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DESCRIPTION
PHOTOELECTRIC CONVERTOR, IMAGING DEVICE AND IMAGE-FORMING

APPARATUS

PRIORITY CLAIM
The present application is based on and claims priority from Japanese
Patent Application No. 2013-000292, filed on January 7, 2013, the disclosure of

which is hereby incorporated by reference in its entirety.

| TECHNICAL FIELD
[0001]
| The present invention relates to a photoelectric convertor which converts
incident light into an electric signal, an imaging device and an image-forming
apparatus including the photoelectric convertor.
BACKGROUND ART
[0002] |
In an image-forming apparatus using .a photodiode such as a CMOS sensor,
electric chérge generated by incident light is accumulated in a junction
capacitance of a photodiode, and the electric.charge is converted into an electric
signal. However, when the photodiode receives sfrbng light, the generated
electric charge exceeds the amount of electric charge which can be accumulated in
the junction capacitance. Thué, a detectable dynamic range of incident light is
limited.
[0003]
In order to address a problem in which the dynamic range is limited, a

technique which photographs a plurality of images by changing a time for
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irradiation or a time for accumulating electric charge generated by light, and
obtaining an image without saturation.from,.a weak light portion to a strong light
portion by combining these images is well-known. An example of such a
technique includes the invention described in Patent Documents, JP3592106B,
JP3875461B and JP4289244B.
[0004] |

For example, the invention described in JP3592106B describes a
solid-state image pickup apparatus including a plurality of pixels comprising: a
photoeleetric conversion device, a transfer unit which transfers a signal eharge
from the photoelectric conversion device, a capacitance which maintains the
transferred signal charge, and an amplifier which outputsba signal corresponding
to the signal charge maintained in the capacitance. The capacitance includes a
capacitance unif having a first capacitance value and an additional capacitance
which adds a capacitance to the capacity in parallel so as to increase the capacity
of the capacitance from the first capacitance value to the second capacitance value.
A unit which reads out a signal from the amplifier includes a first reading-out
mode which reads out a signal by maintaining the signal charge in the eapacitance
and the additional capacitance connected in parallel with the capacitance, and a
second readin.g-out mode which reads out a signal by maintaining the signal charge
in the capacitance. The sigﬁal obtained by the first read-out mode and the signal
obtained by the second read-out mode are added.
[0005]

When two signals each having a different accumulation time are read from
the same pixel, and the two signals are combined, so as to expand a dynamic range,
it is ﬁecessary to accumulate signal charge by re-changing the accumulation time

after accumulating signal charge in a certain accumulation time. For this reason,
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the signals to be obtained are image signals each having a different accumulation
time. According to the invention described in JP3592106B, this problem is
solved, and an image signal having é different dynamic range can be obtained by
using a signal charge having the same accumulation time.
[0006] |

In the conventional image-forming apparatus such as the invention
deséribed in JP3592106B, the dynamic rangé can be expanded. However, the
control of the device becomes complex, and additional hardware or software is
required because a plurality of images are photographed by changing the time for
irradiation or the time for accumulating an electric charge generated by light, and
are combined.
[0007]

In addition, in the conventional image-forming apparatué, it is necessary
to photograph a plurality of images, and therefore it takes a longer time than that
of a single photographing. Therefore, the conventional image-forming apparatus

has a disadvantage in photographing a subject moving at high speed.

SUMMARY OF INVENTION
[0008]

It is, therefore, an object of the present invention to provide a
photloelectric convertor for an image-forming apparatus, which does not require
complex control or a process externally of the photoelectric converto'r, and
generates a broad dynamic range image, and an image-forming apparatus including
the electric convertor.

[0009]
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A photoelectric convertor according to an embodiment of the present
invention comprises at least one photoelectric conversion device including a
phototransistor which generates an output current having a magnitude
corrésponding to an intensity of incident light, and a current-voltage conversion
unit which converts the output current of the photoelectric conversion device to an
output voltage. The current-voltage conversion unit compresses a dynamic range

of the output voltage to a dynamic range of the output current.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

The accompanying drawings are included to provide further understanding
of the invention, and are incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and, togethér with the
specification, serve to explain the principle of the invention.

FIG. 1 provides a block diagram illustrating a configurétion of a
photoelectric convertor according to an embodiment of the present invention.

FIG. 2 provides a circuit diagram illustrating a detailed configuration of an
image cell 11-1-1 and an IV convertor 21-1 in FIG. 1.

FIG. 3 provides a graph schematically' illustrating a property of the IV
convertor 21-1 in FIG. 2.

FIG. 4 provides a graph illustrating a vertical axis of the graph in FIG. 3
with a log.

FIG. 5 provides a circuit view illustrating a detailed configuration of an
image pixel cell 11-1-1 and an IV convertor 21-1A according to a first modified

example of the embodiment of the present invention.
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FIG. 6 provides a circuit view illustrating a detailed configuration of a
pixel cell 11-1-1 and an IV convertor 21-1B according to a second modified
example of the embodiment of the present invention.

FIG. 7 provides a graph schematically illustrating a property of the IV
convertor 21-1B in FIG. 6. |

FIG. 8 provides a graph illustrating a vertical axis of the graph in FIG. 7
to the one half power.

FIG. 9 provides a circuit view illustrating a detailed configuration of an
image pixel cell 11-1-1 and an IV convertor 21-1C according to a third modified
example of the embodiment of the present invention.

FIG. 10 provides a schematic view of an imaging device according to an
embodiment of the 'present invention. |

FIG. 11 provides a schematic view of an image-forming apparatus

according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS
[0011]

Hereinafter, a photoelectric convertor which is to be provided in the
image-forming apparatus according to an embodiment of the present invention will
be described with reference to FIGS. 1-9. | |
[0012]

FIG. 1 provides a block view illustrating the configuration of the
photoelecfric convertor according to the embodiment of the present invention.
The photoelectric convertor in FIG. 1 includes a plurality of two-dimensionally

arrayed pixel cells 11-1-1 to 11-M-N, a plurality of two-dimensionally arrayed
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line selection lines 12-1 to 12-M, a plurality of column output lines 13-1 to 13-N,
a line selector 10, an IV convérsion circuit 20, and an AD conversion circuit 30.
[0013]

Each of the pixel cells 11-1-1 to 11-M-N operates as a photoelectric
convertor including a phototransistor which generates an.output current having a
magnitude corresponding to the intensity of incident light. .Each of the pixel
cells 11-1-1 to 11-M-N are connected to one of the line-selection lines 12-1 to
'12-M, and is further connected to obne of the column output lines 13-1 to 13-N.
The pixel cells 11-1-n to 11-M-n coﬁnected to each of the different line-selection
lines 12-1 to 12;M is connected to one column 6utput line 13-n (1 £ n <N). The
line selector 10 enables only oﬁe of the pixel cells 11-1-n to 11-M-n by using the
line-selection lines 12-1 to IZ-M. Upon the incidence of light, the enabled pixel
cell se‘nds an output current‘having a magnitude corresponding to the intensity of
incident light to an_IV conversion circuit 20 through the column output line.
[0014]

The IV conversion circuit 20 includes IV convertoré 21-1 to 21-N
connected to each of the column output lines 13-1 to 13-N. The IV convertors
21-1 to 21-N operate as current véltage convertors which convert an output current
of a pixel cell into an output voltage. Each of the IV convertors 21-1 to 21-N
compresses a dynamic range of the output vol'tage to the dynamic range of the
output current when converting the output current of the pixel cell into the output
voltage.

[0015]
| The AD conversion circuit 30 executes a process such as analogue/digital
conversion to the output voltage of the IV conversion circuit 20, so as to generate

an output image signal.
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[0016]

FIG. 2 is a circuit view illustrating the detailed éonfiguration of the pixel
(‘;ell 11-1-1 and the IV convertor 21-1 in FIG. 1.

[0017]

The pixel cell 11-1-1 in FIG. 2 includes a phototransistor 41 and a switéh
42. The collector of the phototransistor 41 is connected fo a voltage source VCC.
The emitter of the photbtransistor 41 is connected to the column output line 13-1
through the switch 42. The switch 42 is turned on while the line-selection line
12-1 is at a high level, and enables the pixel cell 11-1-1. |
(0018]

According to the conventional technique, the pixel cell of the CMOS
image sensor outputs the voltage by .the charge accumulated in the photodiode by
the incident light through the source follower of the MOS transistor. A pixel cell
of a CCD image sensor generally transfers and outputs the charge accumulated in
the photodiode by the ”incidént light. These image sensors .are configured to
accumulate the charge in the photodiode, and generate the output signal from the
accumlilated chafge. However, the amount of charge which can be accumulated
in the photodiode is limited, so that the dynémic range is limited to about four
digits. On the other hand, the phototransistor includes a dynamic range wider
than that of a photodiode, and is able to generate an output current which linearly
changes corresponding to incident light having a six-digit dynamic range. The
pixel cell 11-1-1 in FIG. 2 includeé a phototransistor 42, so as to generate the
output éurrent having a wide dynamic range.

[0019]
The IV convertor 21f1 in FIG. 2 includes a diode 51 for converting an

output current of a pixel cell into an output voltage. The line-output line 13-1 is
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connected to the anode of the diode 51, and the cathode of the diodevis grounded.
A difference in electric potential of both ends of the diode 51 becomes the output
voltage of the IV convertor 21-1. Even if the output current which linearly
changes 'to incident light having a wide dynamic range is obtained by using the
phototransistor 41, it is difficult to process the output current having a wide
dynamic range as it is. Accordingly, the IV convertor 21-1 in FIG. 2 converts the
output current of the pixel cell into the output voltage. In this casé, the IV
convertor 21-1 compresses the dynamic range of the output voltage to the dynamic
range of the output current with a predetermined conversion property.

[0020]

FIG. 3 provides a graph schematically illusfrating the property of the IV .
convertor 21-1 in FIG. 2. FIG. 4 provides a graph illustrating a vertical axis of
the graph in FIG 3 with a log. The I.V‘ convertor 21-1 in FI.G. 2 includes the
diode 51, so that the output voltage V varies as the log of the output current I (V =
Vo - l‘og (I / Ip), where Vy is an initial value of voltage and Iy is an initial value of
current). The output voltage converted by the IV convertor 21-1 includes a
compressed dynamic range, whilé processing the incident light of dynamic range.
Thus, éblatter stage signal process can be simplified.

[0021]

- Another pixel cell and another IV convertor are configured similarly to the
pixel cell 11-1-1 and the IV convertor 21-1 in FIG. 2.
[0022]

As descfibed above, according to the photoelectric convertor of the
present embodiment, a photoelectric convertor for. an image-forming apparatus is
provided which does not require complex control or a process in externally of the

photoelectric convertor for generating an essentially broad dynamic range image.
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[0023]

According to the ph‘otoelectric convertor of the present embodiment, the
pixel cell including the phototransistor is used as the photoelectric convector, and
the dynamic range of the output voltage is compressed corresponding to the
dynamic range of the output current when converting the output current of the
pixel cell into the output voltage by the IV convertor, so that incident light having
a wide dynamic range can be processed. |
[0024]

According to the photoelectric convertor of the present embodiment, the
photoelectric convertor including an amplifying function such as a phototransistor
is used, so that the effects in which a certain magnitude output current can be
generated when incident light is weak, and noise requirements in the latter stage
circuit can be reduced.. The amplifying function such as a phototransistor
contributes to an increase in a sensitivity of the photoelectric convertor.

[0025]

FIG. 5 provides a circuit view illustrating a detailed configuration of an
image pixel cell 11-1-1 and an IV convertor 21-1A according to a first modified
example of the embodiment of the present invention. The IV convertor 21-1A in
FIG. 5 includes an operational amplifier 61 and a diode 62. The output
| impedance in the output terminal of the IV convertor 21-1A can be reduced by
using the operational amplifier 61. The input impedance in the input terminal of
the IV convertor 21-1A can be reduced by using the operational amplifier 61. |
[0026]

FIG. 6 provides a circuit view illustrating a detailed configuration of a
pixel cell 11-1-1 and an IV convertor 21-1B according to a second modified

example of the embodiment of the present invention. The IV convertor 21-1B in
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FIG. 6 includes a MOS transistor 71 ponnected to a diode. The IV'Conv\;térwt‘c-)r
21-B in FIG. 6 compresses the dynamic range of the output voltage correéponding
to the dynarﬁic range of the output current with a predetermined property by
converting the output current of the pixel cell into the output voltage.

[0027]

FIG. 7 provides a graph schemétically illustrating a property of the IV
convertor 21-1B in FIG. 6. FIG. 8 provides a graph illustrating a vertical axis of
the graph in FIG. 7 to the one half power. The IV coﬁvertor 21-1B in FIG. 6
includes the MOS transistor 71, so that the output voltage V changes in accordance
with a square root of thé output current I (V = Vo. + K. VI, ‘where Vy is an initial
value of voltage and K is constant). The output voltége converted by the IV
convertor 21-1B includes the compressed dyﬁamic range while processing incident
light having the dynamic range. Thus, the latt‘er stage signal process can be
simplified.

[0028]“

FIG. 9 provides a circuit view illustrating a detailed configuration of an
image pixel cell 11-1-1 and an IV convertor 21-1C according to a third modified
example of the embodiment of the present invention. The IV convertor 21-1C in
FIG. 9 includes an operational amplifier 81 and a MOS transistor 82. The output
impedance in the output terminal of the IV convertor 21-1 can be reduced by using
the operational amplifier 81. The input impedance of the input terminal of the IV
convertor 21-1C can be reduced by using the operational amplifier 81.

[0029]
[Modified Example]
The embodihlent of the present invention is not‘ limited to the

above-described embodiment. For example, the IV convertor can use another
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non-linear element in addition to a diode and MOS transistor in order to compress
a dynamic range of output voltage to a dynamic range of output current when
converting output current of a pixel cell into output voltage. |
[0030]

Each of the pixel cells may include a cuprent-amplifying function or a
function which resets the base potential of a phototransistor.
[0031]

The IV convertor can be disposed in each of column output lines, or one
IV convertor can be used in two or moré column output linés. | In the latter case, a
function to elect a column outpﬁt line should be added to the IV convertor.

(0032]

The AD convertor can be disposed in each of the IV convertors, or one AD
convertor can be disposed for output voltages of two IV convertors or more and
usled in turn to convert each voltage.

[0033]

A sensor, imaging device, and image-forming apparatus such as an office
machine or a scientific instrument can be provided by using the photoelectric
convertor according to the above-described embodiment and modified examples.
[0034]

Hereinafter, an example of an imaging device is described. FIG. 10
provides an embodiment of the imaging device. The imaging device 10 includes
a lens barrel 30 in which an optical element 40 is inserted, a light-receiving circuit
50 having an imaging element 52 and a drive substrate, as shown in FIG. 10. The
above-described photoelectric convertor can be provided in the imaging device 10.

[0035]
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Furthermore, FIG. 11 provides an example of an image-formihg appa‘.r'a’tus
500.

The image-forming apparatus 500 is, for example, a tandem type color
printer which prints multi-color images by superimposing and transferring black,
yellow, magenta, and cyan color toner images onto sheets of paper. The
image-forming apparatus 500 as shown in FIG. 11 éomprises an optical scan
apparatus 100, four photoconductive drums 30A to 30D, a transfer belt 40, a paper
feed tray 60, a paper feed roller 54, a first resist roller 56, a second resist roller 52,
a fuse roller 50, a paper discharge roller 58, a not-shown controller collectively
controlling the respective components, and a housing 501 in a rectangular solid
shape accommodating the components.

[0036]

‘A paper discharge tray 501la on which printed sheets afe discharged is
formed on the top surface of the housing 501. The optical scan apparatus 100 is
disposed under the paper discharge tray 5.01a. |
[0037]

The optical scan apparatus 100 scans the photoconductive drum 30A with
a light béam for black image components modulated by image information
supplied from a higher-level device (such as personal computer). Similarly, it
scans the photoconductive drum 30B with a light beam for cyan image components,
the photoconductive drum 30C with a light beam for magenta image components,
and the photoconductive drum 30D with a light beam for yellow image
components.

[0038]
The four photoconductive drums 30A to 30D are cylindrical members and

have photoconductive layers on their surfaces which become electrically
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conductive when illuminated with a light beam. They are disposed with an equal o
interval in an X-axis direction under the optical scan apparatus 100 in FIG. 11.
[0039]

The photoconductive drum 30A is disposed at an end of a reverse X-axis
direction (left side in FIG. 11) inside the housing 501 so that its longitudinal
direction is to be the Y-axis. direction. The photoconductive drum 30A is rétated
by a not-shown rotation mechan‘ism clockwise (as indicated by black arrows in
FIG. 11).. An electric charger 32A at the 12 o'clock position (upper side), a toner
cartridge 33A at 2 o'clock position and a cleaning case 31A at the 10 o'clock
position are disposed around the photoconductive drum 30A.

[0040]

The electric charger 32A is disposed with a predetermined clearance over
the surface of the photoconductive drum 30A with its longitudinal direction as the
Y-axis direction. It electrically charges the surface of the photoconductive drum
30A with a predetermined voltage.

[0041]

The toner cartridge 33A includes a cartridge quy‘containing a toner of
black image components and a developing roller charged with a voltage of reverse
polarity of that of the photoconductive. drum 30A, and the like. The toner cartridge
33A supplies the toner in the cartridge body to the surface of the photoconductive
drum 30A via the developing roller.

[0042]

The cleaning case 31A is provided with a cleaning blade of a rectangular
shape with its longitudinal direction as the Y-axis direction, and it is disposed so
that one end of the cleaning blade comes in contact with the surface of the

photoconductive drum 30A. The toner adhering on the surface of the
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| photoconductive drum 30A is removed by the cleaning blade along with .the
rotation of the photoconductive drum 30A and collected in the cleaning case 31A.
[0043]

The photoconductive drums 30B, 30C, 30D with the same structure as that
of the photoconductive drum 30A are placed in sequence on the right side of the
photoconductive drum 30A with a predetermined interval. - They are rotated by a
not-shown rbtation mechanism clockwise (as indicated by the black arrows in FIG.
11). Similarly to the photoconductive drum 30A, electric chargers 32B, 32C,
32D, toner cartridges 33B, 33C, 33D, and cleaning cases 31B, 31C, 31D are
disposed around the photoconductive drums 30B, 30C, 30D, respectively.

[0044]

The electric chargers 32B, 32C, 32D with the same structure as that of the
electric charger 32A are disposed to electrically charge the surfaces of the
photoconductive drums 30B, 30C, 30D with a predetermined voltage, respectively.
[0045]

The toner cartridges 33B, 33C, 33D include cartridge bodies containing
toners of cyan, magenta, yvellow image components and developing rollers charged
with a voltage of reverse polarity of that of the photocond_uctive drums 30B, 30C,
30D, and the like, respectively. The toner cartridges 33B, 33C, 33D supply the
toners in the cartridge bodies to the surfaces of the photoconductive drums 30B,
30C, 30D via the developing rollers, respectively.

[0046]

The structure and function of the cleaning cases 31B, 31C, 31D are the

same as those of the cleaning case 31A.

[0047]
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Hereinafter, a unit of the photoconductive drum 30A, the electric chérger '
32A, the toner cartridge 33 A, and the cleaning case 31A .is to be referred to as the
first image-forming station; likewise, a unit of the photoconductive drum 30B, the
electric charger 32B, the toner caftridge 33B, and the cleaning case 31B as the‘
second image-forming station, a unit of the photoconductive drum 30C, the
electric charger 32C, the toner cartridge 33C, and the cleaning case 31C as the
third image-’forming station, and a unit of the photoconductive drum 30D, the
¢1ectric charger 32D, the toner cartridge 33D, and the cleaning case 31D as the
fourth image-forming station.

[0048]

The transfer belt 40 is a free end ring-like member and rolls over driven
rollers 40a, 40c placed under the photoconductive drums 30A, 30D, respectively,
and rolls over a drive roller 40b which is placed at a slightly lower pdsition than
tﬁe driven rollers 40a, 40c. The upper end surface of the transfer belt 40 is in
contact with the lower end surfaces of the photoconductive drums 30A, 30B, 30C,
30D. The transfer belt 40 is rotated counterclockwise (as indicated by the black
arrows in FIG. 11) by counterclockwise rotation of the drive roller 40b. A
transfer charger (transfer unit) 48 is applied with a voltage of a reverse polarity of
that of the electric chargers 32A, 32B, 32C, 32D and is placed close to one end of
the transfer belt 40 in the X-axis direction (right side in FIG. 11).

[0049]

The paper feed tray 60 of a substa‘ntially rectangular solid shape is placed
under the transfer belt 40 and contains stacked-up paper sheets 61 for printing.
The paper feed tray 60 has a feeder outlet of a rectangular shape close to one end
of the upper surface thereof in the X-axis direction (right side in FIG. 11).

[0050]
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The paper feed roller 54 extracts paper sheets 61 one by one from the
paper feed tray 60 to feed them to a gap formed between the transfer belt 40 and
the transfer charger 48 via the first resist roller 56 composed of a pair of rotary
rollers. |
[0051]

The fuse roller 50 is composed of a pair of rotary rollers, and applies heat
and pressure to the paper sheets 61 to feed the paper sheets 61 to the discharge
roller 58 via th¢ resist roller 52 composed of a pair Qf rotary rollers. The
~discharge roller 58 is composed of a pair of rotary rollers and discharges the paper
sheets 61 to the discharge tray 501a.

[0052] o

The above-described 'photoélectric convertor can be provided in the
image-forming apparatué. The above-described photoelectric convertor can be
also provided as a scanner in the image-forming apparat‘us. Otherwise, an
imaging device including the above-described photoelectric convertor can be
disposed in the image-forming apparatus.

Although the embodiment including examples of the present invention has
been described above, the present invention is not limited thereto. It should be
appreciated that variations may be made in the embodiment described by persons

skilled in the art without departing from the scope of the present invention.
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CLAIMS

1. A photoelectric convertor, comprising:

at least one photoelectric conversion device including a phototransistor
which generates an output current having a magnitude corresponding to an
intensity of incident light; and

a current-voltége conversion unit which converts the output current of the
photoelectric conversion device to an output voltage; wherein

the current-voltage conversion unit compresses a dynamic range of the
output voltage to a dynamic range of the output current.
2. The photoelectric convertor according to Claim 1, wherein the
current-voltage conversion unit converts thé output current into the output voltage
" by using a diode.
3. The photoelectric convertor according to Claim 1, wherein the
current-voltage conversion unit converts the output current into the output voltage
by using a diode-connected MOS transistor.
4. The photoelectric convertor according to Claim 2 or 3, wherein the
current-voltage conversion unit comprises an operational amplifier.
S. The photoelectric convertor according to any one of Claims 1 to 4,
comprising a plurality of photoelectric conversion device arrays.
6. An imaging device comprising the photoelectric convertor according to
any one of Claims 1 to 5.
7. An image-forming apparatus comprising the photoelectric convertor

according to any one of Claims 1 to 5.
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