- | NTERGRATED Cl RCU T. MANUFACTURI NG Techni cal Field This invention relates to
met hods and materials for the manufacture of integrated circuits. 5
Background of the Invention Contam nation by nobile ions, especially by

al kal'i ne and al kal i ne-earth netal ions, (Goup I and Goup. Il elenents) is
responsible for many failures of integrated circuits, especially duing

hi gh tenperature operating biss burn-in t est Mobil e 1on contam nation may’
be introduced at various stages during |ntegrated 10 circuits fabrication.
Those concerned with the deINTEGRATEDCIREUEDMANUFACTURING: ehnol ogy have
continuously sought for materials and techiques to reduce nobile ion

contam nati on. Suﬂﬁﬂﬂﬂgﬂﬂﬂﬂﬂe | nvention 15 Mobi l e i on

contamination is reduced IThistiventiieeRibds td Meods i multirals for the fiatufhétyelof

i ncl udes an organi ogether with a ligand for chelating Goup I
and G oup Il ions "&Fﬁgﬁxg‘#‘é natlve enbodi nent, t preset invention includes

met hods of i nt e§r Backs Mt i on U|I|Z|ng organi ¢ sol vents

together with a Ilgand forcoa&nﬁ.hﬁba ﬂﬁbﬁi@ﬂi}e& ¥ lkilink knd dRalineleaithi | ed

sl vents ueed | n” GO O“%vs%vrﬁ?ﬁai @“*ﬁ%%%ﬁ@iﬁ?%&*&wp. cal
sol vents i ncl ude mwmm;mmﬂmmwmm bomyrin tastsy ¢

sol vents such as Zﬁomﬂl P%@iéﬂ%u&ﬂ dM004 Rigek aifiSntEpRkd
solvents are u%aal é tored In plastic (for exarrple high denity

pol ypr opyl ene) manuf at ur e of
. Tboseconcemedwnhmcdevelopmt of integrated circuit technology

have continuously sought for materials and technigues to reduce mobile jon
contamination.
Summary of the Invention

15 Mobile jon contamination is reduced by the present invention which
illnstrativeiy includes an organic solvent together with a ligand for chelating Group I
and Group II ions.

Inanalmauwembodlmznt,thepresentmvenﬁonmcludwmws of
integrated circuit fabrication wtilizing organic solvents together with & ligand for

20 chelating Group T and Group I ions.
Detailed Description :

One perennial source of mobile ion contamination is organic solvents
used in photoresist removal and post-metal etch cleaning. Typical solvents includo
blends of primary and secondary amines and other inert solvents such as

25 dimethylsulphoxide and dimethylacetylamide, These solvents are usually stored in
plastic (for example, high density polypropylene) containers. The manufacture of
these plastic containers involve the use of inorganic catalysts which contain Group I
and Group II elements. Consequently, when these solvents are stored in these plastic
containers, the Group I and Group I elements leach into the solvent. The

30 concentration of these clements in the solvent increases with duration of contact with
the plastic.

Applicant has discovered that organic ligands that coordinate to the
Group I and Group 1l elements such as crown cthers (for cxample, 18-Crown-6, 18-
Crown-5, 18-Crown-4) and cyclodextrines inhibit the adsorption of the Group 1 and

35 Group II elements on the substrato surfaces. 18-Crown-6 is described in U.S. patcnts

' 3,562,295 and 3,997,562,




these plastic containers involve the use of inorganic catal ysts which
contain Goup | ‘and Group Il elenents. Consequeny when these solvents are
stored in these plastic containers, the Goup | ant Goup Il elenents |each
into the solvent The 30 concentration of these elenments in the solvent

I ncreases with duration of contact with the 2I astic. Applicant has

di scovered that organic |igands that coordinidte to the Goup | and Goup Il
el enents such as crown ethers (for exanple, 18-Crown-6, 18- Crown-5,

18- Crown-4) and cycl odextrmﬂmmvmmmwhgnﬁswmm 35

Go Il elements P&'ﬁ’”?‘i fel Hﬁ n
uU. Sgppatents 3, 56 éﬁiv? q §W§§ ag -2 - A&g on ac fad
above- nent i oned orzm %““H cgn WE“E’GW% GE‘UR\;QH‘! \If lomenty; |
ei ther phot or esi stm;mmmﬁmpmmmmmwmmﬁMd to

significantly imhi BnIEQﬂ i ta%g?iﬁcmﬂgalﬂﬂﬁ sh?f'ﬁl; ﬂg% dolvefils %Elpid SO,
addi tion of the abov‘ﬁ:@a i@o‘ﬁg ni a%s 0 °hq£ above- meﬁ{il&on

organi ¢ sol vents v '?F"é foptamingnts. | jfe of ese sol vents
with respect to the build- Wwwwmmﬁam

Applicant's experi S filns
deposited on silicg Esluas?sg@%ﬁs Wnspec%@vﬂ%ﬁ%c@
specttoscopy (S| MSSTIMAYdicate that the addition, af the aboye-gmentioned IQM| oned
ligands to sucmm%onvmﬂtmmlmn&ﬂmnﬁnﬁbhmtasmmhﬂ

S gni T1 cantl v r ec PAACT HESTRBI F Aveebp WM@%@
t enper at ure) cont a¥am6d minvtesfat rohmsempariture) cantamination of these substrates by the
. Group 1 and Group II clements, (However, long-term exposure of thess subsirates to
the ligand-modified organic solvents result in excessive accumulation of Group T and

15 Group II elements on the surface of the substrates as compared to exposure to the
unmod:ﬁed organic solvent.)

Crown ethers can be derivitized with polymethylene groups to convest
them into surfactants which would enhance the inhibition propertics of the ligand-
modified solvents.

20 Typical application, a patterned photoresist may be removed from
etched oxide, metal or semiconductor features formed over oxide (such as silicon
dioxide and sificon oxynitridc), metal or semiconductor substrate features using the
above-mentioned organic solvents modified with the above-mentioned ligands,
thereby reducing the possibility of Group I or Group I contamination of the

25 resulting integrated circuit. Alternatively, etched metal conductors over oxide, metal
or semiconductor substrates may be rinsed in an organic solvent modified with the
above ligands, thereby reducing the possibility of Group I or Group II contamination
of the resulting integrated circuit. In addition, the shelf life of the above-mentioned
organic solvents may be extended with respect to Group I or Group II contamination

30 by udiling the above-mentioned ligands to these solveats in their containers.




Goup | and Goup I| elenents. (However, |ong-term exposure of these
substrates to the | |gand nodi fi ed organi c sol vents resulit

accuml ation of Group | and 15 Group Il el ements on the srllmmmlgmutml“lm
substrates as conpared to exposure to the unnodified organi*c $ol vent.)® *
Crown ethers can be derivitized with polynethyl ene groups to convert them
into surfactants which would enhance the intibition propertica of the

| i gand- nodified solvents. 20 Typi cal application, a patterned
phot oresi st may b&lsimwoved from et ched oxide, netal or sem conduct or
features formed over oxige ﬁﬁ&ﬁ m?h%h%on di oxi de and silicon
oxynitride), metal or semco tor Subs rate features usin

above- ment i oned or gani c @ ORI spl¥ent canable\Rf php @fm%{‘?ﬁ&fl i gands,
her eby reduci ng twmmwfaﬁmmmmmvmlmdchtmm I@n f the

25 resulting integjghgd circuit. Alternatively, etched metal conductors
over oxide, netal or sem conductor substrates may be rinsed in an organic

sol vent nodifiedl with théz-a%@&@ﬂﬂr@mﬂh her eby reducing the possibility
of Goup | or Goup II corakafq:ﬁa teefwﬂﬂgrmmmmmmut in
addition,. the shelf 0 e abov §§E£'%° BRY be

ext ended with res 'Q‘j“8 'fR%B %W’?%ﬁ%r on y addi ng-

t he above- nent.on@uomeguhm&vwmmmwmw ligand fat ehelating Group L 3.

1.- A material conphj SréifyTrRis.0r 9ani ¢ sol vent capabl e_ of phol oresi st renoval
together with a material characterized by a ligand for chelating Goup |

and /or Goup Il ions. _
10 3. The material of claim 1 or claim 2 wherein said ligand is chosen from

the group consisting of crown cthers and cyclodextrines.

4. A method of integrated circuit fabrication comprising:
removing patterned photoresist from ctched features utilizing an organic
solvent together with a material characterized by aligand for chelating Group I and
15 Group I ions.

8. A method of integrated circuit fabrication comprising:
rinsing etched metal conductors with an organic solvent together with a
material characterized by a ligand for cbelating Group I and Group II jons.

6. The method of claim 4 or claim § wherein said ligands are chosen
20 from the group consisting of crown cthers and cyclodextrines.

7. The method of claim 4 wherein sald etched features are formed over a
substrate, andsaidsubsuatclschoscnﬁomﬂnegtoupcomngofoxldes metals,
and scmiconductors.

8. The method of claim 5 wherein said metal conductors are formed over
25 asubstrate, and said substrate is chosen from the group consisting of oxides, metals,
and semiconductors.



,/5 2. A material conprising: an organic solvent capable of

removi ng_ pol ymeric material remaining on metal conductors after said
conductors have been etched in the presence of photoresist, together with a
matefi al characrized by a ligand for chelating G oup 1 and Goup Il ions.
10 3.. The material of claiml or glaim2 wherein said ligand is
chosen fromthe group consisting of crown ffiérs and 4. A nethod of

integrated circuit ficatio X j from et ched
features utilizing an or ga%ﬁp%]ﬂﬁwﬁﬁﬁ%i al

characterized by Abstragtind for chelating Goup I and 15 Goup Il ions. 5 A
met hod of Integrated ciropid @)aln@ﬁqu:h w&, r ﬂrﬁﬂ) net al

conductors with an or%‘gl C smPivent ? P *‘Erl a E&Qterl zed by
a lind for chel at9mgpi IuetAtEleasing: | ai m 4 or

clai 5 wherei nﬁwmmwmmimmmmmm

crown ot hers and WW Fg@! @ﬁo%agl W al d
etched features are~tor ned over a Sl‘ﬂ)st substrate 1s chosen

fromthe group consisting of oxides, netals, and scm conductors. 8. The
met hod of claimb5 wherein said netal conductors are forned over 25 a
substrate, and said substrate is chosen fromthe group consisting of
oxi des, netals, and sem conductors



