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Yttrium Iron Garnet(Y;Fe;O;,) films have been succsssfully grown on(111)GGG wafer by KrF excimer
laser ablation of stoichiometric garnet target at the oxygen partial pressure, P(Q,), ranging 20 to 500
mTorr. During the deposition of the films the substrate temperature was maintained at 700 C and the
laser beam energy density at 7.75 J / cm?, Microstructure, composition and magnetic properties of the
films obtained were investigated as a function of oxygen pressure and thickness of the films. Epitaxial
films with a dense and a smooth surface were reproducible at a low oxygen pressure. The films of 2.75 x
m in thickness deposited at 20 mTorr of P(QO,) showed 4xM, of 1500 Gauss and H, of 3 Oe after annealing
at 800 T for 20 minutes, As-deposited films of 0.8 wm in thickness exhibited the 4xM; of 1730 Gauss and
H, of 7 Oe. The magnetic properties of the films obtained were almost identical to those of a single crys-

tal YIG.

I. Introduction

Ever since the laser ablation technique has been
successfully utilized in making thin films of good
quality superconductors[1, 2], the technique has
been extended in preparing ferrites as well as
ferroelectric thin films(3~8). It is known that the
laser ablation technique renders special advantages
on depositing ferroelectric thin-films : The exter-
nal energy source allows to deposit such oxide
targets under high oxygen pressure without alte-
ring its film composition[1~9]. Since it has been
attemped to deposit garnet(YIG) films, it attrac-
ted great interests to demonstrate its application in
the MSW devices. In recent years special interest
of microwave devices has risen in telecommuni-
cation system such as YIG film for magnetostatic
wave filter of delay lines. It is also known that
YIG single crystal shows the lowest insertion loss
which is generally expressed by ferromagnetic res-
onance linewidth(aH). YIG single crystal shows
the resonance linewidth of 1 Oe which would be a
milestone value for the applications of YIG films.
Thus many attempts have been made to prepare
YIG epitaxial films on GGG substrate by LPE

technique[12, 13]. The present study was attempt-
ed to demonstrate feasibility of producing a high
quality YIG films by controlling oxygen partial pre-
ssure and lasing energy density utilizing a KrF
excimer laser,

[I. Experimental

Stoichiometric composition(Y;Fe:0;,) of poly-
crystalline materials with 99.9 % purity(MetVac
Technology) was used for target and a GGG single
crystal of (111) substrate was selected to achieve
epitaxial YIG films, The deposition was carried out
using KrF excimer laser(A =248 nm) with a 20
nsec pulse duration and at 10 Hz repitition rate in a
vacuum chamber starting with a basis pressure at
4 % 107° Torr. The laser beam was focussed to an
energy density of 7.75 J/cm’ onto the target
which was rotated at 3 rpm during deposition.
Substrate temperature was controlled between 600
~ 800 C during deposition and cooling rate of 3 C
/min down to 300 C after deposition was con-
trolled by programming.

Film thickness was measured by an “Alpha step”
(Tencor Instrument), topography was checked by
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SEM and TEM, crystal structure was indentified
by XRD, and chemical composition was analyzed
by EDS technique, Magnetic properties were
characterized by a vibrating sample magnetom-
eter(VSM). Fig. 1 illustrates the experimental set-
up for film deopsition,

Convex
Mirror lens

f O H Window %

Substrate ./ Target

Heater

KeF 0
excimer
laser

Remote controller gas

Fig. 1. Experimental set up of KrF excimer laser de-
position set-up used in the present study.

M. Results and discussion

1. The effect of oxygen partial pressure on the
microstructure, composition and magnetic prop-
erties of YIG films

X-ray diffraction patterns of the films deposited

on a (111) GGG under different oxygen pressures
revealed a strong partial pressure dependency of
crystal orientation as shown in Fig. 2. In this study
as-deposited films at P(O,) of 20 mTorr exhibited
a textured structure of (631) orientation on (444)
GGG plane. Epitaxial films of YIG were reported
to be obtained only after annealing the as-de-
posited films at 700~800 w©[15 17]. Fig. 2(a")
shows the magnified peaks of (631)YIG and corre-
sponding (444)GGG substrate. At the same time
(e) shows the corresponding (444)GGG peak
which clearly indicates the heteroepitaxial films of
(631)YIG on (444)GGG. The splitted peak from
(444)GGG is due to the presence of twins in GGG
single crystal. Above P(Q,) of 20 mTorr all the as-
deposited films revealed the presence of (420),
(332), (422), (840), (221) and /or (640) although it

— 129 —

300000 T
? §' (a") §
150000 | _
§
0 ! “ A 1 L '\M
300000
5 5
150000 ) : )
- 48.0 505  53.0
& . 20 (deg.) |
0 1
:é g () = -
Aa : @ §
£ 150000
0 1 I_ 1 1 )
300000 @ n J n
\ 8
150000 48.0 50.5 53.0
20 (deg.)
020 40 60 80 100 120
26 (deg.)

Fig. 2. X-ray diffraction patterns of the YIG films on
(111)GGG substrate deposited at 700 T with 7.75
] /cm? of laser energy density at oxygen pressure of
(a) 20 mTorr, (a’) magnifeid peak of (a), (b) 100
mTorr, (c) 300 mTorr, (d) 500 mTorr, and (e) corre-
sponding (444) peak from GGG substrate, respect-
ively.

is not clearly shown in Fig, 2. But the magnified X
-ray diffraction pattern obtained from a small scale
chart showed the peaks mentioned above. This
fact was also true for the films after annealing. It
is an indication of poor crystal growth or presence
of amorphous phase which will be discussed in the
latter section. Fig. 3 is SEM topography showing
the film surface and cross sectional view of films
prepared at P(Q,) of 20 mTorr and 500 mTorr, re-
spectively. The influence of oxygen partial press-
ure on the microstructure is generally known that
depositing with increasing oxygen pressure causes
ejection and splash of submicron particles from po-
rous target body due to the expansion of oxygen in
the pores(8, 9]. However, in the present study
such particles were not evidenced on the surface of



Fig. 3. SEM topographs showing (a) film surface, and
(b) cross sectional view of the films deposited at oxy-
gen pressure of 20 mTorr, and (c) surface, and (d)
cross section of the films deposited at oxygen press-
ure of 500 mTorr, respectively.

films prepared even at 500 mTorr, On the other
hand with increasing P(0O,) from 20 to 500 mTorr,
the cross section of films shows a columnar struc-
ture of clusterd crystals inducing rough surface, It
is suggested that as increasing oxygen pressure,
the oxygen molecules or radical near the film sur-
face cause an active gas scattering which leads the
ablated particles to lose their high energy, surface
migration may become slow down, Eventually it
results in non-uniform structure.

The ferromagnetic resonance linewidth(AH), a
milestone of insertion loss of microwave character-
istics, is expressed below[17] :

AH= AHuge+ | -5 | +15( M) p
M, u

where P is fraction of porosity, AHisinge is the
linewidth of single crystal YIG, K, is anisotropy
constant, M; is the intrinsic saturated magneti-
zation, and x is permeability of the corresponding
composition, Magnetic ferrite films for microwave
application require low AH which is dependent on
both crystal anisotropy and porosity as shown
above. Accordingly microstructure-dependent pr-
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operties such as a low anisotropy, Ha (=K,/M,),
and a dense structure are essential when g is fixed.
In this respect the films prepared at P(O,) of 20
mTorr in the present study was found to be suit-
able,

Fig. 4 shows chemical analysis results of the de-
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Fig. 4. Oxygen partial pressure dependency of compo-
sition of the YIG films on (111)GGG substrate de-
posited with 7.75 J /cm® laser energy density at 700 C
substrate temperature,

posited YIG films in atomic percent of Y and Fe.
It is encouraging to note that Y and Fe contents
show almost invariant as a function of oxygen
pressure, however, with approximately + 2 % vari-
ation.

In microwave region it is desirable for the mag-
netic ferrite films to have a high saturation mo-
ment(4xM,) in order to increase resonance fre-
quency and high attenuation of signals. Also a low
anisotropy field(H,) is required for a small AH as
shown in the equation above. Fig. 5 shows hyster-
esis curves measured along in-plane direction of
the films prepared at P(0Q,) of 20, 100, 300 and 500
mTorr, respectively. The substrate temperature
used was 700 €. As the P(0O,) increases squar-
eness of the hysteresis loops appeared to be poor
with a decreased 4rM,, while H. increases. Of the
hysteresis loops the films deposited in 20 mTorr
showed a loop with good squareness to have a high
4= M, and a low H, as well. The measurements were
made applying the external magnetic field of 200
Qe. Fig. 6 shows the variation of both 4xM, (plot
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Fig. 5. Hysteresis curves of the YIG films on (111)
GGG substrate deposited with 7.75 J /cm’ laser en-
ergy density under oxygen pressure of (a) 20 mTorr,
(b) 100 mTorr, (c) 300 mTorr, and (d) 500 mTorr, re-
spectively. The curves were measured along the in-
plane direction,
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Fig. 6. Oxygen pressure dependency of (a)saturation
magnetization{(4xM,) and (b) coercivity(H,) of the
YIG films,
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a) and H.(plot b) of the films prepared at P(O,) of
20, 100, 300 and 500 mTorr. The comparison was
made before and after annealing the films at 800 C
for 20 minutes. It is shown that magnetic satu-
ration of the films has been improved after
annealing. The magnetic saturation varies in a lin-
ear trend such that 4xM, decreases from 1500 to
1100 Gauss as P(Q,) increases from 20 to 500
mTorr, while at higher P(0,) the as-deposited
films decrease sharply from 1350 to 330 Gauss. The
decreasing trend of 4=M, with increasing in P(O,)
is possibly attributed to the fact that excess oxy-
gen gas scattering causes a rapid cooling effect on
the formation of ablated garnet particles on the
substrate. Such a reaction forms a off-stoichio-
mertic composition in lack of oxygen of the film
material that reduces 4xM, value. During annealing
treatment, however, access oxygen could be sup-
plied to approach stoichiometric composition which
resulted in an enhanced 4nM,. Regarding the trend
of H, it shows an increasing trend up to 100 mTorr
oxygen partial pressure and beyond it slightly
decreases. It seems that beyond 100 mTorr a little
effect on H,, while the effect is considerable on 4«
M, It is interesting to note that H. values were
measured to be low after annealing. However, H,
of the films deposited at P(0,) of 20 mTorr was 3
Qe, which is still higher than that of single crystal
YIG( 1 Oe).

2. Thickness dependency of YIG film structure and
magnetic properties

Magnetic thin film application in microwave fil-
ter is known to require its minimum thickness of
several xm[16]. To observe the effect of film
thickness on its structure and magnetic properties,
thin films at P(O,) of 20 mTorr, in which the best
quality was obtained, were fabricated with a lasing
energy of 7.75 ] /cm® in a range of its thickness
from 0.8 to 2.75 gn. X-ray diffraction analysis of
the films in Fig. 7 revealed that the films with its
thickness of 1.53, 1.92 and 2.7 gm indicate two
strong peaks, (221)/(631) for YIG phase and
(444)GGG substrate. It is evidenced that (631)
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Fig. 7 X-ray diffraction patterns obtained from the
films under oxygen pressure of 20 mTorr at 700 C
substrate temperature, (a) for the films of 1.53 pm
thick, (b) for 1.92 gm, and (c) for 2.7 zm thick.

of YIG phase has preferentially increased as de-
crease in its thickness, This certainly suggest that
an epitaxial film has been successfully grown, The
lattice mismatch between (444)GGG and (631)YIG
film was calculated to be only 5.42 %. The effect
of thickness on magnetic properties was also
observed as shown in Fig. 8. The magnetic proper-
ties were characterized on the basis of hysteresis
curves shown in Fig. 5 In Fig. 6 the squareness
(figure of merit) of the curves has been improved
as increase in the film thickness. Both 4xM, and H,
were measured to decrease with increasing the film
thickness. As compared with 4=M, for bulk YIG
(1750 Gauss), that of the thin film(0.8 m) rea-
ched 1730 Gauss and H, for bulk single crystal
YIG(1 Oe) compared with 2.5 7 Oe for film YIG,
the possibility for an use of microwave devices
may be a compromse between 4zM, and H,. It is
speculated that the thinner films at 700 T
substrate can be annealed in the chamber during
deposition, and result in magnetic quality as good
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as that of the intentionally annealed films, H. in
Fig. 8 increases monotonically with decreasing the
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Fig. 8 Variation of magnetic properties as a function
of the films deposited at the substrate temperature of
700 C under oxygen pressure of 20 mTorr,

thickness. Since the preferred orientation of (631)
diminishes as the film thickness increases, the
coercivity measured along in-plane direction sho-
wed decreasing values as increase in the film
thickness. Besides, the magnetostatic energy act-
ing through the film thickness may also induce an
increased coercivity along the plane direction[19].

IV. Conclusion

Heteroepitaxial YIG thin films on (111)GGG
substrate have been successfully deposited using
KrF excimer laser ablation technique. Appropriate
depositing conditions were determined by contro-
lling laser energy density, oxygen partial pressure
and substrate temperature. The deposition were
performed at 7.75 J /cm® of lasing energy density,
700 ¢ of substrate temperature, in a range of oxy-
gen partial pressure from 20 to 500 mTorr. This de-



€97=E» Magnetic Properties of Heteroepitaxial Y;FesOy, Films - — C. J. Yang and S. W, Kim

position ftechnique has produced a potential quality
of YIG films with uniform stoichiometry and little
variation as a function of oxygen pressure. The ef-
fect of oxygen pressure and the film thickness on
magnetic properties was observed. It was found
that annealing the as-deposited films at 800 ‘C for
20 minutes enchanced 4= M, further. The films with
0.8 am of thickness, which were deposited at 20
mTorr, showed the best magnetic properties.
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