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ETHYLENEDIAMINETETRAACET.IC ACID OR ITS AMl\fONIUM SALT 

SEMICONDUCTOR PROCESS RESIDUE REMOVAL COMPOSITION AND 

5 PROCESS 

ORIGIN OF THE INVENTION 

This application is a continuation-in-part of Application Serial No. 

08/628,090, filed April 17, 1996, which i~ in tum a contiriuation-in-part of 

10 Application Serial No. 08/078.657, filed June 21, 1993, which is in turn a 

continuation-in-part of Application Serial No. 07/911.102, ijled July 9, 1992, now 

U.S. Patent 5,334.332, which was a continuation-in-part of Application Serial No. 

07/610,044, filed November 5, 1990; now U.S. Patent 5,279,771. The 

disclosures of those applications are hereby incorporated. by referenc~ m this 

15 application. 

. 
BACKGROUND OF THE JNVENTION 

1. Field of the Invention: 

20 The present invention relates generally to a cleaning composition and 

process for removal of organic, organometallic and metal oxide residues ·from ·. 

substrates. More particularly, it relates to such a composition and process for 

removing semiconductor device fabrication residues from semiconductor device 

substrates, such as etching residues after plasma etching processes in the 

25 fabrication of integrated circuits on silicon wafers and similar processes. Most 

especially, it relates to such a composition and process which is effective for the 

removal of these materials while avoiding substantial attack on metal or insulation· 

layers employed in integrated circuits, including titanium layers. 

30 
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2. Description of the Prior Art: 

As· integrated circuit manufacturing has become more complex and the 

dimensions of circuit elements fabricated on silicon or other semiconductor wafers · 

have become smaller, continued improvement in techniques us~ to remove 

5 residues formed from such materials has been required. Oxygen plasma. oxidation 

is often used for removal of photoresist or other polymeric materials after their use 

. during the fabrication process has been completed. Such high energy processes 

typically result in the fonnation of organometallic and other residues on sidewalls 

of the structures being fanned in the fabrication process. 

10 A variety of metal and other layers are commonly employed in integrated 

circuit fabrication, including aluminum, aluminum/silicon/copper, titanium, 

titanium ni~de, titanium/tungsten. tungsten, silicon oxide, polysilicon ·crystal, and 

the like. The use of such different layers results in the formation of different 

organometallic residues in the high energy processes. In addition to being 

15 effective for removing such residues, cleaning compositions should also not attack 

the different metallurgies or insulators used in integrated circuit fabrication. 

A variety of residue removal compositions and processes suitable for 

integrated circuit fabrication have been developed and marketed by ~C 

Technology, Inc., the assignee of the present application. Some of these 

20 compositions and processes are also useful for stripping photoresist, polyamide or 

1~ other polymeric layers from substrates in integrated. ci~·c1dt f~brication, and 

EKC has also developed a variety of compositions and processes for stripping such 

polymeric layers from substrates in· integrated circuit fabrication. S~ch 

compositions and proc~ses are disclosed in the following commonly assigned 
. ' 

25 issued patents: U.S. Patent 5,482,566, issued January 9, 1996 to Lee; U.S. Patent 

5~399,464, iSsued March 21, 1995 to Lee; U.S. Patent 5,~81,807, issued January 

17, 1995 to Lee; U.S. Patent 5,334,332, issued August 2, 1994 to Lee; U.S. 

Patent 5,279,771, issued January 18, 1994 to Lee; U.S. Patent 4,824,763, issued 

April 25, 1989 to Lee and U.S. Patent 4,395,348, issued July 26, 1983 to Lee. 

30 These compositions have achieved substantial success in integrated circuit 

fabrication applications. However, further development of integratCd circuits and 
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their fabrication processes have created a need for improvement in residue removal 

compositions and processes. 

As a result of a continuous effort to decrease critical dimension size in the 

integrated circuit industry, such as in the fabrication of sub·micron size devices, 

5 ecching. residue removal and substrate compatibility with chemicals employed in 

wet processing is becoming more and more critical for obtaining acceptable yield 

in very large scale integration (VLSI) and ultra large scale integration (U1SI) 

processes. The composition of such etching residue is generally made up of the 

etched substrates, underlying substrate, photoresist and etching gases. The 

10 substrate compatibility of the wafers with wet chemicals is highly dependent on the 

processing of the polysilicon; multilevel interconnection dielectric layers and 

metallization in thin film deposition, etching and post-etch treatment of the wafers, 

which are often quite different from one fabrication process to another~ Some of 

the above compositions have produced corrosio.n on certain metal or insulator 

15 substrates, such as those including a titanium metal layer. l'itanium has become 

. more widely used in semiconductor manufacturing processes. It is employed both 

as a barrier layer to lO·prevent electromigration of certain atoms and as an 

antireflectire layer: on top of other metals. 

20 SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to provide an improved 

composition for residue removal and process using such a composition suitable for 

meeting current semiconductor fabrication requirements. 

It is another object of the invention to provide such a composition and . 

25 process which is suitable for removing residues from wafers and other substrates 

including one or more titanium metal layers without substantial attack on such 

titanium layers. 

The attainment of these and related objects may be achieved through use of 

the residue removal composition and process herein disclosed .. A residue removal 

30 composition in accordance with this invention comprises ethylenediaminetetraacetic 

acid· or a mono- di- tri- or tetraammonium salt thereof and water or a polar 

organic solvent. A process for removing a residue from a substrate in accordance 
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with this invention comprises contacting the substrate. with a composition that 

contains ethylenediaminetetraacetic acid or a mono- di- tri- or tetraammonium salt 

thereof for a time and at a temperature sufficient to remove the residue from the . 
~ubstrate. When the ethylenediaminetetraaaetic acid is used in its acid fonn, it can 

5 either be employed alone as the principal active ingredient.or in combination with 

ammonia to form ammonium salt in situ. 

In ·practice, we have found that use of an ethylenediaminetetraacetic acid or 

a mono- di- tri- or tetraammonium salt thereof gives a residue removi.Dg 

composition that attacks titanium, for example, at least about 3 times less' than 

10. prior compositions. At the same time, the ethylenediaminetetraacetic acid'or a 

mono- di-tri- or tetraammonium salt thereof containing composition gives at least 

equivalent. perfonnance as a residue removing composition to prior art cleaning 

compositions. 

The attainment of the foregoing and related objects, advantages and 

15 features of the invention should be more readily apparent to those skilled in the 

art, after review of the following more detailed description of the invention, ·taken 

together with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figures 1A-8C are scanning electron microscope (SBM) photographs 

25 

showmg comparative results achieved using the composition and process of the 

present invention. 

DETAILED DESCRIPTION OF THE JNVENTION 

The ethylenediaminetetraacetic acid (BDTA) or a morio- di- tri- or 

tetraammonium salt thereof suitable for use in the inv~ntion ·preferably have 

relatively high decomposition temperatures. Preferred higher decomposition 

temperature specific e~ples of such EDTA salts inCiude diammonium EDTA 

and tetraammonium EDTA. 

30 The composition desirably contains at least about I to 50 % by weight of at 

least one ethylenediaminetetraacetic acid or a mono- di- tri- or tetraammonium salt 

thereof; optionally, frol_Il about 25 % to about 75 % by weight of one or more 
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amines or alkanolamines; optionally, from about 2S % to about 75 % percent by 

weight of an organic .polar solvent; optionally, from about 0.15% to about 10% by 

weight of an organic or inorganic ammonium salt; optionally, from about 5 % to 

about 2S % by weight of an additional chelating agent, such as catechol or gallic 

5 acid; and from about 2S% to about 75% by weight of water (e.g., as part of the 

EDTA or its ammonium-salt). When ethylenediaminetetraacetic acid is employed 

in the acid fonn, the composition may optionally contain from about 1 % to about 

10% percent by weight of ammonia. 

Ethylenediaminetetraacetic acid (BDTA) is one of the most widely used 

I 0 chelating agents in the world. Its ammonium salts, soluble in water and most of. 

the organic solvents, should be stronger chelants than EDTA due to extra 

ammonium chelating-sites .. These organic ammonium salts are good starting 

che~icals for ammoi.rlum based integrated circuit cleaning fonnulations. 

Suitable amines for the composition include ethylene diamine, diethylene 

15 triamine, 2-methyleneaminopropylenediamine, and the like. 

Examples of suitable alkanolamines for the composition include 

monoethanolamine, diethanolamine, triethanolamine, tertiarybutyldiethanolamine, 

isopropanolamine, diisopropanolamine (2-amino-1-propanol, l-amino-2-propanol), 

triisopropanolamine, 3-amino-1-propanol, isobutanolamine, 2-(2-

20 aminoethoxy)ethanol (diglycolamine), 2-amino-2-ethoxy-propanol, methylethanol 

amine, N,N-diethylene hydroxylamine, and the like. 

Suitable· examples of polar solvents for the composition, in addition to 

water, include dimethyl sulfoxide, ethylene glycol, ethylene glycol alkyl ether, 

diethylene glycol alkyl et_her, triethylene glycol alkyl ether, propylene glycol, 

25 propylene glycol alkyl. ether, N-substituted pyrrolidone, sulfolane, di.methyl 

acetamide, ~d the like.· Additional polar solvents as known in the art can also be 

used in the composition of the present invention. 

Suitable examples of ammonium salts for the composition include organic 

ammohium salts in addition to BDTA ammonium salts, such. as ammonium 

30 · tartrate, ammonium citrate, ammonium fonnate; ammonium glucomate; inorganic 

ammonium salts, sue~ as ammonium fluoride, ami:nonium nitrate, ammonium 
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thiosulfate, ammonium persulfate, ammonium bicarbonate, ammonium phosphate, 

·and the like. 

The residue cleaning compositions of the present composition are effective 

in removing organometallic and metal oxide residue from a variety of integrated 

5 circuit silicon wafer substrates, including metal layers, such as aluminum or 

titanium, oxide layers, such as silicon oxides, nitride layers, such as silicon 

nitride, and the like. The cleaning compositions of the present invention are also 
I 

effective in removing organometallic and metal oxide residue generated on the 

substrate of etching equipment utilized in the fabrication of integrated circuits. 

10 Examples of commercially available etching equipment include that available from 

Lam Research, Tegal, Electrotech, Applied Materials, Tokyo Electron, Hitachi 

and the like. 

The method of cl~g a substrate using the cleaning compos~tions of the 

present invention involves contacting a substrate having organometallic and metal 

15 oxide residue thereon with a stripping and cleaning composition of the present 

invention for a time and at a temperature sufficient to remove the residue. The 

substrate is generally immersed in the stripping and cleaning composition. The 

time and temperature are detennined based on the particular material being 

removed from a substrate. Generally, the temperature is in the range of from 

20 about ambient or room temperature to about 120° C. and the contact thne is from 

about 2 to 60 minutes. 

The substrate may then be rinsed in a polar solvent, such as isopropyl 

alcohol, followed by a deionized water rinse. The substrate is then mechanically 

dried, such as with a-spin drier, or nittogen blow dried. 

25 The following rep.resent non-limiting examples and describe the invention 

30 

further. 

Examples of cleaning compositions according to the present invention 

suitable for removing resist or other organic residues from a substrate are set forth 

in Table I below. 
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Table 1 

Cleaning EDTA or Other Component AlkanolAmine Solvent 

Composition Salt Wt. % Wt.% Wt.% Wt.% 

5 A 17.5% TAB 5% Catechol 60% DGA 17.5% Water 

B 5% DAB 5 % Citric Acid 12.5 % HDA; 72.5 % Water . 

5 %MBA 

c· 5%DAB 17.5 % HDA; 17.5% Water 

60% DGA; 

10 D 5% EDTA 15 % HDA; 15 % Water, 

10 % DHA· 55·% DMSO 

B . 5% DAB 15 % HDA; 15 % Water, 

10 % DHA 55 % DMSO 

F 5%DAB 20 % HDA; 20 %Water, 

15 55 % DMSO 

G 5%TAE 20 % IIDA; 20 % Water; 

55% DMAc· 

H 13% EDTA 5% Catechol 60% DGA .19% Water 

3%NH3 

(28-30% Aq. Sol'n) 

20 

Abbreviations: 

EDTA = ethylenediaminetetraacetic acid 

DAB= diammonium.EDTA 

TAB = tetraammonium EDTA 

25 DGA = diglycolamine 
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HDA = hydroxylamine 

:MBA = monoethanolamine 

DIMSO = dimethylsulfoxide 

DMAC = dimethylacetamide 

5 DHA = N,N-diethylene hydroxylamine 

T11e ·following experimental procedure was used with the above 

compositions. The chemicals were used as received. 'rile solutions were prepared 

by stirring the mixture at room temperature until a clear solution was obtained. 

Heating was· required in some cases to accelerate the solvation of solid 

10 components. 

Ashed-via, unashed .wafers and metal wafers with a TiN/ Al-Cu/Ti/TiN/Ti 

or TiN/ Al-Cu-Si/Ti stack were processed in_ these prepared cleaning solutions for 

30 minutes at 45°C, 55°C and 65°C, depending on the nature of the fonnulations. 

The wafers were broken into pieces before and after processing in these different 

15 cleaning solutions and subsequently viewed under a FE Hitachi 4500 Scanning 

Electron Microscope for post ash residue removal in vias and substrate · 

compatibility on metal stacks. 

EXAMPLE 1 

20 A via opening with as~ of 1.2 micron in a silicon oxide dielectric layer . 

was etched through a photoresist patterned opening using a standard silicon oxide 

plasma etching. process. The pbotoresist was removed by oxygen plasma ashing. 

Figure lA is a micrograph of a scanning ~lectron microscope (SEM) image for a_ 

representative substrate of the type used in this example, showing· that heavy. 

25 organometalljc etch residue remained on the substrate surface, particularly around 

the via opening. The substrate was then ·processed in composition A for 30 

minutes at 55° C. Figure lB, the resulting SEM photograph, shows that 

composition A removed all the organometallic residue. 

30 BXAMPLB2 

This example shows that- composition A does not attack a titanium 

metallurgy. A sandwich metal thin film substrate of TiN/ Al-Cu/Ti/TiN/Ti 
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metallurgy was patterned and etched in a plasma metal etcher. Figure 2A shows 

·that-there is orgaiiometallic residue left on the metal line surface after photoresist 

removal by oxyg~n plasma ashing. The wafer was· exposed to compositic;m A at 

55° C. for 30 minutes, with. substantially complete removal of the organometallic 

5 residue and no attack on the titanium meW.lurgy, as shown in Figure 2B. 

EXAMPLE3 

The procedures of Examples 1 and 2 were repeated with composition B but 

at. a cleaning temperature of 45 °C. Figures 3A and 3B show the results obtained. 

10 Approximately a-90% cleaning of the ashed via wafer was obtained, as detennined 

by visual observation of Figure 3A. There was either no metal corrosion or 

perhaps just the start of attack on the underlying aluminum metallurgy. Figure 3B 

shows complete cleaning of a TiN/Al-Cu/Ti/TiN/Ti stack wafer, with no metal 

corrosion, or just starting to attack the aluminum· layer in the stack metallurgy. 

15 

EXAMPLE4 

The procedures of Example 3 were repeated with composition C, also at a 

cleaning ~mperature of 45°C. Figures 4A and 4B show the results obtained. 

Complete cleaning of the ashed via wafer was obtained, as determined by visual 

20 observation of.Figure 4A. There was complete control of metal corrosion. Figure 

4B shows complete: cleaning of the TiN/Al-Cu/Ti/TiN/Ti stack wafer, as shown by 

the ciean appearance of the top TiN layer with no metal corrosion. 

EXAMPLES. 

25 The procedures of Example 3 were repeated with composition D but at a. 

cleaning temperature of 65°C. Figures SA, 5B and SC show the results obtained. 

A 90 % cleaning of the ashed via wafer was obtained, as determined by visual 

observation of Figure SA. There was no metal corrosion. Figure SB shows 

almost coinplete·cleaning of residue an unashed via wafer, with some residue only 

30 on the bottom of the via. Figure SC shows complete cleaning of the TiN/ Al­

Cu/Ti/TiNm stack wafer, with no metal corrosion. 

EXAMPLE 6 
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The pro~ures of Example 5 were repeated with composition ~· Figures 

6A, 6B and 6C show the results obtained.,· .Surface arid sidewall cleaning of the 

ashed via wafer, with residue only on the bottom of the via was obtained, as 

detennined by visual observation of Figure 6A. There was no metal corrosion. 

S Figure 6B shows complete cleariing of residue on the surface and sidewall of the 

via-of the no-ash wafer, with some residue only on the bottom of the via, with no 

metal corrQsion. Figure 6C shows complete cleaning of the TiN/Al-Cu-Si/Ti 

stack wafer. 

lO EXAMPLE 7 

·The pr-ocedures of Example 5 were repeated with composition F. Figures . 

7 A, 7B and 7C show the results obtained. The sid~wall and bottom of the via of 

the ashed via wafer were not quite cleaned, as determined by -visual observation of 

Figure 7 A. There was no metal corrosion. Figure 7B shows complete cleaning of 

15 25 residue on the no-ash wafer, with only a possible small aluminum undercut. 

Figure 7C shows complete cleaning of the TlN/Al-Cu/TilTlN/Ti stack wafer, with 

no metal corrosion. 

EXAMPLES 

20 The procedures of Example 5_ were repeat~ with composition G. Figures 

SA, SB and SC show the results obtained. Surface and sidewall cleaning of the 

ashed via wafer, with residue only on the bottom of the via, was obtained, as 

determined by visual observation of Figure SA. There was no metal corrosion. 

Figure 8B shows complete cleaning of residue on the surface and sidewall of the. 

25 via of the no-ash wafer, with residue only on the bottom of the via, with no metal 

corrosion. Figure SC shows complete cleaning of the TiN/Al-Cu/T"i/TiN/Ti stack 

wafer, with either no metal corrosion or just a start of titanium corrosion. 

EXAMPLB9 

30 The procedure of Example 1 was repeated with composition H on three 

different wafer types. When composition H was mixed, a substantial amount of 
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1 O heat was generated, indicating the in situ fonnation of tetraammonium EDTA 

·. · · according to the equation: 

EDTA + 4NH3 • H20 -> (NH3)4EDTA + 4H20 • 

. Figures· 9A, 9B and 9C show the results ob~ed. The ashe9 via wafer was only 

5 about 80% cleaned, as detennined by visual observation of Figure 9A; Some bulk 

10. 

· polymer strips were observed. The TiN/ Al-Cu/Ti/TiN/Ti ·stack wafer was 

completely cleaned and showed no corrosion of either the aluminum or the 

titanium layers, as shown in· Figure 9B. · The_ Ti/ Al-Cu-Si!TiN stack was also 

completely cleaned with no aluminum or Ti corrosion, as shown in Figure 9C. 

It should now be readil~ apparent to those skilled in the art that a novel 

composition and process capable of achieving the stated objects of the invention 

has been provided. The improved ethylenediaminetetraacetic acid or a mono- di­

tri- or tetraammonium salt thereof based composition and process using such a 

15 composition of this invention is suitable for meeting current semicond~ctor 
. . 

fabrication requirements. The composition and process is suitable for removing 

photoresist residues and other residues from wafers and other substrates including 

one or more titanium metal layers without substantial attack on such titanium 

layers. 

20 It should further be apparent to those skilled in the art that various changes 

in form and details of the invention as shown and described may be made. It is 

intended that such changes be included· within the spirit and scope of the claims 

appended hereto. 
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CLAIMS .· 111111(1 H/I~ llf 1111[1111111 

1. A composition for removing an organlo,. organometallic o: metal oxide rcsiduo from a 
substrate including titanium comprising aboul 1 % ~o 50% by weight e~yl~edim.uinet(;traac;eti(l 
acid or a mono .. , di .. , bi- or tetraammonium salt theiwf, water, and a poJ.ar organlQ solvent, . . . . . 
2. The composition or claim 1 wherein the water is prtsent in an amount of from about 25% 
to about75~bywcfght. · 

. 
3, The composition of any or claims 1-2 whorein the organic polar solvent is present in an 
amollllt of from Jbout 25% to about 75% 'by weight. . . 
4. Tho OOJnposition.of any or claims 1-3 wlicrcm the .organio polar solvent Is selected from 

··th~ group QOnsisting or dimethyl suJfo'!:ido. ethylene-glycol, cthyleoo glycol alkyl ether; . 
diethylcne glycol alkyl ether, frietbytenc glycol al~l ether, pi:opylene glycol•. propylene glycol 
alkyl ether, N-substituted pyrrolidone, sulfolane, and dimethyl _acctamide. · · 

: 5, Tho composition of any of claims· 1-4 i\ttther compri~ing front about 25% to auout 75% or 
amine or alkanolpmino. · · · . · · 

6. Tho oompositfon of claim S whensintho aUeast eno amine or albnolammo is 11~Iectcd 
from ttie gxoup CQnsJsting of ethylen~ diamine, diethylen$1riamine, · · 
· 2-111cthylencaminoprop)'lcnedf amine, mODoethanolamine, dicthanot~-qo, tdetharsolamine, 
tertiatyb.utyJQieUlanoJaminc, i$opropanolamine, diisopropanQlamine, triisopropanQtamine, 

· 3-amino-1-prop2.00J, fsob'1t~olamin~ 2•(2-:aminoethoxy)ethan~l. 2-ami~o-2-c~ocy..propanol, 
mcthyJethanoJ al1iine, a.nd:N,l'r·di~l bydroxyhunmc. . · · · . . .. . . . 
7. 'Ibc eomposition or any of claims 1-61\II'ther comprising from iLbout 0.15% to about 10% 
by '!efght of an organic or inorganic ammonium salt, . · · 

8. The composition of claim 7 heroin the orgl'llio or ii>or~o ·ammoniiµn salt Is sclccfed 
from the group consisting of ammomum tartrate, ammonium citrate., ammonium .format,, 
ammonium glucon(ate, ammonium fluoride, smmoniwn nf tnite, ammoniwn thios-uJfate, 
ammonium p~suJCate, ~onium bicarbonate, and ammonium phosphate. · 

. 
9: T_hc composition or any of clai~ 1-8· fiuth" comprising from about.S% to about 2S% by 
weight of an additional cbctatlng agent~ · 

l 0, The c~mposition of cI..rm 9 wbcrein. the additional chelating agent is catechol or galli<: 
acid. 

11. The oomposition of claim any or claims i .. 10 ·tbrther comprising ammonia. 
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12. A composition for removing an organio-, organometallic or metal oxide·residue from a 
S\lbstrate comprising from about 13% and about 50% by weight of ethylenediaminetetraac~tic 
acid or a mono-.., di-.. tn .... or tetraammonium salt thereof. fu>m about 25% to about 75% by weight 
of a polar organic solvent, and water. 

13. The composition of claim 12 wherein the water Is present in an amount of from about 
25% to about 75% by weight, 

14. ·The composition of claim 12 wherein.the water is present in an amo\lllt of from aboot 
15% to.about 75%-bywcight. 

1 S, The cqrI)position of any of claims 12-14 fiu'tber eoµiprising from about 25% to about 75% 
by weight. of at lQaSt one.amino Of alkanolanline. . . . 
16. The composition of any of claims 12-15 wherein thc·ethyienediaminetetiucetfo acid 

. conslm essentially of di .. , tri-or tetraammonium salt thereof present in an amount from abOut 
17.~% and about 50% by weight. · 

.~ 
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