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This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranfy, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
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Califorpia. The views and opinions of authors expressed herein do not necessarily state or 
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HIGH RESOLUTION IMAGING IN BRIGHT AND DARK FIELD AT·HIGH VOLTAGES 

L. J. Chen(l) and K. Seshan(2) 

(!)Department of Physics and (2) Department of Materials Science and Engineer­
ing, University of California, Berkeley, California 94720 

The weak beam dark field(l) and high order bright field imaging(2) methods are 
powerful means for improving the resolution of images detected by diffraction 
contrast. However, at high voltages, many beam interactions become important 
as. more interband transitions occur between different Bloch waves. At the 
exact Bragg condition, for any order reflection, usually more than .tv.To inter­
band transitions are important for both weak beam and bright field images,· 
and complicated images result(3,4). · 

Extensive many beam contrast calculations for loops and dipoles of different 
size and separation, and depth for various reflecting conditions and acceler­
ating voltages have shown that the visibility of the defect { V = (Iir.ax-~id 
(Imax+Imin)} is higher at the exact Bragg condition (s=O) than for s#O .. How­
ever, the image width and image separation of the two sides of a dipole or 
loop are not appreciably altered. Consequently, images may be obtained \-lith 
high visibility and high resolution at the exact Bragg condition using high 
order reflections both in BF and DF. At the exact lg Bragg condition, how­
ever, complicated images result. 

Fig. 1 shows the plot of visibility vs. reflection conditions around various 
order Bragg condition {ng, (n+0.05)g for n=2,4} for different sizes of dis­
location loops for the weak beam case. The calculations show that the con­
trast decreases, sometimes rapidly, for s::/:0 compared with that at the exact 
Bragg condition (s=O). 

Experimental confirmation is shown in Fig. 2. The circled loop in the micro­
graphs shows good contrast at the exact Bragg condition for both bright field 
and weak beam dark field at s=O, the loop contrast becomes extremely low or 
even invisible. The depth dependence for the image contrast of a 60A diameter 
loop, has been checked. The visibility values V are always higher than 0.88 
compared with those obtained for the 2.05g reflecting condition. This shows 
that the contrast depends more upon the diffracting conditions than upon its 
position in the foil. 

·Although in some cases multiple peaks occur, for closely spaced dislocations 
or small loops, the exact high order Bragg condition (ng s=O) may be the most 
useful as far as visibility and resolution are concerned. 

We owe thanks to Professors G. Thomas and J. Washburn for helpful discussions • 
. The work was fl.inded by the United States Atomic Energy Conunission. 

1. Cockayne, D.J.H~, I.L.F. Ray, and M.J. Whelan: Phil. Mag.~' 1265 (1969). 
2. Bell, W. L. and G. Thomas: Electron Microscopy and Structure of Naterials, 

Univ. of Calif. Press, Berkeley, p 23, 1972. 
3. Goringe, M.J., E.A. Hewat, C.J. Humphreys and G. Thomas: Proc. of Fifth 

European Cong. on Electron Microscopy, p 539, (1972). 
4. Cockayne, D.J.H.: A. Nuturforschung, 27a, 452 (1972). 



-~~; .. -· 

" ... 

~ .. ·--:a 
• 
> 
• 0 
0 
e .... 

-2-

0· 650 KV v 500 A 
t = 2fg 0 

6 100 A 
0 tl = lf2 fg 

10 0 60 A 
0 g =[220] 

0 30A H 
b = 1/2[101] H7 v 

0.8 6 
v 

6 '9. 6 

0 cq 
6 0.6 0 A 
0 C2:J 

0 

0.4 0 0 

0.2.L..;... __ ..__~ .. --L-----.1~.____;--.....L..-..;.._...1 
I g Bragg 2g Bragg · 3g Bragg 4g Bragg 

Fig. 1. 

XBL742-5582 

C~lculated results 6f.visibility vs reflectins 
conditions for different sizes of perfect 
prismatic looi;s. 

• I 

•' 



.,. 

-~ 0021:1. V{ 
c ~ 
~ 

0 
lmm 

a b 

'"IV( 0 .13 

0 

t~ 
c d 

00421 V\J 0.021 

0 
t---1 
IIMI 

1~13 

e f . 

Fi g . 2 . 

.J ' ..... . ,- -,~ -.'«-# 

• ' .. . '\"t \ -~~ . " ' e ';, ,).o• . . 4''" ~· ·-~ 
0

M . • · ~.'~ 0 

, ~-·' .J ., of 't' • .· . \""' ~ ......... .. t .. • .. ~- . . .. .... 
• • # ' . ' . . " ,. ~ • ~ •114 . ..,.~- ~ .... ., '"iii: . ..,~ l ~ - • -i't P•- ---~ • - __ ,. Jl •.,. D •· • ,.~ "-!· 

• ,..., . t 

" • 
# ,.... ' k"' 

.; . ' . @'I - , ,• ·l 'i , . . 
• . 11' • ·110:# Q' .. . ~. ..,._ , . ;; 

~ • . .. "'-+ ,.; "" . '\:' . '-· ,_. ., .,..-~ $'~' 
lo. . ~ .. •. • ' \ J .. _ 'f 
t !"""' .• ~ • " ~ ;' ( 

... 
• < , 

! • 

't/ iii 
.. 

~ .... ,~, 

""'· :v •• i!' 
~ . .-.·­·.C-:,_ .. 

.. -· 

XBB 7210-S ::j. 8~ 

High order bright field (a) s<O (c) s=O (e) s>O and weak beam 
bright field (~) s <O (d) s=O (f) s>O f or 3g reflection g=[lll]. 

I 
w 
I 



r------------------LEGALNOTICE---------------------

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
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