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(54) Recording apparatus as well as recording unit and recording head for using same apparatus

(57) In ink jet recording methods, the continuous
type is high in recording speed but difficult to simplify
the device due to restoration of unnecessary ink or the
like, while the on-demand type is simplified in device
structure but difficult to speed up recording rate. An re-
cording apparatus employing a recording head struc-
tured by: having a head section formed by a transparent
electrode 2a formed on a substrate, a photoconductive
layer 4 formed on the transparent electrode 2a, and a
means for supplying ink 6 onto the photoconductive lay-

er 4, and an opposing electrode la, in this order; the
means for supplying ink 6 and the opposing electrode
la being arranged to have a gap sufficient for inserting
a medium to be recorded therethrough; having a power
supply 3for applying voltage to between the transparent
electrode 2a and the opposing electrode la, and a light
irradiating means 5 for supplying light corresponding to
a desired image pixel to the potoconductive layer, ena-
bling high-precision and high-quality output printing of
characters.
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Description
Background of the Invention

This invention relates to a recording apparatus as
well as a recording unit and a recording head used for
the recording apparatus, adapted to obtain on a medium
o be recorded output images coping with broad needs
of ranging from a printing industry demanding high-
speed outputs of high-quality images, a printer industry
based on in-office or personal demands, to a civil-use
appliance industry requiring low-priced general-pur-
pose output apparatuses and devices using various
kinds and purposes of mediums to be recorded.

In a slit jet method (Susumu Ichinose and others:
"Slit Jet Recording Method", the First Non-impact Print-
ing Technology Symposium Thesis, P119 - 124, 1984)
as one kind of static-electricity attraction methods in the
conventional ink-jet recording, a recording head has as
shown in Fig. 20 an ink ejecting port 101 formed in a slit
form, an upper plate 102 and a lower plate forming the
ink ejecting port 101, a recording electrode 104 ar-
ranged per unit of recording pixel on the lower plate 103,
an opposing electrode 105 arranged opposite to the ink
ejecting port 101, a medium to be recorded 110 to be
moved along the opposing electrode 105, and a driving
power supply 106 for supplying a voltage to a selected
electrode of the recording electrode 104, wherein ink
108 is filled within the ink ejecting port 101 and a voltage
pulse is applied to between the recording electrode 104
and the opposing electrode 105 to cause the ink 108 to
eject so that a flying ink 109 adheres onto the medium
to be recorded 110 and infiltrates thereinto, resulting in
obtaining desired output printed characters or images.

The conventional slit jet method like this is free from
restriction of resolving power by nozzles and can facili-
tate cleaning of the ink ejecting port 101, by replacing
the nozzles used in ink jet recording with the aforesaid
ink ejecting port 101 in an elongate slit form.

Furthermore, the slit jet method employs a plurality
of the ink ejecting ports 101 tofill the ink 108 within each
of the ink ejecting ports 101, thereby easily obtaining
color output printed characters.

In the conventional ink jet recording method there
have been problems described below.

(1) The improvement of resolving power is difficult
because of using nozzles for ink ejection.

(2) In ink jet recording methods there are divided as
a continuous type and an on-demand type. The
continuous type is high in recording speed but diffi-
cult to simplify the device due to restoration of un-
necessary ink or the like, while the on-demand type
is simplified in device structure but difficult to speed
up recording rate.

In the conventional slit jet method for solving the
above problems on the abovestated ink jet recording
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method, there have been problems described below.

(1) The improvement on resolving power is difficult
because of the arrangement of recording elec-
trodes corresponding to recording pixel unit for
causing ink flying.

(2) Upon applying voltage to a recording electrode,
when a selected recording electrode and a non-se-
lected recording electrode are adjacent to, there oc-
curs discharge phenomenon between the both
electrodes, making difficult to optimize ink charac-
teristics and control of applying voltage and timing
thereof.

Summary of the Invention

Therefore in the present invention, it is the subject
to provide a recording apparatus as well as a recording
unit and a recording head for use in the recording appa-
ratus, which perform high-precision and high-quality
printing at high speed and are capable of output printing
freely from selecting a record medium form.

In order to solve the abovestated problems, a re-
cording head of the present invention is structured by:
having a head section formed by a transparent electrode
formed on a substrate, a photoconductive layer formed
onthe transparent electrode, and a means for supplying
ink onto the photoconductive layer, and an opposing
electrode, in this order; the means for supplying ink and
the opposing electrode being arranged to have a gap
sufficient for inserting a medium to be recorded there-
through; having at least a power supply for applying volt-
age to between the transparent electrode and the op-
posing electrode, and a light irradiating means for sup-
plying light corresponding to a desired image pixel to the
potoconductive layer.

Furthermore, in order to solve the abovestated
problem, a recording unit of this invention is provided
with a paper feeding means for supplying a medium to
be recorded between the ink supplying mans and the
opposing electrode of the abovestated recording head,
and structured such that the medium to be printed is
transferred by a predetermined amount in synchronism
with ending of printing of one line or a predetermined
lines or one screen by the above recording head.

Furthermore, in order to solve the abovestated
problem, a recording apparatus of this invention is a re-
cording apparatus which controls adhesion of ink to the
medium to be recorded to record image pixels on the
medium to be recorded, and structured by being provid-
ed with the abovestated recording head and recording
unit.

Brief Description of the Drawings
Fig. 1 is an explanatory diagram showing a first

structure of a recording head in a first example of the
present invention.
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Fig. 2 is an explanatory diagram showing a second
structure of a recording head in a second example of
the present invention.

Fig. 3 is an explanatory diagram showing a third
structure of a recording head in a third example of the
present invention.

Fig. 4 is an explanatory diagram showing a slit
cross-section fabrication shape in the third example of
the present invention.

Fig. 5 is an explanatory diagram showing a fourth
structure of a recording head in a fourth example of the
present invention.

Fig. 6 is an explanatory diagram showing a fifth
structure of a recording head in a fifth example of the
present invention.

Fig. 7 is an explanatory diagram showing a sixth
structure of a recording head in a sixth example of the
present invention.

Fig. 8 is other explanatory diagram showing a sixth
structure of a recording head in a sixth example of the
present invention.

Fig. 9 is other explanatory diagram showing a sixth
structure of a recording head in a sixth example of the
present invention.

Fig. 10 is an explanatory diagram showing a first
structure of a recording unit using the first-structure re-
cording head of the present invention.

Fig. 11 is an explanatory diagram showing a second
structure of a recording unit using the second-structure
recording head of the present invention.

Fig. 12 is an explanatory diagram showing a sev-
enth structure of a recording unit using the seventh-
structure recording head of the present invention.

Fig. 13 is an explanatory diagram showing a ninth
structure of a recording unit using the ninth-structure re-
cording head of the present invention.

Fig. 14 is an explanatory diagram showing the
shape of an opposing electrode in a tenth example of
the present invention.

Fig. 15 is an explanatory diagram showing a tenth
structure of a recording unit using the tenth-structure re-
cording head of the present invention.

Fig. 16 is an explanatory diagram of transferring to
a medium to be recorded by an eleventh structure of the
recording unit of the present invention.

Fig. 17 is an explanatory diagram showing a twelfth
structure of the recording unit using the eleventh-struc-
ture recording head of the present invention.

Fig. 18 is an explanatory diagram of transferring to
a medium to be recorded by an eleventh structure of the
recording unit of the present invention.

Fig. 19is an explanatory diagram showing a record-
ing apparatus using the recording unit described in the
first to thirteenth examples of the present invention.

Fig. 20 is an explanatory diagram showing a struc-
ture of a recording apparatus of a conventional slit-jet
method.
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Detailed Description of the Preferred Embodiments

Afirst structure of a recording head of this invention
is structured by: having a head section formed by a
transparent electrode formed on a substrate, a photo-
conductive layer formed on the transparent electrode,
and a means for supplying ink onto the photoconductive
layer, and an opposing electrode, in this order; the
means for supplying ink and the opposing electrode be-
ing arranged to have a gap sufficient for inserting a me-
dium to be recorded therethrough; having a power sup-
ply for applying voltage to between the transparent elec-
trode and the opposing electrode, and a light irradiating
means for supplying in pulsing manner light correspond-
ing to desired image pixels to the potoconductive layer.

The above recording head of the first structure op-
erates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value at irradiated region, giving flow of photoelec-
tric current in the irradiated region. As a result, a con-
ducting state is brought between the ink contacting with
the irradiated region of the photoconductive layer and
the transparent electrode, to charge electric charges to
the inside of the ink on the photoconductive layer so that
the ink receives Coulomb's force to fly toward the op-
posing electrode.

A first structure of a recording unit of the present
invention is structured by: having a head section formed
by a transparent electrode formed on a substrate, a pho-
toconductive layer formed on the transparent electrode,
and a means for supplying ink onto the photoconductive
layer, and an opposing electrode, in this order; the
means for supplying ink and the opposing electrode be-
ing arranged to have a gap sufficient for inserting a me-
dium to be recorded therethrough; having, between the
ink supplying means and the opposing electrode, a pa-
per feeding means for supplying a medium to be record-
ed without contact with the ink supplying means, a pow-
er supply for applying voltage to between the transpar-
ent electrode and the opposing electrode, and a light
irradiating means for supplying in pulsing manner light
corresponding to desired image pixels to the potocon-
ductive layer.

The above recording unit of the first structure oper-
ates as follows.

In a state that voltage is applied to between the
transparent electrode and the opposing electrode, the
irradiation of light with using the light irradiating means
from the transparent electrode side to the photoconduc-
tive layer reduces the resistance value for the irradiated
region of the photoconductive layer, giving flow of pho-
toelectric current in the irradiated region. As a result, a
conducting state is brought between the ink contacting
with the irradiated region of the photoconductive layer
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and the transparent electrode, to charge electric charg-
es to the inside of the ink on the photoconductive layer
so that the ink receives Coulomb's force to fly toward
the opposing electrode side. This flown ink moves onto
the medium to be recorded on the opposing electrode
to be infiltrated and adhered thereto, resulting in obtain-
ing desired image pixels on the medium to be recorded.

The paper feeding means, after the recording head
completes predetermined main-scanning direction
printing, conveys the medium to be recorded by a pre-
determined amount in a sub-scanning direction to pre-
pare the next main-scanning direction printing. And, the
main-scanning direction printing is carried out, and, if
this ends, the medium to be recorded is paper-fed by a
predetermined amount in the sub-scanning direction.
This is repeated and one image of recording ends.

A second structure of a recording head of the
present invention is structured by: having a head section
formed by a transparent electrode formed on a sub-
strate, a photoconductive layer formed on the transpar-
ent electrode, a means for supplying ink onto the pho-
toconductive layer, and a slit plate provided with a slit
for controlling ejection of ink, and an opposing electrode,
in this order; the means for supplying ink and the oppos-
ing electrode being arranged to have a gap sufficient for
inserting a medium to be recorded therethrough; having
a power supply for applying voltage to between the
transparent electrode and the opposing electrode, and
a light irradiating means for supplying in pulsing manner
light corresponding to desired image pixels to the poto-
conductive layer.

The above recording head of the second structure
operates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer so that the ink is controlled in ink
amount and directionality and receives Coulomb's force
to fly toward the opposing electrode side.

Also, a second structure of a recording unit of the
present invention is structured by: having a head section
formed by a transparent electrode formed on a sub-
strate, a photoconductive layer formed on the transpar-
ent electrode, a means for supplying ink onto the pho-
toconductive layer, and a slit plate provided with a slit
for controlling ejection of ink, and an opposing electrode,
in this order; the means for supplying ink and the oppos-
ing electrode being arranged to have a gap sufficient for
insertinga medium to be recorded therethrough; having,
between the slit plate and the opposing electrode, a pa-
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per feeding means for supplying a medium to be record-
ed, a power supply for applying voltage to between the
transparent electrode and the opposing electrode, and
a light irradiating means for supplying in pulsing manner
light corresponding to desired image pixels to the poto-
conductive layer.

The above recording unit of the second structure
operates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer so that the ink is controlled in ink
amount and directionality and receives Coulomb's force
to fly toward the opposing electrode side. The flown ink
moves to the medium to be recorded on the opposing
electrode to be infiltrated and adhered thereto, resulting
in obtaining desired image pixels on the medium to be
recorded. The aforesaid paper feeding means is the
same as one already explained, and the explanation will
be hereinafter omitted.

Furthermore, a third structure of a reading head of
this invention is structured by: having a head section
formed by a transparent electrode formed on a sub-
strate, a photoconductive layer formed on the transpar-
ent electrode, a means for supplying ink onto the pho-
toconductive layer, and a slit plate having a slit for con-
trolling ejection of ink whose cross section is fabricated
in a taper shape, and an opposing electrode, in this or-
der; the means for supplying ink and the opposing elec-
trode being arranged to have a gap sufficient for insert-
ing a medium to be recorded therethrough; having a
power supply for applying voltage to between the trans-
parent electrode and the opposing electrode, and a light
irradiating means for supplying in pulsing manner light
corresponding to desired image pixels to the potocon-
ductive layer.

The above recording unit of the third structure op-
erates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer. At this time, the ink has electric
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charges easy to concentrate to the inside of the ink be-
cause the slit cross section of the slit plate is in the taper
form, and is controlled in ink amount and directionality
and receives Coulomb's force to fly toward the opposing
electrode side.

Also, a third structure of a recording unit of the
present invention is structured by: having a head section
formed by a transparent electrode formed on a sub-
strate, a photoconductive layer formed on the transpar-
ent electrode, a means for supplying ink onto the pho-
toconductive layer, and a slit plate having a slit for con-
trolling ejection of ink whose cross section is fabricated
in a taper shape, and an opposing electrode, in this or-
der; the means for supplying ink and the opposing elec-
trode being arranged to have a gap sufficient for insert-
ing a medium to be recorded therethrough; having, be-
tween the slit plate and the opposing electrode, a paper
feeding means for supplying a medium to be recorded,
a power supply for applying voltage to between the
transparent electrode and the opposing electrode, and
a light irradiating means for supplying in pulsing manner
light corresponding to desired image pixels to the poto-
conductive layer.

The above recording unit of the third structure op-
erates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer. At this time, the ink has electric
charges easy to concentrate to the inside of the ink be-
cause the slit cross section of the slit plate is in the taper
form, and is controlled in ink amount and directionality
and receives Coulomb's force to fly toward the opposing
electrode side. And, the flown ink moves to the medium
to be recorded on the opposing electrode to be infiltrated
and adhered thereto, resulting in obtaining desired im-
age pixels on the medium to be recorded.

Furthermore, a fourth structure of a recording head
of this invention is structured by: having a head section
formed by a transparent electrode formed on a sub-
strate, a photoconductive layer having a projection for
controlling ejection of ink formed on the transparent
electrode, and a means for supplying ink onto the pho-
toconductive layer, and an opposing electrode, in this
order; the means for supplying ink and the opposing
electrode being arranged to have a gap sufficient for in-
serting a medium to be recorded therethrough; having
a power supply for applying voltage to between the
transparent electrode and the opposing electrode, and
a light irradiating means for supplying in pulsing manner
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light corresponding to desired image pixels to the poto-
conductive layer.

The above recording head of the fourth structure
operates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to a position corresponding to the projection of the
photoconductive layer having the projection reduces the
resistance value for irradiated region of the photocon-
ductive layer having the projection, giving flow of pho-
toelectric current in the irradiated region. As a result, a
conducting state is brought between the ink contacting
with the irradiated region of the photoconductive layer
having the projection and the transparent electrode, to
charge electric charges to the inside of the ink within the
projection on the photoconductive layer having the pro-
jection, and the ink is controlled in ink amount and di-
rectionality by the projection on the photoconductive lay-
er and receives Coulomb's force to fly toward the op-
posing electrode side.

Furthermore, a fourth structure of a recording unit
of this invention is structured by: having a head section
formed by a transparent electrode formed on a sub-
strate, a photoconductive layer having a projection for
controlling ejection of ink formed on the transparent
electrode, and a means for supplying ink onto the pho-
toconductive layer, and an opposing electrode, in this
order; the means for supplying ink and the opposing
electrode being arranged to have a gap sufficient for in-
serting a medium to be recorded therethrough; having
a paper feeding means for supplying a medium to be
recorded between the projection formed on the photo-
conductive layer and the opposing electrode, a power
supply for applying voltage to between the transparent
electrode and the opposing electrode, and a light irradi-
ating means for supplying in pulsing manner light corre-
sponding to desired image pixels to the potoconductive
layer.

The above recording unit of the fourth structure op-
erates as follows.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to a position corresponding to the projection of the
photoconductive layer having the projection reduces the
resistance value for irradiated region of the photocon-
ductive layer having the projection, giving flow of pho-
toelectric current in the irradiated region. As a result, a
conducting state is brought between the ink contacting
with the irradiated region of the photoconductive layer
having the projection and the transparent electrode, to
charge electric charges to the inside of the ink within the
projection on the photoconductive layer having the pro-
jection, and the ink is controlled in ink amount and di-
rectionality by the projection on the photoconductive lay-
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er and receives Coulomb's force to fly toward the op-
posing electrode side. The flown ink moves to the me-
dium to be recorded on the opposing electrode to be
infiltrated and adhered thereto, resulting in obtaining de-
sired image pixels on the medium to be recorded.

Furthermore, a fifth structure of a recording head of
this invention is structured by integrating the substrate
and the transparent electrode formed on the substrate
for the recording heads of the recording-head first to
fourth structures. Also, a fifth structure of a recording
unit of this invention lies in a structure that the recording
head of the recording unit for the recording-unit first to
fourth structures is rendered as the recording head of
the fifth structure.

The above recording head of the fifth structure and
the recording unit of the fifth structure operate as below.

In a state that voltage is applied with using a power
supply to between the substrate-integrated type trans-
parent electrode having the integrated substrate and
transparent electrode, and the opposing electrode, the
irradiation of light with using the light irradiating means
from the substrate-integrated type transparent elec-
trode side to the photoconductive layer reduces the re-
sistance value for irradiated region of the photoconduc-
tive layer, giving flow of photoelectric current in the irra-
diated region. As a result, a conducting state is brought
between the ink contacting with the irradiated region of
the photoconductive layer and the substrate-integrated
type transparent electrode, to charge electric charges
tothe inside of the ink on the photoconductive layer, and
the ink receives Coulomb's force to fly toward the op-
posing electrode side. The flown ink moves to the me-
dium to be recorded on the opposing electrode to be
infiltrated and adhered thereto, resulting in obtaining de-
sired printed characters or images on the medium to be
recorded.

Furthermore, a sixth structure of a recording head
of this invention has a structure that the opposing elec-
trode and the head section of the recording head for the
recording-head first to fifth structures are in one body or
almost in one body.

Also, a sixth structure of a recording unit of this in-
vention lies in a structure that the recording head of the
recording unit for the recording-unit first to fifth struc-
tures is rendered as the recording head of the sixth
structure.

The above recording head of the sixth structure and
the recording unit of the sixth structure operate as below.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the ac-
celeration-type opposing electrode, the irradiation of
light with usingthe light irradiating means from the trans-
parent electrode side to the photoconductive layer re-
duces the resistance value for irradiated region of the
photoconductive layer, giving flow of photoelectric cur-
rent in the irradiated region. As a result, a conducting
state is brought between the ink contacting with the ir-
radiated region of the photoconductive layer and the
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transparent electrode, to charge electric charges to the
inside of the ink on the photoconductive layer, and the
ink receives Coulomb's force to fly toward the opposing
electrode side. Further, this ink passes through the ac-
celeration-type opposing electrode and moves to the
medium to be recorded on the paper feeding means to
be infiltrated and adhered thereto, resulting in obtaining
desired printed characters or images on the medium to
be recorded.

Furthermore, a seventh structure of a recording
head of this invention lies in that the recording head of
the present structure has further an ink-accelerating
means for accelerating flown ink in the recording head
for the record-head first to fifth structures. Also, a sev-
enth structure of a recording unit of this invention lies in
a structure that the recording head of the recording unit
for the recording-unit first to fifth structures is rendered
as the recording head of the seventh structure.

The above recording head of the seventh structure
and the recording unit of the seventh structure operate
as below.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer, and the ink receives Coulomb's
force to fly toward the opposing electrode side. The
flown ink is further accelerated by the accelerating
means and the flown ink, by inserting a medium to be
recorded from the paper feeding means to between the
opposing electrode and the accelerating means, moves
to the medium to be recorded to be infiltrated and ad-
hered thereto, resulting in obtaining desired printed
characters or images on the medium to be recorded.

Furthermore, an eighth structure of a recording
head of this invention is the recording head for the
record-head first to seventh structures, and the record-
ing head is further in a line form corresponding to a print-
ing width on the medium to be recorded. Also, an eighth
structure of a recording unit of this invention lies in a
structure that the recording head of the recording unit
for the recording-unit first to seventh structures is ren-
dered as the recording head of the eighth structure.

The above recording head of the eighth structure
and the recording unit of the eighth structure operate as
below.

In a state that voltage is applied with using a power
supply to between the individual transparent electrode
and the opposing electrode, the irradiation of light in a
line form manner by the light irradiating means from the
transparent electrode side to the photoconductive layer
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reduces the resistance value for irradiated region of the
photoconductive layer, giving flow of photoelectric cur-
rent in the irradiated region. As a result, a conducting
state is brought between the ink contacting with the ir-
radiated region of the photoconductive layer and the
transparent electrode, to charge electric charges to the
inside of the ink on the photoconductive layer, and the
ink receives Coulomb's force to fly toward the opposing
electrode side. The flown ink moves to the medium to
be recorded on the opposing electrode to be infiltrated
and adhered thereto, resulting in obtaining desired im-
age pixels on a one-line region of the medium to be re-
corded.

Furthermore, a ninth structure of a recording head
of this invention is the recording head for the record-
headfirst, second, third, fourth, fifth, seventh, and eighth
structures, wherein the recording head is furtherin aline
form, as the opposing electrode, corresponding to a me-
dium to be recorded, and the opposing electrode has
rising in a projection form at an ink-adhesion portion.
Also, a ninth structure of a recording unit of this invention
lies in a structure that the recording head of the record-
ing unit for the recording-headfirst, second, third, fourth,
fifth, seventh, and eighth structures is rendered as the
recording head of the ninth structure.

The above recording head of the ninth structure and
the recording unit of the ninth structure operate as be-
low.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer, and the ink receives Coulomb's
force to fly toward the rising portion in the projection form
of the opposing electrode side. By inserting a medium
to be recorded into a place where the ink-adhesion por-
tion is projectingly rising from the paper feeding means,
the flown ink moves to the medium to be recorded to be
infiltrated and adhered thereto, resulting in obtaining de-
sired printed characters or images on a one-line region
medium to be recorded.

Furthermore, a tenth structure of a recording head
of this invention is the recording head of the recording-
unit first to ninth structures, wherein the recording head
is structured to have as a light irradiating means a re-
cording sheet having a negative image printed on a
transparent sheet.

Also, a tenth structure of a recording unit of this in-
vention lies in a structure that the recording head of the
recording unit for the recording unit first to ninth struc-
tures is rendered as the recording head of the tenth
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structure.

The above recording head of the tenth structure and
the recording unit of the tenth structure operate as be-
low.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light with using the
light irradiating means from the transparent electrode
side to the entire surface of the photoconductive layer
reduces the resistance value for irradiated region of the
photoconductive layer, giving flow of photoelectric cur-
rent in the irradiated region. As a result, a conducting
state is brought between the ink contacting with the ir-
radiated region of the photoconductive layer and the
transparent electrode, to charge electric charges to the
inside of the ink on the photoconductive layer, and the
ink receives Coulomb's force to fly toward the opposing
electrode side. By inserting a medium to be recorded
from the paper feeding means to between the opposing
electrode and the ink, this flown ink moves to the medi-
um to be recorded to be infilirated and adhered thereto,
resulting in obtaining desired printed characters or im-
ages by one image on the medium to be recorded.

Furthermore, an eleventh structure of a recording
unit of this invention lies in a structure that a plurality of
recording heads for the recording-head first to tenth
structures are employed to have a means for supplying
different color of ink to each recording head.

The above recording unit of the eleventh structure
operates as below.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the op-
posing electrode, the irradiation of light by the light irra-
diating means from the transparent electrode side to the
photoconductive layer reduces the resistance value for
irradiated region of the photoconductive layer, giving
flow of photoelectric current in the irradiated region. As
a result, a conducting state is brought between the ink
contacting with the irradiated region of the photoconduc-
tive layer and the transparent electrode, to charge elec-
tric charges to the inside of the ink on the photoconduc-
tive layer, and the ink receives Coulomb's force to fly
toward the opposing electrode side. This flown ink
moves to the medium to be recorded to be infiltrated and
adhered thereto, resulting in obtaining desired image
pixels by one dot or one line or on one display region of
the medium to be recorded. By repeating the aboves-
tated process on each color of the recording head, de-
sired color printed characters or color images are ob-
tained on the medium to be recorded.

Furthermore, an eleventh structure of a recording
head of this invention lies in a structure being a record-
ing head of the recording-head first to tenth structures,
wherein the recording head is further of a serial shape
and has a means for supplying different colors of ink on-
to a divided transparent electrode. Also, a twelfth struc-
ture of a recording unit of this invention lies in a structure
being the recording head of the recording unit for the
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recording-unit first to tenth structures is rendered as the
recording head of the eleventh structure.

The above recording head of the eleventh structure
and the recording unit of the eleventh structure operate
as below.

In a state that voltage is applied with using a power
supply to between individual transparent electrodes and
the opposing electrode, the irradiation of light by the light
irradiating means from the side of a transparent elec-
trode of each ink-color region to the photoconductive
layer reduces the resistance value for irradiated region
of the photoconductive layer, giving flow of photoelectric
current to flow in the irradiated region. As aresult, a con-
ducting state is brought between the ink contacting with
the irradiated region of the photoconductive layer and
the transparent electrode, to charge electric charges to
the inside of the ink on the photoconductive layer, and
the ink receives Coulomb's force to fly toward the op-
posing electrode side. This flown ink moves to the me-
dium to be recorded on the opposing electrode to be
infiltrated and adhered thereto, resulting in obtaining de-
sired image pixels on the medium to be recorded. By
repeating the abovestated process on each color of the
divided region, desired color printed characters or color
images are obtained on the medium to be recorded.

Furthermore, a thirteen structure of a recording unit
of this invention lies in a structure being the recording
unit for the recording-unit first to twelfth structures,
wherein the recording unit has an opposing electrode
divided to have individual switching means.

The above recording unit of the thirteenth structure
operates as below.

In a state that voltage is applied with using a power
supply to between the transparent electrode and the
switching means for the opposing electrode while the
switching means on this side relative to the printing di-
rection being in an ON state, the irradiation of light by
the light irradiating means from the transparent elec-
trode to the photoconductive layer reduces the resist-
ance value for irradiated region of the photoconductive
layer, giving flow of photoelectric current in the irradiated
region. As a result, a conducting state is brought be-
tween the ink contacting with the irradiated region of the
photoconductive layer and the transparent electrode, to
charge electric charges to the inside of the ink on the
photoconductive layer, and the ink receives Coulomb's
force to fly toward the opposing electrode of which
switching means is in the ON state. This flown inkmoves
to the medium to be recorded on the opposing electrode
to be infiltrated and adhered thereto, resulting in obtain-
ing desired printed characters or images on the medium
to be recorded. Thereafter, by sequentially turning the
switching means ON in the printing direction and turning
the switching means on this side relative to the printing
direction in synchronism with irradiation of light by the
light irradiating means onto the photoconductive layer,
desired image pixels of one-line region are obtained on
the medium to be recorded.
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Furthermore, the recording apparatus of the
present invention is structured to be provided with any
of the above-described recording heads or recording
units.

[Example]

Examples of the present invention will be explained
hereinbelow based on the drawings.

(Example 1)

Fig. 1 is an explanatory diagram showing a first ex-
ample of the first structure of the recording head of the
present invention. In Fig. 1, in a state that voltage is ap-
plied to between the transparent electrode 2a (substrate
not shown) and the opposing electrode la using the pow-
er supply 3, the irradiation of light, from the direction of
the arrow 7, from the side of the transparent electrode
2a to the photoconductive layer 4, using the irradiating
means 5 causes the reduction of resistance value for
the irradiated region of the photoconductive layer 4, giv-
ing flow of photoelectric current in the irradiated region.
As a result, a conducting state is brought between the
ink 6 contacting with the irradiated region of the photo-
conductive layer 4 and the transparent electrode 2a, to
charge electric charges to the inside of the ink 6 on the
photoconductive layer 4 so that the ink receives Cou-
lomb's force to fly toward the opposing electrode 1a.

As the photoconductive layer 4 of the present inven-
tion, there can be used an inorganic photoconductor
such as an Se-base, CdS-base, ZnO-base, and BSO
(Bi;5SiO,0) -base photoconductive single-crystal mate-
rials or amorphous silicon hydrides of such as i-type, pi-
type, or pin-type, or a stack-type organic photoconduc-
tor such as CTM (Charge Carrier Transport Material)/
CGM (Charge Carrier Generation Material). As for the
photoconductive layer 4, photoconductivity is important
and it is preferred that the difference of potential in sur-
face potential is great. The dark resistance of the above
inorganic photoconductor or the organic photoconduc-
tor lies in 109 - 1074 Q.cm, and the irradiation of light to
the photoconductive layer 4 reduces the resistance val-
ue down to 104 -101! Q.cm, which brings the irradiated
region into a state of photoelectric current flow. Natural-
ly, it is needless to say that the resistance value and
change thereof due to irradiation of light are different de-
pending on the material or the structure thereof. Also,
although the layer thickness of the photoconductive lay-
er 4 is 10 - 50 um, while its electric characteristics re-
quire great resistance values, high sensitivity, and quick
optical responsibility, which are possible by the afore-
said photoconductors.

Further, where an amorphous silicon hydride is
used as the photoconductive layer 4, the dark resistance
is 109 - 1071 Q.cm, and the resistance value can be re-
duced down to 104 - 108 Q.cm by light irradiation and
secure the difference of surface potential great. Also,
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although it is needless to say that the dark resistance
value increases as the layer thickness of the photocon-
ductive layer 4 is greater, it is desired that the layer thick-
ness is 50 um or less, preferably about 20 - 30 um, be-
cause the resolution power deteriorates at 20 - 100 um
or greater.

Also, in order to raise the dark resistance value and
simultaneously suppress the spreading of electric
charges to a minimal limit so as to realize ink flying with
high resolution, it is preferable to use an i-type amor-
phous silicon hydride with impurity elements removed
therefrom.

Semiconductor laser can be employed as the light
irradiation means 5, wherein a laser light is irradiated in
the direction of the arrow 7 from the light irradiating
means 5 to a position corresponding to a desired image
pixel on the photoconductive layer 4. On the photocon-
ductive layer 4, the resistance value is lowered in a de-
sired image pixel region irradiated. Here, it is possible
to improve the optical sensitivity by improving the light
attenuation rate through matching the oscillating wave-
length of laser light and the sensitivity coefficient of the
photoconductive layer 4 for the oscillating wavelength.
Also as for the laser light 7, the laser light irradiated from
the laser oscillating device such as semiconductor laser
is optimized as to irradiation light intensity, image-form-
ing light spot shape, etc. by an optical lens in the light
irradiating means 5, and it can be structured by a laser
light scanning mechanism constituted by a polygon mill-
er, etc. In the recording head of the present invention,
since the laser light is irradiated from the light irradiating
means 5, images can be formed in non-contact and at
high speed on the photoconductive layer 4 at a position
corresponding to a desired image pixel. In the present
example, although semiconductor laser is used as a
light emitting source of the light irradiating means 5,
there is no limitation to this and He-Ne laser or semicon-
ductor laser array or LED array or halogen lamp can be
fully used as a light emitting source. Also, it is needless
to say that optical shutter array or a liquid crystal display
television may be used, instead of the aforesaid laser
scanning optical system.

In the present example, although the ink 6 is
charged with electric charges by irradiating light to the
photoconductive layer 4, the charging amount of electric
charges is determined by the diameter of light irradiation
by the light irradiating means 5 and the irradiation light
intensity and the irradiation pulse width. As the irradia-
tion diameter is larger, the irradiated area of the photo-
conductive layer 4 becomes larger, increasing the
amount of charging. Also, the increase of irradiation light
intensity increases the reduction in resistance value in
the phtoconductive layer 4 so that photoelectric currents
are easy to flow and the charging amount to the ink 6
increases. Further, where the irradiation pulse width is
increased, the charging amount can be increased in a
similar manner. In the recording head of the present in-
vention, by controlling the amount of electric charges to
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be charged to the ink 6, the ink flying speed can be
raised to a high speed. Also, the ink flying speed can be
varied corresponding to a medium to be recorded.

As the transparent electrode 2a of the present in-
vention, ITO (Indium-Tin-Oxide) or conductive polymer
materials, metal films sufficiently thin for transmission of
light (e.g., Al film with a film thickness of 0.03 um, etc.)
or further ZnO or SnO2 or a compound thereof can be
used. Also as the opposing electrode la of the present
invention, highly-conductive metallic materials, such as
aluminum, copper, and gold, can be used.

The power supply voltage value to be applied to be-
tween the transparent electrode 2a and the opposing
electrode la of the present invention is at 500 V - 4 KV,
wherein the appropriate applying voltage varies by the
electric conductivity of the ink 6 or the material of the
photoconductive layer 6 or the distance between the
head section and the opposing electrode la or the like.
Although it is needless to say that there is on principle
no influence if the polarity of this power supply 3 is re-
versed of positive/negative, it is preferred that the op-
posing electrode la is given of positive polarity because
most ink is apt to be charged in negative polarity.

Also, there is a possibility that the power supply volt-
age value becomes 500 V or lower by the improvement
in the future on materials for each constituent compo-
nent. Accordingly, the power supply voltage value used
for this recording head is not limited to 500 V - 4 KV.

The influencing factors of the ink 6 of the present
invention on ink flying involve surface tension, viscosity,
electric conductivity, and so on. The relation between
the surface tension and the maximum spacing (the max-
imum spacing of ink 6 flying is hereinafter determined
as the maximum spacing) of ink 6 flown to the opposing
electrode la is that, where electric conductivity and vis-
cosity are thought of as constant, the maximum record
spacing increases with decrease of surface tension in a
range of surface tension of 20 - 50 dyn/cm. Accordingly,
as the surface tension is smaller, the resisting force in
the ink ejection process becomes small and ejection of
ink is possible with weak electric field, so that the max-
imum record spacing can be increased large. The sur-
face tension is generally high for aqueous ink which is
72.8 dyn/cm for pure water while organic solvent ranges
from 200 dyn/cm to 35 dyn/cm, so that as the ink 6 of
the present invention it is possible to use an ink dissolv-
ing with dyestuffs in an organic solvent. Also, it is pos-
sible to increase the maximum record spacing by dis-
solving in the ink 6, as a surfactant, anion surfactant,
cation surfactant, non-ionic surfactant, or the like, to im-
prove the surface tension.

Although the viscosity of the above ink solvents can
be selected over a wide range, a solvent with low vis-
cosity is high in volatility and worse in preservability for
the ink 6, so that a solvent with a boiling point of, in a
range of, about 200 °C or higher is selected in order to
secure the preservability. The relation of the viscosity
and the maximum record spacing is that, where the sur-
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face tension and the electric conductivity are considered
constant, the maximum record spacing increases with
decrease in viscosity. Accordingly, similarly to the case
of the surface tension, when the viscosity is low, the re-
sisting force in the process of ink ejection becomes
small and the maximum record spacing can be in-
creased.

For ejection of the ink 6, there is necessity of charg-
ing of electric charges from the phtoconductive layer 4
to the ink 6 so that it is desired that the electric conduc-
tivity is low. Where the electric conductivity is too low,
the electric charges are diffused within the ink 6 before
the electric charges charged to the ink 6 reaches a tip
of an ink meniscus, and there becomes no occurrence
of ink ejection. Accordingly, the appropriate range of
electric conductivity for the ink of the present invention
is taken as 2 X 107 or below.

Incidentally, as to the above setting values for ink
characteristics, since there are dependencies of ink fly-
ing on light source conditions of the light illuminating
means 5, and voltage value supplied to between the
transparent electrode 2a and opposing electrode la, and
distance to the opposing electrode la, it is needles to
say that the characteristic ranges for optimal surface
tension, viscosity, electric conductivity, etc. are not lim-
ited to the above values.

(Example 2)

Fig. 2 is an explanatory diagram showing one ex-
ample of the second structure of the recording head of
the present invention. In Fig. 2, in a state that voltage is
applied using the power supply 3 to between the trans-
parent electrode 2a and the opposing electrode la, the
irradiation of light, from the direction of the arrow 7, us-
ing the light irradiating means 5 from the transparent
electrode 2a side to the photoconductive layer 4 causes
the reduction of resistance value for the irradiated region
of the photoconductive layer 4, giving flow of photoelec-
tric current in the irradiated region. As a result, a con-
ducting state is brought between the ink 6 contacting
with the irradiated region of the photoconductive layer
4 and the transparent electrode 2a, to charge electric
charges to the inside of the ink 6 on the photoconductive
layer 4, and further the ink is controlled in ink amount
and directionality by the slit plate 8 and receives Cou-
lomb's force to fly toward the opposing electrode la. At
this time, the width of the slit provided in the slit plate 8
determines the maximum value of ink static pressure at
the ink ejection port, and the ink 6 received with static
pressure forms a semilunar projection in the ink ejection
port, i.e. ameniscus, to determine an ink supply amount.
Further, as the slit width is smaller, the radius of ink me-
niscus can be reduced small and the Coulomb's force
for ejecting the ink 6 can be increased large, so that the
recording characteristics are improved as the slit width
is smaller. Accordingly, it is preferred that the width of
the slit provided in the slit plate 8 is about 100 um, at
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which no hindrance is given to the supply of ink 6, or
less. Also, where the ink 6 is flow out onto the slit plate
8, the ink 6 will fly toward the opposing electrode la, mak-
ing difficult continuing desirable image pixel. Conse-
quently, the material of the slit plate 8 requires the use
of a material having a large contact angle for the ink 6
and insulating properties, and the contact angle is se-
cured by using fluorocarbon polymers or treating the
surface of the slit plate 8 fabricated of an insulating ma-
terial of glass or ceramics or the like with using a silan
coupling agent. If the static pressure of the ink 6 is prop-
er, the above unstable phenomenon can be removed.
Furthermore, the use of the slit plate 8 serves to control
the direction of ink 6 fly to stabilize the amount and
speed of ink ejection, and further the control of the ink
meniscus curve enhances the efficiency of collecting the
ink 6 to reduce the energy for ink flying.

(Example 3)

Fig. 3 is an explanatory diagram showing one ex-
ample of the third structure of the recording head of the
present invention. In Fig. 3, in a state that voltage is ap-
plied using power supply 3 to between the transparent
electrode 2a and the opposing electrode 1a, the irradi-
ation of light using light irradiating means 5, from the
direction of the arrow 7, from the side of the transparent
electrode 2a to the photoconductive layer 4 causes the
reduction of resistance value for the irradiated region of
the photoconductive layer 4, giving flow of photoelectric
current in the irradiated region. As a result, a conducting
state is brought between the ink 6 contacting with the
irradiated region of the photoconductive layer 4 and the
transparent electrode 2a, to charge electric charges to
the inside of the ink 6 on the photoconductive layer 4.
At this time, the taper shape made in slit cross section
of the slit plate 8 facilitates electric charges to be col-
lected. Accordingly, the ink 6 is effectively charged with
electric charges so that it is controlled of ink amount and
directionality and receives Coulomb's force to be flown
toward the opposing electrode 1a.

The fabrication shape in slit cross section of the slit
plate 8 is in the present example a taper shape but it is
not limited to this, and there are considerable fabrication
shapes as in Fig. 4 (a) - (j) . This fabrication shape in
the slit cross section determines the maximum value of
static pressure required for flying of the ink 6 to the op-
posing electrode la side. This is that the ink 6 receives
static pressure to form a semilunar-formed projecting
surface, i.e. a meniscus, in the slit cross section. The
curvature of the meniscus at this time determines supply
amount of ink 6. Also, as the fabrication width of this slit
cross section is smaller the curvature of ink meniscus
can be reduced smaller, and accordingly since the Cou-
lomb's force for flying the ink 6 can be increased larger,
the recording characteristics are improved as the fabri-
cation width in the slit cross section is smaller. Also, by
altering the slit cross-sectional fabrication shape, the ink
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6 is prevented from flowing out of the slit plate 8. Fur-
thermore, the enhancement in efficiency of collecting
electric charges to be charged to the ink 6 can reduce
the energy for ink flying.

(Example 4)

Fig. 5 is an explanatory diagram showing one ex-
ample of the fourth structure of the recording head of
the present invention. In Fig. 5, in a state that voltage is
applied using power supply 3 to between the transpar-
ent electrode 2a and the opposing electrode la, light is
irradiated using light irradiating means 5, from the direc-
tion of the arrow 7, from the transparent electrode 2a
side onto a projection of the photoconductive layer 9
having the projection causes the reduction of resistance
value for the irradiated region of the photoconductive
layer 9 having the projection, giving flow of photoelectric
current in the irradiated region. As a result, a conducting
state is brought between the ink 6 contacting with the
irradiated region of the photoconductive layer 9 having
the projection and the transparent electrode 2a, to
charge electric charges to the inside of the ink 6 con-
tained in the projection of the photoconductive layer 9
having the projection, and the ink is controlled in ink
amount and directionality by the projection on the pho-
toconductive layer 9 and receives Coulomb's force to fly
toward the opposing electrode la. At this time, the role
of the projection on the photoconductive layer 9 having
the projection is similar to the recording head of the
abovestated second structure, wherein the function of
a slit plate is provided by integrally forming the projection
on the photoconductive layer 9, reducing cost and mak-
ing in compact. Incidentally, it is preferred that the pro-
jection on the photoconductive layer is formed of an in-
sulating material, similarly to the slit plate.

(Example 5)

Fig. 6 is an explanatory diagram showing one ex-
ample of the fifth structure of the recording head of the
present invention. In Fig. 6, in a state that voltage is ap-
plied using power supply 3 to between a substrate-inte-
grated type transparent electrode 2b and the opposing
electrode la, the irradiation of light using light irradiating
means 5, from the direction of the arrow 7, from the sub-
strate-integrated type transparent electrode 2b side to
the photoconductive layer 4 causes the reduction of re-
sistance value for the irradiated region of the photocon-
ductive layer 4, giving flow of photoelectric current in the
irradiated region. As a result, a conducting state is
brought between the ink 6 contacting with the irradiated
region of the photoconductive layer 4 and the substrate-
integrated type transparent electrode 2b, to charge elec-
tric charges to the inside of the ink 6 on the irradiated
region of the photoconductive layer 9, and the ink re-
ceives Coulomb's force to fly toward the opposing elec-
trode la side. As the substrate-integrated type transpar-
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ent electrode 2b, there is used an inorganic photocon-
ductor such as an Se-base, CdS-base, ZnO-base, and
BSO(Bi15Si0Oyg)-base photoconductive single-crystal
materials or an amorphous silicon hydride of such as i-
type, pi-type, or pin-type, or a stack-type organic photo-
conductor such as CTM (Charge Carrier Transport Ma-
terial)/CGM (Charge Carrier Generation Material), by
which the substrate and the transparent electrode 2a
and photoconductive layer 4 can be formed in a stack
form wherein the substrate is not necessarily required.

(Example 6)

Figs. 7, 8 and 9 are explanatory diagrams showing
examples of the sixth structure of the recording head of
the present invention. In Fig. 7, in a state that voltage is
applied using power supply 3 to between the transpar-
ent electrode 2a and an acceleration-type opposing
electrode 1b, the irradiation of light using light irradiating
means 5, from the direction of the arrow 7, from the
transparent electrode 2a side to the photoconductive
layer 4 causes the reduction of resistance value for the
irradiated region of the photoconductive layer 4, giving
flow of photoelectric current in the irradiated region. As
a result, a conducting state is brought between the ink
6 contacting with the irradiated region of the photocon-
ductive layer 4 and the transparent electrode 2a, to
charge electric charges to the inside of the ink 6 on the
photoconductive layer 9, and the ink receives Cou-
lomb's force to pass through a cavity of the accelerator-
type opposing electrode 1b and fly toward the direction
of the arrow 13. The shape of the accretion-type oppos-
ing electrode 1b is structured by an upper plate and a
lower plate separated therebetween as shown in Fig. 7,
wherein the upper plate and the lower plate are applied
by voltages of the same potential from the power supply
3 so that the ink 6 receives Coulomb's force to fly pass-
ing between the upper plate and the lower plate in the
direction of the arrow 13. By the abovestated structure,
the acceleration-type opposing electrode and the head
section are made integral, and flying of ink is possible
only by the head section. Also, by providing no opposing
electrode function to the paper feeding means 11 side,
the phenomenon that the medium to be recorded 10 is
attracted by static electricity due to an applied voltage
is removed to enable reduction in torque value for the
paper feeding means 11. Furthermore, as the shape of
the acceleration-type opposing electrode 1b there can
be considered of a core-type shape structured by inte-
gration with the head section as shown in Fig. 8. Fur-
thermore, as shown in Fig. 9, the upper plate and the
lower plate of the acceleration-type opposing electrode
1b are formed in parallel and in a line form on the slit
plate 8 of the head section, wherein the upper plate and
the lower plate are applied by voltages of the same po-
tential from the power supply 3 so that the ink 6 receives
Coulomb's force to fly toward the direction of the arrow
13. At this time, the spacing between the upper plate
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and the lower plate of the acceleration-type opposing
electrode 1b is to be spacing which is greater than a slit
width of the slit plate 8 to secure a distance required for
the ink 6 to be pulled off upon being flown from the me-
niscus state. Furthermore, the above structure provides
the formation of the acceleration-type opposing elec-
trode 1b on the head section, making the structure com-
pact.

(Example 7)

Fig. 10 is an explanatory diagram showing one ex-
ample of the first structure of the recording head of the
present invention. In Fig. 10, in a state that voltage is
applied using power supply 3 to between the transpar-
ent electrode 2a and the opposing electrode la, the irra-
diation of light using light irradiating means 5, from the
direction of the arrow 7, from the side of the transparent
electrode 2a to the photoconductive layer 4 causes the
reduction in resistance value for the irradiated region of
the photoconductive layer 4, giving flow of photoelectric
current in the irradiated region. As a result, a conducting
state is brought between the ink 6 contacting with the
irradiated region of the photoconductive layer 4 and the
transparent electrode 2a to charge electric charges to
the inside of the ink 6 on the photoconductive layer 9,
and the ink receives Coulomb's force to fly in the direc-
tion of the arrow 13 toward the opposing electrode la
side. By inserting a medium to be recorded 10 between
the opposing electrode la and the ink 6 from the paper
feeding means 10, the flying ink 12 moves to the medi-
um to be recorded 10 to be infilirated and adhered there-
o so that desired printed characters or images are ob-
tained on the medium to be recorded 10. At this time,
size of the dot transferred to the medium to be recorded
10 is determined by the distance between the medium
to be recorded 10 and the recording head and the volt-
age value applied between the transparent electrode 2a
and the opposing electrode la and the amount of ink 12.
The amount of flying ink 12 is determined by the quantity
of optical energy given to the photoconductive layer 4
from the light irradiating means 5.

As for the distance between the medium to be re-
corded 10 and the head section, if too short, there are
cases that the insertion of a medium to be recorded is
not smoothly done and possibilities of contact through
rumples. Also, if too long, the ink 12 flown will fall due
to gravity, making difficult the formation of desired image
pixels. Therefore, it is preferred that the distance be-
tween the medium to be recorded 10 and the head sec-
tion is about 0.2 to 1 mm, and it is proper that a desired
distance is taken about 0.5 mm.

(Example 8)
Fig. 11 is an explanatory diagram showing one ex-

ample of the second structure of the recording unit using
the second structure of the recording head of the
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present invention. In Fig. 11, in a state that voltage is
applied using power supply 3 to between the transpar-
ent electrode 2a and the opposing electrode la, the irra-
diation of light using light irradiating means 5, from the
direction of the arrow 7, from the transparent electrode
2a side to the photoconductive layer 4 causes the re-
duction in resistance value for the irradiated region of
the photoconductive layer 4, giving flow of photoelectric
current in the irradiated region. As a result, a conducting
state is brought between the ink 6 contacting with the
irradiated region of the photoconductive layer 4 and the
transparent electrode 2a, to charge electric charges to
the inside of the ink 6 on the photoconductive layer 9,
so that the ink 6 is controlled in ink amount and direc-
tionality by the slit plate and receives Coulomb's force
tofly in the direction of the arrow 13 toward the opposing
electrode la. By inserting a medium to be recorded 10
between the opposing electrode 1a and the slit plate 8
by the paper feeding means 10, the flying ink 12 moves
to the medium to be recorded 10 to be infiltrated and
adhered thereto, resulting in obtaining desired printed
characters or images on the medium to be recorded 10.
At this time, size of the dot transferred to the medium to
be recorded 10 is determined by the distance between
the medium to be recorded 10 and the recording head
and the voltage value applied between the transparent
electrode 2a and the opposing electrode la and the
amount of flying ink 12. The amount of flying ink 12 is
determined by the optical energy amount given to the
photoconductive layer 4 from the light irradiating means
5 andthe slit plate 8 shape. As for the distance between
the medium to be recorded 10 and the head section in
the present example, if too short, there are cases that
the insertion of a medium to be recorded 10 is not
smoothly done and possibilities of contact through rum-
ples. Also, if too long, the flown ink 12 will fall due to
gravity, making difficult the formation of desired image
pixels. Therefore, it is preferred that the distance be-
tween the medium to be recorded 10 and the head sec-
tion is about 0.210 1 mm, and it is proper that the desired
distance is about 0.5 mm.

Besides the recording heads as were shown in the
example 7 and 8, recording units of the third to the sixth
structures can be constituted with using a recording
head for the third to the sixth structures.

(Example 9)

Fig. 12 is an explanatory diagram showing one ex-
ample of the seventh structure of the recording unit us-
ing the seventh structure of the recording head of the
present invention. In Fig. 12, in a state that voltage is
applied using power supply 3 to between the transpar-
ent electrode 2a and the opposing electrode la, the irra-
diation of light using light irradiating means 5, from the
direction of the arrow 7, from the transparent electrode
2a side to the photoconductive layer 4 causes the re-
duction in resistance value for the irradiated region of
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the photoconductive layer 4, giving flow of photoelectric
current in the irradiated region. As a result, a conducting
state is brought between the ink 6 contacting with the
irradiated region of the photoconductive layer 4 and the
transparent electrode 2a, to charge electric charges to
the inside of the ink 6 on the photoconductive layer 9,
and the ink 6 receives Coulomb's force to fly in the di-
rection of the arrow 13 toward the opposing electrode
la side and the flying ink 12 is accelerated by an accel-
erating means 14. By inserting a mediumto be recorded
10 between the opposing electrode la and the acceler-
ating means 14 from the paper feeding means 11, the
flying ink 12 moves to the medium to be recorded 10
and infiltrated and adhered thereto, resulting in obtain-
ing desired printed characters or images on the medium
toberecorded 10. Atthistime, size of the dot transferred
to the medium to be recorded 10 is determined by the
distance between the medium to be recorded 10 and
the recording unit and also the voltage value applied be-
tween the transparent electrode 2a and the opposing
electrode la and the amount of flying ink 12. The amount
of flying ink 12 is determined by the optical energy
amount given to the photoconductive layer 4 from the
light irradiating means 5.

Therefore, it is preferred that the distance between
the medium to be recorded 10 and the accelerating
means 14 in the present example is about 0.2 to 1 mm,
and it is proper that the desired distance is about 0.5
mm.

By the accelerating means 14 of the present exam-
ple the speed of the flying ink 12 is raised high, and it is
possible to reduce the energy amount supplied to the
photoconductive layer 4 by controlling the applying volt-
age value for ink 6 flying and the optical energy given
from the light irradiating means 5.

Also, the accelerating means 14 is fabricated of a
material having good conductivity such as by aluminum,
copper, and gold, which also may be of a capacitor made
up by one set of flat plates, and also a matter being of
a shape of a closed tube such as a cylinder.

In the present example, the accelerating means 14
is given of voltage through a resistance from an elec-
trode on an opposing electrode la side of the power sup-
ply 3. However, the application of voltage to the accel-
erating means 14 is not limited to this, and it is possible,
for example, to provide a greater potential difference be-
tween the transparent electrode 2a and the accelerating
means 14 than the potential difference between the
transparent electrode 2a and the opposing electrode la.
This is determined by the amount of the flown ink 12 or
the distance between the accelerating means 14 and
the surface of the ink 6, or the like.

Also, as shown in Fig. 12, it is possible to cause the
ink 6 to fly only with the accelerating means by using a
switch function in the opposing electrode la. By this, the
recording unit of the present example is made integral
and compact. Furthermore, removal is made for the
phenomenon that the medium to be recorded 10 is at-
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tracted by static electricity force due to the absence of
voltage applied to the opposing electrode 1a side, re-
ducing the torque value for the paper feeding means 11.
Also, an eighth recording head can be structured
wherein the abovestated recording head for the first to
seventh structures is made in a line form corresponding
to a printing width on a medium to be recorded 10. Also,
a eighth structure of a recording unit using this eighth
structure of the recording head can be structured.

(Example 10)

Fig. 13 is an explanatory diagram showing one ex-
ample of the ninth structure of the recording unit using
the ninth structure of the recording head of the present
invention. In Fig. 13, in a state that voltage is applied
using power supply 3 to between the transparent elec-
trode 2a and the opposing electrode la, the irradiation
of light using light irradiating means 5, from the direction
of the arrow 7, from the transparent electrode 2a side to
the photoconductive layer 4 causes the reduction in re-
sistance value for the irradiated region of the photocon-
ductive layer 4, giving flow of photoelectric current in the
irradiated region. As a result, a conducting state is
brought between the ink 6 contacting with the irradiated
region of the photoconductive layer 4 and the transpar-
ent electrode 2a, to charge electric charges to the inside
of the ink 6 on the photoconductive layer 4, and the ink
6 receives Coulomb's force to fly in the direction of the
arrow 13 toward an projectingly rising portion of the op-
posing electrode la. By inserting a medium to be record-
ed 10 between the opposing electrode la and the accel-
erating means 14 from the paper feeding means 11, the
flying ink 12 moves to the medium to be recorded 10
and infiltrated and adhered thereto, resulting in obtain-
ing desired printed characters or images on the medium
tobe recorded 10. At this time, size of the dot transferred
to the medium to be recorded 10 is determined by the
distance between the medium to be recorded 10 and
the recording unit and also the voltage value applied be-
tween the transparent electrode 2a and the opposing
electrode la and the amount of flying ink 12. The amount
of flying ink 12 is determined by the optical energy
amount given to the photoconductive layer 4 from the
light irradiating means 5.

In the present example, the shape of the opposing
electrode la is in the line form corresponding to the me-
dium to be recorded 10 and of the shape of projectingly
rising at the ink-adhesion portion, but is not limited to
this, and there can be considered of shapes shown in
Fig. 14.InFig. 14, (a) - (d) are adapted such that electric
field is readily collected at a portion of a rising shape in
the opposite electrode la, while (e) - (h) are made of a
conductive metal only at a hatched portion, having an
effect of collecting electric field with higher efficiency.
Accordingly, by altering the shape of the opposing elec-
trode 1a as in Fig. 14, electric field becomes easy to be
collected at an ink flying portion between the head and



25 EP 0 803 358 A2 26

the opposing electrode 1a, resulting in stabilization in
ink flying direction.

(Example 11)

Fig. 15 is an explanatory diagram showing one ex-
ample of the tenth structure of the recording unit using
the tenth structure of the recording head of the present
invention. In Fig. 15, in a state that voltage is applied
using power supply 3 to between the transparent elec-
trode 2a and the opposing electrode la, the irradiation
of light using light irradiating means 5, from the direction
of the arrow 15, from the transparent electrode 2a side
through a record sheet 16 to the photoconductive layer
4 causes the reduction in resistance value for the irra-
diated region of the photoconductive layer 4, giving flow
of photoelectric current in the irradiated region. As a re-
sult, aconducting state is brought between the ink 6 con-
tacting with the irradiated region of the photoconductive
layer and the transparent electrode, to charge electric
charges to the inside of the ink 6 on the photoconductive
layer 4, and the ink 6 receives Coulomb's force to fly in
the direction of the arrow 13 toward the opposing elec-
trode la side. By inserting a medium to be recorded 10
between the opposing electrode la and the ink 6 from
the paper feeding means 11, the flying ink 12 moves to
the medium to be recorded 10 and infiltrated and ad-
hered thereto, resulting in obtaining desired printed
characters or images on the medium to be recorded 10.
At this time, size of the dot transferred to the medium to
be recorded 10 is determined by the distance between
the medium to be recorded 10 and the recording unit
and also the voltage value applied to between the trans-
parent electrode 2a and the opposing electrode la and
the amount of flying ink 12. As for the flying ink 12
amount, it is determined by the amount of optical energy
given to the photoconductive layer 4 from the light irra-
diating means 5. As for the distance between the medi-
um to be recorded 10 and the ink 6, if too short, there is
difficulty in inserting method for the medium to be re-
corded 10 and the medium to be recorded 10 contacts
with the recording head due to rumples of the medium,
while, if too long, the flying ink 12 will drop due to gravity,
making difficult to form desired image pixels.

Therefore, it is preferred that the distance between
the medium to be recorded 10 and the ink 6 in the
present example is about 0.2 to 1 mm, and it is proper
that the desired distance is about 0.5 mm.

As for a recording sheet 16 of the present example,
an transparent sheet of an OHP or the like can be used,
which is a recorded matter having negative image infor-
mation written on a transparent sheet. It is also possible
for a record sheet 16 to use a recorded matter having
desired image pixels written by the light irradiating
means 5. As a means for irradiating the entire surface
of the record sheet 16 of the present example, a halogen
lamp, etc. capable of entire-surface exposure can be
used.
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Owing to the preset example, by irradiating light to
the photoconductive layer 4 through the record sheet
16, printing speed is greatly improved to implement
high-speed printing. Also the use of the record sheet 16
enables continuous printing with repeatedly using a
negative image, performing high-speed printing.

(Example 12)

Fig. 16 is an explanatory diagram of one example
of the eleventh structure of the recording unit of the
present invention. The recording unit of the present in-
vention shown in Fig. 16 is structured by vertically su-
perposing four line-form recording heads corresponding
to a printing width of a medium to be printed 10, wherein
the individual recording heads are supplied with ink 6,
from the top, of yellow (y), magenta (M), cyan (c), and
black (Bk). Hereinafter, these individual recording heads
are referred to as a yellow-ink recording head, a magen-
ta-ink recording head, a cyan-ink recording head, and a
black-ink recording head. As a recording procedure, in
a state that voltage is applied using power supply 3 to
between the individual transparent electrodes 2a and
the opposing electrode la, the irradiation of light by the
light irradiating means 5, from the direction of the arrow
7, from the side of the transparent electrode 2a of the
yellow-ink recording head to the photoconductive layer
4 causes the reduction in resistance value for an irradi-
ated region of the photoconductive layer 4, giving flow
of photoelectric current in the irradiated region. As a re-
sult, a conducting state is brought between the ink 6 con-
tacting with the irradiated region of the photoconductive
layer 4 and the transparent electrode 2a, to charge elec-
tric charges to the inside of the yellow ink on the photo-
conductive layer 4, and the ink 6 receives Coulomb's
force to fly toward the opposing electrode la side. The
flown yellow ink moves to the medium to be recorded
10 on the opposing electrode la to be infiltrated and ad-
hered thereto, resulting in obtaining desired image pix-
els of yellow ink by one line on the medium to be record-
ed 10. Then, the yellow-ink recording head is driven in
the direction of the arrow 17, to obtain desired image
pixels of magenta ink by one line on the medium to be
recorded 10 by the recording procedure with the magen-
ta-ink recording procedure. Then, the magenta-ink re-
cording head is driven in the direction of the arrow 17,
to obtain desired image pixels of cyan ink by one line on
the medium to be recorded 10 by the recording proce-
dure with the cyan-ink recording head. Then, the cyan-
ink recording head is driven in the direction of the arrow
17, to obtained desired image pixels of black ink by one
line on the medium to be recorded 10 by the recording
procedure with the black-ink recording head. Thereafter,
the medium to be recorded 10 is driven in the direction
of the arrow 19 by one line by means of a paper feeding
means, not shown, and four recording heads are driven
in the direction of the arrow 18 back to the home posi-
tion. The above process is repeated to obtain desired
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color image pixels for each image on the medium to be
recorded 10.

In the present example, although the ink 6 configu-
ration is of four kinds, full-color of high-precision output
printed characters or images with limitless printing
colors are to be obtained by increasing the number of
recording heads and supplying multi-colors of ink 6 in-
dividually.

Furthermore, in the present example, although ex-
planation was made on the method that the recording
heads of the present invention are driven each time
each color of Y, M, C, and Bk is transferred to the me-
dium to be recorded 10, it is needless to say that it is
possible, by providing a structure of simultaneously ac-
cessing each of pixel information Y, M, C, and Bk, to
simultaneously irradiate recording pixel information of
each color of Y, M, C, and Bk onto the photoconductive
layer 4.

(Example 13)

Fig. 17 is an explanatory diagram of one example
of the twelfth structure of the recording unit using the
eleventh structure of the recording head of the present
invention. In Fig. 17, the recording head is structured by
four-division, and four-divided transparent electrodes
2a has a photoconductive layer 4 formed thereon,
wherein yellow (y), magenta (M), cyan (c), and black
(Bk) of ink 6, are supplied onto the photoconductive lay-
er 4 respectively as shown in Fig. 17. Hereinafter, these
are referred to as a yellow-ink recording region, a ma-
genta-ink recording region, a cyan-ink recording region,
and a black-ink recording region. As a recording proce-
dure, in a state that a voltage is applied using power
supply 3 to between the transparent electrodes 2a and
the opposing electrode la, the irradiation of light by the
light irradiating means 5, from the direction of the arrow
7, from the side of the transparent electrode 2a of the
yellow-ink recording region to the photoconductive layer
4 causes the reduction in resistance value for the irra-
diated region of the photoconductive layer 4, giving flow
of photoelectric current in the irradiated region. As a re-
sult, aconducting state is brought between the ink 6 con-
tacting with the irradiated region of the photoconductive
layer 4 and the transparent electrode 2a, to charge elec-
tric charges to the inside of the yellow ink on the photo-
conductive layer 4, and the yellow ink receives Cou-
lomb's force to fly toward the opposing electrode la side.
The yellow ink moves to the medium to be recorded 10
on the opposing electrode la to be infiltrated and ad-
hered thereto, resulting in obtaining desired image pix-
els in yellow ink are obtained on the medium to be re-
corded 10. Then, the recording head is driven in the di-
rection of the arrow 20b from the yellow ink recording
region, to obtain desired image pixels of magenta ink on
the medium to be recorded 10 by the recording proce-
dure in a magenta-ink recording region. Then, the re-
cording head is driven in the direction of the arrow 21a
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and the direction of the arrow 20a from the magenta-ink
recording region, to obtain desired image pixels of cyan
ink on the medium to be recorded 10 by the recording
procedure in a cyan-ink recording region. Then, the re-
cording head is driven in the direction of the arrow 20b
from the cyan-ink recording region, to obtained desired
image pixels of black ink on the medium to be recorded
10 by the recording procedure in a black-ink recording
region. Thereafter, the recording head is driven in the
direction of the arrow 20a and the above process is re-
peated, resulting in obtaining desired color image pixels
in one-line region on the medium to be recorded 10.

Thereafter, the medium to be recorded is driven by
one line in the direction of the arrow 21b by the paper
feeding means 11, and furtherthe recording head is driv-
en in the direction of the arrow 21b to be returned to the
home position where the above process is repeated,
thereby obtaining desired color image pixels by one im-
age on the medium to be recorded 10.

In the present example, although the ink 6 configu-
ration is of four kinds, full-color of high-precision output
printed characters or an image is to be obtained by in-
creasing the number of division of the above recording
head and supplying multi-colors of ink 6 individually. Al-
so it is needless to say that, where a type using a slit
plate 8 is employed as the record head of the present
invention, the slit plate 8 is in a state of four-division.
Furthermore, according to the example of the present
invention, the recording head of the present invention in
serial form enables full-color printing of characters, mak-
ing possible the size compact.

(Example 14)

Fig. 18 is an explanatory diagram wherein transfer
is made onto the medium to be recorded with using the
one example shown in the thirteenth structure of the re-
cording unit of the present invention. In Fig. 18, in a state
that a voltage is applied using power supply 3 to be-
tween a switching means 22 connected to the opposing
electrode la and the transparent electrodes 2a, and in a
state that the switch of the switching means 22 on this
side relative to the arrow 23 direction is turned ON, the
irradiation of light by the light irradiating means 5, from
the direction of the arrow 7, from the side of the trans-
parent electrode 2a to the photoconductive layer 4 caus-
es the reduction in resistance value for an irradiated re-
gion of the photoconductive layer 4, giving flow of pho-
toelectric current in the irradiated region. As a result, a
conducting state is brought between the ink 6 contacting
with the irradiated region of the photoconductive layer
4 and the transparent electrode 2a, to charge electric
charges to the inside of the ink 6 on the photoconductive
layer 4, and the ink receives Coulomb's force to fly to-
ward the opposing electrode la whose switch of the
switching means is in the ON state. The ink 12 moves
to the medium to be recorded 10 on the opposing elec-
trode la to be infilirated and adhered thereto, resulting



29

in obtaining desired printed characters or images on the
medium to be recorded 10. Thereafter, the switch of the
switching means 22 is sequentially turned ON in the di-
rection of the arrow 23 and the switch of the switching
means 22 on this side relative to the recording direction
is turned OFF in synchronism with irradiation of light
from the direction of the arrow 7 onto the photoconduc-
tive layer 4 by the light irradiating means 5, resulting in
desired image pixels by one line region on the medium
to be recorded 10.

In the present example, although the switching of
the opposing electrode la is done by using the switching
means 22, it is also possible to drive the opposing elec-
trode la in synchronism with the light irradiating means
5. Also, the use of the switching means 22 of the present
example can reduce power consumption for ink 6 flying.

(Example 15)

Fig. 19 is an explanatory diagram of one example
of the first structure of the recording apparatus using the
recording unit described in the first to thirteen examples
of the present invention. In Fig. 19, the recording appa-
ratus 30 inputs from an external apparatus 28 an image
data, which performs image correction treatment and
pattern recognition in an image correcting circuit 25 to
convert the data by pixel for outputting an image pixel
data 31. The image pixel data 31 is transferred to the
inside of a recording unit 24 in synchronism with a trig-
gering signal 36 from a controller 26, and a flying ink 32
corresponding to the image pixel data 31 is adhered and
transferred to a medium to be recorded 10. At this time,
by outputting a control signal 33 from the controller 26
to a paper feeding means 11, synchronization is made
for the flying ink 32 and the medium to be recorded 10.
Also, the voltage value 34 within the recording unit 24
is set from the controller to the power supply unit 27,
and a voltage 35 is supplied from the power supply unit
24 1o the recording unit 24. Furthermore, the output of
a light control signal 37 for light-source irradiating light
intensity and irradiating pulse width within the recording
unit 24 is controlled by the controller 26, controlling dots
to be formed on the medium to be recorded 10. By car-
rying out the above process, the recording unit 24 of the
present invention as the recording apparatus 30 can
perform high-precision high-quality printing at high
speed, provide output printed characters in a manner of
non-contact and free from selecting record medium
shapes.

In the descriptions given hereinbefore, various
combinations were not referred to in order to avoid trou-
blesomeness. However, it is needless to say that a
structure of a recording head, in a recording unit using
a plurality of recording heads, may appropriately adopt
various recording heads of the present invention. The
same is also true for a structure having an accelerating
means, a structure having an opposing electrode with a
projection shape, a structure of irradiating the entire sur-
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face of a photoconductive layer, and other structures or
recording apparatuses.

This invention is structured, as the structure of the
recording head as explained hereinbefore, by: having a
head section formed by a transparent electrode formed
on a substrate, a photoconductive layer formed on the
transparent electrode, and a means for supplying ink on-
to the photoconductive layer, and an opposing elec-
trode, in this order; the means for supplying the ink and
the opposing electrode being arranged to have a gap
sufficient for inserting a medium to be recorded there-
through; having a power supply for applying voltage to
between the transparent electrode and the opposing
electrode, and a light irradiating means for supplying in
pulsing manner light corresponding to a desired image
pixel to the potoconductive layer, thereby providing the
following effects.

(1) Since light is irradiated from the light irradiating
means, the recording process is in non-contact and
treatment is at high speed.

(2) By controlling optical energy of the light irradiat-
ing means to charge electric charges to the inside
of ink, the ink flying speed can become high and
varied by medium to be recorded.

Next, the structure of the recording head is
structured by: having a head section formed by a
transparent electrode formed on a substrate, a pho-
toconductive layer formed on the transparent elec-
trode, a means for supplying ink onto the photocon-
ductive layer, and slit plate provided with a slit for
controlling ejection of ink, and an opposing elec-
trode, in this order; the means for supplying the ink
and the opposing electrode being arranged to have
a gap sufficient for inserting a medium to be record-
edtherethrough; having a power supply for applying
voltage to between the transparent electrode and
the opposing electrode, and a light irradiating
means for supplying in pulsing manner light corre-
sponding to a desired image pixel to the potocon-
ductive layer, thereby providing the following ef-
fects.

(3) There is no necessity of nozzles per image pixel
within the recording head, and a slit structure by a
slit plate makes possible increase of resolving pow-
er, reduction of cost, and further cleaning after ink
ejection.

(4) The provision of the slit plate controls the direc-
tion of ink flying, and further the control on ink me-
niscus curves enhances the efficiency of collecting
ink, reducing energy for ink flying.

Next, as the structure of the recording head is
structured wherein the cross section of the slit pro-
vided in the slit plate is cut in a taper form, providing
the following effects.

(5) By varying the cut shape of the slit cross section,
the ink is prevented from flowing out of the slit plate.
(6) The energy for ink flying can be reduced by the
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enhancement in efficiency of collecting electric
charges to be charged to the ink.

Next, as the structure of the recording head is

structured by: having a head section formed by a
transparent electrode formed on a substrate, a pho-
toconductive layer formed on the transparent elec-
trode, and a means for supplying ink onto the pho-
toconductive layer, and an opposing electrode, in
this order; the means for supplying the ink and the
opposing electrode being arranged to have a gap
sufficient for inserting a medium to be recorded
therethrough; having a power supply for applying
voltage to between the transparent electrode and
the opposing electrode, and a light irradiating
means for supplying in pulsing manner light corre-
sponding to a desired image pixel to the potocon-
ductive layer, thereby providing the following ef-
fects.
(7) The resolving power enhancement and cost re-
duction is feasible, by providing a wall as a projec-
tion in the photoconductive layer to give a function
of the slit plate for controlling the amount of ink ejec-
tion.

Next, the structure of the recording head is

structured by integrating the substrate and the
transparent electrode formed on the substrate, pro-
viding the following effect.
(8) The recording head section becomes possible
to be formed with the substrate and the transparent
electrode and photoconductive layer rendered in a
stacked state, making possible compacting.

Next, as the structure of the recording head, the

opposing electrode and the head section is struc-
tured by integral formation.
(9) The opposing electrode and the head section
are integrated and ink flying is possible only by the
head section, making the apparatus structure com-
pact.

Next, as the structure of the recording head, the
ink accelerating means for accelerating the flown
ink is provided in the recording head, providing the
following effects.

(10) The flying ink speed is sped up by the acceler-
ating means, enabling high-quality and high-speed
printing.

(11) Ink flying is also possible only by the head sec-
tion and the accelerating means, making the appa-
ratus structure compact.

(12) The absence of applying voltage to the oppos-
ing electrode side eliminates the phenomenon of
poor delivery of the medium to be recorded, reduc-
ing the torque value for the paper feeding means.

Next, as the structure of the recording head, the
formation in a line form corresponding to the printing
width on the medium to be recorded, providing the
following effects.

(13) The structure of vertical stacking of the record-
ing heads makes possible the use of a plurality re-
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cording units, that is, there is no limitation in printing
color and high-precision output printing can be ob-
tained in full colors.

(14) The structure of the recording head in the line
form enables the printable range corresponding to
a manuscript character width of a medium to be re-
corded, enabling largely shortening in recording
speed and high-speed printing.

Next, as the structure of the recording head, the

opposing electrode is structured in a line form cor-
responding to a medium to be recorded and the ink-
adhesion portion is raised in a projection form, pro-
viding the following effect.
(15) The shape of the opposing electrode is in rising
in a projection form at the ink-adhesion portion fa-
cilitates collection in electric field for the head sec-
tion and the opposing electrode, stabilizing the ink
flying direction.

Next, as the structure of the recording head, the
light irradiating means is structured to have a record
sheet recorded with negative image information on
a transparent sheet, providing the following effects.
(16) As the light irradiating means, the entire-sur-
face irradiation to the photoconductive layer
through the record sheet greatly shorten the printing
speed, performing high-speed printing.

(17) The repeated use of the record sheet as a neg-
ative image makes possible continuos printing, per-
forming high-speed printing.

Next, as the structure of the recording head, the
formation in a serial shape provides the following
effects.

(18) The increase of the number of division for the
recording head to supply multicolor inks to the di-
vided parts of the recording head makes possible
obtaining of full-color and high-precision output
printing.

(19) The serial shape structure of the recording
head makes possible the recording head structure
compact.

Next, the structure of the recording apparatus

is structured by: having a head section formed by a
transparent electrode formed on a substrate, a pho-
toconductive layer formed on the transparent elec-
trode, and a means for supplying ink onto the pho-
toconductive layer, and an opposing electrode hav-
ing an ink-droplet accelerating means and formed
integral with or almost integral with the head sec-
tion, in this order; having at least a power supply for
applying voltage to between the transparent elec-
trode and the opposing electrode, and a light irradi-
ating means for supplying light corresponding to a
desired image pixel to the potoconductive layer,
providing the following effects.
(20) It is possible to handle as nearly an on-demand
type, because the ink supply amount can be con-
trolled by the photoconductive layer while keeping
high speed of the continuous type.
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(21) It is possible to enhance, as compared with the
ink-jet method, the resolving power at a level of
electronic photography because the resolving pow-
er can be restricted by controlling the spot diameter
of the light supplying means.

(22) The structure of the apparatus is simple and
low in cost, as compared with the electronic photog-
raphy method.

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. Arecording head for an ink jet recording apparatus
characterised by:

a head section comprising a transparent elec-
trode (2a), a photoconductive layer (4) formed
on the transparent electrode, and a means for
supplying ink (6) onto the photoconductive lay-
er;
an opposing electrode (1a) with a gap between
said ink layer and the opposing electrode suffi-
cient for inserting a medium to be recorded
therethrough; means for applying a voltage to
between said transparent electrode and said
opposing electrode, and a light irradiating
means for supplying light corresponding to a
desired image pixel or pixel array to said pho-
toconductive layer.

2. A recording head according to claim 1, character-
ised by a slit plate (8) provided with a slit for con-
trolling ejection of ink from said ink layer.

3. A recording head according to claim 2, character-
ised in that the cross section of the slit provided in
said slit plate has a tapering shape.

4. Arecording head according to any preceding claim,
wherein the ink supplying means is arranged to sup-
ply a layer of ink over said photoconductive layer.

5. Arecording head according to claim 1, wherein said
photoconductive layer has a projection for control-
ling ejection of ink on said transparent electrode.

6. Arecording head according to any preceding claim,
wherein said transparent electrode is formed inte-
grally with a substrate.

7. Arecording head according to any preceding claim,
characterised in that said opposing electrode and
said head section are integrally formed.
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8.

10.

11.

12.

13.

14.

A recording head according to any preceding claim,
including a paper feeding means (11) for supplying
amedium (10) to be recorded between ink disposed
on said photoconductive layer and said opposing
electrode, or between said slit plate and said oppos-
ing electrode, or between the projection formed on
said photoconductive layer and said opposing elec-
trode.

A recording head according to any preceding claim,
including an accelerating means (14) for accelerat-
ing said ink between said ink supplying means and
said opposing electrode, said slit plate and said op-
posing electrode, or the projection formed on said
photoconductive layer and said opposing electrode.

A recording head according to any preceding claim,
wherein said recording head is arranged to print the
width of a print line on said medium to be recorded.

A recording head according to claim 10, wherein
said opposing electrode has a projecting portion
shaped as a line form.

A recording head according to any preceding claim,
wherein said light irradiating means has a record
sheet having negative image information recorded
thereon.

A recording unit employing a plurality of recording
heads according to any preceding claim, wherein
each recording head has a different-colour ink sup-
plying means to adhere and infiltrate colour image
pixels onto said medium to be recorded.

A recording apparatus, adapted to control ink ad-
herence adapted to control ink adherence to a me-
dium to be recorded depending on a recording sig-
nal to record image pixels on the medium to be re-
corded, characterised by being provided with a re-
cording head or heads according to any preceding
claim.
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