
   1, 2012 
 

101 

 538.9, 538.915, 538.958 
 

       
   CdTe/Hg1-xCdxTe/CdTe  

     
 

. . - , . .  
 

          
CdTe/Hg1-xCdxTe/CdTe,     .   -

         -
 (0 < x < 0,12)   (0,2 < x < 0,35)    . -

       .  
 
 

PACS: 84.40.-x, 73.21.Fg 
 

 : — — ,  , ,   
,  .  

 
 

 
  ( )   CdTe/ 

Hg1-xCdxTe/CdTe     -
  .   

    -
 - ,   -

      -
 .    ,    

 ,   -
     x = 0.   

    -
     

   x,   -
  x = 0,16,    -

     .  
     -

     , 
       

CdTe/Hg1-xCdxTe/CdTe    -
      

L,        x 
 0 < x < 0,35.  
   .  -

     
 
 
 
 

 

-   ,  -
 . 

  , . 
     

. . .   .  
, 03028, . , . , 41. 

. (044) 525-18-10. E-mail: emelezhik@gmail.com 
 

    12  2011 . 
 

 

© -  . .,  . ., 2012 

     
   CdTe/Hg1-xCdxTe/CdTe,   

     x, -
        

   Hg1-xCdxTe. 
     -
     

 x.        
    -

     
  .    

       
   .  

 
 

     
     

CdTe/Hg1-xCdxTe/CdTe 
 

     
     -

    [1, 2],  
   -  

 d  30 A .  
   CdTe/Hg1-xCdxTe/CdTe 

 L    x > 0,16.  
       
 ,     

.       
      -

      .   -
   ,    z -

   .  
 



   1, 2012 
 
102 

      -
      -

 ,     
   —     -

 [2]:  
 
 

3

1 2

4

exp / 2 , / 2

exp exp , / 2 / 2 ,

exp / 2 , / 2

b

a a

b

z

C ik z L z L

C ik z C ik z L z L

C ik z L z L

 

(1)

 

 
 

 1, 2, 3, 4 —   -
       ,  ka  

kb —        -
, .  

      -
 .   -

     -
   .    [1,  2],   

     -
       

       
 .  , -

     e
Am     

e
Bm ,       LH

Am     
LH
Bm    :  

 
 

2

2

2

2

2

2

2

2

3 ;
4

3 ;
4

3 ;
4

3 ,
4

e
A A

e
B A

LH
A

LH
B S

m E E
p

m E E
p

m E
p

m E V
p

                 

(2)

 

 
 

 EA —    Hg1-xCdxTe 
   x  , E — -
  , p = 8,3 10-8  — -
   ,  VS = CdTe

AE  – EA –  
    .  

   e
Ak , e

Bk    

 LH
Ak , LH

Bk , ,     
    ,  

 ,       
    [1—4]: 

1 3 ;
2

1 3 ( ) ;
2

1 3 ;
2

1 3 ( ) .
2

e
A A

e
B S A

LH
A A

LH
B S A

k E E E
p

k E V E E
p

k E E E
p

k E V E E
p

          

(3)

 

 

  z = –L/2  z = L/2 -
    [1]  

  (1),  , - , -
  ,  - , -
    -

    .   ,  
   (1)—(3)   -

    -
  : 

 

2 2

2 2

2 cos

sin 0

e e e
A B A

A A

e e
eA B
A

A A

i k k L k

E E E E

k k L k
E E E E

   

(4)

 

 

  : 
 

2 2

2 2

2 cos

sin 0.

LH LH LH
A B A

S

LH LH
A B LH

A
S

i k k L k

E E V

k k
L k

E E V

     

(5)

 

 

     -
      ,  -

     — -
.  
     

 x   0 < x < 0,12,   
    

,     [5]. -
       (  

  0,2 < x < 0,35)  
  (4)  (5).  

    
    -

  ,     , 
     -

 ,    .  1   2,  -
. 



   1, 2012 
 

103 

 

0,00        0,02         0,04        0,06         0,08         0,10        0,12 
 x 

0,15

0,10

0,05

0,00

-0,05

 0 
 1 
 2 
 3 
 4 

L = 50  
 = 350  

, 
 

 
 

. 1.      
CdTe/Hg1-xCdxTe/CdTe   x   = 77 , L = 50  

      = 350   
   0 < x < 0,12 

 
 

 

0,18   0,20   0,22    0,24   0,26    0,28   0,30    0,32   0,34   0,36 
 x 

0,16

0,14

0,12

0,10

0,08

0,06

0,04

0,02

0,00

 0 
 1 
 2 
 3 
 4 

 
, 

 

 
 

. 2.      
CdTe/Hg1-xCdxTe/CdTe   x   = 77 , L = 50  

      = 350 ,  
   0,2 < x < 0,35 

 
   -

    ( . 2)  -
 ( . 1)  ,   

  .  
     , -

   -
     

   .   
  ( . . 2)   -

  ,    -
      -

.        
     x 

    x = 0,16.   -
   ,    x 

     -

   6  8  ,  , 
    -

 .  
    

    , -
      

( . . 1).    -
   [2],    

   .   -
 ,    -

      
  (   — 8,    — 6). 
      -
     
  [2]  0  x < 0,16 [5].   -

,         
   .   

      [2]. 
   ,    -

   8       
" "      

.  ,  -
  ,     [5].  

      
     -
     c  -
 ,     

    ,   
" "      

.       
     

     
    ,  -

,    . ,  
    1—2  -

      
 [5].  

,    , -
    ( . . 1),  

    ,  -
     . 2.   

     ,   -
   , -
    6  8,  

      , 
    x   .  
 
 

    
   CdTe/Hg1-xCdxTe/CdTe 

 
    
     -

    L = 50    -
    = 350  [6—8],  

   = 77 . 
    -

    Hg1-xCdxTe  -



   1, 2012 
 
104 

    . -
      

     -
  ,    -

     -
  [9].  

     
(6.141)   [10],    -

     -
: 

 

0

2

0 0

0
2

0
,

22
0 0

21/ ( , )

1 1 1 1( , )
2 2

( , , )

( ) ( ) / ,

LO
s

LO F

n m

n n LO

ek n
L

N T E

G n n m d q

E k E k q q m L

   

(6)

 

 
 0   —    -

 ; 
( , ) 1 1 exp[ / ( )]LO F LO BN T E k T  —  -

      
  ; 

m —   ; 
L —  ; 
n0  n —     -
   ; 

0k  —        
  ; 

LO  —  ; 
q  —   .  

 0( , , )G n n m    -
      -

   : 
 

2/2

0 0
/2

2( , , ) ( ) ( ) ( ) ,
L

e e ph
L

G n n m dz z z z
L

 (7) 

 
 0 ( )e z   ( )e z  —   -
     , 
( )ph z  —    -

 ,   -
  : 

 
cos( / ), 2 1

( )
sin( / ), 2 .ph

mz L m k
z

mz L m k
            (8) 

 
    -

      (6) -
  . 3.     -

,      
  x =  0,16    
    

. ,    -
     

       -
. 

 
 

0,20   0,22    0,24    0,26    0,28    0,30    0,32    0,34 
 x 

7

6

5

4

3

 
, 

 
 

 

. 3.    (  ) 
     

   CdTe/Hg1-xCdxTe/CdTe   x.  
  — 50 ,      

 = 350 ,  = 77  
 

   .  3    -
     -
    .   

     -
 ,  ,   -

   .  
,      -

  ,  -
  [5],        -

      
   .  -

 ,       -
      -

 .  
     -
       -
 ,     

  .     
     
     
  1—2  [5].  

 
 

    -
    CdTe/Hg1-xCdxTe/CdTe 

 

      -
   —    

    -
: 



   1, 2012 
 

105 

2 2 2
0
2 2

0
4 4 2 2 2 2

2
2 2

,

2 2( ) := 

( ( ) )
2

1 (1  ( )) ( )

1 1( + arctg[ ]),
2

LH E

e A LH
ij

i j

e e e LH

e LH

B

m P e
Lc m n

E E E

f E f E
P

E E
k T

          

(9)

 

 

 2
ij  —    -

      
, ELH  Ee —      
, fe —    

 ,  (1 ( )) ( )e e e LHf E f E  
     -

  .  
 

1 1 arctg
2

e LH

B

E E
k T

 

 

   -
   ,  

   .  
    

    ,     
 .      

      
.   ,   -

   ,    — -
,     (9)   -

      
   : 

 

0,2              0,3              0,4           0,5           0,6 
                                                               E,  

HH—E + LH—E 

14 000

12 000

10 000

8000

6000

4000

2000

( ), -1 

HH—E 

LH—E 

 
 

. 4.       
     

CdTe/Hg1-xCdxTe/CdTe   L = 12,5 ,  
 x = 0,24,      

 = 550     = 80 . 
      LH  e, 

   HH  e     
 

  LH—E   -
,    HH—E     

  ,   -
  (  )  -

  ,    — 
.     

( . . 4)   , -
   1 1HH e   2 2HH e , -

     
 [14]      

  1 = 5,51  (   0,225 ) 
 2 = 3,83  (   0,324 ). -

     -
      -
          , 

 
2 2 2

20
2 2

,0

1/22 2 2 2

2 2 2 4

2 4 2 2 2 3 2 4 4
4

2 2 1 1 = (1  ( )) ( ) ( + arctg[ ])
2

44 ( 2 2 ) 8

2 4 (4 ) 4 ( 2 2 ) 4

e HH
HH E ij e e e HH

i j B

e AA HH

e A A HH

m P E Ee f E f E
L k Tc m n

E EM E E M P
P

MP
M E E M P E E M P

1

.

           

(10)

 

 

     
     

  (9, 10)    -
,   x = 0,24,   x =  0,8,  

  L = 12,5    . 4, 
       

   = 550  [11—13]. -
       

 —  (LH—E)    
  ,      

—  (HH—E),     -
                .  

      
   . 

 
 

 
 

    -
 ,    -
     -

   CdTe/Hg1-xCdxTe/CdTe  
  x   0  < x < 0,12  

0,2 < x < 0,35,    -
     ,  -

.  



   1, 2012 
 
106 

    
       

     
      

      -
 .  

    
 CdTe/Hg1-xCdxTe/CdTe.    

     ,    
     
     -

    ,  -
  .  

     -
    1HH  1e, 2HH  2e, 

       -
     

 [14].    
     

     -
  .    -
     
    ,    

      
   .  

 
 
1. Bastard G. // PRB. 1982. V. 25. No. 12.  
2. Bastard G. Wave mechanics applied to semiconductor het-

erostructures. — New York: Halsted Press, 1988.  
3 Kane E. O. //J. Phys. Chem. Solids. 1957. V. 1. P. 249.  
4. Bastard G. // PRB. 1981. V. 24. No. 10.  
5.  . ., -  . .,  . .// 

. 2010.  44. . 1365.  
6. Shih C. K., Spicer W. E.// Phys. Rev. Lett. 1987. V. 58. No. 24.  
7. Kraut E. A. // J. Vac. Sci. Technol. A. 1989. V. 7. No. 2.  
8. Hui P. M., Ehrenreich H., Johnson N. F. //J.  Vac.  Sci.  

Technol. A. 1989. V. 7. No. 2.  
9. Dubowski  J.  J.,  Dietl  T.,  Szymanska  W.,  Galazka  R.  R. // 

Journal. Phys. Chem. Solids. 1981. V. 42. P. 351.  
10. Mitin V., Kochelap A., Stroscio A. Quantum Heterostruc-

tures: microelectronics and optoelectronics. — Cambridge: Cam-
bridge Univercity Press, 1999.  

11. Truchsess M., Latussek V., Becker C. R., Batke E. // Jour-
nal of Crystal Growth. 1996. V. 159. P. 1128.  

12. Becker C. R., Latussek V., Li M., Pfeuffer-Jeschke A., 
Landwehr G. // Journal of Electronic Materials. 1999. V. 28. No. 6.  

13. Eich  D.,  Ortner  K.,  Groh  U.,  Chen  Z.  H.,  Becker  C.  R.,  
Landwehr G., Fink R., Umbach E. //  Phys.  Stat.  Sol.  A.  1999.   
V. 173. P. 261.  

14.  .  .,   .  .,   .  .,  -
 . .,  . .,  . .,  . ., 

 . .,  . .,  . // 21-  . 
.- . .      

. 2010. A55.  

 
 

Calculations of electron spectra and electron relaxation times  
in the CdTe/Hg1-xCdxTe/CdTe quantum wells for their variable parameters  
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Energy spectra and relaxation times of electrons in the CdTe/Hg1-xCdxTe/CdTe quantum well 
(QW) and also absorption spectra of this QW are calculated in this work. Main features of such en-
ergy spectra and electron relaxation times for the cases of inverted band scheme (0 < x < 0.12) and 
direct band scheme (0.2 < x < 0.35) are compared. Transitions between heavy holes and electrons 
bands and between light holes and electrons bands are shown separately together with the total ab-
sorption picture. We obtained good agreement of theoretical calculations with experimental lumi-
nescence data.  
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