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Eqn Equation (Particular equation of the above book)
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Chapter 1

Energy Band in Solid

Scilab code Exa 1.1 Plane Parallel plate Capacitor

1 clear;

2 clc;

3

4 // Capt ion : Plane P a r a l l e l p l a t e C a p a c i t o r
5 // Given Data
6 d=0.001; // d i s t a n c e between p a r a l l e l p l a t e i n m
7 V=1000; // a p p l i e d v o l t a g e
8 q=1.6*(10^ -19);// cha rge on an e l e c t r o n
9 m = 9.1*(10^ -31);// mass o f e l e c t r o n i n kg

10 //Time taken by e l e c t r o n to r each o t h e r s i d e o f
p a r a l l e l p l a t e c a p a c i t o r

11 E=V/d;// E l e c t r i c F i e l d i n V/m
12 // Formulae : s = u∗ t + ( a∗ t ˆ2) /2
13 a = (q*E)/m;// a c c e l e r a t i o n on e l e c t r o n i n m/ s ˆ2
14 t = (2*d/a)^0.5; // t ime taken to r each the o t h e r s i d e

o f p l a t e
15 disp( ’ s e c ’ ,t, ’ Time taken to r each o t h e r s i d e = ’ );
16

17 // Magnitude o f f o r c e e x e r t e d on e l e c t r o n
18 disp( ’ S i n c e the p o t e n t i a l i s c o n s t a n t the f o r c e w i l l

be c o n s t a n t between the p a l t e s o f c a p a c i t o r ’ );
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19 F=q*E;// f o r c e
20 disp( ’N ’ ,F, ’ Force on e l e c t r o n = ’ );
21

22 // V e l o c i t y o f e l e c t r o n at the o t h e r p l a t e
23 // Formulae : v = u + a∗ t
24 v = a*t;// v e l o c i t y at the end o f o t h e r p l a t e
25 disp( ’m/ s e c ’ ,v, ’ v= ’ );
26

27

28 // end
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Chapter 2

Transport Phenomena in
Semiconductor

Scilab code Exa 2.1.a Using Avogadro no find the numerical value of con-
centration of atom in Germanium

1 clear;

2 clc

3

4 // Example 2a
5 // Using Avogadro no . f i n d the n u me r i c a l v a l u e o f

c o n c e n t r a t i o n o f atom i n Germanium
6

7 // Given Values
8

9 Av =6.02*(10^23) // Avogadro No .
10 m=72.6 // Molar mass o f germanium i n gm/ moles
11 d=5.32 // d e n s i t y i n gm/cmˆ3
12

13 conc = (Av/m)*d // C o n c e n t r a t i o n o f atom i n germanium
14

15 disp( ’ atom/cmˆ3 ’ ,conc , ’ The c o n c e n t r a t i o n o f
germanium atom i s= ’ );

16

9



17 //End

Scilab code Exa 2.1.b Resistivity of intrinsic Germanium

1 clear;

2 clc

3

4 // Example 2b
5 //To f i n d the r e s i s t i v i t y o f i n t r i n s i c germanium at

300K
6

7 // Given Values
8

9 Av =6.02*(10^23) // Avogadro No .
10 m=72.6 // Molar mass o f germanium i n gm/ moles
11 d=5.32 // d e n s i t y i n gm/cmˆ3
12 ni =2.5*(10^13);// i n cmˆ−3
13 n=ni;

14 p=ni;//n=magnitude o f f r e e e l e c t r o n s , p=magnitude o f
h o l e s , n i=magnitude o f i n t r i n s i c c o n c e n t r a t i o n

15 q=1.6*(10^ -19);// Charge o f an E l e c t r o n
16 yn =3800; // i n cmˆ2/V−s
17 yp =1800; // i n cmˆ2/V−s
18

19 // Requ i red Formula
20 A=ni*q*(yn+yp); // C o n d u c t i v i t y
21 disp( ’ ohm−cmˆ−1 ’ ,A, ’ C o n d u c t i v i t y i s = ’ );
22

23 R =1/A // R e s i s t i v i t y
24 disp( ’ ohm−cm ’ ,R, ’ R e s i s t i v i t y i s = ’ );
25

26 //End
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Scilab code Exa 2.1.c Resistivity with given condition in germanium atoms

1 clear;

2 clc;

3

4 disp( ’We know tha t n=p=n i where n i s conc o f f r e e
e l e c t r o n p i s conc o f h o l e s and n i i s conc o f
i n t r i n s i c c a r r i e r s ’ );

5 // Given data
6 // R e s i s t i v i t y i f 1 donor atom per 10ˆ8 germanium

atoms
7 Nd =4.41*(10^14);// i n atoms /cmˆ3
8 ni =2.5*(10^13);// i n cmˆ3
9 yn =3800; // i n cmˆ2/V−s

10 q=1.6*(10^ -19);

11

12 n=Nd;

13 p=(ni^2)/Nd;

14

15 disp( ’ h o l e s /cmˆ3 ’ ,p, ’ the c o n c e n t r a t i o n o f h o l e s i s= ’
);

16 if(n>p)

17 A=n*q*yn;// C o n d u c t i v i t y
18 disp( ’ ohm−cmˆ−1 ’ ,A, ’ The c o n d u c t i v i t y i s = ’ );
19 end

20

21 R=1/A;// R e s i s t i v i t y
22 disp( ’ ohm−cm ’ ,R, ’ The r e s i s t i v i t y i s= ’ );
23

24

25 //End

Scilab code Exa 2.1.d Ratio of Conductivities

1 clear;
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2 clc;

3

4 disp( ’We know tha t n=p=n i where n i s conc o f f r e e
e l e c t r o n p i s conc o f h o l e s and n i i s conc o f
i n t r i n s i c c a r r i e r s ’ );

5 // Given data
6 // Rat io o f C o n d u c t i v i t i e s
7 Nd =4.41*(10^14);// i n atoms /cmˆ3
8 ni =2.5*(10^13);// i n cmˆ3
9 yn =3800; // i n cmˆ2/V−s
10 q=1.6*(10^ -19);

11

12 n=Nd;

13 A=n*q*yn;// C o n d u c t i v i t y
14

15 // I f germanium atom were monovalent meta l , r a t i o o f
c o n d u c t i v i t y to tha t o f n−type s emi conduc to r

16

17 n=4.41*(10^22);// i n e l e c t r o n s /cmˆ3
18

19 disp( ’ I f germanium atom were monovalent meta l ’ );
20 A1=n*q*yn;

21 disp( ’ ohm=cmˆ−1 ’ ,A1 , ’ the c o d u c t i v i t y o f meta l i s= ’ );
22

23 F=A1/A;

24 disp(F, ’ The f a c t o r by which the c o d u c t i v i t y o f meta l
i s h i g h e r than tha t o f n type s emi conduc to r i s ’ )

;

25

26 //End
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Chapter 5

Transistor Characteristic

Scilab code Exa 5.1.a To find transistor currents for npn transistor

1 clear;

2 clc;

3

4 // Example 1 . 1
5 // Capt ion : Program to f i n d t r a n s i s t o r c u r r e n t s f o r

npn t r a n s i s t o r .
6

7 // Given Values
8

9 // S i l i c o n T r a n s i s t o r
10 B=100; // Beta
11 Ico =20; // i n nA
12 Rc=3;

13 Rb=200;

14 Vbb =5; // i n V
15 Vcc =10; // i n V
16 Vbe =0.7; // i n Act i v e r e g i o n
17

18 // Apply ing KVL to base c i r c u i t
19

20 //Vbb+Rb∗ Ib+Vbe=0

13



21

22 Ib=(Vbb -Vbe)/Rb; // i n mA
23

24 // Ico<<Ib
25

26 Ic=B*Ib; // i n mA
27

28 //To v e r i f y the Act i v e r e g i o n Assumption
29

30 // Vcc+Rc∗ I c+Vcb+Vbe=0
31

32 Vcb=(-Rc*Ic)+Vcc -Vbe; // i n V
33

34 disp( ’V ’ ,Vcb , ’ Vcb = ’ );
35

36 if(Vcb >0)

37 disp( ’ P o s i t i v e v a l u e o f Vcb r e p r e s e n t s r e v e r s e d
b i a s e d c o l l e c t o r j u n c t i o n and T r a n s i s t o r i n
a c t i v e r e g i o n ’ );

38 end

39

40 disp( ’mA’ ,Ic , ’ Current i n t r a n s i s t o r ( I c ) i s ’ );
41

42 disp( ’mA’ ,Ib , ’ Current i n t r a n s i s t o r ( Ib ) i s ’ );
43

44 //End

Scilab code Exa 5.1.b To find transistor currents for npn transistor after
adding resistor to circuit

1 clear;

2 clc;

3

4 // Example 1 . 2
5 // Capt ion : Program to f i n d t r a n s i s t o r c u r r e n t s f o r
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npn t r a n s i s t o r a f t e r adding r e s i s t o r to c i r c u i t .
6

7 // Given Values
8

9 // S i l i c o n T r a n s i s t o r
10 B=100; // Beta
11 Ico =20; // i n nA
12 Rc=3;

13 Ico =20; // i n nA
14 Rb=200;

15 Re=2;

16 Vbb =5; // i n V
17 Vcc =10; // i n V
18 Vbe =0.7; // i n Act i v e r e g i o n
19

20 // Ico<<Ib Assuming
21

22 // I t o t=Ib+I c=Ib+B∗ Ib =(B+1)∗ Ib
23

24 // Apply ing KVL to base c i r c u i t
25

26 //Vbb+Rb∗ Ib+Vbe+Re∗ I t o t =0
27

28 Ib=(Vbb -Vbe)/(Rb+(Re*(B+1))); // i n mA
29

30 Ic=B*Ib; // i n mA
31

32 // Hence Ico<<Ib
33

34 //To v e r i f y the Act i v e r e g i o n Assumption
35

36 // Vcc+Rc∗ I c+Vcb+Vbe=0
37

38 Vcb=(-Rc*Ic)+Vcc -Vbe -(Re*(B+1)*Ib); // i n V
39

40 disp( ’V ’ ,Vcb , ’ Vcb = ’ );
41

42 if(Vcb >0)
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43 disp( ’ P o s i t i v e v a l u e o f Vcb r e p r e s e n t s r e v e r s e d
b i a s e d c o l l e c t o r j u n c t i o n and T r a n s i s t o r i n
a c t i v e r e g i o n ’ );

44 end

45

46 disp( ’mA’ ,Ic , ’ Current i n t r a n s i s t o r ( I c ) i s ’ );
47

48 disp( ’mA’ ,Ib , ’ Current i n t r a n s i s t o r ( Ib ) i s ’ );
49

50

51 //End

Scilab code Exa 5.2.a Check whether transistor is in saturation region or
not

1 clear;

2 clc;

3

4 // Capt ion : Program to f i n d t r a n s i s t o r c u r r e n t s f o r
npn t r a n s i s t o r and check whether t r a n s i s t o r i s i n

s a t u r a t i o n r e g i o n or not .
5

6 // Given Values
7

8 // S i l i c o n T r a n s i s t o r
9

10 Rc=3;

11 Rb=50;

12 Vbb =5; // i n V
13 Vcc =10; // i n V
14 Vce =0.2; // i n V
15 Vbe =0.8; // i n Act i v e r e g i o n
16 hFE =100;

17

18 // Assuming t r a n s i s t o r i n s a t u r a t e d r e g i o n

16



19

20 // Apply ing KVL to base c i r c u i t
21

22 //Vbb+Rb∗ Ib+Vbe=0
23

24 Ib=(Vbb -Vbe)/Rb; // i n mA
25

26 // Apply ing KVL to C o l l e c t o r c i r c u i t
27

28 // Vcc+Rc∗ I c+Vce=0
29

30 Ic=(Vcc -Vce)/Rc; // i n mA
31

32 Ib_min=Ic/hFE;

33

34 disp( ’mA’ ,Ib_min , ’Minimum Ib = ’ );
35

36 if(Ib>Ib_min)

37 disp( ’ T r a n s i s t o r i n s a t u r a t e d Region ’ );
38 end

39

40 disp( ’mA’ ,Ic , ’ Current i n t r a n s i s t o r ( I c ) i s ’ );
41

42 disp( ’mA’ ,Ib , ’ Current i n t r a n s i s t o r ( Ib ) i s ’ );
43

44

45 //End

Scilab code Exa 5.2.b Check whether transistor is in saturation region or
not after adding a Emitter Transistor

1 clear;

2 clc;

3

4 // Capt ion : Program to f i n d t r a n s i s t o r c u r r e n t s f o r

17



npn t r a n s i s t o r and check whether t r a n s i s t o r i s i n
s a t u r a t i o n r e g i o n or not a f t e r adding a Emit te r

T r a n s i s t o r .
5

6 // Given Values
7

8 // S i l i c o n T r a n s i s t o r
9

10 Beta =100; // Beta
11 Rc=3;

12 Rb=50;

13 Re=2;

14 Vbb =5; // i n V
15 Vcc =10; // i n V
16 Vce =0.2; // i n V
17 Vbe =0.8; // i n Act i v e r e g i o n
18 hFE =100;

19

20 // Assuming t r a n s i s t o r i n s a t u r a t e d r e g i o n
21

22 // Apply ing KVL to base c i r c u i t
23

24 //−Vbb+Rb∗ Ib+Vbe+Re∗ ( I c+Ib )=0
25

26 // S i m p l i f i n g (Rb+Re ) Ib+Re∗ I c=Vbb−Vbe
27

28 // Apply ing KVL to C o l l e c t o r c i r c u i t
29

30 //−Vcc+Rc∗ I c+Vce+Re∗ ( I c+Ib )=0
31

32 // S i m p l i f i n g Re∗ Ib +(Rc+Re ) I c=Vcc−Vce
33

34

35 A=[(Rb+Re) Re;Re ,(Rc+Re)];

36 B=[(Vbb -Vbe);(Vcc -Vce)];

37 X=A\B;

38 Ib=X(1);

39 Ic=X(2);

18



40

41 Ib_min=Ic/hFE;

42

43 disp( ’mA’ ,Ib_min , ’Minimum Ib = ’ );
44

45

46 disp( ’mA’ ,Ic , ’ Current i n t r a n s i s t o r ( I c ) ’ );
47

48 disp( ’mA’ ,Ib , ’ Current i n t r a n s i s t o r ( Ib ) ’ );
49

50 if(Ib>Ib_min)

51 disp( ’ T r a n s i s t o r i n S a t u r a t e d Region ’ );
52 else

53 disp( ’ T r a n s i s t o r not i n Sa t u r a t ed Region . Hence
must be o p e r a t i n g i n Act i v e r e g i o n ’ );

54 end

55

56 // Ico<<Ib Assuming
57

58 // I t o t=Ib+I c=Ib+B∗ Ib =(B+1)∗ Ib
59

60 // Apply ing KVL to base c i r c u i t
61

62 //Vbb+Rb∗ Ib+Vbe+Re∗ I t o t =0
63

64 Ib=(Vbb -Vbe)/(Rb+(Re*(Beta +1))); // i n mA
65

66 Ic=Beta*Ib; // i n mA
67

68 // Hence Ico<<Ib
69

70 //To v e r i f y the Act i v e r e g i o n Assumption
71

72 // Vcc+Rc∗ I c+Vcb+Vbe=0
73

74 Vcb=(-Rc*Ic)+Vcc -Vbe -(Re*(Beta +1)*Ib); // i n V
75

76 disp( ’V ’ ,Vcb , ’ Vcb = ’ );
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77

78 if(Vcb >0)

79 disp( ’ P o s i t i v e v a l u e o f Vcb r e p r e s e n t s r e v e r s e d
b i a s e d c o l l e c t o r j u n c t i o n and T r a n s i s t o r i n
a c t i v e r e g i o n ’ );

80 end

81

82 disp( ’mA’ ,Ic , ’ Current i n t r a n s i s t o r ( I c ) i s ’ );
83

84 disp( ’mA’ ,Ib , ’ Current i n t r a n s i s t o r ( Ib ) i s ’ );
85

86

87

88 //End
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Chapter 6

Digital Circuits

Scilab code Exa 6.1 Output Levels for a given input in a silicon transistor

1 clear;

2 clc;

3

4 // Capt ion : Output L e v e l s f o r a g i v e n input i n a
s i l i c o n t r a n s i s t o r

5 // Given Data
6 R1=15; // i n K
7 R2=100; // i n K
8 //R1 and R2 a r e v o l t a g e s at base which a c t s as

p o t e n t i a l d i v i d e r
9 Rc=2.2; // v o l t a g e at c o l l e c t o r i n K
10 hfe =30;

11

12 // For v i =0
13 Vb = (R1/(R1+R2))*( -12);// Vo l tage at base i n V
14 disp( ’V ’ ,Vb , ’Vb= ’ );
15 //A b i a s o f 0V i s r e q u i r e d to cut o f f a s i l i c o n

e m i t t e r j u n c t i o n t r a n s i s t o r g i v e n i n t a b l e
16 Vo = 0; // i n V
17 disp( ’Vo ’ ,Vo , ’Vo = ’ );
18

21



19 // For v i =12
20 vi=12; // i n V
21 //Few s tandard v a l u e s f o r s i l i c o n t r a n s i s t o r
22 Vbesat =0.8; // i n V
23 Vcesat =0.2; // i n V
24 // Assumption : Q i s i n s a t u r a t i o n r e g i o n
25 Ic = (vi-Vcesat)/Rc;// C o l l e c t o r Current
26 disp( ’mA’ ,Ic , ’ I c= ’ );
27 Ibmin=(Ic/hfe);//Mininmum c u r r e n t at the base
28 disp( ’mA’ ,Ibmin , ’ Ibmin= ’ );
29 I1=(vi-Vbesat)/R1;// Current i n R1
30 I2=(Vbesat -(-12))/100; // Current i n R2
31 Ib = I1-I2;// Base c u r r e n t
32 disp( ’mA’ ,Ib , ’ Ib= ’ );
33

34 if(Ib>Ibmin)

35 disp( ’ S i n c e Ib>Ibmin , The t r a n s i s t o r i s i n
s a t u r a t i o n r e g i o n and drop i s Vcesat ’ );

36 vo=Vcesat;

37 disp( ’V ’ ,vo , ’ vo= ’ );
38 end

39

40 // end

Scilab code Exa 6.2 To verify given equation

1 clear;

2 clc;

3

4 // Capt ion : To v e r i f y g i v e n e q u a t i o n
5

6 disp( ’NOTE: We w i l l w r i t e A with a bar on i t s top as
a ’ );

7 disp( ’To v e r i f y ’ );
8 disp( ’ A + aB = A + B ’ );
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9

10 disp( ’We know tha t B + 1 = 1 and A1 = A ’ );
11 disp( ’A + aB = A(B+1) + aB = AB + A + aB = ’ );
12 disp( ’ (A + a )B + A = B + A ’ );
13 disp( ’ which i s e q u a l to RHS ’ )
14 // end

Scilab code Exa 6.3.a To find wether a given circuit is positive NAND

1 clear;

2 clc;

3

4 // Capt ion : To f i n d wether a g i v e n c i r c u i t i s p o s i t i v e
NAND

5 // Given Data
6 R=15; // i n K
7 R1=15; // i n K
8 R2=100; // i n K
9 R3=2.2; // i n K
10 V0=0; // i n V
11 V1=12; // i n V
12 Vcc =12; // i n V
13

14 // I f i nput i s at V0=0V
15 Vb = -Vcc*(R1/(R1+R2));//The base v o l t a g e o f the

t r a n s i s t o r
16 disp( ’V ’ ,Vb , ’ The base v o l t a g e o f t r a n s i s t o r Vb= ’ );
17 if(Vb <0)

18 disp( ’Q i s c u t o f f and Y i s at 12V ’ );
19 disp( ’ The r e s u l t c o n f i r m s the f i r s t t h r e e rows

o f t r u t h t a b l e ’ );
20 end

21

22 // I f i nput i s at V1 = 12V
23 // Assumption : A l l the d i o d e s a r e r e v e r s e d b i a s e d and
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t r a n s i s t o r i s i n s a t u r a t i o n
24 // I f Q i s i n s a t u r a t i o n
25 Vbe =0; // i n V
26 Vp = V1*(R/(R+R1));// v o l t a g e at p o i n t P i n f r o n t o f

a l l d i o d e s
27 disp(Vp, ’ A l l d i o d e s a r e r e v e r s e d b i a s e d by ’ );
28 Iq = (V1/(R+R1)-(V1/R2));//The base c u r r e n t o f Q
29 Ic=V1/R3;// Current i n the c o l l e c t o r j u n c t i o n
30 disp( ’mA’ ,Ic , ’ I c= ’ );
31 hFEmin = Ic/Iq;

32 disp(hFEmin , ’ hFEmin= ’ );
33 disp(hFEmin , ’When hFE > ’ );
34 disp( ’ Under t h e s e c o n d i t i o n the output i s at ground

and t h i s s a t i s f i e s the f i r s t t h r e e rows o f t r u t h
t a b l e ’ );

35

36

37 // end

Scilab code Exa 6.3.b To find wether with given conditions NAND gate
is satisfied

1 clear;

2 clc;

3

4 // Capt ion : / / To f i n d wether with g i v e n c o n d i t i o n s
NAND gat e i s s a t i s f i e d

5 // Given Data
6 R=15; // i n K
7 R1=15; // i n K
8 R2=100; // i n K
9 R3=2.2; // i n K
10 V0=0; // i n V
11 V1=12; // i n V
12 Vcc =12; // i n V
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13

14 // I f i nput i s at V0=0V
15 Vb = -Vcc*(R1/(R1+R2));// Base Current i n V
16

17 // F ind ing t h e v e n i n e q u i v a l l e n t fom P to ground
18 Rd = 1; // i n K
19 Vd=0.7; // i n v
20 Vr=1; // i n K
21 // Thevenin E q u i v a l l e n t Vo l tage and r e s i s t a n c e from P

to ground
22 v = (Vcc*(Rd/(Rd+R)))+(Vd*(R/(R+Rd)));

23 rs = Rd*(R/(R+Rd));

24 //Open C i r c u i t Vo l tage at base o f the t r a n s i s t o r
25 Vb1 = (-Vcc*((R1+rs)/(R1+R2+rs))) + (v*(R2/(R1+R2+rs

)));

26 disp( ’V ’ ,Vb1 , ’Vb1= ’ );
27 if(Vb1 >Vb)

28 disp( ’ The v o l t a g e i s adequate to r e v e r s e b i a s Q ’
);

29 end

30

31

32 // end

Scilab code Exa 6.3.c Silicon Transistors and diodes are used in positive
NAND

1 clear;

2 clc;

3

4 // Capt ion : S i l i c o n T r a n s i s t o r s and d i o d e s a r e used i n
p o s i t i v e NAND

5 // Given Data
6 R=15; // i n K
7 R1=15; // i n K
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8 R2=100; // i n K
9 R3=2.2; // i n K
10 V0=0; // i n V
11 V1=12; // i n V
12 Vcc =12; // i n V
13

14 //To f i n d wether with g i v e n c o n d i t i o n s NANAD gate i s
s a t i s f i e d

15 // F ind ing t h e v e n i n e q u i v a l l e n t from P to ground
16 Rd = 1; // i n K
17 Vd=0.7; // i n v
18 Vr=1; // i n K
19 v = (Vcc*(Rd/(Rd+R)))+(Vd*(R/(R+Rd)));

20 rs = Rd*(R/(R+Rd));

21

22 // I f the i n p u t s a r e h igh
23

24 Vcesat = 0.2; // i n V
25 Vb2 = (-Vcc*(R1/(R1+R2)) + ((Vd+Vcesat)*R2/(R1+R2)))

;

26 disp( ’V ’ ,Vb2 , ’Vb2= ’ );
27 disp( ’ I t c u t s o f f Q Y=1 ’ );
28

29 // end

Scilab code Exa 6.4 To verify that AND OR topology is equivallent to
NAND NAND system

1 clear;

2 clc;

3

4 // Capt ion : To v e r i f y tha t AND−OR t o p o l o g y i s
e q u i v a l l e n t to NAND−NAND system

5 disp( ’ In d i g i t a l e l e c t r o n i c s we have to come a c r o s s
s i t u a t i o n s where we need to use an inpout with a
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bar but he r e we w i l l denote as ’ );
6 disp( ’X with a bar = Xb and X with two bar s = Xbb ’ );
7

8 // S o l u t i o n
9 disp( ’We know tha t X =Xbb ’ );
10 disp( ’ For AND OR l o g i c the output o f AND and

s i m u l t a n e o u s l y n e g l e c t i n g the input to f o l l o w i n g
OR does not change the l o g i c ’ );

11 disp( ’We have a l s o n e g l e c t e d the output o f the OR
gat e and at the same t ime have added an INVERTER
so tha t l o g i c i s once aga in u n a f f e c t e d ’ );

12 disp( ’AN OR gat e n e g l e c t e d at each t e r m i n a l i s an an
AND c i r c u i t ’ );

13 disp( ’ S i n c e AND f o l l o w e d by an i n v e r t e r i s NAND ’ );
14 disp( ’ Hencee the NAND NAND i s e q u i v a l l e n t to AND OR ’

);

15

16 // end

Scilab code Exa 6.5.a To find hFEmin

1 clear;

2 clc;

3

4 // Capt ion : To f i n d hFEmin
5 // Given Data
6 // For t r a n s i s t o r
7 Vbesat =0.8; //Vgamma o f d i ode i n V
8 Vy=0.5; // i n V
9 Vcesat =0.2; // i n V
10 R = 5; // i n K
11 Rc = 2.2; // i n K
12

13 // For d i ode
14 Vyd =0.6; // i n V
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15 Vdrop =0.7; // i n V
16

17 //The l o g i c l e v e l s a r e Vcesato =0.2V f o r 0 s t a t e
18 Vcesato =0.2; // i n V
19 //The l o g i c l e v e l s a r e Vcc=5V f o r 1 s t a t e
20 Vcc =5; // i n V
21 disp( ’ I f a t l e a s t one input i s i n 0 s t a t e ’ );
22 Vp = Vcesato + Vy;// P o t e n t i a l a t p o i n t P
23 disp( ’V ’ ,Vp , ’Vp= ’ );
24 // For d i o d e s D1 and D2 to be conduc t i ng
25 v = 2*Vdrop;

26 disp( ’ For d i o d e s D1 and D2 to be c onduc t i ng ’ );
27 disp(v, ’ r e q u i r e d v o l t a g e = ’ );
28 // These d i o d e s c u t o f f
29 Vbe = 0;

30 if(Vbe <Vy)

31 disp( ’Q i s OFF ’ );
32 disp( ’ Output r i s e s to 5V and Y = 1 ’ );
33 disp( ’ This c o n f i r m s f i r s t 3 rows o f NAND t r u t h

t a b l e ’ );
34 end

35

36 // i f a l l i n p u t s a r e at V( 1 ) =5V , we s h a l l assume a l l
i nput d i o d e s OFF and D1 and D2 conduct and Q i s

i n s a t u r a t i o n
37 disp( ’When i n p u t s a r e at 5V ’ );
38 Vp = Vdrop + Vdrop + Vbesat;

39 disp( ’V ’ ,Vp , ’Vp= ’ );
40 disp(Vcc -Vp, ’ The v o l t a g e a c r o s s a l l i nput d i ode ’ );
41

42 // For f i n d i n g hFEmin
43 I1 = (Vcc -Vp)/R;

44 I2 = Vbesat/R;

45 Ib = I1-I2;

46 Ic = (Vcc -Vcesat)/Rc;

47 hFEmin = Ic/Ib;

48 disp(hFEmin , ’ hFEmin= ’ );
49
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50 // end

Scilab code Exa 6.5.b When atleast one input is at V0 in NAND gate

1 clear;

2 clc;

3

4 // Capt ion : When a t l e a s t one input i s at V( 0 ) i n NAND
gat e

5 // Given Data
6 // For t r a n s i s t o r
7 Vbesat =0.8; // i n V
8 Vy=0.5; // i n V
9 Vcesat =0.2; // i n V
10 R = 5; // i n K
11 Rc = 2.2; // i n K
12

13 // For d i ode
14 Vyd =0.6; //Vgamma i n V
15 Vdrop =0.7; // i n V
16

17 //The l o g i c l e v e l s a r e Vcesato =0.2V f o r 0 s t a t e
18 Vcesato =0.2; // i n V
19

20 disp( ’ I f a t l e a s t one input i s i n 0 s t a t e ’ );
21 Vp = Vcesato + Vdrop;// Vo l tage at p o i n t P
22 disp( ’V ’ ,Vp , ’Vp= ’ );
23 Vbe = Vp -Vyd;// Vo l tage at base e m i t t e r
24 disp( ’V ’ ,Vbe , ’ Vbe= ’ );
25 if(Vbe <Vy)

26 disp( ’Q i s c u t o f f ’ );
27 end

28 if(Vbe >Vy)

29 disp( ’Q i s ON ’ );
30 end
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31 // end

Scilab code Exa 6.5.c If input is high in NAND gate

1 clear;

2 clc;

3

4 // Capt ion : I f i nput i s h igh i n NAND gat e
5 // Given Data
6 // For t r a n s i s t o r
7 Vbesat =0.8; // i n V
8 Vy=0.5; // i n V
9 R = 5; // i n K

10 Rc = 2.2; // i n K
11

12 // For d i ode
13 Vyd =0.6; // i n V
14 Vdrop =0.7; // i n V
15

16 //The l o g i c l e v e l s a r e Vcesato =0.2V f o r 0 s t a t e
17 Vcesato =0.2; // i n V
18

19 Vp = Vdrop + Vdrop + Vbesat;// Vo l tage at p o i n t P
20 disp( ’V ’ ,Vp , ’Vp= ’ );
21 disp( ’V ’ ,Vcc -Vp, ’ Each d i ode i s r e v e r s e d b i a s e d by ’ )

;

22 disp( ’V ’ ,Vyd , ’A d i ode s t a r t s to conduct when i t i s
f o rward b i a s by ’ );

23 vn = (Vcc -Vp) + Vyd;// No i s e Sp ike which w i l l c au s e
the m a l f u n c t i o n

24 disp( ’V ’ ,vn , ’A n o i s e s p i k e which w i l l c au s e
m a l f u n c t i o n i s ’ );

25

26

27 // end
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Scilab code Exa 6.5.d If input is low in NAND gate

1 clear;

2 clc;

3

4 // Capt ion : I f i nput i s low i n NAND gat e
5 // Given Data
6 // For t r a n s i s t o r
7 Vbesat =0.8; // i n V
8 Vy=0.5; // i n V
9 R = 5; // i n K

10 Rc = 2.2; // i n K
11

12 //The l o g i c l e v e l s a r e Vcesato =0.2V f o r 0 s t a t e
13 Vcesato =0.2; // i n V
14 // For d i ode
15

16 Vyd =0.6; // i n V
17 Vdrop =0.7; // i n V
18

19 Vp = Vcesato + Vdrop;// Vo l tage at p o i n t P
20 disp( ’V ’ ,Vp , ’Vp= ’ );
21 Vbe = Vy;// Vo l tage at base e m i t t e r w i l l be same as

Vgamma
22 vp = Vbe + Vyd +Vyd;//The l e v e l to which vp shou ld

i n c r e a s e
23 Vn = vp - Vp;// No i s e Margin
24 disp( ’V ’ ,Vn , ’ No i s e Margin = ’ );
25

26 // end

Scilab code Exa 6.6 Calculation of FAN OUT of NAND gate
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1 clear;

2 clc;

3

4 // Capt ion : C a l c u l a t i o n o f FAN OUT o f NAND gat e
5 // Given Values
6 hFE =30;

7 Vbe1active =0.7; // i n V
8 Vd2 =0.7; // i n V
9 Vbe2sat =0.8; // i n V
10 Vcc =5; // i n V
11 R1 =1.75; // i n K
12 R2=2; // i n K
13 R3=2.2; // i n K
14 R4=5; // i n K
15

16 Vp = Vbe1active + Vd2 + Vbe2sat;// Vo l tage at p o i n t P
17 //The c u r r e n t i n 2K r e s i s t o r i s Ib1
18 // In a c t i v e r e g i o n
19 // I c 1=hFE∗ Ib1
20 // I1 = Ib1+I c 1 =(1+hFE) ∗ Ib1 . . . . Now a p p l y i n g KVL

between Vcc and Vp
21 //Vcc−Vp = R1∗(1+hFE) ∗ Ib1 + 2∗ Ib1
22 Ib1 = (Vcc -Vp)/(R1*(1+ hFE)+2);// Base c u r r e n t i n

t r a n s i s t o r 1
23 disp( ’mA’ ,Ib1 , ’ Ib1= ’ );
24 Ic1=hFE*Ib1;// C o l l e c t o r Current i n t r a n s i s t o r 1
25 disp( ’mA’ ,Ic1 , ’ I c 1= ’ );
26 I1 = Ib1 + Ic1;// i n mA
27 I2=Vbe2sat/R4;// i n mA
28 Ib2 = I1 -I2;// Base Current i n T r a n s i s t o r 2
29 //The unloaded c u r r e n t o f Q2
30 Iq2=(Vcc -0.2)/R3;

31 // For each ga t e which i t d r i v e ,Q2 must s i n k a
s tandard l oad o f

32 I=(Vcc -Vd2 -0.2) /(R1+R2);

33 //To C a l c u l a t e the FAN OUT
34 //The maximum c u r r e n t i s hFE∗ Ib2
35 //hFE∗ Ib2 = ( I ∗N) + Iq2
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36 N=((hFE*Ib2)-Iq2)/I;//FAN OUT
37 disp(N, ’N= ’ );
38

39 // end

33



Chapter 7

Integrated Circuit Fabrication
and Characteristic

Scilab code Exa 7.1 Diffusion of a pn junction

1 clear;

2 clc;

3

4 // c a p t i o n : D i f f u s i o n o f a pn j u n c t i o n
5

6 disp( ’ At d i s t a n c e e q u a l to x=x i at which N =
c o n c e n t r a t i o n n o f doped s i l i c o n w a f e r s , the net

impur i t y d e n s i t y i s z e r o . Thus x i i s the
d i s t a n c e at which j u n c t i o n i s formed ’ );

7

8 // Given Data
9 q = 1.6*(10^ -19);// Charge o f e l e c t r o n

10 yn =1300; // m o b i l i t y o f s i l i c o n
11 p = 0.5; // r e s i s t i v i t y i n ohm=cm
12 y=2.2;

13 t=2*3600; // i n s e c .
14 xi = 2.7*(10^ -4);// J un c t i on Depth i n cm .
15

16 n = 1/(p*yn*q);// C o n c e n t r a t i o n o f doped s i l i c o n
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wafe r
17 disp( ’ cmˆ−3 ’ ,n, ’ The c o n c e n t r a t i o n n = ’ );
18 disp( ’ The j u n c t i o n i s formed when N = n ’ );
19

20 //y = x i / ( 2∗ (D∗ t ) ˆ 0 . 5 )
21 D=((xi)^2/((2*y)^2*t));// D i f f u s i o n Constant
22

23 disp( ’ cmˆ2/ s e c ’ ,D, ’ The v a l u e o f D i f f u s i o n Constant
f o r Boron = ’ );

24

25 // end

Scilab code Exa 7.2.a Fabrication and Characteristics

1 clear;

2 clc;

3

4 // Capt ion : F a b r i c a t i o n and C h a r a c t e r i s t i c s
5 // Given Data
6 y = 2.2; // from the f i g u r e y =2.2
7 Nob = 5*10^18 // Uniform C o n c e n t r a t i o n o f Boron

P r o f i l e
8

9 //y = 2 . 7 / ( 2 ∗ (D∗ t ) ˆ 0 . 5 )
10 // 2∗ (D∗ t ) ˆ 0 . 5 = a
11 a = 2.7/y;

12 x = 2; // d i s t a n c e at which e m i t t e r j u n c t i o n i s formed
i n micrometer

13 Nb = Nob*erfc(x/a);// boron P r o f i l e
14 disp( ’ cmˆ−3 ’ ,Nb , ’Nb= ’ );
15 disp( ’ The boron d i f f u s i o n e q u a t i o n i s ’ );
16 disp(a, ’ 5∗10ˆ18∗ e r f c x / ’ );
17 //At x=2 Np = Nb
18 // e r f c ( 2 / ( 2 ∗ (D∗ t ) ˆ 0 . 5 ) )=k
19 Nop =10^21;
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20 k = Nb/Nop;

21 a = 2/2.7;

22 disp( ’ The phosphorous d i f f u s i o n e q u a t i o n i s ’ );
23 disp(a, ’ 10ˆ21∗ e r f c x / ’ );
24

25

26 // end

Scilab code Exa 7.2.b Fabrication and Characteristics

1 clear;

2 clc;

3

4 // Capt ion : F a b r i c a t i o n and C h a r a c t e r i s t i c s
5 // Given Data
6 y = 2.2; // from the f i g u r e y =2.2
7 Nob = 5*10^18 // Uniform C o n c e n t r a t i o n o f Boron

P r o f i l e
8

9 //y = 2 . 7 / ( 2 ∗ (D∗ t ) ˆ 0 . 5 )
10 // 2∗ (D∗ t ) ˆ 0 . 5 = a ( l e t )
11 a = 2.7/y;

12 x = 2; // d i s t a n c e at which e m i t t e r j u n c t i o n i s formed
i n micrometer

13 Nb = Nob*erfc(x/a);// boron P r o f i l e
14

15 //At x=2 Np = Nb
16 // e r f c ( 2 / ( 2 ∗ (D∗ t ) ˆ 0 . 5 ) )=k
17 Nop =10^21;

18 k = Nb/Nop;

19 a = 2/2.7;

20 //Time a l l o w e d f o r d i f f u s i o n i f d i f f u s i o n o f
Phosphorous i s conducted at 1100 degreeC

21 //From the f i g u r e D=3.8∗10ˆ−13 cmˆ2/ s e c
22 D=3.8*10^ -13 // i n cmˆ2/ s e c
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23 t = ((a*10^ -4) /2) ^2*(1/D);

24 disp( ’ s e c ’ ,t, ’ t= ’ );
25

26 // end
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Chapter 8

The Transistor at Low
Frequency

Scilab code Exa 8.2 transistor as a Common Emitter Amplifier

1 clear;

2 clc;

3

4 // Capt ion : t r a n s i s t o r as a Common Emit te r A m p l i f i e r
5 // Given Data
6

7 Rl=10; // i n K
8 Rs=1; // i n K
9 hie =1.1; // i n K
10 hre =2.5*(10^ -4);

11 hfe =50;

12 hoe =25*(10^ -3);// i n Kˆ−1
13

14 Ai= -hfe /(1+( hoe*Rl));// Current Gain or Current
A m p l i f i c a t i o n

15 disp(Ai, ’ Ai= ’ );
16

17 Ri = hie + (hre*Rl*Ai);

18 disp( ’K ’ ,Ri , ’ Ri= ’ );
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19

20 Av=(Ai*Rl)/Ri;// Vo l tage Gain
21 disp(Av, ’Av= ’ );
22

23 Avs=(Av*Ri)/(Ri+Rs);// O v e r a l l Vo l tage Gain t a k i n g
s o u r c e r e s i s t a n c e i n t o account

24 disp(Avs , ’ Avs= ’ );
25

26 Ais=(Ai*Rs)/(Ri+Rs);// O v e r a l l c u r r e n t ga in t a k i n g
s o u r c e r e s i s t a n c e i n t o account

27 disp(Ais , ’ Ais= ’ );
28

29 Yo=hoe -(( hfe*hre)/(hie+Rs));// Admittance
30 disp( ’Kˆ−1 ’ ,Yo , ’Yo= ’ );
31

32 Zo = 1/Yo;// Impedence
33 disp( ’K ’ ,Zo , ’ Zo= ’ );
34

35 // end

Scilab code Exa 8.3 To derive output impedence of given figure in open
circuit voltage short circuit current theorem

1 clear;

2 clc;

3

4 // Capt ion : To d e r i v e output impedence o f g i v e n f i g u r e
i n open c i r c u i t −v o l t a g e shor t−c i r c u i t −c u r r e n t

theorem
5 // S o l u t i o n
6

7 //Yo = I /Vo
8 //When c u r r e n t i n a s h o r t c i r c u i t p l a c e d a c r o s s the

output t e r m i n a l s and V i s the open c i r c u i t
v o l t a g e
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9 disp( ’When c u r r e n t i n a s h o r t c i r c u i t p l a c e d a c r o s s
the output t e r m i n a l s and V i s the open c i r c u i t
v o l t a g e ’ );

10 disp( ’ I = −h f ∗ I 1=−(h f ∗Vs ) /( Rs+h i ) ’ );
11 // Apply ing KVL
12 disp( ’ Vs = I1 ∗ ( Rs+h i )+hr ∗V = −ho∗V∗ ( Rs+h i ) / h f+hr ∗V ’ )

;

13 disp( ’ o r ’ );
14 disp( ’V = −( h f ∗Vs /( Rs+h i ) ) /( ho−h f ∗hr ( Rs+h i ) ) ’ );
15

16 // end

Scilab code Exa 8.4 Parameters of a Common Emitter Amplifier

1 clear;

2 clc;

3

4 // Capt ion : Parameters o f a Common Emit te r A m p l i f i e r
5 // Given Data
6 hie =1.1; // i n K
7 hre =2.5*(10^ -4);

8 hfe =50;

9 hoe =25*(10^ -3);// i n Kˆ−1
10 r=200; // i n K
11 Rs=10; // i n K
12 Ri=1; // i n K
13 Rl=10; // i n K
14

15 rl=(r*Rs)/(r+Rs);// i n K
16

17 Ai = -hfe /(1+( hoe*rl));// Current Gain
18 disp(Ai, ’ Ai = ’ );
19

20 Ri = hie + (hre*Ai*rl);

21 disp( ’K ’ ,Ri , ’ Ri= ’ );
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22

23 Av=(Ai*rl)/Ri;// Vo l tage Gain
24 disp(Av, ’Av = ’ );
25

26 k = r/(1-Av);

27 ri = (Ri*k)/(Ri+k);

28 disp( ’K ’ ,ri , ’ r i = ’ );
29

30 Avs = Av*(ri/(ri+Rs));// O v e r a l l v o l t a g e Gain t a k i n g
Source r e s i s t a n c e i n t o account

31 disp(Avs , ’ Avs = ’ );
32

33 ai = Avs*((ri+Rs)/Rl);

34 disp(ai, ’ a i = −I 2 / I1 ’ );
35

36 //End

Scilab code Exa 8.5 CE CC configuration

1 clear;

2 clc;

3

4 // Capt ion : CE−CC c o n f i g u r a t i o n
5 // Given Data
6 hie = 2; // i n K
7 hfe = 50;

8 hre = 6*(10^ -4);

9 hoe = 25*(10^ -3);// i n Kˆ−1
10 hic =2; // i n K
11 hfc=-51;

12 hrc =1;

13 hoc =25*(10^ -3);// / i n Kˆ−1
14 Re2 =5; // i n K
15 Rs=1; // i n K
16 Rc1 =5; // i n K

41



17

18 //The Second Stage
19

20 Rl = Re2;

21 Ai2 = -hfc /(1+( hoc*Re2));// Current Gain i n @nd
T r a n s i s t o r

22 disp(Ai2 , ’ Ai2= ’ );
23

24 Ri2 = hic + (hrc*Ai2*Re2);

25 disp( ’K ’ ,Ri2 , ’ Ri2= ’ );
26

27 Av2 = (Ai2*Re2)/Ri2;// Vo l tage Gain i n 2nd T r a n s i s t o r
28 disp(Av2 , ’ Av2= ’ );
29

30 //The F i r s t Stage
31

32 Rl1 = (Rc1*Ri2)/(Rc1+Ri2);

33 disp( ’K ’ ,Rl1 , ’ Rl1= ’ );
34

35 Ai1 = -hfe /(1+( hoe*Rl1));// Current Gain i n 1 s t
T r a n s i s t o r

36 disp(Ai1 , ’ Ai1= ’ );
37

38 Ri1 = hie + (hre*Ai1*Rl1);

39 disp( ’K ’ ,Ri1 , ’ Ri1= ’ );
40

41 Av1 = (Ai1*Rl1)/Ri1;// Vo l tage Gain i n 1 s t T r a n s i s t o r
42 disp(Av1 , ’ Av1= ’ );
43

44 disp( ’ The output Admittance o f T r a n s i s t o r ’ );
45 Yo1 = hoe - ((hfe*hre)/(hie+Rs));

46 disp( ’Kˆ−1 ’ ,Yo1 , ’ Yo1= ’ );
47

48 Ro1 = 1/Yo1;

49

50 // Output Impedence o f F i r s t Stage
51 disp( ’ Output Impedence o f F i r s t Stage ’ );
52 ro1 = (Ro1*Rc1)/(Ro1+Rc1);
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53 disp( ’K ’ ,ro1 , ’ r o1= ’ );
54

55 rs2 = ro1;

56

57 Yo2 = hoc - ((hfc*hrc)/(hic+rs2));

58 disp( ’Kˆ−1 ’ ,Yo2 , ’ Yo2= ’ );
59

60 A1 = (Ai2*Ai2*Rc1)/(Ri2+Rc1);// O v e r a l l Current ga in
61 disp(A1, ’A1= ’ );
62

63 Av = Av2*Av1;// O v e r a l l Vo l tage Gain
64 disp(Av, ’ Vo l tage Gain = Av= ’ );
65

66 Avs = (Av*Ri1)/(Ri1+Rs);// O v e r a l l Vo l tage ga in with
Source Impedence

67 disp(Avs , ’ O v e r a l l Vo l tage ga in t a k i n g Source
Impedence i n t o account = Avs = ’ );

68

69

70 //End

Scilab code Exa 8.6 Parameters of CE CC configuration

1 clear;

2 clc;

3

4 // Capt ion : Parameters o f CE−CC c o n f i g u r a t i o n
5 // Given Data
6

7 hie = 2; // i n K
8 hfe = 50;

9 hre = 6*(10^ -4);

10 hoe = 25*(10^ -3);// i n Kˆ−1
11 hic =2; // i n K
12 hfc=-51;
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13 hrc =1;

14 hoc =25*(10^ -3);// / i n Kˆ−1
15 Re2 =5; // i n K
16 Rs=5; // i n K
17 Rc1 =5; // i n K
18

19 // For the CC output Stage
20 disp( ’ For the CC output Stage ’ );
21 Rl = Re2;

22 Ai2 = 1+ hfe;// Current ga in i n 2nd T r a n s i s t o r
23 disp(Ai2 , ’ Ai2= ’ );
24 Ri2 = hie +((1+ hfe)*Rl);

25 disp( ’K ’ ,Ri2 , ’ Ri2= ’ );
26 Av2=1-(hie/Ri2);// v o l t a g e ga in i n 2nd t r a n s i s t o r
27 disp(Av2 , ’ Av2= ’ );
28

29 // For the CE input Stage
30 disp( ’ For the CE input Stage ’ );
31

32 Ai1=-hfe;// Current ga in i n 1 s t t r a n s i s t o r
33 Ri1 = hie;

34 disp(Ai1 , ’ Ai1= ’ );
35 Rl1=(Rc1*Ri2)/(Rc1+Ri2);

36 disp( ’K ’ ,Rl1 , ’ Rl1= ’ );
37 Av1=(Ai1*Rl1)/Ri1;// Vo l tage ga in i n 1 s t t r a n s i s t o r
38 disp(Av1 , ’ Av1= ’ );
39 ro1=Rc1;

40 Ro2 = (hie+Rs)/(1+ hfe);

41 ro2=(Ro2*Rl)/(Ro2+Rl);

42 disp( ’K ’ ,ro2 , ’ E f f e c t i v e Source Impedence ’ );
43

44 Av = Av1*Av2;// O v e r a l l v o l t a g e ga in
45 disp(Av, ’ O v e r a l l Vo l tage Gain= ’ );
46 Ai = Ai1*Ai2*(Rc1/(Rc1+Ri2));// O v e r a l l c u r r e n t Gain
47 disp(Ai, ’ O v e r a l l Current Gain= ’ );
48

49 //End
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Chapter 9

Transistor Biasing and Thermal
Stabilization

Scilab code Exa 9.1 To find Q point

1 clear;

2 clc;

3

4 // Capt ion : To f i n d Q p o i n t
5 // Given Data
6 Vcc =22.5 // i n V
7 Rc=5.6; // i n K
8 Re=1; // i n K
9 R2=10; // i n K
10 R1=90; // i n K
11 B=55; // beta
12

13

14 V=(R2*Vcc)/(R2+R1);// Thevenin E q u i v a l l e n t Vo l tage
15 Rb=(R2*R1)/(R2+R1);// Thevenin E q u i v a l l e n t R e s i s t a n c e
16 disp( ’ V o l t s ’ ,V, ’ The e q u i v a l l e n t Vbb = ’ );
17 disp( ’ ohm ’ ,Rb , ’ The e q u i v a l l e n t Rb i s ’ );
18

19 // For base c u r r e n t l a r g e compared to r e v e r s e
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s a t u r a t i o n c u r r e n t i e Ib>>I c o i t f o l l o w s tha t I c=
B∗ Ib

20

21 // Apply ing KVL to the base c i r c u i t
22 // 0.65−2.25+ I c +10∗ Ib=0
23 disp( ’ As B=55 we have I c =55∗ Ib ’ );
24

25 //We have −1.60+ I c +(10/55) ∗ I c =0
26 Ic =1.60/(65/55);

27 Ib=Ic/55;

28 disp( ’ m i l l i amp ’ ,Ic , ’ I c= ’ );
29 disp( ’ micro amp ’ ,Ib , ’ Ib= ’ );
30

31 // Apply ing KVL to the c o l l e c t o r c i r c u i t y i e l d s
32 // −22.5+6.6∗ I c+Ib+Vce
33

34 Vce = 22.5 -(6.6*1.36) -0.025;

35 disp( ’ V o l t s ’ ,Vce , ’ Vce= ’ );
36

37 // end

Scilab code Exa 9.2 To find resistances in 2N335 transistor

1 clear;

2 clc;

3

4 // Capt ion : To f i n d r e s i s t a n c e s i n 2N335 t r a n s i s t o r
5 // Given Data
6 Rc=4; // i n K
7 Vcc =20; // i n V
8 Vce =10; // i n V
9 Ic=2; // i n mA
10 // I c v a r i e s from 1 . 7 5 to 2 . 2 5 and B( beta ) v a r i e s

from 36 to 90
11
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12 Re = (Vcc -Vce)/Ic - Rc;

13

14 //S=d e l t a I c / d e l t a B
15 Ic2 =2.25; // i n mA
16 Ic1 =1.75; // i n mA
17 B2=90;

18 B1=36;

19 S=(Ic2 -Ic1)/(B2 -B1);

20 S2=(S*36*(1+90))/1.75;

21 disp(S2, ’ S2= ’ , ’K ’ ,Re , ’ Re= ’ , ’B2=90 ’ );
22

23 // S2=(1+B) ∗(1+(Rb/Re ) ) /(1+B+(Rb/Re ) )
24 Rb=(S2 -1) *(1+B2)*Re/(1+B2-S2);

25 disp( ’K ’ ,Rb , ’Rb= ’ );
26

27 Vbe =0.65; // i n V
28 disp( ’V ’ ,Vbe , ’We know tha t Vbe = ’ );
29

30 V = Vbe + ((Rb+Re*(1+B1))*Ic1/B1);

31 disp( ’ V o l t s ’ ,V, ’V = ’ );
32

33 R1=Rb*Vcc/V;

34 R2=R1*V/(Vcc -V);

35 disp( ’K ’ ,R1 , ’R1= ’ );
36 disp( ’K ’ ,R2 , ’R2= ’ );
37

38 // end

Scilab code Exa 9.3.a Variation of Ic in given Transistor

1 clear;

2 clc;

3

4 // Capt ion : V a r i a t i o n o f I c i n g i v e n T r a n s i s t o r
5 // Given Data at 25 d e g r e e C
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6 Re=4.7; // i n K
7 Rb =7.75; // i n K
8 B1=55; // beta at 25 d e g r e e C
9 Ic1 =1.5; // i n mA
10 Ico1 =1;

11 Vbe1 =0.6; // i n V
12

13 // Part a
14

15 Ico2 =33000; // i n nA
16 Vbe2 =0.225; // i n V
17 M1 =1/(1+( Rb/(Re*B1)));// S t a b i l i t y Facto r
18 disp(M1, ’ S t a b i t i t y Facto r at 25 d e r e e C= ’ );
19 B2=100; // at 175 d e g r e e C
20 M2 =1/(1+( Rb/(Re*B2)));// S t a b i l i t y Facto r
21 disp(M2, ’ S t a b i t i t y Facto r at 175 d e g r e e C= ’ );
22

23 if(M2>M1)

24 M1=1;

25 M2=1;

26 end

27

28 // Let k = ( d e l t a I c ) /( I c 1 )
29 k=(1+( Rb/Re))*(M1*(Ico2 -Ico1)*(10^ -9)/Ic1 *(10^ -3)) -(

M1*(Vbe2 -Vbe1)/(Ic1*Re))+(1+(Rb/Re))*(M2*(B2 -B1)

/(B2*B1));

30 deltaIc=k*Ic1;

31 disp( ’mA’ ,deltaIc , ’ Change i n C o l l e c t o r Current at
175 d e g r e e C i s = ’ );

32

33 // Given Data at −65 d e g r e e C
34 Ico2 =1.95*(10^ -3);

35 B2=25;

36 Vbe2 =0.78;

37

38 M2 =1/(1+( Rb/(Re*B2)));// S t a b i l i t y Facto r
39 disp(M2, ’ S t a b i t i t y Facto r at −65 d e g r e e C= ’ );
40
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41 // Let k = ( d e l t a I c ) /( I c 1 )
42 k=(1+( Rb/Re))*(M1*(Ico2 -Ico1)*(10^ -9)/Ic1 *(10^ -3)) -(

M1*(Vbe2 -Vbe1)/(Ic1*Re))+(1+(Rb/Re))*(M2*(B2 -B1)

/(B2*B1));

43 deltaIc=k*Ic1;

44 disp( ’mA’ ,deltaIc , ’ Change i n C o l l e c t o r Current at
−65 d e g r e e C i s = ’ )

45

46

47 //End

Scilab code Exa 9.3.b Variation of Ic in given Transistor

1 clear;

2 clc;

3

4 // Capt ion : V a r i a t i o n o f I c i n g i v e n T r a n s i s t o r
5 // Given Data at 25 d e g r e e C
6 Re=4.7; // i n K
7 Rb =7.75; // i n K
8 B1=55; // beta at 25 d e g r e e C
9 Ic1 =1.5; // i n mA
10 Ico1 =1;

11 Vbe1 =0.6; // i n V
12

13 // Part b
14

15 Ico2 =33000; // i n nA
16 Vbe2 =0.225; // i n V
17 M1 =1/(1+( Rb/(Re*B1)));// S t a b i l i t y Facto r
18 // Given Data at −65 d e g r e e C
19 Ico2 =1.95*(10^ -3);

20 B2=25;

21 Vbe2 =0.78;

22
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23 M2 =1/(1+( Rb/(Re*B2)));// S t a b i l i t y Facto r
24

25 // Let k = ( d e l t a I c ) /( I c 1 )
26 k=(1+( Rb/Re))*(M1*(Ico2 -Ico1)*(10^ -9)/Ic1 *(10^ -3)) -(

M1*(Vbe2 -Vbe1)/(Ic1*Re))+(1+(Rb/Re))*(M2*(B2 -B1)

/(B2*B1));

27 deltaIc=k*Ic1;

28

29

30 // Given Data
31 Ico2 =32; // i n nA
32 Vbe2 =0.10; // i n V
33 M1 =1/(1+( Rb/(Re*B1)));// S t a b i l i t y Facto r
34 disp(M1, ’ S t a b i t i t y Facto r at 25 d e r e e C= ’ );
35 B2=90; // at 175 d e g r e e C
36 M2 =1/(1+( Rb/(Re*B2)));// S t a b i l i t y Facto r
37 disp(M2, ’ S t a b i t i t y Facto r at 75 d e g r e e C= ’ );
38

39 if(M2>M1)

40 M1=1;

41 M2=1;

42 end

43

44 // Let k = ( d e l t a I c ) /( I c 1 )
45 k=(1+( Rb/Re))*(M1*(Ico2 -Ico1)*(10^ -9)/Ic1 *(10^ -3)) -(

M1*(Vbe2 -Vbe1)/(Ic1*Re))+(1+(Rb/Re))*(M2*(B2 -B1)

/(B2*B1));

46 deltaIc=k*Ic1;

47 disp( ’mA’ ,deltaIc , ’ Change i n C o l l e c t o r Current at 75
d e g r e e C i s = ’ );

48

49 // Given Data at −65 d e g r e e C
50 Ico2 =1.95*(10^ -3);

51 B2=20;

52 Vbe2 =0.38;

53

54 M2 =1/(1+( Rb/(Re*B2)));// S t a b i l i t y Facto r
55 disp(M2, ’ S t a b i t i t y Facto r at −65 d e g r e e C= ’ );
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56

57 // Let k = ( d e l t a I c ) /( I c 1 )
58 k=(1+( Rb/Re))*(M1*(Ico2 -Ico1)*(10^ -9)/Ic1 *(10^ -3)) -(

M1*(Vbe2 -Vbe1)/(Ic1*Re))+(1+(Rb/Re))*(M2*(B2 -B1)

/(B2*B1));

59 deltaIc=k*Ic1;

60 disp( ’mA’ ,deltaIc , ’ Change i n C o l l e c t o r Current at
−65 d e g r e e C i s = ’ );

61

62 //End

Scilab code Exa 9.4 To design a self bias circuit

1 clear;

2 clc;

3

4 // Capt ion : To d e s i g n a s e l f b i a s c i r c u i t
5

6 // Given Data at 25 d e g r e e C
7 B1=150; // beta
8 Ico1 =50; // i n nA
9

10 // Given Data at 65 d e g r e e C
11 B2 =1200; // beta
12 Ico2 =3; // i n micro A
13

14 Vbe =0.65; // i n mV
15 Vcc =20; // i n V
16 M=1;

17 // Assumption : Each f a c t o r Ico , B , and Vbe c u s e s the
same p e r c e n t g e change (5%)

18

19 // Let Rb/Re=k
20 // (1+k ) ∗((1200 −150) / (1200∗150 ) ) =0.05
21
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22 k=((0.05) *((1200*150) /(1200 -150))) -1;

23 disp(k, ’Rb/Re= ’ );
24 // Let us check our assumpt ion
25

26 if(M >(1/(1+(k/B1))))

27 M=1;

28 end

29

30 // (1+(Rb/Re ) ) ∗ ( ( Ico2−I c o 1 ) / I c 1 ) =0.05 S i n c e Ico2>>
Ico1 , we c o n s i d e r on ly I c o 2

31

32 Ic1 =((1+k)*Ico2)/(0.05*1000);

33 disp( ’mA’ ,Ic1 , ’ I c 1= ’ );
34

35 //Vbe changes 2 . 5mV/ d e g r e e
36 DVbe =2.5*40;

37 // Tota l i n c r ement
38 dVbe =2* DVbe *(10^ -3);

39

40 // Let l =( I c 1 ∗Re )
41 l=dVbe /0.05;

42

43 Re=l/Ic1;

44 disp(Re, ’ Re= ’ );
45 Rb=k*Re;

46 disp(Rb, ’Rb= ’ );
47

48 B=(B1+B2)/2; // beta
49 V=((Ic1/B)*Rb)+(Vbe)+((( Ic1/B)+Ic1)*Re);

50 disp( ’ V o l t s ’ ,V, ’V= ’ );
51 R1=(Rb*Vcc)/V;

52 R2=(R1*V)/(Vcc -V);

53

54 disp( ’ ohm ’ ,R1 , ’R1= ’ );
55 disp( ’ ohm ’ ,R2 , ’R2= ’ );
56

57 // end
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Scilab code Exa 9.5 Value of theta for Ge Transistor

1 clear;

2 clc;

3

4 // Capt ion : Value o f t h e t a f o r Ge T r a n s i s t o r
5

6 // Given Data
7 Vcc =30; // i n V
8 Rc=2; // i n K
9 Re=4.7; // i n K
10 Ic=1.5; // i n mA
11

12 //We know tha t dPc/ dIc = Vcc − (2∗ I c ∗ ( Rc+Re ) )
13 // Let D=dPc/ dIc
14

15 D = Vcc - (2*Ic*(Re+Rc));

16 disp( ’ I c i n c r e a s e s by 0 . 1 3 1mA over a temprature
range o f 35 to 75 d e g r e e C ’ );

17 disp( ’ theta <(A=(dPc/ dIc ) ∗ ( d I c /dTc ) ) ’ );
18 A=D*((0.131*(10^ -3))/(75 -25));

19

20 disp( ’ degreeC /W’ ,1/A, ’ theta< ’ );
21 disp( ’ The upper bound on t h e t a i s so h igh tha t

t r a n s i s t o r would not v i o l a t e i t and t h e r e f o r e
c i r c u i t w i l l be s a f e from therma l runaway ’ );

22

23 //End

Scilab code Exa 9.6.a To find parameters of power amplifier using pnp
gemanium transistor
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1 clear;

2 clc;

3

4 // Capt ion : To f i n d paramete r s o f power a m p l i f i e r
u s i n g pnp gemanium t r a n s i s t o r

5

6 // Given Data
7 B=100; // beta
8 Ico=-5; // i n mA
9 Ic=-1; // i n mA
10 Vcc =40;

11 Re=5; // i n ohm
12 Rc=10; // i n ohm
13

14 // I c= BIb + (1+B) ∗ I c o
15 // I c=B( Ib+I c o )
16 Ib=-(Ic/B)+Ico;

17 disp( ’mA’ ,Ib , ’ Ib= ’ );
18

19 // N e g l e c t i n g Vbe
20 Rb=(5-Vcc)/(Ib *0.001);

21 disp( ’ ohm ’ ,Rb , ’Rb= ’ );
22

23 Vce=Vcc -15;

24 if(Vce >(Vcc /2))

25 S=(1+B)*(1+(Rb/Re))/(1+B+(Rb/Re));

26 disp(S, ’ S t a b i l i t y Facto r i s= ’ );
27 end

28

29 A=-(Vcc +(2*Ic*(Re+Rc)))*(S)*(0.007* Ico *0.01);

30

31 disp( ’ degreeC /W’ ,1/A, ’ t h e t a= ’ );
32

33 // end
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Scilab code Exa 9.6.b To find parameters of power amplifier using pnp
gemanium transistor

1 clear;

2 clc;

3

4 // Capt ion : To f i n d paramete r s o f power a m p l i f i e r
u s i n g pnp gemanium t r a n s i s t o r

5

6 // Given Data
7 B=100; // beta
8 Ico=-5; // i n mA
9 Ic=-1; // i n mA
10 Vcc =40;

11 Re=5; // i n ohm
12 Rc=10; // i n ohm
13

14 // I c= BIb + (1+B) ∗ I c o
15 // I c=B( Ib+I c o )
16 Ib=-(Ic/B)+Ico;

17

18 // N e g l e c t i n g Vbe
19 Rb=(5-Vcc)/(Ib *0.001);

20

21 Vce=Vcc -15;

22 if(Vce >(Vcc /2))

23 S=(1+B)*(1+(Rb/Re))/(1+B+(Rb/Re));

24 disp(S, ’ S t a b i l i t y Facto r i s= ’ );
25 end

26

27 A=-(Vcc +(2*Ic*(Re+Rc)))*(S)*(0.007* Ico *0.01);

28

29 disp( ’ degreeC /W’ ,1/A, ’ t h e t a= ’ );
30

31 // end
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Chapter 10

Field Effect Transistor

Scilab code Exa 10.1.a Pinch off V and channel half width of silicon FET

1 clear;

2 clc;

3

4 // Capt ion : Pinch o f f V and channe l h a l f width o f
s i l i c o n FET

5

6 // Given Values
7 a=3*(10^ -4);// i n cm
8 Nd =10^15; // i n e l e c t r o n s /cmˆ3
9 q=1.6*(10^ -19) // i n C

10 eo =8.85*(10^ -12);// P e r m i t t i v i t y o f f r e e space
11 e=12*eo;// R e l a t i v e P e r m i t t i v i t y
12

13 Vp=(q*Nd*a*a*10^6*10^ -4) /(2*e);// i n V
14 // a i s i n cm so 10ˆ−4 i s m u l t i p l i e d and Nd i s i n

e l e c t r o n s /cmˆ3 so 10ˆ6 i s m u l t i p l i e d
15 disp( ’V ’ ,Vp , ’ Pinch o f f Vo l tage = ’ );
16

17 // end
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Scilab code Exa 10.1.b Pinch off V and channel half width of silicon FET

1 clear;

2 clc;

3

4 // Capt ion : Pinch o f f V and channe l h a l f width o f
s i l i c o n FET

5

6 // Given Values
7 a=3*(10^ -4);// i n m
8 Nd =10^15; // i n e l e c t r o n s /mˆ3
9 q=1.6*(10^ -19) // i n C

10 eo =8.85*(10^ -12);// P e r m i t t i v i t y o f f r e e space
11 e=12*eo;// R e l a t i v e P e r m i t t i v i t y
12

13 Vp=(q*Nd*a*a*10^6*10^ -4) /(2*e);// i n V
14 // a i s i n cm so 10ˆ−4 i s m u l t i p l i e d and Nd i s i n

e l e c t r o n s /cmˆ3 so 10ˆ6 i s m u l t i p l i e d
15 Vgs= Vp/2;

16

17 b=a*(1-((Vgs/Vp)^(0.5)));// i n cm
18

19 disp( ’ cm ’ ,b, ’ Channel Ha l f Width = ’ );
20

21 // end

Scilab code Exa 10.2.a Amplifier using n channel FET

1 clear;

2 clc;

3

4 // Capt ion : a m p l i f i e r u s i n g n channe l FET
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5

6 // Given Data
7

8 Vp=-2; // i n V
9 Idss =1.65; // i n mA
10 // i t i s d e s i r e d to b i a s the c i r c u t at Id =0.8mA
11 Ids =0.8; // i n mA
12 Vdd =24; // i n V
13 // Assumption : rd>Rd
14

15 Vgs=Vp*(1-(Ids/Idss)^0.5);// i n V
16 disp( ’V ’ ,Vgs , ’ Vgs= ’ );
17

18

19 // end

Scilab code Exa 10.2.b Amplifier using n channel FET

1 clear;

2 clc;

3

4 // Capt ion : a m p l i f i e r u s i n g n channe l FET
5

6 // Given Data
7

8 Vp=-2; // i n V
9 Idss =1.65; // i n mA
10 // i t i s d e s i r e d to b i a s the c i r c u t at Id =0.8mA
11 Ids =0.8; // i n mA
12 Vdd =24; // i n V
13 // Assumption : rd>Rd
14

15 Vgs=Vp*(1-(Ids/Idss)^0.5);// i n V
16

17 gmo=-(2* Idss/Vp);
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18 disp( ’mA/V ’ ,gmo , ’ gmo= ’ );
19 gm=gmo*(1-(Vgs/Vp));

20 disp( ’mA/V ’ ,gm , ’gm= ’ );
21

22 // end

Scilab code Exa 10.2.c Amplifier using n channel FET

1 clear;

2 clc;

3

4 // Capt ion : a m p l i f i e r u s i n g n channe l FET
5

6 // Given Data
7

8 Vp=-2; // i n V
9 Idss =1.65; // i n mA
10 // i t i s d e s i r e d to b i a s the c i r c u t at Id =0.8mA
11 Ids =0.8; // i n mA
12 Vdd =24; // i n V
13 // Assumption : rd>Rd
14

15 Vgs=Vp*(1-(Ids/Idss)^0.5);// i n V
16

17 gmo=-(2* Idss/Vp);

18 gm=gmo*(1-(Vgs/Vp));

19

20 Rs=-(Vgs/Ids);// i n ohm
21 disp( ’K ’ ,Rs , ’ Rs= ’ );
22

23 // end

Scilab code Exa 10.2.d Amplifier using n channel FET
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1 clear;

2 clc;

3

4 // Capt ion : a m p l i f i e r u s i n g n channe l FET
5

6 // Given Data
7

8 Vp=-2; // i n V
9 Idss =1.65; // i n mA
10 // i t i s d e s i r e d to b i a s the c i r c u t at Id =0.8mA
11 Ids =0.8; // i n mA
12 Vdd =24; // i n V
13 // Assumption : rd>Rd
14

15 Vgs=Vp*(1-(Ids/Idss)^0.5);// i n V
16

17 gmo=-(2* Idss/Vp);

18 gm=gmo*(1-(Vgs/Vp));

19

20 Rs=-(Vgs/Ids);// i n ohm
21

22 disp( ’ 20dB c o r r e s p o n d s to v o l t a g e ga in o f i 0 ’ );
23 Av=10;

24 Rd=Av/gm;// i n ohm
25 disp( ’ ohm ’ ,Rd , ’Rd= ’ );
26

27 // end

Scilab code Exa 10.3.a To find the parameters of a FET 2N3684

1 clear;

2 clc;

3

4 // Capt ion : To f i n d the paramete r s o f a FET 2N3684
5
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6 // Given Values
7 Vpmin=-2; // i n V
8 Vpmax=-5; // i n V
9 Idssmin =1.6; // i n mA
10 Idssmax =7.05; // i n mA
11 Idmin =0.8; // i n mA
12 Ia=Idmin;

13 Idmax =1.2; // i n mA
14 Ib=Idmax;

15 Vdd =24; // i n V
16 Vgs1 =0; // i n V
17 Id1 =0.9; // i n mA
18 Vgs2=-4; // i n V
19 Id2 =1.1; // i n mA
20 // S l ope d e t e r m i n e s Rs
21 Rs=(Vgs1 -Vgs2)/(Id2 -Id1);

22 disp( ’ ohm ’ ,Rs , ’ Rs= ’ );
23 Vgg=Id1*Rs;

24 disp( ’V ’ ,Vgg , ’ Vgg= ’ );
25

26 // end

Scilab code Exa 10.3.b To find the range of possible values of Id in FET
2N3684 from the graph

1 clear;

2 clc;

3

4 // Capt ion : To f i n d the range o f p o s s i b l e v a l u e s o f Id
i n FET 2N3684 from the graph

5

6 // In the f i g u r e g i v e n The l i n e o f Rs=3.3K c u t s Vp =
−2V at Id = 0 . 4 mA

7 Idmin = 0.4; // i n mA
8 disp( ’mA’ ,Idmin , ’ Idmin= ’ );

61



9

10 // In the f i g u r e g i v e n The l i n e o f Rs=3.3K c u t s Vp =
−5V at Id = 1 . 2 mA

11 Idmax = 1.2; // i n mA
12 disp( ’mA’ ,Idmax , ’ Idmax= ’ );
13

14 // end

Scilab code Exa 10.4 Voltage Gain of MOSFET as a single stage and then
as first transistor

1 clear;

2 clc;

3

4 // Capt ion : Vo l tage Gain o f MOSFET as a s i n g l e s t a g e
and then as f i r s t t r a n s i s t o r

5

6 // Given Data
7 Rd=100; // i n K
8 f=20000; // f r e q u e n c y i n Hertz
9 //MOSFET paramete r s
10 gm=1.6; // i n mA/V
11 rd=44; // i n k
12 Cgs =3*(10^ -12);// i n F
13 Cds =1*(10^ -12);// i n F
14 Cgd =2.8*(10^ -12);// i n F
15 m=gm*rd;//mew
16

17 // Requ i red Formulae
18 Ygs =2*%pi*f*Cgs*%i;// i n mho
19 Yds =2*%pi*f*Cds*%i;// i n mho
20 Ygd =2*%pi*f*Cgd*%i;// i n mho
21 gd=1/rd;// i n mho
22 Yd=1/Rd;// i n mho
23 gm =1.6*(10^ -3);// i n mho
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24 disp( ’ Gain o f one s t a g e a m p l i f i e r ’ );
25 Av=(-gm+Ygd)/(gd+Yd+Yds+Ygd);// Vo l tage Gain
26 disp(Av, ’Av= ’ );
27

28 disp( ’ Gain a f t e r n e l e c t i n g the i n t e r e l e c t r o d e
c a p a c i t a n c e ’ );

29 Av=-(m*Rd)/(Rd+rd);// Vo l tage Gain
30 disp(Av, ’Av= ’ );
31

32 // Let k= gm∗Rd ’
33 k=-Av;

34 Ci = (Cgs *(10^12)) +((1+k)*Cgd *(10^12));

35 disp( ’ Value o f Input Impedence Capac i t ance ’ );
36 disp( ’ pF ’ ,Ci , ’ Ci= ’ );
37

38 //Now c o n s i d e r i n g a two s t a g e a m p l i f i e r c o n s i s t i n g
o f an FET o p e r a t i n g

39 //New input Impedence t a k i n g i n t o account v a r i o u s
f a c t o r s f o r p r e s e n t c o d i t i o n

40 Ci =200*(10^ -12);

41 disp( ’Now c o n s i d e r i n g a two s t a g e a m p l i f i e r
c o n s i s t i n g o f an FET o p e r a t i n g ’ );

42 Yl =(0.001/ Rd)+(2* %pi*f*Ci*%i);

43 disp(Yl, ’ Load Admittance = ’ );
44

45 gd=gd *0.001;

46 disp( ’ Gain ’ );
47 Av=-(gm)/(gd+Yl);// Vo l tage Gain
48 disp(Av, ’Av= ’ );
49

50 // end
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Chapter 12

MultiStage Amplifiers

Scilab code Exa 12.1.a Minimum value of coupling capacitance for a given
FET

1 clear;

2 clc;

3

4 // Capt ion : Minimum v a l u e o f c o u p l i n g c a p a c i t a n c e f o r
a g i v e n FET

5 // Given Value
6 Ry=1; // i n K
7 Rg=1; // i n M
8 Ri=1; // i n K
9 hOE =1/40; // i n Kˆ−1
10

11 // fL =1/(2∗%pi ∗ ( ro+r i ) ∗Cb)<=10
12 // S i n c e r i =1M , ro<Ry=1K , then ro+r i =1M
13

14 Cb =1/(2* %pi *1*10);

15 disp(Cb, ’Minimum Value o f c o u p l i n g Capac i t ance f o r
g i v e n FET= ’ );

16

17 // end
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Scilab code Exa 12.1.b Minimum value of coupling capacitance for a given
FET

1 clear;

2 clc;

3

4 // Capt ion : Minimum v a l u e o f c o u p l i n g c a p a c i t a n c e f o r
a g i v e n FET

5 // Given Value
6 Ry=1; // i n K
7 Rg=1; // i n M
8 Ri=1; // i n K
9 hOE =1/40; // i n Kˆ−1
10

11 // fL =1/(2∗%pi ∗ ( ro+r i ) ∗Cb)<=10
12

13 //Ro>1/hOE=40K ro=Rc=1K. Rb>Ri=1K then r i =1K
14

15 ro =1000; // i n ohm
16 ri =1000; // i n ohm
17

18 Cb =1/(2* %pi *10*(ro+ri));

19 disp( ’ pF ’ ,Cb *(10^6) , ’ Coupl ing Capac i t ance f o r g i v e n
t r a n s i s t o r= ’ );

20

21 // end
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Chapter 13

Feedback Amplifier

Scilab code Exa 13.1 parameters of a Second collector to first emmitter
feedback amplifier

1 clear;

2 clc;

3

4 // Capt ion : pa ramete r s o f a Second c o l l e c t o r to
f i r s t emmitter f e e d b a c k a m p k i f i e r

5 // Given Data
6 Rs=0; // i n V
7 hfe =50; // i n K
8 hie =1.1; // i n K
9 hre =0; // i n K

10 hoe =0; // i n K
11

12 disp( ’We f i r s t c a l c u l a t e the e f f e c t i v e l oad Rl1 at
the f i r s t c a l c u l a t o r ’ );

13 r1=10; // i n K
14 r2=47; // i n K
15 r3=33; // i n K
16 r4 =1+0.1; // i n K
17

18 Rl1=(r1*r2*r3*r4)/((r1*r2*r3)+(r1*r2*r4)+(r1*r3*r4)
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+(r2*r3*r4));

19 disp( ’K ’ ,Rl1 , ’ Rl1= ’ );
20

21 disp( ’ S i m i l a r l y f o r 2nd T r a n s i s t o r ’ );
22 R1=0.1; // i n K
23 R2=4.7; // i n K
24 Rc1=R1+R2;

25 Rc2 =4.7; // i n K
26

27 Rl2=(Rc1*Rc2)/(Rc1+Rc2);

28 disp( ’K ’ ,Rl2 , ’ Rl2= ’ );
29

30 Re=(R1*R2)/(R1+R2);

31

32 disp( ’ Vo l tage Gain o f T r a n s i s t o r Q1 ’ );
33 Av1 = -(hfe*Rl1)/(hie +((1+ hfe)*Re));

34 disp(Av1 , ’ Av1= ’ );
35

36 disp( ’ Vo l tage Gain o f T r a n s i s t o r Q2 ’ );
37 Av2=-(hfe*Rl2)/hie;

38 disp(Av2 , ’ Av2= ’ );
39

40 disp( ’ Vo l tage Gain o f two t r a n s i s t o r s i n c a s c a d e
wi thout f e e d b a c k ’ );

41 Av=Av1*Av2;

42 disp(Av, ’Av= ’ );
43

44 B=R1/(R1+R2);// beta which i s f e e d b a c k
45 D=1+(B*Av);

46

47 Avf=Av/D;

48 disp(Avf , ’ Avf= ’ );
49

50 disp( ’ Input r e s i s t a n c e wi thout e x t e r n a l f e e d b a c k ’ );
51 Ri=hie +(1+ hfe)*Re;

52 disp( ’K ’ ,Ri , ’ Ri= ’ );
53

54 Rif=Ri*D;
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55 disp( ’K ’ ,Rif , ’ R i f= ’ );
56

57 Ro=Rl2;

58 Rof=Ro/D;

59 disp( ’K ’ ,Rof , ’ Rof= ’ );
60

61 // end

Scilab code Exa 13.2.a To find parameters of Current series Feedback
Amplifier

1 clear;

2 clc;

3

4 // Capt ion : To f i n d paramete r s o f Current s e r i e s
Fwwdback A m p l i f i e r

5 // Given Data
6 Gmf=-1; // Transconductance i n mA/V
7 D=50; // D e s e n s i v i t y
8 Avf=-4; // Vo l tage Gain
9 Rs=1; // i n K
10 hfe =150;

11 Vt =0.026; // i n V
12

13 Gm=Gmf*D;

14 disp( ’mA/V ’ ,Gm , ’Gm= ’ );
15

16 //B=−Re , D = 1+B∗Gm = 1−B∗Gm
17 Re=(1-D)/Gm;// i n K
18 disp( ’K ’ ,Re , ’ Re= ’ );
19

20 // end
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Scilab code Exa 13.2.b To find parameters of Current series Feedback
Amplifier

1 clear;

2 clc;

3

4 // Capt ion : Gain o f s econd e m i t t e r to f i r s t
b a s e f e e d b a c k p a i r

5 // Given Data
6 Rc1 =3; // i n K
7 Rc2 =0.5; // i n K
8 Re =0.05; // i n K
9 Rs=1.2; // i n K
10 hfe =50;

11 hie =1.1; // i n K
12 hre =0;

13 hoe =0;

14

15 R=Rs;

16

17 // Ai=−I c 2 / I s =−( I c 2 / Ib2 ) ∗ ( Ib2 / I c 1 ) ∗ ( I c 1 / Ib1 ) ∗ ( Ib1 / I s )
18 // −I c 2 / Ib2 =− h f e = −50
19 // I c 1 / Ib1 = h f e
20 // Let Ib2 / I c 1 = k
21 Ri2= hie + ((1+ hfe)*(Re*R/(Re+R)));

22 k=-Rc1/(Rc1+Ri2);

23

24 r= Rs*(Rs+Re)/(Rs+R+Re);

25 // Let Ib1 / I s = l
26 l=r/(r+hie);

27

28 Ai=(-hfe)*(k)*(hfe)*(l);

29

30 B=Re/(Re+R);// beta
31 D=1+(B*Ai);

32

33 Aif=Ai/D;

34
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35 Avf=(Aif*Rc2)/Rs;

36

37 //To f i n d R i f
38

39 Ri=(r*hie)/(r+hie);

40 Rif=Ri/D;

41 disp( ’ ohm ’ ,Rif*1000, ’ R i f= ’ );
42

43 //End

Scilab code Exa 13.2.c To find parameters of Current series Feedback Am-
plifier

1 clear;

2 clc;

3

4 // Capt ion : To f i n d paramete r s o f Current s e r i s
Fwwdback A m p l i f i e r

5 // Given Data
6 Gmf=-1; // Transconductance i n mA/V
7 D=50; // D e s e n s i v i t y
8 Avf=-4; // Vo l tage Gain
9 Rs=1; // i n K
10 hfe =150;

11 Vt =0.026; // i n V
12

13 Gm=Gmf*D;

14

15 //B=−Re , D = 1+B∗Gm = 1−B∗Gm
16 Re=(1-D)/Gm;// i n K
17

18 Rl=Avf/Gmf;// i n K
19

20 // Gm= −h f e /( Rs+h i e+Re )
21 hie= -(hfe/Gm)-Rs-Re;
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22 Ri = Rs + hie +Re;

23 Rif = Ri*D

24 disp( ’K ’ ,Rif , ’ R i f= ’ );
25

26

27 // end

Scilab code Exa 13.2.d To find parameters of Current seris Feedback Am-
plifier

1 clear;

2 clc;

3

4 // Capt ion : To f i n d paramete r s o f Current s e r i s
Feedback A m p l i f i e r

5 // Given Data
6 Gmf=-1; // Transconductance i n mA/V
7 D=50; // D e s e n s i v i t y
8 Avf=-4; // Vo l tage Gain
9 Rs=1; // i n K
10 hfe =150;

11 Vt =0.026; // i n V
12

13 Gm=Gmf*D;

14

15 //B=−Re , D = 1+B∗Gm = 1−B∗Gm
16 Re=(1-D)/Gm;// i n K
17

18 Rl=Avf/Gmf;// i n K
19

20 // Gm= −h f e /( Rs+h i e+Re )
21 hie= -(hfe/Gm)-Rs-Re;

22 Ri = Rs + hie +Re;

23 Rif = Ri*D

24
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25 Ic=(hfe*Vt)/hie;

26 disp( ’mA’ ,Ic , ’ Qu i s c en t C o l l e c t o r Current = ’ );
27

28 // end

Scilab code Exa 13.3.a Gain of second emitter to first basefeedback pair

1 clear;

2 clc;

3

4 // Capt ion : Gain o f s econd e m i t t e r to f i r s t
b a s e f e e d b a c k p a i r

5 // Given Data
6 Rc1 =3; // i n K
7 Rc2 =0.5; // i n K
8 Re =0.05; // i n K
9 Rs=1.2; // i n K
10 hfe =50;

11 hie =1.1; // i n K
12 hre =0;

13 hoe =0;

14

15 R=Rs;

16

17 // Ai=−I c 2 / I s =−( I c 2 / Ib2 ) ∗ ( Ib2 / I c 1 ) ∗ ( I c 1 / Ib1 ) ∗ ( Ib1 / I s )
18 // −I c 2 / Ib2 =− h f e = −50
19 // I c 1 / Ib1 = h f e
20 // Let Ib2 / I c 1 = k
21 Ri2= hie + ((1+ hfe)*(Re*R/(Re+R)));

22 k=-Rc1/(Rc1+Ri2);

23

24 r= Rs*(Rs+Re)/(Rs+R+Re);

25 // Let Ib1 / I s = l
26 l=r/(r+hie);

27
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28 Ai=(-hfe)*(k)*(hfe)*(l);

29 disp(Ai, ’ Ai= ’ );
30

31 B=Re/(Re+R);// beta
32 D=1+(B*Ai);

33

34 Aif=Ai/D;

35 disp(Aif , ’ A i f= ’ );
36

37 Avf=(Aif*Rc2)/Rs;

38 disp(Avf , ’ Avf= ’ );
39

40 //End

Scilab code Exa 13.3.b Gain of second emitter to first basefeedback pair

1 clear;

2 clc;

3

4 // Capt ion : Gain o f s econd e m i t t e r to f i r s t
b a s e f e e d b a c k p a i r

5 // Given Data
6 Rc1 =3; // i n K
7 Rc2 =0.5; // i n K
8 Re =0.05; // i n K
9 Rs=1.2; // i n K
10 hfe =50;

11 hie =1.1; // i n K
12 hre =0;

13 hoe =0;

14

15 R=Rs;

16

17 // Ai=−I c 2 / I s =−( I c 2 / Ib2 ) ∗ ( Ib2 / I c 1 ) ∗ ( I c 1 / Ib1 ) ∗ ( Ib1 / I s )
18 // −I c 2 / Ib2 =− h f e = −50
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19 // I c 1 / Ib1 = h f e
20 // Let Ib2 / I c 1 = k
21 Ri2= hie + ((1+ hfe)*(Re*R/(Re+R)));

22 k=-Rc1/(Rc1+Ri2);

23

24 r= Rs*(Rs+Re)/(Rs+R+Re);

25 // Let Ib1 / I s = l
26 l=r/(r+hie);

27

28 Ai=(-hfe)*(k)*(hfe)*(l);

29

30 B=Re/(Re+R);// beta
31 D=1+(B*Ai);

32

33 Aif=Ai/D;

34

35 Avf=(Aif*Rc2)/Rs;

36

37 //To f i n d R i f
38

39 Ri=(r*hie)/(r+hie);

40 Rif=Ri/D;

41 disp( ’ ohm ’ ,Rif*1000, ’ R i f= ’ );
42

43 //End

Scilab code Exa 13.3.c Gain of second emitter to first basefeedback pair

1 clear;

2 clc;

3

4 // Capt ion : Gain o f s econd e m i t t e r to f i r s t
b a s e f e e d b a c k p a i r

5 // Given Data
6 Rc1 =3; // i n K
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7 Rc2 =0.5; // i n K
8 Re =0.05; // i n K
9 Rs=1.2; // i n K
10 hfe =50;

11 hie =1.1; // i n K
12 hre =0;

13 hoe =0;

14

15 R=Rs;

16

17 // Ai=−I c 2 / I s =−( I c 2 / Ib2 ) ∗ ( Ib2 / I c 1 ) ∗ ( I c 1 / Ib1 ) ∗ ( Ib1 / I s )
18 // −I c 2 / Ib2 =− h f e = −50
19 // I c 1 / Ib1 = h f e
20 // Let Ib2 / I c 1 = k
21 Ri2= hie + ((1+ hfe)*(Re*R/(Re+R)));

22 k=-Rc1/(Rc1+Ri2);

23

24 r= Rs*(Rs+Re)/(Rs+R+Re);

25 // Let Ib1 / I s = l
26 l=r/(r+hie);

27

28 Ai=(-hfe)*(k)*(hfe)*(l);

29

30 B=Re/(Re+R);// beta
31 D=1+(B*Ai);

32

33 Aif=Ai/D;

34

35 Avf=(Aif*Rc2)/Rs;

36

37 Ri=(r*hie)/(r+hie);

38 Rif=Ri/D;

39

40 rif=(Rif*Rs)/(Rs -Rif);

41 disp( ’K ’ ,rif+Rs, ’ R e s i s t a n c e with f e e d b a c k s e en by
v o l t a g e s o u r c e ’ );

42

43 //End
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Scilab code Exa 13.3.d Gain of second emitter to first basefeedback pair

1 clear;

2 clc;

3

4 // Capt ion : Gain o f s econd e m i t t e r to f i r s t
b a s e f e e d b a c k p a i r

5 // Given Data
6 Rc1 =3; // i n K
7 Rc2 =0.5; // i n K
8 Re =0.05; // i n K
9 Rs=1.2; // i n K
10 hfe =50;

11 hie =1.1; // i n K
12 hre =0;

13 hoe =0;

14

15 R=Rs;

16

17 // Ai=−I c 2 / I s =−( I c 2 / Ib2 ) ∗ ( Ib2 / I c 1 ) ∗ ( I c 1 / Ib1 ) ∗ ( Ib1 / I s )
18 // −I c 2 / Ib2 =− h f e = −50
19 // I c 1 / Ib1 = h f e
20 // Let Ib2 / I c 1 = k
21 Ri2= hie + ((1+ hfe)*(Re*R/(Re+R)));

22 k=-Rc1/(Rc1+Ri2);

23

24 r= Rs*(Rs+Re)/(Rs+R+Re);

25 // Let Ib1 / I s = l
26 l=r/(r+hie);

27

28 Ai=(-hfe)*(k)*(hfe)*(l);

29

30 B=Re/(Re+R);// beta
31 D=1+(B*Ai);
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32

33 Aif=Ai/D;

34

35 Avf=(Aif*Rc2)/Rs;

36

37 Rof=(Avf*Rs)/Aif;

38 disp( ’K ’ ,Rof , ’ Output R e s i s t a n c e = ’ );
39

40 //End

Scilab code Exa 13.4.a To find gain and resistance of Voltage Shunt Feed-
back

1 clear;

2 clc;

3

4 // Capt ion : To f i n d ga in and r e s i s t a n c e o f Vo l tage
Shunt Feedback

5 // Given Values
6 Rc=4; // i n K
7 r=40; // i n K
8 Rs=10; // i n K
9 hie =1.1; // i n K
10 hfe =50;

11 hre =0;

12 hoe =0;

13

14 // Requ i red Formulae
15 rc=(Rc*r)/(Rc+r);

16 R=(Rs*r)/(Rs+r);

17 Rm=-(hfe*rc*R)/(R+hie);

18 disp( ’K ’ ,Rm , ’Rm= ’ );
19 B=-1/r;// i n mA/V
20 D=1+(B*Rm);

21 Rmf=Rm/D;
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22

23 // Avf = Vo/Vs = Vo/( I s ∗Rs ) = Rmf/Rs
24 Avf=Rmf/Rs;

25 disp(Avf , ’ Avf= ’ );
26

27

28 //End

Scilab code Exa 13.4.b To find gain and resistance of Voltage Shunt Feed-
back

1 clear;

2 clc;

3

4 // Capt ion : To f i n d ga in and r e s i s t a n c e o f Vo l tage
Shunt Feedback

5 // Given Values
6 Rc=4; // i n K
7 r=40; // i n K
8 Rs=10; // i n K
9 hie =1.1; // i n K
10 hfe =50;

11 hre =0;

12 hoe =0;

13

14 // Requ i red Formulae
15 rc=(Rc*r)/(Rc+r);

16 R=(Rs*r)/(Rs+r);

17 Rm=-(hfe*rc*R)/(R+hie);

18 B=-1/r;// i n mA/V
19 D=1+(B*Rm);

20 Rmf=Rm/D;

21

22 // Avf = Vo/Vs = Vo/( I s ∗Rs ) = Rmf/Rs
23 Avf=Rmf/Rs;
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24

25 Ri = (R*hie)/(R+hie);

26 Rif=Ri/D;

27 disp( ’K ’ ,Rif , ’ R i f= ’ );
28

29 //End

Scilab code Exa 13.4.c To find gain and resistance of Voltage Shunt Feed-
back

1 clear;

2 clc;

3

4 // Capt ion : To f i n d ga in and r e s i s t a n c e o f Vo l tage
Shunt Feedback

5 // Given Values
6 Rc=4; // i n K
7 r=40; // i n K
8 Rs=10; // i n K
9 hie =1.1; // i n K
10 hfe =50;

11 hre =0;

12 hoe =0;

13

14 // Requ i red Formulae
15 rc=(Rc*r)/(Rc+r);

16 R=(Rs*r)/(Rs+r);

17 Rm=-(hfe*rc*R)/(R+hie);

18 disp( ’K ’ ,Rm , ’Rm= ’ );
19 B=-1/r;// i n mA/V
20 D=1+(B*Rm);

21 Rmf=Rm/D;

22

23 // Avf = Vo/Vs = Vo/( I s ∗Rs ) = Rmf/Rs
24 Avf=Rmf/Rs;
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25

26 Ri = (R*hie)/(R+hie);

27 Rif=Ri/D;

28

29 // I f the input r e s i s t a n c e l o o k i n g to the r i g h t o f Rs
i s r i f then R i f =( r i f ∗Rs ) /( r i f +Rs )

30 rif=(Rif*Rs)/(Rs -Rif);

31

32 disp( ’K ’ ,Rs+rif , ’ The impedence s e en by the v o l t a g e
s o u r c e=R i f= ’ );

33

34 Ro=40; // i n K
35 r=40; // i n K
36

37 Rm = -(hfe*r*R)/(R+hie);

38 Rof=Ro/(1+(B*Rm));

39 //We ar e w r i t t i n g Rof ’ = r o f
40 rof=(Rof*Rc)/(Rof+Rc);

41 disp( ’K ’ ,rof , ’ r o f= ’ );
42

43 //End
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Chapter 14

Stability and Oscillators

Scilab code Exa 14.1.a Lowest poles of an Amplifier

1 clear;

2 clc;

3

4 // Capt ion : Lowest p o l e s o f an A m p l i f i e r
5 // Given Data
6

7 // P o l e s i n r a d i a n s per s e c
8 s1 = -46.2*(10^5);

9 s2 = -45.9*(10^6);

10 s3 = -11.4*(10^8);

11 s4 = -30.4*(10^8);

12

13 // Ze ro s
14 s5 = 16.65*(10^9);

15 s6 = 15.4*(10^8);

16 s7 = -22.55*(10^8);

17 s = 6.28*(10^6);

18 B = 0.040;

19 Ai = 410; // Gain
20

21 n = s2/s1;
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22 disp(n, ’ n= ’ );
23 Q = (n*(1+(B*Ai)))^0.5/(n+1);

24 disp(Q, ’Q= ’ );
25 k = 1/(2*Q);

26 disp(k, ’ k= ’ );
27

28 s1f = s1*((n+1) /2)*(1-%i *((4*Q*Q) -1)^0.5);

29 disp(s1f , ’ The f i r s t p o l e i s ’ );
30 s2f = s1*((n+1) /2) *(1+%i *((4*Q*Q) -1)^0.5);

31 disp(s2f , ’ The second p o l e i s ’ );
32

33

34 // end

Scilab code Exa 14.1.b Frequency Response Peak

1 clear;

2 clc;

3

4 // Frequency Response Peak
5 // Given Data
6

7 // P o l e s i n r a d i a n s per s e c
8 s1 = -46.2*(10^5);

9 s2 = -45.9*(10^6);

10 s3 = -11.4*(10^8);

11 s4 = -30.4*(10^8);

12

13 // Ze ro s
14 s5 = 16.65*(10^9);

15 s6 = 15.4*(10^8);

16 s7 = -22.55*(10^8);

17 s = 6.28*(10^6);

18 B = 0.040;

19 Ai = 410; // Gain
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20

21 n = s2/s1;

22 Q = (n*(1+(B*Ai)))^0.5/(n+1);

23 k = 1/(2*Q);

24

25 s1f = s1*((n+1) /2)*(1-%i *((4*Q*Q) -1)^0.5);

26 s2f = s1*((n+1) /2) *(1+%i *((4*Q*Q) -1)^0.5);

27

28 // Frequency Response Peak
29 wo = -Q*(s1+s2);

30 disp(wo, ’wo= ’ );
31 w = wo*(1 -(2*k*k))^0.5 // f r e q u e n c y at which f r e q u e n c y

r e s p o n s e peak o c c o u r s
32 disp(w, ’w= ’ );
33 fpeak = (wo/s)*(1 -(2*k*k))^0.5;

34 disp( ’MHz ’ ,fpeak , ’ f p eak= ’ );
35 //At peak
36 a = 1/(2*k*(1-(k*k))^0.5);

37 overshoot = 20* log10(a);

38 disp( ’dB ’ ,overshoot , ’ Overshoot i s ’ );
39

40

41 // end
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Chapter 15

Operational Amplifier

Scilab code Exa 15.1.a difference in output voltage for two set of output
signals

1 clear;

2 clc;

3

4 // Capt ion : d i f f e r e n c e i n output v o l t a g e f o r two s e t
o f output s i g n a l s

5 // Given Data
6 // F i r s t Set o f Input S i g n a l
7 v11 =50; // i n microV
8 v21=-50; // i n microV
9 // Second Set o f Input S i g n a l
10 v12 =1050; // i n microV
11 v22 =950; // i n microV
12 p=100; //Common Mode R e j e c t i o n Rat io
13

14 // Requ i red Formulae
15 // vo = Ad∗vd∗(1+ vc /p∗vd ) . . . . p = commom mode

r e j e c t i o n r a t i o
16 //Ad w i l l be same f o r both case , So l e t us w r i t e Vo

= vo /Ad = Ad∗(1+ vc /p∗vd )
17
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18 // F i r s t Set o f Va lues
19 vd1=v11 -v21;// i n microV
20 vc1=(v11+v21)/2; // i n microV
21 Vo1 = vd1 *(1+ vc1/(p*vd1));

22

23 // Second Set o f Va lues
24 vd2=v12 -v22;// i n microV
25 vc2=(v12+v22)/2; // i n microV
26 Vo2 = vd2 *(1+ vc2/(p*vd2));

27

28 disp (100*(Vo2 -Vo1)/Vo1 , ’ Pe r c en tage d i f f e r e n c e i n
output s i g n a l= ’ );

29

30

31 // end

Scilab code Exa 15.1.b difference in output voltage for two set of output
signals

1 clear;

2 clc;

3

4 // Capt ion : d i f f e r e n c e i n output v o l t a g e f o r two s e t
o f output s i g n a l s when Common Mode R e j e c t i o n
Rat io =10000

5 // Given Data
6 // F i r s t Set o f Input S i g n a l
7 v11 =50; // i n microV
8 v21=-50; // i n microV
9 // Second Set o f Input S i g n a l
10 v12 =1050; // i n microV
11 v22 =950; // i n microV
12 p=100; //Common Mode R e j e c t i o n Rat io
13

14 // Requ i red Formulae
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15 // vo = Ad∗vd∗(1+ vc /p∗vd ) . . . . p = commom mode
r e j e c t i o n r a t i o

16 //Ad w i l l be same f o r both case , So l e t us w r i t e Vo
= vo /Ad = Ad∗(1+ vc /p∗vd )

17

18 // F i r s t Set o f Va lues
19 vd1=v11 -v21;// i n microV
20 vc1=(v11+v21)/2; // i n microV
21 Vo1 = vd1 *(1+ vc1/(p*vd1));

22

23 // Second Set o f Va lues
24 vd2=v12 -v22;// i n microV
25 vc2=(v12+v22)/2; // i n microV
26 Vo2 = vd2 *(1+ vc2/(p*vd2));

27

28

29 //Now we have to c a l c u l a t e the same t h i n g with
common mode r e j e c t i o n r a t i o = 10000

30

31 p=10000; //Common Mode R e j e c t i o n Rat io
32

33 // F i r s t Set o f Va lues
34 vd1=v11 -v21;// i n microV
35 vc1=(v11+v21)/2; // i n microV
36 Vo1 = vd1 *(1+ vc1/(p*vd1));

37

38 // Second Set o f Va lues
39 vd2=v12 -v22;// i n microV
40 vc2=(v12+v22)/2; // i n microV
41 Vo2 = vd2 *(1+ vc2/(p*vd2));

42

43 disp (100*(Vo2 -Vo1)/Vo1 , ’ Pe r c en tage d i f f e r e n c e i n
output s i g n a l= ’ );

44

45 // end
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Scilab code Exa 15.2 Design an amplifier using yA702A

1 clear;

2 clc;

3

4 // Capt ion : Des ign an a m p l i f i e r u s i n g yA702A
5 // Given Data
6 f=32; // f e e d b a c k i n dB
7 // from the Bodes p l o t we g e t tha t Avo = 2510
8 Avo = 2510; // ga in
9 disp( ’ The paramete r s a r e R , r ( f o r Rdash ) , C ( f o r

Cdash ) ’ );
10 // D e s e n s i v i t y D = B∗Rmo = Avo∗ (R/(R+r ) )
11 // 20 l o g 1 0 (D ) = f
12 k = f - (20* log10(Avo));

13 // Let (R+r ) /R = l
14 l = 1/(10^(k/20));

15 //R/(R+r ) = fp / f z
16 // For 45 d e g r e e phase margin and 32dB o f low

f r e q u e n c y f e e d b a c k we f i n d by t r i a l and e r r o r
method from the graph

17 fz = 10; // i n MHz
18 fp = fz*l;

19 // to de t e rmine c we can a r b i t r a r i l y choo s e R
20 R = 1000; // i n ohm
21 disp( ’ ohm ’ ,R, ’R = ’ );
22 r = (l-1)*R

23 disp( ’ ohm ’ ,r, ’ r = ’ );
24 C = 1/(2* %pi*fz*r*10^ -6);

25 disp( ’ pF ’ ,C, ’C = ’ );
26

27

28 // end
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Chapter 16

Integrated Circuits as Analog
System Building blocks

Scilab code Exa 16.1 Fourth Order Butterworth Filter

1 clear;

2 clc;

3

4 // Capt ion : Fourth Order Butte rworth F i l t e r
5 // Given Data
6 fo=1; // C u t o f f Frequency i n Hz
7 // For n = 4
8 k1 =0.765;

9 k2 =1.848;

10

11 Av1 = 3-k1;

12 Av2 = 3-k2;

13 disp( ’ For a f o u r t h o r d e r Buttworth f i l t e r we cacade
2 second o r d e r Buttworth f i l t e r with paramete r s
R1 R2 R1d R2d R C ’ );

14 //we a r b i t r a r i l y choo s e
15 R1=10; // i n K
16 disp( ’K ’ ,R1 , ’R1= ’ );
17 //Av1=(R1+R1d ) /R1
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18 R1d=(Av1*R1)-R1;

19 disp(R1d , ’ R1d = ’ );
20

21 R2 = 10; // i n K
22 disp( ’K ’ ,R2 , ’R2= ’ );
23 R2d=(Av2*R2)-R2;

24 disp(R2d , ’ R2d = ’ );
25

26 //To s a t i s f y f o = 1/(2∗%pi∗ r ∗ c ) = 1kHz
27 R=1; // i n K
28 C = 1/(2* %pi*R*fo);

29 disp( ’K ’ ,R, ’R= ’ );
30 disp( ’ microF ’ ,C, ’C = ’ );

Scilab code Exa 16.2 Design a second order bandpass filter

1 clear;

2 clc;

3 // Capt ion : Des ign a second o r d e r bandpass f i l t e r
4 // Given Value
5 Ao=50; // Gain
6 fo=160; // c e n t e r f r e q u e n c y
7 B=16; // Bandwidth i n Hz
8 C1=0.1; // i n microF
9 C2=0.1; // i n microF
10

11 // Requ i red Formulae
12

13 Q=fo/B;

14 R1 =(1000*Q)/(Ao*2* %pi*fo*C1);

15 R3 =(1000*Q)/((2* %pi*fo)*(C1*C2/(C1+C2)));

16 //As C i s i n microFarad to compensate f o r i t 1000 i s
m u l t i p l i e d

17 // Let r = R’
18 r=(10^6) /((2* %pi*fo)^2*R3*C1*C2);
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19 R2=(R1*r)/(R1 -r);

20

21 disp( ’K ’ ,R1 , ’R1= ’ );
22 disp( ’K ’ ,R3 , ’R3= ’ );
23 disp( ’K ’ ,r, ’ r= ’ );
24 disp( ’K ’ ,R2 , ’R2= ’ );
25

26 // end

Scilab code Exa 16.3 Design a video amplifier using MC1550

1 clear;

2 clc;

3

4 // Capt ion : Des ign a v i d e o a m p l i f i e r u s i n g MC1550
5 // Given Data
6 Avo=-25;

7 Vagc =20; // i n V
8 Vcc =6; // i n V
9 hfe =50;

10 rbb =50; // i n ohm
11 Cs=5; // i n pF
12 Cl=5; // i n pF
13 Ie1 =1; // i n mA
14 ft=900; // i n MHz
15 Vt=26; // i n V
16 n=2; // e e t a
17 // r e 2 = i n f i n i t y
18

19 // S i n c e Vagc=0 , t r a n s i s t o r Q2 i s i n cut o f f r e g i o n
and c o l l e c t o r c u r r e n t o f Q1 f l o w s through Q3 . . . .
So

20 Ie2 =0;

21 Ie3 =1; // i n mA
22 re3 = (n*Vt)/Ie3;// i n ohm
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23 disp( ’ ohm ’ ,re3 , ’ r e 3= ’ );
24 gm = (Ie1)/Vt;// i n ohmˆ−1
25 disp( ’ ohmˆ−1 ’ ,gm , ’gm= ’ );
26 rbe=hfe/gm;

27 disp( ’ ohm ’ ,rbe , ’ rbe= ’ );
28 Ce=gm/(2* %pi*ft*10^ -6);

29 disp( ’ pF ’ ,Ce , ’ Ce= ’ );
30 a3=1; //we make an assumpt ion tha t a lpha i s one
31 s=0;

32 //Av0 = −(( a3∗gm) /( r e3 ∗ rbb ) ) ∗ ( 1 / ( ( ( 1 / rbb ) +(1/ rbe ) +( s
∗Ce ) ) ∗ ( ( 1 / r e 3 ) +( s ∗Cs ) ) ∗ ( ( 1 / Rl ) +( s ∗ ( Cs+Cl ) ) ) ) )

33 //From he r e we can f i n d Rl
34 k = -((a3*gm)/(re3*rbb))*(1/(((1/ rbb)+(1/ rbe)+(s*Ce)

)*((1/ re3)+(s*Cs))));

35 Rl=Avo/k;

36 disp( ’ ohm ’ ,Rl , ’ Rl= ’ );
37

38 //C i s i n p i coFarad so to compensate the whole
e q u a t i o n some c o n s t a n t s a r e m u l t i p l i e d

39 f1 = 1/(2* %pi*Rl*(Cs+Cl)*10^ -6);

40 disp( ’MHz ’ ,f1 , ’ f 1= ’ );
41 f2 = 1/(2* %pi*Ce*10^ -6*(( rbe*rbb)/(rbe+rbb)));

42 disp( ’MHz ’ ,f2 , ’ f 2= ’ );
43 f3 = 1/(2* %pi*Cs*re3 *10^ -6);

44 disp( ’MHz ’ ,f3 , ’ f 3= ’ );
45

46

47 // end

Scilab code Exa 16.4.a Logic Level Output of an ECL gate

1 clear;

2 clc;

3

4 // Capt ion : Log i c Lev e l Output o f an ECL gat e
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5 // Given Data
6 Vbb = 1.15; // i n V
7 Vee =5.20; // i n V
8 Vbe5 =0.7; // i n V
9 R=1.18; // i n K

10 r=300; // i n ohm
11 Vbecutin =0.5; // i n V
12

13 // I f a l l i n p u t s a r e low then we assume tha t Q1 , Q2
and Q3 ar e c u t o f f and Q4 i s conduc t i ng

14 Ve=-Vbb -Vbe5;// Vo l tage at Common Emit te r i n V
15 // Current I i n 1 . 1 8K R e s i s t o r
16 I = (Ve+Vee)/R;// i n mA
17 I1=I;

18 disp( ’mA’ ,I, ’ Current i n 300 ohm r e s i s t a n c e I= ’ );
19 // Output Vo l tage at Y
20 vy = -(r*I/1000) -Vbe5;// I i s i n mA so 1000 i s

m u l t i p l i e d
21 Vbe = vy -Ve;

22 disp( ’V ’ ,Vbe , ’ Vbe = ’ );
23 if(Vbe <Vbecutin)

24 disp( ’ Input t r a n s i s t o r s a r e non conduc t i ng as
was assumed ’ );

25 disp( ’ I f a t l e a s t one input i s h igh then i t i s
assumed tha t c u r e n t i n 1 . 1 8K r e s i s t a n c e i s
s w i t c h e d to R and Q4 i s c u t o f f ’ );

26 disp( ’ Drop i n 300 ohm r e s i s t a n c e i s z e r o . S i n c e
the base aand c o l l e c t o r a r e t i e d t o g e t h e r Q5
now behaves as a d i ode ’ );

27 disp( ’ Ac ro s s Q5 ’ );
28 v=0.7; // v o l t a g e a c r o s s Q5 i n V
29 rQ5 = 1.5; // i n K
30 i = (Vee -v)/rQ5;

31 v = 0.75; // from the graph i n V
32 disp( ’mA’ ,i, ’ i= ’ );
33 disp( ’V ’ ,v, ’ v= ’ );
34 Ve = -v-Vbe5;

35 Vbe4=-Vbb -Ve;
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36 disp( ’V ’ ,Vbe4 , ’ Vbe4= ’ );
37 end

38 disp( ’ The t o t a l output swing between two l o g i c g a t e s
’ );

39 vo = -vy-v;

40 disp( ’V ’ ,vo , ’ vo= ’ );
41

42

43 // end

Scilab code Exa 16.4.b Calculation of noise margin

1 clear;

2 clc;

3

4 // C a l c u l a t i o n o f n o i s e margin
5 // Given Data
6 Vbb = 1.15; // i n V
7 Vee =5.20; // i n V
8 Vbe5 =0.7; // i n V
9 R=1.18; // i n K

10 r=300; // i n ohm
11 Vbecutin =0.5; // i n V
12

13 // I f a l l i n p u t s a r e low then we assume tha t Q1 , Q2
and Q3 ar e c u t o f f and Q4 i s conduc t i ng

14 Ve=-Vbb -Vbe5;// Vo l tage at Common Emit te r i n V
15 // Current I i n 1 . 1 8K R e s i s t o r
16 I = (Ve+Vee)/R;// i n mA
17 I1=I;

18 // Output Vo l tage at Y
19 vy = -(r*I/1000) -Vbe5;// I i s i n mA so 1000 i s

m u l t i p l i e d
20 Vbe = vy -Ve;

21 if(Vbe <Vbecutin)
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22 v=0.7; // v o l t a g e a c r o s s Q5 i n V
23 rQ5 = 1.5; // i n K
24 i = (Vee -v)/rQ5;

25 v = 0.75; // from the graph i n V
26 Ve = -v-Vbe5;

27 Vbe4=-Vbb -Ve;

28 end

29 vo = -vy-v;

30

31 // C a l c u l a t i o n o f n o i s e margin
32 vn = Vbecutin -Vbe4;

33 disp( ’ P o s i t i v e n o i s e s p i k e which w i l l c au s e the ga t e
to m a l f u n c t i o n ’ );

34 disp( ’V ’ ,vn , ’ vn= ’ );
35

36 // end

Scilab code Exa 16.4.c Verify that conducting transistor is in active re-
gion

1 clear;

2 clc;

3

4 // V e r i f y tha t co nduc t i ng t r a n s i s t o r i s i n a c t i v e
r e g i o n

5 // Given Data
6 Vbb = 1.15; // i n V
7 Vee =5.20; // i n V
8 Vbe5 =0.7; // i n V
9 R=1.18; // i n K

10 r=300; // i n ohm
11 Vbecutin =0.5; // i n V
12

13 // I f a l l i n p u t s a r e low then we assume tha t Q1 , Q2
and Q3 ar e c u t o f f and Q4 i s conduc t i ng
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14 Ve=-Vbb -Vbe5;// Vo l tage at Common Emit te r i n V
15 // Current I i n 1 . 1 8K R e s i s t o r
16 I = (Ve+Vee)/R;// i n mA
17 I1=I;

18 // Output Vo l tage at Y
19 vy = -(r*I/1000) -Vbe5;// I i s i n mA so 1000 i s

m u l t i p l i e d
20 Vbe = vy -Ve;

21 if(Vbe <Vbecutin)

22 v=0.7; // v o l t a g e a c r o s s Q5 i n V
23 rQ5 = 1.5; // i n K
24 i = (Vee -v)/rQ5;

25 v = 0.75; // from the graph i n V
26 Ve = -v-Vbe5;

27 Vbe4=-Vbb -Ve;

28 end

29 vo = -vy-v;

30

31 Vb4 = Vbb;

32 Vc4 = -(I*r)/1000; // i n V
33 Vcb4 = Vc4+Vb4;

34 disp( ’V ’ ,Vcb4 , ’ Vcb4 = ’ );
35 if(Vcb4 >0)

36 disp( ’ For on npn t r a n s i s t o r t h i s r e p r e s e n t s a
r e v e r s e b i a s and Q4 must be i n a c t i v e r e g i o n ’
);

37 end

38 Vb1 = v;

39 Vc1 = vy+Vbe5;

40 Vcb1 = Vc1 + Vb1;

41 disp( ’V ’ ,Vc1 , ’ Vc1= ’ );
42 disp( ’V ’ ,Vcb1 , ’ Vcb1= ’ );
43 if(Vcb1 <0)

44 disp( ’ For an npn t r a n s i s t o r t h i s r e p r e s e n t s a
fo rward b i a s . . . . t h e r e f o r e Q1 i s i n
s a t u r a t i o n r e g i o n ’ );

45 end

46
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47 // end

Scilab code Exa 16.4.d Calculation of R

1 clear;

2 clc;

3

4 // C a l c u l a t i o n o f R
5 // Given Data
6 Vbb = 1.15; // i n V
7 Vee =5.20; // i n V
8 Vbe5 =0.7; // i n V
9 R=1.18; // i n K

10 r=300; // i n ohm
11 Vbecutin =0.5; // i n V
12

13 // I f a l l i n p u t s a r e low then we assume tha t Q1 , Q2
and Q3 ar e c u t o f f and Q4 i s conduc t i ng

14 Ve=-Vbb -Vbe5;// Vo l tage at Common Emit te r i n V
15 // Current I i n 1 . 1 8K R e s i s t o r
16 I = (Ve+Vee)/R;// i n mA
17 I1=I;

18 // Output Vo l tage at Y
19 vy = -(r*I/1000) -Vbe5;// I i s i n mA so 1000 i s

m u l t i p l i e d
20 Vbe = vy -Ve;

21 if(Vbe <Vbecutin)

22 v=0.7; // v o l t a g e a c r o s s Q5 i n V
23 rQ5 = 1.5; // i n K
24 i = (Vee -v)/rQ5;

25 v = 0.75; // from the graph i n V
26 Ve = -v-Vbe5;

27 Vbe4=-Vbb -Ve;

28 end

29 vo = -vy-v;
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30

31 // V e r i f y tha t co nduc t i ng t r a n s i s t o r i s i n a c t i v e
r e g i o n

32 Vb4 = Vbb;

33 Vc4 = -(I*r)/1000; // i n V
34 Vcb4 = Vc4+Vb4;

35 Vb1 = v;

36 Vc1 = vy+Vbe5;

37 Vcb1 = Vc1 + Vb1;

38

39 Vbe1 = Vbe5;

40 Ve = -(Vb1+Vbe1);

41 disp( ’V ’ ,Ve , ’ Ve= ’ );
42 I = (Ve + Vee)/R;

43 I2=I;

44 R = -Vc1/I;

45 disp( ’ ohm ’ ,R, ’R= ’ );
46

47 // end

Scilab code Exa 16.4.e Average power dissipated by the gate

1 clear;

2 clc;

3

4 // Average power d i s s i p a t e d by the ga t e
5 // Given Data
6 Vbb = 1.15; // i n V
7 Vee =5.20; // i n V
8 Vbe5 =0.7; // i n V
9 R=1.18; // i n K

10 r=300; // i n ohm
11 Vbecutin =0.5; // i n V
12

13 // I f a l l i n p u t s a r e low then we assume tha t Q1 , Q2
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and Q3 ar e c u t o f f and Q4 i s conduc t i ng
14 Ve=-Vbb -Vbe5;// Vo l tage at Common Emit te r i n V
15 // Current I i n 1 . 1 8K R e s i s t o r
16 I = (Ve+Vee)/R;// i n mA
17 I1=I;

18 // Output Vo l tage at Y
19 vy = -(r*I/1000) -Vbe5;// I i s i n mA so 1000 i s

m u l t i p l i e d
20 Vbe = vy -Ve;

21 if(Vbe <Vbecutin)

22 v=0.7; // v o l t a g e a c r o s s Q5 i n V
23 rQ5 = 1.5; // i n K
24 i = (Vee -v)/rQ5;

25 v = 0.75; // from the graph i n V
26 Ve = -v-Vbe5;

27 Vbe4=-Vbb -Ve;

28 end

29

30 vo = -vy-v;

31

32 Vb4 = Vbb;

33 Vc4 = -(I*r)/1000; // i n V
34 Vcb4 = Vc4+Vb4;

35 Vb1 = v;

36 Vc1 = vy+Vbe5;

37 Vcb1 = Vc1 + Vb1;

38

39 Vbe1 = Vbe5;

40 Ve = -(Vb1+Vbe1);

41 I = (Ve + Vee)/R;

42 I2=I;

43

44 I =(I1+I2)/2;

45 disp( ’mA’ ,I, ’ I= ’ );
46 I2 = (Vee -v)/rQ5;

47 I3 = (Vee+vy)/rQ5;

48 I = I + I2 + I3;

49 P = Vee*I;

98



50 disp( ’mW’ ,P, ’ Power d i s s i p a t e d = ’ );
51

52 // end
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Chapter 18

Power Circuits and Systems

Scilab code Exa 18.1.a Design a series regulated power supply

1 clear;

2 clc;

3

4 // Capt ion : Des ign a s e r i e s r e g u l a t e d power supp ly
5 // Given Data
6 Vo=25; // i n V
7 ro=10; // i n ohm
8

9 disp( ’ s e l e c t a s i l i c o n r e f e r e n c e d i ode ’ );
10 disp( ’ two IN7555 d i o d e s a r e p rov ided ’ );
11 Rz = 12; // i n ohm
12 Vo=25; // output v o l t a g e i n V
13 Vr = 7.5 + 7.5; // because two d i o d e s a r e used
14 Iz = 20; // i n mA
15 Ie2 =10; // i n mA
16 Ic2 = Ie2;

17 Icmax =30; // i n mA
18 Vcemax =45; // i n V
19 hFE2 =220;

20 hfe2 =200;

21 hie2 =800; // i n ohm
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22 Id=10; // i n mA
23 Il = 1000; // i n mA
24 Vi = 50; // i n V
25 dVi = 10; // change i n input v o l t a g e
26 dIl = 1; // change i n l oad c u r r e n t
27

28 // For D1 and D2 o p e r a t e
29 Iz = Id + Id;

30 Rd = (Vo-Vr)/Id;

31 disp( ’K ’ ,Rd , ’Rd= ’ );
32

33 Ib2 = (1000* Ic2)/hFE2;

34 disp( ’ microA ’ ,Ib2 , ’ Ib2= ’ );
35

36 // S i n c e we r e q u i r e I1>Ib2 , we s e l e c t
37 I1 =10*(10^ -3);// i n A
38 Vbe = 0.7; // i n V
39

40 V2 = Vbe + Vr;

41 disp( ’V ’ ,V2 , ’V2= ’ );
42

43 R1 = (Vo-V2)/I1;

44 R2 = V2/I1;

45 disp( ’ ohm ’ ,R1 , ’R1= ’ );
46 disp( ’ ohm ’ ,R2 , ’R2= ’ );
47

48 //We ar e s e l e c t i n g Texas I n s t r u me n t s 2N1722 s i l i c o n
power t r a n s i s t o r , so f o l l o w i n g paramete r s a r e
r e q u i r e d

49 disp( ’We a r e s e l e c t i n g Texas In s t ru m e n t s 2N1722
s i l i c o n power t r a n s i s t o r ’ );

50 Ic1 = 1; // i n A
51 hFE1 =125;

52 hfe1 =100;

53 hie1 =20;

54

55 Ib1 =(1000* I1 + Il + Id)/hFE1;

56 disp( ’mA’ ,Ib1+Ic2 , ’ The c u r r e n t through r e s i s t o r R3
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i s ’ );
57 I=Ib1 + Ic2;

58

59 R3 = (Vi - (Vbe + Vo))/I;

60 disp( ’K ’ ,R3 , ’ The v a l u e o f R3 i s ’ );
61

62 //End

Scilab code Exa 18.1.b Calculation of Sv

1 clear;

2 clc;

3

4 // Capt ion : C a l c u l a t i o n o f Sv
5 // Given Data
6 Vo=25; // i n V
7 ro=10; // i n ohm
8

9 Rz = 12; // i n ohm
10 Vo=25; // output v o l t a g e i n V
11 Vr = 7.5 + 7.5; // because two d i o d e s a r e used
12 Iz = 20; // i n mA
13 Ie2 =10; // i n mA
14 Ic2 = Ie2;

15 Icmax =30; // i n mA
16 Vcemax =45; // i n V
17 hFE2 =220;

18 hfe2 =200;

19 hie2 =800; // i n ohm
20 Id=10; // i n mA
21 Il = 1000; // i n mA
22 Vi = 50; // i n V
23 dVi = 10; // change i n input v o l t a g e
24 dIl = 1; // change i n l oad c u r r e n t
25
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26 // For D1 and D2 o p e r a t e
27 Iz = Id + Id;

28 Rd = (Vo-Vr)/Id;

29

30 Ib2 = (1000* Ic2)/hFE2;

31

32 // S i n c e we r e q u i r e I1>Ib2 , we s e l e c t
33 I1 =10*(10^ -3);// i n A
34 Vbe = 0.7; // i n V
35

36 V2 = Vbe + Vr;

37

38 R1 = (Vo-V2)/I1;

39 R2 = V2/I1;

40

41 //We ar e s e l e c t i n g Texas I n s t r u me n t s 2N1722 s i l i c o n
power t r a n s i s t o r , so f o l l o w i n g paramete r s a r e
r e q u i r e d

42 Ic1 = 1; // i n A
43 hFE1 =125;

44 hfe1 =100;

45 hie1 =20;

46

47 Ib1 =(1000* I1 + Il + Id)/hFE1;

48 //The c u r r e n t through r e s i s t o r R3
49 I=Ib1 + Ic2;

50

51 R3 = (Vi - (Vbe + Vo))/I;

52 Gm = hfe2*(R2/(R2+R1))*(1/(( R1*R2/(R1+R2))+hie2 +(1+

hfe2)*Rz)) ;

53 Sv = (10^ -3)/(Gm*R3);

54 disp(Sv, ’ Sv= ’ );
55

56 //End
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Scilab code Exa 18.1.c Find output resistance Ro

1 clear;

2 clc;

3

4 // Capt ion : Find output r e s i s t a n c e Ro
5 // Given Data
6 Vo=25; // i n V
7 ro=10; // i n ohm
8 Rz = 12; // i n ohm
9 Vo=25; // output v o l t a g e i n V

10 Vr = 7.5 + 7.5; // because two d i o d e s a r e used
11 Iz = 20; // i n mA
12 Ie2 =10; // i n mA
13 Ic2 = Ie2;

14 Icmax =30; // i n mA
15 Vcemax =45; // i n V
16 hFE2 =220;

17 hfe2 =200;

18 hie2 =800; // i n ohm
19 Id=10; // i n mA
20 Il = 1000; // i n mA
21 Vi = 50; // i n V
22 dVi = 10; // change i n input v o l t a g e
23 dIl = 1; // change i n l oad c u r r e n t
24

25 // For D1 and D2 o p e r a t e
26 Iz = Id + Id;

27 Rd = (Vo-Vr)/Id;

28

29 Ib2 = (1000* Ic2)/hFE2;

30

31 // S i n c e we r e q u i r e I1>Ib2 , we s e l e c t
32 I1 =10*(10^ -3);// i n A
33 Vbe = 0.7; // i n V
34

35 V2 = Vbe + Vr;

36
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37 R1 = (Vo-V2)/I1;

38 R2 = V2/I1;

39

40 //We ar e s e l e c t i n g Texas I n s t r u me n t s 2N1722 s i l i c o n
power t r a n s i s t o r , so f o l l o w i n g paramete r s a r e
r e q u i r e d

41 Ic1 = 1; // i n A
42 hFE1 =125;

43 hfe1 =100;

44 hie1 =20;

45

46 Ib1 =(1000* I1 + Il + Id)/hFE1;

47 //The c u r r e n t through r e s i s t o r R3 i s
48 I=Ib1 + Ic2;

49

50 R3 = (Vi - (Vbe + Vo))/I;

51

52 Gm = hfe2*(R2/(R2+R1))*(1/(( R1*R2/(R1+R2))+hie2 +(1+

hfe2)*Rz)) ;

53 disp(Gm, ’Gm= ’ );
54

55 Ro = (ro + (((1000* R3) + hie1)/(1+ hfe1)))/(1 + (Gm

*((1000* R3) + ro)));

56 disp( ’K ’ ,Ro , ’ The output impedence i s = ’ );
57

58 //End

Scilab code Exa 18.1.d Calculation of change in output voltage due to
change in input voltage and load current

1 clear;

2 clc;

3

4 // Capt ion : C a l c u l a t i o n o f change i n output v o l t a g e
due to change i n input v o l t a g e and l oad c u r r e n t
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5 // Given Data
6 Vo=25; // i n V
7 ro=10; // i n ohm
8

9 Rz = 12; // i n ohm
10 Vo=25; // output v o l t a g e i n V
11 Vr = 7.5 + 7.5; // because two d i o d e s a r e used
12 Iz = 20; // i n mA
13 Ie2 =10; // i n mA
14 Ic2 = Ie2;

15 Icmax =30; // i n mA
16 Vcemax =45; // i n V
17 hFE2 =220;

18 hfe2 =200;

19 hie2 =800; // i n ohm
20 Id=10; // i n mA
21 Il = 1000; // i n mA
22 Vi = 50; // i n V
23 dVi = 10; // change i n input v o l t a g e
24 dIl = 1; // change i n l oad c u r r e n t
25

26 // For D1 and D2 o p e r a t e
27 Iz = Id + Id;

28 Rd = (Vo-Vr)/Id;

29

30 Ib2 = (1000* Ic2)/hFE2;

31

32 // S i n c e we r e q u i r e I1>Ib2 , we s e l e c t
33 I1 =10*(10^ -3);// i n A
34 Vbe = 0.7; // i n V
35

36 V2 = Vbe + Vr;

37

38 R1 = (Vo-V2)/I1;

39 R2 = V2/I1;

40

41 //We ar e s e l e c t i n g Texas I n s t r u me n t s 2N1722 s i l i c o n
power t r a n s i s t o r , so f o l l o w i n g paramete r s a r e
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r e q u i r e d
42 Ic1 = 1; // i n A
43 hFE1 =125;

44 hfe1 =100;

45 hie1 =20;

46

47 Ib1 =(1000* I1 + Il + Id)/hFE1;

48 //The c u r r e n t through r e s i s t o r R3 i s
49 I=Ib1 + Ic2;

50

51 R3 = (Vi - (Vbe + Vo))/I;

52

53 Gm = hfe2*(R2/(R2+R1))*(1/(( R1*R2/(R1+R2))+hie2 +(1+

hfe2)*Rz)) ;

54 Sv = (10^ -3)/(Gm*R3);

55

56 Ro = (ro + (((1000* R3) + hie1)/(1+ hfe1)))/(1 + (Gm

*((1000* R3) + ro)));

57

58 dVo = (Sv*dVi)+(Ro*dIl);

59 disp( ’V ’ ,dVo , ’ Change i n output v o l t a g e = ’ );
60

61 //End

Scilab code Exa 18.2.a SCR half wave power control circuit

1 clear;

2 clc;

3

4 // Capt ion : SCR h a l f wave power c o n t r o l c i r c u i t
5 // Given Data
6 Vs=230; // i n V
7 Rl=200; // i n ohm
8 // T r i g g e r i s a d j u s t e d so tha t cond uc t i on s t a r t s

a f t e r 60 d e g r e e o f s t a r t o f c y c l e
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9 // I n s t a n t a n e o u s Current i l = ( 2 3 0∗2 ˆ 0 . 5∗ s i n ( a ) ) /200
10

11 // to f i n d rms v a l u e
12 xo = %pi/3; // l owe r l i m i t o f i n t e g r a t i o n
13 x1 = %pi;// upper l i m i t o f i n t e g r a t i o n
14

15 X = integrate( ’ ( ( 2 3 0 ∗ ( 2 ˆ 0 . 5 ) ∗ s i n ( x ) ) /200) ˆ2 ’ , ’ x ’ ,xo ,
x1);

16 Irms = (X/(2* %pi))^0.5;

17 disp( ’A ’ ,Irms , ’ I rms = ’ );
18

19 //End

Scilab code Exa 18.2.b SCR half wave power control circuit

1 clear;

2 clc;

3

4 // Capt ion : SCR h a l f wave power c o n t r o l c i r c u i t
5 // Given Data
6 Vs=230; // i n V
7 Rl=200; // i n ohm
8 // T r i g g e r i s a d j u s t e d so tha t cond uc t i on s t a r t s

a f t e r 60 d e g r e e o f s t a r t o f c y c l e
9 // I n s t a n t a n e o u s Current i l = ( 2 3 0∗2 ˆ 0 . 5∗ s i n ( a ) ) /200

10 // I t i s noted tha t between 0 to p i /3 SCR v o l t a g e
e q u a l s l i n e v o l t a g e and between p i /3 to p i i t i s
z e r and f o r the r e s t i t i s e q u a l to l i n e v o l t a g e

11 // Vl = 230∗2ˆ0 . 5∗ s i n ( x )
12 //To f i n d i n s t a n t a n e o u s power
13

14 x0=%pi/3; // l owe r l i m i t o f i n t e g r a l
15 x1=%pi;// upper l i m i t o f i n t e g r a l
16 X = integrate( ’ ( 230∗230∗2∗ ( s i n ( x ) ˆ2) ) /200 ’ , ’ x ’ ,x0 ,x1

);
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17 P = X/(2*3.14);

18 disp( ’W’ ,P, ’P= ’ );
19

20 //End

Scilab code Exa 18.2.c SCR half wave power control circuit

1 clear;

2 clc;

3

4 // Capt ion : SCR h a l f wave power c o n t r o l c i r c u i t
5 // Given Data
6 Vs=230; // i n V
7 Rl=200; // i n ohm
8 // T r i g g e r i s a d j u s t e d so tha t cond uc t i on s t a r t s

a f t e r 60 d e g r e e o f s t a r t o f c y c l e
9 // I n s t a n t a n e o u s Current i l = ( 2 3 0∗2 ˆ 0 . 5∗ s i n ( a ) ) /200

10

11 //To f i n d Vrms
12

13 // I t i s noted tha t between 0 to p i /3 SCR v o l t a g e
e q u a l s l i n e v o l t a g e and between p i /3 to p i i t i s
z e r and f o r the r e s t i t i s e q u a l to l i n e v o l t a g e

14 xo=0; // l owe r l i m i t o f f i r s t i n t e g r a l
15 x1=%pi/3; // upper l i m i t o f f i r s t i n t e g r a l
16 x2=%pi;// l owe r l i m i t o f s econd i n t e g r a l
17 x3=2*( %pi);// upper l i m i t o f s econd i n t e g r a l
18 X1 = integrate( ’ ( 2 3 0 ∗ ( 2 ˆ 0 . 5 ) ∗ s i n ( x ) ) ˆ2 ’ , ’ x ’ ,xo ,x1);
19 X2 = integrate( ’ ( 2 3 0 ∗ ( 2 ˆ 0 . 5 ) ∗ s i n ( x ) ) ˆ2 ’ , ’ x ’ ,x2 ,x3);
20 Vrms = ((X1+X2)/(2* %pi))^0.5;

21 disp( ’V ’ ,Vrms , ’ Vrms= ’ );
22

23 //End
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Scilab code Exa 18.3 SCR Relaxation Oscillator Phase control Circuit

1 clear;

2 clc;

3

4 // Capt ion : SCR R e l a x a t i o n O s c i l l a t o r Phase c o n t r o l
C i r c u i t

5 // Given Data
6 C=0.1; // i n microF
7 V=60; // i n V
8 Vb=32; // i n V
9 Vh=10; // h o l d i n g v o l t a g e i n V

10 Ih=100; // i n microA
11 c=45; // conductance a n g l e i n d e g r e e
12 cd = 360 - c;// a n g l e i n which c a p a c i t o r w i l l g e t

charged
13 td = (cd /360) *(1/60);// i n ms
14

15 // i f the anode v o l t a g e i s p o s i t i v e , the SCR w i l l f i r e
when vc=32V

16 vc=32; // i n V
17 // l e t t ime c o n s t a n t = t = R∗C
18 // vc−Vh = (V−Vh) (1−exp(− td / t ) )
19 t = -td/log(1-((vc-Vh)/(V-Vh)));

20 disp( ’ s e c ’ ,t, ’ t ime c o n s t a n t = ’ );
21 R = t/C;// R e s i s t a n c e i n K
22 disp( ’K ’ ,R*1000, ’R= ’ );
23

24

25 // end
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