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step, the heating of the selectively exposed photoresist film. In addition
to that, the structuring of the applied photoresi'st. film furthermore
comprises the integral exposure of the photoresist filmprior to developing
25 the photoresist film. The successive steps of selective exposure, heating
and integral exposure prior to the developing step are also known as "image
reversal process” to those skilled in this field of the art. According
to the'examp'le carried out in said Dutch patent application, a negative
photoresist was coated, by means of spin-on deposition, onto a blank 300 um
30 thick nickel shell, which was glued on a standard 8-inch CD glass substrate
for this experiment. After dry-spinning of the nickel shell/glass substrate
assembly at a constant temperature of 80°C, the applied negative
photoresist film was dried. After cooling, the assembly was exposed by
means of a master registration system (MRS) at a wavelength of 459 nm.
35 Directly after said exposure, the assembly was heated and subsequently
cooled, after which integral exposure took place for 4 minutes. Thus, the
non-exposed parts of the negative photoresist film applied to the nickel
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which method allows or effects a certain amount of flowing of the
photoresist posts, making it possible to control the desired post geometry
which is required for mass replication.

Surprisingly, the above objectives have been
25 accomplished by the present inventors by providing a method as referred
to in the introduction, which is characterized in that the effective dose
of said additional exposure step ranges between 4¢10™ and 5¢10°2 J/cm? with

a wavelength of 200 - 320 nm.
According to the present invention, the effective
30 dose or energy density of the additional exposure step thus ranges between
4010 and 501072 J/cm?, preferably between 810 and 1.201072 J/cm2. If the
effective dose of the additional exposure step according to the present
invention is less than 4107 J/cm?, no suffficient crosslinking effect
_ will occur in the photoresist film. If the effective dose of the additional
35 exposure step according to the present invention is more than 501072 J/cm?,
no significant crosslinking effect will occur in the photoresist film.
According to the present invention, the term effective dose is understood
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" UV- har dery i st Patterns", |BM Technical D sclosure Bulletin,
part 24, R?oqu%% Sﬁst 1081,

The use of an additional exposure step before the
hardbake step is also known from the articles "UV-hardening of Resist
Patterns”, IBM Technical Disclosure Bulletin, part 24, No. 3, August 1981,
25 and from the article "Photoresist Stabilization System", Solid State
Technology, part 27, No. 7, June 1984, Washington, USA, but neither article
discloses any exposure energy values. Said use corresponds with the
aforesaid article by Allen, R et al., however, in particular IC 1itho-
graphy, so that it is 1likely that the energy values being employed will

30 also be the same as in said article, that is, considerably higher than
the values employed according to the present invention.

Such an additional exposure step according to the
present invention with a very effective dose will probably result in
oxidation reactions in the photoresist, in particular in the outer layers

35 of the photoresist, which oxidation reactions lead to curing and a higher
glass transition temperature. As & result of that, the structure of the
photoresist posts formed during the developing step will not be adversely
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20 the absorption by the photoresist will be large, as a result of which the
penetration depth of the UV radiation will be small and only curing of
the outermost Tayer of the photoresist will take place, therefore. In this
latter embodiment, the combination of the very effective dose of the
additional exposure step, exposure in a specified wavelength range and

25 subsequent heating makes it possible to influence the post geometry of
the photoresist posts. If the absorption peak of the photoresist being
used ranges between 240 and 260 nm, which applies to novolac resins, an
additional exposure step outside the aforesaid range will not effect

- sufficient absorption. Inadequate curing of the photoresist film will

30 result, which means that the structure of the photoresist posts will be
affected during the subsequent heat treatment at a high temperature, with
flowing out taking place to a larger or smaller degree, which is desirable
in certain embodiments. '

' The exposure time of the additional exposure step

35 according to the present invention is preferably 1 - 125 seconds, more
preferably 2 - 30 seconds. Experimental data have shown that an exposure
time of Tess than 1 second will probably lead to insufficient oxidation
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With the method according to the present invention,

a negative photoresist is preferably used for applying the photoresist

25 film. Exposed areas of a film of a negative photoresist remain after

developing, whilst the non-exposed areas are removed as a result of the

developing step. The method according to the present invention is not

limited to the use of a special negative photoresist, however. More in

particular, the method according to the present invention is suitable for

30 influencing the post geometry of photoresist posts, irrespective of the

special origin of the photoresist being used, that is, a positive

photoresist or a negative photoresist. By applying a negative photoresist

to a stamper plate, which might in principle be placed directly in the

injection moulding unit, and structuring said negative photoresist in

35 accordance with the proposed method, both the metallisation step and the
electroplating step may be skipped.
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20 The present invention furthermore relates to an optical
disc, which disc is characterized in that it has been obtained by using
the stamper according to the present invention.

The present invention will be described in more detail
hereafter with reference to special examples. It should be understood,

25 however, that the present invention is by no means Timited to such special
examples. Furthermore it will be understood that the examples described
can be slightly adapted by persons skilled in this field of the art without
departing from the essence of the present invention as defined in the
appended claims.

30 Example 1

In order to investigate the effect of an additional
exposure step, a number of stampers were produced, wherein the same process
parameters were used for all examples, with the exception of the exposure
time and the dose being used. A mercury vapour lamp type HOK 4/120SE-UV

35 (Philips) was used as the exposure source. This lamp comprises a spectrum
in the range of 200 - 300 nm, with a peak being detectable at a wavelength
of 250 nm. The effect of the additional exposure step on the post geometry



As a result of the heating step follow ng the developing step, the
sel ectively exposed and thus crosslinked areas are strengthened by further

crossl i nki Rgo@dnges yner chains, whereby such a heating step pSr/RESHIGEONY 15
to the present invention preceded by an additional exposure step as already

descri bed above. 7 The present invention
furthernore relates to a stanper for producing optical discs, which
st anper i washdetaeménedzed the bdwits of post proflibks mreesurembhis npdtheyAEMiang t he
met hod accgrdi res ' tion. 20 The

pr esent i%@ggYﬁ%ﬁgﬁﬂ%Pﬁggéﬁrgm%g a‘gg to an opti cal di sc, which disc
is characterized in that it has been obtai ned by using t he stanper
according to the present iTQ!%‘IﬁQ\ﬁ"‘mg settings were used: The present
invention will be described in nore detail hereafter with reference

to speci al pryfewdsest: |t shoul d be under sppOEL4E2Sspin-bWWeN&itibMalt t he
present invention is by no neans limted ég suanspeC|al . exanpl es.
Furthernore it will be understood that tR80SEXRPIIEONYPEE THUe can be

slightly adapted b¥_persons skilled in this field of the art wi thout
departing fFipst theattikshers of the presenflithwéntindkess defined in the
appended cl ai ns. 30 Exanple 1

In order tbabewdsangmgdstitedien fapparafusanNAdRi4di olrsler wavelenadhpdkldr emst ep, a
nunber - of [gﬁpprs wer e produced, wherein the sane:process

paranmeters were used for all exanples, wth the exception of the exposure

tinme and tggcgﬂ§%89gt gﬁﬂﬁﬁd' A nercury %aﬂﬁﬁ&egaﬁﬁ%t%%ﬁ|Hpﬁv4{%ﬁ§SE'UV 35

(Philips) wasS use € 'exposure source. isT1a nprises pectrum

int range 200 -, 300 nm with a pea i ng_detect abl £ _at. a wavel ength
of 250 nm ?Hgfoé’f]f]gcstte(gf t he additional é)%‘zegls?ﬁ & ‘stdgﬁm&ﬁaﬁhzgdp‘& €ryeometry
7 was deternined on the basis of pabto:profile neasurenents on the

AFM and order neasurenents on the D O
The follow ng settings were used:

Additional exposure step accor- for 0, 15, 60 or 150 seconds
ding to the present invention:

Final heating step: 200°C, for 5 minutes

15 The results of the AFM measurements on the stampers
obtained under varying conditions of the exposure step (following the final
heating step at 200°C for 5 minutes) are summarized in the table below.

Sample { Exposure | Dose Post Post width at | Post width | Slope lefi- Slope right-
20 number | time @/cm? | height | half height at base band corner | hand corner
1 (seconds) (nm) (nm) (nm) (degrees) (degrees)
D148 0 0 157 691 1044 22 22
D144 15 6010 175 550 685 56 60
D146 60 2.40102 177 591 -709 61 63
D147 150 60107 163 580 709 56 57

25

The above table clearly shows the effect of the
additional exposure step on the geometry of the photoresist posts. The
leaving out of an additional exposure step in sample D148, which method
describes the prior art, in particular Dutch patent application



5 Phot or esi st : AZ5214E, spin-on deposition at

600. revol utions per mnute First heating step:
90[err] C, Laser beamregistration appar at NLMod27E5
| aser wavel engtﬂ ﬁlB nm (LBR): Second heatil,’él]é st%
2 mnutes, PLS (380 nmUWV lanp) 10 g Devel opi ng step:
devel oper : dem neralized water
ratio. no. 9400225, leads to a ﬂowed—out post geometry h'lavm% 'c'?ngcgi;]a e of a
S

'g‘ldg'gt It gnfﬂhga gosum S%H&Eﬁﬁ‘ prbﬁurve From t?ne,_%lah'éq 1%@5& fp, fge{rg?re be concluded
200 C, for thatrithet esigindd post geometry is substant1c?1]jfh&tlaeﬁed fag ﬁfcidSbe"P‘F]'cVI

t er in itions, o
The- exposubS180 e, SRRERARS foras, prchited) WPetiEfehBle SnE MOkinadPRs & 1 o,
5 mi ndt es) ofirkhesphntarevisd pastssd il hlakep ol e during the fmﬂﬂleahﬁg(pmeplr e
Dose  Posfy cfno?ﬁrﬁ’ﬂn?er rﬁi) epﬁfn \‘{lﬂéi'!t ha?nfltﬁé)%ah?é tthat ;ﬁ‘lo?%arﬁg it £he

nunber tinme ase corner
hand cor nefXposure time after § ég@)qmg) does not p a,yﬁ a smﬁf"ncant effe(:hngn the

(degrees) geéirryesd the hm:ovr'e_sﬁl)ﬂi4 osts. fn energQ' dose of 6-1—(57 J/cm 1@39135 to
1044 % 6D 50
685 a5éecreased Rest height, uﬁn can pypbably be f"é }i t(17t7‘1e ozonggl

709 10 @toduction, H3a result obl#fich thBOphotoBestiBitepodts até3affected 580
709 bl e
clearly shégusmﬁeth?'q‘ 36 e\?airor%%e Add1t1ona1 &xpegﬁgptsexhgggu{‘lgosgg%ﬁ ﬁiﬁ#]
geometry off! ?Hh’é‘gph'@ﬁbrtégk dlapesiosa yhight degree|v@3m nghout @poawreaddinei onal

exposure shemelynssaphe Ekdfds \A’thsfus@athp@he final HeGEfld Resp. the prior
art, in particular EUtcE rfqteyt application

15 The same additional exposure steps as in example 1 was
used, whereby each of the stampers thus treated was examined as regards
the bond with Ercopell. If an additional exposure step (exposure time:
0 seconds) was not included in the treatment of the stamper, the bond with
Ercopell appeared to be strong, as a result of which it was very difficult
20 to remove Ercopell from the stamper. When an additional exposure step with
an effective dose ranging between 4¢10™ and 5¢10°2 J/cm? was carried out,
the bond between the Ercopell coating and the stamper surface was
sufficiently weak, so that removal of the coating was possible. This
indicates that the additional exposure step has a positive effect on the

25 surface composition of the photoresist.

~ Example 3
The same steps as in example 1 were used, with this
d1fference that the developing step was carried out while using an
0.2 M/KOH-sotution, wherein the developing process took place to order,
30  that is, the developing process was monitored by means of 1light
diffraction. The geometry of the obtained resist structure was then
determined by means of AFM measurement. Following that, the stampers thus
obtained were exposed to an effective dose of the additional exposure step
in the range of 0 - 1.5¢107 J/cm? and a wavelength of 250 nm. The last
35 heating step, also called "hardbake", was carried out on a hot plate at
200 °C for 5 minutes.
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25

It will be apparent that both the height retention,
h, and-the width retention, b, are affected by the effective exposure
dose. When a small exposure dose is used, that is, a dose of less than
4e10 J/cm2, in particular in the case of sample A, for which an effective

exposure dose of 2.00.10™ was used, the deformation caused by substantial

flowing is such that pits which are difficult to read or pits having high
Jitter values result. When an exposure dose having a value of more than
50102 J/cm? is used, in particular in the case of sample E and samplie F,
for which effective exposure doses of 7.00.10% J/cm2 and 1.40.107 J/cm2

30

respectively were used, the influence of oxidation caused by ozone is such,

however, that the resist Structure is uncontrollable and decomposition
of the photoresist takes place. Thus, an effective dose of the additional
exposure step in the range of 4¢10™ - 54107 J/cm? and a wavelength of
200 - 320 is required for effecting a controlled flow in order to obtain

35

t

more or less round, flown-out resist structures.



35 heati ng step, also called "hardbake", was carried out on a hot plate
at 200 C for 5 m nutes.

9 The geonetry of the obtained LSt
structures w099/1857zwas determ ned agai n by neans of AFM rreasmﬁr)f{sg)ﬁ#%r t he
pur pose of determ ning the extenf of deformation of the resist
structures caused by the additional exposure step and the hardbake
step. SaicLAiMSormation is 5 for exanple expressed in the paraneters
hei ght retention, h, (the ratio bet ween the height after devel opi ng
and the height after the additional exposure step and hardbake, in

99 and-wilth retention, b3 wethedref imenufacturibet aestampiie fordtproddcimal f
hei ght af ; cdeval.epi L ; i .ats:hal j gh f t he
addi t | o‘na‘?ﬁé’fgﬁsﬁfgp ’s{&g?}e‘g%&ﬁ%gcrhgb%,’eﬁ?%@ b %B"?&BF%* 3o ¥ Sefel® 1 s
a suPvey Rkatehandyshe firagturisa off thehapphiedophatioses ksitr fithmur wherein said -

J\?giﬁ r2etsetr:[uictur1'gg compP3E® &he sucebfeniel !?p&&ﬁ@ié&fe@e]ocpm e.rr h&dmg! on ?%
(0 ot 'sal photorgsist film, w&gngépléq%”que?oped photgygsist film is

84 15 subjected tB an additional &xPOsur@| eted in the deep W range prior to 79

C th ?%AQQ'HQQEe{ﬁ%Ltment, charaéﬁ%rize%aén that the effé%%ive dgse of said

2,40.10[err]
7,000 10] tional exposyge step ranges betweep64e10™ and 5e10% J/ci? with a

1, 40. 10- [vadvelength of 200 - 386 nm. _ 9 20 _ _
It will be apparent thatég%%g\the hei ght retention, and the width

h’ I
retentiorf," b, are affect odnaceoriEng itgeckdipokucharacterizegoir thalien a

smal | expomueffedoses desas€aithaiditfonad S@eeuf st@svaidt@nbetween 8edo20[ err]
Jicnferr]ygp é).%tziwqr in the case of sanmple A, for which an effective 25
exposure ébse'of 2. FﬁO[err] was used, the deformation caused by

subk? ant i%l f 1 owi Mgméshoduadcording got slaimi th chaeacdef fdeduin thatread or

pits havighg BkfRure time of said additional exposure step ranges between 1 and
125 seconds.
4, A method according to claims 2 - 3, characterized in
that the exposure time of said additional exposure step ranges between
20 2 and 30 seconds.
5. A method according to any one of the claims 1 - 4,
- characterized in that said additional exposure step is carried out in the
range of 240 - 260 nm.

6. A method according to any one of the preceding claims,
25 characterized in that said additional exposure step is carried out under
rotation.
7. _ A method according to any one of the preceding claims,
characterized in that said additional exposure step is carried out under
heating.
30 8. A method according to any one of the preceding claims,

characterized in that a negative photoresist is used for applying said

photoresist film. '

9. A method according to any one of the preceding claims,

characterized in that said exposure is carried out in two steps, comprising
35 a first selective exposhre step and a second integral exposure step,

wherein the selectively exposed photoresist is heated prior to carrying

out said second integral exposure step.

L gy



jitter values result. Wien an exposure dose having a val ue of nore than
5.10[err] J/cnferr] is used, in particular in the case of sanple E and
sanple F, w0918t which effective exposure doses of 7.00. PofravrdsRos7é

J/icnjerr] and 1.40.10[err] J/cnferr] 30 respectively were used, the
i nfluence of oxidation caused by ozone 1% such, however, that the
resist structure is uncontrol |l able and deconposition of the

phot or esi st0t akes pl ace. Thustamaer doreptddieinmngpt halt discaddiharentarized
exposure stgpthat s4m saagRrofasdbddd @btdined By 1Rfigd the/mthsd ralccaﬂdjir.l% to.,
e ow

wavel engt h_of £ 200]= 328 is required for effecting a control
in order tB8"bNgi Af #e claipyl-o?- | ess round, flown-out resist structures.

10 f ITLAIVG Ad..optical ldis_c, characterigéddd eiamaw? aggtiehng ?
stanmper fop, C : t SC rising the ation of a
phot o(rg’esi s{h{’%%ggsl%%%pg?tmged %pksgﬁg g%%l Sfcﬁ@fegggﬁ%“[rﬂ?ﬁ&oo?ﬁﬁﬁei@ppl i ed
photoresist film wherein said structuring conprises the successive
exposure, devel opnent and heating of said photoresist film wherein
t he devel oped photoresist filmis subj ected to an additi onal
exposure step in the deep UV range prior to the final heat

treatnment, characterized in that the effective dose of said 10
addi ti onal exposure step ranges between 4.10[err] and 5.10[err] J/cnferr]

with a- wavel engt h of 200 - 320 nm 2. A

met hod according to claim1, characterized in that the effective
dose of said additional exposure step ranges between 8. 10[err] and
1.2.10[err] Jd/cnferr]. 15 3. : A nmet hod according to
claiml1, characterized in that t he exposure tine of said additional
exposure step ranges between | and 125 seconds. 4.

A met hod according to clains" 2 - 3, characterized in that the
exposure time of said additional exposure step ranges between 20 2 and
30 seconds. 5. A met hod according to any one of the
claims 1 - 4, characterized in that said additional exposure step is

carried out in the

vy
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range of 240 - 260 nm 6. <0 O b Af?efho& accordi ng_|t}bCa_'glyq
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(57) Abstract

The invention relates to a method of manufacturing a stamper for producing optical discs, comprising the application of a photoresist
to a stamper plate and the structuring of the applied photoresist film, wherein said structuring comprises the successive exposer, development
and heating of said photoresist film, wherein the developed photoresist film is subjected to an additional exposure step in the deep UV
range prior to the final heat treatment. The effective dose of said additional exposure step ranges between 4.10-4 and 5.10-2 J/cm2. The
invention furthermore relates to a stamper and to an optical disc obtained by means of such a stamper.




