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LUMINESCENT PROTECTION AGAINST RADIATION
DAMAGE IN WIDE-GAP MATERIALS

A. Lushchik, Ch. Lushchik and F. Savikhin
Institute of Physics, University of Tartu, Riia Str. 142, 51014 Tartu, Estonia

Insufficient radiation resistance of construction materials is heel of Achilles
for thermonuclear energetics. In wide-gap dielectrics, Frenkel defects (FDs) are
created  not  only  due  to  the  knock-out  mechanism  but  also  at  the  decay  of  the
electronic excitations formed during the irradiation or at the recombination of
electrons (e) and holes (h). It is commonly accepted that in MgO, Al2O3, MgAl2O4,
SiO2, Y2O3 etc. crystals the energy released at the recombination of totally relaxed
(cold) carriers is lower than the creation energy of a stable FD pair, EFD > Eeh = Eg.
The e-h mechanism of defect creation is insignificant in these materials. However,
besides the knock-out mechanism, the mechanism of defect creation connected
with the recombination of hot e and hot h should be taken into account. In some
crystals, the energy released at such hot recombination is already sufficient for
defect creation, Eeh

hot > EFD [1].
One of the possible ways to suppress such FD creation mechanism is the

doping of a material by luminescent impurities able to capture a part of the energy
of hot carriers before their recombination. Recently we succeeded to detect the
processes of the energy transfer from hot electrons or hot holes to luminescent
impurity ions in the crystals with narrow or wide valence bands, respectively.
These processes decrease the efficiency of hot e-h recombination [2]. Hot
recombination is especially efficient under the conditions of high excitation density
and in the materials with complicated valence bands. The relaxation of hot holes is
impeded in some oxide compounds, where subbands of a valence band are
separated by an energy gap (e.g., in SiO2 [1] and some sulphates [3]). An
appreciable contribution to the physics of inorganic materials with complex
valence bands have been made by M. Pidzyrailo and coworkers via the methods of
ultraviolet spectroscopy.

[1]  Lushchik  A.,  Lushchik  Ch.,  Kirm  M.  et  al.  //  Nucl.  Instr.  Meth.  B.  2006.
V. 250.  P. 330-336.
[2] Lushchik A., Lushchik Ch., Liblik P. et al. // J. Luminescence.  2009.
V. 129.  P. 1894-1897.
[3]  Savikhin  F.,  Kerikmäe M.,  Feldbach E.  et  al.  //  Phys.  stat.  sol.  (c).  2005.
V. 2.  P. 252-255.
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PHYSICS OF LEAD TUNGSTATE SCINTILLATORS

V. V. Laguta1, M. Nikl1, S. Zazubovich2

1Institute of Physics AS CR, Cukrovarnicka 10, 16253 Prague, Czech
Republic

2Institute of Physics, University of Tartu, Riia 142, 51014 Tartu, Estonia

Single crystals of lead tungstate (PbWO4) became a subject of renewed
interest about 15 years ago when their favourable characteristics for scintillation
detection were reported. In the present work, a systematic study of the
luminescence and photo-thermally stimulated defects creation processes, occurring
under selective UV irradiation, was carried out. The complex structure

and the nature of the bands observed in the luminescence spectrum of PbWO4
crystals were established. It was found that the blue - B and green - G(I) emissions
of PbWO4 crystals are of the exciton-like origin and arise from the (WO4)2- groups
located in the regular and in the lead-deficient crystal regions, respectively, and
perturbed by various defects. The slow green G(II) emission accompanies photo-
and thermally stimulated tunneling recombination processes in different (genetic or
stochastic) optically created pairs of oxygen vacancy V0- and (MoO4)3--related
electron centers and lead vacancy VPb-related hole centers. Thermal quenching of
the B and G(I) emissions is caused by the decay of the corresponding localized
excitons. Thermal quenching of the G(II) emission is caused by thermal destruction
of the corresponding hole centers.

Various localized exciton states (e.g., the excitons of the type of (WO4)2-

localized near A3+ ions,  oxygen vacancies  of  the  type  of  WO3, WO2 or  WO,  and
(MoO4)2- groups) were identified and their decay into defects was found. Their
photo-thermally stimulated decay into electron and hole centers is assumed to
result in the following processes: ex0A3+  (WO4)3--A3+; ex0WO3  {Pb+-WO3};
ex0(MoO4)2-  (MoO4)3- and, probably, also ex0WO2  {e- or 2e- at/near WO2};
ex0WO  {e- or 2e- at/near WO}. Unlike the decay of the self-trapped exciton and
defect-related states, the creation of electron centers in these processes takes place
without release of the free electrons. The optically released mobile holes can be
responsible for the photoconductivity observed under irradiation in the localized
exciton absorption region at T>150 K.

The results obtained indicate that lead and oxygen vacancies play an
important  role  in  the  trapping  of  holes  and  electrons,  respectively,  and  in  the
optically and thermally stimulated recombination processes. Co-doping with stable
A3+ ions reduces the number of the isolated vacancies. This leads to both a strong
suppression  of  the  slow ( s-ms) tunneling recombination G(II) luminescence and
the enhancement of the fast (2-4 ns at RT) B and G(I) emissions. As a result, a
considerable improvement of scintillation characteristics of PbWO4 crystals takes
place.
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VUV SPECTROSCOPY OF RE3+ 4f N  4f N-1 5d TRANSITIONS
IN WIDE-GAP HOSTS

G. Stryganyuk1, T. Shalapska2, V. Vistovskyy2, A. Voloshinovskii2

1Institute for Scintillation Materials, Ukrainian Academy of Sciences,
60 Lenin Avenue, 61001 Kharkov, Ukraine, stryganyuk@gmail.com

2Physics faculty, Ivan Franko National University of Lviv,
8 Kyryla i Mefodiya Str., 79005 Lviv, Ukraine, volosh@physics.wups.lviv.ua

The activity within the reported studies is aimed at the elucidation of
electronic and vibronic structure of 4f N-1 5d states of trivalent rare earth ions
(RE3+) with the purpose to facilitate the development of new luminescent materials
for efficient conversion of VUV quanta.

Intraconfigurational 4f N  4f N transitions that have thoroughly been studied
and well developed models of RE3+ 4f N provide the energy diagram of 4f N states
for  all  RE3+ ions  [1],  whereas  the  simulation  of  RE3+ 4f N-1 5d states still fails to
reproduce accurately the experimental data. The origin of structure in the excitation
spectra of RE3+ 4f N-1 5d  4f N-1 luminescence is not quite clear. The
interpretation of high-resolution 4f N-1  4f N-1 5d excitation spectra causes a
severe confusion due to the energy migration enabling the nonradiative surface
losses upon a small penetration depth of the exciting radiation. The effect of
excitation energy branching causes a considerable difference in 4f N-1  4f N-1 5d
excitation spectra measured for different luminescence bands [2].

The radiative 4f N-1 5d  4f N-1 transitions  were  known only  for  Ce3+, Pr3+,
Nd3+, Er3+ and Tm3+ before the series of successful investigations on heavy RE3+

spectroscopy [3] has been started. The measurements on lightly doped crystals
provide us with excitation and absorption spectra reproducing reliably the structure
of 4f N-1 5d states. VUV emission of Lu3+ due to the spin-forbidden 4f 13 5d  4f 14

transitions was revealed and the thermo-stimulated ´spin-allowed 4f 13 5d  4f 14

transitions were studied [4]. The absorption 4f 13  4f 12 5d transitions of Yb3+ are
revealed, for example, in competition with the formation of Yb2+ charge transfer
(CT) state [5].

[1] P. Peijzel, A. Meijerink, R. Weigh et al., J. Solid State Chem. 178 (2005) 448.
[2] G. Stryganyuk, G. Zimmerer, N. Shiran et al., J. Lumin. 128 (2008) 1937.
[3] G. Stryganyuk and G. Zimmerer, Phys. Solid State 50 (2008) 1631.
[4] M. Kirm, G. Stryganyuk, S. Vielhauer et al., Phys. Rev. B 75 (2007) 075111.
[5] G. Stryganyuk, et al., J. Phys.: Condens. Matter 19 (2007) 036202, 346236.

mailto:stryganyuk@gmail.com
mailto:volosh@physics.wups.lviv.ua
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LUMINESCENCE INVESTIGATION IN SrWO4 AND
Sr0.9Ba0.1WO4:Nd

V.V. Mikhailin1,2, D.A. Spassky1, V.N. Kolobanov2

1Skobeltsyn Institute of Nuclear Physics, Moscow State University, 119992
Moscow, Russia

2Synchrotron Radiation Laboratory, Physics Faculty, Moscow State
University, 119992 Moscow, Russia

Tungstates with the scheelite-type crystal structure AWO4 (A  =  Ca,  Sr,  Ba,
Pb) are self-activated luminescent materials that are applied as X-ray phosphors
(CaWO4) and scintillators (PbWO4). Recently SrWO4 and BaWO4 were  also
proposed to  be  applied  as  a  laser  host  media.  Actually  it  was  shown that  SrWO4
has one of the highest Raman gain values among Nd doped Raman host media [1].
At the same time the luminescence properties of the SrWO4 are almost unknown.
Here we present the investigation of the luminescence properties of the undoped
SrWO4 single crystal and of the Sr0.9Ba0.1WO4:Nd3+ solid solution.

Luminescence spectra in the wavelength region of 200 – 1050 nm at VUV
excitation as well as luminescence excitation spectra and reflectivity in the energy
region of 4 – 35 eV were measured using synchrotron radiation at the Superlumi
station (DESY, Hamburg) [2]. Luminescence spectra at VUV excitation were
normalized on the function of the registration route spectral sensitivity.
Investigated samples were grown by Czochralski method in the Laser Materials
and Technology Research Center of GPI, RAS (Moscow).

Intrinsic luminescence in the investigated crystals represents the broad band
with maximum at 470 nm and is due to the radiative transitions within WO4

2-

complex.  This  band  in  the  Sr0.9Ba0.1WO4:Nd3+ is modulated by re-absorption of
Nd3+. Nd3+ related luminescence is observed in the region of 850 – 950 nm. The
competition between the intrinsic and dopant luminescence centers is discussed.
Volume quantum yield is calculated from the excitation spectra [3] of the intrinsic
luminescence and its main features are explained. It is concluded that the energy
transfer to the intrinsic luminescence center is of the exciton type. It is shown that
the low efficiency of the excitation in the energy region of 9 – 14 eV manifests
about the high probability for the separated electron and hole to be captured by the
competitive dopant luminescence center.

[1] Ivleva L.I., Basiev T.T., Voronina I.S. et al. // Optical Materials. – 2003. – V.
23 – P. 439–442.
[2] Zimmerer G. // Nucl. Instr. and Meth. A. – 1991. – V. 308. – P. 178–186.
[3] Mikhailin V.V., Vasil’ev A.N. Introduction into the solid state spectroscopy. –
Izd. MGU. – 1987. – 192 p.
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PERFORMANCE LIMITATION OF SCINTILLATORS: A NEW
INSIGHT

V. B. Mikhailik
University of Oxford, Department of Physics, Keble Road, Oxford OX1 3RH,

UK, vmikhai@hotmail.com

The performance limit of scintillation materials is one of the key issues that
always attract interest of the experts in the field. Recent studies of temperature
dependences of scintillation properties of tungstates and molybdates, prompted by
their applications in cryogenic experiments searching for rare events, yielded a new
insight into this problem. To understand the origin of the performance limitation of
self-activated scintillators a semi-empirical model of conversion of high energy
radiation into light was employed. In framework of this theory the energy
efficiency of scintillator, , can be written as follows:

SQ
EE

E

g

LO

g

12/3

0

4

5.1
][1110158.01

35.2  ,
where E  is the energy of the scintillation photon, Eg is the energy gap, S is the

efficiency of energy transfer to the luminescence centre and Q is the luminescence
quantum yield, LO is energy of optical phonons,  and 0 are dielectric
constants. Using this equation and data on quantum yield of NaI-Tl from
pioneering work [1] it was possible to achieve better agreement with the energy
efficiency of this scintillator comparing with previous studies. This approach was
developed further for intrinsic scintillators by making appropriate provision for
effects of temperature and energy transfer [2]. It is shown that the model can
describe adequately the light yield of self-activated scintillators over wide
temperature range (see table).

Material T,
K

Eg, eV LO,
meV

0 E ,
eV

Q S LY,
ph/keV

,
%

NaI-Tl 295 5.9 22 3.1 6.9 3.0 0.83[1] 0.80 44 13.2
295 3.8 113 3.8 10.8 2.3 0.41[2] 0.52 8.9 2.0CaMoO4
9 3.8 113 3.8 10.8 2.3 1 0.83 27.3 6.2

[1] Vyshnevskyi V. N and Pidzyrailo M. S., Ukrainskyi Fizychnyi Zhurnal, 12
(1967) 1466-1473.
[2] V. B. Mikhailik and H. Kraus, physica status solidi b, (submitted).
[3] Vyshnevsky V.N., Kulytsky V.N., Pidzyrailo M.S. et al., Ukrainskyi Fizychnyi
Zhurnal, 17 (1972) 1225-1230.

mailto:vmikhai@hotmail.com
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MICROSTRUCTURE OF Eu2+ AND Ce3+-RELATED CENTERS
IN LUMINESCENT MATERIALS FOR WHITE LIGHT

EMITTING DIODES

I.V. Berezovskaya, S.M. Levshov, N.P. Efryushina, V.P. Dotsenko
Physico-Chemical Institute, Ukrainian Academy of Sciences,

86 Lustdorfskaya doroga, 65080, Odessa, Ukraine, ssclab@ukr.net

Some Eu2+-doped inorganic compounds such as Li2SrSiO4 and Ca2BO3Cl are
of significant interest as phosphors for manufacturing white light emitting diodes.
In  this  work,  the  luminescent  properties  of  Eu2+ and Ce3+ ions  in  Li2SrSiO4 and
Ca2BO3Cl have been studied upon excitation in the 2-20 eV region. Based on the
results of luminescent measurements, we discuss the following aspects:

- microstructure of Eu2+ and Ce3+-related centers;
- electronic structure of the compounds.
It  was  shown  that  common  structural  feature  of  Li2SrSiO4, Ca2BO3Cl  is  an

asymmetric, distorted coordination polyhedron for the Eu2+ and Ce3+ ions. This
leads  to  a  strong  depression  of  the  lowest  5d  level  of  Eu2+ (Ce3+) ions in these
compounds due to crystal field effects. At relatively low Ce3+ concentrations, there
is only one type of Ce3+-related centers in Li2SrSiO4. This center was found to be
produced by the direct substitution of the Ce3+ ion for a strontium ion without a
local charge compensation. It was shown that in addition to the 4f 5d excitation
bands,  the  excitation  spectra  of  the  Ce3+ and  Eu2+ ions emissions in Li2SrSiO4
contain a band with a maximum at 7.08 eV (175 nm), which is attributed to the
absorption of the silicate groups (see Fig. 1).

In  contrast  to  Li2SrSiO4, two
inequivalent alkaline earth sites are
present in Ca2BO3Cl. This causes
the formation of several Eu2+

(Ce3+)-emitting centers. It was
shown that the character of site
occupancy by Eu2+ (Ce3+) ions in
Ca2BO3Cl varies with the variation
of the method of preparation of the
material. Application perspectives,
trends of research and development
of Li2SrSiO4, Ca2BO3Cl doped with
Eu2+ and Ce3+ ions are also
discussed.

Fig. 1. Excitation spectrum for the Ce3+ emission in Li2SrSiO4.

mailto:ssclab@ukr.net
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COMPARISON OF Ce3+ AND Pr3+ ACTIVATORS IN
ALKALINE-EARTH FLUORIDE CRYSTALS

E. Radzhabov, A. Nepomnyashchikh
Vinogradov Institute of Geochemistry, Russian Academy of Sciences,

Favorskii street 1a, P.O.Box 4019, 664033 Irkutsk, Russia, eradzh@igc.irk.ru

Ce3+ ion still remains most popular activator for halide and oxide scintillators
introducing both high efficiency of registration and fast decay time [1]. Two Ce3+

emission bands are due to 5d-4f transitions having energy of transitions in fluorides
near 4 eV. Emission decay time of Pr3+ ions is at least twice faster than that of Ce3+

ions [2]. Energies of several 5d-4f transitions of Pr3+ are in 4.5-5.5 eV region.
Other rare-earth ions show even faster decay times, however energies of radiative
transitions are shifted to vacuum ultraviolet region (above 6 eV), making difficult
the detection of emission. Bromide and iodide matrices have the largest light yield,
mostly due to smallest band gap. It seems that Ce3+ ion only could effectively
luminesce in these materials, while the emission of other rare-earth ions is
quenched because the ground 4fn levels of these ions are in valence band [3].

In this paper we compare the emission of Ce3+ and Pr3+ ions in alkaline-earth
fluoride crystals. The emission spectra of the samples excited by vacuum
ultraviolet  photons  or  by  x-ray  as  well  as  excitation  and  absorption  spectra  in
vacuum ultraviolet region (6-12 eV) were studied.

1E-3 0,01 0,1 1 10
104

105
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Ce concentration, mol. %

 BaF2-Ce (4.25-3.05 eV)
 SrF2-Ce (4.25-2.8 eV)
 CaF2-Ce (4.15-2.8 eV)

SrF2 excitons

BaF
2
 excitons

mailto:eradzh@igc.irk.ru
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Crystals CaF2, SrF2, BaF2 doped by CeF3 or PrF3 were grown by Stockbarger
method in graphite crucible in vacuum. Concentration of dopant varied from 0.01
to 10 molar percent.

For all crystals the exciton luminescence continuously decreased with
increasing of cerium concentration. Exciton emission becomes negligible near 1
mol.% of CeF3. Dependence of integral intensity of emission bands of Ce3+ ions
against of Ce concentration is shown on Figure. The highest light yield was found
for SrF2-1 mol. % CeF3 crystal. The highest light yield of Ce3+ emission for all
crystals are close to initial light yield of exciton emission of undoped crystals. It
seems that the transfer of exciton energy is the main channel for Ce3+ excitation.
The emission intensity of Pr3+ ions is several times less than that of Ce3+ ions.

The emission, excitation and absorption spectra are also measured and
analyzed in the course of energy transfer to impurity ions.

The authors are grateful to V. Ivashechkin and V. Kozlovskii for the growth of
studied crystals.

[1]  K.  W.  Krämer,  P.  Dorenbos,  H.  U.  Güdel  and  C.  W.  E.  van  Eijk,  J.  Mater.
Chem. 16 2773 (2006)
[2] P.A. Rodnyi, Radiation Measurements 33 605 (2001)
[3] P. Dorenbos , Journal of Luminescence 122–123 315 (2007)
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. c
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, 
, 

 NaI-Tl, CsI-Tl, CaI2-Eu, SrCl2-Eu, CaF2-Eu.
.

 1. ,
 Eu2+

I/IR, %l CaI2-Eu SrCl2-Eu CaF2-Eu
0,5 6 18,8 14,1 11,3
0,1 10 10,4 7,8 6,3
0,01 21 4,7 3,5 2,8
IR – , ,  – 

, l – ,  – 
.

 2. ,

NaI-Tl CsI-Tl
l I/IR,

%
I0 /IR,

%
I /IR,

%
I/IR,
%

I0/IR,
%

I /IR,
%

I /I,
%

0,5 6 18,8 13,5 5,3 14,1 10,1 4,0 28,2
0,1 10 10,4 8,6 1,8 7,8 6,4 1,4 17,3

0,01 21 4,7 4,3 0,4 3,5 3,2 0,3 8,5
I0 – , I - 

.
:

-
 CaI2-Eu;

- , , ,
;

-
SrCl2-Eu .
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.....  (  –
)  FA…..VKD. 
.

 1. 
.....

,
 % l 1 2 L CD /CD0 E,eB

0,5 6 0,08 0,58 0,22 0,12 84,5 187
0,1 10 0,0675 0,71 0,14 0,08 85 260

0,01 21 0,03 0,82 0,11 0,04 92 500
, 

:   (FA-VKD)-  - 1; 
…..  - 2;  - Q; 

 - L; 
 - .  – ; l = na – 

; a – ; CD
; CD0 – 

;  – , 
.

 2. 
 FA…..VKD.

,
 % l 2 Q L

C
/CD0

n E,eB

0,5 6 0,435 0,565 0,435 0,435 0,165 3,75 1018 34,5
0,1 10 0,39 0,61 0,39 0,39 0,15 0,675 1018 38
0,01 21 0,36 0,64 0,36 0,36 0,08 4,0 1016 42

C  – 
;  – , 

; n  -  1 3

.
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.
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78…300 .
 CdBr2-Ag 

 273  280 .  
 (k  10 -1)  290…310 

 330  345  (k  1…2 -1). 
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.
 280  273 
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 170 .
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, 
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,  Ag+ (  Ag0) 
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.
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 ( )
 Bi4X3O12 (X=Ge, Si), Y2O3, Y2O3:Bi,

Y2O3:Eu,  Y2O3:Tb, Sc2O3, PbWO4, Bi2WO6. 
-

.  0.3–1.0 .
, 

 505  Bi4Ge3O12, 500  Bi4Si3O12,
365  Y2O3,  335  Sc2O3,  490  PbWO4  500  Bi2WO6.

 Y2O3:Bi  515 
3+ .  Y2O3:Eu 

Y2O3:Tb , -
.

, 
 5–15 

I A U B , (1)

U, . ,

Bi4Ge3O12 =3.34.  (1) 
, . 

, .
, 

. , 
 t  [1]

0I I exp( C Et) , (2)
 – ,  – ,  –

. ,
,  Bi4Ge3O12  U=5 

j=25 A/c 2 C E=0,216 -1/2. 
.

[1] W. Lehmann //J. Electrochem. Soc. – 1983.– V.130.– P.426–429.

mailto:bordun@electronics.wups.lviv.ua


39

 NaCl

. , . , . , . ,
. , . 

. , 8, , 79005, 
tdemkiv@physics.wups.lviv.ua

- , 
 – , , . 

.
 KCl-LaCl3(1 .%)-CeCl3(0,1 .%), KCl-LaCl3(0,5 .%)-

PrCl3(0,05 .%) 
 (40–100 .)  200–

250 ° ,  KCl 
K2LaCl5  K2LaCl5:Pr.
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 JEOL JSM-T220A 
 LINK-analytical. 

.

,  
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 NaCl. ,
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  -

 [1], , 
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. , 
.
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 // .– 2007.– .131, 6.– .

1040-1047.
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.
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,  Si-O-Si 
1100  1240 -1  1050  1250 -1, 
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)  ( ) 3 2Ga3 12 ( =R3+ - ,  – Ga Sc)
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4fn
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. -
.
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 (  3.5-10 ) 

 80-295 . Gd3+

, 
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 Me2+ ( =Ca,
Sr, Ba, Cd)  CsI  10 
295 K  4,5-16 . 

 CsCaCl3, SrCl2, BaCl2  CdCl2  1-5 .%. 
 CsI- 2+ T=10 K  340, 420 

510 . max=340 - 
 CsI [1]. 

max=420 ,
, 

 CsI [2,
3]. max=510 

. 
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. 
.  
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 440-570 , 

.
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716.
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.
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, 
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(18,5 ). 

3+  24,7  ,  
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V. 453. – P. 192–196.
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INTERBAND LUMINESCENCE IN Cs2CdI4 SINGLE
CRYSTALS

V. Vistovskyy, A. Voloshinovskii, G. Stryganyuk, O. Bovgyra
Physics Department, Ivan Franko National University of Lviv, 8 Kyryla i
Mefodiya Str., 79005 Lviv, Ukraine, vistovskii@physics.wups.lviv.ua

At present the mechanism of core-valence luminescence as type of interband
luminescence is extensively studied. The core-valence luminescence (CVL) is
connected with the radiative transitions of the holes from top of core band to the
anion valence band. The main CVL characteristics are the threshold in excitation
luminescence spectrum at energy > 12 eV (range of core excitations creation) and
the decay time constant of nanosecond range. In Cs2CdI4 crystals the fast
luminescence with high-energy excitation luminescence threshold was
observed [1], but the threshold is observed at noticeably lower energy position
(8.5 eV) than it is in the case of CVL. This study is aimed to reveal the mechanism
of this luminescence.

The broad emission band in the range of 1.9–3.6 eV was observed for Cs2Cd 4
crystal under excitation with high-energy quanta. The fast emission makes main
contribution in integral luminescence spectrum, the slow emission band observed
at 1.93 eV is considered as emission of self-trapped exciton [1]. The measured
decay time constant for all emission bands in range of 3.6–2.0 eV is close to

4.6 ns. The increase of the temperature of the Cs2CdI4 crystal  leads  to  the
decrease of the luminescence intensity evenly for all bands and the emission is
quenched completely at the temperature T 100 K.

The excitation threshold at 8.5 eV is revealed in the excitation luminescence
spectra for fast emission of Cs2CdI4 crystal.  This  value  is  much  larger  than
forbidden gap width Eg=4.83 eV [1]. Considering all possibilities of intrinsic types
of luminescence in insulator crystals, we have concluded that this emission
corresponds to the hole interband luminescence (HIBL), where the radiative
transitions take place between subbands of valence band. The similar type of
luminescence was observed for some metal sulphates [2].

The understanding of HIBL mechanism was achieved in discussions with
Dr. M.S. Pidzyrailo.

[1] M. Pidzyrailo et al. // Book of abstracts of LUMDETR-2003. – 1–5 September
2003. – Prague. – P. 167.
[2] F. Savikhin et. al. // Phys. stat. sol. (c). – 2005. – V. 2. – P. 252.
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LUMINESCENCE OF LaCl3:Ce MICROCRYSTALS
EMBEDDED IN NaCl HOST

V.V. Vistovskyy, P.V. Savchyn, G.B. Stryganyuk, A.A. Voloshinovskii
Ivan Franko National University of Lviv, 8 Kyryla and Mefodiya Str.,

79005 Lviv, Ukraine, vistovskii@physics.wups.lviv.ua

Ce3+ doped LaCl3 single crystals are extensively studied in the last years along
with other cerium-doped La-based halides. LaCl3:Ce3+ single  crystals  are
considered as promising materials for practical application due to their high
scintillation light yield and energy resolution [1]. However, the hygroscopicity of
La-based halide crystal reduces their potential. The embedding of La-based
microcrystals into halide matrices is one of the possible solutions for this problem.
In the case of NaCl-LaCl3(1 mol%) system, the formation of embedded LaCl3
microcrystals has been supposed to occur upon the temperature annealing. This
follows from the phase diagram of NaCl-LaCl3 solution, where no stable ternary
compound shows up. Thus, the activation of NaCl with LaCl3 (1 mol%) and CeCl3
(0.05 mol%) is expected to result in the formation of cerium-doped LaCl3
microcrystals  embedded  into  NaCl  host.  In  the  present  work,  we  report  on  the
luminescent-kinetic properties of NaCl-LaCl3(1 mol%)-CeCl3(0.05 mol%) crystals.

Upon the excitation of NaCl-LaCl3(1 mol%)-CeCl3(0.05 mol%) crystal within
Ce3+ 4f  5d absorption range (4.1-5.4 eV) at 9 K, the emission maxima are
observed at 337 and 361 nm revealing the same decay kinetic characteristics. In the
case of bulk LaCl3:Ce crystal, the similar emission doublet (335, 360 nm) is
ascribed to Ce3+ 5d  4f luminescence. The broad emission band, attributed to
intrinsic STE luminescence in LaCl3 peaked around 405 nm, is also observed in the
emission spectrum of NaCl-LaCl3(1 mol%)-CeCl3(0.05 mol%). Emission of NaCl-
LaCl3-CeCl3 crystal at 335 nm shows the exponential decay kinetics with 17 ns
decay-time constant and five luminescence excitation maxima (4.28, 4.53, 4.75,
4.96, 5.15 eV) with the total energy splitting of 0.87 eV that is typical for the
Ce3+ 5d levels in the case of a weak crystal field (Andriessen et al., 2000). The
observed characteristics of NaCl-LaCl3(1 mol%)-CeCl3(0.05 mol%) luminescence
allows us to conclude the formation of the Ce-doped LaCl3 microcrystal dispersed
in NaCl host upon the annealing of NaCl-LaCl3-CeCl3 systems.

The valuable contribution in understanding of microcrystal formation
processess for crystal-in-crystal systems was made by Dr. M.S. Pidzyrailo.

[1] O. Guillot-Noel, et al. 1999. J. of Lumin. 85 (1999) 21-35,.
[2] J. Andriessen, et al., Optics Communications. 178 (2000) 355–363.
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HARD X-RAY PHOTOELECTRON SPECTROSCOPY AT
PETRA III

A. Gloskovskii1, G. H. Fecher1, C. Felser2, S. Thiess2, H. Schulz-Ritter2,
W. Drube2, G. Berner3, M. Sing3, R. Claessen3

1Institut fur Anorganische Chemie und Analytische Chemie, Johannes
Gutenberg - Universitat, Mainz.

2Hasylab/DESY, Hamburg
3Experimentelle Physik IV,  Physikalisches Institut, Wurzburg

We report on the first hard X-Ray photoelectron spectroscopy (HAXPES)
experiments at the undulator beamline P09 of the PETRA III storage ring,
which is currently under commissioning at DESY in Hamburg. The linear
magnetic  dichroism  (LMD)  was  determined  for  the  Fe,  Co,  and  Mn 2p
corelevel photoemission from CoFe-Ir78Mn22 sample. The result confirms that
the HAXPES-LMD technique can be used as an element specific bulk probe for
magnetic states which makes it suitable for application to buried magnetic
materials and multilayered spintronics devices.

A pioneering HAXPES experiment using synchrotron radiation was carried out
by Lindau et. al. using 15 keV photons [1]. However, the intensity of the Au 4f
core level signal was only about 25 counts s-1, because the photoionization cross
section decreases rapidly at high kinetic energies. It took almost 30 years to
overcome the technical constraints of the low electron signal intensity detection at
high retardation ratios. Nowadays, with the appearance of brilliant undulator
radiation from third generation synchrotron sources and high resolution spectrometers
operating at high electron kinetic energies HAXPES is implemented by several groups
for investigation of the electronic properties [2-6]. The increase of the bulk sensitivity
compared  to  soft  X-Ray  photoelectron  spectroscopy  is  reached  by  means  of  a
significantly enhanced mean free path of the emitted electrons. For correlated systems,
like Heusler compounds, the surface and bulk electronic properties differ, because of
the strong influence of local chemical environment (outer electron shells rearrange to
form VB). High resolution studies with an overall energy resolution better than 100
meV can be performed with crystal monochromators in use.

Shortly after start-up, the PETRA III accelerator at DESY in Hamburg reached
a world record in lowest emit-tance. The nominal horizontal emittance of 1 nm rad was
reached. With this, PETRA III holds the world record of the smallest horizontal
emittance ever measured at a storage ring light source. The HAXPES activities at
P09 are part of a collaboration between University of Mainz, University Wurzburg,
and DESY. A high resolution HAXPES instrument owned by Uni-Mainz is being set
up at the undulator beamline P09, which is currently under commissioning. The
beamline is equipped with a high heatload double crystal primary monochromator
followed by a double channel-cut secondary monochromator; a variety of different Si
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reflections with different band pass are available. Linearly or circularly polarised light
can be generated by a two stage diamond phase retarder.

Fig. 1. The HAXPES end station at the P09 beamline of the PETRA III
storage ring.

The HAXPES end station is located 95 m from the source. A Kirkpatrick Baez
mirror system will be implemented to demagnify the intermediate focus of a primary
set of mirrors down to spot sizes of about 2 x 2 microns on the sample. Photoelectrons
with up to 15 keV kinetic energy can be measured in different experimental
geometries by means of a SPECS Phoibos 225 HV analyser (Figure 1) with a combined
delayline and micro-Mott spin detector . The energy resolution is expected to be of
the order 50 meV at 10 keV. The analysis chamber is equipped with a custom made
OMICRON 5-axis manipulator with LHe cooling. To ensure high accuracy of the
system alignment, a high-precision platform was constructed. It allows ajustment in
the vertical with a resolution with the resolution of 1 m and reproducibil-ity of 5

m.  The  horizontal  alignment  can  be  done  with  a  resolution  of  5  m  and  with
reproducibility of 20 m.

Following extensive off-line testing for a few months, we received the
PETRA III undulator beam at 20 mA ring current for first experiments in late
November 2009. The monochromatic beam from the Si (111) primary



63

monochromator was used yielding a beam size of about (1.5 x 2.5) mm2 at  the
sample position. Although only part of this rather large beam is accepted by the
analyser (since the analyser focal point and beam size do not match), the observed
count rates were already sufficient for core level studies on multi-layered materials.
The excitation energy was set to 3919.5 keV, the overall energy resolution
(monochromator+spectrometer) was about 700 meV. We have performed
HAXPES-LMD of pinned MnIr-CoFe thin film multilayers. This system is a
promising candidate for tunnel magnetoresistive devices. The sample composition
was as follows: MgO (001) substrate / MgO buffer layer (10 nm) / Ir78Mn22
(10 nm) / CoFe (3 nm) / MgO barrier (2 nm) / AlOx (1 nm). The IrMn layer was
used for exchange biasing to keep the CoFe layer remanently magnetised. In so far
the layer stack corresponds to the fixed-magnetization part of a tunnel junction.

Fig. 2. (top panel) Fe 2p photoelectron spectra measured with polarisation vector E
parallel and perpendicular to the magnetisation direction M of the sample. (bottom
panel) HAXPES-LMD given by intensity ratio of two perpendicular geometries.

In photoemission, the LMD appears only in the angular distribution of the
emitted photoelectrons (LMDAD). Due to the degeneracy of the final, free electron
states it vanishes in the angular integrated mode. This is fundamentally different
from the LMD in soft X-ray photo absorption (XLMD) where the final states are
unoccupied  states  of  the  crystal.  Figure  2  (top  panel)  shows the  Fe 2p core-level
spectra measured for the sample magnetization oriented parallel (MPA) and
perpendicular (MPE) to the polarisation direction of the synchrothron beam. The
Fe 2p core-level LMD is defined as the intensity ratio of MPE and MPA [7]. The
maximum HAXPES-LMD effect  is  obtained for  the  Fe 2p3/2 state measured with
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polarisation vector E parallel versus E perpendicular to the magnetisation direction
M, as shown in Figure 2 (bottom panel). The HAXPES-LMD value observed for
Fe 2p3/2 is about 8%. Co 2p3/2 and Mn2p3/2 core levels showed 5% and -2% values
of HAXPES-LMD, respectively. Mn has a negative dichroism value, because it
couples an-tiferromagnetically to Fe and Co. The non-magnetic Ir showed no
dichroism. The LMD effect has a cos2 dependence, where is the angle between
E and M. This easily gives us information about the magnetisation direction with
respect to the polarisation direction of the synchrothron beam.

In conclusion, we have shown that HAXPES-LMD technique can be applied
to study the magnetic properties of buried layers in an element specific way. In
particular, this report demonstrates that HAXPES-LMD can give an information
about the relative orientation of the magnetisation with respect to the polarisation
direction of the synchrotron beam.

We thank to Prof. Masafumi Yamamoto (Hokkaido University, Sapporo,
Japan) for providing the CoFe-IrMn samples. Financial support by the BMBF
(05KS7UM1) is gratefully acknowledged.

[1] I. Lindau, P. Pianetta, S. Doniach, and W. E. Spicer, Nature 250, 214 (1974).
[2] W. Drube, Nucl. Instrum. Methods Phys. Res., Sect. A 547, 87 (2005).
[3] K. Kobayashi, M. Yabashi, Y. Takata, T. Tokushima, S. Shin, K. Tamasaku, D.
Miwa, T. Ishikawa, H. Nohira, T. Hattori, et al., Appl. Phys. Lett. 83, 1005 (2003).
[4]  A.  Sekiyama  and  S.  Suga,  J.  Electron  Spectrosc.  Relat.  Phenom. 137, 681
(2004).
[5] S. Thiess, C. Kunz, B. C. C. Cowie, T. L. Lee, M. Renier, and J. Zegenhagen,
Solid State Commun. 132, 589 (2004).
[6]  P.  Torelli,  M.  Sacchi,  G.  Cautero,  M.  Cautero,  B.  Kras-tanov,  P.  Lacovig,  P.
Pittana, R. Sergo, R. Tommasini, A. Fondacaro, et al., Rev. Sci. Instrum. 76
(2005).
[7] J. Morais, G. H. Fecher, R. Denecke, J. Liesegang, and C. S. Fadley, J. Electron
Spectrosc. Relat. Phenom. 114116, 783 (2001)


