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thermal treatnment step commonly call e-(?é@ﬁgﬁbake or prebake; The softbake
can be carried out on a hotplate device or_in an ajr oven. On
hot pl ates, the back <sThtemalfTredtment Process of Positive PhotoresisbQmPORionhe resj st

| ayer is brought into contact or close proximty to the hot met al
surface of the hotplate for a tine of 60 to 90 seconds, nost typically 60

seconds, a .MMEMMS becone a kind of standard in the
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for exanple _single-polynmer e-beamresists such as ., the b
hexaf | uor oi scpbstrad mqhy|;gg@,laypng tseught into contact or close proximity to.the hot

metal surface of the hotplate for a time of 60 to 90 seconds, most typically 60 secoqu, a
time which has become a kind of standard in the industry. Typically, oven SOﬁbakes use
15 even longer times, e.g., & popular condition is 90°C for 30 minutes. =

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 stll far from thermodynamic equilibrium, containing

a large amount of free volume which to a good extent is taken up by solvent. During the

20 sofibake, the resist is heated above its initial flow point again; 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 hexafluoroisopropylmethacrylate, the bake

temperature can be chosen to be above the glass transition temperature of the polymer.

25 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
diazonaphthoguinone sensitizer (DNQ). The isothermal decomposition temperatures for -

DNQs typicﬁliy 'used in the industry range from 120°C for trihydroxybenzophenone

30 desivatives to about 130°C for non-benzophenone backbones. Usually much lower
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it is typically negfsierts Pe@bleab timPoiit thd\@ffisidh frocdss S sufficienrsfitctivensss] han
t he sof t bake. A typi cal conbination is a softbake of 90[err]C

for 60 secondd is typicalliaegessyry 40 Fary oot theRiEost igher temperatures thanthe oftls.
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are rare, and°the inve now of no practical pfocess
common for 60 secands. Processes in which SB and PEB are carried out at the same temperature
15 are rare, and the inventors know of no practical process for the most common
" diazanaphthoguinone type resists in which the SB exceeds 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 phenomens.
These considerations change if the resist substrate is essentially non-reflecting,
20 such as when it is covered with an antireflective coating. With these coatings (either
iliorganic layers such as titanium nitride (TiN) or organic layers, one example for which
" is the AZ® BARLI™ coating sold by the AZ Photoresist Products Division of Hoechst -
Celanese Corp., the substrate reflectivity can be reduced to a few percent of the original
one. For TiN, the minimum reflectivity is calculated to be around 3-3.5% at a thickness
25 of about 50 nm (nanometers) (on a silicon substrate); the reflectivity of the organid
bottom layers can be reduced to less than one tenth that, which makes the standing wave

pattemn sufficiently weak that a post exposure bake is no longer required for most

applications.
At the elevated tanperamrc of the PEB, the photoproducts of the
30 diazonaphthoquinone are able to diffuse for certain distances, which leads to the

smearing-out removal of the standing waves present on reflective substrates. A certain
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PCT/ US97/ 0307 $naterial, the resolution of commercial re 800 i-line resist, is enhanced - 3
anmount of diffusion is thus de5| ra inthis case. At the

same tine, thif xPEB isomitted (e.g, from 0.34 tq@gmueﬁnmm)_dms anhépacesiimage, 1
gbgéén r a'(tj: gﬁ% W(}%ﬁej ??152;ch¥ng5 ?gc;gﬁgeplhgt oproduct s at t Pﬁe
boundary Homwmnnﬁmsﬁchnﬁmﬂeuh@cbﬂﬁigds Bded 56ne soMmetines obsedvect | ve
R e v i Bt M A 1
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other factors, the optimum bottom antireflector film thickness cannot be achieved. These
15 remnants limit the achievable resolution, wall angle and linewidth uniformity of the resist
feature. The present invention provides a further improvement in photoresist resolution
and performance by using a higher than conventional post exposure bake (PEB)
temperature (2130°C) and a very short baking time (< 30 seconds) of the resist. This
process will in‘the following be referred to as the “Flash post exposure bake” or “Flash

20 ° PEB” process. The Flash PEB process significantly impréves the photoresist’s
* resolution, process latitude, thermal deformation temperature, resist adhesion and plasma
etch resistance. .

The resolution improvements observed by use of the Flash PEB process on

antireflective coatings are demonstrated in Example 1. Example 2 demonstrates the

25 improvements in thermal stability of developed resist features, and Example 3 the
' increase in etch resistance. |

It should be noted that the full benefits of the Flash PEB are not obtained unless

it is carried out over a bottom antireflective coating, such as TiN or AZ® BARLI™

coating. If the antireflective coating is. absent, one still obtains the benefit of higher

30 . thermal  stability, but the resolution capability of the photoresist is slightly degraded

compared to that of resist processed with a conventional PEB (Example 4). This process
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observation also confirns this: on antireflective bottomcoats, such as

AZ[err]'s BARLi[err] material, the resolution of commerci al
resi-sts, such as AZ[err] 7800 i-line resist, is enhanced if a
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observes remmants of standing waves with a PEB-f r ee process for’
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factors, the optimum bottom antireflector filmthickness cannot be
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such as TiN o el Exde:?th'VQ
coating is abfsngnt one st| [CQ{)E%U nsmt % °h% ene It o?mﬁ{xfl'ﬁ%r 30 t her nmal
stability, bult tsmllMMnmnqummeMWemmM&amvmnwelgmw -

dooraden o B meRAET e 6l 86555 Lt o
PCT /' US97/ 0307found after the much shorter hot plate bakes at the same temperature. We conclude
15 from that that most of the solvent evaporation occurs m the initial period in which the
resist is still fluid. _ .
During exposure, a latent image forms in the film which, as pointed out above,
may contain standing waves, the removal of which requires a PEB process. During the
PEB, the resist matrix is sufficiently softened that photoproduct diffusion occurs; at the
20 same time, some additional solvent evaporation and film densification takes place. This
is evidenced by small gains in thermal stability and small reductions in film thickness
during the PEB. However, as soon as the wafer has reached the maximum temperature,
the matrix hardens again, upoh which diffusion slows and solvent evaporation ceases.
During the short time of the Flash PEB process, the resist and wafer do not reach
25 the temperature of the hotplate. Measurements of the wafer temperature show that the
wafer is still about 5-10°C below a hotplate temperature of 140°C after 20 seconds.
Therefore we believe that the resist re-enters in a fluid state during the Flash PEB
process, leading to a more thorough drying of the film which causes the completely.
unexpected and unforeseen improvement in the thermal stability of the resist. As shown
30 in Example 2, the thermal stability obtained with the Flash PEB process is higher by 20
to 30°C than with a conventional softbake process.
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only large features, such as predom nate, e.g., on a pad or
i npl ant mask | ayer, for which higher thermal and higher etch
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densi fication of t he photoresist than conventional resist
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. a hotpl gte tenpgrature, of 140[err] C after 20 seconds. Therefore
we beliztgle thatfef?fgp(f’g’?f‘st re-enters in a fluid state during the Flash PEB"
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conpl etely unaxpect ed and unforeseen inprovenent in the t her nal
stability of tnsowm@ﬂmmgmmmsius transiiof- JQmperatures, . e OpG, Schgglass of

stability obt aig k‘&?’fh ﬁﬁﬁ ctdd taﬁlﬁﬂdr xstyren to
30[ err] C than WI a convent I onal so t‘g{ é"?oces‘@l ERﬁ P ° ¢, in

which the fre¢ volume leads to undesirable eﬂ‘ects due to the facile diffusion of base
20 - ‘contaminants. Another example for such a class is that of diazonaphthoquinone/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 dependent fractionation. One which shall be discussed here, in order to
25 illustrate the nature of the material, utilizes a molecular weight dependent miscibility gap
of the novolak in a mixture of good and bad solvent. Upon admixture of the bad solvent
to a solution of the novolak in the good solvent, two phases separate, although the good
and bad solvent may be fully miscible. The lower phase contains the high-MW novolak,
with the low-MW materials remaining in the (typically larger) upper phase. By variation
30 of concentrations and ratios of the solvents, it is possible to achieve control over the
maximum MW removed and the degree of removal of the low MW fractions. Due to the
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| ower terrp%atg%ﬁosAl | resist filnms contain a |arge armuntl,gf,ufssﬁﬁ,gm%olurre
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renoved if the resist is baked 5 above its glass transition
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crosslinking & "é“%ﬁ?&‘%e‘&ﬂ%i HBP'QWJ removal °%§F%V$la8?’§t%r?9m?ﬂg9%ﬁm i ng
properties. Vurigy the\FlashFEB plies3cenplaing the MigffoRi8RSA thermal stability dnfiddés the .
resist in a state with reduced free volune, and that this reduced free

vol une3 resistangg obsewethet t er di ssol Ution properties |eading to the

observed resol uti Esisg AFE tionati ' | L t
duration mMmim m zg%l?ﬁéﬂg’g@rglﬁ?ren al efrtec nsveé}' °§%§s: |iE§!|!zaefr'H§§bd&Jh%n%Pa{e'
deconposi t i onresist sensitivity. One thereféie oftere admixesransriohedt Sormow-MW epbipberice
will be expected to b arti.cul ar e o strong iy resists which have
hi gh gl ass trmﬁgﬁ% E¥istp Opier to achieve higher sensf asg”lﬂ’ °t$&““ypew'l]}
resists is thaso i exipelled RehbM HonsOH piiteis-dTdiPMmyéntioRoONY| - pr ot ect ed '
pol yhydr oxstyrene,_in which the free volune | eads to undesirable

ef fectl® due to t heBesigles the gatpre,of the wpin,thecnane of the sepsitizer, in paricylar Aot her
ool ot s whi oriemal slhBie'spo ifinsd) i LoAGAARR S Rt SPELAGGRl puics on
or all of thethe pesist performance. Iiviirecexperienesofithe ingentors) thereries distindt sequeme\vad] ak
YILeeL DY SRS Sl RAGRS ), e B P SRy Beh gy e
wei ght dependoNQs fare fioreostable Alan 1N4-DNQS; aliphdlic| estees shie J653 Stable thesi @ronatic Or der
to 15  esters; in aromatic esters, those which have 2 or more DNQ moieties attached to a single
phenyl ring in the backbone (such as trihydroxybenzophenones) are less stable than non- -
benzophenone esters, especially those with only 2 singie DNQ unit per phenyl ring. The
highest stabilities are thus observed for 2,1,5-DNQ-sulfonates of backbones containing
one or more monohydric phenols. Such compounds are anticipated to be pérticulaﬂ}

20 useful in the process of this invention, since their higher thermal stability will minimize
undesirable side reactions of the high temperature bakes. The bedeﬁts of the Flash PEB
process will therefore be greater for resists contammg such backbones.

25 What is claimed is a process for preparing a relief image on a substrate of low |
reflectivity which comprises coating a phbtordsist on a substrate, exposing the
photoresist to actinic light and then a short (flash) post exposure bake step (Flash PEB)
the exposure of a photoresist to actinic light. The photoresist is coated on a substrate,
and this asseﬁxbly may have been subjected to a drying bake prior to the exposure to

30  actinic light. The Flash PEB step is carried out by bringing the substrate into contact or
close proximity with a heated surface not lower in temperature than 130 °C, for a period
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diazonaphthoquinone/novolak resist, although non-diazonaphthoguinone, non-novolak
1S based resists may also benefit from this process. The situation in which the
diazonaphthoquinone sensitizer is thermally stable has proven particularly advantageous,
since the higher thermal stability further reduces thermal decomposition effects of the
sensitzer which otherwise might impair performance.  Thermal stability of
diazonaphthoquinones is highly correlated to the backbone structure. In particular,
20 -backbones which are neither aliphatic compounds nor derivatives of benzophenone often
show higher thermal stability, in particular if they are aromatic compounds in which no
more than a single hydro#y group is attached to any phenyl ring. _
The process of this invention is also perceived to be particularly advantageous for
photoresists containing fractionated novolak resins, i.c., resins which have undergone a
25 process in which the low molecular weight components present after synthesis have been
partially or.completely removed, since the process of this invention .provides for a higher
degree of densification and the presence of less free volume than can be accomplished
with prior art processes. Most pai‘timlarly, the reduction in free volume may be assisted
by a combination of the fractionated resin with monomeric or low-MW speed enhancer
30 compounds. Such compounds are frequently added to such resins in order to enhance
the light sensitivity. - |



phenyl ring in the backbone (such as trihydroxybenzophenones) are |ess -

stabl e than non- benzophenone esters, especially those with only
a single DNQ unit per phenyl ring. The hi ghest stabilities are

t hus observed for 2,1,5-DNQ sul fonates of ‘backbones contai ni ng

one “or E;%BWH c phenol s. Such conpounds are antici ppétfesémsds -
'partlcul arly useful in the process of this invention, since their.

hi gher thermal stability will mnimze undesi rabl e si de
reactions of the high tenperature bakes.-%he benefits of the Flash PEB
process will therefore be greater for resists containing. such backbones.
Summary OF The I nvention 25 : What is clainmed is a process for
preparing a relief inage on a substrate of |ow reflectivity

whi ch conprises coating a photoresist gn a substrate, exposing the
photoresist to actinic Ilght and then Exgmples (flash) post exposure bake
step (Flash PER), . " - : ] o : e | 1 0Nt .
The photore5| stT ' f ol y may
have been subj ect &l dnmmrd:l mngeﬂuaim mateunl tmmmmdmemmng, is -

Pt 0 cont nor cppted on a Sicon wafep 868 bRt #1896, 8 el X SHEE ctfting,F T AP oy
IPQIT} emer at u }ﬁaﬂohﬁibrﬂ)&ﬂich%ﬁ ] f& coi!ﬂﬁerﬁalﬁ%b Q6kist, AZ®7800 resist, is meﬁeo%a&aaog

of no | onger bakethfaol m&m& 108G go wisld acreyist filme of abguer ubL e Emicrorecterd at ed

| Blr”e; 2?:n![ |Sal I ydBnetssween 8‘1%?%& TE%%@O%?Q\IA?I&?WLFa "me%% of the
resist is pr abmenrheaivh&r imbjecn‘euaa a’FlashcPEB 8y pldoingGt seaohutplagte heated 10~
bt ol 5 1SR il e &#%ﬁv@ﬁgﬁ&mﬁ%ﬁﬂs2&%%&%&3&%&? or
i ndustry, i.egetOtmhk %ﬁ&t imaging dose is determined by measuring the width of the 0.35 um
' (micrometers) line and space features, yielﬁing a 1:1 imaging dose of approx. 190
mJ/cm®. At that dose, the finest structures obtained are 0.26 pm (micrometers) equal
line and space features. The finest features which remain linear (i.e., within £10% of the
15  target linewidth) are 0.28 um (micrometers) equal line and space features.
In comparison, if the above process is carried out with the difference that a
softbake of 90°C for 60 seconds and a PEB of 110°C for 90 seconds is carried out
 instead of the above bake conditions, the resist resolves only 0.28 ym (micrometers) and
is linear only to 0.30 pm (mlcrometers) at an imaging dose of approx. 210 m¥/cm?,

20

The Flash PEB process of Example 1 is carried out on the BARL!'T"—covered
substrate of Example 1. A second sample is processed identaically, only the Flash PEB
temperature is 150°C. A third, wmﬁmn wafer is processed with a 90°C, 60 seconds

25 hot plate softbake and a 110°C, 90 seconds conventional hotplate PEB. For both the
Flash PEB and the comparison wafers, the thermal flow resistance of the resist is
determined as described in the paragraph below.

The mask used for the exposure contains large square pad (500 x 500 pm
(micrometers)) features. The wafer which contains a number of stepfields with the

30 desired structures is broken into pieces. Each wafer fragment, which contains at least
one pad structure, is_individually heated at one temperature on a hotplate for 2 minutes,



optionally in the formof a proximty bake in which the di stance between
substrate and hotpl ate is regul ated by a di stance hol der
device, e.g., balls inserted into the hotplate surface. The
baked, enposed photoresist is then treated conventionnally to devel op the
final image wWoovlHosubstrate. 10 The pr ocessporUsaiosnTs —

. invention significantly inproves the photoresist's resolution,

process latitude, thermal deformation tenperature, resist adhesion and
plasma etch. resi st ance. -9- The photoresrst'used
in the process of this invention is typically a '

di azonapht hoqui none/ novol ak resi st, although non- dlazonaphthqu|none

non- novol ak 15 starting at athdfsle mewbamhemm@mmgmt@umr
The situation in which the di azonapht h&gw ngne sensitizer is

thermal |y stabkke @wmemsmmfér?ﬂhamg eatures are then insppgted ¢ e
hi gher t her nal t f
| gher ther mal 3 sphlr|ichibnify Bbfon diEAEGR), 2R 5 doHSRABPASWAILR Reniek 85te $he

the rw'se mght 1 npalir performance.

Ther mal st abi | ir¢sist pad has deformed. di azonapht hoqui nones is highly correl ated
to the backbone stryctyre. In artlc backbo i ch are

nei t her al i phatic cg. gﬁrﬁ?ﬁ' "%%‘H §°%0W“b0§‘ﬁf8 Y?@ﬁ%‘?fggglﬁ% S are

show hi gher t hggemtb dsfoﬁhlaumpmﬂwafusegl abrthémahemraelwmﬁwdefmmunds
in which no nore than a ydr.ox logroup is attached to any

n
phenyl ring. temperatureis 135°C, m‘f‘l’i’é“ﬁﬂé&@s@“@ﬂtlh? nvention is ‘al so

perceived to be particularly advantageous for phot or esi sts
contai ning fractionated novol ak resins, _i.e., re5|ns whi ch have undergone a
25 process in which thxs esistanpeynent s present

after synthesis hav e or l,efe renoved, ..since
the protess of thi s ﬁ?ﬁéﬁ%@ﬁ%‘g@;f‘ﬁ@% WRI% mr}/(nan%g ) thigk
densi fication Bnmmc&hﬁgea@mc&i ohﬂé&mi’d’r@eTHé)htstmmfehad”l tbpﬂeb&nﬂcswlﬁi itshed
with prior artagrocesses Most rticularly, the re ctlon i n ree vn#
may be assiste 319 Pr?ﬁ‘iqnsh ting dn p th

nmononeric or | gy Meters) GhE sdteRd wafer is preparmgllm/aﬁb&anmhﬂdémar e

frequently added such fesins in order to enhance the |ight
sensitivity. theFlashPEBprocess (V§9°6/123eomgs). The film thickness of the second wafer is

PCT/ USQ&/ 03075O.S pm (micrometer). After imaging, both waters are subjected to a dry etch process
involving a CHFs/oxygen mixture until the silicon oxide has been etched through. The
0.40 pm (micrometer) features are then inspected by SEM. It is found that the 1 pm
(micrometer) resist which has been subjected to the conventional bake has lost about 0.6-
0.7 pm (micrometer) of film thickness, while the Flash PEB film has only lost 0.15-0.2
20 pm (micrometer). The Flash PEB film is thus found to have higher film thickness than

the conventional film, although the initial film thickness was only half of the latter’s.

The experiment of Example 1 is repeated with the difference that no antireflective

25 coating is applied to the silicon wafers; also, only one Flash PEB wafer is generated at
" conditions of 150°C/12 seconds. A 0.54 NA stepper was used for imaging. ' It is found

that the lincar resolution of the resist (as defined in Example 1) is 0.34 um (micrometers)

for the conventional process at an imaging dose of 180 mJ/cm? and that 0.32 pm
(micrometers) features can be resolved at a higher dose. For the Flash PEB sample,

30 linear resolution has dropped to 0.38 pm (micrometer) for 2 1:1 imaging dose of 245
mJ/cm?, while the 0.36 um (micrometer) features can be resolved at a higher dose



- 8- Exanpl e 1: Resol ution | nprovenent by the Flash PEB
on an antireflective substrate A comerci al
antireflective material, AZ[ err]BARLi[err] antireflective coati ng, is 5
coated on a silicon wafer and baked at 160[err]C to yield a uniform coating

-of 160 nm (nanoneters) thickness. A comerci al I s,
AZ[ err7800 r b SIS ml s then coated. and ' baked for flr}rgg%lﬂ{agﬁat
100[err]Cto yield a resist filmof about 0.65 [err]m (m croneter)
thi ckness. The filmis then imaged on a Nggon[err] 0.63 NA i-line stepper
at a variety of doses. The wafer is subjected to a Flash PEB by
placing.it on a hot pI ate heated to 10 150[err]C_for 12 seconds,

23 or ]G TholkBPPR TR RESPHTH Buo VRIA B reonifiony s Bhnd p b st o

the 0.35 [errluaabsence ofmmﬁr@ﬂ&h%%ﬁ)a{wm%e&ﬁﬂ%ﬁmﬁbﬂﬂﬂmﬂiﬁiﬂi ng
a 1:1 imagi ng dose of approx. rr[err At that dose, the

finest structmemmw%wpﬁ?éﬁﬂmﬂ@ﬂbﬁéﬁer ) equal

|l ine and space features. The finest. features which remain linear (i.e.,

~wWthin [err] 10% of the 15 target Ilnevmdth) are 0.28 [err]m
(mcroseters) equal |ine Exampins sohstion pgbDOF : ith I n
conmparison, if the above pro Wiy put. with the difference that a

sof t.bake of 90[err]C for 60 S€coff PESSS ]C for 90 seconds
is carried out Wafers werb”@&a%dvﬁ’th hﬁ m“b%ﬁu&?”t@' E:fd?lﬂée d Imnrgpl st

‘resal ves only 0.28 [err m (m croneters) and 1 near onl

0. 30 [err] m (*npseximatelyr 150 am (apnometes) thickaesse Bfeawﬁlmmsrﬂm }t. 20

Example 2: Th & n I

The Fl ash PEB%%C@?@M%%FE{OTAEQE'C%%WBQ%? onrﬁpﬁg%gﬁl_sﬁcgrrpf’! (t:}gvered
subst rigt e of \EiﬁumbaebakeesQMosemﬁcBMssaMst@a@ddMGﬁ@ileﬁst@pbry t he
Fl ash PEB ng%oaturels 150[err]C. Athird, np]l“%%‘i fer S
processed wi t¥fing %P’é’?’? P d exposure energyi !fS'E’ew eng
110[err]C, 9 idfeeh t P{oxgﬂ

Fl ash PEB angNt Egﬂco a(rjﬂlag Wa% sllggt'ﬁéa theﬁf j: ow rys]l sa?gﬁc%seg?d)tﬁ
resi.st is 150°C for 2®leqcem!n risbges wereslevilppad it fomnparmglrlkpwf ‘mftlemr on

I&ec?g?rgt gfg) freat ur es%g‘m%%g%&%oﬁ?ﬁ%%a{o cg’ﬁ‘%@é 5%?:15 epft | e (rj;] "
_vm th 1he 30 secondsdadier @ svatdr mﬁmﬂdeselopbdbmageemelmxdnqglmgs were inspastetidy
VIS RT3 7 (T
' 0.04 um (nncrometers) and that the depth of focus near the limits of resolution was also
improved by 0.4 um (micrometers) versus a control sample processed under identical
 conditions but with 2 90°C/60 seconds softbake and a 110°C/90 seconds PE.
20 Specifically, the rﬁohrtion of the control wafer was approx. 0.30 ym (micrometer), and
the resolution of the experimental wafer was 0.26 um (micrometer). The depth of focus
of the control for 0.30 ym (micrometer) equal line and space features was approx. 0.4

um (micrometer), and that of the flash PEB experiment was 0.8 pm (micrometer).
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spglr tJISS;;/ QEOQShot pl at A‘“‘MN!““M!‘!M‘LOO[ err]C for the first fragment a;lg-

going to 150[err]C for the last fragnent in increnents of
5[err]C. The OOI%Z% o%f the pad features are then inspected perS9703075 DY
SEM ( scanni nb‘? t%Pon ni croscope), and it is determned at which - i
tenperature the resi st pad has def or ned. 5 For
t he conparative sanple processed with the _clqn.vent i onal bake, the pads are

seen to deformat a tenperature of 115[err]C 5%9 At
150[err] C, the deformation terrperat '5 %@g %:@ and for
the 160[err]C is 1l40[err]C. A

Exanpl e 3: Incr |n Dry Etch Resi stance 10 Two wafers are |
-prepared with AZ[err] 7800 resist on a 150 nm(nanorreters) t hi ck

BARLi [ err] coatll ng oAr] sili CO{]EW%;%%%%GL%{WTQ‘?J FV%&PS? b r.egg
th bak t - f'iéff'@ E&S’ﬂ :
\rMesul i ng in a iHotdTedidd! G 38 SS“B%‘L‘Q%%%{“"% hotoresist t(r> aciiffic( Gl ' BuKigethe) .

t he second wafepr 'S prepare 60 seconds softbake an
the Fl ash PEB pphotoresist (cbéhrgs mand Mgsﬁxeowdta)i sulpstzatad; tondevelopithe dmags on (faid

o Subj ot e b, gad DRk R AT oo by b e oMot ARG it

mxture until thigxifmity withs Kosted Suifie roe kswes ircleapedahrethgh . 1307G; for a period of no
0.40 [err]m(mcrometer% features are then inspected by SEM It is found

that the 1 [err?ﬂaﬂ’ second ¥ micronmeter) resist which has been subj ected

to the conventional bake has |ost about O0.6- 0.7 [err]m
(mcroneter) of filmthickness, while the Flash PEB filmhas only |qgst 0.
15-0.2 20 [ermx]emrpmssrofr(amm)l i wehich) the temperature of jthe sutafg 8o
have hi gher fi I t he conventional film although
the initial filo#Y ééﬁi%isﬁqg : .

5 only half ofthe Iatteres

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.

6.  The process of Claim 1, in which the photoresist is a diazonaphthoquinone/ -
novolak resist. '

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

backbone which is an aromatic compound but not a derivative of benzophenone.

8. The process of Claim 7, in which the aromatic compoimd' has not more than one
hydroxy group on any phenyl ring, '
9, The..process of Claim 6, wherein the photoresist contains the novolak resin and

the novolak resin has undergone a process in which the low molecular weight

i 1 d. .
components thereof have been partially or completely remove This Sheet Has Been. Rer




Exanpl e 4: Flash PEB in n Antireflective Coating

The experinent of Exarrp”mﬁ mﬁ WMHmwth the difference that no
antireflective 25 IS appklied to the silicon wafers; also,

only one Flash PEB waf er |s generat ed at condi ti ons of '

150[ err] Chi8 o585286ds. A 0.54 NA stepper was used for i nmagpefusdtesss f-ound
that the linear resolution of the resist (as defined in Exanple 1) is 0.34
[err]m (m croneters) for the conventional process at an inmagi ng
dose of 180 ml/cnferr], and that 0.32 [e12] T ters)
features can be resol ved at a hi gher dose. Fnﬂ”l%*&ﬁ'[amslﬁ npl e, 30

| i near resolution has dropped to 0.38 [err] (m'chEMSE@ for 1: 1 imagi ng
dose of 245 ml/cnierr], while the U356 pm (mcroneter) features -
can be resol.ved at a hi gher dose WO 97/ 33206

PCT/ US97/ 030  The process of Claim 9, in which the photoresist contains 2 monomeric 10-
(al t hough vmtha or, wal | Wi |l e-t.he.resolution.is thus . found to be
degraded i n OMPO uhd O | Wﬂ%“%{ﬁ@&r}é@“&f’mﬁwf’& ‘fhe"r“l’rﬁ‘!,sﬁtgﬁh%éf?w Ya test of
the thermal stability of the Flash PEB sanpl e again shows the )

| arge pads to be defornmed only at 140[err]C 5
Exanpl e 5: Rdsol (kheaprogasel obGhaimd; rin weticly the \gpbstrate is of low l’eﬂe‘m"lf}', said low

the Flash P ers were
coated with gﬂ?’["a’z i E’ I Honéﬁdg’?’pr Bairedl awfc“fa%"gg?thesub

approxi mately 150 nm (nanorreter) t hi ckness.: The BARLi[err] fi I m was t hen

baked at err] 60 secpn on hot plate. AZ err] 7800

resist was dgun e a‘f’ (Sb‘fﬂ Ii}’h’é‘ Yg' R m’ﬁ%‘ﬂ i AR frorganic

110[err]C f Qbs&&ngeﬁmd@mﬂﬂmeﬁﬂom% Baiipireit rhlateial W préfefiBally silicon
oxide, and the absorbing material is preferentially silicon or titanium nitride.

13.  The process of Claim 11, where the antireflective coating is an organic material
whmh is removed in an imagewise way cnther in the process of developing the
photoresist, or in a dry etch process.

14.  The process of Claim 13, in which the antireflective layer is a dyed material with
an absorptmty greater than 2 um™, most preferentially with an absorptivity of greater
than 8 um - '

This Sheet Has Been Re ﬂ
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using an array of focu nd exposure energy. Wafers were baked on
a "Dai Ni ppo @Hﬁmﬂ) IIH”"Ie (wth 150 [err])m (mcroneters)
proxi nMaP78EMeer s i nse 150[ err] C f dCIABY¥®WEBGNAS. | mages
wer.e devel oped first formng a puddl e of devel oper on t he wafer,
and then allow ng for-the devel op progess to continue for a total of 60 15

seconds. After a water rinse of devél'dped i mage, the resulting i nages were
i nspect ed by SW ment of cl eaved structures. W found
that the resolutlcfn%' e 0. 04 pm(mcrorreters) and

that theCaimsh of focus near the,li pits. of r%so! Ul %"T@m?
i nproved by 0.4 [éﬁ%%?ﬂn@@@ﬂ%us a centrol sanpl e procegsed

under identi cal conditions but with.a 90[err]_€1/§0 secondg-pof t bake and a
110[ err] §/ 90 . 3e5aB8s £ fﬁepa%ﬂgarehefﬁ@%ﬂ&?ds{ry Hi@zéoﬁ&iﬁ?is&t’{o%né’ﬁ [Lhe]

control wafer was approx m (m croneter)
resol uti Ghﬂtgteslsh@nesagﬂarsubmt'alm thea ph@torsist ¢o rthmG rﬁgbt bekingrthe The

depth of t he contr I 30 rr rorrete ) equal
line andp é}%mf 8%%5@@““/\%?“&’5 S e 3“1’582“"8 to del'el tﬁnm&? c%ﬁaé er), and
t hat of Edhetriﬂeas‘atd kB sy being FRitied Wﬁﬁb}ﬂbrﬁ:g&grth& mb(smte Erfddebrtick .or close V\D
97/ 33206 . PCT/ US97/ 03075

- 11-  proximify witha heated surfage not loﬂeﬁﬂ“d@%%'atflfﬁmﬁ %Fq f?@aéeﬂ‘é‘f PEYC i nmge on
a subst rﬁhﬁemupib &O0gYsi ses coating a photoresi st on said substrate,
exposing t hot oresi st to actinic 1ight baking the phot or esi st
coating, and treatl ng the coat ed substrated to devel op the inmage on said

substr at S [ ate |nto
cont act %r cla'io-h B%léess &eglmg {"ﬁll‘gg%gx?peg*%ur ace no{ Iom%?eslyn
terrperatlnameéxhnlot&?.@{)m.r]c, for a period of no -1 onger than 30 seconds.

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 ﬁme is lower than 21 seconds.
5.  The process of Claim 1, in which the baking time is between 10 and 20 seconds.

- Eiazonaphthoquinonel - _

novolak}esist.—-
» 3
S'X. The process of Claim $ in which the dxazonaphthoqumone sensitizer has a

backbone which is an aromatic compound but not a derivative of benzophenone. _

, 6
38 The process of Claim ¥, in which the aromatic compound has not more than one
hydroxy group on any phenyl ring.
1
< Q The process of Claim §, wherein the photoresist contains the novolak resin and

- the novolak resin has undergone a process in which the low molecular weight
components thereof have been partially or completely removed.

% AMENDED. SHEET



1 2. The process of Caiml1, in which the terrperature of the heated

igr{.ﬁ‘%\%r#@f‘lmfhe timﬂﬁﬂlﬂlﬂ"mﬂw ﬁre;]t gd surface i s Pﬂ?ﬁsf)&pﬁggﬁslzg .tcloz.il "

*150[err] C. The" process of Claim1, in which the baking ting is
| ower than 21 seconds 5. _4he process of Caiml, in which the
baking tine is between 10 and 20 seconds. di azonapht hoqui none/

novol ak] 6. The process of Caiml1, in which the dlazonaphthqu|none
sensitizer has a backbone mhich is an aromati c conpound but not a
derivative of benzophenone. : The process of Cdaim6, in which the

aromﬂ@' ¥o.cOMeRY olAs JIOEIaHRrF Cfnh%cj?”ﬁle ghotﬂééﬁstﬁ%b!ntgﬁx%’%o fShof{bc Pheny!|

e process of oresi st contains the-
novol akccmpoundamdbw moldaelmwﬁghtadompeemdwhasmtdmgmmasqnmwgss in which the
| ow nol ecul ar wei ght conmponents thereof have been partially or

- conpl etely renoved. WO 97/ 33206 PCT/ US97/ 03075

40 12.  The process of Claim lf in whxch the antireflective coatmg is an morgamc
absorbing or tmnspa.rent material, where the transparent material is preferennally silicon
oxide, and the absorbing material is preferentially sﬂ_xcon or titanium nitride.

M Jl The process of Claim 1)’, where the antireflective coating is an organic material
 which is removed in an imagewise way either in the process of developing the

photoresist, or in a dry etch process:

41
12 W& The process of Claim )&, in which the antireflective layer is 2 dyed material with

an absorptivity greater than 2 pm™, most preferentially with an absorptivity of greater -
than 8 um™.

»p
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-12- . 9. The process of Claim 8, in which the photoresist ccg@'%ﬁqré’s'#a

nononeri c conpound or - | ow nol ecul ar ‘wei ght conmpound whi ch i ncr Hasmesréps -

i ght sensitivity. 10. The process of Claim 1, in which the

antireflective coating is an inorganic absor bi ng or transpaies

mat'erial, where the transparent material is preferentially si

oxi de; and the bi ng mat QbksInthSedva/RéalrioRéANEATioN | cON orggg¥ani um

nitride. = 11. e process of J aiFrimafiE®e the antireflective coating
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