1 Device and method for drying a photomask BACKGROUND OF THE INVENTION The
present invention pertains to a photomask drying device used especially in the manufacture of
submicron-sized microelectronic components. It can furthermore be 5 extended to the method for
drying the photomask. The micromachining of semi-conductor substrates, especially made of
silicon, is currently being done by a plasma-etching techniques used to etch a pattern transferred to
the substrate from a photomask by a lithography method. A photomask is equivalent to a negative in
photography: it contains a piece of information to be printed on a 10 medium. The pollution in the
active zone of the photomask has a Dieiceeffecinethtitefomayenganibdtomdble substrate in that a defect
is printed. Moreover, the semiconductor industry is seeking to reduce the size of the recorded
image in order to obtain ever smaller, increasingly integratable and ever less costly electronic
components. With the dielSiH-OH BRdiEm : Rg'smaller, the 15 requirements in terms of
pollution are becoming increasingly stringent. In order to enable the etching of patterns with

dimensions smaller tham, 109, i VEAUEIF PEHARL T HIRAARIY WSFIES AANGLORS 138 IR the

prior-art technique to 13.5nm in the more recent technique known as the EUV (extreme ultra-violet)
technique. The PRITGMAERIY i EHBIS Ot ZEH SANFEIRICEB AeXOBIBRMSHIS it (s Tt B Gkt Bean
and operat®nabx20dsdieteaheftitsl foaaufme e, ghetghatamask is cleaned. For a photomask used in
classic techniques, a film is th ied to the ph ;Efﬂﬁk i p its active f from_any
particles. The final cleaﬁnégrﬁcgrgrﬁsg o'ﬁg]%ogl Sﬁf%‘r%%?‘ |um(.)rl%ﬁ)cr)%vﬁgﬁté%t’hégé%a}l%ﬁligﬁ] gt%/%?ﬁ%ﬁ%%%tgmask

has to be carefGHifeiHbdoRIte doN Wimplasanatetekiog éachnigyssrosertariaty Paden itasssesblying
heat at very high ingBesatkest@htaeAsien2R B)-20Gbabhumidinds ApralyreiorinatedivEksds a
mode of drying that acts essentia!}la on t% surface, .  An EUV Pho}omatsk d?si ned 1o bda used in
the EUV techniffué A& Ro iR O3t e Brmddes§ & hltiagered Otﬁ)ee BitEckhg?
formed bylOeryrfindilayeihefaiffgientmiie daly VioBg Thlehadepesicbosneadiieatteffratenttbannot

be exposed to g3QlemRREAHIRIN QYSERRCIRHR: A IRMREIalHS¥v@riation of more than 10C on its
active surface because an excessively high temperature or excessively steep temperature 2 3radient

would lead to an excesMIE0 ealExpaMSEABCEEr USRS SREHAE BUFPMRRRAR RlidiRereby
deteriorate.  reddrdesfficiageyirobtber doywigdm gare rsitplEsséssedddyindasygraighibeaad eanflesntact

0 of a drop of ligyie PRINGSHERGHBOIRLAIRMARKAMEARA dROBIERAIA oot é”gfg%ﬁf&‘fuquad

spreads out until an equilibrium of forces Is attained between Ifferent phases présent
and vapor}® ThéSRERBIRHT D ERSH RRILEUNRIEPRIORIBS ANEPARNANGIE B RBnIAQHEgiRpNBYIe

Young's equatigq etching of patterns with dimensions smaller than 100nm, the wavelength of the

lithography laser has gone from 193nm in the prior-art technique to 13.5nm in the more
recent technique known as the EUV (extreme ultra-violet) technique. The photomask is
therefore a vital, costly and complex element that has to be kept clean and operational.

20 At the end of its manufacture, the photomask is cleaned. For a photomask used
in classic techniques, a film is then applied to the photomask in order to protect its active
face from any particles. The final cleaning step is done in a wet medium. Following the
cleaning step, the photomask has to be carefully dried in order to eliminate all residues of
adsorbed humidity. Today, it is by applying heat at very high temperatures (of the order

25  80-90°C) that humidity is usually eliminated. This is a mode of drying that acts essentially
on the surface.

An EUV photomask designed to be used in the EUV technique carries no film. It
is a flat element formed by a “multilayered” type of stacking formed by very fine layers of
different materials (MoSi, TaN etc) deposited on a quartz base. It cannot be exposed to a

30 temperature of over 60°C or to a temperature variation of more than 10°C on its active

surface because an excessively high temperature or excessively steep temperature



Ysy = yLy cos 0 + YSL wherein:ysy is the interfacial tension between solid and vapor, 10yLv is the
interfacial tension between liquid and vapor, ya is the interfacial tension between solid and liquid, and
0 is the value of the angle of contact between a drop of liquid and the surface of the photomask. The
hydrophilic or hydrophobic character of the surface of aphotomask 15depends on the material that
constitutes it, and is measured by the angle of contact 0. Once the surface of the photomask is truly
dry, it becomes hydrophobic, the spread of the drop is limited and the angle of contact is big. In order

that the surfaceypicfephoionnaskanay be ersidreay pcbe sxifiaigoiohydrephadierdhamngle efspntact
0 must be great rﬂh SEkS fourlé:rhrgmkl)lgra]é 5 for quartz 60 for ruthenium and 70 for tantalum 20nitride.

Now, the methddS hat tse eatlngr,e erl‘t]‘ne ones currently used, cannot achieve this degree of

efficiency while remainifigeaefiigieeentef téepyindriss generaiin asrasged thyimgerstfndateyangmefhod
that meets bOt'};Hﬁ%‘aﬁPa%faArﬁ%o\’c?@tﬁ Lia BipRINRRetospask HsslhAandihe GRIpS LRI Eiaiasha

already existing equipment and manuracturing conditions. However, the drying obtained by this
method 25musBBElSYifang- éff?@éerﬂdér%%ﬁ%%?@%i@%ﬂﬁé??{ﬁ%& SRRRECR R BRAHEER The
drying step mushaeab\a@sbnmggehmqmdraamg/&puqluma od| Hierlshiy photesnask seitditetcraiciogsits

deterioration, e%ﬁgﬁ% é’_%ﬁec%yggng)é (*Ir?a%sgﬁv %R%He:le é’\ff&lﬂ%t disturbing the manufacturing

process. Thus otomas |n a maximum time of 20 minutes. This
corresponds to the time available in the 3Omanufacﬂsmﬁ@ﬂ(m6 At'tBe end of the drying step, the EUV

photomask shoyhRg.at a tem r@%%t%&%ﬁ%ﬁ&?&f@eﬁ%ohd ankd \;d%cfo an aim of the present

invention to propose a method for drying an EUV photomask that is to be used in the EUV technique,

is film-freeland for which the din§ teeripiedagial FrnsPRbesxeerdpitand vapor,
G is the interfacial tension between solid and liquid, and
g is the value of the angle of contact between a drop of liquid and the
surface of the photomask.

The hydrophilic or hydrophobic character of the surface of a photomask

15  depends on the material that constitutes it, and is measured by the angle of contact q.
Once the surface of the photomask is truly dry, it becomes hydrophobic, the spread of
the drop is limited and the angle of contact is big. In order that the surface of a
photomask may be considered to be sufficiently hydrophobic, the angle of contact g must
be greater than 55° for chromium, 25° for quartz, 60° for ruthenium and 70° for tantalum

20 nitride. Now, the methods that use heating, such as the ones currently used, cannot
achieve this degree of efficiency while remaining at moderate temperatures.

The need is being felt for a drying method that meets both the constraints
related to the EUV photomask itself and the constraints related to already existing
equipment and manufacturing conditions. However, the drying obtained by this method

25 must be equally efficient or even more efficient than that obtained by known methods.
The drying step must enable a homogenous drying in volume of the EUV photomask
without causing its deterioration, especially because of the temperature, and without
disturbing the manufacturing process. Thus, the EUV photomask has to be dried within a
maximum time of 20 minutes. This corresponds to the time available in the

30 manufacturing flow. At the end of the drying step, the EUV photomask should be at a
temperature of the order of 30°C to 35°C.

It is also an aim of the present invention to propose a method for drying an EUV
photomask that is to be used in the EUV technique, is film-free, and for which the drying

temperature must not exceed 60°C.



It is yet another aim of the invention to propose a device for ensuring the homogeneity of the
temperature throughout the surface of the EUV photomask. Indeed, the temperature has to be
controlled with high precision because the temperature on the surface of the EUV photomask should
be kept constant and uniform with a maximum 5variatios of 5C throughout the duration of the drying
step. SUMMARY OF THE INVENTION The object of the present invention is a device for drying a
photomask comprising: a sealed chamber containing at least one photomask, 10- a pumping unit to
set up and maintain vaguyJeysiithea sl aamBany e GO ROPriRb YacariwvicaTas kiaarg wihin said
chamber, infrajed radiatgn means placed win said ehamber, 2 svelem orinlectind,ons.inig said
chamber. isfraRd FadiasH e a Y co?nprlse aplurality of I rarell Tadianon sourees
15distributed intkegrneepaitiidias hogphant dfethavithbioniskisipsittasaaihthtenherdistaretiiom the
photomask to tag{R-Eastiafion UNeans dsaesBYItS: RipionaLIR Rl BirorhypRieinRyisiie distance

between the plane containing the infrared radiation sources and the photomask and d is the distance

between the cefRERSIRS o Wl RERIbB G IYERR Shs AN Sdurces, and the gas-injection
system comprises a pl8aliWaiRaOnjBdto i diStiTidated in a plane parallel to the plane of the

photomask in such a way that e nieeiais I ahA00 LiHmna! BYarANss phauhiagcenter point of
the photomask. Preferably, the infrared radiation sources are placedso as to send infrared
radiation perpefefitefigMiPto the active surface of the photomask.

- asealed chamber containing at least one photomask,

10 - apumping unit to set up and maintain vacuum within said chamber,
- asupport for the photomask placed within said chamber,
- infrared radiation means placed within said chamber,
- asystem for injecting gas into said chamber.
The infrared radiation means comprise a plurality of infrared radiation sources

15 distributed in a plane parallel to the plane of the photomask in such a way that the

distance from the photomask to the IR radiation means is given by the relationship:
D=15xd
wherein D is the distance between the plane containing the infrared radiation sources
and the photomask and d is the distance between the center points of two neighboring

20 infrared radiation sources, and the gas-injection system comprises a plurality of gas
injectors distributed in a plane parallel to the plane of the photomask in such a way that
the injectors follow a 90° rotational invariance about the center point of the photomask.

Preferably, the infrared radiation sources are placed so as to send infrared
radiation perpendicularly to the active surface of the photomask.

25 According to a first embodiment, the drying device comprises at least three
infrared radiation sources aligned so that two IR radiation sources are placed
respectively on either side of the photomask and one infrared radiation source at least is
placed at the center of the photomask.

The diameter of the gas-injection orifice, placed so as to be facing the center of

30 the photomask, is for example greater than the diameter of the other orifices.

According to a second embodiment, the drying device includes temperature-
measuring means provided with pyrometers, placed so as to measure the temperature

on the edge of the photomask.



25According to a first embodiment, the drying device comprises at least three infrared radiation
sources aligned so that two IR radiation sources are placed respectively on either side of the
photomask and one infrared radiation source at least is placed at the center of the photomask. The
diameter of the gas-injection orifice, placed so as to be #acing the center of 30the photomask, is for
example greater than the diameter of the other orifices. According to a second embodiment, the
drying device includes temperature-measuring means provided with pyrometers, placed so as to

measure the temperatuse&iiding eslgardidieenpbaigetasthedirying AevREdENSH S EdappoRdsmeRt, the
drying device cgmogt)(glr%es a smrJTPg)ort of therPS}}%trorrg(‘;iesl\l}r?O[aanJISIn% means for receiving and positioning

the photomask, compr‘fi‘s%aoa IS oed e suspende ST R ahlg}ﬁg‘gﬁ AGRO! qri'rsllcj] Pa

fourth embodinfienceH érdeeicosamgrit msidmiorcsetietsohrenbsensors. According to a fifth

embodiment, the dryingadeyighgaBRiSESRESRS JAITBRASHANEJUESSLEM JRSBREIAHHR AN distance
and a control and command device capable of receiving information from the means for measuring

pressure, BmperaiNé-and distance and capable of driving the infrared radiation means and the
gas-injection 10systemAcarflimgtion af fifte iefoboditremtedevedying dévictheompjestsorariavemtion

is a method for dryingapholamask Rymeansotiie ARANGANEINY Jevirtof URR" ISNehiDR AR

steps: the photomask is positioned in a sealed chamber at atmospheric pressure, the photomask
is heated to a fERRARIPNPleFaEEHENSh AP HAPAIBEL 6B 0EE TBeANRiPHFRRTHES BERSHH T fifEBEEIRYe
chamber by theaparogtagceuand ttepgaisest thaving aidaiisgrdbaaatohenisake pirat tbwv gresseta@nd at

the fixed t%npeg%tg% @sr gfﬂ)ﬁ%ﬁlo%ugfaﬁlu%thormation received.
Another object of the invention is a method for drying a photomask by means of
the above drying device, comprising the following steps:
the photomask is positioned in a sealed chamber at atmospheric pressure,
the photomask is heated to a fixed temperature equal at most to 60°C,
15 - a low pressure is set up in the sealed chamber by the pumping out of the
gases that it contains,
the chamber is kept at low pressure and at the fixed temperature for a fixed
duration,
the heating of the photomask is stopped,
20 - atmospheric pressure is restored in the chamber by injection of a neutral
gas, and
- it is ascertained that the temperature of the photomask is about 30°-35°C
before the photomask is extracted from the chamber.
According to one variant, the positioning of the photomask is verified by means
25 of at least three remote ultrasonic sensors.
Naturally, the drying device and method according to the invention can also be
used to dry photomasks used in classic techniques, before application of the film.
BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention shall appear from the

30 following description of one embodiment, given naturally by way of a non-exhaustive,
illustratory example, and from the appended drawings of which:
- Figure 1 is a schematic view of the different means included in the device for

drying an EUV photomask,



the heating of the photomask is stopped, 20- atmospheric pressure is restored in the chamber by
injection of a neutral gas, and it is ascertained that the temperature of the photomask is about 30-35C
before the photomask is extracted from the chamber. According to one variant, the positioning
of the photomask is verified by means 250f at least threg remote ultrasonic sensors. Naturally,
the drying device and method according to the invention can also be used to dry photomasks used in
classic techniques, before application of the film. BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantagreobthe aresaihiivepdesnshadhngpeaigomethpsiiballoiving feseagtion
of one embodiment, given nec\ltlu aIII.ySinwas}/rgr ryn-g@ggﬂ{re iIIustratl?ry example, and from the
Iew 0

appended drawings of which’ %uré) "5§% s&]“e/n?éflc view %hgﬁwg?eht means included in the

device for drying an EUV grotsendsiioBsRipurp@ind acsitemeitio®sadaiioneanitietving thieeipositdn of
the infrared radiation sourcggitgigtivebifedbedad ViRboteRiadhy Figiagon ShovkR e shatipbpesifpn of

the radiation emitted by the infrared radiation sources and the resulting radiation received bé/ the EUV
5photomask: the radiation BOHARAHNS G BRIBNPERHEW/BAE SRR A EETSRATIMA 8RB m the

center of the EUV photomasik imidimetecftbm ¥raxdsnter of the EUV photomask is given on the x-axis,
- Figure 4 is a view of the distribution of temperature on the surface of a
photomask after the photomask has received the radiation resulting from the
infrared radiation sources,
10 - Figure 5 is a schematic top view showing the position of the gas injectors
relatively to the EUV photomask,
- Figure 6 is a view in perspective of the circulation of the gas injected by the
gas-injection system,
- Figure 7 shows an embodiment of a means for receiving and positioning the
15 EUV photomask, and
- Figure 8 shows the progress of the value of the angle of contact of a drop of
liquid on the surface of the EUV photomask as and when the cleaning of this
mask progresses: the angle of contact g is given on the y-axis and the
progress of the cleaning operations is given on the x-axis.
20 MORE DETAILED DESCRIPTION

The device 1 used to dry an EUV photomask is represented schematically in

figure 1. The device 1 is to be integrated into a photomask cleaning apparatus.
The device 1 has a sealed chamber 2 capable of receiving an EUV photomask,
a pumping unit 3 comprising for example a primary pump 5 and a secondary pump 4,

25 infrared radiation means comprising a plurality of infrared radiation sources 6 placed in
the lower part of the chamber 2, pressure sensors 7, remote ultrasonic sensors 8 placed
in the upper part of the chamber 2 and at least one pyrometer 9, a gas-injection system
comprising a gas-injection line, a blow-off value or pressure-relief valve to prevent a rise
in pressure in the chamber 2, and a photomask support 12.

30 The temperature of the EUV photomask is controlled during the drying step by
means of at least one pyrometer 9 aimed at the edge of the photomask 13, preferably as
close as possible to the center. To finalize the system for controlling and periodically
checking the pyrometer, a calibration curve is plotted for the full range of temperatures.

The mean temperature of the EUV photomask is computed from the data given by a



Figure 4 is a view of the distribution of temperature on the surface of a photomask after the photomask
has received the radiation resulting from the infrared radiation sources, 10- Figure 5 is a schematic top
view showing the position of the gas injectors relatively to the EUV photomask, Figure 6 is a view in
perspective of the circulation of the gas injected by the gas-injection system, Figure 7 shows an
embodiment of a means for receiving and positioning the 15EUV photomask, and Figure 8 shows the
progress of the value of the angle of contact of a drop of liquid on the surface of the EUV photomask

as and when theglgaping eéihpe Ak ROPESSesciarByJIg oleantarid eaives andhsuyraxishand
the progress of the cle?ningto %raetiqns .istsqi\?etn on the x-%ﬁé% 0] I% DETRAILED DESCRIPTION
schemati

The device 1 ué%’H%r%rL;‘f%n p di8Mas |sereS|rL)jrreasCeen e %éﬂwa}r% figure 1. The device 1 is

to be integrated into a ReITGicask aseaif g rgpardtpseierably Harefeiceumhes areazstiateinibéhe
capable of recaiyjiRg Hark BV RBOLHAABKr aTHETHRINGHH NIIt3CBRPRRSOIRr §XRRMIEra RENARHERP 5

and a secondary pump 4, 25 infrared radiation means comprising a pluraljty of infrared radiation
Sources 6 flaclf MGHR FOR8: Batk DiHRTEIRASK: b HeSEURALARDI 91 ot aiadsiac SBibrs 8
placed_ i_n the upﬂie_&goa'rq; eét_isershhanbelseohnd:latde!ashenhermdﬁru@tehgtoangabha;@bﬁqn 'rsr_ysiémed _
comprising a g35dniREHRRIRE: 2 BIWHAT Y e R RIEFR R Igh Y SRR VB AL B RRitbRFRSRHre in

the chamber 2, and a photomask support 12. 30The temperature of the EUV photomask is controlled
during the dryiff&stEpBYPFheanSORER Y sPSNECEPFEm S FARRRIMh e R HHanePprbforkadk 13,

preferably as cloiset@agaussible to the center. To finalize the system for controlling and periodically
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sensors, preferBfjoapaskst hiife IB8ARNE, CHEASRRIMY BEafBRD drHAIRS dRipfGe ROvEIeE Bithaé aifface
of the EUV phoi¥nesd- and whose number, mutual spacing and distance from the photomask 13 have

been chosen in such a way that the heating is appreciably uniform on the surface of the
photomask 13 as shown in figures 2 and 3.
15 The infrared radiation sources 6 are placed in the lower part of the chamber 2
on the active face side of the EUV photomask 13, in a plane parallel to the surface of the
EUV photomask 13 so as to send the infrared radiation perpendicularly directly on to the
active face of the EUV photomasks 13. The infrared radiation sources 6 are at least three
in number. Two of them 6a are positioned towards the ends of the chamber, so that they
20 are placed on either side of the photomask 13. The other source or sources of infrared
radiation 6b are positioned at the center of the chamber so as to correspond
substantially to the center of the photomasks 13. In this example, the three infrared
radiation sources 6 are away from one another by a distance d which is equal to 83mm.
The radiation sources 6a, 6b are positioned in a plane that is distant from the surface of
25 the photomask 13 by a distance D which herein is equal to: D = 1.5 X d, giving 125mm.
This positioning makes it possible to have an overlapping of the radiant spectra
of all the infrared lamps 6, thus favoring a uniform heating throughout the surface of the
photomask 13. Figure 3 shows the value of the radiation R in W/mmz as a function of the
distance L in millimeters from the center of the photomask 13. The infrared radiation
30 sources placed on either side of the photomask emit a radiation 20 and 21 respectively
and the infrared radiation source positioned between them, at the center, sends out a
radiation 22. The addition of these radiation values 20, 21 and 22 results in a radiation
23. The figure shows the position of a photomask 13 (shown in dashes), with a side

measuring 2L = 150mm, receiving the resultant radiation 23. The center of the



Remote ultrasonic sensors 8, preferably three in number, are positioned in the lower part of the
chamber. The remote ultrasonic sensors 8 measure the distance 5 between them and the photomask
13 at several points of its surface. The remote ultrasonic sensors 8 are used to detect whether an EUV
photomask has been introduced into the chamber 2, determine the size of this mask and validate its
correct positioning in the chamber 2, especially as regards the horizontality, or attitude, of the EUV
photomask. 10Infrared radiation sources 6, such as infrared lamps, are used to dry the EUV

photomasks. ThadmmationTRoasas fyirxamplenafia e samriian saneeen @ baiplesidenpesiiend
whose number, mutual spacing and_distance from the photomask 13 have been chosen in such a way
it the homtng T BS bafors dh iR S e o e BEot et Y B Bt e e
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send the infrared radiation per endicularlg direc,tl¥r_on to the active face of the EUV photomasks 13.
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source or sourGes, of infrared Jadiation6R.ate BPRIGNcAM 48R PEUSidFCNABATRSQAS 1Pthis

correspond substantially tothe center of the photomasks 13. In this example, the three infrared

radiation sourcE3HTRIE §RhEJHPBRENSRCPhEP BT EBfcEURHIAIERIY efiaNee B MR, arRan@diation
sources 6a, 6b taee qeosdiariatd pagqubanesheadaisislisppné Sraply thetsufieae Bie25tfipHehateormskvliddpy a
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uniform heatind 1PiM6YghJd0e REasgRBES IR tHe HHErRAdaRIAmTFIgUFees Srsteivehs (R1le RaieRskiation

R in W/mm2 as18 finsiianaheestistogesibrindnithenetersctamtteeptemplek ihdbelerapsivik3i dhe
infrared radiaticig 3%sources plaﬁed on either sideg};the hotomask emit a radiation 20 and 21

respectively an AR APl AL %Sﬁtg’&ﬁ%@%s‘?{i ) een them, at the center, sends out a
radiation 22. T_h_e additiellearfrt@mmamﬁmhaah@umeﬂ@d zmwmmmlmmwwm@n ®Jprebsufigure
shows thelQOS'BQMf&rﬂ@?ﬁﬂ@%%ré?s(ﬁ@%%‘%ﬂ%stﬁﬁﬁ)e"ﬁﬂ'ﬂiﬁwﬁi @fﬁdﬁ%@?&( 00Atoe 1P 8% Me of

receiving the resultant radiation The center of the 7 photomask 13 is at the point L' = 0 and the

photomask 13 therefers 85d%hiaRae. RisabRaeine-gasssPresent s eamaeréddn writ diisefface
of the photomagikadthusereceixes ar@diation ddciveges! mioraaityassapstanisly inpsaxsdufioer
example as compayed wiih e ragliation ecelved fan Ine single sourag o placed s ihe Gemiel, S
Figure 4 illustrales an examp & OPdiEtribUtion of the emperature Shtained Sn'the sunface of the
photomask 13. datoliakegerthef shpshatlgatianigurationh O emseshdt@En BIRbaskment s rieigas-
gradient ajghe pgiagisd fawphriomaskkdiisgnepligins- 4t raecheseeniyibisaampiadhatdien or
distribution of t eratyre i su%stantial% beII-s}Bapﬁd Véith Z zone at thedcenter of tfl/e hotomask that
s appreciably HSUUPYHACHL BAIBHEPET DAY IIRIERTEHR e SRR ARt 9ot Bl tne
zones at the edgeeobtir®ptotonihskatByé davevef, tine phiogesiedBofTthe gHsareectadiaistesol@es 6
relatively to the BagiRgaask e e IRMASRIL SO e Slasmeliliche amash bRt

acceptable, i.e. less than 10C on the active surface of the mask. Heating the photomask by infrared
radiation mean8" AN SRiMSHIB pre%iat 115 BURIP SRR R PeseiRions! iuaiRnet fRout
pumping @Bit 3 afpoiexaoiptélprpssira pbilteamidgrtiod t6rtemifale, gnaouragesInchgases@raskriin the
material to get diffus the_surf epce ages.the. de- | f terials
under vacuum.Fy_rh% §?qy'|#1?§v L?&ﬁtﬁthgersé%eﬁgé:laa IesghgrEn?)ggﬁgﬁﬁ' gﬁ%gﬁﬁ‘ﬁgﬁ@n V\%{%om%i% n‘)ﬂ? @
deterioration of 8RR thrfisi2NdigaresELaiiel fEpfedtnpamendisotfmisoX tieapasY-20 RjaeHion
system 10 comypiiising aheldenity of tRicptn@as gaantotexamale pitiegsiesrdnelisng, giaaackia the

upper part of the cl ambae)[ezS 0,88, t% %Qpl A %eam of gas on to the fa&ce %osposite to %]e active face of

the photomask k} ggas-lnjectléln system 6%55Hse%55’6 Ura it%l/'so ré%s i%fgc‘?gtrjg 0" didebuted in

a plane pafalletes the gRnvrofdhe photomask £3hsoh angads thadthieninfdwt oo tiotievelatigese
rotational invarigeee @0yt d.. ds and d, on the axes X-X' and Y-Y' are equidistant.

Once the infrared radiation means have been stopped and the pumping unit 23
isolated in the chamber 2, the photomask 13 gets cooled down by radiative and

convective exchange between the external surfaces and its environment. Gas is then



25 a point coinciding with a point facing the center of the photomask 13. The photomask 13 is a
square with a side measuring 2L = 150mm. The injectors 30 are placed at a distance di, d2, and d3
respectively from the perpendicular axes X-X' and Y-Y', passing through the center of the photomask
13 and the middle of its sides and at a distance c14 on these axes X-X' and V-V'. In the present case,
these distances are equal for example 30 to: di = 25 mm, d2 = 62,5 mm, d3 = 37,5 mm and d4 = 50
mm. The projections of these distances di, d2, d3 and d4 on the axes X-X'and Y-Y are equidistant.
Once the infraregntasiatiergircanscitay abeensiaieadang the potpiByURIiced iSshateddn Hiecan
chamber 2, the,photomask £3,gets cagled dawin by radiaive. angrconvective exchange bejweap the
external surfaces and its eMAroRmMent Gas 18 Hen 8 Len aby the gas injéc?ors fg& thus accel’eraﬁng
the cooling by feacayles Bveawemastcdiiscossdnentfitide Bakpaatensisigiene chreldanantos tsfagected
gas. However, fiepaiicstahaskangensentiohths0as thicepipunakasuiorasaitiaifirgasiawndhe
surface of the photomask 13 as a function of the temperature distribution resulting from the 5 layout of

the infrared rad YRS ShUPELEIATE 1 HLALLBPHLESHH R REBERSHAMHR U3 HURYIOBET HHE gas
used (helium ogagiiopen)rg 8 treegasdi siesthedwaraisnitregmam) teets forfen fEhiblics tha sibBd shiba exitmds
symmetrically qf} the SHERRRCE 18 Rhteraskaedihenlisey alrpr LewallSoHD S RBMAS - aHe

layout of the injectors in the chamber facing the photomask is therefore complementary to the layout of
the infrared radiB@RAISed alantdiayalimplelisafdasiugle "Hef-ByaHEa¥ R Fussien RidhsothRnbee. in
cooling the centetiag tihe photomaskitothegeaatecenisioindas, thehsjesioon of gesitinged eddiatentuate
the tempeyatur ient pr on the surface of the phot t it at.less than. n the
aotive suribce SPHe B e e P D Bt N T A o R ask
it can 15 furthei@hée B hrRmriamasthéodrraeaaient extedashnectibn dnrcigRaceda® €aap Het

facing the centereéihfRhewreagemillegaiariar jharibetingnaigned brarihpotoiagtiem@riiegs For

example, the diamTter qr:ith?h -inj%ction.orificeﬁ)lac SO %s to be fai ing the center of the
photomask is aHELIS IR tHe widh ?ef?‘%qvt%éu& 5 ] Gt og%mgglé. here are thus for example 17
gas injectors 30 available fértheeedicrfeatadteathiationgd0goatcie 6¢center Ohdhempluetim@skofithean

support 12:0f the plaginask pldhfedriing HEVicanRMBII#IBG TEARHBh '6RXINGARY QoaligNing the

photomask 13, is shown in figures 6 and 7. These means include a pieced frame 40, with a size

. g . .
matching the siAs'Bg (€ FRBEIALIE PRRATEASY Wl RS SEeal, BaBBR RMEIRTATHE QYARhBEF Y four
columns 25 4lorflvesnfrareckaagtieticmesdie ncete Gafide iarsingetiade tanfiaedsidbedastives frackeofaitiegE UV

photomask 13 YWEhQéH_t@PXLQRétBRl%%@E_@%‘lz&}grhf}é’?ﬁ%egﬁg@?@q rerF S S BIRLE i ABR AR

receiving and positioning the photomask, in t rm o rame, encourage the cooling of the
photomask by rHMfERIVE @fRHEINRIRBRIKchaNge dHaciank B\ tPdRBIR ey BEpRIRtiRIed Jadiaken
achieve fulb corgsakeaes the homogeneity of the 30cooling. The columns 41 are fixed firstly to the

upper part of the chamber 2 and secondly.tg the four corpers of the frame 40. Fqur pins 42 borne by
{he frame 40 have the HE O BT TEIah T SBRE s B oA o Yl RIS
42 consist of twkPPafising firsapaifon reelying it estadie dirgdihkemaskel drisshawit eAavlsobihe

frame 9 40 to %@%W@Qwﬁ%@ ﬁ%@d’@ &’%ﬁ%é@@ﬁ@ﬁ‘@iﬁ@ﬂ%ﬁﬁFW%iE%Cﬁf&tti@rﬂr{@bﬁe rg@geo@ftg&qld for
example, on which the phgtom %ﬁ 13 will rest. Should the cgnn ctlo%%)agt 42a be g;(afde of ceramic,
the tabs 42b arBh(%WHégFeﬁé!@ gFIUKR SFTRN G RIS S AVER R A SBRIRG shid¥ol P ROL4eS

dischargeZts staficélednficitgdhechaiss) sowmgstiberthyithystresliate towards the active face of the EUV
photomask 13 without any obstacle to the radiation by the frame 40. Furthermore, the

means for receiving and positioning the photomask, in the form of a pierced frame,

encourage the cooling of the photomask by radiative and convective exchange and limit

heat transfer by conduction so as to achieve full control over the homogeneity of the

30 cooling.

The columns 41 are fixed firstly to the upper part of the chamber 2 and secondly

to the four corners of the frame 40. Four pins 42 borne by the frame 40 have the function

of receiving and accurately positioning the photomask 13. These pins 42 consist of two

parts: a first part 42a, for example made of stainless steel or ceramic, enabling the frame



5photomask 13 gets electrostatically charged. If necessary, the drying device may comprise
several supports, each provided with a differently sized pierced frame, laid out in such a way that the
smallest-sized frame will be placed on top. Furthermore, a control and command device receives
information from the 10 means for measuring pressure9temperature and distance and deduces
instructions therefrom to make the infrared radiation means and the gas-injection system operate as a
function of the information received. The control and command device is also capable of

communicating4gits e eiprR@eds dciesataad R Maskisang ofithihe copwifaansakipadransiers
between the cleaping equipment angihe prolmasicdoing devdee o hecleaning methed 4,

comprises adr%lg ep inc Blﬁa‘lh%q%hi‘% owing operations: photomas iS conveyed from the

cleaning apparfgiageofiberamignibertainsf4fe aigieenaediee o Biearobd aitithaepuxitslthe as to
photomasks 13:aadRamigire@irasker4% JReHERGSIRS Matkecrears Be@a@?@,%w?&e&ma?the

positioning of th hotor%ask 13 by means of the 20 repote ultrasonic sensors erein three sensors
|

for examplg. If AL IHRESE reh SR %%SER}'?R iS5 sensors 8 are identical, the correct horizontal
positioning of the photomastessaslidatedrylie daviasurey valuprisasenestiregbpotte eachrplarnided
command deviggyTheReaig St BT RSRRETAPLEE R Eol B RIPHESROLIMAIRTRELA RS 25
measured in real time by means of the pyrometer 9. The uniformity of the heating of the photomasks is
ensured throughirRERAEEA1ONESANg which alternates between infrared source 6 lighting periods,
which could be for exarmpteheimessecandopeidddmoardaiinguisding pededssfoifexantiple freerserond

periods. Aﬁ).soorﬂe%%%h? P%%é%@lﬁ. ‘ﬁ éﬁr%@?ﬂée;té’}r%i%‘?@%?b@:égs‘? %o‘é{n%f ?%Hﬁéé% 00k

pumping unit 3 is putinto 30 operation to pump out the chamber 2. use of a primary pum';?%sand a
secondary punipeiEtndetedis feqiddrpmssadiadannmaams @ toth® B enbiRctiPheyeieshaasjala@sum

thus attained pepidegsoiebRtrOIFR st eespiiiomef dbarBhatRmasiniahd e rRBAtoAMRS Kabalise
maintained at a temperature, close totr(‘SOC for abouEt 10 minuteti‘. 1?}1@ a;l;Een '%w.it frgred ratﬁation
means are stoppe? B RN RPPAMRNE 19T eaig LssBhigiomarts ARl Wi %r‘ SCHShe
chamber 2 is theakinhisvesdehy hejpatemtiod aléavingfatrinretofza)ddhe panipieaskrayerg ddwdce.
gas-injectign system preferaplyakendbrdampfide uralinobivieratizg mg%wﬂ@égﬁadaﬁéeen

in figure 4 or else 5 constituted hy nozzles so as to prevent the generation of Earticles. e

gas-injection sy2feRRIPMASE I 20D\ THEYSAJISMAER TANO%ARPRELS; SR SBAEIAF ORI as
to provide for admpingdevioasl digtebuton wiitiedgps Stschm mrotheaskiace @f the pieotethfiaknd 310The

injected gas th%&?@ﬁs@?ﬂ&%%@%ﬂf and provides for the rise in pressure. Furthermore, the
layout of the infrared means and of the system for injecting a 10 gas stream makes the temperature

uniform on the active siYfaB8f thd"sH6tMER WRAECTPEpETdRF PhftefiRe bh Bemedle slifiRe
that is lessghaneliéie WieBdhie ReRIIEETERERDS AIrBOSHIRBEPIGSENEEiIe INjerlioneabnbingaR is
replaced by an injection of helium which is maqye efficient from the coqli oint of view. When the
tomperature of NS P A PR R B e oS M L e B
photomask 13 ohatbemagikhdrealidafiesn The cieasiied Xaifiedretien steiedontie eonjselange@nthand
photomask 13 @ (gach about 30C to 35C before the photomask 13 is extracted from the chamber, so
that the photomask 13 is at a temperature close to ambient temperature in order to Prevent the

re-adsorption of the gagé‘f 5\%@ ?ﬁ%ﬁ%ﬁﬁ%@@ﬁﬂ@%‘%ﬁﬁﬁ?ﬁ%|5*{Sl£’é°&%eéé 8&?“?9 ﬂ%oafab”iﬁ s
temperatute. 20kgavnec8 sheasttime dffiolenoy of the o EbidiTde loyithenitetidoedoeatraingf thehe

invention. The g]ﬁﬁéH{%Q?WESe‘HEH?SQcﬂﬂEﬁ@r@P%‘?th%Y%QS%W%%@H&?@@%&Q@HHW%@G

chromium 60 (Cr), quartz 61, ruthenium 62°(Ru) and tantalum nitride 63 (TaN) or silicon molybdenide
64 (MoSi). It is FRHEE tifat BN e B Sont4tED ARMLRE I Q& ABP Y 'S 96 Fs BT TRESsaAE order
of magnitude oeewejuisatter peaindkator example two-second periods. As soon as the photomask 13

reaches a fixed temperature below or equal to 60°C, the pumping unit 3 is put into
30 operation to pump out the chamber 2. The use of a primary pump 5 and a secondary
pump 4 connected in series boosts the vacuum up to 10 mbar. The secondary vacuum
thus attained provides for a more efficient desorption of the photomask 13. The

photomask 13 is maintained at a temperature close to 60°C for about 10 minutes.



25 measured with the cleaning operation 65 on all the materials tested. The angle of contact O
measured after the drying step 66 must be compared with the value of the contact angle 0 measured
before the drying step 67. Naturally, the present invention is not limited to the embodiments
described but can have many variants accessible to thage skilled in the art without any departure from
30the spirit of the invention. 11 CLAIMS 1.Device for drying a photomask comprising: a sealed
chamber (2) containing at least one photomask (13), a pumping unit (3) to set up and maintain

vacuum within said charpler (de, ipfrarstpaartd@)niekikeaph etoppaskdid tianad piithimeadot igenber
(2), infrared radjation means (6 d within said champer system (10) for injectin S into
oo chammer (UEMBe g SRR e R TR, AR 1S iy SR e
infrared radiati® 8dlowed (G tiRitdbStERr iexamid oipagahelToctibeplaiestiontestsotoieiesk(y 3akas

10such a way ti Bemflistancutam Beirpetorsask pb3kikhiedR adIRUOBR N SikuVE LRI IEE

relationship: D =1.5 xd wherein D is the distance between the plane containing the infrared radiation
sources aritl thE PRIIBIGAIY NRFUSE e FislARE W LHNE GG PhARATLwh ReigRBBIGAE

15infrared radiaystesoisrpes¢6)above the photomask 13 and enables injection at several points so as
to provide for a homogenous distribution of the gas stream on the surface of the
photomask 13. The injected gas thus cools the photomask 13 and provides for the rise in
pressure. Furthermore, the layout of the infrared means and of the system for injecting a

10 gas stream makes the temperature uniform on the active surface of the photomask with
a temperature difference on the active surface that is less than 10°C. When the pressure
reaches atmospheric pressure, the injection of nitrogen is replaced by an injection of
helium which is more efficient from the cooling point of view. When the temperature of
the photomask 13 reaches about 30°C to 35°C, the cooling is stopped and the

15 photomask 13 can be withdrawn from the chamber 2. There is a wait for the temperature
of the photomask 13 to reach about 30°C to 35°C before the photomask 13 is extracted
from the chamber, so that the photomask 13 is at a temperature close to ambient
temperature in order to prevent the re-adsorption of the gases present in the atmosphere
which could take place during the drop in temperature.

20 Figure 8 shows the efficiency of the drying obtained by the method according to
the invention. The measurements of the contact angle g have been made on surfaces
constituted by chromium 60 (Cr), quartz 61, ruthenium 62 (Ru) and tantalum nitride 63
(TaN) or silicon molybdenide 64 (MoSi). It is noted that the angle of contact g measured
after the drying step 66 is of the same order of magnitude or even better than that

25 measured with the cleaning operation 65 on all the materials tested. The angle of contact
g measured after the drying step 66 must be compared with the value of the contact
angle g measured before the drying step 67.

Naturally, the present invention is not limited to the embodiments described but
can have many variants accessible to those skilled in the art without any departure from

30 the spirit of the invention.



and in that the gas-injection system (10) comprises a plurality of gas injectors (30) distributed in a
plane parallel to the plane of the photomask (13) in such a way that the injectors (30) follow a 90
rotational invariance about the center point of the photomask (13). 202.Drying device according to
claim 1, wherein the infrared radiation sources (6) are placed so as to send infrared radiation
perpendicularly to the active surface of the photomask (13). 3. Drying device according to one of the
claims 1 and 2, comprising at least three infrared radiation sources (6) aligned so that two IR
radiation sources (6) are 25placed respectively on either side of the photomask (13) and one infrared
radiation source (6) at least is placed at th&_c&ﬂgr of the photomask (13). 4. Drying device according
to claim 3, wherein the diameter of the gas-mjection orifice, placed so as to be facing the center of the
photomask, is greater than the diameter of the other orifices. 12 5. Drying device according to one of

the claims 1 to 4, compvisin®iempryatpretdneagwongpmaans (9) provided with pyrometers, placed so
o1 the above daims, compASRE BRI (L0 TS e R o for recening
and positioning the photonfaBKINEOIE PGS tosietcedfnemeai (o yaspemndethinsiaie sharmiisataber (2).
7. Drying device according4@ i @f 12§ BPavepHelbRsaiOBy Nkt SRR shitpaRAibar(sors (8). 8.
Drying device according 10, one ol I A0 B Saat 8y S A e S Shber ),
- asystem (10) for injecting gas into said chamber (2),
characterized in that the infrared radiation means comprise a plurality of infrared
radiation sources (6) distributed in a plane parallel to the plane of the photomask (13) in
10  such a way that the distance from the photomask (13) to the IR radiation means is given
by the relationship:
D=15xd
wherein D is the distance between the plane containing the infrared radiation sources
and the photomask and d is the distance between the center points of two neighboring
15 infrared radiation sources (6),
and in that the gas-injection system (10) comprises a plurality of gas injectors (30)
distributed in a plane parallel to the plane of the photomask (13) in such a way that the
injectors (30) follow a 90° rotational invariance about the center point of the photomask

(13).

20 2. Drying device according to claim 1, wherein the infrared radiation sources (6) are
placed so as to send infrared radiation perpendicularly to the active surface of the
photomask (13).

3. Drying device according to one of the claims 1 and 2, comprising at least three
infrared radiation sources (6) aligned so that two IR radiation sources (6) are
25 placed respectively on either side of the photomask (13) and one infrared radiation

source (6) at least is placed at the center of the photomask (13).

4, Drying device according to claim 3, wherein the diameter of the gas-injection
orifice, placed so as to be facing the center of the photomask, is greater than the

diameter of the other orifices.



10 measuring pressure (7), temperature (9) and distance (8) and a control and command device
capable of receiving information from the means for measuring pressure (7), temperature (9) and
distance (8) and capable of making the infrared radiation means (6) and the gas-injection system (10,
30) operate as a function of the information received. 91Method for drying a photomask by means of a
drying device according to one of the above claims, comprising the following steps: the photomask
(13) is positioned in a sealed chamber (2) at atmospheric pressure, the photomask (13) is heated

to a fixed temperatunerpifiyalialiteosicte @iy, #0-oAdow [esskimés Babup, iddhpeante tealiimtere(2) by
the pumping out of the %gses that it co ms(j the ch bero(n{( IS kept at | w_pressure and at tte fixed
temperature for a fixE8F oAt %ﬁeshe tIPIr V' e p hoBHh &ré) i% s%opped afSé]tmr%esap Eric 1
pressure is restored iﬁnﬂlﬁer@hﬂm@@tﬂ@ﬁdg&me&tﬁ)ﬂmmh&w)@as and it is ascertained that the
temperature of the photomask (13) is about 30- 35C before the photomask (13) is extracted from the

chamber (2). 6.10. Mgthgdieacerdsrgrtingaile wheieinibepasitienagpiiegrhcigipesk igyefified
30by mear]as of at leé}ﬁtetgﬁg?orrr?e@Etaéﬁltcrgr%%rrlllsclnsgerrr]]%%rnss@o)r' receiving and positioning the photomask,

comprising a pierced frame (40) suspended inside said chamber (2).

7. Drying device according to one of the above claims, comprising remote ultrasonic

sensors (8).

8. Drying device according to one of the above claims, comprising means for

10 measuring pressure (7), temperature (9) and distance (8) and a control and
command device capable of receiving information from the means for measuring

pressure (7), temperature (9) and distance (8) and capable of making the infrared

radiation means (6) and the gas-injection system (10, 30) operate as a function of

the information received.

5 9. Method for drying a photomask by means of a drying device according to one of
the above claims, comprising the following steps:
the photomask (13) is positioned in a sealed chamber (2) at atmospheric
pressure,
the photomask (13) is heated to a fixed temperature equal at most to 60°C,
20 - alow pressure is set up in the sealed chamber (2) by the pumping out of the
gases that it contains,
the chamber (2) is kept at low pressure and at the fixed temperature for a
fixed duration,
the heating of the photomask (13) is stopped,
25 - atmospheric pressure is restored in the chamber (2) by injection of a neutral
gas, and
it is ascertained that the temperature of the photomask (13) is about 30°-

35°C before the photomask (13) is extracted from the chamber (2).

10. Method according to claim 9, wherein the positioning of the photomask is verified

30 by means of at least three remote ultrasonic sensors (8).





