERKRT 21, @17
s 5 1S, HEKREOhRZEL, @AY I7HMIIS5 5 2AEZHEBEIRDOR
MTHz, HFEI3IOREEMM7 I, @ r/7fBEOs55 1056, HERES 50HRE
N CHEKRES 50O ME (KMbhTld FMoOBE)S5 5 40 amy ., Hma > 2
HHOS55 2 AZE2HMREKROBMTH %,

[0182]

Fl, @AY 7ES5 50 RZEZHE2ORERMT7 20FHEIFX., H@EHR=ES 5 DH
REMNTHEOLDEZESZ 1 ONREBRBET I LUTEIONRERBTT SOmMME L LKL
TRZEWV,

[018 3]

HEA MBS 5 1 0EFEOHEELYY 80 —00ZBRWVWT, HEBKR=ES50D—F4
OMEES 5 3F0DZEAEHE 1 OREFHEM7 1ICF4200HEELYT80—11, 80— 1
2. 80—13, 80— 14 EEINTHED, HBERKRESSOHMREFESH 2 DR ER
M7 2ICE3ID2OWREELYY80—21, 80—22, 80—23WREIIhTHH, H
MKES 5OMADOMEES 5 4FODZWAH2E3IORERMT7 3ICWE4DDEELT 80
—31,. 80—-—32, 80—33, 80—34AWBEINTWVS
(018 4]

YU OEERENt 1 THhHAIMICI-o T, 580 —-11., F580—-21RUH
F80—31D3DDRELVIMIEEINTWVS, AV T7DOFERMMAt 2 (>t 1)
T%%ﬁu Vo TWE. TS5 80—12,. 580 —22NNURS80—3203D0EE

VYUYMNHEEINTWVWS, AV 7DORERBEMNt 3 (>t 2) THHIMICIH->TIE. FH
80—13. 580 —23NUNS80—33D3D2DRELVYYIPEEINTVS,
AV OFEEMA L4 (>t3) THARIKCH-TWR., TH580—-—14, RUFS80
0—3402D72DWELVYIAEEINTVLS
[0185]

B, 3AOREHEM7 1. 72, 73 Cih-oMEIRINA T, o fi@EICiEEHRESE
FTZZBMLTEKL, REMIPETIEZ., HBAI7H-HO55 1 0FALIC2DODDRERL VY
80—01, 80—02%ZMEMIIKEL TV,

[0186]

K12, H20BOEBERES 5OMEZRTKEHERTD S,

[0187]

M12iB80WT, HEBASAYI7EBS5500REZHELIREZHRR (B2oREXHRM72) . K
G, @Ay 7 ES5 5D REEHNTHES 53, 55408 E2E32NE0M (B1o
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REFEBR7 1, BE3OMRERM73) . M1 OKRRKRTHE1OEKEFALTH S,

[0188]

W2OEERTIE., B1O0BRKELEEIERRD, MBSV I7ES550hRZEZ2REWMM (G
2OREBWMMT 2) @AV 7 ES5 50 RZHENTCHREDOEFEZEZREBWH (1
OREWMT7 1. BEIDOMRKWWHT7 3) Lomiic., MEmicERM (B4 0K ERM
74, BE5ONRERMT7 5) ZEIRLTH S,

[0189]

BRERB T 1 ~7T50HEDRKNDEBICOVTIR., PTROREFRBH (F 2 0OREHRR
72) OME>SHENGEREBEFHMOWE (FL4O0REXRM7T A RTHESOREBWRBRT 5)
DFE > EE R FEOREKRBE (B 1ORNKBM7 1 RTCEIORKRMBMT 3) O, &
ToTW3,

[0190]

Fh, BRNERMT7T 1 ~751cF, @A Z7MHHEN5510EEOREEL Y 80—
00ZfR<E, ZNETN2D2FTDODREL VTS ONEBEBINTWL S,

(o191]

AVIEERMEEELY Y S0DORENE—VEDERICDODVTIE., 1> 7 B ERR
Mt 1 THAEMRBICH->TREHEETS0—4 1 KEUHS80 -5 10REHMEEFIEE
SNTBOL, AV 7HERENt2 (>t 1) THAMTH--TEHFS80—-12., FHs
80 —22MUHB80 -3 20REMEBEIXTIEBEBINTEL., AV 7RERKMNt 3
(>t 2) THHAMICH->TRITE80—43, 80—23KUMNE80—53DiREM
HEFIHIEBINTED, AV Z7RERENt 4 (>t 3) THLIZRICH>TERHFS80
— 14N UHFF80 -3 4D0HEBRHEFIPIEBEBINTV S,

[0192]

BB, H2OBKETE., BELTVA2ERBAI L TRREL Y8 0Z2EET 2 EM
M81~85ZHAELETWVS,

[0193]

FlraE. A7 78ERM=t 1 THI2EFRRICE. MELLBEL4ORKRERT 4 XKUHE
5O0MREHRM7 5 &R ETHZMECZNhTNHWEL>Y80—-41, 80—51%Z8EL
T3, COFERMICHERELTVWDE A7 HERMDt 20FRKHFICE, PRZEZRE
ik (H2oRERMT7 2) RUMEBELTHEZEZNRERR (H1OREHRMT 1 RUE 3
ORERMMT7 3) EXETIMNECZENEFNHEL>YS80—22, 80—12, 80—
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