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(57) ABSTRACT 

The present invention provides a method using plasma 
burn-in for maintaining the cleanness Within a vacuum 
chamber of a physical vapor deposition system, thereby 
reducing particles falling upon a processed Wafer. After 
depositing metal compound ?lms on a speci?c number of 
Wafers, there Will be too many metal compound ?lms 
accumulated Within the vacuum chamber of the physical 
vapor deposition system and these accumulated ?lms are apt 
to fall off. The plasma burn-in methods in prior art can not 
substantially prevent metal compound nodules located on 
the side surface of a metal target from peeling and thus a 
more frequent plasma burn-in is required. The present 
invention discovered through experiments that When the 
operation pressure of the plasma for plasma burn-in is 
elevated above 10 mtorr, the distribution of the plasma is 
ever changed and able to enter the narroW space betWeen the 
metal target side surface and an inner Wall of the vacuum 
chamber so as to bombard the nodules on the side surface 
and to deposit a metal ?lm upon the brittle metal compound 
?lm Within the vacuum chamber for reducing the number of 
particles falling upon the Wafer. In this Way the present 
invention enhances the effect of plasma burn-in, reduces the 
frequency of plasma burn-in operations and increases the 
throughput. 
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METHOD FOR MAINTAINING THE CLEANNESS 
OF A VACUUM CHAMBER OF A PHYSICAL 

VAPOR DEPOSITION SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
maintaining the cleanness Within a vacuum chamber of a 
physical vapor deposition system, especially a method using 
plasma burn-in for maintaining the cleanness Within a 
vacuum chamber of a physical vapor deposition system. 

BACKGROUND OF THE INVENTION 

[0002] Physical vapor deposition method is one of the 
commonly used methods for depositing metal compound 
?lms in semiconductor processes. A metal target is located 
in a vacuum chamber of the physical vapor deposition 
system. After supplying a reactive gas and an inert gas into 
the vacuum chamber and producing a plasma from the 
reactive gas and the inert gas, the reactive gas derivatives in 
the plasma react With the metal target, forming metal com 
pound depositing upon a processed Wafer. 

[0003] FIG. 1 illustrates a vacuum chamber 1. Taking the 
physical vapor deposition of titanium nitride as an example, 
the metal target 4 is made of titanium. In typical, a process 
kit 9 is provided in the vacuum chamber 1 to prevent 
titanium and titanium compound from depositing upon the 
inner Wall 15 of the vacuum chamber 1. During a process, 
a Wafer is placed on the susceptor 10 and the reactive gas 
nitrogen and an inert gas (mostly argon) enter the vacuum 
chamber 1 through a gas inlet 12. The poWer supply 14 
applies a negative potential on the metal target 4 Which is in 
electrically conductive relationship With an end surface 2 of 
the vacuum chamber 1. The portions of the vacuum chamber 
1 beloW the insulating material 13, including the opposite 
end surface 3, the susceptor 10, and the processed Wafer are 
all in electrically conductive relationship and are grounded. 

[0004] By this arrangement, an electric ?eld is formed at 
the cavity 7 and a plasma is produced from the nitrogen and 
the inert gas. The ioniZed inert gas bombards the surface 5 
of the titanium-made metal target to produce titanium par 
ticles. These titanium particles react With nitrogen atoms and 
nitrogen ions formed in the plasma to produce titanium 
nitride particles. Some of these titanium nitride particles 
deposit on the Wafer, and some of them deposit on the side 
surface 6 of the titanium-made metal target and on the inner 
surface 91 of process kit 9. The particles formed in each 
process tend to stack on particles already attached to the side 
surface 6 and the inner surface 91. If the stacking process 
goes on over the time, nodules such as nodule 81 and nodule 
82 Will form. Since metal compounds, such as titanium 
nitride, are brittle in nature and nodules 81 and 82 are 
protrusive in shape and are not dense structurally, peeling 
particles from the nodules 81 or 82 are very likely to fall on 
the processed Wafer due to the bombardment of the plasma, 
thus resulting in failure of the processed Wafer. 

[0005] The conventional plasma burn-in method for a 
vacuum chamber 1 is stated beloW in this paragraph. After 
completing a speci?c number of ?lm deposition processes, 
an inert gas is supplied into the vacuum chamber 1. Then a 
plasma is produced from the inert gas to bombard the 
nodules into small particles and to bombard the metal target 
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4 for depositing a ductile metal ?lm upon the brittle metal 
compound ?lm, thereby maintaining the cleanness Within 
the vacuum chamber 1. 

[0006] In traditional plasma burn-in method, the operation 
pressure of the inert gas plasma for plasma burn-in process 
is identical to the operation pressure, 3.0 to 4.0 mtorr, for 
metal compound ?lm deposition of the Wafer process. Refer 
ring noW to FIG. 3, the plasma distribution at this operation 
pressure, hoWever, can not effectively bombard the nodule 
82 on the side surface 6 of the metal target. The peeling of 
residue of nodule 82 Will still occur and the particle con 
tamination is not substantially improved. It is noted that after 
the conventional burn-in process, the titanium nitride ?lm on 
the metal target surface has been removed by argon bom 
bardment due to the plasma burn-in process and it is not 
desirable. Before performing further Wafer processes, argon 
and nitrogen are supplied into the vacuum chamber 1 and a 
plasma is produced from argon and nitrogen to nitridiZe the 
bombarded surfaces of the titanium target so that a titanium 
nitride layer is formed on the titanium target. During this 
operation, the operation pressure of the plasma from argon 
and nitrogen is betWeen 3.0 mtorr and 4.0 mtorr. 

[0007] Therefore, a method is desirable for reducing the 
nodules on the side surface 6 of the metal target so that the 
number of particles falling upon the processed Wafer is 
minimiZed and the yield is increased. 

[0008] People skilled in this art knoW that When the 
pressure in the vacuum chamber is elevated, the ion density 
of the plasma increases but the ion energy decreases and the 
mean free path of the particles shortens. On the contrary, 
When the pressure in the vacuum chamber is loWered, the ion 
density decreases, and the ion energy and the mean free path 
of the ion increase. The mean free path represents the mean 
displacement of a particle before a collision With another 
particle in a vacuum chamber. It is generally believed that 
one should loWer the pressure in the vacuum chamber to 
increase the mean free path When expecting a particle to 
enter a narroWer space Within the vacuum chamber. In this 
case, to meet the requirements of high integration density, 
process microminiaturiZation, current PVD design mostly 
aims at higher vacuum and large value of mean free path. By 
doing this, the etch of sub-micron scale to the Wafer can be 
achieved since the earlier collision of the particles is 
avoided. In coordination With the utiliZation of ECR (Elec 
tron Cyclotron Resonance), ICP (Inductive Coupled 
Plasma), TCP (Transformer Coupled Plasma), etc., the ion 
energy and ion density can be further enhanced. For 
instance, the TCP9400 series poly etch systems produced by 
LAM Research Corp. are characteriZed by their utiliZation of 
TCP technology to reach high vacuum and high ion density. 
Before the emergence of the present invention, the trend of 
improvement of plasma burn-in operation is to achieve high 
vacuum and high ion density. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a plasma burn-in 
method for maintaining the cleanness Within a vacuum 
chamber of a physical vapor deposition. The present inven 
tion produces a plasma With the operation pressure greater 
than 10.0 mtorr from an inert gas. The plasma distribution at 
this operation pressure reaches the side surface of the metal 
target. The plasma bombards the nodules Within these sec 



US 2002/0033329 A1 

tions and bombards the metal target to deposit ductile metal 
?lm upon the brittle metal compound ?lm. In a preferred 
embodiment of the present invention, the preferable plasma 
operation pressure is betWeen 15.0 to 30.0 mtorr. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 
[0011] FIG. 2 illustrates the relationship betWeen the 
number of particles falling on the Wafer and the plasma 
operation pressure of the plasma burn-in according to the 
invention; 
[0012] FIG. 3 illustrates the plasma distribution Within the 
vacuum chamber When using a traditional plasma burn-in 
method; 
[0013] FIG. 4 illustrates the plasma distribution Within the 
vacuum chamber When using the plasma burn-in method of 
the present invention; 

[0014] FIG. 5 illustrates the statistic graph of the number 
of particles falling on the Wafer sampled every tWo days 
When the operation pressure of the plasma burn-in is at 3.0 
mtorr and the plasma burn-in operation is performed once 
every 50 Wafers; and 

[0015] FIG. 6 illustrates the statistic graph of the number 
of particles falling on the Wafer sampled every tWo days 
When the operation pressure of the plasma burn-in is at 20.0 
mtorr and the plasma burn-in operation is performed once 
every 125 Wafers. 

FIG. 1 illustrates a vacuum chamber; 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] To solve the imperfectness of the traditional plasma 
burn-in method, the present invention provides a burn-in 
method using plasma for maintaining the cleanness Within 
the vacuum chamber of the physical vapor deposition sys 
tem. The physical vapor deposition system is utiliZed to 
deposit a metal compound ?lm upon a Wafer during Wafer 
processing, and there is a metal target attached on one end 
surface of the vacuum chamber. The method includes pro 
ducing a plasma from an inert gas, bombarding a nodule 
consisting of metal compound particles by the plasma Within 
the vacuum chamber, and bombarding the metal target by 
the plasma to deposit a metal ?lm upon the metal compound 
?lm Which is on the inner Wall of the vacuum chamber. The 
invented operation pressure during burn-in operation is 
selected through the folloWing experiment. 

[0017] FIG. 2 illustrates the number of particles falling 
upon the Wafer at distinct operation pressures, in Which 
argon is adopted to produce the plasma and the plasma 
burn-in cycles remain unchanged. For instance, betWeen tWo 
successive burn-in operations, there are either 50 or 125 
product Wafers completed. The PVD used to obtain FIG. 2 
is Endura High Vacuum produced by Applied Materials 
Corp. The pressure ranges from 3.0 mtorr to about 30.0 
mtorr during experiments. We can observe in FIG. 2 that a 
sharp falling of particle numbers starts around at 10.0 mtorr 
and the curve gradually goes ?at at about 15.0 mtorr. This 
phenomenon indicates that When the operation pressure of 
the plasma burn-in operation is elevated above 10.0 mtorr, 
the number of particles falling upon the Wafer declines 
substantially. 
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[0018] The present invention discovers through experi 
ment that increasing the operation pressure of the plasma 
alters the plasma distribution Within the vacuum chamber 
and results in What is shoWn in FIG. 2 as stated above. 
Referring noW to FIG. 4, Which illustrates the plasma 
distribution Within the vacuum chamber When using the 
plasma burn-in method of the present invention With a 
plasma operation pressure above 10.0 mtorr. The plasma 
distribution as shoWn in FIG. 4 easily bombards the nodules 
82 located in narroW spaces such as the side surface 6 of the 
metal target 4 into small particles, and bombards the metal 
target to generate ductile metal particles. The small particles 
and the ductile metal particles generated are deposited over 
the inner Wall of the vacuum chamber concurrently. This 
invention greatly decreases the number of particles falling 
off from the residue of nodules 82 during Wafer production 
and can minimiZe the number of occasions of plasma 
burn-in required. As mentioned in the background section of 
the speci?cation, it is generally believed that one should 
loWer the operation pressure in the vacuum chamber to 
increase the mean free path When expecting an ion particle 
to enter a narroWer space Within the vacuum chamber. 

Therefore, the present invention leads to an unexpected 
result in light of the prior knowledge. 

[0019] Accordingly, the present invention produces a 
plasma With operation pressure above 10.0 mtorr from an 
inert gas Within the vacuum chamber 1. The plasma bom 
bards the nodules Within the vacuum chamber 1 into small 
particles and bombards the metal target 4 to generate metal 
particles so that a ductile metal ?lm is deposited upon the 
inner surface of the vacuum chamber 1. As the metal target 
4 is titanium, the ductile titanium ?lm deposited Within the 
vacuum chamber 1 makes the peeling of titanium nitride 
?lm almost impossible. HoWever, in FIG. 2, it is shoWn the 
descending curve starts to ?atten after 15.0 mtorr and further 
experiments reveal that When the operation pressure is over 
30.0 mtorr, the plasma begins to damage the insulating 
material 13. In summary, the preferred plasma operation 
pressure is betWeen 15.0 and 30.0 mtorr. 

[0020] FIG. 5 illustrates the statistic graph of the number 
of particles falling on the Wafer sampled every tWo days 
When the operation pressure of the plasma burn-in is at 3.0 
mtorr and the plasma burn-in operation is performed once 
every 50 Wafers processed using above mentioned Endura 
High Vacuum as the PVD machine. FIG. 6 illustrates the 
statistic graph of the number of particles falling on the Wafer 
sampled every tWo days When the operation pressure of the 
plasma burn-in is at 20.0 mtorr and the plasma burn-in 
operation is performed once every 125 Wafers processed 
using above mentioned Endura High Vacuum as the PVD 
machine. In FIG. 5, the average number of particles falling 
on the Wafer is 23.333, and in FIG. 6, is 3.526. It is observed 
that even When the period betWeen tWo successive plasma 
burn-in operations becomes longer (from once every 50 
Wafers to once every 125 Wafers), the average number of 
particles falling on the Wafer merely reaches one sixth of that 
in FIG. 5 or even less, as shoWn in FIG. 6. Based on this 
observation, it is concluded that by increasing the operation 
pressure of plasma burn-in operation to the preferred range 
of the present invention, the number of particles falling on 
the Wafer indeed is reduced and the period betWeen tWo 
successive plasma burn-in operations can be extended. 
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[0021] In addition, the vacuum chamber 1 typically con 
sists of a process kit 9 provided Within the vacuum chamber 
1 for preventing the small particles from the nodules and the 
metal particles from depositing on the loWer section of inner 
Wall 15 of the vacuum chamber 1. When the metal ?lm or 
the metal compound ?lm, such as titanium nitride ?lm, 
accumulates over the inner surface 91 to some extent, the 
process kit 9 shall be replaced by a neW one. 

[0022] Same as the conventional approach, after the burn 
in process of the invention, the titanium nitride ?lm on the 
metal target surface has been removed by argon bombard 
ment due to the plasma burn-in process and it is not 
desirable. Before performing further Wafer processes, argon 
and nitrogen are supplied into the vacuum chamber 1 and a 
plasma is produced from argon and nitrogen to nitridiZe the 
bombarded surfaces of the titanium target so that a titanium 
nitride layer is formed on the titanium target. During this 
operation, the operation pressure of the plasma from argon 
and nitrogen is betWeen 3.0 mtorr and 4.0 mtorr.. 

[0023] Besides, prior to plasma burn-in operation, the 
Wafer has to be removed. Referring to FIG. 1, a protector 11 
may be placed on the susceptor 10 to prevent the small 
particles peeling from the nodules and the metal particles 
from depositing on the susceptor 10. In practice, the pro 
tector 11 is typically a control Wafer or a shutter. 

[0024] In summary, a protector 11 is placed on the sus 
ceptor 10 to protect the susceptor 10 before the plasma 
burn-in of the present invention begins. In practice, the 
protector 10 is a control Wafer or a shutter. Then an inert gas 
is supplied through the gas inlet 12 into the vacuum chamber 
1. A plasma With operation pressure above 10.0 mtorr is 
produced from the inert gas Within the cavity 7 to bombard 
the nodule 81 and 82 into small particles and to bombard the 
metal target 4 to produce metal 

What is claimed is: 
1. A burn-in method by plasma for maintaining the 

cleanness Within a vacuum chamber of a physical vapor 
deposition system, said vapor deposition system being used 
for depositing a metal compound ?lm during Wafer produc 
tion, a metal target being attached on one end surface of said 
vacuum chamber having an inner Wall, said burn-in method 
comprising the steps of: 

producing a plasma from an inert gas Within said vacuum 
chamber to bombard a nodule over the surface of the 
metal target or said inner Wall of said vacuum chamber 
into small particles and to bombard said metal target to 
generate metal particles, so that said small particles and 
said metal particles are deposited over said inner Wall 
of the vacuum chamber to avoid possible peeling of the 
nodule during Wafer production, Wherein the operation 
pressure of said plasma is greater than 10.0 mtorr. 

2. The method as recited in claim 1, Wherein the operation 
pressure of said plasma is betWeen 15.0 mtorr and 30.0 
mtorr. 

3. The method as recited in claim 1, Wherein said vacuum 
chamber comprises a process kit provided Within said 
vacuum chamber so that said small particles and said metal 
particles are deposited over an inner surface of said process 
kit. 

4. The method as recited in claim 1, further comprising 
the step of: 
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supplying said inert gas and nitrogen into said vacuum 
chamber to produce a plasma from said inert gas and 
nitrogen in order to deposit a nitridiZed metal ?lm upon 
a bombarded surface of said metal target. 

5. The method as recited in claim 4, Wherein said opera 
tion pressure of said plasma from said inert gas and nitrogen 
is betWeen 3.0 mtorr and 4.0 mtorr. 

6. The method as recited in claim 1, Wherein said vacuum 
chamber has a susceptor for supporting a Wafer, prior to 
producing said plasma, further comprising the step of: 

placing a protector sufficiently large to cover said suscep 
tor. 

7. The method as recited in claim 6, Wherein said pro 
tector is a control Wafer. 

8. The method as recited in claim 6, Wherein said pro 
tector is a shutter. 

9. The method as recited in claim 1, Wherein said inert gas 
is argon. 

10. The method as recited in claim 1, Wherein said metal 
target is made of titanium. 

11. The method as recited in claim 1, Wherein said nodule 
substantially consists of particles of titanium nitride. 

12. A burn-in method by plasma for maintaining the 
cleanness Within a vacuum chamber of a physical vapor 
deposition system, said vapor deposition system being used 
for depositing a metal compound ?lm during Wafer produc 
tion, a metal target being attached on one end surface of said 
vacuum chamber having an inner Wall, and a susceptor being 
provided on another end surface of said vacuum chamber for 
supporting a Wafer, said burn-in method comprising the 
steps of: 

(1) placing a protector upon said susceptor to protect said 
susceptor; 

(2) supplying an inert gas into said vacuum chamber; and 

(3) producing a plasma from said inert gas Within said 
vacuum chamber to bombard a nodule over the surface 
of the metal target or the inner Wall of said vacuum 
chamber into small particles and to bombard said metal 
target to generate metal particles, so that said small 
particles and said metal particles are deposited over 
said inner Wall of the vacuum chamber to avoid pos 
sible peeling of the nodule during Wafer production, 
Wherein the operation pressure of said plasma is greater 
than 10.0 mtorr. 

13. The method as recited in claim 12, Wherein the 
operation pressure of said plasma is betWeen 15.0 mtorr and 
30.0 mtorr. 

14. The method as recited in claim 12, Wherein said 
vacuum chamber comprises a process kit provided Within 
said vacuum chamber so that said small particles and said 
metal particles are deposited over an inner surface of said 
process kit. 

15. The method as recited in claim 12, posterior to step 
(3), further comprising the step of: 

supplying said inert gas and nitrogen into said vacuum 
chamber to produce a plasma from said inert gas and 
nitrogen in order to deposit a nitridiZed metal ?lm upon 
a bombarded surface of said metal target. 

16. The method as recited in claim 15, Wherein the 
operation pressure of said plasma from said inert gas and 
nitrogen is betWeen 3.0 mtorr and 4.0 mtorr. 
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17. The method as recited in claim 12, Wherein said 20. The method as recited in claim 12, Wherein said metal 
protector is a control Wafer. target is made of titanium. 

18. The method as recited in claim 12, Wherein said 21. The method as recited in claim 12, Wherein said 
protector is a shutter. nodule substantially consists of particles of titanium nitride. 

19. The method as recited in claim 12, Wherein said inert 
gas is argon. * * * * * 


