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Chapter 3

Experimental Equipments and Device
Fabrication

3.1 Introduction

I
n this chapter, the measurement setups used in this thesis will be presented along
with the basic device fabrication protocols. For the investigation of hot electron at

the nanoscale, Ballistic electron emission microscope (BEEM) is used which is origi-
nally modified from a commercial Scanning tunneling microscope (STM) during this
study. We will only discuss the modifications and optimization in the STM system
to make it suitable for BEEM and related measurement. Various other techniques
for structural, electrical and magnetic characterization of the devices will also be
described.

3.2 The Measurement Setups

We have used BEEM for the study of hot electron transport. An electrical measure-
ment setup is also used for the study of temperature dependent I-V measurements
in the graphene devices as well as for field dependent graphene resistance measure-
ment.

3.2.1 Ballistic Electron Emission Microscopy

In this research a commercial ultra high vacuum, variable temperature, magnetic
STM setup from RHK has been used. The system can be cooled by either liquid
nitrogen or liquid helium which allows measurements to be done between 10 K to
300 K. A filament, mounted in the sample holder, can be used to heat the sample in
order to vary the temperature of the sample. The magnetic fingers are housed inside
the main chamber and can reach a magnetic field of up to 0.3 Tesla. The complete
setup is suspended on three air legs to minimize any vibrational influences as shown
in Fig. 3.1.
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Figure 3.1: Schematic view of the Scanning tunneling microscopy system from RHK technol-
ogy which is modified during this project to perform BEEM experiments.

The BEEM system consists of two vacuum chambers, a load lock and the main
chamber housing the BEEM. The load-lock is pumped by a rough pump and a turbo
molecular pump. Sample transfer to the main chamber is performed when the load
lock pressure is at least below 5×10−6 mbar. The main chamber has a base pressure
of around 1×10−10 mbar. An ion pump is used to pump the main chamber to avoid
vibrations. A titanium sublimation pump is also present which is used periodically.
The main chamber, housing the BEEM, also has a storage elevator where a total of
six BEEM holders or tip exchange holders can be stored. A transfer arm allows the
transfer of the holder from the load lock to the main chamber. In the main chamber
a wobble stick is used to transfer the holders from the load lock arm to the BEEM
stage or the storage elevator. The wobble stick is also used in the tip transfer to
release or secure the tip in the tip transfer holder.

A picture of the BEEM-sample stage with the scan head is shown in Fig. 3.2.
In the sample stage a BEEM-sample holder is loaded and the three leg beetle scan
head is lowered on to the sample holder. The tip is mounted in the center of the
scan head which is not visible from this angle. The magnetic fingers are clearly
visible and are in-plane and in very close proximity to the sample. A knob on top
of the BEEM system allows the manual lowering or raising of the scan head on the
sample holder. Modification of the sample holder for BEEM measurement is shown
in Fig. 3.2(b). Inside the BEEM sample holder a BEEM sample is mounted. Along
with the assembled BEEM holder, a copper basket and a sapphire washer are shown.
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Figure 3.2: (a) A picture of the inside of the main chamber showing the Scan-head on top
of a sample holder. (b) Modification of the sample holder for BEEM measurement. Indicated
with (1) and (2) are the bottom and top part of the sample holder. A copper basket (4) is
placed inside the holder on top of a non-conducting saphire washer to isolate it from the
rest of the holder. Another saphire washer is used to mount the BEEM sample (5) inside the
copper basket. Indicated with (6) is the contact pin for the BEEM measurement connected to
the copper basket. Another contact is made by a thin gold foil to the top metallic surface of
the sample which is connected to the holder body.

The copper basket is mounted in the sample holder such that it is electrically isolated
from the sample holder body. The wire attached to the copper basket is soldered to
the inside of one of the contacts of the sample holder. This contact is called the BEEM
contact as indicated by (6). This contacts is also isolated from the rest of the sample
holder and is used to collected the BEEM current. The sample holder has a sample
mounted in the copper basket. On top of the sample a sapphire washer is placed to
ensure electrical isolation. The Au contact grounds the top metallic surface of the
sample such that a tip bias can be applied between the sample top and the STM tip.

For the measurement, the STM tip is brought in close contact to a metal surface
such that a tunnel current is measured. This tip is mounted on a piezo tube allowing
the tip to be scanned over the surface (x and y movement) of the metal and to retract
or approach the surface (z-movement). To measure the tunneling current it is am-
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Figure 3.3: Temperature dependent electrical measurement setup.

plified using a current to voltage converter (108 V/A) since the tunnel current is on
the order of 1 nA. The magnitude of the tunneling current is exponentially related to
the distance between the tip and the metal surface. This sensitivity of the tunneling
current on tip to sample distance can be used to map the surface topography of the
sample. With the STM setup all the injected electrons are collected in the ground
channel to form the tunneling current. In all measurements the system is operated
in constant current mode and thus having the z-feedback enabled. Since only a
fraction of the tunneling current is transmitted across the M/S interface, the BEEM
current is necessarily smaller than the tunneling current, often 100 to 1000 times.
Therefore this current also needs to be amplified by a current to voltage amplifier
with an even higher gain of 10 pA/V which corresponds to 1011 V/A. The BEEM
current is amplified by a two stage low-noise current amplifier, SR570 from Stanford
Research System with the required gain. In this setup the STM tip is essentially the
emitter, the metal is the base and the semiconductor is the collector. However, much
unlike other three terminal measurement methods, the BEEM setup is not biasing
the actual device e.g., there is no voltage drop across the base and the collector.

3.2.2 Temperature dependent electrical measurement

In order to measure electric field dependence of graphene resistance and temper-
ature dependent I-V measurement of graphene/Si Schottky diode, another experi-



3.3. Device fabrication protocols 35

mental setup is used as shown in Fig. 3.3. The graphene resistance is measured in
2-probe geometry using lock-in amplifier as an AC source. Before a sample is loaded
into the cryostat, it was mounted on a chip carrier. The back of the substrate, which
is entirely covered with the Cr/Au layers, is mounted on the chip carrier using sil-
ver paint. Ultrasonic wire bonding is then used to make ohmic connections between
the contact pads of the sample and the pins of the chip carrier. All measurements
are performed in vacuum (10−6 mbar) in the dark. The lock-in amplifier (Stanford
SRS 830) is used to produce a sinusoidal output voltage up to 100 kHz. This output
is sent to the I-V measurement box where it is used as a reference to generate an AC-
current output. The I-V measurement box consists of an voltage-current converter,
with output amplitudes from pA to 100 mA and a voltage amplifier. The AC current
is sent to the sample and the potential drop over the graphene is pre-amplified in
the IV-box and is sent back to the lock-in amplifier, where it is compared to the fixed
AC frequency. Additionally a back gate voltage (Vg) is applied to the sample using
a DC voltage source.

Rectifying characteristics of graphene/Si interface is measured by sweeping a
DC bias voltage and measuring the current across the interface using a Keithley
2410 sourcemeter. The device temperature is changed by using liquid nitrogen and
is controlled by a temperature controller.

3.3 Device fabrication protocols

In this section the fabrication protocols of BEEM devices will be presented. First
the realization of the BEEM substrates will be discussed as well as the processing
involved in preparing the samples before thin film deposition. Further, the issues
related to the sample requirements will also be discussed.

3.3.1 Processing of 4 inch wafer

In this thesis, 4" Si wafers are used as the starting substrates which are then pro-
cessed to form the bare BEEM substrates. In total 81 BEEM substrates, having a size
of 6.5×6.5 mm2, can be obtained from a single 4" wafer. For BEEM, the metal base
(top surface of the BEEM sample) and the semiconductor need to be contacted sep-
arately. The top of the sample is grounded such that a bias can be applied between
the tip and metal base. This contact collects the electrons which are not transmitted
across the M/S interface and form the tunneling current IT . The BEEM current is
measured at the bottom of the semiconductor, therefore an ohmic contact needs to
be fabricated to create a back contact.

A flow chart showing all the processing steps is shown in Fig. 3.4.
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Figure 3.4: The processing is described in the text. Note that in the top view only one device
is shown while the 4” wafer contains 81 of these devices separated from each other by dicing
the wafer along the sides of the BEEM substrates.

• The 4" wafer consists of n-type or p-type silicon with a 300 nm thick dry oxide
layer on both side of the wafer.
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• The first step is to deposit a back contact for the BEEM substrate. Before etch-
ing the SiO2 from the back side of the wafer the top of the wafer is protected
against etching with a hard baked photoresist (PR). After etching, the Cr/Au
back contact is deposited using sputter deposition (done at MESA+, Univer-
sity of Twenete).

• Then, the hard PR is removed and the top surface is re-coated with PR. UV
lithography is then used to define the substrate markers.

• After developing, the wafer is loaded in an e-beam evaporator where Cr is
deposited for the markers.

• Then, after a lift-off step the wafer top surface is again coated with PR. The
next UV lithography step defines the device area located at the center of the
markers. Along with this the guide lines between the separate BEEM sub-
strates, needed for dicing the wafer in separate dies, are patterned. The device
area is a circular hole in the PR with a diameter of 150 µm. After the UV expo-
sure, the resist is hard baked to protect the SiO2 from being etched by the wet
etching steps. This ensures that only the defined device area, where the resist
will be removed during developing, will be attacked by the etchants.

• After developing, the wafer is diced resulting in 81 separate BEEM substrates.
The device area, without PR, is still protected during dicing by the 300 nm of
dry SiO2.

Since BEEM is a technique probing the interface properties of the device it is impor-
tant, for comparison, to keep the processing of the different samples as similar as
possible. All processing steps had to be optimized, such as the choice of resist, UV-
exposure and developing time of the PR and the choice of materials for the markers.
For the collection of transmitted current, the material choice for the ohmic back con-
tact is also very important. However, when choosing the material it is not only the
ohmic behavior which has to be considered but also it’s etching resistance. Since
the preparation of a BEEM sample involves long wet etching times with buffered-
hydrofluric acid (BHF, a mixture of HF and ammonium fluoride (NH4F)) and nitric
acid (HNO3) the chosen material should resist these etchants. It is also important
that the material adheres well to the silicon to prevent damage during processing.
To realize an ohmic contact, a metal which forms a low Schottky barrier with n-type
silicon is needed. In addition to that a large contact area is needed since the leak-
age current scales with the contact area. The material of choice would be titanium
since it forms a Schottky barrier of around 0.50 eV [1], which is one of the lowest
Schottky barriers with n-type silicon. In addition to that it is known for it’s good
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adhesion with silicon. However, although titanium has excellent resistance to nitric
acid at room temperature it is heavily attacked by BHF, even in very dilute concen-
trations. The material chosen to form the ohmic contact is chromium which forms
a Schottky barrier of around 0.61 eV [1] and is also well know as an adhesion pro-
moter. Chromium is not attacked by BHF. After a thin layer of chromium, gold is
deposited to prevent the oxidation of the chromium.

3.3.2 Wet chemical treatment

Before any material is deposited on a BEEM substrate a number of wet etching steps
are performed to etch the 300 nm of dry oxide in the device area and to hydrogen
terminate the Si. The sample is etched in BHF (for ∼9 min) to ensure the complete
removal of the SiO2 such that the Si underneath is exposed. Since BHF etches SiO2

very quickly, with a rate of around 1 nm/s, and Si is etched much slower the Si
is only etched slightly. After this the sample is stored in cleanroom conditions for
one day to regrow a thin layer of native oxide. The next day the PR is removed
by etching (for ∼10 min) with nitric acid (HNO3) exposing the SiO2, after this an
ultrasonication step in DI water is performed. Finally a short 1% HF etching step
(for∼1 min) removes the native oxide from the device area and hydrogen terminates
the Si surface. After this the BEEM substrate is loaded in the deposition chamber.
The exposure time of the device area, the time between the 1% HF step and loading
the sample, is shorter than 10 minutes for all device measured. Although the SiO2 is
also etched by the 1% HF the etching rate is much slower ensuring a thick enough
oxide layer to electrically insulate the device. The 1% HF etching step also causes
the Si surface to become hydrogen terminated. This results in a chemically very
stable Si surface and ensures the device area is not oxidized between etching with
1% HF and loading of the sample in the deposition chamber. After all etching steps
DI water rinses are performed to ensure the removal of the chemicals.

3.4 Deposition of metals and graphene on substrates

3.4.1 Molecular Beam Epitaxy

Molecular beam epitaxy (MBE) is one of the best deposition system which is used to
grow epitaxial layers for lattice matched heterostructures. For highly epitaxial metal
semiconductor hybrid structure, MBE is known to give better quality M/S interface
than other deposition systems. The reasons are related to the ultra high vacuum
environment and to the energy of the deposited atoms. Highly epitaxial NiSi2 on
Si substrate is grown by this deposition system and the results are presented in the
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Figure 3.5: (a) Molecular beam epitaxy system. (b) Electron beam evaporator.

chapter 4. With the MBE-system the deposition of Ni and the formation of NiSi2 is
done. First, the sample is loaded in the load lock of the MBE-system, then a vacuum
pump was used to lower the pressure to 10−6 mbar as shown in Fig. 3.5(a). With
this pressure the sample could be transferred to the main chamber, which has a
pressure of 10−10 mbar. In the main chamber the sample is positioned so that the Ni
could be deposited from a Knudsen cell on the Si-surface. The Ni K-cell is heated
to 1440◦ C for a certain amount of time to get a Ni deposition rate of 0.25 nm/min.
Formation of epitaxial NiSi2 at the interface is done by heating up the substrate from
room temperature to a certain temperature as describe in Ref. [2]. The device is then
covered with an Au cap layer at RT, evaporated from a Au K-cell. A 4 nm thick Au-
cap is deposited from a K-cell heated to 1305◦ C, achieved after a 20 min deposition.
This device is then removed from the MBE-system for measurement.

3.4.2 Electron Beam Evaporator

For the BEEM devices with nearly epitaxial Cu/Si interface, an electron-beam (e-
beam) deposition system is used to deposit the metallic layers. The system used
for deposition is a Temescal Thin Film Coater 2000 (TFC-2000) high vacuum sys-
tem with a bell jar load lock as shown in Fig. 3.5(b). The bell jar is pumped with
a turbo-molecular pump until a pressure of 5×10−3 mbar is reached after which
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the valve separating the main chamber and the bell jar is opened. The system has
8 crucibles which are water cooled allowing the deposition of different materials
without breaking the vacuum. With this setup only one material can be deposited
at the same time. The main chamber is pumped with a cryogenic pump and the
pressure during evaporation is typically around 5×10−7 mbar. A quartz crystal mi-
crobalance is used to determine the deposition rate and final film thickness. The
crystal was calibrated against XRR measurements and has a resolution of 0.1 Å/s.
E-beam evaporation allows for a large range of deposition rates varying between
several tenths of Å/s up to ∼1 nm/s, depending on the material being deposited.
The depositions are performed with an acceleration voltage of 10 kV and at the rate
of 1 Å/s.

3.4.3 Deposition of Graphene

There are several ways to produce graphene. In the following sections the produc-
tion process of exfoliated and CVD graphene will be explained, because these are
used for the devices in chapter 8.

Mechanically exfoliated graphene

Micro-mechanical cleavage of graphite flakes is a very low cost, easy to perform
technique. The production method involves several steps. The first step is to take
a piece of highly ordered pyrolytic graphite (HOPG), which are basically graphite
sheets stacked together in a parallel fashion. By applying some tape on the HOPG
and gently taking it off, several layers of graphite are taken off; or in other words
the graphite is cleaved. Because of the use of ordinary household tape, this method
is also referred to as the “Scotch tape” method. Now the graphite can be cleaved
further, by applying a new piece of tape to the first piece, or it can be applied to
the desired substrate (Si with 300 nm SiO2 on top) directly. The tape can be pressed
gently onto the substrate and stroked with a finger or tissue to ensure good contact.
Once the tape is taken off, some graphite, and hopefully graphene, stick to the sub-
strate which can be identified by the optical microscope. This method yields very
high quality graphene flakes of typical sizes in the order of tens of µm. However,
the amount of flakes per area is very low. Therefore it can be a very time consuming
job to locate a good flake.

Chemical vapour deposition graphene

Chemical vapour deposition or CVD graphene is known to cover large areas (>cm2),
but is of lower quality than exfoliated graphene, because it can contain pinholes and
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Figure 3.6: (1) Copper foil with graphene on top is obtained from the graphene supermarket
and (2) polydimethylsiloxane (PDMS) is spin-coated on top. (3) The sample is dipped in ferric
chloride (FeCl3) to dissolve the copper. (4) The PDMS stamp with graphene is applied to the
desired substrate and (5) the PDMS is cleaned with acetone.

wrinkles. Because of its coverage it is a promising candidate for industrial size pro-
duction of graphene based devices.

Graphene is known to grow on all kinds of metals such as: Ni, Pd, Ru, Ir and
Cu [3]. The CVD graphene used for this thesis was obtained from the graphene
supermarket [4] and grown on copper foil. Figure 3.6 illustrates the transfer pro-
cess of the graphene to the substrate. (1) Copper foil with CVD graphene on top is
readily obtained from the graphene supermarket. In order to transfer the graphene
to the desired substrate (2) a polydimethylsiloxane (PDMS) stamp is pressed onto
the graphene. (3) Next the copper is dissolved in ferric chloride (FeCl3) and (4) the
PDMS stamp is applied to the desired substrate. (5) Finally the PDMS stamp is
gently taken off, leaving the graphene stick to the surface of the substrate.

3.4.4 Sample requirement for BEEM measurement

After fabrication of the devices, BEEM experiments can be done where signals as
low as 0.1 pA are detected. Therefore the overall noise of the measurement system
should be lower than 0.1 pA. The most important sources of noise in the BEEM
signal originated from the feedback resistors of the operational amplifier (op-amp)
circuits, which amplify the BEEM current, and the sample itself. The resistance of
the op-amp, around 109Ω, can not be changed and therefore puts a noise floor on
the BEEM current. However, the noise related to the sample can be reduced. The
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voltage fluctuations across a resistor at a finite temperature are known as Johnson
noise and are given by

∆V =
√

4kBTBR (3.1)

where ∆V is the root mean square of the voltage fluctuations, kB is the Boltzmann
constant, T the measurement temperature, B the measurement bandwidth and R

the value of the resistor.
The current passing through a Schottky diode, as described by thermionic emis-

sion theory in chapter 2, is given as

I = A× J = A×A∗∗T 2exp

(
− eφB
kBT

)[
exp

(
eV

nkBT

)
− 1

]
(3.2)

Where A is the area of the Schottky diode, A∗∗ the effective Richardson constant, V
the voltage applied to the Schottky diode, φB the Schottky barrier height and n the
ideality factor. In the case of BEEM we are interested in the zero bias resistance of
the diode which is given as

R0 = (dI/dV |V=0)−1 =
kB

e ·A ·A∗∗ · T
exp

(
eφB
kBT

)
(3.3)

From the above equation it is clear the sample resistance can be increased by re-
ducing the area or by lowering the measurement temperature. The current noise
measured by the op-amp can be expressed as

∆I =

√
4kBTB

R
(3.4)

From the above equation it is clear that increasing the zero bias resistance R0 of the
diode will reduce it’s contribution to the noise. To make sure the diode is not dom-
inating the noise it’s resistance should be higher than the resistance of the op-amp.
Since gold forms a Schottky barrier height of≈ 0.8 eV, with Si, the junction resistance
is on the order of 1 GΩ at room temperature for a diode area with a diameter of 150
µm and thus is high enough to make sure the sample is not dominating the noise.
However, Cu on n-type Si forms Schottky barrier height of ≈ 0.6 eV which gives
junction resistance of the order of 1 MΩ at room temperature with the same diode
area. Thus, the BEEM measurements with the Cu/n-Si Schottky diodes will be only
possible by lowering the temperature so that the junction resistance increases be-
yond 1 GΩ at low temperature. Although the noise is dependent on the diode area
the BEEM current is not since it is determined by the transmission of the charge
carriers which ballistically reach the M/S interface.
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3.5 Device characterization techniques

In this section, we have discussed several techniques to characterize the deposited
thin films. The surface and interface characterization of the BEEM devices are per-
formed with the use of an atomic force microscopy (AFM) and a transmission elec-
tron microscope (TEM). Growth orientation of Cu on Si is determined by X-ray
diffractometer (XRD). A superconducting quantum interference device (SQUID) is
used for the magnetic characterization of the spin valve.

3.5.1 Atomic Force Microscopy

The atomic force microscope (AFM) is used to characterize the surface roughness of
thin film depositions. This allows the optimization of the thin film depositions in
terms of the surface roughness. It is based on sensing the van der Waals forces at the
surface of the Film [5]. The AFM uses a cantilever with a sharp tip to scan the sample
surface. The cantilever is made from Si or Si3N4 and has a tip radius of curvature
on the order of nanometers (∼10 nm). The AFM is operated in a non-contact mode
called tapping mode. The tip is brought into close proximity of a sample surface
and senses the repulsive force between tip and sample surface to map the surface
topography. To monitor the tip deflection a laser is reflected from the top of the
probe and is monitored by an array of photo diodes. By scanning the tip across a
surface a topographic map of the sample surface is created.

3.5.2 Transmission Electron Microscopy

Transmission Electron Microscopy (TEM) is a powerful tool in material science to
characterize the real-space structure of materials with high spacial resolution. TEM
uses a highly energetic electron beam rather than optical light. For visualization
of the crystal structure of epitaxial thin Films of NiSi2 and its interface with Si, we
use cross-sectional TEM with high resolution. It is operated in Bright Field (BF)
mode for imaging larger areas and HRTEM mode for detailed analysis, such as the
thickness of the films, defects, atomic structure and for investigations of the inter-
faces. The cross section specimen is prepared by conventional method involving
cutting, gluing, grinding polishing and ion milling. HRTEM images of NiSi2/Si are
presented in chapter 4 in this thesis.

3.5.3 X-Ray Diffractometer

Growth orientation of Cu on Si is determined by X-ray diffractometer (XRD) at the
macroscopic scale. The XRD measurements are performed with a Phillips XPert
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diffractometer using Cu-Kα radiation. In XRD, x-rays are refracted from a sample at
grazing angles. A monochromatic x-ray beam of wavelength λ irradiates a sample at
a grazing angle ω and the refracted intensity at an angle 2θ is recorded by a detector.
This mode of operation is called the θ-2θ mode [6]. This ensures the incident angle
is always half of the angle of diffraction (ω = θ). We explored the diffraction planes
that are parallel to the film surface and follow the diffraction condition or Braggs
law:

sin θ =
nλ

2dhkl
(3.5)

where, λ = 1.5405 Å for Cu-Kα radiation and dhkl is the distance between parallel
planes in {hkl} direction. In analogy with light falling through a grating, the pe-
riodicity of the lattice planes and the wave character of the X-ray beam results in
a diffraction pattern. The angle θ at which there will be positive interference be-
tween the reflected beams obeys Bragg’s law. Film texture and out-of-plane lattice
parameters are evaluated from these scans.

3.5.4 Magnetic characterization

A superconducting quantum interference device (SQUID) in a commercially avail-
able Quantum Design Magnetic Property Measurement System (MPMS) is used to
characterize the magnetic properties of several spin valves. The MPMS is a sys-
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Figure 3.7: SQUID magnetometer measurements at 100 K of spin-valves with a 10 nm Au
spacer layer (left) and a 10 nm Cu spacer (right). The decoupling is clearly visible as a change
in the slope of the curve. Arrows indicate magnetic field sweep direction and the respective
switching fields of Co and NiFe are also indicated.
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tem with controlled temperature and magnetic field platform that can measure the
magnetic moment of a sample. The sample is moved through a second order gra-
diometer of superconducting wire that is coupled through a well-shielded super-
conducting flux transformer to a dc SQUID. The magnitude of the response of the
gradiometer is proportional to the magnetic moment of the sample but assumes the
sample to be a point dipole moving through the center of the gradiometer. The sen-
sitivity of the system is down to 10−7 emu with an absolute error of the order of 1%
and a relative error of the order of 10−5.

The decoupling of the two ferromagnetic layers in the spin valves is evaluated
for different spacer layers (Au and Cu) at 100 K since the BEEM studies on spin valve
devices are normally performed around 100 K. In Fig. 3.7 the SQUID measurements
are shown for two spin valve devices which clearly show the switch of the separate
magnetic layers. The device structures are indicated inside the figure. The arrows
show the direction in which the magnetic field is changed. When decreasing the
magnetic field the softer ferromagnet (NiFe) starts to switch. When the magnetic
field becomes large enough the second ferromagnet also starts to switch, resulting
in a superposition of the changes in both magnets, causing a change in slope. For
both device NiFe is found to switch around 10 to 14 Oe however, Co is found to
switch at around 110 Oe for the Au space and around 45 Oe for the Cu spacer. Such
a large change in switching field of Co is due to growth of Co on two different
underlying layers as discussed in Ref. [7]

3.6 Summary

All experimental details related to the deposition of highly epitaxial and nearly epi-
taxial thin films and graphene on Si substrate are presented. A sample fabrication
process is defined for the BEEM devices. Various characterization techniques used
to investigate structural, magnetic and electronic properties of thin films and inter-
faces are discussed.
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