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1. Introduction 2. Experimental

The Auger parameteris often used for binding state chamcterisation using XPS because it does not depend on surfa} f \
charging This parameter wasintroduced by Wagner [1]andis defined as: 1. Samples:
o’ = Ey (k1) + Ex(i) (1) >In, Sb andNb doped SnO, powders synthesised from precipitated p-stanni]
E(jkl) is the kinetic energy of the Augertransition jkland E () is the bindng energy of the phatoekectron emitted fram acidand firedat 900°C uncer oxygen atmosphete. [6]
atomic level i. The change of Auger Parameter of anelemert invarous substances isconnected with the chang of relaxation »SnO, mono-crystal
energy R®. The relation between both values can be written as: 2. Measurements conditions:
Ao’ = 2AR® (2) »>XPS System PHI 5600 CI, Al - K 350 W nonmonochranatized X-ra;
The changes of elaxation energy and connected with it changes of Auger parametercan be caused by alot of various radiation

factors, forexample change of oxidation state [2], doping and connected with it changes of sample properties [3] as well as >pass energy 11eV, erergy step width0.1 eV, system pressure < 107 Pa
building of surface layers [4] In the present study we show the influerce ofthis factors onthe Auger pammeter for doped

QOZ powders with respect to optimise their electrical properties [5 6} / k /

3. Results and Discussion

idati 2. Surface layer
/ 1. Oxidation state The change of the chemical stateg M| 99097 Y

923 element can very strongly nfluence its
Auger parameter. The Sn o’ calculated for 9191 -d.- ———————— 9988
SnO, n the present study amounts to 918.9 5 <
ST R —— eV. The Sn Auger parameter for SnO l@es at % godrm m e e e ] By,
o, about919.2 eV [4] and that for metallic tin ®» a
A iteteintetet e at 9223 eV. So the formation of other 3 ]
* p . . oI — 908eA— — — —
8 gl - - _ m__ A chemical states than SnO, by doping will
be expressed i a shift of Sn a’. However
ot- ——————————— the XRD measurements have shown, that at s T T e Ty i J o
o1 low doping concentration only tin dioxide Peak area rafio Sb3dy;,/ Sn3d;, Peak area ratio S b3ds, /S n3dy),
phase is ©und. At higher dopant ) ) o
Sn SO Sn02 concentrations. additional dopmt oxile Fig.2 Thechangeofthe Auger Paraneter during formation ofan Sb,0. layer on an S10, mono-crysial
: S The formation of oxide layers on the surface caninfluence the Auger parameter
i 3 o articles are created, but no metallic tin or Y 8er P!
1l &0 Algg;:;]r:"me;:f"rmm"‘vm ]t:) de is det ,t d due to forming of M-O-M clemical bonds at the interface.
. in monoxide is detected.

The obserwed changes by evaporating of animony oxide on SnO, mono-crystal
amourt toabou 03eV.

3. Dependence on electrical
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Fig. 3 shows a comparison of Augerlines for various doped SnO, powders at doping concentation of 2 md%. A shift of the

Auger line to higher BE by doping with Inand tolower BE by doping with Sband Nb is detected. As refrence line forthe BE 8so0. 9%
scale the Sn3d;, peak isused. In accordance the Augerparameteris at lower values for In doped samplesand higher values for Sb
and Nb doped samples with respect to pure SnO, (Fig4a). 0 ettt 99941
A connection of o’ changes with change of electrical properties caused by dopingis observed (Fig 4b) A good qualitative
proportionality for o’ and the rsistivity of the powders is observed for the whole studed concertration ange (Fig5). The 23506 __________ I
connection ofelectrical properties with elaxation erergy can be describedbyeq.3[7]. = =
Re = (1-¢71) x €2/2r, 3) T T T T T T - ae
where g isthe satic delectric constant, e one unit of charg and r the effctive electron screening distarce. 85044 — — — — — —_——— 399”
SnO, is a n-semiconductor, whete free electrons are eliable for condwtivity. Doping with pentavalert Sb and Nb leads to
increasing of condwtivity by increasing of free electron density. Inthiscase r; decreases, which leads tothe obserwed ircreasing 350 3T . . .
of relaxation erergy. On the otherhand doping withtrivalent In decreases the number of free electrons followed by a decreasing 0.01 01 1 10 100 001 0.1 1 10 100
conductivity. Therefore a decrease of the relaxation energy is observed. Doping concentration [mol%] D opingconcentration [ma% |
Accordingto that the Auger prameter of the doping elements Inand Sb (Fig. 6) for the studied powders show
aquite similar course asthe o’ for Sn discussed before (see Fig. 5a) Fig.6. Thechanges ofSb (@) andIn (b) Auger Parameter in doped tin oxide

powders in dependenceondaping concentration
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