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This paper describes the possibility of the aerosol deposition (AD) method fot the fabrication of Sm-Fe-N 
thick films. The thickness (d) of AD films reached to 190 !liD after the deposition with gas flow rate (gfr) = 

6 1/min and deposition time (t) = 12 min. The deposition rate was estimated as 15-19 !!m/min. The 
Sm-Fe-N AD films showed the remanence (Br) of0.36-0.42 T, which were 54-63% of that of host powder 
(0.67 T). The coercivities (jt0Hc1) increased from 1.16 T to 1.69-1.79 T because of grain refinement during 
the deposition. The effect of applied field during AD method was also investigated. Applying magnetic 
fields of 0-0.19 Tin plane, the remanence measured along the applied field increased with increasing the 
magnetic field. The maximum value ofremanence was 0.54 T, which was 29% higher than that without the 
applied field (0.42 T). It is concluded that the c-axis has a tendency to align along the magnetic field and 
the AD method is effective for the fabrication of thick film magnets. 
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1. INTRODUCTION 
Rare earth magnets with thickness less than 300 J.I1Il 

are strongly demanded in the trend of downsizing 
motors and electromagnetic devices. A mechanical 
process is one of the simple methods to reduce the 
thickness of bulk rare earth magnets. However, the 
influence of defects introduced at the surface leads to 
decrease magnetic properties. On the other hand, 
sputtering and pulsed laser deposition (PLD) methods 
are convenient to obtain film magnets [1-4]. However, 
their deposition rate is not so sufficient for 
manufacturing film magnets. 

The aerosol deposition (AD) is one of the attractive 
methods as a film fabrication process [5]. In our 
previous papers [6-8], we applied this method for the 
fabrication .of Sm-Fe-N thick film magnets and high 
coercivity was reported. In this paper, our recent 
investigations about Sm-Fe-N AD films including the 
relationships among AD conditions, magnetic properties 
and microstructure were described. In addition, the 
effect of applied field during AD and the possibility of 
anisotropic Sm-Fe-N film magnets were investigated. 

2. EXPERIMENTAL PROCEDURE 
Figure 1 shows the schematic illustration and 

conditions of AD method. The Sm-Fe-N powder was 
provided from the Sumitomo Metal Mining Co. Ltd.,. 
The principle and details of the AD method were 
described in our previous paper [7]. A helium gas was 
used as a carrier gas and the gas consumption (gas flow 
rate: gfr) was varied from 2 to 6 1/min. The deposition 
time (t) was also changed from 2 to 12 min. The 
substrates used in this investigation were Si02 and brass 
with the size of 10 mm x 10 mm x 1 mm. A metal mask 
made of stainless steel or cellophane with the opening 
size of 8 mm x 8 mm, was also used. They were placed 
at a distance of I 0 mm from the nozzle, and were 
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Fig.l Schematic illustration and conditions 
of AD method in this study. 

maintained at room temperature. 
In order to apply a magnetic field during the 

deposition, one or two Nd-Fe-B permanent magnets 
were placed near the substrate. In the case of applying a 
magnetic field perpendicular to the film plane (JtoHperp), 
one Nd-Fe-B magnet was placed behind the substrate. 
The p0Hperp was changed from zero to 0.17 T by 
changing the distance between the magnet and the 
substrate. Similarly, in the case of applying a field in 
plane (jt0Hpara), two Nd-Fe-B magnets were placed 
facing each other across the substrate. The f.loHpara was 
controlled in the range of 0-0.19 T by changing the 
distance between the two magnets. 

The area and thickness of AD films were measured by 
a surface profilometer, which were used for the 
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Fig.2 Photographs of the Sm-Fe-N AD films. 
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Fig.3 Vickers hardness of the SmFe-N AD film 
deposited for 4 min. 

calculation of film volume and film density. The 
magnetic properties were measured by a vibrating 
sample magnetometer (VSM) after applying a pulsed 
field around 4 T. The microstructures were observed 
using X-ray diffraction (XRD) and scanning electron 
microscopy (SEM) techniques. 

3. RESULTS AND DISCUSSION 
3.1 Deposition rate 

Figure 2 shows the photographs ofSm-Fe-N AD films 
in as-deposition state. From these photographs, there is 
no evidence of peeling off and thick films were obtained. 
Figure 3 shows the micro-vickers hardness of the AD 
films deposited under the condition of gfr = 4-10 l/min 
for 4min. The HV values were around 500 to 700 and 
these films showed relatively high hardness. 

Figure 4 shows variation in thickness (d), density (p) 
and relative density (A) of the Sm-Fe-N AD films 
deposited for 4 min as a function of the gas flow rate 
(gfr). Under the conditions of gfr = 2 and 41/min, the d 
was not large. However, the d increased with increasing 
gfr, and the maximum thickness (77 f!m) was obtained 
at gfr = 6 1/min. From this result, the deposition rate was 
calculated as 19 J.trnlmin, which was one order higher 
than that of conventional PLD method. The p and Pr 
showed almost the same tendency as d, and the values 
were 4.9-5.9 g/cm3 and 64-77 %, respectively. 

Figure 5 shows the variations in d, p and Pr of the 
Sm-Fe-N AD films fabricated with gfr = 6 1/min as a 
function of the deposition time (t). The d increased with 
increasing t and the maximum thickness of 190 Jlm was 
obtained with the sample deposited for 12 min. The 
deposition rate was calculated as around 15 f!m/min. 
The p was 5.4-6.2 g/cm3

, which corresponded to the Pr 
of71-81 %. 

Gas Flow Rate, gfr /1/min 
Fig. 4 Variation of thickness (d), density (p) 
and relative density (Pr) of Sm-Fe-N AD films 
as a function of gas flow rate (gfr) 
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Fig. 5 Variation of thickness (d), density (p) 
and relative density (Pr) of Sm-Fe-N AD films 
as a function of deposition time (t). 

E-< 0.8 
...._ 
..... 0.6 

!' 0.4 

: : 3: 
Powder p: 7.67Mglm i 

-(6Jimfu,4.mln) .... _,/ .. : 
: 3: : ... 

p: 5.6(\ Mglm i 

cot 
,s 0.2 
~ 1 o.o 

-0.2 L.....-LL..---1---L-......L_.:...:_ 

-2.0 -1.5 -1.0 -0.5 0.0 0.5 

Magnetic Field , fJrJi I T 

Fig. 6 The demagnetization curve of the 
Sm-Fe-N AD film deposited with gfr = 6 l/min 
for 4min in comparison with that of the host 
powder. 

3.2 Magnetic properties 
Figure 6 shows the demagnetization curves of the 

Sm-Fe-N host powder and the AD film deposited with 
gfr = 6 llmin for 4 min. The demagnetization curve of 
the AD film was measured along the direction parallel 
(para) or perpendicular (perp.) to the film plane. The 
Sm-Fe·N AD film exhibited lower remanence (B,) and 
higher coercivity (pof!cJ) than the host powder. In 
addition, one inflection was observed in the 
demagnetization curves, which suggested the existence 
of a soft magnetic phase. Figure 7 summarizes magnetic 
properties of the AD films deposited with gfr = 2-6 
l/min and t = 4 min. The Br values were in the range of 
0.36-0.42 T, which were 54-63 % of that of the 
Sm-Fe-N host powder (0.67 T). The p0Hc.1 increased 
from l.l6 T to 1.69-1.91 T by the deposition. 
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Fig. 7 Magnetic properties of Sm-Fe-N AD 
films deposited with gfr = 2-6 1/min for 4min. 
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Fig. 8 Magnetic properties of the Sm-Fe-N AD 
films prepared under the conditions of gfr=6 
1/min and t= 2-12 min. 

Fignre 8 shows the magnetic properties of the 
Sm-Fe-N AD films deposited under the conditions of gfr 
= 61/min and t = 2-12 min. TheB,. andpoflcJwere not so 
changed by the deposition time. The B, was in the range 
of 0.38-0.42 T, which was 56-63 % of that calculated in 
the host powder. However, the AD films measured along 
the direction parallel to the film plane also exhibited 
high coercivity of 1. 7 4-1.79 T. 

3.3 Microstrucutre 
In order to investigate the microstructure of Sm-Fe-N 

AD films, SEM observations were carried out Figure 9 
shows SEM photographs taken from the Sm-Fe-N host 
powder (a), surface (b) and cross section (c) of the AD 
film deposited by gfr = 6 1/min and t= 4 min. The host 
powder exhibited a flake like shape with an average size 
of 1.94 jlm. From Fig. 9 (b), the surface of the AD film 
was not so flat, however, small particles of 0.2-0.4 11m, 
which were smaller than the average powder size of the 
host powder, were observe;d. Figure 9 (c) revealed that 
the shape of particles seemed to be ellipse and that the 
densification proceeded. The average grain size derived 
from this photograph was about 0.32 jlm. It can be 
concluded that the grain refinement occurred during the 
AD, which resulted in a high coercivity. 

Figure 10 shows XRD patterns of the Sm-Fe-N host 
powder and the AD film deposited with gfr 6 1/min 
and t = 4 min. Both samples were mainly composed of 
the Sm2Fe17Nx compound, however, small amount of 
a-Fe phase was observed in the AD film. This a-Fe 

phase influenced the inflection that observed in Fig. 6. 
From the XRD patterns, the ratio ofX-ray peak intensity 
between (006) and (033) of the Sm2Fe17Nx compound 
(I(oo6/l(os3;) was calculated. The AD film showed the 
ratio of 0.80, which was higher than that in the host 
powder (0.33). It can be said that the c-axis has a 
tendency to align along the direction perpendicular to 
the film plane. 

3.4 Anistropic Films 
In order to fabricate anisotropic films, the effect of 

applied field were investigated. In the case of applying 
magnetic field along the direction perpendicular to the 
film plane (j.J0Hperp) during the AD method, the density 
of the AD film decreased with increasing Jlollperp 
because of the magnetic cohesion. It resulted in the 
decrease in remanence and magnetic properties. In next, 
magnetic fields were applied along the direction parallel 
to the film plane (/.Jollpara) during the AD method. Figure 
11 shows the variation of d, p and p, of the Sm-Fe-N 
AD films with respect to the Jiofipara· The d decreased 
with increasing p0Hpara· However, the density was not so 
changed and was around 5.6 g/cm3

• 

Figure 12 shows the demagnetization curves of the 
Sm-Fe-N AD film deposited without or with p0Hpara of 
0.19 T. Both of them were measured along JloHpara· The 
film deposited with Jioflpara exhibited higher B,. 

Fig.9 SEM photographs taken from the surface 
(b) and cross section (c) of the AD film 
prepared with gfr = 6 1/min and t= 4 min, in 
comparison with that of host powder (a). 
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Fig.lO The XRD pattern of the Sm-Fe-N AD 
film prepared with gfr == 6 1/min and t = 4 min 
in comparison with that of host powder. 
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Fig. 11 Variation of thickness (d), density 
(p) and relative density (p,.) of the Sm-Fe-N 
AD films deposited with JloHpata· 
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Fig. 12 The demagnetization curves of 
Sm-Fe-N AD film deposited with or without 
JloHpara· 

Figure 13 summarizes B,. of the Sm-Fe-N AD films 
deposited with JloHpata of 0-0.It} T. The coercivities 
(!ioHcJ) measured along the direction parallel to the 
f.loHpara (para (in plane)) were 1.79-1.87 T. Th? w~re 
higher than those measured along the drrectwn 
perpendicular to the fJoHpara (perp. (in plane) and perp.). 
The B,. measured along the fJoHpara direction (para (in 
plane)) increased with increasing the f./oHpara· The 
maximum value of B,. was 0.54 T, which was 2<JO/o larger 
than that of without f.lol/para (0.42 T). On the other hand, 
the B, measured along the direction perpendicular to the 
!ioHpara (perp. (in plane) and perp.) seemed to relatively 
decrease with increasing the fJoHpara· Figure 14 showed 
the variation of I(o06/I(033; as a function of fJoHpara· The 
value decreased with increasing p0Hpara• which 
suggested the c-axis of the Sm2Fe17Nx compound 
aligned in plane. Namely, the c-axis has a tendency to 
alogn along the magnetic field direction and the 
anisotropy increased with increasing the field. 

Finally, it is concluded the AD method is very 
effective method for the fabrication of thick film 
magnets with high deposition rate. In addition, 
anisotropic film magnets are considered to be prepared 
by applying magnetic field during the AD method. 
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Fig. 13 The B,. of the Sm-Fe-N AD f~lms 
deposited with JloHpara of 0-0.19 T. The flims 
were measured in parallel (para. (in plane)) or 
perpendicular (perp. (in plane) and perp.) to 
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Fig. 14 The variation of Iroo6/lro33; taken 
from the Sm-Fe-N AD films deposited with 
JloHpara of 0-0.19 T. 
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