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Resolution ca. 10 cm-1
Sample Volume: ca. 1 liter

Exposure time: ca. 40 hours

435.8 nm (Hg-line)
anti-Stokes Stokes
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(3-5)  式中若：

或者

即为Stokes散射

若(3-5)式为：

或者

即为反Stokes过程。

（3-6）和（3-7）式 分别代表正反Stokes散射的能量守恒和动量守

恒。
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Ḭ ῼᾒṿῘ̢Ḭ ῼᾒṿῘ̢ CClCCl44 ))
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随着粒径的减小，庞大的比表面，键态严重失配，出现许多活性中心，使纳米材料
具有极强的吸附能力
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实例小结

上述举例说明；拉曼散射可以用于材料的鉴定，晶上述举例说明；拉曼散射可以用于材料的鉴定，晶

体的完整性的研究等等。体的完整性的研究等等。

另外以下原因可能造成动量守恒被破坏；

1.     ♁ ̦ ̦ ɡ

2、 固体中原子的排列为无序状态（非晶态）。

3ɠ Ἣ Ἣ ̢ ῼḣ ̣ɡ

4、 列向无序性（如在NH4Br中）。

在这些情况下，整个布里渊区的波矢都参加散在这些情况下，整个布里渊区的波矢都参加散

射。我们观察到声子的单声子态密度，不同频移下的射。我们观察到声子的单声子态密度，不同频移下的
散射强度往往代表了元激发的态密度。散射强度往往代表了元激发的态密度。
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הּ ᾒ ᷊ꜗ ̢Laser line rejection – Notch Filterṣ
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ὡ הּ ̴ ά （（SpectrometerSpectrometer ––
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ṙ ṙהּ הּ FabryFabry̧̧PerotPerot̢̢FPFP̣╪̣╪

ᾒהּ ὡἍ ̴

mλ = 2 nd1cos θ
הּ (FSR)̴

FSR =  C光速/2d1

ῼ(F, ῼ)̴

F = FSR / Δν
 ḇῼ̴

C = Imax./ Imin. ≈ 4F2 / π2 ≤ 105
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Dr. Dr. J.R.SandercokerJ.R.Sandercoker FF--P P ╪ ☿ ḣ☿╪ ☿ ḣ☿

1
p

pC C=

1 1
2

1(2 1)p
pF F−= − ⋅

‖ FPᾒ ḇῼ̴

‖ FPᾒ ῼ̴

ᾒ‖Ᵽ ṙ הּ
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ἐ ‖ FP

ά ‖ FP
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SnO2的一些基本性质及应用

基本性质：宽带半导体氧化物，禁带宽度为（3.89 ev)。
具有优异的光电性能和气敏特性。

基本应用：气敏元器件、催化剂、电极材料、染料太阳

能电池、晶体管等。

纳米SnO2材料将其体材料的上述性能得到了进一步的提
高，引起人们的广泛重视和研究。对纳米SnO2材料的电
学，光学特性和纳米结构探讨，有助于制备出性能更优异
的纳米SnO及它们的复合材料，为此已有许多理论和实验研
究结果发表。

为什么要深入研究纳米SnO2的原因？
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Ṙ ῼᾒⱣ
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̵
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SnOSnO22 晶体结构与拉曼活性的声晶体结构与拉曼活性的声子子

ᾲ ꜗᾒSnO2άᶩ 2♆Sn 4♆O
D4hɡ Ⱳ 18♆ ῠ ῼɡ

G= A1g + A2g + A2u + B1g + B2g +2Bu + Eg + 3Eu

הּ ̴ A1g + B 1g + B2g + Eg
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Ṙ ῼ ᾒ SnO2 ᾒ הּהּ
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多晶和不同颗粒尺寸纳米多晶和不同颗粒尺寸纳米SnOSnO22拉曼光谱拉曼光谱
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纳米纳米SnO22的拉曼谱形的宽化和非对称性的起因的拉曼谱形的宽化和非对称性的起因

( ) cos( )q A B qω π= +

2 2 21

20
0( ) exp( )

4 [ ( )] [ / 2]
q L dq

qω
ω ω ∝ −

− + Γ

∫

如晶体中存在位错等其他缺陷，声子波在其中的传播是衰减的，
即声子的特殊相关长度有限，导致动量守恒定则的松驰，即有一部分q≠
0 的声子也被激发。在拉曼光谱中，则表现为谱形的非对称化和宽化，

同时会引起声子谱的红移。

在这里为声子的频率；q 为声子的波氏；L为相关长度，它的大小直接反应晶
体中缺陷密度的高低，L值大，则缺陷密度低；Γ0 为完整晶体的拉曼谱半峰

宽。
考虑到布里渊区中心附近声子色散关系

（2）

利用方程 (1) 和 (2) 能计算出纳米SnO2 声子峰的红移，相关长度L与半峰宽 Γ 的关

系。

（1）



A1g 声子的红移Δω631 及其相干长度L与A1g 
声子峰展宽 Γ 之间的关系
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שׁ SnO2 ╪ ↑̢Ni)ᾒ
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ﬞ Ḭ ᾒ ╞: № ̴

1̴ № ᾒ ╞
̢molecular adsorption)

2̴ ᾒ ╞̦ ╞OH♣ H♣

(dissociative adsorption)

ῠּה ╞ ῠ ₉

frustrated translations:   200-500 cm-1

liberation mode:               500-1000 cm-1

OH bending:                      1500-1650 cm-1

OH stretching:                  2500-4000 cm-1
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结论：结论：

1.1. 我们的结果所示；当纳米我们的结果所示；当纳米SnOSnO22 颗粒尺寸减少时，其体颗粒尺寸减少时，其体

相振动特性逐步减弱，但其缺陷，表面和与尺寸相关的相振动特性逐步减弱，但其缺陷，表面和与尺寸相关的
特性被显示出来。特性被显示出来。 一个临界尺寸为一个临界尺寸为15 nm.15 nm.

2.2. 在颗粒尺寸低于在颗粒尺寸低于15 15 纳米时，出现在纳米时，出现在571 cm571 cm--11 处的强峰处的强峰
被指认为纳米被指认为纳米SnOSnO22 的表面振动峰。的表面振动峰。

3.3. 随着物质粒径的减小，庞大的比表面，键态严重失配，随着物质粒径的减小，庞大的比表面，键态严重失配，
出现许多活性中心，使纳米材料具有极强的吸附能力。出现许多活性中心，使纳米材料具有极强的吸附能力。
若干较弱的小峰是纳米若干较弱的小峰是纳米SnOSnO2 2 颗粒表面由于吸附水和颗粒表面由于吸附水和OHOH
基团引起的拉曼散射。基团引起的拉曼散射。



Light Scattering  from Light Scattering  from MagnonsMagnons and Phonons and Phonons 
in in Y3-x BixFe5O12 ( Bi-YIG ) Single CrystalsSingle Crystals

1. Bi-YIG structure and their applications
2.   Brillouin light scattering from Bi-YIG crystals
3. Raman scattering from Bi-YIG crystals
4.   summaryɠ

הּ



The crystal structure of Y3-x Bix Fe5O12

Yttrium iron garnets of the Yttrium iron garnets of the 
composition Ycomposition Y33FeFe55OO1212 (YIG),  (YIG),  
which is a typical which is a typical ferrimagnetferrimagnet, , 
have been important to have been important to 
microwave and magnetomicrowave and magneto--optic optic 
technology.technology.

{Y{Y33}}cc[Fe[Fe22]]aa(Fe(Fe33))dd OO1212 (YIG)   (YIG)   

doping Bidoping Bi3+3+

{Y{Y33--xxBiBixx}}cc[Fe[Fe22]]aa(Fe(Fe33))dd OO12 12 (Bi(Bi--YIG)YIG)

The structure of Y3Fe5O12

Fe3+ (octahedral, a sites )

Fe3+  (tetrahedral, d sites)
Y3+     (dodecahedral, c sites)
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The Faraday rotationThe Faraday rotationθθFF and and KeerKeer rotationrotationθθKK, as well as , as well as 
the Curie temperature,of Bithe Curie temperature,of Bi--YIG increase with the Bi YIG increase with the Bi 
concentration.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.

Mainly different opinions:

1.  New type of  transitions in Bi-YIG have been appeared

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.
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Experiment: samples and their compositions

Bi-YIG single crystals were grown by the flux method.  
The melt of constituent oxides with Bi2O3-PbO-B2O3 as 
flux was slowly cooled in Pt crucible.

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.
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Experiment: equipments and scattering geometry

A JRS tandem Fabry-Perot interferometer   

(3+3 systems) for BLS

Back scattering: The optic 
axis of a focusing and 
collecting lens is taken to be 
the x axis. The sample slab 
stands vertically on the holder 
in the gap of a magnet and its 
surface normal coincides with 
the axis.
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The broadening and downshift effect of laser power on   The broadening and downshift effect of laser power on   magnonmagnon

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.

-40 -20 0 20 40

P= 40 mw

P=30 mw

P= 25 mw

P= 20 mw

P= 5 mw

P=15 mw

In
te

ns
ity

 (a
.u

.)
Frequency shift (GHz)

BLS spectra of single crystal Bi-YIG (x=0.14)
at different excitation power

ɠ

הּ





Scattered intensity and the band width of bulk magnons

Bi-concentration dependences of the 
bulk-magnon relative intensity and 
linewidth (triangles and full circles)
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Polarized  BLS  spectra of  Polarized  BLS  spectra of  magnonsmagnons from Bifrom Bi--YIG as the YIG as the 
external magnetic field Hexternal magnetic field H0 0 ..
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ωs is determined to be scattering from magnon too by varying external 
field and scattering polariztion.
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The stiffness constant Dex in Bi-YIG
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Magnetic-field dependence of the bulk 
magnons frequencies ω and the weak peaks 
in Bi-YIG at 514.5 nm excitation. The 
squares, triangles, circles are data for x=0.92, 
0.54,and 0.36,respectively, the solid lines are 
fited from Eq.(2)

The magnon frequency ωm should be 
related to the effective magnetic field H0
and the magnon wavevectorkm, for km⊥H0 , 
by the dispersion relation:

(1)

γ is the gyromagnetic ratio, H0 should the 
external field and both the anisotropic 
field and demagnetizing field (H0 = 
Happl.+Han +Hdemag.) . Dex is the spin wave 
exchange stiffness constant and 4πMs is 
the saturation magnetization. Dex and 
4πMs are taken as parameters fitted to the 
experimental data.  
The dispersion relation for our 
experiment:

(2)

2 2 2
0 0( )( ) 4m ex m ex m sH D K H D K Mω γ π= + + +

2
0[ (1 2 )2 ]m ex sH D K N Mω γ π≈ + + −
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TABLE 1. The stiffness constant De x and saturation magnetation 4πMs in Bi-YIG

Bi-concentration dependence of the spin-wave stiffeness
constant Dex under 5 and 25 mW, respectively.
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New weak peak ωs in Bi-YIG

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

1.  Could it be a surface magnon?  2. Could it be a kind of density-states effects of    
magnon ? 
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BLS spectra of magnons of Bi-YIG (x=0.92) at 457.9 nm ( θ i =20°;H =3.3 
kOe ) and 514.5 nm ( θ i =20°, 60°; H =3.3 kOe) excitations, respectively

The  frequency of  surface The  frequency of  surface 
magnonmagnon ωωss could be could be determinteddeterminted
according to the theory of according to the theory of 
surface surface magnonmagnon..
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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. 
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3. Raman scattering from Bi-YIG crystals

The enhancement of the magnetoThe enhancement of the magneto--optic coupling owing to The Bioptic coupling owing to The Bi--
doping makes an opportunity of optic doping makes an opportunity of optic magnonmagnon in the magnetic materials.in the magnetic materials.

The result will provide useful information for studThe result will provide useful information for studying the ying the 
relationship between the Bi concentration, the microstructure ofrelationship between the Bi concentration, the microstructure of BiBi--YIG YIG 
crystals, and their magnetic and mechanical properties if the crystals, and their magnetic and mechanical properties if the magnonmagnon is is 
found. found. 

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

The crystal structure of BiThe crystal structure of Bi--YIG belong to the space group     (Ia3d), YIG belong to the space group     (Ia3d), 
isomorphic to that of YIG.  Since      contains the inversion opisomorphic to that of YIG.  Since      contains the inversion operator, erator, 
the the K K = 0 phonons are either infrared active ,Raman active, or silent.= 0 phonons are either infrared active ,Raman active, or silent.
There are 25 Raman active phonons which can be classified as 3A1There are 25 Raman active phonons which can be classified as 3A1g + g + 
8Eg + 14T2g8Eg + 14T2g

10
hO
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Crystal orientation and selection rules



What is the new peak in BiWhat is the new peak in Bi--YIG(x= 0.54, 0.92) ?YIG(x= 0.54, 0.92) ?
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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
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Raman spectra of Bi-YIG (x=0.92)with four different laser lines at 100 °K

Raman data were taken with four Raman data were taken with four 
different laser lines from argon laser, different laser lines from argon laser, 
in order to eliminate misidentification in order to eliminate misidentification 
of our Raman data duo to possible of our Raman data duo to possible 
fluorescence from trace impuritiesfluorescence from trace impurities..

Finally, the observed process is Finally, the observed process is 
indeed a first order scattering rather indeed a first order scattering rather 
than a fluorescence was confirmed by than a fluorescence was confirmed by 
observing the antiobserving the anti--Stokes line at 40 Stokes line at 40 
°°K, where                .K, where                .200 400 600 800
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Could it be a electronic Raman scattering or optical magnon?
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Polarized Raman spectra of Bi-YIG (x=0.92)measured at various temperatures 
between RT and 10 oK in VV and VH scattering geometry
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Polarized Raman spectra of Bi-YIG(x=0.92) measured at higher temperatures in 
VH scattering geometry
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Polarized Raman spectra of BiPolarized Raman spectra of Bi--YIG (x=0.54)measured at YIG (x=0.54)measured at 
various temperatures between RT and 10 various temperatures between RT and 10 00K in VV and VH K in VV and VH 
scattering geometryscattering geometry
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Temperature dependence of Stokes frequency shifts in Bi-YIG (x=0.92)
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Approximative calculation of the exchange resonance magnon

The exchange resonance The exchange resonance frquencyfrquency
between two between two sublatticesublattice was derived by was derived by 
Kaplan and Kaplan and KittelKittel

ωωmm =λ(γ=λ(γ2 2 ΜΜ11−γ−γ11ΜΜ22)) (1)(1)
where is where is λλ the molecular field the molecular field 

constant; constant; γγ1,1,γγ22 the respective the respective 
gyromagneticgyromagnetic ratios; and Mratios; and M1,1,MM2;2;
the the sublatticesublattice magnetizations.magnetizations.

ωωmm =γ=γ HHE, E, (2)   (2)   
HHEE = = λλM(t) is the exchange field . M M(t) is the exchange field . M 

is the average is the average sublatticesublattice magneizationmagneization. . 
λλ can be calculated from the can be calculated from the 
experimentally measured quantities.experimentally measured quantities.
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Raman scattering from {Bi1.4Ca1.6}[Fe2](Fe2.2V0.8)  single crystal

The substitution Y with Bi The substitution Y with Bi 
decreases the intensity of decreases the intensity of 
Raman shift in the range of Raman shift in the range of 
the lower frequency . the lower frequency . 

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

200 400 600 800 1000

20

40

60

80

100

120

140

160

180

b
:

 
V

H
a

:
 

V
V

 
{

B
i

1
.

4
C

a
1

.
6

}
[

F
e

2]
(

F
e

2

.

2

V

0

.

8

)

O

1

2

 

 

I

n

t

e

n

s

i

t

y

 

(

a

.

u

.

)

R

a

m

a

n

 

s

h

i

f

t

 

(

c

m

-

1

)

ɠּה



SummarySummary
1.     In BLS, the spin wave exchange 1.     In BLS, the spin wave exchange stiffenessstiffeness constant constant DDexexisis very very 

sensitive the excitation power so that low power should sensitive the excitation power so that low power should used.used.
2.2. The behavior of the bulk The behavior of the bulk magnonmagnon is opposite to LA phonons.is opposite to LA phonons.
3.3. Not only the spin wave exchange stiffness constant, but also Not only the spin wave exchange stiffness constant, but also 

the relative intensity and the bandwidth of bulk the relative intensity and the bandwidth of bulk magnonmagnon
increase linearly with x.increase linearly with x.

4.4. The substitution Y with Bi softens the crystals and the The substitution Y with Bi softens the crystals and the 
measured sound velocities of the acoustic phonons decrease measured sound velocities of the acoustic phonons decrease 
linearly with x.linearly with x.

5.5. As an external field is applied, the uniform As an external field is applied, the uniform magnetostaticmagnetostatic
mode appears.mode appears.

6.6. In Raman scattering,   the exchange resonance In Raman scattering,   the exchange resonance magnonsmagnons are are 
firstly observed in Bifirstly observed in Bi--YIG(xYIG(x > >0.54).0.54).



SummarySummary

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