1 0FEB 2004 1 Description A process for neasuring concentration of

noni oni ¢ surfactants in an aqueous al kaline solutions Background This
invention relates to an efficient and precise nethod for dete {ﬁ1n|ng t he
concentration of a nonionic surfactant in an aqueous al kal i ne di

Aqueous al kal i ne sol utions, such as dédvel opers, are used extensively in
phot ol i t hography as a chem cal conponent of the inaging process,
particularly in the manufacture of integrated circuits. Developers interact
with the photoresists to delineat ge on the substrate. These

devel opers conprise an aqueous so@u%&gﬁggf a base and sonetines a
surfactant. Surfactantsa pracéevRt apesain@eenaitetiodesi rabl e, especially
noni oni ¢ surfactants since the inpart a degree of wettability between the
aqueous phase and afheniohistsyriasia an agueoys alkaline QGRS o can i nprove
the |ithographic properties of the photore5|st The chem cal conposition
and concentration of the surfactant is critical to the efficacy of the
devel oper, Baskgrédiel quality and reproducibility of the devel oped i mage.
Thus, it is_inportant to have an, anal tical -that can g}curately

det er m ne tHEs dveoton relates o aBiEffif'eriBﬁi" rW"cC'%F\e Hf dpleringeq Bl per
Phot or esi St(f%n%%ﬁtrgﬁéri ?ﬂ%oﬁe shﬁgétgn itﬁﬂiéoﬂstahx%liﬁé%olu%ﬁer ally

speaki ng, sensitive So that patterns can be forned
in them anqultémis alksineselugiohs veich ase:mvetopecmsm]ueeﬁ exeodivaly ior ot her

processing so that the pattern can be tr erred to t he underlying
substrate. AMICHBAYIRRAY agﬁiﬁ?@ﬂ?' CQWPQ{)E'Pé%i RS HBTBYRY PIFSSRt egrat ed ci rcui t

manuf act uri BauEAdaY id tn'ﬁ'étnuf&&tl@ StkhdbaAed aphlilso MEveppers Midrabekiten.
Di azonapht hoqui nones o? cl ass enpl oyed in positive photoresists are
typically ftbiiertﬂrubtdu;asnstsdorcban@ate mn ivage ondpheHbslAtAoABese d2velerei f onyl

chloride w tct]mgrlsphgr?gqbé:ou%osrgﬂﬂion of a base and sometimes a surfactant.

Surfactants, in developers, are often desirable, especially nonionic
surfactants since they impart a degree of wettability bétween the aqueous
phase and the photoresist coating and, furthermore, can improve the
lithographic properties of the photoresist. The chemical composition and
concentration of the surfactant is critical to the efficacy of the developer, and
the quality and reproducibility of the developed image. Thus, it is important
to have an analytical method that can accurately determine the concentration

of a nonionic surfactant in a developer.

Photoresists are well known to those skilled in the art. Generally speaking,
they must be sensitive to light so that patterns can be formed in them and
they must selectively resist subsequent etching or other processing so that
the pattern can be transferred to the underlying substrate. The dominant
photoresist system employed in integrated circuit manufacturing today is the
novolak/diazonaphthoquinone combination. Diazonaphthoquinones of the
class employed in positive photoresists are typically formed by the reaction
of a naphthoquinone diazide sulfony! chloride with a phenolic compound.
Reaction products thus formed might include the naphthoquinone (1,2)

diazide (5)-sulfonyl, naphthoquinone (1,2) diazide (4)-sulfonyl,



Reaction products thus fornmed m ght include the naphthoqui none (1, 2)

di azi de (5)-sul fonyl, naphthoquinone (1,2) diazide (4)-sulfonyl, 1 0 F BB
2004 2 napht hoqui none (2,1) diazide (5)-sulfonyl, or naphthoqui none (2,1)

di azi de 4- sulfonyl radicals or mxtures thereof. Of course, tHAd §GBf8Hate
esters thus synthesized m ght include,the residue of any suitable phenolic
conpound. These diazides are fairly nonpol ar organic nol ecul es that are
soluble in organic solvents, but not very soluble in water. Upon exposure

to light, diazonaphthoqui paone, toagctive co unds for pol ar,,
base- sol ubl _@ap‘a@f&s pone ﬁ-&b_ﬁ@zwﬁqgke@ & TR PROREBRER (S S IRRGRE" o
skilled artigai radT&H% or Hﬁhﬂ&s"%ﬁer‘%ﬁﬁeQP§c|uﬂ§é?c|h@%uFf&?at9%¥;@r§Hﬁfsv the

exposed photoactiive conpound 1s relatively soluble, while the unexposed
phot oact i ve sgathpsiaed migist inglude theelegiduesidlan Iseitakle phenolis comspaiunid | ity

di fference ich is.the basis of imge formati.on. It is npt .sufficient,
however, t o\?gpﬁ?)piﬁzé?irﬂfﬁ??'mé nQB’_PQJBE ?%?Q'Cﬂm?ﬁ'é]eﬁH&%&%P?lygle. Conpound,
rather, theqedtdié 8olRBREOB@TIot Ve stiutI& ifWaterC DpBaxbbsursab ught, i ty.  Thus,
the interaction of the photoacti've (photosensitive) conpound with the

bi nder r esi diazonkpkidangisoas phaisectivncorpeiyidsdpan adiplaraBasesseluBleabsor pt i on
spectrum A%S%rqq(w%lacﬁd irpgéé&rbé’rfceqﬂﬂ]i ﬂ{e%ﬁ%ﬁiém%m%'tysﬂfﬂéd gapenal Iy include
ehy of "the novolak class of somnefl nes a

a phenol -fornm\ e resin

hydr oxyst yr ghespediydran asuebusbagmoby tHedddvetbpepxtyistexpesat photosdtiver pol yneri c
conponents, including styrene, meth yrene ene-mal ei ¢ anhydri de

conponent s CRAMPORBA fataldffyel ﬁqlu“ti’ﬁ-ewgil@r%tédm%p‘i”rﬁsﬁt é{cg%a%@eéﬁﬁ}%’@& See,
general Iy, & r%latﬁ%b@ﬂg%lhlﬂl%; céaﬁﬁia%?@éﬁ!ﬂﬂdﬁﬁe%%ﬁcﬁ R thEWakReds | nformation

relating to positi phot or esi st corporated herein by reference. O
consi der abl énagpdortreation. i N t he i magi ng of photoresists is the selection of
a devel oper conposition and devel oper process, since developnent is a key
aspect of the integrated circuit production process.

It is not sufficient, however, io simply change the solubility of the photoactive
compound, rather, the entire photoresist mixture must i:‘hange its solubility.
Thus, the interaction of the photoactive (photosensitive) compound with the
binder resin is likewise an important consideration, as is its absorption
spectrum. Accordingly, positive photoresist compositions generally include a
phenol-formaldehyde resin of the novolak class or sometimes a
hydroxystyrene polymer such as poly(4-hydroxystyrene). Other polymeric
components, including styrene, methyl styrene, styrene-maleic anhydride
components in combination with the foregoing may also be employed. See,
generally, U.S. Patent Nos. 4,732,836 and 4,863,827 for further information
relating to positive photoresists, and incorporated herein by reference.

Of considerable importance in the imaging of photoresists is the
selection of a developer composition and developer process, since
development is a key aspect of the integrated circuit production process.
Developers containing different types of surfactants are known in the art and
surfactants are used to impart certain desirable properties to the
development process, such as wettability, cleanliness of the substrate after
the imaging process, improvement of the lithographic properties of the

photoresist, etc. One particular type of surfactant that is used in developers



Devel opers containing different types of surfactants are known in the art
and surfactants are used to inpart certain desirable properties to the
devel opnment process, such as wettability, cleanliness of the substrate
after the inmging process, inprovenment of the |ithographic prdpgefEB&8kof
the photoresist, etc. One particular type of surfactant that is used in
devel opers 1 0 F F B 2004 3 is nonioniX, especially the block copol yners of
et hyl ene oxi de and propyl ene oxide. O her nonionic surfactants, such as

et hoxyl ated al cohol s, ethoxylated alkyl phenols and fluorinated pol yners
may al so bds usrinicl BspéchllyRht bhick Nopolybe086f &bglene oSckwaldmrepylahe and

i ncorporated _herein by reference, .there is A described gnother eous

devel oper \@49¢- 20K BPBIOPIA SUTAGIAN S BT I??Ieth%%%tﬂ!&o%@sﬁjﬁmﬁ’é%ga It is
noted in t ' ' kast LS. MteRaNgiSed:

nonyl pheno@lf)ycl)?gﬂ/?g@ﬁaﬂgwggﬂ%t?gbﬁ%ﬁ%%MSO Eh_l " © ,

oct yl phenoxy a9 508 th Biaweloxg) aleamdincbrpprated egie byreferensei grets surfactants

(col. 4, lipes 45-51 Not only, dogs t ] L effect the
devel opnent&r?FBE%@:@”%W‘er?Wéeobﬁoqeé’ﬁg’ﬁeép’ﬁhgag%%%@gb?lﬁmg%ébf? lPati on of the
sur f act ant . cofWsuridtad theWdiski ¢idk notedl iRBhAIBYS patentthatthe féllvavisgncent rati on of
the nonionic surfactant and to nanufacture it consistently within the

custoner' s sytectdrite Baydiesuserhi nonylNeRPXyRoB(aEeneexa-SRAWIL net hod of
Dot 2oL | RIS BRI, B o ek UG llrabiighe 2aucous

al kal i ne de are-’known e Isolation

spect r ophot @seY! litesdmbyri s of nonionic polynmers, especially those that
rely on the ability of a cobalt conpound to conplex wth polyether

| i nkages. When a solution of cobalt nitrate and amoni um t hi ocyanat e,

herein callgg @ql@?ﬁé@%%h&&c i}éﬂn%ﬁ;rg)osﬁ@n%ﬂeef‘theicfev@%%nft ?rdc]égs gerfactant, a

colored dye I's noni t ored spectrophotonetrically. These
met hods werthefphohstebigt, sheloes ive nororentnation pbtheorukiaslaeh Thies ibhisneriisat
pol yet her St%rgeaactglg% rriuosnitgﬁ %ecigncgﬂtrgtpon of the nonionic surfactant and to

manufacture it consistently within the customer's spetifications. This patent

relates to a novel method of precisely isolating and quantifying the nonionic

surfactant in the aqueous alkaline developer.

Methods are known for the isolation and spectrophotometric analysis of
nonionic polymers, especially those that rely on the ability of a cobalt
compound to complex with polyether linkages. When a solution of cobalt
hitrate and ammonium thiocyanate, herein called a cobalt thiocyanate
solution, is added to the surfactant, a colored dye is formed which can be
monitored spectrophotometrically. These methods were found by the
inventors not to work when the nonionic polyether surfactant is present in an
alkaline solution, as is the case with developers used in photelithography.
The prior art, specifically, BASF Procedure (100, Cherry Hill Road,
Parsippany, New Jersey 07054), “Standard methods for examination of
water and wastewater” (Section 5540B&D, American Publiic Health
Association, 1015 Fifteenth St. NW, Washington DC 20005) and "Analytical
method for nonionic surfactants in laboratory biodegradation and

environmental studies” (Environmenta! Science and Technology, Vol.11,



al kaline solution, as is the case with devel opers used in photolithography.
The prior art, specifically, BASF Procedure (100, Cherry Hi |l Road,

Par si ppany, New Jersey 07054), "Standard met hods for exam nati_gra [_toé ter
and wastewater" (Section 5540B&D, Anerican Public Health Assoti*a % ., 1015
Fifteenth St. NW Washi ngton DC 20005), and "Anal ytical method for nonionic
surfactants in | aboratory bi odegradat'i4o'n and environnental studies”
(Environnmental Science and Technol ogy, Vol.11, 1 0 FEB 2004 4 1167, 1997),
recomrends isolating the surfactant fromthe solution in the solid form by
subl ati on, 116 190elirscwhmends isolating the surtpstdnd fropl thersoluting i 8rari ng  a

cobalt conpl whi ch can furfher be assayed 0 Il y. This
ret hod | o CRAIEdPEe il STPRUBIVI G e el ' Rl B SR o

bubbl i ng, cobbat bspek virith SaH fuaRbARYS asshyet RpkciraptiotdmetriexanoTI#s | ng t he
surfactant, to dryness and di ssolving the surfactant in nethylene chloride.

Each step cmethostiesumberspme invehdng MaBY SHPSICOBFISHRBSUNERE . Furt her nor e,
| arge quantwﬁﬁlﬁgo ollfegﬁ?rgﬁfl\/@!a%gﬁéct%fihf é'fh%"?&e?&aﬁoﬁ}ﬁ\%ﬁﬂeamum of solid

sur f act ant a € quantifi especl ere only smal |

amount s of GiHdcharitad tndees BHE Sik3biving thbsudastehipenethyibos chiarigeocess
requiring the sinplification and mnimzation of steps s hi 8{‘}"%’ desirabl e
from a manBReltsiepioag rRplentially incerasedhe SEPEPUREATECMERE T HHRGTEIES,

"Col ori metry . I i = | Do bSa rat liver
per f usi on S!@queﬁ}gérﬂf’ﬁ? %%gp@t%v%wp%ﬁgﬁg g???%ﬁ“%@?“ %}Hbéﬁg(gtg)%qddl scl oses an
anal yti cal smfduteht théterae relieblate eoastifed, asparliyfwhane oRlywnuall ¢ F68

surfactant is drj eq to give the s r.fﬁ{:&t ntl di siﬁl ved in water, the cobalt
conpl ex of MEUBHF FUfTaRENt AerRIpHRIY N Cﬁ%}"@ P&t at'® PPREEED and the
preci pi t at eghghyftha SphYfRalidh A5 HANMIZA0EN URStepd ¥ehibhly AREANISE from _
spectrophotonetrically to give the concentration of the surfactant. Again,
this is a tacmnufasiuking Guaiingorita psrspeative. clhearefsrenes "Caledewitiabl e
I'solation Ségs%yofgr Hl],l?orﬁg lF'—éh a8 He%gar%'atin is%?ﬁeﬂétrﬁvgrnpérﬂ%fo%gems"

(Analytical Chemistry Vol. 187, 54, 1990), discloses ah analytical method

where the aqueous solution of the Piuronic F68 surfactant is dried to give the

surfactant, dissolved in water, the cobalt complex of the surfactant is formed,

ethyl lactate is added and the precipitated dye dissolved in acetone and the

dye is assayed spectrophotometrically to give the concentration of the '

surfactant. Again, this is a technique with many steps, particularly the

undesirable isolation step of the solid surfactant, and with an increased

propensity of errors. Furtherfnore. this technique recommends the addition

of cobalt thiocyanéte to an aqueous solution, which was found to be

unsuitable for alkaline solutions.

Due to the long and tedious procedures proposed by the prior art, a new
simple process was developed and this patent discloses an efficient and
reproducible method of extracting and quantifying a nonionic polymer from

an aqueous alkaline solution.



propensity of errors. Furthernore, this technique recommends the addition
of cobalt thiocyanate to an aqueous sol ution, which was found to be
unsuitabl e for alkaline solutions. Due to the | ong and tedlous1qyp $§&ﬁes
proposed by the prior art, a new S|nple process was devel oped and this
patent di scl oses an efficient and grodu0|ble met hod of extracting and
quantifying a nonionic polyner fron1 n aqueous al kaline solution. 10 FEB
2004 5 Sunmary The object of the present invention is to provide a process
for neasuring the concentration |level of a nonionic surfactant in an
aqueous al Bahimmrysol uti on, where the process gives an accurate

quantitati a rrent and.wher.e .the cess ni mum
conpl exi ty\fgﬁgﬁj%ﬂﬁf PHPIESEN rvehtion t&ﬂfgv' ?@cﬁrgg%%h@%%ghprg%m Seffecti ve.
The presentohdbfatibR eviePoPa RBNBhicRPREEHt froan SfesoUs Aikalin&oRtiornt of non-
ionic surfactant in an aqueous al kaline solution, conprising: a) adding an

or gani ¢ solhera theprobrssagjvesarn agtwatd wrélmtnyﬁr@aﬁ%mme@txarrdawher@g t he
factant f t
Colvent - bihe @RS rortPis Br SR LR Snc MRl Rl B of 2o ©

surf act ant prédsideghd Be do8LEMAtRS. of a conpl exi ng agent to the organic phase

and hol di ng it for a sufficient tine to fully react the conpl exing agent
with the nonionic surfactant to forma colored dye; d) measuring an

ot o T8 RS 0hB80h RFpaP A0BER0, BB DU rRATDE, 1oL O0
met hyl ene @dﬂt@EMr@:taﬂ i ha agugans alkabhe soltitiem domprising:

a) adding an organic solvent to the aqueous alkaline solution and
extracting the nonionic surfactant from the aqueous alkaline
solution into the organic solvent;

b) separating the organic phase which conta_ins the nonionic
surfactant; o

c) adding a solution of a complexing agent to the organic phase
and holding it for a sufficient time to fully react the complexing
agent with the nonionic surfactant to form a colored dye;

d) measuring an absorption of the colored dye and thereby

measuring the amount nonionic surfactant in the aqueous

alkaline solution.

The invention preférably uses methylene chloride as the organic solvent and
cobalt thiocyanate as the complexing agent. The holding time for the cobalt

thiocyanate and surfactant adduct if preferably greater than 30 minutes.

Description _
The present invention relates to a process for measuring the concentration of

a nonionic surfactant in an aqueous alkaline solution, especially developers.
Developers used in the lithography typically comprise an aqueous solution of
a base, such as tetralkyl ammonium hydroxide, sodium hydroxide, potassium

hydroxide and the like. Many types of surfactants are added to the



cobalt thiocyanate as the conpl exing agent. The holding tine for the cobalt
t hi ocyanate and surfactant adduct if preferably greater than 30 m nutes.
Description The present invention relates to a process for naﬁigﬂﬂfg %he
concentration of a nonionic surfactant in an aqueous al kaline |5 7Y ,
especially devel opers. Devel opers usqg_in the lithography typically
conpri se an aqueous solution of a base, such as tetral kyl amoni um
hydr oxi de, sodi um hydr oxi de, potassi um hydroxide and the |ike. Many types
vel oper, since surfactants

of surfactants are added to the 1 O FEB 2004 6 de

i npart usef%ve&%émee%”{a&@%‘%&%gé PrOR&THES toatgeﬁ?f’ $I9BFT: SHEN

cl eanl i nessaDetthliigUBBEARRSs 3F IR s B EIOHIR HevabEmeniBh@Venment of

| it hographi c properfies of photoresists. Nonionic surfactants have been

found t o benmpapveroemtafilithagsarhic poipadiestdi@hotaresiitanoMenianidheurfapiants oani ng,
have good col d water sql ubilit nd have low.critical m.celle

Concentrat | G Hascianin g Broar iRl BT SRS v Ben R B de anc
propyl ene opsafing, fHavergoddteml wetehexlbityeshangveslovigog igefact ants. 1t has
al so been found that the concentration of the surfactant nust be kept

within a speeniratiomngepeaalruseiul Ao canplyraesi o ehrnsperids @sdof t he
devel oper tergggleepggiég;‘e?hﬂsﬂwatéﬂl% xyMASd LAY sﬁcﬂ]a?\ers%?fﬁeﬁp’ﬁshaﬁ hés novel

process was (6] accurate nmeasur e e concentration of the
surfactant also dpealfiald that theodantceoinationtofwas sadacianttrhnstghkepk péthinment at i on

that if the cobalt thiocyanate solution is added directly to the
surf act ant %aﬂ%%ﬁ%ra{@edevoéqi%merrt?etq%éﬁ?d BIRPerRs; éh‘%/eﬁ‘gﬁ(iofb%@f) €condi ti ons of

the devel O%éinteﬁngﬁ,%idoiitTw_%ts%rftﬂfs%fxlgﬁgi t‘ﬁBtE%U&tprBﬁ%ssq}«@é“&%\Fe%ﬂéfﬁl'oy assayed.

| solating the surfactant in the so formfromt devel oper by bubbling
or evapor at acurately measweribe demaeniraiars obihe stiufactaot inhen aldalifd cul ti es

I nherent to_these nethods, especially for low levels of surfactant. The
novel proce%cgu N-this invention is a sinpler process, conprising, adding

It was found through experimentation that if the cobalt 'ihiocyanate solution is
added directly to the surfactant containing developer, then, due to the very
basic conditions of the developer, a precipitate forms which cannot be
quantitatively assayed. Isolating the surfactant in the solid form from the
developer by bubbling or evaporation was not considered feasible due to the
difficulties inherent fo these methods, especially for low levels of surfactant.
The novel process of this invention is a simpler process, comprising, adding
an organic solvent, extracting the surfactant into the organic phase,
removing the aqueous phase, adding the cobalt thiocyanate solution directly
to the organic phase and measuring the absorption of the dye formed and
thereby calculating the concentration of the surfactant. The surfactant forms
a complex with cobalt compound to give a brightly colored dye which can be
quantitatively assayed to give the actual concentration of the surfactant.
Typically, standards containing known concentrations of the same surfactant
in the aqueous alkaline solution are run together with the sample whose
concentration needs to be measured and a calibration curve determines the
exact concentration of the surfactant in the unknown sample. It is within the

scope of this invention that complexing agents other than cobalt thiocyanate



an organi c solvent, extracting the surfactant into the organic phase,
renovi ng t he agueous phase, adding the cobalt thiocyanate solution directly
to the organi c phase and neasuring the absorption of the dye formed and

t hereby cal cul ating the concentration of the surfactant. The sut falchRatos
forms a conplex with cobalt conpound_%g give a brightly col ored dye which
can.be quantitatively assayed to give the actual concentration of the
surfactant. Typically, standards containing known concentrations of the
sanme surfactant in the aqueous al kaline solution are run together with the
sanpl e whosBaY&enesah Pevidad they gan fgmba crlerdipeapan avits thanpaeiagicon cur ve

det er m nes é%ct&ﬁ%?%tpﬁf’%%a@t&ir@é}/ tﬁé ué&?oﬁé‘c{ﬁsacﬁtoﬁ%r tals iBﬁ ritiown
sanple. It Is wthin the 'scope of ‘this 1nvention that conplexing agents
ot her than cobalt thiocyanate 1 0 FEB 2004 7 may be used, provided they can

forma col ored c lex with the nonoioni.c surfactant. Other cobalt salts
may be usedéﬁﬁ’r§§$¥§awyg§tq{@rpr?ﬁaéﬁggyiagﬂ'”ﬂé‘tngl‘”é‘.a'f‘%‘l"?tﬁpéﬁeon sanpl es are

prepared bys@afighia 1k BEqBUIYIRaINE ddiBlopeHfhastiam dbBniBg walkequs al kaline
devel oper made from dei oni zed water and "a base. The base may be sodi um or

pot assi um hgdeesi doe bage nay be eddinmbirypotassiuma hydioxldeabuidaiprefetaptir oxi de or
chorine. Thg,con tration of the bas in the develpper is typically

bet ween 1welchRITHe GONTORBTENRIPIRE Of Eharly , TheicaPlieien o tae bargne
percent. Thia thaldebeRbeid t5EiEMESetRESH @vakiny peRBhaioE welidt peRUEAE, of
surfactant that is in the range of the unknown sanmple. For example if the

unknown hasPm@ferablyi drdmeigifnereantadhe caliratien sgmplesdrrezoably ppntaint hen t he
st andar ds ”ﬁﬁéérg@?@ Jfrsﬁﬁbé’ttahpth%?%qn Wﬂaﬁ‘ég%‘f?i{seag@@é&r}%%@%.Z‘Fgcases a salt,

| i ke sodium ch e Or potassiumchlo frmpl es prior
to the addi eéxamplefif thbainknganihas ol astintated sierfadrit doscémteatidontad 200educe t he
foam ng capacity of the surfactant and mgke the isolation of the

surfactant B2 en thagtandardsimay range framihigweW0PRIg of sirecial- be used. Once

the salt has dissolved, the organic solvent is added to the solutions in
or der ‘
In most cases a salt, like sodium chloride or potassiurm chloride, is added to

the samples prior to the addition of the organic solvent. The salt is known to
reduce the foaming capacity of the surfactant and make the isolation of the
surfactant easier, and any salt that is known to do this may be used. Once
the salt has dissolved, the organic solvent is added to the solutions in order
to extract the surfactant. Small repeated exiractions, preferably three times,
was found to give good results, although the number of extractions is
determined by the surfactant type and quantity of solvent used. Solvents
that may be used are those that are effective in extracting the surfactant from
the aqueous phase and which do not mix with the aqueous phase. One
particular solvent that was found to be effective was methylene chloride,

although others may also be used, like xylene, toluene and butylacetate.

Once the extraction of the surfactant into the organic phase is complete, the
aqueous phase is removed and the extractants combined. To the extractant
is then added an aqueous cobalt thiocyanate solution. The removal of the
basic aqueous solution prior to the addition of the cobalt thiocyanate

prevents any interference when forming the cobalt-surfactant dye. It was



to extract the surfactant. Small repeated extractions, preferably three
times, was found to give good results, although the nunber of extractions
is determ ned by the surfactant type and quantity of solvent used ggh ents
that may be used are those that are effective in extracting t hd GHEP#Mant
from the aqueous phase and whi ch do Bﬁt mx with the aqueous phase. One
particul ar solvent that was found to Be effective was nethyl ene chlori de,

al t hough others may al so be used, |ike xylene, toluene and butyl acet at e.
Once the extraction of the surfactant into the organic phase is conplete,
the aqueougngipasediysfornrdgrthastheatime tiebvesn sddingHescabaiiihive@natd t he

extractant _is.then add a I t: [@r. The
renoval of W%tlorb%%q @eﬁ%@é{l}gﬁ%ﬁf@fﬂﬁ%%Bgfﬁjib%ﬁf%ﬂﬁ ﬁ?ggéﬁfzﬁggﬁ{do rét he cobal t
t hi ocyanat egcdr the B4y, THé dafesiovesl thaea niicirmdrmgf Bhenicwtea) t - sur f act ant
dye. It was 10 FEB 2004 8 unexpectedly found that the tine bhetween addi ng
the cobalt peferehlia? Boursenaldingiings & 'ieﬁé'r%ﬁﬁrér?eﬁ?m@faqsﬁéoq'éﬂ%orbency of
the dye is critical e accuracy of the test. The data showed that a
m ni mum of %ﬁdmgnlgtagé@‘lé%r eferably 1-2 hours, holding tinme is required,
before a stable absorptivity reading is achieved. An ultraviolet

spectrophotoneter .is used to neasure the absorbency of the d conpl ex,
pref er abl y Ab WtfRvigletaperlQpiripineigids E%‘Yfgiotm%%?t%g@?% e”%@%‘ﬁﬁt i on peaks

at around 3&)?% E&'Pnﬁfexg@%kg?gblg%@t@beék eakinRinat irﬁélcgﬂélvgomﬁlexgme%i ned from

the plot of ncehtration agal nst absorbency of the standar sanples. This
pl ot can t hebsdrptiorspebksatgirownd Ht8 erawtarewnt82Q nax A aldfratiorecuyanndl e wit h

th k f tration. The.fqllow i fi | il
brovi do. der apinsd 1ot Bor SfkoBenfion S e ¥iefed BE el iendBBTP: 771
conposi t i onga@hidsherniy Mseetin thek @tz to ghkese exsengneengatormotthent ended,

however, to limt or restrict the scope of the invention in any way and
shoul d not bamplengithy thedrksoyneuifariagt concentration.

The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compositions of the present invention.
These examples are not intended, however, to fimit or restrict the scope of
the invention in any way and should not be construed as providing
conditions, parameters or values which must be utilized exclusively in order

to practice the present invention.

Example 1 {Comparative)
A solution consisting of 5 m! of 1000 ppm Noigen EP120A surfantant in

deionized (D) water (available from Dai-ichi Kogyo Seiyaku Co., Ltd., 7F.
Shin Kyoto Center Building, Karasuma Nishiiru, Shiokojidori, Shimogyo-ku,
Kyoto, KYO 600, Japan) and 50 m{ AZ® 300MIF developer (an aqueous
tetramethy!l ammonium hydroxide solution, available from Clariant Corp.,
AZ® Electronic Materials, 70 Meister Ave., Somerville, NJ 08876) and 50 ml

DI water was prepared in a 250 m! separatory funnel.

20 g of sodium chloride was dissolved in the 250 ml separatory funnel. To

this funnel was added 10 mi of cobalt thiocyanate solution, prepared by



conditions, parameters or values which nust be utilized exclusively in
order to practice the present invention. Exanple | (Conparative) A
solution consisting of 5 m of 1000 ppm Noi gen EP120A surfant anty Fppg Zﬂﬂi
deioni zed (D) water (available from Dai-I|chi Kogyo Seiyaku Co., Ltd., 7F.
Shin Kyoto Center Building, Karasuma-M-shiiru, Shiokojidori, Shl rmgyo ku,
Kyot o, KYO 600, Japan) and 50 ml AZ[err] 300M F devel oper (an aqueous

t et ramet hyl amoni um hydroxi de sol ution, available fromdd ariant Corp.,

AZ(r) El ectdopibisingy20erg @ﬂénmzmﬁluwﬂrﬁé@"ané’t\é%nd gpger vbbdienitrity 08876) and 50
m D water was prepared in a 250 nl_ separatory funnel. 20 g of sodium

chl ori de wdexghydretaiad Q0nmt watepsé mﬂmmtﬁiarfmdymm@m@uely whichmfde f unnel was
added 10 m red by 10 FEB 2004 9
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conbi ni ng 55 ram aterand g of cobalt nitrate
hexahydrate in 100 m water. A precipitate forned i medi ately whi ch nade
further analysis inaccurate and thus the nethod failed. Exanple 2 A stock
sol ution consisting of 100 nmy Tetr &XAERIYZ2701 surfactant (available from

BASF Co. , ?%Qsoc@‘Sfu'th'E'bhéusggc_g 'T%%HM:@ mts&r‘?é&% rszﬁl@‘éle’ and 100 m

dei oni zed wat er “was ree call ion sa es were nmde
usi ng 0.5, firhBMNBF Golyl100f Chb&yHilblekacsmanslppamamtévdﬂéme?d?%tt hab® m  AZO

300M F deve er . (.an, us tetranethyl ni u dr oxi de sol ut
sva nor o ARtaeieTaad UBB e s Prepatest (TRTRS cOlRrALon SAEPCoGaTRI ot or
AVe. Sorrer,.pé(yé ﬁfmal‘b @@g%daﬂﬂl IAnBstdek SORkiBR a%ro%ut%‘a%% 5@nft 250 m

separatory funne I'nt’'o each the separatory funnels was dissolved 20 g
of sodi um AZ®BOOMIF dehelopar faacicpusbusiesrasxethy @nerdofinonmyaliekidgol uti on by

ddi 10 m t hyl hl oL h . h
?ret Ih;?ene (’qﬂl%ndé 5 le Fromoéllalqgntté)or}a., ii@”Ef&%lrbm%'&ﬁ‘éﬂ%ﬂai@W@ Mga?sr%ert €
Ave., Somerville, NJ 08876) and 50 ml D1 water were added to a 250 ml

separatory funnel.

Into each of the separatory funnels was dissolved 20 g of sodium chloride.
The surfactant was extracted from each solution by adding 10 ml methylene
chloride to the funnel, shaken and then the methylene chloride was
separated and put into a 25 ml flask. This was repeated with another 10 mi
and then another 5 ml of methylene chloride. All the methylene chloride was
collected into the 25 ml flask and topped off with methylene chloride to the
25 ml mark. This extraction procedure was repeated with all the samples. 1
mi of cobalt thiocyanate solution, prepared by combining 208 g of ammonium
thiocyanate and 93 g of cobalt nitrate hexahydrate in 100 ml water, was
added to each flask. The solutions were left for 30 minutes and the solutions
became colored. The top aqueous tayer was removed and the solutions left
for 2 hours. The absorption of ali the samples was measured at 620 nm
using an ultraviolet spectrometer. The absorption of the standard samples
was plotted and a calculated. Typically, a correlation coefficient of greater
than 0.8 shows a good relationship between concentration and absorption
and can be used to determine the unknown concentration of a surfactant

sample.



separated and put into a 25 m flask. This was repeated with another 10 ml
and then another 5 m of nethylene chloride. Al the nethylene chloride was
collected into the 25 m flask and topped of f w th nethyl ene chll%r'ﬂgg b
the 25 ml mark. This extraction procedure was repeated with all the

sanples. 1 nl of cobalt thiocyanate_gglLution, prepared by conbining 208 g
of ammoni um thiocyanate and 93 g of cobalt nitrate hexahydrate in 100 m
wat er, was added to each flask. The solutions were left for 30 m nutes and

the solutions becane colored. The top aqueous | ayer was renoved and the
solutions left for 2 hours. The absorption of all the sanples was neasured
at 620 nm Tfs phcabutd waswpelaedd wie ethee ABhiBhic sl cRREPaR tHeresfitd he
standard sanples_ was plotted and a calculated. Typically, a correlation
coef fi ci entofde giffesand surfagtantscars aivenvig Tablgobd The datd, wihdghi $havest ween
concentrati r DLIQF : ] nknown
concentrati o%dg@qgﬂégygfc%tg,'[f@%ntég@%r?%sqq.aléﬁ?i)o&glégg%ﬁlﬂﬂoggs iEH’procedure
was repeat gavaritioh ozl ustanoaiticarasely baslyantts: anthctdre coasarttagionai t he
different surfactants are given in Table 1. The data, which shows good
correl at i orAnce@daougiadialiae splutig8t r at es that the novel testing process of
this invention can be uﬁgﬂet@E\?ﬁ&é{foﬂtcﬁlsprfta&%ﬁéztgslfgpe sur fact ant

a

concentration in an aqueous al kKali ne solution. e | Eval uation of

sur f act ant s$Trade iNaoinelr adeCNemidzah €aimilal FaBuifgSeant gedreaiaiicor el ati dn co-
Typeeffici fant (R squared) Enery 6706Pol ¥etehoxyl aetfﬁger%\tlo&é c[)lgiré:8?‘9942 phenol
Fl uorad FC|170CFl uori natled Al kyl Lype
Emery 6706 Polyethoxylated Non-ionic 0.9942
phenol
Fluorad FC-170C |Fluorinated Alkyl Non-ionic 0.9406
Polyoxyethylene
Hodag 8025R Polyether modified  |Non-ionic 0.9934
siloxane
Macol® 16 Block EQ/PO Non-ionic 0.8539
Noigen EP120A [Polyethoxylated Non-ionic 0.9808
phenol '
Pluronic® F68 Block EQO/PO non-ionic 0.9723
Pluronic® L92 Block EO/PO non-ionic 0.9817
Pluronic® 10R5  |Block EO/F;O non-ionic 0.9998
Pluronic® 31R1  |Block EO/PO non-ionic 0.9885
Pluronic® 25R2  |Block EO/PO non-ionic 0.9964
Surfynol® 440 Ethoxylated tetra- Non-ionic 0.9899
methyl decyndiol
Tetronic® 701 Block EQ/PO non-ionic 0.9980

Pluronic® and Tetronic® are trademarks of BASF Corp. 100, Cherry Hill

Road, Parsippany,

New Jersey 07054.

Macol® is a trademark of PPG Industries, 3938, Porett Dr., Gurnee, lllinois

60031.



Non-i oni c0. 9406 Pol yoxyet hyl ene Hodag 8025RPol yet her nodifi ed

Non-ioni c0. 9934 sil oxane Macol (r) 16Bl ock EQ PONon-i oni c0. 8539 Noi gen
EP120APol yet hoxyl at ed Non-i oni c0. 9808 phenol Pluronic(r) F68BI ack rg

EQ POnon-i oni c0. 9723 Pluronic(r) L92Bl ock EQ POnon-i oni c0. 9817 “Prur gn?ggt r)
10R5BI ock EQ POnon-i oni c0. 9998 PI uronilg(r) 31 R1Bl ock EQ POnon-i oni c0. 9885
Pl uroni c(r) 25R2BI ock EQ POnon-ioni c0.9964 Surfynol (r) 440Et hoxyl at ed
tetra- Non-ionic0.9899 nethyl decyndiol Tetronic(r) 701Bl ock

EQ POnon-i ani cO. uroni c nd T nic(r re tradenmarks of BASF
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FEB 2004 -11 Fl uorad FC-170C was purchased from 3M Conpany, 3M Center
Bui | di ng 2238fynsi® isFatradenricsiiia Praiuctsyarel Chdmicsl Got, 720t heamkiltarf Ai r

e R e R 2 50 T LT A
Hodag was purchased from Calgene Chemical Co., 7247 North Central Park
Avenue, Skokie, IL 60076.
Emery 6706 was purchased from Henkel Corp., 5051 Estecreek Drive,
Cincinnati, OH 45232.
Noigen EP-120A was purchased from Dai-lchi Kogyo Seiyaku Co., Ltd., 7F.
Shin Kyoto Center Building, Karasuma Nishiiru, Shiokojidori, Shimogyo-ku,
Kyoto, KYO 600, Japan.

Example 3
An experiment was run to determine the unknown concentration of Tetronic®

701 surfactant in AZ® 300MIF developer. To 50 mi of AZ® 300MIF
developer was added about 3.75 ml of a solution of 1000 ppm Tetronic® 701
surfactant in DI water. The experiment was run as in Example 2, using the
calibration samples and with the additional unknown sample. The results are

given in the Table2 below.

Table 2
Sample Concentration, [Absorbency @ |Comments
(ug) 620 nm

STDO 0 0.012|Correlation
Coefficient=0.9916

STD1 620 0.042

STD2 3100 0.187

STD3 6200 0.437

UNKNOWN 0.278|Calculated Value=81ppm of
surfactant




Avenue, Skokie, IL 60076. Emery 6706 was purchased from Henkel Corp., 5051
Estecreek Drive, Cncinnati, OH 45232. Noi gen EP-120A was purchased from
Dai -1 chi Kogyo Seiyaku Co., Ltd., 7F. Shin Kyoto Center Buildi 9. FRpRRUT
Ni shiiru, Shiokojidori, Shinogyo-ku, Kyoto, KYO 600, Japan. Exarrpl e %
experiment was run to determ ne the unknown concentration of Tetronic(r)
701 surfactant in AZ(r) 300MF developer. To 50 m of AZ(r) 300MF

devel oper was added about 3.75 m of a solution of 1000 ppm Tetronic(r) 701
surfactant in DI water. The experinemni2was run as in Exanple 2, using the
calibration sanples and with the additional unknown sanple. The results are
given in the Tablet below Table 2 Sanpl eConcentration, Absorbency @
Comments (ug) 620 nm STDO00. 012Correl ati on Coeffici ent=0.9916 STD16200. 042
STD23108@indk87 STD362000. 437 UNKNOWNO. 278Cal cul at ed Val ue=81 ppm of
surfactant 1 0 F E B 2004 -12 Cains 1. A process for neasuring the anount
of non-ionic surfactant in an aqueous al kaline sol ution,

1. A process for measuring the amount of non-ionic surfactant in an aqueous alkaline solution,
comprising:
a) adding a salt to the aqueous alkaline solution;

b) adding an organic solvent to the agueous alkaline solution and extracting the nonionic
surfactant from the aqueous alkaline solution into the organic solvent;

c) separating the organic phase which contains the nonionic surfactant;

d) adding a solution of a complexing agent to the organic phase and holding it for at
least 30 minutes to form a colored dye;

e) measuring an absorption of the colored dye and thereby measuring the amount
nonionic surfactant in the aqueous alkaline solution.

2. The process of claim 1, where the complexing agent is a solution of cobalt thiocyanate.

3. The process of claim 2, where the cobalt thiocyanate is formed by mixing ammonium
thiocyanate and cobalt nitrate hexahydrate in water.

4, The process of claim 1, where the salt is selected from sodium chloride and potassium
chloride.
5. The process of claim 1, where the aqueous alkaline solution comprises the nonionic

surfactant, water and an alkali selected from tetraaklylammonium hydroxide, choline, sodium
hydroxide and potassium hydroxide.

6. The process of claim 1, where the organic solvent is selected from methylene chloride,

7. The process of claim 1, where the surfactant is a polyether surfactant.



conprising: a) adding a salt to the aqueous al kaline solution; b) adding an
organi c solvent to the aqueous al kaline solution and extracting the
nonionic surfactant fromthe aqueous al kaline solution into theydTeEmpis
solvent; C) separating the organic phase which contains the nonionic
surfactant; d) adding a solution of a conplexing agent to the organic phase
and holding it for at least 30 mnutes to forma col ored dye; e) neasuring
an absorption of the colored dye and thereby neasuring the anmobunt nonionic
surfactant in the aqueous al kaline selléition. 2. The process of claim1l,
where the conpl exing agent is a solution of cobalt thiocyanate. 3. The
process of claim?2, where the cobalt thiocyanate is fornmed by m xing
anmoni um thiocyanate and cobalt nitrate hexahydrate in water. 4, The

pr ;)c essgof cf hlai ;mcgss wmérn_?_ r:t, Wherg mdsuH§$t§r& :iﬁ&c@dlyﬁ{eﬂm &rmﬁrr]\u Bkigdbed ﬂ»rdﬁ?@@ld_
ot assi or |l . . I OC (0] alm er e . ueous all ne
ol et oiiie, SRl suBernt R ACTRSShafuite Sumr it e naf e edia g

fromtetraakl yl ammoni um hydr oxi de, choline, sodium hydroxide and potassi um
hydroxi de. 6. The process of claim11l, where the organic solvent is selected
from nmet hyl ene chloride, 7. The process of claim1, where the surfactant is
a polyether surfactant. .1 O F E S 204 -13 8. The process of claiml, where
the surfactant is a copol yner of ethylene oxide and propyl ene oxi de,

et hoxyl ated surfactant, fluorinated/ polyoxyethylene surfactant, polyether

si | oxane surfactant.



