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Charge generated in a photodiode is properly split for difference processing. An imaging element is constituted by a
semiconductor such that a charge accumulation portion is
connected to a light receiving portion using a buried photodiode and charge is split from the charge accumulation portion by a plurality of gates and is accumulated. An imaging
device includes a control device performing control so as to
accumulate charge that is generated by a photoelectric conversion at an exposure cycle synchronous with the light emission of a light source. The exposure cycle includes a first
period for receiving reflection light from a subject illuminated
by light from the light source and a second period for receiving light from the subject illuminated by an environmental
light not including the light from the light source. The imaging device includes a charge accumulation region connected
to each photoelectric conversion region, a first charge storage
region for receiving charge generated in the photoelectric
conversion regions during the first period via the charge accumulation portion, and a second charge storage region for
receiving charge generated in the photoelectric conversion
regions during the second period via the charge accumulation
portion.

12

Differential Image
Output

Patent Application Publication

Apr. 21, 2011 Sheet 1 of 32

0

W
m
E

c ^

Td

I

N

US 2011/0090385 Al

Patent Application Publication

N

d
Li

Apr. 21, 2011 Sheet 2 of 32

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 3 of 32

US 2011/0090385 Al

0

z z
x
N

^

N

J

m

rn
N

^
^

W

c

N

O

0
0

U
U)
^

X

I-

Cl,
d

U-

a

r
N

N

a

Patent Application Publication

1

dL

Apr. 21, 2011 Sheet 4 of 32

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 5 of 32

US 2011/0090385 Al

FIG. 5

(A)
(B)
(C)
(D)
(E)

(F)

wTh

wm

(G)

(H)

Patent Application Publication

Apr. 21, 2011 Sheet 6 of 32

FIG. 6

Generated Charge

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 7 of 32

US 2011/0090385 Al

r-

LL

M

4

i
N

CD

Patent Application Publication

00

LL

Apr. 21, 2011 Sheet 8 of 32

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 9 of 32

US 2011/0090385 Al

FIG. 9

Generated Charge

b

FIG. 10
0
b

0

13
CA
t.^

ao
JI

b

FIG. 11

0

b

0

Light Source

0
►

s

R

TX1:

Cl:

TX2:

C2:
T:
ao
JI

Patent Application Publication

Apr. 21, 2011 Sheet 12 of 32

US 2011/0090385 Al

FIG. 12

R2 Tx2 / 31 \

Tx1 / R1

(A)

(e)

_.^

Th

WJm±H
(H) LrmTh

Patent Application Publication

Apr. 21, 2011 Sheet 13 of 32

US 2011/0090385 Al

FIG. 13

25

R2

R1

V V

Patent Application Publication

0

T
v
1^1

LL

Apr. 21, 2011 Sheet 14 of 32

US 2011/0090385 Al

b

FIG.15

O

b
rr.
f9
rr.

O

i
Intensity of

Incidental Light
Light Source

t.^

Control Signal
D

Tx 1:

JI

Cl:
Tx2:

CA

C2:

T

ao
JI

Patent Application Publication

Apr. 21, 2011 Sheet 16 of 32

Uiio
X

H
H
LC)

ry

10

(N

C'J

C)

(N

x

c'J
N(N

US 2011/0090385 Al

Patent Application Publication

N-

^1

Apr. 21, 2011 Sheet 17 of 32

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 18 of 32

US 2011/0090385 Al

FIG. 18

Tx2 Tx0
/25a
R/27b X31

(A)

(C)

(D)

(F)

Tx1
TxO
/ 31 /27a R

b

FIG. 19
0

b

Intensity of
Incidental Light

0

R:

TXO:
TX 1:
Cl:

TX2:
C2:
T:
ao

Patent Application Publication

Apr. 21, 2011 Sheet 20 of 32

US 2011/0090385 Al

FIG. 20

25

Patent Application Publication

N

d
U-

Apr. 21, 2011 Sheet 21 of 32

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 22 of 32

US 2011/0090385 Al

FIG. 22

th Exposure

Intensity of
Incidental Light
Light Source
Control Signal

TxO:
Tx1:
Cl:
Tx2:
C2:
Output Gate

Patent Application Publication

Apr. 21, 2011 Sheet 23 of 32

US 2011/0090385 Al

FIG. 23

25

0

J J

Patent Application Publication

Apr. 21, 2011 Sheet 24 of 32

US 2011/0090385 Al

FIG. 24

OC_-O

171-Y

25

M
R1

29b

Patent Application Publication

Apr. 21, 2011 Sheet 25 of 32

US 2011/0090385 Al

25

25a

s 4

R2

29a
R1

rLE

27b

27a

Patent Application Publication

Apr. 21, 2011 Sheet 26 of 32

US 2011/0090385 Al

FIG. 26

25

Patent Application Publication

Apr. 21, 2011 Sheet 27 of 32

US 2011/0090385 Al

FIG. 27

?5

L.I

;I

RT2

la
Ti

Patent Application Publication

Apr. 21, 2011 Sheet 28 of 32

US 2011/0090385 Al

C,

00
N

d
LL

b

FIG. 29
Read Out Charge Storage
Portion is Provided

o'

Portion is not Provided

b

I

X

N I-

Read Out Charge Storage

n
LC)

N

N

(A)
Buried Structure

(B)

nm

r

M

r

rn

N

N

0

LJJJ1J

s
Buried Structure

Th

(C)
(D)

(E)

uu^_II

(F)

ao
JI

Patent Application Publication

Apr. 21, 2011 Sheet 30 of 32

FIG. 30

2c

9

US 2011/0090385 Al

Patent Application Publication

Apr. 21, 2011 Sheet 31 of 32

US 2011/0090385 Al

M
T
v- 1

U-

z z
R

ON
F-X

+

a

C
^ J
^0 Q

^ s

Patent Application Publication

Apr. 21, 2011 Sheet 32 of 32

US 2011/0090385 Al

N
M

L

x

I-

F"x

a)

Q_

9 a)
•

N.,

Q

Ca

US 2011/0090385 Al

IMAGING DEVICE
TECHNICAL FIELD
[0001] This invention relates to an imaging device generating an image without influence by environmental light.
BACKGROUND ART
[0002] Conventional art has a problem that, when an object
is recognized via an imaging device, performance of recognition is not high, since lighting condition varies in wide rage
under natural environmental light. By using artificial light,
performance of recognition is improved, the influence by the
natural environmental light, especially the sunshine, is still
required to be eliminated.
[0003] Japanese patent application publication No. 2006155422 describes that an image is generated and recognized
by differentiation between an output of a light detector when
a light source does not illuminate a subject space and an
output of the light detector when the light recourse illuminates the subject space.
[0004] U.S. Pat. No. 6,239,456 describes that a light source
emits a pulse of light, and, charge generated by a light incident from a view is split into plural capacitors connected via
split gates to photo diodes in synchronous with the emission
of the light. It is also described that signal processing is
applied to this charge stored in the plural capacities, output
waveforms corresponding to the pulse emission of the light
source is extracted, and a distance up to a subject is measured
based on the phase differentiation among the output waveforms.
[0005] A quantity of charge sampled at one time will be
significantly decreased as a ratio of light emission is
increased. If a light incident has a non-uniform peak, especially if such peak is located close the split gate, the quantity
of charge is changed in accordance with the capacitor to
which the charge transferred by the split gate.
[0006] Japanese patent application publication No. H02304974 describes the structure and the manufacturing method
of a buried photo diode. On the N type region 6 (FIG. 1 (e)) of
the photo diode on the substrate, the P type region 13 is
formed, and the N type photo diode 6 is buried (FIG. 10. The
electric charge generated in the photo diode 6 is, by means of
the silicon gate as a transfer gate, transferred to N type region
7 as an electric charge transfer portion.
Document No. 1: Japanese Published Patent Application
2006-155422
[0007]

Document No. 2: U.S. Pat. No. 6,239,456

Document No. 3: Japanese Published Patent Application
H02-304974
DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention
[0008] Therefore, the technique to properly split charge is
required.
Means to Solve the Problem
[0009] In order to solve the problem, an imaging element
according to this invention is constituted by a semiconductor
such that a charge transfer portion is connected to a light
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receiving portion comprised of one or more than one buried
photo diodes, and the charge is split by plural gates and
accumulated.
[0010] An imaging device according to this invention
includes a light source emitting a light at a given cycle, and a
light receiving portion having a pixel unit array for photoelectric conversion for light received from a view. This imaging
device includes a control device performing control so as to
accumulate electric charge that is generated by photoelectric
conversion at an exposure cycle in synchronous with light
emission of the light source. The exposure cycle includes a
first period for receiving reflection light from a subject illuminated by the light source, and a second period for receiving
reflection light from subject illuminated by an environmental
light not including the light from the light source.
[0011] This imaging device also includes a charge transfer
portion connected to each of photoelectric conversion portions in the light receiving portion, a first charge storage
region for receiving charge generated in the photoelectric
conversion portions during the first period via the charge
transfer portion, and a second charge storage region for
receiving charge generated in the photoelectric conversion
portions during the second period via the charge transfer
portion.
[0012] According to one of embodiments of this invention,
the first and second charge storage regions are structured to
integrate charge generated in each photoelectric conversion
portion of the light receiving portion during n time exposures.
The imaging device includes a differential circuit which, after
nth time exposure, extracts charge from the first and second
charge storage regions, and measuring difference between the
charges.
[0013] According to one of the embodiments of this invention, the imaging device generates an image without interference by environmental light, based on the difference.
[0014] According to another embodiment of this invention,
the imaging device calculates a distance up to a subject based
on the phase difference between the signal obtained by the
difference and the light of the source.
[0015] According to an embodiment of this invention, each
of the pixels in light receiving portion is divided to small
photoelectric conversion portions, and, each of these small
photoelectric conversion portions is commonly connected to
the charge transfer portion.
[0016] And, the first and second charge storage regions are
common to said small photoelectric conversion portions for
each of the pixels.
[0017] According to an embodiment of this invention,
charge transfer portion is connected to a drain electrode via a
drain gate, so that, at rising edge, and or, at falling edge of the
light, charge accumulated at the charge transfer portion is
drained by opening the drain gate.
[0018] According to an embodiment of this invention, the
light receiving portion is fabricated by a buried photo diode,
and each of the pixels is connected to said charge transfer
portion via a transfer gate.
[0019] According to an embodiment of this invention, a
micro lens may be provided in front of a light receiving
surface of a photo diode.
[0020] And, a charge storage region maybe fabricated by a
MOS capacitor.
[0021] According to an embodiment of this invention, a
charge storage region is connected to a read out charge storage region, via a read out transfer gate.
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[0022] A charge transfer portion is connected to a drain
electrode via a drain gate. An imaging device is configured to
drain the charge accumulated at said charge transfer portion
by opening the drain gate, at rising edge of the light, and, or,
at the falling edge of the light.
BRIEF DESCRIPTION OF DRAWINGS
[0023] FIG. 1 is a block diagram of a fundamental architecture of an imaging device to which this invention is
adopted.
[0024] FIG. 2 shows an example of a pixel unit array of this
invention.
[0025] FIG. 3 shows a layout and sectional view of a pixel
unit of prior art.
[0026] FIG. 4 shows an equivalent circuit diagram of the
pixel unit of FIG. 3.
[0027] FIG. 5 shows potential transition of the pixel unit of
FIG. 3.
[0028] FIG. 6 schematically shows a problem in prior art.
[0029] FIG. 7 shows a layout and sectional view of a pixel
unit of an embodiment of this invention.
[0030] FIG. 8 is an equivalent circuit diagram of the pixel
unit of FIG. 7.
[0031] FIG. 9 schematically shows technical advantage
according to the pixel unit of FIG. 7.
[0032] FIG. 10 is a flow chart ofprocess of the embodiment
of this invention.
[0033] FIG. 11 is a timing chart of the embodiment of this
invention.
[0034] FIG. 12 shows potential transition of the embodiment of this invention.
[0035] FIG. 13 shows a structure of a pixel unit of another
embodiment of this invention.
[0036] FIG. 14 is an equivalent circuit diagram of the pixel
unit of FIG. 13.
[0037] FIG. 15 is a timing chart of the pixel unit of FIG. 13.
[0038] FIG. 16 shows a structure of a pixel unit of a further
alternative embodiment of this invention.
[0039] FIG. 17 is an equivalent circuit diagram of the pixel
unit of FIG. 16.
[0040] FIG. 18 shows potential transition of the pixel unit
of FIG. 16.
[0041] FIG. 19 is a timing chart of the pixel unit of FIG. 16.
[0042] FIG. 20 shows a structure of a pixel unit of a further
alternative embodiment of this invention.
[0043] FIG. 21 is an equivalent circuit diagram of the pixel
unit of FIG. 20.
[0044] FIG. 22 is a timing chart of the pixel unit of FIG. 20.
[0045] FIG. 23 shows a structure of a pixel unit of a further
alternative embodiment of this invention.
[0046] FIG. 24 shows a structure of a pixel unit of a further
alternative embodiment of this invention.
[0047] FIG. 25 shows a structure of a pixel unit of a further
alternative embodiment of this invention.
[0048] FIG. 26 shows an embodiment of this invention
provided with a micro lens.
[0049] FIG. 27 shows a structure of a pixel unit of a further
alternative embodiment of this invention.
[0050] FIG. 28 is a timing chart of the pixel unit of the
embodiment of FIG. 27.
[0051] FIG. 29 shows potential of the pixel unit of the
embodiment of FIG. 27.

[0052] FIG. 30 shows an embodiment provided with a
shortage gate for connecting a first charge storage region and
a second charge storage region.
[0053] FIG. 31 shows a structure of a pixel unit of a further
alternative embodiment of this invention, wherein a first
charge storage region and a second charge storage region are
connected to a common reset electrode.
[0054] FIG. 32 shows a structure of a pixel unit of a further
alternative embodiment of this invention, wherein a common
read out portion 41 is provided.
BEST MODE OF CARRYING OUT THE
INVENTION
[0055] Hereinafter, embodiments of this invention are
described referring the drawings. FIG. 1 shows a fundamental
structure of a system of generating a differential image, which
this invention is based on. A camera 11 includes a light
receiving portion 13 for receiving light via a lens 11 from a
subjecting space, and a differential circuit 15 for generating a
differential image output. A timing controller 17 controls a
timing of a light emission by a light projector 19 and a timing
of extracting charge from a light receiving portion.
[0056] FIG. 2 shows an array of pixels 25 in the light
receiving portion 13 according to this invention. As described
later, for each of the pixels, one exposure, that is synchronous
with the light emission, has a first period during which the
pixel receives light from the subject illuminated by the light
source and a second period during which the pixel receives
environmental light not including light from the light source.
Each of the pixel unit has a first charge storage region for
storing charge generated during the first period by a photoelectric conversion portion, and a second charge storage
region for storing charge generated during the second period
by the photoelectric conversion portion. A differential circuit
15 reads out charge from each of first and second storage
regions, and generates and outputs a differential signal as a
differential image output.
[0057] FIG. 3 schematically shows a pixel unit 25 in the
light receiving portion, for example, as shown in Document
No. 2. A photoelectric conversion portion 25a in the pixel unit
25 is fabricated by a photodiode, is connected to a charge
storage region 27a via a split gate Tx1, and is connected to a
charge storage region 27b via a split gate Tx2. Each of the
charge storage regions 27a, 27b is connected to reset electrodes 29a, 29b, via reset gates Ra, Rb, respectively. The
sectional view at lower portion of FIG. 3 shows that the
photoelectric conversion portion 25a is formed in a N type
region buried in a P type semiconductor substrate. Edge of N
type region is depicted in bump shape, as same as edge of the
N type region 6 depicted in FIG. 1(f), FIG. 2(e), and FIG. 3(a)
of Patent Document No. 3, and is a conventional structure by
itself. Charge is transferred from the photoelectric conversion
portion 25a to N+ region of the charge storage region 27a, by
applying an electric potential to the gate Tx1.
[0058] FIG. 4 is a circuit diagram of the pixel unit of FIG.
3. FIG. 5 shows the potential well transition in this circuit.
The light receiving region 25a, that is, the photoelectric conversion portion 25a is depicted as a diode having photoelectric conversion function and a capacitor CO. FIG. 5(A) shows
the potential well under any operation is not applied to the
circuit. In FIG. 5(B), when each the split gates Tx1, Tx2 and
each the reset gates R1, R2 are opened, a voltage V is applied
to the photoelectric conversion portion and the charge storage
region so that charge is eliminated. FIG. 5(C) shows a way the
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charge is generated in the photoelectric conversion portion
25a during the first period. FIG. 5(D) shows a way the charge
stored in the photoelectric conversion portion 25a is transferred to the charge storage region 27a (shown as a capacitor
Cl), by opening the split date Tx1.
[0059] Next, FIG. 5(E) shows a way the charge is generated
in the photoelectric conversion portion 25a during the second
period of the first exposure. FIG. 5(F) shows a way the charge
stored in the photoelectric conversion portion 25b is transferred to the charge storage region 27b (shown as a capacitor
C2), by opening the split date Tx2. FIG. 5(G) shows the
starting of the first period of the second exposure, and FIG.
5(H) shows a way the charge stored in the photoelectric
conversion portion is transferred to the capacitor C1 of the
charge storage region 27a. Thus, after n times of the exposure
cycle, the charge accumulated in the charge storage region
27a (the capacitor Cl) and the region 27b (the capacitor C2)
are read out by opening the output gate T. FET transistors Li
and L2 are transistors for level sift and work to transfer
electric current to a downstream process circuit, in accordance with the level of the capacitor C1 or C2.
[0060] FIG. 6 depicts schematically the problem occurred
in the conventional photoelectric conversion portion 25a of
the pixel unit 25. Consider a light-emitting diode is used as the
light source of the light projector 19, a light projection ratio (a
frequency of the cycle) is high, amount of electron is split to
the charge storage regions 27a, 27b, via the split gates Tx1,
Tx2.
[0061] In this situation, at each exposure cycle, the first
period during for receiving the light reflected on the subject
illuminated by the LED and the second period for receiving
the environmental may be lower'/io millisecond order or less,
furthermore, a nanosecond order to a microsecond order.
Since the number of electron generated in a very small photoelectric conversion region is very small such as a order of
several to tens.
[0062] In this situation, if a light incidents the edge portion
of the photoelectric conversion region, for example, the portion close to the split gate Tx1, the split gate Tx2 is opened in
order to store the electrons in the charge storage region 27b,
the electrons cannot move to the charge storage region within
such a short time. Accordingly, liability regarding the differentiation between the charge stored at the first period and the
charge stored in the second period is degraded.
[0063] FIG. 7 shows one embodiment of a pixel unit 25
according to this invention to resolve the above mentioned
problem. The differentiation from the conventional pixel unit
shown in FIG. 3 is in that a charge transfer portion 31 is
located close to the photoelectric conversion 25a. In this
embodiment, the photoelectric conversion portion 25a has a
structure wherein a P type region is provided at the surface of
the structure and a N type region is provided under this P type
region, and the charge transfer portion 31 is formed by elongated region of the photoelectric conversion portion 25a
underneath a blackout curtain 24.
[0064] Below of FIG. 7 shows the A-A sectional view of the
pixel unit 25. A N type layer 63 is buried in a P type well
(P-well) 61, a photo diode is formed by the PN junction
between the P-well 63 and a P+ region 65 formed on the
P-well 65. This PN junction, except the photoelectric conversion portion 25a, works as a charge transfer portion 31.
Charge generated in the photoelectric conversion portion 25a
moves into the charge transfer portion that is at lower potential. In order to enhance efficiency of this charge movement,
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by deferring the doze level of the charge transfer portion from
the doze level of the photoelectric conversion portion 25a,
gradient of potential can be formed.
[0065] The charge storage region 27a is formed adjacent to
the transfer gate Tx1 of a MOS structure. The charge storage
region 27a is formed by a N type region 67 buried in the
P-well 61. A N+ region 69 comprises a reset electrode 29a,
and is connected to a wire of voltage V. The N region 67 is
electrically connected to the N+ region 69 by applying a
voltage to a gate R1 of the MOS structure.
[0066] As shown in FIG. 12, a step in potential is formed
between the photoelectric conversion portion 25a and the
charge transfer portion 31. This step is formed by varying the
doze level of the P+ region 65 and or the N region 63. Without
varying the doze levels, this step is also formed by applying a
potential to the charge transfer portion 31 by an electrode
which is partially formed over the P+ region 65
[0067] FIG. 8 is a circuit diagram of the pixel unit 25 as
shown in FIG. 7. The difference from the conventional structure as shown in FIG. 4 is in that a capacitor C3 is provided to
the charge transfer portion 31.
[0068] FIG. 9 is a figure for explaining the advantage of the
embodiments according to this invention. According to this
invention, charge generated in the photoelectric conversion
portion 25a, whichever it is split to the first charge storage
region 27a or the second charge storage region 27b, is at first
commonly transferred to the charge transfer portion 31, after
then is split to the first charge storage region 27a or the second
charge storage region 27b. Therefore, if a light is projected an
imbalance position of the photoelectric conversion portion
25a then the position of charge generation is in imbalance, the
imbalance in charge splits is limited. Therefore, liability of
the differential signal can be improved.
[0069] Next, referring FIGS. 10 to 12, flow ofprocess ofthe
embodiment according to this invention is described. First, at
the step 101, a reset process is performed. In the reset process,
by applying voltage V to reset electrodes 29a, 29b via opening split gates Tx1, Tx2 and reset gates R1, R2, the charge
storage regions 27a, 27b, that are, the capacitors C1, C2 are
charged. The signal waveforms in FIG. 11 and the potential
status in FIG. 12 (B) show this state. At the photoelectric
conversion portion, accompanying the above mentioned reset
process, charge as known as reset noise imposes into the
capacitors. Under the condition that the reset noise is generated, the charge in the capacitors is read out, and, under the
condition that the charges generated by exposure are accumulated, the charge in the capacitors is also read out, then,
based on the difference between the charges read out, the
charge generated by the exposure is measured. Thus, a read
out process with cancelling the reset noise can be achieved.
This process is called as double sampling. Embodiments of
this invention described later employ the double sampling.
[0070] At step 103, the counter of the exposure cycle is set
to zero. Referring FIG. 11, the exposure cycle is synchronized
with emission cycle. One exposure cycle includes a first exposure period (corresponding to step 105) corresponding to
emission cycle of the light source and a second exposure
period corresponding to the period during which the light
source does not emit. The number n of exposure cycle can
vary from tens to a thousand according to the imaging environment. The counter number is incremented one by one
exposure cycle (the step 109), if the counter number reaches
n (the step 111), an output process starts (the step 113).
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[0071] Referring FIG. 11, the charge generated in the photoelectric conversion portion during the first exposure period
is accumulated at the first storage region 27a that is the
capacitor Cl, via the gate Tx1. Since the capacitor Cl is
charged with positive charge by the reset process, the charge
in the capacitor Cl is reduced by the charge generated during
the first exposure period The charge generated during the
second exposure period is via the gate Tx2 stored at the
second charge storage portion 27b, that is, the capacitor C2.
After n times of the exposure cycles, the charge accumulated
in the capacitor Cl and the charge accumulated in the capacitor C2 are via the gate T measured by the differential circuit
15.
[0072] FIG. 12(C) shows a state that at the beginning of the
first exposure cycle the split gate Tx1 is opened. FIG. 12(D)
shows a way that the charge generated in the photoelectric
conversion portion 25a moves into the first charge storage
region 27a via the transfer gate 31. FIG. 12(E) shows a state
that at the begging of the second exposure cycle the split gate
Tx2 is opened. FIG. 12(F) shows a way that the charge generated by the photoelectric conversion portion 25 moves from
the charge transfer portion 31 to the second charge storage
region 27b.
[0073] FIG. 12(G) shows a state that at the beginning of the
first exposure period of the second exposure cycle the split
gate Tx1 is opened. FIG. 12(H) shows a way that the charge
generated by the photoelectric portion 25a moves to the first
charge storage region 27a. Thus, until the end of nth exposure
cycle, the charge generated during each exposure cycle is
accumulated in the first, second charge storage regions 27a,
27b.
Drain Gate
[0074] Referring FIGS. 13 to 15, an embodiment of the
invention provided with a drain gate D and a drain electrode
33 is described. FIG. 13 is a layout diagram showing a pixel
unit corresponding to the one in FIG. 7, and the same elements have the same reference numbers. The differentiation
between the features in FIG. 13 and FIG. 7 is in that the charge
transfer portion 31 in FIG. 13 is connected to a drain electrode
33 via a drain gate D. FIG. 14 is a circuit diagram corresponding to the structure in FIG. 13.
[0075] FIG. 15 shows a process of the pixel unit 25 of FIG.
13 during the exposure cycle. FIG. 15 does not show the reset
signal in FIG. 11, but as same as the situation in FIG. 11, a
reset process is conducted for the pixel unit 25 in FIG. 13. A
reset signal is applied to the reset gates R1, R2, at the same
time the split gates Tx1, Tx2 are opened.
[0076] If the turning on or the turning off of the light source
takes a time, the rising edge portion, or the falling edge
portion of the charge, the drain gates and the drain electrodes
work to drain the rising edge portion, or the falling edge
portion of the charge generated in the photoelectric conversion portion, so as to generate a stable condition of the charge.
Referring to FIG. 15, the drain gate D is opened in synchronized with the timing of the emission of the light source at the
rising edge of the light emission so as to drain the charge into
the drain electrode 33. According to FIG. 15 that is timing
chart of the charge storage region 15, the drain gate D is also
opened to drain charge at the falling edge of the light emission.
Transfer Gate
[0077] Next, referring to FIGS. 16-19, another embodiment wherein the charge transfer portion 31 is connected to a

photoelectric conversion portion 25a via a transfer gate TxO is
described. The structure of the pixel unit shown in FIG. 16 has
a difference from the pixel unit in FIG. 7 in that the transfer
gate TxO is provided between the photoelectric conversion
portion 25a and the charge transfer portion 31. Elements in
FIG. 16 corresponding to the elements in FIG. 7 have the
same reference numbers.
[0078] FIG. 17 is a circuit diagram of the pixel unit in FIG.
16. The transfer gate TxO is provided between an equivalent
capacitor CO to the photoelectric conversion portion and an
equivalent capacitor C3 to the charge transfer portion 31. FIG.
18 is a potential transition diagram corresponding to FIG. 12.
Each potential state of FIG. 18 (A) to (H) corresponds to each
state of FIG. 12(A) to (H), respectively.
[0079] FIG. 18(A) shows a potential when no operation is
applied. FIG. 18(B) shows a potential when previously mentioned reset operation is applied by opening all the gates. FIG.
18(C) shows a state that charge is generated in the photoelectric portion 25a. FIG. 18(D) shows a state that the charge
moves to the charge transfer portion 31 by opening the transfer gate TxO. FIG. 18(E) shows a state that the charge is
transferred to the first charge transfer portion 27a by opening
the split gate Tx1. FIG. 18(F) shows a state that charge is
generated in the photoelectric conversion portion 25a during
the second exposure period. FIG. 18(G) shows a state that
charge is transferred to the charge transfer portion 31 by
opening the transfer gate TxO. FIG. 18(H) shows a state that
the charge is transferred to the second charge storage region
27a by opening the split gate Tx2.
[0080] Transfer gate TxO works for equalizing the split
charge. The transfer gate TxO is opened at longer time than the
split gate. The transfer time of the charge to the charge transfer portion is settled by the transfer gate TxO. The fluctuation
in the split timing hardly influences the resulted outcome.
[0081] FIG. 19 is a timing chart of the pixel unit 25 of FIG.
16. FIG. 19 is different from FIG. 16 in that the transfer gate
TxO is provided. The transfer gate TxO is opened nearly at the
end of the exposure period so as to work to transfer the charge
to the charge transfer portion 31.
Drain Gate and Transfer Gate
[0082] Referring FIGS. 20 to 22, another embodiment provided with a drain gate and a transfer gate is described. FIG.
20 is a diagram of a pixel unit of this embodiment corresponding to FIG. 13. The difference from the embodiment in FIG.
13 is in that the transfer gate TxO is provided between the
photoelectric conversion portion 25a and the charge transfer
portion 31. FIG. 21 is an equivalent circuit diagram of this
embodiment.
[0083] FIG. 22 is a timing chart of this embodiment. This
embodiment employs a long time duration between the first
exposure period and the second exposure period in one exposure cycle. At the rising time of the exposure, the charge at the
charge transfer portion 31 is drained by opening the drain gate
D. By opening the transfer gate TxO at the same time of
closing the drain gate D, the charge generated in the photoelectric conversion portion 25a is transferred to the charge
transfer portion 31. During the first exposure period, at the
same time of opening the transfer gate TxO the split gate Tx1
is opened the charge is transferred to the charge storage region
27a. The split gate Tx1 is still opening after the transfer gate
TxO is closed. The split gate Tx1 may be opened just before
the beginning of the process for preparing the second exposure time period. Thus, the charge in the charge transfer
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portion 31 can be completely transferred to the charge storage
region 27a. This embodiment demonstrates its technical
advantage especially for the structure that the charge transfer
time from the photoelectric conversion portion 25a to the
charge transfer portion 31 is short
[0084] Next, several alternatives will be explained.
Configuration of Photoelectric Conversion Portion 25a
[0085] FIG. 23 shows an alternative embodiment wherein
the shape of the photoelectric conversion portion 25a as
shown in FIG. 20 is shaped like a comb. According to this
comb shape, a minimum width of each of the portions of the
photoelectric conversion portion 25a is narrower than a minimum width of the charge transfer portion 31. Then, without
changing ion concentration (doping level), a potential can be
high, and a ratio of charge transfer by drift can be enhanced.
Division of Photoelectric Conversion Portion 25a
[0086] FIG. 24 shows an alternative embodiment of the
pixel unit 25 as shown in FIG. 20, and the photoelectric
conversion portion 25a includes four fine photoelectric conversion portions 25a-1, 25a-2, 25a-3, and 25a-4. These four
fine photoelectric conversion portions are commonly connected to the charge transfer portion 31, via transfer gates
Tx0-1, TxO-2, TxO-3, and TOx-4, respectively. Since each of
the four photoelectric conversions is fine, gradients of potential are formed. The transmission of the charge to the transfer
portion 31 by drift can enhanced. By dividing the photoelectric portion 25a into plural portions, the transmittal time of the
charger can be shorted.
MOS Capacitor
[0087] In the above mentioned embodiments, the charge
storage regions 27a, 27b may be configured as a MOS (MetalOxide-Silicon) structure. The MOS capacitor structure per se
is well known. FIG. 25 shows an example wherein each of the
charge storage regions 27a and 27b in the pixel unit 25 in FIG.
7 is divided and main portions of the charge storage portions
are configured by MOS capacitor. Likewise, in other embodiments, the charge storage portions may be configured by
MOS capacitors, also.
Micro Lens
[0088] In the embodiments of this invention, a micro lens
may be provided in front of the incidental direction of the
photoelectric conversion portion 25a, thereby a condense
ratio can be enhanced. FIG. 26 shows an embodiment
wherein the photoelectric conversion portion 25a is comprised of four fine photoelectric conversion portions 25a-1,
25a-2, 25a-3, and 25a-4 and in front of each of these fine
photoelectric conversions micro lens is provided. By preparing the same number of the lens to adjust the positioning of
them for the photoelectric conversion portions 25a-1, 25a-2,
25a-3, and 25a-4, the waste of the light can be eliminated,
and, the light sensitivity can be improved.
Read Out Storage Portion
[0089] FIG. 27 shows an embodiment wherein read out
charge storage regions 41a, 41b are provided adjacent to the
gates 27a, 27b, via the gates RT1, RT2. FIG. 28 is an equivalent circuit diagram showing that a capacitor C4 correspond-
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ing to the read out charge storage region 41a via the gate RT,
and a capacitor C5 corresponding to the read out charge
storage region 41b
[0090] FIG. 29 shows a state transition of potential in the
pixel unit in FIG. 27 which are provided with the read out
charge storage regions 41a, 41b (left side of FIG. 29), in
construction to a state transition of potential in the pixel unit
in FIG. 23 which are not provided with such charge storage
regions (right side of FIG. 29). FIG. 29(A) shows a potential
state where any operation is not yet applied to the circuits.
FIG. 29(B) shows potential state at a reset operation prior to
the above mentioned exposure cycle. FIG. 29(C) shows, the
potential state that charge is accumulated in the charge storage region 27a, after n times of exposure and charge transfer.
In the left side potential transition figure, it is shown that the
remaining charge and noise of the previous exposure cycle is
still remained in the read out charge storage region 41a. In the
potential transition figure at the right side of FIG. 29, it is
shown that, since read out charge storage region is no provided, the charge stored at the charge storage region 27a is
read out.
[0091] The left side of FIG. 29(D) shows a state that charge
is reset by opening the reset gate R1. As shown in FIG. 29(E),
noise is remained in the charge storage region 41a. Following
a state as shown in FIG. 29(E), in a state as shown in FIG.
29(F) the charge stored in the charge storage region 27a is, by
opening the read out transfer gate, read out and transferred to
the charge storage region 41a. By reading out the potential of
this read out charge storage region 41a, and the differential
from the potential stored in the state as shown in FIG. 29(E)
is measured. Thus, without interference by noise, potential
based on the charge stored by exposure can be read out. Thus,
the above mentioned double sampling technique can be
implemented by this invention.
[0092] FIG. 30 shows another embodiment of this invention. Elements of this another embodiments corresponding to
similar elements in the embodiment in FIG. 7 have same
reference numbers. In this embodiment, the charge storage
regions 27a, 27b are extended to a shortage gate S, so that the
charge storage regions 27a and 27b are able to be electrically
connected each other. The shortage gate S is configured by a
MOS structure gate, as same as the reset gates R1, R2. When
the charge storage regions 27a, 27b are reset by opening the
reset gates R1, R2, in synchronous with such operations, the
shortage gate S is opened to establish electric connection
between the charge storage regions 27a and 27b. Thus,
according to the reset operation mentioned above, the potential of the charge storage regions 27a, 27b can be reset to an
identical potential. In case the reset gate 29a, 29b has different potential, according to the operation of this shortage gate
S, the charge at the charge storage regions 29a, 29b can be rest
to be identical potential.
[0093] FIG. 31 further shows another embodiment of this
invention. The elements in this embodiment corresponding to
the similar elements in FIG. 30 have the same reference
numbers. In this embodiment, the top edges of the extended
charge storage regions 27a, 27b are connected to a reset
electrode 29 via a gate R/S. This gate R/S works for both of a
reset operation and shortage operation. Since the charge storage regions 27a, 27b are commonly reset by the gate R/S, the
charge storage regions 27a, 27b can be reset to an identical
potential.
[0094] FIG. 32 shows an alternative of the embodiment
FIG. 31, which includes a common read out portion 41. By
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configuring the read out portions to be an identical portion, an
adjusting operation for adjusting a differential between the
performances of the amplifiers to measure an accurate differential is not required. As another alternative, the above mentioned transfer gate and the drain gate may be adapted to the
embodiments in FIGS. 31, 32.
[0095] While preceding description describes the details of
the embodiments of this invention, however, this invention
should not be interpreted within these embodiments.
1-21. (canceled)
22. An imaging device including a light source emitting
light at a given cycle, and a light receiving portion including
at least one array of pixel units for performing photoelectric
conversion of light in a view field,
said imaging device further including a controller performing control so as to accumulate charge generated by
photoelectric conversion at exposure cycle synchronous
with the light emission of the light source,
wherein, said exposure cycle includes a first period for
receiving reflection light from a subject illuminated by
light from the light source, and a second period for
receiving light from the subject illuminated by an environmental light not including the light from the light
source,
said imaging device further including a charge transfer
portion connected to each of photoelectric conversion
regions of the light receiving portion, a first charge storage region for receiving charge generated in said photoelectric conversion region during the first period via said
charge transfer portion, and a second charge storage
region for receiving charge generated in said photoelectric conversion region during the second period via said
charge transfer portion,
wherein said charge transfer portion is formed by elongating the photoelectric conversion region underneath a
blackout curtain which is at lower potential than the
photoelectric conversion region.
23. The imaging device of claim 22, wherein the first and
second charge storage regions are configured to integrate
charge generated in the photoelectric conversion regions during n times exposures,
said imaging device further including a differential circuit
for extracting charges in the first and the second charge
storage regions, and for providing a differentiation
between said charges, after n times exposures.
24. The imaging device of claim 23, further including
means of generating an image not including influence by
environmental light, based on said differentiation.
25. The imaging device of claim 23, further including
means of calculating a distance to a subject based on phase
difference between the signal obtained by the differentiation
and the light source.
26. An imaging device including a light source emitting
light at a given cycle, and a light receiving portion including
a pixel unit array receiving light from view,
said imaging device further including a controller performing control so as to accumulate charge generated by
photoelectric conversion at an exposure cycle synchronous with the light emission of the light source,
wherein, said exposure cycle includes a first period for
receiving reflection light from a subject illuminated by
light from the light source, and a second period for
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receiving light from the subject illuminated by an environmental light not including the light from the light
source,
said imaging device further including a charge transfer
portion connected to each of photoelectric conversion
regions of the light receiving portion, a first charge storage region for receiving charge generated in said photoelectric conversion region during the first period via said
charge transfer portion, and a second charge storage
region for receiving charge generated in said photoelectric conversion region during the second period via said
charge transfer portion,
each of the pixel units of the light receiving portion has a
photoelectric conversion region shaped like a comb, and
is connected to said charge transfer portion.
27. An imaging device including a light source for emitting
light at a given cycle, and a light receiving portion including
a pixel unit array for receiving light from view,
said imaging device further including a controller performing control so as to accumulate charge generated by
photoelectric conversion at an exposure cycle synchronous with the light emission of the light source,
wherein, said exposure cycle includes a first period for
receiving reflection light from a subject illuminated by
light from the light source, and a second period for
receiving light from the subject illuminated by an environmental light not including the light from the light
source,
said imaging device further including a charge transfer
portion connected to each of photoelectric conversion
regions of the light receiving portion, a first charge storage region for receiving charge generated in said photoelectric conversion region during the first period via said
charge transfer portion, and a second charge storage
region for receiving charge generated in said photoelectric conversion region during the second period via said
charge transfer portion,
wherein each of the pixel units of the light receiving portion is divided to plural small photoelectric conversion
regions, said small photoelectric conversion regions of
each of the pixel units are connected to said charge
transfer portion in common.
28. The imaging device of claim 27, wherein said first and
second charge storage regions are in common among said
small photoelectric conversion regions for each of the pixel
units.
29. The imaging device of claim 22, wherein said charge
transfer portion is connected to a drain electrode via a drain
gate.
30. The imaging device of claim 29, wherein said device is
configured to drain charge in said charge transfer portion by
opening said drain gate during a rising edge and or a falling
edge of the light source.
31. The imaging device of claim 22, wherein said photoelectric conversion region and said charge transfer portion are
formed by a buried photo diode structure, each the photoelectric conversion region is connected to the charge transfer
portion via the transfer gate.
32. The imaging device of claim 30, wherein said photoelectric conversion region, said charge transfer portion, and
said first and second charge storage regions are formed by a
buried photo diode structure.
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33. The imaging device of claim 22, wherein a micro lens
is provided in front of a receiving surface of the light receiving portion.
34. The imaging device of claim 22, wherein said charge
storage region is formed by a MOS capacitor and is connected
to said charge transfer portion via the transfer gate.
35. The imaging device of claim 22, wherein a read out
charge storage region is provided adjacent to said charge
storage region via a gate.
36. An imaging device including a light source for emitting
light at a given cycle, and a light receiving portion including
a pixel unit array for receiving light from view,
said imaging device further including a controller performing control so as to accumulate charge generated by
photoelectric conversion at an exposure cycle synchronous with the light emission of the light source,
wherein, said exposure cycle includes a first period for
receiving reflection light from a subject illuminated by
light from the light source, and a second period for
receiving light from the subject illuminated by an environmental light not including the light from the light
source,
said imaging device further including a charge transfer
portion connected to each of photoelectric conversion
regions of the light receiving portion, a first charge storage region for receiving charge generated in said photoelectric conversion region during the first period via said
charge transfer portion, and a second charge storage

region for receiving charge generated in said photoelectric conversion region during the second period via said
charge transfer portion,
wherein said charge storage region is formed by a MOS
capacitor and is connected to said charge transfer portion via the transfer gate, and
charge generated by photoelectric conversion is measured
based on the differentiation between,
potential of the charge storage region which is read out and
stored after a read out charge storage region is reset at the
end of the exposure cycle,
and,
potential of the read out charge storage region which is read
out following after charge in the charge storage region is
transferred to the read out charge storage region following.
37. The imaging device of claim 22, further including a first
and a second reset gates to cause each of the first and the
second charge storage regions to be at reset potential, and, a
shortage gate to establish electrical connection between the
first and the second charge storage regions,
wherein,
said shortage gate is turned on when the reset gates are
turned on so that the first charge storage region and the
second charge storage region are at a same potential.
38. The imaging device of claim 22, further including a
common reset gate to render the first and the second charge
storage regions to connect to a reset potential.

