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Cleavage step deformation in brittle solids
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The nature and origin of sub-surface deformation associated with steps on cleavage
surfaces of brittle solids is investigated. The geometrical configuration of step formation
during cleavage is first discussed in terms of an interaction between crack segments pro-
pagating on adjacent planes. Observations of cleavage surfaces, using optical microscopy,
scanning electron microscopy, and X-ray topography, are then described. It is concluded
that the cleavage steps form primarily according to a mechanism in which adjacent crack
segments first overlap to produce a connecting cleavage sliver, and subsequently join at
one end (sometimes both ends) of the sliver to complete the separation of the cleavage
halves. The slivers close in imperfect registry with the underlying parent material,

thereby leaving a residual gap or dislocation network beneath the undercut steps. This
mechanism is in accord with previous observations of step-associated deformation, hither-

to taken as evidence of local plasticity.

1. Introduction

The atomically flat cleavage is an ideal that is
rarely approached in the fracture of brittle
solids. In the vast majority of cases cleavage
faces exhibit a complex pattern of surface
markings, which may be regarded as a visual
record of disturbances suffered by the propaga-
ting crack [1]. In favourable instances quantita-
tive information on crack positions and veloci-
ties may be read from the pattern. Again, in the
case of small, incomplete fractures, observations
of the behaviour of interfacial structure during
crack closure may be directly related to the ques-
tion of reversibility in crack growth [2]. Further,
since local disturbances must inevitably enhance
the already intense stress concentration at the tip
of a propagating crack, surface markings become
favoured sites for sub-surface deformation
during fracture: the state of a fresh cleavage
surface may, therefore, act as a pointer to the
subsidiary deformation properties of a brittle
solid.

This paper is concerned with the mechanical
properties of the most prevalent of all surface
markings, the cleavage step. In particular,
attention is focused on the stress state which
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prevails during step formation. A theoretical
model, derived from proposals put forward by
earlier workers, is first developed in an attempt
to predict the geometrical configuration of the
cleavage step. Experimental observations on the
cleavage of several highly brittle solids, in-
cluding diamond-structured crystals, glass, zinc
and lithium fluoride, are then presented in
support of the model. It will be argued that
seccondary fracture is the dominant mode of
attendant sub-surface deformation during step
formation, contrary to the assertion of some
previous investigators. The relevance of these
conclusions to deformation-sensitive properties
of materials is an important adjunct of this
work.

2. Mechanism of cleavage step
formation

Cleavage steps form when a crack front advances
through a solid on more than one plane. As the
material separates across the fracture interface
the adjacent crack planes join up to produce a
stepped crack profile. The steps thus formed lie
closely parallel to the direction of main crack
propagation. In a general description of the
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process one needs to specify (i) the origin of
crack-front disturbance, and (ii) the manner in
which material separates at the “riser” of the
step. Of these two aspects only the second is
directly pertinent to the present study: the first
aspect will accordingly be dealt with relatively
briefly.

2.1. Origin of crack-front disturbance

Among the better-known mechanisms respon-
sible for departures from atomically smooth
fracture are the following:

(a) the main crack may form by the coalescence
of a number of smaller cracks initiating from
non-coplanar sources;

(b) a crack approaching its terminal velocity
will tend to “bifurcate” onto adjacent planes [3];

(c) an originally smooth crack experiencing a
shear stress parallel to its front will tend to
accommodate the disturbance by segmenting into
partial fronts separated by “lance-like” steps
[4, 5]. (In this way the crack plane orients itself
normal to the direction of maximum tension);

(d) a cleavage crack in a crystal suffers a twist
on intersecting a grain boundary, and thereby
segments as in case (c) [6]. On a smaller scale,
the crack front intersecting atomic-scale defects,
such as screw dislocations [7], tends to produce
microsteps which subsequently amalgamate into
““river patterns” of macroscopic steps [8].

2.2. Step-separation mechanism

The manner in which material separates at a
cleavage step requires a close look at the inter-
action between advancing cracks on neigh-
bouring planes. Friedel [8] has pointed out that
the creation of a cleavage step locally impedes
the crack front as depicted schematically in Fig.
1. This is to be expected, particularly for large
steps, since all separation mechanisms will
require the expenditure of extra fracture energy,
if only to create new surface area at the step
riser. Thus, the cleavage step must form at some
distance behind the main crack front, so the
cracks on adjacent planes can be considered to
approach each other from mutually opposing
directions transverse to the main crack front.
This point shows the way to a simple model for a
stress analysis.

We choose to represent the interacting cleavage
cracks as mutually opposed edge cracks in a
large tensile specimen. To our knowledge no
exact solution is available for this problem, but
an approximate, and physically instructive,
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main crack front

Figure 1 Schematic representation of cleavage-step
pinning of main crack front. Broken line indicates
position of a hypothetical uninterrupted front, full lines
indicate crack segments on adjacent planes. S denotes
stepped regions linking the adjacent segments.

“fracture mechanics” analysis [9] may be carried
out by assuming the pre-existence of a single
crack, 1, and considering the growth of a second
crack, 2, in the field of 1. Fig. 2a shows the
system: here the unprimed co-ordinates refer to
an origin at the tip of crack 1 and the primed
co-ordinates refer to an origin at the mouth of
crack 2; the subscript ¢ indicates the tip position
of crack 2. The separation distance between
crack planes is taken to be small compared with
crack lengths (y, <€ x.'), so that any changes in
stress intensity in the vicinity of closely ap-
proaching crack tips may be ascribed wholly to
the interaction between fields.

The local stress field about the tip of crack 1
in the absence of crack 2 has tensile and shear
components [9]

KIo 9 . 0 . 30
Tyy = ;533 €08 5 1 + sin = sin —-
)

) 27
K1y 0 o 30
Ohy = (2 )-;- sin = COS2COS 2

where the stress-intensity factor Ki, relates the
intensity of the field to the applied tensile
loading. Fig. 2b shows the distribution of
stresses o(x, y¢) along the ultimate path of crack
2. It is evident that the tensile component
dominates the shear component in the prior
field through which crack 2 is to propagate.
Now suppose we introduce the second crack.
Stress-intensity factors for this crack may be
computed for each of the prior stress com-



CLEAVAGE STEP DEFORMATION IN BRITTLE SOLIDS

(a) Tyy
Clxeye) —1~ Sxy L
f ®
yc r :
O) L% {
0 b x" .
() oYE/K,,
0.4 Syl ye)
Lo,z
SyyiXi¥e)
4 1 1 l
-l ] 2
\// X/yc
L-0,2
(c) K/Kpo 4
/\
L Kb
L
= y Kglxe,ye)
A 1 1
| ,
J Xe/Ye

Figure 2 Mutually opposed edge cracks in tensile loading.
(a) Crack 1 pre-existent at tip position 0; crack 2 at tip
position C advances through field of 1. (b) Local stress
field of crack 1 along ultimate path of crack 2. (c) Stress-
intensity factors for crack 2 as function of tip-separation
co-ordinate x..

ponents from standard formulae [9]; in terms of
primed co-ordinates we have
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The term Kz, in the first of these expressions
appears as the limiting value in the case of
zero interaction®. A convenient transformation
in co-ordinates may be made by means of the

connecting equation
X+ x'= Xe + X

€)

in the approximation of large cracks, Equation 2
reduces to
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Values of K(x¢, ye) obtained by substituting
Equation 1 into Equation 4 and integrating
numerically are shown in Fig. 2c.

The stress-intensity factors provide a useful
guide to the behaviour of the mutually ap-
proaching edge cracks. First, they indicate the
magnitude of the interaction. Here the dominant
term is clearly K7y, the factor associated with the
tensile mode of crack propagation. Fig. 2¢
shows a substantial reinforcement of the stress
intensity as the cracks approach and overlap.
Thus we may conclude that opposing edge
cracks will exert a strong mutual attraction
favouring a pronounced overlap configuration.

Second, the stress-intensity factors indicate the
direction of the interaction. Up to this point we
have, of course, implicitly assumed that the
opposing cracks suffer no deviation from their
respective planes. Now, it is well known that
cracks tend to align themselves normal to the
direction of greatest tension. For a plane crack
entering a region of shear this tendency will
manifest itself as a gradual deflection of the
fracture trajectory: in terms of crack 2 in Fig. 2
the deflection with respect to crack 1 will be
initially repulsive and then attractive upon
mutual approach. However, semi-quantitative
considerations suggest that any such crack-plane
disturbance will be of minor significance. Erdo-
gan and Sih [10] have demonstrated that crack
deflection goes with the ratio Kii/Ks; typically,
at ratio unity the deflection is of order one radian,
yet in Fig. 2c the greatest ratio attained is 0.06.
In crystalline solids this apparent reluctance of
the cracks to deviate much from their parallel-
plane geometry may be further enhanced by
preferred-cleavage tendencies.

We now have only to explain the manner in
which the adjacent cracks link up to enable the
cleavage halves to separate as the main crack
front progresses. Three possible sequences are
illustrated in Fig. 3; in each case the main crack
front is advancing into the page.

Case (g). The adjacent cracks deflect towards
each other and link up at their tips. This mechan-
ism has been proposed for germanium cleavage
[11]. However, our conclusion above concerning

*Strictly, these expressions apply only to a single plane crack in an infinite, isotropic medium, and may be suspect

when crack overlap is large.
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Figure 3 Three possible modes of cleavage step formation,
shown in four stages of crack propagation. Main crack
advancing into page. (a) Adjacent cracks attract and
merge tip-to-tip. (b) Shear failure occurs to form ortho-
gonal step. (c) Cracks overlap and merge tip-to-plane.

the reluctance of approaching cracks to deviate
towards each other would appear to rule out this
possibility.

Case (b). The adjacent cracks link up ortho-
gonally at the point of overlap. Here again our
analysis favours continued extension of the
cracks into an overlap configuration. On the
other hand, the shear stress across the region of
crack-tip separation must be appreciable; thus
for a solid intrinsically weak in shear an ortho-
gonal step might be expected to form via a slip
mode of failure. Gilman [12] proposed such a
mechanism to account for the near-orthogonal
cleavage steps shown by rocksalt-type crystals
with {100} cleavages. However, highly brittle
solids are, by necessity, relatively strong in
shear [13]; moreover, the step geometry shown
by rocksalt-type crystals is not inconsistent with
the separation mode (c) below.

Case (c). The adjacent cracks first overlap and
then link up as the tip of one crack intersects the
plane of the other. In the large-overlap con-
figuration, the analysis embodied in Fig. 2
loses much of its credibility, for the resulting
sliver of material connecting the separating
cleavage halves behaves more as a double-
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ended cantilever than as a portion of material
adjacent to an isolated edge crack in an infinite
specimen. As the main crack front advances
further into the page, the connecting sliver
becomes subjected to an increasing bending
moment, especially in the base regions, until a
critical breaking point is reached. This mecha-
nism, first conceived by Orowan [14], has been
identified in several brittle cleavages [5, 6, 15-17].

3. Observations of cleavage steps

Experimental observations have been made of
steps on a wide range of cleavage surfaces. In
preparing cleavage specimens our main aim was
to produce surfaces with a few well-formed,
widely spaced steps so that any subsidiary
deformation could be observed without com-
plication. Such specimens could be prepared
simply by tapping a chisel into a notched slab
oriented for “easy cleavage”. Several “model”
materials, materials with well-documented frac-
ture properties and with particular amenability
to examination by certain microscopic tech-
niques, were investigated.

3.1. Optical and scanning electron micro-
scopy

The topography of the fresh cleavage surfaces
was initially surveyed by optical microscopy. All
materials showed essentially the same basic
features in the step patterns, although crystallo-
graphic tendencies were more apparent in
crystals with greater cleavage anisotropy. Surface
areas of particular interest were earmarked for
observation in the scanning electron microscope.
A few cleaved specimens were etched prior to
examination in an attempt to delineate any out-
cropping regions of sub-surface deformation.

In a search for definitive evidence for any one
step-separation mechanism, two observations
stood out. Both confirmed the crack-overlap
model (¢) in Fig. 3 above. The most direct
evidence was obtained by viewing transparent
specimens (glass, LiF) in normally incident
light. At some of the larger steps Fizeau inter-
ference fringes were clearly visible, as in Fig. 4.
These fringe patterns indicate the presence of
residual wedge-shaped gaps between undercut
steps and parent material, From the patterns the
wedge angle of the gaps was estimated to vary
between 0.1 and 1.5°, with an average value of
0.5°. The usefulness of the Fizeau patterns was
limited to only those larger steps whose residual
gap separation exceeded that necessary to
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Figure 4 Optical micrograph (normally reflected green
light) of (001) cleavage in LiF. Surface has been etched.
Note interference fringes at undercut step, ceasing at
point of upward deflection of step at right. Note also
high density of dislocation etch pits at base region of step
{randomly scattered pits indicate grown-in dislocations).
Lower portion of micrograph corresponds to Iower-level
side of step. Width of field 0.6 mm.

Figure 5 Scanning electron micrograph of steps on
{111) Si cleavage surface. Note abrupt discontinuity at
undercut step. Width of field 85 pm.

produce a single interference fringe, namely one
half-wavelength of light.

The second observation pointing to the crack-
overlap model presented itself in the form of
discontinuities in geometry along the length of
the steps. An example is shown in Fig. 5, a
scanning electron micrograph of a silicon
cleavage surface. Discontinuities of this kind
were a common feature of all fracture surfaces
examined. Their occurrence could be satis-
factorily explained only in terms of a deflection

in the base fracture of the near-symmetrical
connecting sliver in Fig. 3¢ from one end to the
other. Such a deflection would require only a
small disturbance in stress conditions at the
advancing crack front. The step geometry
resulting from the proposed mechanism is
depicted schematically in Fig. 6. Thus on
deflection of the step from the A-A to the B-B
configuration, residual undercutting should
abruptly cease on the lower cleavage surface
(thereby explaining the absence of fringes at
extreme right in Fig. 4) and simultaneously
reappear on the upper surface. Observations by
other workers [6, 16] substantiate this predic-
tion. In the special event that the stress field
fluctuations prove insufficient to disturb the
essential symmetry of the configuration in Fig.
3c, the sliver would presumably fracture simul-
taneously at both ends, in which case no residual
undercutting would be evident on either fracture
face. This picture is consistent with the invariable
presence of microscopic “cleavage whiskers” and
other debris on fresh cleavage surfaces [15]. Fig.
7 shows a clear example of a partly dislodged
fragment of undercut step on a cleavage surface
of silicon.

Those specimens subjected to an etch treat-
ment showed distinctive signs of preferential
chemical attack in the stepped regions. Again,
this is in accord with the undercutting hypothe-
sis, since imperfect mating between overlapping
sliver and parent block inevitably leaves the
surrounding material in a state of residual elastic
strain. Of the materials surveyed, namely dia-
mond-type crystals, glass, zinc and lithium
fluoride, only the last showed any evidence for
the operation of subsiduary deformation modes
other than the secondary fracture described
above. In lithium fluoride, bands of dislocation
etch pits were observed at the larger overlapping
cleavage slivers (Fig. 4). Thisis not an unexpected
result, for rocksalt-type crystals are known to
have a slightly plastic cleavage [6, 7, 16, 18-20].
However, plasticity mechanisms have also been
positively identified in zinc cleavages [21], and
tentatively in the remaining materials cited: we
cannot discount the possibility that deformation
resulting from such mechanisms never intersects
the cleavage surface, and thereby remains
inaccessible to the etchant.

3.2, X-ray diffraction microscopy
(topography)
A powerful, mnon-destructive technique for
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Figure 6 Schematic of cleavage step-deflection mechanism.
Centre diagram represents surface view of lower cleavage
face. Upper and lower diagrams represent section views
through A-A and B-B respectively. Note undercutting at
section A-A only. (Upper cleavage face would have
complementary geometry, except in the case of sliver
detachment at both ends.)

Figure 7 Scanning electron micrograph of detail at step
region on a (111) Si cleavage surface. Note partially
dislodged sliver fragment. Width of field 0.6 mm.

studying the imperfection content of nearly
perfect crystals is that of X-ray diffraction topo-
graphy. Both transmission [22] and reflection
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[23] variants of this technique have proved useful
in identifying cleavage-generated dislocations in
lithium fluoride [18, 20] and zinc [21]. In the
present work attention was directed toward
silicon, although a few further topographs were
taken of other crystals with particularly favour-
able step patterns. The advantage of working with
silicon is that single crystals are readily available
in near-perfect form; any diffraction contrast on
the topographs could, therefore, be attributed
unambiguously to the cleavage process itself.
Moreover, the question of whether plastic flow
accompanies cleavage step formation in dia-
mond-type crystals is a contentious issue which
bears on device technology, as we shall indicate
later.

The best diffraction contrast was obtained in
transmission topographs of specimens thinned
down to about 300 pum. The thinning procedure
involved coating the cleavage surface with
protective lacquer (later removed by solvent)
and polishing away the back surface by mechani-
cal and chemical means. Most crystals prepared
in this manner showed slight non-uniformi-
ties in thickness, as evidenced by the appearance
of broad, faint “Pendellésung” (equal thickness)
fringes [24]. Of course, with reflection topo-
graphs, no such specimen preparation was
necessary.

Strong diffraction contrast was observed at
cleavage steps in ail topographs. Lesser contrast
appeared at locations where debris lay on the
cleavage surface. These features are seen in the
transmission topographs of silicon in Figs. 8 and
9. The step contrast is characteristic of residual
elastic strain, pointing once more to the under-
cutting model. Furthermore, the occurrence of
image discontinuities along the lengths of a
majority of the steps lends strong support to the
step-deflection mechanism of Fig. 6: these abrupt
changes in image contrast(seen to best advantage
in Fig. 8) correlate well with step deflections
observed in the optical microscope.

A close examination of fine details in the
diffraction micrographs of several silicon
cleavage surfaces revealed no trace of any con-
trast that might be associated with dislocation
images. Some faint transverse striations were
occasionally noted at step risers where an
overlapping sliver had been torn away with the
opposing cleavage face (Fig. 8): optical micro-
scopy of the corresponding surface areas dis-
closed fine arrays of transverse sub-markings,
themselves step-like in appearance. Again, in two
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Figure 8 Transmission X-ray topograph of (111) Si
cleavage, showing some particularly large steps. Note
transverse striations in regions of weak step contrast.
Heavy damage at top-right edge was caused by mechanical
polishing during specimen preparation. AgK« radiation,
220 diffraction vector. Width of field 10 mm.

Figure 9 Transmission X-ray topograph of (111) Si
cleavage. Note lateral displacement of Pendellosung
fringe contours at some of the larger steps. AgKa
radiation, 020 diffraction vector. Length of arrow 4 mm.

isolated cases fringe patterns, with characteristic
spacing less than 10 pm, were faintly visible in
undercut step regions where the associated
residual strain was unusually slight. On the
other hand, with zinc, cleavage-induced dis-
location arrays parallel to the basal cleavage
plane [21] were invariably observed beneath
steps: Fig. 10, a reflection topograph, is an
example. Thus from the X-ray evidence, together

with the null etch results, one might be led to
conclude that silicon is indeed truly brittle, zinc
only partially so.

However, the fine scale of the above topo-
graphic detail lies close to the limit of resolution
of X-ray microscopy, namely &~ 2 pm. It would,
therefore, seem logical to supplement the X-ray
study by means of high-resolution transmission
electron microscopy. Here we may conveniently
draw on the proliferation of electron microscopy
observations in the literature.

Figure 10 Reflection X-ray topograph of (0001) Zn
cleavage. Note dislocation array at undercut step SS.
Lower portion of micrograph corresponds to lower-level
side of step. CoK« radiation, (11.03) diffraction vector.
Width of field 0.65 mm.

4. Discussion

Our observations suggest that the crack-overlap
mechanism of step separation is widespread, if
not predominant, in brittle solids, at least for
steps on a macroscopic scale. In accordance with
this model, residual sub-surface strain may be
associated with imperfect closure and healing at
the interface between overlapping sliver and
underlying parent block. The failure of opposing
faces to key together in perfect registry is not
uncommon in the closure of small-scale fractures
[2]. The presence of minute sub-markings (e.g.
transverse striations in Fig. 8) and fracture
debris may be responsible for substantial
residual-gap wedge angles; for instance, micro-
metre-scale disturbances account for the wedge
angle of order one degree in Fig. 4. In the
diamond-structure crystals the gap displacements
appear to be accommodated entirely by elastic
strain in the surrounding material, whereas in
lithium fluoride and zinc there is evidence for
accompanying dislocation mechanisms. These
conclusions are, of course, pertinent only to
room temperature observations; at elevated
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temperatures plasticity is likely to become a
dominant factor in the cleavage of all solids.

With these points in mind it is interesting to
review the interpretations made by earlier
workers in transmission electron microscopy
studies. Fringe patterns and dislocation net-
works on the sub-micrometre scale have been
observed beneath steps on cleavage surfaces of
silicon [25] and germanium [26], magnesium
oxide [27], zircon [28], and graphite [29]. In all
cases, the sub-surface patterns were confined to
an interface lying parallel to the cleavage
surface and terminating at the step riser. The
consensus of opinion is that such observations
constitute evidence for a glide mechanism.
However, in the diamond-structure crystals, the
weight of existing evidence on dislocation motion
argues heavily against even small-scale glide at
room temperature; only at elevated temperatures
does the Peierls stress drop significantly below
the theoretical shear strength for the ideal
diamond lattice [30]. Moreover, in magnesium
oxide the (001) plane of cleavage (hence the
plane of the sub-surface interface) does not
even correspond to a favoured slip plane.

The step-undercutting model outlined in the
present study suggests an alternative explanation
of the interfacial patterns. Imperfect closure
between sliver and underlying parent crystal
would cause a small mismatch between the lattice
planes in the two crystal portions. On the
reasonable assumption that the residual bending
in the sliver produces a mutual tilting rather than
dilation of the lattice planes, we may predict the
generation of a rotation Moiré pattern, by
diffraction contrast, in both X-ray and electron
micrographs*. Now the fringe spacing in
rotation Moirés is given by D = dff, where d
is the spacing of diffracting planes and 0 is
the angular mismatch. Taking d ~ 0.2 nm as a
typical value, and 8 ~ 0.5° corresponding to the
average residual-gap wedge angle cited in Section
3.1 as an upper limit to the lattice tilt, we obtain
D ~ 25nm as a lower-limit estimate of the fringe
spacing. This is consistent with the scale of the
fringe patterns observed in the electron micro-
scope. For the same type of pattern to be resol-
vable by the X-ray method, however, the angular
mismatch would need to be at least two orders of
magnitude smaller than the above value. There

is some evidence from the X-ray topography of
silicon, for instance the present isolated sightings
of step fringe systems (Section 3.2) and previous
reports of widely-spaced Moirés at surface-
inclined fractures [2], that sufficiently small
mismatch may eventuate under conditions of
unusually favourable geometry. The relatively
large average mismatches in the present cleavage
step observations are no doubt attributable to the
susceptibility of the thin overlapping slivers to
bending: if, on the other hand, the sub-markings
at the interface between sliver and underlying
crystal were by chance to key together at
isolated points along a step, a high degree of
closure might be attained in local areas.

The appearance of dislocations rather than
Moiré fringes in some of the micrographs would
then follow naturally if, in the course of breakage
of the sliver, substantial interfacial recontact
were to occur beneath the undercut step. Energy
considerations would favour relaxation of the
system into an interfacial dislocation array, with
regions of ‘“restored” crystal between the dis-
locations [31], provided the chemical bonds
remained unsaturated during the separation
processt. Mismatch dislocations have been pre-
viously proposed in connection with crack
healing in sodium chloride [32, 33]. The dis-
location array beneath the cleavage step in the
zinc topograph of Fig. 10, and an earlier
observation of a “fringe system’ made under
near-identical conditions [34], may well fall
within this category [35, 36].

Finally, mention may be made of a twinning
mode proposed to explain the presence of
spurious reflections in X-ray diffraction spot
patterns of germanium cleavage surfaces [37].
While we can neither support nor refute this
possible deformation mode in the diamond-type
crystals, it may be worth pointing out that no
markings which might be identified with twins
were evident in our observations, or in the
electron microscopy observations referred to
above.

5. Concluding remarks

The crack-overlap model described here presents
a consistent picture of cleavage step mechanics
in brittle solids. It not only emphasizes the basic
role of secondary fracture in the cleavage pro-

*Without specific knowledge of the diffraction vectors for those published electron micrographs which show apparent
Moiré fringe patterns we cannot rigorously confirm the dominance of a rotational component, despite the direct
evidence in the micrographs themselves that the material at the cleavage steps is tilted. . ) .

+As, for example, in a dynamic cleavage in which environmental contaminants have insufficient time to penetrate into

the advancing fissures.
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cess, but also demonstrates the need for extreme
caution in the interpretation of associated
deformation patterns. Such considerations are of
particular concern in connection with the
general deformation properties of highly brittle
materials, e.g. diamond-type crystals and glassy
solids: these materials always fracture in the
linear stress-strain region in conventional testing
arrangements, for it is no simple matter to avoid
a component of tension in any loading system
other than in an elaborate high-pressure appara-
tus. Consequently, much of the evidence for
room-temperature plasticity in highly brittle
materials has derived from somewhat fortuitous
observations of subsidiary deformation at
cleavage steps, indentation sites, etc. Our
present analysis seriously questions the cleavage
step evidence, and a similar state of controversy
is currently arising over the indentation evidence.
In the diamond-structure materials the precise
nature of the subsidiary deformation has aroused
intense interest because of a strong correlation
between semiconducting properties and surface
conditions [38]: the potential control of such
conditions in device technology clearly requires a
basic understanding of the underlying mechan-
isms.
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