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ABSTIUCT

We have inve6tiBated the debiRn, fabrication, nnd reflectance
measurement of a mu:tilaycr 6ilver/silicon reflector for uae at
56.4 nm. Our re~ult~ indicate that reflectors in the ●xtreme ultra-
violet do not perfotm as well a~ predicted due to the presence of
aurfa:e oxides and other surface contamination layer6. In addition,
:’e have iound tk-t the correct opticdl conFtanLs for silver have now
been published. We find also that theac multilayer coatings can be
utilized a6 reflective polarizer in the E[ i with an ●xtinction
ratio of 75:1 Pnd a throughput of 28% for the s-polarized comptrent
of the benm.

INTRWU!CTION

Plultilavrr dielectric rcflrctor~ and Fimple metnl contjng~ do
nit, In Renernl, provld~ adcquntr reflectance fcr laker cav~tles er
o:hcr opticnl rcqulrwmcnts in the ●xtrcfir ultravjolct 6ipcctrum,
various uu]tlla~cr retrblnntlon+ of mcth]F, Pt!~iCCndUitFr,3, and

tllelectr~cs are rrouired at dlffcrent w~~nclcnpths w~thln the lI\
eprctvur tc ach~cvc the desirrd reflectance perfcmnnre. In this
wrrb., we hov~ jnvcstlgatrd the prfiprrtles CI1 n nmltllnvrr rontjnR of
rjlvcr and r~llron at ~P.L nni. (mc rf our ptincip:ll rh.lectivcF hn~

rcqlllre~ kIIfwlrd~c of tIOtll
rPcffjclerltF of tllr
dc~jgn ~avclengtli. If
v knmrn, thr rr~ultjn~
hc prrdjrted. Wr hegnn Our

crmptnntw of milver and
ve hnd nr wnv of inferrinR
oncu. Our initlnl four



layer de~i~n for thi6 coating Is 6hnn in Fig. 1. The reflectance
vereu6 thickne6s and angle of incidence predicted for thi6 design
are ~hown in Fig6. 2 and 3, respectively. The predicted normal
incidence reflectance from these fig~re6 16 38Z.

Si (le.4ad

Ag (10.74nm)
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—

SILICON S~STRAIE

Fig. 1, A four layer reflective coating du~igned for use at 58.4 m
using silver and biltcon on a silicon substrate.
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Fiu, 2, Thr reflertan~e verRus thirknee~ for the four la::cr Rllv~i’/’
nlllcon multllnyar cootln~.
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3. Tht reflectance versus nnple of Incidence predjrted for the
layer silver/Rillcon multilavcr coating.
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Flp. 6. A comparison of

reflectance versu6 angle
our original desi Rn calculation of the
of incidence with the measured valuea.

NW’ MODELREQlllREfI

The significantly lowrr reflectance values ❑easured for this
cnnting ~equired that we remodel the coating with surface conta~i-
nntlon lay~rs of silicon oxide and carbon (illustrated in Fig. 7) ●s
w!l as reviewing the optical constants of the materials, We found
optical constnnto for silver in reference 1 that better de~cribed
our data whm u~ed in conjunction wjth the new model. An ●xcellent
fit to the m~a~ured reflectance versuk angls cf incidence data waB
obtained with the new model a~ indicated in Fip.. 8. Thi~ fit wan
ohtajned by vnrying only thr thicknr~sc~ of the two ●rface ccmtami-
nat{on lnyer thirkncsscn. The rtpticnl ermstants for ail~con dioxide
and rarbrl wre nbtalncd from reference~ 1 and 2 raapectively. The
vnlucP obtajncd for the th::knes~cp of these twm layer6 were 1.2 nm
for the ~ilicrm oxide and 1.1 nm inr t4e carbon. Theme results are
in e~reement with prcvlous nurface Hcicnre ●xperience in term~ of
the typr and thic’.ne~~ of nurfnce contamination on ollicon.
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Fig. 7. New model of our silver/silicon multilayer coating
incorporating murface contamination layera of silicon oxide and
carbon.

1007 -

60’ “ ..- 1.R m OX= 6 8.8 m ~ ,4

70’“
● MIA MIV. W CaO.1

60’ “

so ‘“

30 *=.. ... .. .... ....

20‘“
“-+++++4*

10“
L

OJ , 1 , 1 1 1 m m n , , , n . , ,

0 10 20 30 40 50 60 70 no go

INCIOENT ANGLE [deg)

8. Comparltson of calculations from new model and me,lsured
reflectance verfius angle of incidence d~ta at 58,4 nm.

We wondered why such thin eurfacc layers should have twch a
profound effect on the reflectance of our nmltilayer coating. The
answer is a combination of two factorn. The firnt factor iB that
thti optical constanta of these materiala indicate that the layers
are highly ●baorbin~ at this wavelength (5FI.4 rim). The second
factor is that thene surface lqorR occur very near the ●nti-node of
the mtandinu wave ●lectric field let up by the incident ●nd reflected



EUV beam aa ohown in Fig. 9. Thie combination caueea the eutface
contamination layers to ●xhibit a maximum abamption of the beam-
and therefore, a maximum reduction in the reflectance of the coating.
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Fig. 9. This plot of the standjng wave electric field intensity in
the multilayer at normal incidence Indicnteti that the surface
contamination layers ar~ very close to an anti-node (peak) in this
distribution.

EUV POLARIZER

Although the nomal incidr?nce reflectance of the silver/ailico~
multilayer was disappointing a~ mentioned in the previous paragraph.
we dfecovered that the calculated performance cf the multilayer aa a
r~flective polarizer was not aerioualy degraded. The performance of
the multilayer as a polarizer from our original calculation as well
ns the actual performance are indicated in Tahie 1.

TABLE I. Polarizer Characteristics @f 14ultilayer Coating

Quantity (lriuinal De~iUn New Model
Calculated (3G deg.) (39 deg.)

a-Reflectance 54.922 27,58%
p-Reflectance 00.64Z 00.37%
Rs / Rp 86:1 75:1



Although the m-polarized reflectance of the coating decren~ed
by s factor of two from the original calculation, the ●xtinction
ratio remained ●bout the ●ame because the p-polarized reflectance
●lao decreaaed b:{ ●pproximately a factor of two.

CONCLUSIONS

We have found optical constanta that agree well vith the
reflectance meanurementn of our multilayer coating of oilver/
ailicon~ including those of the ●u~face contamination layers.
Surface contamination layers are very important in the EUV ●nd must
be modeled to ●chieve satisfactory agreement between theory and
●xperiment. We ●lso conclude that multilayer coatings can be
utilized aa reflective polarizer in the EUV.
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