WD 2004/ 030038 PCT/ US2003/ 030237 Conposi tions

Substrate for Renoving Etching Residue and Use Ther eof
woema08@B8$ on Technical Field The present invePtT/U8200%030237

concerned with selectively renoving etching residues

froma mcrostructure of _an qbject. @%gg resent

i nvention sel ect i vetYmPRSHRnS SULFELS Vo ut
attacking nmetal and @chﬁﬁ%k@s@({heddnﬁ)ﬂs@thafelofm exposed
to the conposition used tor renoving the residues. In
addi tion, the present inventDesaripteon concerned with
certain cleaning conpositi t. e suitable for
renmovi ng et chi ng reS|duesqn§Ke%@EE%kD ART Nuner ous
steps are involved in the fabrication of

m croel ectronic structures. Wthin the manufacturing
sche n%heopremabmve@ttqmg chpacErpdatidsclscively ramewng eichipg résidues

t hi
Gt P rpp SRR R ARy R ARRELARD famoves
ﬁe}z’ﬂd@és With&@it aimdkglg&haaleaﬁieﬂ siltcon slédxidxt fivres| eytposemw ehe_

materi al, have been succe sfully ptilized to var
SERIOSEION UeesF £ FRROVIRS ﬁlesré?rl &9% %Cf TA9H Ry Pt ¥

éo%é%gd V‘)Ng c@ﬁﬁn.tcré%nﬂl}g(‘c()ﬁ%'oﬁﬁg)ﬁsoﬂﬂh@ar@ Eﬁlté%tel%?renhcﬁfmg etching
considered a critical” and crucial step in
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transfer dunng via, metal line and trench formation. For instance, complex semi-
conductor devices such as advanced DRAMS and microprocessors, which require
multiple layers of back end of line interconnect wiring, utilize RIE to produce vias,
metal lines and trench structures. Vias are used, through the interlayer dielectric, to
provide contact between one level of silicon, silicide or metal wiring and the next level
of wiring. Metal lines are conductive structures used as device interconnects. Trench
structures are used in the formation of metal line structures. Vias, metal lines and
trench structures typically expose metals and alloys such as A1, A1Cu, Cu, Ti, TiN,

Ta, TaN, W, TiW, silicon or a silicide such as a silicide of tungsten, titanium or cobalt.

The RIE process typically leaves a residue (of a complex mixture) that may include re-
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It has been found according to the present invention that by employing certain
selected organic solvents in the formulation of strippers, fluoride containing strippers
can be formulated to be compatible with low dielectric constant materials. In this
invention, efforts have been made to formulate fluoride-containing strippers that will
be less aggressive towards sensitive films with low dielectric constant by selecting

certain polar protic solvents. In these formulations, the polar protic solvents have been
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several details are capable of modifications in various obvious respects, without
departing from the invention. Accordingly, the description is to be regarded as

illustrative in nature and not as restrictive.

BEST AND VARIOUS MODES FOR CARRYING OUT INVENTION
The present invention is concerned with selectively removing photoresist and/or
etching residues and especially residues cased by reactive ion etching. Moreover, the
photoresist and/or etching residues are present in an article that also includes metal,

silicon, silicate and/or interlevel dielectric material such as deposited silicon oxides and
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fluoroborates, fluoroboric acid, tetrabutylammonium tetrafluoroborate, and aluminum
hexafluoride. Also, a fluoride salt of an aliphatic primary, secondary or tertiary amine
can be used. Such have the following formula:

RINR3)R, F

wherein R, R, and Rj each individually represent H or an alkyl group,

Typically, the total number of carbon atoms in the R;, R, and R groups is 12
carbon atoms or less. The preferred fluoride compounds are ammonium fluoride and

tetramethylammonium fluoride.
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wi th ]l)%\rN-lng t}Iel rllarglsufgcl‘ggr?ng process, a photoresist layer is coated on the substrate.
Using photolithographic process, a pattern is defined on the photoresist layer. The
patterned photoresist layer is thus subjected to plasma etch by which the pattern is
transferred to the substrate. Etch residues are generated in the etch stage. Some of the
substrates used in this invention are ashed while some are not ashed. When the
substrates are ashed the main residues to be cleaned are etchant residues. If the
substrates are not ashed, then the main residues to be cleaned or stripped are both etch
residues and photoresists.

The following non-limiting examples are presented to further illustrate the

present invention.
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DAA Diacetone alcohol BEE 2-(2-Butoxyethoxy)ethanol
EL Ethyl lactate THFA Tetrahydromrfuryl alcohol
PG Propylene glycol EG  Ethylene glycol

PVA DPolyvinyl alcohol DMAc N,N-dimethylacetamide
CHDM 1,4-cyclohexanedimethanol PGME Propyleneglycol methyl ether

The above compositions are effective in cleaning and stripping of etch
residues and photoresists from aluminum and copper lines and vias. The
compositions also showed effectiveness in removing etch residues and photoresists
from some low and ultra low dielectric constant materials. They are compatible

with the low and ultra low dielectric constant materials.

In the following Examples A1-A6, a positive photoresist is spin-coated on to a
substrate. The positive photoresist comprises of diazonaphthoquinone and novolak resin.
The photoresist coated is baked at 90 °C for 90 seconds. A pattern is defined on the
photoresist by exposure, through a patterned mask, to i-line (365 nm) rays followed by
development. The pattern is then transferred via plasma etch to the low-k substrate. The

compositions shown in Examples A1-A6 are used to remove remaining photoresist and

etching.
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spi npEpRt ed on tb a subgirate. Thg positive 14
phot twgsi st conp¥i ses ofDEliAzonapht hoqui nopgHand

novoI ak resin. The photoreS| st coated is baked at 90

"C for 90 seconds. patter |sdf|ne

phot or ésimRgre @?taélfi‘b@éﬁ%@mt sl %ﬁé?l% &t H@%nﬁs% gboyepis presented
i -1 ibdo¥365 nrn) rays foll owed by devel opnent. The
pattern is then transferred via plasm etch to the

| ow- k substrate. The conpodixtimphksAshown in Exanpl es

Al - A6 ame cus@dsition bLsxanipte Aeondists 0f)5 phdtveighs Vedf dmtone alcohol,

ifocgyg%b 7 %3 %%gge /46%% %)e%h(%%}) (Z)i3 Zelomze(m\)/ater Example A
is a cleaning and stripping composition for removing etch residue and photoresists for
low-k substrates as well as metal substrates.

Example C
The composition of example C consists of 59.25 weight % of 2-(2-
butoxyexthoxy)ethanol, 0.3 weight % of ammonium fluoride, and 40.45 weight % of
deionized water. Example C is a cleaning and stripping composition for removing etch

residues and photoresists from low-k and metal lines as well as vias.

Example H
The composition of example H consists of 49.25 weight % of 2-(2-
butoxyethoxy)ethanol, 0.3 weight % of ammonium fluoride, 45.45 weight % of deionized
water and 5 weight % of resorcinol. The composition is designed for etch residue and

photoresist removal on aluminum copper substrates.
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ese Hom l9wek ﬁ‘e@ﬁsﬁ?elélﬁé(f?ﬁl e H consists
of 49. 25 wei ght % of 2-(2 q%gm ehRoxy) ethanol, 0.3
wei ght % of ammoni um fl uori 45. 45 wei ght % of
dei oni Pledcomposition of example A3 consists of 65 weight % of tetrahydrofurfuryl

alcohol, 15.72 weight % deionized water, 0.48 weight % of ammonium fluoride, 15.8
weight % of glycerol and 3 weight % of ammonium citrate. Example A3 a cleaning and
stripping composition for removing etch residues and photoresists from low-k and metal
lines as well as vias.
Example A4

The composition of example A4 consists of 35.5 weight % of propylene glycol
methyl ether, 20 weight % propylene glycol propyl ether, 25.9 weight % deionized water,
0.6 weight % of ammonium fluoride, 14 weight % of propylene glycol, 2 weight % of
diethylhydroxylamine and 2 weight % lactic acid. Example A4 is a cleaning and
stripping composition for removing etch residues and photoresists from low-k and metal
lines as well as vias.

Example AS

The composition of example A5 consists of 30.5 weight % of propylene glycol
methyl ether, 15 weight % of propylene glycol propyl ether, 25.9 weight % deionized
water, 0.6 weight % of ammonium fluoride, 14 weight % of propylene glycol and 14
weight % of diethylhydroxylamine. Example A5 is a cleaning and stripping composition

for removing etch residues and photoresists from low-k and metal lines as well as vias.
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as vias. Exanple A4 The conposition of exa

cenbidimsnisfof §8. 1BVWél|og fhut, 96 Brenisensgyrberre itgh jo und%itm that the
et her, 20 we ro n 9
R
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of diethyl hydroxylam ne and 2 wei g ctic aci H
NI oRBCFR a5 CRITESAT AgrCHin aomlglppsuﬁ}? W@ﬁ’é epagings and/or the

f 9%11 P @?%l@?ge%ﬁﬁe 88/ m":ﬁ‘? ?ﬁ@erﬁﬂ?ﬁﬁ@ﬁ@ 'd§§c§1b§d[ REPeina¥b e are

nes as we as Vi as. arrp e
further intended to explain best modes known of practicing the mventlon and to enable

others skilled in the art to utilize the invention in such, or other, embodiments and with
the various modifications required by the particular applications or uses of the invention.
Accordingly, the description is not intended to limit the invention to the form disclosed
herein. Also, it is intended that the appended claims be construed to include alternative

embodiments.
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are fdaNGB)Rent ended to expl ain best nodes known of
practi ci,ng.t he 4 nv i on_and .t o enabl e hers_skill ed
Ph2E he it B B B B B SRR e S e
enbodi nents and with the various nodifications
requi red by the particul ar applications or uses of the
i Avent 1A compesitipriphgrin 1 phercietiediugtine pouree eramprises ammonium

| BBREEG: Rahb kb A RGN tO the form di scl osed

4. The composition of claim 1 wherein said solvent comprises tetrafurfuryl alcohol.
5. The composition of claim 1 wherein said solvent comprises diacetone alcohol.

6. The composition of claim 1 wherein said corrosion inhibitor comprises a
hydroxylamine,
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herein. Also, it is intended that the appended cl ains
be construed to include alternative enbodinents, 10
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fqgﬂhhgﬁmgﬁ@up 4 consisting of tetrofurfaryl al cohol,
di acet one al cohol, 1, 4-cycl ohexanedi nethanol, and 5
al | cyl ene glycol ethers; 6 b) about 0. 005 to about O.

t I f (0] ab o
9§J g%\/\ﬁf;}%\tk\é)m otv,l"f)ioﬁ BHL ]%?n(f W}{ delilg Eﬂ ung OQ lv%c‘g/s ab out 50% by

wei g biit 16 fbeut GO biyomsdi ghit; |nh|b|tor 1 2 The conp05|t|on
of claiml wherein the fluorine source is sel

f r8ifh SoHECe Gt élaenn@w@éﬂ%ﬁ %@ﬁ 9rbent Gy drivr veight canﬁéiﬂé Svater s about 25

aqgggb 5] &% quat er nary anmmoni um fl uori des, 3
uoro orates uoroborlc acid, tin bifluoride,
antlnDny fluorlde tetrabutylannoniun1 4
hexaf | uori de

trafl yoroborat.e | um
f Vhor i daeRmpogion A AT RAIeCoip Riehgpn B %ﬂmﬁa&w igpibitor i
t eibbin@y. ¥ tBdae2m WyRgeikite fol | owi ng fornul a:
RIN(R3)R2 7 wherein Rl;, R2 and R3 each |nd|V|duaIIy

represent H or an aIkyI group 1 3. The conposition of

cla m re e fluo so rce co S_anmo

5 B} or THaS PRl S e et e Fr BT PR o b Bheor i
campasulmqwo@ﬁpm¢ayﬁ%1hmhereln sai d sol vent conprises
tetrafurfaryl alcohol. 1 5. The conposition of claim

1 wherein said solvent conprises diacetone al cohol. 1

T SRERLLaBPLurd et ARSHS A SSHEPRIED

PCT/ US2003/ 030237 1 7. The conposition of claim®6
‘ir el "A ?naeltlgodhfxp {e(riqxo)(llnagrghr(])?orgscl)stn%g Ie’tsc 1Sngdr|651ziu3/ or both from a substrate
wherein comprises contacting said substract with a composition comprising:

a) at least about 50% by weight of a solvent selected from the group
consisting of tetrofurfuryl alcohol, diacetone alcohol, 1, 4-cyclohexanedimethanol, and
alkylene glycol ethers;

b) about 0.005 to about 0.8 by weight of a source of fluorine.

e) up to about 49.9% by weight of water; and

d) up to about 20% by weight of a corrosion inhibitor.

13. The method of claim 12 wherein the fluorine source is selected from the group
consisting of hydrofluoride, quaternary ammonium fluorides, fluoroborates, fluoroboric
acid, tin bifluoride, antimony fluoride, tetrabutylammonium tetrafluoroborate, aluminum
hexafluoride, and a fluoride salt of an aliphatic primary, secondary or tertiary amine
having the following formula:

RiN(R3)RoF
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2 hydroxylam ne. 1 8. The conposition of claiml
wherein the anmount of said solvent is about 50% by 2

wowei0ghs00s® about 75 by weight; 3 said source OPCT/US2003/030237
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fluorine is about 0.05 to about 0.5% by wei ght, and
said water_is out . 25. 4 to about % b ight. 1 9.
TreBRIbsRs FufRorchiainet BrEpartn the AR sai d
corrosion inhibitor is 2 about 0.5 to about 20% by

weight. 1 10. The conposition of claim8 wherein the
andunt Die methad obeleins L dwhershi thi flypringsoupcegdppyiris¢Hargonium

about. 14% ight. 1 11, T conposition of claim1l
beﬂﬁﬁmFPE%Q%W¥$? 'Sn%%}%%§§§lc acids. 1 12. A nethod

for renmoving photoresist or etching residue or both
froma substrate 2 wherein conprises contacting said
suldst r aklte methed af elaimp b3 MhpisH yeait ﬁ@np@seayet@gurﬁw}s%lcohol-
about 50% by wei ght of a solvent selected fromthe

group 4 consisting of tetrofurfaryl alcohol, diacetone

al ohol Thelmethod yLtlaine kanbdiciredaithsudient asrdprides dideytoae elcohol.
gl ycol ethers; 6 b) about 0.005 to about 0.8 by wei ght

of a source of fluorine. 7 e) up to about 49.9% by

weight Bfe MEthed of @Bith 82 theidh dafi aRRIon3RALRY: MWMpiEHAEs 9F

a corrosion inhibitor. 1 13. The nmethod of claim 12
wHerdedxylanimeef | uori ne source is selected fromthe group

2 consisting of hydrofluoride, quaternary anmoni um
fluorides, fluoroborates, fluoroboric 3 acid, tin

bi 8. uorTiiemetabd bhElnyn 17 Wakletsaid BidraBparind FORPLbER diethyl-
tetrafl uoroborate, alum num 4 hexafluoride, and a

f I1hygFexytamgiaet of an aliphatic prinary, secondary or
tertiary amne 5 having the following fornula: 6

RI N( R3) R2F 12 WD 2004/ 030038 PCT/ US2003/ 030237 7

whigx, ei MTHel metR2d afidaikB 1 2ahbreimitie winduat df\saidespiveatistabblitd0% by
an al kyl gro 1 14, The method_qof claim 12 erejn

¢ HECIERL B @9%”@%%@%8%?%@%8%@%% Is gbapt 93% gabeyt 0.5% by
t e g Ry kAR YL Jub 85 tHout 35% by weight.

20. The method of claim 19 wherein the amount of said corrosion inhibitor is about

0.5 to about 20% by weight.

21. The method of claim 19 wherein the amount of said corrosion inhibitor is about

10 to about 14% by weight.

22, The method of claim 12 wherein said composition is free of organic carboxylic
acids.
23. The method of claim 12 wherein the substrate also includes a material selected

from the group consisting of metal, silicon, silicate and interlevel dielectric material.
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1 15. The nethod of claim 12 wherein said sol vent
conprises tetrafarfaryl alcohol. 1 16. The nethod of

W@ L@@ wherei n sai d sol vent conpri ses di acer@rBsS2003/030237
al cohol. 1 17. The nethod of claim 12 wherein said

CQLr OSi i phi bidor. i ses, a. . 2. hydr.oxyl.am ne. .1 .
L o I PPl R o O G AR e it Fovorises
2 ceiipon sededli et hyl - 2 hydroxylam ne. 1 19. The net hod

of claim 12 wherein the anmount of said solvent is

about 50% by 2 weight to about 75% by weight; said

segrce rd ] : . % by 3 -
L ot TE moRf it s ARt th Pl TR0 Brogtyiroub consisting
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3 aﬁgﬁ5w§@%ﬁ§&f%€P§WP%a o plurigg Kod of claim 19

wherein the anpbunt of said corrosion inhibitor is

about 2 10 to about 14% by weight. 1 22. The nethod

of claim 12 wherein said conposition is free of

organi c carboxylic 2 acids. 1 23. The nethod of claim

12 wherein the substrate also includes a materi a

selected 2 fromthe group consisting of netal,

silicon, silicate and interlevel dielectric material.

13 WD 2004/ 030038 PCT/ US2003/ 030237 1 24. The net hod

of claim 23 wherein the interlevel dielectric materi a

conprises 2 silicon oxides. 1 25. The nethod of claim

23 wherein the netal is selected fromthe group

consisting 2 of copper, copper alloy, titanium

titaniumnitride, tantalum tantalumnitride

tantalum 3 tantalumnitride, al um num and/ or

al um num al | oy. 14
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