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@ ton flow modulator.

An ion flow modulator with high reliability used in a
photocopying machine to obtain a high quality image. The
ion flow modulator {37) includes an insulating substrate (38),
a common electrode (42) formed on one major surface of the
insulating substrate (38), a plurality of ion fiow control elec-

-trodes (40) formed on the other major surface of the insu-

lating substrate {38), a photoconductive layer (46) formed on
the insulating substrate {38) and connected to one end of
each of the ion flow control electrodes {40), a first voltage
application electrode (48) formed on the insulating substrate
(38) and connected to the photoconductive layer (46), a re-
sistance layer (50} formed on the insulating substrate (38)
and connected to the other end of each of the ion fiow control
electrodes (40) so as to interpose the ion flow control elec-
trodes (40) between the photoconductive layer (46) and the
resistance layer (50), a second voltage application electrode
(52) formed on the insulating substrate and connected to the
resistance layer (50), and a DC power source (49, 54) for

applying voltages having opposing polarities to the first and
second voltage application electrodes (48, 52). The ion flow
passage holes {44) are formed through the insulating sub-
strate {38} and the common electrode (42). A means is pro-
vided for generating ions to pass through the ion flow
passage holes. ~ T
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Ion flow modulator

The present invention relates to an ion flow
modulator used in a photocopying machine.

Photocopying machines with an ion flow modulator
have been conventionally proposed. The principle of
operation of a photocopying machine of this type is
given as follows. Light irradiates a document, and
light (document'image) reflected by-the document is-
guided by an optical system to a photoconductive layer
of an ion flow modulator to be described in detail
later. The ion flow modulator has an array of a
plurality of holes so as to cause ions to flow
therethrough. More specifically, ions flow through
the respective holes in accordance with intensities of
light components irradiating the respective portions of
the photoconductive layer. The ions passing through the
holes eherge a dielectric drum, thereby forming an
eleétrbetetie letent image corresponding to the document
1mage. Toner 1s attracted to the latent image on the
dlelectric drum, ‘and a toner 1mage ‘is transferred to a
copy sheet, "thus completlng a copylng cycle.

An illustrative representatlon of a conventional
ion flow modulator (Japanese Patent ‘Disclosure

- ..No. 56-35150) is shown in Flg:gl. ‘Rectangular ion flow

control electrodes 12 are formed on an insulating
substrate 10 parallel to each other. Ion flow passage

holes 14 are formed near end portions of the control
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electrodes 12, in the substrate 10 and in a common
electrode 24 to be described later. A common
photoconductive layer 16 is formed on the respective
control electrodes 12, and a transparent electrode 18 is
formed on the layer 16. A single resistance layer 20
common to the respective holes 14 of the control
electrodes is formed at the other end portions of the
control electrodes 12. A transparent electrode 22 is
formed on the layer 20. A common electrode 24 is formed
on the lower surface of the substrate 10. Power sources
26 and 28 are connected to the electrodes 18 and 22 to
apply positive and negative voltages to the layers 16
and 22, respectively. These power sources are also
connected to the electrode 24. A corona charger 30 as a
means for generating an ion flow is arranged under the
holes 14. - The charger 30 comprises a corona discharge
electrode 32 and a shield electrode 34. The electrode
32 is connected to a DC power source 36.

An ion flow generated from the electrode 32 flows
through the holes 14 and reaches a dielectric drum (not
shown). The number of ions flowing through the holes 14
is controlled by potentials of the electrodes 12 having
the holes 14. More particularly, when ions generated
from the corona discharge electrode are positive ions,
the number of the ions flowing through the holes 14 is
decreased by the positive potentials of the electrodes
12, and is increased by the negative potentials. 1In
this manner, the latent image corresponding to the
potentials at the electrodes~12:is_formed on the
dielectric drum (not shown),? Wﬁéﬂ_light does not
irradiate the photoconductiqéfiéyer 16, the resistancer
of the photoconductive layef:16 is larger than that of
the resistance layer 20,‘so that the potentials of the
electrodes 12 are negative under the control of the
power source 28 and the number of ions flowing through
the holes is increased. However, when light irradiates
the photoconductive layer 16, the resistance of the
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photoconductive layer 16 is decreased, and the
potentials at the control electrodes 12 are controlled
by the power source 26, thereby decreasing the number of
ions passing through the holes. 1In this manner, the
number of ions passing through control electrodes which
receive light is small, but the number of ions £lowing
through control electrodes which do not receive light is
large. Therefore, the latent image corresponding to the
optical pattern obtained by the layer 16 is formed on
the dielectric drum.

The above—-described conventional ion flow modulator
has the following problems. First, a stripe pattern
is often formed on the copied image, or linear omission
of the resultant image tends to occur. These events
are based upon variations in thickness of the
photoconductive layer. More specifically, potential
control of each control electrode is performed by
utilizing the resistance of the photoconductive layer
along the direction of thickness thereof. When the
thickness of the photoconductive layer on the respective
control electrodes is nonuniform, the number of ions
passing through the respective holes vary even if
light uniformly irradiates the photoconductive layer,
thereby degrading the copied image quality. 1In
practice, it is very difficult to obtain a uniform
thickness of the photoconductive layer. Second, when
pinholes are formed in the photoconductive layer along
the direction of thickness thereof, the photoconductive
layer is subject to dielectric breakdown and DC current
flows in the control electrode immediately under such
pinholes in the photoconductive layer. In addition,
since the holes are rendered conductive by the
resistance layer, potentials at all control electrodes
cannot be controlled. Third, since light from the
document is incident on the photoconductive layer
through the transparent electrodes, sensitivity is
degraded.
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It is, therefore, an object of the present
invention to provide aﬁ ion flow modulator wherein the
number of ions flowing through respective ion flow
passage holes will not vary and stripe pattern and
linear omission can be eliminated from the coﬁied image
when uniform light irradiates a photoconductive layer, a
copy function will not be impaired even if pinholes are
formed in the photoconductive layer, and a high-
sensitivity image can be obtained.

In order to achieve the above object of the present
invention, there is provided an ion flow modulator
including an insulating substrate having a plurality of
ion flow control electrodes on one major surface thereof
and a common electrode on the other major surface
thereof. The"ion flow control electrodes respectively
have ion flow passage holes extending through the
insulating substrate and the common electrode. A
photoconductive layer is formed on the insulating
substrate and is connected to one end of each ion flow
control electrode. A first voltage application
electrode is formed on the insulating substrate at an
end of the photoconductive layer which opposes the end
having the ion flow control electrodes. A resistance
layer is formed on the insulating substrate and con-
nected to the other end of each ion flow control
electrode. A second voltage application electrode is
formed on the insulating substrate and is commonly
connected to the end of the resistance layer which
opposes the end having the ion flow control electrodes.
Voltages having opposite polarities are applied to the
first and second voltage application electrodes. A IC
power source is connected to the common electrode. 1In
adédition, means is provided for generating ions passing
through the ion flow passage holes.

According to the ion flow modulator of the present
invention, the resistance of the photoconductive layer

along the planar direction thereof is utilized to
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control potentials at the control electrodes. For this
reason, even if the thickness of the photoconductive
layer varies, no influence is imposed on the potential
control of the control electrodes. The two-dimensional
size of the photoconductive layer can be controlled with
high precision, so that the number of ions passing
through the holes will not wvary. In addition, since
the potential control of the control electrodes is
performed by utilizing the planar direction of the
photoconductive layer, the potentials at the control
electrodes will not change even if pinholes are formed
in the photoconductive layer along the direction of
thickness thereof. Furthermore, light directly
irradiates the photoconductive layer, thereby providing
good sensitivity.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a perspective view of a conventional ion
flow modulator;

Figs. 2 and 3 are perspective views of ion flow
modulators according to embodiments of the present
invention;

Figs. 4 and 5 are representations showing the
images obtained when a straight line is copied by
photocopying machines having an ion flow modulator with
ion flow passage holes arranged linearly and in a
staggered manner;

Figs. 6 and 7 are illustrative representations of
ion flow modulators used for enlargement and reduction
copy modes;

Fig. 8 is a sectional view for explaining the
principle of operation of a photocopying machine using
an ion flow modulator of the present invention;

Fig. 9 is an enlarged view of the main part of the
photocopying machine shown in Fig. 8; and

Figs. 10 to 12 are illustrative representations of
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ion flow modulators according to other embodiments of
the present invention.

An ion flow modulator according to an embodiment
of the present invention is illustrated in Fig. 2. An
ion flow modulator 37 includes an insulating substrate
38. Any material which has good insulating properties
and which can be subjected to deposition of a metal
such as gold or suitable plating material can be used
as the substrate. For example, the substrate 38 may be
a polyimide f£ilm having a thickness of 20 to 100 pm.

A common electrode 42 is formed on the lower sur-
face of the substrate 38. The electrode 42 may be, for
example, a gold deposition £ilm having a thickness of
100 nm to 1 pm.

Ion flow control electrodes 40 are formed on the
substrate 38 and are parallel to each other. Each
electrode 40 may be, for example, a gold deposition
film having a thickness of 100 nm to 1 uym. The ' _
electrode 40 has a width (i.e., a length along a direc-
tion perpendicular to the longitudinal direction
thereof) of approximately 30 to 70 pm. The distance
between every two adjacent electrodes 40 is approxi-
mately 30 to 60 uym. The electrode 40 may be formed of
another non-—-rusting metal such as nickel. Ion flow
passage holes 44 extend through the substrate 38 and the
electrode 42 and are aligned linearly. Each hole 44 is
formed near one end of a corresponding one of the
electrodes 40. Usually, each hole 44 has a diameter of
20 pm to 200 um.

A photoconductive layer 46 is formed on the
substrate 38 and is connected to one end of each
electrode 44, A photoconductive material is known in
the field of electrophotography and includes, for
example, amorphous hydrogen silicide and a selenium
compound. 1In addition, an organic photoconductive
material such as a phthalocyanine compound can be used

in place of the above photoconductive material. An end
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of the photoconductive layer 46 along the longitudinal
direction thereof overlaps the corresponding ends of the
electrodes 40. The photoconductive layer 46 preferably
has a thickness of 1 to 2 um. ,

A first voltage application electrode 48 is formed
on the substrate 38 and is connected to an end of
the layer 46 which opposes the end overlapping the
electrodes 40. The electrode 48 serves to apply a
positive voltage to the layer 46, The end of the layer
46 which is located at the side of the electrode 48
overlaps the corresponding end of the electrode 48, A
first DC power source 49 is connected to the electrode
48 to apply a positive voltage thereto.

A resistance layer 50 is formed on the substrate 38
at the other end of each electrode 40. The resistance
layer 50 is connected to each control electrode. The
resistance layer 50 may be made of Si3Nj. A second
voltage application electrode-52 is formed on the
substrate 38 and is connected to the layer 50. The
electrode 52 serves to apply a voltage to the layer 50.
The two ends of the layer 50 overlap the corresponding
ends of the electrodes 40 and 52, respectively. A
second DC power source 54 is connected to the electrode
52 so as to apply a negative voltage thereto.

Means 56 for generating ions passing through the
holes 44 is arranged thereunder. The ion generating
means 56 has the same arrangement as that of the con-
ventional ion flow modulator. The means 56 usually
comprises a corona discharge electrode 58 and a shield
electrode. 60. A high-voltage source 62 is connected to
the electrode 58.

The operation of the ion flow modulator according
to this embodiment will be described hereinafter. A
document image to be copied is guided by a conventional
optical system to the photoconductive layer 46. The
photoconductive material has a large resistance when it

does not receive light. However, the photoconductive



10

15

20

25

30

35

0156622

material has a small resistance when it receives light.
In the layer 46, the portion which actually receives
light has a small resistance, but the portion which does
not receive light has as large a resistance as usual.
The potential at the electrode 40 connected to the por-
tion of the layer 46 which receives light is positive
due to the potential at the electrode 48 since the por-
tion has a small resistance. However, the electrode 40
connected to the portion of the layer 46 which does not
receive light is set at the negative potential under the
control of the electrode 52 through the layer 50 since
this portion has the large resistance.

As described above, the electrode 40 connected to
the portion. of the photoconductive layer 46 which
receives light is set at a positive potential, and the
electrode 40 connected to the portion which- does not
receive light is set at a negative potential-; In the
embodiment shown in Fig. 2, since a positive voltage is
applied to the electrode 58, positive ions are emitted
therefrom. Positive ions passing through the holes 44
formed in the negatively charged electrodes 40 are
attracted by the negative potentials thereof and
accelerated, so that a large number of positive ions
pass through the corresponding holes 44. However,
when positive ions pass through the holes 44 of the
positively charged electrodes 40, they are repelled
by the positive potential of the holes 44, thereby
decreasing the number of positive ions passing there-
through or preventing all the positive ions from passing
therethrough. For this reason, an electromagnetic
latent image corresponding to an opticai pattern formed
on the layer 46, i.e., corresponding to the density of
the document to be copied is formed on the dielectric
drum receiving the positive ions passing through the
holes 44,

The ion flow modulator according to this embodiment
can be easily manufactured by the following steps. The
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insulating substrate 38 is prepared, and a metal such
as gold is deposited on two surfaces thereof. The
deposited film on one surface is etched by a known
photoetching techniqué to form the electrodes 40,/£he
holes 44, and the electrodes 48 and 52. The film
deposited on the other surface is used as the common
electrode 42 without modification. The layers 46 and
50 are selectively deposited by the well-known CVD
method on an exposed portion of the substrate 38
between the electrodes 40 and 48 and an exposed
portion thereof between the electrodes 40 and 52.

The above individual steps are known to those who

are skilled in the art, and a detailed description
thereof will be omitted.

The ion Fflow modulator having the arrangement
described above has the following advantage§: 7

(1) Since the layer 46 is formed on the upper sur-
face portion between the electrodes 40 and 48 ‘so as to
connect the electrodes 40 and 48, the resistance of the
layer 46 is determined by the width thereof. As a
result, the resistance of the layer 46 can be accurately
controlled to prevent variations in the number of ions
passing through the holes 44. When this ion flow
modulator is applied to an image forming system, neither
the stripe pattern is formed nor does the linear
omission occur, thereby providing good image formation.

(2) For this reason, even if pinholes are formed
in the layer 46, dielectric breakdown of the layer 46
can be prevented, unlike the structure wherein the
photoconductive layer is sandwiched between the ion flow
control electrodes and the transparent electrode. As a
result, a highly reliable ion flow modulator can be
achieved.

(3) Since the layer 46 is not covered with the
transparent electrode but is exposed, the sensitivity of
the layer 46 will not be degraded when it receives
light.
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(4) In the above embodiment, the plurality of
electrodes 40 and the first and second voltage applica-
tion electrodes 48 and 52 are formed on the upper sur-
face of the substrate 38. The electrodes 40, 48 and 5%
can be easily formed by etching the condUcﬁive layer
deposited on the substrate 38. Thus, the ion flow
modulator can be manufactured at low coét,;as compared
with that of the conventional stacking type. The layer
46 formed on the upper surface portion of the substrate
38 between the electrodes 40 and 48 can be formed by CVD
or evaporation method after the electrodes 40, 48 and 52
are formed. The layer 46 need not be made thick to
obtain the prescribed function, thus providing further
cost advantage. .

(5) Unlike the conventional structure wherein the
transparent electrode is stacked on the photoconductive
layer, an organic photoconductive material such as
phthalocyanine compound can be used as well as stable
photoconductive materials such as selenium, its compound
and amorphous silicon.

Another preferable embodiment is illustrated in
Fig. 3. An ion flow modulator of Fig. 3 is substan-
tially the same as that of Fig. 2, and the same parts as
in Fig. 3 denote the same parts as in Fig. 2.

In the embodiment shown in Fig. 3, ion flow
passage holes 44 are formed in a staggered manner.
Photoconductive layers 46 are formed on ion flow control
electrodes 40. The layers 46 are also staggered in
the same manner as the holes 44. The diameter of
each hole 44 is larger than the width of each electrode
40. The width of the electrodes 40 is approximately
70 um, and the distance between every two adjacent
holes is 30 ym. The width and length of each layer
46 are 80 pm.

According to the ion flow modulator of this embod i-
ment, the holes 40 are dense, and a high quality image

can be obtained., The reason will be described with
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reference to Figs. 4 and 5.

Figs. 4 and 5 show enlarged images obtained when
a single straight line extending along the holes is
copied using photocopying machines having holes aligned
in line and in a staggered manner, together with the
corresponding arrangements of holes. Referring to
Fig. 4, when the modulator having the holes 44 aligned
in line is used, the straight line is divided into
dashes since a gap is present between every two
adjacent holes 44, However, when the modulator having
the holes 44 aligned in a staggered manner is used, as
shown in Fig. 5, the straight line will not be divided
into dashes but is given as a continuous line along the
alignment direction of the holes 44 since no gap is
present between every two adjacent holes. Although the
two sides of the straight line region are indented in
correspondence with the staggered pattern of the holes
44, when the zigzag pattern of the holes 44 is made.as
straight as possible without forming a gap betweenrevery
two adjacent holes 44, the indentation pattern cannot be
visually perceived by the naked eye. In this manner,
when the holes 44 are staggered, a continuous high-
quality image can be obtainedlr-

In the embodiment shown in Fig. 3, when the
staggered pattern of the holes 44 is the same as that of
the layers 46, an image of equal size can be obtained.
However, as shown in Fig. 6, when the staggered pattern
of the holes 44 is larger than that of the layers 46, an
enlarged image can be obtained. Conversely, as shown in
Fig. 7, when the staggered pattern of the holes 44 is
smaller than that of the layers 46, a reduced image can
be obtained. 1In this manner, according to the present
invention, an enlarged or reduced image can easily be
obtained.

The ion flow modulator of the present invehtiohméan
be manufactured in the same manner as in the conven-

tional ion flow modulator. Fig. 8 schematically shows
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a photocopying machine in which the ion flow modulator
of the present invention is applied, and Fig. 9 is an
enlarged view showing the main part thereof. As
indicated by the direction of the arrow, some of the
light components from a light source 64 are reflected
by a document placed on a document table 66 and are
guided to the ion flow modulator 37 through a light
transmission mechanism constituted by a self-focusing
lens array. The modulator 37 comprises an equal-size
copy mode ion flow modulation unit 37-1, an enlargement
copy mode ion flow modulation unit 37-2 and a reduction
copy mode ion flow modulation unit 37-3 which are
arranged to form a cylinder. 1In this case, one of the
units 37-1, 37-2 and 37-3 is selected by a pivot
mechanism (not shown). ZIon flow passage holes 44 of
the ion flow modulation units are represented by
reference numerals 44-1, 44-2 and 44-3. The photo-
conductive layers 46 of the respective units are
represented by reference numerals 46-1, 46-2 and 46-3.
Fig. 9 shows an example wherein the unit 37-1 is used.
The layer 46-1 opposes the focusing lens array, and

the hole 44 oppose a dielectric drum 68 for forming

a latent image thereon. A corona charger 70 is
arranged to negatively charge the dielectric drum 68.
The dielectric drum 68 is rotated in synchronism with
movement of the document table 66, Positive ions
emitted from the ion generating means 56 and selectively
supplied from the electrodes 40 so as to correspond

to the density of the document are captured by the
dielectric drum 68 through the corresponding holes 44,
A latent image is formed on the dielectric drum
according to the density of the document. Toner is
supplied from a toner hopper 72 and is attracted to the
latent image on the dielectric drum. A visible image or
toner image is transferred to a sheet 78 fed from a
paper feed mechanism 76 to a transfer section 74. The

transferred image is then fixed by a fixing mechanism 80
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by means of pressure or heat. The residual toner par-
ticles on the dielectric drum 68 are removed by a
cleaner 82.

The resultant image obtained by this photocopying
machine is very precise since the machine incorporates
an ion flow modulator having a specific structure. 1In
addition, enlargement and reduction copy modes can be-
easily selected although these modes hitherto have not
been able to be set by using the self-focusing lens
array. By differentiating a speed (i.e., the moving
speed of the document table 66 in Fig. 8) representing
relative movement between the photoconductive layer and
the document, and a speed (i.e., the rotational speed of
the dielectric drum in FPig. 8) representing relative
movement between the holes and the dielectric drum, the
copying magnification along the longitudinal direction
can be varied from that along the transverse directién.
In addition, unlike the conventional electrophotographic
copying maéhine, an expensive photoconductbr need not be
used in the latent image carrying member, thereby
reducing modulator and maintenance cost. The photo-
copying machine incorporating the ion flow modulator of
the present invention need have only a structure wherein
light components excluding light components transmitted
and reflected from the object are not incident on the
photoconductive layer. 1In this sense, the developing
mechanism need not be situated in a dark place, thereby
simplifying the modulator arrangement.

According to the ion flow modulator of the present
invention, various other modifications can be made in
addition to the embodiments described above. For
example, as shown in Fig. 10, the holes 44 can be
staggered in three rows. As shown in Fig. 11, photo-
conductive layers 46 need not be provided for each
electrode 40. A continuous photoconductive layer
46 can be formed to cover the disconnected portions

of the electrodes 40 in units of rows of the electrodes
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40, The above explanation derives from the fact
that an erect image. is formed on the photoconductive
layer, and the relative moving directions between
the ion flow modulator and the object and between
the modulator and the latent image catrying dielectric
body are the same. However, when these moving direc-
tions oppose each other, the holes 44 are formed to
be symmetrical with the layers 46 about a central line/
as shown in Fig. 12.
Example 1

The ion flow modulator shown in Fig. 2 was manufac-
tured by the following steps. Nickel was plated on
two surfaces of a polyamide film to a thickness of
1 pm. The polyamide f£ilm had a thickness of 100 um.
Thereafter, the gold f£ilm on one surface was etched to
form the electrodes 40, 48 and 52. The nickel film on.

the other surface was not etched to constitute the

common electrode 42. The photoconductive amorphous

silicon layer 46 was formed by a combination of a
well-known CVD (Chemical Vapor Deposition) method and
selective etching. Each of the electrodes 40 and the
layer 46 had a width of 0.1 mm, and the layer 46 had a
thickness of 1 um. Subsequently, the holes 44 each
having a diameter of 80 pym were formed by a laser beam
and extended from the electrodes 40 to the £ilm 38 and
to the common electrode 42. Machining was performed
such that the distance between every two adjacent holes
44 was 0.15 mm.

It was found that even if a DC voltage of 800 Vv
was applied between the electrodes 40 and 48 in the
resultant ion flow modulator, no dielectric breakdown
occurred, and the ion flow could be controlled at high
speed. However, in the conventional ion f£low modulator
of Fig. 1, the dielectric breakdown voltage of the
normal photoconductive material is about iOO,OOOVV/cm,
so that the thickness of the photoconductive layer must
be several ten microns.
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Example 2

The ion flow modulator shown in Fig. 3 was manufac-
tured by the following steps. Nickel was plated on two
surfaces of a polyamide film to a thickness of 1 pm.

The polyamide film had a thickness of 50 ym. The nickel
film on one surface was etched to form the electrodes
40, 48 and 52, as shown in Fig. 3. The nickel £ilm on
the other surface was not etched, thereby constituting
the common electrode 42. Each electrode 40 had a width
of approximately 20 pym. Each hole 44 had a diameter of
approximately 100 pym. Amorphous hydrogen silicide films
were deposited by plasma CVD to form the layers 46 each

having a size of 80 ym x 80 pm. Amorphous silicon was

.used to form the resistance layer 50 in the same step as

in formation ®f the layers 46. The layer was adhered
with a black insulating tape to shield it from light.

When a voltage of 500 V was applied to the
electrodes 40 and 48, a dark resistance of each layer 46
of the resultant ion flow modulator was approximately
10 MR. 1In addition, a dark resistance between the
electrodes 48 and 40 was approximately 10 MQ.

By using the resultant ion flow modulator and a
dielectric drum having a polyethylene telephthalate
layer which constituted the outer surface thereof and
which had a thickness of approximately 20 um, the photo-
copying machine shown in Fig. 8 was prepared. Voltages
of +100 Vv and -200 V with respect to the potential at
the common electrode 42 were applied to the electrodes
48 and 52. A voltage of -1,000 V with respect to the
ground potential was applied to the common electrode
42, A voltage of +7 KV was applied to the electrode
58, thereby performing image exposure. As a result, a
high quality image was obtained.

Example 3 3 7 -
- The enlargement and reduction copy mode ion flow
modulation units were prepared in the same manner as in

Example 2. As for the enlargement copy mode unit,



10

15

0156622
- 16 - '

referring to Fig. 6, every three layers 46 were formed
to constitute an equilateral triangle whose side had
a length of 200 pym. The holes 44 were formed to
constitute an equilateral triangle with a side of
200 x 1,414 pym. Each hole 44 had a diameter of approxi-
mately 140 pym which was larger than that of Example 2.
In the reduction copy mode unit, one side of the
equilateral triangle constituted by the holes 44 had
a length of 200 pm, and one side of the equilateral
triangle constituted by the layers 46 had a length of
200 x 1.414 pm. A high quality image was obtained by
the photocopying machine using these ion flow modulation
units.
Example 4

A photocopying machine was prepared in the same
manner as Example 4, except that a phthalocyaﬁine or
perylene pigment was used to constitute the layers 46.
A high quality image was obtained in the same manner as

Example 2 when either pigment was used.



10

15

20

25

30

35

0156622

Claims:

1. An ion flow modulator comprising:

an insulating substrate;

a common electrode formed on one major surface of
said insulating substrate;

a plurality of ion flow control electrodes formed
on the other major surface of said insulating substrate,
each of said plurality of ion flow control electrodes
being provided with one ion flow passage hole, said ion
flow passage hole being formed through said insulating
substrate and said common electrode;

means for generating ions passing through said ion
flow passage hole;

a photoconductive 1éyer formed on said insulating
substrate and connected to one end of each of said
plurality of ion flow cdntrol electrodes; . o

a first voltage application electrode formed on
said insulating substrate and connected to said photo-
conductive layer;

a resistance layer formed on said insulating
substrate and connected to the other end of each of
said plurality of ion flow control electrodes so as to
interpose said ion flow control electrodes between said
resistance layer and said photoconductive layer;

a second voltage application electrode formed on
said insulating substrate and connected to said
resistance layer; and

a DC power source, connected to said common
electrode, for applying voltages having different
polarities to said first and second voltage application
electrodes.

2. The ion flow modulator of claim 1, charac-
terized in that said photoconductive layer is a single
photoconductiv; léyer'éommonly connected to said
plurality of ion flow control electrodes,

3. The ion flow modulator of claim 1,
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characterized in that said resistance layer is a single
resistance layer commonly connected to said plurality of
ion flow control electrodes.

4, An ion flow modulator comprisings

an insulating substrate; '

a common electrode formed on one major surface of
said insulating substrate;

a plurality of ion flow control electrodes formed
on the other major surface of said insulating substrate,
each of said plurality of ion flow control electrodes
being provided with one ion flow passage hole, said ion
flow passage holes being formed through said insulating
substrate and said common electrode in a staggered
manner;

means fotr generating ions passing through said ion
flow passage hole; B

a plurality of photoconductive layers which are
formed on said insulating substrate and each of which is
connected to one end of a corresponding one of said
plurality of ion flow control electrodes, said plurality
of photoconductive layers being aligned in a staggered
manner similar to that of said ion flow passage holes;

a first voltage application electrode formed on
said insulating substrate and connected to said
plurality of photoconductive layers; )

a resistance layer formed on said inéﬁlating
substrate and connected to the other end of each of said
plurality of ion flow control electrodes so as to
interpose said ion flow control electrodes between said
resistance layer and said photoconductive layer;

a second voltage application electrode formed on
said insulating substrate and connected to said
resistance layer; and

a DC power source, connected to said common
electrode, for applying voltages having different
polarities to said first and second voltage application
electrodes.
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5. The ion flow modulator of claim 4, charac-
terized in that each of said blurality of ion flow
control electrodes has a rectangular shape, and each of
said ion flow control holes has a diameter larger than a
width of each of said ion flow control electrodes along
a direction perpendicular to a longitudinal direction
thereof.

6. The ion flow modulator of claim 4, charac-
terized in that a similar ratio of a staggered pattern
of said plurality of ion flow passage holes to that of
said plurality of photoconductive layers is 1 : 1.

7. The ion flow modulator of claim 4, charac-
terized in that a similar ratio of a staggered pattern
of said plurality of ioﬁ flow passage holes to that of
said plurality of photoconductive layers is not 1 : 1.

8. ' The ion flow modulator of claim 4, _.charac-
terized in that said resistance layer comprises a single
resistance layer commonly connected to said plurality of

ion flow control electrodes.
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