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Abstract 

The twist and distortion of diffraction fringes in a 
convergent-beam electron diffraction pattern, caused 
by a dislocation in a ZnTe crystal, have been studied 
systematically. It has been found that the sense of 
such a twist reverses when the beam crossover changes 
from one side of the specimen to the other. From a 
qualitative consideration, it has been concluded that 
the diffraction fringes on the side pointed to by the 
vector u x c are shifted along b. This phenomenon can 
be used to determine the sign of the Burgers vector 
of a dislocation. 

1. Introduction 

Recently, progress has been made in studying disloca- 
tions in crystals by means of convergent-beam elec- 
tron diffraction (CBED). After the initial work of 
Carpenter & Spence (1982), it was proposed that 
diffraction fringes in the central disc may be used to 
determine the Burgers vector of a dislocation (Cherns 
& Preston, 1986; Cherns, Kiely & Preston, 1988; 
Tanaka, Terauchi & Kaneyama, 1988). Wen, Wang 
& Lu (1989) noticed that the zeroth-order Laue-zone 
(ZOLZ) pattern in the central disc is convenient for 
studying the geometry of dislocations, and they made 
extensive computer simulations to verify its feasibility 
in various dislocation cases (Lu, Wen, Zhang & Wang, 
1990). These authors also pointed out that the position 
of the convergent-beam crossover relative to the 
specimen can greatly influence the ZOLZ pattern, 
and thus it is important in determining the sign of 
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the Burgers vector of a dislocation. In this paper, we 
report the investigation of the influence of disloca' 
tions in a II-VI semiconductor compound ZnTe crys- 
tal on diffraction fringes in the central discs in 
defocused CBED patterns. We make clear that both 
the value and the sign of Af can influence the detail 
characteristics of the distorted diffraction fringes. 

2. Experiments 

A ZnTe polycrystal was compressed along the crystal 
growing axis. The compressed crystal was sliced with 
a wire saw to about 200 t~m, and the surface normal 
of the slices is about 45 ° from the growing axis. The 
deformed ZnTe was ground and polished mechani- 
cally down to about 40 I~m. The specimens were then 
ion-beam thinned for the observation of transmission 
electron microscopy (TEM). 

The CBED experiments were carried out on a JEM- 
100CX(II) transmission electron microscope by 
lowering the specimen stage. The beam crossover can 
be moved above or below the specimen a distance Af 
by changing the objective-lens current with the 
FOCUS knob. Then the condenser-lens current is 
adjusted to form a pattern consisting of sharp spots 
under the imaging mode. Each spot in this pattern 
corresponds to an image (bright-field image or dark- 
field image). The defocus value Af is measured using 
the distance R of a dark-field image from the bright- 
field image (the center spot): Af= R/(20~) with 0B 
being the Bragg angle of this dark-field spot. In this 
paper, the positive sense of Af is taken downwards 
from the specimen along the optical axis. Owing to 
a defocus illumination, the shadow image of a dislo- 
cation and the distortion of diffraction fringes can be 
observed simultaneously. 
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3. Results 

Fig. l (a)  is a CBED pattern taken from a perfect 
region. The diffraction fringes are indexed with the 
help of the computer simulation program which was 
developed by Jiao, Zou & Wang (1987), see Fig. l(b). 
Figs. l(c) and (d) are respectively underfocused 
(Af<0)  and overfocused ( / i f > 0 )  CBED patterns 
from the same dislocation, of which the shadow image 
is indicated by arrows in Fig. 1 (c). They have approxi- 
mately the same defocus values but opposite signs. 
When crossing the dislocation, the diffraction fringes, 
e.g. 440 and 480, are seen to be split and twisted, and 
they are shifted toward the opposite directions on the 
opposite sides of the dislocation shadow image. Fur- 
thermore, the sense of such a twist reverses when the 
beam crossover changes from one side of the speci- 
men to the other. 

Not only the sign but also the magnitude of a f  can 
influence the distortion of the diffraction fringes when 
a dislocation is in the beam path. When Iafl is large 
enough, the splitting of the diffraction fringe caused 
by the displacement field of the dislocation cannot 
be resolved and only a twisting behavior is observed. 

4. Discussion 

The strain field R of a dislocation acts like a local 
rotation of the Bragg planes and changes the effective 
deviation parameter s to s'= s + ~  = s + g .  dR/dz  
(Hirsch, Howie, Nicholson, Pashley & Whelan, 1977). 
It should be noticed that fl~ changes its sense when 
going from one side of a dislocation to the other side, 
if the contribution of the term g. b x u is negligible 
(Hirsch, Howie, Nicholson, Pashley & Whelan, 1977). 

(a) (b) 

, ,  

(c) (a) 

Fig. 1. Central discs of CBED patterns at 100 kV from a ZnTe crystal. (a) From a perfect region. (b) Simulated pattern. (c) a f =  - 8  izm. 
(d) / i f=  8 p.m. (c) and (d) are from a region containing a dislocation line of which the shadow image is indicated by arrows. 
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When the beam crossover is above the specimen 
(Af<0 ,  underfocused) as shown in Fig. 2(a), the 
formation of a distorted diffraction fringe in a CBED 
pattern is shown in Figs. 2(b) and (c). Fig. 2(b) 
illustrates a region on the surface of a perfect speci- 
men illuminated by the electron beam. Line HL corre- 
sponds to the region where Bragg condition s = 0 is 
satisfied. Vector gp (the projection of g) and the line 
HL are perpendicular to the electron beam. In Fig. 
2(a), it is readily seen that the area with s < 0 is the 
area which is pointed to by gp. Fig. 2(c) shows the 
region, illuminated by the convergent-beam electron 

/c H 

I I y-~P 

S>O S=O S<O L 

(a) (b) 

14 S<O S=O S>O 

Z g 

(c) (d) 

14 ~ - gp  

L 

(e) 

H 

L 

( f )  

m a  

L 

D i a 

(g) 

Fig. 2. Schematic illustration showing the formation of a distorted 
diffraction fringe and its dependence on the position of the beam 
crossover. C: crossover; DS: dislocation line; HL', HH' and 
LL': regions in which the effective deviation parameter s' = s +/3 
is equal to zero. (a), (b), (c) Af<0,  underfocused; (d), (e), ( f )  
and (g) / i f>0 ,  overfocused; (b) and (e) perfect-specimen 
regions; (c) and ( f )  specimen regions with dislocation line DS; 
(c) and (g) central discs of the CBED patterns. 

beam, which contains a left-hand screw dislocation 
line DS with its Burgers vector b and line vector u 
as shown in the figure. In the present paper, the 
F S / R H  (perfect crystal) convention (Hirsch et aL, 
1977) is used. The dashed line HL still shows the 
region where s = 0 is satisfied for a perfect crystal. 
Nonetheless, near the dislocation, this region should 
be replaced by the region where s '=s+fl 'g=O is 
satisfied as discussed above. In the case shown in Fig. 
2(c), the region in which f l~>0  lies above DS, then 
the line that satisfies s ' =  0 is HH' which deviates 
towards the area with s < 0, i.e. to the fight-hand side 
of HL. For the area below DS, the opposite deviation 
occurs, i.e. the s '=  0 line L'L is deviated to the left- 
hand side (s > 0). Fig. 2(c) can also be seen as the 
real defocus CBED pattern that can be observed on 
the screen. DS stands for the shadow image of a 
dislocation and HH' and L'L stand for the two halves 
of a diffraction fringe. 

When the beam crossover is below the specimen 
(Af>  0, overfocused) as is the case in Fig. 2(d), the 
formation of a distorted diffraction fringe in a CBED 
pattern is shown in Figs. 2(e), ( f )  and (g). The 
specimen region on the right-hand side of the line 
I lL to which gp points now corresponds to s > 0 as 
shown in Fig. 2(e) for the perfect crystal. When there 
exists a dislocation line DS as shown in Fig. 2 ( f ) ,  
then in the area above DS the region satisfying s' = 0 
is HH' which deviates to the left-hand side (s < 0) 
relative to the line HL. In the area below DS, the 
s' = 0 line L'L deviates to the right-hand side (s > 0). 
It is noticed that, in the case of Af>  0, a 180 ° rotation 
between the illuminated region and the diffraction 
disc is involved, hence the real CBED central disc 
looks as in Fig. 2(g). Comparing Fig. 2(c) with Fig. 
2(g), we find that the sense of the twist of the diffrac- 
tion fringe is indeed reversed when the beam cross- 
over changes from the underfocused case to the over- 
focused case. This argument thus explains the 
observed distortion of diffraction fringes and their 
dependence on the position of the beam crossover. 

A vector v = u x c was introduced to define the sense 
of the distortion of ZOLZ patterns caused by a dislo- 
cation by Wen, Wang & Lu (1989) where c is the 
vector pointing to the beam crossover from a disloca- 
tion line and u is the direction vector of the dislocation 
line. This vector is also found useful in the distortion 
of a general diffraction fringe crossing a dislocation 
as in the case of the present work. That is, the diffrac- 
tion fringes on the side pointed to by the vector v (or 
-v)  are shifted along b (or -b) ,  as shown in Figs. 
2(c), ( f )  and (g). This phenomenon can be used to 
determine the sense of the Burgers vector of a disloca- 
tion. According to this rule, the projection of the 
Burgers vector of the dislocation in Fig. 1 is almost 
pointing to the left-hand side, when the line direction 
is selected to be pointing to the right-hand side. This 
means that this dislocation possesses a left-hand 
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screw component. By using the method for determin- 
ing the Burgers vector proposed by Tanaka, Terauchi 
& Kaneyama (1988), the Burgers vector is determined 
to be ½[011] or ½[011]. 
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Abstract 

Effects of crystal-surface inclination on the intensities 
of X-ray Umweganregung multiple diffractions are 
investigated for perfect silicon crystals. The intensity 
variations of the multiply diffracted beams due to the 
surface inclination are accounted for in terms of 
three-beam dynamical calculations. Quantitative 
phase determination direct from the intensity profile 
analysis is also carded out. It is found that the phase 
determination is not affected by the crystal-surface 
inclination. This conclusion is also supported by the 
analysis of the profile asymmetry. 

1. Introduction 

X-ray multiple diffraction takes place when several 
sets of atomic planes are simultaneously brought into 
position to diffract an incident X-ray beam. The 
coherent dynamical interaction among the multiply 
diffracted waves, which governs the diffraction 
intensities, has long been investigated for Borrmann 
(transmission) geometry (Borrmann & Hartwig, 1965; 
Saccocio & Zajac, 1965; Hildebrandt, 1967; Joko & 
Fukuhara, 1967; Ewald & Heno, 1968; Uebach & 
Hildebrandt, 1969; Balter, Feldman & Post, 1971; 
Umeno & Hildebrandt, 1975; Post, Chang & Huang, 
1977; Hcfier & Aanestad, 1981; Campos & Chang, 
1986; and many others), and for Renninger (reflec- 
tion) geometry (Renninger, 1937; Colella, 1974; 
Chapman, Yoder & Colella, 1981; Chang, 1981, 1982; 
Juretschke, 1982a, b; Hiimmer & Billy, 1982, 1986; 
Post, 1983; Post, Nicolosi & Ladell, 1984; Shen, 1986; 
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Thorkildsen, 1987; Chang & Tang, 1988; and many 
others). Besides, the extraction of phase information 
from the intensity distribution of multiple diffractions 
has recently become one of the major themes in this 
particular area of research. Reports on this subject 
include articles by Hart & Lang (1961), Ewald & 
Heno (1968), Colella (1974), Post (1977), Jagodzinski 
(1980), Chapman, Yoder & Colella (1981), Chang 
(1981, 1982), Hoier & Aanestad (1981), Juretschke 
(1982a), Hiimmer & Billy (1982), Post (1983), Post, 
Nicolosi & Ladell (1984), Shen (1986) and Mo, 
Haubach & Thorkildsen (1988) for centrosymmetric 
crystals, and by Juretschke (1982b), Chang & 
Valladares (1985), Hfimmer & Billy (1986), Shen 
& Colella (1988), Tang & Chang (1988) and 
Hiimmer, Weckert & Bondza (1989) for noncentro- 
symmetric crystals. 

Very recently, a quantitative phase-determination 
procedure using three-beam diffraction-intensity 
profiles has been proposed (Chang & Tang, 1988). 
Experimental phase determination has also been re- 
alized for perfect-crystal plates (Tang & Chang, 1988). 
In that approach, the intensity due to dynamical 
interaction, which may be separated from the total 
intensity distribution, is directly related to the phases 
of the involved structure-factor multiplets. As far as 
the dynamical effect in multibeam diffraction is con- 
cerned, the excitation of the dispersion surface 
governed by the crystal boundary plays a key role in 
the allocation of the total energy into the diffracted 
waves. Namely, the diffraction intensities depend also 
on the crystal boundary. Recently, Kov'ev & Deigen 
(1987) have reported the intensity variation over 
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