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SOLID-STATE IMAGING DEVICE,
PRODUCTION METHOD THEREOLE, AND
ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The mnvention generally relates to solid-state 1imag-
ing devices, production methods thereof, and electronic
devices provided with the solid-state imaging devices.
[0003] 2. Description of the Related Art

[0004] Solid-state imaging devices are broadly classified
into amplification type solid-state imaging devices, which are
typically 1llustrated by CMOS (complementary metal-oxide
semiconductor) 1mage sensors, and charge transier type
imaging devices, which are typified by CCD (charge-coupled
device) image sensors. The solid-state imaging devices have
been used extensively in digital still cameras, digital cam-
corders, etc. In addition, as solid-state 1maging devices
mounted 1n mobile devices such as cellular phones with cam-
era, PDA (personal digital assistant), etc., CMOS 1mage sen-
sors are used more frequently in recent years owing to rela-
tively low source voltages and low power consumption
characteristics among others.

[0005] Inthe CMOS solid-state imaging device including a
pixel section and a peripheral circuit section, the configura-
tion of 1solation regions 1s known, which are formed with the
same STT (shallow trench 1solation) structure 1n both the pixel
section and the peripheral circuit section. In addition, 1n the
CMOS solid-state 1maging device, another configuration of
1solation regions 1n the pixel section 1s also known, which are
formed with diffusion layers (see Japanese Unexamined
Patent Application Publication No. 2005-347325 and Japa-
nese Unexamined Patent Application Publication No. 2006-
24786.). FIG. 1 1s a schematic view illustrating an exemplary
CMOS solid-state 1imaging device provided with 1solation
regions formed with diffusion layers.

[0006] Referring to FIG. 1, a CMOS solid-state imaging
device 101 1s provided, including a pixel section 103 having
plural pixels arranged on a semiconductor substrate 102, and
a peripheral circuit section 104 including logic circuits,
tformed on the periphery of the pixel section 103. In the pixel
section 103, plural unit pixels 110 are disposed to be arrayed
two-dimensionally, in which each of the unit pixels 1s formed,
including a photodiode (PD) 107 serving as a photoelectric
conversion element and several pixel transistors 108. These
pixel transistors are representatively illustrated 1n FIG. 1 by
the single pixel transistor 108 for the purposes of clarity, and
the pixel transistor 108 1s formed, including source/drain
regions 109, and a gate insulating film and a gate electrode
(not shown). A multilevel wiring layer 114 1s formed above
the pixel 110, including multiple wiring layers 113 having
insulator films 112 formed thereunder for passivation, and an
on-chip color filter 115 and an on-chip micro-lens 116 are
formed on thus formed structure. Although not shown 1n the
drawing, another multilevel wiring layer 1s similarly formed
in the peripheral circuit section 104, including multiple layers
of wiring having insulator films formed thereunder.

[0007] The 1solation region 121 1n the pixel section 103 1s
tormed, including a p+diffusion region 122 formed by 1on
implantations in the semiconductor substrate 102, and an
insulator layer 123 of a silicon oxide film formed on the
diffusion region. Although the insulator layer 123 is partially
buried into the substrate 102, the buried depth hl is set to be
50 nm or less, and the total thickness 1s set in the range
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approximately from 50 to 150 nm. In the peripheral circuit
section 104, on the other hand, an isolation region 125 1s
formed with the STI structure, consisting of a trench 126
disposed in the semiconductor substrate 102, and an insulator
layer 127 of a silicon oxide film buried into the trench 126.
The buried depth h2 of the insulating layer 127 into the
substrate 102 1s 1n the range approximately from 200 to 300
nm, and 1ts protrusion height h3 protruded out of the substrate
surface 1s sulficiently lower than the protrusion height h4 of
the insulator layer 123 1n the pixel section 103.

[0008] In addition, an example of an 1solation region
formed 1n a pixel section 1s disclosed in Japanese Unexam-
ined Patent Application Publication No. 2005-191262, and
another example of 1solation region 1n DRAM 1s disclosed 1n

Japanese Unexamined Patent Application Publication No.
20077-288137.

SUMMARY OF THE INVENTION

[0009] With regard to i1solation regions in the solid-state
imaging device, the former of the abovementioned structures,
which forms the regions with the same ST1 structure 1n both
the pixel section and the peripheral circuit section, 1s known
to have a problem of increasing white spots. Namely, since
the ST 1solation regions 1n the pixel section are formed deep
into the semiconductor substrate similarly to the STT1solation
regions in the peripheral circuit section, the effects of stresses
and damages exerted onto the photodiode increase, and this
results 1n the increase of white spots. In order to suppress
these white spots, the pinning (1.¢., hole accumulation) has to
be strengthened at the edges of the STI 1solation regions.
Since the strengthening of pinning, or increase 1n hole accu-
mulation, 1s implemented by p-type 1on implantations, this
tends to reduce the area of n-type regions constituting the
photodiode and the amount of saturation signals 1s decreased
accordingly. Therefore, there 1s a trade-off between the
strengthening of pinning and the reduction of the amount of
saturation signals.

[0010] The latter of the abovementioned structures (with
reference to the structure of FIG. 1) may be taken as a reme-
dial measure, which forms the 1solation region 121 including
the p+ diffusion region 122 and the msulator layer 123 dis-
posed on the diffusion region. However, 1n this case, there 1s
a problem of increasing the number of processes, since the
formation of the abovementioned diffusion region has to be
included 1n addition to the processes of forming the 1solation
region 125 with the STI structure 1n the peripheral circuit
section 104. In addition, as shown 1n FIGS. 2A and 2B, since
the protrusion height h4 of the insulator layer 123 1s relatively
large 1n the 1solation region 121 of the pixel section, there 1s a
problem of generating a polysilicon residue 1334, etc. during
process steps for forming gate electrodes 131 (131A, 131B,
131C) of pixel transistors. Namely, as shown 1n FIG. 2B,
when a polysilicon film 133 1s disposed over the entire surface
and subsequently subjected to a patterning process using
lithography and etching techniques, the residue 133a of con-
ductive polysilicon 1s formed with relative ease on the side-
wall of the insulator layer 123 having a large step difierence.
When the polysilicon residue 133a 1s formed, several adverse
ellfects may arise such as short circuit failures between neigh-
boring gate electrodes 131 of the pixel transistors and defects
of 1maging characteristics. Incidentally, the notations 131A,

131B, and 131C used 1in FIGS. 2A and 2B stand for gate
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clectrodes of transfer, reset, and amplifying transistors,
respectively. In addition, the notations 134 indicate n+
source/drain regions.

[0011] Moreover, with the structure shown 1n FIG. 1, since
the protrusion height h4 from the substrate 1s large for the
insulator layer constituting the isolation region in the pixel
section, the distance L1 between the photodiode and the
on-chip micro-lens tends to become large, which 1s disadvan-
tageous to the condensing efficiency and results in the
decrease 1n the sensor sensitivity.

[0012] In view of the abovementioned and other difficul-
ties, the present invention provides a solid-state 1maging,
device that enables reducing the number of production pro-
cesses and improving pixel characteristics including the sen-
sitivity, and a production method thereof. In addition, this
invention provides an electronic device incorporating the
solid-state 1imaging device.

[0013] The solid-state 1maging device according to an
embodiment of the mvention 1s provided, including a pixel
section, a peripheral circuit section, a first 1solation region
tormed with the STT structure on a semiconductor substrate 1n
the peripheral circuit section, and a second 1solation regions
tormed with the STT structure on the semiconductor substrate
in the pixel section. The second 1solation region 1n the pixel
section 1s formed such that the portion thereof buried into the
semiconductor substrate 1s shallower than the portion buried
into the semiconductor substrate of the first 1solation region
and the height of the upper face thereot 1s equal to that of the
first 1solation region with the STI structure.

[0014] In the solid-state imaging device according to the
embodiment of the present invention, the portion buried into
the semiconductor substrate of the second 1solation region in
the pixel section 1s shallower than the portion buried into the
semiconductor substrate of the first 1solation region 1n the
peripheral circuit section, so that adverse effects of stresses
and damages onto the photoelectric conversion element are
suppressed. The surface height of the second 1solation region
in the pixel section 1s made to be equal to and as low as that of
the first 1solation region in the peripheral circuit section, so
that 1n fabricating gate electrodes atter forming device sepa-
ration regions, no electrode material remains on the sidewalls
of the device separation regions. Because the surface height
of the second 1solation region in the pixel section 1s made
equal to that of the first 1solation region in the peripheral
circuit section, the increase of processing steps due to the
difference 1n the STT structures of the first and second 1sola-
tion regions can be suppressed to a minimum.

[0015] With the solid-state imaging device according to the
embodiment of the ivention, since the surface height of
second 1solation regions 1n the pixel section i1s brought to be
equal to and as low as the surface height of the first 1solation
regions in the peripheral circuit section, the film thickness of
insulating interlayers from the surface of the photoelectric
conversion element to the wiring on the lowermost layer 1s
decreased. As a result, the distance between the photoelectric
conversion element and an on-chip micro-lens becomes small
according to the abovementloned decrease 1n the film thick-
ness, whereby the condensing ¢ 161ency 1s improved. Since
the portion of the second 1solation regions buried 1n the semi-
conductor substrate 1n the pixel section 1s shallower than the
portion of the first 1solation regions buried in the semicon-
ductor substrate 1n the peripheral circuit section, adverse
cifects onto the photoelectric conversion element due to
stresses and damages can be suppressed. The surface height
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of second 1solation regions 1n the pixel section 1s brought to be
equal to and as low as that of the first 1solation regions 1n the
peripheral circuit section, as mentioned above. Therefore, no
clectrode material remains on the sidewalls of the 1solation
regions during the gate electrode fabrication following the
formation of the 1solation regions.

[0016] A method of producing the solid-state 1maging
device according to an embodiment of the mvention 1s pro-
vided, including the steps of (a) forming a first trench 1n the
portion where an 1solation region 1s to be formed in the
peripheral circuit section on a semiconductor substrate and a
second trench 1n the portion where another 1solation region 1s
to be formed in the pixel section on the semiconductor sub-
strate, 1n which the second trench 1s shallower than the first
trench, (b) forming a isulator layer over the structure includ-
ing the interiors of the first and second trenches, and (c)
forming first and second 1solation regions to have the surface
heights equal to each other through polishing the insulator
layer.

[0017] With the method of producing the solid-state imag-
ing device according to the embodiment of the invention, both
the deposition of the insulator layer into the first trench
formed on the side of the peripheral circuit section and the
second trench formed on the side of the pixel section having
a shallower depth than the first trench and the polishing of the
insulator layer are performed in the same process, and the
surface heights of the msulator layer, which 1s used for form-
ing the first and second 1solation regions, are brought to be
equal to each other. As a result, the increase of the processing
steps due to the difference 1n the STT structures of the first and
second 1solation regions can be suppressed to a minimum.

[0018] Since the surface height of second 1solation regions
in the pixel section 1s brought to be equal to and as low as that
of the first 1solation regions in the peripheral circuit section,
no electrode material remains on the sidewalls of the 1solation
regions during the gate electrode fabrication following the
formation of the 1solation regions. Since the second trenches
on the side of the pixel section are formed to be shallower than
the first trenches on the side of the peripheral circuit section,
the adverse effects of stresses and damages can be sup-
pressed, which are otherwise exerted by the second 1solation
regions onto the photoelectric conversion element.

[0019] An electronic device according to an embodiment of
the invention 1s provided, including a solid-state imaging
device, an optical system configured to lead incident light to
a photoelectric conversion element included in the solid-state
imaging device, and a signal processing circuit configured to
process output signals from the solid-state imaging device.

[0020] This solid-state imaging device includes a pixel sec-
tion and a peripheral circuit section, 1n which first 1solation
regions are formed with the STT structure on a semiconductor
substrate 1n the peripheral circuit section, and second 1sola-
tion regions are formed with the STI structure on the semi-
conductor substrate 1n the pixel section. The second 1solation
regions 1n the pixel section are formed such that the portion
thereol buried into the semiconductor substrate 1s shallower
than the portion buried mto the semiconductor substrate of the
first 1solation regions, and the height of the upper face thereof
1s equal to that of the first 1solation regions with the STI
structure.

[0021] In the electronic device according to the embodi-
ment of the present invention, in the solid-state 1maging
device, the portion buried into the semiconductor substrate of
the second 1solation region 1n the pixel section 1s shallower
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than the portion buried into the semiconductor substrate of the
first 1solation region in the peripheral circuit section, so that
adverse effects of stresses and damages by the second 1sola-
tion region onto the photoelectric conversion element are
suppressed. The surface height of the second 1solation region
in the pixel section 1s made to be equal to and as low as that of
the first 1solation region 1n the peripheral circuit section, so
that in fabricating gate electrodes after forming device sepa-
ration regions, no electrode material remains on the sidewalls
of the device separation regions. Because the surface height
of the second 1solation region in the pixel section 1s made
equal to that of the first 1solation region in the peripheral
circuit section, the increase of the processing steps due to the
difference in the STI structures of the first and second 1sola-
tion regions can be suppressed to a minimum.

[0022] With the electronic device according to the embodi-
ment of the invention, since the surface height of second
1solation regions in the pixel section 1s brought to be equal to
and as low as the surface height of the first isolation regions 1n
the peripheral circuit section, the film thickness of insulating,
interlayers decreases and the condensing efliciency 1is
improved. The portion of the second 1solation regions buried
in the semiconductor substrate in the pixel section 1s shal-
lower than the portion of the first 1solation regions buried 1n
the semiconductor substrate in the peripheral circuit section.
As a result, adverse elfects onto the photoelectric conversion
clement due to stresses and damages by the second 1solation
region can be suppressed. Since the surface height of second
1solation regions 1n the pixel section 1s brought to be equal to
and as low as that of the first 1solation regions in the peripheral
circuit section, no electrode material remains on the sidewall
of the 1solation regions during the gate electrode fabrication
following the formation of the isolation regions.

[0023] According to an embodiment of the present imnven-
tion, therefore, the reduction of processes and the improve-
ment 1n the pixel characteristic including sensitivity can be
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The preferred embodiments of the invention will be
described in detail with reference to the following drawings,
wherein:

[0025] FIG. 1 1s a schematic view 1illustrating the major
portion of the related art solid-state imaging device;

[0026] FIG. 2A 1s a plan view illustrating the related art
pixel structure included 1n 1imaging device, prepared for pur-
poses of 1llustrating the difficulty 1n the related art;

[0027] FIG. 2B 1s a cross-sectional view taken along the
line A-A of the structure of FIG. 2A;

[0028] FIG. 3 1s a drawing generally 1llustrating a configu-
ration adapted to a solid-state imaging device according to an
embodiment of the present invention;

[0029] FIG. 4 1s a schematic view 1illustrating the major
portion of the solid-state imaging device according to a first
embodiment of the present invention;

[0030] FIG. 5 1s an enlarged view of a photoelectric con-
version element included 1n the solid-state imaging device;

[0031] FIG. 6 1s a schematic view illustrating the major
portion of the solid-state imaging device according to a sec-
ond embodiment of the present invention;

[0032] FIG. 7 1s a schematic view 1llustrating the major
portion of the solid-state imaging device according to a third
embodiment of the present invention;
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[0033] FIG. 8 1s a schematic view 1illustrating the major
portion of the solid-state imaging device according to a fourth
embodiment of the present invention;

[0034] FIG. 9 1s a schematic view 1illustrating the major
portion of the solid-state 1maging device according to a fifth
embodiment of the present invention;

[0035] FIG. 10 1s an enlarged cross section of an 1solation
region of a STI structure of a pixel section according to the
fifth embodiment;

[0036] FIG. 11 1s a schematic plan view of a pixel transistor
for describing the fifth embodiment;

[0037] FIG. 12 1s an enlarged cross section of a STT 1sola-
tion region for the purpose ol comparison;

[0038] FIGS.13A and 13B 1illustrate, in a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
first embodiment of the production method of the present
invention;

[0039] FIGS.14C and 14D illustrate, 1n a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
first embodiment of the production method of the present
imnvention;

[0040] FIGS. 15F and 15F 1illustrate, 1n a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
first embodiment of the production method of the present
invention;

[0041] FIGS. 16G and 16H 1illustrate, 1n a series of dia-
grammatic cross-sectional views, a sequence of process steps
utilized 1n producing a solid-state imaging device according
to a first embodiment of the production method of the present
invention;

[0042] FIGS. 171 and 1717 illustrate, in a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
first embodiment of the production method of the present
imnvention;

[0043] FIGS.18A and 18B illustrate, 1n a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
second embodiment of the production method of the present
invention;

[0044] FIGS.19C and 19D illustrate, 1n a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
second embodiment of the production method of the present
imvention;

[0045] FIGS. 20E and 20F illustrate, 1n a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
second embodiment of the production method of the present
imnvention;

[0046] FIGS. 21G and 21H 1illustrate, 1n a series of dia-
grammatic cross-sectional views, a sequence of process steps
utilized 1n producing a solid-state imaging device according
to a second embodiment of the production method of the
present invention;

[0047] FIG. 22 illustrates, in a series of diagrammatic
cross-sectional views, a sequence of process step utilized 1n
producing a solid-state imaging device according to a second
embodiment of the production method of the present mnven-
tion;
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[0048] FIGS. 23A and 23B illustrate, 1n a series of diagram-
matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
third embodiment of the production method of the present
imnvention;

[0049] FIGS. 24C and 24D illustrate, 1n a series of diagram-

matic cross-sectional views, a sequence of process steps uti-
lized 1n producing a solid-state imaging device according to a
third embodiment of the production method of the present
imnvention;

[0050] FIG. 25 illustrates, in a series of diagrammatic
cross-sectional views, a sequence of process step utilized 1n
producing a solid-state imaging device according to a third
embodiment of the production method of the present inven-
tion;

[0051] FIG. 26 1s an enlarged view of FIG. 24C;

[0052] FIG. 27 1s an enlarged view of FIG. 24D;

[0053] FIG. 28 1s a schematic view 1illustrating the major
portion of the solid-state imaging device according to a sixth
embodiment of the present invention;

[0054] FIG. 29 shows graphical plots of the sensitivity
variation for respective colors as a function of the msulating,
interlayer thickness measured from the surface of the photo-
diode serving as photoelectric conversion element to the wir-
ing diffusion prevention film on the first layer, prepared for
purposes of explanation, according to an embodiment of the
present invention;

[0055] FIG. 30 1s a schematic view 1llustrating the major
portion of a solid-state 1imaging device according to a first
comparative example;

[0056] FIG. 31 1s a schematic view illustrating the major
portion of the solid-state imaging device according to a sev-
enth embodiment of the present invention;

[0057] FIG.321s across-sectional view taken along the line
A-A of the structure of FIG. 31;

[0058] FIG. 33 illustrates, 1n a diagrammatic cross-sec-
tional view, a process step utilized 1n producing a solid-state
imaging device according to a fourth embodiment of the
production method of the present invention;

[0059] FIG. 34 illustrates, 1n a diagrammatic cross-sec-
tional view, a process step utilized 1n producing a solid-state
imaging device according to the fourth embodiment of the
production method of the present invention;

[0060] FIG. 35 illustrates, 1n a diagrammatic cross-sec-
tional view, a process step utilized 1n producing a solid-state
imaging device according to the fourth embodiment of the
production method of the present invention;

[0061] FIG. 36 illustrates, 1n a diagrammatic cross-sec-
tional view, a process step utilized in producing a solid-state
imaging device according to the fourth embodiment of the
production method of the present invention;

[0062] FIG. 37 illustrates, 1n a diagrammatic cross-sec-
tional view, a process step utilized in producing a solid-state
imaging device according to the fourth embodiment of the
production method of the present invention;

[0063] FIG. 38 illustrates, 1n a diagrammatic cross-sec-
tional view, a process step utilized in producing a solid-state
imaging device according to a fifth embodiment of the pro-
duction method of the present invention; and

[0064] FIG. 39 1s a simplified schematic diagram illustrat-
ing the configuration of a camera as an example of the adap-

Oct. 15, 2009

tation of the solid-state 1maging device according to an
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0065] Embodiments of the present invention will be
described heremnbelow by referring to the accompanying
drawings. It 1s not intended to be exhaustive or to limit the
invention to those disclosed in the embodiments and 1llus-
trated 1n the drawings.

[0066] The solid-state 1maging device according to an
embodiment of the present invention 1s characterized by the
configuration of 1solation regions included 1n a pixel section
and a peripheral circuit section of the imaging device.
[0067] FIG. 3 1s a drawing generally 1llustrating a configu-
ration of a solid-state imaging device or CMOS 1mage sensor
to which the an embodiment of present invention 1s applied.
The solid-state imaging device 1 1n this example 1s provided,
including a pixel section 3 (so-called imaging section) having
plural pixels 2 with plural photoelectric conversion elements
regularly arranged 1n two-dimension on a semiconductor sub-
strate 11 of silicon substrate, for example, and also including,
a peripheral circuit section. Each of the plural pixels 2 1s
formed, mncluding a photodiode for example, serving as a
photoelectric conversion element, and several pixel transis-
tors (so-called MOS transistors). These pixel transistors are
provided, including four transistors, for example, a transier
transistor, a reset transistor, an amplifying transistor, and a
select transistor. The pixel transistors may alternatively be
provided, including three transistors such as the transfer,
reset, and amplifying transistors, excepting the select transis-
tor. Since the equivalent circuit of a unit pixel 1s similar to the
one 1n the past, a detailed description thereof 1s omitted
herein.

[0068] The peripheral circuit section 1s provided, including
a vertical driving circuit 4, column signal processing circuits
5, a horizontal driving circuit 6, an output circuit 7, and a
control circuit 8, etc.

[0069] The control circuit 81s configured to generate, based
on vertical synchronmizing signals, horizontal synchronizing
signals, and the master clock, clock signals and control sig-
nals, which are used as the standard for the operation of the
vertical driving circuit 4, column signal processing circuits 5,
and horizontal driving circuit 6, and to input these generated
signals to the vertical driving circuit 4, column signal pro-
cessing circuits 35, horizontal driving circuit 6, etc.

[0070] The vertical driving circuit 4 1s provided, including
shift registers, for example, and configured to selectively scan
cach of the pixels 2 included 1n the pixel section 3 sequentially
row by row 1n the vertical direction, and to supply pixel
signals based on signal charges generated corresponding to
the amount of light recerved by the photoelectric conversion
clement in each pixel 2, 1.e., photodiode 1n this example, to the
column signal processing circuits 5 by way of vertical signal
lines 9.

[0071] The column signal processing circuits 3 are pro-
vided for example for respective columns of the pixels 2
included 1n the pixel section, and configured to implement
various types ol signal processing such as noise removal,
which 1s performed by comparing, pixel column by column,
a first group of the signals output from the pixels 2 on the
presently selected column with a second group of the signals
output from black reference pixels (disposed surrounding an
elfective pixel region). Namely, the column signal processing
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circuits 3 perform signal processing such as CDS (correlated
double sampling) to remove fixed pattern noises inherent to
the pixels 2, signal amplification, and other similar processes.
To the output stage ol the column signal-processing circuits 53,
horizontal select switches (not shown) are connected between
the column signal-processing circuits 5 and a horizontal sig-
nal line 10.

[0072] The horizontal driving circuit 6 1s provided, includ-
ing shift registers, for example, and configured to sequentially
select each of the column signal processing circuits 3 by
successively outputting horizontal scanning pulses, and to
output pixel signals from each of the column signal process-
ing circuits 5 to the horizontal signal line 10. The output
circuit 7 1s configured to perform signal processing onto the
signals successively supplied by each of the column signal
processing circuits 5 through the horizontal signal line 10,
and output the thus processed signals.

[0073] In addition, since a surface i1llumination type solid
imaging sensor 1s contemplated in the present example, a
multilevel wiring layer 1s formed above the substrate surface
on the side where the pixel section 3 and the peripheral circuit
section are formed, having 1nsulator films formed thereunder
for passivation. In the pixel section 3, an on-chip color filter 1s
tformed on the multilevel wiring layer having a planarizing
film formed thereunder, and further thereon an on-chip
micro-lens 1s formed. A shading film 1s formed 1n the regions
other than pixel regions in the imaging section. In more detail,
the shading film 1s disposed 1n both the peripheral circuit
section and the region in the 1imaging section other than the
photodiodes (so-called photodetector parts). The shading
f1lm may be formed using the uppermost wiring layer of the
multilevel wiring layer.

[0074] Incidentally, as described later on, with the backside
illumination type solid-state 1imaging device, no multilevel
wiring layer 1s formed on the backside as the light incidence
side (so-called light recetving surface). Namely, the multi-
level wiring layer 1s formed on the surface side opposite to the
light receiving surtace.

[0075] Although the solid-state imaging device according
to the present embodiments of the invention, and particularly
the configuration of 1solation regions formed therein, can

primarily be adapted to CMOS solid-state imaging devices as
described herein, 1t 1s not intended to limit the invention to

those disclosed 1n the embodiments.

First Embodiment of the Solid-State Imaging Device

[0076] FIG. 4 1s a schematic view illustrating a solid-state
imaging device according to a first embodiment of the present
invention. Referring to FIG. 4, the major portions of the
imaging device are shown including a pixel section (so-called
imaging region) 23 and a peripheral circuit section 24, respec-
tively formed on a semiconductor substrate 22 such as a
s1licon substrate, for example. The solid-state imaging device
21 of the present embodiment 1s provided, including the pixel
section 23 having a plurality of pixels arranged on the semi-
conductor substrate 22, and the peripheral circuit section 24
formed on the periphery of the pixel section 23 including
logic circuits, for example.

[0077] The pixel section 23 1s provided with a plurality of
unit pixels 25 arranged 1n a two-dimensional array, 1n which

cach of the unit pixels 1s formed, including a photodiode (PD)
26 serving as a photoelectric conversion element and several

pixel transistors 27.
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[0078] These pixel transistors are representatively 1llus-
trated 1n FI1G. 4 by a single pixel transistor 27 for the purpose
of clarity, and this pixel transistor 27 1s formed, including
source/drain regions 28, and a gate insulating film and a gate
clectrode (not shown). A multilevel wiring layer 33 1s formed
above the pixel 25, including multiple layers of wiring 32
having msulating interlayers 31 formed thereunder, and an
on-chip color filter 34 and an on-chip micro-lens 35 are
formed on thus formed structure. The peripheral circuit sec-
tion 24 1s provided with logic circuits which are formed,
including CMOS transistors (not shown), for example, and
with another multilevel wiring layer which 1s similarly
formed, including multiple layers of wiring having insulating
interlayers 31 formed thereunder.

[0079] In the solid-state imaging device 21 of the present
embodiment, electrons are adopted to serve as signal charges.
As shown in FIG. 5, the photodiode 26 1s provided 1n a p-type
(or a first conductivity type) semiconductor well region 36 of
the semiconductor substrate 22, including a charge accumu-
lation region 37 of n-type (or a second conductivity type
opposite to that of the first conductivity type), an insulator
f1lm 39 formed on the surface of the accumulation region, and
a p+ semiconductor region 38 (so-called hole accumulation
layer) for controlling dark currents formed 1n the vicinity of
the interface with a silicon oxide film, for example.

[0080] In addition, 1n the present embodiment, for imple-
menting the devise 1solation in the peripheral circuit section
24 (F1G. 4)), a first 1solation region 43 with the STT structure
1s formed by burying an insulator layer 42 in a trench 41,
which 1s formed 1n advance vertically 1into the semiconductor
substrate 22. Moreover, for implementing similarly the
devise 1solation 1n the pixel section 23, a second 1solation
region 435 of the STI structure 1s formed by burying an 1nsu-
lator layer 42 in another trench 44, which 1s formed 1n
advance vertically 1nto the semiconductor substrate 22. The
first 1solation region 43 1n the peripheral circuit section 24 1s
formed with a buried depth h5 of the buried portion of the
insulator layer 42 1n the semiconductor substrate ranging
approximately from 200 to 300 nm, and with a height of the
upper face of the portion thereof protruded from the surface of
the semiconductor substrate 22, 1.e., protrusion height hé,
ranging approximately from 0 to 40 nm. The buried depth h3
1s herein measured as the distance from the surface of the
semiconductor substrate 22 under the insulator film 39, and
the protrusion height hé 1s the height measured also from the

surtace of the semiconductor substrate 22 under the 1nsulator
film 39.

[0081] On the other hand, for the second 1solation region 45
in the pixel section 23, the buried depth h7 of the portion
buried into the insulator layer 42 of the semiconductor sub-
strate 1s formed to be shallower than the buried depth h5 on
the side of the peripheral circuit section 24. In addition, this
second 1solation region 45 1s formed to have a height of the
upper face of the portion of the insulator layer 42 protruded
from the surface of the semiconductor substrate 22, 1.e., a
protrusion height h8, that 1s approximately equal to the pro-
trusion height hé on the side of the peripheral circuit section
24. The second 1solation region 45 can therefore be formed to
have the protrusion height h8 ranging approximately from O
to 40 nm, the buried depth h7 ranging approximately from 50

to 160 nm, and the total thickness h9 ranging approximately
trom 70 to 200 nm.

[0082] On the side of the peripheral circuit section 24, the
protrusion height hé of the first 1solation region 43 1s neces-
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sary to be 1n the range approximately from O to 40 nm from
restrictions on the ordinary MOS structure. On the side of the
pixel section 23, the protrusion height h8 of the second 1so-
lation region 45 1s set to be 1n the range approximately from
0 to 40 nm 1n conformity with the protrusion height h6 on the
side of the peripheral circuit section 24. In addition, the total
thickness h9 ranging approximately from 70 to 200 nm as
described above 1s needed for the second 1solation region 43
from restrictions on pixel characteristics.

[0083] This total thickness h9 of the second 1solationregion
45 1n the pixel section 23 1s suilicient to yield satisfactory
device 1solation characteristics, not to form a parasitic MOS
transistor even after wirings are formed on the msulator layer
42, and not to exert adverse eflects on the photodiode 26 such
as stress and damage.

[0084] Thatis, forthe protruded height h8 1n the range from
0 to 40 nm, no polysilicon remains on the side wall of the
portion protruded out of surface of the second 1solation region
45 during the fabrication of a gate electrode with polysilicon,
as will be described later on. As a result, short circuit failures
between gate electrodes can be prevented. For the height h8
exceeding 40 nm, polysilicon residue 1s formed with relative
case on the side wall of the protruded portion. In addition, for
the buried depth h7 shallower than 50 nm, the parasitic MOS
transistor 1s formed with ease when wirings are formed above
the second 1solation region 45. By contrast, for the depth h7
deeper than 160 nm, stresses and damages are exerted more
casily onto the photodiode 26, and this may become a factor
in generating white spots. Therefore, 11 the total thickness h9
1s within the range between 70 and 200 nm, satisfactory
device 1solation characteristics of the 1solation region 45 are
obtained and the generation of white spots can be suppressed.

[0085] Itisnoted hereinregarding the heights, h6 and h8, of
the first and second 1solation regions that these heights are
defined as the same 11 they are found equal to each other
within the limits of the processing variation based on manu-
facture processing accuracy. Namely, regarding the film
thickness of a nitride film mask for use in groove (trench)
processing, the waler in-plane varnation of about £10% 1s
generally present for the nitride film with a thickness 1n the
order of 200 nm. Also present 1s the variation 1n polishing by
CMP (chemical mechanical polishing) of about £20 to 30 nm.
Theretore, even 11 the process 1s devised so that the protrusion
heights, h6 and h8, 1n the pixel section 23 and the peripheral
circuit section 24 are equal to each other, there still 15 a
possibility of the vanation of about 20 to 30 nm. Even 1f the
comparison 1s made during strict examination of the arbitrary
location on the chip surface between the pixel section 23 and
the peripheral circuit section 24 and thereby the protrusion
heights are found not to be exactly the same, 1t 1s needless to
say that, as long as the difference between both the protrusion
heights, h8 and hé6, remains within the range of less than 30
nm, these two are regarded as “the same height” as mentioned
just above 1n the present embodiment.

[0086] With the solid-state imaging device 21 according to
the first embodiment, both the second 1solation region 43 in
the pixel section 23 and the first 1solation region 43 1n the
peripheral circuit section 24 are made 1n the ST1 structure,
and the protrusion heights hé and h8 of respective imsulating
layers 42 from the surfaces of the semiconductor substrate 22
are made the same. Since the process steps ol burying the
insulator layer 42 and planarizing the insulator layer 42 can be
simultaneously carried out 1n production, owing to this con-
figuration, the number of processes can be reduced.
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[0087] With the solid-state imaging device 21 according to
the first embodiment, the protrusion height h8 for the second
1solation region 45 1n the pixel section 23 1s formed to be
comparable with the protrusion height h6 of the first 1solation
region 43 1n the peripheral circuit section 24, 1.e., to be sul-
ficiently small, so that the film thickness of the insulating
interlayer between the photodiode 26 and the first layer wir-
ing becomes small. Accordingly, the distance L2 between the
photodiode 26 and the on-chip micro lens 35 becomes smaller
than the distance .1 shown earlier in FIG. 1. As a result, the
condensing eificiency to the photodiode 26 1s improved and
the sensitivity 1s improved.

[0088] For the second 1solation region 45 1n the pixel sec-
tion 23, 1ts protrusion height h8 above the substrate 1s 1n the
range from O to 40 nm, which 1s as small as the protrusion
height h6 of the first 1solation region 43 i the peripheral
circuit section 24. As a result, the patterming of polysilicon
film 1s carried out with high precision during the steps of
forming gate electrodes of pixel transistors, and no polysili-
con remains on the sidewall of the portion protruded out of the
substrate surface of the second 1solation region 45. As a result,
short circuit failures between pixel transistors possibly
caused by a polysilicon residue can be avoided.

[0089] In the pixel section 23, the second 1solation region
435 1s formed with the ST1 structure so that the buried depth h7
ol the portion of the second 1solation region 45 buried into the
semiconductor substrate 22 1s shallower than the buried depth
h5 of the first 1solation region 43 with the STI structure into
the semiconductor substrate 22 on the side of the peripheral
circuit section 24. Namely, the buried depth h7 of the second
1solation region 45 1n the pixel section 23 is set to be 1n the
range from 50 nm to 160 nm. This buried depth h7 does not
exert adverse eflects such as stress and damage on the pho-
todiode 26. That 1s, the generation of defects can be prevented
since the depth of the trench 44 1s small. As a result, the
generation of the electrons at the interface between the second
1solation region 45 and the photodiode 26 can be suppressed,
which 1s a factor 1n causing white spots otherwise. And, the
leak of the electrons into the photodiode 26 from the interface
with the second 1solation region 45 1s suppressed, whereby
the appearance of the white spots in the photodiode 26 can be
suppressed.

[0090] Moreover, since the total thickness h9 of the second
1solation region 45 1n the pixel section 23 1s in the range
approximately from 70 and 200 nm, suilicient device 1sola-
tion characteristics can be obtained. In addition, the parasitic
MOS transistor may not be formed even when wirings are
formed extending above the second i1solation region 45.

[0091] Furthermore, since the device 1solation characteris-
tics can be secured even 1f the concentration of p-type 1ons at
the edge portion (transverse end portion) of the second 1sola-
tion region 45 1n the pixel section 23 1s relatively low, 1t 1s
advantageous for reading out from the transfer transistor in
comparison with the related art configuration having a ditfiu-
sion layer 1solation region shown in FIGS. 2A and 2B.
Although not shown in the drawing, the above noted p-type
region 1s formed in the 1solation region adjacent to the transier
transistor in the pixel.

[0092] Because the protrusion height h8 of the second 1s0-
lation region 45 in the pixel section 23 becomes the same as
the protrusion height hé of the first isolation region 43 in the
peripheral circuit section 24, 1.e., suiliciently small, the dis-
tance L.2 between the photodiode 26 and the on-chip micro
lens 35 becomes smaller than the distance L1 shown 1n FIG.
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1. As a result, the condensing efficiency to the photodiode 26
1s improved and the sensitivity 1s improved.

[0093] Both the second isolation region 45 1n the pixel
section 23 and the first 1solation region 43 1n the peripheral
circuit section 24 are each configured to be the STI structure,
having the same protrusion heights, h6 and h8, for respective
insulator layers 42 from the surface of semiconductor sub-
strate 22. Since the process steps of burying and planarizing
the msulator layers 42 can be carried out simultaneously with
this configuration, the number of processes can be reduced.

[0094] Therefore, with the configuration of the solid-state
imaging device according to the first embodiment, the reduc-
tion 1n the number of processes in the manufacturing process
becomes feasible and pixel characteristics can be improved
through the improvement 1n afterimage characteristics and in
the amount of saturation signals, the short circuit prevention
between pixel transistors, etc. In addition, no polysilicon
residue 1s formed during the fabrication of gate electrodes
with a polysilicon film, on the sidewall of the portion of the
insulator film 42 protruded out of the substrate surface, the
insulator film 42 forming the second 1solation region 45 1n the
pixel section 23. Thereby, the processing of gate electrodes
can be carried out with more ease and manufacturing yield 1s
improved.

Second Embodiment of the Solid-State Imaging
Device

[0095] FIG. 6 illustrates the solid-state 1maging device
according to a second embodiment of the present invention.
FIG. 6 1s a cross section 1llustrating the major portions of the
imaging device configuration primarily including the photo-
diode 26 1n the pixel section 23 and the second 1solation
region 435 adjacent thereto.

[0096] The solid-state imaging device 48 according to the
present embodiment is provided with a p-type semiconductor
layer 49 formed at least in the region 1n contact with the
photodiode 26 1n the second 1solation region 45 of the pixel
section 23. Namely, the p-type semiconductor layer 49 1s
formed, extending onto the side face in contact with the
photodiode 26 and a part of the underside of the insulator
layer 42 1n the second 1solation region 45. Incidentally, the
p-type semiconductor layer 49 may alternatively be formed
extending onto the entire side face and underside of the 1nsu-
lator layer 42 buried 1n the semiconductor substrate 22 as
indicated by chain lines 1n the drawing. Still alternatively, the
p-type semiconductor layer 49 may be formed by conducting,
ion 1mplantations of impurities, for example.

[0097] The formation of the p-type semiconductor layer 49
may also be carried out by 10n implantations into the trench
either after completion of the trench 1n the course of the STI
structure formation, or after completing the STI structure,
through the 1nsulator layer 42 from above. In the latter case
where the p-type semiconductor layer 49 1s formed by 10on
implantations following the formation of the insulator layer
42, when the depth of the msulating layer 42 1s too deep, a
difficulty may arise 1n distributing p-type impurity 1ons prop-
erly even after implanting the ions at any implant angle. In
order to overcome this difficulty, it 1s preferable that the
insulator layer 42 1s formed relatively shallow and a little bat
tapered, namely such that its width 1s gradually narrowed
downward. Since the other parts of the configuration are
similar to those mentioned earlier with reference to FIGS. 3
and 4, the repeated description thereof 1s omitted herein.

Oct. 15, 2009

[0098] With the configuration of the solid-state 1imaging
device 48 according to the second embodiment, since the
p-type semiconductor layer 49 1s formed 1n the vicinity of the
interface between the insulator layer 42 and the photodiode
26 1nthe second 1solation region 45 of the pixel section 23, the
generation of the electrons at the device 1solation interface
can be suppressed further and the generation of the white
spots 1n the photodiode 26 can also be suppressed. In addition,
the effects similar to those described earlier with the configu-
ration according to the first embodiment can also be offered
with the present structure.

Third Embodiment of the Solid-State Imaging
Device

[0099] FIG. 7 illustrates the solid-state 1maging device
according to a third embodiment of the present invention.
FIG. 7 1s a cross section 1llustrating the major portions of the
imaging device primarily including the photodiode 26 1n the
pixel section 23 and the second isolation region 435 adjacent
thereto.

[0100] The solid-state imaging device 51 according to the
present embodiment 1s provided, i the second 1solation
region 45 of the pixel section 23, further including a p-type
semiconductor layer 52 formed under the insulator layer 42
for also serving as diffusion layer 1solation. The p-type semi-
conductor layer 49 shown 1n FIG. 7 1s formed at least 1n the
vicinity of the interface between the photodiode 26 and the
insulator layer 42 1n a manner similar to FIG. 6. The device
configuration may alternatively be provided without the
p-type semiconductor layer 49. Since the other parts of the
configuration are similar to those mentioned earlier with ret-
erence to F1GS. 4, 5, and 6, the repeated description thereof 1s
omitted herein.

[0101] With the configuration of the solid-state 1imaging
device 51 according to the third embodiment, because the
p-type semiconductor layer 52 1s further formed under the
insulator layer 42 to provide the diffusion layer 1solation 1n
the second 1solation region 45 in the pixel section 23, device
isolation characteristics of the second 1solation region 45 1n
the pixel section 23 are further improved merging with the
abovementioned diffusion layer 1solation. In addition, the
eifects similar to those described earlier with the configura-
tion according to the first and second embodiments can also
be offered with the present structure.

Fourth Embodiment of the Solid-State Imaging,
Device

[0102] FIG. 8 illustrates the solid-state 1maging device
according to a fourth embodiment of the present invention.
FIG. 8 1s a cross section 1llustrating the major portions of the
imaging device primarily including the photodiode 26 1n the
pixel section 23 and the second 1solation region 45 adjacent
thereto.

[0103] The solid-state imaging device 54 according to the
present embodiment 1s provided, in the pixel section 23,
forming the second 1solation region 435 with the ST1T structure
shallower than that on the side of the peripheral circuit section
24 as 1n the above-described embodiments and extending the
photodiode 26 such that at least part thereof comes under-
neath the second 1solation region 45. The p-type semiconduc-
tor layer 49 similar to that shown 1n FIG. 6 can be formed in
the vicimty of the interface between the second 1solation
region 45 and at least the photodiode 26. The device configu-
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ration may alternatively be provided without the p-type semi-
conductor layer 49. Furthermore, as described earlier with
reference to FIG. 7, the p-type semiconductor layer 52 for
serving as the diffusion layer 1solation may be formed under
the insulator layer 42 in the second 1solation region 45. Since
the other parts of the configuration are similar to those men-
tioned earlier with respect to the first and second embodi-
ments, the repeated description thereof 1s omitted herein.

[0104] With the configuration of the solid-state 1maging
device 54 according to the fourth embodiment, since the
photodiode 26 1s formed to be extended such that at least a
part thereol comes underneath the second 1solation region 45,
the area of the photodiode 26 can be increased. This increase
in the photodiode area 1s advantageous for increasing the
amount of saturation signals and improving the sensor sensi-
tivity. In addition, the effects similar to those described earlier
with the configuration according to the first through third
embodiments can also be offered with the present structure.

Fifth Embodiment of the Solid-State Imaging Device

[0105] FIG. 9 illustrates the solid-state imaging device
according to a fifth embodiment of the present invention. FIG.
9 1s a cross section illustrating only the major portions of the
imaging device including the photodiode 26 in the pixel sec-
tion 23, the pixel transistor 27 and the second 1solation region
45 adjacent thereto, and the first 1solation region 43 1n the
peripheral circuit section 24. In the solid-state imaging device
55 according to the present embodiment, as in the previously
described embodiments, the first 1solation region 43 with the
ST structure 1n the peripheral circuit section 24 1s formed
deep 1n the vertical direction 1n the semiconductor substrate
22. Also, the second device separation region 45 with the STI
structure 1n the pixel section 23 i1s formed 1n the vertical
direction in the semiconductor substrate 22 shallower than the
first 1solation region 43. And, the protruded heights h8 and hé
from the surfaces of the semiconductor substrate 22 of the
insulator layer 42 of the first isolation region 43 and the
insulator layer 42 of the second 1solation region 45 are the
same.

[0106] In the present embodiment, 1n particular, an mnsula-
tor section 42a 1n a bird’s beak shape extending from the
insulator layer 42 1s provided 1n each of the parts of the first
1solation region 43 and the second 1solation region 45 con-
tacting the surfaces of the semiconductor substrate 22. That
1s, respective shoulder portions of the 1nsulator layers 42 of
the first 1solation region 43 and the second 1solation region 45
contacting the surfaces of the semiconductor substrate 22
form the 1nsulator sections 42a e¢ach 1n a bird’s beak shape,
and the shoulder portions of the semiconductor substrate 22
are covered by the isulator sections 42aq with thuick film
thicknesses. Also, because of the insulator sections 42a each
in a bird’s beak shape, the curvatures of the insulator layers 42
in the shoulder portions are gentle.

[0107] Inthepresent embodiment, as described later, 1n the
thermally-oxidized sidewall films of the trenches 41, 43
betore the mnsulator layers 42 of silicon oxide films are inlaid
in the trenches 41, 43, comer portions 1 upper and lower
parts of the trenches 41, 44 are rounded. Further, the insulator
sections 42a each 1 a bird’s beak shape are formed in the
upper corner portions (so-called shoulder portions) of the

trenches 41, 43.

[0108] Note that as the sidewall film, insulator films, other
than the thermally-oxidized film, such as, a plasma-oxidized
film, a plasma-oxynitrided film, etc., formed by insulating
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processing, such as plasma oxidizing processing, plasma
oxynitriding processing, etc., may be used.

[0109] Further, 1inthe second 1solation region 45 1n the pixel
section 23, an impurity implanting region for suppressing,
dark currents, 1.€., a p-type semiconductor layer 49, 1s formed
from the interface with the semiconductor substrate 22 to a
part of the surface side of the semiconductor substrate 22.
That1s, the p-type semiconductor layer 49 1s formed along the
bottom and side surfaces of the insulator layer 42 1inlaid in the
second 1solation region 43 to the mnsulator sections 42a each
in a bird’s beak, partly extending 1n the lateral direction in the
area reaching the semiconductor substrate surface. In the
pixel transistor 27, a gate electrode 56 1s formed so as to ride
on a protruded surface protruded from the surface of the
second 1solation region 45. The other parts of the configura-
tion are similar to those described with reference to the first
embodiment, so that the repeated description 1s omitted.

[0110] With the solid-state imaging device 55 according to
the fifth embodiment, 1n the upper corner part (shoulder part)
ol the trench 44 of the second 1solation region 45 with the STI
structure 1n the pixel section 23, the imnsulator section 42a 1n a
bird’s beak shape 1s formed. That is, because the insulator
section 42a 1n a bird’s beak shape i1s provided as shown 1n
FI1G. 10, a divot 59 shown 1n FIG. 12 that occurs in the
1solation region 45 with the ordinary STI structure 1s sup-
pressed.

[0111] In the pixel transistor 27, generally, end portions of
the gate electrode 56 are formed so as to ride on the 1solation
region. In the present embodiment, the thickness t1 of the
insulator layer 42 at the upper corner portion of the trench 44
being large and the stress being lessened due to the gentle
curvature of the upper corner portion combine to make the
clectric field concentration to the upper corner portion of the
trench 44 to be lessened. Lessening of the electric field con-
centration increases the threshold voltage Vth 1n the upper
corner portion and can suppress generation of a parasitic
channel component 57 at an edge portion on the boundary
with the second 1solation region 45 of the pixel transistor 27
shown 1n FIG. 11. Because the generation of the parasitic
channel component 57 1s suppressed, leak current between
the source S and the drain D 1s suppressed and random noise
can be reduced. Because the oxide film quality in the edge
portion 1s not relatively good compared with the center por-
tion, random noise can be reduced. Because the divot 59 1s
suppressed, a hump in the {Id (drain current)-Vg (gate volt-
age)} characteristic of the pixel transistor 27 can be reduced.

[0112] Because the structure similar to that 1n the isulator
layer 42 of the second 1solation region 43 of the pixel section
23 1s adopted also 1in the 1insulator layer 42 of the first 1solation
region 43 of the peripheral circuit section 24, in the MOS
transistor of the peripheral circuit section 24 also, the effect of
reducing the hump in the Id-Vg characteristic 1s offered.

[0113] Further, because the curvature of the upper corner
portion of the trench 44 1s gentle 1n the second 1solation region
45 of the pixel section 23, the stress given to the upper corner
portion 1s reduced. Thereby, dark currents and white spots
attributed to the tfloating diffusion (FD) section of the pixel
can be improved. Also, junction leak 1n the floating diffusion
section 1s suppressed.

[0114] Inthe second 1solation region 45 with the STT struc-
ture 1n the pixel section 23, to improve dark currents and
white spots, the p-type semiconductor layer 49 1s provided
around the STI structure. In the present embodiment, the
p-type semiconductor layer 49 1s formed from the sidewall of
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the trench 44 to the surface side of the semiconductor sub-
strate, that 1s, the p-type semiconductor layer 49 1s formed
extending toward the active region side of the photodiode or
pixel transistor. Thus, the p-type semiconductor layer 49 1s
provided also to the active region side 1n the upper portion of
the trench 44, so that the freedom of enabling improvement of
dark currents and white spots 1s increased.

[0115] Because the p-type semiconductor layer 49 1is
formed on the active region side 1n the upper portion of the
trench 44, 1n the pixel transistor, the parasitic channel com-
ponent can be made further smaller. Combined with the
above-described divot improvement, random noise can be
improved in a synergistic manner. Moreover, similar effects
described in the first embodiment are produced.

First Embodiment of the Production Method

[0116] In the next place, a first embodiment of the produc-
tion method for the solid-state imaging device according to
the present invention will be described with reference to
FIGS. 13 A through 17]. The present embodiment 1s adapted
to producing the solid-state imaging device according to the
alorementioned second embodiment of the solid-state 1mag-
ing device shown 1n FIG. 6, 1n particular to forming 1solation
regions thereof.

[0117] First, referring to FIG. 13 A, a thin insulator film 39
1s formed having a first predetermined film thickness on a
major surface of a semiconductor substrate 22, and subse-
quently formed on the insulator film 39 1s another 1nsulator
film 61 having a second predetermined film thickness with an
etching rate different from that of the insulator film 39. As the
insulator film 39, a silicon oxide film may be used, for
example. As the insulator film 61, a si1licon nitride film formed
by low pressure CVD of about 100 nm 1n film thickness may
be used, for example. A photoresist film 1s deposited over the
insulator film 61. This photoresist film 1s exposed through an
optical mask having a prescribed pattern and subsequently
developed, whereby a resist mask 63 1s formed, having open-
ings 62 corresponding to the portions into which 1solation
regions on the side of the peripheral circuit section 24 are to
be formed. The entire surface on the side of the pixel section
23 1s covered by a tlat face resist mask 63 having no opening.
[0118] Next, referring to FIG. 13B, the insulator films 61
and 39 on the side of the peripheral circuit section 24 are
removed by performing selective etching through the resist
mask 63, and portions of the semiconductor substrate 22 are
subsequently removed by further performing selective etch-
ing to obtamn a predetermined depth, whereby several
trenches 41 are formed. These trenches 41 are formed herein
as relatively deep trenches having the depth ranging approxi-
mately from 200 to 300 nm, as mentioned earlier.

[0119] Next, a new photoresist film 1s deposited after
removing the resist mask 63, as 1llustrated 1n FIG. 14C. This
photoresist {ilm 1s exposed through an optical mask having a
prescribed pattern and subsequently developed, whereby a
resist mask 65 1s completed, having openings 64 correspond-
ing to the portions 1nto which isolation regions on the side of
the pixel section 23 are to be formed. The entire surface on the
side of the peripheral circuit section 24 1s covered by a flat
face resist mask 65 having no opening.

[0120] Next, referring to FIG. 14D, the insulator films 61
and 49 on the side of the pixel section 23 are removed by
performing selective etching through the resist mask 65, and
portions of the semiconductor substrate 22 are subsequently
removed by further performing selective etching to obtain a
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predetermined depth, whereby several trenches 44 are
formed. These trenches 44 are formed to be relatively shallow
with the depth approximately ranging from 50 to 160 nm, as
mentioned earlier. Furthermore, 1n practice, the trenches are
formed by performing an etching process first to have the
depth ranging approximately from 40 to 150 nm, and subse-
quently, through light etching etc., the final depth on comple-
tion 1s obtained 1n the abovementioned range approximately
from 50 to 160 nm.

[0121] Next, the resist mask 65 1s removed, as 1llustrated 1n
FIG. 15E. Incidentally, although the deep trenches 41 on the
side of the peripheral circuit section 24 have been first formed
and the shallow trenches 44 on the side of the pixel section 23
have been formed later, the process may alternatively be
reversed 1n which the shallow trenches 44 on the side of the
pixel section 23 are formed first and the deep trenches 41 on
the side of the peripheral circuit section 24 are formed after-
wards.

[0122] Next, at the process step illustrated 1n FIG. 15F, for
example, p-type semiconductor layers 49 may be formed by
ion implantations on the inner wall surface of the trenches 44.
The p-type semiconductor layers 49 may alternatively be
formed by 1on implantations subsequent to the completion of
1solation regions. Still alternatively, the p-type semiconductor
layers 49 may be formed by first implanting a first p-type
impurity at the step of FIG. 15F and next implanting a second
p-type impurity after completing 1solation regions, whereby
the p-type semiconductor layers 49 can be formed through the
double 10on implantation.

[0123] Inthis example, a photoresist film 1s deposited over
the entire surface of the structure, as illustrated in FIG. 15F.
This photoresist film 1s exposed through an optical mask
having a prescribed pattern and subsequently developed,
whereby a resist mask 67 1s formed only on the side of the
peripheral circuit section 24. Subsequently, using the 1nsula-
tor film 61 such as a silicon nitride film, for example, on the
side of the pixel section 23 as a hard mask, 1on implantations
are conducted to implant p-type impurities 60 into the entire
surface over the pixel section 23. No 1on implantation of the
p-type impurities 60 1s conducted into the portions of the
substrate 22, for which the insulator film 61 as the hard mask
1s formed, while the 10n 1implantations are conducted 1nto the
portions of the substrate 22, for which the openings 61« are
formed, 1.e., into the 1nner wall surface of the trenches 44.
Thereby, the p-type semiconductor layers 49 are formed on
the inner wall surface of the trenches 44, 1.e., on the entire
surface of the inner wall including the mmner surface and
bottom face of the wall of the trenches 44. These 10n implan-
tations are carried out by rotational implantations. Inciden-
tally, the p-type semiconductor layers 49 may be formed only
on the inner faces of the trenches, which are in contact with
the photodiode, by an alternative implantation method.

[0124] Although the p-type semiconductor layers 49 are
formed by conducting ion implantations of p-type impurities
because the trenches 44 have been formed, this has the poten-
tial to reduce the concentration of p-type impurities to
implant, and the advantage of improving the electric charge
Qs per a unit area as well.

[0125] Next, referring to FIG. 16G, after removing the
resist mask 67, an insulator layer 42 1s formed by the CVD
method, for example, over the entire surface of the structure
so as to be 1nlaid 1nto the trenches 41 and 44. As the insulator
layer 42, a silicon oxide film can be used, for example.
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[0126] Next, referring to FIG. 16H, at the step as a post-
process of polishing the isulator layer 42, the surface por-
tions of the msulator layer 42 having rough surface irregular-
ity are removed by partial etching 1n order to polish the entire
surface uniformly. If there 1s a difference in the density of
surface irregularity, an uneven finish of polish may arise after
polishing the entire surface simultaneously. Therefore, the
surface portions having rough surface irregularity are par-
tially etched as 1illustrated in FIG. 16H.

[0127] Next, the surface of the insulator layer 42 i1s sub-
jected to a planarizing polish, as illustrated 1n FIG. 171. Atthis
point, the polishing step 1s terminated at the surface of the
insulator film 61. Thereafter, the surface of the structure 1s
polished so that the protrusion heights hé and h8 of the 1nsu-
lator layer 42 are 1n the range approximately from 0 to 40 nm,
about 40 nm 1n this example. At this point of time, the heights
are set somewhat thicker so as to finally reach the range of O
to 40 nm considering subsequent operations such as washing,
after polishing, etc. As the method for polishing, the CMP
(chemical mechanical polishing) method may be used, for
example.

[0128] Next, the msulator film 61 1s removed by selective
etching as illustrated 1n FIG. 17]. Thereby, the pixel section
23 and the peripheral circuit section 24 are formed, having the
same protrude heights h8 and hé (h8=h6), and further includ-
ing the first 1solation region 43 with the deep ST1 structure
formed 1n the peripheral circuit section 24 and the second
1solation region 45 formed 1n the peripheral circuit section 24
with the STI structure having its depth shallower than the first
1solation region 43.

[0129] At subsequent process steps, a photodiode 26 and
pixel transistors 27 are formed, and formed turther thereon 1s
a multilevel wiring layer 33. Furthermore, on-chip color {il-
ters 34 and on-chip micro-lens 335 are formed on the multi-
level wiring layer 33, having a planarizing film formed there-
under, whereby the intended MOS-type solid-state 1maging,
device 48 1s formed.

[0130] Incidentally, the photodiode 26 may alternatively be
formed before the process for forming the first 1solation
region 43 and the second i1solation region 45.

Second Embodiment of the Production Method

[0131] In the next place, a second embodiment of the pro-
duction method for the solid-state imaging device according
to the present invention will be described with reference to
FIGS. 18A through 22. The present embodiment 1s adapted to
producing the solid-state imaging device according to the
aforementioned second embodiment of the solid-state 1imag-
ing device shown in FIG. 6, 1n particular to the 1solation
region thereof.

[0132] First, referring to FIG. 18A, a thin msulator film 39
1s formed having a first predetermined film thickness on a
major surface of a semiconductor substrate 22, and subse-
quently formed on the insulator film 39 1s another 1nsulator
film 61 having a second predetermined film thickness with an
ctching rate different from that of the insulator film 39. As the
insulator film 39, a silicon oxide film may be used, for
example. As the mnsulator film 61, a si1licon nitride film formed
by the low pressure CVD of about 100 nm in {ilm thickness
may beused, for example. A photoresist film 1s deposited over
the msulator film 61. This photoresist film 1s exposed through
an optical mask having a prescribed pattern and subsequently
developed, whereby a resist mask 73 1s formed, having open-
ings 711 and 722 corresponding to the portions into which
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1solation regions on the side of the peripheral circuit section
24 and on the side of the pixel section 23, are to be formed,
respectively.

[0133] Next, referring to FIG. 18B, the insulator films 61

and 39 on the side of the pixel section 23 and on the side of the
peripheral circuit section 24, respectively, are removed by
performing selective etching through the resist mask 73, and
portions of the semiconductor substrate 22 are subsequently
removed by further performing selective etching to obtain a
predetermined depth, whereby several trenches 44 and 41a
are formed, respectively. The trenches 41 are formed herein as
relatively shallow trenches with the depth ranging approxi-
mately from 50 to 160 nm, as mentioned earlier. In addition,
since the trenches 41a on the side of the peripheral circuit
section 24 are formed simultaneously with the trenches 44 on
the side of the pixel section 23, the trenches 41a are formed as
the trenches having approximately the same depth as the
renches 44.

[0134] Next, a new photoresist film 1s deposited after
removing the resist mask 73, as 1llustrated 1n FI1G. 19C. This
photoresist {ilm 1s exposed through an optical mask having a
prescribed pattern and subsequently developed, whereby a
resist mask 74 1s formed, covering only the side of the pixel
section 23. Namely, none of the resist mask 74 1s formed on
the side of the peripheral circuit section 24, while the entire
surface on the side of the pixel section 23 1s covered by the
resist mask 74. The trenches 41a on the side of the peripheral
circuit section 24 are further removed by etching through the
resist mask 74, whereby the deep trenches 41 are formed.
These trenches 41 are formed, having a depth approximately
ranging from 200 to 300 nm, as mentioned earlier.

[0135] Next, the resist mask 74 1s removed, as 1llustrated 1n
FIG. 19D.
[0136] Next, at the process step illustrated 1n FIG. 20E, for

example, p-type semiconductor layers 49 may be formed by
ion implantations on the inner wall surface of the trenches 44.
The p-type semiconductor layers 49 may alternatively be
formed by 1on implantations subsequent to the completion of
1solation regions. Still alternatively, the p-type semiconductor
layers 49 may be formed by first implanting a first p-type
impurity at the step of F1G. 20E and subsequently implanting
a second p-type impurity aiter completing 1solation regions,
whereby the p-type semiconductor layers 49 can be formed
through the double 10n 1mplantation.

[0137] Inthis example, a photoresist film 1s further depos-
ited after removing the resist mask 74, as illustrated in FIG.
20E. This photoresist film 1s exposed through an optical mask
having a prescribed pattern and subsequently developed,
whereby a resist mask 76 1s formed only on the side of the
peripheral circuit section 24. Subsequently, using the 1nsula-
tor film 61 such as silicon nitride film, for example, on the side
of the pixel section 23 as a hard mask, 1on implantations are
conducted to implant p-type impurities 60 into the entire
surface over the pixel section 23. No 1on implantation of the
p-type impurities 60 1s conducted into the portions of the
substrate 22, for which the insulator film 61 as the hard mask
1s formed, while the 1on 1implantations are conducted into the
portions of the substrate 22, for which the openings 61a are
formed, 1.e., 1nto the 1nner wall surface of the trenches 44.
Thereby, the p-type semiconductor layers 49 are formed on
the inner wall surface of the trenches 44, i.e., on the entire
surface of the inner wall including the mmner surface and
bottom face of the wall of the trenches 44. These 10n implan-
tations are carried out by rotational implantations. Inciden-
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tally, the p-type semiconductor layers 49 may be formed only
on the inner faces of the trenches, which are 1n contact with
the photodiode, by an alternative implantation method.
[0138] Since subsequent steps illustrated in FIGS. 20F
through 22 are similar to those illustrated earlier in FIGS. 16G
through 171, the portions corresponding to those shown in
FIGS. 16G through 17] are shown with identical numerical
representations and the repeated description thereof 15 omit-
ted herein.

[0139] At subsequent process steps, in a manner similar to
those aforementioned, a photodiode 26 and pixel transistors
27 are formed, and formed further thereon 1s a multilevel
wiring layer 33. Furthermore, on-chip color filters 34 and
on-chip micro-lens 335 are formed on the multilevel wiring
layer 33, having a planarizing film formed thereunder,
whereby the intended MOS-type solid-state imaging device
48 1s formed.

[0140] Incidentally, the photodiode 26 may alternatively be
tformed before the process for forming the first 1solation
region 43 and the second 1solation region 45.

[0141] With the abovementioned production methods of
the solid-state 1maging device according to the first and sec-
ond embodiments of the production method, after forming the
trenches 44 and 41 on the side of the pixel section 23 and on
the side of the peripheral circuit section 24, respectively, the
second and first 1solation regions 45 and 43 are formed by
depositing the insulator layer 42 and polishing by the CMP
method 1n the same process. Therefore, the number of pro-
cesses 1n the manufacturing process can be reduced. In addi-
tion, the second and first 1solation regions 45 and 43 are
formed, having the same projection height, and moreover
having the depth of the second 1solation region 435 on the side
of the pixel section 23 shallower than the first 1solation region
43 on the side of the peripheral circuit section 24. As a resullt,
the solid-state 1maging device can be produced with
improved pixel characteristics 1n terms of afterimage charac-
teristics, the amount of saturation signals, and other similar
properties, as mentioned earlier.

Third Embodiment of the Production Method

[0142] Next, referring to FIG. 23 through FIG. 25, a third

embodiment of the production method for the solid-state
imaging device according to the present mvention will be
described. The present embodiment 1s adapted to producing
the solid-state 1maging device 35 according to the fifth
embodiment shown in FIG. 9, 1n particular, to forming the
1solation region thereof.

[0143] In the production method according to the third
embodiment, first, as illustrated i FIG. 23 A, using the pro-
cesses shown 1n FIG. 13A through FIG. 15E or in FIG. 18A
through FIG. 19D, shallow trenches 44 and deep trenches 41
are formed 1n pixel sections 23 and peripheral circuit sections
24, respectively. FIG. 23 A shows a state that a thin insulator
f1lm 39 for example of a silicon oxide film 1s formed on the
surface of a semiconductor substrate 22 where the trenches 44
and 41 are not formed and an msulator film 61 for example of
a silicon nitride film 1s formed thereupon.

[0144] Next, as 1llustrated 1n FIG. 23B, the width of the
insulator film 61 1s selectively narrowed. For examp, ¢, using
a chemical such as hot phosphoric acid, the exposed surface
of the msulator film 61 of a silicon nitride film 1s selectively
removed for a predetermined thickness, and thereby the width
1s narrowed from the mmitial width d1 to the width d2. The
removed width d3 can be made to be about 2 nm to 15 nm. If
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the removed width d3 1s smaller than 2 nm, the effects of the
present mvention may not be obtained. If the width d3 1s
increased, the region where the gate oxide film of the active
layer region edge becomes thicker increases, and the effective
gate width of the transistor becomes narrow. In the 90 nm
generation, the minimum width of the effective active layer 1s
desired to be about 120 nm. If the width d3 1s 15 nm or greater,
the mimimum width of the effective active layer becomes
about 120-15x2=90 nm, and the drive force of the transistor
with the mimimum effective active layer width 1s deteriorated
about 10%. Because this influences the velocity characteris-
tics, the maximum amount of the width d3 1s about 15 nm.

[0145] Next, as illustrated 1n FIG. 24C, the sidewalls and
the semiconductor substrate side portions of the trenches 41
and 44 are subjected to thermal oxidation processing using
the msulator layer 61 of a silicon nitride film for a mask.
So-called sidewall oxidation of the trenches 44 and 41 are
carried out. With this thermal oxidation processing, a ther-
mally-oxidized film 71 1s formed on the sidewalls of the
trenches 44 and 41. Because this thermal oxidation is selec-
tive oxidation to the surface not covered by the insulator layer
61 of a silicone nitride film, as illustrated 1in FIG. 26, in the
upper corner portions of the trenches 44 and 41, a thermally-
oxidized film 71a 1n which the oxidized film bulges 1n a sort
of bird’s beak shape 1s formed. This thermally-oxidized film
71a1n a bird’s beak shape corresponds to the mnsulator section
42a 1n a bird’s beak shape shown in FIG. 10. With this selec-
tive oxidation, the surfaces of the thermally-oxidized film in
the upper corner portions of the trenches 44 and 41, contact-
ing the semiconductor substrate 22 of silicon, become gently
rounded curvatures. At the same time, the thermally-oxidized
film 1n the lower comer portions of the trenches 44, 41 are
rounded.

[0146] As the sidewall film formed from the sidewalls of
the trenches 44 and 41 to the substrate surface, besides the
thermally-oxidized film, a plasma-oxidized film, a plasma-
oxynitrided film, etc. formed by selective mnsulating process-
ing such as plasma oxidizing processing, plasma oxynitriding
processing, etc. may be used. These plasma oxidation and
plasma oxyniriding are selectively performed using the 1nsu-

lator film 61 for the mask.

[0147] Next, as shown 1n FIG. 24D, 1n the state that the side
of the peripheral circuit section 24 1s covered by a resist mask,
ion 1mplantations of p-type impurities 60 are carried out,
using the insulator film 61 of a silicon nitride film for the
mask, to form a p-type semiconductor layer 49 on the internal
wall surface of the trench 44 1n the pixel section 23. This
p-type semiconductor layer 49 1s formed, as shown in FIG.
27, 1n addition to the internal surface and bottom surface of
the trench 44, so as to laterally extend from the upper corner
portion of the trench 44. That 1s, the p-type semiconductor
layer 49 1s formed extending up to the surface of the semi-
conductor substrate 22 not covered by the nsulator film 61.

The process shown 1n FIG. 24D corresponds to the processes
shown 1n FIG. 15F and FIG. 20E.

[0148] The subsequent processes are the same as those
shown 1n FI1G. 16G through FIG. 171, FI1G. 20F through FIG.
21H, and FIG. 22. Then, as shown 1n FIG. 25, the first 1sola-
tion region 43 with a deep STI structure 1s formed in the
peripheral circuit section 24 and the second 1solation region
45 with a shallow STT structure 1s formed 1n the pixel section
23, in which the protrusion heights h8 and hé in the pixel
section 23 and the peripheral circuit section 24 are the same.
In doing so, 1n the first and second 1solation regions 43, 45, the
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insulator layer 42 1s 1nlaid into the trenches 41, 44, however,
the msulator section 42a 1n a bird’s beak shape 1s formed in
cach of the upper corner portions of the trenches 41, 44.
Further, in the second 1solation region 45 on the side of the
pixel section 23, the p-type semiconductor layer 49 1s formed
to surround the 1solation region 45 and to partially extend in

a lateral direction from the upper corner portion of the trench
44.

[0149] In the subsequent processes, a photodiode 26 and
pixel transistors 27 are formed, and a multilevel wiring layer
33 1s formed thereupon. Further, on-chip color filters 34 and
on-chip micro-lenses 35 are formed on the multilevel wiring
layer 33 through a planarizing film, and thereby the intended
MOS type solid-state imaging device 55 1s obtained.

[0150] According to the production method of the solid-
state imaging device according to the third embodiment, after
forming the trenches 41, 44, the width of the insulator film 61
ol a silicone mitride film 1s narrowed by the process of FIG.
23B, and sidewall oxidation of the trenches 41, 44 1s carried
out by the process ol FI1G. 24C. That 1s, sidewall oxidation of
the trenches 41, 44 1s carried out, using the insulator layer 61
with the width thereof narrowed for the mask, to form the
oxidized film 71. With this selective oxidation, in the upper
corner portions of the trenches, the oxidized film 71a 1n a
bird’s beak shape in which the oxidized film has bulge 1s
formed. The oxidized film 71a corresponds to the insulator
section 42a 1n a bird’s beak shape shown in FIG. 10. There-
aiter, the trenches 41, 44 are buried with the insulator layer 42,
and thereby the first and second 1solation regions 43, 45 are
formed, so that divots that are generated 1n the ordinary 1so-
lation region of the STS structure can be reduced.

[0151] Because the divot can be controlled, in the pixel
transistors or MOS transistors in the peripheral circuit sec-
tion, the film quality of mnsulator layers 1n separation edge
portions can be improved, although the film quality 1s inferior
to that of the gate oxidized film 1n the center portion. By
climinating the divot, the parasitic channel component 1is
reduced, and random noise can be reduced.

[0152] Further, the sidewall oxidization can round the
upper and lower corner portions of the trenches 41, 44. A
surface with a gentle curvature 1s formed 1n each of the upper
corner portions of the trench. Thereby, stresses in the upper
corner portions of the 1solation regions 43, 45 each with the
STI structure can be reduced. In the pixel section, dark cur-
rents and white spots resulting from the floating diffusion
(FD) section of each pixel can be improved.

[0153] Intheprocess of FIG. 24D, to suppress dark currents
and white spots, the p-type semiconductor layer 49 1s formed
by 1on implantations. At this time, the semiconductor layer 49
1s formed extending from the sidewalls of the trenches to the
surtace of the semiconductor substrate 1n a lateral direction.
Because the p-type semiconductor layer 49 1s formed so as to
extend to the substrate surface on the active region side 1n a
lateral direction, 1t 1s possible to increase the freedom with
which dark currents and white spots can be further improved.

[0154] Because the p-type semiconductor layer 49 1is
formed so as to extend from the upper portion of the trench to
the substrate surface side, the density of the p-type semicon-
ductor layer 49 at the edge part 1n the upper portion of the
trench becomes high. Thereby, the parasitic channel compo-
nent at the edge part contacting the 1solation region of the
pixel transistor shown in FIG. 11 can be made further smaller.
Combined with the improvement on the divot, random noise
can be improved 1n a synergistic mannet.

Oct. 15, 2009

.

[0155] In addition, the effects similar to those described
with respect to the production methods of the solid-state
imaging device according to the first and second embodi-
ments are produced.

[0156] An embodiment of the present mvention can be
applied to both the surface 1llumination type solid-sate imag-
ing device and the backside illumination type solid-state
imaging device. In the CMOS solid-state imaging device, as
previously described, an embodiment of the present invention
can be applied to the surface side 1llumination type device 1n
which light enters from the multilevel wiring layer side and
the backside 1llumination type device in which light enters
from the backside of the substrate opposite the multiple level
wiring layer. The solid-state imaging devices according to an
embodiment of the present invention can be applied to the
linear 1mage sensor, etc., in addition to the above-described
area 1mage sensor.

Sixth Embodiment of the Solid-State Imaging
Device

[0157] FIG. 28 1s a schematic view 1llustrating the solid-
state 1maging device according to a sixth embodiment of the
present invention. The solid-state imaging device according,
to the present embodiment 1s provided, lowering the protru-
sion height h8 of the second 1solation region 1n the pixel
section to be the same as the protrusion height h6 of the first
1solation region 1n the peripheral circuit section, and thinning
or reducing the thickness of insulating interlayers formed
between the substrate surface and a multilevel wiring layer. At
the same time, a waveguide structure 1s also provided facing
the photodiode 26 to improve pixel characteristics including
condensing efficiency of light led into the photodiode 26 and
the overall sensitivity.

[0158] Referring to FIG. 28, the solid-state imaging device
55 according to the present embodiment 1s provided in a
manner similar to that described i1n the first embodiment,
including a pixel section 23 having a plurality of pixels
arranged on a semiconductor substrate 22, and a peripheral
circuit section 24 formed on the periphery of the pixel section
23 including logic circuits, for example.

[0159] The pixel section 23 includes plural pixels 25
arranged 1n a two-dimensional array, in which each of the
pixels 1s formed, including a photodiode 26 serving as pho-
toelectric conversion element, and pixel transistors 27. As
shown 1n FIG. 5, the photodiode 26 1s provided, including a
charge accumulation region 37 of n-type or the second con-
ductivity type, an msulator film 39 formed on the surface of
the accumulation region, and a p+ semiconductor region 38
for controlling dark current formed 1n the vicinity of the
interface with a silicon oxide film, for example. On an 1nsu-
lator film 39 of silicon oxide film, for example, formed on the
surface of the photodiode 26, a silicon nitride film 40 1s
formed for serving as an antiretlection film. The pixel tran-
sistors are formed, which are representatively illustrated by a
single pixel transistor 27 for the purpose of clanty, including
source/drain regions 28, a gate msulator film 29, and a gate
clectrode 30 formed with polysilicon, for example. In addi-
tion, the source/drain regions 28 are formed 1n the direction
perpendicular to the plane of the drawing sheet. Also, the end
portion of the gate electrode 30 1s formed so as toride over the
second 1solation region 45.

[0160] Inthe pixel section 23 and peripheral circuit section
24, the second 1solation region 43 and first 1solation region 43
are respectively formed with the STI structure described ear-
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lier. The first 1solation region 43 1s formed with an 1insulator
layer 42 buried 1n a first trench 41, the insulator layer having
a buried depth h5 and a protrusion height h6. The second
1solation region 43 1s formed with an imnsulator layer 42 buried
in a second trench 44, the insulator layer having a buried
depth h7 and a protrusion height h8. The protrusion heights
h6 and h8 of the 1solation regions 43 and 45 are set to be the
same as mentioned earlier. The buried depth h7 of the second
1solation region 45 1s set to be shallower than the buried depth
h5 of the first 1solation region 43. In a manner similar to that
indicated earlier for the first 1solation region 43, the buried
depth hS may be 1n the range approximately from 200 to 300
nm, and the protrusion height h6 may be 1n the range approxi-
mately from O to 40 nm. In the second 1solation region 45, the
buried depth h7 may be in the range approximately from 50 to
160 nm, the protrusion height h8 may be in the range approxi-
mately from O to 40 nm, and the total thickness h9 may be in
the range approximately from 70 to 200 nm.

[0161] On the substrate in the pixel section 23, a multilevel
wiring layer 33 1s formed, including multiple wiring layers 32
(321 to 324) having insulating interlayers 31 (311 to 315)
tormed thereunder for passivation. The msulating interlayers
31 can be formed with silicon oxide films, for example. The
multiple wiring layers 32 are formed including a first-layer
wiring 321, second-layer wiring 322, third-layer wiring 323,
and fourth-layer wiring 324, 1n the present example. Each of
the wiring layers 32 (321 through 324) i1s formed by the
damascene process, burying a barrier metal layer 157 includ-
ing tantalum/tantalum-nitride and a copper (Cu) wiring layer
158. On each of the insulating interlayers 31 between the
wirings, 1.., on each of the insulating interlayers, 311 through
314, including the upper face of the copper (Cu) wiring layer
158, first through fourth interlayer wiring diffusion preven-
tion films 159 (159qa, 159b, 159¢, and 13594d) are formed for
preventing the diffusion of copper (Cu) used as the wiring,
material. The wiring diffusion prevention films 159 are
formed of films including SiN and/or S1C, for example. In the
present example, the wiring diffusion prevention films 159
are formed of S1C films. Although not shown 1n the drawing,
the peripheral circuit section 24 1s provided with logic circuits
which are formed, including CMOS transistors, for example,
and with other multilevel wiring layers which are similarly
formed, having a predetermined number of wiring layers.

[0162] Inaddition, in the present embodiment, a waveguide
156 1s formed above each photodiode 26 1n the pixel section
23 for leading incidence light etficiently to the photodiode 26.
The waveguide 156 1s formed by first forming a concave
groove 87 1n the portion of the multilevel wiring layer 33
tacing the photodiode 26 by selectively etching the insulating
interlayer 31 together with the interlayer wiring diffusion
prevention films 159, and subsequently burying a first core
layer 88 and a second core layer 89 into the concave groove
87. During this process, the plane 1564 of the waveguide 156
facing the photodiode 26 1s formed so as to terminate at the
wiring diffusion prevention film 159a on the lowermost layer.
Namely, the waveguide 156 1s formed to reach the wiring
diffusion prevention film 159aq o the lowermost layer, and not
to pass through the wiring diffusion prevention film 159q of
the lowermost layer.

[0163] In addition, a planarnizing {ilm 90, an on-chip color
filter 34, and an on-chip micro lens 35 are formed 1n the pixel
section 23.

[0164] Furthermore, as will be detailed later on, the thick-
ness of msulating interlayers t1 is set to be small 1n the present
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embodiment, in which this thickness of insulating interlayers
1s measured from the surface of the semiconductor substrate
22 (1.e., the surface of the photodiode 26) to the lowermost
wiring diffusion prevention film 159a, inclusive of the 1nsu-
lator film 39, antireflection film 40, and the first layer 1nsu-
lating interlayer 311. That 1s, 1n order to yield the high sen-
sitivity at blue light wavelengths, the film thickness t1 1s set to
be 1n the range either from 220 to 320 nm, from 370 to 470
nm, or from 530 to 630 nm. As shown 1in FIG. 29 which
includes graphical plots of the sensitivity variation as a func-
tion of {ilm thickness t1 measured from the surface of silicon
substrate, if the film thickness t1 1s 1n the range either from
220 to 320 nm, from 370 to 470 nm, or from 530 to 630 nm,
as mentioned just above, 1t 1s 1ndicated that the blue light
sensitivity that 1s equal to or greater than the half of the
difference 1n sensitivity between the crest and trough of the
sensitivity curve can be obatined. Namely, the sensitivity can
be obtained as high as approximately equal to, or greater than
Xx+[(y—x)/2], where the variable x 1s the sensitivity value at a
crest of the curve, and y 1s the value at a next trough.

[0165] Since the other parts of the configuration are similar
to those mentioned earlier with reference to FIG. 4 according
to the first embodiment, the repeated description thereof 1s
omitted herein. It 1s noted that the present configuration of the
multilevel wiring layer 33 and antireflection film 40 formed
on the surface of the photodiode 26 1s the more detailed one of
the aforementioned configuration according to the first
embodiment.

[0166] With the configuration of the solid-state 1imaging
device 35 according to the sixth embodiment, the protrusion
height h8 of the second 1solation region 45 1n the pixel section
23 1s formed to be the same as the protrusion height hé of the
first 1solation region 43 in the peripheral circuit section 24,
1.€., as low as 40 nm or less. With the present configuration,
the film thickness t1 can be formed to be thin measured from
the surface of the photodiode 26 to the wiring diffusion pre-
vention film 159a on the lowermost layer 1n contact with the
bottom of the waveguide 156, inclusive of the insulating
interlayers (39, 40, 32).

[0167] In general, the insulating interlayer 31 1s limited 1n
its minimum film thickness so as not to induce the deposition
of a polysilicon gate electrode on the 1solation region 45 with
the STT structure during the polishing process subsequent to
the formation of the insulating interlayer. With the present
embodiment, by forming the protrusion height h8 of the sec-
ond 1solation region 45 in the pixel section 23 to be the same
as the protrusion height h6 of the first 1solation region 43 1n
the peripheral circuit section 24, the variation in the film
thickness during the polishing process can be suppressed and
the polishing process becomes feasible for attaining the film
thickness d1 as small as 90 nm from the upper face of the gate
clectrode. For example, when the protrusion height h8 1is
assumed to be 30 nm, the whole 1nsulating interlayer can be
processed to reduce 1ts film thickness smaller by about 70 nm
from the thickness in a first comparative example shown 1n

FIG. 30.

[0168] Incidentally, 1inthe first comparative example shown
in FI1G. 30, the protrusion height h3 of the 1solation region 43
with the STI structure 1n the peripheral circuit section 24 1s
considered to be 30 nm, while the protrusion height h4 of the
1solation region 435 with the S'T1 structure in the pixel section
23 1s also considered to be 80 nm. In this case, 1n order to
retain the insulating interlayer on the gate electrode, the
amount of polishing has to be appropriately controlled. Con-




US 2009/0256226 Al

sequently, the fimished film thickness t2 of the insulating
interlayer 1s obtained as about 650 nm and the optimization of
sensor sensitivity may not be achieved as a result. It 1s noted
that other regions shown 1n FIG. 30 stmilar to those in FIG. 28
are shown with identical numerical representations for pur-
poses ol comparison and the repeated description thereof 1s
herein omitted.

[0169] With the present embodiment, as a result of the
thinning of the msulating interlayer having the film thickness
t1, as mentioned above, together with the provision of the
waveguide 156 facing the photodiode 26, the condensing
eificiency of the incidence light to the photodiode 26 1is

improved, and the sensor sensitivity, particularly the blue
light sensitivity can be improved.

[0170] FIG. 29 shows graphical plots of the sensitivity
variation for respective colors, red, green, and blue, as a
function of the insulating interlayer thickness t1 measured
from the surface of the photodiode 26 (silicon surface) to the
wiring diffusion prevention film 159q formed of S1C with the
configuration of the solid-state imaging device according to
the sixth embodiment, in which the curve R shows the sensi-
tivity variation for red wavelengths, the curve G for green, and
the curve B for blue. The silicon oxide film 39 1s formed on the
S1 surface, the silicon nitride film 40 1s formed further
thereon, and the total thickness of both films, 39 and 40, 1s in
the range of about 70 nm. It 1s noted with the concern of
antiretlection capability and film processing (the limitation
on 1ts maximum film thickness being determined by consid-
ering the capability of forming contact through holes), the
total thickness of the films, 39 and 40, may be formed to be in
the range approximately from 20 to 120 nm. The refractive

index of thus formed 1nsulating interlayer 1s 1n the range from
1.4 to 1.5.

[0171] Asdescribed earlier briefly, from the graphical plots
of the sensitivity variation for respective colors shown in FIG.
29, 1t 1s found that the sensitivity 1s improved for the blue
color, which normally has a low luminous efliciency, and the
sensor sensitivity 1s most increased for the film thickness t1 1n
the range either from 220 to 320 nm, from 370 to 470 nm, or
from 530 to 630 nm. Namely, as the blue sensitivity, the
sensitivity that 1s equal to or greater than the half of the
sensitivity difference between the crest and trough of the
sensitivity curve can be obtained.

[0172] Inaddition, the diffraction of light takes place when
the waveguide structure 1s included, primarily from the dii-
ference in refractive indices between (a) the material buried 1in
the waveguide, 1.e., a second core layer 89, and (b) the 1nsu-
lating interlayers formed from the surface of the photodiode
26 to the lowermost wiring diffusion prevention film 159a
(that 1s, the mterference of incident light 1s caused by the
change of the refractive indices, and results 1n e1ther reinforc-
ing or weakening the incident light, depending on the range 1n
insulator film thickness). As a result, there exists the optimum
range of {ilm thickness for a light condensing structure. In the
present embodiment, therefore, this optimum range of film
thickness can be set 1n the range etther from 220 to 320 nm,

from 370 to 470 nm, or from 530 to 630 nm.

[0173] In the first comparative example, since the protru-
sion height of the 1solation region 1s high on the side of the
pixel section, the reflection of incident light 1s caused by the
protrusion of the isolation region, and the sensor sensitivity
decreases, accordingly. In the present embodiment, however,
since the protrusion height of the second 1solation region on
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the side of the pixel section 1s low, the reflection of incident
light by the protrusion decreases, and the sensor sensitivity
can be improved.

[0174] Incidentally, when both the films, 39 and 40, are

formed having a total film thickness approximately ranging
from 20 to 120 nm, the above-mentioned range of film thick-
ness t1, 220 to 320 nm, 370 to 470 nm, and 530 to 630 nm,
changes with the total film thickness as follows. When the
total film thickness of both the films, 39 and 40, becomes
smaller than 70 nm (20 nm, for example), the peak position of
the sensitivity curve of FI1G. 29 shifts to the left in the drawing
(1n the direction to increasing the film thickness of the insu-
lating 1nterlayer 311) relative to the peak position atthe 70 nm
thickness. The amount of the shift corresponding to the
present thickness 1s obtained as (AN-70)x(nN-nO), which 1s
derived from the general relationship used in the light inter-

2 &«

ference: “film thickness”x“refractive index”="“optical film
thickness™.

[0175] By contrast, when the total film thickness of both the
films, 39 and 40, becomes larger than 70 nm (120 nm, for
example), the peak position of the sensitivity curve of F1G. 29
shifts to the right (in the direction to decreasing the film
thickness of the insulating interlayer 311) relative to the peak
position at the 70 nm thickness. The amount of the shift
corresponding to the thickness 1s obtained as (70—-dN)x(nN-
nQ). The above notations are dN for the total film thickness of
the films 39 and 40, nN for the refractive index of the silicon
nitride film 40, and nO {for the refractive index of the silicon

oxide film 39.

[0176] With the present configuration of the 1solation
regions 1n this embodiment, the generation of the white spots
in the photodiode 26 1s suppressed and the sensor sensitivity
can be further improved, as described earlier 1n the first
embodiment, comparing with the other configuration, 1n
which the 1solation region in the pixel section 1s formed,
having the same buried depth as the region in the peripheral
circuit section.

[0177] With the present configuration of forming the
waveguide so as to be terminated at the wiring diffusion

prevention {1lm, the depth of the waveguide can be kept con-
stant.

[0178] Incidentally, with the progress of pixel miniaturiza-
tion, 1f the protrusion height of the 1solation region on the side
of the pixel section 1s large as 1llustrated 1n the first compara-
tive example, 1t 1s conceived that, even after the formation and
the subsequent step of planarizing polish of the nsulating
interlayers, the uniform planarization of the upper face of the
structure 1s hard to be achieved because of relatively large step
height and that the planarization of the wiring diffusion pre-
vention film formed on the structure 1s also hard to be
achieved. When the process proceeds further 1n this situation
for forming the multilevel wiring layer and subsequently
forming the groove for the waveguide 1n the multilevel wiring
layer, 1t becomes difficult to form the groove so as to be
terminated accurately at the lowermost wiring diffusion pre-
vention film. As a result, even 11 the waveguide 1s intended to
be formed by subsequently burying the clad matenal layer
and the core matenal layer into this groove, it 1s anticipated
that the waveguide may not be formed properly so as to be
terminated at the lowermost wiring diffusion prevention film.

[0179] With the present embodiment, in contrast, since the
protrusion height of the second isolation region 1n the pixel
section 1s low, the planarization polishing of the insulating
interlayers 1s feasible, and proper waveguides can be formed
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so as to terminate at the lowermost wiring diffusion preven-
tion film even 1n the device configuration with mimaturized
pixels.

[0180] In addition, also with the progress of pixel minia-
turization, if the protrusion height of the 1solation region on
the side of the pixel section 1s large as 1llustrated 1n the first
comparative example, there arises a concern of void forma-
tion when the msulating interlayer 1s formed by 1nlaying the
portion between the high protrusions. With the present
embodiment, however, since the height of protrusion 1s low,
the formation of voids can be obviated, the efficiency of
burying the insulating interlayer 1s improved, and the forma-
tion of the msulating interlayer can be carried out satisfacto-
rily.

[0181] Still in addition, with the present embodiment, by
suppressing the variation in the film thickness within a chip,
which 1s caused by polishing the above-mentioned insulating
interlayer, the effect can be achieved of improving the differ-
ence 1n sensitivity between the middle and the circumierence
of a screen, so-called shading.

[0182] Moreover, according to the sixth embodiment, the
elfects similar to those described earlier with the configura-
tion according to the first embodiment can also be offered
with the present structure, including the increase 1n sensor
sensitivity, improvement 1n afterimage characteristics and 1n
the amount of saturation signals, prevention of short circuit
failures caused between pixel transistors, reduction of the
number of processes, improvement of manufacturing yield,
etc

[0183] Itis added thatthe aforementioned values of optimal
f1lm thickness t1 1n the range either from 220 to 320 nm, from
3’70to 470 nm, or from 530 to 630 nm, can be applied not only
to the sixth embodiment, but also to the first through fourth
embodiments as well.

Seventh Embodiment of the Solid-State Imaging,
Device

[0184] FIGS. 31 and 32 are schematic views 1illustrating a
solid-state 1maging device according to a seventh embodi-
ment of the present ivention. FIG. 31 1s a simplified plan
view of the layout of pixels 1n an 1imaging region as the major
portion of the solid-state imaging device. FIG. 32 is a cross-

sectional view taken along the line A-A of the structure of
FIG. 31.

[0185] The solid-state imaging device 171 of the present
embodiment 1s provided, including a pixel section 23 and a
peripheral circuit section 24, 1n which the pixel section 23
includes a plurality of pixels 172 arranged 1n a two-dimen-
sional array, each of the pixels being formed, including a
photodiode (PD) 26 and several pixel transistors. As 1llus-
trated by the layout shown 1n FIG. 31, each of the pixels 172
1s formed 1n the present embodiment, including a photodiode
(PD) 26 and several transistors, 1.e., three transistors such as
a transier transistor Trl, a reset transistor Tr2, and an ampli-
tying transistor Tr3. The transfer transistor Trl 1s formed,
including a source/drain region 173 serving as a floating
diffusion (FD) and a transfer gate electrode 176 formed hav-
ing a gate msulator film formed thereunder. The reset transis-
tor 112 1s formed, including a pair of source and drain regions
173 and 174, and a reset gate electrode 177 formed having
another gate insulator film formed thereunder, 1n similar man-
ner as above. The amplifying transistor Tr3 1s formed, includ-
ing a pair of source and drain regions 174 and 175, and an
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amplification gate electrode 178 formed having still another
gate msulator film formed thereunder.

[0186] In addition, also in the present embodiment, as
shown 1n FIGS. 31 and 32, an 1solation region 86 of p-type
impurity region 1s formed around the circumierence of the
photodiode (PD) 26. Namely, the photodiode (PD) 26 1s 1so-
lated utilizing pn junction with the 1solation region 86. On the
other hand, the region of the pixel transistors such as the
transier transistor Irl, reset transistor Tr2, and amplifying
transistor 1r3, 1s 1solated using the second 1solation region 45
with the same STI structure as mentioned earlier.

[0187] Since the other parts of the configuration are similar
to those mentioned earlier according to the sixth embodiment,
the regions shown in FIG. 32 similar to those 1n FIG. 28 are
shown with 1dentical numerical representations and the
repeated description thereof 1s omitted herein.

[0188] With the configuration of the solid-state 1imaging
device 171 according to the seventh embodiment, by 1mple-
menting the pn-junction 1solation of the photodiode (PD) 26
using the 1solation region 86 of p-type impurity region, the
vignetting of light 1s eliminated and the sensor sensitivity can
be further improved. Namely, since the protrusion portion
(with protrusion height h8) in the second 1solation region 45
1s not present by the photodiode (PD) 26, the vignetting of
light 1s not caused by the protrusion portion and the light
condensing efliciency 1s further improved. In the pixel section
23, since the structure 1s adapted to incorporate a combination
of pn junction 1solation and STT 1solation, the 1solation toler-

ance 1s 1mmproved and gate parasitic capacitance can be
reduced.

[0189] Moreover, with the seventh embodiment of the
invention, the effects similar to those described earlier with
the configuration according to the sixth embodiment can also
be offered.

[0190] Although the pixel configuration 1s adapted herein
above to include one photodiode and several pixel transistors,
the configuration may alternatively be formed for the struc-
ture having plural pixels shared with each other, for example,
in which the circumierence of the photodiode PD 1s 1solated
by pn-junction similarly to the seventh embodiment, while
other portions are 1solated using the second 1solation region
45 with the aforementioned STI structure. It 1s a matter of
course that the present configuration of pn junction 1solation
ol the photodiode (PD) in the circumierence thereof can also
be applied to the solid-state imaging device according to the
first through seventh embodiments as well.

Fourth Embodiment of the Production Method

[0191] In the next place, a fourth embodiment of the pro-
duction method for the solid-state imaging device according
to the present invention will be described with reference to
FIGS. 33 through 37. The present embodiment 1s adapted to
producing the solid-state imaging device 55 according to the
aforementioned sixth embodiment shown 1n FIG. 28, 1n par-
ticular to forming insulating interlayers and waveguides
thereof.

[0192] Reference numerals 49 and 52 denote ap-type semi-
conductor region and a p-type semiconductor layer, respec-
tively.

[0193] In the production method according to the fourth

embodiment, as illustrated in FIG. 33, shallow trenches 44
and deep trenches 41 are first formed 1n the pixel part 23 and
the circumierence circuit part 24, respectively, by way of

process steps illustrated in either FIGS. 13 A through 15E or
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FIGS. 18A through 19D. Also, the second 1solation region 435
and the first1solation region 43 each with the ST structure are
formed by burying an insulator film 42 into the trenches 44
and 41, respectively, so as to make the protrusion heights hé
and h8 the same. Moreover, 1n the pixel section 23, a photo-
diode 26 and pixel transistors 27 are formed. Logic circuits
with CMOS ftransistors are formed 1n the peripheral circuit
section 24. On an insulator film 39 of a silicon oxide film
covering the surface of the photodiode 26, an antireflection
film 40 of silicon nitride film 1s formed. Thereafter, a first-
layer insulating interlayer 311 of a silicon oxide film, for
example, 1s formed by the CVD method for example, and 1s
subsequently subjected to planarizing polish by the CMP
method to obtain a desired film thickness t1.

[0194] Next, referring to FI1G. 34, several trenches 92 are
tormed at predetermined locations of the mnsulating interlayer
311, and a first-layer wiring 321 1s formed by burying a Cu
wiring layer 158 into the trench 92, having a barrier metal
layer 157 with tantalum/tantalum-nitride formed thereunder
for passivation. Subsequently, all over the insulating inter-
layer 311 including the surface of the first-layer wiring 321, a
first-layer wiring diffusion prevention film 159a for prevent-
ing the diffusion of the wiring 321 1s formed of a S1C film or
S1N film, for example, of a S1C film 1n this example.

[0195] Next, referring to FIG. 35, there formed on the first-
layer wiring diffusion prevention film 1594 using process
steps similar to those mentioned above, are a second-layer
insulating interlayer 312, a second-layer wiring 322 having a
barrier metal layer 157 and a Cu wiring layer 158 both buried
into a trench 92, and a second-layer wiring diflusion preven-
tion film 15956. Subsequently, a third-layer 1nsulating inter-
layer 313, a third-layer wiring 323 having another barrier
metal layer 157 and another Cu wiring layer 158 buried 1nto
a trench 92, and a third-layer wiring diffusion prevention film
159¢ are formed. Furthermore, a fourth-layer insulating inter-
layer 314, a fourth-layer wiring 324 having still another bar-
rier metal layer 157 and a still another Cu wiring layer 158
buried nto a trench 92, and a fourth-layer wiring diffusion
prevention film 1594 are formed. In addition, a fifth-layer
insulating interlayer 315 1s formed on the structure, whereby
a multilevel wiring layer 33 1s formed.

[0196] Next, referring to FIG. 36, a concave groove 87 1s
formed by selectively etching the portion 1n the multilevel
wiring layer 33 facing the photodiode 26 so as to terminate at
the lowermost wiring diffusion prevention film 159aq as the
first layer. This selective etching 1s performed on the insulat-
ing interlayer 315 on the fitth layer, the wiring diffusion
prevention film 1594 and imsulating interlayer 314 on the
tourth layer, the wiring diffusion prevention film 159¢ and
insulating interlayer 313 on the third layer, and the wiring
diffusion prevention film 15956 and insulating interlayer 312
on the second layer.

[0197] Next, referring to FIG. 37, a first core layer 88 1s
formed 1ncluding the inner wall of the concave groove 87.
Thereatter, a second core layer 89 1s formed on the first core
layer 88 to inlay the concave groove 87. The first core layer 88
and the second core layer 89 are formed of either a silicon
oxide film or silicon nitride film. Thereby, a waveguide 156
consisting of the first core layer 88 and the second core layer
89 1s formed to reach the wiring diffusion prevention film
159a on the lowermost layer and facing each of the photo-
diodes 26. If the first core layer 88 1s formed with the material
having a refractive mndex higher than that for forming the
second core layer 89 and the insulating interlayer 31 (312 to
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315) included in the multilevel wiring layer 33, the light leak
outward from the waveguide becomes more difficult, and the
sensor sensitivity 1s further increased. An embodiment of the
invention 1s not limited thereto, however. And, the waveguide
may alternatively be formed, including the second core layer
89 formed with the matenial having a refractive index higher
than that for forming the first core layer 88.

[0198] Although not shown as a drawing, subsequent pro-
cess steps proceed for successively forming a planarizing film
90, on-chip color filters 34, and on-chip micro-lens 35,
whereby the solid-state imaging device 55 according to the
sixth embodiment 1s formed.

[0199] With the production method of the solid-state 1mag-
ing device according to the fourth embodiment of production
method, by forming the second 1solation region 435 and the
first1solation region 43 to make the protrusion heights thereof
h6 and h8 the same, a satisfactory planarization process
becomes feasible during the polishing process by the CMP
method after forming the first layer insulating interlayer 311.
As aresult, the thickness of the first layer insulating interlayer
311 decreases, and the film thickness t1 of msulating inter-
layers from the surface of the photodiode 26 to the wiring
diffusion prevention film 159a on the first layer can also be
decreased. Moreover, the waveguide 156 1s formed at the
location facing the photodiode 26. By achieving the forma-
tion of the insulating interlayers having the thin film thickness
t1, and also by providing the waveguide 156, the condensing
elliciency of leading incident light into the photodiode 26 1s
improved, and the solid-state imaging device 35 can be pro-
duced with improved sensor sensitivity.

[0200] Since the formation of the concave groove 87 for
forming the waveguide 156 1s carried out to be terminated at
the first-layer wiring diffusion prevention film 1594, and not
to form the groove 87 any deeper, undesirable increase in dark
current can be avoided. In addition, by terminating the con-
cave groove 87 at the wiring diffusion prevention film 159aq,
terminal points can be made umiform in depth and the varia-
tion 1n sensitivity can be suppressed.

[0201] In addition, similarly to those described above
according to the first and second embodiments of production
method, the solid-state imaging device can be produced with
improved pixel characteristics, including the improvement 1n
alterimage characteristics and 1n the amount of saturation
signals, the prevention of short circuit failures between pixel
transistors, etc. Moreover, after forming the trenches 44 and
41 on the side of the pixel section 23 and on the side of the
peripheral circuit section 24, respectively, the deposition of
the 1insulator layer 42 and the polishing by the CMP method
are carried out in the same process, and then the first and
second 1solation regions 43 and 45 are formed. Thus, the
number of processes can therefore be reduced.

Fifth Embodiment of the Production Method

[0202] Referring to FIG. 38, a fifth embodiment of the
production method for the solid-state imaging device accord-
ing to the present invention will be described. The present
embodiment 1s adapted to producing the solid-state 1maging
device according to the aforementioned seventh embodiment
shown 1n FIGS. 31 and 32, 1n particular to forming isolation
regions thereof.

[0203] In the production method according to the fifth
embodiment, as illustrated in FIG. 38, shallow trenches 44
and deep trenches 41 are first formed 1n the pixel section 23
and the circumierence circuit section 24, respectively, by way
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of process steps illustrated 1n either FIGS. 13 A through 15E
or FIGS. 18A through 19D. Also, the second 1solation region
45 and the first 1solation region 43 each with the STT structure
are formed by burying an insulator film 42 into the trenches
44 and 41, respectively, so as to make the protrusion heights

thereof h6 and h8 the same.

[0204] Inaddition, in the pixel section 23, a photodiode 26,
and transistors Trl, Tr2, and Tr3 as pixel transistors are
formed for constituting a pixel. In the peripheral circuit sec-
tion 24, logic circuits are formed, including CMOS transis-
tors. Furthermore, an 1solation region 86 1s formed of a p-type
impurity region in the periphery of the photodiode 1n the pixel
section 23.

[0205] An antireflection film 40 of a silicon nitride film 1s
formed on an 1nsulator film 39 of a silicon oxide film formed
on the surface of the photodiode 26. Thereatter, a first-layer
insulating interlayer 311 of a silicon oxide film, for example,
1s formed by the CVD method and 1s subsequently subjected
to planarizing polish by the CMP method to obtain a desired

film thickness t1.

[0206] Subsequently, by way of the same process steps as
alorementioned with reference to FIGS. 34 through 37, the

solid-state 1imaging device according to the seventh embodi-
ment can be produced.

[0207] With the production methods of the solid-state
imaging device according to the fifth embodiment of produc-
tion method, this method includes the process steps of form-
ing the 1solation region 86 of a p-type impurity region 1n the
periphery of the photodiode 26 1n the pixel section 23. The
isolation region 86 does not protrude out of the substrate
surface and no protrusion portion 1s present around the pho-
todiode 26. As a result, since the vignetting of light 1s not
caused by the protrusion portion 1n the periphery of the pho-
todiode 26, the solid-state 1imaging device 171 can be pro-
duced with further improved light condensing efficiency. In
addition, the effects similar to those described earlier with the
production method according to the fourth embodiment can
also be offered with the present method.

[0208] An embodiment of the present invention can be
applied to both the surface illumination type and the backside
illumination type of the solid-state imaging device. With the
CMOS solid-state 1imaging device, as mentioned earlier, an
embodiment of the mvention can be applied to the surface
illumination type imaging device rendering light incident
from the side of a multilevel wiring layer, as well as the
backside illumination type imaging device rendering light
incident from the rear face of the substrate opposite to the side
of the multilevel wiring layer. In addition, the solid-state
imaging devices according to an embodiment of the present
invention can be applied not only to the abovementioned area
image sensors, but also to linear image sensors.

[0209] The solid-state 1imaging devices according to an
embodiment of the present invention can suitably be adapted
to various electronic equipments such as cameras provided
with solid-state imaging devices, mobile devices with cam-
eras, and other similar equipments provided with solid-state
imaging devices.

[0210] FIG. 39 is a diagrammatical view 1llustrating a cam-
era provided with the solid-state imaging device as an
example of the abovementioned electronic equipments
according to an embodiment of the present mvention. The
camera (electronic apparatus) 80 according to the present
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embodiment 1s provided, including an optical system (optical
lens) 81, a solid-state 1maging device 82, and a signal pro-
cessing circuit 83.

[0211] As to the solid-state imaging device 82, any one of
the devices described in the atorementioned embodiments
may preferably be adapted. The optical system 81 1s config-
ured to 1image the image light (incident light) emitted from a
subject on the 1imaging surface of the solid-state 1maging
device. Thereby, signal charges are accumulated for a fixed
period of time by the photoelectric conversion element
included in the solid-state 1maging device 82. The signal
processing circuit 83 1s configured to provide the signals
outputted from the solid-state imaging device 82 with various
signal processing, and to subsequently output the processed
signals as picture signals. The camera 80 according to the
present embodiment may be implemented as a camera mod-
ule, which 1s formed by modularizing the optical system 81,
the solid-state 1maging device 82, and the signal processing
circuit 83.

[0212] An embodiment of the present invention may suit-
ably adapted to the camera 1llustrated 1n FIG. 39, and mobile
devices with cameras, which are represented for example by
cellular phones provided with camera modules, etc. Further-
more, the structure of FI1G. 39 may be configured as a module
having 1maging capabilities, a so-called 1maging module,
which 1s formed by modularizing the optical system 81, the
solid-state imaging device 82, and the signal processing cir-
cuit 83. According to an embodiment of the mnvention, elec-
tronic equipments provided with such imaging modules can
be constituted.

[0213] According to the electronic equipments of the
present embodiment, since high quality images can be formed
owning to excellent pixel characteristics of the solid-state
imaging devices, high performance electronic equipments
can be provided.

[0214] Asmentioned earlier, the solid-state imaging device
according to an embodiment of the present invention may
suitably be adapted to (a) the solid-state imaging device hav-
ing plural unit pixels arranged, each of the unit pixels includ-
ing one photodiode and several pixel transistors, and (b) the
solid-state imaging device having a first plurality of so-called
sharing pixels arranged, each of the sharing pixels including
a second plurality of photodiodes and transfer transistors, and
including each one of the other pixel transistors such as the
reset, amplifying, and select transistors.

[0215] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-

tions JP 2008-101971, JP 2008-199050, JP 2008-201117
filed 1n the Japan Patent Office on Apr. 9, 2008, Jul. 31, 2008,
Aug. 4, 2008, respectively, and the entire contents of which
are hereby incorporated by reference.

[0216] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors msofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. A solid-state imaging device, comprising:
a pixel section;

a peripheral circuit section;

a first 1solation region formed with a STI structure on a
semiconductor substrate in the peripheral circuit sec-
tion; and
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a second 1solation region formed with the STT structure on
the semiconductor substrate 1n the pixel section, a por-
tion thereof buried into the semiconductor substrate
being shallower than a portion buried 1nto the semicon-
ductor substrate of the first 1solation region, and a height
of an upper face thereof being equal to that of the first
1solation region.

2. The solid-state 1maging device according to claim 1,

turther comprising:

an 1mpurity implanted region formed at an interface
between the second 1solation region and a photoelectric
conversion element of the pixel section.

3. The solid-state imaging device according to claim 1,

wherein

a part of the photoelectric conversion element 1s under-
neath of the second 1solation region.

4. A method of producing a solid-state 1maging device;
comprising the steps of:

forming a first trench 1n a portion where a first 1solation
region 1s to be formed 1n a peripheral circuit section on a
semiconductor substrate, and a second trench 1n a por-
tion where a second 1solation region 1s to be formed 1n a
pixel section on the semiconductor substrate, the second
trench being shallower than the first trench;

forming an insulator layer over a structure including inte-
riors of the first and second trenches, and

forming first and second 1solation regions to have surface
heights equal to each other through polishing the 1nsu-
lator layer.

5. The method of producing a solid-state imaging device
according to claim 4, wherein

in the step of forming first and second 1solation regions, the
insulator layer 1s polished so that protrusion heights of
the first and second 1solation regions from surfaces of the
semiconductor substrate 1s 1n a range from 0 to 40 nm.

6. The method of producing a solid-state 1maging device

according to claim 4, wherein the step of forming first and
second trenches 1ncludes:
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forming any one of the first and second trenches; and

forming subsequently any one of the second and first
trenches.

7. The method of producing a solid-state imaging device
according to claim 4, wherein the step of forming first and
second trenches includes:

forming first and second trenches having a same depth by a
simultaneous etching process; and

forming subsequently the first trench so as to be deeper
than the second trench by an etching process.

8. An electronic device, comprising;:

a solid-state imaging device;

an optical system configured to lead incident light to a
photoelectric conversion element included 1n the solid-
state 1maging device; and

a signal processing circuit configured to process output
signals from the solid-state imaging device;

the solid-state imaging device including,

a pixel section;

a peripheral circuit section;

a first 1solation region formed with a STI structure on a
semiconductor substrate in the peripheral circuit sec-
tion; and

a second 1solation region formed with the STI structure on
the semiconductor substrate 1n the pixel section, a por-
tion thereol buried into the semiconductor substrate
being shallower than a portion buried into the semicon-
ductor substrate of the first 1solation region, and a height
ol an upper face thereofl being equal to that of the first
1solation region.

9. The electronic device according to claim 8, wherein

the solid-state 1mag1ng device 1ncludes an impurity
implanted region formed 1n a vicinity of an interface
between the second 1solation region and a photoelectric
conversion element of the pixel section.

10. The electronic device according to claim 9, wherein

a part ol the photoelectric conversion element 1s under-
neath the second 1solation region.

i i ke i i



	Front Page
	Drawings
	Specification
	Claims

