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ABSTRACT

Cnysiailite size, mi¢rosircin and ditlocation dersities of annealed PbTe
thin films were determined by wsing X-ray diffvaction line profiie
analysir. The resulls a1 room temperature showed amisorropy in both
crystallice 5ize ond microstrain olomg [I00] and [111] directions.
moreever, the rate of change of ervailite size and microsirain with
temperature did mot behaverimiiarly. These microstruciural defecis were
discussed im term of oxygen diffusion wr:p interstitiol holes of the Fec
pdTe siructire. The volues of e dislocarion densities were also found
to vary anisolropically along [I] and [I11] disections. A phase
separntion of lead ovide was found af a temperature Grownd 200°C

INTRODUCTION

Thin films arc zasily affected by vasicty of defects (concentration variaton,
microstran, crystallie size, stacking favlt, antiphase domam ..... ¢te). These defects
markedly intluence the pliysical propertics of the materials deposiied oa win filing,
The studies of the various Gefects of thin lilms are essential for a proper uncderstanding
of the film behaviour and accordingly a proper characterization of its physical
properties.

The shape and width of a powder diffraction line s very sensiive o Uk
varation of any microstnctural detects, so the line prolile analysis is used in this
work in order to study the types and dewrmine the values of crystallite Saze,
microstrain and dislocation densities preient in thin film of PbTe and also (0 see e

eltect of anoeuling temperature on the vanaton of these defects.



Karimat El-Sayed and Z.K. Heiba 244

S———

PbTe thin films have high prospects for many applications and its physical
properties have been investigaied by many works [1-6], Anamolous discripancies in
some of the electrophysical properties of anneated PhTe thia films have begn reponed,
which was explained as a resuolt of the adsorped oxygen molecules during that
weaunent. The present work is intended to show the effect of intreducing oxygen by

annealing on the microstructural changes pro¢uced in thin films of PbTe.

2 - EXPERIMENTAL
PbTe thin films were deposited on clean silica glass substrates by the
conventional methed of thermal evaporation under vacuum. The rate of deposition was
kept low (2 to 5 nm min™) for ensuring uniformity of deposition and a lower density
of structural defects in the films, The lawral dimensions of the {lms were 4 cm x 2
vn. The thickness (198 nm} was measured by using guanz crysial monitor during
deposition and by muitiple-beam Fizéaus interference method. Four films werg
epared under the same conditiens to avoid unwanted effects. The films were
annealed for the films using the step-scanning mezhod with 2 step width 002" in 26 and

@ counting Gme OF 20 seevnds per siep.

3. ANALYTICAL PROCEDURE :

In order 10 iavestigate 1he vatwre ol structural imperfections, reliable
parameters defining the positions, beeath and shipe of all accessible Bragg reflections
are required, The technigue adapted m this work is as tollows :

The measured diffraction profiles were first analyzed with a deconvolution
program [ 7] m order to extract tw pure, aaly structurally broadencd, diffraction

lincs, The pure diffraction profile was represented by a Pearson type VI function as

(28-28)2¢
3 (1

W

y(28) =1 [14F2"™

where 28 is the peak-maximwn positiea, | is ihe intensity at 20, m s a shape

parameter, W is the full widih at hall maximum and F is an asymmety (unclion given
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e
by Windsor ¢t al. [ 8). The goodness of the profile fit is estimated by relaiability index
(R) defined as

[xw[H(ze) < H28i)_ 1) ]

_4__;44&#_:1;_ 12)
pXTY) | '(te‘) “tp

where Wi is an appropriate weight usually taken as 1/H (28)) obs, wher
H(?.B‘)obs are observed data points belore background subtraction | 7).

Separation of the crystallite size and microstrain was then carried out applying
the single-line method developed by Keijser et al. [9 & 10). The volume-weighted
average crystallite size (P) and the microstrain measure (¢) are given by

)
P=flconn Gl

¢ .3' B < (c'm" + e:m") {4

where B° and B, are the integral breadths of the Cauchy and Gaussian

components of the pure profile, 4 is tie wavelength of the readiation employed 8 and is
the Bragg angle. B" is assumed to be solely due to finite crystallite size and B" is

solely due to microstrain, Both are oblained in terms of the integral breadth (§) and
the shape parameter (1) of the pure profile as [ 10) ;

ffo = (clm" + e:m") 5]
Bl = pig ey srmiermy 6]
where ¢ L £, 1), 5, and £ are constants given by Keijser etal. [ 10]. band m arc

obtained from the deconvelution of U measured dilleaction profiles.

Single-line methods are dubous in many respocts, however, the drawbacks of
their applications are far Jess seriows in relative determinations than in determinations
on absclute scale [ 11). This holds ia pasticulur it changes occurne in either size of strain
which is the case of this study.
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Since both crystallite size and microstrain are manifestation of the dislocation
network in the films, e dislocation density (P} as shown by Williamson et al. [ 12]

can be written (under certain simplificd assumptions) as :

0l

where b is the Burgers veclor associated with the Buyrgers ciecuil. [f iU
further assumed that b = a , the latuce parameter of the bulk swnple, p can be emsily

> 2\@ [
'_bp

calculated which gives the length of the dislacation line per unil volume,

4. RESULTS AND DISCUSSION :

The deconvelution of e Bragy reflections (111) and {(200) at different
anncaling lemperares are shown in fizure 1. [tcan be seen that all films analyzed are
of the standasd polycrystalline PoTe pauerns, However, some new lines started to
develop at a temperature around 200°C and a complete patern for this new phase
appeared at 250°C. This new phase as Pb is much more probable for oxidation than Te
from the activation energy point of view, this new phase didnet ¢orrespond 10 any of
the known lead oxides phases 30 far.

Values of the extracied appareat crystallite sizes, microstrain and dislocation
densitics at different emperatures tor the reflectiog planes(111) and (200} are given
in table 1. Inspection of these value showed that the crystallite sizes extracted from
(111} are significantly less than tose from (200), this is realy understandable if there
is a preferred orientation for the (1000 plane. This was found to be a characleristic
properties of lead salts as pointed out by Zemel (1969) and was confirmed i Uiis work
by measuring the ratios of the inegrated inweasities 1, /L - and L ya'Lyq for the thin
films and for the bulk and by compiring them together it was cvident that (or Win
films PbTe crystallities prefer o have (100) oriented growth, Figure 2 shows the
variation of the crystallite size wilh anaciling wmperatwre, agan there s a
considerable increase in the crystalliie size alony the (100} direction whereas the
increase along (111) is negligible in compasison.  This finding again confirm still the

ociented srowth along the (100). On the other liad the reselts of the microstring
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behave totally different as shown (rom table | and figure 3, ;\t oM (emperature,
strain in the (111) direction is smaller than ihat along (200) direction. This finding
may be due to strain gragdient at e substeae-film inlerlace, since most of the
crystallite have their (100) planes parallel w the substrale. However, the rate of
increase of the strain with temperature and also the rate of decrease is much larger
aloag (111) than (200). Figure 3 shows this dilterence n the rate of increasc and
decrease, These observation may be explained if we consider the diffusion of the
oxygen 10 be increased by anvealing and (0 be interstitially diffused into PbTe latice.
PbTe is (fcc) structure with eight intesstitial holes in the crystal lattice. These holes
are available for oxygen diffusion and are lecated in pairs along the cube diagonals
symmetrical with respect © the gnit cell center, Le, with, wwabedral symmetry, By
raising the temperature the oxygen will diffuse into the foterstiual sie of PhTe
lattice and this in twm will disterb the local and the summounding configurations and
gives nse 10 an increase in the microstrain, The more the emperaiure increase in the
more the oxygen diffuse and accordingly the more the vccupancy of the tetrabedral
bolas by the oxygen atoms{7]. This increase in oxygen diffusion will certainly increase
the microsiran in the kce and some of them nay replace some of the Te atoms that
may evaporate. This process will continue by increasing the annealing lempersture
uniill a temperature |5 reached around 200°C at which phase separation of lead oxide
occurs. This phase disseciation inhibit oxygen diffusion and markedly reduces the
microstrain to a limit far more below those values of rocm temperatures along (111)
and (200) as can be seen from Gigure 3. This large decrease in microstrain is due o
annealing effect alier phase separation.  Dislocation denstities (p) calculated from
equation (7) at different iemperature are given in table 1. It can be scen that at room
temperature the dislocation densities (p) are nearly of the same order along both
direction (111) and (200), but it decreases with the lemperature continpously along
the (100) dircction whereas along the direction (111) it firstly increase up to 150°C
and then decreases sharply. This result is in accordance witl the microstrain results
discussed before, This increase in the dislocation densilities is duc to the creation of
the antphase domain cecaled by the inroduction of oxygen atoms into the erahedral

interstitial sites and also due to the creation of stucking faults caused by he
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distrubance in the local ordering. But at pbase scparat:on of lead oxide the PbTz

structure goes back to its standard structure and the dislocation densities decrease
again to a valve less than those at room temperature due again 1o annealing effect,
5 - CONCLUSION-:

Annealing PbTe causes oxygen to diffuse into the retrahedral interstitial holes.
This diffusion causes increase in microstrain and disloction densities along (111)
direction up to a lemperature just below the lead oxide phase separation after which a
sudden decrease in microstrain and dislocation densities were markedly  sharp.
Crystallite size increase with annealing temperature than those along (111), This was
due (0 the preferred onentation growth along (100) and annealing effect enhanced this
growth. At 200°C a new phase of lead oxide wis developed.

Apparent‘.rys- " [Dislocation density]

Strain (107

tallite  size () _ P ke Ul
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