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 DISLOCATION CONIRAST AT HIGH VOLTAGES
R. Osiecki, L. C. De Jonghe* W. L. Bell, and G. Thomas
Department of Materials Science and Engineering, University of
California, Berkeley, California 94720
‘Some results of up to 12 beam contrast calculations for systematic
orientatidnsl'  have indicated that high order reflections at high
voltages may provide imprdfed dislocation resolution, Fdr ekample the -

contrast profiles for dislocations show a decrease in image width for

increasing order of reflection (i.e. increasing g.5), thus enabling

improved:?esoluticn of narrow dislocation disSociations and close1y 
spaced dipolés or superdislocationé? |

This pgﬁer providesbexperimenfal confirmation.that higﬁ order sys-
tématic ‘vrefiections do indeed resulﬁ in an iﬁprévement'in’bright ’
field imagerresolutioh e;g; image widths of dislocations cah,bé'reduéed '
by & factor of “3. The results have been obtainéd from [001] foils
of GaAs semiconducting devices in ﬁhich dislocétipns'are‘associated
with surface and interfacial defects. In each case the'érystal is
set at tﬁe.exdct Bragg‘condition fqr'eaéh-fefleétién along the systematic
row being used. The work was done on the Berkéléy Hitachi'microscopé
operated at 650 kV.v

Figure 1 shows a single dislocation in gallium arsenide and its
projection under various operating reflections. In A and B; the opera-~

tipg_refléctions 0LO and 080, because they have relatively large - ‘

Bragg angles, even at high voltages (650 kV), approximate the low voltage

two-beam conditions, i.e. no strong systematic influences are present.
It can be seen that there‘is little change in'image width by using
the higher order reflection. The smeller Bragg angle of the [220]

¥Now at: Gordon McKay Lab., Harvard University, Cambridge, Mass. 02138.
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reflections allows many beams of the systematic set't0‘0peraté.
Flgure lC-G show that the use of these systematic reflectlons leads
to a marked decrease in d1slocat10n 1mage width, eSpecially in C—E
~which correspond to imaging of primarily the edge-components of the
dislocations. In F and G the contrast is primarlly due to the screw
components of the dlslocation and, although not as marked as in C-E
, there is again some decrease in image width with increasing g Flgu:e 2
shows inclined arrays of dislocations 'ima,ged using various systematic
<220> éondifions. The confusion due to osé¢illatory contrast which is
presen£ in A, especially wvhere fhe dislocationsvintersect the surface
or where they lie asbove one another, is sharply reduced as the order
of the reflectlon at the Bragg condition increases.' ‘For exsmple, the
double.dislocation,1mages_vhich are readily apparent in the lower
porfioﬁvof'B and C are extremelybdifficult to resolve in A;"Also; ihe
imége width decreasés with increasing order of reflection, as expected.
Not only is resolution improved,'but the "noise" in the imaée.due.to
COntfést ﬁhenémena (e;g. sscillatiOns in intensify)»is largely reduced,
vi.e.,image confusion is reduced. | |
These résults seem to havé broad application io studiés.of lattice
defects and émall coherent particles at high voltages and can be applied
more generally than the "weak bean" method of Whelan e£ al.3;v
Dislocétion image chéracteristics under systematic,diffracting 
conditions have'élso-ﬁeen found useful for determining the magnitudg
of thé pfoduct g,b where e, is.thg first order reflection of the
- systematic set and thus can be of tremendoﬁé hélp vhenvit is nécessary

to choose between a number of diffefenf'possibilities.v For example,
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in the fecc syﬁtem, for‘qn_undissociatedVdislocdtian with Burgers vector

of the type'a/2<llo> vhen a 220 réfléction is used the only‘three
possibilitiea ‘are gl.b equnl to O 1, or 2. Figure 3 shous the 1mage

of a dislocatlon image profile and multiple bean br1ght-tield profiles
obtained by COmputer methods for the possibilities.gl.b =1 and 2.
Comparing the trace of the im#ge vith the theoretical profiles it is
clear thgﬁ there is excellent correspondence fér the vidth_of'thevcehtral

minima and the positions of all extrema for the gi.b =2 case. Variations

‘in'relative intensities in the experimental image are most likely due

to thickness variations and discrepancies in dis1ocatidn depth. An
inustr;tign that the g, b =] aislogati'on exhibits only an c.>bse.rv_a'b.le
central minimum is given in Fiéures 14 and g. Thﬁa; there exiéts con-
firm;tionfof‘theﬁapplicability'qf:images obtained using higher-qfder .
reflections to determine Burgers vectors in a system whefe the Burgers.
vector is’yeli-charactéfized. The method can then be applied to a

system where the Burgers vector has not been characterized and there is

" even extensive debate and confusion about. the possiblé allowable Burgers

vectors. In the cobalt-ferrite Spinels it is poSsible to detérmihe‘which
is the correct possibility. Figure L {}lustrates how the possibiiii&

of a gl.b =1 dislocation is ruled out by comparing hlgher—order brlght
field images to theoretlcal proflles and comparlng the number and spac1ng
of primary extrema. More details -of this work will be publlshed elsewhere.

We thank the U.S. Atomic Energy Commission fOr'continued financiai;éuppo;t.::

-‘through the Lawrence Radiation Labbratory, Berkelgy,vCalifornia,'QhTQQ.



b ,_ T

. : . |

References o - - g _  o i

1. W. L. Bell and G. Thomas Proc. 29 EMSA Conf. 1969, p. 156 (Cl&itors)

2. L. C. De Jonghe and W. L. Bell Tth Intl. Congress, Grenoble 2 337 (1970)

3. D. I H. Cockayne, I. L. F. Ray and M. J. Whelan, Phil. Mag 20 1265 (1969). J

. S



XBB

T13-10LT



-1046

XBB T13



EXPERIMENTAL BRIGHT FIELD

A
// \ |
VT
\\ ,
T \ I G e —— o
1 \ l T
\|[/ :
VA I

XBB T07-3328

Fig. 3

RELATIVE INTENSITY



COMPUTER BRIGHT FIELD

FOIL THICKNESS :
3300 K
-
=
a
2
=
=
w
]
-
=
=
=
i
5k -0.3 -0.2 -o.1 0.0 0.1 0.2 0.3
x (1)
650 kv
b
EXPERIMENTAL BRIGHT FIELD
=
a
<
=
=
= 4r
s
=
=
H
e
s
H
z
g 5r
2
=
&l
1 1 1 1 1 1
-0.3 =0:2 -0.1 0.0 0.1 0.2 0.3

X

XBB T011-5224



b

LEGAL NOTICE
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United States Government. Neither the United States nor the United
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or

_r_esponsibi]ity 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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