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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

CRYSTAL STRUCTURES

Scilab code Exa 1.4 PACKING FRACTION OF SIMPLE CUBIC

1 clc

2 a=1

3 disp(”a= ”+string(a)) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t ( a ) =1.

4 r=a/2

5 disp(” r=a/2 = ”+string(r)) // i n i t i a l i z i n g va lu e o f
r a d i u s o f atom f o r s imp l e cub i c .

6 v=((4* %pi*(r^3))/3)

7 disp(”Volume o f one atom , v=((4∗%pi ∗ ( r ˆ3) ) /3) = ”+
string(v)) // c a l c u a t i o n .

8 V=a^3

9 disp(” Tota l Volume o f the cube ,V=aˆ3 = ”+string(V))
// c a l c u a t i o n .

10 Fp=(v*100/V)

11 disp(”Fp( S .C)=(v ∗100/V) = ”+string(Fp)+”%”)//
c a l c u l a t i o n

Scilab code Exa 1.5 PACKING FRACTION OF BCC
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1 clc

2 a=1

3 disp(”a= ”+string(a)) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t ( a ) =1.

4 r=(sqrt (3)*(a^2/4))

5 disp(”Radius o f the atoms , r=( s q r t ( 3 ) ∗ ( a ˆ2/4) ) = ”+
string(r)) // i n i t i a l i z i n g va lu e o f r a d i u s o f atom
f o r BCC.

6 v=((4* %pi*(r^3))/3)*2

7 disp(”Volume o f two atom , v=((4∗%pi ∗ ( r ˆ3) ) /3) ∗2 = ”+
string(v)) // c a l c u a t i o n .

8 V=a^3

9 disp(” Tota l Volume o f the cube ,V=aˆ3 = ”+string(V))
// c a l c u a t i o n .

10 Fp=(v*100/V)

11 disp(”Fp(B .C .C)=(v ∗100/V) = ”+string(Fp)+”%”)//
c a l c u l a t i o n

Scilab code Exa 1.6 PACKING FRACTION OF FCC

1 clc

2 a=1

3 disp(”a= ”+string(a)) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t ( a ) =1.

4 r=(a/(2* sqrt (2)))

5 disp(”Radius o f the atom , r=(a /(2∗ s q r t ( 2 ) ) )= ”+string
(r)) // i n i t i a l i z i n g va lu e o f r a d i u s o f atom f o r
FCC.

6 v=(((4* %pi*(r^3))/3) *4)

7 disp(”Volume o f the f o u r atom , v=(((4∗%pi ∗ ( r ˆ3) ) /3)
∗4) = ”+string(v)) // c a l c u a t i o n .

8 V=a^3

9 disp(” Tota l volume o f the cube ,V=aˆ3 = ”+string(V))
// c a l c u a t i o n .

10 Fp=(v*100/V)

11



11 disp(”Fp(F .C .C)=(v ∗100/V) = ”+string(Fp)+”%”)//
c a l c u l a t i o n

Scilab code Exa 1.8 PACKING FRACTION OF DIAMOND CRYSTAL STRUCTURE

1 clc

2 a=1

3 disp(”a= ”+string(a)) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t ( a ) =1.

4 r=(( sqrt (3)*a/8))

5 disp(”Radius o f the atom , r=( s q r t ( 3 ) ∗a /8) )= ”+string
(r)) // i n i t i a l i z i n g va lu e o f r a d i u s o f atom f o r
diamond .

6 v=(((4* %pi*(r^3))/3)*8)

7 disp(”v=(((4∗%pi ∗ ( r ˆ3) ) /3) ∗8) = ”+string(v)) //
c a l c u a t i o n .

8 V=a^3

9 disp(”V=aˆ3 = ”+string(V)) // c a l c u a t i o n .
10 Fp=(v*100/V)

11 disp(”Fp(Diamond )=(v ∗100/V) = ”+string(Fp)+”%”)//
c a l c u l a t i o n

Scilab code Exa 1.9 PACKING FRACTION OF BCC

1 clc

2 a=5*10^ -8

3 disp(”a = ”+string(a)+” cm”) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t .

4 r=(sqrt (3)*(a/4))

5 disp(”Radius o f the atom , r=( s q r t ( 3 ) ∗ ( a /4) ) = ”+
string(r)) // i n i t i a l i z i n g va lu e o f r a d i u s o f atom
f o r BCC.

6 v=((4* %pi*(r^3))/3)*2
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7 disp(”Volume o f the two atoms , v=((4∗%pi ∗ ( r ˆ3) ) /3) ∗2
= ”+string(v)) // c a l c u a t i o n .

8 V=a^3

9 disp(” Tota l Volume o f the cube ,V=aˆ3 = ”+string(V))
// c a l c u a t i o n .

10 Fp=(v*100/V)

11 disp(”Fp(B .C .C)=(v ∗100/V) = ”+string(Fp)+”%”)//
c a l c u l a t i o n

Scilab code Exa 1.10 MILLER INDICES OF LATTICE PLANE

1 clc

2 x=1

3 disp(”x i n t e r c e p t = ”+string(x)) // i n i t i a l i z i n g
va lu e o f x i n t e r c e p t . .

4 y=%inf

5 disp(”y i n t e r c e p t = ”+string(y)) // i n i t i a l i z i n g
va lu e o f y i n t e r c e p t .

6 z=%inf

7 disp(” z i n t e r c e p t = ”+string(z)) // i n i t i a l i z i n g
va lu e o f z i n t e r c e p t .

8 h=[1/x]

9 disp(” m i l l e r i n d i c e s , h=(1/x ) = ”+string(h))//
c a l c u l a t i o n

10 k=[1/y]

11 disp(”k=(1/y ) = ”+string(k))// c a l c u l a t i o n
12 l=[1/z]

13 disp(” l =(1/ z ) = ”+string(l))// c a l c u l a t i o n

Scilab code Exa 1.11 MILLER INDICES OF LATTICE PLANE

1 clc

2 x=%inf
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3 disp(”x i n t e r c e p t = ”+string(x)) // i n i t i a l i z i n g
va lu e o f x i n t e r c e p t .

4 y=%inf

5 disp(”y i n t e r c e p t = ”+string(y)) // i n i t i a l i z i n g
va lu e o f Y i n t e r c e p t .

6 z=1

7 disp(” z i n t e r c e p t = ”+string(z)) // i n i t i a l i z i n g
va lu e o f Z i n t e r c e p t .

8 h=[1/x]

9 disp(” m i l l e r i n d i c e s , h=[1/x ] = ”+string(h))//
c a l c u l a t i o n

10 k=[1/y]

11 disp(”k=[1/y ] = ”+string(k))// c a l c u l a t i o n
12 l=[1/z]

13 disp(” l =[1/ z ] = ”+string(l))// c a l c u l a t i o n

Scilab code Exa 1.12 MILLER INDICES OF LATTICE PLANE

1 clc

2 x=%inf

3 disp(”x i n t e r c e p t = ”+string(x)) // i n i t i a l i z i n g
va lu e o f X i n t e r c e p t .

4 y=1

5 disp(”y i n t e r c e p t = ”+string(y)) // i n i t i a l i z i n g
va lu e o f Y i n t e r c e p t .

6 z=%inf

7 disp(” z i n t e r c e p t = ”+string(z)) // i n i t i a l i z i n g
va lu e o f Z i n t e r c e p t .

8 h=[1/x]

9 disp(” m i l l e r i n d i c e s , h=[1/x ] = ”+string(h))//
c a l c u l a t i o n

10 k=[1/y]

11 disp(”k=[1/y ] = ”+string(k))// c a l c u l a t i o n
12 l=[1/z]

13 disp(” l =[1/ z ] = ”+string(l))// c a l c u l a t i o n
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Scilab code Exa 1.13 MILLER INDICES OF LATTICE PLANE

1 clc

2 x=1

3 disp(”x i n t e r c e p t = ”+string(x)) // i n i t i a l i z i n g
va lu e o f X i n t e r c e p t .

4 y=1

5 disp(”y i n t e r c e p t = ”+string(y)) // i n i t i a l i z i n g
va lu e o f Y i n t e r c e p t .

6 z=%inf

7 disp(” z i n t e r c e p t = ”+string(z)) // i n i t i a l i z i n g
va lu e o f Z i n t e r c e p t .

8 h=[1/x]

9 disp(” m i l l e r i n d i c e s , h=[1/x ] = ”+string(h))//
c a l c u l a t i o n

10 k=[1/y]

11 disp(”k=[1/y ] = ”+string(k))// c a l c u l a t i o n
12 l=[1/z]

13 disp(” l =[1/ z ] = ”+string(l))// c a l c u l a t i o n

Scilab code Exa 1.14 MILLER INDICES OF LATTICE PLANE

1 clc

2 x=%inf

3 disp(”x i n t e r c e p t = ”+string(x)) // i n i t i a l i z i n g
va lu e o f X i n t e r c e p t .

4 y=1

5 disp(”y i n t e r c e p t = ”+string(y)) // i n i t i a l i z i n g
va lu e o f Y i n t e r c e p t .

6 z=1

7 disp(” z i n t e r c e p t = ”+string(z)) // i n i t i a l i z i n g
va lu e o f Z i n t e r c e p t .
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8 h=[1/x]

9 disp(” m i l l e r i n d i c e s , h=[1/x ] = ”+string(h))//
c a l c u l a t i o n

10 k=[1/y]

11 disp(”k=[1/y ] = ”+string(k))// c a l c u l a t i o n
12 l=[1/z]

13 disp(” l =[1/ z ] = ”+string(l))// c a l c u l a t i o n

Scilab code Exa 1.15 MILLER INDICES OF LATTICE PLANE

1 clc

2 x=2

3 disp(”x i n t e r c e p t = ”+string(x)) // i n i t i a l i z i n g
va lu e o f X i n t e r c e p t .

4 y=2

5 disp(”y i n t e r c e p t = ”+string(y)) // i n i t i a l i z i n g
va lu e o f Y i n t e r c e p t .

6 z=2

7 disp(” z i n t e r c e p t = ”+string(z)) // i n i t i a l i z i n g
va lu e o f Z i n t e r c e p t .

8 c=2

9 disp(”common f a c t o r o f a l l the i n t e r c e p t= ”+string(c
)) // i n i t i a l i z i n g va lu e o f common f a c t o r o f a l l
the i n t e r c e p t s .

10 h=[c/x]

11 disp(” m i l l e r i n d i c e s , h=[ c /x ] = ”+string(h))//
c a l c u l a t i o n

12 k=[c/y]

13 disp(”k=[ c /y ] = ”+string(k))// c a l c u l a t i o n
14 l=[c/z]

15 disp(” l =[ c / z ] = ”+string(l))// c a l c u l a t i o n

Scilab code Exa 1.16 NO OF SILICON ATOMS
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1 clc

2 Wa=28.1

3 disp(”Wa = ”+string(Wa)) // i n i t i a l i z i n g va lu e o f
atomic we ight .

4 D=2.33

5 disp(”D = ”+string(D)+”gram/cmˆ3”) // i n i t i a l i z i n g
va lu e o f d e n s i t y .

6 Na =6.02*10^23

7 disp(”Na = ”+string(Na)+” atoms /mole ”) // i n i t i a l i z i n g
va lu e o f avagadro number .

8 na =(Na*D)/(Wa)

9 disp(”na =(Na∗D) /(Wa)= ”+string(na)+” atoms /cmˆ3”)//
c a l c u l a t i o n

10

11 // the va l u e o f na ( number o f atoms in 1 cmˆ3 o f
s i l i c o n ) , p rov id ed a f t e r c a l c u l a t i o n i n the book
i s wrong .

Scilab code Exa 1.17 VOLUME DENSITY OF A BCC LATTICE

1 clc

2 a=5*10^ -8

3 disp(”a= ”+string(a)+”cm”) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t .

4 N=2

5 disp(”N= ”+string(N)) // i n i t i a l i z i n g va lu e o f no . o f
atoms in un i t c e l l .

6 V=a^3

7 disp(”V=aˆ3 = ”+string(V)+”cmˆ3”) // i n i t i a l i z i n g
va lu e o f t o t a l Volume o f the un i t c e l l .

8 na =(N/(V))

9 disp(”na=(no . o f atoms in un i t c e l l /Volume o f the
un i t c e l l ) =(N/(V) )= ”+string(na))// c a l c u l a t i o n
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Scilab code Exa 1.18 VOLUME DENSITY OF SILICON

1 clc

2 a=5.43*10^ -8

3 disp(”a = ”+string(a)+”cm”) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t .

4 N=8

5 disp(”N = ”+string(N)) // i n i t i a l i z i n g va lu e o f no .
o f atoms in a un i t c e l l .

6 ns =(N/(a^3))

7 disp(”Number o f atom in the cmˆ3 , ns =(N/( a ˆ3) )= ”+
string(ns))// c a l c u l a t i o n

Scilab code Exa 1.19 DENSITY OF SILICON

1 clc

2 a=5.43*10^ -8

3 disp(” a = ”+string(a)+”cm”) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t .

4 Wa=28.1

5 disp(” Wa = ”+string(Wa)) // i n i t i a l i z i n g va lu e o f
atomic we ight .

6 Na =6.02*10^23

7 disp(” Na = ”+string(Na)) // i n i t i a l i z i n g va lu e o f
avagdro number .

8 ns =5*10^22

9 disp(” ns = ”+string(ns)+” atoms /cmˆ3”) //
i n i t i a l i z i n g va lu e o f atoms /cmˆ3 .

10 D =(ns*Wa)/(Na)

11 disp(” Dens i ty o f s i l i c o n ,D =(ns ∗Wa) /(Na) = ”+string
(D)+” gm/cmˆ2”)// c a l c u l a t i o n
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Scilab code Exa 1.20 VOLUME DENSITY OF A FCC LATTICE

1 clc

2 a=4.75*10^ -8

3 disp(” a = ”+string(a)+”cm”) // i n i t i a l i z i n g va lu e o f
l a t t i c e c on s t an t .

4 N=4

5 disp(” N = ”+string(N)) // i n i t i a l i z i n g va lu e o f
number o f atoms in the un i t c e l l .

6 na =(N/(a^3))

7 disp(” na =(N/( a ˆ3) ) = ”+string(na))// c a l c u l a t i o n
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Chapter 2

ENERGY BAND THEORY
OF SOLIDS

Scilab code Exa 2.1 MINORITY CARRIER CONCENTRATION

1 clc

2 n=10^14

3 disp(”n = ”+string(n)+”/cmˆ3”) // i n i t i a l i z i n g va lu e
o f e l e c t r o n s /cmˆ3 .

4 no =1.5*10^10

5 disp(”no . o f EHPs/cmˆ3 = ”+string(no)+”/cmˆ3”) //
i n i t i a l i z i n g va lu e o f e l e c t r o n ho l e p a i r s /cmˆ3 .

6 p=(no^2/n)

7 disp(” m ino r i t y c a r r i e r s c on c en t r a t i o n , p=(no ˆ2/n ) )= ”
+string(p)+” /cmˆ3”)// c a l c u l a t i o n

Scilab code Exa 2.2 CURRENT GENERATED BY MINORITY CARRIER MOVEMENT

1 clc

2 e=1.6*10^ -19

3 disp(” e l e c t r o n cha rge = ”+string(e)+” columns ”) //
i n i t i a l i z i n g the va lu e o f e l e c t r o n cha rge .
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4 no =1.5*10^10

5 disp(”no . o f EHPs/cmˆ3 = ”+string(no)+”/cmˆ3”) //
i n i t i a l i z i n g va lu e o f e l e c t r o n ho l e p a i r s /cmˆ3 .

6 n=(1/e)

7 disp(”Number o f f r e e e l e c t r o n s i n 1 columns , n=(1/ e )
)= ”+string(n))// c a l c u l a t i o n

8 i=(1/n)

9 disp(” Current by movement o f one e l e c t r o n s , i =(1/n ) )
= ”+string(i)+” Amphere ”)// c a l c u l a t i o n

10 I=(no*i)

11 disp(” Current by movement o f ( 1 . 5 ∗ 1 0 ˆ 1 0 ) e l e c t r o n s ,
I=(no∗ i ) )= ”+string(I)+” Amphere ”)// c a l c u l a t i o n

Scilab code Exa 2.3 CURRENT GENERATED BY MINORITY CARRIER MOVEMENT

1 clc

2 e=1.6*10^ -19

3 disp(” E l e c t r o n cha rge = ”+string(e)+” columns ”) //
i n i t i a l i z i n g the va lu e o f e l e c t r o n cha rge .

4 no =2.5*10^13

5 disp(”Number o f f r e e e l e c t r o n s /cmˆ3 in Ge , n
=2.5∗10ˆ13)= ”+string(no)+” e l e c t r o n s /cmˆ3”)//
c a l c u l a t i o n

6 n=(1/e)

7 disp(”Number o f f r e e e l e c t r o n s i n 1 columns , n=(1/ e )
)= ”+string(n))// c a l c u l a t i o n

8 i=(1/n)

9 disp(” Current by movement o f one e l e c t r o n s , i =(1/n ) )
= ”+string(i)+” amphere ”)// c a l c u l a t i o n

10 I=(no*i)

11 disp(” Current by movement o f ( 2 . 5 ∗ 1 0 ˆ 1 3 ) e l e c t r o n s
i n Ge , I=(no∗ i ) )= ”+string(I)+” amphere ”)//
c a l c u l a t i o n
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Scilab code Exa 2.4 FREQUENCY OF RADIATION EMITTED BY GaAs

1 clc

2 Eg =1.43*1.6*10^ -19

3 disp(” ene rgy gap = ”+string(Eg)+”Vol t ”) //
i n i t i a l i z i n g the va lu e o f ene rgy gap .

4 h=6.624*10^ -34

5 disp(” p lank c on s t an t = ”+string(h)+” j o u l e ”)//
i n i t i a l i z i n g the va lu e o f p lank con s t an t .

6 c=3*10^8

7 disp(” l i g h t speed = ”+string(c)+”m/ s ”) //
i n i t i a l i z i n g the va lu e o f speed o f l i g h t .

8 f=(Eg/h)

9 disp(” f r e qu en cy o f r a d i a t i o n emi t t ed , f =(Eg/h ) )= ”+
string(f)+” Hz ”)// c a l c u l a t i o n

10 lamda=(c/f)

11 disp(” wave l ength o f r a d i a t i o n emitted , lamda=(c / f ) )=
”+string(lamda)+” metre ”)// c a l c u l a t i o n

Scilab code Exa 2.5 FREQUENCY OF RADIATION EMITTED

1 clc

2 Eg1 =1.43

3 disp(” Energy gap o f GaAs = ”+string(Eg1)+”eV”) //
i n i t i a l i z i n g the va lu e o f ene rgy gap o f GaAs .

4 Eg2 =2.43

5 disp(” Energy gap o f GaP = ”+string(Eg2)+”eV”)//
i n i t i a l i z i n g the va lu e o f ene rgy gap o f Gap .

6 h=6.624*10^ -34

7 disp(” p lank c on s t an t = ”+string(h)+” j o u l e ”)//
i n i t i a l i z i n g the va lu e o f p lank con s t an t .

8 c=3*10^8
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9 disp(” l i g h t speed = ”+string(c)+”m/ s ”) //
i n i t i a l i z i n g the va lu e o f speed o f l i g h t .

10 x=(Eg2 -Eg1)

11 disp(” D i f f e r e n c e between the ene rgy gap o f GaAs and
GaP , x=(Eg2−Eg1 ) )= ”+string(x)+” eV”)//
c a l c u l a t i o n

12 g=(0.5*x)

13 disp(” Exces s ene rgy gap added to GaAs to form GaAsP
=(0.5∗ x ) )= ”+string(g)+” eV ”)// c a l c u l a t i o n

14 Eg=(Eg1+g)

15 disp(”Band gap ene rgy GaAs ( 0 . 5 )P ( 0 . 5 ) ,Eg=(Eg1+g ) )= ”
+string(Eg)+” eV ”)// c a l c u l a t i o n

16 lamda=(c*h/(Eg *1.6*10^ -19))

17 disp(”Wavelength o f r a d i a t i o n emitted ,w=(c∗h/Eg ) )= ”
+string(lamda)+” metre ”)// c a l c u l a t i o n

Scilab code Exa 2.6 FERMI DIREC DISTRIBUTION FUNCTION

1 clc

2 E=1.1

3 disp(” E = ”+string(E)+”eV”) // i n i t i a l i z i n g the
va lu e o f ene rgy l e v e l E in the c r y s t a l .

4 Ef=0.6

5 disp(” Ef = ”+string(Ef)+”eV”)// i n i t i a l i z i n g the
va lu e o f ene rgy o f f e rm i l e v e l o f ma t e r i a l .

6 T=300

7 disp(” temp = ”+string(T)+”K”)// i n i t i a l i z i n g the
va lu e o f t empera tu r e .

8 e=2.718

9 disp(” e = ”+string(e)) // i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

10 k=1.38*10^ -23

11 disp(” k = ”+string(k)+”J/k”) // i n i t i a l i z i n g the
va lu e o f boltzmann con s t an t .

12 a=(((E-Ef)*1.6*10^ -19) /(k*T))
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13 disp(” a lpha , a=(((E−Ef ) ∗1.6∗10ˆ−19) /( k∗T) ) )= ”+
string(a))// c a l c u l a t i o n

14 fE =(1/(1+(e^a)))

15 disp(” fE ( Fermi D i r e c D i s t r i b u t i o n Funct ion ) , fE
=(1/(1+( e ˆa ) ) ) )= ”+string(fE))// c a l c u l a t i o n

16

17 // the va l u e o f Ef i s d i f f e r e n t i n the qu e s t i o n than
used in the s o l u t i o n .

18 // I have used the va l u e , used i n the s o l u t i o n ( i . e Ef
=0.6)

Scilab code Exa 2.7 FERMI DIREC DISTRIBUTION FUNCTION

1 clc

2 E=0.6

3 disp(” E = ”+string(E)+”eV”) // i n i t i a l i z i n g the
va lu e o f ene rgy l e v e l E in the c r y s t a l .

4 Ef=1.1

5 disp(” Ef = ”+string(Ef)+”eV”)// i n i t i a l i z i n g the
va lu e o f f e rm i l e v e l o f ma t e r i a l .

6 T=300

7 disp(” temp = ”+string(T)+” k e l v i n ”)// i n i t i a l i z i n g
the va lu e o f t empera tu r e .

8 k=1.38*10^ -23

9 disp(” k = ”+string(k)+”J/k”) // i n i t i a l i z i n g the
va lu e o f boltzmann con s t an t .

10 e=2.718

11 disp(” e = ”+string(e)) // i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

12 a=((( -(Ef-E))*1.6*10^ -19) /(k*T))

13 disp(” a lpha , a=(((−(Ef−E) ) ∗1.6∗10ˆ−19) /( k∗T) ) )= ”+
string(a))// c a l c u l a t i o n

14 fE =(1/(1+(e^a)))

15 disp(” fE ( Fermi D i r e c D i s t r i b u t i o n Funct ion ) , fE
=(1/(1+( e ˆa ) ) ) )= ”+string(fE))// c a l c u l a t i o n
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16

17 // the va l u e o f E i s d i f f e r e n t i n the qu e s t i o n than
used in the s o l u t i o n .

18 // I have used the va l u e , used i n the s o l u t i o n ( i . e E
=0.6)

Scilab code Exa 2.8 FERMI DIREC DISTRIBUTION FUNCTION

1 clc

2 E=1.1

3 disp(” E = ”+string(E)+”eV”) // i n i t i a l i z i n g the
va lu e o f ene rgy l e v e l E in the c r y s t a l .

4 Ef=0.6

5 disp(” Ef = ”+string(Ef)+”eV”)// i n i t i a l i z i n g the
va lu e o f f e rm i l e v e l o f ma t e r i a l .

6 T=1000

7 disp(” Temp = ”+string(T)+”K”)// i n i t i a l i z i n g the
va lu e o f t empera tu r e .

8 k=1.38*10^ -23

9 disp(” k = ”+string(k)+”J/k”) // i n i t i a l i z i n g the
va lu e o f boltzmann con s t an t .

10 e=2.718

11 disp(” e = ”+string(e)) // i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

12 a=(((-Ef+E)*1.6*10^ -19) /(k*T))

13 disp(” a lpha , a=(((−E+Ef ) ∗1.6∗10ˆ−19) /( k∗T) ) )= ”+
string(a))// c a l c u l a t i o n

14 fE =(1/(1+(e^a)))

15 disp(” fE ( Fermi D i r e c D i s t r i b u t i o n Funct ion ) , fE
=(1/(1+( e ˆa ) ) ) )= ”+string(fE))// c a l c u l a t i o n

16

17 //The va lu e o f Ef i s d i f f e r e n t i n the qu e s t i o n than
used in the s o l u t i o n .

18 // I have used the va l u e , used i n the s o l u t i o n ( i . e Ef
=0.6)
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Scilab code Exa 2.9 FERMI DIREC DISTRIBUTION FUNCTION

1 clc

2 Ef=0.6

3 disp(” Ef = ”+string(Ef)+”eV”) // i n i t i a l i z i n g the
va lu e o f f e rm i l e v e l o f ma t e r i a l .

4 E=1.1

5 disp(” E = ”+string(E)+”eV”)// i n i t i a l i z i n g the va lu e
o f l e v e l E in a c r y s t a l .

6 T=1000

7 disp(” Temp = ”+string(T)+” k e l v i n ”)// i n i t i a l i z i n g
the va lu e o f t empera tu r e .

8 k=1.38*10^ -23

9 disp(” k = ”+string(k)+”J/k”) // i n i t i a l i z i n g the
va lu e o f boltzmann con s t an t .

10 e=2.718

11 disp(” e = ”+string(e)) // i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

12 a=(((E-Ef)*1.6*10^ -19) /(k*T))

13 disp(” a lpha , a=(((E−Ef ) ∗1.6∗10ˆ−19) /( k∗T) ) )= ”+
string(a))// c a l c u l a t i o n

14 fE =(1/(1+(e^a)))

15 disp(” fE ( Fermi D i r e c D i s t r i b u t i o n Funct ion ) , fE
=(1/(1+( e ˆa ) ) ) )= ”+string(fE))// c a l c u l a t i o n

16

17 //The va lu e o f Ef , t empera tu r e i s d i f f e r e n t i n the
qu e s t i o n than used i n the s o l u t i o n .

18 // I have used the va l u e o f Ef , used i n the s o l u t i o n ( i
. e Ef =0.6) and va lu e o f t empera tu r e used i s T=1000
K

19 //The va lu e o f a ( a lpha ) , p rov id ed i n the s o l u t i o n
a f t e r c a l c u l a t i o n i s wrong . As book has used
d i f f e r e n t va lu e o f the t empera tu re i n s o l u t i o n
than prov id ed in the qu e s t i o n .
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Scilab code Exa 2.10 FERMI DIREC DISTRIBUTION FUNCTION

1 clc

2 E=1.1

3 disp(” E = ”+string(E)+”eV”) // i n i t i a l i z i n g the
va lu e o f l e v e l E in a c r y s t a l .

4 Ef=0.6

5 disp(” Ef = ”+string(Ef)+”eV”)// i n i t i a l i z i n g the
va lu e o f f e rm i l e v e l o f ma t e r i a l .

6 T=2500

7 disp(” temp = ”+string(T)+”K”)// i n i t i a l i z i n g the
va lu e o f t empera tu r e .

8 k=1.38*10^ -23

9 disp(” k = ”+string(k)+”J/k”) // i n i t i a l i z i n g the
va lu e o f boltzmann con s t an t .

10 e=2.718

11 disp(” e = ”+string(e)) // i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

12 a=(((E-Ef)*1.6*10^ -19) /(k*T))

13 disp(” a lpha , a=(((E−Ef ) ∗1.6∗10ˆ−19) /( k∗T) ) )= ”+
string(a))// c a l c u l a t i o n

14 fE =(1/(1+(e^a)))

15 disp(” fE ( Fermi D i r e c D i s t r i b u t i o n Funct ion ) , fE
=(1/(1+( e ˆa ) ) ) )= ”+string(fE))// c a l c u l a t i o n

16

17 //The va lu e o f Ef i s d i f f e r e n t i n the qu e s t i o n than
used in the s o l u t i o n .

18 // I have used the va l u e , used i n the s o l u t i o n ( i . e Ef
=0.6)

Scilab code Exa 2.11 FERMI DIREC DISTRIBUTION FUNCTION
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1 clc

2 E=0.6

3 disp(” E = ”+string(E)+”eV”) // i n i t i a l i z i n g the
va lu e o f l e v e l E in a c r y s t a l .

4 Ef=1.1

5 disp(” Ef = ”+string(Ef)+”eV”)// i n i t i a l i z i n g the
va lu e o f f e rm i l e v e l o f the ma t e r i a l .

6 T=2500

7 disp(” Temp = ”+string(T)+” k e l v i n ”)// i n i t i a l i z i n g
the va lu e o f t empera tu r e .

8 k=1.38*10^ -23

9 disp(” k = ”+string(k)+”J/k”) // i n i t i a l i z i n g the
va lu e o f boltzmann con s t an t .

10 e=2.718

11 disp(” e = ”+string(e)) // i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

12 a=((( -(Ef-E))*1.6*10^ -19) /(k*T))

13 disp(”a , a=(((E−Ef ) ∗1.6∗10ˆ−19) /( k∗T) ) )= ”+string(a)
)// c a l c u l a t i o n

14 fE =(1/(1+(e^a)))

15 disp(” fE ( Fermi D i r e c D i s t r i b u t i o n Funct ion ) , fE
=(1/(1+( e ˆa ) ) ) )= ”+string(fE))// c a l c u l a t i o n

16

17

18 //The va lu e o f E i s d i f f e r e n t i n the qu e s t i o n than
used in the s o l u t i o n .

19 // I have used the va l u e , used i n the s o l u t i o n ( i . e E
=0.6)

Scilab code Exa 2.12 NUMBER OF HOLES IN A MEDIMUM DOPED N SEMICONDUCTOR

1 clc

2 n=10^16

3 disp(”n = ”+string(n)+” /cmˆ3”) // i n i t i a l i z i n g va lu e
o f number o f e l e c t r o n s per cmˆ3 .
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4 no =1.5*10^10

5 disp(”no = ”+string(no)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n ho l e p a i r s /cmˆ3 .

6 p=(no^2/n)

7 disp(”Number o f h o l e , p=(no ˆ2/n ) )= ”+string(p)+” /cm
ˆ3”)// c a l c u l a t i o n

Scilab code Exa 2.13 VALUE OF FERMI LEVEL

1 clc

2 e=1.6*10^ -19

3 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g the
va lu e o f e l e c t r o n i c cha rge .

4 n=1*10^16

5 disp(”n = ”+string(n)) // i n i t i a l i z i n g the va lu e o f
number o f e l e c t r o n s per cmˆ3 .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n ho l e p a i r s /cm ˆ 3 . .

8 T=300

9 disp(”T = ”+string(no)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

10 k=1.38*10^ -23

11 disp(”k = ”+string(k)+” J/K”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

12 Ef=((k*T/e)*log(n/no))

13 disp(” f e rm i l e v e l , Ef−E f i =((k∗T/e ) ∗ l n ( n/no ) ) )= ”+
string(Ef)+” eV”)// c a l c u l a t i o n

Scilab code Exa 2.14 NUMBER OF HOLES IN A HEAVILY DOPED N SEMICONDUCTOR

1 clc

2 no =1.5*10^10
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3 disp(”no = ”+string(no)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n s and ho l e per cmˆ3 .

4 n=1*10^18

5 disp(”n = ”+string(n)+”/cmˆ3”) // i n i t i a l i z i n g va lu e
o f number o f e l e c t r o n s per cmˆ3 .

6 p=(no^2/n)

7 disp(”number o f h o l e s , p=(no ˆ2/n ) )= ”+string(p)+” /
cmˆ3”)// c a l c u l a t i o n

8

9

10

11 // t h i s i s s o l v e d problem 2 . 1 o f chap t e r 2 .

Scilab code Exa 2.15 VALUE OF INTRINSIC CONCENTRATION

1 clc

2 n=1*10^5

3 disp(”n = ”+string(n)+” /cmˆ3”) // i n i t i a l i z i n g va lu e
o f e l e c t r o n s and ho l e per cmˆ3 .

4 p=1*10^19

5 disp(”p = ”+string(p)+” /cmˆ3”) // i n i t i a l i z i n g va lu e
o f number o f h o l e per cmˆ3

6 no=sqrt(n*p)

7 disp(”Value o f i n t r i n s i c c on c en t r a t i o n , no=s q r t ( n∗p ) )
= ”+string(no)+” /cmˆ3”)// c a l c u l a t i o n

8

9

10

11 // t h i s i s s o l v e d problem 2 . 2 o f chap t e r 2 .

Scilab code Exa 2.16 VALUE OF n

1 clc
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2 e=1.6*10^ -19

3 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g the
va lu e o f e l e c t r o n i c cha rge .

4 Ef_Efi =0.309

5 disp(”Ef−E f i = ”+string(Ef_Efi)+” eV”) //
i n i t i a l i z i n g the va lu e o f d i f f e r e n c e i n the
ene rgy l e v e l s .

6 no =2.5*10^13

7 disp(”no = ”+string(no)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f number o f e l e c t r o n s per cmˆ3

8 T=300

9 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

10 ex =2.718

11 disp(” exp = ”+string(ex)) // i n i t i a l i z i n g the va lu e
o f e x p on e n t i a l .

12 k=1.38*10^ -23

13 disp(”k = ”+string(k)+” J/K”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

14 n=no*(ex^(( Ef_Efi*e)/(k*T)))

15 disp(”number o f e l e c t r o n s per cmˆ3 , n=no ∗ ( ex ˆ ( ( Ef−
E f i ) /kT) ) )= ”+string(n)+” /cmˆ3”)// c a l c u l a t i o n

16

17

18

19 // This i s s o l v e d problem 2 . 3 o f chap t e r 2 .
20 //The va lu e used f o r ”Ef−E f i ” i n the s o l u t i o n i s

d i f f e r e n t than prov id ed in the qu e s t i o n .
21 // I have used the va l u e p rov id ed in the s o l u t i o n ( i .

e E f E f i =0.309)

Scilab code Exa 2.17 VALUE OF no

1 clc

2 e=1.6*10^ -19
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3 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g the
va lu e o f e l e c t r o n i c cha rge .

4 Ef =0.4065

5 disp(”Ef = ”+string(Ef)+” eV”) // i n i t i a l i z i n g the
va lu e o f f e rm i l e v e l .

6 n=10^17

7 disp(”n = ”+string(n)+” /cmˆ3”) // i n i t i a l i z i n g va lu e
o f number o f e l e c t r o n s per cmˆ3 .

8 T=300

9 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

10 ex =2.718

11 disp(” exp = ”+string(ex)) // i n i t i a l i z i n g the va lu e
o f e x p on e n t i a l .

12 k=1.38*10^ -23

13 disp(”k = ”+string(k)+” J/K”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

14 no=n/(ex^((Ef*e)/(k*T)))

15 disp(”Number o f e l e c t r o n s per cmˆ3 , no=n/( ex ˆ ( ( Ef ) /
kT) ) )= ”+string(no)+” e l e c t r o n s /cmˆ3”)//
c a l c u l a t i o n

16

17

18 // t h i s i s s o l v e d problem 2 . 4 o f chap t e r 2 .
19 // the va l u e used f o r ”n” i n the s o l u t i o n i s

d i f f e r e n t than prov id ed i n the qu e s t i o n .
20 // I have used the va l u e p rov id ed in the s o l u t i o n ( i .

e n=10ˆ17)

Scilab code Exa 2.18 RESTIVITY AND RESISTANCE OF SEMICONDUCTOR

1 clc

2 e=1.6*10^ -19

3 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g the
va lu e o f e l e c t r o n i c cha rge .
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4 n=1*10^22

5 disp(”n = ”+string(n)+” /mˆ3”) // i n i t i a l i z i n g va lu e
o f number o f e l e c t r o n s per cmˆ3

6 u=1200*10^ -4

7 disp(”u = ”+string(u)+” mˆ2/Vs”) // i n i t i a l i z i n g the
va lu e o f mob i l i t y .

8 L=0.1*10^ -2

9 disp(”L = ”+string(L)+” m”) // i n i t i a l i z i n g the va lu e
o f l e n g t h .

10 A=100*10^ -12

11 disp(”A = ”+string(A)+” mˆ2”) // i n i t i a l i z i n g the
va lu e o f a r ea o f c r o s s s e c t i o n .

12 sigma=n*e*u

13 disp(” c ondu c t i v i t y , s igma=n∗ e∗u )= ”+string(sigma)+”
s iemen /m”)// c a l c u l a t i o n .

14 p=(1/ sigma)

15 disp(” R e s i s t i v i t y , p=(1/ sigma ) )= ”+string(p)+” ohm
metre ”)// c a l c u l a t i o n .

16 R=(p*L/A)

17 disp(” r e s i s t a n c e ,R=(p∗L/A) )= ”+string(R)+” ohm”)//
c a l c u l a t i o n .

18

19

20 // t h i s i s s o l v e d problem 2 . 5 o f chap t e r 2 .
21 // the va l u e used f o r ”A” in the s o l u t i o n i s

d i f f e r e n t than prov id ed i n the qu e s t i o n .
22 // I have used the va l u e p rov id ed in the s o l u t i o n ( i .

e A=100∗10ˆ−12)

Scilab code Exa 2.19 VALUE OF DRIFT CURRENT

1 clc

2 R=52.08 *10^3

3 disp(”R = ”+string(R)+”ohm”) // i n i t i a l i z i n g va lu e o f
R e s i s t a n c e .
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4 V=5

5 disp(”V = ”+string(V)+” v o l t ”) // i n i t i a l i z i n g va lu e
o f v o l t a g e .

6 I=(V/R)

7 disp(” D r i f t cu r r en t , I=(V/R) )= ”+string(I)+” amphere ”
)// c a l c u l a t i o n

8

9

10 // t h i s i s s o l v e d problem 2 . 6 o f chap t e r 2 .

Scilab code Exa 2.20 FREQUENCY OF RADIATION EMITTED

1 clc

2 Eg1 =1.43

3 disp(” Energy gap o f GaAs = ”+string(Eg1)+”eV”) //
i n i t i a l i z i n g the va lu e o f ene rgy gap o f GaAs .

4 Eg2 =2.43

5 disp(” Energy gap o f GaP = ”+string(Eg2)+”eV”)//
i n i t i a l i z i n g the va lu e o f ene rgy gap o f Gap .

6 h=6.624*10^ -34

7 disp(” Plank con s t an t = ”+string(h)+” j o u l e ”)//
i n i t i a l i z i n g the va lu e o f p lank con s t an t .

8 c=3*10^8

9 disp(” L ight speed = ”+string(c)+”m/ s ”) //
i n i t i a l i z i n g the va lu e o f speed o f l i g h t .

10 x=(Eg2 -Eg1)

11 disp(” D i f f e r e n c e between the ene rgy gap o f GaAs and
GaP , x=(Eg2−Eg1 ) )= ”+string(x)+” eV”)//
c a l c u l a t i o n

12 g=(0.4*x)

13 disp(” Exces s ene rgy gap added to GaAs to form GaAsP
, ( 0 . 4 ∗ x ) )= ”+string(g)+” eV ”)// c a l c u l a t i o n

14 Eg=(Eg1+g)

15 disp(”Band gap ene rgy GaAsP , Eg=(Eg1+g ) )= ”+string(Eg
)+” eV ”)// c a l c u l a t i o n
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16 lamda=(c*h/(Eg *1.6*10^ -19))

17 disp(” wave l ength o f r a d i a t i o n emitted , lamda=(c∗h/Eg )
)= ”+string(lamda)+” metre ”)// c a l c u l a t i o n

18

19 // t h i s i s s o l v e d problem 2 . 7 o f chap t e r 2 .

Scilab code Exa 2.21 BAND GAP ENERGY AND VALUE OF X

1 clc

2 Eg1 =1.43

3 disp(” Energy gap o f GaAs = ”+string(Eg1)+” eV”) //
i n i t i a l i z i n g the va lu e o f ene rgy gap o f GaAs .

4 Eg2 =2.43

5 disp(” Energy gap o f GaP = ”+string(Eg2)+” eV”)//
i n i t i a l i z i n g the va lu e o f ene rgy gap o f Gap .

6 h=6.624*10^ -34

7 disp(” Plank con s t an t = ”+string(h)+” j o u l e ”)//
i n i t i a l i z i n g the va lu e o f p lank con s t an t .

8 c=3*10^8

9 disp(” L ight speed = ”+string(c)+” m/ s ”) //
i n i t i a l i z i n g the va lu e o f speed o f l i g h t .

10 lamda =540*10^6

11 disp(” lamda = ”+string(lamda)+” m”) // i n i t i a l i z i n g
the va lu e o f wave l ength .

12 x=(Eg2 -Eg1)

13 disp(” D i f f e r e n c e between the ene rgy gap o f GaAs and
GaP , x=(Eg2−Eg1 ) )= ”+string(x)+” eV”)//
c a l c u l a t i o n

14 Eg=((c*h/(lamda *(1.6*10^ -19))))

15 disp(”Band gap energy , Eg=(c ∗h/ lamda ∗ (1 .6∗10ˆ −19) ) )=
”+string(Eg)+” eV”)// c a l c u l a t i o n

16 X=Eg -(Eg1)

17 disp(”X=Eg−(Eg1 )= ”+string(X))// c a l c u l a t i o n
18

19
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20

21

22 // t h i s i s s o l v e d problem 2 . 8 o f chap t e r 2 .
23 // the va l u e o f Eg ( band gap ene rgy ) i s p rov id ed wrong

i n the book a f t e r c a l c u l a t i o n . Due to t h i s va l u e
o f X , a l s o d i f f e r .

Scilab code Exa 2.22 VALUE OF THERMAL EQUILIBRIUM HOLE CONCENTRATION IN SILICON

1 clc

2 T1=500

3 disp(” Temperature 1 = ”+string(T1)+”K”) //
i n i t i a l i z i n g the va lu e o f t empera tu r e 1 .

4 Nv =2*10^19

5 disp(” Nv = ”+string(Nv)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e f o r v a l e n c e
band .

6 T2=300

7 disp(” Temperature 2 = ”+string(T2)+”K”)//
i n i t i a l i z i n g the va lu e o f t empera tu r e 2 .

8 NV=(Nv *((500/300) ^(3/2)))

9 disp(”NV at 500K=(Nv( ( 5 0 0 /300 ) ˆ ( 3/2 ) ) ) )= ”+string(NV
)+” cmˆ−3 ”)// c a l c u l a t i o n

10

11

12 // t h i s i s s o l v e d problem 2 . 9 o f chap t e r 2 .

Scilab code Exa 2.23 FRACTION OF ELECTRONS THAT ARE STILL IN THE DONOR STATE

1 clc

2 Nd =1*10^17

3 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g the
va lu e o f e f f e c t i v e ene rgy d e n s i t y o f s t a t e .
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4 Ec_Ed =0.045

5 disp(” Ec Ed = ”+string(Ec_Ed))// i n i t i a l i z i n g the
va lu e o f donor i o n i s a t i o n l e v e l .

6 Vt =0.0259

7 disp(”Vt = ”+string(Vt)+” eV ”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e .

8 Nc =2.8*10^19

9 disp(” Nc = ”+string(Nc)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e o f c onduc t i on
band .

10 e=2.718

11 disp(” exp = ”+string(e))// i n i t i a l i z i n g the va lu e o f
e x p on e n t i a l .

12 N=(((Nc/Nd)*e^((-( Ec_Ed))/Vt))+1)^-1

13 disp(” F r a c t i o n o f e l e c t r o n s t i l l i n the donor s t a t e
, ( nd /( nd+n ) =(((Nc/Nd) ∗ e ˆ((−Ec Ed ) /Vt ) )+1)ˆ−1)= ”+
string(N))// c a l c u l a t i o n

14

15

16 // t h i s i s s o l v e d problem 2 . 1 0 o f chap t e r 2 .

Scilab code Exa 2.24 FRACTION OF HOLES THAT ARE STILL IN THE ACCEPTOR STATE

1 clc

2 Na =1*10^16

3 disp(”Na = ”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Ea_Ev =0.045

5 disp(”Ea Ev = ”+string(Ea_Ev))// i n i t i a l i z i n g the
va lu e o f boron a c c e p t o r i o n i z a t i o n ene rgy .

6 Nv =(1.04*10^19)

7 disp(”Nv = ”+string(Nv)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e f o r v a l e n c e
band .

8 Vt =(0.0259)
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9 disp(”Vt = ”+string(Vt)+” eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e .

10 p=(1+(( Nv/(4*Na))*exp(-(Ea_Ev)/Vt)))^(-1)

11 disp(” F r a c t i o n o f h o l e s tha t a r e s t i l l i n the
a c c e p t o r s t a t e , ( pa /( pa+p ) ) =(1+((Nv/4∗Na) ∗ exp (−(Ea
−Ev) /Vt ) ) ) ˆ(−1)= ”+string(p))// c a l c u l a t i o n

12

13 // t h i s i s s o l v e d problem 2 . 1 1 o f chap t e r 2 .

Scilab code Exa 2.25 ELECTRON AND HOLE CONCENTRATION

1 clc

2 Nd =1*10^17

3 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g the
va lu e o f donor c o n c e n t r a t i o n .

4 Na=0

5 disp(”Na = ”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(” n i = ”+string(no)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f e l e c t r o n ho l e per cmˆ3 .

8 n=(-(Na-Nd)+sqrt((Na-Nd)^2+4*no))/2

9 disp(” E l e c t r o n c on c en t r a t i o n , n=(−(Na−Nd)+s q r t ( (Na−Nd
) ˆ2+4∗no ) ) /2)= ”+string(n)+” cmˆ−3”)// c a l c u l a t i o n

10 p=(no^2/n)

11 disp(”Hole c on c en t r a t i o n , p )= ”+string(p)+” cmˆ−3”)//
c a l c u l a t i o n

12

13

14

15 // t h i s i s s o l v e d problem 2 . 1 3 o f chap t e r 2 .

Scilab code Exa 2.26 ELECTRON AND HOLE CONCENTRATION
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1 clc

2 Nd =6*10^16

3 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g the
va lu e o f donor c o n c e n t r a t i o n .

4 Na =10^17

5 disp(”Na = ”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f e l e c t r o n and ho l e per cmˆ3 .

8 p=((Na-Nd)+sqrt((Na-Nd)^2+4*no))/2

9 disp(”Hole c on c en t r a t i o n , n=(−(Na−Nd)+s q r t ( (Na−Nd)
ˆ2+4∗no ) ) /2)= ”+string(p)+” cmˆ−3”)// c a l c u l a t i o n

10 n=(no^2/p)

11 disp(” E l e c t r o n c on c en t r a t i o n , n=(no ˆ2/p ) )= ”+string(n
))// c a l c u l a t i o n

12

13

14

15 // t h i s i s s o l v e d problem 2 . 1 4 o f chap t e r 2 .
16 // the va lu e o f Na ,Nd in the s o l u t i o n i s d i f f e r e n t

than prov id ed in the qu e s t i o n
17 // I have used the va l u e used i n the s o l u t i o n ( i . e Na

=10ˆ17 ,Nd=6∗10ˆ16)

Scilab code Exa 2.27 ELECTRON AND HOLE CONCENTRATION

1 clc

2 Nd =6*10^16

3 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g the
va lu e o f donor c o n c e n t r a t i o n .

4 Na =10^17

5 disp(”Na = ”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

6 no =1.5*10^10
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7 disp(”no = ”+string(no)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f e l e c t r o n and ho l e per cmˆ3 .

8 p=((Na-Nd)+sqrt((Na-Nd)^2+4*no))/2

9 disp(”Hole c on c en t r a t i o n , n=(−(Na−Nd)+s q r t ( (Na−Nd)
ˆ2+4∗no ) ) /2)= ”+string(p)+”cmˆ−3”)// c a l c u l a t i o n

10 n=(no^2/p)

11 disp(” E l e c t r o n c on c en t r a t i o n , n=(no ˆ2/p ) )= ”+string(n
))// c a l c u l a t i o n

12

13

14 // t h i s i s s o l v e d problem 2 . 1 5 o f chap t e r 2 .
15 // the va lu e o f Na ,Nd in the s o l u t i o n i s d i f f e r e n t

than prov id ed in the qu e s t i o n
16 // I have used the va l u e used i n the s o l u t i o n ( i . e Na

=10ˆ17 ,Nd=6∗10ˆ16)

Scilab code Exa 2.28 VALUE OF THERMAL EQUILIBRIUM HOLE CONCENTRATION IN SILICON

1 clc

2 Nv1 =1.04*10^19

3 disp(”Nv = ”+string(Nv1)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f v a l e n c e band c o n c e n t r a t i o n at 300K.

4 Ef_Ev =0.3

5 disp(”Ef Ev = ”+string(Ef_Ev)+” eV”)// i n i t i a l i z i n g
the va lu e o f boron a c c e p t o r i o n i z a t i o n ene rgy .

6 T1=300

7 disp(”T = ”+string(T1)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 1 .

8 T2=500

9 disp(”T = ”+string(T2)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 2 .

10 Vt1 =0.0259

11 disp(”Vt1 = ”+string(Vt1)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 300K.

12 k=1.38*10^ -23
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13 disp(”k = ”+string(k)+”J/K”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g the
va lu e o f e l e c t r o n i c cha rge .

16 K1=(Nv1/((T1)^(3/2)))

17 disp(”Value o f cons tant , K1=(Nv/ ( (T) ˆ ( 3/2 ) ) )= ”+
string(K1)+” cmˆ−3 K(−2/3) ”)// c a l c u l a t i o n

18 Nv2=K1*T2 ^(3/2)

19 disp(”Value o f v a l e n c e band c o n c e n t r a t i o n at 500K,Nv
=K1∗T(3/2 )= ”+string(Nv2)+” cmˆ−3”)// c a l c u l a t i o n

20 VT=(k*T2/e)

21 disp(”Value o f parameter VT at 500K,VT=(K∗T/e )= ”+
string(VT)+” cmˆ−3”)// c a l c u l a t i o n

22 p=(Nv2*(exp(-(Ef_Ev)/(VT))))

23 disp(”Hole c on c en t r a t i o n , p=(Nv∗ ( exp ( Ef Ev ) /(VT) ) )= ”
+string(p)+” cmˆ−3”)// c a l c u l a t i o n

24

25 // t h i s i s s o l v e d problem 2 . 1 6 o f chap t e r 2 .

Scilab code Exa 2.29 INTRINSIC CARRIER CONCENTRATION

1 clc

2 Nv =7*10^18

3 disp(”Nv = ”+string(Nv)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f v a l e n c e band c o n c e n t r a t i o n at 300K.

4 Nc =4.7*10^17

5 disp(”Nc = ”+string(Nc)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f c onduc t i on band c o n c e n t r a t i o n at 300K.

6 T1=300

7 disp(”T = ”+string(T1)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 1 .

8 T2=450

9 disp(”T = ”+string(T2)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 2 .
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10 Vt1 =0.0259

11 disp(”Vt1 = ”+string(Vt1)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 300K.

12 Vt2 =0.03881

13 disp(”Vt2 = ”+string(Vt2)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 450K.

14 Eg=1.42

15 disp(”Eg = ”+string(Eg)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e .

16 no=(sqrt(Nc*Nv*(exp(-Eg/Vt1))))

17 disp(” i n t r i n s i c c o n c e n t r a t i o n at 300K, no=( s q r t (Nc∗Nv
∗ ( exp(−Eg/Vt1 ) ) ) )= ”+string(no))// c a l c u l a t i o n

18 K1=(Nc/((T1)^(3/2)))

19 disp(”Value o f cons tant , K1=(Nc / ( (T) ˆ ( 3/2 ) ) )= ”+
string(K1))// c a l c u l a t i o n

20 k1=(K1*T2 ^(3/2))

21 disp(”Value o f c on s t an t k1 at 450K , k1=(K1∗T2ˆ (3/2 ) )
= ”+string(k1))// c a l c u l a t i o n

22 K2=(Nv/((T1)^(3/2)))

23 disp(”Value o f cons tant , K2=(Nv/ ( (T1) ˆ ( 3/2 ) ) )= ”+
string(K2))// c a l c u l a t i o n

24 k2=(K2*T2 ^(3/2))

25 disp(”Value o f c on s t an t k2 at 450K , k2=(K2∗T2ˆ (3/2 ) )
= ”+string(k2))// c a l c u l a t i o n

26 K=k1*k2

27 disp(”Value o f c on s t an t K,= ”+string(K))//
c a l c u l a t i o n

28 no1=(sqrt(K*(exp(-Eg/Vt2))))

29 disp(” i n t r i n s i c c o n c e n t r a t i o n at 450K, no=( s q r t (K∗ (
exp(−Eg/Vt2 ) ) ) )= ”+string(no1)+” cmˆ3”)//
c a l c u l a t i o n

30 // t h i s i s s o l v e d problem 2 . 1 7 o f chap t e r 2 .

Scilab code Exa 2.30 VALUE OF DONOR CONCENTRATION
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1 clc

2 Nv =1.04*10^19

3 disp(”Nv = ”+string(Nv)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f v a l e n c e band c o n c e n t r a t i o n at 300K.

4 Nc =2.8*10^19

5 disp(”Nc = ”+string(Nc)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f c onduc t i on band c o n c e n t r a t i o n at 300K.

6 T1=300

7 disp(”T = ”+string(T1)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 1 .

8 T2=550

9 disp(”T = ”+string(T2)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 2 .

10 Vt1 =0.0259

11 disp(”Vt1 = ”+string(Vt1)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 300K.

12 Vt2 =0.0474

13 disp(”Vt2 = ”+string(Vt2)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 550K.

14 Eg1 =1.12

15 disp(”Eg1 = ”+string(Eg1)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e .

16 no=(sqrt(Nc*Nv*(exp(-Eg1/Vt1))))

17 disp(” i n t r i n s i c c o n c e n t r a t i o n at 300K, no=( s q r t (Nc∗Nv
∗ ( exp(−Eg1/Vt1 ) ) ) )= ”+string(no))// c a l c u l a t i o n

18 K1=(Nc/((T1)^(3/2)))

19 disp(”Value o f cons tant , K1=(Nc / ( (T) ˆ ( 3/2 ) ) )= ”+
string(K1))// c a l c u l a t i o n

20 k1=(K1*T2 ^(3/2))

21 disp(”Value o f c on s t an t k1 at 550K , k1=(K1∗T2ˆ (3/2 ) )
= ”+string(k1))// c a l c u l a t i o n

22 K2=(Nv/((T1)^(3/2)))

23 disp(”Value o f cons tant , K2=(Nv/ ( (T1) ˆ ( 3/2 ) ) )= ”+
string(K2))// c a l c u l a t i o n

24 k2=(K2*T2 ^(3/2))

25 disp(”Value o f c on s t an t k2 at 550K , k2=(K2∗T2ˆ (3/2 ) )
= ”+string(k2))// c a l c u l a t i o n

26 K=k1*k2
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27 disp(”Value o f c on s t an t K,= ”+string(K))//
c a l c u l a t i o n

28 no1=(sqrt(K*(exp(-Eg1/Vt2))))

29 disp(” I n t r i n s i c c o n c e n t r a t i o n at 550K, no=( s q r t (K∗ (
exp(−Eg1/Vt2 ) ) ) )= ”+string(no1)+” cmˆ3”)//
c a l c u l a t i o n

30 Nd=(4*( no1 ^2) /(1.2))

31 disp(”Donor c o n c e n t r a t i o n at which i n t r i n s i c
c o n c e n t r a t i o n i s 10% o f the t o t a l e l e c t r o n
c on c en t r a t i o n ,Nd=(4∗( no1 ˆ2) / ( 1 . 2 ) )= ”+string(Nd)+
” cmˆ3”)// c a l c u l a t i o n

32 // t h i s i s s o l v e d problem 2 . 1 8 o f chap t e r 2 .
33 // the va l u e o f t empera tu r e and % o f the i n t r i n s i c

c a r r i e r c o n c e n t r a t i o n g i v en i n the qu e s t i o n i s
d i f f e r e n t than used in the s o l u t i o n .

34 // I have used the va l u e p rov id ed in the s o l u t i o n ( i .
e T2=550 and % o f the i n t r i n s i c c a r r i e r
c o n c e n t r a t i o n =10%)

35 // the va lu e o f Donor c o n c e n t r a t i o n at which
i n t r i n s i c c o n c e n t r a t i o n i s 10% o f the t o t a l
e l e c t r o n c o n c e n t r a t i o n (Nd) , i s p rov ided wrong i n
the book a f t e r c a l c u l a t i o n .

Scilab code Exa 2.31 DONOR CONCENTRATION IN SILICON

1 clc

2 Ec_Ef =0.2

3 disp(” Ec Ef = ”+string(Ec_Ef)+” eV”) // i n i t i a l i z i n g
the va lu e o f d i f f e r e n c e i n the ene rgy l e v e l s .

4 Nc =2.8*10^19

5 disp(”Nc = ”+string(Nc)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f c onduc t i on band c o n c e n t r a t i o n .

6 Na =3*10^16

7 disp(”Na = ”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .
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8 Vt =0.0259

9 disp(”Vt = ”+string(Vt)+” eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 300K.

10 Nd=(Nc*(exp(-(Ec_Ef)/(Vt))))+(Na)

11 disp(”Donor c on c en t r a t i o n ,Nd=(Nc∗ ( exp (−( Ec Ef ) /(Vt ) )
) )+(Na)= ”+string(Nd)+” cmˆ−3”)// c a l c u l a t i o n

12

13

14 // t h i s i s s o l v e d problem 2 . 1 9 o f chap t e r 2 .

Scilab code Exa 2.32 INTRINSIC CARRIER CONCENTRATION

1 clc

2 Nv =6*10^18

3 disp(”Nv = ”+string(Nv)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f v a l e n c e band c o n c e n t r a t i o n at 300K.

4 Nc =1.04*10^19

5 disp(”Nc = ”+string(Nc)+”cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f c onduc t i on band c o n c e n t r a t i o n at 300K.

6 T1=300

7 disp(”T1 = ”+string(T1)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 1 .

8 T2=200

9 disp(”T2 = ”+string(T2)+”K”)// i n i t i a l i z i n g the va lu e
o f t empera tu r e 2 .

10 Vt1 =0.0259

11 disp(”Vt1 = ”+string(Vt1)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 300K.

12 Vt2 =0.0173

13 disp(”Vt2 = ”+string(Vt2)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 200K.

14 Eg1 =0.60

15 disp(”Eg1 = ”+string(Eg1)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e used f o r 300K .

16 no=(sqrt(Nc*Nv*(exp(-Eg1/Vt1))))
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17 disp(” i n t r i n s i c c o n c e n t r a t i o n at 300K, no=( s q r t (Nc∗Nv
∗ ( exp(−Eg1/Vt1 ) ) ) )= ”+string(no))// c a l c u l a t i o n

18 Eg2 =0.66

19 disp(”Eg2 = ”+string(Eg2)+”eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e used f o r 200K.

20 K1=(Nc/((T1)^(3/2)))

21 disp(”Value o f cons tant , K1=(Nc / ( (T) ˆ ( 3/2 ) ) )= ”+
string(K1))// c a l c u l a t i o n

22 k1=(K1*T2 ^(3/2))

23 disp(”Value o f c on s t an t k1 at 200K , k1=(K1∗T2ˆ (3/2 ) )
= ”+string(k1))// c a l c u l a t i o n

24 K2=(Nv/((T1)^(3/2)))

25 disp(”Value o f cons tant , K2=(Nv/ ( (T1) ˆ ( 3/2 ) ) )= ”+
string(K2))// c a l c u l a t i o n

26 k2=(K2*T2 ^(3/2))

27 disp(”Value o f c on s t an t k2 at 200K , k2=(K2∗T2ˆ (3/2 ) )
= ”+string(k2))// c a l c u l a t i o n

28 K=k1*k2

29 disp(”Value o f c on s t an t K,= ”+string(K))//
c a l c u l a t i o n

30 no1=(sqrt(K*(exp(-Eg2/Vt2))))

31 disp(” i n t r i n s i c c o n c e n t r a t i o n at 200K, no=( s q r t (K∗ (
exp(−Eg2/Vt2 ) ) ) )= ”+string(no1)+” cmˆ3”)//
c a l c u l a t i o n

32

33 // t h i s i s s o l v e d problem 2 . 2 0 o f chap t e r 2 .
34 //The answer o f i n t r i n s i c c o n c e n t r a t i o n at 300K, ( no )

i s p rov id ed wrong in the book .

Scilab code Exa 2.33 RATIO OF INTRINSIC CONCENTRATION

1 clc

2 Eg1=2

3 disp(”Eg1 = ”+string(Eg1)+” eV”) // i n i t i a l i z i n g the
va lu e o f band ene rgy gap f o r s emi conduc to r1 .
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4 Eg2 =2.2

5 disp(”Eg2 = ”+string(Eg2)+” eV”)// i n i t i a l i z i n g the
va lu e o f band ene rgy gap f o r s emi conduc to r2 .

6 Vt =0.0259

7 disp(”Vt = ”+string(Vt)+” eV”)// i n i t i a l i z i n g the
va lu e o f the rma l v o l t a g e at 300K.

8 No=sqrt(exp((-Eg1/Vt)-(-Eg2/Vt)))

9 disp(” Rat io o f t h e i r i n t r i n s i c c o n c e n t r a t i o n at 300K
, ( no1/no2 )=s q r t ( exp ((−Eg1/Vt )−(−Eg2/Vt ) ) )= ”+
string(No))// c a l c u l a t i o n
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Chapter 3

CARRIER TRANSPORT IN
SEMICONDUCTOR

Scilab code Exa 3.1 VALUE OF HALL ELECTRIC FIELD

1 clc

2 I=5*10^ -3

3 disp(” I = ”+string(I)+” amphere ”) // i n i t i a l i z i n g
va lu e o f c u r r e n t f l ow i n g through the sample .

4 B=1*10^ -6

5 disp(”B= ”+string(B)+” Tes l a ”) // i n i t i a l i z i n g va lu e
o f magnet i c f i e l d .

6 w=0.01*10^ -2

7 disp(”w = ”+string(w)+” m”) // i n i t i a l i z i n g va lu e o f
width o f germanium sample .

8 l=0.1*10^ -2

9 disp(” l = ”+string(l)+” m”) // // i n i t i a l i z i n g va lu e
o f l e n g t h o f germanium sample .

10 t=0.001*10^ -2

11 disp(” t = ”+string(t)+” m”) // // i n i t i a l i z i n g va lu e
o f t h i c k n e s s o f germanium sample .

12 p=10^17

13 disp(”p = ”+string(p)+” atoms /mˆ3”) // i n i t i a l i z i n g
va lu e o f doped a c c e p t o r atoms .

48



14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 EH=(I*B)/(w*t*p*e)

17 disp(” Ha l l e l e c t r i c f i e l d ,EH=( I ∗B) /(w∗ t ∗p∗ e )= ”+
string(EH)+” V/m”)// c a l c u l a t i o n

18 E=EH*10^-2

19 disp(” Ha l l e l e c t r i c f i e l d i n c en t ime t e r ,EH=( I ∗B) /(w∗
t ∗p∗ e )= ”+string(E)+” V/cm”)// c a l c u l a t i o n

Scilab code Exa 3.2 VALUE OF HALL COFFICIENT

1 clc

2 I=5*10^ -3

3 disp(” I = ”+string(I)+” amphere ”) // i n i t i a l i z i n g
va lu e o f c u r r e n t f l ow i n g through the sample .

4 B=1*10^ -6

5 disp(”B= ”+string(B)+” Tes l a ”) // i n i t i a l i z i n g va lu e
o f magnet i c f i e l d .

6 w=0.01*10^ -2

7 disp(”w = ”+string(w)+” m”) // i n i t i a l i z i n g va lu e o f
width o f germanium sample .

8 l=0.1*10^ -2

9 disp(” l = ”+string(l)+” m”) // i n i t i a l i z i n g va lu e o f
l e n g t h o f germanium sample .

10 t=0.001*10^ -2

11 disp(” t = ”+string(t)+” m”) // i n i t i a l i z i n g va lu e o f
t h i c k n e s s o f germanium sample .

12 p=10^17

13 disp(”p = ”+string(p)+” atoms /cmˆ3”) // i n i t i a l i z i n g
va lu e o f doped a c c e p t o r atoms .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 Rh=(1/(p*e))
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17 disp(” h a l l c o f f i c i e n t , Rh=(1/(p∗ e ) )= ”+string(Rh)+”
cmˆ3/C”)// c a l c u l a t i o n

Scilab code Exa 3.3 VALUE OF HALL VOLTAGE

1 clc

2 I=10*10^ -3

3 disp(” I = ”+string(I)+” amphere ”) // i n i t i a l i z i n g
va lu e o f c u r r e n t f l ow i n g through the sample .

4 B=10*10^ -6

5 disp(”B= ”+string(B)+” Tes l a ”) // i n i t i a l i z i n g va lu e
o f magnet i c f i e l d .

6 w=0.01*10^ -2

7 disp(”w = ”+string(w)+” m”) // i n i t i a l i z i n g va lu e o f
width o f germanium sample .

8 l=0.1*10^ -2

9 disp(” l = ”+string(l)+” m”) // i n i t i a l i z i n g va lu e o f
l e n g t h o f germanium sample .

10 t=0.001*10^ -2

11 disp(” t = ”+string(t)+” m”) // i n i t i a l i z i n g va lu e o f
t h i c k n e s s o f germanium sample .

12 n=10^16

13 disp(”n = ”+string(n)+” atoms /cmˆ3”) // i n i t i a l i z i n g
va lu e o f doped donor atoms .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 Vh=((I*B)/(n*e*t))

17 disp(” Ha l l v o l t ag e ,Vh=(( I ∗B) /( n∗ e∗ t ) ) )= ”+string(Vh)
+” V”)// c a l c u l a t i o n

Scilab code Exa 3.4 VALUE OF HALL RESISTANCE
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1 clc

2 I=10*10^ -3

3 disp(” I = ”+string(I)+” amphere ”) // i n i t i a l i z i n g
va lu e o f c u r r e n t f l ow i n g through the sample .

4 B=10*10^ -6

5 disp(”B= ”+string(B)+” Tes l a ”) // i n i t i a l i z i n g va lu e
o f magnet i c f i e l d .

6 w=0.01*10^ -2

7 disp(”w = ”+string(w)+” m”) // i n i t i a l i z i n g va lu e o f
width o f germanium sample .

8 l=0.1*10^ -2

9 disp(” l = ”+string(l)+” m”) // // i n i t i a l i z i n g va lu e
o f l e n g t h o f germanium sample .

10 t=0.001*10^ -2

11 disp(” t = ”+string(t)+” m”) // // i n i t i a l i z i n g va lu e
o f t h i c k n e s s o f germanium sample .

12 p=10^18

13 disp(”p = ”+string(p)+” atoms /cmˆ3”) // i n i t i a l i z i n g
va lu e o f doped donor atoms .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 Yh=((B)/(p*e*t))

17 disp(” Ha l l v o l t ag e ,Yh=((B) /( p∗ e∗ t ) ) )= ”+string(Yh)+”
ohm”)// c a l c u l a t i o n

Scilab code Exa 3.8 MINIMUM CONDUCTIVITY AND MAXIMUM RESISTIVITY

1 clc

2 no =1.5*10^10

3 disp(”no = ”+string(no)) // i n i t i a l i z i n g va lu e o f
e l e c t r o n ho l e per cmˆ3 .

4 n=2*10^16

5 disp(”n= ”+string(n)) // i n i t i a l i z i n g va lu e o f number
o f e l e c t r o n s per cmˆ3 .
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6 un=1200

7 disp(”un = ”+string(un)) // i n i t i a l i z i n g va lu e o f
mob i l i t y o f n−type c a r r i e r .

8 up=500

9 disp(”up = ”+string(up)) // // i n i t i a l i z i n g va lu e o f
mob i l i t y o f p−type c a r r i e r .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

12 p=(1/(2*e*no*(sqrt(un*up))))

13 disp(” r e s i s t i v i t y , p=(1/(2∗ e∗no ∗ ( s q r t ( un/up ) ) ) )= ”+
string(p)+” ohm”)// c a l c u l a t i o n

14 sigmamin =(1/p)

15 disp(” c o n du c t i v i t y , s =(1/p ) )= ”+string(sigmamin)+” S
/cm”)// c a l c u l a t i o n

16 sigma=e*no*(un+up)

17 disp(” i n t r i n s i c c o n d u c t i v i t y , s igma=e∗no ∗ ( un+up ) )= ”
+string(sigma)+” S/cm”)// c a l c u l a t i o n

Scilab code Exa 3.10 VALUE OF DIFFERENCE IN FERMI LEVELS

1 clc

2 po =10^18

3 disp(”po = ”+string(po)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f N type doping l e v e l .

4 no =1.5*10^10

5 disp(”no = ”+string(no)+” /cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n and ho l e c o n c e n t r a t i o n per cm
ˆ3 .

6 Po =10^17

7 disp(”P( o )= ”+string(Po)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e x c e s s h o l e c o n c e n t r a t i o n .

8 A=0.1

9 disp(”A = ”+string(A)+” cmˆ−2”) // i n i t i a l i z i n g the
va lu e o f a r ea .
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10 up=300

11 disp(”up = ”+string(up)+” cmˆ2/Vs”) // i n i t i a l i z i n g
va lu e o f mob i l i t y o f p−type c a r r i e r .

12 t=7*10^ -9

13 disp(” t = ”+string(t)+” s e c ”) // i n i t i a l i z i n g va lu e
o f t r a n s i t t ime .

14 T=300

15 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

16 Vt =0.0259

17 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e at 300K.

18 x=500*10^ -8

19 disp(”x = ”+string(x)+” cm”) // i n i t i a l i z i n g va lu e o f
d i s t a n c e at which d i f f e r e n c e i n f e rm i l e v e l i s

to c a l c u l a t e d .
20 Dp=(Vt*up)

21 disp(” D i f f u s i o n c o f f i c i e n t ,Dp=(Vt∗up ) )= ”+string(Dp)
+” cmˆ2/ s ”)// c a l c u l a t i o n

22 Lp=(sqrt(Dp*t))

23 disp(” D i f f u s i o n l eng th , Lp=( s q r t (Dp∗ t ) ) )= ”+string(Lp
)+” cm”)// c a l c u l a t i o n

24 px=(po+(Po*exp(-x/Lp)))

25 disp(” Exces s cha rge gene ra t ed , p ( x )=(po+(P( o ) ∗ exp(−x/
Lp ) ) )= ”+string(px)+” cmˆ−3”)// c a l c u l a t i o n

26 Efi_Efp =(Vt*log(px/no))

27 disp(”Fermi l e v e l , E f i E f p=(Vt∗ l o g ( p ( x ) /no ) ) )= ”+
string(Efi_Efp)+” eV”)// c a l c u l a t i o n

Scilab code Exa 3.11 HOLE CURRENT AND STORED EXCESS HOLE CHARGES

1 clc

2 A=0.1*10^ -4

3 disp(”A = ”+string(A)+” cmˆ2”) // i n i t i a l i z i n g va lu e
o f a r ea .
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4 Dp =7.77*10^ -4

5 disp(”Dp= ”+string(Dp)+” cmˆ2/ s ”) // i n i t i a l i z i n g
va lu e o f d i f f u s i o n c o f f i c i e n t .

6 Lp =0.233*10^ -5

7 disp(”Lp = ”+string(Lp)+” cm”) // i n i t i a l i z i n g va lu e
o f d i f f u s i o n l e n g t h .

8 x=500*10^ -8

9 disp(”x = ”+string(x)+” cm”) // i n i t i a l i z i n g va lu e o f
d i s t a n c e

10 P=10^17*10^6

11 disp(”P(O)−po = ”+string(P)) // i n i t i a l i z i n g va lu e o f
P(O)−po

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” column”)// i n i t i a l i z i n g va lu e
o f cha rge o f e l e c t r o n .

14 I=(((e*A*Dp*P)/Lp)*exp(-x/Lp))

15 disp(”Hole cu r r en t , I =((( e ∗A∗Dp∗ [P(O)−po ] ) /Lp ) ∗ exp(−x
/Lp ) )= ”+string(I)+” amphere ”)// c a l c u l a t i o n

16 Q=(e*A*Dp*Lp*P)

17 disp(” s t o r e d e x c e s s h o l e ,Q=(e ∗A∗Dp∗Lp∗P) )= ”+string
(Q)+”C”)// c a l c u l a t i o n

18

19 // the va lu e o f c u r r e n t ( I ) g i v en a f t e r c a l c u l a t i o n i n
the book i s wrong , ( as the va l u e o f Lp used i n

the fo rmu la wh i l e f i n d i n g va lu e o f h o l e c u r r e n t (
I ) at two p l a c e s // i s used d i f f e r e n t ) .

20 // I have used the va l u e Lp=0.233∗10ˆ−5 cm

Scilab code Exa 3.12 ELECTRONIC CONCENTRATION AND MOBILITY

1 clc

2 I=2*10^ -3

3 disp(” I = ”+string(I)+” amphere ”) // i n i t i a l i z i n g
va lu e o f c u r r e n t f l ow i n g through the sample .

4 B=1000*10^ -4
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5 disp(”B= ”+string(B)+” Tes l a ”) // i n i t i a l i z i n g va lu e
o f magnet i c f i e l d .

6 w=0.2*10^ -3

7 disp(”w = ”+string(w)+” mm”) // i n i t i a l i z i n g va lu e o f
width o f sample .

8 l=2*10^ -3

9 disp(” l = ”+string(l)+” m”) // i n i t i a l i z i n g va lu e o f
l e n g t h o f sample .

10 t=0.02*10^ -3

11 disp(” t = ”+string(t)+” m”) // i n i t i a l i z i n g va lu e o f
t h i c k n e s s o f sample .

12 Vaa =10

13 disp(”Vaa = ”+string(Vaa)+” V”) // i n i t i a l i z i n g va lu e
o f a pp l i e d v o l t a g e .

14 Vh= -10*10^ -3

15 disp(”Vh = ”+string(Vh)+” V”) // i n i t i a l i z i n g va lu e
o f h a l l v o l t a g e .

16 e=1.6*10^ -19

17 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

18 n=((I*B)/(e*t*Vh))

19 disp(” e l e c t r o n c on c en t r a t i o n , n=(( I ∗B) /( e∗ t ∗Vh) )= ”+
string(n)+” mˆ−3”)// c a l c u l a t i o n

20 un=(I*l/(e*abs(n)*Vaa*w*t))

21 disp(” mob i l i t y , un=( I ∗L/( e∗n∗Vaa∗w∗ t ) )= ”+string(un)+
” mˆ2/Vs”)// c a l c u l a t i o n

Scilab code Exa 3.14 INDUCED ELECTRIC FIELD

1 clc

2 disp(”ND x = ( ( 1 0 ˆ 1 7 ) −(10ˆ18∗x ) ) ”) // donor
c o n c e n t r a t i o n i n an N type s emi conduc to r

3 disp(” d i f f e r e n t i a t i n g above equa t i on with r e s p r c t to
x”)

4 disp(”d [ ND x ] / dx = (−10ˆ18) cmˆ−4”)
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5 disp(”now , e l e c t r i c f i e l d i s g i v en by ”)
6 disp(”E x = −(VT/ND x) ∗ ( d [ ND x ] / dx ) = (0 . 0 2 5 9∗ 1 0 ˆ 1 8 )

/ ( ( 1 0 ˆ 1 5 ) −(10ˆ18∗x ) ) ”)// equa t i on f o r e l e c t r i c
f i e l d

7 disp(” f o r x = 0”)
8 x = 0

9 E_x = (0.0259*10^18) /((10^15) -(10^18*x))

10 disp(”E x = ”+string(E_x)+”V/cm”)
11 disp(” f o r x = 1∗10ˆ−4 cm”)
12 x = 1*10^ -4

13 E_x = (0.0259*10^18) /((10^15) -(10^18*x))

14 disp(”E x = ”+string(E_x)+”V/cm”)

Scilab code Exa 3.17 ELECTRON AND HOLE CONCENTRATION AND DRIFT CURRENT DENSITY

1 clc

2 Nd =10^17

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 Na=0

5 disp(”Na= ”+string(Na)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

6 no =1.8*10^6

7 disp(”no = ”+string(no)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n and ho l e c o n c e n t r a t i o n per cm
ˆ3 .

8 E=5

9 disp(”E = ”+string(E)+” V/cm”) // // i n i t i a l i z i n g
va lu e o f e l e c t r i c f i e l d .

10 un=7500

11 disp(”un = ”+string(un)+” cmˆ2/ s ”) // // i n i t i a l i z i n g
va lu e o f mob i l i t y .

12 n1 =10^17

13 disp(”n1= ”+string(n1)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f impur i t y c o n c e n t r a t i o n .
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14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 n=(-(Na-Nd)+sqrt((Na-Nd)^2+4*no))/2

17 disp(” E l e c t r o n c on c en t r a t i o n , n=(−(Na−Nd)+s q r t ( (Na−Nd
) ˆ2+4∗no ) ) /2)= ”+string(n)+” cmˆ−3”)// c a l c u l a t i o n

18 p=(no^2/n)

19 disp(”Hole c on c en t r a t i o n , p=(no ˆ2/n ) )= ”+string(p)+”
cmˆ−3”)// c a l c u l a t i o n

20 Jdrift=n1*un*e*E

21 disp(” D r i f t c u r r e n t den s i t y , J d r i f t=n1∗un∗ e∗E)= ”+
string(Jdrift)+” A/cmˆ2”)// c a l c u l a t i o n

Scilab code Exa 3.18 ELECTRON AND HOLE CONCENTRATION AND DRIFT CURRENT DENSITY

1 clc

2 Nd=0

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 Na =10^17

5 disp(”Na= ”+string(Na)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

6 no =1.8*10^6

7 disp(”no = ”+string(no)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n and ho l e c o n c e n t r a t i o n per cm
ˆ3 .

8 E=10

9 disp(”E = ”+string(E)+” V/cm”) // // i n i t i a l i z i n g
va lu e o f e l e c t r i c f i e l d .

10 un=200

11 disp(”un = ”+string(un)+” cmˆ2/ s ”) // // i n i t i a l i z i n g
va lu e o f mob i l i t y .

12 p1 =10^17

13 disp(”p1= ”+string(p1)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f impur i t y c o n c e n t r a t i o n .
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14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 p=-(-(Na-Nd)-sqrt((Na-Nd)^2+4*( no^2)))/2

17 disp(” E l e c t r o n c on c en t r a t i o n , p=−(−(Na−Nd)−s q r t ( (Na−
Nd) ˆ2+4∗( no ˆ2) ) ) /2= ”+string(p)+” cmˆ−3”)//
c a l c u l a t i o n

18 n=(no^2/p)

19 disp(”Hole c on c en t r a t i o n , n=(no ˆ2/p ) )= ”+string(n)+”
cmˆ−3”)// c a l c u l a t i o n

20 Jdrift=p1*un*e*E

21 disp(” D r i f t c u r r e n t den s i t y , J d r i f t=n1∗un∗ e∗E)= ”+
string(Jdrift)+” A/cmˆ2”)// c a l c u l a t i o n

Scilab code Exa 3.19 VALUE OF THERMAL EQUILIBRIUM HOLE CONCENTRATION

1 clc

2 D=120

3 disp(”D = ”+string(D)+” A/cmˆ2”) // i n i t i a l i z i n g
va lu e o f d r i f t c u r r e n t d e n s i t y .

4 E=5

5 disp(”E = ”+string(E)+” V/cm”) // i n i t i a l i z i n g va lu e
o f e l e c t r i c f i e l d .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

8 p=(D/(450*e*E))

9 disp(” therma l e q u i l i b r i um va lu e o f h o l e
c o n c e n t r a t i o n , p=(D/(450∗ e∗E) ) )= ”+string(p)+” /
cmˆ3”)// c a l c u l a t i o n

Scilab code Exa 3.20 CURRENT THROUGH THE BAR
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1 clc

2 Nd =5*10^16

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 A=50*10^ -8

5 disp(”A= ”+string(A)+” cmˆ2”) // i n i t i a l i z i n g va lu e
o f a r ea .

6 l=0.2

7 disp(” l = ”+string(l)+” /cm”) // i n i t i a l i z i n g va lu e
o f l e n g t h .

8 E=10

9 disp(”E = ”+string(E)+” V”) // i n i t i a l i z i n g va lu e o f
e l e c t r i c f i e l d .

10 up=1100

11 disp(”un = ”+string(up)+” cmˆ2/ s ”) // i n i t i a l i z i n g
va lu e o f mob i l i t y .

12 p=5*10^16

13 disp(”p= ”+string(p)+” /cmˆ−3”) // i n i t i a l i z i n g va lu e
o f impur i t y c o n c e n t r a t i o n .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columb”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n .

16 I=(p*up*e*E*A)/l

17 disp(” Current through the bar , I=(p∗up∗ e∗E∗A) / l )= ”+
string(I)+”A”)// c a l c u l a t i o n
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Chapter 4

EXCESS CARRIER IN
SEMICONDUCTOR

Scilab code Exa 4.2 DIELECTRIC RELAXATION TIME

1 clc

2 Nd =2*10^17

3 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 Er=11.9

5 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c c on s t an t .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 Eo =8.854*10^ -14

9 disp(” eo = ”+string(Eo)) // i n i t i a l i z i n g va lu e o f
p e rm i t t i v i t y o f f r e e space .

10 un=1350

11 disp(”un = ”+string(un)+”cm2/Vs”) // i n i t i a l i z i n g
va lu e o f mob i l i t y .

12 sigma=e*un*Nd

13 disp(” c o n d u c i t i v i t y , s igma=e∗un∗Nd)=”+string(sigma)+”
S/cm”)// c a l c u l a t i o n
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14 td=((Er*Eo)/sigma)

15 disp(” D i e l e c t r i c r e l e a x a t i o n time , td =((Er∗Eo ) / sigma )
)=”+string(td)+” s ”)// c a l c u l a t i o n

Scilab code Exa 4.3 ELECTRON HOLE RECOMBINATION

1 clc

2 n=10^15

3 disp(”n = ”+string(n)+”cmˆ−3”) // i n i t i a l i z i n g va lu e
o f c o n c e n t r a t i o n o f e l e c t r o n s /cmˆ3 .

4 no =10^10

5 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n o f e l e c t r o n .

6 t=10^ -6

7 disp(” t = ”+string(t)+” s ”) // i n i t i a l i z i n g va lu e o f
c a r r i e r l i f e t i m e .

8 c=1*10^14

9 disp(” Exces s e l e c t r o n c o n c e n t r a t i o n = ”+string(c)+”
cmˆ−3”) // i n i t i a l i z i n g va lu e o f e x c e s s e l e c t r o n s
c o n c e n t r a t i o n .

10 R=(c/t)

11 disp(” e l e c t r o n ho l e r e combinat i on ,R=(c / t ) )=”+string(
R)+” /cmˆ3 s ”)// c a l c u l a t i o n

Scilab code Exa 4.4 GENERATION AND RECOMBINATION RATE OF EHPS AND MAJORITY CARRIER LIFETIME

1 clc

2 Nd =10^15

3 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n . .

4 tn=10*10^ -6
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5 disp(” m ino r i t y c a r r i e r l i f e t i m e = ”+string(tn)+” s ”)
// i n i t i a l i z i n g va lu e o f m ino r i t y c a r r i e r l i f e t i m e
.

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n and ho l e c o n c e n t r a t i o n per cm
ˆ3 .

8 p=(no^2/Nd)

9 disp(” e x c e s s c a r r i e r c on c en t r a t i o n , p=(no ˆ2/Nd) )=”+
string(p)+”/cmˆ3”)// c a l c u l a t i o n

10 R=(p/tn)

11 disp(” e l e c t r o n ho l e g e n e r a t i o n and r e comb ina t i on
ra t e ,R=(p/ t ) )=”+string(R)+”/cmˆ3 s ”)// c a l c u l a t i o n

12 t=Nd/R

13 disp(” ma j o r i t y c a r r i e r c on c en t r a t i o n , t=Nd/R)=”+
string(t)+” s ”)// c a l c u l a t i o n .

14

15

16 // the va lu e o f ma j o r i t y c a r r i e r c on c en t r a t i o n , t=Nd/R
( a f t e r c a l c u l a t i o n ) , i s p rov id ed wrong i n the

s o l u t i o n .

Scilab code Exa 4.5 QUASI FERMI LEVELS

1 clc

2 Nd =10^16

3 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 p=10^6

5 disp(”p = ”+string(p)+” cmˆ−3”) // i n i t i a l i z i n g va lu e
o f m ino r i t y ho l e c o n c e n t r a t i o n .

6 no =10^10

7 disp(”no = ”+string(no)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n and ho l e c o n c e n t r a t i o n per cm
ˆ 3 . .
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8 n1 =10^15

9 disp(”n∗ = ”+string(n1)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e x c e s s e l e c t r o n c a r r i e r c o n c e n t r a t i o n (
denoted by n ∗ ) .

10 p1 =10^15

11 disp(”p∗ = ”+string(p1)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e x c e s s h o l e c a r r i e r c o n c e n t r a t i o n (
denoted by p ∗ ) .

12 KT =0.0259

13 disp(”KT = ”+string(KT)+” eV”) // i n i t i a l i z i n g va lu e
o f mu l t i p i c a t i o n o f t empera tu r e and bolzmann
con s t an t .

14 T=300

15 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

16 Ef_Efi =(log(Nd/no)*KT)

17 disp(”Thermal e q u i l i b i r i um f e rm i l e v e l , ( E f E f i )=(KT∗
l o g ( n/no ) ) )=”+string(Ef_Efi)+” eV”)// c a l c u l a t i o n .

18 Efn_Efi=log((Nd+n1)/no)*KT

19 disp(”Quasi−f e rm i l e v e l s f o r n−type dopant , ( E f n E f i )
=(KT∗ l o g ( ( n+n ∗ ) /no ) )=”+string(Efn_Efi)+” eV”)//
c a l c u l a t i o n .

20 Efi_Efp=log((Nd+p1)/no)*KT

21 disp(”Quasi−f e rm i l e v e l s f o r p−type dopant , ( E f i E f p )
=(KT∗ l o g ( ( p+p ∗ ) /no ) )=”+string(Efi_Efp)+” eV”)//
c a l c u l a t i o n .

22

23 // the answer f o r E fn E f i , E f i E f p i s p rov ided wrong
i n the book .

24 // In t h i s que s t i on ,Nd=(n ( used i n the fo rmu la ) ) .

Scilab code Exa 4.6 ENERGY DIFFERENCE BETWEEN EFn AND EFi

1 clc

2 Nd =5*10^16
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3 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor i on c o n c e n t r a t i o n .

4 Na=0

5 disp(”Na = ”+string(Na)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r i on c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n and ho l e c o n c e n t r a t i o n per cm
ˆ3 .

8 n1 =5*10^14

9 disp(”n∗ = ”+string(n1)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e x c e s s e l e c t r o n c a r r i e r c o n c e n t r a t i o n .

10 p1 =5*10^14

11 disp(”p∗ = ”+string(p1)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e x c e s s h o l e c a r r i e r c o n c e n t r a t i o n .

12 KT =0.0259

13 disp(”KT = ”+string(KT)) // i n i t i a l i z i n g va lu e o f
the rma l v o l t a g e .

14 Ef_Efi =(KT*log(Nd/no))

15 disp(” therma l e q u i l i b r i um f e rm i l e v e l , ( E f E f i )=(KT∗
l o g ( n/no ) ) )=”+string(Ef_Efi)+”eV”)// c a l c u l a t i o n .

16 Efn_Efi=log((Nd+n1)/no)*KT

17 disp(” Exces s c a r r i e r c o n c e n t r a t i o n , ( E f n E f i )=(KT∗
l o g ( ( n+n ∗ ) /no ) )=”+string(Efn_Efi)+”eV”)//
c a l c u l a t i o n .

18 Efi_Efp=log((Na+p1)/no)*KT

19 disp(” ( E f E f i )=(KT∗ l o g ( ( p+p ∗ ) /no ) )=”+string(Efi_Efp)
+”eV”)// c a l c u l a t i o n .
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Chapter 5

PN JUNCTION DIODE

Scilab code Exa 5.5 FERMI LEVEL IN P AND N JUNCTION AND CONTACT POTENTIAL

1 clc

2 Na =10^17

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f medium p doping c o n c e n t r a t i o n .

4 Nd =10^15

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Efi_Efp =((K*T/e)*log(Na/no))

15 disp(” ( a ) f e rm i l e v e l i n the P r eg i on , E f i E f p =((KT/ e )
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∗ l o g (Na/no ) ) )=”+string(Efi_Efp)+”eV”)//
c a l c u l a t i o n .

16 Efn_Efi =((K*T/e)*log(Nd/no))

17 disp(” f e rm i l e v e l i n the n r eg i on , E f n E f i =((KT/ e ) ∗
l o g (Nd/no ) ) )=”+string(Efn_Efi)+”eV”)// c a l c u l a t i o n
.

18 Efn_Efp =( Efi_Efp)+( Efn_Efi)

19 disp(” ( b ) j u n c t i o n p o t e n t i a l a t room temperature ,
Efn Efp=( E f i E f p )+( E f n E f i ) )=”+string(Efn_Efp)+”
eV”)// c a l c u l a t i o n .

Scilab code Exa 5.6 VALUE OF JUNCTION POTENTIAL

1 clc

2 Na =10^17

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f medium p doping c o n c e n t r a t i o n .

4 Nd =10^15

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vj=((K*T/e)*log((Na*Nd)/(no)^2))

15 disp(” Junc t i on p o t e n t i a l , Vj=((K∗T/e ) ∗ l o g ( (Na∗Nd) /( no
) ˆ2) )=”+string(Vj)+”eV”)// c a l c u l a t i o n .
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Scilab code Exa 5.7 VALUE OF REVERSE AND FORWARD CURRENT

1 clc

2 Pp =10^18

3 disp(”Pp = ”+string(Pp)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f doping c o n c e n t r a t i o n i n p r e g i o n .

4 Nn =10^15

5 disp(”Nn = ”+string(Nn)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f doping c o n c e n t r a t i o n i n n r e g i o n .

6 tp=7*10^ -6

7 disp(” tp = ”+string(tp)+” s ”) // i n i t i a l i z i n g va lu e o f
h o l e l i f e t i m e .

8 tn=0.2*10^ -6

9 disp(” tn = ”+string(tn)+” s ”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n l i f e t i m e .

10 up=800

11 disp(”up = ”+string(up)+”cm2/Vs”) // i n i t i a l i z i n g
va lu e o f P s i d e mob i l i t y .

12 un=300

13 disp(”un = ”+string(un)+”cm2/Vs”) // i n i t i a l i z i n g
va lu e o f n s i d e mob i l i t y .

14 no =1.5*10^10

15 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .

16 Vf=0.6

17 disp(”Vf = ”+string(Vf)+”V”) // i n i t i a l i z i n g va lu e o f
f o rward b i a s v o l t a g e .

18 A=100*10^ -6

19 disp(”A = ”+string(A)+”mˆ2”) // i n i t i a l i z i n g va lu e o f
d i ode c r o s s−s e c t i o n a l a r ea .

20 e=1.6*10^ -19

21 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

22 K=1.38*10^ -23
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23 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

24 T=300

25 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

26 Vt=(K*T/e)

27 disp(”Vt=(K∗T/e ) )=”+string(Vt)+”eV”)// c a l c u l a t i o n .
28 Dp=Vt*un

29 disp(”Dp=Vt∗un=”+string(Dp)+”cmˆ−3”)// c a l c u l a t i o n .
30 Dn=Vt*up

31 disp(”Dn=Vt∗up=”+string(Dn)+”cmˆ−3”)// c a l c u l a t i o n .
32 Lp=sqrt(Dp*tp)

33 disp(”Lp=( s q r t (Dp∗ tp ) )=”+string(Lp)+”cm”)//
c a l c u l a t i o n .

34 Ln=(sqrt(Dn*tn))

35 disp(”Ln=( s q r t (Dn∗ tn ) )=”+string(Ln)+”cm”)//
c a l c u l a t i o n .

36 npo=(no^2/Pp)

37 disp(”npo=(no ˆ2/Pp)=”+string(npo)+”cmˆ−3”)//
c a l c u l a t i o n .

38 Ppo=(no^2/Nn)

39 disp(”Ppo=(no ˆ2/Nn)=”+string(Ppo)+”cmˆ−3”)//
c a l c u l a t i o n .

40 Io=(((Dp*Ppo)/(Lp))+((Dn*npo)/(Ln)))*e*A

41 disp(” Rever s e s a t u r a t i o n c u r r e n t , I o =(((Dp∗Ppo ) /(Lp )
) +((Dn∗npo ) /(Ln ) ) ) ∗ e∗A=”+string(Io)+”A”)//
c a l c u l a t i o n .

42 If=Io*(( exp(Vf/Vt)) -1)

43 disp(”Diode fo rward cu r r en t , I f=Io ∗ ( ( exp ( Vf/Vt ) )−1)=”
+string(If)+”A”)// c a l c u l a t i o n .

44 // the va lu e o f I o ( r e v e r s e s a t u r a t i o n c u r r e n t ) , a f t e r
c a l c u l a t i o n i s p rov id ed wrong i n the book . Due to
which I f ( d i ode fo rward c u r r e n t ) a l s o d i f f e r .

Scilab code Exa 5.8 VALUE OF BUILT IN POTENTIAL
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1 clc

2 Na =4*10^16

3 disp(”Na = ”+string(Na)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =2*10^19

5 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

15 disp(” Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗ l o g
( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+”V”)// c a l c u l a t i o n
.

16

17 //The va lu e used f o r Nd in the book f o r s o l u t i o n i s
d i f f e r e n t than prov id ed i n the qu e s t i o n .

18 // I have used the va l u e p rov id ed in the s o l u t i o n ( i . e
Nd=2∗10ˆ19)

Scilab code Exa 5.9 VALUE OF BUILT IN POTENTIAL

1 clc

2 Na =4*10^16

3 disp(”Na = ”+string(Na)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .
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4 Nd =2*10^19

5 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 no =1.8*10^6

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

15 disp(” Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗ l o g
( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+”V”)// c a l c u l a t i o n
.

Scilab code Exa 5.10 VALUE OF DEPLETION WIDTH AND ACCEPTOR CONCENTRATION

1 clc

2 Na =10^16

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f medium p doping c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .

6 Vbi =0.64

7 disp(”Vbi = ”+string(Vbi)+”V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .
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10 Er=11.9

11 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

12 Eo =8.854*10^ -14

13 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

14 E=Eo*Er

15 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

16 W=sqrt ((2*E*Vbi/e)*((Nd+Na)/(Na*Nd)))

17 disp(”W=sq r t ( ( 2∗E∗Vbi/ e ) ∗ ( (Nd+Na) /(Na∗Nd) ) ) )=”+
string(W)+” cm”)// c a l c u l a t i o n .

18 xn=((W*Na)/(Nd+Na))

19 disp(”xn=((W∗Na) /(Nd+Na) ) )=”+string(xn)+”cm”)//
c a l c u l a t i o n .

20 xp=((W*Nd)/(Nd+Na))

21 disp(”xp=((W∗Nd) /(Nd+Na) ) )=”+string(xp)+”cm”)//
c a l c u l a t i o n .

22 Emax=(-e*Nd*xn)/E

23 disp(”Emax=(−e∗Nd∗xn ) /E)=”+string(Emax)+”V/cm”)//
c a l c u l a t i o n .

24

25 // the va lu e and un i t o f W( d e p l e t i o n width ) , p rov id ed
a f t e r c a l c u l a t i o n i n the book i s wrong . Due to
t h i s xn , xp ,Emax a l s o d i f f e r .

Scilab code Exa 5.12 VALUE OF MAXIMUM ELECTRIAL FIELD

1 clc

2 Na =10^16

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f medium p doping c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .
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6 Vbi =0.64

7 disp(”Vbi = ”+string(Vbi)+”V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

8 Vr=20

9 disp(”Vr = ”+string(Vr)+”V”) // i n i t i a l i z i n g va lu e o f
a pp l i e d r e v e r s e v o l t a g e .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Er=11.9

13 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

14 Eo =8.854*10^ -14

15 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

16 E=Eo*Er

17 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

18 Emax=-(sqrt (((2*e*(Vbi+Vr))/(E))*((Nd*Na)/(Na+Nd))))

19 disp(”Emax=−( s q r t ( ( ( 2 ∗ e ∗ ( Vbi+Vr ) ) /(E) ) ∗ ( (Nd∗Na) /(Na+
Nd) ) ) ) )=”+string(Emax)+”V/cm”)// c a l c u l a t i o n .

Scilab code Exa 5.13 VALUE OF N TYPE DOPING CONCENTRATION

1 clc

2 Emax =2*10^5

3 disp(”Emax = ”+string(Emax)+”V/cm”) // i n i t i a l i z i n g
va lu e o f maximum e l e c t r i c f i e l d .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 Vbi =0.54

7 disp(”Vbi = ”+string(Vbi)+”V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

8 Vr=20
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9 disp(”Vr = ”+string(Vr)+”V”) // i n i t i a l i z i n g va lu e o f
a pp l i e d r e v e r s e v o l t a g e .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Er=11.9

13 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

14 Eo =8.854*10^ -14

15 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

16 E=Eo*Er

17 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

18 Na=(Emax ^2*E*Nd)/((2*e*(Vbi+Vr)*Nd)-(Emax ^2*E))

19 disp(”Na=(Emaxˆ2∗E∗Nd) / ( ( 2∗ e ∗ ( Vbi+Vr ) ∗Nd)−(Emaxˆ2∗E)
) )=”+string(Na)+”cmˆ−3”)// c a l c u l a t i o n .

Scilab code Exa 5.14 VALUE OF JUNCTION CAPACITANCE

1 clc

2 Na =10^16

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 A=1

7 disp(”A = ”+string(A)+”cmˆ2”) // i n i t i a l i z i n g va lu e
o f a r ea f o r f i n d i n g j u n c t i o n c a p a c i t a n c e per un i t
a r ea .

8 Vj=0.54

9 disp(”Vj = ”+string(Vj)+”V”) // i n i t i a l i z i n g va lu e o f
b u i l t i n v o l t a g e .

10 Va=10
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11 disp(”Va = ”+string(Va)+”V”) // i n i t i a l i z i n g va lu e o f
a pp l i e d r e v e r s e v o l t a g e .

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

14 Er=11.9

15 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

16 Eo =8.854*10^ -14

17 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

18 E=Eo*Er

19 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

20 Cj=sqrt((e*E*A^2/(2*( Va+Vj)))*((Na*Nd)/(Na+Nd)))

21 disp(”Cj=s q r t ( ( e ∗E∗Aˆ2/ (2∗ (Va+Vj ) ) ∗ ( (Na∗Nd) /(Na+Nd) )
) )=”+string(Cj)+” f /cmˆ2”)// c a l c u l a t i o n .

Scilab code Exa 5.15 VALUE OF JUNCTION CAPACITANCE

1 clc

2 Na =10^15

3 disp(”Na = ”+string(Na)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 no =1.8*10^6

7 disp(”no = ”+string(no)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+” J/k”) // i n i t i a l i z i n g va lu e
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o f boltzmann con s t an t .
12 T=300

13 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

15 disp(” Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗ l o g
( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+” V”)//
c a l c u l a t i o n .

Scilab code Exa 5.16 VALUE OF INTRINSIC CONCENTRATION

1 clc

2 Na =10^18

3 disp(”Na = ”+string(Na)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 Vbi =1.4

7 disp(”Vbi = ”+string(Vbi)+” V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+” J/k”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vt =0.0259

15 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

16 no=sqrt((Na*Nd)/(exp(Vbi/Vt)))

17 disp(”no=s q r t ( (Na∗Nd) /( exp ( Vbi /Vt ) ) )=”+string(no)+”
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cmˆ−3”)// c a l c u l a t i o n .

Scilab code Exa 5.18 VALUE OF Vbi AND FERMI LEVEL AND Vbi FROM FERMI LEVEL

1 clc

2 Na =10^17

3 disp(”Na = ”+string(Na)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =5*10^16

5 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 no =1.5*10^10

9 disp(”no = ”+string(no)+” cmˆ3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

10 T=300

11 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

12 Vt =0.0259

13 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

14 Vbi=(Vt*(log(Na*Nd/(no^2))))

15 disp(” ( a ) Vbi=(Vt ∗ ( l o g (Na∗Nd/( no ˆ2) ) ) )=”+string(Vbi)+
” V”)// c a l c u l a t i o n .

16 Efi_Efp =(Vt*log(Na/(no)))

17 disp(” ( b ) va lu e o f f e rm i l e v e l on each s i d e o f
j un c t i on , E f i E f p=(Vt∗ l o g (Na/( no ) ) )=”+string(
Efi_Efp)+” V”)// c a l c u l a t i o n .

18 Efn_Efi =(Vt*log(Nd/(no)))

19 disp(” E f n E f i =(Vt∗ l o g (Nd/( no ) ) )=”+string(Efn_Efi)+”
V”)// c a l c u l a t i o n .

20 disp(” ( c )The ene rgy band digram i s s i m i l a r to Fig P5
. 3 ”)
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21 Vbi =(( Efi_Efp)+( Efn_Efi))

22 disp(” ( d ) Vbi=(( E f i E f p )+( E f n E f i ) ) /( e )=Vj=”+string(
Vbi)+” V”)// c a l c u l a t i o n .

Scilab code Exa 5.19 VALUE OF Vbi AND FERMI LEVEL AND Vbi FROM FERMI LEVEL

1 clc

2 Na =5*10^17

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f medium p doping c o n c e n t r a t i o n .

4 Nd =5*10^17

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

15 disp(” ( a ) Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗
l o g ( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+”eV”)//
c a l c u l a t i o n .

16 Efi_Efp =((K*T/e)*log(Na/no))

17 disp(” ( b ) f e rm i l e v e l i n the P r e g i o n and N reg i on ,
E f i E f p =((KT/ e ) ∗ l o g (Na/no ) ) )=”+string(Efi_Efp)+”
eV”)// c a l c u l a t i o n .

18 VBI =2*( Efi_Efp)

19 disp(” ( c )VBI from the f e rm i l e v e l , VBI=2∗( E f i E f p ) )=”
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+string(VBI)+”V”)// c a l c u l a t i o n .

Scilab code Exa 5.20 VALUE OF IMPURITY CONCENTRATION AND VbI

1 clc

2 Nc =2.8*10^19

3 disp(”Nc = ”+string(Nc)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f number o f e l e c t r o n i n the conduc t i on
band .

4 Nv =1.04*10^19

5 disp(”Nv = ”+string(Nv)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f number o f e l e c t r o n i n the v a l e n c e band . .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=8.62*10^ -5

11 disp(”K = ”+string(K)+” J/k”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 Vt =0.0259

15 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

16 Ec_Ef =0.21

17 disp(” Ec Ef = ”+string(Ec_Ef)+” eV”) // i n i t i a l i z i n g
va lu e o f ene rgy d i f f e r e n c e between conduc t i on
band and f e rm i l e v e l .

18 Ef_Ev =0.18

19 disp(”Ef Ev = ”+string(Ef_Ev)+” eV”) // i n i t i a l i z i n g
va lu e o f ene rgy d i f f e r e n c e between f e rm i l e v e l
and va l e n c e band .

78



20 Nd=(Nc/exp((Ec_Ef)/(K*T)))

21 disp(”Nd=(Nc/ exp ( ( Ec−Ef ) /(K∗T) ) ) )=”+string(Nd)+” cm
ˆ−3”)// c a l c u l a t i o n .

22 Na=(Nv/exp((Ef_Ev)/(K*T)))

23 disp(”Na=(Nv/ exp ( ( Ef−Ev) /(K∗T) ) ) )=”+string(Na)+” cm
ˆ−3”)// c a l c u l a t i o n .

24 Vbi=(Vt*(log(Na*Nd/(no^2))))

25 disp(” Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=(Vt ∗ ( l o g (Na∗
Nd/( no ˆ2) ) ) )=”+string(Vbi)+” V”)// c a l c u l a t i o n .

Scilab code Exa 5.21 VALUE OF Na Xn Xp AND Emax

1 clc

2 Vbi =1.2

3 disp(”Vbi = ”+string(Vbi)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f b u i l t i n v o l t a g e .

4 no =1.8*10^6

5 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .

6 Vt =0.0259

7 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

8 Er=13.1

9 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

10 Eo =8.854*10^ -14

11 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

14 E=Eo*Er

15 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

16 NaNd =((no^2)*(exp(Vbi/Vt)))

79



17 disp(” ( a )NaNd=((no ˆ2) ∗ ( exp ( Vbi /Vt ) ) )=”+string(NaNd)+
” /cmˆ6”)// c a l c u l a t i o n .

18 Na=(sqrt(NaNd /(4)))

19 disp(”Na=( s q r t (NaNd/ ( 4 ) ) )=”+string(Na)+” /cmˆ3”)//
c a l c u l a t i o n .

20 Nd=4*Na

21 disp(” ( b )Nd=4∗Na=”+string(Nd)+” /cmˆ3”)// c a l c u l a t i o n
.

22 W=sqrt ((2*E*Vbi/e)*((Nd+Na)/(Na*Nd)))

23 disp(” ( c )W=sq r t ( ( 2∗E∗Vbi/ e ) ∗ ( (Nd+Na) /(Na∗Nd) ) ) )=”+
string(W)+” cm”)// c a l c u l a t i o n .

24 xn=0.2*W

25 disp(” ( d ) xn=0.2∗W=”+string(xn)+” cm”)// c a l c u l a t i o n .
26 xp=0.8*W

27 disp(”xp=0.8∗W=”+string(xp)+” cm”)// c a l c u l a t i o n .
28 Emax=(-e*Nd*xn)/E

29 disp(” ( e )Emax=(−e∗Nd∗xn ) /E)=”+string(Emax)+”V/cm”)//
c a l c u l a t i o n .

30 //The va lu e o f Na a f t e r c a l c u l a t i o n i s p rov id ed
wrong i n the book . Due to which va lu e o f W, xn , xp
and Emax d i f f e r , than the answer p rov id ed in the
book .

Scilab code Exa 5.22 VALUE OF TEMPERATURE

1 clc

2 Na =10^16

3 disp(”Na = ”+string(Na)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =5*10^15

5 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .
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8 Vbi =0.676

9 disp(”Vbi = ”+string(Vbi)+”V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 K=1.38*10^ -23

13 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

14 T=(Vbi*(e/K)*(1/( log((Na*Nd)/(no^2)))))

15 disp(”T=(Vbi ∗ ( e /K) ∗ ( 1 / ( l o g ( (Na∗Nd) /( no ˆ2) ) ) ) ) )=”+
string(T)+”K”)// c a l c u l a t i o n .

Scilab code Exa 5.23 VALUE OF Vbi AND TEMPERATURE

1 clc

2 Na =5*10^17

3 disp(”Na = ”+string(Na)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^17

5 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 VBI =0.847
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15 disp(”VBI = ”+string(VBI)+”V”) // i n i t i a l i z i n g va lu e
o f VBI when VBI i s r educed by 1%.

16 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

17 disp(” ( a ) Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗
l o g ( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+” V”)//
c a l c u l a t i o n .

18 T=(e*VBI/K)*((log(Na*Nd/(no^2)))^-1)

19 disp(” ( b )T=(VBI∗ ( e /K) ∗ ( 1 / ( l o g ( (Na∗Nd) /( no ˆ2) ) ) ) ) )=”+
string(T)+”K”)// c a l c u l a t i o n .

20 // the answer f o r pa r t ( b ) i s not p rov id ed i n the
book .

Scilab code Exa 5.24 VALUE OF Vbi AND W AND Xn AND Xp AND Emax

1 clc

2 Na =4*10^12

3 disp(”Na = ”+string(Na)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f medium p doping c o n c e n t r a t i o n .

4 Nd =4*10^16

5 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 K=1.38*10^ -23

9 disp(”K = ”+string(K)+” J/k”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

10 T=300

11 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

14 Er=11.9

15 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
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r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .
16 Eo =8.854*10^ -14

17 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

18 E=Eo*Er

19 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

20 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

21 disp(” Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗ l o g
( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+” eV”)//
c a l c u l a t i o n .

22 W=sqrt ((2*E*Vbi/e)*((Nd+Na)/(Na*Nd)))

23 disp(”W=sq r t ( ( 2∗E∗Vbi/ e ) ∗ ( (Nd+Na) /(Na∗Nd) ) ) )=”+
string(W)+” cm”)// c a l c u l a t i o n .

24 xn=((W*Na)/(Nd+Na))

25 disp(”xn=((W∗Na) /(Nd+Na) ) )=”+string(xn)+” cm”)//
c a l c u l a t i o n .

26 xp=((W*Nd)/(Nd+Na))

27 disp(”xp=((W∗Nd) /(Nd+Na) ) )=”+string(xp)+” cm”)//
c a l c u l a t i o n .

28 Emax=(e*Nd*xn)/E

29 disp(”Emax=(e ∗Nd∗xn ) /E)=”+string(Emax)+” V/cm”)//
c a l c u l a t i o n .

30 // the va lu e o f W( d e p l e t i o n width ) , a f t e r c a l c u l a t i o n
i s p rov id ed wrong in the book , due to t h i s xn , xp

,Emax a l s o d i f f e r . ( a l s o , the va lu e o f Nd+Na
s u b s t i t u t e i n the

31 // fo rmu la f o r f o r xn , xp i s wrong )

Scilab code Exa 5.25 MAGNITUDE OF APPLIED REVERSE BIAS

1 clc

2 Na =4*10^17

3 disp(”Na = ”+string(Na)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .
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4 Nd =4*10^15

5 disp(”Nd = ”+string(Nd)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f l i g h t n doping .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .

8 Emax =300*10^3

9 disp(”Emax = ”+string(Emax)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f maximum e l e c t r i c f i e l d .

10 K=1.38*10^ -23

11 disp(”K = ”+string(K)+”J/k”) // i n i t i a l i z i n g va lu e o f
boltzmann con s t an t .

12 T=300

13 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

16 Er=11.9

17 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

18 Eo =8.854*10^ -14

19 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

20 E=Eo*Er

21 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

22 Vbi =((K*T/e)*log((Na*Nd)/(no)^2))

23 disp(” Bu i l t i n p o t e n t i a l p o t e n t i a l , Vbi=((K∗T/e ) ∗ l o g
( (Na∗Nd) /( no ) ˆ2) )=”+string(Vbi)+” V”)//
c a l c u l a t i o n .

24 xn=(E*Emax/(Nd*e))

25 disp(”xn=(E∗Emax) /( e∗Nd) )=”+string(xn)+” cm”)//
c a l c u l a t i o n .

26 W=(xn*(Nd+Na)/Na)

27 disp(”W=(xn (Nd+Na) /Na) )=”+string(W)+” cm”)//
c a l c u l a t i o n .

28 Vr=((W^2*e/(2*E))*((Na*Nd)/(Na+Nd)))-(Vbi)
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29 disp(”Vr=(Wˆ2∗ e /(2∗E) ) ∗ ( (Na∗Nd) /(Na+Nd) )−(Vbi ) )=”+
string(Vr)+” V”)// c a l c u l a t i o n .

Scilab code Exa 5.26 VALUE OF DOPING CONCENTRATION

1 clc

2 Na =5*10^15

3 disp(”Na = ”+string(Na)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 Vr=10

9 disp(”Vr = ”+string(Vr)+”V”) // i n i t i a l i z i n g va lu e
r e v e r s e v o l t a g e .

10 Er=11.9

11 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

12 Eo =8.854*10^ -14

13 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

14 E=Eo*Er

15 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

16 Emax =10^6

17 disp(”Emax = ”+string(Emax)+”V/cm”) // i n i t i a l i z i n g
va lu e o f maximum e l e c t r i c f i e l d .

18 W=(2*Vr/(Emax))

19 disp(”W = ”+string(W)+”cm”) // c a l c u l a t i o n .
20 Nd=(Emax*E)/(W*e)

21 disp(”Nd=(Emax∗ e ) /(W∗ e ) )=”+string(Nd)+”cmˆ−3”)//
c a l c u l a t i o n .
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Scilab code Exa 5.27 VALUE OF JUNCTION CAPACITANCE

1 clc

2 Na =5*10^15

3 disp(”Na = ”+string(Na)+”cmˆ3”) // i n i t i a l i z i n g va lu e
o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^18

5 disp(”Nd = ”+string(Nd)+”cmˆ3”) // i n i t i a l i z i n g va lu e
o f donor c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 Vr1=0

9 disp(”Vr1 = ”+string(Vr1)+”V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

10 Vr2=5

11 disp(”Vr2 = ”+string(Vr2)+”V”) // i n i t i a l i z i n g va lu e
o f a pp l i e d r e v e r s e v o l t a g e .

12 A=3*10^ -5

13 disp(”A = ”+string(A)+”cmˆ2”) // i n i t i a l i z i n g va lu e
o f c r o s s s e c t i o n a l a r ea .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

16 Er=11.9

17 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

18 Eo =8.854*10^ -14

19 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

20 E=Eo*Er

21 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n .

22 Vt =0.0259
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23 disp(”Vt=”+string(Vt)+” V”)// i n i t i a l i z i n g the va lu e
o f the rma l v o l t a g e .

24 Vbi =((Vt)*log((Na*Nd)/(no)^2))

25 disp(” Bu i l t i n p o t e n t i a l , Vbi=(Vt∗ l o g ( (Na∗Nd) /( no )
ˆ2) )=”+string(Vbi)+” V”)// c a l c u l a t i o n .

26 Cj1=sqrt((e*E*(A^2) /(2*( Vr1+Vbi)))*((Na*Nd)/(Na+Nd))

)

27 disp(”Cj1=s q r t ( ( e ∗E∗ (Aˆ2) / ( 2∗ ( Vr1+Vbi ) ) ∗ ( (Na∗Nd) /(Na
+Nd) ) ) )=”+string(Cj1)+” F”)// c a l c u l a t i o n .

28 Cj2=sqrt((e*E*(A^2) /(2*( Vr2+Vbi)))*((Na*Nd)/(Na+Nd))

)

29 disp(”Cj2=s q r t ( ( e ∗E∗ (Aˆ2) / ( 2∗ ( Vr2+Vbi ) ) ∗ ( (Na∗Nd) /(Na
+Nd) ) ) )=”+string(Cj2)+” F”)// c a l c u l a t i o n .

30 // the va l u e o f Vr2 use f o r c a l c u l a t i n g answer o f Cj2
i s d i f f e r e n t than prov id ed in qu e s t i o n .

31 // I have used the va l u e p rov id ed in the s o l u t i o n ( i .
e . Vr2=5)

Scilab code Exa 5.28 VALUE OF REVERSE SATURATION CURRENT

1 clc

2 Na =1*10^16

3 disp(”Na = ”+string(Na)+”cmˆ3”) // i n i t i a l i z i n g va lu e
o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =5*10^16

5 disp(”Nd = ”+string(Nd)+”cmˆ3”) // i n i t i a l i z i n g va lu e
o f donor c o n c e n t r a t i o n .

6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n .

8 Dn=25

9 disp(”Dn = ”+string(Dn)+”cmˆ2/ s e c ”) // i n i t i a l i z i n g
va lu e o f d i f f u s i o n c o f f i c i e n t on the P s i d e .

10 Dp=10

11 disp(”Dp = ”+string(Dp)+”cmˆ2/ s e c ”) // i n i t i a l i z i n g
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va lu e o f d i f f u s i o n c o f f i c i e n t on the N s i d e .
12 tp=5*10^ -7

13 disp(” tn = ”+string(tp)+” s ”) // i n i t i a l i z i n g va lu e o f
h o l e l i f e t i m e .

14 tn=5*10^ -7

15 disp(” tp = ”+string(tn)+” s ”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n l i f e t i m e .

16 e=1.6*10^ -19

17 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

18 Pno=(no^2/Nd)

19 disp(”Pno=(no ˆ2/Nd) )=”+string(Pno)+”cmˆ−3”)//
c a l c u l a t i o n .

20 Npo=(no^2/Na)

21 disp(”Npo=(no ˆ2/Na) )=”+string(Npo)+”cmˆ−3”)//
c a l c u l a t i o n .

22 Lp=(sqrt(Dp*tp))

23 disp(”Lp=( s q r t (Dp∗ tp ) ) )=”+string(Lp)+”cm”)//
c a l c u l a t i o n .

24 Ln=(sqrt(Dn*tn))

25 disp(”Ln=( s q r t (Dn∗ tn ) ) )=”+string(Ln)+”cm”)//
c a l c u l a t i o n .

26 Jo=((e*((Dp*Pno/(Lp))+(Dn*Npo)/(Ln))))

27 disp(”Jo=(( e ∗ ( (Dp∗Pno /(Lp ) )+(Dn∗Npo) /(Ln ) ) ) )=”+
string(Jo)+” A/cmˆ2”)// c a l c u l a t i o n .

Scilab code Exa 5.29 VALUE OF REVERSE SATURATION CURRENT

1 clc

2 Na =10^15

3 disp(”Na = ”+string(Na)+”cmˆ3”) // i n i t i a l i z i n g va lu e
o f a c c e p t o r c o n c e n t r a t i o n .

4 Nd =10^15

5 disp(”Nd = ”+string(Nd)+”cmˆ3”) // i n i t i a l i z i n g va lu e
o f donor c o n c e n t r a t i o n .
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6 no =1.5*10^10

7 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

8 Dn=50

9 disp(”Dn = ”+string(Dn)+”cmˆ2/ s e c ”) // i n i t i a l i z i n g
va lu e o f b u i l t i n v o l t a g e .

10 Dp=20

11 disp(”Dp = ”+string(Dp)+”cmˆ2/ s e c ”) // i n i t i a l i z i n g
va lu e o f a pp l i e d r e v e r s e v o l t a g e .

12 tp=5*10^ -7

13 disp(” tn = ”+string(tp)+” s ”) // i n i t i a l i z i n g va lu e o f
h o l e l i f e t i m e .

14 tn=5*10^ -7

15 disp(” tp = ”+string(tn)+” s ”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n s l i f e t i m e .

16 e=1.6*10^ -19

17 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

18 Pno=(no^2/Nd)

19 disp(”Pno=(no ˆ2/Nd) )=”+string(Pno)+”cmˆ−3”)//
c a l c u l a t i o n .

20 Npo=(no^2/Na)

21 disp(”Npo=(no ˆ2/Na) )=”+string(Npo)+”cmˆ−3”)//
c a l c u l a t i o n .

22 Lp=(sqrt(Dp*tp))

23 disp(”Lp=( s q r t (Dp∗ tp ) ) )=”+string(Lp)+”cm”)//
c a l c u l a t i o n .

24 Ln=(sqrt(Dn*tn))

25 disp(”Ln=( s q r t (Dn∗ tn ) ) )=”+string(Ln)+”cm”)//
c a l c u l a t i o n .

26 Jo=((e*((Dp*Pno/(Lp))+(Dn*Npo)/(Ln))))

27 disp(”Jo=(( e ∗ ( (Dp∗Pno /(Lp ) )+(Dn∗Npo) /(Ln ) ) ) )=”+
string(Jo)+”A/cmˆ2”)// c a l c u l a t i o n .

28 // the va l u e o f tp , tn p rov id ed i n the que s t i on , i s
d i f f e r e n t than tha t p rov id ed i n the s o l u t i o n .

29 // I have used the va l u e , p rov id ed i n the s o l u t i o n ( i .
e . tp=tn =5∗10ˆ7)
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Scilab code Exa 5.30 VALUE OF THE CHANGE IN THE APPLIED VOLTAGE

1 clc

2 Eg=-1.1

3 disp(”Eg = ”+string(Eg)+”V”) // i n i t i a l i z i n g va lu e o f
ene rgy gap .

4 Vf1 =0.6

5 disp(”Vf1 = ”+string(Vf1)+”V”) // i n i t i a l i z i n g va lu e
o f f o rward v o l t a g e f o r c a s e 1 .

6 T1=300

7 disp(”T1 = ”+string(T1)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re f o r c a s e 1 .

8 T2=310

9 disp(”T2 = ”+string(T2)+”K”) // i n i t i a l i z i n g va lu e o f
t empera tu re f o r c a s e 2 .

10 Vf2 =(((Eg+Vf1)*T2)/(T1))-Eg

11 disp(”Forward v o l t a g e f o r c a s e 2 , Vf2=((Eg+Vf1 ) ∗T2) /(
T1)+Eg )=”+string(Vf2)+” V”)// c a l c u l a t i o n .

Scilab code Exa 5.31 RELATIVE CHANGE IN Io

1 clc

2 T=300

3 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
t empera tu re .

4 Eg =0.7*1.6*10^ -19

5 disp(”Eg = ”+string(Eg)+” V”) // i n i t i a l i z i n g va lu e
o f Band Gap ene rgy o f the ma t e r i a l .

6 K=1.38*10^ -23

7 disp(”K = ”+string(K)+” J/K”) // i n i t i a l i z i n g va lu e
o f boltzmann con s t an t .

8 X=((Eg/(K*T^2)))+(3/T)
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9 disp(” R e l a t i v e change i n Io , . . . 1/ Io ∗ ( dIo /dT)= ”+
string(X))// c a l c u l a t i o n

10 // i n p e r c en t form
11 disp(” R e l a t i v e change i n Io , . . . 1/ Io ∗ ( dIo /dT)= ”+

string(X*100)+” %”)// c a l c u l a t i o n
12

13 // . . . t ak ing , (1/ Io ) ∗ ( dIo /dT) as ’X’
14

15 // This i s the s o l v e d example o f chap t e r 5 (Ex 5 . 1 ) 0n
page 128
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Chapter 6

ELECTRICAL BREAKDOWN
IN PN JUNCTIONE

Scilab code Exa 6.2 VALUE OF Eg Ev Ec and Vbi

1 clc

2 X1=4.13

3 disp(”X1 = ”+string(X1)+” eV”) // i n i t i a l i z i n g va lu e
o f e l d e l t a E c t r o n e f f i n i t y o f germanium .

4 X2=4.07

5 disp(”X2 = ”+string(X2)+” eV”) // i n i t i a l i z i n g va lu e
o f e l e c t r o n e f f i n i t y o f g a l l i um a r s e n i d e .

6 Eg1 =0.7

7 disp(”Eg1 = ”+string(Eg1)+” eV”) // i n i t i a l i z i n g
va lu e o f ene rgy gap o f germanium .

8 Eg2 =1.43

9 disp(”Eg2 = ”+string(Eg2)+” F/cm”) // i n i t i a l i z i n g
va lu e o f ene rgy gap o f g a l l i um a r s e n i d e . .

10 Nv1 =6*10^18

11 disp(”Nv1 = ”+string(Nv1)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f d e n s i t y o f s t a t e s i n Va lence band ,Nv f o r
germanium .

12 Nv2 =7*10^18

13 disp(”Nv2 = ”+string(Nv2)+” cmˆ−3”) // i n i t i a l i z i n g
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va lu e o f d e n s i t y o f s t a t e s i n Va lence band ,Nv f o r
ga l l im inum a r s e n i d e .

14 Vt =0.0259

15 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e . . . Vt = K∗T/e

16 e=1.6*10^ -19

17 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f e l e c t r o n i c cha rge .

18 no =2.5*10^13

19 disp(”no = ”+string(no)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

20 Pp =10^17

21 disp(”Pp = ”+string(Pp)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f h o l e c o n c e n t r a t i o n on the d e p l e t i o n edge
o f the N r e g i o n .

22 Nd =10^17

23 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f number o f donor i o n s ( which i s equa l to
ho l e c o n c e n t r a t i o n on the d e p l e t i o n edge o f the N
r e g i o n ) .

24 np=(no^2)/Pp

25 disp(”np=”+string(np)+” cmˆ−3”)// c a l c u l a t i o n
26 delta_Eg =(Eg2 -Eg1)

27 disp(” d e l t a Eg=(Eg2−Eg1 )=”+string(delta_Eg)+” eV”)//
c a l c u l a t i o n

28 delta_Ec =(X1 -X2)

29 disp(” d e l t a E c=(X1−X2)=”+string(delta_Ec)+” eV”)//
c a l c u l a t i o n

30 delta_Ev =(delta_Eg -delta_Ec)

31 disp(” d e l t a Ev=( de l t a Eg−d e l t a E c )=”+string(delta_Ev
)+” eV”)// c a l c u l a t i o n

32 Vbi =(( delta_Ev *1.6*10^ -19) /(e))+((Vt*log((Nv1*Nd)/(

np*Nv2))))

33 disp(”Vbi=(( d e l t a Ev ∗1.6∗10ˆ−19) /( e ) ) +((Vt∗ l o g ( ( Nv1∗
Nd) /( np∗Nv2 ) ) ) )=”+string(Vbi)+” V”)// c a l c u l a t i o n
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Scilab code Exa 6.4 VALUE OF DONOR CONCENTRATION

1 clc

2 Nc =2.8*10^19

3 disp(”Nc = ”+string(Nc)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

4 k= -4*10^15

5 disp(”k = ”+string(k)+” cmˆ4Fˆ−2Vˆ−1”) //
i n i t i a l i z i n g va lu e o f s l o p e o f the (1/Cˆ2) v e r s u s
V curve .

6 Er=11.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f d i e l e c t r i c c on s t an t o f f r e e space .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Vt =0.0259

13 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

14 VBI =0.3

15 disp(”VBI = ”+string(VBI)+” V”) // i n i t i a l i z i n g va lu e
o f b u i l t i n v o l t a g e .

16 E=Eo*Er

17 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er =”+string(E)+” F/cm
”)// c a l c u l a t i o n

18 Nd=((-2)/(e*E)*(1/k))

19 disp(”Nd=((−2) /( e ∗E) ∗ (1/ k ) ) )=”+string(Nd)+” cmˆ−3”)
// c a l c u l a t i o n

20 Vn=(Vt*(log(Nc/Nd)))

21 disp(”Vn=(Vt ∗ ( l o g (Nc/Nd) ) )=”+string(Vn)+” V”)//
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c a l c u l a t i o n
22 VBn=(VBI+Vn)

23 disp(”VBn=(VBI+Vn)=”+string(VBn)+” V”)// c a l c u l a t i o n
24

25

26 // t ak i n g , . . . d (1/Cˆ2) /dV as k , . . . f o r
s i m l i f i c a t i o n

Scilab code Exa 6.5 VALUE OF THE BARRIER HEIGHT AND BUILT IN POTENTIAL

1 clc

2 Nd =2*10^17

3 disp(”Nd = ”+string(Nd)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 Nc =2.8*10^19

5 disp(”Nc = ”+string(Nc)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

6 Js=40*10^ -6

7 disp(” Js = ”+string(Js)+”A/cmˆ2”) // i n i t i a l i z i n g
va lu e o f s a t u r a t i o n c u r r e n t d e n s i t y .

8 T=300

9 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
a b s o l u t e t empera tu r e .

10 R=110

11 disp(”R = ”+string(R)+” A/(K−cmˆ2) ”) // i n i t i a l i z i n g
va lu e o f r i c h a rd s on ’ s c on s t an t .

12 Vt =0.0259

13 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

14 VBn=(Vt*(log(R*T^2/Js)))

15 disp(”VBn = ”+string(VBn)+” V”) // c a l c u l a t i o n .
16 Vn=(Vt*(log(Nc/Nd)))

17 disp(”Vn = ”+string(Vn)+” V”) // c a l c u l a t i o n .
18 VBI=(VBn -Vn)
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19 disp(”VBI=(VBn−Vn) )=”+string(VBI)+” V”)// c a l c u l a t i o n
20

21 //The va lu e o f Vn ( a f t e r c a l c u l a t i o n ) i s p rov ided
wrong i n the book , due to which VBI a l s o d i f f e r .

Scilab code Exa 6.6 VALUE OF DEPLETION WIDTH DIFFUSION LENGTH AND SATURATION HOLE CURRENT DENSITY

1 clc

2 Nd =2*10^17

3 disp(”Nd = ”+string(Nd)+” /cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 Dp=30

5 disp(”Dp = ”+string(Dp)+” cmˆ2/ s ”) // i n i t i a l i z i n g
va lu e o f d i f f u s i o n c o f f i c i e n t .

6 Nc =2.8*10^19

7 disp(”Nc = ”+string(Nc)+” /cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

8 Js=40*10^ -6

9 disp(” Js = ”+string(Js)+ ”A/cmˆ2”) // i n i t i a l i z i n g
va lu e o f s a t u r a t i o n c u r r e n t d e n s i t y .

10 no =1.5*10^10

11 disp(”no = ”+string(no)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n o f e l e c t r o n s .

12 tp=10^-6

13 disp(” tp = ”+string(tp)+” s ”) // i n i t i a l i z i n g va lu e
o f h o l e l i f e −t ime .

14 T=300

15 disp(”T = ”+string(T)+” K”) // i n i t i a l i z i n g va lu e o f
a b s o l u t e t empera tu r e .

16 R=110

17 disp(”R = ”+string(R)+” A/(K−cmˆ2) ”) // i n i t i a l i z i n g
va lu e o f r i c h a rd s on ’ s c on s t an t .

18 Vt =0.0259

19 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
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o f the rma l v o l t a g e .
20 e=1.6*10^ -19

21 disp(” e = ”+string(e)+” columbs ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

22 Er=11.9

23 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

24 Eo =8.854*10^ -14

25 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f d i e l e c t r i c c on s t an t o f f r e e space .

26 E=Eo*Er

27 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er )=”+string(E)+” F/cm
”)// c a l c u l a t i o n

28 VBn=(Vt*(log(R*T^2/Js)))

29 disp(”VBn = ”+string(VBn)+” V”) // c a l c u l a t i o n .
30 Vn=(Vt*(log(Nc/Nd)))

31 disp(”Vn = ”+string(Vn)+” V”) // c a l c u l a t i o n .
32 VBI=(VBn -Vn)

33 disp(”VBI=(VBn−Vn) )=”+string(VBI)+” V”)// c a l c u l a t i o n
34 W=(sqrt((E*VBI)/(e*Nd)))

35 disp(” c u r r e n t d e n s i t y i n a meta l s em i conduc to r
j u n c t i o n ,W = ”+string(W)+” A”) // c a l c u l a t i o n .

36 Lp=(sqrt(Dp*tp))

37 disp(” D i f f u s i o n l eng th , Lp=( s q r t (Dp∗ tp ) ) = ”+string(
Lp)+” cm”) // c a l c u l a t i o n .

38 Jpo=(e*Dp*no^2)/(Lp*Nd)

39 disp(” s a t u r a t i o n ho l e c u r r e n t den s i t y , Jpo=(e∗Dp∗no
ˆ2) /(Lp∗Nd) ) = ”+string(Jpo)+” A/cmˆ2”) //
c a l c u l a t i o n .

40

41

42 //The va lu e o f Vn ( a f t e r c a l c u l a t i o n ) i s p rov ided
wrong i n the book , due to which VBI d i f f e r and due
to VBI , c u r r e n t d e n s i t y i n a meta l s em i conduc to r
j u n c t i o n (W) g e t s changed .

43 //The va lu e o f Jpo ( s a t u r a t i o n ho l e c u r r e n t d e n s i t y )
, a f t e r c a l c u l a t i o n i s a l s o p rov id ed wrong in the
book .
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Scilab code Exa 6.8 MAXIMUM N TYPE DOPING CONCENTRATION

1 clc

2 Er=11.9

3 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

4 Eo =8.854*10^ -14

5 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

6 VBD =20

7 disp(”VBD = ”+string(VBD)+” V”) // i n i t i a l i z i n g va lu e
o f break down v o l t a g e .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

10 E=Eo*Er

11 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er )=”+string(E)+” F/cm
”)// c a l c u l a t i o n

12 Emax =5*10^5

13 disp(”Emax = ”+string(Emax)+” V/cm”) // i n i t i a l i z i n g
va lu e o f maximum c r i t i c a l e l e c t r i c f i e l d .

14 ND=(Eo*Er*(Emax ^2))/(2*e*VBD)

15 disp(”ND=(Eo∗Er ∗ (Emaxˆ2) ) /(2∗ e∗VBD)=”+string(ND)+”
cmˆ−3”)// c a l c u l a t i o n

16

17

18 // the fo rmu la g i v en i n the s o l u t i o n f o r VBD i s
somewhat w r i t t e n wrong . The c o r r e c t f o rmu la i s (
VBD=(E∗Emaxˆ2/2∗ e∗ND) ) .

Scilab code Exa 6.9 VALUE OF REVERSE BREAK DOWN VOLTAGE
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1 clc

2 Er=11.9

3 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

4 Eo =8.854*10^ -14

5 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 no =1.5*10^10

9 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n o f e l e c t r o n s .

10 Nd =1*10^16

11 disp(”Nd=”+string(Nd)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f donor c o n c e n t r a t i o n .

12 Emax =2*10^5

13 disp(”Emax = ”+string(Emax)+” V/cm”) // i n i t i a l i z i n g
va lu e o f maximum c r i t i c a l e l e c t r i c f i e l d .

14 Na =1*10^16

15 disp(”Na=”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

16 Vt =0.0259

17 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

18 E=Eo*Er

19 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er )=”+string(E)+” F/cm
”)// c a l c u l a t i o n

20 VBI=(Vt*(log(Na*Nd/no^2)))

21 disp(”VBI=(Vt ∗ ( l o g (Na∗Nd/no ˆ2) ) ) = ”+string(VBI)+” V
”) // c a l c u l a t i o n .

22 V=(E*Emax ^2)/(e*Nd)

23 disp(”breakdown v o l t a g e f o r s ym e t r i c a l abrupt
j un c t i on ,VBD+VBI=(E∗Emaxˆ2) /( e ∗Nd) )=”+string(V)+”
V”)// c a l c u l a t i o n

24 VBD=V-VBI

25 disp(”VBD=V−VBI)=”+string(VBD)+” V”)// c a l c u l a t i o n
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Scilab code Exa 6.10 VALUE OF REVERSE BREAK DOWN VOLTAGE

1 clc

2 Er=11.9

3 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

4 Eo =8.854*10^ -14

5 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 no =1.5*10^10

9 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n o f e l e c t r o n s .

10 Emax =10^6

11 disp(”Emax = ”+string(Emax)+” V/cm”) // i n i t i a l i z i n g
va lu e o f maximum c r i t i c a l e l e c t r i c f i e l d . .

12 Nd =1*10^18

13 disp(”Nd=”+string(Nd)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f donor c o n c e n t r a t i o n .

14 Na =1*10^18

15 disp(”Na=”+string(Na)+” cmˆ−3”)// i n i t i a l i z i n g the
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

16 Vt =0.0259

17 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

18 VBI=(Vt*(log(Na*Nd/no^2)))

19 disp(”VBI=(Vt ∗ ( l o g (Na∗Nd/no ˆ2) ) ) = ”+string(VBI)+” V
”) // c a l c u l a t i o n .

20 E=Eo*Er

21 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er )=”+string(E)+” F/cm
”)// c a l c u l a t i o n

22 V=(E*Emax ^2)/(e*Nd)
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23 disp(”breakdown v o l t a g e f o r s ym e t r i c a l abrupt
j un c t i on ,VBD+VBI=(E∗Emaxˆ2) /( e ∗Nd) )=”+string(V)+”
V”)// c a l c u l a t i o n

24 VBD=V-VBI

25 disp(”VBD=V−VBI)=”+string(VBD)+” V”)// c a l c u l a t i o n

Scilab code Exa 6.11 VALUE OF REVERSE BREAK DOWN VOLTAGE

1 clc

2 Nd =1*10^18

3 disp(”Nd = ”+string(Nd)+” cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

4 Na= -1*10^18

5 disp(”Na = ”+string(Na)+” cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r c o n c e n t r a t i o n .

6 Er=11.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f d i e l e c t r i c c on s t an t o f f r e e space .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Vt =0.0259

13 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

14 Vbd =15

15 disp(”Vbd = ”+string(Vbd)+” eV”) // i n i t i a l i z i n g
va lu e o f break down v o l t a g e .

16 W=2*10^ -4

17 disp(”W = ”+string(W)+” cm”) // i n i t i a l i z i n g va lu e o f
the d i s t a n c e ove r which doping p r o f i l e v a r i e s .

18 E=Eo*Er

19 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er )=”+string(E)+” F/cm
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”)// c a l c u l a t i o n
20 a=((Nd-Na)/(W))

21 disp(” s l o p e o f doping p r o f i l e curve , a=((Nd−Na) /(W) )=
”+string(a)+” cmˆ−4”)// c a l c u l a t i o n

22 Emax =((( Vbd)^2)*9*e*a/(32*E))^(1/3)

23 disp(”Emax=(((Vbd) ˆ2) ∗9∗ e∗a /(32∗E) ) ˆ ( 1/3 )=”+string(
Emax)+” V/cm”)// c a l c u l a t i o n

Scilab code Exa 6.12 VALUE OF THE BARRIER HEIGHT AND BUILT IN POTENTIAL AND DEPLETION WIDTH AND MAXIMUM ELECTRICAL FIELD

1 clc

2 Ew=4.55

3 disp(”Ew = ”+string(Ew)+” V”) // i n i t i a l i z i n g va lu e
o f work f u n c t i o n o f tungus t en .

4 X=4.01

5 disp(”X = ”+string(X)+”V”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n e f f i n i t y o f s i l i c o n .

6 Er=11.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Nc =2.8*10^19

13 disp(”Nc = ”+string(Nc)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

14 Nd =10^17

15 disp(”Nd = ”+string(Nd)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

16 Vt =0.0259

17 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
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o f the rma l v o l t a g e .
18 VB=(Ew-X)

19 disp(” Ba r r i e r he i gh t ,VB=(Ew−X) = ”+string(VB)+” V”)
// c a l c u l a t i o n .

20 Ec_Ef=(Vt*log(Nc/Nd))

21 disp(” Ec Ef=(Vt∗ l o g (Nc/Nd) )=”+string(Ec_Ef)+” V”)//
c a l c u l a t i o n

22 VBI=(VB -( Ec_Ef))

23 disp(”VBI=(VB−(Ec Ef ) )=”+string(VBI)+” V”)//
c a l c u l a t i o n

24 xn=sqrt (2*Eo*Er*VBI/(e*Nd))

25 disp(” Dep l e t i o n width , xn=s q r t (2∗Eo∗Er∗VBI/( e∗Nd) )=”+
string(xn)+” cm”)// c a l c u l a t i o n

26 Emax=(e*Nd*xn/(Eo*Er))

27 disp(”maximum e l e c t r i c f i e l d , Emax=(e∗Nd∗xn /(Eo∗Er ) )=
”+string(Emax)+” V/cm”)// c a l c u l a t i o n

Scilab code Exa 6.13 VALUE OF MAXIMUM ELECTRIAL FIELD AND JUNCTION CAPACITANCE PER UNIT AREA

1 clc

2 Ew=4.5

3 disp(”Ew = ”+string(Ew)+” V”) // i n i t i a l i z i n g va lu e
o f work f u n c t i o n o f tungus t en .

4 X=4.01

5 disp(”X = ”+string(X)+”V”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n e f f i n i t y o f s i l i c o n .

6 Er=12

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 Vr=3

11 disp(”Vr = ”+string(Vr)+” V”) // i n i t i a l i z i n g va lu e
o f r e v e r s e v o l t a g e .
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12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

14 Nc =2.8*10^19

15 disp(”Nc = ”+string(Nc)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

16 Nd =10^17

17 disp(”Nd = ”+string(Nd)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

18 Vt =0.0259

19 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

20 VB=(Ew-X)

21 disp(” b a r r i e r he i gh t ,VB=(Ew−X) = ”+string(VB)+” V”)
// c a l c u l a t i o n .

22 Ec_Ef=(Vt*log(Nc/Nd))

23 disp(” Ec Ef=(Vt∗ l o g (Nc/Nd) )=”+string(Ec_Ef)+” V”)//
c a l c u l a t i o n

24 VBI=(VB -( Ec_Ef))

25 disp(”VBI=(VB−(Ec Ef ) )=”+string(VBI)+” V”)//
c a l c u l a t i o n

26 xn=sqrt ((2*Eo*Er*(VBI+Vr))/(e*Nd))

27 disp(” Dep l e t i o n width , xn=s q r t (2∗Eo∗Er ∗ (VBI+Vr ) /( e∗Nd
) )=”+string(xn)+” cm”)// c a l c u l a t i o n

28 Emax=(e*Nd*xn/(Eo*Er))

29 disp(”maximum e l e c t r i c f i e l d , Emax=(e∗Nd∗xn /(Eo∗Er ) )=
”+string(Emax)+” V/cm”)// c a l c u l a t i o n

30 C=sqrt((e*Eo*Er*Nd)/(2*( VBI+Vr)))

31 disp(” Cap i tance per un i t area ,C=s q r t ( ( e∗Eo∗Er∗Nd)
/ ( 2∗ (VBI+Vr ) ) )=”+string(C)+” F/cmˆ2”)//
c a l c u l a t i o n

32 // the Value o f r e v e r s e v o l t a g e (Vr ) p rov id ed i n the
qu e s t i o n i s d i f f e r e n t than used i n the s o l u t i o n . I
have used the va lu e p rov ided i n the s o l u t i o n ( i . e
Vr=3) .

33 // the va lu e o f C ( Cap i tance per un i t a r ea ) a f t e r
c a l c u l a t i o n i s p rov id ed wrong i n the book .
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Scilab code Exa 6.14 VALUE OF VB Xn AND Emax

1 clc

2 Ew=4.28

3 disp(”Ew = ”+string(Ew)+” V”) // i n i t i a l i z i n g va lu e
o f work f u n c t i o n o f tungus t en .

4 X=4.01

5 disp(”X = ”+string(X)+”V”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n e f f i n i t y o f s i l i c o n .

6 Er=11.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Nc =2.8*10^19

13 disp(”Nc = ”+string(Nc)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

14 Nd =10^15

15 disp(”Nd = ”+string(Nd)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

16 Vt =0.0259

17 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

18 VB=(Ew-X)

19 disp(” b a r r i e r he i gh t ,VB=(Ew−X) = ”+string(VB)+” V”)
// c a l c u l a t i o n .

20 Ec_Ef=(Vt*log(Nc/Nd))

21 disp(” Ec Ef=(Vt∗ l o g (Nc/Nd) )=”+string(Ec_Ef)+” V”)//
c a l c u l a t i o n
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22 VBI=(VB -( Ec_Ef))

23 disp(”VBI=(VB−(Ec Ef ) )=”+string(VBI)+” V”)//
c a l c u l a t i o n

24 xn=sqrt (2*Eo*Er*VBI/(e*Nd))

25 disp(” Dep l e t i o n width , xn=s q r t (2∗Eo∗Er∗VBI/( e∗Nd) )=”+
string(xn)+” cm”)// c a l c u l a t i o n

26 Emax=(e*Nd*xn/(Eo*Er))

27 disp(”maximum e l e c t r i c f i e l d , Emax=(e∗Nd∗xn /(Eo∗Er ) )=
”+string(Emax)+” V/cm”)// c a l c u l a t i o n

28

29 // the Value o f donor c o n c e n t r a t i o n (Nd) p rov id ed i n
the qu e s t i o n i s d i f f e r e n t than used in the
s o l u t i o n . I have used the va lu e p rov id ed i n the
qu e s t i o n ( i . e Nd=10ˆ15) . , i . e answer d i f f e r s than
prov id ed i n the book .

Scilab code Exa 6.15 CAPACITANCE OF A GOLD SILICON JUNCTION

1 clc

2 Ew=5.1

3 disp(”Ew = ”+string(Ew)+” V”) // i n i t i a l i z i n g va lu e
o f work f u n c t i o n o f tungus t en .

4 X=4.01

5 disp(”X = ”+string(X)+”V”) // i n i t i a l i z i n g va lu e o f
e l e c t r o n e f f i n i t y o f s i l i c o n .

6 Er=11.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 Nc =2.8*10^19
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13 disp(”Nc = ”+string(Nc)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f e f f e c t i v e d e n s i t y o f s t a t e i n the
conduc t i on band .

14 Nd =5*10^15

15 disp(”Nd = ”+string(Nd)+”/cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

16 Vt =0.0259

17 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

18 Vr=5

19 disp(”Vr = ”+string(Vr)+” V”) // i n i t i a l i z i n g va lu e
o f r e v e r s e v o l t a g e .

20 A=1*10^ -4

21 disp(”A = ”+string(A)+” cmˆ2”) // i n i t i a l i z i n g va lu e
o f a r ea o f the go ld s i l i c o n j u n c t i o n d i ode . .

22 VB=(Ew-X)

23 disp(” b a r r i e r he i gh t ,VB=(Ew−X) = ”+string(VB)+” V”)
// c a l c u l a t i o n .

24 Ec_Ef=(Vt*log(Nc/Nd))

25 disp(” Ec Ef=(Vt∗ l o g (Nc/Nd) )=”+string(Ec_Ef)+” V”)//
c a l c u l a t i o n

26 VBI=(VB -( Ec_Ef))

27 disp(”VBI=(VB−(Ec Ef ) )=”+string(VBI)+” V”)//
c a l c u l a t i o n

28 C1=sqrt((e*Eo*Er*Nd)/(2*( VBI+Vr)))

29 disp(” Cap i tance per un i t area , C1=s q r t ( ( e∗Eo∗Er∗Nd)
/ ( 2∗ (VBI+Vr ) ) )=”+string(C1)+” F/cmˆ2”)//
c a l c u l a t i o n

30 C=C1*A

31 disp(” t o t a l j u n c t i o n capa t i an c e ,C=C1∗A=”+string(C)+”
F”)// c a l c u l a t i o n

Scilab code Exa 6.17 VALUE OF LOWERING OF BARRIER HEIGHT

1 clc
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2 Er=13.1

3 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

4 Eo =8.854*10^ -14

5 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 Emax =30*10^3

9 disp(”Emax = ”+string(Emax)+” V/cm”) // i n i t i a l i z i n g
va lu e o f maximum c r i t i c a l e l e c t r i c f i e l d . .

10 E=Eo*Er

11 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er )=”+string(E)+” F/cm
”)// c a l c u l a t i o n

12 V=sqrt(e*Emax /(4* %pi*E))

13 disp(” l owe r i n g o f the b a r r i e r he i gh t ,V=s q r t ( e ∗Emax
/(4∗%pi∗E) )=”+string(V)+” V”)// c a l c u l a t i o n

14 Xmax=sqrt(e/(16* %pi*E*Emax))

15 disp(” p o s i t i o n o f the maximum b a r r i e r he i gh t ,Xmax=
s q r t ( e /(16∗%pi∗E∗Emax) )=”+string(Xmax)+” cm”)//
c a l c u l a t i o n

Scilab code Exa 6.18 VALUE OF IDEAL REVERSE SATURATION CURRENT AND THE DIODE CURRENT

1 clc

2 A=10^ -4

3 disp(”A = ”+string(A)+” cmˆ−2”) // i n i t i a l i z i n g va lu e
o f c r o s s s e c t i o n a l a r ea .

4 VBn =0.55

5 disp(”VBn = ”+string(VBn)+”V”) // i n i t i a l i z i n g va lu e
o f b a r r i e r h e i g h t .

6 T=300

7 disp(”T = ”+string(T)+”K”) // i n i t i a l i z i n g va lu e o f
a b s o l u t e t empera tu r e .
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8 R=110

9 disp(”R = ”+string(R)+” A/(K−cmˆ2) ”) // i n i t i a l i z i n g
va lu e o f r i c h a rd s on ’ s c on s t an t .

10 Vt =0.0259

11 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

12 V=0.25

13 disp(”V = ”+string(V)+” V”) // i n i t i a l i z i n g va lu e o f
f o rward b i a s v o l t a g e .

14 Io=A*R*T^2* exp(-VBn/Vt)

15 disp(” r e v e r s e s a t u r a t i o n cu r r en t , I o=A∗R∗Tˆ2∗ exp(−VBn
/Vt ) = ”+string(Io)+” A”) // c a l c u l a t i o n .

16 I=Io*((exp(V/Vt)) -1)

17 disp(” d i ode cu r r en t , I=Io ( exp (V/Vt )−1)=”+string(I)+”
A”)// c a l c u l a t i o n

Scilab code Exa 6.19 VALUE OF FORWARD VOLTAGE

1 clc

2 Io1 =10^ -9

3 disp(” Io1 = ”+string(Io1)+” A”) // i n i t i a l i z i n g va lu e
o f r e v e r s e s a t u r a t i o n c u r r e n t o f s i l i c o n SBD.

4 Io2 =10^ -14

5 disp(” Io2 = ”+string(Io2)+”A”) // i n i t i a l i z i n g va lu e
o f r e v e r s e s a t u r a t i o n c u r r e n t o f a PN j u n c t i o n .

6 Vt =0.0259

7 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

8 I=100*10^ -6

9 disp(” I = ”+string(I)+” A”) // i n i t i a l i z i n g va lu e o f
r e q u i r e d c u r r e n t .

10 VfSBD=Vt*((log(I/Io1+1)))

11 disp(” fo rward Vo l tage f o r s i l i c o n SBD, VfSBD=Vt ∗ ( ( l o g
( I / Io1 +1) ) )= ”+string(VfSBD)+” V”) // c a l c u l a t i o n
.
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12 VfPN=Vt*((log(I/Io2+1)))

13 disp(” fo rward Vo l tage f o r s i l i c o n SBD,VfPN=Vt ∗ ( ( l o g (
I / Io2 +1) ) )=”+string(VfPN)+” V”)// c a l c u l a t i o n

Scilab code Exa 6.20 VALUE OF REVERSE SATURATION CURRENT

1 clc

2 Io1 =10*10^ -7

3 disp(” Io1 = ”+string(Io1)+” A”) // i n i t i a l i z i n g va lu e
o f r e v e r s e s a t u r a t i o n c u r r e n t o f s i l i c o n SBD.

4 Io2 =10*10^ -7

5 disp(” Io2 = ”+string(Io2)+”A”) // i n i t i a l i z i n g va lu e
o f r e v e r s e s a t u r a t i o n c u r r e n t o f a PN j u n c t i o n .

6 Vt =0.0259

7 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

8 I=1*10^ -3

9 disp(” I = ”+string(I)+” A”) // i n i t i a l i z i n g va lu e o f
f o rward c u r r e n t .

10 V=0.25

11 disp(”V = ”+string(V)+” V”) // i n i t i a l i z i n g va lu e o f
d i f f e r e n c e i n the fo rward v o l t a g e o f the two
d i ode .

12 VfSBD=Vt*((log(I/Io1+1)))

13 disp(” fo rward Vo l tage f o r s i l i c o n SBD, VfSBD=Vt ∗ ( ( l o g
( I / Io1 +1) ) )= ”+string(VfSBD)+” V”) // c a l c u l a t i o n
.

14 VfPN=(V+VfSBD)

15 disp(” fo rward vo l a g e a pp l i e d a c r o s s the PN Diode ,
VfPN=(V+VfSBD)=”+string(VfPN)+” V”)// c a l c u l a t i o n

16 Io=(I/(( exp(VfPN/Vt)) -1))

17 disp(” r e v e r s e s a t u r a t i o n c u r r e n t o f the PN j u n c t i o n
Diode , I o=( I / ( ( exp (VfPN/Vt ) )−1) )=”+string(Io)+” A”
)// c a l c u l a t i o n
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Chapter 7

BIPOLAR JUNCTION
TRANSISTORB

Scilab code Exa 7.1 MAGNITUDE OF Io AND COLLECTOR CURRENT

1 clc

2 Dnb =20

3 disp(”Dnb = ”+string(Dnb)+” cmˆ2/ s ”) //
i n i t i a l i z i a t i o n the va lu e o f one o f base
parametre o f NPN t r a n s i s t o r .

4 nB=10^4

5 disp(”nB = ”+string(nB)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the va lu e o f one o f base parametre o f NPN
t r a n s i s t o r .

6 xB=1*10^ -6

7 disp(”xB = ”+string(xB)+” m”) // i n i t i a l i z i a t i o n the
va lu e o f one o f base parametre o f NPN t r a n s i s t o r .

8 AB=10^-4

9 disp(”AB = ”+string(AB)+” cmˆ2”) // i n i t i a l i z i a t i o n
the va lu e o f one o f base parametre o f NPN
t r a n s i s t o r .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i a t i o n
the va lu e o f e l e c t r o n i c cha rge .
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12 Vbe =0.5

13 disp(”Vbe = ”+string(Vbe)+” V”) // i n i t i a l i z i a t i o n
the va lu e o f base em i t t e r v o l t a g e o f NPN
t r a n s i s t o r . .

14 VT =0.0259

15 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i a t i o n the
va lu e o f t h r e s h o l d v o l t a g e .

16 WB=10^-4

17 disp(”WB = ”+string(WB)+” cm”) // i n i t i a l i z i a t i o n the
va lu e o f base width o f NPN t r a n s i s t o r .

18 Io=((e*AB*Dnb*nB)/(WB))

19 disp(”Magnitude o f Io , I o =(( e∗AB∗Dnb∗nB) /(WB) ) )=”+
string(Io)+” A”)// c a l c u l a t i o n

20 Ic=Io*(exp(Vbe/VT) -1)

21 disp(” C o l l e c t o r cu r r en t , I c=Io ( ( exp (Vbe/VT) )−1) )=”+
string(Ic)+” A”)// c a l c u l a t i o n

Scilab code Exa 7.2 CONCENTRATION OF nEO pBO AND nCO

1 clc

2 NE =5*10^17

3 disp(”NE = ”+string(NE)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the va lu e o f dop ing c o n c e n t r a t i o n i n the em i t t e r
.

4 NB =10^16

5 disp(”NB = ”+string(NB)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the va lu e o f dop ing c o n c e n t r a t i o n i n the base .

6 NC =10^15

7 disp(”NC = ”+string(NC)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the va lu e o f dop ing c o n c e n t r a t i o n i n the
c o l l e c t o r .

8 WB=0.8*10^ -4

9 disp(”WB = ”+string(WB)+” cm”) // i n i t i a l i z i a t i o n the
va lu e o f base width o f NPN t r a n s i s t o r .

10 no =1.5*10^10
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11 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g the
i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

12 pEO=(no^2/NE)

13 disp(”Number o f Ma jo r i t y h o l e s i n the emi t t e r , pEO=(
no ˆ2/NE) )=”+string(pEO)+” /cmˆ3”)// c a l c u l a t i o n

14 nBO=(no^2/NB)

15 disp(”Number o f Ma jo r i t y h o l e s i n the base , nBO=(no
ˆ2/NB) )=”+string(nBO)+” /cmˆ3”)// c a l c u l a t i o n

16 pCO=(no^2/NC)

17 disp(”Number o f Ma jo r i t y h o l e s i n the c o l l e c t o r , pCO
=(no ˆ2/NC) )=”+string(pCO)+” /cmˆ3”)// c a l c u l a t i o n

Scilab code Exa 7.3 VALUE OF pBO AND nB

1 clc

2 NE =5*10^17

3 disp(”NE = ”+string(NE)+” /cmˆ3”) // i n i t i a l i z i a t i o n
o f dop ing c o n c e n t r a t i o n i n the em i t t e r .

4 NB =10^16

5 disp(”NB = ”+string(NB)+” /cmˆ3”) // i n i t i a l i z i a t i o n
o f dop ing c o n c e n t r a t i o n i n the base .

6 NC =10^15

7 disp(”NC = ”+string(NC)+” /cmˆ3”) // i n i t i a l i z i a t i o n
o f dop ing c o n c e n t r a t i o n i n the c o l l e c t o r .

8 WB=0.8*10^ -4

9 disp(”WB = ”+string(WB)+” cm”) // i n i t i a l i z i a t i o n
the va lu e o f base width o f NPN t r a n s i s t o r .

10 no =1.5*10^10

11 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g the
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

12 VT =0.0259

13 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i a t i o n the
va lu e o f t h r e s h o l d v o l t a g e .

14 VJ =0.6258

15 disp(”VJ=Vbe = ”+string(VJ)+” V”) // i n i t i a l i z i a t i o n
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the va lu e o f base em i t t e r v o l t a g e .
16 pEO=(no^2/NE)

17 disp(”Number o f Ma jo r i t y h o l e s i n the emi t t e r , pEO=(
no ˆ2/NE) )=”+string(pEO)+” /cmˆ3”)// c a l c u l a t i o n

18 nBO=(no^2/NB)

19 disp(”Number o f Ma jo r i t y h o l e s i n the base , nBO=(no
ˆ2/NB) )=”+string(nBO)+” /cmˆ3”)// c a l c u l a t i o n

20 pCO=(no^2/NC)

21 disp(”Number o f Ma jo r i t y h o l e s i n the c o l l e c t o r , pCO
=(no ˆ2/NC) )=”+string(pCO)+” /cmˆ3”)// c a l c u l a t i o n

22 pE=pEO*(exp(VJ/VT))

23 disp(”pE(O)=pEO∗ ( exp (VJ/VT) ) )=”+string(pE)+” /cmˆ3”)
// c a l c u l a t i o n

24 nB=nBO*(exp(VJ/VT))

25 disp(”nB=(nBO∗ ( exp (VJ/VT) ) ) )=”+string(nB)+” /cmˆ3”)
// c a l c u l a t i o n

26

27

28 // the answer p rov id ed i n the book f o r pE , nB i s some
what d i f f e r e n t than a c t u a l c a l c u l a t e d .

Scilab code Exa 7.5 VALUE OF BASE WIDTH

1 clc

2 Db=10

3 disp(”Db = ”+string(Db)+” cmˆ2/ s ”) // i n i t i a l i z i a t i o n
the va lu e o f one o f paramete re o f the t r a n s i s t o r

.
4 Bt=0.95

5 disp(”Bt = ”+string(Bt)) // i n i t i a l i z i a t i o n the va lu e
o f base t r a n s p o r t f a c t o r o f the t r a n s i s t o r .

6 tb=10^-7

7 disp(” tb = ”+string(tb)+” s ”) // i n i t i a l i z i a t i o n the
va lu e o f one o f paramete re o f the t r a n s i s t o r .

8 Lp=(sqrt(Db*tb))
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9 disp(”Lp=( s q r t (Db∗ tb ) ) )=”+string(Lp)+” cm”)//
c a l c u l a t i o n

10 WB=(Lp*(acosh (1/Bt)))

11 disp(”WB=(Lp∗ ( acosh (1/ Bt ) ) )=”+string(WB)+” cm”)//
c a l c u l a t i o n

Scilab code Exa 7.7 VALUE OF DELTA

1 clc

2 Jro =10^ -9

3 disp(” Jro = ”+string(Jro)+” A/cmˆ2”) //
i n i t i a l i z i a t i o n the va lu e o f r e c omb ina t i on
c u r r e n t d e n s i t y .

4 Jo=10^ -12

5 disp(”Jo = ”+string(Jo)+” A/cmˆ2”) // i n i t i a l i z i a t i o n
the va lu e o f r e v e r s e s a t u r a t i o n c u r r e n t d e n s i t y .

6 Vbe =0.5

7 disp(”Vbe = ”+string(Vbe)+” V”) // i n i t i a l i z i a t i o n
the va lu e o f base em i t t e r v o l t a g e .

8 VT =0.0259

9 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i a t i o n the
va lu e o f t h r e s h o l d v o l t a g e .

10 delta =(1+(( Jro/Jo)*(exp((-Vbe)/(2*VT)))))^-1

11 disp(” d e l t a ( r e c omb ina t i on f a c t o r ) =(1+(( Jro /Jo ) ∗ ( exp
((−Vbe ) /(2∗VT) ) ) ) ) ˆ−1)=”+string(delta))//
c a l c u l a t i o n .

Scilab code Exa 7.8 COMMON BASE AND COMMON EMITTER CURRENT GAIN

1 clc

2 NE =1*10^17
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3 disp(”NE = ”+string(NE)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the va lu e o f dop ing c o n c e n t r a t i o n o f em i t t e r i n
the NPN t r a n s i s t o r .

4 NB =10^15

5 disp(”NB = ”+string(NB)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the va lu e o f dop ing c o n c e n t r a t i o n o f base i n the
NPN t r a n s i s t o r .

6 WE=0.6*10^ -4

7 disp(”WE = ”+string(WE)+” cm”) // i n i t i a l i z i a t i o n the
va lu e o f one o f parametre o f the t r a n s i s t o r .

8 WB=0.8*10^ -4

9 disp(”WB = ”+string(WB)+” cm”) // i n i t i a l i z i a t i o n the
va lu e o f one o f parametre o f the t r a n s i s t o r .

10 no =1.5*10^10

11 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g the
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i a t i o n
the va lu e o f e l e c t r o n i c cha rge

14 DE=15

15 disp(”DE = ”+string(DE)+” cmˆ2/ s ”) // i n i t i a l i z i a t i o n
the va lu e o f one o f paramete re o f the t r a n s i s t o r

.
16 DB=20

17 disp(”DB = ”+string(DB)+” cmˆ2/ s ”) // i n i t i a l i z i a t i o n
the va lu e o f one o f paramete re o f the t r a n s i s t o r

.
18 tE=0.2*10^ -6

19 disp(”tE = ”+string(tE)+” s ”) // i n i t i a l i z i a t i o n the
va lu e o f one o f paramete re o f the t r a n s i s t o r .

20 tB=0.1*10^ -6

21 disp(”tB = ”+string(tB)+” s ”) // i n i t i a l i z i a t i o n the
va lu e o f one o f paramete re o f the t r a n s i s t o r .

22 Vbe =0.60

23 disp(”Vbe = ”+string(Vbe)+” V”) // i n i t i a l i z i a t i o n
the va lu e o f base em i t t e r v o l t a g e .

24 VT =0.0259

25 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i a t i o n the
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va lu e o f t h r e s h o l d v o l t a g e .
26 Jro =2*10^ -8

27 disp(” Jro = ”+string(Jro)+” A/cmˆ2”) //
i n i t i a l i z i a t i o n the va lu e o f r e c omb ina t i on
c u r r e n t d e n s i t y .

28 LE=(sqrt(DE*tE))

29 disp(”LE=( s q r t (DE∗ tE ) ) )=”+string(LE)+” cm”)//
c a l c u l a t i o n

30 LB=(sqrt(DB*tB))

31 disp(”LB=( s q r t (DB∗tB ) ) )=”+string(LB)+” cm”)//
c a l c u l a t i o n

32 pEO=(no^2/NE)

33 disp(”Number o f Ma jo r i t y h o l e s i n the emi t t e r , pEO=(
no ˆ2/NE) )=”+string(pEO)+” /cmˆ3”)// c a l c u l a t i o n

34 nBO=(no^2/NB)

35 disp(”Number o f Ma jo r i t y h o l e s i n the base , nBO=(no
ˆ2/NB) )=”+string(nBO)+” /cmˆ3”)// c a l c u l a t i o n

36 Y=(1+((( NB*DE*LB)/(NE*DB*LE))*(( tanh(WB/LB)/tanh(WE/

LE)))))^(-1)

37 disp(” Emit te r i n j e c t i o n e f f i c i e n c y ,Y=(1+((NB∗DE∗LB)
/(NE∗DB∗LE) ∗ ( tanh (WB/LB) / tanh (WE/LE) ) ) ) )=”+
string(Y))// c a l c u l a t i o n

38 Bt=(cosh(WB/LB))^-1

39 disp(”Base t r a n s p o r t f a c t o r , Bt=( cosh (WB/LB) ) ˆ−1)=”+
string(Bt))// c a l c u l a t i o n

40 Jo=((e*DB*nBO)/(LB*tanh(WB/LB)))

41 disp(” Rever s e s a t u r a t i o n c u r r e n t Dens i ty , Jro =(( e ∗DB∗
nBO) /(LB∗ tanh (WB/LB) ) ) )=”+string(Jo)+”A/cmˆ2”)//
c a l c u l a t i o n

42 delta =(1+(( Jro/Jo)*(exp((-Vbe)/(2*VT)))))^-1

43 disp(” d e l t a ( r e c omb ina t i on f a c t o r ) =(1+(( Jro /Jo ) ∗ ( exp
((−Vbe ) /(2∗VT) ) ) ) ) ˆ−1)=”+string(delta)+” A”)//
c a l c u l a t i o n

44 a=Bt*delta*Y

45 disp(”common base c u r r e n t amp l i f i c a t i o n f a c t o r , (
a lpha=Bt∗ d e l t a ∗Y)=”+string(a))// c a l c u l a t i o n

46 B=(a/(1-a))

47 disp(”common em i t t e r c u r r e n t amp l i f i c a t i o n f a c t o r ,
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Beta=(a/(1−a ) ) )=”+string(B))// c a l c u l a t i o n
48 // the va l u e o f NE prov ided in the qu e s t i o n i s

d i f f e r e n t than used in the s o l u t i o n .
49 // I have used the va l u e ( wh i l e s o l v i n g ) p rov id ed i n

the qu e s t i o n ( i . e NE=10ˆ17/cmˆ3) .

Scilab code Exa 7.9 CHANGE IN THE NEUTRAL BASE WIDTH

1 clc

2 NB =5*10^16

3 disp(”NB = ”+string(NB)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the doping c o n c e n t r a t i o n i n the base .

4 NC =2*10^15

5 disp(”NC = ”+string(NC)+” /cmˆ3”) // i n i t i a l i z i a t i o n
the doping c o n c e n t r a t i o n i n the c o l l e c t o r .

6 WBm =0.6*10^ -4

7 disp(”WBm = ”+string(WBm)+” cm”) // i n i t i a l i z i a t i o n
the va lu e o f a c t u a l base width .

8 e=1.6*10^ -19

9 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i a t i o n
the va lu e o f e l e c t r o n i c cha rge .

10 VCB1=1

11 disp(”VCB1 = ”+string(VCB1)+” V”) // i n i t i a l i z i a t i o n
the i n i t i a l v a l u e o f c o l l e c t o r base v o l t a g e .

12 VCB2=4

13 disp(”VCB2 = ”+string(VCB2)+” V”) // i n i t i a l i z i a t i o n
the f i n a l va l u e o f c o l l e c t o r base v o l t a g e .

14 Er=11.9

15 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

16 Eo =8.854*10^ -14

17 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

18 no =1.5*10^10

19 disp(”no = ”+string(no)+”cmˆ−3”) // i n i t i a l i z i n g the
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va lu e o f i n t r i n s i c cha rge c a r r i e r s
20 VT =0.0259

21 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i a t i o n the
va lu e o f t h r e s h o l d v o l t a g e .

22 VBI=VT*(log((NB*NC)/no^2))

23 disp(” VBI=VT∗ ( l o g ( (NB∗NC) /no ˆ2) )=”+string(VBI)+” V”
)// c a l c u l a t i o n

24 WBS1 =((2*Eo*Er*(VBI+VCB1)/e)*(NC/NB)*(1/(NC+NB)))

^(1/2)

25 disp(”WBS=((2∗Eo∗Er ∗ (VBI+VCB1) / e ) ∗ (NC/NB) ∗ ( 1 / (NC+NB)
) ) ˆ ( 1/2 ) )=”+string(WBS1)+” cm”)// c a l c u l a t i o n

26 Wb1=WBm -WBS1

27 disp(” Neut ra l base width f o r VCB1,WB( n e u t r a l )=WBm−
WBS1=”+string(Wb1)+” cm”)// c a l c u l a t i o n

28 WBS2 =((2*Eo*Er*(VBI+VCB2)/e)*(NC/NB)*(1/(NC+NB)))

^(1/2)

29 disp(”WBS=((2∗Eo∗Er ∗ (VBI+VCB2) / e ) ∗ (NC/NB) ∗ ( 1 / (NC+NB)
) ) ˆ ( 1/2 ) )=”+string(WBS2)+” cm”)// c a l c u l a t i o n

30 Wb2=WBm -WBS2

31 disp(” Neut ra l base width f o r VCB2,WB( n e u t r a l )=WBm−
WBS2=”+string(Wb2)+” cm”)// c a l c u l a t i o n

32 deltaWbneutral=Wb1 -Wb2

33 disp(” change i n the n eu t a l base width , deltaWb (
n e u t r a l )=Wb1−Wb2=”+string(deltaWbneutral)+” cm”)
// c a l c u l a t i o n

Scilab code Exa 7.10 CHANGE IN THE COLLECTOR CURRENT

1 clc

2 ro =500*10^3

3 disp(” ro = ”+string(ro)+” ohm”) // i n i t i a l i z i a t i o n
the va lu e o f output r e s i s t a n c e .

4 Vce1=7

5 disp(”Vce1 = ”+string(Vce1)+” V”) // i n i t i a l i z i a t i o n
the i n i t i a l v a l u e o f c o l l e c t o r em i t t e r v o l t a g e .
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6 Vce2=1

7 disp(”Vce2 = ”+string(Vce2)+” V”) // i n i t i a l i z i a t i o n
the f i n a l va l u e o f c o l l e c t o r em i t t e r v o l t a g e .

8 Vce=6

9 disp(” change i n the c o l l e c t o r −em i t t e r vo l t a g e , Vce1−
Vce2 = ”+string(Vce)+” V”) // c a l c u l a t i o n .

10 Ic=(Vce/ro)

11 disp(” change i n the c o l l e c t o r cu r r en t , I c =(Vce/ ro ) )=”
+string(Ic)+” A”)// c a l c u l a t i o n
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Chapter 8

THE FIELD EFFECT
TRANSISTOR

Scilab code Exa 8.1 CAPACITANCE Cox AND Co

1 clc

2 Nd =10^16

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor i on c o n c e n t r a t i o n .

4 Er=3.9

5 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

6 Eo =8.854*10^ -14

7 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

8 W=0.5*10^ -4

9 disp(”W = ”+string(W)+” cm”) // i n i t i a l i z i n g va lu e o f
width o f p−s u b s t r a t e .

10 L=10^ -4

11 disp(”L = ”+string(L)+” cm”) // i n i t i a l i z i n g va lu e o f
l e n g t h o f p−s u b s t r a t e .

12 tox =400*10^ -8

13 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f t h i c k n e s s o f p−s u b s t r a t e .
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14 E=Eo*Er

15 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n

16 Cox=(E*W*L)/tox

17 disp(”Oxide c apa c i t an c e , Cox=(E∗W∗L) / tox )=”+string(
Cox)+” F”)// c a l c u l a t i o n

18 Co=(Cox/(W*L))

19 disp(” Capac i t ance per un i t area , Co=(Cox /(W∗L) ) )=”+
string(Co)+” F/cmˆ2”)// c a l c u l a t i o n

Scilab code Exa 8.2 MAXIMUM SPACE CHARGE WIDTH

1 clc

2 Na =10^17

3 disp(”Na = ”+string(Na)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r i on c o n c e n t r a t i o n .

4 Vt =0.0259

5 disp(”Vt = ”+string(Vt)+”V”) // i n i t i a l i z i n g va lu e o f
the rma l v o l t a g e .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 ni =1.5*10^10

9 disp(” n i = ”+string(ni)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

10 Er=11.9

11 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t

12 Eo =8.854*10^ -14

13 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

14 Vs=Vt*log(Na/ni)

15 disp(”Vs=Vt∗ l o g (Na/ n i ) )=”+string(Vs)+” V”)//
c a l c u l a t i o n

16 E=Eo*Er
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17 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n

18 Wd=sqrt (4*E*Vs/(e*Na))

19 disp(”maximum d e p l e t i o n width ,Wd(max)=Sqr t (4∗E∗Vs /( e
∗Na) ) )=”+string(Wd)+” cm”)// c a l c u l a t i o n

Scilab code Exa 8.3 MAXIMUM SPACE CHARGE WIDTH

1 clc

2 Nd =3*10^18

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r i on c o n c e n t r a t i o n .

4 Vt =0.0259

5 disp(”Vt = ”+string(Vt)+”V”) // i n i t i a l i z i n g va lu e o f
the rma l v o l t a g e .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 ni =1.5*10^10

9 disp(” n i = ”+string(ni)+”/cmˆ3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

10 Er=11.9

11 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t

12 Eo =8.854*10^ -14

13 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

14 Vs=Vt*log(Nd/ni)

15 disp(”Vs=Vt∗ l o g (Nd/ n i ) )=”+string(Vs)+” V”)//
c a l c u l a t i o n

16 E=Eo*Er

17 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n

18 Wd=sqrt (4*E*Vs/(e*Nd))

19 disp(”maximum d e p l e t i o n width ,Wd(max)=Sqr t (4∗E∗Vs /( e
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∗Nd) ) )=”+string(Wd)+” cm”)// c a l c u l a t i o n

Scilab code Exa 8.5 METAL SEMICONDUCTOR WORK FUNCTION DIFFERENCE

1 clc

2 Vm=3.2

3 disp(”Vm = ”+string(Vm)+” V”) // i n i t i a l i z i n g va lu e
o f mod i f i e d meta l work f u n c t i o n .

4 X=3.25

5 disp(”X = ”+string(X)+” V”) // i n i t i a l i z i n g va lu e o f
mod i f i e d e l e c t r o n a f f i n i t y .

6 Nd =2*10^16

7 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor c o n c e n t r a t i o n .

8 ni =1.5*10^10

9 disp(” n i = ”+string(ni)+” V”) // i n i t i a l i z i n g va lu e
o f i n t r i n s i c c a r r i e r c o n c e n t r a t i o n .

10 Vt =0.0259

11 disp(”Vt = ”+string(Vt)+”V”) // i n i t i a l i z i n g va lu e o f
the rma l v o l t a g e .

12 Eg=1.12

13 disp(”Eg = ”+string(Eg)+”V”) // i n i t i a l i z i n g va lu e o f
ene rgy gap .

14 Vfp=(Vt*log(Nd/ni))

15 disp(”Vfp=(Vt∗ l o g (Nd/ n i ) )=”+string(Vfp)+” V”)//
c a l c u l a t i o n .

16 Vms=-(Vm+(Eg/2)+Vfp -Vm)

17 disp(”Vms=−(Vm+(Eg/2)+Vfp−Vm)=”+string(Vms)+” V”)//
c a l c u l a t i o n .

Scilab code Exa 8.7 CAPACITANCE Co AND FLAT BAND VOLTAGE

1 clc
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2 Nd =10^16

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor i on c o n c e n t r a t i o n .

4 Vms =-1.12

5 disp(”Vms = ”+string(Vms)+” V”) // i n i t i a l i z i n g va lu e
o f meta l s em i conduc to r work f u n c t i o n d i f f e r e n c e .

6 Er=3.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 tox =200*10^ -8

11 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f t h i c k n e s s o f p−type s u b s t r a t e .

12 Qss =2.5*10^ -8

13 disp(”Qss = ”+string(Qss)+” columbs /cmˆ2”) //
i n i t i a l i z i n g va lu e o f cha rge d e n s i t y on
s emi conduc to r s u r f a c e .

14 Eox=Eo*Er

15 disp(” Tota l p e rm i t t i v i t y , Eox=Eo∗Er=”+string(Eox)+” F
/cm”)// c a l c u l a t i o n

16 Co=(Eox/tox)

17 disp(” Capac i t ance per un i t area , Co=(E/ tox ) )=”+string
(Co)+” F/cmˆ2”)// c a l c u l a t i o n

18 Vfb=(Vms -(Qss/Co))

19 disp(” F l a t band vo l t ag e , Vfb=(Vms−(Qss /Co) ) )=”+string
(Vfb)+” V”)// c a l c u l a t i o n

20

21 // the answer f o r Co a f t e r c a l c u l a t i o n i s p rov id ed
wrong i n the book .

Scilab code Exa 8.9 THRESHOLD VOLTAGE

1 clc
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2 Na =3*10^16

3 disp(”Na = ”+string(Na)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r i on c o n c e n t r a t i o n .

4 Vms =-1.12

5 disp(”Vms = ”+string(Vms)+”V”) // i n i t i a l i z i n g va lu e
o f meta l s em i conduc to r work f u n c t i o n d i f f e r e n c e .

6 Er=11.9

7 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 ni =1.5*10^10

11 disp(” n i = ”+string(ni)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n o f e l e c t r o n s .

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

14 tox =300*10^ -8

15 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f t h i c k n e s s o f p−type s u b s t r a t e .

16 Vfb =-1.12

17 disp(”Vfb = ”+string(Vfb)+” V”) // i n i t i a l i z i n g va lu e
o f f l a t band v o l t a g e .

18 Qss =10^11

19 disp(”Qss = ”+string(Qss)+” e l e c t r o n i c cha rge
columns /cmˆ2”) // i n i t i a l i z i n g va lu e o f cha rge
d e n s i t y on s emi conduc to r s u r f a c e .

20 Vt =0.0259

21 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

22 er=3.9

23 disp(” e r = ”+string(er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t

24 Eox=Eo*Er

25 disp(” t o t a l p e rm i t t i v i t y , Eox=Eo∗Er=”+string(Eox)+” F
/cm”)// c a l c u l a t i o n

26 Vfp=Vt*(log(Na/(ni)))

126



27 disp(” Po t en t i a l , Vfp=Vt ∗ ( l o g (Na/( n i ) ) ) )=”+string(Vfp)
+” V”)// c a l c u l a t i o n

28 Wd=sqrt ((4* Eox*Vfp)/(e*Na))

29 disp(”Maximum d e p l e t i o n width ,Wd=s q r t ( ( 4∗E∗Vs ) /( e∗Nd
) ) )=”+string(Wd)+” cm”)// c a l c u l a t i o n

30 QDmax=(e*Na*Wd)

31 disp(”Over a l l maximum d e p l e t i o n width ,QDmax=(e∗Na∗
Wd) )=”+string(QDmax)+” columns /cmˆ2”)//
c a l c u l a t i o n

32 VT=((( QDmax -1.6*10^ -8)*tox)/(er*Eo))+(2* Vfp+Vfb)

33 disp(” Thre so ld Voltage ,VT=(((QDmax−1.6∗10ˆ−8)∗ tox ) /(
e r ∗Eo ) ) +(2∗Vfp+Vfb )=”+string(VT)+” V”)//
c a l c u l a t i o n

Scilab code Exa 8.10 VALUE OF Id

1 clc

2 L=1.25*10^ -4

3 disp(”L = ”+string(L)+” cm”) // i n i t i a l i z i n g va lu e o f
l e n g t h o f channe l .

4 un=600

5 disp(”un = ”+string(un)+”cmˆ2/V−s ”) // i n i t i a l i z i n g
va lu e o f mob i l i t y o f n−channe l MOS t r a n s i s t o r .

6 Co=6.9*10^ -9

7 disp(”Co = ”+string(Co)+”F/cmˆ2”) // i n i t i a l i z i n g
va lu e o f c a p a c i t a n c e per un i t a r ea .

8 VT=0.60

9 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i n g va lu e
o f t h r e s h o l d Vo l tage .

10 Vgs=4

11 disp(”Vgs = ”+string(Vgs)+” V”) // i n i t i a l i z i n g va lu e
o f ga t e to s ou r c e v o l t a g e .

12 W=12*10^ -4

13 disp(”W = ”+string(W)+”cm”) // i n i t i a l i z i n g va lu e o f
width o f channe l .
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14 Id=((Co*un*W)/(L)*((Vgs -VT)^2/(2)))

15 disp(”Drain cu r r en t , Id =((Co∗un∗W) /(L) ∗ ( ( Vgs−VT)
ˆ2/ ( 2 ) ) )=”+string(Id)+” A”)// c a l c u l a t i o n .

16

17

18 //The answer p rov id ed i n the book ( f o r Id ) i s wrong
as the va lu e o f mob i l i t y used f o r s o l u t i o n i s
d i f f e r e n t than prov id ed in the qu e s t i o n and a l s o
va lu e o f (Vgs−Vt ) i s put wrong i n the s o l u t i o n
than g i v en i n the book .

19 // I have used the va l u e g i v en i n the qu e s t i o n i . e .
answer d i f f e r .

Scilab code Exa 8.13 MINIMUM CAPACITANCE AND FLAT BAND CAPACITANCE

1 clc

2 Na =2*10^17

3 disp(”Na = ”+string(Na)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f a c c e p t o r i on c o n c e n t r a t i o n .

4 Er=11.9

5 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

6 Eo =8.854*10^ -14

7 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

8 ni =1.5*10^10

9 disp(” n i = ”+string(ni)+”cmˆ−3”) // i n i t i a l i z i n g
va lu e o f i n t r i n s i c c o n c e n t r a t i o n o f e l e c t r o n s .

10 e=1.6*10^ -19

11 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

12 tox =400*10^ -8

13 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f t h i c k n e s s o f p−type s u b s t r a t e .

14 Vt =0.0259
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15 disp(”Vt = ”+string(Vt)+” eV”) // i n i t i a l i z i n g va lu e
o f the rma l v o l t a g e .

16 er=3.9

17 disp(” e r = ”+string(er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t

18 Vfp=Vt*(log(Na/(ni)))

19 disp(” Po t en t i a l , Vfp=Vt ∗ ( l o g (Na/( n i ) ) ) )=”+string(Vfp)
+” V”)// c a l c u l a t i o n

20 Wd=sqrt ((4*Er*Eo*Vfp)/(e*Na))

21 disp(” Dep l e t i on width ,Wd=s q r t ( ( 4∗ Er∗Eo∗Vs ) /( e∗Nd) ) )=
”+string(Wd)+” cm”)// c a l c u l a t i o n

22 CTmin=(er*Eo/(((er/Er)*(Wd))+(tox)))

23 disp(”Minimum Capac i tance , CTmin=( e r ∗Eo / ( ( e r /Er ) ∗ (Wd)
+( tox ) ) )=”+string(CTmin)+” F/cmˆ2”)// c a l c u l a t i o n

24 CFB =((er*Eo)/(((( er/Er)*sqrt(Vt*Er*Eo/(e*Na))))+(tox

)))

25 disp(” F l a t band capa c i t an c e ,CFB=(( e r ∗Eo ) / ( ( ( e r /Er ) ∗
s q r t (Vt∗Er∗Eo/( e∗Na) ) ) )+( tox ) )=”+string(CFB)+” F/
cmˆ2”)// c a l c u l a t i o n

26

27 // the va lu e o f Na ( a c c e p t o r i on c o n c e n t r a t i o n ) and
tox ( t h i c k n e s s o f p−type s u b s t r a t e ) i s p rov ided
d i f f e r e n t i n the qu e s t i o n than used i n the
s o l u t i o n .

28 // I have used the va l u e p rov id ed in the s o l u t i o n . ( i .
e Na=2∗10ˆ17 and tox =400∗10ˆ8cm)

Scilab code Exa 8.14 VALUE OF Qss

1 clc

2 Vfb=-1.0

3 disp(”Vfb = ”+string(Vfb)+” V”) // i n i t i a l i z i n g va lu e
o f f l a t band v o l t a g e .

4 Vms=-0.9

5 disp(”Vms = ”+string(Vms)+”V”) // i n i t i a l i z i n g va lu e
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o f meta l s em i conduc to r work f u n c t i o n d i f f e r e n c e .
6 tox =200*10^ -8

7 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f ga t e ox id e t h i c k n e s s .

8 et=3.9

9 disp(” e t = ”+string(et)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e p e rm i t t i v i t y .

10 eo =8.85*10^ -14

11 disp(” eo = ”+string(eo)+”F/cm”) // i n i t i a l i z i n g va lu e
o f f r e e space p e rm i t t i v i t y .

12 e=1.6*10^ -19

13 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

14 eox=(eo*et)

15 disp(” eox=(eo ∗ e t ) )=”+string(eox)+” F/cmˆ2”)//
c a l c u l a t i o n

16 Cox=(eox/tox)

17 disp(”Oxide c apa c i t an c e , Cox=(eox / tox ) )=”+string(Cox)
+” F/cmˆ2”)// c a l c u l a t i o n

18 Qss =((Vms -Vfb)*Cox)

19 disp(” cha rge d e n s i t y on s emi conduc to r s u r f a c e , Qss=((
Vms−Vfb ) ∗Cox ) )=”+string(Qss)+” C/cmˆ2”)//
c a l c u l a t i o n

20 Qss1=Qss/e

21 disp(” cha rge d e n s i t y on s emi conduc to r s u r f a c e ( i n
terms o f number o f c h a r g e s ) , Qss∗=Qss/ e )=”+string
(Qss1)+” e l e c t r o n s /cmˆ2”)// c a l c u l a t i o n

Scilab code Exa 8.15 VALUE OF Id

1 clc

2 L=3*10^ -6

3 disp(”L = ”+string(L)+” meter ”) // i n i t i a l i z i n g va lu e
o f l e n g t h o f channe l .

4 un=800
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5 disp(”un = ”+string(un)+”cmˆ2/V−s ”) // i n i t i a l i z i n g
va lu e o f mob i l i t y o f n−channe l MOS t r a n s i s t o r .

6 VT=1

7 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i n g va lu e
o f t h r e s h o l d Vo l tage .

8 Vgs=0

9 disp(”Vgs = ”+string(Vgs)+” V”) // i n i t i a l i z i n g va lu e
o f ga t e to s ou r c e v o l t a g e .

10 tox =500*10^ -8

11 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f ga t e ox id e t h i c k n e s s .

12 et=3.9

13 disp(” e t = ”+string(et)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e p e rm i t t i v i t y .

14 eo =8.85*10^ -14

15 disp(” eo = ”+string(eo)+”F/cm”) // i n i t i a l i z i n g va lu e
o f f r e e space p e rm i t t i v i t y .

16 W=30*10^ -6

17 disp(”W = ”+string(W)+”m”) // i n i t i a l i z i n g va lu e o f
width o f channe l .

18 eox=(eo*et)

19 disp(” eox=(eo ∗ e t ) )=”+string(eox)+” F/cmˆ2”)//
c a l c u l a t i o n

20 Id=((eox*un*W)/(tox*L)*((Vgs -VT)^2/(2)))

21 disp(”Drain cu r r en t , Id =(( eox ∗un∗W) /( tox ∗L) ∗ ( ( Vgs−VT)
ˆ2/ ( 2 ) ) ) )=”+string(Id)+” A”)// c a l c u l a t i o n

Scilab code Exa 8.16 VALUE OF Id

1 clc

2 L=2.5*10^ -6

3 disp(”L = ”+string(L)+” meter ”) // i n i t i a l i z i n g va lu e
o f l e n g t h o f channe l .

4 un=800

5 disp(”un = ”+string(un)+”cmˆ2/V−s ”) // i n i t i a l i z i n g
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va lu e o f mob i l i t y o f n−channe l MOS t r a n s i s t o r .
6 VT=0.8

7 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i n g va lu e
o f t h r e s h o l d Vo l tage .

8 Vgs=1

9 disp(”Vgs = ”+string(Vgs)+” V”) // i n i t i a l i z i n g va lu e
o f ga t e to s ou r c e v o l t a g e .

10 tox =400*10^ -8

11 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f ga t e ox id e t h i c k n e s s .

12 et=3.9

13 disp(” e t = ”+string(et)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e p e rm i t t i v i t y .

14 eo =8.85*10^ -14

15 disp(” eo = ”+string(eo)+”F/cm”) // i n i t i a l i z i n g va lu e
o f f r e e space p e rm i t t i v i t y .

16 eox=(eo*et)

17 disp(” eox=(eo ∗ e t ) )=”+string(eox)+” F/cmˆ2”)//
c a l c u l a t i o n

18 W=25*10^ -6

19 disp(”W = ”+string(W)+”m”) // i n i t i a l i z i n g va lu e o f
width o f channe l . .

20 Id=((eox*un*W)/(tox*L)*((Vgs -VT)^2/(2)))

21 disp(”Drain cu r r en t , Id =(( eox ∗un∗W) /( tox ∗L) ∗ ( ( Vgs−VT)
ˆ2/ ( 2 ) ) ) )=”+string(Id)+” A”)// c a l c u l a t i o n

Scilab code Exa 8.17 RATIO OF W AND L

1 clc

2 un=525

3 disp(”un = ”+string(un)+”cmˆ2/V−s ”) // i n i t i a l i z i n g
va lu e o f mob i l i t y o f n−channe l MOS t r a n s i s t o r .

4 VT=0.75

5 disp(”VT = ”+string(VT)+” V”) // i n i t i a l i z i n g va lu e
o f t h r e s h o l d Vo l tage .
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6 Vgs=2

7 disp(”Vgs = ”+string(Vgs)+” V”) // i n i t i a l i z i n g va lu e
o f ga t e to s ou r c e v o l t a g e .

8 tox =400*10^ -8

9 disp(” tox = ”+string(tox)+” cm”) // i n i t i a l i z i n g
va lu e o f ga t e ox id e t h i c k n e s s .

10 et=3.9

11 disp(” e t = ”+string(et)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e p e rm i t t i v i t y .

12 eo =8.85*10^ -14

13 disp(” eo = ”+string(eo)+”F/cm”) // i n i t i a l i z i n g va lu e
o f f r e e space p e rm i t t i v i t y .

14 eox=(eo*et)

15 disp(” eox=(eo ∗ e t ) )=”+string(eox)+” F/cmˆ2”)//
c a l c u l a t i o n

16 Id=6*10^ -3

17 disp(” Id = ”+string(Id)+”A”) // i n i t i a l i z i n g va lu e o f
width o f channe l . .

18 X=((Id*tox *2)/(eox*un*((Vgs -VT)^2)))

19 disp(”width to l e n g t h r a t i o ,W/L=(( Id ∗ tox ∗2) /( eox ∗un
∗ ( ( Vgs−VT) ˆ2) ) ) )=”+string(X))// c a l c u l a t i o n

Scilab code Exa 8.18 PINCH OFF VOLTAGE

1 clc

2 Nd =2*10^16

3 disp(”Nd = ”+string(Nd)+” /cmˆ3”) // i n i t i a l i z i n g
va lu e o f donor i on c o n c e n t r a t i o n .

4 a=2*10^ -4

5 disp(”a = ”+string(a)+” cm”) // i n i t i a l i z i n g va lu e o f
h e i g h t o f channe l at p inch o f f .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 Er=11.9
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9 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e p e rm i t t i v i t y .

10 Eo =8.85*10^ -14

11 disp(”Eo = ”+string(Eo)+”F/cm”) // i n i t i a l i z i n g va lu e
o f f r e e space p e rm i t t i v i t y .

12 E=(Eo*Er)

13 disp(”E=(Eo∗Er ) )=”+string(E)+” F/cmˆ2”)// c a l c u l a t i o n
14 Vp=((e*Nd*a^2) /(2*E))

15 disp(”Pinch o f f Voltage ,Vp=(( e ∗Nd∗a ˆ2) /(2∗E) ) )=”+
string(Vp)+” V”)// c a l c u l a t i o n

Scilab code Exa 8.20 VALUE OF rDS

1 clc

2 a=2*10^ -4

3 disp(”a = ”+string(a)+” cm”) // i n i t i a l i z i n g va lu e o f
h e i g h t o f channe l at p inch o f f .

4 Er=11.9

5 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

6 Eo =8.854*10^ -14

7 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

8 un=1350

9 disp(”un = ”+string(un)+”cmˆ2/V−s ”) // i n i t i a l i z i n g
va lu e o f mob i l i t y o f n−type s i l i c o n Mosfet .

10 W=8*10^ -4

11 disp(”W = ”+string(W)+” cm”) // i n i t i a l i z i n g va lu e o f
width o f p−s u b s t r a t e .

12 L=10*10^ -4

13 disp(”L = ”+string(L)+” cm”) // i n i t i a l i z i n g va lu e o f
l e n g t h o f p−s u b s t r a t e .

14 e=1.6*10^ -19

15 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .
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16 Vp=4

17 disp(”Vp = ”+string(Vp)+” V”) // i n i t i a l i z i n g va lu e
o f t h i c k n e s s o f p−s u b s t r a t e .

18 Vgs=0

19 disp(”Vgs = ”+string(Vgs)+” V”) // i n i t i a l i z i n g va lu e
o f ga t e to s ou r c e v o l t a g e .

20 E=Eo*Er

21 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n

22 Nd=((Vp*2*E)/(e*a^2))

23 disp(”Donor i on c on c en t r a t i o n ,Nd=((Vp∗2∗E) /( e∗a ˆ2) ) )
=”+string(Nd)+” /cmˆ3”)// c a l c u l a t i o n

24 rds=(L/(W*a*e*un*Nd))

25 disp(”On Drain r e s i s t a n c e , rd s=(L/(W∗a∗ e∗un∗Nd) ) )=”+
string(rds)+” ohm”)// c a l c u l a t i o n
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Chapter 10

SILICON CONTROLLED
RECTIFIER

Scilab code Exa 10.2 VALUE OF PUNCH THROUGH VOLTAGE

1 clc

2 Nd =10^14

3 disp(”Nd = ”+string(Nd)+” /cmˆ−3”) // i n i t i a l i z i n g
va lu e o f donor i on c o n c e n t r a t i o n .

4 Er=11.9

5 disp(”Er = ”+string(Er)) // i n i t i a l i z i n g va lu e o f
r e l a t i v e d i e l e c t r i c p e rm i t t i v i t y c on s t an t .

6 e=1.6*10^ -19

7 disp(” e = ”+string(e)+” columns ”) // i n i t i a l i z i n g
va lu e o f cha rge o f e l e c t r o n s .

8 Eo =8.854*10^ -14

9 disp(”Eo = ”+string(Eo)+” F/cm”) // i n i t i a l i z i n g
va lu e o f p e rm i t t i v i t y o f f r e e space .

10 W=100*10^ -4

11 disp(”W = ”+string(W)+” cm”) // i n i t i a l i z i n g va lu e o f
width o f SCR .

12 E=Eo*Er

13 disp(” t o t a l p e rm i t t i v i t y ,E=Eo∗Er=”+string(E)+” F/cm”
)// c a l c u l a t i o n
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14 Vpt=(e*Nd*W^2) /(2*E)

15 disp(”Punch t rough vo l t a g e , Vpt=(e ∗Nd∗Wˆ2) /(2∗E) )=”+
string(Vpt)+” V”)// c a l c u l a t i o n

Scilab code Exa 10.3 VALUE OF THE DIFFERENTIAL TERM

1 clc

2 Ia=2*10^ -3

3 disp(” Ia = ”+string(Ia)+” A”) // i n i t i a l i z i n g va lu e
o f f o rward c u r r e n t o f t h y r s i s t o r .

4 x=0.9

5 disp(” ( ap+an ) = ”+string(x)) // i n i t i a l i z i n g va lu e o f
sum o f c u r r e n t ga in o f n , ptype s emi conduc to r [

va l u e i s g e t i n by v a r i a b l e x , but r e p r e s e n t e d on
c o n s o l e window through ap +an ] .

6 a=0.45

7 disp(”a = ”+string(a)) // i n i t i a l i z i n g va lu e o f
c u r r e n t ga in o f both n , p type s emi conduc to r ( as
i t i s assume tha t ap [ c u r r e n t ga in o f n type
s emi conduc to r ]=an [ c u r r e n t ga in o f ptype
s emi conduc to r ] i n the qu e s t i o n ) .

8 Ico=Ia*(1 -(2*a))

9 disp(” I c o=Ia ∗(1−(2∗ an ) )=”+string(Ico)+” A”)//
c a l c u l a t i o n

10 y=1/2* Ico *((Ia)^-2)

11 disp(” ( da/ dt ) =1/2∗ I c o ∗ ( ( I a ) ˆ−2) )=”+string(y)+” /A”)
// c a l c u l a t i o n

12

13 //The answer f o r ( da/ dt ) a f t e r do ing c a l c u l a t i o n i s
p rov id ed wrong in the book .
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