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o~
2008 Transmit beamforming to muitiple cochannel multicast groups Kapmmdne EAsvéepioc =
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Study of In203 and ZnO thin films for selective gas sensors applications: growth effect on the films structure factor in metal oxide thin films 4]
sensing applications

Abstract L

Home
The goal of this thesis is the study In203 and ZnO thin films for selective gas sensors applications with focus on growth effect on the films structure and surface
Browse topology as essential factor in metal oxide thin films. One of the main problems in the field of metal oxide thin film sensors is the impossibility to elaborate a unitary
Biscipilie methodology for reproducibility of sensor response in correlation with the surface characteristics. For this, the systematic study of surface characteristics effects on
metal oxide thin films sensing involved phenomena plays a major role. Using DC magnetron sputtering and pulsed laser deposition, nanostructured In203 and pure
Date or doped ZnO thin films were grown and fully characterized. The study was focused on the morphology of the film and how this affects the photoreduction with UV light
Author and the oxidation by oxidizing gas (ozone) exposure in order to optimize the film properties for gas sensing applications,. For this purpose, different series of samples
were grown: In203 series by DC magnetron sputtering varying the following growth parameters: thickness, growth temperature and total pressure and oxygen:argon
Country ratio during the deposition. Pure ZnO series by DC magnetron sputtering from metallic and ceramic targets varying the following growth parameters: thickness for
Language different constant growth temperatures, temperature for constant thickness, total pressure and oxygen:argon ratio during the deposition. 2% Al doped ZnO by DC
Degree Grantor magnetron sputtering varying the following growth parameters: thickness and oxygen:argon ratio during growth. In doped Zn0O thin films by DC magnetron sputtering
varying the following growth parameters: thickness and oxygen:argon ratio during growth. Pure ZnO series by PLD varying the following growth parameters: thickness
ﬂ About EADD and substrate temperature with focus on very thin films (40nm and 100nm series at different growth temperatures). All films were fully characterized with respect to
their structural and surface topology (for understating and optimization of the influences of the growth conditions on the surface properties), optical/electrical response =
FAQ (for understanding and optimization of the photoreduction and oxidation processes) and sensing behavior. Detailed surface characterization of each film surface was
performed and results were collected for further correlation between surface properties and sensing response. Graphical correlations between surface parameters and
n Help sensor response ratios were done for each material studied.
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View/Open the Full Text
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+ Theemionic and fisld emission between bulk and surface electronic states with
posstie roflections 8t the surface

* Genoration and rocombination in ?he buk

+ Both majorty and minory carner transport in the bulk

= Tharmionic and feld emission between eMcirode Contacts and the buk
Furthermore, the exact surface olectronic structure 1 ofion not known. in the case
of strong Inversion, the analysis is qute analogous to that usad in semiconductor
davice physics. Even ¥ the coupling is well described, the calculation is not simple
and the system can probably be simulated only numerncally

The analysis of changes in charge camier mobiity near the surface s often very
complicated. The effect of surface roughness on the effective mobity of surface
oxcess camer due 10 band bending near the surface has boen ovalated by
Greene et al [12] A simpler analysis, giving Out almost the same expressions
vaid only for depletion and strong accumuiaton, can be found in reference 13
Later, more simple Sppradmate expressions have been derved by Goldsten et al
[14). For scattering by fed surface charges under strong iNversion it may be also
POSSDIe 10 Bdopt an approach developed for MOSFET yanmistors [15]

If no Fermi level pinreng s presant at the surface, the screenng length s given by
the bulk extrnsic Dedye Wngth [13], grven by

AT

T ipen)

whixo £ and £ 8@ the $PECHc and vacuum pemmitivity, ke 5 Boltzmann constant
T s the temperature. g is the electron charge and n and p are the densties of free
elecrons and holes respectively. In case of Fermi level piring by "metal ke’
surface states. the scattenng potential in the buk wil be a quacrupcie potential
decrensng as 1r’. The screening in the surface plane s given by the 20
screening length [16] gven by

Pt fod

whire g * 4Ante’im g’ is the Bohr radius, m* beng the effective mass and d is
the thickness of the 20 system. The sueface scroening length 15 of the crder of @
fow nanometers.

Al this information 8 very useful and applies quie well localy I 8 very narow
regon or for epitaxial growth. bt it Decomes practicaly Impossdle 1o be used for
the explanationiunderstanding of the behavior of real polycrystaline fdms

/L

Conduction mechanisms

The oldest models, regirding conduction mechansm in polycrystaline fins. are
based on the grain boundary conduction model « developed by Petrez [17] in 1556
which & based on the assumplion that the conductiviy behavior in polycrysialine
fims ciosoly approaches that of SemiCoNdUCIons with predominant Grain boundary
conduction mechansm The camer mobdty in these fims = kmded by scattenng
at the surface and the grain boundarnes as well as by normal bulk processes. A
medel of intirgran boundanes affectad by the cffusion of an active gas has Deen
usod by Seager and Ginley [18] to explain the changes of conductivity seen in
polycrystaline siicon. As found out, affusion of axygen down the gran boundaries
promoted in 1hese EgoNs SPNACAnt changes it the Cansity of Cefect stales
resulting n a decrease of conductivily. This model, descrded extensively by

30
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Seager and Castrer for the case of polycrystaline sicon [19], has been adopted
unlil NOw @8 e Dasic approach 10 explan the Conductivey mechanism =
polycrystaline motal ande fims. The vakaty of ths model has been confrmed n
polycrystaline metal ande fims by exparimental results related 1o the dependence
of the conductivity on e temperature, but & Cannot explan expenmaental results
when the fdms are used as S0nsIng layers or when photoreduction s involved

The main features of this conduction model are: conduction from gran to gran
dsturted Dy surface bamers which afe strongly nfuenced by chemiscrbed
Cuygen

The formation of potental barmers 3t the gran boundanes was proposed by Petritz
{17] ™ 1956, in addaion 10 ™e normal lattice Gscontinulty caused by the
boundaries. Other models have also been proposed 10 explan the transport
beharnor due 1o the gran boundanes, as that of Voiger [20) and Berger [21] Since
then. this subyect has been reviewed n detal by Kazmorski [22] while, more tnals
also appeared using dfferent approaches ke the ones of Gardner [23, 24]
Birsan and Wesmar (25, 26)

Petnitz thodry constitutes the Dasic theoretical analysis of ranspon Mechansms n
polycrystaline semiconductng films. Accordng 10 this model, gran boundary
polertal barmiers are formed in an ntype semiconducion when the gran boundary
regien has a lowdr chemical potential (Ferms level. Ey) for majonty camers, than
the grains, due 10 the densty of cefoct states in this regon. These cefoct states
<o appedr dul 1O the tendency of gramn boundanes 1o 8t as Aaffusion whirpool
for mrpunties. Therefore, thase cefoct s18as can Do trealed 8s rapping conters for
majority carmers, resuling in a reduction of ther concentration in the boundary
regon. This n tum causes a fux of magority camers into the boundary regon
Creatng 8 sPace charpe buld up at these boundaries, which provents further flux
of majorty camers and therefore forms a depletion regon for thom. This can be
preserted in & band dagram by an upward bending of the conduction and valence
Dand edges. For 8 p-type Semiconducior respactively, the band edges bend down
toward the Fermi level

The accumulated negative charge nedr a joint forte the énergy bands to be bend
upwards by an amount of @y Since the Formi enorgy 8t equdoum must ba
continuous over the gran boundary, the height of the potential bamer, @@y will be
gren by the dffevence of the Fermi's gran-boundary entpies. Maority carners
Can 088 Ovee B Qrain boundary potential bamwy, following two dfferent
mechanisms. One & he thermal emission over the bamer and the other is the
quartum mechanical tunneling For the evaluaton of electncal charactenstics of
semzonducting fims. most models compare th beharior of the fims 10 that of the
bulk crystal If the buk crystal was pedfect. the conduction camers could flow
unimpeded N 8 perfect periodic potential in a real bulk crystal lattice, vibrations,
MOUNtos and Sefects Con CaUSe ceviations from the ieal behavicr, an approach
that can be used in polycrystalling thin films analysss, which. however, can result is
quite NExact results The camer mobiity is related droctly 10 the mean fee tme
Dotwoon colisions, which in tum s determined by the vancus scatienng
mecharesms. For bulk orystal behavior in semiconductors, two  scatienng
processes are mportant lantice scattenng and lonzed impurity scatterng. I
polycrystaiine ting films he effect of the gran boundanes
should bo also considerod as an addacnal scatienng mechanism for the camers
The camivs colide at the gran boundanes and, in & steady slate. have an
offective mean free path Ay CONSraned by the sae of the grans, and @ mean
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Conduction mechanisms

The oldest models, regarding conduction mechanism in polycrystalline films, are
based on the grain boundary conduction model - developed by Petritz [17] in 1956,
which is based on the assumption that the conductivity behavior in polycrystalline
films closely approaches that of semiconductors with predominant grain boundary
conduction mechanism. The carrier mobility in these films is limited by scattering
at the surface and the grain boundaries as well as by normal bulk processes. A
model of intergrain boundaries affected by the diffusion of an active gas has been
used by Seager and Ginley [18] to explain the changes of conductivity seen in
polycrystalline silicon. As found out, diffusion of oxygen down the grain boundaries
promoted in these regions significant changes in the density of defect states,
resulting in a decrease of conductivity. This model, described extensively by

30

Seager and Castner for the case of polycrystalline silicon [19], has been adopted
until now as the basic approach to explain the conductivity mechanism in
polycrystalline metal oxide films. The validity of this model has been confirmed in
polycrystalline metal oxide films by experimental results related to the dependence
of the conductivity on the temperature, but it cannot explain experimental results
when the films are used as sensing layers or when photoreduction is involved.
The main features of this conduction model are: conduction from grain to grain,
disturbed by surface barriers which are strongly influenced by chemisorbed
oxygen.
The formation of potential barriers at the grain boundaries was proposed by Petritz
This website has been developed using the -
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Studies / reports

= Work funded by governmental organisations and

done by companies, universities, research
centres, individuals

* Important material for diverse audiences
— Significant facts and findings
— Spatial and temporal focus

= \Wide range of disciplines — particularly important
for social sciences
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* For the general public:
— Dissemination of the material to interested users

* For government organisations:

— Avoid allocation of funding for work already done in
the past

— Transparency regarding where public funding goes -
reporting on contracts awards for studies to specific
Individuals and organisations
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Presentation of content adapted according to
— type (book, article, data set, ...)

— form of digital material (text, image, ...)

— devices: e-book readers, tablets, smartphones, ...

Improvement of user experience regarding content
presentation — in addition to downloading files

Full-text search and hit highlighting.

Automatically checking the quality of digital content
upon submission and helping the submitter improve
It.
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Research: CRIS, IR, VRE

E-Learning - VLE / LMS and Learning Object
Repositories

Workflows for the production of content -> EKT
HEDI system

E-Publishing
— Peer review management systems
— Reproduction rights management systems

Content re-purposing
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= Full CRUD APIs (Not only deposit / SWORD)
* Retrieval — update of digital material (full text)
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