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Amorphous lms of compounds of the GdFe system have been obtained using the method of
thermal evaporation on uoroplastic substrates. The substrate carrier temperature was 293 K.
The increase in the temperature of substrates or annealing of lms carrier lead to the increase
in the amount of the polycrystalline phase. The width of explored lms was 50200 nanometers.
The study of the structure of the lms was made on electron microscope UEMV-100K with use
of high-temperature attachment PRON-2. Magnetic measurements were made on a vibrational
magnetometer. The eld magnetization vector was parallel to a lm plane. The peak saturating eld
was 300 kA/m. Structure and magnetic properties of lms and bulk samples of the GdFe system
(GdFe2 , GdFe5 and Gd2 Fe17 ) were analyzed. Loops of magnetic hysteresis under the inuence of a
small external eld were obtained. The value of the coercive force was measured. It decreases at the
formation of an amorphous lm in comparison with bulk samples.
Key words: GdFe, binary compound, thin lm, amorphous state, magnetic properties, coercive
force, hysteresis curve.
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I.

INTRODUCTION

Thin layers of rare-earth elementiron type
intermetallic compounds are interesting due to their
magnetic properties. These properties are strongly
inuenced by structural features of these compounds.
For example, in the GdFe system there are many
structural types which have been studied recently. It is
also necessary to note the signicant inuence of the
methods and conditions of evaporation of lms on the
formation of their structure.
The considerable interest in the studies of the
structure of the Gd2 Fe17 lms is caused by their peculiarity among other rare-earth metaliron type compounds
(R2 Fe17 ). This peculiarity consists in the existence in
equilibrium of two variants of structure phases, which
are quite close in composition to Gd2 Fe17 . Moreover, one
of these phases exists with an excess of Fe in equilibrium with α-Fe, and the other exists with a shortage of
Fe in equilibrium with a compound similar to GdFe5 .
The possibility of the existence of many phases in equilibrium suggests a variety of structure and substructure
formations in the lms depending on the technological
conditions of their deposition.
II.

DETAILS OF EXPERIMENT

Films of binary compounds of the GdFe system
were obtained via the procedure of thermal vacuum
vaporization of the polycrystalline mix material
of the corresponding composition. The lms 550
nm thick were deposited on NaCl cleavage, then
NaCl was dissolved in water. Some part of the lms was picked up at once on copper grids for

the electron diraction research. The temperature
of the substrates was xed at 300 K and 500 K.
For structural studies, electron microscope UEMV100K 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 diraction studies of the Gd2 Fe17 lms
precipitated at Ts = 300 K prove that these condensates
are amorphous [1]. It has been established that when
the thin lms are heated, the rst phase of crystallization consists of α-Fe crystallites; their sizes increase
as temperature rises. This is proven by the decrease
in the half-width of the diraction peaks in electron
diraction patterns and also is indicated by the estimations of the sizes of crystallites on the electronmicroscopic images. With further rises in temperature
(over 100 K higher than the temperature of the beginning of the α-Fe crystallization), the crystallization of
the Gd concentrates amorphous matrix starts, and as a
result, Gd6 Fe23 crystallites are formed (structural type
Gd6 Fe23 , space group F m − 3m). Crystallization of the
amorphous Gd2 Fe17 lms is completed by the formation
of a polycrystalline lm of α-Fe and Gd6 Fe23 .
The appearance of the Gd6 Fe23 phase is not
unexpected as in most GdFe systems. In addition, even
in bulk samples in a GdFe system, the Gd6 Fe23 phase
is always present when eorts are made to synthesize compounds with the high abundance of Fe (GdFe5 ,
Gd2 Fe17 ) without special technologies.
A signicantly dierent picture is observed in the
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phase formation kinetics of the Gd2 Fe17 lms obtained
by vacuum deposition on a heated substrate. In the
range of the substrate temperatures from Ts = 400 Ê
to Ts = 500 Ê, amorphous lms are detected. At Ts =
500 K, these lms become amorphous-crystalline. With
a further rise in the substrate temperature, the fraction of the polycrystalline phase grows. The interpretation of the electron diraction peaks has shown that the

polycrystalline lms consist of three phases: Gd2 Fe17 (60
percent) with the Th2 Ni17 structural type (f1 -phase),
Gd2 Fe17 (30 percent) of the Th2 Zn17 structural type (f2 phase) and some (about 10 percent) GdFe5 of the CaCu5
structural type. The unit cell of the hexagonal modication of Gd2 Fe17 compound is modeled on the basis of
the diraction data using the crystallographic computer
 and c = 8.35 A).
program PowderCell (a = 8.50 A

Compound

GdFe2

Coercive force

GdFe5

Gd2 Fe17

H , kA/m H , kA/m H , kA/m

Bulk

2.1

3.0

4.1

Amorphous lm

1.2

1.5

2.1

Polycrystalline lm (the heated substrate)

3.5

5.2

6.1

Polycrystalline lm (annealing)

3.6

5.1

6.0

Table 1

Fig. 1. Hysteresis curve for bulk GdFe2

The appearance of these phases in the Gd2 Fe17
lms indicates the capability to initiate the process of the
emergence of microregions enriched and depleted in iron.
This mechanism of lm formation leads to the mutual
blocking of the growth of f1 - and f2 -phase crystallites.
This determines the possibility of the existence of an
amorphous state in the Gd2 Fe17 intermetallic compound,
and also causes high thermal stability of the amorphous
state in the lms precipitated at room temperature.
When the lms are deposited on heated substrates, the
diusion mobility of the adsorbed atoms increases and
the density of the crystallites increases, in which the longrange order and the crystal structure of the f1 and f2 are
formed.
The locations of diraction 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 possible to observe a minor change in the phase content.
The content of the hexagonal Gd2 Fe17 compound has
decreased (60 percent to 50 percent). The content of
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Fig. 2. Hysteresis curve for bulk GdFe5

Fig. 3. Hysteresis curve for polycrystalline lm GdFe2

the rhombohedral Gd2 Fe17 compound has increased (30
percent to 40 percent). The only content which has not
changed is the percentage of the hexagonal GdFe5 phase
(10 percent).
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st, which are much easier magnetized along rather than
perpendicularly to the surface [68]. The inuence of
the relative content of iron in the compounds on the
magnetic properties of the lms was observed as well.
It was also found that the value of the coercive force
does not depend on the way the lm crystallizes, either
in the course of a lm's formation on a heated substrate
or during the annealing of amorphous lms after they
are obtained.
IV.

Fig. 4. Hysteresis curve for polycrystalline lm GdFe5

We obtained loops of magnetic hysteresis for bulk and
thin-lm samples (Figs. 14) [2]. They conrm that the
analyzed materials belong to the class of magnetically
soft ferromagnets [35]. They are characterized by a
narrow loop of magnetic hysteresis and, thus, the work
of an external eld inducing the magnetization reversal
is small. Also, it is necessary to pay attention to the dierences in the nature of hysteresis curves for bulk and
thin-lm samples of all compounds of the given system.
Table 1 shows the coercive force for amorphous and
polycrystalline lms as well as for bulk samples. The
coercive force decreases with the formation of amorphous
lms, in comparison with bulk samples. This is caused
by the lack of a long-range order in amorphous materials and, consequently, by a much smaller magnetic anisotropy. The formation of a polycrystalline phase in lms
leads to an increase in magnetic hardness. This results
from the fact that the magnetization is measured along
lm surfaces. It is known that in lms at domains exi-
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ÊÎÍÄÅÍÑÎÂÀÍI ÏËIÂÊÈ Gd-Fe (ÑÒÐÓÊÒÓÐÀ ÒÀ ÂËÀÑÒÈÂÎÑÒI)

Â. Ïðèñÿæíþê, Î. Ìèêîëàé÷óê
Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà,
âóë. Êèðèëà i Ìåôîäiÿ, 8, 79005 Ëüâiâ, Óêðà¨íà

Àìîðôíi ïëiâêè ïîäâiéíèõ ñïîëóê ñèñòåìè GdFe îòðèìàíî ìåòîäîì òåðìi÷íîãî âèïàðîâóâàííÿ
íà ôòîðîïëàñòîâi ïiäêëàäêè. Òåìïåðàòóðà ïiäêëàäêè çìiíþâàëàñÿ â iíòåðâàëi òåìïåðàòóð 300400 Ê.
Ïiäâèùåííÿ òåìïåðàòóðè ïiäêëàäêè àáî âiäïàë ïëiâîê ïðèâîäèëè äî çáiëüøåííÿ ÷àñòêè ïîëiêðèñòàëi÷íî¨ ôàçè. Òîâùèíà äîñëiäæóâàíèõ ïëiâîê ñòàíîâèëà 50200 íì çàëåæíî âiä ¨õíüîãî ïðèçíà÷åííÿ
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(ñòðóêòóðíi äîñëiäæåííÿ àáî ìàãíiòíi äîñëiäæåííÿ). Ïåðåâiðÿëè ñòðóêòóðó ïëiâîê íà åëåêòðîííîìó
ìiêðîñêîïi ÓÝÌÂ-100Ê ç âèêîðèñòàííÿì âèñîêîòåìïåðàòóðíî¨ ïðèñòàâêè ÏÐÎÍ-2. Ìàãíiòíi âèìiðþâàííÿ ïðîâîäèëè íà îðèãiíàëüíîìó âiáðàöiéíîìó ìàãíiòîìåòði. Âåêòîð íàìàãíi÷åíîñòi ïîëÿ áóâ
ïàðàëåëüíèé äî ïëîùèíè ïëiâêè, ìàêñèìàëüíå íàñè÷óâàëüíå ïîëå 300 ÊÀ/ì. Âèìiðÿíî ìàãíiòíi õàðàêòåðèñòèêè ïëiâîê òà ìàñèâíèõ ñïîëóê ñèñòåìè GdFe (GdFe2 , GdFe5 i Gd2 Fe17 ). Îòðèìàíî ïåòëi
ìàãíiòíîãî ãiñòåðåçèñó òà òåìïåðàòóðíi çàëåæíîñòi ìàãíiòíîãî íàñè÷åííÿ äëÿ ìàñèâíèõ ñïîëóê òà
ïëiâîê GdFe2 i Gd2 Fe17 , âèçíà÷åíî âåëè÷èíó êîåðöèòèâíî¨ ñèëè äëÿ öèõ ñïîëóê. Óñòàíîâëåíî, ùî ïiä
÷àñ ôîðìóâàííÿ àìîðôíèõ ïëiâîê êîåðöèòèâíà ñèëà çìåíøó¹òüñÿ ïîðiâíÿíî ç ìàñèâíèìè çðàçêàìè.
Öå çóìîâëåíî âiäñóòíiñòþ äàëüíüîãî ïîðÿäêó â àìîðôíèõ ìàòåðiàëàõ i, ÿê íàñëiäîê, íàáàãàòî ìåíøîþ ìàãíiòíîþ àíiçîòðîïi¹þ, ùî ñâî¹þ ÷åðãîþ ñïðè÷èíÿ¹ íåâåëèêå êîåðöèòèâíå ïîëå. Ôîðìóâàííÿ
ïîëiêðèñòàëi÷íî¨ ôàçè ó ïëiâêàõ ïðèâîäèòü äî òîãî, ùî íàøi çðàçêè ñòàþòü áiëüø ìàãíiòîòâåðäi,
íàâiòü ïîðiâíÿíî ç ìàñèâíèìè çðàçêàìè. Öÿ îñîáëèâiñòü ïîÿñíþ¹òüñÿ òèì, ùî íàìàãíi÷åíiñòü ïëiâîê
âèìiðþâàëè âçäîâæ ¨õíüî¨ ïîâåðõíi. Òàêîæ óñòàíîâëåíî ùî äëÿ âåëè÷èíè êîåðöèòèâíî¨ ñèëè íåìà¹
çíà÷åííÿ, ÿê âiäáóâà¹òüñÿ êðèñòàëiçàöiÿ ïëiâêè: ÷è â ïðîöåñi ôîðìóâàííÿ ñàìî¨ ïëiâêè íà ïiäiãðiòi
ïiäêëàäêè, ÷è â ïðîöåñi âiäïàëó àìîðôíèõ ïëiâîê ïiñëÿ ¨õ îòðèìàííÿ.îâàíi â íàíî÷àñòèíöi ïiä äi¹þ
éîíiçóâàëüíîãî âèïðîìiíþâàííÿ, ìàþòü íàéáiëüøó éìîâiðíiñòü âèõîäó çà ¨¨ ìåæi.
Êëþ÷îâi ñëîâà: GdFe, ïîäâiéíà ñïîëóêà, òîíêà ïëiâêà, àìîðôíèé ñòàí, ìàãíiòíi âëàñòèâîñòi,
ïåòëÿ ìàãíiòíîãî ãiñòåðåçèñó, êîåðöèòèâíà ñèëà.

4704-4

