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A method of cleaning a wafer, adapted for a patterned gate 
Correspondence Address: structure. The gate structures comprise a gate dielectric 
J C PATENTS, INC. layer, a nitrogen-containing barrier layer and a silicon 
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IRVINE, CA 92.618 (US) The method includes cleaning the substrate with phosphoric 

acid solution and hydrofluoric acid solution so that silicon 
nitride residues formed in a reaction between the nitrogen 

(21) Appl. No.: 11/050,261 containing barrier layer and the silicon-containing gate layer 
can be removed and the amount of pollutants and particles 
can be reduced. Ultimately, the yield of the process as well 

(22) Filed: Feb. 2, 2005 as the quality and reliability of the device are improved. 
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METHOD OF CLEANING WAFER AND METHOD 
OF MANUFACTURING GATE STRUCTURE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
fabrication process. More particularly, the present invention 
relates to a method of cleaning wafers and a method of 
manufacturing gate structures on wafers. 

0003 2. Description of the Related Art 
0004. In the current semiconductor fabricating process, 
cleaning the wafer is one of the most important and frequent 
steps. The purpose of cleaning the wafer is to remove 
residues such as particles, organics or inorganic metallic 
ions from the Surface. Hence, wafer cleaning is one of the 
critical factors affecting the yield as well as the quality and 
reliability of a device. 

0005. On the other hand, the fabrication of gate structures 
on a wafer is also an important process in the semiconductor 
fabricating process. The quality of the gate structures 
directly affects the subsequent yield, reliability and perfor 
mance of a device. Therefore, how to achieve a high degree 
of cleanliness in the wafer to form a high-quality gate 
structures is a task to be dealt with. 

0006 The conventional technique of fabricating a gate 
structure includes providing a substrate having a gate dielec 
tric layer (with a high dielectric constant K), a titanium 
nitride barrier layer and a polysilicon gate layer sequentially 
stacked thereon and then patterning these film layers to form 
a gate structure. Thereafter, hydrofluoric acid (HF), a mix 
ture of hydrofluoric acid and hydrogen peroxide (HF/HO) 
or a fluorine-containing organic solvent is used to clean the 
Surface of the Substrate and remove any residues. 

0007. However, in the process of patterning the gate 
structure, along with the normal list of particles and pollut 
ants, residual material from the removed polysilicon gate 
layer and the titanium nitride barrier layer may react to form 
silicon nitride residues. These silicon nitride residues may 
end up on the surface of the gate dielectric layer. When the 
gate dielectric layer is patterned, these silicon nitride resi 
dues may act as a mask over a portion of the gate dielectric 
layer such that the blocked area cannot be etched com 
pletely, leaving the gate dielectric residues. It should be 
noted that the gate dielectric residues are difficult to remove 
even with another cleaning operation because the residues 
are covered with silicon nitride residue. FIG. 3 is a photo of 
a portion of the surface of a silicon wafer taken by a 
scanning electron microscope (SEM) after performing a gate 
structure patterning and a conventional cleaning process. As 
shown in FIG.3, a lot of white spots can be observed, which 
represent the residual materials 301 on the wafer. In other 
words, some silicon nitride residues and gate dielectric 
material remain on the wafer after the cleaning operation. As 
a result, these residues on the wafer will affect the quality 
and reliability of the subsequently formed devices. 

SUMMARY OF THE INVENTION 

0008 Accordingly, one objective of the present invention 
is to provide a method of cleaning a wafer. The method is 

Aug. 3, 2006 

capable of removing residues on the surface of the wafer and 
improving overall yield of the wafer. 

0009. Another objective of the present invention is to 
provide a method of fabricating gate structures on a wafer in 
which residues on the wafer can be efficiently removed to 
improve the quality and reliability of devices. 

0010. To achieve these and other advantages and in 
accordance with the purpose of the invention, as embodied 
and broadly described herein, the invention provides a 
method of cleaning a wafer after patterning out gate struc 
tures on the wafer. The gate structure comprises a gate 
dielectric layer, a nitrogen-containing barrier layer and a 
silicon-containing gate layer sequentially stacked over a 
substrate. The method includes cleaning the substrate with 
phosphoric acid solution and hydrofluoric acid solution. 
0011. The present invention also provides a method of 
fabricating gate structures on a wafer. First, a gate dielectric 
layer is formed over a substrate. Thereafter, a nitrogen 
containing barrier layer is formed over the gate dielectric 
layer. Then, a silicon-containing gate layer is formed over 
the nitrogen-containing barrier layer. After that, the silicon 
containing gate layer, the nitrogen-containing barrier layer 
and the gate dielectric layer are patterned to form a stack 
structure. Finally, the Substrate is cleaned using phosphoric 
acid solution and hydrofluoric acid solution. 
0012. According to one embodiment of the present inven 
tion, the method of cleaning the wafer or the substrate after 
forming the gate structure includes washing the wafer or 
Substrate with a solution mixture of phosphoric acid and 
hydrofluoric acid or with phosphoric acid solution followed 
by hydrofluoric acid solution or with hydrofluoric acid 
Solution, then phosphoric acid solution and finally hydrof 
luoric acid solution. In the hydrofluoric acid solution, the 
ratio between water and hydrofluoric acid is between 1000:1 
to 10000:1. In addition, the phosphoric acid solution is 
heated to a temperature of about 160° C. Furthermore, the 
gate dielectric layer is fabricated using a high dielectric 
constant (high K) material. The gate dielectric layer is a 
hafnium dioxide (H?O.), nitrogen doped hafnium dioxide, 
nitrogen and oxygen doped hafnium dioxide or silicon 
doped hafnium dioxide layer, for example. The gate dielec 
tric layer is formed, for example, by performing an atomic 
layer deposition (ALD) process or a metal-organic chemical 
vapor deposition (MOCVD) process. The nitriogen-contain 
ing barrier layer is a titanium nitride layer and the silicon 
containing gate layer is a polysilicon or a doped polysilicon 
layer, for example. 

0013 In the present invention, phosphoric acid solution 
and hydrofluoric acid solution are used to clean the sub 
strate. Since phosphoric acid solution is effective in remov 
ing the silicon nitride residues formed in a reaction between 
the nitrogen-containing barrier layer and the silicon-contain 
ing gate layer, the gate dielectric layer residues retained due 
to the overlying silicon nitride residues can be avoided. 
Consequently, the yield of the wafer as well as the quality 
and reliability of the devices within the wafer can be 
improved. 

0014. 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The accompanying drawings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this specification. 
The drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles 
of the invention. 

0016 FIGS. 1A through 1D are schematic cross-sec 
tional views showing the steps for fabricating a gate struc 
ture according to one embodiment of the present invention. 
0017 FIG. 2 is a flowchart showing the steps carried out 
in FIGS. 1A through 1D. 

0018 FIG. 3 is a photo of partial surface of a silicon 
wafer taken by a scanning electron microscope (SEM) after 
performing a gate structure patterning and a conventional 
cleaning process. 

0.019 FIG. 4 is a photo of partial surface of a silicon 
wafer taken by a scanning electron microscope (SEM) after 
performing a gate structure patterning and a cleaning pro 
cess according to the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0020 Reference will now be made in detail to the present 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. Wherever possible, 
the same reference numbers are used in the drawings and the 
description to refer to the same or like parts. 

0021 FIGS. 1A through 1D are schematic cross-sec 
tional views showing the steps for fabricating a gate struc 
ture according to one embodiment of the present invention. 
FIG. 2 is a flowchart showing the steps carried out in FIGS. 
1A through 1D. As shown in FIGS. 1A and 2, a gate 
dielectric layer 102 is formed over a substrate 100 (in step 
200). The gate dielectric layer 102 is fabricated using a high 
dielectric constant material Such as hafnium dioxide, nitro 
gen doped hafnium dioxide, nitrogen and silicon doped 
hafnium dioxide, silicon doped hafnium dioxide and so on. 
The gate dielectric layer 102 is formed, for example, by 
performing an atomic layer deposition (ALD) process, a 
metal-organic chemical vapor deposition (MOCVD) process 
or other Suitable process. 

0022. Thereafter, a nitrogen-containing barrier layer 104 
is formed over the gate dielectric layer 102 (in step 202). The 
nitrogen-containing barrier layer 104 is made of titanium 
nitride or other nitrogen-containing material formed, for 
example, by performing a chemical vapor deposition pro 
cess, a sputtering process or other Suitable process. 

0023) Next, a silicon-containing gate layer 106 is formed 
over the nitrogen-containing barrier layer 104 (in step 204). 
The silicon-containing gate layer 106 is fabricated using 
polysilicon, doped polysilicon or some other silicon-con 
taining material, for example. The silicon-containing gate 
layer 106 is formed, for example, by performing a chemical 
vapor deposition process or other Suitable process. 

0024. Then, the silicon-containing gate layer 106, the 
nitrogen-containing barrier layer 104 and the gate dielectric 
layer 102 and patterned to form a stack structure (in step 
206). The details are discussed in the following. 
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0025. As shown in FIG. 1B, the silicon-containing gate 
layer 106 and the nitrogen-containing barrier layer 104 are 
patterned to form a stack structure 107. However, in the 
process of patterning the silicon-containing gate layer 106 
and the nitrogen-containing barrier layer 104, along with 
Some particles and pollutants, residues of the removed 
silicon-containing gate layer 106 and the nitrogen-contain 
ing barrier layer 104 may react to form some silicon nitride 
residues 110, which stay in the surface of the gate dielectric 
layer 102. Thereafter, the gate dielectric layer 102 is also 
patterned to form a stack structure 109 (as shown in FIG. 
1C), comprising the aforementioned stack structure 107 and 
the gate dielectric layer 102. Since the silicon nitride resi 
dues 110 on the gate dielectric layer 102 may act as a mask 
to block partial area of the gate dielectric layer 102 from 
removal when patterned, such that the etching is incomplete 
and residues 102a of the gate dielectric layer 102 are 
retained. 

0026. As shown in FIGS. 1D and 2, phosphoric acid 
Solution and hydrofluoric acid solution are applied to clean 
the substrate 100 (in step 208) after the stack structure 109 
is formed so that the residues 102a and 110 on the substrate 
100 are removed. The cleaning process includes applying a 
Solution mixture of the phosphoric acid solution and the 
hydrofluoric acid solution, applying hydrofluoric acid solu 
tion, phosphoric acid solution and hydrofluoric acid solution 
sequentially or applying phosphoric acid solution and 
hydrofluoric acid solution sequentially to clean the Substrate. 
Aside from the aforementioned acid solution application 
sequence, the application of the phosphoric acid solution 
and the hydrofluoric acid solution in different order to clean 
the substrate is also included. In other words, the order of the 
solution used is not limited. In addition, the ratio between 
water and hydrofluoric acid in the hydrofluoric acid solution 
is between 1000:1 to 10000:1. Furthermore, the phosphoric 
acid solution is preferably heated to a temperature of about 
160° C. before application. 
0027. It should be noted that the phosphoric acid solution 
(in step 208) used to clean the substrate is an effective means 
of removing the silicon nitride residues 110 formed in the 
reaction between the nitrogen-containing barrier layer 104 
and the silicon-containing gate layer 106. In other words, the 
problem of not being able to remove the gate dielectric layer 
residues 102a with hydrofluoric acid due to the presence of 
overlying silicon nitride residues 110 is resolved. 
0028. After the aforementioned cleaning step (step 208), 
partial Surface of a silicon wafer taken by a scanning 
electron microscope (SEM) after performing a gate structure 
patterning and a cleaning process is shown in FIG. 4. In 
FIG. 4, the white spots (residues 301) on the substrate 100 
in FIG. 3 have gone. In other words, the process of cleaning 
the wafer according to the present invention is able to 
remove the silicon nitride residues 110 and the gate dielec 
tric layer residues 102a completely. 
0029. In summary, the present invention uses phosphoric 
acid solution and hydrofluoric acid solution to clean and 
remove residues from a wafer after gate structures are 
formed on the wafer. In particular, compared with the 
conventional method, the present invention provides an 
effective means of removing the silicon nitride residues and 
gate dielectric layer residues from the wafer so that the 
production yield of wafer as well as the quality and reli 
ability of the devices on the wafer is improved. 
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0030. It will be apparent to those skilled in the art that 
various modifications 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 modifications 
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 of cleaning a wafer, adapted for a patterned 
gate structure comprising a gate dielectric layer, a nitrogen 
containing barrier layer and a silicon-containing gate layer 
sequentially stacked over a Substrate, the method comprising 
washing the Substrate with phosphoric acid solution and 
hydrofluoric acid solution. 

2. The cleaning method of claim 1, wherein the step of 
cleaning the wafer comprises washing the Substrate with a 
Solution mixture of the phosphoric acid solution and the 
hydrofluoric acid solution. 

3. The cleaning method of claim 1, wherein the step of 
cleaning the wafer comprises washing the Substrate with the 
phosphoric acid solution and then with hydrofluoric acid 
Solution sequentially. 

4. The cleaning method of claim 1, wherein the step of 
cleaning the wafer comprises washing the Substrate with 
hydrofluoric acid solution, then with phosphoric acid solu 
tion and finally with hydrofluoric acid solution sequentially. 

5. The cleaning method of claim 1, wherein the ratio of 
water to hydrofluoric acid in the hydrofluoric acid solution 
is between about 1000:1-10000:1. 

6. The cleaning method of claim 1, wherein the phospho 
ric acid solution is heated to a temperature of about 160° C. 

7. The cleaning method of claim 1, wherein the material 
constituting the gate dielectric layer comprises a high dielec 
tric constant (high K) material. 

8. The cleaning method of claim 7, wherein the high 
dielectric constant material comprises hafnium dioxide 
(H?O), nitrogen doped hafnium dioxide, nitrogen and sili 
con doped hafnium dioxide or silicon doped hafnium diox 
ide. 

9. The cleaning method of claim 1, wherein the material 
constituting the nitrogen-containing barrier layer comprises 
titanium nitride. 

10. The cleaning method of claim 1, wherein the material 
constituting the silicon-containing gate layer comprises 
polysilicon or doped polysilicon. 

11. A method of fabricating a gate structure, the method 
comprising: 
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forming a gate dielectric layer over the Substrate; 
forming a nitrogen-containing barrier layer over the gate 

dielectric layer; 
forming a silicon-containing gate layer over the nitrogen 

containing barrier layer, 
patterning the silicon-containing gate layer, the nitrogen 

containing barrier layer and the gate dielectric layer to 
form a stack structure; and 

cleaning the Substrate with phosphoric acid solution and 
hydrofluoric acid solution. 

12. The method of claim 11, wherein the step of cleaning 
the Substrate comprises washing the Substrate with a solution 
mixture of the phosphoric acid solution and the hydrofluoric 
acid solution. 

13. The method of claim 11, wherein the step of cleaning 
the substrate comprises washing the substrate with the 
phosphoric acid solution and then with hydrofluoric acid 
Solution sequentially. 

14. The method of claim 11, wherein the step of cleaning 
the substrate comprises washing the substrate with hydrof 
luoric acid solution, then with phosphoric acid solution and 
finally with hydrofluoric acid solution sequentially. 

15. The method of claim 11, wherein the ratio of water to 
hydrofluoric acid in the hydrofluoric acid solution is 
between about 1000: 1-10000:1. 

16. The method of claim 11, wherein the phosphoric acid 
solution is heated to a temperature of about 160° C. 

17. The method of claim 11, wherein the material con 
stituting the gate dielectric layer comprises a high dielectric 
constant (high K) material. 

18. The method of claim 17, wherein the high dielectric 
constant material comprises hafnium dioxide (H?O), nitro 
gen doped hafnium dioxide, nitrogen and silicon doped 
hafnium dioxide or silicon doped hafnium dioxide. 

19. The method of claim 18, wherein the step of forming 
the gate dielectric layer comprises performing an atomic 
layer deposition (ALD) process or a metal-organic chemical 
vapor deposition (MOCVD) process. 

20. The method of claim 11, wherein the material con 
stituting the nitrogen-containing barrier layer comprises 
titanium nitride. 

21. The cleaning method of claim 11, wherein the material 
constituting the silicon-containing gate layer comprises 
polysilicon or doped polysilicon. 
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