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Thick Epitaxial YIG Films
with Narrow FMR Linewidth

I.I. Syvorotkd”, I.M. Syvorotka and S.B. Ubizskii

Abstract. The La-doped yttrium iron garnet (YIG) fims FMR linewidth was measurement at frequency 3 GHz by
with thickness up to 13@m were grown by liquid phase non-destructive FMR spectrometer based on the local
epitaxy (LPE) method. All grown thick films demonstratexcitation of magneto-static wave (MSW) resonance in a
“mirror” and “striation” types of surface morphology that small area of the film under a bias magnetic field with hole-
depend from film growth temperature and thicknes$ke profile. Such magnetic profile is created by a small hole
Addition of BOj; is favourable to a change the surfacein a one of electromagnet pole located close to the film
morphobgy into a “mirror” one. The mechanisms of thesurface. The MSWs are excited by the electromagnetic
morphological changes are discussed. It was found that ti@ves emanating from short-cut waveguide positioned in a
ferromagnetic resonance (FMR) linewidth appreciablynagnet pole hole.
depends from surface morphology of grown films. For thick
films with “mirror” surface the FMR linewidth is less than Ill.  RESULTS AND DISCUSSION
0.8 Oe and more than ten times less in comparison with filmsgne ofthe main parameters determining the LPE film

with “striation” surface. growth technological conditions is a concentration of the
crystal-forming oxides into the melt. An extraction of the
garnet-forming oxides from the melt occurs during the film
growth process. It results in the change of crystal-forming
oxide concentration in the flux and in such a way changes
the solution saturation temperature in time. If the film
The ytrium iron garnet ¥Fe;01; (YIG) is one of the most growth temperature within the LPE process is kept up
important garnets for microwave applications because of igonstant then it leads to continuous decreasing of the
narrow ferromagnetic resonance (FMR) linewidth thagupercooling degree and growth rate as well as to changes of
reaches values about 0.6 Oe [1] and corresponds to very lgw film composition and its properties over the growing
microwave loss. Due to the very slow magnetic relaxatioayer thickness. Using series of some simple additional
process in these materials, magneto-static surface a#¢periments the main growth-strategy parameters for growth
volume waves can propagate in the garnet film allowing asf thick YIG:La films with different diameters were found.
analogue signal processing directly in the microwave rangehe growth rate change with temperataf&®T and growth
Devices like filters, delay lines, oscillators and circulatoreemperature change with extracted mass of gadf&m

have been designed using such garnet films. At this mafiyund for charge of the total mass 5 kg are presented in the
devices need films with thickness more than fewaple 1.

micrometers that cannot be obtained with pure YIG grown
on gadolinium gaIIium garnet (GGG) substrate without _Table 1. Main growth-strategy parameters for grown YIG:La films
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|. INTRODUCTION

mechanical stresses and cracks induced by a lattice o eter inch of /0T , um/min/°C 0T/dm, °Clg
parameter mismatch of about 0.007 A [2]. '
This work is devoted to growth conditions investigation 2 -0.034 2.2

3 -0.040 -3.2

for the thick epitaxial La-doped YIG films and influence of

their surface morphology on the FMR linewidth. To keep a constant growth rate the film growth

temperéure is decreased as a rule for each subsequent film
_ ) ) ~in series, or it is fluently going down during growth run for
The ganet films with nominal composition thick films. The valueAT, of temperature lowering for

Y29d 800601, Were grown by standard liquid phasegrowingfilm with needed thickness was calculated by
epitaxy(LPE) method on (111)-oriented GGG substrate with

2 and 3 inch diameters from a supersaturate_d melt based@f; — phnD{D + l} B"l Q)
the PbO-BO; flux. All technological experiments were 2 om

carriedout on air using the five-heating-zone LPE furnace . e . .
“Garnet-3" (LPAI, France). The growth temperature wa _herep is garnet densityh is film thicknessD is substrate
varied in the rang,e 900...1000 °C iameter andl is substrate thickness.

Using found growth-strategy parameters and (1) the
G:La films with thickness up to 13(0m at growth rate

Il. EXPERIMENTAL

The surface morphology of grown films was observe
using the phase interference contrast mode of polarizi d

microscopeECLIPSE LV100 POL (Nikon, Japan). -1...0.8pm/min was successfully grown.

The grown films demonstrated two type of surface
! SRC “Carat”, R&D Institute of Materials, Lviv, Ukraine morphology. The first ty_p_e was a “mlrrqr” _f||m surface, and
2Lviv Polytechnic National University, Lviv, Ukraine the second was classified as a “striation” one [3] and
" syvorotka.jr@gmail.com presented in Fig.1.

International Conference on Oxide Materials for Electronic Engineering OMEE-2012



265

GHz of the YIG:La films with different thickness. With
a) b) increase of the film thickness a number of resonance lines
decreases. The FMR measurements on the thin films with
thickness a few micrometers showed very narrow linewidth
of less than 0.4 Oe (Fig.a@ The linewidth of main
resonance peak for thick films with “mirror” surface was
0.8 Oe. The best result of FMR linewidth is 0.47 Oe showed
film with thickness about 80um (Fig. ). This is
significantly lower then for films with “striation” surface

Fig. 1. Surface morphology of thick YIG:La films, classified as morphology. Such films showed the linewidth in range
“mirror” (' a) and “striation” ( b). Magnification is x400 on both photos. 8..10 Oe

Surface morphology dependence from the film growth
temperature and thickness for YIG:La films grown from flux
with different BO; content is shown in Fig.2.

Fig. 3. The typical FMR spectrum at 3 GHz for YIG:La films with
thickness 6pum (a) and 80pum (b).

IV. CONCLUSIONS
Fig. 2. Surface morphology dependence from the film growth

temperature and thickness. Thick Y,gslagoF60;, epitaxial films demonstrate the

“mirror” and “striation” type of surface morphology that

The mophological change for the thick YIG:La films depend from film thickness and growth temperature and
with increase in film thickness and growth temperature f&uld be explained by change of growth mechanism from
essentially attributed to the fact that the (111) face fdfinetic to diffusion one. The flux compositions can also
garnets is an atomically rough “K-face” (kinked plane) andffect the mechanism for the growth process. It was
that the (110) and (211) faces are atomically smooth af§tablished that the FMR linewidth strongly depend from
stable “F-face” (flat planes) [4]. For “mirror” surface, theSurface morphology and is in about ten times less for
grovvth mechanism is normal (kinetic)’ since the (111) is uén"'rorﬂ films than in films with “striation” surface.

“kinked” plane for garnets. Solutes are easily incorporated

into crystals on the “K-face”. The surface irregularity ACKNOWLEDGMENT

observed on “mirror’ surfaces results from the substrate The wak was done in the frame of the bilateral Chinese—
surface irregularity. Ukrainian S&T cooperation project (M/44-2011).
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