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1 ABSTRACT

Today, haze and crystal growth on the reticle serface still a primary concern of the microlithodrgp
industry. The crystals limit the reticle usage lasytresult in printable defects on the wafers. Nuomg studies
have been presented so far. The general belibfisdifferent root causes can lead to crystal gnoavtd haze
formation, among them the contaminants on the reagkace from the clean processes.

In this paper we are investigating the potentiaswafate free clean processes based on ozonatelyainoigen
water for the next generation of photomasks. Keyapaters such as cleaning efficiency, as well asrtipact
of the chemistry on the mask optical propertied Wwé presented. The potential of the chemistry \él
discussed and compared to the standard cleanicggzes.
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2 INTRODUCTION

The cleaning process remains a critical step ipttiomask manufacturing process because of the mask
material susceptibility to the chemistry applietirdughout the years, the clean processes werestthased on
sulfuric acid-peroxide mixtures, known as SPM imb&ination with ammonia —peroxide mixtures alsoezll
APM or SC1.

The SPM provides strong oxidation capability to @ity deal with the organics on the mask surface Th
SC1 on the other hand deals with inorganic pagialed is every efficient in combination with Megaiss. The
major drawback of SC1 or alkaline solutions is itiaility to remove the absorber film (MoSiON) dfgse shift
masks (PSM) resulting in significant phase loss, thereby limiting the number of cleans. Furtheraor
throughout the last couple years, these chemistriee shown to actively participate to haze andtaty
formation on the mask surface. This issue is sicanitly affecting the industry. Indeed, crystalt results in
printed defects on the wafers. Numerous studiedstdhat the residuals from these chemistries emrtask
surface are contributors to crystal growth [1,2}tloe same. The need for alternative cleans is swodgt
becomes a necessity to investigate sulfate fremsle

Our approach is to look at different alternativeristries, namely ozone water and hydrogen wates. T
concept of hydrogen and ozone water is not nelwasémiconductor industry and electrolyzed watsrdh@wn
excellent ability to clean the surfaces of sili@m LCD substrates [3]. However the applicatiorhtorhask
clean process remains an ongoing development [4,5].

With an electrochemical potential of 2,08V, ozoseme of the strongest oxidants available. This astgg
a good cleaning efficiency for organic contaminatrathout the drawback of leaving ionic residued arakes
the ozone a promising candidate for replaceme8PRdfl. Moreover ozone is a green chemical, it can be
produced when it's required at the point of uselyabut of oxygen gas. After the process the remnginzone
quickly decomposes back to oxygen gas, leavingase@us or aqueous waste that requires costly geatmr
pollutes the environment.

Hydrogen water on the other hand is reported t@ ltlae capability to neutralize the electrostaticesmion
forces of inorganic particles on photomask surf§gégdn combination with megasonics an effectieenoval of
inorganic particles shall be possible. Because smigll amounts of ammonium hydroxide are addebédo t
hydrogen water to adjust the pH value, contrar$@d. only low impact on MoSiON layers is expected,
proposing the hydrogen water as a suitable altemédr SC1. Additionally, similar to ozonated wate
hydrogen water can be produced at the point ofumsan required without the necessity of chemicapsufrom
facility. It leaves no waste except DIW and smaticaints of hydrogen gas.

In this work, we present the MaskTrack platformlesdleaning tool for photomask equipped with
hydrogen and ozone water capability. Furthermoeewill present and discuss the results of the itigaton of



the process parameters on the mask key opticaépiep, phase and transmission, reflectivity. Blrtiemoval
efficiency and cleaning efficiency will be reportasl well.

3 MASKTRACK: TOOL CONCEPT

In order to meet the requirements for next genemdiihography, STEAG HamaTech has developed a nelw to
platform for mask processing, the MaskTrack. The rrardroncept of the platform offers the flexibility
combine different modules to specific configuratioBxtensions or upgrades of existing tools witlv nedules
are possible without the necessity of replacingdoéas a whole. Fig. 1 shows the Masktrack clearstalled

at the AMTC for this study. Besides standard clegutéthnology, such as SPM and SC1 it comprisesatedn
water as well as hydrogenated water dispense sgsteough megasonics.

Fig. 1. Masktrack Cleaner at AMTC

Fig. 2a shows an insight into the process chambireccleaner. The dispense arms are parked inqésile
the chamber and covered with shutters during ithey can be rinsed and dried in that position taee
particles and droplets from the outside. The chansb@erodynamically shaped without edges and deatbrs
to ensure a laminar airflow through the chambertamtevent turbulences and backsplashes duringepses.

Fig. 2a View of Masktrack process | Fig. 2b Megasonic arm in process
chamber chamber




The tool is equipped with a 1IMHZ and 3MHZ dual megésohead (Fig. 2b) for dispense of ozonated water,
hydrogen water and SC1, a jetspray arm for DIWeriauisd a puddle nozzle for SPM dispense. The fromt- a
backside of the substrate as well as the chamipebeainsed with cold and hot CO2-ionised DIW.

4 PROCESS PARAMETERS INVESTIGATION

In order to evaluate the potential of ozonated w@#03) and hydrogen water (DIH2) and to find th@imum
conditions for the new chemistry the performancthefmedia under different conditions was compéoetie
standard chemistry with respect to efficiency, sualbs damage and residues.

For all experiments the acid ratio (H2SO4:H2025BM was 3:1, the SC1 concentration (percentag€afis
DIW) was 3% and the pH value of the hydrogen wai@s adjusted to 10.5 with ammonium hydroxide. The
DIO3, DIH2 and SC1 was dispensed through a 1IMHZ3iHZ dual megasonics nozzle. The temperature of
hot DIW was set at 80°C.

4.1 Particleremoval efficiency

The inorganic particle removal efficiency (PRE) of23l as well as DIH2 was investigated and compared to
SC1, which sets the standard in PRE today.

To carry out the experiments, chrome blanks weréamoimated with calibrated $i4 particles with sizes in the
range from 80nm to 2um in a defined distributiohe blanks were then treated with the respectiveaned
dispensed through megasonics. They were inspeoteahpl post to the clean on a Siemens DF 100-)&P las
surface scanner with 80nm sensitivity.

In a first series of experiments the concentratibozone in DIW has been varied in the range af 5appm to
investigate the influence of concentration on PRE. & shows the PRE as a function of DIO3 conceintmatt
can be seen that there is no significant conneti@tvween concentration and PRE. This result is stardiwith
other studies with megasonics where it was fouatlttie major driver for particle removal is thegqmece of gas
in the medium to enable cavitation. There is nogtrdependence of PRE on concentration of the gimgsas
it exceeds a certain threshold [6].

A similar series of experiments was performed emtdy the optimum conditions for DIH2. The conasibn

of dissolved hydrogen was varied from 1,5 to 3ppmfor the DIO3 no strong effect of concentrationRRE
could be found.
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Fig. 3: PRE as a function of ozone concentratiahdiapense time




Comparison of the PRE of DIO3, DIH2 and SC1 ung#intized conditions (Fig. 4) shows that SC1 has the
best efficiency however DIH2 shows a remarkableiefficy as well. The PRE of DIO3 is low. This
performance was reported before [4,7] and is prigiiadcause unlike SC1 and DIH2, DIO3 cannot neiagal
the electrostatic forces between particles andisarthat hinder the removal and promote the reshoihef
inorganic particles.

Although, the PRE of DIO3 is poor in comparison @10r DIH2, it does show much better removal
performance than SPM. Taking into account that DEKX®nsidered as the replacement of SPM for organic
removals, it presents in addition significant rerdasapability for inorganic particles.
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Fig. 4. Normalized PRE of DISC1 vs. DIH2 and DIO3

4.2 Cleaning Efficiency

The organics cleaning efficiency of DIO3 as a fumetdf concentration and time has been investigated
compared to a standard SPM cleaning step.

Resist coated blanks were used for these testslér to provide a typical non-particulate orgarootamination
that requires decomposition by the chemistry fanaeal. The remaining counts after the strip weresuesd on
a Siemens DF 100-XP laser surface scanner withgitséty down to 80nm patrticles size.

Fig. 5a shows the remaining counts as a functiaron€entration after a 15min treatment with DIO3&mabient
temperature. The concentration was varied from&Dfpm. It can be seen that the efficiency in@esagth
higher concentrations. At the lowest concentratibBppm, the resist layer was still complete affer
treatment.

The increase of the dispense time at a given coratint (27,5ppm) delivered the expected resuleaehse of
the detections (Fig. 5b). The comparison of th@®performance with a standard SPM treatment ong-ig
reveals that at a higher concentration, the DIC&tsally slightly more efficient than the SPM. Tdeta
presented in those figures were obtained using NEEBt: A similar behavior was observed with FERstes
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Fig. 5a: Remaining counts after strip as a functibn | Fig. 5b: Remaining counts after strip as a functibn
ozone concentration vs. SPM DIO3 dispense time




In another set of experiments the capability of BIO clean organic particles was compared to SPiMoGe
blanks were contaminated with PSL particles wittomimal size of 100nm to a level #f40000 counts. The
plates were scanned, before, after contaminatidraéter cleans, on the DF 100-XP from Siemens. firbie
plate was cleaned for 5min with SPM, followed bynain DIH2 step. The second plate was cleaned fén 5m
with DIO3, followed by a 5min DIH2 step. Fig 6 shethe result of these tests. It can be seen tHdts&Rvell
as DIO3 cleaned off all the PSL particles during teatively short dispense. However after the DiBEAN the
count was even lower than before the contaminatienthe DIO3 did not only remove all PSL partidbes
even some of the baseline contamination.
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Fig. 6: PSL cleaning efficiency of SPM vs. DIO3

4.3 Phaseand Transmission

Another important parameter to consider is phaskttansmission change of MoSiON layers on PSM
substrates. The application of hot DIW and SC1 ftimaaced photomask clean is limited by their strong
influence on this parameter. In order to overcohnesé limitations, it is desired that new chemisthave a
significantly lower impact. In this experiment thkase loss and transmission change of a DIO3 aH& DI
dispense was compared to a treatment with hot DIWVSC1.

Phase and Transmission was measured on a Lasertdcl®®tool on 9 locations across the plate.

Fig. 7a plots the average phase loss of hot DIWS@# versus DIO3 and DIH2 after an hour dispense. Th
dispense time was purposely exaggerated to clemmhtify the impact of the fluids on the phase and
transmission of the reticle. It can be seen th@3¥and DIH2 have only a minor impact especially whe
compared to the significant phase movement fronhtidd| water. Surprisingly, the SC1 showed a Jery
impact as well. A remarkable observation is showiiriy 7b. After a treatment of the mask with DI@®
properties of the MoSiON layer is virtually unchadgby a following dispense of DIH2 or SC1. Appakgetite
DIO3 not only has low impact on phase itself bur@esver has the ability to passivate the MoSiONaxef
Passivation of MoSIiON layers was already repoi®e@] in connection with the usage of UV lamps. The
authors found that actually oxidation of the suefflirough reactive oxygen is responsible for tifface
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The measured values for transmission change (Tatmrdspond to the findings from phase measurement.
increase in transmission is coherent with a deergaphase.




Transmission

Media change
[% Transmission]
Hot DIW 1,035
DIO3 0,008
DISC1 0,029
DIH2 0,027
» § | DIscl 0,015
o s
oo
a DIH2 0,001

Tab. 1: Transmission change of
MoSiON substrates after 1hr
dispense

4.4 Reflectivity

To investigate possible damage of the chrome AR lay®IO3, the reflectivity change at 193nm of frddoya
NTAR7 chrome blanks was measured as a functionrmdearttration and dispense time and compared to a
standard SPM cleaning step. The reflectivity measards were performed on the STEAG HamaTech AUV
tool at 20 locations across the plate. Fig. 8asplo¢ average reflectivity change as a functioDI6f3
concentration for a 15min dispense. The dottedrtiaeks the reflectivity change for a 15min SPM timgent.
One can see that for all measured concentratienshtange is relatively small, 0,40% maximum anthé
range of the SPM. For longer dispense times (Fiyti&e reflectivity change increases moderatelesehresults
suggest that no damage to the chrome layer by @8 Ebr normal process times needs to be expebtadg
significantly more severe than from standard SPaarc!
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Fig. 8a: Reflectivity change at 193nm of chromeelay] Fig. 8b: Reflectivity change at 193nm of chromeelay|
after 15min dispense as a function of ozone as a function of DIO3 dispense time
concentration vs. SPM

45 lonresiduals

Finally the capability of DIO3 and DIH2 to remowaniresiduals, namely sulfates and ammonium wasdestd
benchmarked with hot DIW which is the common adentesidual removal today. For the experiment new
resist coated blanks were stripped with SPM toiobtegh residual levels and then treated with #epective
media for a defined time. The residual level beford after the treatment was measured through herwa
extraction and GC-MS analysis of the extract. Tiselte are shown in Fig. 9. It can be seen thatlsélhot
DIW has the best removal efficiency. For the DIOBependency of concentration can be seen. Theesftiz
increases with the concentration and at 50ppm tl8an reduce residuals at a considerable ley@3vith
low concentration as well as DIH2 did only remowea#i quantities of ion residues.
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5 PROCESS RESULTS

Based on the findings from above process recipgstive new chemistry were set up for resist stnigh final
clean. The performance was compared to the pradessord with UV-treatment, SPM clean and SCllea
through jetspray and megasonics.

51 Resist Strip

Figure 10 shows the normalized counts after the SN process and DIO3/H2 process. It can be sagn th
DIO3/H2 process shows superior performance, apprabdly 40%. These results are very encouragingesd
worth further investigation.
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Fig. 10: Normalized strip residuals after POR an@¥IH2 process



5.2 Final Clean

From the previous results, a final clean process asaembled, and tested on a high-end mask.gbtarli
inspection at 125 pixel size was performed befokaftter final clean. The results are summarize#igare 11.
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Fig. 11: Cleaning efficiency summary of Startligigpection of a
high-end reticle.

96% cleaning efficiency was achieved. This resufificmed the good cleaning efficiency already obsedron
the blanks material with such chemistry. In additioo structure damage nor AR damage was idenfifted
the post-clean inspection.

6 CONCLUSION

In this paper we could confirm the feasibility of@B and DIH2 for advanced photomask clean. Withnibe
chemistry it was possible to achieve a cleaninfpperance that is at least comparable to the pedoo® of
standard cleans with SPM and SC1 without the dralwbéleaving sulfate residues. The new chemisiayngdt
damage chrome surfaces more severe than a stasidandand had only very low impact on phase and
transmission of halftone PSM MoSiON layers.

The study could reveal some remarkable properti&®©8B. It can passivate MoSiON layers in a way that
impact of following clean steps on phase and trassion is significantly reduced and it can consatbgyr
remove sulfate residues. Out of these findingsousrpossibilities for combinations and further oygations of
process steps arise with the potential to derigarihg processes with high efficiency, low resideatls and
low impact on pattern. This is the subject of fartmvestigations.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the financialpgupby the German Ministry of Education and Reslear
(BMBF) under contract number 01M3154H.

REFERENCES

[1] E:V: Johnstone. C. Chovino, J. Reyes, D. HongyiBhnan, D. Cooburn, C. Capella: “193nm Haze
Contamination: A close relationship between Mask and its enviroriin@8® Annual Bacus
Symposium on Photomask Technology, SPIE Procee8R§52003 p.440-448.

[2] B:J: Grenon, K.Bhattacharyya, B. EynorReticle surface contaminants and their influencéadn
yields'. R-YMS-Monterey September 2004.

[3] H. Aoki, T.Nakajima, K. Kikuta, Y. Hayashi, Proof Symp. on VLSI. Tech., Tokyo, May 1994 pp-79-
80.

[4] Y. Nagamura, H.Usui, N.Yoshioka, H.Morimotddigh Performance photomask cleaning process
using electrolysed wateSPIE Proceedings 3412, 1998 p.395-404



(5]
(6]

[7]
(8]

9]

Y.S. Son, S.H. Jeong, J.B. Kim, H.S. KinirF Half-Tone PSM Cleaning Proces Optimization for
Next-generation LithograpHysPIE proceedings 4066,2000 p.416-423

F. Holsteyns, K. Lee, S. Graf, R. Palmans, Gedeke, P. MertendVlegasonics: A cavitation driven
process’, Proceedings of the 7th International Symposiunutira Clean Processing of Silicon
Surfaces (UCPSS) held in Brussels, Belgium, Sepeer®0-22, 2004, p. 159-162

C. Gottschalk “Ozonated water-Where the grdeoiae is better”, January 2005 edition of Cleanrsom
by Pen Well Corporation; reprint by MKS ASTeX GmlB&rlin

F. Eschbach, D. Tanzil, M. Kovalchick, U. Dietad, Liu, F. Xu,Improving photomask surface
properties through a combination of dry and weiacling steps’SPIE proceedings 5446,2004 p. 209-
217

C. Chovino, L. Dieu UV light with oxygen treatment of phase shift phiaok for phase and
transmission control: applicable to,8i;.,40/Ny.1)', SPIE proceedings 5130, 2003 p.51-57.



