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Dislocation activity in single crystal Hgl,
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Department of Mechanical and Environmental Engineering, University of California,
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An etchant of 5% alcohol in trichloroethylene (TCE) allows greater resolution of dislo-
cation etch pits in vapour-grown single crystals of Hgl, than the ““traditional’ alcohol
etches. The.improved etchant has made possible the identification of etch pits, on the
(00 1) faces of single-crystal Hgl,, that are associated with dislocations on {100}-type

slip planes. The evidence for this conclusion includes (a) the geometric and crystallo-
graphic features of the etch pits, (b) the manner in which they are induced by defor-
mation, and (c) their regularity in passing through the crystal, perpendicular to the

{00 1) plane.

1. Introduction

In recent years there has been considerable interest
in mercuric iodide (Hgl,) for applications as a
room-temperature nuclear radiation detector [1—
3]. Although it is well known that electronic
properties of semiconductors are very sensitive
to crystal defects, relatively little work has been
done to characterize the nature of dislocations in
Hgl,. A number of authors [4—7] have observed
etch pits on the (00 1) surface of Hgl, single crys-
tals by using various alcohol etches; the pits have
been attributed to the presence of dislocations.
In the present work we have been able to delineate
etch pits more clearly on the (00 1) surface owing
to the development and application of an im-
proved etchant, consisting of 5% alcohol in tri-
chloroethylene (TCE). Comparison of the pits
formed after alcohol etches with those formed
after etching in the improved etchant, 5% alcohol
in TCE, suggests that the former do not result
from single dislocations, but instead occur at the
intersections of two perpendicular arrays of dis-
locations. Furthermore, as a direct consequence
of the new etching techniques, it has been poss-
ible to clearly demonstrate that there are etch
pits on the (001) surface of Hgl, that are asso-
ciated with dislocations, based on their motion
under deformation. (Dislocation motion could

not be observed using the alcohol etches employed
by earlier investigators.)

Ponpon et al. [4] observed etch pits on the
(001) face of vapour-grown Hgl, single crystals.
Their etching technique consisted of solution
polishing using a 20% KI aqueous solution and
then etching for a few minutes with either meth-
anol or ethanol alcohol. They reported dislocation
densities of the order of 10%*c¢m~™2 In 1975,
Schieber [5] observed etch pits on both (110) and
(001) as-grown faces of vapour-grown crystals.
The etchant used was 2% bromine in ethanol.
Defect densities were reported to be in the range
of 10° to 107cm™2 Randtke and Ortale [6]
observed etch pits on the (001) face of vapour-
grown Hgl, (using ethanol as an etchant) and
reported dislocation densities of the order of
103 to 10%cm ™2 Nicolau and Joly [7] observed
square etch pits on the (00 1) face of Hgl, single
crystals grown from DMSO solutions and asso-
ciated the pits with screw dislocations normal to
the (00 1) face. They also observed etch pits on
the (011) and (1 10) faces. The former were attri-
buted to the same dislocations that are seen on
the (00 1) face and the latter to edge dislocations.

2. Experimental techniques
The single crystals used in the present study were

*This work is based upon part of the Ph.D. dissertation of T. W. James.
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Figure 1 An example of etch pits produced by a 5 second
etch with 100% methanol on a (001) face of Hgl,.
Similar results are obtained with 100% ethanol etches.

vapour-grown by W. F. Schnepple and L. van den
Berg? using the temperature oscillation method
[1, 8]. Before etching, the crystals were cleaved
parallel to the (00 1) surfaces. In our initial work,
chemical solution etching was performed using
both methanol and ethanol at room temperature.
However, it was found that these etchants acted
very quickly (with etching times of less than
10sec). This prompted a search for a more con-
trollable etchant that would not attack the crystal
as rapidly. The combination of 5% ethanol/95%
TCE was selected after experimenting with a
variety of etchants (e.g. acids, bases, salt solutions,
aqueous alcohol solutions). The alcohol-TCE
solution can be applied effectively with a cotton
swab held on the surface of the crystal or by
immersing the specimen in solution for approxi-
mately 10 seconds. The etch pits were observed
using an oblique illumination metallurgical micro-
scope with magnifications in the range X 50 to
x 200.

Figs 1 and 2 illustrate the difference between
the results of the alcohol etches and the dilute
alcohol—TCE etch. The photomicrographs in these
figures were both taken at the same magnification
and in the same region of the (001) face of a
particular single crystal. Specifically, a cleaved
region of a (001) face was etched with alcohol
and Fig. 1 was taken; the (00 1) surface layer was
then cleaved again, the freshly cleaved surface
was etched with the TCE solution and the pattern
of Fig. 2 was then observed. This process was then

Figure 2 An example of the etch pits produced on the
(00 1) face using the 5% ethanol-95% TCE etchant. The
photomicrographs shown in Figs 1 and 2 were taken at
the same magnification and in the same region of the
(00 1) face of the same single crystal.

repeated several times, alternating between the
alcohol etch and the TCE solution etch; in each
case, the former gave the resuits of Fig. 1 and the
latter the results of Fig. 2. It is readily apparent
that the straight alcohol etches produce an over-
etched condition in a very short period of time.
The alcohol—TCE etch reveals many individual,
closely spaced, etch pits (which we associate with
dislocations) existing in intersecting line patterns.
By comparison, after an alcoholic etch, large indi-
vidual pits appear in place of such pairs of line pat-
terns. The TCE diluted etchant always produced a
properly etched surface after about 15 seconds.
We presume that in previous studies, where straight
alcohol etches have been employed, the crystal
surfaces were like-wise heavily etched; Fig. 9 of
[7] shows an example of such a surface.

The crystallographic orientation of individual
pits on the (00 1) faces was determined by etching
a fresh, as-grown crystal which had large and easily
identifiable (00 1) and (1 10) growth faces.

3. Results and discussion
The TCE etchant was used to examine the (001)
faces of many different vapour-grown single crys-
tals. Since this etchant provided greater resolution
than the previously used alcohol etchants, it was
possible to reveal microstructural features that
have not previously been observed.

In the present study, the etch pits on the

TAtE.G. and G., Inc., Santa Barbara Operations, Goleta, CA, USA.
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Figure 3 An example of intersecting linear arrays of etch
pits associated with (approximately) centrally located
darker pits. The linear arrays extended from the darker
pits, forming crosses that are aligned with the [100] and
[0 10] crystallographic axes.

(001) surfaces were found to be square with their
edges parallel to the {10 0} directions (in agreement
with earlier investigations [4—7]). The size of the
pits varied from about 1—15um; the pit density
varied from about 10°—10°cm™2 The pits
occurred either individually (in a random distri-
bution) or in linear arrays that are aligned with
the (100 directions. For reasons to be discussed
below, the linear arrays of etch pits are interpreted
as resulting from dislocations on slip planes that
intersect the (00 1) surface in <100} directions.
(By contrast, the pits observed after the alcohol
etches were always randomly distributed.) A
commonly occurring feature is illustrated in Fig. 3;
here, pairs of linear arrays are seen to be extending
(in [100] and [010] directions) from centrally
located defects that appear as darker spots at the
locations of the intersections of the arrays. These
darker spots generally coincide with intersections
of curvilinear distributions of micrometre-sized
inclusions that pass through (and are visible in)
the interior of the crystal. Such inclusions have
been reported in vapourgrown Hgl, crystals by
Schieber et al. (Figs 10—13 in [9]).

In order to investigate further the specific
nature of the linear arrays of etch pits visible in
Figs 2 and 3, the effect of deformation by micro-
hardness indentation on the (001) surface was
examined. In particular, it was sought to deter-
mine whether or not such arrays could consist of
mobile dislocations resulting from crystallographic
slip. The results of these investigations are illus-
trated in Figs 4 and 5. Fig. 4 shows the region of

Figure 4 Knoop microhardness indentation made on an
etched (001) face of low dislocation density Hgl,. The
band of dislocations passing diagonally across the lower
right hand corner results from the cleavage process.

a crystal that was cleaved on a (001) plane,
etched with 5% alcohol in TCE (in order to reveal
the initial etch pit locations), and deformed with
a 10g Knoop microhardness indentation. Fig. 5
shows the same region of the same crystal, but
after a final alcohol-TCE etch (in order to reveal
changes in etch pit locations resulting from the
indentation). In Fig. 5, linear arrays of etch pits
protrude, in (100> directions, from the indenta-
tion. These etch pits can clearly be interpreted as
dislocations that were introduced by the inden-
tation, i.e. plastic deformation, and are present on
slip bands that intersect the (00 1) planes in the
(L0 0)-type directions. Similar conclusions have
been drawn from etching—deformation studies of

Figure 5 The

same Knoop microhardness indentation
as that shown in Fig. 4, reetched after indentation in
order to show changes in dislocation structure occurring
as a result of the indentation.
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single crystals of MgO {10] and LiF [11]. While
'these results do not show conclusively that the
linear arrays of defects in Figs 2 and 3 are mobile
dislocations, the comparison with such arrays in
Fig. 5 is highly suggestive.

In addition, experiments were carried out in
which the (00 1) surface was progressively etched
deeper and deeper. This procedure did not result
in any substantive change either in the shape of
the etch pits or in their positions (e.g., relative to
the indentation in Fig. 5), showing, first, that the
defects that cause the etch pits exist on {100}
planes and, second, that they are perpendicular
to the (001) surface. (The latter conclusion is
also consistent with the etch pits being square
rather than rectangular.)

In summary, owing to improved etching tech-
niques, it has been possible to identify etch pits
on the (00 1) faces of single crystal Hgl, that are
associated with dislocations on {100}-type slip
planes. The evidence for this conclusion includes
(a) the geometric and crystallographic features of
the etch pits, (b) the manner in which they are
induced by deformation, and (c) their regularity
in passing through the crystal, perpendicular to
the (00 1) plane.
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