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(57) ABSTRACT 

A solid-state image sensing device includes a plurality of 
pixels. Each pixel has a photodiode, a first transistor, and a 
second transistor. The photodiode is constituted by a first­
conductivity-type semiconductor region and a second-con­
ductivity-type semiconductor region. The first and second 
conductivity types are opposite to each other. The first tran­
sistor has a first-conductivity-type drain region formed in the 
second-conductivity-type semiconductor region to transfer 
signal charge to the drain region. The second transistor has a 
source region and a drain region which are formed in the 
second-conductivity-type semiconductor region and which 
have the first conductivity type. At least one second-conduc­
tivity-type potential barrier is provided under the drain region 
of the first transistor and the source region and/or the drain 
region of the second transistor. 
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SOLID-STATE IMAGE SENSING DEVICE 
AND CAMERA SYSTEM USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a solid-state image 
sensing device and a camera system using the same. 
[0003] 2. Description of the Related Art 
[0004] In recent years, the demand for solid-state image 
sensing devices has been rapidly increasing for use in image 
capturing apparatuses, such as, mainly, digital still cameras 
and video camcorders. As such solid-state image sensing 
devices, CCDs (Charge Coupled Devices) or MOS solid-state 
image sensing devices have been used. The former, as com­
pared to the latter, are widely used as high-definition image 
sensing devices, due to their high sensitivity and low noise, 
but, on the other hand, have some disadvantages. Specifically, 
the power consumption and the drive voltage are high and the 
cost is high since a general semiconductor manufacturing 
process cannot be used. Additionally, it is difficult to integrate 
peripheral circuits, such as a drive circuit. 
[0005] For these reasons, much effort has been devoted to 
the development of an amplifying-type MOS solid-state 
image sensing devices. In an amplifying-type solid-state 
image sensing devices, signal charge that is stored in a pho­
todiode is introduced into the control electrode of an ampli­
fying transistor, provided in each pixel, is amplified by the 
amplifying transistor, and the resulting output is output from 
the main electrode thereof in accordance with the amount of 
signal charge. In particular, for amplifying-type solid-state 
image sensing devices, efforts have been directed to the 
development of CMOS sensors using MOS transistors as 
amplifying transistors. The demand for portable telephones is 
projected to increase, and it is expected that MOS solid-state 
image sensing devices, which can overcome the above-de­
scribed disadvantages of CCDs, will be applied to portable 
apparatuses. 
[0006] FIG. 13 is a circuit diagram of a typical example of 
a CMOS sensor pixel for use in a solid-state image sensing 
device. 
[0007] In FIG. 13, reference numeral 30 represents a unit 
pixel, 1 is a photodiode for storing signal charge generated 
from incident light, 6 is a amplifying MOS transistor for 
outputting an amplified signal in accordance with the amount 
of signal charge, and 3 is a floating diffusion (hereinafter may 
be referred to as "FD") region which receives a signal charge 
and connects the signal charge to the gate electrode of the 
amplifying MOS transistor 6. Reference numeral 2 represents 
a transfer MOS transistor for transferring signal charge stored 
in the photodiode 1 to the FD region 3, 4 is a reset MOS 
transistor for resetting the FD region 3, and 5 is a selection 
MOS transistor for selecting an output pixel. Reference 
numeral 9a is a control line for applying a pulse to the gate of 
the transfer MOS transistor 2 to control the charge-transfer 
operation, 9b is a control line for applying a pulse to the gate 
of the reset MOS transistor 4 to control the reset operation, 
and 9c is a control line for applying a pulse to the gate of the 
selection MOS transistor 5 to control the selection operation. 
Reference numeral 10a is a power-supply wire which is con­
nected to the drain of the amplifying MOS transistor 6 and the 
drain of the reset MOS transistor 4 to provide a power-supply 
potential thereto. Reference numeral lOb is an output line for 
outputting an amplified signal of a selected pixel, 8 is a 
constant-current MOS transistor that operates as a constant 
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current source and that forms a source follower in conduction 
with the amplifying MOS transistor 6, and 10c is a wire for 
supplying a potential to the gate electrode of the MOS tran­
sistor 8 so as to operate thereof at constant current. 
[0008] An arrangement of a plurality of the above-de­
scribed pixels 30 in a two-dimensional matrix provides a 
pixel area for a two-dimensional solid-state image sensing 
device. In the matrix configuration, the output line 1 Ob is used 
as a common line for pixels in the same colunm and the 
control lines 9a, 9b, and 9c are each used as a common line for 
pixels in the corresponding row. Only pixels in a row that is 
selected by the control line 9c output signals to the corre­
sponding output line 1 Ob. 
[0009] FIG. 14 is a circuit diagram of another pixel for a 
conventional solid-state image sensing device. In FIG. 14, 
reference numeral 1 represents a photodiode, 2 is a transfer 
MOS transistor for transferring charge of the photodiode 1, 
and 3 is a floating diffusion region for temporarily storing the 
transferred charge. Reference numeral 4 is a reset MOS tran­
sistor for resetting the floating diffusion region 3 and the 
photodiode 1, 5 is a selection MOS transistor for selecting one 
row in the array, and 6 is a source-follower MOS transistor. 
This source-follower MOS transistor 6 converts charge in the 
floating diffusion region 3 into a voltage and amplifies the 
voltage using a source-follower amplifier. Reference numeral 
7 represents a read line, which is used as a common line in the 
same colunm, for reading a pixel voltage signal, and reference 
numeral 8 represents a constant current source for providing 
constant current to the read line 7. 
[0010] The operation of this conventional solid-state image 
sensing device will be briefly described below. The photo­
diode 1 converts incident light into charge, and the transfer 
MOS transistor 2 causes the charge to be stored in the floating 
diffusion region 3. The potential of the floating diffusion 
region 3 and the photodiode 1 is reset to a constant potential 
in advance by opening the reset MOS transistor 4 and the 
transfer MOS transistor 2. Thus, the potential of the floating 
diffusion region 3 varies in accordance with charge generated 
from incident light. 
[0011] The potential of the floating diffusion region 3 is 
amplified by the source-follower MOS transistor 6 and is 
output to the read line 7. When the selection MOS transistor 
5 is open, that pixel is selected. An output circuit (not shown) 
detects optical signal components by determining the differ­
ence between the potential of the floating diffusion region 3 
after optical signals are stored and the reset potential of the 
floating diffusion region 3. 

[0012] FIG. 15 is a schematic sectional view of the solid­
state image sensing device shown in FIG. 13. This schematic 
sectional view includes portions corresponding to the photo­
diode, the transfer MOS transistor, and the FD region. In this 
figure, reference numeral 11 represents an n-type semicon­
ductor substrate, 12 is a p well, and 15 is an n-type semicon­
ductor region formed in the p well 12. The p well 12 and the 
n-type semiconductor region 15 constitute a photodiode. Sig­
nal charge generated from incident light is stored in then-type 
semiconductor region 15. Reference numeral 14 is a gate 
electrode of the transfer MOS transistor 2 shown in FIG. 13. 
Reference numeral 18 represents an FD region, which is an 
n-type semiconductor region formed in the p well 12 and also 
serves as the drain region of the transfer MOS transistor 2. 
The source region of the transfer MOS transistor corresponds 
to then-type semiconductor region 15. Reference numeral 20 
represents a wire that is connected to the FD region 18 and 
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also to the gate electrode of an amplifying MOS transistor 
(not shown). Reference numeral 17 is an element-isolating 
insulating film, which is called a "LOCOS" oxide film. Ref­
erence numeral 29 is a p+ channel stopper, which is formed 
under the element-isolating insulating film 17 and has a dop­
ing concentration higher than the p well 12. 
[0013] FIG. 16 is a schematic sectional view of the solid­
state image sensing device shown in FIG. 14. This sectional 
view shows a combination of portions corresponding to the 
photodiode 1 and the transfer MOS transfer 2 shown in FIG. 
14. Reference numeral 11 represents an n-type silicon sub­
strate, 12 is a p well, 13a is a gate oxide film of the transfer 
MOS transistor 2, 13b is a thin oxide film provided on a 
light-receiving portion, 14 is the gate electrode of the transfer 
MOS transistor 2, and 15 is an n-type cathode of the photo­
diode 1. Reference numeral 16 represents a p-type surface 
region for providing a photodiode-buried structure, and 17 is 
a LOCOS oxide film for element isolation. Reference 
numeral 18 is a heavily-doped n-type region that forms a 
floating diffusion region and also acts as the drain region of 
the transfer MOS transistor 2. Reference numeral 19 is a 
silicon oxide film for providing insulation between the gate 
electrode and a first metal layer 21. Reference numeral 20 is 
a contact plug, 22 is an interlayer insulting film for providing 
insulation between the first metal layer 21 and a second metal 
layer 23, 24 is an interlayer insulating film for providing 
insulation between the second metal layer 23 and a third metal 
layer 25, and 26 is a passivation film. For a color photoelec­
trical conversion device, a color filter layer (not shown) is 
formed at the upper layer of the passivation film 26 and a 
micro-lens (not shown) is further formed thereon to improve 
the sensitivity. Incident light through the surface enters the 
photodiode through an aperture where the third metal layer 25 
is not provided. The light is absorbed by then-type cathode 15 
of the photodiode or the p well layer 12, so that electron-hole 
pairs are produced. Of these pairs, electrons are stored in an 
n-type cathode region. 
[0014] U.S. Pat. No. 6,403,998 discloses a solid-state 
image sensor in which a p-type buried layer is formed at a 
predetermined distance from an n-type substrate and a pho­
toelectric conversion section is formed thereabove. In addi­
tion, U.S. Pat. No. 6,504,193 discloses a solid-state image 
device in which one end of a photodiode is formed to extend 
to a position under a readout gate and a punch-through stop­
per region is formed under a signal detection portion, which 
corresponds to the drain region, to be in self-alignment with 
the gate electrode. 
[0015] With the conventional structures shown in FIGS. 15 
and 16, however, part of signal charge generated below the 
photodiode is not absorbed by the photodiode, and is, in tum, 
absorbed by the FD region 18 and the source and drain regions 
of the transistor within the pixel. As a result, the sensitivity 
decreases. 
[0016] Additionally, although various improvements have 
been made to CMOS solid-state image sensing devices, there 
is still a problem in that the sensitivity is low, particularly, in 
a device having a small pixel size. The present invention 
provides a CMOS solid-state image sensing device that has a 
novel structure and that can provide high sensitivity even for 
micro pixels. 
[0017] A description is now given to a reason why the 
sensitivity in the conventional structure shown in FIG. 16 is 
low. Referring to FIG. 16, electrons that are generated from a 
light ray 27 entering the aperture are successfully stored in the 
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n-type cathode region and serve as an effective signal charge. 
However, for example, as in the case of a light ray 28, elec­
trons that are generated at a position somewhat away from the 
photodiode may be captured, not by the n-type cathode 
region, but by then+ type floating diffusion region 18 where 
the potential is lower. In addition, even immediately under the 
photodiode, as a result of repeated diffusion and drift of 
electrons, the electrons are absorbed by a low potential region 
other than the photodiode with a certain probability and thus 
do not contribute as photoelectric conversion signals. When 
then-type cathode 15 is formed at a position deeper relative to 
the silicon surface, such an arrangement facilitates the pho­
todiode to collect the electrons. However, since the n-type 
cathode region is formed in the p well region 12 by ion 
implantation, the doping concentration cannot be reduced so 
significantly. This conventional structure also has a problem 
in that the n-type cathode 15 cannot be formed with a high 
doping concentration at a considerably deep position, due to 
the limitation of depletion behavior of then-type cathode 15. 
[0018] Thus, the volume of then-type cathode, which pro­
vides the photodiode, is limited. Consequently, a sufficient 
ability of collecting electrons generated from incident light 
cannot be achieved, resulting in low sensitivity. 
[0019] Meanwhile, the conventional structure disclosed in 
U.S. Pat. No. 6,403,998 also cannot prevent electrons that are 
generated at a deep position in response to incident light from 
being absorbed by the floating diffusion region 18 or the like, 
since no potential barrier is provided under the signal readout 
gate. Thus, this structure also has a problem in that the sen­
sitivity decreases. Also, the conventional structure disclosed 
in U.S. Pat. No. 6,504,193 cannot prevent some of electrons 
that are generated from incident light from being absorbed by 
the source and drain of another transistor in the pixel or from 
being absorbed by adjacent pixels, since the punch-through 
stopper region is formed only under a signal detection por­
tion. Thus, this structure also has a problem in that the sensi­
tivity decreases as well. 

SUMMARY OF THE INVENTION 

[0020] It is an object of the present invention to provide a 
solid-state image sensing device that has high sensitivity, 
particularly, for micro pixels, and another object of the 
present invention is to provide a camera system that are low in 
power consumption and in drive voltage and low in cost. 
[0021] To achieve the foregoing objects, according to a first 
aspect of the present invention, there is provided a solid-state 
image sensing device. The solid-state image sensing device 
has a plurality of pixels. Each pixel includes a photodiode that 
is constituted by a semiconductor region having a first con­
ductivity type and a semiconductor region having a second 
conductivity type to generate signal charge. The first conduc­
tivity type and the second conductivity type are opposite to 
each other. Each pixel further includes a first transistor that 
has a drain region, which has the first conductivity type 
formed in the second-conductivity-type semiconductor 
region to transfer the signal charge to the drain region, and a 
second transistor that has a source region and a drain region, 
which are formed in the second-conductivity-type semicon­
ductor region and which have the first conductivity type. At 
least one potential barrier having the second conductivity 
type is provided under the drain region of the first transistor 
and the source region and/or the drain region of the second 
transistor. With arrangement, since the at least one potential 
barrier is provided under an FD region and the source elec-
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trade and/or the drain electrode of each transistor, thereby 
increasing the sensitivity. This is because signal charge that is 
generated below the potential barrier is not absorbed by the 
FD region and the source region and/or the drain region, 
under which the potential barriers are provided, of each tran­
sistor. 
[0022] According to a second aspect of the present inven­
tion, there is provided a solid-state image sensing device. The 
solid-state image sensing has at least one pixel. Each pixel 
includes a photodiode that is constituted by a semiconductor 
region having a first conductivity type and a semiconductor 
region having a second conductivity type. The first conduc­
tivity type and the second conductivity type are opposite to 
each other. Each pixel further includes a transistor that has a 
source region and a drain region which are provided in the 
first-conductivity-type semiconductor region and which have 
the first conductivity type. A potential barrier having the 
second conductivity type is provided under the gate electrode 
of the transistor. With this arrangement, the potential barrier 
that is provided under the gate electrode of an n-type transis­
tor, which constitutes the pixel, prevents short-circuiting 
between the source and drain. The potential barrier also 
serves to allow the n-type transistor, provided even in an 
n-type semiconductor region, to operate. 
[0023] According to a third aspect of the present invention, 
there is provided a solid-state image sensing device. The 
solid-state image sensing device includes a substrate having a 
first conductivity type, a layer having a second conductivity 
type, and a layer having the first conductivity type. The sec­
ond-conductivity-type layer and the first-conductivity-type 
layer form a photodiode. At least one potential barrier, which 
is formed by a region having the second conductivity type, is 
provided around a region where the photodiode is formed. 
[0024] The second-conductivity-type region may be pro­
vided in the first-conductivity-type layer and the second­
conductivity-layer may be a buried layer. The second-con­
ductivity-type region may extend to the second-conductivity­
type buried layer in the depth direction. With this 
arrangement, when an n-type layer for the photodiode is 
surrounded by the buried layer having the opposite conduc­
tivity type and the layer having the same conductivity type as 
that of the buried layer, potential barriers are provided against 
electrons. In addition, this arrangement allows the photo­
diode to have a low doping concentration and to have a large 
volume, thereby increasing a collecting ability of optical sig­
nals. 
[0025] The potential barrier may be constituted by a plu­
rality of potential barriers that is arranged at a plurality of 
layers in the depth direction of the first-conductivity-type 
layer. With this arrangement, in a structure having a deep 
n-type layer for the photodiode, that is, in a structure having 
sensitivity even at a longer wavelength, providing a plurality 
of p-type layers allows for formation of effective potential 
barriers. 
[0026] The uppermost layer of the plurality oflayers may 
control a charge transfer path from the photodiode to a trans­
fer transistor. This arrangement can achieve a structure in 
which the transfer transistor can secure transfer of signals 
from the photodiode. 
[0027] A portion in at least the vicinity of the opposite­
conductivity-type buried layer in the first-conductivity-type 
layer may have a lower doping concentration than the sur­
rounding opposite-conductivity-type layer. With this 
arrangement, when the photodiode is reverse biased at the 
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time of storing charge, a depletion layer effectively extends 
toward then-type layer to facilitate complete depletion. Since 
the well layer and the buried layer are placed at substantially 
the same position in the horizontal plane direction, less pho­
tomask processing is required. Thus, this arrangement can 
provide a higher isolation effect. 
[0028] The first-conductivity-type layer may have a region 
having a doping concentration higher than the other regions, 
in a portion adjacent to the semiconductor surface. With this 
arrangement, electron potentials at the semiconductor surface 
become lower than in the other portions, and thus electrons 
gather in the vicinity of the surface at the time of storing 
charge. Consequently, electrons are less likely to remain at 
the time of transferring charge. 
[0029] The first-conductivity-type layer may be completely 
depleted during charge transfer. This arrangement can pro­
vide a "complete-transfer" photodiode, which allows for the 
determination of the concentration in the depth direction so 
that the photodiode that is surrounded by the opposite-type­
conductivity layer is depleted due to reverse biasing and 
which has no reset noise. 
[0030] According to a fourth aspect of the present inven­
tion, there is provided a method for manufacturing the solid­
state image sensing device of the third aspect of the present 
invention. In this manufacturing method, after the first-con­
ductivity-type layer is formed on the opposite-conductivity­
type buried layer, the opposite-conductivity-type layer is 
formed by ion implantation. This manufacturing method 
allows for the manufacture of a solid-state image sensing 
device that can deal with various spectral characteristics, by 
changing the thickness of the epitaxial layer. 
[0031] According to a fifth aspect of the present invention, 
there is provided a method for manufacturing the solid-state 
image sensing device of the third aspect of the present inven­
tion. In this manufacturing method, the opposite-conductiv­
ity-type buried layer is formed in such a manner that, after 
ions are implanted into the first-conductivity-type semicon­
ductor substrate, ions are implanted into the opposite-con­
ductive-type buried layer. This manufacturing method allows 
for formation of a uniform buried layer within a surface in the 
depth direction with high reproducibility by ion implantation, 
when there is no need to have a significantly high spectral 
sensitivity at a longer wavelength. 
[0032] In addition, an isolation region may be provided 
between adjacent pixels by STI (Shallow Trench Isolation). 
Since STI is used, even for minute pixels, it is possible to 
provide an image sensing device which has less charge leak­
age between adjacent pixels, which has low crosstalk, and 
which has high sensitivity. 
[0033] The entire contact surface between an oxide film, 
which is formed by the STI and which isolates pixels, and 
silicon may be covered by the first-conductivity-type semi­
conductor layer. With this arrangement, a depletion layer is 
not formed at the interface between the oxide film and the 
silicon during STI, which can provide an image sensing 
device having less noise when it is dark. 
[0034] An isolation region may be provided between adja­
cent pixels by deep trench isolation. With this arrangement, 
for minute pixels, isolations between the pixels can further be 
enhanced, which can provide an image sensing device having 
low cross talk and having high sensitivity. 
[0035] The entire contact surface between an oxide film, 
which is formed by the deep trench isolation and which iso­
lates pixels, and silicon may be covered by the first-conduc-
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t1v1ty-type semiconductor layer. With this arrangement, a 
depletion layer is not formed at the interface between the 
oxide film and the silicon during deep trench isolation, which 
can provide an image sensing device having less noise when 
it is dark. 
[0036] Further objects, features and advantages of the 
present invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a schematic sectional view of a solid-state 
image sensing device according to a first embodiment of the 
present invention. 
[0038] FIG. 2 is a schematic sectional view of a solid-state 
image sensing device according to a second embodiment of 
the present invention. 
[0039] FIG. 3 is a schematic sectional view of a solid-state 
image sensing device according to a third embodiment of the 
present invention. 
[0040] FIG. 4 is a schematic sectional view of a solid-state 
image sensing device according to a fourth embodiment of 
the present invention. 
[0041] FIG. 5 is a schematic sectional view of a solid-state 
image sensing device according to a fifth embodiment of the 
present invention. 
[0042] FIG. 6 is a schematic sectional view of a solid-state 
image sensing device according to a sixth embodiment of the 
present invention. 
[0043] FIG. 7 is a schematic sectional view of a solid-state 
image sensing device according to a seventh embodiment of 
the present invention. 
[0044] FIG. 8 is a plan view showing one example of a pixel 
of a solid-state image sensing device according to the present 
invention. 
[0045] FIG. 9 is a schematic sectional view of a solid-state 
image sensing device according to an eighth embodiment of 
the present invention. 
[0046] FIG.10 is a schematic sectional view of a solid-state 
image sensing device according to a ninth embodiment of the 
present invention. 
[0047] FIG. 11 is a circuit diagram of part of the solid-state 
image sensing device according to the present invention. 
[0048] FIG.12 is a block diagram of a camera system using 
the solid-state sensing device according to the present inven­
tion. 
[0049] FIG. 13 is a circuit diagram of a typical example of 
a CMOS sensor pixel for use in a solid-state image sensing 
device. 
[0050] FIG. 14 is a circuit diagram of a pixel of a conven­
tional solid-state image sensing device. 
[0051] FIG. 15 is a schematic sectional view of the solid­
state image sensing device shown in FIG. 13. 
[0052] FIG. 16 is a schematic sectional view of the solid­
state image sensing device shown in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0053] FIG. 1 is a schematic sectional view of a solid-state 
image sensing device according to a first embodiment of the 
present invention. 
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[0054] In FIG. 1, reference numeral 101 represents a semi­
conductor substrate having a first-conductivity-type (n-type 
in this case by way of example), 102 is a p well which is a 
second-conductivity-type semiconductor region, and 103 is 
an n-type semiconductor region which is formed in the p well 
102 and which is a first-conductivity-type semiconductor 
region. The p well 102 and then-type semiconductor region 
103 constitute a photodiode. Signal charge that is generated 
from incident light is stored in the n-type semiconductor 
region 103. Reference numeral 111 represents a drain region 
of a transfer transistor, which is a first transistor, for transfer­
ring signal charge generated by the photodiode. The drain 
region has the first conductivity type and serves as an FD 
region and an n-type semiconductor region formed in the p 
well 102. Reference numeral 109 represents a gate electrode 
of the transfer transistor. Then-type semiconductor regions 
103 and 111 serve as the source region and the drain region of 
the transfer transistor, respectively. Reference numeral 113 is 
a wire that is connected to the n-type semiconductor region 
111 and also to a gate electrode 130 of an amplifying transis­
tor, which is a second transistor. The amplifying transistor is 
constructed such that the gate electrode 130 is provided 
between a source region 131 and a drain region 132. Refer­
ence numeral 133 is a vertical signal line that is connected to 
the source region 131. The drain region 132 serves not only as 
the drain electrode of the amplifying transistor but also as the 
source region of a selection transistor, which is another sec­
ond transistor. Reference numeral 134 represents a drain elec­
trode of the selection transistor, and a gate electrode 135 is 
formed between the source electrode 132 and drain electrode 
134. Reference numeral 13 6 is a drain line that is connected to 
the drain electrode 134 of the selection transistor. Reference 
numeral 107 represents element-isolating insulating films 
that are formed with thick oxide films. Reference numeral 
106 represents p+ channel stoppers that are formed under the 
element-isolating insulating films 107 and that have a higher 
doping concentration than the p well 102. Reference numeral 
105 represents potential barriers. The potential barriers 105 
are formed with p-type semiconductor regions, which have 
the same conductivity type as the p well 102. 

[0055] Herein, it should be noted that a transfer transistor is 
referred to as a "first transistor" and transistors, other than the 
transfer transistor, which are formed in a pixel are referred to 
as "second transistors". 

[0056] Signal charge stored in the n-type semiconductor 
region 103 is transferred to the FD region 111 during a trans­
fer operation. The concentration of n-type dopants in the 
n-type semiconductor region 103 is set such that the n-type 
semiconductor region 103 is depleted immediately after a 
transfer. 

[0057] In the solid-state image sensing device of this 
embodiment, one pixel is constituted by the photodiode, 
transfer transistor, amplifying transistor, and selection tran­
sistor. The configuration of one pixel, however, is not limited 
to this particular embodiment. For example, one pixel may be 
constituted by a transfer transistor and amplifying transistor. 
Alternatively, one pixel may be constituted by a photodiode, 
transfer transistor, amplifying transistor, selection transistor, 
and reset transistor. 

[0058] The Potential barriers 105 in the present invention 
are characterized in that they are provided under the drain 
region of the first transistor and the source regions and/or the 
drain regions of the second transistors. When a plurality of 
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second transistors is formed, at least one potential barrier 105 
is provided so as to correspond to at least one source region 
and/or drain region thereof. 
[0059] The potential barriers 105 have a p-type impurity at 
a concentration higher than the p well 102. While the channel 
stoppers 106 and the potential barriers 105 are semiconductor 
regions having the same p+ type, the doping concentrations 
thereof may, of course, be different from each other. The 
potential barriers 105 are provided by implanting, for 
example, boron or gallium into the p well 102 using ion 
implantation. 
[0060] As shown in FIG. 1, the potential barriers 105 in the 
present invention are formed under the FD region 111 and the 
source and drain regions 131, 132, and 134 of the amplifying 
transistor and the selection transistor. 
[0061] As in the present invention, providing the potential 
barriers 105 under an FD region and the source electrode 
and/or the drain electrode of each transistor can improve the 
sensitivity. This is because signal charge that is generated 
below the potential barriers 105 is not absorbed by the FD 
region 111 and the source region and/or the drain region, 
under which the potential barriers 105 are provided, of each 
transistor. 
[0062] In addition, this arrangement is preferable because 
providing more potential barriers 105 under the source and 
drain regions of the second transistors provides a structure in 
which signal charge is less likely to be absorbed by regions 
other than the photodiode. 
[0063] The potential barriers 105 may also be provided 
under the element-isolating insulating films 107. Providing 
the potential barriers 105 under the element-isolating insulat­
ing films 107 can provide a structure in which signal charge is 
less likely to be absorbed by a photodiode or transistor within 
an adjacent pixel, thereby preventing signal charges between 
the adjacent pixels from being mixed. 

Second Embodiment 

[0064] FIG. 2 is a schematic sectional view of a solid-state 
image sensing device according to a second embodiment of 
the present invention. 
[0065] More specifically, FIG. 2 is a schematic sectional 
view of a solid-state image sensing device having a photo­
diode, a transfer transistor and a reset transistor for resetting 
an FD electrode 211. Thus, this solid-state image sensing 
device has a reset transistor, serving as a second transistor, for 
resetting the FD electrode 211. 
[0066] In FIG. 2, reference numeral 223 represents a gate 
electrode of the reset transistor for resetting the FD electrode 
211 and reference numeral 224 represents a drain region of 
the reset transistor and is connected to a power-supply line 
226. 
[0067] This embodiment is different from the first embodi­
ment described above in that a potential barrier 205 is also 
provided under the gate electrode 223 of the second transistor. 
Thus, the potential barrier 205 reduces the amount of signal 
charge that is absorbed by n-type semiconductor regions 
other than the photodiode, thereby enhancing the sensitivity. 
[0068] While the second transistor in this embodiment has 
been described in conjunction with the reset transistor by way 
of example, it may be an amplifying transistor or selection 
transistor as in the first embodiment. In addition, a plurality of 
second transistors may be provided. 
[0069] For example, the potential barriers 205 of the 
present invention may be provided in a solid-state image 
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sensing device in which each pixel is constituted by a photo­
diode, transfer transistor, reset transistor, amplifying transis­
tor, and selection transistor. 
[0070] Providing the potential barriers 205 under the gate 
electrodes, source regions, and drain regions of all the tran­
sistors provided within a pixel makes it more difficult for 
signal charge to be absorbed by regions other than the pho­
todiode, thereby improving the sensitivity. 
[0071] In addition, providing the potential barriers 205 
under the element-isolating insulating regions 207 can pro­
vide a solid-state image sensing device in which the potential 
barriers 205 are provided in regions deeper than the source 
and drain regions of the transistors so as to surround the 
photodiode. 
[0072] As described above, providing the potential barriers 
205 around the photodiode makes it difficult for signal 
charge, generated by the photodiode, to be absorbed by the 
source or drain region of the adjacent transistor, thereby 
enhancing the sensitivity. 
[0073] The potential barriers 205 that are provided so as to 
surround the photodiode may have at least one opening. 
[007 4] With a structure in which, the potential barriers 205 
without an opening therein are provided around the photo­
diode, when signal charge overflows from the photodiode, 
blooming is prone to occur since the signal charge that over­
flows therefrom is not easily absorbed by the surrounding 
n-type semiconductor region. Accordingly, it is preferable 
that an opening having no potential barrier 205 therein be 
provided in at least one portion around the photodiode to 
absorb signal charge that overflows therefrom so that bloom­
ing can be suppressed. 

Third Embodiment 

[0075] FIG. 3 is a schematic sectional view ofa solid-state 
image sensing device according to a third embodiment of the 
present invention. 
[0076] Specifically, FIG. 3 is a schematic sectional view of 
a solid-state image sensing device having a photodiode, a 
transfer transistor, and a reset transistor for resetting an FD 
electrode 311. 
[0077] Referring to FIG. 3, an n well or n-type semicon­
ductor region 303 is provided as a first-conductivity-type 
semiconductor region at a layer above an n-type semiconduc­
tor substrate 301. A p-type semiconductor region 302 is pro­
vided as a second-conductivity-type semiconductor region. 
The p-type semiconductor region 302 and then-type semi­
conductor region 303 constitute a photodiode. A first-conduc­
tivity-type signal-charge storing region 312 collects and 
stores signal charge generated by the photodiode and has a 
doping concentration higher than the n-type semiconductor 
region 303. 
[0078] The difference between the configurations shown in 
FIGS. 2 and 3 is as follows. In the configuration shown FIG. 
2, in the p well 202, the transistors having then-type source 
and drain regions, which type being opposite to that of the p 
well, are formed, and also the potential barriers 205 have the 
same conductivity type as the p well 202. In contrast, in this 
embodiment shown in FIG. 3, in then-type semiconductor 
region 303 which is a first-conductivity-type semiconductor 
region, transistors having the source and drain regions of the 
same conductivity type as that of the n-type semiconductor 
region 303 are formed. Further, p-type potential barriers 305 
having an opposite conductivity type to that of the n-type 
semiconductor region 303 are provided. 
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[0079] In this embodiment, as transistors that constitute a 
pixel in conjunction with the photodiode, a transfer transistor 
for transferring signal charge generated by the photodiode 
and a reset transistor for resetting the FD electrode 311 are 
illustrated. The transistors, however, are not limited to this 
particular configuration. For example, transistors provided in 
the pixel may be any one or a combination of a transfer 
transistor, reset transistor, amplifying transistor, selection 
transistor, and the like. 
[0080] In this embodiment, the potential barriers 305 that 
are provided under the gate electrodes of then-type transis­
tors, which constitute the pixel, prevent short-circuiting 
between the sources and drains. The potential barriers 305 
also serve to allow then-type transistors, provided even in the 
n-type semiconductor region 303, to operate. 
[0081] The potential barriers 305 that are placed under the 
gate electrodes may be sized so as to correspond to the gate 
regions or may be formed under parts of the gate electrodes. 
[0082] Thus, in this embodiment, the potential barrier 305 
that is placed under the gate electrode 309 of the transfer 
transistor is positioned under part of the gate electrode 309, 
and the potential barrier 305 that is sized to correspond to the 
gate electrode 323 is provided under the gate electrode 323 of 
the reset transistor. 
[0083] Herein, the potential barriers provided under the 
source and drain regions may also be positioned under parts 
of the source and drain regions. 
[0084] In a pixel structure as shown in FIG. 3, since the 
n-type region of the photodiode is formed deep in the light 
traveling direction, quantum efficiency for the signal charge 
is enhanced, even compared to the first embodiment. 
[0085] In the third embodiment, since then-type transistors 
in the pixel are formed in the n-type semiconductor region, 
the threshold potential of the n-type transistors becomes 
lower than the threshold potential of the conventional n-type 
transistors. This makes it possible to increase the input/output 
range of the amplifying transistor. 
[0086] The threshold potential of the transistors in this 
embodiment allows a fluctuation due to a back-gate effect to 
decrease and allows an increase in the gain compared to the 
conventional configurations. 
[0087] The potential barriers 305 may also be provided 
under the element-isolating insulating regions 307. Providing 
the potential barriers 305 under the element-isolating insulat­
ing films 307 can provide a structure in which signal charge is 
less likely to be absorbed by a photodiode or transistor in an 
adjacent pixel, thereby preventing signal charges between the 
adjacent pixels from being mixed. 

Fourth Embodiment 

[0088] FIG. 4 is a schematic sectional view of a solid-state 
image sensing device according to a fourth embodiment of 
the present invention. 
[0089] This embodiment is different from the third embodi­
ment shown in FIG. 3 in that a potential barrier 405 is pro­
vided not only under the gate of a transistor but also under the 
source region and/or the drain region of the transistor pro­
vided in a pixel. 
[0090] Providing the potential barrier 405 under the source 
region and/or the drain region as well as under the gate can 
provide a structure in which signal charge generated below 
the potential barrier 405 is less likely to be absorbed by the 
source region and/or the drain region of the transistor, thereby 
further enhancing the sensitivity. 
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[0091] In this embodiment, a transfer transistor for trans­
ferring signal charge generated by the photodiode and a reset 
transistor for resetting an FD electrode are illustrated as tran­
sistors provided in the pixel. The transistors, however, are not 
limited to this particular configuration. For example, the tran­
sistors in the pixel may be any one or a combination of a 
transfer transistor, reset transistor, amplifying transistor, 
selection transistor, and the like. 
[0092] The potential barrier 405 may also be provided 
under the element-isolating insulating film 407. Providing the 
potential barrier 405 under each element-isolating insulating 
film 407 can provide a structure in which signal charge is less 
likely to be absorbed by a photodiode or transistor in an 
adjacent pixel, thereby preventing signal charges between the 
adjacent pixels from being mixed. 
[0093] As described above, providing the potential barriers 
405 around the photodiode makes it difficult for signal 
charge, generated by the photodiode, to be absorbed by the 
source or drain region of the adjacent transistor, thereby 
enhancing the sensitivity compared to a case in which no 
potential barrier is provided. The potential barriers 405 that 
are provided so as to surround the photodiode may have at 
least one opening therein where no potential barrier is pro­
vided. 
[0094] With a structure in which the potential barriers 405 
without an opening therein are provided around the entire 
periphery of the photodiode, when signal charge overflows 
from the photodiode, blooming is prone to occur since the 
signal charge that overflows therefrom is not easily absorbed 
by the surrounding n-type semiconductor region. Accord­
ingly, providing an opening, where the potential barrier 405 is 
not provided, in at least one portion around the photodiode 
allows blooming to be suppressed by absorbing signal charge 
that overflows from the photodiode. 
[0095] As an alternative for suppressing blooming, a so­
called "vertical overflow drain" structure is available. In the 
structure, the doping concentration of a p-type semiconductor 
region 402 is made lower than the doping concentration of the 
potential barriers 405 to permit signal charge that overflows 
from the photodiode to escape into an n-type semiconductor 
substrate 401. Such a structure can eliminate the need for 
providing the above-described opening, thereby enhancing 
the sensitivity compared to a case in which the above-de­
scribed opening is not provided. 
[0096] In this embodiment, a signal-charge storing region 
412 is provided, but does not necessarily have to be provided. 
A so-called "buried photodiode" may be employed. That is, a 
p-type semiconductor region may be formed at the semicon­
ductor interface portion of the signal-charge storing region 
412 or the n-type semiconductor region in which signal 
charge is stored. 
[0097] As the pixel structure in the first to fourth embodi­
ments described above, a structure in which the polarities of 
then-type and p-type layers and portions are all inverted may 
be used. 

Fifth Embodiment 

[0098] A fifth embodiment will now be described with 
reference to FIG. 5. FIG. 5 is a schematic sectional view of a 
solid-state image sensing device according to a fifth embodi­
ment of the present invention. 
[0099] In FIG. 5, a photodiode portion, a transfer MOS 
transistor portion, and a floating diffusion portion within a 
pixel are shown, as in the conventional example shown in 

TSMC EX. 1027 Page 19 of 23



US 2013/0203208 Al 

FIG. 16. Reference numeral 501 is ann-type silicon substrate, 
502 is a heavily-doped p-type buried layer, 503 is an n-type 
epitaxial layer that acts as the cathode ofthephotodiode, 504a 
and 504b are p-type isolation layers, and 505a and 505b are p 
well layers. Reference numeral 506a is a channel-stop p-type 
layer that is provided under a field oxide film 507. Reference 
numeral 508 is a gate oxide film of the transfer MOS transis­
tor, 509 is the polysilicon gate of the transfer MOS transistor, 
and 510 is a p-type surface layer for providing a buried­
photodiode structure. 
[0100] Reference numeral 511 is an n-type drain diffusion 
region for the transfer MOS transistor. Then-type drain dif­
fusion region 511 acts as a floating diffusion portion that 
temporarily stores transferred charge. Further, reference 
numeral 512 represents a first interlayer insulating film, 513 is 
a contact plug, 514 is a first-layer wiring layer, 515 is a second 
insulating film, 516 is a second-layer wiring layer, 517 is a 
third interlayer insulating film, 518 is a third-layer wiring 
layer, and 519 is a passivation film. 
[ 0101] While three wiring layers are formed in this embodi­
ment, the number of wiring layers may be one or two to ensure 
optical properties depending on the specifications of the sen­
sor. It is to be noted that such a configuration is also consistent 
with the essence of the present invention. When the solid­
state image sensing device of this embodiment is used as a 
color-image sensing device, forming a color filter layer on the 
passivation film and further forming a micro-lens above the 
color filter layer can improve the photo sensitivity, in the same 
manner as in conventional image sensing devices. Also, the 
p-type isolation layers 504a and 504b and the p well layers 
505a and 505b, together with the heavily-doped p-type buried 
layer 502, surround then-type epitaxial region 503 that acts as 
the cathode of the photodiode. This structure provides elec­
trical isolation between the photodiodes of adjacent pixels. 
[0102] Of electron-hole pairs generated in the pixel from 
incident light rays 520 and 521, electrons are securely stored 
as signal charge in the photodiode by potential barriers pro­
vided by the various p-type layers surrounding the n-type 
epitaxial layer 503. The p well layer 505a is placed almost 
immediately under the transfer MOS transistor, and also con­
trols a transfer path for transferring electrons that are stored in 
then-type epitaxial layer 503 to the floating diffusion portion 
511 through the channel of the transfer MOS transistor. 
Appropriately designing the concentrations, depths, and hori­
zontal directions of the p well layers 505a and 505b enables 
the n-type epitaxial layer 503 to be completely depleted in 
response to application ofa read voltage to the MOS gate 509. 
[0103] The p well layer 505a, which is electrically con­
nected with the p-type isolation layer 504a, acts as a well for 
the charge transfer MOS transistor to control the threshold 
voltage thereof. Another p-type layer 505a is also arranged 
under another transistor within the pixel and also acts as a 
well for the transistor. The heavily-doped p-type buried layer 
502 is arranged at a depth that provides spectral characteris­
tics needed by the sensor. In terms of forming the potential 
barriers, a doping concentration of 1El5 (/cm3

) or more is 
sufficient. Also, in order to reduce electrical resistance, it is 
desirable to form the heavily-doped buried layer 502 with a 
high concentration. However, implantation with a high dos­
age of ions with high energy leads to an increase in manufac­
turing cost. Thus, in reality, the upper limit of the concentra­
tion depends on such a factor. 
[0104] The horizontal positions of the p-type isolation lay­
ers 504a and 504b are determined, based on the aperture area 
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of the photodiode and a position at which incident light can 
reach. It is sufficient for the doping concentration to be 1El5 
(/cm3

) or more in order to allow for the formation of the 
potential barriers. When the thickness of then-type epitaxial 
layer is greater than that in this embodiment, a second p-type 
isolation layer may be added to provide a structure in which 
the p-type layers are coupled in the depth direction. 
[0105] A method for manufacturing the structure of this 
embodiment will now be described. There are generally two 
types of methods for forming the heavily-doped p-type buried 
layer 502. 
[0106] In the first method, after boron ions are implanted 
into the surface of then-type silicon substrate 501, then-type 
silicon layer 503 is epitaxially grown. The doping concentra­
tion of then-type substrate 501 is preferably in the range of 
1El3 to lEl 5 (/cm3

). The doping concentration of then-type 
buried layer 502 may be in the range of 1El5 to 1E20 (/cm3

). 

The doping concentration of the n-type epitaxial layer 503 
may be in the range of1El4 to 1El6 (/cm3

). The thickness of 
then-type epitaxial layer 503 is set depending on a required 
spectral sensitivity. The thickness thereof is preferably about 
2 to 6 µm for a typical visible-light image sensing device. 
[0107] In the second method, with an accelerated energy of 
1 MeV to 5 MeV, boron ions are implanted through the 
surface of an n-type silicon substrate having a doping con­
centration of 1El4 to 1El6 (/cm3

) or an epitaxially-grown 
n-type silicon substrate, to form the heavily-doped p-type 
buried layer 502. The surface side of the heavily-doped p-type 
buried layer 502 becomes the n-type epitaxial layer 503 
shown in FIG. 5. Next, the p-type isolation layers 504a and 
504b and then the p well layers 505a and 505b are formed by 
patterning and ion implantation. The net doping concentra­
tion of the p-type isolation layers 504a and 504b, i.e., the 
doping concentration thereof after being cancelled out by the 
doping concentration of the underlying n-type silicon, can be 
in the range of lEl 5 to lEl 8 (/cm3

). 

[0108] Designing the isolation layers 504a and 504b to 
have a doping concentration higher than that of the n-type 
epitaxial layer 503 allows the p-type layers to act as potential 
barriers without being depleted even when the pnjunction of 
the photodiode is reverse biased. When the thickness of the 
epitaxial layer is about 4 µm as in this embodiment, the ion 
implantation range in the p-type isolation layers 504a and 
504b is, preferably, 1.5 to 3.0 µm. 
[0109] In this embodiment, boron is used as the ion species 
and a dosage of 6El 1 ( cm-2

) is implanted with an energy of 
1,200 KeV. Under these conditions, the range of boron ions 
becomes 1.9 µm, which can provide electrical connection 
between the p-type isolation layers 504a and 504b and the 
heavily-doped p-type buried layer 502. 
[011 OJ With regard to the p well layers 505a and 505b, the 
ion implantation range is, preferably, 0.5 to 1.5 µm. In this 
embodiment, boron is used as the ion species and a dosage of 
1El2 (cm-2

) is implanted with an energy of 500 KeV. Under 
these conditions, the range of boron ions becomes 1.0 µm, 
which can provide electrical connection between the p well 
layer 505a and the p-type isolation layer 504a and between 
the p well layer 505b and the p-type isolation layer 504b. 
[0111] The conditions for forming the p-type isolation lay­
ers 504a and 504b and p well layers 505a and 505b vary 
depending on the thickness of the epitaxial layer 503. When 
the thickness of the epitaxial layer is 6 µm or more, a structure 
having p-type isolation layers at two layers is preferable in 
order to electrically connect the p well layers with the 

TSMC EX. 1027 Page 20 of 23



US 2013/0203208 Al 

heavily-doped p-type buried layer. When the thickness of the 
epitaxial layer is 2 µm or less, there is no need to provide the 
p-type isolation layers. The thickness of the epitaxial layer 
defines the spectral sensitivity at a longer wavelength of an 
image sensing device, and, in a typical visible light band, 4 
µm is sufficient for the thickness thereof. Thus, the structure 
of this embodiment is advantageously used in an image sens­
ing device for a visible light band. 
[0112] Next, the channel stop layers 506a and 506b are 
formed by ion implantation, and then the field oxide films 507 
are formed by common LOCOS separation or a recessed 
LOCOS process. After the polysilicon electrode 509 is 
formed, the p-type surface layer 510 and the heavily-doped 
n-type layer 511 are formed on the surface of the photodiode 
by ion implantation. In this manufacturing method, since 
processes after making the contact are analogous to those for 
the conventional image sensing devices, the description 
thereof will be omitted. 
[0113] According to this embodiment, photocarriers that 
cannot be captured by the conventional photodiodes can also 
be captured, thereby improving the sensitivity. In this 
embodiment, although the epitaxial layer 503 has an n-con­
ductivity type, it may have a p-conductivity type. Thus, natu­
rally, the present invention is also applicable to a case in 
which all the conductivity types of those portions and layers 
are inverted to constitute a hole-storing pixel. 
[0114] FIG. 8 is a plan view of one example of a pixel in the 
present invention. A p well-layer and isolation-layer region 
802 is arranged as indicated by a dotted line so as to surround 
a photodiode 801. A transfer-transistor gate line 803 for trans­
ferring charge is arranged at one side of the photodiode 801. 
A floating diffusion region 804 is also provided to tempo­
rarily store transferred charge. 
[0115] While an amplifying MOS transistor, a reset MOS 
transistor, and a row-selection MOS transistor are not shown 
in this plan view, the illustrated configuration is not intended 
to limit the arrangement of those devices to achieve the 
present invention. The main point in this plan view is that well 
and isolation layers surround the photodiode to provide iso­
lation from adjacent pixels. 
[0116] FIG. 11 is a schematic view of a circuit in which a 
large number of pixel circuits of the present invention are 
arranged in two dimensions. Pixels 1101 each have a photo­
diode 1102, a transfer MOS transistor 1103, an amplifying 
MOS transistor 1104, a reset MOS transistor 1105, and a 
selection MOS transistor 1106. The gates of the selection 
MOS transistors 1106 in the same row are connected to the 
same selection line 1107, the gates of the reset MOS transis­
tors 1105 in the same row are connected to the same reset line 
1108, and the gates of the transfer MOS transistors 1103 are 
connected to the same transfer line 1109. These lines 1107, 
1108, and 1109 are scanned and selected by a vertical scan 
circuit 1110. Current sources 1112 are connected to the out­
put lines 1111 in the corresponding columns, and the poten­
tials of the output lines 1111 can be read by a source-follower 
operation. 
[0117] The optical-signal-transfer MOS transistor 1113 
that is selected by an optical-signal read line 1115 causes an 
optical signal on the corresponding output line 1111 to be 
stored in a charge storing section 1118, and, similarly, a 
noise-signal transfer MOS transistor 1114 that is selected by 
a noise-signal read line 1116 causes a noise signal to be stored 
in the charge storing section 1118. Optical and noise signals 
that are stored in the charge storing section 1118 are sequen-
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tially scanned and read by a horizontal scan circuit 1117. The 
difference of an optical signal and a noise signal which are 
read is output by a differential amplifier circuit (not shown). 
[0118] FIG. 12 shows a circuit block of an example of a 
camera system incorporating the solid-state image sensing 
device of the present invention. A shutter 1201 is placed in 
front of an image-taking lens 1202 to control an exposure. A 
diaphragm 1203 controls the light intensity as needed, and an 
image is formed on a solid-state image sensing device 1204. 
A signal output from the solid-state image sensing device 
1204 is processed by a captured-image signal processing 
circuit 1205 and is converted by anA/D converter 1206 from 
an analog signal to a digital signal. The output digital signal is 
further subjected to computational operations by a signal 
processor 1207. The resulting digital signal is stored in a 
memory 1210 and/or is transferred to an external apparatus 
via an external interface (I/F) 1213. A timing generator 1208 
controls the solid-state image sensing device 1204, the signal 
processing circuit 1205, the AID converter 1206, and the 
signal processor 1207. An entire-control/operation section 
1209 controls the entire system. The output digital signal is 
recorded as image data in a recording medium 1212 via a 
recording-medium control interface (I/F) 1211, which is con­
trolled by the entire-control/operation section 1209. 
[0119] Not only can the present invention substantially 
increase the sensitivity of a CMOS solid-state image sensing 
device, but also allows for the configuration of a photodiode 
having an increased volume of an n-type layer compared to 
conventional configurations. This can therefore increase satu­
ration charge in the image sensing device. 
[0120] In addition, the doping concentration of the junction 
portion where the p-type surface layer 510 and the n-type 
epitaxial layer 503 of the buried photodiode are in contact 
with each other is lower than that of the conventional con­
figurations. Thus, the present invention can reduce the rate of 
pixel defects, thereby improving the quality compared to the 
conventional examples. 

Sixth Embodiment 

[0121] A sixth embodiment will now be described with 
reference to FIG. 6. FIG. 6 is a schematic sectional view of a 
solid-state image sensing device according to a sixth embodi­
ment of the present invention. Since the wiring portions 
except the gate electrode are the same as those in the fifth 
embodiment, the common portions are not shown. 
[0122] What is different from the fifth embodiment is that 
another n-type layer 612 is provided adjacent to the surface of 
an n-type epitaxial layer 603 in the photodiode structure. The 
n-type layer 612 is placed under a p-type surface layer 610 
and also extends to a region under part of a polysilicon gate 
electrode 609. The doping concentration of then-type layer 
612 is higher than that of then-type epitaxial layer 603, and is, 
preferably, about lEl 5 to lEl 7 (/cm3

). Since then-type layer 
612 is a region where the potential for electrons is low, elec­
trons gather in the n-type layer 612 when charge is being 
stored. Thus, the structure of this embodiment is suitable for 
completely transferring electrons when the MOS transistor 
transfers charge. Complete transfer of the electrons can elimi­
nate a fluctuation in the number of electrons remaining in the 
photodiode, which makes it possible to configure an image 
sensing device having low random noise. 
[0123] Then-type layer 612 is formed by patterning and ion 
implantation in a process prior to the formation of the poly­
silicon gate electrode 609. Alternatively, after the polysilicon 
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gate electrode 609 is formed, then-type layer 612 can be laid 
under the polysilicon gate electrode 609 by oblique ion 
implantation. Other portions in the sectional view of FIG. 6 
are the same as those in the fifth embodiment. P-type isolation 
layers 604a and 604b and p well layers 605a and 605b, which 
are critical portions in the present invention, can be formed 
using the same method as for the fifth embodiment. Since 
other portions are analogous, the descriptions thereof will be 
omitted. 

[0124] This embodiment offers an advantage in that charge 
being stored is easily transferred by the transfer MOS tran­
sistor, since a portion having a doping concentration higher 
than the other portions is provided adjacent to the surface of 
the cathode portion of the photodiode. This structure facili­
tates complete transfer of photodiode charge, which can 
achieve a device having less random noise. This embodiment 
can also be applied to the plane structure in FIG. 8, the circuit 
configuration in FIG. 11, and the block configuration in FIG. 
12, which provides an image sensing system that operates 
effectively. 

Seventh Embodiment 

[0125] A seventh embodiment will now be described with 
reference to FIG. 7. FIG. 7 is a schematic sectional view of a 
solid-state image sensing device according to a seventh 
embodiment of the present invention. 

[0126] In this embodiment, in terms of dopant concentra­
tion, p-type isolation layers 704a and 704b are not in com­
plete contact with p well layers 705a and 705b and a heavily­
doped p-type buried layer 702. Even with this structure, it can 
advantageously be used as long as these p-type regions 704a, 
704b, 705a, 705b, and 702 form sufficient potential barriers 
againstthen-typeregion (ann-type epitaxial layer703) of the 
photodiode. The potential barriers can be determined from 
the amount of charge desired to be stored in the photodiode. 
While the thickness of then-type epitaxial layer in the fifth 
embodiment is 2 to 6 µm, the number of isolation layers can 
be increased in the depth direction in order to form potential 
barriers with the p-type layers. Since other portions in the 
sectional view of FIG. 7 are the same as those in the fifth 
embodiment, the description thereof will be omitted. 

[0127] As illustrated in this embodiment, the present inven­
tion can advantageously be used as long as sufficient potential 
barriers are formed even when the isolation layers are out of 
contact with the p well layers and the p-type buried layer. That 
is, it is sufficient to arrange the number and doping concen­
tration of required isolation layers according to the essence of 
this embodiment, depending on the thickness of the n-type 
epitaxial layer. 

Eighth Embodiment 

[0128] An eighth embodiment will now be described with 
reference to FIG. 9. FIG. 9 is a schematic sectional view of a 
solid-state image sensing device according to an eighth 
embodiment of the present invention. This embodiment illus­
trates a case in which STI (Shallow Trench Isolation) is 
employed as an element isolation method. In this embodi­
ment, in terms of dopant concentration, p-type isolation lay­
ers 904a and 904b are not in complete contact with p well 
layers 905a and 905b and a heavily-doped p-type buried layer 
902. This structure is the same as that of the seventh embodi­
ment. 
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[0129] Referring to FIG. 9, p-type regions 906a and 906b 
are arranged under STI oxide films 907 so that the interfaces 
between the STI oxide films 907 and the silicon are not 
depleted. The p-type regions 906a and 906b are particularly 
significant in order to prevent the side surfaces of the STI 
oxide films 907 from being depleted. The p well layers 905a 
and 905b are formed at the same depth as those of the seventh 
embodiment, and prevent charge from leaking into adjacent 
pixels. Further, the p well layers 905a and 905b control the 
transfer path for the transfer MOS transistor and also control 
a threshold thereof. The p well layer 905b, which is located 
immediately under the STI oxide film 907, provides a poten­
tial barrier immediately under the device-isolating region and 
also serves as a channel stopper under the S TI oxide film 907. 
[0130] As in the other embodiments, the p-type isolation 
layers 904a and 904b provide potential barriers between the p 
well regions 905a and 905b and the heavily-doped p-type 
buried region 902. 
[0131] Since other structures are the same as those of the 
sixth and seventh embodiments, the descriptions thereof will 
be omitted. Since STI is used to isolate elements, this embodi­
ment has additional advantages. Specifically, isolation 
between adjacent photodiodes is enhanced. Further, the shape 
of a resist is stabilized even when micro-processing is 
involved, since the surface is flat. In addition, since ion 
implantation can be used to form the p-type isolation layers 
and the p well layers after the formation of the STI oxide 
films, a micro-pattern can be formed such that the p-type 
isolation layers and the p well layers do not expand due to heat 
diffusion during oxidation. Accordingly, this embodiment 
using STI is suitable for manufacture of an image sensing 
device having micro pixels. 

Ninth Embodiment 

[0132] A ninth embodiment will now be described with 
reference to FIG.10. FIG.10 is a schematic sectional view of 
a solid-state image sensing device according to a ninth 
embodiment of the present invention. This embodiment illus­
trates a case in which DTI (Deep Trench Isolation) is 
employed as an element isolation method. 
[0133] In this embodiment, in terms of dopant concentra­
tion, a p-type isolation layer 1004 and a p well layer 1005 are 
not in complete contact with a heavily-doped p-type buried 
layer 1002. This structure is the same as those of the seventh 
and eighth embodiments. Trench isolation oxide films 1007 
extend to a depth of3 µmin the silicon. P-type regions 1006a 
and 1006b cover the interfaces between the trench-isolation 
oxide films 1007 and the silicon to prevent the interfaces 
thereof from being depleted. The p-type regions 1006a and 
1006b prevent dark current from being generated and also 
form potential barriers between the trench-isolation oxide 
films 1007 and the heavily-doped p-type buried layer 1002. 
Since other structures are the same as those of the sixth to 
eighth embodiments, the descriptions thereof will be omitted. 
[0134] Since deep trench isolation is used to isolate ele­
ments, this embodiment has additional advantages. Specifi­
cally, isolation between adjacent photodiodes is further 
improved. Isolations regions that are narrow and deep can be 
provided, thereby providing a structure suitable for micro 
pixels. 
[0135] As described above, according to the present inven­
tion, since the potential barriers are provided in the pixel 
structure, signal charge is less likely to be absorbed by por­
tions other than the photodiode. Thus, it is possible to achieve 
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a solid-state image sensing device having high sensitivity. In 
addition, according to the present invention, it is possible to 
provide a photodiode having an n-type layer large in volume, 
compared to the conventional configurations. Thus, it is pos­
sible to increase saturation charge in the image sensing 
device. 
[0136] Additionally, the doping concentration of the junc­
tion portion where the n-type epitaxial layer and the p-type 
surface layerofthe buried photodiode are in contact with each 
other is lower than the doping concentration of the conven­
tional configurations. Thus, the present invention can reduce 
the rate of pixel defects, thereby improving the quality com­
pared to the conventional examples. 
[ 013 7] Furthermore, a portion having a higher doping con­
centration than that of the other portions is provided adjacent 
to the cathode portion of the photodiode to thereby facilitate 
complete transfer of photodiode charge. Thus, it is possible to 
achieve a solid-state image sensing device having low ran­
dom noise. 
[ 0138] While the present invention has been described with 
reference to what are presently considered to be the preferred 
embodiments, it is to be understood that the invention is not 
limited to the disclosed embodiments. On the contrary, the 
invention is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope 
of the appended claims. The scope of the following claims is 
to be accorded the broadest interpretation so as to encompass 
all such modifications and equivalent structures and func­
tions. 

1-15. (canceled) 
16. A method for manufacturing an imaging apparatus, the 

method comprising: 
forming a photoelectric conversion region in a first semi­

conductor region of a first conductivity type, the first 
semiconductor region being formed on a semiconductor 
substrate of the first conductivity type; 

forming a source region and a drain region of a transistor in 
the first semiconductor region, the source and drain 
regions being of the first conductivity type; 

forming a gate electrode of the transistor on the first semi­
conductor region; and 

forming a second semiconductor region of a second con­
ductivity type in the first semiconductor region, 
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wherein the second semiconductor region is arranged 
under at least a part of the transistor. 

17. The method for manufacturing an imaging apparatus 
according to claim 16, wherein the second semiconductor 
region is formed by ion implantation of an impurity of the 
second conductivity type into the first semiconductor region. 

18. The method for manufacturing an imaging apparatus 
according to claim 16, wherein the photoelectric conversion 
region is formed by ion implantation of an impurity of the first 
conductivity type into the first semiconductor region. 

19. The method for manufacturing an imaging apparatus 
according to claim 16, further comprising: 

forming an insulator for electrically isolating the photo­
electric conversion region and/or the transistor; and 

forming a third semiconductor region of the second con­
ductivity type under the insulator. 

20. The method for manufacturing an imaging apparatus 
according to claim 19, wherein the third semiconductor 
region is formed by a plurality of ion implantation with dif­
ferent implantation energies. 

21. The method for manufacturing an imaging apparatus 
according to claim 16, further comprising: 

forming a buried semiconductor region of the second con­
ductivity type in the first semiconductor region, 

wherein the second semiconductor region is formed in an 
upper part of the first semiconductor region with respect 
to the buried semiconductor region. 

22. The method for manufacturing an imaging apparatus 
according to claim 21, wherein the second semiconductor 
region is formed to be electrically connected to the buried 
semiconductor region. 

23. The method for manufacturing an imaging apparatus 
according to claim 16, further comprising: 

forming, before the first semiconductor region is formed, a 
semiconductor layer of the second conductivity type on 
the semiconductor substrate; and 

forming the first semiconductor region on the semiconduc­
tor layer, whereby the semiconductor layer is buried. 

24. The method for manufacturing an imaging apparatus 
according to claim 16, wherein the first semiconductor region 
is formed by epitaxial process. 

* * * * * 
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