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[0001] This invention relates to conpositions useful in cleaning
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anti-reflective coatings also having present an underiying lowk dielectric

| ayer, particularly any porous lowk dielectric layer. In exanple
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sul fone; b) from about 0.25%to about 19% by wei ght of the conposition of
water; and c¢) from about 0.25%to about 10% by wei ght of the conposition
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[ 0013] The cl eaning conpositions of this invention are capabl e of

mai nt ai ni ng exceptionally high (up to about 70:1) etch selectivity for
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TABLE 1} lfram@bquap 2t pleayt Ef/dhwﬁiaht@ff(f‘Aﬁig%?iM@f witergand) Honeywel | DUOTI A- 193

Si - basedaftiouf @ﬁé/ﬂﬁ%l&o\ﬁﬁ(}@%@%@ﬁ ofte BmpdRioh B di A&E BMJ &%B&Q&'p‘rdvi&%e (TECS)
dielectric 3 Cu 5.5 p-Coral lowk dielectric 2 Applied Materials, Inc.

Bl ack neﬁ%ﬂrabez%e o6k dielectric 7 [0016) Prior art cleaning conpositions
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Si based anti-reflective coati n%s and dielectrics. [0017] The corrp05| tion
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t est ed ;&gt&itdﬁ&tsh feone yoverisesbidactidddBe rSicmaasfedc&Biriatdoeﬂéue@wltwect@aaag| ng, copper
and TECS a Bl ack Dianond 2 dielectrics at 50C for ten mnutes and the
observecﬁmgifsl:tﬁﬁ FUPLENE 1 Angstrons/minute were as fol l ows. TABLE 2 CU TEOS
DUOT| Al BoBhiaoksoRi tasmnbo2 by weight of the compeosition of at least one organic sulfone;

b} from about 0.25% to about 19% by weight of the composition of water; and

¢} from about 0.25% to about 10% by weight of the composition of at least one component providing
tetrafluoroborate ions

wherein the pH of the composition, as a 10% by weight aqueous solution of the composition, is 3 or less.
According to another aspect, there is provided a process, wherein the process also comprises the cleaning of
photoresist and Si-based anti-reflective coating from the microelectronic substrate or device while not damaging

any underlying dielectric layer or metallization of the microelectronic subsirate or device.



<1 >100 >140. >250 This prior art fornmulation will etch and renove the
Si -based anti-reflective coating wth good etch rate but wll also
unacceptably etch the I ow k Black Di anond dielectric. [0018] The
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amount of from about 0.25 % to about 19 % by weight of the composition, preferably from about 2 % to about

14 %, and more preferably from about 4 % to about 10 %.

[0002] The components providing the tetrafluoroborabte ions can be any suitable ionizable
tetrafluoroborate containing compound, such as, but not limited to tetrafiuoroboric acid HBF, and salts
thereof in combination with strong mineral acids. Suitable salts include, but not limited to ammonium
tetrafluoroborate (NH,BF-S), A/-methyl-N-alkylpyrrelidinium tetrafluoroborate salts, alkylammonium
tetrafluoroborate salts, alkali metal tetrafluoroborate salts such as lithium sodium or potassium
tetrafluoroborates. Any suitable strong mineral acid may be employed with the tetrafluoroborate salt, and
include, but are not limited to, strong mineral acids such as hydrochloric acid, sulfuric acid, phosphoric acid,
and nitric acid. Preferred for use in the cleaning compositions of this invention in order to provide the
tetrafluorcborate ions is tetrafivorcoboric acid, HBF,. Tetrafiuoroboric acid is generally commercially available
as a 48 % aqueous solution and may be used as such. Tetrafiuoroboric acid undergoes hydrolysis producing
some qguantity of HF. St is the availability of HF in the compositions that permits the selective etch of Si-based
materials. The component providing the tetrafluoroborate ions will generally be present in the cleaning
compositions of this invention in an amount of from about 0.25 % to about 10 % by weight of the composition,

preferably from about 1.5 % to about 7 %, and more preferably from about 2.5 % to about 4.5 %.
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The inclusion of glycol ether, either partially or conpletely, into the
conpositions of this invention destroys the selective etch of Si-based
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[00%2) The cleaning compositions of this invention may optionally contaln at least one polyhydric alcohet. If
present in fhe cleaning composition of this invention the polyhydric alcoho! component may be present in an
amount of from about 1 wt % to about 10 wt % of the cleaning composition, preferably from about 2 wt % to about
8 wt %, and more praferably from about 3 wt % to about 6 wt %. Suitable polyhydric alcohols include, but are not
fimited to, ethylene glycol, glycerd), erythritol, arabito}, xylitol, mannitol, and sorbitol, with glycerol being preferred.
Formulations utifizing a polyhydric alcohol have proven (Table X) to possess increased Cu compatibility and
photoresist residue removal capability.
[0013] The cleaning compositions of this invention are capable of maintaining excepticnally high (up fo about
70:1) efch selectivity for anti-reflective coaling o low-k dielectrics even though they are inherently somewhat
similar materials. The pH of the cieaning compositions of this invention, which is 3 or less, imparls the
aforementioned etch selectivity upon the cleaning compesitions since at pH values greater than 3 the cleaning
compositions will tnacceplably etch the low-k dielectric materials,

[0014] The cleaning compositions of this invention can be used effectively to removefclean post plasma
etch/ash residue, metal based hard masks, and Si-based anti-reflective coatings. The compositions of the
invention also exhibit copper and low-k dielectric compatibility, Some compositions of the Invention also exhibit
aiuminum compatibility.

10015] The desirable efch rafe selectivity of the cleaning compositions of this invention is iliusirated by the etch
rate data in Table 1 for Si based anti-reflective coafings, copper and aluminum metaifizations and dielectrics,
inclusive of low-k dielectrics. In this efch exarple the cleaning compositions of this invention employed was one
containing 3 wi% HBF, 3.25 wi% water and 93.75wt% sulfolane. The materfals listed in the Table were treated with
this cleaning composition at 60°C for 10 minutes and the following efch rates were observed.
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TABLE 1
Material tested Etch rate (Angstroms/minute)
Honeywell DUO™.193 Si-based anti reflective 00
coating |
Ti 70
Tetragthylorihosificate {TEOS) dielectric 3
Cu 58
p-Coral low-k dielectric 2
Applied Materials, Inc. Black Diamond 2x low-k 7
dielectric

{0016}  Prior art cleaning compositions had been tested to determine if they had Si-based efch seleclivity between
Si hased anti-reflective coalings and dielectrics.
{0017] The composition of Example 1 of US Patent Application Publication No, US 2006/0014656 was tested
agatnst Honeywell Duo™-193 Si-based anii-reflective coating, copper and TEOS and Black Diamond 2 dielectrics at
50°C for ten minutes and the observed efch rates in Angstromsiminute were as follows.
TABLE 2
cy TEOS DUO™193 Black Diamond 2
<1 >100 =140, >250

This prior art formulation will etch and remove the Si-based anti-reflective coafing with good etch rate but will also
unacceptably eteh the low . Black Diamond dielectric.

[0018]  The composition of Example 23 in Table 4 of US Patent Application Publication No. US 2006109749 was
fested against Honeywell Duot193 Si-based anti-refiective coating, copper and TEOS and Black Diamond 2
dielectrics at 25°C and 35°C for ten minutes and the abserved efch rates in Angstroms/minute were as follows.

TABLE 3
Temp°C Cu TEOS DU Black Diamond 2
25°C 1 3 1 3t
35°C 7 3 5 1

This mostly water-containlng with glycolic ether acidic fluoride based fomulation could not remove Si-hased ant-
reflective material from substrates,

[0019] The criticallty off the cleaning compositions of this invention having sulfone solvent present as the solvent
and the necessity to avoid having glyco} ethers present in the cleaning compositions is demonstrated by the following
tests. The following three cleaning compositions were prepared. Compositions A (of this invention) contained 92.7%
sulfolane, 3.8% water and 3.5% tetrafluorobaric acid. In Comparative Composition B, a portion of the suffolene was
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replaced with Carbitol {diethylene giycol monomethyl ether) and in Comparative Compositions C sulfolane was
completely replaced by Carbitol, Each of these composltions was tested against Honeywell Duo™193 Si-based anti-
reflective coating, copper, TEOS, and Black Diamond 2 dielectrics for 30 minutes at 60°C. The efch results in
Angstrom/ minute were as follows.

TABLE 4
Composition Cui TEOS DUO™.193 Black Diamond 2
A <3 3 >140 <2
B 18 2 43 0
C 300 3 4 0

The Inclusion of glycol ether, either partially or completely, into the compositions of this invention destroys the
selactive etch of Si-hased anti-reflective coating when compared fo Cu.

[0020] The desirable efch rate selectivity of the cleaning compositions of this invention is illustrated by the etch
rate data in Table 1 for Si based anti-reflective coating, DUO™-193, copper and aluminum metallizations and
dietectrics, inclusive of low-k dielectrics, All chermicals were used as received from the suppliers. The HBF; used
in this study was a 48 % by welght aqueous solution, All efch rates (Angstroms/minute) were determined at 60
°C. Substrates of Cu, Al, and Black Diamond 2 (BD2) were treated for 30 minutes. DUC™ was treated for 10
minutes {initial thickness was about 1400 Angtroms). pH measurements were defermined from a 10 % by weight
aqueous solution of the composition. CuOx removal was judged based on visual inspection of Cu coated walers
that had been submerged in 30 % H0; for about 30 minutes prior fo the one minute treatment in the compositions

listed below.
Table §

Comp. | Sulfolane | 48% | Additional | Glycerol | pH | Chelator* | Cu | BUO'™ | BD2 | CuOx
No. Ag. H:0

HBF,
1 93 7 0 165 | No <1 | 440 [22 [VYes
2 85 15 0 0 1.28 { No 4.4 | 140 68 | Yes
3 80 3 17 0 189 | No 32 |58 <1 Yes
4 80 7 13 0 1.66 | No 40 | 16 1.9 | Yes
5 93 7 0 0 1.42 | DTPA 22 [>140 |18 |VYes
6 93 7 0 0 141 | EDTA 55 | >140 19 | VYes
7 93 7 0 0 152 | GyoTA 114 [>140 |15 | Ves
8 82 8 0 0 151 | No 34 100 <t | Yes
9 82 8 5 5 153 | No 54 | >100 21 | Yes




93 7 0 o 1.41 EDTA 5,5 >140 1.9 Yes 7 93 7 0 0 1.52 CyDTA 1.4 >140 1.5 Yes
8 82 80 10 1.51 No 3.4 9.0

WO 2009/108474 PCT/US2009/033148
0 82 3 5 10 1.90 | No 36 | «t <1 Yes
11 82 3 5 5 168 | No 35 | «f <] Yes

* Chelator present in about 0.25 % by weightt DTPA = Diethylenetriaminepentaacefic acid, EDTA =
Ethylenedlaminetefraacetic acld, and CyDTA = 1,2-Diaminocyciohexane-NN, N, N-tetraacetic acid,

BD2= Black Diamond 2-low K dielectric of Applied Material, Inc.

[(021] While the invention has beeh described herein with reference fo the specific embodiments thereo, it will
be appreclated that changes, modification and vaniations can be made without departing from the spirit and scope
of the inventive concept disclosed herein. Accordingly, it is intended fo embrace all such changes, modificafion
and variations that fall with the spirit and scope of the appended claims



<l yes 82 8 55 1.53 No 5A >100 2.1 Yes WO 2009/108474PCDUS2009/ 033148 10
82 3 510 1.90 No 3,6 <1 <1 Yes 11 82 3 5

Claims:

I A microelectronic substrate cleaning compositions comprising:

a) from about 80% to about 99% by weight of the composition of at least

one organic sulfone;

b) from about 0.25% to about 19% by weight of the compostition of water;

and
¢) from about 0.25% to about 10% by weight of the composition of at least
one component providing tetrafluoroborate ions
wherein the pH of the composition, as a 10% by weight aqueous solution of the

composition, is 3 or less.

2. A microelectronic substrate cleaning composition according to claim 1 additionally
comprising from about 1% to about 10% by weight of at least one polyhydric

alcohol.

3. A microelectronic substrate cleaning composition according to claim 1 wherein the

sulfone comprises sulfolane.

4, A microclectronic substrate cleaning composition according to claim 1 wherein the
al least one component providing tetrafluoroborate ions comprises tetrafluoroboric

acid,

5. A microclectronic substrate cleaning composition according to claim 3 wherein the
atl least one component providing tetrafluoroborate ions comprises tetrafluoroboric

acid,

0. A microelectronic substrate cleaning composition according to claim 2 wherein

the at least one polyhydric alcohol comprises glycerol.

7. A microelectronic substrate cleaning composition according Lo claim 6 wherein the
at feast one sulfone comprises sutfolane and the at least one component providing

tetrafluoroborate ions comprises tetrafluoroboric acid.

7



5 1.88 No 3.5 ci <1 Yes * Chelator present in about 0.25 % by weight: DTPA
= Di ethyl enetri am nepentaacetic acid, EDTA El hyl enedl am netetraacetic acid,
and CyDTA = 1, 2- D am nocycl ohexane-N, N, WAP-tetreacetic acid; BM= Bl ack

D amond 2-1ow K dielectric of Applied Material, Inc. [0021] Wiile the

i nventi on has been described herein with reference to the specific

embodi neng s t h@Bﬁ)@@Sﬁ fodcldbhink aREicrRpRERSiAdBsrdddtdeoRanfps: ctomeil feciatd on and
variations can be nmade wi thout departing fromthe spirit and scope of the

i nvent i vecoORpHERSpRONEEEG B8 aricrrelp@ioric MSEENGPRETWCE ViDL p SlRpig faBRROY e nbr ace
all such ghanges, nodification and variations that fall men the spirit and
scope of t ap%ended claine 1. A mcroelectronic substrate cleaning
conposi tions conpriasi fign abyutfdOBmoadboutt 9980 %y weighb ofithe 3espbyitivedighitlecasf t he
conposition of at |east one.organic sulfone; b) from about 0.25%to about
19% by wei ght of the @ﬁﬁﬁ%gnygW“bf water; and c) from about 0.25%to about
10% by wei ght of the £QARB&I:I2EM, @fabdht 19@@5%\,»@@{ SOMP oRBRsithaiveitdng
tetrafl uoroborate i ons wherein the pl4 of the conposition, as a 10% by

wei ght aqueous sol uti®@¥ of the conposition, is 3 or less. 2. A

m croel ectroni c subst b i ARG i '
additionally conpr?iiﬁg%ngﬁgggéﬂta§ otg%g@gﬁgglowbggkag?gﬁggg?&g%%ﬁeast
one pol yhydri ¢ al cohobne cBmporncproeldagtictorfliucroberistiorst e ¢l eani ng conposi ti on

according to claim!|l rei,n the sul fone rises, sul fol ane.. 4. X
nicroelectronP@wgﬁbQFmggg?éFb§WﬂﬁﬁM8%dﬁd§?@%ﬁﬁ'%%%%ﬁﬁwﬁ%mfgﬁﬁwafﬁﬁﬁ’wherein
the at | east Q@ﬁp@gﬂpgﬁgnghggoviding tetrafl uoroborate ions conprises

tetrafl uoroboric acid. 5. A mcroelectronic substrate cleaning conposition
according to claim3 wherein the at | east one conponent providing

tetrafl ugy oboratg, J.ons GOMRY |05 Efink & L rnjeHlOEll%bﬁé%n%gg%lgposﬁioﬁ‘ Mafloaglyect roni c

substrat e cl eani'ng conposi ti on according to c wherei n the at 'l east
one pol yhydri ecomptghlfroenatprnit 986 tq@lahasridle by . weightcolodl lesst monirolybudst r at e
cl eani ng conpo igion according to claim6 wherein the at | east one sul fone
conpri ses sul@EP fle and the at |east one conmponent providing

tetrafl uoroborate ions conprises tetrafluoroboric acid.

10. A process according to claim 8 wherein the sulfone comprises sulfolane.

11. A process according to claim 8 wherein the at least one component providing

tetrafluoroborate ions comprises tetrafivoroboric acid.

12. A process according to claim 10 wherein the at least one component providing

tetrafluoroborate ions comprises tetrafluoroboric acid

13. A process according to ¢laim 9 wherein the at least one polyhydric alcohol

comprises glycerol.

14. A process according to claim 13 wherein the at least one sulfone comprises sulfolane
and the at least one component providing tetrafluoroborate ions comprises

tetrafluoroboric acid.

15. A process according to claim 8 wherein the microelectronic substrate or device

comprises a Si-based anti-reflective coating and a low-k dielectric.



8. A process for cleaning a mcroel ectronic substrate or device of post

et ch/ash residue conprises contacting the mcroel ectronic substrate or
device with a cleaning conposition conprising: a) from about 80%to about
99% by wei ght of the conposition of at |east one organic sulfone; b) from
about 0.25%to about 19% by wei ght of the conposition of water; and c) from
about 0.25%to about 10% by wei ght of the conposition of at |east one
conponent providing tetrafluoroborate ions wherein the pl-1 of the

corrlposi tiorip. aSAEprd(ﬁ%dmyoMgiggblbiaaﬁ]lllleWlhﬁre&ﬂdm'ﬁﬂiaﬂel@étrdnﬁlﬂsltmﬁlfmé)siddvﬂm, is 3
or less. 9.A process aggording.tq claim$8 rein t.he cleaning conposition
addi tional ly co??ﬂ)‘m‘@?sﬁgsg‘g’ﬁ?ﬂfglbl?@fmﬁ’%c?@“% lo 8@5139‘3%@ ght of at |east
one pol yhydric al cohol. 10. A process according to claim8 wherein the

sul fone conprises sulfolane. 11,A process accordjng to claim8 wherein the
at | east ohe cofrpBIEREcGFBRg Qickyn 8 evheasin (hs PEET alse CoBpseTBapiergrso!

tetraf | uor gldrbgst @kd G-baded-afti RERGRL0AME Hof AImiRoctdcBbil dDstSE lclict he at

| east one conponent providing tetrafluoroborate ions conprises .

t et r af | uor B n dereagingiay Anderlye diglegiicdaysr aymellizhdemeiShomésresipctiomic at

| east one gg%%gggrﬁeﬁggohol conprises glycerol. 14.A process according to
claim 13 wherein the at |east one sul fone conprises sulfolane and the at

| east one conponent providing tetrafl uoroborate ions conprises

tetrafl uoregpori Ld. : r cardi : iLmg wherein the

m cr oel ect ?%ni C&S&%&égr‘i %Ctjogdl@rtg %@?32“’@‘%@%@%‘%@9 égg?dlg’%g]gg Oﬁqu??‘ef | ective
coating and a lowk dielectric. 16. A process according to claim 14

wherein th niggoelectro i §Pb traff gr.devigelcggﬂrises a Si-gasgd
anti-refl elti ve EEAETHY UL S Tayvaparytps gicleclayer iy 8 pawus I%Er ging t o
claim 8, wiiekaiialatdie process al so conprises the cleaning of photoresist and
Si -based anti-reflective coating fromthe mcroel ectronic substrate or

devi ce whil e not damagi ng any underlying dielectric layer or netallization
of the m comel egipidRrs Gocdktisd to Afafn 99 wHEYINGRS clejaﬁi-ngéolﬁg&ﬁ%ﬁ%mﬂﬁ%éﬁ HBpg to
claim17 wherein the conposition has a pH of about 2. 19. A process
accor di ng fWfolnama wateryher ein the dielectric layer is a porous |owk
dielectric layer. 20. A process according to claim19 wherein the cleaning
conposition conprises -113F4, sul folane and water.



