TI TLE OF THE | NVENTI ON: SEM - AQUEQUS STRI PPI NG AND CLEANI NG FORMULATI ON FOR
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corrosion inhibitor, and remainder' water. The pHis greater than 9. For
this invention, "m sci bl " includes sol ubl e. [ 0009] According to another
aspect of the present invention, a netHod of removi ng bul k photoresists as
wel | as post-etched and post-ashed residues froma substrate 30conpri ses:
applying a fornulation as recited above to a substrate to renove the
phot or esi st, post-etched and post-ashed residues, as well as contam nants
fromthe substrate. DETAILED DESCRI PTION OF THE | NVENTI ON [ 0010] This

i nvention describes formul ati ons designed primarily for the renoval of
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contact between one level of silicon, silicide or metal wiring and the next level of wiring.

[0004] Metal lines are conductive structures used as device interconnects. Trench

S structures are used in the formation of metal line structures. Vias, metal lines and trench
structures typically expose metals and alloys, such as Al, Al and Cu alloys, 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 or a complex mixture that may include re-
sputtered oxide material, organic materials from photoresist, and/or antireflective coating

10 materials used to lithographically define the vias, metal lines and or trench structures.

[0005] Itis desirable to provide a cleaning formulation and process capable of
removing those unwanted materials without corroding, dissolving or dulling the exposed
surface of the substrate. In some instances the unwanted materials are polymeric
compositions referred to as photoresists. In other instances the unwanted materials to be

15 removed are residues of etching or ashing processes or simply contaminants.

[0006] Patents in this technological field include US 6,627,587, US 6,723,691, US
6,851,432 to Naghshineh et al., and published patent application US2006/0016785.

BRIEF SUMMARY OF THE INVENTION

20 [0007] A general goal of this project is to develop a non-hydroxylamine, stripping and
cleaning formulation for metal substrate, such as aluminum and copper substrate. Such

a stripper will have a lower cost of ownership (COOQ) than hydroxylamine strippers.

[0008] Accordingly, one aspect of the present invention is a formulation for removing

bulk photoresists, as well as post-etched and post-ashed residues. The formulation
25 comprises: an alkanolamine, a water miscible organic co-solvent, a quariernary

armmonium compound, a non-free acid functionality corrogion inhibitor, and remainder

water. The pH is greater than 9. For this invention, “miscible” includes soluble.

{0008} According to another aspect of the present invention, a method of removing bulk
photoresists as well as post-etched and post-ashed residues from a substrate

30 comprises: applying a formulation as recited above to a substrate to remove the
photoresist, post-etched and post-ashed residues, as well as contaminants from the

substrate.
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(55% 1.50 Gallic acid REDAILEA REAORIFGTION GIGTOEORVENTWNer 72. 00 Gal lic
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[0010] This invention describes formulations designed primarily for the removal of

photoresist, post-etched and post-ashed residues, as well as contaminants from metal
5 substrates. The formulation comprises an alkanolamine, a water miscible organic co-
solvent, a quarternary ammonium compound, a corrosion inhibitor, and remainder water.

The pH is greater than 9. For this invention, "miscible” includes soluble.

[0011] In certain embodiments, alkanolamine includes but is not limited to:
monoethanolamine, N-methylethanolamine, triethanolamine, isopropanotamine,

10 diethylhydroxylamine and mixtures thereof.

[0012] In certain embodiments, the water miscible organic co-solvent may be glycol
ether or a furfuryl alcohol. The glycol ethers may include glycol mono(C~ Cg)alkyl
ethers and glycol di(C~ Cg)alkyl ethers, such as but not limited to, (C;~ Cy)alkane diols,
(G4~ Celalkyl ethers, and (Cs— Cyo)alkane diol di(Ci~ Cs)alkyl ethers. Examples of glycol

15 ethers are to dipropylene glycol methyl ether, tripropylene glycol methyl ether, ethylene
glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl
ether, ethylene glycol dimethy! ether, ethylene giycol diethyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monopropyi
ether, diethylene glycol monoisopropyl ether, diethylene glycol monobutyl ether,

20 diethylene glycol monoisobutyl ether, diethylene glycol monobenzyl ether, diethylene
glycol dimethyl ether, diethylene glycol diethyl ether, triethylene glycol monomethyl ether,
triethylene glycol dimethyt ether, polyethylene glycol monomethy! ether, diethylene giycol
methyl ethyl ether, triethylene glycol ethylene glycol monomethy! ether acetate, ethylene
glycol monoethy! ether acetate, propylene glycol monomethyt ether, propylene glycol

25 dimethyl ether, propylene glycol monobutyl ether, propylene glycol, monoproply ether,
dipropylene glycol monomethy! ether, dipropylene glycol monopropyl ether, dipropylene
glycot monoisopropyl ether, dipropylene glycol monobutyl ether, diproplylene glycol
dilsopropy! ether, tripropylens glycol monomethvl ether, T-miethoxy-2-butanol, 2-
methoxy-1-butanol, 2-methoxy-2-methylbutanol, 1,1-dimethoxyethane and 2-(2-

30 butoxyethoxy) ethanol, and mixtures thereof. More typical examples of glycol ethers are
propylene glycel monomethyl ether, propytene glycol monopropyl ether, tri(propylene
glycol) monomethyl ether and 2-(2-butoxyethoxy) ethanol. An example of a furfuryi

alcohol is Tetrahydrofurfuryl alcohol (THFA).
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deionized (DI) water is 40 wt% to 95 wt%, while the preferred range is 50 wt% to 80 wt%.

[0014] In certain embodiments, the quarternary ammonium compound includes but is

5 notlimited to: quarternary ammonium hydroxide, such as tetramethylammonium
hydroxide (TMAH), tetrasthylammonium hydroxide, tetrabutylammonium hydroxide
(TBAH), tetrapropylammonium hydroxide, trimethylethylammonium hydroxide, (2-
hydroxyethyl)trimethylammonium hydroxide, (2-hydroxyethyhitriethylammonium
hydroxide, (2-hydroxyethyltripropylammonium hydroxide, {1-

10 hydroxypropyltrimethylammonium hydroxide, ethyltrimethylammonium hydroxide,
diethyldimethylammonium hydroxide and benzyltrimethylammonium hydroxide and
mixtures thereof, The quaternary ammonium compounds are present in an amount
ranging from 0.5% to 10% or from 5 % to 10% by weight.

[0015] In certain embodiments, the composition may include 0.5% to 15% by weight of
15 one or more corrosion inhibitors. Any corrosion inhibitor known in the art for similar
applications may be used. Examples of corrosion inhibitors that may be used include:
catechol, t-Butylcatechol, pyrogallol, benzotriazole (BZT), resorcinol, esters of gallic acid
and mixtures thereof. These are non- free acid functionality corrosion inhibitors which

avoid corrosion of metals.

20 [0016] Examples of particular corrosion inhibitors which have free acid functionality and
have been shown in the exampies below to not adequately protect metals from coirosion
include: anthranilic acid, gallic acid, octanoic acid, stearic acid, benzoic acid, isophthalic
acid, maleic acid, fumaric acid, D,L-malic acid, malonic acid, phthalic acid, maleic
anhydride, phthalic anhydride, carboxybenzotriazole, lactic acid, citric acid, the like and

25  mixtures thereof or with the preceding list of corrosion inhibitors.

00171 Although the present invention has heen principally described in connection with
cleaning semiconductor substrates, the cleaning formulations of the invention can be
employed to clean any substrate or semiconducior device that includes organic and

inorganic residues.
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5  present invention, but are by no means intended to limit the same.

{0019] Examples of formutations in the invention are given below. The abbreviations

used in the formulations are listed below.

THFA = Tetrahydrofurfural alcohol

TMAH = Tetramethylammonium hydroxide

10  DPM = Dipropylene glycol methyl ether
TBAH = Tetrabutylammonium hydroxide
MEA = Monoethanolamine

NMEA = N-methylethanolamine
p-TSA = p-Toluenesulfonic acid
15 t-PGME = tripropylene glycol methyl ether
PG= Propylene glycol
DEHA = Diethylhydroxyamine

[0020] In the following examples, all amounts are given in weight percent and add up
20  to 100 weight percent. The compositions disclosed herein were prepared by mixing the
components together in a vessel at room temperature until all solids have dissolved.

Exampies of certain compositions disclosed herein are set forth in TABLE |,

TABLE §
Example A Example B Eyample
- GiviE 29.00 THIFA 25.00 Wik 30,00
pP-TSA 1.50 p-TSA 1.50 p-TSA 1.50
TBAH (55%) 6.00 TBAH (55%) 6.00 TBAH (55%) 5.00
Gallic acid 1.50 Gallic acid 1.50 PG 1.00
Dl Water 62.00 DI Water 82.00 Gallic acid 1.50

DI Water 61.00
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DEHA 3.00 DEHA 2.00 DEHA 1.70
DI Water 61.50 DI Water 68.50 PG 4,34
DI Water 60.62

[0021] Complex semiconductor devices, such as DRAMs and microprocessors, which

require multiple layers of back-end-of-line (BEOL) interconnect wiring, utilize reactive ion
5  etching (RIE) to produce vias, metal lines and Pads. The vias, used in the cleaning

experiments, were through an interlayer dielectric to an etch stop, such as; TiN, SiN,

etc., while the metal lines were conductive structures used as device interconnects.

[0022] Some of the substrates (Metal 1 to 3) were ashed, while others were not ashed.
When the substrates were ashed, the main residues to be cleaned were etchant

10  residues. If the substrates were not ashed, then the main residues to be cleaned or
stripped were both etch residues and photoresists. Metals 1 to 3 are various circuit

structures, each fabricated from aluminum metal.

[0023] Cleaning tests were run using 305 mL of the cleaning compositions in a 400mL
beaker with a 14" round Teflon stir bar set at 600 rpm. The cleaning compositions were
15  heated to the desired temperature, indicated below, on a hot plate, if necessary. Wafer
segments approximately 1" x 1" in size were immersed in the compositions under the
following set of conditions: process time ranging from 1 mintte to 30 minutes, at a

process temperature ranging from 25 °C to 756°C.

(00241 The cleaning results are summarized in TABLE 1L,

20
TABLE
Via Pad
Strippers - ashed Un- ashed Metal 1 Metal 2 Metal 3
ashed ashed
Exampie N/A N/A N/A N/A Cleaned Cleaned Partially
_ A cleaned |
Exampie N/A N/A N/A NA Cleaned Cleaned Parlially
B cieaned




cl eaned Partially
Partially cl eaned
(corroded) Etched
(corroded) Etched
Partially cl eaned

cl eaned d eaned

cl eaned

Et ched (corroded)

Et

Partially

Exanple O Partially cleaned Partially cleaned
Partially cleaned Partially cleaned cl eaned Etched
i corrodedl Etched (corroded)
(corroded) Exanple P Exanple Q Partially cleaned
Partially cleaned Partially cl eaned

ched

Exanple R Partially cleaned C eaned Partially cl eaned

Cl eaned cltsanged Et Bhed | (érr odedph Et chié | coClaadedt); Gewtedd |( covatode
Partial |l y_cdrroded Ftched (corroded) | Ftched [(corroded) Ftchedcleemdr g
Parti al | y B@pplodedNEt chedViicor r 0Wad) | BENéhed Ctagrebdedylearedchedartially
(corrodef rtijally corrodediC eaned Exanplie S Partially cl eafEaNPar
cl eaned 35?‘?21%{% y MPeanedV?A | BxXMApl ¢ TVG ean&ifatstancdetiedane (gégiﬁé%’an
Exanpl e Exam& A NiA N/A N/A | Cleaned | Cleaned Not
cleaned
Exampie N/A N/A N/A N/A Cleaned Cleaned Not
G cleaned
Example N/A N/A N/A NIA Cleaned Cleaned Partially
H cleaned
Example | Partially | cleaned | Partially | cleaned Etched Etched Efched
I cleaned cleaned (corroded) | {corroded) | (corroded)
Example | Partially | cleaned | Partially | Partially Etched Etched Etched
J cleaned cleaned | cleaned | (corroded) | {corroded) | {corroded)
Example | Partially | Partially | Partially | Partially Etched Etched Efched
L cleaned | cleaned | cleaned | cleaned | (corroded) | {corroded} | (corroded)
Example | Partially | Partially | Partially | Partially Efched Etched Etched
M cleaned | cleaned | cleaned | cieaned | (carroded) | {corroded) | (corroded)
Example | Partially | Partially | Partially | Partially Etched Etched Etched
N cleaned | cleaned | cleaned | cleaned | (corroded) | {corroded} ! {corroded)
Example | Partially | Partially | Partially | Partially Etched Etched Etched
O cleaned | cleaned | cleaned | cleaned | (corroded) | {corroded} | {corroded)
Example | Partially | Partially | Partially | Partially Etched Etched Etched
P cleaned | cleaned | cleaned | cleaned | (corroded) i {corroded) | {corroded)
Example | Partially | Cleaned | Partially | cleaned Etched Etched Etched
Q cleaned cleaned (corroded) | {corfoded) | (corroded)
Example | Partialty | Cleaned | Partially | Cleaned Etched Efched Eiched
R cleaned cleaned {corroded) : {corroded} | (corroded)
Example | Partially | Partially | Partially | cleaned Etched Etched Etched
S cleaned | cleaned | cleaned (corroded) | (corroded) | {corroded)
Example | Cleaned | Cleaned | Cleaned | Cleaned Etched Etched Etched
T {corroded) | (corroded) | (corroded)
Example | Cleaned | Cleaned | Cleaned | cleaned Partially Partially Partially
U corroded corroded correded
Example | Cleaned | Cleaned | Cieaned | Cleaned | Cleaned Cleaned Cleaned
\
Example | Cleaned | Cleaned | Cleaned | Partiafly Cleaned Cleaned Cleaned
W cleaned
Example | Parially | Cleaned | Cleaned | Partially Cleaned Cleaned Fartialty
A cleaned cleaned cleaned
Example | Cieaned | Cleaned | Cleaned ! Cleaned Partially Partially Partially
Y corfoded | coroded | corroded
Example | CGleaned | Cleaned | Cleanad | Cleaned Parfiaily Cleanad Cleaned
Example | Cleaned | Cleaned | Cleaned | Cleaned Partiaty Cleaned Cleaned
A corroded
Example | Cleaned | Cleaned | Cleaned | (leaned Cleaned Cleaned Partially
A2 corroded
Example | Cleaned | Cleaned i Cleaned | Cleaned Partally Partially Partially
A3 corroded corroded corroded
Example | Cleaned | Cleaned | Cleaned | Cleaned Partially Partially Cleaned
A4 1 corroded corroded
Exampie | Cleaned | Cleaned | Cleaned | Cleaned Partially Partiaily Cleaned

v Q.

d)
ded)

tially
ed



Cl eaned C eaned C eaned C eaned cl eaned C eaned Exanpl e V O eaned

Cl eaned O eaned Exanple WU eaned Partially cleaned O eaned C eaned

Cl eaned C eaned C eaned Cl eaned Partially cleaned Partially C eaned C eaned
Cl eaned Cl eaned Cl eaned C eaned Partially corroded Partially corroded
Partially corroded C eaned C eaned Partially cleaned Partially corroded

Cl eaned Exanpl e X Exanpl e Exanple 7 Exanple Al Exanpl e A2 Cl eaned d eaned

C:I eaned C:I r\'\nn M aned r\l eahe r‘| H ea C\r‘l ﬂ nannrl Cl ‘annd anerl ﬂ naned
Cl eaned Par E % &E,,.A k’bi aﬁ o em,,; grrodég J%:érémefd' S ¥

ned | Clo n ean
corroded @ nedé eane ga &gﬁé& aned d eane@HCI eaneg& Cﬁ eaned

Cl eaned C egaghhplel PaB&dd Coeantd maaa@ne@lehﬂaee Nelbakddse ANCRafedcanedangariti al | y
corroded Partisl|lyicorrofded Patslty Partially corroded Partlially clorroded

d eaned O eakb®eEx AdipAned | clegopd |Eleangs] e Partially | Cleaned Cleaned Cleaned
A8

cleaned
Example | Cleaned | Cleaned | Cleaned | Cleaned Cleaned Cleaned cleaned
| A8
Example | Cleaned | Cleaned | Cleaned | Cleaned | SI. Cor, 8i. Corr, Cleaned
A10 {cleaned) | (cleaned)
Example | Cleaned | Cleaned | Cleansd | Cleaned | Cleaned 8\, Corr., Cleaned
Al {cleaned)

Sl. Corr. = slightly coraded

[0025] Ameng the different corrosion Inhibitors used, formulations having pyrogallol
and t-butylcatechol performed much better (Examples V, W-X, Z, A1+ A8) in comparison
with the commonly used corrosion inhibitors: gallic acid (Examples A-N), octanoic acid
5 (Examples 8-T), stearic acid(Example U), t-butylbenzoic zcid (Example Y),

catechol{Examples O, Q), or the combination of catechol and gallic acid {Examples N, P,
R). The data in Table il indicates that the formulations using TMAH in 25% dilutions and
corrosion inhibitors that did not have free acid functionality, either carboxylic acid or
sutfonic acid (“non-free acid functionality”} performed better in lifting photoresist and

10 avolding corrosion of metals.

[0026] The foregoing examples and description of the preferred embodiments should
be taken as illustrating, rather than as limiting the present invention, as defined by the
claims. As will be readily appreciated, numerous variations and combinations of the
features set forth above can be utilized without departing from the present invention, as

15  setforth in the claims. Such variations are not regarded as a departure from the spirit
and scope of the invention, and all such variations are intended to be included within the
scope of the following claims.

T



Partially corroded Partially AS corroded corroded Exanple A6

Cl eaned O eaned C eaned C eaned O eaned C eaned C eaned Exanple A7 C eaned
Cl eaned- C eaned C eaned C eaned Cl eaned C eaned Exanple AS C eaned cl eaned
cl eaned Partially cl eaned d eaned Cleggggﬁgleaned Exanpl e A9 Cl eaned

Cl eaned C eaned Cl eaned O eaned Cd ean eaned Exanpl e A10 C eaned Cd eaned
Cl eaned Ceaned SI. Corn (cleaned) SI. Corr. (cleaned) Ceaned Exanple A

QA eaned d eaned y ned) Cl eaned SlI.
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clains. CLAl Nscﬂmf?ﬁsé'g%a*é’q%'aﬁ‘sfaé'? rqfﬁm”hg? 2§n1dt°cﬁe°?§ﬁ| Ef telBmpBEPTMBRIUM
conprising: a. ARirexid28adybungdaggrholnonoet hanol am ne; b. di propyl ene gl ycol
met hyl ether; c. 0.575 - 0.875% by wei ght tetranethyl ammoni um hydr oxi de; d.
t-Butyl catechol; and e. remainder water; wherein pH of the conposition is
greater than 9, and wherein the dipropyl ene glycol nethyl ether and the
t et ramet hyl anmoni um hydr oxi de are present in the conposition at a wei ght
ratio of from13.7:1 to 27.2:1 of dipropylene glycol nethyl ether to
t et ramet hyl anmoni um hydr oxi de, the di propyl ene glycol nethyl ether and the
nonoet hanol am ne are present in the conposition at a weight ratio of from
0.55:1 to 1.21:1 of dipropylene glycol nmethyl ether to nonoet hanol am ne and
t he tetranethyl ammoni um hydroxi de and the tert-butyl catechol are present in
the conposition at a weight ratio of fromO0.25:1 to 0.38:1 of
t et ranet hyl ammoni um hydr oxi de to tert-butyl catechol
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