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Introduction Introduction : strain induced SHG: strain induced SHG

U. C. Oh et al., Appl. Phys. Lett., 76, 1461 (2000)

Epitaxial grown Ba0.48Sr0.52TiO3 thin films (300 Å & 1650 Å) on the (001) MgO

SHG should be absent

centrosymmetric cubic (m3m crystal symmetry)

Maker fringe (1064 nm Nd:YAG laser)

tetragonal distortion
(4mm symmetry)

Thickness increase strain decrease SHG signal decreased



s-in, s-out

K. Lo et al., Appl. Phys. Lett., 92, 091909 (2008)
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Sample preparationSample preparation

(111)
multiple spin coating
(annealing : 650 oC)

PZT ~ 1 μm (~120-200 nm * 6 times)

Pd (30 Å)/ CoxPd1-x (30 Å)/ Pd (30 Å)

deposition

Pt

Pd

(buffer layer)

J. Lee et al., Appl. Phys. Lett., 82, 2458 (2003)
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TheoryTheory

I(2ω) |PNL(2ω)|2 |χ (2)
ijk|2 I2(ω)

with Pi
NL(2ω) = χ(2)

ijk (-2ω: ω, ω) Ej(ω) Ek(ω)

∝ ∝

SHG : (1) crystallographic term (depend on the symmetry) 
(2) electric polarization p of the ferroelectric substrate
(3) strain induced term

χ(eff)
ijk = χ(2,0)

ijk + pijklmulm + χ(3,0)
ijkl pl

χ(2,0)
ijk : purely electronic NOS (nonlinear optical susceptibility) tensor

χ(3,0)
ijkl : third-order NOS tensor



Theory Theory : strain induced term: strain induced term

χ(eff)
ijk = χ(2,0)

ijk + pijklmulm + χ(3,0)
ijkl pl

Pi = Pi
(0) + kij Ej

int

kij : dielectric susceptibility

E int : internal electric field (U/tf )

Pi
(0) : spontaneous polarization of the ferroelectric substrate

U : applied external voltage, 
tf : total thickness of the film

pijklm : NPE (nonlinear photoelastic) tensor

ulm = dlmn En
int (strain tensor)

(dlmn : tensor describing the inverse piezoelectric effect )



Theory Theory : : PhotoelasticPhotoelastic tensortensor

J. Jeong et al., Phys. Rev. B, 62, 13455 (2000)



Theory Theory : Point group: Point group

3m (C3ν ) point group : 

xzx = yzy, 
xxz = yyz, 
zxx = zyy, 
zzz, 
yyy = -yxx = -xxy = -xyx

ex) LiNbO3 : d22 = 7.4, d31 = 14, d33 = 98
R. W. Boyd, Nonlinear Optics, Academic press (1992)

J. Jeong et al., Phys. Rev. B, 62, 13455 (2000)

C. Jung et al., Appl. Optics, 39, 5142 (2000)



Theory Theory : Effective susceptibility: Effective susceptibility
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Laboratory coordinate (X, Y, Z) :

Molecular coordinate (x, y, z) :

azimuthal angle (φ )
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X. Zhuang et al., Phys. Rev. B, 59, 12632 (1999)



Theory Theory : Effective susceptibility: Effective susceptibility
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X. Zhuang et al., Phys. Rev. B, 59, 12632 (1999)

xzx = yzy, 
xxz = yyz, 
zxx = zyy, 

zzz, 
yyy = -yxx = -xxy = -xyx

(2) (2) 2 2 (2) 2 2
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Theory Theory : Effective susceptibility: Effective susceptibility

( 'sin , 'cos , 0)
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xzx = yzy, 
xxz = yyz, 
zxx = zyy, 

zzz, 
yyy = -yxx = -xxy = -xyx
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ijk = χ(2,0)
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ijkl pl



Theory Theory : Effective susceptibility: Effective susceptibility



χ(2,0)
zzz is 

dominant
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Contribution to the SHG signalContribution to the SHG signal

Uc = 3 V p = 0

χ(eff)
ijk = χ(2,0)

ijk + pijklmulm + χ(3,0)
ijkl pl

χ(eff)
ijk = χ(2,0)

ijk + pijklmulm

= χ(2,0)
ijk + pijklm dlmn En

int

J. Lee et al., Appl. Phys. Lett., 82, 2458 (2003)
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χ(eff)
ijk = χ(2,0)

ijk + pijklm dlmn En
int Iup(2ω) : χ(eff)

ijk = χ(2,0)
ijk + pijklm dlmn En

int

Idown(2ω) : χ(eff)
ijk = χ(2,0)

ijk - pijklm dlmn En
int
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(φ : phase between the crystallographic and 
NPE contribution)


