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(54) IMAGE SENSOR AND FABRICATION METHOD THEREOF

Abstract

The present invention relates to a semiconductor device, and specifically, provides an image sensor that can prevent crosstalk and
lead to simplification of the process, according to the isolation between devices by acquiring a channel stop region without
additional ion implantation, using BSG (borosilicate) as the field insulation film by using shallow trench device isolation, and a
fabrication method thereof; to achieve this purpose, it provides an image sensor comprising: a trench-shaped field insulation film
formed locally by the first conductivity-type impurities being buried in the semiconductor layer of the first conductivity type; a
channel stop region formed by the first conductivity-type impurities being diffused to the bottom of the field insulation film; a
gate electrode formed on the top of the semiconductor layer, far from the field insulation film; a first impurities region of a
second conductivity type making contact with the channel stop region and the gate electrode; and, a second impurities region of a
first conductivity type formed on the interface making contact with the semiconductor layer in the first impurities region.

In addition, the present invention provides an image sensor fabrication method.
Representative figure

FIG. 2¢

Keywords
Dark current, photodiode, crosstalk, channel stop region, STI.
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Brief Description of Figures
[0001] FIG. 1 is a schematic diagram of the conventional image sensor having the trench-type field insulation film.

[0002] FIGS. 2a to 2c are cross-sectional views illustrating the image sensor fabrication process according to an embodiment of
the present invention. *Description of reference numbers for main parts of figures*

[0003] 20: Semiconductor layer
[0004] 23: Field insulation film
[0005] 24, 25, 26: Gate electrode
[0006] P+: Channel stop region
Detailed description of invention
Purpose of invention
Technical field to which the invention pertains and background art

[0007] The present invention relates to a semiconductor device, and specifically, relates to an image sensor fabrication method,
and more specifically, relates to an image sensor using shallow trench device isolation and a fabrication method thereof.

[0008] Generally, image sensors are semiconductor devices that convert optical images to electrical signals. Dual charge-coupled
devices (CCD) have several MOS (Metal-Oxide—Silicon) capacitors located in very close proximity to one another and store and
transport charge carriers to the capacitors. CMOS (Complementary MOS; hereinafter “CMOS”) image sensors are devices that
create as many MOS transistors as there are pixels using CMOS technology that uses peripheral circuits as the control circuit and
signal processing circuit, and adopts a switching scheme that detects the outputs in turn by using these.

[0009] Efforts are ongoing to increase the photosensitivity of image sensors in the fabrication of a variety of image sensors; one
of these is concentration technology. For example, CMOS image sensors comprise photodiodes that detect light, and the part of
the CMOS logic circuit that processes the detected light into electrical signals and converts them into data. Efforts are ongoing to
increase the ratio (this is conventionally referred to as “fill factor”) of the photodiode-occupied area to the total area of the image
sensor, to increase the photosensitivity.

[0010] FIG. 1 illustrates a schematic diagram of the conventional image sensor having the trench-type field insulation film.

[0011] Referring to FIG. 1, in the conventional image sensor, a semiconductor layer in which a high concentration P++ layer (10)
and a P-epi layer (11) are stacked is used. Below, the P++ layer (10) and the P-epi layer (11) will be referred to as the
semiconductor layer.

[0012] The trench-type field insulation film (12) is formed locally on the semiconductor layer, and the gate electrodes (13, 14,
and 15), for example, the transfer gates, are disposed in the region far from the field insulation film

[0013] (12), and make contact with the gate electrodes (13, 14, and 15) and the field insulation film (12). Also, they have the
impurities region for photodiodes (n-) formed at a predetermined height inside the semiconductor layer, and the shallow
impurities region (P0) for photodiodes, disposed in the interface, making contact with the semiconductor layer on the top of the
impurities region for photodiodes (n-), and the impurities region (n+) connected with a sensing node disposed.

[0014] In the above-described conventional image sensor, the field insulation film (12) is formed as a simple trench; therefore, in
the LOCOS (Local Oxidation of Silicon) method, it selects a photodiode shape in which only the Bird’s beak part is extended.

2-
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[0015] Therefore, improvements are necessary in terms of improving the photodiode capacity that must additionally achieved.
There is demand for a method that is able to reduce intermixing and crosstalk between image data and unit pixels, through more
precise isolation between unit pixels.

Technical problem to be solved by the invention

[0016] The purpose of the present invention, proposed to resolve the problems of the above-described conventional technology, is
to provide an image sensor that can prevent crosstalk and lead to simplification of the process, according to the isolation between
devices by acquiring a channel stop region without additional ion implantation, using BSG (borosilicate) as the field insulation
film by using shallow trench device isolation, and a fabrication method thereof.

Configuration and action of the invention
[0017] To achieve the above-described purpose, the present invention provides an image sensor fabrication method comprising: a
first step of forming a trench by optionally etching a semiconductor layer of a first conductivity type; a second step of forming a
field insulation film doped with a first conductivity-type impurity buried in the trench; a third step of forming a channel stop
region by diffusing the first conductivity-type impurity doped on the field insulation film to the bottom of the field insulation film
by conducting heat treatment; a fourth step of forming a gate electrode on the top of the semiconductor layer; a fifth step of
forming a first impurities region of a second conductivity type that makes contact with the channel stop region and the gate
electrode; and, a fifth step of forming a second impurities region of the first conductivity type on the interface that makes contact
with the semiconductor layer in the first impurities region.

[0018] In addition, to achieve the above-described purpose, the present invention provides an image sensor comprising: a trench-
shaped field insulation film formed locally by the first conductivity-type impurities being buried in the semiconductor layer of the
first conductivity type; a channel stop region formed by the first conductivity-type impurities being diffused to the bottom of the
field insulation film; a gate electrode formed on the top of the semiconductor layer, far from the field insulation film; a first
impurities region of a second conductivity type making contact with the channel stop region and the gate electrode; and a second
impurities region of a first conductivity type formed on the interface making contact with the semiconductor layer in the first
impurities region.

[0019] Herein, to describe the present invention in detail so that a person skilled in the art would be able to easily carry out the
technical spirit of the present invention, description is made by referring to FIGS. 2a to 2¢ accompanying the most preferred
embodiment of the present invention.

[0020] FIG. 2c is a cross-sectional view of the image sensor formed according to an embodiment of the present invention.

[0021] Referring to FIG. 2c, the image sensor of the present invention is configured by providing a trench-shaped field insulation
film formed locally by P-type impurity being buried in the P-type semiconductor layer (20); a channel stop region (P+) formed by
P-type impurity being diffused to the bottom of the field insulation film (23); gate electrodes (24 and 25) formed on the top of the
semiconductor layer (20) far from the field insulation film (23); an N-type impurities region (n-) that makes contact with the
channel stop region (P+) and the gate electrodes (24 and 25); and a P-type impurities region (P0O) formed on the interface
contacting the semiconductor layer (20) inside the impurities region (n-).
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[0022] Preferably, the P-type impurity is BSG (borosilicate glass).

[0023] Herein, the image sensor fabrication process of the present invention having the above-described configuration will be
described in detail.

[0024] FIGS. 2a to 2c are cross-sectional views illustrating the image sensor fabrication process according to an embodiment of
the present invention.

[0025] First, as illustrated in FIG. 2a, to categorize the subsequent field insulation film region and active region, a pad oxide film
(21)/buffer polysilicon film (not shown), or the like, are sequentially applied; next, a photosensitive layer pattern (22) is formed
to form the trench. In the conventional image sensor, a semiconductor layer in which the high concentration P++ layer and the P-
epi layer are stacked is used, therefore figure numeral “20” shows this semiconductor layer in which the P++ layer and P-epi
layer are stacked.

[0026] Next, as illustrated in FIG. 2b, the photosensitive film pattern (22) is masked, the pad oxide film (21) and the
semiconductor layer (20) are etched, thereby forming the trench (not shown); next, the photosensitive pattern (22) is removed by
conducting PR strip. Next, annealing is performed to form the trench profile.

[0027] Next, a substance doped with P-type impurity, for example, BSG (borosilicate glass), or the like, is deposited, thereby
burying the trench. Next, chemical mechanical polishing (hereinafter referred to as “CMP”) is carried out, thereby forming a STI-
structure field insulation film (23).

[0028] Next, a simple heat process is carried out, thereby diffusing the doped P-type impurity inside the field insulation film (23),
by doing so, can form the channel stop region (P+), and can also naturally diffuse when proceeding with the subsequent
processes. Therefore, the additional processes, such as ion implantation, or the like, may be omitted, and isolation between pixels
is precise; in this manner, may resolve the problems such as crosstalk, or the like.

[0029] Next, as illustrated in FIG. 2c, to form the gate electrodes of the four NMOS transistors inside the unit pixels, a
polysilicon film and a tungsten silicide film are sequentially applied, and the photosensitive film (not shown) is applied; next,
exposure and development are carried out using a mask for gate electrode formation. At this time, on one side of the gate
electrode to be subsequently formed, the doping profile of a low-voltage buried photodiode determines the charge transfer
efficiency; therefore, to form the low-voltage buried photodiode so that the thickness of the gate electrode is sufficiently thick,
ensures that self-alignment may be done of high energy N-type ion implantation and low energy P-type ion implantation on one
side of the gate electrode (thick polycide process).

[0030] If the thickness of the gate electrode is not sufficiently thick, during high energy N-type ion implantation, the phosphorous
(P-31) dopant penetrates the gate electrode, thereby self-alignment of high energy P-type ion implantation and low energy P-type
ion implantation on one side of the gate electrode becomes impossible, which decreases the charge transfer efficiency.

[0031] Next, the part of the polycide layer in addition to the gate electrodes (24, 25, and 26) is removed through dry etching,
thereby forming the gate electrodes (24, 25, and 26). Next, to form the low voltage buried photodiode, the photosensitive film
(not shown) is applied, then N-type ion implantation is carried out. At this time, one side of the mask for high energy N-type ion
implantation use is aligned on the center of the gate electrode, and the other side is aligned on the interface surface between the
field oxide film and active region, and part of this enters into the active region. In other words, the low voltage buried photodiode
must include both the region in which the low energy P-type ion implantation is to be proceeded with subsequently, and the
region in which the high energy N-type ion implantation is not carried out (connection window structure).

[0032] The reason is because the region formed by low energy P-type ion implantation cannot be electrically isolated from the P-

epi layer by the region formed by N-type ion implantation, and they must be connected. [If] the low energy P-type region is not
electrically connected with the P-epi layer, the low voltage buried photodiode does not operate normally, and it would operate as

-
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a pure PN junction. Through this process, the third deep buried PN junction is formed on the low concentration P-epi layer, and
then the photosensitive film is removed.

[0033] Next, to form the low voltage buried photodiode, the photosensitive film (not shown) is applied, then low energy P-type
ion implantation is carried out using the mask for low energy P-type ion implantation. At this time, one side of the mask for low
energy P-type ion implantation use is aligned on the center of the gate electrode, and the other side is aligned on the interface
surface between the field oxide film and active region, and there is no part that enters into the active region. Therefore, the low
energy P-type ion implantation region must be electrically connected with the field insulation film (13) for which high energy N-
type ion implantation is not done and the low concentration P-epi layer at the interface surface of the active region, thereby
always having equipotential during operation of the low voltage buried photodiode. Through this process, the high energy N-type
ion implantation layer and second shallow junction are formed; next, the photosensitive film (not shown) is removed.

[0034] As described above, the present invention forms an STI structure field insulation film, and then uses an insulation film
doped with impurities, such as BSG. By doing so, the present invention effectively carries out isolation between pixels, thereby it
may resolve the problem of crosstalk, or the like, and may omit the process of ion implantation to form the channel stop region.
We examined this through the embodiment.

[0035] The technical spirit of the present invention has been described in detail according to the above-described preferred
embodiment; however, the above-described embodiment is for describing the present invention, and care must be exercised so it
does not limit the present invention. In addition, it will be apparent to person skilled in the art of the field pertaining to the present

invention that various embodiments are possible within the scope of the technical spirit of the present invention.

Effect of the invention

[0036] With the above-described present invention, excellent effects may be anticipated in that it may minimize crosstalk of data
between pixels, and dark current; may omit the ion implantation process thereby ultimately may significantly improve the
performance of the image sensor; and, may lead to simplification of the process.

(57) Scope of claims

Claim 1.

An image sensor fabrication method, comprising:

a first step of forming a trench by optionally etching a semiconductor layer of a first conductivity type;

a second step of forming a field insulation film doped with a first conductivity-type impurity buried in the trench;

a third step of forming a channel stop region by diffusing the first conductivity-type impurity doped on the field insulation film to
the bottom of the field insulation film by conducting heat treatment;

a fourth step of forming a gate electrode on the top of the semiconductor layer;

a fifth step of forming a first impurities region of a second conductivity type that makes contact with the channel stop region and
the gate electrode; and,

a fifth step of forming a second impurities region of the first conductivity type on the interface that makes contact with the
semiconductor layer in the first impurities region.

Claim 2.
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The image sensor fabrication method of claim 1,

wherein the first conductivity-type impurity is BSG (borosilicate glass).

Claim 3.

The image sensor fabrication method of claim 1,

wherein the first conductivity type is P-type, and the second conductivity type is N-type.
Claim 4.

An image sensor, the image sensor comprising:

a trench-shaped field insulation film formed locally by the first conductivity-type impurities being buried in the semiconductor
layer of the first conductivity type;

a channel stop region formed by the first conductivity-type impurities being diffused to the bottom of the field insulation film; a
gate electrode formed on the top of the semiconductor layer, far from the field insulation film;

a first impurities region of a second conductivity type making contact with the channel stop region and the gate electrode; and,

a second impurities region of a first conductivity type formed on the interface making contact with the semiconductor layer in the
first impurities region.

Claim 5.

The image sensor of claim 4,

wherein the first conductivity-type impurity is BSG (borosilicate glass).
Claim 6.

The image sensor of claim 4,

wherein the first conductivity type is a P-type, and the second conductivity type is an N-type.
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