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DIELECTRIC FILM DEPOSITION EMPLOYING A 
BISTERTIARYBUTYLAMINESILANE PRECURSOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the fabrication of 
integrated circuits. More particularly, the invention provides 
a technique, including a method and an apparatus, for 
increasing the deposition rate of dielectric ?lms, at a given 
temperature, While demonstrating good gap ?lling properties 
comparable With existing ?lm deposition techniques. 

[0002] Deposition of dielectric ?lms, such as silicon diox 
ide (SiOZ), silicon nitride (SiN), Silicon oxynitride (SiON) 
and the like, over a semiconductor substrate is a common 
step in the formation of some integrated circuit (IC) struc 
tures. For example, dielectric ?lms may be used to form 
gates of ?eld effect transistors (FETs), spacers separating 
adjacent FETs, or sacri?cial layers in the formation of 
dynamic random access memories. These ?lms are typically 
deposited employing chemical vapor deposition (CVD) 
techniques. 

[0003] Particularly suitable as an inter-level dielectric, 
SiO2 ?lms may be formed by using silane, SiH4, as a silicon 
source and molecular oxygen, O2, as an oxygen source, 
forming on a substrate according to the folloWing reaction: 

[0004] Historically, silane has provided adequate silicon 
dioxide inter-level dielectric ?lms at varying chamber pres 
sures and substrate temperatures. HoWever, advances in 
integrated circuit technology have led to a scaling doWn of 
device dimensions and an increase in chip siZe and com 
plexity. This has necessitated improved methods for depo 
sition of dielectric ?lms With enhanced gap ?lling proper 
ties. As a result, tetraethylorthosilicate, Si(OC2H5)4, 
[hereinafter referred to as TEOS] as a silicon source has 
gained Wide acceptance due to its superior gap-?lling prop 
erties. 

[0005] TEOS reacts With molecular oxygen, O2, as an 
oxygen source to form SiO2 on a substrate according to the 
folloWing reaction: 

[0006] Originally, TEOS had limited use as an inter-level 
dielectric ?lm, because the high substrate temperature 
required to deposit the same ef?ciently. Reaction (2) 
required a temperature of approximate 700° C. in order to 
achieve an acceptable deposition rate. The aforementioned 
temperature is incompatible With aluminum metalliZation. 
As a result, there has been a constant endeavor to loWer the 
deposition temperature of inter-level dielectric ?lms formed 
using TEOS as a silicon source. 

[0007] One employs a plasma in the chamber for plasma 
enhanced chemical vapor deposition (PECVD) apparatus. 
Another such effort replaced molecular oxygen With oZone, 
O3, to produce a silicon dioxide ?lm according to the 
folloWing reaction: 

[0008] With this reaction, silicon dioxide ?lms may be 
deposited at temperatures as loW as 400 ° C. While still 
providing an acceptable deposition rate. 
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[0009] Another composition of dielectric ?lms employs 
nitrogen sources to form silicon nitride ?lms on a substrate. 
The silicon nitride ?lms are amorphous insulating materials 
that are typically used as a ?nal passivation layer for 
integrated circuits, as a mask for selective oxidation of 
silicon, and as a gate dielectric material for MNOS devices. 

[0010] An early composition of a silicon nitride ?lm, 
Si3N4 is deposited using loW pressure chemical vapor depo 
sition (LPCVD) techniques according to the folloWing reac 
tion: 

[0011] Similar to reaction (2), reaction (4) had limited use, 
because the high substrate temperature required to deposit 
the same efficiently. In order to achieve an acceptable 
deposition rate, reaction (4) requires a temperature of 
approximately 800° C., Which is incompatible With many 
post deposition processes. To further reduce the deposition 
temperature of silicon nitride ?lms, the folloWing PECVD 
reactions had been developed: 

[0012] Both reactions (5) and (6) may be deposited at a 
process temperature as loW as 2000 C. While still providing 
an acceptable deposition rate. 

[0013] What is needed, therefore, is a technique for 
improving the deposition rate of dielectric ?lms Without 
increasing the deposition temperature of the same. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method and an 
apparatus for increasing a deposition rate of dielectric ?lms 
deposited on a substrate at a given temperature While 
providing good step coverage and gap-?ll properties. The 
method does so by employing bistertiarybutylaminesilane 
[hereinafter referred to as BTBAS] as a silicon source to 
react With a reducing agent to form a dielectric ?lm, Which 
includes silicon, on a substrate. Use of BTBAS alloWs 
depositing either a silicon oxide or silicon nitride ?lm at an 
accelerated rate While demonstrating superior uniformity 
and step coverage and reducing the present of gaps. This 
results from, among other things, the relatively high cham 
ber pressures that may be achieved using BTBAS as a 
silicon source. 

[0015] The method of the present invention includes plac 
ing a substrate in a deposition Zone, ?oWing, into the 
deposition Zone of a process chamber, a process gas includ 
ing bistertiarybutylaminesilane (BTBAS) and a nitrogen 
source. The process chamber is pressuriZed to a predeter 
mined pressure level and the substrate is heated to a prede 
termined temperature. Thereafter, the deposition Zone is 
maintained at process conditions suitable for depositing a 
silicon-containing dielectric ?lm on the substrate. The nitro 
gen source may be ammonia, NH3, molecular nitrogen, N2, 
or both. If both NH3 and molecular nitrogen, N2, are present 
in the process gas, a silicon nitride, SiN, dielectric ?lm is 
deposited on the substrate at a rate of 50 angstroms/minute 
With a uniformity of 14%. In the absence of NH3, an oxygen 
source is included in the process gas that may be oZone, O3, 
but preferably is molecular oxygen, O2. In this fashion, a 
silicon oxide, such as silicon dioxide, SiO2, dielectric ?lm is 
deposited on the substrate at a rate of approximately 1,800 
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angstroms/minute With a uniformity of 14%. To practice the 
aforementioned methods, a substrate processing system is 
provided that includes a housing de?ning a process cham 
ber; a substrate moving system for moving the substrate into 
the process chamber and positioning the substrate on the 
substrate holder; a gas delivery system for introducing a 
process gas into the process chamber to deposit a layer over 
the substrate, a temperature control system for maintaining 
a selected temperature Within the process chamber; a pres 
sure control system for maintaining a selected pressure 
Within the vacuum system; a controller for controlling the 
gas delivery system, the temperature control system; and the 
pressure control system, and a memory data communication 
With the controller containing a computer program, to be 
operated on by the controller, for practicing the aforemen 
tioned methods. 

[0016] These and other embodiments of the present inven 
tion, as Well as its advantages and features, are described in 
more detail in conjunction With the text beloW and attached 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is vertical vieW of one embodiment of a 
chemical vapor deposition (CVD) apparatus according to the 
present invention; 

[0018] FIG. 2 is an exploded perspective vieW of a lid 
employed on the CVD apparatus shoWn in FIG. 1; 

[0019] FIG. 3 is a cross-sectional vieW of the CVD 
apparatus shoWn above in FIG. 1; 

[0020] FIG. 4 is a simpli?ed diagram of a system monitor 
and a multi-chamber system employing one or more of the 
CVD apparatuses shoWn above in FIG. 1; 

[0021] FIG. 5 is an illustrative block diagram of the 
hierarchical control structure of the system control softWare 
employed to control the operation of the CVD apparatus 
shoWn in FIG. 1; 

[0022] FIG. 6 is a cross-sectional vieW of a portion of an 
integrated circuit on Which a dielectric layer is deposited in 
accordance With the present invention; 

[0023] FIG. 7 is a process How chart illustrating the steps 
of a preferred embodiment of the present invention; 

[0024] FIG. 8 is a cross-sectional vieW of the integrated 
circuit shoWn above in FIG. 6 With a dielectric layer 
disposed thereon in accord With the present invention; 

[0025] FIG. 9 is a How chart illustrating the steps of an 
alternate embodiment of the present invention; and 

[0026] FIG. 10 is a plan vieW of the molecular structure 
of a precursor used in accordance With the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0027] 
[0028] Referring to FIG. 1, a suitable chemical vapor 
deposition (CVD) apparatus 26 in Which the method of the 
present invention can be carried out is shoWn as including an 
enclosure assembly 28 formed from a process-compatible 
material, such as aluminum or anodiZed aluminum. The 
enclosure assembly 28 includes a housing 30, de?ning a 

I. Exemplary CVD System 
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process chamber 32 With an opening 34, and a vacuum lid 
36. The vacuum lid 36 is pivotally coupled to the housing 30 
via a hinge 38 to selectively cover the opening 34. Ahandle 
40 is attached to the vacuum lid 36, opposite to the hinge 38. 
The handle 40 facilitates moving the vacuum lid 36 betWeen 
opened and closed positions. In the opened position, the 
opening 34 is exposed, alloWing access to the process 
chamber 32. In the closed position, the vacuum lid 36 covers 
the opening 34, forming a ?uid-tight seal thereWith. To that 
end, lid clamps 42 may be employed to resiliently bias the 
vacuum lid 36 against the housing 30. The hinge 38, 
hoWever, includes a locking ratchet mechanism 44 to pre 
vent the vacuum lid 36 from unintentionally moving into the 
closed position. 
[0029] A gas distribution assembly 46 is typically attached 
to the vacuum lid 36. The gas distribution assembly 46 
delivers reactive and carrier gasses into the process chamber 
32, discussed more fully beloW. A cover 48 is in superim 
position With the vacuum lid 36 and adapted to enshroud the 
gas distribution assembly 46. To that end, the cover 48 
includes a cover portion 50 lying in a plane that extends 
parallel to a plane in Which the vacuum lid 36 lies. A 
sideWall 52 extends from the cover portion 50, terminating 
in a periphery 54. The contour of the periphery 54 typically 
matches the contour of the components of the apparatus 26 
disposed on the vacuum lid 36. For example, the periphery 
54 may include recessed portions 56 that are positioned to 
receive one of the lid clamps 42 When the cover 48 is seated 
against the vacuum lid 36. To facilitate access to the process 
chamber 32, Without compromising the ?uid-tight seal 
betWeen the vacuum lid 36 and the housing 30, a slit valve 
opening 58 is present in the housing 30, as Well as a vacuum 
lock door (not shoWn). The slit valve opening 58 alloWs 
transfer of a Wafer (not shoWn) betWeen the process chamber 
32 and the exterior of the apparatus 26. The aforementioned 
transfer may be achieved by any conventional Wafer transfer 
assembly (not shoWn). An example of a conventional robotic 
Wafer transfer assembly is described in commonly assigned 
US. Pat. No. 4,951,601 to Maydan, the complete disclosure 
of Which is incorporated herein by reference. 

[0030] Referring to FIG. 2, the vacuum lid 36 includes a 
base plate 60, a gas distribution plate 62 and a sleeve 64. The 
base plate 60 has a centrally disposed aperture 66 and a 
recessed periphery 68 surrounding the aperture 66. The 
sleeve 64 has a shape complementary to the shape of the 
aperture 66 so as to ?t therein. Typically, the sleeve 64 
includes a cylindrical Wall 70, Which ?ts into the aperture 66, 
With a circular ?ange 72 extending from one end. The 
circular ?ange 72 seats against the recessed periphery 68 
When the sleeve 64 is placed in a ?nal seating position. To 
maintain ?uid-tight integrity betWeen the sleeve 64 and the 
base plate 60, a sealing member 74, such as gasket, is 
positioned betWeen the recessed periphery 68 and the cir 
cular ?ange 72. The gas distribution plate 62 includes a 
circular base surface 76 and an annular side surface 78 
extending from, and transversely to, the base surface 76, 
terminating in opening 80. A plurality of apertures 82 are 
formed in the circular base surface 76. An annular ?ange 84 
extends from the opening 80 and transversely to the annular 
side surface 78 and seats against the circular ?ange 72 of the 
sleeve 64 When placed in a ?nal seating position. In the ?nal 
seating position, both the circular base surface 76 and the 
annular side surface 78 are encircled by the sleeve 64. A 
gasket 86 is positioned betWeen the circular ?ange 72 and 
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the annular ?ange 84 to ensure that there is a ?uid-tight seal 
betWeen them. The gas distribution assembly 46 includes a 
lid portion 88 that ?ts over the opening 80 and rests against 
the annular ?ange 84. A gasket 90 is disposed betWeen the 
cover portion 88 and the annular ?ange 84 to form a 
?uid-tight seal betWeen them. 

[0031] Referring to FIGS. 2 and 3, the gas distribution 
assembly 46 is attached to the lid portion 88 in any con 
ventional manner, e.g., by bolting, braZing or the like. The 
lid portion 88 includes a throughWay 92 to place the gas 
distribution assembly 46 in ?uid communication With the 
process chamber 32. A supply 94 of deposition and carrier 
gases is in ?uid communication With the gas distribution 
assembly 46 via a mixing manifold 96. Speci?cally, a 
plurality of supply lines 98 are coupled betWeen the supply 
94 and the mixing manifold 96. The carrier and deposition 
gases may be intermingled in the mixing manifold 96 before 
?oWing into the gas distribution assembly 46 via conduit 
100. Typically, the supply line for each supply of gas 
includes several safety shut-off valves (not shoWn) that 
may be employed to terminate gas ?oW into the process 
chamber 32 either manually or automatically. Additionally, 
mass ?oW controllers (also not shoWn) may be employed to 
measure the ?oW of gas through each of the supply lines 98. 
This structure is particularly useful if the supply 94 includes 
a quantity of toxic gases. 

[0032] Disposed Within the process chamber 32 is a 
heater/lift assembly 102 coupled to a pedestal 104, and a 
process chamber liner 106. The pedestal 104 is positioned 
betWeen the heater/lift assembly 102 and the vacuum lid 36 
When the vacuum lid 36 is in the closed position. The 
heater/lift assembly 102 is operably connected to a motor 
108 to be moved controllably so as to vary the distance 
betWeen the pedestal 104 and the vacuum lid 36. Informa 
tion concerning the position of the pedestal 104 Within the 
process chamber 32 is provided by a sensor (not shoWn). The 
process chamber liner 106 surrounds the pedestal 104 and 
de?nes a loWer portion of an annular ?oW channel 110, With 
the upper portion of the annular ?oW channel 110 being 
de?ned by the vacuum lid 36. The pedestal 104 also includes 
resistively heated components, such as an embedded single 
loop heater element (not shoWn) con?gured to make tWo full 
turns in the form of parallel concentric circles. An outer 
portion (not shoWn) of the heater element runs adjacent to a 
perimeter of the pedestal 104, While an inner portion runs on 
the path of a concentric circle having a smaller radius. The 
Wiring to the heater element passes through the stem 112 of 
the heater/lift assembly 102. 

[0033] Typically, any or all of the process chamber liner 
106, gas dispersion plate 62 and various other apparatus 26 
hardWare are made out of material such as aluminum, 
anodiZed aluminum, or ceramic. An example of such a CVD 
apparatus is described in US. Pat. No. 5,558,717 entitled 
“CVD Processing Chamber,” issued to Zhao et al. The US. 
Pat. No. 5,558,717 patent is assigned to Applied Materials, 
Inc., the assignee of the present invention, and is hereby 
incorporated by reference in its entirety. The pedestal 104 
may be formed from any process-compatible material, 
including, aluminum, anodiZed aluminum, aluminum 
nitride, or aluminum oxide (A1203 or alumina). 

[0034] A processor 114 is in electrical communication 
With the apparatus 26 to regulate the operations thereof. 
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Typically, the processor 114 is part of a single-board com 
puter (SBC) that includes analog and digital input/output 
boards, interface boards and stepper motor controller boards. 
Various components of the CVD apparatus 26 conform to 
the Versa Modular European (VME) standard, Which de?nes 
board and card cage, as Well as connector type and dimen 
sions. The VME standard also de?nes the bus structure as 
having a 16-bit data bus and a 24-bit address bus. Function 
ing as a controller, the processor 114 executes system control 
softWare, Which is a computer program stored in a memory 
116, electronically coupled to processor 114. Any type of 
memory device may be employed, such as a hard disk drive, 
a ?oppy disk drive, a card rack or a combination thereof. The 
processor 114 operates under the control of the system 
control softWare, Which includes sets of instructions that 
dictate the timing, mixture of gases, process chamber pres 
sure, process chamber temperature, microWave poWer lev 
els, pedestal position and other parameters of a particular 
process, discussed more fully beloW With respect to FIG. 5. 

[0035] Referring again to FIGS. 2 and 3, during a depo 
sition procedure, the vacuum lid 36 is placed in the closed 
position. The heater/lift assembly 102 places the support 
pedestal 104 in a processing position 118 disposed proxi 
mate to the vacuum lid 36. When placed in the processing 
position 118, the pedestal 104 is surrounded by the process 
chamber liner 106 and the annular ?oW channel 110. In this 
fashion, the pedestal 104 is located proximate to the gas 
distribution plate 62. Deposition and carrier gases are sup 
plied via the supply lines 98 into the gas mixing manifold 96. 
The gas mixing manifold 96 causes the aforementioned 
gases to intermingle, forming the process gas, the path of 
Which is shoWn as arroW 120. Speci?cally, the process gas 
?oWs through the conduit 100, into the gas distribution 
assembly 46, and through the apertures 82 in the gas 
dispersion plate 62. In this fashion, the process gas travels 
into the process chamber 32 and is vented toWard the 
pedestal 104, Where a Wafer (not shoWn) Would be posi 
tioned and is uniformly radially distributed across the Wafer 
in a laminar ?oW. 

[0036] The deposition process performed in CVD appa 
ratus 26 is a thermal process in Which the process gas 
mixture reacts thermally to deposit the desired ?lms on the 
surface of a semiconductor Wafer (not shoWn) supported on 
pedestal 104. Typically, the pedestal 104 is resistively heated 
to provide thermal energy for the reaction. During the 
deposition process it is bene?cial to reduce the condensation 
of the process gases. To that end, a hot liquid is circulated 
through the Walls 126 of the process chamber 32 to maintain 
the process chamber 32 at an elevated temperature. Fluids 
used to heat the process chamber Walls 126 include the 
typical ?uid types, i.e., Water-based ethylene glycol or 
oil-based thermal transfer ?uids. The aforementioned heat 
ing reduces the accumulation of volatile reactants in the 
process chamber 32 by reducing the condensation of the 
process gas on the Walls 126 and in the aforementioned 
passages. 

[0037] The portion of the process gas that is not deposited, 
or does not condense, is evacuated from the process chamber 
32 by a vacuum pump (not shoWn). Speci?cally, the gases 
are exhausted through an annular slot 132 surrounding the 
processing position 118, and then into the annular ?oW 
channel 110. The annular slot 132 and the annular ?oW 
channel 110 are de?ned by the gap betWeen vacuum lid 36 
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and chamber liner 126. Both the annular slot 132 and the 
annular ?oW channel 110 have circular symmetry to provide 
uniform How of process gases over the pedestal 104 so as to 
deposit a uniform ?lm on the Wafer (not shoWn). 

[0038] From the annular ?oW channel 110, the gases ?oW 
through a lateral ?oW channel 134 in ?uid communication 
thereWith, past a vieWing port (not shoWn), through an 
exhaust passageWay 128, past a vacuum shut-off valve 130, 
and into an exhaust outlet 136 that connects to the external 

vacuum pump (not shoWn). 

[0039] The interface betWeen a user and the processor 114 
is via a CRT monitor 138 and light pen 140, shoWn in FIG. 
4, Which is a simpli?ed diagram of the CRT monitor and 
CVD apparatus 26 in a substrate processing system 142, 
Which may include one or more process chambers. In the 
preferred embodiment tWo monitors 138 and 138‘ are used, 
one mounted in a clean room Wall 144 for the operators and 
the other behind the Wall for the service technicians. The 
CRT monitors 138 and 138‘ simultaneously display the same 
information, but only one light pen 140 is enabled for data 
input during any given time. A light sensor (not shoWn) in 
the tip of light pen 140 detects light emitted by the CRT 
monitor 138. To select a particular screen or function, the 
operator touches a designated area of the CRT monitor 138 
and pushes a button (not shoWn) on the light pen 140. The 
touched area provides a visual response, such as a change in 
color, or a neW menu or screen being displayed, con?rming 
communication betWeen the light pen 140 and the CRT 
monitor 138. Other input devices, such as a keyboard, 
mouse, or other pointing or communication device, may be 
used instead of or in addition to the light pen 140 to alloW 
the user to communicate With the processor 114. 

[0040] The process for depositing the ?lm can be imple 
mented using a computer program product that is executed 
by the processor 114. The computer program code can be 
Written in any conventional computer-readable program 
ming language: for example, 68000 assembly language, C, 
C++, Pascal, Fortran or others. Suitable program code is 
entered into a single ?le or multiple ?les using a conven 
tional text editor and is stored or embodied in a computer 
usable medium, such as the memory 116, shoWn in FIG. 3. 
If the entered code text is in a high level language, the code 
is compiled, and the resultant compiler code is then linked 
With an object code of precompiled WindoWs library rou 
tines. To execute the linked compiled object code, the 
system user invokes the object code, causing the processor 
114 to load the code in the memory 116. The processor 114 
then reads and executes the code to perform the tasks 
identi?ed in the program. 

[0041] Referring to both FIGS. 4 and 5, shoWn is an 
illustrative block diagram of the hierarchical control struc 
ture of the system control softWare, computer program 146, 
according to a speci?c embodiment. Using the light pen 140, 
a user enters a process set number and process chamber 
number into a process selector subroutine 148 in response to 
menus or screens displayed on the CRT monitor 138. The 
process sets are predetermined sets of parameters necessary 
to carry out speci?ed processes and are identi?ed by pre 
de?ned set numbers. The process selector subroutine 148 
identi?es the desired apparatus 26 and (ii) the desired set 
of process parameters needed to operate the process cham 
ber for performing a selected process. The process param 
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eters relate to speci?c process conditions, for example, 
process gas composition and How rates, temperature, pres 
sure, plasma conditions such as RF poWer levels and the 
loW-frequency RF frequency, cooling gas pressure, and 
process chamber Wall temperature. These parameters are 
provided to the user in the form of a recipe and are entered 
utiliZing the light pen/CRT monitor interface. The signals for 
monitoring the process are provided by the analog and 
digital input boards of the system controller, and the signals 
for controlling the process are output on the analog and 
digital output boards of CVD apparatus. 

[0042] A process sequencer subroutine 150 comprises 
program code for accepting the identi?ed process chamber 
and set of process parameters from the process selector 
subroutine 148 and for controlling operation of the various 
process chambers. Multiple users can enter process set 
numbers and process chamber numbers, or a user can enter 

multiple process set numbers and process chamber numbers, 
and the sequencer subroutine 150 schedules the selected 
processes in the desired sequence. Preferably, sequencer 
subroutine 150 includes a program code to perform the steps 
of monitoring the operation of the process chambers to 
determine if the process chambers are being used, (ii) 
determining What processes are being carried out in the 
process chambers being used, and (iii) executing the desired 
process based on the availability of a process chamber and 
the type of process to be carried out. Conventional methods 
of monitoring the process chambers can be used, such as 
polling. When scheduling Which process is to be executed, 
sequencer subroutine 150 takes into consideration the 
present condition of the process chamber being used in 
comparison With the desired process conditions for a 
selected process, or the “age” of each particular user-entered 
request, or any other relevant factor a system programmer 
desires to include for determining scheduling priorities. 

[0043] Once sequencer subroutine 150 determines Which 
process chamber and process set combination are going to 
be executed next, sequencer subroutine 150 initiates execu 
tion of the process set by passing the particular process set 
parameters to process chamber manager subroutines 152, 
154 and 156, Which control multiple processing tasks in the 
process chamber 32 according to the process set determined 
by the sequencer subroutine 150. For example, the process 
chamber manager subroutine 152 comprises program code 
for controlling the CVD process operations in the process 
chamber 32. The process chamber manager subroutines 152, 
154 and 156 also control execution of various process 
chamber component subroutines that control operation of 
the process chamber components necessary to carry out the 
selected process set. Examples of process chamber compo 
nent subroutines are substrate positioning subroutine 160, 
process gas control subroutine 162, pressure control sub 
routine 164 and heater control subroutine 166. Those having 
ordinary skill in the art Will readily recogniZe that other 
process chamber control subroutines can be included 
depending on Which processes are to be performed in the 
process chamber 32. In operation, the process chamber 
manager subroutine 152 selectively schedules or calls the 
process component subroutines in accordance With the par 
ticular process set being executed. The process chamber 
manager subroutine 152 schedules the process component 
subroutines much like the sequencer subroutine 150 sched 
ules Which process chamber 32 and process set are to be 
executed next. Typically, the process chamber manager 
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subroutine 152 includes steps of monitoring the various 
process chamber components, (ii) determining Which com 
ponents need to be operated based on the process parameters 
for the process set to be executed, and (iii) causing execution 
of a process chamber component subroutine responsive to 
the monitoring and determining steps. 

[0044] Referring to both FIGS. 3 and 5, the substrate 
positioning subroutine 160 comprises program code for 
controlling process chamber components that are used to 
load the substrate (not shoWn) onto the pedestal 104 and, 
optionally, to lift a substrate (not shoWn), disposed thereon, 
to a desired height in the process chamber 32 to control the 
spacing betWeen the substrate (not shoWn) and the gas 
distribution plate 62. When the substrate (not shoWn) is 
loaded into the process chamber 32, the pedestal 104 is 
loWered to receive the substrate, and thereafter, the pedestal 
104 is raised to the desired height in the process chamber 32 
to maintain the substrate (not shoWn) at a ?rst distance or 
spacing from the gas distribution plate 62 during the CVD 
process. In operation, the substrate positioning subroutine 
160 controls the movement of the pedestal 104 in response 
to process set parameters related to the support height that 
are transferred from the process chamber manager subrou 
tine 152. 

[0045] The process gas control subroutine 162 has pro 
gram code for controlling process gas composition and flow 
rates. The process gas control subroutine 162 controls the 
open/close position of the safety shut-off valves (not shoWn), 
and also ramps up/doWn the mass ?ow controllers to obtain 
the desired gas flow rate. The process gas control subroutine 
162 is invoked by the process chamber manager subroutine 
152, as are all process chamber component subroutines, and 
receives from the process chamber manager subroutine 
process parameters related to the desired gas flow rates from 
that subroutine. Typically, the process gas control subroutine 
162 operates by opening the gas supply lines and performing 
repeatedly reading the necessary mass flow controllers, 
(ii) comparing the readings to the desired flow rates received 
from the process chamber manager subroutine 152, and (iii) 
adjusting the flow rates of the gas supply lines as necessary. 
Furthermore, the process gas control subroutine 162 
includes steps for monitoring the gas flow rates for unsafe 
rates and for activating the safety shut-off valves When an 
unsafe condition is detected. 

[0046] In some processes, an inert gas such as helium or 
argon is flowed into the process chamber 32 to stabiliZe the 
pressure in the process chamber before reactive process 
gases are introduced. For these processes, the process gas 
control subroutine 162 is programmed to include steps for 
?oWing the inert gas into the process chamber 32 for an 
amount of time necessary to stabiliZe the pressure in the 
process chamber, and then the steps described above are 
carried out. Additionally, When a process gas is to be 
vaporiZed from a liquid precursor, for eXample, BTBAS, the 
process gas control subroutine 162 is Written to include steps 
for injecting a delivery gas, such as helium, through the 
liquid precursor in a liquid vaporiZer-feeder, commonly 
referred to as a precision liquid injection system, one of 
Which is described in US. Pat. No. 5,272,880, Which is 
incorporated by reference herein. As discussed above, the 
desired process gas flow rates are transferred to the process 
gas control subroutine 162 as process parameters. Further 
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more, the process gas control subroutine 162 includes steps 
for controlling the operation of the aforementioned precision 
liquid injection system. 

[0047] The pressure control subroutine 162 comprises 
program code for controlling the pressure in the process 
chamber 32 by regulating the siZe of the opening of the 
throttle valve in the eXhaust system of the process chamber. 
The siZe of the opening of the throttle valve is set to control 
the process chamber pressure, at the desired level, in relation 
to the total process gas ?oW, the siZe of the process chamber, 
and the pumping set-point pressure for the eXhaust system. 
When the pressure control subroutine 164 is invoked, the 
desired or target pressure level is received as a parameter 
from the process chamber manager subroutine 152. The 
pressure control subroutine 164 measures the pressure in the 
process chamber 32 by reading one or more conventional 
pressure manometers connected to the process chamber and 
to compares the measured value(s) With the target pressure 
to obtain PID (proportional, integral, and differential) values 
from a stored pressure table corresponding to the target 
pressure, and to adjust the throttle valve according to the 
PID values obtained from the pressure table. Alternatively, 
the pressure control subroutine 164 can be Written to open or 
close the throttle valve to a particular aperture siZe to 
regulate the process chamber 32 to the desired pressure. 

[0048] The heater control subroutine 166 comprises pro 
gram code for controlling the current to a heating unit that 
is used to heat the pedestal 104 and therefore, a substrate 
(not shoWn) disposed on the pedestal 104. The heater control 
subroutine 166 is also invoked by the process chamber 
manager subroutine 152 and receives a target or set-point 
temperature parameter. The heater control subroutine 166 
measures the temperature by measuring voltage output of a 
thermocouple located in the pedestal 104, comparing the 
measured temperature With the set-point temperature, and 
increasing or decreasing the current applied to the heating 
unit to obtain the set-point temperature. The temperature is 
obtained from the measured voltage by looking up the 
corresponding temperature in a stored conversion table or by 
calculating the temperature using a fourth-order polynomial. 
When an embedded loop is used to heat the pedestal 104, the 
heater control subroutine 166 gradually controls a ramp 
up/doWn of current applied to the loop. Additionally, a 
built-in fail-safe mode can be included to detect process 
safety compliance, and can shut doWn operation of the 
heating unit if the process chamber 32 is not properly set up. 

[0049] A plasma control subroutine (not shoWn) may be 
included to set the loW and high frequency RF poWer levels 
applied to process electrodes in the process chamber 32. In 
this fashion, a plasma cleaning procedure may be employed 
to remove residue from the interior surfaces of the process 
chamber 32. Similarly to the previously described process 
chamber component subroutines, the plasma control sub 
routine is invoked by the process chamber manager subrou 
tine 152. 

[0050] The above description is mainly for illustrative 
purposes, and variations of the above-described system may 
be employed. For eXample, the Wafer could be supported by 
a pedestal and heated by quartZ lamps. The layer and method 
for forming such a layer of the present invention is not 
limited to any speci?c apparatus. 
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[0051] n. 
BTBAS 

[0052] The method of the present invention may be 
employed to deposit improved dielectric ?lms, such as a 
silicon oxide ?lm or a silicon nitride ?lm, in the exemplary 
CVD apparatus 26 described above With respect to FIG. 3. 
Initially, a substrate 172, shoWn in FIG. 6, rests on the 
pedestal 104 and is moved to a deposition Zone located 
proximate to the processing position 118, shoWn in FIG. 3. 
Although the substrate 172, shoWn in FIG. 6, may have 
virtually any topography, the substrate 172 typically 
includes patterned features 174 that may be formed of 
aluminum, tungsten or some other conductor. A dielectric 
layer (not shoWn) is disposed atop the patterned features 174 
by use of the method discussed beloW With respect to FIG. 
7. 

[0053] Referring to FIG. 7, at step 178 a process gas 
including BTBAS, a nitrogen source and an oxygen source 
is ?oWed into the process chamber. The nitrogen source is 
molecular nitrogen, N2, ?oWed into the process chamber at 
a rate of 500 to 2,500 standard cubic centimeters per second 
(sccm), inclusive, but preferably at 2,000 sccm. The oxygen 
source may be Ozone, 03, but preferably is molecular 
oxygen, 02, ?oWed into the process chamber at a rate of 
1,000 to 3,000 sccm. The BTBAS is ?oWed into the process 
chamber at a rate in the range of 400 to 1200 milligrams per 
minute (mgm), inclusive, With 600 mgm being preferred. At 
step 180, the process chamber is pressuriZed to a predeter 
mined pressure level in the range of 1 Torr to 760 Torr, 
inclusive, but preferably 10 Torr. At step 182, the substrate 
temperature is set to a predetermined temperature in the 
range of 500° to 650° C., inclusive, but preferably 6000 C. 
Thereafter, at step 184, the deposition Zone is maintained at 
process conditions suitable for depositing a silicon-contain 
ing dielectric ?lm on the substrate. By use of the aforemen 
tioned method, a silicon oxide dielectric ?lm 176 is depos 
ited at a rate of approximately 1,800 angstroms/minute With 
a uniformity of 14%. The relatively high chamber pressures 
that may be achieved using BTBAS as a silicon source 
provide superior step coverage While reducing the present of 
gaps as shoWn in FIG. 8. 

[0054] Referring to FIGS. 8 and 9, another embodiment 
replaces the oxygen source With an additional nitrogen 
source, such as ammonia, NH3, to facilitate deposition of a 
silicon nitride dielectric ?lm at step 278. In this method, 
molecular nitrogen, N2, is ?oWed into the process chamber 
at a rate of 500 to 2,500 standard cubic centimeters per 
second (sccm), inclusive, but preferably at 2,000 sccm. 
Ammonia is ?oWed into the process chamber at a rate in the 
range of 100 to 300 sccm, inclusive, With 200 sccm being 
preferred. The BTBAS is ?oWed into the process chamber at 
a rate in the range of 400 to 1200 milligrams per minute 
(mgm), inclusive, With of 800 mgm being preferred. At step 
280, the process chamber is pressuriZed to a predetermined 
pressure level in the range of 1 Torr to 760 Torr, With 600 
Torr being preferred. At step 282, the substrate temperature 
is set to a predetermined temperature in the range of 500° to 
650° C., inclusive, but preferably 600° C. Thereafter, at step 
184, the deposition Zone is maintained at process conditions 
suitable for depositing a silicon-containing dielectric ?lm on 
the substrate. By use of these steps, a silicon nitride dielec 
tric ?lm, such as SiN, is deposited at a rate of approximately 
50 angstroms/minute With a uniformity of 14%. The rela 
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tively high chamber pressure that may be achieved using 
BTBAS provides superior step coverage, While reducing the 
present of gaps in the dielectric ?lm. 

[0055] An additional advantage is provided by employing 
BTBAS as a precursor for silicon nitride deposition, results 
from self-decomposition of the precursor. In this manner, 
BTBAS may be employed in a process gas that does not 
include additional nitrogen containing molecule, e.g. N2 or 
NH3. As seen in FIG. 10, the self-decomposition reaction 
mechanism results from the breaking of the nitrogen-carbon 
bond 900. This decouples the silicon-nitrogen bond 902 
from the BTBAS molecule that facilitates formation of a 
silicon-nitride, SiN, ?lm. The presence of the silicon-nitro 
gen bond 902 alloWs the BTBAS precursor to deposit 
silicon-nitride ?lms using any reactant molecule indepen 
dent of the presence of a nitrogen atom therein. In this 
fashion, the key factor in choosing a reactant molecule is the 
ability of the same to breaking the nitrogen-carbon bond 
900, as Well as removing hydrocarbon byproducts. 

[0056] A reactant that includes an additional nitrogen 
source may alter the reaction path, and thus enhance the 
BTBAS reactivity. For example, use of molecular nitrogen, 
N2, as a carrier gas to deliver BTBAS vapor may triple the 
deposition rate, compared to a helium, He, carrier gas. 
Depending on the by-product formation, the impurities 
inside the nitride ?lm, such as H and C content, can be 
optimiZed to yield the best ?lm quality. 

[0057] Although BTBAS has been discussed With respect 
to formation of silicon oxide and silicon nitride ?lms, it 
should be understood that BTBAS may be employed to form 
other types of dielectric ?lms. The scope of the invention, 
therefore, should not be determined not With reference to the 
above description, but should be determined With reference 
to the appended claims along With their full scope of 
equivalents. 

What is claimed is: 
1. A method for depositing a dielectric layer upon a 

substrate disposed in a deposition Zone of a process cham 
ber, comprising: 

?oWing, into said process chamber, a process gas includ 
ing bistertiarybutylaminesilane (BTBAS), and a nitro 
gen source; and 

maintaining said deposition Zone at process conditions 
suitable for depositing a silicon-containing dielectric 
?lm on said substrate. 

2. The method as recited in claim 1 Wherein said process 
gas further includes an oxygen source. 

3. The method as recited in claim 1 Wherein said nitrogen 
source includes ammonia, NH3. 

4. The method as recited in claim 1 Wherein said nitrogen 
source includes molecular nitrogen, N2. 

5. The method as recited in claim 1 further including 
establishing a pressure Within said process chamber to a 
predetermined pressure level no greater than 760 Torr. 

6. The method as recited in claim 5 further including 
establishing a pressure Within said process chamber to a 
predetermined pressure level no less than 1 Torr. 

7. The method as recited in claim 1 further including 
establishing a pressure Within said process chamber to be no 
greater than 625 Torr. 
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8. The method as recited in claim 7 further including 
establishing a pressure Within said process chamber to a 
predetermined level no less than 1 Torr. 

9. The method as recited in claim 1 further including 
heating said substrate to a predetermined temperature in the 
range of 500° to 650° C., inclusive. 

10. The method as recited in claim 2 Wherein said oxygen 
source includes molecular oxygen, 02. 

11. The method as recited in claim 2 Wherein said oxygen 
source includes oZone, O3. 

12. The method as recited in claim 1 Wherein said 
deposition Zone said process gas enters said process cham 
ber at a point separated from said substrate approximately 
240 mils. 

13. The method as recited in claim 2 Wherein said process 
gas includes three ?oWs of gases, including a How of said 
oxygen source, a How of said nitrogen source and a How of 
said BTBAS, With said How of BTBAS entering said process 
chamber at a rate in the range of 400-1200 mgm, inclusive. 

14. The method as recited in claim 13 Wherein said How 
of said oxygen source enters said process chamber at a rate 

in the range of 1,000 to 3,000 sccm, inclusive. 
15. A method for depositing a dielectric layer upon a 

substrate disposed in a deposition Zone of a process cham 
ber, comprising: 

?oWing, into said process chamber, a process gas includ 
ing bistertiarybutylaminesilane (BTBAS) and an oxy 
gen source; 

establishing said process chamber to be at a predeter 
mined pressure level; 

heating said substrate to a predetermined temperature; and 

maintaining said deposition Zone at process conditions 
suitable for depositing a silicon-containing dielectric 
?lm on said substrate. 

16. The method as recited in claim 15 Wherein said 
predetermined pressure level is no greater than 760 Torr. 

17. The method as recited in claim 15 Wherein said 
predetermined temperature is in the range of 500° to 650° 
C., inclusive. 
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18. The method as recited in claim 15 Wherein said 
oxygen source includes molecular oxygen, O2. 

19. The method as recited in claim 15 Wherein said 
oxygen source includes Ozone, 03. 

20. A substrate processing system comprising: 

a housing for forming a process chamber; 

a substrate moving system for moving said substrate into 
said process chamber and positioning said substrate on 
said substrate holder; 

a gas delivery system for introducing a process gas into 
said process chamber to deposit a layer over said 
substrate; 

a temperature control system for maintaining a selected 
temperature Within said process chamber; 

a pressure control system for maintaining a selected 
pressure Within said vacuum system; 

a controller for controlling said gas delivery system, said 
temperature control system and said pressure control 
system; and 

a memory data communication With said controller con 
taining a computer program, to be operated on by said 
controller, for practicing a process comprising the steps 
of: 

?oWing, into said process chamber, a process gas 
including bistertiarybutylaminesilane (BTBAS), and 
a nitrogen source; 

establishing said process chamber to be at a predeter 
mined pressure level; 

heating said substrate to a predetermined temperature; 
and 

maintaining said deposition Zone at process conditions 
suitable for depositing a silicon-containing dielectric 
?lm on said substrate. 


