Semiconductor Physics and Devices: Basic Principles, 4th edition                                                  Chapter 14

By D. A. Neamen                                                                                                                  Problem Solutions

______________________________________________________________________________________


Chapter 14

14.1

        
[image: image1.wmf]m

l

g

E

24

.

1

max

=

m

(a) Si:  
[image: image2.wmf]m

l

11

.

1

12

.

1

24

.

1

max

=

=

m

(b) Ge:  
[image: image3.wmf]m

l

88

.

1

66

.

0

24

.

1

max

=

=

m

(c) GaAs:  
[image: image4.wmf]m

l

873

.

0

42

.

1

24

.

1

max

=

=

m

(d) InP:  
[image: image5.wmf]m

l

919

.

0

35

.

1

24

.

1

max

=

=

m

_______________________________________

14.2

     (a) For 
[image: image6.wmf]480

=

l

nm,

           
[image: image7.wmf]58

.

2

480

.

0

24

.

1

24

.

1

=

=

=

l

E

eV

           For 
[image: image8.wmf]725

=

l

nm,

       
[image: image9.wmf]71

.

1

725

.

0

24

.

1

=

=

E

eV

     (b) For 
[image: image10.wmf]87

.

0

=

E

eV,

       
[image: image11.wmf]m

l

43

.

1

87

.

0

24

.

1

24

.

1

=

=

=

E

m

      For 
[image: image12.wmf]32

.

1

=

E

eV,

       
[image: image13.wmf]m

l

939

.

0

32

.

1

24

.

1

=

=

m

      For 
[image: image14.wmf]90

.

1

=

E

eV,

       
[image: image15.wmf]m

l

653

.

0

90

.

1

24

.

1

=

=

m

_______________________________________

14.3

(a) 
[image: image16.wmf]m

l

752

.

0

65

.

1

24

.

1

=

=

m

(i) From Figure 14.4, 
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     The excess concentration is
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     GaAs:
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     The ambipolar transport equation for minority 

     carrier holes in steady state is
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    so the differential equation becomes
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     The general solution is of the form
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     Solving for A, we find
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     The solution can now be written as
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     We have
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     Solving for B, we obtain
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     The solution is then
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     where B was just given.
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   Then
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     Let 
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     charge region in the p-type material.  Then in 
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     For 90% absorption, we have
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     n-type, so holes are the minority carrier
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     The electron-hole generation rate is
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     and the excess carrier concentration is
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     In the n-region under steady state and for 
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     positive in the negative x direction.  The 

     homogenerous solution is found from
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     The general solution is found to be
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     The particular solution is found from
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     The total solution is the sum of the 

     homogeneous and particular solutions, so we 

     have
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     The diffusion current density is found as
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  Diode A: 
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  Diode C: 
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  Diode B: 
[image: image417.wmf](

)

(

)

17

19

10

5

10

6

.

1

´

´

=

-

L

J


                        
[image: image418.wmf](

)

(

)

[

]

{

}

4

2

10

10

10

5

exp

1

-

´

´

-

-

´


                   
[image: image419.wmf]2

10

148

.

3

-

´

=

L

J

A/cm
[image: image420.wmf]2


  Diode C: 
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     The minimum 
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(a) From Figure 14.24, 
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     (a) For GaAs, 
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     The fraction of photons that will not 

     experience total internal reflection is
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     (b)Fresnel loss:
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     The fraction of photons emitted is then
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     We can write the external quantum efficiency 

     as
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     Now consider the solid angle from the source 

     point.  The surface area described by the solid 

     angle is 
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     Then the area is
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     From a trig identity, we have
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     For an optical cavity, we have
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     For GaAs:
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