
Magnetotransport in NiMnGa thin films
Andriy Vovk, Leszek Malkinski, Vladimir Golub, Charles O’Connor, Zhenjun Wang, and Jinke Tang 
 
Citation: Journal of Applied Physics 97, 10C503 (2005); doi: 10.1063/1.1847411 
View online: http://dx.doi.org/10.1063/1.1847411 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jap/97/10?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Ferromagnetic resonance properties and anisotropy of Ni-Mn-Ga thin films of different thicknesses deposited on
Si substrate 
J. Appl. Phys. 105, 07A942 (2009); 10.1063/1.3075395 
 
Structural transition of ferromagnetic Ni 2 MnGa nanoparticles 
J. Appl. Phys. 101, 063530 (2007); 10.1063/1.2713370 
 
Anomalous magnetoresistance in NiMnGa thin films 
J. Appl. Phys. 96, 3865 (2004); 10.1063/1.1771474 
 
Ferromagnetic resonance in Ni–Mn–Ga films 
Appl. Phys. Lett. 81, 1279 (2002); 10.1063/1.1501161 
 
Ni–Mn–Ga thin films produced by pulsed laser deposition 
J. Appl. Phys. 91, 8234 (2002); 10.1063/1.1452222 
 
 

 [This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to ] IP:

129.72.129.237 On: Thu, 04 Dec 2014 22:20:07

http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/2070043177/x01/AIP-PT/JAP_ArticleDL_111914/PT_SubscriptionAd_1640x440.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=Andriy+Vovk&option1=author
http://scitation.aip.org/search?value1=Leszek+Malkinski&option1=author
http://scitation.aip.org/search?value1=Vladimir+Golub&option1=author
http://scitation.aip.org/search?value1=Charles+O�Connor&option1=author
http://scitation.aip.org/search?value1=Zhenjun+Wang&option1=author
http://scitation.aip.org/search?value1=Jinke+Tang&option1=author
http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://dx.doi.org/10.1063/1.1847411
http://scitation.aip.org/content/aip/journal/jap/97/10?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/105/7/10.1063/1.3075395?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/105/7/10.1063/1.3075395?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/101/6/10.1063/1.2713370?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/96/7/10.1063/1.1771474?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/81/7/10.1063/1.1501161?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/10/10.1063/1.1452222?ver=pdfcov


Magnetotransport in NiMnGa thin films
Andriy Vovk,a! Leszek Malkinski, Vladimir Golub,b! and Charles O’Connor
Advanced Materials Research Institute, University of New Orleans, 2000 Lakeshore Drive, New Orleans,
Louisiana 70148

Zhenjun Wang and Jinke Tang
Department of Physics, University of New Orleans, 2000 Lakeshore Drive, New Orleans, Louisiana 70148

sPresented on 9 November 2004; published online 4 May 2005d

The influence of substrate temperature and annealing conditions on structure, magnetic, and
magnetotransport properties of NiMnGa films was investigated, and the crucial effect of substrate
temperature was confirmed. It was found that amorphous disordered films are formed during
deposition on a substrate held at room temperature. Postdeposition annealing leads to partial
recrystallization and recovery of magnetic properties. Annealing at 773 K does not allow the
formation of crystal structure, which is created during deposition on substrates held at the same
temperature. The highest values of magnetoresistance were observed in the films with a well-defined
crystal structure. ©2005 American Institute of Physics. fDOI: 10.1063/1.1847411g

Ni2MnGa alloys are magnetic shape memory systems
that show large magnetic-field-induced strain up to 10%.1

These materials are considered to be promising for magnetic
actuator devices. Another interesting feature that has recently
been discovered2–6 is the negative magnetoresistance effect,
which occurs for NiMnGa and some other Heusler alloys.
The magnetoresistance value varies in the range from 0.5%
to 5% depending on the composition of the films and prepa-
ration technique. In a previous study,6 it was shown that
films of NiMnGa deposited by pulsed laser depositionsPLDd
show values of magnetoresistancesMRd as high as 5% in the
field of 50 kOe at 5 K and,3% at room temperaturesRTd.
These values are the highest reported to date for the thin
NiMnGa films. It was also shown that it is possible to create
a material with a linear dependence of MR versus magnetic
field sHd over a wide temperature range. This feature opens a
possibility for the development of a magnetic-field sensor
material with a very small temperature variation of resistance
and magnetoresistance.

It is known that the structure and properties of Heusler
alloy films strongly depend on the details of the preparation
procedure.7 In this work, we study the influence of the sub-
strate temperature and postdeposition annealing on the struc-
ture and magnetotransport properties of NiMnGa films.

The films were deposited on Al2O3 substrates held at RT
and at 773 K by pulsed laser deposition technique described
elsewhere.6 The films deposited at RT were annealed in Ar
+H2 s5 at. %d at temperatures up to 773 K. The composition
of the target used for depositions was Ni52.3Mn27.4Ga20.3 and
the composition of the film was determined by energy dis-
persive x-ray analysissEDAXd - Ni53Mn24Ga23. The struc-
ture of the films was studied using field-emission scanning
electron microscopesFESEM, model LEO 1530VPd and
x-ray diffractometry sCuKa radiationd. Magnetotransport

measurements were carried out using Quantum Design
PPMS model 6000 in the 5–350-K temperature range and in
the fields of up to 90 kOe. MR was measured using a four-
point technique in current in-plane configuration. The mag-
netic field was applied in the film plane and perpendicular to
the currentsT geometryd. Ferromagnetic resonance was stud-
ied at 300 K using anX-band Bruker EMX300 electron-
paramagnetic-resonancesEPRd spectrometer.

The structure of NiMnGa alloys is very sensitive to their
composition and preparation technique. The x-ray investiga-
tions sdata not shownd demonstrate that the films deposited
on a substrate held at 773 K contain a cubic austenite phase
sa<0.581 nmd, which is very close to thea=0.582 nm ob-
served in bulk materials, some tetragonal martensite and also
residual MnO.6 FESEM investigations confirm that the films
are polycrystalline with an average grain size of,70 nm
ssee Fig. 1d. On the contrary, the films deposited on a sub-
strate held at RT are considerably disordered. The diffraction
pattern shows only a broad halo typical for nanocrystalline
salmost amorphousd alloy. FESEM also shows no specific
features. Annealing of the films deposited at RT at 773 K
leads to recrystallization. After annealing, a broad peak in the
vicinity of the strongest linek220l of cubic austenite phase
appears. At the same time FESEM shows the formation of
crystallites with the size ranging from 20 to 50 nm embedded
in a quasiamorphous matrixfFig. 1sadg. It is obvious that the
annealing temperature of 773 K is not high enough to cause
the formation of the structure similar to that observed for the
films deposited on a substrate held at 773 K.

Ferromagnetic resonancesFMRd is a powerful tool to
study the magnetic properties of the films. Previous studies6,8

on NiMnGa films show that it is possible to determine the
details of magnetic homogeneity and martensite–austenite
transition. In our case, FMR measured at room temperature
for the films deposited on a substrate held at 773 K shows
the presence of two magnetic phases with a difference in
saturation magnetizations of several percent. This confirms
the data of x-ray investigations that the film contains a mix-
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ture of austenite and martensite phases.6 The film deposited
on a substrate held at RT is nonmagnetic. No resonance peak
is observed for the fields,6500 Oe. A weak peak appears
near 3500 Oe. It is characteristic of a paramagnetic phase.
Unfortunately, the detailed analysis of this peak is not pos-
sible as it interferes with the strong signal of the substrate.
After annealing a recovery of magnetic properties occurs.
One can find a broad FMR spectrum with a line center near
the position of the austenite line for the films deposited on a
substrate held at 773 KsFig. 2d. The width of the line shows
high inhomogeneity of the film.

The temperature dependencies of resistancesRd for the
films have metallic characteristics in the whole temperature
sTd range. However, the film deposited on a substrate held at
RT demonstrates a vanishing variation ofR vs T sFig. 3d.

The value ofRs5 Kd /Rs300 Kd is only ,0.98. Annealing at
773 K leads to an increase of temperature variation ofR and
the value becomes,0.84. The highest relative variation
R vs Ts,0.58d was observed for the film deposited on a sub-
strate held at 773 K. A smallR vs T variation is typical for
disordered alloys.9 The temperature dependence of resistance
confirms the fact that the film deposited on a cold substrate
has a highly disordered structure. The martensite–austenite
transition does not lead to pronounced peculiarities ofR vs T
dependences, as in the case of NiMnGa bulk alloys,10 due to
the expanded character of the transformation. The discussion
on this matter can be found in Ref. 6.

Comparing the data with the structure, FMR, andR vs T
measurements, one can conclude that substrate temperature
has a crucial effect on the film’s structure and transport prop-
erties. During deposition on a substrate held at RT, highly
disordered alloys are formed. Unlike the bulk and the crys-
talline film deposited on a substrate held at 773 K, the amor-
phous alloy films are not ferromagnetically ordered. Anneal-
ing of such an amorphous film partially restores its
crystalline structure and magnetic properties. A significant
structural dependence of the magnetic properties of Heusler
alloys is a well-known phenomenon.10,11Also, improper oc-
cupation of the atom sites in the lattice, or atomic disorder
for the semi-Heusler NiMnSb alloy,12 leads to a decrease in
spin polarization, which explains the structural dependence
of the magnetic and transport properties.

In Fig. 4 typical dependencies of MR versusH are
shown. It is worthwhile to note that the film deposited on a
substrate held at RT shows negligible values of MR in the

FIG. 1. FESEM images of the films deposited on a substrate held at RT and
annealed at 773 Ksad and deposited on a substrate held at 773 Ksbd.

FIG. 2. FMR spectra for the films deposited on a substrate held at RT before
sRef. 1d and after annealing at 773 KsRef. 2d, and deposited on a substrate
held at 773 KsRef. 3d measured at 300 K. The magnetic field is perpen-
dicular to the film plane. The high-field peak corresponds to martensite
phase, the low-field one - to austenite.

FIG. 3. The dependences of theR vs T for the films deposited on a substrate
held at RT beforessolid squared and after annealing at 773 Kssolid circled
and deposited on a substrate held at 773 Kssolid triangled.

FIG. 4. MR vsH dependencies measured at 100 K for the films deposited
on a substrate held at RT after annealing at 573ssolid squared and 773 K
ssolid circled and deposited on a substrate held at 773 Kssolid triangled.
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whole investigated temperature range. A small MR effect
was first observed at low temperatures after annealing at 573
K. The values of MR continue to increase with annealing
temperature but do not reach the ones for the films deposited
on hot substrates. Also, after annealing, the values of MR
measured at RT do not exceed 0.5%. Thus, due to structure
and magnetic properties, the MR effect is strongly sup-
pressed for amorphous NiMnGa films. Annealing at the
higher temperatures leads to recrystallization and restoration
of the magnetic properties of the alloys. From this sizable
MR appears. However, according to our data, annealing does
not allow the film to obtain the same structure, magnetic
state, and values of MR as for the films deposited on hot
substrates. It is obvious that deposition on a substrate held at
773 K allows the formation of a crystal structure with better
magnetic properties and higher values of MR.

In conclusion, we studied the influence of substrate tem-
perature and postdeposition annealing on the magnetotrans-
port properties of NiMnGa films. It was shown that the mag-
netotransport properties of the films strongly depend on the
crystalline structure that is formed during deposition. The
temperature of the substrate during depositions has a greater
effect on the structure, magnetic, and magnetotransport prop-
erties of the films than the temperature of the postdeposition
annealing. The highest values of MR were found for the
magnetic films with a well-defined crystal structure, i.e., de-
posited on substrates held at high temperature. Additional

experiments should be made to improve the technology,
which would allow developing materials with high values of
MR suitable for sensor applications.
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