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Abstract

Strain of thin films grown epitaxial techniques has a strong influence on electronic properties of semiconductor
devices. Hence, quantitative measurement of strain should be precisely analysed. Recently, the GPA(Geometric Phase
Analysis) method was developed to analyze strain on images with transmission electron microscopy. In this paper,
GPA method using Matlab is proposed in order to strengthen digital image processing and strain analysis of Sij..Ge,/Si
heterostructure on a HAADF image is provided. The results reveal that strain along interface direction and growth
direction of Sios5Geoss/Si heterostructure is almost zero and -2.3%+0.2% respectively such that the tensile strained Si is
tetragonally distorted. Also, possible reasons causing difference between the measured value and the theoretical value

are discussed: errors due to digital image processing with Fourier transform and TEM sample preparation.
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image=imread (‘file name');
#Fourier transform
im=fftshift (fft2 (image);

#An image of Fourier power spectrum
im2=fftshift (abs(fft2(image)));

2. A3 A
[M N]=size(im); [X,Y]=meshgrid (1:N,1:M);
mask gl=zeros(M,N); mask g2=zeros(M,N);

mask gl=exp (-4*pi* ((X-((N/2+1)+glx))."2

- (M/2+41) +gly) ."2) / (x"2));
mask g2=exp (-4*pi* ((X-((N/2+1)+g2x))."2
- (M/2+41) +g2y) ."2) / (£"2) ) ;

7)ol A A ZH HoAFe miade 7RPAIRE 9
T5 AHET. ERddME AR g
e AL F 7] Wil AREARY F2 ] Bt
Al vkxze) Fejoh 2715 24 + o A7
Ao WS glx,gly,92x,92y7F NS glx
o glye FSHEH g3 g5 AEIAS W g
o xF4%I yFAAES 244 vehin Eh"%h =
Aolt}, vRWIAIR g2x9} q2vE g9 xEAET
vYEEEE 44 ‘/}EME} U A W r e 7h

Ak sz WAES Yehy,

=

3-%,%&@P§%§3iq%
Ml=mask gl.*im; # Selection of g:
M2=mask_g2.*im; # Selection of g,
#Shifting to origin of g: and g
OMl=circshift (M1, [n2, -nl]);
OM2=circshift (M2, [-n4,-n3]);
#Inverse Fourier transform
Hl=ifft2 (fftshift (OM1));
H2=1ifft2 (fftshift (OM2));

4. PIvA (P, Pyy) AN
[k1,k2]=meshgrid(-N/2:N/2-1,-M/2:M/2-
1); k2=-k2;
Pl=-angle(H1);
P2=-angle (H2) ;

#Phase image of Py
#Phase image of Py

5. 93 dags
#Generation of two unwrapping matrixes
WUl=zeros (size(Pl));
WU2=zeros (size(P2));
#Loop for unwrapping of Py along
x-direction
for i=1:10
for j=2:N
if pl(i,3)-pl(i,j-1)<-pi
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WUl (i,3)=WUl(i,3-1)+1;

else

WUl (i,3)=wU0l (i,3-1);
if pl(i,3)-pl(i,j-1)>pi

WUl (i,9)=WUl (i,3-1)-1;

else
WUl (lrj)=WUl (i/j_l);

end

end
end
end
for j=1:10
for i=11:M

if pl(i,3)-pl(i-1,3)<-pi

WUL (1,3)=WULl (i-1,3)+1;

else
WUl (i,3)=wU0l (i-1,7);
if pl(i,3)-pl(i-1,7)>pi
WUl (i,3)=wul (i-1,73)-1;
else
WUl (i,3)=WUl (i-1,7);
end
end
end
end
for i=11:M
for 3j=10+1:N
if pl(i,3)-pl(i,j-1)<-pi
WUl (i,3)=wWUl (i,3-1)+1;
else
WUl (i,3)=wU0l (i,3-1);
if pl(i,3)-pl(i,j-1)>pi
WUl (i,3)=wul (i,3-1)-1;
else
WUl (i,3)=WUl (i,3-1);
end

end

unwrap pl=pl+WUl*2*pi;

unwrap p2=p2+WU2*2*pi;

A=(1/(-2*pi))* ((N*M)/ (glx*g2y-gly*g2x

))*(g2y/M #Equation of (8)
=(1/(-2%pi))* ((N*M)/ (glx*g2y-gly*g2x))

(—gly/M #Equation of (8)

K1=A*(1/6)* [-1,0,1; -1,0,1; -1,0,11;

K2=B*(1/6)* [-1,0,1; -1,0,1; -1,0,11;

GPA gl=conv2 (unwrap pl,K1);

GPA g2=conv2 (unwrap p2,K2);

GPA=GPA_gl1+GPA g2;

opEko 2 Hak eolMe A (99 e Al
92 Uiz gie gelnlAe) b

7]
2 ZAEFH(Convolution) g5 ©]-&-3HTh
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