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     We have
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     Taking the ratio
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     In the base of the transistor, we have
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     equation is of the form
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     From the boundary conditions, we have
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     From the first boundary condition, we can 

     write
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     condition, we find
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     Solving for B, we find
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     We then find
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12.14

     In the base of the pnp transistor, we have
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     From the boundary conditions, we can write
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     From the first boundary condition equation, 

     we find
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     Substituting into the second boundary 

     equation, we obtain
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     Substituting the expressions for A and B into 

     the general solution and collecting terms, we 

     obtain
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12.15

     For the idealized straight line approximation, 

     the total minority carrier concentration is 

     given by
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     The excess carrier concentration is
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     For the actual case, we have
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12.16

(a) 
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(c) Using Equation (12.15a),

       
[image: image209.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

×

-

=

B

B

B

B

B

L

x

L

p

dx

p

d

sinh

0

0

d



[image: image210.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

-

ú

ú

û

ù

ê

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

´

B

B

B

t

EB

L

x

L

x

x

V

V

cosh

cosh

1

exp

     Now

        
[image: image211.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

=

=

B

B

B

B

B

B

B

L

x

L

p

eD

dx

x

p

d

eD

J

sinh

0

d


 
[image: image212.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

-

ú

ú

û

ù

ê

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

´

B

B

B

t

EB

L

x

L

x

x

V

V

cosh

cosh

1

exp


     For 
[image: image213.wmf]0

=

x

, 
[image: image214.wmf](

)

1752

.

1

1

sinh

=

, 
[image: image215.wmf](

)

5431

.

1

1

cosh

=


                        
[image: image216.wmf](

)

0

.

1

0

cosh

=


          Then

              
[image: image217.wmf](

)

(

)

(

)

(

)

(

)

1752

.

1

10

10

10

5

10

10

6

.

1

4

3

19

0

-

-

=

´

´

´

=

x

J


                 
[image: image218.wmf](

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

ú

û

ù

ê

ë

é

-

÷

ø

ö

ç

è

æ

´

0

.

1

5431

.

1

1

0259

.

0

6740

.

0

exp


               
[image: image219.wmf]1042

.

2

0

=

=

x

J

A/cm
[image: image220.wmf]2


      For 
[image: image221.wmf]B

x

x

=

,

               
[image: image222.wmf](

)

(

)

(

)

(

)

(

)

1752

.

1

10

10

10

5

10

10

6

.

1

4

3

19

-

-

=

´

´

´

=

B

x

x

J


                  
[image: image223.wmf](

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

ú

û

ù

ê

ë

é

-

÷

ø

ö

ç

è

æ

´

5431

.

1

0

.

1

1

0259

.

0

6740

.

0

exp


               
[image: image224.wmf]3636

.

1

=

=

B

x

x

J

A/cm
[image: image225.wmf]2


(d) For part (b),
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12.17

     (a) For an npn transistor biased in saturation, 

     the excess minority carrier electron 

     concentration in the base is found from
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     which can be written as
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     The boundary conditions are
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     The coefficient D can be written as
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     The excess electron concentration is then 

     given by
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     (b) The electron diffusion current density is
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     (c) The total excess charge in the base region 

     is
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(a) Using the linear approximation, we can write
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(d) In the collector,
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     (c) From the B-C space charge region,
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     From the B-E space charge region
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     Low-injection limit is reached when
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(a) Using Equation (12.37)
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     (a) We have
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     The recombination current density is
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     (b) Using the calculated current densities, we 

     find

        
[image: image387.wmf]04251

.

0

779

.

1

779

.

1

+

=

+

=

pE

nE

nE

J

J

J

g


     or

        
[image: image388.wmf]9767

.

0

=

g


     We also find

        
[image: image389.wmf]779

.

1

773

.

1

=

=

nE

nC

T

J

J

a


     or

        
[image: image390.wmf]9966

.

0

=

T

a


     Also

        
[image: image391.wmf]pE

R

nE

pE

nE

J

J

J

J

J

+

+

+

=

d


             
[image: image392.wmf]04251

.

0

003218

.

0

779

.

1

04251

.

0

779

.

1

+

+

+

=


     or

        
[image: image393.wmf]9982

.

0

=

d


     Then

         
[image: image394.wmf](

)

(

)

(

)

9982

.

0

9966

.

0

9767

.

0

=

=

d

ga

a

T


     or

        
[image: image395.wmf]9716

.

0

=

a


     Now

        
[image: image396.wmf]9716

.

0

1

9716

.

0

1

-

=

-

=

a

a

b


     or

        
[image: image397.wmf]2

.

34

=

b


_______________________________________

12.24

     (a) We have
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     (c) Neglect any change in space charge width.
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     (ii) We find
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(d) Device C has the largest 
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     (a) We have
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     which is a constant.

     (b) The electric field is in the negative 

     x-direction which will aid the flow of 

     minority carrier electrons across the base.
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     For an npn transistor biased in the active 
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     We can write
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     Substituting, we find

        
[image: image898.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

-

ú

ú

û

ù

ê

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

=

E

t

BC

CS

R

F

C

I

V

V

I

I

1

exp

a

a


                                           
[image: image899.wmf]ú

ú

û

ù

ê

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

-

1

exp

t

BC

CS

V

V

I


     From the definition of currents, we have 
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     When a C-E voltage is applied, then the B-C 

     becomes reverse biased, so 
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