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Weak Phase Object Weak Scattering Object

D(r)=exp(iV(r)) . O(r)=A(r)expliV(r))
T1+iV(r) — T1Hr)+iV(r)

~1-VIn /2+iVIir)

FT(D(r)) - FT(D(r))
back Focal plane

1=1+2V(rN® FT{Img(CTF)} |=1+u(r)® FT{real(CTF)}
+2V(r® FT{Img(CTF)}

W. O. Saxton, “Computer Techniques for Image processing in
Electron Microscopy”, Chap. 11



Maximum Entropy Deconvolution Method
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blurring Image MEM Image

— I(blurring)=0(blurring function)*I1(good image) —



200 ]

100

0.5 ]

100 ]

20

EXAMPLE of MAXENT Deconvolution

object
Wave

10

20 z0 40 S0

=tu]

20 ED 40 S0

&0

RPERIMENT AL
Image I

10

=]

150 ]

100 |
ITEREATION

3 50 |

o)

200 |

ITERATION, g |
5

0]

200 |
ITERATION

15 100 |

200 |
ITERATION

a0 100 ]

|
|
|
|

I
|
|
|

20

=]




Lagrangian function for Weak Scattering Case

Minimization of L with conjugate gradient method

L=-2 (¥ Dy(r)}- 2Vt V{r)/ D, (0)-Ay | Zpir)-flux 13-4, 2V (r)-flux2)
| |

Entropy terms

A Z(L+p(r) realCTF )+ V(r)<img(CTF)-I**" )

A, :A;,and -A_ are Lagrangian multipliers

D(r)=D, (r}+i D,(r) Initial Estimate  D,(r)=FT | [ IMG{CTF)

PET(I(E)}

IMG(CTE)| %k

I
Wiener Filter

D, (r)=1-(Dy(r)2)



" b- SIC twin boundary

Cs=1.4mm
Df=-42.5nm
Stigmatism
A=-1nm
0=82.5"
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b- SIC twin boundary

Experimental image

MEM image



" b- SiC twin boundary¥X
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Fourier transform MEM image to reciprocal space

"Correct’ phase information was extrapolated
to next higher frequency after MEM deconvolution

e
Phase information before MEM deconvolution

FPut the measured amplitudes in



Graphic Concept of Gerchberg-Saxton Algorithm

recover information from partial information of phases and amplitudes

Optimum Solution

Initial Estimate

Optimum Solution=F Fo P F Py Poeressesasaees Fy B (nitial Estimate)



Flow Chart of Gerchberg-Saxton Algorithm
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EXAMPLES

m Interfaces
SiC twin boundary
2x1 reconstructed NiSI2/SI interface

dislocation in NiSi2/Si interface
S=5 TiO2 grain boundary



" b- SiC twin boundary
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NiSI2/SI Interface



igitized Diffraction Intensity
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(a) -16 nm (b) -32 nm

Left are experimental images
Right are the simulated images
using MEM image
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2x1 reconstructed NISI/SI Interface
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2x1 reconstructed N|S|2/S| Interface
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Interfacial dislocation at NiSI./SI interface
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Interfacial dislocation at NiSI./SI interface
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EXAMPLES

s S5 Grain Boundary of TiO:

Symmetrical Segment
Asymmetrical Segment







DSC lattice---




Conclusions

s Sub-0.1nm resolution can be achieved from
Indirect microscopy method

Problems remain unsolved:-
= TIme costing

= the intensity of solution does not have simple
relationship with atomic number

s Resolution ? Precision ?
Current Work:
Possibility of automation
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AlLLO, S=11 (0111)/(0111)

Predicted
Image




MEM image




Al,O, S=11 (OlTl)/(OlTl)

Experimental MEM image
Image



Resolution Extension for 211 Grain Boundary of Al:0:

Wiener Filtered lmage

0.083 nm

Experimental lrmage (135 nri )



