OXYGEN REACTI VE I ON ETCH (RI E) PLASVMA METHOD FOR RENCMI@GT Bl ORGANI C
RESI DUES. FROM SEM CONDUCTOR SUBSTRATES BACKGROUND OF THE | NVENTI'GN 1. Fiel d
of *the I nvention The present invention relates generally to oxygen Reactive
lon Etch (RIE) plasma nethods for renoving organic residues from

sem conductor substrates. More particularly, the present invention relates
to an inproved oxygen Reactive lon Etch (R E) plasma nmet hod which includes
non- expl osi ve hydrogen contai ni ng species within the plasnma, which inproved
oxygen pl as@XYEENHREAGTIERION | ETGRARER)Y BLASHA METHOR EQR rRENDEENGL es
oxi di zed organi c residues such as oxidi zed photoresi st residues. 2.

Descri pti on SXENEZERQRGFANEE BEITDURS RQM M EANRIGTHIR | SHESFRATEP circui t
device chips are typically nmanufactured through processes which provide
mul ti pl e conductive layers and nultiple insulating |layers upon a plurality

of active sem conductor substrate redqiQns e Layers and regions are
typically defined and forne&AFﬁpgeaﬁgegghFﬁﬁ iﬁgiﬁggﬁpng processes which
i nvol ve the photolithographi c exposure and devel opi ng of bl anket

phot oresi st | ayers. Commonl y, a 2 photolithographically

exposed bl anke hqot0 [ I r.Wll be dével oped into a patterned
photores?ét F§§é§ ?Er%ﬁ%hi&ﬁfﬁﬁinatures ) :

The present invention relates generally to oxygen
Reactive Ion Etch (RIE) plasma methods for removing organic
residues from semiconductor substrates. More particularly, the
present invention relates to an improved oxygen Reactive Ion Etch
(RIE) plasma method which includes non-explosive hydrogen
containing specigs within the plasma, which improved oxygen plasma
method is useful in removing from semiconductor substrates oxidized

organic residues such as oxidized photoresist residues.
2. Description of the Background Art

Advanced semiconductor integrated circuit device chips
are typically manufactured through processes which provide multiple
conductive layers and multiple insulating layers upon a plurality
of active semiconductor'_subst:até regions. These layers and
regions are typically defined and formed through etching and
masking processes which involve the photolithographic exposure and

developing of blanket éhotoresist layers. COmmonly, a



to be formed within or upon a sem conductor substrate are defined.
Subsequent to photolithographic exposure and devel opnent, patterned

phbt oresi st | ayers which remain upon a seniconductor substrate nmay be
exposed to sem conductor manufacturing processes which significantly alter
the chem cal or physical structure of thgse patterned photoresist |ayers.
Such manufacturing processes may .include” (1) inplanting of high doses of
- dopant species into those patterned photoresist |ayers, (2) exposure of

t hose paPtetrabithbgrapbicallyapaposed subanket i photoaesitteslayer awihli be
energy, or (3) exposure of those patterned photoresist |ayers to el evated
t enper at 8¢¥8lopadhinto whosstranetapbotongs psbckayes thnoygtoddehc ieagesesn
patterned photoresi st |ayers which yield substantial concentrations of
oxi di zed*@pRei £Rrmed HHR QX phate B SeMdIFonGuUssost sulpsraterppec defyned.
patterned photoresist |ayers are renoved prior to formng over-lying |ayers
of the sem conductor structure within which those patterned photoresist

| ayers were forned, Commonly, pajterpe hot oresi st | ayers are repoved from
thg seni conduct or §ﬁ’5§?9‘é?%€ %Bhoﬁﬂgéghgﬁéﬁp&&:eﬂ%‘? b dgrespBERE
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which significantly alter the chemical or physical structure of
those patterned photoresist layers. Such manufacturing processes
may include: (1) implanting of high doses of dopant species into
those patterned photoresist layers, (2) expoSure of those patterned
photoresist layers to substantial quantities of radiative energy,
or (3) exposure of those patterned photoresist layers to elevated
temperatures. Each of these manufacturing processes may produce

changes in patterned photoresist layers which yield substantial
concentrations of oxidized species within those patterned

photoresist layers.

Typically, patterned photoresist layers are removed prior
to forming over-lying 1ayefs of the semiconductor structure within
which those patterned photoresist layers were formed. Commonly,
patterned photoresist layers are removed from the semiconductor
substrates upon which they were formed through exposure of the
patterned photoresist layers to an oxygen Reactive Ion Etch (RIE)

plasma. However, patterned photoresist layers which contain



renove from sem conductor substrates through oxygen Reactive lon Etch (RIE)
pl asma_processes since oxidized species within patterned photoresist |ayers
are often unaffected by the chenical and physical effects of oxygen
Reactive lon Etch (RIE) plasmas. Thus, it is often necessary to include
into such oxygen Reactive lon Etch (RIE) pl asmas a reduci ng material which
may react effectively with the oxidized3species contained within the
oxi di zed patterned photoresist layer. The nbst comon reducing nateri al

whi ch nesubstantdaporquantities aof orxddizRdacipecidnnmayclve RIE £ pdwbiratoo
assist in renoval of oxidized species within patterned photoresist |ayers

i s hydr o§eRo¥as fromHgemigendyssorrs supsiteatses i thaayah aexyigent Readibiee okggen
Reactive_lon Etch (RIE) plasnmas in the formof form ng gas m xtures such as
ni t r ogenEhGar ORER) mbasma prasesses ainageoidized anaeies Wiithd nopggtarned
Reactive | on Etch gRIE processes whi ch contain reducing materials such as
hydr ogenPREoEpaLg uat RYCHR 3 % f P@GFHe“PﬂfFS%Qﬁngbbx|‘%ﬂ%e($h6f*'d§ﬁ| c and
resi dues_such a i_di zed photoresi st residues from sem conduct or
substrat8é¥5§56i F£§€FF§e°EoﬂxEﬂEH ReREFLBRalRBSELFR ﬁBFEﬁnPﬁéﬁpaﬁroblens.
In particular hydrogen gas containing reducing materials when used within
oxygen Reactive lon Etch (RIE) plasnas are typically expensive in
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Reactive Ion Etch (RIE) plasmas a reducing material which may react
effectively with the oxidized species contained within the oxidiz=d
patterned photoresist layer. The most common reducing maéerial
which may be incorporated into an oxygen Reactive Ion Etch (RIE)
plasma to assist in removal of oxidized species within patterned
photoresist layers is hydrogen gas. Hydrogen gas is typically
incorporated into those oxygen Reactive Ion Etch (RIE) plasmas in
the form of forminé gas mixtures such as nitrogen/hydrogen mixtures

and helium/hydrogen mixtures.

While oxygén Reactive Ion Etch (RIE) processes which
contain reducing materials such as hydrogen gas are usually quite
effective in removing oxidized organic residues such as oxidized
photoresist residues from semiconductor substrates, such Reactive
Ion Etch (RIE) plasmas are not without problems. In particular
hydrogen gas containing reducing materials Qhen used within oxygen
Reactive Ion Etch (RIE) plaémas are typically expensive in

comparison with other materials used within those Reactive Ion Etch



I nto an oxygen Reactive lon Etch (RIE) plasnma al so possess an i nherent
safety concern related to the explosive characteristics of hydrogen gas in
armbi ent at nospheres contai ni ng oxygen. Therefore, although it is desirable
to provide an oxygen Reactive lon Etch (RIE) plasma containing a sufficient
gquantity of reducing material to effectively renove oxidi zed organic

resi dues such as oxidized photoresist4 residues from sem conductor
substrates, it is also desirable that the reducing material incorporated

i nt o t hatRIEY gphasmasti van @dddtdien,Rmdnngenegas origburep| ¥Bed REP¥Aded
bot h econom cal and safe to use in a manufacturing environnment. It is

t owar ds e e 2D\PXEER RRactiNe FrasseREChn&FE)orPl1asma r adSed. POSIIIERY2DF

THE I NVENTI ON A first object of the present invention is to provide an
oxygen REERETSRE SALEREIFNRTR prAdRBEARP cHe STpdaRive sharacterdsgdast Py

of reducing material to effectjvel et safel epoye oxi di zed organic

r esi dueg’%‘%&?}geo\% 937 di"EeﬂlmBh%’PBr%?K%%/pl?%’é?ﬁu‘één{:?bﬁf‘ggn?ﬁgﬁﬁﬁct or substrate
surfaces. A second object: of the present invention is to provide an 5
oxygen Reactive lon Etch (RIE) plasma in accord with the first object of
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Reactive Ion Etch (RIE) plasma containing a sufficient quantity of
reducing material to effectively remove oxidized organic residues
such as oxidized photoresist residues from semiconductor
substrates, it is also desirable that the reducing material
incorporated into that oxygen Reactive Ion Etch (RIE) plasma
provide a plasma which is both economical and safe to use in a

manufacturing environment. It is towards these two goals that the

present invention is directed.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide an:
oxygen Reactive Ion Etch (RIE) plasma which contains a sufficient
quantity of reducing material to effectively yet safely remove
oxidized drganic residues such as oxidized photoresist residues

from semiconductor substrate surfaces.

. A second object of the present invention is to provide an



environment. In accord with the objects of the present invention a new
oxygen_Reactive lon Etch (RIE) plasma and its method for use in renoving
fr’iom sem conduct or substrates oxidized organic residues such as oxidi zed
photoresi st residues is disclosed. The nethod for using the oxygen Reactive .
lon Etch (RIE) plasma of the present invention begins with providing into a
reaction chanmber a sem conductor substratg upon whose surface resides an
oxi di zed organi c_ resi due such_as an oxi di zed photoresist residue. A
concent rafygﬁnofRW abhen a EEShc dRIED | IR M2 ndRsAfce s evitntpeofilged
into the Beac io%<: anmber. A radio frequency .excitation of sufficient

magni t ud®288Folh L5 REeSERt: ABKERES PdeHY’tIth IRXYIRR cRerGELBR SPoEFGEN
and the ?gﬁﬁﬁntration of ngisture. The senjconductor, supstrate is then.
etched wi FHEFhshh AIPReFITMMIGR cEAEHEPatTHNR Bx JEAHEAGHIFHET

concentr gt | f Isture until the oxidized organic residue is renoved.
The oxygghb&ggﬁwﬁgg'lon Etch (RIE) plasnma of the present invention is
effective in renoving oxidized organic residues such as oxidi zed

phot oresi st residues from sem conductor substrates. The oxygen Reactive |on
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to reducexpybd RRARIIRNITod SN ECFRFEFNplasma and its method for use in
removing from semiconductor substrates oxidized organic residues
such as oxidized photoresist residues is disclosed. The method for
using the oxygen Reactive Ion Etch (RIE) plasma of the present
invention begins with providing into a reaction chamber a
semiconductor substrate upon whose surface resides an oxidized
organic residue such as an oxidized photoresist residue. A
concentration of oxygen and a concentration of moisture are then
provided into the reaction chamber. A radio frequency excitation
of sufficient magnitude to form a plasma is then provided to the
concentration of oxygen and the concentration of moisture. The
semiconductor substrate is then etched within the plasma formed

from the concentration .of oxygen and the concentration of moisture

until the oxidized organic residue is removed.

The oxygen Reactive Ion Etch (RIE) plasma of the present
- invention is effective in removing oxidized organic residues such
as oxidized photoresist residues from semiconductor substrates.

The oxygen Reactive Ion Etch (RIE) plasma of the present invention



as oxidi zed photoresist residues to volatile species which may be renoved
fromthe sem conductor substrates upon which those oxidized organic

resi dues reside. The oxygen plasma of the present invention is safe. The
oxygen Reactive lon Etch (RIE) plasma of the present invention enploys

noi sture as the source of hydrogen containing reduci ng species which are
used to react with oxidized organic resiglues such as oxidi zed phot oresi st
resi dues. The oxygenﬁplasna of the present invention dges not use_ hydraogen,

or fornBRFSRESSE BUF é@léé\ﬁtﬁﬁlﬁpﬁgtﬁ%r%é?ﬁd%ﬁ% sReGi8§ehosmetof FOM ks

m xtures have a tendency towards e on in_gnbi ent atnpsphere
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redu0| ngn[(Egd,g or %%‘%‘itugﬁeeéﬁt he reactlon chanmber in which is contained

he sem ¢ on whose surface resides the oxidized organic
re5|due are lower than the costs associated w th delivering the reducing
mat eri al hydrogen or formng gas to the sane reaction chanber. 7 The

several methods t huIgR i B 1ERMaCeRC AL Bke8BNnef invention is safe. The
oxygen Reactive Ion Etch (RIE) plasma of the present invention
employs moisture as the source of hydrogen containing reducing
species which are used to react with oxidized organic residues such
as oxidized photoresist fesidues. The oxygen plasma of the present
invention does not use hydrogen, or forming gas mixtures containing
hydrogen, which hydrogen or forming gas mixtures have a tendency

towards explosion in ambient atmospheres containing oxygen.

The oxygen plasma of the present invention is economical.

Since the oxygen plasma of the present invention uses moisture as
the source of reducing species rather than hydrogen or forming gas
mixtures, the costs associated with the material.from which is
formed reducing species is low. In addition, costs associated with
delivering the reducing material moisture to the reaction chamber
in which is contained the semiconductor substrate upon whose
surface resides the oxidized organic residue are lower than the

~ Costs associated with delivering the reducing material hydrogen or

forming gas to the same reaction chamber.



noi sture may be provided into the reaction chanber in which is forned the
i nproved oxygen Reactive lon Etch (RIE) plasma of the present invention
priovi-de several enbodi nents of the present invention. Moi sture nmay be
provided into the reaction chanber through nethods including but not
limted to: (1) direct introduction of noisture, (2) co-introduction of
moi-sture with oxygen, and (3) desorbtion7f noisture from oxidized

phot oresi st residues forned upon seniconductor substrates, which oxidized
phot or esi st resi du€@ehge¥egady midiods, ddirqudh seh ik nthei seocentratipReof
| ast nmet hod, . the oxidizedPghotoresLst residue will typically conprise the
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introduction of moisture, (2) co-introduction of moisture with
oxygen, and (3) desorbtion of moisture from oxidized photoresist
residues formed upon semiconductor substrates, which oxidized
Photoresist residues have previously been wetted with moisture.
For the 1last method, the oxidized photoresist residue will
typically comprise the oxidized organic residue to be removed by

the oxygen Reactive Ion Etch (RIE) plasma of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accbmpanying drawings, which form a material portion

of the present disclosure, show the following:

Fig. la to Fig. 1d show Reactive Ion Etch (RIE) reaction
chambers_into which are provided a concentration of oxygen and a
concentration of moisture in accord with the preferred embbdiments'.
of forming the oxygen Reactive Ion Etch (RIE) plasma of the present

invention.



Reacti-ve lon Etch (RIE) plasma and a nethod by which that inproved oxygen
Reactive lon Etch (RIE) plasma may be fornmed. The present invention

provi des an i nproved oxygen Reactive lon Etch (R E). plasma which contains
reducing materials within the oxygen Reactive ion Etch (R E) plasm, which
reduci ng materi als when excited through a radi o frequency excitation
provi de reduci ng speci es which are useful® in renoving oxi di zed organic

resi dues, such as oxidi zed photoresist residues, from sem conductor
substrates. | n cDERALLEDNDESCRIPTACNNDFOMHE RBEFERREDhEMBODIMENTShydr ogen
or formng gas m xtures as the source of reducing materials wthin oxygen
pl asmas whi ch reduce oxidi zed organi c resi dues such as oxi di zed phot oresi st
resi dues, the present invention provides for the use of noisture as the
source of reduci ngThet eprasent| nioyspiicgonprPVhdese ape dmppyedgenxygen
form ng gas m xtures as the source of reducing materials, the use of

moi st ur eRg3ctpwesdancEteh (REGLI RIR2FMAR ARG 2 Medhask bYs Whdchnthat ABPERVSdes
in econony and safety. The present _invention al so provi des _a ngvel nethod
by mhichg*ﬁE§PuF€aﬁ§}VBeIPﬁtEﬁﬁﬂcéBIFﬁtBlPﬁ@ao%?gegeFQQEPF9e | SReEPERSEREE)
pl asma of the present invention. The present invention discloses a(HEEQod
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oxi di zed 2égan|c resi due such as, an oxi dized Q.BQotoreS|st reskgggtggg

be desorB m3 %Qb 1 £O0%a408) Feducing materials within the oxXygen

ion Etch (RIE) plésma, which reducing materials when excited
through a radio frequency excitation provide reducing species_which
are useful in removing oxidized organic residues, such as oxidized
photoresist residues, from semiconductor substrates. In comparison
with conventional methods which employ hydrogen or forming gas
mixtures as the source of reducing materials within oxygen plasmas
which reduce oxidized.organic residues such as oxidized photoresist
reSidues, the present invention provides for the use of moisture as
the source of reducing material. In comparison with the use of
hydrogen or forming gas mixtures as the source of reducing
materials, the use of moisture as the source of reducing material

provides substantial advantages in economy and safety.

The present invention also provides a novel method by
which moisture may be introduced into the oxygen Reactive Ion Etch
(RIE) plasma of the present invention. The present invention
discloses a method whereby moisture sorbed within the pores and

upon the surface of an oxidized organic residue such as an oxidized



“reducing material noisture for the oxygen Reactive lon Etch (RIE) plasma of
the present invention. This nmethod for providing the reducing nateri al
noi sture into the oxygen Reactive lon Etch (RIE) plasma of the present
invention is particularly efficient and econom cal. The nethod of the
present invention may be enployed in renoving oxidized organic residues,
such as oxi di zed photoresi st residues, f?#om sem conductor substrate
surfaces of many varieties. The nethod of the present invention may be
enpl oyed Rhrtaresisly oesdidued mryakia despubed sfwwhpxovidedi the Hosiraeeset
resi dues from sem conductor substrates including but not limted to Dynamc
Random ACKRC pgrondt el )mabsiuem dERr okhe upsYIen cReact hive cImanbbeh ALREE
S seni_conductor substrates, sem conductor substrates upon which
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oxi di zed t residues previously wetted with deionized water al so
has broadggg%ﬁﬁgg%?Iity w t hin sem conduct or manuf acture. There are

several nethods to

The method of the present ;nvention may be employed in
removing oxidized organic residues, such as oxidized photoresist
residues, from semiconductor substrate surfaces of many varieties.
The method of the present invention may be employed in removing
oxidized organic residues such as oxidized photoresist residues
from semiconductor substrates.including_but not limited to Dynamic
Random Access Memory (DRAM) semiconductor substrates, Static Random
Access Memory (SRAM) semiconductor substrates, semiconductor
substrates upon which are formed field effect transistors and
semiconductor substrates upon which are formed bipolar transistors.
The method of the present invention has broad applicability in
removing from semiconductor substrates oxidized organic residues

such as oxidized photoresist residues.

The portion of the method of the present invention which
involves desorbtion of moisture from oxidized photoresist residues
previously wetted with deionized water also has broad applicability

within semiconductor manufacture. There are several methods



t hrough whi ch photoresists may be sufficiently oxidized such that noisture
sor bed upon and w thin those oxidized photoresist residues nmay provide
suffi ci ent noisture upon desorbtion to practice the present invention.
Referring nowto Fig. la to Fig. 1d there are shown schematic di agrans of
reaction chanbers within which the preferred enbodi nents of the present

i nvention may be practiced. For the prefé&®red enbodi nents of the present

i nvention, the practice of the present inventipn.begins w th providing a
sui t abl etheeugh ovhighnbeetoresistanmay paesufpicieatbyygeidiread: sueh) ghat |
Etch (RIE) plasma of the present invention may be fornmed. Such chanbers are
wel | knotpishurgeserhed upon aRApWEERER dehq 3 O xidd zedh phpspresdsieFesddusse

to maintain a tenperature in the range of about. 100 tq about 250 degrees
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wi thin those tenperature and pressure ranges that the inproved oxygen
ReactivepFSﬁeﬁﬁgEnYﬁPE}°Brasna of the present invention is preferably
formed. Once the reaction chanber has been provided within which the
i nproved oxygen Reactive lon Etch (RIE) plasna of the present invention may

be f d, it ist t id h '
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into thegeranht 28 §19GPSs oF et ibn dhmbersl within which the preferred

.embodiments of the present invention may be practiced.

For the preferred embodiments of the present invention,
the practice of the present invention begins with providing a
suitable reaction chamber within which the improved oxygen Reactive
Ion Etch (RIE) plasma of the present invention may be formed. Such
chambers are well known in the art. It is preferred that the
reaction chamber be able to maintain a temperature in the range of
about 100 to about 250 degrees centigrade and a pressure in the
range of about 0.1 to about 5 torr. It is within those temperature
and pressure ranges that the improved oxygen Reactive Ion Etch

(RIE) plasma of the present invention is preferably formed.

Once the reaétion chamber has been provided within which
the improved oxygen Reactive Ion Etch (RIE) plasma of the present
invention méy be'formed, it is then necessary to provide sources
through which a concentration of oxygen and a concentration of

moisture may be provided intb the reaction chamber. Typically, the



concentration of oxygen will be provided into the reaction chanber through
an external source of oxygen. This method for providing the concentration
of: oxygen into the reaction chanmber is conventional to the art. Preferably,
the concentration of oxygen will be provided into the reaction chanber at
about 2000 to about 5000 standard cubic centineters per mnute (sccn) flow.
In addition to providing the concent rati oht of oxygen into the reaction
chanmber it is also critical for the present invention that a concentration
of noi st GRECsAatTadiae@f axydenewidiche @reviddedrinto Tthe presatiion whambiean
provi des. several enbodinents through which the concentration of noisture
may be ptH¥PHSR iaR E¥tRrnahIowrre fie¥ygdenhe Thist metbodi fom providiang

analogouiky fromthe nmet hod by which the concentration of oxygen may be
provi ded ﬁtoqﬂﬂ§QQ££ﬁﬁ%9Pcﬂé%ﬂnﬁ*Y%@thh“¥%e thest regsddomenchamper is

concentration of. moisture. is provided_into_the reaction chanmber through an
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radi o frequency el ectrode 16 and a platen 12. Upon the platen 12

In addition to providing the concentration of oxygen into

the reaction chamber it is also critical for the present invention
that a concentraﬁion of moisture be provided into the reaction
chamber. The present invention provides several embodiments
through which the concentration of moisture may be provided into
the reaction chamber. The first embodiment follows analogously
from the method by which the concentration of "oxXygen may be
provided into the reaction chamber. Within the first embodiment;
the concentration of moisture is provided into the reaction chamber
through an external source of moisture, preferably at about S50 to
about 200 standard cubic centimeters per minute (sccm) moisture

flow.

A schematic diagram illustrating a reaction chamber
within which moisture is provided in accord with the first
preferred embodiment of the present invention is shown in Fig. la.
Shown in Fig. la is a reaction chamber 10 within which reside a

radio frequency electrode 16 and a platen 12. Upon the platen 12



t2 is placed a sem conductor substrate 14 upon the surface of which

sem conductor substrate 14 resides the oxidized organic residue which is to
be renoved t hrough the nmethod of the present invention. Sources of oxygen
and noi sture are introduced into the reaction chanber 10, respectively,
through a first entrance port 18 and a second entrance port 20. The second
preferred enbodi nent through which noi stuke may be introduced into a
reaction chanber to provide the inproved oxygen Reactive lon Etch (R E)

pl asma of-St Pdagess éhtsemirandusitampiuRat tatsr bt i wPenf the aupfiaceob Lnwhdchr e
sorbed wi thi.n and upon the surface of an oxidized photoresist residue
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enbodinené. he o ig#gedéohotor Si st rg i due regresents t he oxidized
organi c MadF uésmﬁ? iremayssk tRERRIBY EFOIH?FIH% Lhitdsh Pressnts ipYensien.

t hr ough re to the inproyed oxygen Reactive lon Efch (R E) plasma, of
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anount of noisture for efficiently formng the inproved oxygen Reactive |on
Etch (R E) '

| The second preferred embodiment through which moisture
ma? be introduced into a reaction chamber to provide the improved
oxygeh Reactive Ion Etch (RIE) plasma of the present invention
employs desorbtion of an amount of moisture sorbed within and upon
the surface of an okidized photoresist residue reéiding upon the
surface of a semiconductor substrate. Within this embodiment, the
oxidized photoresist residue represents the oxidized organic
residue which is to be removed from the semiconductor substrate
through exposure to the improved oxygen Reactive Ion Etch (RIE)

plasma of the present invention.

In order for the second preferred embodiment of the
present invention to provide a viable method for removing an
oxidized photoresist residue from a semiconductor substrate, it is
first necessary to sorb upon the surface and within the pores of an
oxidized photoresist residué an amount of moisture which when
desorbed will. provide a sufficient amount of moisture for

efficiently forming the improved oxygen Reactive Ion Etch (RIE)



13 plasma of the present invention. Typically, this anmount of noisture
may be provided within the pores and upon the surface of an oxidized

phot oresi st resi due through a deionized water rinse and spin-dry method
common to the art of sem conductor manufacturing of a sem conductor _
substrate upon whose surface is fornmed the oxidized photoresist residue.
When using such a deionized water rinse as3d spin-dry nethod, the oxidized
phot oresi st residue residing upon the sem conductor substrate is exposed to
dei oni zeB@LAEM& afid Biinpaepelt | LnVeBEBPR -t r adPistaliat.er this navopneseft .
Under these %Pnditions, it has been found that a sufficient anmount of

noi st ur eMRHECUEE B3YLPE RFPNiLAech¥it5ids they Peses @and spomddhefsunface of
desor bt 1 B AIERLEPOVPARETFES o8 AT dHihauish S08 LPBLL BropRFeh o IR Araace
“nvent i oRE R SeHoReERBadraRo ] et Par: R SerLedifinten utacha o of
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senjconductor substrate 14, whi sent conduct or su rate
resi des spmicbh@uRtareBuBdtrate is exposed to deionized water and spun dry

until visible traces of water are not present. Under these
conditions, it has been found that a sufficient amount of moisture
will be sorbed within the pores and upon the surface of the
oxidized photoresist residue to provide sufficient moisture which
upon desorbtion will provide the reducing species needed for pfopef
performance of the improved oxygen Reactive Ion Etch (RIE) plasma

of the present invention.

A schematic diagram illustrating a reaction chamber into
which moisture is provided through the second embodiment of the
pPresent invention is shown in Fig. 1b. Fig. 1b is analogous to
Fig. la with the exception that the second entrance port 20 of Fig.
1a has been deleted. In addition, there is shown in Fig. 1b the
presence of desorbed moisture 22 issuing from the oxidized-
photoresist residue which. resides  upon the surface of the
semiconductor substrate 14, which semiconductorjsubstra?e 14 in

turn resides upon the platen 12.



14 Al t hough the second enbodi nent of the present invention by which

noi sture may be introduced into a reaction chanber through desorbtion of
noi sture from upon the surface and within the pores of an oxidized
phot or esi st resi due which resides upon a sem conductor substrate is a

vi abl e, conveni ent and desirable nethod, the second enbodi nrent nmay show
substantial variations in inproved oxygensaReactive lon Etch (RIE) plasna-
performance as a consequence .of the method by which the oxidized .
phot or esi st resi dudltBoughnéheugsrords embesitiedtortstbst PFesent dnyensian
oxi di zed, phot oresi st resi dues may be fornmed upon _sem conductor, substrates
t hr ough R¥t NRACH nAUS T HulaKot P i rﬁ”c‘i&?qwqpﬁet A5Ee eRplEBAGHLAhe ChEMbEr

oxi dati on, sour , et hods eppl oying optical radiation oxidation squrce
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surface and pore structure
consequence of the method by which the oxidized photoresist residue

is formed upon a semiconductor substrate. In general, oxidized
photoresist residues may be formed upon semiconductor substrates
through methods including but not limited to methods employing
thermal oxidation sources, methods employing optical radiation
- oxiﬁation sources and methods by which dopant ions are implanted
into photoresist residues to fcfm okidized photoresist residues.
For the present invention, it has been found that the second
preferred embodiment of the present invention for providing a
concentration of moisture into an oxygen Reactive Ion Etch (RIE)
plasma is preferred when the oxidized photoresist residue which
resides upon a semiconductor substrate is oxidized through-the
process of implanting dopant ions into that photoresist residue.
The ion implanting process provides sufficient oxidation to a
photoresist residue to provide a surfacé and pore structure to the
~oxidized photoresist residue from which a sufficient concentration

of moisture may be desorbed to efficiently form the improved oxygen

Reactive Ion Etch (RIE) plasma of the present invention.



oxi di zed photoresist residue fromwhich a sufficient concentration of

moi sture may be desorbed to efficiently formthe inproved oxygen Reactive
lon Etch (RIE) plasnma of the present invention. 15 Athird preferred
enbodi ment by which a concentration of noisture may be introduced into a
reaction chanber to provide the inproved oxygen Reactive lon Etch (R E)

pl asma of the present invention is througth co-m xing or saturation of the

concentration of npisture mnth t he concentratlon of oxggen that is
i ntroduced into therr emb hat apacenbbatientof

b hed d F 1 Sh Fig. 1 h
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t he present invention, the ra
presence of a bubbler 24 attached to a first entrance port 18

through which a concentration of oxygen enters a reaction chamber
10. Contained within the bubbler 24 is water through which at
least a portion of the concentration of oxXygen entering into the

reaction chamber 10 through the first entrance port 18 must flow.

Once the concentration of moisture and the concentration
of oxygen have been introduced into a reaction chamber maintained
at the preferred temperature and the preferred pressﬁre through an
embodiment including but not 1limited to the three preferred
embodiments of the present invention, a source of radio frequency
excitation is then provided into the reaction chamber. For any of
the preferred embodiments of the present invention, the radio
frequency excifcation is preferably provided through the radio
frequency electrode 16 illustrated in Fig. 1a to Fig. 1lc. The
preferred level of radio frequency exéitation to be provided into
the reaction chamber 10 through the radio frequency electrode 16 to

form the improved oxygen Reactive Ion Etch (RIE) plasma of the



frequency excitation is preferably provided through the radi o frequency
electrode 16 illustrated in Fig. lato Fig. 1c. The preferred | evel - of
radi o frequency excitation to be provided into the reaction chanber 10
through the radio frequency electrode 16 to formthe inproved oxygen
Reactive lon Etch (RIE) plasma of the 16 present invention is about 500
to about 1000 watts. Once this |evel of gadio frequency excitation has
been introduced into the reaction chanbel® 10, the etching of the

sem condREesentudgiventdon Jeq)oﬁbmbséoé)urﬁcac%bmé%l 4690t matds -di zeacer §hdsc
resi due nay proceed. The sem conductor substrate 14 is etched for a tinme

peri od saPVRdi 8ft naglicyFnesuency ausidationhaf Repnr fpkredreaddiatostbe

as an OX|d|zed hot oresi st residue, fromthe sem cqonductor substrate i4
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residue will depend upon_several factor ﬁ InCl‘h:'bén‘ﬂ the chem cal
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pl asma WaisGh qBER! O¥FCHD! S5 Ur$n 2% A B%EEC photoresist residue, from the
semiconductor substrate 14. The amount of time needed to
completely remove the oxidized organic residue will depend upon
several factors, including the chemical composition of the oxidized
organic residue, the thickness of the oxidized organic residue, and

the quantity of oxidized material within the oxidized organic

residue.

Upon compietion of the etching there has been removed
from a semiconductor substrate an oxidized organic residue, such as
an oxidized photoresist residue, through an improved oxygen
Reactive Ion Etch (RIE) plasma which employs moisture as a source
of reducing species to assist in removal of oxidized organic
residues such as oxidized photoresist residues. Removal of
oxidized organic residues through the method and with the plasma of
the present invention provides an effective, safe and
manufacturable method in comparison with oxygen plasmas
conventional to the art which employ hydrogen or forming gas

mixtures to assist in removal of oxidized organic residues such as

e



of reducing species to assist in renoval of oxidized organic residues such

as oxi di zed photoresist residues. Renoval of oxidized organic residues
t hrough the nmethod and with the plasma of the present invention provides
an effective, safe and manufacturable nethod in <conparison wth

oxygen plasnmas conventional to the art which enpl oy hydrogen or formng
gas m xtures to assist in renoval of oxidiyzed organic residues such as

17 oxi di zed nhot or esi resi dues f oms m conduct or _ substr at es. is al so
gener al | 9%2%@%99%%%&351 rﬁi"é?%é’t?“é‘t%"rﬁ oK e"éﬂ?ﬁﬁ/r%%-bt ai ned
for Reactive lon Etch (RIE) plasma nethods through providing a nagnetic
assi stance to those Reactive lon Etch (RIE) plasma nethods. Such rragnetic

assi stance is also._yseful .in enhanc th ch rates, of the inproved

oxygen React [ ve R tetoh 2 aPeeprRead B LANKARVBoLR: the AR UL ans

but not S the three efer
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Reactive lon Etch (R E) S%t chi ng %hanbgar and met hgggt%i %’r?%é%rpﬁagl% o'(tlhe(ryl%

el ectri calsef®anint BhAHABING €ReNBEARIF&tésCbHSthe improved oxygen Reactive
Ion Etch (RIE) plasmas of the present invention, including but not
limited to the plasmas formed through the three preferred

embodiments by which moisture may be introduced into those improved

oxygen Reactive Ion Etch (RIE) plasmas.

Such magnetic assistance may be provided through methods

including but not limited to Magnetically Enhanced Reactive Ion
Etch (MERIE) methods whereby magnets are placed within or
surrounding a' Reactive Ion Etch (RIE) etching chamber and methods
lwhich employ other electrical means through which magnetic fields
may be formed within Reactive Ion Etch (RIE) etching chambers.
When present, the preferred level to which a magnetic field is
provided into the improved oxygen Reactive Ion Etch (RIE) plasma of
thg present invention is about 10 to about 100 gauss. Under these
conditions a substantial acceleration is observed in the etching of
- an oxidized organic residue, such as an oxidized photoresist

residue, from the surface of a semiconductor substrate.



may be formed within Reactive lon Etch (RIE) etching chanbers. Wen
present, the preferred |evel to which a magnetic field is provided into the
i nproved oxygen Reactive lon Etch (RIE) plasnma of the present invention is
about 10 to about 100 gauss. Under these conditions a substanti al
acceleration is observed in the etching of an oxidized organic residue,
such as an oxi di zed photoresist residue, gromthe surface of a

sem conduct or subsérat schenati%ydiagéan1iIIustrating | acenent

of magnet s w thin ﬁeémav%ll?oﬁiﬁw(ﬁﬂ “sfiits atittiehdolopestets
| = wi B 2SS SRATRERafbopagnecs
Z:"t e p?gégﬁ#%‘gﬁe?r%%%ﬁ%&l o e (RIEIOBIashaA %ﬁa§§é°ah§§%b3néﬁﬁ$ﬂs' °
1 i B aenBEnakth by
Ehiﬁﬁg_r TR na0pY Fophe LAALLEE 1 1o 15 FIBT 1, ohode g #1400 1
gt od daRFT pRebR I halinde 2@ ThALL ST WA, Obet VR RIS placed
i nvent i openahlfr th!&a%ﬂéﬂﬂgiilwhﬁgis)%dﬁt%h&fré&' pf?g&{lhghg‘r@?&k@?ade 16

Revi sions to material's and net i are torne eferre

enbodi megisneh hheehdRhieweenanpaenkeactive lon Etch (RIE) plasma of the
present invention nmay be nade by a person skilled in the art while

remaining within the spirit and scope of the present invention.

As will be understood by a person skilled in the art, the
foregoing descriptions of the preferred embodiments of the present
invention are intended to be illustrative embodiments of the
present invention rather than limiting embodiﬁents of the present
invention. Revisions to materials and methods by which are formed
the preferred embodiments of the improved oxygen Reactive Ion Etch
(RIE)'plasma of the present invention may be méde by a person
skilled in the art while.remaining within the spirit and scope of

the present invention.

What is claimed is:



I,s claimed is: t8 A schenmatic diagramillustrating placenent of
s within a Reactive lon Etch (RIE) plasnma reaction chanber suit abl e

for £he presentI"nlﬁﬂum l“ﬁl&u wn |n Flg 1d. Shown in Fig. 1d is a two
pi efe magnet 26 ons of “which are placed beneath the platen
12/and above the *radio frequency el ectrode 16 within a reaction chanber 10.

wi Il be understood by a person skille&l in the art, the foregoing
descriptions of t d i Syobribe HendMENS £ ORadhlts
i ntended to be'lﬁpusgégbgéée ment s ? ﬂe p?gsgﬁ' I nventi on ra?her

than | iffidd i) £0etdBnd Sys&i éftax P{REEN pl HYRA! £ O8ct iBAY chhABEr! GuithBliedl S

and net hods by which are fornmed the preferred enbodi nents of the inproved

oxygen faa¢e/  le¥er® GhvieRtEbmPlids8Rofh LASFRECSEAl |Sh@m gD FiRy. el qede
by a person skilled in the art while remaining within the spirit and scope

of the Pregenipiddecnhbgiet 3&l iSdLbduRY isectionkd df whAchetdwel blaced
renovi ng oxi di zed organi c residues from .
beneath the platen 12 and above the radio frequency electrode 16

within a reaction chamher 10.

As will be understood by a person skilled in the art, the
foregoing descriptions of the preferred embodiments of the present
invention are intended to be illustrative embodiments of the

_Vpresent anentlon rather than llmltlng embodlments of the present _ :_J 

:ﬁfskliled in the art whlle remalnlng within the spirit and scope of

the present_znventlon._f3

' What is claimed is:



seni conduct or zggi%L§£g§_gganLs+ﬂg: providing into a reaction chanber a
sem conduct or Strate, the senjconductor substrate having fornmed upon its -
ﬁhue; providing into the reaction chanber a

surface an oxi di ‘\ “m
concentration of m A g into the reaction chanber a

concentration of moi §tute;" providing radio frequency excitation to
the concentration of oxygen and the concéentration of noisture contained
within the reactiqgn chanber, the radio fre%ugnc%gexcitation bei

&9g

Suffi i ent o or fh AIEHIRGm EOXNFTRHTE PREISERA HTERYS SaBLanase SeM |
t he oxi di zed or anb% resi due iiﬁy moved. 2.. .The nethod of Claim1 wherein
t he reaction%ﬁﬁ%ﬁ? uctor, SHPs; €%t .CRRFdSde of about 0.1 to about 5
torr. 3. The methaod qf,.C aim1l wherein the reaction chanber is int gi ned
at a tenperature abou r ti grade.

e GROTRHBT 0t ABouE eas igkGr EetBeh | & aqemigohicto
met hod of O g s#gm Fethel E&niSQS@HEEQ]&' Q&‘b%ré.’&%a{bi g'éﬁzfuf’edd’ig% 14Q
the reaction chanber t'hrough-an externar source of° oxygen at about
2000 to aboutg2PReSLANAH 1A iPYN Grganic residue;

providing into the reaction chamber a concentration of
oxygen;

providing into the reaction chamber a concentration of
moisture;

providing a radio frequency excitation to the
concentration of oxygen and the concentration of moisture
contained within the reaction chamber, the radio frequency
excitation being sufficient to form a plasma; and

etching the semiconductor substrate until the oxidized

organic residue is removed.

2. The method of Claim 1 wherein the reaction chamber is

maintained at a pressure of about 0.1 to about 5 torr.

3. The method of Claim 1 wherein the reaction chamber is
maintained at a temperaturé of about 100 to about 250 degrees

centigrade.

4. The method of Claim 1 wherein the concentration of oxygen

is introduced into the reaction chamber through an external



centimeters per mnute (sccn) flow 5. The nethod of Claim1 wherein the
concentration—of—moisture i1s i ntroduced into the reacti on chanber through
an external sou [ t about 50 to about 200 standard cubic
centimeters per“m“mmllimlﬂmow 6. The method of Claim1 wherein the
concentration of xnotstwurer 1$ 1 ntroduced into the reaction chanmber through
desorbtion of an amount of noisture sorB®d within and upon the surface of
an oxi di zed photoresist residue residing upon the sem conductor substrate,
the oxidized pbakeeesirsbxygendyud Micwt IO di Assl®r 9000 Cstafidpye whabeb
Is to be renoved fromthe sem conductor substrate. 7. The nethod of Claim®6
wherein the agen@imetevwat persmifadew sbem) abllowpon the surface of the
oxi di zed photoresi st residing upon the sem conductor substrate is provided
t hrough a spin-dry process whereby the oxidized photoresist residue

resi ding upon the sem conductor substrate is exposed to water and spun dry
until visibl eStrac8heofmetited mfe Gdaipr esemwhierginThheretdootesftr@tdion 70€
“wherein the oxidized photoresist which resides upon the seni conductor
substrate is Meifgbure i3] imtrodicedndntooddsss rFadtigmrchanpeoptirougnsan

t hat photoresist residue.
external source of moisture at about 50 to about 200 standard

cubic centimeters per minute (sccm) flow.

6. The method of Claim 1 wherein the concentration of
moisture is introduced into the reaction chamber through
desorbtion of an amount of moisture sorbed within and upon the
surface of an oxidized photoresist residue residing upon the
semiconductor substrate, the oxidized photoresist residue
being the oxidized drganic residue which is to be removed from

the semiconductor substrate.

7. The method of Claim 6 wherein the'amount of water sorbed
within and upon the surface of the oxidized photoresist
residing upon the semiconductor substrate is provided through
2 spin-dry process whereby the. oxidized photoresist residue
residing upon the semiconductor substrate is exposed to water

and spun dry until visible traces of water are not present.

8. The method of Claim 7 wherein the oxidized photoresist

which resides upon the semiconductor substrate is formed



9. ‘The nethod of Claim 1 wherein the concentration of npisture is
I ntroduced i nber through co- mxing with the

concentration i ntroduced into the reaction chanber. 10.
The net hod of Hmﬂl Eﬂl H' he radi o frequency excitation is provided at
about 500 to a 11. The rret hod of Claim1 additionally .

conprising a magnetic assi stance to the?tadio frequency excitation. 12. The
met hod of Claim 11 wherein the nmagnetic assistance is provided at about 10
to about 100 tjurmsgh the prAcgisasaf implameing dopant dgnsr jhat cohetdrraist
from sem conductor substrates conprising: a concentration of oxygen

cont ai ned wi trgsidue eacti on chanber; a concentration of noisture contained
within the reaction chanber; and a radio frequency excitation
provided to the concentration of oxygen and the concentration of

noi sture, the 22 radi o frequency excitation being sufficient to forma
pl asma. 14. The plBeen mgthodi af1Xidimeiln Vheredactihyh epassatragion of
mai nt ai ned at a pressure of about 0.1 to about 5 torr and a tenperature of
about 100 to%ﬁﬁ“%@%e’g‘?’é&d‘é@ﬁﬂg?%ethe reaction chamber through co-

mixing with the concentration of oxygen that is introduced

into the reaction chamber.

10. The method of Claim 1 wherein the radio frequency

excitation is provided at about 500 to about 1000 watts.

11. The method of Claim 1 additionally comprising a magnetic

assistance to the radio frequency excitation.

12. The method of Claim 11 wherein the magnetic assistance is

provided at about 10 to about 100 gauss.

13. A plasma for use in removing organic residues from
semiconductor substrates comprising:

a concentration o.f oxygen contained within a reaction
chamber;

a_éoncentration of moisture contained within the reaction
chamber; and o

a radio frequency excitation provided to- the

concentration of oxygen and the concentration of moisture, the



15. The plasma of C aim 13 wherein the concentration of oxygen is

I ntroduced into the reaction chanber through an external source of oxygen
at about 2000 to rd cubic centinmeters per mnute (sccm
flow. 16. The pl aammnmﬂ"mﬂﬂ erein the concentration of noisture is

i ntroduced into the reacti dn éharber through an external source of noisture
at about 50 to about 200 standard cubic é&éntinmeters per minute (sccm flow.
17. The plasma_of Claim 13 wherein the concentratiqn of noisture

i ntroduced i F2@i HErequRRsy #Xxdidiatdon bednsh suéfdriensnter faﬁmamfﬁsm .

noi sture sorbed within and upon the surface of an oxidi zed photoresi st

resi due residing upon the surface of the sem conductor substrate, the
oxi di zed photforesi st residue being.the_oxidized qrgani c residu ichisto
be rempved fi'gm tﬂBesBﬁPEBﬁdBEt Gﬂ'g%ﬂb‘j'?r ¥perein %ﬂ%e TRashhOhC 1%
wherein the anpu

oxi di éeg p_Eo‘f‘%‘?‘%%%g‘fe?\ggf’S%eggégg‘gfﬁgo gg\#oﬁa%;'agg&%(?g%g%&{tgfs :ttjffgf(r:%? thshe
oot ding upont PReaeRE i RRERE i NI bILE 250 Mdte e dieuaiad T

until visible traces of water are not present.

15. The plasma of Claim 13 wherein the concentration of
oxygen is introduced into the reaction chamber through an
external source of oxygen at about 2000 to about 5000 standard

cubic centimeters per minute (sccm) flow.

16. The plasma of Claim 13 wherein the concentration of
moisture is introduced into the reaction chamber through an
external source of moisture at about S0 to about 200 standard

cubic centimeters per minute (sccm) flow.

17. The plasma of Claim 13 wherein the concentration of
moisture is introduced into the reaction chamber through
desorbtion_ of an amount of moisture sorbed within and upon the
surface of an oxidized photoresist residue residing upon the
surface of the semiconductor substrate, the oxidized
photoresist residue being'the oxidized organic residue which

is to be removed from the semiconductor substrate.

18. The plasma of Claim 17 wherein the amount of water sorbed



19. The plasma of Cl aim 18 wherein the oxidi zed photoresist residue which
resides upon the sem conductor substrate is oxidized through the process of
i.nmpl anti ng dopant | ' t otoresi st residue. 20. The plasma of

Cl aim 13 wherein tflﬂmu“nml Huﬂi“cl“rof moi sture is introduced into the
reacti on chanber thtrough 'co® nxihg with the concentration of oxygen that
Is introduced into the reaction chanber2321. The plasnma of Claiml13
wherein the radio frequency excitation is provided at about 500 to about
1000 watts. Mithime andsrpen ¢hgi nsubfaerli Qlonkhey ewkpized n@hetea@sdsitc

assistance to the plasma, .the magnetic assi stance being provided at about
10 to about F&Figl§s&esiding upon the semiconductor substrate is provided

through a spin-dry procéss where the oxidized photoresist
residue residing upon the semiconductor substrate is exposed
to water and spun dry until visible traces of water are not

present.

19. The plasma of Claim 18 wherein the oxidized photoresist
residue which resides upon the semiconductor substrate is
oxidized through the process of implanting dopant ions into

that photoresist residue.

20. The plasma of Claim 13 wherein the concentration of
moisture is introduced into the reaction chamber through co-
mixing with the concentration of oxygen that is introduced

into the reaction chamber.

21. The plasma of Claim 13 wherein the radio frequency

excitation is provided at about 500 to about 1000 watts.

22. The plasma of Claim 13 additionally comprising a magnetic
assistance to the plasma, the magnetic assistance being

provided at about 10 to about 100 gauss.



