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Study «Г crystalline strueturnl typos and their trnnsfornmtions is of r.onsidernble 
interest due to the effect of strueturnl changes on the electrophysical properties of semi
conductors.

Polycrystalline cadmium selenide films crystallize in a hexagonal modification with a 
wurtzite lattice (cr-CdSe) and a cubic modification with a sphalerite lattice (0-CdSe) [1-5] 
or may contain both the cubic nnd hexagonal modifications [6]. Depending on the preparation 
conditions nnd subsequent treatment, the phase composition of the films in most cases is 
altered in favor of the hexagonal phase. This is a consequence of metasfcability of the 
cubic phase which is transformed to the hexagonal phase even at A03eK [5]. The possibility 
of the reverse transition has not been definitely established. Semiletov [7] and Shank [8] 
have reported on the conditions for the conversion of a-CdSe to the p-modificetion.

In the present work, we studied the polymorphic transformations in polycrystalline CdSe 
films during isothermal annealing and storage in the dark at room temperature for a proloned 
period in order to establish features indicating structural changes in the films and the 
reasons for these changes.

The concentration of impurities in vacuum-deposited CdSe films did not exceed their 
concentration in the starting material (cadmium selenide powder corresponding in impurity 
content to ETO 021.006.'I'll [special purity, VA purity class]). The impurity whose percentage • 
composition is greatest is isovalent nnd the changes in the interplanar distance in CdSe 
caused by its presence, according to the Vegard law [9], are two orders of magnitude below 
the resolution of the measurement apparatus.

The cadmium selenide films were obtained by sublimation of the powder in a quaai- 
sealed volume of a graphite reactor with 1.33‘10~* Pa residual pressure. Aa in our previous 
study [6], the samples were of both types. At 623eK base temperature, the films were formed 
with comparable amounts of the hexagonal and cubic phases. The vaporizer temperature was 
held at 973-1023*K. Glass with normal surface roughnees was used as the base. In order to 
eliminate the effect of the predominant growth of crystallites perpendicular to the base, 
the roughness was artificially increased. The structural studies were carried out on an 
£G-100A electron diffraction camera and URS-50IM diffractometer using x-ray phase analysis 
[10, 11]. A scintillation counter with symmetrical setting of the amplitude analyzer chan
nel was used for recording. The error in measuring the centers of gravity of the lines was 1' of arc,
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TABLE 1. Changes in the Relative Intensities of the Maxima 
in the Diffraction Patterns upon Structural Transformations 
in Cadmium Selenide Films after Isothermal Annealing at 
423® and.573*K (artificial aging)

i! . A

Com parable rel. aim s, of cubic am 
hex. phases

Predom inance o f rel. aim . of 
hex. phase

tabl*'
J l v  

• -
„Il  
1.“' '■

J l  ..
i, ' '•

J l .• 
/ .- • ->r* «

J l  . 
/.- • '* 1 «* ’ • % lr*  *

J lu - J l  
u ' •*

3.72 (Ii) 18,15 0,8 82,5 17,2 125 18,2 13,3 1(13 22,1 140.(1
a 3i«c>‘ * *di) 28 7,4 4(1,2 13,(1 (ii 4,8 5,3 157 7,4 10(1
3,20(1) 100 Kill 154 I (XI 132 Kill Inn 141 Kill 123
2,554(10 32 21 100,1 38 157 32 32,2 143 48 1802 ,140(c) 1 
2.151(h) / 1.3,1 12 134 17,3 108 18,2 10,1 125 3(1 211(1
1,080(10
1.833(c)

00,5 42 O'. 48 111 50 48,3 13(1 55,5 130

1.834(h) 45,4 .'III 1211 30 17(1 5(1 51,5 145 03 155
1 /,5(1 (h) 30,3 3(1 125 35,3 128 45,5 35,5 1 III ill 107
1,2055(10 27,2 1 33 1 183 20 130 31 30 1 178 1 37 147

Note. Ii 7a » and I3 are the intensities of the maxima in
the diffraction pattern in the sturtlng Btute und after 
isothermal annealing at 423° and 573°K, respectively; 10*, 
I0", and Io1" are the intensitieis of the major maxima in 
the diffraction pattern In the starting state and after 
annealing.

TABLE 2. Changes in the Relative Intensities of the Maxima 
in the Diffraction Patterns upon Structural Transformations 
in Cadmium Selenide Films after Maintenance In the Dark for 
1 Month at Room Temperature (Natural Aging)
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Note. Ii and Ia are the intensities of the muxima in the 
diffraction pattern in the starting state und after nuturul 
aging, respectively; I0' and I0" are the intensities of the 
major maxima in the diffraction pattern in the starting 
state and after natural ageing, respectively.

At 423°K annealing temperature and 1.33*10“ * Pa vacuum, the maxima of almost all the 
liffraction peaks increase independently of the type of the base and condensation tempera- 
:ure due to recrystallization. The major maximum increases significantly and the other peaks 
increase relatively slightly (Table 1). Annealing at 423“K virtually entirely completes the 
recrystallization, and the reflection maximum from the atoms of the major plane does not 
indergo further change upon subsequent annealing at 573°K. In this case, the recrystalliza- 
:ion occurs over the entire bulk of the film, as reflected in the significant increase in the 
lecondary maxima. A decrease in the fraction of the cubic phase is observed concurrently 
fith ordering of the crystallite structure (Table 1).
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TABLE 3. Changes in Che Interplanar Distances in Cadmium 
Selenide Film Crystallites after Maintenance in the Dark 
for 1 Montli at Room Temperature (natural aging)
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Note- d s and d a are the interplanar distances in cadmium 
selenide film crystallites in the starting state and 
after natural ageing, respectively.

TABLE A. Changes in the Interplanar Distances in Cadmium 
Selenide Film Crystallites after Isothermal Annealing at 
A23° and 573°K (artificial aging)
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Note, di, da, and d3 are the interplanar distances in 
cadmium selenide film crystallites in the starting state 
and after isothermal annealing at A23° and 573°K, re
spectively.

The data obtained after natural aging indicate that the initial stages of recrystalliza 
tion take place or there are no changes due to the low rate of recrystallization at room 
temperature. However, independently of the type of base and preparation conditions, the 
intensity of all the peaks decreases as a result of natural aging (Table 2). The intensity 
of the diffraction pattern "tails" also decreases and the background remains unchanged-—  
within experimental error.

The nature of the changes in the reflection intensities depends on the relative content 
of the cubic and hexagonal phases in the film in the starting state. Thus, in addition to 
the overall decrease in reflection intensities, the relative intensity of the reflections 
from most of the planes of samples with predominance of the hexagonal phase increases, while 
it decreases for samples with a large fraction of. the cubic CdSe modification (Table 2).
The decrease in the reflection intensities is accompanied by an increase of interplanar dis
tance of the crystallites in the two sample types of a different extent (Table 3). The in
crease in interplanar distances causes a decrease in the number of sources of coherent 
scattering in a unit of volume, which lends to a decrease in the intensity of the diffrac
tion peaks.



The interplanar distances immediately after preparation in all starting samples were 
less than the corresponding tabulated values (Tables 3 and 4), i.e., compression deformation 
occurs upon deposition and cooling to room temperature in the sample's which gives rise to 
elastic stresses which may permit the crystallite structure to relax to the equilibrium 
state. Indeed, Table 3 shows that the interplanar distances during natural uglng inereuao 
both for the major maxima and for some of the other maxima and reach the tabulated values.

The generation of compression deformation recorded upon isothermal annealing may be the 
result of the condensation of favorably oriented crystallites relative to the vapor streams 
which suppresses the growth of other crystallites [12]. The anisotropy of the CdSe 
wurtzite structure may also lead to elastic deformation in CdSe films upon cooling [13].
The discrepancy between the values for d and the equilibrium values and, thus, the change 
in diffraction pattern peak intensities during natural aging are more pronounced in films 
with a large content of the cubic phase (Tables 2 and 3). These tables indicate that non
uniformity of the phase composition of a film may also be a cause for deformation of the 
crystal lattice. We should also note that destruction and deformation occur in the film 
structure as a result of its interaction with the base [13].

If change in the interplanar distances is caused by nonuniformity of the phase composi
tion, we should expect an increase in d upon annealing in vacuum when the film uniformity 
is enhanced (Table 1) as a result of the formation of the hexagonal phase. In the case of 
the predominance of the anisotropic factor of the wurtzite modification, a decrease in d 
relative to the starting value would be observed as result of annealing. In fact, a de
crease in the interplanar distances in cadmium selenide films is observed after vacuum 
annealing at 573*K (Table 4), which is natural for phase rearrangement to the a-modification 
[14]. In this case, the number of coherent scattering sources in a unit of sample volume 
increases, which, in addition to recrystallization, is responsible for an increase in the 
intensity of the diffraction peaks.

CONCLUSIONS
Recrystallization with the formation of the hexagonal CdSe modification occurs upon 

thermal aging, which increases the aniBotropicity of a cadmium selenide semiconductor film 
characterized by compression of the cryBtulllte unit cell. Relaxation of the original 
structural defects occurs during natural aging with restoration of the cell parameters to 
literature values in the course of an increase in the interplanar distances.
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