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A versatile technique for performing spin polarization measurements via point contact Andreev
reflection has been developed. This technique involves depositing a superconductor (lead) onto a
thin film of the material to be studied through a nanohole formed in a layer of photoresist, using an
atomic force microscope as a nanoindenter. Copper and nickel were used to demonstrate the method.
The polarizations of CrO, and Co,MnSi were also measured, the former giving a value of 95%, as
expected, and the latter giving 20%, which was surprisingly low for a candidate half metal. © 2006
American Institute of Physics. [DOI: 10.1063/1.2345361]

The spin polarization P of a ferromagnetic material is a
key property for spin electronics, although the value obtained
depends on the measurement technique and the interface
involved.! One method for measuring spin polarization is
point contact Andreev reflection (PCAR), a process which
occurs when a current passes between a normal and a super-
conducting metal through a ballistic point contact.” For a
normal metal, a doubling of the conductance occurs for an
applied bias below the superconducting gap energy. How-
ever, for spin-polarized materials the Andreev reflection pro-
cess, and thus the conductance doubling, is suppressed, en-
abling the value of the spin polarization to be determined.

The standard method for PCAR involves pressing a
sharpened niobium tip into a sample and measuring conduc-
tance as a function of voltage, below the superconducting
transition temperature. While a micrometer system gives
enough control to produce ballistic contacts in such situa-
tions, it is difficult to define the size of the contact. The size
may be estimated from the Sharvin resistance, since the data
obtained can only be fitted by using a ballistic model.*

Another method involves making a nanohole through a
SiN membrane, and then depositing a superconductor and
the subject metal on either side of the membrane.” In that
case, the use of the membrane as a substrate limits the range
of materials that can be studied. Here we have developed a
simple and versatile variant method for measuring PCAR in
any film or bulk material by means of nanoindentation
through a polymethyl methacrylate (PMMA) layer using an
atomic force microscope (AFM) tip. Such a technique was
originally developed by Bouzehouane et al. to create
nanocontacts’ and magnetic tunnel nanojunctions.7 The
method is straightforward to implement and produces robust
devices. We show here that it can be used to measure spin
polarization in a variety of materials.

A layer of PMMA (Micro-Chem PMMA A2) is spun
onto a smooth film of the subject material at 7000 rpm for
1 min, giving an even layer 80 nm thick [Fig. 1(a)]. The
samples were then “soft baked” at 180 °C for 2 min, so that
the PMMA layer is rigid enough to maintain the dimensions
of any hole produced, but soft enough to allow the AFM tip
to penetrate easily. To create the nanoholes, a Veeco TESP
tapping-AFM tip is used in a Digital Instruments multimode
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AFM. Such tips have an end diameter of <15 nm and are
ideal for this application. A sacrificial sample is then used to
test the conditions required to create the ideal nanohole, as
they will change depending on such factors as the spring
constant of the tip, the consistency of the PMMA, etc. The
AFM is set to contact mode and a deflection set point is used
to press the tip into the sample such that it just passes
through the PMMA layer without creating too large a contact
[Fig. 1(b)]. The hole can then be imaged by switching the
system to tapping mode and scanning the surface; a depth
profile of the nanohole is thereby obtained. Though the im-
age formed is a convolution of the tip profile and the hole,
which is the same size of the tip, it nevertheless enables us to
make an estimate of the hole size.

A layer of lead is then deposited onto the samples using
an Edwards Auto 306 evaporation system [Fig. 1(c)]. Inter-
diffusion between the sample and superconducting layers at
the nanocontact is undesirable, as it would modify the com-
position of the nonsuperconducting sample and lead to in-
creased scattering at the interface. The low melting point of
lead (327 °C) reduces the risk of interdiffusion at the nano-
contact, as does its large atomic radius. A layer thickness of
100 nm is used to ensure a good transition temperature
(7.2 K). Kapton tape is placed around the edges before depo-
sition to prevent shorting between the lead layer and the
sample.

Electrical contacts are then made on the sample and on
the lead layer using silver paint. Conductance curves are ob-
tained using two PerkinElmer 7265 lock-in amplifiers and an
Agilent 33120A ac voltage source. One of the lock-in ampli-
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FIG. 1. Fabrication process for PCAR device. (a) A layer of PMMA is spun
onto the sample. (b) An AFM tip is used to create a nanohole in the PMMA
layer. (c) A superconductor is deposited through the nanohole, creating a
nanocontact with the sample. (d) An ac setup is used to measure the con-
ductance across the nanocontact as a function of applied voltage at 4 K.
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FIG. 2. PCAR measurements. (a) Copper film; the fit used a Z parameter of
0.14, A=1.04+0.02 meV, and zero spin polarization. (b) Nickel film; the fit
used a Z parameter of 0.01, A=1.07+0.02 meV, and P=38% +3%.

fiers is used to measure the differential voltage across a shunt
resistor, thus effectively measuring the current passing
through the nanocontact. The other measures the differential
voltage across the nanocontact [Fig. 1(d)]. The area of the
contact A can be estimated using the Sharvin formula:® A
=(h/2e>) (4! k%R) where R is the resistance of the contact
and ky is the Fermi wave vector of the material.

A Keithley 2400 SourceMeter is used to step the bias
voltage, and the measurement process is controlled using a
LABVIEW program. The sample is cooled to 2 K in a liquid
helium cryostat, well below the transition temperature of
lead. Nanocontacts made using this method are extremely
stable and an indefinite number of conductance curves can be
taken from one sample. These curves are fitted using a modi-
fied version of the Blonder-Tinkham-Klapwijk4 model devel-
oped by Strijkers et al.,” with interface scattering accounted
for using the Z parameter. A similar model has been devel-
oped by Mazin et al."’ These two models do not correspond
exactly, and the values of spin polarization obtained from
both may differ by roughly 5%.

Several materials were studied to establish the validity of
the method. Devices were made using 60 nm films of copper,
which were grown on a silicon substrate using a Shamrock
sputtering tool. These had a resistance of between 2 and 8 (),
large enough to make any series resistance effect from the
copper layer negligible. This corresponds to a contact radius
of 6—-12 nm, based on the Sharvin formula.

An increase of the conductance is clearly seen below the
superconducting gap [Fig. 2(a)]. A fit of the data gave a value
of 0.14 for Z, with no spin polarization. Dips were observed
around the superconducting gap. These are caused by the
proximity effect, a process where Cooper pairs leak from a
superconductor into an adjacent metal, creating a thin super-
conducting layer in the normal metal.” A value of
1.04+0.02 meV for the superconducting gap was used in the
fit, less than the 1.25 meV expected for lead at 2 K. It is
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FIG. 3. PCAR measurements. (a) CrO, film; the fit used a Z parameter of
0.11, A=1.30+£0.02 meV, and P=95% +2%. (b) Co,MnSi film; the fit used
a Z parameter of 0.12, A=1.05+£0.02 meV, and a spin polarization of
20% +3%.

possible that this reduction is an artifact of the fitting proce-
dure used.

Devices were also made using a ferromagnetic material,
nickel, as the base layer. 60 nm films were grown on a sili-
con substrate using a Shamrock sputtering machine. A con-
ductance curve is shown in Fig. 2(b) for a sample with a
resistance of 14 (). The data show a suppression of the sub-
gap doubling caused by the spin polarization of the material.
A value of P=38% +3% is inferred from a fit to the data,
close to reported polarization values obtained from previous
PCAR experiments (32%—37%).>’ Again the fitted value for
the superconducting gap, 1.07+0.02 meV, was less than that
expected for lead. Substituting the resistance into the Sharvin
formula gives a radius of 3.8 nm for the contact.

Two proposed half metals were then examined using this
method. Films of the type IA (Ref. 11) half metal CrO, were
made by thermal decomposition of CrO; under natural oxy-
gen pressure in a sealed vessel in the presence of (100) ori-
ented TiO, substrates.'” The data show a drop in conduc-
tance, indicating a high degree of spin polarization [Fig.
3(a)]; fitting gave a value of 95% +2% which compares well
with reported values of 96%." A value of 1.30£0.02 meV
was obtained for the superconducting gap. This particular
sample had a resistance of 37 (). Taking a value of 2.17
%X 10° m~! for the Fermi wave vector of CrO, gives us a
radius of 17 nm from the Sharvin formula.

The second half metal was the Heusler alloy Co,MnSi.
This compound is predicted to be a type IA half metal, ' with
density of states calculations showing an energy gap of
0.4 eV in the minority band.'* Films of Co,MnSi were
grown by sputtering onto a silicon substrate and postan-
nealed under vacuum at 500 °C for 2 h. X-ray diffraction
analysis confirmed the L2; Heusler structure. Conductance
curves showed some suppression of the Andreev process
[Fig. 3(b)], but a fit of the data only gives a spin polarization
of 20% +3%. Once again quite a low Z value (0.12) was
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used in the fit. A value of 1.05+0.02 meV was obtained for
the superconducting gap.

The measured polarization value for Co,MnSi was sur-
prising for a material predicted to be fully half metallic. This
result could be attributed to antisite disorder between the Co
and Mn atoms, which have a similar atomic radius. Studies
have shown Co—-Mn antisite occupancy of up to 7% for this
material."> While values of up to 61% have been reported
elsewhere,16 100% polarization has never been observed for
this material; a recent study by Wang er al. estimated a po-
larization value of only 12% at the Fermi level using spin-
resolved photoemission spectra.'7

The nanoindentation PCAR method is a straightforward
technique which enables spin polarization to be measured for
materials in the as-prepared state, on surfaces exposed to
ambient conditions. It gives results for Cu, Ni, and CrO,
which are similar to those obtained by the standard method.
It has many advantages compared to the standard niobium tip
method. The samples are robust and can be measured several
times, and then stored and remeasured. The profile of the
hole matches that of the AFM tip, and imaging supports this.
Most of the samples produced by this method gave a low Z
value, indicating a good quality interface. Higher Z values
lead to more spin-scattering events at the interface and re-
duce the measured polarization.18
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