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1. Introduction

Photoelectron Spectroscopy (PES) is a general tesed to describe the characterization
techniques that study the surface of a materialdigg either X-rays or ultraviolet (UV) light as an
excitation source to promote an electronic emisdioroth cases, the physical effect upon which
these techniques are based is the same, the pitaekffect, which can be traced back to itd firs
documented observation by Hertz in 1887. Duringfitst decades of the last century, the theory
underlying this effect was quickly established tbge with the quantum theory, being Rutherford
and Einstein [1] two of the well-known scientisthawvorked on its development. But it was not
until the second halif the century that other researchers could devatope experimental devices
that used the photoelectric effect to charactetigesurface properties of materials. Those initial
works culminated with a publication in 1967 by Kaiegbahn [2], who explained how to obtain a
spectrum by using X-rays as excitation source hatdame time, David W. Turner started to study
free molecules in a gas phase by exciting them wiittaviolet light and collecting the emitted
electrons. Since then, PES equipments have bedt thd@ir commercialization is in constant
evolution and the technological parts, such as wacpumps, excitation sources, analyzers and
electronics, are in continuous improvement. Nowadayndreds of PES spectrometers are being
used in cutting edge technology research centretruments combining both X-ray and UV
excitation are not uncommon since, besides thetagian source, the remaining parts of the
equipment are practically identical.

When X-ray excitation is used in PES, the technigumalled XPS. It is also known as Electron
Spectroscopy for Chemical Analysis (ESCA), givea tise made of the emitted electrons. In short
terms, XPS involves the irradiation with soft mohammatic X-rays of a solid in vacuum, and the
subsequent emission and study of the electronsupeadby photoelectric effect. The collected
electrons can be represented in a plot where thiauof electrons versus their kinetic or binding
energy is drawn. The information obtained concemly the surface of the material, because the
mean free path of electrons in solids is so srhall the detected electrons originate from a few top
atomic layers. The achievement of quantitative mesments of the elemental composition and the
identification of the different chemical statestloé elements present at any surface are some of the
main utilities of this technique.

On the other hand, the technique is called UPS Whérexcitation is used in PES. Principles
are essentially the same as those of XPS, but adotv-energy radiation (below 50 eV) is only
capable of ionizing electrons from the outermosele of atoms, the valence band (VB). Since
these levels are directly involved in molecular diog features, this technique is also known as
molecular photoelectron spectroscopy. The studtheflower energy region of the spectra gives
information about the density of occupied state®%pin the VB. Among other applications, this
technique can be used to calculate the electromid Istructure of a material and some relevant
parameters concerning the interaction betweenfates.

2. Methodology

2.1. Basic Principles

Electrons are arranged in orbital levels aroundrbeleus and are bound to it by electrostatic
attraction. Each orbital level has discrete endeggls that differ in value from the same orbital
level in atoms of different elements, due to thiéedent electrostatic attraction to the nuclei with
different number of protons. The amount of energyuired to remove one electron from the atom
(the energy of its orbital level) is directly thenthing energy of the electroiherefore, a short
wavelength photon from a specific X-ray source loamsed to irradiate and thus to ionize an atom,
producing an ejected free electron which charasterihe atom, as shown in Figure 1.
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Figure 1. Schematic plot of the photoelectric effect (lefid the subsequent Auger effect (right).

The kinetic energy of the emitted electron depemdghe energy of the photon, which is given
by Einstein’s photoelectric law
KE=hv-BE

whereBE is the binding energy of the atomic orbital fromigéhthe electron originately is the
energy of the incident X-ray (photon), aiE is the kinetic energy of the ejected electron
(photoelectron).

Just after this process (at about*18), the resultant excited ion relaxes by movingeeond
electron from an outer orbital level into the inf@le left by the photolectron. This transition
produces a quantity of energy that the ion caniug&o ways, either by releasing an X-ray or by
emitting an electron. This third electron is calkafer electron, and its energy is given by

KEauge\:BEl_BEZ _B E31

whereBE; is the binding energy of thieatomic orbital from which the photoelectron origies,
andKE,uger is the kinetic energy of the last emitted electrbine main difference between the two
emitted electrons is that the photoelectron is ddeet on the irradiation energy while the Auger
electron is only dependent on the energy differebe¢ween the orbital levels, which is
characteristic of each chemical element.

It should be noticed that, when making realisti@mgements, a new term, the work function of
the spectromete®s,., has to be subtracted from the right hand sidthede two equations. This
constant value is related to the fact that a spwtiion of energy is needed to capture the electron
from the free electron level (or vacuum level) dihg it to the entrance of the analyzer to be
counted. Furthermore, if the BE is referred to eemi level of the ion (E is the energy of the
least tightly bound electrons within the solid)het than to the free electron level, another small
correction to the equations has to be done in dadaccount for the work function of the material
®.

The photoelectric process occurs in the whole edait structure from inner levels (also called
core levels) to the less-bounded electrons of tBReoreover, the photoelectric process occurs all
over the material that has been excited by theliat®n source, not only at the surface but
typically some microns in depth. However, the stefaensitivity is an inherent characteristic of
PES measurements due to the small inelastic efectrean free pathAj. This parameter is
dependent on the kinetic energy of the electrod,aso on the substrate that has to cross. ltvarie
from 1 to 10 nm for the majority of substrates &mdkinetic energies below 2 keV. In addition,
because of these low values, the path from thesato the analyzer has to be controlled in order
to avoid the loss of too many electrons due totaday by air molecules. Therefore, ultra-high-
vacuum chambers (UHV, less than’1Pa) are highly recommended for acquiring religBES
spectra.

2.2. XPS spectra
By collecting the emitted photoelectrons with aprapriate electron analyzer, counting them and
studying the spectrum of the number of electromsuseits distribution of kinetic or binding energy
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(using the former equation), it is possible to grure the material they come from. The analysis of
a wide range of BEs will provide unique signatuoéghe elements as a function of their atomic
number, thus providing elemental analysis. Morepifea mixture of elements is present, BE
information will be related to all the elements a@odheir concentration ratio (the spectrum of a
mixture of elements is approximately the sum ofgpectra of the individual components). In this
case a new problem arises: to determine the elefremt which a specific electron belongs,
because overlapping of orbital levels from difféarelements could appear. This difficulty can be
solved by looking for all the other orbital levétsknow if the element is present or not.

The main features of a XPS spectrum of elementhium excited by a 1486.6 eV AK
monochromatic X-ray line are shown in Figure 2sFf all, primary peaks resulting from the
photoelectron procesg)(can be seen. Some of them are in groups of tw&spas a consequence
of the spin-orbit splitting (degeneration) thatdalplace in all orbital levels except in thene. The
intensity ratio between the two peaks depends anlthe angular momentuinof the orbital level,
but the distance between them depends also ortah@canumber Z. The width of every primary
peak depends quadratically on three contributions, related to the physical nature of the atoms,
another one concerning the analyzer characteristiog a final one produced by the excitation
source. The physical contribution cannot be modifieecause it originates from Heisenberg's
uncertainty principle [3], but the two others cae beduced by improving the technique
methodology.
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Figure 2. XPS spectrum of elemental uranium.

The characteristic background) (of the XPS spectrum is mainly due to the inetadly
scattered electrons. The electrons excited by thayXsource at a certain depth not too far from
surface cannot leave the surface without losingticnenergy by inelastic scattering with atoms of
the solid. This random energy loss appears in pleetsum as an increase of the background for
binding energies greater than each primary peak.

The Auger electronsc) can also be detected in the spectrum. Some Awgesitions can be
seen, but the energy position is not relevant bexabe transitions do not dependent on the
irradiation energy. They appear as a broad banadusecthey are the result of the different
combinations of energy losses from electrons ofdwihree different orbital levels.

Second order features of the XPS spedtfjaworth pointing out are: peaks due to the X-ray
satellites of the excitation sources, shake-up ahdke-off satellites, multiple splitting and
asymmetric metal levels (all them related to th@rgenization in different ways of the VB when
the photoelectron leaves the surface), and bulksamfdce plasmons (related to excitation of the
modes of collective oscillation in the sea of cartthn electrons). All these features can change
dramatically the aspect of a high resolution (HRdrum for a selected BE window.

Finally, it is known that the interactions betweatoms which form the different types of
chemical bonds in molecules and compounds depelydoorthe VB levels, while the core levels
are not directly involved in the bonding procesewdver, according to Koopmans' theorem, if the
energy of the initial state of the atom changesheyformation of a chemical bond, the BE of the
core electrons will change in a fixed quantity ddadhe difference in the two atom states
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ABE= A(Einitia (N)~Einar (N-1)),

beingn the number of electrons that remains in the atoioro The fact that one type of bound or
another is formed will affect slightly enough tHeatron bounded to the core level so as to observe
changes when studying its energy at high enoughlutésn. Thus, chemical information can be
extracted from XPS spectra by a HR spectrum fitforgdetermining the amount of each type of
bond present in the elements of the surface. TV & accuracy when determining the zero of
energy is of vital importance and this is a pafttidy difficult parameter to fix. Sometimes it is
possible to measure where electrons start to bateduand equal this energy level to zero, but
usually it is better to use an internal calibratiench as the position of one peak not affected by
chemical bonding at the surface. For this purpabetitious carbon (C) present by atmospheric
contamination is very useful, and 284.8 eV canixedfas an energy reference [4].
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2.3. UPS spectra

UPS measurements deal with the structure of theaN@®the less bounded electrons. Obtaining a
UPS spectrum is similar to measuring a XPS specthaimg UPS also a very surface sensitive
technique. The same equipment can be used witbrilyedifference of the excitation source. The
great advantages of using UV radiation over X-rayhjch also excite the low-energy bound
electrons, are the very narrow line width of thdiation and the high flux of photons available
from simple discharge sources, and as a resulgjutoik and better answer in terms of intensity and
energy resolution of that low-energy part of thectpum. To understand a UPS spectrum it is
necessary to clarify some basic concepts from stéitt physics and molecular chemistry, such as
vacuum level (at surface and infinity), lowest uoiggied molecular orbital (LUMO), highest
occupied molecular orbital (HOMO) and ionizationtgraial (also called ionization energy, IE).
All of them are outlined in Figure 3, together wah example of UPS spectrum of gold (Au)
excited by a Hel line (Au is a standard material il®S measurements, due to its total metallic
behaviour).

It is worth mentioning that UPS measurements areemomplicated than XPS measurements
from the experimental point of view, because thag be affected by artefacts such as different
charging and sputtering effects or damage prodbgeidradiation which are difficult to avoid or
even to detect.

Vacuum level

®=hv-(E_-cutoff)
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Figure 3. Sketch plot of atom outer energy levels (left) &RIS spectrum of Au (right).

The bands present in a UPS spectrum are very camplace they are the result of a
combination of the molecular orbital (MO) levelggpent at the surface (each MO is constructed by
combining atomic orbital levels from each atom)r fas reason, UPS is not as well established as
XPS, but it can provide some very useful parametach as the shape and peaks at the VB, the
energy gap or band gap (distance between HOMO &), the fine structure due to vibrational
levels of the molecular ion (bonding and antibogdWiO levels), and thé of the surface. This
latter parameter can be determined by measuringuthevidth of the spectrum, from the highest
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kinetic energy (B to the lowest kinetic energy cutoff, and thersbiptracting the photon energy of
the exciting radiation. For this purpose, it isessary to measure accurately the energy cutoff (als
called the onset of secondary electrons or onsghotoemission), defined as the minimum kinetic
energy for which electrons are detected [5].

2.4. Analysis capabilities: Quantification, angisolved and in-depth (profile) analysis

2.4.1. QuantificationXPS can be considered as a quantitative techniggequse the relative
atomic concentration of the different constituerds be determined in elemental percentage. The
number of electrons produced by photoelectric éffiepends not only on the quantity of chemical
elements present, but also on the ionization gesson of the orbital level (the probability treat
ionization is produced) and other geometrical amalyezer parameters. The most common method
used for quantification is the relative sensitifiigtor (RSF) method, which supposes that

I=n-F, and F=f-06yA-AT

wherel is the intensity (or the area) of a photoelegteek of a given element,is the number of
atoms per crhof the element in the sample aRgis a constant value called sensitivity factey.
depends on the X-ray flux in photonsfesecf, the photoelectric cross section for the atomic
orbital of interest in cfg; the angular efficiency factor for the instrumémtaangement based on
the angle between the photon path and detectettaie€ the efficiency in the photoelectric
process for formation of photoelectrons of the rairphotoelectron energy theA, the area of the
sample from which photoelectrons are deteéteaind the detection efficiency for electrons erditte
from the sampld. Thus, if all elements present at the surfacedatected and one peak of each
element with its well knowfrs can be chosen, the following equation can be ksiteiol

N, I/ F

sn ZLIF

whereC, is the concentration of one element in percentaggemt at the surface.

This method is currently used and software prograand databases are available [6].
Nevertheless, it has also some drawbacks namebel not work for inhomogeneous structures in
the nanometric scale, or sorfRgvalues are not well established (they are far fbammg constant
or simply do not exist for some photoelectric peakseveral elements). Another approach less
used for quantification is to simulate theoretisplectra and then to compare them with the
experimental results, paying special attentiom#liackground [7].

C.=

2.4.2. Angle resolved XPS (ARXPSRXPS measurements define the sample tilting wegpect

to the analyzer. Changes in the design source-saamalyzer will affect the escape depth of the
electrons. Tilting the sample towards the analyzdlrimprove the relative signal from the outer
part of the surface (from 1 to 2 nm) in front oé timner part, but will decrease in global terms the
total amount of collected intensity. Moreover, theekness of very thin overlayers of the surface
(less than 5 nm) can be determined by assuming lkdow of some parameters. For this reason,
the technique is sometimes called non-destructeghdprofiling. The simplest approach to this
calculation is to assume that the intensity ofdbkected electrons that come specifically from the
substrate material below the overlalgran be expressed by the following equation

=l Ole—d/(/lcosa

wherel, is the measured intensity if there was no overlayethe substratel is the thickness of
the overlayer andis the angle between the normal to the surfacdladnalyzer (take off angle).
More complex attempts can be done to increase acgim these calculations, and to study either a
heterogeneous layer or a multilayer on a subsi8te

2.4.3. In-depth XPShe erosion of the surface under UHV conditiolh®nas to perform in-depth
measurements. For this purpose an ion gun of aergds such as argon (Ar) is sputtered over the
surface. Measurements alternate with the sputteniicly as a consequence, a new surface is present
for the analysis every time. Thus, an elementdiilproan be drawn. By controlling both intensity
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and energy from the ions, the damage produced dgphttering and the chemical iraction of
the implanted ionsan be minimize. In very specific casesii even possible to measure in de
some elements with enough riegimn to obtain a chemical state pro [9].

2.5. Instrumentation

PES equipment at the CCiTUBcludes two systems, a XPS PHI-5500m Physical Electronics
(1991) and aXPS plus UPS SAG-HR from Specs (2004)The following explnations of the
instrument characteristics wiifel to these systems [10].

In XPS measurements, a soft monochrac X-ray source obtained by higloltage excitation
(10 to 15 kV) under UHV conditions is used as etmn source. Usually , ka or Mg ka lines,
with energies of 186.6 eV and 1256.6 erespectivelyare used because they have enough et
to excite orbital levels of all stable atoms ane #in enough to be used in HR measurement:
decrease the energy width thiaesesources introduce, the use of a monochror is advisable,
which also reduces satellites, Bisstralhlung irradiation and other minartefacts. The irradiate
surface is normally a large area of about 0.2. In UPS measurements the radiation source
helium (He)discharge lamp that emits t lines of radiation, Hel at 21.22 eV and Hell at8®eV.
The energetic difference between these two linesasnstant value that allows checking the ¢
electric behaviour of the spectrometer (if the gmed and the sample holder are grounded).
irradiated surface is a large area of about’.

The spectrometer part of PES equipments consigeofromagnetic lenses, an analyzer a
detector or electronic counting system. The lensasally operate in a mode called cons
analysis energy (CAE), which retards the electitonspecific eneries (called pass energies) ¢
allows to have constant energy resolution alondhalrange of kinetic energies. The lenses
drive the electrons to the entrance of the conweitemispherical analyzer (CHA). A Ck
consists of two charged concentrictal hemispheres that create an electric field betwihem
The electrons going across it are captured by titer@r inner sphere depending on their kin
energy. Only electrons in a narrow energy regidosg to the pass energy) succeed in gettil
the way round from the hemispheres to the detedibe detector is often a multi chan
electronic device that can collect several groupslectrons with different kinetic energie
Spectrometers define the effective area of measmentypi@lly a circle of about 0.8 mm i
diameter. A tricky featur®f them is that the intensity is inversely propamal to the energ
resolution of any mode of workir

N-ray source Energy analyzer

y
fe F)
I ol / '\.
Electronic

UHV Chamber detector
(p<6x107 Pa)

sample
Computer

Figure 4. Basic drawingf PES instrument (left) and picture of our -5500 XPS system (ri¢t)

In order to achieve UHV (10Pa), PES equipments use thdifferent types of vacuum pum
namelyrotary, turbomolecular and ion pumps, each oneulisefreach a different level of vacu,
from atmospheric to UHVWVhen pumps areoined, veryaccurately pressure control syms and
filaments that helpo improve vacuum are also necess
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Moreover, two indispensable systems are the ionanththe electron gun. An ion gun of a
noble gas (usually Ar) helps not only to performimtlepth profile (as explained before) but also
to clean under UHV conditions the contaminationsarfaces. Slight sputters (1 or 2 nm) at low
energies (typically 3.5 KeV) and low fluxes alloas temove the absorber contaminants, such as
adventitious C. On the other hand, a low-energgteda gun helps to keep non-conductive samples
free from electrical charging. As electrons go fram the surface by photoelectric process, non
conductive samples increase the BE of its remaieilegtrons. One effective way to prevent this
fact is to inject low-energy electrons (less thah €V), which will be captured and start a
dynamical reincorporation of them on the surfackisTsolution cannot be used in UPS, where
sometimes a bias voltage is applied to the samgldehto discriminate the energy cutoff.

A specific sample preparation is not required f&SPmeasurements. Theoretically, a flat
surface is needed, but powders can also be mealsyrgticking them on bi-adhesive C tapes that
work well in UHV conditions. Sample characteristim® often limited by vacuum and electrical
behaviour.

3. Applications and Practical Examples

XPS and UPS can be used in very different typesudfices, ranging from the homogeneous to the
most heterogeneous surfaces, such as powderss,fibemarticles in suspension (dried at the
surface before measurement). A list of the fieltlene these techniques are applied includes metal
alloys, ceramic materials, polymers and plasticsatings, implants, composite materials,
semiconductors, inorganic and organic compound$acl contaminant identification, interfacial
chemistry, catalysis and corrosion. Moreover, ndeld$ such as biological surfaces or
nanostructured materials, previously forbidden t8\MUand X-ray related techniques, start to be
trendy due to the latest possibilities in termdeahnology [11]. In the following, some examples
of PES applications will be presented in order tmve the enormous capabilities of these
techniques.

3.1. Elemental identification, quantification actftemical bonding in Cr-doped Ti®@amples
Titanium dioxide (TiQ or Titania) is a technological excellent matemdtiely used for many
applications, such as sensors, optical coatingspgmts, solar cells or photocatalysis. Its good and
varied properties (strong oxidation power, chemé&al mechanical stability, high refractive index,
photostability or environmental friendly naturendaze improved as desired with doping, especially
with transition metal atoms like chromium (Cr). Ei@oped thin films, inorganic nanotubes and
nanoribbons can be prepared with many methodsn$teince CVD, sol-gel, reactive sputtering or
pyrolysis, allowing the use of this material in wesmall devices. But the resultant chemical
characteristics and especially the band gap cawebg different depending on the preparation
method and doping characteristics, and only a sers&nsitive technique such as XPS can control
them [12].

Spectra from a Tigthin film doped with Cr are shown in figure 5. Ade XPS low resolution
spectrum reveals peaks related to four chemicatets, oxygen (O), titanium (Ti), Cr and C. By
choosing the main peaks of each element and uesdREF method, their atomic concentration
percentage is calculated, resulting in 14.7% d624% of O, 22.4% of Ti and 6.5% of Cr.

Assuming that C comes from atmospheric contaming@alventitious C), a previous accurate
calibration of the binding energy is done. The Hiectrum of Ti and Cr can be fitted to identify its
chemical bonding. The Ti2p orbital level fits walith a doublet from only one chemical specimen
assumed to be Ty shape and energy position. Instead, Cr2p sloteasly that each peak of the
doublet has to be fitted with two chemical specisavhich correlate with &fand Cf* by shape
and energy position. All important data fits, sashBE, full width at half maximum (FWHM) and
area percentage, are reported in Table 1.

The proposed chemical bonds not only have to agithethe energy position, but also the total
O content. Assuming Ti) Cr,O; and CrQ to be the present oxides, the total amount of O
calculated taking into account its ratios to theatseshould be 44.8% in Ti(lus 6.1% in GOs
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and 4.4% in Cr@ making a total of 55.3%. This number approaclnes total amount of O

(56.3%). The small difference could be explainecehlyer experimental error or some C=0 bonds
related to atmospheric contamination. These nunmbédence the good agreement in both energy
position and fit for the proposed chemical specisnemnd validate the chemical bonding
identifications. Unfortunately, the HR spectrum{not shown here) cannot be used to trace back
these chemical bonding identifications, due to dhmost inexistent difference in energy for the

different bonds (all of them at about 530 eV).
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Table 1. XPS parameters corresponding to a Cr-doped S#nple
Cr2p Ti2p
Line BE FWHM Area Suggested Line BE FWHM Area Suggested
(eV) (eV) (%) bond (eV) (eV) (%) bond
203/2 576.76 2.31  38.97 GO; 2p3/2 458.62 1.14 66.67 TiQ
b 578.96 2.33 27.69 Cr@ 2pl/2 464.31 2.01 33.33 TiQ
201/2 586.45 2.53  19.49 GOs
PYe 5gg35 255 1385 Cro

3.2. ARXPS in polymers absorbed on metal surfaces
The deposit and bonding of organic molecules anlynpers in inorganic surfaces is being

considered as one of the most outstanding fieldsiiface science, since this is the way to reach

biocompatible devices. Synthesis methods as wedjuasity of initial surfaces play an extremely
important role for obtaining the best features he final material. The analysis of chemical
structure and morphology, and the determinatiophysical properties in relation to compositional
and structural parameters of self assembled moaa§SAMs) of organic molecules on metals

can be done by ARXPS. This technique allows toraiisnate the actual element that is bound to

the metal surface [13].
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Figure 6. HR XPS spectrum at 5° (top) and 45° (bottompkétoff angle. From left to right:
Au4f, S2p and N1s.

Figure 6 shows an overlaid plot of Au, sulphur &8}l nitrogen (N) HR spectra at two different
take-off angles observed in SAMs of 4-thiolphen@gphnd dodecanothiol on polycrystalline gold
over glass. By changing the take off angle from #b%°, data coming from the top surface is
improved. These data reveal no differences in Auef@ected), but changes in both S and N. The
S spectrum at 5° is composed by a single peakewthd spectrum at 45° has a shoulder at low
energies (marked by the arrow) that indicates aditiadal chemical state that would be
responsible for the bound with the metal. Moreottee, N spectra do not show a clear peak at 5°
but a peak formed by two o three chemical statpsans at 45° revealing that N is not on top, and
maybe is also involved in the bound with Au.

3.3. Chemical characterization of new chalcogeratlsorbers for next generation photovoltaic
technologies (PV): in-depth XPS concentration pesfi

CwZnSng and CyZnSnSe (CZT(S,Se)) compounds are receiving an increasitegest for the
replacement of chalcopyrite absorbers used in Q&#)(S,Se) (CIS) solar cells [14,15]. In
relation to CIS based PV technologies, CZT(S,Sdgriads are formed by abundant and non-toxic
materials, which make them more suited for theisshae deployment in the next years to compete
in a more efficient way with traditional non-rendi& energy sources. However, efficiencies
achieved with these absorbers are still lower th@%. One of the reasons for low efficiency
values in these devices is the potential preseficeecondary phases, probably at the grain
boundary regions, which deteriorate the optoeleatrproperties of the layers. Full identification
and characterization of phase inhomogeneities ixiar for further optimization of these
technologies In-depth XPS analysis provides both #tomic concentration profile and the
chemical information of the layers when minimizihg damage produced by the' Aputtering.

On the left of Figure 7, all the spectra of Zg2prbital level from the surface to the bulk are
shown. A plot like this one can be obtained frone ambital level of each element present at the
sample. Using the RSF method, the atomic concémtrgtercentage versus sputter time is
calculated (on the right). The percentages of tfierdnt elements do not agree with the theoretical
assumptions of composition of the material. Thesfgnal is large enough all along the layer which
indicates that some Cu-rich secondary phases QigSnS) are also formed. This phase will
certainly alter the electric behaviour of the salelf. The comparison of XPS in-depth data with X-
ray diffraction (XRD) and Raman scattering speaopy data will help in clarifying this point
[16].

3.4. Study of VB and molecular bonds: determimattd HOMO levels in pentacene deposited on
nanostructured substrates

Organics electronics, i.e. the conjunction betweryanic surfaces and inorganic materials, is one
of the most outstanding fields in material scier@errect understanding of these systems requires
knowledge of the physics and chemistry of its st@éaand interfaces. The complex structures
created by the chemical reactions between orgatsorbed molecules and metal surfaces can be
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studied by looking at the molecular orbital levélg UPS. Nowadays, metal substrates are
nanostructured (in order to create nanodevicesgtwldads to greater complexity on the subject
[17, 18].
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Figure 7. XPS depth profile of CZTS on silicon oxide. Inptle spectra from Zn2p (left) and
elemental atomic concentration in % (right).

In Figure 8, UPS spectra of pentacene absorbechanganic surfaces used in nanoelectronics,
such as Au or silicon carbide (SiC), apeesented. These materials are very useful for
generations of organic light-emitting diodes (OLERsd organic field-effect transistors (OFETs
The objective is to know the nature of the intamacbetween the organic material and the differen
metals, and a point of starting is to look at pagtars such as the variation of HOMO levels, 4k,
and the hole injection barrier (HIB, the differenoetween Eand HOMO). Thespectra show ti
main characteristics of a UPS measurement, a geaiglabinding energyrdm secondary electroi
and several bands that appear from medium BEsaothe E value. Reference measurement in Au
presents Eat -0.07 eV, and & value of 6.14 eV, higher than the expected. Thaadrwill help t

compare the relevant data from samples coverecbtapene (presented in Tablewdth the value
from the literature.

Table2. UPS parameters

10 nm Pentacene / Si¢

N Sample Pentacene Pentacene
Yool on SiC on Au
s ‘ HOMO  0.95 0.83
- gl (eV)
S B IE (eV) 6.62 6.33
% | ® (%) 5.59 5.42
E 3s 30 25 Binc%\‘gg Enéisgy (e:}jo ps' oo s H IB (eV) 102 087

\ 10 nm Pentacene/ 70 nm Au / SiC

D— Figure 8. UPS spectra (Hel excited) of
ey G S S Au, 10-nm-thick pentacene on SiC and
16 14 12 10 8 6 4 W 0 10-nm-thick pentacene on 70 nm of
Au over SiC.
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