- 1:- 216909 0 PHOTOBLEACHABLE COWPOSI TI ONS The present
invention is directed to a photobl each- able conposition suitable for the
. psoduction of images of objects, such as masks for photoléthgaiagg in the
magufacture of integrated circuits, which-i mages 5 exhi bi 13
contrast. Lithography in the production of integrated circuits is
predomnantly carried out by optical neans. In the drive to reduce
circuit dinensions, inprove C g‘ Ange: apd L& yield, optica
systens have provided 10 the=regbrisd BsdUt-dh—w-th each successive
generation of circuit technology. The i mage resol ution of projection
| it hographic systenms has recently begun to approach the physical lints
i nposed by practii Ot popsenti inyessiopurisr i dhreckpdrtoré PAFOBdSASNengt h.
Wi le  furthggy e compRisQEamRNt Suit &bl &t Wagr aphieC graftdieay 6f € images
antici pated, dramatic | mprovenent s |€, |nherer'1‘tt L%ns r@iolq%lon
are not. 19f or BRIEEBS eontSUERe t3e rBATEE 0AO8f ANRTAIINEAN 3P si'ze
achievabl e thy marifedturd eadi gireisegratidd i <imenddsar y whd cl t émag@se
ot her aspect_of.the l.itho-_ 20 jc process for further
i rrproverre%\t s‘?)?mb&eémgar"ecae%n?%ﬁ'iﬁ?ﬂf'urt her i rrpr$ve_rrent S are possible is in
the photoresist tteegarhy chgntpRopPsPAYreiion; 8T Hategratiese  IyF Wide
degree of int$deptedomtnast!necessaiedt cowt ochyce quttteains mesatd 2 forln
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on substrat eaRdpand eincrraseeqli ¢ bds paptdcalt xs&ams have provided
v 10 the required resolution with each successive generation
' - of circuit technology. The image resolution of projection
lithographic systems has recently begun to approach
the physicél Timits imposed by practical constraints
on numerical aperture and wavelength. While further
15 1improvements in lithographic technology are anticipated,
dramatic improvements in inherent lens resolution
are not. In order to continue the reduction of minimum
feature size achievable ' by optical techniques, it
is necessary to alter some other aspect of the litho-
20 graphic process for further improvements. One area
in which further <improvements are possible is in the
photoresist protess. Each photoresist is characterized
s ~ by some degrge of incident contrast necessary to produce
patterns usable for subsequent processing. This minimum
25 required contrast of dillumination is reﬁerre& to as
the 'contrast threshold of the resist. Depending on
substrate properties, the vrequired pattern thickness

and resist edge profiles,
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and resist edge profiles, 30 35 -2- conventionally used positive
phot oresi.st has a contrast threshold between 85% and 90% contrast.
Currently, nost production is done at 90% i nci dent contrast or nore. va{hes
contrast threshold of the resist is reduced, the resolution obtainab

with a given optical systemis inprd@&ed due to the fact that inmage
contrast is a decreasing function of the spatial frequencies present in the‘

i mage. The object of the present invention is to provide new
phot obl eacé@Bivenkdwoaddlys psedusRes it bvehehotodiest st obass 3 nCAMEEASE he

contrast oft haie sk@nigal umaeeemtlsszedanm t@e%pr@@ﬁessass enhamede@ﬂpr to
I nci dence on the photore5|st An ect Of@@@ Sres |nven lon,is

| over- t he MOFitmuRTOSHGEIAN ¢ dfy DgAdENtpGRATtrASY ot ©
phot or esi smoradcorldi ndet ca:om'a‘nassu t&ﬂ‘peesdttolcdf otfhe her eseentstl n\serrteldmrcetdhere i's

provi ded. (EnerOFRITLG 1off | oBealEbIR! CBEPRCLE SHTAHNGpel YT cfifen

phot or esi st Iayer ot eacha e conp
conprises ds ph@@@t@lvﬁch&mee di(ﬂ“rpdlhﬁd fagitng ttexfimagei oponbepstci Bht to

nol ecul ar wei gi¢réadiRgi Fuhlee ivAblFRCHRE Shakeadr qatea{uémréslopresent
in the image.

The object of the present invention is to provide
new photobleachable materials for use in a photoresist
process in which the contrast of an aerial image utilized
in the process 1is enhanced prior to incidence on the g,
photoresist.

An  object of the present invention is to lower
the minimum contrast required to produce usable images
in a photoresist. ' '

According to a first aspect of the present invention

- there is provided a composite of a photobleachable
compound layer and a  photoresist layer in which the
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compound having an extinction coefficient to molecular
weight ratio in the unbleached state greater than 10
liters per gram-cm and having a ration of extinction
coefficient for the unbleached state to the extinction
coefficient for the bleached state of said photobleachable
compound greater than 10. '

According to a second aspect of the present invention
there is provided a photobleachable composition for
use in the composite of the first aspect, the composition

| comprising a photobleachable compound. having an extinction
coefficient to molecular weight ratio in the unbleached
state greater than 10  liters per gram-cm and having
a vratio of extinction coefficient for the unbleached
state to the extinction coefficient for the bleached
-state of -said photobleachable compound greater than
10, in the form of a spin castable mixture capable
of forming a photobleachable compound layer having
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liters

per

gramcm and having a ration of ~extinction coefficient

for the unbl eached state to the extinction coefficient for the bl eached
stat e of sai d photobl eachabl e conpound greater than 10. According to a
secope¥ aspect of the present invention there is provided a

phot obl eachabl e conposition for use in 8he conposite of the first aspect,
t fe conposition-conprising a photobl eachabl e conpound having an extinction

coefficient to

than . 10

coefficient which heomprindésaryewle sglat e to the extinction coefficient for

| ecul ar_weight ratio in the unbl t t
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t he bleaChedLéféféﬁaPQ t559¥da"pgﬁ§§9#§?§$ﬁ?€ﬁt conpound greater than 10,

in the

phot obl eachalh k1 coarpd@rplartsagéranhbnent orgagic apo hymer pbivderaxi mumin
the range ofy 3P0 to 450 nanoneters which conprises by weight (a) 100 parts

of an or
bi nder,

f or

gani
and

spin  casta tapabl e of form ng

solvent, (b) 1 to_30 parts of an inert organic polyner
(e 150 20 phrts Of an aryl i

divided fromBritish Appli- cation 8328221 (Publication No. 2131190A),
whi ch di scl oses Hnel pcleaemt investtiiach ©$ dpwvddedi fgomnBrithge Applia

layer of phot orfs g3 £@5Pr | 66 J¥h 14205 M N J1 DB Py OIS O S discloses

and claims a method of producing an image in a layer
of photoresist comprising, (a) providing a photoresist
layer having a given level of contrast threshold for

‘light of a predetermined wavelength, (b) forming a

coating of a photobleachable compound being sensitive
to said 1light on the photoresist layer to produce a
composite of the photobleachable compound 1layer and
said photoresist 1layer, said photobleachable compound

“having an extinction coefficient to molecular weight
ratio 1in the unbleached state greater than 10 liters,

per gram-cm, the ratio of the extinction coefficient
for the unbieached state to the extinction coefficient
for the bleached state of said photobleachable compound

'being greater than 10, (c¢c) exposing said composite

of the photobleachable compound layer and said photoresist
layer to a radiation image of a pattern, said radiation
ifnage having been produced by projecting said 1light
of a predetermined wavelength through a mask of the
pattern, said 1image having a 1level of contrast less
than said given 1level of contrast threshold due to
the high spatial frequencies present in the pattern,
in order to reproduce a mask of the pattern within
said photobleachable compound 1layer while exposing

'said photoresist 1layer through said mask within said

photobleachable <compound to form the pattern in said
photoresist layer for a time to produce said pattern
representing’ an enhancement 1in contrast of said image
of reduced contrast in said photoresist layer.

a

MIEFQM®: The present invention is

.
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layer having a given level of contrast threshold for light of a
predeterm ned wavel ength, (b) formng a coating of a

phot obl eachabl e conmpound being sensitive to said light on the y«“ .
photoresist layer to produce a conposite of the photobleachable M,
conpound |ayer and said photoresist.|gyer, said photobl eachabl e conpound
having an extinction coefficient to nolecular weight ratio in the
unbl eached state greater than 10 liters per gramcm the ratio of the
ext:c][lctl on C?eflhl ﬁwm g f @het fwomm’eia-c&msif Sffﬁtﬁhé Op'&'bﬁegi&tlﬂmem‘non, :
coefficient for t e. bl ea at i.d.phqt abl e un ei ng
greater t h3n ft?sgﬁggaé% %mB déﬁ 33 3¥|q§éﬁ:th% pﬁgggﬁleggﬁable
conpound Inyetoaad1saldfphbt&wnsmsﬁhicﬂnasS(nmﬂrhah%ng(n1nnﬁﬂp$&ﬁm¥ned
pattern, sai at Vi J¥ﬁ?3 prodye pryj e sai d
| i ght of gbqﬁgggh ltWP'es \%a glas Qg‘h rough ‘a %ﬁfytf o?’Jheq'ﬁ)attern
said inmagés havowgde@ n@wbmg cﬁPaQRﬂnrQ%ﬁ tFé§§PPﬁ3ﬁt sargasgi verfn | evel

of tCﬁn”a%{nta gkNr a3hehng dd:ue comridex mé]ﬂ”s Sed althérqmw@rsmtrmdesent
in e pattérn, in_order e uce er

within saP8°" 5H650bﬁ§£ﬁé§ﬂh§ % pgﬁﬁ hPS?EFS1Sﬁh|Fé q&ﬁdﬁﬁ sald
phot or esi sthel agbnecthrmugrthe;allchyenaslof wphbtoresast pbhyt ght efedtain e .
conpound t\?gsgl d&? Ehep &@éée%nw wa%%nafehoraﬁla}%'%}ssr of fdct @ time

to produce t'ern regres n contrast of
said img8 o]‘a!'%%lu@é’d ebatel @aphaéal?d PR ot @k dinqlyddng a photo-

bleachable compound is provided between the object .
and the layer of photoresist and adjacent a surface o
of the layer of photoresist. The



- 3a - In using the conpositions of the present invention, in an
illustrative enbodinent thereof, a layer of photoresist of a first
thlckness and having a predetern1ned cpntrast threshold is provided.
~Beject or mask is prOV|ded having opaque and transparent areas.
than  the etermn nt r ast

A h I d ,
treahord of | LIRNOHTRATAERARE Sampounaots rn?i§9vsb,-tgcltﬁeo%?w@enltayepa

The ob) ect esksfay“é?""’“f“‘f‘ﬁ%ﬁ% %b?%dawﬁ% i m“@?*%’ﬂvékgé‘%?é%@m”gh
bl eachabl e compelmblecldY Qe i)y P EX\Bei‘? iﬂeef EEt?i‘Qﬂ-cER%im'e%?r

of photoresist and adjacent & sur ace ot oresi st

-4 phot obl eachalglne mnnmmaa,ﬁaarﬂswe?wawﬁ eﬁsﬁeﬂsahtomod wepel engt h
ght and has an extinction coefficient to nolecular weight ratio in
I|ter

Sper gram catdiomeferthien exts newi omoboelf £16i engr £6t ethehanbleachedO.
The 05 ratio of the extinction coefficient for the unbl eached state .

to the extincti ortotef fticcitdhe: extindtdidn condfficient H6rt tbepbdeathedchabl e
material is also greater t han about 10. Light of the aforenentioned

wavel engt h and oBtatgr efetheriphatabieahable matey tal clstaleagareater

t he object onto tge | a er of hot obl eachable material for a_time to obtain
a reduction in of FEaP Light of the aforementioned wavelength

and of a predetermined intensity is projected through
| 10 . the object onto the layer of photobleachable material
N~ ' for a time to obtain a reduction in optical density
| of the layer of photobleachable material in direct
proportion to the dosage of light of the aforementioned
wavelength incident thereof, whereby the integrated
15 cont:est of the image transmitted by the layer of photo-
| bleachable material increases with dosage transmitted
thereby, reaches a ﬁaximum value and thereafter deereases.'
Parameters of the layer of photobleachable material
| are selected such that the maximum value of integrated
20 - contrast is greater than the predetermined threshold
contrast of the layer ot.photbresist. The sensitivity
of the layer of photoresist and the thickness thereof
are selected such that the layer of photoresist is
fully exposed by a dosage in a p:edeterhined range
25 transmitted. by the layer of photobleachable material
and provides an integrated contrast in the transmitted
image above the predetermined contrast threshold of
the photoresist. Light of the aforementioned preéetermined

wavelength is projected through the object for a time



of the layer of photobleachable material in direct proportion to the dosage
of 1ight' of the aforenentioned wavel ength incident thereof, whereby the

i ntegrated 15 contrast of the image transmitted by the |ayer ofw__ -
phot o- bl eachabl e material increases wiigL dosage transmtted thereby, SZL
reaches a maxi mum val ue and thereafter decreases. Paraneters of the |ayer

of phot obl eachabl e nmaterial are sel ected such that the nmaxi mnum val ue of

i nt egrated 20 contrast is greater than the predeterm ned threshold
contrast of tbherbajée ahcplidsr@si St . afdteesentibnedt preficteeriayer of

phot or esi st the thi eSs Ll ch.that the | gyer of
photoresistrsgg?upfﬁngﬁggséﬁfgﬁﬂgﬁggiégésiﬁﬁésééggggggﬁéﬁegaange ¢
transnittedlbyerhefl ahetcdilqaunitaibl @ aerbet bakal er rehoyed pndvithes an -

I nt egrated a ' . i gt | e.p m ‘
contrast _t h?ggﬁgl gtfoPﬂftﬁg%p?hgc}t%c}??s% scf%jvél_l glhtdg‘?&tgﬁgkgf or E%’%F?%nggﬁd

pr edet er &i nE@SRALENENGLh enh AR e di IFREFAShecEbEBEt 1MgAC O ne - 5-
to provide $88udegagenihtagito’cIMRIHd WeTb @k edet Eorneadinhange LhsesTidet ed

t hrough t he phot obl eachabl e | ayer. The | ayer of photobl eachable material is

removed andPPRECFEFEFtof photoresist is devel oped whereby a pattern rep- 5
resenting an enhanaroeheri aspenitr asft tife (pwesemyeintenedonedscadiresst of -

the obj ect LédfgéngdskgntE%ngﬁTé(§i§¥ﬁ¥é”é§£§£le of forring a

10 photobleachable laver having an absorption maximum in the
range of 300 to 450 nanometers comprising by weight .

(A) 100 parts of organic solvent, \w/

(B) 1 to 30 parts, preferably 5 to 15 parts, of

an inert organic polymer.binder,

15 (C) 1 to 30 parts, preferably 5 to 15 parts, of

an aryl nitrone. _ ' -

The novel features which are believed to be
characteristic of the present invention are set forth
with particularity in the appended claims. The invention

20 itself, both as to its organization and method of opera-
tion, together with further 6bjects and aédvantages there-
of may best be understoodlby referénce to. the  following
description taken in connectioh with the éccompanying
drawihgs wherein: _

25 Figure 1 is a graph showing the relative transmis-
sion of an indealized bleachable laver as a function of
dosage applied to an entrance surface thereof. _

Figures 2A-2F show diagrams useful in explaining
the dynémics of the bleaching process used in the present

&

30 invention. .

‘Figure 3 is a graph of the relative transmission
of a particular contrast enhancing layer as a function of
time in response to the application of an incident dosage
of a particular value. - '

35 Figﬁre 4 shows a set of graphs showing relative
transmission and contrast of an image having 30% contrast



Anot her aspect of the present invention is direc- ted to a spin castable

m xture capable of formng a 10 photobl eachabl e | ayer having an absorption

maxi mym.in the range of 300 to 450 nanoneters conprising by weight (A) 100
parts”?# organic solvent, (B) 1 to 30 par%§ preferably 5 to 15 parts, of

an jnert organic pol yner binder, 15 (© 1 to 30 parts, preferably

5 to 15 parts, of an aryl n|trone. The novel features which are believed to
be characteristic of the present invention are set forth with particularity

in the append c#@tns The invention 20_ itself, both as to its
organi zati on and meth&dss Q#MW%51W9QWPHQd@%?h%?mmffﬁnFEFFHéPno@Péb¢§eand

advant ages t hénetaoftamepuse storbter aiel exrsd ogdt@grseé@reaﬁeﬁett peobeldeew ng
description t nne he acconpa drawi ngs wherein: 25
Figure 1 is a%gggSEQ %%mﬁhgai he re|§£\k9?%%ﬁég;§g gﬁn of an indealized
bl eachabl e | ayer as Eifwret iSoshsiwsiopmgshsppf i sellsvive tnanamtesionf and

t her eof . FsgueSﬁt@és%F aSNaW flirdd ;0 156l o d 1 £xD aaawg&?srdgﬂ%m cs of

t he bl eachi ng grocess used in the present I'nven ure I's a graph
of the rel ati 982PRENSK §498FSf4-a particul ar contr ast enhanC|ng | ayer as a

function of time In FQ@QQ&%G@W36EN%HE¥ﬂdf6§éfﬁbéi éﬁb'@f'QEP cHfgage of a
particul ar val u

shows a set o ra OW Nng
rel ative tran§ﬁ?§§?8ﬁtéﬁg EBFFF% Sl Vir %%?Hﬁnﬂﬂa9ﬂﬁumﬁﬁkﬂs’€%ﬁt¢é§¥yln°

out the present invention.
10 A large fraction of optical lithography is done
(L currently by projection techniques in which an aerial
image of a mask is used to expose the photoresist. For
an aerial image of low .contrast, even those parts of the
image that correspond to the dark regions of the mask
15 . have significant intensities. As the contrast is reduced,
discrimination of the darker area from the.lightef area
becomes increasingly difficult. In accordance with the
present invention a method is provided which enhances the
~ contrast of the image incident on the photoresist and
20 thereby improves this discrimination. The contrast
| enhancement is based on the use of photobleachable mater- '
ials which are initially relatively opague, but following
some dose of radiation, become relatively transparent.
&J' The optical transmission of an idealized bleachable.layer
- 25 is‘shown in Figqure 1. When the aerial image of a mask is
incident on such a layer, the regions of the bleachable
-layer that are exposed@ to the highest intensities bleach

through flrst,




-6- for the case of maximun and m ni num transm ssi on and the instantaneous
contrast and integrated contrast produced thereby as a function of incident
dosage. Figure 5 shows graphs of relatiVe transm ssion and 5 contrast‘gz;d
function of transmtted dosage for the graphs of Figure 4. Figures. 6A- '

show cross sections of structures representinq}successive steps.in one .
net hod for cahilegtbaset perpecodntthendanarothaty receive pheslowestaction

of optical lithogra hzais done currently by projection techniques in which
an aerial inmetprtensitieskbleaghedhroughate & HAtRHIYR_: st. For an aeri al

[ fol t t, th It f t ' t hat d th
dark rogions of ¢ HEMRORDEBA R, Bt RS LAATHING Hhaq s AL¢ fEPLEfRd ot
. duced. dj L ; th _ ; :

| mor east ngly o ST e’ BR-2Eoor BARRESGN, b, Mhe Yo 14EAVE T cEMEm IR
I's provided which enhances the contrast .of the, inpge ipcident _on the

phot or@3i st 0% 3B obBeFELFuUrhpAS, & MARk ‘iﬁ'&%’ﬁ?ﬁ"g%t?gngpa?ﬁg contr ast

enhancenent is _based on the.use oféf otoble.aché}:t’Jlgg ter- ials which are
initially relZ®93RP5 BFIGUEIPEBuESE IgﬁﬂQﬁfﬁﬁﬁﬁa of radiation, becone
relatively transpar

ayer 25 is SARAFEFRAFPLPES orurRaTHIsEa Heflodg Tl L poachan e

producing 100% transmission 12, I is incident intensity
of radiation. I is transmitted intensity of radiation. _

10 E, is the désage of radiation tequi:ed to cause bleaching ;;
of the layer. Figure 2B shows a graph 13 of the relative
intensity as a function of position of an aerial image
of the mask when placed in optical projection apparatus
for producing an aerial image used, foi example, for

15 exposure of a layer - . of photoresist. It is assumed

that the wavelenath of light uzed and the &imensicns

of the tegionsﬁof the qask_iie such as to produce the

the 1ma§e and I-in"' the minimum intensity of the | :;

contrast ghown. I_._ is the maximum intensity of

20 image., Pigure 2C shows the cross-section of a layet %5
of an idealized photobleachable material. Figure 2D
shows the bleaching of the layer 15 as deliﬁeated By
the dotted line 16 at the end of a first period of
time., Figure 2E shows the bleaching of the Iayet.ls

25 as delineated by dotted line 17 at a later period of
time. Figure 2F shows the bleaching of the layer 15
as delineated by dotted lines 18 and 19 at the time



incident pn such a layer, the regions of the bleachable |ayer that are
exposed to the highest intensities bleach through first, - 7- while
those,garts of the layer that receive the-gowest Intensities bleach through
at & Tater time. The dynanics of this bleaching process are depicted in

Fi gures 2A-2F. Figure 2A shows the relative transm ssion 05 of an

obj ect such as agp@s el 1139 Q' nRREE "l A i
transm ssion 11 s!g%a%g gg%& é%er?ggr'ﬁtranspa@n%ﬁ#’gﬁg{jpggﬁég&% 100%
transm ssion 12.1feghe éigb&ﬁizelerﬂs igticPped Yatofa rethétéofrespofdihgnsni tted
intensity of radiation. 1 Eb is the dosage of radiation required to
cause bl eaching té Figutey2P, Etheutsaddnizaion of gie IBledchébleclayeye
intensity as a function of position of an aerial inage of the mask en

pl aced i n opti cdoprespendsntapphait of fthe prddginaly masker iéhenhnsaychused,
for exanple, for 15 exposure of a layer - of photoresist. It is

assu®d t hat thed Rateehainisr coagrad epctomek e annnent iprabiphatoresishs .

e o o v AR < nehR B s SRR Eh i ave A, bt fRsto
RS TR et S F LN = R P T o
delineated by ajone, This will be true if the photoresist is sensitive
enough to be exposed in a time short compared to the
40 - | bleaching time. The bleachable iayer essentially forms
an in situ contact mask for the photoresist layer.
The net effect of this in situ mask is to increase
‘the contrast which is incident on the photoresist over:
- the contrast of the aerjial image.
1s . ' - The application of contrast enhancing techhiqués
to submig_gn optical lithography :aises'segeral physical
and chemical constraints on the contrast enhancing '

layer itself. The contrast enhancing layer ﬁust be

simultaneously thin and optically dense. fhe thickness

20 - - requirement arises because of the narrow depth of focus
of high resolution opticél'systens. This limits the
‘thickness to a tange of less than about 1l micron.
Because the contrast enhanciﬁé layer must be optically |
dense, it is necessary that the photochemical constituent
“28 .~ of the layer be strongly absorbing. Since the 6ptica1'

transmission following bleaching is determined by the

absorption of photoproducts, the photoproducts must



the dotted line 16 at the end of a first,period of tinme. Figure 2E shows
the bl eaching of the layer 15 25 as délineated by dotted line 17 at a

| ater period of tinme. Figure 2F shows the bl eaching of the layer 15 aq:r
delineated by dotted lines 18 and 19 at the tine .- 8- the exposure |s™
terninated and MAV&€achiBRF tﬁbﬁg ?‘I?*?h@céiﬁﬂsEPSfifécéﬁdﬁpgd’ ®ime
correspondi ng Fi qure et L.s$l.on _of | ea r
corresponds to %rfaet'&omlﬁge)c%*?gi n%??;ﬁégib&hgﬁeggg%igg% qtlataeefiaﬁé/ntgt erial

Is coated on_t f eaééﬁg@qg'onal photoresi st |ayer, the resulting
conposite can %ﬁngﬁmma cxwﬂ#ast threshold than the contrast threshold of
resi st |ayer alone. T@g;\%%i be true if the photoresist is_d@ﬂsitLve
enough to be exposed .in a me short conpared to the bleaching tine. - The

bl eacB8bl e | ay#besesdnihs, 3BEPLPARCEy, i situ contact nask for the

photoresist layer. The net_effect of, this (n situ mask is to increase the
contrast which is in (ﬁﬁuP{§Pt %P%EBIS?@S}St‘Béer the contrast of the

aerial imge. 15 Fbis °"°$ﬂ¥?§ﬂ§85i§ﬂ§i§nPQL §90kEgSt enhanci ng

techni ques to subm cronoptica gra arses several physical and

chem cal consthgggggﬁggéZS%éﬁﬁgfﬁgﬁ ﬁﬁh@ﬂﬁ%@gggayer itself. The contrast

o

enhanci ng | ayer nust be. aneous optically dense. The
t hi ckness 20 requi renent arises because of the narrow depth of focus
3 Io .
10 where I, is intensity of incident radiation, and

I is iﬁtensity transmitted radiation.
The extinction coefficient . £ of a material is obtained
by determining the parameters A, b and ¢ in gquatidn
(1). The-parameter.A is,obtgined from equation (2).

15 Initially, a known amount of.

dissolved in a known amount of a solvent by volume
to obtain the concentration ¢ of the material in the

solution. This solution is put into a cell of known:

¢

dimensions and placed in the light path of a spedtzo-
20 photometer and radiation of_known intensity I, is directed .
onto the cell. The intensity of the.radiation transmitted

from the cell is mgasureb. The solvent glone is also .

- put into another cell of the same known dimensions and

placed in the light path of the spectrophotometer and



of high resolution optical systens. This |limts the thickness to a range
of | ess than about 1 nicron. Because the dbntrast enhanci ng | ayer nust be

optically densezaggaggcgqusgﬁt ”}r¥ﬂ%§4€§é%yoiOcpgnag?L‘EQHS%%EQPQE°25

of t?%flayer be strongly absorbing. h@boptlc trans Si on
following bl eacgeny. ehdciitdmAt P of NEh A5 PiL P6n Ot r PABKREREUE SN t he

phot opr oduct s nust - 9 - have & much smaller extinction coefficient than

the parent nol eehéecelat iiBCmeasured ./ i Nint ensibfy Nélabiyr éenegUBEI ON
[err] - (1) 05 where A is absorbance, b is

path [ ength (cn¥plyeatdaione denasedr 2io eorrEdte e drdmsnittddor bance is
defined by equation [err] . (2) 10 where |
is intBhsity ofintenrsity Iafpatredl amd Isdlyentt ahdanpticemeni tted '
radi ati on. The extinction coefficient [err] of a nmaterial is obtained by

determining  TReS uFARS: &hese vialmes ©f dngjAantrintensity Fgraftier A
= SDtal e 1 of ol LR hrebBa ey i Sabiain A O SRR 2
obtain the concgnik3bhgRsned’ * BinTHsidr's 'fh 'diftaiel ' flon €hEScaELUT O
' of known dimensions. Thus, the extinction coefficient
10 - for the material is obtained by snﬁstitution of values
) b, ¢ and A in equation (1). The measurement of the
extinction coefficients of m#te:ials is also described
on pag;s 644-652 in "Fundamentals of Analytic Chemistry"”,
2nd Edition (1969) by Douglas A. Skoog and Donald M..
15 West, published by Hold, Rinehart and ﬁinston, Inc.
of New York, New York. Continuing, in order to minimize
the necessary increase in éxpdsure time, the quantum
yield of the bleaching reaction must be as high as
_ . pos#ibleﬁ Also, since photoresists are conventionally
20 applied by spin coating techniques, it would be convenient
W if the contrast enﬁancing layer could also be appiied
| by similar methods. The soléent in which the bleachable
ﬁatez;al is dissolved must be compatible with photoresist
layers. PFurther, it is required that it be po;sible _

25 to spin coat contrast enhancing layers 6f good optical
quality. Pinally, the wavelength range over which these
bleachable mater{als operate must be the same as the
wavelength range over which the optical projection
system operates. Most direct-step-on-the-wafer systems

30 . operate at 405 nm (nanometers) or 436 nm. 1In this

case, the 405 nm wavelength was chosen for use on an



di nensions and placed in the Iight path of a spectro- 20 phot onet er
and radiation of known intensity lo is directed onto the cell. The
intensity of the radiation transmtted £L0n1the cell is neasured. The =~ *
solvent alone is also put into another” of the sane known di nensi on¥4,
and placed in the Iight path of the spectrophotoneter and- radi ati on of
known intensity [err] is directed onto the cell. The intensity of the
radiation transmtted fromthe cell is nmeasured. The intensity measurenents
of solvent @pbheckrinsd@ :tlo REH raxgtemeavabhahiet gopsOptimetinipefsity |

for cell andeSQbufbhiAPYALR, @kl iFbin 4] ngmweésayahueérota Hte
intensity [err] and transmtted intensity | in equation absorbance A

i s obt ai nedPleRrsRABPoRaterd adist Hared3de itk E%FFréftRngRﬁsﬁlﬁﬁﬁblons
Thgst_zhe_exﬁr?ﬁhten coabrfiichaniir 180, the ?ééicﬁhfoﬂaaﬁﬁrﬁbrEStébt?lnsdtﬁy
substitution,of va in eqgua n nmeasurenent o e
extincti%n g%@?FpéPgnF§QSFlﬁaféﬂéﬁs??é?eﬂ%ﬁbd%%%?f% g oft 5858 884-652 in
"Fundanent ahaxbha Abal $hec walvediestgttl'  r &k Folf t 300 £4989D hmnbDoegleas .A.

Skoog and Donal d M d3ae1 oe¥ste PMALLIRY MOEELE. wEbNEHOEL ALY YS! on

Inc. of New York, nui ng, € necessary
i ncrease |nub¥bbsedein|#be ﬁw@lwﬁﬂﬂqnnqﬁe#lﬁ%#h@hbebmeteniﬁésréuéﬁron must

be as high 25)0085¢bhge- inAth c%ﬂt&eaw%ﬁ{mﬁé E&fefonvﬁﬁél paghly 20
applled by ggégrgog%lggetechnlques It d be conveni en

model are set\¥%rth in the following table:

@




i f the contrast enhancing |ayer could also be applied by simlar nethods.

» The sol vent in which the bl eachable materi I s dissolved nust be.
conpati ble with photoresist layers. Further, it is required that it be
possibl e 25 to spin coat contrast enhancing | ayers of good optical

quality. Finally, the wavel ength range over which these bl eachabl e
material s operate nust be the sane as the wavel ength range over which the
optical projection systemoperates. Mst Tabbetl st ep-on-the-wafer systens
30 operate at 405 nm (nanometers) or 436 n. In this case, the 405 nm
wavel engt h was ch&uastdgy use on an Optinetrix 10: 1 Bxplanation avail abl e
from Optinetrix Co. of Muntain View, California. The search f.qr

far .
appropriate bl eachi fig materials was made with q%?jﬁﬁ%ﬁ%%;@ﬁgpt
straints. Particularly, the search for appropr®atiPseAched, ModErslssi al s
was made with regard to absorption nmaxima in t e 300 to
450 rfhometers. A mg)GeI of the bl eaching proce%e’\g’?&% Ii%r?&%&ti l'ized
in the eval uation offbl eachable materials sui t;g‘?‘mﬁ‘“f Yiel¥e oen thige

1dah

contrast enhanci ng I'&yer. The para- 10 neters i eleast@onet forth in

the follow ng table: Table 1 Quantity
Expl anat i on N, _ Initial density of
10 - unbleached molecules

F, " Flux density of photons
incident on contrast
enhancing layer

&4’15 t Thickness of contrast
enhancing layer

ng _ Index of refraction
of bleached layer

n : Index of refraction

of glass substrate on

20 -which the contrast enhancing
layer is situated

Based on the anaiysis above and the model of the bleaching
eprefe_rred, .
process three/criteria for material parameters were

developed and are set forth in Table 2.

25 Table 2
\ ' Quantity Value
' (1) € /Molecular Weight 2100 liters/gram-cm
(2) iﬁ 20.2
3) €unbleached 230
' €bleached
30 The first criterion is based on the need for an optically

dense film, and is essentially related to the packing
density of absorbing centers in the contrast enhancing

layet.' The second criterion is based on the need for



[err] : . Extinction coefficient of unbleached

nol ecul es 05 [err] -13- : Extinction
coefficient of bleached nol ecul es Quantumyield of the bl eaching reacti(tﬂr .
[err] _ Initial density of 10 ot

unbl eached mol Gyl 45e ) % OEPShL Yt bnP BRLANY He GHAYWa HL S VY é‘ﬂﬁ%n‘ﬁ%&““g?

| ayer [err] kness of contrast

| ayer [err] state as is possible. hedeptabingithads o gifvdl apedrecmh ayer
[err] I ndex of refraction of glass substrate on

20 yield is to some extent relatéeli ¢b the Fdtgtadr dwivn N9
| ayer is situated Based on the anal ysis above and the nodel of the

bl eachi ng pr-océmcidsecimprdovementsr incthe  firstatan aompensatie rfomer e
devel oped and are set forth in Table 2. 25 _
Tabl €03 Quant{Kdeficiencies in the metopd(cyiterioper Mhevtibdad ot ingmion

[err] 100 liters/ ramcm(zz [err]0.2
(3) [err]&ﬁmgﬁmdmn he need for the cpptrpst eahanqing HayedH

The first criterign iss based on t f ticall
e tirst cr %g(géléiaf§;;régk Pglfgsgngoihgnbggabggngyprocess.

These criteria were used in the initial search for '

appropriate bleachable materials.

10. Selection of suitable bleachable compound was ”
determined by evaluation in the model of the bleaching ~
process and by test of the compound in a layer thereof
to determine the relative transmission as a function
of time or dosage of radiation with radiation ihtensity

15 _ béing held constant. A number of'diffe;eﬂg bleachable
compounds, the bleacbin§ éropertigs of which were-based
on diffe;ent bleaching mechanisms were evéluated.

The §1eachab1e cdmpounds dependent on photoisomerization
were fodhd to be particularly suitable. Of these compounds,

20 aryl nitrones represented by formula‘if were found C;

| particularly suitable.

, + A,

Z2—~CR = cal-)-;t-cn =N -2

1

o~
In formula.l, 2 is a monovalent group selected from

(R3Ia-Q-R4- o:'Rs- and Z' is a monovalent group selected

25 from -RS{X)b, R, Rl. R? and R® are monovalent radicals



dense f|In1 and is essentially related to the packing density of absorbing
centers in the contrast enhancing |ayer. The second criterion is based on
thé need for -13- as abrupt a transitibh-fromthe unbl eached to the

bl edEéd state as is possi bl e. Acceptability of a given quantumyield is to
sope extent related to the first criterion, because inprovenents in the
first can conpensate for 05 deficiencies in the second criterion. The
third criterion is based on the need for the contrast enhancing |ayer to be
t ranspar ent f-‘zﬂll@:mcnig f e btbachlagspoﬁchg@:oijbese Q:%l 18 |l he £ m&ed in

the initial édg%ﬁuggﬁp age bleacgggaehg%y@ga :g%a

Sel ecti on of SUItab each e~ €6mbadn Cerm nea: eval&nnB)Jn in
the nodel of SURSHtateal mrpt oevdroaaubppstes &5 ﬁh@qnnnaiﬁntun a Iayer

thereof to defijaleif de €2 @élé’ﬁttéé%”béﬁé@ﬂeas f‘?'ofr{-“%@fé %&{
dosage of lation with radiation intensjty d const nt
A nunber 05f %Irf'f ereft’ ﬁ'eat\l:hé'g?%*%oﬁpﬁﬁﬂdga"?hgal}!@écmfn@'pr10[5§-'rtq-es Rt
whi ch were based an dif erﬁ‘yl biy@,ﬁdsld:slgbaﬁcbgngscst @(?gtqgﬁitedgge
b cachanle cuA e Slnlen! o phtpurarerlat elanns (g
repr esent ed BﬁﬂﬁmﬂaﬂzprLunsmbstitnmeﬂpaié_ﬁasaabymamnbahbteﬂdﬂﬂﬂlic
compounds incorporating one or more atoms from the group
10 0, N or s. R® is selected from the group of C‘6 -20)
, _ aromatic hydrocarbons and X is selected from the group of
S halo, cyano, alkyl carbonyl, C (1-8) alkyl, c(1-8)
substituted alkyl, C(6-13) aryl hydrocarbon, C‘6_13)-sub-
stituted aryl hydrocarbons, or alkoxy carbonyl in any
15 combination for values of b of O, 1, 2 or 3. n can have
values of O, 1, 2, 3 or 4. The above  compounds can be
prepared using procedures such as thése described in
"Methoden der Organischen Chemie" (Houben-Weyl), Vol. 10,
part 4 (1968), pgs. 315-416, or those described in
Chiemical Reviews (1964), Nitrones, by Jan Hame1 and
Anthony Macaluso, pgs. 476-483. | )
Various aryl rinq systems with a variety of sub-

- stituents may be constructed to suit the particular needs
of the optical system employed in the pvhotoimaging pro-
25 cess. The aryl nitrones exhibit extinction coefficients

of 2 to 5 x 10% liter mole™lcm™! and bleach with quantum

Y
O

yields in the range of 0.1 to 0.5.




In formula 1, Z is a nonoval ent- group selected from[err] or [err] and Z

I s a nonoval ent group sel ected 25 from [err] and [err] are
nonoval ent radicals -14- selected fr§n1the cl ass of hydrogen, [err]t};
al kyl, [err] substituted al kyl, C(613)'1 r'yl hydrocarbon and [err] ' ~

substituted aryl hydrocarbons. Qis a nonoval ent, divalent or trivalent - .
atom sel ected fromthe group F, C, 5 Br, I, 0, S, N, where a’'can have .
values of 0, 1 or 2.PoR4diseatfFetep-enyitheydadesr Bystems ¢apable @t t ut ed
aryl .hydrocarbon. R is selectable fromthe group of sub- stituted or
unsubstituted [bmagingoatt #85hamer §bpcNitroneso @fdthe @anpiat i FbFeRbuLs
nore atons fromthe group 10 O, N or S RSPE sel ected fromthe group of
[err] aromatic ByWRERafeBAS ERQPR Parsdcy §'Yfr"(§rﬁ "ﬁe' group of" hal o,
rr] alkyl, [err] substituted alkyl, [err] aryl

LW ed aryl hydrocarbons, or al koxy carbonyl in

hydr ocarbon, [err]
any 15 conbination for va
1, 2, 3 or 4. The above c

cyano, al kyl carbone/l3 [e
Rib-o

of b of 0, 1, 2 or 3. n can have val ues of 0,
ORpetls cgm\be prepared using procedures such as
t hose described in "Methoden dqyc#€ garji schep-Chem e" (Houben-Wyl), Vol

10, part 4 (1968), pgs. 315-41®\ or £ scribed in_ 20, Chem cal Reviews
(1964), Nitrones, by Jan Haner and A n§\thaIu58,'p8$.1476-483. Var i ous
aryl ring systems with a variety of dSHb- Ar _ '

2

l ad

05 Included among this subclass of p-dialkylaminoaryl .

. nitrones are heterocyclic compounds such as 3,

o

Suitable binders fdr use in proViding a spin castable
10 - " mixture for formation of a photobleachable layer incor-
porating the aryl nitrones of formula (1) are: vinyl '\
acetate'polymers (homopolymers and copolymers) and
their partially saponified products (e.g., polyvinylacetate),
copolymefs of styrene or its derivatives, polymers
15 and cbpolymets of écrylate or methacrylate esters,
acetal resins, acrylonitrile/butadiene copolymers,

ethyl cellulose and other hydrbcarbon-soluble cellulose



fstitﬁents may be constructed to suit the particular needs of the optical
system enpl oyed in the photoi maging pro- 25 cess. The aryl nitrones exhibit
extinction coefficients of 2 to 5 x [err}6titer [err] and bleach with

quagitsim yi el ds in the range of 0.1 to 0.5. -15- For
di rect-step-on-the-wafer systens capable of inmaging at 405 nm the nitrones
of the general structure 2 were found to be particularly useful. [ERR] 05

| ncl uded anong teltibers|PEeEEubdsé CpFdp §i | geizn e BT KIS
het erocyclie¢ conpounds such as 3 F%R!ng%ﬁ%%bﬁghble%géfsqygt useh?;r'l’

providing a spi sodatilablceYXulose est&is| epdly (ERLERDPRENE) apoﬁy(eth lene
phot obl eachabl e | ayer incor- porating the aryl nitrones of formila (1) are:

vinyl acetate poxjde)s Eolppddnylpyrrolidone)yners) and their partially
saponi fied products .g., polyvinylacetate), copolyners of styrene or its

e
derivati ves, polynerguﬂiable salventpof gneuse of naprovadéngr amspliacr yl at e
esters,._acetal resin acrylonitrile/butadi ene copolyners, ethyl cellul ose
and ot%er hydroEéFSGglé!o%fé"@elﬂQH oEnrmationeof a photobleachable

layer 1qcorporating the aryl nitrone of formula (1)
are: arpmatié hydrocarbons (e.g. toluene xylenes, ethyl
benzene, chlorobenzene) with or without aliphatic hydro-
: carbong (e.g. cyclobexane), halogenated aliphatic compounds
! 102 {e.qg. tr;chloroethylene, methyl chloroform, alcohols
(e.g. propancl, butanol). | |
The diaryl nitrone 2 where R -cn3c32 and n = 0
was found to be particularly suitable. This nitrone,
referred to as -'(4-die_t_hylaminophenyl)-N-phenylni.trone.
15 was found to absorb strongly at 405 nm and bleachgs
to near giansparentcy with high efficiency at the same
wavelength by undergoing unimolecular cyclization to
‘an oxazifidine. Tﬁe niétone_is very soluble in solvents
u of moderately low polarity (e.g., toluene, ethylbenzene)
20 and forms good films at high loading densities.with
a vgriety of polymers such as polystyrene, poly(hydroxy-
ethylmethacrylate), poly1t}me£hylstyrene, poly (methyl
methacrylate), polyvinylpyrrolidone.vinylpyfidine/st&:ene
copolymers and allyl élcohol[sty:ene'copolyne:s. The ~
25 material .@C-(4-diethylaminophenyl)-N-phenylnitrone

has an extinction coefficient to weight ratio of 130



et hers, cellul ose propionate and ot her hydrocarbon- sol ubl e cellul ose
esters, poly(chloroprene), poly(ethylenk oxi de), poly(vinylpyrrolidone).
Suitabl e sol vents for use in providing a spin 05 cast abl e n1xture\}or
formation of a phoéob)gpahabme stawds imormey gidtwr 14 way| forhedNEnod
formula (1) are: aromatic hydrocarbons (e.g. toluene xylenes, ethyl . .
benzene, chl or cheterbeasti ehhanciinghdayes igthfoXlowsly o- AcapbthOOe

cycl ohexane), haI enat ed allghatlc conmpounds 10

tLicgloroFthyl mﬂ§ieEHY P&F@PﬁpﬁﬁﬁiﬂﬂﬂﬁPkﬁﬁxﬂntﬁ%ﬁ%@oK5‘bBYanoI)l

T [ 2

sui t ﬁ'bf”ely G re?gv&gfnﬁ e ecbir@gs@% ﬁi‘ﬁs}hﬁgﬁ%ﬁﬁﬁ §°°d°i ’
bl eactil o nodioRdtymss, L¥CBy., SIS St e F SdRAORTC g 1

by undergoi ng. Wy Y AEE&! KYGHadd! 's%%stt‘}a% Q’?Q{;{/ﬂr?'é@atéfé‘efalLrEH?ckﬁess

very sol uble in sol ve erately | ow polari

ethyl benzene) %k 20 n@lOrher FE1225e! Itlz%s?ﬁéamh loPdRe sgmpiel es with

a variety of polyners such as pol ystyrene, pol y(hydroxy-

et hyl met hacryl aja tewted [ £ 105ERAY andy wae £culd (tEHuve NEhdaceyavies,
pol yvi nyl pyrrolidone, vinylpyridinel/styrene copolyners and allyl

al cohol / styrenaransnission vérsiis time charactdristic at 405 nm,
[err]-(4-diethyl am nophenyl)- N phenyl ni trone has an extinction coefficient
to welk@ht rati shownldh Figure 3.
The model of the bleaching process was used to i;
. calculate the improvements in contrast as a fuhction | |
of exposure time for the contrast enhancing layer of
Figure 3, This is accomplished by calculating the-
15 bleaching for two representative points in a given
pattern. 1In this example, two incident intensities'
that correspond to the maxima and minima of lina and
space grating pattern are éhosen. The contrast C .that

these two levels of intensity correspond to can be

20 calculated from the definition of contrast: .

ax = ‘min : (3)




-17- liters/gramcmat 405 nm The material was formed into a contrast
enhancing | ayer as follows: A solution of

[errl(4-diethyl am nophenyl)-N-phenyl nitrone (5% by wei ght of solution) and
a bi¥Yder, styrene/allyl alcohol 05 -t®pol yner (5 by weight of
solution) are dissolved in toluene. A glass substrate is spin coated to a
t hi ckness of 250°nm The relative transm ssion of the sanple was tested at
405 nm and was found to have the relative transm ssion versus tine -
char act eri st itsigtg 4% anpdad of theshdwachin@ guredss Thhaodednofi tthel
bl eaching praGhshafey Ue% ! Lufidt euhabe LR IGIROWIRN fh) hadtifst as a
function of exposure tinme ?pr the contras eﬁhanC|ng ayer 0 igure 3.
This is accof@A¥ifieRny BiptmRadragdekerrinec. Hyasmdiiane fgrantities,

represent ati WyHPitHe 1dsBait ¥88083t LREN thkN ihRiey r@t@® | cdn st NG e
intensities that correspond to the nmaxinma, ,and mninma of 1line and space

grating patté&at oSN, @ TR EHbhPRaSE ENFASENthESSadfy | S &4
intensity comshaportdphsanf beudh determinhetibat ahd cabdulatdedshifd:on of

ransm ted PhESTiTY RASE (RREETEN BRCHAEPHCRD G586 JFOP=hath itk SAIRIR:
and m ni ma adesistided rahkbve Fr dBraphes2lgshowst tbe, relative transmission
at a relative maximum as a'function of incident dosage in .
10 joules. Graph 22 shows the relative transmigsion at a

) minimum as a function of incident dosage. Graph 23 shows

Mt ~ the instantaneous contrast obtained from graphs 21 and 22
using equation 3, as a function of incident doéage. -Graph

24 shows £he integrated contrast obtained from equation 3

15 using integrated values of I and I instead of

max min
instantaneous values. Since bleaching is a dynamic pro-
cess, the contrast which results from the transmitted
radiation is aiso a function of dosage. A more useful
graphical representation is shown in Figure 5 wherein
the courréespouding gfaphé are plotted as a function of
transmitted dosage. This representation allows the deg-
ree of contrast enhancement to be estimated as a function

of the sensitivity of photoresist to be used in connection

Y]
@)

U with the contrast




both the inst
a function of

antaneous and the integrated contrast can be 5 cal cul ated as

I nci dent dosage. Figure 4 shows graphs of such determ nation

and calculations for a 30%contrast pattern incident on the [ayer of they

sanpl e descri
relati ve nmaxi
shows the re

bed above. Graph 21 shows thel9elative transnmission at a

i

mum as a function of incident dosage in. 10 joules. G aph 22

ative transmssion at a mninumas a functlon of *i nci dent

dosage. G aph 23 shows the instantaneous contrast obtained from graphs 21
and 22 using eghancdng3lagera fufcapbn26fshons demtatiossndgeran@msts i stows

the integrated ¢aibiagk ARKMIRIaS! 8MYEALRIOPTOR et hdd e r&@e.d val ues

of Imax and |
dynam ¢ pro-
radiation is
representati g
are plotte

mn t ant aneous val ues SI nce eac IS a
@@ggh ?ﬁesaewﬁr getafhventracemissionmt e rterlaﬂslmet g imum

akssq auhum@bhoafotrdﬁgﬁgeted\ d®¢ £galsef UGr'a]frﬁFﬂB GiHows the

2 nstelRaiRakSoFokReh: PERTMEL Dol W SN AN 20 Y o

the deg- ree efuadnvnast, eahanfunehionochHet ean$mit el ado @ Faunct iOMapdf a%e

sensitivity o
-19- enhancin
maxi mum as a
trarsm ssion

EhBQQtQh@shﬁEeb?a@@dU§6ﬁtk9$€0@@€§fﬁéﬁ‘WYdﬁlédE%ﬂ¥UH'333t

shows rel ative,t ansmssmn at g relative

Dioh: Rtee R reAsHALies Bhstaay Hdnh ar o Tk ko

aif araakatittedndosagenas a function of transmtted dosage.

G aph 28 qtbows t he

15

20

25

30

_ The process used for utilizing the contrast enhancing
layer will now be described and thereafter the results
obtained thereby will be compared with the results
obtained under the same conditions but without the use of
a contrast enhancing layer. Reference is now made fo
Figures 6A-6E which illustfate the various steps of the
brocess for providing a pattern of photoresist on a
suitable substrate. Figure 6A shows a substrate 31 on
which is provided a layer 32 of a suitable photoresist such
as Shinley 1400 saries of positive photorésists available
from the Shipley Company of Newton, Mass. Such positive
resists consist of a novolac resin or poly(vinylphenol),
diazonaphthoquinone esters, and solvents (e.g. Cellosolve
acetate, xylenes). 'Cellosolve' is a registered Trade
Mark.

The liquid photoresist is deposited on the surface of
the substrate which is then spun to provide a layer of
desired thickness. After baking of the photoresist layer
to remove solvent, a contrast enhancing layer 33 is
provided on the surface ofthe photoresist. The contrast
enhancing layer 33 is constituted of a solution of a
styrene/allyl alcohol copolymer binder

2
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5 tnstantaneous contrast obtained from graphs 26 and 27 using equation 3,
as a function of transmtted dosage. G aph 29 shows the integrated
contrast obtained fromequation 3 usinggipnrtegrated values of [err] and
[esd s as a funttion of transmitted dosage. 10. The process used for
utTTTZing t he contrast enhancing layer wll now be described and thereafter
tthe results obtained thereby will be conpared with the resul'ts obtained
under the same ddMdiby oresight of tseletidon) usadot ~13 -dd ethiytlaasitnapieydi)ng

| ayer . Reference is now made to Figures 6A-6E which illustrate the

vari ous steps ofN-Rhentldidzone (3 oy dwaight paft epAusioplodsr ddiesisodveat
sui tabl e substrgt : Fi gyr.e 6A sho a, substrate 31 on ich is provided a
| ayer 32 of a s P§§HQ§'ph he BolytionnisodepeEited op thgosurface of

Sien'pos Frve'r B8 100 BMMGHAC P i B8 ERPRRRY o riRERn )"
oyl Bgapnt hod.l ERRBYES weitvert) ¢ Uocide (Ehd 1 L5t 038 PP AREUTRD ehickness,
photoresist-is dgpghiowdd {9 Fiftfurdd'dgice e [ Fe€s81PaAE 2k rUbLaRel 35t NEN SpUN

to provide a |l ayer of desired thickness. After baking of the photoresist
layer 30 to regheén exposed o WPattdrierdfincadat fyR’ consistRhgvoged on
t he surface ofthe photoresist. The contrast enhancing layer 33 is

constituted of alsumdhh¢ndokemtnnaw&iﬂuﬂdgdlgam@hbhecapnbysEB7bindécating
radjation gnd nonilluminated regions 36 for a time -
{10 to pioduce # contrasi enhanced image in the range of
dosages to which the photoresist layer is seﬁsitive
and which fully expose the layer of photoresist, as
shown in Figure 6C. Thereafter,'thé contrast enhancing
~ layer 33 is removed Sy using a suitable stripping solvent,
15 such as trichloroethylene, which removes the contrast
enhancing layer Githput affecting the photdtesiét,
as shown in Figure 6D. Thereafter, the exposed §o;tion§
of the photoresist are removed Ieaving'ret;ining poitions
38, 39 and 40 which are unexposed or insufficiently
20 exposed as shown in Figure 6E.
In order to determine the improvements in contrast
threshold obtained-for.the composite iayer of the contrast
' enﬁancing layer and photoresist in accordance with
the present invention, the aforementioned photobleachable

'25 material constituted of o~ (4-diethylaminopheayl)-N-phenylnitrone



-20- (5% by wei ght of solution) and [err]-(4-diethylam nophenyl) -

N- phenyl nitrone (5% by wei ght of soluti yl in the solvent toluene. The |
~solution is deposited on the surface of the photoresist 32, spun and ?}1
thereafter baked to 05 remove solvent to provide the |layer 33 of="
desired thickness, as shown in Figure 6B. The resultant structure is then
exposed to a patbara styredeZildylcalsiohclndioidesd was mat £lizedi bns 35
underlying the arrows 37 i.ndi cating radi ati on and nonillum nated regi ons 36
for a tine to peonjunchioconwiidt Shipdeyed 40 genies (of (Rt bYe dphatesesist
whi ch the photoresist layer is sensitive and which fully expose the | ayer

of photoresi st,t@stabplfats rpLEiPRscRAtEeINS | & WALRS OFtSURSLEARRNCI ng
| = 33 i d [ i.t gbl tri ppi | h
ns ri ohi or oet 19k RELLGHR HepoRROLER i B iy, BPhakprrd AL Boving ¢ nout
ffecti th : | h ' ' e t d
TG0 e BUgIaphsle 8% URRICEHR Tons A4 or 0 BEBRSEY
and 40 which arg, dnesppPesiwdin! Hsﬂhgbﬁ' o2 Photdresist 1. PHEFoRS ﬁg In

Figure 6E. In order to determne t | mprovenent-s 1-n contrast thres

obtai ned for tRA-&ONPPSER Swh8YEbaeal hexs?etzr ¥ M PHdtEbl eahaBlé
phot oresi st in accordance with the present invention, the aforenenttoned

phot obl eachabl ena¥erial specifiedabbovestot at ehiekneds Jof .25 microns.

(4-di et hyl am nophenyl ) - N--phenyl ni trone
An object consisting of an opagque line 2 microns wide,

10 . a transparent space 2 microns wide, an opague line &)

.8 -microns wide and a transparent space .8 microns |
wide was imaged using the Optimetrix 10:1 projection
system at 405 nanometers onto the wafef with just the
layer of photoresist with a range of dosages to form

15 a number of patterns in the photoresist and was also

imaged on the wafer which ihclqded photoresist and
contrast enhahcing layer with a range of désages to .
form a n?mbﬁz of patterns in the phqtoresist. The
photoresi}t on each 6£ the wafers was déveloped.to -
20 ~ obtain the patterns of lines and spaces formed in the
photoresist. Patterns produced in the wafer with just
photoresiét using the minimum exposure or dosage that -
opened the .8 micron spa@e at the phqtoresist substrate .
interfacé wu-e:compared with the patterns pt.-odu_ce_d in |
.25 the wafer with photofeélst and contrast enhancing layer
dsing the minimum eiposute or dosage that opened .8

microns space at the photoresist substrate interface.



-21- and a styrene/allyl alcohol binder was utilized in conjunction wth
Shi pl.ey 1400 series of positive photoresist to fabricate various patterns.

A wafér or substrate of silicon was coated with only photoresist having 05
a thi®kness of 1.6 microns and another wafer of silicon was coated with a

| ayer of photoresist-1.6 mcrons thick oves-which was coated a | ayer of the
phot obl eachabl e material specified above to a thickness of .25 mcrons. An

obj ect consisting of an opaque line 2 mcrons w de, 10 : a
transparent sPhee2 0 nmicoes wide, laneopagudhe i Q Snidxorons de oka»aml a

T anSharont (SRS ndakl g T OORrULES £U2° LORRIRG ! SAKR VR O IR (#0d O

pr oj ecti on syst em a nanoneters onto th
photore5|st\ﬁIQF%F?%§§% apdgshegwates usimalshe DhOtOR?Sﬂﬂﬁmﬁndﬁtmatterns

in the phot orgsitatasen®snelng wgaedta@rtelaﬁ Waf'I‘He WH Gk ] Uglesk
phot or esi nd contrast en anC|n yer W th S ra of dosages tngIorn1a

nunber of hattBHhIdH IFSH tBYﬁ s?ﬁe°&h drvekch bist
waf ers was dephattopexsist 20sing the ehpesnrtahelhﬂaﬂut @rmﬁitm‘ed iahess asicksginces

I)(r)\{)?g?elslnst husgnégts?% & Sjthn B%teéﬁggﬁgéggrggeosgg‘gt P%a%%%@ﬁgd}ﬁ%#e%@% cron
space at the %ssotrnapsnly xresed crraducinge aweBe wadepddas iint thehe
patterns pro‘ﬂ:‘l’&%:‘ési?sﬁ: on the [Ggrdpf ﬁav%ghbgw Qh%%'}]o?esi%q: %3{3 8&%
enhanC|n% Ia¥§;£§yé1 énéiﬂgrﬁéggieésgﬁgrﬁhe exgzguie w%&c%?ened
produced
_ a .8 wide space in the photoresist. Furthermore, the
[ profiles of the walls of the cbntrast enhanced patterns
-~ were nearly vertical. The poorer resultant patterns prd-
'duced in the photoresist without the contrast enhancing

15 1layer is due to the much lower aerial image contrast
obtained at the output of the Optometrix projection sys-
tem due to the higher spatial frequencies present in the
image or pattern of radiation obtained therefrom. .

While the invention has been described in connec-
tiun with a particular positive photoresist, other
positive and negative photoresists may be utilized. Also,
while a narticular thickness of photoresist and a partic-~
ular thickness contrast enhancing layer were utilized in
one example describing the invention, it will be under-

25 stood that other thicknesses of photoresist and contrast

)
Q

enhancing layers may be utilized.

Preferably the layer of photoresist should have a
thickness less than about 3 microns and the contrast
enhancing layer should have a thickness less than about 1

30 micron. '

While in an exemplary composition of the contrast
enhancing layer eqnal weight proportions of the photo-
bleachable compound and the binder therefor were utilizea,
other proportions may be utilized, if desired.

35 While in connection with photoresists it was
mentioned that they have a characteristic called contrast



m crons space at the photoresist substrate interface. -22- The 2.0

mcron wide line and the 2.0 mcron w de space, were nearly correct for

both the wafer using just the photoresist and the wafer using the P
photoresi st and the contrast enhancing Fager thereon. The .8 nicron mnde\ar

| ine was grossly overexposed on the wafer having just the photore5|st u5|ng
the exposure which produced a .8 mcron w de space in the photeresist. The '

.8 micron wide |ine was properly exposed‘grodu0|ng a .8 wide line in the
phot oresi st thresbodldfed thahowldhe rrdrelett thhg cbaratgerisgdc is

enhanci ng | ayeg, st Rent BE LHRREW Lol &5 PEQGEICEE BheSpNbEBreRaCE g% the

photoresist. Furthermore, the profiles of the walls of “the contrast

enhanced patVethsafePé ﬁ@&r@?%ﬁﬁq|%§ﬁelﬁhef%50?éﬁmPé§ulFQﬁtn§§PF6r9§ pro-

duced in thetplosghesirgteVon @i dhaigedtimst refle8eitfslehelrayebn.s due to
t he nmuch | ower aerlﬁh éga e contrast .obtai ned at :
S-

t
Opt ometri ® proj ect i SRR t???rﬁ??ﬁ?ﬁﬁﬁogpﬁ??g%pFrgaﬁeﬁeles
present in tmelecadarowepghtematdfo riaditdte ambhbeached shatef fom thkile the

nventi on N3, BeeR JESALRIST dceR AN G- Altol |00 Loy PRPD! Ybabygasi tive

phot or esi st ositive oresis | 1"zed.
Al so, while éepagdlaudaa rnﬁd@ngﬁsuﬂe;ﬁxninqxﬁ@n qmqféipaentchUI&he

Eﬂleclkg\e/Z?lt fg%ﬁﬁ?éécﬁé{ﬁaa%hg_% ﬁ@h&‘@ﬁiﬁé&i&?%&é‘f?ﬂ&éﬁé”ﬁb% ggacri bing
10 bieached state of the photobleachable compound greater
than about 30 is preferred, values of the above ratios
as low as about 10 would be satisfactory. : _ o

While a particular class of photobleachable com-

pounds, namely, the aryl nitrones, dependent on unimolec-

15 ular cyclization were utilized, it will be understood
that other photobleachable compounds dependent on uni-
molecular cyclization and on other bleaching mechanisms
such as photofragmentation, for example, may be utilized
in accordance with the present invention.




25 . stood that other thicknesses of photoresist and contr ast enhanci ng
. layers may be utilized. Preferably the |ayer of photoresist should have a

t hi ekness | ess than about 3 m crons anrgé4t-he contrast enhancing | ayer shoul d
have'a t hi ckness | ess than about 1 30 mcron. Wiile in an exenplary
coMyoesi tion of the contrast enhancing |ayer equal weight proportions of the
phot o- bl eachabl e cUhpoafioreméntlioneidndt- (43 iaf thy vam nophdnyEp-Not her

proportions may be utilized, if desired. 35 VWil e in connection
Wi t h phot or esi Bhenylndbconent rdsed seltatf arttdy imBable by Wasrpsepared| | ed
cont r ast - 23- threshold It should be noted that this charactcrlstlc S

a function F; by reprdensipg Bségétbﬂh!mﬁﬂﬂhﬁ QRYQ£;Qk§1;?w Ol tge |
ofl actions t MeERE HPER Ereshly" Rrspargs t@@@%ﬂnﬁ%&fﬁ&ﬂ%mﬁe 91 ci ent
comoda-or eatSy P (ol Bn; o BT, BE° pRABIEE " Y rihncY, afﬁ"o‘;}"o Eqpgaraal &

conpound gr eat er rre 0 of

h d oft
extinction coef,;é[ hj_e@%o% 5, LNyl B'r:‘iﬁ(i@?') the(ﬁﬁot 03 ea ?ﬁéﬁé@

coefficient for eached tate 0 e conpound
greater than ahgitof wﬁwne&sérQdac&ab%%t@fnh%@m [ I dEh e pe 6 Béum

about 10 woul d be satisfactory. Wiile a particul ar class of ‘photobl eachable

com ether to afford 13.0 g (0.05 mole) of the nitrone,
mp 1034105°c. Further recrystallization of an analytical
10 sampie raised the melting point to 110-112°C.
_ Other nitrones having absorption maxima in the
wavelength range of 300 to 450 nanometers are also

set forth in Table 1. In Table I, {nm) des1gnates

A
max
absorption maximum in nanometers, € pax designates
15 extinction coefficients at wavelength of maximum absorption,
mp designates melting point in degrees Centigrade.
' These other nitrones were prepared in a manner
similar to the manner of preparation to the aforementioned
nitrones by the condensation of the appropriate aldehydes

K;j?o and phenylhydroxylamines in polar solvents.




pounds, nanely, the aryl nitrones, dependent on uninolec- 15 ul ar

cyclization were utilized, it

conpounds dependent on uni -

accordance with the present i
- (4-di et hyl am nophenyl)-N- ph
prepared by condensing [err]-
with freshly prepared phenyl h
m of absol ute ethanol atorog
sol vent yielded a red oi IZuwhi
t ol uene/ petrol eum et her tg, af
103-[err]. Further recrys€&al

the nelting point to 110-[err
t he wavel ength range of 300 t

. In Table I, [err](nnf de
[err] designates 15 Xti
absorption, up designates nel

nitrones were prepared in an
t he aforenmenti oned nitropes &
al dehydes E

Max (0

Table 1

. Ar.

+;9
=N
N
Ar'
Ar

be understood that other photobl eachabl e

wi |

nol ecul ar cyclization and on ot her bleaching .. =
mechani sms such as phot of ragnment ati on

féP-exanpl e, may be utilized in ¥~
nventi on. -24- The aforenentioned [err]
enylnitrone, also set forth in Table I, was *
di et hyl am nobenzal dehyde (18.5g, 0.1 nole)
ydroxyl amine (11.4g, Q% 0.1 rmole) in 40
m temperatureyor 18 hours. Evaporation %I t he
ch w8 twice GrystalliPed from?% -

ford93.0 g (05 nol € of the Hitrone, M

i zati'dn of an~anal yticdl 10 ~sanpl e rai sed
]. Oher nitrones having absorption maxi ma in
0 45@ nanoneters are apso set ferth in Table
Si gnzS es absofption imumin nonet er
ncti@h .coeffigyents atpswavel ength of maxidrum
tingpoi nt i nwdegrees €enti grade® These otther
anner simlar to the nmanner of preparation to
y the condensation of the appropriate
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l .
\E:J\002CH2CH3°

- (4-diethylaminophenyl)-N- (4~ethoxycarbonylphenyl)nitrone

1S

Ar

OZ-(4-diethy1aminophenyl)-N-(3,4~dichldrophenyl)nitrone

3) (CH3CH2)2N :

oL-(4-diethy1aminophenyl)—N4(4-chloropheny1)nitfone
o(‘(4-die£hy1aminophenyl)—N-(4-acety1pheny1)nitrone

2) (CH3CH2)2N\I::l\ |
: ::]‘~Cl

Gk-(4-diethy1aminophenyl)-prhenylnitrone

1) (CH 3CH2)2N 0\
4) (CH3CH2)2N, :

oA
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photgresi st .
advant ages.
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[ ERR]
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usi ng

and phenyl hydr oxyl am nes in pol ar sol vents.
I n

- 25-

[ ERR] -
the invention the
phot BBl cachabl e laver is in the formof an in situ mask on the |ayer of
The formation of- such a conposite structure has a nunber of

The photobl eachabl e | ayer 5-8 nforns, to the surface of the

| &yer of photoresist and avoids the formati on of gaps between the high
poi nts of the surfaces of the |ayer of photobl eachable nmateri al
| ayer of photoresist.. Such gaps woul d be forned when

Table 1 (cont'd.)

-0
4
\

Ar
\
CH=

emax mp (°c)

Apax (AW

Ar'

Ar
Ar

0(-(4-dimethy1aminopheny1)-N—(4-cyanopheny1)nitrone

3

202-20

33,000

420

D

o(-(4~methoxyphenyl)-N-(4-cyanopheny1)nittone'

(3]

181-18

13,000

368

A-(9-julolidinyl)-N-phenylnitrone .

132-133

38,000

. 405

O

<JL-(9--julolici!:£nyl)-=-N--(4—ch1<)rophenyl_)n:l.trom‘e

8)
9)

99-103

36,600

420

LS

and t he

2 6



the two | ayers are fornmed on separate supports and then 10 brought

t oget her.
image formed in the photores
are of the order of a few m

projection systemis a few m crons.

phot obl eachabl e naterial int
t hereafter separating themr
adhering to the other |ayer

VWhile in describing the anentlonvln an exenpl aey 20 enbodi nent, the
contrast enhancing | ayer®was situated in- contact@.with the |ayer of t he
photoresist, the contrasty enhanci®g | ayer could have been spaced apart from
the layer of the photoredst| if Wesired, for exanple, by a thin conform
| ayer of neutral material fofned in situ. 25 30 -2 9- CLAIMS: 1. A
conposite of a photobl eachable cogpound | ayer aﬁﬁ a photoresist |ayer in
whi ch the phot obl eachabl € cofrpoung | ayer conpri $¢s a phot ob! eachabl e
conmpound having an extindEiofp coefJicient to noleecul ar wei ght ratio in the
5 unbl eached state greaﬂgr than 10 liters per gramcm and having a ratio of
extinction coefficient for the unbl eached.
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Such gaps woul d be highly detrinenta

to the resolution of gny
ist particularly when the features to be |$ﬁged
crons and-&7so when the depth of field of e
Al so, bringing 15 a‘layer of :
o contact with a layer of photorésist and

uns the risk of having pieces of one |ayer

t her eQy damagi ng the | ayers of photoresist.

L




state to the extinction coefficient for the bl eached state of said

phot ohl eachabl e conpound greater than 10. 10 2. A conposite as claimed in
Claim 1l wherein the ratio of the extinction coefficient to nol ecul ar wei ght
of sat d phot obl eachabl e conmpound in the“@fbl eached state is greater than
100 liters per gramcmand the ratio of the extinction coefficient for the
unbl eached state' to the extinction 15 coefficient for the bl eached state of
sai d phot obl eachabl ¢, is gre i med
inCainms 1 or 2in Whl gﬁqq{yej t he phg%}g‘glséggﬁg ?gncg} |s %g%‘?}f?%%g 20
4. A conpositayes £$alhesheniorm 8% am imi é#\ttlh@aﬁi"t P@né:ﬂﬂasl%rplamf)rpt i on

maxi mumin t wfww{ SOQnQSQdW%ﬁrsf 83€n! 8 temdA%d 'HPucture

- (4-diet hyl gm nophen hen | trone, .
- (4-di et hyl $r|\|f.->(g %w )!ﬁlpgrshgtobleachable laver

- (4-di et yl amxﬁcmhmyta: %éBsﬁr@a@ﬂ prpm@yﬁyeal b"oﬁ;a.otores:!.st and

ey AR e ) e S o on e Erakn) end Highpolhes of

-(9- quoIimﬂhd)sd*#&ﬁéqluftthaelayer of photobleachable material and
-(9-juloli d' )1%% %ﬁ §ﬁ§gﬁg |trc§1 ¢h gaps would be formed when

(9]u|0||d|n Nt r one

- (4-di net hyltdnm mwérwénecfam@mﬂ)mpamma sGpports ancé then
-(4- t'i@xy Neporhag b

-[ 2- (1- phenyl pen% qﬁleﬁkéﬁeny?mtr?ne anduld e highly detrimental
-[2-(1, 1-di- |§|t?e e mes84 vt qs\ppﬁgnypy dmage formed in the photoresist
— partlcul;rly when the features to be imaged are of the

order of a few microns and also when the depth of field
of the projection system is a few microns. Also, bringing
15 a layer of photobleachable material into contact with a
layer of photoresist and thereafter separating them runs
the risk of having pieces of one layer adhering to the
" other layer thereby damaging the layers of photoresist.
While in describing the invention in an exemplary
embodiment, the contrast enhancing layer was situated in
contact with the layer of the photoresist, the contrast
enhancing léyer could have béen spaced apart from the
13yer of the photoresist, if desired, for example, by a
thin conformal layer of neutral material formed in situ.
25 ‘
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-30- 5. A compesite—as—ctarmed—i n any of the preceding Clainms in which the

clained in

conposition

ei n described. 7. A photobl eachabl e S

phot obl eachabl e con‘F'o‘gnd Iaﬁr I ncl udes a binder. 5 6. A conposite as

conprising a-ph

-* 10 bleachabl e conpound having an extinction coefficient

CH!"“}&IJ lm;:lﬂ osite as clatd®d in any of the claims 1 toes
ot 0
h

to nol ecul ar meiﬁ t ratio in the unbleached state greater than 10 liters

per gramcm

ing a ratio of extinction coefficient for the unbl eached

state to the extinction coefficient for the bl eached state of said

phot obl eachab) e 15, conpo reater | e LN stabl e
m xt ure capable ofA f.%?%‘%%gp €t%b?i£€%%€%dé%ou%w%@r ﬂaaiﬁga'gdg '

absorption mexigphatdmes st rbawer ofn 300i ¢ UWse phobakiezchainl e commpindes by
wei ght (A)

an inert organi‘c pol yner
g tinct 1t

25 30 35
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10

15

PO B85 H P o Ein L ompoune ey g o ol one.
ex on coefficient to molecular weight ratio 1 the
unbleached state greater than 10 liters per gram-cm and

having a ratio of extinction coefficient for the unbleached
state to the extinction coefficient for the bleached state

of said photobleachable compound greater than 10.

2. A composite as claimed in Claim 1 wherein the ratio of

the extinction coefficient to molecular weight of said o/
photobleachable cdmpound in the unbleached state is greater
than 100 liters per gram-cm and the ratio of the extinction
coefficient for the unbleached state to the extinction
coefficient for the bleached state of said photobleachable
compound is greater than 30.

3. A composite as claimed in Claims 1 or 2 in which the
ihe photobieachanle compound is a nitrone. '

20

25

30

35

4. A composite as claimed in Claim 3 in which the nitrone

has an absorption maximum in the range of 300-450

nanometeres and is selected from
-(4-diethylaminophenyl)-N-phenylnitrone,
-(4-diethylaminophenyl)-N-(4-chlorophenyl)nitrone,
-(4-diethylaminophenyl)-N-(3,4-dichlorophenyl)-
nitrone,
-{4-diethylaminophenyl)-N-(4-ethoxycarbonylphenyl)-
nitrone, _
-{4-diethylaminophenyl)-N-(4-acetylphenyl)nitrone,
-(9-julolidinyl)-N-phenylnitrone,
-{(9-julolidinyl)-N~{(4-chlorophenyl)nitrone,
-(9-julolidinyl)-N-{4-chlorophenyl)nitrone,
-(4-dimethylaminophenyl)-N-(4-cyanophenyl)nitrone,
-(4-methoxyphenyl)-N-(4-cyanophenyl)nitrone,
-[2-(1-phenylpropenyl)]-N-phenylnitrone, and
-[2-(1,1-diphenylethenyl)]-N-phenylnitrone. .
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5. A composite as claimed in ahy of the preceding Claims

in‘which the photobleachable compound layer includes a
binder.

6. A composite as claimed in Claim 1 and as herein
described.

7. A photobleachable composition for use in a composite as
claimed in any of the claims 1 to 6 comprising a photo-
bleachable compound having an extinction coefficient to
molecular weight ratio in the unbleached state greater than
10 liters per gram-cm and having a ratio of extinction
coefficient for the unbleached state to the extinction
coefficient for the bleached state of said photobleachable
compound greater than 10, in the form of a spin castable
mixture capable of forming a photobleachable compound layer
having an absorption ¥maximum in the range of 300 to 450
nanometers which comprises by weight

(A) 100 parts of an organic solvent,

(B) 1 to 30 parts of an inert organic polymer binder,
and (C) 1 to 30 parts of an aryl nitrone.




