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(54) CMOS Image Sensor and Manufacturing Method of the Sensor

(57) Abstract

[The invention] presents a CMOS image sensor featuring a device separation membrane with high reflectance to reduce CT
phenomenon and the method of manufacturing the sensor. The CMOS image sensor comprises of a first conductive type substrate; a
first conductive type epitaxial layer formed on the substrate; photodiode formed on each active region on the epitaxial layer; and,
device separation membrane which is membranes of two different materials having different refractive indices formed alternately in
vertical direction to the aforesaid substrate to separate each one of the aforesaid active regions. The image sensor of this invention
reduces CT phenomenon that occurs when incident light permeates into an adjacent cell by forming device separation membranes with
membranes of two different materials having different refractive indices so as to increase the reflectance of the device separation
membranes.
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Figure 2.

Claims

Claim 1.

CMOS image sensor comprised of a first conductive type substrate;

a first conductive type epitaxial layer formed on the aforesaid substrate;
photodiode formed on each active region on the aforesaid epitaxial layer; and,

device separation membrane consisting of membranes of two different materials having different refractive indices formed alternately
in the vertical direction to the aforesaid substrate to separate each one of the aforesaid active regions.

Claim 2.
In Claim 1,

CMOS image sensor characterized by the aforesaid membranes of two different materials, which are silicon membrane and silicon
dioxide membrane.

Claim 3.
In Claim 2,

CMOS image sensor characterized by the aforesaid device separation membrane achieved with a 3-layer membrane consisting of the
aforesaid silicon membrane and silicon dioxide membranes formed on both sides of the aforesaid silicon membrane, and,

the aforesaid silicon dioxide membranes on both sides being interconnected below the aforesaid silicon membrane.

Claim 4.
In Claim 3,

CMOS image sensor characterized by the aforesaid silicon membrane having the width of 500 A and the aforesaid silicon dioxide
membranes on both sides of the aforesaid silicon membrane having the width of 550 A each.

Claim 5.
In Claim 1

CMOS image sensor characterized by the aforesaid membranes of two different materials, which are silicon membrane and air layer.

Claim 6.
In Claim 5,
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CMOS image sensor characterized by the aforesaid device separation membrane

achieved with a 3-layer membrane consisting of the aforesaid silicon membrane and air layers formed on both sides of the aforesaid
silicon membrane.

Claim 7.
In Claim 6,

CMOS image sensor characterized by the aforesaid air layers having the width of 740 A each and the aforesaid silicon membrane
having the width of 520 A.

Claim 8.
In Claim 1,
CMOS image sensor characterized by the aforesaid first conductive type being p-type, and,

the aforesaid photodiode including the p-type ion injection region at the top and the n-type ion injection region at the bottom.

Claim 9.
In Claim 1,

CMOS image sensor characterized by the difference in the refractive indices of the aforesaid membranes of two different materials
being at least 2.

Claim 10.
In Claim 1,

CMOS image sensor characterized by the reflectance of the aforesaid device separation membrane for red light in the visible light
range being at least 80%.

Claim 11.

The method of manufacturing CMOS image sensor including the step of growing a first conductive type epitaxial layer on a first
conductive type substrate;

the step of forming device separation membranes that separate the active regions by forming membranes of two different materials
having different refractive indices alternately on the aforesaid epitaxial layer in the vertical direction to the aforesaid substrate; and,

the step of injecting ions in the aforesaid epitaxial layer to form photodiode.

Claim 12.
In Claim 11,

the method of manufacturing CMOS image sensor characterized by the step to form the aforesaid device separation membrane
including
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the step of forming trenches on the aforesaid epitaxial layer;
the step of forming silicon dioxide membrane on the bottom surface and side walls of the aforesaid trenches; and,

the step of forming a silicon membrane by filling silicon into the interior of the trench where the aforesaid silicon dioxide membrane is
formed.

Claim 13.
In Claim 12,

the method of manufacturing CMOS image sensor characterized by forming the aforesaid silicon dioxide membranes to have the
width of 550 A, and

the aforesaid silicone membranes to have the width of 500 A.

Claim 14.
In Claim 12,
the method of manufacturing CMOS image sensor characterized by the aforesaid step to form the device separation membrane

being the method of dry etching at least two air layers apart from each other on the aforesaid epitaxial layer.

Claim 15.
In Claim 14,
the method of manufacturing CMOS image sensor characterized by forming two aforesaid air layers,

where each of the aforesaid air layers has the width of 740 A whereas the silicon layer of the aforesaid epitaxial layer between the
aforesaid air layers has the width of 520 A.

Claim 16.
In Claim 11,
the method of manufacturing CMOS image sensor characterized by the aforesaid first conductive type being p-type, and

forming n-type ion injection region and p-type ion injection region by injecting n-type ions into below the aforesaid epitaxial layer and
injecting p-type ion into on the aforesaid epitaxial layer.

Claim 17.
In Claim 11,
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the method of manufacturing CMOS image sensor characterized by the aforesaid device separation membrane which is membranes of
two different materials whose difference in the refractive indices is at least 2.

Specification
Detailed Description of the Invention
Purpose of the Invention
Technical Field of the Invention and Prior Art

[0001] This invention pertains to CMOS image sensor, especially a CMOS image sensor that blocks penetration of visible light into
surrounding pixels using device separation membranes, and the method of manufacturing the sensor.

[0002] Generally, an image sensor is a semiconductor device that converts optical image into electric signals. Among image sensors,
charge coupled device (CCD) has individual capacitors at very proximal locations where electric load carrier is stored and transported.
CMOS image sensors create MOS transistors in the same number as pixels through CMOS technology that uses control circuits and
signal processing circuits as peripheral circuits in switching method to detect output serially.

[0003] CCD has many limitations: It involves complex operation method, requires high power usage, its processing is complex
because it requires many mask process steps, it is unable to integrate signal processing circuits into a CCD chip and therefore unable
to achieve a single chip (One Chip), etc. In order to resolve these limitations, there have been extensive studies concerning
development of CMOS image sensors using sub-micron CMOS manufacturing technology.

[0004] Because CMOS image sensors use unit MOS manufacturing technology, use relatively less electric power and involves fewer
mask processes, its processes are very simple in comparison with CCD processes not to mention that it can be built into one chip
together with many signal processing circuits. As a result, it is gaining much attention as the next-generation image sensor.

[0005] CMOS image sensor is usually a composite of one photodiode (PD) and a unit pixel consisting of 4 MOS transistors.

[0006] Figure 1 is a rough cross-sectional drawing of the conventional image sensor, mainly depicting photodiode and transfer
transistor in a unit pixel. Other transistors are omitted.

[0007] Figure 1 shows a low-concentration p-type epitaxial layer (20) from epitaxial growth on a p-type semiconductor substrate (10)
of a relatively high concentration, and a device separation membrane (30) that separates the active region is formed on the p-type
epitaxial layer (20) in a trench structure. Conventionally, a channel-stop ion injection region (not depicted) is formed at the bottom of
device separation membrane (30) in a trench structure like the one shown, and spacers (62) are formed on both side walls of gate
electrode (60) of transfer transistor.

[0008] One side of p-type ion injection region (42) constituting p/n/p-type photodiode (40) is aligned along spacer (62) whereas the
other side is aligned along device separation membrane (30) and they are formed at a certain depth from the surface of p-type epitaxial
layer (20), and n-type ion injection region (44) is formed deep inside the epitaxial layer (20) at the bottom of the p-type ion injection
region (42). Here, the device separation membrane may be formed deeper or shallower than n-type ion injection region (44). On the
other hand, [the figure] shows that p-type epitaxial layer (20) is interconnected to adjacent pixels.

[0009] A conventional image sensor in the above-described structure has the problem of crosstalk (CT) phenomenon between adjacent
pixels which occurs when light entering in the direction of the arrow penetrates the device separation membrane (30) and generates
electron-hole pair on the adjacent pixel. In other words, light entering a specific unit pixel should undergo photoelectric transformation
by the photodiode of the specific unit pixel and produce data; however, light penetrating the device separation membrane and
permeating into to an adjacent pixel creates the problem of reducing photodiode sensitivity. Said CT phenomenon mostly occurs due
to reflection, diffraction, scattered light, side light entering from the side of a device separation membrane, etc.

[0010] On the other hand, long wavelength [lights] such as red light entails deep permeation, and they are one of the main causes of
CT phenomenon. They often permeate deeper than n-type ion injection region (44) and create electron-hole pair on epitaxial layer
(20), becoming a causal factor for occurrence of CT phenomenon through the epitaxial layer (20) connected to an adjacent pixel.
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[0011] As the size of image sensor’s pixels become smaller, the above-described CT phenomenon has become an increasingly fatal
weakness of a sensor in the aspect of sensitivity.

Technical Objective to be Achieved by the Invention

[0012] Accordingly, the technical objective to be achieved by the invention is CMOS image sensor that can prevent light from
permeating into an adjacent pixel through a new device separation membrane structure and the method of manufacturing the sensor.

Composition of the Invention

[0013] To achieve the above-described technical objectives, this invention offers a CMOS image sensor comprising a first conductive
substrate; a first conductive epitaxial layer formed on the aforesaid substrate; photodiode formed in each active region above the
aforesaid epitaxial layer; and, device separation membranes consisting of membranes of two different materials with different
refractive indices formed alternately in vertical direction to the aforesaid substrate to separate each one of the aforesaid active regions.

[0014] According to an embodiment of this invention, the aforesaid membranes of two different materials preferably are silicon
membrane and silicon dioxide membrane or silicon membrane and air layer. Needless to say, however, the membranes of two different
materials can be of any two materials whose difference in refractive indices is at least 2. The aforesaid first conductive is preferably p-
type; in other words, the first conductive substrate should preferably be a p-type substrate, and the first conductive epitaxial layer
should preferably be a p-type epitaxial layer.

[0015] In order to achieve the above-described technical objectives, the invention also offers a method of manufacturing CMOS image
sensor including the step of growing a first conductive epitaxial layer on a first conductive substrate; the step of forming device
separation membrane that separates the active region by alternately forming membranes of two different materials having different
refractive indices on the aforesaid epitaxial layer in the vertical direction to the aforesaid substrate; and, the step of injecting ions in
the aforesaid epitaxial layer to form photodiode.

[0016] According to an embodiment of this invention, the aforesaid separation membrane may be formed in the step of forming
trenches on the aforesaid epitaxial layer; the step of forming silicon dioxide membrane on the bottom surface and side walls of the
aforesaid trenches; and, the step of forming a silicon membrane by filling silicon into the interior of the trench where the aforesaid
silicon dioxide membrane is formed. In addition, the aforesaid device separation membrane may be formed with at least two air layers
apart from each other that are dry etched on the aforesaid epitaxial layer.

[0017] Below, a preferable embodiment of this invention is explained in details by referring to the attached drawings. When a
component is indicated to be present on/above another component in the explanation below, the component may be immediately
above another component or a third component may be present between the two. In addition, the thickness or size of each component
is omitted or exaggerated in the drawings for the sake of convenience and clarity of explanation, and the same symbol/numerals in the
drawings represent the same element. On the other hand, the terms used in the drawings are intended only for explanation of the
invention and not to specify the definition or to limit the scope of this invention indicated in the claims.

[0018] Figure 2 is a rough cross-section drawing of a CMOS image sensor that is an embodiment of this invention, and transfer
transistor, floating diffusion region, etc. are omitted for convenience in explanation.

[0019] According to Figure 2, the CMOS image sensor includes a p-type semiconductor substrate (100), p-type epitaxial layer (200)
formed on the substrate (100), device separation membranes (300) that structurally separate each active region, and photodiodes (400)
formed on the epitaxial layer (200).

[0020] The device separation membrane (300) of this embodiment is formed deeper than the photodiode (400), and membranes of two
different materials having different refractive indices are formed alternately in the vertical direction to the substrate (100). By forming
the device separation membrane (300) using two different materials having different refractive indices, the reflectance of the device
separation membrane may be raised, thereby allowing it to block permeation of side light from entering into an adjacent pixel. Greater
difference between the refractive indices of the two materials translates to higher reflectance of the device separation membrane.
Therefore, the device separation membrane should preferably be formed using materials having a significant difference in their
refractive indices.

[0021] On the other hand, the embodiment features a 3-layer device separation membrane using membranes of two different materials;
however, the number [of layers] may obviously be raised as needed. Also, the device separation membrane (300) should preferably be
formed proximal to the substrate (100) to prevent CT phenomenon through the epitaxial layer (200).

[0022] As mentioned above, photodiode (400) includes p-type ion injection region at the top and n-type ion injection region at the
bottom and transfer transistor, etc. are formed on the sides of the photodiode.

-6-
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[0023] Figure 3a and Figure 3b are cross-section drawings depicting enlarged structure of the membranes of two different materials
that could be used in the device separation membrane shown in Figure 2.

[0024] Figure 3a shows that the device separation membrane (300) is formed with silicon dioxide membrane (320) and silicon
membrane (340) and has 3 layers of membrane. The silicon dioxide membrane (320) is formed by first forming a trench on the
epitaxial layer and depositing silicon dioxide (SiO2) on the bottom surface and side walls of the trench. The silicon membrane (340) is
formed by filling silicon (Si)between the silicon dioxide layers (320).

[0025] Here, the preferred width (d1) of the silicon dioxide membrane (320) is around 550 A, whereas the preferred width (d2) of the
silicon membrane (340) is around 550 A. Generally, silicon dioxide’s refractive index is around 1.46, whereas that of silicon is around
3.7 to 5.7 depending on the wavelength. Therefore, the difference between the refractive indices is 2.2 or more, allowing high
reflectance in a device separation membrane (300) comprising a silicon dioxide membrane (320) and a silicon membrane (340).

[0026] Figure 3b shows the structure of device separation membrane (300a) formed with another pair of different materials. In other
words, the device separation membrane (300a) is formed by dry etching two air layers (320a) apart from each other. [The method of]
etching should preferably be dry etching to ensure uniformity in the thickness of the air layers (320a). In this device separation
membrane (300a), the membranes of two different materials are the air layers (320a) and the silicon membrane (340a) between the air
layers.

[0027] The air layer (320a) is formed at the width (3d) of around 720 A, whereas the silicon membrane (340a) between the air layers
(320a) is formed at the width (d4) of around 520 A. Because the refractive index of air is almost 1, the difference in the refractive
indices of the two materials is greater than the one shown in Figure 3a. Therefore, the reflectance is even greater in a device separation
membrane formed with air layers (320a) and a silicone membrane (340a).

[0028] Here, the membranes of two different materials used in the device separation membranes (300, 300a) are just examples, and
device separation membranes can obviously be formed of materials having a large difference in refractive indices, preferably 2 or
greater. Also, the membranes need not necessarily be in 3 layers: Membranes of two different materials can be layered alternately to
form more than 3 layers.

[0029] Figure 4a and Figure 4b are graphs representing calculation of reflectance according to wavelengths in a device separation
membrane structure of this invention. Figure 4a pertains to the structure of the device separation membrane shown in Figure 3a,
whereas Figure 4b pertains to the same in Figure 3b.

[0030] Figure 4a shows a graph representing the calculation of the reflectance of the device separation membrane in the visible light
range vertically entering the device separation membrane built in the structure shown in Figure 3a. The horizontal x-axis represents
the light’s wavelength, whereas the vertical y-axis represents the reflectance. Reflectance is very high in the wavelength ranges outside
of the two areas (410nm and 450nm) of the blue-light range. Especially, the average reflectance of 80% or above can be seen in the
red-light range, which is the long wavelength range that contributes mostly to CT phenomenon.

[0031] Figure 4b shows a graph representing the calculation of the reflectance of the device separation membrane in the visible light
range vertically entering the device separation membrane built in the structure shown in Figure 3b. Reflectance is generally high
except in one area (450nm) of the blue-light range. Especially, the average reflectance of almost 90% or above can be seen in the red-
light range. This is because the difference in the refractive indices of a silicon membrane and air layers is greater than that between
silicon membrane and silicon dioxide membrane as explained above.

[0032] As shown in the embodiments, forming device separation membrane with membranes of two different materials having
different refractive indices can reflect most of long wavelength of light, especially the visible light range, thereby significantly
reducing CT phenomenon experienced in the existing [sensors].

[0033] Figures 5a to Se are cross-section drawing depicting the method of manufacturing a CMOS image sensor that is another
embodiment of the invention.

[0034] According to Figure 5a, p-type epitaxial layer (200) is first grown on a p-type substrate (100).

[0035] According to Figure 5b, after the epitaxial layer (200) is formed, a trench (350) to form a device separation membrane is
formed on the epitaxial layer (200). After forming an oxide membrane (not depicted) and a nitride membrane (not depicted) on the
epitaxial layer (200) to protect the epitaxial layer (200), a trench is formed by etching the nitride membrane using a photoresist (not
depicted) pattern. The trench should preferably be formed deeply to reduce CT phenomenon through the epitaxial layer (200).

[0036] According to Figure 5c, a silicon oxide membrane (320) is formed by depositing silicon oxide onto the bottom surface and side
walls of the interior of the trench (350). Here, the width (d1) of the silicon oxide membrane (320) is around 550 A.

-7-
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[0037] According to Figure 5d, silicon is filled into the trench where the silicon oxide membrane (320) is formed to form a silicon
membrane (340). As a result, device separation membrane (300) comprising membranes of two different materials — silicon oxide
membrane and silicon membrane — is completed. Here, the width (d2) of the silicon membrane (340) should preferably be around 500
A. Therefore, the width of the trench at first should preferably be around 1050 A.

[0038] The structure of the device separation membrane (300) of the embodiment is the same as the device separation membrane
depicted in Figure 3a. Needless to say, the structure can follow the device separation membrane depicted in Figure 3b. In other words,
device separation membrane can be completed by selectively etching two air layers apart from each other on the epitaxial layer (200).

[0039] According to Figure Se, after forming the device separation membrane (300), photodiode is formed by doping ions on the
doping region for photodiode. Here, transfer transistor, floating diffusion region, etc. are formed although not depicted in the drawing.
To explain more specifically, transfer transistor’s gate (not depicted) is formed on the epitaxial layer (200), and ion injection mask to
form a n-type ion injection region of the photodiode (400) is formed. Because the n-type ion injection region is aligned to the device
separation membrane (300) and one side of the gate (not depicted), the n-type ion injection region is formed deep in the epitaxial layer
(200) using a suitable ion injection mask. Thereafter, spacers (not depicted) are formed on side walls of the gate (not depicted), and a
p-type ion injection region aligned to the device separation membrane (300) and one spacer (not depicted) of the gate on the epitaxial
layer (200) is formed. Thereafter, a n-type impurity region that comprises the floating diffusion region is formed on the other side of
the gate to manufacture a CMOS image sensor.

[0040] This invention was explained above by referring to the embodiments depicted in the drawings; however, these are just
examples and anyone skilled in the technical field will understand that many variations and equivalent embodiments could be
achieved based thereon. Therefore, the true scope of technical protection of this invention should be determined based on the technical
concepts contained in the attached Scope of Claims.

Effects of the Invention

[0041] As explained in details above, CMOS image sensor of this invention increases reflectance by a device separation membrane by
forming the membrane with membranes of two different materials having different refractive indices, thereby reducing CT
phenomenon caused by incident light invading adjacent pixels.

Brief Description of Drawings
[0042] Figure 1 is a rough cross-section drawing of conventional CMOS image sensors.
[0043] Figure 2 is a rough cross-section drawing of a CMOS image sensor that is an embodiment of this invention.

[0044] Figure 3a and Figure 3b are cross-section drawings depicting enlarged structure of membranes of two different materials that
can be used in the device separation membrane depicted in Figure 2.

[0045] Figure 4a and Figure 4b are graphs representing calculation of reflectance according to wavelengths in a device separation
membrane structure of this invention.

[0046] Figures 5a to Se are cross-section drawings depicting the method of manufacturing a CMOS image sensor that is another
embodiment of this invention

[0047] <Description of Reference Symbols/Numerals Indicting Primary Elements in the Drawings>

[0048] 100: p-type substrate ............... 200: p-type epitaxial layer
[0049] 300, 300a: Device separation membrane ............... 320: Silicon oxide membrane
[0050] 320a: Air layer ........................ 340, 340a: Silicon membrane
[0051]350: Trench .......ccceoveennnnn.. 400: Photodiode
Drawings
-8-
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Figure 5b
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