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Chapter 7
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(a) n-side
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(a) n-side
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     Assume silicon, so
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(c) For a larger doping, the space charge width narrows which results in a larger capacitance.

_______________________________________

7.20

(a) 
[image: image415.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

17

15

10

5

.

1

10

4

10

4

ln

0259

.

0

bi

V


     or

        
[image: image416.wmf]766

.

0

=

bi

V

V

     Now

        
[image: image417.wmf](

)

2

/

1

max

2

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

Î

+

=

E

d

a

d

a

s

R

bi

N

N

N

N

V

V

e


     or

        
[image: image418.wmf](

)

(

)

(

)

(

)

(

)

ê

ê

ë

é

´

+

´

=

´

-

-

14

19

2

5

10

85

.

8

7

.

11

10

6

.

1

2

10

3

R

bi

V

V


                                  
[image: image419.wmf](

)

(

)

ú

û

ù

´

+

´

´

´

´

17

15

17

15

10

4

10

4

10

4

10

4


     or

        
[image: image420.wmf](

)

R

bi

V

V

+

´

=

´

9

10

10

224

.

1

10

9


     so that

        
[image: image421.wmf](

)

53

.

73

=

+

R

bi

V

V

V

     which yields

        
[image: image422.wmf]8

.

72

=

R

V

V

(b) 
[image: image423.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

17

16

10

5

.

1

10

4

10

4

ln

0259

.

0

bi

V


     or

        
[image: image424.wmf]826

.

0

=

bi

V

V

     We have

        
[image: image425.wmf](

)

(

)

(

)

(

)

(

)

ê

ê

ë

é

´

+

´

=

´

-

-

14

19

2

5

10

85

.

8

7

.

11

10

6

.

1

2

10

3

R

bi

V

V


                                        
[image: image426.wmf](

)

(

)

ú

û

ù

´

+

´

´

´

´

17

16

17

16

10

4

10

4

10

4

10

4


     so that

        
[image: image427.wmf](

)

008

.

8

=

+

R

bi

V

V

V

     which yields

        
[image: image428.wmf]18

.

7

=

R

V

V

(c) 
[image: image429.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

17

17

10

5

.

1

10

4

10

4

ln

0259

.

0

bi

V


     or

        
[image: image430.wmf]886

.

0

=

bi

V

V

     We have

        
[image: image431.wmf](

)

(

)

(

)

(

)

(

)

ê

ê

ë

é

´

+

´

=

´

-

-

14

19

2

5

10

85

.

8

7

.

11

10

6

.

1

2

10

3

R

bi

V

V


                                     
[image: image432.wmf](

)

(

)

ú

û

ù

´

+

´

´

´

´

17

17

17

17

10

4

10

4

10

4

10

4


     so that

        
[image: image433.wmf](

)

456

.

1

=

+

R

bi

V

V

V

     which yields

        
[image: image434.wmf]570

.

0

=

R

V

V

_______________________________________

7.21

     (a)

        
[image: image435.wmf](

)

(

)

(

)

(

)

2

/

1

2

/

1

2

2

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

+

Î

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

+

Î

=

dB

a

dB

a

R

biB

s

dA

a

dA

a

R

biA

s

N

N

N

N

e

V

V

N

N

N

N

e

V

V

B

W

A

W


     or

     
[image: image436.wmf](

)

(

)

(

)

(

)

(

)

(

)

2

/

1

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

×

+

+

×

+

+

=

dA

dB

dB

a

dA

a

R

biB

R

biA

N

N

N

N

N

N

V

V

V

V

B

W

A

W


     We find

        
[image: image437.wmf](

)

(

)

(

)

(

)

7543

.

0

10

5

.

1

10

10

ln

0259

.

0

2

10

15

18

=

ú

ú

û

ù

ê

ê

ë

é

´

=

biA

V

V

        
[image: image438.wmf](

)

(

)

(

)

(

)

8139

.

0

10

5

.

1

10

10

ln

0259

.

0

2

10

16

18

=

ú

ú

û

ù

ê

ê

ë

é

´

=

biB

V

V

     We find

        
[image: image439.wmf](

)

(

)

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

+

÷

ø

ö

ç

è

æ

=

16

18

15

18

10

10

10

10

8139

.

5

7543

.

5

B

W

A

W


                                                    
[image: image440.wmf]2

/

1

15

16

10

10

ú

ú

û

ù

÷

÷

ø

ö

ç

ç

è

æ

´


     or

        
[image: image441.wmf](

)

(

)

13

.

3

=

B

W

A

W


     (b)

        
[image: image442.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

R

biB

R

biA

R

biB

R

biA

V

V

V

V

A

W

B

W

B

W

V

V

A

W

V

V

B

A

+

+

×

=

+

+

=

E

E

2

2


                  
[image: image443.wmf]÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

=

8139

.

5

7543

.

5

13

.

3

1


     or

        
[image: image444.wmf](

)

(

)

316

.

0

=

E

E

B

A


     (c)

        
[image: image445.wmf](

)

(

)

(

)

(

)

(

)

(

)

2

/

1

2

/

1

2

2

ú

û

ù

ê

ë

é

+

+

Î

ú

û

ù

ê

ë

é

+

+

Î

=

¢

¢

dB

a

R

biB

dB

a

s

dA

a

R

biA

dA

a

s

j

j

N

N

V

V

N

N

N

N

V

V

N

N

B

C

A

C


               
[image: image446.wmf]2

/

1

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

+

÷

÷

ø

ö

ç

ç

è

æ

+

+

÷

÷

ø

ö

ç

ç

è

æ

=

dA

a

dB

a

R

biA

R

biB

dB

dA

N

N

N

N

V

V

V

V

N

N


               
[image: image447.wmf]2

/

1

15

18

16

18

16

15

10

10

10

10

7543

.

5

8139

.

5

10

10

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

+

÷

ø

ö

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

=


     or

        
[image: image448.wmf](

)

(

)

319

.

0

=

¢

¢

B

C

A

C

j

j


_______________________________________

7.22

     (a) We have

        
[image: image449.wmf](

)

(

)

(

)

(

)

(

)

(

)

2

/

1

2

/

1

2

2

10

0

ú

û

ù

ê

ë

é

+

+

Î

ú

û

ù

ê

ë

é

+

Î

=

¢

¢

d

a

R

bi

d

a

s

d

a

bi

d

a

s

j

j

N

N

V

V

N

N

N

N

V

N

N

C

C


     or

        
[image: image450.wmf](

)

(

)

2

/

1

13

.

3

10

0

÷

÷

ø

ö

ç

ç

è

æ

+

=

=

¢

¢

bi

R

bi

j

j

V

V

V

C

C


     For 
[image: image451.wmf]10

=

R

V

V, we find

        
[image: image452.wmf](

)

10

13

.

3

2

+

=

bi

bi

V

V


     or

        
[image: image453.wmf]137

.

1

=

bi

V

V

     (b)

        
[image: image454.wmf](

)

n

p

p

x

x

W

x

+

=

=

2

.

0

2

.

0


     Then

        
[image: image455.wmf]a

d

n

p

N

N

x

x

=

=

25

.

0


     Now

        
[image: image456.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

2

ln

i

d

a

t

bi

n

N

N

V

V


     so

        
[image: image457.wmf](

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

=

2

6

2

10

8

.

1

25

.

0

ln

0259

.

0

137

.

1

a

N


     We can then write

        
[image: image458.wmf](

)

ú

û

ù

ê

ë

é

´

=

0259

.

0

2

137

.

1

exp

25

.

0

10

8

.

1

6

a

N


     which yields

        
[image: image459.wmf]16

10

23

.

1

´

=

a

N

cm
[image: image460.wmf]3

-


     and

        
[image: image461.wmf]15

10

07

.

3

´

=

d

N

cm
[image: image462.wmf]3

-


_______________________________________

7.23

     
[image: image463.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

6

15

16

10

8

.

1

10

5

10

2

ln

0259

.

0

bi

V


           
[image: image464.wmf]162

.

1

=

V

     
[image: image465.wmf]R

bi

V

V

C

+

µ

¢

1


     So  
[image: image466.wmf](

)

(

)

1

2

2

1

R

bi

R

bi

R

R

V

V

V

V

V

C

V

C

+

+

=

¢

¢


                
[image: image467.wmf]5

.

0

162

.

1

162

.

1

50

.

1

2

+

+

=

R

V


           
[image: image468.wmf](

)

662

.

1

162

.

1

50

.

1

2

2

R

V

+

=


    which yields  
[image: image469.wmf]58

.

2

2

=

R

V

V

_______________________________________

7.24

(a) 
[image: image470.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

16

15

10

5

.

1

10

4

10

2

ln

0259

.

0

bi

V


             
[image: image471.wmf]6889

.

0

=

V

        
[image: image472.wmf](

)

(

)

2

/

1

2

þ

ý

ü

î

í

ì

+

+

Î

=

¢

=

d

a

R

bi

d

a

s

N

N

V

V

N

N

e

A

C

A

C


     
[image: image473.wmf](

)

(

)

(

)

(

)

(

)

î

í

ì

+

´

´

´

=

-

-

-

R

V

6889

.

0

2

10

85

.

8

7

.

11

10

6

.

1

10

5

14

19

4


                                  
[image: image474.wmf](

)

(

)

(

)

2

/

1

16

15

16

15

10

4

10

2

10

4

10

2

þ

ý

ü

´

+

´

´

´

´


        
[image: image475.wmf]R

V

C

+

´

=

-

6889

.

0

10

2806

.

6

12


   (i) For 
[image: image476.wmf]0

=

R

V

,

        
[image: image477.wmf]567

.

7

=

C

pF

  (ii) For 
[image: image478.wmf]5

=

R

V

V,

        
[image: image479.wmf]633

.

2

=

C

pF

(b) 
[image: image480.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

6

16

15

10

8

.

1

10

4

10

2

ln

0259

.

0

bi

V


              
[image: image481.wmf]157

.

1

=

V

        
[image: image482.wmf](

)

(

)

2

/

1

2

þ

ý

ü

î

í

ì

+

+

Î

=

¢

=

d

a

R

bi

d

a

s

N

N

V

V

N

N

e

A

C

A

C

       

  
[image: image483.wmf](

)

(

)

(

)

(

)

(

)

î

í

ì

+

´

´

´

=

-

-

-

R

V

157

.

1

2

10

85

.

8

1

.

13

10

6

.

1

10

5

14

19

4


                                  
[image: image484.wmf](

)

(

)

(

)

2

/

1

16

15

16

15

10

4

10

2

10

4

10

2

þ

ý

ü

´

+

´

´

´

´


    
[image: image485.wmf]R

V

C

+

´

=

-

157

.

1

10

6457

.

6

12


 (i) For 
[image: image486.wmf]0

=

R

V

,

        
[image: image487.wmf]178

.

6

=

C

pF

(ii) For 
[image: image488.wmf]5

=

R

V

V,

        
[image: image489.wmf]678

.

2

=

C

pF

_______________________________________

7.25

        
[image: image490.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

15

17

10

5

.

1

10

5

10

2

ln

0259

.

0

bi

V


               
[image: image491.wmf]7543

.

0

=

V

(a) 
[image: image492.wmf](

)

(

)

2

/

1

2

þ

ý

ü

î

í

ì

+

+

Î

=

¢

=

d

a

R

bi

d

a

s

N

N

V

V

N

N

e

A

C

A

C


     
[image: image493.wmf](

)

(

)

(

)

(

)

(

)

î

í

ì

+

´

´

´

=

-

-

-

10

7543

.

0

2

10

85

.

8

7

.

11

10

6

.

1

10

8

14

19

4


                                  
[image: image494.wmf](

)

(

)

(

)

2

/

1

15

17

15

17

10

5

10

2

10

5

10

2

þ

ý

ü

´

+

´

´

´

´


        
[image: image495.wmf]12

10

904

.

4

-

´

=

C

F

        
[image: image496.wmf](

)

2

2

1

2

1

f

C

L

LC

f

p

p

=

Þ

=


        
[image: image497.wmf](

)

(

)

[

]

2

6

12

10

25

.

1

2

10

904

.

4

1

´

´

=

-

p

L


            
[image: image498.wmf]3

10

306

.

3

-

´

=

H
[image: image499.wmf]306

.

3

=

mH

(b)

   (i) For 
[image: image500.wmf]1

=

R

V

V, 
[image: image501.wmf]14

.

12

=

C

pF

        
[image: image502.wmf](

)

(

)

[

]

2

/

1

12

3

10

14

.

12

10

306

.

3

2

1

-

-

´

´

=

p

f


            
[image: image503.wmf]5

10

94

.

7

´

=

Hz
[image: image504.wmf]794

.

0

=

MHz

  (ii) For 
[image: image505.wmf]5

=

R

V

V, 
[image: image506.wmf]704

.

6

=

C

pF

        
[image: image507.wmf](

)

(

)

[

]

2

/

1

12

3

10

704

.

6

10

306

.

3

2

1

-

-

´

´

=

p

f


            
[image: image508.wmf]6

10

069

.

1

´

=

Hz
[image: image509.wmf]069

.

1

=

MHz

_______________________________________

7.26

        
[image: image510.wmf](

)

2

/

1

max

2

ú

û

ù

ê

ë

é

Î

+

@

E

s

d

R

bi

N

V

V

e


     Let 
[image: image511.wmf]75

.

0

@

bi

V

V

(a) 
[image: image512.wmf](

)

2

5

10

5

.

2

´


              
[image: image513.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

+

´

=

-

-

14

19

10

85

.

8

7

.

11

10

75

.

0

10

6

.

1

2

d

N


    
[image: image514.wmf]16

10

88

.

1

´

=

Þ

d

N

cm
[image: image515.wmf]3

-


(b) 
[image: image516.wmf](

)

2

5

10


              
[image: image517.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

+

´

=

-

-

14

19

10

85

.

8

7

.

11

10

75

.

0

10

6

.

1

2

d

N


     
[image: image518.wmf]15

10

01

.

3

´

=

Þ

d

N

cm
[image: image519.wmf]3

-


_______________________________________

7.27

        
[image: image520.wmf](

)

(

)

(

)

p

n

p

x

x

W

x

+

=

=

20

.

0

20

.

0


        
[image: image521.wmf](

)

(

)

n

p

x

x

2

.

0

8

.

0

=


           
[image: image522.wmf]p

n

x

x

4

=


        
[image: image523.wmf](

)

p

d

n

d

p

a

x

N

x

N

x

N

4

=

=


     
[image: image524.wmf]d

a

N

N

4

=

Þ


(a) 
[image: image525.wmf]ú

ú

û

ù

ê

ê

ë

é

=

2

ln

i

d

a

t

bi

n

N

N

V

V


              
[image: image526.wmf](

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

=

2

6

2

10

8

.

1

4

ln

0259

.

0

d

N


        
[image: image527.wmf](

)

(

)

2

/

1

2

þ

ý

ü

î

í

ì

+

+

Î

=

¢

=

d

a

R

bi

d

a

s

N

N

V

V

N

N

e

A

C

A

C


          
[image: image528.wmf](

)

(

)

(

)

(

)

(

)

î

í

ì

+

´

´

=

-

-

-

2

2

10

85

.

8

1

.

13

10

6

.

1

10

14

19

4

bi

V


                                                     
[image: image529.wmf](

)

(

)

2

/

1

2

5

4

ï

þ

ï

ý

ü

´

d

d

N

N


        
[image: image530.wmf]2

10

724

.

2

10

6

.

0

20

12

+

´

=

´

-

-

bi

d

V

N


     By trial and error,

        
[image: image531.wmf]15

10

504

.

1

´

=

d

N

cm
[image: image532.wmf]3

-

, 

        
[image: image533.wmf]15

10

016

.

6

´

=

a

N

cm
[image: image534.wmf]3

-

,

        
[image: image535.wmf]10

.

1

=

bi

V

V

(b) From part (a),

        
[image: image536.wmf]5

10

724

.

2

10

6

.

0

20

12

+

´

=

´

-

-

bi

d

V

N


     By trial and error,

        
[image: image537.wmf]15

10

976

.

2

´

=

d

N

cm
[image: image538.wmf]3

-

,

        
[image: image539.wmf]16

10

19

.

1

´

=

a

N

cm
[image: image540.wmf]3

-

,

        
[image: image541.wmf]135

.

1

=

bi

V

V

_______________________________________

7.28

(a) 
[image: image542.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

=

2

10

14

15

10

5

.

1

10

10

5

ln

0259

.

0

bi

V


     or

        
[image: image543.wmf]5574

.

0

=

bi

V

V

     (b)

        
[image: image544.wmf]2

/

1

1

2

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

Î

=

d

a

a

d

bi

s

p

N

N

N

N

e

V

x


              
[image: image545.wmf](

)

(

)

(

)

ê

ë

é

´

´

=

-

-

19

14

10

6

.

1

5574

.

0

10

85

.

8

7

.

11

2


                         
[image: image546.wmf]2

/

1

15

14

15

14

10

5

10

1

10

5

10

ú

ú

û

ù

÷

ø

ö

ç

è

æ

´

+

÷

÷

ø

ö

ç

ç

è

æ

´

´


     or

        
[image: image547.wmf]6

10

32

.

5

-

´

=

p

x

cm

     Also

        
[image: image548.wmf]2

/

1

1

2

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

Î

=

d

a

d

a

bi

s

n

N

N

N

N

e

V

x


              
[image: image549.wmf](

)

(

)

(

)

ê

ë

é

´

´

=

-

-

19

14

10

6

.

1

5574

.

0

10

85

.

8

7

.

11

2


                         
[image: image550.wmf]2

/

1

15

14

14

15

10

5

10

1

10

10

5

ú

ú

û

ù

÷

ø

ö

ç

è

æ

´

+

÷

÷

ø

ö

ç

ç

è

æ

´

´


     or

        
[image: image551.wmf]4

10

66

.

2

-

´

=

n

x

cm

(c) For 
[image: image552.wmf]m

30

=

n

x

m, we have

        
[image: image553.wmf](

)

(

)

(

)

ê

ê

ë

é

´

+

´

=

´

-

-

-

19

14

4

10

6

.

1

10

85

.

8

7

.

11

2

10

30

R

bi

V

V


                         
[image: image554.wmf]2

/

1

15

14

14

15

10

5

10

1

10

10

5

ú

ú

û

ù

÷

ø

ö

ç

è

æ

´

+

÷

÷

ø

ö

ç

ç

è

æ

´

´


     which becomes

        
[image: image555.wmf](

)

R

bi

V

V

+

´

=

´

-

-

7

6

10

269

.

1

10

9


     We find

        
[image: image556.wmf]4

.

70

=

R

V

V

_______________________________________

7.29

     An 
[image: image557.wmf]p

n

+

 junction with 
[image: image558.wmf]14

10

=

a

N

cm
[image: image559.wmf]3

-

,

(a) A one-sided junction and assume 

      
[image: image560.wmf]bi

R

V

V

>>

.  Then

        
[image: image561.wmf]2

/

1

2

ú

û

ù

ê

ë

é

Î

@

a

R

s

p

eN

V

x


     or

        
[image: image562.wmf](

)

(

)

(

)

(

)

(

)

14

19

14

2

4

10

10

6

.

1

10

85

.

8

7

.

11

2

10

50

-

-

-

´

´

=

´

R

V


     which yields

        
[image: image563.wmf]193

=

R

V

V

     (b)

        
[image: image564.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

Þ

=

d

a

p

n

a

d

n

p

N

N

x

x

N

N

x

x


     so

        
[image: image565.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

´

=

-

16

14

4

10

10

10

50

n

x


             
[image: image566.wmf]4

10

50

.

0

-

´

=

cm
[image: image567.wmf]m

50

.

0

=

m

     (c)

        
[image: image568.wmf](

)

4

max

10

5

.

50

15

.

193

2

2

-

´

=

@

E

W

V

R


     or

        
[image: image569.wmf]4

max

10

65

.

7

´

=

E

V/cm

_______________________________________

7.30

(a) 
[image: image570.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

15

17

10

5

.

1

10

2

10

2

ln

0259

.

0

bi

V


              
[image: image571.wmf]7305

.

0

=

V

(b) 
[image: image572.wmf](

)

2

/

1

2

ú

û

ù

ê

ë

é

+

Î

×

@

¢

=

R

bi

d

s

V

V

N

e

A

C

A

C


           
[image: image573.wmf]=



 EMBED Equation.3  [image: image574.wmf](

)

(

)

(

)

î

í

ì

+

´

-

-

R

bi

V

V

2

10

6

.

1

10

19

5


                     
[image: image575.wmf](

)

(

)

(

)

}

2

/

1

15

14

10

2

10

85

.

8

7

.

11

´

´

´

-


        
[image: image576.wmf]R

bi

V

V

C

+

´

=

-

13

10

287

.

1


   (i) For 
[image: image577.wmf]1

=

R

V

V,  
[image: image578.wmf]14

10

783

.

9

-

´

=

C

F

  (ii) For 
[image: image579.wmf]3

=

R

V

V,  
[image: image580.wmf]14

10

663

.

6

-

´

=

C

F

 (iii) For 
[image: image581.wmf]5

=

R

V

V,  
[image: image582.wmf]14

10

376

.

5

-

´

=

C

F

_______________________________________

7.31

(a) 
[image: image583.wmf](

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

=

2

6

16

10

8

.

1

10

8

ln

0259

.

0

d

bi

N

V



 EMBED Equation.3  [image: image584.wmf]20

.

1

=


        
[image: image585.wmf](

)

(

)

÷

ø

ö

ç

è

æ

´

=

´

0259

.

0

20

.

1

exp

10

8

.

1

10

8

2

6

16

d

N


     
[image: image586.wmf]15

10

36

.

5

´

=

Þ

d

N

cm
[image: image587.wmf]3

-


(b) 
[image: image588.wmf](

)

(

)

2

/

1

2

þ

ý

ü

î

í

ì

+

+

Î

=

¢

=

d

a

R

bi

d

a

s

N

N

V

V

N

N

e

A

C

A

C


        
[image: image589.wmf](

)

(

)

î

í

ì

+

´

=

´

-

-

0

.

1

20

.

1

2

10

6

.

1

10

10

.

1

19

12

A



[image: image590.wmf](

)

(

)

(

)

(

)

(

)

2

/

1

15

16

15

16

14

10

36

.

5

10

8

10

36

.

5

10

8

10

85

.

8

1

.

13

þ

ý

ü

´

+

´

´

´

´

´

-


     
[image: image591.wmf]5

10

56

.

7

-

´

=

Þ

A

cm
[image: image592.wmf]2


(c) 
[image: image593.wmf](

)

(

)

(

)

î

í

ì

+

´

´

=

´

-

-

-

R

bi

V

V

2

10

6

.

1

10

56

.

7

10

80

.

0

19

5

12


  
[image: image594.wmf](

)

(

)

(

)

(

)

(

)

2

/

1

15

16

15

16

14

10

36

.

5

10

8

10

36

.

5

10

8

10

85

.

8

1

.

13

þ

ý

ü

´

+

´

´

´

´

´

-


        
[image: image595.wmf]R

bi

V

V

+

´

=

´

-

-

8

8

10

1585

.

2

10

0582

.

1


  
[image: image596.wmf]R

R

bi

V

V

V

+

=

=

+

Þ

20

.

1

161

.

4


        
[image: image597.wmf]96

.

2

=

R

V

V

_______________________________________

7.32

     Plot

_______________________________________

7.33

(a) 
[image: image598.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

2

ln

i

dO

aO

t

bi

n

N

N

V

V


     (c) p-region

        
[image: image599.wmf](

)

s

aO

s

eN

x

dx

d

Î

-

=

Î

=

E

r


     or

        
[image: image600.wmf]1

C

x

eN

s

aO

+

Î

-

=

E


     We have

        
[image: image601.wmf]0

=

E

 at 
[image: image602.wmf]s

p

aO

p

x

eN

C

x

x

Î

-

=

Þ

-

=

1


     Then for 
[image: image603.wmf]0

<

<

-

x

x

p


        
[image: image604.wmf](

)

p

s

aO

x

x

eN

+

Î

-

=

E


     n-region, 
[image: image605.wmf]O

x

x

<

<

0


        
[image: image606.wmf](

)

s

dO

s

eN

x

dx

d

Î

=

Î

=

E

2

1

r


     or

        
[image: image607.wmf]2

1

2

C

x

eN

s

dO

+

Î

=

E


     n-region, 
[image: image608.wmf]n

O

x

x

x

<

<


        
[image: image609.wmf](

)

s

dO

s

eN

x

dx

d

Î

=

Î

=

E

r

2


     or

        
[image: image610.wmf]3

2

C

x

eN

s

dO

+

Î

=

E


     We have 
[image: image611.wmf]0

2

=

E

 at 
[image: image612.wmf]n

x

x

=


        
[image: image613.wmf]s

n

dO

x

eN

C

Î

-

=

Þ

3


    so that for 
[image: image614.wmf]n

O

x

x

x

<

<

, we have

        
[image: image615.wmf](

)

x

x

eN

n

s

dO

-

Î

-

=

E

2


     We also have 
[image: image616.wmf]1

2

E

=

E

at 
[image: image617.wmf]O

x

x

=


     Then

        
[image: image618.wmf](

)

O

n

s

dO

s

O

dO

x

x

eN

C

x

eN

-

Î

-

=

+

Î

2

2


     which gives

        
[image: image619.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

Î

-

=

2

2

O

n

s

dO

x

x

eN

C


     Then for 
[image: image620.wmf]O

x

x

<

<

0

 we have

        
[image: image621.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

Î

-

Î

=

E

2

2

1

O

n

s

dO

s

dO

x

x

eN

x

eN


_______________________________________

7.34

     (a)
[image: image622.wmf](

)

(

)

(

)

dx

x

d

x

dx

x

d

s

E

-

=

Î

-

=

r

f

2

2


     For 
[image: image623.wmf]m

1

2

-

<

<

-

x

m, 
[image: image624.wmf](

)

d

eN

x

+

=

r


     So

        
[image: image625.wmf]1

C

x

eN

eN

dx

d

s

d

s

d

+

Î

=

E

Þ

Î

=

E


     At 
[image: image626.wmf]m

2

-

=

x

m
[image: image627.wmf]O

x

-

º

, 
[image: image628.wmf]0

=

E


     So

        
[image: image629.wmf]s

O

d

x

eN

C

Î

=

1


     Then

        
[image: image630.wmf](

)

O

s

d

x

x

eN

+

Î

=

E


     At 
[image: image631.wmf]0

=

x

, 
[image: image632.wmf](

)

(

)

1

0

-

=

E

=

E

x

, so

        
[image: image633.wmf](

)

(

)

4

10

2

1

0

-

´

+

-

Î

=

E

s

d

eN


                
[image: image634.wmf](

)

(

)

(

)

(

)

(

)

4

14

15

19

10

1

10

85

.

8

7

.

11

10

5

10

6

.

1

-

-

-

´

´

´

´

=


     or

        
[image: image635.wmf](

)

4

10

726

.

7

0

´

=

E

V/cm

     (c) Magnitude of potential difference is

        
[image: image636.wmf]ò

E

=

dx

f



 EMBED Equation.3  [image: image637.wmf](

)

dx

x

x

eN

O

s

d

ò

+

Î

=


             
[image: image638.wmf]2

2

2

C

x

x

x

eN

O

s

d

+

÷

÷

ø

ö

ç

ç

è

æ

×

+

Î

=


     Let 
[image: image639.wmf]0

=

f

at 
[image: image640.wmf]O

x

x

-

=

, then

        
[image: image641.wmf]s

O

d

O

O

s

d

x

eN

C

C

x

x

eN

Î

=

Þ

+

÷

÷

ø

ö

ç

ç

è

æ

-

Î

=

2

2

0

2

2

2

2

2


     Then we can write

        
[image: image642.wmf](

)

2

2

O

s

d

x

x

eN

+

Î

=

f


     At 
[image: image643.wmf]m

1

-

=

x

m

        
[image: image644.wmf](

)

(

)

(

)

(

)

(

)

[

]

2

4

14

15

19

1

10

2

1

10

85

.

8

7

.

11

2

10

5

10

6

.

1

-

-

-

´

+

-

´

´

´

=

f


     or

        
[image: image645.wmf]863

.

3

1

=

f

V

     Potential difference across the intrinsic region

        
[image: image646.wmf](

)

(

)

(

)

4

4

2

10

2

10

726

.

7

0

-

´

´

=

×

E

=

d

f


     or

        
[image: image647.wmf]45

.

15

2

=

f

V

     By symmetry, the potential difference across 

     the p-region space-charge region is also 
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(a) From Equation (7.36),

      
[image: image665.wmf](

)

2

/

1

max

2

ï

þ

ï

ý

ü

ï

î

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

+

Î

+

=

E

d

a

d

a

s

R

bi

N

N

N

N

V

V

e


    Set 
[image: image666.wmf]crit

E

=

E

max

  and  
[image: image667.wmf]B

R

V

V

=


       
[image: image668.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

16

16

10

5

.

1

10

2

10

2

ln

0259

.

0

bi

V


             
[image: image669.wmf]7305

.

0

=

V

   Then

        
[image: image670.wmf](

)

(

)

(

)

(

)

ï

î

ï

í

ì

´

+

´

=

´

-

-

14

19

5

10

85

.

8

7

.

11

10

6

.

1

2

10

4

R

bi

V

V


                                
[image: image671.wmf](

)

(

)

2

/

1

16

16

16

16

10

2

10

2

10

2

10

2

ï

þ

ï

ý

ü

ú

û

ù

ê

ë

é

´

+

´

´

´

´


         
[image: image672.wmf]77

.

51

=

+

Þ

B

bi

V

V

V

    So  
[image: image673.wmf]04

.

51

=

B

V

V

(b)

        
[image: image674.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

´

´

´

=

2

10

15

15

10

5

.

1

10

5

10

5

ln

0259

.

0

bi

V


              
[image: image675.wmf]6587

.

0

=

V

   Then

        
[image: image676.wmf](

)

(

)

(

)

(

)

ï

î

ï

í

ì

´

+

´

=

´

-

-

14

19

5

10

85

.

8

7

.

11

10

6

.

1

2

10

4

R

bi

V

V


                                
[image: image677.wmf](

)

(

)

2

/

1

15

15

15

15

10

5

10

5

10

5

10

5

ï

þ

ï

ý

ü

ú

û

ù

ê

ë

é

´

+

´

´

´

´


        
[image: image678.wmf]1

.

207

=

+

Þ

R

bi

V

V

 

    So 
[image: image679.wmf]206

@

R

V

V

_______________________________________

7.39

     For a silicon 
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     We find
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7.41

     Assume silicon:  For an 
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     Impurity gradien
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     (a) For the linearly graded junction
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     We have that
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