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CHAMBERS FOR HI GH DI ELECTRI C CONSTANT MATERI ALS BACKGROUND OF THE

| NVENTI ON [ 0001] In the manufacture of sem conductor integrated circuits
(1C), dielectric materials such as silicon dioxide (Si C3MARCH W7
nitride (Si3N4), and silicon oxynitride (SiO\N) have 5 been w dely usedas

I nsulators for transistor gates. Such insulators are often called gate
dielectrics. As IC device geonetry shrinks, gate dielectric |ayers have
become progressively thinner. Wien the gate dielectric |ayer approaches

t hi cknesses of a few nanoneters or |ess, conventional SiO2, Si3N4, and

Si ON material s undergo el ect riATLBIQFAKHEUNVEMNTIQN: | onger provi de

i nsul ati on. To nmi ntai n adequate breakdown voltage 10 at very snall .
t hi ckness (5 10 nn), METHODI FORGLEANINGBEROSITIONCHAMBERS! be used as the
-gate insul ating | ayer.FORMIGEr DIELECIRICIGDNETANT MATERWS materi al s", as
used herein, describe materials where the dielectric constant is greater
than about 4.1, or the dielectric constant of silicon dioxide. In .
addition, high dielectric constant materials can also be used as the
barrier layer in deep trench capacitors for seni conductor nenory 15 chip
manuf act uri ng. The | C i nduSAGKGROUNIpOF TREINVEMIION nany hi gh dielectric
constant materials. The |latest and nost prom sing high dielectric constant
mat eri al S{08PH Indbamarufatbise of sémigonducd@Integfadad cidwuiR (IC Ntlelectxt matarials
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oxi de® artzeamatidély sised esiresiatorg fordrarisstdrigatesc Gischdndulatetseare aften calikd(galeh as
Hf Si ON or

. . i | ct bl G press
T SLON PrgbBhERY 4 ARES Hhabbfy SWELECOa gan: Rl e bRHED!
cryst al | i pragiessivaly thinmgdr. Wiherl thetgaitedielzobicaater mppmachésthiokobssas offb@wcauses
hi gh | eakage current and device .failure. T fore. incqrporation of
i £ ogen TERRiA&F lesky SV RiisB 8ol n BTORURR Bhol TAGERR sl
I nst anceshreatdonat andsia leagergrevioé irsulation. To heainthint Atiegobietreareidnvdiahe2S
mat er,i.al s .are deposited as the high dielectric |ayer. For exanple, a
o 10 e AVPHATREIKTO5EA TE) MelelBiHe FoRsta bl 6o Pe e B8 en
barrier |gy@hshiatisgRyet. ERCRrmCRGRAAidditto conbtatl idieias"280dsed KP8R] H gh
dielectric constant, materials such as A1203, H 02, and Zr02 are very stable
and resi esgEPeGaanats Whrre th diplestriciconpiagt is xRate'dhan abpitch!.Ridhe ed to their
use as etdidlectric constant of silicon dioxide. In addition, high dielectric canstant materials can
also be used as the barrier layer in deep trench capacitors for semiconductor memory
15  chip manufacturing. The IC industry has experimented with many high dielectric
Q constant materials. The latest and most promising high dielectric constant materials are
metal oxides such as AlLQ,, HfO,, ZrO,, and mixtures thereof, and metal silicates such
as HfSi,0y, ZrSi,0,, and mixtures thereof. In some instances, nitrogen may be
incorporated into these metal oxides and metal silicates high dielectric constant materials
20 (such as HfSION or AISION) to improve the dielectric constant and to suppress
crystallization of high dielectric constant materials. For example, crystallization of high
dielectric constant materials such as HfO, causes high leakage current and device
failure. Therefore, incorporation of nitrogen ¢an dramatically improve the device
reliability. In other instances laminate structures of two or more of the above mentioned
25  materials are deposited as the high k dielectric layer. For example, a laminate structure
of Al,O; followed by HfO, is being employed as the barrier layer in deep trench
capacitors.



stop layers and hard nmask |layers in plasma etching of other materials. See,

e.g.. K K Shih et al., "Hafniumdioxide etch-stop | ayer for
phase-shifting masks", J. Vac. Sci . 5 Technol. B 11(6), pp. 2130-2131
(1993); J. A Britten, et al., "Etch-stop characteristi cs3oMARIRQ®Tand

HO2 films for nmultilayer di eI ectric grating applications”, J. Vac. Sci.
Technol . [0802]4(High diglectiozanstatngtedals suichias Naflg RFO22and Zm@maenysmblef d?2
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I nc. teaqboo3l)atTHess high dielpLias cBnsthatamnsteibisee M@R;aﬂyedé;bdsﬁéd gomrdghenficaler y

| ong time betwee enance ¢l e . Pat ent No.
6, 337 18§re%§s‘§?r}2?g??ﬂﬁi'”7a QPP "299‘52879}'“?-@/\@\%?5 %rﬂ)c'beé'f"ﬁﬁll@%f any process
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di scl. gsures. 004 Pl asma sour ces een used to enhance atom c

| ayerd®def$8 ri?? PB gonqustor gupgtrat %Xwaé%rahbv EtO'TF%!?é(P'é@RP%tt'OEI(ALPh WO

02/ 43115 uﬂ\&htcﬂqﬁélrmsearwep@énteelaﬁ%amro@aufﬁé?ae@ rﬁ&mcﬁwﬁiea’é@r@wﬁﬁﬁkue%et ive
speci es that %gr e/ activate the substrate surface facilitate

subsequerﬁ’F"%?Pf"s Roderming ALD are diggoged i g4 WS- P é@@hNPh@Bﬁgé%FO @adﬂbl si ng
pl asma t @t anagts Ala@npﬂecea $@37v mtts%eﬂﬁg al éle rmst PélanpAﬁ;ﬂidé&m PGoIREI

flows. 30 A | i'cati ons do not disclose an hod to cleanthe
ALD' T o5 deE04Ri0a 1 555 81 R Bpeiied oo UnS ralon s Sui 1800808 D‘Wﬂﬂgeettahe
depogpt i MPOROARETTS t@%bflﬁﬁf)éb’algm Q@i?bbﬁi‘A@!@bﬁ&élfétCalC‘Pﬂﬁtfé\ﬂfl on a
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al so occpateripasyig R@ﬁ%@*ﬁ"c{féﬁ("’bﬂ'@ﬁﬂﬁﬁitWEla§mér$1Qﬂ"ﬁé\”0‘E>ﬂpﬁ)@@hZ§@ﬂ ces
i nsi de ofy JdhpiodgiR® Bet@Bert RffERance cleaning.” (See, e.g., U.S. Patent No. 6,387,185

() B2 at column 7, lines 27-28.) However, no details of any process for plasma cleaning of
ALD chambers were given in the above family of disclosures.

25 [0004] Plasma sources have been used to enhance atomic layer deposition processes
(PE-ALD). For example, Pomarede et al. in WO 02/43115 A2 teach the use of plasma
sources to generate excited reaclive species that prepare/activate the substrate surface
to facilitate subsequent ALD. Nguyen et al. in WO 02/43114 A2 teach the use of a
pulsing plasma to enact ALD processes instead of altemnating precursor chemical flows.

30  Again, these publications do not disclose any method to clean the ALD residues after the
wafers have been processed.

[6005] While the deposition process desirably generates high dielectric constant films
on a substrate (typically a silicon wafer), the reactions that form these films also occur



Accumul ati on of deposition residues results in particle shedding,
degradation of deposition uniformty, and processing drifts. These effects
can lead to wafer defects and subsequent device failure. Therefore, al

CVD chanbers, and specifically ALD 5 chanmbers, nust be pesddUSRGH[2007

cl eaned. [0006] Various references discuss adding certain conpounds to the
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2007 intensive, and damaging to the surfaces being cleaned.

() [0008] Other than using mechanical means (scrubbing or blasting) and/or wet
chemicals to clean up the deposition residues from the internal surfaces of the chamber,
a dry-cleaning process has been developed by using a Cl-containing reactive agent,

25  where BCl; is one of the preferred Cl-containing compounds. It is believed that BCl; is a
particularly effective cleaning agent for removing high dielectric constant deposition
residues due to two synergistic chemical mechanisms. First, boron atoms may act as an
oxygen scavenger to assist in breaking the metal-oxygen bonds. Second, chlorine
atoms can react with the metal atoms to form species that are more volatile than the

30 corresponding metal oxides. Even though this process can effectively remove the high
dielectric constant material residues inside the chamber, it can also generate boron-
containing solid byproducts, such as B,O,;. Boron residues can act as a p-type dopant
and may cause contaminations problems to integrated circuits. Further, its deposition on
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the vacuum lines can al so cause vacuum equi pnent failure. Thus, .the renoval
of the boron-containing residues is necessary to ensure product quality
and equi pnment integrity. [0009] Fluorine-containing plasma-based processes
(i.e., dry cleaning) are commonly 5 used to renove resi dd@MARCH2007con
conpounds (such as polycrystalline silicon, Si02, SiON, and Si3N4) and
tungst en theoactue lines ean aiso sauseacaaunt equipmentdhilurap Thus] ehoesnovanof tHEVD)

et dues YOS SPRRTIE ARER3E R e SiriEah S wietlel et o SHERFRY (12l can

be punpedntagtityof the reactor during the cleaning process. However,
fluorine-based chem stry alone is 10 ineffective in renoving the hi gh
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f r om ALD thelathegrealy capantiglion phajpmisdn Avrjlable athuigh sauseepowerjcop| 'bé'fqdéét i ve
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25 [ 0811]caapof highelielpetde censtan mﬁsewﬁ%r@rraeiahﬂ @rpa@@@t farmsis ref erence
in their ncﬁ%lhﬁl@tdnﬁsthu@%ﬁﬁulﬂm\ﬂe%n}Héré%{gtl\”- | ON [0012] A nultiple-step

process for the renoval a substance froma substrate is 30 disclosed

herein. | Boﬂi]e PR Her®is érm‘r éﬁl"d’e’éﬁ é&‘;ﬁ\ plddgs€to c‘heﬂfz@a‘llﬂéﬂcl@arpﬁﬁﬁess for

cl eani ng substance comp ectric con eater “than the
di el ectr |C&ele@iﬁ§f:@mﬁtalaifmatgnahre%ﬂue;ﬁ sichties AQmBHO:) Z8st HSIHHr £iS6Qy 8nd a

surface %uxﬁlréseﬁ\ﬁpéb"f r‘ég Hﬁéé 8 IQﬂlna'téyédﬁ‘f]éfﬁlhggl \?fﬁ didectc MORthht 7l ériald SL&, 9as
m xture conprising a on- cont a|n|n? reac e agent into the reactor
wher @Pn as HfO; and Al,O, (also referred to as HFAIO), and resudues from nitrogen containing
high dielectric constant materials such as HfON, AION, and laminated materials between
HfON and AION (HfAION}), from ALD reactors without venting/opening up the reactor.
(> An effective chemical dry cleaning method will significantly increase the productivity and

lower the cost-of-ownership (CoO) for ALD-based deposition processes.

25 [0011] Al references cited herein are incorporated herein by reference in their
entireties.

BRIEF SUMMARY OF THE INVENTION

[0012] A multiple-step process for the removal of a substance from a substrate is

30 disclosed herein. In one aspect of the invention, there is provided a process for cleaning
a substance comprising a dielectric constant greater than the dielectric constant of
silicon dioxide from at least a portion of a surface of a reactor comprising: introducing a
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the first gas mxture reacts with the substance contained therein to
provide a volatile product and a boron-containing by-product; introducing
a second gas m xture conprising a fluorine-containing reactive agent into
the reactor wherein the second gas mixture 5 reacts w th BSHARCH 2007
bor on- cont ai ni ng by-product contained therein to formthe volatile
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a second g@8géH &dntsiRing UHREHISH ASbta dcxfdéoé'nﬂﬁ)‘geﬁ%ﬁéirn‘@ﬂar‘is‘ﬁ%tm?!ﬁl aEem, 1 nto
the reaction’ reactor; —exposing the second gas mxture to one or nore
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vol atile product romthe reactor ese an her aspects of the
i nvent i onnitipgen ertaining &7pap dametalaxidene nittagen eahtaining: Gatupets metm siigateon. 30

BRI EF DE | T n 4l 1 d
o process ToRe 2 dmnioriuor hofl (uc Sidiet g baba R | Dl O
i nvent i orsilicae; :mrm:m lystrgasy oL cmmgumsabwm@prminiogmw@se hggmt into
resolggf i Offe $REGLE Bx ﬁsmsqlréf'ggs Fidufetb e hord RilefdyLurd=E SBficlhv e V-

after cl eaning us$i
generale act:ve species that react with the substance and form a volatile product and a

boron-containing byproduct; and introducing a second gas mixture comprising a fluorine-
() containing reactive agent into the reaction reactor; exposing the second gas mixture to
one or more energy sources sufficient generate aclive species that react with the boron-
25  containing byproduct and form the volatile product; and removing the volatile product
- from the reactor.

[0014] These and other aspects of the invention will become apparent from the
following detailed description.

30 BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0015] Figure 1 provides a process flow diagram of one embodiment of the method of
the present invention.



[0017] Figures 3a and 3b provide high resolution spectra prepared via XPS
for A1203 and Hf 02, respectively, after cleaning using BCI3 and NF3 in one
step. 5 [0018] Figures 4a and 4b provide high resol ution spectra prepared
via XPS for A1203 and Hf 02, respectively, after cleani ng30MARCEBSIY in the
first step and NF3 in the second step. DETAILED DESCRI PTI ON OF THE
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by product. A second gas m xture conprising a fluorine-containing reactive
agent is then enployed 20 to react with the boron-containing byproduct and
forma volatile product. Thus, the substance is renoved froma substrate

using at |east two reang*meEg;ngsch:-M@hp@FIﬁ@lmT|Wstance and/ or the
iactlon by- products. [0020] In certain enbodi ments, the process described
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or react ofaterightodersemeyrd from the sudacaskeiag etched pr elsanad isppayartesifrm a

parti cul agdiy raniviofsild .%ternsmaw Q&a@r&hh?\i iy ﬁ@@)y \Folaﬁfﬂgsthémhesﬁ@z HRReER that

have deposited 30 onto Pose surfaces a reactor or action
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I n certai enmbodi nent s e su Sta cet rermve can pbe a tranS| 1 on
metal  oxisiRg a first gassibtuercomarisingss boroatcantaining reaptivezagest tdl reastiwith the a
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A second gas mlxture comprising a fluorme-conta:mng reactive agent is then employed

20  to react with the boron-containing byproduct and form a volatile product. Thus, the
substance is removed from a substrate using at least two reactive agents to volatilize the
O substance and/or the reaction by-products.

[0020] In certain embodiments, the process described herein may be useful for
etching substances from at least a portion of the surface of a substrate. In these

25  embodiments, suitable substrates may include, e.g., semiconductor wafers and the like.
In other embodiments, the process described herein may be suitable for cleaning
substances from substrates such as at least a portion of the surfaces of reaction
chambers or reactors for CVD and/or ALD processes. The present invention is
particularly suited for remaoving high dielectric constant substances that have deposited

30  onto the exposed surfaces of a reactor or reaction chamber such as, for example, the
workpiece platform, grounded sidewalls, and/or showerhead of a typical reaction
chamber.



1990, Goup 13 netals include Al, Ga, In and TI, and the transition netals
occupy 5 Goups 3-12). The substance nay be a high dielectric constant.
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(i.e., greater than about 4.1), or greater than 5, or at 30&BKRCH 2007
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[0023] In yet a further embodiment of the present invention, the substance may be a

() nitrogen containing material such as a nitrogen containing transition metal oxide, a
nitrogen containing transition metal silicate, a nitrogen containing Group 13 metal oxide,
25  or a nitrogen containing Group 13 metal silicate. An example of this type of substance
includes HFAION,

[0024] As mentioned previously, the substance to be removed is reacted with a
reactive agent to form a volatile product which can be readily removed from the
substrate. In certain preferred embodiments, the reactive agent may be exposed to one
30 or more energy sources sufficient to form active species, such as ions, radicals, excited
neutrals, and the like, which react with the substance or reaction by-products and form
the volatile product. Examples of suitable reactive agents include: a boron-containing

gas and a fluorine-containing gas. Although the reactive agents used herein may be
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100. @Qo g:ogzpquga mc@ﬁgnmgﬂa@y@@gent :s used to convert the nonvolatile high
dielectric constant substances into relatively more volatile species. This conversion is

accomplished by contacting the substance o be removed with the first gas mixture
C) containing a boron-containing reactive agent. Preferred examples of baron-containing
reactive agents include BCly, BBr;, Bl;, BF;, and mixtures thereof. Among the foregoing,
25 BCi; is the most preferred reactive agent. In these embodiments, BCl is a liquefied gas
at room temperature and can be readily delivered into the reaction chamber.

[0027] The following tables 1 through 10 show thermochemical calculations for boron-
containing reactive agenis. In these tables, Ky represents the equilibrium constant for
the reaction as written; the larger the value of this constant, the more favorable the

30 reaction will be to proceed.
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Table 2 Thermodynamic data for reaction:
1.5HfO, + 2BCly{(g) = 1.5HfCl4(g) + B,O3

T (°C) AH (kcal} AS (kcal) AG (kcal) Keq
0.000 -17.999 -12.638 -14.547 4,367E+011
100.000 -18.096 -12.924 -13.273 5.950E+007
200.000 -18.268 -13.335 -11.959 3.346E+005
300.000 -18.413 -13.614 -10.611 1.113E+004
400.000 -18.507 -13.765 -9.241 1.001E+003
500.000 -12.540 -5.525 -8.268 2.175E+002
600.000 -12.126 -5.020 -7.743 8.672E+001
700.000 -11.780 -4.655 -7.260 4.271E+001
800.000 -11.524 -4.395 -6.808 2 436E+001
900.000 -11.321 -4.213 -6.378 1.543E+001
1000.000 -11.176 -4,094 -5.963 1.056E+001
Table 3. ZrO. reaction with BCly: 1.52rQ, + 2BCly(g) « 1.5ZrCl4(g) + B,O3

Temperature (°C) | AH (Kcal) AS(Cal) | AG (Kcal) | Keq

0.000 -29.845 -12.107 -26.538 1.717E+021

25.000 -20.825 -12.038 -26.236 1.710E+019

50.000 -29.822 -12.026 -25.935 3.481E+017

75.000 -29.828 -12.047 -25.634 1.239E+016
100.000 -29.842 -12.083 -25.333 6.891E+014
125.000 -29.858 -12.126 -25.030 5.502E+013

150.000 -29.875 -12.168 -24.726 5.913E+012

175.000 -29.892 -12.207 -24.422 8.142E+011

200.000 -29.908 -12.240 -24.116 1.381E+011




200. 000 -29.908 -12.240 -24.116 1.381E+011
ZrSi4 reaction with BC3: ZrSi4 + 2. 667BC
Tenperature (C) AH (Kcal) AS (Cal) AG (Kcal) Keg 0.000 -31.065 -21.096
-25.303 1.764E+020 25.000 -31.003 -20.879 -24.778 1.460E30¥AREH 2000
-30.962 -20.747 -24.258 2.554E+016 _75.000 -30.935 -20.665 -23.740

8. 020E+014 100abed. -Z8i@ureactiopn WisBCR3 224 4. 0135+0%3 3125 000 30 902

-9 30 MARCH 2007 Table 4.

HS A4 + Zrd4 + 1.3338203

Table 5. ZrSiQ, reaction with BF; and BCl;:
ZrSiQ, + 1.333BF;(g) + 1.333BClx(g) « SiFa(g) + ZrCls(g) + 1.3338;0;

Temperature (°C}) | AH (Kcal) AS (Cal} | AG (Keal) | Keq
0.000 -25.010 -21.014 -19.270 2.627E+015.
25.000 -24.951 -20.807 -18.748 5.540E+013
50.000 -24.912 -20.681 -18.229 2.136E+012
75.000 -24.885 -20.600 -17.713 1.319E+011
: 100.000 -24.865 -20.545 -17.199 1.186E+010
@) 125.000 -24.849 20.502 | -16.686 | 1.445E+009
150.000 -24.833 -20.463 -16.174 2.260E+008
175.000 -24.816 -20.423 -15.663 4.354E+007
200.000 -24.796 -20.380 -15.153 9.992E+0086
225.000 -24.772 -20.332 -14.644 2.661E+006
250.000 -24.745 -20.278 -14.136 8.053E+005
275.000 -24,712 -20.218 -13.630 2.721E+005
300.000 -24 675 -20.152 -13.125 1.012E+005
325.000 -24.633 -20.080 -12.622 4.095E+004
350.000 -24.586 -20.003 -12.121 1.784E+004
375.000 -24.535 -19.922 -11.622 8.303E+003
400.000 -24.478 -19.837 -11.125 4.095E+003
425.000 -24.418 ~19.749 -10.630 2.128E+003
450.000 -16.684 -9.050 -10.139 1.160E+003
475.000 -16.439 -8.717 -9.917 7.894E+002
500.000 -16.201 -8.405 -9.703 5.535E+002
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reaction: 1.208f000 + 2BBr 3(-§#.3711. 5HF Briuh048203 T [(-49.1AB1 (kcal §.026E+R2A1 ) AG
(kcal ) Keq [(BODOMDO- 53. 997 |--50.6093 - 51| 2¥11492 003E+4048.01400. 0002.082E 4018
-10. 459 -5Q.400900. 602E+029542G8. 000 | 5¥1.370L - 11.[046.85@9. 143 he29RHITR?2 .
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1. 629E+015 [ &50aa00 - 48. 9734850986021 - 43 978 1. 0b4E49734 600. 0980sEE3H10S
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. Table 7. Thermodynamic data for reaction:
5 AlLOs + 2BBr3(g) = 2AIBr3(g) + B0,
T (°C) AH (kcal) AS (kcal) AG (kcal) Keg
0.000 -2.212 12.687 -5.678 3.493E+004
100.000 -2.279 12.503 -6.944 1.168E+004
200.000 -2.482 12.022 -8.170 5.945E+003
300.000 -2.685 11.632 -9,352 3.683E+003
400.000 -2.852 11.362 -10.501 2.567E+003
500.000 3.023 19.476 -12.035 2.525E+003
600.000 3.337 19.858 -14.003 3.200E+003
700.000 3.579 20.122 -16.003 3.928E+003
800.000 3.764 20.303 -18.024 4.688E+003
900.000 3.897 20.422 -20.061 5.464E+003
1000.000 3.985 20.494 -22.107 6.241E+003
Table 8 Thermodynamic data for reaction:
O 1.5HfO;, + 2Bla(g) = 1.5Hfl4(g) + B;O,
- T (°C) AH (kcal) AS (keal) AG (kcal) Keq
0.000 -58.042 -15.921 -53.694 9.212E+042
100.000 -58.342 -16.842 -52.057 3.104E+030
200.000 -58.602 -17.675 -50.329 1.775E+023
300.000 -58.991 -18.250 -48.531 3.214E+018
400.000 -59.216 -18.614 -46,686 1.442E+015
500.000 -53.362 -10.530 -45.221 6.080E+012
600.000 -53.042 -10.139 -44,189 1.152E+011
700.000 -52.784 -9.859 -43.190 5.015E+009
800.000 -52.581 -9.660 -42,214 3.961E+008
900.000 -52.429 -9.524 -41.256 4,856E+007
1000.000 -52.324 -0.438 -40.308 8.315E+006
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5 A1203+2BBr3(9) =
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. Table 10 Thermodynamic data for reaction:

5 1.52Zr0,; + 2Bl;(g) = 1.52Zrl4(g) + B;O3

T (°C) AH (kcal) AS (kcal) AG (keal) Keq
0.000 -74.430 -11.695 -71.235 1.001E+057
100.000 -74.587 -12.171 -70.045 1.067E+Q41
200.000 -74.805 -12.689 -68.801 6.053E+031
300.000 -74.972 -13.013 -657.514 5.573E+025
400,000 -75.065 -13.163 -66.204 3.134E+021
500.000 -69.074 -4.891 -65.293 2.873E+018
600.000 -68.614 -4.330 -64.833 1.695E+016
700.000 -68.212 -3.894 -64.423 2.947E+014
800.000 -67.861 -3.549 -64.052 1.110E+013
900.000 -67.555 -3.276 -63.711 7.411E+011
1000.000 -67.291 -3.061 -83.394 7.642E+010

[0028] As tables 1 through 10 illustrate, one of the byproducts of the reaction between

O

the high k substance and the boron-containing reactive agent is B,O,. Boron-containing

byproducts such as B;O;, along with other forms of solid boron-containing residues, may

10

present problems in the end-product or cause processing equipment failure. To remedy

this, a second gas mixture containing a fluorine-containing reactive agent is employed to

react with boron byproducts and form volatile species, such as gaseous BF;. Examples

of fluorine-containing reactive agents include NF; (nitrogen trifluoride), CiF; (chlorine
trifluoride), CIF {chlorine fluoride), SFg (suifur hexafluoride), perfluorocarbons such as

15

CF, and C;F¢ etc, hydrofluorocarbons such as CHF3 and CaF7H etc., oxyfluorocarbons

such as C,FgO (perfluorotetrahydrofuran) etc., hypofluorites such as CF;-OF
(fluoroxytrifluoromethane (FTM)} and FO-CF,-OF (bis-difluoroxy-difluoromethane (BDM))

etc., fluoroperoxides such as CF;-0-0O-CF3,

-12-

F-O-0-F etc., fluorotrioxides such as CF;-O-

2AIBr3(g) + B203 T (C) AH (kcal) AS (kcal) AG (kcal) Ke |

Hf 14

14

a



200. 000 -44.363 -12.264 -38.560 6.495E+017 300. 000 -44.489 -12.509 -37.320
1. 706E+014 400. 000 -44.545 -12.600 -36.064 5.125E+011 500.000 -38.522
-4, 282 -35.212 9. 000E+009 600. 000 -38.033 -3.686 -34.815 5. 186E+008

700. 000 -37.604 -3.220 -34.470 5.520E+007 800.000 -37. 2230 MAREH 2067, 157
9. 096E+006 900. 000 -36.902 -2.561 -33.897 2.067E+006 1000.000 - 36. 619

-2.330 - 3Q-G%F%t©00Fy (@mrbonyhfivuridel NGB,

1.52rO +
0. 000 -74.
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[0029]
nitrogen, CO, helium, neon, argon, krypton, and xenon elc. can also be added into the

10
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1 -3.061 -63.394 7.642E+010 [0028] As tables 1 through 10

8 in Begp D hTAN s B e O 25 28Fs (<15

hi gh k

-cont ai ni

TN R, 5 M B eheron i g Spld Sonfarp ey

ng

ont ai ni ng

ocessi ng
ing a
ron

of
ori de),
ur

such as
3-OF

in addition to the reactive agents described herein, inert diluent gases such as

first and/or second gas mixture. Inert diluent gases can be used, for example, to modify

the plasma characteristics and cleaning processes to better suit some specific
applications. In these embodiments, the concentration of the inert gases can range from

O

15

gas). In another embodiment, the inert diluent is a reducing gas.

0 to 100%, or from 5 to 100%. In one embodiment, the concentration of BCl; was 100%
(or 0% inert diluent gas) and the concentration of NF; was 15% (or 85% inert diluent

[0030] The first and second gas mixtures are exposed to one or more energy sources

sufficient to generate active species to at least partially react with the substance and/or

boron-containing by-products and form volatile species. The energy source for the

20

exposing step may include, but not be limited to, a-particles, B-particles, y-rays, x-rays,

high energy electron, electron beam sources of energy; ultraviolet (wavelengths ranging

from 10 to 400 nm), visible (wavelengths ranging from 400 to 750 nm), infrared

(wavelengths ranging from 750 to 10° nm), microwave (frequency > 10° Hz), radio-

-13-



etc., fluoroperoxides such as CF3-O- O CF3, F-O-OF etc., fluorotrioxides
such as CF3-0O -12 30 MARCH 2007 O O CF3 etc., COF2 (carbonyl flouride),
NOF, NFxCI3_x, where x = 1-2, and F2 etc. In certain enbodinments, NF3 may
be used because it is a non-corrosive gas, can be easily 3aMARGHE80Dy

pl asma or thermal processes, and can achi eve near-zero global warm ng .
em ssi onsfrequensy cvave ¢inequdnBy reng® hizhienergy; theena)eRE; REi ans ovomnaatischalgeg

' - fal ] . hen cal | cul ati
Font am "okl Rrobii @ heitaBlc A8 o s igepchem col. oal curatlens
B203 + 2 éqi F'%r?aﬁfg &%3' + lgz + ggr(g%ﬁgnTegR%Eiatur% é‘% AHE%C 'Q}BAS

Cal) AG e obinbal et Bome SEREHE, B d et Sndigeintbicdn

(103. )22 -;Ei;nigagt@?gﬂ:&ﬂ%efﬁm eflﬂﬁetbﬁihg]ﬂﬁl.Mélwﬁ%@gﬁﬁ@hﬁiéé&gﬂ@ﬁn%ﬁﬂo o
-176.739 101.175 234 72 . 2bE+89 00 -177.49 . 957 - 784 3. 02E+7
500 - 1'84.™%3Hr '9175‘: 597 -94‘5‘@?%%‘235‘?“7?’E@»%‘ib’*?'@&ﬁ)‘;@“l%%g@aiﬁd 88?%58‘51"2%§F YB1° 7. 83E+65
700 - 187. 28934 85 th 307, 0HB phodkde fehgolBondhfifl A 19R1BAA0 7RBCFREEr
1. 45E+57 900 -189.825 84.69 -289.18 7.53E+53 1000 -191.039 83.697

-297. 598 from3Iphasnto THODPIT. I n addition to the reactive agents descri bed
herein, inert diluent gases such as 10 nitrogen, CO helium neon, argon,
krypt on, BR32kelgierigincemeedimgnisothedeaetiyecegentis) araactivatedby amgsema Bs#iund gas

m xture. dmgitHin tHel rég8tor GRARInG o BEbHRS arldPdr HOYGHBORaining biHtbaYcts Id6e

pl asma characteristics an eéani ng processes to better Sui't some specific
appl i18at i leAWVvelin FonBasituianmma astivetion, oRe capgepsratatiedinssa vitle ai 1386 Myas es

n rangergk 0 R _ E LiE I
Cncent rgftuif:gﬁwg% &Bdg%wmgf ﬁgg‘%{ 15 ?%F;P%tg}? %r)l{(grét Wél dgntahggéssr?gw c:inh,gor
concent r aatileast dWigrd. Rne ceanalsaeperats thedn sitwplpsaaet BRequenciemiowes than

enbodi menf3 54 fo‘-li B&nhaftd fég %tssi'gt%tdfbléa%gl’@gérwf%%md ALY FHmbdrSudiik " ;ﬁl} and

second gas m xtures are exposed to on re energy sources ?fici ent
t 0 gener s@Reraling pressyseis generallyan thegange phiroma.% pnTogde t10QiTolr, ohisomFost ance

d/ PN . | at i i es.
Sour a8 £ A ToR15 3R TR bACMORRASH ) 20 4, CRNGRG Ghs S AR Chrilipe Higha <" 0¥
a- parti clars plssmaenhancemeny far ayxe effectivessieaning of ALD chamber walls.

[0033] In alternative embodiments, a remote plasma source Is used in addition to or in
place of an in situ plasma to generate active species that are then introduced into the
reactor. In these embodiments, the remote plasma source can be generated by either
20 an RF or a microwave source. |n addition, reactions between remote plasma generated
reactive species and high dielectric constant materials can be activated/enhanced by
heating ALD chamber components to elevated temperatures up to 600°C, or up to
Cj 400°C, and or up to 300°C.

[0034] Other means of activation and enhancement to the cleaning processes can also
25 be employed. For example, one can use photon induced chemical reactions to generate
active species and enhance the etching/cleaning reactions.

[0035] In addition to being thermodynamicly favorable, a chemical reaction often
requires an external energy source to overcome an activation energy barrier so that the
reaction can proceed. The external energy source can be, for example, thermal heating
30 or plasma activation. Higher temperatures can accelerate chemical reactions and make
reaction byproducts more volatile, However, there may be practical limitations on
temperature in production deposition chambers. Plasmas can generate more active
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hi gh energy el ectron, electron beam sources of energy; ultraviolet

(wavel engths ranging from 10 to 400 nm, visible (wavel engths ranging from
400 to 750 nm), infrared (wavelengths ranging from750 to 105 nm,

m crowave (frequency > 109 Hz), radio -13 30 MARCH 2007 f3p MARGHRINAYe
(frequency > 106 Hz) energy; thernal; RF, DC, arc or corona discharge;

soni ¢, ul spesissdp faditatergactions.c lansdn the plasmasrare: ancelerated by die elpems figldin

cor a1 BN T DESAT iy BRI el b B EG E0lec 20

g | elhggt (ra :j the eoargyareedes toravarcome seadtion atr::hmtmaleng[gyu baamergri.on bérabandbrent at e can
g:ner al | y Al (?B%Tﬁﬁgé) ?Dq?y Oﬁﬁ?l’gh’n%%?%&tlgﬁ by#;'%g!‘ﬁ&f %?Fe grb q@@‘ﬁﬁ@ﬁe%h%@ggg] I n
cert aibn eanaaemblngtcmnmeandl reacta/gem éhingr ©pionayabae chy campinedth | n
situ react.or..cont sﬁ he subs d/ or,

bor on- contWE "Fﬁ'r"i‘&d s Edvation Defeanisigs lo hANGS e fesivg §?‘i“i§‘°B? fr oy

acti vat i agtchingreleaningas mghainaeéthe cdammetms AAsainHiteMdtivélo inae plaappl y,
with RF power, denS|t of at or, at Iea§t 0.5, Wcer or at

Meaet | BN, BB el ASer SOl AR SOHEe FhoanarHe e AN SHEiSS Bhuena cs
| ower t hadaearih?g 51§h Mﬂedtm: EHIBAIR endterihl AssidiRdseFebng H’%&i&dﬁ@tlﬁﬁ cBdrabededn ALD

cha r eratln ressure i s gen Ly in the r of from
ST Bl aetio T Sdpeen el P o shel g boie SPedics aiieE oor s o

20 Torr. diglected @bhstantoﬁeteﬁala cah be aehveed ana/eeaémdnceaw hebfsgBVBrdrLEE MENt

Gtr) nore effective cleaning of ALD chanber wal | s. 00339 In alternative

odi merfthémber cempererts taplgvaled ferapgratupasip 1o-PORIGH en Whtor400. errkp 8 ace of
an in sitgpgppasnma to generate active species that are then introduced into
the reactor. In these enbodi nents, the renote plasma source can be

gener at eqofyglel lﬁ?@ﬁe ?Bro%eg'é ﬁ?gcé?ssrfbﬁfr dielgram éf%%“e‘?nbdgﬂnéﬂ%f H{eorﬁethbﬁ%‘?t l ons

bet ween renot'e enerate reacti Specl es an ectric
const1&nt thapeaseat Igvmtwntfer @hammman@gmhwony frnstap if ﬂga sutptratea sbeh as

o 300C. § UR4T ARTisRUIc RRAG B lbfantfid b Rlioed e vl (5 bresl B, G
pr ocess e exaaplealof tess Aarbt) ctopt (N@«tl |n Etﬂp ?@xalﬁmt@asmﬂummwtslmbmm nduced
chenmi cal ﬁ?a%u'\ F@ac‘n‘? ggnsrsalﬁﬁg‘%@r]%td: ﬁt‘a c?& ‘Wgtgg %a@l%%rét%%a mlxture

et chi ng/c eani Ny reac on to Iny Ther ynam ¢
f avor abl ds egpaseditd coe or veee energpBoences smtuas thermal aewlcmplwmaeerargymsour ce to

e S8 BB N OB SRS Bn B64 g ol o RS Bl e e
a boron-containing by-product. In steps 40 and 50, the first gas mlxture is stopped or
ramped down and the second gas mixture comprising a fluorine-containing reactive

() agent is started or ramped up, respectively. In an alternative embodiment, the second

} gas mixture is started in step 60 or ramped up and then the first gas mixture is stopped

25 or ramped down in step 70. The boron-containing by-product is removed by the reaction
with the fluorine-containing reactive agent in the second gas mixture and forms a volatile
product. The volatile product is then removed from the reactor. Referring again to
Figure 1, the one or more energy sources is then stopped in step 80. In step 90, the
second gas mixture is stopped or ramped down. Lastly, the reactor is evacuated in step

30 100 to a pressure of less than 10 torr thereby removing all of the residue and process
gases from the reactor. It is understood that steps 20 through 90 may be repeated a

plurality of times in order to remove the substance from the reactor.

[0037] In embodiments such as when there is a significant amount of high dielectric
constant residues within the reactor, cne can employ the first gas mixture comprising the
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30 or plasma activation. Hi gher tenperatures can accel erate chem cal

reacti ons and nmake reaction byproducts nore volatile. However, there may
be practical limtations on tenperature in production deposition chanbers.
Pl asmas can generate nore active -14 30 MARCH 2007 speci 68 MARCHEMT t at e
reactions. lons in the plasms are accelerated by the electric field in

t he pl asnborsheahtziring gaictiveeagsrd in therfisstetép over @nextandied Perigd uptime $air f aces

barrer . feaevedfn BREHNeRE Pt BHaVE Brerins bioRdtoas Gensfa et
bypr oduct paveltiwemaemioted SANSPACIOMY, BHal (Hfthsn BMpRyaREBe@imdiyf3dnivhpani ng and
reactive ion etchi nﬂ'g Ci)pt ionally, one can conbine both thermal and plasma

act i vat i ofPTRRASENING Hiotie-epMaREY reReliveagentior adalativelnshartsr lengih of time

et chi g/ cihaaMd'irsPélenind sitbab 8AkIGThAQRS berdh rediligsd Q‘e%ubét%nﬁélly%h%@é@t ive
to in situ plasm cleaning, one can use_renote pl asma source to generate

more act | RMShRETAEbArANd the asuRyMANGIddTaISqYeRess segrencamayaharianhe
resi dues &Vehal siaRREN I DFRATIAGIE tnbRrds34ds heffhe 6/&RGIGONS Det neen

renote plasma genera reactive specles an iel ectric constant

mat er i al Spopag) b Y NG eRTboAMIMS, 18 BRRSRRe BYinE Rl iaRd iR dhd aPmixtgharnber
conmponents to el evated tenperatures up to 600C, or up to 400C™ or up to
300C. [ 0078y beicgnductad inrshertapesiods gt tipe aad theprepealgd arnlwality gt timas &i nent  of

the rgf hoé’cc%fnpliéﬁtﬁehﬁeé?ﬁﬁ‘gsﬁr%e%sisﬁvﬂgé %e%éﬁée ﬁH@ﬁfatyg,bSﬁé‘ril e Rpdni cati ons.

In step 10, a substrate, "such & ) ALD reac havi ng a substance
be renpEwericleap fime Rt Rigventing naneiatiieborpp residyas e pasgivatisgdhe han 10-5
rr. Ne ' [ )l ; LS 5 tai ni ng
react | ve Qomr HERShiaths, PioraRE ol e b Bl A SR P Bo AR D
m xture fegcliergest tempeature,etap the praessgingdisigsdestherxposiwedo thefitst andd/ or
pl asma e | | | ] e
Femmvad (0P et o MdlR mid) nelopiz Eior i rethove biMgh RRcBRconkank | |
st epst540 repdusDand fos complate rrsoval of boren residliespped or  ranped down and the
second gas mi xture conprising a fluorine-containing reactive agent is
started d@03%npthe pgentioaypidbeiiliugtrgtediimmane detai mith reéfecencatio terfelinwing he
second ' N | t - ; first
gas.mxt o EmRIES, B 6o BE \REelelboti B 18 pRischRAfioH s AOtUCERER BB | 1T
by- pr odudimiies! thesetoved by the reaction with the fluorine-containing
reactive agent in the second gas mxture and forns a volatile product. The
vol atile product is then renoved fromthe reactor. Referring again to
Figure 1, the one or nore energy sources is then stopped in step 80. In
stepo,d0, the second gas mixture isgﬁm% or ranped down. Lastly, the
reactor is evacuated in step

( [0040]) The following are experimental examples of utilizing the above chemistries for
O cleaning of high dielectric constant materials. The experiments for examples 1 through 3

were conducted in a parallel plate capacitively coupled RF plasma. The gap space
between the two electrodes was 1 inch. Sample coupons were prepared from wafers

25  coated with high dielectric constant materials Al,O;, HfO;, and ZrO, deposited by atomic
layer deposition. For each experimental run, a sample coupon was put onto a carrier
wafer and loaded onto the reactor chuck through a loadlock. Process gases were fed
into the reactor from a top mounted showerhead. The chuck was then powered by a
13.56 MHz RF power source to generate the plasma in situ. The reactor is connected to

30  aturbo pump through line. In the examples, reactor chuck was water cooled at 20°C.

[0041] During the one-step cleaning process, the reactor was evacuated to reach a
baseline vacuum pressure; a process gas was introduced to reach a preset pressure; the
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30 100 to a pressure of less than 10'5 torr thereby renoving all of the
resi due and process gases fromthe reactor. It is understood that steps 20
through 90 may be repeated a plurality of tines in order to renove the
substance fromthe reactor. [0037] In enbodi nents such as30WYBXREHEIW is a
significant anount of high dielectric constant residues within the

react or, BRpowanwasptiivatedter fipresetdims; mwmc@mmﬂsgstngoediand {hepsBopIRARCH

2007 DO QREBARLAIGR Wifkr ARG IBing fhel 5. BbaThFRrES, 38 shifsendod

period of renove t ectrl resi dues. ter the
hi gh di el steps wereccomsiuetet aftet melreaetorWas'evamjated@mepbtha‘saf ist peocess pay, one -

Cenctive SELmpoRlea BFaRd s HERsThRbrlE mBHT b avaleilor A Brratfifel’ O

cl eanishg méemsttpeo@ssgaev»tabatoﬂpbe ﬂherreantomasiamuated te wéedhelvtsieliid yacuenoved
fromthe chanber and the vacuum nan

h
the overEFSYRABRIOND|PIAGESE 9R8 WRS 'W?AWQI%beaFﬁéopgg%éé)é%s uen?%%gﬁéeso\cl); o

tinme. [OO&ﬁw}erlwassédubéteQEwp@quné:&né secdndresess Yas vdsatopped andtheand t he
second gas m xture e conducted In short periods of tine and then

r epeat ed %‘”EP?lPﬁ\‘?qwc%ye’t‘?‘?fﬁgw?%@@evfécorrpl i sh the cleaning process. Thi s

rocess s short nber clean tine b ventin

Do vor at 042 o T YcsBPsR,ahe i Ge8ER6 sonsi B Sn 5 cibln Wt mpu By ' "9

| surffmes elﬁiﬁmwyt trtmatws@rtareaantﬁaft@tamﬁd é)imisﬂl‘eﬁof&h@brmsilhgp&ehﬁctcmgef t '

reactive agen enperature, etc,, r ocessi Jrres sure to

& diplEe oBsaM Tl thickAess ieE pIRRE B ERISS DB Fird oA B ol of
gh di el @gh Fat6. FrPaSdifoH toicH Ri%é, qﬁmnamlsélpuna@ ft(vu;spﬁwmb soiffab@r on

resi dues. [0039] The invention wll debﬁtleéglfsrtfaig%ffﬁ in nmore detail with

r ef er enceCltediEd SompPsilion Was alsedneasike PENGSECOIARRTURNOWRS t hat t he
present iRugslir®sihg X0l phefiEREtof sbéctrdsbﬁw ?(PS)hﬂLﬁlh h@ﬁP@éﬁWbESthe[ 0040]

The foll owi ng are experinental exanples of li'zin he above chemi stries
for 8 emﬂa@e%pfmpéw&pem@awr@ %ﬁ@ﬂ%wﬂﬁl&t@mw@sowﬁw BB FORLEQ 1 or

exanpl es &etémﬁél%ncﬁ enarﬁérﬁs%aéiaﬁésaﬁt Imgmwlﬂioh%bea@wer&&da@ﬁea tvely

coupl ed RF pl asma. gap space betweeén the two el ectrodes was 1 inch.

Sanpl e co@qsgrmne\ﬁ}eeblmle@an@ayﬂ*%mm@@taﬁ@ anskaangenirationiof e ele@eelt ri ¢
constant JRlRkqah g'gﬁsl&@% sdé'fc@g Tﬁ@%ugﬁ@%aﬂﬁrpeﬁhé %@n@htﬁvﬁ@aﬁmﬁ&%ﬁéd by

dep05|t|on For e experinmental run, a sanple coupon was put onto a

carrier wsngiheatemicaensitivibrfastorsier a&hwsisal E!ﬁ@tqmqswqﬂﬁj R760LSsh BS6dK .
Procegs 9@;%% P?@{e‘? trﬁg aggn%%étg'%séa%%ébﬁh [HUPG} of B b 8dcrdiWRiead. The

chuck wa
25A. The mmlmum detection limit for boron is 0.1 atom% for this instrument.

O Example 1: One-Step Cleaning Using BCl;

[0043] One-step cleaning experiments have been conducted for both Al,O; and HfO,

25 samples. Experimental conditions and results are listed in Table 12. The high-resolution
XPS spectra for B1s are shown in Figures 2a and 2b. After the BCly plasma etching
step, there were boron residues remaining on the surfaces of both Al;O; and HfO,
samples and the boron residues existed as B*. The etch rate for Al,O3 and HfO, was
4.1 nm/min and 5.4 nm/min, respeclively.
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13.56 MHz RF power source to generate the plasma in situ. The reactor is
connected to 30 a turbo punp through line. In the exanples, reactor chuck
was wat er cooled at 20C. [0041] During the one-step cleaning process, the
reactor was evacuated to reach a baseline vacuum pressur 80 MAREHEBES gas
was introduced to reach a preset pressure; the -16 30 MARCH 2007 RF power
was act i vakampled:: OnepStepdileaninmg Usinga Mixtuwre o6 BGhandd¥F;st opped; and t he
sanpl e coupon/carrier wafer was retrieved. During the two-step cleaning
process, [0044}aithis ppesgnt exampleavasdeoridacted it detetrhiae rifesamiixdureved 8 GhyendUdiE £d

except t hat irs rQcess S |ntr uc reach reset. pressure;
the RE portd slibinals R FoET eiftes , Riothifitheongiupfe bid febulls PiCEBUBAT Lo
st opped; Thigleri@adigh- rewmtreua«éammmﬁra@oﬁmelsaewh lnmsngwmﬁmndostﬁSAsuR Ir: e, a
secon troduced to rea reset essure; the power
vns ack | vaagh YedRRyERR ete van st baren ks PaRiLof e idates oflfuy ahe

t he sanpAgoggu@pm@pgﬁﬁmgg waf er was retrleved [ 0042] The thickness of the
hi gh dielectric constant filmon a coupon was neasured by 10 ellipsonetry
both before and after a timed exposure of the processing plasma. Change .

in high dielectric constant filmthickness after plasm processing is used
to cal cul Bkamplees: FhelstepOeaning addition to etch rate, plasma dc self bias
vol tage (Vacs) and the surface chemi cal conposition was also neasured. The
surface cloadsfaln theprssent bxperinient, BEIAGAS adewés e réacthe atjmt ineh& fifst g&s

2P L o Purt s otRire O NEp gd bls Wi Seekas) (e Tasiie P T dhn sopand gas
at er m ge?wﬁh T%b%mr?r]hl% ﬂwdéé)@:‘éﬁmentdﬂbwtfo@@(ﬂnutﬁéwItsS mﬁéﬁ%ﬁ@ 4b
acqul re 0 e e In er em.. cCc

coﬂcent r athVr @P‘?‘Egrﬁ'ne"eé?'@mg?g 8@? gjé@q (’YH@‘ &’Iﬁ@‘é‘? SEE?V %‘H e and

quant i fi C@?ﬁlmﬂeﬁor‘tﬁ'@A@D?@aﬁbI& m&)o?&i?@%’mub§ ket Rmovegitha Ié\fé‘?bélbﬂffhﬁ
sensi ti vi té}‘f actors El ectroni cs Model 5700LSci ESCA 2

spect r onefHImume %%'BP ('Jm'trfﬁﬁeat@%‘c@r% e insimenheThe,flOn garpale s had a

el ectmnSpyraR resi@fd of U2 atbnivh WHENARS Behh Athe foFthb sfe@éndoﬁ(é:? WasSt Minliteat onbo for
this instrunent. Exanple 1. One-Step C eaning Using BCl3 [0043] One-step
cl eani ng experinments have been conducted for both A1203 and HHO2 25

sanpl es. Experinental conditions and results are listed in Table 12. The

hi gh-resotafléqp XPS spectra for 1311 s are shown in Figures 2a and 2b.
After the BCl 3 plasma etching step, there were boron residues renmaining on

the surfPERS Piakelial 1 \PeWer aNprdseZ | PraliPrétess’|(5acoRd DO PBetad [BBroEX1|St ed
as B3+. [The efch rate|iRhsifil2DgnPad HEESFMRe 4 AroBddsi N| 8 - FRBSKTE ).
respectipely. (W/cm2) {sccm) Gas Flow | Clean | (atomic
{scem) Time %)
NF; | He
O 1 Al,O; 0.55 500 10 (BCly) 0 |o 0 0.9 %
HfO; 0.55 500 10 (BCly) 0 0 0 0.8 %
2 Al2O; 0.55 500 11.25 (BCl3); |0 0 0 0.8 %
3.75 (NF3)
2 HIO, 0.55 500 11.25 (BCly), | 0 0 0 0.6 %
3.75 (NF3)
Al;O, 0.55 500 10 (BCl3) 8.7 {493 |3 < 0.1
3 HfO, 0.55 500 10 (BCly) 8.7 [49.3 |1 <0.1

[0046] While the invention has been described in detail and with reference to specific
20  examples thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.
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30 -17 30 MARCH 2007 Exanple 2: One-Step Ceaning Using a M xture of BCl 3
and NF3 [0044] This present exanple was conducted to determne if a mxture
of BCI3 and NF3 could elimnate the boron residues. Experinmental
conditions and results are provided in Table 12. Hi gh-resol ution XPS
spectra for Bls are shown in Figures 3a and 3b. As 5 Tablg &é&({%{%ﬁ_}rates,
there was still boron residues remaining on the surfaces f 1203 and
Hf 02 sanpl es. Exanple 3: Two-Step C eaning [0045] In the present

experi msgjr;;E iBg %i"r‘n’acﬁ iUS.‘%ﬁ as the reactive agent in the first gas 10
m xture F3 and He was used as the reactive agent for the

second gas mxture. Table 12 provides the experinental conditions and
results. Figures 4a and 4b,  shows the, high-resolution XPS spectra for BIs.
Wthin 1 hi nutlePrSFsstfecleqnge Bs%%qa%ceafming%le?ﬁtm@goﬂfogﬁs %ceééé%“&oé’rrpl e,
the boronpg ggic %§m¥}ﬁ§iﬁg:r enoved to a | evel below the m ninum detection
limt (0.1 aton?y of the XPS instrument. The Al 203 sanple still had a 15
boron resi due iofroducihgax fospgasmenturegongirismg aonen-gitaiping repsvheest @ was 1

m nute. Jable 12. EX, rial. Power P o El Second
Bor on - DRERE i MBS i mRRUS Leable NPy nlBland R dBRe T OT
FI ow C eagro(ide andlatilegeeddct dndebdn-cdilidinhig bl -pibA@Bwhesm theeulEGntd8Cl 3) 0 0 O
0.9 % 1 H 02 0.55 500 10 (BCI3) 0.0 Q 0,8 %. 2 Al 203.Q..55 dBOOdll.ZS

(BCI 3); CFORpises Bdsleainpsopsgas prepter thap thy djslegitp canstank of wgoRdiogdy o 0. 6%
3.75 (NF3) 3 %@%cﬁtﬁ%em miBteDonribing % ffiodins-cOntdining el @ide Qg 500 10
(BCI3) 8.7 49.3 1 <0.1 0046] Wile the i'nvention has been described in
det ai | anigtodhe reaetef whenginethe secopd sdsithizire reagta ythehe borepsontaining Bi-| | be
appar ent n ki | in t : o) changes and nodifications
can be na‘gcfgdl?%g?nz?lﬁeé/\n&?ﬁbnu'to fgtgrbg{et%io‘nagﬁ%?%?n& t’haL(glaspi rit and scope thereof.

removing the volatile product from the reactor; wherein the second introducing

step is conducted upon the completion of the first introducing step.
2. The process of claim 1, wherein the reactor is an atomic layer deposition reactor.

3. The process of claim 1 wherein the removing step is conducted during at least a

portion of the first and/or the second introducing steps.

4. The process of claim 1 wherein the first and the second introducing steps are

alternated a plurality of times.

5. The process of claim 1, wherein the substance is at least one member selected
from a transition metal oxide, a transition metal silicate, a Group 13 metal oxide, a Group
13 metal silicate, a nitrogen-containing Group 13 metal oxide, a nitrogen-containing
Group 13 metal silicate, a nitrogen-containing transition metal oxide, a nitrogen-
containing transition metal silicate, or a laminate comprising at least one layer of the
group consisting of a transition metal oxide, a transition metal silicate, a Group 13 metal
oxide, a Group 13 metal silicate, a nitrogen-containing Group 13 metal oxide, a nitrogen-
containing Group 13 metal silicate, a nitrogen-containing transition metal oxide, a

nitrogen-containing transition metal silicate, and mixtures thereof.
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-18 30 MARCH 2007 The -invention claimed is: 1. A process for cleaning a
substance fromat |east a portion of a surface of a reactor, the process
conprising: introducing a first gas m xture conprising a boron-containing
reactive agent into the reactor wherein the first gas m xture reacts with
t he substance contained therein to provide a volatile prgggﬁguﬁﬂg

bor on-cont ai ni ng by-product wherein the substance conpri Pectric
const ant greater t han t he dieIectric constant of silicon d|0X|de

i ntroduci cond eactive
agent e ¢nats SRCenpt o b el TLBHARs T M PSRRI ARG e

bor on- corM#Q,NZ@, HYSi,®y, Zesicd, ahdﬂﬁlahm@dh&rbﬁt @héreinx fs@rmmibbegreatenthih &
product; and renoving the_ volatile product fromthe reactor; wherein the
second i rAMAddEdxHY ange@pott&ee foranRntioned AOBIPONRLS COBIAIIBE TR the first

i ntroducing step. 2. The process of claim1l, wherein the reactor is an
atom c | ayer deposition reactor. 3. The process of claim1l wherein the
renovi ng 5t ep The prenesduefi cdalmduwherginghe baas-cortainpgreictine egent ksent fdastgmeand/ or

t he second troduggprﬁt gﬁgggg &gﬂﬁgﬁeﬁ S5 'f claim1l wherein the first

and the secon iont Poducn Ih ed a plurality of tines. 5.
The process of claim1l, wherein the substance is at | east one nenber
selected from.a transitiaon nmetal oxide, a transition netal S|I|cate a

G oup 13 Sret al Thsureress of digigy i Whersinthe bpragrqonainiag rezctiyeraegpidh BCnt ai ni ng

G oup 13 netal oxide, a nitrogen-containing Goup 13 netal silicate, a
nitrogen-containing transition nmetal oxide, a nitrogen- containing
transiti dh netBle ppdeseeficaimol, vwhefeamihndluerisoaptiiginggeastive wstw@hbafttayer of

the grou n in f t iLtian tal .oxid |t| n netal
i1 cat . g ERRLTHORONE; cfes ER0SEL FRoefEh e LhupBuid PRtk 4
nit rf)genlmﬂhatoaarhm, @hypeilioditeratfidoraperiide, a flnototrixgede; Ccmattgom ]ng G oup 13
netal silj a nitrogen-containing transitjon nme oxi de, a
ni t r ogen- %@@w%%@nw%gwbwwgaﬁ% It P@a%{mﬁ‘ﬁ‘ﬁefrﬁ%ﬂ%f es thereof. 19 30
MARCH 2007 6. The process of claim 1, wherein the substance is at |east
one selected from A1203, Hf02, ZrQ2, HfSi xOy, ZrSi xOy and m xtures
t her eof , Wher efhe prodess &f otaimidh whyreimthe dluptingrcniaining rgactive 2genis Nid any of
t he af orenenti oned conpounds containing nitrogen. 7. The process of claiml
wherein the boron-containing reactive agent is at |east one

11.  The process of claim 9, wherein the fluorine-containing reactive agent is F».

12, The process of claim 1, wherein the first gas mixture and/or the second gas
mixture is conveyed to the reactor from at least one gas cylinder, a safe delivery system,

or a vacuum delivery system.

13. The process of claim 1, wherein the first gas mixture and/or the second gas

mixture is formed in situ by a point-of-use generator.

14. The process of claim 1, wherein the first gas mixture and/or the second gas

mixture further comprises an inert gas diluent.

15.  The process of claim 14, wherein the inert gas diluent is selected from nitrogen,

CO, helium, neon, argon, krypton, xenon, and mixtures thereof.
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selected from BC13, BBr3, B13, BF3, and m xtures thereof. 8. The process of
claim?7, wherein the boron-containing reactive agent is BCl3. 9. The
process of claim1, wherein the fluorine-containing reactive agent is at

| east one selected fromNF3, C1F3, ClF, SF6, a perfluorocarbon, a

hydr of | uor ocar bon, an oxyfl uorocarbon, a hypofluorite, a W&gﬁr xi de, a
fluorotrioxide, COF2, NOF, F2, NFxCl3 x wherein x is a n 8 ng from
1 to 2, and mixtures thereof. 10. The process of claim9, wherein the

fl uori ne-gontai,ni_ng. LV £ F3.  11. The aim?9,
wherei n i1t 1 arprest EESeAPnEE S Muinfs lbag e« pEREROGER R 0B O T 0 oy
claim1l, wmwhaoeihe grbesd éomprispgs mi xture and/or the second gas mixture is
conveyed to the reactor fromat | east one gas cylinder, a safe d?l ivery
system or a RAvdingereader yhegia frastpportepeofihosatace israt iasingrtillypner e n
the firstcgag by et Ml VhGeRRORMs@A® ha¥h Widkchid Sonk@ABTd.1 & Situ by a
poi nt-of -use generator. 14. The process of claiml, wherein the first gas
m xt ure agrédterandrisaidesbonk meawberalthagreur eansisting ebnisaistion magtaliorede; a gas

di luent. 15..:Th [QGE | ai-m 14, erein t i 1. i nt is

el oot ed TREHATRPUSHRAR Bhrdipda Tt oS s SrPyb FEmpBEUf e St

m Xt ures ¢dnedigiaf Gralp BOmbIARGHIE @Giftrogkhd cotaipin@a@eap | dmetad sidicatagh a subst ance

fromat |east a portion of the sur{j&ge of a reactor, the ]gl%ogefs
conpr i si MYIOBTRAIHIHES IHRSIHIAREBTONife P BITPSER CIUHTNEHAPBIER BRIOHIENR surface
is at | eagt, RavitabdonprishRak ]féazt"éﬂ]r_ﬁe MayleP 6 Y ?ﬁiuﬁ@ﬁﬁsi;ﬁﬁ‘@ oth efaflifiord AGafUbSt ance

has a dielectric constant of 4.1 or greafer and is at |east one nenber of
t he gr oupoxidmgitesnsitign ofetabsilicaiegi Glovp | Ameddl osidedeGranp 18magialisilicats, aret al
silicate, . 0 1 | i.de, G . i J 1:Ni.L rogen
cont ai ni nrglf% cr)luct)&?gﬁ%nﬁécﬁlpol%x 18%?1 oa’l(?dnel’ ¢ ?‘gg’g%gg%ﬁ% al ﬁi%r{a{l%?%ﬁfﬁtaﬁlh%%’al

si | i cat e, a fitropér ¢ongiming athsition meral exads b hittrpemedmhiningitehdsitian nietal ogen

cont ai ni ng transition netal silicate, or a lam nate conprising at |east
one | ayerSBf2'%he group consisting of a transition netal oxide, a

transition netglrodicidCfif g rifk AP cokpriBaicd b@dh-8ntaidinGredéByd Sy it indd
silicate, a nitrogen containing Goup 13 netal oxide, a nitrogen

cont ai ni n@_e@‘a@t@p; 13 netal silicate, a nitrogen containing transition netal
ortge, o M1t 4SRRI R MBSO G LOAPIELDS 7,
react or; active species that react with the substance and form a volatile product and a boron-
containing byproduct; and
introducing a second gas mixture comprising a fluorine-containing reactive agent
into the reaction reactor;
exposing the second gas mixture to one or more energy sources sufficient to
generate active species that react with the boron-containing byproduct and form the
volatile product; and
removing the volatile product from the reactor; and the first gas mixture is

exposed to one or more energy sources and the first exposing step is conducted prior to

the second introducing step.
17. The process of claim 16 wherein the first gas mixture is exposed to one or more

energy sources and the first exposing step is conducted during at least a portion of the

first introducing step.
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exposing the first gas mxture to one or nore energy sources sufficient to
generate active species that react with the substance and forma volatile
product and a boron- contai ning byproduct; and introducing a second gas

m xture conprising a fluorine-containing reactive agent into the reaction
reactor; exposing the second gas m xture to one or nore engr es
sufficient to generate active species that react with thgﬁggégﬁ?%%ﬁtaining
byproduct and formthe volatile product; and renoving the volatile product
fromthe j §aCtﬂ{e'rPd8&=§s B?ﬁaiﬁﬂ {e&ndam ¢ %EHﬁoegds%ﬁxﬁﬁé’@%ﬁ ool 1POR " nore
energy sources and the first exposing step Ts conducted prior to the
second i nmpedneigygostcepandiiiie setbmd ptposiag step iis @ndusred duridgest &ast & poetidni r St gas
m xt ure isdﬁxgos§9. o.0ne or nore energy sources and the first exposing
step is cOBuEs PAYP&FeR-east a portion of the first introducing step.
21 30 MARCH 2007 18. The process of claim 16 wherein the second gas

m xture i s exposed to one or nore energy sources and the second exposing
step i s cbhductisdpraesss plelaim 1Gwhereln ajemperatyre ofthe Hest ardierfgoonstexpenied ng

step. 19. of claim 16 wherein a tenperature of the first and/or
second ex% sﬁﬁgkggﬁgg ?é at least 150 C. 20. The process of claim16
wherein a pressure of the first and/or second exposing step is at |east 10

mrorr. 2 A process for. cl eanpi a substance. ¢ rising a dielectric
Const ant H ear AP Bivaess of AR B PDEET EPEIET Shibe B arPpiarche SEPHEE {1 om at
| east a paggisanleadt 18 isTHrf.ace of a reactor, the process conprising:

introducing a first gas m xture conprising a boron-containing reactive
agent into the reactor wherein the first gas mxture reacts with the

subst ance;cont %'gﬂ}g&sg ﬁ)‘?{gi%'éftﬁng Q subNi bk S&B%sg‘?é ?Hfleie‘égﬁgc;aﬂég{&g g?&?er% n

boron-contai nin y- produ onprisin Intro second gas

m xt ur e cthagrelsingeoasthhtindsiliven domideifrinmet leasta porvien afje mirfack of o réabier,r eact or
wherein the second gas. m xture reacts with the boron-containing by- product
cont ai ned: HgFgﬁﬁoF%“F%gn1the vol atile product; and renoving the volatile

product from tiRgodiRaplDfirst gadZnixture comprising a boron-containing reactive agent into
the reactor wherein the first gas mixture reacts with the substance contained therein to
provide a volatile product and a boron-containing by-product comprising B,0;;
introducing a second gas mixture comprising a fluorine-containing reactive agent
into the reactor wherein the second gas mixture reacts with the boron-containing by-
product contained therein to form the volatile product; and

removing the volatile product from the reactor.
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