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YIG Ferrite Thin-films Epitaxially Grown by Reactive Sputtering Method 
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Amorphous Y-Fe-0 thin-films were deposited on GGG (111) substrates using reactive RF 
magnetron sputtering method with Y2.84Fe5_160 12 ferrite sintered target. After that, the thin-films 
were post-annealed in air at temperatures higher than 650 degrees Celsius for 3 hours to be 
crystallized. In the XRD diagrams, large diffraction peaks from only YIG ferrite (444) or (888) 
plane were observed in the samples post-annealed at over 800 degrees Celsius. The half value 
width (~050) in the rocking curve for YIG ferrite (888) was as small as 0.13 degrees. These results 
proved that the YIG ferrite films have been grown in hetero-epitaxial manner on GGG (111) 
substrate with high orientation The YIG ferrite thin-films had reasonable saturation magnetization 
of 1.6 kG, relatively low coercivity of less than 3 Oe and small MI of around 70 Oe. The YIG 
ferrite thin-films are useful for microwave magnetic devices. 
Key words : YIG ferrite, reactive RF magnetron sputtering, amorphous Y-Fe-0, post-annealing, 
hetero-epitaxial growth 

1. INTRODUCTION 
Nowadays, YIG (yttrium iron garnet) ferrite bulk 

materials are widely used in magnetic devices such as 
isolators and circulators because of their low magnetic 
loss properties at microwave frequencies. In the near 
future, YIG ferrite thin-films are expected to be used in 
low height magnetic devices such as isolators, 
circulators, MSW filters, waveguides, etc. in the near 
future. 

Usually, YIG ferrite materials used in current isolator 
I circulator products, etc. are prepared by sintering 
process, and their height (typically about a half mm) 
disturb the further to decrease in height and size of 
devices. If preparation of the ferrite thin-films with good 
magnetic properties and low loss at microwave 
frequencies, the reduction of height of magnetic devices 
will be accelerated. 

Liquid phase epitaxy ( LPE ) methods are commonly 
employed for deposition of YIG thin-films with several 
ten to hundred micrometer thickness. Sputtering method 
is also useful for deposition of YIG epitaxial thin-films. 
However, high process temperature is needed to obtain 
crystallized YIG thin-films in these deposition processes. 
This is a very severe requirement from the viewpoint on 
mass production of the films. 

One of the authors, P. W.Jang, has succeeded in 
preparation of epitaxially grown YIG ferrite thin-films in 
combination of sputter-deposition at an ambient 
temperature and subsequent post-annealing at above 700 
degrees Celsius in the air [1 ]. The sputter-deposited 
Y-Fe-0 films are amorphous and are crystallized by 
post-annealing treatment [2]. 

In this paper, the effects of post-annealing condition 
on structural and magnetic properties of the YIG ferrite 
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thin-films were studied. 

2. EXPERIMENTAL 
YIG ferrite thin-films were deposited using a RF 

magnetron sputtering apparatus. Reactive sputtering was 
performed using Y2.84Fe5. 1~12 ferrite sintered target in 
argon and oxygen mixture gas. Total sputter gas pressure 
and oxygen partial pressure were fixed at 2.5 Pa and 
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Fig.l X-my diffraction peaks from YIG ferrite (888) 
plane. Upper four lines are for YIG samples annealed 
at 750 degrees Celsius. 
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Fig.2 Annealing time dependence of magnetic 
properties ofYIG ferrite thin-films. 
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0.125 Pa, respectively. RF input power was fixed at 5.1 
W!cm2

• The Y-Fe-0 films with a thickness of 2.5 - 2.8 
!Jlll were deposited directly onto the gallium gadolinium 
garnet (GGG(lll)) substrate with substrate heating at 
400 degrees Celsius. The Y-Fe-0 films were annealed in 
air at temperatures from 650 to 1050 degrees Celsius to 
be crystallized [1,3]. 

Measurements of magnetic and crystallographic 
properties and ferromagnetic resonance width (MI) of 
the YIG ferrite thin-films were performed using a 
vibrating sample magnetometer (VSM), X-ray 
diffi'action (XRD (Cu-Ka)), an electron spin resonance 
(ESR setup), respectively. 

3. RESULTS AND DISCUSSION 
Figure 1 shows X-ray diffi'action diagrams of YIG 

ferrite thin-films on GGG substrate. YIG ferrite 
thin-films were annealed at 750 degrees Celsius for 
various annealing time. The diffraction peaks are 
originated from (888) planes of YIG ferrite and GGG 
substrate. As-deposited sample shows no diffraction 
peaks from YIG(888) plane because the Y-Fe-0 film is 
amorphous. However, the ferrite thin-films sufficiently 
crystallized by over 30 minutes annealing. Diffi'action 
peaks from YIG ferrite (888) plane shifted toward higher 
angle with increasing post-annealing time. At 
annealing time of 120 min., the diffi'action peaks from 
YIG ferrite (888) overlap with those from GGG (888) 
substrate showing no lattice mismatch. 

Figure 2 shows annealing time dependence of 
magnetic properties ofYIG ferrite thin-films annealed at 
750 degrees Celsius. Significant change in saturation 
magnetization and in-plane coercivity were not observed 
when the annealing time was changed from 30 to 180 
min. This is probably due to the fuct that YIG ferrite 
thin-films are sufficiently crystallized by over 30 
minutes post-annealing. Only change in lattice spacing 
was caused depending on post-annealing time. In the 
following experiments, annealing time was fixed at 180 
minutes. 

X-ray diffraction diagrams of YIG ferrite thin-films 
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Fig.3 XRD diagrams of YIG ferrite thin-films 
annealed at various temperature. 
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Fig.4 X-ray diffraction peaks from YIG (888) 
plane. All samples were annealed for 180 minutes. 

annealed at various temperature were shown in Fig.3 
and Fig.4. Amorphous Y-Fe-0 ferrite thin-films were 
crystallized by post-annealing at over 650 degrees 
Celsius. X-ray diffraction peaks intensity from YIG 
ferrite (888) plane shown in Fig.4 were one thousand 
times as large as that from another planes shown in Fig.3. 
The YIG ferrite thin-film annealed at 1050 degrees 
Celsius showed only one peak from (888) plane. 
Diffraction peaks from YIG ferrite (888) plane shifted 
toward higher angle as annealing temperature becomes 
higher. The sample annealed at 750 degrees Celsius had 
no lattice mismatch with the GGG substrate. Lattice 
spacing for bulk YIG ferrite (ao=l.2380 mn) is slightly 
smaller than that ofGGG substrate (ao=l.2383 mn). The 
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Fig.5 Rocking curves of YIG ferrite thin-film and 
GGG substrate. 
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Fig.6 Annealing temperature dependence of 
mrumetic orooerties ofYIG ferrite thin-films. 
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lattice spacing for YIG ferrite thin-film deposited on 
GGG substrate was larger than that of the bulk YIG 
ferrite because of the influence of the substrate. High 
temperature annealing treatment made the lattice spacing 
for YIG ferrite thin-film close to that for bulk YIG 
ferrite. 

Figure 5 shows rocking curves of the YIG ferrite 
thin-film annealed at 850 degrees Celsius and the GGG 
substrate. The half value width (.6.950) in the rocking 
curve for YIG ferrite (888) was only 0.13 degrees and 
coincided with that of GGG substrate. This value is 
limited by the XRD slit resolution. These results proved 
that the films have been grown in hetero-epitaxial 
manner on GGG (111) substrate with high orientation. 

Figure 6 shows annealing temperature dependence of 
magnetic properties of YIG ferrite thin-films. 
As-deposited sample showed nomnagnetic behavior 
even when magnetic field of 15 kOe was applied. 

1. 8 
Annealed at 1050"C 

1.2 850"C 
,......, 
C!:J 

750"C .::.::. ........ 0.6 
s::::: 

650t 0 

+-' 0 tU 
N 

+-' 
~-o. 6 
bO 
tU 

::::11!! 
-1.2 

-100 -50 0 50 100 150 
Magnetic Field [Oe] 

Fig.7 In-plane M-H loops ofYIG ferrite thin-films 
annealed at 650, 750, 850 and 1050"C. 
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Fig.8 Annealing temperature dependence of AH 
ofYIG ferrite thin-films. 

Saturation magnetization of the YIG ferrite thin-films 
increased with increasing annealing temperature. The 
thin-film annealed at 1050 degrees Celsius showed 
saturation magnetization of 1.7 kG which is almost same 
as YIG bulk. In-plane coercivity gradually increased 
with rising annealing temperature. 

Figure 7 shows M-H loops of YIG ferrite thin-films 
annealed at 650, 750, 850 and 1050 degrees Celsius. 
YIG ferrite thin-films annealed at 650 and 750 degrees 
Celsius showed very soft magnetic properties. However, 
the M-H loops of the samples annealed at over 850 
degrees Celsius show peculiar shape which is seen for 
the film with perpendicular magnetic anisotropy. As can 
be seen from Fig.4, the YIG film annealed at over 850 
degrees Celsius were subjected to tensile stress from 
GGG (111) substrate. The perpendicular magnetic 
anisotropy was induced by the stress. 

When the YIG ferrite thin-films are used in 
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microwave magnetic devices, ferromagnetic resonance 
width, MI, is a very important index because it relates to 
magnetic loss at high frequency. Annealing temperature 
dependence of MI of the YIG ferrite thin-films is shown 
in Fig.8. MI decreased with increasing annealing 
temperature and leveled off at 70 Oe at 700 degrees 
Celsius and above. The MI value of the YIG bulk ferrite 
used in current circulator and isolator products was 
50-60 Oe [4]. The YIG ferrite thin-films are promising 
to be used in new type low height isolators or circulators 
which the authors designed [5]. 

4. CONCLUSIONS 
YIG ferrite thin-films prepared by combination of 

sputter-deposition and subsequent post-annealing have 
been grown in hetero-epitaxial manner on GGG (111) 
substrate with high orientation. The YIG ferrite 
thin-films post-annealed at 1050 degrees Celsius had 
saturation magnetization of 1.6 kG, low coercivity of 
less than 3 Oe and small MI of 70 Oe. The YIG ferrite 
thin-films are useful for microwave magnetic devices. 
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