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Amorphous films of compounds of the Gd-Fe system have been obtained using the method of
thermal evaporation on fluoroplastic substrates. The substrate carrier temperature was 293 K.
The increase in the temperature of substrates or annealing of films carrier lead to the increase
in the amount of the polycrystalline phase. The width of explored films was 50-200 nanometers.
The study of the structure of the films was made on electron microscope UEMV-100K with use
of high-temperature attachment PRON-2. Magnetic measurements were made on a vibrational
magnetometer. The field magnetization vector was parallel to a film plane. The peak saturating field
was 300 kA/m. Structure and magnetic properties of films and bulk samples of the Gd—Fe system
(GdFez, GdFes and Gda2Feq7) were analyzed. Loops of magnetic hysteresis under the influence of a
small external field were obtained. The value of the coercive force was measured. It decreases at the
formation of an amorphous film in comparison with bulk samples.
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I. INTRODUCTION

Thin layers of rare-earth element—iron type
intermetallic compounds are interesting due to their
magnetic properties. These properties are strongly
influenced by structural features of these compounds.
For example, in the Gd-Fe system there are many
structural types which have been studied recently. It is
also necessary to note the significant influence of the
methods and conditions of evaporation of films on the
formation of their structure.

The considerable interest in the studies of the
structure of the GdoFe;7 films is caused by their peculi-
arity among other rare-earth metal-iron type compounds
(RoFey7). This peculiarity consists in the existence in
equilibrium of two variants of structure phases, which
are quite close in composition to GdsFe;7. Moreover, one
of these phases exists with an excess of Fe in equilibri-
um with o-Fe, and the other exists with a shortage of
Fe in equilibrium with a compound similar to GdFes.
The possibility of the existence of many phases in equi-
librium suggests a variety of structure and substructure
formations in the films depending on the technological
conditions of their deposition.

II. DETAILS OF EXPERIMENT

Films of binary compounds of the Gd-Fe system
were obtained via the procedure of thermal vacuum
vaporization of the polycrystalline mix material
of the corresponding composition. The films 5-50
nm thick were deposited on NaCl cleavage, then
NaCl was dissolved in water. Some part of the fi-
lms was picked up at once on copper grids for
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the electron diffraction research. The temperature
of the substrates was fixed at 300 K and 500 K.
For structural studies, electron microscope UEMYV-
100K and high-temperature attachment PRON-2
were used. The angular dependence of the atomic
factors of electron scattering by atoms of gadolinium
and iron was analyzed.

III. RESULTS AND DISCUSSION

The electron diffraction studies of the GdsFeq; films
precipitated at Ty = 300 K prove that these condensates
are amorphous [1]. It has been established that when
the thin films are heated, the first phase of crystalli-
zation consists of a-Fe crystallites; their sizes increase
as temperature rises. This is proven by the decrease
in the half-width of the diffraction peaks in electron
diffraction patterns and also is indicated by the esti-
mations of the sizes of crystallites on the electron-
microscopic images. With further rises in temperature
(over 100 K higher than the temperature of the begi-
nning of the a-Fe crystallization), the crystallization of
the Gd concentrates amorphous matrix starts, and as a
result, GdgFeqs crystallites are formed (structural type
GdgFeas, space group F'm — 3m). Crystallization of the
amorphous GdsFe;7 films is completed by the formation
of a polycrystalline film of a-Fe and GdgFeos.

The appearance of the GdgFess phase is not
unexpected as in most Gd—Fe systems. In addition, even
in bulk samples in a Gd—Fe system, the GdgFes3 phase
is always present when efforts are made to synthesi-
ze compounds with the high abundance of Fe (GdFes,
GdsFe;7) without special technologies.

A significantly different picture is observed in the
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phase formation kinetics of the GdsFey; films obtained
by vacuum deposition on a heated substrate. In the
range of the substrate temperatures from 7, = 400 K
to Ty = 500 K, amorphous films are detected. At T, =
500 K, these films become amorphous-crystalline. With
a further rise in the substrate temperature, the fracti-
on of the polycrystalline phase grows. The interpretati-
on of the electron diffraction peaks has shown that the

polycrystalline films consist of three phases: GdsFeq7 (60
percent) with the ThoNij7 structural type (fi-phase),
GdsFeq7 (30 percent) of the ThyZng7 structural type (fo-
phase) and some (about 10 percent) GdFes of the CaCus
structural type. The unit cell of the hexagonal modifi-
cation of GdoFei7 compound is modeled on the basis of
the diffraction data using the crystallographic computer
program PowderCell (a = 8.50 A and ¢ = 8.35 A).

Compound GdFez GdFe5 Gd2F617
Coercive force H,kA/m|H, kA/m|H, kA/m
Bulk 2.1 3.0 4.1
Amorphous film 1.2 1.5 2.1
Polycrystalline film (the heated substrate) 3.5 5.2 6.1
Polycrystalline film (annealing) 3.6 5.1 6.0
Table 1
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Fig. 1. Hysteresis curve for bulk GdFes

The appearance of these phases in the GdsFeqr;
films indicates the capability to initiate the process of the
emergence of microregions enriched and depleted in iron.
This mechanism of film formation leads to the mutual
blocking of the growth of fi- and f>-phase crystallites.
This determines the possibility of the existence of an
amorphous state in the GdyFe;7 intermetallic compound,
and also causes high thermal stability of the amorphous
state in the films precipitated at room temperature.
When the films are deposited on heated substrates, the
diffusion mobility of the adsorbed atoms increases and
the density of the crystallites increases, in which the long-
range order and the crystal structure of the f; and f; are
formed.

The locations of diffraction peaks have not changed.
This indicates that the formed structures do not change
over time, and there is no evidence of oxidation.
Comparing the intensity of the maxima, it is possi-
ble to observe a minor change in the phase content.
The content of the hexagonal GdsFe;; compound has
decreased (60 percent to 50 percent). The content of
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Fig. 2. Hysteresis curve for bulk GdFes

I/ls

0 -40 -30 -20 -10{ Bf v 20 30 49 5

a

H, kKA/m
Fig. 3. Hysteresis curve for polycrystalline film GdFe,

the rhombohedral GdsFe;7 compound has increased (30
percent to 40 percent). The only content which has not
changed is the percentage of the hexagonal GdFes phase
(10 percent).
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Fig. 4. Hysteresis curve for polycrystalline film GdFes
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We obtained loops of magnetic hysteresis for bulk and
thin-film samples (Figs. 1-4) [2]. They confirm that the
analyzed materials belong to the class of magnetically
soft ferromagnets [3-5]. They are characterized by a
narrow loop of magnetic hysteresis and, thus, the work
of an external field inducing the magnetization reversal
is small. Also, it is necessary to pay attention to the di-
fferences in the nature of hysteresis curves for bulk and
thin-film samples of all compounds of the given system.

Table 1 shows the coercive force for amorphous and
polycrystalline films as well as for bulk samples. The
coercive force decreases with the formation of amorphous
films, in comparison with bulk samples. This is caused
by the lack of a long-range order in amorphous materi-
als and, consequently, by a much smaller magnetic ani-
sotropy. The formation of a polycrystalline phase in films
leads to an increase in magnetic hardness. This results
from the fact that the magnetization is measured along
film surfaces. It is known that in films flat domains exi-

st, which are much easier magnetized along rather than
perpendicularly to the surface [6-8]. The influence of
the relative content of iron in the compounds on the
magnetic properties of the films was observed as well.
It was also found that the value of the coercive force
does not depend on the way the film crystallizes, either
in the course of a film’s formation on a heated substrate
or during the annealing of amorphous films after they
are obtained.

IV. CONCLUSION

e The GdsFey7 films precipitated at Ty = 300 K
prove that these condensates are amorphous.
Crystallization of amorphous GdsFey; films is
completed by the formation of a polycrystalline fi-
Im of a-Fe and Gd@Fezg.

e The GdsFey; films precipitated at Ty = 500 K
prove that these condensates are amorphous-
crystalline: GdaoFej7 (60 percent) of the ThoNij7
structural type (f1-phase), GdaFeq7 (30 percent) of
the ThyZn;7 structural type (f2-phase) and some
(about 10 percent) GdFes of the CaCus structural

type.

e The studied compounds and their films belong to
the class of soft magnetic materials.

e Coercive force decreases when amorphous films are
formed, in comparison with bulk samples.

e The formation of a polycrystalline phase in films
makes them more magnetically hard.
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KOHJIEHCOBAHI IIJIIBKI Gd-Fe (CTPYKTVYPA TA BJIACTHUBOCTI)

B. IIpucsoxaiok, O. Mukonaiiayk
Jveiecvkutl Hayionarvrul ynisepcumem imeni Ieana Dpanka,
eya. Kupuaa i Megodia, 8, 79005 /Iveis, Yrkpaina

Awvopdui mrisku mogsiitaux cnonyk cucremu Gd-Fe orpuMano MeTomoM TepMiYHOTO BUTAPOBYBAHHS
Ha dropomaacTosi miakaaaku. Temmeparypa miakiaaku 3MiHOBaIacd B inrepsadi remmeparyp 300—400 K.
[ligBumensss TeMIepaTypu miIKIaIKu a00 BiAma IIiBOK MPUBOSUIN 10 30LIBIMEHHS TaCTKH TOTIKPUCTA-
migaol ¢dazu. TopmuHa 10CiKyBaHuX WIiBoK ctanopuiaa 50—200 HM 3a/1€2KHO Bi/l IXHHOTO ITPU3HATEHHST
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(cTpykTypHi gocimkents abo MaraiTHi gocigkenns ). Ilepesipsain cTpyKTypy MIIBOK HA €JIEKTPOHHOMY
mikpockomi Y IMB-100K 3 Bukopucranusm BucokoremneparypHoi npuctasku [ITPOH-2. Maruitai Bumi-
PIOBaHHsI MPOBOIUIN HA OPHUTIHAIBHOMY BibparifiHoMy MmarmiTomerpi. BekTop Hamarridexocrti moss 6yB
HapaJiesbHUil 10 [JIOIMHY IIiBKH, MakcuMasibie Hacudysasibhe nose 300 KA /v. Bumipsano maruithi xa-
PAKTEPUCTUKH TLIIBOK Ta MacuBHuX cnionyk cucremu Gd-Fe (GdFes, GdFes i GdaFey7). Orpumano neri
MAarHiTHOTO TiCTEePE3UCy Ta TEeMIIEePATYPHi 3aJeKHOCTI MArHITHOTO HACWYEHHS /IS MACUBHHUX CIIOJYK Ta
wiiBok GdFe; i GdoFeq7, Bu3HaueHO BeIMYUHY KOEPUUTUBHOI CHJIM JIJIsl IIUX CIOJIYK. YCTAHOBJIEHO, 110 I,
4qac (popMyBaHHs aMOPGHUX [LIIBOK KOEPIUTUBHA CHJIA 3MEHIIYETHCH IOPIBHIAHO 3 MACUBHIUMU 3PA3KAMU.
[le 3yMOBIEHO BiZACYTHICTIO JAJBbHBOIO MOPSIAKY B aMOP(MHUX MaTepianax i, sk HACTIIOK, HADAraTO MEeH-
OO0 MArHITHOIO aHi30TPOTIIEIO, IO CBOEIO Y€PTOI0 CIPUYINHSE HEBEINKe KoepiuTuBHe moje. PopMyBaHHS
MOMIKPUCTATITHOI $a3u y IIIBKAX MPUBOIUTHL [0 TOTO, IO HAIl 3Pa3KHM CTAIOTHh OiIBIN MArHITOTBEP/I,
HABITb HOPIBHAHO 3 MaCUBHUMU 3pa3kaMu. 1lg 0coOuBICTh MOSCHIOETHCSA TUM, 10 HAMATHIYeHICTh ILTiIBOK
BUMIPIOBAJIN B3/IOBXK IXHBOI MOBEPXHi. TaK0OXK yCTAHOBJIEHO IO /IS BEIUUNHU KOEPIUTUBHOI CUJIN HEMAE
3HAYEHHS, 9K BiOyBaE€ThCA KPUCTAJI3AIlisd IUIBKU: 9 B mporeci (hOpMyBaHHS CaMOil IJIiBKK HA MiairpiTi
MAKIAIKA, 99 B MPOIECi Biamaay aMOp@HUX ITIBOK IC/IA IX OTPUMAHHSI.OBaHI B HAHOYACTHHIN ITi Ti€0
HMOHI3yBaIbHOIO BUIIPOMIHIOBAHHS, MAIOTh HAAOLIbITy IMOBIpHICTD BUXOAY 3a i1 Mexi.

Kurrouosi cioBa: Gd-Fe, nozsiitna croyka, TOHKa MJIiBKa, aMOp(HUI CTaH, MArHiTHI BJIACTUBOCTI,
TeT/I MArHiTHOTO TiCTepe3nCy, KOEPIUTHBHA CHJIA.
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