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Chapter 1
CRYSTAL STRUCTURES

Scilab code Exa 1.4 PACKING FRACTION OF SIMPLE CUBIC

clc

a=1

disp(Pa= "+string(a)) //initializing value of
lattice constant(a)=1.

r=a/2

disp("r=a/2 = "+string(r)) //initializing value of

radius of atom for simple cubic.
v=((4*x%pi*(r~3))/3)

disp (”Volume of one atom ,v=((4x%pix(r"3))/3) = "+
string(v)) //calcuation.

V=a"3

disp(”Total Volume of the cube,V=a"3 = "+string(V))
//calcuation .

Fp=(v*100/V)

disp("Fp(S.C)=(v%100/V) = "+string(Fp)+"%")//
calculation

Scilab code Exa 1.5 PACKING FRACTION OF BCC

10
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clc

a=1

disp("a= "+string(a)) //initializing value of
lattice constant(a)=1.

r=(sqrt(3)*(a”2/4))

disp(”Radius of the atoms,r=(sqrt(3)=*(a"2/4)) = "+

string(r)) //initializing value of radius of atom
for BCC.

v=((4x%pi*(r~3))/3) *2

disp("Volume of two atom ,v=((4x%pix(r"3))/3)*x2 = "+
string(v)) //calcuation.

V=a"3

disp(”Total Volume of the cube,V=a"3 = "+string(V))
//calcuation .

Fp=(v*100/V)

disp("Fp(B.C.C)=(v*100/V) = "+string (Fp)+"%")//
calculation

Scilab code Exa 1.6 PACKING FRACTION OF FCC

clc

a=1

disp("a= "+string(a)) //initializing value of
lattice constant(a)=1.

r=(a/(2xsqrt(2)))

disp(”Radius of the atom,r=(a/(2%sqrt(2)))= "+string
(r)) //initializing value of radius of atom for
FCC.

v=(((4*%pi*x(r~3))/3)*4)

disp(”Volume of the four atom,v=(((4%%pi*x(r"3))/3)

x4) = "+string(v)) //calcuation.
V=a"3
disp(”Total volume of the cube,V=a"3 = "+string(V))

//calcuation .
Fp=(v*100/V)

11
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disp("Fp(F.C.C)=(v*100/V) = "+string(Fp)+"%")//
calculation

Scilab code Exa 1.8 PACKING FRACTION OF DIAMOND CRYSTAL STRUCTURE

clc

a=1

disp("a= "+string(a)) //initializing value of
lattice constant(a)=1.

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

disp(”Radius of the atom,r=(sqrt(3)*a/8) )= "+string
(r)) //initializing value of radius of atom for
diamond .

v=(((4*%pi*x(r~3))/3)*8)

disp("v=(((4*%pi*(r"3))/3)*8) = "+string(v)) //
calcuation .

V=a"3

disp("V=a"3 = "+string(V)) //calcuation.
Fp=(v*100/V)

disp ("Fp(Diamond )=(v*100/V) = "+string(Fp)+"%")//

calculation

Scilab code Exa 1.9 PACKING FRACTION OF BCC

clc

a=bx10"-8

disp("a = "+string(a)+” cm”) //initializing value of
lattice constant.

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

disp (”Radius of the atom,r=(sqrt(3)=x(a/4)) = "+
string(r)) //initializing value of radius of atom
for BCC.

v=((4*x%pi*x(r~3))/3)*2

12
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disp (" Volume of the two atoms,v=((4x%pix(r"3))/3)=2

= "+string(v)) //calcuation.
V=a~3

disp(”Total Volume of the cube,V=a"3 = "+string(V))

//calcuation .

Fp=(v*100/V)

disp ("Fp(B.C.C)=(v*100/V) = "+string(Fp)+"%")//
calculation

Scilab code Exa 1.10 MILLER INDICES OF LATTICE PLANE

clc

x=1

disp(”"x intercept = "+string(x)) //initializing
value of x intercept ..

y=%inf

disp(”y intercept = "+string(y)) //initializing
value of y intercept.

z=%inf

disp(”z intercept = "+string(z)) //initializing
value of z intercept.

h=[1/x]

disp(”miller indices ,h=(1/x) = "+string(h))//
calculation

k=[1/y]

disp("k=(1/y) = "+string(k))//calculation

1=[1/2z]

disp("1=(1/z) = 7+string(l))//calculation

Scilab code Exa 1.11 MILLER INDICES OF LATTICE PLANE

clc
x=%inf

13
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disp(”x intercept = "+string(x)) //initializing
value of x intercept.

y=hinf

disp(”y intercept = "+string(y)) //initializing
value of Y intercept.

z=1

disp(”z intercept = "+string(z)) //initializing
value of 7Z intercept.

h=[1/x]

disp (" miller indices ,h=[1/x] = "+string(h))//
calculation

k=[1/y]

disp("k=[1/y] = "+string(k))//calculation

1=[1/2z]

disp("1=[1/z] = 7+string(l))//calculation

Scilab code Exa 1.12 MILLER INDICES OF LATTICE PLANE

clc

x=%inf

disp(”x intercept = "+string(x)) //initializing
value of X intercept.

y=1

disp(”y intercept = "+string(y)) //initializing
value of Y intercept.

z=%inf

disp(”z intercept = "+string(z)) //initializing
value of 7Z intercept.

h=[1/x]

disp("miller indices ,h=[1/x] = "+string(h))//
calculation

k=[1/y]

disp("k=[1/y] = "+string(k))//calculation

1=[1/z]

disp("1=[1/z] = "+string(l))//calculation

14
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Scilab code Exa 1.13 MILLER INDICES OF LATTICE PLANE

clc

x=1

disp(”x intercept = "+string(x)) //initializing
value of X intercept.

y=1

disp("y intercept = "+string(y)) //initializing
value of Y intercept.

z=%inf

disp(”z intercept = "+string(z)) //initializing
value of Z intercept.

h=[1/x]

disp(” miller indices ,h=[1/x] = "+string(h))//
calculation

k=[1/y]

disp("k=[1/y] = "+string(k))//calculation

1=[1/z]

disp(”1=[1/z] = "+string(l))//calculation

Scilab code Exa 1.14 MILLER INDICES OF LATTICE PLANE

clc

x=%inf

disp(”x intercept = "+string(x)) //initializing
value of X intercept.

y=1

disp(”y intercept = "+string(y)) //initializing
value of Y intercept.

z=1

disp(”z intercept = "+string(z)) //initializing

value of 7Z intercept.

15
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h=[1/x]

disp(” miller indices ,h=[1/x] = "+string(h))//
calculation

k=[1/y]

disp("k=[1/y] = 7+string(k))//calculation

1=[1/z]

disp(”1l=[1/z] = "+string(l))//calculation

Scilab code Exa 1.15 MILLER INDICES OF LATTICE PLANE

clc

x=2

disp(”x intercept = "+string(x)) //initializing
value of X intercept.

y=2

disp(”y intercept = "+string(y)) //initializing
value of Y intercept.

z=2

disp(”z intercept = "+string(z)) //initializing
value of 7Z intercept.

c=2

disp ("common factor of all the intercept= "+string(c

)) //initializing value of common factor of all
the intercepts.

h=[c/x]

disp(”miller indices ,h=[c/x] = "+string(h))//
calculation

k=[c/y]

disp("k=[c/y] = "+string(k))//calculation

1=[c/z]

disp("l=[c/z] = "+string(l))//calculation

Scilab code Exa 1.16 NO OF SILICON ATOMS

16
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clc

Wa=28.1

disp("Wa = "+string(Wa)) //initializing value of
atomic weight .

D=2.33

disp ("D = "+string(D)+”gram/cm”3”) //initializing
value of density.

Na=6.02%¥10"23

disp(”Na = "+string(Na)+”atoms/mole”) //initializing
value of avagadro number.

na =(Nax*D)/(Wa)

disp ("na =(NaxD)/(Wa)= "+string(na)+” atoms/cm"3")//
calculation

//the value of na (number of atoms in 1 cm”3 of
silicon), provided after calculation in the book
is wrong.

Scilab code Exa 1.17 VOLUME DENSITY OF A BCC LATTICE

clc

a=5%10"-8

disp("a= "+string(a)+’cm”) //initializing value of
lattice constant.

N=2

disp("N= "+string(N)) //initializing value of no.of
atoms in unit cell.

V=a"3

disp("V=a"3 = "+string(V)+”cm"3”) //initializing
value of total Volume of the unit cell.

na =(N/(V))

disp(”"na=(no.of atoms in unit cell/Volume of the
unit cell) =(N/(V))= "+string(na))//calculation

17
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Scilab code Exa 1.18 VOLUME DENSITY OF SILICON

clc

a=5.43%10"-8

disp(”a = "+string(a)+’cm”) //initializing value of
lattice constant.

N=8

disp("N = 7+string(N)) //initializing value of no.
of atoms in a unit cell.

ns =(N/(a"3))

disp (" Number of atom in the em"3,ns =(N/(a"3))= "+
string(ns))//calculation

Scilab code Exa 1.19 DENSITY OF SILICON

clc

a=5.43%10"-8

disp(” a = "+string(a)+’cm”) //initializing value of

lattice constant.

Wa=28.1

disp(” Wa = "+string(Wa)) //initializing value of
atomic weight .

Na=6.02*x10"23

disp(” Na = 7+string(Na)) //initializing value of
avagdro number.

ns=5*x10722

disp(” ns = "+string(ns)+”atoms/ecm”37) //
initializing value of atoms/cm”3.

D =(ns*Wa)/(Na)

disp(” Density of silicon ;D =(ns*Wa)/(Na) = "+string
(D)+” gm/ecm”27) //calculation

18



Scilab code Exa 1.20 VOLUME DENSITY OF A FCC LATTICE

clc

a=4.75%x10"-8

disp(” a = "+string(a)+”cm”) //initializing value of
lattice constant.

N=4

disp(” N = "+string(N)) //initializing value of

number of atoms in the unit cell.
na =(N/(a"3))
disp(” na =(N/(a"3)) = "+string(na))//calculation

19



Chapter 2

ENERGY BAND THEORY
OF SOLIDS

Scilab code Exa 2.1 MINORITY CARRIER CONCENTRATION

clc
n=10"14
disp("n = "+string(n)+”/em”3”) //initializing value

of electrons/cm”3.

no=1.5x10"10

disp("no. of EHPs/cm"3 = "+string(no)+” /ecm"3”) //
initializing value of electron hole pairs/cm”3.

p=(no~2/n)

disp(”minority carriers concentration ,p=(no“2/n))="
+string(p)+” /em™3”7)//calculation

Scilab code Exa 2.2 CURRENT GENERATED BY MINORITY CARRIER MOVEMENT

clc
e=1.6*x10"-19
disp(” electron charge = "+string(e)+”columns”) //

initializing the value of electron charge.

20
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no=1.5*x10710

disp("no. of EHPs/cm"3 = "+string(no)+”/cm"3”) //
initializing value of electron hole pairs/cm”3.

n=(1/e)

disp (”Number of free electrons in 1 columns ,n=(1/e)
)= "+string(n))//calculation

i=(1/n)

disp(” Current by movement of one electrons ,i=(1/n))
= "+string(i)+” Amphere ”)//calculation

I=(noxi)

disp (” Current by movement of (1.5%x10°10) electrons
[=(noxi))= "+string (I)+” Amphere ”)//calculation

Scilab code Exa 2.3 CURRENT GENERATED BY MINORITY CARRIER MOVEMENT

clc
e=1.6%x10"-19
disp(” Electron charge = "+string(e)+”columns”) //

initializing the value of electron charge.
no=2.5*x10"13
disp ("Number of free electrons/cm"3 in Ge ,n
=2.5%x10"13)= "+string(no)+” electrons /ecm”"3”7) //
calculation

n=(1/e)

disp ("”Number of free electrons in 1 columns ,n=(1/e)
)= "+string(n))//calculation

i=(1/n)

disp (” Current by movement of one electrons ,i=(1/n))
= "+string(i)+” amphere ”)//calculation

I=(noxi)

disp (” Current by movement of (2.5%x10°13) electrons
in Ge,I=(nox*i))= "+string(I)+” amphere 7)//
calculation

21



Scilab code Exa 2.4 FREQUENCY OF RADIATION EMITTED BY GaAs

clc
Eg=1.43%1.6%10"-19
disp(” energy gap = "+string(Eg)+"Volt”) //

initializing the value of energy gap.
h=6.624%10"-34
disp(” plank constant = "+string(h)+”joule”)//
initializing the value of plank constant.
c=3*%10"8

disp(” light speed = "+string(c)+’m/s”) //
initializing the value of speed of light.
f=(Eg/h)

disp(”frequency of radiation emitted ,f=(Eg/h))= "+
string (£f)+” Hz ”)//calculation

lamda=(c/f)

disp(”wavelength of radiation emitted ,lamda=(c/f))=
"+string (lamda)+” metre ”7)//calculation

Scilab code Exa 2.5 FREQUENCY OF RADIATION EMITTED

clc

Egl=1.43

disp(” Energy gap of GaAs = "+string(Egl)+"eV”) //
initializing the value of energy gap of GaAs.

Eg2=2.43

disp(” Energy gap of GaP = "+string(Eg2)+"eV”)//
initializing the value of energy gap of Gap.

h=6.624%x10"-34

disp(” plank constant = "+string(h)+”joule”)//
initializing the value of plank constant.

c=3%10"8
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disp(” light speed = "+string(c)+’m/s”) //
initializing the value of speed of light.

x=(Eg2-Egl)

disp(” Difference between the energy gap of GaAs and
GaP ,x=(Eg2—-Egl))= "+string(x)+” eV”)//
calculation

g=(0.5%x)

disp (" Excess energy gap added to GaAs to form GaAsP
=(0.5%x))= "+string(g)+” eV 7)//calculation

Eg=(Egl+g)

disp (”Band gap energy GaAs(0.5)P(0.5) ,Eg=(Egl+g))="
+string (Eg)+” eV 7)//calculation

lamda=(c*h/(Eg*1.6*x10"-19))

disp (" Wavelength of radiation emitted ,w=(cxh/Eg))="
+string(lamda)+” metre ”)//calculation

Scilab code Exa 2.6 FERMI DIREC DISTRIBUTION FUNCTION

clc

E=1.1

disp(” E = 7"+string(E)+”eV”) //initializing the
value of energy level E in the crystal.

Ef=0.6

disp(” Ef = "+string(Ef)+”eV”)//initializing the
value of energy of fermi level of material.

T=300

disp(” temp = "+string (T)+"K”)//initializing the
value of temperature.

e=2.718

disp(” e = "+string(e)) //initializing the value of
exponential .

k=1.38%x10"-23

disp(” k = "+string(k)+”"J/k”) //initializing the
value of boltzmann constant .

a=(((E-Ef)*1.6%10°-19) /(k*T))

23



13

14
15

16
17

18

10
11

12
13

14
15

disp(7alpha ,a=(((E-Ef)*1.6x10"—19) /(kxT)))= "+
string(a))//calculation

fE=(1/(1+(e"a)))

disp("fE(Fermi Direc Distribution Function) , fE
=(1/(14+(e"a))))= "+string(fE))//calculation

//the value of Ef is different in the question than
used in the solution.

//1 have used the value ,used in the solution(i.e Ef
=0.6)

Scilab code Exa 2.7 FERMI DIREC DISTRIBUTION FUNCTION

clc

E=0.6

disp(” E = 7"+string(E)+”eV”) //initializing the
value of energy level E in the crystal.

Ef=1.1

disp(” Ef = "+string(Ef)+"eV”)//initializing the
value of fermi level of material.

T=300

disp(” temp = "+string(T)+"kelvin”)//initializing

the value of temperature.

k=1.38%x10"-23

disp(” k = "+string(k)+”J/k”) //initializing the
value of boltzmann constant.

e=2.718

disp(” e = "+string(e)) //initializing the value of
exponential .

a=(((-(Ef-E))*1.6%x10"-19) /(k*T))

disp(7alpha ,a=(((—(Ef-E))*1.6x10"—19) /(k«T)))= "+
string(a))//calculation

fE=(1/(1+(e"a)))

disp("fE(Fermi Direc Distribution Function) ,fE
=(1/(14+(e"a))))= "+string(fE))//calculation
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//the value of E is different in the question than
used in the solution.

//1 have used the value ,used in the solution(i.e E
=0.6)

Scilab code Exa 2.8 FERMI DIREC DISTRIBUTION FUNCTION

clc

E=1.1

disp(” E = "+string(E)+"eV”) //initializing the
value of energy level E in the crystal.

Ef=0.6

disp(” Ef = "+string(Ef)+”eV”)//initializing the
value of fermi level of material.

T=1000

disp(” Temp = "+string(T)+"K”)//initializing the

value of temperature.

k=1.38%x10"-23

disp(” k = "+string(k)+”J/k”) //initializing the
value of boltzmann constant.

e=2.718

disp(” e = "+string(e)) //initializing the value of
exponential .

a=(((-Ef+E)*1.6%10°-19) /(kx*T))

disp(7alpha ,a=(((—FE+Ef)*1.6x10" —19) /(k«T)))= "+
string(a))//calculation

fE=(1/(1+(e"a)))

disp("fE(Fermi Direc Distribution Function) , fE
=(1/(14+(e"a))))= "+string(fE))//calculation

//The value of Ef is different in the question than
used in the solution.
//1 have used the value ,used in the solution(i.e Ef

—0.6)
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Scilab code Exa 2.9 FERMI DIREC DISTRIBUTION FUNCTION

clc

Ef=0.6

disp(” Ef = "+string(Ef)+”eV”) //initializing the
value of fermi level of material.

E=1.1

disp(” E = "+string(E)+"eV”)//initializing the value

of level E in a crystal.
T=1000
disp(” Temp = "+string(T)+"kelvin”)//initializing

the value of temperature.
k=1.38%x10"-23

disp(” k = "+string(k)+”J/k”) //initializing the
value of boltzmann constant.

e=2.718

disp(” e = "+string(e)) //initializing the value of

exponential .

a=(((E-Ef)*1.6%107-19) /(k*T))

disp ("alpha ,a=(((E-Ef)*1.6%x10"—=19) /(kxT)))= "+
string(a))//calculation

fE=(1/(1+(e"a)))

disp("fE(Fermi Direc Distribution Function) ,fE
=(1/(14+(e"a))))= "+string(fE)) //calculation

//The value of Ef |temperature is different in the
question than used in the solution.

//1 have used the value of Ef,used in the solution (i
.e Ef=0.6)and value of temperature used is T=1000
K

//The value of a(alpha),provided in the solution
after calculation is wrong.As book has used
different value of the temperature in solution
than provided in the question.

26



10
11

12
13

14
15

16
17

18

Scilab code Exa 2.10 FERMI DIREC DISTRIBUTION FUNCTION

clc

E=1.1

disp(” E = "+string(E)+”eV”) //initializing the
value of level E in a crystal.

Ef=0.6

disp(” Ef = "+string(Ef)+7eV”)//initializing the
value of fermi level of material.

T=2500

disp(” temp = "+string(T)+"K”)//initializing the

value of temperature.
k=1.38%x10"-23

disp(” k = "+string(k)+”J/k”) //initializing the
value of boltzmann constant.

e=2.718

disp(” e = "+string(e)) //initializing the value of

exponential .

a=(((E-Ef)*1.6%107-19) /(k*T))

disp (”alpha ,a=(((E-Ef)*1.6%x10"—19) /(kxT)))= "+
string(a))//calculation

fE=(1/(1+(e"a)))

disp("fE(Fermi Direc Distribution Function) ,fE
=(1/(14+(e"a))))= "+string(fE))//calculation

//The value of Ef is different in the question than
used in the solution.
//1 have used the value ,used in the solution(i.e Ef

=0.6)

Scilab code Exa 2.11 FERMI DIREC DISTRIBUTION FUNCTION
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clc

E=0.6

disp(” E = "+string(E)+”eV”) //initializing the
value of level E in a crystal.

Ef=1.1

disp(” Ef = "+string(Ef)+7eV”)//initializing the
value of fermi level of the material.

T=2500

disp(” Temp = "+string(T)+"kelvin”)//initializing

the value of temperature.

k=1.38%x10"-23

disp(” k = "+string(k)+”J/k”) //initializing the
value of boltzmann constant.

e=2.718

disp(” e = "+string(e)) //initializing the value of
exponential .

a=(((-(Ef-E))*1.6%10"-19) /(kxT))

disp("a ,a=(((E-Ef)*1.6%x10" —19) /(k«T)))= "+string(a)
)//calculation

fE=(1/(1+(e"a)))

disp("fE(Fermi Direc Distribution Function) ,fE
=(1/(14+(e"a))))= "+string(fE))//calculation

//The value of E is different in the question than
used in the solution.
//1 have used the value ,used in the solution(i.e E

—0.6)

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

clc
n=10"16
disp("n = "+string(n)+” /em"3”) //initializing value

of number of electrons per cm”3.
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no=1.5%x10"10

disp("no = "+string(no)+” /em"3”) //initializing
value of electron hole pairs/cm”3.
p=(no~2/n)

disp (”Number of hole ,p=(no“2/n))= "+string(p)+” /cm
"37)//calculation

Scilab code Exa 2.13 VALUE OF FERMI LEVEL

clc

e=1.6%x10"-19

disp(”e = "+string(e)+”columb”) //initializing the
value of electronic charge.

n=1x10"16

disp("n = "+string(n)) //initializing the value of

number of electrons per cm”3.
no=1.5%x10"10

disp("no = "+string(no)+” /em"3”) //initializing
value of electron hole pairs/cm”3..

T=300

disp("T = "+string(no)+” K”) //initializing value of
temperature .

k=1.38%x10"-23

disp("k = "+string(k)+” J/K”) //initializing value

of boltzmann constant .

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

disp("fermi level |Ef—Efi=((k«T/e)*ln(n/no)) )= "+
string (Ef)+” eV”)//calculation

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

clc
no=1.5%x10"10
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disp("no = "+string(no)+” /cm"3”) //initializing
value of electrons and hole per cm”3.

n=1%x10"18

disp("n = "+string(n)+”/em”3”) //initializing value
of number of electrons per cm”3.

p=(no~2/n)

disp ("number of holes ,p=(no”2/n))= "+string(p)+” /
ecm”3”7) //calculation

//this is solved problem 2.1 of chapter 2.

Scilab code Exa 2.15 VALUE OF INTRINSIC CONCENTRATION

clc

n=1%x10"5

disp("n = "+string(n)+” /em”"3”) //initializing value
of electrons and hole per cm”™3.

p=1%10"19

disp("p = "+string(p)+” /em"3”) //initializing value

of number of hole per cm™3
no=sqrt (n*p)
disp(”Value of intrinsic concentration ,no=sqrt (n*p))
= "+string(no)+” /Jem"3")//calculation

//this is solved problem 2.2 of chapter 2.

Scilab code Exa 2.16 VALUE OF n

clc
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e=1.6%x10"-19

disp("e = "+string(e)+”columb”) //initializing the
value of electronic charge.

Ef_Efi=0.309

disp ("Ef—Efi = "+string (Ef_Efi)+” eV”) //
initializing the value of difference in the
energy levels.

no=2.5*x10"13

disp("no = 7+string(no)+” /em"3”) //initializing
value of number of electrons per cm™3

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature .

ex=2.718

disp("exp = "+string(ex)) //initializing the value

of exponential.

k=1.38%x10"-23

disp("k = "+string(k)+” J/K”) //initializing wvalue
of boltzmann constant.

n=nox*(ex " ((Ef _Efix*xe)/(kx*T)))

disp ("number of electrons per ecm”3, n=nox(ex " ((Ef-
Efi)/kT)))= "+string(n)+” /Jem"3”)//calculation

//This is solved problem 2.3 of chapter 2.
//The value used for "Ef—Efi” in the solution is
different than provided in the question.

//1 have used the value provided in the solution (i.
e Ef_Efi=0.309)

Scilab code Exa 2.17 VALUE OF no

clc
e=1.6%10"-19
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disp(”e = "+string(e)+” columb”) //initializing the
value of electronic charge.

Ef=0.4065

disp("Ef = "+string(Ef)+” eV”) //initializing the
value of fermi level.

n=10"17

disp("n = "+string(n)+” /em”"3”) //initializing value

of number of electrons per cm”3.

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature .

ex=2.718

disp("exp = "+string(ex)) //initializing the value
of exponential.

k=1.38%x10"-23

disp("k = "+string(k)+” J/K”) //initializing value
of boltzmann constant.

no=n/(ex” ((Efx*e)/(k*T)))

disp (" Number of electrons per cm”3, no=n/(ex ((Ef)/
kT)))= "+string(no)+” electrons/cm”"3”)//
calculation

//this is solved problem 2.4 of chapter 2.

//the value used for "n” in the solution is
different than provided in the question.

//1 have used the value provided in the solution (i.

e n=10"17)

Scilab code Exa 2.18 RESTIVITY AND RESISTANCE OF SEMICONDUCTOR

clc
e=1.6%10"-19
disp(”e = "+string(e)+”columb”) //initializing the

value of electronic charge.
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n=1%x10"22

disp("n = "+string(n)+” /m"3”) //initializing value
of number of electrons per cm™3

u=1200%10"-4

disp("u = "+string(u)+” m"2/Vs”) //initializing the
value of mobility.

L=0.1%x10"-2

disp("L = "+string(L)+” m”) //initializing the value
of length .
A=100%10"-12
disp("A = 7+string(A)+” m"2”) //initializing the
value of area of cross section.
sigma=n*exu

disp(”conductivity ,sigma=nxexu)= "+string(sigma)+”
siemen/m”) //calculation .

p=(1/sigma)

disp (” Resistivity ,p=(1/sigma))= "+string(p)+” ohm
metre”) //calculation .

R=(p*L/A)

disp("resistance ,R=(p*L/A))= "+string(R)+” ohm”) //
calculation .

//this is solved problem 2.5 of chapter 2.
//the value used for "A” in the solution is
different than provided in the question.

//1 have used the value provided in the solution (i.
e A=100%10"—12)

Scilab code Exa 2.19 VALUE OF DRIFT CURRENT

clc
R=52.08 *10"3
disp("R = "+string(R)+"ohm”) //initializing value of

Resistance.
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V=5

disp("V = "+string(V)+”volt”) //initializing value
of voltage.

I=(V/R)

disp(” Drift current ,I=(V/R))= "+string(I)+” amphere”
)//calculation

//this is solved problem 2.6 of chapter 2.

Scilab code Exa 2.20 FREQUENCY OF RADIATION EMITTED

clc

Egl=1.43

disp(” Energy gap of GaAs = "+string(Egl)+"eV”) //
initializing the value of energy gap of GaAs.

Eg2=2.43

disp(” Energy gap of GaP = "+string(Eg2)+7eV”)//
initializing the value of energy gap of Gap.

h=6.624%x10"-34

disp(” Plank constant = "+string(h)+”joule”)//
initializing the value of plank constant.

c=3%10"8

disp(” Light speed = "+string(c)+"m/s”) //
initializing the value of speed of light.

x=(Eg2-Egl)

disp(” Difference between the energy gap of GaAs and
GaP ,x=(Eg2—-Egl))= "+string(x)+” eV”)//
calculation

g=(0.4x%x)

disp(” Excess energy gap added to GaAs to form GaAsP
,(0.4%xx) )= "+string(g)+” eV 7)//calculation

Eg=(Egl+g)

disp (”Band gap energy GaAsP,Eg=(Egl+g))= "+string(Eg
)+7 eV 7)//calculation
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lamda=(c*h/(Eg*x1.6%x10"-19))
disp(”wavelength of radiation emitted ,lamda=(cxh/Eg)
)= "+string(lamda)+” metre ”)//calculation

//this is solved problem 2.7 of chapter 2.

Scilab code Exa 2.21 BAND GAP ENERGY AND VALUE OF X

clc

Egl=1.43

disp(” Energy gap of GaAs = "+string(Egl)+” eV”) //
initializing the value of energy gap of GaAs.

Eg2=2.43

disp(” Energy gap of GaP = 7+string(Eg2)+” eV")//
initializing the value of energy gap of Gap.

h=6.624%10"-34

disp(” Plank constant = "+string(h)+” joule”)//
initializing the value of plank constant.

c=3%10"8

disp(” Light speed = "+string(c)+” m/s”) //
initializing the value of speed of light.

lamda=540%10"6

disp(” lamda = "+string(lamda)+” m”) //initializing
the value of wavelength.
x=(Eg2-Egl)

disp(” Difference between the energy gap of GaAs and
GaP ,x=(Eg2—-Egl))= "+string(x)+” eV")//
calculation

Eg=((c*h/(lamda*(1.6*x10"-19))))

disp(”Band gap energy ,Eg=(cxh/lamdax(1.6x10" —19)))=
"+string (Eg)+” eV”)//calculation

X=Eg-(Egl)

disp ("X=Eg—(Egl)= "+string(X))//calculation
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//this is solved problem 2.8 of chapter 2.
//the value of Eg(band gap energy )is provided wrong
in the book after calculation.Due to this value

of X ,also differ.

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

clc

T1=500

disp(” Temperature 1 = "+string(T1)+"K”) //
initializing the value of temperature 1.

Nv=2%x10"19

disp(” Nv = "+string(Nv)+”cm"—3")//initializing the
value of effective density of state for valence
band

T2=300

disp(” Temperature 2 = "+string(T2)+"K")//
initializing the value of temperature 2.

NV=(Nv*((500/300) " (3/2)))

disp ("NV at 500K=(Nv((500/300) "(3/2))))= "+string(NV
)+7 em”—=3 7)) //calculation

//this is solved problem 2.9 of chapter 2.

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

clc

Nd=1%x10"17

disp("Nd = "+string(Nd)+"cm —3”) //initializing the
value of effective energy density of state.
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Ec_Ed=0.045

disp(” Ec_.Ed = "+string(Ec_Ed))//initializing the
value of donor ionisation level.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV 7)//initializing the
value of thermal voltage.

Nc=2.8%x10"19

disp(” Nc = "+string(Nc)+”cm"—3")//initializing the
value of effective density of state of conduction
band .

e=2.718

disp("exp = "+string(e))//initializing the value of

exponential .

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

disp(” Fraction of electron still in the donor state
,(nd/(nd4+n)=(((Nc/Nd)*e " ((—Ec_.Ed)/Vt))+1)"—1)= "+
string(N))//calculation

//this 1is solved problem 2.10 of chapter 2.

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

clc

Na=1%10"16

disp("Na = "+string(Na)+” cm”—3”)//initializing the
value of acceptor concentration.

Ea_Ev=0.045

disp("Ea_Ev = "+string(Ea_Ev))//initializing the
value of boron acceptor ionization energy.

Nv=(1.04%x10"19)

disp("Nv = "+string(Nv)+” c¢cm"—3")//initializing the
value of effective density of state for valence
band .

Vt=(0.0259)
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disp("Vt = "+string(Vt)+” eV”)//initializing the
value of thermal voltage.

p=(1+((Nv/(4*xNa))*exp(-(Ea_Ev)/Vt))) " (-1)

disp(”Fraction of holes that are still in the
acceptor state ,(pa/(pat+p))=(14+((Nv/4%Na)xexp(—(Ea
—Ev)/Vt))) (—1)= "+string(p))//calculation

//this is solved problem 2.11 of chapter 2.

Scilab code Exa 2.25 ELECTRON AND HOLE CONCENTRATION

clc

Nd=1%x10"17

disp("Nd = "+string(Nd)+” cm"—3”) //initializing the
value of donor concentration.

Na=0

disp(”Na = "+string(Na)+” e¢cm"—3")//initializing the
value of acceptor concentration.

no=1.5*x10"10

disp("ni = "+string(no)+” cm"—3")//initializing the
value of electron hole per cm”™3.

n=(-(Na-Nd)+sqrt ((Na-Nd) “2+4%*no)) /2

disp(” Electron concentration ,n=(—(Na—Nd)+sqrt ((Na—Nd
) "244%no)) /2)= "+string(n)+” ecm"—3”)//calculation

p=(no~2/n)

disp (”Hole concentration ,p)= "+string(p)+” cm"—3")//
calculation

//this is solved problem 2.13 of chapter 2.

Scilab code Exa 2.26 ELECTRON AND HOLE CONCENTRATION
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clc

Nd=6%10"16

disp(”"Nd = "+string(Nd)+” cm"—3”) //initializing the
value of donor concentration.

Na=10"17

disp(”Na = "+string(Na)+” c¢cm"—3”)//initializing the
value of acceptor concentration.

no=1.5%x10"10

disp("no = "+string(no)+” ecm"—3")//initializing the
value of electron and hole per cm”3.

p=((Na-Nd)+sqrt ((Na-Nd) “2+4*no)) /2

disp (”Hole concentration ,n=(—(Na—Nd)+sqrt ((Na—Nd)
"24+4%no) ) /2)= "+string(p)+” cm"—3")//calculation

n=(no~2/p)

disp(” Electron concentration ,n=(no"2/p))= "+string(n
))//calculation

//this is solved problem 2.14 of chapter 2.
//the value of Na,Nd in the solution is different
than provided in the question

//1 have used the value used in the solution(i.e Na
=10"17,Nd=6%10"16)

Scilab code Exa 2.27 ELECTRON AND HOLE CONCENTRATION

clc

Nd=6*x10"16

disp("Nd = "+string(Nd)+” ecm”—3") //initializing the
value of donor concentration.

Na=10"17

disp(”Na = "+string(Na)+” c¢cm"—3")//initializing the
value of acceptor concentration.

no=1.5%x10"10
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disp("no = "+string(no)+” c¢cm” —3")//initializing the

value of electron and hole per cm™3.
p=((Na-Nd)+sqrt ((Na-Nd) "2+4*no)) /2
disp(”Hole concentration ,n=(—(Na—Nd)+sqrt ((Na—Nd)
"2+4xno) ) /2)= "+string(p)+”cm —3") //calculation

n=(no"~2/p)

disp(”Electron concentration ,n=(no"2/p))= "+string(n

))//calculation

//this is solved problem 2.15 of chapter 2.
//the value of Na,Nd in the solution is different

than provided in the question
//1 have used the value used in the solution(i.e Na
=10°17,Nd=6%10"16)

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

clc

Nv1=1.04%10"19

disp("Nv = "+string(Nv1)+” ecm"—3”)//initializing the
value of valence band concentration at 300K.

Ef _Ev=0.3

disp("Ef_Ev = "+string (Ef_Ev)+” eV”)//initializing
the value of boron acceptor ionization energy.

T1=300

disp("T = 7+string(T1)+”K”)//initializing the value
of temperature 1.

T2=500

disp("T = "+string(T2)+"K”) //initializing the value
of temperature 2.

Vt1=0.0259

disp("Vtl = "+string(Vt1)+"eV”)//initializing the
value of thermal voltage at 300K.

k=1.38%x10"-23
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disp("k = "+string(k)+”J/K") //initializing value of
boltzmann constant .

e=1.6%x10"-19

disp(”e = "+string(e)+”columb”) //initializing the
value of electronic charge.

K1i=(Nv1/((T1)"(3/2)))

disp(”Value of constant ,Kl=(Nv/((T)" (3/2)))= "+
string (K1)+” ecm™—3 K(—-2/3)”)//calculation

Nv2=K1%T2"(3/2)

disp(”Value of valence band concentration at 500K,Nv
=K1%T(3/2)= "+string(Nv2)+” cm —3")//calculation

VT=(k*T2/e)

disp (”Value of parameter VI at 500K, VI=(K«T/e)= "+
string (VT)+” c¢cm"—3”)//calculation

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

disp (”Hole concentration ,p=(Nvx(exp (Ef_Ev)/(VT)))="
+string(p)+” ecm"—37)//calculation

//this is solved problem 2.16 of chapter 2.

Scilab code Exa 2.29 INTRINSIC CARRIER CONCENTRATION

clc

Nv=7%x10"18

disp("Nv = "+string(Nv)+"cm " —3")//initializing the
value of valence band concentration at 300K.

Nc=4.7%x10"17

disp("Nc = "+string(Nc)+”ecm —37)//initializing the
value of conduction band concentration at 300K.

T1=300

disp("T = "+string(T1)+"K”) //initializing the value
of temperature 1.

T2=450

disp("T = "+string(T2)+”K") //initializing the value
of temperature 2.
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Vt1=0.0259

disp("Vtl = "+string(Vt1)+"eV”)//initializing the
value of thermal voltage at 300K.

Vt2=0.03881

disp("Vt2 = "+string(Vt2)+"eV”) //initializing the
value of thermal voltage at 450K.

Eg=1.42

disp("Eg = "+string(Eg)+"eV”)//initializing the

value of thermal voltage.

no=(sqrt (NcxNv*(exp(-Eg/Vt1))))

disp(”intrinsic concentration at 300K,no=(sqrt (NcxNv
x(exp(—Eg/Vtl))))= "+string(no))//calculation

K1=(Nc/((T1)"(3/2)))

disp (”Value of constant ,KI=(Nc/((T) " "(3/2)))= "+
string(X1))//calculation

k1=(K1*T2°(3/2))

disp (”Value of constant k1l at 450K ,kl1=(K1xT2"(3/2))
= "+string(k1))//calculation

K2=(Nv/((T1)~(3/2)))

disp(”Value of constant ,K2=(Nv/((T1)"(3/2)))= "+
string (K2))//calculation

k2=(K2*T2"°(3/2))

disp(”Value of constant k2 at 450K ,k2=(K2xT2"(3/2))
= "+string(k2))//calculation

K=k1xk2

disp(”Value of constant K,= "+string(X))//
calculation

nol=(sqrt (Kx(exp(-Eg/Vt2))))

disp(”intrinsic concentration at 450K, no=(sqrt (Kx(
exp(—Eg/Vt2))))= "+string(nol)+” c¢m"3")//
calculation

//this is solved problem 2.17 of chapter 2.

Scilab code Exa 2.30 VALUE OF DONOR CONCENTRATION
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clc
Nv=1.04%10"19

disp("Nv = "+string(Nv)+"cm"—3")//initializing the
value of wvalence band concentration at 300K.

Nc=2.8%x10"19

disp("Nc = "+string(Nc)+”ecm —37)//initializing the
value of conduction band concentration at 300K.

T1=300

disp("T = "+string(T1)+”K”)//initializing the
of temperature 1.

T2=550

disp("T = "+string(T2)+"K”) //initializing the
of temperature 2.

Vt1=0.0259

disp("Vtl = "+string(Vt1)+"eV”)//initializing
value of thermal voltage at 300K.

Vt2=0.0474

disp("Vt2 = "+string(Vt2)+"eV”) //initializing
value of thermal voltage at 550K.

Egl=1.12

disp("Egl = "+string(Egl)+”eV”)//initializing

value of thermal voltage.
no=(sqrt (NcxNv*(exp(-Egl1/Vt1))))

value

value

the

the

the

disp(”intrinsic concentration at 300K,no=(sqrt (NcxNv
x(exp(—Egl/Vtl))))= "+string(no))//calculation

K1=(Nc/((T1)"~(3/2)))

disp(”Value of constant ,KI=(Nc/((T) " (3/2)))= "+

string(K1))//calculation
k1=(K1xT2"~(3/2))

disp(”Value of constant k1l at 550K ,kl1=(K1xT2"(3/2))

= "+string(k1))//calculation
K2=(Nv/((T1)"(3/2)))

disp (”Value of constant ,K2=(Nv/((T1)"(3/2)))= "+

string(K2))//calculation
k2=(K2xT2"(3/2))

disp(”Value of constant k2 at 550K ,k2=(K2xT2"(3/2))

= "+string(k2))//calculation
K=k1lxk?2
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disp(”Value of constant K= "+string(K))//
calculation

nol=(sqrt (Kx(exp(-Egl1/Vt2))))

disp(”Intrinsic concentration at 550K, no=(sqrt (Ksx(
exp(—Egl/Vt2))))= "+string(nol)+” cm"3")//
calculation

Nd=(4*(no1°2)/(1.2))

disp ("Donor concentration at which intrinsic
concentration is 10% of the total electron
concentration ,Nd=(4x(nol"2)/(1.2))= "+string(Nd)+
7 em”3”)//calculation

//this is solved problem 2.18 of chapter 2.

//the value of temperature and % of the intrinsic
carrier concentration given in the question is
different than used in the solution.

//1 have used the value provided in the solution (i.
e T2=550 and % of the intrinsic carrier
concentration =10%)

//the value of Donor concentration at which
intrinsic concentration is 10% of the total
electron concentration (Nd),is provided wrong in
the book after calculation.

Scilab code Exa 2.31 DONOR CONCENTRATION IN SILICON

clc

Ec_Ef=0.2

disp("Ec_Ef = "+string(Ec_Ef)+” eV”) //initializing
the value of difference in the energy levels.

Nc=2.8%x10"19

disp(”"Nc¢ = "+string(Nc)+” ecm”—3”)//initializing the
value of conduction band concentration.

Na=3%10"16

disp(”"Na = "+string(Na)+” cm"—3”)//initializing the
value of acceptor concentration.
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Vt=0.0259

disp("Vt = "+string(Vt)+” eV”)//initializing the
value of thermal voltage at 300K.

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

disp (”Donor concentration ,Nd=(Ncx(exp(—(Ec_Ef)/(Vt))
))+(Na)= "+string (Nd)+” e¢cm —3")//calculation

//this is solved problem 2.19 of chapter 2.

Scilab code Exa 2.32 INTRINSIC CARRIER CONCENTRATION

clc

Nv=6%10"18

disp("Nv = 7+string(Nv)+”cm"—3")//initializing the
value of valence band concentration at 300K.

Nc=1.04%x10"19

disp("Nc = "+string(Nc)+”ecm —37)//initializing the
value of conduction band concentration at 300K.

T1=300

disp("T1 = "+string(T1)+”’K"”)//initializing the value
of temperature 1.
T2=200
disp("T2 = "+string(T2)+”K")//initializing the value
of temperature 2.
Vt1=0.0259
disp("Vtl = "+string(Vt1)+"eV”)//initializing the
value of thermal voltage at 300K.
Vt2=0.0173
disp("Vt2 = "+string(Vt2)+"eV”) //initializing the
value of thermal voltage at 200K.
Eg1=0.60
disp("Egl = "+string(Egl)+”"eV”)//initializing the

value of thermal voltage used for 300K
no=(sqrt (Nc*Nvx*(exp (-Egl/Vt1))))
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disp(”intrinsic concentration at 300K,no=(sqrt (NcxNv
*(exp(—Egl/Vtl))))= "+string(no))//calculation

Eg2=0.66

disp("Eg2 = 7"+string(Eg2)+”eV”)//initializing the
value of thermal voltage used for 200K.

K1=(Nc/((T1)"(3/2)))

disp (”Value of constant ,K1=(Nc/((T) " (3/2)))= "+
string(XK1))//calculation

k1=(K1*T2°(3/2))

disp(”Value of constant k1l at 200K ,kl1=(K1xT2"(3/2))
= "+string(kl))//calculation

K2=(Nv/((T1)"(3/2)))

disp(”Value of constant ,K2=(Nv/((T1)"(3/2)))= "+
string(X2))//calculation

k2=(K2*T2°(3/2))

disp(”Value of constant k2 at 200K ,k2=(K2xT2"(3/2))
= "+string(k2))//calculation

K=k1lx*xk?2

disp(”Value of constant K,= "+string(X))//
calculation

nol=(sqrt(K*x(exp(-Eg2/Vt2))))

disp(”intrinsic concentration at 200K,no=(sqrt (Kx(
exp(—Eg2/Vt2))))= "+string(nol)+” cm"3")//
calculation

//this 1is solved problem 2.20 of chapter 2.
//The answer of intrinsic concentration at 300K, (no)
is provided wrong in the book.

Scilab code Exa 2.33 RATIO OF INTRINSIC CONCENTRATION

clc

Egl1=2

disp("Egl = "+string(Egl)+” eV”) //initializing the
value of band energy gap for semiconductorl.
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Eg2=2.2

disp("Eg2 = "+string(Eg2)+” eV”)//initializing the
value of band energy gap for semiconductor?2.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”)//initializing the
value of thermal voltage at 300K.

No=sqrt (exp ((-Egl1/Vt)-(-Eg2/Vt)))

disp(”Ratio of their intrinsic concentration at 300K
,(nol/no2)=sqrt (exp((—Egl/Vt)—(—Eg2/Vt)))= "+
string(No))//calculation
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Chapter 3

CARRIER TRANSPORT IN
SEMICONDUCTOR

Scilab code Exa 3.1 VALUE OF HALL ELECTRIC FIELD

clc

I=5%x10"-3

disp(”l = "+string(I)+” amphere”) //initializing
value of current flowing through the sample.

B=1x10"-6

disp("B= "+string(B)+” Tesla”) //initializing value
of magnetic field.

w=0.01%x10"-2

disp("w = "+string(w)+” m”) //initializing value of
width of germanium sample.

1=0.1%x10"-2

disp(”1 = 7+string(1)+” m”) ////initializing value
of length of germanium sample.

t=0.001%x10"-2

disp ("t = "+string(t)+” m”) ////initializing value
of thickness of germanium sample.

p=10-17

disp("p = "+string(p)+” atoms/m"3”7) //initializing

value of doped acceptor atoms.
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e=1.6%x10"-19

disp(”e = "+string(e)+” columb”) //initializing
value of charge of electron.

EH=(I*B)/(w*xt*xpx*e)

disp(”Hall electric field ,EH=(I*B) /(wxt*pxe)= "+
string (EH)+” V/m”) //calculation

E=EH*x10" -2

disp(”Hall electric field in centimeter ,EH=(I1xB) /(wx
txpkxe)= "+string (E)+” V/ecm”)//calculation

Scilab code Exa 3.2 VALUE OF HALL COFFICIENT

clc

I=5%x10"-3

disp(”I = "+string(I)+” amphere”) //initializing
value of current flowing through the sample.

B=1%x10"-6

disp("B= "+string(B)+” Tesla”) //initializing value
of magnetic field .

w=0.01%x10"-2

disp("w = "+string(w)+” m”) //initializing value of
width of germanium sample.

1=0.1*%10"-2

disp(”1l = "+string(1l)+” m”) //initializing value of
length of germanium sample.

t=0.001%x10"-2

disp("t = "+string(t)+” m”) //initializing value of
thickness of germanium sample.

p=10"17

disp("p = "+string(p)+” atoms/ecm”3”) //initializing

value of doped acceptor atoms.

e=1.6%x10"-19

disp("e = "+string(e)+” columb”) //initializing
value of charge of electron.

Rh=(1/(pxe))

49



17

10
11

12
13

14
15

16
17

disp(”hall cofficient ,Rh=(1/(px*e))= "+string(Rh)+”
cm”"3/C") //calculation

Scilab code Exa 3.3 VALUE OF HALL VOLTAGE

clc

I=10%10"-3

disp(”l = "+string(I)+” amphere”) //initializing
value of current flowing through the sample.

B=10*10"-6

disp("B= "+string(B)+” Tesla”) //initializing value
of magnetic field.

w=0.01%x10"-2

disp("w = "+string(w)+” m”) //initializing value of
width of germanium sample.

1=0.1%10"-2

disp(”] = "+string(1)+” m”) //initializing value of
length of germanium sample.

t=0.001%x10"-2

disp ("t = "+string(t)+” m”) //initializing value of
thickness of germanium sample.

n=10"16

disp("n = "+string(n)+” atoms/cm”3”) //initializing

value of doped donor atoms.

e=1.6%x10"-19

disp("e = "+string(e)+” columb”) //initializing
value of charge of electron.

Vh=((I*B)/(n*ext))

disp(”Hall voltage ,Vh=((I«B)/(n*ext)))= "+string(Vh)
+7 V") //calculation

Scilab code Exa 3.4 VALUE OF HALL RESISTANCE
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clc

I=10%10"-3

disp(”] = "+string(I)+” amphere”) //initializing
value of current flowing through the sample.

B=10*10"-6

disp("B= "+string(B)+” Tesla”) //initializing value
of magnetic field .

w=0.01%x10"-2

disp("w = "+string(w)+” m”) //initializing value of
width of germanium sample.

1=0.1%x10"-2

disp(”1 = "+string(1)+” m”) ////initializing value
of length of germanium sample.

t=0.001%10"-2

disp ("t = "+string(t)+” m”) ////initializing value
of thickness of germanium sample.

p=10"18

disp("p = "+string(p)+” atoms/cm"3”) //initializing

value of doped donor atoms.

e=1.6%x10"-19

disp(”e = "+string(e)+” columb”) //initializing
value of charge of electron.

Yh=((B)/(p*ex*xt))

disp(”Hall voltage ,Yh=((B)/(p*ext)))= "+string(Yh)+”
ohm”) //calculation

Scilab code Exa 3.8 MINIMUM CONDUCTIVITY AND MAXIMUM RESISTIVITY

clc

no=1.5*x10"10

disp("no = "+string(no)) //initializing value of
electron hole per cm”™3.

n=2%x10"16

disp("n= "+string(n)) //initializing value of number

of electrons per cm”3.

o1



10
11

12
13

14
15

16
17

un=1200

disp("un = "+string(un)) //initializing value of
mobility of n—type carrier.

up=500

disp("up = "+string(up)) ////initializing value of
mobility of p—type carrier.

e=1.6%x10"-19

disp("e = "+string(e)+” columb”) //initializing
value of charge of electron.

p=(1/(2xexno*(sqrt (unx*xup))))

disp("resistivity ,p=(1/(2xexnox(sqrt(un/up))))= "+
string (p)+” ohm”)//calculation

sigmamin=(1/p)

disp(”conductivity ,s=(1/p))= "+string(sigmamin)+” S
/em”) //calculation

sigma=e*no*(un+up)

disp(”intrinsic conductivity ,sigma=exnox(untup))= "
+string(sigma)+” S/cm”)//calculation

Scilab code Exa 3.10 VALUE OF DIFFERENCE IN FERMI LEVELS

clc

po=10"18

disp(”"po = "+string(po)+” cm"—3”) //initializing
value of N type doping level.

no=1.5%x10"10

disp("no = "+string(no)+” /em —3") //initializing
value of electron and hole concentration per cm
" 3.

Po=10"17

disp("P(0o)= "+string(Po)+” cm”"—3”) //initializing
value of excess hole concentration.

A=0.1

disp("A = "+string(A)+” ecm"—2") //initializing the
value of area.
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up=300

disp("up = "+string(up)+” ¢cm 2/Vs”) //initializing
value of mobility of p—type carrier.

t=7%10"-9

disp ("t = "+string(t)+” sec”) //initializing value
of transit time.

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value

of thermal voltage at 300K.

x=500%10"-8

disp("x = "+string(x)+” cm”) //initializing value of

distance at which difference in fermi level is

to calculated .

Dp=(Vt*up)

disp (” Diffusion cofficient ,Dp=(Vtxup))= "+string(Dp)
+7 cm”2/s8”)//calculation

Lp=(sqrt (Dp*t))

disp(” Diffusion length ,Lp=(sqrt (Dp*t)))= "+string(Lp
)+7 cm”) //calculation

px=(po+(Poxexp(-x/Lp)))

disp(”Excess charge generated ,p(x)=(po+(P(0)*exp(—x/
Lp)))= "+string(px)+” cm"—3")//calculation

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

disp(”Fermi level , Efi Efp=(Vtxlog(p(x)/no)))= "+
string (Efi_Efp)+” eV”)//calculation

Scilab code Exa 3.11 HOLE CURRENT AND STORED EXCESS HOLE CHARGES

clc

A=0.1%10"-4

disp("A = "+string(A)+” cm”2”) //initializing value
of area.
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Dp=7.77%10" -4

disp("Dp= "+string(Dp)+” c¢cm”2/s”) //initializing
value of diffusion cofficient.

Lp=0.233%10" -5

disp("Lp = "+string(Lp)+” cm”) //initializing value
of diffusion length.

x=500%10"-8

disp("x = "+string(x)+” cm”) //initializing value of

distance

P=10"17%10"6

disp("P(O)—po = "+string(P)) //initializing value of
P(O)—po

e=1.6%x10"-19

disp("e = "+string(e)+”column”)//initializing value
of charge of electron.

I=(((exA*Dp*P)/Lp)*exp(-x/Lp))

disp(”Hole current ,I=(((exAxDp*[P(O)—po]) /Lp)x*exp(—x
/Lp))= "+string (I)+”amphere”)//calculation

Q=(exA*Dp*Lp*P)

disp(”stored excess hole ,Q=(exAxDpxLp*P))= "+string
(Q+7C")//calculation

//the value of current(I) given after calculation in
the book is wrong, (as the value of Lp used in
the formula while finding value of hole current (
I[)at two places //is used different).

//1 have used the value Lp=0.233%10"—5 cm

Scilab code Exa 3.12 ELECTRONIC CONCENTRATION AND MOBILITY

clc

I=2%x10"-3

disp("I = 7+string(I)+” amphere”) //initializing
value of current flowing through the sample.

B=1000%10"-4
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disp("B= "+string(B)+” Tesla”) //initializing value
of magnetic field .
w=0.2%10"-3

disp("w = "+string(w)+” mm”) //initializing value of
width of sample.

1=2%10"-3

disp(”]1 = "+string(1)+” m”) //initializing value of

length of sample.
t=0.02%10"-3

disp ("t = "+string(t)+” m”) //initializing value of
thickness of sample.

Vaa=10

disp(”Vaa = "+string(Vaa)+” V”) //initializing value

of applied voltage.

Vh=-10%10"-3

disp(”Vh = "+string(Vh)+” V”) //initializing value
of hall voltage.

e=1.6%x10"-19

disp(”e = "+string(e)+” columb”) //initializing
value of charge of electron.

n=((I*B)/(e*xt*Vh))

disp(”electron concentration ,n=((I1xB)/(ext*xVh))= "+
string(n)+” m"—3")//calculation

un=(I*1/(e*abs (n)*Vaa*xw*xt))

disp("mobility ,un=(IxL/(e*n*Vaaxwkt))= "+string (un)+
” m"2/Vs”)//calculation

Scilab code Exa 3.14 INDUCED ELECTRIC FIELD

clc

disp("NDx = ((10°17) —(10"18%x))”) //donor
concentration in an N type semiconductor

disp(” differentiating above equation with resprct to
X??

disp("d[ND.x]/dx = (—10"18) cm"—4")
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disp("now, electric field is given by 7)

disp("E_x = —(VI/NDx)*(d[NDx]/dx) = (0.0259%10"18)
/((10°15) —(10"18%x))”)// equation for electric
field

disp("for x = 07)

x =0

E_x = (0.0259%10718)/((10715) -(10718%*x))

disp("E_x = "+string(E_x)+"V/cm”)

disp(”for x = 1%x10"—4 cm”)

x = 1%x107-4

E_x = (0.0259%10718)/((10715) -(10718%x))
disp("E_x = "+string (E_x)+"V/cm”)

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

clc

Nd=10"17

disp("Nd = "+string(Nd)+” /em"3”) //initializing
value of donor concentration.

Na=0

disp(”Na= "+string(Na)+” /ecm"3”) //initializing
value of acceptor concentration.

no=1.8%x10"6

disp("no = "+string(no)+” /em"3”) //initializing
value of electron and hole concentration per cm
" 3.

E=5

disp("E = "+string(E)+” V/ecm”) ////initializing
value of electric field.

un=7500

disp(Pun = "+string(un)+” cm"2/s”) ////initializing
value of mobility.

n1=10"17

disp("nl= "+string(ni)+” ¢cm —3") //initializing
value of impurity concentration.
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e=1.6%x10"-19

disp(”e = "+string(e)+” columb”) //initializing
value of charge of electron.

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

disp(” Electron concentration ,n=(—(Na—Nd)+sqrt ((Na—Nd
) "2+4%xno)) /2)= "+string(n)+” ecm —3")//calculation

p=(no~2/n)

disp(”Hole concentration ,p=(no"2/n))= "+string(p)+”
cm”—3")//calculation

Jdrift=nl*un*exE

disp(” Drift current density , Jdrift=nlsunxexE)= "+
string (Jdrift)+” A/ecm”2”)//calculation

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

clc

Nd=0

disp("Nd = "+string(Nd)+” /em"3”) //initializing
value of donor concentration.

Na=10"17

disp(”Na= "+string(Na)+” /ecm"3”) //initializing
value of acceptor concentration.

no=1.8%x10"6

disp("no = "+string(no)+” /em"3”) //initializing
value of electron and hole concentration per cm
" 3.

E=10

disp("E = "+string(E)+” V/ecm”) ////initializing
value of electric field.

un=200

disp(Pun = "+string(un)+” cm"2/s”) ////initializing
value of mobility.

p1=10-17

disp("pl= "+string(p1)+” ¢cm —3") //initializing
value of impurity concentration.
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e=1.6%x10"-19

disp(”e = "+string(e)+” columb”) //initializing
value of charge of electron.

p=-(-(Na-Nd)-sqrt ((Na-Nd) "2+4*(no~2))) /2

disp(” Electron concentration ,p=—(—(Na—Nd)—sqrt ((Na—
Nd) "2+4%(no"2))) /2= "+string(p)+” cm"—-3")//
calculation

n=(no~2/p)

disp (”Hole concentration ,n=(no"2/p))= "+string(n)+”
cm”—3")//calculation

Jdrift=pl*un*ex*E

disp(” Drift current density , Jdrift=nlsunxexE)= "+
string (Jdrift)+” A/ecm”2”)//calculation

Scilab code Exa 3.19 VALUE OF THERMAL EQUILIBRIUM HOLE CONCENTRATION

clc

D=120

disp(”"D = "+string(D)+” A/cm"2”) //initializing
value of drift current density.

E=5

disp("E = "+string(E)+” V/cm”) //initializing value
of electric field.

e=1.6%x10"-19

disp(”e = "+string(e)+” columb”) //initializing
value of charge of electron.

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

disp(”thermal equilibrium value of hole
concentration ,p=(D/(450%exE)))= "+string(p)+” /
ecm”3”)//calculation

Scilab code Exa 3.20 CURRENT THROUGH THE BAR
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clc

Nd=5%10"16

disp(”"Nd = "+string(Nd)+” /em"3”) //initializing
value of donor concentration.

A=50%10"-8

disp("A= "+string(A)+” ecm”2”) //initializing value
of area.

1=0.2

disp(”1l = "+string(1)+” /em”) //initializing wvalue
of length.

E=10

disp("E = "+string(E)+” V”) //initializing value of
electric field.

up=1100

disp("un = "+string(up)+” cm"2/s”) //initializing
value of mobility.

p=5*x10"16

disp("p= "+string(p)+” /em"—3") //initializing value

of impurity concentration.
e=1.6%x10"-19
disp("e = "+string(e)+” columb”) //initializing
value of charge of electron.
I=(p*up*e*ExA)/1
disp (” Current through the bar,I=(pxupxexExA)/1)= "+
string (I)+”A”) //calculation
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Chapter 4

EXCESS CARRIER IN
SEMICONDUCTOR

Scilab code Exa 4.2 DIELECTRIC RELAXATION TIME

clc

Nd=2*10"17

disp(”"Nd = "+string(Nd)+”"cm " —3") //initializing
value of donor concentration.

Er=11.9

disp("Er = "+string(Er)) //initializing value of

relative dielectric constant.
e=1.6%x10"-19
disp(”e = "+string(e)+”columns”) //initializing
value of charge of electrons.
Fo=8.854%x10"-14

disp(”eo = "+string(Eo)) //initializing value of
permittivity of free space.

un=1350

disp("un = "+string(un)+”cm2/Vs”) //initializing

value of mobility.
sigma=e*un*Nd

disp(” conducitivity ,sigma=exunxNd)="+string (sigma)+”

S/em”) //calculation
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td=((Er*Eo)/sigma)
disp(” Dielectric releaxation time,td=((ErxEo)/sigma)
)="+string(td)+”s”)//calculation

Scilab code Exa 4.3 ELECTRON HOLE RECOMBINATION

clc

n=10"15

disp("n = "+string(n)+”cm”"—3”) //initializing value
of concentration of electrons/cm”3.

no=10"10

disp("no = "+string(no)+”’cm”—3") //initializing
value of intrinsic concentration of electron.

t=10"-6

disp ("t = "+string(t)+”s”) //initializing value of
carrier lifetime .

c=1%x10"14

disp (7 Excess electron concentration = "+string(c)+”
cm”—37) //initializing value of excess electrons
concentration .

R=(c/t)

disp(”electron hole recombination ,R=(c/t))="+string(
R)+” Jem™3s”)//calculation

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

clc

Nd=10"15

disp(”"Nd = "+string(Nd)+”"cm"—3") //initializing
value of donor concentration ..

tn=10%10"-6
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disp("minority carrier lifetime = "+string(tn)+"s”)
//initializing value of minority carrier lifetime

no=1.5*x10"10

disp("no = "+string(no)+”cm " —3") //initializing
value of electron and hole concentration per cm
" 3.

p=(no~2/Nd)

disp(”excess carrier concentration ,p=(no”"2/Nd))="+
string(p)+”/cm”3”)//calculation

R=(p/tn)

disp(”electron hole generation and recombination
rate ,\R=(p/t))="+string(R)+” /em"3s”)//calculation

t=Nd/R

disp(”majority carrier concentration ,t=Nd/R)="+
string (t)+”"s”)//calculation.

//the value of majority carrier concentration ,t=Nd/R
(after calculation),is provided wrong in the
solution .

Scilab code Exa 4.5 QUASI FERMI LEVELS

clc

Nd=10"16

disp(”Nd = "+string(Nd)+” cm"—3") //initializing
value of donor concentration.

p=10"6

disp("p = "+string(p)+” em"—3") //initializing value

of minority hole concentration.
no=10"10
disp("no = "+string(no)+” cm"—3") //initializing

value of electron and hole concentration per cm
"3..
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n1=10"15

disp("n* = "+string(n1)+” cm”"—3”) //initializing
value of excess electron carrier concentration (
denoted by nx).

pl1=10-15

disp("px = "+string(pl)+” cm"—37) //initializing
value of excess hole carrier concentration (
denoted by px).

KT=0.0259

disp("KT = "+string (KT)+” eV”) //initializing value
of multipication of temperature and bolzmann
constant .

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature.

Ef _Efi=(log(Nd/no)*KT)

disp (" Thermal equilibirium fermi level ,( Ef_Efi)=(KTx
log(n/no)))="+string (Ef _Efi)+” eV”)//calculation.

Efn_Efi=log ((Nd+n1l)/no)*KT

disp (” Quasi—fermi levels for n—type dopant,( Efn_Efi)
=(KTxlog ((n+n%)/no) )="+string (Efn_Efi)+” eV”)//
calculation .

Efi_Efp=log((Nd+pl)/no) *KT

disp (” Quasi—fermi levels for p—type dopant,( Efi_Efp)
=(KTxlog ((p+p*)/no))="+string (Efi_Efp)+” eV”")//
calculation .

//the answer for Efn_Efi, Efi_ Efp is provided wrong
in the book.
//In this question ,Nd=(n(used in the formula)).

Scilab code Exa 4.6 ENERGY DIFFERENCE BETWEEN EFn AND EFi

clc
Nd=5%x10"16
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disp(”Nd = "+string(Nd)+"ecm —3”) //initializing
value of donor ion concentration.

Na=0

disp(”"Na = "+string(Na)+”cm —3") //initializing
value of acceptor ion concentration .

no=1.5%x10"10

disp("no = "+string(no)+”’cm”—3") //initializing
value of electron and hole concentration per cm
" 3.

n1=5%10"14

disp("nx = "+string(nl)+’cm”—3”) //initializing
value of excess electron carrier concentration.

pl=5%10-14

disp("px = "+string(pl)+’ecm " —3") //initializing
value of excess hole carrier concentration.

KT=0.0259

disp ("KT = "+string(KT)) //initializing value of
thermal voltage.
Ef _Efi=(KT*log(Nd/no))

disp(”thermal equilibrium fermi level ,( Ef_Efi)=(KTx
log(n/no)))="+string (Ef _Efi)+”eV”)//calculation .

Efn_Efi=log ((Nd+nl)/no)*KT

disp(”Excess carrier concentration ,(Efn_Efi)=(KTx

log ((n4n*)/no))="+string (Efn_Efi)+"eV”)//
calculation .
Efi _Efp=log((Na+pl)/no)*KT

disp(" (Ef_Efi)=(KTxlog ((p+p*)/no))="+string (Efi_Efp)

+7eV”) //calculation .
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Chapter 5

PN JUNCTION DIODE

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

clc

Na=10"17

disp("Na = "+string(Na)+” /cm"3”) //initializing
value of medium p doping concentration.

Nd=10"15

disp("Nd = "+string(Nd)+” /em"3”) //initializing
value of light n doping

no=1.5%x10"10

disp("no = "+string(no)+’cm —3”) //initializing
value of intrinsic carrier concentration.

e=1.6%x10"-19

disp(”e = "+string(e)+”columns”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+”J/k”) //initializing value of

boltzmann constant .
T=300

disp("T = "+string(T)+”K”) //initializing value of

temperature .
Efi _Efp=((K*xT/e)*log(Na/no))

disp(”(a)fermi level in the P region , Efi_ Efp=((KT/e)
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xlog (Na/no)))="+string (Efi_Efp)+"eV”)//
calculation .

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

disp(”fermi level in the n region, Efn_Efi=((KT/e)=*
log (Nd/no)))="+string (Efn_Efi)+"eV”)//calculation

Efn_Efp=(Efi_Efp)+(Efn_Efi)

disp(”(b)junction potential at room temperature
Efn_Efp=(Efi_Efp )+(Efn_Efi))="+string (Efn_Efp)+”
eV”)//calculation .

Scilab code Exa 5.6 VALUE OF JUNCTION POTENTIAL

clc

Na=10"17

disp(”Na = "+string(Na)+” /ecm"3”) //initializing
value of medium p doping concentration.

Nd=10"15

disp(”"Nd = "+string(Nd)+” /cm"3”) //initializing
value of light n doping

no=1.5%x10"10

disp("no = "+string(no)+’cm —3”) //initializing
value of intrinsic carrier concentration.

e=1.6%x10"-19

disp(”e = "+string(e)+”columbs”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+”J/k”) //initializing value of
boltzmann constant .
T=300
disp("T = "+string(T)+”K”) //initializing value of
temperature .

Vj=((K*T/e)*log((Nax*xNd)/(no)~2))
disp (" Junction potential ,Vj=((K«T/e)xlog ((NaxNd) /(no
) "2))="+string (Vj)+"eV”)//calculation .
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Scilab code Exa 5.7 VALUE OF REVERSE AND FORWARD CURRENT

clc

Pp=10-18

disp("Pp = "+string(Pp)+” /em"3”) //initializing
value of doping concentration in p region.

Nn=10"15

disp("Nn = "+string(Nn)+” /cm"3”7) //initializing
value of doping concentration in n region.

tp=7%10" -6

disp("tp = "+string(tp)+”s”) //initializing value of

hole lifetime.
tn=0.2%10"-6

disp("tn = "+string(tn)+”s”) //initializing value of
electron lifetime .
up=800
disp("up = "+string(up)+”cm2/Vs”) //initializing
value of P side mobility.
un=300
disp("un = "+string(un)+”cm2/Vs”) //initializing

value of n side mobility.
no=1.5%x10"10

disp("no = "+string(no)+’cm —3”) //initializing
value of intrinsic concentration.
Vi=0.6

disp("Vf = 7"+string(VE)+”V”) //initializing value of
forward bias voltage.

A=100%10"-6

disp("A = "+string(A)+"m"2”) //initializing value of
diode cross—sectional area.

e=1.6%x10"-19

disp("e = "+string(e)+”columns”) //initializing

value of charge of electrons.
K=1.38%10"-23
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disp("K = "+string(K)+”J/k”) //initializing value of
boltzmann constant .
T=300
disp("T = "+string(T)+”K”) //initializing value of
temperature .
Vt=(K*T/e)
disp ("Vt=(K«T/e))="+string (Vt)+"eV”)//calculation.
Dp=Vt*un
disp ("Dp=Vt*un="+string (Dp)+”cm”"—3") //calculation .
Dn=Vt*up
disp ("Dn=Vtxup="+string (Dn)+"cm"—3") //calculation .
Lp=sqrt (Dp*tp)
disp ("Lp=(sqrt (Dpxtp))="+string(Lp)+"cm”)//
calculation .
Ln=(sqrt(Dn*tn))
disp("Ln=(sqrt (Dnxtn))="+string (Ln)+"cm”) //
calculation.
npo=(no~2/Pp)
disp ("npo=(no”"2/Pp)="+string(npo)+’cm"—3")//
calculation.
Ppo=(no~2/Nn)
disp ("Ppo=(no”"2/Nn)="+string (Ppo)+”cm"—3")//
calculation .
Io=(((Dp*Ppo)/(Lp))+((Dn*npo)/(Ln))) *xex*A
disp(” Reverse saturation current ,lo=(((DpxPpo)/(Lp)
)+ ((Dnxnpo) /(Ln) ) )xexA="+string (Io)+"A”) //
calculation .
If=To*x((exp(VE/Vt))-1)
disp(”Diode forward current , If=lox((exp(V{/Vt))—-1)="
+string (If)+”A”) //calculation .
//the value of To(reverse saturation current ), after
calculation is provided wrong in the book.Due to
which If (diode forward current )also differ.

Scilab code Exa 5.8 VALUE OF BUILT IN POTENTIAL
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clc

Na=4x10"16

disp(”"Na = "+string(Na)+”cm —3") //initializing
value of acceptor concentration.

Nd=2x10"19

disp(”’Nd = "+string(Nd)+"cm —3”) //initializing

value of donor concentration.

no=1.5%x10"10

disp("no = "+string(no)+”cm " —3") //initializing
value of intrinsic carrier concentration.

e=1.6%x10"-19

disp("e = "+string(e)+”columns”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+"J/k”) //initializing value of
boltzmann constant .

T=300
disp("T = "+string(T)+"K”) //initializing value of
temperature .

Vbi=((K*T/e)*log ((Na*xNd)/(no) ~2))
disp(”Built in potential potential ,Vbi=((K«T/e)xlog
((NaxNd) /(no) "2) )="+string (Vbi)+”"V”) //calculation

//The value used for Nd in the book for solution is
different than provided in the question.

//1 have used the value provided in the solution(i.e
Nd=2%10"19)

Scilab code Exa 5.9 VALUE OF BUILT IN POTENTIAL

clc

Na=4x10"16

disp(”"Na = "+string(Na)+”cm —3") //initializing
value of acceptor concentration.
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Nd=2%x10"19

disp(”"Nd = "+string(Nd)+”"cm"—3") //initializing
value of donor concentration.

no=1.8%x10"6

disp("no = "+string(no)+”cm " —3") //initializing
value of intrinsic carrier concentration.

e=1.6%x10"-19

disp("e = "+string(e)+”columns”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+”J/k”) //initializing value of
boltzmann constant.

T=300
disp("T = "+string(T)+"K”) //initializing value of
temperature.

Vbi=((K*T/e)*log ((Na*xNd)/(no) ~2))
disp(”Built in potential potential ,Vbi=((K«T/e)xlog
((NaxNd) /(no) "2))="+string(Vbi)+"V”) //calculation

Scilab code Exa 5.10 VALUE OF DEPLETION WIDTH AND ACCEPTOR CONCENTRATION

clc

Na=10"16

disp(”"Na = "+string(Na)+” /cm"3”) //initializing
value of medium p doping concentration.

Nd=10"18

disp(”"Nd = "+string(Nd)+” /cm"3”) //initializing
value of light n doping

Vbi=0.64

disp(”Vbi = "+string(Vbi)+"V”) //initializing value

of built in voltage.

e=1.6%x10"-19

disp(”e = "+string(e)+”columns”) //initializing
value of charge of electrons.
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Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

E0=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.
E=Eox*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation .

W=sqrt ((2*xE*xVbi/e)*((Nd+Na)/(Na*Nd)))

disp ("W=sqrt ((2xExVbi/e) x((Nd+Na) /(NaxNd) ) ) )="+
string (W)+” cm”) //calculation .

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

disp ("xn=((WxNa) /(Nd+Na)))="+string (xn)+"cm”)//
calculation.

xp=((WxNd) /(Nd+Na))

disp ("xp=((WxNd) /(Nd+Na) ) )="+string (xp)+"cm”) //
calculation .

Emax=(-e*xNd*xn) /E

disp ("Emax=(—e*Ndxxn) /E)="+string (Emax)+"V/cm”) //
calculation .

//the value and unit of W(depletion width)  provided
after calculation in the book is wrong.Due to
this xn,xp ,Emax also differ.

Scilab code Exa 5.12 VALUE OF MAXIMUM ELECTRIAL FIELD

clc

Na=10"16

disp(”"Na = "+string(Na)+” /cm"3”) //initializing
value of medium p doping concentration.

Nd=10"18

disp(”"Nd = "+string(Nd)+” /cm"3”) //initializing
value of light n doping
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Vbi=0.64

disp(”Vbi = "+string(Vbi)+"V”) //initializing value
of built in voltage.

Vr=20

disp("Vr = "+string(Vr)+”V”) //initializing value of

applied reverse voltage.
e=1.6%x10"-19

disp("e = "+string(e)+”columns”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = "+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.
E=Eox*Er

disp("total permittivity ,EF=EoxEr="+string (E)+” F/cm”
)//calculation .

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

disp ("Emax=—(sqrt (((2%xex(Vbi+Vr)) /(E)) *((Nd«Na) /(Na+
Nd)))))="+string(Emax)+”V/cm”) //calculation .

Scilab code Exa 5.13 VALUE OF N TYPE DOPING CONCENTRATION

clc

Emax=2*10"5

disp ("Emax = "+string (Emax)+”V/cm”) //initializing
value of maximum electric field.

Nd=10"18

disp(”"Nd = "+string(Nd)+” /cm"3”) //initializing
value of donor concentration

Vbi=0.54

disp(”Vbi = "+string(Vbi)+"V”) //initializing value
of built in voltage.

Vr=20
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disp(”Vr = "+string(Vr)+”V”) //initializing value of
applied reverse voltage.
e=1.6%x10"-19

disp("e = "+string(e)+”columns”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.
E=Eox*xEr

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation .

Na=(Emax "2*E*Nd) / ((2*xe*x(Vbi+Vr)*Nd) -(Emax "2*E))

disp (”Na=(Emax " 2+E«Nd) /((2*ex*(Vbi+Vr)*Nd) —(Emax " 2+E)
))="+string (Na)+”cm"—3") //calculation .

Scilab code Exa 5.14 VALUE OF JUNCTION CAPACITANCE

clc

Na=10"16

disp(”"Na = "+string(Na)+” /cm"3”) //initializing
value of acceptor concentration.

Nd=10"18

disp(”Nd = "+string(Nd)+” /cm"3”) //initializing
value of donor concentration

A=1
disp("A = "+string(A)+"’cm”2”) //initializing value
of area for finding junction capacitance per unit

area

Vj=0.54

disp("Vj = "+string(Vj)+"V”) //initializing value of
built in voltage.

Va=10
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disp(”Va = "+string(Va)+”V”") //initializing value of
applied reverse voltage.
e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.
E=Eox*xEr

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation .

Cj=sqrt ((e*ExA~2/(2x(Va+Vj)))*x((Na*xNd)/(Na+Nd)))

disp (" Cj=sqrt ((exExA"2/(2%(Va+Vj) ) *((NaxNd) /(Nat+Nd))
))="+string (Cj)+"f/ecm"2”)//calculation .

Scilab code Exa 5.15 VALUE OF JUNCTION CAPACITANCE

clc

Na=10"15

disp(”"Na = "+string(Na)+” cm"—3”) //initializing
value of acceptor concentration.

Nd=10"18

disp(”"Nd = "+string(Nd)+” cm"—3”) //initializing
value of donor concentration.

no=1.8%x10"6

disp("no = "+string(no)+” cm"—3") //initializing
value of intrinsic carrier concentration.

e=1.6%x10"-19

disp("e = "+string(e)+” columbs”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+” J/k”) //initializing wvalue
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T=300
disp("T = "+string(T)+” K”) //initializing value of
temperature.

Vbi=((K*T/e)*xlog ((Na*xNd)/(no)~2))

disp(”Built in potential potential ,Vbi=((K«T/e)xlog
((NaxNd) /(no) "2))="+string (Vbi)+” V") //
calculation .

Scilab code Exa 5.16 VALUE OF INTRINSIC CONCENTRATION

clc

Na=10"18

disp("Na = "+string(Na)+” cm"—3”) //initializing
value of acceptor concentration.

Nd=10"18

disp(”Nd = "+string(Nd)+” cm"—3") //initializing
value of donor concentration.

Vbi=1.4

disp(”Vbi = "+string(Vbi)+” V") //initializing value

of built in voltage.

e=1.6%x10"-19

disp(”e = "+string(e)+” columbs”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+” J/k”) //initializing wvalue
of boltzmann constant.

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value

of thermal voltage.
no=sqrt ((Na*Nd) /(exp(Vbi/Vt)))
disp("no=sqrt ((NaxNd) /(exp (Vbi/Vt)))="+string (no)+”
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cm”—37)//calculation .

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

clc

Na=10"17

disp(”Na = "+string(Na)+” cm"—3") //initializing
value of acceptor concentration.

Nd=5%10"16

disp(”"Nd = "+string(Nd)+” cm"—3”) //initializing
value of donor concentration.

e=1.6%x10"-19

disp(”e = "+string(e)+” columbs”) //initializing
value of charge of electrons.

no=1.5%x10"10

disp("no = "+string(no)+” c¢cm"3”) //initializing
value of intrinsic carrier concentration.

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature .

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value

of thermal voltage.

Vbi=(Vt*(log(Na*Nd/(no"~2))))

disp(”(a)Vbi=(Vtx(log (NaxNd/(no"2))))="+string (Vbi)+
? V?)//calculation .

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

disp(”(b)value of fermi level on each side of
junction , Efi_Efp=(Vtxlog(Na/(no)))="+string(
Efi_Efp)+” V”)//calculation .

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

disp (" Efn_Efi=(Vtxlog (Nd/(no)))="+string(Efn_Efi)+”
V?)//calculation .

disp(”(c)The energy band digram is similar to Fig P5
.37)
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Vbi=((Efi_Efp)+(Efn_Efi))

disp(” (d)Vbi=((Efi_Efp)+(Efn_Efi))/(e)=Vj="+string/(

Vbi)+” V”)//calculation .

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

clc

Na=5%x10"17

disp("Na = "+string(Na)+” /em"3”) //initializing
value of medium p doping concentration.

Nd=5%x10"17

disp(”"Nd = "+string(Nd)+” /cm"3”) //initializing
value of light n doping

no=1.5%x10"10

disp("no = "+string(no)+”cm " —3") //initializing
value of intrinsic concentration.

e=1.6%x10"-19

disp(”e = "+string(e)+”columbs”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+"J/k”) //initializing value of

boltzmann constant .

T=300
disp("T = "+string(T)+"K”) //initializing value of
temperature.

Vbi=((K*T/e)*log ((Na*xNd)/(no)~2))

disp(”(a)Built in potential potential , Vbi=((K«T/e)x

log ((Na*Nd) /(HO) A2) ):”+String(Vbi)+”eV”)//
calculation .
Efi_Efp=((KxT/e)*log(Na/no))

disp(”(b)fermi level in the P region and N region ,
Efi Efp=((KT/e)*log(Na/no)))="+string (Efi_Efp)+”

eV”)//calculation .
VBI=2x(Efi_Efp)

disp(” (c¢)VBI from the fermi level ,VBI=2x(Efi_Efp))="
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+string (VBI)+”V”) //calculation .

Scilab code Exa 5.20 VALUE OF IMPURITY CONCENTRATION AND VbI

clc

Nc=2.8%x10"19

disp(”"Nc¢ = "+string(Nc)+” /em™3”7) //initializing
value of number of electron in the conduction
band .

Nv=1.04%x10"19

disp("Nv = "+string(Nv)+” /em"3”) //initializing
value of number of electron in the valence band..

no=1.5x10"10

disp("no = "+string(no)+” cm”"—3”) //initializing
value of intrinsic carrier concentration.

e=1.6%x10"-19

disp(”e = "+string(e)+” columbs”) //initializing
value of charge of electrons.

K=8.62%10"-5

disp("K = "+string(K)+” J/k”) //initializing wvalue
of boltzmann constant.

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature .

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

Ec_Ef=0.21

disp("Ec_Ef = 7"+string(Ec_Ef)+” eV”) //initializing

value of energy difference between conduction
band and fermi level.

Ef _Ev=0.18

disp("Ef_Ev = "+string(Ef_Ev)+” eV”) //initializing
value of energy difference between fermi level
and valence band.
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Nd=(Nc/exp ((Ec_Ef)/(K*T)))

disp ("Nd=(Nc¢/exp ((Ec—Ef) /(K«T))))="+string (Nd)+” cm
"—37)//calculation .

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

disp ("Na=(Nv/exp ((Ef—Ev) /(K«T))))="+string(Na)+” cm
"—37)//calculation .

Vbi=(Vt*(log(Na*Nd/(no"~2))))

disp(”Built in potential potential ,Vbi=(Vtx(log (Nax
Nd/(no"2))))="+string (Vbi)+” V”)//calculation.

Scilab code Exa 5.21 VALUE OF Na Xn Xp AND Emax

clc

Vbi=1.2

disp(”Vbi = "+string(Vbi)+” /em"3”) //initializing
value of built in voltage.

no=1.8%x10"6

disp("no = "+string(no)+”cm " —3") //initializing
value of intrinsic concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

Er=13.1

disp("Er = "+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%x10"-14
disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.
e=1.6%x10"-19

disp(”e = "+string(e)+” columbs”) //initializing
value of charge of electrons.
E=Eox*Er

disp("total permittivity ,E=EoxEr="+string (E)+” F/cm”
)//calculation .
NaNd=((no~2) *(exp(Vbi/Vt)))
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disp (” (a)NaNd=((no"2)*(exp(Vbi/Vt)))="+string (NaNd)+
7 Jem"6”)//calculation .

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

disp("Na=(sqrt (NaNd/(4)))="+string(Na)+” /ecm"3")//
calculation.

Nd=4%*Na

disp (7 (b)Nd=4xNa="+string(Nd)+” /em"3”)//calculation

W=sqrt ((2*xE*xVbi/e) *((Nd+Na) /(Na*Nd)))

disp (7 (c)W=sqrt ((2«ExVbi/e) «((Nd+Na) /(NaxNd))))="+
string (W)+” cm”)//calculation .

xn=0.2*W

disp(” (d)xn=0.2«sW="+string (xn)+” cm”)//calculation .

xp=0.8*W

disp ("xp=0.8xW="+string (xp)+” cm”)//calculation .

Emax=(-e*xNd*xn) /E

disp (” (e)Emax=(—exNdxxn) /E)="+string (Emax)+"V/cm”) //
calculation .

//The value of Na after calculation is provided
wrong in the book.Due to which value of W xn, xp
and Emax differ ,than the answer provided in the

book .

Scilab code Exa 5.22 VALUE OF TEMPERATURE

clc

Na=10"16

disp(”Na = "+string(Na)+"ecm —3") //initializing
value of acceptor concentration.

Nd=5%10"15

disp(”Nd = "+string(Nd)+”"cm —3") //initializing
value of donor concentration.

no=1.5x10"10

disp("no = "+string(no)+”cm " —3") //initializing
value of intrinsic concentration .
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Vbi=0.676

disp(”Vbi = "+string(Vbi)+"V”) //initializing value
of built in voltage.
e=1.6%x10"-19

disp("e = "+string(e)+”columns”) //initializing
value of charge of electrons.
K=1.38%10"-23

disp("K = "+string(K)+"J/k”) //initializing value of

boltzmann constant .
T=(Vbi*x(e/K)*(1/(log((Na*Nd)/(no~2)))))
disp("T=(Vbix(e/K)*(1/(log ((NaxNd)/(no"2))))))=

string (T)+”"K”) //calculation .

Scilab code Exa 5.23 VALUE OF Vbi AND TEMPERATURE

clc

Na=5x10"17

disp("Na = "+string(Na)+”cm —3") //initializing
value of acceptor concentration.

Nd=10"17

disp(”Nd = "+string(Nd)+”cm " —3") //initializing
value of donor concentration.

no=1.5%x10"10

disp("no = "+string(no)+”cm”"—3") //initializing
value of intrinsic concentration.

e=1.6%x10"-19

disp("e = "+string(e)+”"columns”) //initializing
value of charge of electrons.

K=1.38%10"-23

disp("K = "+string(K)+"J/k”) //initializing value of

boltzmann constant .

T=300

disp("T = "+string(T)+”K”) //initializing value of
temperature .

VBI=0.847
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disp("VBI = "+string (VBI)+"V”) //initializing value
of VBI when VBI is reduced by 1%.

Vbi=((K*T/e)*log ((Na*xNd)/(no) ~2))

disp(”(a)Built in potential potential , Vbi=((K«T/e)=*
log ((NaxNd) /(no) "2))="+string (Vbi)+” V7)//
calculation .

T=(e*xVBI/K)*((log(Na*Nd/(no~2)))"-1)

disp (7 (b)T=(VBIx(e/K)*(1/(log ((NaxNd)/(no"2))))))="+
string (T)+”K”) //calculation .

//the answer for part (b) is not provided in the
book .

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

clc

Na=4%10"12

disp(”Na = "+string(Na)+” /em"3”) //initializing
value of medium p doping concentration.

Nd=4%x10"16

disp(”"Nd = "+string(Nd)+” /em"3”7) //initializing
value of light n doping.

no=1.5x10"10

disp("no = "+string(no)+” /em"3”) //initializing
value of intrinsic carrier concentration.

K=1.38%10"-23

disp("K = "+string(K)+” J/k”) //initializing wvalue
of boltzmann constant .

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature.

e=1.6*x10"-19

disp("e = "+string(e)+” columbs”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
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relative dielectric permittivity constant
Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.
E=Eox*Er

disp("total permittivity ,F=EoxEr="+string (E)+” F/cm”
)//calculation .

Vbi=((K*T/e)*log((Na*xNd)/(no)~2))

disp(”Built in potential potential ,Vbi=((K«T/e)xlog
((NaxNd) /(no) "2))="+string (Vbi)+” eV”)//
calculation .

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

disp ("W=sqrt ((2xExVbi/e) *((Nd+Na) /(NaxNd))))="+
string (W)+” cm”)//calculation .

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

disp ("xn=((W«xNa) /(Nd+Na) ) )="+string(xn)+” cm”) //
calculation .

xp=((WxNd) /(Nd+Na))

disp ("xp=((WxNd) /(Nd+Na)))="+string(xp)+” cm”) //
calculation .

Emax=(exNd*xn) /E

disp ("Emax=(e*Ndx*xn) /E)="+string (Emax)+” V/cm”) //
calculation .

//the value of W(depletion width) ,after calculation
is provided wrong in the book,due to this xn,xp
,Emax also differ .(also,the value of Nd+Na
substitute in the

//formula for for xn,xp is wrong )

Scilab code Exa 5.25 MAGNITUDE OF APPLIED REVERSE BIAS

clc

Na=4%x10"17

disp("Na = "+string(Na)+” /cm"3”) //initializing
value of donor concentration.
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Nd=4%x10"15

disp(”"Nd = "+string(Nd)+” /cm"3”) //initializing
value of light n doping.

no=1.5%x10"10

disp("no = "+string(no)+”cm " —3") //initializing
value of intrinsic concentration.

Emax=300%10"3

disp ("Emax = "+string(Emax)+” /cm"3”) //initializing
value of maximum electric field.

K=1.38%10"-23

disp("K = "+string(K)+”J/k”) //initializing value of
boltzmann constant.

T=300

disp("T = "+string(T)+”K”) //initializing value of
temperature.

e=1.6%x10"-19

disp(”e = "+string(e)+”columns”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.
E=Eo*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation .

Vbi=((K*T/e)*log ((Na*xNd)/(no) ~2))

disp(” Built in potential potential ,Vbi=((K«T/e)x*log
((NaxNd) /(no) "2) )="+string (Vbi)+” V”)//
calculation .

xn=(E*Emax/(Ndx*e))

disp ("xn=(E*Emax) /(ex*Nd) )="+string (xn)+” cm”)//
calculation .

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

disp ("W=(xn (Nd+Na) /Na) )="+string (W)+” cm”) //
calculation .

Vr=((W"2%e/(2%E) ) *((Na*Nd) /(Na+Nd))) -(Vbi)
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disp ("Vr=(W"2xe /(2*xE)) *((NaxNd) /(Nat+Nd) ) —(Vbi) )="+
string (Vr)+” V”)//calculation .

Scilab code Exa 5.26 VALUE OF DOPING CONCENTRATION

clc

Na=5%10"15

disp(”"Na = "+string(Na)+”cm —3") //initializing
value of acceptor concentration.

Nd=10"18

disp(”Nd = "+string(Nd)+"cm —3”) //initializing
value of donor concentration.
e=1.6%10"-19

disp(”e = "+string(e)+”columns”) //initializing
value of charge of electrons.

Vr=10

disp("Vr = "+string(Vr)+”V”) //initializing value
reverse voltage.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%10"-14
disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.
E=Eo*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”

)//calculation .
Emax=10"6
disp ("Emax = "+string (Emax)+”V/cm”) //initializing
value of maximum electric field.
W=(2xVr/(Emax))
disp ("W = "+string (W)+”cm”) //calculation .
Nd=(Emax*E) /(W*e)
disp ("Nd=(Emaxxe) /(Wkxe) )="+string (Nd)+"cm"—3") //
calculation .
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Scilab code Exa 5.27 VALUE OF JUNCTION CAPACITANCE

clc

Na=5%10"15

disp(”Na = "+string(Na)+”ecm”3”) //initializing value
of acceptor concentration.

Nd=10"18

disp(”Nd = "+string(Nd)+”cm”3”) //initializing value

of donor concentration
no=1.5%10"10

disp("no = "+string(no)+”cm —3") //initializing
value of intrinsic carrier concentration.

Vr1=0

disp(”Vrl = "+string(Vr1)+"V”) //initializing value
of built in voltage.

Vr2=5

disp("Vr2 = "+string(Vr2)+"V?) //initializing value
of applied reverse voltage.

A=3%x10"-5

disp("A = "+string(A)+’cm”2”) //initializing wvalue
of cross sectional area.

e=1.6%x10"-19

disp("e = "+string(e)+”"columns”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of
relative dielectric permittivity constant

Eo=8.854%x10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

E=Eo*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation .

Vt=0.0259
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disp("Vt="+string(Vt)+” V”)//initializing the value
of thermal voltage

Vbi=((Vt)*log ((NaxNd)/(no)~2))

disp(”Built in potential ,Vbi=(Vtxlog ((NaxNd) /(no)
"2))="+string(Vbi)+” V") //calculation .

Cjl=sqrt ((exEx(A"2) /(2x(Vr1+Vbi)))*((Na*Nd)/(Na+Nd))
)

disp (" Cjl=sqrt ((exEx(A"2) /(2% (Vrl+Vbi) ) *((NaxNd) /(Na
4+Nd))))="+string(Cj1)+" F”)//calculation .

Cj2=sqrt ((exEx(A~2) /(2x(Vr2+Vbi))) *((Na*Nd)/(Na+Nd))
)

disp (7 Cj2=sqrt ((exEx(A"2) /(2% (Vr24+Vbi)) x((NaxNd) /(Na
+Nd))))="+string (Cj2)+” F”)//calculation.

//the value of Vr2 use for calculating answer of Cj2

is different than provided in question.
//1 have used the value provided in the solution (i.

e.Vr2=5)

Scilab code Exa 5.28 VALUE OF REVERSE SATURATION CURRENT

clc

Na=1%x10"16

disp(”Na = "+string(Na)+”cm”3”) //initializing value
of acceptor concentration.

Nd=5%10"16

disp(”"Nd = "+string(Nd)+”cm”"3”) //initializing value

of donor concentration
no=1.5%x10"10

disp("no = "+string(no)+”cm”"—3") //initializing
value of intrinsic concentration .

Dn=25

disp("Dn = "+string(Dn)+"cm”2/sec”) //initializing
value of diffusion cofficient on the P side.

Dp=10

disp("Dp = "+string(Dp)+”"cm”2/sec”) //initializing
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tp=5%10"-7

disp("tn = "+string(tp)+”s”) //initializing value of
hole lifetime .

tn=5%10"-7

disp("tp = "+string(tn)+”"s”) //initializing value of
electron lifetime .

e=1.6%x10"-19

disp(”e = "+string(e)+”columns”) //initializing

value of charge of electrons.

Pno=(no~2/Nd)

disp ("Pno=(no"2/Nd) )="+string (Pno)+”’cm " —3")//
calculation .

Npo=(no~2/Na)

disp ("Npo=(no~"2/Na))="+string (Npo)+”’ecm —3") //
calculation .
Lp=(sqrt (Dp*tp))

disp ("Lp=(sqrt (Dpxtp)))="+string(Lp)+"cm”) //

calculation .
Ln=(sqrt(Dn*tn))

disp("Ln=(sqrt (Dnxtn)))="+string(Ln)+"cm”)//

calculation .

Jo=((ex((Dp*Pno/(Lp))+(Dn*Npo)/(Ln))))
disp ("Jo=((ex((DpxPno/(Lp))+(DnxNpo) /(Ln))))
string(Jo)+” A/em”2”)//calculation .

cofficient on the N side.

77+

Scilab code Exa 5.29 VALUE OF REVERSE SATURATION CURRENT

clc

Na=10"15

disp("Na = "+string(Na)+”cm”"3”) //initializing value
of acceptor concentration.

Nd=10"15

disp(”"Nd = "+string(Nd)+”cm"3”) //initializing value

of donor

concentration
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no=1.5%x10"10

disp("no = "+string(no)+”cm —3") //initializing
value of intrinsic carrier concentration.

Dn=50

disp(”Dn = "+string(Dn)+”’cm”2/sec”) //initializing
value of built in voltage.

Dp=20

disp("Dp = "+string(Dp)+’cm” 2/sec”) //initializing
value of applied reverse voltage.

tp=5%10"-7

disp("tn = "+string(tp)+”s”) //initializing value of

hole lifetime .
tn=5*%x10"-7
disp("tp = "+string(tn)+”s”) //initializing value of

electrons lifetime .
e=1.6%10"-19

disp("e = "+string(e)+”columns”) //initializing
value of charge of electrons.

Pno=(no~2/Nd)

disp (”"Pno=(no"2/Nd))="+string (Pno)+”cm"—3") //

calculation .
Npo=(no~2/Na)

disp ("Npo=(no"2/Na))="+string (Npo)+”"cm —3") //

calculation .
Lp=(sqrt (Dp*tp))

disp ("Lp=(sqrt (Dpxtp)))="+string(Lp)+"cm”)//

calculation .
Ln=(sqrt (Dn*tn))

disp ("Ln=(sqrt (Dnxtn)))="+string(Ln)+"cm”)//

calculation .

Jo=((ex((Dp*Pno/(Lp))+(Dn*Npo)/(Ln))))

disp (" Jo=((e*((DpsPno/(Lp))+(DnsNpo) /(Ln)) ) )="+
string (Jo)+”A/em"2”) //calculation .

//the value of tp,tn provided in the question ,is
different than that provided in the solution.

//1 have used the value
e.tp=tn=>5%x10"7)

,provided in the solution (i.
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Scilab code Exa 5.30 VALUE OF THE CHANGE IN THE APPLIED VOLTAGE

clc

Eg=-1.1

disp("Eg = "+string(Eg)+"V”) //initializing value of
energy gap.

Vi1=0.6

disp("Vfl = "+string(VEf1)+"V”) //initializing value
of forward voltage for case 1.

T1=300

disp("T1 = "+string(T1)+”’K") //initializing value of
temperature for case 1.

T2=310

disp("T2 = "+string(T2)+”’K"”) //initializing value of

temperature for case 2
VE2=(((Eg+Vf1)*T2)/(T1))-Eg
disp(”Forward voltage for case 2,V{2=((Eg+Vfl)=*T2) /(
T1)+Eg)="+string (VE2)+” V”)//calculation .

Scilab code Exa 5.31 RELATIVE CHANGE IN Io

clc

T=300

disp("T = "+string(T)+” K”) //initializing value of
temperature

Eg=0.7%1.6%10"-19

disp("Eg = "+string(Eg)+” V”) //initializing value

of Band Gap energy of the material.
K=1.38%10"-23
disp("K = "+string(K)+” J/K”) //initializing wvalue
of boltzmann constant.
X=((Eg/(K*T"2)))+(3/T)
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disp (” Relative change in lo,... 1/lox(dlo/dT)= "+
string (X)) //calculation

//in percent form

disp (” Relative change in lo,... 1/lox(dlo/dT)= "+
string (X*100)+” %”)//calculation

// ... taking, (1/Io)x(dlo/dT) as 'X’

//This is the solved example of chapter 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

clc
X1=4.13
disp ("Xl = "+string(X1)+” eV”) //initializing value

of eldelta_Ectron effinity of germanium.
X2=4.07
disp(”X2 = "+string(X2)+” eV”) //initializing value
of electron effinity of gallium arsenide.
Egl1=0.7

disp("Egl = "+string(Eg1)+” eV”) //initializing
value of energy gap of germanium.

Eg2=1.43

disp("Eg2 = "+string(Eg2)+” F/cm”) //initializing

value of energy gap of gallium arsenide ..
Nv1=6%10"18

disp("Nvl = "+string(Nv1)+” em"—3") //initializing
value of density of states in Valence band,Nv for
germanium .

Nv2=7%10"18

disp("Nv2 = "+string(Nv2)+” e¢cm"—3") //initializing
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value of density of states in Valence band,Nv for
galliminum arsenide.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage... Vt = K«T/e

e=1.6%x10"-19

disp(”e = "+string(e)+” columbs”) //initializing

value of electronic charge.
no=2.5%x10"13

disp("no = "+string(no)+” cm”"—3”) //initializing
value of intrinsic carrier concentration.

Pp=10-17

disp("Pp = "+string(Pp)+” cm”"—3”) //initializing

value of hole concentration on the depletion edge
of the N region.

Nd=10"17

disp(”’Nd = "+string(Nd)+” cm"—3") //initializing
value of number of donor ions (which is equal to
hole concentration on the depletion edge of the N

region) .

np=(no~2)/Pp

disp("np="+string(np)+” cm"—3")//calculation

delta_Eg=(Eg2-Egl)

disp(”delta_Eg=(Eg2—Egl)="+string(delta_Eg)+” eV”)//
calculation

delta_Ec=(X1-X2)

disp (" delta_Ec=(X1-X2)="+string(delta_Ec)+” eV”")//
calculation

delta_Ev=(delta_Eg-delta_Ec)

disp(”delta_Ev=(delta_Eg—delta_Ec)="+string(delta_Ev
)+7 eV”)//calculation

Vbi=((delta_Ev*1.6%10"-19)/(e))+((Vt*xlog ((Nv1i*Nd)/(
np*Nv2))))

disp (" Vbi=((delta_ Evx1.6x10"—=19) /(e))+((Vt*xlog ((Nvlx
Nd) /(np*Nv2))))="+string (Vbi)+” V”)//calculation
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Scilab code Exa 6.4 VALUE OF DONOR CONCENTRATION

clc
Nc=2.8%10"19
disp("Nc¢ = "+string(Nc)+” cm”"—3”) //initializing

value of effective density of state in the
conduction band.

k=-4%x10"15

disp("k = "+string(k)+” cm " 4F"—-2V"—-17) //
initializing value of slope of the (1/C"2) versus
V curve.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of
relative dielectric permittivity constant

Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of dielectric constant of free space.

e=1.6%x10"-19

disp("e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

VBI=0.3

disp("VBI = "+string (VBI)+” V”) //initializing value

of built in voltage.
E=Eox*Er

disp(”total permittivity ,E=EoxEr ="+string(E)+” F/cm
7)//calculation

Nd=((-2)/(exE)*(1/k))

disp("Nd=((—-2)/(exE)*(1/k)))="+string (Nd)+” cm —3")
//calculation

Vn=(Vt*(log(Nc/Nd)))

disp("Vn=(Vtx*(log (Nc¢/Nd)))="+string(Vn)+” V7)//
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calculation
VBn=(VBI+Vn)
disp ("VBn=(VBI4+Vn)="+string (VBn)+” V”)//calculation

// taking ... d(1/C"2)/dV as k,... for

simlification

Scilab code Exa 6.5 VALUE OF THE BARRIER HEIGHT AND BUILT IN POTENTIAL

clc

Nd=2x10"17

disp("Nd = "+string(Nd)+” /em"—=3") //initializing
value of donor concentration.

Nc=2.8%x10"19

disp("Nc = "+string(Nc)+” /ecm"—3") //initializing
value of effective density of state in the
conduction band.

Js=40%10"-6

disp(”Js = "+string(Js)+”"A/ecm”"2”) //initializing
value of saturation current density.

T=300

disp("T = "+string(T)+”K”) //initializing value of
absolute temperature.

R=110

disp("R = "+string(R)+” A/(K—em~"2)”) //initializing
value of richardson ’s constant .

Vt=0.02569

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

VBn=(Vt*(log(R*T"2/Js)))

disp(”VBn = "+string(VBn)+” V”) // calculation.

Vn=(Vt*(log (Nc/Nd)))

disp("Vn = "+string(Vn)+” V”) // calculation.

VBI=(VBn-Vn)
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disp ("VBI=(VBn—Vn) )="+string (VBI)+” V") //calculation

//The value of Vn (after calculation ) is provided
wrong in the book,due to which VBI also differ.

Scilab code Exa 6.6 VALUE OF DEPLETION WIDTH DIFFUSION LENGTH AND SATURATION HOLE

clc

Nd=2%x10"17

disp(”Nd = "+string(Nd)+” /em"—3”) //initializing
value of donor concentration.

Dp=30

disp("Dp = "+string(Dp)+” cm 2/s”) //initializing
value of diffusion cofficient.

Nc=2.8%x10"19

disp(”"Nc¢ = "+string(Nc)+” /em"—3”) //initializing
value of effective density of state in the
conduction band.

Js=40%10"-6

disp(”Js = "+string(Js)+ "A/em”2”) //initializing
value of saturation current density.

no=1.5x10"10

disp("no = "+string(no)+” cm"—3”) //initializing
value of intrinsic concentration of electrons.

tp=10"-6

disp("tp = "+string(tp)+” s8”) //initializing value
of hole life —time.

T=300

disp("T = "+string(T)+” K”) //initializing value of

absolute temperature.
R=110

disp("R = "+string(R)+” A/(K—cm"2)”) //initializing

value of richardson ’s constant.
Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
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of thermal voltage.
e=1.6%x10"-19

disp(”e = "+string(e)+” columbs”) //initializing
value of charge of electrons.

Er=11.9

disp("Er = "+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%10"-14
disp("Eo = 7+string(Eo)+” F/em”) //initializing
value of dielectric constant of free space.
E=Eox*Er
disp(”total permittivity ,E=Eo*Er)="+string(E)+” F/cm
7)//calculation
VBn=(Vt*(log (R*T"2/Js)))
disp(”"VBn = "+string(VBn)+” V") // calculation .
Vn=(Vt*(log(Nc/Nd)))
disp("Vn = "+string(Vn)+” V”) // calculation .
VBI=(VBn-Vn)
disp ("VBI=(VBn—Vn) )="+string (VBI)+” V") //calculation
W=(sqrt ((ExVBI)/(exNd)))
disp(”current density in a metal semiconductor

junction W = "+string(W)+” A”) // calculation.
Lp=(sqrt (Dp*tp))
disp(” Diffusion length ,Lp=(sqrt (Dpxtp)) = "+string(

Lp)+” c¢cm”) // calculation .
Jpo=(e*Dp*no~2)/(Lp*Nd)
disp(”saturation hole current density ,Jpo=(e*Dpxno
"2)/(LpxNd)) = "+string(Jpo)+” A/em"2") //
calculation .

//The value of Vn (after calculation ) is provided
wrong in the book,due to which VBI differ and due
to VBI ,current density in a metal semiconductor
junction (W)gets changed.
//The value of Jpo (saturation hole current density)
,after calculation is also provided wrong in the

book .
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Scilab code Exa 6.8 MAXIMUM N TYPE DOPING CONCENTRATION

clc

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of
relative dielectric permittivity constant.

Eo=8.854%x10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

VBD=20

disp(”VBD = "+string(VBD)+” V") //initializing value

of break down voltage.
e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

E=Eo*Er

disp(”total permittivity ,E=EoxEr)="+string(E)+” F/cm

7)//calculation

Emax=5*x10"5

disp ("Emax = "+string(Emax)+” V/cm”) //initializing
value of maximum critical electric field.

ND=(Eo*Er*(Emax~2))/(2*e*xVBD)

disp ("ND=(Eo*Er*(Emax"2)) /(2*exVBD)="+string (ND)+"
ecm”—37) //calculation

//the formula given in the solution for VBD is
somewhat written wrong.The correct formula is (
VBD=(ExEmax "2 /2xexND) ) .

Scilab code Exa 6.9 VALUE OF REVERSE BREAK DOWN VOLTAGE
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clc

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant.

Eo=8.854%x10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

no=1.5x10"10

disp("no = "+string(no)+”’cm”—3") //initializing
value of intrinsic concentration of electrons.

Nd=1%10"16

disp("Nd="+string(Nd)+” em"—3")//initializing the
value of donor concentration.

Emax=2%10"5

disp("Emax = "+string (Emax)+” V/ecm”) //initializing
value of maximum critical electric field.

Na=1%x10"16

disp(”"Na="+string(Na)+” em"—3")//initializing the
value of acceptor concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

E=FEo*Er

disp("total permittivity ,F=EoxEr)="+string(E)+” F/cm
7)//calculation

VBI=(Vt*(log(Na*Nd/no~2)))

disp ("VBI=(Vt*(log (NaxNd/no"2))) = "+string(VBI)+" V
”) // calculation.

V=(E*Emax~2) /(exNd)

disp ("breakdown voltage for symetrical abrupt
junction ,VBD+VBI=(ExEmax"2) /(exNd) )="+string (V) +”
V?)//calculation

VBD=V-VBI

disp ("VBD=V-VBI)="+string (VBD)+” V") //calculation
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Scilab code Exa 6.10 VALUE OF REVERSE BREAK DOWN VOLTAGE

clc

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant.

E0=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

no=1.5%x10710

disp("no = "+string(no)+’cm”—3") //initializing
value of intrinsic concentration of electrons.

Emax=10"6

disp("Emax = "+string (Emax)+” V/em”) //initializing
value of maximum critical electric field ..

Nd=1%x10"18

disp ("Nd="+string(Nd)+” cm"—3")//initializing the
value of donor concentration.

Na=1%10"18

disp("Na="+string(Na)+” em"—3")//initializing the
value of acceptor concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

VBI=(Vt*(log(Na*xNd/no~2)))

disp ("VBI=(Vt*(log (NaxNd/no"2))) = "+string (VBI)+” V
”) // calculation .
E=Eo*Er

disp(”total permittivity ,E=Eo*Er)="+string(E)+” F/cm
”)//calculation
V=(E*Emax~2)/(ex*xNd)
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disp ("breakdown voltage for symetrical abrupt
junction ,VBD+VBI=(ExEmax"2) /(exNd) )="+string (V) +”
V?)//calculation

VBD=V-VBI

disp ("VBD=V-VBI)="+string (VBD)+” V”)//calculation

Scilab code Exa 6.11 VALUE OF REVERSE BREAK DOWN VOLTAGE

clc

Nd=1%x10"18

disp(”Nd = "+string(Nd)+” cm"—3") //initializing
value of donor concentration.

Na=-1%x10"18

disp(”"Na = "+string(Na)+” cm"3”) //initializing
value of acceptor concentration.

Er=11.9

disp("Er = "+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854*%10"-14
disp("Eo = "+string(Eo)+” F/em”) //initializing
value of dielectric constant of free space.
e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

Vbd=15

disp("Vbd = "+string(Vbd)+” eV”) //initializing
value of break down voltage.

W=2%x10"-4

disp("W = "+string(W)+” cm”) //initializing value of
the distance over which doping profile varies.

E=Eox*xEr

disp(”total permittivity ,E=EoxEr)="+string(E)+” F/cm
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7)//calculation

a=((Nd-Na)/(W))

disp(”slope of doping profile curve,a=((Nd-Na) /(W) )=
"+string(a)+” cm”"—4")//calculation

Emax=(((Vbd) "2) *9xe*a/(32*E)) ~(1/3)

disp ("Emax=(((Vbd) "2)*9%xexa/(32«E)) " (1/3)="+string(
Emax)+” V/cm”)//calculation

Scilab code Exa 6.12 VALUE OF THE BARRIER HEIGHT AND BUILT IN POTENTIAL AND DEPLET

clc

Ew=4.55

disp("Ew = "+string(Ew)+” V”) //initializing wvalue
of work function of tungusten.

X=4.01

disp("X = "+string(X)+"V”) //initializing value of
electron effinity of silicon.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant.

Eo=8.854%x10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Nc=2.8%x10"19

disp(”"Nc¢ = "+string(Nc)+” /em"—3”) //initializing
value of effective density of state in the
conduction band.

Nd=10"17

disp(”Nd = "+string(Nd)+” /cm"—3") //initializing
value of donor concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
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of thermal voltage.

VB=(Ew-X)

disp(” Barrier height ,VB=(Ew—X) = "+string(VB)+” V")
// calculation .

Ec_Ef=(Vtxlog(Nc/Nd))

disp (" Ec_Ef=(Vtxlog (N¢/Nd))="+string(Ec_Ef)+” V") //
calculation

VBI=(VB-(Ec_Ef))

disp ("VBI=(VB—(Ec_Ef))="+string (VBI)+” V") //
calculation

xn=sqrt (2*Eo*Er*VBI/(ex*Nd))

disp(”Depletion width ,xn=sqrt (2«xEoxEr+«VBI/(exNd) )="+
string(xn)+” cm”)//calculation

Emax=(e*Nd*xn/(Eo*Er))

disp ("maximum electric field ,Emax=(exNdxxn /(EoxEr))=
"+string (Emax)+” V/em”) //calculation

Scilab code Exa 6.13 VALUE OF MAXIMUM ELECTRIAL FIELD AND JUNCTION CAPACITANCE PER

clc

Ew=4.5

disp("Ew = "+string(Ew)+” V”) //initializing value
of work function of tungusten.

X=4.01

disp ("X = "+string (X)+”V”) //initializing value of
electron effinity of silicon.

Er=12

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant.

E0=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

Vr=3

disp(”"Vr = "+string(Vr)+” V”) //initializing wvalue

of reverse voltage.
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e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Nc=2.8%x10"19

disp("Nc¢ = "+string(Nc)+” /em"—3”) //initializing
value of effective density of state in the
conduction band.

Nd=10"17

disp("Nd = 7+string(Nd)+” /em"—3”) //initializing
value of donor concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

VB=(Ew-X)

disp(”barrier height ,VB=(Ew—X) = "+string(VB)+” V")

// calculation.

Ec_Ef=(Vt*xlog(Nc/Nd))

disp("Ec_Ef=(Vtxlog (Nc/Nd))="+string(Ec_Ef)+” V”)//
calculation

VBI=(VB-(Ec_Ef))

disp ("VBI=(VB—(Ec_Ef))="+string (VBI)+” V") //
calculation

xn=sqrt ((2*Eo*Er*(VBI+Vr))/(exNd))

disp(” Depletion width ,xn=sqrt (2«Eo*Er(VBI+Vr) /(exNd
))="+string (xn)+” cm”)//calculation

Emax=(exNd*xn/(Eo*Er))

disp ("maximum electric field ,Emax=(exNdsxn/(EoxEr) )=
"+string (Emax)+” V/em”) //calculation

C=sqrt ((e*Eo*Erx*Nd) /(2x(VBI+Vr)))

disp (” Capitance per unit area ,C=sqrt ((exEoxErxNd)
/(2% (VBI+Vr) ) )="+string (C)+” F/ecm"2")//
calculation

//the Value of reverse voltage(Vr) provided in the
question is different than used in the solution.I
have used the value provided in the solution(i.e
Vr=3).

//the value of C (Capitance per unit area) after
calculation is provided wrong in the book.
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Scilab code Exa 6.14 VALUE OF VB Xn AND Emax

clc

Ew=4.28

disp("Ew = "+string(Ew)+” V”) //initializing value
of work function of tungusten.

X=4.01

disp ("X = "+string(X)+”V”) //initializing value of
electron effinity of silicon.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of

relative dielectric permittivity constant.

Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Nc=2.8%x10"19

disp("Nc = "+string(Nc)+” /em"—=3") //initializing
value of effective density of state in the
conduction band.

Nd=10"15

disp(”"Nd = "+string(Nd)+” /ecm"—3”) //initializing
value of donor concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

VB=(Ew-X)

disp(”barrier height ,VB=(Ew—X) = "+string(VB)+” V")

// calculation .

Ec_Ef=(Vt*xlog(Nc/Nd))

disp (" Ec_Ef=(Vtxlog (Nc¢/Nd))="+string(Ec_Ef)+” V") //
calculation
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VBI=(VB-(Ec_Ef))

disp ("VBI=(VB—(Ec_Ef) )="+string (VBI)+" V") //
calculation

xn=sqrt (2*Eo*Er*VBI/(e*Nd))

disp(” Depletion width ,xn=sqrt (2«EoxEr«VBI/(exNd) )="+
string (xn)+” cm”)//calculation

Emax=(exNd*xn/(Eo*Er))

disp ("maximum electric field ,Emax=(exNdxxn/(EoxEr))=
"+string (Emax)+” V/em”) //calculation

//the Value of donor concentration (Nd) provided in
the question is different than used in the
solution .l have used the value provided in the
question(i.e Nd=10"15). ,i.e answer differs than
provided in the book.

Scilab code Exa 6.15 CAPACITANCE OF A GOLD SILICON JUNCTION

clc

Ew=5.1

disp("Ew = "+string(Ew)+” V”) //initializing wvalue
of work function of tungusten.

X=4.01

disp ("X = "+string(X)+"V”) //initializing value of
electron effinity of silicon.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant.

Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Nc=2.8%x10"19
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disp("Nc = "+string(Nc)+” /ecm"—3") //initializing
value of effective density of state in the
conduction band.

Nd=5%10"15

disp(”"Nd = "+string(Nd)+” /em"—3”) //initializing
value of donor concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

Vr=5

disp(”Vr = "+string(Vr)+” V”) //initializing value
of reverse voltage.

A=1%x10"-4

disp("A = "+string (A)+” em”2”) //initializing value

of area of the gold silicon junction diode..

VB=(Ew-X)

disp(”barrier height ,VB=(Ew—X) = "+string (VB)+” V”)
// calculation .

Ec_Ef=(Vt*log(Nc/Nd))

disp("Ec_Ef=(Vt*xlog (Nc¢/Nd))="+string(Ec_Ef)+” V7)//
calculation

VBI=(VB-(Ec_Ef))

disp ("VBI=(VB—(Ec_Ef))="+string (VBI)+" V") //
calculation

Cl=sqrt ((e*Eo*xEr*Nd) /(2% (VBI+Vr)))

disp (” Capitance per unit area ,Cl=sqrt ((exEoxEr«Nd)
/(2% (VBI4+-Vr) ) )="+string (C1)+” F/cm"2")//
calculation

C=C1xA

disp(”total junction capatiance ,C=Cl+*A="+string(C)+"
F”)//calculation

Scilab code Exa 6.17 VALUE OF LOWERING OF BARRIER HEIGHT

clc
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Er=13.1

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant.
E0=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Emax=30%10"3

disp("Emax = "+string (Emax)+” V/cm”) //initializing
value of maximum critical electric field ..

E=Eox*Er

disp(”total permittivity ,E=EoxEr)="+string(E)+” F/cm

”)//calculation
V=sqrt (e*xEmax/ (4*%pi*E))

disp("lowering of the barrier height ,V=sqrt (e+*Emax
/(4% %pixE) )="+string (V)+” V") //calculation

Xmax=sqrt(e/(16*%pi*E*xEmax))

disp(” position of the maximum barrier height ,Xmax=
sqrt (e /(16% %pixExEmax))="+string (Xmax)+” cm”) //
calculation

Scilab code Exa 6.18 VALUE OF IDEAL REVERSE SATURATION CURRENT AND THE DIODE CURRE

clc

A=10"-4

disp("A = "+string(A)+” ecm”—2") //initializing value
of cross sectional area.

VBn=0.55

disp("VBn = "+string(VBn)+"V”) //initializing value
of barrier height.

T=300

disp("T = "+string(T)+"K”) //initializing value of
absolute temperature.
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R=110
disp("R = "+string(R)+” A/(K—m"2)”) //initializing
value of richardson ’s constant.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

V=0.25

disp(”V = "+string(V)+” V”) //initializing value of

forward bias voltage.

To=A*R*T " 2*%xexp (-VBn/Vt)

disp("reverse saturation current , [o=A*R+T " 2xexp(—VBn
/Vt) = "+string(Io)+” A”) // calculation.

I=To*x((exp(V/Vt))-1)

disp(”diode current ,I=Io(exp(V/Vt)—1)="+string(I)+"
A”)//calculation

Scilab code Exa 6.19 VALUE OF FORWARD VOLTAGE

clc

Io1=10"-9

disp(”Iol = "+string(Iol)+” A”) //initializing value

of reverse saturation current of silicon SBD.

Io2=10"-14

disp(”lo2 = "+string(Io2)+"A”) //initializing value
of reverse saturation current of a PN junction.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

I=100%10"-6

disp ("I = "+string(I)+” A”) //initializing value of
required current.

VESBD=Vt*((log(I/Io1+1)))

disp (”forward Voltage for silicon SBD,VISBD=Vtx*((log
(I/lol1+1)))= "+string (VESBD)+” V") // calculation
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VEPN=Vt*((log(I/I02+1)))
disp (" forward Voltage for silicon SBD,VIPN=Vtx((log(
I/I0241)))="+string (VEPN)+” V”)//calculation

Scilab code Exa 6.20 VALUE OF REVERSE SATURATION CURRENT

clc

To1=10%10"-7

disp(”Iol = "+string(Iol)+” A”) //initializing value
of reverse saturation current of silicon SBD.

Io2=10%10"-7

disp(”Io2 = "+string(Io2)+"A”) //initializing value
of reverse saturation current of a PN junction.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

I=1%10"-3

disp(”I = "+string(I)+” A”) //initializing value of
forward current.

V=0.25

disp(”V = "+string(V)+” V”) //initializing value of
difference in the forward voltage of the two
diode.

VESBD=Vt*((log(I/Io1+1)))

disp(”forward Voltage for silicon SBD,VISBD=Vtx((log
(I/Iol1+1)))= "+string (VESBD)+” V") // calculation

VEPN=(V+V£SBD)

disp (" forward volage applied across the PN Diode,
VIPN=(V+VI{SBD )="+string (VEPN)+” V”) //calculation

Io=(I/((exp(VEPN/Vt))-1))

disp("reverse saturation current of the PN junction
Diode ,To=(I/((exp(VIPN/Vt))—1))="+string(Io)+" A”
)//calculation
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Chapter 7

BIPOLAR JUNCTION
TRANSISTORB

Scilab code Exa 7.1 MAGNITUDE OF Io AND COLLECTOR CURRENT

clc

Dnb=20

disp("Dnb = "+string(Dnb)+” c¢cm”2/s”) //
initializiation the value of one of base
parametre of NPN transistor.

nB=10"4

disp("nB = "+string(nB)+” /em"3”) //initializiation
the value of one of base parametre of NPN
transistor .

xB=1%10"-6

disp("xB = "+string(xB)+” m”) //initializiation the
value of one of base parametre of NPN transistor.

AB=10"-4

disp("AB = "+string (AB)+” cm"2”) //initializiation
the value of one of base parametre of NPN
transistor.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializiation
the value of electronic charge
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Vbe=0.5

disp(”Vbe = "+string(Vbe)+” V") //initializiation
the value of base emitter voltage of NPN
transistor ..

VT=0.0259

disp("VT = "+string(VT)+” V”) //initializiation the
value of threshold voltage.

WB=10"-4

disp("WB = "+string(WB)+” c¢cm”) //initializiation the
value of base width of NPN transistor.

Io=((exAB*Dnb*nB)/(WB))

disp (" Magnitude of lo,lo=((exABxDnb*nB)/(WB)))="+
string(Io)+” A”)//calculation

Ic=Io*x(exp(Vbe/VT)-1)

disp(” Collector current ,Ic=Io ((exp(Vbe/VT))—-1))="+
string (Ic)+” A”)//calculation

Scilab code Exa 7.2 CONCENTRATION OF nEO pBO AND nCO

clc

NE=5%x10"17

disp("NE = "+string(NE)+” /em"3”) //initializiation
the value of doping concentration in the emitter

NB=10"16

disp("NB = "+string(NB)+” /em"3”) //initializiation
the value of doping concentration in the base.

NC=10"15

disp("NC = "+string(NC)+” /em"3”) //initializiation
the value of doping concentration in the
collector.

WB=0.8%10"-4

disp("WB = "+string(WB)+” c¢cm”) //initializiation the
value of base width of NPN transistor.

no=1.5%x10"10
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disp("no = "+string(no)+”’cm —3”) //initializing the
intrinsic carrier concentration.

pEO=(no"2/NE)

disp (”Number of Majority holes in the emitter ,pEO=(
no 2/NE) )="+string(pE0)+” /em"3”)//calculation

nB0=(no"~2/NB)

disp (" Number of Majority holes in the base ,nBO=(no
"2/NB) )="+string(nB0)+” /cm"3”)//calculation

pCO=(no"~2/NC)

disp ("Number of Majority holes in the collector ,pCO
=(no"2/NC) )="+string (pC0)+” /em"3”)//calculation

Scilab code Exa 7.3 VALUE OF pBO AND nB

clc

NE=5%x10"17

disp("NE = "+string(NE)+” /em™3”) //initializiation
of doping concentration in the emitter.

NB=10"16

disp("NB = "+string(NB)+” /em"3”) //initializiation
of doping concentration in the base.

NC=10"15

disp("NC = "+string(NC)+” /em"3”) //initializiation

of doping concentration in the collector.

WB=0.8%10"-4

disp("WB = "+string (WB)+” cm”) //initializiation
the value of base width of NPN transistor.

no=1.5x10"10

disp("no = "+string(no)+”’cm”—3") //initializing the
value of intrinsic carrier concentration.

VT=0.0259

disp("VT = "+string(VT)+” V”) //initializiation the
value of threshold voltage.

VJ=0.6258

disp("VJ=Vbe = "+string(VJ)+” V”) //initializiation
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the value of base emitter voltage.

pE0=(no"~2/NE)

disp ("Number of Majority holes in the emitter ,pEO=(
no 2/NE) )="+string(pE0)+” /ecm"3”)//calculation

nB0=(no"~2/NB)

disp (" Number of Majority holes in the base ,nBO=(no
"2/NB))="+string(nB0)+” /cm"3”)//calculation

pC0=(no~2/NC)

disp ("Number of Majority holes in the collector ,pCO
=(no"2/NC) )="+string (pC0)+” /em"3”)//calculation

pE=pEQ*(exp (VJ/VT))

disp ("pE(O)=pEOx(exp (VJ/VT)))="+string (pE)+” /cm 3")
//calculation

nB=nBO*(exp (VJ/VT))

disp ("nB=(nBOx*(exp (VJ/VT))))="+string (nB)+” /cm"3")

//calculation

//the answer provided in the book for pE,nB is some
what different than actual calculated.

Scilab code Exa 7.5 VALUE OF BASE WIDTH

clc

Db=10

disp(”Db = 7+string(Db)+” c¢cm"2/s”) //initializiation
the value of one of parametere of the transistor

Bt=0.95
disp ("Bt = "+string(Bt)) //initializiation the value
of base transport factor of the transistor.
tb=10"-7
disp(”th = "+string(tb)+” s”) //initializiation the
value of one of parametere of the transistor.
Lp=(sqrt (Db*tb))
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disp ("Lp=(sqrt (Dbxtb)))="+string(Lp)+”" cm”)//
calculation

WB=(Lp*(acosh(1/Bt)))

disp ("WB=(Lpx*(acosh(1/Bt)))="+string(WB)+” cm”)//

calculation

Scilab code Exa 7.7 VALUE OF DELTA

clc
Jro=10"-9
disp(”Jro = "+string (Jro)+” A/em”2") //

initializiation the value of recombination
current density .

Jo=10"-12

disp(”Jo = "+string(Jo)+” A/em"2”) //initializiation
the value of reverse saturation current density.

Vbe=0.5

disp(”Vbe = "+string(Vbe)+” V") //initializiation
the value of base emitter voltage.
VT=0.0259

disp("VT = 7+string(VT)+” V”) //initializiation the
value of threshold voltage.

delta=(1+((Jro/Jo) *(exp ((-Vbe) /(2%VT))))) -1

disp(”delta (recombination factor)=(14+((Jro/Jo)*(exp
((—Vbe) /(2«VT))))) —1)="+string(delta))//

calculation .

Scilab code Exa 7.8 COMMON BASE AND COMMON EMITTER CURRENT GAIN

clc
NE=1x10"17
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disp("NE = "+string(NE)+” /em™3”) //initializiation
the value of doping concentration of emitter in
the NPN transistor.
NB=10"15
disp("NB = "+string (NB)+” /em"3”) //initializiation
the value of doping concentration of base in the
NPN transistor.
WE=0.6%10"-4
disp("WE = 7+string(WE)+” c¢cm”) //initializiation the
value of one of parametre of the transistor.
WB=0.8%10"-4
disp("WB = "+string(WB)+” c¢cm”) //initializiation the
value of one of parametre of the transistor.
no=1.5%x10"10
disp("no = "+string(no)+”cm " —3") //initializing the
value of intrinsic carrier concentration.
e=1.6x%x10"-19

disp(”e = "+string(e)+” columns”) //initializiation
the value of electronic charge

DE=15

disp("DE = 7+string(DE)+” c¢cm"2/s”) //initializiation

the value of one of parametere of the transistor

DB=20
disp("DB = "+string(DB)+” c¢cm"2/s”) //initializiation
the value of one of parametere of the transistor

tE=0.2%10"-6

disp("tE = "+string(tE)+” s”) //initializiation the
value of one of parametere of the transistor.

tB=0.1%10"-6

disp("tB = "+string(tB)+” s”7) //initializiation the
value of one of parametere of the transistor.

Vbe=0.60

disp(”Vbe = "+string(Vbe)+” V) //initializiation
the value of base emitter voltage
VT=0.0259

disp("VT = "+string(VT)+” V”) //initializiation the
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value of threshold voltage.

Jro=2%x10"-8

disp(”Jro = "+string(Jro)+” A/em"2”7) //
initializiation the value of recombination
current density.

LE=(sqrt (DE*tE))

disp ("LE=(sqrt (DExtE)))="+string (LE)+” cm”) //
calculation

LB=(sqrt (DB*tB))

disp ("LB=(sqrt (DB«xtB)))="+string (LB)+” c¢m”) //
calculation

pEO=(no"2/NE)

disp ("Number of Majority holes in the emitter ,pEO=(
no 2/NE) )="+string(pE0)+” /ecm 3”)//calculation

nB0=(no"~2/NB)

disp (" Number of Majority holes in the base ,nBO=(no
"2/NB) )="+string (nB0)+” /em"3”)//calculation

Y=(1+(((NB*DE*LB) /(NE*DB*LE) ) *((tanh (WB/LB) /tanh (WE/
LE))))) ~(-1)

disp (” Emitter injection efficiency ,Y=(1+((NB*DE*LB)
/ (NE«DB%LE) * (tanh (WB/LB) /tanh (WE/LE)))) )="+
string(Y))//calculation

Bt=(cosh(WB/LB)) -1

disp (”Base transport factor ,Bt=(cosh(WB/LB))" —1)="+
string(Bt))//calculation

Jo=((exDB*nB0) /(LB*tanh (WB/LB)))

disp (” Reverse saturation current Density ,Jro=((exDBx
nBO) /(LBxtanh (WB/LB) ) ) )="+string (Jo)+"A/cm"2") //
calculation

delta=(1+((Jro/Jo)*(exp((-Vbe)/(2%VT))))) -1

disp(”delta(recombination factor)=(1+((Jro/Jo)*(exp
((=Vbe) /(2«VT))))) —1)="+string(delta)+” A”")//
calculation

a=Bt*deltax*Y

disp ("common base current amplification factor ,(
alpha=BtxdeltaxY)="+string(a))//calculation

B=(a/(1-2a))

disp ("common emitter current amplification factor
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Beta=(a/(l—a)))="+string(B))//calculation

//the value of NE provided in the question is
different than used in the solution

//1 have used the value (while solving) provided in
the question (i.e NE=10"17/cm”3).

Scilab code Exa 7.9 CHANGE IN THE NEUTRAL BASE WIDTH

clc

NB=5*x10"16

disp("NB = "+string(NB)+” /em"3”) //initializiation
the doping concentration in the base.

NC=2%x10"15

disp("NC = "+string(NC)+” /em"3”) //initializiation
the doping concentration in the collector.

WBm=0.6%x10"-4

disp("WBm = "+string (WBm)+” cm”) //initializiation
the value of actual base width.
e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializiation
the value of electronic charge.

VCB1=1

disp("VCB1 = "+string (VCB1)+” V”) //initializiation
the initial value of collector base voltage

VCB2=4

disp(”"VCB2 = "+string (VCB2)+” V”) //initializiation
the final wvalue of collector base voltage.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

E0=8.854%10"-14

disp("Eo = 7"+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

no=1.5%x10"10

disp("no = "+string(no)+”cm”—3") //initializing the
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VT=0.0259

disp("VT = "+string(VT)+” V”) //initializiation the
value of threshold voltage.

VBI=VT*(log ((NB*NC)/no~2))

disp(” VBI=VTx*(log ((NB«NC) /no " "2))="+string (VBI)+” V”
)//calculation

WBS1=((2*Eo*Er*(VBI+VCB1)/e)*(NC/NB)*(1/(NC+NB)))
“(1/2)

disp ("WBS=((2%EoxEr*(VBI+VCBL1) /e) *(NC/NB) (1 /(NC+N\B)
)) " (1/2))="+string(WBS1)+” c¢m”)//calculation

Wb1=WBm-WBS1

disp(” Neutral base width for VCB1,WB(neutral)=WBm-
WBSI="+string (Wb1)+” c¢m”) //calculation

WBS2=((2*Eo*Er*(VBI+VCB2)/e)*(NC/NB)*(1/(NC+NB)))
“(1/2)

disp ("WBS=((2*EoxEr*(VBI4+VCB2) /e ) *(NC/NB) x(1/(NC+N\B)
)) " (1/2))="+string(WBS2)+” cm”)//calculation

Wb2=WBm-WBS2

disp(” Neutral base width for VCB2,WB(neutral )=WBm-
WBS2="+string (Wb2)+” cm”)//calculation

deltaWbneutral=Wbl-Wb2

disp (”change in the neutal base width ,deltaWh(
neutral )J=Wbl-Wb2="+string (deltaWbneutral)+” cm”)
//calculation

Scilab code Exa 7.10 CHANGE IN THE COLLECTOR CURRENT

clc

ro=500*10"3

disp("ro = "+string(ro)+” ohm”) //initializiation
the value of output resistance

Vcel=7

disp(”Vcel = "+string(Vcel)+” V”) //initializiation

the initial value of collector emitter voltage
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Vce2=1

disp(”Vce2 = "+string(Vce2)+” V”) //initializiation
the final value of collector emitter voltage

Vce=6

disp(”change in the collector —emitter voltage ,Vcel—
Vce2 = "+string(Vce)+” V) //calculation .

Ic=(Vce/ro)

disp (”change in the collector current ,lc=(Vce/ro))="
+string(Ic)+” A”)//calculation
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Chapter 8

THE FIELD EFFECT
TRANSISTOR

Scilab code Exa 8.1 CAPACITANCE Cox AND Co

clc

Nd=10"16

disp("Nd = "+string(Nd)+” /em"3”) //initializing
value of donor ion concentration.

Er=3.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

W=0.5%10"-4

disp ("W = "+string(W)+” cm”) //initializing value of
width of p—substrate.

L=10"-4

disp ("L = "+string(L)+” em”) //initializing value of
length of p—substrate.

tox=400%x10"-8

disp("tox = "+string(tox)+” cm”) //initializing
value of thickness of p—substrate.
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E=Eo*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation

Cox=(E*Wx*L)/tox

disp (”Oxide capacitance ,Cox=(E+WxL) /tox)="+string/(
Cox)+” F”)//calculation

Co=(Cox/(Wx*L))

disp (” Capacitance per unit area ,Co=(Cox/(WxL)))="+
string(Co)+” F/em"2”)//calculation

Scilab code Exa 8.2 MAXIMUM SPACE CHARGE WIDTH

clc

Na=10"17

disp("Na = "+string(Na)+” /em"3”) //initializing
value of acceptor ion concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+”V”) //initializing value of

thermal voltage.

e=1.6%x10"-19

disp("e = "+string(e)+” columns”) //initializing
value of charge of electrons.

ni=1.5%10"10

disp("ni = "+string(ni)+”/em"3”) //initializing
value of intrinsic carrier concentration.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

Eo=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

Vs=Vt*log(Na/ni)

disp ("Vs=Vtxlog (Na/ni))="+string(Vs)+” V") //
calculation

E=Eox*Er
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disp("total permittivity ,E=EoxEr="+string (E)+” F/cm”
)//calculation

Wd=sqrt (4*xExVs/(ex*xNa))

disp ("maximum depletion width ,Wd(max)=Sqrt (4*E*xVs/(e
*Na)))="+string (Wd)+” cm”)//calculation

Scilab code Exa 8.3 MAXIMUM SPACE CHARGE WIDTH

clc

Nd=3%x10"18

disp("Nd = "+string(Nd)+” /em"3”) //initializing
value of acceptor ion concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+”’V”) //initializing value of
thermal voltage.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

ni=1.5%10"10

disp("ni = "+string(ni)+”/cm”"3”) //initializing
value of intrinsic carrier concentration.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

E0=8.854%10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

Vs=Vt*xlog(Nd/ni)

disp ("Vs=Vtxlog (Nd/ni))="+string(Vs)+” V") //
calculation

E=Eo*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation

Wd=sqrt (4*xExVs/(exNd))

disp ("maximum depletion width ,Wd(max)=Sqrt (4xExVs/(e
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*Nd) ) )="+string(Wd)+” cm”)//calculation

Scilab code Exa 8.5 METAL SEMICONDUCTOR WORK FUNCTION DIFFERENCE

clc

Vm=3.2

disp("Vm = "+string(Vm)+” V”) //initializing value
of modified metal work function .

X=3.25

disp ("X = "+string(X)+” V?”) //initializing value of
modified electron affinity.

Nd=2%x10"16

disp(”"Nd = "+string(Nd)+” /em"3”) //initializing
value of donor concentration.
ni=1.5%x10"10

disp("ni = "+string(ni)+” V”) //initializing value
of intrinsic carrier concentration.

Vt=0.0259

disp("Vt = "+string(Vt)+”V”") //initializing value of
thermal voltage.

Eg=1.12

disp("Eg = "+string(Eg)+”V”) //initializing value of

energy gap .

VEp=(Vt*log(Nd/ni))

disp (" Vip=(Vtxlog (Nd/ni))="+string (VEp)+” V”)//
calculation .

Vms=-(Vm+(Eg/2) +Vip-Vm)

disp ("Vms=—(Vin+(Eg/2)+Vip—Vm)="+string (Vms)+” V”)//
calculation .

Scilab code Exa 8.7 CAPACITANCE Co AND FLAT BAND VOLTAGE

clc
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Nd=10"16
disp(”"Nd = "+string(Nd)+” /em"3”) //initializing
value of donor ion concentration.

Vms=-1.12

disp("Vms = "+string(Vms)+” V") //initializing value
of metal semiconductor work function difference.

Er=3.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

E0=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

tox=200%10"-8

disp(”tox = "+string(tox)+” cm”) //initializing
value of thickness of p—type substrate.

Qss=2.5%10"-8

disp(”Qss = "+string(Qss)+” columbs/ecm”2") //
initializing value of charge density on
semiconductor surface.

Eox=Eo*Er

disp (" Total permittivity , Eox=EoxEr="+string(Eox)+” F
/em”) //calculation

Co=(Eox/tox)

disp(” Capacitance per unit area,Co=(E/tox))="+string
(Co)+” F/em"2")//calculation

VEfb=(Vms-(Qss/Co))

disp (" Flat band voltage ,Vfb=(Vms—(Qss/Co)))="+string
(VEb)+” V”)//calculation

//the answer for Co after calculation is provided
wrong in the book.

Scilab code Exa 8.9 THRESHOLD VOLTAGE

clc
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Na=3x%10"16

disp("Na = "+string(Na)+” /em"3”) //initializing
value of acceptor ion concentration.

Vms=-1.12

disp("Vms = "+string(Vms)+"V”) //initializing value

of metal semiconductor work function difference.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

E0o=8.854%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

ni=1.5%x10"10

disp("ni = "+string(ni)+”’cm”"—3") //initializing
value of intrinsic concentration of electrons.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

tox=300%x10"-8

disp("tox = "+string(tox)+” e¢m”) //initializing
value of thickness of p—type substrate.

Vib=-1.12

disp(”Vfb = "+string(Vfb)+” V”) //initializing value
of flat band voltage.

Qss=10"11

disp("Qss = "+string(Qss)+” electronic charge

columns /ecm”2”) //initializing value of charge
density on semiconductor surface.

Vt=0.0259

disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

er=3.9

disp("er = "+string(er)) //initializing value of

relative dielectric permittivity constant
Eox=Eo*Er
disp("total permittivity , Eox=FEoxEr="+string(Eox)+” F
/ecm”) //calculation
VEp=Vt*(log(Na/(ni)))
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disp (" Potential , Vip=Vtx*(log (Na/(ni))))="+string(Vip)
+7 V") //calculation

Wd=sqrt ((4*xEox*xVfp) /(ex*Na))

disp ("Maximum depletion width ,Wd=sqrt ((4«E*Vs) /(exNd
)))="+string(Wd)+” c¢m”)//calculation

QDmax=(exNa*xWd)

disp(”Over all maximum depletion width ,QDmax=(exNasx
Wd) )="+string (QDmax)+” columns/cm"27)//
calculation

VT=(((QDmax-1.6%10"-8) *xtox)/(er*Eo))+(2*xVfp+Vfb)

disp (” Thresold Voltage ,VI=(((QDmax—1.6%x10" —8)xtox) /(
erxEo) )+ (2xVip+Vib)="+string (VT)+" V") //
calculation

Scilab code Exa 8.10 VALUE OF Id

clc

L=1.25%10"-4

disp("L = "+string(L)+” cm”) //initializing value of
length of channel.

un=600

disp("un = "+string(un)+’cm”"2/V—s”) //initializing

value of mobility of n—channel MOS transistor .
Co=6.9%10"-9

disp(”Co = "+string(Co)+”F/ecm"2”) //initializing
value of capacitance per unit area

VT=0.60

disp("VT = "+string(VT)+” V”) //initializing value
of threshold Voltage.

Vgs=4

disp(”Vgs = "+string(Vgs)+” V”) //initializing value

of gate to source voltage.
W=12*%10"-4

disp("W = "+string (W)+”cm”) //initializing value of
width of channel.
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Id=((Co*un*W) /(L) *((Vgs-VT)"~2/(2)))
disp (" Drain current ,Id=((Coxun*W) /(L) x((Vgs—VT)
"2/(2)))="+string(Id)+” A”)//calculation.

//The answer provided in the book (for Id) is wrong
as the value of mobility used for solution is
different than provided in the question and also
value of (Vgs—Vt) is put wrong in the solution
than given in the book.

//1 have used the value given in the question i.e.
answer differ.

Scilab code Exa 8.13 MINIMUM CAPACITANCE AND FLAT BAND CAPACITANCE

clc

Na=2x10"17

disp("Na = "+string(Na)+” /em"3”) //initializing
value of acceptor ion concentration.

Er=11.9

disp("Er = ”"+string(Er)) //initializing value of

relative dielectric permittivity constant

Eo=8.854*%10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

ni=1.5%x10"10

disp("ni = "+string(ni)+’cm"—3”) //initializing
value of intrinsic concentration of electrons.

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

tox=400%x10"-8

disp("tox = "+string(tox)+” cm”) //initializing
value of thickness of p—type substrate.
Vt=0.0259
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disp("Vt = "+string(Vt)+” eV”) //initializing value
of thermal voltage.

er=3.9

disp(”er = "+string(er)) //initializing value of
relative dielectric permittivity constant

VEip=Vt*(log(Na/(ni)))

disp (" Potential , Vfp=Vtx*(log (Na/(ni))))="+string(Vip)
+7 V") //calculation

Wd=sqrt ((4*Er*Eo*xVfp)/(ex*xNa))

disp(” Depletion width ,Wd=sqrt ((4xErxEoxVs) /(exNd)))=
"+string(Wd)+” cm”)//calculation

CTmin=(er*Eo/(((er/Er)*(Wd))+(tox)))

disp ("Minimum Capacitance ,CTmin=(er*Eo/((er/Er)*(Wd)
+(tox)))="+string (CTmin)+” F/em"2”)//calculation

CFB=((er*Eo)/((((er/Er)*sqrt (Vt*xEr*Eo/(e*xNa))))+(tox
)))

disp (" Flat band capacitance ,CFB=((erxEo) /(((er/Er)x
sqrt (VtxErxEo/(exNa))))+(tox))="+string (CFB)+” F/
ecm”2”) //calculation

//the value of Na (acceptor ion concentration) and
tox (thickness of p—type substrate) is provided
different in the question than used in the
solution .

//1 have used the value provided in the solution.(1i.
e Na=2%10"17 and tox=400%10"8cm)

Scilab code Exa 8.14 VALUE OF Qss

clc

Vib=-1.0

disp(”Vfb = "+string(Vfb)+” V”) //initializing value
of flat band voltage.

Vms=-0.9

disp("Vms = "+string(Vms)+"V”) //initializing value
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of metal semiconductor work function difference.
tox=200%10" -8

disp(”tox = "+string(tox)+” cm”) //initializing
value of gate oxide thickness.

et=3.9

disp("et = "+string(et)) //initializing value of
relative permittivity .

e0=8.85%10"-14

disp("eo = "+string(eo)+”F/em”) //initializing value
of free space permittivity .

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

eox=(eox*et)

disp ("eox=(eoxet))="+string(eox)+” F/ecm"2”)//
calculation

Cox=(eox/tox)

disp (” Oxide capacitance ,Cox=(eox/tox))="+string(Cox)
+7 F/em”2”) //calculation

Qss=((Vms-Vfb) *Cox)

disp(”charge density on semiconductor surface ,Qss=((
Vms—Vitb)xCox) )="+string (Qss)+” C/ecm"2")//
calculation

Qss1=Qss/e

disp(”charge density on semiconductor surface (in
terms of number of charges) ,Qssx=Qss/e)="+string
(@ss1)+” electrons/ecm”2”)//calculation

Scilab code Exa 8.15 VALUE OF Id

clc

L=3%x10"-6

disp ("L = "+string(L)+” meter”) //initializing value
of length of channel.

un=800
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disp("un = "+string(un)+’cm” 2/V—s”) //initializing
value of mobility of n—channel MOS transistor .

VT=1

disp("VT = 7+string(VT)+” V”) //initializing value
of threshold Voltage.

Vgs=0

disp(”Vgs = "+string(Vgs)+” V”) //initializing value

of gate to source voltage.
tox=500%10"-8

disp("tox = "+string(tox)+” c¢m”) //initializing
value of gate oxide thickness.

et=3.9

disp(”et = "+string(et)) //initializing value of

relative permittivity .
e0=8.85%10"-14

disp(Peo = "+string(eo)+”’F/em”) //initializing value
of free space permittivity.
W=30%10"-6

disp("W = "+string (W)+”"m”) //initializing value of
width of channel.

eox=(eox*xet)

disp ("eox=(eox*xet))="+string(eox)+” F/cm"27)//
calculation

Id=((eox*un*W)/(tox*L) *((Vgs-VT) ~2/(2)))

disp(”Drain current ,Id=((eox*xunsW) /(tox*L) *((Vgs—VT)
"2/(2))))="+string(Id)+” A”)//calculation

Scilab code Exa 8.16 VALUE OF Id

clc

L=2.5%10"-6

disp("L = 7+string(L)+” meter”) //initializing value
of length of channel.

un=3800

disp("un = "+string(un)+”’cm”"2/V—s”) //initializing
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value of mobility of n—channel MOS transistor.
VT=0.8
disp("VT = "+string(VT)+” V”) //initializing value
of threshold Voltage.
Vgs=1
disp(”"Vgs = "+string(Vgs)+” V”) //initializing value
of gate to source voltage.
tox=400%10"-8

disp("tox = "+string(tox)+” c¢m”) //initializing
value of gate oxide thickness.

et=3.9

disp("et = "+string(et)) //initializing value of

relative permittivity .

e0=8.85%x10"-14

disp("eo = "+string(eo)+”’F/em”) //initializing value

of free space permittivity .

eox=(eox*et)

disp(”eox=(eoxet))="+string(eox)+” F/ecm"2")//
calculation

W=25%10"-6

disp("W = "+string(W)+"m”) //initializing value of
width of channel ..

Id=((eox*un*W) /(tox*L)*((Vgs-VT)~2/(2)))

disp (”Drain current ,Id=((eoxxunsW) /(toxxL) x((Vgs—VT)
"2/(2))))="+string(Id)+” A”)//calculation

Scilab code Exa 8.17 RATIO OF W AND L

clc

un=525

disp("un = "+string(un)+”’cm”"2/V—s”) //initializing
value of mobility of n—channel MOS transistor.

VT=0.75

disp("VT = "+string(VT)+” V”) //initializing wvalue
of threshold Voltage.
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Vgs=2

disp(”Vgs = "+string(Vgs)+” V”) //initializing value
of gate to source voltage.

tox=400%10"-8

disp("tox = "+string(tox)+” c¢m”) //initializing
value of gate oxide thickness.

et=3.9

disp(”et = "+string(et)) //initializing value of
relative permittivity .

e0=8.85%10"-14

disp("eo = "+string(eo)+"F/cm”) //initializing value
of free space permittivity.

eox=(eox*et)

disp ("eox=(eoxet))="+string(eox)+” F/ecm"2”)//
calculation

Id=6%10"-3

disp(”Id = "+string(Id)+”A”) //initializing value of
width of channel..

X=((Id*tox*2)/(eox*un*((Vgs-VT)"2)))

disp(”width to length ratio W/L=((Idxtox=*2)/(eox*un
*((Vgs—VT) " 2))))="+string (X)) //calculation

Scilab code Exa 8.18 PINCH OFF VOLTAGE

clc

Nd=2%x10"16

disp(”"Nd = "+string(Nd)+” /em"3”) //initializing
value of donor ion concentration.

a=2%x10"-4

disp("a = "+string(a)+” ecm”) //initializing value of

height of channel at pinch off.
e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.
Er=11.9
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disp("Er = "+string(Er)) //initializing value of
relative permittivity .
Eo=8.85%x10"-14

disp("Eo = "+string(Eo)+”F/em”) //initializing value
of free space permittivity.
E=(Eo*Er)

disp ("E=(Eo*Er) )="+string (E)+” F/cm"2”)//calculation

Vp=((exNd*xa~2) /(2*E))

disp(”Pinch off Voltage ,Vp=((exNdxa"2)/(2«E)))="+
string (Vp)+” V”)//calculation

Scilab code Exa 8.20 VALUE OF rDS

clc

a=2x10"-4

disp(”a = "+string(a)+” em”) //initializing value of
height of channel at pinch off.

Er=11.9

disp("Er = "+string(Er)) //initializing value of

relative dielectric permittivity constant
Eo=8.854%x10"-14

disp("Eo = "+string(Eo)+” F/ecm”) //initializing
value of permittivity of free space.

un=1350

disp("un = "+string(un)+’cm”2/V—s”) //initializing

value of mobility of n—type silicon Mosfet.
W=8%10"-4

disp("W = "+string(W)+” cm”) //initializing value of
width of p—substrate.

L=10%10"-4

disp ("L = "+string(L)+” em”) //initializing value of

length of p—substrate.
e=1.6%x10"-19
disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.
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Vp=4
disp("Vp = "+string(Vp)+” V”) //initializing value
of thickness of p—substrate.

Vgs=0

disp(”Vgs = "+string(Vgs)+” V”) //initializing value
of gate to source voltage.

E=Eox*Er

disp(”total permittivity ,E=Eo*Er="+string(E)+” F/cm”
)//calculation

Nd=((Vp*2*E) /(e*a”2))

disp (”Donor ion concentration ,Nd=((Vp*2xE) /(exa"2)))
="+string (Nd)+” /cm"3”)//calculation

rds=(L/(Wxa*e*xun*Nd))

disp(”On Drain resistance ,rds=(L/(WkxaxexunxNd)))="+
string(rds)+” ohm”) //calculation
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Chapter 10

SILICON CONTROLLED
RECTIFIER

Scilab code Exa 10.2 VALUE OF PUNCH THROUGH VOLTAGE

clc

Nd=10"14

disp(”"Nd = "+string(Nd)+” /em"—3”) //initializing
value of donor ion concentration.

Er=11.9

disp("Er = "+string(Er)) //initializing value of
relative dielectric permittivity constant

e=1.6%x10"-19

disp(”e = "+string(e)+” columns”) //initializing
value of charge of electrons.

Eo=8.854%x10"-14

disp("Eo = "+string(Eo)+” F/em”) //initializing
value of permittivity of free space.

W=100%10"-4

disp("W = "+string (W)+” em”) //initializing value of

width of SCR.
E=Eo*Er

disp("total permittivity ,EF=EoxEr="+string (E)+” F/cm”

)//calculation
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Vpt=(e*xNd*W~2) /(2*E)
disp ("Punch trough voltage ,Vpt=(exNd«W"2) /(2xE))="+
string (Vpt)+” V”)//calculation

Scilab code Exa 10.3 VALUE OF THE DIFFERENTIAL TERM

clc

Ia=2%10"-3

disp(”la = "+string(Ia)+” A”) //initializing value
of forward current of thyrsistor.

x=0.9

disp(” (ap+an) = "+string(x)) //initializing value of

sum of current gain of n,ptype semiconductor |
value is get in by variable x,but represented on
console window through ap +an]|.

a=0.45

disp(”a = "+string(a)) //initializing value of
current gain of both n,p type semiconductor (as
it is assume that ap[current gain of n type
semiconductor]=an|current gain of ptype
semiconductor|in the question).

Ico=Ta*x(1-(2%*a))

disp ("Ico=la*(l—(2%an))="+string(Ico)+” A”)//
calculation

y=1/2*%Ico*((Ia) "~ -2)

disp(”(da/dt)=1/2xIcox((la)"—2))="+string(y)+" /[A”)
//calculation

//The answer for (da/dt) after doing calculation is
provided wrong in the book.
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