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a: SnO, amorphous thin film

b: SnO, grains (4 nm)
c: SnO, nanowires
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a: SnO, amorphous thin film

b: SnO, grains (4 nm)
c: SnO, nanowires
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CIght Scatierng firemiViagnonsiand PRenens
In Y, Bi,Fe:O,, ( BI-YIG ) Single Crystals

2. Brillouin light scattering from Bi-YIG crystals

4. summary



The crystal structure of Y, , Bi, Fe:O,,

Yitrium! Iren: garnets of the
composition: Y Fe.O,, (YIG),
WRHICHIIS a typicali fernmagnet,
have been  Important 1o
microwave and mMagnelo-optic
technoelogy.

[Fe,le O, (YIG)

The structure of Y;Fe.O,,

doping Bic*
Fe3* (octahedral, a sites)
[Fe, ]2 O,



'he' Faraday: rotationt: andl Keer rotationd;, as wellkas
the Curie temperature,ofi BI-YIG Increase with the Bl
concentration:

BI-YIG
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The magneto optic —enhanced effects on Bi-YIG have
attracted considerable experimental and theoretical interest
In the past, various mechanism of the effects proposed. The
physical origins of these effects are not clear so far.
Thorough theoretical and experimental description to their
origins is still needed.

2. The substitution of Y with Bi in YIG may relax the selection,
initially forbidden transitions in YIG are possible or allowed
transitions are srengthened.



Experiment: samples and their compositions

Five slab samples cutting from bulk crystals with x=0,
0.14, 0.36, 0.54 and 0.92, respectively, all of size ~

2x 2 x 1 mm3, are selected for Brillouin light scattering.



Experiment: equipments and scattering geometry

Objective lens

Laser beam
protection :‘] Polarization

i}
¥1 s analyzer
Catching mirror - / v

Double
shutter

Entrance

Sample  Half wave pinhole

Photomultiplier

Laser

mirror I
% - Exit shutter
Acoustic optic Mirror and
modulator

splitter end cap

A JRS tandem Fabry-Perot interferometer

(3+3 systems) for BLS

- 1L = gre T
180" scattering geometry: g

BS
Probe

Magnet Beam

To tandem
Bismuth substituted Fabry Perot

yttrinm iron garnet
BLYIG) W | _>

From laser



Iihe breadening and dewnshift effect of Iaser Power 6n magnen

When laser power exceeds 25
mW, the spectra deteriorate
drastically: the peaks weaken and
widen markedly with decreasing
frequency shift and intensifying
anti-symmetry. It shows that
large-power excitation could affect
the magnetic order of the crystal
Bi-YIG and produce widening of
spectral lines.

Low power of 5 mW, the lowest
In BLS for BI-YIG, was used and
the results were good, showing
development in interferometer.




Effect of Bismuth concentration on sound velocity

Bi-YIG(x=0.92)

Bi-YIG(x=0.54)

Bi-YIG (x=0.14)

Bi-concentration dependences of the sound velocity
of the LA phonon propagating along ( ) and the
lattice constant of Bi-YIG

The LA sound veloeity:V, :

V| =7.18x10° cm/s for YIG
V,=6.71x 10°cm/s for Bi-YIG (x=0.54)



Scattered intensity and the band width of bulk magnons

The scattered intensity of Bi-
YIG at x = 0.92 is taken as the
reference. The relative intensity of
Bi-YIG vs the concentration X Is
shown in the figure. The scattered
intensity increases linearly with x.

The bandwidth of bulk magnons
at ~1.8Koe is fitted using the standard
Lorentzian line shape. Af increases
from 060 GHz at x = 0 to
0.81,1,12,1.48,and 2.06, all in unit of
GHz, for x = 0.14,0.36,0.54, and 0.92,
respectively.



Polarized BILS spectra off magnoens frem BI-YIG as the
external magnetic field =, .

(@) Bi-YIG (x=0.92) (b) Bi-YIG (x=0.54)

@ H,=2.5KOe
o]S
H,= 1.8 KOe

H,=2.4KOe

-

I




The stiffness constant D, in BI-YIG

d: o, forx=0.92,0.54,0.36
Clo for x =0.36

b: o for x=0.54

a o forx =092 5

The magnon frequency @, should be
related to the effective magnetic field H,
and the magnon wavevectork.,, for k__/H, ,
by the dispersion relation:

1)

y is the gyromagnetic ratio, H, should the
external field and both the anisotropic
field and demagnetizing field (H, =
Hoopi tHan tHgemag) - Dex 1S the spin wave
exchange stiffness constant and 4zV is
the saturation magnetization. D, and
47M, are taken as parameters fitted to the
experimental data.

The dispersion relation for our

experiment:

(2)



TABLE 1. The stiffness constant D, , and saturation magnetation 4xM, in Bi-Y1G

Concentration Shiffness Constant E'm;.-"ll]'P Oe con™ Saturation Magnetzation 8=
X 25 mW 30 W * S and 25 mW 30 mW*
0.00 . 4 5.4 1753
0.14
0.36
0.54
0.92

Y, BiFe O,

® for 25 mwW y
A for5 mWw e
-
&

- ®
-
A ~
o




New weak peak o, In Bi-YIG

Bi-YIG(x=0.92)
0 =16.8 GHz
® =9.31 GHz

Bi-YIG(x=0.54)
0 =14.68 GHz
0 =9.18 GHz

Bi-YIG(x=0.36)
o =13.13 GHz
©.=9.04 GHz

BLS spectra of the bulk magnon o, and weak peak o, for different Bi
concentration in exteral magnetic field of 2.5 kOe.



BLS spectra of magnons of Bi-YIG (x=0.92) at 457.9 nm ( 8,=20%H =3.3
kOe ) and 514.5 nm ( 8,=20°¢, 60 % H =3.3 kOe) excitations, respectively

> =457.9 (nm)
6, = 20 (deg.)
H = 3.3 (KOe)

1= 5145 (nm) Iiher freguency: off surface

6, = 20 (deg.)

H=33 (kOe) magnon @, could herdeterminted
according to the theory: of
surface magnoen.

A =514.5 (nm)
6, = 60 (deg.)
H = 3.3 (KOe)




Magnetic-field dependence of the weak peaks in the Bi-YIG at 514.5
nm. The squares, triangles, and circles are data for x= 0.92, 0.54,and 0.36 .
The dash line is fitted from the formula.




3. Raman scattering from Bi-YIG crystals

Tihe enhancement of the magneto-optic coupling) ewingl ter The: Bi-
deping makes;an oppertunity’ ol eptic magnon In. the magnetic matenals.

The result will® provide usefull 1nformation; for studying) the
relationship between the Bil concentration; ther microstructure: off Bi-YI1G
crystals, and thenr magnetic and mechanical properties i the: magnon: Is
found.

The crystal structure of BI-YIG and Raman active phonons:

The crystall structure: ofi BI-YIG belong to the space greup o (lasd),
ISomorphic te that of YIG.™ Since CORtaINS the IRVErSIon Operator,
the A= 0 phonons; are either infrared active ,Raman active, or silent.



Crystal orientation and selection rules

Phonon

SvYImmetrv




Polarized Raman spectra of Bi-YIG with Bi-concentrations x = 0, 0.14,
0.36,0.54 and 0.92 at room temperature using 514.5 nm argon emission

E E x50% _
E A EAEA x=0




Raman spectra of Bi-YIG (x=0.92)with four different laser lines at 100 ° K

514.5 nm

488.0 nm

Einally, the observed process Is
Indeed a first order scattering rather
than| a fluerescence was: confirmmed by
observing the anti-Stekes: line. at 40
° K, where



Polarized Raman spectra of Bi-YIG (x=0.92)measured at various temperatures
between RT and 10 °K in VV and VH scattering geometry

Y, Bi FeO

208 092 5 12




Polarized Raman spectra of Bi-YI1G(x=0.92) measured at higher temperatures in
VH scattering geometry




Polanzedl Raman spectra ofi BI-YIG (X=0.54)measureadl at
varieus temperatures between RIT and 108 °K in VV: and VH
Scattering geometny.

Y, .Bi . FeO, Y,.46Bl054F€50,,

246 054 5
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More detailed evidence for the identification of the one-magnon process is
given by the temperature dependence and symmetry properties of the scattered

light:

1. The position of the 273 cm-1 peak is plotted versus temperature.
2. Both the magnitude and temperature dependence of the shift indicate that the
scattering is due to a single zone-center magnon.
3. We observe that the peak at 273 cm, the nonzero elements are o, and a.,,.
These observations agree with the selection rules obtained by Y. R. Shen.



Approximative calculation of the exchange resonance magnon

The exchange resenance firquency.
petween twos sublattice was: derived by,

Kaplanand Kitiel

W, :k(yz M~y Mp) (1)

Where Isi A the moelecular field
constant; y,y, the respective
gyromagnetic  ratios; anadl M, M.
the sublattice magnetizations.

®,, =Y HE’ @)
He = AM(1) IS the: exchange fieldr. M
IS the average sublattice magnelzatioen.

A can be calculated frem @ the
experimentally: measured quantities:.
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The substitution Y with Bi
decreases the intensity of
Raman shift in the range of
the lower frequency .

The appearance of the
exchange resonance magnon
not only depends on the Bi
concentrations in the crystal
but also on the exchange
interaction  between  the
octahedral sites and
tetrahedral sites.



Summany/

Inr BLS;, thie spin Wave exchange stiffeness constant D, IS VERY
sensitive the excitation power: soi that Iow: pewer sheuld used.
The behavior of'the bulk magnoeniIs opposite to LA phenens.

INot only the spiniwave exchange stiffiiess constant, but also
the relative intensity’ and the bandwidth off Bulk magnen
Increase linearly with x.

The substitutien Y with Bi softens the crystals and the
measured seund velocities of the aceustic phonens; decrease
lInearly  with X

As an external field 1s applied, the unifern magnetostatic
MOoGdEe appears.

I Raman scattenng, the exchange esonance mMagmnoms are
firstly: obhserved in BI-YIG(x >0.54).



SuUmmary.

The appearance of the exchange esenance magnon noet enly
depends on the Bl concentrations in the crystall but alse en
the exciliange Interaction etween the oetelgl=elfzlSiiss zig/cl

letranedral sites.



Thank you!
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