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What is Raman?What is Raman?What is Raman?

Sir Chandrasekhara Venkata Raman 
1930 Nobel Price Winner
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What is Light Scattering?What is Light Scattering?

Ii(ωi)
Ir(ωr) It(ωt)

Scattered  Light

Mie Scattering: Particles, 
Rayleigh Scattering: Particles (10-2~10-3)Ii
Brillouin Scattering: Acoustic Phonon (10-6~10-9)Ii
Raman Scattering: Optical Phonon   (10-6~10-9)Ii
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Quantum Mechanics Picture:Quantum Mechanics Picture:
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Feymann Feymann Diagram:Diagram:
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Raman Raman LineshapesLineshapes::

Gaussian
Lorentzian
Fano
Asymmetry
???

1. Raman Shift
2. Linewidth
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SiGe SiGe Alloy Dot on Alloy Dot on SiSi(001)(001)
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Strain in Strain in Embeded Embeded LayerLayer
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MBE Grown Relaxed SiGe alloyMBE Grown Relaxed SiGe alloy

LT-Si 600 oC(＃319) LT-Si 550 oC (＃320) LT-Si 500 oC (＃323)

LT-Si 450 oC (＃322) LT-Si 400 oC (＃321)

TEM圖由台大凝態中心
鄭鴻祥教授提供
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L-W Lei et.al. ICPS 2002
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Strain & Strain & Ge Ge Content of AlloyContent of Alloy
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Raman Shift of Si1-xGex Alloy for x＜0.4 :

J. Groenen, et.al. Appl. Phys. Lett. (1997)
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457nm 488nm 514nm
sample x Σ(％) x Σ(％) x Σ(％)
＃319

(LT600oc)
0. 3
±0.03

-2.1
±0.06

0. 3
±0.03

-1.9
±0.06

0. 3
±0.02

-0.04
±0.003

＃320
(LT550oc)

0. 3
±0.03

-2.3
±0.06

0. 3
±0.02

-2.1
±0.03

0. 3
±0.02

-0.7
±0.003

＃323
(LT500oc)

0. 3
±0.03

-1.6
±0.06

0. 3
±0.02

-1.4
±0.03

0. 3
±0.02

-1.6
±0.003

＃322
(LT450oc)

0. 3
±0.03

-0.7
±0.06

0. 3
±0.03

-1.4
±0.06

0. 3
±0.03

-3.1
±0.006

＃321
(LT400oc)

0. 3
±0.03

-2.3
±0.06

0. 3
±0.03

-1.6
±0.06

0. 3
±0.02

-2.1
±0.003

＃332
(LT350oc)

0. 3
±0.03

-1.6
±0.06

0. 3
±0.03

-1.4
±0.06

0. 3
±0.03

-2.6
±0.006

457nm457nm 488nm488nm 514nm514nm
samplesample xx Σ(％)Σ(％) xx Σ(％)Σ(％) xx Σ(％)Σ(％)
＃319

(LT600oc)
＃319

(LT600oc)
0. 3
±0.03
0. 3
±0.03

-2.1
±0.06
-2.1
±0.06

0. 3
±0.03
0. 3

±0.03
-1.9

±0.06
-1.9

±0.06
0. 3

±0.02
0. 3

±0.02
-0.04

±0.003
-0.04

±0.003

＃320
(LT550oc)
＃320

(LT550oc)
0. 3
±0.03
0. 3
±0.03

-2.3
±0.06
-2.3
±0.06

0. 3
±0.02
0. 3

±0.02
-2.1

±0.03
-2.1

±0.03
0. 3

±0.02
0. 3

±0.02
-0.7

±0.003
-0.7

±0.003

＃323
(LT500oc)
＃323

(LT500oc)
0. 3
±0.03
0. 3
±0.03

-1.6
±0.06
-1.6

±0.06
0. 3

±0.02
0. 3

±0.02
-1.4

±0.03
-1.4

±0.03
0. 3

±0.02
0. 3

±0.02
-1.6

±0.003
-1.6

±0.003

＃322
(LT450oc)
＃322

(LT450oc)
0. 3
±0.03
0. 3
±0.03

-0.7
±0.06
-0.7

±0.06
0. 3

±0.03
0. 3

±0.03
-1.4

±0.06
-1.4

±0.06
0. 3

±0.03
0. 3

±0.03
-3.1

±0.006
-3.1

±0.006

＃321
(LT400oc)
＃321

(LT400oc)
0. 3
±0.03
0. 3
±0.03

-2.3
±0.06
-2.3
±0.06

0. 3
±0.03
0. 3

±0.03
-1.6

±0.06
-1.6

±0.06
0. 3

±0.02
0. 3

±0.02
-2.1

±0.003
-2.1

±0.003

＃332
(LT350oc)
＃332

(LT350oc)
0. 3
±0.03
0. 3
±0.03

-1.6
±0.06
-1.6

±0.06
0. 3

±0.03
0. 3

±0.03
-1.4

±0.06
-1.4

±0.06
0. 3

±0.03
0. 3

±0.03
-2.6

±0.006
-2.6

±0.006

Results: x＝0.30, Σ＝－0.16%
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Spectra excited by various EnergiesSpectra excited by various Energies
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Absorption CoefficientAbsorption Coefficient

460 480 500 520 540 560 580 600 620 640
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    α
(1/nm)

λ (nm)

 由反 射 光譜 求得
 x=0.25(Ref3)
 由拉 曼光譜 求得
 x=0.5(Ref3)
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GeSi/Si Micro-Horns
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MicroMicro--Horn ImagesHorn Images

Sample 725 

Sample 725
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Raman Spectra:Raman Spectra:

460 480 500 520 540

Si-Si mode
520cm-1

 

In
te

ns
ity

(a
.u

.)

Raman shift (cm-1)

 2.2um
 2.4um
 2.5um
 3.1um
 3.3um
 3.5um
 3.7um



Physics of NTNU

Strain & 1/DStrain & 1/D
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Linear Regression
Y = A + B * X
Parameter Value Error
A 511.97776 1.32539
B -24.88752 3.71539

Si
-S

i p
ea

k 
(c

m
-1
)

1/diameter (µm-1)

D
CxSiSi

1815625.520 ⋅−−−=− εω C=24.89
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Spherical Si Quantum DotsSpherical Si Quantum Dots

Y-C Liao, et.al., Appl. Phys. Lett. 77, 4328 (2000). 
C-W Lin, et.al., J. of Appl. Phys. 91, 1525 (2002).
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Raman Study of Si Dots’ SizeRaman Study of Si Dots’ Size

200 300 400 500 600 700

Pressure
Increase

 

 Thermal Evaporation Growth Si Dots
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D.-Y. Chien, et.al., ICORS 2002
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Size of Dots:Size of Dots:

0 1 2 3 4 5 6 7
4

5

6

7

8

9

10

 

D
ot

s 
si

ze
 / 

nm

Growth pressure / torr

∫ Γ+−
=Ι

1

0

2
0

2

23

)2/()]([
),0(

)(
q

qCqd
ωω

ω
v

2/1)]2/cos([)( qBAq πω += 4/2 22

),0( LqeqC −≅v



Physics of NTNU

Raman Spectra of GaN WireRaman Spectra of GaN Wire
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 2.71eV
 2.54eV
 2.41eV
 1.96eV

H-L Liu, et.al., Chem. Phys. Lett. 345, 245-251 (2001)
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LO-Phonon and Plasma CouplingLOLO--Phonon and Plasma CouplingPhonon and Plasma Coupling
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CDF and IIF MechanismCDF and IIF Mechanism
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Coupled Coupled DilectricDilectric Constant:Constant:
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Fitting ResultsFitting Results

550 600 650 700 750

 Exp.
 IIF
 CDF
 Sum

n=2*1019 cm-1

λ i=457nm

Γ,γ = 200,13 cm-1

 

 

Raman Shift cm-1

550 600 650 700 750

 Exp.
 IIF
 CDF
 Sumn=2*1019 cm-3

λi=514nm

Γ,γ = 200,6 cm-1

 

 

Raman Shift (cm-1)
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Raman Shift (cm-1)

Heavy damping Γ=200 cm-1

Impurity Desinty: ~2X1019 cm-3
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Ge/Si MBE-Grown SuperlatticeGe/Si Ge/Si MBEMBE--Grown SuperlatticeGrown Superlattice
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Folded LA PhononFolded LA PhononFolded LA Phonon

(2C(1/M1+1/M2))1/2
ω

k0               π/d              π/a
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a d
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Thickness of Ge and Si laryer 
Rytov theory

Thickness of Thickness of Ge Ge and and Si laryer Si laryer 
RytovRytov theorytheory
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C.-H. Lin, C.-T. Chia and H. H. Cheng, ICOR2002
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Folded LA Intensity:Folded LA Intensity:

0 10 20 30 40 50 60 70 80 90

(b)Theo.

(a)Exp.

Sample21  300K   632.8nm
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Layer ThicknessLayer Thickness

22.1±0.80.892.50±0.0919.6±0.7光譜擬合

22±40.912±220±2TEM圖
樣品23

18.1±0.60.902.30±0.0815.8±0.5光譜擬合

19±40.902±217±2TEM圖
樣品22

19.9±0.70.882.40±0.0817.5±0.6光譜擬合

18±40.833±215±2TEM圖

超晶格週期
d(nm)

厚度比d1/dGe厚度
(nm)

Si厚度
(nm)

樣品21
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Continuous Emission:Continuous Emission:
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Theory of Continuous Emission:Theory of Continuous Emission:
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Continuous Emission FittingContinuous Emission Fitting
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Room Temperature LuminescenceRoom Temperature Luminescence

1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7

 

 476nm Excitation
 N=2 Band Fitting

Sample23  300K

Center:2.34eV
FWHM:0.38eV

 

 

Energy(eV)
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Summary:Summary:

Can completely resolve the Physics 
properties of semiconductor from 
Raman-Phonon Lineshapes.

Visible Lasers + Raman Spectrometers

IF
Right energy laser
Good-resolution spectrometer
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