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Abstract. - Structures and magnetic properties of NdFeMo films prepared by Facing Targets Sputting (FTS) were 
investigated. The addition of Mo can raise the Curie temperature of the films. Domain parameters of Nd42Fe~j6M~2 
film with Bk= 0.42 degrees and ~ ~ 1 ~ 9 . 6 ~ 1 0 ~  ~ / m ~  was estimated. The influence of DC substrate biasing on magnetic 
anisotropy was also studied 

Introduction 

Nd based alloy films are promisable for magneto- 
optic recording media because they have larger Kerr 
effect than heavy RE alloys such as Gd, Tb and Dy 
[I]. In this work, we prepared NdFeMo films by f a  
cing targets sputtering (FTS), and investigated their 
magnetic properties. 

Experimental procedure 

NdFeMo films were deposited onto glass substrate 
with DC 320W sputtering power and 5 A/s deposi- 
tion rate at 5 x Torr argon pressure. The EPMA 
confirmed film contents were controlled by adjusting 
the areas of Nd and Mo plates on iron targets. M a  
gnetic properties were measured by a LDJ-9500 type 
VSM, a Torque meter and a force balance meter. 
Structural investigations were performed by X-ray dif- 
fraction analysis. Polar Kerr effect was measured at 
room temperature with 6328 HeNe Laser. The rela- 
tion of Hall resistivity with intensitivity of measuring 
field which normal to film plane were obtained by Van 
Der Pown technique with I = 3 mA and H = 3.0 x 
lo6 A/m [2]. 

Results and discussion 

X-ray diffraction patterns indicated that all the 
films were amorphous but partially crystallized with 
s-Fe7Nd (330) and a-Fe(ll0) peaks appeared in 
Nd14Fe84M02 film. 

Typical perpendicular M - H loops without com- 
pensation of demagnetization of NdFeMo films were 
shown in figure 1. According to the model provided 
by Coey 131, we found that when Nd concentration 
was less, the films showed speromagnetic order. Ma- 
gnetism ascended fast to half saturation at lower mea- 
suring field and then increased slightly as the increase 
of measuring field, which was in accordance with the 
arrangement of speromagnetic domains and closing up 
before and after the ankle of the curves. Despite the 
higher field, all the magnetizations could not easily pa- 
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Fig. 1. - Typical M - H loops of NdFeMo films. 

crystal anisotropy to be larger than the interactions 
of atomic magnetizations [3]. We also found that at 
x = 42 at. %, the film exhibited ferromagnetic order, 
and at x = 45 at. %, ferromagnetic order disappeared. 
We raised the ideas to explain the fact that the ferro- 
magnetic order disappeared at x = 45 at. %. (1) Orbit 
hybridization and electron transformation cause the 
variation of net spin which contribute to magnetism. 
(2) In the vicinity of rij = 3 A, the exchange energy 
of J (rij) will change its sign, the ferromagnetic order 
disappears [3]. 

Figure 2 showed the M (T) curves measured under 
6 x lo6 A/m. Two Curie temperatures and a crystali- 
zed hump was observed on each curve as temperature 
rised. The curves of Nd22Fe78 and Nd33Fe67 indicated 
that T c  slightly rised as Nd content increased. The ad- 

rallel to saturation.   his is due to the Random local Fig. 2. - Typical M ( T )  curves of NdFe based films. 
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Table I. - The influence of Vb and Hb on the magnetic properties of Nd42Fe56M02 films. Vb=-90 volts and 
~ b = 2  x lo5 A/m. 

Condition ~ ~ ( 1 0 ~  A/m) ~ ~ ( 1 0 ~  Aim) HC(1o3 A/rn) S.R. K// (J/m3) 

dition of 2 at. % Mo into x = 14 and 42, could raise the 
T, apparently, Tc was raised from 40 up to 130 OC, the 
crystallized humps shifted tward higher temperature 
and the humps descended dramatically. 

The dependence of Vi on KI and K2 for 
Ndl4Fes.1Moz films were shown in figure 3. It is sug- 
gested from this figure that the magnetic anisotropy 
be affected by negative DC substrate biasing. When 
Vb was about - 90 volts, Kl = 1 . 0 ~  lo6 J/m3, K2 x 0. 
Parallel magnetic anisotropy was calculated from the 
perpendicular M - H loops [4]. Table I showed the 
magnetic parameters of Nd42Fe56M02 films with the 
condition of - 90 volts bias voltage and 2 x lo5 A/m 

and the energy density of domain surface, 

a,= 4== 3.6 x J/m3 (3) 

the width of domain wall was 

rw= a Jm= 30 a (4) 

there were about n = 12 atoms which consisted of the 
domain walls. Character length, 

Lw= a,/ (4nM.) = 3 x m (5) 

the ratio of J to D was 

J/D w n1I2 = di5 = 3.5. (6) 
inducing magnetic field applied perpendicular to sub- 

Ordinary and anomalous Hall efficiency of x = 42 strate during sputtering respectively. 
Perpendicular mametic anisotropy of x = 14 and film were obtained by fitting the Hall p~ - H loops. - - - 

42 at.-% films were obtained by torque differential me- & = 1.65 x lo-' ( m 2 0 / ~ )  
thod [5]. The results were shown as follows: 

(7) 
& = 10.95 x lo-' ( m 2 0 / ~ ) .  (8) 

x ~ l ( l 0 '  J/m3) ~ ~ ( 1 0 ~  J / I ~ ~ )  
The concentration of carrier was 

The ratio of exchange constant J to the single ion 
anisotropy constant D and bubble domain parameters 
for x = 42 films were estimated by the method provi- 
ded by Boucher and Herd [6, 71. Exchange energy 

A B KTc/ (22) . (1) 

Taking coordination number z = 12, Tc= 400 K, and 
Ku1=9.6x 10' J/m3, then 

A x 8 x lo-13 J/m3 (2) 

Fig. 3. - DC substrate biasing dependence of magnetic 
anisotropy constant Kl and K2 for Nd42FemM02 filmsr 

this is less than the average electrons of this alloy since 
main spins were more mobility than others for conduc- 
ting [8]. 

Kerr rotation angle of x = 42 films measured under 
8 x lo6 A/m magnetic field was 0.42 degrees. This 
value is higher so far. 
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