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CHAPTER 3
CHEMICAL ETCHING ( GENERAL)

3¢l Introduction:

When a crystal is attcked by an appropriate
solvent which chemicglly or physically dissolves it,
the initiagl dissolution begins 3{% certain preferential
points. This phenomenon is known as etching. It gives
rise to various types of geometrical feagtures on a
crystal surface. It is well known_that single crystals
are snisotropic. The rate of attack on the erystal
surface 1s also anisotropic, being different slong
different directions. This anisotropy usually gives
rise to the production of conical depressions with
regul ar geometrical outlines on erystal surfaces. They
are usually known as etch pits, etch marks or eteh
figures. The form and symmetry of etch pits were used
by minerslogist to determine crys*ba,';. planes and their
orientation with one another. At that time, production

of etch pits on a crystal surface was not understood
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satisfactorily. Dissolution of a crystal surface is

“‘now thought to occur by the betreat of monomolecul ar
steps, belng reverse to that of growth, which takes
place due to the motion of steps on a surface. It is
believed that when a perfect crystal face is exposed
to a solvent, dissolution usually begins by the
nucleagtion of unit pits of one molecular depth. These
unit pits grow as steps retreat across the crystal

surface thrmugh the -gaction of kinks,

The understanding of etch phenomenon was
enhanced by~the recognization of various types of
imperfections in a crystal. The defect péints are not
bound with the surface as strongly as the other points
of the crystal. They need less energy to dissociate
than that required by points (atoms)‘in the regular
structure. If chemical or physical change gives energy
to dissociate imperfections from the exposed surface
substantially, etch pits or etch features magy be
observed on it, It-is ﬁoﬁ'necessary that solvent
should be present at the time of etching; other
appropriate physical conditions such as ionic
bombardment, temperature etc. also help to form
preferential etch pits at defect points on a crystal

surface. Following are the ways of obtalning



preferential dissolution on a erystal surface (i)
Chemical etching, (ii) Thermal etching, (iii) Ioniec
etching, (iv) Electrolytic etching and (v) Etching by
dehydration. The etch patterns obtained by sny one of
the above methods sre studied by high resolution
optical techniques, or by X-ray microscopy or by
electron microscopy. The behaviour of materiagls towards
a given method of etch depends upon the nature of the
material. For example, etching of mebtallic crystals
usually initiate at preferential points with the
formation of oxide layers, subsequently followed by
their dissolution. In this chapter g brief review of
various methods of etch is given with specigl reference

to etching of ionic crystals.

Chemical etching includes mgjor portion of
research wrk in etching and substantial work on
different crystals 1s now availagble in literature
(Regel et al, 19603 Johnston, 1962). It is difficult
to give a full account of %hemiCal etéhiﬁg here., Some
of its important sglient feagtures will be given in

the present chgpter.

3.2 Eteh Peatures on Cryst surface:

Chemical etching produces usually a few or all
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~ of following etch features on a crystal surface: (1)
Etch spirals, (2) Etch pits, terraced, flatbottomed
and point-bottomed, (3) Linear etch raws, (4)
Polygonized etch figures, (5) ‘ﬁ‘hnne}.s and dendritie
etch features and (6) Shallow pits, pits with bedks,
etch hillocks ete.

3.21 Etch Spiralss

Prank, (1949), has considered the effect of
screw dislocations on crysﬁal growth and suggest':ed
that if a crystal grows by screw dislocation
mechanism, a growth spiral should be obtained on the
surface. He concluded that the conditions that could
cause it to grow would glso magke it imperfect. Spiral
eteh pits were observed o form on surfaces of many
crystals including metals and semi-conductors. In the
earlier wrk, spirsl pits were correlated with the
emergent point of screw dislocations. The condition
which produces spi_ral etch pits is opposite to t_hat by
which a growth spiral is created. Amelinckx.et al,
(1957, Ellis, (1957) etc. gave explanations of spiral
etch pits with large step helghts on the basis of
helical dislocations. Lang, (1957), has shown that there
is no need of a screw dislocation in a crystal for the
formation of spiral eteh pits. The correspondence of

growth spirals with etch pits was first observed by
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Horn, (1952), on the silicon carbide crystals. He was
first to delineate dislocations by chemical etching.
Gevers et al, (1952), also independently observed etch
pits on growth spirél in silicon carbide crystals. They
observed deep polygonized eteh pits at the emergence of
the screw dislocations on the surface, in contrast to

the shallow rounded pits formed elsevhere.

3422 Bteh pits:

The most noticeasble feature on a chemically
etched surface consists of etech pits. They represent
the early stages of crystal dissolution and subsequent
information concerning the origin, distribution agnd other
important aspects of p_its has been sought by many
workers, Etch pits are used to locate dislocatlons
terminating on a erystal surface. Density of dislocation
eteh pits usually remains constant for different periods
of etching. Generally it is higher in metal crystals

(105 to 107 /em® ), $Harin diohic orystals -«

(0% to 105 /om® ). Crystals with low dislocation
density are desiréble for study of individugl disloca-
tions by eteh pit technique. Whether all etch pits
revesgl dislocatioﬁé or all dislocations give rise to
eteh pits is a question which is not yet fully answered.
The different types of dislocation etch pits ( symmetric

and asymmetric) were produced on cleavage surfaces of



NaCl and LiF by imelinckx, (1954) and Gilman and
Johnston, (1956), respectively. This is found to be
due to different inclinationsof edge and screw
dislocations. Gilman and Johnston have shown that edge
dislocation lines lie normal to the plane of observa-
tion in LiF crystals, so symmetric pits arise after
heavy etch by CP-4 etchant, while screw dislocations
lie 45° to the plane of observation and etching of
the screw dislocaltions gives rise to asymmetric eteh
pits though symmetrical etehant was wvsed in both cases.
They could also distinguish between aged snd fresh
dislocations. Etch pits formed at aged dislocgtions are
shallower than those formed at fresh dislocations. The
different types of etch pits _(edge and screw)
terminating on grain boundaries were distinguished
by their varying depths on surfaces of NaCl crystals
by #melinckx, (1956), Livingston, (1962), developed
etehing technigue to distinguish between positive and
negative edge disloca’cions‘ in copper. He found two
different types of pits (light and dark) on the (111)
surface of copper single crystagls. He has further
shown that 95% of the dislocations were of the majority
sign., Marukuwa, (1967), also observed dark and light
pits on Cuﬁ 1113 surface. He concluded that pits at

serew dislocations had dark sppearence.



The visibility of an etch pit depends on
the combination of the ragte at which the steps move
on the surface, i.e. function of normal and lateral
rates of dissolution of a given, site (Gilmzn et al,
1958) . If Vn and Vg represent the normal and the
lateral rates of dissolution respectively, the
visibility of a pit depends upon the ratio.. "0/ Vg.
If ‘Vn <& Vg 4 very shallow pits will be foméd which
would not be visible under opticagl microscope. It is
found that readily visible pits can be obtained vhen

w,

Vn/v > 04). If pits are produced at line defects the

Pactor Vn/yg appears to be related with the slope of
etch pits. For a symmetric pit, all the planes forming
a pit are equally inclined; while slopes of thes_e
planes are different for asymmetric pits. A detailed
étudy of slopes of etch pits was systematically done
by Ives and Mcaasland, (1968) . They had clagssified
pitsﬁnto three categories, depending upon the various
ranges of slopes of pits on 200013 surface of Zinc
crystals. They reported thatA planes of the etch pits
were vieingl faces. Benabraham, (1965), reported that
the planes of pits are low index planes in ZnS crystals.
It is now known that shapes of etch pits are functions
of concentration of etchant, etching time, temperature

and condition of etching. The shagpes of pits produced.



by various etchants of different concentrations on
caglcite clegvage surfaces were studied by Honess agnd
Jones, (1937), Kelth and Gilman, (1960), Patel and
Goswemi, (1962a), Pandya and Pandya, (1961). The
bounding side of a pit may be rectilinear or curvilinear
depending upon the energy of =an etchant., Tolansky eznd
Patel, (1957b), observed rectilinear etch pits when
etching was carried out on octahedral faces of

dizmond by fused potassdum nitrate at temperatures
below 475°C, while at 525°C, etching was much faster
and the sides of pits became rounded. Pandya, (1969)
had also studied the aspect of curvilinearity of etch

pits for various crystals, such as calcite and mica.

The effect of stirring of etching solution on
KBr gnd NaCl crystals was studied by Kostin et al,
(1961) and Toropov and Udalov, (1965) respectively.
Kostin et al, observed conical etch i‘igures instead of
pyremidal etch pits due to vigo frous stirring while
Toropov and Udalov ohserved octahedral eteh pits on
NaCl instead of circular etch pits due to vigofous
stirring. It was well known that widening rate (that

is Vg) of an etch pit glso increase d due to

vigorous stirring though shape remagined unchanged.

The present anthor has made a detailed
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systematic study of different shapes of pits produced

by different concentrgtions of various etchants on
cleavage faces of calcite. Further the effect of the
time of etching 2nd condition of etehing on the shape '
of etch pits is dlso studied. This will be discussed

in the relevent chgpters.

The necessary condition for revealing
dislocations by etch pits is exact matching of cleavage
counterparts oif a single crystsl having cleavage planes.
The other condition is constant etech pit denéity for
successive etching, if all etch pits revezl dislocations
only. ' /melinckx, (1956) observed slight imperfect
matching on etched clea;rage counterparts of sodium
chloride crystals. He concluded that it was due to
branching of dislocati_ons on the crystal surface.

Sagar and Fanst, (1967) have made a detailed study of
bending and branching of dislocations on the cleavage

faces of Biy Tez . Pits which are formed at the point

defects become too shallow to be visible after
prolonged etching. Successive etching and polishing of
crystals may help to understand three dimensional
behavior of dislocations. Polishing is nsually an
advance stage of etching where all regions of a given

surface are equally attacked. In other words, Vo is
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sane for all points. Further it should be noted that
polishing is not possitle for all crystals. The

reasons ars not very clear.

Etch pits are usually of three types i.e.
(i) Flat-bottomed, (ii) Point-bottomed and (iid)
Terraced etch pits. The third type may further be
subdivided into (1) Flab-bottomed with terrace
structure (2) Point-bottomed gnd terraced with closed
layers or with spiral formabtion. Flat-bottomed pits
ocecur on etched surfaces at the sites of point defects.
This is due to formation of chemically highly resistant
layers after certain dissolution at point defects,
where V, has extremely small value, nearing zero.
However rate of surface dissolution Vgy does not become
zero thereby increasing shallowness of flgt-bottomed
pits. Point-bottomed pits are observed at line defects
intersecting the plane of observation. Depth of a point
bottomed etch pit usuglly increases with etching time.
There is also variation of normal velocity of
dissolution Vp with etching time. Hanke, (1961)observed
different slppes of the saue etch pits for different
periods of etching by the same etchant. Terraced etch
pits are formed at the dislocakions associated with the
impurities ( Gilman, 1960 ). Sometimes the distance,



between any two successive lgyers of terraces are
unequal. This was explained on the basis of unequal
distribetion of impurities around dislocations. Hanke
(loc. cit) has also observed stepped structure of eteh
pits on cleavage faces of calcite crystals etched by
low concentration of glacial acetic acid. He explained
that dissocigtion constant of the etchant at low
concentration was more, while reaction product was
considerably less. This gave rise to a stepped structure

of etch pits.

3.23 Becentricity of Etch Pits:

When a pit is projected on the observation
plane, depth point is the projection of the point of
maximum depth. The normal rate of etching is maximum at
depth point of an etch pit. Lines of interseetion of
planes forming a pit pass thmwugh the point of maximum
depth. The eccentricity of pit arises due to the
non-coincidence of geometricsl centre with the depth
pointy, in the plane figure of etch pit. It is reported
in many cases (e.ge on NaCl by Amelinckx, (195_6;), on
digmond by Patel (1961) on caleium fluoride by Patel &
Desal, (1965), on gypsum by Patel and Raju, (19€7).
They had explained the formation of the eccentric pits

at the seat of inclined dislocations ending on the



surface. They found practically no effect of
concentration of an etchant on the eccentricity of an
etch pit. The study made by the present anthor on

eccentricity of eteh pits on calcite cleavages produced

by etchants of various concentrations has shown very
clearly that besides other factors concentration of an

etchant does affect the eccentricity of an eteh pit.

.24 Orientation of Rtch Pits:

P

The change in the orientation of etch pit
Produced by various etchants on crystal surfaces has
been observed by many wofﬁers. Gilman and others, (19581
noticed orientation difference betwsen etch pits ‘
produced by etchantsxwater with poison (such as Fe F3)
and CP-4 (acid mixture) which were named by them as
etch W and etch 4 on LiF crystals, Evens end Sater,
(1961) were first observe change in etch pit
orientation on (111) face of diguond by changing
temperature of the etchant. They explained this to be
due to formation and motion of different steps at
different reaction energies due to different etching
temperatures. Joshi and Ittiaychan, (1967), observed
change in etch pit orientation on the basal cleavage
of apophyllite crystals by the change of concentration
of an etchant. The rotation is attributed to the



difference in resistivity offered by the edges of
growth lagyers on digferent planes. Recently Haribabu
and Bansigir, (196%§)observed change in etch pit
orientation on sodium chloride cleavage faces etched
by ethyl alcohol containing different concentrations
of a poison. They explalned it to be due to formation '
of different types of complexes at defect points. The‘"
crystals studied asbove have either isometric or |
tetragonal structure. The change in orientation of
etch pits in 3 rhombohedrml crystal surface is of a
different type. In the agbove casses, etch pit shape was
preserved because all boundaries of pits rotated for
the same angle, say 45° or 90°, For example orientation
change of 45° of a square pyramidal etch pits having
boundaries }:arallel to £100> eand diagonals parallel
to {1102 produces same pit, having boundaries
parallel to ¢ 110 and diagonals parallel to £ 100 .
Here directions of diagonals and boundaries of etch
pits are interchanged. This is not true for a crystal
having rhombohedrsal and other structures. If directions
of diagonals and boundaries are interchanged for stch
pits produced on a rhombohedral cleavage of a erystal,
shgpes of etch pits do not remsin unchanged. As a matter
of fact rhombohedral pyramidal etch pits turn into
rectangular pyramidal etch pits on interchanging

directions of diagonals and boundaries of pits.
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As far as the anthor is aware, such changes
in the orientation of pits on rhombohedral cleavages
of single crystals, and in particular calcite are not
reported in the literature. In the present work 2
systemagtic study of changes in orientation of eteh pits
on caleite cleavages etched by glacial acetic acid of
varying concentrations is reporteé. The above mentioned
change in orientation of pits was pertaining to the
whole etch pit shagpe with reference to various
directions on surface under observation., There is also
a distinet type of orientation change within the
structure of an etech pit. In this case the shape and
orientatiqn of etch pit with reference to a given
direction on a crystal surface remaln unchanged.
However, it is found from the present studies that the
position of a depth point with respect to the
geometrical centre of the plane figure of a pit is a
function of concentration of an etchant. The concentra-
tion of an etchant may be chosen in such a manner so as
to produce pits of almost identical sizes with 180°
change in the position of depth point‘fnnn the ¢z .3
geometrical centre. This can be treated as a change in
orientabtion of eteh pits by 180° although shapes and
sides of etch pits remained nearly same. The present
wo rk reports a systematic study of these two types of.

change in orientation of etch pits.
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Some etchants are optically active such as
dextro--, levo-- tartaric acid ete. Etch pits of
different characteristics are produced on a crystal
surface etched by etchants of different optical
activities. Blackmore and Nomura, (1961) observed
that cleavage planes of tellurium crystals could not
be made congruent. When matched counterparts were
etched, the etch pits formed on them can be made
congruent by the rotation of one with respect to the

o thar.

3425 Dislocgtion Etch pits;

Dislocation etch pits are usually of same size
and shagpe but may be of different depth. The difference
in depth may be due to inclination of dislocation line
or energy of a dislocabion. Patel and Ramnathan,(1964)
observed oppositely oriented triangular etch pits as
well as hexapgonal etch pits on octahedral cleavages of
dianond. They explained thess observations by assuming
different energies of various dislocations inside the
crystale It is well known that dislocation line never
ends within g crystal. However, if 1t remains inside
the crystal‘it must form a closed loop. The distance

betwesn the positions of depth points of a palr of point
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bottomed etch pits pééduced on a dislocation loop

Vary ing
are raneing with ebtching time and vhen the loop is
exhansted pits coalesce with efch other and form a
single pit. Due to non-existence of dislocation line
it becomes shallower on further etching. It 1s possible
to observe the movement of dlslocation line by the
application of an extemngl stress between the process
of etching and re'etching. When a dislocation line
moves, a point Lottomed pit becomes flat-bottomed.
Gilman‘and Johnston, (1956) were first to observe
dislocation motion in Lithium fluoride crystals. They
concluded that it was difficult to control the motion
of dislocation in a simple tension or compression test.
BEven without the gpplication of a stress to a crystal,
large rapid motion of a dislocation was observed on
etching (Pariskii et al, 1963). This was exblained by
assuming the presence of local arresters which prior to
etching locked dislocations in the crystal. The etching
of this crystal removed the local arresters by
dissolving them, thereby enabling them to move in the
. crystal. Tyagrazdzhan and Urusovskaya, (1965) alsor
observed dislocation movement in Caesium Iodide by
double etching technigue. They established that
dislocations moved at a stress less than that required

to multiply them.
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. The sabove characteristics of etch pits are
common for all crystals. Impurity segregati%“was
believed to be necessary for the etch pit formation in
metal erystals. Vermilyea, (1958) observed that very
large undersaturation required for ?mducfing etch
pits in metal crystals, could not be maintained due
to diffusion of dissolved materisl away from the
surface. gence prior segregation of impurity around
defect points is required for producing etch pits in
metal crystals. Lovell and Wernick, (1959) found an
etchant for metal crystals which required no
impurity segregation around dislocation sites for
producing etch pits. Prekel and Lgwley, (1966) observed
that impurity was not necessary for dislocatién etch

pit formation in molybdenum crystals.

3426 Zteh Rows:

Sometimes etch pit raws are observed on many
crystals. They reveal surface defects. Burgers, (1940)
proposed a dislocation model for the boundary betweenn
two crystals differing in orientation by a small
rotation/about an exls in the boundary. It consisted of
a set of edge dislocations parallel to the axis, with
regular separation D = b/@ where b is the appropriate
transo frmation V;ctor.%yel et aly, (1953) confirmed the
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boundary by X-ray diffraction and inferred from the
spacing D of dislocations revealed by etch pits. This
was the first proof giving correlation between etch
plts and dislocations in a lineage boundary as well as
for isclated edge dislocations. Earlier Shockley and
Read, (1950) investigated theoretically the energies
and motion of graln boundaries betwsen two crystallites
by use of a dislocation model of a graln boundary. They
also described various types of arrays of dislocations.
If etch rate V, along the normal to the plane is much
more than the lateral rate Vg, etch tunnel may be

observed, While eteh grooves may be obtalned if the
dislocabions are lying just parallel or just below the
surface. Dendritic etch feabures are also observed on

a crystal surface, when irregular etching 5r etching
with simultaneous growth of a crystal surface tadtem
place. Dendritic etch festures on barite surfaces were
observed when single erystals of barite were grown by .
the flux method in the laboratory (Saraf, 1971). This

is found  be due to irregular etching of growing
crystals of barite by sodium chloride present in flux

at high temperatures.

Alongwith point-bottomed and flat-bottomed pits



shallow background pits are observed on etched
surfaces. It is believed that these pits are formed
at point defects on a surface. Becalse of more
etching these pits become too shallow to be observed
and thelr density is usually very high zsnd does not
appear constant., Plits with bedts are occasionally

observed when etch rate Vp is higher than the rate of

surface dissolution. Recently Haribabu and Bansigir,
(1969g) had observed eich pits with bedks on cleavage
faces of Sodium Chloride. They observed that bedks
were formed at low undersaturation or high poison
content., Vigorous stirring of the etchant at the time
of etching suppressed the formation of bezks. They
conjectured that besks were associgted with the
segregation of impurity at dislocations. Instead of
eteh plts, etch hillocks were also observed in some
cases., The formation of etch hillocks is opposite to
that of etch pit formation. Sometimes defeet points
offer high resistance to the etchant than the defecte
free areas on the surface, Hence the defect-free
surface ié dissolved without affecting the defect
points very much. It results in the formation of etch
hillocks. Sometimes they are alsoFbrmed due to growth
of the crystal at defect points in the process of
etching. Usuglly this occours during the thermal etching



of a crystal.

3.3 Thermal etching:

It is known that surface atoms are bound with
one another and with the crystal .by a comparatively
large force of attraction. If:crystal is provided
enough energy, agalnst the force of attraction, many of
the atoms wlll leave the surface. One way to provide
energy to a crystal surface is by heating it to a
certain temperature. If the amount of heat required to
raise the temperature of a cerystal surface is properly
controlled, those surface atoms having higher energy
thag others will be. the first to flyiqiax%m the surface.
"As g result etch marks will be produced gt these
points. These are known as thermal etch figures and the
process is called thermal etching. This type of etching
is consldered to be the reverse of growth of crystals
from vapour. Thermgl etching is dons usually in the
desired atmosphere or in vacuum. Various etch features
such as spirals, closed loops, etch pits etec., are
observed on a thermally etched crystal surface. If
thermal eteh figures are formed on the dislocations,
the movement of dislocations may be observed. 1t is

thought that thermal etching is much similar to *
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chemical etching. However there are some

differences in both types of etching. The detailed
study of thermal etch figures is reported in the

relevent chapter.

3.4 Tonic etching:

Initigl dissolution of surface at defect points
due to ionic bombardment is called ionic etching.

Etching by lonic bombardment can be carried out
in a wide temperature range. Different typesof ions such
as Krypton, Argon ete. can be used. The ionic etching is
generally used for revealing defect stmictures in semi
conductors. Detalls of ionic etching is given in 7.
chgpter 7,

3.5 Electrolytic eteching:

Electroplating is a process where two electrodes
of similar or dissimilar mate;ials are placed in an
electrolyte thmwugh which is passed a constant current
for some time. Hence ddposition of materigl takes place
on one electrode with g corresponding loss of material
on the other clectrode. As a result of this loss, the

electrodes get etched or dissolved., When the surface of



this electrode was examined, it was found to be

covered with etch patterns. This process is called
electrolytic etching. Very little work on this type

of etching appears to hgve been reported in the
literature. Berlac, (1961) observed variation of densit&
“of electrolytic etch pits with change in current density.
Demkin, (1964) found that small variation in the
condition of electrolytic etching induced a movement of
dislocations in molybdenum in the absence of external

stress.

3.6 Dehydration etching:

Dehydration eteching is less understood
phenomenon gnd very less work on microtopographical
study of dehydrated crystal surfaces is avallable in
literature. Some crystals contain water of crystalliza-
tion. Water usually evgporates at all temperatures.
However, in the crystal, water of erystallizapion is
normally intimately connected with the crystal
strueture, Hence it cannot be removed easily at room
temperature. In order t remove it, the crystal should
be given an additional amount of heat é%ergy. This is
done by keeping crystal at temperatures higher than the
room temperature and usually less than the bolling point

of water. Dehydration was then obtained either below
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or above 100°C in many ¢ rystal’j .. E‘Vaperatlon of w\ater

of crystallization gave; rise to dehydration f:.gh/%es on
a erystal surface. Change of stmcj:\ure of crysta’is is

url *
~ xu‘

also observed in many cases in Lhe\?*’roeess of
dehydration. When a erystal ;"possesses more than one
molecule of water of crystalligzation, dehydration
occurs in steps for different temperatures. A la,_v.-ge
amount of literature is available on the chemical study
of complete dehydration of materials. Initial stage of
dehydration is thought %W be a physicsl phenomenon.
Whether dehydration figures occur at the site of
dislocations in a crystal is not yet fully resolved. It
is known that dehydration process is a reversible one
while chemicsal etching is irreversible, Insufficient
experimental evidence is available for the reversibility
of dehydration figures. Detailed study about dehydration
will be given in chapter 9.

3.7 Theoretical Development:

ggrlier

In the ~ /\ section of the present chapter,

different types of etch features produced by various

types of etching were referred to and the correlation
between atch pits and dislocations or other types of
defects were also observed. The study of fomation of

eteh figures may be divided into two stages -
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winucleagtion of pits (b) formation of visible pits. The
first is:;ufficient condition for etch pit formation
while other is g necessary condition of etching.
Detailed understanding about the formation of dislocation
etch pits is of vital importance for developing new
etchants with specific characteristics which in turn is
likely to promote better understanding of the mechagnism

of chemicgl eteh pitting process.

Daniell, (1816) who was a pioneer in etching
work tried to correlate the nature of etch figures with
the molecular structure of the crystalline solids.
B&reasing interest in the phenomenon of etching is
attributed mainly‘to the efforts of German scientists,
in the later half of nineteenth century. The First
attempt to explain, several aspects of chemicsgl process
of etching is due to Coldschmidt, (1904). According to
him the chemicgl action between the corrosive and
surfaces gives rise to currents, some of which agre
directed towards, and some are awgy from the surfaces,
the interference of the ascending with the descending
currents tends to form eddiss, each of which is a
starting point of a pit. He reported the occurrence of
preferentiagl etching glong fine scratches, impurities,
inclusions, dust particles ete. Further interest was

creagted in the etching method with the discovery of
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X=-rays and the development of the X-rsy analysis of
the erystal structure. The importance of chemical
etching was increagsingly felt when it -was used for
revealing dislocations and other kinds of structural
defects. A detailed synthesis of the imperfections,
primary & secondary is given by Seitz, (1952).

The first extensive theoreticsl treatment of
the nucleation of etch pits at dislocations were given
by Cabrera and Lavine, (1956). They postulated that the
strain energy localized in the viecinity of a dislocation,
lowered the free energy required for the :‘nucgeation of
a cavity of unit depth at the site of intersection of
the dislocgtion with the cleavage surface. This leads

prefessecd
to proper dissolution of the surface at dislocation
sites, Gilman, (1960a) has criticized the above model
becanse elastic strain energy of a pure screw disloca
tion is zero gt the surface and both;f types of
dislocations (havihg some finite energy at a surfsce)
seem to be atcﬁed in almost identical fashion., He has
suggested that the dislecabtion core energy is more
important than the elastic stragin energy for the
nucleation of etch pits, This is supported by the
observations that dislocations in metals are more

difficult to etch than those in lonic or covalent
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crystals. The core energies of dislocations in

metals are less than in other types of materials while
the elastic strain energies of dislocations are about

the same for all materials. Schaarwachter, (1965) has
modified Babrera s treatment taking due care of core
energy suggested by Gilman. He distinguished three cases
depending on the relative importance of the contributions
of the dislocstion core and elastic strain energy

respectively.

The necessary condition for the formation of
visible etch pits is governed by the kinetics of
dissolution ledges as they move across the crystal
surface during dissolution. Buccessive monomolecular
ledges usuzally sweep across close-packed surfaces. In
order for an etch pit to be visible under an optical
microscope, the slope of the etech planes should be at
least about 3° with respect to a close-packed surface.
It should be remembered that verticsl dissolution
velocity at a dislocation should be greater than its
average value at a dislocatiog&ree portion of the
surface, Yamamoto, (1958) considered that etch pits on
a crystal surface might originate from a microscopic pit
or from an easily soluble, minute portion or inclusions

or from g dislocation existing or terminating on a
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surface. Potin ths depth and dianeter of an stch pit

origingting from a dislocation increases with etching
time. Frank (1958) developed kinematic theory of crystal
qrowi : . : .

-@é%ﬁ%h and dissolution. ¥e has given equations to describe
crystal growth and dissolution based on the consideration
hat it tokes place as a progression of unit step with

similar heights across an approximate reference face of

a crystal. N

Tmpurity nay segregate around dislocations in
impure crystals. Impurity may enhénce greater chemical
reactivity, giving rise to preferentisl two-dimensionsl
nucleagtions in metgl crystals. It is normally observed
that eteh pitting solutions for most of the metals and

semiconductors studied so far are strong oxldizing agents.

t is presumed that the first step in the dissolution

-4

Process is an oxidati on of erystal surface. This is
followsed by the remQVai of oxide layer. 1t was observed
that oxide nuclel were formed on pure Cu crystals (Young,
1860) and on Ge crystals (Faust, 1963)., However, these
oxide nuclei were rot related to dislocations. The
influence exerted by impurities on and armound dislocations
hias been discussed in detall by Gilman et al (1958) on LiF
crystgl which was stched by water with the addition of

impurities such as Fel'z, Al¥z etc.  They found that



nature of etch pits was dependent on the concentration
of FeFsz in solution. The function of FeFz is to inhibit
the led'ge motion. It means that Vg depends upon Fe Tt
concentration. The Fe*** 1on (and such other 1 . in
abtout 30 compounds ) rebards the step motion, apparently
by adsorption on the steps, but dpes not seem to effect
V,. Cations (Fe™™", M ete) are believed to have
svtmng”tendenéy ‘oo 4form (FeFg) , (ALFg) complexes

and that is 'why they play a major role and anions donot
effect the pit formation. |

Burton - Cabrera and Frank, (1956) developed a
theory of crystal growth with the help of unimolecular
steps. The equilibrium structure of steps, the
activation energy of nucleations, the statistics of
kinks in steps as well as effect of dislocations were
discussed. Cabrera, (1956) examined theoretically the
conditions for the formation of etch pits aznd oxide
nuclei  at dislocations. He observed that the energy
associzted with the dislocations having large Burger
Vector, is sufficient to caise etch pit or oxide
nuclei., Sears, (1960) reviewed theory of Cabrera and
modified it by including the effect of solution poison.
Step poison increases the rate of ﬁ%éimensional

nucleation at fixed supersaturations but markedly
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decreases the rate of step motion or of spreading of
the newly formed layers. Ives and Hirth, (1960) studied
the eteh pit profile as a function of concentration of
LiF and FeFg in the etching solution. The results were
consistent with a mechanistic ftheory involving
dissociation of LiF from nnimolecular steps on it and
subsequent diffusion in_to solution if a time-dependent
adsorption of FeFz poison at the receding unimolecular
steps was inwked., The above theory deagls with !'Part
diffusion part inhibitor control of ledge kinetics' .

It explains very well other results except slope of
eteh plts. According to this theory, the slope of a
dislocation pit should decrease with decreasing
undersaturation of Lithium fluoride. Experiment showed
the pit slope to be essentialy independent of LiPF
concentration. The explanation given for this A
discrepancy was that the accumulation of an inhibitor
on a given ledge increased as the distance between ledge
and surface increassed i.e. it is s time - dependent
process. Westwood et al, (1961) used agueous solutions
of long chain fatty acids to reveal the point of
emergence of dislocations in LiF. This shows that Tatty
acid may provide a ready source of potential inhibitors
for a variety of crystal-etchant systems. Chemisorption

and conmplex formation in this process is likely to
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affect the core energy avallable for the micleation of

kinks. Ives and Ramchandran, (1967) studied the
etehed )
morphology o%ﬂ, LiF surface with an electronmicroscope.
1t reveals complex structure of surface ledges on
2100; cleavage i‘ace'of this crystal. The ledge
structure is complex due to irregular inhibition by
the Ferric ions. Haribabu and Ban;sigir, (1969%3 studied
the role of poison and undersaturation of the solvent
in the etching mechanism, concluded that the stability
of the complexes formed at the kink site and those
formed in the solvent layer very close to the crystal
surface played a very important role in the formgtion

of etech pit.

It is known that optical resolution of g
microscope is inedequate to observe the atomic steps or
the small bunches of steps in the pit nucleation and
early stages of growth. How do steps move during the
etching of a crystal? Where does 1‘éf;cm€" How does it
act for inhibiting the nature of steps? What is the
exact mle of poison? The present theory is not yet
developed to the extent of answering convincingly

these questions,



