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Abstract

This paper presents results obtained on barium ferrite thick films prepared by electron beam evaporation. First of all, we have looked at the
influence of substrate temperature on the films properties. Then, we have fixed the substrate temperate@and/ @ effects of films
thickness on the different properties has been investigated. Indeed for a substrate temperatui@ ofe/l@@ve observed that the layers are
crystallized in the BaM phase with in-plane preferential orientation. However, a secondary non magnetic phas )Balieh can modify

the magnetic properties, appears on some layers.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction tained with a fast deposition technique: electron beam evap-
oration.

The emergence of mobile communications in recentyears In this paper we present the results obtained on thick
has revitalized the study of new ferrite devices and their barium hexaferrite films. The strong anisotropy and high
applications based on the non-reciprocal property of thesecoercivity of M-type barium hexaferrite (Bakg19), along
materials. Currently, non-reciprocal systems, such as circu-with their chemical and mechanical stability make them a
lators, use bulk ferrites. This component can be used in du-very important class of materials for microwaves and high
plex communication systems to separate the incoming anddensity magnetic and magneto-optical technologies.
outgoing waves. The specification of such devices are de- Toincrease adhesion and minimize cracks, the ferrite films
tailed in the paper of Martha Pardavi-Horvatth. are grown on gold on titanium underlayers realized on Sil-

The increase of working frequency leads to a decreaseicon (100) substrates. The metallic layers, which are de-
of the ferrite junction diameter. Indeed, this parameter must posited by dc cathodic magnetron sputtering, will also play
be equal to the half guided wavelength. In our laboratory, the role of ground plane in the circulator design.
we have focused our researches on the realization of an in- This work deals with the influence of the deposi-
tegrated circulator working at 77 GHz, which is a working tion parameters (substrates temperature and thickness) on
frequency for military applications. But at this frequency, a films properties (crystallographic and magnetic properties,
paper published by Denis C. WEBB explains that the films morphology, composition). A previous study concern-
must have a thickness at least equal tquB0to minimize ing the influence of the deposition rate has already been
insertion losses in the circulafoFig. 1). Such thicknesses  published*
cannot be reached by machining a bulk material. Conse-
quently, it is necessary to use materials under film forms ob-

2. Experimental procedure

* Corresponding author. Tel33-5-55-45-74-48; .
fax: +33-5-55-45-74-50. Before deposition, the substrates are cleaned Bybam-

E-mail address: marc.verite@unilim.fr (M. \&rite). bardment using an RF generator in the following conditions:

0955-2219/$% — see front matter © 2004 Elsevier Ltd. All rights reserved.
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Fig. 1. Circulator insertion loss as a function of substrate thickness for several material-frequency combinations.

e argon pressure: 0.33 Pa, RF incident power: 200 W, clean-Spectrometry (SIMS) is used to realize depth concentration
ing time: 5 min.

profiles.
Then the ferrite (BaRe0O19) is evaporated under 100%

oxygen atmosphere with a total deposition pressure of
0.46 Pa.

. Experimental results
The post-annealing procedure is realized under the fol-

lowing conditions: 3.1. Structural properties
¢ annealing tempera_\turtla: 850.’ °>?yge_” pressure- x We have studied the influence of substrates temperature
10* Pa, annealing time: 2 h, rise time: 10/min. . ; "
on the crystallographic properties for two deposition rates
The crystallographic structure is analyzed by X-ray (10 and 2Qum/h). In these case, the layers have a thickness
diffraction (XRD) with a SIEMENS generator equipped close to 2Qum.
with a goniometer. The saturation magnetization intensity

Fig. 2 shows that, for a deposition rate of Lth/h, when
(Js) and coercive fieldH¢) are measured using a hystere- the substrate temperature is lower than 700the films are
sismeter M2100 with alternative magnetic field (50Hz) amorphous or with poor crystallization. Indeed, the most im-
applied in the film plane. We use a scanning electron mi- portant diffraction peaks are those of metallic underlayers
croscope (SEM) equipped with an energy dispersive X-ray (gold on titanium). We also observe the formation of a sec-
(EDX) analysis system to characterize morphology and to ondary phase Bak8,. This phenomenon may be explained
determine stoichiometric ratio. Finally, Secondary lon Mass by the fact that the films are not stoichiomet(iee/Ba #
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Fig. 2. XRD patterns of films realized at different substrate temperature for a deposition rateuoft10
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Fig. 3. XRD patterns of annealed films realized at different substrate temperature for a deposition ratendf.20
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Fig. 4. XRD patterns of films realized with different thicknessés £ 700°C).

12).5 When the substrates temperature is equal to°The 3.2 Magnetic properties

films are crystallized with in plane preferential orientation

(110) and (220). After annealing all the films are crystal-  For temperatures lower than 700 the films are amor-
lized mainly according to the M-BakgO19 phase. The lay- ~ Phous, so the magnetic properties are mainly measured on
ers exhibit in plane preferential orientation for a deposition annealed samples. Fig. 5is plotted the evolution of coer-
temperature of 700C and are not oriented for lower depo- Cive field against substrate temperature for the two deposi-

sition temperatures. tion rates previously studied (10 and 26/h). We observe

For a deposition rate of 20m/h the results are similar ~ that Hc decreases when substrate temperature increases.
(Fig. 3.

In a previous study, we have observed that the iron on [ o Vd = 10 im/h o Vd = 20 pmih |

barium ratio is closed to 12 when the deposition rate is

equal to 3qum/h? So we have studied the evolution of gzzz_ $

the crystallographic properties as a function of films thick- =

ness for a substrates temperature of T@&nd a deposi- 2 ] I i 5

tion rate close to 3im/h. We observe irFig. 4 that the g 1501 7

films present in plane preferential orientation and the sec- § 100 I i
ondary phase (Bak8.,) appears for a thickness of 54.5. S 50 . ; ; : .

This phenomenon is observed for smaller thicknesses when 150 250 850 450 550 650 750
deposition rate decreases. Indeed, for a deposition rate of substrates temperature (C)

17um/h the phase mixing appears for a thickness close to Fig. 5. Evolution of coercive field against substrate temperature for two
36m. deposition rates.
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H, % Indeed, it varies between 267 and 92 kA/m and between 164
& mono-domains and 85 kA/m when th(_e deposition rate is respective_ly equal
g | to 10 and 2Qum/h. This phenomenon can be explained by
’c‘é ) ) the Movchan and Demchishin (M-D) diagrémand by the
multi-domains . . .
g fact that the grains are multi-domains. Indeed, on the one
iy hand, during the deposition, the M-D diagram shows that
when substrate temperature increases grains size increases.
15 nm 1 pm particles size On the other har_ld, the measured grair)s sizeis always higher
_ _ o _ _ _ than lum. In this case, as shown dfig. 6, we are in a
Fig. 6. Evolution of coercive field against particles size. multi-domains configuration, and larger is the grains size

lower is the coercive field.
Moreover, fromFig. 7 it is very difficult to deduce a

©Vd =10 ym/h 0Vd =20 pmvh | specific influence of substrate temperature or deposition rate
,§ 0.35 on the saturation magnetization. Indeed, it varies from 0.11
& 034 to 0.22 T. We can note that the maximum value is less than
%'&? 0,25 § the 0.4 T of the bulk material. It probably results from the
g2 02 % % % formation of a non magnetic buffer layer between ferrite film
§ € 0,15 and substrate during the annealing procedutean also be
g 0,14 due to the presence of the non-magnetic phase: BaFe
s 005 ' - : ' : : Fig. 8 represents the evolution of coercive field against
W S W MR S0 W BN AW films thickness before and after annealing. During this
il study the layers are realized with a substrates tempera-
Fig. 7. Evolution of saturation magnetisation against substrate temperatureture of 700°C, a deposition rate close to gén/h and the
for two deposition rates. thickness varies from 11 to 54u5n. Before annealing;lc
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Fig. 8. Variation in coercive field as a function of films thickness.
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Fig. 9. Variation in saturation magnetisation as a function of thickness.
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Fig. 10. SEM picture of a film realized at a substrate temperature of
700°C.

1693

Table 1
Evolution of Fe/Ba as function of the substrate temperature
Temperature°C)
200 300 500 700
Fe/Ba Vg4 ~ 10um/h) 7.6 7.7 10.6 12.6
Fe/Ba ¥4 ~ 20pm/h) 11.1 26.7 17.8 14.6

Table 1presents the evolution of the Fe/Ba ratio against
substrates temperature for two deposition rates (10 and
20pm/h). For 1Qum/h the iron on barium ratio increases
when substrate temperature increases. For a higher deposi-
tion rate (2Qum/h) we cannot deduce any specific influence
of substrate temperature. In this case, the evolution ob-
served for a deposition rate of i®dn/h may be masked by

is constant and closed to 69 kA/m. This result has already the existence of a vapor cloud above the ingot surtace.

been observed for thin layers (8 nnthickness< 100 nm)
deposited by Facing Target Sputteriffgbut in this case
the measured values were lowet:(~ 24 kA/m). After an-

nealingH. increases and varies between 87 and 144 kA/m.

The evolution of saturation magnetization against films
thickness is plotted irFig. 9. We see that the saturation

When the thickness increases the Fe/Ba ratio decreases
before and after annealing. We must note that after anneal-
ing the measured values are higher than before annealing.
It is probably caused by a diffusion of barium during the
procedure of annealing.

The fact that the iron on barium ratio decreases with in-

magnetization varies between 0.1 and 0.26 T before annealcreasing thickness highlights a preferential evaporation phe-

ing. After annealing, for thicknesses lower than 54
the measured values are identical. At 54tb the saturation
magnetization increases and reaches a value of 0.2T.

4, SEM and EDX properties

nomenon. Indeed, the iron oxide is first evaporated because
of its evaporation temperature (1585 at 1 Pa) which

is lower than the evaporation temperature of barium oxide
(1923°C at 1@ Pa). To confirm this result we have realized

a SIMS depth profileKig. 11) on a layer having a thick-
ness closed to 5446m. It shows that the film composition

is not homogeneous which confirms previous hypothesis.

The SEM micrograph of the film prepared at a substrates Other coatings have been realized with a different thickness

temperature of 700C is shown inFig. 10 It confirms the

and for two deposition rates: 5 and [Lif/h. Results are

X-ray diffraction results. Indeed, the picture shows a mosaic presented irFig. 12 The observed evolutions are identical.

of rod-like particles with sharp ends, whose long axis is
randomly distributed within the plane of the filkh.

1000

Intensity

o

Indeed, the Fe/Ba ratio decreases with increasing thickness.
It varies between 7.4 and 24.7 for a deposition rate close to

Sputtering time

Fig. 11. SIMS depth profile for a thickness layer closed to p4rb
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magnet.

In conclusion, we have emphasized a preferential
evaporation phenomenon during the evaporation processmanent magnet (Smgor Nd,Fe4B) showing the good
Moreover, chemical analysis has shown that the ingot com- orientation. In this case, one representation of this device
position has already changed during its formation (see is shown inFig. 13 Si/Ti/NdFeB/Ti multilayers have been
Table 2. This problem will be solved by the use of a twin prepared by RF magnetron sputtering and promising results
beam evaporation system. Indeed, iron oxide and bariumhave been obtained.
oxide, which have different evaporation temperatures, will
be evaporated separately and the films stoichiometric ratio
will be controlled by adjusting each beam power. Results References
will be published in the next paper.
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