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Description
BACKGROUND OF THE INVENTION
Cross Reference to Related Applications

This application is related to copending application
Serial Number 08/612,339 filed March 7, 1996 and Se-
rial Number 08/713,088 filed September 12, 1996, com-
monly assigned with the present invention.

Field of the Invention

The present invention relates to image forming ap-
paratuses including a copying machine, a facsimile and
a printer, and more particularly to an image forming ap-
paratus having an ink cartridge detachably mounted to
a printing head unit for forming a prescribed image and
an ink cartridge thereof.

Description of the Related Art

As image forming apparatuses, those employing a
method of ejecting vaporized ink to adhere onto a re-
cording medium (hereinafter referred to as sublimation
method) have been proposed. According to this subli-
mation method, clogging of nozzles for ejecting ink is
less likely to occur because vaporized ink is ejected. In
addition, higher resolution and excellent gradation can
be achieved because an image is recorded in the mo-
lecular state, allowing high quality print with less blur.

An image forming apparatus which supplies ink us-
ing an ink cartridge according to such a sublimation
method has been proposed in Japanese Patent Laying-
Open Nos. 7-52423 and 6-179266.

An image forming apparatus according to Japanese
Patent Laying-Open No. 7-52423 will now be described
with reference to Fig. 1. Image forming apparatus 100
includes a printing head unit 101, and an ink cartridge
unit 102 for supplying ink into printing head unit 101. Ink
cartridge unit 102 includes a cartridge 103 and a liquid-
izing heater 104. Cartridge 103 has a supply port 105.
Printing head unit 101 includes a supply path 106, a sup-
ply heater 107 and a vaporizing heater 108. Printing
head unit 101 has an ejection port 109.

Powdery ink IP is stored in cartridge 102. Liquidiz-
ing heater 104 for liquidizing powdery ink IP is provided
at the lower portion of cartridge 102. At the time of print-
ing, liquidizing heater 104 heats powdery ink IP into lig-
uid, supplying ink into printing head unit 101. A capillary
or fibrous filter which is not shown is provided at supply
port 105 so that only liquid ink IPW passes through sup-
ply port 105. Liquid ink IPW supplied into printing head
unit 101 is supplied through supply path 106 to vapor-
izing heater 108. Liquid ink IPW passes through supply
path 106 while having its temperature maintained by
supply heater 107 provided at a sidewall of supply path
106. Thus, liquid ink IPW is prevented from becoming
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solid, thereby avoiding the clogging. Liquid ink IPW is
heated and vaporized by vaporizing heater 108 which
is driven based on a signal corresponding to image data
to be recorded. Liquid ink IPW is held by a liquid holder
(not shown) provided in the vicinity of vaporizing heater
108. The liquid holder uses a material having continuous
pores such as beading and fiber. Vaporized ink IPG is
ejected from ejection port 109 by air flow caused by ex-
pansion in vaporization.

An image forming apparatus accordingto Japanese
Patent Laying-Open No. 6-179265 will now be de-
scribed with reference to Fig. 2. Image forming appara-
tus 200 includes a printing head unit 201, and an ink
cartridge 202 for supplying ink into printing head unit
201. Ink cartridge unit 202 includes a cartridge 203. Car-
tridge 203 has a supply port 205. Printing head unit 201
includes a supply path 206, a powder transporting unit
207 and a vaporizing heater 208. Printing head unit 201
has an ejection port 209.

Powdery ink IP is stored in cartridge 203. Powdery
ink IP supplied from supply port 205 into printing head
unit 201 is transported by powder transporting unit 207
to pass through supply path 206 to vaporizing heater
208. Powder transporting unit 207 transports powdery
ink IP toward vaporizing heater 208 by reciprocation of
a driving motor (not shown). Powdery ink |P thus trans-
ported is heated and vaporized by vaporizing heater 208
which is driven based on a signal corresponding to im-
age data to be recorded, and then ejected from ejection
port 209.

The above image forming apparatus of Japanese
Patent laying-Open No. 7-52423, however, requires
heaters of three kinds, that is, for liquidizing, supplying
and vaporizing, to eject ink, resulting in a complicated
apparatus. This also involves increase in size of a power
supply for the heaters, which increases energy neces-
sary for printing. Furthermore, the residue resulting from
vaporization of ink adheres to the vaporizing heater, re-
sulting in deterioration of the vaporizing heater.

The image forming apparatus of Japanese Patent
Laying-Open No. 6-179265 transports powder and
therefore requires a supply path having a larger cross
section than that in the case of liquid ink. In addition, a
transporting apparatus is necessary, resulting in in-
crease in size of the whole apparatus. Furthermore,
since powder is directly vaporized in response to the
printing timing, powder must be vaporized in a short
time. Therefore, a load on the vaporizing heater is in-
creased, which means that adhesion of the residue to
the vaporizing heater has a more serious effect on the
apparatus compared to the above-described image
forming apparatus.

Meanwhile, we have proposed in the copending Ap-
plication Serial No. 08/612,339 an image forming meth-
od and an apparatus thereof in which an image is ob-
tained by intermittently ejecting vaporized ink based on
a signal corresponding to image data to be recorded and
making it adhere to or sink into a recording medium.
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This image forming apparatus will now be described
in detail with reference to Fig. 3. The image forming ap-
paratus includes a printing head unit 60, a recording me-
dium RM and a back electrode 14. Printing head unit 60
includes a heating apparatus 30, a charging electrode
10 and an electric field shutter electrode 11. Heating ap-
paratus 30 includes a vaporizing heater 9.

Powdery ink IP is stored in printing head unit 60.
Printing head unit 60 is provided with heating apparatus
30 constituted by a heat-radiative plate (not shown) and
vaporizing heater 9 for heating and vaporizing powdery
ink IP, a thin wire electrode having a diameter in the
range from 50 to 80 um and serving as charging elec-
trode 10 for charging gaseous ink IPG vaporized by va-
porizing heater 9, and a plurality of ejecting ports 7 for
ejecting gaseous ink IPG, and electric field shutter elec-
trodes 11 are provided respectively surrounding the plu-
rality of ejecting ports 7.

In printing operation, powdery ink IP is heated and
vaporized by heating apparatus 30. As coloring materi-
als for the ink, anthraisothiazole family, quinophtalon
family, pyrazolone family, pyridonazo family, styryl fam-
ily or the like can be used for yellow; anthraquinone fam-
ily, dicyanoimidazole family, thiadiazoleazo family, tricy-
anovinyl family or the like can be used for magenta; and
azo family, anthraquinone family, napthoquinone family,
indoaniline family or the like can be used for cyan.

Powdery ink IP is vaporized to gaseous ink IPG. A
voltage in the range from +2 to 5 kV is applied to charg-
ing electrode 10, whereby corona discharge occurs to-
ward heating apparatus 30 being grounded, and gase-
ous ink IPG is positively charged. Then, a negative volt-
age is applied to back electrode 14 provided over the
rear surface of the printing surface of recording medium
RM, whereby gaseous ink IPG thus charged is attracted
toward the recording medium.

When a voltage is applied to electric field shutter
electrodes 11, gaseous ink IPG positively charged can-
not pass through ejection ports 7. Thus, gaseous ink
IPG is attracted to the electric field at back electrode 14
and passes through ejection ports 7, only when no volt-
age is applied to electric field shutter electrodes 11. As
a result, ink can be intermittently ejected by controlling
application/non-application of a voltage to electric field
shutter electrode 11. In addition, passage of gaseous
ink IPG through the ejection ports can be controlled on
a pixel-by-pixel basis by controlling a potential at electric
field shutter electrodes 11 corresponding to respective
pixels of image data to be recorded.

This image forming apparatus requires only a heat-
erforvaporization, that is, requires only one kind of heat-
er, and need not transport powder, simplifying the appa-
ratus and achieving reduction in size of a power supply
for the heater and in energy necessary for printing. Fur-
thermore, powdery ink is vaporized independent of the
printing timing and therefore a load on the vaporizing
heater can be reduced.

In this case as well, however, the residue resulting
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from vaporization of ink adheres to the vaporizing heater
and deteriorates it, whereby excellent printing perform-
ance cannot be maintained. In addition, it is necessary
that a charging electrode unit for charging ink be provid-
ed and a charging voltage be supplied thereto.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
image forming apparatus capable of readily maintaining
excellent printing performance.

It is another object of the present invention to pro-
vide an image forming apparatus capable of always
keeping a heater in an excellent state.

It is a further object of the present invention to pro-
vide an image forming apparatus capable of simultane-
ously exchanging an ink cartridge and heater.

It is a still further object of the present invention to
provide an image forming apparatus capable of simul-
taneously exchanging an ink cartridge and a charging
electrode unit.

It is a yet further object of the present invention to
provide an image forming apparatus capable of sup-
pressing a charging voltage to small.

It is an additional object of the present invention to
provide an image forming apparatus capable of succes-
sively supplying ink to a printing head and efficiently va-
porizing it.

It is an additional object of the present invention to
provide an ink cartridge capable of readily maintaining
excellent printing performance of an image forming ap-
paratus.

According to the present invention, an image form-
ing apparatus for recording a prescribed image by va-
porizing, charging and ejecting ink onto a recording me-
dium includes a printing head unit, and an ink cartridge
detachably mounted to the printing head unit, wherein
the printing head unit includes an ejecting unit for eject-
ing charged gaseous ink by attracting the ink toward a
back electrode provided over the rear surface of the re-
cording medium and an electric field shutter unit for con-
trolling ejection of ink from the ejecting unit based on a
signal corresponding to image data to be recorded, and
the ink cartridge includes an ink chamber for storing ink
and a heating unit for vaporizing ink within the ink cham-
ber, the ink chamber having an ink supply port for sup-
plying ink into the printing head unit. Preferably, the
heating unit includes a vaporizing heater. The ink cham-
ber may include a charging unit for charging ink.

The ink cartridge provided with the heating unit is
mounted to the printing head unit. The heating unit heats
and vaporizes ink within the ink chamber. The residue
resulting from vaporization of ink adheres to the heating
unit. A voltage is applied to the charging unit, whereby
corona discharge occurs and gaseous ink is positively
charged. A voltage is applied to the back electrode,
whereby vaporized ink thus charged is attracted toward
the recording medium. A voltage based on a signal cor-
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responding to image data to be recorded is applied to
the electric field shutter unit.

As a result, gaseous ink is controlled to pass or to
be prevented from passing through the electric field
shutter unit. Gaseous ink having passed through the
electric field shutter unit is attracted toward back elec-
trode to adhere to the recording medium.

Since the heating unit is provided in the ink car-
tridge, the heating unit will be exchanged whenever the
ink cartridge is exchanged. Even if the residue resulting
from vaporization of ink adheres to the heating unit to
deteriorate it, the heating unit is replaced with anew one
by removing the ink cartridge from the printing head unit
and providing instead a new ink cartridge having a new
heating unit. Consequently, an image forming apparatus
capable of readily maintaining excellent printing charac-
teristics can be provided.

According to another aspect of the present inven-
tion, an image forming apparatus for recording a pre-
scribed image by vaporizing, charging and ejecting ink
onto a recording medium includes a printing head unit,
and an ink cartridge detachably mounted to the printing
head unit, wherein the printing head unit includes an
ejecting unit for ejecting charged gaseous ink by attract-
ing the ink toward a back electrode provided over the
rear surface of the recording medium, an electric field
shutter unit for controlling ejection of ink from the eject-
ing unit based on a signal corresponding to image data
to be recorded, and a charging unit for charging ink, the
charging unit being provided in the printing head unit so
that the charging unit is inserted into the ink chamber
when the ink cartridge is mounted to the printing head
unit, and the ink cartridge includes an ink chamber for
storing ink, the ink chamber having an ink supply port
for supplying ink into the printing head unit.

When the ink cartridge is mounted to the printing
head unit, the charging unit provided in the printing head
unit is inserted into the ink chamber. Ink within the ink
chamber is heated and vaporized. A voltage is applied
to the charging unit, whereby corona discharge occurs
and gaseous ink is positively charged. A voltage is ap-
plied to the back electrode, whereby gaseous ink thus
charged is attracted toward the recording medium. A
voltage based on a signal corresponding to image data
to be recorded is applied to the electric field shutter unit.
As a result, gaseous ink is controlled to pass or to be
prevented from passing through the electric field shutter
unit. Gaseous ink having passed through the electric
field shutter unit is attracted toward the back electrode
to adhere to the recording medium.

The charging unit is inserted into the ink chamber.
Therefore, the distance between the charging unit and
a grounded unit within the ink chamber can be reduced.
As a result, a charging voltage can be suppressed.

According to a further aspect of the present inven-
tion, an image forming apparatus for recording a pre-
scribed image by vaporizing, charging and ejecting ink
onto a recording medium includes a printing head unit,
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and an ink cartridge detachably mounted to the printing
head unit, wherein the printing head unit includes an
ejecting unit for ejecting charged gaseous ink by attract-
ing it to a back electrode provided over the rear surface
of the recording medium, and an electric field shutter
unit for controlling ejection of ink from the ejecting unit
based on a signal corresponding to image data to be
recorded, and the ink cartridge includes an ink chamber
for storing ink, the ink chamber having an ink supply port
for supplying ink into the printing head unit, the ink sup-
ply port being formed at the lower portion of a side sur-
face of the ink chamber, and at least a part of the bottom
surface of an inner wall of the ink chamber being tilted
downward to the ink supply port.

Due tothe gravity, ink is supplied from the ink supply
port formed in the lower portion of the side surface of
the ink chamber, to the printing head unit along the bot-
tom surface tilted downward to the ink supply port. Since
ink is successively supplied into the printing head unit,
an image forming apparatus capable of efficiently using
ink can be provided.

According to an additional aspect of the present in-
vention, an ink cartridge capable of being detachably
mounted to a printing head unit of an image forming ap-
paratus for recording a prescribed image by vaporizing,
charging and ejecting ink onto a recording medium in-
cludes an ink chamber for storing ink, and a heating unit
for vaporizing ink within the ink chamber, wherein the
ink chamber has an ink supply port for supplying ink into
the printing head unit.

The heating unit is placed in the ink chamber. Ac-
cordingly, even if the residue resulting from vaporization
of ink adheres to the heating unit and deteriorates it, the
heating unit can be replaced with a new one by removing
the ink cartridge from the printing head unit and ex-
changing it for a new ink cartridge. Consequently, an ink
cartridge capable of being detachably mounted to the
printing head unit of the image forming apparatus and
capable of readily maintaining excellent printing per-
formance thereof can be provided.

According to an additional aspect of the present in-
vention, an ink cartridge includes an ink chamber having
an ink supply port for supplying ink into the printing head
unit, wherein the ink supply port is formed at the lower
portion of a side surface of the ink cartridge, and at least
a part of the bottom surface of an inner wall of the ink
chamber is tilted downward to the ink supply port.

Since ink is successively supplied into the printing
head unit, an ink cartridge capable of efficiently using
ink can be provided.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description of
the present invention when taken in conjunction with the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing the struc-
ture of an example of a conventional image forming ap-
paratus.

Fig. 2 is a cross sectional view showing the struc-
ture of another example of a conventional image forming
apparatus.

Fig. 3 is a cross sectional view showing the struc-
ture of an image forming apparatus we have already
proposed.

Fig. 4 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a first
embodiment of the invention.

Fig. 5 is a perspective view showing the structure
of an ink ejecting unit according to the first embodiment
of the invention.

Fig. 6 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a sec-
ond embodiment of the invention.

Fig. 7 is a perspective view showing the structure
of an ink discharging unit according to the second em-
bodiment of the invention.

Fig. 8 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a third
embodiment of the invention.

Fig. 9 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a fourth
embodiment of the invention.

Fig. 10 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a fifth
embodiment of the invention.

Fig. 11 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a sixth
embodiment of the invention.

Fig. 12 is a cross sectional view showing the struc-
ture of an image forming apparatus according to a sev-
enth embodiment of the invention.

Figs. 13A and 13B are diagrams together illustrat-
ing an example of an ink shutter according to the sev-
enth embodiment of the invention.

Fig. 14 is a cross sectional view showing the struc-
ture of an image forming apparatus according to an
eighth embodiment of the invention.

Figs. 15A and 15B are diagrams together illustrat-
ing an example of an ink shutter according to the eighth
embodiment of the invention.

Fig. 16 is a cross sectional view showing the struc-
ture of another example of the image forming apparatus
according to the eighth embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Embodiment]

Referring to Figs. 4 and 5, an image forming appa-
ratus according to a first embodiment includes a printing
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head unit 60, an ink cartridge 50 detachably mounted to
printing head unit 60 for supplying ink into printing head
unit 60, a recording medium RM, and a back electrode
14 provided over the rear surface of recording medium
RM. Ink cartridge 50 includes a reservoir 1 for storing
powdery ink IP, and a vaporizing heater 9 for heating
and vaporizing powdery ink IP.

Printing head unit 60 includes a charging electrode
10 for charging gaseous ink IPG vaporized by vaporiz-
ing heater 9, an ejection port substrate 12 having an
ejection port 7 for ejecting gaseous ink IPG onto record-
ing medium RM, a cartridge support member 13 for sup-
porting ink cartridge 50 mounted to printing head unit
60, a buffer member 16 provided between mounted ink
cartridge 50 and ejection port substrate 12, a cartridge
fixing lid 15 for fixing mounted ink cartridge 50, and an
electric field shutter electrode 11 provided surrounding
ejection port 7 for controlling ejection of gaseous ink
IPG.

Powdery ink IP is stored within reservoir 1. Vapor-
izing heater 9 for vaporizing powdery ink IP is provided
at the lower portion of reservoir 1. The top surface of
reservoir 1 is closed up by a seal (not shown), and the
seal is removed for use of the ink cartridge to open the
top surface. In printing, ink cartridge 50 is mounted to
printing head unit 60 by moving it from the lower portion
of printing head unit 60 along cartridge support member
13 in the direction of the arrow Al. Then, cartridge fixing
lid 15 is moved in the direction of the arrow B1 to lid
printing head unit 60, whereby the top surface of reser-
voir 1 comes into contact with ejection port substrate 12
through buffer member 16 made of a conductive rubber
material.

In the upper half of printing head unit 60, a wire hav-
ing a diameter in the range from 50 to 80 pum is provided
as charging electrode 10 for charging gaseous ink IPG.
Ejection port 7 for ejecting gaseous ink IPG is formed in
ejection port substrate 12. Electric field shutter electrode
11 for controlling the ejection amount of gaseous ink IPG
is provided at both surfaces of ejection port substrate
12, surrounding ejection port 7. The diameter of ejection
port 7 corresponds to the printing density. If the record-
ing density is 150 dpi, for example, the diameter is set
to 300 um. Recording medium RM is placed over electric
field shutter electrode 11, and an electrode plate is pro-
vided over recording medium RM as back electrode 14.

In printing, powdery ink IP is heated to a tempera-
ture in the range from 150 to 200°C and vaporized by
vaporizing heater 9. Coloring materials for the ink are
the same as those previously described in conjunction
with the image forming apparatus of Fig. 3. Therefore,
detailed description thereof will not be repeated herein.

When powdery ink IP has been vaporized to gase-
ous ink IPG, a voltage of +2 kV is applied to charging
electrode 10, whereby corona discharge occurs toward
vaporizing heater 9 connected to the ground, and gas-
eous ink IPG is positively charged. Then, a voltage of
-0.5 kVis applied to back electrode 14 provided over the
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rear surface of the printing surface of recording medium
RM, whereby gaseous ink IPG thus charged is attracted
toward recording medium RM. At this time, a voltage of
400V is applied to electric field shutter electrode 11 both
on the side of recording medium RM and on the side of
reservoir 1, based on a signal corresponding to image
data to be recorded. As a result, gaseous ink IPG is con-
trolled to pass or to be prevented from passing through
electric field shutter electrode 11. Gaseous ink IPG hav-
ing passed through electric field shutter electrode 11 is
attracted toward back electrode 14 to adhere to record-
ing medium RM.

Thus, according to the image forming apparatus of
the first embodiment, ink cartridge 50 is provided with
vaporizing heater 9 for vaporizing powdery ink IP. There-
fore, even if the residue resulting from vaporization of
powdery ink IP adheres to vaporizing heater 9, vaporiz-
ingheater 9 can be replaced with a new one by exchang-
ing ink cartridge 50. Accordingly, the image forming ap-
paratus need not be repaired for deterioration of vapor-
izing heater 9.

Furthermore, since powdery ink IP is vaporized in-
side ink cartridge 50, powdery ink IP need not be trans-
ported.

Charge electrode 10 should be placed at such a po-
sition that it is not in contact with powdery ink IP within
reservoir 1 when ink cartridge 50 is mounted. Therefore,
powdery ink IP is supplied to reservoir 1 to such an ex-
tent that powdery ink IP is not in contact with charging
electrode 10 when ink cartridge 50 is mounted.

Note that an example in which a seal is applied to
the top surface of ink cartridge 50 in order to prevent
leakage of ink at the time when ink cartridge 50 is not
mounted has been described herein, but the present in-
vention is not limited to this and may seal reservoir 1 by
means of a lid. In this case, used ink cartridge 50 can
be reused. In addition, such a shutter mechanism that
opens a shutter when ink cartridge 50 is mounted may
be provided at the top surface of ink cartridge 50, where-
by the operativity of the ink cartridge is improved.

[Second Embodiment]

An image forming apparatus according to the sec-
ond embodiment will now be described with reference
to Figs. 6 and 7. The same elements as those in the
image forming apparatus of the first embodiment de-
scribed in conjunction with Figs. 4 and 5 are denoted
with the same reference numerals. Detailed description
thereof will not be repeated herein.

The image forming apparatus according to the sec-
ond embodiment includes a printing head unit 60A, an
ink cartridge 50A detachably mounted to printing head
unit 60A, a recording medium RM, and a back electrode
14.

Ink cartridge 50A includes a reservoir 1A for storing
powdery ink IP, a thermal conductive plate 17 for con-
ducting heat of a heater 19 which will be described later
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to powdery ink IP to vaporize it, and an ink shutter 18
for opening and closing a supply port 3 formed in reser-
voir 1A.

Printing head unit 60A includes the above-men-
tioned heater 19 for heating powdery ink IP stored in ink
cartridge 50A, a charging electrode 10, an ejection port
substrate 12A having an ejection port 7A, a cartridge
support member 13A, a buffer member 16A, and an
electric field shutter electrode 32 provided surrounding
ejection port 7A for controlling ejection of vaporized ink
IPG. Cartridge support member 13A has a projection 31.
Electric field shutter electrode 32 includes an electric
field shutter electrode portion 32A and a plurality of elec-
tric field shutter electrode portions 32B.

Powdery ink IP is stored in reservoir 1A. Thermal
conductive plate 17 for vaporizing powdery ink IP is pro-
vided in the lower portion of reservoir 1A. A slit serving
as supply port 3for supplying gaseous ink IPG is formed
in the top surface of reservoir 1A, and ink shutter 18 is
provided to open and close this supply port 3.

In printing, ink cartridge 50A is mounted to printing
head unit 60A by moving it from the side portion of print-
ing head unit 60A along cartridge support member 13A
in the direction of the arrow A2. At this time, ink shutter
18 is pushed by projection 31 of cartridge support mem-
ber 13A in such a direction that supply port 3 is opened,
and the top surface of reservoir 1A comes in contact with
cartridge support member 13A through buffer member
16A made of a conductive rubber material. In addition,
thermal conductive plate 17 of reservoir 1A is placed on
heater 19, whereby heat generated by heater 19 is con-
ducted to ink cartridge 50A.

A wire having a diameter in the range from 50 to 80
pm which serves as charging electrode 10 for charging
vaporized ink IPG is provided between ejection port sub-
strate 12A of printing head unit 60A and ink cartridge
50A. Aslit serving as ejection port 7A for ejecting vapor-
ized ink IPG is formed in ejection port substrate 12A.

Referring to Fig. 7, electric field shutter electrode
32 is provided along both longer sides of ejection port
7A. The length of ejection port 7A corresponds to the
printing width. If the recording density is 150 dpi, for ex-
ample, the width of the slit is set to 200 um. Electric field
shutter electrode 32A being grounded is provided on
one side of ejection port 7A, while a plurality of electric
field shutter electrodes 32B are provided on the other
side thereof to have a comb shape with a space of 169
pm therebetween corresponding to the recording den-
sity. Recording medium RM is placed over electric field
shutter electrode 32, and back electrode 14 is provided
over recording medium RM.

In printing, heat generated by heater 19 is conduct-
ed through thermal conductive plate 17 to heat powdery
ink IP to a temperature in the range from 150 to 200°C
to gaseous ink. Coloring materials for the ink are the
same as those in the first embodiment, and description
thereof will not be repeated herein.

Powdery ink IP is vaporized to gaseous ink IPG. A
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voltage of +2kV is applied to charging electrode 10,
whereby corona discharge occurs toward thermal con-
ductive plate 17 connected to the ground, and gaseous
ink IPG is positively charged.

Then, a voltage of -0.5kV is applied to back elec-
trode 14 provided over the rear surface of the printing
surface of recording medium RM, whereby gaseous ink
IPG thus charged is attracted toward recording medium
RM. At this time, a voltage of 500V is applied to electric
field shutter electrode 32 with ejection port 7A therebe-
tween, based on a signal corresponding to image data
toberecorded. As aresult, gaseous ink IPG is controlled
to pass or to be prevented from passing through ejection
port 7A. Gaseous ink IPG having passed through ejec-
tion port 7A is attracted toward back electrode 14 to ad-
here to recording medium RM.

Thus, according to the image forming apparatus of
the second embodiment, heat generated by heater 19
provided in printing head unit 60A is conducted by ther-
mal conductive plate 17 to heat powdery ink IP, whereby
the structure of the ink cartridge can be simplified.

Note that since a shorter distance between charg-
ing electrode 10 and thermal conductive plate 17 re-
quires a smaller charging voltage, it is preferable to set
the height of ink cartridge 50A to small.

Furthermore, although an example using a shutter
as mechanism for opening and closing the supply port
in ink cartridge 50A has been shown herein, the present
invention is not limited to this, and may use a seal or a
lid as described in the first embodiment. As to the shutter
structure as well, the present invention is not limited to
the above-described structure.

In addition, although an example in which ejection
port 7A has a slit-shape has been described herein, the
present invention is not limited to this, and the ejection
port may have a dot-shape as shown in the first embod-
iment. In this case, the electric field shutter electrode
also has a shape as shown in the first embodiment.

Furthermore, if the structure in which heater 19 of
printing head unit 60A is pushed upward by a spring or
the like is employed, contact between thermal conduc-
tive plate 17 and heater 19 is ensured and contact be-
tween the upper portion of reservoir 1A and buffer mem-
ber 16A is improved, thereby preventing leakage of ink
at the time of printing.

[Third Embodiment]

An image forming apparatus according to the third
embodiment will now be described with reference to Fig.
8. The same elements as those in the first embodiment
described in conjunction with Fig. 4 are denoted with the
same reference numerals. Detailed description thereof
will not be repeated herein. The image forming appara-
tus according to the third embodiment includes a print-
ing head unit 60B, an ink cartridge 50B detachably
mounted to printing head unit 60B, a recording medium
RM, and a back electrode 14.
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Ink cartridge 50B includes a reservoir 1B for storing
powdery ink IP, a vaporizing heater 9 for vaporizing pow-
dery ink IP, and a charging electrode 20 for charging va-
porized ink IPG. Reservoir 1B has a supply port 3B and
a location hole 34.

Printing head unit 60B includes a heater power sup-
ply unit 21 for supplying power to vaporizing heater 9,
an ejection port substrate 12B having an ejection port
7B, a cartridge support member 13B, a buffer member
16B, and an electric field shutter electrode 11 provided
surrounding ejection port 7B for controlling ejection of
vaporized ink IPG.

Cartridge support member 13B includes a location
pin 33 for locating ink cartridge 50B, and a power supply
unit 22 for supplying power to charging electrode 20.

Powdery ink IP is stored in reservoir 1B. Vaporizing
heater 9 for vaporizing powdery ink IP is provided in the
lower portion of reservoir 1B. Aneedle electrode serving
as charging electrode 20 is provided at such a position
that it is not in contact with powdery ink IP in the upper
half of the cartridge. A slit serving as supply port 3B for
supplying gaseous ink IPG is formed in the top surface
of reservoir 1B.

In printing, ink cartridge 50B is mounted to printing
head unit 60B by moving it from the side portion of print-
ing head unit 60B along cartridge support member 13B
in the direction of the arrow A3. At this time, heater pow-
er supply unit 21 and power supply unit 22 of printing
head unit 60B are respectively located to abut against
vaporizing heater 9 and charging electrode 20, by loca-
tion pin 33 of cartridge support member 13B and loca-
tion hole 34 at the side surface of reservoir 1B. The top
surface of reservoir 1B comes in contact with ejection
port substrate 12B through buffer member 16B made of
a conductive rubber material.

In printing, vaporizing heater 9 operates in re-
sponse to voltage application from heater power supply
unit 21, and heats powdery ink IP to a temperature in
the range from 150 to 200°C to vaporize it. Coloring ma-
terials for the ink are the same as those in the first em-
bodiment, and description thereof will now be repeated
herein.

After powdery ink IP is vaporized to gaseous ink
IPG, a voltage of +2kV is applied to charging electrode
20 in response to voltage application from power supply
unit 22, whereby corona discharge occurs toward va-
porizing heater 9 connected to the ground, and gaseous
ink IPG is positively charged.

Then, a voltage of -0.5kV is applied to back elec-
trode 14 provided over the rear surface of the printing
surface of recording medium RM, whereby gaseous ink
IPG thus charged is attracted toward recording medium
RM. At this time, a voltage of 400V is applied to electric
field shutter electrode 11 based on a signal correspond-
ing to image data to be recorded. As a result, gaseous
ink IPG is controlled to pass or to be prevented from
passing through electric field shutter electrode 11. Gas-
eous ink IPG having passed through electric field shutter
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electrode 11 is attracted toward back electrode 14 to ad-
here to recording medium RM.

Thus, according to the image forming apparatus of
the third embodiment, since charging electrode 20 is
provided inside ink cartridge 50B, charging electrode 20
is also replaced with a new one by exchanging ink car-
tridge 50B. Accordingly, the image forming apparatus
need not be repaired for degradation of charging elec-
trode 20 resulting from adhesion of gaseous ink IPG or
the like.

Although no apparatus for opening and closing the
supply port in ink cartridge 50B is provided in the third
embodiment, a shutter, a seal or the like may be provid-
ed as in the first embodiment.

Furthermore, ejection port 7B may have a slit-
shape. In this case, the electric field shutter electrode
has the same shape as that in the second embodiment.

In addition, although an example using location pin
33 to locate ink cartridge 50B has been shown herein,
the present invention is not limited to this, and a guide
member may be provided in printing head unit 60B to
mount ink cartridge 50B to printing head unit 60B by
guiding reservoir 1B along the guide member. Further-
more, as mentioned in the second embodiment, the
structure in which the heater power supply unit in the
printing head unit is pushed upward by a spring or the
like may be employed, and the present invention may
employ another structure as long as the structure en-
sures the contact between heater power supply unit 21
and vaporizing heater 9 and the contact between power
supply unit 22 and charging electrode 20.

[Fourth Embodiment]

An image forming apparatus according to the fourth
embodiment will now be described with reference to Fig.
9. The same elements as those in the first embodiment
described above in conjunction with Fig. 4 are denoted
with the same reference numerals. Detailed description
thereof will not be repeated herein. The image forming
apparatus according to the fourth embodiment includes
a printing head unit 60C, an ink cartridge 50C detacha-
bly mounted to printing head unit 60C, a recording me-
dium RM (not shown), and a back electrode 14 (not
shown).

Ink cartridge 50C includes a reservoir 1C for storing
powdery ink IP, and a thermal conductive plate 17 for
conducting heat generated by a heater 19 which will be
described later to powdery ink IP to vaporize it.

Printing head unit 60C includes the above-men-
tioned heater 19 for heating powdery ink IP stored in ink
cartridge 1C, a charging electrode 10, an ejection port
substrate 12C connected to the charging electrode and
having an ejection port 7C, a cartridge support member
13C, a buffer member 16C, and an electric field shutter
electrode 11 provided surrounding ejection port 7C for
controlling ejection of vaporized ink IPG.

Powdery ink IP is stored in reservoir 1C. Thermal
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conductive plate 17 for conducting heat generated by
heater 19 to vaporize powdery ink IP is provided in the
lower portion of reservoir 1C. A slit serving as supply
port 3C for supplying vaporized ink IPG is formed in the
top surface of reservoir 1C. Ejection port 7C for ejecting
vaporized ink IPG is formed in ejection port substrate
12C, and electric field shutter electrode 11 for controlling
ejection of vaporized ink IPG is provided at both surfac-
es of ejection port substrate 12C, surrounding ejection
port 7C. Ejection port substrate 12C and charging elec-
trode 10 connected thereto can pivot in the direction
shown by the arrow B4.

In printing, ejection port substrate 12C and charging
electrode 10 are first lifted upward, ink cartridge 50C is
mounted to printing head unit 60C by moving it from the
side portion of printing head unit 60C along cartridge
support member 13C in the direction of the arrow A4,
and thereafter ejection port substrate 12C and charging
electrode 10 are put downward, thereby fixing reservoir
1C. At this time, the top surface of reservoir 1C comes
in contact with ejection port substrate 12C through buff-
er member 16C made of a conductive rubber material.

Operation of the above image forming apparatus is
similar to that of the second embodiment which has
been already described. Description thereof will not be
repeated herein.

According to the image forming apparatus of the
fourth embodiment, charging electrode 10 is inserted in-
to ink cartridge 50C. Therefore, the distance between
charging electrode 10 and an opposing electrode (ther-
mal conductive plate 17 of ink cartridge 50C) is reduced,
whereby a charging voltage can be reduced.

Ejection port substrate 12C and charging electrode
10 can move in the range from the position where ejec-
tion port substrate 12C fixes ink cartridge 50C to the po-
sition where ejection port substrate 12C is not in contact
with back electrode 14. If back electrode 14 can be
moved prior to mounting/removal of ink cartridge 50C,
the movable range of ejection port substrate 12C and
charging electrode 10 would be increased. In this case,
ejection port substrate 12C can be opened largely. Ac-
cordingly, ink cartridge 50C can be readily mounted and
removed. In addition, work required at the time of clean-
ing charging electrode 10 is simplified. Either a wire
electrode or a needle electrode may be used as charg-
ing electrode 10. Since a needle electrode has a larger
diameter than that of a wire electrode, the size of supply
port 3C in ink cartridge 50C will be accordingly in-
creased. Therefore, it is desirable to use a needle elec-
trode.

Although an example in which no apparatus for
opening and closing supply port 3C in ink cartridge 50C
is provided is shown herein, the present invention is not
limited to this, and a shutter, a seal or the like may be
used as described in the second embodiment.

In addition, although an example in which ejection
port 7C has a dot-shape is shown herein, it may have a
slit-shape, and in this case the electric field shutter elec-
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trode has the same shape as that in the second embod-
iment.

[Fifth Embodiment]

An image forming apparatus according to the fifth
embodiment will now be described with reference to Fig.
10. The image forming apparatus according to the fifth
embodiment includes a printing head unit 60D, an ink
cartridge 50D, a recording medium RM, and a back elec-
trode 14.

Ink cartridge 50D includes a reservoir 1D. reservoir
1D has a supply port 3D for supplying ink.

Printing head unit 60D includes a heater 19, a
charging electrode 10, an ejection port substrate 12D
having an ejection port 7D, a cartridge support member
13D, a buffer member 16D, and an electric field shutter
electrode 11. Cartridge support member 13D includes a
sensor 23.

Powdery ink IP is stored in ink cartridge 50D. Supply
port 3D is formed in the lower portion of a side surface
of ink cartridge 50D, and a bottom surface portion of ink
cartridge 50D is tilted such that supply port 3D is located
on the downstream side. Supply port 3D is closed up by
a seal (not shown), and the seal is removed for use of
the ink cartridge to open supply port 3D. In printing, ink
cartridge 50D is mounted to printing head unit 60D in
the direction of the arrow B5 with the portion in the vi-
cinity of supply port 3D in ink cartridge 50D being caught
by a projection provided near heater 19 of printing head
unit 60D. The top surface of ink cartridge 50D comes in
contact with ejection port substrate 12D through buffer
member 16D made of a conductive rubber material. A
wire having a diameter in the range from 50 to 80 um
which serves as charging electrode 10 for charging va-
porized ink IPG is provided in printing head unit 60D.
Ejection port 7D for ejecting vaporized ink IPG is formed
in ejection port substrate 12. Electric field shutter elec-
trode 11 for controlling ejection of vaporized ink IPG is
provided at both surfaces of ejection port substrate 12D,
surrounding ejection port 7D. Recording medium BRM is
placed over electric field shutter electrode 11, and back
electrode 14 is placed over recording medium RM.

In printing, powdery ink IP supplied from supply port
3D of ink cartridge 50D onto heater 19 is heated by heat-
er 19 to a temperature in the range from 150 to 200°C.
Coloring materials for the ink are the same as those in
the first embodiment, and description thereof will not be
repeated herein.

A voltage of +2kV is applied to charging electrode
10, whereby corona discharge occurs toward heater 19
connected to the ground, and gaseous ink IPG is posi-
tively charged.

Then, a voltage of -0.5kV is applied to back elec-
trode 14, whereby gaseous ink IPG thus charged is at-
tracted toward recording medium RM. At this time, a
voltage of 400V is applied to electric field shutter elec-
trode 11 based on a signal corresponding to image data
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to be recorded. As aresult, gaseous ink IPG is controlled
o pass or to be prevented from passing through electric
field shutter electrode 11. Gaseous ink IPG having
passed through electric field shutter electrode 11 is at-
tracted toward back electrode 14 to adhere to recording
medium RM.

Presence/absence of powdery ink IP in ink cartridge
50D can be detected by ink amount sensor 23 provided
in cartridge support member 13D.

According to the image forming apparatus of the
fifth embodiment, powdery ink IP is successively sup-
plied into printing head 60D due to the gravity. Accord-
ingly, efficient vaporization of ink can be achieved. In
addition, since sensor 23 for detecting the amount of ink
is provided in the vicinity of supply port 3D, presence/
absence of ink can be readily known without complicat-
ing the structure of the apparatus.

Buffer member 16D may be provided between ink
cartridge 50D being mounted and ejection port sub-
strate 12D. In this case, the structure of printing head
unit 60D is somewhat complicated, but leakage of ink
through the gap between ejection port substrate 12D
and ink cartridge 50D can be prevented and the opera-
tivity for placement of ink cartridge 50D can be im-
proved.

[Sixth Embodiment]

An image forming apparatus according to the sixth
embodiment will now be described with reference to Fig.
11. The image forming apparatus according to the sixth
embodiment includes a printing head unit 60E, an ink
cartridge 50E, a recording medium RM, and a back elec-
trode 24.

Ink cartridge 50E includes a reservoir IE, an ink sen-
sor 23, and a vaporizing heater 9E.

Reservoir 1E has a supply port 3E for supplying ink.
Printing head unit 60E includes a charging electrode 10,
an ejection port substrate 12E having an ejection port
7E, a cartridge support member 13E, a buffer member
16E, a thermal conductive plate 17E, and an electric
field shutter electrode 11.

Powdery ink IP is stored in reservoir 1E. Supply port
3E is formed in the lower portion of a side surface of ink
cartridge 50E. A bottom surface portion of ink cartridge
50E is tilted downward to supply port 3E, and vaporizing
heater QE for vaporizing powdery ink IP is provided at
the bottom surface portion.

Supply port 3E in ink cartridge 50E is closed up by
a seal (not shown), and the seal is removed for use of
the ink cartridge to open supply port 3E. When ink car-
tridge 50E has been mounted, the surface of ink car-
tridge 50E on the side of supply port 3E comes in contact
with cartridge support member 13E through buffer mem-
ber 16E made of a conductive rubber material. A wire
having a diameter in the range from 50 to 80um is pro-
vided in printing head unit 60E as charging electrode 10
for charging gaseous ink IPG. Ejection port 7E for eject-
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ing gaseous ink IPG is formed in ejection port substrate
12E. Electric field shutter electrode 11 for controlling
ejection of gaseous ink IPG is provided at both surfaces
of ejection port substrate 12E, surrounding ejection port
7E.

In printing, vaporizing heater SE in ink cartridge 50E
heats powdery ink |P to a temperature in the range from
150 to 200°C to vaporize it. Coloring materials for the
ink are the same as those in the first embodiment, and
description thereof will not be repeated herein.

The temperature of gaseous ink IPG supplied from
supply port 3E is maintained by thermal conductive plate
17E for conducting heat generated by vaporizing heater
9E. A voltage of +2kV is applied to charging electrode
10, whereby corona discharge occurs toward thermal
conductive plate 17E connected to the ground, and gas-
eous ink IPG is positively charged.

Then, a voltage of -0.5kV is applied to back elec-
trode 24 provided on the rear surface of the printing sur-
face of recording medium RM, whereby gaseous ink
IPG is attracted toward recording medium RM. Avoltage
of 400V is applied to electric field shutter electrode 11
based on a signal corresponding to image data to be
recorded. As a result, gaseous ink IPG is controlled to
pass or to be prevented from passing through electric
field shutter electrode 11. Gaseous ink IPG having
passed through electric field shutter electrode 11 is at-
tracted toward back electrode 14 to adhere to recording
medium RM. Presence/absence of powdery ink IP in
reservoir 1E is detected by sensor 23 provided above
supply port 3E in reservoir 1E.

Although an example in which thermal conductive
plate 17E of printing head unit 60E is provided only at
the lower surface 13E1 of cartridge support member
13E is shown in the sixth embodiment, the present in-
vention is not limited to this, and a thermal conductive
plate may be provided also at the upper surface 13E2
thereof. In addition, a heater may be provided at the up-
per surface 13E2. In this case, the structure of printing
head unit 60E is complicated, but gaseous ink IPG can
be prevented from becoming solid by cooling and thus
can be prevented from adhering to the surface of car-
tridge support member 13E.

Furthermore, although an example using a roller as
back electrode 24 is shown in this embodiment, an elec-
trode plate may be used instead as in the above-de-
scribed embodiments.

[Seventh Embodiment]

An image forming apparatus according to the sev-
enth embodiment will now be described with reference
to Fig. 12. The image forming apparatus according to
the seventh embodiment includes a printing head unit
60F, an ink cartridge 50F, a recording medium RM, and
a back electrode 14.

Ink cartridge 50F includes a reservoir 1F and a ther-
mal conductive plate 17F.
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Reservoir 1F has a supply port 3F for supplying ink.
Ink cartridge 50F further includes a film 26 for opening
and closing supply port 3F.

Printing head unit 60F includes a heater 19, a
charging electrode 20, an ejection port substrate 12F
having an ejection port 7F, a cartridge support member
13F, a buffer member 16F, and an electric field shutter
electrode 11. Cartridge support member 13F has a pro-
jection 25.

Powdery ink IP is stored in reservoir 1F. Supply port
3F is formed in the lower portion of a side surface of
reservoir IF, and a bottom surface portion of reservoir
1F is tilted such that supply port 3F is located on the
downstream side, and protrudes with respect to the side
surface 50F 1 having supply port 3F. Thermal conductive
plate 17F for vaporizing powdery ink IP is provided ex-
tending from the protruding portion to a part of the slope.

Supply port 3F of ink cartridge 50F is closed up with
an elastic film 26 which is applied in a cantilever manner
on the side of the inner surface of ink cartridge 50F. In
printing, surface 50F1 of ink cartridge 50F on the side
of supply port 3F comes in contact with cartridge support
member 13F through buffer member 16F made of a con-
ductive rubber material. Projection 25 of cartridge sup-
port member 13F pushes film 26 of ink cartridge 50F
into reservoir 1F, whereby supply port 3F is opened. A
needle electrode serving as charging electrode 20 for
charging vaporized ink IPG is provided in printing head
unit 60F. Ejection port 7F for ejecting vaporized ink IPG
is formed in ejection port substrate 12F. Electric field
shutter electrode 11 for controlling ejection of vaporized
ink IPG is provided at both surfaces of ejection port sub-
strate 12F, surrounding ejection port 7F.

Operation of this image forming apparatus is similar
to that in the sixth embodiment described above, and
description thereof will not be repeated herein.

Thus, according to the image forming apparatus of
the seventh embodiment, thermal conductive plate 17F
protrudes from supply port 3F and powdery ink IP is va-
porized at the protruding portion, whereby vaporized ink
IPG can be prevented from entering reservoir 1F. Fur-
thermore, film 26 serving as shutter is provided at supply
port 3F and projection 25 is formed in printing head unit
60F, whereby supply port 3F of ink cartridge 50F can be
opened and closed with a highly simple structure.

A piezoelectric element may be used as projection
25 of cartridge support member 13F. Operation with a
piezoelectric element will now be described with refer-
ence to Figs. 13A and 13B. When printing is not carried
out, a voltage is not applied to a projection 125 of a pi-
ezoelectric element, and therefore, projection 125 does
not protrude to the position of film 26 and supply port 3F
is closed as shown in Fig. 13A. In printing, a voltage is
applied to projection 125 of the piezoelectric element,
whereby projection 125 extends toward film 26 to push
film 26 into reservoir 1F thereby opening supply port 3F
as shown in Fig. 13B. In particular, if a voltage is alter-
nately applied and not applied to the piezoelectric ele-
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ment or an alternating current is applied thereto at the
time of printing, film 26 vibrates and powdery ink IP with-
in reservoir 1F is quickly supplied.

In addition, if the protruding portion of the bottom of
ink cartridge 50F is tilted such that supply port 3F is lo-
cated on the downstream side, powdery ink |IP can be
prevented from overflowing when ink cartridge 50F is
removed from printing head unit 60F.

Although an example using a needle electrode as
charging electrode has been shown herein, a wire elec-
trode may be used instead as in the above-described
embodiments.

[Eighth Embodiment]

An image forming apparatus according to the eighth
embodiment will now be described with reference to Fig.
14. The image forming apparatus according to the
eighth embodiment includes a printing head unit 60G,
an ink cartridge 50G, a recording medium RM, and a
back electrode 14.

Ink cartridge 50G includes a reservoir 1G, athermal
conductive plate 17G, a charging chamber 29 having a
through port 30, an ink shutter 27, a charging electrode
10, and a vibration generator 28.

Printing head unit 60G includes a heater 19G, an
ejection port substrate 12G having an ejection port 17G,
a cartridge support member 13G, a buffer member 16G,
and an electric field shutter electrode 11.

Powdery ink IP is stored in reservoir 1G. A supply
port 3G is formed in the lower portion of a side surface
of ink cartridge 50G, a bottom surface portion of reser-
voir 1G is tilted such that supply port 3G is located on
the downstream side, and charging chamber 29 is
formed on the side surface having supply port 3G.
Charging electrode 10 is provided in charging chamber
29. Thermal conductive plate 17G for vaporizing pow-
dery ink IP is provided extending from charging chamber
29 to a part of the slope of reservoir 1G. Vibration gen-
erator 28 for facilitating supply of powdery ink IP is pro-
vided at the slope of reservoir 1G. Supply port 3G of
reservoir 1G is closed with ink shutter 27 made of bimet-
al.

In printing, the surface having slit-shaped port 30 of
charging chamber 29 comes in contact with ejecting port
substrate 12G through buffer member 16G made of a
conductive rubber material. Ejection port 7G for ejecting
vaporized ink IPG is formed in ejection port substrate
12G. Electric field shutter electrode 11 for controlling
ejection of vaporized ink IPG is provided at both surfac-
es of ejection port substrate 12G, surrounding ejection
port 7G.

In printing, thermal conductive plate 17G for con-
ducting heat generated by heater 19G of printing head
unit 60G heats powdery ink IP to a temperature in the
range from 150 to 200°C to vaporize it. Coloring mate-
rials for the ink are the same as those in the first embod-
iment. Description thereof will not be repeated herein.
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A voltage of +2kV is applied to charging electrode
10, whereby corona discharge occurs toward thermal
conductive plate 17G connected to the ground and gas-
eous ink IPG is positively charged.

Then, a voltage of -0.5kV is applied to back elec-
trode 14, whereby gaseous ink IPG thus charged is at-
tracted toward recording medium RM. A voltage of 400V
is applied to electric field shutter electrode 11 based on
a signal corresponding to image data to be recorded. As
a result, gaseous ink IPG is controlled to pass or to be
prevented from passing through electric field shutter
electrode 11. Gaseous ink IPG having passed through
electric field shutter electrode 11 is attracted toward
back electrode 14 to adhere to recording medium RM.
At this time, since vibration is applied to powdery ink IP
within reservoir 1G by vibration generator 28, powdery
ink IP is more likely to go out from supply port 3G into
charging chamber 29, preventing clogging of supply port
3G.

Ink shutter 27 of bimetal provided at supply port 3G
will now be described with reference to Figs. 15A and
15B. When printing is not carried out, charging chamber
29 is not heated and therefore supply port 3G is closed
as shown in Fig. 15A. Meanwhile, in printing, ink shutter
27 made of bimetal is deformed by heat for vaporizing
ink and supply port 3G is opened as shown in Fig. 15B.
Since supply port 3G is opened by heat used for vapor-
ization of ink, neither power supply nor mechanism for
opening and closing the supply port is necessary, and
users are prevented from inadvertently opening ink
shutter 27. In addition, when ink is to be preheated prior
to printing, the apparatus is structured such that ink
shutter 27 is brought into contact with thermal conduc-
tive plate 17G to be ready for voltage application and is
brought out of contact at a temperature near the set pre-
heating temperature, whereby it can be known without
a temperature sensor that the preheating temperature
has been reached. Ink shutter 27 may be made of a
shape-memory alloy. In addition, ink shutter 27 may be
made of any material as long as it is thermally deformed
and has heat resistance at a temperature equal to or
higher than the temperature at which ink is vaporized.
In particular, a thermal reversible material is desirable
for ink shutter 27 in view of the case where ink cartridge
50G with ink remaining therein is removed after use.

The ink cartridge unit may have the structure shown
in Fig. 16, and is not limited to the above-described ex-
ample.

Examples in which powdery ink is stored in the res-
ervoir have been described in all the embodiments de-
scribed above, but the present invention is not limited to
this and liquid ink may be used. In this case, sealing
performance must be improved, and particularly in the
fifth to eighth embodiments, the capillary action must be
employed with fiber, sponge or the like being used as
liquid holder in the supply port. In this case, liquid ink is
vaporized, achieving reduction in heating energy.
Therefore, vaporizing time is reduced.
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Furthermore, in all the embodiments described
above, the reservoir may be formed of a material having
excellent thermal conductivity. In this case, ink can be
preheated as well as the temperature thereof can be
maintained, thereby achieving reduction in vaporizing
time for the ink.

The components in the above-described embodi-
ments may be combined, wherein vibration generator
28 used in the eighth embodiment for example may be
used in the other embodiments.

Furthermore, ink is shown to be ejected upward or
laterally, the present invention is not limited to this, and
ink may be ejected downward as long as it does not re-
sult in disadvantages in structure and handling of the
back electrode and the recording medium.

Although the present invention has been described
and illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

Claims

1. An image forming apparatus for recording a pre-
scribed image by vaporizing, charging and ejecting
ink onto a recording medium, comprising:

a printing head unit (60); and

an ink cartridge (50) detachably mounted to
said printing head unit (60),

said printing head unit (60) including

ejecting means (12) for ejecting charged
gaseous ink by attracting the ink toward a
back electrode provided over a rear sur-
face of said recording medium, and
electric field shutter means (11) for control-
ling ejection of the ink from said ejecting
means (12) based on a signal correspond-
ing to image data to be recorded, and

said ink cartridge (50) including

an ink chamber (1) for storing the ink, said
ink chamber having an ink supply port for
supplying the ink into said printing head
unit (60), and

heating means (9) for vaporizing the ink in
said ink chamber.

2. The image forming apparatus as recited in claim 1,
wherein
said heating means (9) includes a vaporizing
heater (9).

3. The image forming apparatus as recited in claim 2,
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wherein
said ink chamber (1B) further includes charg-
ing means (20) for charging the ink.

4. The image forming apparatus as recited in claim 2,
wherein

said ink supply port is formed in a lower portion
of a side surface of said ink chamber (IE),

at least a part of a bottom surface of an inner
surface of said ink chamber is tilted downward
to said ink supply port, and

said heating means (9E) is provided in a vicinity
of said ink supply port in said bottom surface.

5. The image forming apparatus as recited in claim 4,
wherein
said ink chamber (1E) further includes sens-
ing means (23) provided in a vicinity of said ink sup-
ply port for detecting an amount of ink.

6. The image forming apparatus as recited in claim 1,
wherein

said printing head unit (60A) includes a heater
(19) provided at a portion where said ink car-
tridge is mounted, and

said heating means (17) includes a thermal
conductive unit (17) provided in said printing
head unit (60A) for conducting heat from said
heater to said ink chamber (1A).

7. The image forming apparatus as recited in claim 6,
wherein

said printing head unit (60C) further includes
charging means (10) for charging the ink, and
said charging means (10) is provided in said
printing head unit (60C) so that said charging
means (10) is inserted into said ink chamber
(1C) when said ink cartridge (50C) is mounted
to said printing head unit (60C).

8. The image forming apparatus as recited in claim 6,
wherein

said ink supply port is formed in a lower portion
of a side surface of said ink chamber (1F), and
at least a part of a bottom surface of an inner
wall of said ink chamber (1F) is tilted downward
to said ink supply port.

9. The image forming apparatus as recited in claim 8,
wherein

said bottom surface has a portion protruding
with respect to the side surface having said ink
supply port, and
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said heating means (17F) is provided in at least
said protruding portion of said bottom surface.

The image forming apparatus as recited in claim 9,
wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The image forming apparatus as recited in claim 10,
wherein

said shutter member (26) is attached to an inner
wall of said ink chamber (1F) in a cantilever
manner such that said shutter member (26)
covers said ink supply port, and

said printing head unit (60F) has a projection at
a position opposite to that of said ink supply port
for pushing said shutter member (26) into said
ink chamber (1F) when said ink cartridge (50F)
is mounted.

The image forming apparatus as recited in claim 11,
wherein

said projection is formed of a piezoelectric el-
ement.

The image forming apparatus as recited in claim 10,
wherein

said shutter member (26) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The image forming apparatus as recited in claim 9,
wherein

said ink chamber (1G) further includes a vi-
bration generating unit for applying vibration to the
stored ink.

The image forming apparatus as recited in claim 14,
wherein

said ink chamber (1G) further includes a shut-
ter member (27) for preventing ink from flowing out
from said ink supply port.

The image forming apparatus as recited in claim 15,
wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The image forming apparatus as recited in claim 8,
wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The image forming apparatus as recited in claim 17,
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26.
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wherein

said shutter member (26) is attachedto an inner
wall of said ink chamber (1F) in a cantilever
manner such that said shutter member (26)
covers said ink supply port, and

said printing head unit (60F) has a projection at
aposition opposite to that of said ink supply port
for pushing said shutter member (26) into said
ink chamber (1F) when said ink cartridge (50F)
is mounted.

The image forming apparatus as recited in claim 18,
wherein

said projection is formed of a piezoelectric el-
ement.

The image forming apparatus as recited in claim 17,
wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The image forming apparatus as recited in claim 8,
wherein

said ink chamber (1G) further includes a vi-
bration generating unit (28) for applying vibration to
the stored ink.

The image forming apparatus as recited in claim 21,
wherein

said ink chamber (1G) further includes a shut-
ter member (27) for preventing ink from flowing out
from said ink supply port.

The image forming apparatus as recited in claim 22,
wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The image forming apparatus as recited in claim 6,
wherein

a bottom surface of an inner wall of said ink
chamber (1F) has a portion protruding with re-
spect to a side surface thereof having said ink
supply port, and

said heating means (17F) is provided in at least
said protruding portion of said bottom surface.

The image forming apparatus as recited in claim 6,
wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The image forming apparatus as recited in claim 1,
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31.
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wherein
said ink chamber (1B) further includes charg-
ing means (20) for charging the ink.

The image forming apparatus as recited in claim 1,
wherein

said printing head unit (60C) further includes
charging means (10) for charging the ink, and
said charging means (10) is provided in said
printing head unit (60C) so that said charging
means (10) is inserted into said ink chamber
(1C) when said ink cartridge (50C) is mounted
to said printing head unit (60C).

The image forming apparatus as recited in claim 1,
wherein

said ink supply port is formed in a lower portion
of a side surface of said ink chamber (1F), and
at least a part of a bottom surface of an inner
wall of said ink chamber (1F) is tilted downward
to said ink supply port.

The image forming apparatus as recited in claim 1,
wherein

a bottom surface of an inner wall of said ink
chamber (1F) has a portion protruding with re-
spect to a side surface thereof having said ink
supply port, and

said heating means (17F) is provided in at least
said protruding portion of said bottom surface.

The image forming apparatus as recited in claim 1,
wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

An image forming apparatus for recording a pre-
scribed image by vaporizing, charging and ejecting
ink onto a recording medium, comprising:

a printing head unit (60C); and

an ink cartridge (50C) detachably mounted to
in said printing head unit (60C), wherein

said printing head unit (60C) includes

ejecting means (12C) for ejecting charged
gaseous ink by attracting the ink toward a
back electrode provided over a rear sur-
face of said recording medium,

electric field shutter means (11) for control-
ling ejection of the ink from said ejecting
means (12C) based on a signal corre-
sponding to image data to be recorded,
and
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33.

34.
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charging means (10) for charging the ink,
and

said ink cartridge (50C) includes an ink cham-
ber (1C) for storing the ink,

said charging means (10) being provided in
said printing head unit (60C) so that said charg-
ingmeans (10) is inserted into said ink chamber
(1C) when said ink cartridge (50C) is mounted
to said printing head unit (60C), and

said ink chamber (1C) having an ink supply port
for supplying the ink into said printing head unit
(60C).

An image forming apparatus for recording a pre-
scribed image by vaporizing, charging and ejecting
ink onto a recording medium, comprising:

a printing head unit (60D); and

an ink cartridge (50D) detachably mounted to
said printing head unit (60D), wherein

said printing head unit (60D) includes

ejecting means (12D) for ejecting charged
gaseous ink by attracting the ink toward a
back electrode provided over a rear sur-
face of said recording medium, and
electric field shutter means (11) for control-
ling ejection of ink from said ejecting
means (12D) based on a signal corre-
sponding to image data to be recorded,
and

said ink cartridge (50D) includes an ink cham-
ber (1D) for storing the ink,

said ink chamber (1D) having an ink supply port
for supplying the ink into said printing head unit,
said ink supply port being formed in a lower por-
tion of a side surface of said ink chamber (1D),
and

at least a part of a bottom surface of an inner
wall of said ink chamber (1D) being tilted down-
ward to said ink supply port.

The image forming apparatus as recited in claim 32,
wherein

said ink chamber (1D) further includes sens-
ing means (23) provided in a vicinity of said ink sup-
ply port for detecting an amount of ink.

The image forming apparatus as recited in claim 32,
wherein

said bottom surface has a portion protruding
with respect to the side surface having said ink
supply port, and

said heating means (17A) is provided in at least
said protruding portion of said bottom surface.
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The image forming apparatus as recited in claim 34,
wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The image forming apparatus as recited in claim 35,
wherein

said shutter member (26) is attached to an inner
wall of said ink chamber (1F) in a cantilever
manner such that said shutter member (26)
covers said ink supply port, and

said printing head unit (60F) has a projection at
a position opposite to that of said ink supply port
for pushing said shutter member (26) into said
ink chamber (1F) when said ink cartridge (50F)
is mounted.

The image forming apparatus as recited in claim 36,
wherein

said projection is formed of a piezoelectric el-
ement.

The image forming apparatus as recited in claim 35,
wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The image forming apparatus as recited in claim 34,
wherein

said ink chamber (1G) further includes a vi-
bration generating unit (28) for applying vibration to
the stored ink.

An ink cartridge (50 ) capable of being detachably
mounted to a printing head unit of an image forming
apparatus for recording a prescribed image by va-
porizing, charging and ejecting ink onto a recording
medium, comprising:

an ink chamber (1) for storing the ink; and
heating means (9) for vaporizing the ink within
said ink chamber (1), wherein

said ink chamber (1) has an ink supply port for
supplying the ink into said printing head unit
(60).

The ink cartridge as recited in claim 40, wherein
said heating means includes a vaporizing
heater (9).

The ink cartridge as recited in claim 41, wherein
said ink chamber (1B) further includes charg-

ing means (20) for charging the ink.

The ink cartridge as recited in claim 41, wherein
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said ink supply port is formed in a lower portion
of a side surface of said ink chamber (1E),

at least a part of a bottom surface of an inner
wall of said ink chamber (1E) is tilted downward
to said ink supply port, and

said heating means (9E) is provided at least in
a vicinity of said ink supply port in said bottom
surface.

The ink cartridge as recited in claim 43, wherein

said ink chamber (1E) further includes sens-
ing means (23) provided in a vicinity of said ink sup-
ply port for detecting an amount of ink.

The ink cartridge as recited in claim 40, wherein

said printing head unit (1A) includes a heater
(19) provided in a portion where said ink car-
tridge (50A) is mounted, and

said heating means (17) includes a thermal
conductive unit (17) for conducting heat from
said heater (19) to said ink chamber (1A).

The ink cartridge as recited in claim 45, wherein

said ink supply port is formed in a lower portion
of a side surface of said ink chamber (1F), and
at least a part of a bottom surface of an inner
wall of said ink chamber (1F) is tilted downward
to said ink supply port.

The ink cartridge as recited in claim 46, wherein

said bottom surface has a portion protruding
with respect to the side surface having said ink
supply port, and

said heating means (17F) is provided in at least
said protruding portion of said bottom surface.

The ink cartridge as recited in claim 47, wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The ink cartridge as recited in claim 48, wherein

said shutter member (26) is attachedto an inner
wall of said ink chamber (1F) in a cantilever
manner such that said shutter member (26)
covers said ink supply port, and

said printing head unit (60F) has a projection at
aposition opposite to that of said ink supply port
for pushing said shutter member (26) into said
ink chamber (1F) when said ink cartridge (50F)
is mounted.

The ink cartridge as recited in claim 49, wherein
said projection is formed of a piezoelectric el-
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ement.

The ink cartridge as recited in claim 48, wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The ink cartridge as recited in claim 47, wherein

said ink chamber (1G) further includes a vi-
bration generating unit (28) for applying vibration to
the stored ink.

The ink cartridge as recited in claim 52, wherein

said ink chamber (1G) further includes a shut-
ter member (27) for preventing ink from flowing out
from said ink supply port.

The ink cartridge as recited in claim 53, wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The ink cartridge as recited in claim 46, wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The ink cartridge as recited in claim 55, wherein

said shutter member (26) is attached to an inner
wall of said ink chamber (1F) in a cantilever
manner such that said shutter member (26)
covers said ink supply port, and

said printing head unit (60F) has a projection at
a position opposite to that of said ink supply port
for pushing said shutter member (26) into said
ink chamber (1F) when said ink cartridge (50F)
is mounted.

The ink cartridge as recited in claim 56, wherein
said projection is formed of a piezoelectric el-
ement.

The ink cartridge as recited in claim 55, wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The ink cartridge as recited in claim 46, wherein

said ink chamber (1G) further includes a vi-
bration generating unit (28) for applying vibration to
the stored ink.

The ink cartridge as recited in claim 59, wherein

said ink chamber (1G) further includes a shut-
ter member (27) for preventing ink from flowing out
from said ink supply port.
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61. The ink cartridge as recited in claim 60, wherein
said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

62. The ink cartridge as recited in claim 45, wherein

a bottom surface of an inner wall of said ink
chamber (1F) has a portion protruding with re-
spect to a side surface thereof having said ink
supply port, and

said heating means (17F) is provided in at least
said protruding portion of said bottom surface.

63. The ink cartridge as recited in claim 45, wherein
said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

64. The ink cartridge as recited in claim 40, wherein
said ink chamber (1B) further includes charg-
ing means (20) for charging the ink.

65. The ink cartridge as recited in claim 40, wherein

said ink supply port is formed in a lower portion
of a side surface of said ink chamber (1F), and
at least a part of a bottom surface of an inner
wall of said ink chamber (1F) is tilted downward
to said ink supply port.

66. The ink cartridge as recited in claim 40, wherein

a bottom surface of an inner wall of said ink
chamber (1F) has a portion protruding with re-
spect to a side surface thereof having said ink
supply port, and

said heating means (17F) is provided in at least
said protruding portion of said bottom surface.

67. The ink cartridge as recited in claim 40, wherein
said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

68. An ink cariridge capable of being detachably
mounted to in a printing head unit of an image form-
ing apparatus for recording a prescribed image by
vaporizing, charging and ejecting ink onto a record-
ing medium, comprising:

an ink chamber (1D) having an ink supply port
for supplying the ink into said printing head unit,
wherein said ink supply port is formed in a lower
portion of a side surface of said ink cartridge,
and

at least a part of a bottom surface of an inner
wall of said ink chamber (1D) is tilted downward
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to said ink supply port.

The ink cartridge as recited in claim 68, wherein

said ink chamber (1D) further includes sens-
ing means (23) provided in a vicinity of said ink sup-
ply port for detecting an amount of ink.

The ink cartridge as recited in claim 68, wherein
said bottom surface has a portion protruding
with respect to the side surface having said ink sup-

ply port.

The ink cartridge as recited in claim 70, wherein

said ink chamber (1F) further includes a shut-
ter member (26) for preventing ink from flowing out
from said ink supply port.

The ink cartridge as recited in claim 71, wherein

said shutter member (26) is attached to an inner
wall of said ink chamber (1F) in a cantilever
manner such that said shutter member (26)
covers said ink supply port, and

said printing head unit (60F) has a projection at
a position opposite to that of said ink supply port
for pushing said shutter member (26) into said
ink chamber (1F) when said ink cartridge (50F)
is mounted.

The ink cartridge as recited in claim 72, wherein
said projection is formed of a piezoelectric el-
ement.

The ink cartridge as recited in claim 71, wherein

said shutter member (27) is formed of a ther-
mally deformed member for forcing ink to flow out
with deformation caused by heating.

The ink cartridge as recited in claim 70, wherein

said ink chamber (1G) further includes a vi-
bration generating unit (28) for applying vibration to
the stored ink.

An image forming apparatus of the kind in which
powder ink is vaporized, charged and ejected onto
a recording medium (RM), the apparatus including
a removeable powder ink cartridge (1; 1A; 1B; 1C;
1E; 1F; 1G) incorporating a heating means (9; 17;
9E; 17F; 17G) for vaporizing the powder ink.
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