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501 introduce noble-gas-halogen compound gas and carrier gas
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being performed for etching a barrier layer
(206) on non-recessed areas of an interconnec-
tion structure (501); detect an end point of the
thermal gas phase etching process (502), if the
thermal gas phase etching process reaches the
end point, then execute the next step; if the
thermal gas phase etching process doesn't reach
the end point, then return to the previous step;
stop introducing the noble-gas-halogen com-
pound gas and the carrier gas to the etching
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METHOD FOR REMOVING BARRIER LAYER FOR MINIMIZING SIDEWALL
RECESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to semiconductor manufacture,
and more particularly relates to a method for removing barrier layer for minimizing

sidewall recess.

2. The Related Art

[0002] According to famous Moore’s law, the number of transistors on
integrated circuits will be doubled about every eighteen months and the performance
of the integrated circuits will also be doubled. The line width and spacing reduces and
the density of the transistors increases, making copper and low k dielectric materials
gradually become the mainstream technology of interconnection structures. However,
the integration of copper and low k dielectric materials has some technical problems
to solve in a practical application, such as barrier layer removal problem. It is known
that the barrier layer i1s used for preventing the copper from diffusing into the low k
dielectric materials in the interconnection structures. The barrier layer formed on non-
recessed areas of the interconnection structures needs to remove after the copper

formed on the non-recessed areas of the interconnection structures is removed.

[0003] At present, a traditional method for removing the barrier layer is CMP
(chemical mechanical polishing). However, the CMP method has several deleterious
effects on the underlying structures of the interconnection structures because of the
relatively strong mechanical force involved. Especially, when the k value of the
dielectric materials increasingly reduces, the mechanical force may cause permanent
damage to the dielectric materials. The dielectric materials may be scratched by the

CMP.
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[0004] In order to overcome the disadvantages of the CMP, a more advanced
technology, that is a thermal gas phase etching technology, is used for removing the
barrier layer. The thermal gas phase etching technology utilizes chemical gas to react
with the barrier layer at a certain temperature and pressure. More about thermal gas
phase etching details can refer to patent application number PCT/CN2008/072059.
Because there is no mechanical stress generated during the whole etching process, so
there is no damage to the low k dielectric materials. But with the continuous decrease
of the line width, new barrier layer materials, such as cobalt, ruthenium are instead of
conventional barrier layer materials such as Ta, TaN, Ti, TiN, and the thickness of the
barrier layer becomes thinner and thinner, both of which increase the difficulty of the
thermal gas phase etching. During the thermal gas phase etching process, if the end
point control is not accurate, besides the barrier layer on the non-recessed areas is
removed, the barrier layer on the sidewall of recessed areas may also be etched. Once
the barrier layer on the sidewall of the recessed areas is over etched, the copper in the

recessed areas diffuses into the low k dielectric materials.

[0005] Referring to FIG. la and FIG. 1b, FIG. la and FIG. 1b are cross-
sectional views illustrating introducing pure XeF2 gas to thermal gas phase etch the
barrier layer on non-recessed areas and hard mask layer of an interconnection
structure. In an exemplary embodiment, the interconnection structure includes a
substrate 101, an 1solation layer 102 formed on the substrate 101, a first dielectric
layer 103 formed on the isolation layer 102, a second dielectric layer 104 formed on
the first dielectric layer 103, a hard mask layer 105 formed on the second dielectric
layer 104, recessed areas 108 formed on the hard mask layer 105, the second dielectric
layer 104, the first dielectric layer 103 and the isolation layer 102, a barrier layer 106
formed on the hard mask layer 105, sidewall of the recessed areas 108 and bottom of
the recessed areas 108, and a metal layer 107 formed on the barrier layer 106 and
filling the recessed areas 108. In this embodiment, the metal layer 107 formed on the
non-recessed areas has been removed and the top surface of the metal layer 107 in the

recessed areas 108 is best to flush with the top surface of the second dielectric layer
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104. Subsequently, the barrier layer 106 formed on the non-recessed areas is removed
by using a thermal gas phase etching method. The thermal gas phase etching method
utilizes pure XeF2 gas to remove the barrier layer. As shown in FIG. 1la, the pure
XeF2 gas 1s introduced into an etching chamber where the interconnection structure is
placed. At a certain temperature and pressure, the XeF2 gas is adsorbed on the surface
of the interconnection structure. Then the XeF2 decomposes into F atoms. The F
atoms react with the barrier layer, generating byproduct which is in gas phase. The
byproduct is evacuated out of the etching chamber. At the beginning of the thermal
gas phase etching, because the amount of the barrier layer on the non-recessed areas
of the interconnection structure is large, the XeF2 gas molecules mainly concentrate
on the non-recessed areas of the interconnection structure, so the barrier layer on the
non-recessed areas of the interconnection structure is easily removed. Moreover, the
material of the hard mask layer 105 generally selects TiN, TaN, etc, which can be
removed by the XeF2 thermal gas phase etching. So after the barrier layer on the non-
recessed areas of the interconnection structure is removed, the hard mask layer 105 is
removed subsequently. While XeF2 thermal gas phase etching the hard mask layer
105, if the end point control is not accurate, the barrier layer 106 on the sidewall of the
recessed areas 108 is over etched. As shown in FIG. 1b, after the hard mask layer 105
1s completely removed, the XeF2 gas molecules mainly concentrate at the sidewall of
the recessed areas 108, which results in the over etch of the barrier layer 106 on the
sidewall of the recessed areas 108. Sidewall recesses 109 are formed between the

metal layer 107 and the second dielectric layer 104 and the first dielectric layer 103.

SUMMARY

[0006] The present invention provides a method for removing barrier layer for
minimizing sidewall recess. The method comprises the following steps: Introduce
noble-gas-halogen compound gas and carrier gas into an etching chamber within

which a thermal gas phase etching process 1s being performed for etching a barrier
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layer on non-recessed areas of an interconnection structure. Detect an end point of the
thermal gas phase etching process, if the thermal gas phase etching process reaches
the end point, then execute the next step, if the thermal gas phase etching process
doesn’t reach the end point, then return to the previous step. Stop introducing the

noble-gas-halogen compound gas and the carrier gas into the etching chamber.

[0007] As described above, the present invention introduces the noble-gas-
halogen compound gas and the carrier gas into an etching chamber performing a
thermal gas phase etching process for etching the barrier layer on the non-recessed
areas of the interconnection structure, thereby may improve or even overcome the

sidewall recess 1ssues.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be apparent to those skilled in the art by
reading the following description of embodiments thereof, with reference to the

attached drawings, in which:

[0009] FIG. la and FIG. 1b are cross-sectional views illustrating introducing
pure XeF2 gas to etch the barrier layer on non-recessed areas and hard mask layer of

an interconnection structure.

[0010] FIG. 2a and FIG. 2b are cross-sectional views illustrating introducing
XeF2 gas and carrier gas to etch the barrier layer on non-recessed areas and hard mask

layer of an interconnection structure.

[0011] FIG. 3a is a top view illustrating after the barrier layer on the non-
recessed areas and the hard mask layer of the interconnection structure is etched by
introducing the pure XeF2 gas; FIG. 3b is a cross-sectional view illustrating after the
barrier layer on the non-recessed areas and the hard mask layer of the interconnection
structure 1s etched by introducing the pure XeF2 gas; FIG. 3c is an EDX view of area
A shown 1n FIG. 3a.
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[0012] FIG. 4a is a top view illustrating after the barrier layer on the non-
recessed areas and the hard mask layer of the interconnection structure is etched by
introducing the XeF2 gas and the carrier gas; FIG. 4b is a cross-sectional view
illustrating after the barrier layer on the non-recessed areas and the hard mask layer of
the interconnection structure is etched by introducing the XeF2 gas and the carrier gas;

FIG. 4c¢ is an EDX view of area B shown in FIG. 4a.

[0013] FIG. 5 1s a flow chart illustrating a method for removing barrier layer

for minimizing sidewall recess.

[0014] FIG. 6 is a flow chart illustrating another method for removing barrier

layer for minimizing sidewall recess.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] For solving the technical problems of the background, the present
invention provides a method for removing barrier layer for minimizing sidewall recess.
The method comprises: introducing noble-gas-halogen compound gas and carrier gas
into an etching chamber for thermal gas phase etching the barrier layer on non-

recessed areas of an interconnection structure which is placed in the etching chamber.

[0016] Referring to FIG. 2a and FIG. 2b, FIG. 2a and FIG. 2b are cross-
sectional views illustrating introducing the noble-gas-halogen compound gas and the
carrier gas to etch the barrier layer on the non-recessed areas and the hard mask layer
of the interconnection structure. In an exemplary embodiment, the interconnection
structure includes a substrate 201, an i1solation layer 202 formed on the substrate 201,
a first dielectric layer 203 formed on the isolation layer 202, a second dielectric layer
204 formed on the first dielectric layer 203, a hard mask layer 205 formed on the
second dielectric layer 204, recessed areas 208 formed on the hard mask layer 205, the
second dielectric layer 204, the first dielectric layer 203 and the isolation layer 202, a
barrier layer 206 formed on the hard mask layer 205, sidewall of the recessed areas

208 and bottom of the recessed areas 208, and a metal layer 207 formed on the barrier
5
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layer 206 and filling the recessed areas 208. The isolation layer 202 can be SiCN. The
first dielectric layer 203 can be a low k dielectric layer. The second dielectric layer
204 can be TEOS. The hard mask layer 205 can be TiN, TaN, W or WN. The barrier
layer 206 can be Ta, TaN, Ti, TiN, Ru, Co, W, WN, Hf. The metal layer 207 can be
copper. In this embodiment, the metal layer 207 formed on the non-recessed areas of
the interconnection structure has been removed and the top surface of the metal layer
207 in the recessed areas 208 is best to flush with the top surface of the second
dielectric layer 204. Subsequently, the barrier layer 206 formed on the non-recessed
areas of the interconnection structure is removed. Because the material of the hard
mask layer 205 can be removed by thermal gas phase etching, so in actual application,
after the barrier layer 206 on the non-recessed areas of the interconnection structure is

removed, the hard mask layer 205 is removed subsequently in the etching chamber.

[0017] For removing the barrier layer 206 formed on the non-recessed areas of
the interconnection structure, the noble-gas-halogen compound gas and the carrier gas
are introduced into the etching chamber where the interconnection structure 1s placed.
Taking XeF2 and N2 for example, during the thermal gas phase etching process, when
XeF2 is introduced to the etching chamber, at the same time, a certain amount of N2 is
also introduced to the etching chamber, and the pressure of the etching chamber
increases. Experiment data shows that when the flow of N2 is 9 times of the flow of
XeF2, the etch rate will decrease about 18% compared with pure XeF2 gas. The etch
rate decrease may be caused by the gas molecular collision between N2 molecules and
XeF2 molecules. The gas molecular collision prevents the barrier layer 206 on the
sidewall of the recessed areas 208 from over etching when the barrier layer 206 on the
non-recessed areas is removed. Meanwhile, the pressure of the etching chamber can
increase. The pressure of the etching chamber is higher, the gas molecular collision
makes the mean free path of each gas become shorter. So the XeF2 gas is hard to enter
into the sidewall of the recessed areas 208, avoiding the barrier layer 206 on the

sidewall of the recessed areas 208 over etching.
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[0018] The noble-gas-halogen compound gas can be one of the following:
XeF2, XeF4, XeF6, KrF2, or the noble-gas-halogen compound gas can be a mixture
of any combination of XeF2, XeF4, XeF6 or KrF2. The carrier gas can be selected
from inert gas, such as one of Xe, Kr, Ar, Ne, He, or a mixture of any combination of
Xe, Kr, Ar, Ne or He. The Xe is the most effective one, because Xe has the biggest
molecular weight, which can provide a strong push force against the noble-gas-
halogen compound gas into the sidewall of the recessed areas 208. In other

embodiment, the carrier gas can also be selected as N2.

[0019] According to the above description, the molecular weight of the carrier
gas 1s preferably bigger than the molecular weight of the noble-gas-halogen
compound gas and the carrier gas doesn’t react with the barrier layer 206. The larger
molecular weight of the carrier gas is, the better the barrier layer over etch control
effect it will have. At present, even though the molecular weight of the inert gas is
smaller than the molecular weight of the noble-gas-halogen compound gas, but the Xe
or Kr is a better choice. On the one hand, the molecular weight of Xe or Kr is bigger
and closer to the molecular weight of the noble-gas-halogen compound gas, which can
provide a strong push force against the noble-gas-halogen compound gas into the
sidewall of the recessed areas 208. On the other hand, Xe or Kr as one of the reaction
products can restrain the reaction between the barrier layer and the noble-gas-halogen
compound gas. Although the etch rate of the barrier layer decreases, the barrier layer

on the sidewall of the recessed areas over etch i1ssue 1s overcome.

[0020] There are two experiments showing a good compare result for the
present invention. In the two experiments, hard mask layer is removed by thermal gas

phase etching.
Experiment 1

[0021] A sample is placed in the etching chamber. Pure XeF2 gas, which
means no carrier gas, is introduced to the etching chamber. The flow of the pure XeF2

gas 1s 6sccm. The pressure of the etching chamber is 0.8 Torr. The etch time is 80s.

7
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The etch rate of the barrier layer of which material is Ta is 170 A/min. FIG. 3a shows
a top view after thermal gas phase etching. FIG. 3b is a cross-sectional view after
thermal gas phase etching. FIG. 3c is an EDX view of area A shown in FIG. 3a. It can
be clearly seen from FIG. 3c that there is still some residual hard mask layer, because
Ti element which i1s the component of the hard mask layer is detected. It can be seen
from FIG. 3b that the barrier layer on the sidewall of the recessed areas has been over
etched. It can be imagined if the whole hard mask layer is completely removed, the

barrier layer on the sidewall of the recessed areas will be etched more.
Experiment 2

[0022] Another sample is placed in the etching chamber. XeF2 gas and N2 gas
are introduced into the etching chamber. The flow of the XeF2 gas is 6sccm. The flow
of the N2 gas 1s 54sccm. The pressure of the etching chamber is 4 Torr. The etch time
is 97s. The etch rate of the barrier layer of which material is Ta is 140 A/min. In order
to ensure the etch amount of the barrier layer is the same as the experiment 1, the etch
time of the experiment 2 is longer than the etch time of the experiment 1. FIG. 4a
shows a top view after thermal gas phase etching. FIG. 4b is a cross-sectional view
after thermal gas phase etching. FIG. 4c is an EDX view of area B shown in FIG. 4a.
It can be seen from FIG. 4c that there is no residual hard mask layer, because there is
no hard mask layer material’s element detected. The barrier layer on the non-recessed
areas of the interconnection structure and the hard mask layer are completely removed.
It can be seen from FIG. 4b that the barrier layer on the sidewall of the recessed areas
1s protected very well, and very little barrier layer on the sidewall of the recessed areas
1s etched to form sidewall recesses. The sidewall recesses are tiny and can be covered

by the next process step, such as a cap layer (Co) deposition step.

[0023] Comparing the results of the experiment 1 and the experiment 2, it can
be obtained when introducing the noble-gas-halogen compound gas to thermal gas
phase etch the barrier layer on the non-recessed areas and the hard mask layer of the

interconnection structure, at the same time introducing the carrier gas, can improve or
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even overcome the barrier layer on the sidewall of the recessed areas over etch issue.

Although the etch rate decreases, the sidewall recess issue is well solved.

[0024] It 1s also found through experiments that the etching rate of thermal gas
phase etching is proportional to the partial pressure of the noble-gas-halogen
compound gas. That the noble-gas-halogen compound gas accounts for the proportion
of the total amount of gas in the etching chamber 1s defined the partial pressure of the
noble-gas-halogen compound gas. For example, there are two kinds of gas named A
and B introduced to the etching chamber at the same time. The pressure of the etching
chamber 1s C. The flow of the gas A is a. The flow of the gas B i1s b. The partial
pressure of the gas A is c* a/(a+b).

[0025] In the present invention, the end point control of the thermal gas phase
etching is also important. Besides, because the hard mask layer 205 needs to remove
and the material of the hard mask layer 205 generally selects TiN, the barrier layer
206 on the non-recessed areas of the interconnection structure and the hard mask layer
205 can be removed by thermal gas phase etching in the etching chamber. During the
thermal gas phase etching process, the end point detection is continuously performed

until the hard mask layer 205 1s completely removed.

[0026] The present invention provides two methods for detecting the end point
of the thermal gas phase etching process. One method is to use an Ellipsometer to
detect the refractive index of the hard mask layer 205 and the second dielectric layer
204. Taking TiN and TEOS for example, the refractive index of TiN and TEOS is
different. The refractive index of TiN is 1.8 and the refractive index of TEOS i1s 1.5.
When the refractive index the Ellipsometer detects changes from 1.8 to 1.5, it means
the thermal gas phase etching process reaches the end point. The introduction of
noble-gas-halogen compound gas and the carrier gas are stopped and the noble-gas-
halogen compound gas and the carrier gas are no longer introduced into the etching

chamber.
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[0027] The other method is to use an Ellipsometer to detect the thickness of the
barrier layer 206 on the non-recessed areas of the interconnection structure and the
hard mask layer 205 in real time. When the thickness of the hard mask layer 205
decreases to 0 A, it means the thermal gas phase etching process reaches the end point.
The introduction of noble-gas-halogen compound gas and the carrier gas are stopped
and the noble-gas-halogen compound gas and the carrier gas are no longer introduced

into the etching chamber.

[0028] Referring to FIG. 5, a method for removing barrier layer for minimizing

sidewall recess i1s illustrated. The method comprises the following steps:

Step 501: Introduce noble-gas-halogen compound gas and carrier gas into an
etching chamber. A thermal gas phase etching process is performed within the etching
chamber for etching a barrier layer on non-recessed areas of an interconnection

structure.

Step 502: Detect an end point of the thermal gas phase etching process. If the
thermal gas phase etching process reaches the end point, execute step 503. If the

thermal gas phase etching process doesn’t reach the end point, return to step 501.

Step 503: Stop introducing the noble-gas-halogen compound gas and the carrier

gas into the etching chamber.

[0029] The flow rate ratio of the carrier gas and the noble-gas-halogen

compound gas is 1:1 to 50:1.

[0030] The partial pressure of the noble-gas-halogen compound gas is 0.01-5
Torr.
[0031] The noble-gas-halogen compound gas is one of XeF2, XeF4, XeF6,

KrF2 or a mixture of any combination of XeF2, XeF4, XeF6 or KrF2.

[0032] The carrier gas is inert gas which is one of Xe, Kr, Ar, Ne, He or a
mixture of any combination of Xe, Kr, Ar, Ne or He. In other embodiments, the

carrier gas is N2.

10
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[0033] The material of the barrier layer is Ta, TaN, Ti, TiN, Ru, Co, W, WN or
Hf.
[0034] In one embodiment, the interconnection structure includes a hard mask

layer and at least one dielectric layer, the hard mask layer is removed by the thermal
gas phase etching process, the step of detecting an end point of the thermal gas phase
etching process further comprises using an Ellipsometer to detect the refractive index
of the hard mask layer and the dielectric layer and determining whether the thermal
gas phase etching process reaches the end point according to the refractive index

detected by the Ellipsometer.

[0035] In another embodiment, the interconnection structure includes a hard
mask layer, the hard mask layer is removed by the thermal gas phase etching process,
the step of detecting an end point of the thermal gas phase etching process further
comprises using an Ellipsometer to detect the thickness of the barrier layer on the non-
recessed areas of the interconnection structure and the hard mask layer in real time
and determining whether the thermal gas phase etching process reaches the end point

according to the thickness of the hard mask layer detected by the Ellipsometer.

[0036] The interconnection structure is formed on a substrate. The temperature

of the substrate is controlled at 20-500°C.

[0037] The pressure of the etching chamber 1s 0.01-50 Torr.

[0038] The molecular weight of the carrier gas is bigger than the molecular

weight of the noble-gas-halogen compound gas.

[0039] In one embodiment, after the noble-gas-halogen compound gas is
stopped introducing into the etching chamber, the carrier gas is still introduced into
the etching chamber for a period of time, and then the carrier gas is stopped
introducing into the etching chamber. In one embodiment, after the thermal gas phase
etching process is completed, the noble-gas-halogen compound gas is stopped

introducing into the etching chamber, however the carrier gas is still introduced into

11
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the etching chamber for a period of time, which purifies the etching chamber and

takes away byproducts from the surface of the interconnection structure.

[0040] Referring to FIG. 6, another method for removing barrier layer for

minimizing sidewall recess is illustrated. The method comprises the following steps:

Step 601: Introduce noble-gas-halogen compound gas into an etching chamber.
A thermal gas phase etching process is performed within the etching chamber for

etching a barrier layer on non-recessed areas of an interconnection structure.

Step 602: Introduce carrier gas into the etching chamber, and meanwhile
continuously introduce the noble-gas-halogen compound gas into the etching chamber.
The thermal gas phase etching process for etching the barrier layer on the non-
recessed areas of the interconnection structure is continued within the etching

chamber.

Step 603: Detect an end point of the thermal gas phase etching process. If the
thermal gas phase etching process reaches the end point, execute step 604. If the

thermal gas phase etching process doesn’t reach the end point, return to step 602.

Step 604: Stop introducing the noble-gas-halogen compound gas and the carrier

gas to the etching chamber.

[0041] When the thermal gas phase etching process is approximating the end

point, the flow of the carrier gas 1s increased.

[0042] In one embodiment, before introducing the carrier gas into the etching
chamber, the noble-gas-halogen compound gas is introduced into the etching chamber

for a period of time, which may improve the etch efficiency.

[0043] The foregoing description of the present invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and obviously many modifications

and variations are possible in light of the above teaching. Such modifications and

12
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variations that may be apparent to those skilled in the art are intended to be included

within the scope of this invention as defined by the accompanying claims.

13



WO 2016/127425 PCT/CN2015/073088

CLAIMS

1. A method for removing barrier layer for minimizing sidewall recess,
comprising:

introducing noble-gas-halogen compound gas and carrier gas into an etching
chamber within which a thermal gas phase etching process being performed for
etching a barrier layer on non-recessed areas of an interconnection structure;

detecting an end point of the thermal gas phase etching process, executing the
next step if the thermal gas phase etching process reaches the end point; returning to
the previous step if the thermal gas phase etching process doesn’t reach the end point;

stopping introducing the noble-gas-halogen compound gas and the carrier gas

into the etching chamber.

2. The method of claim 1, wherein the flow rate ratio of the carrier gas and the

noble-gas-halogen compound gas is 1:1 to 50:1.

3. The method of claim 1, wherein the partial pressure of the noble-gas-halogen

compound gas is 0.01-5 Torr.

4. The method of claim 1, wherein the molecular weight of the carrier gas is

bigger than the molecular weight of the noble-gas-halogen compound gas.

5. The method of claim 1, wherein the noble-gas-halogen compound gas is one

of XeF2, XeF4, XeFo6, KrF2.

6. The method of claim 1, wherein the noble-gas-halogen compound gas is a

mixture of at least two of the following: XeF2, XeF4, XeF6 or KrF2.

7. The method of claim 1, wherein the carrier gas is inert gas.

14
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8. The method of claim 7, wherein the inert gas is one of Xe, Kr, Ar, Ne, He.

9. The method of claim 7, wherein the inert gas is a mixture of at least two of

the following: Xe, Kr, Ar, Ne or He.

10. The method of claim 1, wherein the carrier gas is N2.

11. The method of claim 1, wherein the material of the barrier layer is a layer

of Ta, TaN, Ti, TiN, Ru, Co, W, WN or Hf.

12. The method of claim 1, wherein the interconnection structure is formed on

a substrate, the temperature of the substrate is 20-500°C.

13. The method of claim 1, wherein the pressure of the etching chamber is

0.01-50 Torr.

14. The method of claim 1, wherein the interconnection structure includes a
hard mask layer and at least one dielectric layer, the hard mask layer is removed by
the thermal gas phase etching process, the step of detecting an end point of the thermal
gas phase etching process further comprises using an Ellipsometer to detect the
refractive index of the hard mask layer and the dielectric layer and determining
whether the thermal gas phase etching process reaches the end point according to the

refractive index detected by the Ellipsometer.

15. The method of claim 1, wherein the interconnection structure includes a
hard mask layer, the hard mask layer is removed by the thermal gas phase etching
process, the step of detecting an end point of the thermal gas phase etching process

further comprises using an Ellipsometer to detect the thickness of the barrier layer on

15
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the non-recessed areas of the interconnection structure and the hard mask layer in real
time and determining whether the thermal gas phase etching process reaches the end

point according to the thickness of the hard mask layer detected by the Ellipsometer.

16. The method of claim 1, wherein before introducing the carrier gas into the
etching chamber, the noble-gas-halogen compound gas is introduced into the etching

chamber for a period of time.

17. The method of claim 16, wherein the flow of the carrier gas is increased

when the thermal gas phase etching process is approximating the end point.

18. The method of claim 1, wherein after stopping introducing the noble-gas-
halogen compound gas into the etching chamber, keep introducing the carrier gas into
the etching chamber for a period of time, and then stopping introducing the carrier gas

into the etching chamber.

16
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501 introduce noble-gas-halogen compound gas and carrier gas
T~ into an etching chamber performing thermal gas phase
etching process for etching a barrier layer on non-recessed
areas of an interconnection structure

not reach end point

502

detect an end point of the thermal gas phase etching process

reach end point

503—_|stop introducing the noble-gas-halogen compound
gas and the carrier gas into the etching chamber

FIG §
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introduce noble-gas-halogen compound gas into
an etching chamber performing thermal gas phase
etching process for etching a barrier layer on
non-recessed areas of an interconnection structure

601—_|

602 —__ introduce carrier gas into the etching chamber
and meanwhile continuously introduce the
noble-gas-halogen compound gas into the etching chamber

not reach end point

603

detect an end point of the thermal gas phase etching process

reach end point

604 —_| stop introducing the noble-gas-halogen compound gas
and the carrier gas into the etching chamber

FIG 6
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