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Abstract

Y:Fes 0O, based garnet films(thin or thick) offer a great promise for the application of microwave com-
munication components, We investigated the magnetic and crystallographic preperties of Y;Fe; O, thick
films prepared by KrF eximer laser ablation of a stoichiometric garnet target. It was possible to obtain
almost epitaxially oriented films on Al,Os(1102) plane. Although the crystalline quality depends on
substrate temperature and O, partial pressure used(Po.), 4.1 m thick films of 4z M,= 1300 Gauss and H.
=37.5 Oe were obtained at the substrate temperature of 700°C with the Po. of 100 mTorr after annealing
the as-deposited films at 700°C for 2 hours. These films are expected to be used for magnetostatic spin

wave filters at narrow bandwidth frequency.

I. Introduction

The pulsed laser ablation technique is emerging
as a viable method for preparing high quality films
of magnetic ferrites as well as ferroelectric mater-
ials[1~7]. It has been already demonstrated that
laser ablation has great advantages in preparing
multicomponent oxide superconducting thin films
[8~9]. The laser ablation technique is known to
provide the most promising characteristics of the
ferroelectric thin films due to the following rea-
sons: Deposition in high oxygen pressure is poss-
ible because the energy source is outside of the
system, and there is little difference in the compo-
sition between the target material and the de-
posited film. Although this technique appears to be
promising based upon the earlier results[1~9],
there are still obstacles to overcome before the
magnetic ferrite such as garnet(YIG) based micro-
wave films deposited by the above method become
applicable,

Recently, the YIG based microwave ferrite films
attract a great attention from the viewpoint of
magnetic properties and applications for mobile
communication components such as magnetostatic

spin wave{MSW) filters or delay lines. For use in
microwave components, the YIG films have been
epitaxially grown on gadolinium gallium garnet
(GGG) substrate by the liquid phase epitaxy
(LPE) technique[12~13] or by the reactive ion
beam sputtering(RIBS)[14]. Although the LPE
technique provides a high quality films of YIG,
both the LPE and RIBS processes have common
disadvantages such as impurity admixture, low de-
position rate which are very important factors
determining the possibility of commercial applic-
ations.

In this respect, we studied the magnetic and
structural characteristics of polycrystalline YIG
films prepared by a laser ablation technique on
various Al.O3; and MgO single crystal substrates.
And we report the results of optimized conditions
in terms of process parameters searching for econ-
omical applications.

II. Experimental
Y3Fes01; thin and thick films were prepared by

the pulsed laser ablation using a KrF excimer laser
(r=248nm) with a 20 ns pulse width at 10 Hz
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pulse rate in a vacuum chamber starting with a
base pressure under 5x10° Torr. The laser beam
was focussed to an energy density of 2~3 ]/ cm?®
onto a polycrystalline YIG target which was
rotated during deposition, The Y3;Fes;Oy films
were deposited onto 1cmx1cm Al,O; single crys-
tal substrates of (0001), (1102) planes and MgO
(100) plane as well. The substrate holder was a
resistive heater positioned 5 cm away from the tar-
get, and was rotated during laser deposition. Films
were grown at 600~800°C under oxygen partial
pressure ranging 50~800mTorr.

Structural characterization of the YIG films was
made by using X-ray diffraction from CuKa
source. Scanning electron microscopy was used to
determine the film morphology, and the compo-
sition was identified by inductively coupled plasma
spectroscopy. The ferromagnetic resonance(FMR)
measurement was carried out using a conventional
Varian E-line spectromenter at 9.5 GHz frequency.
Magnetic measurements were made using a vibrat-
ing sample magnetometer.

. Results and Discussion

By matching the X-ray diffraction spectrums of
the YIG films with the standard Y3;FesOi: poly-
crystal powders, it was confirmed that all the films
were single phase YsFesOi, regardless of the
orientation of the substrate used. However, a per-
fect crystallization of the Y3Fes0y, stoichiometry
was only obtained after annealing the films at 700
C for 2 hours in air. Fig. 1 shows the X-ray dif-
fraction patterns comparing the crystallization of
the as-deposited and annealed Y;Fes;Oy, films on
MgO(100), Al,O3(0001) and Al;0;(1102) planes
at 600°C under a O, partial pressure of 100 mTorr,
respectively. The spectrum of dotted line denotes
the as-5deposited films and the solid line is of an-
nealed films. The patterns of Fig. 1 was a typical
examples obtained from the Y3;FesOy, films de-
posited at 600 C for 1.5 hours to have 4~6 m thick-
ness. When the substrate temperature of 700°C is
employed, the deposition aspect of the films was
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not changed before and after the annealing
comparing with that of 600°C. However, the depo-
sition rate decreased to 300~500 A /min which was
400~600 A /min when the substrate temperature
was 600C. Fig. 2 shows the aspect of Y;Fe5;0y;
films deposited at 600C and 700C, respectively.
As a lower substrate temperature(600C) was
used, Y3FesO, crystals of coarse texture can be
seen in Fig. 2(b). The film deposited at 700C in
Fig. 2(a) shows a finer texture which definately
result in a smooth surface. The smooth surface of
the YIG films is essential for employing those
films in the microwave filters,
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Fig. 1. X-ray diffraction patterns comparing the as-
deposited YIG films on (a) Mg0(100), (b) Al.Os
(0001) and (c) Al.O;(1102) planes, respectively.

The influence of O; partial pressure on YIG films
was found to be very important, Fig. 3(a)~(d)
shows the effect of O partial pressure on the
epitaxial condition of the Y3;Fes0;; films and its
surface aspect as well. Fig. 3(a) and (b) is as-de-
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posited film on Al,03(0001) and Al,0;(1102) pl-
anes at 700C, respectively, under O, partial press-
ure as shown in figures. The X-ray specturms (a)
and (b) of Y;FesOu, films of as-deposited at 700°C
for 1.5 hours indicate that the near epitaxial cry-
stallites can be formed under a lower O partial
pressure{100mTorr) rather than under a higher
pressure, It was subsequently found that the Y;Fe
5012 films deposited under O partial pressure of
100 mTorr shows a smooth surface in Fig. 3(c),
while the films under O, partial presure of 800
mTorr form a rough surface in Fig, 3(d). Conse-
quently, Y3FesO» films deposited at a high sub-
strate temperature(700°C) under a low O, partial
pressure(100mTorr) exhibited a qualified surface
considering that the smooth surface of garnet film
allows the microwave propagation without a scat-
tering of signal. The typical magnetic and micro-
wave properties of the Y:Fes;0;; films are sum-
merized in Table I. The magnetic properties were
measured along the in-plane direction of each sam-
ple.
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Fig. 2. SEM micrographs showing the aspect of YIG
films deposited at (a) 600C and (b) 700°C on Al;O;
(1102) planes under a Po. of 100 mTorr

gx2}713t3]#) Volume 4, Number 3, September 1994

o~ e 100mTorr
2 5q o 800mTorr A1:0,(0001)
~n O
g
¢S
3
L}

20 40 60 80 100 120
b P Al,04(1102)
g g —— 100mTorr
) e 800mTorr
Iw 3
[ A &
g

, o Y
20 40 60 80 100 120
28(degree)

P a)

Fig. 3. X-ray diffraction patterns comparing the ef-
fect of O; partial pressure on YIG films on (a) Al,Os
(0001) and (b) Al.0;(1102) and (c) is a SEM micro-
graph showing the surface aspect of the film on (a),
and (d) is of (b) plane.

Taking into account not only the X-ray diffrac-
tion patterns in Fig. 3(a)~ (b) but also the results
of surface roughness in Fig, 3(c)~(d) as well as
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the magnetic measurements, it is concluded that
the optimized substrate for deposition of Y3FesO1.
films is of Al,05(1102) plane. And the best films
can be obtained at 700°C under the O partial
pressure of 100 mTorr followed by annealing at 600
¢ in air. Magnetic losses of microwave devices are
caused largely by the ferrimagnetic resonance. If
the ferrimagnetic resonance line width is wider,
the resonance becomes broader and resonance
losses can manifest themselves in the operating
frequency range of the microwave devices such as
circulator, isolators or filters. The FMR line width
measured from Y3:FesO,. films in Table I seems to
be quite narrow compared with those of standard
single crystal YsFesO,. having A H=45 Oe[15].
The YIG films deposited on Al;O3(1102) plane
exhibit quite small value(AH=20 Oe), which
indicates that the Y3;FesOy, films deposited on Al,
05(1102) plane have textured structure approca-
ching epitaxy. The effective saturation magnetiz-
ation(dx M) in Table I is very important, Beca-
use the saturation magnetization of the microwave
devices should be chosen such that the YIG film is
fully saturated by externally applied magnetic field
in the device. To meet the resonant condition, one
need[15]:

w
— > 4x M+ H,
7

where  is the resonant frequency, 7 is the gyro-
magnetic ratio an H, is the anisotropy field of YIG
films, respectively. In either perpendicular or plane
direction of the YIG film, the relationship of 47 M;
=4nx M+ H. can be used. Therefore the follow-
ing equation is made :

= > 4r M+ 2H.
Y

Since the 4r M; for YIG in the literature is 1750
Gauss{15], the Ha of Y3FesOy. films obtained in
this sutdy is calculated as H.= 225 Oe.

In summary, the polycrystalline Y;FesOy, films
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deposited on Al,03(1102) plane at 700°C under O
partial pressure of 100 mTorr exhibit a textured
crystal structure. The YIG films showed the 4= M
er= 1300 Gauss and H,=225 Oe. This medium
value of 4= Mes is in working limit for a narrow
bandwidth frequency.

Table 1. Magnetic properties of Y;FesO.. films de-
posited on various substrates

deposition magnetic properties

condition film Resonance
(¢ /0. substrate thichness Linewidth

pressure) (pm) 4nMe 4 M, H. (AH)

(Gauss) (Gauss) (Oe)
700C MgO(100) 4.7 780 600 41.0 50
/100mTorr  Al,O; {0001} 6.2 900 600 38.0 35
(annealed) Al,0s(1102) 4.1 1300 700 37.5 20
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