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The classic solution to the above problem has been the use of dyed photoresist
materials, Dyed resists add a non-bleachable absorption to the photoresist (i.c., they
increase the Dill B parameter). This reduces the swing curve by causing increased

attenuation of the light in the resist, even when the resist is near to full exposure where
20 without the dye it would be quite transparent. Both swing curve and standing waves are
reduced by the addition of dye.

However, use of dyed resists carries a considerable price: resists with all but the
very lightest dye loadings always exhibit large increases in exposure doses as well as
reduced wall angles and final resolution. Both optical and chemical reasons contribute to

25 this deierioration; while the chemical effects (which are due to the changes in the resist
development parameters caused by the dye addition) may be minimized by judicious
choice of the dye’s chemical structure, the optical effects (larger Dill B parameter, i.e.,
increased unbleachable absorption) are inherent in the concept of dye addition, and
cannot be avoided. Still, the ease of use of dyed resists has in the past made them the

30 most popular solution to reflectivity and swing curve woes.
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where d is the resist thickness.

Essentially, the idea behind the top antireflective layer is to change the phase of
light passed through the layer in such as way that the first and the sum of all subsequent
reflection amplitud‘es inFig. 1 are out-of-phase by 180 degrees. Incoming and outgoing

20 wave amplitudes interfere destructively, and the swing curve vanishes. Manipulation of
the appropriate equations gives two necessary conditions for this phase change:
1. The first and the sum of all subsequent reﬂectipn amplitudes are opposite in phase
when the film thickness 7 of the antireflective layer is an odd multiple of =1/4n,),

v_ihere n,is the real part of the refractive index of the top layer; and
25 2. 'i‘he first and the sum of all sul;sequent reflection amplitudes are equal in intensity if
n, = Jn, , where ny is the refractive index of the photoresist.
It should be realized that the above equation (1) provides a simple first-order -
approximation to the swing curve ratio. Employing a more exact treatment, one finds

that the swing curve ratio for exposure on a DNQ photoresist will not be zero even if the
30 9bove conditions are exactly met. Using the Prolith/2 lithography simulator, sold by
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: coating with a refractive index of n,= 1.31 to 1.32. For easier measurement, the
literature mostly references the refractive indices at the typical metrology wavelength of
15 633 nm (nanometers), making the somewhat incorrect assumption that the dispersion
behavior of both materials will be identical. In this case, the refractive indices become n,
= 1.64 and »#,= 1.28. Unfortunately, it is difficult to find organic materials with refractive
indices in the range of 1.28 to 1.31. Known examples include heavily fluorinated, teflon-
like polymers which require exotic or environmentally unacceptable solvents such as
20 chlorofluorocarbons as spincisting solvents. Moreoi'er, early examples of these layers
had to be removed in a second solvent treatment step prior to development.
The TAR concept gained practical importance only with the advent of water-
based, developer-soluble antireflective coatings. These coatings, which were originally
developed by researchers at IBM Corp. and which have been described in EP 522990,
25 have a dramatically simplified mode of application. They can be spun on from water
| directly onto the photoresist in two different ways: |
1. in a "coat-bake-coat" process in which the resist is first coated and prebaked, and the
top coating is then spun on top of the dry resist; it becomes non-tacky without the
need for a second bake step; or
30 2. in a "coat-coat-bake" process in which the top coating is spun on top of the wet
resist film, and both are baked together.
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20 Description I

In the following, we will be writing the refractive index as a complex number
N=n-ik, where n is the real part of N, and is equivalent to what is commonly called “the
refractive index”. k, the imaginary part of N is related to the absorption coefficient as a
function of wavelength, a(4), by k=a A/4n). In the above we have followed the

25 “optical” (vs. the “physical”) convention for the sign of &. _

Two effects combine to make the use of absorbing top antireflective layers
particularly practical and advantagéous: anomalous dispersion and non-reflective index
intensity matching. |
1. In regions of high absorbance, the real part of the refractive index shows what is

30 known as anomalous dispersion. A schematic of anomalous dispersion is shown in Fig.
2. As can be seen, in the wavelength region below the absorbance maximum, the
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that at the absorption ma:nmmn, the anomalous dispersion contribution is approximately
zero, that the local maximum occurs just before the half height of the absorption band on
the long wavelength side, and the local minimum just after the half height on the low
15 wavelength side. , These positions have been indicated as A, A+ and A.in Fig. 2.

By a judicious choice of the right dye, it is thus possible to select the absorption
maximum and half width of the absorption band in such a way that the real part of the
refractive index is strongly depressed at a target wavelength, e.g., the lithographically
important mercury i- or g-line bands at 365 and 435 nm (nanometers), or the KrF and

20 ArF excimer laser wavelengths at 248 and 193 nm (nanometers). In principle, nearly any
value of the real part of the refractive index can be reached by using anomalous
dispersion: it may be raised above 40 or even lowered below the value of 1 for extremely
absorbing substances (e.g., for cadmium sulfide around 250 cm™).

In practice, for organic dyes in the region of interest (450-180 nm), it is difficult

25 to reach absorption values above o = 20 pm™, or & values above 0.6 to 0.7. Ifthe
additional constraint is added that the material must be film forming, typically only about
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the inventors, has an absorption of o = 11.5 pm™ at 365 nm, corresponding to a k value
of0.334. A measurement of the dispersion curve of this material by spectroscopic
10 = ellipsometry showed that the total change of the real part of the refractive index n(A.) -
n()\..) was about 0.32. Although AZ®BARLI{™ coating is solvent-based and not water
soluble, this demonstrated that a refractive index reduction of about A = 0.16 can be
achieved with organic film forming materials. With many organic materials available that
‘have refractive indices of 1.45 and below, it is thus feasible to reduce the real part of the
15 refractive index to the optimum range for maximum swing curve reduction by adding
absorption to the film and utilizing anoinalous dispersion. This strategy is aided by the
fact that, as will be shown below, the optimum refractive index range for absorbing top
coats is higher for absorbing materials than for non-absorbing materials.
3. Inabsorbing top antireflective layers, the match of the absolute values of the
20 amplitudes of the first reflection and the sum of all rays being refracted out of the top
layer (cf. Fig. 1) is partially provided by the attenuation of the ray in the absorbing
medium. Some light is now lost to absorption, and the above sum must now be smaller
than before in order to still meet the intensity match criterion. It follows that the
| optimum refractive index of an absorbing top layer must be higher than that of a non-
25 absorbing one, and that the higher the absorption of the top layer, the higher the
refractive index of the top layer must become in order to compensate. This phenomenon
has been referred to above as “non-reflective intensity matching”
A Japanese patent application (Japanese Patent Office Public Disclosure Bulletin
No. 7-153682, to Sony Co., dated June 16, 1995; henceforth called the “Sony
30 application™) describes a lithographic process which makes use qf dyed antireflective
coatings for DUV lithography applications (180-300 nm (nanometers)). The Sony
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The use of dyed toplayers which utilize anomalous dispersion to achieve an

20 improved match between the resist and top antireflector optical properties is not limited
to any particular casting solvent. While water is preferred as a casting solvent due to
ease of use and environmental friendliness, it is also possible to utilize solvent-based anti-
reflective topcoats. The solvent for these materials may then either be chosen in such a
way that no intermixing occurs with the photoresist, or one may counteract intermixing

25 problems by a transparent barrier layer, preferably of tlucknm A/(2n), which makes the
layer optically neutral. Typically, such a solvent-cast antireflective top layer would be
removed in a solvent rinse step prior to development. To reduce the process 'complexity
involved with this, one might consider to design the top layer in such a way that it is
spincast from a solvent, but soluble in the developer.

30 For the purposes of optics, a top antireflector film is completely characterized by
its complex index of refraction and thickness (provided that the film is homogeneous). It
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dyed top antireflectors. The methods used are tested and validated in Example 2 against
the well-known case of a transparent top antirefiector. Finally, Example 4 defines the

optimality conditions for dyed top antireflectors as sets of {n, k,7} values.

Summary Of The Invention
The invention teaches a light absorbing top antireflective layer which reduces the
swing curve amplitude for photoresist materials used in the semiconductor industry, and
of processes for its use. The light absorbing top antireflective layer is characterized by
25 the fact that the shape of its dispersion curve is as depicted in Figure 2, which is
equivalent to saying that it has a negative slope at some point in a lithographically useful
wavelength range. The coating may be water based but is not necessarily so. The
advantage of a water-based coating is its ease of use, since it can be applied without
intermixing to the softbaked photoresist, and is removed in the development step, so that
30 process complexity is only minimally increased.



application describes the effects of attenuation of the beamin the dyed

| ayer s baseslo®m/33200 nodel ing of the reflectivities of pclraIss7/03754
antireflector/resist filmstack. It does not teach the use of
anonal ous di spersion to reach optinmal or9mear optimal refractive indices of
the top antireflective layer. 5 It remains to be

shown what the optimality conditions are for such a |ight-

absorbing top anOné prdbidnh thahdsheen assotiated VWith the Rfistifthah-absobi®r MUl ae from
whi ch optimali tf/ condi tions such as the ones given 1n Section
S

1.2 for norantiseflectiveicoatings islas the optimum swing cusve reductioniis/ouly achievedas ae

h I It ds..theref _ ' i cal .
il at or - YRRt Fesabrive a5k ot e SoR e, e M Sase et  Ped rospo ot s vy

(t hi ckness, tokflodify (typicallp I6We) ¥ refrhive Midek O ah BNk Me IBFSF LT RBAAYRT CUT Ve

Ae AN be. sumemmousdisperaa ioto ranbeiropkickitshows improvedperforaanieuiand

As can be s ous 18! 1 ' OW$ MIpTOY ! ' p

I ncr eases . . Wi tgrtgg absorp&,i %ne(i)f the to tﬁ{]tt{,éeflecti'v | ayer,

gs p(rjelcii ct eﬂmézﬂﬁ‘?@v?;'?rh hg Cyantages ol a dyed coating geg 4)Lhat; ’W@W ablh_e
an i gur [ WAkdd ﬁl)‘ﬁ? . onshi p

bet ween rea‘lﬁearfgwal‘rmg})ﬂary pa@ts 0 #P%%P#‘gfg@f@%%?gfﬁgﬁ%@hghﬁﬁ ayer

t hi ckness. chosen judiciously, &ds)ithatdt is ipopsisletnachieve the bptinngh i nNg

Antireflectiye Top Layers . . The_use of , dyed topl ayers which
utilize ancifapeHAn ﬂi%@%'&éﬁ%ﬁ@ew cqat. By a combingtion efithess B bet ween

t he jpesi st | ' t ' | I

o a0y par t TG it Refent Stich YeBhbir o AR df e b Bhye ot W g
sol vent duethteretical minimum velds; hich domtitated asibstintialRiirovechérit 06 dxdtihg. (1t 1S
al so possible to utilize sol vent-based anti - - reflective
topcoats. Tantireflectivatopeests.t hese nmateri al s may then either be chosen in such

a way that no interm xing occurs with the photoresist, or one
may counteract interm xing 25 - problens by a transparent barrier

layer, pref erabl Yhefollot c baimiplés wWillprovifé § detalédiBludtiition of using the | ayer

optically neutral. Typically, such a solvent-cast antireflective Top |ayer
woulld be  present invention;Ehes¢ examples arenot intended, bowgver; todimit or restriet thenent . To

Consi der t oHBE Bh e EEROR m sy aray apd shryld Bot e Scpihed s Rruviding condiions,
Spincast T rgifeie® ofVilues WilchIhlst B Gtikized eRGusGelf e 61kr to practice the present

invention.

20 ’ e 1: Use of anomalous dispersion
The commercial antireflective AZ®Aquatar coating was mixed with a commercial
solution of a yellow dye in a weight ratio of 2.5 to 1.5. The dye used was McCormick
Food Yellow, the major active component of which is FD&C Yellow No. 5, also known
25 as tartrazine. McCormick Food Yeliow contains a small part of Allura Red food dye as
- well as non-dyed ingredients such as ethylene glycol. The resulting mixture was spun on
a silicon wafer to yield an approx. 300 nm (nanometers) coating. After storage
overnight, the real and imaginary part of the refractive index as well as the thickness
were determined by spectroscopic ellipsometry on a SOPRA ES4G spectroscopic
30 ellipsometer. The thickness was first determined by fitting a Cauchy model to the long
wavelength part of the dispersion curve, where & was known to be zero from UV



30 For the purposes of optics, a top antireflector filmis

conpl et el terized by Its conplex index of refraction and -
t hi ckness pr%éfﬁged that the filmis honpgeneous). It PCTIUSYTNOITS4py.
97/ 33200 -10- ’

PCT/ US97/ 03754 - 8-

follows that the chem cal vehicle by which the absorption is int roduced
into the . antireflectiyve |ayer is, of no cqonsequence: whether a dye
5§ nt r od BREEHOREOPiE HeAsyirats. With the Rnownshickness, the AisRerson oHvis S prand
filmfornkRre then Witakited ! géchg {]ﬁh Se fith ' noneric
dye added to .a §3| ymer i cféfﬁﬁ%apggg r, e esvm nﬁ&?é&ar"@aﬁ%ﬁ‘%"‘% lon is

the 5  (Figwe:3). If wasfoundtliat the dispemsicirdusveros nishows digkind-¥fdip epidted @b cr i bes
atop antjreflective | ayer, consi sting of an aqueous solution of a

pol yacr y| Figue?,@ndithatthe minimum pcgursat a wavelangth of 366 nm (nanometérs)owiting of | ow

f ti ' -sol ybl g .dye (FD&C Yel | #5), Th
relat v RPGE, S, T BleRiruhin'the £ aiofGnion Sy iowtiLal A1 580, m o 11 m
th = sk . T : : . N :
\cl)mbt ai ﬁed b g’ggctrz‘gioapﬁu%?ﬁﬁé?r?é{ﬁ Eq( Fig. 3) s%g\ifx% 10 Ich%t gf?)r

i -1ine ex rveavelengthiwas-determisied-hyt douphog éxperiments ta bosppryx.fidZhed to

The val ueThY oSty iaTey e s Voch i5wiraq o7 ook oF T s addidicorihe | cver

than the optinmum value found in Exanple 3 as the opti num
refractive index for a top antireflector of that absorbance. An optinum
me0c h can Exampié 2 Rrolith'? cdleulsticdns of theswimpeisve aitiodye added to the

solution. 15
efects may be &t

Exanpl e 3 deno 7 %"hté? eci al pepYy . . dyed top

ant i reflectors1.i.iil e tho @&@g‘fgﬁ?ﬁﬂ'@gﬁﬁgﬁﬂ%ﬁ%ﬂﬁ%| e 2

agai nst  calculated by thePROLITHA2dithogtaptsy Qﬁulitdi’i:ﬁf?ﬁEI The AZ7506, Hvhilabfe ect or.
I mal i

Finally, Exarglze 4 defines_the ) opt ty conditions for dyed top
ant i r ef | eEPBYAZ Photazesist Brodusts; Someryille, Mew , parameter set eontaipedinthe The

1 MjeNt i ONprogram (Version 4.05) was used with the change that the resist refractive index was set

to 1.7161 for 365 nm (nanometers). The antirefiector was made non-absorbing by
setting its A and B parameters to zero. Swing curves (open point dose vs. resist
thickness) were calculated for antireflector film thicknesses between 0.040 and 0.080 um |
(micrometers) using the program’s nested multiple run feature. The data were saved in

20 ASCII files and imported into the Microsoft Excel spreadsheet program. Using a non-
linear least squares fit through the program’s SOLVER function, swing curves were
fitted to the equation : i

e 1 shg t hat ano ous di spersion

it

E=a-a:s(%’-:-n,t+c)+d't+e,

where a,c,d and e are the fit parameters, and ¢ is the resist film thickness. The fit was
25 carried out without constraints but the swing amplitude was always assured to be
positive by choice of appropfiate phase pai'ameters ¢ as starting conditions. The
obtained “a” parameters were then divided by the “a” parameter of the swing curve of
the resist without a top antireflector. The results of this analysis are fisted in Table 1.



The invention teaches a light absorbing top antireflective |ayer which
reduces thewo”mm swing curve anplitude for photoresist peatessTabmssused
in the sem conductor i ndustry, and of - processes for its use. The
| i ght absorbing top antireflective | ayer-1k-characterized by 25 t he
fact that the shape of its dispersion curve is as depicted in Figure 2,
which is equi val ent to sayl ng that |t has a negative sl ope at
SonMe poi Nt i Bade i | DOk ARh Y rddSe 1
coating may De W 1 T 11y So.

advant age of fuactigr of : icefletton's film thi 8% qctive i

renoved in tieplageroAll pum
onIy m ni ITH||-y i[HfEEE }

PCT/ US97/ 03754 ind - 9-

one. pr obl em t i Tey.a 58]~ R TP 1.

antirefl ect iy piateigy 68 6] %5 T3aY

achi eved at (e gasi— 5318 48] W8 48] 4691 47,66

I nventi on tgae > prt %

| ower) the r ' i ~

anonal ous di 1] i -1 1 as
. X e

g) Y0 kel A7.08 1 86| 765 : 18 o

meki ng use gf 007185 Jaﬁppz:{a n39¢ pm i1P.§ 6 2189 28.05| 30.20 );

j udi ci ously, 2975111588} 12:8p! {13. i A616] 2034125, Jﬂfﬁﬁ 3% ME_ﬁBﬁ/e

reducti on atl_a088lg122,73} 22,23 23.98] 2544 2884} |30.35) 348311 39.3] 43.97h 626014884 of

t hese two 10 effects, the present i nventi on dermpnstrates a reduction

of the swing curve_cgl ose 1o the t.heoretical, ranL rP val V\/m ch

iso tmnrgci or

constidtutes a sub¥ispeenshatithe minimum of the sying curveratio
antireflecti ek BE/A8A 330 and 1.31 at a film thickness of 0.07 pm (micrometers), in good

accordance with the prediction of the antireflector model described in the Background
section. A linear extrapolation of the two branches of the swing curve vs. antireflector
film thickness plot (cf. Figure 4) yields an intersection point of 0.6% at a film thickness

10 of 0.0687 um (micrometers). A contour plot of the swing ratio as a function of TAR
thickenss and refractive index for the case a = 0 is provided in Figure 5.

By comparison, at the refractive index of the AZ® Aquatar coating (7=1.42 at 365
nm), one observes a swing curve ratio of 29% for an optimum film thickness of
approximately 0.063 um (micrometers).

15
r antireflector with absorptivity a=4 ym™
. The calculations of Example 2 were repeated with the difference that the B
parameter of the top antireflective layer was set to a value of 4.0 um™ in order to make
20 the top layer absorbing. This B parameter corresponds to a k value of 0.116. The
results are tabulated in Table 2 below. '

It is seen by inspection of Table 2 that the minimum has moved to a higher
refractive index and is now found between n=1.36. At the same time, the optimum top
layer thickness has decreased to between 0.050 and 0.055 pm (micrometers). A linear



The follow ng specific exanples will provide a detailed illustration of

using th present invention. These exanples are no? C'i' %%ﬁ '
however, e‘P’ Ebl l|3:r;n or restrict the scope of the i ’E’% L any

way and shoul d not be construed as prpriging conditions,
paranmeters or values which nust be utilized exclusively in order to
practice the present I nventi on. 20

the T ef r JETAPEIARAR of B %@ﬁgﬁ#tﬁ'@?&@t&%ﬂw Yeogirefector film thickness plot Ty
COMTeT o1 e i)y e AR 4 i el S840

conmerci a yel | o ye I1n a weight ratio of 2.5 to
1.5. The (imierometers)/aA chhtour plot sf the swing ratio Emﬁm\fﬂbﬁoﬁﬂ'Athldm;ssandictlve
conmponent of which is FD&C Yel |l ow No, 5, also known 25 as

tartra2| neetragtiv,index for theeasea-ddspevidedimEigarefal | part of Allura Red food
(;5 wel | as non-dyed ingredients such as ethylene glycol. The
ulting mxture was spun on a si Ilcon wafer to yield an approx.
300 nm (N ablerd: Relative Soling Rafibs EVO The R 8 : -

where k was knovvn .-hma,e zero from UV WO 97/ 33200 _
PCT/ US97/ 03754 index -10-

spect roscopi cd
for n and
700 to 220 1
di spersion ¢

Nt 9.28]W 1.30ft he.32nonvasft N1.86lnenss| t4140]dI waatr si on curves
£ 140.90] @0.02c 35.26/cd3.n4]r 31.5¢ SMY1|r 80.23)c81.88)/ range from
31| 26.31| 22.74|  20.29|c 10:p0] 18.9%/220.21{URZI73| hat t he

] 28] 1B 84<1Bq0[0T 8.35|P SI€7 C8.23] 12158 17.01]
0.055] 25.78] 20.28] 14.77] 9.82| 6.85| 8.31] 12.42] 18.03] 23.65
0.06] 30.66] 26.72] 22.78] 20.20] 19.44] 21.00] 24.27] 28.19{ 32.90}
0.065| 36.86] 34.48 32.11] 31.41] 32.47] 34.36 37.04] 40.67| 45.23]
0.07] 47.82] 46.33] 44.73] 44.68] 45.53] 47.41] 50.08] 53.15] 56.98}
0.076] 57.73| 56.98| 56.22| 56.30] 58.00| 59.73| 61.26] 65.50| 68.99
0.08] 60.62] 69.34] 69.06] 69.74] 71.10| 73.04] 75.50] 77.76] 80.99

10 These results indicate that the swing curve reduction by a optimal dyed top
antireflector is comparable to that of an optimal non-dyed one. The optimal dyed
antireflector offers the additional advantage that the optimum operating point is located
at a higher refracti\;e index. It offers the disadvimage that the required dose is
increased: relative to the undyed top antireflector, as a result of loss of light by

15 absorption in the top latyer. If the required dose-to-clear for the ﬁrst swing curve max.
after 0.8 um (micrometers) for AZ®7500 resist with no top antireflector = is set as
100%, the dose-to-clear with the undyed top layer is calculated to about 70%, and that
of the dyed antireflector with a=4pum™ is calculated to be 97%, where both of the latter
-are for the optimal optical properties of the top antireflectors determined in Examples 2

20 and 3.

mple 4; Relationshi en »_k and ¢ for optimum swin ion
Using the techniques described in Example 2 and 3, a series of calculations were

carried out for various values of the toplayer refractive index components nr and kr as



Figure 2, and that the m ninmumoccurs at a wavel ength of 366 nm
(nanonet er swokirhbhed 5 val ue of n=1.339. The maxi mum i Bpciriiskoko37se

di sperston curve occurred at 412 nm - (nanoneters) with a val ue of
k=0.136. The refractive index of the AZ[-e¥¥J Aquatar coating ° at
this wavel ength was determ ned by node coupling experinents to be approx.
1.42. The refractive index has thus been | owered by a val ue of

0.08 by the ﬁ&iﬂ#étpe Ehé%)g%ﬂﬁeﬂwor film'fhickness ¢ il{ on(')der to determine the rEtSROP le 2

Prolith/2 calculatlons e SWng curve ra for a

non- absor bi rigetwedn themi Uingerdaipld OFT poines, it ovas ol thht neaf-aerosvig otve=xanpl e)

The swing curve reduction for a non-dyed antireflector in -line exposure

wa's ratioseonld be ebtaingd ifine andons well as ki anddgverp nelated hy thetregrepsiongr am

The AZ7500, availapl m é\gq toresi st Products, Sonerville,
New Jer sey, par arrtgt e?o'%0e3t4"60th g‘i“&éﬁ' I'n T 15 program (Version 4.05)

was used with the eh@goges &ﬂll_gnq;ﬂ,.eﬁiﬁo_ggm‘r active index was set
to 1.7161 for 365 nm (nanoneters). The antireflector was made non-absorbing

by which whan combingd yield the pelationet ers to zero. Swing curves (open
poi nt dose vs. resist ) hi s) were cal cul ated for
antireflector fil f'h!'éi}l%sTs%gl%ste‘f’dﬁg 040 and 0.080 [err]m

(m crometer %gpg D 'pﬁl{r ' -
wer e saved is%’héz%ll ﬁe’ﬁé%’?qﬂ} Peeéshergh@gﬁdr%@rl ? e n%lg s{'ﬁggﬁe%‘%@o t‘ﬂ%@el
spreadsheet gfithiyfit of 2iJes. kgina momrograph (data see Tlableddr | east squares fit
throygh the programis SOLVER function, sw ng curves were fitted

to the equation _ ) ) _lerr wher e
a,c, d and e are the fi t 1akle 3nQptimym Refrs g Index1im d MEKNESE.| m t hi ckness.
The fit was 25 carried PVa% tavel ABLS .i i but the sw ng
anplitude was al ways assured ) ST 1 *by choi ce of
appropri ate phase Mﬁoﬁ%lmmﬁaﬂsg@wm expfosurtieavelength’. .
obt ai ned "a" pmr_:ﬁrc were then divide y.ihe “a° paraneter g he sw ng
curve of _ a.[un‘_l 6 rel_Si s wix hout - & [so art i refpmkt of .t averageluf t s of
this analysis pre listled in Jable I} (from k) (fromn) (um]
0 0.000 | 1.320 0.067 0.064 0.065
2 0.058 | 1.352 0.059 0.054 0.057
4 0.116 | 1.372 0.053 0.048 0.051
& | 0174|1389 | 0.047- 0.043 0.045
8 +0.232 | 1.405 0.042 0.038 0.040
10 1 0.290 | 1.419 0.037 0.034 0.036
12 0.349 | 1.431 0.033 0.030 - 0.032
15 1. see Example 3 for simulation parameters
2. av. value may deviate from average of tabulated values since more
digits are used for calculation.
Example 5: Practical Verification of Theoretical Prediction
20 | A solution of a dye product obtained from Milliken Chemical, Spartanburg,

South Carolina (DYE A, 90 parts w/w) was prepared with a 10 parts w/w of a polyvinyl
alcohol binder, MW ca. 8-9,000, as an agueous solution to yield a film of 520 A
thickness with optical constants at 365 nm of n = 1.4905 and k=0.05595, corresponding

SUBSTITUTE SHEET (RULE 26)



WD 97/ 33200

PCT/ US97/ Table 1: Rélative swing curve ratjos (vs. the
resi st vvi‘?ééﬁés?togp antireflector layer) as a . funct?‘%)W"’ﬁ’f"gq3 top

antireflector's filmthickness and rej1'4a,ct ive index for a non-absorbing
‘top layer. Al nunbers in % For details of calculation see text.

refract. I ndex t[[err]M 1.26 1.28 1.3 1.31
1.32 1.34 1.36 1. 38 1.4 1,41 1.42 .0.04 61.85 59.78

57. 95 57. PANAPseeption obg <1926 ums, asxletermined bysspectrpscapic ellipsometry using 245

0.0 43, b YORLk, B, paly aigle odiosoopic Qipibnielr) ribalBobetg, °5,
39. 57 minimum is fled?fyperfaétlyRatdRedOwith the 365 hn gﬁn&ﬁet%ﬂs) exXfostire wavelbhgiid. 21
30. 14 31.49 33.46 0.06 26.06 22.27 18.53 18.11 16.88 16.88

18. 59 21. ¢ef Eignrs $) butthe absprptiyity of the dye is ngt, spffiient to quiteinmesinto the6 7. 65

7.04 9.08..13. 32 18.8l. 23.9 26.65, 29, .. 07 13.51, 7.86
2. 33 3. 5&“‘%‘?‘82"%5?%%3’!% ‘&é%’é%‘%?ﬁ‘.‘%%ﬁ%"gm not expectedytay 75
15. 68 12.myggp¢55s,ggsm§§cgﬁe;6 20.34 25.18 29.85 35.19 38.01  40.6

0.08 22.73722.22 23.95 25.41 26.84 30.35 34.93 39.3 43.97 46.26 48.84
5 | For sfilpewith thethickness andoptical constants givénabove,theProlith™ i s

b khesBpuRob Bk e anied B ASGEGear s ARt 11T
the predi fis0R Bmnid?& Bﬁd&ﬁ?ﬂ?‘l‘l{mﬁﬂﬂﬁ'l’rﬂ@ﬁ%{ is*aﬁfir&iqe, mt@&%%mﬂd -

section. A linear extrapolation of the two branches o SW Nng curve vs.

anoi r ef | eof the value observed ifi theabisérice lof deantireflectoe film. FiAg experimlental dosStan

i ntersecti,on pQint of 0.6%at a.filmthickne 10 - of 0.0687 [err]lm
(mi cronet %‘F%f)sg"% EHve ebiaingd op adyikemling stepper Clevdopment in 3,38% TMAH TAR

t hi ckenssggiigo | ' =0 | | o in Figure
3 scion)Sh6-96d 4 KAULARF e bwinf S BaBe e 330 (ldnl SLERTLLE RS

AZ[ er r ] Agttiml/cm?)aThe diffenerite Athybé dwofo low coating uniforinity ofitheGitifefléctor 2 Swi ng
curve ratLo of, 29% for an optimumfilmthickness of | appr oxi mat el y
0. 063 [er*ilfwswﬁ@qy,hgaé‘rogﬁquence of the very Mgh dye concentration. :

SUBSTITUTE SHEET (RULE 26)



15 . Exanple 3: Prolith/2 cal cul ations ofthe sw ng

curve rati owo 9733200 for a dyed top antirefl pctRisonesrsy
absorptivity [err]=4 [err]nferr] - The cal cul ati ons of
Exanple 2 were repeated with the differedfe that the B ’ par anet er
of the top antireflective |layer was set to a value of 4.0 [err]nferr] in
order to nmake 20 the top | ayer absorbing. This B paraneter corresponds
to a k valu : -ﬁg-he . results are tabulated in Table 2 .

bel ow. it ifold l;;It I's seen by inspection of Table 2 that the

m ni mrum has noved to a hi gher refractive index and is now found
between n=1.36. At the sape_ tine, the optinmumtop ay t hi ckness

hds decreasdd t o Atapdiretlectivroconting foracphoteresist somprising 3p Ing MMy near

VO 97/ 33200 - ST . . i
PCT/ USa7/ 03 THfrein, anomalous dispersion caused by light absorption from irradiation wavelength ,

extrapol ati Gringé r&rmdmma?rpmfmﬁaéﬂwmrwﬂmyenﬁaﬂemicbﬁﬂgemm film
t hi ckness plot - _(cf. Figure 6) yields an Intersection point of

0. 7% at a f itp gpnditions for which reflestimty pffilm stack into air is mipimizedonet ers). A
contour plot of the swing ratio as a function of TAR thickness and
refractive index for the case [err] - 4 is provided in Figure 7.

Table 2: Relati Verhi%ﬁ%@éﬂé’&i@%&ﬂ@éf&ﬁﬂh%@ﬁhﬁmﬂ%} BAdpositidh of
Antireflector Layer) : As A"Function O The Top Antireflector's
Fi | m Thi ckneabsorption ®ehosenisuckeas tockausevrednction in the real part afiahe refiagtiveindex K=

0.116. Al Nuynbers. Inh % For, Detail.s . Cal cul ati,on See Text.
refract. o thean%lre@ecﬁ/vecoaﬂnga#ﬁ!&éqa&onwav - d[[err]ni 1.26 1.28
1.30 1.32 1.34 1.36 1.38 1.40 1.4

3. The top antireflective coating of Claim 1, wherein the absorption causing the
anomalous dispersion and the real part of the refractive index is related by

nr = a-b exp(-c kr), where nris the real part of the refractive index, kris the imaginaty
part of the refractive index, a=1.53 £0.153,b=0.21 £0.021, and c =2 +0.1.

4 The top antireflective coating of Claim 1, wherein the irradiation wavelength is in
the range of 150nm to 550nm.

5. The top‘antireflective coating of Claim 1, which is castable from water.
6.  The top antireflective coating of Claim 1, which is soluble in water.

7. The top antireflective coating of Claim 1, which is soluble in an aqueous alkaline

solution.

8. The top antireflective coating of Claim 1, comprising a monomeric dye and a
polymer or mixture of polymers.

9. The top antireflective coating of Claim 1, comprising a monomeric dye and an
absorbing polymer.

* [ L N S *



.04 43.89 40.90 37.92 35.26 33.14 31.51 30.71 30.73 31.82

. 045 wd0. 31 26.31 22.74 20.29 19.00 18.91 20.2 73
. 06 29.3%9%%’33.% 18.84 13.10 8.25 5.87 8.23 12.58 1%?5%’%5’7"’3754

.055 25.78 20.28 14.77 9.82 6.85 .31 12.42 18.03 23.65
.06 30.66 26.72 22.78 20.20 19.44 21.09 24.27 28.19 32.99
.065 36.86 34.48 32.11 31.41 32.47 34.36 37.04 40.67 45.23
.07 47.92 46.33 44.73 44.69 45.53 47.41 50.08 53.15 56.98
.075 57.73 56.98 56.22-56.39 58.00 59.73 61.26 65.50 68.99

These resets MagiieneEtve fattg SECin I cotpritod o didplihe b ayea 1op
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antireflector is conparable to that of an optinml non-dyed one. The optimal .. .

dyed : ntireflectqQr offers the additional advantage that the

opt i mum opdr at irﬁﬁtm egtiyeoating of Claims 8-10, further eomprasing nonabsorbing i ndex.
It Offerspﬁcﬁﬁ]égi sadvantage that the required dose is I ncreased:
relative to e undyed top antireflector, as a result of loss of light by
15 "absorption in the top latyer. If the required dose-to-clear for
the first _swing curve nmax. . . after 0.8 [err[m(mcroneters) for
AZ[ err] 7588 regiarpc@ﬁsmfnanmspnmermmmr = is set as - 100%

t he dose-to-clear wgth.the dved. top | ayer is calculated to about 70% and

t hat i tﬁ%ﬁpgﬂ?%ﬁéﬁ]ﬂg?%?%sfrﬁéaﬂ [err]nferr] is calculated

to be 97% Whebﬁ bofdimirig dn'itirellebive coating comprisifigfar &sofbiiy SIRT ﬂé‘%bd?ptlcm
e

properties of t top antirefl ectors determned 1n Exanples 2 and

3. _ resist filimewhereipaabmelope dispersion caused by lightf or opt i num
Exanpl o 2 and 3. a SBprRtion fromy irdipton wpYEleph rings rf snd Hagim Bl @t 1 o
vari ous val ues of " %Z%gé{omém&m%mﬁmﬁ;ﬁm [err]
PCT/ US97/ 03754 reflectivity of film stack into air is minimized;
' c) imagewise exposing the photoresist film coated with the absorbing film;
d)  developing to form an image;

e optionally baking the substrate before or after the developing step.

13.  The process of Claim 12, wherein intensity and position of absorption is chosen
such as to cause a reduction in the real part of the refractive index of the antireflective
coating at the irradiation wavelength.

14.  The process of Claim 12, wherein the absorption of the antireflective coating
causing the anomalous dispersion and the real part of the refractive index is related by an
equation nr = a - b exp(-c k), where nris the real part of the r_efractive index, %z is the
imaginary part of the refractive index, a=1.53 £ 0.153, b=0.21 £0.02},andc=2 %
0.1.

15.  The process of Claim 12, wherein the irradiation wavelength is in the range of
150nm to 550 nm.

* C L M S *



- 13 - well as the the top antireflector filmthickness t in

order to dqugm;;nmot he rel ation bet ween them Usi ngcansemwpdrsd of 7
points, it was found that near-zero swi ng curve - ‘ratios could be
obt ai ned if [err] and [err] as vveII as [dir-] and [err] were related by the
regressrons t = -0 3034 [er]r + 0.4647, r[err]=0.9993 5
t 0. 0666 exp(-1.973 kr), [err] = 0.9984, whi ch when conbi ned
yleldther lat i I FeatiCe Kr),
where the exponeglt‘helprgcegsﬁ hBeeI% ‘rv}elp actieledmvfn&fh : %’gﬁ%g&?ﬁ%&%&? he
excel | ent quedtert y of this fit of [err] vs. [err] in a nonograph
(data see Table 3). 10 Table 3: Optinum
Refractive Index, Film Thickness. For
Vari ous Toplygyer ﬂpﬂ%

Prolith/2 caaﬂéul at1ons a? }Sggﬁr%rz’e‘;g%rggr%e &n/atge eg%% ﬁ?%%g]lg Sttt Witer

[err] Kk t [[err]rr] t [[err]rr] t average[err]
(from k) (fromn) [ nll 0. 000 1. 320
0. 067 8. 0. (Ehe process of (! agg52 erein the antireflective Qoatmg ipsalubde in an 352
0.059 - 0.054 057 : 4 0.116 1.372

0. 053 ‘qﬁ??ﬁf&?‘kah“e s°’“€°‘b51 | 6 0.174  1.389

0. 047 0. 043" 0. 045 8 0. 232 1. 405

0. 042 0. 038 0. 040 10 0. 290 1.419

0. 037 190. 03Phe process ofclaimaz wherein the antireflective mating compgsesa 1.431

0. 033 0. 030. 032 15 . see Exanple 3 for

si mul ati on ﬂgqmr@emdapolmormfm| ue may deviate from
average of tabul ated val ues since nore digits are used for
cal cul ation. - Example 5: Practical Verification

of Theoreti 0. PrEhs process of Claim 12, wherein the antireflective coating comprises a
' monomertic dye and an absorbing polymer.

21.  The process of Claim 12, wherein the antireflective coating comprises an
absorbing polymer.

22.  The process of Claim 19-21, wherein the antireflective coating further comprises
nonabsorbing additives.

23.  The process of Claim 12, wherein the antireflective coating is removed during the
developing step.

24.  The process of Claim 12, wherein the top antireflective coating is removed by a
water rinse prior to a post exposure bake treatment.

25. The piocess of Claim 12, ‘wherein the top antireflective coating is separated from

the photoresist by one or more barrier layers.

26.  The process of Claim 25, wherein the barrier layers are transparent and are
refractive index-matched to the photoresist.

D)



- 20 A solution of a dye product obtained fromMIIiken

Chem cal , ﬁ@burg, South Carolina (DYE A, 90 parts w

pr epar ed mnth a 10 parts ww of a polyvinyl ) . al cof T BT NMV
ca. 8-9,000, as an aqueous solution tQjgield a filmof 520 A

t hi ckness with optical constants at 365 nmof n = 1.4905 and k=0. 05595,
correspondi ng WO 97/ 33200

PCT/ US97/ 03754 -14-
to an absorption of a = 1.926 [err]n[err] as determ ned by spectroscopic
el | i psonet u

spectr oscozg?/c erﬂag’ﬁg%eﬁse?%gmﬁﬁe ,posi ti onﬁgﬂﬂilhg&s déa&ﬁ%ﬁ&%ﬁ'ﬂﬁ%*? nearly
per f ect | y thebartierlayers bpﬁdaﬂyﬁ&&rattm (nanonet ers) exposure wavel engt h

(cf Figure 9) but the absorptivity of the dye is not sufficient to quite
come into the 5 optinun1range as defined by Exanple 4. This

curve, | B! * TGS 6F Ol IS B b amireictive vt repeel Boride o "

const ant s bgtries layebby & soliréift rigse)| i t h[ err] : | i t hography simul at or
predicts a reduction of the dose-to-clear swing ratio of AZ7800
resist, a commercial product of AZ Photoresist Products, Somerville, NJ, to

about 46% 10 of the val ue observed in the absence of the
antireflector film An experinental dose-to- cl ear swing curve
obtai ned on a N kon i-line stepper (developnent in 2.38% TMAH
sol ution) showed a reduction of the swing anplitude to 55% (from|[err] 18

. mJ/cme[rr] to [err]10m)/cnferr]). The difference naybe due to | ow
coating uniformty of the antireflector ~ filmwhich may be a

consequence of the very high dye concentration.

* [ L M s *
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Schematic of the principle of operation of a top antireflective coating. For clarity, the

incident rays have been drawn at an angle.
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dispersion on the real part of the refractive index.
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Figure 2

Schematic of the effect of anomalous
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What is clainmed is: 1. A top antireflective coating for a photoresist
conpri sing bing film wherein, anomal ous dispersion 2

| i ght absor?ﬁ%ﬁ%om i rradiation wavel ength brings real 58?@%9% gﬂ/
part of refractive index of the top ant%/ sefl ective coating cI oser
conditions for which reflectivity of filmstack into air is mnlmzed.

2. The top antireflective coating of Claim1, wherein intensity and
position of absorption is chosen such as to cause a reduction in the real
part of the refractive index of the antireflective coating at the

i rradi ati on wavel engt h. 3. The top antireflective coating of Claiml,
wherein the absorption causing the anonalous dispersion and the real part
of-the refraltive index is related by [err] = a - b exp(-c k[err]), where

[err] is the r§ Tt of tNEe rerr € ITNdey, [err] s tne 1rnggrnagy
part of the refrfctli ve indeq, a 21.33 N\err] Q.153, b 3 0.21 04021, {and ¢
= -2 0 1 1‘6 lﬁ:r\ Lot n+ L U'IE| tL: i aat : nn af cl al o | M e~ al

Fhe—~+op -+ ‘.&}MB‘E of—-d % ' t he

i rradi ati on wa Ienkth is in ';g{e range of %nm 5 The top
antireflectj oatwng of Cllaigm 1. which is cdsta o6 -

The top antiretld ectiye coatin?’of ada ma1l, whijch is solluble in rvater

03 0.4 0.5 0.6 0.7 0.3

0.125

oalf}
o.n'zs'F &

A

\.—.—\
03 .04 05 0.6 a.7 0.8
Wavel.(um)
Figure 3: Dispersion curve for the top antireflective layer composition of

) Example 5.
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7. The top antireflective coating of Caim1l, which is soluble in an

aqueous al |Wb|9ﬂ§3m§0| ution. 8. The top antireflective pOPAUSIIINE4

G aim 1, Conprising a mononeric dye and a pol yrer or mixture of polynmers.
9. The top antireflective coating of3f8l aim1, conprising a nononeric dye
and an absorbing pol yner. WO 97/ 33200 -

PCT/ US97/ 03754 - 16- 10. The

top antireflective coating of Claim1, conprising an absorbing pol yner.
11. The top ant T EfTecive cbating of al s [8-10, | furtHer cofmprising
nonabsor bi ng tiveq. 12. A proress flor folm nglan i mhge
conpri si ng: \&) formnala photoresiist filmonija subgt|
by formng,ag, Lgilect|ve cdatingl conprisingtan allsorbifig fqhmontop_.
bsist [filmliwherein anomal ods di "-e"s‘l-d caused
by |ight $ 4000% 3 ion fromirradiatioh \I\FI\I‘ g.\pg-r ] ;)r‘|n‘g!$ r eal
and ‘i magi nar & par j—af . oy et
g“‘”" 3 - i : o135
i it . e O '..-"‘:'/ / S j———138
- 0 YT A .::.-.: ; eodene 1.40
20.00% . /‘/ = : --: 14
- , 0 0 1.42
‘m . 3 — »al” .-.
oo 1 :
0.04 o045 0.05 0.085 0.08 0.085 007 0075 0.08
fitm thickness )
Figure 4

Plot of the swing curve ratios.

15

foplayer refr. index n

12 i i i — [
003 004 005 006 007 008 009
top layer thickness |pm]

Figure
Contour plot of the swing ratio.
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refractive index of the antireflective coating closer to condltlons for

whi ch reflectivity of filmstack into air .Z,E_gl,

c) I magew selsgipom ng the photoresist filmcoated wt h the agjgg I"'ng
film d) devel oping to form agsi mage; e) ~ optionally
baki ng the substrate before or after the devel opi ng step. 13. The

process of Caim12, wherein intensity and position of absorption is chosen

such as to causg a reductio----;.i-.n the real part of the refractive index;of
the antirelefctive fcoatiing atl the Trradilation wavelength 4. The
process of ai wd P—whrgretrnt-he—apsot pti-on—of—thetantrreftee} i ve coaling
causi ng the nom oS difSper o on apd thg real] partl1ol_t et ¥8| | ndex
is related by an pguation-fgrr] —ta - [ oxpllc Kkl =r/r},,._ > f-arp s the .
real part of| tgeewspfractiverndexTter Fs—tie—T 3G 9 t"Q}'_: hp
refractive i hdeseox B = 1153 153 10 = 21 215 C = 9| 0wl 15.
The process pfg O algr-t2—whererAr—the—iHadabreL; eergthi—s [FHe—t#e| range
of 150nmto §3’0 WO 977133200 S I
PCT/ US97/ 03754 s RSt e -17. 16,0l | The
process of { ai m1ps e e tpe—coattng-s—cagt abl & f fom
wat er . &s 3
- 1000% N
2.00% | |
0.04 0.045 0.05 0.055 0.08 0.085 007 0075 008
fiim thickness [pm]
Figure 6

Plot of the swing curve ratios for non-absorbing top antireflective layers (o = 4 pm™).

15 T ; T I

ioplayer refr. index n

12 i i i i
003 004 005 006 007 008 009 -

top layer thickness [pml

Figure 7
Contour plot of the swing ratio as a function of top antirefiective layer thickness and

refractive index for 0. =4 pm™.
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17. The process of Caim 12, wherein the antireflective coating is

sol ubl e i n webws3200 18. The process of O aim 12, wherein POBUSI03754
antirefl €étive coating is soluble in an aqueous al kal i ne sol ution. 19.
The process of Claim 12, wherein the affSreflective coating conprises a
nononeri c dye and a polynmer or m xture of polyners.. 20. The process of
Claim 12, wherein the antireflective coating conprises a nononeric dye and
an absor bi ng pol yngr- 21 The process of O arm 12, wherkin the
antireflective coaf]i ng gssprisesan ahsorhing -poly 2p.  The
process of Claim19-21, wlereih thg ant|refllectipve cpati r{g further
conpri ses nonabsorbié ditivyes. 2B. The f Caiml2,
Werein the antirefil egti coar g s TEMDV devel opi ng step.
24. The process qf aim 12, | wherlein [ he § tive coating is
removed by a water priof tola pokt ex| reaf ment .

«Q
S0
Q.
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g
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0.2
:
: /
0.1
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[-]
: 0.1
2 4
g 0.05
R4

o | pMES

13 132 134 138 138 14 142 144
real part n of top antirefiector refractive Index

Figure 8
Nomograph of the relation between n and k
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183 1 | 0.12
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e 155 1 t 0.06 x« |———365nm

1.53 b3 X 004 ...... K
151 4
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. 147 4 —1 0
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Figure 9
Dispersion curves for the PVA/dye A solid film of Example 5.
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separated from the photoresist by one or nore barrier |ayers. /-' )P&e

rocess of d aj , Wherei ﬂﬁnﬁﬁiﬂc‘r@ SkEFSordhfizidagnspar en
; Mtched to%tohe phot dmmlg'iggmum . / 33200°

refractive ind

The process of Caim 12, wherein the top antireflective cogl
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(57) Abstract

The invention consists of a light-absorbing top antireflective layer which reduces the swing curve amplitude for photoresist materials
used in the semiconductor industry. The coating may be water based but is not necessarily so. ‘The advantage of a water-based coating
is its ease of usc, since it can be applied without intermixing to the softbaked photoresist, and is removed in the development step, so
that process complexity is only minimally increased. One problem that has been associated with the existing non-absorbing antireflective
coatings is that the optimum swing curve reduction is only achieved at a very low refractive index. The advantages of a dyed coating are:
a) that the refractive index of the top coat can additionally be lowered by making use of anomalous dispersion effects if the dye is chosen
Jjudiciously, and b) that it is possible to achieve the optimum swing curve reduction at a higher refractive index of the top coat. By a
combination of these two effects, the present invention demonstrates a reduction of the swing curve close to the theoretical minimum value,
which constitutes a substantial improvement over existing antirefiective topcoats.




