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s  

Vbi  

 

p+ GaAs NA 3.7 1019cm-3 Si n+ GaAs

ND 1.0 1018cm-3 Vbi 1.42V W 45nm

p+ GaAs 1nm n+ GaAs 44nm

NA ND

[3-14~17] W

p+ GaAs 6 23nm n+ GaAs 15 20nm

 

 

(2)

3-12 3-13

3-12 p+ GaAs

n GaAs n GaAs n

AlGaAs n+ GaAs p+ GaAs p AlGaAs

p GaAs p+ GaAs

n GaAs 1 1017cm-3 0.2 m n AlGaAs

AlAs 0.6 1 1017cm-3 0.1 m n+

GaAs 5 1018cm-3 27nm p+ GaAs

4 1019cm-3 6 23nm p AlGaAs AlAs

0.85 1 1018cm-3 0.1 m p GaAs

1 1018cm-3 0.3 m p+ GaAs

4 1019cm-3 0.1 m n+ GaAs p+

GaAs

AlGaAs

GaAs AlGaAs AlGaAs AlGaAs

[3-5]  

3-13 n+ GaAs

3-12 n+

GaAs 6 1018cm-3 20 15 20nm

p+ GaAs 10nm n+ GaAs
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3-13 n+ GaAs  
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(3)  

3-14 n+ GaAs 27nm p+ GaAs

6 23nm Jp Jv

Jp Jv

p+ GaAs Jp Jv 12nm

Jp Jv 6nm Jp 4

Jv 4 9 23nm Jp 14 26 Jv 20 23

p+ GaAs 6nm

6nm

 

Jp 2.5 2.8A/cm2 0.9 1.7 A/cm2

36 42 Jv 0.12 0.14 A/cm2 0.07

0.1 A/cm2 61 68 Jp Jv

16 A/cm2 4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-14 Jp, Jv p+ GaAs n+ GaAs 27nm  
 

 

3-15 p+ GaAs 10nm n+ GaAs

15nm 20nm Jp Jv
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Jp Jv

n+ GaAs 20nm 15nm Jp Jv

20nm Jp Jv 15nm

Jp 25 Jv 31 41  

Jp 49.7A/cm2 20nm 12.7A/cm2 15nm

4.9A/cm2 20nm 1.2A/cm2 15nm 10

Jp Jv 6.4A/cm2 20nm 2.7A/cm2 15nm

2.1A/cm2 20nm 0.64A/cm2 15nm 32 20nm 24

15nm Jp Jv 16 A/cm2

40  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-15 Jp, Jv n+ GaAs p+ GaAs 10nm  
 

 

3-14 15 p+ GaAs n+ GaAs

6nm 15nm Jp Jv

n+ GaAs 20nm 15nm

Jp Jv AlGaAs

Jp Jv n+ 20nm

p+ GaAs 12nm 6nm

Jp Jv 8nm  
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p+ GaAs n+ GaAs 10nm 20nm

Jp Jv 49.7A/cm2 6.4A/cm2

Jp Jv

4.9A/cm2 2.1A/cm2

8m cm2 Jsc

2 W/cm2 36mW/cm2

0.006  

 

3.5.2 AlGaAs  

(1)  

n+ AlGaAs n+ AlGaAs

Si AlGaAs Si

DX AlAs 0.15 Al0.15Ga0.85As

1.61eV 770nm

GaAs 871nm 100nm GaAs

660 871nm  

p+ GaAs n+ Al0.15Ga0.85As

n+ Al0.15Ga0.85As 

GaAs  

 

(2)

3-16 p+ GaAs n+ Al0.15Ga0.85As

3-12 3-13

n+ Al0.15Ga0.85As 5 1018cm-3 20nm p+ GaAs

4 1019cm-3 8nm 3-12 3-13

650 1

 

n+ Al0.15Ga0.85As GaAs
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3-17(a) (b)

(a) n+ Al0.15Ga0.85As 

p+ GaAs n+ Al0.15Ga0.85As

3-16 (b) GaAs

p+ n+ 8nm 20nm (a) n+
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(3)

3-18 p+ GaAs n+ Al0.15Ga0.85As

Jp Jv 22.2A/cm2 7.4A/cm2

Jp Jv 2.1A/cm2 1.2A/cm2

Jv 1.2A/cm2 16mA/cm2 75

14m

cm2

3.6 W/cm2 36mW/cm2 0.01

3-18 n+ AlGaAs

Jp Jv

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-18  p+ GaAs n+ Al0.15Ga0.85As  

 

 

3-1 AlGaAs Jp Jv GaAs

GaAs p+ GaAs

4 1019cm-3 10nm n+ GaAs 6 1018cm-3 20nm

AlGaAs p+ 2nm

n+ 20 p+ 3-14
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Jp Jv n+

MOVPE n+ Al0.15Ga0.85As

6 1018cm-3

 

3-1 AlGaAs Jp

GaAs 40 n+

20 n+

Al0.15Ga0.85As 1.1

1.2 (3-4)  

Jv AlGaAs GaAs Jp

Jv (3-3) Excess Current Jx

AlGaAs

GaAs

Jv Jp AlGaAs

GaAs Jp

 

 

 

3-1 Jp Jv  

 

 

 

 

 

 

 

3-19 GaAs

p+ GaAs n+ Al0.15Ga0.85As

GaAs

GaAs

GaAs AlGaAs

13.9mA/cm2 GaAs 13.3mA/cm2
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3-19  GaAs  

 

 

3.6

Jp Jv

14m cm2  

AlGaAs

GaAs 4
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(1) (4)  

(1) 

Jp Jv p Zn

p C

n

Si

p n C Si

 

 

(2) GaAs Jp Jv P+ n+

P+ 6 23nm Jp Jv

6nm n+ 20nm 15nm

Jp 25 Jv 31 41

Jp Jv 40 n+ 15nm

 

 

(3) p+ GaAs n+ Al0.15Ga0.85As

Jp Jv 2.1A/cm2 1.2A/cm2

75

14m cm2

3.6 W/cm2

36mW/cm2 0.01

 

 

(4) p+ GaAs n+ Al0.15Ga0.85As

P+ n+ GaAs

GaAs 4

AlGaAs
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AlGaAs/GaAs

4.1

AlGaAs/GaAs

AlGaAs

GaAs AlGaAs

GaAs 20.2

[1-13,4-1]

4.2

AlGaAs GaAs

AM1.5G 100mW/cm2

AlGaAs AlAs 0.45 1.99eV

GaAs 36

AlGaAs AlAs 4-1

AlGaAs AlAs 0.36 1.87eV

29 Al0.36Ga0.64As

Al0.45Ga0.55As 39nm

GaAs

4-2

4-3

Al0.36Ga0.64As /GaAs Al0.36Ga0.64As

20mW/cm2 GaAs 14mW/cm2

34 1-6 GaAs

AlGaAs 2mW/cm2

AlGaAs GaAs
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4-1 AlGaAs/GaAs

AlAs

4-2
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4-3 Al0.36Ga0.64As/GaAs

4.3

4.3.1

(1)

AlGaAs/GaAs 300 880nm

MgF2 ZnS [4-2,3] MgF2

ZnS

4-4

Al0.36Ga0.64As Al0.85Ga0.15As 40nm GaAs 11nm

ZnS MgF2 Al0.36Ga0.64As AlGaAs

Al0.85Ga0.15As GaAs ZnS MgF2 4

Al0.85Ga0.15As AlGaAs

GaAs

GaAs
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4-4

[4-4]

4-5 Ns n

N1 Nn

d1 dn

4-5

4-5 �

j Ej Hj j+1

Ej+1 Hj+1 (4-1)
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(4-1) 

[Mj] j 2 2 (4-2) (4-4)

(4-2) 

(4-3) 

(4-4) 

(4-5)

(4-5) 

m (4-2) i

r R (4-6) (4-7)

(4-6) 

(4-7) 

Pe Ps (4-8) (4-9) Ne

(4-8) 

(4-9) 

(4-10)

(4-10) 
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4-4

4-6 4-10

Al0.36Ga0.64As Al0.85Ga0.15As ZnS 

4-6 Al0.36Ga0.64As

4-7 Al0.85Ga0.15As

4-8 GaAs
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4-9 ZnS

4-10 MgF2

(2)

MgF2 ZnS

4-11 MgF2 ZnS

MgF2 105nm ZnS 48nm

4-12 MgF2/ZnS

400

880nm 23 40 0.8 4

320 880nm AM1.5G 100mW/cm2

66 W/cm2 1.6mW/cm2
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2.4

4-11 MgF2 4-12
ZnS

4.3.2 GaAs

GaAs

4-13 GaAs

n GaAs n GaAs n AlGaAs n GaAs

p GaAs p AlGaAs p+ GaAs

GaAs 5 1017cm-3 1

m n AlAs 0.2 5 1017cm-3 AlGaAs

0.1 m n 8 1016cm-3 GaAs 3.3 m

p 1 1018cm-3 GaAs 0.5 m p

0.85 1 1018cm-3 AlGaAs 0.04 m

2 1019cm-3 0.3 m

MOVPE 650

p Zn n Si

u n uGe 5mm

5mm 3.5

MgF2/ZnS
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4-13 GaAs

4-14 JQA

AM1.5G 100mW/cm2

1.047V 28.86mA/cm2 0.840 25.39%

AlGaAs GaAs 24.8

[4-5,6]

4-14 GaAs AM1.5G 100mW/cm2
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4-15 GaAs JQA

300 880nm

GaAs 28.86 mA/cm2

32.8mA/cm2 3.9 mA/cm2 12 GaAs

0.74 mA/cm2 2.3 AlGaAs

0.95 mA/cm2

2.9

2.84mA/cm2 8.7

GaAs 1.1mA/cm2 3.4

550nm

GaAs

4-15 GaAs

4.3.3 AlGaAs

(1)

4-16 Al0.36Ga0.64As/GaAs Al0.36Ga0.64As
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p Al0.36Ga0.64As d1 p- Al0.36Ga0.64As d2

n- Al0.36Ga0.64As d3 d d1 d2 d3 AlGaAs

JscAlGaAs GaAs JscGaAs

Al0.36Ga0.64As 2 16.6 pp-n-n

3 GaAs

25.39

4-16  Al0.36Ga0.64As/GaAs

AlGaAs

JQA AlGaAs

(4-11)

(4-11) ����� � �	��
���
�
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Qo( )

Neo( ) /cm2 s nm

N( ) /cm2 s nm

AlGaAs

(4-12)

(4-12) 

Qai( ) AlGaAs

Qao( ) AlGaAs

R( )

SL( )

w( )

dw

AlGaAs (4-13)

(4-13) 

Nad( ) AlGaAs /cm2 s nm

a( ) AlGaAs

d AlGaAs

AlGaAs Nadeo( ) (4-12) (4-13)

����
� � ����
�
� � ��
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(4-14)

   (4-14) 

AlGaAs JscAlGaAs (4-15)

(4-15) 

q

GaAs (4-16)

(4-16) 

QGo( ) GaAs

ab( ) AlGaAs

dab AlGaAs

t1( ) t2( )

dt1 dt2

G( ) GaAs

dG GaAs

GaAs AlGaAs

Palik [4-7]
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(2)

4-17 AlGaAs GaAs AlGaAs

d (4-15) (4-16) d

AlGaAs 0.97

m AlGaAs GaAs

13.7mA/cm2 AlGaAs 0.97 m

p Al0.36Ga0.64As p- Al0.36Ga0.64As n- Al0.36Ga0.64As

0.07 m 0.3 m 0.6 m p Al0.36Ga0.64As

0.07 m AlGaAs p- Al0.36Ga0.64As

0.2 0.4 m n- Al0.36Ga0.64As 0.7 0.5 m

4-17 AlGaAs GaAs
AlGaAs

4.4 AlGaAs/GaAs

4.4.1

4-18 AlGaAs/GaAs AlGaAs

pp-n-n p+ GaAs
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2 1019cm-3 0.3 m p Al0.85Ga0.15As

1 1018cm-3 0.04 m p Al0.36Ga0.64As 1 1018cm-3 0.07

m p- Al0.36Ga0.64As 6 1015cm-3 0.3 m n- Al0.36Ga0.64As

4 1016cm-3 0.6 m n Al0.6Ga0.4As

2 1017cm-3 0.1 m p Al0.36Ga0.64As

p- Al0.36Ga0.64As n- Al0.36Ga0.64As

0.97 m

n+ Al0.15Ga0.85As 5 1018cm-3

20nm p+ GaAs 4 1019cm-3 8nm

GaAs 4.3.2 n GaAs

3.3 m 3.5 m GaAs

650 880nm

MOVPE p+ GaAs

650 p+ GaAs 500

4-18 AlGaAs/GaAs
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4.4.2

4-19 JQA

AM1.5G 100mW/cm2

13.66mA/cm2 2.408V 0.840 27.6%

4-19 AlGaAs/GaAs AM1.5G 100mW/cm2

4-20 JQA

AlGaAs 13.66 mA/cm2 GaAs 13.89 

mA/cm2 0.23 mA/cm2

AlGaAs

13.7 mA/cm2

13.77 mA/cm2

AlGaAs GaAs 1.368 1.047 2.415V

7mV 300 880nm AlGaAs

GaAs GaAs



108 

50

0.88

AlGaAs/GaAs

24 [4-8]

27.6 [4-9]

20.2

[4-1] 30

4-20 AlGaAs/GaAs

4.5

AlGaAs GaAs

AlGaAs/GaAs

27.6

(1) (4)
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34

(2) AlGaAs GaAs AlGaAs

AlGaAs GaAs

AlGaAs 0.97 m

13.7 mA/cm2

(3) AM1.5G 100mW/cm2

13.66mA/cm2 2.408V 0.840 27.6%

0.23 mA/cm2

(4) AlGaAs/GaAs 27.6
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Ge GaAs

5.1

 

Ge GaAs 0.08

0.66eV

[5-1]  

Ge GaAs

 

 

5.2 Ge GaAs

  Ge GaAs

GaAs

[1-25,5-2] Ge GaAs 5 m

GaAs GaAs

[5-3,4] Ge GaAs

AM0 19 20

[1-17,5-5] GaAs GaAs

GaAs GaAs

 

5-1 Ge AlGaAs/GaAs DH

GaAs

( PL) GaAs 50ns Ge

1ns 1/50 Ge GaAs PL

Ge

GaAs PL Ge GaAs
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5-1 GaAs Ge GaAs  

 

 

5.3 Ge GaAs

Ge GaAs PL GaAs Ge

Si GaAs

GaAs

[5-6]  

5-2 AlAs GaAs Ge 300K 1300K

298K [5-7,8]

Ge

AlAs GaAs AlAs GaAs AlxGa1-xAs

AlAs GaAs AlAs x

[5-8] Ge Al0.5Ga0.5As

AlAs 0 0.5 AlxGa1-xAs GaAs

Ge AlGaAs
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Ge 5-2
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2 2

1:1 90 30
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MOVPE 800

2 AlxGa1-xAs

n GaAs AlxGa1-xAs 560

n GaAs 650

AlxGa1-xAs 0.05 m n GaAs 5 1017cm-2 AlxGa1-xAs

AlAs  

n Al0.2Ga0.8As n GaAs DH

DH n GaAs PL

PL

n GaAs 6 1016cm-3 2 m n Al0.2Ga0.8As

5 1017cm-2 0.1 m

n Al0.2Ga0.8As n GaAs
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50.6ns AlAs PL

 

5-4 5-5

GaAs PL

PL Ge GaAs

 

 

(2)

5-3 n GaAs PL

AlGaAs AlAs 0 0.16

0.25 n GaAs 0 m 4 m

PL n GaAs

5-6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-6 AlGaAs AlAs  
Ge GaAs PL GaAs  

 

 



119 
 

 

5-6 AlGaAs AlAs 0 0.16 0.25

n GaAs

PL AlGaAs 0.16 0.25

n GaAs 0 m 1 m

PL 1 m 1 m PL

0.16 13ns 0.25 21ns AlGaAs

0 GaAs

4 m PL

4 m PL 8ns 1 m PL

2.8ns 0.16 0.25 22 13%

 

AlGaAs 1 m

21ns PL GaAs

50 GaAs

Ge GaAs

1 m PL

GaAs

5 m AlGaAs

 

 

5.5 Ge GaAs

5.5.1

AlGaAs GaAs

Ge AlGaAs

GaAs GaAs 5-7

n Ge n AlGaAs n GaAs n

AlGaAs n GaAs p GaAs p AlGaAs

p+ GaAs

n AlGaAs AlAs 0.16

5 1017cm-3 0.05 m GaAs 5 1017cm-3

1 m n AlAs 0.2 5 1017cm-3 AlGaAs

0.1 m n 8 1016cm-3 GaAs 3.3 m
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p 1 1018cm-3 GaAs 0.5 m p

0.85 1 1018cm-3 AlGaAs 0.04 m

2 1019cm-3 0.3 m

650 AlGaAs 560

u n u n

5mm 5mm 3.5

MgF2/ZnS  

GaAs GaAs

5 10 cm 1.05 m  

JQA

JQA GaAs
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5.5.2
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JQA 5-3
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5-8 5-9 AM1.5(G) 100mW/cm2

5-3 GaAs GaAs

 

AlGaAs

1.035V 28.14mA/cm 0.796 23.18%

GaAs 0.950V 27.91mA/cm 0.789

20.93% AlGaAs

 

 

5-3 GaAs JQA  AM1.5(G) 100mW/cm2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-8 GaAs Ge GaAs  



122 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-9 AlGaAs Ge GaAs  

 

 

5-10 Ge

GaAs GaAs

Ge GaAs 0.9V n

2 GaAs

1

10-11A GaAs 1 10-10A 1

2 pn

[5-9] pn
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5-10 GaAs  

 

 

Ge 0.79 GaAs 0.84

5-10 GaAs

Ge

0.802V 0.950V 2

GaAs

0.923V 1.047V 1.4 pn

Ge

3.5 GaAs

Ge 1.4 GaAs 0.9

AlGaAs Ge

 

5-11 Ge GaAs GaAs GaAs

AlGaAs GaAs

GaAs

750nm
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5-11 GaAs  

 

 

5.6

Ge GaAs GaAs

Ge

GaAs Ge GaAs

 

(1) (5)  

(1) GaAs Ge GaAs

GaAs GaAs 1/50 Ge

GaAs
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(2) Ge GaAs GaAs Ge

0.08

AlGaAs GaAs 2

 

 

(3) Ge GaAs AlGaAs

AlAs

AlAs 0.25 GaAs

15 GaAs Ge Ge

GaAs

 

 

(4) 

1 m AlGaAs

0.16 0.25 Ge GaAs

13ns 21ns GaAs 1 m

2.8ns

 

 

(5) Ge GaAs (Voc) 1.04V

(Jsc) 28.1mA/cm2 (FF) 0.80 23.2

GaAs 20.9 Voc Jsc FF

11 Ge GaAs
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6.1

(1) (2)

AlGaAs/GaAs

AlGaAs

AlGaAs/GaAs 27.6

Ge GaAs

23.2

6.1.1 AlGaAs/GaAs

2

GaAs

GaAs AlGaAs

AlGaAs/GaAs 36

6.1.2 AlGaAs

AlGaAs/GaAs AlGaAs

AlGaAs

AlGaAs

n

Al0.36Ga0.64As 16.6

(1) (4)

(1) pp-n pn-n Al0.3Ga0.7As

p Al0.3Ga0.7As 1 1018cm-3

3 1015cm-3 0.5ns 4.7ns 9.4

n Al0.3Ga0.7As 2 1017cm-3

1 1017cm-3 0.3ns 0.8ns 2.7

Al0.3Ga0.7As
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(2) Al0.3Ga0.7As

pp-n-n

pp-n-n Al0.3Ga0.7As pn

20 2

10.4 13.2 1.27

pp-n-n AlGaAs

(3) AlGaAs n Si DX Se

n AlGaAs AlGaAs

n Al0.36Ga0.64As n Al0.4Ga0.6As n

Al0.36Ga0.64As 4 1016cm-3

1 1017cm-3 Se

( PL) Si 10

n Al0.4Ga0.6As Se

PL Si 14

n Al0.36Ga0.64As n Al0.4Ga0.6As Se

(4) pp-n-n

Si Se n-

Al0.36Ga0.64As n Al0.4Ga0.6As Al0.36Ga0.64As

1.37V

14.27mA/cm2 Si n AlGaAs

5 16

Se n AlGaAs pp-n-n Al0.36Ga0.64As

16.6 Si n AlGaAs 1.2

1.87eV AlGaAs

6.1.3
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Jp Jv

14m cm2

AlGaAs

GaAs 4

(1) (4)

(1)

Jp Jv p Zn

p C

n

Si

p n C Si

(2) GaAs Jp Jv P+ n+

P+ 6 23nm Jp Jv 6nm

n+ 20nm 15nm

Jp 25 Jv 31 41 Jp Jv

40 n+ 15nm

(3) p+ GaAs n+ Al0.15Ga0.85As

Jp Jv 2.1A/cm2 1.2A/cm2

75

14m cm2

3.6 W/cm2

36mW/cm2 0.01

(4) p+ GaAs n+ Al0.15Ga0.85As

P+ n+ GaAs

GaAs 4

AlGaAs
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6.1.4 AlGaAs/GaAs

AlGaAs GaAs

AlGaAs/GaAs

AlGaAs/GaAs 27.6

AlGaAs GaAs

(1) (4)

(1) Al0.36Ga0.64As 29

34

(2) AlGaAs GaAs AlGaAs

AlGaAs GaAs

AlGaAs 0.97 m

13.7 mA/cm2

(3) AM1.5G 100mW/cm2

13.66mA/cm2 2.408V 0.840 27.6%

0.23 mA/cm2

(4) AlGaAs/GaAs 27.6

6.1.5 Ge GaAs

Ge GaAs

Ge

GaAs Ge

GaAs 23.2
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(1) GaAs Ge GaAs

GaAs GaAs 1/50 Ge

GaAs

(2) Ge GaAs GaAs Ge

0.08

AlGaAs GaAs 2

(3) Ge GaAs AlGaAs

AlAs

AlAs 0.25 GaAs 15

GaAs Ge Ge GaAs

(4) 1

m AlGaAs

0.16 0.25 Ge GaAs 13ns

21ns GaAs 1 m

2.8ns

(5) Ge GaAs (Voc) 1.04V

(Jsc) 28.1mA/cm2 (FF) 0.80 23.2

GaAs 20.9 Voc Jsc FF

11 Ge GaAs
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GaAs Ga As Si

1000

[6-1]

6-1 2000 [6-2~5]

GaInP GaAs Ge GaInAs

3 [6-6] 1-sun 37.9 302-suns

44.4 GaAs

GaAs

GaAs 90 25

[6-7] 28.8 AlGaAs DX

GaInP

6-1 2000  [6-2~5] 
 3 2

0

0
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[6-8]

6-2 GaInP/GaAs/Ge [6-9]

450 460

1-sun

16mA/cm2 1000

1 4m cm2

6-2  [6-9] 

2

GaAs 2

GaAs 3

GaAs

GaAs

GaInP GaP 0.5 GaAs

AlGaAs GaAs

AlGaAs
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