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WO 2004/ 041989 PCT/ EP2003/011254 -1 Sem conduct or
surface treatnent and m xture used therein Technical

wo2@H@4B8The present invention relates to a sup€BER2003/011254

treatment conposition and a nethod for treating the
surface of a substrate using the sane. More particu-
larly, the present invention relates to a surface
treatment conposition com pri SI ng a |liquid nmedium as

a mai one whi ch eve {s stra sur f ace
from &éﬁ'g? 1}%\'{ §&' meﬂ%ﬁﬂd mixtuyg uged
surface 10 treat ment corrp03|th|e(re|nnd stably provides

an extrenely cl ean substrate sur- face, and al so

thod fro treating the surface of a
sﬁté{:ﬁg eﬂb@em&m ng the sane. Background Art 15

Further mniaturization by rapid ultra high
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cl memdwfdarte%ﬁﬁg the satfrae@%lfté sru%%bfeeetsuhg thEREME Mdre particu-

reduce its cost IS an

rm ance
P 6V« Be o Resal nyenian falatos dn e fasei GAImg EpRRosition com-
bepmixsgz atliqaib retiiumids @mélﬂ‘t:@ntdn@hl ehtreitiish p@é\femté 8 swbstrate
re r e
o RSG5 SRR AP R 5 FURES rE e Slprace
r etde@tm@tmmmsetmn and ptabtxepmvm an pxivemedi clgahisubstrate sur-
pr@lggt §nc? %Tsovﬂe'ié?tﬁg?@ta% f o Q‘u a%E (sjluﬁéict’é:bf‘g substrate by

chem cal s and waste han
siRIBH e RAVE- been wi del y used based on RCA cl eam ng
met hod (RCA Rev. 31, p. 187, 1970 [1]). The standard

RMagkgroutid Aeti gned to renove particul ates as well as
organi c and netallic inpurities fromsilicon surfaces.

e ST BSEAh b 4013454 BB PR TAITBEES) o sl e

Sratips} thedueticlenriag procesﬂjlszgtrongbere‘qwred tolimmardwegits perform-
St &fbe Ad ilecfl.%esl?s Eﬁétl e Man mj)dg%mg gdfopgtri%%ontammatlon

noni um hydr oxi d pero

PaFANtal.daecangert éﬁ‘ﬁﬁ 'mmg%@e hﬁvgatﬁttt@eataé effemts @i thy properties
OXagtata eedewu@gna@e ylélﬂ of @@%Bdwﬁn?mevﬁ@e%s(\ﬁér‘é%xplored in
called Epghdﬂj Q/\ﬁ't e LEﬁ‘rochlorlca Eé@?&g
perUIERE OL FRAUSING Hieet ea“'Qg Qﬁeﬁsocqsénfaf\?@eﬁﬂ{?g gmote en-
netiednenéntahraspensibitity, ceducingrechemitals andSeastedridiing.

whi | e many drawbacks of each RCA-step during cleaning

f/v;ﬁ gﬁancq%zg %%Iéﬁ%ﬁﬁ%%eé (ﬁ\%kb%n W15 REUHRed on RCA
cleaning metho (RCA Rev. % p. 187, 1970 [1]). The standard RCA was
designed to remove particulates as well as organic and metallic impurities
from silicon surfaces. The chemistry used in this cleaning sequence is a
combination of two different chemistries: SC-1 and SC-2 (Standard Clean 1
and 2). The first cleaning step, SC-1 (also called APM), is comprised of am-
monium hydroxide, hydrogen peroxide and DI water. Particles and remaining
organics are removed by oxidative dissolution. In a second step, SC-2 (also
called HPM); a mixture of hydrochloric acid, hydrogen peroxide and DI water

is used to remove any residual metals from the semiconductor surface.

So theorie, while many drawbacks of each RCA-step during cleaning treat-
ment occurs ([Handbook of semiconductor wafer cleaning technology, (W.
Kern, ed.) p-3-56 (1993) [2]; Mat. Res. Soc. Symp. Proc. Vol. 477 (1997) [3];
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Kern, ed.) p-3-56 (1993) [2]; Mat. Res. Soc. Synp.
Proc. Vol. 477 (1997) [3]; WD 2004/041989

weEoABPE803/ 011254 -2 J. El ectrochem Soc. VoPCT/EEZ03/011254

(10), p. 139 (1994) [4]). Most _of the cleaning

sol ution exhibit good efficiendy just for one type of
contamnant. So a further major problemresults
(often) in re-contam nation on silicon substrates
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| ritest aehydioxigesiin alkliszol ‘i*Qﬂﬁ a Glgan 6@§haol@am Wel.3 (3).p.

{T?_?aaz |1<9@B| g?ﬁ I%‘gd@a!@iﬁgrbf es;ﬂalﬁtémétﬁiéc%fré GiRfEss By mlcromasklng in

| 1SN REENEP RO e oW e er Bl emdyHls ek atrochem. Soc

propoEydp a7 36,0006 ). eci pe  wi t hout anmmoni a or

hydrochloric acid (Mater. Res. Soc. Synp. Proc. . 35

15n#8%r?’90 hvdi % thedd gr%rb?é}‘bﬁ er%@@%llﬁ%%ﬁéﬁlo?{é%éve been

eani ason

. rqm@l@yed |d¢f£¢nea@ W%m@feemeals@ p@"anerraéw@netmg increase bath
tﬂﬂé arPéficieBLy. &(&9\3@ 7 Predds ePhL. p%’ﬂ)éé%dsé dleining recipe

-[;evg@? O@%@&n%&) h;fﬁ'gci@lgpc aé:, d9 %1 E c{c_«t ﬁymg Proc., p. 35
Ele(GQQBp[?]): Iﬂhﬁme‘ﬁo?ppﬂd&h@@)u;emzo?@ladcﬁwgmﬂﬂagﬂ?d dWeaénings with
A BRE megt SBuige i Irais; iEhling ofdeRtund ELroRsah pAht Nos.
SI 0. 9Pk D GAR[8] endl 0,88246548 [OhSmtiddttate Thehnology (July), p.

ef { OQQ?@‘B%&%] QhEI'e%ErbEH?ﬁ\QQ%S14§‘ g?)r E"WB é?@OﬁQi SJ. Electro-

ICOﬂ sur

s&hﬁm SPRCHHS (eh SHD(RI0 12 Ak Bes. S9C.S2TBR Bragnifol. 477,

é%@é@g@gg Eur opean Patent Nos. EP1047121A1
[ 14] 5 EPO4 660581 [ 15], EP0986096A2 [ 16],

EP109g39r5??1 ﬂh&)@ z%g%‘% é%geh&éﬁ%@ﬁgﬁ%ﬁ%e[m% cleamng

US88Z6aEe TI:EéZ}effmﬂapzyrrﬁ@dﬁMg&Memmavedt:ﬁ’g phetabst from ad-
I

s T it il S Mo che e o

p. bariaf patents)ardliprater, ¢.0.. ELERqascRalent Bos. EGY.046123A1 [14],

11EPO$@66(?5@DE 2@]909@(309%%{135]65%@9%@@@1 YPISEP931038418

B e db At U b, D4R R G Upsee0sst 1]
US5837667 [22], Japanese Patent Unexamined Puplication No. 50147284
[23]; J. Electrochem. Soc. 148 (6), p. 315 (2001) [24], Solid State Phenom-
ena Vols. 76-77, p. 119 (2001) [25]; Proc. Electrochem. Soc. 99-36, p. 114
(2000) [26], Solid State Phenomena Vols. 65-66, p. 23 (1999) [27].

The above references disclose the use of many complexing agents such as
EDTA, CDTA (acetic acid compounds), alkanolamine (e.g. TEA), specific
compounds having phosphonic acid or hydroxam groups (e.g. Dequest 2060,
cTRAMP, Desferal), alkylammonium hydroxids (e.g. TMAH) or phenols (cate-
chol, Tiron).
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EDTA, CDTA (acetic acid conpounds), al kanolam ne (e.g.
TEA), specific conpounds havi ng phosphonic acid or

whyenoxes groups (e.g. Dequest 2060, 35 cTRAVPPCT/EP2003/011254

Desferal ), al kyl anmoni um hydroxids (e.g. TMAH) or

phenol s (cate- chol, Tiron). WH-2004/ 041989

PCT/ EP2003/ 011254 -3 Laboratories explore/attenpt to

desi gn chel ati ng agents capabl e of conplex- ing multi

char,ged., net al e.g., Fe .Ca, Zn. Ni, Al) in
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o e SR EIERN sompleatahily shrieg sleding fes o o
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| ess efficienc Inr Vi n
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( ZoTRAMR@Xhibittgahd carrgplb&mg behzpdown| espedigihstor e (Zn and Cu),

S%ng@@g ﬁg@gk clée}ﬁﬂ_ %%lﬂsrh?c‘%\ggggl Bsr?};l':'rlﬁgtr Sllts) and U s.

supgieaty e%mmtsgmcbresuﬁs df CIRTA impppressing H20-
SQiéHd SMith ﬁﬁdﬁfﬁé@ AWJI @%Miﬂon %@%Qé‘ig@ﬁnetal depasition on

tes except al um num
%éira S SICAGT GNP (A0 HGeRresylfs tsiag ailaass two che-
mﬂaﬂchg deentsiih Im@v@m@lsm%tdwépaﬁlﬁén @n@l%lﬂi&%t% ]aregﬁtgted by
L orRRG 8he iy S R n6 e e el 37d Tah "oy cct

of the present invention to inprove the stability of
abhives péthe bnvantioreani ng sol ution contai ni ng aqueous
hydr ogen peroxide 25 and amonia (APM at nor nal

t aiRahakefbR é‘tﬁ‘@b %¢ i pdesaht PVBMASRE SRR tAL lé%aeoém@of

furt her ob ect e present |nvent| onis to lprow

th
a eé‘roasma ioaes| Glepping,salition son takinG AaueRIeH RYgegen peroxide
ccam:bammdsonﬁa (AP\VYradtrioemaitampé ratlhe arfdv@éﬁdcsiﬁllyi & diévated tem-

ol h JAithe: @laEl b Mt Wfenyd ik PRaAEF @aq%?fﬂang

nmdhddm Which is free of phosphate compounds

Still another aim of the invention is to present a modified cleaning method
which can effectively be used as a single step alkaline cleaning methode for
silicon surfaces.

Disclosure of the invention

The present invention relates to a cleaning solution, which is capable to re-
move and inhibiting metal contaminations from a surface of a semiconductor
substrate. Also, it relates to a cleaning solution, which shows inhibiting prop-
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silicon surfaces. Disclosure of the invention The
present invention relates to a cleaning solution,

waiogl41989 capabl e to re- nove nove and i nhi bi t POYEP®OED11254

contam nations froma surface of a sem conductor
substrate. Also, it relates to % cleani ng sol ution,
whi ch shows inhibiting prop WO 2004/ 041989

PCT/ EP2003/ 011254 -4 erties agai nst new net al

or BRESAG il tatrfitincet 24 susfiogs iaoane cleaning

cl pergesg. m xture is devel oped for 5 preventing netal
impurities from being deposited onto si]icon surfaces.

n s;a?fé‘r‘?hﬁlof 'éxp@ﬁﬁ'l(é?ﬁ? g rgelggdami:ﬁtalﬁﬁ}gg%éi@gg éPeélgfq?ed for
cl Eﬁyeﬁﬁn%r‘g‘?@l‘ Eapyritias fmmmam)ﬁ@posjm aintoi siliconosurfaces. In

pobﬁé'@al i lggs %i@g%hgd g’{iﬁghtta%rdféiéhtdfeé c Ehh’g‘éﬁeﬁt makes it pos-
ORI RrREPale FRGhIeanacaitises So qfcmwpaf containing com-

supstindg.es. A third advant ageous feature of the
present invention is a considerable im provenent of

thepg tp‘?‘@éédttl ﬁ{véﬁtlotnhﬁ nﬁgp}ﬁ%ld@%tie%ggmgn&g@ﬁcg@ capable o remove

solutlons I'ng aqueous
a:op,b@mnatrpg ﬁIEH‘é %@ﬁa@@S@iﬂSemmdung)raagmstratemy be
added to the cleaning solution directly before use,

buA thirg h@ﬁ/éhfa@@ogblfééﬁjr@f)f fH@pﬂé&éﬁ?i‘ﬁK/ehW? 0 %%néﬁe%le im-

all-in- on

7 LhisVETRIE of Thé Sfhtfity BEMNE 558Ve BanfiAned cledinig solutions con-

detaining iagueotis m\@rdmg:arn pexonilel asammbriia (APBDL | i ze the
cl eaning solution 20 using optimumtreating conditions

a”?'hér%g;%grtﬁd Fﬁs@tlﬁg %ﬁ@hf@&a@% débd {4 utgg}ﬁé%@ @é %?@Jt%n directly
Bﬁ%T%?’QJ byt areferred qbdsthéﬂm emermgtry@ntwn imaasll-in-one

St é’l@bﬁm@%drhétbcﬁp 'ﬁggﬁ? gsscéiﬁblb}é; ;cd t%l?ﬁgvé‘ H‘fet&lgﬂﬁhﬂtlegf able to inhibit
%@ (5 '%@fsfb \eﬁ§ﬁﬂiﬂ %f'PHS §U?rﬁ%|3§ﬁ llizecthgraeanipg solution

| nusing |o¢»nnmm\tnaﬂaemgaco¢1kiﬁ@nsmd5@pddallly L emdiating agent.
aqueous hydrogen peroxi de stabilised agai nst

i A8 Qbigtk P brE SRRt o RNlafR BER A Gl to trap

at me@aigqnpgﬁgeg iethet q:lﬁgnlag@q)dutldmas stable water-complexes which
does not consist of specific groups containing critical elements, especially
phosphorus.

In summary, the present invention provides a cleaning solution containing
aqueous hydrogen peroxide stabilised against decomposition. Said cleaning
solution comprises a mixture of ammonia, hydrogen peroxide, Dl-water and
at least one chelating agent.

In a further embodiment of the present invention said complexing agents are
used as metal deposition preventive and stabilising compounds. These com-
pounds are 2, 2-Bis-(hydroxyethyl)-(iminotris)-(hydroxymethyl)methan [Bis
Tris] and nitrilotriacetic acid [NTA; CAS 139-13-9; Titrplex I]. Each of them
can be added alone or in combination with the other to the cleaning composi-
tions.
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In a further enbodi ment of the present invention said
conpl exi ng agents are used as netal deposition

w@e@entoBye and stabilising conpounds. These CPOF/EP2003/011254

pounds are 2,

2-Bi s- (hydroxyethyl) (i m not r )= (hydr oxynet hyl ) net han
[Bis Tris] and nitrilotriacetic acid [NTA, CAS
139-13-9; Titrplex I]. Each of them 35 can be added
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| ningganeral, the sleapingsolutionoéns usetabelevaisedeniperatures. Known

|
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of "G Depa&wling o. th@quemhs*rgep tthé hﬂxﬂurwamrdtr@ptotth@ invention

e, bro

" a9 21 SRR 0T R g o
f AMdscle-6Q ArRutes, Btﬁfﬁﬁamt fos abpubf 8isebbpds to 15mintitek most

f&ébhﬁol@b@hf‘%%&coﬁ@éﬂoGPﬁlﬁuf%%ably for about 30
seconds to 6 mnutes. In order t ind an optlmsed

gr the new cleanjng solutions a se-
TBEHpH 5 AhartEied compRskRNAaE tioow Fisanamaphgons a se-
peuésomfrmmmméntsh@satamed @urgeadttle icheaping paffdrmvénée of chelat-

hgtal | on oi Sﬁé% ?L%&‘&Wﬂ%%g qc{: addi tives

exh| bi ts the effici ency of chelating agents in
c Maniterings theud eenrspositiem of HaBk faregd by gnetallisradditives exhibits the
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i aTipd gt KoABME Reluiofi, Sapianally spisec ity diierent metals of inter-

f uadt ifee, @apEn] Ak Bippb) ithefWithoue ﬁhéla@iﬁg @g@hﬁbdﬂ@d QBi@”H?
for the inhibition of

In further experiments the efficiency of chelating agents for the inhibition of
the deposition of metals onto silicon surfaces was monitored. Si-substrates
were pre-cleaned by SC-1 and immersed in above mentioned spiked solu-
tions. The metal surface contamination on silicon substrates was analyzed by
Total Reflection X-Ray Fluorescence Spectroscopy (TXRF) (Table 1).

In addition the removal efficiency of chelating agent from silicon surfaces in
SC-1 solutions was studied by TXRF. Si-substrate were pre-contaminated
(Fe, Ca, Zn, Al, 10'%-10"at/cm®) and immersed afterwards into SC-1 solu-
tions containing chelating agent (Table 2).
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t he deposition of netals onto silicon surfaces was
nmoni tored. Si-substrates 30 were pre-cleaned by SC-1

wapa4jomeer sed i n above mentioned spiked sol u tPCIEP20051€11254

nmetal surface contam nation on silicon substrates was
anal yzed by Total Reflection ﬁ'Ray Fl uor escence

Spectroscopy (TXRF) (Table 1). In addition the renoval
ef ficiency of chelating agent fromsilicon surfaces in

SC:. 1 solutions was studi ed by TX F Si -su rate were
o e Bt Bt REXEATask, Whish Tigs o1 804¢A 8 bRz depo-
ansitiompes\sardivef depardsion Itl‘m bmS@ntl amlount of @ital impurities a liquid
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cl sraail, Ftﬂe@ltcn@d r@h@f@@i@pgs‘h@h p@e@élhﬁ'b;é}‘fe%t ?Ffﬁ@ﬁ@seﬁhmventlon is
amun i ace
e BRIV o4 B 488 o Fanct 3né AbbRS BriduiR it Eiargs shere
wt carancbllute achieveéd anp furthed effect apdl théretiva fehotheatdn® gotmplexing
'e??%ém a(;sS étal 8@&0@’2{&?&\/%[13\6% P%g%sqgtﬂeoﬁnﬁ%SH%ﬁ ' égposited
OneR ﬁ@t@tsﬁé‘ﬁe ﬁaﬁace i Ysing Binbas enddlthe @ttaﬁcmelvar bas been

t hiugd. cannot be achi eved any further effect and there
|s a fear that the conplexing 10 agent as a metal

depeRmbled o FFE et IS o s mata PRgRanentiora stface
hﬂfﬁeaﬂmﬂta:o&mosrﬁweof thespresemt infentich inExelendgearerally highly puri-

15 r ea m?% ?'gn%gepteﬁ'e&%r eg’gﬁ{'\s ?r&%rﬁ% %(Hjé&% solution

i nddviee agea@cﬂ ,aaarn 9lkﬁh@ﬁ| gxigizing-ageingda vedusing agent, a surfactant or
el getikel HEsslve@ rbrcthé@hﬁikturélﬁo@rtlgﬁﬁ' Paﬁi%hl%‘?l?twﬁ’én 8R alkaline

gﬁ#ﬁ?ﬁ‘fﬁ?@.{ﬁﬁﬁ or g Oﬁeiﬁﬁy nﬂﬁé%@cﬁa%iw}malétw fg cleaning or
t h@tchinlg@ éeaﬁ@dmc&d:;towubtstrletd el Mﬁ@nﬁ@suhltl?@%olutlon are very
n in agu ol ution or
o PR %Zﬂavﬁﬁﬁ%  BaBai8 suPepoihg Shetie s Ofn anfng i
orp@ffsrab tm@satlmﬂ saputitunst kyr addibg ter careplexirigedigent in accor-
IIT(H)éHdet ﬁﬁ thé‘ rft%\}étrﬁleﬂ are very easily deposited
sur

strat ace, and therefore in such cases it
referableto us ﬁ(ae sol uti ons by adding a

colﬁﬁﬁéﬂfﬁﬁe%fqaﬁ%nﬁlqn la%a ligg feEequs oluken maérma pH value of
| nivighet thian 7.rExdm I@Sﬁﬁ%rmtalkaim&brﬂponéﬁtqndh?éadq@@us solution

SoUEHS S 58 AR SoPPs Ak RbEE Usable
soéxamples include ammonium hydrogen carbonate, or quaternary ammonium
salt hydroxides such as tetramethylammonium hydroxide (TMAM), and tri-
methyl-2-hydroxyethylammonium hydroxide, and the like. These compounds
may be added as such or in a mixture of two or more, and the total concen-
tration of the total solution of surface treament composition may be adjusted
to 0,001 to 30 wt%. Most preferably ammonia is used. According to the in-
vention preferably it's concentration is adjusted in the range of 0,01 to 10 wt
%, more preferable in the range of 0,1 to 8 wt % and most preferably in the

range of 0,2 to 4 wt%.
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are not especially limted, but typically include
ammoni a. Al so ot her usable exanples include anmoni um

whyanogmseo car bonat e, or quaternary ammoni um SBCT/EP2003/011254

hydr oxi des such as tetranethyl anmoni um hydr oxi de
(TMAM), and tri- nethyl-2-hydrokyet hyl ammoni um

“hydroxide, and the |ike. These conpounds 30 may be

added as such or in a mxture of two or nore, and the
total solution of surface

f
t 50 AR E kB ks whk iteidedcdy electluos afovaser s pre-
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. - concentration i
| e B8 B T RERLGIE f 2B £ e, pref orabl e i n

the range of 0,1 to 8 wt % and nost preferably in the
3510 arﬁ?{;@rtblﬂg step ebsericondyeiopp@i¢naheagieaning bare silicon (having
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t d el ec
o wfy Rk BieBierptng eh ol masnt.dnicase ¢ Pubtasasperorids the
sotomcantratioydis qeeerfraiusted avitsn ﬂ’ﬂe @éfrhé@rﬁtdti%n&gﬁﬁé of from

ananieoag M- UGB Nl Re ReshE P ot i Bricking Pyt con-

i t centrafinysisupreferablycadjusied éo lonmg, bwt Sutd 28 evt %. If the amount of
£°2%'3"“ | @éte'%*?" 8008 O A5 BB WIS o & hPhgid tnd tne
i gs H'é‘{ af t é@atmemtmmm@lt@mt%dsﬁ@necnm@m Particu-
Of lariyowheR, lﬁ/lirégerﬁﬁetﬂt#x?@e Wiedads e &&lélk?l?lgné’gfbﬁﬁtth'e%ydrogen

e OXI centr
or 99 oS HIEHER 18 BFeterHg e resap oroms Odd W% ko 22 wt %
the am)unt of OXI di zing agent is too large, a
colipd préferreddeeating sdlutivn tihecmﬂpcm‘éhie cradindmixture in vnew of

st [ ]
t o Bt MY Geh RGO 8 BELE Ik KD AT s Sen [SA 00 < 1
s1 el é’éz(?meNHx@bf Dzi ng agent the hydrogen peroxide

concentratlon is preferably in the range fromO0,3 w %

t oTIZé n’t@th&ﬁj fd\EbMehdﬁththéf(ﬁnﬁ;ﬁéxﬁtg%@e'nﬁ ef ﬁ'@ b‘r‘e‘s@ﬁt fnl8ntion with a

tr%@&gdteawt n aelsigg\c/:j@ﬁm[mtggw%kg complegng agent
abmty oblentied prévidosly \Ahﬂﬂdne DIHAOE: . co?ﬁﬂmr@htétoﬂthfeodtfomponents
nvent i on
oy EARSE SRS Rl A0S Blubl SR Hhob LS bR
es@@d.teﬂ mixad. filtesartivehe the apmpkexing agenit mayie tlended with a
bl endes £518H6R bBtndd bhepm.ﬁ§ HBEmpRABAReNt s of the

corrponent s constituting a surface treatnent
P T R NN I R —

wi ofh(aanmoniet -uhgdmgelmtpemmdbtﬁwa@' ‘afrietdl dBpositbnt freventive), but

CORRER YL Surface treatment composition is used for a long time, ammonia is
evaporated and the metal deposition preventive is gradually decomposed,
thereby degrading the metal deposition preventive effect. Therefore, when
the evaporated ammonia content is supplied, the supplement is conducted
preferably with an aqueous ammonia containing a metal deposition preven-
tive in an amount of from 107 to 5 wt %, preferably from 10 to 1 wt %. The
surface treatment composition of the present invention is used for surface
treatment operations including cleaning, etching, polishing, film-forming and
the like, for substrates such as semiconductor, metal, glass, ceramics, plas-
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25 In case of SC-1 cleaning, surface treatnment is
carried out wwth a conposition of (ammonia + hydrogen

WwW@eooanide + water + netal deposition preventi VEQT/ERP2D3/011254

when the surface treatnment conposition is used for a

long tine, amonia is evaporaBed and the net al

deposition preventive is gradually deconposed, 30

t hereby degradi ng the netal deposition preventive

effect. Therefore, when the evaporated ammonia _

c dit Eragnalicnpiarieb sUperronslusiaranshihei likec aitmetal dmpurity con-
prtahﬂﬁ@tmryomwm@h%o@méu@%@mbﬂﬁe@%—éééhtriﬂvémra%ti§'prefera-
dq§03|thon %rev n: tIYe I.n_an ?qﬁ#nt fLonh%O"' to' 5
wiPWRPpleY BRHGWATHY t9R14iga ©5 efchifg of aasBlicQIfyciersubstrate,

t rtbatsuefaceafiwiish id demahdéd to pedsghly cieane Aoy the ¢legfling op-

g e iedrCRl R R8 e el DEbdl Bnton s appic
| i pasticalarly $o BBl sleaning withas cleaningesalutiarocompsiag, (ammonia,
9l Rrfog&® bRide aRd %tti\ﬂ? %%Vo%%?%?sé’%égﬁﬁgﬁg%a?ﬁ e. the

-8 tbc, n?%gatet{_c rm_l%fr ,,_superconduct or
| iableny oF atal imnysity fepositian opaswkaliaia can beselved, and by
meMsamihgumeeé QHR beldigi@s AN provideatd WghlyscidareEebstrate

O BB AR hE b 5 B R, o A G an

demetaded to be highly clean. Anpbng the cleaning op 5
erations of sem conductor substrate, when the present

| MG ol \ﬁhf}‘ﬂ% & ceoﬁééﬂn?éﬂtﬁfo!rri({)ds‘z’(icﬁl &fthk $srbS&RY iRGention
with a cleanihg solution. comprisi armon a,

hyR RS pueokFalisiagienyrifest of preveniing slepesionsafimetal impuri-

cligniggoinséaed, ug to gowt he probl em of netal inpurity
deposition on a substrate can be solved, and by this

cl [ r i.sfactoril rovi ded .
i Ay B shifEcE smefe SGbE-REh B1ihd pBte iaghon is used as 2
c aneaming soldion foh cleaningeh substoatgaaimetimatefibmingiratthe cleaning
I f d
corhuon RSt ARRY Sorka A i CaBb i€ Bl Examples of
saﬁu%%\@ke@ﬂyﬂ_gemp&&f Belusies\HipRing dyrr:plégnindonhereinatsaibstrate is
| rigpéd inlthd tlesningSolflorCiheRERENING thAk NsPrayinbaPpé BRaning
surface &geeat ment C?Lﬁ‘g)os.l tion of f he%ﬁ)réﬁ_s nt i, n\zeniil on,
i SVORIEY CARNG AN PSS I SR P32 RihgPaning type clean-
ZngMlﬂl&trei_,n theraedring sblutionrig drepgdieorn besubistrate rothiedi atra high
[ £0N t. S { 0 .
£, S, ingthe 168 3R pbboohe RIS BRI B AR Rfioned
t ypeaning anethgdanie depends entike phjest whictometiekis suitableeand
cl | ' j I i rAui i
o1 RIS BrHbloRd; Buthp RaThg 4 banti LR S Biored. The
a SeRing is ggrr@ﬁi qmifﬁba ngb@ tipe, preferably from some seconds to
15 minutes. If the cleaning time is too short, the cleaning effect is not satis-
factory. On the other hand, if the cleaning time is too long, it is meaningless
since the throughput becomes poor and the cleaning effect is not raised any
further.

As already mentioned, advantageously the cleaning may carried out at nor-
mal temperature, but it may be carried out at an elevated temperature in or-
der to improve the cleaning effect. Also, the cleaning may be carried out in
combination with a cleaning method employing a physical force. Examples for
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i ng wherein the cleaning solution is dropped on a
substrate rotated at a high speed, and the like. In

WO b@4pso8ent i nvention, anong the above- nenti OPETIEP2003/011254

cl eani ng nmethods, it depends on the object which

method is suitable and 25 ther®fore is enpl oyed; but

the di pping type cleaning nethod is preferred. The
cleaning is carried out for a suitable tine,

preferably fr?n1sone seconds to 15 mnutes. If the ]
clteaslarning methed epwlareg @ Physicat FUaRiINUEs Hiiasonic ¢egning,

s ahésharfiedl toanin@ampieying kecleaing brush,tarel wledikel ng
time is too long, it is neaningless since the

thr t | ean| ffect is nat .

- dHEBBekort P B the A Aol P AL s e cBRipost

adioan aagecpleipgtagent semetinesmay decomeda ongtabeomamination

Moy & éFdi'ﬁ&X r@élgehttfomﬂi’e g&nﬁ%ﬁd éig?é’rﬁtmég cBRtain metal im-

el evated tenperature in or- der to I ove the

cIRskileRgueh@sdte ingr @maumd of freampaveraelp spvesalthpusansds ppm.

| MTHEseaAEk| apubiled\idy B E&e%@n't 8¢ stavided Wil tHe com-

physi.cal force. Ex?.ngl es Br V\ﬁ 28,_(()4/ 041Ee9 . d

pIPRS gesTbTtbeANtabs . BrLuRRR e EomBIE I PagRL used as a

phawsiaceltrdaimest solutioddoud torastimecihe eEmpleging agent may be de-

me i

RO afd FRBASETBe et Aethrl 7D Ui BoiRd dHho sub-

ofsteate gurface theraiareniongdime skpesmenimvere poggdrd nging

R R B & BL| VM P b gamate the
nositios of etals ﬁl%/?r[:epglpﬁ%@'sj‘lsuch as Fe in an anount

of fromseveral to several thousands ppm These netal

| Mheset Egserimgniscgveestmmn tat s_tralbtade deposition psevertivetaffect on

co . i t .

o BSie 88 Hashelinkl e arfir2tBurebt i Yolution

sovas allowedio standrat alevaied tempemtpreior ejoag éime, vdyersas con-
S%en?iﬁﬁ@%ﬁptéﬁﬁoﬁ@e@  dRhcheastRt déﬁ&_?_tﬁcﬁpgw%ﬁt Bfmetal during

eposi ted on e sub- strate surface. erefore, |ong
t i RS SEMSRIBL s were proceeded using cl eani ng
sol utions according to the present invention in order

t dndeastriaitspplicabiligposi tion of netals like Fe, al, Ca
or Al. 15 These Experinents have shown that a netal

q o . ! _
el R0 G RERNER ATnELle ofhe SpERI BN LA Gifg oo
wedifiatompaxindagerindthis maassdlisd riscanséealllife ap snetgl deposition

| %@véﬁms gﬁé\fe?ﬁ%_ SAMtra¥e Bl roR PHRIAS Idon itRina8st With metal

an i ncreased deposition anpunt of netal durin 0 .

t HMPUEigs SURB A6, Alg g8 and ai@m meaﬁwfaqey{reatgnerﬁ composition,
and stably provides an extremely clean substrate surface. Additionally, the
addition of these Bis Tris and/or NTA increases the life-time of surface

treatment composition decisively.

Particularly, when the present invention is applied to alkali cleaning of a
semiconductor substrate represented by “ammonia + hydrogen peroxide +
water” cleaning, this means the addition of BisTris or NTA alone or both in
combination as described above, a conventional problem of this cleaning is
solved, and a highly clean substrate surface can be provided by this cleaning
without being contaminated with particles, organic materials and metals.
Thus, conventionally employed acid cleaning such as “hydrochioric acid +
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The surface treatnent conposition of the present
i nvention containing spe- cific conplexing agents,

wo biog/omesns Bis Tris and/or NTA, as netal depoBCT/EP2V03/011254

25 preventives, prevent a substrate surface from being
contam nated with netal inpurities such as Fe, A, Zn
and Ca fromthe surface treatnent conposition, and
stably provides an extrenely clean substrate surf ace.

(B RS A g o380 By Ty an e
cGpigstt anh itde therelarpypossiblety rgely aedyce thieecletiing cost, a
pfcﬁéé?ﬂﬁodnﬁ“é@@tt iheflidiry QFP%&hﬁgstEPeabjgﬁLéntgnﬁatﬁﬁqge ﬁ\u% being

m ctor subsirate rePrese
h%’ e?f§J BageMs n inglystaal prodastiem gt S@m’ﬂil@r\@latm' integrated cir-
aaditsi on of BisTris or NTA alone or both in
conmbi nation as descri bed above, a conventional problem

A, B r 8t Iieerdinn U 4o 0eR] rother de @l ngetarence o

V\AEN@mn epdiloyevemnitahouit bd understpad thatltes pr@ﬂ{@ﬁﬁh\mntlon is not
y&

(RS AR Sty BRI bl B e of e

2 BHRFIU st 'PGT/ EP2003/ 011254 -10 hydrogen peroxi de +

wat er" cl eaning conducted after this cleaning can be

omtted, and it is therefore possible to largely
reduce the cleaning cost, a clean roomcost including

al dst er equi pnent and the Iike, thus being
| argel’y "advant ageous in industrial production of

sem conductor integrated cir- 5 cuits. Now, the
pEx@amle flnvention will be described in further detail
with reference to Exanples. However, it should be

uﬂ'di@rbétﬁgﬂaﬂilh?toft%-p‘sémﬁh édﬁ{ﬁﬂhjgoaom lé%éh} V\Ilismcés?éjd Moni-

h t h
RO i Flepo B Ran GicHabacioreed Ry dneledie ~dolkives exhibit the
15fﬂfxenqyl ef chdbtndpagestsabi ticayi s@@tldn§ OB & %blllty tests were

CBQFr@dgglﬂ Il@%@é'ﬂ%@%&ﬂ)“%@gﬁﬁﬁ% or| nl%tlggso volume (
eRlii4id 28% / HI®2 &1§’méji)ldﬂ2@hé-l5a2® agdagemm)l fihe SC-1 cleaning

ckerfibAg lﬁ%d’ékhﬁﬂ? gﬁ@éd“ vﬁﬂ?@plpht %Sf tFeeSth?f o fitf el&‘ﬂ%ﬁ%%@andard

tions w ent

#‘%f %aTAlzéaM% baRPETe Usedhat ajermipeyaturg of §0-75°C for
aadoatr BO2GRinuteBNETIRE - ihitill ecotdeBtratoh Ubl @RS chelatm aqent was

%@Qﬁ ﬁ spi ked with 5ppb of Fe or nmulti el
)-Zn+Ca+AI each el enent 5ppb) are used at
a tenperature of 70- 75C for

Example 2

In further experiments the efficiency of chelating agents to inhibit the deposi-
tion of metals onto silicon surfaces was monitored. Si-substrates were pre-
cleand by SC-1 (1-5-20, 70-75°C, 10 minutes) and immersed in above men-
tioned spiked solutions for 10 minutes (1-5-20, 70-75°C). The contamination
solution spiked with different amounts of Fe (1-100ppb) was carried out with-
out stirring. In additon the substrates were rinsed with Di-water (5 minutes)
and subsequently blown dry with N2. The initial concentration of the chelating
agent was 0,195w%. Metal surface contamination on silicon substrates was
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claareunts ef &

about 60 mnutes. The initial concentration of the
chel ating agent was 25 0,195wWw% (Fig. 1). Exanple 2 In

wo mootloerosexperi nents the efficiency of chel ati pgr/apmos/e11254

to inhibit the deposi- 30 tion of netals onto silicon
surfaces was nonitored. Si-suBdtrates were pre- cleand
by SC-1 (1-5-20, 70-75C, 10 mnutes) and immersed in
above men- tioned spiked solutions for 10 m nutes
(1-5-20, 70-75C). The cgnta ation solution spik
wanﬁ!yérafifbéfr@%a%@sgﬁw SRay ol TQWSS)SMVQ:S&@PV éEXRF) (Ta-
Olme\M_th- out stirring. In additon the substrates were
rinsed with DI-water (5 minutes) 35 and subsequently
biEFfdleAey oBISTIE to iR thicdedoshioncsTtherld StoPdiliddiPsurfaces
chelating agent was O, Yo Metal surface

contam nation on silicon substrates _was WD 2004/ 041989
PCTEPBREROTI2p4 Tt =amatyzgd Ref+ect+on
X-IRay hhm@al escefnte SpeT YY) |b’)& bﬁ%]fdsom g 1f00
Ef fRe§INCY Of BI'S IS [0 bphit II B&C gepog] LT QM Ofg

metades APNI, P1950) | COM5SUTF aces 9 Bigq 1T1[S Fg 1 N |APMsD
[pmanhg&a&@rSO 10@9 Ref ., 200] |2. 8380 35 44436 | AT Ger

AF%/j 950 2o %/11%( CI eani ngTT glgt % 1.9 40 35 14
A OEH m%ﬁé & 57 stipet e s 3 B ABR (-5
(1-5- 20 F?éWf'SuEHM@SB Q-7 ©s 10me1. 7(86 suHRGe cppgswithout
surfaceBidhES )wi thout Bis Tris ) Exanple 3 In

agdiahigle 3t he -removal efficiency of chelating agent .

fromsilicon surfaces in 15 SC-l soI uti on was st udi ed

bstr at c d
st Eoiom tieolTiava) Sntieney B EneRiha B Siord Giickrutaces in
diSG-4 rsmttitiora masratadied tﬁeT){(aEplSI-sﬁbptnat)e wélepre-contaminated un-
SO S, PR e 00 LM e
RPbrHRORDk)« The cobtanainatar sehstoates ere immersed
Chefeplarig aReNBCMSsHulidPVR520, (TTRPSEC 3D- minutes) containing a

chelating agent. The initial concentration of the chelating agent was 0,195w%
(Table 2).

Concentration of Fe on silicon surfaces in SC-1

Bis Tris [ppm] Fe on Si-Substrat [10™* at/cm”]
5pph in SC-1 50pph in SC-1
before SC-1 after SC-1 before SC-1 after SC-1
[1950] ~14 ~1 ~27 ~DL*
Removal factor ~14 ~27-54*

*DL, Detection Limit (5x10"" at/em?) of

Tab. 2: Removal efficiency of chelating Bis Tris; 70 - 75°C, 10 min.
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Concentration of Fe on silicon surfaces in SC-1 Bis
Tris [ppn] Fe on Si-Substrat 10 at/cm 25 5ppb in SC 1
WG/ 0irssSC-1 before SC-1 after SC-1 before SEEWERID®011254
SC-1 1950 -14 -1 -27 DL* Renoval factor -14 27-54*
*DL, Detection Limit (5x10" atlZaR) of Tab. 2: Renoval
efficiency of chelating Bis Tris; 70 - 75C, 10 m n.
30 35 WD 2004/ 041989 PCT/ EP2003/011254 -12 CLAIMS 1.
. A cleaning solution for surface treatnent operations
in which nmetal inpu- rity CohtAhVh&tion becones
t roubl esone conprising an al kaline com5 pound,

hy’dr (@g@éanwgbolm&m frlseffaggtreatment operations in which metal impu-

( hyd? bi%gf@é ?ﬁ%? Héﬁg’[‘% g; opp %P"lﬁwﬁ?’B'PfiSing an alkaline com-

ni t r ippondi hxa@togenamrdXI{iWWate@ABd 21,293|§~’\6h)9droi}t/éthpl)%hfmhbtrls)
utio

acco .Gﬁ‘g acfifiimotiah e TS BnbIE M RAGAG 3@ T CAs

al kallPe Soﬁﬁw Iias chedating additva(sl group consi sting

of organic base, ammonia, 10 anmoni um hydr oxi de,

ter mebunngasnmmmm&w&rngnb%mﬁ éhafrbﬁﬂbag ri@ﬂaﬁ!‘ﬂ%é’!éllkauine

2 R R 5T roBh Becsiobh sreissing b apook sesei agmonia,

of aanunowiuandydroxite, tetrambihyt amindsniudbhytirofidel eani ng
sol ution according to claims | to 3, conprising

ﬂ%d?‘ﬁ?@”'ﬂ? %ol tion accordmg t<() I%:ladm 1, Ch&l[l'ﬁctﬂ'lﬁ%g infhat e alkaline
Tri s POMRORRUARE ﬁ{sen oM e @r@ng@omrts'silog@ftammooa ahammo-
5. Ankine@tRsxi@®! ution according to clainms | to 3,

conprl si ng n|tr| lotriacetic 20 acid [NTA, CAS

130" A3 an el MR TR b AN aRd50 4o 00
cI ai (iwdlrometbyl)-@unpmns -y RoRyrBethyl)methan [Bis Tris] in an amount

hyd ot d thyl ) met han [ B
R R A L M TN Wiy

139-13-9; Titrplex I] in a total anpbunt |ess than
5. A cleaning solution according to claims 1 to 3, comprising nitrilotriacetic

acid [NTA; CAS 139-13-9; Titrplex {Jin an amount in the range of 100 to
2000 ppm.

6. A cleaning solution according to claims 1 to 3, comprising 2,2-Bis-
(hydroxyethyl)-(iminotris)-(hydroxymethyl)methan [Bis Tris] and nitrilotri-
acetic acid [NTA; CAS 139-13-9; Titrplex I] in a total amount less than
4000 ppm.

7. A cleaning solution according to claims 1 to 3, comprising 2,2-Bis-
(hydroxyethyl)-(iminotris)-(hydroxymethyl)methan [Bis Tris] and nitrilotri-
acetic acid [NTA; CAS 139-13-9; Titrplex 1] in a total amount less than
2000 ppm.

8. A method for cleaning semiconductor substrate(s) comprising the step of
treatment of the semiconductor substrate(s) with a cleaning solution ac-
cording to one or more claims 1 to 7, and drying said semiconductor sub-
strate(s) after water rinsing.
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4000 ppm 7. A cleaning solution according to clains 1
to 3, conprising 2,2-Bis-

w@ boodooveget hyl ) - (i m notri s) - (hydr oxynet hyl ) met PEIVEPB03011254

Tris] and nitrilotri- 30 acetic acid [NTA; CAS
139-13-9; Titrplex 1] in a totldl- amount |ess than
2000 ppm 8. A nethod for cleaning sem conductor
substrate(s) conprising the step of treatnent of the
sem conduct or, substrate(s) with a cleaning sol ution
a® Qoretineg efdreaimesk aperTaing tei Giaim 8t eharactasiged iy thaj the
sal dtré@ﬂﬂﬁiémfw“trﬂbl@én bsolgidraie&iamied blifheh %émgéﬁa?ure the range
vvat erfn%é FR)BB 2004/ 041989 PCT/ EP2003/ 011

ptreat ment according to claimS8,
characterlsed in that the treatnment with cleaning
sdlOuf\inethics! afdredtednd accm’dlr@ mtaim 8t charattegisedrig ¢hatdhe

gloalt ﬁ;?%%&ﬁﬁg%ﬁgral sdg?u orp é-;{rﬁé'é SEf et it %'%gﬁ'ht%ﬂ’pera'

cl eaWIr‘ﬁg solution is carried out at normal room
tenpera- tu re. 11. A nethod of treatnent according to

chal mnSethwach&EéaQMeﬁ@dcd:cﬂnga&) @ém@el Biarag®ridbti oA Shat cleaning

accor to ¢ N

20 oLl et 3o s s 1852 P SOl RRil surtaces
60 nionke: eeantd. fér adewsdconds te@d meinutesccordi ng to

claim8, characterised in that cleaning ‘solutions

acl%ﬁASh@!?aggjg%ﬁP@étﬁ%n't af:@oramgf ?) aéi%' gh&héir%’b%rfé%ﬂ ﬁ‘fl’tia(\)t cleaning

15 nf@lutiers ageprginantolaimsg ter qreégpu@lﬁtmtq contact with surfaces

sem gopsl dRicPledePabbat i SecariRabd Nmin@es! ai ms 8 to
12, wherein the sem -conductor substrate(s) is (are)

GRS o0, FRE kA S Batic SRRl A SRusttARR) BERurdifh o claims
acco8 db rig, wineceiaithe senﬂ@oﬁdﬂcnorsubstsate(squ (anep imhme?ged /
gglntd p‘éa% Tﬂ‘?(?%léfagl rﬂ" Gﬁ’?r?k EH%C;?iﬁg‘fYrﬂéqglgﬁning).

substrates such as sem conductor met al g7ass,
cdialise of clqgrg@g ﬁ@luhﬁa@ﬁgmr@h%fpeqlams 1'to 7 for for surface treat-

Supefrrpf Bpetstichs iRBludP@ cléing, etching, polishing, film-forming, for the
cleaning of substrates such as semiconductor, metal, glass, ceramics,
plastic, magnetic material, superconductors.




