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A METHOD TO PROTECT CHAMBER WALL FROM ETCHING BY ENDPOINT PLASMA

CLEAN
BACKGROUND OF THE INVENTION

'(1)' Field of the Inventlon'
The invention relates to the fabrlcatlon of 1ntegrated
circult dev1ces, and more partlcularly to an 1mproved method and

procedure of plasma chamber cleaning procedures.

. (2) Description of the_Prior Art
._Duefto its superior performance over wet-etching,_plasma
dry.etching_haS'been hroadly.aoplied ln-present semiconductor'
-manufacturlng to form actlve areas, lihes, holes and other
 features created for the constructlon of the dev1ces. Durinc
plasma dry etchlng, proce331ng gases are lntroduced 1nto an
etchlng chamber where they are exc1ted by radlatlon frequency
(x£) electromagnetlc waves.to form reactlve'etchants: The
.etchants react with the'unmasked substrate areas and form
volatlle spec1es departlng from the substrate thereby formlng
de51red features of a semlconductor dev1ce. The plasma becomes a
~complex mlxture of native etchlng gases and etched products,

1nclud1ng molecules, ions, neutral:radicals’and other species,
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Some’ by-products can dep031t on the- in31des of the chamber

walls ‘and cause serious problems as they accumulate to a
particular density. For example, in_addition to affecting the.
chamber processing conditions thereby_degrading the processing
stability, the accumulated by-products on the chamber walls may
dislodge (from the chamber.walIS) andrsettle.down:on the surface
‘of the substrate causing fatal defects that are likely'to

‘ negatively'affect_the-entire chip. Therefore,_the removal  of the
accumulated by—products becomes extremely.important. In—situ
plasma dry cleaning lS desirable due to 1ts eff1c1ency. During
plasma dry cleaning, cleaning gases are 1ntroduced into the
'chamber. The cleaning gasses 1nteract w1th the by—products (of
”the process taking place in the chamber) and form volatile
species that are pumped out-off the chamber thereby rea1121ng a
'"cleaning”'of this chamberf With this technique, lt is not
necessary to'open theychamber for cleaning; thus no times
consuming machine~setup is required.after cleaning; However, the
' highly reactive cleaning gasses may also attack the chamber wall
and shorten 1ts lifetime. Currently, tlme-mode is typically used
for plasma dry cleaning. In this time-mode the cleaning -process

~ is performed for a fixed period of time to remove the by-
products accumulated on_the chamber walls. It is obvious that
either under—cleaninc or over-cleaning is very'likely to occur.:

The’former'causes insufficient by-product removal while the
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latter results in erosion of the chamber wall. In addition, non-

volatile aluminum fluoridelmay be formed as the cleaning.plasma B
.attﬁckS-the chamber'Wall during.éﬁer-cleaning, resulting in an
aluﬁinum.fiuoride particle'préblem{ Therefore, the most

desiiablé approéch-bécomes_an endﬁoiht'ﬁode that does not.reéult _
in sigﬁificant erﬁSion bf_tﬁe_chamber wallS-by the plasma thaf |
is fﬁrmed.in_the chémbér.dUring the process of'cleaning.'This.l
method of endpoint detegtibn must howefer by very :eliable.'The

essence of the invention is to provide a method for-endpgint-

controlled plasma dry cleaning that is based on the optical

~emission spectrum of the plasma that is formed inside the

chamber during. the process of cleéning the chamber. Optical’

~ emission has previously been ﬁtilized'in plasma dry etching for

.endpoint'detection. Each kind of molecule or atom has its

characteristic optical.emission at'specific wavéiengtth While

an. overlying layer is béing rempved, the underlying layei may

 become ‘exposed to the etching plasma. Thus, different etching

by-products are expected'tq enter the_blasma (within the

chamber) and accordingly.céuse a change in the plasma optical

emission spectrum. This change in the plasma optical emission

spectrum is used to détect the etching endpoint. The objective

of the invention is to introduce the principle of endpoint-

controlled processing into plasma dry cleaniﬁg; When the

ciéaning plaSma etches awayhthe accumuiated byfproducts, related
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product species may be formed. These related product species can

be identifiedlby'their unique and characteristic optical
emission; After the accumqlated by—prodﬁcts haveﬁbeen removed -

from the chamber and the-chamber wails are expdsed to_the_

-plasma,'there'is_a change in the optical emission. This change

in optical emission .can be used to detect the endpoint of the

cleaning_process'and to therefore stop the cleaning process.

An-iﬁ-dep#ﬁ grasp'of.the cleaning proCéss depeﬁds on an -
understanding of ﬁhe mblécuie/atom éxCitatioﬁ and“décay
trénsition'ﬁechanism;.In-a molecule or atoﬁ, electrons are
present in wvarious states of énergy distribution in which the
individuai éléctrqns héve their specific energies;.As én'

eiectron-txansits (decays) from a higher energy state to a state

of loﬁer energy, the electron emits a photoh that possesses

enerqgy équal_to-the difference between the two energies of the

two orbits of the electron. Because a-given molecule/atom has a

specific énergy state strudture;'that is a'specific ehergyflevel

structure, the ehergy of the emitted photon, and therefore its

wavelength, is éharacteriStic of the molecule/atom. In other

words, each kind of molecule/atom corresponds to its .
characteristic optical emission speétrum by which the

'molecule/étdm is théorétically identifiable. In plasma, the -

various speciéé of the plasma have (their characteristic)



electrons that, when the.electrons decay from a- higher energy

" level to a lower energy level, are ex01ted and as a- consequence
emit their characteristic spectra. As the plasma etchlng has
removed an overlyingllayer and penetrates tolthe underlylng_
material, different_products'are generated; thns'a change in.the'
‘emission spectra takes.place; Thls change is used to signal the

endpoint.

Molecular theory teaches that,'for.actUal molecules/atoms
combinations, one state of the molecules/atoms comblnatlon
usually does not correspond to a 51ng1e energy level, but to a
series of_adjaCent sub—energy-levels as shown_;n Fig. 1. The
reasonlis that the singlesenergy 1eve1-(corre$ponding to:a_
particular state)-splits into multi—levels due to such factors_
'as.vibration and angular'momentuﬁ"coupling. Electrons decay from
a.higher”level of energy to.a lower leyelﬁand, as a consequence,
emitiphOtons during this-decaying process..Each energy level as
-shown in fig;-l consists of_a series-of'sub-energy levels'dne'to

the “energy-level splitting”.

This variety of factors contributes to the highly irregular
 pattern of energy or emission intensity as a function of
wavelength that is observed in a'typical emission-spectra,'Fig-'

-2. The emission'intensity has been plotted along'the Y—akis



' while the-Wavelength (in nm)'hasteen plotted élong the'x—axis.:
lThé emission spectrum that isléhown in Fig. 2 derives its
charécteﬁistics from:the material of which_the emitting source,'
in this éaSe'the plasmélin the'dhamber;-is:made and from the way
in which the material is ékitéd. The sub—peaks shown in Fig. 2
resuit from the above'iﬁdicéted “energy—lefel Splitting” efféct.
.Specifically.shéwn in Fig. 2 is the.eleétromagnetic-enérg§

generated by'Si—E,'which'has a wavelength of optical emission

within_the'range-betweén about 430 and 460 nm.

US 5,465,154 (Levy) teaches a method of monitoring the

etch rate of materials using a 1ight-beam.

US 5,468,686 (Kawamgtd) shows a method of cleaning an étch'

‘chamber.

US 5,712,702 (McGhahay et al.) shows a method to determine

‘the chamber clean end pointlby sensing the exhaust.

- US 5}811,356'(Murugesh'et'al.) Sh0ws-a-champer seasoning -

method.

USs 5,824,375 (Gupta) shows a -decontamination of a.chamber

after plasma cléan._



‘SUMMARY OF THE INVENTION

It is the primary objective offthe invention to control the
plasma dry-cleaning proceSs-by-monitoring the_optical emission
of the plésma and by thereby p;bviding a method of endpoint-mode

detection.

It is another objective of the ihvention'to control the -
plasma'dryfcleaning.process by monitoring the optical emission
_oqui—F-species in the plasmalfor procésses whoée by-products

are predominanﬁly Si-based.

It,is-yet-another objective of the invention to monitor the
optical emission of Si-F species in the plasma where this
optical emission is within a range of-wavelengths between 430

and 460 nm.

in.acc0rdancé'with_thé objecfiveS'éf the'invention(_a new
lﬁethod of .controlling the cieéning of the etch chamber is
achieved, Dﬁﬁing ?rior.AFt.étCh chamber clean qperatiohs, a
time-mode précéss is.uéed to.élean'thg etch chamber. That is:
.the'cleanin§ §rocess_is performed fQi:a:fixéd.Peribd of time to
remove the bY‘PFoducts-that'havé'accumulated on éhe chambef

walls. Under the invention; éndpointfmode control'is_proVided by
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monitoring, during the process of cleaning the etch chamber,

the optical emission that originates from the plesma that is
present in the-chamber; The invention can be directed'et
endpoint detectlon for the etchlng of spec1a1 materials. For
1nstance, for Si-based material etching, various Sl—based by-
products are formed._A‘fluorlne based etching gas is used to
clean the accumulated Si-base prodﬁcts formlng Sl-F species. By
.'monltorlng the drop in the 1nten51ty of Sl-F optlcal emlSSlon
(created by the plasma in the etch:chamber dur;ng the-process of
-cleaning the chambe;);fthe“endéoint for the'cleanihg cycle can.
he identified_at_which'point no more cleaning-piesma is allowed

to enter'the Chamber.._
BRIEF DESCRIPTiON OF THE DRAWINGS

'Fig. 1 shows an illustraticn of the photon emission

mechanism.

Fig. 2 shows the cptical emission spectrum of Si-F in the

430 to 460 nm wavelength'tange.'

Fig. 3 shows a sdhematic of the plasma dry_etchihg chamber_'

design.
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Fig. 4 shows an optical emission intensity trace recorded

'during the plasma dry cleahing process.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now'specifically to Fic. 3, "there is:shownfa
Cross section_of the-etch Chamber 10, an etch gas inlet point
12, an etch'éas outlet or Suction pointh14. The accumulation 18
of the_cleanlng by—products inside the etch chamber is 1nd1cated
in the area of the etch gas entry p01nt 12, the accumulatlon 20
on the-celllng of the etch chamber is also hlghllghted. The
window 22 is prov1ded in the main body of the etch chamber, the
inside of the .etch chamber 10 can be observed via this window 22
while optical emlss1on_that is radlated from the inside of the
etch Chamber through this.windom'zz can be obserVer and
measured. A light filter zéscanpse;ect_or.filter_certaih'
selected frequencies'from the optical_emission-that is to be
measured,.the emission monitor 26'measﬁres the intehsity of-the

optical emission that is-being measured.

This ihvention teaches a.method of_controllihg'the dry
. cleaning pr0cess by monitoring the optical emission of the by-
products that are formed durlng the process of plasma dry-

cleanlng. For example, in Sl—based material etchlng, various Si-
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based by—products may be produced that dep051t on the chamber

wall thereby affecting proces51ng performance. ‘Fluorine

~ containing etching gases are used to clean the accumulated Sl—-
_ based by-products thereby forming Si-F spec1es. When - the
'cleaning process removes.the layer of by—products and exposes
the chamber wall to the plasma,'a significant drop in the
intensityyof thefsi?F optical-emission is observed..This
indicates the'endpoint of the cleaning'process at which point
'blthe plasmalis shut down to protect the-chamber wall from-the
'attack by the plasma A range of optlmum wavelengths that can be_a
used for the endp01nt detection is from 430 nm-to 460 nm. Any
optical emission w1th1n this range of wavelengths that
originates from_SifF species can beiused‘to'reliably detect the

endpoint.

Fig. 4 givesean example of the intenSity'of the optical
emission of .the plasma contained mithin.the chamber as a
'-function oﬁ time.-The'emission intensity'is piotted along the Y-
axis while the time tin seconds)lis plotted along the X-axis,
the emission as shown_in'Fig. 4-islthe'emission spectrum.oi Si~-F

~ in the 430 to 460 nm wavelength range.

The integrated emission intensity is monitored over a

(narrow) rangefof wavelengths that is within the above mentioned .
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.'optlmum wavelength window (430 - 460 nm). When'the plasma is

turned on, p01nt120 in Flg. 4, the above mentioned em1531on
intensity'is observed to increase:from_zero to a certain level .
30 afterlwhich it remains constant oVer a period of time. This
.relatlvely flat area 30 COrresponds to the time that the
cleaning process is taklng place. A subsequent drop 40 in the
1ntens1ty is observed, 31gnalrng that the removal of the__
accumulated by—products frdm_the chamber ‘has been completed and
indicates the endpoint of the cleanlng. The plasma should be"
turned off before the end of the slope 40 because the subsequent
.flat area 50 indicates that etching of the chamber'wall by the
plasma will take place,_thiS'latter etching is to be'avoided,
The absolute emission'intensity is meaningless because it .
depends on specific conditions. But.the drop-in'the intensity is.
of more 31gn1f1cance as 1nd1cat1ng the removal of the by—

products from the inside of the chamber.t

lt is clear from-theraboVe'that'the.method of monitoring;
.the opt1cal light em1351on can be used not only the end-p01nt
detectlon of the chamber cleanlng process but also to start the
process of cleanlng the chamber. After the low level of |
: radlatlon, levelg50 in Fig. 4, has been reached, the chamber_
will be re-used and polymer will again start to.build-up on the-

chamber walls while the optical radiation from the chamber walls
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will again increase. When this radlatlon has reached a: certaln

level, level 30 in Fig. 4, the chamber needs to be cleaned and
'therefore the cleaning process can be re-started;'lt is thereby
recocnized that the.problem'of data.analysis associated with
'controlling both the starting and the ending of the cleaning of
the chamber'may be’complex and can therefore most likely’only be
approached and solved with an automatic, computer controlled
'system. This however does not in any.way reduce the value of the
invention or 1nh1b1t the-lmplementatlon of a method.based on the.
in#ention for both start and end—point detection for the.

cleaning cyCles of the prdcessing chamber.

it w1ll be apparent to those skilled in the art, that otherf
embodlments, 1mprovements, detalls and uses can bezmade
consistent with the.letter'and'spirit of.the present invention
and withln_the scope of'the present inventlon,.which ic limited
only by;the-following claims, constrned in aCCOrdance with the

ljpatent law, including the.doctrine of equivalents.
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What is claimed is: -

1.:A methOdlof detecting the endpointnof c;eanrng-of an etch'
chamber of a dry etching system eaid'system comprising chamber
walls and chamber components_which include insulati#e components
and conducting-and semicondncting components, wherein said
etching chamber has at ieast one observation window=within_said
- chamber Walls,'comprising:

mounting an optical light fiitering-apparatus in line with said
observation window and on.the ontsideSof said dry etch chamber;

" mounting an optical lightiintensity.measurement:apparatus in
.llne with sald optical light fllter1ng apparatus,

monltorlng the 1nten51ty of optlcal llght radlatlng through said
window u81ng sald.llght filtering.apparatus further_u51ng'sa1d_

- optical light intensity'measurement apparatua} and

'terminating said cleaning of said etching chamber at the point
in time where said inteneity of'optical Iight'radiating through

said window'has reached a certain level.

2 The method of cla1m 1 whereln said dry etchlng system is a

polycrystalllne silicon etch chamber.

3. The method of claimzl wherein said optical light is the
electromagnetic energy generated by one or mOre.of the

components contalned w1th1n the plasma within sa1d etch chamber.
. S e
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4. The method of claim 1 wherein said optical light is the
electromagnetic.energy generated by Si-F cbmponents of the
. plasma contained within said chamber_with_a wavelength'of

optical emission within the range between about 430 and 460 nm.

S.The'methoq of claim 1 wherein said optical light filtering
appatatus: | | |
-intefeepts oétical }ight radiating thtough saia window of said :
chamber; | o _

.prov1des the capablllty to: partlally or completely block said

' 1ntercepted optlcal 11ght based on the wavelength of Sald

| 1ntercepted optical 11ght, and

lprov1des the capablllty to partlally or essentlally completely
pass through sald-lntercepted opt;cal-llght based_on the -

wavelengtﬁ-of said intercepted optical light.

6. The method of cldim 1 wherein said optical light intensity
measurement apparatus measures energy or 1nten51ty of optlcal
light for opt1ca1 llght of a glven wavelength after said llght

has been passed through sald'optlcal llght fllterlng-appa:atus.

"7 ‘The method of claim’ 1 whereln sald monltorlng the 1nten51ty

of optlcal light is measurlng the 1ntens;ty of’ optical llght of

a glven wavelength,

A RO U
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8. The method of claim 1 wherein said terminating said cleaning

of séid.etch CHamber is_te?minating the flow of cleaning plasma

into said chamber.

9LTﬁe method of ﬁlaim ilfﬁither.extehding_said-ﬁethod to
.include starting said'éhambér clean p:ocesé-by'exténding said
ﬁonitoring the:inteﬁsity of_bptical light rédiating throﬁgh_Said
Qindow whereby said'extended ﬁonitoring.is; -
measuring'liéht_inténsity of Said light ;édiating through séid
window as a function éf tiﬁe'and as a'funcﬁion-of the wavelengﬁh

of said light;

| comparing séid-measured_light'ihtenSity-withla,particular value -

of light intensity:;

.determining the rate of change of said light int¢nsi£y;..
'identifjing said rate ofjchange As eithér.positiﬁe'or negatiVe;'
comparing said rate §f'éhange'w1£h pértiCula#:valﬁes of.eithér
positive or'negaﬁive rates of chaﬁgé;.

tracking_said positiﬁe-or'negative faté of change'in"éombiﬁation

'with said;measured light inténsity as a function of time; and .

_generating_a signal when said'tracking'has identified a'certain :

pattern whefeby'said'éignal differehtiatés between startihg and. |

~ending of'the_cleaning,prdcess.for said étch chamber.

—

T
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10. The method of claim 9 wherein said starting said cleaning of

said etching'ehamber is a dry-etch operatibn.'

11. The method. of claim 9 wherein starting said cleaning of said
- etching chamber is a dry-etch operation removing.pblymer with an

element from the group'ef:pure,oxygen dr.HBr or Clz or CFs.

12. The method of-claim 9 Wherein-the'operating conditions for
sald cleaning of said etchlng chamber are 15mT/700 Watts TCP
power/lOO sccm Sstlow/ZO sccm C12 flow/20 sccm Oz flow/tlme 300

seconds.

13. An apparatus for determinind endpoint ror a'dry_etchichamber'
cieaning brocess,-comprising; . . |

an eteh chamber defined'by'chamber.walls_and cnamber components.V
which inelude insulati?e eomponents and eenducting and
'semiCOnducting cpmponents} wherein said etch chamber has at
-least ene~observation winddn within saidechamner walls and is
adopted for etching of a udrkpiece; |

a means for supporting sald workplece in sald chamber._

a llght fllterlng apparatus mounted in 11ne w1th said
'observatlon w1ndow and on the: out51de of said dry etch chamber, )

a llght 1nten51ty measurement apparatus mounted 1n llne with'

sa1d llght.fllterlng apparatus;-
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a means for monitoring the intensity of light within said

chamber, and

a means for termlnatlng said. cleanlng of sald etchlng chamber.

14. Thelapparatus of claim 13 wherein-said_dry etch chamber is a

_ polycrystalline silicon etch chamber.

15 The apparatus of claim 13 wherein light is the
electromagnetlc energy generated by one or more of the

components contained w1th1n the plasma w1th1n said etch chamber.

.16 The apparatus of claim 13 whereln sald optlcal light
fllterlng apparatus-

intercepts optical.light radiating thrcughgsaid wlndom of said -
chamber; | | -
provides'the capability tO'partially.cr ccmpletely block'said
1ntercepted optlcal llght based on the . wavelength of sald
-1ntercepted optlcal llght, and | |
-provides ‘the capability to.partially or essentlally completely5
pass through said_interceptedlcptrcal light based-on the |

| wavelength of said.intercepted optical light;
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'17. The apparatus of claim 13 wherein said light intemsity

measuiement appa:atusfmeasures energy or ihténsity of light for
_optiéal light of a given wavelength after said light_has passed

through said light filtering'apparatus.

18..fhe appara;us_of.élaim 13'wherein éaid_light iﬁtegsity
méasu;emeﬁt apparafus meésures the'eleCtromagnetic energy
‘generated biji—F'components of the piééma contained ﬁithin said
chaﬁber with a waveleﬂgth of optibal'émission.wiﬁhin'the rangé

between about 430 and 460 nm.

19. The apparétﬁs of élaim'13 thereby fu;ther extgnding the'-.
function of said appargtus_to include starting's#id chaﬁbg:.
CIean.process by extending said moﬁiﬁdriné thefintehsity of
optical_light-radiétipg through said-Window whéfgby said
extehded-mpnitéfing-is:' | :
measuring_light'intehsity of said liéht radiating through said
'jwindoﬁ as ‘a function of timé and_és a_fuhction of the wavelength
of said light; | |

¢6mpafing said ﬁéasufed;liéht'inténsit§ witﬁ'a,partiéular'value
of light intensity; | .- o
déterminihg the raté-bf éhange of séid 1ight iﬁtensity;

identifying.said rate of change ‘as either'positive or negativé;
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comparing said rate of change with particular values of either

positi&e b; negéﬁive'rates_qf change}'”

tracking said posiﬁive.or negatife rates of.changé in
combinatién with said'ﬁeaSﬁred_lighf inteﬁsity és a function of
time} and

générating a.signél_wheﬁ said tracking'haSTideﬁtified_a ceftain
_ pattern'whefeby-said-sighal differéntiates bétween starting and

ending of the cleaning proceéé for said etch’chamber.
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