Semiconductor Physics and Devices: Basic Principles, 4th edition                                                  Chapter 11

By D. A. Neamen                                                                                                                  Problem Solutions

______________________________________________________________________________________


Chapter 11

11.1

     (a)

        
[image: image1.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

=

-

t

GS

D

V

V

I

1

.

2

exp

10

15


     For 
[image: image2.wmf]5

.

0

=

GS

V

V,

        
[image: image3.wmf](

)

(

)

Þ

ú

û

ù

ê

ë

é

=

-

0259

.

0

1

.

2

5

.

0

exp

10

15

D

I


        
[image: image4.wmf]12

10

83

.

9

-

´

=

D

I

A

     For 
[image: image5.wmf]7

.

0

=

GS

V

V,

        
[image: image6.wmf]10

10

88

.

3

-

´

=

D

I

A

     For 
[image: image7.wmf]9

.

0

=

GS

V

V,

        
[image: image8.wmf]8

10

54

.

1

-

´

=

D

I

A

     Then the total current is:

        
[image: image9.wmf](

)

6

10

D

T

I

I

=


     For 
[image: image10.wmf]5

.

0

=

GS

V

V, 
[image: image11.wmf]m

83

.

9

=

T

I

A

     For 
[image: image12.wmf]7

.

0

=

GS

V

V, 
[image: image13.wmf]388

.

0

=

T

I

mA

     For 
[image: image14.wmf]9

.

0

=

GS

V

V, 
[image: image15.wmf]4

.

15

=

T

I

mA

     (b)

        Power:  
[image: image16.wmf]DD

T

V

I

P

×

=


     Then

     For 
[image: image17.wmf]5

.

0

=

GS

V

V, 
[image: image18.wmf]m

2

.

49

=

P

W

     For 
[image: image19.wmf]7

.

0

=

GS

V

V, 
[image: image20.wmf]94

.

1

=

P

mW

     For 
[image: image21.wmf]9

.

0

=

GS

V

V, 
[image: image22.wmf]77

=

P

mW

_______________________________________

11.2

        
[image: image23.wmf](

)

ú

û

ù

ê

ë

é

-

=

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

=

t

GS

GS

t

GS

t

GS

D

D

nV

V

V

nV

V

nV

V

I

I

1

2

1

2

1

2

exp

exp

exp


        
[image: image24.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

-

1

2

1

2

ln

D

D

t

GS

GS

I

I

nV

V

V


(a) 
[image: image25.wmf](

)

(

)

10

ln

0259

.

0

1

2

=

-

GS

GS

V

V


                          
[image: image26.wmf]0596

.

0

=

V

(b) 
[image: image27.wmf](

)

(

)

(

)

10

ln

0259

.

0

5

.

1

1

2

=

-

GS

GS

V

V


                          
[image: image28.wmf]0895

.

0

=

V

(c) 
[image: image29.wmf](

)

(

)

(

)

10

ln

0259

.

0

1

.

2

1

2

=

-

GS

GS

V

V


                          
[image: image30.wmf]125

.

0

=

V

_______________________________________

11.3

        
[image: image31.wmf](

)

3653

.

0

10

5

.

1

10

2

ln

0259

.

0

10

16

=

÷

÷

ø

ö

ç

ç

è

æ

´

´

=

fp

f

V

     We find that
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     (c) The slope of the variable mobility curve is 

     not constant, but is continually decreasing.
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     With a source-to-substrate voltage of 2 volts,

        
[image: image508.wmf](

)

2

/

1

2

ú

û

ù

ê

ë

é

+

Î

=

a

SB

bi

s

dO

eN

V

V

x


                
[image: image509.wmf](

)

(

)

(

)

(

)

(

)

2

/

1

16

19

14

10

3

10

6

.

1

2

902

.

0

10

85

.

8

7

.

11

2

ú

û

ù

ê

ë

é

´

´

+

´

=

-

-


     or

        
[image: image510.wmf]4

10

354

.

0

-

´

=

dO

x

cm
[image: image511.wmf]m

354

.

0

=

m

     We have 
[image: image512.wmf]m

142

.

0

6

=

D

L

m from the previous 

     problem.

     Now

        
[image: image513.wmf](

)

2

/

1

2

ú

û

ù

ê

ë

é

+

+

Î

=

a

SB

DS

bi

s

d

eN

V

V

V

x


           
[image: image514.wmf](

)

(

)

(

)

(

)

(

)

2

/

1

16

19

14

10

3

10

6

.

1

2

5

902

.

0

10

85

.

8

7

.

11

2

ú

û

ù

ê

ë

é

´

´

+

+

´

=

-

-


     or

        
[image: image515.wmf]4

10

584

.

0

-

´

=

d

x

cm
[image: image516.wmf]m

584

.

0

=

m

     Then

        
[image: image517.wmf]d

D

dO

x

L

x

L

+

+

=

6


            
[image: image518.wmf]584

.

0

142

.

0

354

.

0

+

+

=


     or

        
[image: image519.wmf]m

08

.

1

=

L

m

_______________________________________

11.36

     
[image: image520.wmf](

)

(

)

7

8

14

10

876

.

2

10

120

10

85

.

8

9

.

3

-

-

-

´

=

´

´

=

ox

C

F/cm
[image: image521.wmf]2


      
[image: image522.wmf]ox

I

T

C

eD

V

=

D


     Implant acceptor ions for a positive threshold 

     voltage shift.
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     Implant donor ions for a negative threshold 

     voltage shift.
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     The total space charge width is greater than 
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     The areal density of generated holes is
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     The equivalent surface charge trapped is
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     The areal density of generated holes is
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     where x is the fraction of holes that may be 

     trapped.  For 
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     We have the areal density of generated holes 

     as
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