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SEM CONDUCTOR  MANUFACTURI NG EQUI PMENT USI NG COMVBI NATI ON CHEM STRIES 5

FI ELD OF wbiB1/08$ENTI ON The present invention relates in geagnsoo/ssse! eani ng
sem conductor equi pnent; and nore particularly, to a nethod and system for
in-situ cleaning of sem conductor manufacturing equi pnment, such as silicon
di oxi de deposition chanbers, using a two step, conbination of chem stries.
10 BACKGROUND OF THE | NVENTI ON Sem conduct or manufacturing equi pnent is

wi dely enployed to fabricate electronic devices and integrated circuits on
substrates or wafers. Many different types of sem conductor equipnent are
used in the fabrication process, such as for 15 exanple: heat treatnent
chanbers used for thermal annealing, oxidation, nitridation and the |ike,
and chem cal vapor deposition (CVvD) chanbers used to deposit thin filns.
In particular, deposition of thin filnms of doped and undoped silicon oxide
(SiOx), also called silicate glass (SG, find wide application in the
production of electronic devices. The chanber used to deposit these filns
often uses thermally 20 driven chem cal reactions. CVD chanbers, and
associ at ed equi pnent conponents such as injectors and the like, used to
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of ten becone silicate byproducts of the deposition
process. If sufficient solid byproducts build up on the internal surfaces

25 of thg chanber, these by prg&g&taEﬁ%&m spall, fromthe chanber
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BACKGROUND OF THE INVENTION

Semiconductor manufacturing equipment is widely employed to fabricate

electronic devices and integrated circuits on substrates or wafers. Many different
types of semiconductor equipment are used in the fabrication process, such as for

15 example: heat treatment chambers used for thermal annealing, oxidation, nitridation
and the like, and chemical vapor deposition (CVD) chambers used to deposit thin
films. In particular, deposition of thin films of doped and undoped silicon oxide
(SiOy), also called silicate glass (SG), find wide application in the production of
electronic devices. The chamber used to deposit these films often uses thermally

20  driven chemical reactions. CVD chambers, and associated equipment components
such as injectors and the like, used to deposit undoped SiOy films (USG), and doped
SiOy, films with boron (B) and phosphorous (P) such as BySiOX (BSG), P,Si04
(PSG), and Bsz SiOy (BPSG) often become fouled with solid silicate byproducts of
the deposition process. If sufficient solid byproducts build up on the internal surfaces

25  of the chamber, these by products can flake, or spall, from the chamber surfaces and
contaminate the substrate or wafer with detrimental particulate solids. The spalling

byproduct deposits often land on a wafer-in-process resulting in particle



5 technique is undesirable due to high | abor costs and downtine. Anot her
technique used in the art is a one step in-situ process, such as that
descri bedwpon1loBsPat ent No. 5,788, 778. As described in thePCITABpaBent, a
precursor gas is activated in a renote chanber via a high power source to
forma reactive species which is then ‘fAowed into the deposi ti on chamnber
to clean the insjide of the 10 deposi.tion cha r. \hi hag this technjque
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cl eani ng the chanbers. SU HE | NVENTI ON Accordingly, it is an
obj ect of the prAsether feclueqid wed irothpros denastep ipriovedcesssunie ahitddt and

system for c¢leanin seni co t manyf act ur.i eqyi pment. Mbre
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using a conbination of a two step process which uses chem cal s that
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a conbi nat i ofefdf NFQhihy be tiEd inWKiBh powelh@yerat 46 drebfeartadliv spiticsiebythand

i nexpensi vely renoves powdery deposits, while atom c-F quickly and
i nexpend$ vetompleeolesningenecess, whieh is erydepidsi t Bhus iGs esirablaterprerdde#ht ai ni ng

chem cal s nay be ,use s descri bed, bel ow. The.present WD 01/ 003858
PCT/ US00/ 4 Oveﬁén?tﬁ‘f}@ﬁ?‘?f‘?ﬁ%%gé(ﬂeﬁwggywtC b{‘%%s' the chenicals for cleaning
of the deposits for which the individual chemcal is nost capable;

yi el ding an overall nore effective conbi ned
Y OF THE INVENTION

C

-
-

=

Accordingly, it is an object of the present invention to provide an improved

20 method and system for cleaning of semiconductor manufacturing equipment.

More particularly, it is an object of the present invention to provide a method
and system for in-situ cleaning of semiconductor manufacturing equipment using a
combination of a two step process which uses chemicals that selectively target the
different types of solid deposits that build up on the chamber and equipment.

25 For example, in one embodiment, the invention provides a method and system
for in-situ, chemical-etch cleaning of chambers and associated equipment components,
by using a combination of anhydrous Hydrogen Fluoride (aHF) and atomic Fluorine
(atomic-F) in a two step process. The inventors have discovered that the effectiveness
of these two different fluorine chemistries vary with the nature of the type of solid

30 deposits, which are either powdery, or dense and film-like, or a combination of both.
The inventors have found that aHF quickly and inexpensively removes powdery
deposits, while atomic-F quickly and inexpensively removes dense film-like deposits.

Other fluorine containing chemicals may be used as described below. The present



cl eaning nmethod. This inproved nmethod and system of cleaning reduces the
chem cal cost, and reduces the downtine of the equipnent. The use of the
two step,wbosoedsssrati on, inventive nmethod of cleaning cherCItusoes3shat are
selectively targeted to renove differe types of deposits offers
significant cost and thoroughness benefits over chanber cleaning with one
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the invention an appe provi ded bel ow, and upon reference
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clarity. Figure ustrates a functional block diagramof the stystem
shown i n Fi gieve differ2ft thpegufdeosits offerssignafivant grst apbihoronghuésehewdiitone
exanpl e of a CVD chanbher, whjch be empl oyed .wi.th .th t hod.,and. system
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delivery system of Figure 2 according to one enbodi nent of the present

invention. Figure 5 is a flow chart depicting the nethod of the present
invention 25 according to one enbodiment. Figures 6 and 7 are graphs

illustrating the in-situ 1& e for g ua 0 cycl es descri bed
in Exan'dpes 1 and 2, res =

53s g-to-the ptresent invention.
Figure 8 is a ta ' k@8t ifenties wil®ecshé hsarentafl er
(200mMm di anet er)@ﬁéﬁbﬁ?‘é%ﬁ?ﬁﬁﬁﬁgﬁ%ﬁi ment of the method and system of
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cleaning of sem gQRENIC LRFwsHRHXbAGIBIcREEW of a CVD system including the in-situ
15 cleaning system according to one embodiment of the present invention. Note that the
gas flow controls and major sections of the chamber pressure control system are

omitted for clarity.

Figure 2 illustrates a functional block diagram of the system shown in Figure

20 Figure 3 is a cut-away perspective view of one example of a CVD chamber
which may be employed with the method and system of the present invention.
Figure 4 is a schematic diagram of the gas delivery system of Figure 2
according to one embodiment of the present invention.
Figure 5 is a flow chart depicting the method of the present invention
25  according to one embodiment.
Figures 6 and 7 are graphs illustrating the in-situ cleaning time for a variety of
cycles described in Examples 1 and 2, respectively, according to the present invention.
Figure 8 is a table showing the chamber cleaning cost per silicon wafer

(200mm diameter) when practicing an embodiment of the method and system of the

30 present invention.



equi pnent. The equipnment is typically used to deposit silicon containing
films or 5 refractory netal filnms. Wile described as "two separate steps”
it is inpeOtoano3ssd note that the two steps nmay be repeat @dT/Usae/kBe%s ti nes
and in different order, to forma cleanjng sequence as described in detai
bel ow. The present invention utilizes th%' Separate chem stries in each
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that build up on the eqeHpm : ' _ s ery and 10
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descri bed below, but it wll be understood by those 25 skilled in the art
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met hod and stemof the present invention is carried out 30 e&gl oyi ng
two sepatft dilstiéisanditay foamen kasdifilm dayer on HecayiparEE YRR otA9 M HEPES eani ng

process. One step.delivers hem cal O | Aal i bleefRbgRligd that
is useful fHde S&tﬁia??greg\%ﬁéﬁi%&gg&&é’rtéeéfgpggﬁvg};lﬁ%eﬁgth%ere step delléivers a
chem cal (O0rofaompRIFAICHAhINGRtPE, yiblaNhCRlE)vdddtaning teslefiqie. fArused chi ng away
the dense filmlike deposits. WO 01/003858 PCT/ USO}(1)/ 40359 -5 s

throughout the description, the term “selectively” means that one type of deposit is

primarily removed or more effectively removed than the other type of deposit, and
20 the difference in effectiveness may range from slight to great.

Generally, the method and system of the present invention provides for
cleaning of the chamber and associated equipment using separate steps with different
chemicals, and then performing these steps in a variety of desired sequences. Specific
examples of sequences will be described below, but it will be understood by those

25  skilled in the art that different sequences can be employed which are optimized for a
particular desired application, based on the teaching of the present invention. Further,
the term “cleaning” as used throughout the description refers to cleaning by chemical
etching of the deposits.

In general, the method and system of the present invention is carried out by

30 employing two separate steps, that are combined in a sequence to provide the cleaning
process. One step delivers a chemical (or a combination of chemicals) that is useful
for etching away the powdery deposits; the other step delivers a chemical (or a

combination of chemicals) that is useful for etching away the dense film-like deposits.



Any suitable chem cal may be used. For exanple, chem cals suitable for
etching of the powdery deposits include, but are not limted to: aHF, and
HF vapor wQgenesst ed from aqueous HFH20). Chemi cal s suit alpicag/tdsoe/45chi ng of
the dense film I|ike deposits include, but are not limted to: atom c-F,
and thermal ly dissociated CILF3. 5 In the preferred enbodi nent aHF and

atom c-F are used. The t hod and ste f the present .inventigon may be
used to clean s éﬁﬁﬁﬂg?t&ml%%&?aﬁ%ﬁfseéphg?r qxgmggeeﬁe[r%lc?)lﬁ 8‘3:@%’&6 ﬁf’ﬁny types
of wafers, Lpglhud &mégg i dé Buf SRSt HimiRa Yo: Ve andHE VapsBs such,
as but not ‘?gn’&l#g;gﬂ?:op Si H@i’%ﬁltss:%aq BZSi X, .BIPZSi Cg(,_ SiNx, Si C ,. WSi  and
anor phous ofgepalatedrfyah aljtdone HFHLL) iGhomidals spitablefpvieteling o therdgnseehilal- i | ns
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Figure 155h%eg%eﬁé‘cﬁgf%&iiﬂémpﬁmaﬂat&n@@a&ﬁé@.m having a cl eani ng

system according to one enbodi nent of the present invention. The gas flow
controls 15 and fhf oretlrecnid systern of thegressanipzentipnasayibeused i eletn syst em are

omtted for clarity, The. CV| stem. 10 general ly ing ition

chanber 12, S%WCPIIFF}%E‘FFSWPW&H&PE%E “ielra to pégc(’?ﬁsaw %'Blﬁsh%u %%%ylg‘fg%&%? vv: th

associ at ed E(Ié}ﬂﬁ&iﬁ@ﬁt &é@%%o%ﬁ&%ﬁﬁ%@@of filedkuenl s Gut fdigintieidasi $iogn chamber
ig.

is a cleaning subsystem which is generally conprised. of two
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diff | eani hemi cal s ind dently, t.o-the d i £ 12.
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detail ed vi gpyf Nt.he systemis shown with reference to Figure 3 and the
functional block diagramof Figure 2. Specifically, the deposition chanber
12 includes a cRuokng®, Figities b4 thesypemof sheprescatiinventipsais ifysatef  con

substrate o wafer, 11. 25 a tenperature. | -600C
required f o&p%qlﬁfi‘fa&]% %’igfnr'ﬁ 151 o8 iop?gﬁa}mpliof 8%7%8? g;& l})rc[ggsgger?? P%‘ﬁ?%#klféggg

oper at i vel y syt hedrdifg tdénedinliodindéht offteradensinvagtiona ke gad flowndntrbls chuck
30 at the desired process tenperature setpoint (typically in the range of

about 406- 6@8Dnajos sedtions af the chaplbay pressye cariolsysiemare pmeted foy dagymmdeci al | y

avai | abl e, as_fram Al - | e o g]gmam | QQi
controller §wrf%fiﬁim E@éelb%%@n nahgéejsaac ?p\%ﬁgﬁg%aerﬁ%égﬁ? i %Iﬁllh a{s1 [ spef§1 sdilgl% head
32, often rgtRIhBs ckRadbsysteng BSwithjaediciked dhampeoashded dutting 16. t Geuriley tect or

mani fold 14. The injector 32 delivers deposition chemcals tg the wafer 11
and may al sthedisppsition ehpanber isanlepping arppysign 13 (fig. 2) which is generally

comprised of two cleaning chemical supply systems 22 and 24 which deliver the two
20 different cleaning chemicals independently to the deposition chamber 12. Preferably,
the system components are carried in a chassis 26.
A more detailed view of the system is shown with reference to Figure 3 and
the functional block diagram of Figure 2. Specifically, the deposition chamber 12
includes a chuck 30, which is a platform used to heat the silicon substrate or wafer 11
25 to a temperature in the range of about 400-600°C required for silica-film deposition.
A temperature controller 31, operatively coupled to the chuck 30, maintains the wafer
11 and the chuck 30 at the desired process temperature setpoint (typically in the range
of about 400-600°C) to within +2°C. Such temperature controllers are commercially
available, such as from Allen-Bradley Company, Inc., programmable logic controller
30 model SLC 05/4. A reactive or deposition gas dispersion head 32, often referred to as
a gas injector, is provided within the injector manifold 14. The injector 32 delivers
deposition chemicals to the wafer 11 and may also deliver the cleaning chemicals. If

the injector 32 does not distribute the cleaning chemicals, this task is performed by



the injector 32 does not distribute the cleaning chemcals, this task is
performed by WO 01/003858 PCT/ US00/ 40359 -6 separate hardware (not shown).
The i nj ecwor018@385% nost often of a design proprietary toPCRASdepBSdtion
equi prent manufacturer. For exanple, U 'S, Patent 5,683,516 describes one
type of injector that maybe used with th@'present i nvention, and the

entire description is hereby incorporated hy reference. herein. The chanber
12 is 5 nostserrateRagvage @asFhamy EB? {rgcter 15mt°ﬁte°€3é‘p‘gsai St PRI SR nt

manuf act ur er bsiti ibth&t e Be RPecidiple, ©X2PRbR: Sewndierein. The
deposition é E%Pbégorﬂ%ggg%the g%@.& 30 and i¢1j ‘ector 32. A deposition
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controller malntain the pressure in the deposition chanber 12 at a
desi red val ué,whené die deposjtioe gadel ynik and heact to forgetheflayeh oufilm 00 thessurce Tor r

during fabrication ocessi ng of the fer,. and.within bout, 2%. 0f the
pressur etk e[og g?%‘f’af(:ﬂ br %&%f?r%]iy ethe SeRoston Tekion isojaies tﬁ? s%thgrggeﬂ g %%)m%o
Torr). Thr O?ﬂ%ﬁ% aﬁég%ﬁﬁ%ﬁerﬁfe%ﬁ el ¥cah¥itchBleRt. Bhtcdhagtbef ls@mel/ Fut ( Haag,
20 Switzerlan node 0, series 61.1. The exhaust s%stem 15 is coupl ed

to a vacuumnptiaipiags vaywsiressaletodurigalendsition er dléraingh agher ekArtist ducting
16. The vacuum i ng, system typi cal i.hcludes sem conduy [ i_prent
gr ade vacuuﬁyﬁﬁ‘ﬁg‘gp "é‘é{%g’ﬂ?{éug?s %%ﬁm%ﬂch%ﬁa tpwg&le%é%eom PR (?ﬁ)éfh Ber a QI ess
than about $,d@khowdBht éhatlass fdsRWnliAk&@pb@Rado BdmmBAdH fre8 agreslem Such
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i ncl udes one or .
about 2% of the pressure setpoint ( for example, +2 Torr at a setpoint pressure of 100

Torr). Throttle valves are commercially available, such as from VAT (Haag,
20 Switzerland) model DN40, series 61.1.

The exhaust system 15 is coupled to a vacuum pumping system (not shown)
via the chamber gas exhaust ducting 16. The vacuum pumping system typically
includes semiconductor equipment grade vacuum pumps capable of maintaining the
deposition chamber at less than about 5 Torr under a gas flow rate load of about 28

25 slpm. Such pumping systems are commercially available, such as from Busch
Vacuum (Maulburg, Germany) model CS-700 or CS-1250.

To deposit a desired film on the surface of the wafer 11, a deposition gas
delivery system 34, as illustrated in detail in Fig. 4, is coupled to the injector 32 and
injector manifold 14. The deposition gas delivery system 34 generally includes one or

30 more deposition gas sources 36. To deposit a doped SiOx film, the gas delivery
system 34 will typically include a silicon source 36a, an oxygen/ozone source 36b,
and any one of, or a combination of a boron source 36¢ and phosphorous source 36d.

The boron source chemical generator 36¢ contains liquid source boron chemicals such



30 nore deposition gas sources 36. To deposit a doped SIOX film the gas
delivery system34 will typically include a silicon source 36a, an

oxygen/ ozwoe1sassge 36b, and any one of, or a conbi nati oRCofUSA0/IBEFDN
source 36¢ and phosphorous source 36d. ,The boron source chem cal generator
36¢c contains liquid source boron chem 6gl s such WO 01/ 003858 PCT/ US00/ 40359
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acconpl i sheghoshitdle @iNIPECAS S PRISE!T) AfinRtH PRSShNAPDVIPE TAS FIE -55-D), aod
source chenical generator 36a contains liquid source silicon chemcals
such as: t etriethet piydspbate (BEPO CAS #/ 8(40EOs Thegsnerzigon of phosphars e vapass 10
i nportant sources. The generation,of..sili r€e .\ . 1S typically
acconpl i shelaL{yR’\fa?le alﬁot%g?mgﬁs%ﬁggf@rm%% %bug)?’?%%? g%‘%‘éﬁ‘%@gﬁ?&me ozone and

oxygen source i NphdiiBcch sollffRehaial Ydhkerbori3eaicaataind ligarikoatppilicoaf 02 gas
and produces an output gas that consists of a mxture of 02 and 03 (oxygen

and ozone) . chemivads sushag: teirasthylogthesibicats GrEQY.iehS 6784014 candiqtheidessy om t he

l'iquid urce chem cal s. ..such one n s, are: : i af:

avai | abﬁg a‘é‘lqoﬁta?ﬁfé)u%f"e;ﬁ%%?rbe?%ﬁ)g -O&gr’gl fiﬁ %ﬁ%@r%a,%oﬁﬁ,lé%ﬁa%%&@g%%GO)
nodel  SEMZOh, 2iibr 3. bubblepar 4 Hizedt @apaitearTiageont bed orjdeadoand isyigieam of t he
present invention preferably provides for incorporating the c|eaning

subsyst em 1gnajatdriwhielhion@epa fesfstuaply 06 O2 e 264 BIPAE AR E8HNES | s _
conpri sed of ti‘gﬁé)?% miRlite §%6a%§?)r§g(@§ya%9 aﬁ@%&?ezbo%né ﬁ%ﬁkicﬁé@é't st cleaning

gas source s a second cFkFea source are provi and del i ver

at |east twprdhidesilicadileafiong tigdiail soteeivhamécalss efhch wzolxegensmfras atee st eps
to clean the chanber 12. In this exan‘gl e, the first gas squrce 38 is
conpri séd ofommergtalfiria¥aifablfetrdn oA siaHPerRiqusagbl (Mdﬁ%ﬁ Phof NF3+Ar gas

gener at or s, 35 2P5° SR APMOAIR IS TS0 2 rom Ast ex, model AX: 7650.
In this exanpl e, Of petiseaonivagtage, sedimnethod tnd systeanpf ths pdesofit iavensiehy dr ous HF
preferably provides for incorporating the cleaning subsystem 18 within the CVD
system 10. The cleaning subsystem 18 is comprised of two or more cleaning gas
20 sources. At least a first cleaning gas source 38 and a second cleaning gas source 40
are provided and deliver at least two different cleaning gases which are used in the
separate steps to clean the chamber 12. In this example, the first gas source 38 is
comprised of an atomic-F generator which takes a feed supply of NF3+Ar gas
mixture and produces an output gas mixture of F+Fo+Np+Ar. Atomic-F generators
25 are commercially availablé such as from Astex, model AX-7650.
In this example, the second gas source 40 is comprised of an anhydrous HF
(aHF) source. aHF is commercially available as a very low pressure (boiling point =
293 K) compressed gas, such as from Air Products and Chemicals.
As described above, the surfaces of the chambers and associated equipment
30 components become coated with solid byproducts from the thermal reactions during
processing of the wafer. Depending on the temperature of the surface, and the surface
location relative to the main deposition reaction zone, the surface will become coated

with the different types of byproducts; i.e. the powdery or dense film-like deposits or a



(aHF) source. aHF is conmmercially available as a very | ow pressure (boiling
point = 293 K) conpressed gas, such as fromAir Products and Chem cals. As
descri bedwelwowesssgs he surfaces of the chanbers and associ ared/usquiEasent 30
conponents becone coated with solid byprpoducts fromthe thernmal reactions
during processing of the wafer. Dependihg on the tenperature of the

surface, and the surface cat.i o elative t he i.n depositi action
zone, the sGPREPALIQRP %Echﬁ‘és’ @Wéﬂ@f en&iy'?ef‘f' qflﬁgp%ﬁlﬁsft%%etﬂtdw@%%gn 8ﬁﬁarén‘?
byproduct s; {grga%es.t hﬁge VG s AowdBITSRnf rebiht bKL colRRASIHas TEOSPOYNO 01/ 003858
PCT/ US00/ 403 -8 ¢ ination of both. Thus, the different types of

deposi ts t edepdsiticaieshembpr wsed ¢ foimréBE and BPS&clsns ani the meles, enaaehaie
different regjons of a_caonyvention TEQOS/ deposi tian r..used to

f orm USG andiEsEEs tyRes r?£ s HiI?Wéoc%ﬁ?‘i‘?p,omgasd%'c%ﬂ&eﬁfuéhcaFﬁ]oggae)ﬁotth? ypes of
sol i d bypr oduclsitflRRIShhSis WIYoebarbEste® witha6Bd ByReaRds.t o the 5 deposition
chem cals wll becone coated with solid byproducts. Specifically, the

physi cal form of Sphefibally; tuuphiysickd fomi oftheiblyprodesssiqposits 3l dependiipepdicat ur e
of the chanber surfac i th higher surface tesmpe -l .di . gher
physi cal - deHZRRIARTE @h‘? M&ﬁ%‘gpﬁlﬁq% fn@ X é‘{,%g‘? {‘35’@’%%&3‘%?%@5@@ §%§Eér€si der
for exanpl e, nidieidbpsifEd o [1B864se AIANRRISposHIPYDroducts. JLoneiddr fof kearhplieect or
is typical I§/) Wwater 10 cooled to a tenperature of |ess than 100C. These

rel atively tmthemrecastion chasthef slowwn indfigume . iTiedeieeter isdyrically W&eim t he

powdery deposi.t.that may .incl.ude.signhfi cant

parti al 13- r §a¥ed ?i%‘ﬁ‘ﬁatt?%r?f “ﬁ%ﬂﬂ%gpg .d' lgegg?%?tg&r%ﬁ}g#wggeﬁ%rg%?ﬁgéﬁg%%fi | m
on the substfeqnjwelbe tenti @6 Birhifie powlery Aepasitubs niw) idcluiesighifiesntainanaut 500C
and above. Any Heated areas not protected fromthe reactjve gases by the

wafer will of swed@edspeariiahtrsacieddenogitiop chemicals. depedtion of aharfludengeposit s.

A d i.C- | 45 i ti ' ol
Fece ven ox i andng SiRlrite ufera sk (Dl ARPRAGR pd RELENBoRTb0 Gt
| arge t enpengdwy ety ifshic@itireds hot feteetrdfondthedxmnisupaseabgdss wafandiltalso r ange

from >500C in the area adjacent to the chuck, to <100C far, gq\giy fr {n t he
chuck. THe swprriepter buildsup pfithe donseetiim-life derasits Af asFadxPRALC- Elaf‘?/? f rom

(e dense, B0uhhktE ey GRERI 202k IR IR0 e SROTalBds o, e
ef fective f qhisglgashRasI0Fh taps tehfratepuirpdienttin tisatheicall epmsite aréws;
boang O can g from a5001C it 26 ases adjacent b tie chbek, fo 2000 A eNEy hom"®
‘the chuck. The seal plate 45 thus collects deposits of varying density, from the dense,
20 film-like deposits to the powdery deposits.
According to the present invention, the use of fluorine chemistry has proven to
be quite effective for cleaning semiconductor equipment used to deposit the
USG/BSG/PSG/BPSG family of silicon oxide films. While not wishing to be bound
by any one particular theory, the inventors believe that the basis of the clean
25 mechanism in each of the separate steps is etching by the formation of volatile SiFy.
SiF4 has a boiling point of only 187 K (-86°C) at one atmosphere pressure. Thus, the
formation of SiF4 by the etch reactions assures gaseous removal of the silicon from
the chamber surfaces. The fluorine required for SiF4 formation may be supplied from
a number of fluorine containing chemical compounds including, but not limited to:
30 liquid hydrous hydrofluoric acid, gaseous anhydrous hydrogen fluoride (aHF) and

gaseous atomic fluorine (atomic- F). The atomic-F is created by in-sifu or remote

plasma-cracking of CF4, CoFg, C3Fg, SFg, NF3; or by thermal cracking of NF3 or



by any one particular theory, the inventors believe that the basis of the
clean 25 nmechanismin each of the separate steps is etching by the

formati orwofoiwadsst i |l e SiF4. SiF4 has a boiling point of @eryusa@#3B9 (-86C)
at one atnosphere pressure. Thus, the fprmation of SiF4 by the etch
reacti ons assures gaseous renoval of the silicon from the chanber

surfaces. The.fl.uorine reguir far Sl F4f i | rom a
Srber o 1EHEs r"*ﬁé{eécﬁfﬁf‘ﬂ?vﬁg%gﬁ%déé ‘%gﬂ’%%ﬁ%g{’s’%ﬁ%?’ﬁ%‘?%%gﬁ% i 1O 2
to: 30 |iquivh fyslsieatndimeinelilofend mrestatl Bvegitmeous anhydrous hydrogen
fluoride (aHF) and gaseous atom c _fluorine (atom c- The atom.c-F is

: . ! F) . -
created by in-siThke mmalé’rﬁb?l@lcabmagt#ﬁils@ﬂlaé&Flﬁ’gfl@mn@m‘?th@FB‘,ISm?f%%, NF3;

or by thermal cracking o or € / ClF3. As
descri bed abB&YE! nﬁvﬁﬁmgﬂn‘ﬁfl%l\{gsiﬁl% %@%ﬁ%@ﬁﬁ \/\%’ tg%%r%?g&ﬁ%ﬁgﬁsﬁfs for the
two stepscl gamivags wsed kodepokit tthe USIGZBSGIPIGBRRGI family D éilips,i cam by desveibed al

reactions during the cleaning nethod and system of the present invention
when usi ng esrceptnallulioihe dolfovasg chanicplas#itiegs:cheni cal s for 5 chanbers used

to deposit BSGE R SG famly of filns, can be descri bed
b5 PSSR

concept ual | owng chem cal reactions: Si02+4HF Si F4+2H20 (1)
BYSi Ox+bHF Si F4+@hl20+(y/ 3) H3BGB 10 (2) PzSi Ox+cHF - Si F4+2H20+(z/ 3) H3PO4
(3) ByPzSi Ox+dHF -# Si F,4+2H20+SF [ YH3IBO3 +(z/3)H3APO4 (4) 15 Si 02+4F

Si F4+02 (5B, SiBy &Ik #FiF 4+ 51z B93 (6) PzSi Ox+nml - Si F4+02+zPF5 20
(7) ByPagi Ox+nF a)F4+02+yBF3+zPF5

P,SiOx+cHF ~ SiF4+2Hy0+(z/3)H3POy4
)
ByP,SiOy+dHF - SiF4+2HyO+(y/3)H3BO3 +(z/3)H3PO4
4)
15 SiOp+4F — SiF4+02
()
BySiOx+kF - SiF4+0g+yBF3
©)
P,SiOy+mF — SiF4+0y+zPF5
20 o)
ByP,SiOx+nF - SiF4+0o+yBF3+zPF5
®)

where: b, ¢, d, k, m, and n are "rich-reaction"constants that are in the range of 4 to 1000,

25  and which provide more than a sufficient number of fluorine atoms available to form the
boron, phosphorus, and silicon compounds shown on the right-hand-side of the equations.

The method of cleaning according to the present invention is now described in

detail. In general, the powdery deposits are cleaned first and then the dense, film-like
deposits are cleaned second. However, it is to be understood that this is not a

30 requirement, and that the order of cleaning may be reversed. Referring to Fig. 5 the
method of the present invention according to one exemplary embodiment is illustrated.

In general, the method begins at step 100 following processing of the wafers. At this
time, deposits of the two different types (and mixtures thereof) have built up on the



(8) where: b, ¢, d, k, in, and n are "rich-reaction"constants that are in
the range of 4 to 1000, 25 and which provide nore than a sufficient nunber
of fluoriwe oaesss avai l able to formthe boron, phosphoru®cTarsdo/#i3sé con
conmpounds shown on the right-hand-side the equations. The nethod of

cl eaning according to the present inventron is now described in detail. In
general, the powdery deposits are cleaned first and then,the dense
filmlike &ESS i thg chbp ARG PSS LA SPIPPREN'Ss b gleatifigmetodoq
that this i i S M &IRR N the BhrittRto 4438t POCTESr AR BdIeA Ind GeitBiy be
reversed. Rg?%fr?%lf}f\rgglg% %ﬁg.p 5 then met hod of the present invention

accor di ng t ¢hechackeinehptimmber mrtdingenature is the tange eabedt 400ita 6@ ket step 10Re

hod begi 1] owj . ing_of the wafers. '
e, - deposPLsepi bbe L clerrgrens RyEes purareeblRdti® flohos Fhrld pui ¢
up on the WO 01 AA3ER8IRETTHERM ABRRS stepliQ sl 866or Ofieside tiglamyeat shipd

associ ated €qui pnment conponents. The ¢l eaning nmethod begins by reducing
t he pressur @05)rtotelvh akarfiier twootypdsoftden@its Tiony thgrehambpiowrfagescnd @stociaged t he

chuck in the chanber to a tenperature j e f 400, t 0C at
step 102. AgUBRREH- %’E%rftr?ieaﬂ) Pdf Erﬁfﬁg ﬁffqgl? L@?@eg%aﬁgg#éesgc%% Cilér)latn?%duci ng
a first flugk @§a&%&ﬁi iy FIBPidndlitcih1e sebmab@iorinthentdifiag gad kaaiing st ep
is carried out for a desired tinme "tl" (at step 105) to etch one of the

two types ofbhaetmnsiThssdcondrelehming bigpiscarrsdronbfoss depigeddiyse cilafabater 489 fohent .
The first cleaning, step i nded at .step,106. ..T f

cl eani ng'0 SF@E%%OQ‘Q‘EYH“\?QF aﬁetﬁ'fﬁgieéﬁf ?5’@9‘6 ?Iﬁtt}}%cgtag}%ﬁg%fasc %%ﬁ%@{o%ﬁhgerdl ne
cont ai ni ng g@ﬁﬁ Bk THRQeconaaidaging s %Qeﬁs%@@fﬂeﬁiﬂﬁ%ﬁb@oﬁ(ﬁhhé firstar sebard out
for a desire ?lrre "t2" (at step 109) to 10 etch the other one of the two
types of deplsiing sfeppmayfve repeareddat siapr 13} asdestiad a The cleaning scagfesmERet The
second cl eanj nqllr%t ep ceases at step 110. Any one of the first or second

cl eani ng stétﬁg 'y be repeated (at step 112) as desired. The cl eaning

sequence ends at vk ?&tﬂa\lﬂrly,l\“@ﬁ&l tR@pdW Ay Bk Mepostienretdibe clommbdtie flymene
deposits are to be cleaned, "'the fluorine 15 cgntaining gas is, selected as

aHF. \Whelb t hentdimmgegas {5 setecteidios aliFp oWhewthg dansepfila-likp dennstls aretg\be ¢lpanse; ne

containing gas.is. selected as.atomni G- i | i .
contai ni ng AMeINRGOIAIINE A 15 ?egeera el(ar?g%tr? o!r:’ ?e t@@% |ysotcft§k\§/\ee€h!é t% ﬁg?(aglll—ln,

whi | e bei ng opdee iy tudedy thelifv@Nos Batd disqeerbdrifiatddfigsvitik, beig prafeifeddoent at
removing the dense, filmlike deposits. Al so, while atom c-F.is Breferred
for renpvi ngemownglthepewdery ¢apopiks isdagffsienkat remoygg tpLdanse, film-like deposits.

Also, while atomic-F is preferred for removing the dense, film-like deposits, it has been

20 found to be inefficient at removing the powdery type deposits.

Each cleaning step is carried out for a separate time t1 and t2. The exact amount
of cleaning time t1 and t2 for each step will vary depending on the type and thickness of
the deposits built up on the chamber and other surfaces, and on the etching rate of the
cleaning chemical. In one exemplary embodiment, the powdery type deposits have an

25  accumulated thickness on the chamber and other surfaces in the range of about 1 to 25
microns, with a typical thickness of about 4 microns at the start of the cleaning method.

The dense, film-like deposits have an accumulated thickness on the chamber and other
surfaces in the range of about 4 to 50 microns, with a typical thickness of about 25
microns at the start of the cleaning method. Based on such buildup, the first cleaning step

30 toremove the powdery deposits is generally carried out for a time t1 in the range of about
~1to 10 minutes. The second cleaning step to remove the dense film-like deposits is

generally carried out for a time t2 in the range of about 5 to 60 minutes. Examples of



20 found to be inefficient at renoving the powdery type deposits. Each
cleaning step is carried out for a separate tine tl and t2. The exact
anount oWooheersssrg tinme t1 and t2 for each step will varycadgasendi3sy on t he
type and thickness of the deposits buiIHlup on the chanber and ot her
surfaces, and on the etching rate of thé "cleaning chemical. In one

exenpl ary enbodj nent, .the p ery t e Its have.an 25 accu

t hi ckness oneﬁcﬁ’é‘gé‘l‘fﬁﬁf{?é oth @ﬂéﬁonﬁg'%ffd%cgggﬁeﬂtw O?ﬁ??é)él%%?regﬁ%vl%qniﬁt%ge 25
m crons, Wt?bgmwpi cal thickness of about 4 microns at the start of the
cl eaning nmethod. The dense, filmlike deposits have an accunul at ed

t hi ckness on the chanber and other surfaces in the range of about 4 to 50
mcrons, with a typical thickness of abbabie P5 nmicrons at the start of the

cl eani ng net hod. Bas such buj the fi eani ng to

renmove thgep:) Cink J ggh‘)lén i s genﬁl%iﬂy"dgarri %ﬁmm for a giﬁg;‘f “in the

range of abopt™™H Mnutes second—cleantrgrst FFE b

dense filml | ke deposgdnge i § Nogenel Ridgy ¢ &Notni ed Rapge
ﬁ—_———__r_——&L

Fa¥ o
CITggv o

Nom t| Renge 2 |iNont
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range of abofit 5 tO | nut €s. Bxa eSTWW

-11 etching p#iffes for%®dth [d8F an g?-Sm dOF £ 9% £ £ &F8nt Y% di%Heanbsits
are shown in ;I;%Lg 11.(;3@{) OV"QJOTfabl 11.(3.#_3,'5. Cllgiini’rg_@l_:}?@ E!Gl m B@ﬁ@;chyq;hathSG
Fi | m USG Powder—-remecat—(+a)-—tnftnr)—(mn)y—(m ) Range NomnT Range
Nom Range Nom Ran a Nom aHF 0.05-0.4 0.3 0.5-2.0 1.0 =0 =0 0.05-0.3 0.2
atomic-F1.0-4.0 89651, 0-3.0 1.7 0.4-1.2 0.6.0.3-0.9 0.6 10 n&l‘fﬁ i . For
a nom nal siliconiwaf eFonenemngl slceikwetrpertpgrhackermpgtuteiof 5 " refers

to the current begit - pr §Noindeefacstp e qurrsnt pastpeactieanonyiapl er pigfarredoiVeln Rat es
i n [Waf er - accunul sii.ed dldaniRuteslib [Wafai-gouhiletedtpunalduwant age, Table 1 shows
that cleaning rates as high as 2 mcrons per mnute for the powdery
deposits and 4 mcrons per mnute for the dense filmlike deposits are

oo 518 e TR SIS g e men gl n R
from t he chapbeminuantbrnirypdveddry tiemdite eod & anitivas phamirarte far the denssdimolikerays.
deposits are achieved by the method and system of the present invention.
In general, the first and second cleaning gases are generated and/or supplied
remotely from the chamber, and may be introduced to the chamber in a number of ways.
20 Preferably, the first and second cleaning gases are introduced to the chamber through the
injector 32. Introducing the cleaning gases through the injector 32 causes the cleaning
gases to travel a similar path as the deposition or reactive gases. Additionally, such a
scheme minimizes the need for additional hardware. Alternatively, however the first and
second gases may be introduced to the chamber via separate hardware means, such as one
25 or more separate gas inlets.
The fluorine containing gases selected for each of the cleaning steps are supplied
by conventional means. For example, when aHF is used, it is generally supplied by a gas
supply canister 22, positioned remote from the chamber and then coupled to the chamber
via gas delivery lines. As described above conventional gas controllers are used to
30 convey the aHF gas from the supply canister 22 to the chamber 12 at the desired time and
flow rate. When atomic-F is selected as a cleaning gas, it is preferably generated by an
atomic-F generator 24 positioned remote from the chamber and then coupled to the
chamber via gas delivery lines. Preferably, the different types of cleaning chemicals are

independently and separated supplied to the chamber 12.  As described above, atomic-F



20 Preferably, the first and second cl eaning gases are introduced to the
chanber through the injector 32. Introducing the cleaning gases through the
i njector 8D oemwses the cleaning gases to travel a sin | aPCpatSho/as54 he
deposition or reactive gases. Additionally, such a schene mnimzes the
need for additional hardware. Alter nati\‘/égy, however the first and second
gases maybe introduced to the chanber via separatg hardware ans,. such as
one 25 or ey bsapearaied figasa vaTely §f sopseest I%B’reim e€8§?%\gﬁpwﬁr‘g§§c§§w"§}é1sect ed
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cani ster 22, apppéwéraTe000 enmts and sloonetth dorahthalemiadtl Threargow togNES flow raise
chanmber via gas delivery lines. As describ above. cony ntionaﬁjl a
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sel ected as a cfeaning gas, it is preferably generated by an atomc-F
generat or 24 posi Thesleshinggmes afe typicaliyeinthdursd to threcchambar atouibdwedate ¢ thee
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froma varie ources: erred enbodinent, atomic-F is
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and operated at a power of 2000 watts and abgve to f.orm.t 1c-F. The
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gases are typically 1’ ntroduc he chanmber at a flowrate in the_range
of about 0. 5whet dborsiciis uFdi & archengingrgay, atcamig-Fde pstedneng to the dhambgips a flpw

fluorine containing cleanjn S d, apd the exact.r :
det er ni ned b¥Rlf Hh?‘?ﬁ@geé’zﬁg?‘%réﬁf &ﬁs sgl?fh b %ﬁ%wéﬁér?slag?@ngﬁgg?%%nf moFer e
aHF is used Bﬁﬁ&r&l‘. eaning gas, 10 aHF is introduced to the chanber at a

t

flowrate in e range of about 0.5 - 2.5 slpm with a flowrate of about
2 sl pm beisng nost Aptlefadeanig stéps apmmttirsiout Meansessaie aaftasaparaiEte offiipchamber

atomc-F is used .as. a cleanin as,.afomc-F is.intr C: o) er
at a flow r&tedn3ipfaiRd afcergm ‘g’il‘geébgh? {eﬁi.pgr turg aild/gy %F’né)s\g#t 1&%3&% ?%gvgfri%f%{agf
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out, the pressure and fenperature of the chanber
different chemicals used in the first and second cleaning steps. For example, when

carrying out a cleaning step with aHF as the cleaning gas, the pressure in the chamber is

20 maintained in the range of about 200 Torr or less, more preferably in the range of about
50 to 200 Torr, with a pressure of about 100 Torr being most preferred. Conversely,
when carrying out a cleaning step with atomic-F as the cleaning gas, the pressure in the
chamber is maintained in the range of about 10 Torr or less, more preferably in the range
of about 1 to 10 Torr, with a£ pressure of about 8 Torr being most preferred. The

25 temperatures of the surfaces to be cleaned do not change during the first and second
cleaning steps, with the chuck maintained at a temperature in the range of about 400 to
600 °C, with about 500 °C being most preferred. An example of typical process
conditions for the two separate cleaning steps using two different fluorine containing
chemicals are shown in Table 2 below:

30
1



are maintained at certain values. The tenperature and/or pressure in each

of the first and second cleaning steps nay be different. Such differences
are due pworsaddsgsto the different chemicals used in thePCirrspo/ase second
cl eani ng steps. For exanple, when carrying out a cleaning step with aHF as
the cleaning gas, the pressure in the cha% er is 20 maintained in the range
of about 200 Torr or less, nore prefer Ln the range of about 50 to 200
Torr, with a pressure of about 100 Torr ?%??\g nost preferred. Conversely,

when carrying out a cleaning step wt 1C= ¢l eani-ng—gas—the
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cleaning chemistry in the two steps, in a desired order and frequency, such that

15 production uptime is maximized, and cleaning chemical costs are minimized. Further,
the combination cleaning method and system of the present invention offers a technique
that provides a large amount of flexibility. Through system-performance and
cost-optimization techniques, a cleaning sequence “strategy” can be developed that is
tailored the particular application at hand. The method and system of the present

20 invention provides a combination of two separate cleaning steps which utilize different
chemicals that selectively clean, i.e. etch away, the different types of deposits, thereby
improving the effectiveness of the overall cleaning process. Although not required by
the present invention; in the preferred embodiment, the two separate steps are performed
in a sequence, and repeated, to provide the optimal cleaning effectiveness. The particular

25  sequencing choice for cleaning a chamber used to deposit a USG/BSG/PSG/BPSG family
of films according to one embodiment of the present invention depends on several factors,
including:

(1) the etch or cleaning rates; fast cleaning rates are desired to minimize the
cleaning-related downtime, as well as the cleaning chemical costs;

30 (2) the dollar ($) cost for a unit (usually a standard liter) of cleaning source
chemical; low cost, readily available source chemicals are obviously preferred; and

(3) the formation of nonvolatile liquid or solid residues; since a system using

TEOS+Ozone deposition gases typically uses only thermal energy (as opposed to plasma



t he conbi nation cl eaning nmethod and system of the present invention offers
a technique that provides a |arge anmount of flexibility. Through

syst em pewbonqeasse and cost-optim zation techniques, a clPeanisng4BsegUence
"strategy" can be developed that is tailgred the particular application at
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In general, the cleaning sequence involves retzeatl ng the first_and/or

second cl eani(MWBCegisp 1) Foapemppsesiofithigdeseritsionathe first lgarine ytep it selesteddo e

stages within, the odycti o rocess. . For _exanple, .if j
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cl eaning step that is nos effective at renovin depOﬁl ts wll

[ t he powder
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step (MABC-step 1). For purposes of this description, the first cleaning

step i s sel eoregs af@bet 20 to 50.
A mean wafer between cleaning (MWBC) frequency is established for the second

20  cleaning step (MWBC-step 2). The second step targets the removal of the dense film-like
deposits, which preferably uses atomic-F as the second cleaning chemical. The
definitions of the first and second steps are established for convenience oniy, and can be
reversed. The MWBC-step 2 occurs every “N” number of wafers. The value of N may
be any desired number. Examples of typical values of N include, but are not limited to,

25  integers in the range of about 5 to 100. Generally, but not necessarily, the value of N will
be equal to or greater than M.

The values of M and N define a cleaning ratio C. The value of C will be the larger
of M/N or N/M, with M usually as the denominator. C is usually an integer with C > 1,
and more usually C is in the range of about 1 to 5.

30 Cleaning steps one and two may be performed in back to back sequence, or

alternatively wafers may be fabricated between the steps. Any variety or combination of

cleaning steps may make up the cleaning sequence. The primary criteria for establishing



the step which targets the renoval of the powdery deposits, which
preferably uses aHF as the first cleaning chemcal. The MABC-step 1 occurs
every "Mwpumbessof wafers. 15 The value of M may be any aegiusabhmssnunber
and will typically be selected such that the deposit buil dup does not
beconme so great as to adversely effect t'Hlé processing of the wafers.

T e - r angdheEaiRg e & pnate kg dopirib M P e B e ©
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but are not I'''mted integers in the range of about 5 to 100.
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than M The val uesg,of M N.define a cleani [ Al ' .
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-15 the cl eagipsta66A8EMesviferst he nature of the deposit buildup and the
frequency of the deposit buildup. For exanple, the follow ng sequences nay
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addi ti onal p@&-@m may be perforned between, or at the beginning or end
of, the steps. For exanple, an inert gas chanber  purge ,rra‘J;((bﬁ;p flfor med
prior to the st arn estmpled, thervgiuef d4 s 3y NsisdQ0 gijaHa ratig ¢ g 'ng ¢ HleaIEE ¢
cl eaning step, a post clean 10 deposition process may be perfornmed to
"season" the SE%%?HE%}S Sﬁchgaaf'o resuni ng

1. Complete deposition on production wafer, M=20,

Perform pre-clean inert-gas chamber purge if needed,

Reduce the pressure in the chamber to 100 Torr,

2
3
20 4. Initiate Step 1 - Clean powder from chamber interior using aHF,
5 Cease Step 1 - Stop aHF flow,
6 Perform post-clean inert gas purge of chamber,
7 If required to reduce the "first-wafer effect", perform a post-clean deposition to
"season" the chamber for subsequent product wafers,
25 8. Restart production deposition of wafers and repeat steps 1-7 four more times,
9. Complete deposition on production wafer, N=100,
10.  Perform pre-clean inert-gas chamber purge if needed,
11.  Reduce the pressure in the chamber to 100 Torr,
12.  Initiate Step 1 - Clean powder from chamber interior using aHF,
30 13.  Cease Step 1 - Stop aHF flow,

14.  Perform an "inter-clean" inert-gas chamber purge if needed,

15.  Reduce the chamber pressure to 5 Torr,



fabrication of the wafers. By way of illustration, and not by way of
limtation, exanples of a cleaning sequence according to two enbodi nents
of the prweemioissg/enti on are provi ded bel ow. Exanple 1 1P®Cirrusexanspd e 1,
the value of Mis 20, Nis 100 giving a rgtio C of 5. The cl eaning
sequence is selected as: 1. Conplete deposition on production wafer, M=20,
2. Perform pre-clean inert-gas_chanber ﬁ)ur en(%f needed, . 3. Rec{uce t he
pressure in tie cHaisipterStep 2106 a8y denso dilm-like feppsifseTemeghamber EEHON YiRier
from chanber aitcf]ﬁf%-rﬂ or using aHF, 5. Cease Step 1 - Stop aHF flow, 6.
Perform post-cléan’i nert gas purge of chanmber, 7. If required to reduce the
“first-wafer 1gf f edease $rep LorstopatartF bean deposition to "season" the
chanber for subsequent product wafers, 2% 8. Restart production deposition
of wafers and® epdgriogn @ps-clean ipehBasHREOEI BHEES: 9. Conpl ete deposition on

product i oy floer IN%aﬁﬁ’ed tbed S thO "7 ﬂvé;@fe%ﬁ&:‘ﬂ", hBEbEm Q%s&&@ﬁﬂf&é‘s‘boﬂ%ﬂ% i f

needed, educe tthe pressure In tS chanber "to 100 Torr, . Initiate
Step 1 - C edsesqeaiche clianter éhrasubgaquenttpeoduot walsisng aHF, 30 13. Cease Step 1

- Stop aHF flow, 14. Perform.,an "inter-clean" ineri-gas cha r.purge if
needed, 15. 2|Qeduc3§5’t“ﬁépé‘ﬁjé‘ﬁﬂ%ﬁl“ﬁfeéﬁﬁ?%t“irba%dﬁ“c??#d ‘B&F&g%g’s%ms -1
PCT/ USO0/ 4033 e & 2kp- Initiate Step 2 - Cean dense filmlike deposits
from chanber 1 nterior using atomc-F, 17. Cease Step 2 - stop atomc-F
flow, 18. PerA sinplifiedpraphiealreprssntatpasf teatdaingsequessce 6f Bxamplé 1 isshownén t o
reduce the "first wafer effect”, performa post-clean deposition to

"season" the Hi@HRBer for subsequent product wafers, 20. Resune production
waf er deposition, and restart cleaning nethod fromstep-1 when M:=20.

Example 2
In Example 2, the value of M and N are 25, giving a ratio C of 1. The cleaning
sequence is selected as:
15 1 Complete deposition on production wafers, M=25,
2 Perform pre-clean inert-gas chamber purge if needed,
3 Reduce the pressure in the chamber to 100 Torr,
4 Initiate Step 1 - Clean powder from chamber interior using aHF,
5. Cease Step 1 - Stop aHF flow,
20 6 Perform an "inter-clean" inert-gas chamber purge if needed,
7 Reduce the chamber pressure to 5 Torr,
8 Initiate Step 2 - Clean dense film-like deposits from chamber interior using
atomic-F,
9. Cease Step 2 - Stop atomic-F flow,
25 10.  Perform post-clean inert gas chamber purge,
11.  Ifrequired to reduce the "first wafer effect”, perform a post-clean deposition to
"season" the chamber for subsequent product wafers,
12.  Resume production wafer deposition, and restart cleaning method from step-1
when M=25.
30 A simplified graphical representation of the cleaning sequence of Example 2 is shown in
Figure 7.

Example 1 appears significantly more complex than Example 2. However, all the

steps in either cleaning sequence can be easily automated with modem semiconductor



A sinplified graphical representation of the cleaning sequence of Exanple 1
is shown in 10 Figure 6. Exanple 2 In Exanple 2, the value of Mand N are
25, givi jyoameasso C of 1. The cleaning sequence is sel eeCadsas103ib 1.
Conpl et e deposition on production waf ers, M=25, 2. Perform pre-cl ean

I nert-gas chanber purge if needed, 3. Regu'ce the pressure in the chanber

to 100 Torr, 4.. Initiate,  Step 1 - .C ean ,om. [ [
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i nert-gas Ch@*_@aﬁ{c,l%{ésgﬁlci_f needed, 7. Reduce the chanber pressure to 5
ep

Torr, 8. Initiate 2 - Clean dense filmlike deposits from chanber

i nt ]tcari or using atQfipadicE]ar 8dvadtagedhemsphod and sysipm af %mpéespntfmmtlogpr%@de
Perform post-cl ean_i nert gas chanmber purge, ' ' dyg h
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chamber far guhsRaLEBle JMORHICEAINRIRNS of U cHAabetleping ¢osti peh cost&-200mm
deposition, and restart cleaning nethod fromste when M=25. 3

} -1 ] 0 A
Si np|h i fied gd'mpmtuaﬂicpep«aﬁséqrraaﬂ*‘.omatomic%ée@l%n&h’g caleyatorrkescapitalepite 2
is showmn in Figure 7. ample 1 ears. sianifi I n
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equi prent _control software, such as "Control WORKS" avail abl e from Adventa
Control Teclordiloytlesning.nc. O particul ar advantage, the nethod and system

of the prigent | NG o0 RAYLAR & SA8ALLGCkRE, BENEISR) b RPLHGsis

sem conduct or man urpnent . I ct's a’table show ng

cal cul at i ons ¢Rhrly BEmERESRhsiAtREG S0ACHEMIPE onbodtamihg26tem,dhacesteio &1H i con
wafer for aHF or atom c-F chem stry. This calculation takes capital, gost,
clean the USG and BPSG powder do not greatly exceed the atomic-F costs. IRecalllt at

generation of atomic-F requires costly and complex plasma cracking of'a fluorine source
such as NF3. This seems to imply that an aHF-only cleaning system would be a good,

15 moderate per-wafer cost, low-complexity cleaning strategy. This concept suffers,
however, from two very serious flaws:

The aHF etch rate for dense film-like USG deposits is very nearly zero as noted
in Table I This lack of an in-situ clean would then require the system user to manually
clean the chamber on a periodic basis. As discussed earlier, system users wish to avoid

20 manual cleaning.

Further, aHF etching of BPSG deposits forms a tenacious (H3POg4) phosphoric
acid liquid/solid residue. Phosphoric Acid had amelting point 0f42.35 °C and thus resists
evaporative removal from cool parts of the deposition system. In addition, H3PO4 can
dehydrate to form glassy H4PO7, which is even more difficult to evaporate. Removal of

25  these residues using this one step alone would require a manual wipe-down clean of the
deposition chamber interior.

While the amount of aHF-created BPSG residue can be minimized by cleaning
at low chamber pressures, preferably at pressures of <100 Torr, it cannot be completely
climinated. In addition, most TEOS+Ozone based thermal deposition systems are capable

30 of depositing both USG and BPSG. Accordingly such deposition systems can then
greatly benefit ﬁém an in-situ cleaning method and system of the present invention which

combines the best features of the two step aHF and atomic-F cleaning chemistries. With



production-rate, clean-rate and chem cal costs into account. The

cal cul ation shows that aHF is nore econom cal for powder-cleaning, while

at om c- F Wa91a03858 ght cost advantage for filmcleaning. POTWS0/@35he cost
to atom c-F cl ean undoped silicate gl ass gUSG) powder deposits clearly
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deposi ti on Sysl 8elRANdLIRYaHRGegan  dehydrate to form gl assy HAPO7,
re ditficu
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claims appended hereto and their equivalents.



5 different cleaning reactions may be advant ageous dependi ng upon the
details of the deposition process, and the chanber construction. For

exanpl e, wowomimEssat i on cl ean that consists of HF vapor gecgnsveds3sy om
aqueous (HFH20) and thernmally dissoci at 6390“:3 may be desired in certain
ci rcunstances. As taught by the foregoing”description and exanples, an

i nproved nethod and 10 system for cleaning sem conductor manufacturing
equi pnent hadVeelimpr ovi ded by the present invention. The foregoing
description of specific i HAgqufiye i eqiiiphrye
been presented foﬁ‘the%ﬁgﬁgggggﬁqﬁg?ﬁﬁgﬁgﬁgﬁﬁgﬁcri ption, gng ]

al t hough t he whwanthea alwdiflornn types of tdeposd ibsludiegt powidesy anéd depeddanliky
exanples, it is not_ to be construed as bei ng Iigit.ed t her eby. Theéé1 %E’f not
intended to lepesitBeabaraciesized inithatihe qquinmient iFEIsanEL AFPR VS FPERE SEP85%ER %t or s
di scl osed, an ' - hd ddnddihi i sdTBA Ly Al tSdiFfeton® NS
are possib eS%ﬁ%%¥éﬁ%lﬁ%¥1ﬁ§%£%g§gééfoglgglcﬂ#?%gl?erﬁnteﬂ?gd:s%ndgd that the scope
of the inventdepssitenconpass the generic area as herein disclosed, and by the
cl ai mrs appended hereto and their equivalents. WO 01/003858 PCT/ US00/ 40359
-19- W daim 1. A method of cleaning deposits in sem conductor

manuf act uri ng equijpment ' il iHef QBMent 1ARSd € depepiosiliten

i ncl udi ng povvderyzand (;rehr?\ég@[?ﬂﬁ}f??%{eg“gg%ggi tse;q gﬁ%r acteri zed@ien that the
equi pment i s cohtamigglfilasd agl refactepaetaltfdmst eps, each of 5 said steps using
different fluorine containing chemcals to selectively clean the different
deposits.l(é. The nmethod of claim1l wherein the equipnent is used to deposit
silicon containing filgk a0dod 6f £kt 25herdh e silidoifonththiy filieareetlbered of
claim2 wherein the silicon containing filnms are selected fromthe _group

of Si OX BySi @m fBegr@,ofBjBz SHySIOx. 31,8005, BiyBXSIOMKEN:a 8ilCraribx Pifet gmoghious

pol ycrystalline silicon, and the refractor tal fi I om
the group of orpplygwysiajge %bc,oanm%ﬂ‘& rﬁ?gc %%E%'Iﬂiglsrfa{aéf oecf%%afﬁc?:rﬁé}?%%\%gr e

the fluorine gopf ajipi g Bhaangal s are selected fromthe group of. hydrogen
fluoride (HF),  atomc fluorine ( atonic-F),

15
4, The method of claim 1 where the fluorine containing chemicals are
selected from the group of: hydrogen fluoride (HF), atomic fluorine ( atomic-F),
anhydrous hydrogen fluoride (aHF), and CIF;.
20 5. The method of claim 4 where the atomic-F is generated using plasma
generator.
6. The method of claim 4 where the atomic-F generated from any one of:
NF3, CF4, CoFg, C3Fg, SFgFp, or CIF3.
25

7. The method of claim 1 wherein one of the two separate steps uses

anhydrous hydrogen fluoride (aHF) to selectively clean the powdery deposits.

8. The method of claim 1 wherein one of the two separate steps uses atomic-

30 F to selectively clean the dense film-like deposits.

9. The method of claim 1 wherein the method is carried out at a pressure of

less than or equal to about 100 Torr.



anhydr ous hydrogen fluoride (aHF), and CFF3. 20 5. The nethod of claim4
where the atomc-F is generated using plasna generator. 6. The nethod of
cl ai m 4 vWerog/003888 at om c- F generated from any one of. NFRCTARA)/403246,

C3F8, SF6F2, or CIF3. 25 7. The net hod o% claim1 wherein one of the two
separate steps uses anhydrous hydrogen” Pﬁoride (aHF) to selectively clean

the powdery deposits. 8 T t hod 1 ai m 1 i n. th
Separate St eps nabb at Arethodoptpnte SlnbinE LU Sa TR WS BERRIY 1o

deposits. 9. t : H 3o Bkl &ﬁﬁﬁﬁﬂ heRepgBt:hod is carried out at a
pressure of d%gggﬁﬁﬁgﬁgg?%ggdik técabouti%%o Tgrr. WO 01/ 003858

PCT/ US00/ 40359 - Biest tRanigmerehddhopowdergitype arldsasd filp-dynerdepbsits wishedint ng
both powdery and dense film)ike si]icate deposits, conprising.the steps
of : first ci Qa?ﬁn%rgcqalﬁ?énlagék%lnﬁc&ﬂﬂé‘?bet‘%ﬁé’n&a%ér‘i‘%eeér%eu Wﬁ??@%@"%&ﬁ%}gi ts with
a first ffuorinescandaldahin ot Gl RS dohplypE 0P ko FTRA dapotibwine
type of deposit; and 5 second cl eaning the other of the powdery type or
dense film t y@wend Eposid caitsihing cleseingrgds fhiati stohaepiwarilyi the Ateetypaaf depoghis
that etches primarily the other type of deposit. 11. The method of claim
10 wherein the silicate deposits may include any one of: Si OX BySi OX,

PZSi OX, ByPZSi OX, 1§ NXrhekfethod-of ¥¥ARh 10 #ABreRRISilisAth H@?ﬂﬁit@llﬁd%inl;ﬁlde any one
polycrystalline silicon. 12. The nmethod of claim 10 where the first and
second f | uor bAESiOgN BRSO RYP,SiPenBgBESiOy. 58V edctiey. With taveorghessiligon and
hydr ogen fl uori de %g,.atonic fluorine atomc-F), anhydrous hydrogen
f1uori de PaHR9lyCHHaEEEHICORS 13 The method of claim 12 where the atonic-F
generated fromany one of: NF3, CF4, C2F6, C3F8, SF6, F2, or CIF3. 14. The

met hod of claim 10 wherein the first and second fluorine containing, .20
gases are i ndepend2nt | Fhal methadhaf eleioni ¢ wherethe finsh emngseenid fHoriae sppipans

wherein the first fluorine; Gont 4l A% 925 nydre3ER fluoride (HF), atomic fluorine (
atomic-F), anhydrous hydrogen fluoride (aHF), and CIF,.
15

13.  The method of claim 12 where the atomic-F generated from any one of:

NF3, CF4, CoF¢, CaFg, SFg , Fp, or CIF3.

14. The method of claim 10 wherein the first and second fluorine containing

20 gases are independently aHF and atomic-F.

15.  The method of claim 10 wherein the first fluorine containing gas is aHF

and is used to clean primarily the powdery deposits.

25 16. The method of claim 10 wherein the second fluorine containing gas is

atomic-F and is used to clean primarily the dense film-like deposits.

17.  The method of claim 10 wherein any one of, or both of, the first and

second cleaning steps are repeated.

30

18.  The method of claim 10 wherein the first and second cleaning steps are

carried out at a pressure of less than or equal to about 100 Torr.



and is used to clean primarily the powdery deposits. 25 16. The net hod of
claim 10 wherein the second fluorine containing gas is atomc-F and is
used to cweamomsssrarily the dense filmlike deposits. 17. PChaSowsdzod of
claim 10 wherein any one of, or both of,zihe first and second cl eaning
steps are repeated. 30 18. The method of “cl'ai m 10 wherein the first and

o about 100 Torr 1y GbF eRutEs EisH G003 85° o Dg TS or 4B EEHBEE SO ai m
10 wherein cqy%ﬁﬁeq¥ggorrbﬁ%%ﬂg%ﬁg&gmgqggeanlng steps is carried out at a

pressure of abo nmet hod of claim 10 wherein the first and
second cl eaning steps are 5 carried out at a tenperature in the range of
about 400 to 600 C,_ 21, The me hqo‘ﬁ of cI ggl/?erel n th |rst nd second
cl eaning steps ar &0 calhf &t %}@p]eonﬂ “5]}? s Sﬁ‘eonl e‘taﬂ’élgrg

about 1 tg 69arﬁ€@5ﬁf3a?até&ﬁ&%turé‘lﬂl@%’g@gfﬁﬁﬂt'@mﬁ) 6edrpd for cleani ng

sem conduct or equi pnent processes wafers and contains different types
of deposits, conprising the steps of establishing a first cleaning step

End wher o’ MABC. ot gh 3 deearanaCetdeiny HvEaeiRe Rlmol s5nd dMimE Hibs e
range of abOH&médkgteﬁQ eﬁéerﬁﬁiﬁphhﬁtahﬂ%eafﬁw%ﬁt PRNG0@imk@D frequency,

defined as nmean wa et wee cleaning step 2 (MABC-step 2), and where
MABC-step 2 occurs every N nunber of wafers and Nis |n the range of 5 to

100; defining a cleaning ratio C nte and | h ger
of MN orl 10 NM 2 Spr etr‘lo“rlﬁ"i‘rﬂﬁg %eqflﬁchfneéliloéigm ﬁl@arg{l% Berg ?}wtﬁrﬁ ﬁlrﬁtLBhlegt éh‘?a‘{
wafers and a,3e6QBdwafefeM I\ DntahERBNE! typdY JTeh&Yits ddonti stigSthe 8RePs 6@ peat i ng
the first angl second cl eaning steps C tines.
establishing a first cleaning step frequency, defined as a mean wafer between
cleaning step 1 (MWBC-step 1), and where MWBC-step 1 occurs every M number of
wafers and M is in the range of about 2 to 50;
15 establishing a second cleaning step frequency, defined as mean wafer between
cleaning step 2 (MWBC-step 2), and where MWBC-step 2 occurs every N number of
wafers and N is in the range of 5 to 100;
defining a cleaning ratio C , where C is an integer and is the larger of M/N or
N/M;
20 preforming a first cleaning step every M number of wafers and a second cleaning

step every N number of wafers; and

repeating the first and second cleaning steps C times.



