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Chapter 1

Differential Amplifiers

Scilab code Exa 1.1 Find various parameters of Differential Amplifier

1 //Exa 1 . 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Icq =100; // i n uA
7 BETAac =100; // u n i t l e s s
8 BETAdc =100; // u n i t l e s s
9 Ad=100; // u n i t l e s s

10 CMRRdB =60; // i n dB
11 // pa r t ( a )
12 IE=2*Icq;// i n UA
13 VT=25; // i n mV
14 re=2*VT/IE;// i n ohm
15 RC=Ad*re;// i n Kohm
16 CMRR =10^( CMRRdB /20);// u s i n g fo rmu la CMRRdB=20 l o g 1 0 (

CMRR)
17 // c a l c u l a t e RE u s i n g fo rmu la CMRR=1+2∗RE/ r e
18 RE=((CMRR -1)*re)/2; // i n Kohm
19 disp(” Value o f RC i s ”+string(RC)+” Kohm”+” and

v a l u e o f RE i s ”+string(RE)+” Kohm”);
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20 // pa r t ( b )
21 Ri1 =2* BETAac*re;// i n kohm
22 Ri2 =2* BETAac*re;// i n kohm
23 disp(” Value o f Ri1 i s ”+string(Ri1)+” Kohm”+” and

v a l u e o f Ri2 i s ”+string(Ri2)+” Kohm”);
24 // pa r t ( c )
25 Ric=BETAac *(re+2*RE);// i n kohm
26 disp(” Value o f Ric i s ”+string(Ric)+” Kohm . ”);

Scilab code Exa 1.2 Calculate output voltage and CMRR in dB

1 //Exa 1 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 V1=50; // i n uV
7 V2=-50; // i n uV
8 Ad =2000; // u n i t l e s s
9 Ac=0.5; // u n i t l e s s
10 Vid=V1 -V2;// i n uV
11 Vc=(V1+V2)/2; // i n uV
12 // output v o l t a g e
13 Vo=Ad*Vid+Ac*Vc;// i n uV
14 Vo=Vo*10^( -6);// i n V o l t s
15 CMRRdB =20* log10(Ad/Ac);

16 disp(Vo,” Output v o l t a g e i n v o l t s i s : ”);
17 disp(CMRRdB ,”CMRR i n dB i s : ”);

Scilab code Exa 1.3 Find output voltage of Differential Amplifier

1 //Exa 1 . 3
2 clc;
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3 clear;

4 close;

5 // g i v e n data
6 V1=5; // i n mV
7 V2=6; // i n mV
8 Ad=70; // i n dB
9 CMRR =90; // i n dB
10 Vid=V2 -V1;// i n mV
11 Vc=(V1+V2)/2; // i n mV
12 Ad=10^(Ad/20);// u n i t l e s s
13 Ad=floor(Ad);

14 CMRR =10^( CMRR /20);// u n i t l e s s
15 // output v o l t a g e
16 Vo=Ad*(Vid+Vc/CMRR);// i n mV
17 Vo=round(Vo);

18 Vo=Vo*10^( -3);// i n V o l t s
19 Vid=Vid *10^( -3);// i n V o l t s
20 ErrorVotage=Vo -Ad*Vid;

21 PercentageError =( ErrorVotage *100)/Vo;

22 disp(Vo,” Output v o l t a g e i n v o l t s i s : ”);
23 disp(ErrorVotage ,” ErrorVotage i s : ”);
24 disp(PercentageError ,” P e r c e n t a g e E r r o r i s : ”)

Scilab code Exa 1.4 Calculate differential mode and common mode output voltages

1 //Exa 1 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 V1=5; // i n uV
7 V2=4; // i n uV
8 Ad=80; // i n dB
9 CMRR =100; // i n dB
10 Ad=10^(Ad/20);// u n i t l e s s
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11 CMRR =10^( CMRR /20);// u n i t l e s s
12 // d i f f e r e n t i a l mode output v o l t a g e
13 Vid=V1 -V2;// i n uV
14 Vod=Ad*Vid;// i n uV
15 Vod=Vod *10^( -3);// i n mV
16 //common mode output v o l t a g e
17 Vc=(V1+V2)/2; // i n uV
18 Ac=Ad/CMRR;// u n i t l e s s
19 Voc=Ac*Vc;// i n uV
20 disp(Vod ,” D i f f e r e n t i a l mode output v o l t a g e i n mV i s

: ”)
21 disp(Voc ,”common mode output v o l t a g e i n uV i s : ”)

Scilab code Exa 1.5 Find magnitude of differential mode gain and common mode gain and small signal CMRR

1 //Exa 1 . 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Rc=2; // i n kohm
7 VE=-5; // i n v o l t s
8 VT=25; // i n mVolts
9 RE =4.3*1000; // i n ohm
10 IE=(-0.7-VE)/RE;// i n mA
11 re=(2*VT*10^( -3))/IE;// i n ohm
12 Rc=Rc *1000; // i n ohms
13 Ad=(Rc)/(2*re)

14 Ac=-(Rc/(2*RE+re))

15 CMRR=Ad/Ac;

16 //CMRR i s a lways p o s i t i v e
17 disp(Ad,” D i f f e r e n t i a l mode ga in i s : ”)
18 disp(Ac,”Common mode ga in i s : ”)
19 disp(-CMRR ,”CMRR i s : ”)
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Scilab code Exa 1.6 Design a dual input balanced output differential amplifier

1 //Exa 1 . 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Ad=50; // u n i t l e s s
7 I=5; // i n mA
8 VEE =15; // i n V o l t s
9 VD=0.7; // i n V o l t s

10 VT=25; // i n mVolt
11 // d e s i r e d v a l u e o f e m i t t e r c u r r e n t i s 5 mA
12 IE3 =5; // i n mA
13 RE=VD/(IE3 *10^( -3));// i n ohm
14 VB3=VEE -2*VD;// i n v o l t s
15 I2=IE3;// i n mA
16 R2=VB3/I2;// i n kohm
17 IE1=IE3/2; // i n mA
18 IE2=IE1;// i n mA
19 re=(2*VT)/IE3;// i n ohm
20 RC=Ad*re;// i n ohm
21 disp(” Des ign v a l u e s a r e : ”)
22 disp(RC,” Value o f Rc i n ohm i s : ”);
23 disp(RE,” Value o f RE i n ohm i s : ”);
24 disp(R2,” Value o f R2 i n kohm i s : ”);

Scilab code Exa 1.7 Design a dual input balanced output differential amplifier

1 //Exa 1 . 7
2 clc;

3 clear;
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4 close;

5 // g i v e n data
6 Ri=600; // i n kohm
7 Vopp =5; // i n v o l t s
8 VEE =15; // i n v o l t s
9 VT=25; // i n mVolts
10 VD=0.7; // i n V o l t s
11 BETAac =100; // u n i t l e s s
12 BETAdc =100; // u n i t l e s s
13 VBE =0.7; // i n v o l t s
14 BETAact=BETAac*BETAdc;// u n i t l e s s
15 // fo rmu la : Ri=2∗BETAact∗ (2∗ r e 1 )
16 re1=Ri/(4* BETAact);// i n ohm
17 // fo rmu la : r e 1=VT/ IE1
18 IE1=(VT*10^( -3))/re1;// i n mA
19 IE3 =2*IE1;// i n mA
20 RE=VD/(IE3 *10^( -3));// i n ohm
21 R2=(VEE -2*VD)/IE3;// i n kohm
22 disp(”Now t e r h e v o l t a g e drop a c r o s s Rc d e t e r m i n e s

the peak to peak output v o l t a g e swing . ”)
23 disp(”We have g i v e n Vopp=5 v o l t s , s i n v e the output i s

b a l a n c e i . e . d i f f e r e n t i a l the v o l t a g e drop
a c r o s s each c o l l e c t o r r e s i s t o r w i l l become2 . 5 Vpp
or 1 . 2 5 V o l t s . ”)

24 disp(” In o t h e r words RcIc =1.25 V o l t s . We have I c=IE1
=1.67mA”)

25 IC=IE1;// i n mA
26 RC =1.25/( IC*10^( -3));// i n ohm
27 disp(”Thus the Des ign components v a l u e s a r e : ”)
28 disp(RC,” Value o f Rc i n ohm i s : ”);
29 disp(RE,” Value o f RE i n ohm i s : ”);
30 disp(R2,” Value o f R2 i n kohm i s : ”);
31 // Answer i n the book i s not as much a c c u r a t e as

c a l c u l a t e d by S c i l a b
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Scilab code Exa 1.8 Calculate various parameters of differential amplifier

1 //Exa 1 . 8
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VBE3 =0.715; // i n v o l t s
9 VD1 =0.715; // i n V o l t s

10 VZ=6.2; // i n V o l t s
11 VT=25; // i n mVolts
12 IZt =41; // i n mA
13 VCC =10; // i n V o l t s
14 VEE=-10; // i n V o l t s
15 RC1 =2.7; // i n kohm
16 RC=4.7; // i n kohm
17 // Part ( a )
18 VB3=VEE+VZ+VD1;// i n v o l t s
19 VE3=VB3 -VBE3

20 IE3=(VE3 -VEE)/RC1;// i n mA
21 disp(”As the d i f f e r e n t i a l a m p l i f i e r i s symmetr i ca l ,

ICQ1=IE1=ICQ2=IE2 ”);
22 IE2=IE3/2; // i n mA
23 ICQ1=IE2;// i n mA
24 ICQ2=IE2;// i n mA
25 IE1=IE2;// i n mA
26 VCEQ=VCC+VBE3 -RC*ICQ1 // fo rmu la f o r VCEQ
27 disp(” Hence o p e r a t i n g p o i n t f o r Q1 and Q2 ar e : ”)
28 disp(VCEQ ,”VCEQ i n v o l t s i s : ”)
29 disp(ICQ1 ,”ICQ i n mA i s : ”)
30 disp(”and the o p e r a t i n g p o i n t f o r Q3 w i l l be : ”)
31 VCE3=-VBE3 -VE3;// i n V o l t s
32 disp(VCE3 ,”VCE3 i n v o l t s i s : ”)
33 IC3=IE3;// i n mA
34 disp(IE3 ,” IE3 i n mA i s : ”)
35 // Part ( b )
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36 re=(2*VT)/IC3;// i n ohm
37 Ad=(RC *1000)/re;// u n i t l e s s
38 disp(Ad,” D i f f e r e n t i a l v o l t a g e ga in i s ”)
39 // Part ( c )
40 Ri=2* BETAac*re;// i n ohm
41 disp(Ri/1000,” Input r e s i s t a n c e i n kohm i s : ”)
42 // Answer i n the book i s not as much a c c u r a t e as

c a l c u l a t e d by S c i l a b

Scilab code Exa 1.9 Design a two transistor current source

1 //Exa 1 . 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Io=180; // i n uA
7 Vcc =20; // i n V o l t s
8 VBE =0.7; // i n V o l t s
9 BETA =120; // u n i t l e s s
10 IR=Io *(1+2/ BETA);// i n uA
11 R=(Vcc -VBE)/(IR*10^ -3);// i n kohm
12 disp(IR,” Value o f IR i n uA i s : ”);
13 disp(R,” Value o f R i n kohm i s : ”);

Scilab code Exa 1.10 Determine Load current

1 //Exa 1 . 1 0
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 VBE =0.7; // i n V o l t s
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7 BETA =120; // u n i t l e s s
8 disp(” as BETA>>1”);
9 VCC =10; // i n V o l t s
10 //KCL at Node a
11 disp(” Wri t ing KCL at Node ( a ) g i v e s : ”);
12 disp(”IR=IC1+I ”);
13 disp(”IR=IC1+IB1+I1 ”);
14 disp(”IR=IC1+IC1 /BETA+I1 ”);
15 disp(”IR=IC1 (1+1/BETA)+I1 ”);
16 disp(” as BETA>>1”);
17 disp(”IR=IC1+I1 ”);
18 //KCL at Node b
19 disp(” Wri t ing KCL at Node ( b ) g i v e s : ”);
20 disp(” I1=IC2+I2 ”);
21 disp(” I1=IC2+IB2+IB3 ”);
22 disp(” I1=IC2+IC2 /BETA+IB3 ”);
23 disp(”IR=IC2 (1+1/BETA)+IB3 ”);
24 disp(” as BETA>>1”);
25 disp(” I1=IC2+IB3 ”);
26 // s o l v i n g both e q u a t i o n s
27 disp(”IR=IC1+IC2+IB3 ”);
28 disp(”IR=2IC+IB3 ”)
29 //As t r a n s i s t o r s a r e matched
30 VBE1=VBE;// i n V o l t s
31 VBE2=VBE;// i n V o l t s
32 VBE3=VBE;// i n V o l t s
33 disp(”As t r a n s i s t o r s a r e matched . IC1=IC2=IC”)
34 disp(”IR=2IC+IC3 /BETA=2IC+IC/BETA”);
35 disp(”Due to c u r r e n t Mi r ro r formed . IC1=IC2=IC3=IC”)
36 disp(”IR=IC (2+1/BETA) ”);
37 disp(” as BETA>>1”);
38 disp(”IR=2∗IC”);
39 IR=(VCC -VBE)/(3.6);// i n mA
40 IC=IR/2; // i n mA
41 Iload=IC;// i n mA
42 disp(Iload ,”Load c u r r e n t i n the c i r c u i t i n mA i s : ”)
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Scilab code Exa 1.11 Design a two transistor pnp current source

1 //Exa 1 . 1 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Iload =0.5; // i n mA
7 BETA =150; // u n i t l e s s
8 VEB =0.7; // i n V o l t s
9 VCC =10; // i n V o l t s
10 IR=Iload *(1+2/ BETA);// i n mA
11 R=(VCC -VEB)/IR;// i n kohm
12 disp(IR,” Value o f IR i n mA i s : ”);
13 disp(R,” Value o f R i n kohm i s : ”);

Scilab code Exa 1.12 Determine various parameters of differential amplifier

1 //Exa 1 . 1 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =110; // u n i t l e s s
7 BETAdc =110; // u n i t l e s s
8 VBE =0.7; // i n v o l t s
9 VEE =15; // i n v o l t s

10 VT=25; // i n mvol t s
11 R=2.7; // i n kohm
12 Rc=3.3; // i n kohm
13 IR=(VEE -VBE)/R;// i n mA
14 IC3=IR;// i n mA
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15 IC1=IC3/2; // i n mA
16 IC2=IC3/2; // i n mA
17 re1=VT/IC1;// i n ohm
18 re2=re1;// i n ohm
19 // pa r t ( i )
20 Ad=(Rc *1000)/re1;// u n i t l e s s
21 // pa r t ( i i )
22 Ri1 =2* BETAac*re1 *10^( -3);// i n kohm
23 Ri2 =2* BETAac*re2 *10^( -3);// i n kohm
24 disp(Ad,” D i f f e r e n t i a l mode v o l t a g e ga in i s : ”)
25 disp(” Input r e s i s t a n c e s a r e : ”)
26 disp(Ri1 ,” Ri1 i n kohm i s : ”)
27 disp(Ri2 ,” Ri2 i n kohm i s : ”)

Scilab code Exa 1.13 Design Differential Amplifier

1 //Exa 1 . 1 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Ad=200; // u n i t l e s s
7 Ri=3 // i n kohm
8 BETAac =110; // u n i t l e s s
9 BETAdc =110; // u n i t l e s s

10 VBE =0.7; // i n v o l t s
11 VEE =15; // i n v o l t s
12 VT=25; // i n mvol t s
13 re=Ri/(2* BETAac);// i n ohm
14 RC=Ad*re;// i n kohm
15 IC1=VT/re;// i n mA
16 IR=2*IC1;// i n mA
17 IC3=IR;// i n mA
18 R=(VEE -VBE)/(IR*10^( -3));// i n kohm
19 disp(RC,” Value o f r e s i s t a n c e Rc i n kohm i s : ”);
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20 disp(R,” Value o f r e s i s t a n c e R i n kohm i s : ”);

Scilab code Exa 1.14 Design Differential Amplifier

1 //Exa 1 . 1 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Ad=400; // u n i t l e s s
7 Ri=3 // i n kohm
8 BETAac =110; // u n i t l e s s
9 BETAdc =110; // u n i t l e s s

10 VBE =0.7; // i n v o l t s
11 VEE =15; // i n v o l t s
12 VT=25; // i n mvol t s
13 // c i r c u i t b i a s c u r r e n t IR
14 IR=3; // i n mA
15 R=(VEE -VBE)/(IR);// i n kohm
16 re=(2*VT)/IR;// i n ohm
17 RC=Ad*re*10^ -3; // i n kohm
18 Ri=2* BETAac*re*10^ -3; // i n kohm
19 disp(R,” Value o f r e s i s t a n c e R i n kohm i s : ”);
20 disp(RC,” Value o f r e s i s t a n c e Rc i n kohm i s : ”);
21 disp(Ri,” Value o f r e s i s t a n c e Ri i n kohm i s : ”);

Scilab code Exa 1.15 Find differential input resistance

1 //Exa 1 . 1 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
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6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VBEon =0.7; // i n v o l t s
9 VCC =5; // i n v o l t s
10 VEE=-5; // i n v o l t s
11 VT=25; // i n mVolts
12 R=18.6; // i n kohm
13 IR=(VCC -VBEon -VEE)/R;// i n mA
14 IC1=IR/2; // i n mA
15 IC2=IC1;// i n mA
16 re1 =(2*VT)/IR;// i n ohm
17 re2=re1;// i n ohm
18 Ri1 =2* BETAac*re1 *10^ -3; // i n kohm
19 Ri2=Ri1;// i n kohm
20 disp(” D i f f e r e n t i a l i nput r e s i s t a n c e s a r e : ”)
21 disp(Ri1 ,” Ri1 i n kohm i s : ”)
22 disp(Ri2 ,” Ri2 i n kohm i s : ”)

Scilab code Exa 1.16 Find out the value of resistor Rc

1 //Exa 1 . 1 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VBEon =0.7; // i n v o l t s
9 VCC =5; // i n v o l t s

10 VEE=-5; // i n v o l t s
11 VT=25; // i n mVolts
12 R=18.6; // i n kohm
13 Ad=200; // u n i t l e s s
14 IR=(VCC -VBEon -VEE)/R;// i n mA
15 IC1=IR/2; // i n mA
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16 IC2=IC1;// i n mA
17 re1 =(2*VT)/IR;// i n ohm
18 re2=re1;// i n ohm
19 RC=Ad*re1 *10^ -3; // i n kohm
20 disp(RC,”Rc i n kohm i s : ”)

Scilab code Exa 1.17 Calculate various parameters of differential amplifier

1 //Exa 1 . 1 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VBE =0.7; // i n v o l t s
9 VCC =10; // i n v o l t s

10 VEE=-10; // i n v o l t s
11 VT=25; // i n mVolts
12 R=3.6; // i n kohm
13 RC=2.2; // i n kohm
14 // pa r t ( i ) //
15 IR=(VCC -VBE -VEE)/R;// i n mA
16 ICQ=IR/2; // i n mA
17 VE=-2*VBE;// i n V o l t s
18 VC=VCC -ICQ*RC;// i n V o l t s
19 VCEQ=VC-VE;// i n V o l t s
20 disp(VCEQ ,” Operat ing p o i n t VCEQ i n v o l t i s : ”)
21 // pa r t ( i i ) //
22 re=VT/ICQ;// i n ohm
23 re1=re;// i n ohm
24 re2=re;// i n ohm
25 reT=re1+re2;// i n ohm
26 Ad=(RC *1000)/reT;// u n i t l e s s
27 disp(Ad,” D i f f e r e n t i a l v o l t a g e ga in i s : ”)
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28 // pa r t ( i i i ) //
29 BETAT=BETAac*BETAdc;// u n i t l e s s
30 Rid =2* BETAT*reT *10^ -3; // i n kohm
31 disp(Rid ,” D i f f e r e n t i a l i nput r e s i s t a n c e i n kohm i s :

”)

Scilab code Exa 1.18 Design a three transistor current source

1 //Exa 1 . 1 8
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Iload =20; // i n uA
7 VBE =0.7; // i n v o l t s
8 VCC =10; // i n V o l t s
9 IR=Iload;// i n mA

10 R=(VCC -2*VBE)/(IR*10^ -3);// i n kohm
11 disp(R,”R i n kohm i s : ”)

Scilab code Exa 1.19 Design a Widlar current source

1 //Exa 1 . 1 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Io=10; // i n uA
7 IR=1; // i n mA
8 VBE2 =0.7; // i n v o l t s
9 VT=25; // i n mVolts
10 VCC =20; // i n v o l t s
11 R=(VCC -VBE2)/IR;// i n kohm
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12 RE=((VT*10^ -3)/(Io*10^ -6))*log((IR*10^ -3)/(Io*10^ -6)

);// i n ohm
13 RE=RE /1000; // i n kohm
14 disp(R,”R i n kohm i s : ”)
15 disp(RE,”RE i n kohm i s : ”)
16 // note : answer i n the book o f RE i s wrong .

Scilab code Exa 1.20 Design a Widlar current source with multiple output transistor

1 //Exa 1 . 2 0
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 IR=2; // i n mA
7 I2=10; // i n uA
8 I3=20; // i n uA
9 VBE1 =0.7; // i n v o l t s
10 VT=25; // i n mVolts
11 VCC =10; // i n v o l t s
12 VEE=-10; // i n v o l t s
13 R=(VCC -VBE1 -VEE)/IR;// i n kohm
14 disp(”On examin ing c i r c u i t i t can be s e en tha t

t r a n s i s t o r Q1 and Q2 a r e connec t ed i n p a r a l l e l ,
to form two w i d l a r c u r r e n t source , one c o n s i s t i n g

o f t r a n s i s t o r Q1 and Q2 and the o t h e r c o n s i s t i n g
o f Q1 and Q3 . ”);

15 RE2=(VT/(I2*10^ -3))*log(IR/(I2*10^ -3));// i n kohm
16 RE3=(VT/(I3*10^ -3))*log(IR/(I3*10^ -3));// i n kohm
17 VBE2=VBE1 -RE2*I2*10^ -6; // i n v o l t s
18 VBE3=VBE1 -RE3*I3*10^ -6; // i n v o l t s
19 RE2=RE2 /1000; // i n kohm
20 RE3=RE3 /1000; // i n kohm
21 disp(R,” Value o f R i n kohm i s : ”)
22 disp(RE2 ,” Value o f RE2 i n kohm i s : ”)
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23 disp(RE3 ,” Value o f RE3 i n kohm i s : ”)
24 disp(VBE2 ,” Value o f VBE2 i n Vol t i s : ”)
25 disp(VBE3 ,” Value o f VBE3 i n Vol t i s : ”)

Scilab code Exa 1.21 Calculate current through resistor Rc and collector current of each transistor

1 //Exa 1 . 2 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VBE =0.715; // i n v o l t s
9 VEE =10; // i n v o l t s

10 VT=25; // i n mvol t s
11 R=5.6; // i n kohm
12 N=3; // as t h r e e t r a n s i s t o r s he r e
13 IR=(VEE -VBE)/(R);// i n mA
14 IC1=IR /(1+(1+N)/BETAac);// i n mA
15 IC2=IR /(1+(1+N)/BETAac);// i n mA
16 IC3=IR /(1+(1+N)/BETAac);// i n mA
17 IRC =3*IC1;// i n mA
18 disp(IRC ,” Current through r e s i s t o r Rc i n mA i s : ”)
19 disp(” C o l l e c t o r Current f o r each t r a n s i s t o r : ”)
20 disp(IC1 ,” IC1 i n mA i s : ”);
21 disp(IC2 ,” IC2 i n mA i s : ”);
22 disp(IC3 ,” IC3 i n mA i s : ”);

Scilab code Exa 1.22 Design current steering circuit

1 //Exa 1 . 2 2
2 clc;
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3 clear;

4 close;

5 // g i v e n data
6 I4=600; // i n uA
7 I2=10; // i n uA
8 I3=20; // i n uA
9 VCC =10; // i n v o l t s
10 VEE=-10; // i n v o l t s
11 VBE =0.7; // i n v o l t s
12 VEB =0.7; // i n v o l t s
13 disp(”On examine t t h e g i v e n c i r c u i t , we o b s e r v e tha t

: ”)
14 disp(”IR=I1=I3 ”);
15 disp(” I2 =2∗IR”);
16 disp(” I4 =3∗IR”);
17 IR=I4/3; // i n uA
18 I2=2*IR;// i n uA
19 I1=IR;// i n uA
20 I3=IR;// i n uA
21 R=(VCC -VEB -VBE -VEE)/(IR*10^( -3));// i n kohm
22 disp(IR,”IR i n uA i s : ”);
23 disp(I1,” I1 i n uA i s : ”);
24 disp(I2,” I2 i n uA i s : ”);
25 disp(I3,” I3 i n uA i s : ”);
26 disp(R,”R i n kohm i s : ”);

Scilab code Exa 1.23 Determine various parameters of differential amplifier

1 //Exa 1 . 2 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vo=5; // i n v o l t s
7 BETAac =150; // u n i t l e s s
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8 BETAdc =150; // u n i t l e s s
9 VT=25; // i n mvol t s
10 VCC =10; // i n v o l t s
11 VD=0.7; // i n v o l t s
12 R1=2.7; // i n kohm
13 R2=1.5; // i n kohm
14 // pa r t ( i ) //
15 disp(”we have IC1 / IC2=exp ( ( VBE1−VBE2) /VT) ”);
16 disp(” Wri t ing KVL f o r the l oop c o n t a i n i n g both

e m i t t e r base j u n c t i o n y i e l d s ”);
17 disp(”VBE1=VBE2=VBE”);
18 disp(” Hence IC1 / IC2=1”);
19 disp(” IC1=IC2=IC”);
20 IR=(VCC -VD)/R1;// i n mA
21 disp(” Wri t ing KCL at the j u n c t i o n o f b a s e s o f

t r a n s i s t o r s Q1 and Q2 g i v e s : ”);
22 disp(”IC+2∗IB+VBE/R2=IR”)
23 disp(” IB=IC/BETAac”);
24 IC=(IR-VD/R2)/(1+2/ BETAac);// i n mA
25 IC1=IC;// i n mA
26 IC2=IC;// i n mA
27 RC=(VCC -Vo)/IC;// i n kohm
28 disp(IC1 ,” IC1 i n mA i s : ”);
29 disp(IC2 ,” IC2 i n mA i s : ”);
30 disp(RC,”RC i n kohm i s : ”);

Scilab code Exa 1.24 Determine various parameters of differential amplifier

1 //Exa 1 . 2 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
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8 VT=25; // i n mvol t s
9 VEE =15; // i n v o l t s
10 VCC =15; // i n v o l t s
11 VBE =0.7; // i n v o l t s
12 VEB =-0.7; // i n v o l t s
13 R2=2.2; // i n kohm
14 RC1 =2.5; // i n kohm
15 RC6 =1.2; // i n kohm
16 RE8 =1.2; // i n kohm
17 disp(”The g i v e n c i r c u i t i s c o n s i s t o f t h r e e s t a g e s

as : ”);
18 disp(” ( i ) Dual i nput ba l anced output d i f f e r e n t i a l

a m p l i f i e r c o m p r i s i n g o f Q1 and Q2 . ”);
19 disp(” ( i i ) Dual i nput unba lanced output d i f f e r e n t i a l

a m p l i f i e r c o m p r i s i n g o f Q5 and Q6 . ”);
20 disp(” ( i i i ) L eve l s h i f t e r c i r c u i t c o m p r i s i n g o f Q8

and RE8 . ”)
21 disp(” T r a n s i s t o r Q3 , Q4 , Q7 & Q9 s e r v e s to form

c u r r e n t m u l t i p l e source , to g i v e I3=I7=I9=I2 ”);
22 I2=(VEE -VBE)/R2;// i n mA
23 IC3=I2;// i n mA
24 IC7=I2;// i n mA
25 IC9=I2;// i n mA
26 IC1=I2/2; // i n mA
27 IC2=IC1;// i n mA
28 IC5=IC1;// i n mA
29 IC6=IC1;// i n mA
30 IC8=I2;// i n mA
31 IC9=I2;// i n mA
32 // c a l c u l a t i o n o f c o l l e c t o r to e m i t t e r v o l t a g e s
33 VC1=VCC -IC1*RC1;// i n V o l t s
34 VC2=VC1;// i n V o l t s
35 VCE1=VC1 -VEB;// i n V o l t s
36 VCE2=VCE1;// i n V o l t s
37 VE5=VC1 -VBE;// i n V o l t s
38 VE6=VE5;// i n V o l t s
39 VC6=VCC -RC6*IC6

40 VCE5=VCC -VE5;
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41 VCE6=VCC -VE6;

42 VE8=VC6 -VBE;

43 VCE8=VCC -VE8;

44 // c a l c u l a t i o n o f ac e m i t t e r r e s i s t a n c e s
45 re1=VT/IC1;// i n ohm
46 re2=re1;// i n ohm
47 re5=re1;// i n ohm
48 re6=re1;// i n ohm
49 re8=VT/IC8;// i n ohm
50 // input r e s i s t a n c e o f s econd s t a g e i s
51 Ri2 =2* BETAac*re6 *10^( -3);// i n kohm
52 // v o l t a g e ga in o f f i r s t s t a g e
53 Ad1 =((( RC1*Ri2)/(RC1+Ri2)))/(re1 *10^( -3));

54 // input r e s i s t a n c e o f t h i r d s t a g e i s
55 Ri3=BETAac *(re8+RE8);// i n kohm
56 // v o l t a g e ga in o f s econd s t a g e
57 Ad2 =((( RC6*Ri3)/(RC6+Ri3)))/(2* re6 *10^( -3));

58 Ad3 =1;

59 // O v e r a l l ga in o f the c i r c u i t
60 Ad=Ad1*Ad2*Ad3;

61 disp(”Maximum peak to peak output v o l t a g e swing i s
de te rmined by the v o l t a g e drop a c r o s s the
c o l l e c t o r r e s i s t o r RC6 o f second s tage , as the
t h i r d s t a g e i s the l e v e l s h i f t e r c i r c u i t with
u n i t y v o l t a g e ga in . ”)

62 // v o l t a g e drop a c r o s s c o l l e c t o r r e s i s t o r
63 VRC6=IC1*RC6;// i n v o l t s
64 //Maximum peak to peak output v o l t a g e swing
65 Vopp =3.9; // i n v o l t
66 // // pa r t ( i )
67 disp(”The o p e r a t i n g p o i n t f o r each t r a n s i s t o r : ”);
68 disp(” For t r a n s i s t o r 1”);
69 disp(IC1 ,” IC1 i n mA i s : ”);disp(VCE1 ,”VCE1 i n Vol t

i s : ”);
70 disp(” For t r a n s i s t o r 2”);
71 disp(IC2 ,” IC2 i n mA i s : ”);disp(VCE2 ,”VCE2 i n Vol t

i s : ”);
72 disp(” For t r a n s i s t o r 5”);
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73 disp(IC5 ,” IC5 i n mA i s : ”);disp(VCE5 ,”VCE5 i n Vol t
i s : ”);

74 disp(” For t r a n s i s t o r 6”);
75 disp(IC6 ,” IC6 i n mA i s : ”);disp(VCE6 ,”VCE6 i n Vol t

i s : ”);
76 disp(” For t r a n s i s t o r 8”);
77 disp(IC8 ,” IC8 i n mA i s : ”);disp(VCE8 ,”VCE8 i n Vol t

i s : ”);
78 // // pa r t ( i i )
79 disp(Ad,” O v e r a l l v o l t a g e ga in o f the c i r c u i t i s : ”)

;

80 // // pa r t ( i i i )
81 disp(Vopp ,”Maximum peak to peak output v o l t a g e swing

i s ”);
82 // note : answer i n the book i s not as much a c c u r a t e

as c a l c u l a t e d by s c i l a b

Scilab code Exa 1.25 Determine smallest possible and largest possible input offset current

1 //Exa 1 . 2 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAmin =80; // u n i t l e s s
7 BETAmax =120; // u n i t l e s s
8 IE=400; // i n uA
9 VT=25; // i n mvol t s

10 VEE =15; // i n v o l t s
11 VCC =15; // i n v o l t s
12 VBE =0.7; // i n v o l t s
13 VEB =-0.7; // i n v o l
14 IE1=IE/2; // i n uA
15 IE2=IE1;// i n uA
16 IBmax=IE1 /(1+ BETAmin);// i n uA
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17 IBmin=IE1 /(1+ BETAmax);// i n uA
18 Iiomax=IBmax -IBmin;// i n uA
19 disp(IBmax ,” L a r g e s t p o s s i b l e i nput b i a s c u r r e n t i n

uA i s : ”);
20 disp(IBmin ,” s m a l l e s t p o s s i b l e i nput b i a s c u r r e n t i n

uA i s : ”);
21 disp(Iiomax ,” L a r g e s t p o s s i b l e i nput o f f s e t c u r r e n t

i n uA i s : ”);

Scilab code Exa 1.26 Determine various parameters of differential amplifier

1 //Exa 1 . 2 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VT=25; // i n mvol t s
9 VEE =10; // i n v o l t s

10 VCC =10; // i n v o l t s
11 VBE =0.7; // i n v o l t s
12 VEB =-0.7; // i n v o l t s
13 RC2 =2.7; // i n kohm
14 RC1 =2.7; // i n kohm
15 RC3 =1.5; // i n kohm
16 RC4 =1.5; // i n kohm
17 RE1 =5; // i n kohm
18 RE2 =10; // i n kohm
19 RE3 =10; // i n kohm
20 IE1=(VEE -VBE)/(2* RE1);// i n mA
21 IC1=IE1;

22 // as Q1 and Q2 a r e i d e n t i c a l
23 IC2=IC1;

24 VC1=VCC -RC1*IC1;
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25 VE1 =-0.7; // i n V o l t s
26 VE2 =0.7; // i n V o l t s
27 VCE1=VC1 -VE1;

28 VCE2=VCE1;

29 disp(” Wri t ing KVL f o r the base e m i t t e r l oop o f
t a r n s i s t o r Q3 w i l l d e t e rmine IC3 as : ”);

30 disp(”VCC−RC2∗ IC2−VBE3−RE3∗2∗ IE3+VEE=0”)
31 IE3=(VCC -RC2*IC2 -VBE+VEE)/(2* RE3);// i n mA
32 IE4=IE3;// i n mA
33 VC3=VCC -RC3*IE3;// i n V o l t s
34 VC4=VC3;// i n V o l t s
35 VE3=VC1 -VBE;// i n V o l t s
36 VCE3=VC3 -VE3;// i n V o l t s
37 VCE4=VCE3;// i n V o l t s
38 disp(”Thus o p e r a t i n g p o i n t f o r Q1 & Q2 becomes : ”)
39 disp(IC1 ,”ICQ i n mA i s : ”);disp(VCE1 ,”VCEQ i n v o l t s

i s : ”)
40 disp(”And o p e r a t i n g p o i n t f o r Q3 & Q4 becomes : ”)
41 disp(IE3 ,”ICQ i n mA i s : ”);disp(VCE3 ,”VCEQ i n v o l t s

i s : ”)
42

43 re1=VT/IC1;// i n ohm
44 re2=re1;// i n ohm
45 re3=VT/IE3;// i n ohm
46 re4=re3;// i n ohm
47 Ri2 =2* BETAac*re3;// i n ohm
48 Ri2=Ri2 *10^ -3; // i n kohm
49 Ad1 =((RC1*Ri2)/(RC1+Ri2))/(re1 *10^ -3);

50 Ad2=RC4 /(2* re4 *10^ -3);

51 Ad=Ad1*Ad2;

52 disp(Ad,” O v e r a l l v o l t a g e ga in i s : ”);
53 Ri1 =2* BETAac*re1;// i n ohm
54 Ri1=Ri1 /1000; // i n kohm
55 disp(Ri1 ,” Input r e s i s t a n c e o f the ca s caded

d i f f e r e n t i a l a m p l i f i e r i n kohm i s : ”);
56 Ro2=RC4;// i n kohm
57 disp(Ro2 ,” Output r e s i s t a n c e o f the ca s caded

d i f f e r e n t i a l a m p l i f i e r i n kohm i s : ”);
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Scilab code Exa 1.27 Design a level shifter circuit

1 //Exa 1 . 2 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETAac =100; // u n i t l e s s
7 BETAdc =100; // u n i t l e s s
8 VT=25; // i n mvol t s
9 VEE =10; // i n v o l t s

10 VCC =10; // i n v o l t s
11 VBE =0.7; // i n v o l t s
12 VD=0.7; // i n v o l t s
13 IE6 =2; // i n mA
14 IE1 =3.25; // i n mA
15 Ri2 =1.538; // i n kohm
16 RC1 =2.5; // i n kohm
17 re8 =3.85; // i n kohm
18 RE8 =1.2; // i n kohm
19 RC6 =1.2; // i n kohm
20 RE=VD/(IE6 *10^ -3);// i n ohm
21 R=(VEE -2*VD)/IE6;// i n kohm
22 VB5 =8.74; // i n V o l t s
23 VE5=VB5 -VBE;

24 R1=VE5/IE6;// i n kohm
25 re1=VT/IE1;// i n ohm
26 re2=re1;re5=re1;re6=re1;// i n ohm
27 re8=VT/6.5; // i n ohm
28 Ri2 =2* BETAac*re6 *10^ -3; // i n kohm
29 Ad1 =(1000*( RC1*Ri2)/((RC1+Ri2)))/re1;

30 Ri3=BETAac *(re8 *10^ -3+ RE8);// i n kohm
31 Ad2 =(1000*( RC6*Ri3)/(RC6+Ri3))/(2* re6);

32 Ad=Ad1*Ad2;
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33 VRC6=RC6*IE1;// i n V o l t s
34 Vopp=VRC6;// i n V o l t s
35 disp(RE,” v a l u e o f RE i n ohm i s : ”);
36 disp(R,” v a l u e o f R i n kohm i s : ”);
37 disp(VE5 ,” v a l u e o f VE5 i n Vol t i s : ”);
38 disp(R1,” v a l u e o f R1 i n kohm i s : ”);
39 disp(re1 ,”AC e m i t t e r r e s i s t a n c e s r e1=re 2=re 5=r e 6 i n

ohms a r e : ”);
40 disp(re8 ,”Abd r e 8 i n ohm i s : ”);
41 disp(Ri2 ,” Input r e s i s t a n c e o f 2nd s t a g e Ri2 i n kohm

i s ”);
42 disp(Ad1 ,” Vo l tage ga in o f 1 s t s t a g e i s ”);
43 disp(Ad2 ,” Vo l tage ga in o f 2nd s t a g e i s ”);
44 Ad3 =1;

45 disp(Ad3 ,” Vo l tage ga in o f 3 rd s t a g e i s ”);
46 disp(Ad,” O v e r a l l Vo l tage ga in o f the c i r c u i t i s ”);
47 disp(VRC6 ,” Vo l tage drop a c r o s s c o l l e c t o r r e s i s t o r i n

v o l t i s ”);
48 disp(Vopp ,”Maximum peak to peak output v o l t a g e swing

i n v o l t i s : ”)
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Chapter 2

Opamp Fundamentals

Scilab code Exa 2.2 Calculate two base bias current

1 //Exa 2 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Iio =20; // i n nA
7 IB=100; // i n nA
8 // I i o=IB1−IB2
9 disp(”Eqn ( 1 ) : I i o=IB1−IB2=20”);
10 // IB=(IB1+IB2 ) /2
11 disp(”Eqn ( 2 ) : 2∗ IB=IB1+IB2=200”);
12 disp(” Adding two e q u a t i o n s g i v e s : ”);
13 IB1 =(200+20) /2; // i n nA
14 disp(IB1 ,” IB1 i n nA i s : ”);
15 IB2=IB1 -Iio;// i n nA
16 disp(IB2 ,” IB2 i n nA i s : ”);

Scilab code Exa 2.3 Calculate output voltage
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1 //Exa 2 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 G=120; // u n i t l e s s
7 To=20; // i n d e g r e e c e n t i g r a d e
8 T=50; // i n d e g r e e c e n t i g r a d e
9 Dvoff =0.13; // i n mV/ d e g r e e c e n t i g r a d e
10 // input change
11 dVin=Dvoff*(T-To);// i n mVolt
12 // output change
13 Vo=G*dVin;// i n mVolt
14 disp(Vo,” Output v o l t a g e i n mVolt i s : ”)

Scilab code Exa 2.4 Find out 741C opamp can be used or not

1 //Exa 2 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 dt=5; // i n uSec
7 Vp=5; // i n Vol t
8 dV=(0.9 -0.1)*Vp

9 SR=dV/dt;// i n V/ uSec
10 disp(SR,” C a l c u l a t e d SR i n V/ uSec i s : ”);
11 disp(”The 741C op−amp with a s l ew r a t e o f 0 . 5 V/ uSec

i s s l ow and can not be used . ”);

Scilab code Exa 2.5 Find the rise time

1 //Exa 2 . 5
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2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vo=10; // i n Vol t
7 SR=1; // i n V/ uSec
8 dV=(0.9 -0.1)*Vo

9 dt=dV/SR;// i n uSec
10 disp(dt,” Ri s e t ime i n uSec i s : ”)

Scilab code Exa 2.6 Find out the time for output change

1 //Exa 2 . 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 V1=-5; // i n Vol t
7 V2=5; // i n Vol t
8 SR=0.5; // i n V/ uSec
9 dV=V2-V1;// i n Volt
10 dt=dV/SR;// i n uSec
11 disp(dt,” Ri s e t ime i n uSec i s : ”);

Scilab code Exa 2.7 Calculate maximum voltage

1 //Exa 2 . 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fm=50; // i n kHz
7 SR=0.5; // i n V/ uSec
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8 // fo rmu la : SR=2∗%pie∗ fm∗Vm
9 Vm=(SR *10^6) /(2* %pi*fm *10^3);// i n V o l t s
10 disp(Vm,”Maximum v l t a g e i n v o l t i s : ”)

Scilab code Exa 2.8 Find the limiting frequency

1 //Exa 2 . 8
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 SR=6; // i n V/ uSec
7 // fo rmu la : SR=2∗%pie∗ fm∗Vm
8 // pa r t ( i ) Vm=1 v o l t
9 Vm=1; // i n V o l t s
10 fm=((SR *10^6) /(2* %pi*Vm))/1000; // i n kHz
11 disp(fm,”when Vm=1 v o l t the l i m i t i n g f r e q u e n c y i n

KHz i s : ”)
12 // pa r t ( i i ) Vm=10 v o l t
13 Vm=10; // i n V o l t s
14 fm=((SR *10^6) /(2* %pi*Vm))/1000; // i n kHz
15 disp(fm,”when Vm=10 v o l t the l i m i t i n g f r e q u e n c y i n

KHz i s : ”)
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Chapter 3

Opamp with negative feedback

Scilab code Exa 3.1 Determine various parameters of differential amplifier

1 //Exa 3 . 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R1=1.5; // i n kohm
7 RF=15; // i n kohm
8 A=2*10^5; // u n i t l e s s
9 Ri=1; // i n Mohm

10 Ro=75; // i n ohm
11 fo=5; // i n Hz
12 AF=1+RF/R1;// u n i t l e s s
13 B=1/AF;// u n i t l e s s
14 RiF =(1+A*B)*Ri *10^6; // i n ohm
15 RoF=Ro/(1+A*B);// i n ohm
16 fF=fo*(1+A*B);// i n ohm
17 disp(AF,” C lo s e l oop v o l t a g e ga in AF i s : ”);
18 disp(RiF ,” Value o f RiF i n ohm i s : ”)
19 disp(RoF ,” Value o f RoF i n ohm i s : ”)
20 disp(fF/1000,” Value o f fF i n KHz i s : ”)
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Scilab code Exa 3.2 Design closed loop non inverting amplifier

1 //Exa 3 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 AF=100; // u n i t l e s s
7 A=2*10^5; // u n i t l e s s
8 Ri=1; // i n Mohm
9 Ro=75; // i n ohm

10 // l e t R1 =1 ohm
11 R1=1; // i n ohm
12 // fo rmu la : AF=1+RF/R1
13 RF=(AF -1)*R1;// i n kohm
14 B=1/AF;// u n i t l e s s
15 RiF =(1+A*B)*Ri *10^6; // i n ohm
16 RoF=Ro/(1+A*B);// i n ohm
17 disp(RF,” Value o f RiF i n kohm i s : ”);
18 disp(RiF ,” Value o f RiF i n ohm i s : ”)
19 disp(RoF ,” Value o f RoF i n ohm i s : ”)

Scilab code Exa 3.3 Design closed loop non inverting amplifier

1 //Exa 3 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 AF=1; // u n i t l e s s
7 B=1; // u n i t l e s s
8 A=2*10^5; // u n i t l e s s
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9 fo=5; // i n Hz
10 Ri=1; // i n Mohm
11 Ro=75; // i n ohm
12 // l e t 1+AB=A; as A>>>1
13 RiF=A*Ri *10^6; // i n ohm
14 RoF=Ro/A;// i n ohm
15 fF=fo*A;// i n ohm
16 disp(RiF ,” Value o f RiF i n ohm i s : ”)
17 disp(RoF ,” Value o f RoF i n ohm i s : ”)
18 disp(fF/10^6,” Value o f fF i n MHz i s : ”)

Scilab code Exa 3.4 Design inverting amplifier

1 //Exa 3 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R1=50; // i n Kohm
7 AF=-6; // u n i t l e s s
8 // he r e AF=−RF/R1
9 RF=-AF*R1;// i n kohm
10 disp(RF,” Value o f RF i n Kohm i s : ”)

Scilab code Exa 3.5 Determine various parameters of opamp

1 //Exa 3 . 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 A=2*10^5; // u n i t l e s s
7 Ri=1; // i n Mohm
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8 Ro=75; // i n ohm
9 fo=5; // i n Hz
10 R1=50; // i n kohm
11 RF=300; // i n kohm
12 K=RF/(R1+RF);// u n i t l e s s
13 B=R1/(R1+RF);// u n i t l e s s
14 AF=-(A*K/(1+A*B));// u n i t l e s s
15 RiF=R1;// i n kohm ; i d e a l
16 RoF=Ro/(1+A*B);// i n ohm
17 fF=-(A*K*fo/AF);// i n Hz
18 disp(AF,” C lo s e l oop v o l t a g e ga in AF i s : ”);
19 disp(RiF ,” Value o f RiF i n ohm i s : ”)
20 disp(RoF ,” Value o f RoF i n ohm i s : ”)
21 disp(fF/1000,” Value o f fF i n KHz i s : ”)

Scilab code Exa 3.6 Design an inverting summing amplifier

1 //Exa 3 . 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”We have Vo=(−RF/R) ∗ (V1+V2+V3) ”);
7 disp(”To produce 3 t imes the sum o f t h r e e input s , i .

e . Vo=3∗(V1+V2+V3) ”);
8 disp(” hence RF/R=3 or RF=3∗R”);
9 // l e t R1=R2=R3=R=10kohm
10 R=10; // i n kohm
11 R1=R;// i n kohm
12 R2=R;// i n kohm
13 R3=R;// i n kohm
14 RF=3*R;// i n Kohm
15 disp(RF,” Value o f RF i n Kohm i s : ”)
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Scilab code Exa 3.7 Design inverting opamp circuit

1 //Exa 3 . 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 RF=1; // i n Mohm
7 AV=-30; // u n i t l e s s
8 disp(”we have AV=−RF/R1=Vo/V1”);
9 R1=-RF *10^6/ AV;// i n ohm
10 // f o r an i n v e r t i n g a m p l i f i e r RiF=R1
11 RiF=R1;// i n ohm
12 disp(R1/1000,” Value o f R1 i n Kohm i s : ”)
13 disp(RiF/1000,” Value o f RiF i n Kohm i s : ”)

Scilab code Exa 3.8 Design inverting opamp circuit

1 //Exa 3 . 8
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 AV=-8; // u n i t l e s s
7 Vin=-1; // i n V o l t s
8 Imax =15; // i n uA
9 Vo=AV*Vin;// i n V o l t s
10 // Formula : Vo=Imax∗R2min
11 R2min=Vo/(Imax *10^ -6);// i n kohm
12 R1min=-Vin/(Imax *10^ -6);// i n kohm
13 disp(R2min /1000,” Requ i red v a l u e o f R2 i n kohm i s : ”)
14 disp(R1min /1000,” Requ i red v a l u e o f R1 i n kohm i s : ”)
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Scilab code Exa 3.9 Design preamplifier for a microphone

1 //Exa 3 . 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vo=1.5; // i n V o l t s
7 Vin =10; // i n mVolts
8 RiF =500; // i n kohm
9 R1=500; // i n kohm
10 AF=Vo/(Vin *10^ -3);// u n i t l e s s
11 RF=AF*R1;// i n Kohm
12 disp(RF/1000,”The v a l u e o f RF i n Mohm i s : ”);
13 disp(” This v a l u e becomes too l a r g e f o r most o f the

p r a c t i c a l c i r c u i t . Thus we make use o f op−amp
with T−Network . ”);

14 disp(”We have AF=−R2/R1∗(1+R3/R2+R3/R4) ”);
15 disp(” Choose a r b i t r a l y R2/R1=R3/R1=5 , then s o l v i n g

t h i s e q u a t i o n . ”)
16 // Microphone r e s i s t a n c e i s Rm=1.2 Kohm
17 R1eff =100; // i n Kohm
18 Rm=1.2; // i n Kohm
19 R1=R1eff -Rm

20 R3=5*R1;

21 R2=R3;// i n Kohm
22 R4=R3/28; // i n Kohm
23 disp(R1,” Value o f R1 i n Kohm i s : ”)
24 disp(R2,” Value o f R2 i n Kohm i s : ”)
25 disp(R3,” Value o f R3 i n Kohm i s : ”)
26 disp(R4,” Value o f R4 i n Kohm i s : ”)
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Chapter 4

Basic application of an opamp

Scilab code Exa 4.2 Determine Vo for adder subtractor

1 //Exa 4 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”As the input impedence o f an op−amp c i r c u i t i s

ve ry h igh & no c u r r e n t w i l l e n t e r the op−amp ,
hence node v o l t a g e s at ( a ) & ( b ) w i l l be at same
p o t e n t i a l , l e t Va=Vb=V”);

7 disp(” w r i t i n g KCL at node ( b ) we have (6−V) /30+(8−V)
/40+(0−V) /30=0”);

8 V=48/11; // i n v o l t s
9 disp(V,” Vo l tage V i n Vol t i s ; ”);
10 disp(” w r i t i n g KCL at node ( a ) we have (3−V) /10+(4−V)

/20=(V−Vo) /40 ”);
11 Vo=-(20-7*V);// i n V o l t s
12 disp(Vo,” Output Vo l tage o f the c i r c u i t Vo i n Vol t i s

; ”);
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Scilab code Exa 4.3 Find values for constant A and B

1 //Exa 4 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”The output e x p r e s s i o n c o n s i s t o f two par t s ,

one when V1 a c t i n g a l o n e i . e . due to non
i n v e r t i n g a m p l i f i e r , thus c o n s t a n t A becomes the
ga in f o r non i n v e r t i n g c o n f i g u r a t i o n and second
when V2 a c t i n g a l o n e i . e . due to i n v e r t i n g
a m p l i f i e r , thus c o n s t a n t B becomes the ga in f o r
i n v e r t i n g c o n f i g u r a t i o n ”);

7 // c a s e ( i ) when V1 a c t i n g a l o n e V2=0;
8 disp(” c a s e ( i ) when V1 a c t i n g a l o n e V2=0 and the

output i s g i v e n as ”);
9 disp(”Vo1=(1+100/10)∗Va”);
10 disp(”Va=99∗V1/(11+99) ”);
11 disp(”Vo1 =(110/10) ∗ ( 99/110 ) ∗V1=9.9V1”);
12 disp(”Thus the ga in A=Vo1/V1=9.9 ”);
13 // c a s e ( i i ) when V2 a c t i n g a l o n e V1=0;
14 disp(” c a s e ( i i ) when V2 a c t i n g a l o n e V1=0 and the

output i s g i v e n as ”);
15 disp(”Vo2=(−100/10)∗V2”);
16 disp(”Thus the ga in B=Vo2/V2=−10”);

Scilab code Exa 4.4 Determine values of unknown resistors

1 //Exa 4 . 4
2 clc;

3 clear;

4 close;

5 disp(”The output can be o b t a i n e d u s i n g s u p e r p o s i t i o n
theorem , as ”);
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6 disp(”Vo=Voa+Vob”);
7 // c a s e ( i ) when Vb=0;
8 disp(” c a s e ( i ) when Vb=0 the g i v e n c i r c u i t becomes

an i n v e r t i n g a m p l i f i e r to p r o v i d e an output as ”);
9 disp(”Voa=−100Kohm∗Va/R1=−2∗Va ”);
10 disp(” I t g i v e s R1=50 Kohm”);
11 // c a s e ( i i ) when Va=0;
12 disp(” c a s e ( i i ) when Va=0 the g i v e n c i r c u i t becomes

an non− i n v e r t i n g a m p l i f i e r to p r o v i d e an output
as ”);

13 disp(”Vob=(1+100Kohm/R1) ∗V1 where V1=R3∗Vb/(R2+R3) ”)
;

14 disp(”Vob=(1+100Kohm/R1) ∗V1∗ (R3∗Vb/(R2+R3) )=Vb ”)
15 disp(” Put t ing R1=R2=50 Kohm, we g e t R3=25 Kohm”);

Scilab code Exa 4.5 Determine output of the circuit

1 //Exa 4 . 5
2 clc;

3 clear;

4 close;

5 disp(”The g i v e n c i r c u i t i s b a s i c a l l y an i n v e r t i n g
a m p l i f i e r with node A at v i r t u a l ground . Wri t ing
KCL at node A y i e l d s ”);

6 disp(” I1+I2=I f ”);
7 disp(”−2/10Kohm+3/20Kohm=−Vo/100Kohm”);
8 Vo= -( -20+15);// i n V o l t s
9 disp(Vo,” Output v o l t a g e i n Vol t i s : ”)

Scilab code Exa 4.7 Determine output of the circuit

1 //Exa 4 . 7
2 clc;
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3 clear;

4 close;

5 disp(”The v o l t a g e at node X w i l l be e q u a l to the
x v o l t a g e a c r o s s r e s i s t o r R5 , hence ”);

6 disp(”Vx=(Vo∗R5) /(R5+R6) ”);
7 disp(”Vx=Vo/8 ”);
8 Vz=1; // i n Vol t
9 disp(” w r i t i n g KCL at node Y y i e l d s ”);
10 disp(” (Vy−Vx) /R2+(Vy−Vz ) /R3=0 or (Vy−Vx) /2+(Vy−1)

/4=0”);
11 disp(”Vy=(2∗Vx+1) /3 ”);
12 disp(” w r i t i n g KCL at node X y i e l d s ”);
13 disp(”(1−Vx) /R1+(Vy−Vx) /R2=0 or (1−Vx) /2+(Vy−Vx) /2=0

”);
14 disp(”Vy−2∗Vx+1=0”);
15 disp(”Now s u b s t i t u t i n g f o r Vy from above equat i on ,

we g e t ”)
16 disp(” (2∗Vx−1)/3−2∗Vx+1=0”);
17 Vx=2/4; // i n Vol t
18 disp(Vx,”The v a l u e o f Vx i n v o l t i s : ”)
19 Vo=8*Vx;// i n Vol t
20 disp(Vo,”The output v o l t a g e o f the c i r c u i t i n v o l t

i s : ”)

Scilab code Exa 4.8 Determine input impedence

1 //Exa 4 . 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R1=10; // i n Kohm
7 R4=8; // i n Kohm
8 R5=3; // i n Kohm
9 RF=45; // i n Kohm
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10 AD =(1+2* R4/R5)*(RF/R1);

11 disp(AD,” Gain f o r the i n s t r u m e n t i o n a m p l i f i e r i s : ”
)

Scilab code Exa 4.9 Determine the gain for an instrumentation amplifier

1 //Exa 4 . 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R1=10; // i n Kohm
7 R4=8; // i n Kohm
8 R5=3; // i n Kohm
9 RF=45; // i n Kohm
10 AD =(1+2* R4/R5)*(RF/R1);

11 disp(AD,” Gain f o r the i n s t r u m e n t i o n a m p l i f i e r i s : ”
)

Scilab code Exa 4.10 Determine output voltage for an instrumentation amplifier

1 //Exa 4 . 1 0
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 VA=3; // i n mVolt
7 VB=5; // i n mVolt
8 R1=10; // i n Kohm
9 R2=10; // i n Kohm
10 R3=45; // i n Kohm
11 R4=8; // i n Kohm
12 R5=3; // i n Kohm
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13 RF=45; // i n Kohm
14 disp(” C o n s i d e r i n g Vo l tage Voa i s at h i g h e r p o t e n t i a l

than Vob . Concept o f v i r t u a l s h o r t y i e l d s ”);
15 disp(”Vx=VA and Vy=VB”);
16 I=(VA-VB)/R5;// i n mA
17 VoA=VA+I*R4;// i n mVolts
18 VoB=VB -I*R4;// i n mVolts
19 disp(VoA ,” Output o f op−amp A1 i n mVolt i s ”);
20 disp(VoB ,” Output o f op−amp A2 i n mVolt i s ”);
21 Vo1 =(1+RF/R1)*(R3/(R3+R2))*VoB;

22 Vo2=-(RF/R1)*VoA;

23 Vo=Vo1+Vo2;// i n mVolt
24 disp(Vo,”Combined output o f the c i r c u i t i n mVolt i s

: ”);

Scilab code Exa 4.12 Determine an instrumentation amplifier

1 //Exa 4 . 1 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 RF=10; // i n Kohm
7 R1=10; // i n Kohm
8 R2=R1;// i n Kohm
9 R3=R1;// i n Kohm
10 R5max =50; // i n Kohm
11 ADmin =5; // u n i t l e s s
12 ADmax =200; // u n i t l e s s
13 // Formula : ADmin=1+2∗R4/R5max
14 R4=(ADmin -1)*( R5max /2);// i n Kohm
15 // Formula : ADmax=1+2∗R4/R5min
16 R5min =(2*R4)/(ADmax -1);// i n Kohm
17 disp(”Thus d e s i g n v a l u e s o f r e s i s t o r s i n Kohm a r e : ”

);
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18 disp(R1,”R1”);
19 disp(R2,”R2”);
20 disp(R3,”R3”);
21 disp(R4,”R4”);
22 disp(RF,”RF”);
23 disp(R5min ,”R5min”);
24 disp(R5max ,”R5max”);

Scilab code Exa 4.13 Calculate output voltage

1 //Exa 4 . 1 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vdc =10; // i n Vol t
7 R1=10; // i n Kohm
8 R2=10; // i n Kohm
9 R3=100; // i n Kohm
10 RF=100; // i n Kohm
11 // Part ( i ) Ba lance Br idge : RA=RB=RC=RT=150ohm and

VAB=0
12 RA=150; // i n ohm
13 RB=150; // i n ohm
14 RC=150; // i n ohm
15 RT=150; // i n ohm
16 VAB =0; // i n Vol t
17 Vo=(-RF/R1)*VAB;

18 // Part ( i i ) Unbalance Br idge : RT=200ohm
19 RT=200; // i n ohm
20 VA=(RA/(RA+RT))*Vdc;

21 VB=(RB/(RB+RC))*Vdc;

22 VAB=VA -VB;// i n Vol t
23 Vo=(-RF/R1)*VAB;

24 disp(0,” Balance b r i d g e have output v o l t a g e Vo i n
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v o l t i s : ”);
25 disp(Vo,” Unbalance b r i d g e have output v o l t a g e Vo i n

v o l t i s : ”);

Scilab code Exa 4.15 Design a practical integrator circuit

1 //Exa 4 . 1 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Gain =10; // U n i t l e s s
7 fb=10; // i n KHz
8 // Assuming f a=fb /10
9 fa=fb/10; // i n KHz
10 // Formula : f a =1/(2∗ p i ∗RF∗CF)
11 RFCF =1/(2* %pi*fa);

12 // Assuming R1=1Kohm
13 R1=1; // i n Kohm
14 RF=10*R1;// i n Kohm
15 CF=RFCF/RF;// i n uF
16 Rcomp=(R1*RF)/(R1+RF);// i n Kohm
17 disp(RF,” Value o f RF i n Kohm i s : ”);
18 disp(CF,” Value o f CF i n uF i s : ”);
19 disp(Rcomp *1000,” Value o f Rcomp i n ohm i s : ”);

Scilab code Exa 4.16 Design a circuit

1 //Exa 4 . 1 6
2 clc;

3 clear;

4 close;
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5 disp(” Using s u p e r p o s i t i o n theorem , we have output
f o r the f i v e n two i n p u t s i n t e g r a t o r adder as ”);

6 disp(”Vo=− i n t e g r a t e (V1/R1CF+V2/R2CF, 0 , t ) ”);
7 disp(” Comparing above e x p r e s s i o n with the s p e c i f i e d

output g iven , we have ”);
8 disp(” 1/R1CF=3 & 1/R2CF=2”)
9 CF=10; // i n uF
10 R1 =1/(3* CF*10^ -6);// i n KOhm
11 R2 =1/(2* CF*10^ -6);// i n KOhm
12 disp(R1/1000,” Value o f R1 i n Kohm i s : ”);
13 disp(R2/1000,” Value o f R2 i n Kohm i s : ”);

Scilab code Exa 4.22 Design a practical differentiator

1 //Exa 4 . 2 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fa=1.5; // i n KHz
7 fmax =1.5; // i n KHz
8 C1=0.1; // i n uF
9 RF =1/(2* %pi*fa*C1);// i n Kohm

10 fb=10*fa;// i n Khz
11 R1 =1/(2* %pi*fb*C1);// i n Kohm
12 CF=(R1*C1)/RF;// i n uF
13 Rcomp=RF;// i n Kohm
14 disp(RF,” Value o f r e s i s t a n c e RF i n Kohm i s : ”)
15 disp(R1*1000,” Value o f r e s i s t a n c e R1 i n ohm i s : ”)
16 disp(CF,” Value o f Capac i t ance CF i n uF i s : ”)
17 disp(Rcomp ,” Value o f r e s i s t a n c e Rcomp i n Kohm i s : ”

)
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Scilab code Exa 4.25 Design a practical differentiator circuit

1 //Exa 4 . 2 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 C1=0.1; // i n uF
7 f=100; // i n Hz
8 T=1/f;// i n s e c
9 // Given a l s o R1C1=0.2∗T;

10 R1 =(0.2*T)/(C1*10^ -6);// i n ohm
11 RF =0.05/( C1*10^ -6);// i n ohm
12 CF=(R1*C1)/RF;// i n uF
13 disp(R1/1000,” Value o f r e s i s t a n c e R1 i n ohm i s : ”)
14 disp(RF/1000,” Value o f r e s i s t a n c e RF i n Kohm i s : ”)
15 disp(CF,” Value o f Capac i t ance CF i n uF i s : ”)
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Chapter 5

Waveform Generators

Scilab code Exa 5.1 Design a square wave generator

1 // Exa 5 . 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=1; // i n KHz
7 disp(”As c h o o s i n g R2=1.16R1 w i l l g i v e f =1/2RC”)
8 // assume R1=1 Kohm and C=1 uF
9 R1=1; // i n Kohm
10 C=1; // i n uF
11 R2 =1.16* R1;// i n Kohm
12 R=1/(2* fo *10^3*C*10^ -6)

13 disp(R1,” Value o f R1 i n Kohm i s ; ”)
14 disp(R2,” Value o f R2 i n Kohm i s ; ”)
15 disp(R,” Value o f R i n ohm i s ; ”)
16 disp(C,” Value o f C i n uF i s ; ”)

Scilab code Exa 5.2 Design a square wave generator
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1 // Exa 5 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=1; // i n KHz
7 BETA =0.6; // u n i t l e s s
8 disp(”As c h o o s i n g R1=1 Kohm”)
9 // assume R1=1 Kohm and C=1 uF
10 R1=1; // i n Kohm
11 C=1; // i n uF
12 R=1/(2* fo *10^3*C*10^ -6* log ((1+ BETA)/(1-BETA)));

13 disp(R,” Value o f R i n ohm i s ; ”);
14 // Answer i n the book i s wrong

Scilab code Exa 5.3 Determine output signal frequency

1 // Exa 5 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 BETA =0.41; // u n i t l e s s
7 R=2.7; // i n Kohm
8 C=0.1; // i n uF
9 fo =1/(2*R*C*log ((1+ BETA)/(1-BETA)));// i n KHz

10 disp(fo,” Output s i g n a l f r e q u e n c y i n Khz i s ; ”)

Scilab code Exa 5.4 Design a circuit to produce an asymmetrical wave

1 // Exa 5 . 4
2 clc;

3 clear;

55



4 close;

5 // g i v e n data
6 Ton =100; // i n mSEC
7 Toff =200; // i n mSEC
8 BETA =0.2; // u n i t l e s s
9 // Let R1=1 Kohm
10 R1=1; // i n Kohm
11 R2=R1*(1-BETA)/BETA;// i n Kohm
12 // Assuming C=10 uF
13 C=10; // i n uF
14 R3=Ton *10^ -3/(C*10^ -6*0.41);// i n Kohm
15 R4=Toff *10^ -3/(C*10^ -6*0.41);// i n Kohm
16 disp(R1,” Value o f R1 i n Kohm i s ; ”)
17 disp(R2,” Value o f R2 i n Kohm i s ; ”)
18 disp(R3/1000,” Value o f R3 i n Kohm i s ; ”)
19 disp(R4/1000,” Value o f R4 i n Kohm i s ; ”)
20 disp(C,” Value o f C i n uF i s ; ”)

Scilab code Exa 5.5 Design a circuit to produce an square wave

1 // Exa 5 . 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vo=7.5; // i n Vol t
7 fo=1; // i n KHz
8 DutyCycle =60; // i n %
9 disp(” Zener d i i o e has to be used at the output to

l i m i t the output at +7.5 v o l t or −7.5 v o l t . ”);
10 disp(”Thus choo s e Vz=Vz1=Vz2 =6.8 v o l t as VD=0.7 v o l t

”)
11 Vz=6.8; // i n v o l t
12 Vz1 =6.8; // i n v o l t
13 Vz2 =6.8; // i n v o l t
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14 VD=0.7; // i n v o l t
15 T=1/fo;// i n mSec
16 // duty c y c l e 60% g i v e s Ton & To f f
17 Ton =0.6*T;// i n mSec
18 Toff=T-Ton;// i n mSec
19 // c h o o s i n g R2=1.16∗R1
20 R1=1; // i n Kohm
21 C=0.1; // i n uF
22 R2 =1.16* R1;// i n Kohm
23 R3=Ton *10^ -3/(C*10^ -6);// i n ohm
24 R4=Toff *10^ -3/(C*10^ -6);// i n ohm
25 disp(R1,” Value o f R1 i n Kohm i s ; ”)
26 disp(R2,” Value o f R2 i n Kohm i s ; ”)
27 disp(R3/1000,” Value o f R3 i n Kohm i s ; ”)
28 disp(R4/1000,” Value o f R4 i n Kohm i s ; ”)
29 disp(C,” Value o f C i n uF i s ; ”);

Scilab code Exa 5.6 Determine frequency of oscillation and duty cycle

1 // Exa 5 . 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 RA=6.8; // i n Kohm
7 RB=3.3; // i n Kohm
8 C=0.1; // i n uF
9 fo =1.45/(( RA+2*RB)*C);// i n KHz

10 d=(RA+RB)/(RA+2*RB);

11 disp(fo,” Frequency o f o s c i l l a t i o n i n Khz i s ; ”);
12 disp(d*100,”Duty c y c l e i n % i s : ”);

Scilab code Exa 5.7 Design an astable multivibrator
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1 // Exa 5 . 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=50; // i n KHz
7 d=75/100; // u n i t l e s s
8 C=1; // i n nF
9 disp(”RA+2RB=1/(0 .693∗ f o ∗10ˆ3∗C∗10ˆ−9) ; / / i n Kohm”);
10 disp(”RA+2RB=28.9 Kohm”);
11 disp(”d=0.75=(RA+RB) /(RA+2∗RB) ”);
12 disp(” I t g i v e s RA=2∗RB”);
13 RA =28.9/2; // i n Kohm
14 RB=RA/2; // i n Kohm
15 disp(RA,” Value o f RA i n Kohm i s : ”)
16 disp(RB,” Value o f RB i n Kohm i s : ”);

Scilab code Exa 5.8 Design 555 timer as an astable multivibrator

1 // Exa 5 . 8
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=800; // i n Hz
7 d=60/100; // u n i t l e s s
8 T=1/fo;// i n Sec
9 TC=0.6*T;// i n Sec

10 TD=T-TC;// i n Sec
11 C=0.01; // i n uF
12 C2=10; // i n uF
13 RB=TD /(0.69*C*10^ -6);// i n ohm
14 RA=(TC -0.69* RB*C*10^ -6) /(0.69*C*10^ -6);// i n ohm
15 disp(RA/1000,” Value o f RA i n Kohm i s ; ”)
16 disp(RB/1000,” Value o f RB i n Kohm i s ; ”)
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17 disp(C,” Value o f C i n uF i s ; ”);
18 disp(C2,” Value o f C2 i n uF i s ; ”);

Scilab code Exa 5.9 Design 555 timer as an astable multivibrator

1 // Exa 5 . 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=700; // i n Hz
7 d=50/100; // u n i t l e s s
8 T=1/fo;// i n Sec
9 TC=0.5*T;// i n Sec

10 TD=T-TC;// i n Sec
11 C=0.1; // i n uF
12 RB=TD /(0.69*C*10^ -6);// i n ohm
13 RA=TC /(0.69*C*10^ -6);// i n ohm
14 disp(RA/1000,” Value o f RA i n Kohm i s ; ”)
15 disp(RB/1000,” Value o f RB i n Kohm i s ; ”)
16 disp(TC*1000,”We have TC=TD i n mSEC i s : ”)

Scilab code Exa 5.10 Design an astable multivibrator

1 // Exa 5 . 1 0
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=1; // i n KHz
7 d=40/100; // u n i t l e s s
8 T=1/fo;// i n Sec
9 TC=0.4*T;// i n mSec
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10 TD=T-TC;// i n mSec
11 C=0.1; // i n uF
12 RB=TD *10^ -3/(0.69*C*10^ -6);// i n ohm
13 RA=TC *10^ -3/(0.69*C*10^ -6);// i n ohm
14 disp(RA/1000,” Value o f RA i n Kohm i s ; ”)
15 disp(RB/1000,” Value o f RB i n Kohm i s ; ”)
16 disp(TC,”We have TC i n mSEC i s : ”)
17 disp(TD,”We have TD i n mSEC i s : ”)

Scilab code Exa 5.11 Design IC555 as a monostable multivibrator

1 // Exa 5 . 1 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 T=100; // i n uSec
7 C=15; // i n
8 R=T*10^ -6/(1.1*C*10^ -9);// i n ohm
9 disp(R/1000,”To o b t a i n a output p u l s e at 100 uSec

r s i s t o r r e q u i r e d i n Kohm i s : ”)
10 // Note : i n the q u e s t i o n 15uF i s g i v e n but i n the

s o l u t i o n 15nF i s used i n the book

Scilab code Exa 5.12 Design a timer circuit using IC555

1 // Exa 5 . 1 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 VCC =15; // i n Vol t
7 T=10; // i n mSec
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8 ILED =20; // i n mA
9 Vf=1.4; // i n Vol t
10 VBE =0.7; // i n Vol t
11 VCEsat =0.2; // i n Vol t
12 C=0.22; // i n uF
13 R=T*10^ -3/(1.1*C*10^ -6);// i n ohm
14 // output o f the d e v i c e
15 Vo=VCC -2*VBE -VCEsat;

16 R5=(Vo-Vf)/(ILED *10^ -3);// i n ohm
17 disp(R/1000,” Value o f R i n Kohm i s ; ”)
18 disp(Vo,” Output o f the d e v i c e i n v o l t i s : ”)
19 disp(R5,” Value o f RB i n Kohm i s ; ”)
20 disp(” Note : To improve the n o i s e immunity o f the

dev i c e , a 0 . 0 1 uF c a p a c i t o r i s connec t ed between
p in 5 and ground . ”)

Scilab code Exa 5.13 Find out the value of R

1 // Exa 5 . 1 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=2; // i n KHz
7 C=0.01; // i n uF
8 disp(” For a d i v i d e −by−2 network , tp , output p u l s e

dura t i on , shou ld be s l i g h t l y l a r g e r than Y i . e .
p e r i o d o f t r i g g e r p u l s e . ”)

9 T=1/fo;// i n mSec
10 tp=1.2*T;// i n mSec
11 R=tp *10^ -3/(1.1*C*10^ -6);// i n ohm
12 disp(tp,” Per i od o f t r i g g e r p u l s e i n mSEC i s : ”);
13 disp(R/1000,” Value o f R i n Kohm i s ; ”);
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Scilab code Exa 5.14 Design a triangular wave generator

1 // Exa 5 . 1 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=2; // i n KHz
7 Vopp =5; // i n v o l t s
8 Vsat =13; // i n V o l t s
9 // Let the v a l u e o f R2 used be 10 Kohm
10 R2=10; // i n Kohm
11 R3=(2*R2*Vsat)/Vopp;// i n Kohm
12 // Let C1=0.1 uF
13 C1=0.1; // i n uF
14 R1=R3/(4*fo *10^3* C1*10^ -6*R2);// i n ohm
15 disp(R1/1000,” Value o f R1 i n Kohm i s ; ”);
16 disp(C1,” Value o f C1 i n uF i s ; ”);
17 disp(R2,” Value o f R2 i n Kohm i s ; ”);
18 disp(R3,” Value o f R3 i n Kohm i s ; ”);

Scilab code Exa 5.15 Find amplitude and frequency

1 // Exa 5 . 1 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vcc =12; // i n Vol t
7 R1=10; // i n Kohm
8 R2=100; // i n Kohm
9 R3=820; // i n Kohm
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10 // Let Vsat=10 v o l t
11 Vsat =10; // i n v o l t
12 // pa r t ( a )
13 Vopp =2*R2*Vsat/R3;// i n Vol t
14 disp(Vopp ,” Amplitude o f t r i a n g u l a r wave i n v o l t i s :

”)
15 Vopp=Vsat -(-Vsat);// i n Volt
16 disp(Vopp ,” Amplitude o f s qua r e wave i n v o l t i s : ”)
17 // pa r t ( b )
18 C1=0.1; // i n uF
19 fo=R3 *1000/(4* R1 *1000* R2 *1000* C1*10^ -6);// i n Hz
20 disp(fo/1000,” Frequenc i i n KHz i s : ”);

Scilab code Exa 5.16 Design a phase shift oscillator

1 // Exa 5 . 1 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=1; // i n KHz
7 // choo s e C=.01 uF
8 C=.01; // i n uF
9 R=1/(2* %pi*sqrt (6)*fo *1000*C*10^ -6);// i n ohm
10 disp(” Choose the v a l u e o f R1 to g e t RF, w h i l e

c o n s i d e r i n g tha t R1 >= 10∗R to avo id l o a d i n g
e f f e c t . Thus c h o o s i n g R1=35.6 Kohm”);

11 R1 =35.6; // i n Kohm
12 RF=29*R1;// i n ohm
13 disp(” Hence d e s i r e d components v a l u e s a r e : ”);
14 disp(C,” Value o f C i n uF i s ; ”);
15 disp(R/1000,” Value o f R i n Kohm i s ; ”);
16 disp(R1,” Value o f R1 i n Kohm i s ; ”);
17 disp(RF/1000,” Value o f RF i n Mohm i s ; ”);
18 // Note : Answer i n the book i s wrong
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Scilab code Exa 5.17 Design a Wein bridge oscillator

1 // Exa 5 . 1 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fo=1; // i n KHz
7 // choo s e C=.01 uF
8 C=.01; // i n uF
9 R=1/(2* %pi*fo *1000*C*10^ -6);// i n ohm
10 // c h o o s i n g R1=10 Kohm
11 R1=10; // i n Kohm
12 RF=2*R1;// i n Kohm
13 disp(” Hence d e s i r e d components v a l u e s a r e : ”);
14 disp(C,” Value o f C i n uF i s ; ”);
15 disp(R/1000,” Value o f R i n Kohm i s ; ”);
16 disp(R1,” Value o f R1 i n Kohm i s ; ”);
17 disp(RF,” Value o f RF i n Kohm i s ; ”);

Scilab code Exa 5.19 Determine frequency of oscillation

1 // Exa 5 . 1 9
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R=1; // i n Kohm
7 C=3.6; // i n uF
8 fo =1/(2* %pi*R*1000*C*10^ -6);// i n Hz
9 disp(fo,”The f r e q u e n c y o f o s c i l l a t i o n i n Hz i s : ”);

64



Scilab code Exa 5.20 Determine various parameters of opamp

1 // Exa 5 . 2 0
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R1=10; // i n Kohm
7 R2=47; // i n Kohm
8 R3=5.6; // i n Kohm
9 RT=4.7; // i n Kohm
10 CT =0.05; // i n uF
11 V1=-10; // i n Vol t
12 V2=2; // i n Vol t
13 disp(”By the concep t o f v i r t u a l ground and u s i n g

s u p e r p o s i t i o n theorem the op−amp output v o l t a g e
can be c a l c u l a t e d . ”);

14 Vop=-(R1*V1/R2+R1*V2/R3);// i n v o l t
15 VEE =0; // i n Vol t
16 I=(VEE+3-Vop)/RT;// i n mA
17 fo =0.32*I*10^ -3/(CT*10^ -6);// i n Hz
18 disp(Vop ,”Op−amp v o l t a g e i n v o l t i s : ”);
19 disp(fo/1000,” Frequency i n KHz i s : ”);

Scilab code Exa 5.21 Calculate free running frequency lock range and capture range

1 // Exa 5 . 2 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 RT=50; // i n Kohm
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7 CT =0.001; // i n uF
8 V=20; // i n Vol t
9 C=10; // i n uF
10 fo =0.25/( RT *10^3* CT*10^ -6);// i n Hz
11 dfl =7.8* fo/V;// i n Hz
12 dfc=sqrt(dfl /(2* %pi *3.6*10^3*C*10^ -6));// i n Hz
13 disp(fo/1000,” Free runn ing f r e q u e n c y i n KHz i s : ”);
14 disp(dfl/1000,” Lock range i n KHz i s : ”);
15 disp(dfc ,” Capture range i n Hz i s : ”);

Scilab code Exa 5.22 Determine frequency of reference oscillator

1 // Exa 5 . 2 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fomax =100; // i n KHz
7 Resolution =2; // i n Hz
8 flowest=Resolution;// i n Hz
9 fclk=fomax *2.2; // i n KHz
10 // fo rmu la : 2ˆn=f c l k / f l o w e s t
11 n=(log10(fclk *1000/ flowest))/log10 (2);

12 disp(fclk ,” Frequency o f r e f e r e n c e o s c i l l a t o r i n KHz
i s : ”);

13 disp(ceil(n),”No . o f b i t s needed i s : ”);
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Chapter 6

Active Filters

Scilab code Exa 6.2 Determine cut off frequency

1 // Exa 6 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R=10; // i n Kohm
7 C=0.01; // i n uF
8 R1=4.7; // i n Kohm
9 RF=47; // i n Kohm

10 fc =1/(2* %pi*R*1000*C*10^ -6);// i n Hz
11 AF=1+RF/R1;// u n i t l e s s
12 disp(fc/1000,”Cut−o f f f r e q u e n c y i n KHz i s ; ”)
13 disp(AF,” Pass band ga in i s ; ”)

Scilab code Exa 6.3 Design a first order low pass filter

1 // Exa 6 . 3
2 clc;
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3 clear;

4 close;

5 // g i v e n data
6 fc=2; // i n KHz
7 AF=2; // u n i t l e s s
8 // l e t C=0.01 uF
9 C=0.01; // i n uF
10 R=(1/(2* %pi*fc *1000*C*10^ -6))/1000; // i n Kohm
11 R=ceil(R);

12 // Bias compensat ion Rbc
13 //Rbc=R1∗RF/(R1+RF) ohm
14 disp(” Bias compensat ion :R=R1∗RF/(R1+RF)=Rdash /2 ohm

”);
15 // Rdash=R1=RF=2∗R; / / i n ohm
16 Rdash =2*R;// i n ohm
17 R1=2*R;// i n ohm
18 RF=2*R;// i n ohm
19 R1=RF;// i n kohm
20 disp(”Component v a l u e s a r e : ”);
21 disp(R1,”R1=RF i n Kohm i s ; ”);
22 disp(R,”R i n Kohm i s ; ”);

Scilab code Exa 6.4 Using frequency scaling change the cut off frequency

1 // Exa 6 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fc_original =2; // i n KHz
7 fc_new =3; // i n KHz
8 R_original =8; // i n Kohm
9 R_new=fc_original*R_original/fc_new;// i n Kohm
10 disp(”Change the r e s i s t a n c e v a l u e 8 Kohm to a new

v a l u e . ”);
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11 disp(R_new ,”New v a l u e o f r e s i s t a n c e i n ohm i s : ”)

Scilab code Exa 6.5 Design a first order high pass filter

1 // Exa 6 . 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fc=1; // i n KHz
7 AF=2; // u n i t l e s s
8 // l e t C=0.01 uF
9 C=0.01; // i n uF
10 R=(1/(2* %pi*fc *1000*C*10^ -6))/1000; // i n Kohm
11 disp(”AF=1+RF/R1=2 g i v e s RF=R1=Rdash”)
12 // For Bias compensat ion
13 //Rbc=R1∗RF/(R1+RF) ohm
14 disp(” Bias compensat ion :R=R1∗RF/(R1+RF)=Rdash /2 ohm

”);
15 // Rdash=R1=RF=2∗R; / / i n ohm
16 Rdash =2*R;// i n ohm
17 R1=2*R;// i n ohm
18 RF=2*R;// i n ohm
19 R1=RF;// i n kohm
20 disp(”Component v a l u e s a r e : ”);
21 disp(R1,”R1=RF i n Kohm i s ; ”);
22 disp(R,”R i n Kohm i s ; ”);

Scilab code Exa 6.6 Design a filter using sallen key unity gain low pass active filter

1 // Exa 6 . 6
2 clc;

3 clear;
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4 close;

5 // g i v e n data
6 AF=5; // u n i t l e s s
7 fc=1; // i n KHz
8 disp(”To have a r o l l o f f r a t e o f 40dB/ decade a

second o r d e r f i l t e r i s r e q u i e d . ”);
9 disp(” For f l a t t e s t passband , bu t t e rwor th type f i l t e r

has to be used , hence a l f a =1.414 ”);
10 alfa =1.414; // u n i t l e s s
11 // assume C2=0.1 uF
12 C2=0.1; // i n uF
13 C3=(C2*alfa ^2)/4; // i n uF
14 R=1/(2* %pi*fc *10^3* sqrt(C2*10^ -6*C3*10^ -6));// i n ohm
15 // Take RF=10 Kohm
16 RF=10; // i n Kohm
17 R1=RF/(AF -1);// i n Kohm
18 disp(R/1000,” Value o f R i n Kohm i s : ”)
19 disp(RF,” Value o f RF i n Kohm i s : ”)
20 disp(R1,” Value o f R1 i n Kohm i s : ”)

Scilab code Exa 6.7 Determine the type and frequency of filter

1 // Exa 6 . 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 C2=0.1; // i n uF
7 C3 =0.0333; // i n uF
8 alfa =2* sqrt(C3/C2);// u n i t l e s s
9 disp(alfa ,” Accord ing to the v a l u e o f a l f a i . e . : ”);
10 disp(” This f i l t e r i s s i t u a t e d between Butte rworth

and the Chebyshev , hence approx imat ing Klp =1.1 ”);
11 Klp =1.1; // u n i t l e s s
12 R=2.25; // i n Kohm
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13 f3dB=Klp /(2* %pi*R*sqrt(C2*C3));// i n KHz
14 disp(f3dB ,” f3dB i n KHz i s : ”);
15 // Note : Answer i n the book i s wrong

Scilab code Exa 6.8 Design a filter using sallen key equal component low pass active filter

1 // Exa 6 . 8
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Klp =1; // u n i t l e s s // i t i s 1 f o r bu t t e rwo r th f i l t e r
7 alfa =1.414; // u n i t l e s s // i t i s 1 . 4 1 4 f o r bu t t e rwor th

f i l t e r
8 fc=1; // i n KHz
9 R=15.9; // i n Kohm
10 // assume C=0.01 uF
11 C=0.01; // i n uF
12 R=Klp /(2* %pi*fc *1000*C*10^ -6);// i n ohm
13 AF=3-alfa;// u n i t l e s s
14 R1=2*R/0.369; // i n Kohm
15 RF=(AF -1)*R1;// i n Kohm
16 A2=5/AF;// u n i t l e s s
17 disp(RF/1000,” Value o f RF i n Kohm i s : ”);
18 disp(”Now to o b t a i n an o v e r a l l g a in o f 5 , add an

a m p l i f i e r A2 a f t e r the f i l t e r . ”);
19 disp(A2,” Gain o f t h i s a m p l i f i e r i s : ”);

Scilab code Exa 6.9 Calculate critical frequency

1 // Exa 6 . 9
2 clc;

3 clear;
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4 close;

5 // g i v e n data
6 R2=20; // i n Kohm
7 R3=20; // i n Kohm
8 R=R2;// i n Kohm
9 C2 =0.47; // i n uF
10 C3 =0.47; // i n uF
11 C=C2;// i n uF
12 RF=56; // i n Kohm
13 R1=56; // i n Kohm
14 AF=1+RF/R1;// u n i t l e s s
15 alfa=3-AF;// u n i t l e s s
16 Klp =1.238; // u n i t l e s s
17 disp(alfa ,” Value o f a l f a i s : ”);
18 disp(” a l f a =1 c o r r e s p o n d s to chebyshev f i l t e r

r e s p o n s e . ”);
19 f3dB=Klp /(2* %pi*R*1000*C*10^ -6);// i n Hz
20 disp(f3dB ,” C r i t i c a l f r e q u e n c y i n Hz i s : ”)

Scilab code Exa 6.10 Design a second order low pass filter

1 // Exa 6 . 1 0
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fc=2; // i n KHz
7 disp(”As the type o f the f i l t e r i s not g iven , h e r e

we d e s i g n a s a l l e n key e q u a l component f i l t e r
with Butte rworth r e s p o n s e . ”);

8 alfa =1.414; // u n i t l e s s
9 Klp =1; // u n i t l e s s
10 // assume C=0.01 uF
11 C=0.01; // i n uF
12 R=Klp /(2* %pi*fc *1000*C*10^ -6);// i n ohm
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13 AF=3-alfa;// u n i t l e s s
14 R1=2*R/0.369; // i n ohm
15 RF =0.586* R1;// i n ohm
16 disp(” Des ign components v a l u e s a r e : ”);
17 disp(R1/1000,” Value o f R1 i n Kohm i s : ”)
18 disp(RF/1000,” Value o f RF i n Kohm i s : ”)
19 disp(R/1000,” Value o f R2=R3=R i n Kohm i s : ”)
20 disp(C,” Value o f C2=C3=C i n uF i s : ”)

Scilab code Exa 6.11 calculate 3dB frequency filter type and pass band gain

1 // Exa 6 . 1 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 C=0.1; // i n uF
7 R=11; // i n Kohm
8 RF=5.6; // i n Kohm
9 R1=10; // i n Kohm

10 AF=1+RF/R1;// u n i t l e s s
11 alfa=3-AF;// u n i t l e s s
12 Klp =1; // u n i t l e s s // f o r Butte rworth f i l t e r
13 Khp =1/Klp;// u n i t l e s s
14 f3dB=Khp /(2* %pi*R*1000*C*10^ -6);// i n Hz
15 disp(f3dB ,”3 dB f r e q u e n c y i n Hz i s : ”)
16 disp(alfa ,” Value o f a l f a i s : ”);
17 disp(” Value o f a l f a shows tha t i t i s a Butte rworth

f l t e r . ”);
18 disp(Khp ,” Passband ga in f o r a h igh pas s f i l t e r i s :

”)

Scilab code Exa 6.12 Design a second order high pass filter
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1 // Exa 6 . 1 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fc=2; // i n KHz
7 disp(”As the type o f the f i l t e r i s not g iven , h e r e

we d e s i g n a s a l l e n key e q u a l component f i l t e r
with Butte rworth r e s p o n s e . ”);

8 alfa =1.414; // u n i t l e s s
9 Klp =1; // u n i t l e s s
10 // assume C=0.01 uF
11 C=0.01; // i n uF
12 R=Klp /(2* %pi*fc *1000*C*10^ -6);// i n ohm
13 AF=3-alfa;// u n i t l e s s
14 R1=2*R/0.369; // i n ohm
15 RF =0.586* R1;// i n ohm
16 disp(” Des ign components v a l u e s a r e : ”);
17 disp(R1/1000,” Value o f R1 i n Kohm i s : ”)
18 disp(RF/1000,” Value o f RF i n Kohm i s : ”)
19 disp(R/1000,” Value o f R2=R3=R i n Kohm i s : ”)
20 disp(C,” Value o f C2=C3=C i n uF i s : ”)

Scilab code Exa 6.13 Design a band pass filter

1 // Exa 6 . 1 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 fL=200; // i n Hz
7 fH=1; // i n KHz
8 AFBP =4; // u n i t l e s s
9 // f o r LP s e c t i o n d e s i g n
10 // assume C=0.01 uF
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11 C=0.01; // i n uF
12 R=1/(2* %pi*fH *1000*C*10^ -6);// i n ohm
13 disp(” For low pas s s e c t i o n d e s i g n component v a l u e s

a r e : ”);
14 disp(R/1000,” Value o f R i n Kohm i s : ”)
15 disp(C,” Value o f C i n uF i s : ”)
16 // f o r HP s e c t i o n d e s i g n
17 // assume C=0.05 uF
18 C=0.05; // i n uF
19 R=1/(2* %pi*fL *1000*C*10^ -6);// i n ohm
20 disp(” For h igh pas s s e c t i o n d e s i g n component v a l u e s

a r e : ”);
21 disp(R,” Value o f R i n Kohm i s : ”);
22 disp(C,” Value o f C i n uF i s : ”);
23 disp(”We have AFBP=AFHP∗AFLP=4”);
24 disp(”The ga in o f HP s e c t i o n as w e l l a s LP s e c t i o n

cou ld be s e t e q u a l to 2 to o b t a i n o v e r a l l g a in o f
4 . This g i v e s e q u a l v a l u e f o r i nput and f e e d b a c k
r e s i s t o r s f o r both s e c t i o n s , i . e . ”);

25 disp(”R=10 Kohm”);
26 fc=sqrt(fH*fL *1000);// i n Hz
27 BW=fH*1000-fL;// i n Hz
28 Q=fc/BW;// u n i t l e s s
29 disp(fc,” Center f r e q u e n c y i n Hz i s : ”);
30 disp(BW,”BW i n Hz i s : ”);
31 disp(Q,” S e l e c t i v i t y i s : ”)
32 disp(”As Q<10 , hence the g i v e n f i l t e r i s wide band

pas s f i l t e r . ”)

Scilab code Exa 6.14 Design a band pass filter with single opamp

1 // Exa 6 . 1 4
2 clc;

3 clear;

4 close;
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5 // g i v e n data
6 fL=2; // i n KHz
7 fH=2.5; // i n KHz
8 AF=-5; // u n i t l e s s
9 fc=sqrt(fH *1000* fL *1000);// i n Hz
10 BW=fH*1000-fL *1000; // i n Hz
11 Q=fc/BW;// u n i t l e s s
12 disp(fc,” Center f r e q u e n c y i n Hz i s : ”);
13 disp(BW,”BW i n Hz i s : ”);
14 disp(Q,” S e l e c t i v i t y i s : ”);
15 disp(”HenceQ i s w i t h i n l i m i t 1<Q<10 f o r a s i n g l e op−

amp band pas s f i l t e r . ”);
16 // assume C=0.01 uF
17 C=0.01; // i n uF
18 R2 =2/(2* %pi*C*10^ -6*BW);// i n Kohm
19 R1=-R2/(2*AF);// i n KOhm
20 R3=R1 /((4* %pi*%pi*R1*R2*fc *1000* fc *1000*C*C*10^ -12)

-1);// i n Kohm
21 disp(R1/1000,” Value o f R1 i n Kohm i s : ”)
22 disp(R2/1000,” Value o f R2 i n Kohm i s : ”)
23 disp(R3*1000,” Value o f R3 i n ohm i s : ”)
24 disp(C,” Value o f C i n uF i s : ”)

Scilab code Exa 6.15 Design a filter to meet the specifications

1 // Exa 6 . 1 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 AF=-10; // u n i t l e s s
7 Q=20; // u n i t l e s s
8 fc=50; // i n Hz
9 disp(”To g e t a r o l l −o f f r a t e o f 60 dB/ decade , t h r e e

s i n g l e op−amp band pas s f i l t e r s have to be
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ca s caded . ”);
10 fc1=fc;// i n Hz
11 fc2=fc;// i n Hz
12 fc3=fc;// i n Hz
13 Q1 =0.51*Q;// u n i t l e s s
14 Q2 =0.51*Q;// u n i t l e s s
15 Q3 =0.51*Q;// u n i t l e s s
16 AF1=-(-AF)^(1/3);// u n i t l e s s
17 disp(”A s i n g l e op−amp band pas s ed f i l t e r can be

d e s i g n with s p e c i f i c a t i o n s : ”);
18 disp(fc,” Center f r e q u e n c y i n Hz i s : ”);
19 disp(AF1 ,”AF1 i s : ”);
20 disp(Q1,”Q1 i s : ”);

Scilab code Exa 6.16 Determine type of filter to produce given phase shift

1 // Exa 6 . 1 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 f=2; // i n KHz
7 fi_degree =-135; // i n d e g r e e
8 fi_radian=fi_degree *(%pi /180);

9 disp(”A phase s h i f t o f −135 d e g r e e i s a c h i e v e d by an
a l l pa s s phase l a g f i l t e r . ”);

10 // assume C=0.1 uF and R1=RF=10 Kohm
11 C=0.1; // i n uF
12 R1=10; // i n Kohm
13 RF=10; // i n Kohm
14 R=tan(-fi_radian /2) /(2* %pi*f*1000*C*10^ -6);

15 disp(”Component v a l u e s a r e : ”);
16 disp(R1,” Value o f R1 i n Kohm i s : ”)
17 disp(RF,” Value o f RF i n Kohm i s : ”)
18 disp(R/1000,” Value o f R i n Kohm i s : ”)
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19 disp(C,” Value o f C i n uF i s : ”)

Scilab code Exa 6.17.a Find type of response

1 // Exa 6 . 1 7 a
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R=10; // i n Kohm
7 R1=R;// i n Kohm
8 R2=R;// i n Kohm
9 R3=R;// i n Kohm
10 Rf=5.6; // i n Kohm
11 R4=Rf;// i n Kohm
12 R5=Rf;// i n Kohm
13 RA=2.7; // i n Kohm
14 RB=1.5; // i n Kohm
15 C=0.01; // i n uF
16 C1=C;// i n uF
17 C2=C;// i n uF
18 alfa =3*RB/(RA+RB);

19 disp(”The type o f r e s p o n s e w i l l be dete rmined by the
v a l u e o f damping c o e f f i c i e n t . ”);

20 disp(alfa ,” Value o f a l f a i s : ”);
21 disp(” This v a l u e c o r r e s p o n d e s to the chebyshev

r e s p o n s e . ”);

Scilab code Exa 6.17.b Determine low and high cut off frequency

1 // Exa 6 . 1 7 b
2 clc;

3 clear;
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4 close;

5 // g i v e n data
6 R=10; // i n Kohm
7 R1=R;// i n Kohm
8 R2=R;// i n Kohm
9 R3=R;// i n Kohm
10 Rf=5.6; // i n Kohm
11 R4=Rf;// i n Kohm
12 R5=Rf;// i n Kohm
13 RA=2.7; // i n Kohm
14 RB=1.5; // i n Kohm
15 C=0.01; // i n uF
16 C1=C;// i n uF
17 C2=C;// i n uF
18 fc =1/(2* %pi*Rf *1000*C*10^ -6);// i n Hz
19 Klp =1.238; // u n i t l e s s
20 fH=fc*Klp;// i n Hz
21 Khp =1/Klp;// u n i t l e s s
22 fL=fc*Khp // i n Hz
23 disp(fc/1000,” C r i t i c a l f r e q u e n c y i n KHz i s : ”);
24 disp(fH/1000,” High cut−o f f f r e q u e n c y i n KHz i s : ”);
25 disp(fL/1000,”Low cut−o f f f r e q u e n c y i n KHz i s : ”);

//

Scilab code Exa 6.17.c Determine band pass center frequency

1 // Exa 6 . 1 7 c
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R=10; // i n Kohm
7 R1=R;// i n Kohm
8 R2=R;// i n Kohm
9 R3=R;// i n Kohm
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10 Rf=5.6; // i n Kohm
11 R4=Rf;// i n Kohm
12 R5=Rf;// i n Kohm
13 RA=2.7; // i n Kohm
14 RB=1.5; // i n Kohm
15 C=0.01; // i n uF
16 C1=C;// i n uF
17 C2=C;// i n uF
18 fc =1/(2* %pi*Rf *1000*C*10^ -6);// i n Hz
19 disp(fc/1000,”Band pas s c e n t e r f r e q u e n c y i n KHz i s :

”);

Scilab code Exa 6.17.d Determine band pass bandwidth

1 // Exa 6 . 1 7 d
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R=10; // i n Kohm
7 R1=R;// i n Kohm
8 R2=R;// i n Kohm
9 R3=R;// i n Kohm
10 Rf=5.6; // i n Kohm
11 R4=Rf;// i n Kohm
12 R5=Rf;// i n Kohm
13 RA=2.7; // i n Kohm
14 RB=1.5; // i n Kohm
15 C=0.01; // i n uF
16 C1=C;// i n uF
17 C2=C;// i n uF
18 alfa =3*RB/(RA+RB);// u n i t l e s s
19 Q=1/ alfa;// u n i t l e s s
20 fc =1/(2* %pi*Rf *1000*C*10^ -6);// i n Hz
21 BW=fc/Q;// i n Hz
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22 disp(BW/1000,”Band pas s bandwidth i n KHz i s : ”)

Scilab code Exa 6.17.e Determine band pass gain at center frequency

1 // Exa 6 . 1 7 e
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 R=10; // i n Kohm
7 R1=R;// i n Kohm
8 R2=R;// i n Kohm
9 R3=R;// i n Kohm
10 Rf=5.6; // i n Kohm
11 R4=Rf;// i n Kohm
12 R5=Rf;// i n Kohm
13 RA=2.7; // i n Kohm
14 RB=1.5; // i n Kohm
15 C=0.01; // i n uF
16 C1=C;// i n uF
17 C2=C;// i n uF
18 alfa =3*RB/(RA+RB);// i n u n i t l e s s
19 Q=1/ alfa;// i n u n i t l e s s
20 disp(Q,”The band pas s ga in at c e n t e r f r e q u e n c y i s : ”

);
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Chapter 7

Non Linear Circuits

Scilab code Exa 7.3 Design a schmitt trigger

1 // Exa 7 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 VH=4; // i n Vol t
7 VSat =13; // i n Vol t
8 // Assume R2=10 Kohm
9 R2=10; // i n Kohm
10 disp(”The h y s t e r e s i s v o l t a g e f o r an s c h m i t t t r i g g e r

i s g i v e n as : ”);
11 disp(”VH=R1∗2∗VSat /(R1+R2) ”);
12 R1=R2 /((2* VSat/VH) -1);// i n Kohm
13 disp(”Component v a l u e s a r e : ”);
14 disp(R1,” Value o f R1 i n Kohm i s : ”);
15 disp(R2,” Value o f R2 i n Kohm i s : ”);

Scilab code Exa 7.4 Determine threshold voltages and hysteresis voltage
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1 // Exa 7 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 VSat =13; // i n Vol t
7 R1=270; // i n ohm
8 R2=39; // i n Kohm
9 Vut=R1*VSat/(R1+R2 *1000);// i n Vol t
10 Vlt=R1*(-VSat)/(R1+R2 *1000);// i n Vol t
11 VH=Vut -Vlt;// i n Vol t
12 disp(Vut*1000,”The upper t h r e s h o l d v o l t a g e i n mVolt

i s : ”);
13 disp(Vlt*1000,”The l owe r t h r e s h o l d v o l t a g e i n mVolt

i s : ”);
14 disp(VH*1000,” H y s t e r e s i s v o l t a g e i n mVolt i s : ”);

Scilab code Exa 7.5 Design a schmitt trigger circuit

1 // Exa 7 . 5
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 VSat =13; // i n Vol t
7 Vut =2; // i n Vol t
8 Vlt=-1; // i n Vol t
9 // Assume R1=10 Kohm
10 R1=10; // i n Kohm
11 R2=(( VSat/Vut) -1)*R1;// i n Kohm
12 R3=((-VSat/Vlt) -1)*R1;// i n Kohm
13 disp(R1,” Value o f R1 i n Kohm i s : ”);
14 disp(R2,” Value o f R2 i n Kohm i s : ”);
15 disp(R3,” Value o f R1 i n Kohm i s : ”);
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Chapter 8

Analog Multiplier and
Operational Transconductance
Amplifier

Scilab code Exa 8.1 Find Transfer Function

1 // Exa 8 . 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”We have : ”);
7 disp(” Io1=gm1∗V1”);
8 disp(” Io2=−gm2∗Vo”);
9 disp(” I=Io1+Io2=gm1∗V1−gm2∗Vo”);
10 disp(”We a l s o have : I =(Vo−V1) ∗ s ∗C”);
11 disp(”From above two eqn : ”);
12 disp(”gm1∗V1−gm2∗Vo=(Vo−V1) ∗ s ∗C”);
13 disp(” Arrang ing terms to g e t Vo/V1 we have : ”);
14 disp(” T r a n s f e r Funct ion : V0/V1=(gm1+s ∗C) /(gm2+s ∗C) ”

);
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Scilab code Exa 8.2 Find Transfer Function

1 // Exa 8 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”We have : ”);
7 disp(” Io1=gm1∗ (V1−Vo) ”);
8 disp(” Io2=gm2∗ (V1−Vo) ”);
9 disp(”But Vc=Io1 / s ∗C1”);
10 disp(”So Io2=gm2( Io1 / s ∗C1−Vo) ”)
11 disp(”We a l s o have : I o2 =(Vo−V1) ∗ s ∗C2”);
12 disp(” S u b s t i t u t i n g f o r Io1 g i v e s : ”);
13 disp(”gm2 ∗ ( ( gm1∗ (V1−Vo)−s ∗C1∗Vo) / s ∗C1=(Vo−V1) / s ∗C2) ”

);

14 disp(”gm1∗gm2∗V1−gm1∗gm2∗Vo−gm2∗ s ∗C1∗Vo=s ˆ2∗C1∗C2∗Vo
−s ˆ2∗C1∗C2∗V1”);

15 disp(” Arrang ing terms to g e t Vo/V1 we have : ”);
16 disp(” T r a n s f e r Funct ion : V0/V1=( s ˆ2∗C1∗C2+gm1∗gm2)

/( s ˆ2∗C1∗C2+sgm1∗C1+gm1∗gm2) ”);

Scilab code Exa 8.3 Find Transfer Function

1 // Exa 8 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”We have : ”);
7 disp(” Io1=gm1∗ (V1−V2) ”);
8 disp(” Io2=gm2∗Vo”);
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9 disp(”We a l s o have : ”)
10 disp(” Io1=−I o2 ”);
11 disp(” Hence gm1∗ (V1−V2)=−gm2∗Vo”);
12 disp(” or Vo/(V1−V2)=−gm1/gm2”);

Scilab code Exa 8.4 Find Transfer Function

1 // Exa 8 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 disp(”We have : ”);
7 disp(” Io1=gm1∗ (V1−Vdash ) ”);
8 disp(”We a l s o have Io1=s ∗CVo”);
9 disp(” Io2=gm2∗Vo and Io3=−gm3∗Vdash”);
10 disp(”Now we have : s ∗CVo=gm1∗ (V1−Vdash ) ”);
11 disp(” or V1−Vdash=s ∗CV0/gm1 or Vdash=V1−s ∗CV0/gm1”);
12 disp(”So we have : I o3=−gm3∗ (V1−s ∗CV0/gm1) ”);
13 disp(” Also Io2=−I o3 or Io3=−gm2∗Vo”);
14 disp(”So we have −gm2∗Vo=−gm3 ∗ ( ( gm1∗V1−s ∗C∗Vo) /gm1) ”

);

15 disp(” or gm1∗gm2∗Vo+gm3∗ s ∗C∗Vo=gm1∗gm3∗V1”);
16 disp(” Arrang ing terms to g e t Vo/V1 we have : ”);
17 disp(” T r a n s f e r Funct ion : V0/V1=(gm1∗gm3) /(gm1∗gm2+s

∗C∗gm3) ”);

86



Chapter 9

Voltage Regulators

Scilab code Exa 9.1 Obtain 18 v from 15 volt regulator

1 //Exa 9 . 1
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Iq=5; // i n mA
7 Vo=18; // i n v o l t s
8 Vreg =15; // i n v o l t s
9 disp(”we have to f i n d the v a l u e s o f R1 & R2 which

can be used with IC7815 to produce t h i s v o l t a g e ”)
;

10 R1=Vreg /(10* Iq*10^ -3);// i n Ohms ; Iq must be i n
Amperes he r e

11 R2=(Vo-Vreg)/(11*Iq*10^ -3);// i n Ohms ; Iq must be i n
Amperes he r e

12 disp(R2,R1,” the v a l u e s o f R1 and R2 a r e : ”);

Scilab code Exa 9.2 Design a current source using 7808 regulator
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1 //Exa 9 . 2
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 Vreg =8; // i n v o l t s as IC 7808 i s g i v e n
7 IL=100; // i n mA
8 IR=100; // i n mA
9 Iq=0; // i n mA
10 RL=50; // i n ohms
11 // l e t f i n d the v a l u e o f r e s i s t o r to d e l i v e r

r e q u i r e d c u r r e n t
12 R=Vreg/(IR*10^ -3);// i n ohms ; so c u r r e n t must be i n

amperes
13 disp(R,” Requ i red R e s i s t a n c e i n ohms : ”);
14 disp(” output i s g i v e n by : Vo = IR∗R+IL∗RL”);
15 Vo = (IR*10^ -3)*R+(IL*10^ -3)*RL;

16 disp(Vo);

17 // c o n s i d e r i n g 2 v o l t dropout
18 Vdropout =2; // i n v o l t s
19 VI=Vo+Vdropout;

20 disp(VI,” Input v o l t a g e must be ( i n v o l t s ) : ”);

Scilab code Exa 9.3 Calculate output current

1 //Exa 9 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 RL1 =100; // i n ohms
7 RL2 =8; // i n ohms
8 RL3 =1; // i n ohms
9 VEBon =0.7; // i n v o l t s
10 Beta =25;
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11 R=5; // i n ohms
12 // d e v i c e used 7808 so V=8 v o l t s
13 V=8;

14 // pa r t ( i ) f o r a l aod o f 100 ohms
15 IL1=V/RL1;// i n amperes
16 VacR1=IL1*R;

17 disp(VacR1 ,”VacR ( i n v o l t s ) : ”)
18 disp(” Which i s l e s s than the g i v e n VEBon . Hence

T r a n s i s t o r r ema ins OFF. ”)
19 // so Io=IL and I c =0
20 Io1=IL1;// i n amperes ;
21 Ic1 =0;

22 disp(Ic1 ,Io1 ,” I c and Io f o r the 100 ohms l oad ( i n
amperes ) : ”)

23 // pa r t ( i i ) f o r a l aod o f 8 ohms
24 IL2=V/RL2;// i n amperes
25 VacR2=IL2*R;

26 disp(VacR2 ,”The v o l t a g e a c r o s s R w i l l be ( i n v o l t s ) :
”)

27 disp(” Which i s g r e a t e r than the g i v e n VEBon . Hence
T r a n s i s t o r w i l l be ON. ”)

28 // e x p r e s s i o n f o r I o
29 Io2 =((IL2+(Beta*VEBon)/R))/(Beta +1);// i n amperes ;
30 Ic2=IL2 -Io2;

31 disp(Ic2 ,Io2 ,” I c and Io f o r the 8 ohms l oad ( i n
amperes ) : ”)

32

33 // pa r t ( i i i ) f o r a l aod o f 1 ohms
34 IL3=V/RL3;// i n amperes
35 VacR3=IL3*R;

36 disp(VacR3 ,”VacR ( i n v o l t s ) : ”)
37 disp(” Which i s g r e a t e r than the g i v e n VEBon . Hence

T r a n s i s t o r w i l l be ON. ”)
38 // e x p r e s s i o n f o r I o
39 Io3 =((IL3+(Beta*VEBon)/R))/(Beta +1);// i n amperes ;
40 Ic3=IL3 -Io3;

41 disp(Ic3 ,Io3 ,” I c and Io f o r the 1 ohms l oad ( i n
amperes ) : ”)
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Scilab code Exa 9.4 Design adjustable voltage regulator using LM317

1 //Exa 9 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 // f o r the g i v e n IC LM317 :
7 Iadj =100; // i n micro amperes
8 Vref =1.25; // i n v o l t s
9 R1=240; // i n ohms
10 // ( i ) For Vo=2 v o l t s
11 // on s o l v i n g e q u a t i o n Vo=Vre f (1+R2/R1)+R2∗ I a d j
12 Vo=2; // i n v o l t s
13 R2=(Vo-Vref)/(( Vref/R1)+Iadj *10^ -6);

14 disp(R2,” f o r Output 2 v o l t s the r e q u i r e s v a l u e o f
r e s i s t a n c e R2( i n ohms ) : ”)

15 // ( i ) For Vo=12 v o l t s
16 Vo1 =12; // i n v o l t s
17 // on s o l v i n g e q u a t i o n Vo=Vre f (1+R2/R1)+R2∗ I a d j
18 R21=(Vo1 -Vref)/(Vref/R1+Iadj *10^ -6);

19 disp(R21 ,” f o r Output 12 v o l t s the r e q u i r e s v a l u e o f
r e s i s t a n c e R2( i n ohms ) : ”)

20 // use p o t e n t i o m e t e r f o r a d j u s t a b l e v a l u e
21 disp(” Hence use 3kohm p o t e n t i o m e t e r to s e t R2 . ”)

Scilab code Exa 9.5 Calculate minimum and maximum output voltage

1 //Exa 9 . 5
2 clc;

3 clear;
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4 close;

5 // g i v e n data
6 // f o r the g i v e n IC LM317 :
7 Iadj =100; // i n micro amperes
8 Vref =1.25; // i n v o l t s
9 R1=240; // i n ohms
10 //we have output e q u a t i o n Vo=Vre f (1+R2/R1)+R2∗ I a d j
11 R2min =0; // i n ohms
12 R2max =3000; // i n ohms
13 Vomin=Vref *(1+ R2min/R1)+R2min*Iadj *10^ -6; // i n v o l t s
14 Vomax=Vref *(1+ R2max/R1)+R2max*Iadj *10^ -6; // i n v o l t s
15 disp(Vomin ,”Minimum output v o l t a g e ( i n v o l t s ) i s : ”)
16 disp(Vomax ,”Maximum output v o l t a g e ( i n v o l t s ) i s : ”)

Scilab code Exa 9.6 Design a voltage regulator using IC723

1 //Exa 9 . 6
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 // IC 723
7 Vsense =0.7 // i n v o l t s
8 Vo=5; // i n v o l t s
9 Im=50; // i n mA
10 Id=1; // i n mA
11 Vr=7; // i n v o l t s
12 R1=(Vr-Vo)/(Id*10^ -3);

13 R2=Vo/(Id*10^ -3);

14 R3=(R1*R2)/(R1+R2);

15 Rcl=Vsense /(Im*10^ -3);

16 disp(” v a r i o u s r e s i s t a n c e v a l u e s f o r the c i r c u i t i s
as f o l l o w s : ”)

17 disp(R1,”R1 : ”)
18 disp(R2,”R2 : ”)
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19 disp(R3,”R3 : ”)
20 disp(Rcl ,” Rcl : ”)

Scilab code Exa 9.7 Design a voltage regulator using IC723

1 //Exa 9 . 7
2 clc;

3 clear;

4 close;

5 // g i v e n data
6 // IC 723
7 Id=1; // i n mA
8 Vsense =0.7; // i n v o l t s
9 Vo=15; // i n v o l t s
10 Im=50; // i n mA
11 Vr=7; // i n v o l t s
12 R1=(Vo-Vr)/(Id*10^ -3);

13 R2=Vr/(Id*10^ -3);

14 R3=(R1*R2)/(R1+R2);

15 Rcl=Vsense /(Im*10^ -3);

16 disp(” v a r i o u s r e s i s t a n c e v a l u e s f o r the c i r c u i t i s
as f o l l o w s : ”)

17 disp(R1,”R1 : ”)
18 disp(R2,”R2 : ”)
19 disp(R3,”R3 : ”)
20 disp(Rcl ,” Rcl : ”)

Scilab code Exa 9.8 Design a regulated power supply

1 //Exa 9 . 8
2 clc;

3 clear;

4 close;
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5 // g i v e n data
6 Im=100; // i n mA
7 Vr=7; // i n v o l t s
8 R2=10; // i n kohm
9 Vsense =0.7; // i n v o l t s
10 // u s i n g e q u a t i o n Vo=((R1+R2) /R2) ∗Vr
11 // f o r Vo=10 v o l t s assuming R2=10kohm
12 disp(”Eqn i s g i v e n by Vo=((R1+R2) /R2) ∗Vr”)
13 Vo=10; // i n v o l t s
14 R1=((Vo*R2)/Vr)-R2 // i t g i v e s 3R2=7R1 ;
15 disp(R1,” Value o f r e s i s t a n c e R1( i n kohms ) : ”)
16 //now l e t output v o l t a g e i s 15 v o l t s
17 Vo=15; // i n v o l t s
18 R1=((Vo*R2)/Vr)-R2 // i t g i v e s 3R2=7R1 ;
19 disp(R1,” Value o f r e s i s t a n c e R1( i n kohms ) : ”)
20 R3=(R1*R2)/(R1+R2);

21 disp(R3,” v a l u e o f r e s i s t a n c e R3 i n kohms : ”)
22 Rcl=Vsense /(Im*10^ -3);// i n ohms
23 disp(Rcl ,” Value o f Rcl i s ohms i s : ”);
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