A METHOD OF PRODUCI NG | MAGES OF ENHANCED C@NTRAST | N PHOTORESI STS The
present.invention is directed to a nethod of enhancing the contrast of
inag?%{in phot oresi sts of objects such as masks for photolithography in the
manufacture of integrated circuj 5 " Lithography in the
production of integrated ci rcxi ht?ﬂggppgm’?#\or@#ﬁtll"‘@ JMAGES] &Ut by opti cal
means. In the drive to reduceNBANCEDt CONTRASITONS, PHUATORES [RG1f or mance and

i ncrease yield, optical systems have provided the requitedresolution with
each successive generation 10 - of circuit technology. The inage

resolutLo?hof-Erojectiohh¢iph@gemphﬁnveysﬁensjbafi&eee?ulXOPQg%thgd.Qf I
appr oac e physi ; S practical cgnstraints qn nunerica
SN g AP R¥ 1T BPC YA BRs< hn PPLRSGRABiiG o7

aperture ‘and wavel eng? e fur
t echnol ogy are antQtig¢kkedsualk as masks fioanphotoil iphogemehlys iinn tiheher ent

Iens_resoluticn1eu*gﬁuﬁacﬂmr@rgprfﬁgggpgigaugipPFiEg@uction of m ni mum

feature size achievable by optica hni ques, I'S 'necessary to alter
sonme ot her aspect of the |ithographic process for further inprovenents. One

area i@ which 20 = Lithogtapbyi inr thenprodudtd cirSf NmtégrafedN@ircuits
photoresi st process. Each photoresist is characterized by sone degree of
i nci dent cont rast ifePredoni nanplydoacr pedt outs bys optd dair medsSUEDA
processing. This mnimumrequired contrast of illumnation is referred to
as the contrast 2the drive %o,xeduge eircnitr dimensichanenikipyove performance
substrate _propertieg, the required gattern t hi ckness and resi st edge
profiles, - and increase yield, optical systems have provided the
s ) required resolution with each successive,géneration
10 . of circuit technology. The image resolution of projection -
lithographic syStems has recently begun to approach
the physical limits imposed by-praétical constraints
on;numérical'aperturé ahd wavelength, While furthét
improvements in lithographic technology are anticipated,
1s dramatic improvements in inherent lens resolution are
not. 1In order to continue the reduction of minimum -
feature size acbievable'by optical techniques, it is
necessary to alter some other aspect bf the lithographic
'ptocess_fOt further improvements. One are#_in whiéh
20 _ further improvements are possible is in the photoresist
process. zach_pbotoresist is characterized by some
degree of incident contrast neceésary to produce patterns
usable for subséquent processing. This minimum tequiréd
contrast of illumination is referred to as the contrast
25 . threshold of the resist. Depending bn”substrate properties,

the required pattern thickness and resist edge profiles,



-2- conventionally wused positive photoresist has a contrast threshold
between 85% and 90% contrast. Currently, nost production is done at
,90% i nci dent contrast or nore. |If the contrast. threshold of the re5|sbxgs_
reduced, the resolution obtainable wth a given optical systemis™
“inproved due to the fact that inmage coBtrast i's a decr easi ng function of

t he spati al frequenci es present In the image. The present invention is

directed__to r,ov q a photo-re prog s in which the contrast of an
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phot obl eABhkAPe 1B898ound having an extinction
The present invention 1is directed to provide a

photo-resist process in which the contrast of an aerial
image utilized 1in the process 1is enhanced prior to -
incidence on the photoresist. _ o v’
An. object of the present invention is to lower
the minimum contrast requ1red to produce usable 1images
in a photoresist.
According to the present invention there is provided
a method of produc1ng an image in a layer of photores1st
comprising, (a) prov1d1ng a photoresist layer having
a given 1level of contrast threshold for 1light of a
predetermined wavelength, (b) forming a -coating of
a photob]eachable compound being sehsitive to said
light on the phctoreSISt layer to produce a composite
of the photobleachable compound layer and said photoresist
layer, said photobleachable compound having an extinction
coefficient to molecular we1ght rat1o in the unbleached
state greater than 10 liters per gram-cm, the ratio
of the extinction coefficient for the unbleached state
to the extinction coefficient for the bleached state
of said photob]eachable compound being greater than
10, (C) ‘exposing said composite of the photobleachable
~compound layer-and said photoresist layer to a radiation
image of a pattern, said radiation image having been
produced by project1ng said 1light of a predetermined
wavelength through a mask of the pattern, said image
having a level of contrast less than said given level
of contrast threshold due to the high spatial frequencies
present in the pattern, in order to reproduce a mask
of the pattern with said photobleachable compound 1layer
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coefficient to nolecular weight ratio in the unbl eached state greater
than_,.;-‘ej,,o ‘liters per gramcm the ratio of -the extinction

coeffiient for the unbleached state to the extinction coefficient
for “The bleached state of said photobleachable conmpound being
greater than 10, (C) exposing said conpodate of the photobl eachabl e
conpound l-ayer and said photoresist layer to a radiation image of a
pattern, said radiation _inmage, having - been produced by projecting said
light of a ptEdke er #XROG Wvel 8addn trhakrresi stasklayerne thnaugh, said
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is provided. An object or mask 1is provided having
opaque and transparent areas. An image having a.contrast
N\ less than the predetermined contrast threshold of the

photoresist 1is formed of the object on the layer of
photoresist by projecting light of a predetermined
wavelength through the object. A layer of photobleachable
material including a photobleachable compound is provided
between the object and the layer of photoresist and
adjacent .a surface of the 1layer of photo-resist. The



opaque and transparent areas. An i mage having .a.contrast |ess than the

predeterm ned contrast threshol d of thqz_’photoresi st is formed of the

object on the |layer of photoresist by proj ecting light , of &Z¢

* predet erm ned wavel ength through the object. A |layer of photobl eachabl e *

: material including a photobl eachabl e conpound is provided between the
object and tphotdbleachakile dompound dis sensitdwecto the aforfementiohed he .

| ayer of photo-resist. The phot obl eachabl e conpound is sensitive to

the af or enent ivavelength @f diaht ang hasamextinctiom coefificiemti cient to

nmol ecul ar weight ratio in'Iiters_pe%fg mcentimeter in the unbl eached

state greater ¥h®P ar) yeight 5p n liters, Rer Qramseentdmeser
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density of the layer of photobl eachable nmaterial in direct proportion to

the dosage of gtae of thee pHototlichatde WRMArdXl s st Yrdaturcof,
-whereby the integrated 15 -~ contrast of the image transmtted by the

| ayer of phot cthan abcuth|d0.naildght ofhheaaforenentioneg: waveiengthed
thereby, reac haensd .%frrax ipr;uenSevt%rl:nei naertlld it nq:eernesaifttye rl ld ictroejaeseetid through
10 the object onto the layer of photobleachable mate{ial '
' for a time to_optdin a reduction in optical density |
of the layer of photobleachable material in direct
- proportion to the dosage of light'et the'aszementioned
wavelength incident thgréof,_whéreby the integrated
15 contrast of the image transmitted by the layer of photo-
bleachable material increases with dosage transmitted'
thereby, reaches a maximum value and thereafter decreases.
Parameters of the layer of photobleachable material
are seleoted such that the maximum value of integrated
20 contrast is greater than the predetermined threshold
contrast of the layer of photoresist. 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 predetermined range
25 | transmitted by the layer of 9hotobieachab1e material
and provides an integrated contrast in the transmitted
image above the predetermined contrast threshold of
the photoresist. Light of the aforementioned predetermined

wvavelength is projected through the object for a time



Paraneters of the | ayer of photobl eachable material are selected such that
t he qnx;nun1value of integrated 20 contrast is greater than the
pred%gérn1ned threshold contrast of the |layer of photoresist. The
sensi'tivity of the layer of photoresist andthe thickness thereof are

sel ected such that the |ayer of photoresist is fully exposed by a dosage in
a predeterm ned range 25 : transmtted by the | ayer of
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in contrast of thedugegecohtiradguced ey Iisfed iderObh&stih SthOr iRdelNokhe
| ayer of photores 10. 12 The novel features which are believed to be
nt

characteristic o?h?h8 THras i nvention are-set forth with partlcularlty in
t he appended clains. The invention
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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 objects and advantages there-
of mayv best be understood by reference to the following
‘description taken in connection with the accompanying
drawings wherein: _

s 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 dynamics of the bleaching process usec 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 appllcatlon of an incident dosage
of a particular value. '
35 Flgure 4 shows a set of graphs showing relative
transmission and contrast of an image having 30% contrast



20 itself, both as to its organization and nethod of opera- tion, together
with further objects and advantages there- of may best be understood by -,
reference to the followi ng description taken in connection with the -H

. =~
acconpanyi ng draw ngs wherein: 25 Figure 1 is a graph show ng the
relative transms- sion of an indealize8-bl eachable |aver as a function of
dosage applied to an entrance surface thereof. Figures 2A-2F show di agrans
useful in explaining the dynanics of the bleaching process used in the
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Filgure 4 Shqis ausplsdla Ofdobes s08E Nntekehky acskgesri ssi on and contrast
of an image having 30% contr ast or the_case of maxi n1and n1n|num
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rel ative transn155|on an ntrast as a function of transmtted dosage

for the gra@FFR2Ri¥S RyF Jeg‘ﬂreF&gures 6A- 6E show cross sections of structures
Figures 6A-6E show cross sections of structures

representing successive steps in one method for carrying
out the present invention.

10 A large fraction of optical lithography is done
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. BAs the contrast is reduced,
discrimination of the darker area from the lighter 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.

The optical transmission of an idealized bleachable layer \w
25 is shown in Figure 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 first, ' .




representing successive steps in one nethod for carrying out the present

i nvention. 10 . A large fraction of gptical |ithography is done
curpefnitly by projection techniques in whichoan aerial inage of a mask is
used’to expose the photoresi-st. For an aerial inmage of l-ow contrast, even

those parts of the,i mge that correspond o the dark regions of the mask 15
have significantgyﬂ*ﬁ gh?’%é?‘%&'tﬂé EQMti!&R‘i%ﬁ#%ﬁiﬁﬁ!ﬁVQﬂ%ﬁ#ilﬂ?&!ﬁon of
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bl eachi ng process ‘are depic gures 2A-2F. Figure 2A shows the
relat|ye_transmiﬁ%agbing 1008 transmission 12. I, is incident intensity

of radjation. I is transmitted intensity of radiation.
10 !b_is the dosage of radiation reguired to cause bleaching
| . of the layer. Pigure 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 i{mage used, for examﬁle. for
‘15  exposure Of a layer - . of photoresist. It is assumed
that the wavelength of light used and the dimensions
of the regions of the mask ate such as to produce the
. contrast ghown. pax is the naxinum.intensity of
the image and I, {is the minimum intensity of the
St 20 - image.. Pigure 2C shows the cross-section of a layer 15
of Qn;ideali:gd~photobleachable material. Pigure 2D
jhows,thebblpacbjng of the layer 15 as delineated by
“the dotted line 16 at the end of a first period of
time. Pigure 2B shows -the bleaching of the'laye: 15
25 . as delineated by dotted line 17 at a later period of
time. . Pigure 2F shows the bleaching of the layer 15
i;,delineatod by dotted Iines:ia and 19 at the time



05 . of an object such as a mask consisting of,opaque regi ons produci ng
zero transm ssion 11 separated by open or transparent regions-producing-,.

100% transmission 12. {err] is incidght intensity of radiation. | is ¥
transmtted intensity of radiation. 10 [err] is the dosage of radi ath\on

required to cause bl eaching of the layer. Figure 2B shows a graph 13 of the

relative int eniygi‘aa}ro%{;%nqt‘“ %tﬂirﬁ‘lﬁ* i.g'raf (sfn%hggirg ?gdg?;ge of the mask

when pl aced in €ct i on apparatus for . pro | érial imge
used, for exa Wl ; Ftodpdd At P Vime cVrrdaporaEngst. It is.
assuned t hat ?ﬁg?ﬁgkéfgﬁéFﬁtgfﬁpfghfﬁﬁgid anaythe di nensi ons ofgfhe regi ons

of the nask ar gesyglyuie 29,PRIECT intmiediionTE Thevblleaichable dayer

maxi numintensity of the image and [err] i-s the minimumintensity of the 20
i mage. - Fi gur e c¥t respondshaoc it of tthen orfiginaly maska oWhen isheh | sed
phot obl eachabl e material. Figure 2D shows the bl eaching of the |ayer 15 as
del pgeat ed by wheateriald limconted amdomofha sonventionaloPhataresist

'Fi gure 2E shows the bl eaching of the | ayer .15 25 _as.deli.neated by dotted
line 17 at a | dayerpethey rasulting qompeed te- can have,dawes, SARhFaft ¢ he

xposure 1o | olnrsRERa by ol ot dbraahaln, o sy M e o
a t‘”ﬁ.cofresp%ﬂﬂhﬁﬂ This will be true if the photoresist is sensitive
enough to be exposed in a time short compared to the |
10 - - bleaching time. The bleachable layer 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 aerial image. |
1s The application of contrast enhancing technigues
to submicron optical-liﬁhog:aphy raises several physical
and chemical constraints on the contrast enhancing
layer itself. The contrast enhancing layer must be
_simultan;ously thin-and-optically dense. The thickness =S
20 requirement arises because of ghe narrow depth of focus
of high resolution optical systems. This limits the
thickness to a range of less than abohtjilnicton.
Because the contrast enhancing layer must be optically
densé,.it,;s.neeessary that the pbdtochcnical-éonstituent
1 of the layer be strongly absorbing. 8ince the 6pticar '
transmission following bleaching is deteérmined by the

absorption of photoprodicts, the pbbtopréducis'iust



to Figure 2F, the transm ssion of the b%fachable | ayer corresponds to that
of tﬁe*original‘nask. When such 05 a material is coated on top of a
conventi onal photoresist |layer, the resulting conposite can have |ower
contfast threshold than the contrast threshoid of resist | ayer alone. This

wll be true if thﬁmo‘qﬁ@&;.%g%ﬁﬁﬁi“&%w%%%%@g%ﬁggli&a time

short conpared to the 10 bl eachi ng tine. ayer

essentially forns paremt sadlecwle¢ ACtEXTHHC € on (dGe PNE S| 58 défired The
net effect of this in situ nask is to increase the contrast which is

i nci dent on the prhy dthesiequakion t he contrast of the aerial inmage. is
The application of contrast ermanci ng techni ques to subm cron o& | cal
| i t hography rai ses sever #=p rcal and chemnical constraints on he

contrast gghanci nGyReveEa | { orT!g@nép'ntrast enhanci ng | ayer nust be
si mul t aneously thin and opticaJTy ense. The thickness 20 '

requi rement arises becauseigfpdtie mq(gw cawl)), dnd ocus of high resolution
optical systens. This limts the thickness to a range of |ess than about 1

m cron. Because the conte a8 conentrgtiay emolsipdic itergal |y dense, it is
necessary that the photochem cal constituent 25 of the layer be
strongly absor bi nd\bscgibance s «Jefirndd tbynresquatdiom fol | owi ng bl eaching is
determ ned by the absorption of photoproducts, the photoproducts nust

M | . Io . .

10 ) ﬁhergllo is intensity of incident radiation, and
| | I'is inténsity transmitted radiation. ‘
- The extinction coefficiént .€ of a ﬁatetial is obtained
by determining the parameters A, b and ¢ in equation
(1); The_patahéte:la is obtgined from equation (2).

15 Initially, a known amount of a material by vqlume is
dissolved in a known amount of a solvent by volume
to obtain the concentration c of the material in the
solution. rhis so1ution is put into a cell of known

_dimensiéns-ahd placed in the light path of a spectro-

20 | photonétet and radiaﬁion of known intensity I# is directed
onto the cell. The intensity of the radiation transmitted
t:oﬁ the cell is measured. The_soiéént alone is also
put 1nto.§nothe: cell of the same known dimensions and

placed in the light path of the spectrophotometer and



have a much smaller extinction coeffig&ent than the parent nol ecul e.
t

Extinction coefficient is defined by
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is obtained from

e equation 05 where Ais

nown anount of a

material by Voidifent dicone!iPhsed Rk re® e Krdnswivadd by volune to
obtain the concentration ¢ of the material in the solution. This solution
is pugsinto a DeténitKOVorlicelhiamd solventlsborptionl i ght path of a
spectro- 20 phot ometer and radi ati on of known intensity [err] is
directed onto Tiss cesing Ttheset valuey of incidentaintensitysrjtand fromthe

cel |

S

neasured. The solvent alone is also put into another cell of the

same known di ntransmitted pntersity Ihin| eguationh(2),tabsepbaneephot onet er

and
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radi ati on of known intensit err] is directe nto the
A is obtained. Dinezsion L'is Obtaineg 8rom tge cell

of known dimensions. Thus, the extinction coefficient
for the material is obtaingd by substitution of values

b, c and A in equation (1). The measurement of the
extinction coefficients of materials is also described
on pages 644-652 in."Fundamentals of Analytic Chemistry”,
2nd Bdition (1969) by Douglas A. Skoog and Donald M.
West, published by Hold, Rinehart and Winston, Inc.

of New York, New York. Continuing, in order to minimize
the necessary increase in exposuté time, the quantum
yield oflthe-bleaching reaction must be as high as
'possiblei Also, since photorééists are conventionally
applied by spin coatihg techni@hes, it would be convenient
if the contrast enhancing layér could also be applied '::
by similar methods. The solvent in which the bleachable |
material is dissolved must be campatible”vith photoresist
' layers. Purther, it is téqui:ed that it be possible

to spin cogt contrast enhhhcing layers of good optical
quality. Pinally, the wavelength range over which these
bleachable materials operate must be the same as the
wavelength range over which the optical projection
system operates. Most direct-step-on-the-wafer systems

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

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

»
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cell. The intensity of the radiation transmtted fromthe cell is neasured.
The intensity nmeasurenents of solvent alone is used to correct the
tra:n%ﬂtted 05 intensity | for cell and sol vent absorption. Thus
using these values of incident intensity [-eig4d and transmtted intensity I
in equation (2), absorbance Ais obtained. Dinension b is obtained fromthe
cell of known di mensions. Thus, the extinction coefficient 10 - for

the material is,optaiped by sybstifution of values b,_c and A in equation
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material is dissolved nust be conpatible wth photqgresist |ayers. "*Further,

it is required $hitizedpdnpbie; gralugtion ofy blejchakla makfArials ¢bkkici ng
|ﬁyersbf)f googlwlé'cab;qflaaéi . tﬁbnabhy:xg@te et iy M dyearge GIJVI'% i LUE

t hese bl eac e materi oper ate must the .sa t @avel engt ange
over which the 'B?){rﬁg’f:ﬁl °gr g}"gcf“f’aﬁis?ﬂaerﬁe%‘peﬁ}ﬁ%% Tq\%é}e hteowomng Yab1&!

di rect-step- o'n-‘-t—he—m-f—e-r—_—&ys—t—e*%

\ v




~30 operate at 405 nm (nanoneters),.or 436 .nm In this case, the 405 nm
wavel ength was chosen for use on an l0- Optinetrix 10: 1 DSWsystems
avail able from Optinetrix Co. of Mountain View, California. The.search~{or

» appropriate bleaching materials was nade with regard to these con- ‘

i straints. Particularly, the search for appropriate 5 bleaching materials

was made with regard to absorpti.on maxigm., in the wavel ength range of 300

to 450 nanoneters. A nodel of the bleaéﬁﬂﬁéikcmess was devel oped and

utilized in th qu;lﬁ ion of bleachable nmaterials SLgi! a}pllégor use in
the contrast e | ayer. The para- 10 neters of re set

forth in the foll.owi ng table: Table 1 Quartgyls :

Expl anat i on [err]cA ill%ﬂmcﬁ%ionmcﬁigﬁ&ie&:é)f

unbl eached nol ecul es 05 : _ [err] :

Eééinction coef figgi ent of bl eached nol ecul es gEiHavion Yo fEidiwntd! eaching
;

ction. Initial ®ensity of =~ | of bleached molecules

Quantum yield of the
. bleaching reaction,

N : : -Initial density of
10 . - unbleached molecules

F - " Flux density of photohs
' incident on contrast N
enhancing layer v

t Thickness of contrast
15 "
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 analysis above and the model of the bleaching
preferred

process three‘crxteria for material parameters were

developed and are set forth in Table 2.

25 Table 2
-Quantity Value
(1) € /MMolecular Weight 2100 liters/gram-cm
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

layer. The second criterion is based on the need for



[err]

unbl eached nol ecul es 10 [err]

Fl ux density of photons i nci dent on contr enhanci ng | ayer- 15
Rt y P ?%L g y

tO 2 /)
Inde%yof

. Thi ckness. of contrast enhancing | ayer [err]
refraction of bleached |ayer [err] | ndex

of refraction of glass substrate on 20

whi ch the cont rastasarihnlplﬂgl|m’ﬁisi§i6ﬂtﬁﬁ£dﬁ@%méﬁ§d€ﬁ§% SrNRtea

and t he

nodel of the bleaching preferred process three pr iteria

for material pararttate aeris (rossitbel, arkcceptateil vy (OF i) giddre quartum

Table 2

Quantity - Val ue (1) [err]/ Mol ecul ar Wei ght

[err] 100 Iiters/gdﬁhikﬂﬁXQDtO some extent related to the first criterivr’,

(3)

unbl eached err]30 [err] bl eached 30

The first.criteri .-%"fffasié!i"cﬁf'&mﬁréekn 1L'3?e Firgh ican lcompanaate (far and

is essentieal |y related to the packing density of absorbing centers in the
cont r ast E)lénhanci n'g‘ﬁéfe#e.n% 5&& &eqand &fitenjong The thindariterion

is based on the need fgr thg contrast enhancing layer
tq_be'transﬁarent following the bleaching p:oceésl.
These criteria were used in the initial search.for
appropriate bleachable materials.

o | _ Selection of suitable bleachable compound was
determined by evaluation in the model of the bleaching
proce#s and by test of the compound in a layef thereof
to deﬁermine the relative transmission as a function
of:time or dosage of radiation with radiation intensity

i5 being held constant. A number of different bleachable
compounds, the'bleaching properties of which were based
on different bleachihg mechaniéms'were evaiﬁated.
The_bleachab;e compounds dependent on photoisomerization
were found to be particularly suitable. Of these compounds,

20 o aryl nit:ohe§ tebresented by formula‘£, were found

| particularly suitable. |
)y

+ ,
N-2

g—CR = ca1+n— cr? =

1

In formula 1, 2 is a monovalent group selected from
(R3).-Q~R4- or Rs- and 2' is a monovalent group selected

25 from -R‘(X)b, R, Rl; Rzland R3 are monovalent radicals

|
[
'



as abrupt a transition fromthe unbleached to the bl eached state as is
possi bl e. Acceptability of a given quantumyield is to sonme extent related
,to the first criterion, because inprovenents in the first can conpensatgs
. for 05 deficiencies in the secondcriterion. The third criterion i
based on the need for the contrast enha%ﬁlng | ayer to be transparent
foll owi ng the bl eaching process. These criteria were used in the initial
search for appropriate bleachable materials. 10 Sel ecti on of
sui tabl e bl sediesttiesl durqroutiee wadagst ef nhrdaosgney §l (yatgjorlky the& rudgl  of
the bl eachi ggvaQGRIEANhEY [ egt  of thgr$ ?Eggclar}b%nl Ay d hereof to
determ ne the relative t1ansm ssi6nlad uncfioon of time or désdgd of
radi ati on weMpstddivhedbrarnt Srdrgcacbons.  Onhdsng FON@VEd®Rtant. A nunber

gf dhffergnfhfmlae%@h.ﬁll&e m&wﬂﬁ atBf Bé@é@'ﬂé&gleb?p@Hé csgllf whhc&t}l ver e
ased on_differ e chani sns yere eval uate eacha
compound® d&%en nto'o 'pm)t g‘?’ge‘rr%r?zﬁ?f‘oﬁgmrg §&fd oode%p I aﬁ"ilay

fsui talbl ei Ch st hkeiua Lﬁwtsllﬁﬁdrocarbom pe ai Cr§ rmbessﬂrﬁxﬂﬂad)y
ormul a mer articu u rr, Y% |
nonoval ent adfly ’3%‘”??0 %g] g&ig glab%lg 7 t ?ér‘?nufofaﬁ (:anlf group

sel ect ed 255titutedrurnﬁnsu@sabﬂutedrF(@Lgognamwmaaﬁn|hﬁteuncyc1~c
compounds incorporating one or more atoms from the group
10 0, N or 5. R® is selected from the group of C .., '
aromatic hydrocarbons and X is selected from the group of -
halo, cyano, alkyl carbonyl, C(1-g) 2lkyl, C(l-B) A
substituted alkyl, C(6-13) aryl hyérocarbon, C (6-13) sub-
stituted aryl hydrocarbons, or alkoxy carbonyl in any
15 comolnatlon for values of bof 0O, 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 those descxibed in
"Methoden def Organischen Chemie" (Houben-Weyl),'Vol. 10,
part 4 (1968), pgs. 315-416, or those described in
20 Chemical Reviews (1964), Nitrones, by Jan Hamer and
Anthony Macaluso, pgs. 476-483.
Various aryl ring systems with a variety of sub-
stituents may be constructed to suit the particular needs
of the optical system employed in the nhotoimaging pro- -::
25 cess. The aryl nitrones exhibit extlnction coefficients
of 2 to 5 x 104 liter mole.lcm 1 and bleach with quantum

yields in the range of 0.1 to 0.5.

P

/




-13- selected fron the cl ass of hydrogenf v.H.err] al kyl, [err] sRbsipssped
alkyl, [err] aryl hydrocarbon and [err] substituted aryl hydr oedpbofis. Qis

a mogeval ent, divalent or trivalent atomselected fromthe groBRp-E339%5 5
Br, 4, 0, S, N where a can have values of 0, 1 or 2. R4 i.s a [err] aryl
hydr ocarbon or a [err] substituted aryl hydrocarbon. R is selectable

fromthe group of sub- stituted or unsubstituted C(6 20)-aromatic
het erocycl i ¢ _conpounds Yorod prect+stepron thdnstéd Wpstéimsn ¢apasio e 10 O,

N or -[err] is selected fromthe group of C(620) aromatic hydrocarbons
and X i s sel ected imagindoatyré®p mt, hthe, ni:iymms ok \the agémergal strudture
al kyl, [err] substituted alkyl, [err] aryl hydrocarbon, [err] sub- stituted

aryl hydrocar bons & ek kESWNE %0 e/ Part teylamly cassfiuki i on for val ues of
b of 0, 1, 2 or 3. n can have values of 0, 1, 2 3 or 4. The above
conpounds can be prepaﬁﬂed 2

"Met hoden der Organi schen Ch qf (Houben-Weyl), Vol. 10, part 4 (1968),
pgs. 315-416, or those descrNQeeN §em cal Reviews (1964), Nitrones,
by Jan Haner and Ant hony I\/acal uso 76- 483, Various aryl ring systens
with a variety of sub- stituents#¥ NcondtAucted to suit the partlcular
needs of the optical system enployed i nBAENohot o madi MgOprd 25 cess.

The aryl nitrones exhi bi t extinction co# fi_C| s
. _ 2
05 '~ Included among this subclass of p-dialkylaminoaryl
¥ U nitrones are heterocyclic compounds such as 3;

Suitable binders for use in ptoviding a spin castable

10 - mixture for formation of a'photobleachable layer incor-

porating the aryl nitrones of formula (1) arei vinyl

- acetate polymers (homopolymers and copolyme:s) and

their partially saponified products (e.g., polyvinylacetate),

copolymers of stytene or its derivatives, polymers
15 .~ and copolymers of acrylate or methaci&late esters,

acetal resins, acrylonitrile/butadien§ copolypers,

- ethyl eellulose and other hydrocarﬁbh-soluble cellulose



of 2 to 5 x [errf liter nole [err] and bleach with quantun1y|elds in the

range of 0.1 to 0.5. RD- 15357 cip of RD- 13396 For
di rect-step-on-the-wafer systens caphBbe of inmaging at 405 nm the ni t#

> of the general

structure were found to be particularly useful. 3 (R 2 05

I ncl uded anong this subclass of p-dial kyl am noaryl nitrones are

het erocycl i ¢ conpounds such as 3 Suitable binders for use in providing a
10 nixture for fornation of a photobleachable | ayer incor-

an(f co'po yrrertg eéa]%ea I al éyﬂgsgaﬁ\ﬁ °§r pr dtrjné{: (e
g., polyvinyl gty cmaﬁmr&dzé, WPl dzto;pfaié vatpaffi Wr

15 and copol ynmers of acrylate or

spi n castable
porating the
(honopol yners

acryl at esters, ace

acrylonitril e/gxsded e poXppanyEpyrrslidoner) | ul ose and ot her

hydr ocar bon- sol ubl e cellulose

05

Sujitable solvents for use in providing a spin
castable mixture for formation of a photobleachable'
layg: incorporatihg the aryl nitrone of formula (1)
are: azomatid hydrocarbons (e.g. toluene leenes. ethyl

benzene, chlo:obenzene) with or without aliphatic hydro-

'catbons (e.g. cyclohexane). ‘halogenated aliphatic compound

10

15

20

25

(e.qg. ttichloroethylene, methyl chloroform, alcohols
(e.9. propanol, butanol). _

The diaryl nitrone 2.whe;e-a =CH,CH, and n = 0
was found to be particularly suitable. This nitrone,
referred to as  -(4-diethylaminophenyl)-N-phenylnitrone,
was found to absorb strongly at 405 nm and bleaches
to near transpaggngcy with high efficiency at the same
wavelength by'undergoing unimolecular cyclization to
an oxazifidine, The nitrone is very soluble in solvents
of'mode:qte;y low polarity (e.g., toluene, ethylbenzene)
and forms good films ﬁt high loading densities with
a variety of po;yﬁeri_sucb as polystyrene, poly(hydroxy-
ethylmgthacrylhte). poly-qGmethylstyrene, poly(méthyl
methacrylate), poiyvinylpy:rplidone.vinylpyridine/stytene
copolymers and qll&l alcohol/styrene copolymers. The
naterialﬁqt-(4—diethy1aminopheny1)-N-pbenylnitrone

has an extinction coefficient to weight ratio of 130

S

esl| ns,

es

;)



ethers, cellul ose propionate and ot her hydrocarbon- sol ubl e cellul ose
esters, pol y(chl oroprene), poly(ethylene oxi dplp pol y(vinyl pyrrolidone).
Suit solvents for use in providing a spin 05 castable m xture for
fof mti on of- a photobl eachabl e | ayer incorporating the aryl nitrone of
formula (1) are: arkhRR%%/GRARTRM Mo MA05 hm. The materdaleas £otmed into
benzene, chl orobenzene r mﬁthout al i phatic hydro- carbons (e.qg.

cycl ohexane), hal od® rﬁ%’é"cf h? RCingAANRE as) followg: A solution

trichl oroet.hyl I | , but
The diaryl nit ?2&%@-#@%# e B A e, o4 Y )
i tabl Thi t
Sl(“4 SI etehyl a%sngl)hreﬁ/ﬁ tlr\k pﬁ Jnﬁhmfb@ﬁeﬁdl? bindexwa 'r’oﬁﬁ%be/%“&b’s&’b“”“
strongly as 405 nm@%ﬁh@ph@.t q I Fﬁ% t fﬂhoefvjdf' ency
n1 nmol ecul ar cyc |za I on

at the sanme wavel engt'h by under90|ng u 0 an

oxaziridine. The nifif aRfluéne/ W mwlmamm fsﬁ n GSEved Ao 4 %mkness
polarity (e.qg., toluene™ethyl benzene) 20 ornms good -filnms at

hi gh | oadi ng densi ofe250 trim.2 TR I!@MKﬁvep(ﬂWuﬁﬁi@h 2 4 MdWﬁ.’E,
pol y(hydroxy- ethyl net hacryl ate), poly-[err]-nethylstyrene poly(nethyl

met hacryl ate), pol memad)l_atjdﬁllmylm iwis Faund e have therelative

al lyl al cohol/styrene copol yners. The 2 mat eri a
[err]-(4-di et hyl ant¥ansaigsion pmrrgnm.ttm(sw§mrémmtmmuﬁodm ci ent

. ah f
to weig tl%ﬁtlo © :g%n in rigute 3.

" ]_' - N The model of the bleaching process was used to
| ~calculate the improvements in contrast as a function
of exposure time for the contrast enhancihg layer of
Figure 3, This_is accomplished by calculating the
15': . bleaéhing for two representative points in a given
pattern, In this example, two incident intehsities
 that correspond to the maxima and'minima of line and
-spéce grating.pattetn are éhosen. The contrast C that
‘these two levels of intensity correspond to can be

20 caldulatéﬁ from the definition of contrast:

Ce Inax '_Egin . - (3)

-Inax +Inin




liters/gramcmat 405 nm The material was forned into a contrast enhancing

| ayer as follows: A solution of

lerr]-(4-diethylam nophenyl)-N-phenyl nitrone (5% by wei ght of solutlon)\ nd
.a binder, styrene/allyl alcohol 05 copol ymer (5% by wei ght of
'solutlon) are dissolved in toluene. A gll¥dss substrate is spin coated to a
thi ckness of 250 nm The relative transnm ssion of the sanple was tested at
405 nm and was found to have the relative transni ssion versus tine

characteri stu€img €06 ﬁﬁBelOOf the PhewWeHihd i Rst, e DA st
bl eachi ng process S used l.culate the ] nprovenments in contras a

function of HXSRIIEY  #Reds PnFﬁéoeoRFr&§F¥§ﬂﬂ%HQQﬁfIQSRHbQ#hF#@%re 3.
This is accomptimsdeandymininal arengetkemined. hr:@rea_q{ggg ﬁn{y\pl%s

re resentativ 0t s attern In this ex WO 1 nci-dent
inltoensities }Fotcﬁc}%r%s 2%9?8 ?Hg ﬁ&g tRedatagrake %ofcqqtd?%?noc%‘bal&%
grating fat tqarltcwlaatecﬁossna functoonr aft iGcildant: lwsegte/\o Mkﬁiﬁe of
intensity C%r‘{cﬁw?‘g}.daﬂﬂs CGF Qﬁcﬁodetemiﬁ% i%lnata% Y a[q.é:‘g.’l]aet Gl nftl_OBS?Lg

contrast: max
t he nDdeI(ﬁat3Q§lﬂQRﬁ##%Q patters, inhéden&nsnltmedlayer of the- sample

described abové. Graph 21 shows the relative transmission
at a relative maximum as a function of incident dosage in
10 joules. Graph 22 shows the relative transmission at a
minimum as a function of 1nc1dent dosage. Gfaph 23 shows s
the instantaneous contrast ocbtained from graphs 21 and 22 A
using equation 3, as a function of incident dosage. Graph
24 shows the_integrated.contrast obtained from equation 3
15 using integrated values of Imax end Imin
instantaneous values. Since bleaching is a dynamic pro-
cess, the contrast which results from the transmitted |
radiation is also a function of dosage. A more useful
graphical representatien is shown in Figure 5 wherein
20 the corresponding graphs are plotted as a function of
transmitted dosage.- This representation allows the deg-
ree of.contrast enhencement to be estimated as a function
of the sensitivity ef_photoresist_to be.used in connection -

with the contrast ' , [

insteacéd of




intensity as a function of incident dose for both the maxi ma and mninma are
det erm ned. 'From.t hese quantities, both the instantaneous and the
|nteg%ﬂfed contrast can be 5 calculated as a function of incident dosage.

Fi gure 4 shows graphs of such determnation~ d8d cal cul ations for a 30%
contrast pattern incident on the |ayer of the sanple described above. G aph
21 shows the relative transnmission at a relative maxi rumas a function of

i ncident dosage in 10 joules. G aph 22 shows the relative transnission at
a mnimumas a eohancdngolayaci.denrapbagb. stowuphréBatheestrbasmission at

A Punotfon of | Soratatiob:Abasih o g FHE. Fannaf, EFalshiBLE TLE0 >

a function of incident_dosage E
obt ai ned from e§laPRod? 35ﬁ9W§srﬁba hV@gFE@BémW§Em@§ 8t annglabilvenmhnimum

instead of instaptaneenetyshuss. tShﬁ%zbteaChbas bS a @ygpm 28p§90w§e§ﬁe
t he contrast_ -which re%u ts radlatlonl

)
function of 50555§ta ﬁBFguasﬁ?U%rGngﬂBiéF"FapfégﬁnﬂﬁﬁPBﬁ ?Q %H%m£7|H51“9
Fi-gure 5 wherei eqadtiome aoraespoﬁdnog1gnaphstaaasmhDtéeddaSagetuncsr@@h029

transmitted dosghgys Thhe {fpegrEELal tgntﬁsLg“@REQ?ngggfraﬁeeeu?EPﬁ

enhancerent to est é"se IVIty 0 re5|st
to be used in cbhhBgtiBhegrakednvatvasraft I max'gB émhﬁncaﬁgalﬁyéﬁtlonC?aph

26 shows rel atiye tﬁéﬁ§ﬁ1§€éend§§age.
10 | _ _ _ _ o
‘ - The prbcess used for utilizing the contrast enhancing
\ layer will now be descrited and thereafter the results
obtained thereby will be compared with the results
~ obtained under the same conditions but without the use of
15 a contrast enhancing layer. - Reference is now made to
-~ Figures 6A-6E which illustrate the various steps of the
process for proyiding-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
20 as Shipley 1400 series of positive photokesists 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
~ 25 . Mark. s

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 phctoresist layer
30 to remove solvent, a contrast enhancing layer 33 is
prov1ded on the surface ofthe photore51st. The contrast
enhancing layer 33 is constituted of a SOluthﬂ of a
styrene/allyl alcohol copolymer binder



a relative maxi numas a function of transmtted dosage. G aph 27 shows
*relative transmssion at a relative mninumas a function of- transmtte
dosage. Graph 28 shows the 5 instantaneous contrast obtained from grgphs
. 26 and 27 using equation 3, as a functf4n of transm tted dosage. G aph 29
shows the integrated contrast obtained from equation 3-using integrated
values of [err] and [err] as a function of transmtted dosage. 10 The
process used for utilizing the contrast enhancing |ayer will now be -
described and t$®rbpfeeighticof canlotion) candd + (prabythylamboppemprpd with
the results obtai ned under the sane conditions but wthout the use of 15 a
contrast enharé+phenylnitron®e(ss by cwe bghtvofraaieluti 6a )y uin stite\- sl wéritch
illustrate the various steps of the process for providing a pattern of
phot or esi st ont@luene ap| The selytien is WW@@&JM\/@"% %'!lb&¢%.te 31 on

whi ch* i s providegd | ayer 32 pof uitabl e otoresi st such 20 as Shipl ey
1400 series of® ogﬁfi%"{)‘%?ﬁf&ia%fs 3pUR | and therss W&H%?‘gy_t%orrpany of

NeyleOn, Mass. LilJve, L es] coNnsi of ovpl ac_resin o

o vi nyl pherETReve FEDUERY e Bt ShE0E "Bt Fayer ad' BF ASeLER plckness,
Cel | osol ve acetat I o g®!1Q ViEa ash i Tyade 25.
Mark. The i qﬁg ﬁ%ﬁrg’gi%g?tse eposi t ed %’*%%%%%%%8% h%‘asubst rate
which is then eien é£poEed i €6 & paveér®ioficrid fit {n WorsFstingféer baking
of the photoresist |layer 30 to renove solvent, a contrast enhahcing |ayer

33 is flluminated regions 35 underlying the arrows 37 indicating
radiation and nonilluminated regions 36 for a time v
10 . to produce a contrast enhanced image in the range of

dosages to which the photoresist layer is séhsitive

and which fully expose the layet.of pbotoresist, as

shown in Pigure 6C. .Thereafter, the contrast enhancing

layer 33 is removed by using a suitible'strippihg solvent,
15 such as ttichlozéethyléne. which temoves the contrast

enhanéihg.layer without affecting the photoresist,

as shown in Figure 6D. Thereafter, the exposed portions

of the photoresist are removed leaving retainihg éortions__a\

35. 39 and 40 which are unexposed or insufficiently ~
20 exposed as shown in Figure 6E.

In order to déternine'ghe improvements in contrast
threshold obtiined for the composite layer of the contrast
enhancing layer and photoresist in accordance with
the present ;nvention;:ﬁhéuiforgmentioned photobleacbable

“2S material constituted of o~ (4-diethylaminopheayl)-N-phenylnitrone



provided on the surface ofthe photoresist. The contrast enhancing | ayer
33 is constituted of a solution of a stédege/allyl al cohol copol yner bi nder
(5%-by. wei ght of solution) and [err]- t hyl am nophenyl ) -
N-phenyl ni trone (5% by wei ght of solutlon) in the solvent toluene The
~sol'ution is deposited on the surface of the photoresist 32, spun and

thereafter baked tghdR Ct\%tenell_!yﬁ{?ié% hﬁetbitn% tg,\gtsdittilﬁée%yeir 33 of

desired thickness, as sh resu structure s then
exposed to a patt sgh v | I

under |l ying the ar %\A/sﬂgn;%r?caﬁhng rad| tlon angtr?owrﬁ %%@ﬁéﬁgﬁgﬁgﬁée%“
for atime 10 . to fakrdcatedwat ious PatterndlNancedferige isabsteatange of
dosages to which the photoresist |ayer is sensitive and which fully expose
the layer® of phot @fesiidiicon wasowoated wjithe only Photeziesdst bavingntrast
enhanci ng | ayer 33 is rennved;g:Lmln a suitable stripping solvent, 15

such a@8tri chl or odt fEhigknessm onsc andnanethesnwafeirn of| &}ddcon
wi t hout affectlng the haot or es|i t shomm in Figure 6D. Thereafter,
exposed portions & d@ﬁﬁﬁﬁl @‘ré#bi@@tPESFﬁﬁg leﬁaPﬁFHQ“ﬁo#P#éﬁs

38, 39 d .40 which, d f d
shown iﬁangurg g are&#ﬁ y %F&ES Su ICIE%§I¥96nEﬁP§°PH°EEﬁP$ &
threshol d Obta'neﬂs&%&:&he-@&%&%&bﬂedbﬂwa'ﬁU al BRie¥Res35be .25 microns.

An object consisting of an opagque line 2 microns wide,
10 . a transparent space 2 microns wide, an opaque line
. .8 microns wide and a transparent space .8 microns
wide ﬁas imaged using the Optimetrix 10:1 projection
. system at 405 nanometers onto the wafer with'jusi the
| layer of:phoﬁbteéist.wjth a t#nge of dosages to form
15 B a_nﬁmbez 6£ pattexhs in the photoresist aﬁd was also
imaged on the wafer which included photoresist and
contrast enhancing layer with a range of-dosages ﬁo
'td{m i n?mbet of patterns in.the photoresist. The
photo:esi;t on each_6£ the wafers was developed éo
20 ~ obtain the patterns of lines and hpages formed in the
| photo:esiit. Patterns ptodhced in thé,wafe: with'just
photoresist using the minimum exposure or dosage that
opened the .8 micron space at the photdtegist substrate
interface were compared with the pattétns §toduced in
.28 the wafer with photoresist and contrast enhancing layer
‘using the minimum exposure or dosage that opened .8

~ microns ipaée'at the photoresist substrate interface.



enhanci ng | ayer and photoresist in accordance with the present invention,
t he af orenenti oned phot obl eachabl e 25 mat eri al constituted of a-.
,(4-di et hyl am nophenyl ) - N- phenyl ni trone and a styrene/allyl alcohol a\J

‘bi nder was utilized in conjunction with Shipley 1400 series of positive ™
photoresi st to fabricate various patter2dd- A wafer or substrate of SI|ICOﬂ
was coated with only photoresist having 05 : a thickness of 1.6

m crons and anot her wafer of S|I|con was coated with a | ayer of photoresist

1.6 m cronsehl ok oryflc i GRS SR81 &8 &ﬁéygro%wsnpg aebgg@%@ab' e

mat eri al ‘specifi ed above toathic rons
consi sting Uﬁr&nHGﬁ&ddéquF?QFrﬁQﬁcP@ﬁ%AH%e wafer USiDGaJPS&ntb&rent space

2 microns %H@to%@s@.@%q%d it Wafe£l @8 fnyi éﬁeaeﬂoéoiréaﬁeasﬁat theace .
m crons w de was i ma u3|n the Optinetrix 10::1 projection system at 405

nanonet ers GRPGTARE %QXR tHereqr, ofh 5ho§oW§§F§F WAER a range
of dosagss lmnéowaslﬁrosslv OVEﬁuxﬁﬁsewfowatﬁerﬁéfeﬁ héelﬁboﬁﬁéestﬁh and

v oo TBEECRRAIE MG MHE ARSI E Rl L eshstoad ezl
photoresistW1aBesph050des¢$b<phqznresﬁsthe mhéers_mﬂerdnvehdpedihe obtain
e o] nepPLEPERIIe SOAEE JRIARILY 4 hce ORI PERS! grTRRReTS
dosage thatphotores1st on the wafer having both photoresist and con-
10 trast enhancing layer using the exposure which produced
a .8 wide space in the photoresist. Furthermore, the o
profiles of the walls of the contrast enhanced patterns et
were nearly vertical. The poerer resultant patterns pro-
- .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 Optometrlx oro:ection sys-
tem due to the higher spatial freauenc1es present in the
image or pattern of radiation obtalned therefrom.
_ While the invention has been described in connec-
20 tion with a particular positive photoresist, other
positive end neéativenphotefesists may be ﬁtilized; Also,
while a particular thickness of photoresist and a partic-
ular thickness contrast enhancing laver were utilized in —_
one example describing the 1nventlon, it will be under- v/
25 stood that other thicknesses of photoresist and contrast |
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. ' | o
While in an exemplary composition of the contrast
enhancing layer equal wei@ht proportions of the photo-
bleachable compound and the binder therefor vere utilized'
other proportions may be utilized, if &esired.
35 While in connection with photoresists it was

mentioned that they have a characteristic called contrast



opened the .8 micron space at the photoresist substrate interface were

conpared w t:h the patterns produced in 25 the wafer w th photoresi st
and, culi rast enhancing | ayer using the m ninmum exposure or dosage that
open .8 mcrons space at the photoresist spbstrate interface. -21- The-

2.0 mi.cron wide line and the 2.0 micron wi de pace were nearly correct for
both the wafer using just the photoresist and the wafer using the

photoresist and the contrast enhancing |ayer thereon. The .8 mcron wide 5
line was grossly %@&i&edl*brﬁh%@\gﬁ%rnm rtgiqmgihitﬁe:rﬁnaaﬁmsﬁmsﬂmg

the exposure whi @ﬂrﬁiﬂﬁﬁﬁ&f &ﬁaﬁmw&kéﬁ%@ tglé USILQ%& g he
ucli n W In

.8 mcron wde lin %ré yexposed pr.o e mﬁ’ue
phot oresi st on t & \ﬁq'f?g Hdisaidsi sﬁ°rarﬁ¥3@mi—er10=her &fture of

eﬂhanm ng | ayer uﬁ:qu;.ﬂdstmth w?n}drumh?sadﬁ@mdseaue%emr?& TR firded ne

phat or esi st . rt her nor t.he pr.ofi e t he of the contrast

enhanced patt;ns wer e ‘r?{ggﬁ%/‘%elr ’ﬁ’gg\r&i SPeEficisat &ns pro-

duced in the phorslesivdianiweight tﬁad:wonm adte mﬂhdletadh@el&tdt@y@bri Thdue to

the much | ower a pezYoloN I _
PhicAlon &Y d?ﬁlpt CHQ{? g:]}‘:é%t%tr e nI 3 ;&r e%ot NSe pre

Optonetrix projection sys-. tem due spa quenci es:
present in the i feFEeS 3o emrtde ofdithe &*td-b’tcé:ill‘?@d cEedfdiaiemt g &hehe

i nvention has beghbieschdiGtdteC ¥re extinction coefficient for the
10 bleached state of the photobleachable compound greater
'~ than about 30 is preferred, values of the abbve ratios
;,x : - as low as about 10 would be satisfactory.
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 éxample, may be utilized
in aécordance with the present invention.

20
. Aryl nitrones having.an absorption maximum ir. the
range of 300-450 nanometers and suitable for use in the
. 'method of the invention are described and claimed in our
o . co-pending Application No. 8519258.
25
Photobleachakle compdsitions suitable for use in the
methcd of the invention are described and claimed in our
co-pending Application No. 8519259.

30



20 tion with a particular positive photoresist, other positive and negative
photoresists nay be utilized. Also, while a particular thickness of .

phot oresi st and a partic- ular thieéﬁgss contrast enhanci ng | ayer we Tﬂ(
utilized in one exanple describing e invention, it will be under- 25
stood that other thicknesses of photoresi st and contrast enhancing Iayers
may be utilized. Preferably the | ayer of photoresist should have a

t hi ckness | ess- than about 3 microns gg t he contrast enhancing | ayer shoul d
have a thickness |The aforementioned t&@ddetﬂwltminpphﬂuytimﬂfuy
conposition of the contrast enhancing_|ayer: e wei ght proportions of the
phot o- bl eacBheRytahbeone, ML ?h%eblﬁ%@éhtﬁ%qgﬁkﬁewkréwiﬁ|P§§R§F34nher

W th phot or cork Sondensdag aralethri it nonshemtdebeae i€, €T C ool oo
& functi on ﬂ %ﬁﬁ?%é’*of'“s%géf’%*ﬁfﬁ@ %ﬁ%@ﬂ*@?ﬁ#ﬁ@fﬁ?r S LT N
II:ng: ect : 1(:)?12 there Oﬁom =40 thf as\hb?e va UES o*m{ﬁe EXtI I’lCt I on C%%ﬁ%%lnent

to nolecul ar #g¢ 08 KGES. | "EvESorEb] 68 COEILHé HBS1 VRt t PPe DB Okl eachabl e

conpound greater than about 100 are pre-
red oil which was twice crystallized from toluene/petroleum

ether to afford 13.0 g (0.05 mole) of the nitrone,
mp 103-105°C. Further teCtjstallization of in analytical ‘;;
1Q sample raised the melting point to 110-112°.
Other nitrones having absorption naxima in the
wavelength range of 300 to 450 nanometers are also

 set forth in Table I. In Table I, (nm) designates

max
absorption maximum in nanometers, emax designates
15 extinction coefficients at wavelength of maximum absorption,

np designates melting point in degrees Centigrade.

~ These other nitrones were prepared in a manner
similar to the manner of preparation to the a:oremgntioned ~
nitrones by the condeﬁsation of the appropriate aldehydes ~

20 and phenylhydroxylamines in polar solvents.




ferred and a ratio of the extinction coefficient for the unbl eached state
to the extinction coefficient for the 10 bleached state of the

phot o eachable conpound greater than about 30 is preferred; values of the
above ratios as | ow as about 10 woul d be sapiesfactory. Wile a particul ar
cl ass of photobl eachabl e com pounds, nanely, the aryl nitrones, dependent
on uni nol ec- 15 wular cvclization were utilized, it will be understood that
ot her phot obl eachabl e conpounds dependent on uni- nol ecul ar cyclization and

on ot her bl eaching mechani sne<sugh asaphot of rggnentatign, for exanple, may
be utilized in accordance vvlgh the prgsent invgntion. 20 Aryl niQrones
havi ng an absorption maxi rum~r {he range of %QO 450 nanonetersuand
suitable for use in the methad ol thesinventi @@ are descri bed aigl clalned*
in our co-pending Applicatioﬁ‘NQ 8519258. 25 "Phot obl edchabl e cohpositions
suitable for use in the nethcd o t he i'nvention - are descri-bed -ard-et-arred —.
in our co-pending Appllcatlo 8519259. 30©@ The aborenenti ened - 0
(4-di et hyl am nophenyl ) - N- phegl 1|troqe, alsoBet fortR® in Tabl &1, was 8
prepared by condensi ng p-di | ami nokenzal dekyde (18.8y, 0.1 5 C o~
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nmole) wth freshly prepared phenyl hydroxyl am ne (11.49, 05 0.1 sole)
in 40 M of absolute ethanol at roomtenperature for 18 hours. Evaporation
of the solvent yielded a red oil which was twice crystallized from P
t ol uene/ petrol eumether to afford 13.0 %gép.OS mol e) of the nitrone, np
103-105 C. Further recrystallization of” anal ytical 10 - sanpl e rai sed
the nelting point to 110-[err] O her nitrones having absorption nmaxima in
t he wavel ength range of 300 to 450 nanoneters are also set forth in Table
. In Table It (nm) designates absorption maxi mumin. nanoneters,
[err] designates 15 Lxtijncti em coeffia ents atmwavel engt lmof maxi num
absorption, np designateé’neltingﬁboint i nSdegr ees Lent i grade S These ot her
nitrones were prepared i ™a rannerd, sinmlarlto the panner of prieparation to
t he af orenenti oned ni tron%s Ry the® condensa&ti on of esthe approprat e

al dehydes 20 and phefiyl Rydr oXY!l am nes™i n pol ar” sol vent s. -24 -
[err] -2 5- Jerr] , -
o o o Q
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°k-(9—juldlidiny1)-N-(4-chlorophenyl)nitrone
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tu=t”
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Ar'
Ar

0(-(4-dimethy1aminophenyl)-N-(4-cyanopheny1)nitrone

o(-(d-methoxyphenyl)-N-(4-cyanophenyl)nitrone

7) 'CH3°sEiJ\.

ol-(9-juldlidiny1)—N—phenylnitrone
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-26- [err] -27- In the nethod of the invention the photobl eachabl e | ayer
is in: the formof an in situ mask on the layer of photoresist. The

fors Con of such a conposite structure has a nunber of advantages. The
phot 6bl eachabl e 1 ayer 5 conforns to the surface of the |ayer of photoresist
and avoids the formation of gaps between tHN&6i gh points of the surfaces of
the | ayer of photobl eachable naterial and the | ayer of photoresist. Such
gaps woul d be formed when the two | ayers are forned on separate supports
and then 10 brought together. Such gaps would be highly detrinental to
the resolution of any inmage f@rngd in% he photoresist particularly when the
features to be imaged are of he order;‘ of a fewm cr@ns and al so when the
depth of field of the projectjon systen1|s a few me¥ons. Al so, bringing 15
a | ayer of photobl eachabl e erifal i@t o contact with a |ayer of

phot oresi st and thereafter separgting themruns the risk of having pieces
of one |ayer adhering to the othgr |ayer thereby da glng the |l ayers of
photoresist. Wiile in describ¥ng|the Envention in a exenplary 20

enbodi nment, the contrast enhgﬁciTg Ia??r was situatg%
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contact with the layer of the photoresist, the contrast enhancing |ayer
coul d have been spaced apart fromthe | ayer of the photoresist, if desired,
for exanple, by a thin conformal |ayer of neutral material formed in sit#s
25 While the invention has been described in specific enbodi rent’s,
it will be understood that nDdlflcatlonsz§uch as those descri bed above may
be made by those skilled in the art, and I's intended by the appended
clainms to cover all such nodifications and changes as fall within 30 the
true spirit and scope of the invention. -28a- 3. A nmethod as clained in
daim | wherein the phathee %o abf etbenpoued tionather wthHmmund.
4. A nmethod 3s clal e i t VARG TI W llo] 1
absorption O i@%¢&%ﬁ%%§fggoéﬁ Egﬁgm}:ﬁtaes?eggjan el ect ed from
- (4- d|ethylamhmndnﬁgmstb+ﬂﬂ@hyfﬁrmabhen of such a composite structure

- (4-di et hyl ap,| Qﬂ?ﬁ%#% {iéﬂ'§@$ BSQY')@hbrﬁqgtobleachable layer

-(4- dlethylanlno |ch or gpheny 10 nitraone,
- (4- dlethﬁlaMQmﬁaﬁﬂﬁH9°r¢¥ﬂ-%ﬁﬁ%ﬁ?éa?ﬁoﬁ??pﬁéN?F)°fnRﬁQﬁﬂ¥eSiSt and
- (4-di ethyl agviapfieite -fbima €£68h Yo Phgapk) Between, the High points of
the surfaces of the layer of photobleachable material and
the layer of photoresist. Such gaps would be formed when
the two iayers are formed on separate supports and then
10 brought together. Such gaps would be highly detrimental
to the resolution of any image formed in the photoresist \_)
particularly 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
20 embodiment, the contrast enhancing layer was situated in
contact with the layer of the photoresist, the contrast
enhancing layer could have been spaced apart from the
layer of the photoresist, if desired, for example, by a
thin conformal layer of‘ﬁéutral material formed in situ.
25 While the invention has been describecé in specific
embodiments, it will be understood that modifications
such as those described above may be made by those skilled
in the art, and it is intended by the appencded claims to
cover all sﬁch modifications and changes as fall within
30 the true spirit and scope of the invention. '

\



25 30 35 -28- CLAIMS: 1. A met hod of producing an image in a |ayer of
phgt or esi st conprising, (a) providing a photoresist |ayer having a given
Ieyeg;pf contrast threshold for |ight of % predet er mi ned wavel engt h, (b)
form'ng a coating of a 5 photobl eachabl & @@ﬂpound bei ng sensitive to said
| ight on the photoresist |layer to produce a conposite of the

phot obl eachabl e conpound | ayer and sai d photoresist |ayer, said

phot obl eachabl e conmpound havi ng an extinction coefficient to nol ecul ar

wei ght ratio in the unbleached 10 state greater than 10 liters per

gramcm the gati ti L effii gi ent far t.he bl ed state
to the extiné%1OHRC@%Fﬁﬁgigﬁthﬁgﬁhgaeqﬁlg&@ﬁghqsfgﬁ%§Qﬂh5£ﬂ§jﬁﬁ%¥h _

phot obl eachalh kegompbledcompayndr éat ean airyd bdtrome eompoung.said conposite
of the photobl eachabl e conpound 15 |ayer and said photoresist |layer to a
radi ati on immage of a Pattern, sai d radi ation image having been produced by
projecting sdtd 1A ghethedaapr cdadidedi dadClaim snyheneinoddie anwsinidirens
pattern, %ai thd$Bghf AFYoPPL RohCkiRUMCERt the! rangR oFa3ovaiabi ven |evel
of contrast threshold 20 dge to the h|%h spatial “frequencies present in
the pattern, Panometeres and is selected from | .

; -(4-diethylaminophenyl)-N-phenylnitrone,
'-(4-diethylaminophenyl)-N-(4-chlorophenyl)nitrone,

'-(4-diéthylaminophenyl)-N-(3.4-diCh1°TOPheﬂY1)‘

| 10 nitrone,
- -(4-diethylaminophenyl)-N-(4-ethoxycarbonylphenyl)-
nitrone, | . o
" -(4-diethylaminophenyl)-N-(4-acetylphenyl)nitrone,
15 |
20
Y
25
30

35°



in order to reproduce a mask of the pattern within said photobl eachabl e

cojppound | ayer while exposing said photoresist | ayer through said mask

W thin said photobl eachabl e conpound to formthe pattern in said 25 A
hot oresi st |layer for a tinme to produce_ %Ld pattern representing an R
nhancenment in contrast of said i mage of reduced contrast in said

photoresist layer. 2. A nethod as clainmed in Caim1l wherein the ratio of

t he 30 ex%ux¥M§Ulcoeff|C|ent to nol ecul ar wei ght of said photo-

bl eachabl' e -eefpeend in the unbl eached state is greater than 100 liters per

gramcmand the ratio of the extinction. coefficient for the unbl eached

state to the, extg rh?étl?é‘dCGPfﬁkSUBB‘l nb%nt *liha?'ee%h%d Idyde gf said

phot obl each 5 conpoun reat €r,

ble 3
[err]- (9JlﬁﬁﬂqqrqﬁA§thg%m@ﬁypﬁﬁgpoﬁé prov1d1ng a photoresxst layer
[err]-(9-j Waodiin ny! %Miehé@rovheamualsttrQmeshold for light of a

Fgrg? ?L?th%§ﬁgkﬂ§ﬁ Xhﬁeygﬁsgg ?Hinfgﬁﬁﬁaéfnecoating of a

[err]- [5—Upnﬂtnnﬂqncnwmyé)¢emppbadybaungomensa¢dve to said light on

[err]-[2- (s 3 gﬁﬂ%ﬂ%% I??”YL¥%L %b ??Bﬁu@'troQ%mﬁ%site‘%f Hdod as

cl ai medi n erern nitrone

X- (4- dlethﬂhﬂﬁQhkﬁﬁ#ﬂdplaJcgﬂEﬂyndn ayeffeand sadd phetonesies torhd yex,
wavel engt h fid igHBt 6151 é96h 8608 "BbmpBURd having an extinction
coefficient to molecular weight ratio in the unbleached
10 state greater than 10 liters per gram-cm, the ratio of the ',
extinction coefficient for the unbleached state to the
extinction coefficient for the bleached state of said
photobleachable compound being greater than 10, (c)
exposing said composite of the photobleachable compound
15 1layer and said photoresist layer to a radiation image of a
pattern, said radiation image having been produced by
projecting said light of a predetermined wavelength through
a mask of the pattern, said image having a level of
contrast less than said given level of contrast threshold
20 due to the high spatial frequencies present in the pattern,
in order to reproduce a mask of the pattern within said
photobleachable compound layer while exposing said
photoresist layer through said mask within said
- photobleachable compound to form the pattern in said
25 photoresist layer for a time to produce said pattern
representing an enhanceément in contrast of said image of
reduced contrast in said photoresist layer.

2. A method as claimed in Claim 1 wherein the ratio of the
30 extinction coefficient to molecular weight of said photo-

bleachable compound 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
35 compound is greater than 30.

I




6. A method as clained in any. preceding Caimwherein the contrast

enhancing layer 1is contiguous to the 15 | ayer of photoresist. 7.
metiad as claimed in Caim6 wherein the tRigckness of the photoresist
layer is tess than 3 mcrons and the thickness of the contrast

enhancing layer is less 20 than 1 mcron. 8 - A nethod as clained

G aim1l and subst agt~i{3l-lju1a ki NoeN o iee KiEBET t Benle, 25 30 35
«-(9-julolidinyl)-N-(4-chlorophenyl)nitrone,
a-(4-dimethy1aminopheny1)-N-(4-cyanopheny1)nitrone,
«-{4-methoxyphenyl)-N-cyanophenyl)nitrone,

5 «-L2-(1-phenylpropenyl)]-N-phenylinitrone, and
«-L2-(1,1-diphenylethenyl )l -N-phenylnitrone.

5. A method as claimedin Claim 3 wherein the aryl

nitrone is x-(4-diethylaminiphenyl)-N-phenyl-nitrone
10 and the predetermined wavelength off11ght is 405 nanomet-
ers.

6. A method as claimed in any.pfeceding Claim wherein

N~
) the contrast enhancing layer 1is <contiguous to the
15 layer of photoresist.

7. A method as claimed in Claim 6 wherein the thickness
of the photoresist layer 1is 1less than 3 microns and
the thickness of the contrast enhancing layer is less

20 than 1 micron.
8. A method as claimed -in Claim 1 and substantially
* as hereinbefore described.
. 25
N
30
35
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