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(57) ABSTRACT

A MOS mmage pick-up device including a semiconductor
substrate, an 1maging region formed on the semiconductor
substrate by arraying plural unit pixels, and a peripheral cir-
cuit region including a driving circuit for operating the imag-
ing region formed on the semiconductor substrate; the unit
pixels include a photodiode, MOS (metal-oxide-
semiconductor) transistors and a first device-isolation
portion, the peripheral circuit region includes a second
device-1solation portion for 1solating devices 1n the driving
circuit; wherein each of the first device-1solation portion and
the second device-1solation portion 1s at least one portion
selected from an electrically mnsulating film formed on the
substrate 1 order not to erode the substrate, a electrically
insulating film formed on the substrate so as to erode the
substrate to a depth ranging from 1 nm to 50 nm, and an
impurity diffusion region formed within the substrate. The
MOS 1mage pick-up device 1s incorporated in a camera.
Thereby, devices are 1solated between MOS transistors, and
noise caused by leakage current 1s decreased.

12 Claims, 6 Drawing Sheets
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MOS IMAGE PICK-UP DEVICE AND
CAMERA INCORPORATING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present mvention relates to a MOS 1mage pick-up
device that 1s used for a digital camera or the like, and a
camera incorporating the same.

BACKGROUND OF THE

INVENTION

A MOS mmage pick-up device denotes an 1image sensor
that amplifies and reads signals of respective pixels by using,
amplifying circuits including MOS transistors formed on the
respective pixels. Recently, such MOS i1mage pick-up
devices, particularly, so-called CMOS (complementary
MOS) 1mage sensors manufactured in a CMOS process,
have been marked as image-inputting devices in portable
apparatuses such as miniature cameras for PCs, due to the
merits, e.g., they require low voltages and consume less
power, and the sensors can be integrated with peripheral
circuits so as to form a one-chip device.

In a conventional MOS 1mage pick-up device, every cir-
cuit i the peripheral circuit region 1s designed using a
CMOS techmique to apply both n-channel MOS transistors
and p-channel MOS transistors. In the 1imaging region, all of
the MOS transistors composing each pixel are n-channel
MOS ftransistors. In general, the n-channel MOS transistors
composing the pixel are identified with n-channel MOS tran-
s1stors used 1n the peripheral circuit region.

FIG. 4 1s a cross-sectional view showing a structure of a
CMOS transistor used for a peripheral circuit region of a
conventional MOS 1mage pick-up device. In a semiconduc-
tor substrate 21, an n-type well 26 and a p-type well 25 are
formed. A p-channel MOS transistor 22 1s formed in the
n-type well 26, and an n-channel MOS transistor 23 1s
tformed 1n the p-type well 25. These transistors are 1solated
clectrically from each other by device-1solation portions 24.
The device-1solation portions 24 are oxide films 27 formed
by LOCOS (local oxidation of silicon). For further
miniaturization, oxide films 28 formed by STI (shallow
trench 1solation) are used for the electron-i1solating portions

as shown 1n FIG. §.

Since the MOS 1mage pick-up device includes an ampli-
tying circuit 1n each pixel as described above, 1t can amplily
weak signals so as to realize high sensitivity. On the other
hand, when a large amount of current leaks into the
photodiode, the leakage current may be amplified and cause
a considerable noise.

In the above-described conventional MOS 1mage pick-up
device, n-channel MOS transistors composing the pixel are
regarded as 1dentical 1n the structure to the n-channel MOS
transistors used in the peripheral circuit region, 1.c..
n-channel MOS transistors of a CMOS transistor. Moreover,
the device-1solation portions among the transistors are con-
sidered to have a common structure in the 1maging region
and the peripheral region.

However, the CMOS ftransistors used for the peripheral
circuit region are developed in a trend for mimaturizing
semiconductor LSI. Therefore, the main object 1n develop-
ment of the CMOS transistors 1s a high-speed process, while
substantially no attention 1s paid for leakage current. For

10

15

20

25

30

35

40

45

50

55

60

65

2

example, 1n a CMOS transistor shown 1n FIG. 4, the oxide
films 27 used for the device-1solation portions are formed by
thermally oxidizing the substrate 21, and thus they erode the
substrate 21 by approximately half of the film thickness. In
the CMOS transistor shown 1n FIG. 5, the oxide films 28
used for the device-1solation portions fill trenches formed on
the substrate 21, so that the films erode the substrate 21 by
their entire thickness. Since the substrate will be subjected to
a great stress at parts eroded by the oxide films 1n the device-
1solation portions, a large leakage current will occur. When
the device-1solating structure of the CMOS transistor 1s used
for an 1maging region, noise due to the leakage current will
be increased considerably.

SUMMARY OF THE INVENTION

For solving the above-described problems 1n the conven-
tional techmques, the present invention provides a MOS
image pick-up device that decreases noise caused by leakage
current, and also a camera using the MOS 1mage pick-up
device.

For achieving the above-described object, a MOS 1mage
pick-up device according to the present invention has a semi-
conductor substrate, an 1maging region formed on the semi-
conductor substrate by arraying plural unit pixels, and a
peripheral circuit region including a driving circuit for oper-
ating the 1imaging region formed on the semiconductor
substrate, wherein each unit pixel has a photodiode, MOS
(metal-oxide-semiconductor) transistors and a first device-
1solation portion, and the peripheral circuit region includes a
second device-i1solation portion for 1solating devices in the
driving circuit. The MOS 1mage pick-up device 1s character-
ized 1n that each of the first device-1solation portion and the
second device-1solation portion 1s at least one selected from:
A) an electrically 1solating film formed on the substrate in
order not to erode the substrate; B) an electrically insulating
f1lm formed on the substrate so as to have a depth eroding the
substrate 1n a range of 1 nm to 50 nm; and C) an impurity
diffusion region formed within the substrate.

Next, a camera according to the present invention 1ncor-
porates a MOS 1mage pick-up device that has a semiconduc-
tor substrate, an 1imaging region formed on the semiconduc-
tor substrate by arraying plural umt pixels, and a peripheral
circuit region including a driving circuit for operating the
imaging region formed on the semiconductor substrate,
wherein each unit pixel has a photodiode, MOS (metal-oxide
semiconductor) transistors and a first device-i1solation
portion, and the peripheral circuit region includes a second
device-1solation portion for 1solating devices in the dniving
circuit. The camera 1s characterized 1n that each of the first
device-1solation portion and the second device-1solation por-
tion 1s at least one selected from: A) an electrically 1solating
film formed on the substrate 1n order not to erode the sub-
strate; B) an electrically msulating film formed on the sub-
strate so as to have a depth eroding the substrate in a range of
1 nm to 50 nm; and C) an impunity diffusion region formed
within the substrate.

In the present invention, the ‘first device-isolation por-
tion’ 1s formed to electrically 1solate devices existing 1n a
pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a cross-sectional view showing an example of
device-1solation portions according to a first embodiment of
the present invention.

FIG. 1B 1s a cross-sectional view showing an example of
device-1solation portions according to a second embodi-
ment.
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FIG. 2 1s a schematic view showing a configuration of a
MOS 1mage pick-up device according to the present mven-
tion.

FIG. 3 1s a circuit diagram showing an example of a
dynamic circuit that can be used for a driving circuit of a
MOS 1mage pick-up device of the present invention.

FIG. 4 1s a cross-sectional view showing a structure of a
CMOS transistor and 1ts device-1solation portions for com-
posing a conventional MOS 1mage pick-up device.

FIG. 5 1s a cross-sectional view showing a structure of a
CMOS transistor and 1ts device-1solation portions for com-
posing a conventional MOS 1mage pick-up device.

FIG. 6 1s a graph for comparing leakage currents that vary
depending on 1solation oxide films 1n the first embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, each of the first device-1solation
portion and the second device-i1solation portion 1s at least
one of: A) an electrically 1solating film formed on the sub-
strate 1n order not to erode the substrate; B) an electrically
insulating film formed on the substrate so as to have a depth
eroding the substrate 1n a range of 1 nm to 50 nm; and C) an
impurity diffusion region formed within the substrate.
Therefore, stress applied to the substrate 1s decreased and the
leakage current can be inhibited. As a result, noise caused by
the leakage current can be decreased. When the device-
1solation portion 1s a film of B), stress applied to the device-
1solation portion can be decreased and the leakage current
can be 1inhibited since the erosion depth into the substrate 1s
shallow, 1.e., 1t 1s controlled within a range of 1 nm to 50 nm.

It 1s preferable 1n the MOS 1mage pick-up device that the
impurity diffusion region 1s formed by 1on implantation.

It 1s preferable 1n the MOS 1mage pick-up device that the
insulating film has a thickness ranging from 1 nm to 500 nm.

It 1s preferable in the MOS 1mage pick-up device that in
the 1imaging region the first device-1solation portion formed
adjacent to the photodiode 1s composed of an impurity difiu-
s1on region formed 1n the substrate.

It 1s preferable 1n the MOS 1mage pick-up device that at
least one part of the driving circuit 1s a dynamic circuit,
thereby decreasing the energy consumption.

It 1s preferable 1 the MOS 1mage pick-up device that a
dark current inhibiting layer 1s formed in the surface layer of
the photodiode, thereby inhibiting leakage current occurring
due to defects 1n the vicinity of the substrate surface on the
photodiode.

As described above, according to a MOS 1mage pick-up
device of the present mnvention where device-1solation por-
tions among MOS ftransistors have a particular structure,
noise caused by leakage current can be decreased.

The details will be described below with reference to the
attached drawings.

FIG. 2 shows an example of a MOS 1mage pick-up device
of the present invention. This solid-state imaging device has
an 1maging region 7 with plural pixels 6 arranged one-
dimensionally or two-dimensionally, and a peripheral circuit
region arranged around the imaging region.

This MOS 1mage pick-up device includes, on a semicon-
ductor substrate, an 1imaging region 7 in which plural pixels
6 are arrayed two-dimensionally, a vertical shift resistor 8
and a horizontal shift resistor 9 for selecting pixels, and a
timing-generation circuit 10 for feeding pulses necessary for
the shift resistors (hereimnaiter, a region other than the 1mag-
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4

ing region 7 1s expressed as ‘a peripheral circuit region’,
which includes the vertical shift resistor 8, the horizontal
shift resistor 9, and the timing-generation circuit 10). In the
imaging region 7, each of the pixels 6 1s composed of a
photodiode 1 and four MOS ftransistors, 1.e., a charge-
transierring transistor 2, a resetting transistor 3, an amplify-
ing transistor 4 and a selecting transistor 5. In the peripheral
circuit region, the vertical shift resistor 8, the horizontal shait
resistor 9 and the timing-generation circuit 10 are composed
by using plural MOS transistors.

Each of the pixels 6 composing the imaging region 7
includes the photodiode 1 and the four MOS transistors, 1.€.,
the charge-transierring transistor 2, the resetting transistor 3,
the amplifying transistor 4 and the selecting transistor 5. The
charge-transferring transistor 2 uses the photodiode 1 as a
source, and 1ts drain 1s electrically connected with a gate of
the amplitying transistor 4. The amplifying transistor 4 has a
drain that 1s electrically connected with a power supply volt-
age and a source that 1s electrically connected with a drain of
the selecting transistor 5. The resetting transistor 3 has a
source that 1s electrically connected with a drain of the
charge-transferring transistor 2 and also a source that 1s elec-
trically connected with a power supply voltage. The select-
ing transistor 5 has a source connected to an output line.

The following 1s a brief explanation about functions of the
respective transistors. The charge-transferring transistor 2
transfers signal charge generated due to a photoelectric
exchange at the photodiode 1 1nto a detecting portion (the
drain of the charge-transierring transistor 2). The detecting
portion stores signal charge and inputs a voltage correspond-
ing to the electric charge into the amplifying transistor 4.
The amplitying transistor 4 amplifies the voltage of the
detecting portion, and the selecting transistor 5 as a switch
for taking out output of the amplifying transistor 4 selects a
pixel for reading the signal. The resetting transistor 3 dis-
charges the signal electric charge stored in the detecting por-
tion at a predetermined time interval.

FIG. 1A and FIG. 1B are cross-sectional views showing
examples of MOS transistors and the peripheral structures.
In each MOS transistor 12, a source 14 and a drain 15 as
n-type diffusion regions are formed within a p-type semicon-
ductor substrate 11 (or a p-type well). Agate electrode 17 1s
formed on a part of the semiconductor substrate 11 through
an insulating film 16, and the gate electrode 17 1s located
between the source 14 and the drain 15.

As shown 1n FIGS. 1A and 1B, respective MOS transis-
tors 12 are electrically 1solated from each other by device-
isolation portions 13. Each device-1solation portion 13 can
be configured by forming an 1solation oxide film 18 on the
semiconductor substrate 11 as shown 1n FIG. 1A.
Alternatively, the device-1solation portion 13 can be config-
ured by forming an 1solation-diffusion region 19 within the
semiconductor substrate 11 as shown in FIG. 1B.
Alternatively, both the 1solation oxide film 18 and the
1solation-diffusion region 19 can be formed together. Struc-
tures of the device-1solation portions will be detailed later.

The photodiode 1 1s an n-type diffusion region formed
within the p-type semiconductor substrate (or a p-type well).
As described above, the photodiode composes a source of a
charge-transferring transistor, and similar to the sources for
other MOS transistors, a device-1solation portion 1s formed
in a region adjacent to a photodiode.

It 1s further preferable that a p-type diflusion region 1s
formed as a dark current inhibiting layer on the surface layer
part of the n-type diffusion region as a photodiode. In this
case, 1t 1s preferable that the dark current inhibiting layer
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extends to the device-1solation portion formed adjacent to
the photodiode. That 1s, when the device-1solation portion 1s
composed of an 1solation oxide film, preferably, 1t extends
below the 1solation oxide film. When the device-i1solation
portion 1s composed of an isolation-diffusion region, the
dark current inhibiting layer preferably extends into the
1solation-ditlusion region.

Although an n-channel MOS ftransistor 1s shown as an
example of MOS transistors composing the respective
pixels, 1t 1s also possible to use a p-channel MOS transistor.
In this case, the MOS transistor has a structure where a
source as a p-type diffusion region and a drain are formed 1n
an n-type semiconductor substrate (or n-type well). The pho-
todiode 1s composed of a p-type diffusion region, and the
dark current imnhibiting layer 1s composed of an n-type ditiu-
5101 region.

As shown 1n FIG. 2, a peripheral circuit region includes a
honizontal shift resistor 8 and a vertical shift resistor 9 for
pixel selection, and a driving circuit such as a timing-
generation circuit 10 for feeding pulses necessary for opera-
tion of the shiit resistors.

In the peripheral circuit, it 1s preferable that the driving
circuit 1s composed of a dynamic circuit for decreasing
power consumption. FIG. 3 1s a circuit diagram showing an
example of a dynamic circuit available for the horizontal
shift resistor and the vertical shift resistor.

Since a typical dynamic circuit retains data dynamically
in capacitors (20a, 20b and 20c 1n FIG. 3), a great leakage
current can destroy data. However, this embodiment can
solve this problem since a structure for decreasing the leak-
age current 1s used for the device-1solation portions that 1so-
late MOS transistors of the driving circuit.

A driving circuit contains plural MOS transistors, and the
MOS transistors are electrically 1solated from each other by
device-1solation portions. The device-1solation portions can
be configured similar to the device-1solation portions 1 an
imaging region. That 1s, each device-1solation portion can be
configured by forming an 1solation oxide film on the semi-
conductor substrate; forming an 1solation-diffusion region
within the semiconductor substrate; or forming both the 1so-
lation oxide film and the 1solation-diffusion region together.
The structures of the device-1solation portions will be
detailed later.

It 1s further preferable that all the MOS transistors com-
posing pixels of the imaging region and the MOS transistors
composing the driving circuit in the peripheral circuit region
have the same structure, so that the manufacturing process
can be simplified.

The following description 1s about device-1solation por-
tions among MOS transistors in the 1maging region and the
peripheral circuit region.

As described above, both the imaging region and the
peripheral circuit region have device-1solation portions con-
figured by forming an isolation oxide film on a semiconduc-
tor substrate (hereinafter, referred to as ‘a first
embodiment’), or by forming an 1solation-diffusion region
within a semiconductor substrate (hereinafter, referred to as
‘a second embodiment”’).

FIG. 1A 1s a cross-sectional view showing device-
1solation portions 13 1n the first embodiment. For each of the
device-1solation portions 13, an 1solation oxide film 18 1s
formed on a semiconductor substrate 11. The 1solation oxide
film 18 does not erode the semiconductor substrate 11, and 1t
1s, for example, a deposited film formed on the flat surface of
the semiconductor substrate. Such an 1solation oxide film 18
can be formed, for example, by a CVD method.
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FIG. 6 1s a graph for comparing leakage currents that vary
depending on 1solation oxide films.

When the 1solation oxide film 18 has a thickness as large
as 800 nm (‘B’ 1n FIG. 6), stress will be concentrated to end
portions of the i1solation oxide film 18 at the interface
between the 1solation oxide film 18 and either the source 14
or the drain 15, due to an influence of heat treatment or the
like carried out after formation of the 1solation oxide film 18.
As a result, the stress becomes greater and the leakage cur-
rent 1s increased to 1.3 times 1n a comparison with a case of

an oxide film 27 formed by LOCOS (local oxidation of
silicon) illustrated as ‘A’ 1n FIG. 6. Preferably, the film thick-

ness 1s decreased to not more than 500 nm, preferably not
more than 400 nm, more preferably not more than 250 nm,
so that the leakage current at the end portions of the 1solation
oxide film 18 can be decreased in comparison with the leak-
age current of the oxide film 27 formed by LOCOS (local
oxidation of silicon). When the thickness of the 1solation
oxide film 18 1s 250 nm (*C” 1n FIG. 6), the leakage current 1s

as low as 0.8 times.

Since an LSI of a typical CMOS has a GND power source
in the unit cells, current can leak from GND to VDD (e.g.,
3V), passing beneath the 1solation oxide film, and thus, the
1solation oxide film should be thickened to be about 300 nm
for improving voltage endurance for device-1solation. On the
other hand, since an amplification type unit pixel does not
always require a GND power source 1n the pixel, the thick-
ness ol the i1solation oxide film 18 can be decreased to a
range of 4 nm to 250 nm, thereby decreasing the leakage
current of the 1solation oxide film 18.

Furthermore, by annealing 1n a hydrogen atmosphere after
formation of the 1solation oxide film 18, defects caused by
stress at the end portions of the 1solation oxide film 18 can be
corrected. This can further decrease the leakage current to
0.4 times (‘°E’ in FIG. 6).

In the insulating film shown i FIG. 1A, the isolation
oxide film 18 1s formed on the semiconductor substrate 11
together with an msulating film 1 order not to erode the
substrate. A test result shows that when a depth that the
1solation oxide film 18 erodes the semiconductor substrate
11 1s 50 nm or less, annealing 1n a hydrogen atmosphere can
decrease leakage current, 1.e., the leakage current indicated
as D 1 FIG. 6 15 0.6 times the leakage current 1n the oxide

film 27 formed by LOCOS (local oxidation of silicon).

FIG. 1B 1s a cross-sectional view of device-1solation por-
tions 1n a second embodiment. Each device-i1solation portion
13 includes an 1solation-diffusion region 19 formed within
the semiconductor substrate 11. According to the second
embodiment, the effect of inhibiting leakage current 1s fur-
ther improved 1n comparison with the first embodiment. The
1solation-diffusion regions 19 will be p-type diffusion
regions for isolating n-channel MOS transistors, while
n-type diflusion regions are used for isolating p-type MOS
transistors. The 1solation-diffusion regions 19 can be formed
by, for example, 1on-implanting p-type or n-type impurities
into a semiconductor substrate.

The mmpurity concentration and diffusion depth of the
1solation-diffusion regions 19 will not be limited specifically
as long as the MOS transistor 12 can be 1solated electrically.
The impurity concentration is, for example, 10™* cm™ to
10°* cm™, preferably 10'> cm™ to 10°° cm™, further pref-
erably 10"" cm™ to 10*® cm™. The diffusion depth is, for
example, more than 0 um and not more than 7 um, prefer-
ably more than O um and not more than 2 um, further prefer-
ably more than 0 um and not more than 1 um.

The device-1solation portion can have a structure for using,
both an 1solation oxide film and an 1solation-diffusion region
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(hereinafter, the structure i1s referred to as ‘a third
embodiment’). In the structure, even when leakage current
occurs at the interface between the 1solation oxide film and
the semiconductor substrate, this leakage current can be
recontacted in the 1solation-diffusion region, thereby
enhancing the effect of decreasing the leakage current.

For the imaging region, 1t 1s preferable that the second
embodiment 1s applied for the structure of the device-
1solation portion adjacent to the photodiode, so that an excel-
lent effect 1s obtained 1n mhibiting leakage current. Though
the second embodiment can be used for the other device-
1solation portion 1n the 1maging region, use of either the first
or third embodiment 1s particularly preferable, since the
amplifying circuit 1n each pixel can be operated at high
speed.

In the peripheral circuit region, it 1s preferable to use
cither the first or the third embodiment for the structure of
the device-1solation portion, since the driving circuit can be
operated at high speed.

The device-1solation portion 1n the imaging region and the
device-1solation portion 1n the peripheral circuit region can
be selected separately from the first, second and third
embodiments. Preferred examples of the combinations are
described below.

In a first combination, the device-1solation portion in the
imaging region and that in the peripheral circuit region have
the same structure. In this case, though the second embodi-
ment can be used for the device-1solation portion, the first or
third embodiment 1s preferred particularly.

In a second combination, the second embodiment 1s used
for the device-1solation portion 1n the 1maging region while
the first or third embodiment is used for the device-1solation
portion 1n the peripheral circuit region. This structure can
decrease leakage current leaking into the photodiode and
realize a high-speed operation of the driving circuit.

In a third combination, the second embodiment 1s used for
the device-1solation portion adjacent to the photodiode 1n the
imaging region, and either the first or the third embodiment
1s used for the other device-1solation portions, and the first or
the third embodiment 1s used for the device-1solation portion
in the peripheral circuit region.

Accordingly, leakage current leaking into the photodiode
can be decreased, and the driving circuit and the amplifying
circuit in the pixel can be operated at high speed.

What 1s claimed 1s:

1. A MOS (metal-oxide-semiconductor) 1mage pick-up
device comprising:

a semiconductor substrate,

an 1maging region formed on the semiconductor substrate

by arraying plural unit pixels, and

a peripheral circuit region comprising a driving circuit for

operating the imaging region formed on the semicon-
ductor substrate:

where each of the unit pixels comprises: a photodiode,
MOS transistors, and a first device-i1solation portion
comprising a portion next to the photodiode and a por-
tion not next to the photodiode, and

the peripheral circuit region comprises a second device-
1solation portion for isolating devices in the driving
circuit,

wherein the following are satisfied:

I. each of the first device-1solation portion not next to the
photodiode and the second device-i1solation portion has
a structure comprising:
A. an electrically insulating film formed on a surface of
the substrate so as to erode the substrate to a depth 1n
arange of 1 nm to 50 nm, or
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B. both an electrically msulating film formed on a sur-
tace of the substrate so as to erode the substrate to a
depth 1n a range of 1 nm to 50 nm and an 1mpurity
diffusion region formed within the substrate, and

II. each of the first device-1solation portions next to the
photodiode has a structure consisting of only an impu-
rity diffusion region formed within the substrate
directly under the substrate surface.

2. The MOS mmage pick-up device according to claim 1,
wherein the impurity diffusion region 1s formed by 1on
implantation.

3. The MOS mmage pick-up device according to claim 1,
wherein at least one part of the driving circuit 1s a dynamic
circuit.

4. The MOS 1mage pick-up device according to claim 1,
wherein the photodiode has a surface portion having a dark
current inhibiting layer.

5. The MOS 1mage pick-up device according to claim 1,
wherein the first device-1solation portion and the second
device-1solation portion are formed by annealing 1n a hydro-
gen atmosphere.

6. A camera comprising a MOS (metal-oxide-
semiconductor) image pick-up device comprising:

a semiconductor substrate,

an 1maging region formed on the semiconductor substrate
by arraying plural unit pixels, and

a peripheral circuit region comprising a driving circuit for
operating the 1imaging region formed on the semicon-
ductor substrate:

where each of the unit pixels comprises: a photodiode,
MOS ftransistors, and a first device-1solation portion
comprising a portion next to the photodiode and a por-
tion not next to the photodiode, and

the peripheral circuit region comprises a second device-
isolation portion for 1solating devices in the driving
circuit,

wherein the following are satisfied:

I. each of the first device-1solation portion not next to the
photodiode and the second device-1solation portion has

a structure comprising;

A. an electrically insulating film formed on a surface of
the substrate so as to erode the substrate to a depth 1n
a range of 1 nm to 50 nm, or

B. both an electrically msulating film formed on a sur-
face of the substrate so as to erode the substrate to a
depth 1n a range of 1 nm to 50 nm and an 1mpurity
diffusion region formed within the substrate, and

II. each of the first device-1solation portions next to the
photodiode has a structure consisting of only an 1impu-
rity diffusion region formed within the substrate
directly under the substrate surface.

7. The camera according to claim 6, wherein the impurity

diffusion region 1s formed by 1on implantation.

8. The camera according to claim 6, wherein at least one
part of the driving circuit 1s a dynamic circuit.

9. The camera according to claim 6, wherein the photo-
diode has a surface portion having a dark current inhibiting
layer.

10. The camera according to claim 6, wherein the first
device-1solation portion and the second device-1solation por-
tion are formed by annealing 1n a hydrogen atmosphere.
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11. A MOS (metal-oxide-semiconductor) image pick-up

device comprising:

a semiconductor substrate,

an 1maging region formed on the semiconductor substrate
by arraying plural unit pixels, and

a peripheral circuit region comprising a driving circuit for
operating the 1imaging region formed on the semicon-
ductor substrate:

where each of the unit pixels comprises: a photodiode,
MOS transistors, and a first device-1solation potion, and

the peripheral circuit region comprises a second device-
1solation portion for 1solating devices in the driving
circuit,

wherein the following are satisfied:

I. the first device-1solation portion has a structure com-
prising;:

A. an electrically insulating film formed on a surface of
the substrate so as to erode the substrate to a depth 1n
arange ol 1 nm to 50 nm, or

B. an impurity diffusion region formed within the sub-
strate directly under the substrate surface, and

I1. the first device-1solation portion and the second device-
1solation portion have respective structures selected
separately so as to be different from each other.

[12. A MOS (metal-oxide-semiconductor) image pick-up

device comprising:

a semiconductor substrate,

an 1maging region formed on the semiconductor substrate
by arraying plural unit pixels, and

a peripheral circuit region comprising a driving circuit for
operating the 1imaging region formed on the semicon-
ductor substrate:

where each of the unit pixels comprises: a photodiode,
MOS transistors, and a first device-1solation portion,
and

the peripheral circuit region comprises a second device-
1solation portion or i1solating devices in the driving

circuit,
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wherein the following 1s satisfied:

the first device-1solation portion and the second device-
1solating portion are selected separately from respective
structures comprising;:
A. an electrically insulating film formed on a surface of
the substrate so as to erode the substrate to a depth 1n
a range of 1 nm to 50 nm, or
B. an impurnity diffusion region formed within the sub-
strate directly under the substrate surface.]
13. A camera comprising a MOS (metal-oxide-

semiconductor) image pick-up device comprising.

a semiconductor substrate:

an imaging rvegion formed on the semiconductor substrate
by arraving plural unit pixels, and

a peripheral civcuit vegion comprising a driving circuit
for operating the imaging region formed on the semi-
conductor substrate;

where each of the unit pixels comprises: a photodiode,
MOS transistors, and a first device-isolation portion,
and

the peripheral cirvcuit vegion comprises a second device-
isolation portion for isolating devices in the driving
civcuit,

wherein the following is satisfied:

[. the first device-isolation portion has a structure com-
prising:

A. an electrically insulating film formed on a surface of
the substrate so as to evode the substrate to a depth
in a range of 1 nm to 50 nm, or

B. an impurity diffusion region formed within the sub-
strate directly under the substrvate surface, and

I the first device-isolation portion and the second device-
isolation portion have rvespective structurves selected
separately so as to be different from each other.



	Front Page
	Drawings
	Specification
	Claims

