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(57) ABSTRACT

The present invention relates to a sensor apparatus having a
structure capable of obtaining digital values of signal com-
ponents with a high accuracy using an A/D conversing
circuit with the outputted digital value thereof having a
small number of expressive bits. In the sensor apparatus, a
voltage value corresponding to the amount of incident light
to a photodiode is held by a holding circuit through an
integrating circuit and a CDS circuit. Meanwhile, a voltage
value corresponding to the amount of incident light to an
adjacent photodiode is held by another holding circuit
through an integrating circuit and a CDS circuit. The voltage
values held by the respective different holding circuits are
inputted to a subtracting circuit through different paths. The
subtracting circuit outputs a voltage value corresponding to

(30) Foreign Application Priority Data the difference between the two inputted voltage values. In an
A/D converting section, the difference voltage outputted
May 10, 2004 (JP) coooreieeeeeecee 2004-140413 from the subtracting circuit is converted into a digital value.
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SENSOR APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a sensor apparatus
including a plurality of sensor elements.

BACKGROUND ART

[0002] In sensor apparatuses including a plurality of sen-
sor elements, voltage values corresponding to the detection
result of the amount of sensing by the respective sensor
elements are outputted from a signal processing circuit, and
further digital values corresponding to the voltage values are
outputted from an A/D conversing circuit. Then, one- or
two-dimensional distribution of the amount of sensing (e.g.
light intensity, temperature, displacement) is obtained based
on the digital values corresponding to the amount of sensing
for the respective sensor elements. As an example of such a
sensor apparatus, there can be cited an image pickup appa-
ratus including a plurality of photodiodes that are arranged
one- or two-dimensionally (refer to Patent Document 1).

[0003] Patent Document 1: Japanese Patent Application
Laid-Open No. H9-51476

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0004] The inventors have studied conventional sensor
apparatuses in detail, and as a result, have found problems
as follows. That is, the amount of sensing detected by such
a sensor apparatus as described above may include not only
a signal component that is supposed to be detected but also
a noise component (disturbing light component, background
light component) that is superimposed on the signal com-
ponent. When the noise component (disturbing light com-
ponent, background light component) is significantly indefi-
nite, the A/D conversing circuit requires 10-bit outputted
digital values for inputted voltage values with noise com-
ponents (disturbing light components, background light
components) superimposed on signal components, though
8-bit outputted digital values would suffice for, for example,
inputted voltage values including signal components only, to
A/D-convert the signal components with an accuracy
equivalent to the 8-bit case.

[0005] When the outputted digital value of the A/D con-
versing circuit has a large number of bits, the A/D convers-
ing circuit results in a long conversion time, large power
consumption, and large circuit scale. It is generally neces-
sary to A/D-convert the detection result of the amount of
sensing by all sensor elements within a certain time period,
which may require parallel processing using a plurality of
A/D conversing circuits, resulting in a larger power con-
sumption and larger circuit scale.

[0006] In order to overcome the above-mentioned prob-
lems, it is an object of the present invention to provide a
sensor apparatus capable of obtaining digital values of signal
components with a high accuracy, even in the case of the
amount of sensing with noise components (disturbing light
components, background light components) superimposed
on the signal components, using an A/D conversing circuit
with the outputted digital value thereof having a small
number of bits.
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Means for Solving Problem

[0007] A sensor apparatus according to the present inven-
tion comprises a sensor array section, a difference operating
section, and an A/D converting section. In a first aspect of
the sensor apparatus, the sensor array section includes N
sensor elements (N represents an integer of 2 or more) and
outputs a voltage value V, in response to the result of
sensing by the n-th sensor element (“n” represents any
integer of 1 or more but N or less) among the N sensor
elements. The difference operating section receives N volt-
age values V, to V outputted from the sensor array section
and outputs a voltage value U, (n=1) corresponding to the
difference (V,-V,_,) between voltage values V, and V_ ;.
The A/D converting section receives the voltage value U,
outputted from the difference operating section, converts the
voltage value U into a digital value, and then outputs the
converted digital value.

[0008] In the sensor apparatus according to the above-
described first aspect, the A/D converting section may
converts at least one voltage value among the N voltage
values V| to Vy into a digital value, and then outputs the
converted digital value.

[0009] Also, in a second aspect of the sensor apparatus,
the difference operating section may receives N voltage
values V, to Vy outputted from the sensor array section and
outputs a voltage value W, corresponding to the difference
(V,=V,o) between a specific voltage value V_, and the
voltage value V_ among the N voltage values V, to V. In
this case, the A/D converting section receives the voltage
value W_ outputted from the difference operating section,
converts the voltage value W, into a digital value, and then
outputs the converted digital value.

[0010] In the sensor apparatus according to the above-
described second aspect, the A/D converting section may
converts the specific voltage value V_, into a digital value,
and then outputs the converted digital value.

[0011] The sensor apparatus according to the present
invention preferably further includes a holding section that
receives the N voltage values V| to Vy outputted from the
sensor array section and once holds the N voltage values V,
to V. In this case, the difference operating section outputs
the voltage value U or W based on the N voltage values V,
to Vy held by the holding section.

[0012] In the sensor apparatus according to the present
invention, each of the N sensor elements preferably includes
a photodiode. In this case, the one- or two-dimensional
intensity distribution of incident light can be detected. Also,
even when the intensity of incident light may include signal
components and noise components (disturbing light com-
ponents, background light components) and the noise com-
ponents (disturbing light components, background light
components) may be significantly indefinite, it is possible to
obtain digital values of the signal components with a high
accuracy using an A/D conversing circuit with the outputted
digital value thereof having a small number of bits.

[0013] The present invention will be more fully under-
stood from the detailed description given hereinbelow and
the accompanying drawings, which are given by way of
illustration only and are not to be considered as limiting the
present invention.
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[0014] Further scope of applicability of the present inven-
tion will become apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will be apparent
to those skilled in the art from this detailed description.

EFFECT OF THE INVENTION

[0015] In accordance with the sensor apparatus according
to the present invention, it is possible to obtain digital values
of signal components with a high accuracy, even in the case
of the amount of sensing with noise components (disturbing
light components, background light components) superim-
posed on the signal components, using an A/D conversing
circuit with the outputted digital value thereof having a
small number of bits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a view showing the overall configuration
of a sensor apparatus according to a first embodiment of the
present invention;

[0017] FIG. 2 is a circuit diagram including a photodiode
PD,, an integrating circuit 11, a CDS circuit 12, and a
holding circuit 21, in the sensor apparatus according to the
first embodiment;

[0018] FIG. 3 is a timing chart for explaining the operation
of a difference operating section and an A/D converting
section in the sensor apparatus according to the first embodi-
ment;

[0019] FIG. 4 is a view showing the intensity distribution
of light to be detected by the sensor apparatus according to
the first embodiment;

[0020] FIG. 5 is a view showing the overall configuration
of a sensor apparatus according to a second embodiment of
the present invention; and

[0021] FIG. 6 is a circuit diagram of an APS circuit
included in each pixel, showing the partial configuration of
a sensor apparatus according to a modified example of the
present invention.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0022] 1,2 ... sensor apparatuses; 10 . . . sensor array
section; 11 . . . integrating circuit; 12 . . . CDS circuit;
20 .. . holding section; 30, 30A . . . difference operating
sections; 33 . . . subtracting circuit; and 40 . . . A/D
converting section.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0023] In the following, embodiments of a sensor appa-
ratus according to the present invention will be explained in
detail with reference to FIGS. 1 to 6. In the explanation of
the drawings, constituents identical to each other will be
referred to with numerals identical to each other without
repeating their overlapping descriptions.

Feb. 7, 2008

First Embodiment

[0024] First, a sensor apparatus according to a first
embodiment of the present invention will be explained. FIG.
1 is a view showing the overall configuration of the sensor
apparatus according to the first embodiment of the present
invention. The sensor apparatus 1 shown in FIG. 1 com-
prises a sensor array section 10, a holding section 20, a
difference operating section 30, and an A/D converting
section 40.

[0025] The sensor array section 10 includes N photodiodes
PD; to PDy, N integrating circuits 11, to 11, and N CDS
circuits 12, to 12. Also, the holding section 20 includes N
holding circuits 21, to 21. Each of the photodiodes PD, to
PDy has a common composition, each of the integrating
circuits 11, to 11 also has a common composition, each of
the CDS circuits 12, to 12, also has a common composition,
and each of the holding circuits 21, to 21y also has a
common composition. The N photodiodes PD, to PDy; are
arranged one-dimensionally. The n-th integrating circuit 11,
n-th CDS circuit 12, and n-th holding circuit 21 are
provided correspondingly to the n-th photodiode PD,. Here,
N represents an integer of 2 or more. Also, “n” represents
any integer of 1 or more but N or less, unless otherwise
specified.

[0026] The photodiode PD,, generates electric charges cor-
responding to the amount of incident light and outputs the
electric charges to the integrating circuit 11 . Each integrat-
ing circuit 11, accumulates the electric charges outputted
from the photodiode PD, into a capacitive element and
outputs a voltage value corresponding to the amount of
accumulated charge to the CDS circuit 12, . The CDS circuit
12, receives the voltage value outputted from the integrating
circuit 11, and outputs a voltage value corresponding to the
change of the inputted voltage value after a reference time
based on the inputted voltage value at the reference time to
the holding circuit 21,. That is, the sensor array section 10
includes the N photodiodes PD, to PDy; as sensor elements
and outputs a voltage value corresponding to the detection
result of light by the photodiode PD,. The holding circuit
21 receives the voltage value outputted from the CDS circuit
12: and outputs the voltage value V, held therein.

[0027] The difference operating section 30 includes
switches SW;, , to SW;, \, switches SW, , to SW, ),
and a subtracting circuit 33. The output terminal of the
holding circuit 21, is connected to a wiring L1 via the switch
SW;, , and to a wiring L2 via the switch SW, . However,
the output terminal of the N-th holding circuit 21y is
connected to the wiring L1 via the switch SWj, ¢ but may
not be connected to the wiring [.2 via a switch. Also, the
wiring [.2 is connected with the ground potential via the
switch SW, . The switches SW;, , and SW, . ; open and
close based on the level of a control signal S_. The subtract-
ing circuit 33 outputs a voltage value corresponding to the
difference between voltage values to be inputted through the
respective wirings [.1 and L.2.

[0028] The A/D converting section 40 is used together
with switches SW,, and SW,,,. The A/D converting section
40 receives one of a voltage value Vg, to be inputted via the
switch SW,, and a voltage value Vg, to be inputted via the
switch SW,,, as a full scale in A/D conversion. Then, the A/D
converting section 40 converts the voltage value outputted
from the subtracting circuit 33 into a digital value at a
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resolution of one 2u-th of the full scale (voltage value Vg,
or Vis,), and then outputs the converted digital value. It is
noted that M represents the number of bits of the outputted
digital value. It is preferable that the voltage value Vg, is
greater than Vg, and the ratio therebetween be a power of
two. The switch SW,, opens and closes based on the level
of a control signal Sell, while the switch SW,, opens and
closes based on the level of a control signal Sel2.

[0029] FIG. 2 is a circuit diagram including a photodiode
PD,, an integrating circuit 11, a CDS circuit 12, and a
holding circuit 21, in the sensor apparatus 1 according to the
first embodiment. The anode terminal of the photodiode PD,
is grounded, while the cathode terminal thereof is connected
to the input terminal of the integrating circuit 11,, and the
photodiode PD, generates electric charges corresponding to
the amount of incident light and outputs the electric charges
to the integrating circuit 11,

[0030] The integrating circuit 11, includes an amplifier
A,,, a capacitive element C,,, and a switch SW ;. The input
terminal of the amplifier A, is connected to the cathode
terminal of the photodiode PD,. The capacitive element C,
and switch SW,, are provided between the input and output
terminals of the amplifier A, by being connected parallel
with each other. The outputted voltage value of the integrat-
ing circuit 11, is initialized by closing the switch SW; so
that the capacitive element C,, is discharged. The integrat-
ing circuit 11 also accumulates electric charges outputted
from the photodiode PD, into the capacitive element C,,
when the switch SW |, is opened, and then outputs a voltage
value corresponding to the amount of accumulated charge to
the CDS circuit 12,.

[0031] The CDS circuit 12, includes an amplifier A ,, a
capacitive element C,,, and a switch SW,. The input
terminal of the amplifier A, is connected to the amplifier
A in the integrating circuit 11, via the capacitive element
C, and is grounded via the switch SW,,. The CDS circuit
12 receives the voltage value outputted from the integrating
circuit 11, and outputs a voltage value corresponding to the
change of the inputted voltage value after a reference time
(when the switch SW,, is opened) based on the inputted
voltage value at the reference time from the amplifier A , to
the holding circuit 21,.

[0032] The holding circuit 21, includes an amplifier A,;,
a capacitive element C,,;, and a switch SW,,. The input
terminal of the amplifier A,, is connected to the amplifier
A, in the CDS circuit 12, via the switch SW,, and is
grounded via the capacitive element C,,. The output termi-
nal of the amplifier A, is connected to the wiring L1 via the
switch SW3, , and to the wiring L2 via the switch SW, .
The holding circuit 21, holds the voltage value, which is
outputted from the CDS circuit 12, at a time when the switch
SW,, is opened, in the capacitive element C,,; also after the
time of the state variation, and then outputs a voltage value
V,, corresponding to the held voltage value from the ampli-
fier A, .

[0033] The operation of the photodiode PD,, integrating
circuit 11, CDS circuit 12, and holding circuit 21, is as
follows.

[0034] That is, when the switch SW,, in the integrating
circuit 11, is opened, electric charges outputted from the
photodiode PD, are accumulated into the capacitive element
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C,,, and then a voltage value corresponding to the amount
of accumulated charge is outputted from the integrating
circuit 11,. As the amount of charge accumulated in the
capacitive element C| | increases gradually, the voltage value
outputted from the integrating circuit 11 varies. While the
switch SW,, in the integrating circuit 11  is opened, the
switch SW , in the CDS circuit 12, is opened at a first time,
and then the switch SW,; in the holding circuit 21, is opened
at a second time. The voltage value outputted from the CDS
circuit 12 after the first time corresponds to the change of
the voltage value outputted from the integrating circuit 11
based on the voltage value outputted from the integrating
circuit 11, at the first time. Then, the voltage value V_ held
by the holding circuit 21, after the second time corresponds
to the voltage value outputted from the CDS circuit 12, at
the second time.

[0035] That is, the voltage value V, held by the holding
circuit 21, after the second time corresponds to the differ-
ence between the voltage values outputted from the inte-
grating circuit 11, at the first and second time, and when the
time difference between the first and second time is constant,
corresponds to the intensity of light incident to the photo-
diode PD,. It is noted that the N integrating circuits 11, to
11 operate at the same timing; the N CDS circuits 12, to
12 also operate at the same timing; and the N holding
circuits 21, to 21 also operate at the same timing. There-
fore, a voltage value V,_ corresponding to the amount of
incident light to the photodiode PD, during a common
period of time is to be held by the holding section 20.

[0036] Next, the operation of the difference operating
section 30 and the A/D converting section 40 in the sensor
apparatus 1 according to the first embodiment will be
explained. FIG. 3 is a timing chart for explaining the
operation of the difference operating section 30 and the A/D
converting section 40 in the sensor apparatus 1 according to
the first embodiment. FIG. 3 shows a timing chart when the
difference operating section 30 and A/D converting section
40 process voltage values V| to Vy; are held by the holding
section 20 as described above. It is noted that not only the
above-described operation of the sensor array section 10 and
holding section 20 but also the operation of the difference
operating section 30 and A/D converting section 40 to be
explained hereinafter is performed based on various control
signals outputted from a control section (not shown in the
figures). FIG. 3 shows the level of each control signal S to
be inputted to the difference operating section 30, the level
of a control signal Sell for instructing the switch SW,, to
open and close, and the level of a control signal Sel2 for
instructing the switch SW,, to open and close in this order
from the top.

[0037] AsshowninFIG. 3, the control signals S, to S, are
made high sequentially. During the time period T, from time
t,, to time t,,, only the control signal S, is made high
among the control signals S, to Sy. During the time period
T,, the control signal Sell is made high, while the control
signal Sel2 is made low. Also, from the time period T,
through the time period Ty, the control signal Sell is made
low, while the control signal Sel2 is made high.

[0038] During the time period T, from time t, , to time't, .,
only the control signal S, is made high among the control
signals S, to Sy, so that the switches SW;, ; and SW3, , in
the difference operating section 30 are closed. Also, the
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control signal Sell is made high, so that the switch SW,, is
closed. When the switch SW;, , is closed, the voltage value
V, held by the holding circuit 21, is inputted to the sub-
tracting circuit 33 through the switch SW,, , and the wiring
L1. Also, when the switch SW;,, is closed, the ground
potential is inputted to the subtracting circuit 33 through the
switch SW, , and the wiring L2. In the subtracting circuit
33, the ground potential is subtracted from the voltage value
V,, and the subtracted voltage value V| is outputted. Then,
in the A/D converting section 40, the voltage value V,
outputted from the subtracting circuit 33 is converted into an
M-bit digital value using the voltage value Vg, inputted
through the switch SW,, as a full scale.

[0039] During the time period T, from time t, , to time t,,,
(n=1), only the control signal S, is made high among the
control signals S, to Sy, so that the switches SW,,  and
SW_ in the difference operating section 30 are closed.
Also, the control signal Sel2 is made high, so that the switch
SW,, is closed. When the switch SW;, , is closed, the
voltage value V_, held by the holding circuit 21, is inputted
to the subtracting circuit 33 through the switch SW;, , and
the wiring L1. Also, when the switch SW;,  , is closed, the
voltage value V| held by the holding circuit 21, is
inputted to the subtracting circuit 33 through the switch
SW}Z’W1 and the wiring [.2. In the subtracting circuit 33, the
voltage value V_, is subtracted from the voltage value V ,
and a voltage value U, corresponding to the subtraction
result is outputted. Then, in the A/D converting section 40,
the voltage value U, outputted from the subtracting circuit
33 is converted into an M-bit digital value using the voltage
value Vi, inputted through the switch SW 4, as a full scale.

[0040] That is, during the time period T,, the A/D con-
verting section 40 converts the voltage value V, correspond-
ing to the amount of incident light to the first photodiode
PD  into an M-bit digital value using the voltage value Vg,
as a full scale. Also, during each time period T, (n=1), the
difference operating section 30 calculates a voltage value U,
according to the difference (V,-V,_|) between voltage val-
ues V, and V__, that correspond to the amount of incident
light to the respective photodiodes PD, and PD,__,, and then
the A/D converting section 40 converts the voltage value U,
into an M-bit digital value using the voltage value Vg, as
a full scale.

[0041] Therefore, as shown in FIG. 4, even when signifi-
cant noise components (disturbing light components, back-
ground light components) may be superimposed on signal
components that are supposed to be detected in the intensity
distribution of light to be detected by the sensor apparatus 1,
the sensor apparatus 1 can obtain digital values of the signal
components with a high accuracy using an A/D conversing
circuit with the outputted digital value thereof having a
small number of bits of M as the A/D converting section 40.

[0042] That is, the maximum value of the difference
(V,=V,.,) between two adjacent voltage values V, and V|
among the voltage values V, to Vy outputted from the
respective holding circuits 21, to 21 is smaller than the
maximum value of the voltage values V|, to V. Hence, the
voltage value Vg, to be used by the A/D converting section
40 as a full scale during the time period T, (n=1) is set to the
maximum value of the difference (V, -V, ;) (or a value
somewhat greater than the maximum value) or to the dif-
ference between the maximum and minimum values of
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signal components included in the voltage values V, to Vy
(or a value somewhat greater than the difference). Thus, in
the A/D converting section 40, the voltage value Vg, to be
used as a full scale is set appropriately and a voltage value
U,, corresponding to the difference (V, -V, ;) is converted
into a digital value. Therefore, the digital value to be
outputted from the A/D converting section 40 represents
signal components with a high accuracy, though having a
small number of bits of M.

[0043] Meanwhile, the maximum value of the voltage
values V, to Vy outputted from the respective holding
circuits 21, to 21y, is larger. Hence, the voltage value Vg,
to be used by the A/D converting section 40 as a full scale
during the time period T, is set to the maximum value of the
voltage values V| to V (or a value somewhat greater than
the maximum value) that is greater than the voltage value
Viso- Thus, in the A/D converting section 40, the voltage
value Vg, to be used as a full scale is set appropriately and
the voltage value V, is converted into a digital value.
Therefore, the digital value to be outputted from the A/D
converting section 40 represents the sum of signal compo-
nents and noise components (disturbing light components,
background light components), though having a small num-
ber of bits of M.

[0044] As described heretofore, the sensor apparatus 1
according to the first embodiment can obtain digital values
of signal components with a high accuracy using an A/D
conversing circuit with the outputted digital value thereof
having a small number of bits of M as the A/D converting
section 40. Therefore, the A/D converting section 40 results
in a short conversion time, small power consumption, and
small circuit scale. Also, even in the case of performing A/D
conversion processing in parallel due to the requirement of
performing the A/D conversion processing within a certain
time period, the number of A/D converting sections for the
parallel processing may be small, which also results in a
small power consumption and small circuit scale.

Second Embodiment

[0045] Next, a sensor apparatus according to a second
embodiment of the present invention will be explained. FIG.
5 is a view showing the overall configuration of the sensor
apparatus according to the second embodiment of the
present invention. The sensor apparatus 2 shown in FIG. 5§
comprises a sensor array section 10, a holding section 20, a
difference operating section 30A, and an A/D converting
section 40. As compared with the configuration of the sensor
apparatus 1 according to the above-described first embodi-
ment (FIGS. 1 and 2), the sensor apparatus 2 according to
the second embodiment is different from the first embodi-
ment in that the difference operating section 30A is provided
instead of the difference operating section 30.

[0046] The difference operating section 30A includes
switches SW3, | to SW, y, switches SW, , and SW, |,
and a subtracting circuit 33. The output terminal of the
holding circuit 21, is connected to a wiring L1 via the switch
SWj;, .. The output terminal of the first holding circuit 21,
is connected to a wiring .2 via the switch SW, . Also, the
wiring [.2 is connected with the ground potential via the
switch SW;, . The switch SW;, , opens and closes based on
the level of a control signal S, and the switch SW, , opens
and closes based on the level of a control signal Sell, while
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the switch SW, ; opens and closes based on the level of a
control signal Sel2. The subtracting circuit 33 outputs a
voltage value corresponding to the difference between volt-
age values to be inputted through the respective wirings [.1
and L2.

[0047] Next, the operation of the difference operating
section 30A and the A/D converting section 40 in the sensor
apparatus 2 according to the second embodiment will be
explained. The timing chart for explaining the operation of
the difference operating section 30A and the A/D converting
section 40 in the sensor apparatus 2 according to the second
embodiment is the same as in FIG. 3.

[0048] During the time period T, from time t, , to time't, .,
only the control signal S, is made high among the control
signals 8, to Sy, so that the switch SW;, , in the difference
operating section 30A is closed. Also, the control signal Sell
is made high, so that the switches SW,,, and SW,, are
closed. When the switch SW;, , is closed, the voltage value
V, held by the holding circuit 21, is inputted to the sub-
tracting circuit 33 through the switch SW5, ; and the wiring
L1. Also, when the switch SW;,, is closed, the ground
potential is inputted to the subtracting circuit 33 through the
switch SW, ,, and the wiring L2. In the subtracting circuit
33, the ground potential is subtracted from the voltage value
V,, and the subtracted voltage value V, is outputted. Then,
in the A/D converting section 40, the voltage value V,
outputted from the subtracting circuit 33 is converted into an
M-bit digital value using the voltage value Vg, inputted
through the switch SW,, as a full scale.

[0049] During the time period T, from time t, , to time t,,,
(n=1), only the control signal S, is made high among the
control signals S; to Sy, so that the switch SW,  in the
difference operating section 30A is closed. Also, the control
signal Sel2 is made high, so that the switch SW,, is closed.
When the switch SW3,  is closed, the voltage value V, held
by the holding circuit 21, is inputted to the subtracting
circuit 33 through the switch SW;, , and the wiring L1.
Also, when the switch SW,, | is closed, the voltage value V,
held by the holding circuit 21, is inputted to the subtracting
circuit 33 through the switch SW,, , and the wiring [.2. In
the subtracting circuit 33, the voltage value V| is subtracted
from the voltage value V,, and a voltage value W corre-
sponding to the subtraction result is outputted. Then, in the
A/D converting section 40, the voltage value W outputted
from the subtracting circuit 33 is converted into an M-bit
digital value using the voltage value Vi, inputted through
the switch SW,,, as a full scale.

[0050] That is, during the time period T,, the A/D con-
verting section 40 converts the voltage value V, correspond-
ing to the amount of incident light to the first photodiode
PD, into an M-bit digital value using the voltage value Vg,
as a full scale. Also, during the time period T, (n=1), the
difference operating section 30A calculates a voltage value
W, corresponding to the difference (V_ -V,) between volt-
age values V, and V, that correspond to the amount of
incident light to the respective photodiodes PD, and PD,,
and then the A/D converting section 40 converts the voltage
value W, into an M-bit digital value using the voltage value
Vs as a full scale.

[0051] Therefore, as shown in FIG. 4, even when signifi-
cant noise components (disturbing light components, back-
ground light components) may be superimposed on signal

Feb. 7, 2008

components that are supposed to be detected in the intensity
distribution of light to be detected by the sensor apparatus 2,
the sensor apparatus 2 can obtain digital values of the signal
components with a high accuracy using an A/D conversing
circuit with the outputted digital value thereof having a
small number of bits of M as the A/D converting section 40.

[0052] That is, the maximum value of the voltage value
W to be obtained by a difference operation from the voltage
values V, to Vy outputted from the respective holding
circuits 21, to 21, is smaller than the maximum value of the
voltage values V| to V. Hence, the voltage value Vg, to be
used by the A/D converting section 40 as a full scale during
the time period T, (n=1) is set to the maximum value of the
voltage value W, (or a value somewhat greater than the
maximum value) or to the difference between the maximum
and minimum values of signal components included in the
voltage values V| to V (or a value somewhat greater than
the difference). Thus, in the A/D converting section 40, the
voltage value Vg, to be used as a full scale is set appro-
priately and a voltage value W corresponding to the differ-
ence (V,-V,) is converted into a digital value. Therefore,
the digital value to be outputted from the A/D converting
section 40 represents signal components with a high accu-
racy, though having a small number of bits of M.

[0053] Meanwhile, the maximum value of the voltage
values V, to Vy outputted from the respective holding
circuits 21, to 21y, is larger. Hence, the voltage value Vg,
to be used by the A/D converting section 40 as a full scale
during the time period T is set to the maximum value of the
voltage values V| to V (or a value somewhat greater than
the maximum value) that is greater than the voltage value
Viso- Thus, in the A/D converting section 40, the voltage
value Vg, to be used as a full scale is set appropriately and
the voltage value V, is converted into a digital value.
Therefore, the digital value to be outputted from the A/D
converting section 40 represents the sum of signal compo-
nents and noise components (disturbing light components,
background light components), though having a small num-
ber of bits of M.

[0054] As described above, the sensor apparatus 2 accord-
ing to the second embodiment can obtain digital values of
signal components with a high accuracy using an A/D
conversing circuit with the outputted digital value thereof
having a small number of bits of M as the A/D converting
section 40. Therefore, the A/D converting section 40 results
in a short conversion time, small power consumption, and
small circuit scale. Also, even in the case of performing A/D
conversion processing in parallel due to the requirement of
performing the A/D conversion processing within a certain
time period, the number of A/D converting sections for the
parallel processing may be small, which also results in a
small power consumption and small circuit scale.

[0055] (Exemplary Variation)

[0056] The present invention is not restricted to the above-
described first and second embodiments, and various modi-
fications may be made. For example, although the sensor
apparatuses according to the above-described first and sec-
ond embodiments are image pickup apparatuses including a
plurality of photodiodes that are arranged one-dimension-
ally, the sensor apparatus according to the present invention
may be an image pickup apparatus including a plurality of
photodiodes that are arranged two-dimensionally. Further,
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the sensor apparatus according to the present invention may
be an imaging apparatus in which each pixel includes an
APS (Active Pixel Sensor) circuit shown in FIG. 6 as well
as a plurality of photodiodes and the pixels are arranged one-
or two-dimensionally. Also, the sensor apparatus according
to the present invention is not restricted to an image pickup
apparatus, but may include a plurality of sensor elements for
detecting the amount of another sensing parameter (e.g.
temperature, displacement).

[0057] From the invention thus described, it will be obvi-
ous that the embodiments of the invention may be varied in
many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all
such modifications as would be obvious to one skilled in the
art are intended for inclusion within the scope of the
following claims.

INDUSTRIAL APPLICABILITY

[0058] The sensor apparatus according to the present
invention is applicable to, for example, an image pickup
apparatus including a plurality of photodiodes that are
arranged one- or two-dimensionally.

1. A sensor apparatus comprising:

a sensor array section including N sensor elements (N
represents an integer of 2 or more) and outputting a
voltage value V_, in response to the result of sensing by
the n-th sensor element (“n” represents any integer of
1 or more but N or less) among said N sensor elements;

a difference operating section outputting a voltage value
U, (n=1) corresponding to the difference (V, -V, ;)
between the voltage values V, and V,__; among N
voltage values V| to V outputted from said sensor
array section; and

an A/D converting section converting the voltage value
U outputted from said difference operating section into
a raigital value.
2. A sensor apparatus according to claim 1, wherein said
A/D converting section converts at least one voltage value of
the N voltage values V, to Vy into a digital value.
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3. A sensor apparatus according to claim 1, further com-
prising a holding section once holding the N voltage values
V, to Vy outputted from said sensor array section, and

wherein said difference operating section outputs the
voltage value U, based on the N voltage values V| to
V, held by said holding section.

4. A sensor apparatus according to claim 1, wherein each
of said N sensor elements includes a photodiode.

5. A sensor apparatus comprising:

a sensor array section including N sensor elements (N
represents an integer of 2 or more) and adapted to
output a voltage value V, in response to the result of
sensing by the n-th sensor element (“n” represents any
integer of 1 or more but N or less) among said N sensor

elements;

a difference operating section outputting a voltage value
W, corresponding to the difference (V, -V ) between
a specific voltage value V , and the voltage value V
among N voltage values V; to Vy; outputted from said
sensor array section; and

an A/D converting section converting the voltage value
W_outputted from said difference operating section into
a digital value.

6. A sensor apparatus according to claim 5, wherein said
A/D converting section converts the specific voltage value
V_ into a digital value.

7. A sensor apparatus according to claim 5, further com-
prising a holding section once holding the N voltage values
V, to V; outputted from said sensor array section, and

wherein said difference operating section outputs the
voltage value W based on the N voltage values V| to
Vy held by said holding section.

8. A sensor apparatus according to claim 5, wherein each
of said N sensor elements includes a photodiode.



