; abe3eRO (Z6T6<#WDO 2004/ 001834 PCT/ EP2003/ 005549 Conposition for the
‘rem)val of sidewall resi dues The present |nvent| on reI ates to a conposition
for the rwomeedoordsasoy cal l " resi dues” e PaT/EPLI0BA0TS49 i n
particular fromalu m nium or aI um ni umwwm ]ﬂ“lmmm%surfaces during the
production of sem conductor elenents. Conductor tracks in
integrated circuits consist principally of *iahsm ni umor an al um ni um copper
alloy (0.5% of copper), which is deposited over the entire surface by

sputtering. The StO&h?(%ltPéﬁ fordirarenioval of sidewalla@sidues t h

phot oresi st, exposure and devel opnent. In the subsequent dry-etching
process, the alumniumis structured, during 15 which polyners form inter
alia, fromconstituents of the photoresist and the etching gases and
deposit as aTherpriesentinvention relatestionaonypasitiondos thizvemioyabdf sbe

| b
of “oxyGen i HAEd o5idEMPal esidés” Fontheisridace:, rﬂﬁ‘rﬂemﬁ?ﬁ?’t‘%ﬁﬁuﬁt or
tracks. Thes 81iB4IN8 A alumiBikinneNtIBINg ﬁgffﬁﬁﬁ& dunngrtharmo grlPRIAfy known as

"sidewal | regbfieSndubtdreléments. enoved conpl etely before the production
process is continued In order to ensure the function and reliability of the

I C corrponentE ThesE 'sidewal | residues"” are referred to as residual

pol yrmers bel I n conventional methods, the residual polynmers are
renoved by a wet cleaning step by neans of a solution known as stripper or
stri ppd0 sol CanductoCtrackstin mtegremd q::peults congist panaipaliypfeadumjnigent , a

C°”ﬁ§§?”f'r2%§nt$“ rBHuf/ Rl AR Eh5% oPcbBBefy, Mitich is Bep8SRed el B
. cat ecHe eatife asrface tmseutt@aegt ThesrugiHees §f¢1§UBS¢G§@n¥|¥>d in it

37|3628'9 nglptéﬁhéa%ytéb:ﬁ O\Ntrppllﬁ@do)‘e‘su@t’réqushrétafndmévemp?ﬁén?mfmée VO

d di.l u
aci d/ hydroge §GBQPBE3% 'Uglﬁﬁgeﬁ quﬁﬁ'%yrgﬂ% I %Qreﬁélﬁ{%Q 756)
cor r esdéndi nwtﬂt‘,hlpmwnermom mtelaallwrfromm ¢onstituentsof the phetoteelsdlsam in

tpgtgm de sol ﬁﬁ%ﬁ@%gﬁﬁgﬁﬁﬁﬁ%&’%ﬂﬁéare noﬁddq§la?%| I??éggpﬁﬁ%%féﬂ)egfnof
t he resi dual ttp@ﬁ;dmuallmﬂtheuelwmmurrb@wpdu@@r&mktst &ven aften terpeval &fich
addi tives argne gw otGPERTaY! 15y n?émté 1gg9g§§ gémédcﬂoeb glafclecmésl 4l e

concentration r e from 10 to ori C

slightly caudRers matshoert BICHRAMCERR & me §ﬁr residy VThe
at t ack 20akes mémwmnhraretgemrEIlymwﬁ as¢sidewalltesidnes’, fave® be

Tone. | docs ngemived Gmpietels bBRue e hBychBh FERBRy s Pﬂﬂﬁphéﬂﬁﬁét%%& yrer

| ayer separ atteensusenthedunetion andriediabildy of tke ICrearaponenbyThese I'siger d
(1H11-ofl). W Fiiadles!atd fefierrRe gs*?és&it‘tﬁl PoAHBEs BERIA! I On | S
y the

subsequently re- paSS|vate rogen pero 15 The dlsadvantage in
itive consists in

use of hydrofl uor.ic ei e hat t}
@ 25 | oinsenveBlional elnAda. tirrerdiabhaly Mers s Emaved Y e
%Iclezs;1 \r/]e: %ahﬂ@nm grsteptbyatieznsiola (ioanticmlembhm aesatpperrélasmpperwm-vel Y,
adequate cl egﬁ%?@l@’ﬂ[ﬁ)ﬂ%%‘?@éﬁﬁf%ﬁgﬁg %é& gpgg'gg %i%ﬁf? #Qﬁ}é@h t he
stri pper sol unhibstor @andoa pelamgdlvest! Indhefproduct KC&aﬁ@emmahns)ﬂse mestset .
On use of the eliidérg@ﬁﬂs 'tﬁfés%rbdrﬂgﬁr\bﬁtsehfé; ggrogléhﬁﬁérﬁ\o%ﬁaﬁbl'f

concentration g are usually enp confrast, compositions
whose M) con@Minea 3Rg Wafero ny/ kg are used in tank units. 25 In
particul ar, the very Iow concentration of the solutions for use in tank

units nakes Moresscantrdeviloparents haviecresulted indhakya baingopossipleotd y di f fer

conti nuous,  napIYEbiRILInGeellE SRBrelR: Fof b¥afHlls IO 7oBR00K TG, ™

hydr of | uori c (Merek) deseribes compesitionsibased ondilute sulfa@cao;td/hydrogaal ysi s
and a corresppigkide §ELAOhEYDIPS.§MUS 5,698,503 and 5,709,756, corre-

sponding strippers based on ammonium fluoride solutions are used in
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Literature Merck Patent W97136209. Sol ution and Process for Renoval of
'Side 35 wall Residue after Dry Etching WO 20041 001834 PCT/ EP2003/ 005549
-3 Ashl ango 20emdongzaal Note, Fl uori de-Containing StrippersPSEEP2000/00358Ni C
Chemical DSP 5 EP 0 773 480 Al, Renover _saql ution conposition for resist and
met hod for renoving resist using the same EP 0 485 161 Al, Stripping
conposition and nethod of stripping resist fromsubstrates 10
US- A-5, 698,503, Stripping and cl eaning conposition US-A-5, 709, 756, Basic
stripping ang ' LHW"‘ | - , | {RRiPoRhos@si st
stripping co%ﬁlgtsele?}]ggﬁ%r%g uc n@ﬁdﬁ%@%lﬁggﬁhaﬁg;ﬁgz@% é?ct The
obj ect of thBObseisirntifaythe remoyahof H1e residyabPPYIMErsand dheetetn 20
pOS'HOS 9r_gémf%@aééigibhhfﬁdaﬁrvetshSU&i@d(?iltil\oléé drté,SLcM am |e’,@f|§l|| o
socal l ed "side resi due .whi ch. gj.ves stabl e..etching.ate n al um ni um
o “al um ni arAEES Ol NYSYSuarE A i ine fedrereneh TARAS N TOE adal 1 ve.
and cofpl et eﬂgoérgfmges'l'hmbydmﬂmm apid yas asslidggrtlyr ¢austicacticen ontdlaut

i

J

damagi ng t he g‘ﬁl@?@@hﬁé&@% %%lrjrp% ?ﬁéﬁfﬁkrég Re%%r?rcgﬁﬂc{?’%on of

corrosion. T o) ]
seni conduct oebtiresuffaceiwithoutslamaging the Aptallisation: FtikingeA$I0N 10 500

my/ kg, 12 - dath e Wi elmple B9 cRloriddidhs, WRidhhonfakelSidce30 optional Iy

in combination with additives, I n aqueous solution. The present invention
thus relates_to the use,of .a co Sitio 0 rising H2Si F6, and/ or ., HBF4 as
resi dud0 pol Pt i theyerStetching, 08 resdlal PAlYhAL Iakes RRRATaIER oM the

seni conduct ometal sufaceiand & rinsed offeby thevligqlidoflift3off). ehed matapsusfaees from
&Or Al - conLahBLag iRt &lching bp&Fstion is subsequently re-passivated by the

hydrogen peroxide.

The disadvantage in the use of hydrofluoric acid as etching additive
consists in that the concentration must be maintained and monitored
very accurately. An excessively high concentration would attack the
metal surface excessively, while an inadequate hydrofluoric acid con-
centration does not achieve an adequate cleaning action.

15

20 Depending on the type of plants in which the stripper solution is to be
employed, different HF concentrations are set. On use of the stripper
solution in spin etchers, strippers whose HF concentration is 100 mg/kg
are usually employed. By contrast, compositions whose HF concentra-
tion is merely 10 mg/kg are used in tank units.

In particular, the very low concentration of the solutions for use in tank
units makes process control very complex. The concentration may only
differ from the nominal value by a few ppm. This aim can only be
achieved by continuous, precise measurement and controlled replen-

30 ishment of hydrofluoric acid. This is only possible if the unit has on-line
analysis and a corresponding metering system.

Literature

Merck Patent W097/36209. Solution and Process for Removal of Side-
35  wall Residue after Dry Etching



W O 2004/ 001834 -4 PCT/ E P2003/ 005549 These conpositions are preferably
~used for the renoval of residual polyners after dry etching on netal

conduct orwonepieisand cont act hol es. The present inventi onP€CHVES2008/8E554%]| at es
to the use of this conposition for the rgnoval of residual polynmers from

al um nium or copper/ alumn 5 iumalloys, in particular the use of
conpositions conprising H2Si F6 and/or HBF4 in a total anpbunt of 10 - 500
ng/ kg, 12 - 17% by wei ght of H2S04, 2 - 4% by wei ght of H202, optionally in
combi nati on xi t g4 1 S ii i onpositions are
preferably uéﬁéﬁﬁ”f”g’?qle{?é‘ﬁgamgféﬁ@ﬂé??ﬁgﬁﬁé@mﬁwﬁga process step in

t he production_of 10 sem conduct using a spin etcher or in a tank unit.

I n accordanc@Eﬁ-tlﬁo'EQ?é"mefQﬂ%%éﬁe conposi tions according to the
invention are used in processes for the renoval of residual polynmers from
Al or Al - conER 0773 480 dut;tRemovae lsoluticn pertpasition foofedisteand veethioon As

descriBed, syl furic .aci roxide as well as a

fl uori necont r;{?hﬁﬁ‘{'ﬁ@(gﬁ%ﬁ’ﬂﬁiﬁ?gg"ﬁée the principal constituents of a
stripper. The inorganic conposition nost frequently enpl O){e,d at present is
the 20 aboveEReQ185nta1 Bk Siripping conrosition ang mathed of stepping 1Baislogen
per oxi de and girhtese, pure hydrofluoric acid in the concentration
range from 1{50?@3?%0 ﬁg/ kg. If additives such as ammoni um fl uori de,

0

tetramet hyl a i ide.25 or fluprophosphoni c..acid are enpl oyed

i nst eadOof h@@&gml58§c3§’,'99'ﬂ853é‘i9%%ﬁ99Fﬁ@%%%gﬁtchi ng behavi our on
alumnium i.e. a linear dependence on the fluoride concentration present

i li_ t he stri ppk8-A-5 7109856, Basld sigippihganducleanhinghcempgsitions a f uncti on of
N

concentration of the etching conponent is shown in Fig. 1. for HF,

F, TMAF apgp 6%9625%53L,tTRﬁaiiﬁB.tpHJtéFeéiE s@i&?&@&ohﬁﬁti@ﬁ Ebhu&i‘?@se

additives are on a straj jne in a grap ts that the fluorrde
conponent i nrediced meatal 86V9§|Q5h is converted conpletely into HF. The

et chi nd8behavi our of the fluorine conpounds hexafluorosilicic acid 35 and
tetrafluoroboric acid, by contrast, is conpletely different, as experinents
have shown. Although the etching rates initially increase with the
concentrati Opy.; y remain, however, virtually constant as the WO
20041001834 20031005549 -5 concentration is increased further. This
behavi our is_also shown in the %naph in Fig. 1. Although it is generally
under st ood t TAe oRiget Plithe presesitinvention seNsiats A proviging arstablecamar e

st rong28ci ds pogitidfl bPEiHpptRGTutioN e rdridVal of residual polymers, so-
called “sidewall residues”, which gives stable etching rates on alumin-
ium or aluminium/copper alloys in a great concentration range of the
additive, and completely removes the residual polymers described

above without damaging the metallisation layers or conductor tracks or
. 25 causing corrosion.

The object is achieved by a composition for the production of semi-

conductors, comprising H,SiFg and/or HBF, in a total amount of 10 —

500 mg/kg, 12 — 17% by weight of H,SO,, 2 — 4% by weight of H,0,,
30 optionally in combination with additives, in aqueous solution.

The present invention thus relates to the use of a composition com-
prising H,SiFg and/or HBF, as residual polymer remover in a process
step in the production of semiconductors, in particular for the removal of

35 residual polymers from Al or Al-containing conductor tracks.



their use instead of the above-nentioned additives can advant ageously
~affect the behaviour of stripper solutions. Even if these conponents are
added i n wel2as400e83y snal | anounts, this positive effect i BCVEPYINGEM] y

evi dent. However, it is not only the etchiing rates that can be advanta 10
geously affected by the addition of hexafluorosilicic acid and/or

tetrafl uoroboric acid; at the sane tinme, passivation of the surfaces of the
conductor tracks consisting of alum niumor alum niumalloys agai nst

corrosion isy ?§é"c‘6¥nﬁ’6§ih6ﬁ§%re;§refé}%bl gébﬁforiﬁé"r@ﬂnb‘)b#aﬁéﬂauaf these

conpounds enabl'es thi roce necessES or the, repoval of

resi dual pol pah/mer&aft@fed%etqh@ag Qﬂtm@&%'rc%[" ustgeiragks iaswl eontact hglesich
greater Concvhé ek enAt (rvikdrion thusaalsorel#tes totthe s ofthis eompagitionuous

measur enent he addi tive ¢ nt .and r I en| shien L
producti on pﬁ?ﬁéb gde W'ﬁé&ﬁ%ﬁ@&&&‘m?ﬁ% hIOEEigE egg%bﬁﬁns saved
and at 9t he siume alloys, g'rpattmulaxrtbreeesesat:enypos;tlanmwmmnsmgrm&&t he use of

hexat | uor osi L, g iggFd jaadcpy %r%@gsgmpgb%bcm@ gk 12257916, GRITBREGE | On

i n concentra resl

are renoved
with very gobdSPusdi+ 4% ki waighi of &meqn VUQMB |G’ine\‘éll hgddihe same

time, no attggésgh ddige GUSJ%TMMW %e%'é%mp@mtﬁids)m% Fefevasignisédifarhe said
ant a enus .action of |I|cf|c aci d

concentrati o ran af | u

s ovident | edrerﬂevakeﬁeoﬁl%feehp@' Fiieterin-pERc Sk pER/B R adeTonS
si gni f18ant sernfiesred ettors ugirfg arspimletchOOoniy dalkilsemitti g. 3, picture 5).
The experinments are carried out using structured wafers having the

I t
*%“o9834""*@5@%‘{%&#?&83?9&Pi%ﬂ%é i CanaREe Sl s, o1
900 nm Ti N #pentioncarelosed mmprms&mdbﬁaeswlnfdeeldualmqjuyme@ﬁductor
tracks are Sfrbgﬂ‘\‘!'W%I%rﬁﬁ#ﬁh?&o‘ﬂdﬁ'&tdﬂ%@ﬁ@s' st, exposure and subsequent

devel opnent and curing of the Tesist by UV irradi ation. 10 The wafers are

then efl®hed {n the .etc champer in an LAM TCP 9600 with C121BC13 and NZ
as et ching gm%%gdﬂ&gﬁﬁg—l ayer is renoved by Oz/ H20 pl asna
treatnment in the stripping chanber, followed by treatnent with warm wat er
in a further As5descritied, smiurtdmmdeanﬂ/hydmgempermxude(amwedisas)a fluragringnt i on) .

The process EBﬁtaﬁHﬁ\g l%?gé‘hlcoécgcﬁlﬁg%@'th@é{ﬁﬁﬂ?bﬁl@(}( nstitughis Sféhs'tﬁﬁeef e.

the strippi ngf_ roce er EXEEI’I ment's’ under
r epr oduci bl e 168BPIGHNE qqmaeéwp@ameét Weqwentlm efppiyedrabprasaitds the

subseq@ent | y abpashehtieAeHDSP rﬁﬁ&uﬁ@ban@.rstufhgromﬂfmd\/abrdsmdwﬁ’éﬁo 20 tank
unit with the follown ro S para

peroxide anci-;1 48 aagﬁlve purg%ydrofluorlc acid in the concentration

range from 10 to 100 mg/kg.

If additives such as ammonium fluoride, tetramethylammonium fluoride

. 25 or fluorophosphonic acid are employed instead of hydrofiuoric acid,
these exhibit the same etching behaviour on aluminium, i.e. a linear
dependence on the fluoride concentration present in the stripper. A
linear etching behaviour of this type as a function of the concentration
of the etching component is shown in Fig. 1. for HF, NH,F, TMAF and

30 H,PO3F. The fact that the etching rates of all these additives are on a

straight line in a graph suggests that the fluoride component in the
acidic solution is converted completely into HF.

The etching behaviour of the fluorine compounds hexafluorosilicic acid
and tetrafluoroboric acid, by contrast, is completely different, as
experiments have shown. Although the etching rates initially increase
with the concentration, they remain, however, virtually constant as the

35



SEZ spin etcher Mattson AW 200 Etching: 45 - 60 s at 25C 45 - 90 s at 25C
25 Rinsing with ultrapure water: 30 s at RT 10 min. at RT Drying: N2

Mar angoniweQoodneidur st experinents are carried out using BRCTERPHINIS¢N

whi ch corresponds to the DSP mixture curkently being used, an aqueous
solution of sulfuric acid with a concentration in the range between 12 to
17% by wei ght and hydrogen peroxide in a concentration in the range from 2
to 35 4% by weight. Use is made of H2Si F6 and HBF4 individually here, but

W0 20041 001 ﬁ”@%@@%&%ﬁﬁéﬁ@” AR eIt R0 STAPRINE 51 i on

of the indivoerh i Figri.-de i on suppliers H2Si F6 and HBF4, but also in
conbi nation with one another, enables good renoval of residual polyners to

be achi eved, Athh het tsegeneﬁaﬁly\/taﬁdmtdsm tmatcnwm&)osﬁm aeid ahd tetrao this
o T hshre. ?"sflv%q%eotrfcoagd[%reogtr@p Beids SariheRnaaka ol SAEW | o° o
se for t he2rS theiv abe dfisteadl ofuthle aibdyermnantidned addytnm&oam@chna@tagm@slyhu ﬁh

H 79 t
R I AL A AR oA AR
to 17% by weBgdeddn reiatiyely sgralbamousits, tlsuﬁwppsgnvegemzslweww&eary vi-

Concen”atloaghﬂﬂawmbwaﬁs ﬁof@n%hb%hm \tgtthBeeaneoddvantd-t abl e for
t he renoval

conposili ons9GAME '%ﬁ%t'epotéy%é%pﬂ%egghgéﬂﬁp%qsglpg ﬁcffﬂénagﬂ?{g%?ﬁar om2 to
4% by wei ght flubrobidrixs acichrat ¢hé tsawmelumea,rmlvamn of the sgrfagessofdheal uni ni um

e virtuall d ) :
@ ! o 2otefifleist Hadt odhisiafii S A ARIER) ke AlifuEPEhels afRiddte i um
at a const anCOU@mQThtS tb'ferebwacdsuenecwo ng/ kg. Particularly suitable
conposi ti ons have proven to be those which conk5 prise from12 to 17% by

wei ght of H2~°P%“dddHIVé’QIrﬁﬁbW&fOébtldlﬁbﬁfHesﬁcbﬁ%Lm& &nablelafid préddssyl kg
of H2Si1E6. PrFf ereﬁ % en t ondi np S|t|on in WBI ch the
fluoride supSERMWRIENHS) %@ﬁsﬁr)ﬁg?ﬁ)‘i?\faﬁ "Eﬂ va) phresidua a‘?%l YM&ES, 19 B @ anount
otm t ge two ceigdooutdsversa lomgerlfériod ahalinna kgch gréanertmghmcpﬂafaﬂnnadunge

enbodi ment o I ses conpositions ich conprise HBF4
as the only &‘fﬁﬁdﬁ%{gﬁ “T}ﬁPﬁg %gﬂgétmd in an anount of from 100 to 500

ngl kg. Experinents have shown that correcﬁ)ondl ng caonpositions are

particul ar | y Cantinusius measuremestisf dhe arddidve gohterdandeerieaishanent y
et chi n@0on mgphgapedSRictiohastetesdthus becomes superfluous. Equipment

costs are thus saved and at the same time greater process safety is
achieved.

Through the use of hexafluorosilicic acid and/or tetrafluoroboric acid in

’ 25 the composition in concentrations of from 100 to 500 mg/kg, residual
polymers are removed with very good results, which can be confirmed
by SEM studies. At the same time, no attack of the aluminium or alu-
minium alloys is evident in the said concentration range. The advanta-
geous action of the hexafluorosilicic acid is evident in direct comparison

30 with HF as additive. HF exhibits significant surface etching from only

100 mg/kg (see Fig. 3, picture 5).

The experiments are carried out using structured wafers having the fol-
lowing layer structure:

35 e SiO2 (thermal oxide substrate)



WO 20041001834 PCT/ EP2003/ 005549 _g_ These aqueous conpositions are
~particularly suitable for the renmoval of residual polynmers from al um ni um
wi t hout awbaokscogssshe netal. Wiereas the HF content in t heCDEP20IBARESIA%ES
enpl oyed hitherto as 5 strippers with puge HF as additive drops
continuously conpared with the conpositions according to the invention if
the process is carried out continuously, adversely affecting the cleaning
action, consunmed HF appears to be replenished continuously by H2Si F6 or
HBF4 as effecgti idh i,y an equilibriumr on, so that the desired
concentrati oﬁ lﬁ%ngl%gaéé%ﬁﬁfar emai ns const ant mbhgn extended period. A
solution stabilised in this way firstly enables the process safety to be
significantl9 iﬂh&@\?‘@ﬂnaﬁwtﬁfégr@l@oieﬂégpgs cA&ENMY, pe saved since there
is no need for a technically conplex on-line nmonitoring and netering
system Furtger TiN gputteeed ! uori de i on suppliert)(®ppprding to the invention
are 159significantly | ess corrosive than pure HF solutions, both with

ot . . o .
that the 11 usnPadenfithd cORELCSTRagR ke slrbriearby Loaling Vi pnof el (8,
a consi der abresistexposure and: swksetuentadevaioparentyandcuring afdbedesist 20
Exanpl es arebgiq\??ﬂ.galé{mr{or illustrative purposes and for better

0

under st andi ng e Invention. OmMng to the general validity of the
present inve

ion in the limts, descrjbed,, these exanples a sui tabl e
for redfrict :ﬁ?& Wﬁterﬁrﬁf@ﬁbpﬂrptﬁgﬁgl'ﬂ) thS %qﬁla"\ga?%@)f)&%ﬁ"i lr(&phi&g(arrpl es.
25 Exam Al es 9660awith €1)/BCGIt amedNyakegtshirygageshe | ayer structure descri bed

ove were proc30 essed in the SEZ spin etcher. This technology is a

R . 1 ne - ! !
Wic, oL TR st ityeR b1 ﬁp"*.%gjb%pzz'?Z?ﬂ@%"éﬁﬁ?‘?h"?ﬁ?@&?ﬁ‘?geis
nozzl e. In tBHippiogahamber falowed by treabnest math W@ﬁma\l\’ﬁgertlﬂ afirthen over

the wafer Subhaﬁ?oerTf@?tﬁé?éhﬂﬂ/aﬂ’b‘f’%ﬁkﬁirﬁéE&&Péﬁbﬁcbrbveﬁtibhylg ng _process
with ulrapure 35 water 1 n accordance wth the sanme principle. For drying,

h f i inally bl d it h N2 hi_ gh i I -
2004/ 001634° The Biaskss Pt sty ahokeedh AL Rofimb e CHR eftHifG i fLr ¢
?gi g 0 01r2. (r)r:%) the \sﬁi;m.ingtmrdceg.enisrfénsﬂyictdaaﬁeldpdd_/dmbeak'egFﬂxpa8@&?&5 mrng/ kg
i trapur o el 8PTRBIBIE BRIITONE th agetraaite Gftn QUEB0AEITHE Bibcissts,
Spi n drying aubaequemﬁyigraﬁsrfen@dmg azmﬁ%z sRin etaher/ancha Mattsen YRR Ed5549
Fi g. 3201005 13 uhitivith Bhe ARSIy pricessbdramétent ack of the

metal | i sation. At concentrations above 500 ng/ kg of H2Si F6, the
metal lisation is

SEZ spin etcher Mattson AWP 200
Etching: 45 -60 s at 25°C 45 -90 s at 25°C
' 25 Rinsing with
ultrapure water: 30 s at RT 10 min. at RT
Drying: N, Marangoni
30

The first experiments are carried out using a composition which corre-
sponds to the DSP mixture currently being used, an aqueous solution of
sulfuric acid with a concentration in the range between 12 to 17% by
weight and hydrogen peroxide in a concentration in the range from 2 to
35 4% by weight. Use is made of H,SiFg and HBF 4 individually here, but
also of the combination of the two compounds as fluoride ion suppliers.



20 surface etched, see Fig. 3, picture 4 with 1000 ng/kg. Exanple 2:
~sane wafers as in Exanple 1 were processed in a Mattson AWP200 tank unit.

25 Step woShesgopezmg Conposition of the m xture:

wei ght 30 Hydrogen peroxide: 2.4% by wejght H2Si F6: 100 ng/kg 15 //m
recircul ation, 25C, 45 s 35 Stets 2: Rinsing with ultrapure water WO
20041001834 -10 35 I/ m n through-flow, 25C, 10 m n. PCT/ EP2003/ 005549
3: Mar angoni

th t al '
orocessed | n'HERe SXberimiEi sholy g &R BIURIGH of e "c’)‘?"ﬁ?agﬁﬁ@%’?‘r’fgé'?n
process, wafeuppligrsiH:QiFg and HBFebualse iy epmbipation ydth oreanot! Et r

per oxi de: 2.

dryer 5 Fig. 3 shows the fully cleaned surface, wthout

4%
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aﬁd dszgo itsibetter hahdhggrpropertlés)(tﬁe use of H,8iFcistheeeseen in

"or Exanple 3

Solutions which are suitable per se for the removal of residual polymers
after dry etching are those which comprise H,SO,4 in a concentration in
the range from 1 to 17% by weight. Particularly good results are
achieved with compositions comprising from 12 to 17% by weight of
H.SO,.

Compositions comprising H,O, in the concentration range between 1 to
12% by weight have proven suitable for the removal of residual poly-
mers. Preference is given to the use of compositions which comprise
H,0, in a concentration in the range from 2 to 4% by weight.

In these concentration ranges, the etching rates on aluminium are virtu-
ally constant and are determined only by the content of the additive.
Fig. 2 shows the dependence of the etching rates on aluminium at a
constant content of H,SiF¢ of 500 mg/kg.

Particularly suitable compositions have proven to be those which com-
prise from 12 to 17% by weight of H,SO,, from 2 to 4% by weight of
H,0, and from 100 to 500 mg/kg of H,SiFs. Preference is given to
corresponding composition in which the fluoride supplier is H,SiFg in
combination with HBF, and their total amount of the two compounds is
from 100 to 500 mg/kg. A further preferred embodiment of the invention
comprises compositions which comprise HBF, as the only fluorine-
containing compound in an amount of from 100 to 500 mg/kg.

Experiments have shown that corresponding compositions are particu-
larly suitable for the removal of residual polymers after dry etching on
metal conductor tracks.

ve been renoved apart 30 froma thin residual
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35 As reference, an identical wafer with the same conposition, but w thout
~added surfactant was processed as above. WO 2004/ 001834 PCT/ EP2003/ 005549
-11 1n Fiwo 208/008838i gni fi cantly thicker polynmer |ayer is BUT/EEMO3/0085¢9 added
surfactant thus wets the surface better,gwhich has a positive effect on the
stripping action. 5 The SEM phot ographs shown in the annex show the results
of the renoval of residual polyners using the conpositions according to the
i nvention. The results were achieved by stripping in an SEZ spin etcher
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20 Examples are given below for illustrative purposes and for better under-
standing of the invention. Owing to the general validity of the present
invention in the limits described, these examples are not suitable for
restricting the invention merely to the values given in the examples.

W =

Examples:

Example 1:

Etched wafers having the layer structure described above were proc-

30 essed in the SEZ spin etcher. This technology is a single-wafer process
in which the wafer lying horizontally in a process chamber is set in rota-
tion and impinged on by the etching liquid via a nozzle. In the process,
the nozzle arm moves horizontally to and fro over the wafer surface.
The etching process is followed by a rinsing process with ultrapure

35 water in accordance with the same principle. For drying, the wafer is
finally blown dry with N, at a high rotational speed.



2. Use of a conposition conprising H2Si F6 and/or HBF4 as residual polyner
_renmover in a process step in the production of sem conlO ductors. 3. Use
accor di ngyvbaoeddloaignm 2 for the renoval of residual polynmer sPET/ER2008/045549

Al -contai ning conductor tracks. 4. Use agcording to aim2 for the renoval
of residual polynmers after 15 dry etching on netal conductor tracks and
contact holes. 5. Use of a conposition according to Claiml for the renoval
of residual polyners from alumniumor copperlalumniumalloys. 6. Use of a
conposition | Si m%ﬁa 6 and/or HBF4 in a total 20 anobunt of 10 - 500
nmg/ kg, 12 - % % H2S04, 2 - 4% by weight of H202, optionally in
conbination with additives, in aqueous solution, according to one or nore
of Cainms 2 COmeSItIQB@féh@dﬁdﬁtW@ to one or nore of Claims 2 - 6 for the
removal of 25 residual polyners in a process step in the production of

sem con duct gufutigigted:a spin etcher 1R.0Paby weightunit. 8. Process for the
renovad of residual polynmers fromAl or Al-containing conductor tracks,
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10G$>10%=' ( Example 2:

The same wafers as in Example 1 were processed in a Mattson
AWP200 tank unit.

8 -

Step 1.  Stripping

Composition of the mixture:

Sulfuric acid: 12.0% by weight
% Hydrogen peroxide: 2.4% by weight
H2SiF6: 100 mg/kg
35 15 I/min. recirculation, 25°C, 45 s

Step 2: Rinsing with ultrapure water
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polymer layers were used.

. Step 1:  Stripping
Composition of the mixture:
15 Sulfuric acid: 12% by weight
Hydrogen peroxide:  2.4% by weight
H,SiFs: 100 mg/kg
Oenanthic acid: 80 mg/kg

20 100 rpm. 25°C, 60 sec.

Step 2:  Rinsing with ultrapure water in the beaker

25°C, 5 min.

Step 3: Drying in the nitrogen oven
100°C, 10 min

It can be seen in Fig. 12 that the polymers have been removed apart
30 from a thin residual layer.

Comparative Example for Example 3

35 As reference, an identical wafer with the same composition, but without
added surfactant was processed as above.
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using various H,SiF¢ concentrations:

10 Fig. 3 shows a section of a wafer with aluminium conductor tracks
before the treatment.
‘ Fig. 4 shows a corresponding wafer section after stripping with a com-
position comprising 100 ppm of H,SiFs, Fig. 5 with 500 ppm of H,SiFs,
Fig. 6 with 1000 ppm of H,SiFe. Figures 4 to 6 show residual polymer-
15 free conductor tracks. By comparison, Fig. 7 — 9 show results obtained
under the same conditions, but using various HF concentrations: Fig. 7
100 ppm of HF, Fig. 8 200 ppm of HF and Fig. 9 500 ppm of HF. On
use of 100 ppm of HF, polymer residues and surface etching are still
evident. Although the use of 200 ppm of HF results in virtually complete
20 removal of the residual polymers, it also results in an increase in sur-
face etching compared with the use of 100 ppm of HF. On use of com-
positions comprising 500 ppm of HF, very strong surface etching of the
metal conductor tracks is found. Figures 10 and 11 show results
obtained by the removal of residual polymers in a Mattson AWP tank
. 25 processor: Fig. 10 using 100 ppm of H,SiFg and Fig. 11 using 600 ppm
of H,SiFe. In these cases too, very good removal of residual polymers is
found, with the surface etching remaining in acceptable limits even at
600 ppm.

30 Fig. 12 shows conductor tracks after treatment with a stripper solution
comprising 12% by weight of H,SO,, 2.4% by weight of H,0,, 100 ppm
of H,SiFs and added surfactant. By comparison, Fig. 13 shows con-
ductor tracks after treatment with a corresponding stripper solution as in
Fig. 12, but without added surfactant.

35
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3. Use according to Claim 2 for the removal of residual polymers from
. Al or Al-containing conductor tracks.

4. Use according to Claim 2 for the removal of residual polymers after
15 dry etching on metal conductor tracks and contact holes.

5. Use of a composition according to Claim 1 for the removal of resid-
ual polymers from aluminium or copper/aluminium alloys.

6. Use of a composition comprising H,SiFs and/or HBF, in a total
20 amount of 10 — 500 mg/kg, 12 — 17% by weight of H,SO,, 2 ~ 4% by
weight of H,O,, optionally in combination with additives, in aqueous
solution, according to one or more of Claims 2 - 5.

7. Use according to one or more of Claims 2 — 6 for the removal of
~ 25 residual polymers in a process step in the production of semicon-
ductors using a spin etcher or in a tank unit.

8. Process for the removal of residual polymers from Al or Al-contain-
ing conductor tracks, characterised in that residual polymers are

30 removed using a composition according to Claim 1.
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