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ACKGROUND OF THE | NVENTI ON 1. Field of the | nvent I on The

present invention relates generally to photolithographic and plasma etch
nmet hods for form ng patterned netal Iayers within mcroel ectronics

fabrications. More artlcul ar | §ent |nvent|on rel ates to wet
Chor cal | S0tEOPS SUBMGHNT SoLEiON, TRIPZING MET Al ELASM Az

Fabr i oat | onE1CH ?WW@#W@% %W" ForPMER RESIDE' °°

M croel ectronics fabrigag gM gﬁ{ n| cs substrates
upon which are forned- patter ned m croéefectroni cs con or layers which

are separated by mcroelectronics dielectric |ayers. - As
m croel ectronics fabrication functionality and integration | evels have
increased, it has becone increasingly nore i nportant within the art of

m cr oel ectronics fabrlcatlon to form

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates genérally to photolithographic and plasma efch
methqu for forming patterned metal layers within microelectronics fabrications. More
particularly, the present invention relates to wet chemical stripping methods employed within
photolitﬁographic and plasma etch mefhods for forming patterned metal layers within

microelectronics fabrications.

2. Description of the Related Art =

Microelectronics fabrications are formed from microelectronics substrates upon
which are formed patterned microelectronics conductor layers which are separated By

microelectronics dielectric layers.

As microelectronics fabrication functionality and integration levels have increased,

it has become increasingly more important within the art of microelectronics fabrication to form



-2- uniformand reliable patterned m croel ectronics conductor |ayers of

i hcr-easingly narrower |inew dth dinmensions. Wile patterned

m croel ectronics conductor |ayers are thus desirably forned of

i*ncreasi ngly narrower |inew dth dinensions within advanced m croel ectronics

fabrications to provide advanced mi croel ectronics fabrications of enhanced

perf ormance, patterned mcroel ectronics conductor |ayers with increasingly
[ dj.nmensions are not 'fozrﬁed entirely w thout problens

narrower | |,R)evvi daﬂt_l d@ ) L | ]

wi t hi n adbrifesmandrediable paitarned migtoelestrrnics spndugtor layers of increasingly narrowes,

exanpl e, j.t_ i . | art of advanced mcroelectronigs fahrjcation

t hat pat tiééer‘?}é‘gh ?1“@%%‘8#%cwgﬁﬁaggmféH%%e?#q“&?‘@ng“‘gﬂgwq%‘?’ﬁgﬂ’sgﬁ‘ Wi erned
m croel ecf&ﬁmsﬁcﬁ%}%%wgﬁ . LN H‘mﬂﬂk ASi Ry ' hods as are
comon in the artn o} vance %%drtggﬁe??é%rﬁcs abrica cﬁéﬁ&éﬁfgﬁ have

net al i npfabgeutionsitoqrovidnAivanuds nikabalétionics fabHtifiohsof RhBancéddperformatRen t hei r
sidewal I's incident to the plasnma etch nmethods. The netal 1 npregnated

car bonac epattered| picnoelecteonics wenduatpe tayers withdadréagingle narvewdrlinewidet dimessidngiafe d
froma blanket mcroel ectronics conductor nmetal Iayer fromwhich is fornmed
the pat t epotdormad entirelyarithoytproblems withinadvancedmigroeleatyenies fabiricatiopts. t he pl asma.

etch nmethod, along with carbon based polyner materials derived fromeither:
(1) a carbon containing etchant gas conposition enployed within the plasna

h hod; 2 ' e ' f ' i . -ph '
Cayer s i ch 15 onest oyt Skl o arforBlands B RRe SR RpRa PR e
conduct or ik rhidtweleardits QURUBCASE fhy s wh forfb P Bhur el miER iRk onipON

stripping fromthe patterned mcroélectronics con ayer
si dewal | scandygienmetahlayersihrangh platng etsh micthods dspé CugnrRdHia the S bTHdwRkedet al

i npregnat ed pol ynmer residue |layers formed fromthe netal inpregnated

car bonac e®issosigstropies fabricatiom efténchare metahinipeegnates carhonagecas palgmenresidad layérs

~amoni um g%%i)xi de bas&d hot or esi st devel oger solution such as but not

limted t UGSt ?é'fﬂﬂ%lwe@ﬁy to theiplasia gtch metheds. (Ehe miplmpregsated

phot or esi V. sol.uti.on qr .a ueous trjmethyl (2 - hydroxyethyl)

anmoni um %b rng%og.LéB??:é?r r%%(g glwgs%ygga@lg ggw?otjfl Kol E'daggbtﬂé%é% érbl’%l‘g?tut i on

there is gictGechohibIsindudér RERAISHRr Bbm!vifichis Fotfedtnd Pitirhell Biordelbtronics
conductor metal layers through the plasma etch method, along with carbon based polymer
materials derived from either: (1) a carbon containing etchant gas composition employed within
the plasma etch method; or (2) a s_light etching of a series of patterned photoresist layers which is
employed in defining the patterned microelectronics conductor metal layers through use of the
plasma etch method. Upon stripping from the patterned microelectronics conductor metal layer
sidewalls oxygen containing photoresist stripping plasma oxidized metal impregnated poiymer
residue layers formed from the metal impregnated carbonaceous polymer residue layers while
employing an aqueous alkyl ammonium hydroxide based photoresist developer solution such as
but not limited to an aqueous tetramethyl ammonium hydroxide (TMAH) based photoresist
developer solution or an aqueous trimethyl (2 - hydroxyethyl) ammonium hydroxide (ie: choline)

based photoresist developer solution there is often corroded or eroded at least the sidewalls of the” |



-3- patterned microel ectronics conductor nmetal layer. A series of schematic
cross-sectional diagrans illustrating the results of formng within a

m croel ectronics fabrication a pair of such corroded or eroded patterned
i croel ectroni cs conductor netal layers is shown in Fig. 1 to Fig. 3.

Shown in Fig. 1 is a substrate 10 enployed within a mcroel ectronics
fabrication, -where the substrate 10 has a bl anket conductor .netal |ayer 12
formed thereover. In turn, the blanketyconductor metal |ayer 12 has forned

h i 1. Of . h ' I ..and . o
11 ust 1 apalernRl hiofbel SR RS TR o A b eiliyic Rommhont ghaps
to f [ LR Rh i i h

of ot ajusBir l reSl o e AL hFodkEh Bticd Bl Raor € e O bl Prk R ¢

pat t er negrdde@ patiehedshictorisetronickbdndiietbr hitkal iyerd is shbwh B Fig) Sfo Bg.3) mask | ayer,
there is formed upon the sidewalls of the patterned conductor netal |ayers

12a and 12b a series of netal inpregnated carbonaceous pol ymer residue
| ayers 18a, 18b, 18c and 18d. . As shown in Fi?..S,,upon
stri ppi ng from t heShewn iadiig dtis osubstsate 40 emplayedovithihd microeledtionigs fabrication,

ping from th gt Apemplareom’t ?
phot or Zi?“vg{e?q”tﬁgs?véﬁﬁéi%ﬂlm%?%{nﬂﬁ%wh%iégb%f&ﬁé&g}%&ﬁv@?hﬁ it pl asma
et hod PR R I PR RARRE ibon  BufofFehBped bCIb BB By
cont ai ni Rgq 341 RPisAsRES P, Whérthe BRER: chIRERPRRIPRyRALITBChS 1P

| ayers formed fromthe seriés of netal 1 npregnated carbonaceous pol yner
resi due |paif@F patfieiged chfiductcrmetal tayers8da ard 12bahigbghise ofh nretal eighiag plusmk kg |
ammoni um hydr oxi de based phot oresi st devel oper sol ution such as but not
limted twhilesimulfaessusly emp mthmmrszﬁp:ttemeﬁpﬂg@rmt layers Maany 1¥besa

phot oresi st devel oper, sol ution or an aqueous choline based phot oresi st

devel operPhetorestst el mashayes, there is formed yppn thesidewalls:of the pattmed condugtos metalr ned
cond U(_:t' Orlayrgr%t ﬁla ala@ Y 2 se]ﬁ%s";jl of rﬁ&gl ix%%xbegﬂatggq c':aa,rcbrz::ni;’}c:%01ln'>I ﬁolf)?ngér?'és?gxellgyers 18a, 18b, -

18c and 18d.

As shown in Fig. 3, upon stripping from the microelectronics fabrication whose
schematic cross-sectional diagram is illustrated in Fig. 2: (1) the patterned photoresist layers 14a
and 14b (through use of an oxygen :containin'g plasma stripping method sequential and subsequent
to a metal etching plasma method employing the rr.\etal etching plasma 16); and (2)‘a series of
oxygen containing stripping plasma oxidized metal impregnated polymer residue layers formed
from the series of metal impregnated carbonaceous polymer residue layers 18a, 18b, 18¢ ﬁnd 18d

(through use of an aqueous alkyl ammonium hydroxide based bhotoresist developer solution suéh '
as but not limited to an aqueous tetramethyl ammonium hydroxide (TMAH) based photoresist
developer solution or an aqueous choline based photoresist developer solution), there is typically
formed a pair of etched patterned conductor metal layers 12a’ and 12b’, which as illustrated in

Fig. 3 are either corroded or eroded, from the patterned conductor metal layers 12a and 12b as



Fi g. 3 are either corroded or eroded, fromthe patterned conductor netal

| ayers 12a and 12b as illustrated in Fig. 2. } - 4
- .. FEtched patterned netal. | ayers, such as the etched
patterned conductor netal layers 12a' and 12b' as illustrated.in Fig. 3,

are undesirable within the art of mcroelectronics fabrication since it is
often difficult to formfully functional or reliable mcroelectronics

ci rcui tsile&ﬁwgn L Cg oel ectronics fabrications having forned therein such
et ched patterne tal |ayers. It is thus towards the goal
of formng within mcroelectronics fabrications patterned conductor netal

| ayers through plasma etch nethods and subsequently stripping from the

si dewal | s of the pEtched pattérmed nbtad lagers satlnhs theytelel patterned conductsi fletaEdyeret al

I npregnat ed pol mer, residue layers formed incident to the plasma etch '
met hods, 12#lcandy 20 asdlipstrated in Fignd argrvadesitable withiothe arboftivieroeteoteonicsifabirivgtion
stripped whi]e eppl ovi gueous al kyl ~ampni um hydr oxi de_ based sol uti ons
such as BWee ﬁb’t°¢$rﬁ?§l‘gﬁgﬁ°§°%  fuacticnal of reliable migroRlestramiss cirenits wyithin  ( TvAH)
based phaqt.oresi.st. . | gper.sol utio and aquequs choli.ne sed phot or esi st
devel ope 183%1?{:}f<$n6c%§%/b?1ﬁ sg?vl“l?#tﬂg? h?{B‘PrsB‘gﬁ egﬁwg paitsred 'B?tag‘fyefshe pat t er ned
conductor netal |ayers, that the present invention is directed. Wthin the
present invention corrosion and erosion of patterned netal |ayers are

i ntended as anal ogitisthusttivapisthé gbal of fotnmhg dithia Miérosledtronits Bibidtink ON

phenonena experienced by patterned. netal |ayers. Vari ous
net hods (patternesbenndu¢tetmetaldayersthiongh plesma etcinmethodssant subsequenttysttippige fromr 0si on
and rel at ed_ net al yer deterioration phenonena encountered w thin netal

| ayers, ithe sidsxyalls of the patterned;canductos metal layers sorfaraed pxidigedsmetakimpeegoated orre of

e e St e LS SO SR e

for impregnated polymer residue layers being stripped while employing aqueous alkyl ammonium
hydroxide based solutions such as but not limited to aqueous tetramethyl ammonium hydroxide
(TMAH) based photoresist developer solutions and aqueous choline based photoresist de\}eloper
solutions, with attenuated corrosion or erosion of the patterned conductor metal layers, that the
present invention is directed. Within the present invention corrosion and erosion of patterned
metal layers are intended as analogpus, and possibly related, physical deterioration phenomena

experienced by patterned metal layers.

Various methods have been disclosed in the pertinent arts for attenuating

corrosion and related metal layer deterioration phenomena encountered within metal layers, in
particular aluminum containing metal layers, at least some of which may be formed within

microelectronics fabrications.

For example, Landau et al., in U.S. Patent No 4,592,800, discloses a method for



-5- inhibiting corrosion of a patterned al um num cont ai ni ng conduct or et al
| ayer fornmed through a plasma etch nethod within an integrated circuit
m croel ectronics fabrication. The nethod enploys displacing volatile
dorrosive species sorbed on or near the patterned al um num contai ni ng
conductor layer within the mcroelectronics fabrication incident to the
pl.asma etch nmethod with nore readily sorbsed non-corrosive volatil e species
of higher nol ecul ar wei ght. T 7 In addition, Mirakan et al.,
in U S Hatibkiting ¢dorosion of 2 patfednesli alirhiswrh gonthining domsluttosmetaHayes foromkd ftmough a
inhibiting corrosion of a patterned_ conductor netal |ayer, which may be a
pat t er nedlasap giehmgthodovithin an integrateddinsuip mioreslegtronies fabrication. nBhe methedigh a
pl asma etch nmethod withig an (ntegrate ircuit mcroel ectronics ..
P abr 1 car (<GRIVRChBb et rie e Srromptrersims tgroad i, B ismH Dh PR AT coaigiins
while e | [ . s Vil Qi S ' at
oast ¢ neonloh 1 o miplecASubiEhoN hilic A2 R Ml bnenidB D
Further, hiekaiiy sorbéd dén%on%ﬁ@@%lath@speéie?&ﬂﬁﬁx@moﬂbﬁﬁ'v%zéiﬁ. a non-abrasive
and corrosion resistant hydrophilic coating for an al um num substrate,
along with its nmethod of application upon the al um num substrate. The
coating contains effective m nor anopunts of .
nitrilotrisnethyl eleadditimoMurakantetzat | id U.SRateshNoi 5,3 12,776, similastyralsoadischoses i al
and a polyacrylic, acgid, without silica or alumna type materials, which

when t herdfaethod for inbibiting sarrasiomof fpatigraed Gorductar metableysyi wiich may hein pptarnedc

G021 119 4R LR S o R s o 550 e, 1
di scl i R | t
rotal | ayaro it ot frodte SR RIGY TRk A B AR,

layer, f ahémBaildr Miyer) Shil@enplagii@a tafeRal BENRCheXrhdthyNidfzdne (ANATSS)E Gpondt Iéakt t
m croel ectronics fabrication. The nmethod enploys rinsing the integrated
circuit Hheexpgseadiateral surfaces of the patterned conductor metal layer.

Further, Nadkarni, in U.S. Patent No. 5,514,478, discloses a non-abrasive and
corrosioﬁ resistant hydrophilic coating for an aluminum substrate, along with its method of
application upon the aluminum substrate. The coating contains effective minor amounts of
nitrilotrismethylenetriphosphonic acid, phosphoric acid, a borate material and a polyacrylic acid,
without silica or alumina type mateﬁals, which when thermally cured upon an aluminum substrate
provides a hydrophilic coating exhibiting a stable water contact angle of no greater than about 15

degrees.

Yet further, Obeng in U.S. Patent 5,538,921, also discloses a method for
attenuating corrosion of a patterned conductor metal layer, such as a patterned aluminum
containing conductor metal layer, formed through a plasma etch method within an integrated

circuit microelectronics fabrication. The method employs rinsing the integrated circuit having the



-6- patterned conductor netal layer formed therein with an aqueous sol ution
of a non-ionic or an anpholytic surfactant. Finally,. Yano
et al., in US. Patent No. 5,569,628, discloses several methods for
dttenuating corrosion related problens, such as interdiffusion, when
formng patterned netal |ayers, such as patterned al um num cont ai ni ng
conductor |ayers, upon substrates within integrated circuit

“m_croel ectponies fabrications. The methdls enploy forming a nplecular film
of a sil i%{}?{“‘ﬁ&?‘@}’?‘g{“\ﬁ ﬁy"é f?ﬂﬁ@f@é@%ﬂ@%&“@?ﬂé SBi))"é'Bn ﬁf % RPMHIORIS OrdRegr at ed
circuit ryn.ﬁ,[, : ergﬁ&h s fabrication, where a netal |ayer when

subsequent ygﬁﬁme upgn the nolecular filmreacts with the nolecular film
and fornms a netal |ayer deposited upon only the nol ecul ar | ayer and not

interdiffused with the substrate |ayer. : Desirable within

the art of m croel Fuallyr¥ane ef alin 1.8t Parent Noe 5/569,628] sliscloses saveralimetivds fer € nay
be stripped fromthe_ sidewalls of patterned conductor netal |ayers formed -
enpl oyi ndttepatinggorEesion ralated paablemst svich aninterdiBusian, when fosmingipatterned metal

oxi di zed ,net al | nmpr egnat olymer , residue |layers fornmed incident to the
pl asma eth*ggB?@%@e"g‘!ﬂﬁﬂ‘i“g Eontaiping, Fondyelee Fere aop Sibstiates Wishin integrateger
sol Ut on<rEE icroU BB Hick 8 Ro B 138 euhgs ey BRRIRRA Y Plah R oE S oxi de
(TMAH) b i bt ' ' i sed
phot or es ?lga?dhaé gﬁﬁ)ﬁ;‘?&sﬁ% E?fi'\c‘)’ﬁlg Rﬁ% Yﬁmj g{' %@%ﬁ?@ﬁf@g lr&?%g ;élg(% H)gxﬁcs gafbggg‘b% of

t he pat t evhesch menablagérovheneibtaéquemlyefofinedipoh thelrRvledulb® filnd Adactd 9Ath thd'@blebiigr

present invention is.directed.
film and forms a metal layer deposited upon only the molecular layer and not interdiffused with

the substrate layer.

Desirable within the art of microelectronics fabrication are methods through-which.
 there may be stripped from the sidewalls of patterned éonductor metal layers formed employing
plasma etch methods within microelectronics fabrications oxidized metal impregnated polymer
residue layers formed incident to the plasma etch methods, the oxidized metal impregnated
polymer residue layers being stripped through use of aqueous alkyl ammonium hydroxide based
solutions such as but not limited to aqueous tetramethyl ammonium ﬁydroxide (TMAH) based
photoresist developer solutions and aqueous choline based photoresist developer solutions, with

attenuated corrosion or erosion of the patterned conductor metal layers. It is towards that goal

that the present invention is directed.



-7- SUWMMARY OF THE | NVENTI ON A
first object of the present invention is to provide a nethod through which
there may be stripped froma sidewall of a patterned nmetal |ayer forned

t‘hr ough plasma etch nethod within a mcroel ectronics fabrication an
oxi di zed nmetal inpregnated polymer residue |layer formed incident to the
plasma etch nethod, the oxidized netal inEregnated pol ymer residue | ayer
being stripped while enploying an aqueoug al kyl amoni um hydr oxi de based
sol ution such as but not Iisﬁd&NPﬂNH%@HTEHEBS NTEONaret hyl ~ ammoni um
hydr.oxi de (TMAH) based photoresi st devel oper solution or an aqueous
chol i ne based photoresist devel oper sol ution. A second

obj ect of the pres | j | Is ' caord .\ t he
first object of t hgilgrrs{es %?Bfﬁl\g/glﬁe?ﬁg?lm% \érle tﬁgﬁ%&)ﬁ'@?@é@ﬁ?@?& ‘glln#i){r‘hgbenat ed
pol yner r@ay 8iRripged $fom 4 Sidéwalliof B pektethdd mehllifRE A6 hedugh ?Ia@:'ﬂa @fch $epdon of
the patterned netal |ayer. third object of the present .

| nvent i onwithin amigroelectrbmica fabeitdtiod an oxidized metaliniphegnited polymer resifweclaye forinted
present invention or the second object of the present 1nvention, which

met hod i sincidenyto the plasmaeich imethogd, thapkidizedimetdl impregnated polymer residuerlayer being wi t h
the objects of the present invention, there is provided a nmethod for

form ng aStperedathile gmaloying an aquepus,aliyh prmanipmddroride bassd selytionssich asbutaet To
i h hod of . th y i is.fi : i ded
D Lbst r at clrEet 5 98 §4ueBh ety EPEmutal G TrMAYH s pploriin Bevelpef e
formed Ovﬁiiutfoh%rih'QqﬁIeB@st&oﬁlebda@éaﬁﬁ.gtdfﬁis@hedeﬂ;}safso}uﬁﬁﬁfe IS then formed over
I patterned p sl st

t he bl anket netal [ayer a otore ayer. There is then etched
t hrough use of a plasma etch nethod while enploying the patterned
photoresi st | ayer as a photoresist etch mask |ayer the blanket netal |ayer
to form a patterned saeond oljecy of the presend invemtionéstorprovide 4 mythod fmactordrwith the

- 8- : _ _

first object of the present invention, where the oxidized metal impregnated polymer residue layer _

is stripped with attenuated corrosion or erosion of the patterned metal layer.

A third object of the present invention is to prévide a method in accord with the
first object of the present invention or the second object of the present invention, which method is
readily commercially implemented. |

In accord with the objects of the present invention, there is provided a method for
forming a patterned metal layer within a microelectronics fabrication. To practice the method of
the present invention, there is first provided a sﬁbstrate employed within a microelectronics
fabrication. There is then formed over the substrate a blanket metal layer. There is then formed
over the blanket metal layer a patterned photoresist layer. There is then etched through use of a
plasma etch method while employing the patterned photoresist layer as a photo;'esist etch mask

layer the blanket metal layer to form a patterned metal layer. The patterned metal layer so formed‘



has a netal inpregnated carbonaceous pol yner residue |layer fornmed upon a
sidewal | of the patterned netal |ayer. There is then stripped fromthe
patterned netal |ayer the patterned photoresist |ayer through use of an
oxygen contai ning plasma while sinultaneously oxidizing the netal

| npregnat ed car bonaceous pol yner residue |layer to forman oxidi zed netal
I npregnated polyner residue layer. Finally, there is then stripped from

t he sideyall of .theaggtterned nmet al Iay'ep The oxidized netal inpregnated
pol ymer Has? pgtal impr

el icatboraceous prlymentesidug dayss formed yponarpidewalkatitbeir oxi de
[ uti i | . R d i de | uti h [ ted
Cher el b 2ol Bpa0HTe rie sAER QiR SURL B il o) BL D8 PSS hod- upon

he sid i They nt
| nvent 1 of or o el raea Sl ERiRh oyt plaeme il srmisproogy FIRLRE
si deval | nidtal dmprepiatéd Garbonadeduepolymerpéshlue Ia¥er bt dPGkidifédIHeR iﬁapfégﬁﬁ@ etch

nmethod within a mcroelectronics fabricafion an oxidized netal npregnated

pol ymer  rpelyimtneesiday iayer. tRivllgthet isehen stiyiped fromnhegdstatidf B patterned fdtatiue
| ayer being stripped while enploying an aqueous al kyl amoni um hydr oxi de

based sollayer the oxidized metabimpregnatet ipalymetiresiduelayen shido erploging amadueglis alkgtoni um
hydr oxi de TI\/AII—% taase g%tgoregi st devel oper sol ution _or an agueous choline
based ph(ﬂ‘&f”é‘éq hydrop p- dB¢ aueeys alkyhaponipm hydroyide selutignbas | pr egnat ed
pol ymer resi ] ' ' .attenyated cgrrosion qr erqsion of
the patt é‘?c?\’é% lﬂ%‘é‘i g*‘%?na%/%rr.ﬁ %@&ﬁ%{%ﬁg@ ’8%"?%'%‘e°’g‘?‘8‘§5‘8f"9?¥?\5 UPPRHIS zes

t he f'oregmm19M13P§t&rﬁaﬂmI1%_ng wi thin the aqueous al kyl ammoni um

hydr oxi de based solution a surfactant which is capable of form ng an
ordered nonol ayer upon the sidewall of the patterned netal |ayer.

The nethod of the };_r esent invention is readily commercially inplenented.
The method of t heThe presant invention prayidesapiethpd thubtgh whiehntharprayise stdipped

anmoni um_hydraxi d ased solution a surfactant which is capable of formng
an or der SPM3side apatierned condusten metalflaygr formed through a plasma etch method within

-9- a nﬁqroelectronics fabrication an oxidized metal impregnated polymer residue layer, the oxidized |

o=t

metal impregnated polymer residue layer being stripped while employing an aqueous alkyl
ammonium hydroxide based solution such as but not limited to an aqueous tetramethyl ammonium
hydroxide (TMAH) based photoresist developer solution or an aqueous choline based photoresist
developer solution, where the oxidized metal impregnated polymer residue Iﬁyer is stripped with
attenuated corrosion or erosion of the patterned metal layer. The method of the present invention
realizes the foregoing objects by employing within the aqueous alkyl ammonium hydroxide based
solution a surfactant which is capable of forming an ordered monolayer upon the sidewall of the

patterned metal layer.

The method of the presént invention is readily commercially implemented. The -
method of the present invention employs within an aqueous alkyl ammonium hydroxide based

solution a surfactant which is capable of forming an ordered monolayer upon a sidewall of a



patterned netal |ayer. Since novelty of the nmethod of the present invention
Is predicated at least in part upon a unique conbination of materials

whi ch are otherw se generally known, the method of the present invention
i's readily conmmercially inplenented. BRI EF
DESCRI PTI ON OF THE DRAW NGS The objects, features and
advant ages of the present invention are ugderstood wthin the context of

Doscr: pr PaReraRl el I, S S5eRP of b ichiof BF the BResbif oyl Pafled Moy
the accowaﬂvﬁmaaﬁ@m&s&%&i @aﬁ&fa@vﬁi&%ﬁéﬂh@ﬂw&%’eﬂerﬂiym fHe DT €,

wher ei n: to Fig. 3 show a series of schenmatlic

Cr 0SS- Seqf thepréseal ifgphtiomisiréddily tonrhértiglly #plenfefed) t s of form ng through use
of a plasma etch nmethod a pair of patterned conductor netal layers wthin
a mcroel ectronics fabrication, where when stripping fromthe sidewalls of
the pair of patterned conductor netal l|ayers a series of oxygen containing
phot oresi st stripping plasma oxidized netal inpregnated polymer residue

amron; um hydr oxi de basedVBDE PRSERIERORDETRI PRaWERGS! o7° © o =1

m croel ectronics fabrication there is corroded or eroded the pair of .
patterned conductor netal |ayers. Fig. 4 to Fig. 7 show a

series of schemati qhe bkjects, FebirbsdialadinPigesofthé blesint in9lrtidd ate hdefstood! t S Of
form ng through use of a plasma etch nethod a pair of patterned netal

| ayer s wivithimtha comtextrof eiedddscription of thePreferaéd Exnbodiment,cas iset foith belawpThger r ed
enbodi ment of the present invention, where when stripping fromthe

si dewal | Paseription ob tiePreferresbEmbadiraent isundersiogd svithinthe eontext ofithe eggompanying

drawings, which form a material part of this disclosure, wherein:

Fig: 1 to Fig. 3 show a series of schematic cross-sectional diagrams illustrating the
results of forming through use of a plasma etch method a pair of patterned conductor metal layers
within a microelectronics fabrication, where when stripping from the sidewalls of the pair of
patterned conductor metal layers a series of oxygen containing photoresist stripping plasma
oxidized metal impregnated polymer residue layers formed incident to the plasma etch method
through use of an alkyl ammonium'ﬁydro'xide based solution conventional in the art of
microelectronics fabrication there is corroded or eroded the pair of patterned conductor metal

layers.

Fig. 4 to Fig. 7 show a series of schematic cross-sectional diagrams illustrating the
results of forming through use of a plasma etch method a pair of patterned metal layers within a
microelectronics fabrication in accord with a preférred embodiment of the present invention,

where when stripping from the sidewalls of the pair of patterned metal layers a series of oxygen



- 10 - containing photoresist stripping plasm oxidized netal inpregnated
pol ymer residue layers through use of an al kyl ammoni um hydr oxi de based
solution in accord with the preferred enbodinment of the present invention
tthere is attenuated corrosion or erosion of the pair of . patterned netal

| ayers. Fig. 8a, 8b, 9a, 9b, 10a and 10b show generic
chem cal structures of three types of surfactant nol ecul es which may be
enpl oyed wi thin the nethod, of the present 19 fnvention, along _wth the

st r uct ur 6anteping RROtOTRSISLYNRRING Plamacxidized metah irpresnated palymenFesidug layersupon a

DESoR) PRyl A R ey oha B acodkd S g rgfemed o
i dowal | CpoASAR ik e UEt: f b hfonlftr BSuth oL BBy oo

Wi thin apatfidrRddinetadbyepd)i cs fabrication an oxidized netal | npr egnat ed

pol ymer resrdue | ayer, the oxidized netal inpregnated pol yner residue |ayer
being stripped through use of an aqueous al kyl anmmoni um hydroxi de based
solution such as but not -limted to an aqueous tetranethyl anmoni um

hydr oxi de ( TMAH) bElseﬁn,ﬁhc&ao%dpsanddwbéh@pynegepmwstmct@ms ofthessdypes bl i ne
based pho resrst eve er ol utiion, where the oxidized netal egnat ed
pol yner PSW F’PY ?)eapwqdnmthattbemqﬁpéefﬁ@rpresmdweevorbg@@gon of

t he patter e ne resent |nvent|on real zes
the for ed {ﬂﬁg %ﬁrcﬁt‘r‘s@%@e%’ ?‘a@t'rfﬂ o e OIS 8 BT Hon & SRR A &
hydr oxi d SfalumnliicoMinfhehktdl BNt Which is capable of formng an
order ed ?&%%ﬁayer adsorbeg &pon t e'sidemall of the patterned conductor
metal |ayer. The aqueous al kyl ammoni um hydroxi de based solution of the
present invention having the surfactant incorporated therein attenuates
corrosi on

DESCRIPTION OF THE PREFERRED EMBODIMENT

‘The present invention provides a method through which there may be stripped
from a sidewall of a patterned metal layer formed through a plasma etch method within a
microelectronics fabrication an oxidized metal impregnated polymer residue layer, the oxidized
metal impregnated polymer residue layer being stripped through use pf an aﬁueous alkyl
ammonium hydroxide based solution such as but not limited to an aciueous tetramethyl ammonium
hydroxide (TMAH) based photoresist developer solution or an aqueous choline based photoresist
developer solution, where the oxidized metal impregnated polymer residue layer is stripped with
attenuated corrosion or erosion of the patternect metal layer. The method of the present invention
realizes the foregoing objects by employing within the aqueous alkyl ammonium hydroxide based
solution a surfactant which is capable of forming an ordered monolayet' adsorbed upon the -
sidewall of the patterned conductor metal layer. The aqueous alkyl ammonium hydroxide based

solution of the present invention having the surfactant incorporated therein attenuates corrosion



or erosion of the patterned netal layer in conparison with an otherw se
equi val ent aqueous al kyl ammoni um hydr oxi de based sol ution absent the
surfactant of the present invention. The met hod of the
present invention nay be enployed in formng patterned nmetal |ayers w-thin
m croel ectronics fabrications including but not imted to integrated
circuit mcroelectronics fabrications, solar cell mcroelectronics
fabrications, ceramc substrate nicroel &ttTonics fabrications and flat
panel di opkrogioniof theglatiemedmetallayen by gompaiisomswith an otherwise equivalent aqRebas alkylg now
to Fig. 4 to Fig. 7, there is shown a series of schematic cross- sectional
di agr ans ammoagim hydropde based solitiop absgnt the,susfagignt afthe presgntinventien.ect r oni cs in
accord with a preferred enbodi nrent of the present invention a pair of
patterned netal |ayers through a plasma etch nmethod, where when stripping

fromthe sidewal | sTRE mkMSd BhE [Srmi '&ﬂ%d of an
aqueous al kyl ammoni um hydr oxi g%@%ﬁ%%%%%@%@ﬁ?’ﬁ?ﬁ t eqﬁéial :
pr ef er r edayefyWictidh fivnbelstrohibefabmidations ifdludikeoud hewsiRiitedite lgrated citcuiter | €s  of

oxi di zed netal inpregnated polyner residue |ayer formed 1 ncident to the

pl asma etmibroeletthenics fabirieations,solat telimiatoelbciranicsfabrioations, ceransic subsedtet he

patterned metal layers. Shown in Fig. 4 is a schematic cross-sectional
di agr am aiicnolectronigsdetirications and-fat panel display mivreelectronicsfabricationsge i n practi ce
of the method of the present invention. Shown in Fig. 4

Is a substrate 30 having forned thereover a blanket netal |ayer 32 which

L0, S 100 TSR BP0 A5 RSP BBhateuBhE *°

34b. Wthin the prefer e present Tnv !
substr at %e&ﬁmﬁﬁﬂaé?ﬁnﬁll&‘%ﬁﬁ%ﬁ& PesBISU R Rfing Withil) b hiGollbdtfonfes Gfdccoraivith a

fabrication selected fromthe group of mtcroelectronics fabrications
i ncl udi nepréfedrederhbddinisnt 6fthé present germiond pairiof patterivd Gictat layeisthrdugiPa plasma
fabrications, solar cell mcroelectronics fabrications, ceramc substrate
m cr oel ectehonéthad, fwhiere vehen istripping fivno the sidewalls lof the pair of patterned metal layers
' through use of an aqueous alkyl ammonium hydroxide based solution in accord with the preferred
embodiment of the method of the present invention a series of oxidized metal impregnated
polymer residue layer formed incident to the plasma etch method, there is attenuated corrosion or
erosion of the patterned metal layers. Shown in Fig. 4 is a schematic cross-sectional diagram of
the microelectronics fabrication at an early stage in practice of the method of the present

-

invention.

Shown in Fig. 4 is a substrate 30 having formed thereover a blanket metal layer 32
which in turn has formed thereupon a pair of patterned photoresist layers 34a and 34b. Within the
preferred embodiment of the present invention, the substrate 30 may be a substrate employed |
within a microelectronics fabrication seiected from the group of microelectronics fabrications
including but not limited to integrated circuit microelectronics fabrications, solar cell

microelectronics fabrications, ceramic substrate microelectronics fabrications and flat panel



- 12 .- display mcroel ectronics fabrications. . Al'though not
specifically illustrated within Fig. 4, the substrate 30 may be the
substrate itself enployed within the mcr.oelectronics fabrication, or in
tthe alternative, the substrate 30 may al so be the substrate enpl oyed
within the mcroelectronics fabrication, where the substrate in turn has
formed thereover or thereupon any of several additional mcroel ectronics

| ayers which are typically enployed within the m croel ectronics

f abri cat idiplay sieraelacieanics Sibrcations.cr oel ectroni cs | ayers may include, but are
not limted to, mcroelectronics conductor |ayers, mcroelectronics

sem conductor |ayers and mcroelectronics dielectric layers. Simlarly, as

i agram of g, Aoigh ol pieSiabaY St l it M. ACHE Mt SOSRLRMR 30 | <
a_seni congbitratitseld BaplopddowitiPthe istodbdtitintts AbribdtoR Wrdh 9%3}}?’2‘5W the

m croel ectronics fabrication) nay have forned therein r thereupon any

of sever aubstraie@0anrdycalia teithesubsteste efployd vithin thy RiiGaéleconich fabHtsoROWEGE T ONi €S
fabrication within which is enployed the substrate 30. Such

m cr oel edhe shétoate imdwindws formpd thersovet®r therdupon anyrofiseveraladditforiabmickdetettoficor S
resistors, capacitors and diodes. ) . Wth respect to the
bl anket A#¥emswhich are typically eraplayed within the migrogleppronicgfabrieation fuch adfitional et al

Py o1 o B SRR ons b 255 ke e S R o hhreBout SRt By
chol i no. TACHeeidHfs scfbdd. 87 Bpers M RRK ERAI NI vt BhUR. Byistiso

devel opi mgt specifigully iinstared within thiexssheiatic RbR5-Secldil aiagrarrdr Fig. AR substrate 30
correspondi ng bl anket photoresist |layer. Such netals may include, but are

not |im t(pedticutarlyavhenitie substrate 3Gis @ semicondattopsubstraAs emplogeawithin anintdgpated t  Of
m-croel ectrqnics fabrication, the blanket netal layer 32 may al so

i ncor por &reuiygicraelsctragiesfbricatien) may hayeformed therein andfortherelipomanyrof séverad at h
ad/ bay bl anket dyct. t | W Lhin the, ket, netal
ayer 3o ngeupicl Aehtes e Hinichl ol fiprodciionics bricaion within Which is T
employed the substrate 30. Such microelectronics devices may include, but are not limited to

transistors, resistors, capacitors and diodes.

With respect to the blanket metal layer 32, the blanket metal llayer 32 is formed of
a metal which is susceptible to corrosion or erosion within an alkyl ammonium hydroxide based
solution, such as but not limited to a tetramethyl ammonium hydroxide (TMAH) based
photoresist developer solution or a choline based photoresist developer solution typically
employed in developing the patterned photoresist layers 34a and 34b from a correspénding
blanket photoresist layer. Such metals may include, but are not limited to, aluminum and
aluminum alloys. As is common in the art of microelectronics fabrication, the blanket metal layer
32 may also incorporate barrier metal layers and/or barrier material layers beneath and/or above a _

blanket conductor metal layer within the blanket metal layer 32. Such barrier metal layers and



- 13.- barrier material layers include, but are not limted to, titanium
nmetal |ayers, titaniumtungsten alloy layers and titaniumnitride |ayers.
For the preferred enbodi nent of the present invention, the blanket netal
I'ayer 32 is preferably forned as a bl anket netal |ayer 32 stack
conprising: (1) a blanket titaniumbarrier netal |ayer of thickness from
‘about 50 to about 1000 angstrons forned nost closely adjoining the
substrate 30 (this layer is preferably eﬁﬂﬁoyed only when the bl anket netal
| ayer 32barsier materal laysesinclude; ﬁut @onot ligpated to; titaniym mesaldayersotitaniymetungsien alloybut
not limted to,g npnocrystalline silicon |ayer or substrate or a
poIycrys‘ﬂﬂFPﬂ%“@PWﬂUﬂﬁ%P /88 or substrate); (2) a blanket |ower titanium
nitride barrier material |ayer of thickness about 100 to about 2000
angstrons fornmed upon the blanket titaniumbarrier netal |ayer, if

present; (3) a bl apiohe prefiicl eibodimbrit f tHeQRENEAt ifVenfidh, VMK Qhetal TRjeRB2| 2V ET
of conposition fromabout 99.8:0:0.2 to about 94:2:4° (w. w.w) and oOf

t hi cknesgs prbfetibly foRR¥Y ds@ bivakétimeld) Ryer 3P @sckcOnMBridify; (Bh blaket fithsiumlbaiep!

|l ower titaniumnitride barrier material |ayer; and (4) a bl anket upper
titani ummetd tayerofsbickriess from about 80 td abpet 1090 angstroksdarmet! mmst elbselyt adjdifing o
about 2000 angstrons formed upon the blanket alum numsilicon:copper alloy
conduct oithersubstrate 3Q:(thip layerig preferablyrmpleyied goly vhen thedlanketayetaldayen3 2isformedough
nmet hods and maj.eri.al s as .are conventional in the art of mcroelectronics
fabri cat HBYR  Micam aeR gr & ofcansubsfrtn et ps byt potdimited 10 o mopperyiialinsaiiens Ivpiov)
met hods i : L] ' : |

sour e ot SRaHS of & poNBHGURERRSh byBlbretu R T2 P Efnket WoicP BN
Fi nal 1y, péfrePmaRfiRIaser bPthickResPaiouf 1009 aBBSRI200E BlgiiromdiRMed Bfch tAOBladk. t he

T
patterned photoresist |ayers 34a and 34b may be forned from any of several
phot or esitigdniuiibattierahetaldayes ifpredenO(s) aiblankéEtahmiihurmkilisorcsoppecdioy aondustor
fabrication, where such photoresist materials my be selected fromthe
gener al gretal fayerf ofishmpositien fsom aloug £9.810:0.2 trcdbout 9452:8 (w:wiw) and of thiskingspabout
posi ti velghotoresi st materials and negative ghotqre,si st materjal s. '

Pr ef er abl1§00 taabopt1400P ARgstrpms fasmed upan the blanket lpwver ftgpium nitride barrier material
layer; and (4) a blanket upper titanium nitride barrier material layer of thickness from about 100 to

about 2000 angstroms formed upon the blanket aluminum:silicon:copper alloy conductor metal
layer. Each of the foregoing layers may be formed through methods and materials as are
conventional in the art of microelect:onics fabrication, including but not limited to chemical vapor
deposition (CVD) methods and physical vapor deposition (PVD) méthods, while employing

source materials as are appropriate to the individual methods and layers.

Finally, with respect to the patterned photoresist layers 34a and 34b, the patterned
photoresist layers 34a and 34b may be formed from any of several photoresist materials as are
known in the art of microelectronics fabrication, where such photoresist materials may be seledted
from the general group of photoresist materials including but not limited to positive photoresist

materials and negative photoresist materials. Preferably, the patterned photoresist layers 34a and



- 14 - 34b are each fornmed to a thickness of from about 8000 to about 20000
angstrons upon the blanket netal |ayer 32. - Referring now
to Fig. 5, there is shown a schenmatic cross-sectional diagram illustrating
tthe results of further processing of the mcroel ectronics fabrication whose
schematic cross-sectional diagramis illustrated in Fig. 4. Shown in Fig.

5 is a schemati-c cross-sectional diagramof a microelectronics fabrication
ot herwi se equivalent to the mcroel ectrorifcs fabrication whose schematic
cross-sed4t an saclepaquatmautbwknesmftftm ahout $000itg abont 26000 apgstramsuponghen| anket
conductor rret al Eﬂer 32 has been patterned to formthe patterned conductor
net al Ia A2p t hrough use of a netal etching plasna 36 while
enpl oyi ng the pair of patterned photoresist |ayers 34a and 34b as a

phot oresi st etch mask layer. Wthin the nethod of the present invention,

the metal et.ching RL@SHRdf b Fis®S! 6k SFibin S0RAAY KM dcbforRPERGS | 07 Of

the layers forned wthi t he et rret l"ayer

W t hi n t DRstpdting ehe Rsuls GO RGheERbeding bRhORidAeectbnitd fabiidaic # dhokd ¥eR&thdtRRN,
where the blanket nmetal layer 32 is fornmed predom nantly from an al um num

cont ai ni o@ssssetiond diagrameis dlustedted ihfFig. e Showeindig.15gs pbehematiGérobyectiadal y and
preferably enpl oys a chlorine containing etchant %25 conposition
conpr i si diggeancef aonicraslegisonics fabricgtionatherwise GQEVW torthe migragleetrpnics fabicatiome,

o o oMb eSS ipi B B YRGS ) B PREH e SRR 21 ng

rven 1 o RGF il 2 bl oL Gt i p SR Rl mh{ e 3SR

a1 ong i L SETRERRELE ARAFARKCILAA 1 whl chlplopig M bl U PR sihbd ol

Pr ef er ablidyers34¢ amde34bl as atphbiongispétals filaskbyen| Withinthe Mgthod of $heprésemdhwentio)amber
the metal etching plasma 36 is selected in accord with the composition of the layers formed within

the blanket metal layer 32.

Within the preferred embodiment of the method of the present invention, where
the blanket metal layer 32 is formed predominantly from an aluminum containing conductor
material, the metal etching plasma 36 typically and preferably empldys a chlbrine containing
etchant gas composition comprisinE a chlorine containing gas such as but not limited to chlorine,
hydrogen chloride, boron trichloride, carbon tetrachloride and/or chloroform, along with suitable
Background carrier and/or stabilizing gases. More preferably, within the preferred embodiment of
the present inventibn, the metal etching plasma 36 employs a chlorine containing etéhant gas
composition consisting of chlorine and boron trichloride, along with suitable background carrier

and/or stabilizing gases.

Preferably, the metal etching plasma 36 also employs: (1) a reactor chamber



- 15 - pressure of fromabout 5 to about 50 ntorr; (2) a radio frequency
power of from about 100 to about 2500 watts at a radio frequency of 13.56
MHz; (3) a substrate 30 tenperature of from about 50 to about 300 degrees
centigrade; (4) a chlorine flowrate of fromabout 5 to about 150 standard
cubic centinmeters per mnute (sccm; (5) a boron trichloride flow rate of
fromabout 5 to about 150 standard cubic centineters per ninute (sccm;
and (6) a background heliumor argon f1&%vTate of fromabout 5 to about

200 st angeessure offrom obout Srte akout 5p artom (2).a sdioftegnyney poverofifroneabost 100t

DAt 1 or nodboH BP0 PRYLHE iR FERFRGLY 13 50 M, () & subsifte S SRS GL TPth o
ithin th ' : i onal ,di f Fig ' d

i dent A0 oAG0 Rl P68 Bakee SR oS AR ol AL £ oot B8 g

pat t er neqi R4 Euﬂi@b!&ﬁiﬁxets%i?ﬁ%eg %{r;g@g@s) h%axéoafmem&ﬁie ﬂomﬁmdﬁ{jabﬁut 5to

car bonaceous polyner re a, 38b, 38c and 38d upon the

si dewal | gb&it 150 etafddrd eubiecentimbtels pepinitiute (Scbin)fdnd (8P backfiounthelium driaggedgnat ed
car bonaceous pol yner residue |ayers 38a, 38b, 38c and 38d are forned from

met al  deflowardtefaf fometboht htp abbutt 200 skindarit eubic cantimeters penviimite (segme), f3 3, timé ong
with carbon derived fromat |east either: ﬁl) a carbon containi ng etchant
gas wi t hipariedyafficigns to spmpiesely sich thedlanketrraetal layss 32 indogmiag the patterngd Bstel wi t hi n
the metal etghin asma 36, if such a carbon containing etchant gas is
present ; 1yErs( 738%1? on derived fromslight etching of the patterned

phot oresi st | ayers 32a and 32b wiithin the netal etching plasnma 36.

Typical ly, the netal inpregnated carbonaceous pol yner residue |ayers 38a,

38b, 38c and 38d apgidiMisiatdwathih the sthbmafc drés8iecienMtdiakPin bEFIRD) therd ROO

angstronms each upon the sidewalls of the patterned conductor netal |ayers

32a and J&imed incident to the metal etchikgeplasiial 36G:tchamethad thiangh &hichlieformedpateted a
schematic cross-sectional diagram illustrating the results of further

pr ocessi megtal layessd2aned 33bl aseriesnfimstal impregnated; carbonprsaus polymanaesidue layers 38a,

cross- seci ogal digpram s tllystpated in Flo S S30M AR Fildmda S @
impregnated carbonaceous polymer residue layers 38a, 38b, 38c and 38d are formed from metal
derived from etching of the blanket conductor metal layer 32, along with carbon derived from at
least either: (1) a carbon containing etchant gas within the chlorine containing etchant gas
composition employed within the metal etching plasma 36, if such a carbon containing etchant gas
is present; or (2) carbon derived ﬁ'o:in slight etching of the patterned photoresist layers 32a and
32b within the metal eiching plasma 36. Typically, the metal impregné,ted carbonaceous polymer
residue layers 38a, 38b, 38c and 38d are formed to a width of from about 100 to about 1000

angstroms each upon the sidewalls of the patterned conductor metal layers 32a and 32b.

Referring now to Fig. 6, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the microelectronics fabrication whose schematic

cross-sectional diagram is illustrated in Fig. 5. Shown in Fig. 6 is a schematic cross-sectional



- 16.- diagramof a mcroelectronics fabrication otherw se equivalent to
the mcroel ectronics fabrication whose schematic cross-sectional diagram
is illustrated in Fig. 5 but wherein the patterned photoresist |ayers 34a
dnd 34b have been stripped fromthe mcroel ectronics fabrication through
the use of a photoresist stripping plasma 40. Wthin the preferred

enbodi nent of the present invention, the &hot oresist stripping plasnma 40
preferably enpl oys any oxygen contai ni ng chant ggs.conposi tion
conpri si diggram ofaymisroelestieni¢s fhbrigatiangtherwisg gguivalent ta the miqreleqtronics fabripation
oxygen contai pi ng, et chant, gases i ncl.yudi ng, b of limted to of oxygen,
ozone, niWPP?ec‘cg?F @,cf?#f%'&gﬁ&w ‘sélt‘:‘ ”!qu @%&gp@ﬁ.‘”’hﬁﬁ’lﬁﬁpﬁﬂ%l y, the
phot or esi st, st.ri.ppi 4 I NERAG as
Compos  PRttoRuURPAT far AR net S wima Mooyt B AORRB-LhifaPhf fRplar ™
Strippin FR S LAY A0 VAR b BheRéired orBBAmeRSE tROFRRAE { | O
conpri si %bemggég%ﬁﬁ&\cfvat er \P}g@? and ni trogen. p ke referably,

t he phot aivestich| thetphbfopdsizgstippingplashth 40 prefeabi letiploys i) oxygérantaiting éotine r
pressure of from about 0.05 to about 100 torr; (2) a radio frequency power

of from ghsoeompbsifion comprising @IAPgendntaining etchantgasselacted fromthe gfoupDfo8ygdnz ;
(3) a substrate 30 tenperature of from about 150 to about 350 degrees
cent i gr agentaining etchantgases inclpdingrbubet ligited ¢ offgxygena penne, WKg oxidetous wxidsy
standard cubic centipgters I nute (sccm,. far a tine.period sufficient
to corrpla@‘rgﬁ'f" ¥Tﬂ°f”‘p%f%?ﬁef°%§[yn¥r%rp§8ﬁ°é ‘ﬂ'ﬁﬁ?"&g ﬁﬁ%‘ﬁ {anxqpé SRAGE¥BBchemat i ¢
Cross-segt| M=Talg ' w ' banF or esi st
ayers: 3o st dalorpostion U6 oxyliey e mbet SRRl BBt 0e” T

schemat | %trﬁ)Pﬁhg PlasMa 40 @m@ioyﬂéxﬁé}dyﬁéﬂ dontairing téHant £ compdsitibn dmprising oxygen,
emati ¢ cross-secti onal

As is illustrated within the sc di agram of Fig. 6,

t he net alwatérvapargndnittdgemr bonaceous pol yner residue | ayers 38a, 38b, 38c
and 38d are not appreciably stripped fromthe mcroelectranics fabrication
whose schematic cross-sectional diagramis - illustrated in Fig. 5 incident

to exposure to the, ROty e photoresist Sppidg Pladina Bo 66 erployss UY'a reattor chamber
pressure.of from about 0.05 to about 100 torr; (2) a radio frequency power of from about 100 to
about 2500 watts at a radio frequency of 13.56 MHz; (3) a substrate 30 temperature of from
about 150 to about 350 degrees centigrade; and (4) an oxygen flow rate of from about 250 tb
about 8000 standard cubic centimeters per minute (sccm), for a time.period. sufficient to
completely strip from the microelectronics fabrication whose schematic cross-sectional diagram is
illustrated in Fig. 5 the patterned photoresist layers 34a and 34b when forming the

microelectronics fabrication whose schematic cross-sectional diagram is illustrated in Fig. 6.

As is illustrated within the schematic cross-sectional diagram of Fig. 6, the metal
impregnated carbonaceous polymer residue layers 38a, 38b, 38c and 38d are not appreciably
stripped from the microelectronics fabrication whose schematic cross-sectional diagram is

illustrated in Fig. 5 incident to exposure to the photdresist stripping plasma 40, although the metal |



= 17 - inpregnated carbonaceous pol ymer residue |layers 38a, 38b, 38c and
38d are oxidized within the photoresist stripping plasma 40 to formthe
oxi di zed nmetal inpregnated polymer residue |ayers 38a', 38b', 38c' and
38d' . Referring nowto Fig. 7, there is shown a schematic
cross-sectional diagram illustrating the results of further processing of
t he m croel ectronics fabrication whose _s¢hematic cross-sectional diagram

i agr Ll‘rﬁé{p‘?%s%%eh 255%&&?%@8&%%&5&%%%5&@9&? 3@”%&%&&?2% VEuR
") 7 ust v spishotBE Sttty i A0 L RAR T ISR ko PRI ST o R e

residue sg@yejgp’ 388 and388., 38c’ and 38d" have been stripped fromthe

m croel ectroni cs fabrication. Wthin the method of the
present invention, the oxidized netal inpregnated polyner residue |ayers
38a', 38b', 38c' and 38d' are stripped fromthe m croel ectronics
fabrication whose Reftreingnow taFigs? -there isishovh a schamativnoross-sectional diggred i n Fi g.
6 to provide the mcroelectronics fabrication whose schematic

cr oss- seblustEiag the reglts of fusthen progessing efdhe micrelgctronics fhbrisation whesesthemmtiaqueous

al kyl ammoni um. hydr.oxi de hased .sol utiop, havij ncorporated therein a
surf act aFfPs%%Fﬁtéﬁagd'Wa‘Pdsr fitgted jn gﬁgd@r @Wﬂﬁ%g&affgﬁ‘ﬁm@f@%ﬁ&m s of

B e e e e

present 1 nvention, t

pr ef er abiysowriphenatic efbsstbdeiibnal BERMUSTIRN A EPIh BR. EBue WheeinGhOSa8izEd MBtaf N

group of al kyl anmmoni um hydroxi de materials consisting of tetramethy

anmoni uninipregnateil gelymeCtdsidue laydre38al N8bt, 3BEHne 684" havelbdetist o1 lthe

tetraet hyl anmoni um hydroxide ((Cerr]H/[err]N+OH) (TEAH) material s,

t et r apr oicroelectronicsfebticationxi de ((CJerr]Herr])[err]Nerr]OH err]) (TPAH)
materials, tetrabutyl amoni um hydroxide ((Clerr]JHerr])[err]Nerr]CHerr])
materials and trimethyl (2- hydroxyethyl) anmoni um hydroxi de

((CHerr])Lerr] (Clwiih Heshéthéd Bethehredet hnbddiibh, the SRl hedi R HgAbida

polymer residue layers 38a’, 38b’, 38¢” and 384’ are stripped from the microelectronics
fabrication whose schematic cross-sectional diagram is illustrated in Fig. 6 to provide the
microelectronics fabrication whose schematic cross-sectional diagram is illustrated in Fig. 7
through use of an aqueous alkyl ammonium hydroxide based solution having incorporated therein
a surfactant capable of forming an o;;dered monolayer upon the sidewalls of the patterned
conductor metal layers 322 and 32b. Within the method of the present invention, the aqueous
alkyl ammonium hydroxide based solution preferably employs an alkyl ammonium hydroxide
material chosen from the group of alkyl ammonium hydroxide materials consisting of tetramethyl
ammonium hydroxide ((CH,;),N*OH") (’IMAH) materials, tetraethyl ammonium hydroxide
((C.H,),N*OH) (TEAH) materials, tetré,propyl ammonium hydroxide ((C;H,),N*OH’) (TPAH) |
materials, tetrabutyl ammonium hydroxide ((C,H,),N*OH’) materials and trimethyl (2-
hydroxyethyl) ammonium hydroxide ((CH;);(C,H;OH)N*OH") (choline) materials.



- 18 - Wth respect to the surfactant which is capabl e of
formng the ordered nonol ayer adsorbed upon the sidewalls of the patterned
conductor netal |ayers 32a and 32b, the surfactant is preferably sel ected
ffrom the group of surfactants consisting of: (1) fatty acid (RCOOCH)
surfactants in accord with the general chemcal structure as illustrated
wi.thin Fig.-8a, where Rlerr] is an alkyl roup rangi ng from about
-Clerr]Herr] to about -Cerr]Herr]; 2’)1 5 - dialkyl - 1, 2 hexanedi ol
surfactants in accH¥ith iespept told syefn@arww dseapabile of foring the ardered monolayer ed

o SRl ot b e P, B B
A kgD M M SRS AT,

al kyl gr %u&a&aﬂgmac&a W AROgtner agh@ﬁlfc%l"égnﬁfn?}e ds AMitared withinG? lél]sla'![\%érl R, is

Wthin each of the precedi ng groups o actants, the al groups are

pr ef er ablay alidyl grogp fangingiffom @bolsty-C,J1, MoRBoutaCLHQUE) 4a5 K yfialkgr -OM) Rsheddriebiiob ONE
branching may al so be enployed within the nmethod of the present invention.

For il | usurfetanteinpoeqyd séith thegegienbchemisalotmyteresas dlfustrated vithindiig. 8b, where eachant
nol ecul es upon the sidewall of an alum num|layer are illustrated in Fig

8bI Fllg of K, apdiRsgn %WO%ﬁwﬂ&ﬁﬁméb‘mEn@;ﬂssé%MrQ:zHy, aﬂd@l%ehﬂl@’f)'act ant
F

inder ot odSngtal Bheeph i pttantis torord i e sentiphEmicALibmatte o %@m Weerd

i thin Fieach R R, Wi a‘sﬁq“mﬁc@%‘aﬂﬁ@he&ﬁéﬁgﬁ Gt fosk 1 ™ ©

mol ecul e Wihih eadhto?thecme&ed&g 'gPBupd Bfhrfadtihfts, I 418 Ps BRIpPGHaBIY sirfightChahd
with the preferred enmbodinent of the present |nven I on are chel agl ng oxygen

cont ai ni rafkyl groups, althdugh alkylbgrpipstvithi some btantling may also by enfighoyeld withix e hiettiod.
Preferably, the aqueous al kyl ammoni um hydr oxi de based sol ution is enpl oyed

at an alﬁyhemmﬁpmlﬁs‘drom de material concentration of fromabout 0.1 to
about 10 weight percent and a surfactant concentration of from about 0.1
to about 10 wei ght percent. Preferably,

_ _For illustrative purposes, ordered monolayers of the foregoing surfactant
molecules upon the sidewall of an aluminum layer are illustrated in Fig. 8b, Fig. 9b and Fig. 10b
which correspond, respectively, to the surfactant molecules as illustrated within Fig. 8a, Fig. 9a
and Fig. 10a. As is understood by a person skilled in the art, the surfactant .molecules as
illustrated in Fig. 8a, Fig. 9a and Fig. 10a aré operative as illustrated within Fig. 8b, Fig. 9b and
Fig. 10b when the pertinent surfactant molecule is in its ionic form. Thus, the surfactant
molecules in accord with the preferred embodiment of the preserit invention are chelating oxygen

containing ionic, but not amphoteric, surfactants, preferably bidentate.

Preferably, the aqueous alkyl ammonium hydroxide based solution is employed at
an alkyl ammonium hydroxide material concentration of from about 0:1 to about 10 weight

percent and a surfactant concentration of from about 0.1 to about 10 weight percent. Preferably,



- 19 - the aqueous al kyl amoni um hydr oxi de based solution is al so enpl oyed
at a tenperature of from about 20 to about 40 degrees centigrade, for a
time period sufficient to conpletely strip fromthe nicroelectronics

ffabri cati on whose schematic cross-sectional diagramis illustrated in Fig.
6 the oxidized netal inpregnated polyner residue |ayers 38a', 38b', 38c
and 38b' when formng the mcroelectronics fabrication whose schematic

cross-sectional diagramis illustrated i'nl_%l'_g. 7. Asis illustrated within
t he schertbe squeensalisd smponigmdydioxidg baged selutivnys also empleyedhat aiteneperaturef from

' d I i.d I 38a, , -38b', 38c' d 38d ' d
1 om ¢ ho AN Aot A0 FREEE e EEkales o7 4 fiioserod TS 1L FRIRIGEY SBIA BUN B r
There 1 EHBr R TRt tye skt - Ao iniosteten p Hp Sl

I nventio ~Ral f: ‘ﬂmfe? I S, \Wiabiy :
. m croel e&@éﬁagetgé%??%%aﬁd n-thr %‘é‘%& &gerg?’ggh%é%??% arlr‘gqt:;tﬁgdd‘?hﬁ)nfg% %hee n

stri ppi ngmicfoeRectrbmicsssivation whast séhe@aiitirb sy RekbnaRdidirarh R)ilUstraRd irSBigi BSAS{s
oxi di zed nmetal inpregnated polymer residue |ayers formed incident to the

pl asma etiliistratedtvithinh the schematickirossesectionall diagnpm effFigt % thepxidized metal Smpegndted/ er s
bei ng stripped through a wet chemcal strippi :dgfrrret hod enpl oyin

an
aqueous anakymer sepidysilaysss39es 380’ R8chandidsere stripped frem thepatterned mﬁhgma 32a
corrosi on ar t he gatterned As is

[ | | .
under st odtf Bﬁgg{"? :??‘E’Bﬁ&gﬂ’{’? W?’ﬁ@%ﬁé?pam@%%aéwgﬁm%m of the

present invention is illustrative of the present invention rather than
limting of the present invention. Revisions and nodifications nay be nade

to methods, materi zings, tﬁéu%rufesm&e&dmm@ﬁem%bwﬂbmv&rm&%nf or med
the pair of patterned netal layers in accord wthin the preferre

enbodi nerihventiod & paipofymetatned condoétoometallayers withih b nficroeledifdnies fabeication thiough

| ayers in accord wth the nethod of the present invention, as defined by

t he apperfielesms es¢hypethod, where when stripping from the sidewalls of the patterned metal layers a |
series of oxidized metal impregnated polymer residue layers formed incident to the plasma etch
method, the oxidized metal impregnated polymer residue layers being stripped through a wet
chemical strippirig method employiﬁg an aqueous alkyl ammonium hydroxide based solution,
there is attenuated corrosion.or erosion of the patterned metal layers.

As is understood by; person skilled in the art, the préferred embodiment of the
present invention is illustrative of the present invention rather than limiting of the presenf
invention. Revisions and modifications may be made to methods, materials, structures and
dimensions through which is formed the pair of patterned metal layers in accord within the

preferred embodiment of the present invention while still forming patterned metal layers in accord

with the method of the present invention, as defined by the appended claims.



<20 - 1. A nethod for fornmi ng a patterned netal |

H

£

m croel ectronics. fabrication conpri sing: L ate
enpl oyed within a microelectronics fabrication; j[!i“ll E“‘ﬂ:ﬂﬂ! m t he
Substrate a bl anket netal |ayer; " forming 9 L Wret al

| ayer a patterned photoresist |ayer; et ching through use of a

plasma etch net hod while enploying the_pgfterned photoresist |ayer as a
phot or esi st et@lﬂﬂiﬁﬁ k |[ayer the_ bl anket netal | ayFr tqQq forma patterned
metal | ajef methed fop farming icrattemmed mefahippar withinragpicecgleptaomiesfabrication,pomprising:

the. patt er nedhEREE Hedpls enployed v ARSI BBy or ned et al | ayer
t he pat t er nedgohal %@ﬁé%}l&@%@ﬁbﬁﬂﬁ&ﬂ?&lﬁ?&' of an oxygen cont ai ni ng pl asna

whi | e sinmul taneouSly oxidizing t me npr egnat ed car bonaceous pol yner
resi due Iayerfdnaing@wamabmedhﬁﬁﬂla?ataqiattérﬂwmm&ﬁﬁ1@@&;yrrer residue | ayer
formed upon the sidewall of the patterned netal |ayer; and

strippi ng froexchihgthsouphwat bf Dflasniacet¢hahétbodwehilereaipidyingahepattenedphordrasizel et al
| npregnat ed pol ynmer residue |ayer while enploying an aqueous al kyl amoni um
hydr oxi diayéraasadhotoresist etgh maskolayeq thechlanked istal layentorformme pgiterned metaljayeathe -
solution having in orporghgd therein a_surfactant capable_of formn

g a
monol ay e Patiasdimeta] 13yt e formedhaying s metd impregnatedicribopsgorsRolymer Jesidue layep  The
met hod of._claim1 r @i h xi di zed netal inpregnated pol yner residue

| ayer is%orgwle&}l%%'ne%m é%%@ﬁ‘i?r}’%{‘%@e‘gwat T oof the patterned netal |ayer with
attenuat ed Colfigsh@fromthEpdtietiRd nidtal i : hovBledist b Srol i son
with a net hod£ eg%i%)a?ent@é he met hoa(lj agﬁtgﬁ%tﬁfd%?ﬂbﬁ? errth%eYyi rfg %hn&gggg%us

al kyl amgRypien coltyiflihg plasifa WhiledmadnebiisBoxidisind the el plednated Tarbbiddeault

capabl e of form ng the nonol ayer adsorbed upon the sidewall of the

pat t er negolyeersesitieelayer to fogm aXiosidined mstal infpregnatied pdlymbrsesidue layer formed upon
.mcroel ectroni cs %abri cation is selected fromthe group of

ni cr oel ethersisisvall of the patterpedpetallayesiasd | ng of integrated circuit

m_croel ectronics .fapri

15177 et | P i 6 fideba gf fhe Datemseimetalpyerhe izefl metal imprognated
m croel eghingl fsiddeRdr Gl eRfoRRg ad AiteoREN ammonium hydroxide based solution, the

aqueous alkyl ammonium hydroxide based solution having incorporated therein a surfactant

capable of forming a monolayer adsorbed upon the sidewall of the patterned metal layer.

2. The method of claim 1 wherein the oxidized metal impregnated polymer residue layer is
stripped from upon the sidewall of the patterned metal layer with attenuated corrosion or erosion
of the patterned metal layer in comparison with a method equivalent the method of claim 1, but
employing an aqueous alkyl ammonium hydroxide based solution absent therein the surfactant

capable of forming the monolayer adsorbed upon the sidewall of the patterned metal layer.

3. The method of claim 1 wherein the microelectronics fabrication is selected from the group of

microelectronics fabrications consisting of integrated circuit microelectronics fabrications, solar



di splay m croel ectronics fabrications. 4. The nethod of claim1l wherein
the bl anket nmetal layer is formed froma netal selected from the group of
metal s consisting of alum num and al uni num al | oy III u d of claim:
¥ wherein aqueous al kyl amoni um hydr oxi de based IIIJI“lmlu) IT Ilﬂ) from
an al kyl ammoni um hydroxi de nmaterial selected frorhthe Yyrdup of *al kyI

ammoni um hydroxide materials consisting of tet r’amet hyI anmoni um hydr oxi de
( TMAH) mater_ials, tetraethyl anmoni um KydT Qxi de ( mat eri al s,

t et r apr opsll mig Fﬁﬂﬁﬂfeﬂlf’h%ﬁl@ p@ecWAspbsm@mraﬁlsctrqn@sf Heatipns andat panel -

‘hydr oxi dﬁ é b%? teri ak‘q% .and choline materials. 6. The nethod of claim
1. wher ei AisPIREmiSTpelegtsomies fabdcations. o i o surfactant and the ionic surfactant is
not anphoteric. 7. The nethod of claim6 wherein the ionic surfactant is
selected fromthe group of ionic surfactants consisting of: al kyl
car boxy! i4C Tig infdiiodr df %ﬁhﬁ"l“mﬁxerem the blanke@me’& Hyé? YskoRmed ﬂ'orﬁla nietal sélicRdd¥dm

cycl ohexane surfactants; and - hydroxy - 4, - di al kyl phenol

sur f act amfiesgroupief metals consisting of aluminum aﬁd’lﬂuminkmlallwsoups WI thin each of the

foregoi ng surfactants range fromabout -Clerr]H err] to about
-CJerr]Herr]. 8. A mcroelectronics fabrication having fornmed therein .a
patterned netal |ayer forned in accord wth the nethod of claim]l.

- 22 - 95 /.Thmq#msl of slaim & wbesein aaummmmtahyqrayé?bm solytionyis formedyr at ed

cireuit %o(r:nr gn l?y(i tarrrx%%lnffl?n hydn%?:{ e mal erua.f| sefeted fom the group of alkyl ammonium

hydroxide materials consisting of tetramethyl ammonium hydroxide (TMAH) materials, tetraethyl
ammonium hydroxide (TEAH) materials, tetrapropyl ammonium hydroxide (TPAH) materials,

tetrabutyl ammonium hydroxide (TBAH) materials and choline materials.

6. The method of claim 1 wherein the surfactant is an ionic surfactant and the ionic surfactant is

not amphoteric.

7. The method of claim 6 wherein the ionic surfactant is selected from the group of ionic
surfactants consisting of
alkyl carboxylic acid surfad;nts;
1, 2 - dihydroxy - 4, 5 - dialkyl cyclohexane surfactants; and
2 - hydroxy - 4, 5 - dialkylphenol surfactants, wherein: .
the alkyl groups within each of the foregoing surfactants range from about -C,¢H,,
to about -Cp,H,s. ' |

8. A microelectronics fabrication having formed therein a patterned metal layer formed in accord

with the method of claim 1.



;Srovi di ng a sem’'conductor substrate; f ' he sem conduct or
substrate a bl anket netal |ayer; formn er the bl anket netal
o

| ayer a patterned photoresist |ayer; ﬂl‘ﬂ)’ﬂﬂ"ﬁsﬂmngyg: gs a

pl asma etch nmethod whil e enpl oying the pattern
phot oresi st etch mask |l ayer the blanket netal ilayer-to form a*patterned
metal |ayer, the patterned netal |ayer so forned having a netal

i npregnat ed car bonaceoys pol yner resj dUezs?l ayer, fornmed upon a _sidewall of
the patt & Aoaethed for forqung a patferned metal jayer yithinjar intsgrated sirpuit microplestropical | ayer
t he patt?ﬁryn?% Ehotor.esi,st | ayer through use of an oxygen containing plasma
whi | e si HAIPE3AT 885'?9‘“'&i di zing the netal inpregnated carbonaceous pol yner

resi due | ayer o Wel Wl tal inpregnated polyner residue |ayer
oG R A oAttt

f ormed upon SI terned netal |ayer; and

strippi ng froffriniig cverhivsdmicstiduétbesubtdies BaskerRieal lajetyer the oxidi zed netal
| npregnated pol ynmer residue | ayer while enpl oyi ng an aqueous al kyl

anmmoni um hydr farnihg dvesthel blanktet metahlayériagattertied phictorasist fdyew nmoni um hydr oxi de
based sol ution having incorporated therein a surfactant capable of form ng
a nmonol ayer aetshing thgoughmse oraplasmiacsieh methéd white employingtheipatterned phatozesist  10.
The nmethod of claim9 wherein the oxidized netal i|npregnated pol yner

resi due faygfeas a;photogesyst gigh @aflimﬂﬁhh@‘#e“@ﬂd%tq fogm a paiterped metellaypritbe al
conpar s B IPHBRE B P Vg oo bRt oo P eniedpfg an'
aqueous alKd ugéﬂt;'il)ﬁaéwqu{e%{tgﬁﬁ@ﬂéﬁﬂa J ution absent therein the

apa e

surfactant ¢ e of form'ng t nmonol ayer adsorbed upon the sidewall of
- the pat t er nedstripping fromythe patterntd mefdld Riyérahd peltetried phétoresiat lafee titogh ke ophanket

nmetal layer is forned froma netal selected from _

- 23 - oxygen containing plasma while simultaneously oxidizing the metal impregnated carbonaceous
polymer residue layer to form an oxidized metal impregnated polymer residue layer formed upon
the Sidewall of the patterned metal layer; and _

stripping from the sidewall of the patterned metal layer the oxidized metal impregnated
polymer residue layer while employing an aqueous alkyl ammonium hydroxide b#sed solution, the
aqueous alkyl ammonium hydroxide based solution having incorporated therein a surfactant
capable of forming a monolayer adsorbed upon the sidewall of the pa_ttemeci metal layer.
10. The method of claim 9 where_in the oxidized metal impregnated polymer residue layer is
stripped from upon the sidewall of the patterned metal layer with attenuated corrosion or erosion
of the patterned metal layer in comparison a method equivalent to the method of claim 1, but

employing an aqueous alkyl ammonium hydroxide based solution absent therein the surfactant

capable of forming the monolayer adsorbed upon the sidewall of the patterned metal layer.

11. The method of claim 9 wherein the blanket metal layer is formed from a metal selected from



fthe group of metals consisting of alum num and al um num al | oys 12. The
met hod of claim9 wherein aqueous al kyl ammoni um hydr oxi de based sol ution
is formed froman al kyl anmoni um hydroxi de mat eﬂlml |MI“'1HHMH mthe
dgroup of al kyl anmmoni um hydroxi de materials conk tet hyl
amoni um hydroxi de (TMAH) materials, tetraethyl: Ambni um"hyaroxi de (TEAH)
materials, tetrapropyl ammoni um hydroxi de,{ TPAH) materials, tetrabutyl
apmoni u ' . | ' terials. 13. The met hod
of cl ai ﬂ@%@%ﬂﬁa@%%}l@ﬁdr@%%l oﬁ+dég§°rfact ant and the ionic
'surfactant is not anphoteric. 14. The method of claim 13 wherein the
lonic surfactant is selected fromthe group of ionic surfactants

consi st i ng. The method of claitd X whereinralpgooyus alkylaminibnivu Kydedxidettased solution is fdrmed -

di hydroxy - 4, 5 - dial kyl cycl ohexane surfactants; and .2 - hydroxy
- 4,5 - gioal dnyalkh emaioniumy Hydrowide materiahselegied from the group of alkyl ammonimmal ky |
groups wi thin each of the foregoing surfactants range from about

- er r ] Hiydrpyide mategigls Gonsisting of teimpragthyl ammonigm hydroxide dTMATDamaseriab, retraethyl
s o | AmRBar i AR iR Btel-RArpRw amimoniom hydronide (FPARS matari, ' "

- tetrabutyl ammonium hydroxide (TBAH) materials and choline materials.

13. The method of claim 9 wherein the surfactant is an ionic surfactant and the ionic surfactant is

not amphoteric.

14. The method of claim 13 wherein the ionic surfactant is selected from the group of ionic
surfactants consisting of:
3 alkyl carboxylic acid surfactants;
1, 2 - dihydroxy - 4, 5 - dialkyl cyclohexane surfactants; and
2 - hydroxy - 4, 5 - dialkylphenol surfactants, wherein:

-~
=

the alkyl groups within each of the foregoing surfactants range from about -C,H,
to about -C,,H,,. "

15. An integrated circuit microelectronics fabrication having formed therein a patterned metal

layer formed in accord with the method of claim 9.



