Direct observation of controlled strain-induced

second harmoenic generation in a Co, ,-Pdy =
thin il onra Pi(ZEi) O stlsstrate

Appl. Phys. Lett. 90, 044108 (2007), J. Jeong etc.

The authors have observed strain-induced second harmonic generation (SHG) signals from a
Cog,sPdg 75 alloy film deposited on a lead zirconate titanate (PZT) substrate. The strain in the
sample was controlled by the inverse piezoelectric effect. The authors demonstrate that it is possible
to separate the strain contribution to the SHG signal from the crystallographic contribution and that
from the electric polarization in PZT. An estimate of the value of the nonlinear photoelastic tensor
components is in very good agreement with previous calculations. © 2007 American Institute of
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SHG should be absent

U. C. Oh et al., Appl. Phys. Lett., 76, 1461 (2000)
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Normalized intensity (arb. unit)

The symmetry of the twin boundaries of ZnO epitaxial film was detected with reflective second
harmonic generation (RSHG). The twin boundaries exhibit mirror symmetry with a polar
configuration across the boundary plane and yield a nonvanishing polar contribution to RSHG. The
nonvanishing second-order susceptibility supports the notion that the measured RSHG originates
from the planar defect, which depends on the residual stress in the thin film. We analyzed our RSHG
result by correlating the macroscopic data from optic probe with the microscopic data from
tunneling electron microscope. © 2008 American Institute of Physics. [DOI: 10.1063/1.2891334]
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FIG. 1. The x-ray patterns of ZnO films deposited on Si(111) at different
substrate temperature. The inset shows the stress calculated by the XRD
profiles and peak shifts of the ZnO (0002) peak.
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J. Lee et al., Appl. Phys. Lett., 82, 2458 (2003)
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1(2w) oc |PN-2w)|* oy (Z)ijklz 1%(w)
with PN (2w) = /2y (20! 0, 0) E(o) E()

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

205 = 7200 + PigmUinm + 28% A
Z(Z'O)ijk . purely electronic NOS (nonlinear optical susceptibility) tensor

230, « third-order NOS tensor
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260y = Z(Z’O)" + pijklmulm v 1(3’0)ijk| P

................................................

.................................................

[ Ki; - dlelectric susceptibility

E "t :internal electric field (U/t; )

[ U : applied external voltage,

H t; : total thickness of the film

P0) : spontaneous polarization of the ferroelectric substrate

pijklm : NPE (nonlinear photoelastic) tensor
_______________ g

(diyn - tensor describing the inverse piezoelectric effect )

mn Eq™ (Strain tensor)
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Crystal symmetry Nonzero components of Pijkim

dmm VXXYZ=XYVXI, YXYXI=XXYVI, VXIXY =XVIVX, VYVVI=XXXXZ, YVIXX=XXIVY
VVIVV=XXIXX, YYIZI=XXZIIZ, VIIVI=XIIXI, IXYVX, ZYYXX=ZIXXYVY
ZYYYY =ZXXXX, ZYVIZ=ZXXZZ, ZYIYZI=ZIXZIXZ, ZZIZYY=ZZIZXX, ZZIZIZ

Im . 1 1
XXXV, XXX, PYVPX=PXXY= — 3 X000+ 3 X000y

1 1
XYVY=XYPYAX=XNXNX, VYXYY=VYXXN= — XXX — 3 XXXYY
XYXYI=—YVXXI, XXXXI= —YVYVVI, VXXVI=XVVXI=XXXXI—2xyxz

1 1
XXXZZ= —YVXIZ= —XYVIZ, XYIXY=YXI}X= 3 XXIXX— 3 XXZ}¥

XXIXX=YVIVY, VYIZX=YXIZY =XVIIY=—XXIXZ, XIZIXX=—YIZYX=—XZIIYV

1 1
IXYXY= JIXXXX— 3 ZXXVV. IXXVV=ZIVVXX, ZZZYV=ZIZXX

ZXXXI=—ZYYXI= —IXYYZ, IXZIXX= —ZYIVX=—ZXZIVY., VYIZZI=XXZIZ

J. Jeong et al., Phys. Rev. B, 62, 13455 (2000)
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3m (C,,) point group :

XZX = yzy,
XXZ = Yyz,
ZXX = ZVY,

ex) LiINbO; : d,, =7.4,d;, =14, d,, = 98

_d22 dgg 0 d15 0 0

0 0 0 0 di —dy

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

R. W. Boyd, Nonlinear Optics, Academic press (1992)

Components of
strain tensor, u;,,

Components of second-order NOS tensor, y

(2)
ijk

dmm

3Im

XX, Vy,2Z
XzZ=zX

!: = Z“f!
Xy=yx

XXZ=XIX, YYI=YIy, IXX, ZVV, IZI,

XXX, XYY, XZZ, YXY=YyX, ZXZ=ZZX

XXY=XYX, VXX, VYV, VZZ, ZYZ=ZZY
XyZ= XZy, YXZ=YZX, ZXy=ZyX

XXX, XXI=XIX, XYY, VXY=VYX, VYI=VIV,
IXX, XZZ, ZXZ=7ZX, ZVV, ZZX=IXZ, ZIZ
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Laboratory coordinate (X, Y, Z) : Z= ZT @
0

@ azimuthal angle (¢)  /  ae---77" > Y
Molecular coordinate (X, y, z) : <
X,

ng-f)z[é( w)-L{w)] -X(Z’:[L( w)-e(w)[Liw,) é(w,)]

- -rﬁ <

:(L 'sing, L, 'cos g, 0)
@
S =(L,, 'cosécosg, — L, 'cosdsing, L, 'sind)
([ L-S=(L,sing, L, cosg,0
20 [ LS=(Lysing. L, cos,0)
-~ L-P=(-L_ coséfcosg, L, cosdsing, L, sinb)

X. Zhuang et al., Phys. Rev. B, 59, 12632 (1999)
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Xeff [é(w)-L{w)]- X L(w)) &) ][L(w,)- & w,)]

) Z 4 S-pOI 20
— Ps

(L-S= ( 'sing,: L cos¢ :0) } ,/
@ A <A _ . S_p0|

L L-P=(L, 'cos@cosg, —L, 'cos@sing, L, 'sin0) / y

s |
o I:% (Lyysm¢,L cos¢10) /X

CL-P=(-L, cosecos¢, L, cosésing, L,sind)

> 2% =25 L, cosp i "cos’ g+ x5 L, cosg L2 "sin® ¢
+;(X2) L, sing L, 'singcosg + xy, L, sing L5, 'singcos¢

2 2 2 2 . 2 XZX =YyZy,
Ko = Z)(/y))/ L, L, 'cos¢g (cos” ¢ —3sin” @) XXZ = yyz,
ZXX = ZVY,

772,

YYY = -yXX = -XXY = -XyX
X. Zhuang et al., Phys. Rev. B, 59, 12632 (1999)
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.S ={(L,,sing,:L,, cosg, 0)

P=(-L, cosdcosg, L

=D Zap = Xy Ly L

XX

cosédsing, L,,sin 6)

XZX = yzy,
XXZ =YYz,
ZXX = 7YY,

777,

YVYY = -YXX = -XXY = -XyX

cos ¢ sin® 6(3sin” ¢ — cos’ )

2805 = 70 + Py Uy + 8% A

{ 280 = 480 L L2 cos g (cos® ¢ —3sin® @)
(eff) _
Asop ™ = Ayyy

WL, L5, "cos ¢ sin O(3sin® ¢ —cos’ ¢)

Components of
strain tensor, u;,,

XX, Vv, zZ2
XZI=ZX

yI=zy
Xy=yx
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(eff) _ | (2,0)

X.S‘ 55 _XV'W ?
X = {2 P. + pryyectt ) + (XS + X2 P,

2 1/2
T Pryyuxlbax T Pzyyyyllyy + Pryyeztz: } s

KD =X o

(ef 3.0
pep?; {[(Xixx}Pz + Prvertr + Pxryyllyy + Jt;'xﬂzzurz3}cos;2 6
2.0 2.0 3.0
+ (X( : X;E,n, : + Xxx )P + pr'fxxx + Zﬁ?xm,},uw

+ 2Pl )cos B sin 6+ (p,

74).’.?( XX
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Kerr Intensity (arb.)
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J. Lee et al., Appl. Phys. Lett., 82, 2458 (2003)

2 = 7%+ PijamUim + 2% A

@ U.=3V->p=0

255 = 725+ PijamUim

= 7%+ Pijgm Dy Ex™

=
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: — (20 i
255 = 2295+ Pijiam A 2™ IIUE:> [ 1*0(2) = 7= 2 %5jc * Pijam Gimn E4™
1900 (2¢9) = 2N = 720 - Pijkim Gienn En™

_ 0 Sot g—
0.5- 12/“\//—‘\’\? N
. P St A 1" 2w) - 1" o)
a g HG =
NS | , | 1" (20) + 1" 20)
] NL,eff int
o 1 | p dZZZ EZ COS
0.1 —_ oc | (2,0) | ¢
0.0 - Z
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