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SPECIFICATION 
[TITLE OF INVENTION] 
METHOD OF MANUFACTURING A MASK BLANK SUBSTRATE, METHOD OF 
MANUFACTURING A MASK BLANK, AND METHOD OF MANUFACTURING A TRANSFER 
MASK   
[TECHNICAL FIELD] 
[ ０００１] 

This invention relates to a method of manufacturing  a mask 
blank substrate, a method of manufacturing a mask b lank using the 
mask blank substrate, and a method of manufacturing  a transfer mask 
using the mask blank, more particularly, to a metho d of 
manufacturing a mask blank substrate, a method of m anufacturing 
a mask blank, and a method of manufacturing a trans fer mask with 
fewer defects. 
[BACKGROUND] 
[ ０００２] 

Recently, there is an increasing need for reduction  in defects 
on a mask blank substrate, a mask blank, and a tran sfer mask, since 
a defect on a mask blank substrate or a transfer ma sk causes transfer 
defects during wafer exposure.  As a method for red ucing defects, 
wet etching of a mask blank substrate is known in w hich a mask blank 
substrate is etched with alkali before forming a th in film for 
forming a transfer pattern on the mask blank substr ate.  The wet 
etching, which is a type of chemical etching, is co nducted by 
wetting a surface of a glass substrate with an alka line solution 
by dip method, paddle method, etc.  In etching by m eans of paddle 
method, since fresh etching liquid is constantly su pplied to each 
one of the glass substrate, the surface of the glas s substrate can 
be kept clean, which is an advantage over dip metho d in view of 
cross contamination. 
[ ０００３] 

Publication 1 is cited as a technique employing pad dle 
etching.  Publication 1 discloses a method of paddl e etching a 
glass substrate surface using 5% NaOH aqueous solut ion at 65°C. 

As an example of applying paddle method in cases ot her than 
wet etching, Publication 2 describes a method of cl eaning a 
substrate.  Publication 2 describes an example of c leaning 
substrates such as a silicon wafer and a photomask.  
[PRIOR ART PUBLICATIONS] 
[PATENT PUBLICATIONS] 
[ ０００４] 
[Publication 1]  
Japanese Patent Application Publication 2005-221928   
[Publication 2] 
Japanese Patent Application Publication 2005-251806  
[SUMMARY OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 
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[ ０００５] 
As described in Publication 1, when etching is carr ied out 

with a heated etching liquid, etching rate becomes significantly 
higher compared to an etching liquid at room temper ature.  On the 
other hand, in cases where the temperature of the e tching liquid 
is higher than the temperature of a glass substrate , temperature 
of the etching liquid on the glass substrate become s higher at a 
point where the etching liquid is supplied (dropped ) and the 
temperature is lower at points farther therefrom.  Namely, in cases 
where the temperature of the substrate is lower tha n that of the 
etching liquid, etching temperature at the point wh ere the etching 
liquid is dropped is high, and the etching liquid t emperature is 
lower at points farther away from the point where t he liquid is 
dropped, causing low etching rate. 

A glass substrate for a mask blank is normally rect angular.  
Therefore, at the edge of the glass substrate, espe cially at the 
corner, heat is released from the side surface of t he glass 
substrate in addition to its main surface, so that the temperature 
of the substrate on that portion is likely to fall.   Further, since 
a glass material has low heat conductivity, heat do es not readily 
transfer to the region of lower temperature from ot her regions of 
the glass substrate, so that temperature distributi on is likely 
to occur on the glass substrate.  Therefore, when t he glass 
substrate is not under a heated condition during et ching process, 
a distribution may occur in lowering of the tempera ture (namely, 
temperature distribution occurs on the etching liqu id on the 
substrate). 

Generally, the higher the etching temperature, the faster 
the etching reaction proceeds, and the lower the et ching 
temperature, the slower the etching reaction occurs .  Therefore, 
when temperature distribution occurs on the etching  liquid on the 
substrate, progression of etching reaction, namely,  etching depth, 
differs on the substrate, causing distribution. 
[ ０００６] 

Wet etching is effective to remove foreign matters on a glass 
substrate surface by lift-off process.  Therefore, the action of 
removing foreign matters correlates to etching dept h.  To achieve 
sufficient removal of foreign matters throughout th e substrate, 
the entire region on the substrate should be etched  to a certain 
etching depth.  If distribution exists in etching t emperature on 
the substrate, since etching depth should be aligne d with a location 
with low etching temperature, namely, a location wh ere etching 
reaction is slow, an excess etching depth is create d at a location 
where etching temperature is high and etching react ion is fast.  
While etching is effective in removing foreign matt ers, it roughens 
the surface as etching reaction proceeds.  Namely, if there is a 
distribution in etching temperature, a difference i n surface 
texture (roughness) occurs between a region with lo w etching 
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temperature and slow etching rate, and a region wit h high etching 
temperature and fast etching reaction.  Further, wh en a location 
loaded with foreign matters is etched, a difference  in etching depth 
is created in the shadow portion of the foreign mat ters and the 
field, which may cause an apparent convex defect.  Namely, a 
problem occurs where a process for removing foreign  matter defect 
causes a defect associated with etching, which cann ot lead to 
reduction of defects in a mask blank substrate. 
[ ０００７] 

Further, since the etching reaction causes rougheni ng of the 
surface of the mask blank substrate, it is preferab le to minimize 
wet etching to minimize the increase of roughness o n the surface 
of the mask blank substrate.  Particularly, in the case of a mask 
blank substrate for EUV (Extreme Ultra Violet) lith ography, a 
multi-component low-thermal expansion glass is used  as a 
substrate.  In the case of a glass made of a multi- component 
material, since reactivity with an etching liquid d iffers in each 
of the components, roughness is likely to occur com pared to 
single-component synthetic quartz.  Therefore, it i s necessary to 
proceed with wet etching reaction in an in-plane un iform manner, 
and efficiently in a short time.  Greater roughness  on the surface 
of the mask blank substrate causes an increase in r oughness on a 
multilayer film formed on the surface of the mask b lank substrate.  
This roughness may change reflectance of the multil ayer film to 
cause reduction in efficiency as a reflective mask.   Further, more 
precise defect inspection sensitivity is required i n an EUV 
lithography mask blank, since phase defects in part icular cause 
significant problems, and there may be a problem wh ere an increase 
in roughness becomes a source of background noise c ausing reduction 
in defect inspection sensitivity. 
[ ０００８] 

In addition, in a spin table normally used in paddl e etching, 
an etching liquid supplied to the surface of the gl ass substrate 
moves to the rear side of the glass substrate so th at another 
cleaning step is required for the rear surface. 
[ ０００９] 

Publication 2 discloses a technique of cleaning a s ubstrate 
including the steps of supplying a cleaning liquid of normal 
temperature on a surface of the substrate of a sili con wafer, a 
photomask, etc., supplying pure water of normal tem perature on the 
rear surface, and thereafter supplying pure water o f high 
temperature. 

Since the technique described in Publication 2 is a  technique 
where the cleaning liquid dissolves or elutes forei gn matters for 
removal, the technique may not be able to remove st able inorganic 
particles such as polishing grain.  Therefore, part icles such as 
silica, alumina, and ceria attached to the surface of the glass 
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substrate, etc. may not be removed. 
Instead of not removing foreign matters such as the  above 

mentioned particles, the technique of Publication 2  does not cause 
the problem of roughness as stated above.  This is because of the 
premise that the cleaning liquid substantially has no etching 
action on the substrate.  Namely, there is no need to consider 
generation of roughness and in-plane distribution o f roughness, 
and it is sufficient if a certain foreign matter re moving effect 
is obtained on the entire surface of the substrate,  so that precise 
temperature control such as temperature distributio n on the 
substrate in the cleaning step is unnecessary.  The refore, even 
in a glass substrate with large heat capacity, a pr ocess that may 
cause temperature distribution on the glass substra te, which may 
elevate the temperature of pure water supplied to t he rear surface 
during cleaning step from room temperature to high temperature, 
can be selected.  

On the other hand, in removing foreign matters by w et etching, 
foreign matters firmly attached to the substrate su ch as inorganic 
compounds can also be removed.  However, to securel y remove such 
foreign matters, generation of roughness due to etc hing and 
roughness distribution caused by variation in etchi ng depth should 
be considered. 
[ ００１０] 

In view of the above, the object of this invention is to 
provide a method of manufacturing a mask blank subs trate, a method 
of manufacturing a mask blank, and a method of manu facturing a 
transfer mask that can inhibit generation of distri bution and 
variation in etching depth even if a heated wet etc hing liquid is 
used. 
[MEANS FOR SOLVING THE PROBLEM] 
[ ００１１] 

To solve the above problems, this invention has the  following 
structures. 
[ ００１２] 
(Structure 1)  
 A method of manufacturing a mask blank substrate c omprising 
a step for wet etching a mask blank substrate havin g two main 
surfaces consisting of first and second main surfac es by 
introducing an etching liquid to the first main sur face to cover 
the first main surface with the etching liquid, whe rein the step 
for wet etching is conducted under a condition wher e the etching 
liquid adjusted to a temperature higher than a norm al temperature 
is supplied to the first main surface, and a liquid  adjusted to 
a temperature higher than the normal temperature is  supplied to 
the second main surface. 
[ ００１３] 
(Structure 2) 
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A method of manufacturing a mask blank substrate ac cording 
to Structure 1, wherein the wet etching is conducte d by paddle 
etching.  
[ ００１４] 
(Structure 3) 

A method of manufacturing a mask blank substrate ac cording 
to Structure 1 or 2, wherein the wet etching compri ses at least 
one or more etchants, boiling point of the etchant being higher 
than a temperature of the etching liquid supplied t o the first main 
surface.  
[ ００１５] 
(Structure 4) 

A method of manufacturing a mask blank substrate ac cording 
to any one of Structure 1 to Structure 3, wherein s upplying the 
liquid adjusted to a temperature higher than the no rmal temperature 
to the second main surface is carried out prior to commencement 
of introduction of the etching liquid. 
[ ００１６] 
(Structure 5) 

A method of manufacturing a mask blank substrate ac cording 
to any one of Structure 1 to Structure 4, wherein t emperature 
difference of the wet etching liquid and the liquid  adjusted to 
a temperature higher than the normal temperature is  within ±10°C. 
[ ００１７] 
(Structure 6) 

A method of manufacturing a mask blank substrate ac cording 
to any one of Structure 1 to Structure 5, wherein t he liquid adjusted 
to a temperature higher than the normal temperature  supplied to 
the second main surface is flowed. 
[ ００１８] 
(Structure 7) 
 A method of manufacturing a mask blank substrate a ccording 
to any one of Structure 1 to Structure 6 comprising  a cleaning step 
using a cleaning liquid after the step for wet etch ing, 

wherein at least a certain time during the cleaning  step is 
conducted under a condition where the liquid adjust ed to a 
temperature higher than the normal temperature is s upplied to the 
second main surface. 
[ ００１９] 
(Structure 8) 

A method of manufacturing a mask blank substrate ac cording 
to any one of Structure 1 to Structure 7, wherein t he liquid adjusted 
to a temperature higher than the normal temperature  is an aqueous 
solution. 
[ ００２０] 
(Structure 9) 

A method of manufacturing a mask blank comprising a  step of 
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forming a transfer pattern thin film directly or vi a another layer 
on a first main surface of a mask blank substrate o btained from 
the method of manufacturing a mask blank substrate according to 
any one of Structure 1 to Structure 8. 
[ ００２１] 
(Structure 10) 
 A method of manufacturing a transfer mask comprisi ng a step 
of patterning a transfer pattern thin film of a mas k blank obtained 
from the method of manufacturing a mask blank accor ding to Structure 
9 to form a transfer pattern. 
 
[EFFECT OF THE INVENTION] 
[ ００２２] 

According to this invention, a liquid adjusted to a  
temperature higher than a normal temperature is sup plied to both 
of a first main surface and a second main surface, e.g., front and 
rear surfaces of the mask blank substrate, namely, an wet etching 
liquid adjusted to a temperature higher than a norm al temperature 
and a liquid such as pure water adjusted to a tempe rature higher 
than a normal temperature are supplied to the first  main face and 
the second main face, respectively, at the beginnin g of wet etching.  
This inhibits in-plane distribution of the glass su bstrate 
temperature.  Regarding etching reaction, while the  reaction rate 
differs due to contact temperature of the etching l iquid and the 
glass substrate, according to this invention, etchi ng reaction 
level can be made even by inhibiting in-plane distr ibution of glass 
substrate temperature. 

The effect of wet etching of a mask blank substrate , a type 
of chemical etching, is the removal of foreign matt ers by lift-off 
effect, which is particularly effective for the rem oval of minute 
foreign matters.  On the other hand, since etching is conducted 
on the surface of the mask blank substrate, roughne ss on the surface 
proceeds as etching reaction proceeds.  Further, du ring lift-off 
process, a difference in etching depth of the shado w portion of 
the foreign matters and the field portion on the su rface of the 
substrate causes irregularities.  Thus, excess etch ing may cause 
an increase in roughness and generation of new defe cts.  However, 
according to this invention, in-plane distribution of etching is 
made even to prevent partial excess etching to ther eby inhibit the 
generation of defects caused by etching. 

As stated above, according to the method of manufac turing 
the mask blank substrate, the method of manufacturi ng the mask 
blank, and the method of manufacturing the transfer  mask of this 
invention, various problems caused by generation of  distribution 
and variation in etching reaction can be inhibited.  
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[ ００２３] 
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[FIG. 1] Fig. 1 is a plan view schematically showin g a structure 
of the wet etching device used in this invention, ( a) showing a 
top view, and (b) showing a bottom view;  
[FIG. 2] Fig. 2 is a cross sectional view schematic ally showing 
a structure of the wet etching device used in this invention;  
[FIG. 3] Fig. 3 is a flow diagram of a manufacturin g step of the 
example. 
[EMBODIMENTS FOR CARRYING OUT THE INVENTION] 
[ ００２４] 

The embodiments of this invention are concretely de scribed 
below with reference to the drawings.  The embodime nts are some 
of the cases for embodying this invention, and are not for limiting 
this invention within that scope. 
[ ００２５] 
[Manufacture of Mask Blank Substrate] 
1. Materials of Mask Blank Substrate 
 A mask blank substrate is not particularly limited  as long 
as it has transparency to an exposure wavelength to  be used.  In 
this invention, synthetic quartz glass substrate an d various other 
glass substrates (e.g., soda-lime glass, aluminosil icate glass, 
etc.) can be used, and, among them, synthetic quart z glass substrate 
is preferable as a phase shift mask blank glass sub strate or a binary 
mask blank glass substrate used for forming a high- definition 
transfer pattern, for having high transmittance of UV radiation 
with short wavelength such as ArF excimer laser (wa velength 193nm). 
[ ００２６] 

A low-thermal expansion glass used for an EUV mask is also 
applicable.  Examples of EUV glass include, for exa mple, SiO 2 -TiO 2  
glass (binary (SiO 2 -TiO 2 ) and ternary (SiO 2 -TiO 2 -SnO2 , etc.)) 
having low thermal expansion property, e.g., SiO 2 -Al 2 O3 -Li 2 O 
crystallized glass, so-called multi-component glass . 
[ ００２７] 
2. Polishing Step and Cleaning Step Before Etching 

In the manufacturing step of the mask blank substra te, 
subsequent to polishing step, cleaning step is carr ied out to 
eliminate particles (e.g., foreign matters such as polishing grain 
attached to the surface of the glass substrate) pre sent on the 
surface of the mask blank substrate. 
[ ００２８] 

In the polishing step, a polishing pad is contacted  on the 
surface of the mask blank substrate, a polishing li quid containing 
polishing grain is supplied to the surface of the m ask blank 
substrate, the mask blank substrate and the polishi ng pad are moved 
relative to each other, and the surface of the mask  blank substrate 
is polished.  For example, a mask blank substrate i s pressed onto 
a polishing surface plate having a polishing pad at tached thereto, 
the polishing surface plate and the mask blank subs trate are moved 
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relative to each other (i.e., the polishing pad and  the mask blank 
substrate are moved relative to each other) while s upplying a 
polishing liquid containing polishing grain, to the reby polish the 
surface of the mask blank substrate.  As polishing grain, colloidal 
silica is preferably used at least in final polishi ng of precision 
polishing step, for favorable smoothness and flatne ss of the mask 
blank substrate can be obtained.  In this polishing  step, for 
example, a double side polishing device of a planet ary gear can 
be used.  
[ ００２９] 

After superprecision polishing step, cleaning is co nducted 
to remove colloidal silica grain.  Next, the main s urface and an 
end surface of the mask blank substrate are brush c leaned, and spin 
cleaning is conducted with pure water.  Instead of brush cleaning, 
the glass substrate can be subjected to dip washing  where the glass 
substrate is immersed in a liquid bath of an aqueou s solution of 
hydrofluoric acid, or subjected to cleaning using a  detergent 
containing a surfactant. 
[ ００３０] 
3. Wet Etching Step 

The etching liquid used in the wet etching step for  removing 
foreign matters on the mask blank substrate is not particularly 
limited, as long as the liquid is a chemical soluti on that can etch 
the materials forming the surface of the mask blank  substrate.  
Some of the examples are acidic aqueous solution in cluding 
hydrofluoric acid, and aqueous solution of an alkal ine compound. 

Preferably, an aqueous solution of strong alkaline compound 
is used.  When an aqueous solution of an alkaline c ompound is used 
as the etching liquid, the etching liquid preferabl y has pH of 10 
or more, more preferably 12 or more, and particular ly 13 or more.  
An aqueous solution of alkaline compound renders ze ta potential 
of the surface of the glass substrate negative.  Th is causes 
foreign matters similarly having negative zeta pote ntial to 
repulse the surface of the glass substrate, thereby  preventing 
reattachment of the foreign matters.  Therefore, th e aqueous 
solution of alkaline compound is advantageous compa red to acid 
solutions such as hydrofluoric acid in view of effe ct of removing 
foreign matters. 
[ ００３１] 

As for the type of alkaline compound, any of inorga nic 
alkaline compound and organic alkaline compound can  be used. 

Inorganic alkaline compounds include, for example, hydroxide 
of alkali metal such as KOH, NaOH, LiOH, RbOH, and CeOH, and 
hydroxide of alkali earth metal such as Ca(OH) 2  and Sr(OH) 2 .  Among 
the above, since Na ion (Na + ) and K ion (K + ) can stably coexist 
with silicon ion (SiO 3

2 - , etc.) isolated from the glass substrate, 
aqueous solutions of KOH, NaOH with these ions diss ociated are 
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particularly preferable in stably proceeding etchin g reaction.  In 
the case of using other alkaline compounds as a sol ute, alkaline 
salt (e.g., carbonate) for adding Na ion (Na + ) or K ion (K + ) can 
be added to enhance etching efficiency. 
[ ００３２] 

Since concentration of etching liquid depends on 
concentration of hydroxy ion (OH - ) that contributes to the etching 
reaction, the concentration can be adjusted to the range of pH value 
given above.  For example, in using strong alkaline  compound with 
large dissociation constant such as KOH and NaOH, t hose having 
alkali concentration of 0.01mol/L or more are prefe rably used.  The 
concentration is preferably 0.1mol/L or more, and p articularly 1 
mol/L or more.  Since rinsing time after etching ma y take a long 
time when an etching liquid with solute of poor vol atility such 
as NaOH and KOH is used, it is preferable to adjust  the sum of 
concentration of inorganic alkaline components to 3 mol/L or less.  
When an etching liquid containing an inorganic alka line component 
alone is used, pH of 13 to 14 is preferable. 
[ ００３３] 

An aqueous solution of an organic alkaline compound  can also 
be used as an etching liquid.  In the case of an or ganic alkaline 
compound, the etching liquid has pH of 9 or more, p referably 10 
or more, and more preferably 10.5 or more. 

In using an organic alkaline compound as a solute o f an etching 
liquid, quaternary ammonium hydroxide can be used, for example, 
tetraalkylammonium hydroxide can preferably be used . 

Particularly preferably, tetraalkylammonium hydroxi de 
having lower alkyl group with 1 to 4 carbons includ ed in alkyl group 
is used.  Concrete examples include tetramethylammo nium hydroxide 
(TMAH), tetraethylammonium hydroxide (TEAH), tetrap ropylammonium 
hydroxide (TPAH), and tetrabutylammonium hydroxide (TBAH). 

Those having alkoxy group can be given as other exa mples of 
quaternary ammonium hydroxide.  Concrete examples i nclude 
trimethyl hydroxyethyl ammonium hydroxide, methyltr i 
(hydroxyethyl) ammonium hydroxide, tetra(hydroxyeth yl)ammonium 
hydroxide, and benzyl trimethyl ammonium hydroxide (BTMAH). 

Among organic alkaline substances, for example, com pounds 
such as tertiary alkylamine and ammonia with weak b asic have poor 
capacity in glass etching.  Therefore, they are ina ppropriate to 
be used alone as an etchant of an etching liquid fo r wet etching.  
Further, when ammonia is used as a component of the  etching liquid, 
ammonia is adsorbed to the surface of the glass sub strate, reacts 
with cleaning liquid  components (e.g., sulfate ion ) to be used 
in the following cleaning step, and the precipitate d product (e.g., 
ammonium sulfate) causes haze, thus making it unpre ferable.  
[ ００３４] 

Supply temperature of the wet etching liquid should  be at 



Our Ref. HY/HS-P15003-SG  

Client Ref. 13P27097SG 

10 

 

normal temperature or more, preferably 40°C or more , and 
particularly 60°C or more.  When an inorganic alkal ine compound 
having no volatility is used as a solute, temperatu re of etching 
liquid is preferably 95°C or less.  A solute is con centrated due 
to volatilization of water as a solvent at location s farther away 
from the location where the etching liquid was supp lied, which may 
cause concentration distribution of the etching liq uid.  The 
temperature is preferably 80°C or less.  Normal tem perature herein 
indicates the temperature of external environment w hen wet etching 
is conducted.  When the wet etching device is place d inside a clean 
room or a clean booth, the normal temperature indic ates the 
temperature within the clean room and the clean boo th.  In 
semiconductor relations, clean rooms and clean boot hs are often 
operated at 23°C, and in many cases, the environmen tal temperature 
is adjusted to 23°C around the semiconductor manufa cturing device 
for determining processing condition and quality co ntrol.   
Optimization of properties and quality control of c hemical 
solutions such as a resist and a developing solutio n are also 
conducted with 23°C as default.  Thus, normal tempe rature is often 
set as 23°C, but without limitation. 
[ ００３５] 

A wet etching liquid includes at least one or more etchants, 
with its boiling point preferably higher than the t emperature of 
the etching liquid mentioned above.  Since decrease  in solubility 
due to temperature elevation and decrease in concen tration due to 
volatilization of solute do not occur due to the bo iling point of 
the etchant being higher than the supply temperatur e of the etching 
liquid, it is preferable for stability of the etchi ng liquid.  For 
example, when an inorganic strong alkaline componen t such as 
hydroxide of alkali metal is used as an etchant, du e to its high 
boiling point and extremely low volatility (vapor p ressure) in an 
environment of 100°C or less, decrease in concentra tion due to 
volatilization of solute is unlikely to occur, even  if the wet 
etching liquid is used under a high temperature (ba sically 95°C 
or less as mentioned above). 

In the case of using an organic alkaline compound a s an 
etchant, four methyl groups among quaternary ammoni um hydroxide 
are the substituent group, boiling point of low mol ecular 
weight/low boiling point tetramethylammonium hydrox ide (TMAH) is 
130°C or more, and reduction in concentration due t o volatilization 
is unlikely to occur even if a wet etching liquid i ncluding a typical 
quaternary ammonium hydroxide as an etchant is used  at high 
temperature. 
[ ００３６] 

A rear surface supply liquid is supplied in the for m of a 
liquid film flow covering the entire rear surface f rom the etching 
step to the cleaning step.   

The temperature of the rear surface supply liquid i s at normal 
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temperature or higher, the difference in temperatur e with the 
etching liquid is preferably 10°C or less, more pre ferably 5°C or 
less, and particularly 3°C or less.  When the tempe rature 
difference with the etching liquid becomes 10°C or more, 
temperature distribution occurs on the glass substr ate due to the 
temperature difference with the etching liquid so t hat variation 
occurs in etching rate and distribution occurs in t he etching amount 
of the surface of the glass substrate.  The variati on and 
distribution in etching rate lead to variation in s urface roughness 
of the surface of the mask blank substrate, size an d number of 
defects caused by distribution and the wet etching,  and 
distribution. 

"Liquid film flow" herein indicates a condition whe re 
substantially the entire rear surface is wetted wit h the rear 
surface supply liquid accompanying flow, and temper ature of the 
substrate can be controlled from the rear surface s ide by the rear 
surface supply liquid.  Therefore, a region where w etting is not 
made locally due to bubbles, etc. formed in the rea r surface supply 
liquid, and interruption of wetting due to temporar y stop, etc. 
caused by change in supply level of the rear surfac e supply liquid 
are included in the concept of the liquid film flow  herein. 
[ ００３７] 

In a wet etching liquid that is highly temperature dependent 
(e.g., alkaline etching liquid), etching rate (elut ion rate) 
increases twice or more when temperature elevates b y 10°C.  For 
example, in the case of alkali etching, etching rat e at 75°C becomes 
2.5 times the etching rate of 65°C.  Etching rate a nd temperature 
of a wet etching liquid are substantially proportio nal, and an 
increase of 5°C causes a roughly 1.5 times increase  in the etching 
rate.  Tolerable irregularity on the surface of the  mask blank 
substrate caused by wet etching depends on the mini aturization 
generation and application layer of the transfer ma sk manufactured 
using the mask blank substrate.  For example, toler able 
irregularity on a gate layer (also referred to as p oly layer) is 
small, and in a mask blank substrate for EUV lithog raphy mask where 
a phase defect of a multilayer film is a significan t problem, 
tolerable irregularity is extremely small at a leve l of 1 nm.  
Therefore, depending on the object to be applied, t he temperature 
difference of the wet etching liquid and the rear s urface supply 
liquid is preferably 5°C or less, and particularly 3°C or less. 
[ ００３８] 

Component of the rear surface supply liquid is not 
particularly limited as long as the liquid does not  react with the 
wet etching liquid and is stable at the temperature  during wet 
etching, most preferably, water.  Water herein indi cates pure 
water such as ion exchange water, with resistivity of 1.0×10 6

Ω/cm 
or more, and preferably 1.0×10 8

Ω/cm or more. 
It is preferable when water is used, since solvent of the 
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wet etching liquid is water, reactivity such as une xpected 
generation of heat and precipitation of the solute (alkaline 
component) of the etching liquid does not occur dur ing mixture with 
the wet etching liquid and the liquid (water) to be  supplied to 
the rear surface, and in addition, temperature cont rol with the 
etching liquid is easy.  Further, the rear surface can always be 
kept clean substantially without components other t han water.  
What is also preferable, by using only pure water, is that residue 
does not remain after drying so that there is no ne ed to conduct 
further cleaning of the rear surface.  As stated ab ove, it is 
preferable since unavoidable reaction with etching liquid and 
generation of heat can be inhibited by using water.   
[ ００３９] 

Further, when a mixture of water and an organic sol vent such 
as ethyl alcohol is used, viscosity of the liquid c an be adjusted 
so that a stable supply of the liquid over the enti re rear surface 
can be achieved.  Other than the above, aqueous sol utions where 
residues do not remain after cleaning can be used, such as hydrogen 
peroxide solution, ammonia solution, and carbonated  water. 

Wet etching liquid can be used as the rear surface supply 
liquid, by which etching on the rear surface can be  conducted in 
synchronization. 
[ ００４０] 

Supply of the rear surface liquid is not particular ly limited, 
as long as a liquid film flow is formed on the rear  surface.  For 
example, a plurality of supply openings can be form ed on a portion 
opposing the rear surface of the mask blank substra te, so that the 
entire rear surface is wetted by the rear surface s upply liquid.  
Preferably, a hole can be created to form a radial liquid film flow 
on the rear surface.  By constant liquid film flow in a radial 
manner, a flow from the center of the glass substra te towards the 
edge is created, so that the etching liquid dropped  from the surface 
is inhibited from moving to the rear surface.  Furt her, it is 
favorable that partial accumulation of the liquid f ilm flow is 
prevented.  Preferably, the rear surface supply liq uid is supplied 
in a non-circulating manner without reuse of used l iquid.  Since 
fresh liquid constantly covers the rear surface, ev en if 
unavoidable particles are included in the rear surf ace supply 
liquid, the particles do not remain on the rear sur face of the glass 
substrate and are flushed immediately. 
[ ００４１] 

Methods of wet etching include paddle etching, spin  etching, 
and spray etching, which are conducted by supplying  an etching 
liquid on the surface to be etched, which can be ca rried out alone 
or in combination.  Paddle etching and spin etching  are 
particularly effective, which are preferably combin ed.  By 
spinning during the spin etching, the mask blank su bstrate can be 
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quickly wetted with the etching liquid, and after w etting, 
subsequent paddle etching can prevent variation in etching 
progress due to the difference in contact time with  the etching 
liquid, avoids risk of cross contamination, and als o reduces the 
amount of the etching liquid to be used by employin g paddle etching.  
Further, uniform etching reaction can be proceeded with a uniform 
temperature of the substrate surface and with the l iquid film of 
the etching liquid formed on the substrate surface by paddle etching 
having substantially equal thickness as in this str ucture.  Paddle 
etching is a method where etching is conducted with  an etching 
liquid statically loaded entirely on the first main  face of the 
substrate to be processed.  Due to the rather long time period of 
the static condition, in-plane distribution and tem poral change 
in wet etching liquid temperature are likely to occ ur by 
environmental influence.  Since the mask blank subs trate is 
normally rectangular in shape and the surface area per unit volume 
is not constant, in cases where the substrate is no t under a heated 
condition, distribution may occur in lowering of th e temperature 
(i.e., temperature distribution occurs in the etchi ng liquid on 
the substrate). 
[ ００４２] 

After etching, a cleaning step is carried out for r emoving 
the etching liquid remaining on the mask blank subs trate.  Since 
the major purpose of the cleaning step is to remove  the etching 
liquid, at least pure water cleaning should be carr ied out.  An 
example of the cleaning method is spin cleaning.  P referably, a 
cleaning water with ultrasonic wave applied thereto  (ultrasonic 
wave cleaning water) or warm water of about 40°C to  60°C is supplied 
on the mask blank substrate so that alkaline compon ent adsorbed 
to the surface of the mask blank substrate can be e fficiently 
removed.  Particularly effective cleaning is made b y a combination 
of spin cleaning and ultrasonic wave cleaning water  or warm water.  
Wet etching step and cleaning after the wet etching  is preferably 
conducted consecutively several times, e.g., three to five times. 
[ ００４３] 

Next, timing including commencement of supplying th e wet 
etching liquid and the rear surface supply liquid i s mentioned.  
As stated above, for the object of this invention ( inhibiting 
in-plane distribution in etching reaction), it is i mportant that 
etching is conducted in a manner where the wet etch ing liquid is 
supplied and held on the entire surface of the firs t main face (first 
main surface) of the mask blank substrate at a temp erature higher 
than normal temperature and not to generate tempera ture 
distribution.  Therefore, it is preferable to heat the first main 
face of the mask blank substrate to a temperature s imilar or close 
to that of the wet etching liquid before supplying the wet etching 
liquid to the mask blank substrate.  One idea on th e above is, for 
example, pure water adjusted to the same temperatur e as the wet 
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etching liquid is supplied to the first main face o f the mask blank 
substrate for pre-heating before supplying the wet etching liquid.  
The mask blank substrate has low heat conductivity as seen in 
synthetic quartz glass as a typical example, and th ose with great 
heat capacity are the mainstream, and also have a c ertain thickness 
(e.g., thickness of 6.35mm).  Conventionally, it wa s assumed that 
temperature control with sufficiently less in-plane  distribution 
can be made on the wet etching liquid loaded on the  first main face 
of the mask blank substrate by the above pre-heatin g step.   
However, when actually evaluated, inhibition of in- plane 
distribution of temperature was insufficient, resul ting in low 
temperature at the outer peripheral portion of the mask blank 
substrate.  To solve this problem, in this inventio n, the rear 
surface supply liquid with its temperature controll ed to the 
temperature similar or close to (temperature higher  than normal 
temperature) that of the wet etching liquid is supp lied to the rear 
surface (second main surface) of the mask blank sub strate.  The 
timing to supply the rear surface supply liquid mus t be during at 
least a certain time during the wet etching step, a nd the timing 
to start supplying is preferably simultaneous with commencement 
of supplying the wet etching liquid or prior theret o, and more 
preferably, at the preheating step mentioned above.   Further, the 
timing to stop supplying the rear surface supply li quid is 
preferably simultaneous with completion of the wet etching or 
thereafter.  While a cleaning step using pure water , etc. is 
conducted after completion of the wet etching, in t his cleaning 
step, it is further preferable that temperature con trol by the rear 
surface supply liquid is carried out until the wet etching is 
replaced by the cleaning liquid.  While the mask bl ank substrate 
has low heat conductivity and great heat capacity, supplying the 
temperature-controlled rear surface liquid can carr y out 
temperature control with sufficiently less in-plane  distribution.  

In this specification, "supplying rear surface supp ly liquid 
(liquid adjusted to a temperature higher than the n ormal 
temperature)" in a certain step indicates, unless p articularly 
specified, that the liquid is supplied during at le ast a certain 
time during the step, regardless of whether intermi ttent or 
continuous. 
[ ００４４] 
[Manufacture of Mask Blank] 

A thin film is formed on a mask blank substrate aft er 
completion of the cleaning step, and a light shield ing film for 
use in a binary mask blank, a light-semitransmissiv e film for a 
half tone phase shift mask blank, or a multilayer r eflecting film 
for reflective mask, and functional films additiona l thereto are 
formed in accordance with the types of the mask bla nk substrate 
and the purpose of the transfer mask to be manufact ured. 
[ ００４５] 
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(1) Binary Mask Blank  
The binary mask blank is manufactured by forming a thin film 

including a light shielding film on a synthetic qua rtz glass 
substrate processed up to the wet etching step.  Th e light 
shielding film (transfer pattern thin film) is form ed from 
materials including a simple transition metal such as chromium, 
tantalum, ruthenium, tungsten, titanium, hafnium, m olybdenum, 
nickel, vanadium, zirconium, niobium, palladium, an d rhodium, or 
a compound thereof.  One example is a light shieldi ng film formed 
from chromium, or chromium compound including chrom ium and one or 
more elements selected from oxygen, nitrogen, carbo n, etc.  
Another example is a light shielding film formed fr om a tantalum 
compound including tantalum and one or more element s selected from 
oxygen, nitrogen, boron, etc. 
[ ００４６] 

Such a binary mask blank includes a light shielding  film 
configured as a double layer structure of a light s hielding layer 
and a surface reflection preventing layer, and a th ree layer 
structure having a rear surface reflection preventi ng layer 
between the light shielding layer and the glass sub strate.  The 
composition of the light shielding film in the film  thickness 
direction may be a composition gradient film that v aries 
continuously or in stages. 
[ ００４７] 
(2) Phase Shift Mask Blank 

For a phase shift mask blank, a half tone phase shi ft mask 
is manufactured that is configured to have a 
light-semitransmissive film (transfer pattern thin film) formed 
on a synthetic quartz glass substrate that has been  processed up 
to the wet etching step, in which the light-semitra nsmissive film 
is patterned and provided with a shift portion. 

In such a phase shift mask, to avoid pattern defect s of the 
glass substrate to be transferred by the light-semi transmissive 
film pattern formed on the transfer region based on  a light 
transmitted through the light-semitransmissive film , there is a 
configuration including a light-semitransmissive fi lm on a glass 
substrate, and further a light shielding film (ligh t shielding 
zone) thereon.  In addition to the half tone phase shift mask blank, 
there are mask blanks for an enhancer-type phase sh ift mask and 
for a Levenson phase shift mask which is a glass su bstrate dug-down 
type where a glass substrate is dug by etching, etc . to provide 
a shift portion. 
[ ００４８] 

The light-semitransmissive film of the halftone pha se shift 
mask blank is adapted to transmit light having an i ntensity that 
does not substantially contribute to exposure (e.g. , 1% to 30%, 
and preferably 1% to 20% to exposure wavelength) an d has a 
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predetermined phase difference (e.g., 180 degrees).   By means of 
the light-semitransmissive portion onto which the 
light-semitransmissive film is patterned and a ligh t-transmissive 
portion formed with no light-semitransmissive film and adapted to 
transmit light having an intensity that substantial ly contributes 
to exposure, there is provided a relationship in wh ich the phase 
of the light transmitted through the light-semitran smissive 
portion is substantially inverted with respect to t he phase of the 
light transmitted through the light-transmissive po rtion.  As a 
consequence, the lights having passed near the boun daries between 
the light-semitransmissive portion and the light-tr ansmissive 
portion and bent into the others' regions due to th e diffraction 
phenomenon cancel each other out.  This makes the l ight intensity 
at the boundaries approximately zero to thereby imp rove the 
contrast, i.e., the resolution, at the boundaries.  
[ ００４９] 

The light-semitransmissive film is formed from mate rials 
including, e.g., a compound of transition metal and  silicon 
(including transition metal silicide), the material  including, as 
primary components, both the transition metal and s ilicon, and at 
least one of oxygen, nitrogen, and carbon.  The tra nsition metals 
include molybdenum, tantalum, tungsten, titanium, h afnium, 
nickel, vanadium, zirconium, niobium, palladium, ru thenium, 
rhodium, chromium, or the like. 

Further, in the case of a configuration where a lig ht 
shielding film is formed on a light-semitransmissiv e film, since 
the materials for the light-semitransmissive film i nclude 
transition metal and silicon, the material of the l ight shielding 
film preferably includes chromium, or chromium comp ound including 
chromium and elements such as oxygen, nitrogen, and  carbon which 
has etching selectivity (has etching resistance) on  the 
light-semitransmissive film. 
[ ００５０] 

Since a Levenson phase shift mask is manufactured f rom a mask 
blank having the structure similar to a binary mask  blank, the 
structure of the pattern forming thin film is simil ar to the light 
shielding film of the binary mask blank.  While the  
light-semitransmissive film of the mask blank for a n enhancer type 
phase shift mask transmits light with intensity tha t does not 
substantially contribute to exposure (e.g., 1% to 3 0% to exposure 
wavelength), the phase difference of the film gener ated by the 
transmitting exposure light is small (e.g., phase d ifference of 
30 degrees or less, and preferably 0 degree), which  is the 
difference with the light-semitransmissive film of the half tone 
phase shift mask blank.  While the material for the  
light-semitransmissive film includes elements simil ar to those of 
the light-semitransmissive film of the half tone ph ase shift mask 
blank, film thickness and composition ratio of each  element are 
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adjusted to have a predetermined small phase differ ence and 
predetermined transmittance to the exposure light. 
[ ００５１] 
 In the case where the thin film is a binary mask b lank which 
is a light shielding film consisting of a material including 
transition metal and a compound of transition metal  and silicon 
(including transition metal silicide, particularly molybdenum 
silicide), the material of the light shielding film  includes a 
compound of transition metal and silicon, the mater ial including, 
as primary components, both the transition metal an d silicon, and 
one of or both of oxygen and nitrogen.  Another exa mple of the light 
shielding film is a material including, as primary components, 
transition metal, and at least one of oxygen, nitro gen, and boron.  
As a transition metal, molybdenum, tantalum, tungst en, titanium, 
hafnium, nickel, vanadium, zirconium, niobium, pall adium, 
ruthenium, rhodium, chromium, etc. are applicable.  Further, in 
forming a light shielding film from a compound of m olybdenum 
silicide, there is a double layer structure of a li ght shielding 
layer (MoSi, etc.) and a surface reflection prevent ing layer 
(MoSiON, etc.), and a three layer structure includi ng a rear surface  
reflection preventing layer (MoSiON, etc.) between the light 
shielding layer and the glass substrate.  Moreover,  the 
composition of the light shielding film in film thi ckness direction 
can be a composition gradient film that varies cont inuously or in 
stages. 
[ ００５２] 

For thinning the film thickness of a resist film to  form a 
fine pattern, an etching mask film can be formed on  the light 
shielding film.  This etching mask film is preferab ly formed from 
materials including chromium, or chromium compound including 
chromium and elements such as oxygen, nitrogen, and  carbon having  
etching selectivity (having etching resistance) on etching of the 
light shielding film including transition metal sil icide.  In this 
case, the mask blank can be manufactured with the e tching mask film 
remaining on the light shielding film by providing the etching mask 
film with reflection preventing function. 
[ ００５３] 
 In the case of a multi-level gradation mask blank which is 
a laminated structure of the semitransmissive film and the light 
shielding film, the materials of the semitransmissi ve film include 
elements similar to the light-semitransmissive film  of the half 
tone phase shift mask blank, and in addition, inclu de simple metals 
or alloys of chromium, tantalum, titanium, aluminiu m, etc., or 
compounds thereof.  Film thickness and composition ratio of each 
element are adjusted to have a predetermined transm ittance to 
exposure light.  While the light shielding film of the binary mask 
blank can be applied as the materials of the light shielding film, 
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the composition and the film thickness of the light  shielding film  
materials are adjusted to have a predetermined ligh t shielding 
capacity (optical density) in a laminated structure  with the 
semitransmissive film. 
[ ００５４] 

In various thin films given above, an etching stopp er film 
having etching resistance for a light shielding fil m and a 
light-semitransmissive film may be provided between  the glass 
substrate and the light shielding film, or between the 
light-semitransmissive film and the light shielding  film.  The 
etching stopper film can be formed from a material that can 
simultaneously peel the etching mask film when etch ing the etching 
stopper film. 
[ ００５５] 
(3)Reflective Mask Blank 

In the case of a reflective mask blank, a low-therm al 
expansion glass (e.g., SiO 2 -TiO 2  glass) that has gone through the 
wet etching step is used as a mask blank substrate.   The thin film 
of the reflective mask has a structure in which a m ultilayer 
reflecting film reflecting exposure light is formed  on a glass 
substrate, and an absorber film (transfer pattern t hin film) 
absorbing exposure light is formed in a pattern on the multilayer 
reflecting film.   

The multilayer reflecting film is formed by laminat ing a high 
refractive index layer and a low refractive index l ayer 
alternately. 

Examples of the multilayer reflecting film include Mo/Si 
cycle laminated film in which Mo films and Si films  are alternately 
laminated by about 40 cycles, Ru/Si cycle multilaye r film, Mo/Be 
cycle multilayer film, Mo compound/Si compound cycl e multilayer 
film, Si/Nb cycle multilayer film, Si/Mo/Ru cycle m ultilayer film, 
Si/Mo/Ru/Mo cycle multilayer film, and Si/Ru/Mo/Ru cycle 
multilayer film.  Materials can be selected arbitra rily based on 
exposure wavelength.  For the absorber film, materi als having a 
function to absorb exposure light, e.g., EUV light,  is preferably 
used, for example, tantalum (Ta) alone or those inc luding Ta as 
a primary component. 
[ ００５６] 
[Manufacture of Transfer Mask] 
 The method of manufacturing the transfer mask of t his 
invention is characterized by including a step of f orming a transfer 
pattern on the thin film of the mask blank manufact ured in the method 
of manufacturing the mask blank.  The step of manuf acturing a 
transfer mask from a mask blank is described below.   The mask blank 
used herein is the phase shift mask blank described  above in (2), 
which is structured such that a light-semitransmiss ive film (thin 
film for forming a transfer pattern) and a light sh ielding film 
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are laminated, in that order, on a translucent subs trate.  This 
method of manufacturing the transfer mask (phase sh ift mask) is 
only an example, and the manufacture is possible by  changing a part 
of the steps. 
[ ００５７] 

First, a resist film is formed on a light shielding  film of 
a phase shift mask blank by spin coating.  A chemic ally amplified 
resist for electron beam exposure writing is prefer ably used for 
the resist film.  Next, a transfer pattern to be fo rmed on the 
light-semitransmissive film is exposed and drawn wi th an electron 
beam on the resist film, and predetermined process such as 
developing is conducted to thereby form a resist pa ttern having 
a transfer pattern.  Subsequently, dry etching is c onducted on the 
light shielding film using the resist pattern as a mask, and the 
transfer pattern to be formed on the light-semitran smissive film 
is formed on the light shielding film.  After dry e tching, the 
resist pattern is removed.  Next, dry etching is co nducted on the 
light-semitransmissive film using the light shieldi ng film having 
the transfer pattern as a mask to form a transfer p attern on the 
light-semitransmissive film.  Subsequently, a resis t film is again 
formed, pattern to be formed on the light shielding  film (pattern 
for light shielding zone, etc.) is exposed and draw n with an 
electron beam, and predetermined process such as de veloping is 
conducted to thereby form a resist pattern.  Dry et ching is 
conducted on the light shielding film using the res ist pattern 
having a pattern such as a light shielding zone as a mask, and a 
pattern such as a light shielding zone is created o n the light 
shielding film.  Then, a predetermined cleaning pro cess is 
conducted so that the transfer mask (phase shift ma sk) is formed. 
[ ００５８] 

As stated above, according to the method of manufac turing 
the mask blank substrate, the method of manufacturi ng the mask 
blank, and the method of manufacturing the transfer  mask of this 
embodiment, since distribution and variation occurr ing in etching 
reaction can be inhibited, generation of various pr oblems 
associated therewith (a difference in etching depth  on the 
substrate surface in the shadow portion of the fore ign matters and 
the field causing irregularity, surface texture (ro ughness) being 
uneven, an increase in roughness, etc.) can be inhi bited.  Uneven 
roughness giving an adverse effect in adhesiveness of the thin film 
formed on the substrate can be inhibited by this em bodiment.  
Further, in the case of an EUV mask blank substrate , the problem 
of surface texture (roughness) causing scattering o f EUV light and 
forming a factor of decrease in reflectance can be reduced according 
to this embodiment. 

In addition, efficiency in the step of wet etching is promoted 
due to uniform etching reaction rate (unnecessary e tching where 
etching depth should be aligned to the location whe re etching 
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reaction is slow is inhibited). 
[ ００５９] 

As another effect, by the rear surface (second main  surface) 
of the glass substrate being covered with temperatu re controlled 
water, the etching liquid supplied to the surface ( first main 
surface) can be inhibited from moving to the rear s urface, by which 
contamination of the rear surface by the etching li quid (waste 
fluid) can be inhibited.  
[ ００６０] 
[Example] 

The embodiments of this invention are further concr etely 
described below by means of examples. 
[Manufacture of Mask Blank Substrate] 
A. Preparation of mask blank substrate, polishing s tep  

The mask blank substrate to be used is a synthetic quartz 
glass substrate (size 152.4mm×152.4mm, thickness 6. 35mm).  An end 
surface of the synthetic quartz glass substrate was  chamfered and 
ground, and was further subjected to rough polishin g and precision 
polishing with a polishing liquid containing  cerium oxide grain.  
The glass substrate that went through the above pro cess was set 
in a carrier of a double side polishing device, and  was polished 
(superprecision polishing) under the following cond itions. 
polishing pad: soft polisher (suede type) 
polishing liquid: colloidal silica grain (average p article size 
100nm)+ water 
processing pressure: 50 to 100g/cm 2  
processing time: 60 minutes 

After completion of superprecision polishing, collo idal 
silica grain was removed, and the main surface and the end surface 
of the glass substrate were brush cleaned.  
[ ００６１] 
B. Wet Etching Step 

First, an outline of the wet etching device is desc ribed with 
reference to Fig. 1 showing a plan view of a major part and Fig. 
2 showing a cross-sectional view.  Fig. 1 (a) is a plan view seen 
from the top, and Fig. 1 (b) is a plan view seen fr om the bottom. 
[ ００６２] 

Main structure of wet etching device 1 includes gla ss 
substrate holding portion 20 for holding mask blank  substrate 
(glass substrate) 100, liquid film flow forming mea ns 10 for forming 
a liquid film flow on rear surface 102 (second main  surface) of 
glass substrate 100, and nozzles 34, 37, 42 supplyi ng an etching 
liquid, temperature control water, and a cleaning l iquid, 
respectively, to main surface 101 (first main surfa ce) of the glass 
substrate.  
[ ００６３] 

Nozzles 34, 37, 42 are provided on arms 32, 35, 40,  
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respectively, and the arms configured to move the p osition of each 
nozzle above glass substrate 100 or to retract from  above glass 
substrate 100 by means of rotation mechanisms 33, 3 6, 41, 
respectively.  Each arm is provided with an expanda ble mechanism, 
enabling each nozzle to be brought to a desired pos ition in 
association with the rotation mechanism.  Nozzle 42  is provided 
with an ultrasonic oscillator (not shown) so that a  liquid to which 
an ultrasonic wave is applied can be provided on th e glass 
substrate. 
[ ００６４] 

Glass substrate holding portion 20 includes four ho lding 
portions 28 for holding glass substrate 100 with fo ur corners of 
glass substrate 100, which is constructed by strut 29 supporting 
holding portion 28 fixed to a turntable (not shown) .  By horizontal 
rotation or horizontal fluctuation of the turntable , glass 
substrate 100 can be rotated horizontally or fluctu ated 
horizontally.  Further, strut 29 supporting holding  portion 28 is 
provided with an expandable portion to adjust the h eight of glass 
substrate 100. 
[ ００６５] 

Liquid film flow forming means 10 is constructed of  a fixed 
portion (not shown), pillar 14, and stage 12 facing  rear surface 
102 of glass substrate 100.  The fixed portion is t o fix pillar 
14 with respect to the turntable, allowing liquid f ilm flow forming 
means 10 to maintain a static condition with respec t to turntable 
22 without being affected by the movement of turnta ble 22.  Hole 
18 opening into stage 12 is in communication with s tage 12 and pillar 
14, and is connected to pure water supply means (no t shown).  The 
pure water supply means is provided with a heater t o control the 
temperature of pure water supplied to rear surface 102 (second main 
surface) of glass substrate 100. 
[ ００６６] 

As shown in Fig. 2, in etching, glass substrate 100  is arranged 
such that stage 12 and rear surface 102 face each o ther, and the 
height is adjusted by glass substrate holding porti on 20 so that 
they face each other at a predetermined interval.  "Predetermined 
interval" is an interval allowing the rear surface supplying water 
(pure water) flowing out from hole 18 to form a liq uid film flow 
contacting the rear surface of the glass substrate,  for example, 
the interval ranging from 0.5mm to 5mm.  If the int erval is less 
than 0.5mm, the interval between glass substrate 10 0 and stage 12 
becomes small enough that the flow resistance of th e liquid film 
flow becomes too large.  If the interval is greater  than 5mm, it 
would be difficult to fill the rear surface 102 wit h the liquid.  
In this example, the interval of 1mm is applied. 
[ ００６７] 

As a wet etching liquid, sodium hydroxide (NaOH) aq ueous 
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solution of 5wt%(1.28mol/L) was used.  The etching liquid has a 
pH of about 13.9.  The etching liquid was supplied at 1L per minute. 
[ ００６８] 

In alkali etching, spin etching which supplies the etching 
liquid heated to 70°C to surface 101 of spin-rotati ng glass 
substrate 100, and paddle etching carried out by st opping the supply 
of the etching liquid and performed by a liquid fil m of the etching 
liquid formed on glass substrate 100 were conducted  consecutively. 
[ ００６９] 

Fig. 3 shows the flow of the etching process. 
First, scrub-cleaned glass substrate 100 is fixed t o holding 

portion 28 of wet etching device 1 (Step S1).  Next , the interval 
of rear surface 102 of glass substrate 100 and stag e 12 is adjusted 
to 1mm (Step S2).  70°C pure water is supplied towa rds rear surface 
102 from hole 18 of stage 12, and liquid film flow 202 is formed 
between rear surface 102 and stage 12 as shown in F ig. 2 (Step S3).  
Simultaneously, nozzle 37 is moved above glass subs trate 100 by 
rotation mechanism 36 and the glass substrate is sp in-rotated (Step 
S4).  Thereafter, 70°C warm pure water is supplied through nozzle 
37 to glass substrate surface 101 to sufficiently h eat the substrate 
(Step S5). 
[ ００７０] 

Thereafter, position is adjusted using the rotation  
mechanism and the expandable mechanism so that a ti p of nozzle 34 
directs toward the center of glass substrate surfac e 101.  On this 
occasion, position of nozzle 37 is properly adjuste d so that nozzle 
37 and arm 35 do not interrupt (contact) nozzle 34 and arm 32.  Then, 
turntable 12 is rotated (10rpm), warm pure water fr om nozzle 37 
is stopped, and alkali etching liquid is supplied t hrough nozzle 
34 to glass substrate surface 101 (Step S6).  Next,  rotation rate 
of the turntable is dropped and stopped to complete  spin etching 
(Step S7), and supply of the alkali etching liquid is stopped (Step 
S8). 
[ ００７１] 

Thereafter, paddle etching was conducted with conti nued 
supply of the warm pure water to rear surface 102 a nd with the liquid 
film of the etching liquid formed on glass substrat e surface 101 
(Step S9).  Next, pure water was supplied on surfac e 101 of glass 
substrate 100, and cleaning was made to replace the  etching liquid 
on main surface 101 with warm pure water (Step S10) .  During this 
process, the liquid film flow of pure water was con tinuously formed 
on rear surface 102.  The warm pure water was suppl ied through 
nozzle 37 and nozzle 42 to main surface 101.  The t emperature of 
the warm pure water used in the cleaning was initia lly 70°C, and 
was 40°C upon complete replacement with the alkali etching liquid.  
Nozzle 42 is provided with an ultrasonic oscillator , and the pure 
water supplied through nozzle 42 is ultrasonic wave  applied water.  
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By using the ultrasonic wave applied water, chemica l solution 
component and foreign matters lifted off from main surface 101 can 
be efficiently removed.  Supplying was made through  nozzle 42 on 
glass substrate 100 at 1L/min. 

When the cleaning step is completed, the step goes back to 
the wet etching step (Step S4) (warm pure water sup ply to rear 
surface 102 is continued).  The etching step and th e cleaning step 
were repeated three times.  When the final cleaning  step was 
completed, glass substrate 100 was spin-dried. 
[ ００７２] 
C. Evaluation 
 The above wet etching to glass substrate cleaning was 
conducted on ten glass substrates, and each glass s ubstrate was 
evaluated on foreign matter distribution using defe ct inspection 
system M1350 (manufactured by Lasertec Co.). 

As a result, in the glass substrate manufactured by  the method 
described in the example, foreign matter removal ra te after the 
etching was 98% or more in all regions of the surfa ce to which 
etching was conducted, achieving a high level of fo reign matter 
removal.  

On the other hand, in Comparative Examples 1 and 2 mentioned 
below, while foreign matter removal rate at the cen tral portion 
was 98% or more, gradual decrease in foreign matter  removal rate 
was observed at locations farther away from the cen tral portion.  
Particularly in Comparative Example 2, while foreig n matter 
removal rate at the central portion was as high as 98%, removal 
rate of the peripheral portion did not reach 70%. 

Further, the etching liquid moved to the rear surfa ce in 
Comparative Example 1, requiring cleaning of the re ar surface.  
[ ００７３] 

Surface roughness distribution (roughness) on each of the 
ten glass substrates was measured on the surface ro ughness of ten 
points from the center in a radial manner using AFM  (atomic force 
microscope). 

In the glass substrate manufactured in the method o f the 
example, the surface roughness after etching was Rq =0.12nm 
(average), and range was 0.03nm.  On the other hand , in Comparative 
Example 1 mentioned below, the surface roughness wa s Rq=0.14nm and 
the range was 0.08nm, having variation in surface r oughness 
compared to the example. 
[ ００７４] 

As stated above, in the example, since the substrat e 
temperature is controlled by supplying 70°C pure wa ter from the 
rear surface side of the substrate, 98% or more for eign matter 
removal was achieved at all regions on the surface to which etching 
was conducted.  In addition, since proceeding of th e etching was 
in-plane uniform on the substrate, surface roughnes s distribution 
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occurring after the etching could be minimized.  On  the other hand, 
Comparative Example where temperature control is no t performed on 
the rear surface resulted in in-plane variation of foreign matter 
removal and minute irregularity removal. 
[ ００７５] 
[Manufacture of Half Tone Phase Shift Mask Blank] 

A half tone phase shift mask blank was manufactured  using 
a glass substrate that went through the cleaning st ep in the method 
of manufacturing the mask blank substrate described  in the example. 
 First, a light-semitransmissive film consisting of  nitrided 
molybdenum and silicon was formed on the glass subs trate.  
Concretely, a MoSiN film consisting of molybdenum, silicon, and 
nitrogen was formed at a film thickness of 69nm usi ng a mixed target 
of molybdenum (Mo) and silicon (Si) (Mo:Si=10mol%:9 0mol%), under 
a mixed gas atmosphere of argon (Ar), nitrogen (N 2 ), and helium 
(He) (gas flow ratio Ar:N 2 :He=5:49:46), with 0.3Pa gas pressure 
and 3.0kW electric power of DC power source, by rea ctive sputtering 
(DC sputtering).  Next, the glass substrate with Mo SiN film formed 
thereon was heated using a heating furnace under th e condition of 
450°C heating temperature within the atmosphere for  one hour.  The 
MoSiN film had 6.16% transmittance and 184.4 degree  phase 
difference in ArF excimer laser light. 
[ ００７６] 
 A light shielding film described below is formed o n the 
light-semitransmissive film.  Concretely, CrOCN lay er with a film 
thickness of 30nm was formed using chromium (Cr) ta rget as a 
sputtering target, under a mixed gas atmosphere of argon (Ar), 
carbon dioxide (CO 2 ), nitrogen (N 2 ), and helium (He) (0.2 Pa gas 
pressure, gas flow ratio Ar:CO 2 :N 2 :He=20:35:10:30) with 1.7kW 
electric power of DC power source, by reactive sput tering (DC 
sputtering).  Subsequently, CrN layer having a film  thickness of 
4nm was formed under a mixed gas atmosphere of argo n (Ar) and 
nitrogen (N 2 ) (0.1Pa gas pressure, gas flow ratio Ar:N 2 =25:5), with 
1.7kW electric power of DC power source, by reactiv e sputtering 
(DC sputtering).  Finally, CrOCN layer with a film thickness of 
14nm was formed under a mixed gas atmosphere of arg on (Ar), carbon 
dioxide (CO 2 ), nitrogen(N 2 ), and helium (He) (0.2Pa gas pressure, 
gas flow ratio  Ar:CO 2 :N 2 :He = 20:35:5:30), with 1.7kW electric 
power of DC power source, by reactive sputtering (D C sputtering).  
Thus, a chromium based light shielding film of a th ree layer 
laminated structure with a total film thickness of 48nm was formed. 

This light shielding film is adjusted such that opt ical 
density (OD) is 3.0 in a laminated structure with t he 
light-semitransmissive film at wavelength 193nm of ArF excimer 
laser exposure light.  Further, surface reflectance  of the light 
shielding film to the wavelength of the exposure li ght was 20%. 
[ ００７７] 
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[Manufacture of Half Tone Phase Shift Mask] 
Initially, a chemically amplified positive resist f ilm for 

electron beam writing (PRL009 manufactured by FUJIF ILM Electronic 
Materials Co., Ltd.) was formed on the mask blank a s a resist film.  
The resist film was formed by using a spinner (spin  coating device) 
for spin coating.  After application of the resist film, a 
predetermined heat drying was conducted.  The resis t film has a 
film thickness of 150nm. 

Next, a predetermined pattern was drawn on the resi st film 
formed on the mask blank using an electron beam wri ting device, 
and developed using a predetermined developing solu tion to form 
a resist pattern. 

Subsequently, etching of the light shielding film w as 
conducted using the resist pattern as a mask.  A mi xed gas of Cl 2  
and O 2  was used as a dry etching gas.  Then, etching of th e 
light-semitransmissive film (MoSiN film) was conduc ted to form a 
light-semitransmissive film pattern.  A mixed gas o f SF 6  and He 
was used as a dry etching gas. 

Next, remaining resist pattern was peeled and a res ist film 
similar to the above was again formed on the entire  surface, a 
drawing was performed to form a light shielding zon e at an outer 
circumference of the mask, and thereafter, the resi st film was 
developed and a resist pattern was formed.  Using t his resist 
pattern as a mask, the light shielding film excludi ng light 
shielding zone region was removed by etching. 

Next, remaining resist pattern was peeled and a pha se shift 
mask was obtained. 

The phase shift mask thus obtained was formed at a pattern 
precision having an excellent 45nm half pitch micro pattern. 
[ ００７８] 
[Manufacture of Binary Mask Blank] 

Using the glass substrate obtained from the method of 
manufacturing the mask blank substrate described in  the example, 
a binary mask blank was manufactured as described b elow.  A MoSiN 
film (light shielding layer) and a MoSiN film (surf ace reflection 
preventing layer) were formed on the glass substrat e as light 
shielding films.  MoSiN film consisting of molybden um, silicon, 
and nitrogen (film composition ratio Mo:9.9at%, Si: 66.1at%, 
N:24.0at%) with a film thickness of 47nm was formed , using a mixed 
target of  Mo and Si (Mo:Si=13at%:87at%), under a m ixed gas 
atmosphere of Ar and N 2 . 

Next, MoSiN film consisting of molybdenum, silicon,  and 
nitrogen was formed at a film thickness of 13nm usi ng a target of 
Mo:Si=13at%:87at% under a mixed gas atmosphere of A r and N 2 .  Total 
film thickness of the light shielding film was 60nm . 

Optical density (OD) of the light shielding film (l ight 
shielding layer + surface reflection preventing lay er) was 3.0 in 
ArF excimer laser exposure light wavelength 193nm. 
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Next, Cr based etching mask film described below wa s formed 
on the MoSi based light shielding film.  Concretely , CrN film (film 
composition ratio Cr:75.3at%, N:24.7at%) having a f ilm thickness 
of 5nm was formed using chromium (Cr) target as a s puttering target, 
under a mixed gas atmosphere of argon (Ar) and nitr ogen (N 2 ), by 
reactive sputtering (DC sputtering).  Element analy sis of each 
layer of the light shielding film and the Cr based etching mask 
film was made by Rutherford Backscattering Spectrom etry. 
[ ００７９] 
[Manufacture of Binary Mask] 

A transfer binary mask was manufactured using the a bove binary 
mask blank. 

Initially, a chemically amplified positive resist f ilm for 
electron beam writing (PRL009 manufactured by FUJIF ILM Electronic 
Materials Co., Ltd.) was formed on the mask blank a s a resist film.   

In forming the resist film, a spinner (spin coating  device) 
was used for spin coating.  After application of th e resist film, 
a predetermined heat drying was conducted.  Film th ickness of the 
resist film was 100nm. 

Next, a predetermined pattern was drawn on the resi st film 
formed on the mask blank using an electron beam dra wing device, 
developed with a predetermined developing solution to form a resist 
pattern. 

Subsequently, etching of the etching mask film was conducted 
using the resist pattern as a mask.  A mixed gas of  Cl 2  and O 2  was 
used as a dry etching gas.  Then, etching was condu cted on the MoSi 
based light shielding film (MoSiN/MoSiN) using the pattern formed 
on the etching mask film as a mask to form a light shielding film 
pattern.  A mixed gas of SF 6  and He was used as a dry etching gas. 

Next, remaining resist pattern was peeled, and the etching 
mask film pattern was removed by etching. 

The MoSi based binary mask thus obtained was formed  at a 
pattern precision having an excellent 32nm half pit ch 
micropattern. 
[ ００８０] 
[Comparative Example 1] 

In Comparative Example 1, wet etching was conducted  in the 
same method as the example (steps from spin etching  to paddle 
etching and to pure water cleaning), except that te mperature was 
not controlled on the mask blank substrate from the  rear surface, 
and a liquid film flow was not formed on the rear s urface. 

The wet etching device used in Comparative Example 1 is a 
device in which an end surface of a glass substrate  is fixed using 
a spin cup to thereby inhibit movement of the etchi ng liquid to 
the rear surface of the glass substrate, the spin c up having no 
water bath including flowing water, and without tem perature 
adjusting means.  Other than the above, the structu re is similar 
to the example. 
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In Comparative Example 1, as mentioned in the examp le, while 
foreign matter removal rate at the central portion of the 
manufactured mask blank substrate was 98% or more, a decrease in 
foreign matter removal rate was observed gradually at locations 
farther away from the central portion. 

Further, since the etching liquid moved to the rear  surface, 
cleaning of the rear surface was necessary.  In add ition, surface 
roughness of the mask blank substrate after wet etc hing was 
Rq=0.14nm, and the range was 0.08nm.  Those of the example were 
Rq=0.12nm (average), and range was 0.03nm.  The sur face roughness 
was greater compared to the example of this inventi on. 
[ ００８１] 
[Comparative Example 2] 

In Comparative Example 2, wet etching of the mask b lank 
substrate was conducted with a method similar to th e example, except 
for pure water at room temperature was used in supp lying pure water 
to the rear surface in the wet etching device of th e example. 

As a result, as mentioned in the example, while for eign matter 
removal rate at the central portion of the mask bla nk substrate 
in Comparative Example 2 was 98% or more, a decreas e in foreign 
matter removal rate was observed gradually at locat ions farther 
away from the central portion, with removal rate of  the peripheral 
portion not reaching 70%.  No such phenomenon was o bserved in the 
example of this invention.  The reason for the sign ificant 
variation in Comparative Example 2 in which pure wa ter without 
temperature control was supplied to the rear surfac e is because 
of generation of a large temperature difference in the etching 
liquid on the etching surface caused by the differe nce in liquid 
temperature of the etching liquid and the water sup plied to the 
rear surface, causing distribution in foreign matte r removal 
capacity and in surface roughness. 
[ ００８２] 

In the explanation of the embodiments above, while a liquid 
to be supplied to the rear surface of the substrate  (liquid adjusted 
to a temperature higher than normal temperature) be ing supplied 
as a liquid film flow was given as an example, the liquid to be 
supplied to the rear surface side of the substrate is not limited 
to a fluid, but for example, a temperature controll ed liquid can 
be kept in a pool, and the rear surface side of the  substrate can 
be contacted thereto.  However, the fluid as descri bed in this 
embodiment is preferable, since fresh (clean) liqui d is constantly 
provided.  Further, while pure water supply means p rovided with 
a heater (not shown) was described as an example of  means to control 
the temperature of the liquid to be supplied to the  rear surface 
of the substrate, the point is to keep the temperat ure of the liquid 
to be supplied to the rear surface of the substrate  at a 
predetermined temperature, for example, a structure  in which a 
heater is provided on stage 12 is applicable. 
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[REFERENCE NUMERALS] 
[ ００８３] 

1…wet etching device, 10…fluid forming means, 12…st age, 
14…pillar, 18…hole, 20…glass substrate holding mech anism, 
28…holding portion, 32…arm, 33…rotation mechanism, 34…nozzle, 
35…arm, 36…rotation mechanism, 37…nozzle, 40…arm, 4 1…rotation 
mechanism, 42…nozzle, 100…glass substrate (mask bla nk substrate), 
101…first main face (first main surface) of glass s ubstrate, 
102…second main face (second main surface) of glass  substrate, 
201…wet etching liquid, 202…warm pure water (liquid  adjusted to 
a temperature higher than normal temperature) 
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CLAIMS: 
 
[Claim １] 
 A method of manufacturing a mask blank substrate c omprising 
a step for wet etching a mask blank substrate havin g two main 
surfaces consisting of first and second main surfac es by 
introducing an etching liquid to the first main sur face to cover 
the first main surface with the etching liquid,  

wherein the step for wet etching is conducted under  a 
condition where the etching liquid adjusted to a te mperature higher 
than a normal temperature is supplied to the first main surface, 
and a liquid adjusted to a temperature higher than the normal 
temperature is supplied to the second main surface.  
[Claim ２] 

A method of manufacturing a mask blank substrate ac cording 
to claim 1, wherein the wet etching is conducted by  paddle etching.  
[Claim ３] 

A method of manufacturing a mask blank substrate ac cording 
to claim 1 or 2, wherein the wet etching comprises at least one 
or more etchants, boiling point of the etchant bein g higher than 
a temperature of the etching liquid supplied to the  first main 
surface.  
[Claim ４] 

A method of manufacturing a mask blank substrate ac cording 
to any one of claim 1 to claim 3, wherein supplying  the liquid 
adjusted to a temperature higher than the normal te mperature to 
the second main surface is carried out prior to com mencement of 
introduction of the etching liquid. 
[Claim ５] 

A method of manufacturing a mask blank substrate ac cording 
to any one of claim 1 to claim 4, wherein temperatu re difference 
of the wet etching liquid and the liquid adjusted t o a temperature 
higher than the normal temperature is within ±10°C.  
[Claim ６] 

A method of manufacturing a mask blank substrate ac cording 
to any one of claim 1 to claim 5, wherein the liqui d adjusted to 
a temperature higher than the normal temperature su pplied to the 
second main surface is flowed. 
[Claim ７] 
 A method of manufacturing a mask blank substrate a ccording 
to any one of claim 1 to claim 6 comprising a clean ing step using 
a cleaning liquid after the step for wet etching, 

wherein at least a certain time during the cleaning  step is 
conducted under a condition where the liquid adjust ed to a 
temperature higher than the normal temperature is s upplied to the 
second main surface. 
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[Claim ８] 
A method of manufacturing a mask blank substrate ac cording 

to any one of claim 1 to claim 7, wherein the liqui d adjusted to 
a temperature higher than the normal temperature is  an aqueous 
solution. 
[Claim ９] 

A method of manufacturing a mask blank comprising a  step of 
forming a transfer pattern thin film directly or vi a another layer 
on a first main surface of a mask blank substrate o btained from 
the method of manufacturing a mask blank substrate according to 
any one of claim 1 to claim 8. 
[Claim １０] 
 A method of manufacturing a transfer mask comprisi ng a step 
of patterning a transfer pattern thin film of a mas k blank obtained 
from the method of manufacturing a mask blank accor ding to claim 
9 to form a transfer pattern. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


