
   3, 2011 
 
98 

 621.283.4/5 
 

    
       

 

. .  
 

      -
  ( )     ,   

    ( ).     
,   —  . ,    

    .     
,            — -

   .       
  .      

     .  
 
PACS: 85.60.Gz, 44.40 +a, 07.57. , 42.88. +h 

 
 :   , , ,  -

 . 
 

 
 

  — ,   
     
 .       

 (    ,  
   ,  

),    -
    .  , -

       
  —   .   

   (  
    , -

 )     -
 .    

 (   , -
     ) 
      

,      
   .   

    -
     -

  ,     
      -

 . 
 

     
 

,    
     - 

 
 

  ,    
. 

   «  " "». 
, 111123, , . , 46/2. 

. (499) 374-94-00, E-mail: orion@orion-ir.ru 
 

    24  2010 . 
 
 

  . ., 2011 

  .    
      -

   [1]  -
,   .  

    
 (4)   [2], 

 
2

1

2( , , , ) ( , , ) ( , ) ,trE x y l T K x y l d       (1) 

 
 Ktr(x, y, l) —   -
 . 
      

     -
.     ,  -

 E(x, y, l, T)     
    -

 . 
   (1)  -

     2     
 -2, 

 

2

1

2

1 2
5

2( , , ) ,
exp 1

B

hcP T d
ch
k T

       (2) 

 

  -2 -1 , 
 

2

1

1 2
4

2( , , ) ,
exp 1

B

cN T d
ch
k T

      (3) 

 

   = 2,998 1010 -1 —  ; 
k  = 1,381 10-23 -1 —  ; 
  h = 6,626 10-34 2 —  . 



   3, 2011 
 

99 

,      -
 (2)  (3),   -

  ,     
[3],    (1)  2 .  

  Ktr(x, y, l)    
     [3]: 

 
2

2 2 2 2
''

( , , ) ;
[ ( ) ( ) ]tr

S

l d dK x y l
l x y

      (4) 

 
( , , )trK x y l  
2

2 2 2 2
'' [ ( cos ) ( sin ) ]S

l rdrd
l r x r y

.      (5) 

 
   -

     
.    

 . 
    

 a  b,    , -
   l.     
 ,    

 R,       
 — L. 

     
  : 

 —    -
  ,   

    -
,       

 

(1 – l/L),      -
    , 

 Rl/L.      
       

  ;  
 —    -

 Rl/L,   , -
     ,    

    .  
   ,  -

,       -
   ; 

 —     
   ( ),  
     

,       -
  [4].     
     ,  

    . 
 

   
 

     
    

 

      
. 1.      S   

 (4),    . 
,   (5)   -

   1, 2  3  . 1,  -
    

   : 

 
 

22

1

22

1

1 1 21 2 22 1 1
1 2 2 2 21 1 11 12 2 2

( , , ) ;
[ ( ) ( ) ]

b l l a la l R x
L L LL

a l l b l l a lR R xL L L L L

l dx dyK x y l
l x x y y

                 (6) 

 
211

22 1 1
2 2 2 2 21 1 1 12 2

( , , ) ;
[ ( ) ( ) ]

b l la l R
L LL

a l b l lR
L L L

l dx dyK x y l
l x x y y

                                      (7) 

 
22

22

1 1 1 21 2 22 1 1
3 2 2 2 21 1 11 1 12 2 2

( , , ) ;
[ ( ) ( ) ]

b l l a la l l R xR L L LL L
a l b l l a lR xL L L L

l dx dyK x y l
l x x y y

             (8) 

 
_ I 1 2 3, , , , , , , , ,totalK x y l K x y l K x y l K x y l                                                 (9) 

 
 x1  y1 —    . 
 

 



   3, 2011 
 
100 

 

lr R
L

1 3 

Y1 

X1 

1
2
a l

L
1

2
a l lR

L L
 1

2
a l lR

L L

1
2
b l lR

L L

1
2
b l

L
 

1
2
b l

L

0

2 

1
2
b l lR

L L

1
2
a l

L

 
 
 

     
   (x, y)   -

   lr R
L

    

 M1(x1, y1).   
 

1 1 ,lx x
L

      1 1 .ly y
L

            (10) 

 
    -

    -
  (5).  ,    (10),  -
 

_ I ( , , )usefulK x y l  

22

22 20 0 2

.

cos sin

lR
L l rdrd

l ll r x r y
L L

 (11) 

 
     

   , -
   

 

_ I ( , , )parK x y l  

_ I _ I, , , ,total usefulK x y l K x y l .          (12) 
 

 ,   -
     -

     (1)—(3), (9), 
(11)  (12),   ,  

      
   . 

     -
 1280 720    20 20 ,  -

   a =  2,56  ,   

b = 1,44 .     
    R = 2,5   -

      L = 5 . 
    l =  2,5   

 . 
 . 2     

  _ I , , ,totalK x y l  

_ I ( , , )usefulK x y l  _ I ( , , )parK x y l    , -
 ó   ,  -

  l. 
 . 3    -

     -
       l. 

 ,     -
    -

 . 
    

    Ktotal(0,  0,  2,5  )  =   
= 0,354,  — 0,2;  — 0,154. 

   
    

 

0,0, , ,
2 2, , ,

2 2 2 0,0,

tr tr

tr

a bK l K l
a b l

K l
      (13) 

 
  12,3 %   ,  

5,2 % —    21,6 % —   
. 

     
  ,     

(1)  (3),  4,66 1015 -2 -1  
   3,0—5,0   1,31  
1017 -2 -1    

7,6—10,3 . 

. 1.     



   3, 2011 
 

101 

 

Total, y = 0 

. 
., 

. 
. 

0,4

0,3

0,2

0,1

0
-1                                                0                                                 1 

           ,  

Useful, y = 0 
Parasitic, y = 0  

 
. 2.          

   
 
 

 

Total, center 

. 
., 

. 
. 

0           0,5           1            1,5           2             2,5           3           3,5           4            4,5           5 
    ,  

0,8

0,6

0,4

0,2

0

Useful, center 
Parasitic, center 
Total, corner 
Useful, corner 
Parasitic, corner  

 
. 3.          

            
 

     
    

 

      
. 4.    Rl/L    

 ,      
    ,   

  .     
    -

      ,  
     -

 2 2 .h x y     -
     Rl/L,   c  



   3, 2011 
 
102 

   1.      
1   0   -

: 

1 ;lh h
L

                        (14) 

0 arccos .
h L l

Rl
                   (15) 

 

  

r0(l) = R l/L 

3                      2                 1 

E 

B 

D 
O1 O 

C 

A 

r0(l) 

(h) 

2  – 0 

0 

 

r( ) 

 
 

. 4.        
      

 
     -

.      
        

.      M(x, y)  
  (1),   

_ II , ,totalK x y l    -
: 

_ II ( , , )totalK x y l  

22

2 2 2 2
0 0

.
[ ( cos ) ( sin ) ]

lR
L l d d

l r x r y
   (16) 

 
     M(x, y)  

   ADBC  
   A  B ( . . 4).  

   -
    

 

_ II 1 2, , , , , , ,usefulK x y l K x y l K x y l     (17) 
 

 K1 —     -
   

OADB,   1; 
     K2 —     -

   
OACB,   2. 
    -

 3 (ACBE)     -
 ,    

    -
 : 

_ II , ,parK x y l  

_ II _ II, , , , .total usefulK x y l K x y l         (18) 
 

  K1(x,y,l)  K2(x,y,l) 
    -

: 
1 , , )K x y l  

0

0

2

22 220

1 ;
cos sin

lR
L l d d

l x y
(19) 

 
2 , ,K x y l  

0

0

2 2

22 220

1 ,
cos sin

r l d d

l x y
 (20) 

 
 r( )   : 

 

2 2 1 coslr x y
L

 

22
2 2 2 2

2 1 sinl lR x y
LL

       (21) 

 
 . 5   -

 ,      -
    ,  -

      
.        

12,5 .   ,   -
,   -
  ,   

     ,   
     -

. 
 . 6    

     -
      

       
 ,    

Kuseful–II  Kpar–II  l.  d   
 ,  29,37 .   -

 ,    -
     -

     . 
     

 — Ktotal(0, 0, 2,5 ) = 0,2. 
    -

    17,3 %,   
  — 25,1 %. 

. 



   3, 2011 
 

103 

 

Total 

-0,015             -0,01                -0,005                   0                    0,005                 0,01                0,015 
   , h,  

Useful 
Parasitic 

0,2

0,15

0,1

0,05

0

. 
., 

. 
. 

 
 

. 5.  ,      
       

 
 

0           0,5           1           1,5            2            2,5           3           3,5           4            4,5           5 
      , l,  

0,8

0,6

0,4

0,2

0

. 
., 

. 
. 

h = 0 
h = d/50 
h = d/50 
h = d/10 
h = d/10 
h = d/5 
h = d/5 
h = d/2 
h = d/2  

 
. 6.           

            
 
 
 

     
  ,     

(1)  (3),  2,64 1015 -2 -1  
 3,0—5,0   7,38 1016 -2 -1 

   7,6—10,3 . 

     
    

 

    
     , -

      -
  ,   . 7. 



   3, 2011 
 
104 

 

-0,6      -0,4         -0,2          0          0,2         0,4        0,6 
X,  

0,8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-0,2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-0,4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-0,6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-0,8 

Y,
 

 

 
 

. 7.       
    

 
    -

     -
 : 

 

22 21 2( , ) sin cos
22

D l L lr l a b
LL

 

cos sin ,L l a b
L

             (22) 

 
    ,   . 

   [5],    
     . 

      
 ,   —  -

    . 
    

,   . 7,  -
 : 

 

_ III , ,usefulK x y l  
, 22

22 220 0

1 .
cos sin

r l l d d

l x y
 (23) 

 
 ,     -

    , -
     Ktotal(0, 0, 

2,5 ) = 0,048. 

   -
      21,3  %,   

. . ,     . 
     -

,     (1)  (3), -
 6,38 1014 -2 -1   

3,0—5,0   1,79 1016 -2 -1 —  -
 7,6—10,3 . 

  . 7   
   ,  -

     -
. ,      -

  ,   , 
  ,  

,   ,     
    . 

 
  

 

    -
      

   ,   
      

    (9), (11), (16), (17)  
(23), ,     — 

,   , 
 100 %.    -
  .  

    
       

  ,     
 l     

    ,  
  . 

 . 8    
      

      -
 .    , ,  

      ,  
   ( -

  )   -
    Ktr.  -

,     — , 
    -

   ,   
 . 

     -
     

 ,    
     -

      -
    -

. 



   3, 2011 
 

105 

 

1,5                 2                  2,5                  3                 3,5                  4                  4,5                  5 
  — ,  

0,5

0,4

0,3

0,2

0,1

0

. 
. 

., 
. 

. 

Type III 
Type II 
Type I 

 
 

. 8.           
 

    
 ,   . 

 
 

 

  .  -
     -

     . 
,    -

,     -
  ,   -

   ,    
  . 

    
    

,     -
       

. 
     -

      
 ,    -

      
. 

    
     

   . 
  .  -

     -
     -

  . 
   -

      ,  -
 — .    -

   ,   
  . 

    
     

  . 
   -

    ,   
,       

. 
 ,    

 ,    -
    ,  

     
  . 

     
    -
   . 

  .  
    -

    ,    -
      -
    ,    

  . 
   -

      
      

  . 
    -

      
. 

  ,     
,     



   3, 2011 
 
106 

 ,   ,   -
  . 
    

      
  . 

     
    -

  ,     
  .   -

     , 
  .    -

 ,     
      -

       -
   . 

 
 

          
 
1.  .  .,   .  .,   .  . -

 .  . — .: -
, 2005. 

2.  . .//  . 2010.   2. C. 103. 
3.  . .//  .   3. C. 123. 
4.  . .  , 
. 2390076 ,   20.08.2008 . 
5. Dereniak E. L., Borman G. D. Infrared Detectors and Sys-

tems – N.Y.: John Wiley & Sons, Inc., 1996.  
 
 

The theoretical research of the background irradiation of an IR  
array with the specific cold shields 

 
A. I. Patrashin 

Orion R&P Association, 46/2 Enthuziastov road, Moscow, 111123, Russia 
E-mail: orion@orion-ir.ru 

 
The theoretical research of the background irradiation of an IR array with three types of the cold 

diaphragms is executed. This research is necessary for the design of optimized IR array photodetec-
tor. First two types of the diaphragms are standard, and the third — is offered the author. It is 
shown that the background irradiation has useful and parasitic component. Useful component de-
fines the value of the signal and the sum of the useful and the parasitic components together with 
the array dark current — size of the device noise. For this reason, the calculation of their values is 
necessary for the correct calculation of IR array photo-electric parameter. The comparative compo-
nent analysis is carried out for the specified types of diaphragms. 
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