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Chapter 3

IISIS

All the experiments described in this thesis have been performed at two differ-
ent experimental setups at the ZernikeLeif facility. The SurPhyn setup is an
already longer existing setup, which is extensively described elsewhere [34, 35].
The adaptations made to SurPhyn in order to be able to do measurements on
capillaries are described in section 4.1.2. At the same time a new setup, named
IISIS (Inelastic Ion Surface Interactions Station), was developed as an experi-
mental station for the HITRAP facility at GSI. There, eventually the main goal
will be to decelerate U92+ down to a few keV, allowing for the very first time
to have very slow, fully stripped U ions available for experiments. This would
give access to ions which have a much larger potential energy (MeV) compared
to the kinetic energy (keV), allowing to investigate potential driven processes
with the highest charge states available.

The central vacuum part of the IISIS chamber is a CF150 6-way cross.
Mounted on this 6-way cross are a manipulator (VG Scienta, type HPT-RX
Z-module with a MRXXY12 XY stage), a deceleration system, an electron
statistics detector, and two clusterflanges onto which surface preparation and
analysis equipment are mounted. The surface preparation equipment consists
of an UHV evaporator and a quartz microbalance. The surface analysis is done
by means of time of flight (TOF) spectroscopy.

The IISIS setup is connected to the main ion beam line by a differential
pumping stage and a 45◦ bending magnet. The pressure in the beamline is in
the 10−8 mbar and in the differential pumping stage somewhere in the 10−9

mbar. The pressure in the main chamber is in the low 10−11 mbar regime and
kept there by a 400 l/s ion getter pump. During electron statistics experiments
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Figure 3.1: Photograph of the IISIS setup.

the ion pump is switched off and the system is kept at a low pressure by a 360
l/s turbo molecular pump. This pump is also used to pump down the system
during bake-out of the system.

The manipulator which is mounted on top of the setup, has three transla-
tional degrees of freedom, x, y and z. The XY module is a precision stage (VG
scienta, type MRXXY12 with MRXMIC05 installed on it for 5 µm resolution).
It has a maximum travel of ±12.5 mm vectorially. The Z value can be changed
by ∆z=150 mm. Apart from the three translational degrees of freedom, there
are two rotational degrees of freedom. One allows to change the angle of inci-
dence by 360◦, while the other one can be used to change the azimuthal angle.

The sample holder can be heated by resistive heating, where the maximum
temperature mainly depends on the size of the sample holder used. Alterna-
tively, an electron bombardment heating unit can be mounted instead of the
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Figure 3.2: Schematic view of the IISIS setup. Indicated are the manipulator
(top), pumps (differential pumping left side, main pumps of the chamber below
the main chamber) and surface analysis tools (mounted on a cluster flange).
The diaphragms and lenses are shown, as well as the electron statistics detector
and the grid in front of it. For further details see text.

resistive heating.

3.1 Ion deceleration

The ions extracted from the ECR ion source have an energy ranging from 3 to
25 keV/q. In order to be able to do experiments with lower kinetic energies,
the whole setup can be floated on a high potential. The actual deceleration and
focusing takes place in four electrostatic lenses placed at the entrance of the
chamber (see figure. 3.2). Before the lenses were constructed, simulations of
the ion trajectories have been performed in SimIon R⃝ [48]. All the simulations
have been performed with a starting energy of 7 keV/q. The simulations show
that for energies down to 300 eV/q (∼ 0.04∗E0) approximately 80% of the beam
will still be transferred and hit the sample. It should be kept in mind though,
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(a)

(b)

Figure 3.3: 7 keV/q ions decelerated to 1 keV/q with (a) and without (b) using
the focusing lenses.

that this is for an initial beam with a diameter of 2 mm and a divergence of 1◦

(35 mm.mrad). In this particular case, if the beam would not be decelerated
or focused, approximately 10% of the ions are transmitted through the last
diaphragm and hit the sample. This implies that the ion beam current of a
decelerated beam can be higher than the undecelerated unfocused ion beam.

In reality however, the beam which passes through the diaphragm in front of
the lenses is less divergent, since it is collimated by the two diaphragms in front
of the lenses. The distance between these two diaphragms is 740 mm. As the
first two diaphragms each have a diameter of 2 mm, this results in an emittance
of 6 mm.mrad. This would mean that the transmission of the decelerated ions is
in reality even more efficient than the simulations show. It is planned to install
the setup at the HITRAP facility at GSI, where the initial kinetic energy of
the ions will be 6 keV/q [49]. The beam emittance at HITRAP is specified
to be 10 mm.mrad, meaning that the overall efficiency of the lens system will
still be better than compared to the simulations. The simulations are thus a
conservative estimate of the efficiency of the deceleration lenses.

Figure 3.3a and b compare typical beam profiles of a decelerated beam with
and without using the focusing lenses. In this particular case a Xe30+ ion beam
is simulated, with an initial energy of 7 keV/q and a final energy of 1 keV/q.
For case (a) the lens settings are optimized such that the current on target
maximizes. In doing so the beam spot on target increases considerably.

Figure 3.4 summarizes the minimum transmission efficiency based on simu-
lations performed for a whole series of He2+ and Xe30+ ion beams, both with
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an initial energy of 7 keV/q. Since the transmission is more or less constant for
1000 eV/q and above, only the part from 10 eV/q to 1000 eV/q is shown here.
Although it is possible to decelerate the beam down to 10 eV/q with the lenses,
complications arise due to potentials on the electron-collector electrodes, which
are described in section 3.2.
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Figure 3.4: Transmission efficiency for a He2+ and Xe30+ ion beam decelerated
from 7 keV/q to the energy per q shown on the x-axis. For details see text.

The final kinetic energy of the ions Ei depends on the voltage on the ECRIS
VECR, the bias potential on the setup Vbias, the bias potential on the sample
Vsample compared to the rest of the setup, the charge state q and a small contri-
bution due to the plasma potential Vpp in the order of 10 eV/q [50]. The final
kinetic energy of the ions is therefore given by

Ei = q · ((VECR − Vbias) + (Vpp − Vsample)) (3.1)

This way, the whole range from nearly 0 to 25 keV/q can be covered.
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3.2 Electron detection

The electron statistics detector assembly is designed, built and commissioned
by the group of F. Aumayr (TU Wien). During the construction of IISIS it was
transported and built into the setup, allowing to combine the deceleration of
ions and measuring the number of electrons emitted upon the collision of an ion
with a surface.

The detector itself is a surface barrier detector (made by Canberra). When
an electron hits the active area of the surface barrier detector (SBD), this elec-
tron is registered as a pulse of a certain height, depending on the energy which
the electron deposits in the detector. The kinetic energy of the registered elec-
tron on its turn depends on the voltage at which the detector is operated and is
typically 30kV. Since the time scale at which electron emission from the HCI-
surface interaction takes place is around < 10−13− < 10−11 s [37], and the time
resolution of the detector is in the order of < 10−6 s, all n electrons emitted by
one single ion are registered as one event. This results in a pulse height of n
times the kinetic energy of the electrons.

After calibration of the detector, the pulse height provides information on
the number of electrons deposited on the detector. For low yields, (< 10 elec-
trons/ion), the individual peaks are still visible and can be used to calculate
the average yield (electrons/ion). For high yields however, the peaks are more
smeared out, thereby making it impossible to fit each peak individually. In this
case however, a gaussian function can be fitted to the data which can be used
to calculate the average yield, for details see section 5.1.2.

For both low and high yields, the probability of backscattering of one or
more electrons needs to be considered [51]. In the case of backscattering, not
all energy is deposited in the detector thereby causing the resulting pulse height
to be lower than expected (section 5.1.1).

Compared to the time resolution of the detector, the electron dynamics at
the surface is extremely fast. Therefore, the number of pulses per second is a
direct measure for the number of ions hitting the sample per second. However,
this is also a limitation for the detector, since it cannot handle too many ions per
second: assuming that 105 events per second can be handled by the detector,
this means that particle currents in the order of no more than 1 fA should be
used during the measurements. In order to achieve these very low currents,
detuning of beamline components was used.

When an ion hits a surface, the electrons are more or less emitted in all
directions. The 30 kV on the detector itself would be enough to attract all
the electrons, but this would also deflect the ion beam greatly, since typically
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(a) (b)

Figure 3.5: A typical simulation, showing the deflection of the incoming ion
beam (black) with a kinetic energy of 1 keV/q and the collection of the electrons
with an energy of 30 eV (red) towards the grid.

ion beams used have an energy of a few keV/q. To avoid this deflection, a
high transmission (geometric transmission 96%) grid is placed in front of the
detector, which is typically on a potential of 200 V. This solves the problem
of beam deflection when the ion beam has an energy of a few keV, but also
causes a decrease in collection efficiency, in particular of the more energetic
secondary electrons. In order to detect all electrons emitted by the process,
apart from the grid in front of the surface barrier detector 5 other electrodes are
installed around the target to optimize the collection efficiency (see fig. 3.5).
These 5 electrodes are on a negative potential, pushing the electrons away into
the direction of the grid which is biased positively. This way the detection
efficiency is optimized to make sure all electrons emerging from the surface are
attracted towards the detector. Typical values for the potentials applied are in
the order of a few hundred volts. This part has been simulated using SimIon R⃝
and a typical simulation is shown in fig. 3.5.

A second advantage of these electrodes is that the grid can be put on a lower
potential, allowing to go to lower initial ion beam energies. However, at very low
energies it cannot be avoided that the beam is deflected away from the detector
as can be seen as well in fig. 3.5. In order to compensate for this deflection, the
position of the target is changed. Also the incidence angle needs to be adjusted.
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3.3 Sample holders

For the electron statistics measurements a special sample holder was designed
(fig. 3.6). One of the main properties of this sample holder is that the width
compared to the original VG sample holder is greatly reduced. This way it
is ensured that ions are not hitting the sample holder but only the sample.
Especially for low kinetic energies this is required, since there the potentials on
the electrodes cause a broadening and deflection of the beam.

To reduce the size of this sample holder, only resistive heating is available.
The heating element is a home-made system and consists of a tungsten filament
isolated by ceramics. The temperature is measured by a thermocouple, placed
on the clip which fixes the sample on the sample holder.

Figure 3.6: The sample holder used on the IISIS setup. A gold sample is
mounted on the holder, where some evaporated C60 (black) is still visible. Also
visible are the thermocouple (left), the heating element (below the sample) and
the wire to measure the current on the target (copper wire).



3.4 Thin film production 29

3.4 Thin film production

To be able to produce thin films ranging from a thickness of less than a mono-
layer up to bulk amounts of material, an Omicron evaporator (EFM3) is in-
stalled on the setup. The evaporator is in principle capable of evaporating any
solid material, but in this thesis it was used to evaporate C60 molecules on a
gold sample. In this case, a powder was put into the crucible which is heated
by electron bombardment heating. Assuming that a constant fraction of the
molecules is being ionized and emitted out of the crucible, a current can be
measured which is then a measure for the amount of molecules coming out of
the evaporator. Keeping this flux constant during evaporation allows one to
keep the deposition rate constant.

To characterize the beam profile and the amount of C60 coming out of the
evaporator a quartz microbalance (made by Tectra, type MTM-EK) on a linear
translation feedthrough was mounted under an angle of 90◦ with respect to the
evaporator. After careful alignment of the quartz microbalance and the evapo-
rator the deposition rate as function of position was measured. This was done
by moving the quartz microbalance through the beam of evaporated molecules
and measure the rate for a few minutes. The results are shown in fig. 3.7.
As can be seen in the figure the beam profile seems to behave like a gaussian
distribution. Ideally, a block function would be required, since this ensures a ho-
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Figure 3.7: Measured deposition rate as function of position of the quartz mi-
crobalance. The position was read out on the linear transfer stage on which the
quartz microbalance was installed and is therefore only a relative position.
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mogeneous distribution of the molecules on the surface. In order to still obtain
a homogeneous distribution, the sample was kept at an elevated temperature
during evaporation. Another fact which can be observed in the same figure is
that the spot size is large enough to ensure that the whole sample is covered.
The FWHM is around 8 mm, which is the same as the width of the sample.

In order to be able to read out the correct amount of C60 deposited on the
quartz microbalance, a few parameters have to be set. The parameters which are
needed are the density of the material which will be deposited (1.67± 0.02g/cm3

for C60 [52]) and the so called Z-factor. This Z-factor is given by

Z =

√
dqµq
dfµf

, (3.2)

with dq the density of quartz (2.648g/cm3), µq the shear modulus of quartz
(29.5 GPa/cm2). The quantities df and µf are the density and shear modulus
of the deposited film. The shear modulus is given by

µ =
E

2(1 + ν)
, (3.3)

where E is Young’s modulus and ν Poisson’s ratio. Filling in the numbers from
[52], one finds for the shear modulus of C60 a value of 4±1 GPa. This results
in a Z value of 3.4±0.5.

3.5 Time of flight

In order to be able to characterize the surface composition, a time of flight
system was installed at IISIS. When a particle hits the surface, it can be reflected
from the surface, or kick another atom out of the surface. Time of flight surface
analysis uses the fact that the kinetic energy of the outgoing particle Er depends
on a few parameters: the kinetic energy E0 of the incoming particle, the mass
Mp of the incoming particle, the mass Mt of the target particle and the angle
θ under which the outgoing particle is emitted. Since four of these parameters
are known (E0, Er,Mp, θ), the mass of the atom which was hit by the incoming
particle can be calculated. In case a reflection took place in a binary collision
with a target atom, the kinetic energy of the scattered particle is given by

Eref = E0

cosθ +
√
(Mt/Mp)2 − sin2θ

1 +Mt/Mp
. (3.4)
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Figure 3.8: Time of flight spectrum obtained for 7 keV Ar ions impinging under
6◦ on a partly C60-covered Au surface showing reflected Argon from gold and
carbon atoms. Also visible are recoiled carbon atoms.
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In case an atom was ejected from the surface, the energy of the recoil particle
is given by

Erec = E0
2cosθ

1 +Mt/Mp
. (3.5)

The time of flight system consists out of a set of chopper-sweeper plates and a
flight tube, with a channeltron mounted at the end. The chopper-sweeper plates
are installed right after the first diaphragm located behind the 45◦ magnet, at
a distance l1 of 1100 mm from the sample. The distance l2 from the sample to
the detector is 764 mm. The flight tube and detector are mounted under a fixed
angle θ of 13◦ with respect to the ion beam axis. With these parameters known,
the time which a particle needs to fly from the plates towards the detector can
be calculated. For a reflected particle this time is given by

Tref = l1/v1 + l2/v2 = l1/

√
2E0

mp
+ l2/

√
2Eref

mp
. (3.6)

In the case of a 7 keV Ar+ (mp=40 amu) ion being reflected of a Au (mt=197
amu) atom, Ar particles will arrive after 5770+4180 = 9950 ns. For a reflection
on carbon however, the time will be 5770+4610 = 10380 ns. For a recoil particle,
eq. 3.6 can be used as well, with Eref replaced by eq. 3.5. Since in this case a
particle is sputtered from the surface, this is much more likely to happen for the
scenario where mp > mt. In the case of carbon atoms, the recoil atoms would
arrive after 5770 + 2770 = 8540 ns. Figure 3.8 shows a measured spectrum
where some C60 (mt=12) has been evaporated on clean gold. Here, time of
flight was used initially to check whether or not the gold surface was atomically
clean and to see the (sub)monolayer growth of C60. Also clearly visible in fig.
3.8 is that the carbon peak is much broader than the gold peak. This indicates
that the surface is not as flat as the gold surface, which is not only caused by
the fact that the surface is not fully covered with C60: the peak remains broad
even after evaporating more C60 as well. Apart from that, the flatness is also
not really expected when thinking of the C60 as large buckyballs composed of
carbon atoms instead of a surface with atoms in a structured lattice.

To see the growth of the C60 monolayer, measurements have been done at
0, 0.2, 0.4, 0.6, 0.8 and 1 monolayer of C60, where the quartz microbalance was
used to determine when these values were reached. The results are shown in fig.
3.9. All the spectra are normalized to the highest point for reasons of clarity.

In order to perform the time of flight measurements, a pulsed beam is re-
quired. This is necessary to define a t=0 from where the measurement starts
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Figure 3.9: Time of flight spectra as function of deposited C60

and to be able to measure the time it took for a particle to fly from the chopper-
sweeper plates to the detector. In the case of IISIS this pulsed beam is made by
applying an AC voltage to one of the chopper plates, while having a constant
voltage on the opposite plate. The pulse used to measure the spectra shown in
fig. 3.9 had a period of 30 µs, a top-top voltage of 150 V and a width of 5 µs.
This way, the ion beam is deflected away from the central axis most of the time,
thereby not passing the next diaphragm. Only when the AC voltage is equal
to the applied DC voltage, the ions pass and enter the setup. Since the rise
and drop time of the AC pulse is around 20 ns, the pulses entering the setup
are extremely short. One of the big advantages of time of flight compared to
for example low energy ion spectroscopy (LEIS), which is the technique used in
Surphyn, is that the amount of ions required to characterize the surface compo-
sition is orders of magnitude lower and thus less destructive. Using the numbers
above, an estimation indicates that a measurement of around ten minutes allows
1 × 1012 ions to hit the surface when doing time of flight, whereas if the same
beam was not chopped like in the case of LEIS this would have been 1 × 1014
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ions. Taking into account that the surface density is in the order of 1014 − 1015

atoms/cm2 and the spot being hit is around 0.2 cm2, this would mean that in
the case of LEIS every atom on the surface is hit, whereas with time of flight
this is only 1% or less.


