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Description

[0001] The present invention relates to a back-illumi-
nated solid-state image pickup device.
[0002] A BT (back-illuminated thinning) -CCD is known
as a back-illuminated solid-state image pickup device
with which a light incident surface side of a substrate is
thinned. According to Non-Patent Literature 1, interfer-
ence (etaloning) occurs between light to be detected
made incident on the BT-CCD and light resulting from
the incident light to be detected reflecting from a detection
side surface of the BT-CCD, thereby affecting detection
characteristics in a near-infrared range. In the literature,
to suppress the etaloning, a photosensitive region is in-
creased in thickness and further, an anti-reflection film
is provided on the photosensitive region.
[0003] Non-Patent Literature 1: "Etaloning in Back-Il-
luminated CCDs," Roper Scientific Technical Note, is-
sued by Roper Scientific, 2000, No. 7. A multi directional
transfer charge-coupled device is known from WO
97/20351. US 6,806,904 B1 describes a front-illuminated
image pick-up device with shifted-pixel layout. EP 1 220
319 describes a front-illuminated CCD with windows and
charge transfer electrodes. JP-02 168 669 A shows an
image sensing element in which adjacent photo detectors
are separated by a vertical scanning line, and in which a
light reflection film is provided. FR 2 857 160 shows an
image sensor comprising a matrix of rows and columns
of photosensitive dots, made on a chip of general square
or rectangular shape with beveled corners, characterized
in that it comprises a reading register placed at the bottom
of the matrix, this register being bent so as to run along-
side the beveled corners of the chip and therefore com-
prising a horizontal part and two oblique parts, and the
sensor furthermore comprising means for directing pho-
tosensitive charges of columns terminating opposite the
beveled corners to register stages situated in the oblique
parts alongside the beveled corners.
[0004] However, the conventional solution method for
BT-CCD sacrifices an intrinsic merit of BT-CCD, which
is an improvement of detection sensitivity by thinning,
and has not led to essential improvement of image qual-
ity.
[0005] The present invention has been made in view
of this issue and an object thereof is to provide a back-
illuminated solid-state image pickup device capable of
being improved in image quality by suppression of image
degradation due to etaloning.

Solution to Problem

[0006] To resolve the above issue, a back-illuminated
solid-state image pickup device according to the present
invention includes the features of claim 1.
[0007] Although light incident on the back surface is
detected at the light detection surface side, with the solid-
state image pickup device according to the present in-
vention, a portion of the light that is normally subject to

light detection is transmitted to an exterior via the open-
ings. At the openings, reflection is suppressed because
the charge transfer electrodes are not present and inter-
ference of the incident light and the reflected light is sup-
pressed. Image degradation due to etaloning is thus sup-
pressed and image quality is improved.
[0008] According to an example useful for understand-
ing the present invention, the openings are positioned so
as to be aligned along a charge transfer direction. In a
case where the openings formed between adjacent
charge transfer electrodes are aligned in this manner,
reflected light is suppressed despite the simplicity of the
arrangement. However, with this structure, alignment
precision is required during manufacture of the charge
transfer electrodes, and there is thus room for further
improvement in that in a case where the alignment pre-
cision is low, areas of the openings at the pixels differ
according to each column and characteristics vary ac-
cording to pixel, etc.
[0009] Thus, the openings are positioned staggeredly
along the charge transfer direction. That is, the openings
are positioned in a mutually staggered manner. In a case
of employing such a staggered opening layout, if the
charge transfer electrodes of odd rows (p+1-th rows and
p+3-th rows (where p is an integer no less than 0)) are
formed at the same time, the charge transfer electrodes
of even rows (p+2-th rows and p+4-th rows) are formed
at the same time in a separate step, and the charge trans-
fer electrodes of the even rows are shifted laterally during
manufacture so that the areas of the openings between
the charge transfer electrodes of a p+1-th row and a p+2-
th row increase, the areas of the openings between the
charge transfer electrodes of a p+3-th row and a p+4-th
row decrease. That is, with this structure, an alignment
precision tolerance is high, and transmitted light amount
is equalized and characteristics are made uniform among
respective pixels.
[0010] According to an embodiment of the present in-
vention, in regard to shape and layout of the charge trans-
fer electrodes, the charge transfer electrode of a p+1-th
row has a first shape, the charge transfer electrode of a
p+2-th row has a second shape, the charge transfer elec-
trode of a p+3-th row has a third shape, the charge trans-
fer electrode of a p+4-th row has a fourth shape, the first
to fourth shapes all differ from each other, openings of a
first pattern are formed between the charge transfer elec-
trodes of the p+1-th row and the p+2-th row, openings of
a second pattern are formed between the charge transfer
electrodes of the p+3-th row and the p+4-th row, and the
first and second patterns are mutually different.
[0011] In the case of such a structure, the openings
are high in randomness because the shapes of the
charge transfer electrodes and the patterns of the open-
ings differ and, for example, even in a case where the
charge transfer electrodes of the p+2-th row and the p+4-
th row are shifted in the lateral direction, variation of the
opening area can be suppressed.
[0012] Also, a back-illuminated solid-state image pick-
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up device according to the present invention according
to claim 2 includes a semiconductor substrate having a
light incident surface at a back surface side and a plurality
of charge transfer electrodes disposed at a light detection
surface at an opposite side of the semiconductor sub-
strate with respect to the light incident surface and has
a plurality of openings for transmitting light formed inside
the respective charge transfer electrodes.
[0013] Even with this structure, a portion of the light
that is normally subject to light detection is transmitted
to the exterior via the openings. At the openings, reflec-
tion is suppressed because the charge transfer elec-
trodes are not present and interference of the incident
light and the reflected light is suppressed. Image degra-
dation due to etaloning is thus suppressed and image
quality is improved.

Advantageous Effects of Invention

[0014] By the back-illuminated solid-state image pick-
up device according to the present invention, a high-qual-
ity image can be acquired.

Brief Description of Drawings

[0015]

FIG. 1 is a perspective view of a back-illuminated
solid-state image pickup device 100 according to an
example useful for understanding the present inven-
tion.
FIG. 2 is a bottom view of the back-illuminated solid-
state image pickup device 100 as viewed from a side
opposite to a light incident direction.
FIG. 3 is a diagram of an image pickup region 10
and a horizontal shift register 20 formed on a top
surface side (opposite side with respect to a light
incident surface (back surface)).
FIG. 4 is a longitudinal sectional view of a single pixel
taken along an XZ plane.
FIG. 5 is a plan view of an image pickup region for
describing a structure of charge transfer electrodes
2 (mp+1 to mp+17..) of a comparative example.
FIG. 6 is a sectional view taken along arrows B-B of
a pixel shown in FIG. 5.
FIG. 7 is a plan view of an image pickup region for
describing a structure of charge transfer electrodes
2 (mp+1 to mp+17..) of an example useful for under-
standing the present invention.
FIG. 8 is a sectional view taken along arrows B-B of
a pixel shown in FIG. 7.
FIG. 9 is a plan view of an image pickup region for
describing a structure of charge transfer electrodes
2 (mp+1 to mp+17..) of an example useful for under-
standing the present invention.
FIG. 10 is a sectional view taken along arrows B1-
B1 of a pixel shown in FIG. 9.
FIG. 11 is a sectional view taken along arrows B2-

B2 of the pixel shown in FIG. 9.
FIG. 12 is a plan view of an image pickup region for
describing a structure of charge transfer electrodes
2 (mp+1 to mp+17..) of an embodiment.
FIG. 13 is a plan view of an image pickup region for
describing a structure of charge transfer electrodes
2 (mp+1 to mp+17..) of an embodiment.

Description of Embodiments and Examples Useful 
for Understanding the Present Invention

[0016] A back-illuminated solid-state image pickup de-
vice 100 shall now be described. Elements that are the
same shall be provided with the same symbol and over-
lapping description shall be omitted.
[0017] FIG. 1 is a perspective view of the back-illumi-
nated solid-state image pickup device 100. For conven-
ience of description, a three-dimensional orthogonal co-
ordinate system made up of an X-axis, a Y-axis, and a
Z-axis that are mutually orthogonal is shown in the figure.
[0018] The back-illuminated solid-state image pickup
device 100 is a BT-CCD (charge coupled device) that
has been thinned by etching a back surface side of a
semiconductor substrate by an aqueous KOH solution,
etc., a depressed portion TD is formed at a central region
that has been etched, and a thick frame portion is present
at a periphery of the depressed portion TD. Each of side
surfaces 102a, 102b, 102c, and 102d of the depressed
portion TD is inclined and forms an obtuse angle with
respect to a bottom surface 101. The frame portion may
be removed by etching to form a back-illuminated solid-
state image pickup device that is thinned over its entire
region.
[0019] The thinned central region of the semiconductor
substrate is a photosensitive region (image pickup re-
gion) and an optical image L from an object is made in-
cident on the photosensitive region along a negative di-
rection of the Z-axis. The bottom surface 101 of the de-
pressed portion TD of the semiconductor substrate
makes up a light incident surface. A CCD for image pick-
up made up of a plurality of vertical shift registers is
formed as pixels in the photosensitive region.
[0020] FIG. 2 is a bottom view of the back-illuminated
solid-state image pickup device 100 as viewed from a
side opposite to the light incident direction. The image
pickup region 10 is formed in a region corresponding to
the bottom surface 101 of the thinned semiconductor
substrate. The optical image made incident on the image
pickup region 10 is converted to a two-dimensional
charge image and charges thereof are transferred along
a negative direction of the Y-axis. A horizontal shift reg-
ister 20 is disposed at a terminal in the charge transfer
direction of the image pickup region 10, and the charges
of the respective pixels that have been transferred in the
vertical direction are successively transferred along the
X-axis direction. A plurality of electrode pads are dis-
posed at the frame portion of the back-illuminated solid-
state image pickup device 100.
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[0021] The main electrode pads are electrode pads
P1V and P2V for applying a two-phase transfer voltage
to the charge transfer electrodes, electrode pads P1H
and P2H for applying a two-phase transfer voltage to the
charge transfer electrodes, an electrode pad SS for con-
necting the semiconductor substrate to a ground, and
electrode pads SG, OG, OD, RG, and RD for reading the
charges transferred in the horizontal direction, and an
output can be taken out from an electrode pad OS.
[0022] Other electrode pads may be provided as suited
according to specifications, and the present example
useful for understanding the present invention includes
an electrode pad TG for making a charge transfer gate
to the horizontal shift register 20 function, electrode pads
ISV and ISH for inputting test signals, and electrode pads
1G1V, 1G2V, 1G1H, and 1G2H for making charge trans-
fer gates for the test signals function. As charge transfer
types of a CCD, a frame transfer type, an interline transfer
type, a full frame transfer type, etc., are known. Various
such CCD structures are known and although there is no
limitation in particular, a full frame transfer type CCD shall
be described as an example.
[0023] FIG. 3 is a diagram of the image pickup region
10 and the horizontal shift register 20 formed on a top
surface side (opposite side with respect to the light inci-
dent surface (back surface)). This figure is a schematic
figure and although the respective transfer electrodes
extending in the X-axis direction are indicated as being
rectangular in shape and as there being gaps present in
between the electrodes, in actuality, a portion or all of
the electrodes overlap and the shapes thereof are de-
signed to have openings for transmitting light as shall be
described later.
[0024] A plurality of vertical shift registers n1 to nN
(where N is an integer no less than 2), that is, a vertical
charge transfer CCD is aligned in the image pickup region
10. The actual image pickup region is a central region of
the image pickup region 10 and peripheral pixels are
shielded from light as necessary. Vertical direction pixels
are aligned along the Y-axis, and each of charge transfer
electrodes m1 to mM (where M is an integer no less than
2) extends along the X-axis. The two-phase transfer volt-
age from the electrode pads P1V and P2V is applied to
the charge transfer electrodes m1 to mM and charges
accumulated in the semiconductor region directly below
the charge transfer electrodes m1 to mM are transferred
in the vertical direction (Y-axis negative direction). Be-
tween vertical CCD channels (semiconductor charge
transfer regions) making up the respective vertical shift
registers n1 to nN is formed an isolation region of a con-
ductive type that is opposite that of the charges flowing
through the CCD channels and the isolation regions sup-
press mutual mixing of charges from different pixel col-
umns.
[0025] A transfer gate electrode mT is disposed at a
final position of charge transfer in the vertical direction,
and charges flow from the image pickup region 10 into
the horizontal shift resistor 20 via the potential directly

below the transfer gate electrode mT and in accordance
with the voltage from the electrode pad TG. The horizon-
tal shift register 20 is a horizontal charge transfer CCD,
which is aligned along the X-axis and transfers charges
in the horizontal direction (X-axis positive direction) and
has charge transfer electrodes h1 to hK (where K is an
integer no less than 2) disposed at a semiconductor
charge transfer region HSR that extends in the X-axis
direction, and these charge transfer electrodes are
aligned along the X-axis direction.
[0026] The two phase transfer voltage from the elec-
trode pads P1H and P2H is applied to the charge transfer
electrodes h1 to hK and charges accumulated in the sem-
iconductor region directly below the charge transfer elec-
trodes h1 to hK are transferred in the horizontal direction
(X-axis direction). A charge reading circuit is disposed at
a final position of the X-axis charge transfer. The charge
reading circuit includes a signal gate region positioned
at a terminal of the horizontal shift register that is con-
nected to the electrode pad SG. Next to the signal gate
region, a floating diffusion region FD is disposed via a
transistor Q1 having a MOS-FET structure. The floating
diffusion region FD is connected via a reset transistor Q2
to the reset drain electrode pad RD and to a gate elec-
trode of an output transistor Q3. One terminal of the out-
put transistor Q3 is connected to the overflow drain elec-
trode pad OD and the other terminal makes up the output
terminal OS. A load resistor R is connected to the output
terminal OS. The reset gate electrode pad RG is con-
nected to a gate electrode of the transistor Q2.
[0027] A suitable high-level potential is constantly ap-
plied to the electrode pads OG, OD, and RD. In a signal
reading process, the electrode pad SG and the electrode
pad RG are set to the high level, and after setting the
potential of the floating diffusion region FD to the reset
potential of the reset electrode pad RD, the electrode pad
RG is set to the low level so that the output signal is set
at the floating level. The electrode pad SG is then set to
the low level so that the signal charges, which were tem-
porarily accumulated in the signal gate region, flow into
the floating diffusion region FD and the output signal tak-
en out from the electrode pad OS is set at a signal level
that is in accordance with an amount of the accumulated
charge.
[0028] The rest of the arrangement is for performing a
test operation, and the test operation is performed by
inputting test signals from the electrode pads ISV and
ISH and applying suitable potentials to the electrode pads
IG1V, IG2V, IG1H, and IG2H. The electrode pad ISV is
connected to an electrode mV, which is electrically con-
nected to the semiconductor substrate. The electrode
pads IG1V and IG2V are connected to gate electrodes
mG1 and mG2, disposed on the CCD channel via an in-
sulating film. Suitable signals are input into these and if
an output that differs from that of a normal case is ob-
tained, the device is judged to be abnormal.
[0029] Also, each pixel is made up of an intersection
region of each of the CCD channels nN and several trans-
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fer electrodes mM shown in FIG. 3 (see the pixel PIXEL
in FIG. 7).
[0030] FIG. 4 is a longitudinal sectional view of a single
pixel taken along an XZ plane.
[0031] The incident light L enters from the back surface
(light incident surface) of the semiconductor substrate.
That is, the semiconductor substrate has the light incident
surface. The pixel includes, in an order starting from the
substrate top surface side, a protective film 1, charge
transfer electrodes 2 (=respective charge transfer elec-
trodes m1 to mM shown in FIG. 3), an insulating layer 3,
the semiconductor substrate 4 made of Si, and an antire-
flection film 5. The semiconductor substrate 4 includes
a P-type semiconductor substrate 4C, an N-type semi-
conductor layer 4A formed on the P-type semiconductor
substrate 4C, an accumulation layer 4D formed at a back
surface side of the P-type semiconductor substrate 4C,
and isolation regions 4B formed at both sides of the CCD
channel. The P-type semiconductor substrate 4C and
the N-type semiconductor layer 4A contact to form a PN
junction, and a buried channel type CCD is thereby ar-
ranged. The N-type semiconductor layer 4A (PN junction)
may be omitted and in this case, the CCD functions as
a surface channel type CCD.
[0032] In the present example, the protective film 1 is
formed of BPSG (boro-phospho silicate glass), the
charge transfer electrode 2 is made of polysilicon, the
insulating layer 3 is made of SiO2, and both the isolation
regions 4B and the accumulation layer 4D are made of
Si added with a high concentration of a P-type impurity.
The pixel functions even when the conductive types P
and N of the semiconductors are interchanged. "High
concentration" means that the impurity concentration is
higher than the impurity concentration of the P-type sem-
iconductor substrate 4C and is favorably a concentration
of no less than 1319cm-3.
[0033] A method for manufacturing the solid-state im-
age pickup device with the above structure shall now be
described.
[0034] First, as shown in FIG. 4, the P-type semicon-
ductor substrate 4C is prepared. The semiconductor sub-
strate 4C is thinned. Next, a mask is patterned and
formed on regions corresponding to the pixels, the P-
type impurity is added to the substrate top surface using
an ion implantation method or diffusion method to form
the isolation regions 4B, and thereafter, thermal oxidation
is performed to form the insulating layer 3 on the isolation
regions 4B. The mask is then removed and thermal ox-
idation is performed further to form the insulating layer
3, made of SiO2, on the silicon light detection surface as
well.
[0035] An N-type impurity is ion-implanted via the in-
sulating layer 3 into an interior of the semiconductor sub-
strate to form the N-type semiconductor layer 4A in a
region directly below the insulating layer 3. The initial
semiconductor substrate is the P-type semiconductor
substrate 4C and thus a PN junction is formed between
the semiconductor layer and the substrate. Next, the

charge transfer electrodes 2, made of Al or other metal
or polysilicon, are formed on the insulating layer 3 and
the protective film 1, made of BPSG, is formed therea-
bove.
[0036] Then as shown in FIG. 4, the P-type impurity of
high concentration is added to the back surface side of
the semiconductor substrate 4 to form the accumulation
layer 4D and then the antireflection film 5 is formed on
the accumulation layer 4D. The antireflection layer 5 is
formed of a dielectric multilayer film and is formed, for
example, by laminating oxides of Si and Ge. Although
the above-described back-illuminated solid-state image
pickup device is completed by the above process, the
actual structure is one in which adjacent charge transfer
electrodes 2 overlap, and thus after the charge transfer
electrodes 2 of a lower layer have been formed, an insu-
lating layer, made of SiO2 and serving as a spacer, is
formed so as to be continuous to the initial insulating
layer 3, and the charge transfer electrodes 2 of an upper
layer are formed via the spacer. The steps in which these
are formed differ and thus alignment precision is required
of a mask for forming the lower-layer (odd-row) charge
transfer electrodes 2 and a mask for forming the upper-
layer (even-row) charge transfer electrodes 2.
[0037] Structures of the charge transfer electrodes
shall now be described. First, a conventional electrode
structure that serves as a comparative example shall be
described.
[0038] FIG. 5 is a plan view of an image pickup region
for describing a structure of the charge transfer elec-
trodes 2 (mp+1 to mp+17..) of the comparative example
and shows a plurality of charge transfer electrodes ex-
tending in the X-axis direction and CCD channels nN
(nk+1 to nk+4) extending in the Y-axis direction (here, p
and k are integers). A region surrounded by dotted lines
PIXEL in the figure corresponds to being a single pixel.
A sectional view taken along arrows A-A of this pixel is
the same as that shown in FIG. 4.
[0039] Also, a sectional view taken along arrows B-B
of the pixel is shown in FIG. 6. Low-concentration N-type
semiconductor regions 4A’ are formed directly below the
upper layer electrodes mp+6, mp+8, and mp+10. "Low
concentration" means that the impurity concentration is
lower than that of the N-type semiconductor regions 4A.
The N-type semiconductor layers 4A and the low-con-
centration N-type semiconductor layers 4A’ form a top
layer of the P-type semiconductor substrate 4C, and each
low-concentration N-type semiconductor layer 4A’ is po-
sitioned between adjacent N-type semiconductor layers
4A. The low-concentration N-type semiconductor re-
gions 4A’ are formed to be lower in impurity concentration
than the N-type semiconductor regions 4A. Methods for
controlling the impurity concentration include a method
of differing timings of formation and impurity addition
amounts of the regions, a method of making the insulating
layer 3 thick in thickness at the low concentration side
and performing ion implantation via the insulating layer,
etc.
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[0040] The structure of the charge transfer electrodes
according to the example useful for understanding the
present invention shall now be described. With this
charge transfer electrode structure, a portion is notched
and removed from the structure of the comparative ex-
ample to arrange a so-called open gate structure.
[0041] FIG. 7 is a plan view of an image pickup region
for describing the structure of the charge transfer elec-
trodes 2 (mp+1 to mp+17..) and shows a plurality of
charge transfer electrodes extending in the X-axis direc-
tion and CCD channels nN (nk+1 to nk+4) extending in
the Y-axis direction (here, p and k are integers). A region
surrounded by dotted lines PIXEL in the figure corre-
sponds to being a single pixel. A sectional view of the
pixel taken along arrows A-A is the same as that shown
in FIG. 4.
[0042] Also, a sectional view of the pixel taken along
arrows B-B is shown in FIG. 8. Low-concentration N-type
semiconductor regions 4A’ are formed directly below the
upper layer electrodes mp+6, mp+8, and mp+10. The
low-concentration N-type semiconductor regions 4A’ are
formed to be lower in impurity concentration than the N-
type semiconductor regions 4A. The methods for con-
trolling the impurity concentration are the same as have
been mentioned above.
[0043] Portions of the charge transfer electrodes 2
(mp+1 to mp+17..) that are adjacent along the charge
transfer direction (Y-axis) overlap, and in forming these
electrodes, after the lower layer charge transfer elec-
trodes mp+7, mp+9, mp+11 ... have been formed, the
upper layer charge transfer electrodes mp+6, mp+8,
mp+10 ... are formed via the insulating layer 3 that serves
as a spacer.
[0044] Here, as shown in FIG. 7, a plurality of openings
OP for transmitting light are formed between the charge
transfer electrodes 2 (mp+1 to mp+17..) that are adjacent
to each other along the Y-axis direction. The structure of
the charge transfer electrodes shall now be described in
detail. Sides that are not mentioned in the following de-
scription are straight lines that are parallel to the X-axis.
One side of the charge transfer electrode mp+7 has
notched portions that are periodically depressed trape-
zoidally toward the Y-axis positive direction, one side of
the adjacent charge transfer electrode mp+8 has notched
portions that are periodically depressed trapezoidally to-
ward the Y-axis negative direction, and the openings OP
are defined by the notched portions of the two electrodes
opposing each other.
[0045] The openings OP are formed in the same rela-
tionship between the notched portions of the charge
transfer electrode mp+9 and the charge transfer elec-
trode mp+10 that are adjacent to each other. The four
charge transfer electrodes mp+7 to mp+10 are included
in the same pixel PIXEL. As shown in FIG. 8, a high-
concentration P-type semiconductor region 4C’ is formed
in a region directly below each opening OP. Thus, in
these regions, a PN junction is not formed and carriers
are not accumulated.

[0046] Although the light L that is made incident on the
back surface is detected at the light detection surface
side, in the solid-state image pickup device of the present
example useful for understanding the present invention,
a portion of the light to be subject to light detection is
transmitted to an exterior via the openings OP. There are
no charge transfer electrodes at the openings OP and
thus reflection of the incident light is suppressed and in-
terference of the incident light and the reflected light is
suppressed. Image degradation due to etaloning is thus
suppressed and image quality is improved.
[0047] Also, as shown in FIG. 7, the plurality of open-
ings OP are positioned so as to be aligned along the
charge transfer direction (Y-axis direction). In a case
where the openings OP formed between adjacent charge
transfer electrodes are aligned in this manner, arrange-
ment thereof is simple. However, with this structure,
alignment precision is required during manufacture of the
charge transfer electrodes of the upper and lower layers,
and there is thus room for further improvement in that in
a case where the alignment precision is low, areas of the
openings OP at the pixels differ according to each column
and characteristics vary according to pixel, etc. There is
also a problem that slight, fixed noise patterns occur in
etaloning characteristics, dark characteristics, etc. An ex-
ample useful for understanding the present invention with
which the layout of the openings OP is improved further
shall thus be described next.
[0048] FIG. 9 is a plan view of an image pickup region
for describing the structure of the charge transfer elec-
trodes 2 (mp+1 to mp+17..) of the example useful for
understanding the present invention and shows a plural-
ity of charge transfer electrodes extending in the X-axis
direction and CCD channels nN (nk+1 to nk+4) extending
in the Y-axis direction (here, p and k are integers). A
region surrounded by dotted lines PIXEL in the figure
corresponds to being a single pixel. A sectional view of
this pixel taken along arrows A-A is the same as that
shown in FIG. 4.
[0049] Also, a sectional view of the pixel taken along
arrows B1-B1 is shown in FIG. 10, and a sectional view
taken along arrows B2-B2 is shown in FIG. 11. Low-con-
centration N-type semiconductor regions 4A’ are formed
directly below the upper layer electrodes mp+6, mp+8,
and mp+10. The low-concentration N-type semiconduc-
tor regions 4A’ are formed to be lower in impurity con-
centration than the N-type semiconductor regions 4A.
The methods for controlling the impurity concentration
are the same as have been mentioned above.
[0050] Portions of the charge transfer electrodes 2
(mp+1 to mp+17..) that are adjacent along the charge
transfer direction (Y-axis) overlap, and in forming these
electrodes, after the lower layer charge transfer elec-
trodes mp+7, mp+9, mp+11 ... have been formed, the
upper layer charge transfer electrodes mp+6, mp+8,
mp+10 ... are formed via the insulating layer 3 that serves
as a spacer.
[0051] As in the structure shown in FIG. 7, a plurality

9 10 



EP 2 413 361 B1

7

5

10

15

20

25

30

35

40

45

50

55

of openings OP for transmitting light are formed between
the charge transfer electrodes 2 (mp+1 to mp+17..) that
are adjacent to each other along the Y-axis direction in
the structure in FIG. 9 as well. One side of the charge
transfer electrode mp+7 has notched portions that are
periodically depressed trapezoidally toward the Y-axis
positive direction, one side of the adjacent charge trans-
fer electrode mp+8 has notched portions that are period-
ically depressed trapezoidally toward the Y-axis negative
direction, and the openings OP are defined by the
notched portions of the two electrodes opposing each
other. The periods along the X-axis direction of the po-
sitions at which the notched portions are formed are the
same.
[0052] The openings OP are formed in the same rela-
tionship between the notched portions of the charge
transfer electrode mp+9 and the charge transfer elec-
trode mp+10 that are adjacent to each other. Although
the periods along the X-axis direction of the positions at
which these notched portions are formed are the same,
the periods are in a relationship in which the phase of
the formation positions along the X-axis direction is in-
verted with respect to the formation positions of the
notched portions of the charge transfer electrodes mp+7
and mp+8. The four charge transfer electrodes mp+7 to
mp+10 are included in the same pixel PIXEL. As shown
in FIG. 10, the high-concentration P-type semiconductor
region 4C’ is formed in a region directly below each open-
ing OP. Thus, in these regions, a PN junction is not
formed and carriers are not accumulated.
[0053] Here, as shown in FIG. 9, the openings OP are
positioned staggeredly along the charge transfer direc-
tion (Y-axis direction). That is, the openings OP are po-
sitioned in a mutually staggered manner. As mentioned
above, the charge transfer electrodes of the odd rows
that are positioned at the lower layer (mp+1, mp+3,
mp+5, mp+7 ...) are formed at the same time, and the
charge transfer electrodes of the even rows that are po-
sitioned at the upper layer (mp+2, mp+4, mp+6, mp+8 ...)
are formed at the same time after the forming of the lower
layer electrodes. Thus, in a case of employing the stag-
gered opening layout such as that of the present example
useful for understanding the present invention, if the
charge transfer electrodes of the even rows are shifted
in a lateral direction during manufacture, for example, so
that the areas of the openings OP between the charge
transfer electrode mp+7 and the charge transfer elec-
trode mp+8 increase, the areas of the openings OP be-
tween the charge transfer electrode mp+9 and the charge
transfer electrode mp+10 decrease. That is, this structure
has merits of being high in alignment precision tolerance
and transmitted light amount being equalized and char-
acteristics being made uniform for each pixel, and occur-
rence of fixed noise patterns is also suppressed.
[0054] An embodiment with which the structure of the
charge transfer electrode is modified further shall now
be described.
[0055] FIG. 12 is a plan view of an image pickup region

for describing a structure of charge transfer electrodes 2
(mp+1 to mp+17..) of the embodiment of the invention
and shows a plurality of charge transfer electrodes ex-
tending in the X-axis direction and CCD channels nN
(nk+1 to nk+4) extending in the Y-axis direction (here, p
and k are integers). A region surrounded by dotted lines
PIXEL in the figure corresponds to being a single pixel.
The points of difference with respect to the above-de-
scribed example useful for understanding the present in-
vention are just the shapes and the layout of the charge
transfer electrodes 2 (mp+1 to mp+17..). Other arrange-
ments are the same as those of the above-described
example except for the P-type impurity being added to
form the P-type semiconductor region 4C’ directly below
each opening OP as shown in FIG. 8, FIG. 10, or FIG.
11. Also, the sectional structure of a pixel as sectioned
along a plane that is vertical to the charge transfer direc-
tion (Y-axis) and does not pass through an opening is
the same as that shown in FIG. 4.
[0056] The charge transfer electrode mp+7 has a first
shape, the charge transfer electrode mp+8 has a second
shape, the charge transfer electrode mp+9 has a third
shape, and the charge transfer electrode p+4 has a fourth
shape. The first to fourth shapes all differ from each other
and the four shapes are repeated according to pixel along
the charge transfer direction.
[0057] One side of the first shape, which the charge
transfer electrode mp+7 has, has notched portions that
are periodically depressed trapezoidally toward the Y-
axis positive direction.
[0058] One side of the second shape, which the charge
transfer electrode mp+8 has, has notched portions that
are periodically depressed trapezoidally toward the Y-
axis negative direction, the period of the notched portions
is the same as that of the charge transfer electrode mp+7,
and a length of an innermost side of each notched portion
differs from that of the charge transfer electrode mp+7.
The notched portions of the charge transfer electrode
mp+7 and the charge transfer electrode mp+8 oppose
each other to form openings OP of a first pattern.
[0059] One side of the third shape, which the charge
transfer electrode mp+9 has, has notched portions that
are periodically depressed trapezoidally or triangularly
toward the Y-axis positive direction. In the charge transfer
electrode mp+9, a number of notched portions per unit
length in the X-axis direction is greater than the number
of notched portions of each of the charge transfer elec-
trodes mp+7 and mp+8. The trapezoidal notched por-
tions and the triangular notched portions are formed al-
ternately along the X-axis.
[0060] One side of the fourth shape, which the charge
transfer electrode mp+10 has, has notched portions that
are periodically depressed trapezoidally toward the Y-
axis negative direction, the period of the notched portions
is the same as that of the charge transfer electrode mp+9,
and the length of an innermost side of each notched por-
tion is longer than the length of the innermost side of
each trapezoidal notched portion in the charge transfer
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electrode mp+9. The notched portions of the charge
transfer electrode mp+9 and the charge transfer elec-
trode mp+10 oppose each other to form openings OP of
a second pattern. Also, the first pattern and the second
pattern of the openings OP differ from each other.
[0061] In the case of such a structure, the openings
OP are high in randomness because the shapes of the
charge transfer electrodes and the patterns of the open-
ings differ and, for example, even in a case where the
charge transfer electrode mp+8 and mp+10 are shifted
in the lateral direction, variation of the opening area can
be suppressed.
[0062] The general shapes of the charge transfer elec-
trodes may be expressed as the charge transfer elec-
trode of a p+1-th row having the first shape, the charge
transfer electrode of a p+2-th row having a second shape,
the charge transfer electrode of a p+3-th row having a
third shape, and the charge transfer electrode of a p+4-
th row having a fourth shape, where p is an integer no
less than 0.
[0063] FIG. 13 is a plan view of an image pickup region
for describing a structure of charge transfer electrodes 2
(mp+1 to mp+17..) of another embodiment of the inven-
tion and shows a plurality of charge transfer electrodes
extending in the X-axis direction and CCD channels nN
(nk+1 to nk+4) extending in the Y-axis direction (here, p
and k are integers). A region surrounded by dotted lines
PIXEL in the figure corresponds to being a single pixel.
The points of difference with respect to the above-de-
scribed comparative example are that each of the charge
transfer electrodes 2 (mp+1 to mp+17..) that extend rec-
tilinearly along the X-axis has a plurality of openings OP,
and directly below each opening OP, a P-type impurity
is added to form a P-type semiconductor region 4C’ as
shown in FIG. 8, FIG. 10, or FIG. 11. The other arrange-
ments are the same as those of the comparative exam-
ple. Also, the sectional structure of a pixel as sectioned
along a plane that is vertical to the charge transfer direc-
tion (Y-axis) and does not pass through an opening is
the same as that shown in FIG. 4. The numbers and
layouts of the openings OP in the respective pixels are
the same as each other.
[0064] In the solid-state image pickup device of the
present embodiment of the invention, the plurality of
openings OP for transmitting light are formed inside the
respective charge transfer electrodes 2 (mp+1 to
mp+17..), and a portion of the light to be subject to light
detection is transmitted to the exterior via the openings
OP. There are no charge transfer electrodes at the open-
ings OP and thus reflection of the incident light is sup-
pressed and interference of the incident light and the re-
flected light is suppressed. Image degradation due to
etaloning is thus suppressed and image quality is im-
proved.
[0065] The present invention is defined in claims 1 and
2. In the examples useful for understanding the present
invention and in the embodiments of the invention, for
example, a compound semiconductor, such as GaAs,

GaN, etc., may be used as the semiconductor material.

Reference Signs List

[0066] 100: back-illuminated solid-state image pickup
device, L: incident light, 1: protective film, 2: charge trans-
fer electrode, 3: insulating layer, 4: semiconductor sub-
strate, 5: antireflection film, 4A: N-type semiconductor
layer, 4B: isolation region, 4C: P-type semiconductor
substrate, 4D: accumulation layer.

Claims

1. A back-illuminated solid-state image pickup device
comprising:

a semiconductor substrate having a light inci-
dent surface at a back surface side; and
a plurality of charge transfer electrodes (2) dis-
posed at a light detection surface at an opposite
side of the semiconductor substrate with respect
to the light incident surface,
openings (OP) for transmitting light are formed
between charge transfer electrodes (2) that are
adjacent to each other;
p is an integer no less than 0,
the charge transfer electrode of a p+1-th row
has a first shape,
the charge transfer electrode of a p+2-th row
has a second shape,
the charge transfer electrode of a p+3-th row
has a third shape,
the charge transfer electrode of a p+4-th row
has a fourth shape, characterized in that
the first to fourth shapes all differ from each oth-
er,
openings of a first pattern are formed between
the charge transfer electrodes of the p+1-th row
and the p+2-th row,
openings of a second pattern are formed be-
tween the charge transfer electrodes of the p+3-
th row and the p+4-th row, and
the first and second patterns are mutually differ-
ent.

2. A back-illuminated solid-state image pickup device
comprising:

a semiconductor substrate (4) having a light in-
cident surface at a back surface side;
a plurality of charge transfer electrodes (2) dis-
posed at a light detection surface at an opposite
side of the semiconductor substrate with respect
to the light incident surface, characterized in
that
openings (OP) for transmitting light are formed
inside the respective charge transfer electrodes.
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Patentansprüche

1. Rückseitig beleuchtete Festkörperbildaufnahme-
vorrichtung, umfassend:

ein Halbleitersubstrat, das eine Lichteinfallso-
berfläche an einer rückseitigen Oberflächensei-
te aufweist; und
eine Vielzahl von Ladungstransferelektroden
(2), die an einer Lichterfassungsoberfläche an
einer gegenüberliegenden Seite des Halbleiter-
substrats in Bezug auf die Lichteinfallsoberflä-
che angeordnet sind,
Öffnungen (OP) zum Übertragen von Licht zwi-
schen Ladungstransferelektroden (2) gebildet
werden, die aneinander angrenzend sind;
p eine ganze Zahl nicht kleiner als 0 ist,
die Ladungstransferelektrode einer p+1. Reihe
eine erste Gestalt aufweist,
die Ladungstransferelektrode einer p+2. Reihe
eine zweite Gestalt aufweist,
die Ladungstransferelektrode einer p+3. Reihe
eine dritte Gestalt aufweist,
die Ladungstransferelektrode einer p+4. Reihe
eine vierte Gestalt aufweist,
dadurch gekennzeichnet, dass
die erste bis vierte Gestalt sich alle voneinander
unterscheiden,
Öffnungen eines ersten Musters zwischen den
Ladungstransferelektroden der p+1. Reihe und
der p+2. Reihe gebildet sind,
Öffnungen eines zweiten Musters zwischen den
Ladungstransferelektroden der p+3. Reihe und
der p+4. Reihe gebildet sind, und
das erste und zweite Muster voneinander unter-
schiedlich sind.

2. Rückseitig beleuchtete Festkörperbildaufnahme-
vorrichtung, umfassend:

ein Halbleitersubstrat (4), das eine Lichteinfall-
soberfläche an einer rückseitigen Oberflächen-
seite aufweist;
eine Vielzahl von Ladungstransferelektroden
(2), die an einer Lichterfassungsoberfläche an
einer gegenüberliegenden Seite des Halbleiter-
substrats in Bezug auf die Lichteinfallsoberflä-
che angeordnet sind,
dadurch gekennzeichnet, dass
Öffnungen (OP) zum Übertragen von Licht in-
nerhalb der jeweiligen Ladungstransferelektro-
den gebildet sind.

Revendications

1. Dispositif analyseur d’images à l’état solide rétro-
éclairé comprenant :

un substrat à semi-conducteurs présentant une
surface incidente de lumière au niveau d’un côté
de surface arrière ; et
une pluralité d’électrodes de transfert de charge
(2) disposées au niveau d’une surface de pho-
todétection au niveau d’un côté opposé du subs-
trat à semi-conducteurs par rapport à la surface
incidente de lumière,
des ouvertures (OP) pour transmettre de la lu-
mière sont formées entre des électrodes de
transfert de charge (2) qui sont adjacentes les
unes par rapport aux autres ;
p est un entier non inférieur à 0,
l’électrode de transfert de charge d’une p + 1ère

ligne présente une première forme,
l’électrode de transfert de charge d’une p + 2ème

ligne présente une deuxième forme,
l’électrode de transfert de charge d’une p + 3ème

ligne présente une troisième forme,
l’électrode de transfert de charge d’une p + 4ème

ligne présente une quatrième forme,
caractérisé en ce que
les première à quatrième formes sont toutes dif-
férentes les unes des autres,
des ouvertures d’un premier modèle sont for-
mées entre les électrodes de transfert de charge
de la p + 1ère ligne et de la p + 2ème ligne,
des ouvertures d’un second modèle sont for-
mées entre les électrodes de transfert de charge
de la p + 3ème ligne et de la p + 4ème ligne, et
les premier et second modèles sont réciproque-
ment différents.

2. Dispositif analyseur d’images à l’état solide rétro-
éclairé comprenant :

un substrat à semi-conducteurs (4) présentant
une surface incidente de lumière au niveau d’un
côté de surface arrière ;
une pluralité d’électrodes de transfert de charge
(2) disposées au niveau d’une surface de pho-
todétection au niveau d’un côté opposé du subs-
trat à semi-conducteurs par rapport à la surface
incidente de lumière, caractérisé en ce que
des ouvertures (OP) pour transmettre de la lu-
mière sont formées à l’intérieur des électrodes
de transfert de charge respectives.
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