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NON-CONVENTIONAL ELECTRON MICROSCOPY IN SMALL DEFECT Cl!ARACTERIZ ATION 

K. Seshan 

De partme nt o f Haterials Science aml Engine ering, Universi ty of CcLI.iEornia, 
Berkeley and LaHrence Berkeley Laboratory, Berkeley, California 94720. 

The. conventional bright field (Fig . la) and da rk-field :i.lll .. 'lges o f small 
( <2 00A) defects are beset Hith several disadvantages: The image s izes 
( ~ 3oOX) are two or three times the defect size; the i~age shift from core 
posi tion may be larger than the defects; (Tabl e la) .; the ictages a::-e dominated 
by strain fi eld effects and give no clue to defec t shape and habit. Conven­
tional images are therefore unsuitabl e for the size, n ature and habit plane 
determination of small defects. 

In this paper t>vO recently announced non-conventional imaging tec.hniques 
0 

\Jhich yield narro\v images (20-40A) are applied to small defect s . The 
same area is imaged in bright field in the synrrnetric \·Jeak-beam br ight field 
(S\JBBF) (1) and in the ,,,eak-beam (2) condition \·lith t\W values of Sg in Fig. 
la,b,c,d respectively. See Table la,b for some characteristics o f 
these images. The complexity of the bright field image makes me2surements in 
column a unreliable. 

TABLE 1 

a. Image Characteristics b. Size Estimate of Loop Blg.b=ll 

a. Figure 1 a b c d 

Image 
0 

Hidth A 600 60 55 28 
Shift A 210 ±28 ±28 calculated 20 
Sg L23xlo-2 5.36xl0-3 l.lxlo-2 1.6lxlo-2 

0 

364 b. Length A 350 330 324 
\.fidth A 393 98 110 60 
Shift from 

0 

Fig.ld. A 115 20 25 0 

Conclusions: This study demonstrates that non-conventional electron micros­
copy yields information on defect characteristics not available in conven­
tional bright and dark field images. The lleak-beam case (ld) shO\.,rs one edge 
of loop A as a double line. Possibly loop A is perfect and has segments 
split into partial dislocations as was hypothesized .for diamond shaped loops 
in aluminium (3). Hexagonal loops \vith fringes, e.g. loop C ' vhich is s e en to 
intersect the foil surfac~ shows evidence of being stee ply inclined to the 
foil surface. 

These conclusions dra\m from the v7eak-beam method shmv that whilst these 
images are difficult to obtain because of low visibility ancl long exposure 
times (G4 sec), they are the most representative of loop size and shape. 

The S~IDBF (lb) is much easier to obtain than the veakc-beam image and requires 
shorter exposure times (8 sec). It is still superior to the bricht-f ield 
case although the image characteristics are Llore complica ted. Fr o111 Fig. lb 
it is seen that some loops (loop C) shovJ double images Hh e r eas oth e rs ( B) 
shov single images . As has been shmm, this fact n:ay be used to d~teruLine 
lg.bl from one image. 
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2. D.J.H. Cockayne, I.L.F. Ray and N.J. Hhelan, Phil. Nag., 20, 1 2 65 (1969). 
3. A. Eikum, and G. Thomas, J.A.P., ]i, No. 11, 3363 (1963). 

Helpful discussions with Professor J. Hashhurn and Pr.ofe'ssor G. Thooas are 
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Fig. 1 
Shows the Fright-field (a ) symmetric-weak-beam-bright-field SWBBF (b) and 
weak-beam images at Sg = l.lxlo-2A-l ( c) and at Sg = 1.6l~lo-2A-l (d) of 
small defects in p+ ion-implanted silicon. 
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any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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