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ABSTRACT

At photomask manufacturing, post pellicle inspattuffers from an interference of pellicle size &eight dimensions
with the inspection equipment requirements. Thidighe shadow causes non-reliable inspection resdihe evolution
of this effect as well as similar potentially updomeffects during other lithography processes rnedie understood in
order to identify potential problems ahead of timed guide the industry accordingly. The study recemds
standardizing pellicle size and height dimensionsrder to coordinate the required changes at tamask inspection,
mask metrology and pellicle vendors in the near land term. Since frequent changes in other pellprioperties are
expected over time to fulfill the requirements foigh NA lithography and haze reduction, a standargellicle
dimensions will also help controlling the complenf pellicle variations.
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1. INTRODUCTION

With the extension of optical 193nm lithography tigh NA immersion and double patterning techniqties, pellicle
will remain an important part of the IC manufactgrichain for the foreseeable future. Requirememt$uture pellicles
are investigated today, resulting in pellicle pndpespecifications mainly to reduce registratiorstdition” and
transmission lo$s® at high NA exposure and to reduce the probaltityupport haze growth

Still, requirements for basic pellicle propertidgelsize and height are mainly defined by the seatmol requirements
and are not standardized. As a result of thosergifit scanner requirements and the above mentgpexifications, a
variety of pellicles with different combinations specifications and dimensions exists today. Sofrthese pellicles
interfere with requirements coming from mask maoufang equipment causing potential quality issu@sllicle
shadowing appears during mask through pellicledotpn in cases where pellicle size and height dsimas for a
given image field size are not in line with maskgaction equipment requirements resulting in ndiafske inspection
results in these areas. Evaluation of reducedcellieight has started to eliminate the issue siheaiges in scanners
and mask manufacturing equipment can earliest peated with upcoming tool generations.

When choosing the optimum pellicle height, othdtugncing properties on pellicle shadowing and riat¢ions with
other properties should be considered for optimwht®n. The optimum solution should be as robustpassible
against future equipment changes and varying f&ds in order to reduce complexity and cost. bifltes on other
photomask and lithography properties as well alicpeeshadowing effects during other processes nedx considered.

This study is to present potential shadowing effeltring scanner exposure, mask through pellidpdotion and mask
through pellicle registration measurement and #wsulting conclusions for future pellicle dimensicarsd equipment
requirements.
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Fig. 1. a) Schematic of pelliclized mask (drawings rmtstale) b) Pellicle shadow Sp and minimum pellgiize
Xmin to avoid shadow and their main influencinggaeters (Chrome border not shown)

2. PELLICLE SHADOWING

Any process that uses optical imaging of pellidizhotomasks can potentially suffer from pellidi@dowing affecting
the image field of the mask. The range of thisafad the impact on the active image field respelgt the minimum

pellicle size to avoid impact on active image fiédd a given image field size mainly depends on pheameters as
described in fig.1.

The maximum angle of incident lighf)) is defined by the numerical aperture (NA) of theging equipment. For a
scanner exposure system with 4x magnificatiéh is defined by =arcsin(NA/4). For an optical mask
measurement systenf] is defined by = arcsin(NA) . Applying a pellicle of a certain height Hp, thesulting
pellicle shadow iSp= HpXtand. Fig. 2 shows the dimensions of pellicle shadoweiposure apertures between

0.93 and 1.7 NA and for optical mask measuremeettages between 0.5 and 0.9 NA in dependence op¢liele
height Hp.
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Fig. 2. Pellicle shadow during a) exposure, b) opticaSknmeasurement for varying NA values



For typical NAs between 0.5 and 0.8 used in curogiical mask measurement equipment, the resyttigcle shadow
is in the range of 1.7mm to 4.0mm for a pellicleghé of 3mm and up to 3.5mm to almost 9.0mm foebligle height of
6.5mm.

For today’s typical NAs between 0.93 and 1.35 @fns@r generations, the resulting pellicle shadoim ihe range of
0.7mm to 1.1mm for a pellicle height of 3mm ancsislightly to a range of 1.0mm to 1.4mm for aipkellheight of
6.5mm.

Current ArF pellicle height typically varies betwe€.0mm to 6.8mm, 3.0mm is starting to be available

As a result, optical mask measurement systems ach more sensitive to pellicle shadowing inducegbélicle height
variations.

3. IMPACT ON IMAGE FIELD

The impact of the shadow on the active image fildgdends on the size of the pellicle Xp, Yp, thdiglelframe width
Wp and the size of the image field Xf, Yf (see Eib). As mentioned above, pellicle sizes vary ddpenon the type of
scanner that is intended to be used for a speeificle. The pellicle frame width is currently &t 2mm for all pellicles,
whereas reduction is considered by the industryassible solution (add bevel at top of frame). Thage field varies
by product, but maximum is standardized to 26mmx33for all scanner types. Additional contributorthe accuracy
error of pellicle mounting with respect to the iredeld. Assuming a worst case of uncorrelatedreromtributors, this

mounting accuracy can be describe@gsy = Tpeim + Ocenr T Tgiank 2. WhereoMask is the maximum Mask

error, oBlank the maximum Blank size errarCentr the maximum Centrality error aoéellM the maximum error of
Pellicle Mounting. Assuming typical error contribts from current mask making equipment and blagkders, this
error can range up to ~1.1mm.

The resulting minimum pellicle size needed to aveihdowing that affects the image field can be ritest as:

Xpmin = Xf +2xSp+2xWp+ 2x g, andYpmin =Yf + 2x Sp+2xWp+2x 0,

4. PELLICLE SHADOWING DURING POST PELLICLE INSPECTION

To study the impact of pellicle shadowing on theag® field during mask post pellicle inspection, ave used the
maximum possible image field of 26mmx33mm to repnéshe worst case assuming that IC manufactungts tfully

utilize these dimensions on their product. We halge assumed maximum error &y, . Instead of calculating the

pellicle shadow Sp by the NA of the inspection egueént, the mask inspection vendors specify Sp kglRize in their
equipment manuals. These values differ from theutaled values and are different in X and Y dueadditional
contributors coming mainly from the auto focus epstof the tool. With these data, the minimum pllgize needed to
avoid shadowing within the image field is calcuthtend compared to a variety of currently used g@eBiand their size
and height dimensions. This is done for mask inspes in 0° (fig.3) and in 90° orientation (fig.4).
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Fig.3: Minimum pellicle size in a) X and b) in Y depémgl on pellicle frame height for different mask pestion
pixels at 0° mask inspection and current pellicgleaehsions
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Fig. 4: Minimum pellicle size in a) X and b) in Y depémgl on pellicle frame height for different mask pestion
pixels at 90° mask inspection and current pellitlaensions

The comparisons show that most of the currentghelllimensions are below the minimum pellicle sieeded for a
certain pellicle height at maximum image field degieg on what pixel is used for inspection. For thest advanced
pixel, none of the pellicles fulfills the minimunieze either in X or in Y, therefore generating pedi shadow into the
image field of the customer if maximum field is ds@he charts also show that currently there isige wariety of

pellicle sizes in X dimension existing, whereas Yhdimension is more or less fix at 149mm. Furthemen a minimum
pellicle height of 3mm is required for post pelichspection driven by the pellicle detection sesnsd the tools, as well
as a maximum pellicle size of 149,6mm in Y (129.0mnX) (not shown in graphs) due to the loading hatcs of the
tools.

As a conclusion, the only working point for pelécatlimensions for all of the current pixels in uleveing maximum

image field sizes of 26mmx33mm without generatimfligde shadowing is 122x149x3mm (Xp, Yp, Hp) at @ask

inspection (at 90° inspection, Yp is borderline e most advanced pixel).

Reaching those dimensions in order to eliminateptioblem of pellicle shadowing with current equiptes not easily
possible. Pellicle size dimensions are restrictgdhe type and therefore design of scanners argbtto larger sizes
would require changes in the scanner reticle sysiaducing the offset between mask inspection reménts for



shadowing zones and the theoretical limits defimgdhe NA of the tool would require significant clgges to the mask
inspection system. The mask error has only limjetential for improvement and the resulting deceeizss shadow
would be small, but any improvement would requimeoivement of equipment as well as blank vendoeduRing
frame width or adding a bevel to the top of therfeato reduce width on the top only would be a emaing change to
pellicle vendors and potentially the pellicle mdogt processes. Customers have focused on reachengeguired
pellicle height to reduce the problem. Changeseiltigle height on the other hand may require charagethe pellicle
vendors manufacturing, mask manufacturing or saarewlipment. Reducing pellicle height may also neqgu
simultaneous changes in other properties thatrdesaicting with changes in height. So, in ordeintplement only as
many changes as necessary to avoid further conplespecially considering the combinations witheotlipellicle
properties including high NA and therefore to judif§¢he change to the above working point is ralarough, it is
necessary to understand the needs cc. pellicldthedgning from other optical imaging processes fagre equipment
as well as the impacts of changes in pellicle heiglother mask quality or lithography properti€ait of these inputs,
the best working point can be defined.

Standardizing pellicle dimensions to a best workpognt would allow to jointly study the possibiés and impacts and
align on solutions for the near and the long tdrat tan be implemented in a synchronized way.

5. PELLICLE PROPERTIESAND INFLUENCE MATRIX

The pellicle shadowing problem during mask posliglelinspection has shown that there is more @ influencing
parameter. Currently, the approach to reduce tbielgm is to change the pellicle height.

As mentioned in section 2, any process, that upésab imaging of pelliclized photomasks can poht suffer from

pellicle shadowing affecting the image field of thmask. So, processes like mask exposure and meskgth pellicle

registration measurement could be affected as Wb, changing the height of the pellicle may haegative effect on
other properties of the mask or the mask printiaavior. The matrix in fig.5 summarizes the maitligde properties
and their influence on lithography properties adl we lithography and mask making processes théieince those
lithography properties.
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Fig.5: Pellicle properties and influence matrix



The influence parameters on pellicle shadowingndumnask post pellicle inspection are described issudsed in

section 1.-4. The dependencies are identical ferptocesses mask exposure and mask through petigistration

measurement. It is obvious, that some of thosenpatexs, which are defined by the equipment vendaits,change

with new generations of equipment and thereforé ttentribution to pellicle shadowing as well ag tlequired pellicle
dimensions to eliminate the problem will change.eWhooking at the current approach to decreaséleelieight for

reduced pellicle shadowing during inspection, it b@ seen, that this generally has positive infteemn mask through
pellicle registration, but also negative influerme the robustness of the pellicle mounting pro@essvell as on the
defect printability of particles on the pelliclen &ddition, interactions between the propertiesehavbe considered. A
change in pellicle height will require a changethie pellicle case and maybe also in the desigreating holes and
filters which are needed for pressure equalizafilanunderstand the optimum working point for pdédlidimensions for
all processes and for future tool generations, ivee $tudied the pellicle shadowing effect duringsk exposure and
during mask through pellicle registration measuneime

6. PELLICLE SHADOWING DURING EXPOSURE

When looking into the impact of pellicle shadowiog the image field during mask exposure, we agairetused the
maximum possible image field of 26mmx33mm and aimam error forg,,,, as in section 4. For calculation of the

pellicle shadow Sp we have used NAs ranging fro®3 Qp to 1.7 to cover future potential scanner NWéh these
data, the minimum pellicle size needed to avoiddeténg within the image field is calculated and gamred to the
currently used pellicles and their size and hedjimensions. Fig. 6 shows the minimum pellicle $@avoid shadowing
in dependence of pellicle frame height for diffdarecanner NAs and current pellicle dimensions.

®
IS}
3
IS}

< Vendor A ’ < Vendor A
A Vendor B A Vendor B

] > a 2 i i
//// n o // // Eiigg
//// 17

D//f : R

Scanner tool restriction Scanner tool restriction
2.0 T T T

N
o
N
o

B0

o
o

o
o

]

»
S
S
S
i3]

Max frame height (mm)
ol
o

Max frame height (mm)
ol
o

w
<)

2.0

108 110 112 114 116 118 120 122 124 126 128 130 132 136 138 140 142 144 146 148 150 152 154 156 158 160

Min Pell size X (mm) Min Pell size Y (mm)

a) b)

Fig. 6: Minimum pellicle size in a) X and b) in Y forfirent scanner NAs and current pellicle dimensions

As a result, almost all (for all Xp>=115mm) of tbarrent pellicle dimensions are above the minimuetiigle size

needed for a certain pellicle height at maximumgendield for all NAs up to even 1.7. Like with maBispection

equipment, also the scanner tools have specifimihanum pellicle height due to their detection sessthat does not
allow pellicle heights below 2.5mm.

As a conclusion, there is no pellicle shadowingiésexpected during exposure even up to scannerUpA® 1.7 at

maximum image field size.



7. PELLICLE SHADOWING DURING THROUGH PELL REGISTRATION

The impact of pellicle shadowing on the image fidltting mask through pellicle registration measweeirs derived
using the same assumptions and method as in séctifor calculation of the pellicle shadow Sp vaé used NAs of
0.55. Fig. 7 shows the minimum pellicle size toidwhadowing in dependence of pellicle frame heigha NA of 0.55
and current pellicle dimensions.
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Fig. 7. Minimum pellicle size in a) X and b) in Y for NAf 0.55 used during through pellicle registration
measurement and current pellicle dimensions

Most of the current pellicle dimensions are abdwe minimum pellicle size needed for a certain piliheight at
maximum image field to avoid shadowing during meemsent. The registration tool vendor in this cagecsies a
maximum pellicle height of 6.5mm driven by the wiok distance between objective lens and mask. Suetieles

existing today already violate that specificationd a&ould not be used during through pellicle regigin measurement.
Some pellicles with dimensions Xp<=115mm could eapsllicle shadowing and therefore need attentorcdse

measurement structures are intended to be pladbé imuter area of the image field.

8. PELLICLE SHADOWING USING FUTURE POST PELLICLE INSPECTION TOOL

After analyzing potential pellicle shadowing effe¢bday and in the future during other optical imggprocesses than
mask inspection, we want to understand how the&atieffect during mask inspection evolves with nespection tool
generations. If we assume that in the coming g¢inesaof HighNA exposure techniques there will béeast one more
mask inspection system with requirements for ladjstances between the pellicle frame and the infiafgk to avoid
pellicle shadowing driven by higher NAs used in thgstems, we can assess if the optimum working tpoin
122x149x3mm for pellicle dimensions defined in &acH is also suitable for next generation insmectbols. We have
used the mask inspection vendors’ specifications drtrapolating to an arbitrary next generation epixThe
extrapolation is done linearly, even though exptiaéextrapolation would give a better fit to thatd. The result of
using linear instead of exponential fit is a leggrassive increase in pellicle shadowing zone. df fimd that the
optimum dimensions for pellicle size and height moé suitable with already this “best case” extiapon, it can be
concluded, that it will probably not be suitable fbe real next generation pixel. Fig.8 and figt®w the optimum
working point 122x149x3mm in comparison with thejuied pellicle dimensions for an arbitrary nexinegeation
inspection pixel.
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Fig. 8: Minimum pellicle size in @) X and b) in Y depémgl on pellicle frame height for an extrapolatedimary next
generation mask inspection pixel at 0° mask inspecompared to pellicle with dimensions of 122x33&m
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Fig. 9: Minimum pellicle size in @) X and b) in Y depémgl on pellicle frame height for an extrapolatedimary next
generation mask inspection pixel at 90° mask inspecompared to pellicle with dimensions of 122843mm

The result is, even with a less aggressive extadiool of pellicle shadowing to an arbitrary nexhgeation mask post
pellicle inspection tool, the optimum dimensions fellicles in combination with current inspectisystems as derived
in section 4. will not be suitable in combinatioitwa next generation inspection tool. This holde tfor 0° as well as
for 90° orientations for mask inspection. Under @élssumption, that a change in the auto focus systenspection tool
is not possible for future generations in ordereduce the offset between the theoretical shadowahges calculated
from the NA and the inspection tool specificatioasiew working point for pellicle dimensions ne¢alve defined. To
avoid shadowing, either the pellicle size in X hasbe increased to at least 124mm, which would redgdificant
changes at the scanner manufacturers, or thelpdiight needs to be reduced even further to 2wirich would need
changes also at the scanner manufacturers (detesgtizsors), the inspection tool manufacturer (dietesensors), the
mask manufacturer (pellicle mount) and at the glelivendor (manufacturing equipment).

The best working point including a future inspectgeneration would be either 122x149x2mm or 124x348m.



9. PELLICLEHEIGHT INFLUENCESON MASK, LITHOGRAPHY AND HIGH NA PROPERTIES

It has been shown in other studies that reducditlpeheight results in a positive influence onist@tion distortion

after pellicle mounting. It can be estimated, thalecrease in pellicle height from Hpl to Hp2 reduthe allowable
particle size to Hp2/Hp1. Printability studies carticles on the pellicle are currently in works esplly with respect to
application of polarized illumination with high NAhe results of those studies will have to showatgellicle height is

still acceptable. To reduce haze growth, pellidadors have implemented several changes that majfdmted when
changing pellicle height. Also potential transptiaia issues when using low pellicle heights neetidaconsidered. On
the mask making side, automated pellicle mountiegds to be modified for low pellicle heights, irdan — where

this holds true for any of the solution possikeidifor pellicle shadowing as mentioned in section-4ncreased
complexity causes higher risk for unstable processsulting in decreased pellicle yield.

10. SUMMARY

A study on the impact of pellicle dimensions onlipkd shadow within the active image field duringtical imaging
processes of pelliclized photomasks has been dbhas been shown, that when using maximum imaajd, fthere are
severe problems during mask inspection with alnadisturrently available pellicles. Recommendationefiminate
pellicle shadowing in current mask manufacturingpistandardize the pellicle dimensions to 149xB22m. For future
generation inspection equipment, this problem \vifrease assuming there will be no substantial gésrto the
inspection systems reducing the required distaretsvden pellicle and image field. Under this assumnptthe

recommended pellicle dimensions would be 122x149%2on 124x149x3mm. Establishing a solution will reguthe

cooperation and alignment between pellicle, scarmask equipment and blank vendors as well as masiufacturers.
Standardization of pellicle dimensions is recomnaghdo ensure coordinated and few changes in oaeomtrol

complexity and to guide the industry. Further stsdnave to be carried out to find a best workinigtpoonsidering all
relevant aspects of the potential solutions.
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