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(57) ABSTRACT 

We have discovered that controlling a combination of 
PECVD deposition process parameters during deposition of 
silicon-containing thin ?lm provides improved control over 
surface standing Wave effects. By minimizing surface stand 
ing Wave effects, the uniformity of ?lm properties (particu 
larly ?lm thickness) across a substrate surface onto Which 
the ?lms have been deposited is improved. The process 
parameters Which have the greatest effect on surface stand 
ing Wave effects include: the spacing betWeen the upper and 
loWer electrodes in the plasma reactor; the RF frequency of 
the plasma source; the amount RF poWer to the plasma 
source; the process chamber pressure; the relative concen 
trations of the various components in the precursor gas 
composition; and the precursor gas overall ?oW rate relative 
to the substrate processing volume. 
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METHOD OF CONTROLLING THE UNIFORMITY 
OF PECVD-DEPOSITED THIN FILMS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 10/829,016, ?led Apr. 20, 2004, Which 
is currently pending. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention pertains to a method of 
controlling surface standing Wave effects during PECVD 
deposition of a silicon-containing thin ?lm. By controlling 
surface standing Wave effects during ?lm deposition, the 
uniformity of a silicon nitride ?lm deposited by PECVD 
(plasma-enhanced chemical vapor deposition) can be tightly 
controlled over a large surface area. 

[0004] 2. Brief Description of the Background Art 

[0005] Current interest in thin ?lm transistor (TFT) arrays 
is particularly high because these devices are used in liquid 
crystal active matriX displays of the kind often employed for 
computer and television ?at panels. The liquid crystal active 
matriX displays may also contain light emitting diodes for 
back lighting. Further, organic light emitting diodes 
(OLEDs) have been used for active matriX displays, and 
these organic light emitting diodes require TFTs for address 
ing the activity of the displays. 

[0006] The TFT arrays are typically created on a ?at 
substrate. The substrate may be a semiconductor substrate, 
or may be a transparent substrate, such as a glass, quartZ, 
sapphire, or a clear plastic ?lm. The TFT Which is the subject 
of the present invention employs silicon-containing ?lms, 
and, in particular, employs silicon nitride-containing ?lms 
for dielectric layers. A ?rst silicon nitride-comprising ?lm is 
referred to as the gate dielectric because it overlies the 
conductive gate electrode. Asecond silicon nitride-compris 
ing ?lm is referred to as the passivation dielectric and 
overlies the upper surface of a second conductive electrode, 
to electrically isolate the second conductive electrode from 
the ambient surrounding the upper surface of the TFT device 
(Where the loWer surface of the TFT device is the glass, 
quartZ, sapphire, plastic, or semiconductor substrate). 

[0007] FIG. 1 illustrates a schematic cross-sectional vieW 
of a thin ?lm transistor structure of the kind Which may 
employ both a silicon nitride-comprising gate dielectric ?lm 
and a silicon nitride-comprising passivation dielectric ?lm. 
This kind of thin ?lm transistor is frequently referred to as 
an inverse staggered ot-Si TFT With a SiNX layer as a gate 
insulator, or as a back channel etch (BCE) inverted staggered 
(bottom gate) TFT structure. This structure is one of the 
more preferred TFT structures because the gate dielectric 
(SiNX) and the intrinsic as Well as n+ (or p+) doped amor 
phous silicon ?lms can be deposited in a single PECVD 
pump-doWn run. The BCE TFT shoWn in FIG. 1 involves 
only four or ?ve patterning masks. 

[0008] As previously mentioned, the substrate 101 for a 
TFT structure typically comprises a material that is essen 
tially optically transparent in the visible spectrum, such as 
glass, quartZ, sapphire, or a clear plastic. The substrate may 
be of varying shapes or dimensions. Typically, for TFT 
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applications, the substrate is a glass substrate With a surface 
area greater than about 500 mm2. A surface area of greater 
than about 25,000 mm2 is not uncommon. A gate electrode 
layer 102 is formed on the substrate 101. The gate electrode 
layer 102 may comprise a metal layer such as, for eXample, 
aluminum (Al), tungsten (W), chromium (Cr), tantalum 
(Ta), molybdenum (Mo), molybdenum tungsten (MoW), 
titanium (Ti), or combinations thereof, among others. The 
gate electrode layer 102 may be formed using conventional 
deposition, lithography, and etching techniques. BetWeen 
the substrate 101 and the gate electrode layer 102, there may 
be an optional (not shoWn) insulating layer, for eXample, 
such a silicon oXide or silicon nitride, Which may also be 
formed using a PECVD system of the kind Which Will be 
described later herein. 

[0009] A gate dielectric layer 103 is formed on the gate 
electrode layer 102. The gate dielectric layer may be silicon 
oxide, silicon oXynitride, or silicon nitride, deposited using 
such a PECVD system. The gate dielectric layer 103 may be 
formed to a thickness in the range of about 100 A to about 
6000 A. 

[0010] A bulk semiconductor layer 104 is formed on the 
gate dielectric layer 103. The bulk semiconductor layer 104 
may comprise polycrystalline silicon (polysilicon), microc 
rystalline silicon (lac-Si), or amorphous silicon ((X-SiliCOIl), 
Which ?lms can also be deposited using a PECVD system or 
other conventional methods knoWn in the art. Bulk semi 
conductor layer 104 may be deposited to a thickness in the 
range of about 100 A to about 3000 A doped semicon 
ductor layer 105 is formed on top of the semiconductor layer 
104. The doped semiconductor layer 105 may comprise 
n-type (n+) or p-type (p+) doped polycyrstalline, microc 
rystalline, or amorphous silicon. Doped semiconductor layer 
105 may be deposited to a thickness Within a range of about 
100 A to about 3000 An eXample of the doped semicon 
ductor layer 105 is n+ doped ot-silicon ?lm. The bulk 
semiconductor layer 104 and the doped semiconductor layer 
105 are lithographically patterned and etched using conven 
tional techniques to de?ne a mesa of these tWo ?lms over the 
gate dielectric insulator, Which also serves as storage capaci 
tor dielectric. The doped semiconductor layer 105 directly 
contacts portions of the bulk semiconductor layer 104, 
forming a semiconductor junction. 

[0011] A conductive layer 106 is then deposited on the 
eXposed surfaces of gate dielectric layer 103, semiconductor 
layer 104, and doped semiconductor layer 105. The conduc 
tive layer 106 may comprise a metal such as, for eXample, 
aluminum, tungsten, molybdenum, chromium, tantalum, 
and combinations thereof, among others. The conductive 
layer 106 may be formed using conventional deposition 
techniques. Both the conductive layer 106 and doped semi 
conductor layer 105 may be lithographically patterned to 
de?ne source and drain contacts of the TFT, 106a and 106b, 
respectively, in FIG. 1. After formation of the source and 
drain contacts 106a and 106b, a passivation dielectric layer 
107 is typically applied. The passivation dielectric layer may 
be, for eXample, silicon oXide or silicon nitride. The passi 
vation layer 107 may be formed using, for eXample, PECVD 
or other conventional methods knoWn in the art. The pas 
sivation layer 107 may be deposited to ca thickness in the 
range of about 1000 A to about 5000 A. The passivation 



US 2005/0233092 Al 

layer 107 is then lithographically patterned and etched using 
conventional techniques, to open contact holes in the pas 
sivation layer. 

[0012] A transparent electrically conductive layer 108 is 
then deposited and patterned to make contacts With the 
conductive layer 106. The transparent conductor layer 108 
comprises a material that is essentially optically transparent 
in the visible spectrum. Transparent conductor 108 may 
comprise, for example, indium tin oxide (ITO) or Zinc oxide 
among others. Patterning of the transparent electrically 
conductive layer 108 is accomplished by conventional litho 
graphic and etching methods. 

[0013] There are a number of additional TFT structures 
Which can employ silicon nitride gate insulators, and several 
of these are presented in a disclosure entitled “A Study on 
Laser Annealed Polycrystalline Silicon Thin Film Transis 
tors (TFTs) With SiNx Gate Insulator”, by Dr. Lee Kyung-ha 
(Kyung Hee University, 1998). This disclosure is available 
at http://tftcd.khu.ac.kr/research/polySi. Dr. Lee Kyung-ha’s 
disclosure pertains mainly to the use of laser annealed 
poly-Si TFTs, Which is not the subject matter of the present 
invention, but the TFT structures are of interest as back 
ground material. The structures of interest are presented in 
Chapter 2 of the disclosure. 

[0014] D. B. Thomasson et al., in an article entitled: “High 
Mobility Tri-Layer a-Si:H Thin Film Transistors With Ultra 
Thin Active Layer” (1977 Society for Information Display 
International Symposium Digest of Technical Papers, vol 
ume 28, pages 176-179), describe active matrix liquid 
crystal displays Where the TFT has an active layer thickness 
of about 13 nm. The TFT structure is a glass substrate With 
a molybdenum bottom electrode, a silicon nitride gate 
dielectric layer, an a-Si:H layer overlying the silicon nitride 
gate dielectric layer, n+pc-Si:H doped source and drain 
regions, separated by a silicon nitride dielectric mesa, and 
With an aluminum contact layer overlying each source and 
drain region. This is referred to as a Tri-layer a-Si:H TFT 
structure. The authors claim that such hydrogenated amor 
phous silicon thin-?lm transistors With active layer thickness 
of 13 nm perform better for display applications than 
devices With thicker (50 nm) active layers. The linear 
(VDS=0.1V) and saturation region mobility of a 5 pm 
channel length device is said to increase from 0.4 cm2/V~sec 
and 0.7 cm2/V~sec, for a 50 m a-Si:H device, to 0.7 cm2/ 
V-sec and 1.2 cm2/V~sec, for a 13 nm a-Si:H layer device 
fabricated With otherWise identical geometry and process 
ing. The gate dielectric silicon nitride Was deposited from a 
reactant gas mixture of SiH4, NH3, and Ar at 100 mW/cm2, 
—150 V, 0.5 Torr, and 300° C. The passivation silicon nitride 
dielectric layer Was deposited at the same conditions as the 
gate dielectric, With the exception of the substrate tempera 
ture, Which Was 250° C. 

[0015] Young-Bae Park et al., in an article entitled: “Bulk 
and interface properties of loW-temperature silicon nitride 
?lms deposited by remote plasma enhanced chemical vapor 
deposition” (Journal of Materials Science: Materials in 
Electronics 23 (2001), pp. 515-522), describe problems 
Which occur When a gate dielectric, rather than being SiNX, 
is a hydrogenated silicon nitride ?lm (a-SiNX:H). PECVD 
a-SiNX:H thin ?lms are said to be Widely used as a gate 
dielectric for a-Si:H TFT applications, due to the good 
interfacial property betWeen an a-Si:H layer and an 
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a-Si:NX:H layer. HoWever, the a-Si:H TFTs With SiNX:H gate 
dielectric are said to have instability problems, such as the 
threshold voltage shift and the inverse subthreshold slope 
under a DC gate voltage bias. These instability problems are 
said to be caused by the high trap density in the SiNX:H ?lm 
and the defects created at the a-Si:H/SiNX:H interface. 
Charge trapping in the SiNX:H is said to be from the electron 
injection under an applied ?eld and due to the localiZed 
states of the Si dangling bonds, Si—H and N—H bonds in 
the forbidden gap. The authors claim that PECVD SiNX:H 
dielectric ?lms are not useful as a gate insulator because they 
contain large amounts of bonded hydrogen (20%-40%) in 
the form of N—H and Si—H bonds. 

[0016] The authors propose that a remote plasma 
enhanced chemical vapor deposition of the gate dielectric 
layer be carried out. The NH3 precursor is excited in a 
remote plasma Zone (at the top of the chamber) to produce 
NH* or NH; +H*, after Which the activated species* from 
the plasma Zone react With SiH4 introduced doWnstream 
through a gas dispersal ring to form the SiNX:H electrical 
insulator With a reduction in the amounts of bonded hydro 
gen in the form of Si—H bonds, Which are said to easily lose 
hydrogen to form a dangling bond of the kind knoWn to 
reduce performance of the TFT device over time. 

[0017] A presentation entitled: “LoW Temperature a-Si:H 
TFT on Plastic Films: Materials and Fabrication Aspects”, 
by Andrei SaZonov et al. (Proc. 23rd International Confer 
ence on Microelectronics (MIEL 2002), Vol. 2, NIS, Yugo 
slavia, 12-15 May 2002), related to fabrication technology 
for a-SiH thin ?lm transistors at 120° C. for active matrix 
OLED displays on ?exible plastic substrates. The TFTs 
produced Were said to demonstrate performance very close 
to those fabricated at 260° C. The authors claim that, With 
the proper pixel integration, amorphous hydrogenated sili 
con (a-Si:H) TFTs are capable of supplying suf?ciently high 
current to achieve required display brightness and thus can 
be a cost-effective solution for active matrix OLED displays. 

[0018] The silicon nitride ?lms used to produce the fab 
ricated TFT samples Were amorphous silicon nitride depos 
ited at 120° C. by PECVD from SiH4 and NH3 gaseous 
precursors. The ?lm is said to have a loWer mass density and 
higher hydrogen concentration in comparison With ?lms 
fabricated at 260° C. to 320° C. In the study, a series of 
a-SiNX:H ?lms With [N]/[Si] ratio ranging from 1.4 to 1.7 
Were deposited (at 120° C.). The hydrogen content in the 
?lms Was in the range of 25-40 atomic percent. Generally, 
the ?lms With higher [N]/[Si] are said to have higher mass 
density and higher compressive stress. The resistivity of 
a-SiNX:H ?lms estimated at the ?eld of 1 MV/cm Was said 
to be in the range of 10M-101° Ohm-cm, and the ?lms With 
higher [N]/[Si] Were said to have a higher breakdoWn ?eld 
and dielectric constant than their loWer N-content counter 
parts. A table of data supporting these conclusions is pre 
sented. 

[0019] Compared to their higher temperature counterparts, 
the loWer temperature a-SiNX ?lms are characteriZed by 
higher hydrogen content. The nitrogen-rich ?lms With a 
hydrogen concentration of about 40% or more exhibit 
hydrogen bonded predominantly to nitrogen atoms, With a 
high [N]/[Si] ratio achieved solely due to the high concen 
tration of N—H bonds. The TFTs produced an a plastic ?lm 
substrate at loWer temperatures require a higher threshold 
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voltage (4-5 V) than the TFTs produced on glass at the 
higher temperatures. As a result, the ON current observed 
for TFTs produced at the loWer temperatures is loWer. 
Although the performance properties of these TFTs com 
plies With the requirements for OLED applications, it is 
apparent that it Would be bene?cial to loWer the threshold 
voltage of the TFTs produced at the 120° C. temperature. 

[0020] As indicated above, the performance capabilities of 
the TFT are a direct result of the structural characteristics of 
the ?lms formed during fabrication of the TFTs. The struc 
tural characteristics of the ?lms depend directly upon the 
process conditions and relative amounts of precursors Which 
are used during formation of the ?lms Which make up the 
TFTs. As the siZe of ?at panel displays increase, it becomes 
increasingly dif?cult to control the uniformity of the indi 
vidual ?lms produced across the increased surface area. 
With respect to PECVD deposited silicon-nitride comprising 
?lms, Which are used either as the gate dielectric layer or as 
the passivation dielectric layer, control of uniformity of the 
?lm across the substrate becomes particularly dif?cult When 
the PECVD is carried out in a process chamber having 
parallel-plate capacitively-coupled electrodes over about 
one meter by one meter. At the higher RF poWer applica 
tions, the RF poWer appears to concentrate at the center of 
the electrode area, resulting in a dome-shaped thickness 
pro?le, and ?lm properties are indicative of the non-uniform 
poWer distribution across the electrodes. This kind of phe 
nomenon is more pronounced at the higher RF poWer Which 
is used to obtain ?lm deposition rates (D/R) Which are in 
excess of about 1000/min. 

[0021] Conventional PECVD processes for producing 
a-SiNX:H ?lms employ a precursor gas mixture Which is 
highly diluted With nitrogen (N2) to obtain desired ?lm 
properties. Such desired ?lm properties are: a compressive 
?lm stress in the range of about 0 to —1010 dynes/cm2; loW 
Si—H content of typically less than about 15 atomic %; and 
a loW Wet etch rate in HF solution (WER) of less than about 
800 A/min (normaliZed to thermal oxide at 1000 A/min). 
HoWever, a plasma produced at high concentrations of N2 
(Where N2:SiH4 is greater than 2:1) in the precursor gas 
produces a particularly non-uniform plasma over a large 
surface area, for example a substrate having dimensions 
larger than about 1000 mm><1000 mm (1 m2). This is 
believed to be due to the higher energy required to achieve 
dissociation of N2 molecules. To overcome this problem 
With respect to the production of ?at panel displays having 
large surface areas, the N2 precursor gas Was replaced by 
NH3 precursor gas, Which dissociates more easily. 

[0022] More recently, there has been increased demand for 
even larger ?at panel displays, for example, those With 
substrates having dimensions larger than about 1500 
mm><1800 mm. Initial efforts to produce ?at panel displays 
of this siZe using an NH3 precursor to supply nitrogen during 
formation of the a-SiNX:H gate dielectric ?lms resulted in 
the formation of a-SiNX:H ?lms exhibiting a higher hydro 
gen content in the ?lm. As discussed above, this higher 
hydrogen content leads to a higher threshold voltage require 
ment for the TFT, Which is harmful to performance of the 
TFT. There is presently a need for a process Which permits 
formation of the a-SiNX:H gate dielectric ?lms over large 
surface area substrates. 

[0023] In the past, the basic principle behind the scale-up 
of PECVD processes Was to maintain the intensive deposi 
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tion parameters (such as process chamber pressure, elec 
trode spacing, and substrate temperature) constant, While 
proportionately increasing the extensive deposition param 
eters (such as process gas ?oW rates and RF poWer to the 
plasma). HoWever, due to ever increasing substrate siZes, 
Which noW approach a surface area of 30,000 mm2, most 
PECVD processes do not properly scale up by adjustment of 
extensive deposition parameters alone, for various reasons. 
Furthermore, With respect to the extensive deposition 
parameters, fundamental problems may arise in the unifor 
mity of ?lm thickness and other ?lm properties across the 
substrate surface as a consequence of non-uniform RF 
poWer density Within the processing chamber. 

[0024] A description of various surface Wave effects Which 
may affect poWer density distribution appears in an article by 
M. A. Lieberman et al., “Standing Wave and skin effects in 
large-area, high-frequency capacitive discharges”, Plasma 
Sources Sci. TechnoL, Vol. 11, pp. 283-293 (2002), and M. 
A. Lieberman, Principles of Plasma Discharges and Mate 
rials Processing, Wiley-Interscience, NeW York (1994), for 
example. 

[0025] FIGS. 5A and 5B illustrate theoretic modeling of 
a cylindrical parallel plate, capacitively coupled reactor. The 
reactor 500, shoWn in cross-section in FIG. 5A, includes an 
upper electrode 502 and a loWer electrode 504, Which 
typically supports a substrate (not shoWn). RF poWer source 
506 provides poWer to upper electrode 502, to generate a 
plasma 508 betWeen upper electrode 502 and loWer elec 
trode 504. FIG. 5B shoWs a cross-section taken at the center 
of the plasma region 508, Where R is the radius of the 
electrode (in meters), d is half the plasma Width (in milli 
meters), L is the half-spacing betWeen the electrodes (in 
millimeters), and s is the plasma sheath Width (in millime 
ters). 
[0026] Evanescent Wave skin effects exhibit a sharp maxi 
mum at the edge, then rapidly decay toWard the center. With 
proper engineering of the plasma reactor periphery, evanes 
cent Wave skin effects can typically be expressed outside the 
area of the substrate surface. 

[0027] Surface Wave skin effects begin to have a signi? 
cant effect on plasma uniformity When the plasma electron 
density (ne) reaches a certain threshold, Which Was deter 
mined to be neE1.39><10/(dR) cm'3 (Where d is half of the 
plasma Width in mm, and R is the radius of the electrode in 
meters). In typical PECVD ?lm deposition processes, 
ne§109/cm3. Therefore, this criterion is satis?ed for most 
PECVD chambers, even for the larger rectangular substrates 
Where the equivalent R (the half diagonal dimension of the 
substrate) is equivalent to 1.39 meters, and half-Width of the 
plasma, d, is about 10 millimeters. Therefore, the non 
uniform RF surface Wave skin effects are generally negli 
gible in a PECVD process scale up. 

[0028] The most important of the plasma surface Wave 
effects are surface standing Wave effects, Which become 
signi?cant When the total substrate surface area increases 
beyond about 1 square meter. Surface standing Wave effects 
can have a signi?cant effect on the uniformity of ?lm 
thickness and other ?lm properties across the substrate 
surface. 

[0029] FIG. 7A is a graph 700 shoWing the effect of 
surface standing Waves on the deposition rate 702 of 
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PECVD-deposited silicon nitride ?lm. Curve 706 is data 
from measurements taken across one diagonal of a rectan 
gular substrate, While curve 708 is data from measurements 
taken across the other diagonal of the rectangular substrate. 
The data shoWn in graph 700 represents the deposition rate 
in A/min as a function of the distance of travel along the 
diagonal across the substrate surface from edge to edge in 
mm. This data is for a substrate having rectangular dimen 
sions of 1500 mm><1850 mm. and the graph shoWs data for 
one diagonal on curve 706 and data for the other diagonal on 
curve 708, but plotted on axis 704 based on travel along the 
1850 mm dimension of the substrate. A non-uniform depo 
sition rate across the substrate surface is directly propor 
tional to ?lm thickness non-uniformity (and may also 
involve non-uniformity of other ?lm properties across the 
substrate surface). 

[0030] There is presently a need for a process Which 
minimiZes surface standing Wave effects during PECVD 
deposition of thin ?lms over substrate surface areas Where 
the equivalent radius R (the half diagonal of a rectangular 
shaped substrate) exceeds about 0.7 meters. 

SUMMARY OF THE INVENTION 

[0031] We have discovered and further developed a meth 
ods of PECVD depositing a-SiNX:H and a-Si ?lms Which are 
useful in the manufacture of TFT structures having surface 
areas larger than about 2,000 mm><2,500 mm, Where the 
uniformity of the ?lm thickness and uniformity of ?lm 
properties, including chemical composition, is surprisingly 
consistent. In particular, the ?lm deposition rate is typically 
greater than 1000 A/min, and frequently more than about 
2,000 A/min. With respect to an a-SiNX:H ?lm, the Si—H 
bonded content of the a-SiNX:H ?lm is controlled to be less 
than about 15 atomic %; the ?lm stress ranges from about 0 
to about —1010 dynes/cm2; the ?lm thickness across the 
substrate surface area varies by less than about 17%; the 
refractive index (RI) of the ?lm ranges from about 1.85 to 
about 1.95; and, the Wet etch rate in HF solution (Which is 
an indication of ?lm density) is less than 800 A/min. The HF 
solution is one referred to in the industry as “Buffer Oxide 
Etchant 6:1”, Which contains 7% by Weight hydro?uoric 
acid, 34% by Weight ammonium ?uoride, and 59% by 
Weight Water. The Wet etching test is carried out at a 
substrate temperature of about 25° C. In addition, the 
chemical composition of the ?lm, in terms of Si—H bonded 
content, is consistently beloW the 15 atomic % maximum 
preferred. 

[0032] An a-SiNX:H gate dielectric ?lm exhibiting the 
physical characteristics listed above provides excellent per 
formance capabilities, and the uniformity of the ?lm across 
the substrate enables the production of ?at panel displays 
having dimensions in the range of 1900 mm><2200 mm, and 
possibly even larger. 

[0033] In a previous effort to obtain a uniform distribution 
across a substrate having the dimensions of 1200 mm><1300 
mm, While providing an a-SiNX:H gate dielectric ?lm exhib 
iting a loW threshold voltage (loW hydrogen content), We 
used a precursor source gas (precursor gas mixture) having 
a NH3:SiH4 ratio ranging from 3.1 to 8.6, a N2:SiH4 ratio 
ranging from 10.0 to 35.8, and a N2:NH3 ratio ranging from 
2.4 to 10.0. A nitrogen content at this level did not cause a 
problem With ?lm uniformity in terms of thickness and 
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properties, including chemical composition across the sub 
strate. HoWever, We discovered that When the substrate siZe 
Was increased to dimensions of 1500 mm to 1800 mm, this 
precursor source gas produced a non-uniform ?lm thickness 
Which varied by as much as about 25%; produced ?lm 
structures Where the Si—H bonded content exceeded 23 
atomic %; and, produced ?lms Where the Wet etch rate in HF 
solution (normaliZed to thermal oxide 1000 A/min) 
exceeded 2400 A/min in some instances. Based on our 
earlier experience, the nitrogen content of the precursor 
source gas needed to be reduced to produce a more uniform 
?lm thickness across the substrate. 

[0034] We Were surprised to discover that by increasing 
the NH3:SiH4 ratio to range betWeen 5.3 to 10.0, While 
decreasing the N2:SiH4 ratio to range betWeen 5.5 and 18.7, 
and decreasing the spacing betWeen electrodes by an amount 
betWeen about 20% and 50% from the baseline 1000 mils, 
We Were able to deposit an a-SiNX:H dielectric ?lm With a 
?lm thickness Which varied by less than about 16% over the 
substrate surface, While maintaining an Si—H bonded con 
tent in the ?lm of less than 15 atomic %. The N2:NH3 ratio 
Which provided excellent results ranged from about 0.6 to 
about 2.5, preferably 0.6 to about 2.3, Which compared With 
the previous N2:NH3 ratio of 2.4 to 10. We also maintained 
a Wet etch rate beloW about 800/min over the a-SiNX:H 
dielectric ?lm surface using the neW precursor source gas 
composition. 
[0035] The critical requirement for deposition of an 
a-SiNX:H dielectric ?lm used as a passivation layer is that 
the substrate temperature during deposition of the passiva 
tion layer is less than about 300° C., to prevent damage to 
TFT channel ion migration characteristics and to reduce 
damage to the source/drain (S/D) metal as Well. With this in 
mind, the passivation layer is deposited at a substrate 
temperature ranging betWeen about 150° C. and about 300° 
C., and preferably betWeen about 260° C. and 280° C. The 
general requirement in the industry for performance of the 
passivation layer is that the breakdoWn voltage not fall 
beloW about 5 MV/cm. The step coverage of the a-SiNX:H 
dielectric ?lm used as a passivation layer needs to be better 
than for the gate dielectric ?lm, to provide conformality over 
the S/D channel regions of the TFT device. The mechanical 
properties of the passivation layer are also important. For 
example, ?lm stress for the passivation layer should be 
loWer than for a gate dielectric layer. The ?lm stress for the 
passivation layer should range betWeen about +3><101O 
dynes/cm2 to about —3><101O dynes/cm2. Due to the decrease 
in deposition temperature, the Wet etch rate of the deposited 
?lm typically increases (the density of the ?lm decreases). 
One skilled in the art Will need to balance the change in 
breakdoWn voltage, step coverage, and mechanical proper 
ties against other changes in device structure and properties 
to determine the best substrate temperature for deposition, 
based on the device performance requirements. 

[0036] The combination process parameters required to 
produce the a-SiNX:H gate dielectric ?lm having the prop 
erties and uniformity described above include the folloWing: 
a substrate temperature during ?lm deposition ranging from 
about 120° C. to about 370° C. in general, and from about 
320° C. to about 340° C. When the substrate is glass; 

[0037] a process pressure of less than about 2.0 Torr, 
and typically ranging from about 0.7 Torr to about 
1.5 Torr at the substrate surface; 
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[0038] 2a plasma density ranging between about 0.2 
W/cm and about 0.6 W/cm2; 

[0039] a plasma precursor gas mixture in Which the 
precursors gases include N2, NH3, and SiH4, and 
Where the component ratios are: NH3:SiH4 ranging 
from about 5.3 to about 10.0, N2:SiH4 ranging from 
about 5.5 to about 18.7, and N2:NH3 ranging from 
about 0.6 to about 2.3, and typically from about 0.6 
to about 1.9; 

[0040] an electrode spacing in the PECVD process 
chamber Which ranges from about 400 mm to about 
1000 mm, depending on the substrate siZe, so that the 
requirements are met for providing ?lm deposition 
uniformity and ?lm property requirements; 

[0041] a total precursor gas ?oW rate Which is appro 
priate to maintain the desired residence time of 
reactive species in the processing volume of the 
substrate. 

[0042] When the PECVD processing chamber is a parallel 
plate processing chamber, such as an AKTTM PECVD 25KA 
System (of the kind used to carry out the experimentation 
presented in the Examples herein), the electrode spacing 
should be less than about 1000 mils (1 milz0.001 inch), and 
typically ranges betWeen about 800 mils and 400 mils. In 
addition, the total precursor gas ?oW rate should range from 
about 20,000 sccm to about 70,000 sccm. 

[0043] One skilled in the art, after having read the disclo 
sure provided herein, can make the calculations necessary to 
provide an equivalent electrode spacing and precursor gas 
?oW rate, for example and not by Way of limitation, When 
the plasma processing chamber is different from the pro 
cessing chamber speci?ed above (Which is described in 
more detail subsequently herein). 

[0044] The combination process parameters required to 
produce an a-SiNX:H passivation dielectric ?lm are different 
from those required to produce a gate dielectric ?lm. This is 
because the desired performance properties of the passiva 
tion dielectric layer are different, and because the device 
surface upon Which the passivation dielectric layer is depos 
ited is far more sensitive to substrate temperature at the time 
of ?lm deposition of the passivation dielectric layer. For 
example, the important performance characteristics of the 
passivation dielectric layer are not ion mobility and voltage 
threshold (as for the gate dielectric ?lm), but are, instead, 
breakdoWn voltage, step coverage, and mechanical proper 
ties (such as residual ?lm stress). An acceptable passivation 
layer may exhibit, for example, a WER of 5000 A/min or 
higher and a S—H bonded structure content of 20% or 
higher, and still be acceptable. With respect to the ratios of 
precursor gases used for PECVD of a passivation layer of 
a-SiNX:H, the ratio of NH3:SiH4 may easily range, for 
example and not by Way of limitation, from about 5.6 to 
about 11.1, typically from about 5 .6 to about 10.6. The ratio 
of N2:SiH4 may range, for example and not by Way of 
limitation, from about 5 .8 to about 20.8, and typically from 
about 5.8 to about 19.9. The ratio of N2:NH3 may range, for 
example and not by Way of limitation, from about 0.4 to 
about 2.3, and typically from about 0.6 to about 1.9. 

[0045] We have also discovered relationships betWeen 
process variables, control of Which can be used to improve 
?lm deposition uniformity across large substrates (of the 
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kind described herein) during the PECVD deposition of 
silicon-containing thin ?lms. The method is particularly 
useful When the substrate surface equivalent radius is about 
0.7 meter or greater. Proper control of these process vari 
ables provides a reduction in surface standing Wave effects 
(and, hence, uniformity of ?lm thickness and other ?lm 
properties) across a substrate surface. The process variables 
Which can be adjusted in combination to reduce standing 
Wave effects include: The Width of a plasma sheath relative 
to the plasma Width (Where a relative increase in plasma 
sheath Width tends to reduce standing Wave effects); the RF 
frequency of the plasma source poWer (Where a reduction in 
frequency tends to reduce standing Wave effects); the 
amount of RF poWer applied to the plasma source (source 
gases) (Where a reduction in the amount of poWer tends to 
reduce standing Wave effects); the process chamber pressure 
(Where a reduction in process chamber pressure tends to 
reduce standing Wave effects); and the composition of the 
plasma source gases (Where an increase in NH3 ?oW rate 
relative to N2 ?oW rate during the formation of an a-SiNX:H 
?lm is bene?cial in reducing standing Wave effects), for 
example. 

[0046] The Width of the plasma sheath can be increased, 
for example (and not by Way of limitation), by decreasing 
the spacing betWeen the upper and loWer electrodes in a 
parallel plate processing chamber. 

[0047] When the PECVD processing chamber is a parallel 
plate processing chamber, such as an AKTTM PECVD 25KA 
System (of the kind used to carry out the experimentation 
presented in the Examples herein), the electrode spacing 
should be less than about 1000 mils, and typically ranges 
betWeen about 400 mils about 800 mils. The RF poWer 
frequency should range betWeen about 13.56 and about 7 
MHZ, and may be loWer; hoWever a frequency of 2 MHZ and 
loWer is knoWn to cause ?lm roughness due to ion bom 
bardment. The process chamber pressure should range 
betWeen about 0.5 Torr and about 1.5 mTorr (more typically, 
Within the range of about 0.7 Torr to about 1.0 Torr). The 
amount of RF poWer applied to the plasma source gas per 
substrate surface area should range from about 0.2 W/cm2 to 
about 0.6 W/cm2. In addition, the total precursor gas ?oW 
rate should range from about 20,000 sccm to about 70,000 
sccm. This provides a chamber volume turnover ranging 
from about 0.02/min to about 0.07/min. Our recommenda 
tion is that the gas ?oW rate be such that a chamber volume 
turnover of about 0.015 or greater is achieved. With respect 
to the deposition of an a-SiNx:H ?lm, the concentration of 
NH3 in the plasma source gas mixture should be such that 
the ratio of NH3:SiH4 should range from about 2:1 to about 
15:1, and the ratio of NH3:N2 should range from about 0.3:1 
to about 2:1. One skilled in the art, upon reading this 
disclosure, can calculate an equivalent electrode spacing, 
amount of RF poWer applied to the plasma source gases, and 
the total precursor gas ?oW rate When the plasma processing 
chamber is different from the processing chamber speci?ed 
above. 

[0048] As mentioned above, a reduction in the RF poWer 
to the plasma source to Within the range of about 0.2 W/cm2 
to about 0.6 W/cm2 can aid in improving ?lm thickness 
uniformity. Although a decrease in RF poWer also decreases 
the ?lm deposition rate, We have found, that for a silicon 
containing PECVD deposited ?lm, this range of RF poWer 



US 2005/0233092 A1 

typically provides an acceptable ?lm deposition rate of at 
least 1,000 A/min, by Way of example and not by Way of 
limitation). 
[0049] The PECVD process parameters described above, 
When used in combination, provide better control over 
surface standing Wave effects and ?lm thickness uniformity 
for silicon-containing ?lms such as silicon nitride and sili 
con oxide. Our initial indications are that PECVD-deposited 
a-Silicon ?lms are not as signi?cantly affected by standing 
Wave effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1 shoWs a schematic cross-sectional vieW of 
one embodiment of a TFT device of the kind Which employs 
the a-SiNX:H gate and passivation dielectric ?lms of the 
present invention. 

[0051] FIG. 2A is a schematic of a top vieW of a PECVD 
processing system of the kind Which can be used to deposit 
the ?lms of the present invention. 

[0052] FIG. 2B is a schematic of a side vieW of a PECVD 
processing chamber of the kind Which can be used to deposit 
the ?lms of the present invention. 

[0053] FIG. 3A shoWs a listing of all the steps Which 
typically Would be used to form a TFT structure of the kind 
shoWn in FIGS. 3B and 3C. 

[0054] FIG. 3B shoWs a schematic cross-sectional vieW of 
a substrate including a TFT structure. 

[0055] FIG. 3C shoWs a schematic top vieW of a substrate 
of the kind shoWn in FIG. 3B. 

[0056] FIG. 4A shoWs a graph illustrating the relationship 
betWeen the atomic % of Si—H bonded structure in the 
a-SiNX:H dielectric ?lm and the concentration of the Si—H 
bonded structure in terms of atoms Which make up that 
structure/cm of the a-SiNX:H dielectric ?lm. 

[0057] FIG. 4B shoWs a graph Which illustrates the rela 
tionship betWeen the atomic % of the N—H bonded struc 
ture in the a-SiNX:H dielectric ?lm and the concentration of 
the N—H bonded structure in terms of atoms Which make up 
that structure/cm3 of the a-SiNX:H dielectric ?lm. 

[0058] FIG. 5A is a cross-sectional schematic of a cylin 
drical parallel plate, capacitively coupled reactor. 

[0059] FIG. 5B is a cross-sectional vieW of the reactor 
shoWn in FIG. 5A, taken from the center of the plasma 
region toWard the edge (from the electrode center toWard the 
edge of the electrode). 

[0060] FIG. 6 shoWs a perspective vieW of a PECVD 
processing system of the kind Which can be used to deposit 
thin ?lms on large surface area substrates, in accordance 
With the method of the present invention. This ?gure is 
provided to better illustrate the siZe of the apparatus Which 
is required to process substrates of the dimension described 
herein. 

[0061] FIGS. 7A-7C are graphs of the ?lm deposition rate 
(in A/min) for a PECVD deposited a-SiNX:H ?lm, as a 
function of the distance of travel across a diagonal of a 
rectangular substrate from edge to edge in mm, Where the 
length of the substrate Was 1850 mm and the Width of the 
substrate Was 1500 mm (for a total substrate area of 27,750 
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cm2). The graphs shoW data for measurements made across 
each diagonal of each substrate, but plotted on axis 704 
based on travel along the 1850 mm dimension of the 
substrate. FIG. 7A represents ?lm uniformity available prior 
to the present invention and is a comparative example. 
FIGS. 7B and 7C represent ?lm uniformity available after 
the present invention. 

[0062] FIGS. 8A-8C are topographical maps and corre 
sponding three dimensional renderings of the relative elec 
tron density distribution for a square discharge 20 cm><20 cm 
at 150 mTorr argon and 50 W of RF poWer, for a parallel 
plate processing chamber, Where 8A represents an RF fre 
quency of 13.56 MHZ, 8B represents an RF frequency of 60 
MHZ, and 8C represents an RF frequency of 81.36 MHZ. 
Relative Ion ?ux density at the center of the square=1. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0063] As a preface to the detailed description presented 
beloW, it should be noted that, as used in this speci?cation 
and the appended claims, the singular forms “a”, an and 
“the” include plural referents, unless the context clearly 
dictates otherWise. 

[0064] We have developed a method of PECVD deposit 
ing silicon-containing ?lms, and particularly valuable 
a-SiNX:H ?lms Which are useful in a TFT device as gate 
dielectric and passivation layers. The method is especially 
useful When a series of TFT devices are arrayed over a 
substrate having a surface area larger than about 1000 
mm><1000 mm, Which may be as large as 1900 mm><2200 
mm, and possibly even larger, up to a surface area of 9 m2, 
for example. The a-SiNX:H ?lms provide a uniformity of 
?lm thickness and uniformity of ?lm properties, including 
chemical composition, Which are necessarily independent of 
the substrate surface areas, but dif?cult to produce over large 
surface areas. 

[0065] One of the embodiments of the invention Which 
Was of great interest Was the uniform deposition of an 
a-SiNX:H ?lm. For a PECVD precursor (plasma source) gas 
comprising SiH4, NH3 and N2, We Were surprised to dis 
cover that by increasing the NH3 SiH4 ratio to range betWeen 
5.3 to 10.0, While decreasing the N2:SiH4 ratio to range 
betWeen 5.5 and 18.7, and decreasing the spacing betWeen 
electrodes by an amount betWeen about 20% and 50% from 
the baseline 1000 mils, We Were able to produce an a-SiNX:H 
?lm Which functioned Well as a TFT gate dielectric. The ?lm 
exhibited a thickness Which varied by less than about 16% 
over the substrate surface, While maintaining a Si—H 
bonded content in the ?lm of less than 15 atomic %. We also 
maintained a Wet etch rate of the a-SiNX:H deposited ?lm 
beloW about 800 A/min. The N2:NH3 ratio Which provided 
excellent results ranged from about 0.6 to about 2.5, pref 
erably 0.6 to 2.3, Which compared With the previous N2 NH3 
ratio of 2.4 to 10. 

[0066] In addition to developing a method of producing an 
a-SiNX:H dielectric ?lm Which functions Well as a TFT gate 
dielectric, We developed an a-SiNX:H dielectric ?lm Which 
functions Well as a passivation layer overlying the upper 
conductive electrode of the TFT device. The critical require 
ment for deposition of an a-SiNX:H passivation dielectric 
layer is that the substrate temperature during deposition is 
less than about 300° C. (on a glass substrate), to prevent 
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damage to TFT channel ion migration characteristics and to 
reduce damage to the source/drain (S/D) metal as Well. With 
this in mind, the passivation layer is deposited at a substrate 
temperature ranging betWeen about 150° C. and about 300° 
C., and preferably betWeen about 260° C. and 280° C. The 
general requirement for performance of the passivation layer 
is that the breakdoWn voltage not fall beloW about 5 MV/cm. 
The step coverage of the a-SiNX:H dielectric passivation 
layer needs to be better than for the gate dielectric ?lm, to 
provide conformality over the S/D channel regions of the 
TFT device. The mechanical properties of the passivation 
layer are also important. For example, the ?lm stress for the 
passivation layer should range betWeen about +3><101O to 
about —3><101O. Due to the decrease in deposition tempera 
ture, the Wet etch rate of the deposited ?lm typically 
increases (the density of the ?lm decreases). One skilled in 
the art Will need to balance the change in breakdown 
voltage, step coverage, and mechanical properties against 
other changes in device structure and properties to determine 
the best substrate temperature for deposition, based on the 
device performance requirements. 

[0067] We subsequently developed a method of PECVD 
depositing a silicon-containing thin ?lm (such as a-Si or 
a-SiNX:H ?lm, by Way of example and not by Way of 
limitation) Which provides improved control over surface 
standing Wave effects during ?lm deposition. The method 
involves controlling a combination of PECVD deposition 
process parameters. Although several of the examples 
described beloW pertain primarily to the deposition of sili 
con nitride ?lms, the same process parameters can be 
manipulated in order to provide improved ?lm uniformity 
during PECVD deposition of other silicon-containing thin 
?lms, such as silicon oxide, silicon oxynitride, a-Si, and 
doped a-Si (for example and not by Way of limitation). This 
is illustrated by the close similarity of effect When an a-Si 
?lm is deposited by PECVD using the same process con 
ditions. Proper control of these process variables provides a 
reduction in surface standing Wave effects (and, hence, 
uniformity of ?lm thickness and other ?lm properties) across 
a substrate surface. 

[0068] The PECVD deposition process parameters Which 
We have found to affect surface standing Wave effects 
include: The Width of a plasma sheath relative to the plasma 
Width (Where an increase in the sheath Width relative to the 
plasma Width tends to reduce standing Wave effects); the RF 
frequency of the plasma source poWer (Where a reduction in 
frequency tends to reduce standing Wave effects); the 
amount of RF poWer applied to the plasma source (source 
gases) (Where a reduction in the amount of poWer tends to 
reduce standing Wave effects); the process chamber pressure 
(Where a reduction in process chamber pressure tends to 
reduce standing Wave effects); and the composition of the 
plasma source gases (Where an increase in NH3 ?oW rate 
relative to N2 ?oW rate during the formation of an a-SiNX:H 
?lm is bene?cial in reducing standing Wave effects), for 
example. 

[0069] An increase in the Width of the plasma sheath, 
Which is one of the major factors Which improves uniform 
?lm deposition, can be achieved, for example (and not by 
Way of limitation), by decreasing the spacing betWeen the 
upper and loWer electrodes in a parallel plate processing 
chamber. Typically, the sheath Width should be about 20 mils 
or greater. 
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[0070] When the PECVD processing chamber is a parallel 
plate processing chamber, such as an AKTTM PECVD 25KA 
System (Santa Clara, Calif.), Which Was used for experi 
mental Work described herein, the electrode spacing should 
be less than about 1000 mils, and typically ranges betWeen 
about 400 mils and about 800 mils. The RF poWer frequency 
should range betWeen about 13.56 and about 7 MHZ, and 
may be loWer; hoWever a frequency of 2 MHZ and loWer is 
knoWn to cause ?lm roughness due to ion bombardment. 
The process chamber pressure should range betWeen about 
0.5 Torr and about 1.5 mTorr (more typically, Within the 
range of about 0.7 Torr to about 1.0 Torr). The amount of RF 
poWer/substrate surface area applied to the plasma source 
gas should range from about 0.2 W/cm2 to about 0.6 W/cm2. 
In addition, the total precursor gas ?oW rate should range 
from about 20,000 sccm to about 70,000 sccm. With respect 
to the deposition of an a-SiNx:H ?lm, the concentration of 
NH3 in the plasma source gas mixture should be such that 
the ratio of NH3:SiH4 should range from about 2:1 to about 
15:1, and the ratio of NH3:N2 should range from about 0.3:1 
to about 2:1. As previously discussed herein, one skilled in 
the art can calculate an equivalent electrode spacing, amount 
of RF poWer applied to the plasma source gases, and the total 
precursor gas ?oW rate When the plasma processing chamber 
is different from the processing chamber speci?ed above. 

[0071] Referring again to FIG. SE, a smaller electrode 
spacing (2 L) and a larger plasma sheath have been shoWn 
to reduce surface standing Wave effects. Closer electrode 
spacing combined With an increased plasma sheath Width 
(affected by poWer density, reactants concentration and ratio, 
process chamber pressure, for example) effectively modify 
the plasma boundary conditions, thereby minimiZing the 
non-uniformity of PECVD-deposited ?lms. 

[0072] When the PECVD processing chamber is a parallel 
plate processing chamber Where the substrate surface area 
processed may be about 25,000 cm2 to about 30,000 cm2, 
such as the processing chamber used for processing the 
example substrates described herein, the electrode spacing 
Was typically in the range from about 400 mils to about 800 
mils. The sheath Width “s” Was about 20 mils or greater. In 
addition, the total precursor gas ?oW rate ranged from about 
20,000 sccm to about 70,000 sccm, Which typically provides 
a chamber precursor gas turnover ranging from about 0015/ 
min to about 0.07/min. One skilled in the art, upon reading 
the disclosure herein can calculate an equivalent electrode 
spacing and precursor gas ?oW rate When the plasma pro 
cessing chamber is different from the processing chamber 
discussed herein. 

[0073] As discussed in the “Background of the Invention”, 
surface standing Wave effects become signi?cant When the 
total substrate surface area increases beyond about 1 square 
meter. Referring back to FIG. 5B, the criterion for avoiding 
signi?cant surface standing Wave effects is: 

[0075] Where k0 is the RF free space Wavelength, L is the 
half-spacing betWeen the electrodes (in millimeters), s is the 
Width of the plasma sheath (in millimeters), and R is the 
equivalent radius of the electrode (in meters). Table One, 
beloW, shoWs the Wavelengths, k0, associated With various 
RF frequencies. 
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TABLE ONE 

Wavelengths (7m) Associated With Various RF Frequencies 

RF Frequency Wavelength (k0) 

13.56 22.11 
27.12 11.05 
40.7 7.37 
60 5 
81.38 3.68 

[0076] Table TWo, below, shows the values of 2.6 (L/s)1/ 
2R for various substrate sizes. 

TABLE I W0 

2.6 L/s m R for Various Substrate Sizes 

2.6 (L/s)1/2 R Substrate Size (mm) R, equivalent, (m) 

1100 x 1250 0.83 5.6 
1500 x 1850 1.19 8 
1870 x 2200 1.44 9.7 

Where 2L = 800 mils, that is 20 mm; s = 1.5 mm 

[0077] As the substrate size increases, the value of k0 
needs to increase, to meet the requirement for avoiding 
signi?cant surface standing Wave effects. With this in mind, 
We carried out the experimentation described herein using an 
RF frequency of 13.56 MHz. As previously discussed, We 
have found that reducing the RF frequency as loW as 7 MHz 
(and possibly loWer) can aid in controlling standing Wave 
effects during PECVD thin ?lm deposition. 

[0078] We have also found that, during deposition of a 
silicon-containing ?lm, reducing the RF power/substrate 
area Which is applied to the plasma source so that it is Within 
the range of about 0.2 W/cm2 to about 0.6 W/cm2 can aid in 
improving ?lm thickness uniformity, While maintaining an 
acceptable ?lm deposition rate of at least 1000 A/min. 

[0079] Reducing the process chamber pressure to Within 
the range of about 0.7 Torr to about 1.5 Torr (more typically, 
Within the range of about 0.7 Torr to about 1.0 Torr) at the 
substrate surface also provides bene?cial effects in terms of 
minimizing surface standing Wave effects. 

[0080] The PECVD process parameters described above, 
When used in combination, provide better control over 
surface standing Wave effects and ?lm thickness uniformity 
than Was previously achievable. 

[0081] 
[0082] The embodiment example PECVD processes 
described herein Were carried out in a parallel plate process 
ing chamber, the AK TM PECVD 25 KA System, available 
from AKTTM, a division of Applied Materials, Inc., Santa 
Clara, Calif. Referring to FIG. 2A, the system 200 generally 
includes a loadlock chamber 201 for loading substrates (not 
shoWn) into the system; a robot assembly 203 for transfer 
ring substrates betWeen chambers in the system; four 
PECVD processing chambers 202; and an optional substrate 
heater 205. The AKTTM PECVD 25 KA System is also 
available With a ?fth PECVD processing chamber in place 
of substrate heater 205. 

I. Apparatus for Practicing the Invention 
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[0083] Referring to FIG. 2B, each processing chamber 
202 is typically coupled to a gas source 204. The processing 
chamber 202 has Walls 206 and a bottom 208 that partially 
de?ne a processing volume 212. The processing volume 212 
is typically accessed through a port (not shoWn) in the Walls 
206 that facilitate movement of a substrate 240 into and out 
of processing chamber 202. The Walls 206 support a lid 
assembly 210 that contains a pumping plenum 214 that 
couples the processing volume 212 to an exhaust port (that 
includes various pumping components, not shoWn). 

[0084] A temperature controlled substrate support assem 
bly 238 is centrally disposed Within the processing chamber 
202. The substrate support assembly 238 supports the glass 
(for example, but not by Way of limitation) substrate 240 
during processing. The substrate support assembly 238 
typically encapsulates at least one embedded heater 232, 
such as a resistive element. The heater element 232 is 
coupled to a poWer source 230 Which is controlled to heat 
the substrate support assembly 238 and the substrate 240 
positioned thereon. Typically, in a CVD process, the heater 
maintains the substrate 240 at a uniform temperature 
betWeen about 120° C. and 460° C., depending on the 
processing parameters required for the particular substrate. 

[0085] Generally, the substrate support assembly 238 has 
a loWer side 226 and an upper side 234. The upper side 234 
supports the glass substrate 240. The loWer side 226 has a 
stem 242 coupled thereto. The stem 242 couples the sub 
strate support assembly 238 to a lift system (not shoWn) that 
moves the support assembly 238 betWeen an elevated pro 
cessing position (as shoWn) and a loWered position that 
facilitates substrate transfer to and from the processing 
chamber 202. The stem 242 additionally provides a conduit 
for electrical and thermocouple leads betWeen the substrate 
support assembly 238 and other components of the system 
200. 

[0086] The substrate support assembly 238 is generally 
grounded such that RF poWer supplied by a poWer source 
222 to a gas distribution plate assembly 218 positioned 
betWeen the lid assembly 210 and the substrate support 
assembly 238 (or other electrode positioned Within or near 
the lid assembly of the chamber) may excite gases present in 
the processing volume 212 betWeen the substrate support 
assembly 238 and the distribution plate assembly 218. The 
RF poWer from the poWer source 222 is generally selected 
commensurate With the size of the substrate, to drive the 
chemical vapor deposition process. The distance “d” illus 
trates the spacing betWeen the upper surface 234 of substrate 
support assembly 238 and the loWer surface 231 of distri 
bution plate assembly 218. This is also the spacing betWeen 
electrode surfaces, since distribution plate 218 acts as a ?rst 
electrode, While substrate support 238 acts as the second 
electrode. The spacing “d”, in combination With the thick 
ness of the substrate 240, substantially determines the pro 
cessing volume 212. The spacing “d” (Which is equivalent to 
2 L in FIG. 5B) can be adjusted as necessary to provide the 
desired processing conditions. 

[0087] The lid assembly 210 typically includes an entry 
port 280 through Which process gases provided by the gas 
source 204 are introduced into processing chamber 202. The 
entry port 280 is also coupled to a cleaning source 282. The 
cleaning source 282 typically provides a cleaning agent, 
such as disassociated ?uorine, that is introduced into the 


















