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(54) Record head

(57) A record head is constituted such that an ink
storage groove for temporarily storing ink on a substrate
is formed along a longitudinal direction of a slit, the ink
storage groove is disposed in an ink chamber formed
between the substrate and the slit plate and is disposed
at an upper side, or a lower side both sides of the slit in
adirection of a face of the substrate by which a sufficient

amount of ink is stably supplied to the slip portion at high
speed and prevention of discharge phenomenon and
acceleration of the record speed are achieved. Also, a
record head having a photoconductive film formed on a
transparent electrode, means for supplying ink on the
photoconductive film, and light irradiating means for
supplying light on to the photoconductive film in a form
of a pulse and in correspondence with a desired pixel.
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Description
BACKGROUND OF THE INVENTION

The present invention relates to a record head used
in a record device for providing output picture on record
paper capable of dealing with a wide variety of needs of
industries ranging from the printing industry where high
speed output of high quality picture is requested, the
printer industry based on business or personal request
to the electric appliance industry where general output
devices and the like at low price using various kinds and
uses of record paper are requested.

According to a slit jet system that is a kind of a con-
ventional electrostatic attraction systemin ink jet record-
ing (Susumu Ichinose et al: "A slit jet recording system”,
Proceeding of 1st. Symposium of Nonimpact Printing
Technology, page 119-124, 1984), as shown by Fig. 10,
in a record head having an ink jet injection port 101
formed in a slit-like shape, an upper plate 102 and a
lower plate 103 for forming the ink injection port 101, a
record electrode 104 arranged on the lower plate 103
by a unit of a record pixel, an opposed electrode 105
arranged opposedly to the ink injection port 101, a
record medium 110 moving along the opposed electrode
105 and a drive power source 106 for supplying voltage
to a selected electrode of the record electrode 104, ink
108 is filled in the ink injection port 101 and a voltage
pulse 107 is applied between the record electrode 104
and the opposed electrode 105 by which the ink 108 is
injected and flown ink 109 is adhered and permeated
onto the record medium 110 whereby desired output
print or picture is obtained.

According to the conventional slit jet system, by re-
placing a nozzle used in ink jet recording by the ink in-
jection port 101 having a slender slit-like shape, the res-
olution can be prevented from being restricted by the
nozzle and further, cleaning of the ink jet port 101 can
be facilitated.

Further, according to the slit jet system, a plurality
of the ink injection ports 101 are used and the inks 108
having different colors are injected into the respective
ink injection ports 101 by which color output printing can
easily be provided.

The following problems are posed according to the
conventional ink jet recording system.

(1) It is difficult to promote the resolution since noz-
Zles are used for injecting ink.

(2) The ink jet recording system is classified into a
continuous type and an on-demand type. According to
the continuous type, although the record speed is high,
the device is difficult to simplify due to recovery of un-
necessary ink or the like whereas according to the on-
demand type, although the constitution of the device is
simplified, the record speed is difficult to accelerate.

The following problems are posed according to the
slit jet system for resolving the above-described prob-
lems of the ink jet recording system.
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(1) It is difficult to promote the resolution since ink
is flown by arranging record electrodes in correspond-
ence with the units of record pixels.

(2) It is difficult to optimize ink characteristic and
control applied voltage and timing thereof since in ap-
plying voltage on the record electrodes, when a selected
record electrode and a nonselected record electrode are
contiguous to each other, discharge phenomenon is
caused between the both electrodes.

Hence, according to the present invention, it is a
problem thereof to provide a record unit in which highly
fine and high quality printing is carried out at high speed
and output printing in a noncontact state and where
shape of a record medium is not selected can be carried
out, and a record device using the record unit, a record
unit and a record head used for the record device.

SUMMARY OF THE INVENTION

In order to resolve the above-described problems,
according to the present invention, there is provided a
record head having a transparent electrode formed on
a substrate, a photoconductive film formed on the trans-
parent electrode, means for supplying ink on the photo-
conductive film, a slit plate installed with a slit for con-
trolling injection of the ink and an opposed electrode in
this order, the slit plate and the opposed electrode being
arranged with a gap therebetween sufficient for incor-
porating a record medium, and at least having a power
source for applying a voltage between the transparent
electrode and the opposed electrode and light irradiat-
ing means for supplying light in correspondence with a
desired pixel to the photoconductive film in a form of a
pulse.

Further, as other constitution of the present inven-
tion, according to the present invention, there is provid-
ed a record head having a transparent electrode formed
on a substrate, a photoconductive film formed on the
transparent electrode, means for supplying ink on the
photoconductive film, a slit plate installed with a slit for
controlling injection of the ink and an opposed electrode
in this order, the slit plate and the opposed electrode
being arranged with a gap therebetween sufficient for
incorporating a record medium, and at least having a
power source for applying a voltage between the trans-
parent electrode and the opposed electrode and light
irradiating means for irradiating light in correspondence
with a desired pixel to the photoconductive film, wherein
an ink storage groove for temporarily storing the ink is
formed on the substrate along a longitudinal direction of
the slit and the ink storage groove(s) are disposed in an
ink chamber formed between the substrate and the slit
plate and disposed at an upper side or a lower side or
both sides of the slit in a direction of a plane of the sub-
strate.

Embodiments of the present invention will now be
described by way of example only and with reference to
the accompanying drawings, in which:-
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Fig. 1 is an explanatory view showing the constitu-
tion of a record head according to a first example of the
present invention.

Fig. 2 is an explanatory view showing the constitu-
tion of a record head according to a second example of
the present invention.

Fig. 3 is an explanatory view showing the constitu-
tion of a record head according to a third example of the
present invention.

Fig. 4 is an explanatory view showing the constitu-
tion of a record head according to a fourth example of
the present invention.

Fig. 5 is a disassembled perspective view showing
the constitution of a head unit of the record head accord-
ing to the fourth example of the present invention.

Fig. 6 is a disassembled perspective view showing
the constitution of the record head according to the
fourth example of the present invention and its periph-
eral mechanism.

Fig. 7 is an explanatory view showing the constitu-
tion of a record head according to a fifth example of the
present invention.

Fig. 8 is a block diagram showing the constitution
of a recording device using the record head of the
present invention.

Fig. 9 is an explanatory view showing a first embod-
iment of a record head of the present invention.

Fig. 10 is an explanatory view showing a record
head of a conventional slit jet system.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 9 shows a first embodiment of a record head
according to the present invention.

An explanation will be given of the constitution and
operation of a record head according to a first embodi-
ment in reference to Fig. 9 as follows.

First, an explanation will be given of the constitution
of the record head.

A head unit 54 of the record head is constituted by
a transparent substrate 58, a transparent electrode 2
formed on the transparent substrate 58 and a photocon-
ductive film 4 formed on the transparent electrode 2, fur-
ther, a slit plate 8 is installed on the photoconductive film
4 via a spacer 55 for forming an ink chamber 56 and a
slit 57 for controlling injection of the ink 6 is formed at
the slit plate 8. Further, ink supplying means 50 for sup-
plying the ink 6 to the ink chamber 56 on the photocon-
ductive film 4 is constituted at the head unit 54.

Further, an opposed electrode 1 is installed around
the head unit 54 on the side of the slit plate 8 and the
opposed electrode 1 is arranged such that a gap suffi-
cient for incorporating a record medium 10 is formed be-
tween the opposed electrode 1 and the slit plate 8. Pa-
per feeding means (not illustrated) for supplying the
record medium 10 without being brought into contact
with the slit plate 8, a power source 3 for applying volt-
age between the transparent electrode 2 and the op-
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posed electrode 1 and light irradiating means 5 for sup-
plying light in correspondence with a desired picture pix-
el to the photoconductive film 4 in a form of a pulse is
installed on the rear face side of the transparent sub-
strate 58.

Next, an explanation will be given of the operation.
Light is irradiated to the photoconductive film 4 by using
the light irradiating means 5 from the rear face side of
the transparent substrate 58 in a state where high volt-
age is applied between the transparent electrode 2 and
the opposed electrode 1 by the power source 3. By this
operation, the resistance value of an irradiated region
of the photoconductive film 4 is lowered and photocur-
rent is flown at the irradiated region. Thereafter, electric
charge is charged in the ink on the photoconductive film
4 at the irradiated region of the photoconductive film 4
and the ink is converted into flown ink 12 and is injected
toward the side of the opposed electrode 1 by receiving
Coulomb's force while an amount and directionality of
the ink are controlled by the slit plate 8. The flown ink
12 is moved, permeated and adhered to the record me-
dium 10 on the opposed electrode 1 by Coulomb's force
whereby the desired picture pixel is provided on the
record medium 10.

The record head described in the first embodiment
of the present invention sufficiently resolves the above-
described problems. That is, it is easy to promote the
resolution since it has no record electrode. Further, the
record head has a feature in which there causes no dis-
charge phenomenon between record electrodes since
it has no record electrode and it is easy to optimize the
ink characteristic and control applied voltage and timing
thereof.

Further, attention has been paid to the following
points in order to improve the record head described in
the first embodiment.

That is, since high voltage is applied between the
transparent electrode on the head side and the opposed
electrode, in the recording operation, when a sufficient
amount of ink is not supplied to the slit portion after flying
ink having high insulating performance, the resistance
value between the electrodes may be lowered and the
discharge phenomenon may occur. Accordingly, the fre-
quency of driving the record head described in the first
embodiment is significantly dependent on the refilling
rate of ink and the record speed is restricted thereby.

Therefore, in order to improve the record head of
the first embodiment, the capacity of ink in the ink cham-
ber must be enlarged and a mechanism capable of sup-
plying ink sufficiently and at high speed is needed at the
slit portion. Although it is appropriate to expand the ink
chamber formed between the substrate and the slit plate
in order to enlarge the ink capacity, when the expansion
of the ink capacity is achieved by increasing, for exam-
ple, the height of the ink chamber, that is, a distance of
the gap between the photoconductive film face on the
substrate and the slit plate, since the amount of ink in-
jected from the slit depends significantly on the height
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of the ink chamber, the injected ink amount is simulta-
neously increased and further, the amount of consump-
tion of ink is increased and accordingly, as a result, the
refilling rate of ink is not accelerated considerably. Fur-
ther, the resolution is obliged to lower by an increase in
the amount of injecting ink and since the amount of in-
jecting ink is increased, energy necessary for injection,
that is, a value of voltage applied between the both elec-
trodes must be increased or time of injection needs to
be prolonged.

Further, when the expansion of the ink capacity is
achieved by expanding the ink chamber in the width di-
rection of the ink chamber, that is, a horizontal direction
in respect of the substrate face, since the amount of ink
atthe slit portion is not increased, the amount of injecting
ink remains unchanged at the pertinent value and the
refilling of ink is carried out at high speed, however, the
record head per se must be enlarged in the direction of
the substrate plane by an amount expanding the ink
chamber in the direction of the substrate plate. The
drawback is revealed significantly in arranging record
heads and performing color printing whereby the device
is magnified. Further, since the ink chamber is formed
thinly with a wide area in the head, when the head is not
used in a long period of time, the ink filled in the ink
chamber is liable to evaporate by which a solidified com-
ponent of ink such as a pigment or the like adheres to
the slit portion and the slit portion is clogged, further, the
direction of injecting ink is varied thereby, which may
cause dimmed portions or nonuniformity of dots and
print quality may be deteriorated.

Further, when the record head is constituted by a
line head, the amount of consumption of ink per unittime
period is increased since the slit width as a injecting por-
tion is significantly wider than a serial head. Therefore,
these problems are revealed significantly in the case of
a line head.

Further, the ink is flown by using electrostatic force
by applying high voltage between the electrodes and
therefore, when impurities or the like having high con-
ductivity are mixed in the ink, the discharge phenome-
non may be caused.

According to the record head of the second embod-
iment of the present invention, higher quality and higher
speed of print output are achieved by supplying ink sta-
bly and at high speed, discharge phenomenon between
the electrodes caused by high voltage is prevented, ink
is hardly clogged at the slit portion and small-size for-
mation can be achieved.

An explanation will be given of the record head ac-
cording to the second embodiment as follows.

According to a first constitution of the second em-
bodiment of the record head of the present invention,
there is provided a record head having a transparent
electrode formed on a substrate, a photoconductive film
formed on the transparent electrode, means for supply-
ing ink on the photoconductive film, a slit plate installed
with a slit for controlling injection of the ink and an op-
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posed electrode in this order, the slit plate and the op-
posed electrode being arranged with a gap therebe-
tween sufficient for incorporating a record medium, and
at least having a power source for applying a voltage
between the transparent electrode and the opposed
electrode and light irradiating means for supplying light
in correspondence with a desired pixel to the photocon-
ductive film in a form of a pulse wherein an ink storage
groove for temporarily storing the ink is formed on the
substrate along a longitudinal direction of the slit and
the ink storage groove(s) are disposed in an ink cham-
ber formed between the substrate and the slit plate and
disposed at an upper side or a lower side or both sides
of the slit in a direction of a plane of the substrate.

The record head having the above-described first
constitution operates as follows.

When light is irradiated to the photoconductive film
by using the light irradiating means from the side of the
transparent electrode in a state where high voltage is
applied between the transparent electrode and the op-
posed electrode by the power source, the resistance
value of the photoconductive film at the irradiated region
is lowered and photocurrent is flown at the irradiated re-
gion. Thereafter, a state where electricity is conducted
between the ink and the transparent electrode is pro-
duced at the irradiated region of the photoconductive
film, electric charge is charged to the ink on the photo-
conductive film, and the ink is flown toward the side of
the opposed electrode by receiving Coulomb's force and
adhered to the side of the record medium while the
amount and the directionality of the ink are controlled by
the slit plate. Thereby, desired picture pixels are provid-
ed on the record medium. Further, when the ink is flown,
the ink to be refilled is supplied swiftly from the ink stor-
age groove to the inside of the ink chamber, that is, the
slit portion.

Further, according to a second constitution of the
record head of the present invention, in the first consti-
tution of the record head, the record head of this consti-
tution is provided with a member having ink permeable
fine pores in the ink storage groove.

The record head of the above-described second
constitution operates as follows.

When light is irradiated to the photoconductive film
by using the light irradiating means from the side of the
transparent electrode in the state where high voltage is
applied by the power source between the transparent
electrode andthe opposed electrode, the resistance val-
ue of the photoconductive film at the irradiated region is
lowered and photocurrent is flown at the irradiated re-
gion. Thereafter, the state where electricity is conducted
between the ink and the transparent electrode is pro-
duced at the irradiated region of the photoconductive
film, electric charge is charged at the ink on the photo-
conductive film and the ink is flown toward the side of
the opposed electrode by receiving Coulomb's force and
adhered to the side of the record medium. Thereby, de-
sired picture pixels are provided on the record medium.
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Further, when the ink is flown, at the inside of the record
head, the ink to be refilled is supplied at high speed to
the inside of the ink chamber, that is, the slit portion by
a constant amount after passing through the material
having fine pores provided in the ink storage groove.

Furthermore, according to a third constitution of the
record head of the present invention, in the record head
of the first constitution or the record head of the second
constitution, the record head of this constitution is pro-
vided with ink accelerating means for accelerating fur-
ther flown ink.

The record head of the above-described third con-
stitution operates as follows.

When light is irradiated to the photoconductive film
by using the light irradiating means from the side of the
transparent electrode in the state where high voltage is
applied by the power source between the transparent
electrode and the opposed electrode, the resistance val-
ue of the photoconductive film at the irradiated region is
lowered and photocurrent is flown at the irradiated re-
gion. Thereafter, the state where electricity is conducted
between the ink and the transparent electrode is pro-
duced at the irradiated region of the photoconductive
film, electric charge is charged to inside of the ink on the
photoconductive film, the ink is flown to the side of the
opposed electrode by receiving Coulomb's force and
thereafter, the flown ink is further accelerated by the ac-
celerating means and adhered to the side of the record
medium. Thereby, desired picture pixels are provided
on the record medium. Further, when the ink is flown,
the ink to be refilled is supplied swiftly from the ink stor-
age groove to the inside of the ink chamber, that is, the
slit portion.

Furthermore, according to a fourth constitution of a
record head of the present invention, the record head
described in the first, or the second, or the third consti-
tution, is constituted in a line shape in correspondence
with the print width of the record medium.

The record head of the above-described fourth con-
stitution operates as follows.

When light is irradiated in a line shape to the pho-
toconductive film by the light irradiating means from the
side of the transparent electrode of the record unit in the
state where high voltage is applied by the power source
between the individual transparent electrodes and the
opposed electrodes, the resistance value of the photo-
conductive film at the irradiated region is lowered and
photocurrent is flown at the irradiated region. Thereafter,
the state where electricity is conducted between the ink
and the transparent electrode is produced at the irradi-
ated region of the photoconductive film, electric charge
is charged to inside of the ink on the photoconductive
film, the ink is flown toward the side of the opposed elec-
trode by receiving Coulomb's force, the flown ink is
moved, permeated and adhered to the record medium
on the opposed electrode and therefore, one line region
of desired picture pixels are provided on the record me-
dium. When the ink is flown, the ink to be refilled is sup-
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plied swiftly from the ink storage groove to the inside of
the ink chamber, that is, the slit portion.

Furthermore, as a fifth constitution of the record unit
of the present invention, a plurality of the record heads
having one of the first through the fourth constitutions
are used and means for supplying inks having different
colors to the respective record heads are provided.

The record unit having the above-described sixth
constitution operates as follows.

When light is irradiated to the photoconductive film
by the light irradiating means from the side of the trans-
parent electrode of the record unit in the state where
high voltage is applied by the power source between the
individual transparent electrodes and the opposed elec-
trode, the resistance value of the photoconductive film
at the irradiated region is lowered and photocurrent is
flown at the irradiated region. Thereafter, a state where
electricity is conducted between the ink and the trans-
parent electrodes is produced at the irradiated region of
the photoconductive film, electric charge is charged to
inside of the ink on the photoconductive film, the ink is
flown toward the side of the opposed electrode by re-
ceiving Coulomb's force, the flown ink is moved, perme-
ated and adhered to the record medium on the opposed
electrode and accordingly, one dot, one line or one
screen region of desired picture elements are provided
at the record medium. When the ink is flown, the ink to
be refilled is supplied swiftly from the ink storage groove
to the inside of the ink chamber, that is, the slit portion.
Further, by repeating the above-described procedure at
the record heads of the respective colors, desired color
print or color picture is provided on the record medium.

[Examples]

An explanation will be given of examples of record
heads according to the second embodiment of the
present invention in reference to the drawings as fol-
lows.

(Example 1)

Fig. 1 is an explanatory view showing the first con-
stitution of a record head according to the present in-
vention.

An explanation will be given of the total constitution
of the record head in reference to Fig. 1.

In Fig. 1, the record head is constituted by the head
unit 54, the ink supplying means 50 for supplying a nec-
essary amount of ink to the head unit 54, the light irra-
diating means 5 arranged on the right side (hereinafter,
rear face side) of the head unit 54 for irradiating light to
the head unit 54, the opposed electrode 1 arranged on
the left side (hereinafter, opposed face side) of the head
unit 54 and the power source 3 for applying voltage be-
tween the opposed electrode 1 and an electrode in the
head unit 54.

An explanation will be given of the constitution of
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the head unit 54.

Numeral 58 designates a transparent substrate and
the transparent substrate 58 is formed by a light trans-
mitting material of glass, acrylic resin, plastic or the like
for transmitting wavelength of light from the light irradi-
ating means 5 arranged on the rear face side. Further,
the transparent electrode 2 and the photoconductive
film 4 are successively laminated on a face of the trans-
parent substrate 58 on the opposed face side and the
slit plate 8 is formed thereon via the spacer 55. In this
case, the spacer 55 is disposed in the upward and down-
ward directions and transverse directions from the slit
57 such that the slit 57 in an elongated hole shape
formed on the slit plate 8 is not closed and further, ink
is not leaked and by constituting in this way, there is
formed a space of the ink chamber 56 that is hermeti-
cally sealed at other than the opening of the slit 57. Fur-
ther, the ink storage groove 53 is formed in the ink cham-
ber 56 on the transparent substrate 58 and the depth of
the ink storage groove 53 is set to be sufficiently deeper
than that of the ink chamber 56. Further, the ink storage
groove 53 is formed to dispose on the upper side or the
lower side of the slit 57 such that the ink storage groove
53 is not opposed to the position of opening the slit 57
in the slit plate 8.

As the material of the photoconductive film 4, an in-
organic conductor of a photoconductive single crystal
material of Se group, CdS group, ZnO group, BSO
(Bi;5SiO4q) or the like, hydrogenerated amorphous sili-
con of i type, pitype, pin type or the like, or a lamination
type organic photoconductor such as CTL/CGL or the
like can be used. As the photoconductive film 4, the pho-
toconductivity is important and it is preferable that po-
tential difference of surface potential caused by attenu-
ation of light is large. The dark resistance of the inor-
ganic photoconductor or the organic photoconductor
falls in a range of 1018 through 1014 Q:cm and the re-
sistance value is lowered to 1019 through 10" Q-cm by
irradiating light to the photoconductive film 4 by which
photocurrent is flown in the irradiated region. Further, in
respect of the film thickness of the photoconductive film
4, 10 through 20 pum is preferable and as electric prop-
erties, it is requested that the resistance value at the
dark place is large and high sensitivity and fast light re-
sponse are required which can be satisfied by the
above-described photoconductor.

Further, when amorphous silicon is used as the
photoconductive film 4, the dark resistance falls in a
range of 109 through 1011 Q-cm and the resistance value
can be lowered to 104 through 108 Q-cm by irradiating
light to the photoconductive film 4 by which large surface
potential difference can be ensured. Further, naturally,
the larger the film thickness of the photoconductive film,
the more increased is the dark resistance value, how-
ever, the resolution is deteriorated at the film thickness
of 20 through 100 um or higher and therefore, the opti-
mum film thickness is 20 um or lower, preferably, about
10 um.
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Further, in order to increase the dark resistance val-
ue as well as realize jumping of ink having high resolu-
tion by minimizing expansion of electric charge in the
direction of film face, it is preferable to use hydrogen-
erated amorphous silicon of i type where impurity ele-
ments are removed.

As the transparent electrode 2, ITO (Indium-Tin-Ox-
ide) or, a conductive high molecular material, a metal
thin film having a thinness sulfficient for passing light (for
example, Al thin film having a film thickness of 0.03 pm
or the like), or ZnO, or SnO, or compounds of these can
be used. Further, as the opposed electrode 1 of the
present invention, a material having excellent conduc-
tivity such as aluminum, copper, gold or the like can be
used.

Next, an explanation will be given of the constitution
of the ink supplying means 50.

Numeral 52 designates an ink tank for storing an
supplying ink and ink filled in the ink tank 52 is supplied
to the ink chamber 56 or the ink storage groove 53 of
the record head unit 15 via an ink supply path 51 of a
pipe or the like. In this case, the ink 6 is supplied firmly
to the ink chamber 56 under the slit 57 or the ink storage
groove 53 by setting the interface of ink of the ink tank
52 higher than the positions of the ink chamber 56 and
the ink storage groove 53. In this case, the ink supplying
means 50 may be constituted integrally with the head
unit 54.

Next, an explanation will be given of the constitution
of the light irradiating means.

As the light irradiating means 5 according to the
present invention, a semiconductor laser can be used
and laser beam is irradiated by the light irradiating
means 5 in an arrow mark 7 direction from the rear face
side of the transparent substrate 58 to a position on the
photoconductive film 4 in correspondence with a desired
picture pixel. Further, the irradiated light reaches the
photoconductive film 4 after transmitting through the
transparent substrate 58 and the transparent electrode
2. Thereby, the resistance value is lowered only at the
irradiated desired picture pixel region on the photocon-
ductive film 4. In this case, the photosensitivity can be
promoted by promoting the light attenuation rate of the
photoconductive film 4 by matching the oscillation wave-
length of the laser beam with the absorption coefficient
of the photoconductive film 4 in respect of the oscillation
wavelength. Further, in respect of the laser beam 7, the
intensity of irradiated light, the shape of focus light spot
and the like of laser beam irradiated from a laser oscil-
lation device of a semiconductor laser or the like, are
optimized by an optical lens or the like and the laser
beam can be constituted by a laser beam scanning
mechanism composed of a polygonal mirror and the like
at the light irradiating means 5. According to the record
head of the present invention, laser beam is irradiated
from the light irradiating means 5 and therefore, picture
can be formed on the photoconductive film 4 at a posi-
tion in correspondence with a desired picture pixel in a
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noncontact state and at high speed. Although according
to the example, a semiconductor laser is used as a light
emitting source of the light irradiating means 5, the
present invention is not limited thereto but He-Ne laser,
a semiconductor laser array, an LED array, a halogen
lamp or the like can be used sufficiently as the light emit-
ting source. Further, naturally, a light shutter array or a
liquid crystal television set may be used in place of the
above-described laser scanning optical system. Fur-
ther, slit light exposure may be performed by an analog
optical system such as a copier and light may be irradi-
ated directly to the head unit 54 via an optical system.

Next, an explanation will be given of the opposed
electrode 1 and the power source 3.

The opposed electrode 1 comprises a conductive
material and is arranged on the side of opposing the
head unit 54 via a clearance of about 0.2 through 1 mm
from the slit plate face of the head unit 54. In this case,
the side of the opposed electrode 1 is connected to the
positive pole of the power source 3 and the side of the
transparent electrode 2 in the head unit 54 is connected
to the negative side thereof, respectively, in printing,
constant voltage is applied between the both electrodes
by the power source 3 and electric field is generated at
the clearance between the both electrodes. Although in
Fig. 1, the shape of the opposed electrode 1 is consti-
tuted by a plane, it is preferable to concentrate the elec-
tric field by sharpening the opposed electrode face, con-
stituting a shape having a radius of curvature or the like
and in this way, energy necessary for injection of ink,
that is, applied voltage or applied pulse can be reduced.

Next, an explanation will be given of the operation.

First, constant high voltage is continuously applied
between the transparent electrode 2 and the opposed
electrode 1 by the power source 3 by which a state
where electric field is generated between both is pro-
duced. Further, light is irradiated by the light irradiating
means 5 from the rear face side of the transparent sub-
strate 58 toward the position of the slit 57 in correspond-
ence with a desired picture recording portion. Then, light
transmits through the transparent substrate 58 and the
transparent electrode 2 and is irradiated to the photo-
conductive film 4.

At this moment, the photoconductive phenomenon
is caused and photocurrent is flown at the light irradiated
portion inside of the photoconductive film 4. That is, car-
riers are formed at the irradiated region of the photocon-
ductive film 4 and transferred by the external electric
field, as a result, the impedance is lowered and the
photocurrent is flown. According to the embodiment, the
negative pole is connected to the side of the transparent
electrode 2 and accordingly, electrons emerge on the
ink side at the light irradiated portion, however, this is
because the charge characteristic of the ink according
to the embodiment-is defined as negative and the
charge characteristic is not particularly limited thereto,
although it is necessary to correspond to the charge
characteristic of the ink.
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Therefore, at the irradiated region of the photocon-
ductive film 4, the ink 6 and the transparent electrode 2
are brought into a conductive state and negative charge
is charged to inside of the ink 6 having high insulating
performance on the photoconductive film 4. Further, the
ink is attracted to the record medium 10 on the opposed
electrode 1 by receiving Coulomb's force caused by the
electric field developed between the transparent elec-
trode 2 and the opposed electrode 1 and the flown ink
12 is injected from the slit 57 to the side of the opposed
electrode 1 and is adhered to the record medium.

Further, after flying the ink, a pertinent amount of
ink is filled from the ink storage groove 53 installed at
the vicinity of the slit 57 to the flown ink portion suffi-
ciently faster than a successive timing of injecting ink.

(Example 2)

Fig. 2 is an explanatory view showing the second
constitution of a record head according to the present
invention.

An explanation will be given of the total constitution
of the record head in reference to Fig. 2.

In Fig. 2, the record head is constituted by the head
unit 54, the ink supplying means 50 for supplying a nec-
essary amount of ink to the head unit 54, the light irra-
diating means 5 arranged on the rear face side of the
head unit 54 for irradiating light to the head unit 54, the
opposed electrode 1 arranged on the opposed face side
of the head unit 54 and the power source 3 for applying
voltage between the opposed electrode 1 and the elec-
trode in the head unit 54.

An explanation will be given of the constitution of
the head unit 54.

Numeral 58 designates the transparent substrate
and the transparent substrate 58 is formed by a light
transmitting material of glass, acrylic resin, plastic orthe
like for transmitting wavelength of light from the light ir-
radiating means 5 arranged on the rear face side. Fur-
ther, the transparent electrode 2 and the photoconduc-
tive film 4 are successively laminated on the face of the
transparent substrate 58 on the opposed face side and
the slit plate 8 is formed thereon via the spacer 55. In
this case, the spacer 55 is arranged on the upper side,
the lower side and in the lateral directions of the slit 57
such that the slit 57 having an elongated hole shape
formed on the slit plate 8 is not closed and ink is not
leaked and by constituting in this way, a hermetically
sealed space of the ink chamber 56 is formed at other
than the opening of the slit 57. Further, the ink storage
groove 53 is formed at inside of the ink chamber 56 on
the transparent substrate 58 and the depth of the ink
storage groove 53 is set sufficiently deeper than that of
the ink chamber 56. Further, the ink storage groove 53
is formed to dispose on the upper side or the lower side
of the slit 57 such that the ink storage groove 53 is not
opposed to the position of opening the slit 57 in the slit
plate 8. Further, a porous material 65 where fine pores
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are formed is embedded in the ink storage groove 53
and the porous material 65 is formed by a foaming ma-
terial comprising polyurethane, polyethylene, rubber,
silicone rubber or the like.

Next, an explanation will be given of the constitution
of the ink supplying means 50.

Numeral 52 designates an ink tank for storing and
supplying ink and ink filled in the ink tank 52 is supplied
to the ink storage groove 53 of the record head unit 54
via the ink supply path 51 of a pipe or the like. Further,
the ink 6 in the ink storage groove 53 receives flow re-
sistance by interposing the porous material 65 and the
constant amount of ink is supplied to the ink chamber
56. The amount of ink supplied to the ink chamber 56,
that is, the portion of the slit 57 can freely be controlled
by the size of the pore and a number of pores per unit
volume of the porous material 65. In this case, the ink 6
is firmly supplied to the ink chamber 56 under the slit 57
or the ink storage groove 53 by setting the interface of
ink of the ink tank 52 higher than the positions of the ink
chamber and the ink storage groove 53. In this case, the
ink supplying means 50 may be constituted integrally
with the head unit 54.

Next, an explanation will be given of the constitution
of the light irradiating means.

As the light irradiating means 5 according to the
present invention, similar to Example 1, a semiconduc-
tor laser can be used and laser beam from the light ir-
radiating means 5 is irradiated in the arrow mark 7 di-
rection from the rear face side of the transparent sub-
strate 58 to the position on the photoconductive film 4
in correspondence with a desired picture pixel. Further,
the irradiated light reaches the photoconductive film 4
by transmitting through the transparent substrate 58 and
the transparent electrode 2. Thereby, a resistance value
of only the irradiated desired picture pixel region is low-
ered on the photoconductive film 4.

Next, an explanation will be given of the constitu-
tions of the opposed electrode 1 and the power source 3.

The opposed electrode 1 comprises a conductive
material and is arranged on the opposed face side of
the head unit 54 via a clearance of about 0.2 through 1
mm from the slit plate face of the head unit 54. In this
case, the side of the opposed electrode 1 is connected
to the positive pole of the power source 3 and the side
of the transparent electrode 2 in the head unit 54 is con-
nected to the negative pole thereof, respectively, con-
stant voltage is applied between the both electrodes by
the power source 3 in printing and electric field is gen-
erated at. the clearance between the both electrodes.

Next, an explanation will be given of the operation.

First, constant high voltage is continuously applied
between the transparent electrode 2 and the opposed
electrode 1-by the power source 3 by which a state
where electric field is generated between both is pro-
duced. Further, light is irradiated by the light irradiating
means 5 from the rear face side of the transparent sub-
strate 58 toward the position of the slit 57 in correspond-
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ence with a desired picture recording portion. Then, light
transmits through the transparent substrate 58 and the
transparent electrode 2 and is irradiated to the photo-
conductive film 4.

At this moment, the photoconductive phenomenon
is caused and photocurrent is flown at the light irradiated
portion inside of the photoconductive film 4. That is, car-
riers are formed at the irradiated region of the photocon-
ductive film 4 and transferred by the external electric
field, as a result, the impedance is lowered and the
photocurrent is flown.

Therefore, in the irradiated region of the photocon-
ductive film 4, the ink 6 and the transparent electrode 2
are brought into a conductive state, and negative charge
is charged locally in the ink 6 having high insulating per-
formance on the photoconductive film 4. Further, the ink
is attracted to the record medium 10 on the opposed
electrode 1 by receiving Coulomb's force by electric field
developed between the transparent electrode 2 and the
opposed electrode 1 and the flown ink 12 is injected to
the side of the opposed electrode 1 from the slit 57 and
adhered to the record medium.

Further, after flying ink, a pertinent amount of ink is
filled to the flown ink portion by the ink storage groove
53 installed at the vicinity of the slit 57 sufficiently faster
than a successive timing of ink injection, further, impu-
rities are removed by passing the ink 6 through the po-
rous material 65 and the ink with a constant pressure
and a pertinent amount is filled in the slit by receiving
uniform flow resistance. Thereby, the ink is supplied al-
ways stably to the slit and the. stable recording opera-
tion can be performed by firmly restraining the discharge
phenomenon which may be caused between the op-
posed electrode and the transparent electrode under
application of voltage by removing impurities in the ink.

(Example 3)

Fig. 3 is an explanatory view showing the third con-
stitution of a record head according to the present in-
vention.

An explanation will be given of the total constitution
of the record head in reference to Fig. 3.

In Fig. 3, the record head is constituted by the head
unit 54, the ink supplying means 50 for supplying a nec-
essary amount of ink to the head unit 54, the light irra-
diating means 5 arranged on the rear face side of the
head unit 54 for irradiating light to the head unit 54, the
opposed electrode 1 arranged on the opposed face side
of the head unit 54, the power source 3 for applying volt-
age between the opposed electrode 1 and the electrode
in the head unit 54 and accelerating means for acceler-
ating the injected ink in the flying direction.

An explanation will be given of the constitution of
the head unit 54.

Numeral 58 designates the transparent substrate
and the transparent substrate 58 is formed by alight
transmitting material of glass, acrylic resin, plastic orthe
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like for transmitting wavelength of light from the light ir-
radiating means 5 arranged on the rear face side. Fur-
ther, the transparent electrode 2 and the photoconduc-
tive film 4 are successively laminated on the face of the
transparent substrate 58 on the opposed face side and
the slit plate 8 is formed thereon via the spacer 55. In
this case, the spacer 55 is arranged on the upper side,
the lower side and in the lateral directions of the slit 57
such that the slit 57 having an elongated hole shape
formed on the slit plate 8 is not closed and ink is not
leaked and by constituting in this way, a hermetically
sealed space of the ink chamber 56 is formed at other
than the opening of the slit 57. Further, the ink storage
groove 53 is formed at inside of the ink chamber 56 on
the transparent substrate 58 and the depth of the ink
storage groove 53 is set sufficiently deeper than that of
the ink chamber 56. Further, the ink storage groove 53
is formed to dispose on the upper side or the lower side
of the slit 57 such that the ink storage groove 53 is not
opposed to the position of opening the slit 57 in the slit
plate 8.

Next, an explanation will be given of the constitution
of the ink supplying means 50.

Numeral 52 designates the ink tank for storing and
supplying ink and ink filled in the ink tank 52 is supplied
to the ink storage groove 53 or the ink chamber 56 of
the record head unit 54 via the ink supply path 51 of a
pipe or the like. In this case, the ink 6 is supplied firmly
to the ink chamber 56 under the slit 57 or the ink storage
groove 53 by setting the interface of ink of the ink tank
52 higher than the positions of the ink chamber 56 and
the ink storage groove 53. In this case, the ink supplying
means 50 may be constituted integrally with the head
unit 54.

Next, an explanation will be given of the constitution
of the light irradiating means.

As the light irradiating means 5 according to the
present invention, similar to Example 1, a semiconduc-
tor laser can be used and laser beam from the light ir-
radiating means 5 is irradiated in the arrow mark 7 di-
rection from the rear face side of the transparent sub-
strate 58 to the position on the photoconductive film 4
in correspondence with a desired picture pixel. Further,
the irradiated light reaches the photoconductive film 4
after transmitting through the transparent substrate 58
andthe transparent electrode 2. Thereby, the resistance
value of only the irradiated desired picture pixel region
is lowered on the photoconductive film 4.

Next, an explanation will be given of the constitu-
tions of the opposed electrode 1 and the power source 3.

The opposed electrode 1 comprises a conductive
material and is arranged on the opposed face side of
the head unit 54 via a clearance of about 0.2 through 1
mm from the slit plate face of the head unit 54. In this
case, the side of the opposed electrode 1 is connected
to the positive pole of the power source 3 and the side
of the transparent electrode 2 in the head unit 54 is con-
nected to the negative pole thereof, respectively, con-
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stant voltage is applied between the both electrodes by
the power source 3 in printing and electric field is gen-
erated at the clearance between the both electrodes.

Next, an explanation will be give of the constitution
of an accelerating means 14.

The acceleratingmeans 14 is arranged between the
slit plate 8 and the opposed electrode 1. The accelerat-
ing means 14 is fabricated by a material having excellent
conductivity of aluminum, copper, gold or the like and
may be of a condenser fabricated by a set of flat plates,
or a member having a shape of a closed tube such as
a cylinder or the like may be used.

The speed of the flown ink 12 is accelerated by the
accelerating means 14 of the example and further, the
amount of energy supplied to the photoconductive film
4 can be reduced by controlling a voltage value applied
for flying the ink 6 and the light energy provided from the
light irradiating means 5. Further, according to the ac-
celerating means 14, voltage is applied to the acceler-
ating means 14 from the electrode of the power source
3 on the side of the opposed electrode 1 via a resistor
in this example. However, application of potential to the
accelerating means 14 is not limited thereto but, for ex-
ample, the potential difference between the transparent
electrode 2 and the accelerating means 14 can be made
larger than the potential difference between the trans-
parent electrode 2 and the opposed electrode 1. This is
determined by the amount of the flown ink 12, a distance
between the accelerating means 14 and the surface of
the ink 6 or the like.

Further, as shown by Fig. 3, by using a switch func-
tion in the opposed electrode 1, the ink 6 can be flown
only by the accelerating means 14.

Next, an explanation will be given of the operation
as follows.

First, constant high voltage is continuously applied
between the transparent electrode 2 and the opposed
electrode 1 by the power source 3 by which a state
where electric field is generated between both is pro-
duced. Further, light is irradiated by the light irradiating
means 5 from the rear face side of the transparent sub-
strate 58 toward the position of the slit 57 in correspond-
ence with a desired picture recording portion. Then, light
transmits through the transparent substrate 58 and the
transparent electrode 2 and is irradiated to the photo-
conductive film 4.

At this moment, the photoconductive phenomenon
is caused and photocurrent is flown at the light irradiated
portion inside of the photoconductive film 4. That is, car-
riers are formed at the irradiated region of the photocon-
ductive film 4 and transferred by the external electric
field, as a result, the impedance is lowered and the
photocurrent is flown.

Therefore, a state where the ink 6 and the transpar-
ent electrode 2 are brought into a conductive state is
produced at the irradiated region of the photoconductive
film 4 and negative charge is charged locally at inside
of the ink 6 having high insulating performance on the
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photoconductive film 4. And the ink is attracted to the
record medium 10 on the opposed electrode 1 by re-
ceiving Coulomb's force by electric field developed be-
tween the transparent electrode 2 and the opposed
electrode 1, the flown ink 12 is injected from the slit 57
to the side of the opposed electrode 1, further, the flown
ink 12 is accelerated by the accelerating means 14 and
the flown ink 12 is adhered to the record medium 10 by
inserting the record medium 10 between the opposed
electrode 1 and the accelerating means 14 from paper
feeding means (not illustrated).

Further, after flying ink, a pertinent amount of ink is
filled to the flown ink portion by the ink storage groove
53 installed at the vicinity of the slit 57 sufficiently faster
than a successive timing of ink injection.

(Example 4)

Fig. 4 is an explanatory view showing a record head
of a line shape that is the fourth constitution according
to the present invention. Further, Fig. 5 is a disassem-
bled perspective view of the head unit 54 of the record
head and Fig. 6 is a perspective view showing the con-
stitution of the record head and its periphery.

First, an explanation will be given of the constitution
of the record head in reference to Fig. 4 and Fig. 5.

An explanation will be given of the constitutions of
the head unit and the ink supplying means.

Numeral 58 designates the transparent substrate
that is longer than the length of the record medium 10
in the width direction (main scanning direction), a light
transmitting material of acrylic resin, plastic or the like
for transmitting wavelength of light from the light irradi-
ating means 5 arranged on the rear face side of the sub-
strate is used in the transparent substrate 58 and the
ink storage groove 53 and the ink chamber 58 (The no-
tation is not indicated in Fig. 4 and Fig. 5 to avoid com-
plication of the drawings. Refer to Fig. 1 through Fig. 3
for details.) are formed by injection molding and the
shape of spacer is integrally formed.

Further, the transparent electrode 2 and the photo-
conductive film 4 are successively laminated on the face
of the transparent substrate 58 on the opposed face side
by using screen printing or the like.

Further, the slit plate 8 having a slit opening portion
of about the width of the record medium 10 is constituted
on the opposed face side of the transparent substrate
58 such that a recessed portion where the ink storage
groove 53 and the ink chamber 56 are formed, is closed.
Thereby, the ink storage groove 53 and the ink chamber
56 are formed as a space hermetically sealed at other
than the opening portion of the slit 57.

Further, in respect of the transparent electrode 2,
the photoconductive film 4 is not laminated at the right
end portion of the transparent substrate 58 in order to
form a lead-out portion of the electrode and the trans-
parent electrode 2 is in an exposed state and an elec-
trode line of a flexible substrate 70 or the like is press-
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contacted, bonded by conductive bonding or soldered
to the portion thereby providing an electrode contact.
Further, a gap portion between the transparent sub-
strate 58 and the slit plate 8 produced when the slit plate
8 is attached, is filled with a sealing member 71 or an
adhesive agent by which the portion where the trans-
parent electrode 2 is exposed is prevented from being
brought into contact with ink.

Further, ink supply holes 60 for flowing ink from the
ink supply path 51 into the record head penetrate the
bottom portion of the ink storage groove 53 of the trans-
parent substrate 58 to the rear face side. The ink supply
holes 60 are provided at two locations on the both ends
of the transparent substrate 58 in the longitudinal direc-
tion and one of them constitutes a hole for air vent such
that bubbles are not stored in the ink storage groove 53
and the ink chamber 56 when ink is injected.

Further, a reinforcing plate 59 is disposed on the
rear face side of the transparent substrate 58 and the
ink tank 52 is disposed on the rear face side of the re-
inforcing plate 59. The ink supply paths 51 are provided
in the reinforcing plate 59 at positions the same as those
of the ink supply holes 60 provided to the transparent
substrate 58 and are formed to penetrate projected por-
tions on the rear face side of the reinforcing plate 59.
Further, by inserting the projected portions into the ink
tank 52, ink in the ink tank 52 is flown through the ink
supply paths 51. Further, although an adhesive agent
or the like may be filled between the ink supply holes 60
and the ink supply paths 51 and between the ink supply
paths 51 and the ink tank 52 such that ink is not leaked
when the head is formed, it is preferable to insert sealing
members of O rings, oil seals or the like between the
respective substrates.

Further, the reinforcing plate 59 is provided simply
for reinforcing the transparent substrate 58 and reduc-
ing warp thereof and fixing the ink tank 52 provided on
the side of the reinforcing plate opposed to the substrate
and is not necessarily needed when the above-de-
scribed points are satisfied by the transparent substrate
58.

Next, an explanation will be given of the constitution
of the light irradiating means 5.

As shown by Fig. 6, a polygonal scanner 61 using
a semiconductor laser that is the light irradiating means,
is disposed on the rear face side of the head unit 54 and
laser beam condensed at the slit position of the head
unit 54 via a condensing optical system or the like, is
irradiated while being scanned in the slit direction.

Next, an explanation will be given of the constitu-
tions 'of the opposed electrode 1 and the power source
3.

The opposed electrode 1 in a drum shape compris-
ing a conductive material is arranged on the opposed
face side of the head unit 54. The drum main body is
disposed by maintaining a constant distance from the
face of the slit 57 of the head unit 54 such that the drum
main body is not brought into contact with the face of
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the slit 57 and is pivotable in the clockwise direction, that
is, paper feeding direction by a drive system, not illus-
trated. Further, according to the drum, electric contact
is provided by bringing an elastic thin plate electrode in
press-contact with the periphery of the drum or the axial
end (not illustrated) and the electrode is connected to
the power source 3.

Next, an explanation will be given of the constitution
of paper feeding means 11 around the record head.

The paper feeding means 11 is constituted by paper
supplying means 62 and paper transferring means 63
as shown by Fig. 4.

The paper feeding means 62 is arranged on the up-
stream side of the paper feeding means 11, the paper
feeding means 62 is constituted by a drive roller and a
rotatable pinch roller and the pinch roller is brought into
press-contact with the drive roller in a rotatable state.

Paper guides 64 comprising an insulating material
are arranged around the periphery of the drum of the
opposed electrode 1 and guide the record medium 10
transferred by the paper feeding means 62 such that the
record medium 10 is transferred along the shape of the
drum.

Further, the drum of the opposed electrode 1 is piv-
oted by a drive system, not illustrated, with a motor
speed of which can be controlled such as a pulse motor
or a DC servo motor or the like as a drive source via a
gear wheel train and a pulley belt drive system and an
elastic pinch roller of rubber, urethane or the like is
brought into press-contact with the lower end of the
drum rotatably. Accordingly, a mechanism for transfer-
ring the record medium 10 supplied from the paperfeed-
ing means 62 by driving the drum of the opposed elec-
trode 1, is constituted and the portion constitutes the pa-
per transferring means 63.

Next, an explanation will be given of the operation
of the record head and the paper feeding means 11 in
reference to Fig. 4 and Fig. 6.

First, the record medium 10 is supplied to the side
of the opposed electrode 1 by the paper feeding means
62, made to pass through a very small clearance be-
tween the drum peripheral face of the opposed elec-
trode 1 and the paper guides and transfer to the paper
transferring means 63 along the drum peripheral face of
the opposed electrode 1. The front end of the record me-
dium 10 is inserted between the opposed electrode 1
and the pinch roller and heading of record position is
carried out by detecting position by using an edge sen-
sor or the like and the transfer of the record medium 10
is once stopped.

Thereafter, by continuously applying a constant
voltage value set by the power source 3 between the
transparent electrode 2 and the opposed electrode 1, a
state where electric field is generated between both, is
produced. Further, light is irradiated from the rear face
side toward the slit position of the head unit 54 by the
polygonal scanner 61 that is the light irradiating means
in correspondence with a desired is the light irradiating
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means in correspondence with a desired picture pattern.

Light incident on the head unit 54 transmits through
the transparent substrate 58 and the transparent elec-
trode 2 and is irradiated to the photoconductive film 4.
At this occasion, the photoconductive phenomenon is
caused in the photoconductive film 4 at the light irradi-
ated portion, photocurrent is flown, a state where the ink
6 and the transparent electrode 2 are brought into a con-
ductive state is produced at the irradiated region and
negative charge is charged locally at inside of the ink 6
having high insulating performance on the photocon-
ductive film 4. Further, by electric field developed be-
tween the transparent electrode 2 and the opposed
electrode 1, the ink is flown and adhered to the record
medium 10 on the opposed electrode 1 by receiving
Coulomb's force.

After flying ink, a pertinent amount of ink is filled to
the flown portion of the ink chamber 56 by the ink stor-
age groove 53 provided at the vicinity of the slit 57 suf-
ficiently faster than a successive timing of ink injection.

When the operation is repeated in the main scan-
ning direction by the polygonal scanner 61 and 1 line of
main scan is finished, the record medium 10 is trans-
ferred to a second line by driving the paper transferring
means 63, that is, the drum of the opposed electrode 1
in the sub scanning direction by a dot pitch having nec-
essary resolution.

By successively repeating the recording in the main
scanning direction and the transferring the record me-
dium 10 in the sub scanning direction, two-dimensional
recording is carried out on the record medium 10.

Although as described above, according to exam-
ples 1 through 4, an explanation has been given of ex-
amples where the ink storage groove is disposed on the
upper side of the slit in the direction of the face of the
substrate, the ink storage groove may naturally be dis-
posed on the lower side of the slit or both on the upper
and the lower sides. The ink storage groove may be
formed such that the portion of the slit is avoided, that
is, at a position not blocking light from the light irradiating
means.

(Example 5)

Fig. 7 is an explanatory view showing the sixth con-
stitution of a record head 71 according to the present
invention.

In Fig. 7, four of the record heads 71 each in a line
shape in correspondence with the width of print of the
record medium 10 as shown by Example 6, are laminat-
ed vertically and inks 6 of yellow (Y), magenta (M), cyan
(C) and black (Bk) are supplied from the upper portions
of the respective record heads 71 to the record heads
71. As procedure of recording, a state where high volt-
age is applied between the individual transparent elec-
trodes 2 and the opposed electrode 1 is produced, light
is irradiated in an arrow mark 7 direction from the side
of the transparent electrode 2 of the yellow ink record
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head 71 to the photoconductive film 4 by the light irra-
diating means 5, the resistance value of the photocon-
ductive film 4 at the irradiated region is lowered and
photocurrent is flown. Thereafter, a state where the ink
6 andthe transparent electrode 2 are brought into a con-
ductive state is produced at the irradiated region of the
photoconductive film 4, electric charge is charged inside
of the yellow ink on the photoconductive film 4, the yel-
low ink is flown toward the side of the opposed electrode
1 by receiving Coulomb's force, the flown yellow ink is
moved, permeated and adhered to the record medium
10 on the opposed electrode 1 and accordingly, a de-
sired pixel of yellow ink is provided on the record medi-
um 10 in 1 line region. Next, the yellow ink record unit
is moved in an arrow mark 17 direction and the desired
pixel of magenta ink is provided on the record medium
10 in 1 line region by the magenta ink record head 71
through above-described recording procedure. Next,
the magenta ink record head 71 is moved in the arrow
mark 17 direction, a desired pixel of cyan ink is provided
on the record medium 10 in 1 line region by the cyan ink
record head 71 through the above-described recording
procedure. Next, the cyan ink record head 71 is moved
in the arrow mark 17 direction, the desired pixel of black
ink is provided on the record medium 10 in 1 line region
by the black ink record head 71 through the above-de-
scribed recording procedure. Thereafter, the record me-
dium 10 is moved in a 1 line arrow mark 19 direction by
paper feeding means, not illustrated, the four record
heads 71 are driven in an arrow mark 18 direction back
to the home positions, the above-described procedure
is repeated and the desired color pixels for each picture
is provided on the record medium 10.

Although according to the embodiment, the inks 6
are constituted by 4 kinds, by increasing the number of
the record heads 71 and supplying individually the inks
6 of multiple colors, highly fine output print or picture of
full color with no restriction in the color of print is provid-
ed.

Further, although according to the example, an ex-
planation has been given of a system where the record
heads 71 of the present invention are driven at every
time of transcribing the respective colors of YMCBk onto
the record medium 10, by providing a structure of simul-
taneously making access to the respective pixel infor-
mation of YMCBKk in the light irradiating means 5, the
record pixel information of the respective colors of
YMCBKk can naturally be irradiated onto the photocon-
ductive film 4 simultaneously.

Although according to the example 5, an explana-
tion has been given of the structure of the record head
71 in a line shape the present invention is not limited
thereto but, for example, a plurality of serial heads may
be arranged and the main scanning direction may be
controlled respectively and independently from each
other.

An explanation will be given of the operation of the
record device when each of the record heads 71 com-
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prising the constitutions of Examples 1 through 5 is used
in reference to a block diagram shown by Fig. 8.

Fig. 8 is an explanatory view showing the constitu-
tion of the record device using each of the record heads
71 described in the first through the fifth examples of the
present invention. In Fig. 8, a record device 30 inputs
picture data 29 from an outside device 28, picture mod-
ifying processing or pattern recognition is carried out at
a picture processing circuit 25, data transformation is
carried out for each pixel and picture pixel data 31 is
outputted. The picture pixel data 31 is transferred to in-
side of a record unit 24 in synchronism with a trigger
signal 36 from a controller 26 and a flown ink 32 in cor-
respondence with the picture pixel data 31 is adhered
and transcribed from the record unit 24 to the record pa-
per 10 that is the record medium. At this moment, syn-
chronization of the flown ink 32 and the record paper 10
is carried out by outputting a control signal 33 from the
controller 26 to paper feeding means 11. Further, a volt-
age value 34 in the record unit 24 is set to a power
source unit 27 from the controller 26 and voltage 35 is
supplied from the power source unit 27 to the record unit
24. Further, an output of a light control signal 37 of a
light source irradiation light intensity and an irradiated
pulse width in the record unit 24 or a drive processing
signal 38 of an optical part or the like is controlled by the
controller 26 whereby dots formed on the record paper
10 are controlled. By carrying out the above-described
procedure, the record unit 24 of the present invention,
as the record device 30, can perform highly fine 'printing
with high quality at high speed and can provide output
print in a noncontact state without selecting the shape
of the record medium.

As has been explained, according to the present in-
vention, in a record head having a transparent electrode
formed on a substrate, a photoconductive film formed
on the transparent electrode, means for supplying ink
on the photoconductive film, a slit plate provided with a
slit for 'controlling injection of ink and an opposed elec-
trode in this order, the slit plate and the opposed elec-
trode being arranged with a sufficient gap therebetween
for incorporating a record medium and at least having a
power source applying voltage between the transparent
electrode and the opposed electrode and light irradiat-
ing means for irradiating light in correspondence with a
desired pixel to the photoconductive film, an ink storage
groove for temporarily storing ink on the substrate is
formed along the longitudinal direction of the slit, the ink
storage groove is disposed at inside of an ink chamber
formed between the substrate and the slit plate and is
disposed on the upper side, or the lower side, the both
sides of the slit in the direction of the face of the sub-
strate and accordingly, the following effects are
achieved.

(1) A sufficient amount of ink can be supplied at high
speed to the slit portion after flying ink in printing and
accordingly, the drive frequency of the record head can
be accelerated. That is, the record speed as the device
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can be accelerated. Further, thereby, the discharge phe-
nomenon between the opposed electrode and the slit
which may occur by deficiency in supplying ink can be
avoided.

(2) The ink injecting portion of the record head is
provided with a slit shape and accordingly, different from
a record head having a conventional nozzle shape, ink
is communicated in one channel by the ink chamber and
the ink storage groove and accordingly, ink is brought
into the state of being difficult to dry. Further, the ink sup-
ply groove is provided at the vicinity of the slit portion in
the record head and therefore, ink is filled always suffi-
ciently in the slit portion. Therefore, ink clogging of the
slit portion caused by evaporation or solidification of ink
is difficult to occur and stable high quality recording can
be performed.

(3) Regardless of the amount of ink in the ink tank,
a constant amount of ink is stored always in the ink stor-
age groove and therefore, a necessary amount of ink
can be supplied stably to the slit portion by which stable
recording can be performed.

(4) The ink supply amount is increased by deepen-
ing the groove in the depth direction according to the ink
supply groove in the record head and therefore, the ink
chamber is not expanded in the direction of the plane of
the substrate, the head can be constituted while saving
space and particularly in forming the device such that
colors can be constituted by arranging the record heads
of the respective colors, the device can be downsized.

Further, when a member having very fine pores
whereby ink can be communicated to the ink storage
groove is provided in the record head, the following ef-
fects are achieved in addition to the above-described
effects.

(5) A proper supply amount of ink can be controlled
by flow resistance which ink receives in passing through
the member.

(86) Impurities in ink at very fine pores can be re-
moved by passing the ink through the member by which
the discharge phenomenon caused by clogging of ink
at the slit or the ink path or by mixing impurities can be
prevented.

The aforegoing description has been given by way
of example only and it will be appreciated by a person
skilled in the art that modifications can be made without
departing from the scope of the present invention.

Claims

1. A record head having a transparent electrode
formed on a substrate, a photoconductive film
formed on the transparent electrode, means for
supplying ink on the photoconductive film, a slit
plate having a slit or slot for controlling ejection of
the ink and an opposed electrode, the slit plate and
the opposed electrode being arranged with a gap
therebetween sufficient for receiving a recording
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medium, and having a power source for applying a
voltage between the transparent electrode and the
opposed electrode and light irradiating means for
irradiating light on to the photoconductive filmin cor-
respondence with a desired pixel:

wherein an ink storage groove for temporarily
storing ink is formed on the substrate along a lon-
gitudinal direction of the slit, the ink storage groove
being disposed in an ink chamber formed between
the substrate and the slit plate and disposed at an
upper side or a lower side or both sides of the slit
in a direction of a plane of the substrate.

The record head according to claim 1, wherein a
member having ink communicable fine pores is in-
stalled inside the ink storage groove.

The record head according to claim 1 or 2, wherein
accelerating means for accelerating the ink is pro-
vided between the slit plate and the opposed elec-
trode.

The record head according to any one of claims 1
to 3, wherein the record head is provided with a line
shape in correspondence with a print width of the
recording medium.

A record head, wherein a plurality of the record
heads according to any one of claims 1 to 4 are
used, including means for supplying inks having dif-
ferent colours to the respective record heads and
pixels having a plurality of colours formed by the
inks having different colours are adhered to the re-
cording medium.

A record head having a transparent electrode
formed on a substrate, a photoconductive film
formed on the transparent electrode, means for
supplying ink on the photoconductive film, a slit
plate having a slit or slot for controlling ejection of
the ink and an opposed electrode, the slit plate and
the opposed electrode being arranged with a gap
therebetween sufficient for receiving a recording
medium, and having a power source for applying a
voltage between the transparent electrode and the
opposed electrode and light irradiating means for
supplying light on to the photoconductive film in a
form of a pulse and in correspondence with a de-
sired pixel.
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