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Abstract

In this paper, we studied the influence of deposition angle during the aerosol deposition (AD) method. The deposition angle was changed
from O to 45'. The density of films did not change, but the surface roughness was improved by the inclination of deposition angle. This
tendency was considered as one of advantages in manufacture of film magnets. However, the magnetization measured along the direction
perpendicular to the film plane was decreased by the inclination. Referring to our previous work thakihén Sm—Fe—N AD films has a
tendency to align in the direction perpendicular to the film plane, it is satisfactory to consider that the increase in deposition angle weakened
the alignment ot-axis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of Sm—Fe—N thick film magnets, and high deposition rate
and high coercivity were obtained. In addition, it was found
Rare earth magnets with thickness about 100+3@Gre that anisotropic film magnets were capable of fabricating by
demanded in the trend of downsizing motors and electromag-applying magnetic field during the aerosol deposifioh 15]
netic devices. Nd—Fe—-B sintered magrié{sand Sm—-Fe—N However, the remanences were low because of their low film
bonded magnetf?] have been reported to have thickness densities. Up to date, we have changed AD conditions of gas
of 200 and 40@um, respectively. However, the influence of flow rate and deposition time, and studied magnetic prop-
defects introduced to the surface by mechanical methods orerties and microstructurg$1-13] However, the influence
magnetic properties becomes a serious problem in film mag-of deposition angle on fabricating Sm—Fe—N AD film has
nets. On the other hand, sputtering is convenient to obtainnot been studied yet. In this paper, we changed variously the
film magnetq3-6], but it is difficult to obtain a high depo-  deposition angle during AD method and studied the influence
sition rate. Recently, pulsed laser deposition (PLD) has beenon magnetic properties of Sm—Fe—N AD films.
reported in preparing rare earth film magnets because of its
high deposition rat§7—9]. However, its deposition rate has
been not sufficiently high for manufacturing film magnets. 2. Experimental procedure
The aerosol deposition method (ADM) is an attractive
method with high deposition ratfl0]. In our previous The Sm—-Fe—N powder in AD method was provided from
papers[11-13} we applied this method for the fabrication the Sumitomo Metal Mining Co. Ltd., which was produced
by areduction and diffusion method. The principle and details
* Corresponding author. of the AD method were described in our previous pdfper.
E-mail address: sugimots@material.tohoku.ac.jp (S. Sugimoto). Helium gas was used as a carrier gas. The AD conditions were
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Fig. 1. Theillustration of the deposition substrate with deposition aggle ( %” 5.6 &
- {72 2
< 1 2
fixed as gas flow rate (gfr) of 6 I/min and deposition time ( Z 54T 170 &
of 4 min. The substrates used in this investigation were SiO g, il e £
and brass plates with the size of 10 0 mmx 1 mm. ‘ j.;j
The cellophane mask with the opening area of 8 m8imm 5.0 ! ! 7 %6

was also used. They were placed at a distance of 10 mm from
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the tip of nozzle, and were maintained at room temperature.
The deposition angled] was changed from<0to 45 by
inclining the nozzle, as shown Fig. 1 Fig. 2. Variation in thicknesé (a) and density (b) of Sm—Fe—N AD films
Area, thickness and surface profile of films were mea- deposited witid (6=0-45).
sured by a surface profilometer. The magnetic properties were ] .
measured by a vibrating sample magnetometer (VSM) after the AD films. The surface roughnes#d) was determined by
applying a pulsed field near 4 T. The magnetization values the normalized ratio of average height of asperifyt¢ the
were calculated using film density and the X-ray density filmthickness{). Whend was 30 or 45’, the roughness was
of the SmFe;7N3 compound (7.67 Mg m®) reported[16]. smaller than that deposited witk= 0°. From these results, it
For the evaluation of AD films, the magnetization values
were compared with that of the host powder derived from
its weight and the X-ray density of the SFe;7N3 com-
pound (rhombohedral BZn;7-type structure (space group
R3m), lattice constantg =0.8557 nmc =1.2437 nm[17]).
The microstructure was observed using an X-ray diffraction
(XRD) apparatus and a scanning electron microscopy (SEM).

(b) Deposiion Angle, 6/ degree

Sm-Fe-N AD film
Surface, 6= 0°

3. Results and discussion

Fig. 2 (a) shows the variation in thicknesg) (of the
Sm-Fe—N film deposited in the conditions of g6 |/min and
t=4 minversus deposition angl®(The thickness decreased
with increasingd. The average deposition rate @t 45
was 5.9ummin—1, but this value is still higher than those
using the other methods for the production of film magnets.
The density of films ) shown inFig. 2 (b) was around
5.6 Mg nT3. The relative density was about 73% of the X-
ray density of SmFe;7N3 compound (7.67 Mg m?). These
densities were not even changed by inclining.

Fig. 3 shows the SEM photographs taken the surface of
Sm-Fe—-N AD film, deposited wit#=0° or 45. In the
film deposited withy = 0°, many asperities and craters were
observed on its surface. However, the film with 45> had
more smooth surface but no crat€ig. 4shows the relation-
ship between deposition angle and surface roughm&8of

Fig. 3. SEM photographs taken from the surfaces of Sm—Fe—-N AD films
deposited with (ap =0° and (b)9 =45,
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Fig. 4. Variation in the surface roughness of Sm—Fe—N AD films deposited F9- 6. The remanencé of Sm—Fe-N AD films prepared with deposition

with 6 (¢ = 0-45'), which was normalized using their average thickness.

is considered that inclination improves the surface roughness

of AD films and this is one of advantages for manufacturing

film magnets. The reason of improvement in surface rough-
ness is thought to be related to the state of aerosol flow near

the substrate. In the case®#f 0°, the aerosol flow collided

with the substrate vertically and the reflected flow dispersed

in all directions, which led turbulent flow near the substrate.
This turbulent flow prevented uniform deposition of ultrafine

powder and resultantly formed asperities. On the other hand,

in the case 06 =30 or 45 the aerosol flow collided with

the substrate obliquely and the reflected flow dispersed in
one direction. Therefore, the aerosol flow near the substrate

became laminar flow, which led to uniform deposition.

Fig. 5 shows the demagnetization curves of Sm—Fe—N

AD films deposited withd =0° and 45. Both were mea-

sured along the direction perpendicular to the film plane. The

remanenceH;) of the film deposited witlh =45 was 0.32 T,
which was smaller than that with=0° (0.40 T).Fig. 6sum-
marizes the remanence of AD films deposited With0—45.
TheB; measured along the direction parallel to the film plane
(para) slightly decreased with increasth@n the other hand,
the By measured along the direction perpendicular to the film
plane (perp) drastically decreased with increaginBefer-
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Fig. 5. The demagnetization curves of Sm—Fe—N films depositedwith
and 453, which were measured along the direction perpendicular to the film
plane.
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Fig. 7. The ratio of X-ray intensity of (006) to (03 3) reflections in the
SmpFer7N, compound{ooey!(033), Which was calculated in the AD films
prepared with deposition angle of 045

ring to the result in our previous word 3], in which the
c-axis in Sm—Fe—N AD films has a tendency to align along
the direction perpendicular to the film plane, it is considered
that the increase in deposition angle weakened the alignment
of c-axis.

In order to investigate the directionality of AD films,
the XRD analysis was carried out. X-ray intensitycedixis
direction ((0 0 6) reflection) and the maximum intensity direc-
tion ((0 3 3) reflection) of SafFe 7N, compound in the AD
films were selected as a measure of the directieig. 7
shows the variation in ratio of (006) to (03 3) reflections
(I(00eyI(033) Whichwas measured in the AD films deposited
with 6=0-45. The average ratio of the film with=45"
was 0.71, which was lower than that &£ 0° (0.80). This
result suggests that the increase in deposition angle tended to
weaken the alignment aefaxis along the direction perpen-
dicular to the film plane.
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