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Magnetic properties and switching volumes of nanocrystalline SmFeSiC
films

S. Y. Zhang
State Key Laboratory of Magnetism, Institute of Physics and Center for Condensed Matter Physics,
Chinese Academy of Sciences, Beijing 100080, People’s Republic of China

Z. S. Shan and Y. Liu
Center for Materials Research and Analysis, University of Nebraska, Lincoln, Nebraska 68588-0113

T.Y. Zhao, J. G. Zhao, B. G. Shen, and W. S. Zhan
Institute of Physics and Center for Condensed Matter Physics, Chinese Academy of Sciences, Beijing
100080, People’s Republic of China

D. J. Sellmyer
Center for Materials Research and Analysis, University of Nebraska, Lincoln, Nebraska 68588-0113

Systematic studies of the effects of Si addition on the magnetic and magnetization reversal
properties of SmFeSiC films are presented. The magnetic switching volume and other magnetic
parameterge.g., coercivity are strongly dependent upon the Si content. Correlations between
switching volume, coercivity, and the intergrain interactions are discussedl99%F American
Institute of Physicg.S0021-897@07)54408-3

I. INTRODUCTION hysteresis loops ofSmyFe;,); SikC, films are shown in
Eig. 1, which gives general features of the magnetic proper-

films are important both for fundamental understanding and'es' It is seen clearlyl/ that ths mmlwnho%t Si addglonddls-
possible applications, such as magnetic recording media, bidg2ys @ Very halrow loop, and the loops become broad rap-

magnets, and exchange-spring coupled materials. It is impof'- ly as the Si content increases from 0 to 0.072 and then

tant to have high coercivity in these films, which may beremains nearly unchanged asncreases further to 0.15. Our

achieved by multilayer sputtering the constituent layers fol Previous articlé has pointed out that the preparation condi-

lowed by a solid-state reaction. In recent years much attentlons of the Ar pressure and annealing temperature aiso have

tion has been focused on the preparation and study Osfignifif:ant effects on the magnetic properties Qf fiIm§. HO.W_
SmyFe,C, bulk materiald and rather little work on SmFeC EVe': It shoulq be emp.hasm?d that.the approprla}tg S adqmon
thin films has been reported. In our previous articlee is the key point to fabricate films with high coercivity; a high

have studied the effects of preparation conditions on the
magnetic properties of SmFeSiC films and optimum prepa-
ration conditions have been determined to increase the film
coercivity to 7.7 kOe. However, the magnetic and magneti-

Studies of nanocrystalline semihard and hard magneti

400

zation reversal properties have not been investigated inten- 1000 x=oMNos) "3 X=0.086
sively. In the present article we will focus on analyzing the K
magnetic properties, especially emphasizing the effects of Si 0 0

addition on the magnetic properties and switching volumes /

of these films. -400

Il. EXPERIMENTS

800 400
X=0.008 X=0‘107
SmFeSiC thin films were prepared by sputtering SmFe/ °
C(Si) multilayers with a Ta underlayer onto Si substrates and "’g _
subsequently annealing at 700 °C for about 5 min. The de- E -800 -400
()
=

-

600 400
tails of the preparation condition of the films can be found in X=0.048 X=0.125
Ref. 2. Compositions of films were examined with an EDX / / f
0 / 0

spectrometer, and the magnetic properties including the mag-
netizationM, coercivity H., intergrain interaction behavior / }

A

AM 2 and the magnetic switching volume or magnetic 500 — 400

. 45 . . . 500 400
grain,”> were measured with an alternating gradient force =0.072 X=0.151
magnetometer. f

[ 0

I1l. RESULTS AND DISCUSSION } / f

It has been reported that the high coercivity in SmFeC -500! RN 5 To500. 9% 5600 3 70500
alloys is difficult to obtain and the addition of a fourth ele- H (Oe) H (Oe)

meqt, 637-9-1 Si, G"f‘, or Alv is he'F)fE“ in'Qvercoming thiS FiG. 1. Effects of Si content on magnetization hysteresis loops for
barrier" Systematic studies of the Si addition effects on the(SmyFe,,), ,Si,C, films.
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FIG. 2. Hysteresis loop and initial curve normalized by saturation magneti- g
zation (a) and minor loopgb) for the film with x=0.125. Q B : : :
Em 400 : : & ]
coercivity film was never made without Si addition, even . : ; (b)
after very carefully adjusting the Ar pressure and annealing 0.00 0.04 . o008 0.42 0.16
temperature. Si Contents

Figure 2 shows typical initial curve and minor loops of FiG. 3. Effects of Si content on coercivitit, (a) and saturation magneti-
our samples. Specifically this sample with=0.125 shows zationMg (b) for (SmyFey,); -4 SKkC, films.
coercivity of 7.7 kOe which is the highebl. observed; this
was obtained by carefully adjusting the preparation condi-
tions. Both the initial curve and minor loops show a wall-
T e e et O3 o 1 cependence . on e apped fd ey
the zero applied field in Fig. 2 and this kink becomes mord&i¢ (0 determine the switching volume”. It has been
0 app : 9 g showrt® that the coercivity varies linearly with the logarithm
appreciable for the films with narrower loops in Fig. 1. Pos- . :
; : . . of the field sweep rate, i.e.,
sibly this feature originates from the existence of the soft
phase which has larger content in films with smakeval-
kgT dH
ues. ) . _ He=C+ oz In(—), &y
The effects of Si on coercivity, and saturation mag- V*Mg | dt
netizationM ¢ are summarized in Figs(& and 3b) respec-
tively. It is interesting to see that in the range &0 to  whereC is a constant independent aflf/dt), andkg andT
0.086,H. increases linearly with Si content Considering are the Boltzmann constant and temperature, respectively.
the wall-pinning feature of reversal mechanism as shown iTherefore the switching volume can be determined from the
Fig. 2, this linear relationship betweéf,. andx may imply  slope of the experimental curve bf; vs In(dH/dt).
that pinning centers were induced by the Si atomic sites in  Such measurements for all samples shown in Fig. 1 have
this x range. Fox>0.086 in Fig. 3a), H. decreases slightly been performed and two examples are shown in Rig). fér
with increasingx. The magnetizatioM  first decreases rap- the film without Si addition and in Fig.(8) for the film with
idly and then slowly with increasing the Si contentKro-  x=0.125. It is seen clearly that there are fairly good straight
nmuler et al® have developed a model of magnetization re-lines in Figs. 4a) and 4b) which imply that Eq.(1) is suit-
versal considering “defect” regions which have a different able for our films. The estimated* values from the slope of
exchange constant and anisotropy from those of the host réoth straight lines are 2x410 17 cm?® for the film without Si
gion. M, decreases withx which suggests that Si atomic addition and 1.&10 8 cm® for the film with Si content
sites will show lower local magnetization and consequentlyx=0.125 as listed in Figs.(d) and 4b) as well. High reso-
different local exchange constant and anisotropy. Also, dution transmission electron microscopy indicates that the
high coercivity film was never made without Si addition. structural grain size for the film witlk=0.125 is about 15
Thus the Si presumably affects the magnetic behavior byn? which is consistent with the dimension of the magnetic
substituting for Fe but it also may introduce other defectsgrain size, i.e.,(V*)¥3=(1.6x10*® cm®)¥3~12 nm. The
such as grain boundary segregation, etc. This inference imeasured/* values for all films are summarized in Figch
consistent qualitatively with the experimental data as showrThe significant effect of Si addition od* is seen: even for
in Fig. 3(a), i.e., the linear relationship betweéh. andx.  very small values ok(0.008, V* drops by a factor of-4.
However, the physical origin of the magnetization behavior ~ Micromagnetism calculatiod$! have shown that the
is not clear and remains for future studies. coercivity behavior is closely related to the intergrain inter-
In nanocrystalline films, it is interesting to ask whetheractions. Also one may speculate that the above strong effect
the structural grain and magnetic grdar magnetic switch- of Si addition on the switching volumé* is correlated with

ing volume have the identical size. Here we use the ap-

4552 J. Appl. Phys., Vol. 81, No. 8, 15 April 1997 Zhang et al.
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FIG. 4. Field sweep-rate dependencettf for the film with x=0 (a), FIG. 5. AM curve for the film withx=0 (a), x=0.125(b), and effect of Si
x=0.125(h), and the effect of Si content on magnetic switching voliie  ¢ontent on the peak value &M (i.e., AM ) for (SmFeyy); (SiC, films.
(©).

the interactions between the grains. To investigate these in-
teractions, the so-calleM method has been used for se- the National Natural Science Foundation of China, the U.S.
lected films. HereAM is defined as DOE under Grant Nos. DE-FG02-86 ER 45262 and ANL-
95-47DH-00, and the University of Nebraska Center for Ma-
AM(H)=14(H)—[1-21,(H)], ) Y

terials Research and Analysis.

the exchange interaction dominates and negative means
dipolar interaction dominates, and the amplitudeAdfl de-
notes the strength of the intergrain interaction.

Two examples oAM curves forx=0 andx=0.125 are 14 gyn, v. Otani, and J. M. D. Coey, J. Magn. Magn. Mate@#4-107,
shown in Figs. &) and 3b), respectively, and the peak 1439(1992.
value OfAM, i'e_, AMmaX as a function of Si content are 2s. Y. Zhang, Z. S. Shan, Y. Liu, D. J. Selimyer, T. Y. Zhao, J. G. Zhao,
from negative value to positive value. Normally one expects k. Howard, IEEE Tras,/{s_ 'M'agrgé 3283(1992. ' '
small values ofAM ., to indicate relatively small intergrain  “P. Bruno, G. Bayreuther, P. Beauvillain, C. Chapert, G. Luget, D. Renard,
interactions and large . values. In these films, however, J-P.Renard, and J. Seiden, J. Appl. PI6f.5759(1990.
small V* values are correlated with large ferromagneticlike Sr' EE“éa'#gﬂf l\z,l'az;sszhi%’lg'(g'ggtaﬁord’ S. H. Liou, and D. J. Sellmy-
AM . values and high coercivities. These facts suggest theg . Shen, F. W. Wang, L. S. Kong, L. Cao, and W. S. Zhan, J. Appl.
need for detailed studies of the nanostructure including pos- Phys.75, 6253(1994.
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