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A DRY NON-PLASMA TREATMENT SYSTEM AND METHOD OF USING

CROSS-REFERENCE TO RELATED APPLICATIONS

100011 This application is based on and derives the benefit of the filing date of United
States Patent Application No. 11/425,883, filed June 22, 2008. This appiication is
related o pending United States patent application serial no. 10/705,200, entitied
‘Processing System and Method for Chemically Treating a Substrate”, Attorney
docket no. 071488/0306773, filed on November 12, 2003; pending United States
patent application serial no. 10/704,969, entitied “Processing System and Method for
Thermaily Trealing a Substrate”, Attorney docket no. 071469/0306775, filed on
November 12, 2003; pending United Stales patent application serial no. 10/705,201,
entitied "Processing System and Method for Treating a Substrate”, Attorney docket
no. 071489/0308772, filed on November 12, 2003, pending United States patent
application serial no. 11/380,470, entitled “Batch Processing System and Method for
Performing Chemical Oxide Removal”, Atforney docket no. 313530-P0025, filed on
March 28, 2008; pending United States patent application serial no. 10/858,975,
entitied "Method of Operating a Processing System for Treating a Substrate”,
Attorney docket no. 071468-0308935, filed on June 4, 2004; and pending United
States patent application serial no. 10/860,149, entitled “Processing System and
Method for Treating a Substrate”, Attorney docket no. 071488-03098082, filed on
June 4, 2004, The entire contents of all of these applications are herein incorporated

vy reference in their entirety.

BACKGROUND OF THE INVENTION

Feld of the Invention

{0002} The prssent invention relates fo a dry non-plasma treatment system and
method for treating a@ substrate to remove oxide, and more particularly to a dry non-
plasma treatment system and method for chemical and thermal freatment of a

substirate.
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Deascription of Related Art

{0003] In material processing methodologies, pattern etching comprises the
application of a thin fayer of light-sensitive material, such as photoresist, {o an upper
surface of a subsirate, that is subsequently patterned in order to provide a mask for
transferring this pattern {o the underlying thin film during efching. The patterning of
the light-sensitive material generally involves exposure by a radiation source through
a reficie {and associated optics) of the light-sensitive material using, for example, a
micro-ithography system, followed by the removal of the irradiated regions of the
ight-sensitive material (as in the case of positive photoresist}, or non-irradiated
regions {as in the case of negative resist) using a developing solvent.

10004] Additionally, multillayer and hard masks can be implemented for efching
features in a thin film. For example, when efching features in a thin film using 2 hard
mask, the mask pattern in the light-sensitive layer is transferred to the hard mask
fayer using a separate etch step preceding the main etch step for the thin fim. The
hard mask can, for example, be selected from several materials for silicon
processing including silicon dioxide (SiQy), silicon nitride (SiaNy), and carbon, for
axampis.

10008]  In order to reduce the feature size formed in the thin film, the hard mask can
be trimmed laterally using, for example, a two-step process involving a chemical
freatment of the exposed surfaces of the hard mask laver in order to alter the surface
chemistry of the hard mask layer, and a post treatment of the exposed surfaces of

the hard mask layer in order to desorb the altered surface chemistry.

Summary of the Invention

10005} The present inveniion relates to a dry non-plasma freatment system and
method Yor reating a subsirate, and to a dry non-plasma treatment system and
method for chemically and thermally treating a substrate.

10007 Any of these and/or other aspects may be provided by a treatment system for
removing oxide material in accordance with the present invention. in one
embodiment, the treatment system for removing oxide material on a subsirate
comprisas g lemperature controlled process chamber configured to contain the
substrate having the oxide material thereon. A temperature controlied substrate

holder is mounted within the process chamber, and configured to be substantialiy
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thermally isolated from the process chamber and configured to support the
subsirate. A vacuum pumping system is coupled {o the process chamber. A
chemical treatment system is coupled to the process chamber and configured o
infroduce a process gas comprising as incipient ingredients HF and optionally
ammonia {NH;) to the process chamber, wherein the process gas chemically alters
axposed surface layers on the substrate. A thermal treatment system is coupled to
the process chamber and configured to elevate the temperature of the substrate,
wherein the slevated temperature causes evaporation of the chemically aliered
surface layers. A controller configured to control the amount of the process gas
infroduced o the substrate, and the temperature to which the substrate is set.
{0008} In another embodiment, a method and computer readable medium for
removing oxide material on a substrate comprises disposing the substrate having the
oxide material on a substrate holder in a process chamber. The substrate is
chemically treated by exposing the substrate to a gas composition comprising as
incipient ingredients HF and optionally ammonia (NH;), while using the substrate
holder to set the temperature of the substrate to a chemical treatment temperature
fess than 100 degrees C. Following the chemical treatment, the substrate is
thermally treated by heating the substrate to a temperature above the chemical

freatment temperature.

Brief Description of the Drawings

{0009] In the accompanying drawings:
{00101 FG. 1 presents a block diagram of a dry non-plasma treatment system for
performing a chemical oxide removal process according {o an embodiment of the

prasent inventon:
R

{

00111 F1G. 2 presents a dry non-plasma treatment system for performing a dry, non-
plasma chemical removal process according to another embodiment of the present
nvention;

10042} FiGs. 3A and 3B present a substrate holder for performing a dry, non-plasma
chemical removal process according to another embodiment of the present

invention:
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100131 FiGs. 4A and 4B present a substrate holder for performing a dry, non-plasma
chemical removal process according to another embodiment of the present
invention; and

{00141 FIG. 5 presents a flow chart of a method of performing a dry, non-plasma

chemical removal process according to an embodiment of the present invention.

Detailed Description of Exemplary Embodiments

{0015} in the following description, for purposes of explanation and not limitation,
specific details are set forth, such as a particular geometry of the treatment system
and descriptions of various components and processes. However, it shouid be
undersiood that the invention may be practiced in other embodiments that depart
from these specific details.

10018} According to one embodiment, FIG. 1 presents a freatment system 101 for
Drocessing a substrate using a dry, non-plasma, treatment process, such as a

hemical oxide removal process, to, for example, trim an oxide mask or remove

&

natlive oxide or remaove a SiO,-containing residue. For example, the treatment
system 101 is configured to faciiitate a chemical freatment process during which
oxide material on the subsirate is chemically altered and a thermal treatment
process during which chemically altered substrate material is desorbed.

{00171 FG. 1 presents a block diagram of a treatment system 101 for treating the
oxide material on a substrate. Treatment system 101 includes a process chamber
110 configured to process the substrate, a chemical treatment system 120 coupled
o the process chamber 110 and configured to introduce a process gas io the
substrate mountad in process chamber 110, a thermal treatment system 130
coupled {o process chamber 110 and configured to elevate the temperature of the
substrate, and a controller 150 coupled to the process chamber 110, the chemical
freatment system 120 and the thermal tfreatment system 130, and configured to
control the tregtment system 101 according to a process recipe.

{0018} For example, the chemical treatment system 120 is configured fo introduce a
process gas comprising a first gaseous component having as an incipient ingredient
HF and an optional second gaseous component having as an incipient ingredient
ammonia {NHz). The two gasecus components may be introduced together, or
independently of one another. For example, independent gasévapor delivery

4



WO 2007/149627 PCT/US2007/067479

systems may be used (o introduce each gaseous component. Additionally, the
chemical treatment system 120 can further include a temperature confral system for
alevatling the temperature of the vapor delivery system in order {o prevent the
condensation of process vapor therein.

{0018] Additionally, either gasecus component, or both, can be introduced with a
carrier gas, such as an inert gas. The inert gas can comprise a noble gas, such as
argon. Of course, other gasses can also be included in the process gas. The
chemical treatment of the oxide material on the substrate by exposing this material to
the two gasenus components causes a chemical alteration of the oxide material
surface 1o a self-limiting depth. During the chemical treatment of the oxide material
on the substrate, the substrate temperature can be controlied. For example, the
subsirats temperature can be set to a chemical treatment temperatfure less than 100
dagrees C.

{0020} Referring still to FIG. 1, the thermal treatment system 130 can elevate the
femperaiure of the substrate {o a temperature above the chemical freatment
temperaiure, of a lemperature range from approximately 50 degrees C to
approximately 450 degrees C, and desirably, the substraie temperature can range
from approximately 100 degrees C to approximately 300 degrees C. For example,
the subsirate temperature may range from approximately 100 degrees C to
approximately 200 degrees C. The thermal treatment of the chemically altered oxide
surface layers causes the evaporation of these surface layers.

{0021} Controller 150 includes a microprocessor, memory, and a digital VO port
{potentially including D/A andfor A/D converters) capable of generating controt
voltages sufficient to communicate and activate inputs fo the process chamber 110,
the chemical treatment systemn 120 and the thermal freatment system as well as
moriior sutpuis from these systems. A program stored in the memory is utilized to
interact with the systems 120 and 130 according to a stored process recips.

{00223 Alternately, or in addition, controller 150 can be coupled fo a one or more
additional controllers/computers (not shown), and controlfler 150 can obtain setup
andfor configuration information from an additional controlier/computer.

10023 In FiG. 1) singular processing elements (120 and 130) are shown, but this is
not required for the invention. The processing system 101 can comprise any number
of processing slements having any number of controliers associated with them in

addition to independent processing elements.
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{00241 The controiler 150 can be used to configure any number of processing
glements {120 and 130), and the confrolier 150 can collect, provide, process, store,
and display data from processing elements. The controller 150 can comprise a
number of appiications for controlling one or maore of the processing elements. For
example, controfier 150 can include a graphic user interface (GUI) component {not
shown} that can provide easy to use interfaces that enable a user to monitor and/or
control one oF More processing elements.

10025] The processing system 101 can also comprise a pressure control system
(not shown). The pressure control system can be coupled to the processing
chamber 110, but this is not required. in alternate embodiments, the pressure
conirol system can be configured differently and coupled differently. The pressure
control system can include one or more pressure valves (not shown) for exhausting
the processing chamber 110 and/or for regulating the pressure within the processing
chamber 110 Alternately, the pressure control system can also include one or more
pumps {not shown). For example, one pump may be used to increase the pressure
within the processing chamber, and another pump may be used fo evacuate the
processing chamber 110, In another embodiment, the pressure confrol system can
comprise seails for sealing the processing chamber.

10028] Furthermore, the treatment system 101 can comprise an exhaust confrof
system. The exhaust control system can be coupled to the processing chamber 110,
but this is not required. In alternate embodiments, the exhaust control system can
be configured differently and coupled differently. The exhaust control system can
include an exhaust gas collection vessel (not shown) and can be used ¢ remove
contaminants from the processing fluid. Alternately, the exhaust control system can
be usad to recyele the processing fluid.

{00277 Referring now to FIG. 2, a simplified block diagram of a treatment system
200 is shown according to another embodiment. The treatment system 200
comprises a ireatment chamber 210, a temperature controlled substrate holder 220
configured o be substantiaily thermally isolated from the freatment chamber 210 and
configured {o support a substrate 225, a vacuum pumping system 250 coupled o the
treatment chamber 210 to evacuate the treatment chamber 210, a chemical
distribution system 240 coupled fo treatment chamber 210 and configured o
introduce a process gas into a process space 245 in order to chemically treat

substrate 225, and a radiative heating system 230 coupled to freatment chamber

6
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210 and configured to thermally treat substrate 225. Substrate 225 can be
transferred into and out of treatment chamber 210 through via a substrate transfer
system {not shown) through a fransfer opening (not shown).

{0028} The chemical distribution system 240 is configured to introduce a process
gas configured to, for example, chemically alter oxide material on substrate 225.
The chemical distribution system 240 is configured to introduce one or more process
gases inciuding, but not imited to, HF, NH3, Ny, Hy, Oy, CO, GOy, NO, NO;, NoT,

=
i

Oy {(where x, ¥ are integers), CHF, (where X, y, z are integers), efc. For example,

the process gas can comprise a first gaseous component having as an incipient
ingredient HF and an oplicnal second gaseocus component having as an incipient
ingredient ammonia {NHs). The two gaseous components may be introduced
together, or independently of one another using a gas supply system 242, For
example, independent gas/vapor supply systems may be used to introduce sach
gaseous component. Additionally, the chemical distribution system 240 can further
include a temperature control system for elevating the temperature of the chemical
distribution system 240 in order to prevent the condensation of process vapor
therein. Additionally, sither gaseous component, or both, can be introduced with a
carrier gas, such as an inert gas. The inert gas can comprise a noble gas, such as
argon. Of course, other gaseous can also be included.

{0028] As dlusirated in FIG. 2, the chemical distribution system 240 can be
arranged beyond a peripheral edge of substrate 225. The chemical distribution
system 240 may comprise a plurality of injection orifices, or nozzies, distributed
about the circumference of process space 245. Additionally, alternating groups of
one of maore arffices, or nozzles, may be used to independently introduce each
gaseous component, e.g., HF and ammonia. Altemnatively, the chemical distribution
system 240 can be arranged within the radiative heating system 230. Alternafively,
the chemical distribution system 240 can be arranged within an upper assembly
above substrate 225, while radiative heating system 230 is iocated beyond a
veripheral edge of the chemical distribution system 240 vet within view of substrate
225, Chemical distribution system 240 can be a multi-zone fluid distribution svstem
to adjust the flow of process gas to muitiple zones within freatment chamber 210
{00307 Addidionally, the radiative heating system 230 is configured to heat substrate
225 in order fo, for exampie, desarb chemically altered oxide material on substrate

225, The radiative heating system 230 can comprise one or more heat lamps. Each
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neat lamp may, for example, include a tungsten-halogen lamp. Heat lamps,
arranged in groups of one or more lamps, may be utilized to spatiaily adjust the
heating of substrate 225. The radiative heating system 230 further comprises a
window that is configured to preserve the vacuum conditions in process chamber
210 and that is substantially fransparent to infrared (IR} slectromagnetic (EM)
radiation. For example, the window may comprise quartz or desirably sapphire.
Although, the window (when fabricated of quartz) may be consumed in the dry non-
piasma process, the thickness may be selected to be sufficiently thick to reduce the
frequency of its replacement and the associated replacement costs.

{0031} Referring still to FIG. 2, the substrate holder 220 comprises a subsirate
temperature control systemn 280 configured to perform at least one of monitoring,
adjusting or controlling or a combination of two or more thereof, the temperature of
substrate holder 220 or substrate 225 or both. For example, the substrate holder
220 and substrate temperature control system 260 may comprise a substrate
clamping sysiem {i.e., electrical or mechanical clamping system) to improve thermal
contact between substrate 225 and substrate holder 220, a heating system, a
cooling system, a substrate backside gas supply system for improved thermal
conductance between the substrate 225 and the substrate holder 220, a temperature
sensor, sic.

{0032] Additionally, the substrate holder 220 comprises a subsirate liff system 262
including a it pin assembly {not shown) capable of raising and lowering three or
more §ft pins in order {o vertically transfer substrate 225 to and from an upper
surface of the substrate holder 220 and a transfer plane in the process chamber 210,
and to vertically transfer substrate 225 to and from an upper surface of the substrate
holder 220 and a heating plane in the process chamber 210. Furthermore, the
substrate holder 220 can comprise a backside gas supply system 284 configured to
supply gas o the backside of substrate 225.

{0033} During chemical treatment of substrate 225, substrate 225 rests on
substrate holder 220 and the temperature is controlled to a chemical freaiment
emperature less than approximately 100 degrees C while the substrate 225 is
sxposed {0 process gas configured to chemically alter oxide material on substrate
2258, During chemical treatment, substrate 225 may be clamped fo the substrate

holder 220 and a flow of backside gas can be initiated from a backside gas supply
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system 2684 {o affect improved thermal conductance between the substrate 225 and
ihe subsirate holder 220,

{0034 Foliowing the chemical treatment of substrate 225, the temperature of
subsirate 228 is eievated using radiative heating system 230 in order to desorb the
chemically altered oxide material. During the thermat treatment of substrate 225, the
substrate 225 can be raised above substrate holder 220 and displaced from the
subsirate hoider 220 to the heating plane using substrate {ift system 262 by a
distance sufficient to substantially thermaily decouple the substrate 225 from
subsirate holder 220. Furthermore, the substrate 225 may be lifted to close
proximity with the radiative heating system 230 in order {o reduce the extent to which
other chamber components see the radiative heating system 230 during heating.
Preferably, substirate 225 is heated while other chamber components are not.
Additionally, when substrate 225 is raised above substrate holder 220, an optional
flow of purge gas from backside gas supply system 264 can be conducted in order fo
reduce contamination of the backside of substrate 225 during the desorption
QIOCESS.

100358] Referring now to FiGs. 3A, 3B, 4A and 4B, a substrate holder assembly 300
i3 depicied according to another embodiment. The subsirate holder assembiy 300
comprises substrate hoider 320 configured fo support substrate 325 and configured
1o be coupled to process chamber 310. The substrate hoilder assembly 300 further
comprises an aiectrostatic clamping (ESC) system 380 having a clamp electrode 382
configurad o electrically clamp substrate 225 to substrate holder 220.

{00387 Additionally, the substrate holder assembly 300 comprises a substrate
temperature control system 360. The substrate temperature control system 380
includes a heat exchanger configured {o circulate a heat fransfer fluid through a fluid
channsel 388 disposed in substrate holder 320 by supplying the heat transfer fluid
through an inlet fluid supply line 362 and receiving the heat transfer fluid through an
outiet fuld supply line 364. By adjusting the fluid temperature in the heatl exchanger,
the lemperature of subsirate holder 320 can be adjusted. Although only a single
zone fluid oirculation system is shown, the circulation system may comprise multiple
fluid zones.

10037] Furthermore, the subsirate holder assembly 300 comprises a substrate {ift
system 370 including a lift pin assembly capable of raising and lowering three or

RESTROS4T64.1
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more Hift pins in order to vertically transfer substrate 325 to and from an upper
surface of the substrate holder 320 and a transfer plane in the process chamber 310
{0038] In the iift pin assembly, substrate lift pins 372 can be coupled to a common
ift pin element, and can be lowered to below the upper surface of subsirate hoider
320. A drive mechanism utilizing, for example, an electric drive system (having an
slectric stepper motor and threaded rod) or a pneumatic drive system (having an air
cylinder), provides means for raising and lowering the common lift pin element.
Substraie 325 can be transferred into and out of process chamber 310 through 3
gate valve {not shown) and chamber feed-through passage, aligned on the transfer
planeg, via & robotic transfer system (not shown), and receivad by the substrate lift
pins. Once the substrate 325 is received from the fransfer system, it can be lowered
to the upper surface of the pedestal 320 by lowering the substrate lift pins 372 (see
FiGs. 3A and 4A). Moreover, the substrate 325 may be raised above subsirate
holder 320 during the heating of substrate 325 (see FiGs. 3B and 4B). The
subsirate it ping 372 may comprise pin caps 374 fabricated from a thermally
insulating material, such as guartz or sapphire, in order to thermally decouple the
substrate 325 from the substrate iift pins 372.

100381 Further yel, substrate holder assembly 320 comprises a backside gas
supply sysiem 364 configured to supply a heat fransfer gas, or a purge gas, or both
io the backside of subsirate 325. During chemical treatment of substrate 325, the
substrate 325 can be clamped to substrate holder 320 using ESC system 380 while
the backside gas supply system 364 supplies heat transfer gas, such as helium, to
the backside of substrate 325 in order to improve the thermal contact between
substrate 325 and subsirate holder 320 (see FiGs. 3A and 4A). The substrate
temperature control system can then be utilized {o adjust the temperature of
substrate 325. During the thermal treatment of substrate 325, the subsfrate 325 can
be raised above the subsirate holder using the substrate |ift system 370 while the
packside gas supply system 364 supplies a purge gas flow 380 1o the backside of
substrate 325 in order to reduce contamination of the substrate backside (see FiGs.
3B and 4B}

{3044} During chemical ireatment of substrate 325, substrate 325 rests on
substrate hoider 320 and the temperature is controlied to a chemical freatment
temperature jess than approximately 100 degrees C while the substrate 325 is

exposad to process gas configured to chemically alter oxide material on substrate
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325. During chemical freatment, substrate 325 may be clamped to the substrate
holder 320 using ESC system 380 and a flow of backside gas can be initiated from
vackside gas supply system 384 in order to affect improved thermal conductance
betweaen the substrale 325 and the substrate holder 320 {see FIGs. 3A and 4A}.
{0041 Foliowing the chemical treatment of substrate 325, the temperature of
substrate 325 is elevated using a radiative heating system 330 above substrate 325
i order to desorh the chemically altered oxide material. During the thermal
treatment of subsirate 325, the substrate 325 can be raised above substrate holder
320 and displaced from the substrate holder 320 using substrate lift system 362 by a
distance sufficient to substantially thermally decouple the substrate 325 from
substirate hoider 320. Furthermore, the substrate 325 may be lifted to close
proximity with the radiative healing system 330 in order to reduce the extent to which
ather chamber components see the radiative heating system 330 during heating.
Preferably, substraie 325 is heated while other chamber components are not.
Additionally, when substrate 325 s raised above substrate holder 320, an optional
fiow of purge gas from backside gas supply system 364 can be conducted in order o
reduce contamination of the backside of substrate 325 during the desorption process
{see FiGs. 38 and 4B}.

{0042] Furthermore, referring to FIGs. 4A and 4B, a radiation shield 332 may be
ytilized o reduce the heating of other chamber components during the heating of
subsirate 325. Substrate 325 can, for example, be lifted to close proximitiy with the
bottom of radiation shield 332. The radiation shield 332 may comprise one or more
openings 334 in order {o permif the passage of gaseous material criginating from
substrate 325 durmg healing. Additionally, a purge gas, suchas aninertgas {e.g., a
noble gas, Ny, sfc.), can be introduced to the space enclosed by radiation shield 332,
subsirate 325 and radiative heating system 330 during thermal treatment of
substrate 325, Furthermore, the radiation shield may be coupled to the upper
gortion of process chamber 310, The radiation shield may be a bare metal shield or
a ceramic shield, or it may be an anodized metal shield or coated metal shieid, for
example.

10043] Referring again to FIG. 2, vacuum pumping system 250 can comprise a
vacuum pump and a gate valve for adjusting the chamber pressure. Vacuum
pumping system 250 can, for example, include a turbo-molecular vacuum pump
{TMP} capable of a pumping speed up o about 5000 liters per second (and greater).

1
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For example, the TMP can be a Seikc STP-AB803 vacuum pump, or an Ebarg
ET1301W vacuum pump. TMPs are useful for low pressure processing, typically
less than about 50 mTorr. For high pressure (i.e., greater than about 100 mTorr) or
tow throughput processing {i.e., no gas flow), a mechanical booster pump and dry
roughing pump can be used.

{0044] Refering stili to FIG. 2, freatment system 200 can further comprise a
sontrofler 270 having a microprocessor, memory, and a digital I/Q port capable of
generating conirol voltages sufficient to communicate and activate inputs fo
treatment system 200 as well as monitor outputs from treatment system 260 such as
temperature and pressure sensing devices. Moreover, confroller 270 can be
coupled 1o and can exchange information with substrate holder 220, chemical
distribution system 240, gas supply system 242, radiative heating system 230,
vacuum pumping system 250, substrate temperature control system 260, substrate
it system 262, and backside gas supply system 284. For example, a program
stored in the memory can be utilized to activate the inputs to the aforementioned
compaoanents of treatment system 200 according to a process recipe. One example
of controlier 270 is a DELL PRECISION WORKSTATION 810™ | available from Dell
Corporation, Austin, Texas.

{00457 The coniroller 270 may also be implemented as a gensral purpose
computer, processor, digital signal processor, eic., which causes a substrate
processing apparatus to perform a portion or all of the processing steps of the
invention in response o the controller 290 executing one or more sequences of one
or more instructions contained in a computer readable medium. The computer
readable medium or memory for hoiding instructions programmed according to the
teachings of the invention and for containing data sfructures, tabies, records, or other
data described herein. Examples of computer readable media are compact discs,
hard disks, Hoppy disks, fape, magneto-optical disks, PROMs (EPROM, EEPROM,
flash EPROM;, DRAM, SRAM, SDRAM, or any other magnetic medium, compact
discs {e.g., CO-ROM), or any other optical medium, punch cards, paper tape, or
gther physical medium with patterns of holes, a carrier wave, or any other medium
from which a computer can read.

{0048} The controlier 270 may be locally located relative to the treatment system
200, or it may be remotely located relative fo the treatment system 200 via an

internet or infranel. Thus, the controlier 270 can exchange data with the treatment
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system 200 using at least one of a direct connection, an infranet, and the internst.
The controlier 270 may be coupled to an intranet at a customer site (i.e., a device
maker, sic.}, or coupled {o an infranet at a vendor site {i.e., an equipment
manufacturer). Furthermore, another computer {(i.e., controller, server, efc.) can
access controlier 270 to exchange data via at least one of a direct connection, an
infranel and the internet.

{00477 Refering now to FIG. 5, a method of performing a dry non-plasma treatment
of a substrate is presented according to an embodiment. The treatment process
can, for example, include a process for removing oxide material on the substrate.
The dry, non-plasma treaiment process includes a chemical process during which
exposed surfaces of a substrate having an oxide material are chemically freated by a
process gas comprising HF, or ammonia {(NH3), or both HF and NH; as incipient
ingredients. Exposure to incipient HF and/or NH; can remove oxide material, such
as oxidized silicon {or S0y, andfor consume oxide material by displacing such
material with a chemically treated material. The self limiting feature results from a
reduced rate of removal and/or chemical altering of the oxide material as exposure to
the procass material proceeds.

[0048] Following the chemical freatment process, a desorption process is
performed in arder to remove the chemically altered surface layers. Due to the self-
fimiting feature of the chemical treatment process, it may be desirable to alternatingly
verform the non-plasma etch and subsequent desorption process, which can alfow
precise control of the removal process. The desorplion process can comprise a
thermal freatment process within which the temperature of the substrate is raised
sufficiently high to permit the volatilization of the chemically altered surface layers.
{00481 The method includes a flow chart 500 beginning in step 510 with disposing
the substrate in a treatment system configured to faciiitate the chemicat and
desorption processas. For example, the treatment system comprises one of the
systems described in FIGs. 1 or 2.

10080] in step 520, oxide material on the substrate is chemically treated. During
the chemical reatment process of the dry non-plasma freatment, each constifuent of
the process gas may be introduced together {i.e., mixed), or separately from one

:

{i.e., HF introduced independently from NH;). Additionally, the process gas

another

93

can further include an inert gas, such as a noble gas (i.e., argon}. The inert gas may

he infroduced with either the HF or the NH3, or it may be intreduced independently
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from each of the aforementioned gaseous constituents. Further details regarding the
miroduction of a nobie gas with NH; in order to controf the removal of silicon dioxide
is described in pending US Patent Application Serial No. 10/812,347, entitled
‘Processing System and Method For Treating a Substrate”, the entire contents of
which are herein Sncerporated by reference in their entirety.

{0051} Additionally, during the chemical treatment process, the process pressure
may be selected o affect the amount of oxide material removed. The process
pressure can range from approximately 1 miorr to approximately 100 torr.
Furthermore, during the chemical treatment process, the substrate temperature may
be selected o affect the amount of oxide material removed. The substirate
iemperature can range from approximately 10 degrees C to approximately 200
degrees C, or the substrate temperature can be less than 100 degrees C. For
example, the temperature can range from approximately 10 degrees C {o 50 degrees
C. Further defails regarding the setting of the substrate temperature in order to
conirol the ramoval amount is described in pending US Patent Application Serial No.
10/817 417, entitted "Method and System For Perferming a Chemical Oxide
Removal Process’, the entire contents of which are herein incorporated by reference
1 their entirety,

{0052} in step 530, chemically altered oxide material on the substrate is thermally
treated. During the thermal treatment process, the substrate temperature can be
elevated above approximately 50 degrees C, or above approximately 100 degrees
C. Additionally, an inert gas may be infroduced during the thermal treatment of the
substrate. The inert gas may include a noble gas or nitrogen.

{0083] Addiionaily, during the chemical and thermal reatments of the substrate,
the process chamber can be configured for a temperature ranging from about 10° o
about 450°C. Alternatlively, the chamber temperature can range from about 30° to
about 80° & The temperature for the substrate can range from approximately 10° to
about 450° C. Alternatively, the substrate temperature can range form about 30° to
about 80° C.

{0054] In one example, part of or all of an oxide film, such as a native oxide film, is
removed on the substrate using a chemical axide removal process. In another
example, part of or all of an oxide film, such as an oxide hard mask, is frimmed on a

subsirate using a chemical oxide removal process. The oxide film can comprise
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silicon dioxide {8iQy), or more generally, SIO,, for example. in yet another example,
part or all of a2 Si0-containing residue is removed on the substrate.

[0055] Although only certain embodiments of this invention have been described in
detall above, those skilled in the art will readily appreciate that many maodifications
are possible in the embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such maodifications are

intended o be included within the scope of this invention.
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CLAIMS:

YWhat is claimed is:

1. A treatrment system for removing oxide material on a substrate, comprising:

a temperature conirolled process chamber configured to contain said
subsirate having said oxide material thereon;

a femperalure controlled substrate holder mounted within said process
chamber, and configured to be substantially thermally isolated from said process
chamber and configured to support said subsirate;

a vacuum pumping system coupled to said process chamber,

a chemical treatment system coupled to said process chamber and configured
o introduce a process gas comprising as incipient ingredients HF and optionally
ammonia {NHa) 1o said process chamber, wherein said process gas chemically alters
exposed surface layers on said substrate;

a therma! treatment system coupled to said process chamber and configured
o elevate the temperature of said substrate, wherein said elevated temperature
causes svaporation of said chemicalily altered surface layers; and

a controlier configured to control the amount of said process gas introduced to
said substrate, and the temperature {o which said substrate is set.

2. The treatment system of claim 1, wherein said thermal treatment system

comprises one or more radiative heat lamps.

3. The reatment system of claim 1, further comprising:
a substrate 1ift system coupled to said substrate holder and configured to lift
said substrate above said substrate holder to a raised position when heating said

substrate using said radiative heating system.

Fa

The treatment system of claim 3, further comprising:

a backside gas supply system coupled to said substrate holder and
configured {o supply a purge gas to the backside of said substrate when said
substrate is lifted above said substrate holder in order to reduce contamination of the

backside of said substirate.
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5. The treatment system of claim 3, further comprising:

a radistion shieild coupled {o said temperature controlled process chamber
and configured to surround a peripheral edge of said thermal treatment system,
wherein said radiation shield, said thermal treatment system and said substrate in
said raised position form a substantially closed space, and

wherein said thermal ireatment system comprises one or more radiative heat

lamps arranged above said substrate.

8. The treatment system of claim 5, wherein said radiation shield comprises
one or more openings there-through in order to permit the passage of gases.

7. The ireatment system of claim 1, wherein said chemical freatment system

is further configured to supply a carrier gas with said process gas.

8. The treatment system of claim 7, wherein said carier gas comprises an

ined gas.

2. The treaiment system of claim 1, wherein said HF is introduced

ndependently from said ammoenia.

10. The treatment system of claim 9, wherein said HF is introduced with

1. The treatment system of claim 1, wherein said ammonia is introduced with

argon.

k.
B

. The treatment system of claim 1, wherein said thermal treatment system

comprises a muli-zone lamp heating system.

13, The treatment system of claim 1, wherein said controlier is:
configured to monitor, adjust,or control the temperature of said substrate or an

amount of said process gas in said process chamber, or any combination thereof.
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14, The treatment system of claim 1, wherein said oxide film on said substrate

comprises silicon dioxide {SiOg).

18, Tha treatment system of claim 1, wherein said chemical treatment system
comprises a muiti-zone fluld distribution system configured to adjust the fiow of said

process gas o muttiple zones within said process chamber.

18. A method of removing oxide material on a substrate, comprising:

disposing said substrate having said cxide material on a substrate holder in a
process chamber,

chemically treating said substrate by exposing said substrate to a gas
composition comprising as incipient ingredients HF and optionally ammonia (NHa),
while using said substrate holder to set the temperature of said substrate fo a
chemical treatment temperature less than 100 degrees C; and

following said chemical treatment, thermally treating said substrate by heating

said subsirate {0 a temperature above said chemical treatment temperature.

17. The method of claim 16, wherein said chemically treating comprises
introducing & process gas comprising as incipient ingredients HF and ammionia
{(NHz}, and wherain said HF and said ammonia are introduced independently of one
another,

18. The method of claim 17, wherein said introducing said process gas further

comprises infroducing an inert gas with said ammonia.

18. The method of claim 186, wherein said thermally treating said subsirate

comprises elevaling the temperature of said substrate above 100 degrees C.
20. The method of claim 18, further comprising:
prior {o said thermally treating said substrate, displacing said substrate from

thermal contact with said substrate holder to a raised position.

21, The method of claim 20, further comprising:

18
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disposing a radiation shield in said process chamber that is configured to
surround a peripheral edge of said radiative heating system; and

forming a subsiantially closed space bounded by a radiative heating system,
said radiation shigid and said substrate in said raised position.

22. The methed of claim 20, further comprising:

during said thermally treating said substrate, infroducing a purge gas o the
backside of said substrate between said substrate and said substrate hoider in order
10 reduce the transport of contaminants 1o the backside of said substrate.

23. The method of claim 22, wherein said introducing said purge gas
comprises introducing an inert gas.

24, A computer readabie medium containing program instructions for
execution on a substrate processing system, which when executed by the substrate
processing system, cause the substrate procassing sysiem to perform the steps of,

disposing said substrate having said oxide material on a substrate holderin a
groceass chamber;

chemically trealing said substrate by exposing said subsirate to a gas
composition comprising as incipient ingredients HF and optionaily ammonia (NHa),
wihiie using said substrate holder o set the temperature of said substrate to a
chemical freatment temperature less than 100 degrees C; and

following said chemical treatment, thermally treating said substrate by heating

said substraie {0 a temperature above said chemical freatment temperature.
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