REMOVAL OF HI GH DOSE | ON- | MPLANTED PHOTORESI ST USI NG SELFASSEMBLED
MONOLAYERS | N SOLVENT SYSTEMS FEELD OF THE | NVENTI ON [ 0001] The present

i nventi onwpeb@iras2bo sel f-assenbl ed nonol ayer ( SAM - conpairnist@ecoe3apesi t i ons
useful for the renoval of bul k and hardened photoresist fromthe surface of
m croel ectroni c devices, and nethods of using said conpositions for renoval
of same. DESCRI PTI ON OF THE RELATED ART 0002 As sem conduct or devi ces
have become RBMOVAL @FHEGHPQHHIOGN-HYBELAN; EBG’ S@THﬁP@ﬁﬁSW has been

ext ensi vel y enpl oyed* @WWMQHPWWINISWF( STEMYcessing to
accurately control inmpurity distributions in the mcroel ectronic device and
to add do , Band P, to the exposed device |ayers. The
concentraﬁﬁgi})ﬁgF Eyan e dopant inpurity is controlled by varying the

et T0fIpPatue bREAGGELE! A e NG s B0 itk WAGELER e PT | OF 1 0

subsequent pr cess on-i npl ant oresis nmust be renoved.

Vari ous pr%&?é&@oﬁs havg f&etﬁé‘ rdRPf o Bulk NGd @lﬁﬁéneﬁ %ﬁot&r@s‘i’st HORCYA kyrBEe S d

har dened oresi st 1ncluding, but not [Imted to, wet chem cal etching
processes, mBroBlestrohid ddvid¥s, ¥EmSIRIaYsd 19iNg Qfa SHb&tehE Br AMbE1 enehndly dr ogen

per oxi de, and dry plasna etching processes, e.g., in an oxygen plasna

ashi ng process. [0003] Unfortunately, when high doses of ions (e.g., doses
great er theps@EpeutoN oF Tk RBLATEDRRIM 2), at | ow (5 keV), nediun1(10 keV)
and high (20 keV) inplant energy, are inplanted in the desired | ayer, they
are al so ipizant eds tdmicmdlvountdetidee hpteobeosmes note nwyreted aphrnigdwized, lign t he
exposed surface of the photoresist, which becones physically and chem cally
rigid. Themplagidoni e beampixtentiedy phideved duiing: franggngrof-ling SEOLe foenceseide f© as t he
carboni zed region or "crust," has proven difficult to rennve a%€P04]
Preesent | y, 2cpyigely EvRFOLIMmPETY SFEbYERIT e Pugieclsqtr Phcslenirear & add 4

cont fam nang.%sueﬂ%,‘ss, u?,rildgl, 15({ @Eggggeﬁrgg\gceblgyers pl‘haescrgr?éegt}atmn m?i c@ptﬂ oI” the dgl\alav?lg by a

mul ti-step

impurity is controlled by varying the dose of the dopant, the acceleration energy, and the ion
current. Prior to subsequent processing, the ion-implanted photoresist layer must be removed.
Various processes have been used in the past for the removal of said hardened photoresist
including, but not limited to, wet chemical etching processes, e.g., in a mixed solution of
sulphuric acid and hydrogen peroxide, and dry plasma etching processes, e.g., in an oxygen
plasma ashing process.

[0003] Unfortunately, when high doses of ions (e.g., doses greater than about 1 x 10%
atoms cm?), at low (5 keV), medium (10 keV) and high (20 keV) implant energy, are
implanted in the desired layer, they are also implanted throughout the photoresist layer,
particularly the exposed surface of the photoresist, which becomes physically and chemically
rigid. The rigid ion-implanted photoresist layer, also referred to as the carbonized region or
“crust,” has proven difficult to remove.

[0004] Presently, the removal of the ion-implanted photoresist and other contaminants is
usually performed by a plasma etch method followed by a multi-step wet strip process,
typically using aqueous-based etchant formulations fo remove photoresist, post-etch residue

and other contaminants. Wet strip treatments in the art generally involve the use of strong



typical ly using aqueous-based etchant fornulations to renove photoresist,
post-etch residue and other contam nants. Wet strip treatnents in the art
gener al | ywonvednms22bhe use of strongacids, bases, sol ventesr/mpehcoxidde zi ng
agents. Di sadvant ageously, however, wet strip treatnments also etch the
underlying silicon-containing layers, such as the substrate and gate oxide,
and/ or increase the gate oxide thickness. [0005] As the feature sizes
continue t¥idedereesaiacnts and axidpinggertie Dipdireentsio ACTE e BVl TPEHERY enent s
becones si n| fi cantl nor e, chal | engi ng usi ng the aqueous-based g/tchant
formul atio %0 e %]' yingsiligpn- °°n\?ﬁt“gllay?férssu%\l *191 i URAE RS e i Rhi ch
limts or reve tstacc(?%g1 to the smaller inmage nodes with high aspect
ratios, FRePBENT B BHEG g the residues in the crevices or grooves

becones m’@ 5?' ff}xs?gxl o lea gglgﬁ% nﬁ’é"' é&&%ﬁ%ﬁ; ﬁ%ﬁgi e E%&H%%néd%rﬂwaﬁt I ons

often | eav evi ou ut es e trenches or vias

upon eVapOfe@Lﬂel\ﬁ&tﬁ rb)!doﬁﬂs s\{gﬁitfc&t'{ynxlilbr@ éhal‘fe%ig%'%lng nmangddGdiicd deidee yiel d.
Furt hernore, underlying porous dielectric materials do not have

suf fi ci ent RGN Gale ina bf 800Wherti@s YhiftsutRRdenkiBR whRR linltddrprevéiLgesdf hi gh
surface tension liquids such as water, resulting in pattern collapse of the
St ruct ur esto tiCRI $meE GbdR twith Qlehbdped: kA0S aiRtherafb®Orembving e tesidiles &rthé nmpor t ant
material properties of the lowk materials, including dielectric constant,
mechani cal crsticee piggrbgvesiacemesrmorel giffakle , Incddififn, eqnents-tafed telvbanirfokmdatipansi on, and
adhesion to different substrates. [0006] Therefore, it would be a

si gni fi canefteadyeameeiquply diseolvar solytes bpliedlin dhe trapehpsrRs visy Byn evmpraise dves. t hat
overcones the deficiencies of the prior_art relating to the repoval of bul k
and har den®hHPY r°8%4u§’i‘°“f PEFEHEE AEr S8 o RrthepeRs: d’é@eﬂy’?ﬁ é’O’iOHSp}"E‘Y\'}"e
conposition shall L?ect vel

d_hard h t t
one-step of Rt trPat%rfa s és/?ﬂ%\]ﬁ“irﬁ%g?mﬁlhs Q’?‘%lbtg’ “flg‘q“% E %gl ggtlfe%?'n Is'? eg and
i t hout
Mayer (s) - Sohmm et R TR & o e Ha e S ERPESINTD s 6
sel f - assenih ed,sARAGL A¥RHatoRAM, a@,@&;oagmm{egmﬁ;@m@ﬁb&hg Bfop&é&fophle forx the
renmoval of bul k and hardened photoresist fromthe surface of

materials, including dielectric constant, mechanical strength, moisture uptake, coefficient of
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thermal expansion, and adhesion to different substrates.

[0006] Therefore, it would be a significant advance in the art to provide an improved
composition that overcomes the deficiencies of the prior art relating to the removal of bulk and
hardened photoresist from microelectronic devices. The improved composition shall
effectively remove bulk and hardened photoresist in a one-step or multi-step process, without
the need for a plasma etch step and without substantially over-etching the underlying silicon-

containing layer(s).

SUMMARY OF THE INVENTION

[0007] The present invention relates to self-assembled monolayer (SAM)-containing
compositions useful for the removal of bulk and hardened photoresist from the surface of
microelectronic devices, methods of making and methods of using said compositions for

removal of same, and improved microelectronic devices made using the same.



m croel ectroni c devices, nethods of making and nethods of using said
conpositions for renoval of sanme, and inproved m croel ectroni c devices made
usi ng t heweanwm/19288] I n one aspect, the invention rel ares/useod/osabe
assenbl ed nonol ayer (SAM - containing conposition, conprising at |east one
sol vent, at |east one catalyst, at |east one SAM conponent, and optionally
at | east one surfactant, wherein said SAM cont ai ni nlg corrp05| tion is

sui tabl e fl8908t enoipi amg aseck thénvertionrleles rhet sif exstenbledramanelenyr BA¥h a

m croel ectronj ¢ device having said photoresist material thereon. [0009] In
anot her asjBERNe CHRPOPHeRs é‘?ﬁP“Flﬁ%td‘EaFtcPﬁe PbyeRl Bdeaptonacadlyst et e PRyl in one

t SAM t wh t
SAM cont ai AP ot troz@ﬁm‘c‘%%sh%‘»e”s SR P BT RPN B L one

car fast ant ek dl%rm}aemr 2, SRS IRORE b B AR BBy Snliocl SRR RO
conposi ti %vﬁ%‘éaﬂ@ﬂ%t%reﬁlg’c A0y Rg bul k and hardened phot oresi st materl al
froma mcroefectronic énew ce having said photoresist nmaterial thereon.

[0010] In @odoyrt hEran@8P 8bot, thdSteRAEFRMonirOMEND b ®N cb:BrRin€Sn bR & nted hod  of
renmovi ng bul k and har dened phot oresist material froma mcroelectronic

devi ce havion@in&gs SAN>B@iti®Sdofipoditinatdgadts, et Ay, S A cEntiRig osh@einw | Si ng
contacting the mcroelectronic device with a SAM contai ni ng conposition for
suf f i ci entcotpriees an tkasi nole rsolsert,f atcleash bnec catelyat tat hgstcarn AN cespomentatnd east
partially renove said photoresist material fromthe mcroel ectronic device,
wher ei n t hetigaNy efolmsabrm srdactoinaed ivhiren therkdt] ip adapted to founotSAdheoniaitingent | at

| east one cataly at | east one SAM conponent, and optionally at |east one
sur f act ant°°“1P€Ft‘f¥E’T] syitable, 9F o (O and dedgned H@“ﬁ?sﬁgelﬁ%teriah idn rel ates
to a nethod. of rermw ng bul k g?thardened hot oresi st material froma

m cr oel ect%’f‘ﬁ‘”‘l@c“&%’\‘i 1= ﬁ%{‘(}‘?gﬁ@‘ é’ ?fesbﬁtlﬁlf‘%?aé St material thereon, said
t hod
met no Cogﬂ% fl ngln%qJ heg gsp%:g the spu?s?l e SV 1t01(i:" %Ealie(s) oltzg:mgrﬁv(fl St Fenllly nélb?lk g]fld[ y

SAMcont ai ni'ng” composi t I'clen eas
passivate @ 8hdd ;ﬁx%reﬁ&%a@én@l‘ e E%&Belééﬂgﬁé bl P Qa&ﬁ?sa&%l){%{e?@t' BhegRE €ri al,

and cont act| ng the mcroel ectronic device with an etchant-cont ai ni ng
removal cofRes fidhiad cahprise@SbntRahd hednlcYoele8FRN R G iR asdishe Mat eri al

composition for sufficient time and under sufficient contacting conditions to at least partially
remove said photoresist material from the microelectronic device, wherein the SAM-containing
composition includes at least one solvent, at least one catalyst, at least one SAM component,
and optionally at least one surfactant.

[0011]  In a still further aspect, the present invention relates to a method of removing bulk
and hardened photoresist material from a microelectronic device having said photoresist
material thereon, said method comprising contacting the microelectronic device with a SAM-
containing composition for sufficient time to at least partially passivate a silicon-containing
layer underlying the photoresist material, and contacting the microelectronic device with an
etchant—containiné removal composition to at least partially remove said photoresist material
from the microelectronic device, wherein the SAM-containing composition comprises a non-
halide containing SAM component.

[0012] In another aspect, the present invention relates to a method of removing bulk and

hardened photoresist material from a microelectronic device having said photoresist material



fromthe mcroel ectronic device, wherein the SAM contai ni ng conposition
conpri ses a nonhal i de containing SAM conponent. [0012] In another aspect,

t he presewd 200wvaptzon relates to a nethod of renoving bech/isneshassdened
photoresi st material froma mcroel ectronic device having said photoresist
mat eri al t hereon, said nethod conprising contacting the m croel ectronic
device with a SAM contai ni ng conposition for sufficient tine to at |east
partial | y thesspsaseidgesthed serenrising sonipctinggheapicigpleqtiopigndevins with@rSddf-exiainyg ¢ devi ce,
wherein the SAM caont ai hi ng. conposition_is devoid of an etchant conponent.
[0013] In cy@taosawatf%éklfﬁa@ﬁg@te,to fhigashpagaliy femong sad photpresist weterel frgm dhenpt hod of

manuf act uri.ng .a m.croel ectroni i ce,. said nmethod conprising.,contacting
e or odTBRFIFEE Gor CLeRR e SRR TR AR AR0G £ Bnaroh
sufficient ti&rlt% to at least partially renmove bul k and hardened phot oresi st

. coin L. . - . . . . . .
material fromthe mcro€l ectronic device havi ng said photoresist material

t her eon, ‘é@ﬁ??i n Hhe: a§él¥ér%%E?&Q{a@&nﬁm%%iréﬁt%ola%th&’Sﬁm&EfaLtﬁf’i’&ta one

sol vent east one cata t | east one SAM conponent, and optionally
at | east QREroSiiLbAE aRe; safiNFtRRbBRBInE YortRERY ROt deRBrohRt] Hvied Riangd

m croel ectronic device 1nto a product. [0014] O her aspects, features and
enbodi mentsaNekordtditing dovBedition TorWidfikied @imB Ry @ 1dattlpbyialBapase phlkfandnardeh@ ensui ng
di scl osure and appended cl ai mrs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015]

Fi gur es 1/AshdtOresistenaddriohiran fhe mé@odkctomgdesiot Bavirfg shidehotbresio elaeddlrtimndos, devi ce
surfaces at contacting tinmes = 1 mn, 30 mn, 1 hour and 15 hours,

respect i vevhpreirfth¢ BaMioapfainion camrosindn inchglagat deasitoad salvent. dderpioné ¢ataist, eincl udi ng 1
nmmol C3SiMe and 2 mmol Et3N in 10 nL of toluene, with the device surface
at a cont deasi g Sedhirararsh andgptiomelicet g erg Furiaptairaad optiopglydicppprating ne

cl eani ng ef.figi enc oj)aﬁa SAM cont ai ni.ng conposition of the present

i nventi on S&¢ clgage H%‘ir‘?e TPHC CERHBP AP or four different m croel ectronic
devi ce | ay, i nchudin ul k bl anket ed ph resi st |layer (Bulk PR), a
bl anket eq DL o st Bl it I BARABerR R BE Fveloni R ¥ iE

phot or esi sf,0):8Y fbm (tRRhd. 6% A8 BRm@cReP@like" ned i on-inpl ant ed

BRIEF DESCRIPTION OF THE DRAWINGS

{0015} Figures 1A-1D are atomic force micrographs of the microelectronic device surfaces at
contacting times = 1 min, 30 min, 1 hour and 15 hours, respectively, following contact of a
SAM-containing composition including 1 mmol Cl;SiMe and 2 mmol Et;N in 10 mL of
toluene, with the device surface at a contacting temperature of 70°C.

[0016] Figure 2 illustrates the cleaning efficiency of a SAM-containing composition of the
present invention as a function of temperature for four different microelectronic device layers
including a bulk blanketed photoresist layer (Bulk PR), a blanketed ion-implanted photoresist
layer (Crust), a bulk patterned photoresist layer (Patterned PR) and a patterned ion-implanted
photoresist layer (Patterned Crust).

[0017] Figures 3A-3C are atomic force micrographs of the microelectronic device surfaces
following contact of a SAM-containing composition including CISiMe; (Figure 3A), CL.SiMe,
(Figure 3B), and Cl;SiMe (Figure 3C), in 2 mmol Et;N in 10 mL of toluene, with the device

surface at a contacting temperature of 70 °C for 30 min.



photoresi st |layer (Patterned Crust). [0017] Figures 3A-3C are atomc force
m crographs of the mcroel ectronic device surfaces follow ng contact of a
SAM cont avoi20g5/mas81posi tion including O Si Me3 (Figure 3ApcT@S26icMER3¢ Fi gur e
3B), and A 3SiMe (Figure 3C), in 2 mmol Et3N in 10 nL of toluene, with the
device surface at a contacting tenperature of 70 OC for 30 mn.[0018]
Figures 4A-4C are optical mcroscope images (Figure 4A) and scanni ng

el ectron ni0@ISbJegyps AA-BERYe Puedl ericroTPRpUImagesABigyE) 449 ardessarming ghstreter ned, i on
i npl ant ed photoresist on a mcroel ectronic device surface. Oggom] Fi gures
5A-5C ar e B5tosCrr (R igags fasysidles) of depssly raitereddpeipiagisr BhRassist @ sur f aces
foll ow ng contact of .a.SAM contai ning conposition including O Si Me3 (Figure
5A), d 2Si Wf°?‘ﬁ?“é’a?ge‘%°§)s?ff9§ﬁd Cl 3SiMe (Figure 5C), at 700C for 30 min.

[0020] Fig 1] ust es t removal effi.ci ency .of a SAM.cont ai ni ng
conposi 11 ofoB] Hisess Rk Sph bR e ) e B R H SR Bnal 1 Ly for
the four dj 1 l.ce i j bl anket ed
phot or esi gftOﬁ{Vg{i/g:ér&?EgﬁEg%%B%&b g?ll e%lllte1 Pgﬁ%fgﬁ% Fg\}rilktg glﬂg%ﬂ%%)g?gés{%? | ayer
(Crust), arhueppahd €rdivd mhet aneshet rdrayain (Patterned PR) and a patterned
i oni mpl ant ed photoresist layer (Patterned Crust). [0021] Figures 7A-7C are
opti cal m PO FARE: 6 MAFERSEesQhe fchBval efficiety oFWrS2a ortdmhifly coffpbsitidnhé® tBaur f ace

foll owi ng cl eani ng and passi vation using a SAM cont ai ni ng conposition of

t he i nvent presant(iffregtion7d8)a fuacticin tof 8ANUfuhaiosrlityofol dwi g difpes siisredldcomiaccor di ng
to the invention (Fig. 7C). [0022] Figures 8A-8E are scanning el ectron

m cr ogr aphdevief laydnseinglwhng atullshlanketederhptiegjst 1:8%) (Bulk BR), g lafiested idngmplantechg

cl eani ng and passivation using a SAM cont ai ni ng conposition of the

i nvent i on RPpfogssistgaer (G bl %@ﬂ%ddahwaw%ayae(ﬁ%f@gieggm P 2 gttegredPrangl e vi ew
(Fig. 80 and a 60 angle view (Fig. 8D), and a purposely over-etched
surface foﬂ‘ﬂpgﬂﬁe‘i@m&?éeﬁg%l%ﬁg’ﬁ? d(’%isa-. 8E). DETAI LED DESCRI PTI ON QF THE

I NVENTI ON. [OMP FI?gFSIEeE%IZBEPar%M%% nwlli:'clr\gg(%pg-ﬁn%a%%sagf the control surface (Fig. 7A), the

surface following cleaning and passivation using a SAM-containing composition of the

invention (Fig. 7B), and the surface following depassivation according to the invention (Fig.
70).

[0022] Figures 8A-8E are scanning electron micrographs of the control surface (Fig. 8A), the
surface following cleaning and passivation using a SAM-containing composition of the
invention (Fig. 8B), the surface following depassivation at a 90° angle view (Fig. 8C) and a 60°
angle view (Fig. 8D), and a purposely over-etched surface following depassivation (Fig. 8E).

DETAILED DESCRIPTION OF THE INVENTION. AND PREFERRED
EMBODIMENTS THEREOF

[0023] The present invention is based on the discovery of self-assembled monolayer (SAM)-
containing compositions that are highly efficacious for the removal of bulk and hardened
photoresist from the surface of microelectronic devices, while maintaining the integrity of the
underlying silicon-containing layer(s).

[0024] “Bulk photoresist,” as used herein, corresponds to the non-carbonized photoresist on
the microelectronic device surface, specifically adjacent and below the hardened photoresist

crust,



[ 0023] The present invention is based on the discovery of self-assenbled
nonol ayer (SAM - containing conpositions that are highly efficacious for

t he remowab 206¢/laBd2k and har dened phot oresi st fromthe swecraseosni13430

m croel ectroni c devices, while maintaining the integrity of the underlying
silicon-containing layer(s). [0024] "Bul k photoresist,"” as used herein,
corresponds to the non-carboni zed photoresi st on the mcroel ectroni c device
surface, s fHedered phaigrestsEas uaadchersit iaeindeh duthia noldivtd fh ohoeresst et
crust.[0025] "Hardened photoresist” as used herein includes, but is not
limited tobds Beratrlras pigheds it durag baskerd-pftling AREQIY Chdylamesceyie progersipg gt

back-end-of -1ine (BEQL) .dual - damascen rogessi integrated circuits,
Con | ol anPEEERES G ATHAE Gt COTA TSR AR ERERDY BR6EL8S HEED. | npl an
dopant speglgs L0.Lhe APRLoDLEAtE JaYehs of. Lhie.sem.eonduet or, vgker, and/or
any ot her n@?hoaofogy erte y a Chr boni zed or |g%Iy erosst IFThKed crust

forms on tf hc%fslgggﬁmre%}) LI A66miRk of ﬁ&%@g&é&&&%&%@ﬁhﬁé on hO 06k Sifabs €

herei n, "under ng sificon-contal |'ayer corresponds to ayer (s)

i mredi at el ¢ yRehRWhdthiesidul K and/ or the hardened photoresist including:
silicon; silicon oxide, including gate oxides (e.g., thermally or

chem cal | yjogrepwy SedRpreia eunfiEBig SiidohGataitthd’l ke ;coRBPorldOWs Khe layer(s)
silicon-containing materials. As defined herein, "lowk silicon-containing
mat eri al " iooretietsiyalds theobudinandroa tierhagkned pdoresist éncliiap: estitchn; Gilinat @ddeal in a

| ayered m croel ectronic device, wherein the material has a dielectric

const ant | iegudingeaty oxidesi¢e.g- FhGmalpr @fckenadslly growh 8i0k)ond KEQS;eilieot mifride; et eri al s
include lowpolarity materials such as silicon-containing organic polyners,
si | i con- oAV RiAB AT &pidpineg daew. nayEr siligogconuyempatiiacat e gl ass
(0SG, TEGCS, fluorinated sjli ate.glass QFSG , Silicon q%oxhde,_and

car bon- dop®FeBRGL Perjerg) ysedas g diclpalriq yategial g?pfp‘?%eadaﬁ“érﬂe fheqric ARvee) owe k
dielectric_pmateri al have varyin ensities ryi.n orosities.
o027+ weieger Tl s D HESHAL YoPGu JERThA S8 CAF SRIRRE ROLES L1050

flat panel di%éc?r%'rrﬂa){e?ials A MoGL gﬁ} @%a&é?ﬂﬁ%&ﬂ% Gon SYRERRB or kM Rlymers,

i
manuf act ur e use In mcr ectronic,
silicon-containing hybrid organic/inorganic materials, organosilicate glass (OSG), TEOS,

fluorinated silicate glass (FSG), silicon dioxide, and carbon-doped oxide (CDO) glass. It is to
be appreciated that the low-k dielectric materials may have varying densities and varying
porosities.

[0027] “Microelectronic device” corresponds to semiconductor substrates, flat panel displays,
and microelectromechanical systems (MEMS), manufactured for use in microelectronic,
integrated circuit, or computer chip applications. It is to be understood that the term
“microelectronic device” is not meant to be limiting in any way and includes any substrate that
will eventually become a microelectronic device or microelectronic assembly.

[0028] As defined herein, “substantially over-etching” corresponds to greater than about 10%
removal, more preferably greater than about 5% removal, and most preferably greater than
about 2% removal, of the adjacent underlying silicon-containing layer(s) following contact,
according to the process of the present invention, of the SAM-containing compositions of the

invention with the microelectronic device having said underlying layer(s). In other words, most



integrated circuit, or conputer chip applications. It is to be understood
that the term"mcroelectronic device" is not neant to be limting in any
way and iwolueemsany substrate that will eventual ly beceos2006/013430
m croel ectronic device or mcroel ectronic assenbly. [0028] As defined
herein, "substantially over-etching" corresponds to greater than about 10%
renoval , nore preferably greater than about 5% renoval, and nost preferably
great er t neaferaliinoe mpsxothan Roa/efithe usflertying sdigpracsataining iayer(d) yierpiphed using the
silicon-containing |ayer(s) follow ng contact, according to the process of
the preserfempentiont 9fdhe presnt topratiaplr Bopresstibrddigict onposi ti ons of the invention
with the mcroel ectronic device having said under%yin | ayer(s). In other
s

wor ds, nodPPPEFsmsadibgreo Shest ds Riatrd BB FsPeTdo A dedf] dg#S con- cont ai ni ng

| ayer (s) are etched using the gaonpositions of the present invention for the
prescribeao?whéﬁf“Tﬁﬁﬁﬁ]%ﬂ§m§§ég“H%ngﬁgmiﬁﬂiﬁWgn?ngﬂFﬁﬁ8@@“5 °Cbr r espond
to 5 %of the stated value. [.Q0 As used _herein, "suitahility" for

Ferovi ng_ HUPEOSRTORS e Rt s dr & mHEFL PSP T Pl Bliskinitel o

devi ce havljerg(gvafc?flg%dggo?%%%ﬁﬁlgéﬁal ﬁ&’h‘ﬁ{einﬁémél&‘?rf)ﬁ?&‘evicg.oﬁfg&fahﬁgfh‘??erlstt 9ot |east

partial renova otoresi st materi a romt roelectronic

devi ce. PreherabbisisdardiBias emetd ¥ohi thd ARrRRGIRAIERYiSS usHB R b@bostt®nd €MOVed
fromthe mcroel ectronic device using the conpositions of the invention,

nore pref effafd shwverdibn, | 8RS treBadlly, aNRast DS, REdEMEdt PRdfdtatd of BASHIRWOtRS t he
photoresi st material, is renoved. [0031] "Dense fluid," as used herein,
COor r espondshotoesiat nsittpiels Sidntovelal fluid or a subcritical fluid. The term
"supercritical fluid" is used herein to denote a material which is under
condi t i onsl0&H] 1{Densk Gwes” a¢ Prathhezein cpndspoafls to @ sprsreztiopt Buid Tica subgnitical dbid] ess t han
a critical pressure, P i in a pressuretenperature diagramof an intended
conmpound. THgderpy"epeicriicgl Suddy esed hereinfo depeie o meieptloYhish 1§ Fndetrenditions eht
invention is CO2, which may be used al one or in. an adm xture w th anot her
addi tive sWElWEshaRa o tenpratuiy . andspless diap 4 crigss} pressige. Eg i PIEBEE- N2O and
the like. tanee g G H}a" Sul%(fr i itn{eg !icf | L(I)i d; ﬂ1%scel;?irr%g§u %‘rcsitg)clalvﬁu% | 30 tehe
subcriti caP Ry Siagraig of aninjendcd cpmpounq. ¢ e RrefrEl SWPLF LT Ih HPRIY B8 ow t he
critical qucg}?r?sléﬁtgn\éﬁt%g%h@(sze\ghim MS} bterﬁ?eltd.af%ﬁé J‘ali&%&l A3l YR ol REgLAP Y, the
subcritica urd is a high pressure liquid of varying density.

such as Ar, NH;, N,, CH,, C;H,, CHF;, C,Hs, n1-C;H;, H,O, N,O and the like. The term

“subcritical fluid” describes a solvent in the subcritical state, i.e., below the critical temperature

and/or below the critical pressure associated with that particular solvent. Preferably, the

subcritical fluid is a high pressure liquid of varying density.

[0032] Importantly, the SAM-containing compositioﬁs of the present invention must possess

good metal-containing material compatibility, e.g., a low etch rate on the metal-containing

material. Metal-containing materials of interest include, but are not limited to, copper,

tungsten, cobalt, aluminum, tantalum, titanium and ruthenium and silicides and nitrides thereof.

[0033] Self assembled monolayers (SAMs) are known to passivate various surfaces, including,

but not limited to, metals (e.g., copper, gold, etc), and oxides of titanium, hafnium, silicon, and

aluminum. SAMs include silanes having at least one leaving group, e.g., a halide, said silane

readily forming a covalent bond at an oxygen group on a silicon-containing surface (i.e., via a

silylation reaction). The silanes themselves may further include covalently bonded inert

molecules, such as polyethylene glycol (PEG), whereby following attachment with the silicon-



[0032] Inportantly, the SAM contai ni ng conpositions of the present

i nvention nust possess good netal -containing material conpatibility, e.g.,
a | ow et olhonadei18n22t he netal -contai ning nmaterial. Metal pconisasosiong3o
materials of interest include, but are not limted to, copper, tungsten,
cobalt, alumnum tantalum titanium and rutheni umand suicides and
nitrides thereof. [0033] Self assenbl ed nonol ayers (SAMs) are known to
passi vat e opripinipg suries; thedES silanycchy bipgkepthen mplepngs fopmbinding wigh saifespridcs. (e. g. ,
copper, gold,,etc%@gand oxides of titanium_ hafnium silicon, and al um num
SAMs i ncl JFS-silpreabiedds R Ropgaraecquesaléey #Rdhip fyinqprbyknugsd hydigphilicgandy) i de,
sai d silane. readi|l or m oval ent bond af an oxygen group on a

si | i con- coffk%f R Wﬁ¥géP¥§%898%h e stigfn-gontalgng sHr fq%%ﬂ? g%??%ﬁ%f“?ﬁ& si | anes
t hensel ves, further ingl coval ent bonded i nert . ecul es,. such as
ol et hy! e Py e s TRAErSRIR, BB (it N BPmch e T R o

siliconcoqkﬂ%ﬁgpg surface, the PEG silane can bl ock ot her nolecules from
bi nding with said surface. PEG silane SAMs are popul ar because they are

thin (i e.poapeoRpbdiths ANt HIEAN Ik G @Rk TKA0EiR VAl FEGRRI ecul e

with the silicon-containing surface results in a non-sticky, waterlike

| ayer. |n fe@flafi&s]as hatikyteehbRTQTIdtRMRE. may be used to form a hydrophobic
surface, if necessary. [0034] Conpositions of the invention nay be enbodi ed

in a w de [0685] &t lloducls pempdsitiond ovhardinatpedis componh@s eif nhd tcenpositioe afeul | y
described. [0035] In all such conpositions, wherein specific conponents of
t he conpogiisciserd iareferdicecio gwelit parcentefeerargee éncludingei zgtet loper lgehtitgidl eanges
including a zero lower limt, it will be understood that such conponents
may be pr e¥étioad thad sk AIMRoRenEAPaY b Sresbtiabiert ik Hiions spetificerdpdipgas o
conpositiog, and .t hat _in jnstances where such conponents arg resent, they
may be pr dSEREPIoBuTE dit PAISTABTTE WAL TUGW RE ORI FORES G Y SR B Based on

t he total ight of the copposition i i c h ¢ nents are. enpl oyed.
100367 1 ey M6y BRI Bhehehabld B b TG R IR Rl Y g

CP”DOSitiQﬂﬂ&ﬁﬁ%&hm#&m&?%ﬁ&hﬂ&mﬁg'k and hardened photoresist froma
m cr oel ectroni c devl ce. e T1'quid conposition according to one enbodi nent
conpri ses (9§36 &St L8t AR ONRA o 2 ARl SRARI-dNtaining composition useful in
removing bulk and hardened photoresist from a microelectronic device. The liquid
composition according to one embodiment comprises at least one SAM component, optionally
at least one solvent, optionally at least one catalyst, and optionally at least one surfactant. The
liguid composition according to another embodiment comprises at least one SAM component,
at least one catalyst, optionally at least one solvent, and optionally at least one surfactant. The
liquid composition according to yet another embodiment comprises at least one SAM
component, at least one solvent, at least one catalyst, and optionally at least one surfactant.
Importantly, depending on the nature of the solvent chosen, the solvent may act concurrently as
the catalyst.
[0037] In one embodiment, the invention relates to a liquid SAM-containing composition
useful in removing bulk and hardened photoresist from a microelectronic device, wherein the
catalyst concurrently acts as the solvent. The liquid composition according to this embodiment

comprises at least one catalyst, at least one SAM component, and optionally at least one

surfactant present in the following ranges, based on the total weight of the composition:



at |east QR8G9 YRt optionally at |east one catalyst ' ly at
| east one surtactant. The liquid conposition according tpglilg]r?g tﬁ)é)?ﬁ% y

enbodi ment conprises at |east one SAM conponent, at |east one catalyst
optionally at |east one solvent, and optionally at |east one surfact ani.
The liquid conposition according to yet another enbodi nent conprises at

| east one SAM conponentompdnedt®@St one sol vents bpiveipi@ast one catal yst, and
optional ly at |east oM FIHEACTaNt. TNPab&aBs.0% o Bependsag on the nature of
the solvent chosen, thgxgphvent may act aehounyasibot @I% he catal yst.
[0037] In one enbodi NERffclRes) T NVENTT oN T el|fRabduwwi@%i qui d SAM cont ai ni ng
conposi tion useful in-TEeMOVIiMg bul K and har dened photoresist froma

m croel ectroni ¢ device, wherein the catal yst.concurr.ent th
sol vent. Thi038! Jai & PelihEY; RFigHeda & H‘?eﬁtgy o He" er?%%gsdlk&r/r%?}gqh?o%%hrdi-sgs at

| east one catal yst, at |east e SAM co e | .

tsErfact ant f¥ ‘éaé‘é}%t PP f‘gﬂc}gvhn nrgem%%ngog@ %gdsel orrlléalto %2&{5%{1%%%&“& é{;ﬁ? SE)f one
e conposi tion; conponent 0 LGt t 18 emB&ed

99. 99% SAM &JHEH" o, ?‘Iée lg%ﬁ%&%%a%ﬁ’%‘?’g%?éﬁ %ersn) 0% t gég%%@f:a@lg?gf%

[_003_8] In a1 pLLd s%f\'/!nﬁl,ralc ﬁéa@B&fcg{afyﬁgathﬁg I tempob@t,iahy 6ftibhalin afledsadines to a

l'iquid SAMcontai ning conposition useful in removing bulk and hardened

phot or esi st sﬁrfa@tﬁﬂt?reé@nﬁhQﬁ|fﬁfbtvﬁr@%fgesdw¢édaﬁxheﬂnﬂ welghuifthecompwiivt:i on accor di ng

to this enbodi ment conprises at | east one solvent, at |east one catalyst,

at | east one _SAM conpongmbeneatlst Opti onal | y at%lbgasighone surfactant present

in the follow ng rangeSovBaged on the t oimaut MetghbbonfIotdR® conposition:

conponent of % by wei gfgans@f VENt (S) aboutbotb0.0% toabato 0% 99. 98% SAM s)

about 0.01%to about 1Q.QF&eatal yst(s) akbut0.01%b%béwl@i6ut 10. 0%

Surfactant(s) 0% to abQFutfacku®%0 0% to about 10.0%

[0039] In one aspect, the range of mole ratios of SAM(s) relative to catalysi(s) in the
liquid SAM-containing composition is about 1:10 to about 5:1, more preferably about 1:5 to
about 1:1; the range of mole ratios of SAM(s) relative to liquid solvent(s) is about 1:200 to
about 1:50, more preferably about 1:125 to about 1:75; and the the range of mole ratios of
SAMY(s) relative to surfactant(s) (when present) is about 1:10 to about 5:1.

[0040] In the broad practice of the invention, the liquid SAM-containing composition may
comprise, consist of, or consist essentially of at least one solvent, at least one catalyst, at least
one SAM component, and optionally at least one surfactant. In general, the specific
proportions and amounts of solvent(s), catalyst(s), SAM component(s), and optional
surfactant(s), in relation to each other, may be suitably varied to provide the desired removal
action of the liquid SAM-containing composition for the bulk and hardened photoresist and/or
processing equipment, as readily determinable within the skill of the art without undue effort.
[0041] Solvent species useful in the compositions of the invention may be non-polar or
polar in nature. Illustrative non-polar species include, but are not limited to, toluene, decane,
dodecane, octane, pentane, hexane, tetrahydrofuran (THF) and carbon dioxide (subcritical or

supercritical).  Illustrative polar species include methanol, ethanol, isopropanol, N-



[0039] I nygngosspast. the range of nole ratios of SAM spchRls3ddsEs4b6
catalyst(s) in the liquid SAM containing conposition is about 1:10 to about
5:1, nore preferably about 1:5 to about 1:1; the range of nole ratios of
SAM's) relative to liquid solvent(s) is about 1:200 to about 1:50, nore
preferably about 1:125 to about 1:75; and the the range of nole_ ratios of
SAM s) r el ahétiepy@lidinnac Namtyfpsirol{diviean pN@é‘@W%P)frr?@ma%utd‘T.et%S‘i?fB’“ bHout 5:1.
[ 0040] hi the broad practice of the invention, the |iquid %.A{l\/rL c%r.][tlai ni ng
conposi t i on(DMSO)cwifplriesehyl botatsi ey a5ptate JPIuE7SFIe: ‘éfé‘]éyégaﬁ b PYY PR | east

§Et: | E%Ei?tﬁf?ﬁ E%%Z%%@a@%%%ﬁﬁdﬁ‘%fwég?f%&%%\%b%@Tﬁ}%?@%f%“é’%%?t | ons
sur f act ant (‘shytyiplactprs %P&Yl%‘ﬁ ngongt&@ygg%@b,m%%g ngr Eﬁgté °§11at€§{rainggﬁ1{egnglr ovi de
bul k- and halidemedgHots Heseet ST S PrGsBLe. quiis basEeimaRLLan Jor 1he
Sol vent spelndl usdpti PR TR REgg; Frhd' AR B b be

non- pol ar or ar gt ! GRULME HONtleleR! rEPesd amthenaldide, but
are not Iin{]%@gélgb,(kp%sfrb?}é%:&eéde}élgyng, dodecane, octeane, pent ane, hexane,

tetrahydrof ysan (THRhe 806h SALOAR oflF, 1] Bleor([S4B®U dCiad thosansuper differeitcal ) .
Il'lustrative polar species include nethanol, ethanol, isopropanol,

Net hyl pyr r @linGind Sither Nd@Cdeibiayidnothi dionpeesistiig phemightpaine dr diapdre Cr-

di met hyl sul f oxi de (DMSO), sul fol ane, ethyl |actate, ethyl acetate, toluene,
acet one, neidyykikear bpccies ,sudbussy nethansbicthoky, Prenopy, eles 19 toTbingfsfH ebseohol ani ne,

butyrol |actone, diglycol am ne, alkyl ammonium fl uoride - Ql act one,
butyl ene camhdaate, thethyl emponser ibdie elkyikrlerlpice 5y e ﬁ’é‘“f?a@ﬁ‘gﬁgﬁg%é’%ﬁ

m xtures thereof. Preferably, the sol vent g_orrprl ses a non- thL@ﬁorﬁQl?eCi es.

T?)Ikuenﬁ : s élg)@e?ésb 81}1¢f§/|Xp3%’fbérﬂ?ﬁ‘e%1Pe pot4fereph OB ART ¥SHEOREA *°fay” I'ncl ude
al koxyhal osi | anes includin 331X 251 X2, (] ' " b
?EB&&%‘@ Ma[yl(,l]og € saI & as’or ghﬁge@f% c%n%ﬂ% ggndmay €

the same as BUP GPYsisipsetit and I's selecte romthe group
Soe ot hor e et e B L TpReobE sacas opeidpumnt 1o

fomthe group consisting of straight-chained
or branched . nc-%es FC‘%cg Fsgllglgt%yeﬁg,gggb}q%ugg{q,bwﬁlgecpi?ada@ey}g etc ©blvexpinatphopaxsf, etc.,

or conbinati

Fluorinated alkyl and alkoxy derivatives may also be used. Preferably, the SAM component
includes alkylhalosilanes where X= Cl and R= methyl. In another alternative, the SAM
component has a PEG molecule attached thereto.

[0043] Although not wishing to ‘be bound by theory, the catalyst is included in the
composition of the invention to initiate the silylation reaction and speed up the passivation of
the underlying silicon-containing layer(s). Preferably, the catalysts include amines such as
trimethylamine, triethylamine, butylamine, pyridine, and any other nucleophilic compound that
aids in the removal of a halogen leaving group from the SAM component. It is thought that the
amine catalyst promotes an in situ silylation reaction, whereby the SAM silane covalently
attaches to oxygen atoms on the underlying silicon-containing layer(s), with the simultaneous
generation of a protonated leaving group, €.8., HX. Accordingly, the underlying silicon-

containing layer is passivated by the covalently bound silane, while the generated protonated
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Preferably, the SAM conponent i ncludes al kyl hal osil anes of the nature

(R 3Si X, (R 2Si X2, (R)SIi X3, where X may be the sane as or different from
one anot hgo 2aewhi1BR2sel ected fromthe group consisting ofcr/uSkeosBi34e¢ |, and
R may be the same as or different fromone another and is selected fromthe
group consi sting of straight-chained, branched or cyclic G -C20 al kyl

speci es such as nethyl, ethyl, propyl, butyl, octyl, decyl, dodecyl, etc.,
or combi ndedvisasraunef eflablFifageierat efdthe hkgléned mhotereHs xyetadiek | rapoitydls, may al so
be used. Preferabl t he SAM conponent incl udes al kyl hal osi | anes where X=

O and R= deeandiys oHfRe pabae Piche sqlvend s hesoleptanag afh cersmpiE At hhewehst PEG
nmol ecul e d_theret [ 0043] Al t.houg ot wi shin o, be bound by

t heory, t h&‘@ht}g )]ilg‘tng YRRy o ogifigs cf’grfg%giv?ritlﬁﬁ ’%’ﬁ]éer' ﬁtai on to
initiateth nJeactio and ion
under | y1 ng ST AL tal Rkt Poy SR B B s R R B 08t et uae

an nes SuGlh, ik PRI AT Lk B | %Lt@mon%uo&gr%}gasﬁf@g@&a, Pyehdiepe, and any

ot her nucleop iC corrpoun at alds 1n the re en | eavi ng
group fromggche p%@t}ﬂ fs; pdifethlSnd & 18R gicheeiRE BebdRAialHst

pr onot es ggrll}tcl nsitusily gdtal o% }Eeegctl o%g%v\%g% ebyg}%che SAM si | Zlne covalently
attaches tseltspmy@eﬂb@k@eﬁmﬁc okl o REISr thitkdTO psilydctEAi pEIPNAI dhdagiphaayer (S) ,

wi th the sinultaneous generation of a protonated |eaving group, e.g., .
Accor di nglpplyotsletyland esilicgnen gr Shddifed nsileodeapslymes,| a¢lenicSdiplasai madifal by t he
coval ently bound silane, while the generated protonatedl eaving group is
avai | abl e #dylenedioyalkybmmohismivamdéivddkylaotroniewisslts, avated pi @mbinktmpoet ant | y,
depending on the nature of the solvent chosen, the solvent may act

concur rentqlfs/f"@%"“[‘gférf%“&l yst . [0044] The 1iquid SAM cont ai ni ng conposi tions

of the inv n na rther in surfactant to .assist in the renoval
of the res[ﬁ@lsi i %meiéﬁaéj W%& @F ﬁﬂ“ﬁ% W&PH@PJ@%WWI&OIH@W%@I%ﬂ fﬂrnust rative
surf act anta%oI ol L&}jw’a ¢ ergbq less than agout % 9’Wt f)g)%)“lvgtrgr?%d]%orﬁtepre erabg% ant S

pol yet hyl éR& W et mofefrr opyY Ehe grycors or opyl ene

gl ycol et ﬁﬁa[n%boxﬁﬁ HRXYA bv?texaﬁdsgdc% b a1 v@'e‘? ?gfyLH) %QM&U'F&‘%{% re?e?dbﬂr or salts

t her eof , yacrylate polymners |non pheny yoxyet si'l i cone or

modi f i ed sthé LCRRE B! YRS %@m@ﬁ&% Bﬁbé&nh& ﬂid&}g s%staﬂwlgamn%&; W qRi ¢ diols,
al kyl ammoni um or nodi fi ed al kyl anmoni um sal'ts, as well as conbi nati ons of

microelectronic device surface. For example, preferably less than 5 wt. % of the SAM

component polymerizes at the microelectronic device surface, more preferably less than 2 wt.
%, even more preferably less than 1 wt. %, and most preferably less than 0.1 wt. % of the SAM
component polymerizes at the microelectronic device surface.

[0046] In general, the specific proportions and amounts of at least one solvent, at least one
catalyst, at least one SAM component, and optionally at least one surfactant, in relation to each
other, may be suitably varied to provide the desired cleaning and passivating action of the
liquid SAM-containing composition for the bulk and hardened photoresist to be removed from
the microelectronic device. Such specific proportions and amounts are readily determinable by
simple experiment within the skill of the art without undue effort. Most preferably, the SAM-
containing component(s) and the catalyst(s) are present in an amount effective to remove bulk
and hardened photoresist material from a microelectronic device having said material thereon.
[0047] It is to be understood that the phrase “removing bulk and hardened photoresist

material from a microelectronic device” is not meant to be limiting in any way and includes the
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the foregoing surfactants. [0045] In a preferred enbodinent, the |liquid
SAM cont ai ni ng conposition includes | ess than about 1 w. % water, nore

pr ef er ablwol2e&si12an about 0.5 wt. % water, and nost pretenasbiogolmse t han
about 0.25 wt. % water, based on the total weight of the conposition.
Further, preferably the at |east one SAM conponent does not undergo
substanti al_polynerization at the m croel ectronic device surface. For

exanpl e, pf%ﬁoé(?laﬁl ‘39‘11? wd haydgugq photggesistomayfriat frem SAMsdomgo fantvilpelyio®li zes at

t he m'croelbg%tregni.c flevi ce surface, nore preferably less than 2 wt. % even
more preferably FESECHWf Vit . % and nost preferably less than 0.1 wt. %

of the SAM on ol yneri at the mcroel ectronic device surface.
[0046] In é@ﬁgjpal %ni% ﬁlg" %ééée&pia?egﬁ’ﬁ%ﬁ%%‘ f}}eg]ﬁgldéﬁM'ngsCO@PosettonIOéawst one

sol vent, atyl&asiven s i @led £25L 0one SAM conponent . and optional l'y
at | east otgl)ree surfvgtcftagn][tﬁ%t ?%l)ﬁigée 5 %ec?lr?v? ?)’arg%{’c?ﬁ ngtﬁ’@FI,St’ iy BEOks jrdasly vari ed

to provi de phdi®esth€ SbifoRthnE &SRB AN ivating action of the |iquid
SAM cont ai ni ng conposi t i on for ?heggui Eiénr? nﬁa&(ﬁten I5HBe BA&Sitesdig o pe

renoved fr emdrpestashipoaelcr ohdteBiie ki It proportions and
amounts are relgdi I ;lllqjdet er%i nabl éVglsygl?ﬁrrﬁngﬁggSggrg?%rlélﬁtthevh%f%yﬁlgtsﬂ?&méki Il of
the art wi bdwininalnue oeddyolticr hﬂﬂhﬁﬁli@ilﬁﬁ&ﬂl&k}ﬁ@/hydﬁo?ﬁ-te?ﬁ%g@@b%kéliiﬂ'%ed
corrponent(st) and the catalyst(s) are present in an amount “effective to
renove bul Rt efévaheir deadditiqphbe tned BAM-comtbiaing abmokiOshs df Me Gk Q&k 8GLAigni ¢ devi ce
having said material thereon. [0047] It is to be understood that the phrase

"removi ng BT B Usside rRrHasaamishEonatesials frourplicomiaat mbtetas far iug REdeCt I oni ¢
devi ce" isog%i meant .t o g limting in any way and includes the2 renoval of
bul k and hir nedﬁb%g‘!“bdr g%\%ﬁonﬁ%rﬁoawowowﬁﬁy iguintion ke optiabllynbé | |
eventual | y,hes m.cr.oel ectronic device. [0048] It is also contenplate
herein thai | “ce?‘lﬁlei"“%%iaég@’ﬂﬁi CORRBF 1y "Cberpererace ghe apssivation pand slemeval nvent i on

may be usegpifiy SMRYVE, den photoresist, ~e.g., BEQ hardened
phot or esi st blé’f t om ar?{l})?%?cglf ?Igtgtol%verewmceo%‘?’ioﬁégthf %g@'ﬁer Aahe Fempositipnp g CVP

resi due, BARGISB&i QuevARE! AkcRBSHs. AN ROS: Sﬁn‘?h otgresist, while
si nul t aneousl y passivating the uérﬁlierl 3(/)| gg Si %ngogﬁﬁgf‘i?vﬁ%“ablhzm’
complexing agents, passivators, e.g., Cu passivating agents, and/or corrosion inhibitors.

[0050] The liquid SAM-containing compositions of the invention are easily formulated by
the mixture of solvent(s), catalyst(s), SAM component(s), and optional surfactant(s) with gentle
agitation. The solvent(s), catalyst(s), SAM component(s), and optional surfactant(s) may be
readily formulated as single-package formulations or multi-part formulations that are mixed at
the point of use. The individual parts of the multi-part formulation may be mixed at the tool or
in a storage tank upstream of the tool. The concentrations of the single-package formulation or
the individual parts of the multi-part formulations may be widely varied in specific multiples,
i.e., more dilute or more concentrated, in the broad practice of the invention, and it will be
appreciated that the liquid SAM-containing compositions of the invention can variously and
alternatively comprise, consist or consist essentially of any combination of ingredients
consistent with the disclosure herein.

[0051] Accordingly, another aspect of the invention relates to a kit including, in one or more
containers, one or more components adapted to form the compositions of the invention.

Preferably, the kit includes, in one or more containers, at least one solvent, at least one SAM
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| ayer (s) or any other hydrophilic surface having hydroxyl-term nated groups
in need of passivation. In addition, the liquid SAM contai ning conpositions
of the prweends/iiBaenti on nmay be used to renove contam natirng2eveiesssa@l s from
phot omask materials for re-use thereof. [0049] The |iquid SAM cont ai ni ng
conpositions of the invention may optionally be formulated with additional
conponents to further enhance the passivation and renoval capability of the
conposi t i ofi”™RPRbGd prriirally aideastrae evfacterti dor chrainiog eith hé attidaet cRODRORE 4ti ON,

i.e., provi d% met al BigaSSi vation. Accordingly, the composition may be

for mul at ed i th APHHRE foaether “EAprEk et agbresin opassivatamierset fpast Cu

passi vati ng,agaen and/ or corrosion inhibitors. [0050] The Iiquid
SAM cont ai gxll ng ct8§m %?lg’iardén%p%fi?aﬁli’ A3t RS Ftrfepiant &ar somkizing it e pitaatasd by t he

i xt fs cadt B, 2AY conponent , _and optional
Surt act ant (25 v L gei G aghbacT Bh Sl S GReRn ek Sebd b sav

conponent ( 8ye, coafierORdQNRAL S S y_be readily formul ated as
si ngl e- packaegce fo;e)nul at | onsgg{éo?rrugl&?e?{ %as)ro{vgyfq(%%ﬁ‘l aé’f"ggncg}{flmﬁgftat &PY 9 xed at

t he point ofalyssi solva@ for@inkin@bal o et SpRf | Lizpart. formul ation may be
m xed at the tool or in a storgage tankFoggét geé%gc#’m?l I3 ?fot ‘T{;lpu?ﬁx‘é%e

concent r at NOWSalD cantrinesi(Adyamrepaekagey Mtk atd Wiy, KhE: i{%ﬁlﬁ“ dual parts of
the nul ti -lpart fornul ations may be widely varied in specifi¢ multiples,

i e, norel08¥l dneyedranstarcengmrioent riat edention fches hs QAtqRE AGANIESRfind Ne
invention, and it will be appreciated that the |iqui gi SAM cont al ni ng
conposi t i oFEPETIPHETY emovianbwi mddardendphytoasid fiahtaahit@blbotehil dXIPT | S€,
consi st orwl%(r)rl.lsitstl. essentially of any conbination of ingredients consistent
with the di SerbdGrieu ey roniasmsaompagics: islviss v loash obeheilvears peledst ofie t he

invention g Q i.t including, in one or nore containers, one or
gnr;a co EFOS%%%%%B?%%&V 8°I?p8P?ﬂ%t°Hté°%€15’r%5§§t P@%H@T@flt, ind@hci»tqwmt .I teisidl:n

ref er abl YmardrRE whbdin i Jn-one or nmore containers, at |east one

sol vent, at least one %hﬁ\k{/grgsr?r%ésnbé%ﬁngl%lﬁi’“gg‘fdip(]}?ltalleflif' Fpportandlyt theypesideeyr f act ant
for conbi mhdbgialinibet di8o1Rdd ah&@Shis 2 . VS t the fab. According to
anot her enbodi ment, the kit inclu e%ﬁl‘%h%ur?]&es‘%\rd’ ﬁ%?l%m%fﬂ?fpﬁfnﬁfé‘r@fheat | east

one SAM caneotivan i stifl BEbtePéitdBitlehtyh@bhote @S o0 f1agf.antL, for conbining
with the at |east one solvent and the at Irgac!sﬁtgn%{r%{ell@né:tua‘fsyagfoné?le e fab. In

yet anot hdromethb eiupentsistibd1ef drén ioA|d@s ién, phosphorus ions, indium jons, and

antimony ions.

[0053] In yet another aspect, the invention relates to dense SAM-containing compositions
including dense fluids, e.g., supercritical fluids (SCF), as the primary solvent system. Because
of its readily manufactured character and its lack of toxicity and negligible environmental
effects, supercritical carbon dioxide (SCCO,) is the preferred SCF. SCCO, is an attractive
reagent for removal of microelectronic device process contaminants, since SCCO, has the
characteristics of both a liquid and a gas. Like a gas, it diffuses rapidly, has low viscosity,
near-zero surface tension, and penetrates easily into deep trenches and vias. Like a liquid, it
has bulk flow capability as a “wash” medium. SCCO; has a density comparable to organic

solvents and also has the advantage of being recyclable, thus minimizing waste storage and

disposal requirements.

13



one contai ner at |east one SAM conponent in solvent and in another
container at | east one catalyst in solvent for conmbining at the fab. . For
exanpl e, woeoemonsabners of the kit may be NOWak(r) contarnseesofsis@nced
Technol ogy Materials, Inc., Danbury, Conn., USA). [0052] In yet another
enbodi nent, the invention relates to a |iquid SAM containing conposition
useful inr viT bul k and hardened photoresist froma m croel ectronic
devi ce, mé&@?h F‘%SGI}SF Mg ospmapsifion gaccwdipp 3¢ toho Rmbddirhetlesmatesl €ast one
sol vent, atsc'cﬁaStdthﬁe C | yst, .at | east one SAM conponent, optionally at

| east one surfactant Ut REGoRPosiien; igy e SAdt@niaming codtertetein tiee

phot or esi Ste1i,S; and/ or har dene otoresist. Inportantly, the residue
mat eri al naf(i}iogaer&g#ggsbﬁa\%%%ne{lh%?% rweégg%(’g GEBPFHRhe |iquid SAM contai ni ng
conposition of the invention. In still another enbodi nent, the photoresist
residue material includes an ion selected fromthe group consisting of
boron ions, arSERbénenPilS: PITOSphoOrus—ofs; 50;"5 t-+-ens—and antinony ions.
[0053] In yet FIEYIET aspects i YXteight + o_dense SAM cont ai ni ng

conposi tions i gl e 'Am : OF; 0?99&%% fluids (SCF), as

the primary sofvent—syst H S el ured character
and its lack of toxicity and negligible environnental effects,
supercriti gadre GRIMRAN SALbAS (ST RS Lhe preferred SCF. SCCOR is an
attractive reagen%hca for rennvlémgSo? n%lté?noceﬂmé’gfelgt?ﬁ% 98¢ e @bt §88%sco-

cont am nantdvents kbdae0. SOERatdRS 0lohes AR AL YN f Dol o iguid and a
gas. Like a gas, it diffuses rapidly, rﬁ%&%’o@v@?@ég’g?tﬁv&he P-Cagﬂ}‘sb surf ace
tensi on, amd qpéoetly attebaadd.by st BBk ENCNES, IS, Ll ke a |iquid,
it has bulk flow capability as a "wash® nedi um s&%%g %Aé‘gg%mpﬁé%lgf)ty

conpar abl ecaalysty) gaiipgomsbiwieciing(s)andengillsed iAgle i AMNARLANSQE bei ng

recycl abl e, thus m nim zing waste storage and di sposal requirenents.[0054]
The dense EXWI dBARSIsAIch gheaanep 0Bl ptiosafdignid ISAYI-E D@ BRBRHBLIRvCONPri ses
SCCA2 and B! hseqéé ui EI SAM cont ai ni ng conposition, i.e., a SAMcontaining
concent r at 8, T2t Ae"F SEsewiAhGconiamge scompenitiod iprabeund :200ttalabaveilghtmoaf t he

comPosi ti ok GATRANENT00%! avvi e, Vo' 9Nt

[0056] In the broad practice of the invention, the dense SAM-containing composition may

ant i AN

* Bk L
LTIC T 1TV

comprise, consist of, or consist essentially of SCCO, and the liquid SAM-containing
composition, i.e., at least one additional solvent, at least one catalyst, at least one SAM
component, and optionally at least one surfactant. In general, the specific proportions and
amounts of SCCO, and liquid SAM-containing composition, in relation to each other, may be
suitably varied to provide the desired removal action of the dense SAM-containing composition
for the bulk and hardened photoresist and/or processing equipment, as readily determinable
within the skill of the art without undue effort. Importantly, the liquid SAM-containing
composition may be at least partially dissolved and/or suspended within the dense fluid of the
dense SAM-containing composition.

[0057] In yet another embodiment, the invention relates to a dense SAM-containing
composition useful in removing bulk and hardened photoresist from a microelectronic device,
wherein the dense SAM-containing composition includes SCCO,, at least one solvent, at least

one catalyst, at least one SAM component, optionally at least one surfactant, and photoresist
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SCCO2 about 95.0% to about 99.99% | qui d SAM cont ai ni ng conposition about
0.01%to about 10.0% where the |iquid SAM containi ng conposition conprises
about 75.Weénbes/abnat 90. 0% cosol vent, about 0.01%t o abegtr/ukBeida[eM
conponent, about 0.01%to about 10.0% catalyst and optionally O to about
10. 0% surfactant, wherein the co-solvent(s), SAM conponent(s), catalyst(s)
and optional surfactant(s) contenpl ated include the aforenenti oned species.
[0055] | n OHkUaBpe, whetsis thephgtorasit iprbilleandér hogenef potorisist IBAMa6ONHRI Ni NG
conposi tion rdel at i \E/Pﬁz to SCCO2 in the dense SAM containing conposition is
about 1: 200°{°8° AHFH ™2¥ be disslved spe/er wiratrleg indhodense S AM@ortwnish@uipostios. | 0056]
In the bro%gthggn@gntﬁimtl:emogut he i nvegti on, the dense SAM contai ni ng

conposi tion may conpr PSal AOfSE prafodisgent, the phqtiesiss esidupyarieriabintlydes fin BECO2 and
the liquid tal ni osiktion, i.e., at |east one additional

sol vent, at éei%éwgg[?&c}%e&é‘g)tg?ﬁ%%‘? ogéor?nelﬁgsf AFTE 1R\ R e, indinmeiionpt i onal |y
at | east OR&l SihédGsANt . I n general, the specific proportions and anounts
of SCCO2 and |iquid SAM contai ni ng conposition, in relation to each other,

may be sui (eab8]ylt vaEike® dori@npRfiAViceiss E}Qﬁthg%jlsgw-goql?a\{rgrllgp%%%pgg (g)ioéft e dense

SAM cont ai ni ng conposition for the bulk an ene and/ or
processi ngregui prvemiby ms beagid 1 el Maab 3;118%1%&]&,” ebNett! hlaQhqthe art

wi t hout undue effort. Inportantly, the liquid SAM containi ng conposition

may be at Photpsesispbettomedntiyeliditive obaegl(Bame) ﬁfateﬁﬂ,%ﬁam@ﬂre\éﬂdﬁéjbhb@&idggns_e fluid
of the dense SAM contai ni ng conposition. [0057] In yet another embodinent,
t he i nvent FYfr pest-ahipgst-eish photrarstst vEAMbimolnhaiust PesiCOMp GBI uhi@Ring S8El | N
renovi ng bul k. and hardened photoresist froma mcroel ectronic device,
ing bul . p 2> Ca S .

wher ei n _t h&niginme ygr%p}/prcwtog}prrhyﬁr@plehﬁmﬁgqeﬂmm hygrokylrthesin8&CEHRyps @t nebast one
sol vent, aj. | east one catal sé, at | east one SAM conponent, optionally at
| east one sdr %ac Ozlalh'?l,l a‘gdﬂﬁm*p%% B3N Yroprigniag eompatitions af the wheemtinventiove
phot or esi Sﬂlayib%uﬁkgh&eﬁlfﬁ%/ r.ardened photoresist. Inportantly, the residue
material may be disso vecg And76 msa%g%%%a’éﬁhof‘ﬁ“af%atﬁ@ﬁ§@ repgvitessat ai ni ng
conpositi O[IDOSDf Iﬁ?&aﬁdﬂ'}éﬁﬁ cj:cpli]he illn/gntﬁ)g‘li 41&[ ant & Thodi M and feadnot o esi st
Cosldue oo Ik ald udeg b neiive relates 10 me ocfso removall (r;rﬁ)u}k and hardened

photoresist from a microelectronic device using the SAM-containing compositions described

herein. For example, trench and via structures on the patterned devices may be cleaned while

maintaining the structural integrity of the underlying silicon-containing layers using SAM

passivation. It should be appreciated by one skilled in the art that the SAM-containing

compositions may be used in a one-step or multi-step removal process.

[0060] The SAM-containing compositions of the present invention overcome the

disadvantages of the prior art removal techniques by reversibly passivating the underlying

silicon-containing layer(s), while simultaneously removing the bulk and hardened photoresist

deposited thereon.

[0061] The liquid SAM-containing compositions of the present invention are readily

formulated by simple mixing of ingredients, e.g., in a mixing vessel or the cleaning vessel

under gentle agitation. The dense SAM-containing compositions are readily formulated by

static or dynamic mixing at the appropriate temperature and pressure,

[0062) In passivation and removal application, the liquid SAM-containing composition is

applied in any suitable manner to the microelectronic device having photoresist material
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selected fromthe group consisting of boron ions, arsenic ions, phosphorus
ions, indiumions, and antinony ions. [0058] It is also contenplated herein
t hat t he wens&/138dvbcont ai ni ng conposition of the presentcirsenisionsyseay be
used to renove hardened photoresist, e.g., BEOL hardened photoresist,
bottomanti-reflective coating (BARC) material, post-CWMP residue, BARC

resi due ang{ or post-ash/ post-etch photoresist, while sinultaneously

passi vat i ng " THe un e FPingghesiompesision emtha surfaprpfittayieviéeshy dippimy i s0blhek

hydr ophi | i %fﬁ’tiéjrface. havi ql% hydroxyl -term nated groups in need of

passi vati off: " §OBPEPT §h te drdcedasiidineghaphotorrsial mitergl bpnpwsiitg hagevik t he
present i nm%%% ri,gee used toﬁj enove contanm nating materials from

phot omask nat erl al 8- For Fe- AR FiBrouy foroenirppigrpior pleent, thah istshtarated syt , t he
invention kRlBLESiLL b f .renoval.. of bul k and hardened phot oresi st
from a nicroel eg%ilrlo Ai (E:I% Iggé\%ﬁ%eﬁ%g? ng nfcﬁlgmémpg?}ﬁr?%ﬁt fetsgel calpcsritans
described b&fRkiRen, 608y £ 3R Sitatid £ and via structures on the patterned
devi ces may be cl éandd \?\hi e Irr%lﬁ nt%ﬁ% ng t ?lretecshfulgﬁecgﬁwglfﬁfhﬁth%?5 -of the
under | yi ng caitdinifp0 BofigdBikiad Hé MorkRY BhS cHsthdd Owi passivalion. . %t shoul d be
appreci ated by one skilled in the art that lﬁﬁgﬂes %ﬁ%ﬁ%i ATRTRy Bolposi ti ons
may be useidovleatraivaiesite (Th bassivhtioh 2t RoVaEARNA PR AR $Bitic &Q&g&% The

SAM cont ai ni nlg conpositions of the present invention overco fé

di sadvant atfédlygetemtieed by porskifled inttermyal t echni ques by reversibly passivating
t he under| ﬁ’i nsg silicon-containing layer(s), while sinultaneously renoving
the bul k al8%Har dBriseofihorosresitions oftepiowinti@dfot lembenvhofoRGiS khatchaedn qui d

SAM cont ai Q]} ng, co ositions of the present invention are readily formul ated
by sinpl e METIGBF deVith Btircshbaying sarpe therpay, the il A4Mresisieing osmyokiioc] eani ng
vessel undgr. | e [tation. . The dense SAM contai ni ng conpositions are
readily fo%ﬁ? ge%?n%égds‘f’@l %h Q?)ered’g}rrff’ﬁ?rfoé 2 g jofy §org pbqui & taghpovtdP miimtte,

t enper at ur @ 3L BSSLL 6 n passivation and renoval application,
the |liquid eS%E/# cont a?h%%gde&%rgf%%é? %hle 61§pain%1°’é P iRy e fmelsy cestavieaplosedranner t o
the m croedwgigs i@NinBlaAGh CEnRRY DG, ARk onesi st materjalthereon, e g., by
sprayi ng the corrpogli tion on the sﬁ%zfégd%fsmtlﬂ%g%gwck‘g,mB&?“tcﬁnﬁﬁY’ﬁ]& (in a

vol unme longer the contacting time required. Preferably, temperature is in a range of from about 20°C to

about 80°C, preferably about 30°C to about 80°C, most preferably about 70°C. Such contacting
times and temperatures are illustrative, and any other suitable time and temperature conditions
may be employed that are efficacious to at least partially remove the photoresist material from
the device surface, within the broad practice of the invention. As defined herein, “at least
partial removal” corresponds to at least 90% removal of bulk and hardened photoresist,
preferably at least 95% removal. Most preferably, at least 99% of said bulk and hardened
photoresist material is removed using the compositions of the present invention.

[0064] Following the achievement of the desired passivation and cleaning action, the
microelectronic device may be thoroughly rinsed with copious amounts of ethanol and/or THF
to remove any residual chemical additives.

[0065] The SAM-containing compositions of the invention selectively remove 100% of
highly doped (with 2 x 10" As ions cm™) photoresist (500~700 nm thick) having a hardened,
cross-linked carbonized crust ranging from 30-70 nm in thickness. Importantly, the hardened

crust is removed without substantially over-etching the underlying silicon-containing layer(s)
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onposi tion) of the device including the photoresist material, by
ggntggt?ngpthe dev?ce with another nmaterial, e.g., a pad, or flprousb
sorbent appleatierzel ement, that is saturated with the eeIus3Mtcio03s30 Y .
contacting the device including the photoresist material with a C|Lcumﬁ_ hg
conmposi tion, or by any other suitable neans, manner or technique, % iC
the liquid ontai ni ng conposition is brought into contact with the 4
phot or esi st er i E9F ReFTERE mdc Fleraingc enpbieatiensdesiiec the Jene |Sas/s¢ovifa_tnir@3 gn
renmoval application_may. bq static or dynanmic, as readily de;ernlne by ?ne
Skilled i n REHPE: HeGHes] ofrppiq de¥ics FurfAe havingbs pitotapsist éredrhie chmacent i on f or
removi ng pRgk of esi.sl erial. fronln%croelectronlc %QV|ce surfaces haV|ngd
sanme t hereon, tgeeﬁfqﬁggﬁgﬁllg%ﬁ?%?ﬁiﬂﬁ Lot eletricd: prssseras | 9/2. &1 eont act e

i i : ti f. fr bout |1 to about 60 m nutes, the
with the dg»egsgﬁzea%ﬁt@cgﬁg éhgrglg:?&o Wl GRETIR %

preferred time being depen 0 CIEHIESSRPSHIGn ts1sePplipAAt ant

kitg 1) i } erein the higher _the dopant ion
dose andl or ol e e B e ML st e PrE. Feduira

9 c
i RAvall 1 ph aROGicREL N BRUL 20T, L  about  8QOC,
;F)T g; g; gg: zpzﬁtl)ﬁut gCDC&t oIj gtgﬂgﬁstt%é)ﬁcll)c, oSt S?Ief g\?éa%bf“y%abc%ﬁetc C™Buch "
cont act i ngbe # bateh axnilgle e ctainbe Br @hBbihs] bl 3 M8 cleARE %%(P%Ei@ﬁi%n suitabl e
time and tenperature conditions nay be enployed that are efficacious to at
| east par t 7 ®gpovababihe heieep biotarsasbisthe daise SARI-cohhRy hGp R &Ry Bur face,
within the broad practice of the invention. As defined herein, ™at |east
parti al re?Pge%de by Bierd slswrirdsernrsratire frdéps preSO/h coatithn aﬂurm]f:g cbluit;(-{ﬁnglaﬂt%l@?r gg?egw
i ly at least 95%renpval. Most preferably, at le 0
gpogg{Sskﬁ%ﬁkﬁ%gzﬁéﬁg%%@ﬁ5%%%?8P€§$§@nﬁﬁ¥@¥iaI is rennvedhu5|n%_the -
iti i i on, [0064] Follow ng the achievene
'f ggp gzlsf Ir (Ca)@%p@fssit \Ii}g al%%%g %aﬁ%dehﬁgégﬁf.#gt%lg[ iCBIHI?‘!S{“H’émPH eregwlosetto omitast devi ce may
be thoroug@kxwk&ﬂﬁquy%gl}pggﬁk%g%(gnnun S of etQanoL and/oggTHF t? rennvgf
any residual chem cal additrvess fOUEST DTRYE SARICIHREA HigeGT Eomphest ti ons

. , . ) 15 As
t he i nventi s 18 &o8cd, 4009k Yor cEROME tih Q)O/éhgit aldi8hly re%g‘paﬁ gfl’t e gregisti(e_ gl ,0 S
ions cm 2) photoresist (500-700 nm thick) having X

for a contacting time in a range of from about 5 minutes to about 30 minutes and a temperature

—

of from about 40°C to about 75°C, although greater or lesser contacting durations and
temperatures may be advantageously employed in the broad practice of the present invention.
[0068] The removal process using the dense SAM-containing composition may include a
static soak, a dynamic cleaning mode, or sequential processing steps including dynamic flow of
the dense SAM-containing composition over the microelectronic device surface, followed by a
static soak of the device in the dense SAM-containing composition, with the respective
dynamic flow and static soak steps being carried out alternatingly and repetitively, in a cycle of
such alternating steps.

[0069] A “dynamic” contacting mode involves continuous flow of the composition over
the device surface, to maximize the mass transfer gradient and effect complete removal of the
resist from the surface. A “static soak” contacting mode involves contacting the device surface

with a static volume of the composition, and maintaining contact therewith for a continued

(soaking) period of time.
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cross-|inked carbonized crust ranging from30-70 nmin thickness.

| nportantly, the hardened crust is renoved w thout substantially

over - et chivogoddmaszzader | yi ng silicon-containing | ayer(s) pc@aséjoshoss3o

passi vation and cl eaning applications using the dense SAM contai ni ng
conpositions, the mcroelectronic device surface having the photoresist
thereon is tact ed with the dense SAM contai ni ng conposition, at suitable
el evat ed prlg@@ redollgwige thg gonfackpg of e dese SaM-emmtaiming chaokigen to mahi ch t he
dense SAM cont ai ni ngdcongo ition is supplied at suitable volunetric rate
and anount 10 erT a8t ITHESHRes: fedeviss theraty rgfeepbriavise wifloisiag sdgiast parti al

renoval of toresjs om.t he croel ectroni c device surface. The
chanber rrayf{njt;bga]%?%aaglgﬁ()%o?gSSC{F%&TS%IV%TOE}P% KErBEF O/ methaneb§poRsLisolutipul sed or

static cl eapy i nd.remval .of the hardened photoresist by
I\Fge S(-ﬁk:!_QO _H%ﬁ)% \éﬁ;pfeﬁ&laﬁprempltate E)l mécﬁ %mlélé%f ffﬂm ﬂ?% &gion Oé Fhév at ed

t he dense SAM containing c osi tion nmay

t enper at ur deacdhice RHASHWERt RO T4 B80S A4 N9 contacting of the photoresi st
with the dense SAM cont ai ni ng conposition. [0067] The appropriate dense

SANk cont ai 0Ty composi b afnmkaR SERIRUEHAg CONKAGL 18 {1 SLAPLEELT ONi ©
devi ce surface having photoresist thereon at a pressure In Eat e of from

about 1, 50@ontanizdheut i S6ke pSAMcotaifitlf cbpcRiiond oFehd Qi Clre S desi 1 ed
renmoval of the photoresist, e.g., for a contacting tinme in a range of from
about 5 ni Atitreénable wibioihe SUI of theitre dasadidn aetdanpaiahdie, Al thi @RRAYt 400C to
about 750C, although greater or |esser contacting durations and

t enper at ur BEPHESPS & BEGHMsa g cosbeptrationd of éuradionts hie the eatbopiiast érc@e Of t he

pr esent inynggniior(l)n. l5)00. 8% The renoval process using the dense

SAM cont ai ni NG conpost £f ﬁafr?éyvh#mchmég gesisqdepapsivabayak theamdyrlnmpiticoat eani ng

nmode, or sgguent rocessi eps_including dynam c flow of the dense
SAM cont ai ni ng %ol%ro@i % 5?1m°6'nlg?ts tﬁ%%“?ﬁ‘??r@@ﬁ"@élftr%ﬁ?r@l gie the eicreglectramde,
fol | oned byevieshfitd C soak of the device in the dense SAM contai ni ng
conposition, with the respective dynamc flow and static soak steps being

cart L ed, Qb1 b fe ALSHEAE XEI o LN SHED, AL 0t 10

steps. [0069] A "dynam c” contacting node inv

conposi t i ORur@ed pidiSre SIS \4: L t o, maxi m.ze the mass transfer gradient
and effect conpl Ié et em)vog’IF a%ﬁ toﬁgcef\fomc device, said metﬂode mcluding passivation

of the underlying silicon-containing layer(s) on the microelectronic device surface
using non-halide containing SAM component, e.g., hexamethyldisilazane (HMDS), and
removing the bulk and hardened photoresist from the microelectronic device using an etchant-
‘ containing removal composition. Suitable etchant-containing removal compositions include
without limitation, hydrogen fluoride (HF), ammonium ﬂﬁoride (NH4F), alkyl hydrogen
fluoride (NRH;F), dialkylammonium hydrogen fluoride (NRHF), trialkylammonium
hydrogen fluoride (NRSHF), trialkylammonium  trihydrogen  fluoride (NR3(3HF)),
tetraalkylammonium  fluoride (NR.F), pyridine-HF complex, pyridine/HCI complex,
pyridine/HBr ~ complex, triethylamine/HF complex, triethylamine/HCl complex,
monoethanolamine/HF complex, triethanolamine/HF complex, triethylamine/formic acid
complex ,and xenon difluoride (XeF,), wherein each R in the aforementioned R-substituted
species is independently selected from Ci-Cs alkyl and Ce-Cyo aryl. Additional species are

disclosed in co-pending U.S. Provisional Patent Application No. 60/672,157, filed April 15
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resist fromthe surface. A "static soak" contacting node invol ves

contacting the device surface with a static volune of the conposition, and

mai nt ai niwg 20@tidnk therewith for a continued (soaking) pperiseshcoiszste ne. 2

[ 0070] Fol l owi ng the contacting of the dense SAM contai ning conposition to

the m croel ectronic device surface, the device thereafter preferably is

washed wi tg jnsing solution, for exanple, aliquots of SCF/co-sol vent

sol uti on, .0@4. in the sesepotRamela b IVisigio 04 2099 “Dswk: Gt dformaatigngior €leSGls, lof.0 T emove

any resi du%ln lg%edc]];hp' tated chemcal additives fromthe region of the device

surface in"WArch roSFedst Lagwbiar Migeslsaenic Beviesst stich fsGopipratet! hodeinlbybe

appreci ate .specific contacting conditions for the liquid

SAMcont ai n?enfégrgg%lglgﬁrgmﬁ%nse SAM cont ai ni ng conpositions of the invention
of the art, based on the

are readil ypodgt er i it hin.the skill (

di scl osur eyheﬁei n,rﬂ gﬁ?“ ?Régtag%ﬁtg the 6§%ep¢?ncreﬁ}eab%?ﬁegﬁg o fenoxige dikermds and
concent r at h@dse®@bhotRGLERALUENM Frod it.iagns. of .the invention may be
widely varied \?vhlf)l1 e achi evi narogjgsliuralg) %%gfgi%%‘ieﬂ‘&ﬁm%ﬁ‘% Eﬁ?t‘iﬁ?‘?ﬁé}nfi?‘ilﬂg

si | i concontheieti, Bgd hayeT dofpri HEARY & nfd ' oresi st material
on the nicroel ectronic él)g%rilszr%qgurfa%e. 1[6%%%?0%%2%%&;%%tcogt?minﬁe

i nventi on retmtidsn bosuffeiddtise ofat neampuﬁhllﬂ%m&lé'skidgﬁgo@ﬁsrt doRad AAPkOr esi st
froma mcroel ectronic device, said nethod including passivation of the

under | yi ngmésqeiegiemicelspitaiwith ity dravjsim(tsgt therB AMDContiGRORhBEGAN Gevd\r CE
surface usi ng non-halide containing SAM conponent, e.g.,

hexamet hy| & SFea7soreorepvEISyted ol thegrown ergsistine olf iy dcogen diubraded@nashuphot Or esi st
fromthe r’rhcrl.%gl ect r.on'hi%ed_evi ce using an etchantcontaining renoval

conposi t i on: rSuPPEBTET Bilatridet and siherar Rk Bupndedichenmpross.t | ons i ncl ude

w thout |igtatio drogen fluagride (HF), ammonium fluoride (NH4F), al kyl
hydr ogen f %%‘?I deﬂfﬁiﬁlﬁéﬁ’? ﬁ‘&i‘&?‘?&?ﬁ BRTEh Py h e serseds photsrdsisie froRRI-DF) |

trial Kyl anpRRjeld e uor i d R3HF) . rrial kyl anmonj um tri hydrogen
f1uoride (INR_3( _3‘?—?&’? %é%?get ?af%{tl%é) F‘Sgﬁ%%é’% :t\f‘ﬁr%f“fe%“ﬂf’& lP‘c‘Jklflet ﬁiﬁi@)‘?"ab% hey isﬁé/?/ HF

COITpl eXx, ppé&diﬁtiﬁgellaﬁgfroﬁmluﬁ%e of the microelectronic device subsequent to the removal of

the photoresist material therefrom, referred to herein as “depassivation.”

[0075] When carbon contamination due to the passivating alkyl groups on the wafer
surface is unacceptable (approximately 3 to 10 A monolayer of methyl groups when Cl,SiMe is
the SAM used), the SAM may be removed using strong acids such as H,SO,, however, this
may cause unwanted oxidation of the underlying silicon-containing layer(s). Thus, dilute
inorganic acids including halide jons, such as HCI and HF, are preferred under optimized
process conditions. The halide ions will readily attack a passivating Si-O-Si bond at the SAM-
device surface interface and thus “depassivate” the device surface. However, special care
should be taken to minimize over-etching of the silicon-containing layer(s) on the device
surface.

[0076] The inventors have previously shown that anhydrous solutions of HF/Pyridine (1:1
mole ratio) in DMSO are known to etch thermal oxide, TEOS, silicon nitride, and polysilicon at
rates less than < 0.1 A min™. Thus, the depassivating solution may include about 0.01 wt% to
about 2 wt. % dilute inorganic acid/amine complex in a solvent to depassivate the device

surface with only slight fluorination and over-etching of the underlying silicon-containing
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pyridi ne/ HBr conpl ex, triethylam ne/HF conplex, triethylam ne/ HJd conpl ex,
nonoet hanol am ne/ HF conpl ex, tri et hanol am ne/ HF conpl ex,

tri et hyl avoneddnasmec aci d conpl ex , and xenon difl uori depCXafS2)os/0v8386 €i n
each Rin the aforenentioned R-substituted species is independently
selected from Cl-C8 al kyl and C6-Ci 0 aryl. Additional species are disclosed
in co-pending U.S. Provisional Patent Application No. 60/672,157, filed
April 15, V\}azg‘@5 Pty forgipipacighmmg rrempledds oghisinplated hetinahcludeogyridibgHse Fl ui d
For nul at i ons flor C eani l on- | nplanted Photoresist Layers from

M croel ect rofi ¢ DRYACES GRTRIH: i BTidRe/EBE o fermier, heiedylaminy/HFefcomgace in its

entirety. . et agnot her. aspect, the invention relates to a nethod
of renovi ng&%ﬁk"%}%{éﬁ far %‘h%‘gl tﬂﬁ@?‘g’?“ée PEHEC ARt eqmpk. and spmbinatipesrtbrstoct r oni ¢
devi ce havighg =RkidePN ' npterial  thereon, said method conprising
contacting thep'ém' cr 6e?r£§gr{urg%§1i§%:cl’dew°€gmwh¥ X et BB ey MBI tion for

suf fici ent cdokdi®lakd 1Rteid 3,2l sai hot ar esj st terial from
the mcroel ecﬁoni c dev%ﬁ%e dv%nga!t’s{}lbatﬁ%éeyoéét%\g?%‘?ugﬁ’a}fuﬁé{@e Dﬂ%@ OCB&%QI’ ni ng
conposi t i ometh&notj andstig] &kta@n et chant conponent sel ected fromthe group

consi sting of hydrogen fluoride, anmonium fluoride, anmoni um bifl uorides
and ot her {0877- knderenbiheratpecter &t Ghaikbn SRES tAGs in'%)%gcﬂi}ﬁc}g@lg&{ogit: Wik f the

nmet hod used to renove the hardened photoresist fromthe mcroelectronic
devi ce, a et hesordingpésc ttheofmethhds oY1 tiiveitidh NeddI & rddi@s T@ABMAL Qfn t he SAM
passi vating, | a}/er fromthe surface of the m croel ectronic device subsequent
to the renBifEclegfonicleviessot or esi st material therefrom referred to herein as
"depassi va b.&@ ! hOO When carbon contam nation due to the passivating

al kyl gr ou@s n t e“’“\@%%?r AP phbpinyationgleiseistzatiods (fapproxiinatedncld to 10 A

monol ayer gf | .aroups.when C 3Si is the SAM used), the SAM may be
r enoved usél%né)ﬁgl%é]%%g%%cgoéncs &fie &Y Hf%%& COIRS{figg &putacting e musroctesienéc unwant ed
oxi dation ffi.t ken vedes i | 1 icon-containing |layer(s), Thus, dilute
i nor gani ¢ acids i nci udéloﬁ%ﬂﬂgﬁl?émﬁ%nn@f Sudirien tH‘ge tPI@ﬁy leastryrtiafty regpee twtkef er r ed
under opt i i 2@MeR PLERRsiG Wrhd BOS -the! ide ions will readily attack a
passivating Si-O Si bonftll at trhe SAt el\i}lﬁ(r_;el%Lt%omc 4eR1dE having said photoresist

material thereon, and incorporating said microelectronic device into said article, wherein the

SAM-containing composition includes at least one solvent, at least one catalyst, at least one

SAM component, and optionally at least one surfactant. Alternatively, the SAM-containing

composition may further include a dense fluid.

[0079] The features and advantages of the invention are more fully shown by the

illustrative example discussed below.

Example 1

[0080]  Atomic Force Microscopy (AFM) and surface energy measurements were
performed before and after contact of a sample device surface with the SAM-containing
compositions of the invention to determine the extent of removal of hardened photoresist as
well as monolayer formation on the surface of said device. The sample device surfaces
included wafers consisting of (from top to bottom) an ion-implanted photoresist layer (2 x 10"

. -2, .
As ions cm™; 10 keV implant energy), a bulk photoresist layer, a silicon-containing gate oxide
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surface interface and thus "depassivate" the device surface. However,

speci al care should be taken to m nim ze over-etching of the

si | i con- owotaeeni1B2| ayer (s) on the device surface. [007@LTAs20060YRGE OF S
have previously shown that anhydrous solutions of HF/ Pyridine (1:1 nole
ratio) in DVMSO are known to etch thermal oxide, TECS, silicon nitride, and
polysilicon at rates less than < 0.1 A mn 1. Thus, the depassivating

sol uti on ng?'ef ﬁE‘fﬁ&ECO&b*BWFa*G (e wEwler veralpouesse@ ft varfioglithestadd bin@RGRNI C

aci d/ am ne X i.n a solyent to depassivate the device surface with only

slight fl uofgnllpnaattm%HS%%W%%%I"WPW@I“W’ apdyike pamthet dnglesygeasured. The results

si | i con-contaldi i norgani ¢ aci d/ am ne conpl exes

cont enpl at ed %era%?nﬁa%fefla?ereﬁ?%‘f ne/ HF conpl ex, pyridi ne/ HO conpl ex,
pyridi ne/ HBr conpl ex, triethylam ne/ HF conpl ex, triethylam ne/ HJd conpl ex,
and triethyl am ne/for mc acid conpl ex and conbi nati ons thereof with

per oxi des, TaBIBGEPbLE asHChunctRATSP ] m xtures thereof.

Sol vent s C(mﬁcﬂ?lIQ&MeQﬁli i E}jﬁfﬂrlo Q%%M 4 iftglmg Eﬂ?u% fhde, but
are not limted to, DVMBO, nethano acet a%e PEH t anot her
aspect of the inventiomimel ates T - t“%dn{mr&&ﬁteo Imi el ect ron| c devices

made according|to theo @sithods of The |nve§ 43un oulu t© products contai ni ng
such mcroel ectroni c dgmhigesS. [ 00 tsj aspect of the
invention rel ates to meifgds of cle conprising a

T
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~ITUr
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g i
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C
at
m croel ectroni ¢ devicey h&@i d-TEthpd—conpt 536‘+ fag—eontacti ng the
m croel ectroni ¢ devi CgsWidT @ a/-\lv-l,um arh g{ eofipestH{ion for sufficient
time to at | east partialty rTenove but-k—ant—hardened-—phot oresi st materi al

fromthe mcroel ectronic device having said photoresist materi al ther eon
and i ncor pUstad 2ngrosabifl [ Gr RRkRE I ORheHEY iLGE '”énga' darticle, whe

the SAM coitialing DmoDORIMhOn LGk 8303l IS o SOLVRAETR 05 cast One
catal yst, wmin|east one SAM conponent, and opti onal alc §s%ne
surfactant. Alternatively, the SAM contai ni ng corrp05| t| on may furt her
i nclude a densge f | uldupefabfie’'e] The feamﬁtg@ﬁgg(o@dvant ages of the invention
are nore fully _shown lynttohe 3543

50°C 7542

60°C 7942

70°C 79+1

Table 3: Processing as a function of SAM functionalities usmg a SAM-containing composition

including 1 mmol of the listed SAM and 2 mmol E&N in 10 mL of t .
oluene, at
temperature of 70 °C for a contacting time of 30 min. ’ e, at a contacting

SAM Contact Angle (°)
Cl;SiMe 79+1
CLSi(Me), 86+1
CISi(Me); 97+1
Cl:SiH 87+4

[0081]  Passivation of the underlying silicon-containing layer is evidenced by an increase in
the contact angle following application of the SAM-containing composition with the device
surface. It can be seen in Table 1 that a process time of less than 10 minutes is needed to
transform the hydroxyl-terminated hydrophilic device surface, having a contact angle of 35

degrees, to a methyl-terminated hydrophobic surface, having a contact angle of 77 degrees.
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illustrative exanple discussed bel ow. Exanple 1 [0080] Atom c Force

M croscopy (AFM and surface energy neasurenents were perforned before and
after conwecbosmfizm2sanpl e device surface with the SAM ceOrAiSPIED13430
conpositions of the invention to determ ne the extent of renoval of

har dened photoresist as well as nonol ayer formation on the surface of said
devi ce. Th? sanpl e device surfaces included wafers consisting of (fromtop
to botton) 42 onTherorasensinefHM snassi dlistiamy o1 FigResx] ALID, kb céfiacti@m&m 2 ; 10
keV i npl ant eperg%é, S bul k photoresist layer, a silicon-containing gate
oxi de2 | ay&1Ual Qg™ 3P Pt & fous gk Srhops, respresivel amishissshoe et prioedssasdf or
varying ti nd.at. v [ ng tenperatures using varyi ng SAM
functional???gg?m%ﬁﬂn%%g&@%&Wﬁﬁ?pﬁﬁ@ﬁ@@Cﬁﬁﬁgﬁﬁ@@lwmh@;@é@gmﬂ@sakebtabulated
in Tables ls@.ih6s &l | ow. ., Tabl e 1: Processing as a function of tine using
a SAM cont ai ni ngé cck}{r];%gs(l%tei &n plgfﬁlélf Uiy (4 ,Cﬁﬁiilgm{@ﬁ)sgfl\/@e apgltizubsiitsed £t 3N i n
10 nL of t chibk88Rne. AN rRess AL AGH G4t rature of 7CQOC. Table 2: Processing
as a function of tengzrgture u§#ngdé$g%%f%ﬁﬁFgWHfﬁ St FB8OTPa aAcl udi ng 1

ol Ol 3Si bt sapeks sho¥bitients Ik BordMeriThti@ifon Q! HERS, and a contacting time of
30 mn. Table 3: Processing as a function of functionalities using a

SAM cont ai [1088] COTHR@SHliinine tdnietathed RGlied wlTIBLr@hed D Betdrintl 69 SA%Q d 2 mol
Et3N in 10 nL of toluene, at a contacting tenperateﬂreng?]le 5 éé%%? a
cont act i ngtemperatusf fo8 Guutice) pafsDB:h] andasisinirat ifensf. tWEL YOIRE! %1 Binin
silicon-containing layer is evidenced by an increase in the cont act angl e
fol | owi ng e&ffipiFtczafoun diffgfentt ingrogladvonondesicailayers CamP O&isidied) Wulihbihieegevi ce
surface. It can be seen in Table 1 that a process tine of less than 10
m nut es i sPHOERTSH the G043 B imomplratereriey o Bx il blerkatdpttoetkshy Bl pliickiee devi ce
surface, hq%kﬁg.g C H%act angl e of 35 degrees, to a nethyl-term nated
hydr ophobi & °SITFAcR! R A mglagted gstaest the hpk @atisined Phejergsise LopPOBR] thaThe
corr espondi g A &%jnaﬂ iblustrated in Figures 1A-1D, at contacting tinmes
equal to 10 nan thlﬁézf&%gﬁ déﬁaﬁiﬁ“hgﬁP@?ﬂ¢%@®@%ﬁﬁV@Wyﬂm@M€ém1y show
that as t | F{Burk ACH %ﬁrsﬁedseen that temperatures greater than 60°C provide the greatest amount of

passivation as well as almost 100% removal of photoresist. Accordingly, all subsequent

experiments as a function of time and SAM functionality were performed at 70°C.

[0084]  The evidence of cross-linking is better shown in Figures 3A-3C, which illustrate the

variation of cross-linking as a function of SAM functionality, specifically the number of

chloride leaving groups, at temperature of 70°C and time of 30 min. It can be seen that with

ClISiMe; (Figure 3A), the ability of the SAM to cross-link does not exist, and a smooth

monolayer (rms = 0.415 nm; control rms = 0.131 nm) is formed on the surface. However, with

CL,SiMe, (Figure 3B) and Cl;SiMe (Figure 3C), cross-linking occurs as evidenced by the island

formation described hereinabove, which as a result, leads to rougher film surfaces (rms = 0.465

and 1.573 nm for the di- and tri-chlorosilanes, respectively). The formation of islands is

indicative of the necessity for more aggressive depassivation techniques (e.g, more

concentrated compositions, greater contact time, etc.).

Example 2
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(while maintaining all other process paraneters constant), small islands
formon the siliconcontaining surface due to pol ynerization (or

cross- | i nkong)e/as2zbhe mul ti-substituted chlorosil ane. Apcprse@s®1i4Boe is

i ncreased, the islands gradually coal esce, or agglonerate, and at 15 hours
show evi dence of bul k polynerization on the surface. [0083] The prelimnary
tenperature studies were perfornmed to determ ne the nost effective

t enper at ur 2485} sTier %‘é‘*-ﬁa&é@w@t@ﬁﬂﬂl @rzei4 )| apdiriamtingadcirai reitrogtopidNSEV) T egar ds
to cleaning efficiency, four different mcroelectronic device |ayers were
consi der ed ™5 ?&fSHPIﬁ‘?]{'@t"éﬂ“%WéF@P@% slayer phden@0) phermad] hightynddpedpzanoéd cr ust
on the bul k bl anket eﬂ(ﬁehotoresi st; bulk patterned photoresist; and the

i on-i npl ant &8 Flst 106 Y tiielats Grekey Bt Essisbepnsistior of eegish of Boilipdinen gl he
results regg(fteq}icik 'Ic'iabelde 2 tFe contact angles) with the percent renoval
efficiency ©11UStFared e Gubeclorly peen ifhe Budegres adlvew inewp@imtGy. es
greater th 4 . de reat est. _anount of passivation as well as

al nost 1003?? g%lvflp&g%%nﬁ%@#g%eg?sgtés aA%:"E‘%t’rOBi%ﬁhiﬂndﬁls?bs%%e%@ﬁt“é\ﬁperi nent s
as a funct c@mhofdnt tid & AME ticngl ity wer rfopned at 700C. [0084]
The evi denc(gﬁbof n(t:rlgogis%-s%i%r%k?ng |ésJ@ e(lttére%’hﬁo(l\%}rl{ei% Eﬁ’&ﬂﬁ%& agh Figere o ch

i |l ustrat e@usavyart@top9eal Ser@zéRS Sadbdi MG 38 o HuAction of SA
functionality, speci fdlpcal I ycrt hog nur%%er Iﬂo% gﬁlsgr]ifhg;e&aﬁeeﬂg\t/ﬁémél?’%%é’,f at

t enper at ur ehlofde k@i gioebstoh MR SAM ehpBAcht indrbas&aihe BESES 408 Si Me3
(Figure 3A), the ability of the SAMto crroags-l ?nk0 does a}r?%téhg%ésr?sfsgand a

snoot h nontsmayedralsp ineesases. On 46 greaktr 1o Q0% &dmdvakof the Qout dikrerRMmibSeid L ged on the
surface. However, with C2Si Me2 (Figure 3B) and C 3Si Me (Figure 3C),
cross- | i nkisYlge dyetsns achisvable wéns dedChSiMehentiisihanenfositicmistcongde sy ithed
her ei nabovtﬁ, gph}lcqﬁas a result, leads to rougher filmsurfaces (rns = 0.465
and 1.573 NHEOrtiigdncarase in pryst femoval i th remilt of areigsreasembistt bénvetey Whenkhe
formation QAMjCSIIltg.nigs i s i.ndi.cative of the necessity for nore aggressive
depassi vatTon t €ChnF PSS ijepplisgty the deyite @fifeeeat ed conpositions, greater
contact ti etc.). anmpl e . 2] 0085 igures 4A-4C show the optical (Fig.
4A) and sp@ﬁ%ﬁlng Aé’l)aéig P %anw’f‘ﬁe%tp%‘g E’Bsp%eég’(‘@émheie%gégf}‘bﬁhd% earpinansgdANIC e
surfaces i RfhieGnBodiBY as don@SIS §1Y tl%agatm%[en e%ice hslur et]cle yinc(ilu(lei)negddeglszelyx 1015
patterned, highly doped photoresist and underlying silicon-containing layer(s). No hardened

photoresist was removed, even though the sample was passivated as evidenced by the contact

angle of 63°. Therefore, our results show that some amount of leaving group, e.g., chloride, is

necessary for hardened photoresist removal.

Example 3

[0087] A further aspect of the invention includes the removal of the passivating layer from
the surface of the microelectronic device, or “depassivation.” Figure 7A is an optical
microscope image of a densely patterned device surface having a contact angle of 36° and an
rms = 0.15 nm. Figure 7B is an optical image of the device surface of Fig, 7A following
application at 70 °C for 30 min of a SAM-containing composition including Cl;SiMe. The
contact angle of the passivated surface was determined to be 79° (with a rms = 1.10 nm),

evidencing passivation of the silicon-containing surface. It can be seen that at least 90% of the
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As ions cm2 ; 10 keV inplant energy) photoresist consisting of a region of
parallel lines. The ~30 nmthick hardened crust can be clearly seen in the
90 degr eewengésrivizew i nage (Fig. 4C). The cl eani ng ef fi ecensyooafo134s€ crust
as a function of chloride substitution on the SAM conponent is illustrated
in Figure 5A (O Si Me3), Figure 5B (O 2Si Me2), and Figure 5C (Cl 3Si Me). The
optical mcroscope images in Figs. 5A-5C illustrate that as the nunber of
chloride | R Pb‘F%Fﬁ&gwbﬁfe@%d-SﬁW@M@nemcaliim@ge@dﬂeslaviieherfﬁammg of
har dened ph@troﬁesi st_renoved al so increases, hi fact, greater than 90%
renoval of Th& TOUf ‘“EPFFETBM Ri’e fere? avn pong NEGETI @8 thely entis) insDMBAI evabl e
using the %1§§s%ﬁc nt ai ni.n lgﬁ?tgt?o ition (see Figure 6). It is thought that
n

t he increase crust” PERSY G IR strtase wandqtsrmingditodbei3p® (Mith agener at ed

when the S c i Qi ition i.s a ied to the device surface.
[0086] An ?(%i ?) :htg?é’[p g%ﬁéé?’?rgrg%& (‘k“ége 0521%‘? ?Fsd“*\?ﬁt’i'ésr fﬁéﬁy)f dheriyriach arptde

cont ai ni Ng cSANE GRthanl HMCHTRRSS Ll ! nfacted with the sanpl e device
surface incl udi ng ‘densel y pat I’?gér Eg‘g&sﬁ%hﬁ%‘g %%aﬁse“é?%%@f%?”éslisser“ea y

under | yi ng campl¢t€on- cont ai ni ng | ayer(s). No hardened photoresi st was
removed, even though the sanple was passivated as evidenced by the contact

angl e of 630088herefied tdbihe ﬂ@amlv&tamgytuaws%ﬂlﬁfd R QPERBIRH BlacPh oliGAYL N9 group,
e.g., chloride, is necessary for hardened photoresist renoval .mlgxanpl e 3

[0087] A f dnerhetionasecevenbtoltiipeofi thy aidtdydiy SiRGh-beh@snildByd:@TONR cxfpid he
passi vati ng | ayer fromthe surface of the microel ectronic device, or
"depassi vat'$Paiivetioninggybe petformes in A0 epptriddatbrvali for SARAPANATREE tHfmabod@nsel y
patterned device surface having a contact angle of 36 and an rns = 0.15 nm
Fi gure 7B f¥&ng V}CEéF“‘i“’r‘i"égaé‘dgf’ seqpad dusriatsefos BAM cenondl fring TEGAbLEsd | owi ng
applicati op at .70 0C for 30 mn of a SAM contai ni ng conposi tion including
d 3Si Me. The QSRFRES angl e of the passivated surface was determ ned to be

i assivation of the silicon-containing

79 (with a{dﬂﬂ% = F%gu%e% 8%'%%%%%%“@ ngusg . Ol . .
surface. It cdn be“see PR P edstestyg of Ue meteii e nelidphse orelsi st vas
Fol T ou ng HannasaeTuRh Rkt I5P5e RrriliHagens: S Sads SHBPE T at i 0)
in DMBO 5 device surface including a densely patterned, highty doped (2 x 10" As ions cm’; 10 keV

implant energy) photoresist layer prior to processing. Figure 8B is a SEM of the densely

patterned surface of Fig. 8A following application at 70 °C for 30 min of a SAM-containing

composition including CLSiMe, illustrating the successful and efficient removal (and

passivation) of the hardened photoresist. Figures 8C and 8D are SEMs of the device surface of

Fig. 8B following depassivatioﬁ at 50 °C for 2 min using NEt;:HF (1:3 mole ratio) in DMSO .

composition. The SEM image in Figs. 8C and 8D do not show any evidence of substantial

over-etching of the underlying silicon-containing layers during the depassivation process

(compare with the over-etched sample in Fig. 8E).

[0090]  The improved SAM-containing compositions taught herein effectively remove bulk

and hardened photoresist in a one-step or multi-step process, without the need for a plasma etch

step and without substantially over-etching the underlying silicon-containing layer(s).

[0091]  Accordingly, while the invention has been described herein in reference to specific

aspects, features and illustrative embodiments of the invention, it will be appreciated that the
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conposition. The contact angle of the depassivated surface was determ ned
to be 35 (wth arnms = 0.25 ran). Once the contact angle of the surface

mat ches twetwaf1ishe surface prior to contact with the SAWrasnEdions40g
conposition, the depassivation process is essentially conplete. [0088] It
is noted that the depassivation process should be optimzed in order to
elimnate fiuorination and/or over-etching of the underlying

silicon- corﬁtg'iyrﬂ IPW@I‘(%)M e rlindiRé st Bthetepradsiowad mompayes hemgeusf or med i n
30 second |q}ervaus gﬁ gﬁggval fromthernmal oxidecontaining device
struct ures Ahd *F6%s SEGRY A gt o Acerdipshie Wiy ehimg e fFEGS- oalsed devi ce

structures L rovide another illustration of the
paSS|vat|oﬁm§%%§%h§§%9n g‘memgﬁgmﬁEﬁ1”d?”@€§§§§P@§¥Fﬁﬁ fegkEomding

renoval of ¢hbB&i; r Figure 8A is a SEM of a device surface
i ncluding a den%%ﬁggggg?g?ﬁﬁga&ﬁkéﬁly doped (2 x 1015 As ions cm 2; 10 keV
i npl ant energy) photoresist |ayer prior to processing. Figure 8B is a SEM
of the densely patterned surface of Fig. 8A follow ng application at 70 0C
for 30 mn of a SAM contai ning conposition including C3Si Me, illustrating
the successful and efficient renoval (and passivation) of the hardened

phot oresi st. Figures 8C and 8D are SEMs of the device surface of Fig. 8B
foll ow ng depassivation at 50 OC for 2 min using NEt3:HF (1:3 nole ratio)
in DMSO conposition. The SEMimage in Figs. 8C and 8D do not show any

evi dence of substantial over-etching of the underlying silicon-containing

| ayers during the depassivation process (conpare with the over-etched
sanple in Fig. 8E). [0090] The inproved SAM cont ai ni ng conpositions taught
herein effectively renove bul k and hardened photoresist in a one-step or
multi-step process, wthout the need for a plasma etch step and w t hout
substantially over-etching the underlying silicon-containing |ayer(s).

[ 0091] Accordingly, while the invention has been described herein in
reference to specific aspects, features and illustrative enbodi nents of the
invention, it will be appreciated that theutility of the invention is not
thus limted, but rather extends to and enconpasses numnmerous
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ot her aspects, features and enbodi nents. Accordingly, the clains hereafter
set forth are intended to be correspondingly broadly construed, as

i ncl udi ngwel2bossgizzaspect s, features and enbodi ments, wpClus2808@i3436pi rit
and scope. THE CLAIMS What is clained is: 1. A self assenbl ed nonol ayer
(SAM - cont ai ni ng conposi tion, conprising at |east one solvent, at |east one
catal yst, at |east one SAM conponent, and optionally at |east one
surfactant, wherein said SAM cont alBE 65AE¥Sposition is suitable for

removi ng bul k and hardened photoresist material froma mcroel ectronic

devi ce having said photoresist material thereon. 2. The SAM contai ni ng
conposi ti Or\’VR:Itisdﬁlinrﬂi]s"’ wherein the nole ratio of SAMs) relative to

catal yst(s ui d SAM cont ai ni ng conposition is in a range from
about 1:10 to about 5:1. 3. The SAM containing conposition of claim1,
wherein the nole ratio of SAMs) relative to solvent(s) is in a range from

about 1:20Q.to ab@MtisslmBOd mbnolald: A cont.ai ni_ng .conposi.tion of claima1,
wherein the sol vent conpri Isneléoagt e\(Fea f:&lgarllem SAPEBTAr BNt a8 Wt ed from

the group camnsi sdileg: ede E@iENE lcaflCmaAM L9H8GENE 1ndC&L; ntane, hexane,
tetrahydrofuran (THF), carbon dioxide,  and m&)glt Ur oy ﬁlgr?ag%fa% TMRe

SAM cont ai sirfigtapowpesint sadnS A¥-cehtahing domfositibAIe sG@BBthSIRGyviad bg]?d%jnhi onal
sol vent selected fromthe group consisting of methanol, ethanol,

i sopr opanohardégedrphdigréspy matetidl diomaneicrobleamhiy | dpyted 1vinglis1® Pdtoresist material

N- phenyl pyrrol i di none, dinethyl sul foxide (DMSO, sul folane, ethyl |actate,
et hyl acet Hegont o] uene, acet one, butyl carbitol, nonoethanol am ne, butyrol

| act one, diglycol am ne, alkyl amonium fluoride, g-butyrolactone, butyl ene
carbonat e, ethylene carbonate, propylene carbonate, and m xtures thereof.

6. The SAMEcont Eien$Al-conmipiogictiymsitiof of ki Lwhaig Rl MoftN&icSOf ¥&MHEs) COMPri ses
tol uene. 7. The SAM contai ni ng conposition of claim1, wherein the solvent
conpri ses trlatisetocaiplys(s) o thedliad, SAM-containing composition is in a range from about 1:10

to about 5:1.

3. The SAM-containing composition of claim 1, wherein the mole ratio of SAM(s)

relative to solvent(s) is in a range from about 1:200 to about 1:50.

4, The SAM-containing composition of claim 1, wherein the solvent comprises at least
one non-polar solvent selected from the group consisting of toluene, decane, dodecane, octane,

pentane, hexane, tetrahydrofuran (THF), carbon dioxide, and mixtures thereof.

5. The SAM-containing composition of claim 4, further comprising an additional solvent
selected from the group consisting of methanol, ethanol, isopropanol, N-methylpyrrolidinone,
N-octylpyrrolidinone, N-phenylpyrrolidinone, dimethylsulfoxide (DMSO), sulfolane, ethyl
lactate, ethyl acetate, toluene, acetone, butyl carbitol, monoethanolamine, butyrol lactone,
diglycol amine, alkyl ammonium fluoride, y-butyrolactone, butylene carbonate, ethylene

carbonate, propylene carbonate, and mixtures thereof.

6. The SAM-containing composition of claim 1, wherein the solvent comprises toluene.
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8. The SAM cont ai ni ng conposition of claim11, wherein the SAM conponent
conprises a silane selected fromthe group consisting of: (RO 3Si X,

(RO 2Si Xayo(Re1$82¢3, (R)3Si X, (R)2Si X2, and (R) Si X3, whece/vszodso1588¢ Br and
I, and R = nethyl, ethyl, propyl, butyl, octyl, decyl, and dodecyl;
fluoriiiated derivatives thereof; and conbinations thereof. 9. The

SAM cont ai n} ng crﬁrrﬁosi tion of claim1l, wherein the SAM conponent conprises
an al kyl chl’or osi'PaneMsoraring Fompesiver RE clgirolipvismis ths tsolnent Ch@RG dvise

d 2Si Me2, and iSi. 3. 10. The SAM contai ni ng composition of claim1,
wherein the cat aryst conprises an amine selected fromthe group consisting
of trinmethylamne, triethylam ne, butylam ne, pyridine, and conbi nations
thereof. 11. The SAM contai ning conposition of claim1, conprising at |east
one surfact®ant . ThoSANentgpng ewmpsifioni of glaivohpdsieinitiors AN cahmingt ddsprivker ei n t he
surfactant conprises a surfactant species selected fromthe group

consi sting aosrﬂg;i)el ﬁ@’?tf)%lfﬁ??l the gfopp cpnsisting, ofp RYPeKy (RENSLH! YROBE, GOISIFHr opy! ene

| ycol s, hyl .glycol ethers ol ypropyl ene gl ycol ethers,
ga?/ boxyl i E ?%%llggz )sé%ﬂkgs,lga é"g‘g@ ﬁe;blg bt é@hL %&ﬁ (F%y%liya eg’dé depyll henzetybsul f oni ¢

acid salts, nal rs. dinopyl phepnyl pol yoxyet hyl ene, silicone
pol ymers, ggﬁ?wﬁuﬁﬁ%yﬁﬁ%gﬁ%e%Sflgl/a?%‘?’sgkfere gé‘?‘ﬂff”é‘ﬁ‘i"@oﬂ? Bfreof ppdi fi ed acetyl enic

diol s, al kylammonium salts, nodified al kyl ammoni um salts, and conbi nati ons
t hereof. 13. Th M cont ai ni ng conposition of claim1, wherein the

conposi ti o’ con@ﬁ YRR R emPesitipajof plaigig wherpip theySAMitanepotett cofiipeises

SAM cont ai %51%,1%90@%351 a‘sni‘::tsiléjc grf (%I aim1l, wherein the mcroel ectronic device
conprises an ar il es ST EEE dgmhesmup iensiing b Choiei GhSiMe. ekl GiiMeconduct or
substrates, flat panel displays, and m croel ectromechani cal systens (MEMS).
15. The SAl\/é)cont ai ning conposition of claim1, wherein the bulk and

har dened phbt or S5iS¢MFeptadnnegogpesiiop of demdopkantin the natalge beatied af mime t he gr oup
consi sti ngseggctegrseti c ions, horan ions, phosphorous ions, indiumions and
anti mony i ons<d fgm iﬂel*%m‘g,&ﬁﬁsb“&?ﬁ ofitrinsty e isthy lrwive. dutyismaenpytidinghaed ei n t he
at | east opgySAM.SAIRgNeNt

11, The SAM-containing composition of claim 1, comprising at least one surfactant.

12. The SAM-containing composition of claim 11, wherein the surfactant comprises a
surfactant species selected from the group consisting of fluoroalkyl surfactants, polyethylene
glycols, polypropylene glycols, polyethylene glycol ethers, polypropylene ‘glycol ethers,
carboxylic acid salts, dodecylbenzenesulfonic acid, dodecylbenzenesulfonic acid salts,
polyacrylate polymers, dinonylphenyl polyoxyethylene, silicone polymers, modified silicone
polymers, acetylenic diols, modified acetylenic diols, alkylammonium salts, modified

alkylammonium salts, and combinations thereof.

13. The SAM-containing composition of claim 1, wherein the composition comprises

toluene, Cl;SiMe and triethylamine.
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and the at | east one catalyst are present in anmounts effective to

si mul t aneousl y passivate a silicon-containing |ayer on said mcroel ectronic
devi ce anstoresmms22bul k and har dened phot oresi st nmat eri alpcfrnusmdshess3o

m croel ectroni c device having said material thereon. 17. The SAM cont ai ni ng
conposition of claim 16, wherein the silicon-containing |ayer conprises a
si | i con-contai ni ng conpound selected fromthe group consisting of silicon;
silicon di 0%i deTherBidd-cogipining iqmpesition s clad | T, odereinothe aiinpaigratigdaie

pol ymers; sjlicon-containing hybrid organic/inorganic materials;

or ganosi | i cat & g aé‘saglcte(%@t‘?dg’?qr%g‘le STPHR erpsigling jof sppicopdugiossupsisiey, flatmntion- doped
oxi de (CDO);; ss...and.conbi pations thereof. 18. The SAM cont ai ni ng

conposi ti orghsg%%é gimrlﬁmflecﬁ%%erceainﬁzaltsﬁszer??gwgﬁg'di oxide is supercritical. 19.
The SAM contai ni ng conposition of claim1, further conprising photoresist
resi due mat gri al . 20. The SAM contai ni ng conposition of claim19, wherein

t he phot or €2i st "RoRpM-wakingg| cmpryter ek ickim 1harhdwive thephidt ond diaskyedor

combi nations t her eof aﬁl The SAM cont ai ni ng conposition of claim 20,

wher ei n t h& PRETHFEETAT COTBH{s{oRs 1oghselegigd §en dheraserpfcpwsivtingef agegupns onsi st i ng
of boron i . ni.c i ons,.phosphoryus ions, indiumions and anti nony

i ons. 22. ﬁ&%n%c’ﬁs(rigﬁqpsﬁhlorsofmrfﬁ?g’ %“ﬁ““alﬁ SSJqu TYdYHt ai ners, SAM cont ai ni ng
conposition reagents, wherein the SAM contai ni ng conposition conprises at

| east one ﬁgl vent, at |east one catal yst, at |east one SAM conponent, and
optional |y ‘&t | EXStANFutegiRgcqmpesiion ofghm eeesimthe #deaktione $AMadaphed t o form
a SAM cont grilcmhngt £9 0si 'otn sui table for renoving bul k and hardened

phot or esi st nat er - ar fr s Hf et BctPunF Cierevs toesimulipneensls paselvashat or esi st

material tRereQlniqif hod of r ving bul k and hardened photoresi st
material from agnr%m%? & gct%osﬁﬁcm(freo\?ll%% oG a8VITG 2BhiTEBR oYY ead dirdepsd er i al

thereon, sghdbriRt NAGHCOMRE SR SONt ARt the.m croel ectronic device with
a SAM cont ai nirng Conposi t i on ‘?ore su C?clfé%:llhé;%%’m%lsah@n%eﬁl ﬁl&?{&"élr suf fi ci ent

contacting conditions to at |east partially renove said photoresist
material fropmt . iy .
hP 'Hl% SAM-containing composition of claim 16, wherein the silicon-containing layer

comprises a silicon-containing compound selected from the group consisting of silicon; silicon
dioxide; TEOS; silicon nitride; silicon-containing organic polymers; silicon-containing hybrid
organic/inorganic materials; organosilicate glass (OSG); fluorinated silicate glass (FSG);

carbon-doped oxide (CDO) glass; and combinations thereof.

18. The "SAM-containing composition of claim 7, wherein the carbon dioxide is

supercritical.

19. The SAM-containing composition of claim 1, further comprising photoresist residue

material.

20. The SAM-containing composition of claim 19, wherein the photoresist comprises bulk

photoresist, hardened photoresist, or combinations thereof.
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m croel ectroni c device, wherein the SAM contai ning conposition includes at
| east one solvent, at |east one catal yst, at |east one SAM conponent, and
opti onal lwoavod@aamt one surfactant. 24. The net hod of clpairos2@e/0vass ei n
said contacting is carried out for a tine of fromabout 1 m nute to about
60 m nutes. 25. The nethod of claim 23, wherein said contacting is carried
out at terrgfrat ;ll%gs' a range of from about 30 OC to about 80 0C. 26. The
nmet hod of ¢lai m 23> AWITSTEPMAS feveposiiian L laire dhpyhietsinsthe photaeesst cappeises @h vent

sel ected frt h ro consi stii ng, of toluene, decane, octane, dodecane,
pent ane, héo%gkh%(fu%t]%’ r%ﬁ?&"}pﬁ?ﬁsﬁ% PRIy long pepisrions; Rbvsplerys immst indinmlions et hanol |
i sopropanol,q Ny Yispyrrolidinone, N-octylpyrrolidinone,

N- phenyl pyrrol 1 dinone, dinethylsulfoxide (DMSO), sulfolane, ethyl |actate,
et hyl acetate, toluene, acetone, butyl carbitol, nonoethanol am ne, butyrol
| act one, di %eycol am ne, al kyl ammonium fluoride, g-butyrol actone, butyl ene
car bonat e, ~&t hyf e FRIHEn Bt We o PeisyorpiBers SARberatagingvthposition usagsnts, her eof -
wherein th | st ,conpr.i ses anp. am ne. sel ected fromthe group consisting
of trimet h§’ F%%n}l ﬁ‘é,ss‘ﬁl‘?‘f%"tq%‘%}‘rga"m“ﬁ‘@{“% GRArSTTi2hlsast gRFrsolypHheat leash anacestrbisthat i ons

t hereof; a § O\t onent conprises a silane selected fromthe
group cons?}gfﬁg{eg%&(cg&%é%ég%%& %g?ag%)(ﬁé)s fagint, and) wgrojn the ftas X2, and
(R) Si X3, wWhmrpied ¥ idn AMBOnERE, | = pethyl . et hyl |, butyl,
octyl decyl,ﬁ andfémédfcszyl : ?tl%glg% i°%“é‘?°§@°‘§é‘%lﬁa@§tf?‘¥f§?°‘f‘ Putlopbd Bhdenia

combi nat i optetcrdRt @AErial £on 2 hiReRBIAReRE: hgéflffi‘édsg}di

RotordBEL £ he nole ratio of
SAM's) relative to catalyst(s) in the liquid S I\/?(():ronst‘?gllg!ﬁ?ar%éhef:egﬁpositi on is

in arange fromabout 1:10 to about 5:1 and the nole ratio of SAMS)
relative tg sol ¥gRINGS M deSiod r e.fr bout 1:200 to about 1:50. 28.
The method of claim 23, V\ﬂjé eb?ﬂrlf a?ﬁgaﬂriﬁn?:r%@?’éeéis?%ﬂ?rt??g%?&’écrﬁ#ﬁﬁ?m%es an
articl e sedeefet adviiig QI th610QEQ UGN SHehh NG i.conduct or substrates,
flat panel displays, anﬂ(gl F)n éroel ect rgnedh%lﬁlloléng gc{snﬁgl?%]ﬁ%lg(ﬁ%ﬁféﬁ t%é. . The
met hod of rlembii@Bic dshies eii of Hiavuikinian doidENed RAGLAT G5 St [BLEri al' s

conpri se

sufficient contacting conditions to at least partially remove said photoresist material from the
microelectronic device, wherein the SAM-containing composition includes at least one solvent,

at least one catalyst, at least one SAM component, and optionally at least one surfactant.

24, The method of claim 23, wherein said contacting is carried out for a time of from about

1 minute to about 60 minutes.

25. The method of claim 23, wherein said contacting is carried out at temperature in a

range of from about 30 °C to about 80 °C,

26. The method of claim 23, wherein the solvent comprises at least one solvent selected
from the group consisting of toluene, decane, octane, dodecane, pentane, hexane,
tetrahydrofuran (THF), carbon dioxide, methanol, ethanol, isopropanol, N-methylpyrrolidinone,
N-octylpyrrolidinone, N-phenylpyrrolidinone, dimethylsulfoxide (DMSO), sulfolane, ethyl

lactate, ethyl acetate, toluene, acetone, butyl carbitol, monoethanolamine, butyrol lactone,
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dopant ions selected fromthe group consisting of arsenic ions, boron ions,
phosphorous ions, indiumions, and antinony ions. 30. The nethod of claim
23, wher eWo 2béwe118n0t acti ng conpri ses a process sel ect ed pCraseddsn1BsoOUP
consi sting of: spraying the SAM contai ning conposition on a surface of the
m croel ectronic device; dipping the mcroelectronic device in a sufficient
vol ume of SAltont aj ni ng conposi tion; contacting a surface of the

ni croel ect réfTe! aPecalkli trmepis Hipridyat-butimglactpira tbuiyns atrtisrat g ethytideh t he
SAM cont ai ni ng conposi tion; contacting the mcroelectronic device with a
ci rcul at i ng SRS ARYEIR PREPratEFpbEEres Frereent act i ng t he ni croel ectroni ¢
devicewith a continuous flow of the SAM containing conposition; and
contacting the mcroel ectronic device surface with a static volunme of the
SAM cont ai rithsggindenqatalyst dopprifepan anivoalbitaiLfeth fe giooslcdfistink BBrimdthylanil€ Mt hod
of claim 23, further conprising rinsing the mcroelectronic device

fol | owi ng dBHiEtineypPutRangipe PBiliiecion teaibmatigns derpdsid i on. 32. The net hod of
claim 23, wherein the at | east one SAM conponent and the at | east one
catal yst are present in anounts effective to sinultaneously passivate a

si | i con- conthaiemi thg SN epmemers adofiprite b QAR CeleOBl GolleME GRoud ind@APYL bul k and
har dened photoresist nmaterial fromthe m croelectronic device having said
material t KBPLYH: RORSIEhRABELAR):HK, ()81 3, (RYWE, @héte KB, CL, Br and 1,
silicon-containing |ayer conprises a siliconcontaining conmpound sel ected
fromthe g =5H) sty ingroptl, by, ioetindecyi dnid dodecydi uotitkeed ERGEEes Siekeb ON
nitride; sialllci con- ctonttgi ni ng organi c polymers; silicon-containing hybrid
organic/i norgc(fl’1 o R s; organosilicate glass (0SG; fluorinated
silicate glass (FSG; carbon-doped oxide (CDO glass; and conbi nations
t hereof. 34. The nethod of claim 32, wherein the underlying

si | i con- coRt-ai nfisgnathey ef cliims3 awleein thoolargb ef $AME) fehngao taam@hout 60
degr ees tol.ab(ggléM%ZO degrees follow ng formation of the SAMpassi vati ng
| ayer. RUYGE COPRESHPDT in ¢ gAnghom elmp LS tonapowtesiipani nig: thdie

SAM passi vat.i ng, l.aver. from
p %Jno oigSAl\il(g) relatlve(i)o solvent(s) is in a range from about 1:200 to about 1:50.

28. The method of claim 23, wherein the microelectronic device comprises an article

selected from the group comsisting of semiconductor substrates, flat panel displays, and

microelectromechanical systems (MEMS).

29. . The method of claim 23, wherein the bulk and hardened photoresist materials comprise

dopant ions selected from the group consisting of arsenic ions, boron ions, phosphorous ions,

indium ions, and antimony ions.

30. The method of claim 23, wherein the contacting comprises a process selected from the
group consisting of: spraying the SAM-containing composition on a surface of the
microelectronic device; dipping the microelectronic device in a sufficient volume of SAM-
containing composition; contacting a surface of the microelectronic device with another
material that is saturated with the SAM-containing composition; contacting the microelectronic

device with a circulating SAM-containing composition; contacting the microelectronic device
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the mcroelectronic device with a depassivating conposition follow ng at

| east partial renoval of said photoresist material fromthe m croelectronic
devi ce. 3§0 20bwr1B82ohod of clai m 35, wherein the depassi yariusgoosomassi ti on
conpri ses conpounds sel ected fromthe group consisting of pyridine/HF

conpl exes, pyridine/ HO conpl exes, pyridi ne/ HBr conpl exes, triethylam ne/ HF
conpl exes, triethylam ne/ HJ conpl exes, trienylarnine/formc acid

conpl exes, ‘PEASLREROY dpy 9his S4M-corfaipiag fompegiieremdrcatteting 4Bk micartesinem

hydr oxi de, (%‘r,}gescc%rrbi ntﬁlti ons thereqof. 37. The method of claim 23, wherein
the sol vent®Conpri s edt g SR tHEwS fre drdksogisminggommusisionor b eentipfed pbrixidm 37,
wher ei n saioﬁlﬁ&gnt acting conditions conprise elevated pressure. 39. The

met hod of claim 38, wherein said el evated pressure conprises pressure in a
range of from about 1500 to about 4500 psi. 40. The nethod of claim 37,
wherein said contacting tine is in a range of fromabout 5 to about 30

m nutes. 4B31. Thendrelchod o0fci&h &zm ' Y ontacting.cqnditions
conprise tenmperature in a rangg’ fftr}glﬁﬁ \é\(%}%{ﬁltgﬁlggg%hgéﬁea ou eﬁe?%%.w 9'°°A et hod
of renovi ndolouing camndt wiaf Hesad-cphahiaf esipsdiidpt erial froma mcroelectronic
devi ce having said photoresist material thereon, said nethod conprising
contacting the mcroelectronic device with a SAM contai ni ng conposition for
sufficient time to at |least partially passivate a silicon-containing |ayer
under | yi ng3the Pronairod of einyPt elrdre the atriechstoona 8 ART dom@orekt@ndrihe hiagkesE r oni ¢
device with an etchant-containing renoval conposition to at |east partially
remove sai GHHOEEPESER apguy ¢iEpLVE tosimtitecomily pavevaict siduoh-comterbCiayer wher ei n

t he SAM cont a,ciu. i ncg%forrpos' tion conprises a _non-halide containing SAM
conponent . 43¢ RAECREG TV Fe VERE e duikand hardenss gbaieresish roteosl dwinsthe nat er i al

froma m crpel e ' evi ce. havi ng sai d photoresist naterial thereon,
sai d net hod céng'%‘f“%{gﬁgw%éﬁ?%%aﬁlﬂaéﬂ ﬁtger?ﬂncr oel ectronic device with a

SAM cont ai ni ng conposition for sufficient time to at | east

33. The method of claim 32, wherein the silicon-containing layer comprises a silicon-
containing compound selected from the group consisting of silicon; silicon dioxide; TEOS;
silicon nitride; silicon-containing organic polymers; silicon-containing hybrid organic/inorganic
materials; organosilicate glass (OSG); fluorinated silicate glass (FSG); carbon-doped oxide

(CDO) glass; and combinations thereof.

34, The method of claim 32, wherein the underlying silicon-containing layer has a contact

angle in a range from about 60 degrees to about 120 degrees following formation of the SAM-

passivating layer.

35. The method of claim 23, further comprising removing the SAM-passivating layer from
the microelectronic device with a depassivating composition following at least partial removal

of said photoresist material from the microelectronic device.

36. The method of claim 35, wherein the depassivating composition comprises compounds

selected from the group consisting of pyridine/HF complexes, pyridine/HCl complexes,
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partially renove said photoresist material fromthe mcroel ectronic device,

wherei n the SAMcont ai ni ng conposition is devoid of an etchant conponent.
WO 2006/113222 PCT/US2006/013430

pyridine/HBr complexes, triethylamine/HF complexes, triethylamine/HCl complexes,
triethylamine/formic acid complexes, peroxide derivatives thereof, concentrated HCI,

ammonium hydroxide, and combinations thereof,

37. The method of claim 23, wherein the solvent comprises dense carbon dioxide.

38. The method of claim 37, wherein said contacting conditions comprise elevated
pressure.

39. The method of claim 38, wherein said elevated pressure comprises pressure in a range

of from about 1500 to about 4500 psi.

40. The method of claim 37, wherein said contacting time is in a range of from about 5 to

about 30 minutes.

41. The method of claim 37, wherein said contacting conditions comprise temperature in a

range from about 40°C to about 75°C.

42, A method of removing bulk and hardened photoresist material from a microelectronic
device having said photoresist material thereon, said method comprising contacting the
microelectronic device with a SAM-containing composition for sufficient time to at least
partially passivate a silicon-containing layer underlying the photoresist material, and contacting
the microelectronic device with an etchant-containing removal composition to at least partially
remove said photoresist material from the microelectronic device, wherein the SAM-containing

composition comprises a non-halide containing SAM component.

43, A method of removing bulk and hardened photoresist material from a microelectronic
device having said photoresist material thereon, said method comprising contacting the
microelectronic device with a SAM-containing composition for sufficient time to at least
partially remove said photoresist material from the microelectronic device, wherein the SAM-

containing composition is devoid of an etchant component.
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