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(54) Method of forming metal line of image sensor

(57) Abstract

The present invention provides a method of forming a metal line using copper of an image sensor that is capable
of reducing light loss due to an etch stop film used when copper is used as a metal line and preventing
deterioration of device characteristics due to plasma etching; to this end, the present invention provides a method
of forming a metal line of an image sensor comprising the following: a step of forming a first dielectric layer on
a substrate on which a predetermined process comprising photodiode formation is completed, a step of forming
a photoresist pattern defining a width of the metal line in a metal line formation region on the first dielectric
layer, a step of growing a second dielectric layer from the first dielectric layer at a portion exposed by the
photoresist pattern through a liquid phase deposition (LPD) method, a step of forming a trench defining a metal
line region by removing the photoresist pattern, a step of forming a first barrier layer along the trench-formed
profile, a step of forming a copper layer on the first barrier layer to fill the trench, and a step of forming a metal
line buried in the trench by performing a planarization process with a target to which the second dielectric layer
is exposed.

Representative Drawing
FIG. 3a
Claims

Claim 1.
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A method of forming a metal line of an image sensor comprising the following:

a step of forming a first dielectric layer on a substrate on which a predetermined process comprising photodiode
formation is completed,

a step of forming a photoresist pattern defining a width of the metal line in a metal line formation region on the
first dielectric layer,

a step of growing a second dielectric layer from the first dielectric layer at a portion exposed by the photoresist
pattern through a liquid phase deposition (LPD) method,

a step of forming a trench defining a metal line region by removing the photoresist pattern,
a step of forming a first barrier layer along the trench-formed profile,
a step of forming a copper layer on the first barrier layer to fill the trench, and

a step of forming a metal line buried in the trench by performing a planarization process with a target to which
the second dielectric layer is exposed.

Claim 2.
The method of forming a metal line of an image sensor according to claim 1,

wherein the first and second dielectric layers comprise SiO;.

Claim 3.

The method of forming a metal line of an image sensor according to claim 2,

wherein in the step of growing the second dielectric layer, the substrate is deposited in an aqueous solution to
which boric acid (H3BO3) has been added in a ratio of 25% to 30% to supersaturated hydrofluoric acid (H2SiFe)
at 25°C to 35°C.

Claim 4.

The method of forming a metal line of an image sensor according to claim 1,

wherein the second dielectric layer is grown to a thickness of 4000A to 500A.

Claim 5.

The method of forming a metal line of an image sensor according to claim 1,

wherein in the step of removing the photoresist pattern, an O> plasma device is used that uses a microwave
downstream.

-2

Ex. 1017 - Page 3



Registered Patent 10-0664864

Claim 6.

The method of forming a metal line of an image sensor according to claim 5,

wherein in the step of removing the photoresist pattern, a power of 1500W to 1800W is used, the temperature of
the substrate is maintained up to 200°C, and the flow rate of O; is set from 200SCCM to 300SCCM.

Claim 7.

The method of forming a metal line of an image sensor according to claim 1,

wherein in the step of forming the metal line, the copper film and the first barrier film are recessed from 500A
to 1000A into the trench.

Claim 8.

The method of forming a metal line of an image sensor according to claim 7,

further comprising a step of depositing a second barrier film along a profile in which the copper film and the
first barrier film are recessed, and

a step of performing a planarization process with a target to which the second dielectric layer is exposed so that
the metal line is surrounded by the first barrier layer and the second barrier layer.

Claim 9.

The method of forming a metal line of an image sensor according to claim 8§,

wherein the first barrier layer is formed to a thickness from 100A to 500A, and the second barrier layer is formed
to a thickness from 1000A to 1500A.

Claim 10.

A method of forming a metal line of an image sensor comprising the following:

a step of forming a first dielectric layer on a substrate on which a predetermined process comprising photodiode
formation is completed,

a step of forming a first photoresist pattern defining a width of the first metal line in a first metal line forming
region on the first dielectric layer,

a step of growing a second dielectric layer from the exposed first dielectric layer using an LPD method,
a step of forming a first trench defining a first metal line region by removing the first photoresist pattern,

a step of forming a first barrier layer along the profile in which the first trench is formed,
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a step of forming a first copper layer on the first barrier layer to fill the first trench,

a step of forming a first metal line formed by isolating the first copper layer by performing a planarization process
with a target to which the second dielectric layer is exposed,

a step of forming a second photoresist pattern defining a width of the via contact in a via contact region on the
first metal line,

a step of growing a third dielectric layer from the exposed second dielectric layer using an LPD method,
a step of forming a via hole defining a via contact region by removing the second photoresist pattern,

a step of forming a third photoresist pattern defining a width of the second metal line in a second metal line
region while filling the via hole,

a step of growing a fourth dielectric layer from the exposed third dielectric layer using an LPD method,

a step of forming a dual damascene structure formed by a first trench defining a second metal line region and
the via hole thereunder by removing the third photoresist pattern,

a step of forming a second barrier layer along the profile on which the dual damascene structure is formed,

a step of forming a second copper layer on the second barrier layer to fill the dual damascene structure, and

a step of forming a second metal line formed by isolating the second copper layer by performing a planarization
process with a target to which the fourth dielectric layer is exposed.

Claim 11.

The method of forming a metal line of an image sensor according to claim 10,

wherein the first to fourth dielectric layers comprise SiO».

Claim 12.

The method of forming a metal line of an image sensor according to claim 11,

wherein in the step of growing the second dielectric layer, the third dielectric layer, and the fourth dielectric
layer, the substrate is deposited in an aqueous solution in which boric acid (H3BOs3) has been added in a ratio of
25% to 30% to supersaturated hydrofluoric acid (H2SiFe) at 25°C to 35°C.

Claim 13.

The method of forming a metal line of an image sensor according to claim 10,
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wherein the second dielectric layer, the third dielectric layer, and the fourth dielectric layer are grown to a
thickness from 4000A to S00A.

Claim 14.

The method of forming a metal line of an image sensor according to claim 10,

wherein in the step of removing the first photoresist pattern and removing the second photoresist pattern, an O
plasma device is used that uses a microwave downstream.

Claim 15.

The method of forming a metal line of an image sensor according to claim 14,

wherein in the step of removing the first photoresist pattern and removing the second photoresist pattern, a power
of 1500W to 1800W is used, the temperature of the substrate is maintained up to 200°C, and the flow rate of O
is set from 200SCCM to 300SCCM.

Claim 16.

The method of forming a metal line of an image sensor according to claim 10,

wherein in the step of removing the second photoresist pattern, a biased O, plasma device is used.

Claim 17.

The method of forming a metal line of an image sensor according to claim 16,

wherein in the step of removing the second photoresist pattern, a source power of 1800W to 2000W and a bias
power of 300W to S00W are used, the temperature of the substrate is maintained up to 200°C, a pressure from
100 mTorr to 200 mTorr is maintained, and the flow rate of O; is set from 200SCCM to 300SCCM.

Claim 18.

The method of forming a metal line of an image sensor according to claim 10,

wherein in the step of forming the first metal line,
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the first copper film and the first barrier film are recessed from 500A to 1000A into the trench.

Claim 19.
The method of forming a metal line of an image sensor according to claim 18,

further comprising a step of depositing a third barrier film along a profile in which the first copper film and the
first barrier film are recessed, and

a step of performing a planarization process with a target to which the second dielectric layer is exposed so that
the first metal line is surrounded by the first barrier layer and the third barrier layer.

Claim 20.

The method of forming a metal line of an image sensor according to claim 19,

wherein the first barrier layer is formed to a thickness from 100A to 500A, and the third barrier layer is formed
to a thickness from 1000A to 1500A.

Claim 21.

The method of forming a metal line of an image sensor according to claim 10,

wherein in the step of forming the second metal line, the second copper layer and the second barrier layer are
recessed from 500A to 1000A into the trench.

Claim 22.

The method of forming a metal line of an image sensor according to claim 21,

further comprising a step of depositing a fourth barrier film along a profile in which the second copper film and
the second barrier film are recessed, and

a step of performing a planarization process with a target to which the fourth dielectric layer is exposed so that
the second metal line is surrounded by the second barrier layer and the fourth barrier layer.

Claim 23.

The method of forming a metal line of an image sensor according to claim 19,

wherein the second barrier film is formed to a thickness from 100A to 500A, and the fourth barrier film is formed
to a thickness from 1000A to 1500A.

Specification

Detailed Description of the Invention
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Object of the Invention
Technical Field of the Invention and Prior Art

The present invention relates to a method of manufacturing an image sensor, and more particularly, to a method of
forming a metal line using copper for an image sensor.

An image sensor is a semiconductor device that converts an optical image into an electrical signal. Among them, a
charge coupled device (CCD) is a device in which individual metal-oxide-silicon (MOS) capacitors are located very
close to each other, and charge carriers are stored and transported in the capacitor.

On the other hand, the CMOS (Complementary MOS; hereafter referred to as CMOS) image sensor is an element that
employs a switching method using CMOS technology utilizing a control circuit and a signal processing circuit as
peripheral circuits to make MOS transistors as many as the number of pixels and uses this to sequentially detect the
output of pixels.

FIG. 1 is a cross-sectional view schematically showing an image sensor according to the prior art.

Referring to FIG. 1, a color filter array (CFA; Color Filter Array, 14) of blue, red, and green forming a unit pixel on
the substrate 10 on which the photodiodes 11 and PD are formed is disposed, an over-coating layer (OCL) 15 is formed
thereon, and a convex microlens 16 is formed on a region overlapping the color filter array 14.

A plurality of metal lines 13 are formed between the dielectric layer 12, and the metal lines 13 are disposed in a region
that does not overlap the photodiode 11 to function as a light blocking layer.

In addition, a plurality of transistors 18 are formed on the substrate 10 adjacent to the photodiode 11; in the case of a
unit pixel having a 4Tr structure, this comprises a transfer transistor, a select transistor, a reset transistor, and a drive
transistor.

A protective film 17 is formed on the microlens 16 to protect the microlens 16 from scratches.

The unit pixel of the CMOS image sensor shown in FIG. 1 is composed of a transistor 18 and a photodiode 11 for
various purposes as described above. A process is conducted in which, first, light is transmitted through the photodiode
11; second, the hole formed in the photodiode 11 is excited for conversion into an electrical signal; and third, these
signals are transferred to the image.

Among these three processes, it is most ideal that the first incident light reaches 100% of the photodiode 11. As high
image quality is required, the size of the unit pixel is gradually reduced, so that the area ratio of the photodiode 11 per
unit pixel is reduced to 30% or less. That is, since only 30% or less of the actual incoming light enters the photodiode
11, a method of focusing more than 90% of the light to the photodiode is used by arranging the microlens 16 on each
unit pixel.

On the other hand, since the metal line 13 of several layers is formed on the photodiode 11 and the transistor 18, light
entering through the microlens 16 passes through the dielectric layer 12 made of several layers and enters the
photodiode 11. At this time, while the upper metal line 13 is different depending on the technology node, since it is
formed in three or more layers, as the distance from the microlens 16 to which the light is incident to the photodiode
11 increases, the focus is disturbed, as indicated by the dotted line in FIG. 1, resulting in loss of light.

Most of these phenomena are due to reflection, absorption, scattering, etc., that occur when light passes through a
heterogeneous dielectric layer structure.

Accordingly, attempts have been made to reduce the number of metal lines or decrease the thickness of the dielectric
layer.

In this regard, compared to Al used as the conventional metal line 13, Cu has advantages of reducing the thickness of
the dielectric layer, improving the optical properties and reducing delay time due to planarization characteristics.
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That is, when Cu is used as the metal line, the resistance of the metal line can be reduced, so that the thickness of the
metal line is reduced, thereby reducing the thickness of the dielectric layer 12. As a result, the distance from the
microlens 16 to the photodiode 11 is reduced, so that the efficiency of incident light can be improved.

FIG. 2 is a diagram showing a metal line structure of an image sensor using Cu according to the prior art.

Referring to FIG. 2, metal lines 200 and 209 of M1 and M2 are in contact through a via 207. Each of the metal lines
200, 209 is separated by an oxide-based dielectric layer 203, 205 that separates the layers; the metal lines 200 and 209
and the via 207 are formed using Cu. As is well-known, Cu has the advantage of being able to handle high-density
current because it has low resistance and excellent electromigration resistance; however, the metal lines 200 and 209
and the via 207 have conductive barrier layers 201, 206, and 208 around them because they are oxidized by mutual
diffusion when in contact with the oxide layer. The conductive barrier layers 201, 206, and 208 are for separation from
an oxide layer existing between the same layers.

The Cu metal lines 200 and 209 are mainly formed through a damascene process; etch stop layers 202 and 204 are
used to form such a damascene structure.

SiN and SiC are used as the etch stop layers 202 and 204.

Further, the etch stop layers 203 and 205 have a refractive index (n>2) greater than a refractive index (n=1.5) of the
oxide-based dielectric layers 203 and 205.

When light passes through materials having different refractive indices, some reflection occurs, and the larger the
difference in refractive indices, the greater the amount of reflection.

Since SiN has a refractive index of about 2.1, and SiC has a refractive index of about 2.4, when the insulating barrier
film 204 is present between the dielectric layers 203 and 205 using the oxide film series having a refractive index of
about 1.5, the amount of light lost due to reflection is further increased in proportion to the number of metal lines.

Meanwhile, the reflectance generated when passing through two materials having different refractive indices is
calculated using (ni-ni+1 )/(ni+nis1).

In addition, SizN4 has a dielectric constant of about 7, and SiC has a dielectric constant of about 4.5. This is a very
large number compared to the dielectric layers 203 and 205 using the oxide film series; this increase in permittivity
serves to reduce the operating speed of the image sensor.

In addition, there are several methods for forming the damascene structure; in particular, when forming a dual
damascene structure, an etching process is required to form via holes and trenches. Since this etching process uses an
etching method using plasma, if plasma formation is unstable during etching using plasma, plasma damage may be
induced in the device, thereby deteriorating the characteristics of the device. In addition, additional processes such as
a photomask, a photoresist strip, and cleaning are required for the etching process.

Problem to be Solved by the Invention

The present invention has been proposed to solve the problems of the prior art; an object of the present invention is to
provide a method of forming a metal line using copper of an image sensor that is able to reduce light loss due to an
etch stop film used when copper is used as a metal line and prevent the deterioration of device characteristics due to
plasma etching.

Structure of the Invention

In order to achieve the above object, the present invention provides a method of forming a metal line of an image
sensor comprising the following: a step of forming a first dielectric layer on a substrate on which a predetermined
process comprising photodiode formation is completed, a step of forming a photoresist pattern defining a width of the
metal line in a metal line formation region on the first dielectric layer, a step of growing a second dielectric layer from
the first dielectric layer at a portion exposed by the photoresist pattern through a liquid phase deposition (LPD) method,
a step of forming a trench defining a metal
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line region by removing the photoresist pattern, a step of forming a first barrier layer along the trench-formed profile, a step
of forming a copper layer on the first barrier layer to fill the trench, and a step of forming a metal line buried in the trench
by performing a planarization process with a target to which the second dielectric layer is exposed.

In addition, in order to achieve the above object, the present invention provides a method of forming a metal line of an image
sensor comprising the following: a step of forming a first dielectric layer on a substrate on which a predetermined process
comprising photodiode formation is completed, a step of forming a first photoresist pattern defining a width of the first metal
line in a first metal line forming region on the first dielectric layer, a step of growing a second dielectric layer from the
exposed first dielectric layer using an LPD method, a step of forming a first trench defining a first metal line region by
removing the first photoresist pattern, a step of forming a first barrier layer along the profile in which the first trench is
formed, a step of forming a first copper layer on the first barrier layer to fill the first trench, a step of forming a first metal
line formed by isolating the first copper layer by performing a planarization process with a target to which the second
dielectric layer is exposed, a step of forming a second photoresist pattern defining a width of the via contact in a via contact
region on the first metal line, a step of growing a third dielectric layer from the exposed second dielectric layer using an
LPD method, a step of forming a via hole defining a via contact region by removing the second photoresist pattern, a step
of forming a third photoresist pattern defining a width of the second metal line in a second metal line region while filling
the via hole, a step of growing a fourth dielectric layer from the exposed third dielectric layer using an LPD method, a step
of forming a dual damascene structure formed by a first trench defining a second metal line region and the via hole thereunder
by removing the third photoresist pattern, a step of forming a second barrier layer along the profile on which the dual
damascene structure is formed, a step of forming a second copper layer on the second barrier layer to fill the dual damascene
structure, and a step of forming a second metal line formed by isolating the second copper layer by performing a planarization
process with a target to which the fourth dielectric layer is exposed.

Although Cu is used to lower the thickness of the metal line and the dielectric layer, if an insulating barrier film such as SiN
or SiC is used, the advantage of using the Cu metal line for the image sensor is lost due to loss of light due thereto.

Therefore, the present invention uses a method of depositing at room temperature instead of using a plasma method when
forming a dielectric layer between metal lines. That is, using a Liquid Phase Deposition (LPD) method, the fluorinated silica
glass (FSG) is brought into contact only with the portion of the SiO,-based dielectric layer exposed between the photoresist
patterns, and SiOF is formed by these reactions. In this case, SiOF growth is not performed on the portion covered with the
photoresist pattern.

At this time, by removing the photoresist pattern, a damascene structure is formed without a plasma etching process, Cu is
deposited on the damascene structure, and a metal line is formed through a chemical mechanical polishing (CMP) process.

Hereinafter, in order to describe in detail enough that a person of ordinary skill in the art pertaining to the present invention
can easily implement the technical idea of the present invention, the most preferred embodiment of the present invention
will be described in detail with reference to the accompanying drawings.

FIGS. 3a to 3j are cross-sectional views showing a process of forming a metal line using copper of a CMOS image sensor
according to an embodiment of the present invention; referring to these, the process of forming a metal line will be described.

As shown in FIG. 3a, a photoresist pattern 301 defining a region in which the first metal line M1 is to be formed is formed
on the first dielectric layer 300.

The first dielectric layer 300 is an oxide film series comprising SiO, and corresponds to a dielectric layer (Pre-Metal
Dielectric; hereinafter referred to as PMD) used in a CMOS image sensor. Accordingly, dielectric layers formed later may
correspond to inter-metal dielectric (IMD).

Meanwhile, a photodiode and a transistor formed by a CMOS process may be formed under the first dielectric layer 300
(not shown).

The photoresist forming the photoresist pattern 301 does not require a subsequent etching process, so there is no need to set
amaterial having an etching barrier property; a material having a small molecular weight is used to minimize edge roughness
of the photoresist pattern 301.

It is preferable to use a rotation coating method when applying the photoresist; it is set to have a thickness of 5000A to
6000A or more than the dielectric layer for isolating the first metal line.
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Next, a second dielectric layer 302 is grown from the first dielectric layer 300 using a selective LPD method. In
this case, the second dielectric layer 302 is formed to be 5S00A to 1000A thicker than the first metal line in
consideration of the amount lost during the subsequent CMP process. Considering this situation, the thickness
of the second dielectric layer 302 is preferably about 4000A to 5000A.

Hereinafter, a process using the selective LPD method will be described in more detail.

The substrate (not shown) on which the photoresist pattern 301 is formed is immersed in an aqueous solution
containing boric acid (H3BO3) in an aqueous solution of supersaturated hydrofluosilicic acid (H2SiFs) at 25°C
to 35°C. As a result, in the region where the photoresist pattern 301 remains, that is, in the region where the first
metal line is formed, the SiO»-based dielectric layer is not formed, and on the first dielectric layer 300 on which
the photoresist pattern 301 does not remain, a SiO; based second dielectric layer 302 is grown.

The formation mechanism of SiO; by the LPD method is as follows.
H»SiFs + 2H,0 < SiO; + HF

Accordingly, SiO; is formed in an aqueous solution of hydrofluosilicic acid (H2SiFs), and HF that etches SiO;
and residue is generated. In order to decompose the generated HF, boric acid (H3BOs3) is added in an amount of
20% to 30% of the total aqueous solution. At this time, the selectivity and deposition rate of the photoresist are
increased by the following reaction.

H3;BO3 + 4HF < BF4 + H;0" + 2H,0

As shown in FIG. 3b, the photoresist pattern 301 is removed using an O, plasma apparatus using a microwave
downstream.

The strip conditions at this time are as follows.

The power is 1500W ~ 1800W, the temperature of the wafer is maintained up to about 200°C in order to increase
the reactivity of oxygen radicals decomposed by plasma, and the O gas flow rate is conducted at from 200SCCM
to 300SCCM.

As the photoresist pattern 301 is removed, the region where the first metal line is to be formed forms the open
portion 303 of the trench structure, thereby forming a damascene structure without an etching process.

A first barrier layer 304 is deposited along the profile in which the open portion 303 is formed. The first barrier
film 304 comprises Ti, TiN, Ta, TaN, or the like. When the first barrier layer 304 is deposited, a Physical Vapor
Deposition (hereinafter referred to as PVD) method is used, and the thickness of the first barrier layer 304 is
about 100A to 500A.

In addition to the PVD method, a chemical vapor deposition (CVD) method may be used.
Next, a copper layer 305 is formed on the first barrier layer 304 to sufficiently fill the open portion 303.

The copper layer 305 is preferably formed using an electroplating method, and other deposition methods may
be used.

As shown in FIG. 3c, a CMP process is performed for planarization. At this time, over-polishing is performed
so that the copper film 305 and the first barrier film 304 filled in the open part 303 are recessed. Accordingly,
the first metal line 305’ recessed in the open portion 303 is formed. The recess depth is set to be 500A to 1000A.
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A second barrier layer 306 is formed along the profile in which the recessed first metal line 305’ is formed. The second
barrier film 306 is used to prevent the diffusion of copper, and is made of Ti, TiN, Ta or TaN. The second barrier layer
306 is preferably formed to a thickness of 1000A to 1500A. Accordingly, when the first metal line 305' is recessed,
the recessed portion is filled.

As shown in FIG. 3d, a CMP process is performed so that the second barrier film 306 is filled in the target where the
second dielectric layer 302 is exposed, that is, the recessed portion.

Accordingly, the first metal line 305’ made of copper is surrounded by the first barrier film 304 and the second barrier
film 306.

As shown in FIG. 3e, a photoresist pattern 307 defining a via contact region is formed on the second barrier layer 306.
The photoresist pattern 307 uses the same material as the photoresist in FIG. 3a.

When applying the photoresist, it is preferable to use a rotation coating method; the thickness of the photoresist is
5000A to 6000A or more than the dielectric layer for isolating the via contact.

Next, a third dielectric layer 308 is grown from the second dielectric layer 302 using the selective LPD method as
shown in FIG. 3a. In this case, it is preferable to form the third dielectric layer 308 to a thickness of about 4000 A to
5000A.

As shown in FIG. 3f, a via hole 309 is formed by removing the photoresist pattern 307 using a biased O, plasma
apparatus. At this time, by increasing the sputtering effect by the bias power, the cross-sectional shape (facet) cut like
X" is formed at the upper end of the via hole 309. This is to lower the via contact resistance by increasing the step
coverage in the photoresist pattern forming process for subsequent formation of the trench-type open part and the
variability film deposition process performed after the dual damascene process.

The strip conditions at this time are as follows.

The pressure is 100mTorr ~ 200mTorr, the source power is 1800W ~ 2000W, the bias power is 300W ~ 500W, and
the flow rate of the O, gas is conducted from 200 SCCM to 300 SCCM.

As the photoresist pattern 307 is removed, a region in which a via contact is to be formed forms a via hole 309. As
such, the etching process is not performed even when the via hole 309 is formed.

As shown in FIG. 3g, a photoresist pattern 310 defining a trench region for a second metal line is formed over the via
hole 309 while filling the via hole 309.

The photoresist pattern 310 uses the same material as the photoresist in FIGS. 3a and 3e.

When applying the photoresist, it is preferable to use a rotation coating method; the thickness of the photoresist is
7000A to 8000A or more than the thickness of the second metal line.

Then, alkali treatment is performed so that the portion defining the region of the trench has a vertical profile.

Next, a fourth dielectric layer 311 is grown from the third dielectric layer 308 using the selective LPD method as in
FIGS. 3a and 3f. In this case, the fourth dielectric layer 311 is preferably formed to have a thickness of about 4000A
to about 5000A.

As shown in FIG. 3H, the photoresist pattern 310 is removed using an O, plasma device utilizing a microwave
downstream.

As aresult of removing the photoresist pattern 310, a dual damascene structure is formed for simultaneously exposing
a via hole for a mia [sic] contact and a trench for the first metal line.
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The strip conditions at this time are as follows.

The power is 1500W ~ 1800W, and the temperature of the wafer is maintained up to about 200°C in order to increase the
reactivity of oxygen radicals decomposed by plasma; the flow rate of the O, gas is conducted from 200 SCCM to 300 SCCM.

As the photoresist pattern 310 is removed, the region where the second metal line and the via contact are to be formed forms
a dual damascene structure of a trench and a via hole, thereby forming a dual damascene structure without an etching process.

A third barrier layer 312 is deposited along the profile in which the dual damascene structure is formed. The third barrier
layer 312 comprises Ti, TiN, Ta or TaN. When depositing the third barrier layer 312, a PVD method is used; the thickness
of the third barrier layer 312 is about 100A to S00A.

In addition to the PVD method, a CVD method may be used.
Next, a copper layer 313 is formed on the third barrier layer 312 to sufficiently fill the dual damascene structure.
The copper layer 305 is preferably formed using an electroplating method, and other deposition methods may be used.

As shown in Figure 31, a CMP process is performed for planarization. At this time, excessive polishing is performed so that
the copper layer 313 and the third barrier layer 312 filled in the upper trench are recessed. Accordingly, a recessed second
metal line and via contact 313" are formed in the dual damascene structure. The recess depth is set at SO0A to 1000A.

A fourth barrier layer 314 is formed along the profile in which the recessed second metal line 313’ is formed. The fourth
barrier layer 314 serves to prevent the diffusion of copper, and uses Ti, TiN, Ta or TaN. The fourth barrier layer 314 is
preferably formed to a thickness of 1000A to 1500A. Accordingly, when the second metal line 313 is recessed, the recessed
portion is filled.

As shown in FIG. 3j, a CMP process is performed so that the fourth barrier layer 314 is filled in the target where the fourth
dielectric layer 311 is exposed, that is, the recessed portion.

Accordingly, the second metal line and the via contact 313” made of copper are surrounded by the second barrier layer 312
and the fourth barrier layer 314 around them.

Here, M1 denotes a first metal line, M2 denotes a second metal line, and V denotes a via contact.

By implementing the metal line of the image sensor using copper, the present invention constituted as described above has
been found through an embodiment to be capable of lowering the thickness of the metal line and the dielectric layer to
increase the light efficiency, and of concurrently forming a metal line using the LPD method without an etch stop film that
is utilized when implementing a metal line using conventional copper, so that when light is focused from the microlens to
the photodiode, the loss of photons can be minimized to improve the optical characteristics of the image sensor.

Although the technical idea of the present invention has been specifically described according to the above preferred
embodiment, it should be noted that the above-described embodiment is for the purpose of explanation and not for limitation
thereof. In addition, those skilled in the art will understand that various embodiments are possible within the scope of the
technical spirit of the present invention.

Effects of the Invention
The present invention as described above has the following effects.

1) By forming a dielectric layer using the same insulating material (SiO, using LPD) without the need for SiN and SiC,
which are etch stop layers and copper diffusion barrier layers, the optical characteristics of the image sensor can be improved.

2) Since the dielectric layer deposition process or an etching process using plasma can be reduced, plasma damage can be
reduced to improve the device characteristics.
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3) By selectively depositing a dielectric layer to form a metal line, there is no need to form an etch stop film
used in the conventional dual damascene process, so that the speed of the element may be improved by
simplifying the process and reducing inter capacitance.

4) By using O plasma to which a bias is applied, intentional chipping at the side of the via contact due to the
sputtering effect is induced to increase the step coverage during subsequent barrier film deposition, thereby
increasing element reliability.

Brief Description of the Drawings
FIG. 1 is a cross-sectional view schematically showing an image sensor according to the prior art.
FIG. 2 is a view showing a metal line structure of an image sensor using Cu according to the prior art.

FIGS. 3a to 3j are cross-sectional views showing a metal line forming process using copper of a CMOS image
sensor according to an embodiment of the present invention.

*Description of Reference Numerals for Main Parts of the Drawings*
300: First dielectric layer 301: Photoresist pattern
302: Second dielectric layer
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A

1E

& mhet A2l el ol ute FAd sk @Al A7) Al2efE o el ] e vkl 2 E vl ek S Al2te vhe B4

= @A,
e gl 2 A7) Al4E ‘% o] wEH = Eplo R Fehs ¥ S %”\]3}04 7] A2 e o) O}Ol*ﬂﬂ o] A x|} o] Fi=
X%]Zﬂ]%ﬂ‘r?lé PA s GAE £l olu| x| Al o vigele] HA WS Aleet

CuZ AHg-sto] vigetel 2 dAnte] F7E W& & AR SIN Ei= SiCob 22 A4 vl oo AE- gt o] = QI gt
gle] BAR Qlsto] oAl ol Cu Wl 2ebel & AFE-sh= A3 o] §lojA1A] =

upehA], i g 2w ekl Alol o] AAnt FAA| Fefzul BHAS o] &-51H] CI%LJ—’— 22 "1 A
= e A <) (Selective) LPD(Liquid Phase Deposition) B

Jz
m1o
o
oo
_O|L
2
o]
il
é
17
m
By
_VE
¢
<)
JE i r

Aeluk B Boutk FSG(Fluorinated Silica Glass)©] A& E EE 3o o] 59 Wk 4°H SIOF& ¥/dgtt}. o] wj, &7
A 2~E FElo] Wil FELS SiOF A o] o] Fo] x| #] k1),
o] uf, XE

A 2~E JHdS AATGo2ZHN, Stz A7) 34 glo] il 25 Pk, vl #3229 CuE S5}
a1 3}87) A A A vl (Chemical Mechanical Polishing; ©]sF CMP&} &) 34 -&

3adll =AE vpef o], A1 ARH300) el Al getl(M)o] @49 FS Jojdte EHALE #8301

A1AAPH300) Si0, & E sk 4ksket Ald o], CMOS o] n] A Al A ol A] AFg-3h= wlgebel P4 A dA=H(Pre-
Metal Dielectric; ©]8}F PMDz} $hell sl g-gtct, whelA], o] o] dAH = A AHELS IMD(nter-Metal Dielectric)ell 3f

F& Flolrt,

B EAEH A Fe A1 4AY(300) st = EETo] 2 =9F CMOS 340 93t EANRAH Fo| A E S Aol

YEGAAE JHEB0D S o] F= LEHAREE, $459 22 Fdo] FutEX] ggon g A7t jglo] EAS 2= 54
o] dAe] dg glow, LEHALE FH (301)4 o X A& 7](Edge roughness)”7} 4 3}5 =5 2} T2 (Molecular
weight)o| #& &2 & AL-&3kt)

IEYAREE BX A 3 A =X A& o] &3 A o] npEAl s, Al 1u gl S ofo]& o] A 7] A B}
5000A ~ 6000A o]e] FA7) 5 =5 gt}
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O

1014, el & el LPD #AlS o] &351o] A1 dAH(300) 2 RE A28 A9 (302)8 A 71t} o] uf, A2
2 54 CMP 34 &4 5= &S agste] Al1H gkl Bk 500A ~ 1000A A= T8 A A3}, o]
1S w o] A2-4A(302)e] FAE= 4000A ~ 5000A A =7} vpekA] &)

o 4
ot
o

o
o R
d

1=}

N

w

(@]

[\

N—

ol 5ol A= HH Q) LPD -4 & o]

op

= FAL woh AL O AR,

EEUALE R(301)0] ¥ 7B (EA8HA] 45)E& 25T ~ 35T 2 sxste sfo|mg Z= At

(Hydrofluosilicic acid, HySiFg) =& 9l 1.2 4H(Boric acid, H3BO3)& 7k =& 9ol A et A3}, X EHA2E

(30D Fot A= 5, Allvetele] A= FAolX = Sio, Ao At FA o] o] FoAAAA| Far, L&A
A

2 E S’ (301)0] "ol A &2 A1 AH(300) ol A= Si0, AlE o] A28 A9(302)0] A3,
Si0, 9] LPD W2el 98 384 vl7hY 5 (Mechanism) T2} 2,
H,SiFg + 2H,0 < SiO, + HF

ek, stol =2 S 2 A ALHHSIF,) =8 Hell A Si0,7F @78 5 a1, Si0,9F P A 7 (Residue) & 41 74éh= HE7F 24 €
o 2" HEFE 2allsh7] f18ke] B8 AHH,BO,)S 589 dA9] 20% ~ 30% Bz H7Het), o] w, th&3} 42 it

ol o8] TEUAZES] Agn] 8l S £25 F1lth

H,BO, + 4HF < BF, ~+ H,0* + 2H, 0

% 3bell =AIE uhe} o], mpo] & fo] B the ~E R (Microwave down stream)& ©]-&3 0, Ze}=ul F2 & o] &
sto] L EYAAE - (301)S A A g}

o] wje] 2~E §(Strip) Z71& th3} 2t

u-9]3= 1500W ~ 1800W= 8Fal, Fepz=wlel] o) af# £A)1= 2t)d(Oxygen radical) o] W3-/ & 0171 18] <l °]
¥ 25 E 200C LA FASHES 819, 0, 7}~ Z29- o] E(Flow rate)+ 200SCCM ~ 300SCCM 2.2 3]

A,

ZEGA2E JHEB0D ] AAGZN, Al1vEEle] FA4E I EAX F2o SEH(303)E o|FA & v}, 4
7z} ZAglo] thulal FZ2E o] A Hr,

LEN(B03)7F A E 29U S upe Al1u) o] ¥H(304) & F- ekt Al 1v) ] o] 2H(304)- Ti, TiN, Ta %=+ TaN 5&
233k}, Al 1u) e o 2H304) Z2F A o= Ea] 7] A& 2 (Physical Vapor Deposition; ©]3} PVDe} &) #HA1& o] 8301,

100A ~ 500A AZo] FA7} =5 3},

PVD ®2] o] 9o 3}38t7]4+=2HChemical Vapor Deposition; ©]8F CVDE}F &) #H2] & o] &8 == it}

o

olo1 A, Al Lul el o] Hh(304) Aol ©.EH(303)& F83] AT 5 Q=T 29305 FAH T,
T2 2H(305)& QeER Feo]Y (Electroplating) W4 & o §3kel FA s ol wigrasie, o] slo] the 3 44 S
4% 5= ek

%= 3ol A g Hhe} o], FErekE 98] CMP ogS A9t o] w, 3t dvk(Over-polishing) & A A8
(303) tell AHAZL 721 2(305)3 A 1H 2] 01 2H(304) ] 2 Al (Recess) ¥ =5 Fheh. mhehA], £ Z5-(303)°
1o e}Q1(305") 0] A=t #Al2 2ol 500A ~ 1000A 7} H == 3t}
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2] 4 léfﬂ A 1 ekl (305)0] A H EEJ}O‘% e} A 20 2] o 9 (306)S A stet. Al 2u) 2] o 9 (306) -2l 2] &t
£ WA8L7] Yo Aolw | Ty, TiN, Ta == TaN & A}-&3kt} xﬂzHHElOim(Soes)o 1000A ~ 1500A ¢ A= PA
o]

2o SIS, G2, A 1121509 14 ] 2 S ol A
% 3dol AT Vst o], A28 TH302)0] e EHE B F, el Al F Rl Azl elo]2H306)0] ¥ 45 =% CMP
4L AN A

upepA, re] & o] Fo Xl A 1| e etQl(305")2 1 F3 o] Al 1ul 2] o] 2 (304) 3 Al 2wl 2] o1 =H(306)°l o] &l = 2] 2] Tk
&= 3eoll =AlE Ble} o], Al2nf 2] o] ¥H(306) el HlotE 8 G e A oshs LEUAAE HR(307)& AT

ZEYA2E JE(307)L = 3a0 49 EEYA2E9} A3 B4 S A3

EEAAXEE B A 34 BX 942 ol §5hs glo] i se], ulolae e ofol &l o] A7) A} wrh
5000A ~ 6000A o]/e] F77} ¥ =% g,

o]o]A], &= 3ao Aot Z2 AeiA el LPD WHAlS o] &3] A 24 AH302) 02 RE A3EATH308)S A &A1t} o uf,
A3 A(308)2 4000A ~ 5000A HEo| FA R FAst= Aol vz sl

5= 3fel] Al gl whe} o], npolo] 27} Q17H (Biased) Oy &2t2vt FA S o] &-8to] ZEUALE e (307)E #1713t
Hlob £(309)& G443t o] w, npojoj 2 vhg] ol o]k ~3 ¥ H (Sputtering) E¥HE =7 8k Hlo} Z(309) k-l
X'op ol gto @Wl G F(Facet) S ol F =5 At} of= ¥4 EQIAY &8 PS5 A% LEAALE 9| 94 &
Aot vkl 24§ AAshs vl e wt S Sl A 25 AW e A (Step coverage) & 0] HloF TH AFS B
F7] $18 Aot

4# 2 100mTorr ~ 200mTorr2 3}ar, &2 9= 1800W ~ 2000W= 3} a1, "o o] 2 3¢ &= 300W ~ 500W= 3}
M, 0, 7F2=9] E25 go] E= 200SCCM ~ 300SCCM L. & 733ttt

EZEHA2E AR-I(307)0] AlAH =M, Ho} ZBlo] FAE of L n]o} (309 o] FA H}. o8 %, Hlo} £(309)
P Ao = 27t T [ A gt

5= 3goll A npe} o], Hlol (309)S vl HatHA 1 AH-2 Al2e el g ERA 495 Fodts TRYAZLE
HE(310)& FA T

ZEHAXE HE(310) & 3a D & 3edA o ZEHALES Y3 E2S A3}

XEHAAZEE EX A 3Hd B

o] FAZE H == e

s

= ol &3t Alo] vpgH sk, Al 2w el o] 7] itk 7000A ~ 8000A o]

olo}A), EAAE ol Aelal

rr
4z
M
°
=z
o
i
=
[©]
al
o
=3
_?L
L
3;
e
o
P
!
Jju
({14
()

2] %

AL
il

A

ot

o,

o]0, &= 3a B &= 3fol Aok g2 Ae Q1 LPD WS o] &3to] A3-AH(308) 225 E A4dATHB1DE AFAZ
o} o] uf, ZﬂM—iﬂE’q‘(Iﬂl)-‘% 4000A ~ 5000A Axo] FA = gk Ao] uhe A st

= 3holl =AIH vRe} o] mlo] AR go]H th A
S A A3k

o] &3kl EEYALE HTI(310)

(m
o
to
o
oo
o
[\DO
il
o
IN
A,
ol
i

ZEAALE HRAGB10) A7 A3 vjof T g vlol T3 A1 Dol g EANE Ao wmFAE T hubal P
2 g
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ol Mo ~EY =1L tha3t gt

9= 1500W ~ 1800W= &ar, Zet=vlel] ofaf ol e SAIS v 2 o] g4 £ol7] 918 dleold e 25
200C B=7HA A= &t O, 74222 25 glo] Ex= 200SCCM ~ 300SCCM 2. = 3 &) gk},
o AAH =M, AzvEe}el Bl njo} FEjo] FE JHL EdA 9L vlo} o] 7 Al E

310)
A B w2zt 3 Agle] T thebal 128 o) Ak,

Chaldl 27F FAE T2k S whe) A 3wl 2] o 2h(312)S T3}, A|3ul el ol #H(312) Ti, TiN, Ta = TaN
Zatate)h, A3u e o uH(312) E 2 Aol PVD WAl S o] 8311, 100A ~ 500A A =o] F77} 5| £ = g},

PVD %4 o]9]o] CVD %4 & o] 88 F1 9]

o] A, A|3uf ]I 2H(312) ol 7L thukal &

il

s MEHE  J=S T3S A

AW

T UHE05) & QeER Felo]g WAL o] atol

o,

ofl
oX,

SHe Aol M ste], o)slo] e FH P L o348 FE 9

5= 3icl A vhet o], sk 98] CMP 3 & A gt of u, JJM AvkE AAJsto] AgHe] ERA] Hio A€
2 7-22H(313) 7 Al3ulE] o1 2H(312)0] FML@E@% o, wEbA, T Tkl el 2l Al A2
Bl(313)°] P4 €t glHl 2 Zol= 500A ~ 1000A 7} ¥ == g},

2 A28 Al2dEel(313)0] BAE Tl g Al4uelolth(314)8 W4 B, Aav)E o ek(314)& Tel o) B4t
S WA57] Y8k AelH | Ti, TiN, Ta & TaN & AFESt} Al4ug]oJ9h(314)> 1000A ~ 1500A 2] T4 = g4
ahi= Aol nhek A, mebA, Al2e ekl (313) el A2 A] A A E RS u A

3ol A% vhe} o], A4AABEID] mE T BA Z, 2] 2w F2o] Adul2 ol H(314)0] v P EF CMP
q

EEE R

o 1

WA, el o) Fol 7 Al2u el W Hol ZE(313)& 1 Fe] Al2uelo} uh312)3 A4vjelo]ut314) o] 5
o o] glet,
o714, M1& A1l geel & heb i, M2 A2 eelel & ehfel, Vi wlo} 28 e,
A& uho} o] o] Fol A= B b e o]m X 44 o) el & Tl F o] fate] FHFORA, veiel U Ainte]
FE GE 5 Qo] F RS TN B, Bl TS o8& Wgerel FEA AEHH 4244 2gle] LPD
A8 olgalol MBS BYFons, o volaz A= RE Trolorw 148 ¥ LE(Photon)?] £
Hzshste] olu MM S FEALS ARALSF g2 A6 o] Fo} make),
By o) 714 Ake A7) uhek A e A ool whel TAlH o 71 &Hglont, 47]e Ao 1 AW §1§ Aoln]
AT 9% Aol obd g Folalofof AT} wah, B o] 7] Wope] Babe] ALl B W] 7% Aol
9 A e AN AT TS oA 5 9 Aol

a9 53}
g vl e B owg e 0en 2 mRk Ao
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?él 7t ‘34—0—5'—@, %73 sl B AT A e A (Inter capac1tance) = *XPJ Heg FEAE 3
4) vpolo] 27} Q17bE O, Zek=rhE o] &3kl 2B Y ayfol o3 o]l Hlof ZE FWdl| X< gto]= A4S fris
sto] 5 wgjole} S2A] A8 AW A S Yo 2N, 2] AFAS £ AT
=R 7hehet A
E 12 Fd7so wE o ANME A o EAIG G
& 2= FU7Izel uet Cug ol &3 oA Al 9 wideld] 725 =A% =,
&= 3a WA = 3j= & 2ol dAA oo mhE CMOS ov A Al A o] 2] 5 o] &3 mgeel F4d A4S =A% g
* o] Fo ARl gk F3e] Ay«
300 : A1AAT 301 : LEHAAE JH
302t Al2- A9t
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17
ARAVYEARVYEA ™
0L ‘ b
CFA \ : ‘ \\ // \ / — 15
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\ / \ / \ / — 14
) 2 7 B 7 B RN
\ \ T V T
\ / \ / \ / N
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v/ v/ v/ L 1
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T=W3h
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