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ABSTRACT

We have investigated the design, fabrication, and reflectance
measurements of a multilayer silver/silicon reflector for use at
56.4 nm. Our rerults indicate that reflectors in the extreme ultra-
viclet dec not perform as well ae predicted due to the presence of
gsurface oxides and other surface contamination lavers. 1In additioen,
ve have iound that the correct optical conetants for silver have now
been published. We find alsc that these multilaver coatings can be
utilized as reflective polarizers in the Elv with an extinction
ratic of 75:1 end a throughput of 28% for the s-polarized comporent
of the bear.

INTRODUCTION

Multilaver dielectric reflectorrs and rimpie metnl coatings do
n>t, in general, provide adequate reflectance for laser cavities or
oher optical requirements in the extrerc ultraviclet specctrum,
Variocur rultilaver cerbinatiens of metulr, semiceonducteors, and
dielectrics are rcouired at different wavclengths within the 11\
spectrur te achicve the derired veflectance performance. 1In this
werk, we have investigated the preperties ot a multilaver coating of
rilver and rilicen at SE, & nn. One of our principal chjectiver hae
beet ¢ determine what factore jimit the performance of thewe
mu.tilovers wher utilized ir the FUV,

DESTGN

The deelpn of multilaver reflectore requirer knowledpe of both
the refactive indexes ancd the extinction coefficients of the
materialr involved in the cnating at the derign wvavelength, If
these opticnl crnstants arc not acc -rately known, the recxulting
performance of the ~oating derign cannct he predicted., We began our
derign eftort wv ascertnining the optical conrtantes of ailver and
ailicon from the liternture. Initially, we had nec way of Inferring
vhether these conmtants were the correct oner. Our initial four



X AEFLECTANCE

layer design for this coating is shown in Fig. 1. The reflectance
versus thickness and angle of incidence predicted for this design
are shown in Figs. 2 and 3, respectively. The predicted normal
incidence reflectance from these figures is 387%.

Si (18.42nm)

Ag (10.74nm)

81 (18.42nm)

Ag (10.74nm)

SILICON SUBSTRATE

Fig. 1. A tour layer reflective coating designed for use at 58.4 nm
using silver and silicon on a silicon substrate.
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Fig. 2. The reflectance versur thicknesr for the four lsver silvey/
milicon multilayer conting,
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Fig. 3. The reflectance versus nngle of incidence predicted for thc
tour layer silver/rilicon multilaver coating,

FABRIC: 10N

We [abricated our rilver/gilicon multilaver coatings using DC
magnetron spnttering in a high vacuum charher illustrated in Fig. 4.
The chacher was evacuated to a bas~ pressure of 1.4 x 10 ° Torr.

The dep.rition ruter of thr gilver and rilicon were 3.6 and 6.1
Angstrems/sec, respectively, The amhient Argon pressure during
deporiiior was 40 ptorr. The rilicor rubstrater were alternately
rotated hiaeath the rugnerron gun with the silver target and the gu
with the silfcon tsrget. The two halves oy the chamber vere
completelv ahielded to prevent crors contamination of the two
materials durine deporition, Shutters eon the guns and quartz
cryxtal moritore were uerua to control the Javer thicknerres after
gcveral calibraifon runn,
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Fig. 4. Schematic diagrar of the high vacuun chamber utilizing for
DC wagnetron aputtering the silver/rilicon multilaver coating.

REFLECTANCF MEASURIMENTS

Reflectance versur angle of incidence weasurements at 58,4 nm
were performed at the University of Colorade on our silver/silicon
multilaver. The experirental apparatusr used tc rake these reflec-
tance mearurements ir {1lurtrated in Fig. 5. A hollow cathode gar-
dircharge rource §: incident on a McTherann Model 247 grarzing
inciden.e monechrometer fitted with a 300 proove/me concave reflec-
tion grating eand scanning entrance mlst. The denired 58.4 nm line
of Helium i tzrnamitted hy the monot hremeter to the sample with a
resalution of .2 nr and anpular divergen:c¢ of 7 arcmin. The resulta

of there measurements are compared 'o our original derign calcu-
lation in Fig. 6,



EXPERIMENTAL APPARATUS FOR %B8.4nm MEASUREMENTS
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Fig. 5. Experimentnl apprratus used in rerslectance measurements at
58.4 nm.
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Fig. 6. A comparison of our original design calculation of the
reflectance versus angle of incidence with the measured values.

NEW MODEL REQUIRED

The significantly lower reflectance values measured for this
coatiny vequired that we remode]l the coatiny with surface contami-~
nation layers of silicon oxide and carbon (illustrated in Fig. 7) as
we!l as reviewing the optical constants of the materials. We found
optical constants for silver in reference 1 that better deecribed
our rdata when ured in conjunction with the new model. An excellent
fit to the mrasured reflectance versus anglie of incidence data was
obtained with the new model as indicated in Fip. 8, This fit was
obtained by varving only the thicknersex of the two surface contami-
nation laver thicknesscr, The optical constants for eilicon dioxide
and carbon were obtained from references | and 2 reaspectively. The
valucr obtained for the thicknesses of theme two layers were 1.2 nm
for the silicon oxide and 1.1 nr for the carbon. These resulte are
in epreement with previous surface science experience in terms of
the type and thic'.nesr of surface contamination on silicon.
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Fig. 7. New model of our silver/silicon multilayer coating
incorporating surface contamination layers of silicon oxide and
carbon.
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Fig. 8. Comparison of calculations frocm new model and mecrured
reflectance versus angle of incidence deta at 58.4 nm.

We wondered why such thin surface layers should have ruch a
profound effect on the reflectance of our multilayver coating. The
ansver is a combination of two factors. The firgt factor is that
thke optical constants of these materials indicate that the layers
are highly absorbing at this wavelength (58.4 nm). The second
factor is that themre surface lcverg occur very near the anti-node of
the ntanding wvave electric field /et up by the incident and reflected



EUV beams as shown in Fig. 9. This combination causes the surface
contanination layers to exhibit a maximum abaorption of the beam,
and therefore, a maximum reduction in the reflectance of the coating.
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Fig. 9. This plot of the standing wave electric field intensity in
the multilayer at normal incidence indicates that the aurface
contamination layers are very close to an anti-node (peak) in this
distribution.

EUV POLARIZER

Although the normal incidence reflectance of the silver/silicor
multilayer was disappointing as mentioned in the previous paragraphs,
wve discovered that the calculated performance cf the multilayer as a
raflective polarizer was not seriously degraded. The pe: formance of
the multllayer as a polarizer from our original calculaticn as well
as the actual performance are indicated in Tabie 1.

TABLFE I. Polarizer Characteristics of Multilayer Coating

Quantity Original Design New Model
Calculated (3€ deg.) (39 deg.)
s-Reflectance 54.92% 27.58%
p-Reflectance 00.64% 00.37%

Rs / Rp 86:1 75:1



Although the s-polarized reflectance of the coating decreased
by a factor of two from the original calculation, the extinction
ratio remained about the same because the p-polarized reflectarce
also decreased by approximatelv a factor of two.

CONCLUSIONS

We have found optical constanta that agree well with the
reflectance measurements of our multilayer coating of silver/
silicon, including those of the aurface contamination layers.
Surface contamination layers are very important in the EUV and must
be modeles to achieve satisfactory agrecment between theory and
experiment. We also conclude that multilayer coatings can be
utilized aa reflective polarizers in the EUV.
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