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Bridgman grown Hgl_xCdxTe: crystalline 
quality assessment by X-ray topography 
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Different growth speeds and thermal annealings were applied to Bridgman grown crystals. 
Several characterization methods (X-ray topography, energy dispersive atomic spectroscopy 
(EDAX) etc.) showed that the most suitable conditions are a high growing speed and a 
thermal treatment of no less than 30 days. 

1. Introduction 
Hgl-xCdxTe (MCT) is a semiconductor alloy of nar- 
row band gap energy. Infrared detectors usable in the 
second atmospheric window at 77 K can be obtained 
for x = 0.2. For high purity material, grain and sub- 
grain boundaries have adverse electrical effects on 
detectors [I, 2], so high quality single crystals must be 
obtained to improve the performance of the detectors. 
Bridgman [3] and CRA [4] (cast, recrystallization, 
annealing) growth methods have been applied to get 
the material. Both can be considered as solidification 
from the melting techniques. The phase diagram [5] 
determines a compositional dispersion (Ax) along the 
growth axis [6] of the ingots. Crystalline quality is 
decreased with higher growth speed in the Bridgman 
method [5]; meanwhile, compositional dispersion Ax 
diminishes [5]. Subsequent thermal annealings can 
improve both parameters. 

In this paper we compare different growth speeds 
and subsequent thermal treatments of the ingots 
aiming to decrease the Ax dispersion and to increase 
the grain and subgrain size. An electron beam micro- 
probe was employed to determine the x composition, 
meanwhile X-rays studies have been used to evaluate 
crystalline quality. Even when the purity of the start- 
ing elements was not adequate to obtain opto-elec- 
tronic grade material, it was decided to start with the 
growth studies in order to determine the influence of 
the different factors affecting the crystalline quality. 
Hall effect measurements [7] were used to study the 
electrical properties. 

7200 cm day-:)  was used to get ingot 5, which can be 
considered as a Bridgman growth technique with a 
very high growing speed value [5]. The ingots were 
7 mm in diameter and roughly 50 mm in length. In- 
gots 3-5 received a subsequent thermal annealing in 
the growth ampoule to increase the grain size and 
decrease the compositional dispersion. 

The wafers were obtained by perpendicular cuts to 
the growth axis, except in ingot 2 where the cut was 
performed along the axis. The usual mechanical and 
chemical polishing procedures were applied [10]. An 
electron beam microprobe EDAX allowed us to deter- 
mine the x composition of the ingots with 10% pre- 
cision. Laue X-ray diagrams were used to determine 
crystalline orientation [11] and CuK~ X-ray topogra- 
phy (reflection Lang's method) [12-14] was employed 
for the crystalline characterization. The beam diver- 
gence was 3' except ingot 4 in.which 15' was used also. 

3. Results and discussion 
3.1. Composition 
Fig, 1 shows the x-Cd composition of the different 
ingots, its dispersion Ax is shown in Table II. It can be 
observed large Ax dispersion values were obtained 
with low growth speed (1 and 2.4 cm day-1). In agree- 
ment with previously published results [5] it can be 
seen clearly (Fig. 2) that the composition dispersion, 
Ax, decreases when the growth speed increases. The 
lower Ax value of ingot 4, compared to ingot 3 can be 
attributed, to the beneficial effect of the subsequent 
long time thermal treatment (30 days). 

2. Experimental  procedure 
99.9999% purity elements (Hg, Cd, Te) were employed 
to obtain x = 0.2 MCT; a Hg excess was used to 
compensate the free volume of the ampoule [8]. 

Growth speed values of 1-96 cmday- t  (Table I) 
were used to obtain ingots 1-4 by the conventional 
Bridgman method :  [9]. CRA method (v = 

3.2. Crystalline quality 
3.2. 1. Ingot orientation 
Laue diffraction diagrams performed on wafers be- 
longing to ingots 1-4 showed that single crystals from 
1.5-5 cm in length could be found along the growth 
axis, with a maximum of three grains in each ingot 
[15, 16]. There is no preferential orientation of these 
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T A B L E  I Grown ingots 

Ingot Growth Thermal 
number  speed gradient 
N v (C c m -  1) 

(cm day - 1) 

Remarks 

T(~ 

Subsequent 
ingot thermal 
treatment 

t (days) 

1 1 40 
2 2.4 40 
3 96 45 
4 96 45 
5 7200 - 

No  excess Hg was used - - 
Excess Hg was used - - 
to compensate 610 10 
the free volume 650 30 ~ 
of the ampoule 650 10 

"Long  time thermal treatment 

0.6" 

015" 

0.4' 

~0.31 

0.2 

0,! 

2b ' 4'o "- ' ' 60 
L {m m) 

Figure 1 Longitudinal ingot composition: (11) ingot 2; (A)  ingot 4; 
(Q) ingot 5. 

T A B L E  II  Ingots dispersion composition 

Ingot Growth Cd composition Composit ion 
number  speed, v range dispersion 
N (cm day - l) Ax 

1 1 0 < x < 0.55 0.55 
2 2.4 0 < x < 0.55 0.55 
3 96 0.14 < x < 0.26 0.12 
4 96 0.11 < x < 0.19 0.08" 
5 7200 0.18 < x < 0.20 ', 0.02 

a Long time thermal treatment 
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3 

�9 4 5 
ii i I I , �9 I 
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Figure 2 %x values of the ingots grown in different speed condi- 
tions. The ingot number  is shown in the graph. 

grains with respect to the ingot axis and a large 
misorientation can exist between them. 

Ingot 5 (CRA) has several grains with a high mis- 
orientation between them in each wafer. No X-ray 
topography studies could be performed on this sample 
because of the small area of each grain [17]. 
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3.2.2. X-ray topography 
Four topographies (g = 444) were obtained from a 
wafer of ingot 1 varying the angle of incidence in 200" 
steps (Fig. 3). This procedure was used in order to 
determine the subgrain structure and to obtain the 
size of the low misorientation areas in all the studied 
wafers. 

For  a total angular variation A~0 = 600" of the 
incidence angle, the size of the equal orientation 
crystalline, zone was determined (Table III) through 
the value of the percentual iso-orientated area para- 
meter(A%) that makes it possible to compare results 
obtained from samples with dispersion in the surface 
area. I t  is defined by 

A % Total reflected area for A~o 
= x 100 

Total sample area 

In this case the A% value is 55. A homogeneous 
subgrain structure with polygonal contours and a 
typical area of 0.1 mm 2 (Table III) can be observed by 
contrast orientation [14]. A heat treatment of 7 days 
at T = 300  ~  of the sample did not change its grain or 
subgrain structure. 

Ingot 2 was cut along the growing axis to study the 
granular structure in this direction. One half of it was 
studied as-grown and the other was submitted to a 
heat treatment of 10 days at 500 ~ Studies similar to 
those performed on ingot 1 did not show any change 
due to the heat treatment. Fig. 4 and Table III include 
the results obtained for the sample thermally treated. 
It showed a columnar subgrain structure with a 
typical subgrain area of 0.1 mm 2. 

Topographs obtained from two samples of ingot 3 
confirm, as could be expected, that the grain size and 
the value of A% decrease when the growing speed is 
increased. A micrograph of the studies performed on 
the sample is shown (Fig. 5, Table III). The values of 
the typical subgrain area and the A% of ingot 3 show 
that even with the subsequent thermal treatment ap- 
plied (T = 610~ t = 10 days) there is a significant 
decrease in the crystalline quality with increasing 
growth speed. 

On the other side, a set of topographies from a wafer 
of ingot 4, which had received a subsequent thermal 
treatment of 30 days at 650 ~ show that its typical 
subgrain area is comparable to that of ingot 1, al- 
though a higher subgrain area dispersion exists (Fig. 
6a, Table III). The A% value of 70 obtained after the 
heat treatment is remarkable, in fact it is even higher 



Figure 3 Set of topographies of a wafer of ingot 1--growth speed: 1 cmday-1;  thermal treatment: T = 300~ t = 7 days. 

TAB L E I I I Representative crystalline parameters 

Ingot v A% Typical subgrain 
number (cm day- 1) (a), (b) area, a 
N (ram 2) (b) 

Remarks 

1 1 55 0.l  
2 2.4 longitudinal cut 0.1 

3 96 20 0.02 

4 96 70 0.07 

5 7200 Too small Too small 

The heat treatment applied to the sample did not show 
effect on the crystalline structure 

Time or temperature of the heat treatment were too short 
or low, respectively. 

Adequate thermal treatment 

No topographies were obtained because of the small value 
of A%. 

"Aq~ ~ 10' min 
AA % Aa 

b Estimated errors: - -  ~ 0.1 ; - -  ~ 0.2 
A% a 

than the A% value of ingot 1, which had been grown 
at 1 cm d a y - 1  This result shows the important influ- 
ence of the heat treatments over the grain and sub- 
grain structure of Bridgman grown MCT. Moreover, 

taking the total misorientation of the grain (33') 
the A% value results, 92, means that nearly the whole 
area has the same orientation. 

Fig. 6b shows a topography of the above mentioned 
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Figure 4 Topography of a wafer of ingot 2--growth speed: 
2.4 cm day-X; thermal treatment: T = 500 ~ t = 10 days. 

wafer taken with a beam angular  divergence of 15'; it 
gives a general vision of the latter. Chemical  etching 
studies done over this wafer and another  one of  the 
same ingot  cut a t  1 cm of the previous one, showed a 
complete correspondance of  the subgrain structure 
[18], revealing the existence of  a large grain formed by 
an ar rangement  of subgrains of co lumnar  structure, as 
it was observed in ingot  2 (Fig. 4). 

3.3. Electrical characterization 
Hall effect measurements  [7] have been obtained by 
the Van der Paw method  (19, 20). At 77 K, carrier 
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Figure 6 Topography of a wafer of ingot 4--growth speed: 
96 cmday- 1; thermal treatment: T = 650 ~ t = 30 days: (a) 3 rain 
beam divergence, (b) 15 min beam divergence. 



concentration of 1016-1017 cm-3  and Hall mobilities 
of 103-104 cm 2 V-1 s-1 were obtained in most sam- 
ples. No  correlation between these values and the 
composition x or crystalline quality could be found 
because any effect is masked by the impurity level, as 
we previously supposed based on the fact that 
99.9999% purity is not adequate to obtain intrinsic 
material (hi ~ 1014 cm -3 at 77 K). Hall effect meas- 
urements confirm that the high impurity density deter- 
mines the majority carrier concentration type and 
value and limited their Hall mobility. 

4. Conclusions 
From the present studies we can conclude that even 
with low purity material (99.9999%) it is possible to 
obtain good crystalline quality and low composition 
dispersion MCT single crystals provided that the 
appropriate Values of growth speed, and subsequent 
heat treatment temperatures and times are chosen. 
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