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In tro duc tion

Ellipsometry and spectrophotometry are ba sic meth ods for
the study of ma te rial op ti cal prop er ties. Ba si cally, it means
the de ter mi na tion of the di elec tric func tion of the ma te rial
but other pa ram e ters such as rough ness, thin film thick ness
and the pres ence of tran si tional layer or na tive overlayer
can be as sessed too. The com bi na tion of ellipsometry and
spectrophotometry is sel dom used be cause the us ers are
con vinced that these two meth ods pro vide the same in for -
ma tion. How ever, this is true only in the case of op ti cally
ideal sys tems whereas for char ac ter iza tion of the non-ideal
sys tems the com plete in for ma tion about the light in far
field, i.e. all four com po nents of the Stokes vec tor, is re -
quired. Ex am ples of such cases, in which the com bi na tion
of ellipsometry and spectrophotometry is ad van ta geous,
are sur face rough ness, inhomogeneity or lat eral non-uni -
for mity. It should be em pha sized that, as far as we know,
the VUV ellipsometry at the syn chro tron beamline is avail -
able only in one fa cil ity in the world, BESSY II.

The spec tral range of the pro posed VUV syn chro tron
beamline (5–40 eV) ide ally com ple ments the ex ist ing com -
mer cial UV–VIS–NIR ellipsometers and spec tro pho tom -
eters avail able for in stance at the De part ment of Phys i cal
Elec tron ics (DPE) at the Fac ulty of Sci ence, Masaryk Uni -
ver sity in Brno (ellipsometer and spectrophotometer spec -
tral ranges are 0.6–6.5 eV and 0.05–6.5 eV, re spec tively).
The pro posed beamline al lows study ing the op ti cal prop er -
ties of sol ids be yond the spec tral range of the com mer cial
de vices and, fur ther more, the over lap of its spec tral range
with the ta ble-top in stru ments al lows cor rec tions of sys -
tem atic er rors in her ently pres ent in the spec tro scopic mea -
sure ments car ried out in the re stricted set-ups of the UHV
ap pa ra tuses.

Ad di tion ally to the ma te rial op ti cal prop er ties and in -
for ma tion about sam ple de fects, the in for ma tion about the
band struc ture of the stud ied ma te ri als can be ob tained with 
a proper parametrization of the di elec tric func tion or di -
rectly the den sity of states. It can be par tic u larly im por tant
for the ba sic re search of novel ma te ri als and for the de vel -
op ment of new dis per sion for mu lae. Since the en er gies of
interband tran si tions range from vis i ble/UV to VUV it is
im por tant to ex tend the ta ble-top op ti cal mea sure ments to
the VUV syn chro tron re gion. Re cently, we pro posed the
dis per sion mod els based on the parametrization of den sity
of states (PDOS) and parametrization of the joint den sity of 
states (PJDOS) that can be ap plied to many dif fer ent dis or -
dered sol ids [1]. Al though the PDOS and PJDOS mod els
reached ex cel lent agree ment with the op ti cal mea sure ment
in the vis i ble/UV range the omis sion of the high ex ci ta tion
states was a cer tain weak ness from the the o ret i cal point of
view. It can be elim i nated by add ing more con duc tive
bands cor re spond ing to higher ex ci ta tions but the con fir -

ma tion of the mod els then needs op ti cal mea sure ments in
the VUV re gion.

Ma te ri als

VUV ellipsometry and spectrophotometry is re quired to
study the band struc ture of a wide range of tech no log i cally
in ter est ing ma te ri als in clud ing crys tal line, polycrystalline,
amor phous as well as nanostructured and nanocomposite
ma te ri als which in ves ti ga tion is of high pri or ity in many re -
search fields and EU Frame work Programmes. These ma -
te ri als can be ap plied in mi cro elec tron ics, Mi cro Elec tro
Me chan i cal Sys tems (MEMS), op tics, ma te rial en gi neer -
ing, biotechnologies, etc. 

Hard car bon ma te ri als find many ap pli ca tions in
tribology, MEMS and as pro tec tive coat ings due to their
unique prop er ties such as high hard ness, chem i cal in ert -
ness and biocompatibily. In case of microcrystalline and
nanocrystalline di a mond, di a mond-like car bon (DLC) and
their mod i fi ca tions (dop ing, nanocomposites) it is im por -
tant to con trol the struc ture of these ma te ri als, namely the
con tent of sp2 and sp3 bonded car bon. The rel a tive con tent
of sp2 and sp3 bonded car bon can be de ter mined from the

ra tio of p and s elec trons.  While the ab sorp tion peak cor re -

spond ing to p elec trons (re spon si ble for the weak gra phitic
bonds) lies in the vis i ble re gion, the ab sorp tion cor re spond -

ing to s elec trons (re spon si ble for the strong di a mond
bonds) lies in the VUV re gion, with the max i mum of ab -
sorp tion at about 13 eV. Sim i larly, the ab sorp tion of ma te -
ri als for VUV op tics, e.g. in VUV li thog ra phy re quired for
Ul tra Large Scale In te gra tion (ULSI), such as MgF2 and
LaF3, starts above 10 eV. More over, the qual ity of their
sur faces as con cern rough ness and uni for mity has to be
con trolled and ver i fied. It can be re li ably done by the com -
bi na tion of ellipsometry and spectrophotometry. In the
case of study of biomaterials, the tran si tions be tween the
lo cal ized elec tronic states cor re spond ing to the char ac ter is -
tic struc tures are ob served. The en er gies of these tran si -
tions lie not only in the vis i ble and near UV re gion, but also
in the VUV re gion.

Ma te ri als crys tal liz ing in perovskite struc tures ex hibit
wide range of in ter est ing prop er ties, for ex am ple ma te ri als
with ferro elec tric prop er ties and struc tural phase tran si -
tions (SrTiO3, BaTiO3, PbTiO3), antiferroelectrics
(PbTiO3), ma te ri als with spe cial op ti cal prop er ties
(KTaO3, KNbO3) and their mix tures (PZT, BST, KTN) or
ma te ri als with both ferro elec tric and mag netic prop er ties,
i.e. multiferroics (BiFeO3). These in clude use as di elec tric
ma te ri als in ca pac i tors, as ox y gen ion con duc tors in sen -
sors, as sub strates for high Tc su per con duc tors, or as pi ezo -
elec tric ma te ri als in ac tu a tors. A thor ough un der stand ing
of most of these prop er ties re quires the knowl edge of the
elec tronic struc ture of the bulk ma te rial. 
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Sci en tific case of the pro posed beamline

We pro pose the in stal la tion of two spec tro scopic tech -
niques for the VUV beamline, i.e. ellipsometry and
spectrophotometry, at the Cen tral Eu ro pean Syn chro tron
Lab o ra tory (CESLAB). The pro posal is jus ti fied by a
unique ness of their com bi na tion at the synchrotrons in
world. This com bi na tion is re quired for the study of
non-ideal sam ples. It can be ei ther re al ized by two sep a rate
UHV cham bers or, pref er en tially, in the one cham ber
set-up. 

Beamline

The beamline will op er ate with hor i zon tally po lar ized
beam in the en ergy range from 5 to 40 eV with res o lu tion >
25 000. The ap pro pri ate in ser tion de vice will be spec i fied
later.

In spi ra tion in the world

The de sign of pro posed beamline is mo ti vated by the fol -
low ing beamlines in the world:

• BESSY II: Beamline “3m-NIM-A” for spec tro scopic 
        ellipsometry in the range 2–40 eV.

• BESSY II: Beamline “Op tics Beamline” for vari able 
        an gle spec tro scopic reflectometry in the range 
        20–1300 eV.

• UVSOR: beamline “BL7B”.

Op tics hutch pro posal

The hutch will be spec i fied af ter the ex per i men tal hutch re -
quire ments are known in more de tails.

Ex per i men tal hutch pro posal

Due to the unique ness of the pro posed ex per i men tal de vice
it is not pos si ble, at this stage, to pro vide de tailed tech ni cal
spec i fi ca tions. One of the pos si ble set-ups com bines the
ellipsometry and spectrophotometry in one VUV cham ber
(see fig. 1). The light beam from the syn chro tron falls on
the sam ple through the changer of polarisers switch ing be -
tween polarisers P1, P2 and no polar iser. The P1 is MgF2

prism polar iser that can be used for the VUV re gion
5–10 eV. In the XUV re gion 10–40 eV, a tri ple re flec tion
gold mir ror type polar iser P2 must be used in stead. The
ver ti cally mounted goniometer G of the spectrophotometer

moves with the arm of the de tec tor D in the range of y =
0–180°. The sam ple stage per forms the fol low ing mo tions:

ro ta tion around the same axis as the de tec tor goniometer q

= 0–90°, fine z-po si tion ing and fine ad just ment of the sur -
face plane tilt in two per pen dic u lar di rec tions. The sam ple
has to be able to move out of the light path when the de tec -
tor D is at 180°, in or der to mea sure the in ci dent light in ten -
sity for the de ter mi na tion of sam ple reflectance. Two
ellipsometer heads, i.e. VUV and XUV, are mounted in
fixed po si tions at cca 70° and 55°. The VUV head can be
sep a rated from the VUV cham ber with an MgF2 win dow
and ni tro gen purged. We pro pose to base the VUV
ellipsometer head on the prin ci ple of phase-mod u la tion,
i.e. con sist ing of the photo-elas tic com pen sa tor C, polar iser 
P3 and de tec tor. The XUV ellipsometer head will con sist of 
a sec ond ro tat ing tri ple re flec tion gold mir ror polar iser P4

and de tec tor, i.e. ro tat ing analyser ellipsometry will be
used.

Sam ple en vi ron ments
Pref er en tially, the mea sure ment UHV cham ber should be
equipped with a load lock and an HV sam ple prep a ra tion
cham ber which can be used for clean ing the sam ples prior
to the op ti cal mea sure ment by ther mal an neal ing or mod i fi -
ca tion of the sam ple sur face by plasma or ion beam. The
sam ple stage in the UHV mea sure ment cham ber should be
op tion ally equipped with liq uid ni tro gen cool ing or He
cryostat for low tem per a ture mea sure ments or with a fur -
nace al low ing to mea sure at high tem per a tures. 

User com mu nity

User com mu nity for this beamline cov ers us ers from ac a -
de mia and re search in sti tu tions, uni ver si ties or in dus try
grow ing, pre par ing hard and soft con densed mat ter sam -
ples (solid state phys ics, supraconductivity, thin films and
coat ings), as well as an a lyt i cal lab o ra to ries, in clud ing the
Czech com mu nity “Nanoscience for so ci ety”. 

Ac a demic Czech user com mu nity

The Czech user com mu nity work ing in ellipsometry and
spectrophotometry:

1. Masaryk Uni ver sity, Brno. Group of D. Franta, 
         D. Neèas, L. Zajíèková, I. Ohlídal

2. In sti tute of Phys ics, Prague. Group of D. Chvostová,
         A. Deyneka, V. Železný

3. Uni ver sity of Pardubice, Pardubice. 
          Group of J. Mistrík

4. Tech ni cal uni ver sity, Brno. Group of V. Èech.
        5.  Uni ver sity of Ostrava, Ostrava. Group of K. Postava

6.  Pro duc ers of sam ples and nanostructures, in clud ing
          in dus try and pri vate com pa nies.

Cen tral Eu ro pean com mu nity

The po ten tial user com mu nity cov ers us ers from Slovakia
(e.g. In sti tute of Phys ics, Bratislava) and from Aus tria (uni -
ver si ties in Wien and Linz).

Ref er ences

1. Dan iel Franta, Da vid Neèas, Lenka Zajíèková, Mod els of
di elec tric re sponse in dis or dered sol ids, Op tics Ex press 15
(2007) 16230–16244.

Ó Krystalografická spoleènost

VUV Spec tros copy Beamline      s 49


