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| NVENTI ON The present invention is di re?t ed to a nethod for synthesizing
pol ynmeric azo dyes froma diazoniumsalt and a polynmer. The res Etizr[}(%

pol ynmeric azo dye conpounds are useful in antireflective coat hgEP '
conpositions used in conjunction with photoresist materials in producing

m croel ectroni c devices. BACKGROUND OF THE I NVENTION It has been observed
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This is true when preparing products via fast reaction(s) of two or nore
conpounds, which are contained in two or nore separate phases. This type

of fast reaction requires rapid interfacial mxing (in both the macro and:
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is reacted with the polymer under basic conditions the result is the

addi t i JRicsgelegironicdeykiesnophore to the pol ymer, for exanple as set forth
bel ow. HO + ArN2+X - HX HO The di azonium salt may be soluble in one sol vent,
such as water, producing a first phase. The polynmer may be soluble in

anot herg A0K\EROUNDIOF BYEINVENIEON: sol vent, which produces a second
separat€© phase. Such an azo coupling is capable of taking place in a very
short peri od Ipfhasthaes, ohserved dbat thaay dhiemrieal | mariufacturinge pracgssesy whith provide

suf ficient ntact between the reactants. . . :
accepta 516 résats on a smamll of Tab scaﬁ:, prove to 2be impractical or not economical, when an

attempt is made to adopt such processes to large-scale production. This is true when preparing
products via fast reaction(s) of two or more compounds, which are contained in two or more
separate phases. This type of fast reaction requires rapid interfacial mixing (in both the macro
and micro scope) so that the reactant carried in one phase makes immediate intimate contact with
the reactant(s) contained in the other phase(s). This enables an efficient and substantially
complete chemical reaction(s) to take place between the reactants from all phases before possible
competitive side reactions take place. An example of such a reaction is the azo-coupling of a
polymer with a diazonium salt. When the diazonium salt is reacted with the polymer under basic
conditions the result is the addition of an azo chromophore to the polymer, for example as set

forth below:

O -
HO + AN X —> HO

NyAr

The diazonium salt may be soluble in one solvent, such as water, producing a first phase.
The polymer may be soluble in another solvent, such as an organic solvent, which produces a
second separate phase. Such an azo coupling is capable of taking place in a very short period of

time, provided that there is intimate mixing and sufficient contact between the reactants.
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settings with one-kilogramor smaller scale equi pnent, sonme options nay
still be availablelﬁg i nprove the overg%laﬁixing in_ the vessel, such as the
addition of nore tfran one agitator or Qi ti onal Bhitati on Dead

However, in scalinghup for |arge-scal e\ _conmerciali_productio t hese
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wi t hout sufficie jtation results very vield desired
product and the spérati on of undesi si de producCts that difficult
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chem cal process, which favors the azo coupling of the polynmer while at
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increases this set up loses its effectiveness, resulting in progressively lower yields of the desired

product. In experimental settings with one-kilogram or smaller scale equipment, some options
may still be available to improve the overall mixing in the vessel, such as the addition of more
than one agitator or additional agitation blades. However, in scaling up for large-scale
commercial production, these options may be too costly. Running the reaction on a commercial
scale without sufficient agitation results in a very poor yield of the desired product and the
generation of undesired side products that are difficult and costly to remove. Therefore, a need
exists for a commercial-scale chemical process, which favors the azo coupling of the polymer
while at the same time substantially reducing the competing reaction(s), such as the
decomposition of the diazonium salt.

US patent 5,886,102 teaches that in the production of antireflective coating compositions
the “grafting of chromophore units onto a preformed resin often provides a resin mixture of
polymers with varying percentages of chromophore. Such differing quantities of chromophore
units can compromise resolution of an image patterned into an overcoated photoresist layer as the

chromophore differences may result in essentially random reflections of exposure radiation.”
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A method for coupling a diazonium salt with a polymer is provided, which method

comprises, in the following order, the steps of: dissolving an organic polymer having a weight
average molecular weight ranging from about 500 to 2,000,000 in a solvent, and thereby
providing one liquid phase; providing a diazonium salt in another solvent, and thereby providing
a separate liquid phase; contacting the diazonium salt with the organic polymer, preferably by
intimately mixing the separate phases, for a time at least equal to the minimum reaction time
required to react the diazonium salt with the polymer ("minimum contact time"), and thereby
reacting the diazonium salt and the organic polymer for a period of time at least equal to such
minimum reaction time. Preferably the mole ratio of organic polymer to diazonium salt is from
90:10 to 10:90, more preferably from about 75:25 to 25:75, and most preferably from 60:40 to
40:60.

An in-line mixing unit capable of intimate mixing is preferably provided, which
(mixing unit) has a sufficient length to provide a contact time that is greater than or equal to the
minimum reaction time. The inline mixing unit is preferably selected from a static tubular reactor

or a dynamic mixer. The organic polymer and diazonium salt are preferably reacted in the in-line
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diazonium salt with the organic polymer ("minimum contact time"), and thereby reacting the
diazonium salt and the organic polymer for a period of time at least equal to such minimum
reaction time. The organic polymer-diazonium salt reaction product is then dissolved in a
solvent, thereby providing an antireflective coating composition. The process further comprises,
in the following order; either before or after coating a photoresist composition onto a suitable
substrate, coating the antireflective coating composition onto such a suitable substrate; heating
the coated substrate, and thereby substantially removing the photoresist solvent; imagewise
exposing the photoresist composition; and developing the imagewise exposed photoresist

composition.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure. 1 A schematic view of an apparatus for synthesis of polymeric azo dyes

produced according to the process of the present invention, using a tubular in-line static mixer.
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The azo coupling reaction is often very rapid, with a minimum reaction time of as little as
ten microseconds, in the presence of good intimate mixing of the reactants. These reactions have
a minimum reaction time, in the presence of such good mixing, from ten microseconds to 120
minutes, many from ten milliseconds to 60 minutes, while most are from 0.1 seconds to 10
minutes. It is believed that in such rapid reactions, such as these azo coupling reactions, a yield
up to a given percentage (e.g. 50-70%) probably takes place very rapidly, but the last 30-50%
yield of the reaction product may take much longer. Therefore, in many cases it may be
beneficial to run the reaction longer than the minimum reaction time, when it is desired to
maximize the yield of the final product.

Contact time is defined as the amount of time that two or more reactants are actually in
intimate contact with one another, such that a reaction between the two or more reactants can
efficiently take place. To assure that a complete reaction takes place and to maximize the yield,
contact times are generally greater than the required minimum reaction time. Contact times of as
little as 0.1 seconds are desired. Azo coupling reactions generally require contact times ranging-
from 0.1 seconds to 6 hours, however contact times in excess of two hours are rare. Most azo

coupling reactions utilize contact times from 1 second to 120 minutes, while many require only
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where,
R, is either: 1) a substituted or unsubstituted aromatic ring, such as phenyl, naphthyl or
anthracyl, 2) a substituted or unsubstituted heterocyclic ring containing heteroatoms such
as oxygen, nitrogen, sulfur or combinations thereof, such as pyrrolidinyl, furanyl, pyranyl

or piperidinyl, or 3) a group having the structure:

A
O)ﬁ/l

Ay

where,
A, and A, are independently selected from the groups: halo, -CN, -COZ,-COQOZ,
-CONHZ,-CONZ,, -SO,NHZ, -SO,NZ,, -SO,Z, -SO,CF,, where Z is H, (C,-C,) alkyl,
(C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl, (C,-C,,) fluoroalkyl, (C,-C,,) epoxyalkyl, (C,-
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group having the structuré%: 1A2 where, A and A2 are independently sel ected
fromthe group@ ™MRAIEY: AN 2EEPIERG,, - CONHZ, - CONZ2, - SO2NHZ, - SO2NZ2,
-S2Z, - S2CRK3 langh&r %é{ e ddmbified fo ’farma|ak¥ﬁbstitlﬁéal‘opm);uﬂ%}igﬁé?f(Xétlb&’%olic or
(C -C,.) alkoxyl, (ﬁl- 10,) fluoroal kyl, (Cl1-C10,) epoxyal kyl, (C,
29SEP2003  ChérproaldRNWing Qonirit®Sin t &cefboRyl UitouhShuchUbed2 L3cIBRGMAbYIC, 2-
aromati c or heterocyclic group such as but not limted to pyrrolidinyl,
furanyl, pyreyolépentaneply| 2-(epatyodbieotyyl); apd peefeetibiyy |alscoicoprising AZormyndiaer
-000M -SBM where Mis alkali netal, ammonium or alkyl anmmonium or A
and A2 may bBoKSYBrYieg thestgiugs:a substituted or unsubstituted carbocyclic
or heterocyclic ring containing an a-carbonyl group such as
2-cycl ohexanoyl, 2- cycl opentanoyl, 2« xRbutyrol actoyl); and preferably
al so conprising a co-nononer noiety, Havi hg {he structure: R6 R7 R8 RO
where, R6 R9 - (OCH2CH2)yOH (where y =[0-1p),” -CN, -Z, -0QZ, -OCCZ,
-CQZ, -000Z, -NHZ, -NZ2, -NHCOZ, -CONR%Z RNZCOz, -CONz2, _SZ,
-S@BZ, - S2NHzZ, - SO2Nz2, -S2Z, -SRCF3, where Zis H (C-C (,) alkyl,
(Cl - Cl Gyhbyedr oxyal kyl, (Cl-C O al koxyl, (C C o) fluoroalkyl, (C-C,,)
epoxyal kyl, (G- O al kenyl, or may be -000M -SG3M

R¢-R, are independently either halo, -O(CH,), H, -O(CH,CH,),OH (where x = 1-10),

-(OCH,CH,),0H (where y = 0-10), -CN, -Z, -0OZ, -OCOZ, -COZ,-COOZ, -NHZ,

-NZ,, -NHCOZ, -CONHZ, -NZCOZ, -CONZ,, SZ, -SO,Z,-SO,NHZ, -SO,NZ,,

-S0O,Z, -SO,CF,, where Z is H, (C,-C,,) alkyl, (C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl,
(C,C,) fluoroalkyl, (C,-C,,) epoxyalkyl, (C,-C,,) alkenyl, or may be -COOM, -SO,M,

where M is alkali metal, ammonium, alkyl ammonium, or R; and R, are combined to form
a carbocyclic or heterocyclic group such as but not limited to a maleic anhydride or

maleimide moiety. Preferably the polymer contains one or more moieties selected from:

(1) Rt Ry

(Ra)m

where,
R,.-R;. and R, are independently either halo, nitro, -O(CH,),OH, -O(CH,CH,),OH (where
x=1-10), -(OCH,CH,),-OH (where y=0-10), -CN, Z, -OZ, -OCOZ, -COZ, -CO0Z,
-NHZ, -NZ,, -NHCOZ, -CONHZ, -NZCOZ, -CONZ,,-SZ, -SO,Z, -SO,NHZ, -SO,NZ,,



where Mis alkali netal, ammonium al kyl ammonium or R8 and RO are
conbined to form a carbocyclic or het eﬁlocycl ic group such as byt SEF 2008
limted to a naleic anhydride or nmaleimde noiety. Preferably the polyner
contai ns one.gey,ZNYE,OMiwhdre iSHI, RGLES) dikAMC,(d)) Bideodyagkgpeodent by Akd:Her
hal o, -Q(CH,) X" H, -ZS(P%HZCHZ) . d—lmglv\hlg)r e f(lnlzll- 1%))@ R3'ym|§- ((%Rh) I\/Im\b/mer e,m

R ,-R3, and -Gk flupcelkahdhiC yepoxyatkyl, gl «;, nalkeny), subs@HBIX@Hpnsubstituted

g G NIV EHONET, o e

- SO2NHzZ, - S : ) : ; i (-

al kyl , (Cl- E’@%‘,@?"hﬁ% r%’é%? |bg;?1c?@l?% Sé@ﬁéﬁ%{?%@?‘,“ﬁ“‘?%ﬂ}%&&)5‘?158%4‘% %}P}l
( C1- C10) epoxyramioylum,(0eR, Gnd)R 241 @Biibined td firint 41t estbe¢yclios ubshidtérbéyetic group
carbocyclic or heterocyclic group such as but not limted to pyrroli girnyl ,
furanyl, pyrsueplas bupnqidinpigidripla maleic palydsislecoomleimgtanpiciend M is al kal i
metal, ammonium ,al kyl amonium or R, and R2, are conbined to forma

car bocyclic %’r"raﬁ‘@t‘gr ocyclic group such as but not limted to a maleic
anhydride or nmaleimde noiety; and nm= 0-4; or: where, (2) R,.-R3,, are

i ndependently either -Z, -Qz, -0CQZ -CQZ -000Z, -NHZ -NZ2, -NHCCOZ,

-CONHz, -NzCQz, -CONz2, -SZ, -SO8Z, -SM2NHzZ, -SM2Nz2, -SM2Z, -SMRCF31
where, Z is H, (Ci1-C10,) alkyl, (Ci1-cC10, dr oxyal kyl, (Cl-C10,) al koxyl,
(C1-C10) fl u@ oal kyl, (Cl- Cl10) epoxyal 1 1(C,-C,,) alkenyl, a substituted
or unsubstituted carbocyclic or heteroc ije~group such as but not limted
to pyrrolidinyl, furanyl, pyranyl, piperidi®l, or R " and R2" are
conbined to forma 3-10 nenbered carbocycliic or heterocyclic group such as
a mal ei ¢ anhydride or a mal ei m de noAgty; and A2 are independently
selected fromthe group: halo, -CN, -

where,
R;.-R;. are independently either -Z, -OZ, -OCOZ, -COZ, -COOZ, -NHZ,-NZ,, -NHCOZ,
-CONHZ, -NZCOZ, -CONZ,,-SZ, -SO,Z, -SO,NHZ, -SO,NZ,, -SO,Z, -SO,CF,, where,
Z is H, (C,-C,) alkyl, (C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl, (C,-C,,) fluoroalkyl, (C,-
C,0) epoxyalkyl, (C,-C,,) alkenyl, a substituted or unsubstituted carbocyclic or
heterocyclic group such as but not limited to pyrrolidinyl, furanyl, pyranyl, piperidinyl, or
R,” and R,” are combined to form a 3-10 membered carbocyclic or heterocyclic group
such as a maleic anhydride or a maleimide moiety;
A, and A, are independently selected from the group: halo, -CN, -COZ, -COOZ,
-CONHZ, -CONZ,, -SO,NHZ, -SO,NZ,, -SO,Z, -SO,CF,, where Z is H, (C,-C,,) alkyl,
(C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl, (C,-C,,) fluoroalkyl, (C;-C,,) epoxyalkyl, (C;-,)
alkenyl, 3-10 membered substituted or unsubstituted carbocyclic or heterocyclic group
such as but not limited to pyrrolidinyl, furanyl, pyranyl, piperidinyl, or may be -COOM, -
SO,M, where M is alkali metal, ammonium, alkyl ammonium;
A, and A, may be combined to form a 3-10 membered substituted or unsubstituted
carbocyclic or heterocyclic ring containing an a-carbonyl group such as 2-cyclohexanoyl,

2-cyclopentanoyl, or 2-(a-butyrolactoyl);



-CONHzZ, -CONZ2, -S2NHZ, -SM2Nz2, -S2Z, -SQ2CF3, where Zis H, (C-C,,)
al kyl , (Cl C10) hydroxyal kyl (C C ,) .al koxyl, (Cl-cC10,) fl uogga#ﬁyl
(C1-C10,) epoxyal kyl, (C,-p) alkenyl, 3-10 menber ed substl tute

unsubstltute I

pyrrolidinyl meﬁrre 5[%19 a%s&rkg‘{rxp‘fke&%{ %&?’AIB} (fclo;ﬂ% Iﬁ# g n%ig C%t}}lr éW&g&ﬁ%ﬁ’v%ﬂer e
Mis alkali feemala; amoni um al kyl amoni um A, and A2 may be conbined to
forma 3-10 nmenbered substituted or unsubstituted carbocyclic or
heterocyclic ring containing an a- cq;popyl group such as 2-cycl ohexanoyl ,

2-cycl opentanoyl, or 2-((x-butyrolacfoyl); 9 29SEP2003 and preferably al so
havi ng one or nore conbnoner noi e previously defined formula:

R6 R7 R8 R9 For the purposes of thiﬁRap | ication the synbols: or each
signify either a direct bond to an o?gaﬁic group or an organi c chain
conprising either the sanme or different organic groups, such as nethyl ene,
ethylene etc. This is illustrated by the foll ow ng fgrnula wherein R, ., ,

R2.,, A, an i . i ang..X2o8ar . - ,
0O -, - ﬁOAi(E} ﬁﬁﬁo?ésﬁ%ﬁtf_ﬁ?%k%@é% @%((1' Bols y=0- 10), * (. %‘51}{1%%@ gp{?b?‘,d“g&
cycl ohebx(yﬂd, to- &or org—aﬁc( £rbdufeho lanariatlic chaif)cofiprisitl @ithed ihyfl s.ameNH— diffean( 6rgafijco)
al kyl, or (C, - Cp) droxyal kyl . n is independently O- 0 1 AL\

YI O goupy §ed @t}r/lylﬁewtwlm» pct Hus isdBpsragad h}h@e ﬁqlkg*eng fqrﬁwéafffvh@rﬁm Ry,

wopl i cakron &af %a?a%ﬁ%iéj“%@a‘?%sﬁg Aot QFRRRLEcOR b30R, A B0
el udeir ) @lon O iahepo 1, (@) cjsoyllaﬁ@l Sagkmenn v 0L pambe) -ORL:

pol y (V|n phen copol ymers, or 4) acrylate polynmers, includin
met hacr (}lohalksl N‘I‘Ies-N-(G]e(Elubék}dod)MC 150 ordioxy stk yl: ewe4mt¢pnmieh§ly Ordet hacr yl at e;
poly p-hydroxystyrene; or poly 2- (methacryl oyl oxy) et hyl

acet oacet at e- co- net hyl net hacryl ate. R,"
Rln
N
R3|v
(Xl)n
(X2)n
Ay N
Y\O
Ay

Organic polymers within the scope of the present invention include vinyl polymers such
as disclosed in copending United States Application Serial Number 08/841,750 filed on April 30,
1997, which include: 1) poly (vinylphenols), 2) substituted poly (vinylphenols), 3) poly
(vinylphenol) copolymers, or 4) acrylate polymers, including methacrylates. These include poly
p-hydroxystyrene-co-methyl  methacrylate;  poly  p-hydroxystyrene; or poly  2-
(methacryloyloxy)ethyl acetoacetate-co-methyl methacrylate.

Polymers having a weight average molecular weight of greater than or equal to 500 are
preferred. Greater preference is given to polymers having a weight average molecular weight
greater than or equal to 5000. Polymers, which fall into the following range are preferred,
polymers where the weight average molecular weight ranges from about 500 to 2,000,000; more
preferably from about 3,000 to 1,000,000; and most preferably from about 5,000 to 80,000.
These polymers are dissolved in an organic solvent, mixed organic solvents or organic solvents

mixed with water.



Pol ymers havi ng a wei ght average nol ecul ar wei ght of greater than or equal
to 500 are preferred. Geater pref erenfoe is given to polyners r%avi g a
wei ght average nol ecul ar weight greater” than or equal to 5000. FQ)ISg -

which fall i ntg chitsh bbb AMDBuARRGaBR BELEIHRMry: POI yIErS where the

wei ght average nol ecul ar wei ght ranges from about 500 to 2,000, 000; nore
preferably fromabout 3,000 to 1,000, 000; and nost preferably from about
5,000 to 80,000. These pol yneAdNoare dissolved in an organic sol vent, m xed
organi ¢ solvents or organic solvents mnmxed with water. 10 2 9 SEP 2003
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is an aryl group. grou el ec from a su

unsubst hiopHa€e rird, B ia8 Lﬁheﬂ?l, RghihyRSr RAGRNY] NP AYdubSiitudat & assibstitu®d 2)

a substituted or unsubstituted he%ler ocycli € ring containing heteroatons,

such ashesipgyalic nig rcogming diefanvatems,coiwhi asabkyges, nithrerofylfiguathcasbinations
The di azoniym salt anion can be any

pyridinyl, ar a_ thiophene noiety,

negat | vﬁﬁegﬁogh%}cae%ﬁ Pgﬂ.mﬁka‘ﬁpﬁ dhioghenie BWIchn| ohle OHEPHgE S aniog, can be any
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ot her SuDH! i Ex#ngflesoéfyduck dimoningssalts itdludsthdseadbrived tRndatyl catBodyIR dcids| kit
m xing/reaction unit 110 is selected froma tubular reactor that provides

static asd-Rithg8iCOdl opfrom efherambstitniest eryl caupoundgnmeh es Aiaguneacetagilidde a
rotor stator..and an in-line .cent.ri al. pu whi |.e . tubul ar. react.ors .
el ude | et FREmSP i REe Uit blo R EaiepgRont = birfiar Spei St R ffstati
react or mifnd of BAGIHONdYiRHHE miket. { IRhIARGIChi@rd HRide WBEdR stitdrUll drSin-line
defined as a hollTow cylinder or pipe’long in proportion to its inner

di anet ecentrifugalrpeagt, winlevelnd &l readtors ndlede ingime stitia mhixeds and packet swbulargeactors.

di aneter c be said to be tubular, it can_al so be defined in ternms of the
ratio of* trl@]%rt TragPy IscetPapion Yhtes! g thendprs obs tubRayhere @ﬂ% Pseﬁ%%tqﬁﬁ/aba(h%lﬁ@fr

di anmet ef ) . B i L{D. i Qo XC : o pdered
tubul ar VT O ihpd Q08 i, B8N Ao D il RobBicP CRRT Shetk SRl RARACR

most W hppréciably ildhgehehah/ifd diaheter odn BDsaidtolbOiBulaprietar albd Be dbfivddni@ tamisads o
from25 to 500. The static tubular mxing unit has a void volune, which is
det er m Hedatiyofdengthidhaded nmpr diameter eer di aneter. The length of the

tubular m Xef{agi(?:dﬁ?felqgetﬂ)/ﬁs(irtmhe?d{jaimse eartyce froma point where
so that vessels having a L/D ratio in excess of 10 are considered tubular. While these can include
vessels having extremely high numbers most will fall in the L/D ratio of 10 to 1,000, preferably
having a ratio from 25 to 500.

The static tubular mixing unit has a void volume, which is determined by a defined length
and inner diameter. The length of the tubular mixer is defined as the distance from a point where
the two or more feed streams come into the mixer and begin to contact each other to a point
where the product stream leaves the mixer into the precipitation container and the reaction stops.
The contact time for the process of this invention is determined by dividing the void volume of
the mixer by the total flow rate of the diazonium salt solution and the organic polymer solution.
The length and the inner diameter of the mixer are adjusted so that the contact time is greater
than or equal to the required minimum reaction time. Flow rate is defined as the volume of fluid
that passes through any given path in a defined unit of time.

The static tubular mixing unit contains fixed mixing elements, which create turbulent

~ energy dissipation, thereby promoting good macro-and micro-mixing. No moving mechanical
parts are contained in the static tubular fixed element mixer. The fixed mixing elements

progressively reduce radial gradients of concentration and temperature by combining, splitting,



the two or nore feed streans cone into the m xer and begin to contact each
other to a point where the product strgam | eaves the m xer int %Eégg
precipitation container and the reaction stops. The contact ti P 2002

pr ocessswdtcHiig ind REGRbInMY ivo Sethsfebepaste Ritedhy | PhidgeshfiSiny PhifhmMte hﬁﬁi‘zxg%&hﬂé he

m xer by the total flow rate of the diazoniumsalt solution and t organi c
pol yner atstbé samenme ifthelucimgdittie toeb thiver intonthe ralichoremixtuet Th hergersoads pradection
adjusted,so that . the contact tinme is greater than or equal to the required
m ni munPEECAD Brline REXINg-paY, iF apleused, dhopr Helgrnaguitadethyoelthe gitator blade imthe
passes {hr: | iy i ni 1, S i ¢ tubul ar
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di ssi patdrorsult etheliccahpesfidm el g6 AUhTRuhDsAEhd isGhRarfiall MeereMN@ tHOYMBENt of
mechani cal parts are contained in the static tubular fixed el enent m xer.

The fi xéebinedl xndgproidueteniWith ghegise i thel ip-lmedmixing awitalmigimaali sutisg aiergy is
concentration .and tenperat.ure by conbining,. splitting, .1 1 29 SEP 20
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the reaction mxture. In [arge-scale pro ere an in-Tine nmxing
unit i sreacbr issethbubineedctivs vessahsvhidh eshtdiny @ padkitd masgial. aThe phikagiemateriah &
m Xi ng vessel and often results in extra heat being introduced into the

react i ofefiied ap p incjipatgrialthef ip Esguantly wsedia agbetdlegon celuom tobaffiectheldewnwaidm

i f . desired duct . W
the. uongp LBk Ae ARGASCHaY DS, AT RHHRE, et BbERr B DheRh fbsn il o
t he poi Rhschfg Mhgsi ABtas @héihﬁ,tortsﬁfbi:il@t Shapkécddvids of vaiRAkinds (BAdAldd B&ites, Aings,

packed colum or reactor also fall's into this general class of static
m xers. et¥he packed reactor is a tubular reaction vessel, which contains a

acking material. The packing material is, defined as .an i nert terial
that is fr eqﬁefﬂiwt%%fefﬁweﬁ IS (YR [T Y hEEs| 4 AOR WIS ARFIE AciRse dUpg SR

f1 ow of , CRURIIBHEWNiR Me drt IRbEr sé}éeg%,g@n nfddf ro?&g% %t:sspg&l:c@%? ﬁfoinpg?@yﬁs tgped

beads, netal tubes called Raschi nmet a or specla
devi ces5@i0 wpat. | Dhus cdatrifigall Hackddanses ey inte she ihbidg®f theeotor) whérerthd uid tiivay
m xer is a dynam c mxer, where a rotor turns inside a close fitting

st at or , Tadieally oufiards ghyowgh ithe rofer and thergityin dhreslgtor aadyis syhiecinisse viebt skl
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out war deant ¥ éxdlded B uki WngR ehtife1 20, WhicH 18 chiifed fthe rlex%w (1) Bt Bibn for @

very mld shearing action. Wen a dynamc mxer is used as the in-line

m xi ng Umireactorguntiéhexsactants redchhe water in precipitation vessel 140. Unlike a larger mixing
vessel, the in-line dynamic mixer deals with a much smaller volume into which the reactants are
introduced, which allows intimate contact to be maximized, while at the same time stratification
of the reactant phases and the introduction of shear are minimized. The smaller volume of
reactants being processed, at any given moment, by the in-line dynamic mixer also means that
the reactants are under the influence of the pump or rotor stator for far less time than the
conventional agitator blade in a reaction vessel. The small amount of shear that may be
introduced has a chance to dissipate in the tubing 120 before the reaction mixture reaches vessel
140. In vessel 140 the azo coupling reaction mixture is quenched as it is mixed with water and
the resulting product is precipitated.

In some applications, such as in the electronics industry, metal impurities can pose a
serious problem. Many times undesirable metal ions can be introduced by simply mixing the
reactants in a metal container, by'using uncoated metal transfer tubes or metal agitator blades. In
practicing the present process, one can minimize or eliminate this problem simply by avoiding

contacting the reactants or the final product with metal. This can be accomplished by, e.g.



can be extended by using | onger tubing 120, which is counted in the length
(L) determnation for the reactor, until the reactants reach t%e \gﬁter in
precipitation vessel 140. Unlike a largtk nmixing vessel, the i L9968 2003
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and 3) a Teflon(r)-coated dynam c m xer. The azo coupl ed_pol ymer prepared
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prevent or Substantially reduce the reflection of light fromthe
subst r ansageRhist exmsinstto caligasi t i ons are used in mcrolithography processes
for making m'ﬂj aturi.zed ) L
This radiation exposure causes a chemical transformation in the exposed areas of the
coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray radiant energy are
radiation types commonly used today in microlithographic processes. After this image-wise
exposure, the coated substrate is treated with a developer solution to dissolve and remove either
the radiation-exposed or the unexposed areas of the photoresist.
The trend towards the miniaturization of microelectronic devices has lead to the use of
sophisticated multilevel systems to overcome difficulties associated with such miniaturization.
The use of highly absorbing antireflective coatings in photolithography is a simple approach to
diminish the problems that result from back reflection of light from highly reflective substrates.
Two deleterious effects of back reflectivity are thin film interference and reflective notching.
Thin film interference results in changes in critical line-width dimensions caused by variations in
the total light intensity in the resist film as the thickness of the resist changes. Variations of line-

width are proportional to the swing ratio (S) and therefore must be minimized for better

linewidth control. Swing ratio is defined by:

S = 4R ,Ry)"?e ™



el ectroni c conponents such as in the fabrication of conputer chips and
integrated circuits. Generally, in these processes, a thin coating of film
of a photoresist conmposition is first abblied to a substrate §§{,2@3
such as ﬁ(iar!ei con wafers used for making integrated circuits. Th& “co
substrat e is then baked to evaporate any solvent in the photoresist

conposi tion RNMistke felfctii at ARAkEBTiIPHL @sikiiep SHRThtEAIR, The baked coat ed
surface of the substrate i's next subjected to an inmge-w se exposure to

radi ati on. TRi,sisthalicflectontyet plosnesist/ swhstsas irderédveyri cal transformation in the
exposed areas of the coated surface. Visible light, ultraviolet (UV)
i ght, el ect*dntheaesistenticakabseypticiigaghiicienter gy are radiation types comonly

used today in mcrolithographic processes. After this inmage-w se exposure,
t he coated sﬂ@r’%ﬁ’gﬁl@qﬁpﬁﬁ?&d with a devel oper solution to dissolve and
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phot oresist. The trend towards tThe mniaturization of mcroelectronic
devi cesphuasresistathus oeduomg e and thesbg hediicinpathe swimglratid. Refleciys hetobing decomes
overcone difficulties associated with such mniaturization. The use of
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interference results in changes in critical |ine-wi dth dinensions caused by
vari at i xduce the swieg rastoddy tedgeimg iRat, evleire $hei evating haethegiptifal vabiss férerefractive
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coat i ntoatihgommpadRitida, ivehitth eompfikesc thevazoy catipléd @olymsdr sands abstitableesolvent or
interface, a is the resist optical absorption coefficient, and Dis the
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featur elfe, added to the antireflective coating, examples of which are Sudan Orange, 2,4-dinitronaphthol,
curcumin, coumarins and others.

The absorption of the antireflective coating can be optimized for a certain wavelength or
ranges of wavelengths by the suitable choice of substituents on the dye functionality. Using
substituents that are electron-withdrawing or electron-donating generally shifts the absorption
wavelength to longer or shorter wavelengths, respectively. In addition, the solubility of the
antireflective polymer in a particularly preferred solvent can be adjusted by the appropriate
choice of substituents on the monomers.

The polymer is present in the antireflective coating composition in an amount from about
1% to about 40% by total weight of the solution. The exact weight used is partially dependent on
the molecular weight of the polymer and the film thickness of the coating desired. Solvents,
used as mixtures or alone, that might be used include PGME (Propylene Glycol Methyl Ether),
PGMEA (Propylene Glycol Methyl Ether Acetate), EL (Ethyl Lactate), cyclopentanone,
cyclohexanone, water, (C,-C,) alkyl alcohols, ketones, esters and gamma- butyrolactone, but

PGME, PGMEA and EL or mixtures thereof are preferred. Solvents with a lower degree of

toxicity, good coating and solubility properties are generally preferred. Examples of lower
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There are two types of photoresist compositions, negative-working and positive-working.
When negative-working photoresist compositions are exposed image-wise to radiation, the areas
of the resist composition exposed to the radiation become less soluble to a developer solution
(e.g. a cross-linking reaction occurs) while the unexposed areas of the photoresist coating remain
relatively soluble to such a solution. Thus, treatment of an exposed negative-working resist with
a developer causes removal of the non-exposed areas of the photoresist coating and the creation
of a negative image in the coating, thereby uncovering a desired portion of the underlying
substrate surface on which the photoresist composition was deposited.

On the other hand, when positive-working photoresist compositions are exposed image-
wise to radiation, those areas of the photoresist composition exposed to the radiation become
more soluble to the developer solution (e.g. a rearrangement reaction occurs) while those areas
not exposed remain relatively insoluble to the developer solution. Thus, treatment of an exposed
positive-working photoresist with the developer causes removal of the exposed areas of the
coating and the creation of a positive image in the photoresist coating. Again, a desired portion

of the underlying surface is uncovered.
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When used as a bottom antireflective coating composition, the composition is used to
form a film on the substrate and then heated, such as on a hotplate or convection oven at a
sufficiently high temperature for a sufficient length of time to substantially remove the coating
solvent, and crosslink the polymer if necessary, to a sufficient extent so that the film is not
soluble in the coating solution of the photoresist or in the aqueous alkaline developer. An edge
bead remover may be applied to clean the edges of the substrate using solvents and processes
well known in the art. The preferred range for heating is from about 70°C to about 250°C. If the
temperature is below 70°C then insufficient loss of solvent or insufficient amount of crosslinking
takes place, and at temperatures above 250°C the polymer may become chemically unstable. A
film of photoresist is then coated on top of the antireflective coating and baked to substantially
remove the photoresist solvent. The photoresist is imagewise exposed and developed in an
aqueous developer to remove the treated resist. An optional heating step (post exposure bake)

can be incorporated into the process prior to development and after exposure. The process of



15 2 9 SEP 2003 Positive-working photoresist conpositions are currently
favored over negative- working resists because the fornmer generally have
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art. The g{eferred range for heating is fromabout 70C to about 250C. |If
the tePets 40dr® Was %pbwdmtgntahﬁirogmuﬁfi%ile%{u) pykwatgf (GpL)engd cgpled to 0-5

| nsuffi & %he %?ngnthe %fHSQM-ﬁgl s'opulﬁoplqvvas adjusted to 12-13 by adding tetramethylammonium

hydroxide (TMAH, 25 %). The azo coupling reaction was carried out by adding the diazonium

salt over a period of 1.5 hours to the PHS-MMA solution at a pH of 12-13. After the addition of
the diazonium salt was completed, the reaction mixture was stirred for an additional hour. The
azo-coupled product was precipitated into 6 L of water and collected as a reddish solid. The UV-
Visible spectrum of the polymer in ethyl lactate showed Amax at 359 nm. A Gel Permeation
Chromatograph (GPC) showed the polymer had a weight average molecular weight (Mw) of
18,000-22,000. Table 1 summarizes the extinction coefficient (E) of the azo coupled polymer
product produced using both high and low agitation speeds. The data indicate that the extinction

coefficient of the product was significantly affected by agitation speed.



takes place, and at tenperatures above 250C the pol yner may becone

chem cally unstable. A filmof photoresist is then coated on top of the
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hydrochl oride acid (37% 77 m) under stirring. The suspension was cool ed
to 0-5 " C. Pre-Lhill keslidgaiaoktied! Roufml-bostomed Wask,Mvbrel dded liBNeqitbnté ARAEH4.67
50. 1g) was added to the Tlask. As AAA reacted, the newy fornmed diazonium
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over a pe%od o(fWours to the PHS-MMA solution at a pH of 12-13. After the addition of the

diazonium salt was completed, the reaction mixture was stirred for an additional hour. The azo-
coupled product was precipitated into 60 L of water and collected as a reddish solid. The UV-
Visible spectrum of the polymer in ethyl lactate showed Amax at 359 nm. The GPC showed that
the polymer had a Mw of 18,500-22,000. Table 2 shows that the agitation speed had significant

impact on the extinction coefficient (E) of the azo coupled polymer product.

Table 2
Run # | Agitation Rate | E | } Yield
- ®ReM) WUgom) %)
1 | 100 16 | 63
I N G




18, 000- 22, 000. Table I summarizes the extinction coefficient (E) of the azo

coupl ed polynmer product produced using both high and | ow agitgati eds.
The data indicate that the extinction Koefficient of the pr odﬁgt%éﬁg
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at 359 Wl‘.lm-[lli'tgnég?lglwgg M}a&iazonium salt solution and the PHS solution through a %4” x 60”
in-line static mixer (available from Cole-Parmer Instrument Co.). Two gear pumps (70 and 80 in
Figure 1) were utilized in order to achieve smooth and substantially pulseless flow. The
diazonium salt and the PHS solution were added at a molar ratio of 1 to 1 of diazonium salt to
PHS. The flow rates were measured gravimetrically by two balances (30 and 40 in Figure 1). The
contact time of the two feed streams was about 20 seconds. It took about 70 minutes to pump all
the diazonium salt and the PHS-MMA solution through the in-line mixer.. The azo-coupled
product was precipitated directly into 30 L of water and was collected as a reddish solid with a
90 % yield. In this particular case the minimum reaction time was defined as the time it took to
achieve a desired product yield of 50% or greater, and as the yield exceeded this value the
contact time (estimated here to be 20 seconds) was longer than the minimum reaction time,
which was defined as the time it would take to obtain a yield of at least 50%. In this reaction,
the optimum minimum reaction time, was defined as the time to produce a yield of 80% or more
of the desired product. The UV-Visible spectrum of the product in ethyl lactate showed Amax at
390 nm and extinction coefficients (E) of 42 L/g.cm. The GPC showed that the polymer had a
Mw of 11,200.

Example 4

To a 5 L cooling-jacketed round-bottomed flask, equipped with a mechanical stirrer and a
temperature controller, were added, in sequence, 4-aminoacetanilide (AAA, 2.5 mole, 375.0 g),

water (1.5 L), and hydrochloride acid (37%, 0.5 L) under stirring. The suspension was cooled to



t he pol yner had a Mwv of 18, 500-22,000. Table 2 shows that the agitation
speed had significant inpact on the extinction coefficient (E), of Etphﬁmazo
coupl ed pol yner product. Table 2 Run # Wgitation Rate E Yield ( N?p ; 7

SEP 2008 0RA Fulfie Sk aSORANN {BSSELEA SRYHRONLAREY 11 ask vere

added, 1n ‘sequence, roani er (2.0L), and

hydrochl ori d& aQiodL (rédcter PHS-MMAINSRAS5 $holk rhtitg)- 2. T Mole, 306! by &ayvdss6lwed el at 0
0-10 C and pre-chilled IBN (15C-2.6 nole, 268 g) was added to the flask.

The di amotineatf i3 (AL watet JokLpnsasleanohtied Lataady\TMAH @5 %hb9ddat bi°6h e
the I BN.was. conpl efed, t reaction. nm. xture was stjrr f.or,, an .addi ti onal
hour | THE S SR B end Shd o Giver Silion Mere e Diaueh adft s £245 Trsreidtina
cont i nugt I: I Al : taQr .

PHS- Mmﬁ?%ﬁgn%ﬁwﬁﬂg? @ CERFGAN r?‘o‘@ ’;‘3%8“’8”) ?A@?—@J ?gﬁogl_‘)l’?e(\gg?le%rﬂ? mosalty
met hanosoltdorOtol PHS VM A ebluadk! Mk oflow ritesrwhiedihonitated lavibhibtrie®1yo The conthagt

and the m xed solution was cooled to 0-10 C. The azo coupling reaction was
car ri edti@gof they regcienist edre ssiinated ionsi dhgut B secnds: dhiogknabenttS0guingtes 4o puma alhe

PHS | i .th h 1{ 4" Yo N= i ] i ble fr
ool e paf ne? AeSb PR e the PHERIY A, iusiehoRbi3h e S ¥ Ahy X Ceplifiih,
utilizeguhp PhE8Eo-ESUASH pRIRCE VRO HRecAittAURES 25T V! WathubiiE Was Tofllb@vd aIhe

di azoniumsalt and the P sol uti on were added at a nmolar ratio of 1 to 1
of di azediishselad,twitho a BHG.yidie Ihitwprdicekr vase ¢heveasmugtregetzon time wias defigedoy

two bal ances. (30 and 40 .in Figure 1). The ntact tinme of the t f ee
D s 5e U5 ibiooR 4o g b ATES Pk Ao SRV n e a g vield eXcaged
di azoni yf ]]%S,-NJXMS@ i gﬂg]tg T S i :
azo- coup edﬁh%P%gﬂ%%Q&ég preC|5§$gF%gqg?%gé% y fﬁ#goggm%iggﬁﬁg?giﬂgﬁ ﬁég
col | ect ®dk as obtainedgieRIofam ldast 30% hiehd. 19 thiseyétedng thel optibduns mpdintuine tdaatiorciisie,
the mnimumreaction tine was defined as the tine it took to achieve a

desi r edwps defirad 35 thp dines tspuyinge gyichd of 80%mer mare RE the dsired peadiged TheLLV-
value t{}lesible spectrum of the polymer in ethyl lactate showed Amax at 359 nm and (E) of 50 L/g.cm.
The GPC showed that the polymer had a Mw of 18,500.

Example 5

2-(Methacryloyloxy)ethyl acetoacetate (MEAA, 2.5 mole, 535.0 g) and THF (4.0 L) were
added into a 10 L round-bottomed flask. The solution was degassed by bubbling nitrogen
through the solution for about 1 hour. Methyl methacrylate (MMA, 2.5 mole, 250.0 g) and a
solution of 2,2’-azobisisobutyronotrile (AIBN, 41.0 g) in THF were then injected into the first
solution. The mixture was further degassed with nitrogen for 30 minutes. The nitrogen outlet
needle was then removed and the mixture in the sealed vessel was stirred overnight at 65°C.
This solution was then precipitated into 25 L of 2-propanol. The polymer product (MEAA-
MMA, 50-50 mole ratio) was collected as a yellow solid at a 96 % yield. The GPC showed that
the polymer had a Mw of 32,800.



contact tine (estimated here to be 20 seconds) was | onger than the m ni num
reaction time, which was defined as the tine it would take to obtain a
yield of at least 50% In this reacti or?? the optimm mini mum r 8t FBre003
time, was defined as the tinme to p eld of 80%or nore of the
desired product. The UV-Visible spEQ um—oﬂtllhe product in ethyl lactate
showed ,max at 390 rimand extinction coefficients (E) of 42 L/g.cm The
GPC showed t hat the polymer had a Mwv of 11,200. Exanple 4 To a 5 L _cooling
j acket ed roufehlpct shewes the aglymeé?qayrpb@@zem wsing thee eymihgstsaprosedure elescmhstdam

tenperature co trgl | er, were added, | sequeng 4- am noacetani | i de
?ﬁl

2.5 nol EXamplg. gvegdpe My forseach polymer 5o gyribenizsd; He neak gbgoshanse 19319) m

d 19 2 9 S EP 2003 0-5 C
Pr e_eghft%teéap%ﬁxwg@t’ ‘3"%?@&&‘9{3]5%3%‘%9‘21’&?“9% added to the flask. As AAA
reacted, the newly forned diazoniumsalt dissolved in water to give a

brownish solution. In a 20 L reactor PHS-MVA (55-45 nole ratio, 2.3 nole,
506 g) was di ssol ved in a m'xture ofTEﬂHIE3(4 9 L), water (1.3 L), methanol

(25 L) MALL ( 2F 0/ Thea :a nnlu um ealf sol uti-on anrl

the po §rr; T%ZBP@P?%E\AEI?%IY’E%})GJT‘WR ughchll 4"xﬁ;% HEN i ne stXti?é m xef
connecfed:w th a centrifugal MﬁhlafWNrat \(p‘f 1too}20f
i RO GlHERS (L

di azon um salt solution to PHS soliuti on noni t or ed
gravingtrically. The contact tiiveleof tihe react ants vas estimted to be

about P seconds. It took about 50 mi nut ies to punp alli of theidi azonium
salt and the PHS-M\/A sol utlon ttﬁ%@gh the i n- I|ne m><er and the centrlfugal
punp. e t e : 31 e

col l ec : i’ ; :

the mnpi wmgqqtg@m{ttm)qas def| ned ias the it me iti took toiachieve a
desirefd pé oduct yi el d of 50% or; greater: and as t he yl eld exceeded this
val ue fhe:contact ti ne tﬁ@éﬁol)onger t han the m n| mum reactl on tinme, definef

as thef tn:re i-t---took- tJe thatn.a @teld iof -at..-lieast--50% yi-el-d.-iln-this....
reacti ph, f‘he opt| rrum i%on 3100 vﬁg def|5r?ed as -ﬁé time to

pr oduce re i of the desired product. The Uy- Visible
Lm oWFdH (?zyrmfr KD

spectr In et hyI | act atie showed ?, max at 359 nmand (E) pf
50 L/g crn The GPC showey:ljot)hat t he pol yrrer had a Mwv: of 18, 50(9 Exanpl e b
AT I MEBAAL 00T 2"}';21'6(')'""3'5'9 """"" 52 """"""""" gy T
NH,CH,CO,Et | MMA |
(70/30)
9 TAAA T PHS T 0.7/1.0 % 5200 358 55 ---------- 94 T
| (100) | . |
BTV V.V u— I 7 B T B [ —
: : MMA ' H H H H
| (50/50)
i RAR MEAAS UL 90600 38T AE T [ R—
: MMA . : : : :
5(60/40)

Examples 12-14

To a solution of 10.0 grams of the polymeric azo dye synthesized according to the
procedure of Examples 8-10 and 156.0 grams of ethyl lactate were added 1.92 grams of



2- (Met hacryl oyl oxy) et hyl acetoacetate (MEAA, 2.5 nole, 535.0 g) and THE
(4.0 L) were added into a 10 L round-bottoned flask. The sol Utb%nSE‘P%oa
degassed by bubbling nitrogen through Z2lhe solution for about 1°Hour.

Met hyl t hacr . 2.5 nole, 250,0 an 0J. utd L
s o B At 1374 S0inGing g and G50 e MPowdalitien TS duarmal orido
the fir I ) I r 1 htl = 30
it 0 Engr6h Bbithe oVAIELIE Ky VEC 1RSI B IS S AR ad G-
the seat@tedvasxioD rpasorstdiar 4-2ehner MM (IRkabGyldislazaey abated ilicoa vaf&ieind

precipitated into 25 L of 2- pr opanol . The pol ynmer product (MEAA- MVA, 50-50
nol e r abak§yl opas heloplatecatedP036 far Y8 Ispesnds oiThg capted vordenyvgs Hie. inmpgssedpi@ efhywed

3" shows e 18670 o il HeS roidridd mye g shihe bt g A iR gl b B8 1,
Exanpl ey 3ra0ds g MEred 'BE aWAWSnI%ﬂ]AF ‘i’! YR extehit ?? ﬂfté}ﬁﬁk %%in% Bgm%ﬁﬁlfhe azo
absorbance (, maxe) In L ‘and the extinction coefficient or these

pol ymer gye chatihg add the BbB2at Wi debahiindddyythe than¥es &F A& @zd d¥Pm thioknkds asYiseddd
Pol yrer My (N (L/g.cm) (% Mole Ratio 6 :d- PHS 1.2/1.0 9,362 335 45 86
wﬁl\%e

NH2 C6 H4mCPah 1080/ 15 @9 clear-that the solubility of the aza dye coating of the present invention in
S s Gasin 71: 4-t .I\/EAAI-. l])'l 0/1.0 51,500 359 52 :91 NH2CEH4ACO2H
MVA ( 50§Y§tf)a photoresist casiing solvents 1s negligible.
---------------------------------------------------------- 8 4
Table 4

Example Dye synthesizedin | T, (&) T, (A)

12 Example 8 1108 1099

13 Example 9 1856 1838

14 Example 10 1723 1721

where,
T,= polymer film thickness in Angstroms, before solvent immersion

T,= polymer film thickness in Angstroms, after solvent immersion

Example 15

Dye solutions formulated according to the procedure of Examples 12-14 were each spin-
coated onto a 4-inch non-HMDS treated silicon wafer and each baked on a hot plate at 200°C for
60 seconds to give a film thickness of about 1950A. The wafers were then each coated with AZ®
7805 i-line photoresist (available from Clariant Corporation, 70 Meister Ave., Somerville, NJ
08876) and each baked at 90°C for 90 seconds to give a photoresist film thickness of 0.50um. A
4-inch HMDS treated silicon wafer was coated with AZ® 7805 photoresist at 0.50um film
thickness and baked at 90°C for 60 seconds and was used as the reference. These wafers were
then each imagewise exposed with a NIKON® 0.54 NA i-line stepper. The exposed wafers were
then each baked at 110°C for 60 seconds and each puddle developed with AZ® 300 MIF TMAH
Developer (available from Clariant Corporation, 70 Meister Ave., Somerville, NJ 08876) for 35

seconds. The resist patterns generated on each of these wafers were using a Hitachi® S-4000

field emission scanning electron microscope. Table 5 shows the comparison of lithographic



NH2C6HACOREt MEAA- 1.0/1.0 27,400 359 52 92 MMVA (70/30) ----- -
------------------------------ -- --------- 9 AAA PHS :0.7/1. 098, £ 2§58
55 94 (100) _ 22

b . P A . . .
[ performance o AL 865 photorestst with and it s pom Tieey e FoR e 959™ 51
95 MVPp{eait 3Vention. “Tire-bottont antir infention” clearly improves
N B Jrm 11 AAA - 1.0/ 1.
29, 600 B889reddudth ahdviaffeiivelD elifizatp kaadih@ -viaveT cavsed dbyutriafenr smbstide Geftpceion, of
the polyneric azo .dye synthesized according to the procedure of Exanples
8- 10 ang'ﬁﬁg‘@.séc %ﬂ%reé? UHPRy| | actate were added 1.92 grans of 21 2 9 SEP
2003 Powderlink(r) 1174 crosslinking agent and 0.50 grans of Powderlink(r)
MISI thermal acid generator (both are available from CYTEC I ndustries,
Inc.). The formul ati on obtai ned was Spable 5coated at 3000 rpmonto a 4-inch
non- HVDS_(hexanet hyl di si |l azane) treated silicon wafer and baked on a hot
pl ate at | Bot@niGaatiag Sebitionds. | B coat eldResafutionam) t hen StandingsWave n et hy |
| actate for 60 seconds and thep .zgizﬂédri ed. The filmthickness before and
after inpersion for the wafer asiured by a NANOSPEC(r)- AFT. The
extent ofy T X1 e tier§@ dyecoat T g ggg t e sotvent
was determned by the changes| of the azo dye filmthickness as listed in
Tabl e 4 pBkamplelll is clear thgricthe soljupddity of the azminshugegoati ng of

the present invention in_typical photoresist casting solvents is :
negl i gi b| Bxarmplp|1é 4 205 0.30 Eliminated
Example 14 210 0.30 Eliminated
where,

DTP is dose to print in millijoules per square centimeter (mj/cm?)

Example 16

| Azo dye solutions formulated according to the procedure of Examples 12-14 were each
spin-coated onto a 4-inch non-HMDS treated silicon wafer and baked on a hot plate at 180°C for
60 seconds to give a film thickness of about 1950A. The wafers were each then coated with AZ®
7908 photoresist (available from Clariant Corporation, 70 Meister Ave., Somerville, NJ 08876)
and each baked at 90°C for 90 seconds to give a resist thickness from 0.75um to 1.10um. These
wafers were then each imagewise exposed using a NIKON® 0.54 NA i-line stepper, then each
baked at 110°C for 60 seconds and each puddle developed with AZ® 300 MIF TMAH Developer
for 35 seconds. The minimum dose required to clear the film (Dose to Clear — DTC) was plotted
as a function of resist thickness, the sinusoidal curve thus obtained is called the swing curve. The
swing curve ratio (swing ratio) of a photoresist is closely related to the line width variation of the
photoresist pattern over a highly reflective substrate or topography commonly encountered in
semiconductor device manufacturing. The lower the swing ratio, the better the line width control

over their reflective substrate or topography. The swing ratio was calculated using the equation:

Swing Ratio = (Emax - Emin)/(Emax + Emin)



Exanpl eDye synthesized inT, (A)T2 (A 12Exanple 811081099 13Exanpl e
918561838 14Exanple 1017231721 where, T,= polymer filmthickness in
Angstrons, before solvent imersion T3 pol ymer filmthi ckness2 9rEP 2003‘
Angstrons, after solvent imrersion Exanple 15 Dye solutions fornul ated
according to the procedure of Exanples 12-14 were each spin- coated onto a
4-inch whereHMRSx bh@BhEH cSirbdpond td\ik flos@c1ea T atakfdhRRknds BPthe RhadBumt and00C
for 60 seconds to give a filmthickness of about 1950A. The wafers were

t hen eawiniwat ewlawiving AZYe.) SWitgOBuyes|ware gerenated by pinttifgihaidoabteguiredin clear

Clariant Co ragi o 70 Mejster Ave.,.Sonmerville, NJ 08876) and each
baked af reg@éﬁﬁ’gghgdﬂzgglggmgt ¢ ?/téona‘)fﬁﬁ%fe&ste@i“‘é‘f‘eﬁsi | mthi ckness of 0.50m
A 4-inch HVDS treated silicon wafer was coated with AZ(r) 7805 phot oresi st
at 0.50mfilm thickness and baked at 90C for 60 seconds and was used as

t he ref er enct SwingRedvwedi@rs (Swing Ratio®n stliaoh - ISvHaeRhBE oL ¥PlgaREe) W th a
NlKON(r) 0.54 NAi-line stepper. The exposed wafers were then each baked
at 110C for 60 seconds and each Pwi Ratipeeresiignad with AZ(r) 300 M F TMAH
Devel oper (available from d ariant Corporation, 70 Meister Ave.,
Somerville, NJ 08876) for 35 seconds. The resist patterns generated on
each of wh&iesswitf Ritfo WRIsBlidénl 40 Switigt RAIY 68 hofmAL QB rredpgodl do&AE S ratio of
scanni ng el ectron m croscope. Table 5 shows the conparison of |ithographic
22 2 9 phdorpsigiated enfsoicoawaerdnd An(polyiig M ttpmontirefEictive enating agsgdestivehout

t he bottom irefl.ective _cqating of e resent inventiqn. The bottom
antiref | ect| vhe Sating Bato Rteﬁgctmne%fe‘}%é ??Rﬁ Fosesigt oar 1hy antiisilsetiee copfipes of
resol utj et yel e tangli

ubat oS braBi BYERR 8 ot LTTAAL S, B AP SN ol SHatites "B B prosent
Coat i nginSeitivn can BfiectResptedutothe Wiy raté bNthe \Phvwrdsivt./ cnl)

Table 6
Bottom Coating Solution % Swing Ratio Reduction
None 0
Example 12 92
Example 13 90
Example 14 ' 90

Unless otherwise specified, all parts and percents are by weight; all molecular weights
(Mw) are weight average molecular weights; all temperatures are in degrees Centigrade; alkyl is
C,-C,, alkyl; aryl or aromatic group signifies a group containing 1-3 aromatic rings and includes
unsubstituted or alkyl, alkoxyl, hydroxyl, hydroxyalkyl, fluoroalkyl, carboxylic acid and ester, or
halo substituted aryl groups such as but not limited to phenyl, tolyl, bisphenyl, trisphenyl,
phenylene, biphenylene, naphthyl or anthracyl; halo or halogen means chloro-, fluoro-, or bromo-
; fluoroalkyl groups may be linear or branched and include by trifluoromethyl, 1,1,2-
trifluoriethyl, pentafluoroethyl, perfluoropropyl, perfluorobutyl and 1,1,2,3,3-pentafluorobutyl;
alkoxy can include methoxy, ethoxy, n-propyoxy, isopropoxy, n-butoxy- isobutoxy, tert-butoxy,
pentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy, decanyloxy, 4-methylhexyloxy, 2-
propyheptyloxy, 2-ethyloctyloxy, 4-methylhexyloxy, 2-propylheptyloxy, 2-ethyloctyloxy,



Nonel950. 38Severe Exanpl e 122100. 30El i m nat ed Exanpl e 132050. 30El i m nat ed

Exanpl e 142100. 30El i m nated where, DTP is dose to print in nilliégu§§§z&§r
square centineter (nj/cn) Exanple 16 A dye sol utions fornmulat

according to the procedure of Exanples 12-14 were each spin-coated onto a

4-i nch PsTOrRKRlYPXBaYEHo%Y, mhelébﬂn\ﬁﬂlpéy, ehacapaalc apid Qr ﬁmbowlmeétea@s a80€:f or

60 secopy f I hi ckness of about 1950A. The wafers were each
t hen coaggd&ﬁb%%M' ?d(ﬁ g%%S phot oresi st (available from d ari ant

Corporation, 70 Meister Ave., Sonerville, NJ 08876) and each baked at 90C
for 90 seconds to give a resi st thickness fromo0.75mto 1.10m These

waf ers were then each i magew se exposed using a NIKON(r) 0.54 NAi-line
stepper, then each baked at 110C for 60 seconds and each puddl e devel oped
with AZ(r) 300 M F TMAH Devel oper for 35 seconds. The m ni nrum dose
required to clear the film(Dose to Clear - DTC) was plotted as a function
of resist thickness, the sinusoidal curve thus obtained is called the sw ng
curve. The swing curve ratio (swing ratio) of a photoresist is closely
related to the line width variation of the photoresist pattern over a
highly reflective substrate or topography conmmonly encountered in

sem conduct or devi ce manufacturing. The lower the swing ratio, the better
the line width control over their reflective substrate or topography. The
swing rati o was cal cul ated using the equation: Swing Ratio = (Emax -

Em n)/ (Emax + Emn) 23 2 9 SEP 2003 where, Emax and Emn correspond to the
dose-to-clear of a resist thickness at the maxi numand mnimumon a sw ng
curve. Swing curves were generated by plotting the dose required to clear
a resist filmafter devel opnent as a function of the resist thickness. %
Sw ng Reduction = (Swing Ratio on silicon - Swing Ratio on polyner) Sw ng
Ratio on silicon where, Swing Ratio on silicon and Swing Ratio on polyner
correspond to the swing ratio of photoresist coated on silicon wafer and
on polymer bottom antireflective coating respectively. The %w ng Ratio
Reduction of AZ' 7908 photoresist over the antireflective coatings of



the present invention are listed in Table 6. It is clear that the pol yner
coatings of the present invention can effectively reduce the swng ratio
of the photoresist. Table 6 Bottom Coating Sol uti on% Swi ng Rati @ R8ERcaHPN
NoneO Exanple 1292 Exanple 1390 Exanpl e 1490 Unl ess ot herw se specified,
all parts and percents are by weight; apd nol ecular weights (Mnv) are

wei ght average nol ecul ar weights; all tenperatures are in degrees
Centigrade; alkyl is C1-C10 , alkyl; aryl or aromatic group signifies a
group cont g romatic rings and includes unsubstituted or al kyl ,

al koxyl , hggggggﬁ%mﬁfﬁroxyalkyl fl uoroal kyl, carboxylic acid and ester, or
hal o substituted aryl groups such as but not limted to phenyl, tolyl,

bi sphenyl , trl S he%gr f_c%u?el rél eBmZon?tln?QﬁPWﬁﬁ%% q;mr%%erogo HEIH ﬁXﬂJe hal o

or halogen ‘means C oup may be
| i near or brathmﬂmﬂ@dﬂﬁﬁmkuﬂﬁcby trlfluoronethyl 1 1, 2- tr|fluor|ethyl
pent af | uor oet hyl , rfluor erfl uorob X

ut
1,1,2,3,3-pent | uoPtEAYg a or AR B ﬁ’éef%%g?lecg‘flm?g@tmgmg

N- propyoxy, i SOprop@s abbut3ud /0001090 ki LKx¥at, HRfeby Bloliditg one RQIE YhatX Y ,

hexyl oxy, heptyloxy, octyl oxy, nonyl oxy, decanyloxy 4- et hyl hexyl oxy, 2-
pr opyhept yl oxy,b)2- epyidingadiggeypiumsaliin Fothpreselyprfy fhereby B’f"(‘ﬂﬁ‘y}gr?esﬁf"%tﬁ)%"

2- et hyl octyl oxy, 24 @EPZOOQ phenoxy, tolyoxy, xylyloxy, phenylnethoxy,
etc.; carboxylic acfd or carboxylic ester is a C-C o alkyl carboxylic
acid or ester. @ 9 Soifading@ 0 dia2éniwh a1l liquidgthasersadithe grgamic pelymodiqyid phasgpl i ng a

ci azont um sal t i th o) SEIR0H Pk {TRL SUIRLE S ol Bl LRbOMRDO O T

the steps of: a) dissol*vVing an orga aving a wel aver age
nol ecul ar wei ght r angjufied tofréa@maahﬂazbmﬁﬁ@alt mtl?saﬁnﬁgzﬁmq:oilyman, and kheesdy , t her eby
providing one Iiqui dea%trl]r?g sald organic polymer and said diazonium salt;

further comprising intimately mixing the separate phases using an in-line mixing

unit selected from: a static tubular reactor and a dynamic mixer.

2. A method according to claim 1, wherein said polymer has a weight average molecular
weight ranging from about 3000 to 1,000,000.

3. A method according to claim 1, wherein said polymer has a weight average molecular
weight from about 5000 to 80,000. ‘

4. A method according to claim 1, wherein said synthetic organic polymer contains at least

one of the following moieties:
Ry

where,
R is selected from a substituted or unsubstituted aromatic group, a substituted or

unsubstituted heterocyclic group, or a group having the structure :

O)\(Al

Ay



b) providing a diazoniumsalt in another solvent, thereby providing a
separate liquid phase; c) contacting the diazoniumsalt |iquid phase and
the organic polynmer |iquid phase, for a period of tine that iy gEPNBC
than or equal to the mninmumreaction tihge required to react said
diazoniumsalt with said organic polyner, and thereby reacting said
organi ¢ pol ynewhemd sai d diazoniumsalt; further conprising intimately

m xi ng the separat g, phases usi n.ipzline mxi it I d from a
static tubul ar %‘é(@??oarre Bﬁa’egﬁ‘?i@‘gﬁe%e‘ﬂ?%é 1 gé‘?upAﬁl t'ﬁgd'cégégélbzg to claim
1, wherein said pol YIONHNAEONAESONHBV-SORIE,, 10, ECBOAF,, wkdrghtis maagepy from
about 3000 to 1, 000, 000. 3. Aznégt hgtgHaccor dizng fo claim 1, wher ef(nugsg?d

pol ymer has a wei ghtlk¥vEnagdyidixselkylalCi-GaiaBetyls Cofra Buerealkdol 1o 80, 000. A
met hod according to j wher ej ISy Ot i | .
contains at | east ?%kgdrll l’(])(F ! \tﬂl?l"z ?l gﬁ%’\%mh ﬁsélﬁxrr%il&gt%%l geugs?tﬁﬁ\/\t,g&eiggé,ﬁwgakc?’/g%{sng %ct ed
froma substituted arhetensmydiitgroufl, efimay bTaCOOM) FSIUP], whereNE$d dlkalitreetalor
unsubstituted heterocycl.i cAg{;ou , _Or a group having the structure : 2 9 S
EP 2003 26 where, InGRHm ﬂragm?%&%endently sel ected fromthe group:

halo, -CN, -CQZ - GO, and AN comiidd48 form s Nolembsich MR it ci0R ZnsubSRAEE 3,
where Zis H (A-CAO alKyl, (C C o) hydroxyal kyl, (C, -C 0) al koxyl,

(C -C,,) fluoroal kytarbdcglicGrohetereqyohy aink \containidl - 46l dcarbbiydrgrdup, sailh iolymet ed
or unsubstituted car bocgﬂ:l i.c, aromatic or heterocycli cmgr oup, . or, may be
~000M - SOBM  wher e®RfopdD; fither GRBIPHSING Ofien e ok cqMIRPPMEIBHPtFY hayBA2  and
A. are conbined to §ficird 3- 10 nenbered substituted or unsubstituted
carbocyclic or heterocyclic ring containing an a-carbonyl group, said
pol yner optionally further conprisipg gne or nore co-nonomer noieties
havi ng a
Rg Ry
where,
RsR, are independently either halo, -O(CH,),-OH (where x=1-10), O(CH,CH,),-OH,
-(OCH,CH,),-OH (where y=0-10), -CN, Z, -OZ, -OCOZ, -COZ, -COOZ, -NHZ,
-NZ,, -NHCOZ, -CONHZ, -CONZ,, SZ, -SO,Z, -SO,NHZ, -SO,NZ,, -SO,Z,
-SO,CF;, where Z is H, (C,-C,,) alkyl, (C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl,
(Cy-C,p) fluoroalkyl, (C,-C,,) epoxyalkyl, (C,-C,,) alkenyl, 3-10 membered
substituted or unsubstituted carbocyclic or heterocyclic group. , or R; and R, are

combined to form a 3-10 membered carbocyclic or heterocyclic ring.

5. A method according to claim 4, wherein said organic polymer additionally comprises one

or more moieties selected from (1):

(Re)m



structure: R6 R7 Rg RO where, R6 RO are independently either halo,
-Q(CH2),,-OH (where x=1-10), Q CHCH2)Y OH, -(0OCH2CH2)y OH (where y=0- 10)
-CN, Z, -Qz, -0CQz, -CQZ, -000Z, -NHz, -NZ2, -NHCOZ, - CONHZ, CC]\IZZ
-SOBZ, -S2NHZ, S2NZ2, - SRz, 8020F3,27where Zis H (C- c,,)2%1|812f7|

(A -CA 0O hydroxyal kyl, (C1-C O alkoxyl,” (C-CO fluoroalkyl, (C, - C )
epoxyal kyl, (Cwhée, ) al kenyl, 3-10 rrenber ed substituted or unsubstit uted
carbocyclic or_heterocycli cmgroup and R9 are conbined to forma

3-10 nenbered Barthded dhi 8o ﬁ@P@"r"é‘é’yé‘Fl}eé hajon pitre; -Q(CRkIEY  {2ESREHAPH o
claim4, wherein sal(q,hglreg{@qnlg? pgjzméf%{ &ﬁ%ylgéoepr %@Oz’or nmor e

m)letles sel ected from (1) 203 ere,

RO( Clljg Cle—llg;j Rg—l aE ah i €Ze OROL) NI, N8y, -IRHCOZ, {IQNIZ, -NZCE)JZZ)OCQNZ;,—lSZ, -
- y s er e y: - .- o
-0, - O, -000Z goﬁ’ﬁzsg)%é %855%3%23%68@4& » W ?Q‘Z&Sz“}égq&%(c‘
-SC8Z, - SO2NHZ, droi%l%]rl ko€ . 1 CCEQ) Jepéid 1
(C.- 40O hydroxyal !fj’i 3 C @lc%?;% MG G Tuofbalie ky|°’) cykué,&f)
epoxyal kyl, (Cl- Cl(ffe& @ﬁseny :3 lﬁbnwewwdee@lb% px un@hstﬁutednvgﬂpbswm @t ed

carbocyclic or het or -000M -SBM where Mis alkali
metal , anmmoni um al a{e?e?gc%%rﬁrg{r’lf? R, and R2, are conbined to forma
3-10 nmenber ed car bocy oM, 4S|O3NEME:&QMG£ hlkali ive@l, affimodivdi, alkyl ammonium, or R,

and R,. are combined to form a 3-10 membered carbocyclic or heterocyclic ring;

m= 0-4;
or (2):

where,

R,-R;. are independently either -Z, -OZ, -OCOZ, -COZ, -COOZ, -NHZ, -NZ,, -NHCOZ,
-CONHZ, -NZCOZ, -CONZ,,-SZ, -SO,Z, -SO,NHZ, -SO,NZ,, -SO,Z, -SO,CF,,

where Z is H, (C,-C,,) alkyl, (C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl, (C,-C,,)

fluoroalkyl, (C,-C,,) epoxyalkyl, (C,-C,,) alkenyl, a substituted or unsubstituted

carbocyclic or heterocyclic ring, or R,” and R,” are combined to form a 3-10

membered carbocyclic or heterocyclic ring,

A, and A, are independently selected from the group: halo, -CN, -Z, -OCOZ, -COZ,
-CO0OZ, NHZ, -NZ,, -NHCOZ, -CONHZ, -NZCOZ, -CONZ,,-SZ, SO3Z,
-SO,NHZ, -SO,NZ,, -SO,Z, -SO,CF,, where Z is H, (C,-C,,) alkyl, (C,-C,()
hydroxyalkyl, (C,-C,,) alkoxyl, (C,-C,,) fluoroalkyl, (C,-C,oj epoxyalkyl, (C,-C,,)
alkenyl, 3-10 membered substituted or unsubstituted carbocyclic or heterocyclic
ring; or -COOM, -SO;M, where M is alkali metal, ammonium, alkyl ammonium;

or



or (2): where, R ..-R3.. are independently either -Z, -Qz -0CQZ, -CQZ
-000Z, -NHZ, -Nz2, -NHCQZ, where Z is H, (Cl-Cl10,) alkyl, (C -C, )S

hydr oxyal kyl, (Cl-C O al koxyl, (Cl1-C10,) fluoroalkyl, (C-dC @)9 EP 2003
epoxyal kyl, (C-ClO alkenyl, a substi tgged or unsubstituted carbocyclic
or heterocyclic ring, or R" and R2" conbined to forma 3-10 nenbered
car bocyclic or Aei®AP&Y cbhbinéd 6 Formts 3-20gheBerad subitiaiepengeitistititedel ect ed from
the group: halo, -CN, -Z, -0CQZ, -COzZ, -000Z, NHZ, -NZ2, -NHCQOZ, - CONHZ,

- NZCQOZ, - CONZ2 carBRyclgas heterac iz, contanRR o-cathopyl SIOUBCPCF3, where Z is H
(C -Co) alkyl, (C-C (,) hydroxyalkyl, (Ci1-C10) al koxyl, (C -C,,)

fl uoroal kyl , (CI -Cl O epoxyal kyl, (C, -CI O alkenyl, 3-10 nenbered

substi tut e@l or Aunsthébsidcbidingdo €lainbboytetdicsait dilvehiamosaly hbs the generabstruoture: COOM
-SBM where Mis alkali netal, amonium al kyl ammonium or 2 9 S EP 200
28 A, and A2 are conbined to forma 3-10 nmenbered substituted or
unsubstituted carbocyclic orANat%r ocyclic ring containing an a-carbonyl
group. 6. A nethod according to claim1, wherein said diazoniumsalt has.
the general stmbeteure: ArN2+X 7. where, Ar is an aryl group X is selected
fromthe group conS|st1| n of a, Br, -NG3, -HSO»4, -0OCOCH3, and -OH A

met hod accordi r{“ %0 EH NP wher ein said diazoniumsalt is derived from an
aryl amno aCI)dls@élecaﬂi ﬁdifhlﬂﬁ: gioipsdohdisting @f 61, BRNOG, -HSORe0CGACH],. and net hod

according to claim 10Hwher ein said organic polymer is a vinyl polyner.

7. A method according to claim 1, wherein said diazonium salt is derived from an aryl

amino acid or an amino substituted aromatic compound.

8. A method according to claim 1, wherein said organic polymer is a vinyl polymer.



