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Thermal Treatnment Process of Positive Photoresist Conposition
Background O The Invention 5 _ - In the typical '
mcrolit hogﬁylﬁzﬂrocess used i-n the sem conductor i ndust??{msg‘”03062 )
~ phot oresi st ertal is applied to the sem conductor substrate by.

Spi n-coati ng. 5 After the spin-coating-step, the resist material,
which still contains a | arge anount of solvent (up to an-
estimated 30%, is still very soft and tacky. In this state, it would .
not offer resistance.to the devel oper eveDescriptitne unexposed parts. It nust,-

t herefore, 10 be dried and densified 'MW step
- comonly called a sof t baherml Trestment Process 0ERRUY can be
carried out on a hotplate device or in an air oven. On - hotpl ates,
- the back side of the substrate carrying the resist layer is brought into
contact or close Ry,EKig £ Thellneention netal surface of the hotplate for a
time of 60 to seconds, .nost t.vpi Gn FRCRAACondGctor industdy] ch
has becone & kind of sﬂaﬂ@awcﬂmuf?h%g’apﬂ%%éé%gn J’gtry. bTypi gﬁl Ii%%?ﬁgﬁ/@n
- softbakes use even | o ' 121655 Gipplicd ©@Othe | semiconductor substrateopyi iSP :
90[err]C for 30 mithe phStSFesis! Hifrial%s hop During spi n. coating,: ;Dﬁréee%&htlags
becone hi ghly Vi Scoms thespilrasating stepy the wesish material, which sUt SoRHNER 8 3 topped“ld
~fl'owing, as evidenced by its fail ur APy Soft AI0GEP iy this state, it wo
- substrates which Helwent e{’P‘?ﬁB&?‘I‘T#\e‘f%&@’F%? fgiérryzfromthe_r modynami € 4o oeoce
equilibrium 20 o0  fFef RSk 1B3haddvaloge ermbinthe ynexppcd P&B-f-uﬂé‘“ﬁﬁi herefore,

good extent is taken up by . sol yent . | RSminbRly Saliddogiseftbake er
" resist is heated atodeded asd pensified in Pl%m%ﬁ%%t%&ré It bty '

. .y

becone a liquid for §aléh°fTesgﬁtgm‘:e%ttécdrﬁaisom-fonsdim;ﬂmqurénénw&aﬂ-oﬂ"

cause it to pre ‘S(%\i I'Ty again. This process iseg CR | iBudy ifto

reduction in film héphieaeds. baekrside of the substrat 8?@'“3%/853‘ o?l rgsi sts, for

exanpl e si ngl e-pol ymer e-beam &ﬂﬁt{x%%iﬁlﬁ%ﬁ surfdze of the hotplate for a time of 60 to
,. the bake

Descri ption

the

hexaf | uor oi sopr opy POREAH QF FAPFSLPR tenperature can be chags

above the 90 Mh&f@ﬁaﬂyi@mmdp@rntgﬂ%W@%m ot P?E‘P}ﬁ&{(}glﬁs

case, the filmcones close to . \V ' 20 ek begyna popular
“the di azonaps hoqui tienindpgsy. s Lypifabh %VSW#’?(%%;%% eveiTidnget] t’Ji’i nggheps

~ seni conductor i ndustr . howgefy 36 iin MBXi UM bake tenperature is linited by
| During spin coating, the resist has become highly viscous and has for practical

purposes stopped flowing, as evidenced by its failure to planarize topography on.

substrates which have it. The film is still far from thermodynamic equilibrium,

20 containing a large amount of free volume which to a good extent is taken up by

solvent. During the softbake, the resist is heated above its initial flow point agam; it
may become a liquid for a short time until loss of solvent and densification cause it to

solidify again. This process is accompanied by a reduction in film thickness. For

some types of resists, for example single-polymer e-beam resists such as
25 hexaﬂ'uoroisopropylmethacrylate, the bake temperature can be chosen to be above the

glass transition temperature of the polymer. In this case, the film comes close to

thermodynamic equilibrium. For the diazonapthoquinone resists most commonly used

in the semiconductor industry, however, the maximum bake temperature is limited by
the ‘thermal decomposition of the diazonaphthoqqinone sensitizer (DNQ). The

30 . - isothermal decomposition temperatures for DNQs typically used in the industry range

from 120°C for trihydroxybenzophenone derivatives .10 abot:t. '130°C for mon-
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" to the above-nentione

-t he therrral ~deconposition of the di azonapht hoqui none sensitizer (DNQ. The
30 - .1 sot hermal deconposition tenmperatures for DNQs typically used in
the industry range - from 120[err]C for trihydroxybenzophenone
.derivatives: to about 130[err] C for non- .~ V\D 97/ 35231

PCT/ US97/ 030R2%713 PCT/US97/03062 " 2~ -
__benzophenone bacﬁ ones. Usual |y chh Iovver terrperatures are used because

with . nmonochromati c radi atlon such,as typically used in g- or
i-1ine wafer: steppers, [|ight . omovi ?ig towards the surface and
Ilght reflectedfromthe surface interfere to forma ' st andi ng
wave pattern -1 f the wafer is devel oped W t hout an additional bake SLEE
),

bet ween - exposur e kenzonienane heekbenes; 4 seﬂrmbdpwéemmsara@ g becayse

this : t fagl;] t he’
resist feature, | eaBghl[ngg‘fa%}\fgdﬂm%El s%E]?a.f eW| %?ﬁédvalé]a&t{i cl)aré'cs,r‘&?ées |’otr%éht-

~degradation and lmeﬁ@mdmmmmddfghdmﬂeﬁe@ﬂamme surface interfert itodorno a
gl ear an exposed area. hw&k;fem%gﬁr;’\éentélgnal 'é%géoéﬁa mog?rmr‘y 8@0@%&’5
uring stapding nifethe ovafe

‘phot opr odugt s an%&»bé}ns 'eAbéifate i Qevifdpment ammsp&aﬂxmuw&epaﬁﬁsﬁ th!§

;snmeared out by thi sion process to a degree that

“conpl et el y unobs estandipgewave patterp ip quite faetbﬁxllyesnrgduapql emﬂlsgesst feature, leadmg to

ot ietent O intSicHEygiigis, frfRlice oRhantif it e BE B3 ftdsveﬁ!%ﬁwtout

the PEB at hi ghertinietgltfsapiniéxpdsed area. ‘The comtehaml ﬁmeapfsttbam o sl BEB, Wating .
combi nation is a softbake of _90[err]C_ for .60 se foIIovved by

‘a PEB of 110] er r [Mehishoifasionseffests gause pp fermbang o %?Pf%‘g":&rf&dﬂmn FtPNQ
carried oy at t%emgwemaﬂeﬁ&ea%@b Aichifillon prY&Es & égwmfn no

practi cal .~ process In which the SB exceeds t he PEB. Under the
| atter condit+ onssqumelmmhswablemmWPIMPdmlstmml st matrix to the

-extent that the st a”d?}&ﬂ‘g‘gvﬁ, &g ;%’E%%orreng‘lry E@%ﬁgdﬁ%m process wnP sudcfeﬂp' ng

S| ra
consi derations clh@#fegivendss,tihe typisalit netei3ady 1ol crrySove 2iecPEB ait [higher temperatures

- non-reflecting, such as en it jis.cove

antireflective cdban thg sofipaks. tﬁe%’@‘%yn ?éf f‘kﬁé’i‘g‘g‘e b Soct" for ;60 segantls;

| ayers sugh as tigsiRRied'd rurtndﬁ'maqd%rcuo QREERIRI Prbcd¥Rs n whith SEX aidPEB facd
~which is the AZ[err] B err] .coating sold by the AZ Photoresjst Products

~ Division of carried ou sameCiemperabie ererTgre, anc the dansatopsinovy eﬁ%z&amal y
- can be reduced tQ.4..f QW HEHGRISR Ucceeds the PEB. Under the latter conditions, the SB would

harden the resist matrix to the extent that the standing wave could not be diffused out,
leading to 'the above-mentioned undesirable phenomena.

20 ' These considerations change if the resist substrate is essentially non-reflecting,
such as when it is covered with an antireflective coating. Wth these coatings.(either '
inorganic layers such as.titanium nitride (TIN) or organic layers, one example for
which is the AZ® BARL{™ coating sold by the AZ Photoresist Products Division of

_ Hoechst Celanese Corp., the substrate reflectivity can be reduced to a few percent of .

25 " the original one. For TiN, the minimum reflectivity is calculated.io be around 3-3.5

" percent at a thickness of 50 nm (on a silicon substra‘i_e); the reflectivity of the organic |
bottom layers can be reduced to less than one tenth that, which makes the standing
wave pattern sufficiently weak that 8 post exposure bake is no longer required. '
-  Elimination of the PEB brings further advantages beyond the simplification of
30 the process. At the elevated temperature of the PEB, the photoproducts of the
| diazonaphthoquinon_e are able to diffase for certain distances, which leads to the



25 the original one. For TiN, the mnimumreflectivity is cal cul ated
to be around 3-3.5 : percent at a thickness of 50 nm(on a silicon
subst:rate); the reflectivity of the organic. ‘bottom | ayers can be
reduced to | ess than one tenth that, which makes the standing

~wave patternvemdissgiient |y weak that a post exposure bake i spropukemges:
required. Eli mi nation of the PEB brings further

advant ages beyond the sinplification of 30 -3- the process. At .the

el evated tenperature of the PEB, the photoproducts of the -

di azonapht hoqui none are able to diffuse for. certar n. di stances, which | eads

to the ' WD 97/ 35231
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smeari ng- out ' r endvVahaffanidifit St AMGidIGs NRY BesifAbIR HEtHs @be. F Of h6tdféBive substrates
-substrates. A certain anobunt of diffusion is thus desirable in

t his case. On non-such hebdtione coats) Sowevessthe degradation of thedatentmgecnuherplmuaem

however, the degr O.f t he | at e | esis
by "the di ffuston dpans S s Recun R Reneh o e BER . RhHymnal sbaeraion
- Observations 5 also c@hﬁﬁsmnfdnrmdﬂbu&ebeﬁoﬂmmﬁe&xueﬁgmsmmmﬁﬁaﬁﬁra
such as AZ[err]'s BARLiJerr] nateria he. resol ution_ of

commerci al resi st she seselitian °§~2T@F‘F‘]°’P13ER§’SFS‘ F‘P‘Hé"r“e%.‘@?o i-fing @Hﬁa#ﬁc@@m@ddfa
'PEB is onitted (emxsfmaw(e?%,efrr&n%%[ﬁ n)ét (&rmrsnaleigtxewadd' s&swq

spaces in a ca. errJm(mcro er) res see
The present |nventumm\prcm\dtﬁbssat,iwﬁmlerh)provement I n phot or esi st

- resolution 10 . an erformance b i n hi. her t han venti on
sof t - baki ng ( SB) terrpe&é‘?r?fémtmvmuon ovid g}'&ﬁ' ﬂ@?%{lm @h?)'ft

baking tingo ([ err|andPpetfomaines by abing heuglesu&h coﬁvnﬁornl ecebaking (SB) temperature

inthe following be referred to as -the "fl ashbake" process. 1t should be

noted that the  (2130°C)and gypany shortbaking time (<395aenade of the nesist. Hhispraess will

unless it is carri; “ @%E [
such as Ti N or AZ["gg'r %K&Y_f ?ee%f ctct)gtg% trlrlg : ﬂ‘fﬁ% I gsh a'kgtesfrl)‘bglgtgg\sﬁg eg(%ﬂinﬂ;g
significantly i rrprbenaﬁss oh ¢hepfiashiake sire tnot obtamed wnlessit ipmxedsmkatvet admttom

t her mal orrratlo.n t enper & t_adhesi on, a asrra et ch
resi stance. mfieh S ?{'ﬁr’%ﬁ%?i?@-%‘a JBB H‘Pﬁ@ﬁﬁ‘

believe thgs the fsigambmlfve uapzeoes She photoresist’s GEdRINGES p’r&éds§tlaﬁﬁﬂé ormaﬂﬁle
because it allows npre fective dryjng and.densification of the
phot or esi st than & ﬁf?&’&@dbmwﬂﬁhﬂsﬁn%atl ng, the 20

gggt glr ﬁ:. st Zte ops thi nwaﬁu@aﬂmhge&b@smeawn&wwb%hate%mecﬁuﬁwée'pmms
enhances resist performance because it allows more effective drying and densification - -

of the ‘photoresist than conventional sofibake processes. In | spin coating, the

20 photoresist stops thinning and reaches a non-fluid state which still contains large

amounts -of solvent. In conventional softbaking, the rise in temperature initially

'brmgs the resist back i intoa fluid state in which solvent can efficiently escape from the

resist. However, the resist quickly is brought back into a non-fluid, glassy state as the

evaporation of solvent hardens the matrix. ‘Solvent cannot escape efficiently once the

25 resist matrix has been thus hardened. It is well known that even after long

temperature treatments, eg., convection oven bakes for 30 minutes, the resist still

_contains essentially the same amount of solvent that is found afier the much shorter

~ hot plate bakes at the same temperature. We conclude from that that most of the

* solvent evaporation oceum in the initial period in which the resist is still flnid. '

30 * During the short time of the flashbake process, the resist and wafer do not
reach the temperature of the hdtplate. .'Measurements of the wafer temperature show |



amount's of solvent. In conventional softbaking, the rise in tenperature
ini-tially . ' brlngsthere3|st back into a fluid stateln whi ch -
‘solvent .can efficiently escape fromthe = - resi st. However, the
resist quickly is brought back into a non- f|UId gl assy state as the
evapor at i oRy@bss94,vent hardens the matrix. Solvent cannot pgs ﬁ% 3062

ene

efficiently once the 25 ' resi st matrix has been thus ha
wel | known that even after | ong ‘gnperature treatments, -e. g , .
convection oven bakes for 30 mnutes, the resist still : contai ns

essentially the sane anount of solvent that is found after the nuch shorter
hot pl-ate bakes at the sane . tenperature. W conclude fromthat that nost of

the  sthabghe wefen jsortilt DG below at hosplateitemparatyrer ofoHA0PG after 20
"the resist is sti t 0
f | ashbake procesgécof'{%ie%%gﬁfgrtg‘?n&h%efmu%erems{}%aﬁg"{pﬁmaq&& d%rlng%e i'm{]'

tenperature of t fisshbakeppratess, Ibpfig itocamitir tidrodghedrying if the e which uses alie
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remains in a fl uptbceﬂsasbghtobyﬁgtdm%ethtnwﬂxaconventional softbakeipibadess. pr ocess,

| eading to a nore th I of t fhl [ cau .

conpl etel y unexpect egﬂéﬁ% f%ergcgi o@‘@wqﬁ'ﬂ"ﬁfe ?ﬁéf’m%y

- 01;) t he d5 ) heqt];ﬂliljri‘ﬁﬁ;bthﬁﬁ the 6ilivis bﬁmﬁd(ﬁb‘pltﬁe ﬁangérhﬁnirﬁﬁfoﬁ? soﬁ’bﬂkibuttlb’wer]

" obtained with the ashba ess i s hi.gher 20 to,30[err]C
than with a convimPFEHIF g@f"ﬁ’%’él@é‘“{ﬁ%@gé(}”@ amount of ¥res voluthe r?&?@#

bel ieve tigat t heydd padHaa ol t%ﬁgrbetﬁnlobafm?amfsbm above its

equi li‘briumthan the fil ms obt ai ned by | onger conventional softbakes at
| owner glassrtpmsr@mm mnpeﬁdwrer slinvang fhiel polymesrstrings to rcﬂw ael o maevaf

free volunme after spinc an | can
only be removed " %é‘sg al%d °§dﬁ5ak'§ﬂs g%las £ th mmﬁy ﬁgf“g s blen "
transition t errpepcﬂjcruemylrnadhh@-yhag(PWApmh& mmbfdmmpymeuabg&t@nﬂt mer fora

new, depsel acked order. This can be d r th rmal |y
stable resists s'ERYH %?m’ X“E“ %WB?’HW‘??MW al”@"(‘)lgp ﬁ‘“’“‘l
hexaf | uorjgi soproaaebﬁsémam&@mla&&r Bitthel Rardening the mamxm;g\e%salmdgl

'~ because the t enper at ures necessary woul d | ead to t her mal
“deconposi ti on of andheausiop; i deterigratidn ef therinmaing chrpprtiesh e Weabeliexe ihyat the new

: i nki f f _
g; ggzrlt ine!sth‘g beﬂgﬁevep{%e?s lftﬁres ﬁ{edreﬁﬁqﬁ 'a%t@wﬂﬁtrgcmc&f ﬁ'& %lm% tlnheihﬁtrlﬁlg' ng

reduced free volume allows better dissolution properties leading to the obsewed
resolutton enhancement.

20 The free volume effects mentioned above will be expected to be particularly
' strong in resists which have high glass transition temperatures, e.g., one such class of
résists is that of DUV resists based on t-butoxycarbonyl-protected polyhydroxstyrene,
in which the free volume leads to undesirable effects due to the facile diffusion of base
~ contaminants. Another example for such a class is that of diazonaphthoquinone/
25  novolak resists which make use of fractionated resins, i.e., resins in which part or all
of the low-MW components typically present in a novolak synthesis by condensation
of phenolic compounds and formaldehyde have been removed. There are many ways

to achieve a molecular weight' depe_ndent fractionation. One which shall be disl:&ssed_ |
here, in order to illustrate 'the'.nature -of the material, utilizes o-molecular weight
30 . dependent miscibility gap of the novolak in a mixture of good and bad solvent Upon
. adlrmcture of the bad solvent to a solutlon of the novolak in the good solvent two



‘fl ashbake process |eaves the resist in a state with reduced free vol uneg,
and that. this -~ reduced free volune allows better dissolution
properties |leading to the observed ‘resol ution enhancenent. .20
The free volune effects mentioned above will be expected to be particularly
strong in resi§bfnasedii ch have high glass transition tenperat pegfsofstsz. One
~such cl ass of ~ resists is that of DUV resists based on -
t - but oxycar bonyl - pr ot ect ed pol yhydr oxst yr ene, : in which the free
~volune | eads to undesirable effects due to thed facile diffusion of base
contam nants. Anot her exanple for such a class is that of _ ' g
di azonapht hoqui none/ 25. novol ak resists which nake use of . '
fractionated resi nphases separatecalthaugh the gapd pndobadsolyentmay be folly miscible. JFhetlpwer

of "phenol i ¢ comouPtits Sas PeBENY ol PEhe SR, il SORIBRE T "

way.s t o(tpsiculle Virger) Niippec phase. \By Ghatiatithpef denventfations iand) atticsnof hee
whi ch shall be discussed, . . here, in,order to |llustrate tg‘g nat ur e
of the material, utalYentsed is PRssble R aphieye comtpol Ayer the maxmum MW femov ‘Hhet y

gap of -the POVOl akgd fresbiti Of e 16RMWRREHAE PRt Y& e laddiiow-MW fractions,

admi xt ure of the bad solvent to a solution of the novolak in the good
sol vent, two resists basa® cp7fie@gomted novolaks will have higher glass transition temperatures,

- PCT/ US97/ 03062 ' ha separ at | though the good and bad
sol vent may be fulPePo%th%; bﬁ“g.t%Tﬁ"z‘%ﬁ%\kB q‘:“&dy Qurin Sﬁﬁs“é"gﬁgt‘ﬁ?n%‘m? onal
- hi gh- MN novol ak, voRBalille | ow- MV materials remaining in the :

(typically larger) upper Igtgase. By variation of concentrations and ratios

of the sol veptiNQnovolak Frsists; Fpctiopgfioncyerk oRenceaesssh lagrpaiedygtion of
fraxi mim MNlbemvthﬁMis{ %sltrat}i One thefdfifi e ddntifdd N GHorietic bf fovl-RIW Wilymeric

fractions. Due to the lack of lowMNfractions, ... resists based on

fracti onat ed novolcompongrts tchthe oedist dm orde tey achieve higher papsitivityp Besists of this type

- hence they tend tq i qif 180 Bilie Il i ing and -
conventional - wiﬁ%so%ggﬁeg%gﬁ%g. Mm%ﬂr@&s?&‘tﬂisﬁﬁr%ﬂ% novol ak

resists, fractionation Begidys thetmature of H@Sresin,| the gatute ofithei sefisitider, i particular itk he -

resist sensitivity, One therefore, often adm xgs_ nmononeri c..or. | ow MWV

pol yneri ¢ | FliRG 8 &ls impartent o coatiderin of highhfemperafiirg hidkes

sensitivitys Resi snSthefredifti perforiifhce. In the experiéhdel offdhe AnR@tc?¥ PBEreid ot Bistinct -
benefit fromthe process of this invention. .

. sequence of stability for diazonaphthoquinone (DNQ) esters which is generally

- observed: 2,1,5-DNQs are miore stable than 2,1,4-DNQs; aliphatic esters are less

stable than iromaﬁc.esters; in aromatic esters, those which have 2 or more DNQ

moieties attached to a single phenyl ring in the backbone (such as

20 trihydroxybenzophenones) are less stable than non-benzophenone esters, especially

| those with only a single DNQ-unit per phenyl ring. The highest stabilities are thus

observed for 2, l,S-DNQ-sulfonates _qf backbones containing one or more monohydric

phenols. Such compounds are anticipated to be particularly useful in the process of

this invention, since their higher thermal stability will minimize undesirable side

25 reactions of the high temperature bakes. The benefits of the flashbake process will

' therefore be greater for resists containing such backbones.

While the benefits derived from the flash softbake process are largest on a |

B nonQreﬂecling substrate, it is possible to use the process on a reflective suﬁstarte, such

as a silicon wafer or metal layer. Under these circumstances, one will see substantial
3.0 L standing waves, limiting the available resolution ﬁnd edge acuity for finer features. -

~ For larger features, it will, howﬁver, be possible {o reap essentially the same thermal



Besides the nature of the resin, -the nature of the sensitizer, in’
particular its - - thermal stability, is also inportant in _
‘consi dering-the effect of high-tenperature bakes 15 on the resi st
performance. In the experience of the inventors, there is a distinct

sequence of whabidasiy for di azonapht hoqui none (DNQ esters %5&97/@ o
general ly observed: 2,1,5-DNQ are nore stable than 2, 9? DNQs;
al i phatic esters are |ess : -_stable%n aromatic esters; in '
aromatic- esters, those which have 2 or nore . noi eties .
attached to a single phenyl ring in the backbone (such as 20

tri hyroxybenzophenones) are | ess stable than non-benzophenone esters,

‘especially stability henc6ts\whith ere|opservesi onyasirefleGlivensubstrates. Fherfldsh softimke
The hi ghest stabilif] t - T ¢ ) f .
2.1, 5. DNO sul f onaPReels of TEHNE mvmpmes, i e SR SHEF 5l S pogh o0 o

- phenol s. Such coneatsigter& on pudtdrGmplastdsyersp be particularly useful in the
process of this invention, since their higher thermal stability
Wi ll mnimze undesirable side 25 reactions .of the-high tenperature

bakes. The penefi-%ﬂgﬂ_@@ée process wl | o . t herefore be
‘greater for resists contalning such backbones. . . Wiile the
benefits derived from What isl daithedsis fatpinerdess for preparingar rli¢famapesin osubstrate of low

non-refl ecting subsirate, .t .is possible.to use the process.on:.a reflective
relecivity il Bk

substarte, such ectivity TSEY SREUNE & PHQLofRSist, on| 8 supstraty, baking, the,
ci rcunstances, onphootesisSesating) and aaiohiﬂgﬂ{é(bhotonsistﬁiﬁﬂﬂhmghtm%akdétéﬁﬁéi@g
or

t he avail abl e resol ution and edge acuity for finer features. .

larger features, Famigs opt by, Sriaging thewbsipate; inte gontact s Gpse peasimity, With 3 heatedane
t her mal 0 h . ' o T _

PCT/ US97/ 013062 surfab mdf 13%5&3& temperature than 130°C, for a period of no longer ghg:_x 30
stability benefi t secnhdsc{f-30 scwwbds)r vEbe temperatunecdf] the theated sutfader int preferentially

L aeh SOTUORKE. ey 120 B 000 iy MR A6 PRt B e
i npl ant | ayers. of the resist is prefrBitiily fowen ¢han0Cscbst3, most preferentially between\ibat
s oAl s A D secons. The bake proceas fnsy be cartied Sat on devices sach as sustomarily

15 used in the semiconductor industi'y, i.e. hotplates, optionally in the form of a
proximity bake in which the distance between substrate and hotplate is regulated buy -
a distance holder device, e.g., balls inserted into the hotplite surface. The baked,

- exposed photoresist is then treated conventionally to develop the final image on the -
substrate. _ ' _ '

20 : The process of this invention significantly improves the photoresist's
resolution, process laﬁtdde, thermal deformation temperature, resist adhesion and
plasma etch resistance. It also eliminates the need for a post exposure bake (PEB)

 step during the photolithographic process, without causing a severe standing wave
effect. - ' _ 8 ' _

25 "The photoresist used in the process' of this invention is typically a

_ diazonaphthoquinonelhovqla_k resist, although non-diazonaphthoquinone, non- -
novolak based resists may also beneﬁt from this process. The situation in which the
diazonaphthoquinone  sensitizer is 'thermaﬁy stable has proven particularly
advantageous, since the higher thermal stability further * reduces thermal

30 "'_-decomposition effects of the sensitzer which otherwise might impair _performnnoe. a
| Thermal stability of diazonaphthoguinones is highly correlated to the backbone



reflectivity whi ch conpri ses coating a photoresist on a substrate, baking

the - - - photoresi st coating, and. exposing the photoresist to actinic.
| i ght.  The bake step being : carried out by bringing the substrate
into contact or close proximty with a heated 10 surface not | ower '

i'n.tenperat uiwo #4m3e1130[err] C, for a period of no | onger thpor/8697/03062
seconds (5-30 seconds). The tenperature of the heated surface is S
preferentially o between 130 to 160[err]C, nost preferentially
‘between 140 to 150[err]C. The baking tinme ' of the resist is
.preferentially [ ower than 20 seconds, nost preferentially between 10

~and 20 seconds. The bake process. nmay. carried out on devices such as _
customarily 15 mmﬁs.ednimwg-‘s&ﬁq‘gﬂmu?hﬁg qrﬁdl?ét{‘]‘?ryiﬁ‘m %Pﬂf“@f J9r
~optionally in the fh enzo A shd Highke sl | | s ndrhiGuldt i tatce
‘bet ween substrateéaeﬁ%aﬁg{% ateplhé?n?nggotﬁegtsggwbrﬂg ' kﬂbmé d‘l’stance 4 )
hol der -devi ce, e. Gre afbfaticcommandsid whidhond dnerethand single bydroxycgroufiisattactieddo
~exposed photoresist is then treated conyentionally to devel op.the fin

‘i'mage on the. any phenyl fipg The process of this invention'is *Pserw&“ﬁ&”'é‘gé%g"&f‘“{"ﬁ@’
invention skgnifi GaRiskagebd i Vhivtdredstd tohinkfy Sactfonated novolak resifiss dlelit tesis

process latitude, thermal deformation tepperature, resist adhesion and
_plasma etch resi stwhichehavetundergene i prpeass dis which the dowr mplegulas Jweiglt, ¢ampongnts

' bake ‘( PEB _ ; e . i
_ cgugi-ﬁlg a)sever_e gpﬁﬁﬁﬁgpﬁ&&éhmvkWg&%g@gﬂg@m&nwﬁ?mméﬂbﬁogﬁgbf
. phot oresi st used ithis ilventjonqeresidesalbr alligher degra¢ pHderisificatippi and Ithe peesence of less

~di azonapht hoqui none/ novol ak . resi st, al.thqugh non-di azonapht hoqui €01
non. | ek dap £ Be PPl S0 prige i PreE oo DT Pt aH she
The situat g@n in \WHuefiod HSfree volume may béliasiRaPR s lteRibinARACOS the BattidnarRyd resn

thermally stable has proven particularly advant ageous, Since
the  higher ther maithsmanemenoyor joy-M¥ speed) gakancer eampgpndsy Such’ compounds are

* deconposi tion eff?ﬁgﬁ i Iin Whief § %&,Q&E Wie?%{u leflBtivikyTpai r ' |
‘performance. mﬂ;’?’%&ebrgrtrgﬁl@tra [ |“|‘\t6§i or -di azonap ﬂgoqui nones is highly
~correlated to the backbone - WD 97/ 35231

'PCT/ US97/ 03062 | o - “7-
structure. |In particular, backbones whi crExamplel i ¢ her al | phati c conpounds

~nor 15 derivati ye8 phdtofesisiZéipieyed if tiaf fobidwihid experimeitcwas AEPTBOD positive
stability, in particular if they . .

' photoresist (available from AZ Photoresist Products, Hoechst Celanese Corporation,
Somerville, NJ.), which contains & novolak resin and a 2,1,5 diazonaphthoquinone -
sulfonate ester photosensitizer in 8 mixture of Ethyl Lactaie/n-Butyl Acetate as the

_ casting solvent. The backbone of this photoresist is not .a benzophenone derivative,
20 and this PAC was found to be thermally highly stable. ' n
| A series of 47 silicon wafers were coated with 2500 A of AZ® BARLI™
“coating on a Mﬂfﬂa;ifabQ coater and baked on a hot plate @ 170°C for 45
‘seconds. These BARLi™.coated wafers were further coated with the above
photoresist to a thickness of 1.07 um (micrometers). For comparison, wafer #1A and .
25 #1C listed in Table 1, the photoresist was directly coated on the silicon wafers. The
wafefs were soft baked (SB) on a hot plate at temperatures ranging ﬁ'om'90°C to )
150°C for 8 period ranging from 10 seconds to 60 seconds. -The baked wafers were
then imagewise exposed with a NIKON® 0.54 NA inline stepper using a reticle
containing equal line&space ﬁaﬁems with linewidths from 0.2 'pm (micrometers) to
30 " 1.0 pm (micrometers). The exposed wafers were developed with AZ® 300 MIF
' dev_eloper'(z_..‘:a's% tgtraxhethyl'dmmonimn-hydroxidé_soluﬁon in water) for a specific -



are aromatic conpounds in which no nore than a. singl e hydroxy group is

attached to - - any phenyl ring. The process of this invention is
al so.perceived to be particularly 5- . advantageous for photoresists
containing fractionated novol ak resins, i.e., resins whi ch have

undergone avpwasass in which the |ow mol ecul ar “wei ght compeRRRbFesoe2 :
~present after synthesis have been partially or conpletely renoved, since.
t he process of : this invention pr0\§| des for a higher degree of
densification and the presence of |less free volune than can be
acconplished with prior art processes. Mst particularly, the 10
reduction in free volunme may be assisted by a conbination of the
fractionat ed restime, (60-120 secongds). h The tinewidthcofuthie [developad rs:psgdnkes!sﬁaaucmem

conpounds.. Such corrpounds uent ! ed t.o such'r ng i'n .
‘order to enhance™ff Fff‘aéléﬁsﬁ{%?‘["? 846@ % ?Tg"’n microscope. T ﬁe
phot or esi st enpl Q.h'ﬁﬂariz@s thia QesisP lithoprapkic 9%&%%&%&5 plodER Comtiidrsi Ve

photoresi st (avail abl. e_lf rom AZ Phot oresrlbst Product s, Hoechst CeI anese

~ Cor por ati on, pgraping p manee; {OTVALOuS § Ny k resin and
S a-2,1,5 di azonarq ORI b FEB Tenpl | wmﬁwcu M : = a
m xture of Ethyll Laqtgehn} Rl \C 6t e*as t NE pascms casting Eol Qt.
~The backbone of [thid pRgfofesist |s not & benzgophenope deriyative,|2
and this PAC was—{e4heio—Perigar T Sy TSdir ETg oy
series of 4" silH-gof—vwaierppueto—poated—hi-Eh-—A800- ot —oi—N-orr]

) o 1
BARLi [err] —-cpat ' !\.lf!: = %&LM&: a
-hot plate @ 17@[erd] C T or ° becangds hoto BB e 1| BB g
‘wafers were furfh® lcoXed BTt he Bhoyp 50 | 2i0mies’ [ 0PWP ok X3 o P2wm
t hi ckness of 1. Q7% érr ¥ (€Yl er 8. Fol™cadfar s bn®* 0t br “YrA laffikns
#1C listed in Tab¥ell, ¥t hel IHoter psi 8t whs®™ti | SE¥RP cotfPerl pn'tHie i PF cgn
waf ers. The waf e s were] soft bhked (SB) onja hot pl ate ameasrd
tenper atures rapgieng f¥om OBTE C t b Hsec | 2901l o1 3@ f or Lempe)r oG
ranging from 10 s@c%nd\yto BO/eciondNe  Thd0kalf ¥ mief £redowerje 10pm 04pm fihen

| magew sesexpos Gghefé Dasatd PHsdDAP! in A/ Mhbekpd}ﬁrescioﬁé%ﬁﬁué!ﬁorﬂpﬁbafeeﬂ:é0| e
cont ai ni ng equal i ne&space patterns W t I inewdths fromO0.2 [err]lm

(m cronet ers) tdﬂlmted resist featurg sizes o] the targeted (rask) dimensiop Resobution is\defined

' \zgen’:rgnfjﬁ\éewg?gx SO u {tg%]aﬂiﬁgp%%g‘} hme%sugegecﬁlﬁg?@% OQRSQK&W‘;
97/ 35231 - at D‘I‘P The depth-of-focus (DOF) is defined as the range of the defocus in which a

PCT/ _USQ?/ 030_62 resist is able to replicate a feature with a measured linewidth within £ 10% of the

10 targeted feature, with the additional proviso that the film thickness loss is lower than

1% | o

‘Wafer #1A in Table 1 represents the resist processed with conventional

| process conditions, i.e., a lower SB_tel_npmmre(90°CIGD seconds) and a.higher PEB

temperature (110°C/60 seconds) were used to deliver good resist performance and

15 eliminate the detrimental standing wave effect caused by the light reflective from the

~ substrate. As evidenced by wafer #1C, if there is no PEB applied, a severe standing

wave effect is observed. Application of  bottom antireflective coating (B.AR.C.)

such as AZ® BARLi™ coating offers improvement in resist resolution, DOF and also

| eliminates the need for the PEB step as evidenced by wafer #1B. The application of

20 the very high SB temperature described in this invention (wafers # 1D-1H) gave

| ~ unexpected advantages, significantly improving the resist resolution and DOF of the
- '-featﬁres(e..g., 0.30 pm (micrometer) resolution on a 0.54 NA i-line stepper with 0.40

o um (micrometer) DOF, wgfer # 1H). This performance increase is a substantial



- -8- : : time, (60-120 seconds): The linewdth of the devel oped

resi st {ines/spaces pattern - wer e nmeasured by a H TACHI [ err]

S- 4000 scanning el ectron m croscope.. Table 1 sumari zes the
resi st |ithographic performance under the various pr ocess conditi ons.

Tabl e 1: Lit kwpéapbe;c performance for various process condrpmngg-,,owa

Wafer Reslot on SB - PEB Tenp./ Dev. Tine
Resol ution DOF/0.30[err]m DOF/ 0.30 g . ' BARLr [err]
- Temp./Tine Tine [mJ7cn{ err]. C - 1A

No. - 90[err]C/'60sec  110[err]C/ 60sec 70sec 190 mJ/ cn{ err] '0.34
[err]m ‘0.4 [err]m <0.2 [err]m o °
90[ err] C/ 60sec improvement omgwmn%bprﬁeqs&ﬁt@rw ‘the eﬂerzart,esrlrl] ﬁﬁ 90°Col 19°C

_ 60sec
S0set | 230 m/ o ARG acrnic Hone, &5 which ke parsteblsEiohid 60 RSfeved Mth'%s |

1D - Yes - 130[ aesift@hd exposure tool lombination. 90sec 210 ml/cnferr]

-0.32 [err]m 0.8 [err]m <0.2 [err]m. . 1E Yes

~140[ err] C 10sec No - " 90sec = 245 mi/cnferr] 0.30 [err]m _
1.0 [err]m g 0.4 [err]m - ' 1 _s , 140[err]C/205ec No

'90sec 250 m)/cnferr] 0. 30 [err m Yes
150[ err] C/ 10sec No Four 10.16 go{& wﬁ@ﬂWM&PAR@“@mm}mms@m

[err]m  <0.2 [e

120sec 220 nﬂlcn{cé]rlﬁchonSmQBafused]mmw\ff§ PF&Q&%W%&F\O@@M&
Wnelrra Dose- Lo Pri mbatéD"ﬁBfersWemkbﬁrla[ahtsdc}xjahapmeaemmpm dbb@;C&nnU ed, 30
replicate the ted resjst ature sizes to the targete
(mask) di nensi on. %éBrﬂﬁW‘ﬂﬁ%ﬁﬁ%a ahd I Bach of e wA% theggkposed,
feature resgpl ved \geiveidpedBma Uh ithe esctil QR 1.1 ma h
~at DTP. The depth-of -focus (D%%rg?gpdef %ﬁédﬂrgggg/(ﬁge)ﬁran?gt%f the def ocﬁrse(irtn

whi ch-a - wmm#@%qsaerﬁ;ecaef@etbehmm@at the pesistoparformange for the fashbakecd
| inewi dth within djeQ%(ﬂa ‘é&ﬂ targeted feature, with the
addi ti onal -provi s%t at t egéml mt"h ness Ioss S Iower than

10% 4 mliba L

. A oty nnnL oG
S5 Fempor at ur 6( 00| WEF %@fséegﬁfa%smgrd@ ] ”gfrm%r o R [T
" tenperature (110 60 slcondd) were usdd to |delivel] good rfsi st perr orsmncle
- and _ 2A | Yes | 140°C/10sec | No 90sec | 245 mifcm® | 0.30pm 1.0pm
S 2B | Yes | 140°C720sc | No | %sec | 250 mliem® | 030mm | Lopm
2C | Yes 140°C/30sec | No 90sec | 2S0m¥/em® | 0.32um 0.6um
D | Yes | W0°Chsc | No | S0sc | Ss0miicas | O36um | Odm
As can be seen from the Table 2, the resist performance is signiﬁcanﬂy
15 improved by the flash SB process if the soft baking time is less than or equal to 30
seconds. Softbakes at temperatures greater than 130°C for longer than 30 seconds

,

(60 seconds) will cause degradation on the resist performance, as evidenced by wafer
*Table 2 also provides information about the practical usefulness of the _
20 flashbake procesi As can be seen by a comparison of wafers # 2A-C, the
MoMce change is small in the range of 10-30 seconds, indicating suﬁicienﬂy '
~ large latitude for the bake time. It is estimated from these data that for 140°C bake
' temperatures, the opttmum bake time is approxxmately 15 seconds. -



15 ' elimnate the detrinental standing wave effect caused by the

I'i ght reflective fromthe : substrate. As evidenced by wafer
#1C,.if there is-no .PEB appli ed a severe standing ~ wave effect
S observed ~Application of a bottom antireflective coating (B.ARC)
such as AZBRET!?}'BSBQ\RLI [err] coating offers inprovenent in pef/usgtmsogsol ution,

DOF and al so - ‘elinminates the need for -the PEB step as evi denced
by wafer #1B. The application of 20 tohe very hi gh SB tenperature
described in this invention (wafers # 1D IH) gave . : unexpect ed
advant ages, . significantly inproving the resist resolution and DOF of the
features (e.g., 0.30 [err]m (mcrometer) resolution on a 0.54 NAi-line
stepper with 0.40 ferr]m (FExampled.er) DOF, wafer # 1H). This

~per formance. i ncrease gog, 3056054 )| \3dfers were coated mﬁpﬂﬁ;ﬁ?%&mﬂg the sage

PCT/ US97/ 03062
i nprovenent overcoating/amditionab ugeddn ¢besEsampled. |Bhotdlaanmasrthmrdpun sncindahe

-90[err] C-110[err coat i al one, r. whi ch these
par anet ers cann&%’"ﬁ@“?ﬁﬁ ﬂ?@&@ﬁgl‘ﬁ%’?‘m plate using p?é%’f?t‘“‘iﬂﬂ"%%dﬁ?dr“e
tool conbgnati OQh Tabl § Each of the wafers was then imagewise ed i-line st

2. e ane Four 10.16 cm (4") wafers vvee,r:%oscog?gd W%ngAééﬁﬂ;rr]

coating under t A¥TRsvalues given in Table 1 gogenerafe 8 S atrmyhofidentisal dlidsn Tdibex;E)sedTpI e .
ot paedon. aYABe R BOUBoRE by I e propes g depersi B PAABLS) Sl e
: L 'developmg time listed in Table 3 for each wafer. Each developed wafer was broken
into 9 fragments, with each fragment containing a die image from the above 3 x 3 die
10 amy pattern. ' Each fragment was further baked on a hot plate for two minutes at the
temperatures given in Table 3. The resist thermal flow temperature, defined as
temperature which the edge of a 500 pm (micrometers) pad pattern on the die starts
to deform, was then measured by SEM inspection. As can be seen by inspection of
Table 3, wafers processed with the flashbake process described in this invention

15 cléady offer much better resist thermal flow tetnperattﬁm. The improvement can be
as much as 30°C (see wafer #3C) over the resist processed with conventional SB. _
- process (see wafer#3A). | . -
Table 3; Resist Th ow Temperatures for
- nventional and Fl Proce
Wafer} BARLI™ | SB Temp./'l'ime. PEB | Dev. Time DTP  |Thermal
| coating B '
3A Yes. 9_0°C/_603ec No 90sec 230 mJ/em? | 115°C
3B Yes 140°C/10sec | No 90sec | 250 m¥/em? | 135°C
3C | - Yes 150°C/10sec | No 120sec | 220 ml/cm?® | 145°C

20 .
| A series of 10.16 cm (4”) silicon wafers were coated with 25004 AZ®
BARLI™ coating on & MTI-Flexifab® coater and baked on a hot plate @ 170°C for-.
45 seconds. Thess BARLI™-coated wafers were further spin-coated to a resulting
25 dry film thickness of approximately 1 pm (micrometers) with AZ®7200 pasitive tone
photoresist, available from AZ® Photoreeist Products, Hoechst Celanese Corporation,



and 60 seconds (Wafers A, B, C and D). Each of the wafers was then exposed,

10 ' developed and neasured by the same process as described in
Exanpl e 1. Table 2 -summari zes the effect of the baking tine on’
t he .resist. perfornmance for the flashbake" - process described in
this inventi WO 97/35231 .- . - .Table 2: Influence obctisgiviedic
" Tinmes on Resist Performance = ' W der BARLi ~ SB Tenp./Time . PEB
Dev. Ti nme - DTP Resol uti on DOF/ 2A Yes

140[ err] C/ 10sec = No 90sec 245_mJ/cn{errl 0.30[err]m 1.0 [err]m

2B Yes _140['err]C/20Sec No - 90sec . 250 ml/cnferr] 0.30[err]m
1.0 [err]m - Yes 140[err] ¢ 30sec Osec 0

ml/ cE"r{-er]_r] 0. 32[%‘?‘1‘*}'?1'“9 M. & ’Pﬁ’h‘-’}q?s[is cor]ntmnsanov%resmqgg é’lfagié ~#dec -
No 9Csec - 550, g/ (ﬁ%ﬁﬁh}:hogmﬂo%e [sGHSHate ester 4pﬂo’fifsEx]sﬁ?ze:rs where one of the

As can be seen from#t resi st performance is significantly 15

i nproved by the fldisdonsjhthmqoinesssensitizends aséd orbakrishyfroxybenzophenenes(TOR)baliast
equal to 30

Y 5050 o gommenREaRLE PR Bt cHRARSAGH eSS b TR

on the resisgt per figicRiRdieer 109 m(ﬂwﬂder@ybmberthe BARLi-coated Wafeks and on bare
Tabl e 2 al so provides information_about -the practlcal useful ness of the 20

f.ashbake process. silizon waferpe @zéﬁfﬁﬁy Nsrpel on aiof plate 3t pyemperatyre at
f h o
pertormance ¢ angellbscsf%%g&{aa d@ﬂ%gr#gt b@&%ﬁ&%“iﬁ@ C R 0PlecBiks for

sufficiently . IS estimate
- fromthese data t hedferf#iC, mmm&mTable 4, Thebnimdpufa‘s mmhen imagewise exposkdik e
};,Ic:q-? UISS7?8268)2(| mat eI a}\ﬁKiﬁ@og 9? NA i-line stepper u& %71'/euc?e containing equal hne&;'tﬁpace '

Exanpl e 3. j0 patterns with linew{dis/ frokl) 0O mictometéff &) 5.0V)h Emicesthdeks)V The

BARLi [err] -coating the sane coating conditiaon as used in the:

Exanpl e 1. Phot or expased weafers mers @‘IYGHP%W"BH%Z t HROMIF developer (2 23380 tetiametinl
the Tabl e 3. Each i REoRd Wit TRREL | Be el nTbioe ThopRRidE, ©
st epper at the of the developed resist line&space patterns were then measured with a HITACHI® S-
| 4000 scanmng electron microscope. _
.15 - Table 4 compares the resist performance between the rmst processed with
and without BARLI™ antireflective coating to that of the resist prooessed with the

fashbake process described in this invention.

! Table 4.: Effect of Flashbake on AZ®7200 photoresist

[ "Wafer on SB Temp. | PEB Temp. { Dev. | DTP | Resolu- | DOF

# |BARLi™ Time tion | 0.45

| coating? | . | | | _  jum 1&s}
4A | No | 110°C/GOsec | 110°C/60sec | S2sec| 65 | 0.40um |O.8um|

_ i o ot ¥fom

4B Yes 110°C/60sec None .52sec 90 ' 0.36pm | 1.0um

1 | | miem? |
4C Yes | 140°C/10sec None 90sec| 100 | 0.36um {12um|

N | | | mifem? |
20 _ The resuits shown in Table 4 again mdlcate that the apphcanon of the

- flashbake process yields better resist performance (wafer #4C) thm those processed .
with a conventional SB process with or without BARL{™ coating (wafer# 4A and



DTP val ues given in Table 1 to generate a 3 x 3 array of identical dies.
The expased . : - wafers were devel oped by the sanme process as
described in Exanple 1, using the — - devel oping tine l'isted in
Table 3 for each wafer. Each devel oped waf er was broken .. into 9
fragnents, geh fragnent containing a die inage fromfhe 3 x 3
die 10 %E'??ray pattern. Each fragnent was further bake Sm“ ot pl at.e
-fortwo mnutes at the S tenperatures given in Table 3 The resi st
thermal flow tenperature, .defined as -~ -12- ‘tenperature which the edge
of :a 500 [err]m (mcroneters) pad pattern on the die starts - to’
“deform was then measured by SEMinspection. As can be seen by inspection
~of - . - TokiB). 3As Mehdy SeepDExEnglel 1)hpplicition dfithes BARKE™oatingsimproved
described in this i nventl on 15 clearly. offer nuch betéﬁéba%gy st
thermal flow t enthe resstperformenge qverthgte.anhare ??“lfgbs‘me with the

30[err].C (see wafsg hdﬁ%@nﬁb\‘%ﬁéﬁﬁné@ﬂpﬁwﬂfeﬁ@%ﬂ%& tth@ﬂéhbai@ |
- process (see wafer Tabl e 3: " Resi st
Thermal Fl ow Tenprecess,uwbile ioticeable and experimentally verifiable, is not as lange fpe rthis onal

~and Fl ashiake Pracessss which containg o Ny %B‘s&abﬁr&&-hydé%bl&@hén&gﬁmﬁ’ EB

Ti me
3A Yes dmzoﬁ&i{kﬂ(dqhﬁbﬁ@ﬁﬁﬁthe gaiNadescribed in Exaampie 1 for Weﬁiﬁpﬁéﬂohe
. 115[err]C 3 14OJler r]iC/ 10sec No 90sec
250 mJ/ cnferr] b’mm‘?’%@mﬂy sable Az‘no%‘“‘”e . ves 150[ err] C/ 10sec
- No- ~ 120sec 220 m}/ cnferr] 145[err] C 20 '
. Exanple 4. A series of 10.16 cm (4") silicon. vvafers wer e
- coated with 2500 err] AZ[err] BARLi [err] coating on a

"MTI - Fl exi fab[err] coater and baked on a hot pl ate @170[err] C for
45-seconds. These BARLi[err]-coated wafers were further spin-coated to a
resulting 25 dry filmthickness of approximately 1 [err]m
“(micrometers) with AZ[err] 7200 positive t one .phot or esi st ,

~avai |l abl e from AZ[ er r] Photor e5| st Products, Hoechst Cel anese Cor porati on,
WD 97/35231 _ .

PCT/ US97/ 03062 _ . ' : - 11 -



photosen5|t|zers mhere ®nec di azonapht hoqui-none
sensitizer is based on a trishydroxybenzophenone (TOB) ballast

~conmpound; i twg9Rss:REGVEA as the resist casting-solvent. The prcqmgamgoaﬁ

" Sonmerville, NJ. Th| S ph s a novol ak resin and a mxture of
2,1,5- .and - . unmmwmmlﬂqw none sul fonate ester _ _
0 _ T

~coated toa b5 t hi ckness of 1. 07 [err]m (mcroneters) both on the .
BARLi - coated wafers and on bare .~ . ﬁl con wafers. The wafers t hen
- were soft baked on a hot plate at a terrperature at 110[err]C for - =

60 seconds for wafers #4A and #4B,  and to 140[err]C for. 10 seconds for -

waf er #4C, as indicated in Table 4. The | kel hen i magew se
“exposed - CLMMS 2 NIKONerr] 0. 54 ngfﬂig,f@'&ﬁ%@el using a.reticle-
.cont ai ni ng equal |ine&space 10 . pat ths fromo0.2

"_[err]m (mcroneters) to 1.0 [err]m (m croneters). The © ~ exposed-
waf ers were devel bped Mprweﬁzpeplepatﬁﬁmeﬁeﬁsay mpesub@uatevch)mpnmmdg

‘ammoni um hydr.oxi de olution in ter a ven in Table 4. .Th
linew dths phOtogsie |8 e dL&é'ﬁ &e nﬁ‘ﬂg o ERA B8 %pﬂﬁé‘?geﬁlehen
~nmeasured with a thB&Qbﬂ&%u-tuﬁ %ht, and ueamgﬂﬁ%ts&mmt@hwdpqne image on
microscope. 15 npares the resist performnce .

between the resi sﬂ%ﬂ’b@éﬁ%é&dﬂ%w bemg g carried apbx hringing thessubstrate intp contact -

antireflective cogt f I GFthed ndl'| ﬂ@rinﬂe °
i ashbake process d%sc I It"l“%ﬂhal lrlsé&fbrcliventl on nd? 64663 $éin "tidh 130 C for o
Table 4.: Effect pﬁmﬁloﬁmhmBthm&%[eemndp?ZOO photoreS| st .. \Wafer
on SB Tenp. . PEB Tenp. Dev. DITP Resol u- DOF . ' #
_BARLl[err] Time - tion 0. 45
-~ coating? : The process of Claim 1, in which the temperhtre’ dfithb&teated surface is
4A ~ No 110 err]C/605ec 110C/ 605ec 52sec 65 0.40[err]m 0.8
[err]m een 130 to 160°C. mi/cnierr] ' 4B Yes
110[ err] C/ 60sec - None 525ec 90 0.36[err]m 1.0 [err]m -
. m/ cn{ err| 4C Yes 140[ err] C 10sec None - 90sec

.100 0.36[err] m3.1. 2 Therprpeess of Claim 1, in which the temperature of the heated surface is

mi/cnierr] 20 ERhe results shown in Table 4 again indicate
that the appli catlfef)“rflee(')'fl4?ff'elsoE fl ashbake process yields better -
resi st performance (wafer #4C) than those processed wth a

. conventional 5B proce%%w"&écﬁss"ofc‘ﬂ.mﬁo WEALR&JOSM m%%’i"stxéw”éhﬁa‘“ﬂlesrﬁoﬁ and

5. The process_of Claim 1, in which the baking time is between '10 'an.d' 20

6. The process of " Claim 1, in which the photoresist is -a

diazonaphthoquinone/novolak resist.

7. The process of Claim 6, and the diazonaphthoquinone sensitizer has a

backbone which is an aromatic compound but not a derivative of benz'ophenonc._' _

8. The process of Clmm 7, in which the aromatic compound has not more than -
" ‘one hydroxy group on any phenyl nng '

——
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. CLAI M5 : A process
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e L, . .
#4Bj .- As al ready seen H“mu I |cat|on of the BARLI [err] coating
1 npr oved . the resiSst pel”for mance over those on bare silicon

~ 'substr at e, wpigsBsshhie fl ashbake process ' providi ng ‘i(%y,ng;%w&
~performance inprovenent. The performance gain by the flash
process, while noticeable and experlnentaII% verifiable, is not as large
for this .5 phot or esi'st whi ch cont 41fis a thermal |y | ess stable
tris- hydroxybenzophenone based - . diazonapht hoqui none as is the gain:

 Vdescr|bed in Exanple 1 for the non-benzophenone . based, nore
sthermal |y stabl 8 AZ[ &he progess of kdaimte sthsrein the photoresummmsqvolak resm and

PCT/ US97/-:03062
the novolak resin has - unqer ongrae g&cl mawrhleclh %IF lowagzglegwarawelgm

substrate whi chcmpmrmeﬁerwfahvdampmmnyor&oﬁblewww on a substrate,

-~ baki’ ng. the photoresist coating, and exposing the . photoresist to

~actinic light, and wi thout the internediacy of a second bake at a

" ‘tenperature equgy topm gﬁf)p tﬁ%dﬂﬁ%tﬂewﬁcﬁscﬁe lg,ﬂk{%,%{;?%gmﬁﬁ@aé $%$%ake . |

"coated substrate to dev I magée ate,

~ ‘step being car r caunpaund obgovmohgllﬁgvm compaitndawhich intreaseothe liglt sens:tmty. or
.close proximty with a heated surface not lower in tenperature than
130[err]C, for a : period of no | onger than 30 seconds. 2.

- The process of {J.ai MTHe proes¥Bf Clairh 1 Cin! vHIEIE tha s strattfis b RWRALAR;LS, %id%& s
o reflectivity preferentially being caused by an antireflective coating on the substrate.

12.  The process of Claim 11, in which the antireflective coating is an inorganic
‘absorbing or transparent material, where the transparent material is preferentiélly
silicon oxide, and the absorbing material is preferentially silicon o titanium nitride.

13.  The proceés of Claim- 11, where the antireflective coating is an organic
- material which is removed in an imagewise way either in the process of developing the
photores:st or in a dry etch process

14. The process of Claim 13, in which the antireflective layer is a dyed matérial
with an absorptivity greater than 2 pm most preferentially with an a.bsorptmty of
- greater than 8 ;,un



between 1 3.  The process of C.aim1, in which
the t enper mH ed surface:iis . .. "between 140 to 150[err]C

1 The oo:es&o alml i n-whi ch the baklngtlnEISIovverthan 21.
seconds . .. - The process of Caim'l i'n which the _baking ti. e
“i s bet weemd;@was’zdl 20- .~ .seconds. - _ Thepc-p,bg%&, of -
"daim 1, 'in which the photoreS|st s . a o
- di'azonapht hoqui none/ novol ak fesist: '7. The process of C aim 6,
‘and' t he di azonapht hoqui none- sensi ti zer has ' " backbone which is an

- aromatlc conpound but not ri ve tof Bgnzop none, e -
process of Claim7 MW% cC rrpu%g Mrgﬁ?‘hﬁt%@

" one._ hydroxy gro

~ PCT/ u397/ 03062 | 14 -
'9'.:. .- The . process of CI aim 6, V\herel n. the photoreS| st contains a novol ak -
Cresinand 1. the precest fok prepafiny ha&eﬁnﬁgéoﬁra%uestﬂf@ﬁﬁéﬁcérﬁpﬂ@s edutihpe
"I ow ol ecul ar wei ght . conponents thereof have been partially or

- corrpl et el y r eno¥ Ripotoresist on a substrate, baking the photoresist coating, and exposing the
_ photoresxst to actinic light, a.ndreatmg the coated substrate to develop the image on
said substrate, said bake step being carned out by brmgmg the substrate into contact
or close proximity thh 2 heated surface not lower in temperature than 130°C, for a

period of no longer than 30 seconds.

2.  The process of Claim 1, in which the tempex;ature of the heated surface is
 between 130 to 160°C.

3. The process of Claim 1, in which the temperature of the heated surface is
between 140 to 150°C. . -

4, The process of Claim 1, in which the baking time is lower than 21 seconds.

5.  The process of Claim 1, in which the baking time is between 10 and 20

seconds.

3%, The process .of Claim 1, in which the photoresist 'is " a
| '-diazonaphthoquinonelﬁovolak resist. ' :

7. The process of Claim 6, and the diazonaﬁhthoquho& sensitizer has 2

backbone w_ﬁich is an aromatic compo.nnd'but not a derivative of benzophenone.

8. The process of Claim 7, in which the aromatic compound has not more than -
'o_ne hydroxy group on any phenjvl_ring."' ' '
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10. . The process of Claim9, in which the phot oresi st cont ai nﬁp rrerl o
_ corrpound or l-ow nol ecul ar wei ght conpound which increases the Il h(o
sensi®ivity. 11. The process of Claim1, in which the substrate
is of lowreflectivity, said low - reflectivity preferen b v bei ng
caused by an antireflective coati ng on the Substrate. . ‘%;J“v";‘:'* The
process of C ai QT in whi C woripanTaL ESTUAK T\W}Gmrlpmg i S anNg#¥T gani-c
absorbing or transparent nmaterial, vvheremf' ansparent naterial is
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