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Designing spintronics materials with high T, is a big challenge in the modern
nanomaterials’ research. V[TCNE], is considered to be an excellent candidate
for spintronics applications with some advanced properties. Ferrimagnetic
resonance (FMR) of three high-T. organic-based magnetic V[TCNE], films is
reported. These samples prepared by chemical vapour deposition (CVD)
method under different preparatory conditions have different transition
temperatures: >300 K (sample A), 280 K (sample B), and 220 K (sample C).
Their different magnetic parameters such as effective magnetization, full
width at half maximum, etc. have being studied in the temperature range 10—
300 K. Sample A shows long-range ordered magnetic behaviour, while sam-
ples B and C exhibit spin-glass-like behaviour.

IIpoekTyBaHHA MaTepidAdiB AJIs CHIHTPOHIKU 3 BUCOKUM T, € BeJIUKOIO IIPO-
6seMOI0 B Cy4YacHUX HociaimkeHHAX HaHomarepianiB. V[TCNE], BBarkaeTnca
YygOBUM KaHIWAATOM IJA 3aCTOCYBAaHb y CHIiHTPOHIINI 3 AesIKMMHU PO3IIHpe-
HuMHu BiactuBocTAMu. IloBimomaserbeca mnpo ¢GepuMarHeTHUN PE30HAHC
(FMR) Tprox BucoxkoTeMueparypaux maraetTHux miriBok V[TCNE], ua oprasi-
yHill ocHoBi. Ili 3pasku, MIPUrOTOBaHI METOZOI0 XeMiUHOTO OCAAKEeHHA Iapu
(CVD), B pisHMX HiATOTOBUMX yMOBAX MAaIOTh Pi3Hi TeMIepaTypu IIEePeXOony:
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> 300 K (spasok A), 280 K (spasox B) i 220 K (spasox C). Ixui pisui marmersi
mapaMeTpHu, Taki 9K epeKTUBHA HAMATHETOBAHIiCTD, ITOBHA IITUPUHA B TTOJOBU-
Hi MAaKCUMyMYy TOIIO0, BUBUAJUCA B miAmasoui tremmepatyp 10—-300 K. 3pasox
A meMoHCTpye MarHeTHY MOBEiHKY AAJbHBOTO NiAMAa30HY, TOAl K 3pasku B i
C IeMOHCTPYIOTH CXO0KiCTh Ha ITOBEAiHKY CHiH-CKJIA.

Key words: ferrimagnetics, spintronics, EPR spectroscopy, magnetization
dynamics, surface magnetic properties.
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I. INTRODUCTION

V[TCNE], (TCNE = tetracynoethelene) films (room temperature organ-
ic-based magnet) attracts a lot of attention from scientists nowadays.
It is being reported spin-valve working at room temperature using
V[TCNE], as the spin injector/detector [1]. These films exhibit a large
positive magnetoresistance (MR) with the maximum at the ferrimag-
netic ordering temperature [2]. The spin polarization of mobile charges
in V[TCNE], makes it potentially good for spintronics usage at differ-
ent temperatures. Among the large number of organic-based magnets,
V[TCNE], is especially unique, because it has the highest magnetic-
ordering temperature: T.= 400 K [3]. Another advantage of V[TCNE],
films is the possibility to tune their T. by changing preparatory condi-
tions; for example, by oxidation of vanadium or by thermal treatment
[4]. In our work, we consider three different films: sample A with
T.> 300 K, sample B with T,=280 K, and sample C with T,=220 K.
V[TCNE], molecule consists of V** with spin S =3/2 and two [TCNE]
with spin S =1/2 (one unpaired electron in the n* orbital). Because of
antiparallel alignment of V**ions and [TCNE] radicals, we can observe
saturation moment of approximately 1 per each V[TCNE], [5].

We use FMR as a very powerful technique to study magnetization dy-
namics and surface magnetic properties of V[TCNE], films [6]. Due to
this study, we have a view of the magnetic structure of the film samples
on the microscopic level with very high resolution and sensitivity. In
this work, we do emphasis on the correlation between the magnetic-
ordering temperature and the magnetic properties of studied films to-
gether with the structures of the three samples, which were thoroughly
examined. The obtained results are important for further magnetotran-
sport analysis and for use of studied films in spintronics devices.

FMR studies of thin CVD films of V[TCNE], have already been re-
ported by Plachy et al. Those films have several advantages: FMR exhib-
its very narrow linewidths near T,; the temperature dependence of the
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FMR as a function of the orientation of film provides an accurate meas-
ure of the anisotropy field; measurements of the FMR intensities and
line widths give estimates of the porosity of the films; the occurrence of
spin waves provides an estimate of the exchange stiffness constant [7].

II. EXPERIMENTAL

V[TCNE], films were of different thickness: 4 microns for sample A, 2
microns for sample B, and 6 microns for sample C. They were deposited
on the glass substrates at room temperature by means of the CVD
method. The process of preparation of the samples was performed in
the glove box and described in details in Ref. [4]. After that, samples
were sealed in special ESR-grade quartz tubes. The FMR experimental
measurements were made by using commercial Bruker Instruments
ESP 300 (X-band) EPR spectrometer equipped by TE,,, resonant cavi-
ty. For temperature measurements in the range of 10-300 K, the Ox-
ford 900 continuous flow helium cryostat had being used.

III. RESULTS AND DISCUSSION

In Figure 1, the temperature dependence of absorption intensity,
which is proportional to magnetization, is shown for three samples.
The onset temperature of spontaneous magnetization in each case is
directly related to the ferromagnetic ordering temperature of each
sample. We recorded FMR spectra at different angles between the
plane of film and applied magnetic field, 6: 0°, 30°, 60°, and 90°. Such
spectra are shown in Fig. 2, a, b, ¢ for samples A, B, and C, respective-
ly. As the angle 0 increases, the resonant field is also increases as we
expect for thin films because of the demagnetization effect.
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Fig. 1. Magnetization as a function of temperature for samples A, B, and C
obtained by double integrating the FMR derivative absorption curves.



964 Y. N. BATAIEV, N. P. RAJU, K. I. POKHODNYA et al.

SampIaA‘ ‘ ]
| T=300K @ VITCNE), ]

o
30°
60° |

90°

[ sampleB V(TCNE),
[ T=200K b

N o’

Absorption derivative, arb. units

[ Sample G V(TCNEL
T=140K 4 e

3300 3400 3500 3600 3700

H, Qe

Fig. 2. a, b, c. FMR spectra for samples A, B, and C, respectively, at different
angles between the plane of film and applied field.

For the given radio frequency, we can write such formulas for the
film sample for the parallel and perpendicular resonance fields:

H™ = (oY) - 2rM,,, , (1)
H™ = (o/y) +4nM,, - (2)

From formulas (1) and (2), we can get value of effective magnetization:
M, = (H™ - H™)/(67). (3)

The angular dependence of ferromagnetic resonance field is shown
in Fig. 3, a, b, ¢ for sample A, B, and C, respectively. The data are simi-
lar to the results reported by Plachy et al.[7]. These data were fit using
the resonance frequency condition for samples with small anisotropy
given by [8]

(o/y)" = (H, +4nM,,, cos 20)(H, — 4nM,,, sin® 0), (4)
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Fig. 3. a, b, c. The theoretical and experimental FMR field H, against angle 6
between plane of film and applied field.
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Fig. 4. Temperature dependence of effective magnetization, M . M, is deter-
mined from the resonance fields in the parallel and perpendicular configura-
tions.

where ® is the radio frequency, y is the gyromagnetic ratio (2.80
GHz/kOe), H.—FMR field, 6—angle between the plane of film and ap-
plied magnetic field, and M ,—the effective magnetization of the sam-
ple. It is assumed, of course, that the directions of magnetization are
coincident with the applied field H.

A look at the FMR spectra of sample B (Fig. 2, b) reveals that the
sample has several domains (inhomogeneous regions) with different
magnetization. Same we can say about sample A (Fig. 2, a) as many
small resonance spectra are superimposing main broad peak. It also has
to be mentioned that complexity of the spectra is very sensitive to the
angle 0. Similar spectra got Plachy et al.in Ref. [7].

In Figure 4, M, is shown for all three samples as a function of tem-
perature, found from the resonance fields in the parallel and perpen-
dicular configurations. For sample A, we got an almost constant M in
the whole temperature range 10—-300 K. For sample B and C, M, in-
creases with decrease in temperature, then reaches maxima (at = 230 K

and = 130 K, respectively), and then decreases when temperature down
to 10 K. Such temperature variations of M.; demonstrate that the
sample A has long-range magnetic-order behaviour, and both samples
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B and C have spin-glass-like ordering behaviour. The difference in be-
haviour of samples B and C compared to sample A together with re-
duced transition temperatures related to the fact of having more struc-
tural disorder.

Figure 5 displays temperature variations of line widths (full width
at half maximum) for angle 45° for all samples. At angle 45°, the com-
plexity of the spectra is minimal. The line shape is almost Lorentzian
in the entire temperature range for all three samples indicating that
electron exchange in the samples is three-dimensional, and that the
relaxation processes are mainly responsible for the width of the lines.

Line widths of samples A and B increase monotonically as the tem-
perature goes down. Samples A and B have rather small line width at
room temperature, sample C has rather large FWHM at room tempera-
ture compare with two other samples. At lowest measured temperature
(10 K), the line width of all three samples is almost same. The tempera-
ture dependence of FWHM for sample C is very similar to previously
reported powder sample V[TCNE],, which had T,= 160 K [9].

Becker made a special model and calculated EPR-line width for spin-
glasses with anisotropy. According to him, in case of no remnant mag-
netization in the system, the line width is given by the formula[9, 10]:
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Fig. 5. FMR linewidth (full width at half maximum—FWHM) as a function of
temperature.
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where A=gu;K/(hoy) and B=M,/(Kkz»), K is the anisotropy constant,
M, is constant related to spin relaxation; g—Landé factor, A is
Planck’s constant; uz;—Bohr magneton; y—static transverse suscepti-
bility; o is the frequency of microwaves.

By doing fit analysis of the data in Fig. 5 (fit curve is shown in Fig.
5, a) by above formulae, in our case, we have values for parameters A
and B of 46 Oe and 6.8 K, respectively. For the previously reported
sample, they were 309 Oe and 5.5 K, respectively. One conclusion we
can make is that the anisotropy in the film is much smaller than in the
powder sample.

We can also do fit analysis of our data for resonance field (Fig. 6) by
using formulae for the resonance field for the region of temperatures
below T, [9]:

AT?
B2 +T?’

where Hy,= ho/(guz), A and B are same as in formulae (5). Parameters A
and B found from fit analysis of the resonant field are not same as
found from data for the line width at low temperatures. For parame-
ters A and B, we have values 34 Oe and 83.1 K, respectively (fit curve is
shown in Fig. 6, a). This non-standard behaviour of physical parame-
ters at low temperatures makes research of the samples at the low and
very low temperatures interesting for further studies.

According to Long, for temperatures T = T., we have a critical re-
gime given by the formulae [9]:

H, =H,+ (6)

T 4

min

AH =a, + b’ , (7)

where a, is the residual line width, and T,,;, is the temperature of the
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minimum line width. The exponent n shows the disorder of the system.
In our study, it has the value of 2.1 (fit curve is shown in Fig. 5, b),
which is close to 2.0 reported before.

For T >> T, we have thermal broadening regime [9]:

AH = (a, —b0) +bT, (8)

where a, is the residual linewidth, 6—the Curie—Weiss temperature, b
is thermal broadening constant. Regime of thermal broadening can be
observed only for sample C. For samples A and B, we do not observe re-
gime of thermal broadening because temperature range is short.

IV. CONCLUSIONS

It was shown the consistence of the Becker model with respect to the
V[TCNE], films at different temperature regimes. The angular-
dependence of the EPR data is in the perfect agreement with the theo-
ry. Based on the spectra, we know a lot about the structures of the
films and many parameters as functions of temperature. Discrepancies
in fitting parameters at low temperatures are pushing forward to the
further research at very low temperatures. Obtained data are coincided
with the data of Plachy et al. very well especially for resonant field.
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