| NTEGRATED METHOD FOR REMOVAL OF HALOGEN RESI DUES FROM ETCHED
SUBSTRATES BY THERMAL PROCESS BACKGROUND OF THE | NVENTION Field of
the I nvention 00011The present invention generally relates to a

nmet hod and apparatus for fabricating devices on a sem conduct or
substrate. Moire specifically, the present invention relates to a

met hod and apparatus for renoving hal ogen-containing residues after
pl asma etching a |l ayer on a sem conductor substrate. Description of
the Related Art [0002]U tra-large-scale integrated (VLSI) circuits
may include nore than one mllion electronic devices (e.qg.,
transistors) that are formed on a sem conductor substrate, such as a
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substrate. Field of the Invention

{a001] The present invention generally relates to a method and apparatus for

- fabricating devices on a semiconductor substrate. More specifically, the present
invention relates to a method and apparatus for removing hatogen-containing
residues after plasma etching a fayer on a semiconductor substrate.

Description of the Related Art

{0002} Ultra-large-scale integrated (LI.S1) circuits may include more than
one million electronic devices (e.g., transistors) that are formed on a
semiconductor substrate, such as a silicon (Si) substrate, and coaperate to
perform various functions within the device. Typically, the transistors used in the
ULSI circuits are complementary metal-oxide-semiconductor (CMOS) field effect
transistors. A CMOS transistor has a gate structure comprising a polysilicon gate
electrode and gate dielectric, and is disposed between a source region and drain
regions that are formed in the substrate,

[6003] Plasma etching is commonly used in the fabrication of transistors and
other slectronic devices. During plasma eich processes used to form transistor
structures, one or more layers of a film stack (e.g., layers of silicon, polysilicon,
hafnium dioxide (HfQz), silicon dioxide (SiQ;), metal matetials, and the like) are
typically exposed to etchants comprising at least one halogen-containing gas,
such as hydrogen bromide (HBr), chlorine (Cl), carbon tetrafluoride (CFg), and
the like. Such processes cause a halogen-containing residue to build up on the
surfaces of the etched features, efch masks, and elsewhere on the substrate.
{oo04] When exposed to a non-vacuumed environment {e.g., within factory
interfaces ar substrate storage cassettes) and/or during consecutive processing,
gaseous halogens and halogen-based reactants (e.g., bromine (Br),
chlorine(Clz), hydrogen chloride (HCI), and the fike) may be released from the
halogen-containing residues deposited during etching. The released halogens
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transi stors and other el ectronic devices. During plasm etch
processes used to formtransistor structures, one or nore | ayers of a
filmstack (e.g., layers of silicon, polysilicon, hafnium dioxide
(Hf 02), silicon dioxide (Si02), netal materials, and the like) are
typically exposed to etchants conprising at |east one

hal ogen- cont ai ni ng gas, such as hydrogen brom de (HBr), chlorine
(A2), carbon tetrafluoride (CEQ, .and the like. Such processes cause
a hal ogen-containing residue to build up on the surfaces of the
etched features, etch masks, and el sewhere on the substrate.
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[ 006} encapsulated -on the etched substrate until a time that further processing is
" desired, which at that time, the encapsulation is removed.
{0007] Therefore, thete is a need for an improved method and apparatus for
rernoving halogen-containing residues from a substrate.

SUMMARY OF THE INVENTION
[0008] A method and system for removing volatile residues from an etched

substrate are provided. In one embodiment, a method for volatile residues from a
substrate includes providing a processing system having a vacuum tight
platiorm, processing a substrate m a processing chamber of the platform with a
chemistry comprising halogen, and treating the processed substrate in the
platform 1o release volatile residues from the treated substrate.

[0009] In another embodiment, a method for removing volatile residues from
a substrate includes providing a processing system having a processing
chamber and a substrate heater disposed outside the processing chamber,
etching the substrate in the processing chamber with a chemistry comptising
halogen, treating the etched substrate with the substrate heater while in the
processing system to release volatile residues from the substrate, and detecting



I n anot her exanpl e, hal ogen-containing resi dues may be encapsul at ed
on the etched substrate until a tine that further processing is
desired, which at that tinme, the encapsulation is renoved.

[ 0007] Therefore, there is a need for an inproved nethod and appar at us
for renovi ng hal ogen-containing residues froma substrate. SUWARY OF
THE | NVENTI ON 10008] A net hod and system for renoving volatile

resi dues froman etched substrate are provided. In one enbodi nent, a
nmet hod for volatile residues froma substrate includes providing a
processi ng system having a vacuumtight platform processing a
substrate in a processing chanber of the platformwith a chem stry
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comprising bromide, treating the etched substrate in the chamber that includes

the heating element, and exposing the substrate to Oj during heating.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited features of the present
invention ¢an be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered fimiting of its scope, for the

invention may admit to othey equally effective embodiments.

[0012) Figure 1 depicts a schemalic diagram of one embodiment of a
processing system of the present invention;

[6013) Figure 2 depicts a secticnal view of a load lock chamber of the
processing system of Figure 1;

{co14} Figure 3 depicis a partial sectional view of a transfer chamber of the
processing system of Figure 1; and

[e015] Figure 4 depicts a process diagram illustrating a method for removing
halogen-containing residues on a substrate according to one embodiment of the
present invention. '

fooe] To faciilale understanding, identical referance numerals have been
used, where possibie, to designate identical elements that are common to the
figures. 1t is contemplated that elements and features of one embodiment may
be beneficially incorporated in other embodiments without further recitation.
[oG17] It is to be noted, however, that the appended drawings illustrate only
exemplary embodiments of this invention and are therefore not to be considered



a change of substrate transmttance white heating the substrate to
determ ne the process endpoint. [0010] I n yet another enbodinment, a
nmet hod for renoving hal ogen- containing residues froma substrate

i ncl udes providing a processing system having at |east one processing
chanber and a chanber that includes a heating element, etching the
substrate in the processing chanber with a chem stry conpri sing

brom de, treating the etched substrate in the chanber that includes
the heating el enent, and exposing the substrate to 03 during heati ng.
BRI EF DESCRI PTI ON OF THE DRAWNGS [arnfSo that the manner in which
the above recited features of the present invention can be understood
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however, that the appended drawings illustrate only typical
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wafer passes through, en—oute, between the main etch chamber and the
substrate carrying FOUP without going into a separate chamber which may be
dedicated for pre or post processing. The locations that a substrate passes
through include and not limited to loadlock chamber and transfer chamber.
Further, the present inventions provides a methods and system:for an en-route
post-processing such as removing halogen-containing residues from a substrate
etched using an etchant that includes halogen. It is contemplated that the
halogen-containing residues removal process may be performed at any location
under vacuum platform in the system. in one embodiment, the halogen-
containing residues deposited during substrate elching are removed by a
thermal process perfermed in a vacuum-tight platform of a processing system.
The portion of the vacuum tight platform that may be utilized to thermally process
may include a load lock chamber, a transfer chamber, a processing chamber, on
a robot biade, and any other suitable focation under vacuum of the processing
sysiem between the main etch chamber and the wafer carrying FOUP. The
thermal process heats the etched substrate and converis the halogen-containing
residues into non-volatile compounds which may be pumped away. The location
chosen for performing the halogen-containing residue removal process may be
selected “en-toute” such that the overali process cycle time is not adversely
affected. The invention substantially prevents the environmant of the processing
system and the substrate from contamination and corrosion while rmaintaining
high productivity and process throughput.
[0019] Figure 1 is a schematic, top plan view of one embodiment of a
processing system 100 in which a thermal process for removing halogen
containing residues may be performed. In one embodiment, the processing
system 100 may be a suitably adapted CENTURA® integrated processing
system, commercially available from Applied Materials, Inc., located in Santa
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[0013) Figure 2 depicts a sectional view of a |load | ock chanber of the
processi ng systemof Figure 1; [0014] Figure 3 depicts a parti al
sectional view of a transfer chanber of the processing system of
Figure 1; and [00161Figure 4 depicts a process diagramillustrating a
met hod for renoving hal ogen-containing residues on a substrate
according to one enbodi nent of the present invention. [0016] To
facilitate understanding, identical reference nunerals have been
used, where possible, to designate identical elements that are common
to the figures. It is contenplated that el enents and features of one
enbodi mrent may be beneficially incorporated in other enbodinents
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appended drawings illustrate only exenpl a odi pents of this
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[0020] The system 100 includes a vacuum-tight processing platform 104, g
factory interiace 102, and a system controller 144. The platform 104 includes a
plurality of processing chambers, shown as processing chambers 118, 112, 132,
128, 120, and at least one load-lock chamber 122 that are coupied to a vacuum
substrate transfer chamber 136. Two load lock chambers 122 are shown in
Figure 1. The factory interface 102 is coupled to the transfer chamber 136 by the
load lock chambers 122.
[0021] In one embodiment, the factory interface 10.2 comprises at least one
docking station 108 and at least one factory interface robot 114 to facilitate
transfer of substrates. The docking station 108 is configured to accept one or
more front opening unified pod {FOUP), Two FOUPS 106A-B are shown in the
embodiment of Figure 1. The factory intetface robot 114 having a blade 116
disposed on one end of the robot 114 is configured to transfer the substrate from
the factory interface 102 to the load lock chambers 122 of the processing
platform 104. Optionally, one or mare metrology stations 118 may be connected
to a temminal 126. of the factory interface 102 to {facilitate measurement of
substrates while within the factory interface 102.
foo22) Each-of the load lock chambers 122 have a first port coupled 1o the
factory interface 102 and a second port coupled to the transfer chamber 136.
The load lock chambers 122 are coupled to a pressure control system {not
shown) which pumps down and venis the load lock chambers 122 to facilitate
passing the substrate between the vacuum environment of the transfer chamber
136 and the substantially ambient {e.g., atmospheric) envircnment of the factory
interface 102.
[o023} The transfer chamber 136 has a vacuum robot 130 disposed therein.
The vacuum robot 130 has a blade 134 capable of transferring subsirates 124
between the load lock chambers 122 and the processing chambers 110, 112,
132, 128, 120.
[0024} In one embodiment, at least one process chambers 110, 112, 132,
128, 120 is an seich chamber. For example, the eich chamber may be a
Decoupled Plasma Source (DPS) chamber available from Applied Materials, inc.
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limting of its scope, for the invention may admt to other equally
effective enbodi ments. DETAI LED DESCRI PTI ON (rmai The present

i nvention provides a nethod and system for pre- and or post
processing (outside the main etch chanber) at any |locations a
substrate waf er passes through, en-route, between the nmain.etch.
chanber and the substrate carrying FOUP without going into a separate
chanber which may be dedicated for pre or post processing. The

| ocations that a substrate passes through include and not limted to
| oadl ock chanber and transfer chanber. Further, the present

i nventions provides a nethods and systemfor an en-route
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contan nati on an rrosl on, i VI an
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[ 0020] The systesyse®o1q0cl udes a vacuumti ght processing platform

104, a factor ypdBt er f'l@l@%yét&a coﬁFBﬂera145M§ E&Iﬁle@qmtfeodrb&%sﬂéléystémqoo
platform 104 ipcl udes a p & M%_grp rocessun&‘%s as
processi ng chals&Yaen fentiofary 44 gamrols fRegoperaion of ik pysiem ‘é’Q§F‘"8|"? irect
| oad- 1 ock charﬂmerrolbﬂﬂaetﬂn@ies@ctmwﬂ:emphemmowe \iag, umo tHesdysiatret doransf er
charber 136, § bR RN Sohferd 6 BRI Bodchi iy i
factory i nterfael{:@ren % g coﬁblg? tot % ans er rng fe\g' t he
| oad | ock chan¥sesess qr@gbers 110, 112, 132, 128, 120 and the system 100. in operation, 1he
system controller 144 enables data collection and feedback from the respactive
chambers and system controller 144 to optimize performance of the system 100,
[0026} The sysiem coniroller 144 generally includes a central processing unit
(CPW) 138, a memory 140, and support circuit 142, The CPU 138 may be one of
any form of a general purpose computer processor that can be used in an
industrial seiting. The support circuits 142 are conventionally coupled to the CPU
138 and may comprise cache, clock circuits, inputfoutput subsystems, power

supplies, and the like. The software routines, such as a method 400 for removing
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[0021j I n one enbodi ment, the factory interface 102 conprises at | east
one docking station 108 and at | east one factory interface robot 114
to facilitate transfer of substrates. The docking station 108 is
configured to accept one or nore front opening unified pod (FOUP).
Two FOUPS 106413 are shown in the enbodi ment of Figure 1. The factory
I nterface robot 114 having a blade 116 di sposed on one end of the
robot 114 is configured to transfer the substrate fromthe factory
interface 102 to the |l oad | ock chanbers 122 of the processing

pl atform 104. Optionally, one or nore netrology stations 118 may be
connected to a term nal 126. of the factory interface 102 to
facilitate measurenent of substrate
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bet ween the vacystemaov.i ronnment of the transfer chanber 136 and the

substanti al | ent .C nyi ro t.of t f or
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di sposed t her eimay Bhesedbuperfarmbothetdd fraesa obl adebstiate. Jhp dback look
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Plasma Source (fRhp&lRfP&hd Hakdstl b, The MRt bstf B 1Y b8 rdnichds
from a singular body of material, such as aluminum. The chamber body 202
includes a first side wall 208, a second side wall 210, a top 214 and a bottom
216 that define a chamber vblume 218. A window 250, typically comprised of
quariz, is disposed in the top 214 of the chamber body 202 and is at least
partially covered by the heater module 270. In one embodiment, a plurality of
lamps 294 is disposed in the heater module 270 to generate heat for substrate
thermal processing. In one embodiment, the lamps 294 are quartz halogen
lamps providing infrared radiation having a wavelength between about 700 nm
and about 14000 nm. The infrared radiation generated from the lamps 294 may
provide heat o the substrate and increase the substrate temperature up o about
500 degrees Celsius. Generally, the wavelength of the sensor 678 is selected to
have a high change in transmittance through the materials and/or films being
heated in the range of temperature for which measurement is sought, for
example, a temperature of a thermal process endpoint.
foo28] In one embodiment, the sensor 298 is an InGaAs diode sensor
adapted to measure a substrate temperature range between 100 degrees
Celsius and about 500 degrees Celsius. The sensor 298 is oplically aligned with
an oplical collimator 2982 and a filter 278. The optical collimator 292 is disposed
in the pedestal 240 between an end 274 of an optical conduit 2786 {i.e., an optical
fiber) and the substrate 296. The optical conduit 276 detects collected energy
passing through substrate 296 and collimator 292 to the filter 278. The filter 278



Tre—oPS—etrirchamber—tses—arrTTducti-ve source to produce high-density
pl asma and conprises a source of radio-frequency (AF) power to bias
the substrate. Alternatively, at |east one of the process chanbers
110, 112, 132, 128, 120 nay be one of a HARTim E-MAX(r), DPS(r), DPS
1, PRODUCER E, or ENABLER(r) etch chanber al so avail able from
Applied Materials, inc., or another chanber, including those from

ot her manufacturers. The etch chanber, for exanple the chanmber 110,
may use a hal ogen-containing gas to etch the substrate 124 di sposed

t herein. Exanpl es of hal ogen-contai ni ng gas include hydrogen brom de
(HBr), chlorine (d2), carbon tetrafluoride (CF4), and the I|ike.
After etching the substrate 124, hal ogen-contai ning residues nmay be
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circuits 142 arg ﬁ) é%'t%rls)@r%%m{ f%. Qm{g' %ELA t?)%%b&g\qla atch

COI’TpI'I se cache circuirts
suppl i es, and tﬂl‘%e‘FVi'fR'@"e"THét@dﬁ"éfMr"@e'if%‘at1i0ﬁe5he ahaheraod 498tinases 00

for renoving hab @g%ré:cm @hﬁa@& ﬂﬁédﬂl@ﬁuﬁﬁﬁ%sh@@%@@ &ww labhinar

f to Fi rm1ih
CPU 158 i nt o o ShaRre BB TR g Sty a1 aiareafh o Fries
sof t war e rout i mesiculay caltauinations Tier wot pasddger236 xey liecdditignatly saptaddo
cont ol er (ot shouDled 364 1 Brol6% 5ok FRARE Y 1hs RIS BHRePIALCO

(0027) Figure 2 dépicts one enbodi nen l'oad I'o cha 122
whi ch may be u@ameles SEopssEnDE AL PRefurplied sy thengas squre 233 Ecluge

I ogd | ock (r:] h?dm%g%rimagafgeh@hﬂ),wyumgbma% a&aﬁd&.aalta@fes Jetlyim 2088), oygbh r st
substrate ho ec a tenper

control pedest 3{)2) hgg%:ﬁ, e %af"ae?@b@ éﬂg%g Tﬁg P mﬂé’fﬁ% r%%dfe
270. A sensor Zglaaladsloalpsims?él tawpunim-giowniibe paaependicantiel thopreseire pidtiest al

240. The chaan;admg)ghag%rWatlgedeg,?garﬂog@t ed froma singular body of
material, such a ncl udes a first

U
e el 366, 6851 o OAGTSL PEEG T 2510 denosed  trstarnd 206 Bbs Erambee
t hat defi ne a Gbayiey tovatibw e 2dtBtratd 184nd de 12hSierréd péteasd thedoapiocis ed

of quartz, 0S t ody 202 and is

2t Teast  parti AL sl Gobflrdtite doe. S fiof SPGHG 2o 3RS0 B2k

enbodi ment, a pledirgli¢adingafont| 23fe isplie the ledd dwk chambar 12Adromethe dactapdul e
interface 102. A second loading port 233 is disposed in the second walt 210 of
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auaprett o rreasur T substratre-trenperat ure range between 100 degrees
Cel si us and about 500 degrees Cel sius. The sensor 298 is optically
aligned with an optical collimtor 292 and a filter 278. The opti cal
collimator 292 is disposed in the pedestal 240 between an end 274 of
an optical conduit 276 (i.e., an optical fiber) and the substrate
296. The optical conduit 276 detects collected energy passing through
substrate 296 and collimator 292 to the filter 278. The filter 278

is adapted to filter the signal collected fromthe optical collinator
292 and only provides A light wth a desired wavel ength to the
sensor 298. [0029] I n one enbodi ment, the optical collimtor 292 has
an aperture selected to allow energy to enter the optical conduit 276
whi ch i s inci dehe chambehbody2681te altow the sebsjrateded imiediransipived B&t@esrethect ed
to mnimze t h%a?ﬂbé%rﬁfnbénc?ézté?ﬁ%’e mf&thiggaeh s@ﬁdnﬁeshf e d4ge

conduit 276. For _exanple, the selected an tical
col i mator 292 Vﬂ?‘ﬂt\/‘sa?‘-\bﬁ‘ﬁ&"aﬂ j‘r‘i‘!"a'2§8“'t§af§§‘i fig vene Fddreelertively tpalsy thee at
within a cone deédnaddohdng poreesang lselafe 1ad ek eharhiae t122l fromnkk ycBwaNt S

i ght incident at. gl es outside of the selected
angl e 290 fromeé“r'l' é‘ﬁ}ehpoehhr?t{%%?fﬁ'a&'ggﬁ?rgp conduit 250. The unwant ed

refl ected |ightiesszlom tThe fisslasdbeiratedioldep 204 dis chopeentrishliye coupledr it 6@.,f r om

the background sg@Red &Mp rmmbged%mﬁmm ﬁofd@ﬂhﬁé‘%@(ré %stE&dvﬂbB@ hee
signal entering to optical condui rou I mat or 292 and

ultimately realHfARFT°REPBEHE oS S‘faﬁ‘? Bﬂ%s P 2?? prodenersly eyt dtPght
ener gy reachi ng Hoop 2oeihatia saupleddB aisBaft 288nh4t extehdsrthraagt e eottdr0216 of

| culate th t f
Che’ chanber vol'(pacap %*‘5&' Pz BT Hiphi@hBus e, MEEhlEIGIAM © ©
chanber 122 mapne&ubsidataa é%lsbi‘ﬁ g8t %’Pieﬁlfpyi %ﬂ@ﬁ]qnﬁé' 86 diepsaent
of the tra?sf ]gere;c@h@r][mﬂ{e Iéa%p@cmﬂaﬂﬁﬁer\/ﬁﬁTéi%@c&rﬂo@ﬂiﬁbsél&%irbrﬁbﬂdtb{e Sikfdle t he
envi ronnent o e ory. lnter 0
i ncl udes one of® ﬁﬁ'ﬁ@agé'ﬁ% oﬁa‘?t@g'dé%%eéwy Eg%ﬁﬂﬁwég%@aﬁgaégﬁé%%“
provi de | am nais fiilipast teihbldian unpecedsadrigistrate fromgh€ B8toduinterigeevi@atwhilg and
evacuation to HNJZER @t”rzké ?RHH@#&GQQ%I&&H B%iooé‘%%&%ea"éﬁﬁst th%égg

230 may be additionally c F to a gas source Frov
m xture into tR8 W&%E’PST’G‘@ Eﬁ?‘é’"'ﬂém"ﬁ?ﬁﬁ‘ﬁ!‘%%' SermEels 6. %@’f‘bcﬁ’%ﬁ%e
suppl i ed from tdagictedish FigueCr a2brdcdssed umgtraetzgegeaoe{nﬁ&abd oA igD Bedod )

Pt 9en, (1), AP oUE 150 ULATOL ) 0 Dkl 34506,
coupled to a pdh@)123632012|8@n¢12ibvm t he gases and control t he pressure

of the |oad | ogfsesthamplvePdephtis @-ﬁﬁ’fﬁﬁ's%@@nﬂ%ew of iﬁ@@ﬁ%}eﬁcﬁérﬁbﬁ' 136
| oadi ng port 238 is diSposed int |1 t he chanbe

body 202 to al rbifie Prasessingsysigmed 09 ok Figyre He'"t‘P%ﬁ@P‘édr'rf"’éH dpRigiGh 'Q‘ﬁ%
| oad | ock chanBigthe idast@ruthaimber faaaé carfigurad erthaariiyifidcesd ifid subbtratd b6

val ve 244 sel gl i \eiie S68icl NEy ! Rlecb P bATINE WiboB2 (] afithe e

| oad | ock cha fromt he act or erface sécon
| oadi ng port 298p¢sed mtbgts@@éprphambw@%mehae bated by epy geitable is heater or

energy source. In one example, the substrate may be heated by a resislive
heating element 322 embedded in the blade 134 of the transfer chamber robot
130. In another embodiment, the substrate may be heated by a heater module
302 disposed in, on top of transfer chamber 136, or below the transfer chamber
136. The. heater module 302 may include one or more lamps 306 suitable for
heating the substrate. In yet another embodiment, the substrate may be heated
by a heated pedestal 314 disposed in the transfer chamber 136. The pedestal
314 may include a resistive heater 322 or other suitable heating deviee. It is



t he chanber body 202 to allow the substrate 124 to be transferred
between the | oad | ock chanber 122 and the transfer chanmber 136. A
second slit valve 246 which is substantially simlar to the first
slit valve 244 selectively seals the second | oading port 239 to
isolate the | oad | ock chanber 122 from the vacuum environnment of the
transfer chanber 136. 0032] The first substrate holder 204 is
concentrically coupled to (La, stacked on top of) the second
substrate hol der 206 that is di sposed above the chanber bottom 216.
The substrate hol ders 204, 206 are generally nounted to a hoop 220
that is coupled to a shaft 258 that extends through the bottom 216 of
t he chanber bo I ] dto
retain one subg(%épéﬁl @m%%ﬁ tﬁb‘? %%@Ee ngggﬁ{eﬁégdb? &Peq &%%%gﬁpqgm
260 di sposed exXfaasfeihamber 196 or ether nogior Oéﬁaﬁfﬁéﬁm 1@2“@#1%1@"@?6‘(&0#@}7'5 t he

el evation of thesgubs Uﬁh@héﬂﬂh?‘ 6 1fie ibbtrat8 Ahe Sibsihth hiap bk féﬂpd&B@fm%

body 202. The f t b 204
u(rzp)r/oc essed gutﬁ’k tr"?s"éef §5JSP§ %rfﬂ?%aﬁ@ a? lggré?l?/asleﬁf gﬁef‘@%‘h‘eﬁgﬁm\ﬁﬁ flg’SYﬂ%naé'gcond
substrat e hol deem@@boii the udledsed edaties flood theaygenc ésthe @nbualisentatepicied. g. |

an etched substy g?e 3 Q]Elé‘ kLSt JhEz%Hért k) ukélﬁ%é‘;g%% gé&%%?@segbaé%agdd%

enbodi nent depi ct ure 2, processe
posi ti oned on t*@'ié@ﬁ%fﬁ@ Rf%ﬂ%% Q%Fta‘é f’ﬁ@lﬂi@s spuige 31§ Wrangplsearasiupg 330 any

one of the procsgRithgseheianbes 13!31@;(&1'&;9!5’5 ofjg33&s th2Gn@6h duipflied from the

0033] Figure 3 de |cts secti sfer
Chanber 336 of hdons eLRhbE b 15 aeth iy hvdben, i vEhes,
enbodi nent depialkeses, heliumi (Hak exs@en e orerenOf)ewalenaapbie(H-Q13 8nd the like.
configured to thesnal bb’tl&faﬁf%tréﬂ?er%”gﬁﬁerrafag rn%? bB%BlFH&J @téghﬁ the

resi dues may be released substrate di sposed
in the transfeferenesiyerof i@%smatﬁé‘”ﬁ%f‘%'"ﬁy "&rﬂ?e STbedipeat 28 eRegY er
Or energy Sour Generhttr 303ds @iXEUEPd 6n thehed of tsttansfbechampebEsshamdhetovitiés a

resistive heati

transfer chanbélﬁ %P oéggg'%%ééﬁ i?snﬁéa}%oﬂﬂgﬁr{é% tggsgsﬁggtzééé%gggéw%?e may
be heated by aThegnemy weokrater 30D may Hpos lager hroa®ﬁ8@mplgbifswrcarmf0@wr
chanber 136, okuik@leOWive dBndrtaN ahEin ohb 8RBEdImdnahe JERrdISI08 mayREbhe 302
may i ncl ude one lﬁﬁ m)rﬁé %arrps 306 suitable for heating the substrate.
In yet anot her oLhe FPRER the substrate may be heated by a heated
pedestal 314 diw@psedAicolitnhier Bt2amsy be dshesel) belod it sublieatp 8@l @llecB14

oy, [nol ude 2 by WhinRaphiin 337 Al RBe Ry &8R! froBeindudeh oo

It is contenpl a at the substrat

met hods wi t hi n 28 Eom gaparpter 3%5%@7'9@86&'61““@? fEpughdhe F@Wretp 2pf and
system 100 t hatcouesteu rbsieﬁe MIBHELER is E@&%ﬂ&enw rraﬁs@mtwacbluﬁwsai‘so.tm by a

bstrat th tr
Faci | fate 1 ho PSR gyl PYTBIRI e ErRRBAI Rane Berrdy e o
removal of theabmwbwemmmﬁgsmﬁrom t he system In the enbodi nent
depicted in Fi gy ng;% 4 GeRSE &f ne BRI 438 n»dm‘dduﬂﬁsfo%énmraseftges

318 adapt ed to suppl y f erent ?rocess gases roma gas source 316
to an interi or "YpIenRENIGIINIFEsidyR, o Splstralenin AReprdangs  wilh Yigpprasend

gases that may mbmanlpme gethbd QI tid ediited G feeprdddssing Gbpdtatu® 100 @fen

Gy oo Ul TS b ey RIS e R e
Optional ly, t h euftabla pEkessingtREbOP, nltza@llnmlyosbér’oesq:mepp@dufa@ursgns e the
tenperature of ghdip Supsd r'hé'thé‘d @bﬂﬂe@&s Qf-‘é&;b Aé» by' ﬂ?odﬂ:ﬁ?g &%Rﬂét%&hng an

ener gy generator 04 is osed he to of nsf er chanber
T35 whi ch bt ov ARSI BREDN B GHEEn HARDS S 38 P60 SR BB he
substrate 296 tm, a1z,empl283érﬁi 1200 (A8 ProgyssigryEtaino10030 peram dreeteh

| aser, broad be rgslslﬂ@tfaag ,.fa% {@?Wh ﬁ%sl[eﬂ;%gsm}fﬁg fg&r%};?é%d and

in one enbodl rrgr one 0
from ane of the FOUPs 106A—B 1o the iu'st substrate holder 204 in 1he foad lock
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energy transmtted within a predefined incidence angle through the
substrate 296 from generator 304. The energy transmtted through the
substrate 296 and collected by the collimator is subsequently
transmtted to the sensor 310 by a fiber optic conduit for

determ ning the tenperature of the substrate, as described above with
reference to Figure 2. [0037]Figure 4 depicts a flow diagramof a

nmet hod 400 for renoving a hal ogen-containing residue froma substrate
in accordance with the present invention. The method 400 is perforned
in the processing apparatus 100 of Figure 1. It is contenplated that
the nethod 400 may be perforned in other suitable processing systens,
i ncl udi ng t hose T egi ns
at step 402 by %ﬁa@@?}dﬁéﬁe@e@ E b%;ﬁ%v?nﬁ S%g'(%]éygfrr%?s"gggs{’erég? ngrgon
to an etch charm@?h fitgy pEpregaingia @edermeddn e pmiddimans the subgtrate 1y hagp

%ﬁ8 ?ndt 120, _ltnat Wﬂ?&§?¢r?ﬁd3ﬂ&é&%tﬂ+@éﬁ tooromee{)@:uemten steérpbs RIdafess.
e factory in r e substrate to
processed from %Wg gy E“F\é%ﬁfﬂﬁ O%'%\mgﬁte ‘tt’p(ée 7 By agﬂbas“taf"a?t@ mafider
204 in the | oadardacletch stdpalayee disp@2d ofittee subskate & promete the trangfer of the
substrate or ”%Qt[u‘eé'or%%&é‘r‘ég t&lﬂ%“sdl‘j\!giga%‘ ih! a'nHﬁ\BF &? t'hé Substrate

performed. |In one enbodi nent, the trate
| ayers formed tReY Bdie mvliple Ayarsy 8 95 6 Hinastacky B‘é@%ﬁ@foﬁ'{!@!ﬁ%@t aaltymSe

st r ﬁCt ur E Tgle ﬁ'ld}fb‘i?d;]aﬁlr& kaoh & ate::j aahaséewswmtuhd ZR e {ﬂﬁél?hb%&i@sﬁraﬁs fn
etcC mas an orec ayer ose Sir ronot e
Che ook o e i F maleBL it 36 ARRET toR by B it SaTubs slitch
anot her enbodi nedde, sttdredsikbat, sitican geayaria,eloped o Wwidepddagadysiicore dgped a
filmstack, ut 'dr'&t‘agpetdomfléaﬁ fwafi'éré fﬁnﬁ%ﬁrﬂ@& to?'ﬁﬁn-ﬁg’twn%rd &JQQFS;&%%H ghuch

as dual damascene structure and he substrate

mat eri al such desYalrsSAN: i REbos; fioped silicen g’x‘de%‘»k?“‘CGO>‘“’6Fer8ﬁ‘i’f’ef gilicpn,
silicon oxi de @tmmmctzaﬂ:uinl asemides flhsss @fppliRd, MR UderIdigRded® bn slidAped

pol ysi | i con, ﬁthOfkequé)g&%trgge ,ﬁg, ag@,f,,?o(@g%t‘?.s@ﬁé LEL ned% fmmor

non- patterned warers silrcon onin arpon' do
oxi des, sili corB0fi mm diemetspedfesi |ascwall agereianioula qgasduaempara®ninde,

gl ass, sapphir eemuaet@ht Jje%eéusmcthe pRSES u%nﬁsnl tHeORibaRAke H&? de' A<e|.co?ihe
substrate may avegxagl ous di nensions, such as 200 mm or

di aneter waf er $€ fof supstrateect angul ar or square panel s. In
enbodi ment depijeegd i fn tdne egmissindnt.i theeatbisate tdnsfegad stbriht eloadiyocke a

silicon seni Cogﬂ%sgdz?ﬁtﬁe r@he Q,qgg],tr ,fﬁmgg’gegﬂj E}E,b e heater

substrate transterre Tock ' e preheat ed

to a predet er minfskie: #Pper B meetewetaﬁée I‘f@%{toﬂ?d ﬁ?f??éiaez i die lopd dosk
t enper at ure conrhafbdrad2 pRdesihet era%:mémtthesttfs&steh@ tehediddraste di2the I N

th nmbodi t | ade of
the transfer chENBar MPaBBHeRBRoT BN A5 5 B Tt dPe tHS A AEY rmy
be preheat ed t degpreteatedrtatauempbratune beiwadroaltoup @0 degrees SelSivb sind sibautd

about 400 degr?%ﬁ dbGrbed Ba :uéfﬁrﬁF r;% ee%g:%%tﬂfnetm‘é‘%sH'l&ktéﬂ‘ﬂnbé’naﬁzaa\ﬁ’tﬁk he

chamber 122 and the trans are substantia
vacuum r obot 13!tpttarnafﬁ§tf'err@ett?@a§%§¥taatsé'v g@iab the vepuyrmeebpl éf§§$f?f§
chanbers, for exadupkteste et thelgiOcestifg pieinbersidr BRarfil€, thphberaig s, to

perform the etch process.

[0D40] At step 404, the substrate is etched in the processing chamber 110 to
form desired features and pattems on the substrate. In embodiments which the
substrate has mask layers disposed on the subsirate surface, the efch process
etches the mask layers simultansously while forming the desired features and

patierns.

H



[ 00401At step 404, the substrate is etched in the processing chanber
110 to formdesired features and patterns on the substrate. In .
enbodi nents which the substrate has mask | ayers di sposed on the
substrate surface, the etch process etches the nask |ayers

simul taneously while formng the desired features and patterns.
[0041] I n one enbodi nent, the substrate is etched by supplying a gas
m xture having at | east a hal ogen-containing gas. Suitable exanples
of hal ogen-containing gas include, but not limted to, hydrogen
brom de (HBr), chlorine (O 2), carbon tetrafluoride (CF4), and the
like. In an exenplary enbodi ment suitable for etching polysilicon,

the gas m xtur eﬁ’&“ﬁpl ' =To Mo I diwgérﬁc&%s%@&mgpqﬂpﬁhe&309(%§l¥| geas gg}i gas

m xture incl udi drogen rom orlne
flow rate bet we@ﬁff%wﬂgm '@EM%”’&%@B'NQGQB Suitable exgmpleg of b@?%@en

20 sct:)or n anfl agéuman% Gee GriBludk Out ﬁmnﬁé@toaﬂa,fawgeﬁewﬁwmer)ﬁéhmﬁaer(é QaS
nma e Su | e eSSI
S oo e ot catbyletat B IR e B IS SRR APPSO GRS P )

hel i um (He) andetthimg poliksdicom, rthe mas enikioei svppited o hige proeedsingashambac ndas

N2, may supplie %I@iésha LR :H&Iécgﬁt{@gﬁaﬁeﬁg%m%d%@%nﬁ%ﬁﬁ&g - ?8%&0 0

scan and about scecm suc em an
sccm for exanpité fawdale betiveep ahgut A0 peciaNdRPod00 seeroFusls ag betwesn 20

monoxi de ( CO) rwmb@ydsau@pi 6@ deont, tibr Examp@ogboll X0 WEdn. ﬁhmeﬂlg% rﬁﬁaypﬁé/\er

f h h d b
about 3000 vt 1 SPPRIA e G STkt PEbrE R alh o SodvR et

exanpl e about 1&@eer\Vgastraay iarldde fitodendN)paaen (Arayeluen (Hg) randitimetike. In
bet ween aboul Gongihsbaish, BB ASGUUIL R n%\?%ﬁpgﬁéd APME os S apNd

about 80 Watts, for exanpl e abo rocess pressure may

be controlled at o eggAbouty ?ﬁF@r%“déﬁ@’*z?BBﬁ?c"%GBcW%twe% ulys
be'zi V\Bﬁn abgut 20 satav dndadbdutaddoddtm 210r B%fple atfoRt 209§cﬁﬁﬁp|ﬁreﬂbﬁhﬁ gtéb Bldhy 1,
and the substrate i a about 0
degrees Cel si uga an%& &%Hé%gcgg%a %ﬁﬁ@ﬁq‘% é"ﬁ 'g'é()(\”ﬁ v{'/geo Hout

0 degrees Cel S|meamt@b€m Pwsdw%%@awrgﬁ@@lweﬁomb@ﬂaﬁﬁpl\@am 45
degreefrb Cel si Ufaﬁoﬂt%ﬂ@]!@ﬁ&'sﬁu%%QéﬂusﬁomﬁﬁsﬁaﬁﬁiabbﬁteiWQm 0P&HR el s
nmay conbine w ts o e etchapt chem

Wn the ComporfbRtto 6P WhE aHS i Mgt Powe MR, maniae bt 2t g
the etch proces.&'attstmmyt B Wantg émahagehamdh%nsuang abegiaduWatts, Ifor one
embodi ment , eex%{ﬂgar 120%Wa efgf&‘bb%%gsaﬁl%séupe[ By BL CORAIERY Bdfddide

phot or esi st ayer mask ttom an I've coatl ng
(BARC), pol yS| |abew 2, M Eqryandabopht004nTare syeh aghetwegn a@reﬂ 2@1’%1 angzabeut
such as titani ymmrdrf, If@lﬁexé?ﬁbhl)aboatnd mToghand iﬁatsaﬁdt@iestem%bjﬁéthr@ﬁway be

al um num oxi de (Al.20 ni u nt ai ni oxi d e | es
2l um num Xt e {ahana st Rl AP AP Ot bimottioh HeheceKAERL
anor phous car beugh anbetwedn gwnt 0 aetrede CeSing and albod) 300 degréad Gelsigs, for

resi dues depos|‘._35‘_,Mg;;'gera §gaé o he subst rate. The
hal ogen- cont ai ni ng resl é reI ease out gas) gaseous.

reactants, sucho4d pr 5’:‘1‘1"%("8‘?‘29 P'%?ﬁsoﬁer?é‘(”@ﬁ pyateralF PaLEnRing With the

(NCl), hydr oge toMmpsriehiacof (tBeichard chlamns{ry ks, weéllf as2Xilto #RCcdntpoRéi® SPBr i C
pressures and/ or ch react cause

Th
corrosi ons and m%;%% év 'r%g a%d %erﬂduc% °tt ﬁ’g %‘}ﬁj'bé’é%"gf'%g‘ﬁe'e%%?a%“lﬁ'& and
factory interf delogerdeantaningsebiduasatneone earhofiment, the eraterialst dnethe substrate

vacuum ti ght prte%se%rm mh@t"tcmd@ &%r@m i&yee ﬁa@&tn%x lh}HreBI\tﬁaﬁ? anfl2 as

descri bed in |%ure . enbod wher'e al | | 'ayers, such as
Cu, Al, W are B‘?B‘b@é’aa‘t”@ @ﬁ@ck @B’gﬁ"icaf"é’fiéiﬂ"ﬂﬁéé'c"’b HéﬁerPétdﬁi metal P8 er
may be corrodedudlyad aniuel siwige ¢TiN R e®d Uighrie matedials Ssuch dshalymiatm oxidle

et or rorati ng. AHEBAPRETN BT o, Sl o Tut TSR ol a8

silicon nitride, TEQOS, silicon oxide, amorphous carbon, and silicon ¢arbide. The
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[ 00433Hal ogens nmay al so be present on the surface of substrates that
are processed in a vacuum environnent in a manner other than etching.
Therefore, it is contenplated that hal ogens nay be renpved fromthose
substrates using the applicable portion of this nmethod descri bed

bel ow. [0044) At step 406, the processed (e.g., etched) substrate is
removed fromthe etching processing chanber 110 after the conpletion
of the process. The processed (e.g., etched) substrate nay be
subsequently transferred to any chanber in the processing system 100
ot her than the etching chanber perform ng the etching process to
performa thermal process as further described bel ow. For exanple, as

the etched ma %%hb& d er r

i ncl udi ng anyyoﬂgo ﬁg}m@her'dbér%ggé%{tn& ﬂ\t?l n@g{:‘% Tﬁgl %@%%'%Zghe
120, transfer cﬁ@!ﬁﬂ@rw!ﬂ@@“"glf@%i@ﬂq 'Békf@&ﬁéw quias) gasgpti reaplants.sstch
hal ogens. oL i 0Nl Ly kb Charoa ) g acaaronae () Ak dert Boine pid
interface 102, ﬁ%‘{ Wﬁ &Sy ! s?ngf’fegnﬁto %TQS&‘FH% pb%ﬁ‘ff@%%ﬂ"'( é’aB” vag?rcﬁéé)
substrate is thelemsé lof stohgasaahismay icaysedd@@osionsr anicpagticieheontamination of
hal ogen- cont ai niag,ssdicl Ssba aﬁmrtdhsctagl?@éﬁa%&sedaﬁg%baét&fa ﬁéﬁste%uéﬁ ep.

404 prior to exposure to atnospheric c I ons O vapor

FOUPs 106A- B or @dihseracyuyp-Hght d¥rcessing platfasnt 104 snd thifactont 'n@ﬁéﬁe A%afmay
be onitted and &ertdaan Fglrepy. ocmdsﬁémva% sieani¢ lab&re, dueh awcapy, e
perfornmed in the cha

ot herw se expos%rg G0 sﬁgltoogsﬁg S"S{] ﬁuﬂg?esgle t%*ﬁ?ga%&aﬁi’eﬁgw%ﬂrpédh‘? n

the | oad |'ock cieleabrs ganeovn teartants fi thep hee ﬂqbc%moved bylthe iryenlive process

contenpl ated t hadscale@PhetRS 1HE¥bY Soveilelyt a“e@edofat.ﬁmzet E@foﬂﬁénc@réfccfe%eét ep
406 described apove effectively renpvé the halogens fromthe etched

substrate. [004%8[Mgd ¥xthe,subsEae; ne substrate is thermally processed to
renove hal ogen peasp/ orHdlajens ety Gidtiai giésegt ére&bdumefdfaﬁmét;h&s that are

substrate i s di BEsBRaP e Ehbun BhFRAACH TR 1REnd SR IRSMN Treidlie g
el ement or confi @Lnoe@w@tqﬂdbﬁtthadﬂmeﬁm@as bp semeved from tbpsﬁswbémaghsmg) a

heater suitabl ethéeispa.hmé,bmridmssmaﬁ&mésenﬁeebaowenperature at which
the volatil es are remﬁ I treat nent

Fo exagg E(g
process of stept 158 ¥R |(F€ ﬁ‘f &Hgﬁtﬁa%ﬁ'é reraoved gk e g
on the transferthe (etnhing:p’&ﬁl:eehng chipniblee 1 9% gftee nive capdpldtioa d ther priocagst Tre

substrate betwegp.chaympes etcﬁé dySuRatdhy Sy nd g&ségﬁﬁ%ﬂ%ﬁsf@ieﬂoean A08

may be p03|t|oned in a substrate supporting devi hernal
process is perf@ARBE. N e RECCERIWHEVERNP , 100hethem dafaihep pistiag schamber ep
408 may be perfwﬁmdng Mhé iwhh@aﬁrobmktocbarrdmramamm Ppbdees & firhar | y

f d f
o ocess ng chaniiaribed paow, 68 Sabie 258 Handd el be BifseliFanemsd o
bel ow, the stepo40Bermel d‘elmbm bdddmamwdecnf ffechtivan ptagesdingaghambeis 112,
chamber 122. It 32512‘301'5(]9%%5?&%%:%&? 34, %d%ﬂ%h%eﬁﬁ@o%r%ﬁé Ral 1y

at | east one of as exposure and sensing ste&z@ performed in
4r

e O Ol e U8 v e Boote oo B ¢ A% Bplggens.
interface 102. @fRd4i)) the ihaanf yrRpdsaltay woiratihetrtondihtesiaes 1020 hetrblbgy

thermal treat mas!‘?étions 118. The processed {e.g., etched) substrate is thermnally treated at step
408 to remove the halogen-containing residues from the substrate generated
during step 404 prior to exposure to atmospheric conditions or water vapor in the
FOUPs 106A-B or other location. It is contemplated that step 406 may be
omitted and the thermal process step 408 described below may be performed in
the chamber in which the substrate was etched or otherwise exposed lo
halogens, or that step 408 may be performed in the load fock chamber or other
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process is perfornmed in the |oad | ock chanber 122 to renove the
hal ogen-contai ning residues fromthe etched substrate surface. The
et ched substrate held by the second substrate hol der 206 raises the
substrate 124 toward the heater nodul e 270, thereby increasing the
intensity of heat transfer to the substrate. The heat fromthe heater
nodul e 270 causes the tenperature of the surface of the substrate to
ri se, thereby causi ng hal ogen-based reactants di sposed on the etched
substrate surface to be rel eased and/or outgassed. As the substrate
tenperature increases, the |light energy absorption behavior of the
silicon substrate varies as well. For exanple, as the light fromthe
heat nodul e 270 S| t stra .
tenperature el evat?i }f% a égoglg f%ﬁngﬁélét?%%a? td’lagne % Itt??lg the
substrate incr eﬁ@@sﬂl ﬁ@éeﬂ‘s@‘% oh dleﬁfglhﬁd abnve gﬁetﬁb%mem@thedfalogemﬁ foaom
mat eri al at hi gfheSithsd sdkgatbenperature. Thus, less light is
transmtted through th iljcon supstrate as jt heats. By nmeasuring
the change in s Jcrat‘glst%?pa@n{]h?tsaa%@{eo?% a‘é’é’ﬁ%c&?sefé%fg'? halogen
substrat e t enpearafarhelogencdntainirg resitssdonethel sebspatede ase emdmnarht dtep
control the sub CESS
rﬁ% e 4%?8%&#%18 "rge%&&aél&té J@%{ E@éeﬁ h%Rb %?{ﬂg o‘t'!s %

can be determ ne I'n one e eat er

heats the subst F3%tiaving %he%hem@r@nwecoa&smw RASHON “EOSLI!Péﬁ?tée% close

(Cj)el si us ?;2|d abowoud fbfﬁg@%&nﬁﬁ Rl Hating mfhua@ratﬁovue@nlpafam gﬂﬁ?ch?)oo
egrees S1 us,, an ou Xa e abo

Gogr ces Col oi uehe 361aBEY He oamstl ot e BirmeClnsliion Brrceseor e

such as about- 2408geaydredueriofire whilpithi: substtateniy chsbo?.dde)nsbmsansmreoﬂmymo

heater nodul e 2¢@,al 4h@"‘§e(§J&ﬁcJ‘a$f09§£§f§rﬁﬁH qhd! Ot S| gaﬁéerpnchmsers

etched substrate t0 be renoved w thout 1nhcreasing process cycle tine.

In one embodi mefftemativaly. (e supsitale ﬁﬁ)ftesﬂe“hee&taédb%y’oﬁ'ﬁ'f@eﬁéat%rS“h’ii‘@iﬂ e
270 St a pr edﬁtﬁpmmt@dévicﬁﬁvmélthe(]deml plocdsas b@‘fcﬂﬁ?d]-lﬁem ainbbdagent,
resi dues on t tr erl o

Al ternatively, ethgg.'pm il %r%fg% %g}eggﬁée@fl gggggr%qm?\é]ﬁ ?'%%ﬂgﬁ%%qapgte p122

t enperature, f o atheasimilerly penfigyred regganaofdhattg@fqrmhamgﬁﬂ 36raareneiof dieon

through the sulsbdealify chatsd 112, 988 @@bpﬁj mema,examﬂai% e @f&v be
suppl i ed fromtheagas source 252 to the hanber 122 wh

heating the et dA2&eBu B iF a{jteé""b‘fﬂé‘se‘leéﬂ'@?fds'ﬂﬁgﬁ ?c’éf’é"‘?ksc'@ﬂ?% ae- t'b ‘Sand
reacts w th theogamplitedt thae the Theatigg Stepl aidu ptionallyvar kesstt dre olutrgagssed

e, punped out GPOTRRT el A8 AT be Betalfsd ek iteS EHAHSR IR

i ncl ude an oxygdHedadomn M4 fapiay intarfaee 102- 02, 03, water vapor (H20),
?l h{gg ;)genl ﬁont (48] lnE 19 X% eﬁélhgﬁtarﬁl?en’flﬂ%lmfeﬁtrﬂﬂ £i6p 908, théah&al BB&Ment

al Kanes a en r .an a
i 1 agbn gns (185s8 KBaRmal badead 6k efimi 142 Fh coipund Halbel

exanmpl e, the gasnnmnmueedqunn(ﬁtweteh@kg@emte sitfaceg&he elched aubstrate
hyd t i pi
ydrogen- cont aigq R%v &?%ﬁ %Qrﬁé‘ﬂ%@%% as&é‘ﬁme@ﬁ%&ﬁ!@gz&%{ﬁd PJe”g

gas is at least o wat er. vapor
rgaster jothe

anot her exanpl dealeh&qgys ?ﬁox 81#%"%‘&9‘ epgRg geintepeifyeoighaat
enbodi ment s whisabstias Khé ayRmon the Béﬁélerﬂbdmmﬂd&uswlﬁé tedipRratlrg of RSk

| ayers nmay be sinult ousl rem)ved t he hal Qnt |n|
resi dues, e.g., Fu ap ' t?ltﬁprést? V&f?e"tgw c?ﬂ‘?é’?o %a«laen { cp
| ock chanber . mlnsﬂneaeldrprothe e@h@b@uhtmfate suttdce tghs refeassdraed/nawtwsgu@pl i ed

at a flow rate @l e ffidtatd heRfaSN, tRMENANSHY abSrRiR BRRAMY of fe

exanpl e about 7000 scan.
P silicon substrate varies as well. For example, as the fight from the heat module

270 heats the silicon substrate and the substrate temperature elevates, the
absorption of the light energy by the substraie increases due o high light energy
absorption of silicon material at high substrate temperature. Thus, less light is
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I n enbodi ments where the hal ogen-contai ning resi dues are nostly

brom ne-based residues resulting fromuse of brom ne-based etching
chem stry, the gas m xture may include ozone gas (03102) and/or other
i nert gas, such as 02 and N2. The ozone gas (03102) may be supplied
at a flowrate at between about 100 sccm and about 10,000 sccm for
exanpl e about 7000 scan. Alternatively, the inert gas may be supplied
with the ozone gas (03102) at a flow rate at between about 100 sccm
and about 10,000 seem such as about 500 scam A residual gas anal yzer
(RGA) may be utilized to detect the remaining hal ogen-contai ning

resi dues on the etched substrate surface. [0050j.Optionally, a step

410 may be perf%mé&h%@gmh& Q.ﬂcom%gméas.me%%t ngéyé?ﬁ.hg ?He%hbr% in

returned to one of th rocessin
e e rer ot or' sttt SRt s LU s SomRar 2081k pishate iampereiei may e °
vacuum envi r onneaitutaidthandsalpsdcesd endpaiht Rreohine thabugeate nenperatlrepfudses's

of step 408, w lh'enﬁh? reétﬂEﬁt%%@ﬁ&%%%%@ﬁnh@&o t he processi ng chanbers

during subsequent process preventlng darmage to the
processi ng chanf®4k. (bomz)emboéeweatpthedwater grodyle 2T heats thet gubstradg to a

treated substr ajeppbats®BétRben dbol® thégaé@s lctlus GRA BB 53R degrétls GHisAR,
412, the tenperature control %Jg %&P IS rajsed to contact t{}
et ched substrat%”gfi‘ﬁ 81?"‘?8'3!3[2)9‘('? gEReS gl 300 ARQUE 49 fegEses S5luss ok
t he hal ogen r esexmpleraboohGOk degreps 2d8us, at batwéent dbeutsdestndataed tiloowh 120
dosired tenper alipe, High 6L SRGH AGSLAAL Srb Gafid Pefihgf hE AL b0

heat through the n one

substrate nay bee o‘PE‘H-“q @73 4"@%6‘?%&?@?0@9'?‘8‘?{@"?1@9 lﬁ%‘?%ﬁérP“aHl%?‘Cﬁ@
degrees Cel si ussubbat@ieUbe kdMmodid WaBsut GatreadiMy phibssalclawsinidlemebsed |

substrate returning.to,the Ps 106A- B, wi.t u o the
FOUPs 106A-B. 10BE%WRAt: |‘E‘f’co%‘J aig“}aﬁé’e l]%%‘?‘fg’( and fegden, % g@%&ﬁg 3 oad
| ock chanber 12;2reaime;mi1@dstmmetﬂarch@oulslheyhmm@dntammprrmeatmdhe Blohed he

subsequent subs{atfe LiPRAGEd me%%% Aﬁ&mﬁ\@gcéﬂ&ﬁ He At 1 RL €SS

cycle tinme. Once the pressures of | oad e 122 and t'he
factory interfa®eitpng 5‘1’@’3‘&‘6'@8@@“(%&"? prégtples Imanityring, 2 change; ia lightened
to al |l ow t he f aednemigsibmthesnight® subdielte. 114 to access the | oad | ock

chamber 122 to (EBEDVG IFI PJ?I? hgﬁ%ﬁﬁﬁﬁy %O%%a%%ufﬁar %a\x}b%esulﬁgﬁg% flro?lg: lﬁ_](fcg%ﬁber

122 and return 0 one 0 rocesse
substrate from toHEeRERpIhe padlop shaynbise 132 vile heating thei ainhed skstritgathel ock

etched subsirate is exposed to and reacts with the gas mixture. The gas mixture
converls the ouigassed halogen-based reactants into non-corrosive volatile
compounds that are pumped out of the load lock chamber 122, The gas mixture
may include an oxygen-containing gas, such as O, O, water vapor (H,0}, a
hydrogen-containing gas, such as Ho, forming gas, water vapor (H20), alkanes,
alkenes, and the like, or an inert gas, such as a nitrogen gas (N,) , argon (Ar),
helium {He), and the like. For example, the gas mixture may include oxygen,
nitrogen, and a hydrogen-containing gas. In one embodiment, the- hydrogen-
containing gas is at least one of hydrogen (Hz) and water vapor (H20). In another
example, the gas mixture may include ozone gas (Os). In embodiments which
mask layers is present on the substrate, the mask layers may be simultancously
removed with the halogen-containing residues, e.g., the mask is stripped of the
photoresist in the load lock chamber.

[ooad]  In one embodiment, the gas mixture may be supplied at a flow rate
between about 100 scem and about 10,000 scem, for example about 7000 scem.
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chanber 122 on the first substrate holder 204 while the etched
substrate is renoved fromthe second substrate hol der 206, thereby 4
consecutively processing substrates as indicated by the |oop 416
depicted in Figure 3. Alternatively, in enbodi ment where thermal
treatment process of the etched substrate is perfornmed in a region of
the platform 104 other than the |l oad | ock chanber 122, the etched
substrate is noved to the |load | ock chanber 122 or one of the
processi ng chanbers 132, 128, 120 after conpletion of the step 408.

[ 0053] Thus, the present invention provides a nmethod and apparatus for
renovi ng hal ogen and/ or hal ogen-containing residues froma substrate.
The method and armm:aa-msntamm ﬂ@eﬁm@deh-c&ﬁtawﬁ@trésl&lébse{ré Fhddtly bromlne-

deposi ted on 't nereierRdea g TRy e Bravisrg =t BR Bhrilot br Ba
corrosion of th@lpuremsnwgiesglsn@gaa‘Mzbmd/celoﬁ‘asmdrtlgai; ageinas ORlaed eby
enhanci ng produgji Yﬁé&oﬁé‘ﬂaﬁoﬁé@ﬁﬁa} ﬂ?% Q};&gﬁya%aﬂw@a‘ié‘bt\/ﬁ&& en'aBbut oo

foreg0|ng is directed nent’s gresent I nventi on,

and further embSeRhand abayt 19,490 sooe FFieERMRIR POBE 7008, Sesrr Alleralively, the
departing from tdest dagiay becapgiet Imahmfozoamglast (ﬂgf(ﬁp&t&eﬂdvh@fe&ﬁfbeh@en

determined by the cl.aj g‘?}’é’igﬁ ! 18\{)/% ai e a gE(S Scc{“l' PF‘dua;

renDV|ng volatlﬁe resi oma su ra e, ng a
substrate in a groarabgphiG andydie ulifized tgﬂgtsetsb,e regwasmmlngnmmtanlng

chem stry conpr 're'“'slcﬂgsmeﬁﬁﬁed substrate sifag@isf erring the treated
substrate from OCGSSI n%ﬁ’aﬁhé‘ er to a |load | ock chanber of the

processi ng syst #H%-whePB PRI 10omRY DRapailormed; whgrein g, barmally
transfer the subedtedibubsiratons eetirasd ononerdt itfeoproedasing bisdnther g 112, 132,

E;ngfn S| gg dSVSt §58, 120 ALY KL (& YdRBRTH e bt b HemBlRf 5 1h9
vacuum environment. The substrate, after the halogen removal process of step

408, will not introduce halogens into the processing chambers during
subsequent processing, ihereby preventing damage t{o the processing
chambers.

(0051} At an optional step 412, the thermal treated substrate is cooled in the
load lock chamber 122, At step 412, the temperature control pedestal 240 is
raised to contact the etched substrate supported on the second substrate holder
206 after the halogen residue removal step 408 to cool the substrate to a desired
temperature. The etched substrate is cooled by transferring heat through the
pedestal 240. In one embodiment, the etched substrate may be cooled to a
temperature ranging between about 10 degrees Celsius and about 125 degrees
Celsius that allows the etched substraie retuming to the FOUPs 106A-B without
causing damage to the FOUPs 106A-B.

[o052) While cooling the substrate at step 412, the load lock chamber 122
may be simultanesously vented in preparation for the subsequent substrate
transler process at step 412 to minimize process cycle time. Once the prassures
of the load lock chamber 122 and the factory interface 102 are matched, the first
slit valve 244 is opened to allow the factory interface robot 114 to access the
load lock chamber 122 to remove the etched substrate from the load lock
chamber 122 and return to one of the FOUPs 106A-B. A newly unprocessed
substrate from the FOUPs 106A-B may be fransferred into the load lock
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removing volatile residues fromthe treated substrate within the | oad
| ock chamber in the presence of a gas m xture supplied to the | oad

| ock chanber, the gas m xture selected fromthe group consisting of
02, 03, H20, al kenes, al kanes, N2, and H2. 2. The nethod of claim1,
wherein renoving the volatile residues fromthe treated substrate
further conprises: exposing the treated substrate to a plasma in the
| oad | ock chanber. 3. The nethod of claim2, wherein exposing the
treated substrate further conprises: formng the plasma in a renote
pl asma source. 4. The method of claim2, wherein formng the plasm
further conprises: maintaining a plasm power at between about 500

Wafts and about cRARR, V*éﬁtoﬁ the- f:rsTQﬁbsﬁfﬁFehﬁlﬁBe?fEO'@lv@n'ﬂéntﬂe eh&l Qlit@.trate is
renoving the volatile residues fromthe substrate further
ot Mt cetmoty AP SerATe. SbSTafR Tt rang. Joreiva fhpanseshleate

t he gas m xt ur e proagaingsabstpaied 2s tindiddied af ite ddopbetoneepictad dmtFighrel 3t 0

about 1:20. Alternatively, in embodiment where thermal treatment process of the etched
substrate is performed in a region of the platform 104 aother than the load lock
chamber 122, the etched substrate is moved fo the load lock chamber 122 or
one of ihe processing chambers 132, 128, 120 after completion of the step 408.
{0053) Thus, the present invention provides a method and apparatus for
removing halogen and/or halogen-containing residues from a substrate. The
method and apparatus advantageously prevents substrate contamination and
corrosion of exposed portions of metallic films deposited on the substrate, along
with preventing contamination and corrosion of the processing syétem from by
released halogens, thereby enhancing productivity and process throughput.
{0054} While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the invention may be devised
withoul departing from the basic scope therecf, and the scope thereof is
determined by the claims that foliow.
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7. The nethod of claim1l1l, wherein renoving volatile residues fromthe
treated substrate further conprises: heating the treated
substrate to a tenperature between about 20 degrees Cel sius and about
400 degrees Celsius. 8. The nmethod of claim7, further conprising:
cooling the treated substrate in the | oad | ock chanber after heating
the treated substrate in the |oad | ock chanber; and renoving the
cool ed substrate fromthe |load | ock chanber. 9. The nethod of claim
1, wherein treating the substrate further conprises: treating the
substr at®lainss ng at | east one of hydrogen brom de (HBr), chlorine
(A 2) and carbon tetrafluoride (CE).
1. A method for removing volatile residues from a substrate, comprising:
treating a substrate in a processing chamber of a processing system with a
chemistry comprising halogen;
transferring the treated substrate from processing chamber to a load lock
chamber of the processing system, wherein the load lock chamber is configured fo
transfer the substrate from a vacuum environment inside the processing system to an
ambient environment outside the processing system; and
removing volatile residues from the treated substrate within the load lock
chamber in the presence of a gas mixture supplied to the load lock chamber, the gas

mixture selected from the group consisting of O,, O3, H;0, alkenes, atkanes, Ng, and Ha.

2.  The method of claim 1, wherein removing the volatile residues from the treated
substrate further comprises:
exposing the treated substrate to a plasma in the load lock chamber.

3. The method of claim 2, wherein exposing the treated substrate further comprises;
forming the plasma in a remote plasma source.

4, The method of claim 2, wherein forming the plasma further comprises:
maintaining a plasma power at between about 500 Watts and about 6000 Watts.

5, The method of claim 1, wherein removing the volatile residues from the treated
substrate further comprises:

detecting an end point.

6. The method of claim 1, wherein the gas mixture comprises an O, to N; ratio of
between about 1:1 to about 1:20.

18



10. The method of claim1l, wherein renoving volatile residues from
the treated substrate further conprises: mai nt ai ni ng the | oad
| ock chanber at a pressure at between about 10 mflorr and about 5000
mrorr. 11. The nethod of claim 10, wherein the gas m xture supplied
in the |oad | ock chanmber includes at |east one of 02 and 03. 12. The
met hod of claim11, wherein the volatile residues are hal ogen
containing residuals. 13. A nethod for renoving volatile residues
froma substrate, conprising: treating a substrate in a processing

chanberz of a THeOMmRERKNGF SMRY AMwWHelin SreffdRMg SEdiatile P8didies fSmhieOBeRed
transferring the treated substrate from processi ng chanber through a

t r ansf e PURHEBHBIMNEHCRMPUSES: | ock chanber of the processing system

wherei n the |iaaghd 9%« R SUbdteate ABT 4 QBMmBEralfe t BAREER Tatlole 20UBSdrEas ©
froma vacuum envi ronnent inside the processing systemto an anbil ent

envi r onkéiusARdakout 40 degreesE8lsig. syst emy heating the treated
substrate; and

8. The method of claim 7, further comprising:
cooling the treated substrate in the load lock chamber after heating the treated

substrate in the load lock chamber; and
removing the cooled substrate from the load lock chamber.

9. The methed of ¢laim 1, wherein treating. the substrate further comprises:
treating the substrate using at least one of hydrogen bromide (HBr), chlorine (Cly)
and carbon tetrafluoride (CF.).

10, The method of claim 1, wherein removing volatile residues from the tfreated
substrate further comprises:

maintaining the load lock chamber at a pressure at between about 10 mTorr and
about 5000 mTorr.

11.  The methad of claim 10, wherein the gas mixture supplied in the load lock
chamber includes at least one of Oz and Os.

12.  The method of claim 1, wherein the volatile residues are halogen containing
residuals.

13. A methad for removing volatile residues from a substrate, comprising:

treating a substrate in a processing chamber of a processing system with a

chemistry comprising halogen,
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renoving vol atile residues fromthe heated substrate in the presence
of a gas m xture having one or nore nenbers selected fromthe group
consisting of 02, 03, al kenes, al kanes, N2, and H2. 14. The net hod
of claim 13, wherein heating further conprises: heati ng the
substrate by heating the substrate on a bl ade of a robot disposed in
the transfer chanmber or heating the substrate in the |oad | ock
chanber. 15. The nethod of claim 13, wherein the gas m xture

i ncludes at |east one of 02 and O. 16. The nmet hod of claim 14,

wher ei n hegdnisfiegrifid) ahé Uhsitdd istbétrHté hiedm CorapedshRS chaRBs! Merodgls hANGRsfeR
a signal H@%ESI ch t&rﬂaulﬁgﬁt ne subsérate whi |l e heating the, subs} rgte.
17. The® BB R i & 3@81?'{ R #h%@ﬁiﬁ%‘g'ﬂﬂgﬁyst?@%’ewwfﬁlm&% oad lock
subst r atRamBsPierdhfigired @ trahstei he substrB®e fRdrel Bdactlm ERironfent ihBRe the
met hod of claim 1% wherein volatile residyes, are hal ogen contai ning
processing systém to an ambient environment outside the processing system;
heating the treated substrate; and
removing volatile residues from the heated substrate in the presence of a gas
mixture having one or more members selected from the group consisting of Oz, Os,

alkenes, alkanes, Nz, and H,,

14. The method of claim 13, wherein heating further comprises:
heating the substraie by heating the substrate on a blade of a robot disposed in
the transfer chamber or heating the substrate in the load lock chamber.

15.  The method of claim 13, wherein the gas mixture includes at least one of O and
0s.

16.  The method of claim 14, wherein heating the substrate further comprises:
sensing a change in a signal passing through the substrate while heating the
substrate.

17.  The method of claim 16, further comprising:
determining a substrate temperature correlating to the signal change.

18. The method of claim 13, wherein volatile residues are halogen containing
residuals.

19. The method of claim 13, wherein removing volatile residues from the heated

substrate further comprises:
forming a plasma from the gas mixture.
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residuals. 19. The nethod of claim 13, wherein renoving volatile
residues fromthe heated substrate further conprises: formng a
pl asma fromthe gas m xture. 20.The nethod of claim 12, wherein
treating the substrate further conprises: treating the
substrate using at |east one of hydrogen brom de (HBr), chlorine
(C12) and carbon tetrafluoride (CF4).

20. The method of ¢laim 12, wherein treating the substrate further comprises:
treating the substrate using at least one of hydrogen bromide (HBr), chlorine (Cly)
and carbon tetrafluoride (CF,).
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