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The resulting polyneric azo dye conpounds are useful in 10 antireflective
coating conpositions used in conjunction with photoresist materials in _
producing mcroel ectronic devices. BACKGROUND OF THE I NVENTION It has been
observed that nmany chem cal manufacturing processes, which provide 15
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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
20  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
25  forth below:

+ - HX

30 NoAr

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

35 time, provided that there is intimate mixing and sufficient contact between the reactants.



reagent, such as a nitrite salt, in the presence of an acid, such as HC1,
H2SO4, et C. (MiShesfll azonium salts are relatively stabl e ipprgsiglioses
conditions at ab%so d tenperature, from abzgut 0OC to 5 about I?C. However, if
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this set up b&m,ﬁ&ﬂpie%gétmqgﬁw; resulting in progressively |ower

yields of the desired product. In experinental settings with one kil ogram

or smaller scale equipnment, sone options may still be available to inprove
the overgpl mxing in the vessel, such as the addition of nore than one

agitator or additional l\&f;i tation bl ades. Nj@Hvever, QB scal i ngiapAf Or

| ar ge-scal e conmmerci all production, thes¢ options y be toqg costly.

Runni ng the reaction COOEEV &I 2 l e wi suf f 4 t agitation
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results in a very po | d o The de p’r*od nd*t neration of
undesi red side produc hat are diffi and c tor . Therefore,
a need exists for a conmercial-scale chem cal process, which favors the

azo coupling of the polynmer while at the sane tinme substantially reducing

t he conpqi Ngnér&ref! i thie coupling kadtion protetds todl SIOWIVD (e idiakehiun® Sltas Siffcan timetssal t .
30 US patent 5,886,102 teaches that in the production of antireflective
coating conpBusetgogpch sidepractions errdecorgpogitionand Sierlstitsd end produst igpat gbtaingd. of or ned
resin often, prowyGss Snbmsitire bichtsG @hzonRiB] YAIFE Sadia' ) o FohAOne Stafidatf 2085
of  chronophore. Such differing quantities of chronophore "units can
conproni se r pecticatwauld keftomse 2 mepgiéonpeessebequipped with an agitatasy do dhecldb when emadli st
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r ef er encaogoiireases this setapl ledenitd effebtivehes, reshilting ih prbgressiveli) doveer yields of tha dexired
least sone t {:%‘iﬁct.oh 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

25 scale without sufficient agitation results in a very poor yicld 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.

30 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.”



prefornmed polyners may be quite difficult, or sinply not possible,
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- polynmer ("mninmumcontact tine"), and thereby reacting the diazonium sal t’
and the organic polyner for a period of tinme at |east equal to such

m ni num rmytbmmmly the nole ratio of organic polyner to
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sel ect ed fp'}&}ﬂlﬂg §Jealfqhﬁi p%bﬂ%,%dﬁﬁ 2 @aSnium salt in another solvent, and thereby providing

a separate liquid phase; contacting the diazonium salt with the organic polymer, preferably by

25 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 peﬂod of time at least equal to such
minimum reaction time. Preferably the mole ratio of organic pdlymer 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

30 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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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
25  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

cormposition.

30 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.



Figure. 1 A schematic view of an apparatus for synthesis of polyneric azo
dyes pr appigrds@ccording to the processsof the present pceweswooda, Uusing a
tubular in line static mxer. WO 01/25341 5 , PCT/ EPOO/ 09294 DESCRI PTI ON OF
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as these afo ¢ upring Fea Rt 4 Yl up to a given percentage (e.g.
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time is defined as the anount. of finme that tw?ﬁor nore reactants are
actual Iy i gpinutes, 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%

25 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

30 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
het erocy@q’i c ring containing heteroat on@f"‘%")"‘
Ry
where,
R, is either: 1) a substituted or unsubstituted aromatic ring, such as phenyl, naphthy]l or
anthracyl, 2) a substituted or unsubstituted heterocyclic ring containing heteroatoms
25 such as oxygen, nitrogen, sulfuur or combinations thereof, such as pyrrolidinyl,
furanyl, pyranyl or piperidinyl, or 3) a group having the structure:

A

A
30 2

where,
A, and A, are independently selected from the groups: halo, -CN, -COZ,-CO0Z,
-CONHZ,-CONZ,, -SO,NHZ, -SO,NZ,, -S0,Z, -SO,CF,, where Z is H, (C,-C,,) alkyl,
(C,-Cyo) hydroxyalkyl, (C,-C,;} alkoxyl, (C,-C,,) fluoroalkyl, (C,-C,,) epoxyalkyl, (C,-



25 such as oxygen, nitrogen, sulfur or conbinations thereof, such as
pyrrol i diwysizsigdr anyl , pyranyl or pi per.} dinyl, or 3) apgtrfeeyemyi ng the
structure: A O30 A2 where, A and A2 are independently selected from-
the groups: hal og,) shenyl, GP4; subitidfed or- nshtsfinteCCBocyclR APdAtic oSBRMERclic SO2Z,
-SQ2CF" where Zis H (A-C ,) _al,kxl , y‘&g -ClOQ h drox&a{nlgl (C1-C10)

al koxyl, (C C, oSO seshs bt pot limited ¢ p 'SB%YLA’{"W?L,PY(@, L \nFnyl, coyglohexyly

$CT/ EPOt 1/ 09294 Goeridiny®! KEAY and OA, fhap WRSICAONES®M, Wik 2 1i6 UIGH meta),
carbocyclic, aronatic or heterocyclic group such as but not limted to
pyrrolidinyl, fusemgniumpsraboldmmepineier  cycl ohexyl, piperidinyl, or A and
A. may -L - r ' | . I I

amroni or %A,mg%%%gyﬁggqﬂ% rtv'g :f&n'gldJl ts{(;)ﬁP@#%og Su Stll E%tcgg:o%chg or
unsubstitut ed Gaeleytc! fing Qontaifiidi e &l Cy-Gdrbdhyl | fiGhpC Glichaiadi Ngyciohednsyd) Rony|

group such as 2-cycl ohexanoyl, 2- cyclopentanoyl, 2-(a-butyrolactoyl); and
preferably al seydepeptaneyl,ng-(ebetoleptayileand prsfi Rlg i comppriting 3t cqmonomer RG6 R7

R8 9 10 V\here{n\&%&mi@rﬁi%g{ﬁgendent |y either halo, -Q(CH2), H,

-Q(CH2CH2) . OH ex = - (OCH2CH2) , OH (where y = 0-10), -CN, -Z,
-Qz, -0CQz, -CQZ -0002, -NHZ, -NZz2, I}IH , -CONHzZ, -NzCQZz, -CONz2,.SZ,
-SO Z; SO2NHzZ, -S02Nz2, -S2Z, - SRCF4,
(C1-C10) hydroxyal kyl, (Cl1-C') alk
epoxyal kyl, (C, -C, 0) -al kenyl, or may -SOM where Mis alkali
metal, ammonium al kyl ammonium or R3 and RO are conbined to form a
carbocyg! i gnhepd heterocyclic group such as but not limted to a maleic
anhydride or "naleimde noiety. Pr eferablﬁ t he oIéHmar cont ai ns one or nore
(o)

noi eti es sel ecReBo f #reindepegdently eifiier Ijo, - H, -O(CH,CH,),OH (where x =1-10),
-(OCH,CH,),OH (where y = 0-10), -CN, -Z, -OZ, -0COZ, -COZ,-CO0Z, -NHZ,
-NZ,, -NHCOZ, -CONHZ, -NZCOZ, -CONZ,, SZ, -80,Z,-SO,;NHZ, -SO,NZ,,
| -S0,2Z, -SO,CF,, where Z is H, (C,-Cyo) alkyl, (C,-Cyo) hydroxyalkyl, (C,-Cyo) alkoxyl,
15 (C,Cyy) fluoroalkyl, (C,-C,o) 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

ere Zis H (Cl1-C 0) alkyl,
(C1C10) fluoroal kyl, (C -C, 0)

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:

, Rf Ry
20 ¢)) -e- (I: f—_ é 29_
P
Ry |
(Re)m
25
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, -0Z, -OCOZ, -C0Z, -CO0Z,
30 NHZ, -NZ,, -NHCOZ, -CONHZ, -NZCOZ, -CONZ,,-SZ, -S0,Z, -SO,NHZ, -SO,NZ,,



[ g3(R4) m 25 where, R .-R . and R4 are independently either halo, nitro,
QCHZ) CHACH (where x=1-10), -(OCHCHY OH ( %@#0), - CN,
- OC‘KQ , -000Z, 30 - NHZ, sz 8 JNHOOZ, - CONHZ,

G0 5, 50 g, PP 0 a8 RS B,

C,.g) t alt k?xgl (@rﬁl?ﬂ?MﬂgtdﬁlEﬁmowlﬁW@w ksnbstitited er@m)bsatﬁ*ﬁnylb t
substitute or NnSUpPs ug e no Cl,] C,.0Or r uc S DU
not linted to py  yppeere ﬁ‘éﬂmﬂy ﬁyﬁsgﬁyﬂ°pﬁ“‘g“‘8‘é ?'ﬁ?}?' R‘G&’ﬁr@?’”ﬂ'
cooM - Sa3M \Aherpq;efihmﬁ,@lmlbbcmemmo,mmﬂem attali y | métal A MaRR b, omkﬁ

as

and R2. are conmbined to forma_car bocg or heterocyclic gro

but not I5m ted BEWEURED 85 R 24 Ry areicambip ?d‘ﬁﬁ‘?‘@lam"ﬂ@" wslietoy: b %ﬂEPYﬁliF (BFoNp o ;
10 (2) -" W6k ther -z, -Qz,
Joctz, -coz, _005(%61 Nh% 22 ﬁl"d‘ﬁﬂ" achan}@E]ﬁd"l"?H’m@ﬁ"ﬁ&m‘l"“l”‘yc@zz sz, -smZ,

- SO2NHZ, -SOZNZZm-QB@Z!Z:, -S2CF3, where, Zis H (C-Co) alkyl, (C C 0)
hydr oxyal kyl, (C,-C,0) al koxyl, (C-C O fluoroalkyl, (C, 20 C, 0)
epoxyal kyl, (C, -C,,) alkenyl, a substituted or unsubstituted carbocyclic
or heterocyclic group such as but not limted to pyrrolidinyl, furanyl,
pyr anyl | peri d| or R" and R2" are ined to forma 3-10 nenbered
car bocycﬁ‘?c or hQ erocycl ic group such | ci ¢ anhydride or a
mal ei m de noiety; A and A2 are independe el ected fromthe group:
hal o, -CN, -CQz, -C0OOzZ, 25 -CONHZ, -CONZ2a {- NHz, -SQZN4, -SO2Z, SO2CF, ,
where Zis H (Cl1-C o) alkyl, (C -C,0) hydroxyal kyl, (C -C,,) alkoxyl,
(C, - O fluoroal kyl, (C, -C,a) epoxyal -0) alkenyl, 3-10 nenbered
substituted or unsubstituted carbocycli cAor het er ocycli c group

2

15
where,
R,~R;- are independently either -Z, -OZ, -OCOZ, -COZ, -COO0Z, -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,-

20 C.) 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, -CO0Z,

25 -CONHZ, -CONZ,, -SO,NHZ, -SO,NZ,, -SO,Z, -SO,CF,, where Z is H, (C,-C,,) alkyl,
(C,-C,0) hydroxyalkyl, (C,-C,,) alkoxyl, (C,-C,o) fluorealkyl, (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;

30 A, and A, may be combined to form a 3-10 membered substituted or unsubstituted
carbocyclic or heterocyclic ring containing an o.-carbonyl group such as 2-cyclohexanoyl,
2-cyclopentanoyl, or 2-(a-butyrolactoyl);



such as but not limted to pyrrolidinyl, furanyl, pyranyl, piperidinyl, or
may be - Ggddrs341SBM where Mis al kalig metal, ammmu;rc-rmi-dombzgammm um 30
A, and A2 nay be conbined to forma 3-10 menber ed substituted or

unsubstit ut ed amagréferblyldlsd having 6iccdraféry Comanomengoietistafithe prgviauslyadefiacdony|
group such as 2-cycl ohexanoyl, 2-cyclopentanoyl, or 2-(a-butyrolactoyl);
VO 01/ 25341 9 formulecT/ Epo0/ 09294 and preferably al so havi ng one or nore
conmononer noieties of the previously defined fornmula: R6 R7 R8 RO 5 For
t he purposes of this application thet ols: - or each signify either a
direct . bond to an organi c group nic chain conprising either the
sane or different organic groups, ;kas net hyl ene, ethylene, etc. This
is illustrated by the follow ng for Wherein R . R2. A,.' and A2. are
previously defined. X, and X are independently - CO OC(O) -CONH O,
aryl, -(CH2CH0O,; (where y=0-10), (C -C10) alkyl, yclohexyl -S-.

- S—(Cl -5C10) al kydthe pmﬂikﬁéofﬂﬁﬁapﬂi@noxﬁihk#mbols&dl-w N"( Ieazﬁiﬁam@leiﬂ;dradﬁéct
(C1-C10) hydroxyal kyl.. n is independen oy Jsgﬁ ~ A~.O AZ (rganic
pol yners Jao%qumt%argew@vawwm? g‘?@hf TIE ﬁﬂ "}erﬁﬂnﬁd’édW‘W‘F ORgEMS er 5
such 20 gﬁlsﬁ@t She FoIiwihg fonRhl g Number
08/ 841, 75??@F§Eﬁéﬁ%mmamﬁdéi997mvﬁl ch include: W (a\%ﬁieﬁkhenol s),

2) subst i tRyb g apdAy W%ﬁé‘ﬂﬁi@)x: @ﬂ’%wdePWWVpﬁén00§ s, or

4) acryl at 1P E,ﬁ},eu Lion a ese I I

p- hydr oxys Tg%ﬁ%%g ﬂ:eldlﬁ% @fmﬂd %’Fﬁhw&ﬂﬁl’&ys’f@ﬁ g p'oly 2-
(et hany yI(cmIalk)yy}Mhm-(ﬁﬁaoawbba@%hmmhlmumﬁpyndmm 0-25 PoI Yer s
having a wei ght average nol ecul ar wei ght of greater than or equal to 500

are preferred. Geater preference is giv&" to polyners having a weight
average nol ecul ar wei ght greater tha qual to ' 5000. Polymers, which

fall into the follow ng range are pref pol ymers where the wei ght
average nol ecul ar wei ght ranges from at()x;:& 500 t o 2,000, 000; nore
15 ' )n
A!
! 0
A

Organic polymers within the scope of the present invention include vinyl polymers such

20 asdisclosed 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.

25 Polymers having a weight average molecnlar 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.

30 These polymers are dissolved in an organic solvent, mixed organic solvents or organic solvents

mixed with water.



preferably fromabout 3,000 to 1,000,000; and nost preferably from about
5,000 to 80,000. 30 These polyners are dissolved in an organi ¢ sol vent,

nm xed or garW@W¥B4lent s or organic sol ventds nixed with wWBEHEROOHESY/ 25341 10
PCT/ EPOO/ 09294 AR ol ' wrildfge: t e general structure:
ArN2 where, Ar ﬁgg%”?\‘%é’ﬁ’g@é%%ﬁ%‘g"%gﬂg# gr%up I's selected from 1) a
substituted or unsubstituted 5 aromatic ring, such as phenyl, naphthyl or
anthracyl , or 2) a substituted #Nzunsubstituted heterocyclic ring

cont ai ni ng heteroatons, such as oxygen, nitrogen, sulfur or conbinations
ther eof , SUGHeRS APYS dnCirilygroupd Thét ary ORI R RGedidd Béry: 1) @bilinaedOst uhsibsithied ani on
can be an negatively charged ion. Exanples of such anions include -

a,
-Br, -NOS H3mmatic cingchush a5 pienyl,gpaphthyl on antheacylr . af;@ha Fpbetitated on wanbstitated c| ude
h der i | .car ' i 10); -
those deri V%J&%f&e cohf Hétér&loglﬁl g%&cﬁtﬁ@% guﬁ@go MQ@%@E&%@

from ot her subst ary onpounds, cetani |l
i n-1ine n xitheydof,esuch iaspyrdinyl, dr i Chiophese wictye d The clinzenivr salt anion ear therany hat

i d fatic mixing. , . : g : .
"nl ude a. r GPEVEY sibRL iRt Bt ofondhaseen et £ 2R AR b
reactors i nciOMl€eBiafhples BEsuth diazonivki s4RY inclddcthida akdvdd fioliryl carb&dié Rids, such
tubul ar reactor_is_a reaction vessel in the shape of a tuhe, where a tube
i s defintt #84AHEHERHr from Pﬁ&'éPbsﬁF‘wﬂiaﬁ'écmg‘?qsﬁ“ﬁ‘FWF%PFW@wFt s inner

di aneter. Any reqgdihde ¥baSPreactibh adkt 116 is @E&E@ﬂxﬁbhﬁuﬂa@&&%xﬂh’f‘ﬁ%ﬁhé&taﬁ
di aneter can be said to be tubular, it can also be defined In terns o?

rati o of | ermjxing ar mayibeia Aynamipyaixerd | Sachedysamismixezs inclyde-a rotqr|statnymnd drCindlinaner

di ameter) s ' 0 L1 ex onsj der ed
Cubul o vin R 65 e Al achorinbludeh e e e S Baek bl AN, 0O
nmost wi || f & tubnlar redveor is)dreacdipn wessdl inltfie shapd ofG0Bbe, pheat artutislis/defined/asachollowat i 0
from 25 500., The static,tubular nm xing unit has voi d, vol ung, ichis
ot or monb By men 8 el cion i, ProPoie W i el tamebey An’ bafloh Yesper wrichs
tubul ar m xeppredabiielohgee thad ts Blamedi Gah 30 66d fortetutalapdt &in alh G definkd i tedid oF'

nore feed streans co .nto . the m xer and begin to contact each other to a
poi nt 25 mhé?eéatﬂwlﬁ‘%(ﬂwﬁmé’b’ﬂ'@ﬁﬁ‘m% the mixer into the precipitation

contai ner and t hRagoRagljengih)ib GR%er diahiter) CONt act time for the process of this
i nvention is determ ned by dividing the void volunme of the m xer by the

total flow rsathat sssclsthaving kGl retiminsygess of 40 are censidared tubuler. Wijlerthese ganlinaiusie
sol uti onyg W&%ﬁ{lﬁﬁé&ﬁ%ﬂg#@%éﬁ%ﬂé&%ﬁﬁ i the 115 rdfio 6P 0 B 008 Yrbrebbly S°

that the contac
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

25  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

30 that passes through any given path in a defined unit of time.

The static tubular mixing unit ¢ontainis fixed mixing elements, which create turbulent
encrgy 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,



than or equal to the required mninumreaction tine. Flowrate is defined
as the vowg@nedafluid 30 that passes hrough any gi vepcpRpdons®sa defined
unit of time. The static tubular m xing unit contains fixed m xing :
el enent s, swktching andx@tonbiniigtwoain inorecsepargy strtaras | Thid resnits it btinateymiRing While Ng
good macro-and m ¢ro:m xi ng.,. MOV, N chani.cal, parts are contained in
Phe st at| o CiRsaps e Fudelibdiilate B iheminio Hrd SR, I g BRE Rodaeton |
progressi Vighdfe bEHUIGR mhivfte dhit & A nseal She is GRRAARH Hbighthe Agitaio? BRAE & ee by
conmbining, splitting, WO 01/25341 11 PCT1EP0O0/ 09294 stretching and

r econbi ni neyixingovessel andraften sqsultsin €xia heah haing imspdicedaintg| the reaetion mikwire; whishxi ng
whi | e t ] i eIy elell e} Lt 1 ' Clel On
m xt ur e.é |$n"giq%s?’g§ g%g%“%%g%ct [ oérqlgd\XHentrnesaé% %'I ne k]d)'?lt} %e Bﬂr%%f'{oﬁ‘? oEot
used, sheadesirsi endapmduct.t ellith Hheousphof the indin¢ atixing [mhit,dminimalt ixingnénetgygisvessel
and often results i.n extra heat bei.ng. introduced i nta the . eaction nxture,
Wht ch 5 caapaee 1 e poik o 0R i B8 Brpke PR el BARetR . ang
substanti al | y depicRéslvithor adibionilsoofalls idodhis gahealclasp bPslatiztmixdf.t The gackedse of
the in-line mxi n%{bgni t, mninmal mxing,enerqy is introduced at the point
of m xi ng %8-enis A Wbyler reAetiop yessel Whick forlaing & parking mpteril; dhe packing anatariabis| urm
Or T eagh OF géfingdasia iedt naltrial thitiSHABERNy BhedGh 2&BtilREoPohiniftoBaffR iR dowiivaracked

reactor is a tubular reaction vessel, which contains a packing materi al.

The packi nflowaf equntgrcuirent liqeid.d #tmayche, fox exampla, glags fhgrscaribgads; metal tubes fcalleduent | y
di S \ ) y
oo 1o RSl g it Sk B9 belial b dees P VENNRE Eindd QU 18100 el (1

Raschig rieigy, metal chains, or specially shaped devices of various kinds

(saddl es, helicges, rjings,. etc.). A rotor,statqQr .mxer.Js dypam c.m xer,
where a rotor t%f"ﬁ"g'swf’gmﬂé” %?%'g‘g'cf' xer Where p Kqiof, tums f‘g‘dﬁy’?‘?e FE SRwn i n
the arts RafiowelSRdaasn thekif. Rhuispammmuomsstwasamasmmmfmw?ﬁmo rpm
to 5000 rpm The centrjf%g%gcforce cau flow into the_inside of the

rotor, wher@0up- The,ernivg ¢ causgs Aoy F'f?"eé‘ﬁf’%%mﬁﬁ?t%wﬁﬁﬁl@lm@oﬂwﬁnd t he

slits in thgicAlyéitwardd) thrduph Ihediofst lanl GhePsliteinythslatdr aiid) B9dubjeet B V& mildhen a.
dynam c m xer is used as the in-line mxing unit 110 the contact tinme can

be ext endetheginepstiony Whgedynamisimpiger ipused g the n-fine mixingusit 110 theicontact tigien (L)
det erm nat bﬂmefeﬂﬁnd%?b%ﬁsgngr lﬁﬁﬁ- Etgmgqﬂé,'&m&xfi@co‘hﬁ@&in%ﬂé ﬁnéetFﬂQH]e{eHﬁn h@gr 1 N

precipitation vesse a larger mxing vess e 1n-T'rne
dynam @0 thereactom bntil hetreactantsuench thapatee n presipigation vessel 149i Enlikéwelarpecmixingt s ar e

i ntroduced [ kNt t tﬁ] Eﬁ?ﬁ. ' [ t the
sanme tinme ‘s’?s%]ftﬂ?{kf’g%% ?ﬁiﬂiuﬁ%}dx%eﬁl? g‘g@ta;hﬁl‘%mp agegg ané%g’q‘.“‘r‘]p@éﬁ?ﬁ‘ﬁ&ﬁ of
shear are immdured ediich Bllewsintiinkte contart torke muximizela whiledt shebsame ginjersoatificadsh,  at
any given PRENLiculpiiS ahi thd BoSHAR b llle*SL nBliBel® AR dedilr volume of
reactants being processed, at any given moment, by the in-line dynamic mixer also means that

25 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.

30 In some applications, such as in the electronics industry, metal impurities can pose a
serious problem. Many times undesirabie 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.



25 the reactants are under the influence of the punp or rotor stator for
far less tine than the conventional agitator blade in a reaction vessel.
The smal | anWo#2%8#1 shear that may be infroduced has a cREREEON29i ssi pat e
in the tubing 120 before the reaction m xture reaches vessel 140. In

vessel 140 t peovising: dbelessilingd prTeflon@PIFE cotfedvassslspnd agitatar blagdes, 2) Asplastic on

i th wat 1] oduct. | i d. |n.
Appl i cat | ong et eaateE it dihe Pt Pt R P MR et SRR s can
pose a serious prbhRMouped yolymee reputelicdy Hizhhehotebfihe i pietentGiaventish is light

I ntroduced by sinply mxing the reactants in a petal container, by using
uncoat ed net ZPsofng, agdyys '{Sﬁlgbg‘ wstanpst é\’i‘“&dﬁglé‘ta{]ﬁ?’?%ﬂ“a'ae@.’“%ge°“ﬁr pastioularlydn ¢ he
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can be acconsbmpdsisions)yycheas photoesigts. Z2g@reflective P@YnEPGe nsBinlimage procassing) by 1)
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Tef Iho 3( r ]2 - Cﬁabmgdmrtqrrbca ﬁhmésist._TBalh@ﬂnpasiumkb ae ;mbimye_ gsep:l ﬁ:p&ef@bnbl ioatioh o
net hod of the pyesent invention.is_ |ight , absqrbing.and is useful in

i nst ances wh&F@cPRayeprs B, pthes B‘I‘F"?%'&g’b‘aﬂf‘aﬁé&!s?h ﬁ%T g fesanigpes. 5 The

antireflegti pBlykeAinky 8ls6 BEBRE iab hiP Aftitive in Pliotdresibiito PRfveritldr BEbsRAGHILY irdtRse the OF
phot osensi tive conpositions such as photoresists. Antireflective coatings
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reflective substr ori Leslesd s % étis&s %%idn' ifudRR Of
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or making mnjaturized, _electronic conponents such as in the faprigcation
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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
25 sophisticated multilevel systems to overcome difficulties associated with such miniatarization.
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
30 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 =4(R ,R;)"e™
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antireflective polymer in a particularly preferred solvent can Be adjﬁsted by the appropriate
25  choice of substituents on the monomers.
The polymer is present in the anﬁreﬂectivé 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),
30 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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{(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
25  adeveloper 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
30 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 canses 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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sufficiently high temperature for a sufficient length of time to substantially remove the coating

25 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

30 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 imagewisg exposed and developed in an
aqueous developer to rernq§e 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
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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-
25  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.
30
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(4.0 L) and cooled to 0-5 °C. The pH of the PHS-MMA solution was adjusted to 12-13 by
adding TMAH (25 %). The azo coupling reaction was carried out by adding the diazonium salt
15  over a period of 3 hours to the PHS-MMA solution at a pH of 12-13. Afier 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

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

Table2

Run # Agitation Rate E Yield
| RPM) | Wg.cm) L)

1 100 16 - 63

g 560 53 68

25
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Table 2 shomsm%‘&%tqmtﬁﬁg agl %lg't%l gn spee‘g)g{l a ?PS%P&%C?&ZO | npact on the
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(37% 0.5 L) ifiyfdQtati® ilef {208 1ablE 8m Cold™Parhet IfstriRent €89 $oo péar Purdf T;ﬁ‘o #1380 in
pre-chilled | BN (15C 2.6 nole, 268 g) was added to the flask. The

di azotitati ofigeeabt verp wtilizd is| ardes tp Ackigeamanoth ands substantially pulssless flowot Thve
| BN was o] ' :m 7 ' I |4 I
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cont i nuous aPHScHheflovnges were neashred Fravimeigally by twebalancesdB8®and i@ iwFigurd 1 The
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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

20 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 Jonger 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

25  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
30

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



2.5 L) and the m xed solution was cooled to 0-10 C. The azo coupling
reacti onwesingsafri ed out by sinultanegusly punpi ng thecTiEFubesam sal t
solution and the PBS solution through @ /," x 60" in-line static m xer
(avai | abl e-sfeCoppechilled BN (T6TC L2155 tnidk)262.6 gw3s.addedno the flaskp ABAAA réactéd) theS0 i n
Figure 1) were utilized in qrder to achieve émrmoth nd substantially

pul sel ess™¥Yipformed,diazonium salf dissolyed i yater 10,give ,broppieh OHQR; on were added at a
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the ogpl ngg%\oﬂew  irOdct WhE prelipitaddcihio"B0L ¢ walk® dhil Was lcOndMAdGE 2

yi el d of r more 25 of the desired product. ‘The WVisible spectrum of
t he pr oduceddisinsadidhyith 296 Vayields Ho fisipartiotiax case the gdmimpmn reagtion time wasodefined
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-2.55 nole, 262.6 g) was added to the flask. As AAA reacted, the newy
formed di ¥ise spectsum of the pelynerdn ethyl lagtate showsd Amapat358 neyandJE) efi0k/gem. I n a

20 L reac P ' , mol e, 506 g) was dissolved in.a
m xture oﬁ%ﬁg%%&?&ﬁggﬁmﬁéﬂﬁ,gflrir;egstoganol (2.5 L), and TMAH (25 % 1.9

L) at- 5 C. The 5 diazoniumsalt solution and the polymer solution were
punped through a 1/4" x 6 in-line St@_&}éﬁ_e;? xer connected with a centrifugal
punp at a flowrate ratio of 1 to 4. 1 azoniumsalt solution to

PHS- Mgl sol ution. The flow rates were nonitored gravinetrically. The

contact tine the reactants was t] 0.,b out s. It took
o e S P actRoetal ML § SR 3388 i rrB B e | £ 0O
added into a 10 L round-bottomed flask. The solution was degassed by bubbling nitrogen ..
through the solution for about 1 hour. Methy! 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

25  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.

30




of the diazoniumsalt and the PHS-MVA solution through the in-line m xer
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10 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
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was thenmmmslshcﬂwpvwﬁuaﬁmlﬁor 60 seconds and then spin-dried.

The fllo| m t hi ckness before and after imersion for the wafer was neasured
by a NANOSPEC(r)- AFT. The extent of -ll grlayer mxing between the azo dye

coating and the solvent was determ the changes of the azo dye film
t hi ckness as | | Examplei n |TBpe synthedieitwv. [T, (Ay cl ear t[RiA) he sollubility of
the azo dye coatihg—of—th | ' ' ' esi st
casting sol vent §2| ; negl ple 8 10 1099
13 Example 9 1856 1838
14 _ Example 10 1723 ' 1721
where,

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

15 T,= polymer film thickness in Angstroms, after solvent immersion
Example 15

Dye soluﬁons formulated according to the procedure of Examples 12-14 were each spin-

20  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 0.50pm. A
4-inch HMDS treated silicon wafer was coated with AZ® 7805 photoresist at 0.50pm film

25  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

30 field emission scanning electron microscope. Table 5 shows the comparison of lithographic
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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
15 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
20  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

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

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

20 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-, flucro-, or bromo-
; fluoroalkyl groups may be linear or branched and include by trifluoromethyl, 1,1,2-

25 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,



The %Swi ng Rati o Reduction of AZm 7908 photoresist over the antireflective
coati ngs ofvhgg sent invention are listed in Table 6. It is clear that
t he pol yner co 'ﬁ%‘gs of the present inv¥ntion can effectPaEaBoon®IIce t he

swing ratio oky) SolAR9! j l e | .om.¢Coat i.ng . Sol ution % Sw ng
Ratio Reductp?écl)lnk}h mﬁggoﬁﬂ%a’%ﬂyﬁﬁ%&& Qﬁ%%%yégﬁ g e 192CeBi Unl ess
ot herw se sﬁ@@hﬁ#@&ﬂwamﬂOpamms and percents are by weight; all nolecul ar
wei ghts (Mw) are wei ght average nol ecul ar weights; all tenperatures are in
degrees Centigrade; alkyl is 20 C-C o alkyl; aryl or aromatic group
signifies a group containing 1-3 aromatic rings and includes unsubstituted
or al kyl, al koxyl, hydroxyl, hydroxyallcyl, fluoroal kyl, carboxylic acid
and ester, or halo substituted aryl groups such as but not limted to
phenyl, tolyl, bisphenyl, trisphenyl, phenylene, biphenylene, naphthyl or
ant hracyl ; halo or hal ogen neans chloro-, fluoro-, or brono- ; fluoroalkyl
groups nmay be linear or branched and include by trifluoronmethyl,1,1,2 25
trifluoriethyl, pentafluoroethyl, perfluoropropyl, perfluorobutyl and

1,1, 2,3,3-pentafl uorobutyl; al koxy can include nethoxy, ethoxy,

n- pr opyoxy, i sopropoxy, n-butoxy- isobutoxy, tert-butoxy, pentyloxy,

hexyl oxy, heptyl oxy, octyloxy, nonyl oxy, decanyl oxy, 4-nethyl hexyl oxy, 2-
propyhept yl oxy, 2-ethyl octyl oxy, 4-mnethyl hexyl oxy, 2-propyl heptyl oxy,
2-ethyl octyl oxy. WO ML/ Zt 1 24 PCT/ EPOO/ 09294 phenoxy, tolyoxy, xylyl oxy,

phenyl net hoxy, etc.; carboxylic acid or carboxylic ester is a C -C/, alkyl
carboxylic acid or ester. WO QU25341 25 PCT/ EPOQ 09294 What is clained is:
[ rrritrra1a1aarr 1 11111 1111112 MS 1. A nethod of coupling a diazoni um

salt with an organic polyner conprising, inthe 5 follow ng order, the
steps of: a) dissolving an organic polynmer having a wei ght average

nol ecul ar wei ght ranging from about 500 to 2,000,000 in a solvent, thereby
provi ding one |iquid phase; b) providing a diazoniumsalt in another
solvent , thereby providing a separate liquid



phase; 10 c) contacting the diazonium salt | i qui d phase and the organic

pol ynmer || ase, for a period of time that is gre or equal
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said organic polynmer, and thereby reacting said organic potymer—and said
di azoniumsalt. 15 2. A nethod according to claim | Si ng
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A2 are mdependentlphasael ect ed fromthe group: halo, - - 000z,

CONZ" - SO2N CF3, .wh Zi g (Cl- C10
aI ky:_zw( C1C30) c)nydr%’ e%wyla%’zﬁué’f%?deﬁpe'ﬂr%ﬁfw Pi’ﬁ :
(C,-C 0) 5 epoxyal kfsrapdriod oflire thetlikgreatér than ob equial to tdnifimu ¥ atisdh tifnb/t ed

carbocyclic, aromatic, Qr heterogycljc group, ,or ng 0O00M -SG3M where
Mis alkali metal, ' Fﬂ‘iﬁ?ﬁ‘sﬁo‘ﬁ%’"&ﬁfﬁm"ﬂﬁfﬂ‘gﬁ”ﬁﬂ‘ %ﬂ?ﬂ“mﬂ@f%nbl ned to
forma 3-10 nenber edactinpsdid srgdfpolimey Bt bRl didzontid salt.

15 2. A method according to claim 1, further comprising intimately mixing the separate phases

using an in-line mixing unit selected from: a static tubular reactor and a dynamic mixer.

3. A method according to claim 1, wherein said polymer has a weight average molecular
weight ranging from about 3000 to 1,000,000.
20
4. A method according to claim 1, wherein said polymer has a weight average molecular
weight from about 5000 to 80,000.

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

25 one of the following moieties:
Ry
where,
30 R is selected from a substituted or unsubstituted aromatic group, a substituted or

unsubstituted heterocyclic group, or a group having the structure :

1
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carbocyclic or heterocyclic ring containing an a -carbonyl group, said

pol ymer 10 o&t ionally further conprising qne or nore co-nononer npieties
havi ng a VA Re Rk Ui1li1iillliUnTiitt!|l N c L NPGRREID ¢ no o) e
|ndependently ei t berehal o, - Q(CH2).-CH (where x=1-10), Q(CH2CH2) -OH, 15

OCH2CH2 CH =0-.1 , <0007, -NHZ, NZzZ2,
-§\IHCOZ )cé\le (e ‘%}’W@ s"“%‘i‘ﬁ‘r&gﬁ‘ WNE‘} @éo??%oé'&@:s wher e
z H (Cl-C10 | kyl.coNgaz, W (Ij_gdzi gﬁgmz Hegy/ C10
fl :ng‘ oal (kyl (C)l ?: 03/ gpo?(éal@km Z]159 b 4@2 (36“’ isa’(él@h) :

substituted or unsubstalfd @n&é‘b@‘é’?‘k}"i@:Gro)ﬂ%‘l"ég%ﬁd)ﬂé"fg?‘bﬁqdcrcwbr Its
and R9 ares 20 conbi nee?gni[ k&rﬂ) ‘?ﬁ aﬁ%yrg)???ﬁ‘tﬁﬁ&' o REIBASMED betboRbclp ShSREY C! | C

ring. 6. A method acco ereln sald organic polyner
additional ly conpri sesordxeterocpbegmu;eorma;diel wm-&emwmmms(anmmﬁta} R2,
25C--C4 This Sheet Has Been Replaced 1114i] . 11111.111!'1111111111111111
hl1l 30 WD 01/ 25341 27 Gﬁ‘@@?@f’m%ere R : R3.and R4 are

i ndependent |y either hglag A;ﬁemmﬁe@ltﬁfm@ds-m%éﬂﬂawmmmedGMﬁ&mw
x=1-10), -(OCH2CH2),; OH (where y=0-10), - Z, 0002z,
NHZ, N4, NHCOZ, - CONHZarbosyelxOpr hetaoyyelic nngszontmngsw g~cavb®m1_> IgraEp, sawcmmr

(2 Ei0) P ot Coheb ol A e 3B i e o

al kenyl, 3-10 nenber edstraetiysi i t ut ed or unsubstituted carbocyclic or

, {"JE’ N

where,
R¢R, are independently either halo, -O(CH,),-OH (where x=1-10), O(CH,CH,),-OH,
15 -(OCH,CH,),~OH (where y=0-10), -CN, Z, -0Z, -0COZ, -COZ, -CO0Z, -NHZ,
-NZ,, -NHCOZ, -CONHZ, -CONZ,, SZ, -SO,Z, -SO,NHZ, -SO,NZ,, -S0,Z,
-SO,CF,, where Z is H, (C,-C,o) alkyl, (C,-C,;) hydroxyalkyl, (C,-C,;) alkoxyl,
(C,-C,;) fluoroakkyl, (C,-C,,) epoxyalkyl, (C,-C,,) alkenyl, 3-10 membered
substituted or unsubstituted carbocyclic or heterocyclic group. , or R, and R, are
20 combined to form a 3-10 membered carbocyclic or heterocyclic ring.

6. A method according to claim 5, wherein said organic polymer additionally comprises one
or more moieties selected from (1):

|
25 '6_?-’09‘ This Sheet Has Been Replaced
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- COOM -SOM where Mis alkali netal, ammonium al kyl amonium or R . 10

and R2. |ned to forma 3-10 rrenbered car bocycl rocyclic
ring; gl’gégﬁb “luul i or (2): w c¥¥2 1S R3w AI #é(ﬁ“’m%g where, 20

R.-R. ar e i nq,ﬁa,@ndent ly either -Z, -Qz, -0002, -CQz, -000Z, NHz, Nz2f
-NHCQZ, - CONHZ, -NzCQz, - CONZ2, SZ -SO Z, -SM2NHZ, -SO2Nz2, - SCJZZ
_SO2CF3, wher & z‘R,md R, @relindspendentlyl eijher hem:mm@m&ﬁam@ﬂﬂzcﬂmm 0) -
ai koxyl, (Ci1-C10) orQ I kenyl a
substituted or unsu #frfﬁﬁeg% ’égé%}%!l I'C o cyd%c ru%& " and

R2" are conbi ned to -0OZNRCOCE, IH2,5-NZg KNHCOZ, -C&)M!Z;WZG:QZ GCONZ;,GZ;)cycI i c

rin A and A are |l e

- oc%z Soaz, - coz, Saﬁ%@g‘iﬁd& gw&nwgﬁg @i@z%? % z

- SO2NHZ, -S02NZzZ2, Q@%Zh dm 12

hydr oxyal kyl , (Cl Cl ayl koXy %fg( f1 uéﬁ%ﬁ%% 5@@8) epoxysl kyl,
(Cl- C10) 30 al kenyl ( Ciobaﬂfelmke? @mﬂtsuhséﬂlt@rorum aghweydlie mscycl i c

or heterocyclic SOX, where Mis alkali netal, anmonium

al kyl anmoni um or THET ‘Ss%g'%%%k%s Been Repl aced 111111 Iilillillll
[ITiliil WO 01/ 25341—MG$OW@QM§4M metal] ashmoninm, allnylhirmmmmm of B8.m a
3-10 ered substl ed or _uns |tu bo lic oL teracyclic ring
cont ainﬁérﬁg an a- carb 85‘3 #P E@ﬁ%ﬁ%ﬁ’ﬁ@y Oh"y Mer ein
sai d diazonium salt has the general structure: 5

m= 0-4;

o 2 N A

15

where,
20 R,--R,- are independently either -Z, -OZ, -OCOZ, -COZ, -CO0Z, -NHZ, -NZ,, -NHCOZ,
- -CONHZ, -NZCOZ, -CONZ,,-SZ, -SO,Z, -SO,NHZ, -SO,NZ,, -S0,Z, -SO,CF,,
where Z is H, (C,-C,,) alky}, (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
25 membered carbocyclic or heterocyclic ring,
A, and A, are independently selected from the group: halo, -CN, -Z, -OCOZ, -COZ,
-C00Z, 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, (Cy-Cyo) alkoxyl, (C;-Cyo) fluoroalkyl, (C,-Cso) epoxyalkyl, (C,-Cyp)
30 alkenyl, 3-10 membered substituted or unsubstituted carbocyclic or heterocyclic
ring; or -COOM, -SO,M, where M is alkali metal, ammonium, alkyl ammonium;

or -—
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ArN2 31 | If where, f 211 | I~f~~~~ S Ar is an aryl group Xis
sel ected fr roup consisting of CL_Br, -NO3, HS04, : d 10
-OH. 8. Aréﬁ?ggﬁggcording to claiml, rein said diaZO%IUWISgP I S
derived from an a[yd A,3f6 BRAbRE & fBin 2921 Geinitiered Wibsiithied bfdhewbe@Ry | C conpound.
15 9. A nmethod according to claim1, wherein said organic polyner is a
vinyl polynmer. 10. A cpbocyslsorfheteraoydliciting eogtaimmgan ticasbpiyd groiee coat i ng
conposition suitable for use in photolithography, conprising, in the
followi ng order. a) providing an azo coupl ed pol ymer produced by the method
of claim1; R0 b} mktisdatoordig to kRN wherinzhid diapmiunalt hiy thepdtmlstradtuen a
sol vent, and thereby producing an antireflective coating conposition. 11.
The procé%s of cl ai m 10 wherein saig azo- coupl ed polymer—s produced-—by t he
method of clains 2 to 9. 25 #WMN2process of forni:j :
st

substrate conprising, in the follow'ng order, the
antireflective cwhert.ng conposition prepared by the . 0; 30

b) either before f oating a photoresi st conposition onto a Sui tabl e
substrate, coat ﬁg%aﬁﬁé’ﬁéﬁ& reflective coating conposition fromstep a)
onto said suit ablXds selofed fromttiss gradpi consisitingof GliBy, B yHROR|-QCOCH,, didl 11111
1112111 1211 If 1111 01/ 25341 29 PCT/ EPOQO 09294 c) heating the coated
substrat® from step b),”and thereby substantially renoving the photoresist
sol vent;

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

amino acid or an amino substituted aromatic compound.
15 9. A method according to claim 1, wherein said organic polymer is a vinyl polymer.

10. A process for producing an antireflective coating composition suitable for use in
photolithography, comprising, in the following order:
a) providing an azo coupled polymer produced by the method of claim 1;
20 b) dissolving the azo coupled polymer from step a) in a solvent, and thereby
producing an antireflective coating composition.

11.  The process of claim 10 wherein said azo-coupled polymer is produced by the method of
claims 2 to 9.
25
12. A process of forming an image on a substrate comprising, in the following order, the
steps of:
a) providing an antireflective coating composition prepared by the method of claim
10;
30 b) either before or after coating a photoresist composition onto a snitable substrate,
coating the antireflective coating composition from step a) onto said suitable
substrate;
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d) imagew se exposing the photoresist conposition; | |~~Ift I~II1l
11111111vbokkssdi | | e) devel opi ng the,d magew se exposeﬁc-nmhml st
conposition. CL ro s 5 13. The process of claim 12, wherein the :
phot or esi st ce)nposestingrtheomated substsatafrom step bk and:thenby snbstpiuaﬂy)msmgrthze
conpound and a sol )(‘P?’t 14. The process of claim 12, wherein the

phot or esi st conpo

ises a substituted 10 pol yhy
phot oacti ve ca)nponﬁ;age“ﬁmb@sﬁgthtrPMtoreﬁﬁcoﬂdeOd accordin W!ﬁ,w‘w m ,"'

wherein said synt hetlc or ani ¢ pol mar c ntai.ns one,or nore

sel ect ed fron$)( | a)develeping maev(lﬁ %’1"@?‘ compositigh.  5ng R4 are
mdepgndently either halo, nitro, O(CH J OH, -QCH2CH2)x OH (where
x=1-10),, -(OCH2CH2)r OH (where y=0-10), -CN, Z, -QZ, -0CQZ -COZ _-000Z,
“NHZ, NZ,13. - NEgQeocess afchia 12, wiEenhe photresist campositigmeomprisswlak reslipNZ2, 25
-SOZZ - S2CF al kyl, (C, -C,a) hydroxyal kyl,
(C1-Cl0) al kg mg‘%%‘é&b‘ﬁ‘jﬂf“fé“grosg\l’%t (Cl-clo) epoxyal kyl, (Cl-C10)

al kenyl, 3-10 nenbered substituted or unsubstituted carbocyclic or

heL o OEy . BB T =M e e ] L

car bogyclic o *]g;dgfxgg@(geﬁ A;daeﬁlv&a) Thi s Sheet Has Been
Repl aced 11 I{m 11 [11 F/\O 01/ 2534 30 PCT/1P00/ 09294 D p o |
1111121121211211111 11111111 CL s s )n

15. A method according to claim 12, wherein said synthetic organic polymer contains one or

more moieties selected from (1a):

15 Rt Ry

8
Rs
(Ra)m

20 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, -0Z, -OCOZ, -COZ, -COOZ, -NHZ, -NZ,, -NHCOZ,
-CONHZ, -NZCOZ, -CONZ,, SZ, -80,Z, -SO,NHZ, -SO,NZ,,

25 -S0,Z, -SO,CF,, where Z is H, (C,-C,) alkyl, (C,-C,,) hydroxyalkyl, (C,-C,,)
alkoxyl, (C,-C,)) fluoroalkyl, (C,-C,)) epoxyalkyl, (C,-C,)) alkemyl, 3-10
membered substituted or unsubstituted carbocyclic or heterocyclic group, or
-COOM, -SO.M, where M is alkali metal, ammonium, alkyl ammonium, or R,.
and R,. are combined to form a 3-10 membered carbocyclic or heterocyclic ring;

30 m=0-4;

R
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5 A " O A2 where, R"-

soonzo, - DA

R3" are independently either Z, -QZ -0CQZ -CQZ,

10 - CONHZ, -NZCQZ, -CONZ2, _SZ, eazos 2 NHZ,

where Z is H, 3C -CL0) alkyl, |

hydr oxyal kyl, (C,-C,0) al koxyl, (C-CO flnaproalkyl, (C C, ,) epoxyal kyl,
(C -C o) al kenyl , 3-10 rrenbered substit ut el ¢r unsubst ituted heterocyclic
gr.oup, or R " and R2" conbined to forma menber

het erocyclic group; 15 X, and X2 are indep¢nBgntly -CO, -

aryl, -(CH2CH20O " (wher

(a-¢c,) alkyl, -O0(C-Co) alkyl, -NH, {N(GCG-4.) al
hydr oxyal kyl , n is independently 0.2, A, d A2. are in

O-, -CONH O,

il ﬂllHlfﬂ il

epéndentfy ¥ *

e y=0-10), (C ClOopmal kyl, cyclo ?

sel ectedSfromthe group: halo, -CN, -C0Oz, {000Z, 20 - CONHZ, -CONz21

- SO2NHZ, - S2Nz2, - SO?,
hydr oxyal kyl , (Cl -C10)

-SO2CF3, wheraZ iAdt (Cl-Cl10) alkyl, (C-C,,)
al koxyl , (C, -C, oY flQoroal kyl, (C1-C00)

epoxyal kyl, (C -C/,) alkenyl, a substitupgd or unsubst I tuted carbocyclic,

aromatic or het eﬁocycl [
netal, amoni un"™&Pkyl

c group, or nay be -COON, -SO3M where Mis alkali
ammonium or 25 A, and A. are conbined to form a

3-10 menber ed SURSIR,, ded i@dtperdentlySithes Z] 102, OCOZ,aCOD,cL00Z.c-NIIZ, INZ,ENHCOZ] | C

ring containing an a-car bon*l %ro ﬁl sai dF&)I yrre oatlonall haV| ng one or

more co-Yononer noi et€0
i ndependent |y either Jhald
- (OCH2CH2) , - OH (V\/nere

103H Kdd:|\|d“’3‘)’ﬁl"§9|102CO‘‘glo@@o@ii?'%wak’&c%'g)l% ) ony! sz Thi s

Sheet Has Been | 1 Rébrpmlm (C1-Ciol epoxypikyl, (C,3G,0) 2lkenyl, 341 Onunbered substituted or
unsubstituted heterocyclic group, or R,” and R, combined to form a 3-10

membered carbocyclic or heterocyclic group;
15 X, and X, are independently —~CO-, -OC(0)-, -CONH-O-, aryl, -(CH,CH,0),-
(where y=0-10), (C,-C,,) alkyl, cyclohexyl, -S-, -8 (C,-C,,) alkyl, -O (C,-C,,)

alkyl,

-NH-, -N (C,-Cy} alkyl, or (C,-Cyo) hydroxyalkyl,

n is independently 0-2,
A, and A, are independently selected from the group: halo, -CN, -COZ, -CO0Z,
20 -CONHZ, -CONZ,, -SO,NHZ, -SO,NZ,, -S0,Z, -SO,CF,, where Z is H, (C,-C,,)

alkyl,

(C,-C,,) hydroxyalkyl, (C,-C,,) alkoxyl, (C;-C,,) flucroalkyl, (C,-C,s)

epoxyalkyl, (C,-C,,) alkeny], a substituted or unsubstituted carbocyclic, aromatic
or heterocyclic group, or may be -COOM, -SO,M, where M is alkali metal,
ammonium, alkyl ammonium; or

25 A, and A, are combined to form a 3-10 membered substituted or unsubstituted

carbocyclic or heterocyclic ring containing an a-carbonyl group;

said polymer optionally having one or more co-monomer moieties of the formnla:

where,

Rs Ry

Yy

30 R¢R, are independently either halo, -O(CH,),-OH, -O(CH,CH,),-OH (where x=1-10),
-(OCH,CH,),-OH (where y=0-10), -CN, Z, -0Z, -OCOZ, -COZ, -COOZ, -NHZ,
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1111 WO 01/ 25341 31 PCT/ EPO0/ 09294 NZ2, -NHCOZ, -NzZCQZ, - CONHzZ; CONz2,
-SZ, O%ﬁo -S2Nz2, -SRZ, £SRCF" where Z ipggriipodiorsaClo) al kyl,
(C1- ClO) dlr oxyal kyI (C1- ClO) al koxyl, (Ci1-C10) fluoroal kyl, (Ci-C10) *
epoxyal kyl , (Cl- CLINZ,ANHOOZ, .NZTOZ) -CONHﬂe@@thﬂistSQﬁ,t-SﬂzNHZ u&@M,t i tuted

o o urt G S e B G R R G199 . 1o
menbered car bocyclhlﬁo,gq (AT om&bﬂﬁyﬂl(c};c‘o)l%&ayhmy] (G ) lhikédyl, Blibli! L M
ee

s 10 This Sheet Has n Re | aced 1111 1111111 1111111 15 1111 20 25
30 membered substltuted or unsubstituted carbocyclic or heterocyclic group, or

5 -COOM,-SO,M, where M is alkali metal, ammonium, alkyl ammonium, or R, and

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

R O

10
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