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Chapter 8

8.1

     In forward bias
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   (ii) n-region - lower doped side
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8.12

     The cross-sectional area is
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     (a) p-side;  
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8.17

     (a) The excess hole concentration is given by
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(a) Problem 8.7
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     The excess electron concentration is given by
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     The total number of excess electrons is
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     Then, we find the total number of excess 

     electrons in the p-region to be:
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     the n-region is found to be
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     (a) We have
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     (b) Taking the ratio
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     First case:
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    By trial and error,
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     (a) We can write for the n-region
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     The general solution is of the form
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     From this equation, we have
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     Then, from the first boundary condition, we 

     obtain
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     which can be written as
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     We can also find
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     The solution can now be written as
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     Taking the ratio of currents, but maintaining 
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(a) We can write
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     where C is a constant, independent of 

     temperature.

       As a first approximation, neglect the 
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     temperature.  We find

        
[image: image460.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

-

D

a

g

I

C

kT

eV

E

1

ln


     or

        
[image: image461.wmf]÷

÷

ø

ö

ç

ç

è

æ

×

÷

ø

ö

ç

è

æ

-

=

D

g

a

I

C

e

kT

E

V

1

ln


_______________________________________

8.28

(a) 
[image: image462.wmf]ú

ú

û

ù

ê

ê

ë

é

+

=

0

0

2

1

1

p

p

d

n

n

a

i

s

D

N

D

N

Aen

I

t

t



[image: image463.wmf](

)

(

)

(

)

2

10

19

4

10

5

.

1

10

6

.

1

10

´

´

=

-

-


                  
[image: image464.wmf]ú

ú

û

ù

ê

ê

ë

é

´

+

´

´

-

-

7

16

7

16

10

10

10

4

1

10

25

10

4

1


          
[image: image465.wmf]15

10

323

.

2

-

´

=

s

I

A

(b) 
[image: image466.wmf]0

2

t

W

Aen

I

i

gen

=


   We find       

         
[image: image467.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

16

16

10

5

.

1

10

4

10

4

ln

0259

.

0

bi

V


               
[image: image468.wmf]7665

.

0

=

V

    and 

          
[image: image469.wmf](

)

2

/

1

2

ï

þ

ï

ý

ü

ï

î

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

+

+

Î

=

d

a

d

a

R

bi

s

N

N

N

N

e

V

V

W


          
[image: image470.wmf](

)

(

)

(

)

î

í

ì

´

+

´

=

-

-

19

14

10

6

.

1

5

7665

.

0

10

85

.

8

7

.

11

2


                               
[image: image471.wmf](

)

(

)

2

/

1

16

16

16

16

10

4

10

4

10

4

10

4

ï

þ

ï

ý

ü

ú

û

ù

ê

ë

é

´

´

´

+

´

´


          
[image: image472.wmf]5

10

109

.

6

-

´

=

W

cm

Then


[image: image473.wmf](

)

(

)

(

)

(

)

(

)

7

5

10

19

4

10

2

10

109

.

6

10

5

.

1

10

6

.

1

10

-

-

-

-

´

´

´

=

gen

I

                 
[image: image474.wmf]11

10

331

.

7

-

´

=

A

(c) 
[image: image475.wmf]4

15

11

10

16

.

3

10

323

.

2

10

331

.

7

´

=

´

´

=

-

-

s

gen

I

I


_______________________________________

8.29

(a) Set 
[image: image476.wmf]gen

S

I

I

=

,

       
[image: image477.wmf]0

0

0

2

2

1

1

t

t

t

W

Aen

D

N

D

N

Aen

i

p

p

d

n

n

a

i

=

ú

ú

û

ù

ê

ê

ë

é

+


            
[image: image478.wmf]ú

ú

û

ù

ê

ê

ë

é

´

+

´

-

-

7

16

7

16

10

10

10

4

1

10

25

10

4

1

i

n


                                      
[image: image479.wmf](

)

7

5

0

10

2

10

109

.

6

2

-

-

´

=

=

t

W


      so  
[image: image480.wmf]13

13

2

10

50

.

2

10

9528

.

3

10

0545

.

3

-

-

´

+

´

´

=

i

n


                 
[image: image481.wmf]14

10

734

.

4

´

=

cm
[image: image482.wmf]3

-


Then  

     
[image: image483.wmf]29

2

10

2407

.

2

´

=

i

n


           
[image: image484.wmf](

)

(

)

3

19

19

300

10

04

.

1

10

8

.

2

÷

ø

ö

ç

è

æ

´

´

=

T

                               

   
[image: image485.wmf](

)

(

)

(

)

(

)

ú

û

ù

ê

ë

é

-

÷

ø

ö

ç

è

æ

=

´

-

T

T

0259

.

0

300

12

.

1

exp

300

10

6947

.

7

3

10


   By trial and error,

                                   
[image: image486.wmf]567

@

T

K

   We have 

   
[image: image487.wmf]0

2

t

W

Aen

I

I

i

gen

s

=

=



[image: image488.wmf](

)

(

)

(

)

(

)

(

)

7

5

14

19

4

10

2

10

109

.

6

10

734

.

4

10

6

.

1

10

-

-

-

-

´

´

´

=

   Then 

        
[image: image489.wmf]gen

s

I

I

+



 EMBED Equation.3  [image: image490.wmf]6

10

314

.

2

-

´

=

A

  or  
[image: image491.wmf]m

314

.

2

=

=

gen

s

I

I

A

(b) From Problem 8.28

      
[image: image492.wmf]15

10

323

.

2

-

´

=

s

I

A

      
[image: image493.wmf]11

10

331

.

7

-

´

=

gen

I

A

  So 
[image: image494.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

t

a

gen

t

a

s

V

V

I

V

V

I

I

2

exp

exp


    
[image: image495.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

´

-

t

a

V

V

exp

10

323

.

2

15


                       
[image: image496.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

´

=

-

t

a

V

V

2

exp

10

331

.

7

11


     
[image: image497.wmf]15

11

10

323

.

2

10

331

.

7

2

exp

exp

-

-

´

´

=

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

t

a

t

a

V

V

V

V


     
[image: image498.wmf]4

10

1558

.

3

2

exp

´

=

÷

÷

ø

ö

ç

ç

è

æ

t

a

V

V


     
[image: image499.wmf](

)

4

10

1558

.

3

ln

2

´

=

t

a

V

V


          
[image: image500.wmf]5366

.

0

=

V

_______________________________________

8.30

          
[image: image501.wmf](

)

(

)

5500

0259

.

0

=

×

÷

ø

ö

ç

è

æ

=

n

n

e

kT

D

m


                
[image: image502.wmf]5

.

142

=

cm
[image: image503.wmf]2

/s

         
[image: image504.wmf](

)

(

)

70

.

5

220

0259

.

0

=

=

p

D

cm
[image: image505.wmf]2

/s

     (a)

(i)
[image: image506.wmf]ú

ú

û

ù

ê

ê

ë

é

+

=

0

0

2

1

1

p

p

d

n

n

a

i

s

D

N

D

N

Aen

I

t

t


          
[image: image507.wmf](

)

(

)

(

)

2

6

19

4

10

8

.

1

10

6

.

1

10

2

´

´

´

=

-

-


 
[image: image508.wmf]ú

ú

û

ù

ê

ê

ë

é

´

´

+

´

´

´

-

-

8

16

8

16

10

2

70

.

5

10

7

1

10

2

5

.

142

10

7

1


      
[image: image509.wmf]22

10

50

.

1

-

´

=

s

I

A

  (ii)
[image: image510.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

t

a

s

D

V

V

I

I

exp


             
[image: image511.wmf](

)

÷

ø

ö

ç

è

æ

´

=

-

0259

.

0

6

.

0

exp

10

50

.

1

22


             
[image: image512.wmf]12

10

726

.

1

-

´

=

A

 (iii)
[image: image513.wmf](

)

÷

ø

ö

ç

è

æ

´

=

-

0259

.

0

8

.

0

exp

10

50

.

1

22

D

I


             
[image: image514.wmf]9

10

896

.

3

-

´

=

A

  (iv)
[image: image515.wmf](

)

÷

ø

ö

ç

è

æ

´

=

-

0259

.

0

0

.

1

exp

10

50

.

1

22

D

I


              
[image: image516.wmf]6

10

795

.

8

-

´

=

A

(b)
[image: image517.wmf]0

2

t

W

Aen

I

i

gen

=


           
[image: image518.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

6

16

16

10

8

.

1

10

7

10

7

ln

0259

.

0

bi

V


                  
[image: image519.wmf]263

.

1

=

V

            
[image: image520.wmf](

)

(

)

(

)

î

í

ì

´

+

´

=

-

-

19

14

10

6

.

1

3

263

.

1

10

85

.

8

1

.

13

2

W


                                
[image: image521.wmf](

)

(

)

2

/

1

16

16

16

16

10

7

10

7

10

7

10

7

ï

þ

ï

ý

ü

ú

û

ù

ê

ë

é

´

´

´

+

´

´


                 
[image: image522.wmf]5

10

201

.

4

-

´

=

cm

(i)Then


[image: image523.wmf](

)

(

)

(

)

(

)

(

)

8

5

6

19

4

10

2

2

10

201

.

4

10

8

.

1

10

6

.

1

10

2

-

-

-

-

´

´

´

´

´

=

gen

I

        
[image: image524.wmf]14

10

049

.

6

-

´

=

A

  (ii)
[image: image525.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

t

a

ro

rec

V

V

I

I

2

exp


              
[image: image526.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

´

=

-

0259

.

0

2

6

.

0

exp

10

6

14


              
[image: image527.wmf]9

10

436

.

6

-

´

=

A

(iii)
[image: image528.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

´

=

-

0259

.

0

2

8

.

0

exp

10

6

14

rec

I


               
[image: image529.wmf]7

10

058

.

3

-

´

=

A

  (iv)
[image: image530.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

´

=

-

0259

.

0

2

0

.

1

exp

10

6

14

rec

I


               
[image: image531.wmf]5

10

453

.

1

-

´

=

A

_______________________________________

8.31

     Using results from Problem 8.30, we find
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       From Figure 7.15,  
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