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e Introduction Semiconductor Raman
Scattering

e Example: Strain and Concentrations

e Raman Scattering of Nano-Sized
Semiconductor (Dot, Wire and Layers)

e Summary

Physics of NTNU :ib,ﬁ

Hug



e Sir Chandrasekhara Venkata Raman
e 1930 Nobel Price Winner
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Seattered Light

Mie Scattering: Particles,

Rayleigh Scattering: Particles (10°~103)I.
Brillouin Scattering: Acoustic Phonon (10°~109)I.
Raman Scattering: Optical Phonon (10°~109)I.
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e Gaussian

e Lorentzian 1. Raman Shift
e Fano 2. Linewidth
e Asymmetry

e ?77?77?
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Si-Substrate

300 350 400
Raman Shift (cm'l)
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Ge-Ge:Mode :
. Si-Ge:Mode

Raman Shift (cm'l)
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LT-SI 600 °C( 319) LT-S 550°C ( 320) LT-Si 500°C ( 323)

TEM
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LT-Si 450°C ( 322) LT-Si 400°C ( 321)



relaxed SiSi mode strained

488nmlaser 502cm” —= || SiSimode
[ 513¢m”

localized SiSi \
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GeGe mode SiGe mode
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L-W Lei et.al. ICPS 2002
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Raman Shift of Si, ,Ge, Alloy for x 0.4

Wgg = 920.5—- 62X —81a¢
Dgce = 400.5+14.2X - 575¢

D, = 282.5+ 16X — 385¢

J. Groenen, et.al. Appl. Phys. Lett. (1997) . B
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sample
319
(LT600°C)

320
(LT550°c)

323
(LT500°c)

322
(LT450°c)

321
(LT400°¢C)

332
(LT350°)

Results: x 0.30, % 0.16%
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—O— x=0.25(Ref3)
——

—e— x=0.5(Ref3)

Physics of NTNU



Sicap 2nm

(G€o1Si0s 25nm
Gf':n_-i Sil]_ﬁ 20nm

Si buffer 100nm

Si substrate

Fig.l sample before etching

—nanopipeline

Fig_3 nanopipline has formed
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Linear Regression
Y=A+B*X

Parameter Value Error

A 511.97776 1.32539
B -24.88752 3.71539
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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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Thermal Evaporation Growth Si Dots

optical phonon
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D.-Y. Chien, et.al., ICORS 2002 —
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Dots size / nm
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H-L Liu, et.al., Chem. Phys. Lett. 345, 245-251 (2001)
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Omax

| (w) = | dgF(9)-9°S(w,q) Im

—E632nm
——Eb14nm
—— E488nm
— E457nm

Intensity (a.u)

Raman Shift cm”




qmax

| (@) = I dgF (g) - g°S(®, q) Im(

0

1
¢(w,Q)

MJZ

(a)'?o — 0)2)

Seor (0, @) oc (1- e‘hW/kBT)—l (

S (0, @) oc (1—e ")




g(q, 0)) =&y T ZPhonon T ZLinhard (q’ 0))

D i ana L citice-Vibration Contributions

(1-iT/ o) °(0, 0 +iT)]
1+ (i o) 7° (0,0 +iT) ! #°(9,0)]

Plasma-Oscillation Contributions
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ki:457nm

I,y=200,13 cm™
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300K ‘Ge-Ge Mode

514.5nm

mﬂm[kjed LA

Intensity (a.u.)
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Tho. fol.
488 nm
514 nm
532 nm
632 Nnm

400000 800000 1200000 1600000
q

C.-H. Lin, C.-T. Chia and H. H. Cheng, ICOR2002

Physics of NTNU



Sample21 300K 632.8nm
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S Ge d,/d
(nm) (nm) d(nm)
TEM 15+2 312 0.83 18+4
17.520.6 |2.40+0.08 |0.88 19.9+0.7
TEM 1712 212 0.90 19+4
15.840.5 [2.30£0.08 |0.90 18.1+0.6
TEM 2012 212 0.91 22+4
19.620.7 |2.50+£0.09 |(0.89 22.1+0.8
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CorlilirUoLs Errlles o)

Sample 22 300K 532nm Laser
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Resonant Energy : 2.34 eV % @
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Room Temperature [EUAAMAESCETICE

— 476nm EXxcitation

Center:2.34eV
FWHM:0.38eV
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Visible Lasers + Raman Spectrometers

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

S Right energy laser

Good-resol ution spectrometer
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