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GaAs    ND = 5×1018 

n- GaAs  300 ND = 2×1018 

n-Al0.6Ga0.4As  1500 ND = 1×1017 

Al0.6Ga0.4As  Al0.3Ga0.7As 

 
150 – 

Al0.07Ga0.93As   10 – 

Al0.3Ga0.7As  Al0.Ga0.4As 

  
150 – 

p-Al0.6Ga0.4As   1500 NA = 2×1017 

GaAs   200 NA = 1×1019 
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3.1.5  

 AlxGa1-xAs  

 (GaAs  AlAs)  

 Al,  50% 

.  

  248.212.255.0 xxk ,  [119].  

 3.2,  

.  

,  

,  

. ,  

,  

 (zact)  

 (zmax)   

    
max

)(

z

z
th

act
zk

dz  .      (3.1)  

 1.0×10-3 2 .  

 L = 1  W = 200  

 0.52 . ,  

, , 

,  

.  

3.1.6  

 

,   Ub   

  j , ,   

  qkTUjjjUU TSTb /,)/1(ln 0  ,   (3.2)  
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  k – ,  T – ,  q – ,   –  

,  j0 –  ,    S –  
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.  

. 3.3. , , ,  

 n-   ( ).  

 3.3 .  
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GaAs   3.5×105 n = 5×1018 3000 2.0×10-5 
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300 n = 2×1018 3000 5.0×10-8 

n-Al0.6Ga0.4As 

 
1500 n = 1×1017 200 7.5×10-5 

Al0.6Ga0.4As  

Al0.3Ga0.7As 

 

150 n,p = 1×1017  1000 1.5×10-6 

Al0.07Ga0.93As 

  
10 n = 2×1018 8000 6.2×10-10 

Al0.3Ga0.7As  
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150 n,p = 1×1017  1000 1.5×10-6 

p-Al0.6Ga0.4As 

  
1500 p = 4×1017 70 5.4×10-5 

p-GaAs  

  
200 p = 3×1018 200 3.3×10-7 

 ( 2)  1.5×10-4 

 2×103 2 )  0.076  
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3.2.1  (R1) 

 

.  R1  
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.  

 AlxGa1-xAs  

 R1   x =0.6. ,  
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.  

,  

.  

 R1, . 3.4.  

 3.4  R1 

   ( )  

1 GaAs    ND = 5×1018 

2 GaAs   300 ND = 2×1018 

3 n-Al0.6Ga0.4As  1500 ND = 1×1017 

4 i-Al0.3Ga0.7As   500 — 

5 Al0.07Ga0.93As   10 — 

6 i-Al0.3Ga0.7As   500 — 

7 p-Al0.6Ga0.4As   1500 NA = 2×1017 

8  p+-GaAs   200 NA = 1×1019 

,  3.1.2,  

 0.9  0.2,  
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, ,  
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 G1  

 ( . 3.18).  G1  
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,  ~500 2.  

. . 3.7) ,  G1 

 Al0.4Ga0.6As.  
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GaAs   3.5×105 n = 5×1018 3000 2.0×10-5 
n-Al0.6Ga0.4As  1500 n = 1×1017 200 7.5×10-5 
Al0.4Ga0.6As 

 
725 n,p = 2.1×1016 70 4.9×10-4 

AlxGa1-xAs , x = 0.4  
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 G1 . 3.19. 
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, , ,  
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 1,0-1,5% ,  
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–  250 2  

 ~450-500 2.  
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,  

, ,  

, ,  3.2. 

3.3.1  (R3) 

 

,  n-  

 AlxGa1-xAs    x =0.35  0.60, .  

 

.  n-  
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, . 3.1,  

 0.9  0.2,  
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.  200  

 0.2 -1 ,  R3,  

, .  

 3.17  R3 

   ( )  

1 GaAs    ND = 5×1018 

2 GaAs   300 ND = 2×1018 

3 n-Al0.35Ga0.65As  1800 ND = 5×1017 

4 i-Al0.3Ga0.7As   300 — 

5 Al0.07Ga0.93As   10 — 

6 i-Al0.3Ga0.7As   450 — 

7 p-Al06Ga0.4As   700 NA = 5×1017 

8  p+-GaAs   200 NA = 1×1019 
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 R3 ( , , , 

 2  6 ,  

)  

. . 3.45 . 

,  

  Lopt= 1.0-1.1 ,  – Lopt= 1.4 . 

 Lopt= 1.0-1.1  450 
2,  – 0.92  (60%).  

,  250 2  1.8 

,  0.89  
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 3.18  R3.  

  

  
 

) 
 

, ( -3) 
 

2 ) 
. . 
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1 GaAs   3.5×105 n = 5×1018 3000 1.3×10-5 

2 
n-GaAs  

  
300 n = 2×1018 3000 3.1×10-8 

3 n-Al0.35Ga0.65As  1800 n = 5×1017 1000 7.5×10-5 
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Al0.30Ga0.7As 

 
300 n,p = 1×1017  100 1.9×10-5 
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Al0.07Ga0.93As 

  
10 n = 2×1018 1000 1.6×10-9 
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Al0.30Ga0.7As 
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3.3.2  

 (R4) 

 

 

,  n-  AlxGa1-xAs  

  x =0.60  0.35, .  

,  

,  R3. 
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5 Al0.07Ga0.93As   10 — 
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9  p+-GaAs   200 NA = 1×1019 

 R4  

. 3.51 . ,  



170 

  Lopt= 0.9-1.0 ,  

 – Lopt= 1.4 .  

     

     

     

 3.51 -  R4  

.  

 n- ,  –  

 n- ,  2×1017 -3  

400 800 1200 1600 2000

200

400

600

800 R1= 0.9 , R2= 0.2

 
 

 
 (

/
2 )

 ( )
400 800 1200 1600 2000

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00
 

 
 (

)

 ( )

Lopt = 1300 

400 800 1200 1600 2000
3.00

3.05

3.10

3.15

3.20

3.25

3.30
Lopt = 1000 

 

 
 (

)

 ( )

Pout= 2 

400 800 1200 1600 2000
7.3

7.4

7.5

7.6

7.7

7.8

7.9

Lopt = 900 

 
 (

)

 ( )

Pout= 6 

400 800 1200 1600 2000
56

57

58

59

60

61

0.86

0.88

0.90

0.92

0.94

0.96
Lopt = 900 

R1= 0.9 , R2= 0.2

 (%
)

 ( )

 (
/

)

400 800 1200 1600 2000
0.0

0.3

0.6

0.9

1.2

1.5

1.8    
   

           

 

 
 (

-1
)

 ( )



171 

 Lopt= 0.9-1.0  

500 2,  – 0.93  ( ,  61%). , 

 2  6 ,  

 Lopt= 0.9-1.2 .  

 

, ,  

,  

. 3.2. , .  

,  

.  

 R4,  

, ,  

.  R3,  

,  

 ( . . 3.52).  0.6  

2.0  3 ,  

. 

,  

 

,  

 

. ,  

 

 0.9-1.0 .  

,  R4,  R3, 

 

. 3.52).   

1 = 1.71 %.  

, .  

 R4 -



172 

.  

.  

, -

 2×1017 -3  R3. 

       

    

 3.52 -  ( , ),  

 ( , )  

 ((a)  

(b))  R4 ,  1.0 

.  ( )  n- ,  

 (b) –  2×1017 -3 

. 3.52a  

.  R3, 

 

, .  

 

, ,  R3,  n-

0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4
-3.0

-2.5
-2.0

-1.5

-1.0
-0.5

0.0
0.5

1.0

 (
)

 ( )

j = 506 A/cm2

 

0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.41014

1015

1016

1017

1018

1019

1020

j = 506 A/cm2

 

 (
-3
)

 ( )

a

0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.41014

1015

1016

1017

1018

1019

1020

bj = 506 A/cm2

 
 (

-3
)

 ( )



173 

  2×1017 -3 (  

 n-  R4D).  

,  

 n-  ( . 3.52 ) ,  

,  

 ( . , -

. 3.51). -

.  

, 

 p-n ,  30º ( . . 3.53).  

 (L = 0.9 )  5 ,  

 

,  

 ( . 3.54).  

 R4 . 3.55.  

 

,  

,  

 ( .  3.20).  

 

 3.53 -  

 R4/R4D , 

 p-n  

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8
 

 (
.

.)

 ( )

 = 1.7%

A
lA

s 
 

-90 -60 -30 0 30 60 90

 

 (
.

.)

 ( )

 = 30°



174 

 

 3.54 -  

 R4  

     
 3.55 -  

 R4 (  n- ) 

,  

. -

 R4 . 3.56.  

 
 3.56 -  R4 

0.0 0.2 0.4 0.6 0.8
0

1

2

3

4

5

6

N(z)

 x
10

18
 (

-3
)

 ( )

L = 0.9 

1.2 1.4 1.6 1.8 2.0 2.2 2.4
10-1

100

101

102

103

104

    SiLENSe
    

           S = 1.2x10-4 2

 

 
 (A

/
2 )

 ( )
1.2 1.4 1.6 1.8 2.0 2.2 2.4

0

1

2

3

4

5

6

7

8

 (A
)

 ( )

L = 0.9 

0 1 2 3 4 5 6 7 8
0

1

2

3

4

5

6
   L = 0.9 

add = 0.2 -1

R1= 0.9 , R2= 0.2

  
 (

)

 ( )



175 

 n- ,  

 R4  R4D  

.  

 3.20  R4.  
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2 ) 

.  
. 

2) 

1 GaAs   3.5×105 n = 5×1018 3000 1.3×10-5 

2 n-GaAs  
  

300 n = 2×1018 3000 3.1×10-8 

3 n-Al0.6Ga0.4As 
 

700 n = 1×1018 200 2.2×10-6 

4 Al0.30Ga0.7As 
 

500 n,p = 1×1017  100 3.1×10-5 

5 
Al0.07Ga0.93As 

  
10 n = 4×1018 1000 1.6×10-9 

6 Al0.30Ga0.7As 
  

350 n,p = 1×1017  100 2.2×10-5 

7 p-Al0.8Ga0.2As 
 

30 p = 5×1018 70 5.2×10-9 

8 p-Al0.35Ga0.65As 
  

1700 p = 2×1017 100 5.3×10-5 

9 p-GaAs  
  

200 p = 1×1019 100 1.3×10-7 

 ( 2)  1.2×10-4 
 1.8×103 2 ( )  0.068  

 
 R4,  

,  3.1.5,  1.81×10-3 2 ,  

 – 1.007  0.9 .  
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3.3.3  (G4) 

 (G4)  
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 ( ,  
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1 GaAs    ND = 5×1018 
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 ( . . 3.64a . 
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, 

 p-n ,  26º ( . . 3.65).  

 3 ,  

 ~ 1.5  ( . 

. 3.66).  
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 p-n  
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 3.67 -  

 G5  G5D 

 3.24  G5.  

 

  
 

) 
 

, ( -3) 
2 ) 

.  
. 

2) 
1 GaAs   3.5×105 n = 5×1018 3000 1.3×10-5 

2 n-GaAs  
  

300 n = 2×1018 3000 3.1×10-8 

3 n-Al0.6Ga0.4As 
 

700 n = 1×1018 200 2.2×10-6 

4 
AlxGa1-xAs , x = 0.35 

 0.3  
 

600 n,p = 4×1016  100 9.4×10-5 

5 
Al0.07Ga0.93As 

  
10 n,p = 4×1018 1000 1.6×10-9 

6 
AlxGa1-xAs , x = 0.3 

 0.6  
 

350 n,p = 5×1016  100 4.4×10-5 

7 p-Al0.6Ga0.4As 
 

30 p = 2×1017 70 1.3×10-6 

8 p-Al0.35Ga0.65As 
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, , ,  ~ 1 2  

 G5  G5D . 3.68 (  

 G5D  

 G5).  G5, 

,  3.1.5,  1.86×10-3 2 ,  

 – 1.030  0.9 . 

 
 3.68 -  G5/G5D  
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AlGaAs . ,  

 AlAs  80%  (  

3×1018 -3) .  

 R4  G5.  

, -

.  

 

,  

.  

 

 G2  G2m, . 3.2. 

 

 n-  

,  

 ( .  3.2).  

 G2/G2m  

,  G2D.  3.25.  

 3.25  G2D 

   ( )  

1 GaAs    ND = 5×1018 

2 GaAs   300 ND = 2×1018 
3 n-Al035Ga0.65As  1800 ND = 1×1018 

4 
i-AlxGa1-xAs  c 
x =0.35  0.3 

300 4×1016 1×1017 

5 Al0.07Ga0.93As   11 — 

6 
i-AlxGa1-xAs  c 
x =0.3  0.35 

300 — 

7 p-Al0.8Ga0.2As   30 NA = 5×1018 
8 p-Al0.35Ga0.65As   1800 NA = 2×1017 
9  p+-GaAs   200 NA = 1×1019 
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,  

,  Lopt= 1.0 

.  469 2,  

 – 0.94  (61%).  G2D 

 

, . 

 G2D  

 ( . 3.70)  

 = 1.63 % , . 

 n-  

 n-  ( . . 3.70). 
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 3.73 -  

 G2D 
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3.4.1  AlGaAs  

 

,  

 

,  

 

 

.  

  

    Udqjn /)/(~   ,    (3.3)  

  d –  ,    U ~ Ub – Ucut  ,  Ucut –  

.  d ~ 3 , Ucut ~ 1.4 , Ub ~ 1.5-1.7 , 

   ~ 200 2 ,  j ~ 1 2   n ~ (0.3-1.0)×1017 -3, 

. ,  

 

, . .  AlGaAs  

 0.4.  

  U/d   (3.3)  

, .  

, , 

. 

 

.  

 AlGaAs  

x > 0.5 ,  

 

.  AlGaAs  (x < 0.4) 

.  

,  
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.  

 

 AlGaAs.  

 

,  

 

.  

. , 

,  

 

,  [120].  

,  

,  

 [121], . .  

, ,  

. , ,  

 AlGaAs ( .,  

. 3.75),  

, 

, .  

 

,  

 

 AlGaAs  

.  

 

,  

 

, , 

, , . 



196 

,  

,  « » 

, . ,  

,  

 

 ( x < 0.4 ). , . 3.75, , 

 AlGaAs  0.42 < x < 0.57  

. 

 

 3.75 -  AlGaAs  

 [122] 

3.4.2  

 

 

 3.26,  

, .  

,  

, , 

 1 . ,  

.  
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,  

,   

   
LL

L

L

L

Ri

RL

RRRR

RR
R
RIIP

00

0
ththintout

1

1,)(24.1    ,  (3.4)  

  LPout  – , , 1.24/  

– , , int  –  

,  

 

,  I    Ith –  

,  R    th
i  – ,  

 – ,  (RL)  

 (R0) .  

 (3):  IdPd L
out /D  .  

 3.26  

 ( ).  

,  

 
 

(%) 

Lopt 

) 

Jth 

(A/ 2) 

Iop (A) 

@ 6W 
D 

) 
int 

-1) 

 

) int 
  

 
2) 

 

B 3.30 0.85 240 6.12 1.05 1.3 40.3 0.83 1.5×10-4 — 

R1 1.73 1.9 250 7.75 0.89 1.1 38.8 0.77 2.1×10-4  

G1 1.70 1.7 245 7.13 0.95 0.7 28.5 0.77 9.8×10-4  

1 1.65 0.7 590 6.66 1.03 1.6 50.5 0.81 2.1×10-4  

 1.65 2.2 240 7.39 0.94 1.0 50.5 0.84 2.1×10-4  

R2 1.67 2.0 235 7.68 0.89 1.0 23.3 0.79 1.5×10-4  

G2 1.48 2.4 245 8.23 0.85 1.1 16.4 0.79 1.4×10-4  

G3 1.0 4.4 240 10.71 0.70 1.2 7.1 0.80 1.3×10-4  
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 (3.4).   RL = 0.2  

R0 = 0.9   = 0.944 , . .  ~ 

6%    R0  .  

  L = 2     R = 4.3 -1.   th
i ~1 

-1  )/()/24.1( th
RiR  1.13 /A,  

,  1 .   

int = 0.75  

 0.88 , .  

 

 

, ,  th
i  < 0.3 -1.  

 

. 

, ,  

, , 

, ,   int   

.  

  R ,  

, .  

 

.  

 G1  G2,  

, .  

 G2 ,  

 

,  

 

.  G2 . 

 –  AlGaAs ,  
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.  – 

 

.  

,  AlGaAs  

,  

, 

,  

, . . 

 

. 

,  

 InGaAlAs 

.  

 

 –  

 n-  p .  

 

.  

 ~ 0.1 .  

3.4.3  

.3.3  

 

.  

,  

,  

, .3.2.  

 

 

. , 
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,  

.  

, ,  

,  

, , , ,  

 

.  

 n-  

.  ( , 

,  n- ) n-  

, . 

,  n-  ( , , 

)  

n- .  

, ,  

.  

. ,  

.  

, ,  

, .  

3.4.4   

 

 3.27  

.  

 3.26, . 3.4.2,  

, ,  

, .  

 

.  
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,  – .  

 A1  

,  40º.  

 3.27  

 ( ) 

 
 

(%) 

Lopt 

) 

Jth 

(A/ 2) 

Iop (A) 

@ 6W 
D 

) 
int 

-1) 

 

) int 

  

 
2) 

 

B 3.30 0.85 336 6.12 1.05 1.53 40 0.83 1.5×10-4 — 

1 1.65 0.8 522 6.68 1.03 1.62 51 0.81 2.1×10-4  

R1 1.73 1.0 479 7.54 0.91 1.71 39 0.77 2.1×10-4  

R2 1.67 1.3 354 7.58 0.90 1.32 23 0.76 1.5×10-4 — 

R3 1.71 1.0 468 7.48 0.92 1.71 30 0.77 7.4×10-5 — 

R3D 1.71 1.0 461 7.41 0.92 1.67 30 0.78 7.4×10-5 — 

R4 1.71 0.9 506 7.49 0.91 1.96 30 0.77 1.2×10-4 — 

R4D 1.71 0.9 494 7.35 0.93 1.90 30 0.78 1.2×10-4 — 

G1 1.70 1.4 293 7.10 0.96 0.75 29 0.76 9.8×10-5 / ? 

G2 1.48 1.4 390 7.81 0.89 1.37 16 0.77 1.4×10-4 — 

G2D 1.63 1.0 467 7.31 0.94 1.52 15 0.78 1.4×10-4 — 

G3 1.0 1.4 622 8.93 0.83 1.46 7 0.72 1.3×10-4 — 

G4 1.73 1.0 406 7.27 0.94 1.34 25 0.78 1.2×10-4 — 

G4D 1.73 1.0 401 7.18 0.95 1.22 25 0.78 1.2×10-4 — 

G5 1.73 0.9 467 7.16 0.95 1.61 26 0.78 2.0×10-4 — 

G5D 1.73 0.9 461 7.09 0.96 1.57 26 0.78 2.0×10-4 — 

,  

, . .  

, . 

, , 

 

~ 1.63-1.73%  76-78% . :  
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 7.1  7.6 , .  .   7% .  

 –  

,  

.  

  ~ 1.63-1.73%  

,  0.90  0.96 , . .  6% ( . 3.76).  
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,  

.  G1 ,  ( )  

, ( )  

 

.  

 ( )  (1.4  

 1.0-1.1 ),  

,  ( )  

.  

.  

 G4D  

, . . ,  

,  G1, .  

 

 (  

).  

 G5  G5D  

, .  

 p-Al0.8Ga0.2As ,  
5.  

 

. ,  G5 

 G5D. ,  

, 

. . 3.77,  

, ,  

.  

 

 25÷29 . 
                                                        
5  ,  

.  
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.  
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 , 
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.  

  123  ( . 3.79)  

 1,  

InGaAlAs,  808±3 
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   0,5  0,7.  6 – 1,5 .  

,  

 p=2*1017 -3.  7 – 1,8 . 

, 

 n=2*1017 -3.  

4  5  Aly Ga1-y As,  

  y   0,39  0,41.  (d ) 

4  5  1500  1800 .  2, 3 

 Alz Ga1-z As.   z   

 4, 5   y   

 0,34  z  0,36 . 

 
 3.79 - . 

: 1 – , 2 –  

3 – , 4 –  5 –  

, 6 –  7 – , 8 – , 9 – 

, 10 – , 11 –  

, 12 –  

  2, 3 (d )  70  80 

.  8  GaAs n-  

n=2*1018 -3.  9  GaAs n-  0,3  
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 n=2*1018 -3.  10  

GaAs p-  p=1*1019 -3.  

.  

 11, 

 Au-Zn,  200 ,  

 Au-Ge  n-  12. 

 Alx Ga1-x As  

: 0,5  x  0,7, , 

, , , , 

. 

, 

,  

. , , 

 1500  1800 , 

 

.  1500  

,  1800  

 

. 

,  x,  Al  Alx Ga1-

x As,  0,5  

,  x > 0,7  

, . 

 Aly Ga1-y As  

: 0,39  y  0,41,  

.  y,  Al  Aly Ga1-y As,  0,39 

 ( , )  

, . 

 y > 0,41  
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, . 

,  

 Alz Ga1-z As,  z,  Al  

Alz Ga1-z As,  y  

  0,34  z  0,36  

 « » . 

 

.  

, , 

.  z 

 0,34  

, .  z  0,36 

 

 (  z  y). 

 70  

 

.  

, ,  

 35%.  80  

,  

, 

 p-n  28-29  

. 

3.4.6  

, 

 

, . 
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 124  ( . 3.80)  

 1,  

InGaAlAs,  808±3 , 

 – 10 .  1  2  

 3 ;  

 320  380 ,  

470-530 .  4  p-  5  n-  

, ,  2  3.  4  

 Alxp Ga1-xp As,  xp  0,5 

 0,7.  4 , 

 p=2*1017 -3.  5  

 Alxn Ga1-xn As,  xn  0,3 

 0,4.  5 , 

 n=2*1017 -3.  2 

 Al  Ga1-y  As.  y  

 4  xp  0,25  y  0,30. 

 3  Al  Ga1-y  As.  

y   5  xn  0,25 

 y  0,30.  7  GaAs n-  

n=2*1018 -3.  6  GaAs n-  0,3  

 n=2*1018 -3.  8  GaAs 

p-  p=1*1019 -3.  

.  

 9,  

 Au-Zn,  200 ,  

 Au-Ge  n-  10. 

 p-  

Alxp Ga1-xp As : 0,5  xp  0,7, , 

, ,  

.  
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n-  Alxn Ga1-xn As :       

0,3  xn  0,4 ,  

. ,  

 

, ,  

. 

 xp,  Al  Alxp Ga1-xp As,  

0,5 ,  

 xp > 0,7 , 

.  xn  0,3  

 n-

, .  xn  0,4  

 n- . 

 

 3.80 - .  

: 1 – , 2 –  3 –  

, 4 –  5 – , 6 – 

, 7 – , 8 – , 9 –  

 10 –  n-  
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,  

 Al  Ga1-y As  Al  Ga1-y  As,  

 y  y  p-  n-  

 xp  xn                

0,25  y  0,30  0,25  y  0,30,  « »  

.  

.  

,  

, . 

 y  y  0,25  

, .  

y  y  0,30 . 

 (d )  320  

 p- , 

.  d  380  

,  

, , .  

 (d )  470  

,  

; , 

 

, .  

d   530  

, .  

3.5  3 

1.  

,  

,  

,  
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. ,  

,  

 

.  

, , 

,  

, . 

2309501  

2309502. 

2.  

 

.  

, 

.  

 ~1.0-1.5%  

.  

3. , , 

, 

. 

, ,  

.  

 

.  

4.  

 

 p . , 

 

.  

  



213 

 4  

 

 [52, 54, 85] ,  

, ,  

, .  

 (Rth), 

 

 Ph T.  

 

, , , , 

, , . .  

 Rth  

,  

, .  

 

 

.  

,  

.  

4.1  

, , ,  

», . 4.1 .  

,  p- -

,  

 ±5 

.  

.  

. ,  



214 

.  

,  

).  

.  

 
(a) 

 

) 

 4.1 -  ( )  

 ( ).  

W=200 ,  600  
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. 

4.1 .  3  600  

 200 ,  

.  

 0.15 . ,  

,  3 .  

 3 .  

 AuSn  ( ) - 

 250 ,  

 CuW (10/90%).  ( . 4.1 )  

 SnPb  

.  

,  

AlGaAs.  

 1.5  0.8 , .  

,  [125].  

4.2  

 

 

.  Ph 

,  

.  ( . . 

4.1 )  25° .  

 hth PTR /  ,  T –  

 25° .  

 

:  ( )  

 ( . 4.1 ). 

,  
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, , ,  

3D , .  

 1D  3D  ( . 

4.1 )  2D , , 

 

.  

, , 

,  

 (  2 . 4.2, ).  

 

. . 4.2, ).  

 

 3D .  

 CFD-ACE+.  

, ,  [52]. 
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4.3  

 

.  

4.3.1 ,  

, 

 (~ 95%)  p-

,  AlGaAs  [52].  

 1D : WLdRth /  ,  

d – ,  – ,  

,  W  L .  

W = 200  L = 3  

 0.22-0.23 .  

,  

,  1D .  

~ 3  

 (~ 49%)  SnPb  (~ 17%),  

 (~ 23%).  W = 200  L = 3  

 0.20  

 0.24 .  

,  CuW ,  

 1D  3D . ,  

 (250 ),  

,  W  

 L ,  CuW 

 (250 ).  Rth  0.92 .  
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4.3.2 ,  

,  

, ,  

. . 4.3  

, . , 

,  

.  3D 

 

.  Rth = 1.63 

.  85% , ,  

 15% –  

.  

 

 4.3 -  

,  10  
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,  

. ,  

  Rth , ,  

:  DHS (  6  10 )  tHS  2  4 ).  

,  
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