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(57) ABSTRACT 

A loW-k dielectric ?lm is deposited on the Wafer. A metal 
layer is then deposited over the loW-k dielectric ?lm. Aresist 
pattern is formed over the metal layer. The resist pattern is 
then transferred to the underlying metal layer to form a metal 
pattern. The resist pattern is stripped o?‘. A through hole is 
plasma etched into the loW-k dielectric ?lm by using the 
metal pattern as a hard mask. The plasma etching causes 
residues to deposit Within the through hole. A Wet treatment 
is then performed to soften the residues. A plasma dry 
treatment is carried out to crack the residues. 
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METHOD FOR REMOVING POST-ETCH RESIDUE 
FROM WAFER SURFACE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation application of US. patent 
application Ser. No. 10/908,374 ?led May 9, 2005. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the ?eld of semi 
conductor fabrication and, more particularly, to a method for 
removing post-etch residues in a trench/via opening, Which 
is etched into loW-k dielectric ?lms With at least one metal 
layer as a hard mask. 

[0004] 2. Description of the Prior Art 

[0005] As pitches betWeen interconnection Wirings of 
integrated circuits shrink to very deep sub-micron scale or 
beyond, post-etch trench/via residual looms as a major issue 
regarding the success in damascene or dual damascene 
processes. Several prior arts have addressed this problem. 

[0006] For example, US. Pat. No. 6,797,627 ?led Dec. 5, 
2001 to Shih et al. discloses a dry-Wet-dry solvent-free 
process for removing polymer residuals, Which are allegedly 
mixed With copper oxide substances, from the damascened 
trench/via bottom and sideWalls. The proposed method is 
carried out after the nitride or carbide cap layer exposed by 
the via opening is removed. This invention limits itself to 
CiF based and CuiF based polymers that are formed as 
part of the process of removing the cap layer from the 
bottom surface of an opening that has been created through 
one or more layers of loW-k dielectrics. 

[0007] According to US. Pat. No. 6,797,627, as set forth 
in the claims thereto, the proposed method must start With an 
02*, Nzi, or HZ-based plasma treatment that interacts 
With polymer residuals and must create Water-soluble 
byproducts. A de-ioniZed Water rinse folloWs to remove the 
Water-soluble byproducts and polymer from the sideWalls of 
the via opening. A reducing H2-based plasma treatment is 
then carried out to reduce copper oxide and to remove the 
polymer from the bottom of the via opening. 

[0008] US. Pat. No. 6,465,352 ?led Jun. 12, 2000 to Aoki 
discloses a dry-Wet process for removing the resist ?lm and 
dry-etching residue in a semiconductor device fabrication 
process. The proposed method starts With a HZ/N2 plasma 
treatment, folloWed by an amine-based Wet treatment. 
According to this patent, the HZ/N2 plasma treatment 
changes the properties of a so-called resist surface hardened 
layer such that it can be removed later, along With the 
etching residue, by the succeeding amine-based Wet treat 
ment. 

[0009] HoWever, the results presented by the aforesaid 
prior art methods have been proven to be not satisfactory, 
particularly in some circumstances When a metal hard mask 
is applied during the etching of a trench/via hole in the dual 
damascene processes. The state-of-the-art metal hard mask 
technology may be found in, for example, US. Pat. No. 
6,638,871 ?led Jan. 10, 2002 to Wang et al., Which is 
assigned to the same party as that of the present application, 
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and Which discloses a damascene process involving the use 
of a stacked dielectric-metal-dielectric hard mask. 

[0010] It is believed that the composition of the trench/via 
residuals, Which are produced When the trench/via hole is 
etched into loW-k dielectric ?lms With a metal layer such as 
titanium or titanium nitride as a hard mask, has become 
much more complex than ever. Therefore, it is di?icult to 
remove such trench/via residuals by using traditional 
approaches. 
[0011] Hitherto, the neWly formulated polymer residuals 
arose due to the use of a metal hard mask and the solution 
to effectively remove such polymer residuals are not yet 
addressed by any of the prior arts. Hence, there is a need in 
this industry to provide an improved method for eliminating 
such neWly formulated polymer residuals Without adversely 
affecting the performance of the integrated circuit. 

SUMMARY OF THE INVENTION 

[0012] It is the primary object of the present invention to 
provide an improved method for effectively removing post 
etch residues in a trench/via opening. 

[0013] It is another object of the present invention to 
provide a method for effectively removing post-etch resi 
dues in a trench/via opening, Which is etched into loW-k 
dielectric ?lms With at least one metal layer as a hard mask. 

[0014] According to one aspect of the present invention, 
one preferred embodiment discloses a method for removing 
post-etch residues from surfaces of a Wafer. A loW-k (k<3) 
dielectric ?lm is deposited on the Wafer. Ametal layer is then 
deposited over the loW-k dielectric ?lm. A resist pattern is 
formed over the metal layer. The resist pattern is then 
transferred to the underlying metal layer to form a metal 
pattern. The resist pattern is stripped off. A through hole is 
plasma etched into the loW-k dielectric ?lm by using the 
metal pattern as a hard mask. The plasma etching causes 
residues to deposit Within the through hole. A Wet treatment 
is then performed to soften the residues. A plasma dry 
treatment is carried out to crack the residues. 

[0015] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment that is illustrated in the various ?g 
ures and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. In the draWings: 

[0017] FIGS. 1 to 8 are schematic, cross-sectional dia 
grams of the process steps for forming a damascene opening 
in loW-k dielectric layers according to one preferred embodi 
ment of this invention; and 

[0018] FIG. 9 is a How diagram demonstrating one pre 
ferred embodiment according to this invention. 

DETAILED DESCRIPTION 

[0019] The present invention pertains to an improved 
method for effectively removing post-etch residues in a 
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trench/via opening or through hole, Which is etched into 
loW-k dielectric ?lm(s) With at least one metal layer as a hard 
mask for the etching of the through hole. Since a metal hard 
mask is neWly introduced into the damascene processes, it is 
believed that the resultant post-etch residues Would have a 
neWly formulated composition such as complex organic 
metal compounds that are not possible to be eliminated by 
virtue of the traditional dry-Wet-dry or dry-Wet process. 

[0020] According to the present invention, a Wet-dry-Wet 
process is proposed to effectively removing the post-etch 
residues from the Wafer. More speci?cally, the present 
invention discloses a Wet-dry-Wet process comprising a ?rst 
Wet treatment, folloWed by an aggressive oxidizing plasma 
treatment, then a reducing plasma treatment, and ?nally a 
second Wet treatment. Both the ?rst and second Wet treat 
ments involve the use of ?uoride-based solvent. 

[0021] The present invention Wet-dry-Wet or Wet-dry-dry 
Wet method is preferably carried out in the absence of a 
photo resist ?lm on the treated Wafer, but should not be 
limited thereto. 

[0022] FIGS. 1 to 8 are schematic, cross-sectional dia 
grams of the process steps for forming a damascene opening 
in loW-k dielectric layers according to one preferred embodi 
ment of this invention. As shoWn in FIG. 1, a semiconductor 
substrate 200 having metal Wire 201 formed thereon is 
provided. A cap layer 202 is formed over the substrate 200 
and the metal Wires 201. The cap layer is, for example, a 
silicon nitride layer With a thickness of about 300-700 
angstroms. A ?rst dielectric layer 204, an etch stop layer 206 
and a second dielectric layer 208 are formed in sequence on 
the cap nitride layer 202. The ?rst and second dielectric 
layers 204 and 208 are made of loW-k dielectric materials 
such as CORALTM or Black DiamondTM. Preferably, the 
dielectric constant k of the ?rst and second dielectric layers 
202 and 208 is smaller than 3.0 (k<3). The etch stop layer 
206 is, for example, a silicon nitride layer or a silicon 
carbide layer With a thickness of about 300-700 angstroms. 

[0023] Still referring to FIG. 1, a chemical mechanical 
polishing (CMP) stop layer 210, a metal hard mask layer 
212, a dielectric hard mask layer 214 and a bottom anti 
re?ection coating (BARC) layer 216 are formed in sequence 
on the second dielectric layer 208. The CMP stop layer 210 
is, for example, a silicon nitride layer or a silicon carbide 
layer With a thickness of about 400-700 angstroms. Suitable 
materials for the metal hard mask layer 212 include tanta 
lum, tantalum nitride, tungsten, tungsten nitride, titanium 
nitride and titanium. The metal hard mask layer 212 has a 
thickness of about 100-300 angstroms. The hard mask layer 
214 is, for example, a silicon nitride layer or a silicon 
carbide layer With a thickness of about 1000-2000 ang 
stroms. Subsequently, a patterned ?rst photoresist layer 220 
is formed on the BARC layer 216. 

[0024] As shoWn in FIG. 2, using the patterned photoresist 
layer (de?ning a trench pattern) 220 as a mask, the BARC 
layer 216, the hard mask layer 214 and the metal hard mask 
layer 212 are partially removed until the underlying CMP 
stop layer 210 is exposed. An opening 222 is thus formed 
Within the BARC layer 216, the patterned hard mask layer 
214 and the metal hard mask layer 212. 

[0025] As shoWn in FIG. 3, the photoresist layer 220 and 
the BARC layer 216 are stripped off. At this stage, the 
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dielectric layer 208 is still covered and protected by the 
CMP stop layer 210 from being damaged by plasma ashing 
process used to remove the photoresist layer 220 and the 
BARC layer 216. 

[0026] As shoWn in FIG. 4, a BARC layer 224 is formed 
on the patterned hard mask layer 214 and on the exposed 
CMP stop layer 210, and ?lls the opening 222. A patterned 
photoresist layer (de?ning a via pattern) 230 is then formed 
on the BARC layer 224. As shoWn in FIG. 5, using the 
photoresist layer 230 as a mask, an anisotropic etching 
process is performed to remove the BARC material layer 
224, the CMP stop layer 210, the second dielectric layer 208 
and the etch stop layer 206, forming a via opening 232 
therein. 

[0027] As shoWn in FIG. 6, a conventional plasma ashing 
process is performed to remove the photoresist layer 230 and 
the BARC material layer 224. 

[0028] As shoWn in FIG. 7, using the patterned hard mask 
layer 214 and metal hard mask layer 212 as an etching mask, 
a second anisotropic etching process is performed to form a 
self-aligned damascene opening 234 in the ?rst and second 
dielectric layers 204 and 208. The damascene opening 234 
includes an upper trench opening 23411 in the ?rst dielectric 
layers 204 and a loWer via opening 234!) in the second 
dielectric layers 204, Wherein the loWer via opening 234!) 
exposes a portion of the underlying conductive Wire 201. 

[0029] During the etching of the damascene opening 234, 
polymer residues 320 are formed on sideWalls and bottom 
surfaces of the damascene opening 234. As previously 
alluded to, since the metal hard mask is involved during the 
dry etching of the damascene opening 234, the composition 
of the polymer residues 320 is therefore complex and is 
dif?cult to be removed by conventional approaches. 

[0030] Subsequently, as shoWn in FIG. 8, a series of 
polymer removal treatment procedures are carried out to 
effectively and completely remove the polymer residues 320 
from the surfaces of the damascene opening 234. The series 
of polymer removal treatment procedures are further 
expressed in a How diagram of FIG. 9. 

[0031] As shoWn in FIG. 9, the aforesaid series of polymer 
removal treatment procedures include a ?rst ?uoride-based 
Wet treatment (Step 92), a dry treatment (Step 94), and a 
second ?uoride-based Wet treatment (Step 96). In Step 92, 
the Wafer bearing the damascene opening 234 is dipped into 
a ?uoride-based solvent for a period of time such as, but not 
limited to, 30 seconds to 90 minutes at room temperature. A 
thin surface layer of the polymer residues 320 as depicted in 
FIG. 7 may be stripped off at this stage. Nevertheless, the 
main purpose of the ?rst ?uoride-based Wet treatment is to 
soften or loosen the complex structure of the polymer 
residues 320 such that the remaining polymer residues 320 
can be effectively removed by using the succeeding steps. 

[0032] After the ?rst ?uoride-based Wet treatment, pro 
ceeding to Step 94, the dry treatment is carried out. Some 
exemplary parameters regarding the dry treatment are set 
fourth in Table 1. During the initial 40 seconds of this 
example (Phases 1 and 2), as shoWn in Table 1, the plasma 
tool Where the dry treatment is implemented is Warmed up. 
The poWer of the plasma tool is sWitched from Off to 1,500 
W and the operating temperature is raised to 1200 C. The 
operating pressure is tuned from initial 2.0 torrs to stabiliZed 
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0.9 torrs. Oxygen gas (02), helium gas (carrier gas), and 
hydrogen gas (H2) are ?oWed into the reaction chamber (not 
shown) of the plasma tool. Preferably, the ?oWrate of 
oxygen is maintained at 100 microliter per minute (ulm). 
The ?oWrate of He/H2 is maintained at 10,000 standard 
cubic centimeter per minute (sccm), preferably With a volu 
metric ratio of 95% (He):5% (H2). During the next 30 
seconds (Phase 3), the operating temperature is raised up to 
more than 2000 C., preferably 2700 C. During the succeed 
ing 30 seconds (Phase 4), the poWer of the plasma tool is 
tuned to 1,200 W. 

TABLE 1 

O2 He/H2 
Time Temperature Pressure Power ?oWrate ?oWrate 

Phase (second) (0 C.) (torr) (Watts) (ulm) (sccm) 

1 10 Off 2 Off 100 10,000 
2 30 120 0.9 1,500 100 10,000 
3 30 270 0.9 1,500 100 10,000 
4 30 270 0.9 1,200 100 10,000 
5 90 270 0.9 1,200 0 10,000 

[0033] According to the present invention, the Wafer is 
?rst treated in a comparatively mild oxidiZing atmosphere 
With the presence of oxygen and hydrogen for about 100 
seconds in order to crack and remove most of the polymer 
residues 320 left in the damascene opening. Some copper 
oxide micro particles situated at the bottom of the dama 
scene opening, Which might be initially covered by polymer 
or organic metal polymer substances, may noW be exposed. 
During the aftermost 90 seconds, the Wafer is then treated in 
a reducing atmosphere With the absence of oxygen to reduce 
the exposed copper oxide micro particles at the bottom of the 
damascene opening. 

[0034] After the dry treatment, brie?y referring back to 
FIG. 9, the Wafer is exposed to a second ?uoride-based Wet 
process for a period of time such as, but not limited to, 30 
seconds to 90 minutes at room temperature. The second 
?uoride-based Wet process easily removes the rest of the 
polymers that have been treated With the dry plasma. Inspec 
tion of the damascene opening on the Wafer shoWs complete 
removal of the polymers and post-etch residues. 

[0035] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device and 
method may be made While retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 

What is claimed is: 
1. A method for removing post-etch residues from sur 

faces of a Wafer, comprising: 

depositing at least one loW-k (k<3) dielectric ?lm on said 
Wafer; 

depositing a metal layer over said loW-k dielectric ?lm; 

forming a resist pattern over said metal layer; 

transferring said resist pattern to said metal layer to form 
a metal pattern; 

stripping said resist pattern; 
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plasma etching a through hole into said loW-k dielectric 
?lm by using said metal pattern as a hard mask, 
Wherein said plasma etching causes residues to deposit 
Within said through hole; 

performing a Wet treatment to soften said residues; and 

after performing said Wet treatment, performing a plasma 
dry treatment to crack said residues, the plasma dry 
treatment comprising: 

exposing said Wafer and said softened residues to an 
oxidiZing plasma atmosphere With the presence of 
oxygen and hydrogen; folloWed by exposing said Wafer 
and said residues to a reducing plasma atmosphere With 
the absence of oxygen. 

2. The method according to claim 1 Wherein said Wet 
treatment uses ?uoride-based solvent. 

3. The method according to claim 1 Wherein said metal 
layer comprises titanium, titanium nitride, tantalum, tanta 
lum nitride, or any combination thereof. 

4. The method according to claim 1 Wherein before 
depositing said metal layer, a chemical mechanical polish 
(CMP) stop layer is deposited onto said loW-k dielectric 
?lm. 

5. The method according to claim 1 Wherein before 
forming said resist pattern, a dielectric hard mask is depos 
ited over said metal layer. 

6. A method for removing post-etch residues from sur 
faces of a Wafer, Wherein said post-etch residues are formed 
partly due to the use of a metal hard mask during etching, 
said method comprising: 

performing a Wet treatment to soften said residues; 

after performing said Wet treatment, performing a plasma 
dry treatment to crack said residues, Wherein said 
plasma dry treatment further comprises tWo stages: 

(1) exposing said Wafer and said softened residues to an 
oxidiZing plasma atmosphere at a ?rst temperature With 
the presence of oxygen and hydrogen; and 

(2) exposing said Wafer and said residues to a reducing 
plasma atmosphere at a second temperature With the 
absence of oxygen. 

7. The method according to claim 6 Wherein said Wet 
treatment uses ?uoride-based solvent. 

8. The method according to claim 6 Wherein said oxidiZ 
ing plasma atmosphere further includes a carrier gas. 

9. The method according to claim 6 Wherein said reducing 
plasma atmosphere is He/H2 plasma. 

10. The method according to claim 6 Wherein said ?rst 
temperature is higher than room temperature. 

11. The method according to claim 6 Wherein said second 
temperature is higher than 2000 C. 

12. A method for removing post-etch residues of etching 
damascene opening from surfaces of a Wafer, Wherein said 
post-etch residues is formed partly due to the use of a metal 
hard mask during etching, the damascene opening exposing 
a metal oxide, said method comprising: 

performing a Wet treatment to soften said residues; 

performing a plasma dry treatment to crack said residues, 
Wherein said plasma dry treatment comprises tWo 
stages: 
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(1) exposing said Wafer and said softened residues to an 
oxidizing plasma atmosphere at a ?rst temperature With 
the presence of oxygen and hydrogen; and 

(2) exposing said Wafer and said residues to a reducing 
plasma atmosphere at a second temperature With the 
absence of oxygen, for the metal oxide being reduced. 

13. The method according to claim 12 Wherein said Wet 
treatment uses ?uoride-based solvent. 
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14. The method according to claim 12 Wherein said 
oxidiZing plasma atmosphere further includes a carrier gas. 

15. The method according to claim 12 Wherein said 
reducing plasma atmosphere is He/H2 plasma. 

16. The method according to claim 12 Wherein said ?rst 
temperature is higher than room temperature. 

17. The method according to claim 12 Wherein said 
second temperature is higher than 2000 C. 

* * * * * 


