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To overcome the restrictions of conventional spin detectors (Mott, SPLEED) low energy electron scattering at a
Fe(100)-p(1×1)O surface was ﬁrst proposed by Bertacco and Ciccacci [Phys. Rev. B 59, 4207 (1999)] as a system
for highly eﬃcient spin detection. We developed a new instrument based on that scheme. The iron is prepared
in-situ on a W(100) crystal without the need for separate sample preparation and exchange when using a MgO
substrate. Our working point at 6.5 eV scattering energy is consistent with the above paper by Bertacco and
Ciccacci. Results obtained with UPS on an Fe ﬁlm are shown. With a Sherman-function of approx. 30% and a
reﬂectivity of up to 10% the ﬁgure of merit (FOM) is more than one magnitude higher compared to conventional
detectors. The FOM shows no degradation over days in UHV. [DOI: 10.1380/ejssnt.2011.340]
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I.

INTRODUCTION

A major challenge in modern high-resolution electron
spectroscopy lies in an eﬃcient quantiﬁcation of the electron spin polarization. A spin detection mechanism based
on the exchange scattering of electrons at a magnetized
target has already been shown in 1989 [1] to be a viable
alternative to detectors based on spin-orbit scattering. A
spin detector based on this eﬀect has been described by
Hillebrecht et al. [2]. Depending on the relative orientation of the electron-spins and the target magnetization
the reﬂected electron intensity shows a high asymmetry
at low kinetic electron energies. However, ferromagnetic
scattering targets must be prepared as thin ﬁlms and are
quite sensitive to surface contamination by adsorbates. A
breakthrough has been achieved recently by Bertacco et
al. [3, 4] by passivating an iron ﬁlm with oxygen. This is
the spin-polarization principle used in the new detector,
called FERRUM, the name indicating that an iron (lat.
ferrum) ﬁlm is the basis of the detector.
The oxidized iron ﬁlm is easily prepared in-situ on a
W(100) single crystal as substrate. First the W(100) crystal is cleaned then the iron is deposited with high purity
by e-beam evaporation. After oxygen dosing, the iron ﬁlm
is insensitive to contaminations from residual gases, enabling one to work over weeks without preparation of a
new iron ﬁlm. Details about the underlying principle of
the polarization-detection can be found in Ref. [3], examples of detectors based on the same principle can also be
found in the literature [4–6].

II.

LAYOUT OF THE INSTRUMENT

A schematic representation of the FERRUM layout is
shown in Fig. 1 whereas Fig. 2 shows a photograph of the
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FIG. 1: Operational scheme of the FERRUM spin-detector:
left: spin-resolved measurement mode. An iron ﬁlm is evaporated onto the scattering target and magnetized by one of
two orthogonal pairs of coils. Electrons are focused from the
analyzer exit slit onto the scattering target and counted by
the channeltron 2. right: integral intensity measurement. The
electron beam is deﬂected and focused into the oﬀ-axis channeltron 1 by two deﬂectors integrated into the transfer lens.

detector. The heart of the detector consists of an iron ﬁlm
deposited onto a W(100) single crystal used as substrate.
In advance of the iron deposition the tungsten crystal is
prepared by heating in oxygen to approx. 1200 K to remove carbon contaminants and high temperature ﬂashes
(2200 K) to remove oxides [7]. This preparation can be
done in-situ without the need for target transfer or a separate preparation chamber as it is the case when using
MgO as substrate [4, 6]. For the iron deposition we use
a modiﬁed FOCUS EFM 3 e-beam evaporator. It is integrated into the whole assembly pointing towards the
tungsten crystal. The oxygen is provided by a heated silver tube from atmosphere. The heated silver selectively
allows oxygen to diﬀuse from atmosphere into the vacuum. An oxygen partial pressure of typical 5×10−8 mbar
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FIG. 2: Photograph of the FERRUM spin-detector. The detector is mounted on a CF100 ﬂange. Chamber and µ-metal
screens are removed for clarity.
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for 10 min is used to passivate the iron ﬁlm.
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For preparation of a new iron ﬁlm a single high temperature ﬂash of the tungsten crystal is suﬃcient to clean
it up for a new preparation cycle.
Two channel electron multipliers (channeltrons 1 and
2) are used to collect both the unﬁltered integral and the
spin-resolved count-rates.
To measure the integral intensity the incoming electron
beam is accelerated and deﬂected electrostatically into the
ﬁrst channeltron. For the spin resolved counting channel
the beam remains undeﬂected. The electrons leaving the
analyzer exit slit are then focused by a dedicated zoomlens system onto the iron ﬁlm. The lens system operates
for a large range of retardations so that either diﬀerent
analyzer pass energies and/or diﬀerent scattering energies
can be used without loss of transmission. After scattering
at the iron ﬁlm electrons are collected with the second
channeltron positioned at a 15◦ oﬀ normal in backwards
direction.
To select the detector spin orientation two pairs of coils
are used to switch the magnetization of the iron ﬁlm in
both in-plane directions to access the two orthogonal spin
components. The magnetization coils are driven by a dedicated magnetic pulse control unit what is fully computer
controlled.
By this way no mechanical movement is needed to
switch between the spin and the integral channel and between the two orthogonal spin-orientations in the spin ﬁltered channel. This ensures a high reproducibility of the
results and enables an easy and automated operation also.
To enable optimum operation at very low energies
the detector is housed completely in a double mu-metal
shielded UHV chamber. The whole assembly is build up
on a DN100CF base ﬂange.
For the purpose of our current study the FERRUM
detector has been combined with the cylindrical sector
analyzer FOCUS CSA 300. Generally the detector can
be combined with other energy ﬁlters also. The prototype detector is prepared to be used with a high-end
hemispherical analyzer (MBS-A1 of MB Scientiﬁc). In
this case an additional 90◦ deﬂector between exit slit and
FERRUM detector will be used to get access to both the
in-plane and out-of-plane components of the electron spin
polarization at the sample.

FIG. 3: Scheme of the scattering geometry. Electrons having
a spin-polarization σ are scattered by the magnetized iron ﬁlm
with magnetization µ. The magnetization can be switched in
four diﬀerent states by two pairs of coils. The scattering plane
is deﬁned by the incoming and scattered beams. A scattering
target magnetization µ1 in this plane is generated by the ﬁrst
pair of coils (coil 1). For spin-polarizations perpendicular to
the scattering plane (direction along coil 2), also spin-orbit
asymmetries can be present.

III.

CHARACTERIZATION OF THE SPIN
DETECTOR

We have characterized the properties of the spin detector using secondary electrons (Ekin ≈ 1 eV) excited
by VUV-light (hν = 21.2 eV) from a magnetized iron
ﬁlm deposited on W(110). The secondary electrons spin
polarization is estimated to be P0 = 0.3 [8] and can be
switched along the easy axis of the iron ﬁlm. A sketch of
the scattering geometry is shown in Fig. 3, where direction
2 coincides with the easy axis of the iron ﬁlm and thus the
spin-polarization direction. The scattered intensity can
be measured both as a function of the spin-polarization
of the electrons and the magnetization of the detector
iron ﬁlm. In the description of the experiment we follow the deﬁnitions and formula outlined by Bertacco and
Ciccacci [3]. The measured intensity I of the reﬂected
electrons depends on the magnitude P0 of the electron
spin-polarization and its direction σ, the magnetization
direction µ of the detector crystal, the exchange coupling
constant Aex and the spin-orbit coupling constant Aso as:
Iµσ = αI0 (1 + µσP0 Aex + σP0 Aso ),

(1)

where α is the spin-independent reﬂectivity of the scattering target and I0 the primary intensity. Four measurements with diﬀerent combinations of the spin- and
magnetization directions can be performed and give the
+
−
+
−
intensities I+
, I+
, I−
and I−
. Two asymmetries for constant magnetization direction µ are deﬁned as
A+ =

+
−
I+
− I+
+
−,
I+ + I+
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FIG. 5: Photograph of the FERRUM spin detector mounted
(at the left hand site) at the exit ﬂange of a cylinder sector analyzer CSA 300. The analyzer entrance lens (right) is covered
by a protection cylinder. The analyzer mu-metal chamber is
directly connected to the detector double mu-metal shielded
chamber. The Fe-deposition source and the thermal oxygen
doser are integrated with the detector housing. Because of the
90 deﬂection of this analyzer no additional deﬂector is needed
to measure in- and out-of-plane spin components.
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FIG. 4: Characterization measurement of the spin-detector.
Top: scattered electron intensity as a function of the scattering potential for four diﬀerent combinations of electron spin
polarization σ and scattering target magnetization µ direction
both lying in plane 2 as deﬁned in Fig. 3. The electron spin
polarization was P0 = 0.3. Middle: Exchange and spin-orbit
asymmetry term calculated with (2) and (3) from the raw data
in the top panel. Bottom: Figure of merit A2 · I/I0 as a function of the scattering potential. At the working point of 6.3 eV
a reﬂectivity I/I0 of 10.6% has been measured.

These asymmetries can be rewritten to give the coupling
constants for exchange and spin-orbit interaction:
Aso =

A+ + A−
,
2P0

Aex =

A+ − A−
.
2P0

(3)

Figure 4 shows a characterization measurement. In the
top panel the raw intensities are plotted. Pairs of measurements with both parameters σ and µ switched, i.e.
+
−
+
−
I+
, I−
or I−
and I+
, nearly match except in that region
where a substantial spin-orbit-coupling is observed.
The exchange and spin-orbit asymmetries extracted
from these measurements using Eqs. (2) and (3) are plotted in the middle panel of Fig. 4. The exchange asymmetry has two pronounced maxima with diﬀerent signs
at about 4.5 eV and 3.2 eV. The spin-orbit asymmetry
is much smaller and can be neglected outside the range
between about 2 eV and 6 eV. At the detectors working
point of 6.3±0.1 V the spin-orbit asymmetry is smaller
than 1%.
To ﬁx the working point of the detector, a ﬁgure of
merit FoM=I/I0 · A2 has been evaluated and is shown in
the bottom panel of Fig. 4. It reaches its maximum of
about 8.8×10−3 at a scattering potential of 6.3±0.1 eV,
where a reﬂectivity of approx. 10.6% has been measured.
Taking into account that two consecutive measurements
with opposite µ have to be done to get one polarization
342

direction the calculated ﬁgure of merit has to be halved
to 4.4×10−3 for one spin component and to 2.2×10−3 for
both orthogonal spin components.
To extract an unknown electron spin polarization P0 ,
at least two measurements for each spin-component have
to be done. In this case the unknown spin-polarization of
the electrons σ is not changed and the magnetization of
the scattering target is switched. The spin polarization P
of the electron beam
P =

σ
σ
− I−
1 I+
· σ
σ,
S I+ + I−

(4)

can be calculated, where S is the so called Sherman function of the detector. Substituting Eq. (1) into Eq. (4) it
can be shown that the Sherman function S equals the exchange asymmetry Aex if the spin-orbit coupling constant
Aso can be neglected. In the maximum of the ﬁgure of
merit (see Fig. 4, bottom), representing the working point
of the detector, the spin-orbit coupling term becomes negligible compared to the Aex , therefore the Sherman function for this energy can directly be read from the asymmetry curve in Fig. 4. We derived for the Sherman function
S = 0.29±0.01 at the working point of about 6.3±0.1 eV
scattering potential, assuming a secondary electron spin
polarization P of 30% [8]. As the measured asymmetry
depends on the exchange scattering term only, the spin
detection is independent of the orientation of spin and
magnetization with respect to the scattering plane.
A practical way to minimize the inﬂuence of the intensity drift aﬀecting the asymmetry measurement is a
time-symmetric sequence of measurements with opposite
scattering target magnetization as described in Ref. [5]. In
our case this procedure proved suﬃcient to prevent false
asymmetries due to drift in the excitation intensity. After
preparation of the scattering target we used the detector
for several weeks. During this time we did not observe
any signiﬁcant change in asymmetry and/or reﬂectivity.
The oxygen passivation of the iron target delivers a very
stable and rigid behavior of the detector.
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light (hν = 21.2 eV). One spin-component was measured
using two energy scans with reversed scattering target
magnetization (µ = ±1). The resulting spin resolved valence band spectra and the measured spin polarization are
shown in Fig. 6.
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FIG. 6: UPS-spectrum of Fe on W(110) Measured with the
CSA 300 cylinder sector analyzer as shown in Fig. 5 (approx.
50 meV energy resolution) and using a VUV gas discharge
lamp (hν = 21.2 eV) for excitation.

IV.

TEST MEASUREMENTS AT FE ON W(110)

We have used the system Fe on W(110) as our exemplary reference for spin-resolved valence band spectra.
The iron ﬁlm has been prepared in situ with e-beam evaporation. The FERRUM detector mounted to the CSA300
is shown in Fig. 5. The energy resolution of the experiment was approximately 50 meV (Epass = 4 eV, entrance
and exit slit 3 mm). As excitation source we have used a
FOCUS HIS13 VUV-discharge lamp operated with He I
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