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(57) ABSTRACT 
A method described for removing a photoresist/polymers 
layer on a substrate. The method comprises the steps of 
providing a Wafer having an oxide layer, a photoresist/ 
polymers layer, an opening penetrating through the photo 
resist/polymers layer and the oxide layer, and the sidewall 
polymer on the surface of photoresist layer and the oxide 
layer. An in-situ plasma-etching step using an additional gas 
mixed With oxygen as source is performed to remove the 
photoresist/polymers layer Without residues, no damages to 
substrate and oxide and no changes on the critical dimension 
of the opening during etching step. 
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FIG. 1A (PRIOR ART) 
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METHOD FOR REMOVING PHOTORESIST 
LAYER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
removing a photoresist layer and polymers layer in the 
fabrication of a semiconductor device. More particularly, the 
present invention relates to a high-density plasma method 
using mixing gases as source for removing a photoresist 
layer and polymers layer generated during plasma etching 
process. 

[0003] 2. Description of the Related Art 

[0004] In the fabrication procedure of a metal oxide semi 
conductor (MOS), photoresist layers are Widely used in 
patterning processes. HoWever, after an etching step is 
performed, the photoresist layer and the sideWall polymers 
generated during plasma etching step needs to be removed 
for subsequent processes. When the photoresist/polymers 
layer is not removed completely, the residue affects subse 
quent processes and debases the quality of the device. 
Accordingly, it is important to avoid leaving any photoresist/ 
polymers layer residue When the photoresist/polymers layer 
is removed. 

[0005] In the conventional photolithography method, inte 
grated circuit patterns transferred on Wafers comprises steps 
of coating a photoresist layer over the Wafer. The photoresist 
layer is sensitive to light and resistant to etching. The image 
of the master mask is replicated on the photoresist layer by 
an exposure system to form a patterned photoresist layer. An 
etching step is performed to form the predetermined pattern 
on the Wafer by using the patterned photoresist layer as an 
etching mask layer. At present, high-density plasma (HDP) 
is usually used to perform an anisotropic etching step, and 
during the etching step, heavy sideWall polymers are depos 
ited to meet etching requirements (eg etching selectivity to 
substrate and pro?le control etc.). FolloWing the oxide 
plasma etching, the patterned photoresist layer and sideWall 
polymer layers are stripped aWay in-situ. HoWever, during 
high-density plasma etching, some undesirable residues are 
generated and accumulated on the surface of the photoresist 
layer and/or the sideWall of the opening formed by etching. 
The residues cannot be removed easily by oxygen plasma 
and leave on the Wafer to affect the subsequent processes. 
The main residues include the folloWing: 

[0006] 1. Cross-linking polymer generated by ultravio 
let irradiation is generated on the top surface of the 
photoresist layer; 

[0007] 2. Silicon-containing polymer is generated While 
performing the etching step; and 

[0008] 3. The polymers on the sideWall of the opening 
are generated during etching from the gasses such as 

C4H8, CHZFZ, and C3H2F6. 

[0009] The residues often cannot be cleaned by solvents 
and result in contamination and defects in the folloWing 
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subsequent process. Recently, in order to avoid photoresist 
residues as mentioned above left on the Wafer, a bias is 
applied to the Wafer to enhance the ion bombardment When 
the oxygen (O2) plasma is performed to remove the photo 
resist layer. 

[0010] FIG. 1A is schematic, cross-sectional vieW of the 
conventional HDP oxide etcher for removing a photoresist/ 
polymers layer by plasma. FIGS. 1B through 1C are 
schematic, cross-sectional vieWs of the conventional plasma 
method for removing a photoresist layer. 

[0011] As shoWn in FIG. 1A, a bias is applied on a Wafer 
114 to enhance the ion bombardment of plasma for remov 
ing a photoresist layer 104 (as shoWn in FIG. 1B). 

[0012] As shoWn in FIG. 1B, after an opening 108 is 
formed, an in-situ oxygen plasma etching step is used to 
remove the photoresist/polymers layer 104. As the residual 
polymers 106 are generated on the top surface of the 
photoresist layer 104, it is difficult to strip aWay the photo 
resist layer 104 completely. 

[0013] As shoWn in FIG. 1C, since the ion bombardment 
of the oxygen plasma is enhanced, the substrate 100 and an 
oxide layer 102 underneath the photoresist layer 104 are 
attacked by the plasma. Accordingly, it is desirable to 
develop a neW method to solve the problems such as the loss 
of substrate and oxide and an inability to control the critical 
dimension of the opening during in-situ oxygen plasma 
etching step. 

SUMMARY OF THE INVENTION 

[0014] It is therefore an objective of the present invention 
to provide a method for removing a photoresist layer and 
polymers on the Wafer surface Without any photoresist 
residues left. 

[0015] It is an another objective of the present invention to 
provide a method for removing a photoresist layer as Well as 
controlling the critical dimension of the openings formed 
during etching. 

[0016] To achieve these and other advantages and in 
accordance With the purpose of the present invention, as 
embodied and broadly described herein, this invention pro 
vides a method for removing photoresist/polymers layer 
Without any residues by using an additional gas mixed With 
oxygen as a source for in-situ plasma etching. The present 
method comprises the steps of providing a Wafer having an 
oxide layer, a photoresist layer, an opening penetrating 
through the photoresist layer and the oxide layer. An in-situ 
plasma-etching step is performed by using a mixing gases 
containing oxygen as a source of plasma to remove the 

photoresist layer. 

[0017] In a preferred embodiment of the present invention, 
the gases for mixing With oxygen as a source for plasma 
etching is selected from the group consisting of nitrogen, 
hydrogen-containing gas, the combinations thereof and the 
likes. 
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[0018] It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary, and are intended to provide further eXplana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 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, 

[0020] FIG. 1A is a schematic, cross-sectional vieW of a 
conventional HDP oXide etcher for removing a photoresist 
layer by plasma; 

[0021] FIGS. 1B through 1C are schematic, cross-sec 
tional vieWs of the conventional plasma method for remov 
ing a photoresist layer; and 

[0022] FIGS. 2A through 2B are schematic, cross-sec 
tional vieWs of the plasma method using a miXed gas as 
source for removing the photoresist/polymers layer in a 
preferred embodiment according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, eXamples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0024] As shoWn in FIG. 2A, after the opening 208 is 
formed, an in-situ plasma etching step using an additional 
gas miXed With oXygen (OZ/additional gas) are performed to 
strip aWay the photoresist/polymers layer 204. Although the 
polymer 206 is formed on the top surface of the photoresist/ 
polymers layer 204 and the sideWall of the opening 208, the 
plasma using the O2/additional gas as source can ef?ciently 
strip aWay the photoresist/polymers layer 204. The eXamples 
of O2/additional gas include O2/N2, O2/hydrogen-containing 
gases or O2/N2/hydrogen-containing gases. The preferred 
volume ratio of gas N2 to O2/N2 is about 1%-50%. The 
preferred volume ratio of hydrogen-containing gases to 
O2/hydrogen-containing gases is about 1%-30%. The pre 
ferred volume ratio of hydrogen-containing gases to O2/N2/ 
hydrogen-containing gases and that of N2 gas to O2/N2/ 
hydrogen-containing gases are respectively about 1%-30% 
and 1%-50%. The hydrogen-containing gas can be CHZFZ, 
CH3F, CZHZF4 and C3H2F6, for eXample. 

[0025] The condition for practicing the method in accor 
dance With the present invention can be varied to optimiZe 
for operation. In the preferred embodiment, the conditions 
for stripping aWay the photoresist/polymers layer 204 are 
such as a miXing gas ?uX of about 100 to 3000 standard 

cubic centimeter per minute (sccm), a miXing gas pressure 
of about 20 millitorr to 1 torr, an electrical poWer for 
generating plasma of about 1000 to 3000 W, a bias poWer on 
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a Wafer (not shoWn) of about 0 to 300 W, the Wafer 
temperature of about —20°C. to 400°C. and a pressure of 
helium used as a background gas of about 1 to 100 torr. 

[0026] As shoWn in FIG. 2B, the plasma using miXed gas 
as source has a high ability to remove the photoresist/ 

polymers layer 204, and the bias poWer applied on the Wafer 
can be reduced, and even eliminated. Accordingly, the 
bombardment of the plasma to the photoresist/polymers 
layer 204 is moderate, and the substrate 200 and oXide layer 
202, Which are in the opening 208, do not suffer plasma 
damage. Therefore, the problems encountered in the con 
ventional method, such as loss of the substrate 200 and oXide 
layer 202 and loss of control over the critical dimension of 
the opening 208 can be overcome. 

[0027] Altogether, the advantages and bene?t achieved by 
the present invention include the folloWing: 

[0028] 1. The present invention provides a method for 
stripping aWay the photoresist/polymers layer Without 
residues, and the bias poWer applied on the Wafer can 
be reduced or even eliminated. The problems such as 

loss of the substrate and oXide layer and loss of control 
over the critical dimension of the opening can be 
overcome. 

[0029] 2. The method of the present invention can be 
practiced on the conventional devices, thus the present 
invention is ready to be implemented on current plant 
lines. 

[0030] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 

structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A method for removing photoresist on a Wafer having 

an oXide layer, a photoresist/polymers layer, an opening 
penetrating through the photoresist/polymers layer and the 
oXide layer, the method comprising the steps of: 

performing an in-situ plasma etching step using an addi 
tional gas miXed With oXygen as a source to remove the 

photoresist/polymers layer. 
2. The method of claim 1, Wherein the additional gas is 

selected from the group consisting of N2, hydrogen( H2) 
containing gas and the combination thereof. 

3. The method of claim 2, Wherein When the additional 
gas is N2, the ratio of N2 to the O2/N2 miXing gas is about 
1%-50%. 

4. The method of claim 2, Wherein When the additional 
gas is the hydrogen-containing gas, the ratio of hydrogen 
containing gas to the O2/hydrogen-containing miXing gas is 
about 1%-30%. 

5. The method of claim 4, Wherein the hydrogen-contain 
ing gas is selected from a group consisting of CHZFZ, CH3F, 
C2H2F4, C3H2F6 and the combinations thereof. 

6. The method of claim 2, Wherein When the additional 
gas is the combination of N2 and hydrogen-containing gas, 
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the ratios of hydrogen containing gases and N2to the O2/N2/ 
hydrogen-containing mixing gas are respectively about 
1%-30% and 1%-50%. 

7. The method of claim 6, Wherein the hydrogen-contain 
ing gas is selected from a group consisting of CHZFZ, CH3F, 
C2H2F4, C3H2F6 and the combinations thereof. 

8. The method of claim 1, Wherein the step of removing 
the photoresist/polymers layer is performed under the con 
ditions of: 

a ?ux of about 100-3000 sccm for the miXing gas; 

a pressure of about 20 millitorr to 1 torr for the miXing 
gas; 
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a poWer of about 1000 to 3000 W for the in-situ plasma 
etching step; 

a bias poWer on a Wafer of about 0 to 300 W for the in-situ 

plasma etching step; 

a Wafer temperature of about —20 to 400 centigrade for 
removing the photoresist/polymers layer; and 

a pressure of about 1 to 100 torr for the helium back 
ground gas. 


