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(57) ABSTRACT 

Embodiments of the present invention provide a method of 
reducing damage to the substrate support by the cleaning gas 
during a cleaning process of the processing chamber, such as 
by reducing aluminum ?uoride formation on the substrate 
support. In one embodiment, a method of cleaning a semi 
conductor process chamber Which is used for processing a 
substrate disposed on a surface of a substrate support 
comprises introducing a cleaning gas into a process chamber 
through an inlet facing a surface of a substrate support. The 
inlet is spaced from the surface of the substrate support by 
a clean spacing. Reactive species are provided from the 
cleaning gas to clean the process chamber. The clean spacing 
is substantially greater than a process spacing betWeen the 
inlet and the surface of the substrate support during pro 
cessing of a substrate on the substrate support in the process 
chamber. 
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REDUCTION OF REACTIVE GAS ATTACK ON 
SUBSTRATE HEATER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to semicon 
ductor processing and, more particularly, to an improved 
process for cleaning a semiconductor processing chamber by 
minimizing negative effects of the cleaning procedure. 

[0002] One of the primary steps in the fabrication of 
modern semiconductor devices is the formation of a thin 
?lm on a semiconductor substrate by chemical reaction of 
gases. Such a deposition process is referred to as chemical 
vapor deposition (CVD). Conventional thermal CVD pro 
cesses supply reactive gases to the substrate surface Where 
heat-induced chemical reactions can take place to produce 
the desired ?lm. Plasma enhanced CVD (PECVD) processes 
promote excitation and/or dissociation of reactant gases by 
application of radio frequency (RF) energy to the reaction 
Zone proXimate to the substrate surface thereby creating a 
plasma of highly reactive species. The high reactivity of the 
released species reduces the energy required for a chemical 
reaction to take place, and thus loWers the required tem 
perature for such CVD processes. 

[0003] The substrate rests on a substrate support during 
processing in the chamber such as the formation of a layer 
on the substrate. The substrate support typically is a sub 
strate heater Which supports and heats the substrate during 
substrate processing. The substrate rests above the heater 
surface of the heater and heat is supplied to the bottom of the 
substrate. Some substrate heaters are resistively heated, for 
eXample, by electrical heating elements such as resistive 
coils disposed beloW the heater surface or embedded in a 
plate having the heater surface. The heat from the substrate 
heater is the primary source of energy in thermally driven 
processes such as thermal CVD for depositing layers includ 
ing undoped silicate glass (USG), doped silicate glass (e.g., 
borophosphosilicate glass (BPSG)), and the like. In some 
PECVD processes such as the deposition of certain nitride 
?lms, the heater temperature can also be quite high (e.g., 
above 500° C.). The substrate support typically supports the 
substrate opposite a gas distribution faceplate through Which 
a reactant gas is supplied to the chamber. The faceplate is 
part of the gas distribution member for supplying one or 
more gases to the chamber. 

[0004] The chamber is cleaned periodically by ?oWing a 
clean gas ?oW through the chamber. The clean gas typically 
includes reactive radicals such as ?uorine. For a substrate 

support made of AlN or the like, aluminum ?uoride formation occurs on the surface of the substrate support or 

substrate heater during the cleaning process. Traditionally, it 
is understood that by reducing the AlN substrate heater 
temperature, the rate of AlFX formation can be reduced. At 
a heater temperature of around 530° C. or higher, the AlN 
heater Will be more readily attacked by the ?uorine radicals 
to form AlFX. The lift pin holes are attacked and as AlFX is 
formed, the lift pin holes become enlarged. The substrate 
support surface also becomes damaged as the Al in the AlN 
is used to form AlFX. The resulting AlFX is knoWn to 
sublimate to colder and close surfaces on other parts of the 
chamber including the ceramic liners and the faceplate. 

BRIEF SUMMARY OF THE INVENTION 

[0005] Embodiments of the present invention provide a 
method of reducing damage to the substrate support by the 
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cleaning gas during a cleaning process of the semiconductor 
processing chamber, such as by reducing aluminum ?uoride 
formation on the substrate support. This is done Without a 
hardWare change or process temperature change. Instead, by 
increasing the spacing betWeen the faceplate and the sub 
strate support surface during the cleaning process, the dam 
age such as AlFX formation can be reduced. This invention 
also reduces the amount of AlFX deposited on ceramic liners 
and faceplate, and prevents premature chamber failure. 

[0006] One aspect of the present invention is directed to a 
method of cleaning a semiconductor process chamber Which 
is used for processing a substrate disposed on a surface of a 
substrate support. The method comprises introducing a 
cleaning gas into a process chamber through an inlet facing 
a surface of a substrate support. The inlet is spaced from the 
surface of the substrate support by a clean spacing. Reactive 
species are provided from the cleaning gas to clean the 
process chamber. The clean spacing is substantially greater 
than a process spacing betWeen the inlet and the surface of 
the substrate support during processing of a substrate on the 
substrate support in the process chamber. 

[0007] In some embodiments, the clean spacing is at least 
about 4 times the process spacing, more desirably at least 
about 7 times the process spacing. The reactive species 
comprise ?uorine radicals. The reactive species may be 
generated by remote plasma from the cleaning gas and 
introduced into the process chamber through the inlet. The 
temperature of the substrate support during cleaning is 
substantially identical to the temperature of the substrate 
support during processing of the substrate on the substrate 
support. The temperature of the substrate support during 
cleaning may be higher than about 500° C. The clean 
spacing is at least about 1.3 inches, and may be about 2.1 
inches. The process chamber has a pressure of about 1.5-6 
torr during cleaning of the process chamber. 

[0008] In accordance With another aspect of the invention, 
a method of cleaning a semiconductor process chamber 
Which is used for processing a substrate disposed on a 
surface of a substrate support comprises introducing a 
cleaning gas into a process chamber through an inlet facing 
a surface of a substrate support. The inlet is spaced from the 
surface of the substrate support by a clean spacing. Reactive 
species are produced from the cleaning gas to clean the 
process chamber. The clean spacing is at least about 1.3 
inches. 

[0009] In accordance With another aspect of the invention, 
a method of processing a substrate on a substrate support 
disposed in a process chamber comprises processing a 
substrate on a surface of a substrate support disposed in a 
process chamber by introducing a process gas into the 
process chamber through an inlet facing the surface of a 
substrate support. The inlet is spaced from the surface of the 
substrate support by a process spacing. The method further 
comprises removing the substrate from the process chamber; 
and introducing a cleaning gas into the process chamber 
through the inlet facing the surface of a substrate support. 
The inlet is spaced from the surface of the substrate support 
by a clean spacing. Reactive species are provided from the 
cleaning gas to clean the process chamber. The clean spacing 
is substantially greater than the process spacing. 

[0010] In accordance With another aspect of the present 
invention, a substrate processing system for processing a 
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substrate comprises a housing forming a chamber, the cham 
ber including a substrate support having a surface for 
supporting a substrate to be processed in the chamber; a gas 
distribution system con?gured to introduce one or more 
gases into the chamber via an inlet; an adjustment mecha 
nism coupled to the substrate support to adjust a position of 
the substrate support With respect to the inlet and change a 
spacing betWeen the inlet and the surface of the substrate 
support; a controller, including a computer, con?gured to 
control the substrate processing system; and a memory 
coupled to the controller and including a computer-readable 
medium having a computer-readable program embodied 
therein for directing operation of the substrate processing 
system. The computer-readable program code includes a 
?rst set of computer instructions for controlling the adjust 
ment mechanism to provide a process spacing betWeen the 
inlet and the surface of the substrate support; a second set of 
computer instructions for controlling the gas distribution 
system to introduce a process gas into the process chamber 
through the inlet to process a substrate disposed on the 
surface of a substrate support; a third set of computer 
instructions for controlling the substrate processing system 
to remove the substrate from the process chamber; a fourth 
set of computer instructions for controlling the adjustment 
mechanism to provide a clean spacing betWeen the inlet and 
the surface of the substrate support, the clean spacing being 
substantially greater than the process spacing; a ?fth set of 
computer instructions for controlling the gas distribution 
system to introduce a cleaning gas into the process chamber 
through the inlet facing the surface of the substrate support; 
and a sixth set of computer instructions for controlling the 
substrate processing system to provide reactive species from 
the cleaning gas to clean the process chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a perspective vieW of one embodiment of 
a processing chamber of the present invention; 

[0012] FIG. 2 is a cross sectional vieW of one embodiment 
of a processing chamber of the present invention; 

[0013] FIG. 3 is an exploded vieW of the gas distribution 
assembly; 
[0014] FIG. 4 is a top vieW of the processing chamber of 
FIG. 1 With the lid removed; 

[0015] FIG. 5 is a perspective vieW of a remote plasma 
chamber mounted on a processing chamber; 

[0016] FIG. 6 is a cross sectional vieW of a remote plasma 
chamber mounted on a processing chamber; 

[0017] FIG. 7 is an illustrative block diagram of the 
hierarchical control structure of a computer program for 
process control; and 

[0018] FIG. 8 is a close-up cross-sectional vieW of the 
processing chamber illustrating the gas ?oW betWeen the 
faceplate and the surface of the heater pedestal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] FIG. 1 shoWs a perspective vieW of one embodi 
ment of a tandem processing chamber 106 of the present 
invention. Chamber body 602 is mounted or otherWise 
connected to a transfer chamber and includes tWo processing 
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regions in Which individual Wafers are concurrently pro 
cessed. The chamber body 602 supports a lid 604 Which is 
hingedly attached to the chamber body 602 and includes one 
or more gas distribution systems 608 disposed therethrough 
for delivering reactant and cleaning gases into multiple 
processing regions. 

[0020] FIG. 2 shoWs a schematic cross-sectional vieW of 
the chamber 106 de?ning tWo processing regions 618, 620. 
Chamber body 602 includes sideWall 612, interior Wall 614 
and bottom Wall 616 Which de?ne the tWo processing 
regions 618, 620. The bottom Wall 616 in each processing 
region 618, 620 de?nes at least tWo passages 622, 624 
through Which a stem 626 of a pedestal heater 628 and a rod 
630 of a Wafer lift pin assembly are disposed, respectively. 
Apedestal lift assembly and the Wafer lift Will be described 
in detail beloW. 

[0021] The sideWall 612 and the interior Wall 614 de?ne 
tWo cylindrical annular processing regions 618, 620. A 
circumferential pumping channel 625 is formed in the 
chamber Walls de?ning the cylindrical processing regions 
618, 620 for exhausting gases from the processing regions 
618, 620 and controlling the pressure Within each region 
618, 620. A chamber liner or insert 627, preferably made of 
ceramic or the like, is disposed in each processing region 
618, 620 to de?ne the lateral boundary of each processing 
region and to protect the chamber Walls 612, 614 from the 
corrosive processing environment and to maintain an elec 
trically isolated plasma environment betWeen the electrodes. 
The liner 627 is supported in the chamber on a ledge 629 
formed in the Walls 612, 614 of each processing region 618, 
620. The liner includes a plurality of exhaust ports 631, or 
circumferential slots, disposed therethrough and in commu 
nication With the pumping channel 625 formed in the 
chamber Walls. In a speci?c embodiment, there are about 
tWenty four ports 631 disposed through each liner 627 Which 
are spaced apart by about 15° and located about the periph 
ery of the processing regions 618, 620. While tWenty four 
ports are preferred, any number can be employed to achieve 
the desired pumping rate and uniformity. In addition to the 
number of ports, the height of the ports relative to the face 
plate of the gas distribution system is controlled to provide 
an optimal gas ?oW pattern over the Wafer during process 
mg. 

[0022] FIG. 4 shoWs a cross sectional vieW of the chamber 
illustrating the exhaust system of the present embodiment. 
The pumping channels 625 of each processing region 618, 
620 are desirably connected to a common exhaust pump via 
a common exhaust channel 619. The exhaust channel 619 is 
connected to the pumping channel 625 of each region 618, 
620 by exhaust conduits 621. The exhaust channel 619 is 
connected to an exhaust pump via an exhaust line (not 
shoWn). Each region is desirably pumped doWn to a selected 
pressure by the pump and the connected exhaust system 
alloWs equalization of the pressure Within each region. 

[0023] Referring back to FIG. 2, each of the processing 
regions 618, 620 also desirably include a gas distribution 
assembly 608 disposed through the chamber lid 604 to 
deliver gases into the processing regions 618, 620, typically 
from the same gas source. The gas distribution system 608 
of each processing region includes a gas inlet passage 640 
Which delivers gas into a shoWer head assembly 642. The 
shoWer head assembly 642 is comprised of an annular base 
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plate 648 having a blocker plate 644 disposed intermediate 
a face plate 646. An RF feedthrough provides a bias poten 
tial to the shoWerhead assembly 642 to facilitate generation 
of a local plasma betWeen the face plate 646 of the shoW 
erhead assembly 642 (upper electrode) and the heater ped 
estal 628 (loWer electrode). A cooling channel 652 is formed 
in a base plate 648 of each gas distribution system 608 to 
cool the plate during operation. An inlet 655 delivers a 
coolant ?uid, such as Water or the like, into the channels 652 
Which are connected to each other by coolant line 657. The 
cooling ?uid exits the channel through a coolant outlet 659. 
Alternatively, the cooling ?uid is circulated through the 
manifold. 

[0024] The chamber body 602 de?nes a plurality of ver 
tical gas passages for each reactant gas and cleaning gas 
suitable for the selected process to be delivered in the 
chamber through the gas distribution system. Gas inlet 
connections 641 are disposed at the bottom of the chamber 
106 to connect the gas passages formed in the chamber Wall 
to the gas inlet lines 639. An o-ring is provided around each 
gas passage formed through the chamber Wall on the upper 
surface of the chamber Wall to provide sealing connection 
With the lid as shoWn in FIG. 4. The lid includes matching 
passages to deliver the gas from the loWer portion of the 
chamber Wall into a gas inlet manifold 670 positioned on top 
of the chamber lid as shoWn in FIG. 3. The reactant gases 
are delivered through a voltage gradient feed-through 672 
and into a gas outlet manifold 674 Which is connected to a 
gas distribution assembly. 

[0025] The gas input manifold 670 channels process gases 
from the chamber gas feedthroughs into the constant voltage 
gradient gas feedthroughs, Which are grounded. Gas feed 
tubes (not shoWn) deliver or route the process gases through 
the voltage gradient gas feedthroughs 672 and into the outlet 
manifold 674. Resistive sleeves surround the gas feed tubes 
to cause a linear voltage drop across the feedthrough pre 
venting a plasma in the chamber from moving up the gas 
feed tubes. The gas feed tubes may be made of quartZ and 
the sleeves may be made of a composite ceramic. The gas 
feed tubes are disposed Within an isolating block Which 
contains coolant channels to control temperature and prevent 
heat radiation and also to prevent liquefaction of process 
gases. The insulating block is typically made of DelrinTM. 
The quartZ feed tubes deliver gas into a gas output manifold 
674 Which channels the process gases to the blocker plate 
644 and into the gas distribution plate 646. 

[0026] The gas input manifold 670 (see FIG. 3) also 
de?nes a passage Which delivers cleaning gases from a 
chamber gas feedthrough into the remote plasma source. 
These gases bypass the voltage gradient feedthroughs and 
are fed into a remote plasma source Where the gases are 
activated into various excited species. The excited species 
are then delivered to the gas distribution plate at a point just 
beloW the blocker plate through a conduit disposed in gas 
inlet passage 640. The remote plasma source and delivery of 
reactant cleaning gases Will be described in detail beloW. 

[0027] FIG. 2 shoWs a heater pedestal 628 Which is 
movably disposed in each processing region 618, 620 by a 
stem 626 Which is connected to the underside of a support 
plate and extends through the bottom of the chamber body 
602 Where it is connected to a drive system 603. The stem 
626 is typically a circular, tubular, aluminum member, 
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having an upper end disposed in supporting contact With the 
underside of the heater pedestal 628 and a loWer end closed 
off With a cover plate. The loWer end of the stem is received 
in a cup shaped sleeve, Which forms the connection of the 
stem to the drive system. The stem 626 mechanically 
positions the heater pedestal 628 Within the processing 
region and also forms an ambient passageWay through 
Which a plurality of heater plate connections can extend. 
Each heater pedestal 628 may include heating elements to 
heat a Wafer positioned thereon to a desired process tem 
perature. The heating elements may include for example a 
resistive heating element. Alternatively, the heater pedestal 
may be heated by an outside heating element such as a lamp. 
A pedestal used to advantage in the present embodiment is 
available from Applied Materials, Inc., of Santa Clara, Calif. 
The pedestal may also support an electrostatic chuck, a 
vacuum chuck or other chucking device to secure a Wafer 
thereon during processing. 

[0028] The stem 626 moves upWardly and doWnWardly in 
the chamber to move the heater pedestal 628 to position a 
Wafer thereon or remove a Wafer therefrom for processing. 
AWafer positioning assembly includes a plurality of support 
pins 651 Which move vertically With respect to the heater 
pedestal 628 and are received in bores 653 disposed verti 
cally through the pedestal. Each pin 651 includes a cylin 
drical shaft 659 terminating in a loWer spherical portion 661 
and an upper truncated conical head 663 formed as an 
outWard extension of the shaft. The bores 653 in the heater 
pedestal 628 include an upper, countersunk portion siZed to 
receive the conical head 663 therein such that When the pin 
651 is fully received into the heater pedestal 628, the head 
does not extend above the surface of the heater pedestal. 

[0029] The lift pins 651 move partially in conjunction 
With, and partially independent of, the heater pedestal 628 as 
the pedestal moves Within the processing region. The lift 
pins can extend above the pedestal 628 to alloW the robot 
blade to remove the Wafer from the processing region, but 
must also sink into the pedestal to locate the Wafer on the 
upper surface of the pedestal for processing. To move the 
pins 651, the Wafer positioning assembly includes an annu 
lar pin support 655 Which is con?gured to engage loWer 
spherical portions 661 of the lift pins 651 and a drive 
member Which positions the pin support 655 to selectively 
engage the lift pins 651 depending on the position of the 
heater pedestal 628 Within the processing region. The pin 
support 655, typically made from ceramic, extends around 
the stem 626 beloW the heater pedestal 628 to selectively 
engage the loWer spherical portions of the support pins. 

[0030] Adrive assembly lifts and loWers the shaft 630 and 
connected pin support 655 to move the pins 651 upWardly 
and doWnWardly in each processing region 618, 620. The pin 
drive member is desirably located on the bottom of the 
chamber 106 to control the movement of the pin support 
platform 655 With respect to the pedestal heater 628. 

[0031] The vacuum control system for the processing 
system 100 of the present embodiment may include a 
plurality of vacuum pumps in communication With various 
regions of the system, With each region having its oWn 
setpoint pressure. HoWever, the transfer of Wafers from one 
chamber or region to another chamber or region is per 
formed by opening slit valves Which alloW the environments 
of the communicating regions to mix someWhat and the 
pressures to equilibrate. 
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[0032] FIGS. 5 and 6 show a perspective and cross 
sectional vieW of a remote clean module 800 of the present 
embodiment. The remote clean module 800 is connected to 
the processing regions 618, 620 of chamber 106 (FIG. 2) 
through the inlet port 820. The remote clean module 800 
supplies gas that is used to remove deposited material from 
the interior surfaces of the chamber after a sequence of 
process runs. 

[0033] The remote clean module 800 includes a source of 
a precursor gas 804, a remote activation chamber 806 Which 
is located outside of the processing chamber 106, a poWer 
source 808 for activating the precursor gas Within the remote 
activation chamber, an electronically operated valve and 
How control mechanism 810, and a conduit or pipe 812 
connecting the remote chamber to the processing chamber 
via a conduit 811. The valve and How control mechanism 
810 delivers gas from the source of precursor gas 804 into 
the remote activation chamber 806 at a user-selected ?oW 
rate. The activation chamber 806 includes an aluminum 
enclosure 803 having a gas feed tube 813 disposed there 
through. The poWer source 808 generates microWaves Which 
are guided by a Wave guide 805 into the enclosure 803. The 
tube 813 is transparent to microWaves so that the micro 
Waves penetrate the tube and activate the precursor gas to 
form a reactive species Which is then ?oWed through the 
conduit 812 into the gas distribution assembly and then into 
a processing chamber. In other Words, the upper electrode or 
shoWer head 642 is used to deliver the reactive gas into the 
processing regions of the chamber (FIG. 2). In the described 
embodiment, the remote chamber is a ceramic tube and the 
poWer source is a 2.54 GHZ microWave generator With its 
output aimed at the ceramic tube. In alternative embodi 
ments, a remote plasma source may be used Which does not 
employ microWave to generate reactive species. An example 
is a top-mounted ASTRONTM generator available from 
Applied Science and Technology, Inc. of Woburn, Mass., 
Which utiliZes a loW-?eld toroidal (LFTTM) plasma to dis 
sociate a process gas. 

[0034] Optionally, there may also be a source of a minor 
carrier gas 814 that is connected to the remote activation 
chamber through another valve and How control mechanism 
816. The minor carrier gas aids in the transport of the 
activated species to the deposition chamber. The gas can be 
any appropriate nonreactive gas that is compatible With the 
particular cleaning process With Which it is being used. For 
example, the minor carrier gas may be argon, nitrogen, 
helium, hydrogen, or oxygen, etc. In addition to aiding in the 
transport of activated species to the deposition chamber, the 
carrier gas may also assist in the cleaning process or help 
initiate and/or stabiliZe the plasma in the deposition cham 
ber. 

[0035] In the described embodiment, there is a ?lter 818 in 
the conduit or pipe through Which the activated species 
passes before entering the deposition chamber. The ?lter 
removes particulate matter that might have been formed 
during the activation of the reactive species. In the described 
embodiment, the ?lter is made of ceramic material having a 
pore siZe of about 0.01 to about 0.03 microns. Of course, 
other materials can also be used such as, for example, Te?on. 

[0036] In the described embodiment, the precursor is NF3. 
By using NF3 as the feed gas, chambers that have been 
deposited With silicon (Si), doped silicon, silicon nitride 
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(Si3N+4) and silicon oxide (SiO2) can be cleaned. The 
cleaning rate for deposited ?lm is about 2 microns/minute 
for silicon nitride and about 1 micron/minute for silicon, 
doped silicon, and silicon oxide. These cleaning rates are 
tWo to four times faster than the conventional cleaning 
process Which employs only a local plasma With a poWer 
level of about 1 to about 2 kiloWatts at 13.56 MHZ RF. 

[0037] Though a microWave generator is used in the 
described embodiment to activate the precursor gas, any 
poWer source that is capable of activating the precursor gas 
can be used. For example, both the remote and local plasmas 
can employ DC, radio frequency (RF), and microWave 
(MW) based discharge techniques. In addition, if an RF 
poWer source is used, it can be either capacitively or 
inductively coupled to the inside of the chamber. The 
activation can also be performed by a thermally based, gas 
break-doWn technique, a high intensity light source, or an 
x-ray source, to name just a feW. 

[0038] In general, the reactive gases may be selected from 
a Wide range of options, including the commonly used 
halogens and halogen compounds. For example, the reactive 
gas may be chlorine, ?uorine or compounds thereof, e.g., 
NF3, CF4, SF6, CZFG, CCl4, C2Cl6, C3F8, and C4F1O. Of 
course, the particular gas that is used depends on the 
deposited material Which is being removed, as Well as other 
performance and cost factors. For example, in a tungsten 
deposition system, a ?uorine compound gas is typically used 
to etch and/or remove the deposited tungsten. 

[0039] The system controller operates under the control of 
a computer program stored on the hard disk drive of a 
computer. The computer program dictates the process 
sequencing and timing, mixture of gases, chamber pressures, 
RF poWer levels, susceptor positioning, slit valve opening 
and closing, Wafer heating and other parameters of a par 
ticular process. The interface betWeen a user and the system 
controller may be via a CRT monitor and lightpen. In a 
speci?c embodiment tWo monitors are used, one monitor 
mounted in the clean room Wall for the operators and the 
other monitor behind the Wall for the service technicians. 
Both monitors simultaneously display the same information 
but only one lightpen is enabled. The lightpen detects light 
emitted by the CRT display With a light sensor in the tip of 
the pen. To select a particular screen or function, the 
operator touches a designated area of the display screen and 
pushes the button on the pen. The display screen generally 
con?rms communication betWeen the lightpen and the 
touched area by changing its appearance, i.e., highlight or 
color, or displaying a neW menu or screen. 

[0040] Avariety of processes can be implemented using a 
computer program product that runs on, for example, the 
system controller. The computer program code can be Writ 
ten in any knoWn computer readable programming language 
such as for example 68000 assembly language, C, C++, or 
Pascal. Suitable program code is entered into a single ?le, or 
multiple ?les, using a knoWn text editor, and stored or 
embodied in a computer usable medium, such as a memory 
system of the computer. 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 pre 
compiled library routines. To execute the linked compiled 
object code, the system user invokes the object code, caus 
ing the computer system to load the code in memory, from 
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Which the CPU reads and executes the code to perform the 
tasks identi?ed in the program. 

[0041] FIG. 7 shoWs an illustrative block diagram of a 
hierarchical control structure of the computer program 1410 
according to one embodiment. A user enters a process set 
number and process chamber number into a process selector 
subroutine 1420 in response to menus or screens displayed 
on the CRT monitor by using the lightpen interface. The 
process sets provide predetermined sets of process param 
eters necessary to carry out speci?ed processes, and are 
identi?ed by prede?ned set numbers. The process selector 
subroutine 1420 identi?es the desired process chamber, 
and (ii) the desired set of process parameters needed to 
operate the process chamber for performing the desired 
process. The process parameters for performing a speci?c 
process relate to process conditions such as, for example, 
process gas composition and How rates, temperature, pres 
sure, plasma conditions such as RF bias poWer levels and 
magnetic ?eld poWer levels, cooling gas pressure, and 
chamber Wall temperature and are provided to the user in the 
form of a recipe. The parameters speci?ed by the recipe are 
entered in any suitable manner, such as by utiliZing the 
lightpen/CRT monitor interface. 

[0042] Electronic signals provided by various instruments 
and devices for monitoring the process are provided to the 
computer through the analog input and digital input boards 
of the system controller. Any knoWn method of monitoring 
the process chambers can be used, such as polling. Further 
more, electronic signals for operating various process con 
trollers or devices are output through the analog output and 
digital output boards of the system controller. The quantity, 
type and installation of these monitoring and controlling 
devices may vary from one system to the next according to 
the particular end use of the system and the degree of 
process control desired. The speci?cation or selection of 
particular devices, such as the optimal type of thermocouple 
for a particular application, is knoWn by persons With skill 
in the art. 

[0043] A process sequencer subroutine 1430 comprises 
program code for accepting the identi?ed process chamber 
number and set of process parameters from the process 
selector subroutine 1420, 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 chamber numbers, so the 
sequencer subroutine 1430 operates to schedule the selected 
processes in the desired sequence. Preferably, the process 
sequencer subroutine 1430 includes program code to per 
form the steps of monitoring the operation of the process 
chambers to determine if the chambers are being used, (ii) 
determining What processes are being carried out in the 
chambers being used, and (iii) executing the desired process 
based on availability of a process chamber and type of 
process to be carried out. When scheduling Which process is 
to be executed, the sequencer subroutine 1430 can be 
designed to take 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 the scheduling priorities. 
[0044] Once the sequencer subroutine 1430 determines 
Which process chamber and process set combination is going 
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to be executed next, the sequencer subroutine 1430 causes 
execution of the process set by passing the particular process 
set parameters to a chamber manager subroutine 1440a-c 
Which controls multiple processing tasks in a process cham 
ber 106 according to the process set determined by the 
sequencer subroutine 1430. For example, the chamber man 
ager subroutine 1440a comprises program code for control 
ling sputtering and CVD process operations in the process 
chamber 106. The chamber manager subroutine 1440 also 
controls execution of various chamber component subrou 
tines Which control operation of the chamber component 
necessary to carry out the selected process set. Examples of 
chamber component subroutines are Wafer positioning sub 
routine 1450, process gas control subroutine 1460, pressure 
control subroutine 1470, heater control subroutine 1480, and 
plasma control subroutine 1490. Those having ordinary skill 
in the art Will recogniZe that other chamber control subrou 
tines can be included depending on What processes are 
desired to be performed in the process chamber 106. In 
operation, the chamber manager subroutine 1440a selec 
tively schedules or calls the process component subroutines 
in accordance With the particular process set being executed. 
The chamber manager subroutine 1440a schedules the pro 
cess component subroutines similarly to hoW the sequencer 
subroutine 1430 schedules Which process chamber 106 and 
process set is to be executed next. Typically, the chamber 
manager subroutine 1440a includes steps of monitoring the 
various chamber components, determining Which compo 
nents need to be operated based on the process parameters 
for the process set to be executed, and causing execution of 
a chamber component subroutine responsive to the moni 
toring and determining steps. 
[0045] Operation of particular chamber components sub 
routines Will noW be described With reference to FIG. 7. The 
Wafer positioning subroutine 1450 comprises program code 
for controlling chamber components that are used to load the 
Wafer onto the pedestal 628, and optionally to lift the Wafer 
to a desired height in the chamber 106 to control the spacing 
betWeen the Wafer and the shoWerhead 642. When Wafers 
are loaded into the chamber 106, the pedestal 628 is loWered 
and the lift pin assembly is raised to receive the Wafer and, 
thereafter, the pedestal 628 is raised to the desired height in 
the chamber, for example to maintain the Wafer at a ?rst 
distance or spacing from the gas distribution manifold 
during the CVD process. In operation, the Wafer positioning 
subroutine 1450 controls movement of the lift assembly and 
pedestal 628 in response to process set parameters related to 
the support height that are transferred from the chamber 
manager subroutine 1440a. 

[0046] The process gas control subroutine 1460 has pro 
gram code for controlling process gas composition and How 
rates. The process gas control subroutine 1460 controls the 
open/close position of the safety shut-off valves, and also 
ramps up/doWn the mass ?oW controllers to obtain a desired 
gas ?oW rate. The process gas control subroutine 1460 is 
invoked by the chamber manager subroutine 1440a, as are 
all chamber components subroutines, and receives from the 
chamber manager subroutine process parameters related to 
the desired gas ?oW rate. Typically, the process gas control 
subroutine 1460 operates by opening a single control valve 
betWeen the gas source and the chamber 106 gas supply 
lines, and repeatedly measuring the mass ?oW rate, (ii) 
comparing the actual ?oW rate to the desired ?oW rate 
received from the chamber manager subroutine 1440a, and 
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(iii) adjusting the ?oW rate of the main gas supply line as 
necessary. Furthermore, the process gas control subroutine 
1460 includes steps for monitoring the gas ?oW rate for an 
unsafe rate, and activating a safety shut-off valve When an 
unsafe condition is detected. 

[0047] In some processes, an inert gas such as argon is 
provided into the chamber 106 to stabilize the pressure in the 
chamber before reactive process gases are introduced into 
the chamber. For these processes, the process gas control 
subroutine 1460 is programmed to include steps for ?oWing 
the inert gas into the chamber 106 for an amount of time 
necessary to stabiliZe the pressure in the chamber, and then 
the steps described above Would be carried out. Additionally, 
When a process gas is to be vaporiZed from a liquid precur 
sor, for eXample tetraethylorthosilane (TEOS), the process 
control subroutine 1460 Would be Written to include steps 
for bubbling a delivery gas such as helium through the liquid 
precursor in a bubbler assembly. For this type of process, the 
process gas control subroutine 1460 regulates the ?oW of the 
delivery gas, the pressure in the bubbler, and the bubbler 
temperature in order to obtain the desired process gas ?oW 
rates. As discussed above, the desired process gas ?oW rates 
are transferred to the process gas control subroutine 1460 as 
process parameters. Furthermore, the process gas control 
subroutine 1460 includes steps for obtaining the necessary 
delivery gas ?oW rate, bubbler pressure, and bubbler tem 
perature for the desired process gas ?oW rate by accessing a 
stored data table containing the necessary values for a given 
process gas ?oW rate. Once the necessary values are 
obtained, the delivery gas ?oW rate, bubbler pressure and 
bubbler temperature are monitored, compared to the neces 
sary values and adjusted accordingly. It is noted that differ 
ent embodiments may not rely on bubbling a delivery gas, 
but may use injection valves to provide the process gas(es). 
In such embodiments, the process gas control subroutine 
1460 includes steps for manipulating a different set appro 
priate parameters. 

[0048] The pressure control subroutine 1470 comprises 
program code for controlling the pressure in the chamber 
106 by regulating the siZe of the opening of the throttle valve 
in the exhaust system of the chamber. The siZe of the 
opening of the throttle valve is varied to control the chamber 
pressure at a desired level in relation to the total process gas 
?oW, the gas-containing volume of the process chamber, and 
the pumping set point pressure for the eXhaust system. When 
the pressure control subroutine 1470 is invoked, the desired 
set point pressure level is received as a parameter from the 
chamber manager subroutine 1440a. The pressure control 
subroutine 1470 operates to measure the pressure in the 
chamber 106 using one or more knoWn pressure manometers 

connected to the chamber, compare the measured value(s) to 
the set point pressure, obtain PID (proportional, integral, and 
differential) control parameters from a stored pressure table 
corresponding to the set point pressure, and adjust the 
throttle valve according to the PID values obtained from the 
pressure table. Alternatively, the pressure control subroutine 
1470 can be Written to open or close the throttle valve to a 
particular opening siZe to regulate the chamber 106 to the 
desired pressure. 

[0049] The heater control subroutine 1480 comprises pro 
gram code for controlling the temperature of the lamp or 
heater module that is used to heat the Wafer 502. The heater 
control subroutine 1480 is also invoked by the chamber 
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manager subroutine 1440a and receives a desired, or set 
point, temperature parameter. The heater control subroutine 
1480 determines the temperature by measuring voltage 
output of a thermocouple located in a pedestal 628, com 
pares the measured temperature to the set point temperature, 
and increases or decreases current applied to the heater 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 polynominal. When 
radiant lamps are used to heat the pedestal 628, the heater 
control subroutine 1480 gradually controls a ramp up/doWn 
of current applied to the lamp. The gradual ramp up/doWn 
increases the life and reliability of the lamp. Additionally, a 
built-in-fail-safe mode can be included to detect process 
safety compliance, and can shut doWn operation of the lamp 
or heater module if the process chamber 106 is not properly 
set up. 

[0050] The plasma control subroutine 1490 comprises 
program code for setting the RF bias voltage poWer level 
applied to the process electrodes in the chamber 106, and 
optionally, to set the level of the magnetic ?eld generated in 
the chamber. Similar to the previously described chamber 
component subroutines, the plasma control subroutine 1490 
is invoked by the chamber manager subroutine 1440a. 

[0051] FIG. 8 shoWs a close-up cross-sectional vieW of 
the processing chamber illustrating the cleaning gas ?oW 
betWeen the faceplate 646 and the surface of the heater 
pedestal 628. In the exemplary embodiment shoWn, the 
cleaning gas includes reactive species, more speci?cally 
?uorine radicals, that are generated remotely and introduced 
into the chamber 106 via the faceplate 646 during the 
cleaning portion of the process recipe. As the radicals ?oW 
into the chamber and out the eXhaust ports 631, there is some 
net ?uorine ?uX to the substrate support or heater 628. The 
amount of ?uorine that arrives at the substrate support 628 
is proportional to the amount of AlFX buildup. Therefore, 
reducing the ?uorine ?uX Will reduce the AlFX buildup and 
damage to the substrate support 628. 

[0052] The radicals ?oW from the faceplate 646 to the 
substrate support 628 through tWo regimes, as shoWn in 
FIG. 8. The ?rst regime 1502 past the faceplate 646 is 
inviscid ?oW Where the ?uorine is convected, and the effects 
of ?uid viscosity is negligible. In the second regime 1504, 
the viscous forces are signi?cant. A boundary layer having 
a thickness 6 from the surface 1506 of the substrate support 
628 is formed by this stagnation (in plane) ?oW. The ?uorine 
needs to diffuse through the boundary layer 1504 to reach 
and attack the substrate support surface 1506. The time for 
the ?uorine to reach the substrate support surface 1506 is the 
sum of the time to ?oW from the faceplate 646 doWn the 
streamline in the ?rst regime 1502 to the boundary layer and 
the time to diffuse across the boundary layer 1504. The 
boundary layer thickness is proportional to the square root of 
the spacing d betWeen the faceplate 646 and the substrate 
support surface 1506. Increasing the spacing d increases the 
boundary layer thickness 6 and hence decreases the ?uorine 
?uX to the substrate support surface 1506. This result is 
determined by calculating the boundary layer thickness 6 for 
stagnation (in place) ?oW, Which is: 
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Where p is the gas viscosity, p is the gas density, a=V/d, V 
is the average downward velocity from the faceplate 646, 
and d is the spacing betWeen the faceplate 646 and the 
substrate support surface 1506. 

[0053] In a speci?c eXample of a 200 mm HARP Producer 
chamber available from Applied Materials, Santa Clara, 
Calif., the standard spacing for cleaning Was previously 0.6 
inch. If the spacing is increased to a Wide spacing of 1.3 
inches, the boundary layer thickness increases by 1 
\/(1.3/0.6)=47%. If the spacing is further increased from 1.3 
inches to an extreme spacing of 2.1 inches, the boundary 
layer thickness further increases by 1-\/(2.1/1.3)=27% over 
the Wide spacing, and by 1-\/(2.1/0.6)=87% over the previ 
ous standard spacing. 

[0054] Experimental results have demonstrated the effec 
tiveness of reducing the AlFX buildup by increasing the clean 
spacing d betWeen the faceplate 646 and the substrate 
support surface 1506. The experiments Were conducted 
using NF3 as a cleaning gas and generating ?uorine radicals 
by remote plasma. The chamber Was used for depositing 
SiO2 on substrates at a process spacing betWeen the faceplate 
646 and the substrate support surface 1506 of about 200-300 
mils (i.e., 0.2-0.3 inch). The deposition process did not 
employ plasma. For the cleaning process, the temperature of 
the AlN substrate heater 628 Was about 540° C., and the 
pressure Was about 1.5 -6 torr. Tests Were conducted for clean 
spacings 6 of 0.6 inch, 1.3 inches, and 2.1 inches. At 1.3 
inches, the clean spacing is about 4-6.5 times the process 
spacing of 0.2-0.3 inch; at 2.1 inches, the clean spacing is 
about 7-10.5 times the process spacing. The different 
amounts of AlFX buildup Were observed from marathon test 
runs. 

[0055] The tests involved generally loW particle genera 
tion and high mean Wafer betWeen clean (MWBC). While 
previous methods using smaller clean spacings also shoWed 
generally good particle performance, they had a loWer 
MWBC as compared to the present methods using greater 
clean spacings of at least about 1.3 inches. During the tests, 
AlFX and/or SiO2 particles Were deposited on the chamber 
Walls, and Were not completely removed during the clean 
ing. The particles largely Were attached to the Walls and did 
not affect the particle count of the substrates being pro 
cessed. After a While, hoWever, large chunks of AlFX or SiO2 
accumulated on the Walls Would fall off and cause a signi? 
cant particle count problem for the substrates. This caused 
chamber faulting due to MWBC issues. The chamber Would 
have to be opened and Wiped doWn or Wet cleaned. The 
loWer MWBC When smaller clean spacings of less than 
about 13 inches are used is to be avoided using the methods 
of the present embodiment. The experimental results estab 
lished that a higher MWBC Was achieved by increasing the 
clean spacing. 

[0056] The present method of reducing damage to the 
substrate support by the cleaning gas during a cleaning 
process of the processing chamber is done Without a hard 
Ware change or process temperature change. Instead, by 
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increasing the spacing betWeen the faceplate and the sub 
strate support surface during the cleaning process, the dam 
age such as AlFX formation can be reduced. It is believed that 
this approach can be used to reduce damage caused by 
reactive species other than ?uorine radicals during cleaning 
by decreasing the amount of ?uX of the reactive species to 
the substrate support surface. Furthermore, the reactive 
species may be produced by in situ plasma or generated 
remotely. 
[0057] The above-described arrangements of apparatus 
and methods are merely illustrative of applications of the 
principles of this invention and many other embodiments 
and modi?cations may be made Without departing from the 
spirit and scope of the invention as de?ned in the claims. For 
eXample, the present method may be used for cleaning a 
variety of chambers. The scope of the invention should, 
therefore, be determined not With reference to the above 
description, but instead should be determined With reference 
to the appended claims along With their full scope of 
equivalents. 

1. Amethod of cleaning a semiconductor process chamber 
Which is used for processing a substrate disposed on a 
surface of a substrate support, the method comprising: 

introducing a cleaning gas into a process chamber through 
an inlet facing a surface of a substrate support, the inlet 
being spaced from the surface of the substrate support 
by a clean spacing; and 

providing reactive species from the cleaning gas to clean 
the process chamber; 

Wherein the clean spacing is substantially greater than a 
process spacing betWeen the inlet and the surface of the 
substrate support during processing of a substrate on 
the substrate support in the process chamber. 

2. The method of claim 1 Wherein the clean spacing is at 
least about 4 times the process spacing. 

3. The method of claim 1 Wherein the clean spacing is at 
least about 7 times the process spacing. 

4. The method of claim 1 Wherein the reactive species 
comprise ?uorine radicals. 

5. The method of claim 1 Wherein the reactive species are 
generated by remote plasma from the cleaning gas and 
introduced into the process chamber through the inlet. 

6. The method of claim 1 Wherein a temperature of the 
substrate support during cleaning is substantially identical to 
a temperature of the substrate support during processing of 
the substrate on the substrate support. 

7. The method of claim 6 Wherein the temperature of the 
substrate support during cleaning is higher than about 500° 
C. 

8. The method of claim 1 Wherein the clean spacing is at 
least about 1.3 inches. 

9. The method of claim 8 Wherein the clean spacing is 
about 2.1 inches. 

10. The method of claim 1 Wherein the process chamber 
has a pressure of about 1.5-6 torr during cleaning of the 
process chamber. 

11. A method of cleaning a semiconductor process cham 
ber Which is used for processing a substrate disposed on a 
surface of a substrate support, the method comprising: 
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introducing a cleaning gas into a process chamber through 
an inlet facing a surface of a substrate support, the inlet 
being spaced from the surface of the substrate support 
by a clean spacing; and 

providing reactive species from the cleaning gas to clean 
the process chamber; 

Wherein the clean spacing is at least about 1.3 inches. 
12. The method of claim 11 Wherein the clean spacing is 

about 2.1 inches. 
13. The method of claim 11 Wherein the reactive species 

are generated by remote plasma from the cleaning gas and 
introduced into the process chamber through the inlet. 

14. The method of claim 11 Wherein the reactive species 
comprise ?uorine radicals. 

15. A method of processing a substrate on a substrate 
support disposed in a process chamber, the method com 
prising: 

processing a substrate on a surface of a substrate support 
disposed in a process chamber by introducing a process 
gas into the process chamber through an inlet facing the 
surface of a substrate support, the inlet being spaced 
from the surface of the substrate support by a process 
spacing; 

removing the substrate from the process chamber; 

introducing a cleaning gas into the process chamber 
through the inlet facing the surface of a substrate 
support, the inlet being spaced from the surface of the 
substrate support by a clean spacing; and 

providing reactive species from the cleaning gas to clean 
the process chamber; 

Wherein the clean spacing is substantially greater than the 
process spacing. 

16. The method of claim 15 Wherein the clean spacing is 
at least about 4 times the process spacing. 

17. The method of claim 15 Wherein the clean spacing is 
at least about 1.3 inches. 

18. The method of claim 15 Wherein the reactive species 
comprise ?uorine radicals. 

19. The method of claim 15 Wherein processing the 
substrate comprises forming a dielectric layer on the sub 
strate. 

20. A substrate processing system for processing a sub 
strate, the system comprising: 
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a housing forming a chamber, the chamber including a 
substrate support having a surface for supporting a 
substrate to be processed in the chamber; 

a gas distribution system con?gured to introduce one or 
more gases into the chamber via an inlet; 

an adjustment mechanism coupled to the substrate support 
to adjust a position of the substrate support With respect 
to the inlet and change a spacing betWeen the inlet and 
the surface of the substrate support; 

a controller, including a computer, con?gured to control 
the substrate processing system; and 

a memory coupled to the controller and including a 
computer-readable medium having a computer-read 
able program embodied therein for directing operation 
of the substrate processing system, the computer-read 
able program code including: 

a ?rst set of computer instructions for controlling the 
adjustment mechanism to provide a process spacing 
betWeen the inlet and the surface of the substrate 
support; 

a second set of computer instructions for controlling the 
gas distribution system to introduce a process gas into 
the process chamber through the inlet to process a 
substrate disposed on the surface of a substrate support; 

a third set of computer instructions for controlling the 
substrate processing system to remove the substrate 
from the process chamber; 

a fourth set of computer instructions for controlling the 
adjustment mechanism to provide a clean spacing 
betWeen the inlet and the surface of the substrate 
support, the clean spacing being substantially greater 
than the process spacing; 

a ?fth set of computer instructions for controlling the gas 
distribution system to introduce a cleaning gas into the 
process chamber through the inlet facing the surface of 
the substrate support; and 

a siXth set of computer instructions for controlling the 
substrate processing system to provide reactive species 
from the cleaning gas to clean the process chamber. 


