Control of magnetic properties of FeCo thin films grown by sputtering
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Motivation Experimental method
@ Fe Co, , areamong the alloys with the highest flux densities (about 2.4 T). @ Pulsed DC (PDC) magnetron sputtering have proved to produce better structural quality films than DC sources used in similar conditions [12].
cooling water [ECED
These alloys have been widely used in the recording industry for many years
and are continuously being investigated to improve their properties [1] - [4]. & We compare the magnetic properties of FeCo films obtained using
Cathode DC and PDC sputtering sources under the same growing conditions.
@ They are currently being used in the development of new spintronic devices o
[51,[6] due to their high spin-polarization and also in biomedical target . .
e fezidtens e hypertE 7 Several complementary experimental techniques
17 b : N0y 0 o S Ge-0 6 | matenalfemoved were used to characterize sample properties.
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@ Considering soft magnetic materials applications, although they have much PDCS/UDPCWP‘JWE' e T e e
Iqrger fl.ux densities th?n typical permallqy fllms, properties like coercivity, ° o ° ° Z‘f;t:ﬁ:: Structure
dispersion and low anisotropy should be improved. o0 . o Ar+ions
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Typical coercivities for FeCo ranges from 50-100 Oe and exhibits a high positive magnetostriction [8]. . ° o O HETaED
o % Target voltage waveforms during the pulsed magnetron sputtering.
@ Magnetic properties of FeCo can be tailored during the fabrication process. r n e
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Properties of films synthesized by c i ing techniques have proved to be strongly o FeCo thin films (20nm). 0 tips) :TQ;;"S 155 KHz
dependent on growing parameters like power and the inert gas flux [9], © Au(5nm) buffer [11] and capping layers. Y ton:355 5
pressure and substrate bias, underlayer materials [10] or the sputtering rate [11]. 9 All layers were deposited sequentially without breaking vacuum at RT. N
9 No magnetic field was applied during the growing process. RSN
Structure Magnetism
AFEM analysis: XAS study: H l}“/IOKE stud ::“ E We present the coercivity of the four samples and their dependence
1510m 15 on the angle between the applied magnetic field and the long axis of the sample.
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& All samples present magnetic anisotropy.

“\JW”“’HV\

X{om]

sample

e
X

RMS Roughness:0,22 nm
ighness average:0,17 nm

rage Height:0,38 im

RMS Roughness:0,25 nm
Roughness average:0,20 nm
Average Height:0,84 nm

Normaized Absorption

T e 7 e 7 7
Energy eV)
& A XANES analysis rules out the presence of any Co oxide in the $ Coercivities in PDC samples are smaller than their
films being fcc-Co the only structure compatible with the XANES data. corresponding DC samples and these differences are
more remarkable for higher growing power .
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RMS Roughness:0,19 nm
Roughness average:0,15 nm
Average Height:0,68 nm

& PDGyyy sample has a coercivity more than 3 times smaller
than it DC counterpart. Samples are anisotropic and
strongly dependent on the growing power as other
authors report on DC samples..

Structure of fcc-FeCo
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" Totnm ) 0 20 30 40 80 €0 70 § The large difference is found in the case of the samples
ly independent of the source used and the power applied. Radial distance (A) grown with the higher power (80 W).
. . L & Deviations from ideal structural distances are observed.
& These small roughness is expected to have a small influence on samples coercivity, as
similar pinning for magnetic domain walls at the surface is expected for all samples.  The percent of deviation from ideal values indicates that the FeCo

matrix is quite distorted, which most likely produce stress in the structure.

XRD patterns:

Differences between VSM and MOKE measurement:
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& Co peak can be indexed as fcc-Co, a crystal phase probably induced by the presence of a bec-FeCo matrix.
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& Reported values for high moment FeCo exchange length are between 20-30 nm [13].We have estimated the grain size from the XRD data, finding <o

very similar data for all samples (12-14 nm for DC films and 12-20 nm for PDC films), below the exchange lengnt.
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& Similar roughness, crystalline structure and grain size are present this thin films growing at high pressure.
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& Al samples growing at this pressure don't present magnetic anisotropy.
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