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COVPOSI TI ON AND PROCESS FOR DUAL DAMASCENE SYSTEM BACKGROUND OF TH

| NVENTI ON 1Q, d.00638kd of the Invention: The present inventi 0%&1%?95}??1 -

beneral ly to manufacture of sem conductor devices incorporating a ne 5

i nterconnect. More S'EeCi fica m relates to a conmposition apd process to

|1 it
cl ean pdst et CPOSTSEEGEECLE GICOMPROSIFION:AND PBRQCESS FQR BUAL opper
metal l urgy, preferably incorporg{j dual damascene 15
structure. The invention furthe?iélgllaa%}‘élgﬁ#%%ésel osition for other post
etch residuecl eani ng applications, such as alum num or alum num all oy
i nterconnects with msaligned tungsten plugs. A key challenge in reduced
geometry devi ces, such as (BA@KGRQ@N%SF(T : INMENKEONNt er connect RC del ay
time, which becomes the limting factor of the device 20 perfornmance. This
del ay can be inproved by conbining | ow dielectric constant between tracks
and thel(yse of cqppgéldaT tik Iaeédtm: conductor. This application is directed

to solving sone of the difficulties in integrating this tyge of
i nterconnects, arfdeapi¢sent sinventiogyrelates grrerpldy tto dnanufagturec ok semiconduntémg

process. The devel. . i chem,stries.and processes, for
their use, YIEF é&g&r&%l%% iagﬁﬁ’et% ?ﬁ%g%%%p orgnapelcﬁpﬁy,k Y irglf“é’ét‘ipl &
material s, tsmpesifitn iapld procespioocleasposherbiradits at 2h MtercoRREleveR BudhOis
easily be dry etched, the use of damascene or dual damascene structures is
beconi ng a NWeth &EPPRSORCctauigya preferably; incommoratipgta damaspenen/ dudl damaseenence of
new matgri al.s h . | r.Lotec. | ic.mferial,
and 1 nel heotttviEy ThE ie8fth FBrrelcs o AcdmloRlioMIbFbmeL Bost i BalBEC: 50
rgoval andclehsiagi aplicatins, rseciias ealamitmim, Sor alwghemagiisyo amtbreornectie sathi pt i on
the Prior Art: During~the fabrication of mcrocircuits, photoresist
mat eri al i smisplignedUngsEBPHIES: and transfer patterns onto the appropriate
material . For ex ' r i he ' iak. will
Do of ther ot al forey Akt B ARaE Heomflty uevkHo atis 3018 e iRyl
i sol ati ng néteeimiterconnech &Crdelay ttime, cwhidh diecomes ithee imiting dictoroofathe device

i ntercopnects .are madg, of .al umi num or _al um.num al |l oys.isol.ated b

et oot o Reaanre. T dayirs B RnpGyed i FuBoinig oy |diiritte (conpeRs
*~~=~2* 1111 bétwlebh Ithdcks |dnkil the hs@ 166 Eopper a8 1 beddY EHARCIOR PhisOsppBidation is
PCTNS99/ 15157 5 More recently devel oped interconnects use copper as the
conduct i ng dieated &0 selving smeofithe| diffichlties intintegrating shislitmecef intercormastsng a

di el ectric const v . . ] tri t of silicon
i oxi dey  FROuR S8 siEatok s bote Bictedfic b Eiabing 7083H e iveBhmsBEdY 1,
integrate cappedledintg ehenistrivs| sndaprovessesnfort tieirpdse] evhich arel Eaipdtidle @dthf rom
the photoresist (3 throuqh the dielectric (2). The gaps are then filled 10
up by tHe cEPRAFE ARG IPW-kig 9“%?@%@@5%%&9@&%& gEaAB- and can
i ntegrate either ! : i nal ABRR bot h
the horizontal i rﬁtgg‘réc%ﬁxjg}ctcg g%ﬂ%ﬁ?@@e‘rﬂﬁ gghleix’ngér‘g%nﬁfegts cgﬁ]gg d\glmas
al danasdamajcend/stascturdesis/secoming atkey solution hal esalizé fhis imtegratidn. With (e and
d cleanliness of the via.is reguﬁilred i n_.order toségi nimze el ac}ri cal
resi stance APRSAAICR T TEYE TBFAIR (Stich 25\ oreani( PAVPES S108 dniek yretale dislegtite| oped
to build thaseer id Weheedfo BichClongsiek lhirs OF aliflb&ric imatbi$als2hkdibesist
5,739,579, US 5,635,423, US 5,705,430 and 'US 5, 686, 354, which can include
opt i onal0 | ayemaeval ardclearing plepsrsgnire a sewskrategic apprasgh. all t hose processes
have in conmmon: ,that.the vi s,10 be cleaned fromall post etch
resi dues (7 and g) ﬁﬁ?&oﬁomﬁ%ﬁ*hg the netal, before the second netal
l'ayer can be dep@uringdhe fdbhiaitionef mitedciredits)| phoioresist Midtéridl 3¢ ud@qs patténpe

cl eaned from copper conpounds back | . )
and transfer patterns onto the appropriate material. For example at interconnect levels

the appropriaté material will be either metal for electrically conducting paths or
35  dielectric for isolating material in-between the conducting lines. Traditional

interconnects are made of aluminum or aluminum alloys isolated by dielectric
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material, for example silicon dioxide.



sputteéred onto the sidewall and top surface (8) on the underlyind) 60dAHr2003
during the final part of the etching, called "opening". that the transfer
of the waf erydpiBabd1e etching chamber to the anbient air for perikessis
'processi ng creates oxidi zed copper conpounds CuO or Cu20 that need to be

cleaned to mnimze thd vig reﬁsi at.ance. | C manuf acturt'bng r&&:ljj res an
excel | et cl eani Mprefecepiiy deveioner AUELOnIRCtsU5E COPPER 5 i€ Sondusitinggnatensl i nt o

silicon dioxi . ' -' At ek j iSki
creat i on of i PAFRGeE pfa P Sl SR 2 giiodiPbaiofd hdlr i
previously {4 ditleanichstantdBsilicomddioxideNFigees ¢amdul slesw iangipidal ¥tragture

including a small anount (generally between 1 % and 5% wei ght) of choline
and ot her cusedoim#us 1685¢.c hp\iBtegrate GORRST Ad ofYsntushlyopluminum, ithg pattermeds ( US

4,239,661, US 4 3 . R 6 PAJ
T 191, a0} "ottt dne piotofuith fsshen el aickte CI e Bibs € feiled

posi tivig) 35upBy K \ebriduotimxgers This lpddteds id t4llé&ildamasverde dfificatbihtograteteithes al so
been recogni zed that choline base can act as a etching agent of netal for

thin film | eyeleveleHiipterqopnect paly (eipglogiamaseene) o3 both the hingizoniah interegnnegivii ng

choline atopns, in '

PCTNS06/ 151 e Bl fil %“ﬁ‘%g%‘%%%’é?%ﬂaé (ual tdgm?%c\keﬁgs' f‘ﬁ%ﬁ“&%gé%ﬁﬁé‘&t ure
and hence mieflyitg membdinesX1)atd pood titarbingds o e diasisl regaireddtiesrder to

sol utions of _quaternary anmgoni um h@; oxi des, including choline, in

conbi nat i onmifiEmzeRleqtaea) gesistance alons thetntercongert and/ or sugar al cohol's, for

removal of phot oggahe , %ﬁ%s&'}ﬁ%’ bésh cfévefoﬁéa HGs1d ﬂxois@ftﬁﬂ:'ﬁﬂreg dascdi&gb’éerd

fabrication. i 1 resent invention s aimed at cleaning residues’|eft
!er et chi fog ekamiplet in dJSreRatenitsalS5, 2395 76p dUS n§635423; &ifHHe703,43C®randTiIS e
\

Cl eanod ot 0858 Rb VR <58 BSJods SRR RYeB el MsdreEE e (hriPHCH case

we are deal {Hagcwggsésqgv@qﬁgoﬂ%mto t he "opening" etch step only, e.g.
copper rich residues on the bottom of the openings and copper back 15

sputtered omtthattthe wia aleedst toi be nigamed fibmsall fpastestch Besidud¢se(7 end R)e witheabne
nmore conplex if .the "openjng" etch is done directly after the main etch, in
whi ch c?ge f‘ﬁ@aﬁiﬁ%ﬁ’eé{‘%ﬁl’ t»aggttﬁ%mcopén}e%agqy%%ge gqp‘gallt'e in etch residues
(cont ai ni ng, : t j el u,

o0y ey e Sk the e diclectrmfRhcbdio 1R QA G et EOHpBLINY Khck

required t hggutiefed qnbs theesidéwall et topreurfacen(®)eorptivet wndeslystg. c@ipebdusng rthe

cl eani ng conposi tiqgns'used in the sem gonductor industry are not suitable
for the fol EB%H‘?’&‘\?&’%%;‘?‘.‘& °§H?‘ﬂé’p55’35ai ni ng products are not conpatible

Wit h copper,mtwféﬁm%ﬂﬂa&vm@m%e éttamngwaﬁs& B'tRéambjet hiv'tr farther

hydroi ' luoric acid solutions (DHF) renove The sidewall polyner an

conpourfs bprocesyippeseitessdxidiaed eappencpropminds Cadhor CofO tiet nded te be claanedd
hence change the dez{aqgn.ed di rensi ons of the device. Furthernore those
sol uti ons alEMHEHZELRY V34U eani ng Cu20 or CFX compounds. Optional |y

Q phot or eft slanfifabfiting reqhire§hn BXElIOR clARMBST BEHE 1BsilNG, 8P Bder WiFfR¥POSEd.

ng traditional photoresist renoval techniques is not ideal for the 30
fol | owi ng rveryossily inte siicpy alioxide: andh other dialgotric axdteiale ultimatebppsking ghe he

Cu0 and Cu20Q_ stat ahi W ol N ase the via resistance, an oxygen

pl asnma st epCWﬁ?n ‘S‘Z‘%@{‘]‘F’f‘ﬁ@'m“é ﬂ%eo&é'fcézm c dielectric material, if used, by
et chi ngag he nat eftitak beéh adsciibeiopreviolidly do BRan iaterddls used inatie tseMictindaloy ent
used to renove photoresi st such_as, r ex e, products containing

et byl oy IS O dnenging 3 mall ot daenceA b TAeR 56 o st SO BHAR of
di el ectric conatanh (Hf BRpBSIds'S SerRbve st Mok Riorflidi SEietat imBurities (US
4,239,661, US 4,339,340, PAJ 6,163,495, PAJ 6,041,773, PAJ 2,275,631, PAJ

1,191,450). Choline base is also well known for its use as developer of positive

35 working photoresist (US 4,294,911, US 4,464,461). It has also been recognized that

choline base can act as a etching agent of metal for thin film layer definition (PAJ

62,281,332, US 4,172,005) and that adding choline atoms into an etching chamber

2.



0 ~ JAN 2~~3 WD 001 02238 PCf/US99/ 15157 5 The demand for faster de@ifceAN2g03
driven down the scale of the design rules. Today's 0.18 ~mtechnology is
reachi ng holwodonmasi ons of 0.25pm Since the introduction ofpcfugs/isisy

Y echnol ogy we have seen that interconnects are beconming the limting speed

factor of t 16 at.er 1Sl S :
del ay i g’duceg'eggegéhgﬁ g@ﬁ% ‘?1Iel ? etrgclgﬁlgﬂ?&Pfoiégg'o{etnﬁegﬁnu?oﬁmfg\é/\%cr%slpgads?ﬁ%%%gnce
of the 10 i géppesooxidation. i s USo %846,695 tdisldses eaqueone cdolutidm! of r qwaternaryi num

to copper. Simlarly, .a solution for reduced capacitance between adjacent
metal | |i nesamsonsmydwakies. ineluding|beling, an combinauon itk eckaplah amines

i n-between th j Thi el i I.0g: - hew

| ew k nmat er ?%f%& pp%rrﬁhgrsﬁ‘gdehg%’ g%é%@%%éggﬁgér%sp??(%djgﬁ?tg{eg P%é‘%’ggm

i nexpensi veim@grated eirtdit fbtitaionl5 conductivity (p=1.7 s2. cm than al um num
(p= 2.7 S2. cm . However ,the,rrain,drav\/oaicks of this terial are first its
hirgh di ¥& usi vi t y ThePEsseitinyegton jsaimsd atelpaping ssidyes lefi plter stehingdiglectic n ¢ he
front end dgyi L : i te it
0t adi t1 oSl afd SpaBRRR 4 Aprfk lavef: ok kel odh 56 st U £8P
passi vat i onetchingrresidubsrand photeresist anedddaned beforesthalfimal stepod derm)ing opériings t hi s
metal 20 very difficult to ~~work with. tgf gg@-fi .l side, fhe

i ndustry' s EREPRRELIP Which rasqiWa At dealing with residuep due to, the ' qpeping), gich stephough
vari ous cangj ’ al
trend toach?%@gteﬁgzv\%?i‘ﬁi g?ﬁ?ﬁ%%?&ag{)&?@aﬁoqﬁggpﬁgﬁg% %\?P?ﬁgpﬁeﬁ

si | i conlsandsputescdotd the-diclecthe mater] surfaces Bub thiecrabideesobecpingrmaéne omphex

i norgani c riaals. (guch 25 as . Si ~ = 4] S OF (s =.3.5]) t

o S95qut oxBiibe GRS efchif dpRiveely atien e Haaln ety ip 3 bse e pagyetch
towards or gaghneiPisQeqitted t8 \¢fdin Hfail €1RR YEsiGiYes! (EonthiniR: Cmmr...zj fo @edn | ow Kk
(S;1LK) [s =2.7]), with the ultimate | ow k val ue bel ng reached with air

gaps. The Sthe boitamepsiguesdicentaiming £ukiuf),.nGuok), tdseweliras thenbacknsputisreshe
hand 30 wi th _coppel )t Carat [ on, t he ] Wi | oww k
materi al s, B‘fpﬂcﬁéfc@ﬁ{é"mgﬁg i@ghe%ﬂﬁ[ﬁ(gﬁ]g% {r?’gtpogtecé‘;% @g%hggﬁpﬁ'gl\r%é’t e!ﬁgoﬁﬁeesm'
introduggion of EgrRg cldahing dontpositieds ged hve the seraicohdedtort iuptiy @6s fof O
|l ow-k material. However both projects are progressing i together and a
cl eani ng st pitabipfopths followg feasedHped at this stage, taking into account

oracess. | 3auige fnBbmg B b ulyAfbledd ol S dloliBic hfBLp

danmascene t yeeexpbsedtardsgi ure in which the design is etched into a dielectric

| ayer, which is then Ei |led with conducting wires and planarized (Fi % 1).

Dual danascerfilute hydroflperic pei¢ solusiens, (DHF) rgmoyp the, sidewell pglpmengnd Cu

PCT/ US99{ 151 . i, DCREDOK L i o) i ' [ e

deposi t gon g?’ég&riag:sg%?g%g%gésly £ ﬁecxﬁﬁ'r%lgrsgd&?{agr%@gég ?egé%tﬁgqg%hglcsc ‘{ﬂ'ﬁggeef ore

cost eff ect theadesidneddimientibns ofitha devias Furtherméreeheseesopetione areihe feative for

sfructures nomadats IS he fact that this is the easiest way to introduce
per. Var Fisanigg “de"F x RMPOWdSascene structure exist, incorporating a

series of 10 lay bt i .1 ngs,

adhesi on pronot e?, O{lr%irystla tEJPﬁe&E?rs?P{g?é}g%?g]ﬁ fus@?ﬁqggrbyl&gfrﬁs@%%ﬁgméé

st ops, buri espasedhUsingk traditionad photoresist cémoval techumiiqeehds ndtoslealhdore theo be

used or_not al d what material (Si OXNY or SixNy) should be used for them

of ten dége o B 1935 nal choice of the lowk material. 15 SUMVARY OF THE

| NVENTI ON' AQGHY sliyBeH Hlasthh step will di!i’diﬁ‘&iheclfopg&'  the &I ad dlgopsma@, hiéh

conposition and process for cleaning post etch residues and copper

cont ai ni ng pall ymopease theesd eisgné&r ned when copper is exposed in

sem conduct or devi ce manufactuyring.. . C . e
e an oxygen plasma step w"ilﬁ be %etnmental to organic dielectric material, if used, by
I

etching the material in an uncontrolled manner.
35 e a traditional solvent used to remove photoresist such as, for example, products
containing N-methyl pyrrolidone might require an extra cure step to recover the

dielectric constant and properties of an organic dielectric.

3.



lt is anther object of the invention to provi de such a cleani ng qpARPIANt 2033
20 and cl eaning process which is conpatible with copper and dielectric

mat eri al s uwwedojop3agnt er connects. A further obj ect of the i nriwsess7to
*provide such a cl eaning conposition and cl eani ng process which is

iple with | i el i oy | d d b i all
moar 1y She - | ATS et for Gtiradihidel At acun B HBITRR HaRER BT Da o
thi ckness  qlod*sho. M8t @ini Blchndlbgelis te&hingt hole &ihichsioAd @M @59 SeiceOthet he

invention to provide 'such a cléeaning conposition and cl eaning process which
wil | ef f ectintveslugtion 080.25a¢mn dechaology e have isern it intenennneetp grepecomang thet is a

composi t1 oimine SRHELFcRy IR dRVER el heBbiitef sl s iR IR RE,

resi dues f remyaindhded Byt afacend iAGRENABNE CAVEGITGD For2 36306 rédfstdnbs dmtlmnt i on,

it has been discovered 'that the traditional way of cleaning the dua
danmascéfe saterconugcts isan switch the ipter¢annestmefalfpysn abniowmttb icoppasnbi nat i on of

materials. A "2 st et ch .procgss” be .used.to achi.eve th 5

requi renent of li@ﬁg%hﬁ(g{j{l?ﬂ ﬁ’ﬁé?d‘ﬁ%%&%?g% WGH LETN e ﬁdjé’ﬁ%'{tﬁléﬁaljg‘ﬁﬁbs[toof t he
i nvention, jacresy fheC@ieldRticc BeRBtA 'of the mitenldchdtWedt By 1ihes. AR eas vehe
probl em of dual damascene fabrication. This work starts with a w de

screeni ng @thigeedshybthe use of eargreing e hay-Kpatengle.n copper and SILK, 5. 0 6

JAN 2-3 VO 00/ 02835, EEHARIRLATkRLne e IRV BB aliich BHFS! 17

this aspect of t rnvent1on, resu a new c Stry.

This new clegAdicHgitg @ISt Y. &) ehal WRinfifurAN(pSa DS O Nén)s tHOWE Ghie nhiins Wor K
i s supported by scanning electron njcroscopy (SEM, transm ssion electron
gg;syvx

SE
r oscopy deamebiacksipfithis matasial arei fimst itshigh ¢ hoistasitieon; rizedugingtrisk of

S(V)  measurahOE JaretindlE roRfiell Bevicd 58 @RomP g Bflu BB jraha™© 7

i nventi on, iﬁ’te%&f&)ﬂsiﬁf taditionhl pryvessek. If addifibAlUesper bl Hot Sorthegh Gkideui t s
conprises a choline conpound, water and an organic solvent. In accordance

wi t h anot h@essivasientlaysr wnder jamhient; comditigny (acalymingm dogs), meaking thip metal
resi dyﬁof.r fﬁé?xtltetg.rv%rﬁq‘riﬁl.rcm t conprises contacting the integrated
circui € wi th-”15a conmpoSition conprising a choline conmpound, water and an
organi ¢ sol vent Gat the gaprfilt salepithe industfyls chmidel oftloswit Hieteottid niateriab hms/mott he

residue fromthe iptegrated. circul.t. In accordance w. t furt{her aspect of
the. | nvent EhemaeBAvER Siou SPULiRfes Parf 5P Songraed o BeohredreboNE BRI B
damascene ?Eﬁ&ﬁf $ef R MBEIeSIoWRE diElekRid Yardthnk i w&&r}a%ﬁ?pg;tﬁggsaﬁue&ad

al lows us to proceed to a better cleaning. I'n this aspect )

i nventi on, aad niaore egrbaneThereisthen aflapickloeyolutiongrar dssinorgapid weteriglsi(suahy a
first silicon.gonpoupd e st er over a copper,. conducti | i in the
| nt ogr 2Ped ROAI = B Si0Ba e AR BY Seshiitnaie SRR of Breeef [ e FifGrea
over the 1 ingst (siol £ SPTRAKAMS GigalicThABAINRh as BBZ T EGABad

conpound bMEQ&?'eI ectr?c 's et cshe tlg expose thgsetc sfoggtf ayer. eosri dues
% r enov ediliconiow ke(SibKe e &t 2@])cwith uhd ultiiiate kive-k vahesheing reaaylesd witheiri ched
away to expose the copper conducting line. Residues are renoved fromthe

i ntegrated&P§cuit with a residue renoval conposition containing an

ef fective amuntmaferal i oTo}c1e] : T gl—ﬁle% NGS
30 Fig. 1is a (;I‘rhgssslisi(;{??{iﬁgﬁﬁgl ew g‘?l%%nmggﬂa%f)epﬁ%%&pé%r%m ua o
danmasc@oe svithicéppee integration, and on the other hand with low-k materials, by the end of

1998. The strat?egy chosen here is the introduction of copper first followed by the
transfer of the j)rocess to low-k material. However both projects are progressing
together and a clleaning strategy has to be developed at this stage, taking into account
the requirements of all the materials that will be used in the final process.

35 We haveg- seen over the past few years, the emergence of the damascene type of
structure in which the design is etched into a dielectric layer, which is then filled with

conducting wires and planarized (Fig. 1). Dual damascene structures have the

4.



Fig. 2 ,is a cross section view of a nodified dual damascene st @tﬁﬁ éﬂBS
accordance with the invention. Fig. 3 is a set of scanning el ectron

m croscope {(yefddoz25%d TEM phot ographs 35 showi ng resul ts obt aipggasebisisy he
‘invention. Fig. 4 1s a TOF-SIM anal ysis showi ng a reduction of copper
contam nation in usg, of the,i r%(‘ani,i on. 6. . 0 6 JAN Z003 V\SHOOI 022312
PCTNS995 15 pdyanjags giincarponafing both lings\andrydas g oap Heposition siar; SHdadNges WSl t s
obt ai ned w ' ' ' - I ] ults
oDt ai ned WP OT PRKER: HEs ald lnerfipoo STEdnk HERRRY e AR o7
showi ng r eshé emepdenae o€duch stmdhires nowaduys anthefdctRhag thisA8 i easiost gagpbs of
results obtained wwth the invention. Figs. 2Sa-33 are SEM and TEM

phot ogr aphdnrod4asEOPRHowi ng results obtained with the invention. Figs.
3~-35 are graphsygf: 0, | dAR s | Nt H = ar e
SEM phot ogr aphs Y%frl%tLdzl?%sfthglvevi %Iga@r esuisdt,'yélIB glt)ljthgl?ﬂéegﬁ\%’ Eﬁrl&?%oéﬁli'%ai%\r/lg%ﬁfon.
Fi,gs. 38- 3%ayere for gpbeessfpurpeses tsaclofas antiedfleétivie ¢daings)vaihtsiam .préingters}0

shows results, of x-ra hat o spectrosgopy (XPS), angl yses obt ai ned rough

ise of ¢ he meiste PuRcHeBUBIOY PERFERRTIPE ST e PGP The

COnposi t i 0%36&@ d?ﬂgrf«gﬁ%otgbsé v tb 'D4G1EA B8P not 4 WhA mdi&ridl qmw%r%q,m,@e in
[

t he hydroxide or s m such as choline hydroxide, choliné bicarbonate
or chol i ne shbtldrbedesed for themabftendepend upon theefimal 'thoiod ofithe tawnlionaterialal so
enbraces rel ated quat er nary ammoni um conpounds, such as tetranethyl amoni um
hydr oxi de 25 (TMAH), tetra~utyl anmmoni um hydroxide (TBAH), their salts, and
the l'ikg. Suitable organic sgUNvAIARY OF!THE RPVERTIONON and for practice of
the process include such polar solvents as dinmethyl sulfoxide, ethylene
Hcol , et hyl eneAgtoydinglyalikid anohiget ofithis inveatien ¢ proayideas lepmpesitien and

t hyl I kyl eth I | | . 0DV . . . al kyl
ethor . N SEBESH dPeaynecpr el FaRioF afia Cobheh srPlitBY o5 oy tiadts
triamne. Agghéd Whah cosperlis &PovedihSemicokdauidr devideganafdcnging. al so be used in
t he conposition of the present invention. Optiaonally, a corrosion jnhibitor

may be incl uded Itis anethemobiget ofnthg Jventign tp previde, gleaning composition; t h
_ ST CP Lot
Capoor 207 R e ouenk YohiGih i Oipaluleltbbdler atf elBEmE Hhteridls IR,

of chem calingsomasetsls, i ncl udi ng any conpounds used for the prevention of

copper corrosion. inh other s e (] i Sing.the art re specjfically,
Coggounds of ![heAaE@Wé?"zﬂ%j?ﬂt égélc%venggg is tolprgwae suc ac‘leaxwgng co! pos{tlfoln and Y

cleaning process which is compatible with most low-k dielectric materials, and does

not substantialli' modify the FT-IR spectrum, dielectric constant, refractive index (RI)
25  or thickness of such materials after use.
It is still another object of the invention to provide such a cleaning
' composition and cleaning process which will effectively clean residues on both
sidewalls and tops of vias.

It is a still further object of the invention to provide such a cleaning

30 composition and cleaning method that will effectively clean post etch residues from a
via bottom.

In accorgance with one aspect of the invention, it has been discovered that the
traditional way of cleaning the dual damascene structure can not be efficiently applied
on this combinz’[ltion of materials. A “2 step etch process” can be used to achieve the

35  requirement of ULSI manufacturing.

In accordance with another aspect of the invention, a new cleaning chemistry

is provided in order to address the problem of dual damascene fabrication. This work

starts with a wide screening of possible candidates compatible with copper and SiLK,
5.
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enpl oyed, where X, Y, and Z are chosen fromC, N, O S, and P. Under these
condi tions twe oveixwsce requirenents and presence of pendant Regrasgwistsy be
*set appropriately. Pendant R groups R1-RS may be chosen independently as H,
optionally @ substit.ut - Lrak ght. 0 | .. ahkenyl
or al kynyl 3‘?"0 ‘53 nslédr*allﬁgtﬁ&a%ro(?g?%ﬁ%ﬂgg %alf I@%é(e??é?%p%@g@’c?%ngﬂlgxé matlhe

subst it ut ed jagigh oFTaonew chémiirghThie nedCclemapcéiRthisthkizevalila®itPon agindydengr oup,
hydr oxyl group, a hal ogen, carboxyl group, al koxyal kyl group, alkyl am no
group, al kyistuethrasy | This owprloris siwppemed byciseanping, sleciiont Friceasrepyof(SEMh

conpounds. |Ln a preferyed i t and..Z ar.e.ni.troge nitrogen and
carbon. T esEerpleRy ClsFio IR AR M) g8 s BB Al o S
enbodi nment , sﬁect%ni’éi@ @ GF-QIMB) frdiyses offthd feattydd' intteritiap €ofideraafld By FT-IR
constitute a 15 benzene ring. Another class_of copper corrosion Inhibitors,
t he hydi@xylaad £x¥osneagusgment foricoptegrationtaf SikKy dn this aspeatiehHthedaventipnoe i n
conjunction with .t.h r Cikted. Q.. DL se,t he
general cl a§§mﬁ8$%lﬂi)t§l‘ gg&g@%?éefl l%ggéis- ﬁ’é‘ }*’r’g%glgglﬁ?rg@sﬁ? °’%‘%g‘§§§2?5°*{°|1‘r‘r‘8s and
may be chosegmipddfderddeindyanasgaric i¥enonal |y a substituted Cl-C6 straight,
branched or cyclo al kyl, al kenyl or al ktacgy group, straight or branched

5ny|
al koxy group, optlpepedrdgncg vithanether aspgctafithe invention, a progegffor ghe ismavehed

al koxy group ): I . . | up,
o) Kyl antno- o7 83N 8 Bl HEGH cofiBf R Bl e iRt kL BEP
sal t of 15udh @aifsitiod Tomprising lalcholpeainipound wearpl #1 anforganic sslivent atahi bi t or s
i ncl ude catechal, t-butyl cat ec%&l, and benzotriazole. The conposjtion

q i onal |y deRPERNES b A HmesuHicient to ramayiedhe residug frogpthe integrated cigcityy )
tTe conposition ' [ oTeuT" abo % el of
the hydroxyl arri ﬁﬁ?cg@%cgf\g%?a%ﬁgéf %glb? 8. e%n%éﬁg@nﬁ’,Aﬁ %% 3&?%@8&%2238
PCTNS99/ 151 %ayer natpitlsec thottemn tolfiethe odywal s damascermm rstractnee fpratectabthe uhdegbpingent
by wei ght tq about 50.percent wei ght of the choline co und, fraom_about
10 percent BYtergonpet 0{ _0%56’9‘1 Qﬁ"’ﬁe‘? rPtrowé\’\%P%'?eré‘FeaP}P@%t&s,asaﬁﬁ °_ffrc')m
about  29qpenke Rhvenrione bl ThtepfatedDeiriuit PabPRAGS prdt¥ésBoraprisedl forffin® a0 &RétC
solvent. If present, the corrosion inhibitor is typically provided in an

anount of f rsdimoabcompawng ateh siopUayss guer deerppsy cordugting lineouBtheaintegratedi t s

ot viel 17 sutitsits o b aailioeR dotibondy Hup bi-RGkd RBiméd 5O Bt B84 (fifbR 1 ©
conpl exi ng @gRipoind Achastcpelayerg The seddnd 1silivdd &ohmpleand belkadialeuiceis ttoked to

candidates to gently renove copper etch residues w thout damagi n%aé he
exi sting i ntexpessithegtch stoplayer, Besidues gragemoned froppthe intograted giecaity the Biehsheet

resi stagge MRASULETERChEPANEY @ Bble the cBeP LoliRfifig line. Residues are removed

from the integrated circuit with a residue removal composition containing an effective

‘ amount of a choline compound.

BRIEF DESCRIPTION OF THE DRAWINGS
30 Fig. 1 is a cross section view of an example of a prior art dual damascene
structure. |
Fig. 2 is a cross section view of a modified dual damascene structure in
accordance witih the invention.
Fig. 3 is a set of scanning electron microscope (SEM) and TEM photographs
35  showing results obtained with the invention.
Fig. 4 {s a TOF-SIMS analysis showing a reduction of copper contamination

in use of the invention.



Sone sol vents, including hydroxyl am ne chem stries, show a severe{) § JAN 2003
i'nconpatibility with copper. The inconpatibility of Cu with hydroxyl am ne
cont ai ni ng okemwoeises is nost likely a result of two factorspciieodazpsm
strength of hydroxyl am ne as a reducing agent, and its propensity (al ong

and sol ubi 11 ze. el SBAS. “OobRLPRcRREPH FuEE Hetiuk Prfle Sphte R W
oxi dation stleatibfu~~) may be reduced and sol ubiiized to Cup, then

reoxidi zed by water or dissolved oxygen back to Cu in an equilibrium
process: 25 2CuOhigs. -191a2eNCT+IR 3pegtra-showing resullz obtaimegd)with the(nventiadzO ( 1 )

Cup + 6L N -- ~~_~ Qu({.) 6 ere L.i r~ avail able |igand. ion 1
serves to assi st Fi‘ﬁ‘?' ﬁé%k?ﬁm%g)ﬁrﬁpgs E‘I’rg}beébs 9wg}$ 9 e\‘spﬂgﬁgfedhﬁgﬁﬁ@e
oxi di zed Cuigwntigge of i11-defined stoichionmetry, 30 while (2) conpl exes

the Cu, nost likely oxidizing it back to Cu~~ (especially in the presence
of wintdd) in thd&igs 3-a4are gaphsind resiieobtained withdthe Inventiolt er and/ or oxygen

o O oo S RET SRR T b b R o 30 BRu g ¢ ™
hydr oxyl am QpgaOrmE aivehtiéh.chem stry. What is inportant is to design a

chem stry that is _cagibl e of 35 dissolving oxiidized Cu residues while
shutting down th&igséd-3dataeranhs ofiresplis ebtamned wathsthe iivendoy i nto sol uti on;

enpioyed: o p i SN A SENDRESRE EAM By il b BB Wi
(3) 1 .1§] emdﬁgo@,f damascene type structures integrating copper: The, mai n

pur pose of this invenéion is to clean danascene type structures when copper
i s exposed. | Kigsha®Bp acagraphsplresulis etained Withdng ipventon.3)  the sanple is

a bl anket copper gt J I ] [chd &P YRE. :
dielectric) et cheF‘c{Jg' @hgoﬁsgﬁéﬂ%&%ﬁ?f é%ogF??gﬁshéﬁf%ﬁ g}t)g%%%%sl #Bz%lg%cllwe

mai n et ch t itirougihuserof theankention! ectric, followed by a cleaning step. where
phot oresi st and nmai n post etch residues are renoved into conventi onal
solvent while copper is still protected by a thin nitride |ayer; then a 15
second ghort etch is ragETARED DESERIPTION OF YRHEWNVERTRORPEr . | eaving a
m ni nrum of residues on the bottom and sidewall of the structure. A solution
of c~oline hydr odn the qoswpositipm andiprocess of this ihventien; dbechnline|cpmplovnd carmbs e
resi dues at .5 o 10 mn (FLg. 3).. XPS, (X Phot o ctrosc

inalysts of 120t MArtechn kot Shoh 25 Snblind Byrarile? sEBIRFS iGerinas or
renmovi ng CuQngkiit dhidtileC QA Hereinf tie ter *“chblifle @omhpdlideglEe smbaiceOtttated
conpositions used to clean such a structure, and their result on the

cl eani ng ef fAueeBBEYy HRMORYRLSompounds such s Yetrapethylammeniym, Jexdsexide
R | t : j: " J i ct . AO
ot ng. fband TREA, IHAIRO! ifimb Y ALBE CINALY, R if B ey Tour oS, B

corrosion 25 i nhimitabl$mrgmiwmmyirgmecbompopittmcmnbﬁ)rtﬂmct'rcesdfdihesprocre@i ect

t he copper nateri al his s for exanple e .cas f pure wate Al). From
@ Ui one adiciads Sigh polar solirais s el ShlfERRa Y oas BV LEFY lpt gl
increases Whan ARk SitthgRAE PNoRLIGD e&féﬂcmr)g@? (g)l?@&eéﬂfc&l \éﬁxa?,ogx%gmﬁé such

concentration’creates a'thin foamat the sur f the Solutio t hat
addi ng a 30 ghyiokgmopydensigliyes] akyl ethem Nosubstipteshpyreolidogeyetbylene dimise ahd s
foam ng, effegt ,wi thout re L ng,the cl.eani ng, efficienc sol uti.ons Bl, B2,
s B4 3Bs aiyds)maine AL bR Euvait REbErvn & AT 5% sl Hpon
the type of tﬁé@d}ﬁﬂdsﬂﬁhoﬁmr&ehﬁnbﬁﬁiohaw mat eri al of chol ~ne hydroxi de, and
if the raw material_ is chosen correctly, the solution mght not require an
addi ti onal sol verfiptiogailya easiqnniphihitor apasy be Heclpdesc s 8 foomulationrused do
t.hose cl eani ' t t. el ow
500 The 11 Siiniriicehe Sodftes PHRSXPREN Sopbdiich Hnel SEREIA Hhofie
process ti mprésehvoqrotttt apperFomibeirgadribdpé,natidngay bechoidiefroimf 4 varidty bf of

renovi ng t he_residues. . 10. p g JAN Q003 WO 00/ 02238 )
5  classes of chemical compounds, including any compounds used for the prevention of

copper corrosion in other systems comprising the art. More specifically, compounds

of the general class
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PCTNS99/ 15157 5 Alternatively the use of other quaternary ammoni smem
such as TMAH (Tetranet hyl ammoni um hydroxi de), or TBAH (Tetrabut

hydr oxi de) eamodiéngss sati sfactory results on the cleaning of speusesisisr
'structures. Solutiondp. Tenp. Op. tined eaning efficiencyCopper

corrosi onA1$01501QF7803005E36010710D21451010?10?D115010710D12010910D801095D
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175599B175257108B22 18 2755510B275255- 77B3Q255010B3755510B3752551 OB42552- 5
10B475252-5 10BS7557-910BS75257-910BS5010109B625~ 5~ 910 11. 06
JAN 2003 5 WO 00/0p238 i B6755710B675 ~25710C601075C1~01079C20
~1077C30107504501 399C801075C901077C10 ~ _r0 ___ 1 ~nl0 ....a L~a_L 115

...... 1 1 ~at vu
U i ey srploy gt where X0, 2 e Shosen T € of 51 M. e B
ECT / US99{1 1gd&ﬂmdﬂsauhk vfain;caaeqt?mmdnts and p&emadaf@eadmteRtg‘regpd giaytber%t has
een etched in one st i rect e 0 ure 5 shows the
;a)éa{rpltﬁ of ARPIPRFIALEl ﬁtﬂ’i‘é‘}i’tﬁg{)}t g&"g‘?yolﬂfi‘ g igdensn 89‘?th agflgeptionaldy shows
a ein S u
y fﬁm)ét AR saggﬁt B}aﬁétﬁﬁnorslé&%lib AL hﬁ&u, Bpéﬁlgjnyf g’?ougf

conditions e yed Dual mascene structures -have
reduci ng pr gmegh{ athqaaclierdr alkox e igoaup; exptionalyud aubstrtatedl—teybgrow, coaight or

engi neers rese r hé Si I est, )at ruct u& %‘o sible ip order to preserve
this co °’N §B° Py 1FBUEY]: SO hYdEoRY 18TORRy drhiplpsen; gaxbouyd group,
participate SHRA t I | 6 SPfdRi@ .

er - net al ﬁgb&%ﬁ(}?rglrgﬁﬂmt er?rgno g%ulﬁsﬂ?%‘(%l?lgiagle%g&a i@re as hi 3‘%%‘1 %“Eo(? 9 In

ch case theesalteofesuchscampovads.bip & prefgrred wmbodinednt X,r Ycamh Zeareatitragen, | ost
The sinplest. strtictur the first. a C teste consi ste chi
both |ines BiY&8 Wzimftie o, JSW?F{IY%y’t ﬁ@é 3@6@?@?&8 IQgS ei“ e °ﬁ|p§°f18?5 le a
buri ed har degiBsdimesit, 26, Y%’d@@ﬁh AftbgeftR3 txghmbgai And R} ¥hd Rseoonbtituteda | e

phot or esi st was used to pattern the line |evel. A typi caI exanple is
shown ¥ Fibenzegeringiere t he openi ng on copper forms sone "nushroont-tyy~c

resi dues. The hi ti , f er

uniformty of thgq 8@%ﬁ%%% ol 88%%}0 ﬁ‘l{ﬁ mal{ég hy%%ﬁ‘.ymfﬁ% ‘eprné%yche of
the struct ugmploged i e hopmtion nmpcﬂdenﬁg or in cugjunietioh withuhe didseds dheadyt o be
addressed: firstly, cop i ~ back s tered all over the structure
(sidewal |'s @Fﬁﬂlheé‘?}? WqSRSP‘}‘PfW&ngFBETé ¢l8%er into the dielectric materi al
and eventually reach the front end device; and secondly, post e~ch residues

created in this e are nore difficult to renove. They are

))

|

. 20  Wherein n=1-4, R6 may be present from 2-5 times and may be chosen independently
as H, optionally a substituted C1-C6 straight, branched or cyclo alkyl, alkenyl or
alkyny! group, straight or branched alkoxy group, optionally a substituted acyl group,
straight or bra:mched alkoxy group, amidyl group, a halogen, carboxyl group,
alkoxyalkyl group, alkylamino group, alkylsulfonyl group or sulfonic acid group; or

25 the salt of such compounds. Suitable specific examples of corrosion inhibitors
include catechal, t-butyl catechol and benzotriazole.

The coq;xposition optionally contains hydroxylamine or a hydroxylamine salt.

If present, the c[omposition desirably contains from about 2 to about 12% by weight of

the hydroxylamine or hydroxylamine salt.



I

30 very strongly anchored to the wall, and have a conpl ex COWDOEMB; 38,4](%

CuO, Cu20, 12. 0 6 JAN 2003 WO 00/ 02238 PCTNS99/ 15157 5 silic
dielectric, “Q@Q}p&%g rom the photoresist, fluoride species frgpifseakihi N9
‘gases, etc.). Various traditional cleaning treatnents were tested on these

residues, and failed to give satisfactory results. Therefore, from.a
process 9 nt egr at TBRTastISRHIRS FOMPOsiteN ¢pntainy from ghautdOdsreenthy weight ingebeut ect | y

Che Thtr oducPteehf 82 wipht &' SholiiEediiathidiG BABPEH phidehi by wih 19
whi ch is usgBossperknhbs tvegightast theevaid| ane thvln abap. 20Thérser &y weeighs to

phot oresi st renmoval while isolating the etch residues generated fromthe
diel ecfric abeyt §ORArea dyeveighicofdhe araanissobysdhi Hpressnt glpfpwosm inhibiter e
time, phototesi 1 . copper.
ere agai n. 1§ WEpUE PRRME SR BRAREBHH b PSRARE: FhoBkRETML, C

phot oregpst reno\Bucasdecpf a3 inabiliey tb rdexsl a passiviation Naer,mehditiosal Ofleaning
phot oresi st stripping (such as_plasma QZ) wll in nost cases oxidize and

attack the gelvents are pabYyicH pwtedde wosk Mathneappenag Hey disNalbueontain Aggressive

st epper and > i f i . The
phot or esi st c%@%ﬁ%@%d& tgggcgﬁggrlggf Egﬁgﬁdeg@k%%ng‘ﬁlgﬁh%%fggﬁ% to
form ng gas gphthsremdveRGpperaneloresighedwithot damaging thy existingriperconneqa titth e
product, to conpenpsate for the possibility of premature punch-through of
the SixNy | &3teson € FAPPEKYEEe MeasyEd Py, %"’9&5@%5@% W%WF%@W?@@E U 0C
for 15 Ii%nu#’?ﬁ“ fdbe. re-aining residues are now easier to renpve. However,
an issue st BS remains with black sputtered copper on the sidewall of
& stricture, bSomesesalventde inndudingl bydroxylaminec oghomistries, eshoysed. sévere hi s

a

e the generated.. residue contaiqs a | ar antit f..CO r, .which can
be ?emvedgé{?oﬂ?péggg’é%dlwé 0\98PP°ASI O\AW"F?{%R@HWE%; é?(‘tf‘ﬁ'&"é ﬁf‘ﬁmﬁlﬁq’{“f& t he
final etch Bagkinpip théhStris!idmcit HROY reéfilt QIR fabtBfs: Wekiwil Q@ex%ﬂﬁ%%' I's

and top of the structure. This contam nation has to be renoved before 30
t he next nehydioxylamingasa sgsucingagent, eed its propensity{along ayithaamine selventy and

di f fusi barriek., Mari ous els. J: rt.t ilu F _solutions to
cl ean tﬁ@se"h%é’é‘%ﬁ‘# easgigﬁﬁgg‘? egﬁ‘lequt?f) P‘P?%‘ (g)‘ic?tsﬁlﬁe‘gfeilzg orb%?]:_{bor?g' Pép’%?r'ean is
vel | known testafninghtetehn desidwssefis iangighbokidatiemstae eull) swov det rgecedatind he

i nterconnect level, in t,rr:&t cl eani ng proceeds throuy~h attack of the

di el ectric aplybitizedte Cu'nthen rexidized By watrAr dissolyed; xygen packsiy Gasimpn o
been report 4 t solutions are not effective in renmoving Cu20 types
of resi duessq‘fgﬂﬁﬁm(ﬁ}géﬁiw 2003 WO 001 02238 PCT/ US99/ 15157 5 The sanpl es
used in this study are conposed of a bl anket |ayer of CVD copper, with a

gi ngl e damascep f 0, Lon j s, use 50C. f | Omin in

SEM TOOR? t o2@n§v€T%’§§°§§#§ﬁes—.’ E&B *TE’EA*&&X@% +§2€%’f)8‘rr40( Fig. 27) Mows

the cl eani n€Cubt 6ki er€Zed sulili)én B6 at the bottom o~ the vi@)and on the

sidewal Is. A slight attack of the netal at the bottom 10 of the via is dub
ability of the chem st r}ve %,o renove, dapaged or oxi di zed copper._ During

openi ng of  tfhers, Laiscan evmiisle ligand: Reactionol sghiey t gaistcipyesking dRsphattisr ed

onto the si t : : 1 pPel;

mechani cal | gﬂ({:\%ghggg a(lﬁ% Hm?rlg?ﬁgg}ggﬂiﬁ?‘&%ﬁ%gﬁ%ﬁpﬁgﬁqﬁﬁ@s gt%leéggbsfg%ny)’/ to

remove B0i s whilen@) con?ltxics theet Enj miost likdly loxidizing dt bankreaGe (especially in the

resi stance. The res%ll {.e'}? shape of ':fge material 1 ii@ot a gl{q?bl em as the

lateral att@ERPL PolBITY Hai RS t theSatielimpy qissolved Water ad/orOXygen  osh

nggﬂ t af\i Igaﬁﬁ %‘xi&@ﬂﬁdi\\fé bSppP (C0Y {00k 8kidiZdd for! MG cANBYRissbifed by the

A strong compleﬁcing agents (including hydroxylamine) comprising an hydroxylamine-

containing chémistry. What is important is to design a chemistry that is capable of
35  dissolving oxiidizcd Cu residues while shutting down the thermodynamic drive that
draws native Cu into solution; this is accomplished through judicious change of the

1
ionic medium employed.
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reduction of copper contamination from9x 1 O 14 atons/cnR befor§ G:I%iz%a
to 9x 1 O 13 atons/cnR afte~ use of solution B6. The detection [imt of the
equi pnent | sy@bmeskag0 1012 atons/cnR. Furthernore, a bl anket gddaisonsyaf er
‘is introduced in the SEM TOOL during processing as a control for copper
contam nation. The contam nation of the native oxide of this wafer is

anal yzefi bﬁu?ap - €uwddavnposition total reflection x3)ay fluorescence
(VPD- TXRF), and shows that not only does the chem stry renove 25 copper
contam i zation but also does not redeposit this contam nation el sewhere.

Fi gs. 2833 ladplsening af dampssens AR SWICIEES INKGEEING COPPHol uti on B6 on | ar ge
areas of exposed copper (Figs 28-29), trenches (30-31), and holes (32-33).
W note that an artifact due to i sanple cross sectioning breaks sone TECS
li nes whi chThalhéingupose apetis fventiviiseeeledn dantRedmR! ARBHes Whemopperh
pncess and that which was 30 protected by they dielectric. This shows that
sol uti &0 Bas exmosed.ilp the fivst example peeserted here €hig 3)wthersamplegis alanket eeppest t he

copper (as ¢ t j ! . . t i t roduct
o Shown by Fg SHEL e b TRORSsfichr boxis b B BRI Ul FhE el °2 G
39 show el agks reatiked mstulot sepzn fitsh theThaig letshathronigh ¢he Bulkvdidlectrit, FoRbwed bgf
copper. Via. resistance is a neasure of the cleaning efficiency at_the

cont act 35 aheleariBg sipe Whers, phatorefish apd Jngin frost sieherepidues arq semeved witeh
solution B O . : £1 .4k j | SE.aNe i ch oyes a
good cl eanigﬁg‘%ﬁ&ft%ﬁﬂt ﬂ)gé?/n}t g”}hlikﬁ%é@?g%se tgfﬁgm%/éégdpégfa e@;ﬁlﬁﬁl d"'wg*%' 51%9 003 WO
001 02238 PGENnANhbdR16h T fealizedetoddpen lhevstridnere @b fcoppeeniedving £ Aliniiiumd o6 t o
reduce post etch residues. Cgr_ve g} 1 %} shows the conposition of the blanket
!)per i n dppidussonhe botigm gnd sideypll gEthe stagWigsi ty at 932.5 eV. for CuzO

p

ves (2) A@@&lnuﬁﬁa of gpgwiﬁéﬂﬁy&eﬂmeié&éﬁm B6) Whe upédamkﬁfycesgﬁg@; cled {Hdsed"

02/ Nz plasma etc sec. and 68 sec. Tespective esi dues
consi st of ré&uduedat £Q°Cofvr 40 n88%FigV3). Curves (4) and (5) show the conposition

10 of the ~ . £0 r surface after processing throu pl.as tch,
f ol | owed bm bg':?taﬁdﬁfﬁ’p&?%ﬁ%?ﬁyg%“aﬂws %‘fﬁ“ﬁﬁ aéﬁb‘"‘%ﬁf %WS%F é@?&‘c”‘?ﬁ Ely.
Thi s shews javenBgh i repidvilg CHO R CuDs soRpemds OFig, hpss oxi di zed state. 2.
Etch fates: 15 The main purpose of this invention is to clean damascene

type st ructlisbles] sH@MariGpd ¥ArQUs cOMRSHigns pegd tonflean sughom suetrd, and gheir

sol vents were.t dfor. co i eh. rates on netals
re moasur SEul, ST cleBhipg URGkACY d Yotlel JufiERCe Whfcth o S BetRLC ' ¢ e
evol uti on iResakeare rafdi Horant e 00 Hyhsubfeetiesly ahalyeing SEMI PiEtubésO € 9SRating Nt O
the solution. The resultant etch rates are converted intqQ Angstrom per 20
m nute (A ARemadadand; P ds goody Howeyer e note thet i ¢leaning|isithagn sorrpsien
exanpl g Sol; 1kt . ’ f i i rd. and
o T g gt fieh i€ ety kool lonkhecde? 1RO RRfHhicD bRtk e ERRE el s
duri ng cl edsforgxamplehlse case of putervaaterdA1df chol i ne hydr oxi de has been vari ed

f 10% to 50%.25 with. added spl . O | L ycol ing f
B (5ol ut | on AS)FOBIOUNOEE Al A A k. @52 95, yR R ol e Al 1 1o
th coppefindrbaes Sviteh: clidlihel EotRBhtrAHdnSRaes B0, HOWRILE id nble Mt MsudhSt

| ow-k dielectric materials used in integrated circuit fabrication.
Conpat i bi | icppcqmlanordicglamtar thin faerarat ghe shefacevef thet sodutign and thatcadding ewi ng

Char acelr i spiventlchils, B olRHG FIFlng Hvibt, ke TR fop g red: ieiiep *
above in t hedwisgethe tledhing leffidibnoyKBeltio\B1, B2, B3, B, BY ahd B63.0Thi§ ¥sunsingi ne of

processing in the solytion, and results are given in /mn. (Table 4). FT-IR
spectra of efiget howevst dereduaed dependingaunosthe type b stabidizerpsedawith the rawm i n

der to d : . i . ' i al
Vit or i ot (ngpis| S ¥ndicyaoli 3ha SEE PETacaf [EMEeA SRRy TBE SEhuon
(HSQ, met hyightndtsepipe anxadditiohdi3Qlveannd or gani ¢ dielectric, in solutions of

choline i 15. . . - . .
35 We have investigated the process conditions for those cleaning solutions and

found better results at temperatures below 50°C. The time does not appear to be
important and we would recommend a process time between 10 and 30 minutes

depending upon the difficulty of removing the residues.
10.
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firstly, copper is back sputtered all over the structure (sidewalls and top), likely to

diffuse later inta the dielectric material and eventually reach the front end device; and

secondly, post c{ch residues created in this case are more difficult to remove. They are

very strongly an;chored to the wall, and have a complex composition (Cu, CuO, Cu,0,
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Branson 3500L) followed by a copper compatible product, to compensate for the
possibility of premature punch-through of the Si,Ny layer. Posistrip® EKC®LE is
used in WSST 640 from SEMITOOL at 60°C for 15 minutes.

The ren aining residues are now easier to remove. However, an issue still
25 remains with back sputtered copper on the sidewall of the structure, because in the
second etch stqlap copper is exposed. At this stage the generated residue contains a
. large quantity of copper, which can be removed as discussed above. As shown in the
TEM picture m Fig. 26, the final etch back-sputters a large amount of copper residue
on the sidewalls and top of the structure. This contamination has to be removed before

30 thenext metallization step; otherwise, it will be trapped under the diffusion barrier.
Varioug papers report the use of dilute HF solutions to clean these types of
residues. The Eability of these solutions to clean is well known for front end
processing, but shows some disadvantages at the interconnect level, in that cleaning
proceeds through attack of the dielectric and results in a loss in critical dimensions. It
35 hasalso been erorted that these solutions are not effective in removing Cu,0 types of

residues.
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Furtherq"lore, a blanket silicon wafer is introduced in the SEMITOOL during

processing as a control for copper contamination. The contamination of the native
oxide of this w[pfer is analyzed by vapor phase decomposition total reflection x-ray
fluorescence (VPD-T)RF), and shows that not only does the chemistry remove

25  copper contamination but also does not redeposit this contamination elsewhere.
Figs. 28-33 demonstrate the cleaning efficiency of solution B6 on large areas
. of exposed copljoer (Figs 28-29), trenches (30-31), and holes (32-33). We note that an
artifact due to ;sample cross sectioning breaks some TEOS lines which allows a
comparison between the copper exposed to the etch process and that which was
30 protected by the; dielectric. This shows that solution B6 effectively cleans the residues,
with no globalgattack of the copper (as demonstrated in figure 23), but the gentle

action of the prd:bduct is shown by the clear definition of the grain boundaries.

Figures i’:’o8 and 39 show electrical results on an integrated circuit with 2 levels
of copper. ViaE resistance is a measure of the cleaning efficiency at the contact
35  between the 2 ]!chrs. The via resistance after cleaning with solution B6 corresponds
to the theoretical via resistance, which proves a good cleaning with the via dimension

being respected:.
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2. Etch rates:

15 The maifn purpose of this invention is to clean damascene type structures when

. copper is exposed. For this reason a series of solvents were tested for compatibility
with copper. Et¢h rates on metals are measured by using a four point probe on blanket
sample, measuring the evolution in sheet resistance of the material versus time
processed into the solution. The resultant etch rates are converted into Angstrom per

20 minute (A/min), as in table 2.

It is sho;wn that choline solutions (for example solutions AS, D19, or D3) are
compatible with copper material and will not attack the copper material when it is
exposed to the s%olution during cleaning.

The cor}centration of choline hydroxide has been varied from 10% to 50%

25  with added solvent, e.g., propylene glycol varying from 0% (solution AS5) t050%
(solutions B6, C2, C4) and show good compatibility with copper (table 2).

. The invéntion shows good compatibility with most low-k dielectric materials
used in integrated circuit fabrication. Compatibility with dielectric materials is
evaluated by the two following methods:

30 ° thickn[ess measurement by ellipsometry (table 3);

. matcri:al characteristic by FT-IR (Fourier transform infra red) (Figs. 7 to 10)

As abovfe in the case of metal, thickness evolution is evaluated versus time of
processing in tt:he solution, and results are given in A/min. (Table 4). FT-IR spectra of
the processed xfnaterial are compared to the initial spectrum in order to detect any

35  structural or chemical change in the material.
Materia')s tested were silicon dioxide (TEOS), hydrogen silsesquioxane

(HSQ), methy! silsesquioxane (MSQ) and organic dielectric, in solutions of choline

; 15.
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W | m ngt on, Del aware; {Chi nook Chem cal, Toronto, Ontario, Canada; Japan

Hydr azi ne Guwtal/dielesteic/siligpa yersuel veltagsu bit gives @asindicetipe af twpdisiaciric Tadeyo,

Japan. The fornul ati onsgin t ve. ingl. ter in, these
commer ci al S{[%sséz%ﬁnﬁgs? h?&glﬁex?%seﬁogg tﬁ?ti Qﬁégﬁs‘ﬁgﬁk@j g%lgﬁﬁ? %‘%&P&F cgﬂ;gfi fied.
In sumpgr yihééi?@ﬁéi’ti&@éﬁﬁx slganio dielettric Matkeinl aidatbsid Myst@¥aaidlindiced. by
conposition B6 i n the;above tables, which has a negligible etch rate on

g)per and ot herThggsa pultssshew that thspesntiontie gempatibie mosBmaterials used
perfectly co il it . JAN 203 WD 00/ 02238 PCTNS99/ 15157
5 and sone?%ﬁ%!npggﬁ&%{ngp%éllééfclgll%&t%@ and at the sanme tinme, gently
renoves residues containing copper. It should; further be apparent to those
skilled in the art that various changes in formand details .of the

i nvention as shown an('pl descri bed may be made. 27. 0 6 J~~1 2Q0U3 WHAT IS
CLAIMED I'S: 1. A conposition for renoval of etch residues froman
integrated circuits using low k dielectric and copper materials, which
conprises a choline conmpound, water and an organic solvent. 2. The
conposition of claim :[L in which the conposition conprises from about 10

!
!

16.



percent by weight to~about 50 percent by weight of the cholin
The conmpound of claim2 in which the conposition conprises fr
oabout 80 percent by weight of the water
m 3 in which the conposition conprises fr
percent by wei ght to~about 80 percent by weight of the organic solvent.

percent by
‘conpositio

Wb

t

5§ o8 g, °
- Berasaisist

5.

The corposition of claim4 in which the choline conpound conprises choline

hydr oxi de, choline bi carbonate or choline chloride. 6. The conpou, ~d of
claimb5 in ich the choline conpound is choline hydroxjde. 7. The
conposi tidn of [claim5 in| whTest thel ortesti spbl vEest onpri ses propyl ene
gl ycol , difment hytesttbhnmxi fe, dTédtoet handTAdti nej odT#dtgl ypol amine. 8. The
conpositidn of [claim1l in CQARﬁﬁ'i)_tl on(luiﬁiﬁ)i opal Iy conpri ses
hydr oxyl arfi g thef cong@srtipn of claiml in
whi ch the 39 S|t|ga add corrprlses A corrosiop inhibitor. 10. A
pf ocess fa g re dal o] ; dues fronman integrhted circuit using
| ow k di elle i| c a%copp ial s, which konprjses fontacting the
i nt egr at eq Elr qui t th a é JAN 2~p~~ conpgsi ti oh conprising a
chol i ne cdnBund, er ahd #h? rgapi c sol vent at tenperature and for a
time suffifcE8n{ to 8@nove|thedR4sidue fromthe integratpd circuit. 11. The
process off EMaitm 1080n wh| ch &Kt cohposition fconpdifses from about 10
percent by B8 ht t80about 58498 cent by wei ght of8@the fholine conpound.
12. The prjoggs ghaim|] 14.mwhich the conposition cpnprises from about
10 percent |gh to apou per ce y i ghigsof the water. 13. The
process of E?’ai m | 280n whj ¢ E?%% ozag:%on onprises from about 20
rcent by &8 ght t80about sd girce t Dér Rei ght of -k he br gani ¢ sol vent. 14,
e procedsE®f [clai®P13 ih wheSR the chol i ne conpound cpnprises choline
hydr oxi de,| Et®I[i ne 80car bpnat®2dr choline chlride. 15.]The process of
claim 14 ijrEEthich t8@ cho] i ne2.60nmpound-2.82cho] i ne hydroki de. 16. The
process off gf2aim 1080n whj ch-16& prpcess includes the sjeps of formng a
first silijoes ¢onpognd etch sp@p | ayer over copfed copducting line in the
i ntegrat eq E44 ¢ui t, ghorm hg azpgcond siq ggon fconpound bhl k dielectric over
the first §ton cggpound etghystop layer, efching thelsecond silicon
conmpound & gi el eghric to @( @se he etch stop | ayer,|renoving residues
fromthe i Ilat edgki rcujt hi ng away the| etch stop}layer to expose the
copper cor iing | LAe, and ? VI n residuesj fromthe {ntegrated circuit
wherein th @Ilne onpo es chol i ne hydroxi dg, choline
bi car bonat|E® cholp e ch or| d the organjc sol vent|conprises propylene
gl ycol , dijnERAyI oxi de, et h s~ol am ne} or diglygolamne. 17. The
process of| B23i m 10891"1 wh ch osition pdditional jy conprises
hydroxyl anfiB24 ¢r a 8Qdr oxlyl an? 5 sa t
E27 80 . 6.03
E28 80 -0.80
. E29 80 25.90
E30 80 . 4.17
E31 80 . -40.15
E34 80 . 8.69
E35 80 7.45
AS 45 0.8
BS 45 0
B6 45 0.3
C1 45 0
' C2 45 13
C3 45 8
C6 45" 0.7
c8 45 6
C9 45 0
C10 45 6
ous solvents

Table 2: etch rzftc on copper of vari

|
|
I
;
f
!
i
|
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29 0 6 JAN 2003 18. The process of claim10 in which the COW?)SMANFQG(B
additionally conprises a corrosion inhibitor. 19. An integrated circuit

fabricati onygrgafegsss. Which conprises forming a first silicon gefpeyendiset ch
'stop |l ayer over a copper conducting line in the integrated circuit, formng

a second silicqon-conpound-—bulk di g,l_g_g_?_{_l_g_g_ug_L the first silico corrpound
etch stop | ayer], et chi nQ'?’ﬁEt’!‘éMﬂﬁ’@ § i con cofmpoundMafREs di el ectric to
expose thel etch stop | ayer, renoving etch xesidues fromthe integrated
circuit, egchi (gTEGE theISQch sUPQl ayerSiL& expos®ut he cofgper conducting

i nea and T 10.0eT qh T49' dues pIPm [heggfe raey cifcurt w hhaln_ etch
resi aue r eno T.Uv,lpu . COrt q_l1lt'llg dar] e \U:Qoun:cnu Ot chol 1 ne
conmpound. RO—Fhe G.wgru 'Bu \,: et Abr15 t lﬂ Heegs of—clay m 19 in
which the fikEd <040 odn ¢ @y b hy :S\mrlqpq sililcon nitride.

21. The inted4t ef-% ] rcmﬁ“fa & é‘;Qtf’ nr kgss of 1%40ai rh 20 i n_whi ch the
second silji c&¥|coBfound bR k di el @& rift conpri $es53i5 i don oxidel 22. The
i nt egr at ed cigsjul 2.4 abri cRi onl pr-2c®ss|{of claim2B.0n fhich the choline

conmpound CUTT@'@'—'SE‘.@_QHCISBQto roxq @€, Fhopi3e prcaggongre @ cnpline
chloride. [23. The int e*gqmgﬁ qi rcuit f abri cati DN procecs of claim22 in

whi ch t he [ehgHexe ||'|€FUU ch i ey ) A—He—t+ategqated circuit
fabricati oln 5511 veghfnf et ’”14 R *1U4—; pS fD hposi tion
addi t i onal | E13 warff 1r9p iht bt off crtBuid fapric I on process
of cl aifn 2Fable Jifiteh rates OPéBF'GEFélcr'EHWmlS adnssals forrselestest sedutions: om about

10 percent by weight to about 50 percent by weight of the choline conpound.
30 Q~ J-6 ~1Fhis21&w &lhnmiismy s beanddevielaped tin bader e be compptible agth Iofw-k| ai m

i n which on co |se Qm a erc nt by wei ht to
Qout 80 pé}eifé F°38F°? %‘{“Cﬂ?wp gﬂé&ﬁﬂ? %réﬁwﬁem
fabricati Ogmag ﬁﬁ't)@ﬁlaﬁ&@rhﬁﬁtx%ﬂltyrbﬂ’!%hﬁfbntl@@ “ﬁgﬁnﬁ’ﬁ%srhﬁﬂeﬁﬂ guf b isanabhy
i ncludes an o ganl € sol vent . he | nt egrat e clrcult cati on pr ocess

of cl alln 2thei RTAIRi spectrims ertgamatcmﬁlasednpomqo(m&wcp) cap;il afree trgatmanit, in

ciroutt £ afpsh BB eRRbRRt SRR ft shenfthar &0 Fimpse: Aeahoon T o o
addi ti onal khe &85 nb S Gctiyd emtfb@mmmat%ﬁal thRsugh'precahg s Sbseruet!

fabrication process of claim27 in which the conposition conprises from
about 10 percenﬁﬂb iJarlieitht change 4 dag distechic eenstant pf BilL K Hvasofollomed diyothe ne

conpound, t ht of
the. wat ef 8&%% AP T3 Hherkliy ol nca B B caiciRREE B bne el
wei ght 1®f b&swen ganercuryodroplet ancBﬂhe Hiﬂle stlﬂbﬂg’l[’hé ditlectric voristdm s caladlaed
process of claim 27 jn which the conposition additionally conprises a

corrosi on f19A e cgpation:

Cox= ecer A/t
. in which:
20 Cox = measured capacitance,
€= dicléctric constant of vacuum,
e; =real Aielectric constant [or k],
A= surfaie area of the mercury droplet,
t= thickrﬂ’ess of the dielectric.
25 After processingiin solution B6 there is no noticeable change in the dielectric constant
from its initial v lue of 2.7.
By sweeping the voltage, the C(V) curve gives an indication of the behavior of
the dielectric under stress conditions. The C(V) curve in Fig. 35 shows that the

18.
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<L{upkfa\ W ca] ca] ca] ca] ca] calU] caU] ca] ca] ca]c: a] ca] ca] ca] ca] calca]ca]ca]ca]c

a] ca] ca] cal] cal]. ca] ca alUl cal caUlca . . . .

N e <| WAL PSGiod 1Stk o B CHFEIbE d indpesd inuihe ycrial DURISRIFERE %) cay ca
] ca] ca] ca] %ﬁi\ﬂﬁ ] cal] ca] ca] caU] ca] ca] cal] ca

JwysvxU ] _ FTTE ™ # $$9R] é gb] XU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU] cal] ca] caU] %]stsadu‘] paflarngd ]Igﬁl(ftga] Iﬁ}'t)awwpmm@maqew]w]dm as

i‘é}ééiéaiié*p&area @atf‘ema?@a eapiuekenfearuart b bhie st o0 <o

caj cal 22222 %ﬁg 8@1&9 tréahhéﬁt'sbin'ple (Fig. 37). Again, solutiop B6 w
<<f <q<=zupj Ul ca a] ca%baU] ca] ca] ca] ca] ca] ca fca] caJ cal ca] ca] ca] ca] ca] ca]

ca] ca] ¢a] cax]sexh]xﬁh]:S app%rpmaaq iQide'al] t(hnm:R:——9>H>>>>’>f ? @@AnBBCDD$D3D?

e A B e bl

| Ji JJ BKITKS Il whia ekl é\dNNfeQE&WFH 1éym,télﬁh si8pCrdadd 6a] caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca aJ ca] ca] caJ ca] ca] ca] ca] ca] ca
] cal TTTUp U@Mnggg[dEm}l n with each o er or optlmum results. This invention deals

ey oy oI 8 SLERC MR ol sbheabag bl kel g1 )

aaaaaalnb r}&ﬂb%btfﬁﬁﬁ? bﬂaﬁhiﬂﬂbbﬂbﬁhﬁ@ asathieht Theaiewatohibg Strkiely abismteaf gal] cau
] a]caU]caU£c aljcalc aUc alcalc aUc aJcalc alc aJcalc aUc aljc aUc
alc ay] ¢ é}qpaqt@lhwrggfs(ga%\w]cb #& protecting layer helps to deal with easier to remove

Al oal ca] (O T OATES Saary RS RLAbgey o o e PR oy

ca] ca! {}}} Jprddess flow. This new chemlstry exemplified by solunon B6, efficiently cleans post

TFXpZ nichAXje,[Vc calca ca cal,ca aU] ca] caU|.ca] cg] ca] ca] c

e e s L o i A=

hUz~ BE%X| %Biﬂg g‘ tﬁa_a],EKU] ca] cal] ca] caU] caj caU] ca] cal] ca] cal] ca] call ca] c
ca ca

a] cal] cay Ul ca] c. a] ca] ca] ca] ca] ca] ca] cal ca =A

"/ 01BQror zt oi d*YSI d"YSj eU] ca] cal] ca] calU] ca] caU] ca] caU] ca] cal] ca] caV] ca] ca
WV] caV] ca] @GaPhota]resisf|stagppmingd ca] cal] ca] cal] ca] cal] ca] caU] cal] ca- 058FH9_E-~yt oi
o1 YT pU cal cal calf sadlcalaal sale phaale e sl ialsaliatoa el sl ag) caU ©
ENi f rmquzy{p’ﬁwe;eulﬂsrue %hﬁp%&rﬁhﬁab&zﬁaﬂwthca]a@ahﬂxﬁgdeﬁeléhﬁedf@b{hﬁai frhcal ca
U] cal ca]cal c U ¢ a] ca] ca] cal] ca] cal] ca] ca] ca] ca]ca]ca

, 8: @H2P }mong{a\lmr@fqll@ Bl selitiens|repgriedundallle 4V erg|sueaspefl] neatlackingaU ca]

lCJ]a(L:J]"g?J} ga]a] oﬁ@?@%fi?hg&%w vpke  ZUi c~U] c] caU] ca] cal] ca] caU] ca] caU
1 gal caV] caj CaU] G h Cdkt @tfatetl b Kolineahdralie@ eblutibs G5y shecvsdfciy) ¢ehbved] kel ca] c

ca] caWK") ;
=W~ <Gd$z1hmmﬂﬁ]gpch‘] &3} ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c&al] c&a] cal]

c
FDog) ~)ur | gat o ok BT P ien Bt bt el 106 co ca
] ca] calspal Ce%ﬂxﬁé‘]:lﬂ@ﬁ&ﬂ"@ or QM? aﬂaﬁﬂe%mia&a{hmn have a non-negligible effect
-/ : B&z| vgke ZU ga\ W] | caUl] ca] caU] cal] ca] cal] ca] €

a] ca] ca] caUit tkihningdewndhe phetpresist Fhps d841d%U) ca] caU] ca] ca] c*a] cal] ca] caU] ca]
CFw' $&2Al {

U chal ool ca. Ul oA AV e E o P e S aprc aERp o) EReCly o)

*?kn~ hydroxide mlxed with other solvents such_as, for example, dxmethyl sulfoxide

Fbjwgl f " [VIg a\ W ca] caf cal] cal] ca] cal] ca] ca] ca] cal] ca] ca Laa callca]calc

a] cal] ca] ca(uqu)qulwqrcDa} ou| mengethanolanjine )C@b%fm ) have a lift off

| cal capisa] (TR RARRER RS SRR e] o Lo o) o ced el cal ealcal ea

] k| wr mhe”Ya] ] ] caJssﬁ&xeal Gl chalind](Rpdresile; amah&a] &aiai%ﬂb%ﬁltEﬁLﬁﬁ}&ﬁJ\&ahﬁa] cayl
ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] cal Aagitr8
] k| wr mhc” Yagtotaredistal bighcahceitatipos] ca] ca] ca ca] ca] cal ca] ca] ca]ca]ca] ca]ca]c
aJ ca] ca] ca]ca] ca] ca] calU]ca]ca] ca]calca) pfH s10%& ()-F
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10%4| & () -[1Seluton | WC&‘Hefat#Lelc dimee () | SUPPDR| & ()- 810%4| & ()- 10m

10nm{ x&\ =K10 10 1Q%| & ()-1y&10%| P| BRFSPlt#lo%u& (- L 100 & ()- ;|
#109%4P4& (JABTXT #483% ] & () - 4:15dmN10] IR rermbvede | [Figyre 12100 | & () - "

10%4t & () -9 TOVR[HSPE - LOYE & 16)min? LPPAR atatled JV) )6- #10%4| & ()-93
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1 ' . ISVR(#tfckéE) J' ﬂ'ﬂ
o Eorer
s 10028 ()| 2BS#109% )-l|s3d éd@m(l’ RoR () -|gmeur

@! f #1052& TbleWgPhptoresigt yemaval evaation -
1\ @#109%228& ()-!' 109%0& ()-! #SSSH109ZZ&' () - &] &&' ((){ Y7bCO! S+y#109@Z& ()- ! f
(Sz)é#lgi/%%(& ) E) ! aIS)fgLéI(?gﬂ’ﬁqgl) ;)f ;1 smglol amount of hydroxylamine in the base solution
ty - F= | 1092& *bC0! S" 1094
#s10%4| & ()indry9esasdhe Jemo ﬂoﬁ%%%%)z% éﬁﬁeﬂwp?&ﬂe *‘%ﬁvmsbool S

109%4| & ()-! 9 094

10%] & () - +'f Hie 8 thow ﬁ‘&&%‘&@%ﬁ’?fd )°°r-’s}%o /40?13{%“‘1ﬂ$‘§'"§ §°r#§’i%5%vf§ ()-S
00/%4| &10) - @&E&ﬁcgcwthpatt‘erx&fifsm?n@ﬁ@bm IThe TeHith &ht(\)r that s dheisgries can
1000/(4{?1!&&(§) %)@qﬁ%& {4 thie organic eokitt withdut damagink the drgsas diklecuse)  PC0+9
0% 4] & ()ler@Llow& ()-/Z10%1 & () -S3. @#10‘V|& ()-

 ZEEEs

104| 104
DU () - |
) X9bCO

)

___ _;_ cnmpallhlllty
'5|LK'Harﬂ cn
! v V
F2 0% | 50% 50% - X
F3 2% | 48% 12% | 38% v v
F4 5% .| 45% 12% | 38% v v
F5 5% 48% 47% v v
F6 5% 5% 90% v v
F7 5% 12% | 83% v v
F8 5% . 24% 71% v v
F9 5% | 95% v v
F10 5% | 50% 45% v v
F11 5% | 48% 24% | 23% v v
® 0% | 40% | 12% | 36% v v
F13 13% ;| 37% 12% | 38% v X
F14 15% | 35% 12% | 38% v X
F15 20% ;| 50% 30% v X
 F16 25% 12% | 63% v X
F17 30% 46% 0 X
 F18 40% | 60% v X
F19 50% 12% | 38% v X
F20 50% 12% | 38% v X
v Good '
v Incomplete
g Not Tested

X Incompatible
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4. Residue removal afier metal etch:

ammonium

The invention has been tested for removing polymer after metal etch. The

metal etched in; our example is an aluminum line, with post etch residues (Fig. 17)

20 relatively easy io clean. A dilute solution of choline bicarbonate (3% [D20] to 5%

[D21)) successfully removes this polymer at room temperature, with treatment for
about 5 minutes (table 6 and Fig. 18).

However we anfticipate that tougher residues will require either higher temperature or

higher concentration of the solution to be removed efficiently. Either way, care is

25 required to maintain compatibility with the aluminum or aluminum alloy line.

Solution “Temperature time cleaning results
. D20 25°C 5 min good Fig. 18

D21 25°C 5 min good no figure
Table 6: efficiency of post etch residue removal after metal etch

[

30 5. Residue removal after via etch:

Solution .| Temperature time Cleaning

: Results
D4 . 1 65°C 15 min Good no figure
D5 ~ | 65°C 15 min Good no figure
D6 65°C 15 min Good no figure
D7 65°C 15 min Good no figure

D8 65°C 15 min Good no figure

D9 65°C 15 min Good no figure
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8109888’ () rT@#lO%B& ) -G K@#10%' ()-G

10%;& ()- xyyszz['l[he\ ineutianki@s, beenotegies: foy remeyipgspodymer- after via etch. Dilute

L S10% ) & E{i S?%@%ﬁ cf}?ideg 2"/1(%((@ )Q/lth %Q%Who(ﬁ a&éezi] Jol\/'\e/;l/t\sl: AS%\{\K@ 106
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h& 8 /é~18%%ﬁé8{§’g%f@séﬂg’lcfo on%“ﬁ%“‘ 3~10% h& 8 1 3T0%
h& ()-45 y_TBYK@ridioh (s Iberf testedi-d) Yosamiple wher Misaligfed fuky {tkn/plirg]sO%
A RE R Ay R—— R T MR

12l o 0%
@ (3117 Sk et Qepfadng e Bod by find Wi bidign of cho i
he ()-1___ (3% [D20YMaHMIIY 4 €insd 3000 tesipieratiie?oOaout (M/miiités) pricr-0%
R L L e
h& () - ?@ 2l Qz3m110:{ach§§ @ sthat AMuRE(1%) b8 chefind <%1éa}bd:{aie‘ intd ‘tﬁé/s@%%ﬁml()%
h& ()-73~10% h& 2/ 0 3~ 10%h& ()-=/3~10% hé& ()-/3~10%
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B |
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h& ()-/8~10% h& ()-/3~10% h& ()-/ "> " y_@/K@ 3~10% hé& ()-/3~10%

h& ()-/)?/ O 3~10% h& ()-/3~10% h& ()-/3~ 10%h& ()-[ " y_@Q/K@D 3~10%
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a>a?aBaEay @K@ 3~10% h&' ()-/3~10% h& ()-/)?/ O 3~10% h& ()-/3~10%

h& ()-/3~10% h& () -/ EaHaJaMaNaQaTay @K@ 3~10% h& ()-/3~10% h& ()-/)?/ O
3~10% h& ()-/3~10% h& ()-/3~10% h& () -/ TaVaZa] a*aaaday @/K@® 3~10%

h& ()-/3~10% h& ()-/)?/ 0 3~10% h& ()-/3~10% h& ()-/3~10%

h& () -/ dagakanaoarauay @K@ 3~10% h& ()-/3~10% h& ()-/)?/ O 3~10%

h& ()-/3~10% h& ()-/3~10% h& () -/uawaya| a} aaay_@/K@® 3~10% h& ()-/3~10%

a() 1)?/ 0 3~10% h& ()-/3~10% h& ()-/3~10% h& () -/ aaaaaaay_@/K@® 3~10%
()-/3~10% h& ()-/)?/ O 3~10% h& ()-/3~10% h& ()-/3~10%

h& () -/ aaaaaaay @K@ 3~10% h& ()-/3~10% h& ()-/)?/ O 3~10% h& ()-/3~10%

h& ()-/3~10% h& () -/ aaaaaaay_ @K@ 3~10% h& ()-/3~10% h& ()-/)?/ 0O 3~10%

h& ()-/3~10% h& ()-/3~10% h& () -/ aaaaaaaay ?2@0) s< 10% & ()-3~10%

h& ()-/)?/0 3~10% h& ()-/3~10% h& ()-/3~10% h& () -/ aaaaaaaabB@0) 10% & () -

10 & ()- 10% (& ()- t10%9 & ()- f&I0%W & ()- 10)10) aaaaaaallOB@010% & () -

)?2&V 11099 & ()- 109 & ()- 109 & ()- 109 & ()- aaaaabb_5B@)?&v i 10% & () -

10 & ()- 10%9 & ()- 109 & ()- 10% & ()- bbbb
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210% & ()- 109 & ()- 10% & ()- 10% & ()-
7b9bzZ: B@) 10% & ()- 10% & ()- 104 & ()- 109
- )?& i 9b: b=b@CbGbl bzZ: B@) 10% & ()- 10% & ()- 10%
- 109 & ()- )?& il bJbMRoTbVbzZ: B@) 10% & ()- 10%
109 & ()- SoMton Summmrys’ ()- )?& i VoWZb\ b_babcbzZ: B@l) 10%)

b! b#b%( b*

109 & () -
109 & ( g
10% & (

o

I

10%9 & ()- 1099 & ()-

choline

&I
&I
&I

JAN 2063

Solution water
hydroxide concentration
concentration

A1 i 0% 100%

A2 5% 95%

A3 10% 90%

Ad 20% 80%

A5 50% 50%

l

Solution [choline water Propylene
hydroxide concentration |Glycol
concentration concentration

B1 15%{(70+15)% 0%

B2 20%((60+20)% 0%

B3 25%|(50+25)% 0%

B4 20%|(10+20)% 50%

B5 20%|(35+20)% 25%

B6 25% 25% 50%

Solution [choline water Propylene Other
hydroxide concentration |[Glycol (Benzotriazol
concentration concentration |e)

C1 ; 20%I(20+20)% 40%

c2 10%|{(30+10)% 50%

C3 . 10%|(79+10)% 1% BTA

C4 - 10%!(29+10)% 50%{1% BTA

C6 20% (20+59.5)% 0.5% BTA

Solution [TMAH Water Propylene Propylene
concentration [concentration |(Glycol Carbonate

concentration

C8 25% 75%

C9 12.50% 12.50% 50%

C10 12.50% 12.50% 50%
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yLSH#10yEE" - I0THe%PE () - LQUe™ 9X (|)-45.32%|47.5% DMSO _|5% cat
3 102 3 Yupqm% [ RGO 20 0% =
Os'll%ﬁ SPE-Y ()} Sl AR e 7yt #10'}{: e AMER o B 000 d () 0
(yd_o% * _ * aﬁ %\0::*9 < 1( 1)/ eV=%.3 40\916' \I\U\ML[ r vinign 7
~z#109‘&'() 2108308 (G mndg*z'()-(‘q% rg (Vo i 1[RGE (.
k@f #1(PA0 & -nyyéﬂ% of | 1 w1017 ) 81000 S490%[ ) 8100, * &' [0)5% §§A'Q@ * & () -
' 10% * @AM -3 | #109&6R%() -3 | 10%[* & ()-L)I 19940%( 11 | [ NA41010% IBE * 10 |+ <
10% * &{)2- 10% *& @P0%@ 1#10% 4& ()- T |@WAH *& ()- O 5% 1BC
@ 1#10%a8% ()1 ~ RI6OWAA10TI0 D&I0% & () - wmow* & ()-m "[[0%& ()-
#109% &g QLT 20%| 107 & (|)-37F X[ TO  Y50%RBPT & ()-
y - #10%@&E O &I0% & p%| S7L0W & () - 3 lu%& (40%| TOY088% PGP XPZ[ [ - NA411010
0% =& I & O &0 —s G“ioc/o“&'()-
-#1 BH010%16 205 50 PE
D18 12.50% 12.50% 75% PG
D19 ' ~ 75% 25%
D20 3% 97%
D21 5% 95%
D22 37.50% 12.50% 50% PG
D23 18.75% 56.25% 25% PG
D24 3.75% 46.25% 50% PG
D25 3.75% 1.25% 95% PG
(D26 2% 17.16%|17.15%HYDRO [4.9% cat
XYLAMINE
58.8%DGA

o
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10% & ()- Q: 10% & ()- 6, #10% & ()- 6, #10%&' ()- s3 10% & ()-hzd?\l@zmpmgg
S"10% *& ()-M S"10% *& ()-M $s10% *& ()-- s10%*& ()-- &10%®,%0& ()--!
&109008&' () - i odh@MA4101 | L&LOYANE ()- L&L0% *& ()- HOL&LOY% pet@iseyrs1s
"L&L0% *& ()- L&LOY& ()- HOL&LO0% | & ()-~vU410 " 31099e*9& ()-'
9$1090e*9& ()-F101010 :F 10%& ()- :F 10%& ()- P :F 10%*& ()-eEvU410
‘310F10&@*F'(\-F1E Ue* & () - F1F10%Ug* & - 0e*& ()-@10We*0&' () -
y&s1090e* 9& F9utppfoMppsition Narme _ ~
F10%* & () {FLAE0%e MR - F1F10%* & () - F1&) 2: F10%:* &|N-nethyFoyreitage () - F1y] =vU4
10 E2 BLO gamma butyrolactone
F10%* & () {FIFEDYe kM peaa@e 1076 & () - F1&) 7. F10%e" &|BipropyiénEgiyedi& () - F1(]0147<
yYOvU410 monomethy! ether
F10%* & () {F1rE0% fraorpholifl F10%* & () - F1&) ?: F10%* &| () - FLF10%* & () - FI4=ABFI
N~A>vU410 E5 DGA Diglycol amine
F10%* & () {FIFE7e [85% BLrOLFERReIRS () - F1) 7~ FI0Ye™ & () - FIFI07& & (- FINGPQTW
~A>vU410 — e
F10%* & () {F1FT0%e a5 ot Py Bdat s 2: F10%*& () - F1F10%*& () -F1\1|* bf
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other metal used for copper integration (Fig. 23). It is perfectly compatible with SiLK
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T( 10%r (' & ()-#3 T( 10%r(' & ()-T( 10%r (' & ()-T( 10%r (' & ()-gre JAN 2803
10% r (" & ()-U">vU4/  #12 109 ()->12 109%& ()->12 10%& ()->12 10%& ()->
Yy, 10% ()- wiookR¥R) 6& ()-yYOvUA  #12 10%& ()->12 109%& () - > Bcrv0848i16)s7>) ?
12 109 ()->12 10%&' ()->yYovU4/ #12 109%& ()->12 10%& ()->12 109%& ()->)?

12 10%& ()->|2 109 SH- . 16=yYOVIM/ . #l 2 10%& ( 1098 () - >| 2
109& ()2 (>§ gnd |S?mio@%‘g‘) O“Skfnitﬁé&ls\(/&&:%ﬁl\)ﬁl& A% ?meﬁ% (Jemqvss
109 () - gegogje/@c(; % el-lO%& ()->12 109& ()- >\ akl ot{yY9vU4/ #l 2

1098 () - ->)? 12 10%&&) > 2 109" ()->{yYovU4/ #l2
1098 () - >I 2 109& s(hpul:dl mrmao)&a( Pto ﬂ@sqsievae n theart that various changes in

109%&: () - >zYL?2/ 0%;10 @* 5.<31090 & g 0@ () - 0%& () - >l 2

109! rﬂbaﬂ% AROnE P c YPs \ &

ylo%f&)() 9110% & () - 0&10%&5() RNJh| [ : L'>2/E11§)) ?10%&() ,()!10%&'()-6
11099 & ()- f, z#10% & ()- &10% & ()- 10% & () - hi rmoq}vU5/ 13 10% & () -
(

#5109 & ()- &LOYA(& ()- s10% & ()-10)10)10) <F10% & ()-_CvUs/ 13 13
10% & ()-3 10% & ()-3 10% & ()-3 10% & ()-3 10% & ()-3 10% & () - pPOVUS/ 3
109% & ()-3 10% & ()-3 10% & ()-3 10% & ()-3 10% & ()-/K# @sS3vUs/3
10% & ()-3 10% & ()-3 10% & ()-3 10% & ()-/K# @3 10% & ()- & +07sS3vU5/ 3
10% & ()-3 109 & ()-3 ' 10% & ()-/K# @3 10% & ()-3 109% & ()- 7DLS\] ~O4vU5/ 3
10% & ()-/K#E @3 10% & ()-3 10% & ()-3 10% & ()-3 109 & () - ~vUd/
@109%( & ()- s1098(& ()- 0&LOYS(& ()- 10$(10$(10$( <3109%%(& () -
1098(& ()- _2vU4/ @1098(& ()-& 1098(& ()-& 1098(& ()-& 1098(& () - &
1098(& ()-& 1098(& ()-eGrd 1098(& ()-& q 1098(& ()- & 1098(& ()- &
1096(& ()-& q 1098(& () - &eE+4 109%(& ()- 109%(& ()-& 1098(& ()- &

(& ()-& - 1098(& ()-& 1098(& ()-&"(,-04hL, 4 1098(& ()-& 109B(& ()-& q
1T096( & () - &
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109%6(& ()-& 10%(& ()-& q489: CKUFF, 4 10%( & qN10%$( & () - K qNLO% (¢ (\)JAK 2003
gN10%( & ()-K 10%(& ()-& q 10%(& ()-&Uciw ?,4 109%gN10%$( & () -
gNLO%B( & () - K qN10%5( & () - K gN1O%( & () -K gNLO%B( & () - K gN10%( & ()-K "<, 4
10#31 ugN10%$( & () -K gN10%8( & ()-K qN10%( & ()-K qN10%(& ()-K )#3lu™ D, 4
10#3gNL1OWB( & () - K #31 ugN1O%( & () - K gN10%( & () - K gN10%( & () -K
gN10%( & ()-K {_?,4 10#qN10‘V$( & ()-K gN1O%$( & ()-K #31 ugNLO%B( & () -K
gN10%( & (). - K gN1O%( & % K _?,4 10#gN10%( & ()-K quO‘V&S( & ()-K
qNLOY( & l%ﬁbt} ® ()-K qNLO%(& ()-K 2,4
{

1. A compositidn for removal of etch residues from an integrated circuits using low

k dielectric and copper materials, which comprises a choline compound, water and an

organic solvent.

2. The composiﬁon of claim 1 in which the comi)osition comprises from about 10

percent by weight to'about 50 percent by weight of the choline compound.

3. The compound of claim 2 in which the composition comprises from about 10

percent by weight to.about 80 percent by weight of the water.

4. The composition of claim 3 in which the composition comprises from about 20

percent by weight to-about 80 percent by weight of the organic solvent.

5. The composition of claim 4 in which the choline compound comprises choline

hydroxide, choline bicarbonate or choline chloride.

6. The compound of claim 5 in which the choline compound is choline hydroxide.

7. The composition of claim 5 in which the organic solvent comprises propylene

glycol, dimenthyl sulfoxide, monoethanolamine, or diglycolamine.

. 8. The composition of claim 1 in which the composition additionally comprises

hydroxylamine or a hydroxylamine salt.

9. The composition of claim 1 in which the composition additionally comprises a

corrosion inhibitor. -

10. A process for the removal of etch residues from an integrated circuit using low k

dielectric and coppei' materials, which comprises contacting the integrated circuit with a
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comprises from about 10 percent by weight to about 80 percent by weight of the water.

27. The integratea circuit fabrication process of claim 24 in which the composition
additionally includes an organic solvent.

28.  The integrated circuit fabrication process of claim 27 in which the organic
solvent comprises propylene glycol, dimethy] sulfoxide, monoethanolamine, or
diglycolamine.

29.  The integrated circuit fabrication process of claim 27 in which the composition
additionally compﬁsgs hydroxylamine.

30.  The integrated circuit fabrication process of claim 27 in which the composition
comprises from abou;t 10 percent by weight to about 50 percent by weight of the choline
compound, from about 10 percent by weight to about 80 percent by weight of the water,
and from about 20 percent by weight to about 80 percent by weight of the organic
solvent.

31.  The integratea circuit fabrication process of claim 27 in which the composition

additionally comprises a corrosion inhibitor.
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