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LECTURE 1.

Sample Preparation Aspects for TEM
Characterization of Grain Boundaries and
Interfaces’

Gyorgy Radnoéczi
Research Institute for Technical Physics of the
Hungarian Academy of Sciences
H-1325 Budapest, P. O. Box 76, Hungary
radnoczi@mufi.hu

ABSTRACT

The theory of surface morphology development during low angle ion milling for transmission
electron microscopy is discussed from the point of view of preparing samples containing grain
boundaries and heterophase interfaces. The basic steps of the mechanical preparation and the
consequences of the ion beam-sample movement geometry are also listed. An example of 10 pm

diamond/Si is shown to illustrate the power of the technique.

INTRODUCTION

The most widely used sample preparation technique for inhomogeneous materials is
ion milling. The basic reason for this is, that the systems- the films and substrate- are
usually composed of materials different in chemical nature and so not an ideal subject
to chemical or electrochemical methods. Low angle ion milling combined with a
dedicated embedding procedure and sample rotation or/and rocking during ion milling
can provide the desired samples from almost all kinds of layer interfaces and layer
structures [1,2].

Another applicable technique is the cleavage technique usable for materials on
cleaving substrates. These substrates are the AIIIBV semiconductor and Si single
crystals. The not very ductile films cleave together with their substrate and are good
for XTEM investigation in the as-cleaved state. The advantage of the cleaved samples
is, that no ion damage of the sample, often occurring in the case of ion milling, is to be

expected. The disadvantage of the cleaved samples is, that the thin area is rather

' Prepared on the basis of the material of Ref [2}



small, and there is a strong, though known thickness gradient in the sample {3].
However, chemical or electrochemical thinning can also be used in the case of
materials, when a chemically compatible solvent for all components of the structure
can be found. This is the case for ALIIBV quantum well structures e.g. [4].

In general the today techniques of the cross section preparation provide sufficiently
good samples which display a thin and large enough area of the whole thickness of the
investigated layer structure together with the substrate for TEM study so that
artificial preparation effects can mostly be avoided.

Here we shall discuss in detail only the ion milling technique and its use for inhomogeneous

materials, i.e. materials containing homo- and heterophase interfaces.

THEORY
The most essential requirement of TEM is that samples were smooth even at the interfaces and free
from artifacts. One of the most powerful techniques of preparing such samples for TEM and X-TEM
is low angle 1on beam thinning. Especially, to get specimens with uniformly thick, transparent regions
we have to upply glancing angle ion beams during thinning. The theoretical foundation of this
technique has been worked out by A. Barna [I] by constructing a geometrical model describing the
changes of the surface topography during ion beam sputtering. This theory revealed that in the case
of low incidence angles the changes of the surface topography lead to the polishing of the surface
due to the lateral movement and annihilation of surface steps.

A usetul technique of mechanical sample preparation before ion milling as well as a flexible ion

milling geometry have also been developed, which make possible the utilization of the advantages,

otfered by the theory also for cross-sectional preparation.

The model developed and used in [1] describes the specimen surface as steps and smooth plateaus, in

a manner similar to those described in Refs. [5,6].

When such & model is being constructed a number of simplifications must be made:

I} The surface roughening by ion beams is a macroscopic process, thus a geometrical treatment 1S
sufficicat. Singularities of the topography, such as atomically sharp edges and peaks do not
develop by 1on beam etching, partly because of re-deposition of sputtered wtoms [7], partly
because of enhanced surface diffusion 8] as well as because of the transmission sputtering

effect |9].



2) There is no need to develop a three-dimensional treatment, although it would be possible [10],
because the measured and calculated dependence of ion beam sputtering speed of materials
on the angle of beam incidence scatter nearly one order of magnitude [11].

3) The ton milled material is supposed to be homogeneous. This is true for all single crystalline
samples as well as for large single crystalline grains in polycrystalline ones. (The effect of
inhomogenities in the sputtering rate, occurring at the interfaces due to orientation and
composition effect will be treated additionally.) The ion beam channeling effect is also
neglected because of homogenizing effect of surface amorphisation,

4) The model does not consider the effect of ion beam shadowing of the steps because, in the most

cases. It is only a transient effect at the beginning of the thinning.

The basic surface geometrical elements of the model are inclined macro facets, separating the smooth
surface plateaus creating a surface with steps (fig. 1.). These steps are characterized in the model by
the angle of thetr facet *ot and by their height. The flat plateaus called as valleys and hills of the
surface are separated by these inclined steps. The surface has a certain roughness which is taken into
account by the angle and height of the facets and lateral size of the hills and valleys.

To calculate the changes of the surface topography the following input parameters of the model
should be considered: the sample movement (stationary, rocked or rotated), the arrangement of ion
sources (fig. 2.) and the normalized sputtering speed V(8)/V(0) as a function of ion beam incidence
angle 9 (fig. 3.).

When a homogeneous material is sputtered while it is rotated around its surface normal, the flat areas
are sputtered uniformly, and their sputtering speed V(8) depends on the ion energy and on the ion
beam incidence angle 8. 8 is measured from the average surface normal. The inclined facets are also
sputtered with a speed V{(a,0,m) depending for a given ion energy, on the inclination angle (o),
sampie position () and on the ion beam incidence angle (fig. 2.). To calculate V(a,6,0) the

equations of Ref. [6] are applicable. Using the above notations:

+ U3

V(e,8,m) = o J. V{(arccos(cosB*cosa + sin8*sin o* cos ®))d®
®

—w

(1)

where wis the angle of rotation of the sample relative to the ion beam.



Eq. 1. is valid for both rotation and oscillation movement. For rotation ¢ =tn, for osciilation |(o| <

.

The sputtering speed of the inclined facets has a vertical and a lateral component relative to the
sample surface. This means that the steps are sputtered down togéether with the flat areas and are also
moving in lateral direction. The speed of this lateral movement for a given ® value can be described

with the help of V({w,8,m) and V().

[V(a,0,0)/cosa]— V(0)
tga

(2)

S (a,8) =

The sign of this function describes the type of surface development. If S,, is positive the hills are
annihilated and the walleyes are broadened. If S,, is negative the walleyes are annihilated and the hills
are broadened (fig. 1.). Considering these processes on large surface areas and for rotating sample
the overall result of them is that the plateaus are broadening and the number of steps is decreasing,
i.e. polishing of the surface occurs. The quantity, which describes the efficiency of this process, SR(ct
.8), 1s the ratio of the lateral movement speed of the inclined steps S.(0,0), calculated for the actual

sample movement. to the vertical sputtering speed of the material V().

SR(,0) = S.(0,0)/V(8) (3)

Since V(0) is always positive the sign of this function is determined by the sign of S,,.

The ideal behavior of SR(,8) can be deduced from its definition. The sample movement must be
carried out in such a way, as to achieve the best polishing conditions, i.e. SR{0,8) must be large for
all values of ¢ and 8. The shape of an ideal SR(a,8) dependence for a rotating and rocking sample is
shown in fig. 4.

Taking the experimental values of V(8) from fig. 3, one can calculate the appropriate SR(c.,0)
dependencies for Si tor different sample movement and gun arrangement conditions. Typical results
calculated for Si. rotating as well as rocking around the ion beam direction are shown in fig. 5. The
optimal ton beam incidence angles for polishing conditions can be considered those, for which SR(o,
B) has the highest values for most broad interval of &t As we can see from fig. 5a and 5b., the highest
values of 8. i.e. the grazing incidences of the ion beam provide the best approach to the ideal curve,

showtrin tig. 4. Above 85° the absolute value of SR increases rapidly in the whole range of a. This is



the region where reasonable polishing can be realized. The second important observation is that for 6
between 0° and 83° the absolute value of SR is more or less equal or less than 1 in the whole range
of o, which means that almost no or very little polishing takes place (fig. 5a.). Special 8 angles are
45° and 75° where SR is about zero in the whole range of ¢ and this means that the original surface
topography is conserved during sputtering, so a rough surface remains rough, and a smooth stays
smooth. The utilization of this latter case is not straightforward, because sample inhomogenities
(differences in V(8)) occur for most TEM samples.

Also there is a dependence on sample movement. The SR(a,0) curves reach their highest value for
stationary sample. lower for rocking, and lowest for the rotation of the sample (fig. 5¢.). However, in
the case of rotation, steps of all directions are moving so polishing for steps in all directions takes
place, while tor a stationary sample steps, parallel to the ion beam do not move, that is remain on
thetr place. Rocking will move also all the steps, but at different speeds. So, smoothing occurs also

or a smooth surface can be preserved. This has importance when thinning of interfaces is made.

Inhomogeneous samples

As a conclusion, during ion miliing of a homogencous material, the sample must be rotated to
produce a smooth, polished surface. However, if the sample is not homogeneous, e.g. a polycrystal,
a composite or 4 cross section of a film on a substrate is bemng thinned, then no smooth surface can
be created because in differences in V(8). Rather a faceted surface, composed from smooth plateaus,
separated by steps above the interfaces will form. In this case a wedge of the angle o develops at the
interface (fig. 6.), which makes the electron microscopic investigation of the interface and/or the film
difficult, because the interface will be superimposed on a wedge, step-like or less abrupt, of the
thinned area. The slower sputtering material can even be too thick for transmission investigation in
TEM. The wedge angle o depends on SR(¢,0) of the material having lower sputtering rate, and on

the sputtering rates of the two components:

_ V. (8) -V (8) )
- vV (8)* SR (o,90)

For example. it V,(68)=40 mm/h and V:(8)=10 mm/h and SR(c,0)=10, then the wedge angle of the
sample will be close to 45°, 22° on each side.
To decrease the wedge angle SR (0,8) must be increased (fig. 5¢.). SR,(0,0) can be increased by

changing the movement of the sample relative to the ion beam., i.e. the sample, instead of being



rotated, must be rocked or remain stationary, positioning the interface perpendicular to the grazing
incidence ton beam. As a result, o of the facet at the interface will be decreasing. Another
consequence is. that the facets on the surface of both positive and negative inclination angles, among
those that one. which is located at the investigated interface, will be moving in the direction of the
ion beam, since SR(w.,8) is positive for both positive and negative o (fig. 5¢). Due to this behavior,
surface topography is both smoothened on one hand, and translated as a hole in the direction of the
beam on the other. As it follows from fig. 5c., the steps having facets of small angle of inclination,
located at the interface will move at a sufficiently high lateral speed in the ion beam direction, being
pushed away from the interface. Instead, the morphology of the smooth area, adjacent to the
interface on the surface will be translated over the interface, resulting in a smooth region at the
location of the interface in the sample and a smaller ¢, corresponding to the larger value of SR(q.9).
However, due 10 the very low angles of incidence the thickness of the sample hardly changes. This
means, that the rocking or stationary sample can only undergo a surface morphology change but not
efficient thinning. So thinning has to be carried out previously, in the beginning of the ion milling
procedure, and the sample is usually rotated during this time. Then, in the very end of the milling
process, when the sample is sufficiently thin and the surfaces are smooth in the homogeneous areas,
rocking or stationary thinning can be used.

For a stationary sample also a fiber like artificial morphology develops on the sample surface. The
fiber like structure is created because the inclined steps are moving only in the direction of the ion
beam and not in the perpendicular direction. These artifacts can be eliminated by applying the
rocking technique. [n this case the sample is oscillated around the surface normal at +a measured
from the direction of the beam.

Similar effects can be achieved by shielding the samples from thinning in the direction of the interface
[12] as well as by modifying the sample rotation speed so, that thinning in the direction of the
interface is short compared to the thinning time in the perpendicular direction [13].

These theoretical considerations are reviewed in fig. 7, where different relative positions of the

sample and of the ior beam direction are skeiched [1].

PRACTICAL SAMPLE PREPARATION

The saraples must be embedded, mechanically thinned and polished to about 50 pm thickness. A Ti
disc. having 1 window (1.5x2 mm’ €.g.) can be used for embedding, providing easy fixing of the
crystals in the dise and good heat conduction (fig. 8.). The light emission of Ti under ion beam

facilitates the positioning of the focused ion beam to the center of rotation of the sample. The



relatively slow sputtering speed of Ti provides a fairly strong rim to protect and aids handling the
sample.

No dimpling is preferred for really low angle milling, since it will limit the Jowest angle of incidence.
For embedding of hard coatings on polycrystalline or other inhomogeneous substrates a piece of
homogeneous maierial e.g. single crystalline Si should be used as a material, facing the film.
Important moment is the conservation of parallelness of the mechanically polished surfaces. For this
purpose special micrometer driven tools are preferred, which provide a posstbility to mechanically
thin the samples below 10 um [14] substantially shortening the time required for jon milling.

The general ion milling procedure is the following. The mechanically polished sample is ton milled
from one side by applying two ion guns in mirror position, operated at 10 kV with Art ions. The ion
beam incidence angle is lower than 5° and the sample is rotated. This step is used to remove the half
of the thickness and create a smooth, ion-polished surface. After this step, the jon beam incidence
angle is lowered below 5° and the sample is oscillated around its surface normal at +® measured
from the direction of the beam, aligned perpendicularly to the interface in question. By applying one
ion gun operated at 10 kV the wedge shape surface at the interface is pushed away from the interface
area, and onto the new surface with lower angle of inclination a smooth surface morphology is
moved in from the adjacent terrace area. This process is continued until the steeper wedge is moved
far enough from the interface to be investigated. This must be decided by inspection through the
optical microscope of the thinning unit. After finishing the sputtering on one side, the same
procedure is repeated to the other. On the second side ion milling with rocking is continued until the
perforation of the sample takes place and the hole is brought close to the interface.

Two main strategies can be applied in using the rocking method:

The first when one applies the ion beam from the opposite direction for sputtering the first and
second side of the sample. With this technique, the thickness of the sample at the interface will be
homogeneous (fig. 7b.). However, perforation might take place on both sides of the interface
creating a bridge and in this way making the heat conduction poor at the interface area. Another
disadvantage of this technique is, that the edge of the perforation in front of the interface is hit by the
beam, resulting in sputtering away quickly the thinnest parts.

The second technique is. when one applies the ion beam from the same direction for both sides of the
sample. Although in this case the thickness of the sample will not be homogeneous, the perforation is
created behind the harder component resulting in a very sharp wedge (fig. 7a.).

The type of strategy to be applied should be decided by the user according to the characteristics of

the sample and glue. used to embed the sample..



Creation of urtifacts during ion beam thinning.

During ion beam thinning an amorphous layer develops on the sample surface and the thickness of
this layer is in the range of the penetration depth of the incident ions. Therefore the thickness of this
altered layer can be reduced by lowering the ion beam incidence angie and the ion energy. Using
Auger depth profiling measurements of nm multilayers it could be shown that the interface sharpness
and signal amplitude increases dramatically if the ion energies are lowered [15]. The measurements
have been done for | and 0.4 keV sputtering Ar” ions. At usual procedures the ion energy is lowered
to 3 keV (from 10 keV for a few minutes in the end of the thinning.

Beyond the creation of the altered layer other artifacts are aiso produced during ion beam sputtering
like dislocation loops and point defect clusters. The appearance of these artifacts can hinder the
detailed investigation of the microstructure. The density of these artifacts could be reduced by
applying low energy 1on beam sputtering at the end of the thinning process. This has been tested in
the case of W. Comparing the results after sputtering with 3 keV and 0.5 keV ion energy at 84° ion
beam incidence ungle, one finds that the defect density is reduced considerably, however, the
artifacts do not disappear even at 0.5 keV ion energy.

To illustrate the power of this method the cross section image of a 10 um thick diamond film on Si is
shown. The sample was prepared by using extremely low angle ion milling (Ar®, 10 kV), utilizing
also the retarding field arrangement for decreasing the angle of incidence. Both the film and the
substrate are thin and transparent for 200 keV electrons, showing no disturbing thickness effects (fig.
9.}. The diamond/Si interface as well as the grain and surface structure of the film can be investigated
at high resolution. Actually the film structure shows growth competition among the grains, the
slower growing grains are Jost from the structure as the film thickness increases. There is an
undefined sublayer at the substrate surface of about 200 nm thickness. The growth starts with a small
grain size, of about | um, which reaches a grain width of about 2-5 um at the surface of the film.
The surface grains are faceted, resulting in a relatively rough surface. Facets as large as 1-2 um are

present.

SUMMARY

Embedding a harder and a softer matenial, the softer can be the substrate or an added backing
(single) crystal. mukes possible that during low angle ion milling in combination with sample rocking
and surface morphology translation smooth and thin areas of these structures can be prepared for

TEM invesuganon. The knowledge from the geometric theory of surface morphology development



during ion milling together with sample preparation techniques as well as the appropriate ion milling
arrangement 1s an etficient technology of preparing good samples of composites of hard and soft

materials, the hard material being in the form of a thin or thick film on a substrate, fibers or powders.
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FIGURE CAPTIONS

Fig. 1. The basic surface clements of the model are inclined macro facets, separating the smooth

=]

surface plateaus creating surface steps.

Fig. 2. Arrangement of ion milling geometry. The coordinate system XYZ is fixed to the ion guns,
Xyz is tixed to the sample.

Fig. 3. The dependence of the relative sputtering speed V(8)/V(0) on the ion beam incidence angle.

Ftg. 4. Schematic drawing of the ideal shape of the SR(®,8) curve for rotating(a) and rocking (b)
sample movement.

Fig. 5. Calculated SR(w,8) curves for Si. a) general behavior at different angles of incidence, b)
behavior in the grazing angle of incidence range, ¢) effect of sample movement on SR(c,0).

Fig. 6. Development of wedges at the interface of materials having different V(). a) V(8)< V«8),
b) Vi (8)> V. (8).

Fig. 7. Development of the sample cross-section during rocking. a) VA(8)=V(8)>Vg(8), the sample
perforates in A at one or both points marked K. The development of a bridge structure is
probable b) Va(0)=Vc(08)>Vy(0), perforates in A behind the A/B interface at the point
marked K.

Fig. 8. The geometry of embedding sample materials into the Ti disc for mechanical preparation.

Fig. 9. Electron micrograph of 10 um diamond film on Si.
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A preparational method was developed solving the problem of cross-sectional TEM

preparation of thin {ilms and layer systems deposited onto water-soluble substrates. The technique
is based on the replacement of the sample onto steady substrate, followed by mechanical and jon
beam thinning. Cross-sectional TEM micrographs of Ag and Ag/Ag,Se layers are shown presenting

the efficiency of this novel technique.

INTRODUCTION

NaCl single crystal substrates are widely used for
lateral TEM investigation of vacuum deposited Jayers
and layer systems, allowing simple preparation by wet-
stripping and placing the deposits onto microgrids
prior to TEM investigation. Cross-sectional transmis-
sion electron microscope (XTEM) investigation of lay-
ers deposited onto NaCl substrates, however, has a
great difficulty. A publication by Heuer and Howitt
(1990) reported on the XTEM preparation of TiO, films
evaporated onto NaCl by using microtomy. The disad-
vantage of this method is the high concentration of
crystal defects generated by the mechanical treatment;
moreover, the fiims often break into small parts.

Our aim was the XTEM investigation of solid phase
reaction between single crystalline Ag films and sele-
nium subsequently deposited onto NaCl. As the eon-
ventional ion beam XTEM preparation (Abrahams and
Bueicchi, 1974) includes wet grinding and polishing,
the high water-solubility of NaCl turns to be disadvan-
tageous. The essential demand that the substrate re-
main solid during and after cross-sectional preparation
and support the sample to be investigated is not ful-
fitled in case of NaCl. For solving this problem we de-
veloped a method for XTEM preparation of thin lavers
and layer systems detached from their substrates.

MATERIALS AND METHODS

Our method is convenient for cross-sectional prepa-
ration of thin films which can be detached from their
substrates, can be treated with the conventional me-
chanical polishing methods, and are resistive to a heat
treatment applied to the polymerization of the embed-
ding agent. The stages of preparation are shown in
Figure 1.

The NaCl substrate together with the thin deposited
laver was first cleaved into parts having lateral sizes
about 2 » 2 mm. Pieces of the layer were wet-stripped,
picked up by a platinum wire loop (Fig. 1a), and placed
onto two small silicon slabs having dimensions about
1.8 x 0.8 » 0.3 mm. The slabs were previously fixed
onto filter paper by pieces of adhesive carbon film. Ag
the two slabs together with the thin layers on their top
surfaces became drv, they were put face to face into the
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XTEM PREPARATION OF WET-STRIPPED LAYERS

Fig 2. Cross-sectional TEM view of(a} (100) oriented monocrystalline Ag film and (b) polvervstalline
Ag film simuitaneously deposited onto pretreated NaCl and Si substrates, respectively. Insets: Corre.
sponding SAED patterns. As a calibration reflexes of Ag (20 and 220 are indexed in a.

slot of a specially shaped Ti disc (Barna, 1991}, They
were pressed together and cemented into the disc by a
mixture of Araldite 600 and carbon powder (Fig. 1b},
The resin was polymerized by heat treatment at 160°C
for 2 h.

The cross-sectional mechanical thinning of the sam-
ples was carried out using a Micropol MC56 polisher
produced by the Research Institute for Technical Phys-
ics of the Hungarian Academy of Sciences. First grind-
ing with 800 grit SiC abrasive paper was applied, fol-
lowed by polishing with wet suspension of 1 um size
AlQ, powder. The thickness of the sample was approx-
imately 30 pm after the mechanical polishing.

The thinning was continued by ion milling using
Teletwin ion guns 'Barna. 1984). The samples were
first rotated, and bombarded simultaneously by two
guns operating at 10 kV. The incident angle of the ion
beams was about 3-5° to the sample surface. Finally
rocking movement of the sample in a 120° range and
bombardment with single gun was applied (Fig. lel.
During the last 5 min the accelerating voltage of the
Ar” jons was reduced to 3 kV. This technique of ion
milling reported earlier by Barna and Barna (1989;
and Barna 11991, enabled the preparation of a large
transparent area of the sample at the region of interest.

The thinned samples were investigated using a Phil-
ips CM20 transmission electron microscope operating
at 260 kV.

RESULTS AND DISCUSSION

The efficiency of this preparational technique is rep-
resented in Figures 2 and 3. The cross-sectional view of
a (100) oriented and a polycrystalline silver layer de-
postted simultanecusly cnto NaCl and Sj substrate is
shown in Figure 2a,b, respectively, The NaCl substrate
of the film shown in Figure 2a was treated with bidis-
tilled water and chlorine gas prior to deposition in or-
der to get epitaxial orjentation. This kind of pretreat-
ment of NaCl cleavages was reported by Séfran et al.
‘1993). The substrate of the film shown in Figure 2b
was a Si wafer covered with Si0,. The two lavers were
embedded and thinned together so that the polyerys-
tailine film deposited onto the Si substrate supported
the single crystalline one which was previously wet-
stripped from the NaCl. It is clearly shown that due to
this preparation technique the layers are situating
very close to each other and have con‘act at many
points. However, no traces of the embedding araldite
was found in between the two lavers; the sample was
stable enough. This is attributed to both the presence of
embedding material on the other side of the single crvs-
tal film (upper side of Fig. 2a) and the adhesion to the
supporting substrate. It is noteworthy that direct com-
parison of the two simultaneously deposited and
thinned layers pointed out that the thickness of the
single crystalline film was 671 nm. while that of the
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Fig. 3. Cross-sectional TEM view of (a) (100" ori 51

_Fe 3. res h riented single cryvs- with an A 1
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eacted with 200 nm of selenium, and (¢} dark field micrograph taken  and 220 are indexed 1np2 erns. As a calibration reflexes of Ag 020
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polverystalline one was 746 nm. The thickness differ-
ence of 11% is supposed to arise from the different
sticking coefficients of Ag adatoms arriving onio both
the two different substrates and onto the Ag surfaces
having different crientation and morphology. A lower
density of the polycrvstalline film is considered an-
other explanation (Nagatani and Saita. 1989).

Figure 3 represents another specimen investigated
bv using this preparational method. In this sample the
solid phase reaction between a single crystalline Ag
layer deposited onto NaCl substrate and selenium
vapour was investigated in cross-section. Figure 3a—c
shows an unreacted silver laver having a thickness
about 300 nm, a silver layer reacted with 200 nm of
selenium, and a dark field (DFYimage of the same area,
respectively. Both thicknesses have been measured
with a quartz thickness monitor during vacuum depo-
sition. The DF image was taken by using one of the
diffracted beams arising from the Ag,Se phase. Both
bright and dark fleld images represent a flat and
smooth interface between reacted and unreacted areas
Fig. 3b,c:. Different patterns of bending contours can
be seen in the silver and silver-selenide sublayers.
Measurements carried out on the negatives of cross-
sectional micrographs shown in Figure 3 enabled the
determination of the geometry of both Ag and partly
selenized Ag films: the original thickness of the Ag
layer was found to be 552 nm (Fig. 3a). After reacting
it with the selenium, the entire thickness of the layer
{which is now a bylayer) increased to a value of 669 nm.
The interface between reacted and unreacted regions is
situated at a depth of 268 nm, leaving 401 nm of silver
intact (Fig. 3b.c). Consequently 151 nm of silver par-
ticipated the reaction.

Considering the crystallographic data that the reac-
tion preduct 1Ag,Se) has a volume 1.74 times higher
than the involved parent crvstal (silver), the thickness
of the silver-selenide laver should be 131 nm x 1.74 =
262 nm. This is in a good agreement with the value
t268 nm) measured on the negatives.

Detailed cross-sectional investigations on the mech-
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anisms of the Ag-Se reaction in single- and polyerys-
talline silver films will be published elsewhere (Panine
and Safran, 1993).

CONCLUSIONS

The simple preparational method represented in-this
paper proved to be very effective in the cross-sectional
TEM studies of thin films detached from their sub-
strates. It is very convenient for investigations carried
out on thin single crystalline layers deposited onte
NaCl. This preparation technique makes possible the
investigation of thin layers and layer systems devel-
oped due to solid phase reactions. As more samples can
be embedded and thinned simultaneously, it enables
the direct comparison of geometrical, morphological,
structural, and compositional properties of different
samples in one cross-sectional view,
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