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Abstract

Fe-54at.%Rh thin films were irradiated with 10MeV iodine ions at room temperature.

Before and after the irradiations, the changes in magnetic properties and the lattice

structure of the samples were studied by means of a SQUID magnetometer and X-ray

diffraction. For the low fluence irradiation, the SQUID measurement at 20K shows that

the anti-ferromagnetic region of the thin film is changed into ferromagnetic region by

the irradiation. As the film thickness is much smaller than the ion range, we can discuss
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the relationship between the density of energy deposited by ions and the change in

magnetization quantitatively. For the high fluence irradiation, the magnetization of the

film is strongly decreased by the irradiation, which can be explained as due to the

change in lattice structure from B2 into Al structure by the irradiation.
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Introduction

Equiatomic FeRh alloy, Fe-50at.%Rh, with the B2 (CsCl type) structure shows a first

order anti-ferromagnetic (AF)-ferromagnetic (FM) phase transition without any

structural change [1-3]. In our previous studies, we have found that swift heavy ion

irradiation induces ferromagnetic state in Fe-50at.%Rh bulk alloy even at 20K that is

originally anti-ferromagnetic[4-7]. The ion range was, however, much smaller than the

thickness of bulk FeRh samples. To study the effects of ion irradiation more clearly, we

have to use FeRh thin films, thickness of which is much smaller than the range of

irradiating ions. Under such an experimental condition, the change in ion energy in the

sample is very small and the ions completely pass through the sample. Then, the ion



energy can be deposited homogeneously in the specimen and we can discuss
quantitatively the relationship between the deposited energy density (eV/cc) and the
magnetization (emu/cc). Therefore, we have prepared FeRh thin films by means of an
ion sputtering method, and have started the ion irradiation experiment using the thin
films. This is our first report concerning the effects of energetic heavy ion irradiation on

the structure and magnetic properties of FeRh thin films.

Experimental procedure

FeRh thin films about 200 nm thick were deposited on amorphous SiO, substrates at
room temperature by means of an ion beam sputtering from an alloy target of
equiatomic FeRh. The base pressure of the ion sputtering chamber was about 6 x 107 Pa.
After the deposition, the films were annealed at 600C for 4 hours under a pressure of 8
x 10" Pa. The composition of the films was determined by an Electron Probe
Microanalysis (EMPA).
The samples were irradiated with 10-MeV 1 ions to the fluence of 1x10', 2x10'% 5
x10"%, 1x10", 2x10", 5x10" and 1x10'*/cm® at room temperature using the tandem
accelerator at JAEA-Takasaki. Before and after the irradiations, the temperature

dependence of magnetization was measured with a SQUID magnetometer at 0.6T in a



temperature range of 5 to 320K. Structural changes were examined by using an X-ray

diffraction method (XRD).

Results and discussion

The EPMA analysis has confirmed that the composition of the FeRh thin films was

Fe:Rh=46:54 on an average. Figure 1 shows the XRD spectrum for the annealed thin

film sample. The spectrum apparently exhibits several diffraction peaks that correspond

to the FeRh phase with B2 structure as well as to the A1 FeRh phase. (Here, Al phase is

known to be a fcc structure with a random distribution of iron and rhodium atoms). The

relative peak intensity for the (nn0O) planes of B2 phase is rather stronger than those for

other lattice planes. The XRD result has revealed that the annealed FeRh thin film

samples are composed of two phases: the (110) preferentially oriented B2-type FeRh

and the Al-type FeRh phase. Figure 2 shows the magnetization versus temperature

(M-T) curves of the annealed FeRh thin films and their XRD profiles were shown in

fig.1. It should be noted, here, that the Al-type FeRh phase does not contribute to the

total magnetic moment in the present M-T measurement. These facts will be discussed

later in this paper. As clearly seen in the figure, the film exhibits the AF-FM phase

transition behavior in the temperature between 100-300K. Several papers have reported



so far that thin films of FeRh exhibit a broad and incomplete magnetic phase transition,
and a large thermal hysteresis in contrast to bulk FeRh samples[8-12]. The similar
tendencies are observed in our present samples. The value of the magnetization of the
film below the phase transition temperatures is still finite implying that only some part
of the B2-phase exhibits AF-FM transition, and the rest of the B2-phase is still
ferromagnetic at low temperature. The films prepared in the present studies, however,
show a clear AF-FM magnetic transition. Therefore, ion-irradiation effects on the
magnetic transition of the FeRh films can be definitely evaluated by using the present
thin film samples. Hence, we performed the ion irradiation experiments using these thin
film samples.

We discuss first of all, the experimental results for the low ion-fluence irradiation
(below 5x10'*/cm?). M-T curves of the FeRh thin films before and after irradiations for
the low ion-fluence are shown in Fig.3(a). For clarity, in the figure, we show only the
M-T curves measured during heating up the sample from 5K because both M-T curves
during heating and cooling show the same trend about the effect of irradiation. Fig.3(b)
shows the values of saturated magnetization (Ms) at 20K and 320K for the low fluence
irradiations as a function of deposited energy density. As can be seen in the figure, the

magnetization below the magnetic transition temperature increases and the transition



temperature shifts to a lower temperature side with increasing the ion-fluence. The
magnetization of the film exhibits the maximum value for the ion-fluence of 5x10'%/cm?,
where the FM-AF phase transition completely disappears. The tendency of the increase
in Ms of FeRh thin films by the ion irradiation is the same as that of bulk FeRh samples
irradiated with 100-200MeV heavy ions[4-7]. The fluence where the magnetization
shows the maximum value for the thin films is different from that for bulk FeRh,
because it should strongly depends on the kinds and the energy of ions. On the other
hand, above the transition temperature, the magnetization of FeRh thin films does not
change even when irradiated up to the fluence of 5x10'%/cm?® Fig.4 shows the
ion-fluence variation of XRD spectra for FeRh thin films. The XRD spectra for the low
fluence (below 5x10'*/cm?) are about the same as for the unirradiated sample, meaning
that the lattice structure is scarcely changed by the irradiation. Figures 3 and 4 indicate
that above the transition temperature, the magnetic property and the lattice structure of
the ferromagnetic B2 phase region is little affected by the irradiation, while below the
transition temperature, the anti-ferromagnetic phase region with a B2 structure is
changed into ferromagnetic by the irradiation. At the fluence of 5x10'*/cm?, where Ms
shows the maximum value, all B2 structured region becomes ferromagnetic. As the

irradiation induced ferromagnetism lasts for one month or more after the irradiation,



atomic arrangement in FeRh B2 structure is partly modified by the irradiation nearly
permanently. But this modification is too small to change the B2 structure. The reason
why this small modification of atomic arrangement can induce the ferromagnetism still
remains uncertain.

Next, the result for the high ion-fluence irradiation (1x10"-1x10"/cm?) is discussed.
Fig.5a shows M-T curves of FeRh thin films for the high fluence irradiations and the
values of Ms at 20K and 320K are plotted as a function of deposited energy density in
Fig.5b. As can be seen in Fig.5, the magnetization of the film is strongly decreased by
the irradiation. The height of diffraction peaks corresponding to the B2 structure in the
XRD spectrum for the fluence of 2x10"ion/cm® is smaller than that for unirradiated
sample. When the sample is irradiated up to the fluence of 1x10'*/cm?, we can not see
any diffraction peaks for the B2 structure, and only peaks for Al structure are observed
(see Fig.4). This fact indicates that the B2 structure is changed into the Al structure by
irradiation with high ion-fluence.

From the experimental result described above, we can summarize the changes in the
lattice structure and magnetic state of FeRh thin films by the 10 MeV I ion irradiation as
follows; unirradiated FeRh thin films have three-phases (ferromagnetic B2 structured

region, anti-ferromagnetic B2 structured region and nonmagnetic Al structured region)



below the FM-AF magnetic transition temperature. For low ion-fluence, the irradiation
gradually changes anti-ferromagnetic B2 structured region into ferromagnetic B2
structured region. All B2 structured region becomes ferromagnetic at the ion-fluence of
5x10'%/cm® For higher ion-fluence, ferromagnetic B2 structure is changed into
nonmagnetic Al structure, causing a strong decrease in Ms.

Through the present experiment, we could clearly observe the 10 MeV I irradiation
effects of FeRh thin films. As a next step, we plan to discuss quantitatively the
dependence of magnetic property change on some irradiation parameters ( ion energy,
electronic and nuclear stopping powers, ion velocity and so on) by conducting a variety

of irradiation experiments.

Summary

Fe-54at.%Rh thin films were irradiated with 10MeV 1 ions at room temperature.
Magnetization versus temperature curves, the changes in the saturated magnetization
and structural changes have been studied after the irradiation. For low ion-fluence
irradiation, the magnetization increases and the magnetic transition point shifts a lower
temperature side without any change in the lattice structure. For high ion-fluence,

magnetization decreases because B2 structure becomes Al structure.



By using the FeRh thin films, the relationship between the deposited energy density

and change in magnetization could be quantitatively discussed.
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Figure captions

Fig.1 XRD profile for unirradiated Fe-54at.%Rh thin film.

Fig.2 Magnetization versus temperature for unirradiated Fe-54at.%Rh thin film.

Fig.3 (a) M-T curves of the FeRh thin films before and after irradiations for the low
ion-fluence (<5x10"%on/cm?) (b) Values of saturated magnetization (Ms) as a

function of deposited energy density at 20K and 320K.

Fig.4 Normalized XRD profiles of Fe-54at.%Rh thin films (a) uniradiated and irradiated
with ion fluence of (b)1x10"%ion/cm?, (¢) 5x10%ion/cm® ,(d)2x10"ion/cm? and

(e) 1x10"on/cm®,

Fig.5 (a) M-T curves of the FeRh thin films before and after irradiations for the high

ion-fluence (>5x10"%ion/cm?®) (b) Values of saturated magnetization (Ms) as

function of deposited energy density (>x10'’keV/cc) at 20K and 320K.
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