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DEVICES FABRICATED USING APPARATUS TO 
SPUTTER SILICON FILMS 

FIELD OF THE INVENTION 

[0001] This invention relates to an apparatus and method 
for the deposition of thin-?lm materials used in the fabri 
cation of thin ?lm integrated circuit devices, and thin ?lm 
devices made according to the method and With the appa 
ratus. 

BACKGROUND OF THE INVENTION 

[0002] In the fabrication of thin ?lm (TF) IC devices, such 
as thin ?lm transistors (TFTs), a method and apparatus is 
needed to form the various layers constituting the device. 
Silicon material, typically amorphous silicon (a-Si) or poly 
silicon, are used for the active layers of the device and 
silicon-based insulating layers, typically silicon nitride, 
SiNX, or silicon oXide, SiOX, are typically used as insulators 
betWeen the active layers. There are several methods to 
deposit these ?lms. Some methods rely on chemical reac 
tions betWeen one or more suitable gas-phase species to 
deposit the silicon-based ?lm on the substrate Where TF 
devices are to be fabricated. These reactions require energy, 
Which may be supplied in the form of thermal energy, such 
as chemical vapor deposition (CVD), plasma energy, such as 
plasma-enhanced CVD (PE-CVD), photon energy, such as 
photo-enhanced, or laser-pyrolysis CVD, or the presence of 
a catalyst, as in the case of hot-Wire CVD. 

[0003] Another category of deposition methods are the 
so-called physical vapor deposition (PVD) methods. In one 
case, the desired material is deposited by bombarding a 
suitable “target” of this material With atoms of suf?cient 
energy, of a typically neutral or inert gas element. This 
process is called sputtering and is typically accomplished by 
forming gas plasma in a gap betWeen a target material and 
the substrate Where the material is to be deposited. Argon is 
the most common gas used in the sputtering industry. 
Sputtering is a Well-suited method for the formation of the 
various silicon-based, TF device layers because: (1) it is a 
safe and environmentally benign technique; (2) it may be 
used at room temperature and is therefore is compatible With 
any type of substrate; (3) silicon ?lms With very loW H2 
content may be typically deposited and there is no need for 
dehydrogenation to release excessive hydrogen, or, hydro 
gen may be incorporated into the ?lm if, and When, neces 
sary; (4) it is a simpler and more easily scaled method than 
competitive methods, Which rely on chemistry; and (5) it has 
been successfully used for metal depositions in TF devices, 
such as TFT-LCDs. 

[0004] There are, hoWever, some problems associated 
With silicon sputtering. When Ar, at concentrations of >1 at 
% (atomic percent), is used as the sputtering gas, capture of 
Ar by the sputtered ?lm causes structural defects, Which 
lessens the quality of the deposited ?lm. This phenomena 
reduces the performance of an amorphous silicon (a-Si) TFT 
device, and also causes dif?culties in the crystalliZation of 
a-Si, a necessary step in polysilicon TFT technology. 

[0005] Intrinsic silicon is a resistive material, Which, When 
combined With sputtering in DC mode, leads to the require 
ment of a signi?cant voltage drop to maintain a given DC 
poWer set point. This problem complicates the design of a 
poWer supply, increasing the probability of arcing and 
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increasing the eXtent of plasma damage on the deposited 
?lm due to bombardment by highly energiZed neutral or 
charged species. 

[0006] If He is used as the sputtering gas, to eliminate Ar 
capture and related issues, the deposition rate of the Si or 
silicon alloy ?lm is signi?cantly reduced, making it unsuit 
able for mass production. 

[0007] Silicon deposition by sputtering has not yet reached 
manufacturing level. As a result, there is no globally 
accepted solution to these issues. The main concerns are 
achievement of a reasonable deposition rate, i.e., >10 A/s 
(angstroms/sec), loW Ar content and good plasma charac 
teristics to reduce plasma damage to the deposited ?lms. 

[0008] US. Pat. No. 5,248,630 to SerikaWa et al., granted 
Sep. 28, 1993, for Thin ?lm silicon semiconductor device 
and process for producing thereof, describes construction of 
a thin ?lm device including deposition of a thin ?lm poly 
crystalline ?lm. 

[0009] US. Pat. No. 5,665,210 to YamaZaki, granted Sep. 
9, 1997, for Method of forming insulating ?lms, capaci 
tances and semiconductor devices, describes deposition of 
metal oXides and nitride ?lms by RF magnetron sputtering 
With an atmosphere of less than or equal to 25 at % of inert 
gas. 

[0010] US. Pat. No. 5,817,550 to Carey et al., granted 
Oct. 6, 1998, for Method for formation of Thin Film 
Transistors on plastic substrates, describes TFT construction 
on polymer materials. 

[0011] T. SerikaWa, Enhanced step coverage of SiO2 ?lms 
sputtered in hydrogen-argon mixed gas, compares thin ?lms 
deposited in a 30% H-70% Ar atmosphere With those in pure 
Ar. Japanese Journal of Applied Physics, Vol. 19, No. 5, May 
1980, ppL259-L260. 

[0012] T. SerikaWa et al., Properties of magnetron-sput 
tered silicon nitride ?lms, describes deposition of thin ?lms 
of 100 nm to 200 nm thickness at 200° C. from a silicon 
target in a N—Ar mixture. J. Electrochem. Soc., December 
1984, pp2928-2933. 

[0013] A. Okamoto et al., Magnetron-sputtered silicon 
?lms for gate electrodes in MOS devices, describes proper 
ties of deposited materials under various Ar concentrations. 
J. Electrochem. Soc., June 1987, pp1479-1484. See FIG. 3. 

[0014] S. Suyama et al., Electrical characteristics of 
MOSFETs utilizing oxygen-argon sputter-deposited gate 
oxide ?lms, describes deposition techniques at loW tempera 
ture (200° C.) to form triode MOSFETs. IEEE Transactions 
on Electronic Devices, Vol. ED-34, No. 10, October 1987, 
pp2124-2128. 

[0015] T. SerikaWa et al., Low-temperature fabrication of 
high-mobility poly-Si TFTs for large-area LCDs, describes 
formation of TFTs using laser irradiation. IEEE Transactions 
on Electronic Devices, Vol. 36, No. 9, September 1989, 
pp1929-1933. 

[0016] C. S. McCormick et al., Low temperature fabrica 
tion of amorphous silicon thin ?lm transistors by DC reac 
tive magnetron sputtering, J. Vac. Sci Technol. September/ 
October 1997, pp2770-2775. 
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[0017] D. P. Gosain et al., Poly-Si TFT fabrication and 
hydrogenation using a process compatible with plastic sub 
strates, describes TFT formation on polymer substrates. 
Electrochem Soc. Proc. vol. 98-22, 1998, pp174-185. 

[0018] G. K. Giust et al., Low-temperature polysilicon 
thin-?lm transistors fabricated from laser-processed sput 
tered-silicon ?lms, describes an aluminum top-gate coplanar 
TFT using excimer lasers. IEEE Electronic Device Letters, 
Vol. 19, No. 9, September 1998, pp343-344. 

[0019] R. T. Fulks et al., Laser crystallized polysilicon 
TFTs using LPCVD, PECVD and PVD silicon channel 
materials—a comparative study, compares the results of 
TFT construction by various techniques. Material Research 
Society, April 1999. 

SUMMARY OF THE INVENTION 

[0020] A method of physical vapor deposition includes 
selecting a target material; mixing at least tWo gases to form 
a sputtering gas mixture, Wherein a ?rst sputtering gas is 
helium and a second sputtering gas is taken from the gases 
consisting of neon, argon krypton, xenon and radon; forming 
a plasma in the sputtering gas mixture atmosphere to sputter 
atoms from the target material to the substrate thereby 
forming a layer of target material on the substrate; and 
annealing the substrate and the deposited layer thereon. 

[0021] An improved physical vapor deposition vacuum 
chamber includes a target held in a target holder, a substrate 
held in a substrate holder, a plasma arc generator, and 
heating rods. A sputtering gas feed system is provided for 
introducing a mixture of sputtering gases into the chamber; 
as is a vacuum mechanism comprising at least one turbo 
molecular pump for evacuating the chamber to a pressure of 
less than 16 mTorr during deposition. The method and 
apparatus are particularly suited for forming thin ?lm tran 
sistors and liquid crystal displays having thin ?lm transistors 
therein. 

[0022] An object of the invention is to provide an appa 
ratus and method of forming thin ?lm devices in an Ar 
containing atmosphere While controlling capture of Ar atoms 
in the thin ?lm. 

[0023] Another object of the invention is to achieve a 
reasonable deposition rate, i.e., >10 A/s (angstroms/sec). 

[0024] Afurther object of the invention is to produce a thin 
?lm device having a 10W Ar content. 

[0025] This summary and objectives of the invention are 
provided to enable quick comprehension of the nature of the 
invention. A more thorough understanding of the invention 
may be obtained by reference to the folloWing detailed 
description of the preferred embodiment of the invention in 
connection With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 depicts a PVD chamber constructed accord 
ing to the invention. 

[0027] FIG. 2 depicts Si deposition rates as a function of 
process gas and pressure. 

[0028] FIG. 3 depicts Ar capture as a function of Ar 
concentration vs. Ar pressure, and compares data from the 
method of the invention to that gathered by Okamota et al., 
supra. 
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[0029] FIG. 4 depicts Si deposition rates as a function of 
% Ar in the process gas and poWer level. 

[0030] FIG. 5 depicts Ar capture and depth pro?le before 
and after annealing of the sputtered thin ?lm by excimer 
laser anneal (ELA). 

[0031] FIG. 6 depicts Si deposition rate and plasma volt 
age as a function of (1) %-age of Ar in the sputtering gas and 
(2) sputtering pressure. 

[0032] FIG. 7 depicts Si deposition rate as a function of 
DC poWer and sputtering gas composition. 

[0033] FIG. 8 depicts a thin ?lm device constructed 
according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] The folloWing describes a method of sputtering, or 
physical vapor deposition (PVD), for deposition of active 
layers, such as amorphous silicon (a-Si) and polysilicon, and 
deposition of insulating layers, such as SiOX & SiNX, and an 
apparatus for practicing the method of the invention. These 
thin-?lms are used in the fabrication of thin ?lm devices, 
such as thin ?lm transistors (TFTs), Which are most fre 
quently used in liquid crystal displays (LCDs), and the 
invention Will be described using TFT construction as an 
example. One of ordinary skill in the art Will appreciated that 
the method and apparatus of the invention may be used to 
fabricate other types of TF semiconductor devices. 

[0035] The problems associated With thin ?lm deposition 
have been discussed previously herein. A solution to those 
problems involves the introduction of an appropriate sput 
tering gas blend to signi?cantly reduce or eliminate the 
undesirable effects of Ar, While simultaneously maintaining 
its merits, particularly the deposition rate. As Was mentioned 
above, use of pure He is not a viable solution to the problems 
as the deposition rate of He is approximately 3-4 times 
sloWer than that of Ar, at a given DC poWer level. 

[0036] The addition of a small amount of Ar gas to He gas 
results in a mixture that behaves more like an Ar gas With 
respect to deposition rate and more like He gas With respect 
to plasma characteristics, such as voltage. The optimal 
WindoW appears to be 3% to 10% Ar in He gas, although 
mixtures in the range of 1% to 15% Ar in the He/Ar mixture 
appear to be functional. Under these conditions, the con 
centration of Ar in the silicon ?lm drops beloW the detection 
limit of standard Ar measuring methods, such as secondary 
ion mass spectrometry (SIMS). Furthermore, the deposition 
rate of the silicon ?lm remains at 68% to 77% that of ?lms 
sputtered by pure Ar. This unexpected behavior is clearly not 
evident by simple extrapolation of prior art results. 

[0037] The addition of an optional, loW-temperature 
annealing step, after the ?lm deposition, is provided to 
remove excess He that may have been incorporated in the 
?lm during sputtering. He is much easier to remove than Ar 
by annealing at temperatures in the range of 100° C. to 300° 
C., by furnace annealing or rapid thermal annealing (RTA), 
compared to the process for Ar removal, Which requires 
annealing at temperatures in excess of 500° C. This optional 
loW temperature anneal may be applied in both pure silicon 
and silicon alloy layers, in a-Si and polysilicon TFT appli 
cations. 
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[0038] He may easily be removed during ELA on the 
sputtered thin ?lm. If the He-sputtered silicon ?lm is to be 
laser annealed, the loW-temperature annealing step may not 
be necessary, as laser annealing is thought to be suitable for 
the simultaneous removal of He and crystallization of the 
He-free, a-Si ?lm to polysilicon. The optional loW tempera 
ture annealing step is more appropriate for solid-phase 
crystalliZation of the sputtered silicon ?lm by, for example, 
rapid thermal annealing (RTA). 

[0039] The apparatus of the invention is particularly suited 
to accomplishing the thin ?lm deposition according to the 
method of the invention. The apparatus includes a vacuum 
chamber that is pumped by both a cryogenic pump and a 
turbomolecular pump. FIG. 1 depicts a PVD chamber 
constructed according to the invention generally at 10. 
Chamber 10 is sealed to the outside atmosphere and includes 
a target 12, Which is held in place by a target carrier 13, of 
material to be deposited on a substrate 14, Which is held in 
place on a substrate carrier 16. Amagnetic ?eld is generated 
by a scanning magnetron 18. Heating rods 20, 22 are 
provided to adjust the temperature of chamber 10. A sput 
tering gas feed mechanism provides the sputtering gases 
from gas sources 24, 26, and may be introduced into the 
chamber independently and mixed in the chamber, or may be 
introduced through a sputtering gas mixing manifold Which 
mixes the sputtering gases prior to their introduction into the 
chamber. Plasma 28 is generated in the gap betWeen target 
12 and substrate 14. Scanning magnetron 18 is used to 
intensify and con?ne the plasma. 

[0040] An important feature of chamber 10 is its vacuum 
producing pumping system, shoWn generally at 30. In the 
preferred embodiment, tWo pumps are attached to chamber 
10. In practice, the pumps may be connected to an automated 
manifold. A cryogenic pump 32 is used to improve the base 
pressure and reduce the amount of Water vapor in the 
chamber. A turbomolecular pump 34 is used during process 
ing When He gas is ?oWn, as the cryogenic pump cannot 
pump He. In an alternate embodiment of the invention, only 
a turbomolecular pump is used. The provision of tWo 
different types of pumps is based on considerations of 
improved vacuum quality and faster chamber evacuation in 
mass production. Because the cryogenic pump is not alWays 
in use, its lifetime is extended and its regeneration frequency 
reduced. Chamber 10 is capable of producing pressures 
during deposition or processing of less than 16 mTorr, and 
as loW as 0.5 mTorr. Chamber 10 may be evacuated to a 
pressure range of 10'8 Torr. to 10'9 Torr. When no gases are 
?oWn in the chamber. 

[0041] FIG. 2 depicts of the relationship betWeen silicon 
?lm deposition rate, process pressure and process gas. In this 
particular case, all ?lms Were deposited at 4 kW and at 400° 
C. A trace for pure Ar is shoWn at 40, for pure He at 42 and 
for an Ar/He mixture at 44. As expected, the deposition rate 
decreased as the sputtering pressure increased, under con 
stant poWer. HoWever, the effect of the process pressure 
seemed to be more signi?cant for sputtering in argon than in 
He. This may be explained by considering the frequency of 
gas phase collisions, as a function of pressure and siZe of 
sputtering atoms. At the same pressure, a larger molecule has 
a higher collision probability. 

[0042] As the pressure increases, the interaction betWeen 
smaller mean free path and higher collision cross-section 
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becomes more important for a larger atom, such as Ar, than 
a small atom, such as He. Hence, the effect of pressure is 
more signi?cant for Ar sputtering. FIG. 2 indicates that He 
has a higher ignition limit in reference to the ignition limit 
of Ar, i.e., He plasma Will not ignite at pressures beloW 16 
mTorr, 46. The ignition problem With the He gas may be 
related to secondary electron ioniZation phenomena. He is a 
much smaller atom than Ar; hence, it has a smaller ioniZa 
tion cross-section. In other Words, the probability of a 
collision betWeen an electron and an inert atom, to produce 
an ioniZed atom, is reduced in the case of He. This means 
that, in order to produce a self-sustained gloW discharge, a 
higher density of He atoms is required, Which requires a 
higher operating pressure than that required for Ar. It should 
be further noted that an interesting intermediate case is 
obtained When Ar and He are mixed together, as illustrated 
by line 44 in FIG. 2. Not only the deposition rate of the 
mixture is higher than that of “pure” He, but the ignition of 
the mixture tends to folloW the characteristics of Ar. The 
ignition limit of the Ar/He mixture is approximately the 
same as that of pure Ar. 

[0043] The appropriate pressure range for Si sputtering is 
determined by the ignition characteristics of the sputtering 
gas and the deposited ?lm properties. Data from the appa 
ratus and method of the invention is shoWn by line 50 in 
FIG. 3, While that from Okamoto et al., supra, is shoWn by 
line 52. FIG. 3 shoWs that, as the pressure increases, the 
degree of incorporation of the sputtering gas, Ar in this 
example, decreases; i.e., a smaller percentage of the sput 
tering gas is captured in the substrate. This is a desirable 
property. HoWever, the structural characteristics of the sput 
tered ?lm also change at higher pressures. The ?lm becomes 
more porous, and tends to absorb more impurities When it is 
exposed to the ambient atmosphere. Thus, the electrical 
performance of the ?lm tends to deteriorate at higher pres 
sures. In addition, the deposition rate of the ?lm decreases. 
These are not desirable properties. 

[0044] A reasonable compromise betWeen the opposing 
trends exists in the pressure range of 1-15 mTorr for mix 
tures of He/Ar. Because of the presence of Ar in the mixture, 
plasma may be ignited at loW pressures. Even though 
reduction of both Ar and He content is achieved at the 
high-pressure end, the range of 1.0 mTorr. to 10 mTorr may 
be effective, and the range of 2.5 mTorr. to 10 mTorr. may 
be preferable from the point of vieW of ?lm quality and good 
plasma behavior, as shoWn in FIG. 3 at 54. 

[0045] FIG. 4 depicts the deposition rate of silicon at 
various DC poWer levels, as a function of the percentage of 
Ar in the He/Ar sputtering gas. A number of conclusions 
may be made from these data. The dependency of the 
deposition rate on the percentage of Ar appears to folloW tWo 
patterns. In the range of 0% Ar to 25% Ar 56, the deposition 
rate is strongly affected by the percentage of Ar in the 
sputtering gas mixture; in the range of 25%+Ar 58, the 
deposition rate folloWs a linear relationship With respect to 
the % Ar. 

[0046] The poWer level also has a profound effect on this 
dependency. At loW poWer levels, i.e., 1 kW, line 60, the 
initial range is much smoother and, overall, the deposition 
rate betWeen pure He and pure Ar sputtering is not very 
different. PoWer levels are shoWn for 2 kW, 62; 4 kW, 64; 8 
kW, 66, and 10 kW, 68. Above 2 kW hoWever, the transition 
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from pure He to pure Ar is quite distinct and is associated 
With a signi?cant increase in the deposition rate. These data 
indicate that, as far as DC poWer, the regime of interest is 
above 2 kW for optimum deposition rates. 

[0047] As far as Ar capture, the signi?cant parameters are: 
(a) percentage of Ar in the gas feed, and (b) sputter pressure. 
In addition to the Ar content, these parameters also affect the 
sputter rate, the plasma voltage and the ?lm quality, as 
pressure affects the ?lm structure. The deposition of silicon 
With He/Ar mixture Was measured at various operating 
pressures. TWo pressure regimes appear to exist: 5-6 mTorr 
and 16-17 mTorr. Those of ordinary skill in the art Will 
understand that Without any Ar in the mixture, He cannot 
ignite beloW 16 mTorr., as shoWn at 46 in FIG. 2. Hence, the 
only Way to deposit silicon With He at a loWer pressure is to 
add a small amount of Ar gas. Asmall amount of Ar gas in 
the ?lm is also thought to provide a more rigid silicon 
netWork and improve the mechanical properties of the ?lm. 
According to the literature, Ar, even at concentrations as loW 
as 0.2 at % causes signi?cant retardation to the crystalline 
groWth of silicon. The notation “gas % at” indicates per 
centage of a gas in a ?lm, While the notation “gas %” 
indicates the percentage of a particular gas in a mixture of 
gases. It has been speculated that this phenomenon is due to 
the formation of Ar bubbles in the ?lm. Such formation Will 
affect the physical and electrical properties of the ?lm either 
in the a-Si phase or in the polycrystalline phase. In the case 
of alloy deposition, it Will affect the silicon bonding netWork 
and, hence, the physical and electrical properties of insulat 
ing ?lms, such as SiOX or SiNX. Based on these consider 
ations, an appropriate Ar content range, for cases Where Ar 
content source is to be minimiZed is: 2.1018 
at/cm3<Ar<2.5~1019 at/cm3, or, 40 ppm <Ar<0.05%. 

[0048] There are some cases Where the retardation of the 
nucleation and crystalline groWth in the silicon ?lm are 
considered positive effects. One example involves the intro 
duction of a catalyst material, such as nickel, at speci?ed 
locations into the silicon ?lm, to promote nuclei formation 
and crystalline groWth from these preferred locations. This 
is achieved by subjecting the silicon ?lm to a thermal 
annealing cycle, thereby enabling the phase transformation 
from a-Si to polysilicon at loW temperatures via the use of 
the catalyst. To improve the crystalline quality and its 
uniformity, it is important to suppress nucleation and crys 
talline groWth in silicon material void of the catalyst. The 
Way to achieve this is to utiliZe silicon material that is 
particularly dif?cult to crystalliZe Without an added catalyst. 
Such material may be sputtered silicon With a speci?ed Ar 
content Which is high enough to suppress partial solid-phase 
crystalliZation of silicon material void of catalyst. Hence, 
from this point of vieW We de?ne the appropriate Ar content 
in the range of: 2-1018 at/cm3<Ar<2~102O at/cm3. 

TABLE 1 

Ar concentration in sputtered silicon ?lms 

Power Pressure Sputtering Ar content 

(kW) (mTorr) Gas (at/cm3) 

8 14-16 Pure H6 <2 - 1018 

Pure Ar 6 - 1019 

8 5-6 Pure Ar 2 - 1020 
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[0049] Table 1: Ar concentration in sputtered silicon ?lms 
Table 1 shoWs examples of the Ar content in silicon ?lms 
sputtered at different pressure and sputtering gas conditions. 
The Ar content may be controlled in the ranges identi?ed 
above, by the deposition pressure and/or the type of sput 
tering gas. The Ar content in the case of pure Ar sputtering 
is 6-1019 at/cm3 and is reduced by more than an order of 
magnitude in the case of pure He sputtering, 2-1018 at/cm3, 
Which is the detection limit of SIMS analysis. When the 
He/(3.8%)Ar gas mixture is used, the Ar content in the ?lm 
is only marginally increased, 2-5 1018 at/cm3. Moreover, this 
increase may be attributed to noise in the measurement, as 
the Ar concentration is very close to the detection limit of the 
measuring technique. Another slight increase in ?lm Ar 
content occurs With 10% Ar. Incorporation of Ar, then, is not 
an issue When He/Ar is used as the sputtering gas. 

[0050] As previously described, excimer laser anneal 
(ELA) may be used to convert an a-Si layer to a polysilicon 
layer. FIG. 5 shoWs the Ar content in sputtered silicon ?lms 
before and after exposure to excimer laser anneal (ELA) 
process. Regions of data points are shoWn for Ar content 
With pre-anneal and With ELA, 70, and Without ELA, 72; 
Without pre-anneal and With ELA, 74, and Without ELA, 76. 
The exposure to ELA, regions 70, 74, results in a reduction 
in the Ar content in the post-ELA ?lms of more than an order 
of magnitude, With respect to pre-ELA ?lms. In contrast to 
ELA, subjecting the ?lms to a thermal anneal at 450° C. for 
three hours in nitrogen ambient produces no effect at all in 
the Ar content. Hence, polysilicon ?lms, produced by ELA 
of PVD amorphous silicon ?lms, tend to contain Ar at a 
concentration of about 1-2-1019 at/cm3 or less. Thus, the 
ELAprocess is another Way to affect the concentration of Ar 
in PVD-Si ?lms. This is an important feature of the process, 
because, When the Ar content is required to be initially high 
to suppress partial crystalliZation, it may subsequently be 
reduced by applying ELA process, so that the quality of the 
?lm is improved by effectively decreasing its Ar content. 

[0051] FIG. 6 shoWs the deposition rate, lines 80, 82, and 
measured plasma voltage, lines 84, 86, as functions of the % 
Ar in the mixture and the sputtering pressure. Notice that in 
a similar fashion to the deposition rate, the plasma voltage 
is also strongly affected by the consistency of the sputtering 
gas. The addition of a small amount of Ar in the He gas 
increases the plasma voltage, but it clearly remains signi? 
cantly loWer to that corresponding to the case of pure-Ar 
sputtering. Even With the modest addition of 3.8% Ar in the 
He gas, the deposition rate is shoWn to double. Hence, the 
He/Ar mixture indeed provides an excellent approach to 
improve ?lm quality, as determined by a decrease the in-?lm 
Ar content and reduced plasma voltage requirement, Without 
sacri?cing the deposition rate. The 3-10% Ar content regime 
seems to be the most promising. 

[0052] FIG. 7 shoWs an example of the effect of DC 
poWer on the deposition rate of various sputtered silicon 
?lms. This comparison illustrates the poWer requirements 
betWeen silicon ?lms sputtered by pure Ar, 90, and those 
sputtered by pure He, 92, or by He/Ar mixture, 94, to 
achieve a certain level of deposition rate, or throughput. The 
slope of each line indicates the deposition rate in each 
sputtering gas in A/s-kW. Notice that sputtering by pure Ar 
results in threefold higher deposition rate than sputtering by 
pure-He: 2.18 A/s-kW versus 0.73 A/s-kW. 
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[0053] Notice also that When a modest amount of Ar in 
added in the He gas, i.e., 3.8% Ar in He, the effect on the 
deposition rate is quite pronounced. For this modest addition 
of Ar, a more than twofold increase in the rate is obtained: 
1.56 A/s-kW versus 0.73 A/s-kW. Hence, the He/(3.8%)Ar 
gas behaves more like Ar gas When it comes to deposition 
rate and more like He gas When it comes to plasma voltage, 
as shoWn in FIG. 6. Moreover, the deposition rate target of 
10 A/s is easily attainable With the He/Ar mixture at rela 
tively loW DC poWer levels, 6-7 kW, Whereas it requires a 
DC poWer level of 13-14 kW for pure He. This non-linear 
behavior of the He/Ar mixtures is an important property, 
Which has not been identi?ed or suggested in previous 
Works. 

[0054] To deposit a-Si ?lm, hydrogen gas may be also 
?oWn, in addition to He & Ar. To sputter SiOX, oxygen 
and/or hydrogen gas may be ?oWn, While for SiNX, nitrogen 
and/or hydrogen may be ?oWn, simultaneously With the 
He/Ar gas. The reduced plasma voltage, afforded by the He 
sputtering gas, is expected to be very bene?cial for the case 
of dielectric ?lm deposition, such as SiO2 or SiNX. In this 
case, plasma damage is typically responsible for the intro 
duction of ?xed charges in the insulating ?lms. All of the 
inert gases, Ne, Ar, Kr, Xe and Rn, may be used in chamber 
10, although, as previously mentioned, Ar is by far the most 
common gas used in PVD. LoWer plasma voltage may 
reduce the plasma damage and, hence, increase the quality 
of the dielectric layer. 

[0055] Referring noW to FIG. 8, a liquid crystal display 
(LCD) apparatus 100 includes a loWer polariZing plate 102 
and an upper polariZing plate 104, Which sandWich a liquid 
crystal (LC) layer 106 therebetWeen. LC layer 106 includes 
an insulating substrate 108 made of glass or other suitable 
material. Plural gate lines 110 run parallel With each other, 
and plural source lines 112 cross their respective gate lines 
110. Lines 110 and 112 are formed on insulating substrate 
108. Pixel electrodes 114 are disposed at positions adjacent 
to respective crossings of gate lines 110 and source lines 
112, thus forming a matrix on insulating substrate 108. Pixel 
electrodes 114 are connected to gate lines 110 and source 
lines 112 through TFTs 116 of this example as sWitching 
elements. 

[0056] LCD apparatus 100 further includes an insulating 
substrate 118 made of glass or other suitable material, Which 
is disposed so as to oppose insulating substrate 108. A 
counter electrode 120 is formed on the inner surface of 
insulating substrate 118. Insulating substrates 108 and 118 
are attached together, With liquid crystal contained therebe 
tWeen, thus forming a liquid crystal layer 106 interposed 
pixel electrodes 114 and counter electrode 120. PolariZing 
plates 102 and 104 adhere to the outer surfaces of insulating 
substrates 108 and 118. The silicon or polysilicon layers of 
LCD 100 and TFTs 116 may be deposited by the PVD 
method of the invention, and Will have the characteristics 
described in connection thereWith. 

[0057] Thus, a method for deposition of a-Si, polysilicon, 
SiOX SiNX, and doped silicon alloys by a sputtering process 
using a gas mixture, including a He/Ar gas mixture, has been 
disclosed. The invention also includes an apparatus neces 
sary to perform the method of the invention, including a 
vacuum chamber pumped by combination of turbomolecular 
pump and cryogenic pump. Thin ?lm devices manufactured 
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according to the invention have also been described. It Will 
be appreciated that further variations and modi?cations 
thereof may be made Within the scope of the invention as 
de?ned in the appended claims. 

We claim: 
1. An improved physical vapor deposition vacuum cham 

ber, a target held in a target holder, a substrate held in a 
substrate holder, a plasma arc generator, and heating rods, 
the improvement comprising: 

a sputtering gas feed system for introducing a mixture of 
sputtering gases into the chamber; and 

a vacuum mechanism comprising at least one turbomo 
lecular pump for evacuating the chamber to a pressure 
of less than 16 mTorr during deposition. 

2. The improved physical vapor deposition vacuum cham 
ber of claim 1 Wherein said vacuum mechanism includes a 
cryogenic pump. 

3. The improved physical vapor deposition vacuum cham 
ber of claim 1 Wherein said feed mechanism includes 
separate feed lines for each sputtering gas. 

4. The improved physical vapor deposition vacuum cham 
ber of claim 1 Wherein said feed mechanism includes a 
sputtering gas manifold for mixing said sputtering gases 
prior to introduction of the sputtering gas mixture into the 
chamber. 

5. A method of physical vapor deposition, comprising: 

selecting a target material; 

mixing at least tWo gases to form a sputtering gas mixture, 
Wherein a ?rst sputtering gas is helium and a second 
sputtering gas is taken from the gases consisting of 
neon, argon krypton, xenon and radon; and 

forming a plasma in the sputtering gas mixture atmo 
sphere to sputter atoms from the target material to the 
substrate thereby forming a layer of target material on 
the substrate. 

6. The method of claim 5 Wherein said mixing includes 
selecting argon as the second sputtering gas, and setting the 
percentage of argon in the sputtering gas mixture to betWeen 
about 0.5% and 50%. 

7. The method of claim 5 Wherein said mixing includes 
selecting argon as the second sputtering gas, and setting the 
percentage of argon in the sputtering gas mixture to betWeen 
about 0.5% and 15%. 

8. The method of claim 5 Wherein said mixing includes 
selecting argon as the second sputtering gas, and setting the 
percentage of argon in the sputtering gas mixture to betWeen 
about 3.0% and 10%. 

9. The method of claim 5 Wherein said selecting a target 
material includes selecting target material taken from the 
group of target materials consisting of silicon, amorphous 
silicon, SiO2, SiNX and doped silicon alloys. 

10. The method of claim 5 Wherein said mixing includes 
selecting a third sputtering gas from the group of gases 
consisting of N2 and O2. 

11. The method of claim 5 Wherein said mixing includes 
selecting H2 as a fourth sputtering gas. 

12. The method of claim 5 Which further includes anneal 
ing the substrate and the layer of target material thereon in 
a temperature range of about 100° C. about 300° C. by an 
annealing process taken from the group of annealing pro 
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cesses consisting of furnace annealing, rapid thermal anneal 
ing and eXcimer laser annealing. 

13. The method of claim 5 Which further includes anneal 
ing the substrate and the layer of target material thereon in 
a temperature range of about 600° C. to 850° C. to transform 
the deposited layer into a polysilicon thin ?lm by an anneal 
ing process taken from the group of annealing processes 
consisting of furnace annealing and rapid thermal annealing. 

14. The method of claim 5 Which further includes anneal 
ing the substrate by eXcimer laser anneal to crystalliZe the 
a-Si ?lm into a polysilicon ?lm. 

15. The method of claim 5 Wherein said forming a plasma 
includes forming a plasma at a pressure in the range of about 
1 mTorr. to 15 mTorr. 

16. The method of claim 5 Wherein said forming a plasma 
includes forming a plasma at a pressure in the range of about 
2.5 mTorr. to 10 mTorr. 

17. The method of claim 5 Wherein forming a layer of 
target material on the substrate includes forming a silicon 
thin ?lm having an argon concentration in a range of 
betWeen about 21018 at/cm3 and 2-1020 at/cm3. 

18. The method of claim 5 Wherein forming a layer of 
target material on the substrate includes forming a polysili 
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con thin ?lm having an argon concentration in a range of 
betWeen about 21018 at/cm3 and 6-1019 at/cm3. 

19. A thin ?lm device having at least one layer of a silicon 
thin ?lm formed on a substrate by physical vapor deposition 
Wherein said silicon thin ?lm layer has an argon concentra 
tion in a range of betWeen about 21018 at/cm3 and 2-1020 
at/cm3. 

20. The thin ?lm device of claim 19 Wherein said silicon 
thin ?lm layer is polysilicon and has an argon concentration 
in a range of betWeen about 21018 at/cm3 and 6-1019 at/cm3. 

21. A liquid crystal display having plural thin ?lm tran 
sistors therein, Wherein said thin ?lm transistors include at 
least one layer of a silicon thin ?lm formed on a substrate by 
physical vapor deposition Wherein said silicon thin ?lm 
layer has an argon concentration in a range of betWeen about 
21018 at/cm3 and 21020 at/cm3. 

22. The liquid crystal display of claim 21 Wherein said 
silicon thin ?lm layer is polysilicon and has an argon 
concentration in a range of betWeen about 21018 at/cm3 and 
6-1019 at/cm3. 


