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ABSTRACT

Today, the industry is suffering from the conseqesnof residue and contaminants on the mask sudacthey
significantly affect the printing quality of thetige. As the industry is moving forward toward dlmafeature sizes
with the next generation lithography (NGL), i.e.3b8n immersion and EUV, it is more than likely thedfect of
contaminant will worsen. Thus a good control of i@sk cleanliness via its optical properties is b@ng essential to
minimize the impact of contaminants while achieving tight specification of mask customers for NGL.

The AUV5500 is specifically addressing contaminafite principle of the tool set-up, its process fiomality is
presented. The first process results on binaryR8M masks are analyzed and discussed.
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1. INTRODUCTION

Mask cleaning has always been a challenge for énei-sonductor industry mainly because of the masitenal
susceptibility to the chemistry applied. Nonethgldhe industry was able to successfully developaleans based on
sulfuric and ammonia chemistry with good cleanifficiencies and minimum impact on the mask optjalperties.
The purpose of the sulfuric is the removal of organvhereas the ammonia mainly addresses the paréslit removes
the top layer of the film. As the industry is moyiforward toward smaller nodes and new mask médesiz being
investigated for the Next Generation Lithographg, EUV, the traditional cleans are showing limdas in their
capabilities to provide the level of cleanlinesguieed for the future nodes without damaging theskmmaterial.
Furthermore, in the case of EUV technology, it i®kn that organic residuals are to be removed frioenmask, as
they significantly alter the optical propertiestbé same, resulting in some cases up to 22% dctefity loss at the
wavelength of use [1].

In addition, for the last couple years, the industas been struggling with crystal growth and hazmation on mask
surface [2]. The crystal growth impacts the wafa s it results in printing defects and ultimatgisid loss. It is
believed from various studies that the mask residtem the wet cleans, are in part responsibletfergrowth [3,4].
Although, new processes are being developed tommiei haze issue [5,6], the need for alternativardds pressing
and it becomes a necessity to investigate sulfatedleans. Through this paper we are investigatidg cleaning tool
based on Ultra-Violet (UV) exposure at 172nm injoantion with an adjustable environment as a mearemove
organics residuals. Although the capability of U brganic removal agent has been demonstratedsamat new in
essence, the novelty presented here resides innthigu capability from the integration of the UVhiti with a
spectrometer capable of reflectivity and transmissneasurement in the Deep UV where organic thinsfiare
optically sensitive. Therefore it is conceivableetwvision a process where the spectrometer wouldoadiedge the
cleaning status with regard to film contaminanta transmission and reflection measurements at @lemagth of
choice throughout the complete reticle.

To achieve this functionality, it is necessary tostfidistinguish between the optical effects frone thurface
contaminants on one hand and the structures ootliee hand. In this paper, we are beginning thidysby presenting
the tool functionality, the first results of contiawants effect on bare surfaces and the opticaloresgs of simple
structures.



2. AUV5500: TOOL CONCEPT

The emphasis of the AUV 5500 is the ability to remavganic residuals and contaminants of the mashc®i(6” x

6"), of concern to the industry, and to verify itusthe result of the cleaning by measuring thagmission and the
reflection. The combination of the dry UV-cleaneithva spectrometer unit provides a good controthef cleaning
process that minimizes a possible alteration ofiagk optical properties.

2.1. General process stations and therelated process functions
The AUV5500 tool comprises four stations, as illattd on the sketch of the tool layout on FigureA1SMIF
(Standard_Mechanical mterface) unit serves as a defined interfacing betwkerAtJV5500 tool and any other process
tool part of the mask manufacturing process. A tehdomatically handles the mask inside the took process flow
is defined via the @phical_ser_hterface (GUI). A flip station offers the opporttynio clean and investigate both
surfaces of the reticle. The two main stations ef tttol are the UV station to remove organic layess the mask
surface and the spectrometer station that ackngetethe reticle surfaces cleanliness before aralfer a cleaning
process. Both stations are described in more detdhe following sections. The air inside the ti®Ire-circulated
within a close loop that contains chemical andiglartinits combined with a temperature control eystThe filtration
assembly provides a class 1 or better clean roonroemment with amine levels <1ppb, and TOC-o{@ Crganic
Compounds) concentration <5ppb in the path of thekndairing all handling operations inside the tool.

CPF connection
UV cleaning chambe
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/ Deep UV spectrometer
unit

Robot

SMIF GUI / keyboard

Figure 1: Sketch of the AUV 5500 layout illustrating the kpoinciple together with the process stations.

2.2. Deep UV spectrometer unit
The deep UV spectrometer unit comprises of a samipenber and a UV spectrometer. The UV spectrometer i
operating in the spectral range of 145nm to 270bmnelies on a blazed reflection grating as disjpersinit and uses a
deuterium lamp as the light source. A spectral legiem of 0.71nm in combination with an absolutevei@ngth
accuracy oft0.08nm, is determined by utilizing the atomic emoisdine atA=121.5339nm [7] of a deuterium light
source throughout the complete spectral range. Tdiféerent photo-multiplier tubes (PMT) are usedn@asure
simultaneously transmitted, reflected and lightreeuntensity (see Figure 2). Absolute transmissiod reflection are
calculated from referencing these measurementsetddta determined on a standard sample. The fefletndard is
well known and optically characterized. It sitsaithuck next to the mask (see Figure 3). A holhénchuck serves as
transmission standard (see Figure 3).
The spectrometer chamber includes the mask chuckao(®,y)-table enabling the scanning of the maskase. Thus,
the mask is moved to the locations of choice; witthie optical path. It is held “face-down”. Thehtgspot size is
800um in diameter throughout the complete optiaage.
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Figure 2: Schematic principle of the optical set-up insitle t Figure3: Screen shot of the GUI editor used to define d gri
spectrometer chamber measuring the transmittedreftected the reticle surface; with some of the spectromptameters,
intensity e.g. integration time, wavelength of interest.

Figure 3 represents a view of the GUI defining iiasurement process by specifying the measureioeatsons, the

wavelength of choice, the integration time per negénd the number of readings per location. A ioowius flushing

of the entire UV spectrometer unit is performedhwittra- pure nitrogen (99.9999%) to eliminate apyical influence

on the readings from oxygen or other gas susceptibinterfere in this optical range. Temperaturé humidity inside

the spectrometer unit are continuously monitoreithiwi+0.1°C and +0.1% respectively, to ensure stabéasurement
conditions.

2.3. UV cleaning chamber (172nm)
The dry-cleaning process of the mask surface i®peagd in the UV cleaning chamber by illuminating gurface with
172nm light (excimer lamp). In addition, a defirgas mixture can be introduced to the process chaprbdominantly
filling the gap between the mask surface and theverdow of the illumination light source. Curregases include
nitrogen dry and wet, argon (dry) and oxygen (diy)e gases flows are controlled accurately to pl@iévels down to
ppms of active constituents. Figure 4 illustrates principle design of the media supply system. Eactiributing gas
volume is controlled by a ass_fow controller (MFC), and then is mixed with the oth@esies inside a separated
mixing labyrinth before entering the process chambiée editor in the GUI enters the flow volumesoimhore
‘conventional’ units, e.g. vol.% and/or ppm (Sead#d gray on Figure 5).
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Figure 4: Media layout illustrating the design principle thfe Figure 5: Typical screen shot of the GUI editor defining
media supply system to the UV cleaning chamber. the cleaning process in the UV cleaning chamber.



The gap between the sample and UV light sourcejisstdble as parameter of the process. A typicanitey program
consists of several steps (columns, on Figure &)y its own time period and process conditions. égithe right
process conditions, combining oxygen with 172nm lig¥it will result in the formation of ozone and atic oxygen.
Both species are known to be active contributothéccleaning efficiency of the process [8-10].

3. PROCESS PERFORMANCE

3.1. AUV5500 system characterization
Since this tool is a prototype, the first seriesngfasurement were targeting the repeatability. Biselate reflectivity is
measured at four wavelengths on a binary mask blanka 3x3 array covering a field of 100mm x 100nTrhe
measurements wavelengths chosen wer#57nm, 193nm, 248nm, and 257nm. The same array reg@esatedly
measured ten times without interruption from logdamd/or unloading of the blank in the spectroméibe integration
period for the data reading was set to 1secondir€i§ illustrates the data collected at a measuremavelength of
193nm for all nine different locations. Although \aee beginning with different reflectivity, the esgability of the
readings is clearly demonstrated for all investdatvavelengths. The standard deviation corresponirg 99.8%
confidence level (8) is summarized in table 1 for each wavelength. 8&ngths larger than 193nm showed lower 3
0.03%, whereas 157nm wavelength shows the largemaBie, 0.093%. This result might originate fromthe higher
sensitivity of the intensity readings to the gas@phere inside the spectrometer unit (spectronsetdr sample
chamber). Figure 7 illustrates the dispersion efdbsolute reflectivity of the binary blank in tegectral range from
157nm to 257nm.
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Figure 6: One example of the repeatability test results Figure 7: Dispersion graphs for the absolute reflectivity
(absolute reflectivity at 193nm) for nine differdntations (mean value of the ten readings at each locatiba)nary
covering a central area on a binary blank. blank surface at nine different locations.

M easurement wavelength
157nm 193nm 248nm 257nm
30 0.093% 0.024% 0.018% 0.018%

Table 1. Repeatability results at four characteristic littegghic wave-
lengths. The data shown are the absolute standatidtion values of
repeated measurements with an integration peridg.of

3.2. First cleaning results

A controlled contamination process was developedttaly the cleaning capability of the tool. The temninant of
choice was isopropyl alcohol. The cleaning efficiemeas evaluated by measuring the reflectivity of tilank at
157nm, 193nm and 257nm. Figure 8 represents axanpée the reflectivity measured at 157nm and 192nrB
locations. The blank was cleaned prior to contatiinaA series of measurement was collected atiehestep:

- Before contamination: Pre measurement

- After contamination: Post contamination

- After UV clean: Post UV cleaning



3.2.1. Mask Blanks
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Figure 8: Absolute reflectivity from five locations on a biry blank, before and after the contamination WitA and after dry UV
clean. The left graph illustrates the results aintd and the right graph at 193nm inspection waggten

A consistent drop of the reflectivity is noticealaliter contamination. The drop represents 1,8%I1&acat 157nm and
193nm respectively. The effect of the contaminanin@e severe at 157 than at 193nm. This is no sarpsince
organic contaminants were identified as one ofdhecerns during the development of the 157nm Litaplgy [11].
After cleaning, the reflectivity is recovered atkdocation. The 193nm reflectivity data revealss98 recovery of the
initial reflectivity at 193nm. Further investigatioreveals a time dependant effect associated withgap of the
reflectivity. After the UV clean, the surface istime and will inherently grow organic resulting énslight drop of the
reflectivity to reach a steady value. It is not@kaunderstood at this stage why this phenomemaoiee pronounce at
193 than 157nm. We are suspecting the nature afadhiminant as a possible route cause.

3.22. Binary Reticles
A scanning protocol was developed to investigage ithpact of adjacent surfaces and standard typeré=saon the
transmission and reflection measured with the speater. On Figure 9, we describe the scanning faoohrome

surface to a quartz surface. The circle represémtsrieasurement spot. The scanning is performedcmenrents of
100um starting on the chrome and heading ontoubezsurface.

Chrome area | Glass area

Spectrometer spot

= Location [um]
0 400 800

Figure 9: lllustration of the spectrometer spot scannin@ssithe edge of adjacent chrome and quartz surfaces

Both transmission and reflection curves show a-stpp function from one surface to the other, grasented on
Figure 10. The reflection curve exhibits a lineartjpn from the quartz surface to the chrome serféiedeed, scanning
from the chrome to the quartz surface, the amoéifiglot going through the quartz is continuouslgneasing. This
increase is directly depending upon the amountezfrdield within the measurement spot. This betraiidicates the
absence of interferences between the reflectivadigff the respective surfaces. Because of thafsignt difference
between the optical properties (n, k) of the retipecsurfaces interferences are not likely to odouthe wavelength
range of study.

In a first approximation, the values for the refiec were derived from the reflection of the singleface (quartz,
MoSi) by considering the ratio D of the featureesizea (Acawrd t0 the spectrometer spot area (4.



Thus, the reflectivity on the feature is given bysRie Reeane= D™ Rovarst €D * Repom

A verification of this calculation is provided onfla 2 where we compare calculated and experimdatal
Interestingly the transmission shows the same tr&dihear relationship is noticeable as well. mgar equation for

the transmission of the featurgeduewas derivedTe, = D*To .t =D * T (2
In this particular case, the equation is simplifs&tce the chrome does not transmit at all in theelength range. Thus
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Figure 10: Measurement of the absolute reflectivity (left iva and transmission (right graph) values with #pectrometer
measurement spot scanning across a chrome arealfteme/quartz edges). The graphs show the rdsulthe three
wavelengths of 157nm, 193nm and 257nm before tAectihitamination.

Reflection (%)
Measured | Calculated

L ocation
(a.u)
1.1
1.2
1.3
1.4

1.5
Table 2: Comparison of calculated and experimentally messtransmission and
reflection at 193nm in the linear portion of theuseing process.

Transmission (%)
Measured | Calculated

To becompleted

A closer analysis of the variation of the curveshvithe wavelength exhibits a change in the slopthefreflectivity
throughout the scan. Table 3 shows the mean slogless/calculated from R and T at different locatiforseach
wavelength. The change in slope with wavelengtimanly attributed to the material optical propestiearying
throughout the spectrum.

Mean slope @257nm Mean slope @193nm Mean slope @157nm
Reflectance | Transmission | Reflectance | Transmission | Reflectance | Transmission
PRE 26.67 187.33 26.69 186.59 32.39 0.11
CONT 24.77 184.64 25.88 185.34 30.41 0.12
POST UV 27.48 187.03 27.42 186.63 33.64 0.10

Table 3: Comparison of the mean slopes collected from @sefi scans across adjacent surfaces at the diffeweselengths in
transmission and reflection mode. The values grerted before contamination (PRE), after contamimetCONT) and
after the UV cleaning (POST UV).



The linear behavior was still noticeable with theliidn of the contaminant. A decrease of the stopisible for every
wavelength. As we explained before, the absoluteatévity is dropping with the addition of the caminant, thereby
decreasing the slope of the reflectivity /transmissvith the scanning position.

The contaminant is acting as a buffer layer thauced the effect of each single layer by averaghe dptical
properties of each surface (chrome and quart.dbnceivable to envision an increase of thisogffelope reduction,
with the thickness of the film of contaminant fitma certain extent.

3.23. PSM Reticles
The impact of the UV clean process on 193nm pha#t rehterial was evaluated as well. The mask desigs
consisting of 9 phase cells distributed in a 3x&throughout the mask active field. The phase taaasmission
measurements were collected on an MPM 193 from texsefhe phase and transmission change representdtiie
difference of the mask properties before and aftsain are presented on Figure 11. Both phase angmission show
minimal variations well in the range of the tootaracy: £0.4° in phase and + 0.1% in transmissezpéectively. One
can conclude that the UV clean process does nettdfie optical properties of the reticle.

Phase change / cycle [ °]
Transmission change /
cycle[ %]

Figure 11: Change of the phase (left graph) and the transonigsight graph) properties across the PSM reticidace per IPA
contamination &UV clean process.

3.2.3.1. Measurement on standard features
The same matrix, described above was used for tlasurements on standard structures. Reflectionrangrhission
readings were performed at five wavelengths, nanpi€lynm, 157nm, 193nm, 257nm and 270nm. The phéiserere
used as standard features. The spot was centerte d@ature, covering it completely for each measent (Refer to
the illustration in Figure 12).
The design contains open fields enabling measuram@amtMoSi or Quartz only. The transmission and céfie
measurements are reported on Table 4. The firscohamns represent the experimental data wheredaghévo are
calculated from Equations 1 and 2 described above.

M easur ement Model calculation
A Ref[I(?;:a]\nce Tr arEsOr/:i]ssion RefEe;ﬁnce TrarEsor/Toﬂ]ssion j,ec;gpeter
147nm 47.93 0.08 47.08 0.08
157nm 19.35 0.01 19.32 0.01
193nm 17.88 14.52 18.29 15.74
257nm 14.58 34.99 14.91 35.44
270nm | 14.20 39.05 14,57 39.30 | [MoSisuace Glass e

Table 4: Comparison of the calculated and measured reflgctind transmission  Figure 12: lllustration of the spot positio
at different wavelengths of quartz on MoSi surface. on a standard feature.



The calculation emphasizes a good correlation betwesasured and calculated values. The differencesnadd are
assumed to originate from the Gaussian intensiilprof the spectrometer spot, not considerechadalculation. In
addition, it is understandable that this first apmate theoretical approach remains valid onlythié structures
investigated are much greater (@Ghan the measurement wavelength.

3.2.3.2. Measurement on typical structures

Transmission and reflection were measured jom @itch lines and spaces pattern of 1:1 duty cjden 147nm to
270nm. The results are reported on Figurel2.
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Figure 12: Dispersion of the transmission and reflection o6Vl and quartz in the spectral range from 147nn2#0nm. In
comparison transmission and reflection data medsamehe real feature and the graph accordingeaaitinple theoretical approach
are included.

Both reflectivity and transmission are confinedtire region delimited by the single surface data. fitst order
equation defined for the standard structures dodenmger represent the results for this type ofuless, as one can see
Figure 12. The lines and space features genefffitaction orders modifying the intensity of theHigdetected. Thus, a
more sophisticated model is required to replichaig hehavior. It will be the subject of a futuregppa

4. CONCLUSION
In this paper we presented the principle and tinetfanality of the AUV 5500. The first results oantrolled organic
contamination on binary and PSM reticles were priese as well. The contaminant is altering the maptical
properties via a decrease in reflectivity in theepaJV. We demonstrated the ability to efficientlgmove the
contaminant via a UV base process without altetiregreticle optical characteristics. The opticapense of simple
features was investigated. A first order equatiasell on a linear relationship with the optical abtaristics of the
individual respective surfaces was proven to atelyraeproduce the experimental optical response¢hefsimple

structures. It justifies the purpose of this toadsess both the presence and the cleaned-off oftansinant on a
structure.
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