T . 1- 2168698 ARYL NI TRONES The present invention is directed to aryl
n|trones suitable for use in a method of enhancing the contrast of images
of X 6§Jects such as masks for photol|thobraphy in the manufa ture of

"mb-egrated circuits. 5 Li t hography in the production f rﬂﬁ%&ted
circuits is predomnantly carried . out g optical means.
drive to reduce circuit dlnen5|onqARYHhMBL% %gsforn} ance and i ncrease

yi el d, optical systens have provided t he required resolution with each
successi ve genecation 10 of circuit.technol . _The i.mage resol.ution of
proj ecti on IithggFa reseay idpentian ’éce§?¥§CtB§gﬁﬁ’ TﬁyFaﬂﬂ$588ﬁsthe
physi cal | ism'lu:abhepoﬁenl hws epr ot i xamedhogt r af nenhamc imgretheak ongpasttur e

and vavel 99t fhages Wi on JUEEDC O QYORRELS T7bi | RRERERRRESESRAGO! 00V

are mulcwmte rovemen
resolut|on1ar§hnomanuﬂ&¢tnnkﬁoﬁcﬂ&kﬁﬂﬂ&t&dthkrceﬂUStlon of m ni mum feature

si ze chi evab I t a Iter
Sor o By CESOLSehoBbegth FF] chel BEBBEATY of | hteBfRERREEN st
i nprovenent§. Preéﬁ@‘"@ﬁé&i?OCQWT‘%ﬂncﬂ# f UPY hePPtiGdl ovBRBASs  ardn

possible the idrivdetBhaledirs StiroiPeCHSimen XS PhohpF Wésber*f%rm-
characteri zed by 8ne degr ee of %dent gon rast eces ar roguce
patterns &856 ea'l' ‘s'lﬁ)‘g%ﬁ%%ntywp eQBtiga ?r'?‘ﬁl ﬁ\ﬁﬁ\er ehtipvdged
contrast othel |requikeédn ries olafteiroredwti ¢ hase26h Lshncmwasgenemeshal d of
the 14y She cirdiR"YelhincIbgy. The image resolution of projection

Nt lithographic systems has recently begun to approach
the physical 1imits 1imposed by practical constraints
on numerical aperture and wavelength. While further

improvements in 1lithographic technology are anticipated,
15 dramatic improvements in  inherent lens resolution
| "are not. In order to continue the re&uction of minimum
feature size achievable by optical techniques, it
is necessary to alter some other aspect of the litho-
graphic process for further dimprovements. One area
20 in which- further improvements are possible is in the
photoresist proceés,. Each photoresist is characterized
by some degree of incident contrast necessary to produce
patterns usable for subsequent processing. This minimum
required contrast of illumination is referred to as
25 the contirast threshold of the resist. Depending on
substrate properties, the required pattern thickness

and resist edge profiles,
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substrate properties, the required pattern thickness and resist edge

profiles, 30 35 -2 - conventionally gged positive photoresist has a ..
contrast threshold between 85% and~™ ¥0% contrast. Currently,” nmost: = -,
production is. done at 90% incident contrast or nore. |f the. ==

cont r ast t r €Si Sty s 4 <+t he pesol ution .
obﬂainabléégﬁfﬁngkgpeiayoﬁFg%%l$§ﬁ§ﬁ%ﬁ$sgphggg%§§S&Ueﬁ?% t egbﬁggafﬁat

i mage conttheeshelda bdétweeasi 89% f anak i D% ofconteastpati aCurresddgnci es
present i [ objsqct t hespr nt 4| ALLON . Al prayi de 10
new photg%*%ﬁchgﬁggucggﬁgouﬂgs d?ﬁ&t séansage lhggg@BFn §°h§ﬁ%%§reg¥st
process iMmorehi ch Ifhethgoncoadtrasds tdreshold ofmgkhetiresdat i dsthe

process g i se gRPEASEh Ié | Fede d tdslebR i dtFe PRAUH @Sigilven Abptekiadct  Of
the present . inventign is .to, |ower 15 t he UIHIHUﬁl contrast .required
to produceSYEh®Me 15 rAPREOVRd, d9e: FskBE. FARE fBhaderimage, epptgast
provides f& &rydecPebsdng hdvinegdiom ofsaynd i ospathai nufiregqienthes range
of 300-450 nanopeters,sel.ected from 20 _
[err]-(4- REERHTT n?ﬂoﬁh8n9pf9 *phenyl ni t rone,

The object of the present invention is to provide
10 new photobleachable compounds that can. be used -in
a photoresist process in which the contrast. of an
aerial image utilized in the process is enhanced prior . o
to incidence on the photoresist.. - o o/
An object of the present invention is to lower
15 the minimum contrast required to produce usable images
in a photoresist. ' R
) The present fnvention provides. -.an aryl nitrone
having an absorption. maximum in the range of 300-450
nanometers selected from . _

20 x-(4-diethylaminophenyl)-N-phenyinitrone,
«-(4-diethylaminophenyl}-N-(4-chlorophenyl)nitrone,
«-{4-diethylaminophenyl)-N-(3,4-dichlorophenyl)-

nitrene, _ . o :

.=«-(4-diethy1aminophenyl)-N-(4-ethoxycarbony1phenyl)-

25 nitrone, : -
x-(4-diethylaminophenyl)-N-(4-acetylphenyl)nitrone,

* %=(9-julolidinyl)-N-phenylnitrone, :
*%-(9-julolidinyl)-N-(4-chlorophenyl)nitrone,
«-(4-dimethy1aminophenyl)-N-(4-cyanophenyl)nitrone,

30 . «=(4-methoxyphenyl)-N-(4-cyanophenyl)nitrone,

x-C 2—(1-phény1pr0peny1)3 -N-phenylnitrone, ‘and
x-L2-(1,1-diphenylethenyl)J-N-phenylnitrone.
~This  application is divided from British
Application 8328221 (Publication No. 2131190A)
'35 which provides a method of producing an <image
in a layer of photoresist. by imagewise éxposure
of said layer from a 1light source, emitting light



t [err]-(4-diethylam nophenyl)-N-(4-chl orophenyl)nitrone,

oc- (4-di et hyl am nophenyl ) - N- (3, 4-di chl argphenyl )- nitrone,

[ erri-(4-diethyl am nophenyl)-N-(4-ethoxycarbonyl phenyl )- 25

- nlikﬁne oc- (4-diethylam nophenyl)-N-(4-acetyl phenyl)nitrone, [err]
- (o- JquIidinyI) N- phenyl ni trone,

[err]-(9-] F&H%tébﬁﬂnﬁ@'9598?@9%&&”& EPE?n a contrast-enhancing
oc- (4-di net yIa nophenyl ) 4- cyanophenyl )nitrone, 30
[err] (4-me hb%?pﬁ@ﬂﬂﬁ‘$UﬁM éy agha Rﬂmﬁ°T%?FTd PS provided

: (1]ngn{:$é@@@@U|)ihetaﬂpbﬁﬂy|ﬁfhﬁeéelan? aphe hotores1ft gayer,

err en enyl n rone applj cation i's

di vi ded %m? BBFPFéhq P%Bﬁﬁu é) (ﬁﬁﬂﬁ‘éétlgﬁ H
2131190,09 Jvaving whheh pped)etdmmad rma\tmbbngjfh, prasdiucihag an ratrmge in a
| ayer of pcﬁor 1} %4% @g&‘%”ﬂ#&&%‘@o em%ﬁe%g'ﬂr' aﬂ@ﬁapﬁoc\hﬁektgpt

sour ce, i ng f-a predeterm ne eréin a
contrast - emHuN@ln@olaﬂéﬁeféanQﬂlﬂﬂ@?mﬁkmobW@%Ehabﬂe thepounbl eachedvi ded

between thegatdghtandouy Ceatad otfheexf)hﬁ’é@‘igﬁ'Sztoe‘ﬂia%eirenﬂ h¢or the
photobleachable cogg und,is sensitive, to

predet er mi iEAP16RG ngﬁﬁateanJ°rESXté"°FégFo GPegzﬂFﬂgplonﬁRﬁ#fFEFent to
mol ecul pg Vel @it h@d et etet yeraaflér| thansiper gramcm when in the unbl eached

-~ The nitrones of the present invention can be
used in our co-pending Application No.8519259 .
At also divided from Application No. 8328221, which provides
a photobleachable <composition - having an extinction
15 coefficient to molecular weight ratio in liters per
gram-centimeter 1in an unbleached state of greater
than 10, and a ratio of extinction coefficient for
the wunbleached state to extinction coefficient for
the bleached state greater than 10.
20 Images can be produced 1in a process wherein a
layer of photoresist of a first thickness and having
a predetermined contrast threshold is provfded
An object or mask 1is provided having opaque and trans-
parent areas. An image having a contrast less than
25 the predetermined contrast threshold of the photoresist
is formed by the object on the layer of photoresist
by projecting light of a predetermined wavelength
through the object. A layer of photobleachablie material
including a photobleachable compound is provided between
30 the object and the layer of photoresist and adjacent
a surface of the layer of photoresist. The
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‘
state, and a ratio of extinction coeffig ent for the unbleached state to
extinctjon coefficient for the 10 bleached state greater than 10. The,
nitrones of the present invention can be used in our co- pendlnq Z
Application No.8519259 al so divided from Application No. 8328221, which
pravi des a phphobbbdehdﬁ&blecnmmpeuhdols sensitfve o Eﬂ%lﬂﬁbteﬁeﬂﬁzoned
codfficient to nnlecular\Mﬂéﬂu ratio.in liters-per gramcentineter I n
an. unbl eachedwavelength @f Xfght candhhaslan extinctdom coe&kichenton

coefficient for the unbleached state to extinction coef fi ci ent for

the bl eached stt@cmglegvdar; waight petio in Likess pem gtanm-gedtimeterin
of a first .thickness and

a rocess whejei a | ayer _of hotoreS|st
haang a pre ph? g& tate greptes than aboudidd /ﬁmebject

or ek ;scg;gria.gfﬁof‘éﬁ@ﬂf"%ﬁ%&@o}piéﬁéfsﬁﬁﬁﬁ% s i wnklenebeds
broj ecting T Iee °‘€E@hﬁyﬁ£ﬂfﬁe€&*€& bR £pr, i, iaashes) cc:
A | ayer of phot‘%?cﬁ btﬁB ],3@ c#%%?gvgrgpg#iblﬂﬁam bl e%ﬁceangound S

provi ded betwe

adj acent a sur i, HfboaE iﬁYerLﬂﬁﬂﬁ“ﬁf”fﬁ%Sﬁforlﬂgnéioned wavelength
| and of a predetermined intensity is §rojected through
10 | the object onto theilgyet of'bhotob;eadhqblé_méfgrial C:
- for a time to obtain d7:eduction in optical density
of the layer of photobleachabie natetial in ditect
proPOttion to the dosage of light of the afozementioned
wavelength incident thereof, whereby the integrated
15 N quntrast of the'image transmitted by the layer of photo-
bleachable natefial increases ﬁith.aosage trahsﬁitted
the;ehy, :eichés a maximum value.ang thereafter decreases.
Pa;;mege:s of the layer of photoble?chablé material
' are seleoted such thﬁt the maximum value 6f.£ntegrated,
20 contrast is greater than the.predétetmined threshold
contrast of the layet‘qf photoresiit..The'tensitivity
of the layer of photoresist and the thickness thereof
_are seiebfed.ﬁdcﬁ.thgt the layer of photoresist is
~ fully exposed by a dosagg'in'i predetermined range
.25 . transmitted by the layer of photobleachable nateriil
| and provides an integrated contrast in the transmitted -
inage above the pwedeter-ined contrast threshold of
the photoresist. Light of the aforementioned predetermined
wavelength {8 projected through the object for a time



¢

-4- phot obl eachabl e conmpound is sensitive to the aforenentioned wavel ength
of llgbt and has an extinction coefficient to nolecular weight ratio in

ld t ef3 per gramcentineter in the unbl eaghed state greater than about 10.
The 05 . ratio of the extinction coefficient for the unbl eached state
to the extinction coefficient for the bleached state of the photobl eachabl e
material is also greater than about 10. nght of the aforenentioned

wavel engt h and of aifredeternlned intensity is projected throu h 10

the object bfit Brond deythe (fogrgcoin REereBepidanad »re ﬁtFFﬁ‘é"‘FS obt ai n
a reducti onraﬁqeptlreaisrﬁifﬂﬁeaym&dmﬁu | eer pRbtetalcdtIeAs @bl 8yert.er ifgle i n

direct pro rtlon t o e ht. of ,t he af orenent | one vel ength
inci den!to tﬁ FEGT, O\ﬁng&mﬁp E FHF&&:%&%tﬁﬁia is rempyed angd; thfe Ingge
transmtt edlb_-yei'heﬂ @}ﬁswfeﬁinstoisblmwﬁec.merﬁeﬂy | & cp @B E@ENWirieh-
dosage t ansm%ﬂg ereb%/ reaches .a jmaxi rru val uei:’ﬁﬁtgfreafter

decr eas £89s At FHRAPGERENL ﬁﬂuﬁ?& £88ka M mage,PE sel ect ed
such that treduss@ncontaast obfi thegiodjEecP0is formed A retsé Lavetrcafer

t han t he prqggtern1?e threshol d contrast of the |ayer of photoresist. The
sen5|t|V|t r of photoresist and the thickness thereof are

sel ected such-t hkbet hetrapes of phofomhasﬂreseﬁﬁ%&pveqﬂtnnkmqnabdneﬁge in

Dhot obl eachabl ® mBoPIR frRetPRlR LG afablg oF Baling oy

t r ansml® ephotznjel eachable Javert bavingl awnabserptionsraximim in the

St range of 300 to 450 nanometers comprising by weight

(A) 100 parts of organic solvent,

(B) 1 to 30 parts, preferably 5 to is'parts..of

an inert organic polymer binder,

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

thé aryl nitrone. ’

The novel features which are believed to be
characteristic of the present invention are set'ferth
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 may best be understood by_reference to the following
descriptiOn taken in connection with the accdmpanyiné
drawihgs wherein: . '

25 Figure 1 is a graph showing the relative transmis-
sion of an indealized bleachable layer 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 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 Figure 4 shows a set of graphs showing relative
transmission and contrast of an image having 30% contrast

n



the photoresist. Light of the aforenentioned predeterm ned wavel ength is
preojected through the object for a tine - 5- to provide the dosage in |
af orenonti oned predetcrm ned range tramshttted t hrough t he phot obl eachab] e-
| ayer. The | ayer of photobl eachable material is removed and the | ayer of™¥
phqtoresist I s devel oped whereby a pattern rep- 5 resenting an enhancenent

i n contrast of the image of reduced contrast of the object iis fornmed i.n the

| ayer of
becaused

phot oresi st. The _nitrqnes - of thegﬁresent-invention -ca

i for @%m#e;ﬂefamam% (ARE dababmen.trepspigsipn and the

zggt obl eac hﬂﬁﬂ%oﬁﬁvbgﬂt&&s&ﬁ%{@timﬂ%gﬁatéﬂ%;phﬁﬂ&ﬁ agnmla@éeSOO( tB ;) .
nanonet ers Gonpri sin i ghte. (. arts_of organic sol vent,
to 30 partg:?1 %rdh 3 gu{xét\%&éﬂp%ﬁ ﬁ%&gﬁﬂgi 8FRY8-gani ¢ pol yrer bi nder.,

15
ni trone

(O 1 pig@Pepbr shows ¢frapls yof relatiper transmission yand

Lo b B, b B SETEE B L

The invenpgmapﬂs of Eigureodh as to its organization and ‘et hod .of - oper a-
tion, together w eé#iége&f@%e%h%vﬁ%@é’#a@ééﬂiéntsh‘érfe‘st‘}fué@’_;é?St be
under stood by reférence to the f.ol 1 ow ng S
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representing successive steps in one method for ca;fying
out the present invention. : T “

A large f:actién.of_optical_1ithog:aphy_is-¢qne : _
currently by projection techniques in which an aerial S C)
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
have significant intensities. As the contrast is reduced,
discrimination of the darker area from the lighter area:
becomes increasingly difficult. In accordance with the
present inyention a method is provided which gnhances_the
contrast of the image incident on the photoresist and
thereby improves this discrimination. The contrast
enhancement is based on the use of photobleaqhable mater-
ials which are inifially felatively.opaque,-bui_following
some dose of radiation, become relatiﬁely transparent,f
The optical transmission of an idealized bleachable layer
is shown in Figure 1. When the aerial image of a mask is
incident on such a'laYer,_the regiohs of the bleachable
layer that. are exposed@ to the highest"intensities bleach
through first,



¢ description taken in connection with the acconpanying draw ngs wherein: 25
Figure 1 is a graph showing the relative transnis- sion of an indealized
bl eaghabl e.l ayer as a function of. dosd&g applied to an entrance surface

s t heseof . Fi gures 2A-2F show di agrams useful in explaining the dynam cs of
t he bl eaching process used in the present 30 invention. Figure 3 is a

graph of the igifld ends@npit s of qméixxyéfcehai FEBEIT! UMY | aVer

as a function of tine in response to t he app i cat-ron of an inci osage

of 2 particul Snealsft{Eh bleach thirdiigh aE/g"Sagef tifie.0r anhs shoving
rel ative transm ssion and contrast of an inage havi ng 30% cont r ast

for the. case,of nmagherdywamiitsi BEMthid Bl et Wing g rbbestSWEﬂdﬁpiash
contrast and integrated contrast produced therebygas a function of incident

dosage. Fi'gur énSPilguresyr2ipkaFof Fdiguries QX rsiiows sthenreddt] veortirattimiass ion
function of transmtted dosage for the graphs of Figure-4.-F gures 6A-6E

et hod o car Y e e e A bt e T acti on
of optical |irgeaichi préadeifig zero transmission 11
| separatedfby,open or transparent regions
producing 1008 transmission 12, 98 is incident intebsity
of radiation. ‘I is transmitted intensity of radiation.
10 E, is the dbsage of radiation required to cause bleaching
of the layer. rigu:e 2B shows a graph 13 of the relative
intensity as a function of posit!on of an aerial image
of the mask when placed in optical projection apparatus
for producing an aerial image used, for example, for
15 eiposure of & layer - . of photo:@sist. It {8 assumed
| that the uavelength of light used and the dimensions
of the zegioms of the mask :re such as to produce the
' contrast shown. I . is the maximum 1nten§ity,of
St the image and x-in is the minimum intensity of the
- 20 image, Figure 2C shows thg cross-gection of a layer 15
of an fdealized photobleachable material. PFigure 2D .
: shows the bleaching of the layer 15 as delineated by -
the dotted line 16 at the end of a first period of |
time. Figure 2E shows the bleaching of the layer 15
25  as Gelineated by dotted line 17 at a later period of
time. TFigure 2F shows the bleaching of the layer 15

as'délineatea hy.dotteé lines 18 and 19 at the time



currently by projection techniques in which an aerial inmage of a mask is
used fo expose the photoresist. For an aerial image of |ow contrast, even
those parts of the inmmge that correspong8to the dark regions of the mask 15,
have significant intensities. As the contrast is reduced, discrimnati Orseg®
of the darker area fromthe lighter area becones increasingly difficult. In

?ﬁé"éﬁﬁ??iﬁw cfbt nExPRENY {8 K {laprl” %ﬁ%i’(%*}%sﬂ‘%'?"%ﬂﬁg‘é’é%?Eé?EEgnces |
of " phot obl caciibi £rhat SPoste, HIF, ERORPER) At i I ot b A M e, but

follow ng songglopggie’ 2¢,21tH, tENENEsE bRl OfC/thd BIEREhaBle 1B9er
optical transm ssion ,of an idealized bl eachable layer 25 is shown in

rFng:e 1. W‘leredﬁ&eﬁﬂbhdh' teadhst of "BRE b2iglnadcniask, SWhen bagdy, the
gi ohs of the bl eachable |layer that are. exposed to the highest intensities
blggch througla fmaterial 48 ccatied idmstopaotsaotcdriventiional hphotetesist
the |l owest Intensities bleach through at a later tinme. The dynamics of this
bl eachi ng pr odayeny cthepresad tiing-icompes te?an-have: Jovenocontnest
relative transmn ssion 05 of an object such as a mask consisting of
opaque regi ondhresheldgthano theyconteast threshold of resist layer
alone. This will be true if the photoresist is sensitive
enough to be exposed in a time short compared to the "
10 - bleaching-time,_ Thé_bleggbqble,lqyg: essentially forms i
an in situ céntaét Qask_fo: the phototgsigt_1¢¥§r.
The net effect §£ this in situ mask is to increase
the contrast which is incident on the photoresist over
the contrast of the -aerial image. | |
15 . . The application of cohttasg.gnbancing'techniques :
to submicron qgtiqal lithographygiaiqes several physical
and chemjical edﬁsttaints on the contrast enhancing .
layer itself. The contrast enhapping_layer.nuit_be ;__ _
simultanéously_thin_apd §pticglly dense, The thick;eis' L} '
20 requirement arises because of the.harzgy_depth.o:'focus“
of high resolution optical systems. This limits the
thickness to a range of less than about 1 micron, v
Because the contrast enhancing iqye; Quif_pg_quically |
dense, it is_neqes;gry that theuphotocheqié;l cqn;tiiuent .
2% | pf_the layer be strongly absorbing. Since,thg_ébtibal'
- transeission following bleaching is determined by”thé

absorption of photoproducts, the photoproducts must



%eparated by open or transparent regi ons produci ng 100% transm ssion 12.
[err] is incident intensity of radiation.-9-is transmtted intensity of

;adi:g%i on. 10 [err] is the dosage of radiation required to cause

bl eaching of the layer. Figure 2B shows a graph 13 of the relative
intensity as a hawet isomusth pgsallen ektimcadiomicoeffibebént hehansithehen

pl aced in optical projection apparatus for producing an aerial inage used,
for exanpl e, foparent modecule. of Extingsion woefifictent sis definedissuned
t hat the wavel ength of 1ight used. and the dinensions of the regions of the
mask are such ab¥t &hgr @EMALAOR contrast shown. [err] is the maxi mum
intensity of the inage_and [;err’] IS the mnimumintensity of t )20

i mmge. Figure 2C showk % h&gT oss-secti-on of a layer 15 of an idealized

phot olgsachabl ewheter palis dbgprisaBbeshows the bl eaching of the |layer 15 as
delineated by the dotted line 16 at the end of a first period of tine.

Figure 2E shows the bbedehipativflémgthayem.}3 #md as delineated by-dotted
line 17 at a later period of tine. Figure 2F shows the bl eaching of the
| ayer 15 as del i neat e¢ Wy conaeehtsations (molelpext lifter) s -8- the
exposure is term nated and bl eaching stopped. If the exposure is stopped at
a tinme correspdhbsogbance d& definedcbyreguatdonon of the. bl eachabl e | ayer

. 1
A= 109,30 71 - @

10 where I, is intensity of incident radiation, and
I is intensity transmitted radiation. ‘
The extinction coefficient . £ of a material is obtained
by determining the parameters A, b and ¢ in equation
{1). The parameter A is obtained from eqguation (2). |

15 Initialiy,_a known amount of a material. by volume is
dissolved in a known amount of a solvent by volume |

| to obtaiq the concentration ¢ of the material in the
S solution. This solution is put into a cell of known
dimensions and placed in the liéht_path of a spectro-

20 photometer and radiation of known intensity I, is ditgcted
onto the cell. The intensity of the radiation transmitted
from the cell is measured. The solvent alone is also _
put into another cell of the same known dimensions and

placed in the lighg path of the spectrophotometer and



corresponds to that of the original naékp'VMen such 05 a materi al

I s.coated on top of a conventional photoresist |layer, the resulting

conposi te canradietiomrofdnoest inkeosidid ke tdir cohtéasntthtéshol d .ofy
resist layer alone. This will be true if the photoresist is sensitive
enough to be eepdsefhen intengityorf thepradiation nkransmitted,traung
tinfe. The bleachable |ayer essentially forns an in situ contact rEask for
the phot or esi the| gpdd. i measueed  Ther intensity ineaFREemeBts; 0L ¢/ case
the contrast which is incident on {he photoresist over the, contrast of the

aerial inmge 825vent alone is abPI PREEEST $he FRanaRrittedn i ng

hnj bm ical Jiyth ' | physi cal d
IS MR R B A W ML,
Chi ckneas 20 Fhul"Be1hB, ¥ehd VERHRE. oF) thcidedl {deenks PG 30 ant'c,

focus of i ohy 2o ekl FiAb1 E¥SIoTh eqtleidd Mip, (BBsbPbSRRRSS 10 @

range of |ess ncron.< Because e con st enhanci ng | ayer
must be opti cgl 4 | y dﬂ?%fxiq Y6x €Rk ee1yti tuent
of the | a§/erC%ekétgg%&qyéqfso%ﬁgﬁag?ngehﬁle optica 0fransm’ ssion
following bl gfNkGwhs afsietisTcHe!, PyThilg, 2kt ¥itAhctiohoboEsdedent the
phot opr oduct s nus -9 - ' : _

10 for the material is obtained by substitution of values

b, c and A ;n_équation (1). The measurement of the C:

extinction coefficients of materials is also described
on pages 644-652 in "Fundamentals of Anai&tic Chemistry*;'.
| .2nd Edition (1969) by Douglas A. Skoog and Donald M.
15 West, published by Hold, Rinehart and Winston, Inc.
of New York, New York. Continuing, in order to minimize
the necessary increase in exposnre'tiﬁe, the guantum
yield of the bleaching reaction must be as high as

possible. Also, since photoresists are conventionally

20 applied by spin coating-techniques, it would be convenient ..

if the contrast enhancing layer could also be applied
b§ similar methods. The solvent in which the bleachable
material is dissolved must be compatible with photoreSist'
layers. FPurther, it is required that it be possible | i
25 to spin coat contrast enhancing layers of good optical
| quality. Finally, the wavelength range over which these
bleachable mater{ials operate must be the .same as the
Qavelength range .over which the optical projection
system operates. Most direct-step-on-the-wafer systems
30 operate at 405 nm (nanometers) or 436 nm. In this

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

¢
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have a much smaller extinction coefficient than the parent nol ecul e.

Ex'tin(_:t'ion coefficient is defined by the equation [err] 05 where Ais
abs@r bance, ‘b is path length (cm), and c is concentration (nole per
Iit’éﬁ’.‘ -Absor bance is defined by equationjferr] 10 . where [err] is
intensity of incident radiation, and | is intensity transmtted radi ation.

The extinction coefficient [err] of a material is obtained by determ ning
the paraneters A, b and ¢ in equation (1). The paraneter A is obtained from
equation (2pPptimetrix 10:li DSWy systemvavabbableof rommdpariinedtyx vObLUME i S
di ssol ved i @!hnﬁw AOYNE,Of \ by u Q.ohtain the
concentrati g’n‘ cC o e m?éyi’aélaﬁ%rg'%% ut?@%. gg#flcg‘ ? rutqpcﬁfc?%rfﬁt'ei nt o

a cell of kidwaaliinmonaherindspWasedade twikthi yegapdt ltoofthesspatne- 20
hot t ' jati- it j t i i th
phot onet er @pd- i 'ogﬁehéggggilm Yisd sveéféxgl £bg QPE%%&%‘;]MO e

cell. The intensity of era transmt rom 'S qreasur ed.
The sol v8nt bllegehing matepialenwWasamadeewith | regarfetoa@bsorption

di mensi ons ﬁﬁ%i&la?‘%ﬂ tHe tWeveheRht e (HF SO6CLH0RBR! ABidHeBEYs
radi ati on of known intensity [err].is directed onto the :
A model of the bleaching process was developed and
ut:l._l:l'.zed in the evaluation of bleachable materials suit-
able for use in the contrast enhancing layer. The para-

10 meters of the model are set forth in the following table:

€




cell. The intensity of the radiation transmtted fromthe cell- is neasured

"The intensity neasurenents of solvent alone is used to correct the

t *ansnttted 05 intensity | for cell and sol vent absorption. Thus i 4
using these values of incident intensiyp[err] and transmtted intensit zﬁ
I n equation (2), absorbance Ais obtalned Dinmension b is obtained- fron1.

the cell of known di nensions. Thus, the extinction coefficient 10 for

the material is obtained by substituti ciablevdiues b, ¢ and A in equation

(1). The neasurenepnt of the extlnctlon coefficients of materials is also
descri bed on ﬁﬂﬁﬁ&_£23-652 in. "Fundanental s of Anal yt EXRianatien" ond

Edition (1969) Dougl as A. "Skoog and Donald M 15 ubl i shed
by Bold, Ri neharetla and Wnston, Inc. of New YOFEti 1?(9( LF°Q£§ ﬁg in
euteEm

order to minimze the necessary increase in e®po¥l eached
éﬁeld of the bl eaching reaction nust be as h|§ H?S %SSI%éiffiéyent si nce

otoresists ar EBonventional | y 20 appl

coati ng--techni s, it would be convenient i tﬁ 8 ;i%::le “Jh%f ng Iayer

could al so be a8 ied by sinilar nethods. g&;h &g%

bl eachabl e material is dissolved nust be congg.?ﬁ? R8Pt SMsi st

| ayers. Furtheg, it is required that it be $€4 o spin coat

ﬁgntrast enhancrﬂgj | ayers of good optical qfﬂsyef 'ggﬁ&ieﬁngel engt h
nge over which these bl eachabl e naterlals operate nust be the sanme as the

wavel engt h rangg over which the optical proj m;hg)rugug;ey eZepHotong\bst

di rect-step-on- t Re- vvafer systens incident on contrast - O

enhancing layer

15 g ' Thickness of contrast
enhancing layer

ne - Index of refraction
: o of bleached layer

ng Index of refraction
. of glass substrate on
20 ' -+ which the contrast enhancing
' laye: is situated
Based on the analysis above and the model of the bleaching
process three criteria for material paramete;s were

E develqbed.nnd are set forth in Table 2.

25 : . _ ) Table 2
, Quantity : Value
(1)  €/Molecular Weight 2100 liters/gram-cm
@ - é 20.2
) Cunbleached 230
€bleached
20 . The tiiit criterion is based on the need for an optically

dense £ilm, 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

-



30 ' operate at 405 nn1(nanoneters) Qr 436 nm In this case, the 405
nm.wavel.ength was chosen for use on an~ 13 “Optinetrix 10:1 DSW system
avaigl gble from Optimetrix Co. of Muntain View, California, The search for
apprepriate bleaching materials was nade with regard to these con-

straints. PargiCabpt o e a1 €foh Of réRPthR! Wl eadiédCtd Nghaebeebehed
was -made with regard 1o absorptlon maxi ma i.n the wavel ength range of 300 to

450 nanonet er sgt&t&vds! i@ poEsibrechi Aeceptadil ivas o\l @peenagdantumi zed
in the evaluation of bleachable materials suit- able for use in the

contrast enhargieddl dpeto Bome)axten® relatedoito lthefidtstreriterionih in

the fol lowing table: -12- Table 1 Quantity
Expl anation [cbe¢ause improvements in the fiEsti can wompensatecfor of

unbl eached nol ecul es 05 : err£
Exti@8tion coedéfl:ctancdbSblimadﬁ&i second| crigexdiomn \The thirdheribteninnng

reaction [err] Initial density of
is based on the need for the contrast enhancing layer

to be transparent follgwing the bleaching process.
These criteria were used in the initial search for
_ ﬁpprop:iate blgachable matetigls. _
L A0 Selection of suitable bleachable compoﬁnd was )
' "determined by evaluation in the model of the bleaching
.ptocess and by test of the compound in a layer thereof
to determine the relative.transmission as a function
' of time or dosage of radiafion with radiation intensity
‘15 -,' béin§ held constant. A number of different bleachable
compounds, the bleaching prope:tieé-of which were based
on diff&rent.bleaching me¢hgnisms were evaluated.
The bleachable compounds dependent on photoisomerization
were fouﬁd to be particularly suitable. Of these compounds,
20 aryl nitrones represented by formula‘if were found

particularly suitable.

.g—CR = cn-r--cn2 A

1
~

In fotmula.;, 2 is a monovilent group selected from.

(83)‘-QbR‘-.0t Rs- and 2' is a monovalent'gtoup selected

25 from -36(8)5, R, Rl Rz inq R3 are monovalent radicals



10 [err] unbl eached nol ecul es [err]

Fl'ux density of photons incident on contrast enhancing |ayer 15
t Thi ckness oftl4contrast enhancing | ayer I'ndex of -

refraction of bleached |ayer Index of refraction of glass substrate on i Qﬁf
mhﬁch the contrast enhancing layer is situated Based on the analysis above
and the nodel of the bleaching process three criteria for materi al
parameters were devel oped and are set forth in Table 2 25

Table 2 Quadidoted fror the class/abfehydrogen | &[]/l genyal ('18-hgé
err

LﬁL{nggeyéggS/ hite &%§1ﬁe§t6893jePF¥BlQ%Qﬁﬁf?ﬁp°n anad C(Emajyrst
criterion isubmskEeutadt Aeyledddrovcarbonsi. cad isdengonovalenty i s
Conran, AR ST BB e
5 Br, I, 0, s, N, where a can have values of 0, 1 or 2. R
is a C(G ~13) aryl hygrocarbon or a C(6 13) substituted
aryl hydrocarbon. R is selectable from-the group of sub-
stituted or unsubstituted C(G -20) aromatic heterocyclic
compounds incorporating one or more atcms from the group
10 O, N or S. R® is selected from the group of C(G 20) )
aromatic hydrocarbons and X is selected from the group of =\
halo, cyano, alkyl carbonyl, C;_g; 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 0,1, 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 described in
“Methodcn der Organischen Chemie (Houben—WEyl), Vol. 10,
part 4 (1968), pgs. 315-416; or those described in
20 cChemical Reviews (1964), Nitrones, by Jan Hamer and
Anthony Macaluso, pgs. 476-483. )

Various aryl ring. systens with a variety of sub— _
stituents may be constructeq to suit the particular needs’ i; '
of the optical system employed in the photoimaging pro-

25 cess. The aryl nitrones exhibit extinction coefficients
of 2 to 5 x 104 liter mole 1cm 1 and bleach with quantum

yields in the range of 0.1l to 0.5. : .

-




- 13- as abrupt a transition fromthe unbl eached to the bl eached state as
is pdssible. Acceptability of a given quantumyield is to sonme extent
ret-ated to-the first criterion, becausq]@nprovenents in the first can

* coffpénsate for 05 deficiencies in the second criterion. The third
cri;terion is based on the .need for the contrast enhancing |ayer to be
transparent follow ng the bl eaching process. These criteria were.used in
the initial search f®Boragirest-tstehbtonebhe-waferesystensSaspabbe of
sui t abl e bl eachabl e conmpound was determ ned by evaluation in the nodel of
the bl eachi ng pimegipgaet H0S sm, cthehnitoopesnofi the Iggnerahestouctore
determne the relative transm-ssion as a function of tinme. or dosage of
radi ati on with . gaMeEe| §pung &asibe particulapdynysedud .constant. A nunber
~of different bleachabye conpounds, the bleaching properties of which were
based on different RebeN{ pgnpechani sns were eval uated The bl eachabl e

conpounds dependent on phgq oneri zation were found to be particularly
suitable. O these conpo® aryl nitrones represented by
formul a were found particul afpk able. Jerr] In formula %is a
monoval ent . group selected frogk [eN{andj&rr] is a nonoval ent group

selected 25 from[err] and oval ent masi 03l 3"

05 Included among-this subclass of p-dialkylaﬁindatjl

nitrones are heterocyclic compounds,Such as 3,

Suitable_binders.for use in provjding a spin castable
10 f mixtufe tér'formation-of a photobleachable layer incor-
porating the aryl nitrones of formula (1) are: vin§1
acetate polymers (homopolymers and.coéolyme:s) and
their partially saponified products (e.g., polyvinylacetate),
copolymers of styrene or its derivatives, polymers
.15 qnd copolymers of acrylaté-ox methacrylate éstéts.
| icetal reéins, actylonjtgile/butadigne copo;ymers,

ethyl cellulose and other hydrocarbon-soluble cellulose



'-14- selected fromthe class of hydrogen, [err] alkyl, [err] substituted

alkyl, [err] aryl hydrocarbon and [err] substituted aryl hydrocarbons. Q

i s a nnnovalent, dival ent or trival ent jgt.om selected fromthe group F, .q~g5
Br, I, 0, S, N where a can have values of 0, 1 or 2. is a [err] aryl -
hydrocarbon or a C(6 13) substituted aryl hydrocarbon. [err] is sel ectable -
fromhe group of sub- stituted or unsubstituted [err] aronatlc heterocycllc
conmpounds i nc | 0

is selected f%b?ni{rﬁée 3‘?%8%6%?58”?6’%%&2?%%& Eﬁgrggca bons an%b

sel ected fromguKNe Ufe Piul B8k eseX ¥, Pb rykc?%bewlend)e”doﬁ Mh;iféﬁé

substituted alkyl, [err] aryl hydrocarbon, [®err] sub- tuted

hydr ocar bons, d@ldﬂ Ia(Oon oM déneyonbi nati on for values of b of
0O, 1, 2 or 3. n cgﬁpﬁgsejsaluggngIo, 1, 2, Pg or 4. The above conpounds
cantmeprepared umsuntubmedsoaveutd1ﬁort&ueeideprovbddugwdwﬁﬁtmen der
Organi schen Chem e" (Houben-Wyl), Vol. 10, part 4 (1968), pgs. 315-416, or
t hosd5 descr i bedstaBie mivetirel fBeviformstifsn)of Nat photobleachabléner and
Ant hony Macal uso, pgs. 476-483. Various aryl ring systenms with a variety of
sub- stituent3ayer dncorporating themanylrnﬁtmonecorafownmia<ﬁ1nhe'
optical system enployed i'n_the photoi maging pro- 25 cess.” The aryl
ni.trones exhuere:enmnmaﬁtnnhzétocar&mns (e.g. toluene xylenes, ethyl

benzene, chlorobenzene) with or without aliphatic hydro-

‘carbons (e.g. cyclohexane), halogenated allphatic compoundénJ

10" (e.q. trichloroethylene, methyl chloroform, alcohols
(e.g. propanol, butanol). |
The diaryl nitrone 2 where R écnscaz-ana'n = 0
was found to be partioularly suitable. This nitrone,
referred to as -(4-d_iethylarninophenyl)-rNe-phenyInitrone, '
15_ was found to absorb strongly at 405 am and bleaohes
to hear-transparentcb with high efficiency at the same

wavelength by undergoing unimoleeular cyclization'to"

an oxaziridine. “The nitrone is very aoluble in solvents h'-gg '

of moderately low polarity (e.g., ‘toluene, ethyloenzene)

20 and forms good films at high loading densities with
a variety of polymers such as_polystyrener'poly(hydroxy-
ethylmethacrylate), polykt}methylstyrene;"§OIj(ﬁethyl |
methacrylate), polyvinylpyrrolidone.vinylpyriaihe/styrene:”
copolymers'and'allyl:aleohol/atyrene"cooolymera; The

25 materla'l q:- (4-aiethylaminophenyl)-N-phenylnitrone
has an extinction coefficient to weight ratio of 130

*



*of 2 to 5. x [err] liter nole cm 1 and bkgach with quantumyields in the
range of 0.1 to Q5. For direct-step-on-the-wafer systens capabl e of
i mging at 405 nm the nitrones of the general structure were found to be

*particul arly usgfidrsfffam-8nOat 405 M.C'%%i@?gahhﬁémngéé sﬁ'??%m .

p-di al kyl ami noaryl ni'ttones are heterocyclic conmpounds such as

bi nders for usa icontrystli éghanging Aaliedd! £5 1follows:M Al WA Yt o Or Mati on
of a phot obl eachabl e | ayer incor- porating the aryl nitrones of fornula (1)

are: vinyl aceb&ﬂsziﬁd&!ﬁhﬁhamﬁnohh@ﬁyiﬁuuLpﬁwnyxﬂttsbnanqgjnsy
partially saponified products (e.g., polyvinylacetate). copol yners of
styrene or itswedghtitoficsolptionyr ants a bindeny stpoeneyallyl adgoldk or
nmet hacryl ate esters, acetal resins, acrylonitrile/butadi ene copol yners,

et hiyl 0%el | ul oscopedymerer (58 dbycwebghts ofulsaluti on) care dissdlwadiers,
cel l ul ose propionate and ot her_ hydrocarbon- sol ubl e cellul ose esters,

pol y(chl or opr eAB)-todsenes Hy| ahassxsubstratie (18 rspiyrcontedndp a thickness
of 250 nm. The relative transmission of the sample

was tested at 405 nm and was found to have the relative .
transmission versus time characteristic at 405 nm, |
10 - shown in Figure 3. _ | |
:¥4' . | The model of the bleaching process was used to
calculate the improvements in contrast as a function
65 exposure time for the contrast enhancing layer of_'
| Figure 3. This is accomplished by calculatipg the
15 bleaching for two :epresentatibe points ih a given
pattern. 1In this example, two incident intensities
.thaﬁ,correspomd to the maxima and minima of line and
space grating pattérn are éhosen. The contrast C that
these two levels of inéensity correspond to can be

\_.20 calculatéﬁ from the definition'of contrast:

‘max " “min (3)




Sui tabl e solvents for use in providing a spin 05 castable m xture for
formatiion of a photobl eachabl e | ayer incorporating the aryl nitrone of

formula (1) are: aromatic hydrocarbonsg (g g. tol uene xyl enes, ethyl. B
benzene, chl orobenzene) with or wi thout aliphatic hydro- carbons (e.g. = =
| ohexane), hal ogenated aliphatic conpounds 10 (e.qg. . _
trichl oroet hyl ene, nethyl chl oroform al cohols (e.g. propanol, butanol).
The di aryl n|tron a 0 was found to be particul arl
swtabley ﬁ#?%ﬂ 5§ifé§ g iﬁ?ﬁQQW? process, the é%ansmittedy
- (4-diet hyha&eaeﬂh@més) -aF Hlecyli oint Ufnej,nc'lfdent doséSfBQUb@tﬂ'D t&morb

strongly at -4 aches tqQ near tr entc wth efficiency
at the sanf® W@I@ﬁ@i?ikf%ﬁdgfﬁoﬁﬁ§e§mﬁ %HF??aﬂ t%??
oxa2|r1d|nbofhethbtmm:xantaneyusohnﬁl¢he1tntegrﬁteﬁfcﬂhd&h&&ebﬁn(he

i gh | oda Fa1BeRetRd. 3, HNCEEBACHT dntsasnt HfanSe FORIES ene, pol y
(hydr oxy- shbysngrhphsﬂqﬁeﬁuchoﬂetpem@paﬁidqﬂan@reakeuﬁatﬁpmaIﬁdr
met hacryl a% %?Spgbh@ﬂﬂé)g#éf’téﬁﬂnﬁc‘ifgﬂtoﬂd d&lﬁ?’ fég%f”ﬁfc%ﬁ%' Wikl e and

allyl alco grene cop

[err] - (4- ddesoyl nﬂncqm;rgu) _Grapbn2lnishows the relakivectrenssdssion ent
Lo velght gat b0r8iatite maxiimun! b8' 3/ HABABRof ObnBikeRle aBRlaRe dn vas
10 Jjoules. . Graph 22 shows the relative transmission at a
minimum as a function of incident dosage. Graph 23 shows
the instantaneous contrast obtained:from graphs 21 and 22
using eqnation 3, as a function of incident desage.. “Graph
24 shows the integrated contrast obtainee from equation 3

15 sing integrated values of Imax and I.in instead of
instantaneous values. Since bleaching is a dynamic pro-
cess, the contrast which results from the tgansmittes
radiation is also a function of dosage. A more useful
graphical representetion_is shdwn in Figure 5 wherein

20 the corresponding graphs are plotted as a function of .
transmitted dosage. This representation allows the deg-
ree of contrast enhancement to be estrmated as a function
of the sensitivity of photoresist to be used in connection'

with the contrast - . . — ' -

v




*a contrast enhancing |ayer as follows: .A solution of [err]-

(4-di et hyl am nophenyl ) - N-phenyl nitrone (5t by weight of solution) and a

bi nder; styrene/allyl alcohol 05 copol ymer (5t by weight of solution)
are‘HfssoIved in-toluene. A glass substratggis spin coated to a thickness
of 250 m The relative transm ssion of the sanple was tested at 405 nm and
was found to have-the relative. transm ssion versus tinme characteristic at

405 nm 10 shown in Figure 3. The nodel of the bleaching process was
~used to calc ene nd o syt e
time for’ the%cﬁ\ét?nr%st en aér?él ngrtf‘saji ﬂ? .FI{&% e'ae;l?t%w ﬂ&g%@{osgr?gh% by

cal cul ating therelptive max Hpwhidy § 0?”&@@¢@p¢%s*’errﬂfa$mvét%l¢ﬁ%ag¢l a given

pattern. In dflgh ezmrmmws ti’@laf‘w@eﬁaﬂsﬂﬁ%iéheéitt&‘aﬁepﬁf\?éﬁﬁf‘@uﬁ@mt he
maxi ra and ﬁ]ﬂlﬁa | i ne an ace 95%%% & attern are ch en The
tehste @T

contrast C titg & éé'bCQWI% e sarqu D1 r esHOMRN C%lrll'l bhe
cal cul at e f riors taret sisdous tcomt wds c oot taited [frol graplss nagﬁtmd ndHels phgt he

bl each! 19, PLOERTLId0% A0S FLRC L) S0P Ha RSP facd o el | kot pgose

for both the e and’ mnim are ese I es oth
t he i nst ant arfdtaws difte tintegnatpditcantoast phtabiedbef R LA BIGY s a

function of iyifenintfedted IS of Iax and I . ., as a function
of transmitted dosage.
10 '
" 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
15 a contrast enhancing layer. Reference is now made to
Figures 6A-6E which illustrate the various steps of the
process 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
20 as Shipley 1400 series of positive photoresists 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
\_2 acetate, xylenes). 'Cellosolve' is a registered Trade
25 Mark. |

The liquid photoresist is deposited on the surface of
- the substrate which is then spun to provide a layer of.
i desired thickness. After baking of the photoresist layer
o 30 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



_shows graphs of such determ nation and cal cul ations for a 30% contr ast

patteérn incident on the |ayer of the sanple described above. Graph 21
shows the relative transmission at a r€@@tive maxi numas a function of, »_x .
i nci dent dosage in 10 joules. Gaph 22 shows the relative transm ssi offat

a fnnimumas a function of incident dosage. Graph 23 shows the - L
ing-ant aneous contrast obtained from graphs 21 and 22 using equation 3, a

a function of i(sai dgniwedigtegeot &opbtléxﬁh@ﬁ!-W(jnagéﬁﬁmﬁﬁg{aﬂ?é{y“-'
obtai ned fromequation 3 15-using integrated values of I'max and-I'mn

i nstead of i nsNephenydrsl trones (5% byewelighthiol es1at fBRiNEa the sSent
the contrast -which results fromthe transnitted radiation is also a

functioh of dot@duens.noTheimslutioapiscdepositedrontthe Barfacen in
Figure 5 wherein. '20 - the correspondi ng graphs are plotted as a function of
transtitted d@égsheTn@trcetmasisﬂzgt&ioﬂPanl ond tthereaf teccbekedotor ast
enB ncenment to be estimated as a function of the sensitivity of photoresist
to ge used i n FORALE: BOIVENT, tO,Providesthe lmcihgpfaﬁeﬁireql?th;ilcmss,
shows relative trapsm ssiog.at a relative maxi numas a function Q
transnitted dd%%g€£°ﬁpagﬁ ﬁgﬂﬁﬁwgheléT Scresidant skruecturecds: i ve

m nimum as a function rgnsmtt dosage. - .Graph 28 shows the.5 :
i nst ant aneous @Eﬁr%ﬁ’ggﬁbai Ny f?%ﬁ?%ﬁﬁpﬂg- Eﬂdgﬁ&ﬂ‘ lg?‘?@iﬁgﬁiam of 3, as

a function of ¢y ANGIhALEE Q@?Tgﬁs 357 GRdeflying the arrows 37 indicating

| - radiation and noniﬁluminatéd regions 36 for a time i;
10 to produce a contrast enhanced image in the_tqnge of
-dosageé to which the phbtofesist layer is #ensitive
and which fully expose the layer of photoresist, as.“
shown in Figure 6C. Thereafter, théicontrqsf_gnhancing
layet 33 1s.tgmoved by usihg a suitable.stripéing solvent,
15 such’ as trichloroethylene, which removes the contrast
o enhancing layer without atfécting the phéio;eiist.
as shown.in_rigute 6D. Thereafter, the éxposed-portions
of the photoresist are tepoﬁed leaving tetatﬁing portibns ;;
38, 39 and_‘Q wvhich are unexposed or insufficiently
20 exposed as shown in Figure GE.
In order to determine the improvements in contrast
tbteshoia obtained for'the'coﬁpoéitc iaye: of th; contrast
"enhancing layér and photoresist in accordance with -
the present invention, the afoiementiéﬁed'phbtqbleichable

-25 . material .&ngtituted of a- (4-6iethyhininopheayl)-ﬂ»p‘xm}*him



Shows 't he integrated contrast obtained fromequation 3 using integrated
values Qf [err] and [err] as a function aof transmtted dosage. 10 The
prog@;s used for utilizing the cont r ast™ @rihanci ng layer will now be
described and thereafter the results obtained thereby will be conpared with

thel resul ts obtained under the same conditions but w thout the use of 15 a
contrast enhancPRE Paptyrenefallyhcaleobpdubindert wat gut £bi $836Enwhi ch

illustrate the vari,ous slteps of the process for providing a pattern of

phot or esi st on SOBIMPEHION; wikh Shipley| 34P0 serdes of tivecpbotonesist
whi ch is provid g-? Lager 32 Of§€ sui tabl e Bhotoresist such 20 as Shi pl ey
1400 series of g sFEPTACAKS: FATIQUE PALEeEREe  Aowalfier QF Bubsteapany of
Newt ons; Mass. . u Wi resiSts ¢ i st of novol ac resin, or '
pol y(vi nyl pheno?fg, ﬁg}ggéha%%(feqqﬂ%euggﬁe?g,lyaﬁg°§&tﬁ%t%t ?‘é‘.'@*“g

var B Te | Tqui CRAFKPERBCDE 2.6 WqCORk (g, BnBehed waket f EfLfcan.

The liquid oresist 1s

of the phot o ooty ToEPaALI s ler of RAPESLERIRETT:E micaft HRIGED

Tayer 5515 corary UrLach; Ga8 EpRER W HUFe ot thd BBesbIRIRAET . T2,
bi nder : material specified above to a thickness of .25 microns,
- Mn object consisting of an opaque line 2 microns wide,
wd . a transparent space 2 microns wide, an opague line
-8 microns wide and a transparent space .8 microns
gide 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 thefwafe; which included phofotesist and
contrast enhancing layer with a range of dosages to
form a number of patterns in the photoresist. The

_ pboiorési;t on each 6£ the wafers was developed to

l\./ .
20 obtain the patterns of lines and spaces formed in the
pbotoresist; Patterns produced in the wafer with just
. photoresist using the minimum exposure or dosage that
, 6pened the .8 micron space at the photoresist substrate
‘ | interface were compared with the patterns produced in
.25 - the wafer with phbtorgsist and contrast enhancing layer

using the minimun ekposure or dosige that opened .8

microns space at the photoresist substtate.inteiface.



-20- (5% by wei ght of solution) and [err]-(4-diethylam nophenyl) - ‘
N-phenyl nitrone (5% by weight of solution) in the solvent toluene. The '
solution is deposited on the surface of the photoresist 32, spun and

t hgreafter baked to 05 renove sddrent to provi de t he | ayer 33 ofJ‘“ *
desired thickness, as shown in Figure 6B. The resultant structure is then .
exposed to.a pattern-of radiation consisting of illum nated regions 35

der | yi h 37 | | gt d | | t ed 36
For o 11 neThe” 220 Wieepn, Ghata1ing WA 30 ls 20 Cudernm, i dE iiacs nge o
dﬁsa?es towuheEhearigﬂcorrectﬁfokatath:1h§ﬁwaferﬁusuﬁgmﬂu§tIrﬂéy expose
the | ayer @ QLQ 6C. T t t t t
en hantt ngSPRREF R Y, dnd otnd "RHBer s S (e pROEPFRRIRE Anif R |15
such as trcohtmssetbﬂhanpimgllayeentharadnacdﬂheasa mibmunruﬁd@yer
oo sl 186 el WUl S0 3bxpBReH M il GAKEE ABvAnH 'Y the

exposed” porfions of tOresr st are remved | eavi ng por?lons

38 39 and nhomrelsiste unmosbe SKRPPS¥Ef miecphlgreduced a & peberoms
shown in aée ggc &rprafé lsﬂoés&esms&e tgl?aé NP8 OMEBEBHS di'l’hecoﬂﬂé‘St

threshold 0 taln osite layer contrast ‘en anC|ng Iayer
and photor\iéﬁsprpﬁegdé’omfb%e i PROAMEiRGe fo 8 |"h11€ﬂt idne dme the

af or ement Iﬁﬂséoﬁaga%@ if hald ewaer havingmsam Phéessbsistehrd ¢on-
(4- dlethylanlnopheny )-N-phenyl nitr
10° trast enhancing layer us g the exposure which produced
a .8 wide space in the photoresist. Furthermore, the
profiles of the walls of the contrast enhanced patterns
were nearly vertical. The poorer resultant patterns pro-
duced in the photoresist without the contrast enhancing'
‘15 layer 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-

20 tion with a particular positive photoresist, other
positive .and negative photoresists-may be utilized. Also,
while a particular thickness of photoresist and a partic-
ular thickness contrast enhancing layer were utilized in _
one example describing the invention} it will be under- o’

25° stood that other thicknesses of photoresist and contrast 3
enhancing layers may be utilized.

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

30 micron. . : -

While in an exemplary composition of the contrast
enhancing 1ayer equal weight proportions ‘of the photo-
bleachable'compound and the binder therefor were utilized,
other proportions may be utilized, if desired.

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

-~



¥21- and a styrene/al |yl al cohol binder was utilized in conjunction wth
Shipley 1400 series of positive photoresist to fabricate various patterns.

A mafer or substrate of silicon was coaféd with only photoresi st having 05
a tHFtkness of 1.6 mcrons and another wafer of silicon was coated with a

| ayer of photoresist 1.6 microns thick over which was coated a | ayer of the
phot obl eachabl e material specified above to a thickness of .25 nicrons.

obj ect consipib8HoPH , 804 PP flée’db%‘gid N§e %Eégn%ﬁm Cepds | $P§§€§t3§g?se 2"

nicrons wide, an opadue nicrons w de an
m crons wi dbSwds |%’éﬂ°'ﬂlsi°ﬁg qand Gotomet ofx usage pobj ddwei opheysresiat 405

nanomet ers gt oweN® Waker ofi t khieUstrelsia ¢ ayars df Phofdy esé:? myi&h acpange
of dosages to, formi er of patterns in th or ési st and

was al so i nhgEYren qfse the EISUMItEﬁIIEnCPUde@b%Bt drsed s@"énd‘%ﬁh@ﬁ%@ﬂs

enhanci n§ |tlyerefirdbin.a range of dosages to forma nunber of patterns in the
phot or esi st or t on the wafers was devel.oped to 20
obtain the patt:vﬁg?é % ’i‘sesandgé 53'59 fo?’fr%ﬂ"?{l‘??le GR& ?’é’éleé‘ct PR®t er ns
produced i Mmahecwhéer wetilghjtustrqdim oresi sthaS| gy btllea chied mmnaewosmﬁ or
dosage t hat en HQN strate
interface V\%I?ée) c@ﬁogpg %t]%e pH‘ }{iéaer'?id gt@gé? %gé out™ 100
waf er with Pt or@sfesrtremdandntar aectmharfcmige | axkinction coef‘ﬁc1 ent
10 for the unbleached state to the extinction coefficient
. for the bleached state of the photobleachable compound
N greater than about 30 is preferred, values of the
above ratios as low-a_s about 10 would be satisfactory.

15
zo'
O
25
30

35



usi ng the m ni num exposure or dosage that opened .8 mcrons space at the
photoresist substrate interface. --28-- The 2. 0 m cron w de Ilne and—the )
2.0 micron wde space, were nearly correct for both the wafer using jU§L¢ *
t he photoresist and the wafer using the photoresist and the contrast '

ontine vt e vt “er?ﬁ’é‘:oségeeaﬁwé"& W&é’ﬁqge'sh&‘i%r Sevey cxhosed
roper |y oxpBlEPERREEEPRg - (ALBE SRS TGt en (LR TapTs: duosfis RECPRESRar o
posor.o v B Sifdrida A0 g S Re il 1 4o SONRRT AR R e SEE 01 1o e
vortcal | ThER1E)Wleh £rlbnay fidpdced SRORPIRRaRSyLAIRIE (LICES,Y

wi t hgsit the @Qnt miste £ {'RNED "MLl DE 'a%/ﬁldéedé’éhaﬁoihﬁt%d Vibper £¢@£e

I mge contrast obtalned at the output of the Optonetrix projecti sys- tem

due to the higgrenssiours. fraemﬁwaadn QSENthé NsblOentagd edadwis er N of
radi ati on obtai ned therefrom e the inventi on has been described in

.connec- 20 tied wilh whichiwasl twigesidiystsllisédsferom tolilenu)pétrelend
negative photoresists may be utilized. Al so, while a particular thickness
of phot oresi etherd to mfford 13.0 g (0. 05 nole) of the nitrone,.
. mp 103-105°. Further tecrystallization of an analytical
1Q sample zaised the ‘melting point to 110-112°b. hd
Other nitrones having absorption maxima in the
' wavelength range of 300 to 450 nanometers are also

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

A max
'absorotion maximum in nanometers, tm 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 tne manner of preparation to the aforementioned
nitrones by the condensation of the appropriate aldehydes ';/

20 and phenylhydtoxylamines in polar solvents.




\ .
hLaﬁ”tthkness contrast enhancing |layer were utilized in one exanple
descriFbing-the invention, it will be under- 25 stood that other

t hi ckiesses 'of photoresist and contrast enhancing layers may be utilized.
Preflerably the layer of photoresist shouwgl have a thickness | ess than about
3 mcrons and the contrast enhancing | ayer should have a thickness | ess
than about 1 30 mcron. Wile in an exenplary conposition of the contrast
enhanci ng | ayer equal weight proportions of the photo- bl eachabl e conpound
and the binder therefor -were utilized, other proportions nmay be utilized,

if desired. 35 VWhige in corflection R th phothresi sts id was
mentioned that they have @ ch racigristic gal l ed cofitrast T 23- H
threshold,- it should be nofed tdhat thisgpharactqgistic is functi orf of
condi tjons of usage of thé‘ph toresist as ~ell as- of the~resist

itself, for exanple, the nature of the substrate on which used and

reflections 5 therefrom Wije values ofy the extinctiongcoefficignt
to nolecular weight ratko §n tde unbleached sRate for @he 2
phot obl eachabl e conpound é&eater thRan abouE;lOO are;preferreq;and aratNo
of the extinction coeffi®ent] 10 For theS unbleacBed staté to the ~
extinction coefficient
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t he.

for bl eached state of the photobl eachabl e conpound greater than
about 30 is preferred, values of the above ratios as |ow as about 10
woul d-be satisfactory. 15 20 25 30. 35 _pg-24- The aforenentioned’

[ &rr]-(4-diethylam nophenyl)
was prepared by condensing p-

with freshly prepared phenyl hydyoxyl am ne (11.4g, 05
room tenperature for

m of absol ute ethanol at
t he solvent yielded a red_oi

t ol'uene/ petrol eum et her tQ af
103-1050C. Further recrystal l}i
the nelting point to 110-perr
t he wavel ength range of . 360 t
. In Table I [err](nn) desi
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Yhese other nitrones were prepared in a manner sinilar to the manner of

preparation to the aforenentioned nitrones by the condensation of the
and phenyl hydr oxyl am nes in pol ar sol vents.

appr
25-

:opr » at e al dehydes 20

f%ﬁr]

having an absorption

e,

[err]

(cont'd.)

Table 2

-27- 0 0 [err]

=0
CH=N

Ar

-28- CL.AI

M S An

aryl

ni trone

maxi mumin the ramﬁgtﬁ 300- 450 nanoneters sel ected
from[err]-(4-diethylam nophenyl)-N phenyl nitrone,

\Ar'

(°c)

mnp

q'-max

Ymay (nm)

Ar'

Ar

y1)/-N-phenylnitrone

{~-/2-(1,1-diphenvlethen

10)

140-142

27,800

366

QO

SO

468

19,000

340

C = CH\\

oL—L§¥(l-phenylpropenyll7-N-phenylnitrone'

RGN
_ CH = C

~CH,



e

[err]-(4-diethyl am nophenyl)-N(4-chl orophenyl)nitrone, 5
[err]-(4-diethyl am nophenyl)-N-(3, 4-di orophenyl)- n.itrone

[ érrY -14-di et hyl am nophenyl ) - N- ( 4- ethoggiarbonylphenyl); nitrone
[err]-(4-diethyl am nophenyl)-N-(4-acetyl phenyl)nitrone, 10
[er] (9-julolidinyl)-N phenylnitrone,
[err]-(9-julolidinyl)-N(4-chlorophenyl)nitrone,

o0 (i & Mg nopheny ) e (4 cyanophenyl. )i Lrone.
[err]- [2 (1 -phenyl propenyl)]-N-phenyl nitrone, and 15
[err]-[2-(1, 1-di phRenyl et henyl )] - N-phenyl nitrone. 20 25 30
An aryl nitrone having an absorption maximum
in the range of 300-450 nanometers selected from
x-(4-diethylaminophenyl)-N-phenylnitrone, .
«-(4- diethylaminophenyl)‘N (4-chlorophenyl)nitrone,
5 x-(4- d1ethy1am1nopheny1) -N-(3, 4-dich10ropheny1)-
' nitrone :
x-(4- diethy]am1n0pheny1) N (4- ethoxycarbonylphenyl)-
nitrone :
o-{(4-diethylaminophenyl)-N-(4- acetyIpheny])n1trone,
10 - x={(9-julolidinyl)-N-phenylinitrone, .
x-(9-julolidinyl)-N-(4-chlorophenyl)nitrone,
" x-(4- -dimethylaminophenyl)-N- 14 -cyanophenyl)nitrone,
-{4- methoxypheny]) -N-(4- cyanophenyl)n1trone,
-E2 (1- pheny]propenyl)] -N-phenylnitrone, and
15 x-C2-(1,1-diphenylethenyl)]-N-phenylnitrone.

20

25

30
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