
Scilab Textbook Companion for
Operational Amplifiers & Linear Integrated

Circuits
by D. A. Bell1

Created by
Ashishkumar

BE
Electronics Engineering

BVBCET, Hubli
College Teacher

Prof. Sujata Kotbagi
Cross-Checked by

July 31, 2019

1Funded by a grant from the National Mission on Education through ICT,
http://spoken-tutorial.org/NMEICT-Intro. This Textbook Companion and Scilab
codes written in it can be downloaded from the ”Textbook Companion Project”
section at the website http://scilab.in



Book Description

Title: Operational Amplifiers & Linear Integrated Circuits

Author: D. A. Bell

Publisher: PHI Learning Pvt. Ltd.

Edition: 2

Year: 2003

ISBN: 8120323599

1



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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Introduction to Operational
Amplifiers

Scilab code Exa 1.1 Voltage follower

1 disp( ’ c h a p t e r 1 ex1 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” input s i g n a l =1v”)// input s i g n a l i s 1v
4 disp(”V0=Vi−(Vi /M) ”)// fo rmu la to f i n d o/p v o l t a g e
5 Vi=1

6 M=200000 //Minimum Open l oop ga in i s 50000 , Typ i ca l M
i s 200000

7 V0=Vi -(Vi/M)

8 disp( ’ output v o l t a g e f o r t y p i c a l open l oop ga in o f
200000 i s ’ )

9 disp( ’ v o l t ’ ,V0)
10 M1 =50000 //Minimum open l oop ga in
11 V01=Vi -(Vi/M1)// output f o r minimum open l oop ga in
12 disp( ’ output v o l t g e f o r minimum open l oop ga in o f

50000 i s ’ )
13 disp( ’ v o l t ’ ,V01)
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Scilab code Exa 1.2 Non Inverting amplifier

1 disp( ’ c h a p t e r 1 ex1 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp(”R2=8.2Kohms , R3=150ohms”)// g i v e n R e s i s t o r

v a l u e s
4 R2=8200

5 R3=150

6 Av=(R2+R3)/R3 // v o l t a g e ga in fo rmu la
7 disp(” v o l t a g e ga in f o r g i v e n r e s i s t o r v a l u e s ” )

8 disp(Av)

9 disp(”New v o l t a g e ga in g i v e n =75”)// v o l t a g e ga in =75
10 Av=75

11 R3=R2/(Av -1) // c a l c u l a t i o n o f R3
12 disp(”New v a l u e o f r e s i s t o r R3”)
13 disp( ’ ohms ’ ,R3)

Scilab code Exa 1.3 Inverting amplifier

1 disp( ’ c h a p t e r 1 ex1 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp(”R2=8.2Kohms , R1=270ohms”)// g i v e n r e s i s t o r

v a l u e s
4 R1=270

5 R2=8200

6 Av=R2/R1

7 disp(” v o l t a g e ga in o f i n v e r t i n g a m p l i f i e r ”)
8 disp(Av)

9 disp(”new v o l t a g e ga in g i v e n =60”)
10 Av1 =60

11 R1n=R2/Av1

12 disp(”new v a l u e o f R1”)
13 disp( ’Ohms ’ ,R1n)
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Chapter 2

Operational Amplifier
Parameters

Scilab code Exa 2.1 Non Inverting amplifier

1 disp( ’ c h a p t e r 2 ex2 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” v o l t a g e ga in i s 50 ”)
4 Av=50

5 disp(” typicalCMRR=90db”)
6 disp(”common mode input =100mv”)
7 Vicm =.1

8 CMRR =10^(90/20)

9 Vo=(Vicm*Av)/CMRR

10 disp(” output v o l t a g e i s ”)
11 disp( ’ v o l t ’ ,Vo)

Scilab code Exa 2.2 PSVR

1 disp( ’ c h a p t e r 2 ex2 . 2 ’ )
2 disp( ’ g i v e n ’ )
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3 disp(” supp ly v o l t a g e =+15V and −15V”)
4 disp(” r i p p l e v o l t a a g e supp ly=2mV with 120 Hz”)
5 Vrip =2*(10^( -3))

6 disp(”PSRR f o r an Op−amp=30uV/V”)
7 PSRR =(30*(10^( -6)))

8 disp(” output v o l t a g e produced by the power r i p p l e=”)
9 Vo=Vrip*PSRR

10 disp( ’ v o l t ’ ,Vo)

Scilab code Exa 2.3 Offset voltage

1 disp( ’ c h a p t e r 2 ex2 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp(”R1=22Kohm R2=22Kohm and t o l e r a n c e o f 20%”)
4 disp(” from 741 d a t a s h e e t ”)
5 disp(” Vi ( o f f s e t )=5mV maximum”)
6 disp(” I i ( o f f s e t ) =200nA maximum”)
7 Vioffset =.005

8 Iioffset =200*(10^( -9))

9 disp(” Ib =500nA”)
10 Ib =500*(10^( -9))

11 R1 =22000+(22000*0.2)

12 R2 =22000 -(22000*0.2)

13 Vioffset=Ib*(R1 -R2)

14 disp(” V i o f f s e t=Ib ∗ (R1−R2) ”)
15 disp(” input o f f s e t v o l t a g e due to r e s i s t o r s ”)
16 disp( ’ v o l t ’ ,Vioffset)

Scilab code Exa 2.4 Input impedance

1 disp( ’ c h a p t e r 2 ex2 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” from 741 d a t a s h e e t ”)
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4 disp(” Rimin =.3Mohm”)
5 disp(”Mmin=50000”)
6 Rimin =300000

7 Mmin =50000

8 disp(” For an v o l t a g e f o l l o w e r beta=1”)
9 b=1

10 Zin =(1+ Mmin*b)*Rimin

11 disp(”minimum input impedence ”)
12 disp( ’ ohms ’ ,Zin)

Scilab code Exa 2.5 Output impedance

1 disp( ’ c h a p t e r 2 ex2 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” from 741 d a t a s h e e t ”)
4 disp(”Zo=75ohm”)
5 disp(”Mmax=200000 ”)
6 Zo=75

7 Mmax =200000

8 disp(” For an v o l t a g e f o l l o w e r beta=1”)
9 b=1

10 Zout=Zo/(1+ Mmax*b)

11 disp(” Typ i ca l output impedence ”)
12 disp( ’ ohms ’ ,Zout)
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Chapter 3

Op Amps as DC Amplifiers

Scilab code Exa 3.1 Voltage follower

1 disp( ’ c h a p t e r 3 ex3 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ r e s i s t o r connec t ed R1=Rs=47kohms ’ )
4 R1 =47000

5 Rs =47000

6 disp( ’ IB (max) =500nA and I i ( o f f s e t ) =20nA ’ )
7 IBmax =500*10^( -9)

8 Iioffset =20*10^( -9)

9 disp( ’V(max)=IB (max) ∗Rs ’ )
10 Vmax=IBmax*Rs

11 disp( ’ v o l t ’ ,Vmax)
12 disp( ’ V i o f f s e t=I i ( o f f s e t ) ∗Rs ’ )
13 Vioffset=Iioffset*Rs

14 disp( ’ v o l t ’ ,Vioffset)

Scilab code Exa 3.2 Voltage follower

1 disp( ’ c h a p t e r 3 ex3 . 2 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ r e s i s t o r connec t ed Rs=47kohms and RL=20kohms ’ )
4 disp( ’ v o l t a g e f o l l o w e r Vs=1Volt ’ )
5 disp( ’ v o l t a g e l oad VL=Vs∗RL/( Rs+RL) ’ )
6 Rs =47000

7 RL =20000

8 Vs=1

9 VL=Vs*RL/(Rs+RL)

10 disp(VL)

11 disp( ’ Z in=(1+M) ∗ Zi ’ )
12 disp( ’M=200000 and Zi=2Mohms ’ )
13 M=200000

14 Zi =2000000

15 Zin =(1+M)*Zi

16 disp( ’ ohms ’ ,Zin)
17 disp( ’ Vi=Vs∗Zin /( Rs+Zin ) ’ )
18 Vi=Vs*Zin/(Rs+Zin)

19 disp( ’ v o l t ’ ,Vi)
20 disp( ’Vo=Vi∗(1−1/M) ’ )
21 Vo=Vi*(1 -1/M)

22 disp( ’ v o l t ’ ,Vo)
23 disp( ’ Zout=Zo/(1+M) ’ )
24 disp( ’ Zo=75ohms ’ )
25 Zo=75

26 Zout=Zo/(1+M)

27 disp( ’ ohms ’ ,Zout)
28 disp( ’VL=Vo∗RL/(RL+Zout ) ’ )
29 VL=Vo*RL/(RL+Zout)

30 disp( ’ v o l t ’ ,VL)

Scilab code Exa 3.3 Potential divider and voltage follower

1 disp( ’ c h a p t e r 3 ex3 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’RL=1kohms ’ )
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4 disp( ’ v o l t a g e f o l l o w e r VL=5 v o l t ’ )
5 disp( ’ supp ly v o l t a g e Vcc=15 v o l t ’ )
6 disp( ’ IL=VL/RL ’ )
7 RL=1000

8 VL=5

9 IL=VL/RL

10 disp( ’ amperes ’ ,IL)
11 disp( ’V1=Vcc−VL ’ )
12 Vcc =15

13 V1=Vcc -VL

14 disp( ’ v o l t ’ ,V1)
15 disp( ’R1=V1/ IL ’ )
16 R1=V1/IL

17 disp( ’ ohms ’ ,R1)
18 disp( ’RL changes by −10%’ )
19 disp( ’VL=Vcc ∗ (RL− .10) /(R1+(RL− .10) ) ’ )
20 VL=Vcc*(RL -.10) /(R1+(RL -.10))

21 disp( ’ v o l t ’ ,VL)
22 disp( ’V2=VL=5 v o l t s ’ )
23 V2=5

24 VL=5

25 disp( ’V1=Vcc−VL ’ )
26 V1=Vcc -VL

27 disp( ’ v o l t ’ ,V1)
28 disp( ’ IBmax=500nA and I2 =100∗IBmax ’ )
29 disp( ’R2=V2/ I2 ’ )
30 IBmax =500*10^( -9)

31 I2=100* IBmax

32 R2=V2/I2

33 disp( ’ ohms ’ ,R2)
34 disp( ’R1=V1/ I2 ’ )
35 R1=V1/I2

36 disp( ’ ohms ’ ,R1)

Scilab code Exa 3.4 Non Inverting amplifier
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1 disp( ’ c h a p t e r 3 ex3 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ s i g n a l ampl i tude Vi=15mV’ )
4 disp( ’ IBmax=500nA and I2 =100∗IBmax ’ )
5 Vi=.015

6 IBmax =500*10^( -9)

7 I2=100* IBmax

8 disp( ’R3=Vi / I2 ’ )
9 R3=Vi/I2

10 disp( ’ ohms ’ ,R3)
11 disp( ’ s t andard v a l u e r e s i s t o r f o r R3=270ohms ’ )
12 R3=270

13 disp( ’ I 2=Vi /R3 ’ )
14 I2=Vi/R3

15 disp( ’ amperes ’ ,I2)
16 disp( ’Vo=Av∗Vi ’ )
17 Av=66

18 Vo=Av*Vi

19 disp( ’ v o l t ’ ,Vo)
20 disp( ’R2=Vo/ I2−R3 ’ )
21 R2=Vo/I2-R3

22 disp( ’ ohms ’ ,R2)
23 disp( ’ s t andard v a l u e r e s i s t o r to g i v e Av>66 R2=18

kohms ’ )
24 R2 =18000

25 disp( ’R1=R2 | | R3 ’ )
26 R1=R2*R3/(R2+R3)

27 disp( ’ ohms ’ ,R1)
28 disp( ’ s t andard v a l u e r e s i s t o r R1=270ohms ’ )
29 R1=270

30 disp( ’ ohms ’ ,R1)

Scilab code Exa 3.5 Non Inverting amplifier

1 disp( ’ c h a p t e r 3 ex3 . 5 ’ )

15



2 disp( ’ g i v e n ’ )
3 disp( ’ R e d e s i g n i n g the n o n i n v e r t i n g a m p l i f i e r i n

example 3 . 4 u s i n g LF353 BIFET op−amp ’ )
4 disp( ’ IBmax=200pA and I2 =100∗IBmax ’ )
5 disp( ’ l e t R2=1Mohms and Av=66 ’ )
6 R2 =1*10^(6)

7 Av=66

8 disp( ’R3=R2/(Av−1) ’ )
9 R3=R2/(Av -1)

10 disp( ’ ohms ’ ,R3)
11 disp( ’ s t andard v a l u e r e s i s t o r R3=15kohms w i l l g i v e

Av>66 ’ )
12 R3 =15000

13 disp( ’ ohms ’ ,R3)
14 disp( ’R1=R2 | | R3 ’ )
15 R1=R2*R3/(R2+R3)

16 disp( ’ ohms ’ ,R1)
17 disp( ’ s t andard v a l u e R1=15kohms ’ )
18 R1 =15000

19 disp( ’ ohms ’ ,R1)

Scilab code Exa 3.6 Input impedance of non inverting amplifier

1 disp( ’ c h a p t e r 3 ex3 . 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ s t andard v a l u e o f r e s i s t o r R1=15kohms ’ )
4 disp( ’Av=66 ’ )
5 disp( ’ t y p i c a l pa ramete r s M=100000 and Zi =10ˆ(12) ’ )
6 disp( ’ Z in=(1+M/Av) ∗ Zi ’ )
7 R1 =15000

8 Av=66

9 Zi =10^(12)

10 M=100000

11 Zin =(1+M/Av)*Zi

12 disp( ’ ohms ’ ,Zin)
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13 disp( ’ Z1 in=R1+Zin ’ )
14 Z1in=R1+Zin

15 disp( ’ ohms ’ ,Z1in)

Scilab code Exa 3.7 Inverting amplifier

1 disp( ’ c h a p t e r 3 ex3 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ D e s i g n i n g i n v e r t i n g a m p l i f i e r u s i n g 741 op−amp

’ )
4 disp( ’ v o l t a g e ga in Av=50 ’ )
5 disp( ’ output v o l t a g e Vo=2.5 v o l t ’ )
6 Av=50

7 Vo=2.5

8 disp( ’ IBmax=500nA and I1 =100∗IBmax ’ )
9 IBmax =500*10^( -9)

10 I1=100* IBmax

11 disp( ’V1=Vo/Av ’ )
12 V1=Vo/Av

13 disp( ’ v o l t ’ ,V1)
14 disp( ’R1=V1/ I1 ’ )
15 R1=V1/I1

16 disp( ’ ohms ’ ,R1)
17 disp( ’R2=Vo/ I1 ’ )
18 R2=Vo/I1

19 disp( ’ ohms ’ ,R2)
20 disp( ’R3=R1 | | R2 ’ )
21 R3=R1*R2/(R2+R1)

22 disp( ’ ohms ’ ,R3)

Scilab code Exa 3.8 Inverting amplifier

1 disp( ’ c h a p t e r 3 ex3 . 8 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ R e d e s i g n i n g the i n v e r t i n g a m p l i f i e r i n example

3 . 7 u s i n g LF353 BIFET op−amp ’ )
4 disp( ’ l e t R2=1Mohms and Av=50 ’ )
5 R2 =1*10^(6)

6 Av=50

7 disp( ’R1=R2/Av ’ )
8 R1=R2/Av

9 disp( ’ ohms ’ ,R1)
10 disp( ’R3=R1 | | R2 ’ )
11 R3=R1*R2/(R1+R2)

12 disp( ’ ohms ’ ,R3)

Scilab code Exa 3.9 Summing amplifier

1 disp( ’ c h a p t e r 3 ex3 . 9 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ the d i r e c t sum o f two i n p u t s which range from

. 1 Vol t to 1 V0l t ’ )
4 Vsmin =0.1

5 Vsmax=1

6 disp( ’ IBmax=500nA ’ )
7 disp( ’ I1min =100∗IBmax ’ )
8 IBmax =500*10^( -9)

9 I1min =100* IBmax

10 disp( ’ amperes ’ ,I1min)
11 disp( ’R1=Vsmin/ I1min ’ )
12 R1=Vsmin/I1min

13 disp( ’ ohms ’ ,R1)
14 disp( ’ u s i n g s tandard v a l u e R2=R1=1.8 kohms ’ )
15 R1=1800

16 R2=1800

17 disp( ’ f o r Av=1 R3=R1=1.8 kohms ’ )
18 Av=1

19 R3=1800
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20 disp( ’R4=R1 | | R2 | | R3 ’ )
21 R4=R1/3

22 disp( ’ ohms ’ ,R4)
23 disp( ’ s t andard v a l u e i s 560 ohms ’ )

Scilab code Exa 3.10 Differential and common mode input resistance

1 disp( ’ c h a p t e r 3 ex3 . 1 0 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ The d i f f e r e n c e o f two input s i g n a l s i s to be

a m p l i f l i e d by f a c t o r o f 37 ’ )
4 Av=37

5 disp( ’ ampl i tude =50mV’ )
6 disp( ’R2=1Mohms ’ )
7 R2 =1*10^(6)

8 disp( ’R1=R2/Av ’ )
9 R1=R2/Av

10 disp( ’ ohms ’ ,R1)
11 disp( ’R3=R1=27kohms ’ )
12 disp( ’R4=R2=1Mohms ’ )
13 R3 =27000

14 R4 =1*10^(6)

15 disp( ’ d i f f e r e n t i a l mode input r e s i s t a n c e R i d i f f=R1+(
R3+R4) ’ )

16 Ridiff=R1+(R3+R4)

17 disp( ’ ohms ’ ,Ridiff)
18 disp( ’commom mode input r e s i s t a n c e Ricm=R1 | | ( R3+R4) ’

)

19 Ricm=R1*(R3+R4)/(R1+R3+R4)

20 disp( ’ ohms ’ ,Ricm)

Scilab code Exa 3.11 Output voltage nulling
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1 disp( ’ c h a p t e r 3 ex3 . 1 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ mod i f y ing c i r c u i t d e s i g n e d i n example 3 . 1 0 ’ )
4 disp( ’R1=27kohms and R2=1Mohms ’ )
5 disp( ’R3+R4=R1=27kohms ’ )
6 R1 =27000

7 R2 =27000

8 disp( ’R4/R3=R2/R1=37 ’ )
9 disp( ’R3+37R3=27kohms ’ )
10 R3 =27000/(1+37)

11 disp( ’ ohms ’ ,R3)
12 disp( ’ s t andard v a l u e R3=680ohms ’ )
13 R3=680

14 R4=37*R3

15 disp( ’ ohms ’ ,R4)
16 disp( ’ a l l o w i n g +10% or−10% ad ju s tment s o f R4 ’ )
17 disp( ’ t o t a l r e s i s t a n c e R%=R4+10%’ )
18 R5=R4+R4*.10

19 disp( ’ ohms ’ ,R5)
20 disp( ’ v a r i a b l e p o r t i o n Rv=20% o f R4 ’ )
21 Rv=.20*R5

22 disp( ’ ohms ’ ,Rv)
23 disp( ’ s t andard v a r i a b l e r e s i s t a n c e i s 5kohms ’ )
24 Rv=5000

25 disp( ’ ohms ’ ,Rv)
26 disp( ’ f i x e d p o r t i o n o f R4 i s Rf=R4−Rv ’ )
27 Rf=R5-Rv

28 disp( ’ ohms ’ ,Rf)

20



Chapter 4

Op Amps as AC Amplifiers

Scilab code Exa 4.1 Capacitor coupled voltage follower

1 disp( ’ c h a p t e r 4 ex4 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ c a p a c i t o r coup l ed v o l t a g e f o l l o w e r d e s i g n ’ )
4 disp(” l owe r cut o f f f r e q u e n c y f o r the c i r c u i t =50Hz”

)

5 disp( ’ Rl =3.9 kohms ’ )
6 disp(”R1max=0.1Vbe/Ibmax”)
7 disp(”Vbe=0.7 v o l t s ”)
8 disp(”Ibmax=500nA”)
9 Vbe =0.7

10 Ibmax =500*10^( -9)

11 R1max =0.1* Vbe/ Ibmax

12 disp(”R1max= ”,R1max)
13 disp(” assume R1=120Kohms”)
14 R1 =120000

15 f1=50

16 disp(”Xc1=R1/10 at F1”)
17 disp(”C1=1/(2∗ p i ∗ f 1 ∗ (R1/10) ) ”)
18 C1 =1/(2* %pi*f1*(R1/10))

19 disp( ’ f a r a d ’ ,C1)
20 Rl=3900
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21 disp(”Xc2=Rl at f 1 ”)
22 disp(”C2=1/(2∗ p i ∗ f 1 ∗Rl ) ”)
23 C2 =1/(2* %pi*f1*Rl)

24 disp( ’ f a r a d ’ ,C2)
25 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)

Scilab code Exa 4.2 Capacitor coupled voltage follower

1 disp( ’ c h a p t e r 4 ex4 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ c a p a c i t o r coup l ed v o l t a g e f o l l o w e r d e s i g n

u s i n g BIFET ’ )
4 disp(” l owe r cut o f f f r e q u e n c y f o r the c i r c u i t =50Hz”

)

5 disp( ’ Rl =3.9 kohms ’ )
6 disp(”R1max=1Mohms”)
7 R1 =1000000

8 f1=50

9 disp(”Xc1=R1/10 at F1”)
10 disp(”C1=1/(2∗ p i ∗ f 1 ∗ (R1/10) ) ”)
11 C1 =1/(2* %pi*f1*(R1/10))

12 disp( ’ f a r a d ’ ,C1)
13 Rl=3900

14 disp(”Xc2=Rl at f 1 ”)
15 disp(”C2=1/(2∗ p i ∗ f 1 ∗Rl ) ”)
16 C2 =1/(2* %pi*f1*Rl)

17 disp( ’ f a r a d ’ ,C2)
18 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)

Scilab code Exa 4.3 High Zin Capacitor coupled voltage follower
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1 disp( ’ c h a p t e r 4 ex4 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ c a p a c i t o r coup l ed v o l t a g e f o l l o w e r d e s i g n ’ )
4 disp(” l owe r cut o f f f r e q u e n c y f o r the c i r c u i t =50Hz”

)

5 disp( ’ Rl =3.9 kohms ’ )
6 disp(”R1max=0.1Vbe/Ibmax”)
7 disp(”Vbe=0.7 v o l t s ”)
8 disp(”Ibmax=500nA”)
9 Vbe =0.7

10 Ibmax =500*10^( -9)

11 R1max =0.1* Vbe/ Ibmax

12 disp(”R1max= ”)
13 disp( ’ ohms ’ ,R1max)
14 disp(”R1+R2=Rmax”)
15 R1=R1max/2

16 R2=R1

17 disp(” assume R1=68Kohms”)
18 R1 =68000

19 f1=50

20 disp(”Xc1=R1/10 at F1”)
21 disp(”C1=1/(2∗ p i ∗ f 1 ∗ (R1/10) ) ”)
22 C1 =1/(2* %pi*f1*(R1/10))

23 C2=C1

24 disp( ’ f a r a d s ’ ,C1)
25 Rl=3900

26 disp( ’ f a r a d s ’ ,C2)
27 M=50000

28 disp(”M=50000”)
29 disp(” Zin=(1+M) ∗R1”)
30 Zin =(1+M)*R1

31 disp( ’ ohms ’ ,Zin)
32 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)
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Scilab code Exa 4.4 Capacitor coupled non inverting amplifier

1 disp( ’ c h a p t e r 4 ex4 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ c a p a c i t o r coup l ed non i n v e r t i n g a m p l i f i e r

d e s i g n ’ )
4 disp(” l owe r cut o f f f r e q u e n c y f o r the c i r c u i t =120Hz

”)
5 disp( ’ Rl =2.2 kohms ’ )
6 disp(”R1max=0.1Vbe/Ibmax”)
7 disp(”Vbe=0.7 v o l t s ”)
8 disp(”Ibmax=500nA”)
9 Vbe =0.7

10 Ibmax =500*10^( -9)

11 R1max =0.1* Vbe/ Ibmax

12 disp(”R1max= ”,R1max)
13 R1 =120000

14 f1=120

15 disp(”R1=18 kohms and R3=270 ohms from example 3 . 4 ”)
16 disp(”Xc1=R1/10 at F1”)
17 disp(”C1=1/(2∗ p i ∗ f 1 ∗ (R1/10) ) ”)
18 C1 =1/(2* %pi*f1*(R1/10))

19 disp( ’ f a r a d s ’ ,C1)
20 Rl=2200

21 disp(”Xc2=Rl at f 1 ”)
22 disp(”C2=1/(2∗ p i ∗ f 1 ∗Rl ) ”)
23 C2 =1/(2* %pi*f1*Rl)

24 disp( ’ f a r a d s ’ ,C2)
25 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)

Scilab code Exa 4.5 High Zin Capacitor coupled non inverting

1 disp( ’ c h a p t e r 4 ex4 . 5 ’ )
2 disp( ’ g i v e n ’ )
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3 disp( ’ c a p a c i t o r coup l ed non i n v e r t i n g h igh impedence
f o l l o w e r d e s i g n ’ )

4 disp(” l owe r cut o f f f r e q u e n c y f o r the c i r c u i t =200Hz
”)

5 disp( ’ Rl=12kohms ’ )
6 disp(” input v o l t a g e =15mV”)
7 disp(” output v o l t a g e =3V”)
8 disp(”Av=Vo/ Vi ”)
9 Vo=3

10 Vi =0.015

11 Av=Vo/Vi

12 disp(Av)

13 disp(” f o r non i n v e r t i n g a m p l i f i e r Av=(R2+R3) /R3”)
14 disp(” f o r BIFET opamp R2=1Mohms”)
15 R2 =1000000

16 R3=R2/(Av -1)

17 disp(R3,”R3=”)
18 f1=200

19 R1=R2-R3

20 disp(R1,”R1=”)
21 disp(”C2=1/(2∗ p i ∗ f 1 ∗ (R3) ) ”)
22 C2 =1/(2* %pi*f1*(R3))

23 disp( ’ f a r a d s ’ ,C2)
24 disp(”C1=1000pF much l a r g e r than s t r a y c a p a c i t a n c e ”)
25 Rl =12000

26 disp(”Xc3=Rl /10 at f 1 ”)
27 disp(”C2=1/(2∗ p i ∗ f 1 ∗ ( Rl /10) ”)
28 C2 =1/(2* %pi*f1*(Rl/10))

29 disp( ’ f a r a d s ’ ,C2)
30 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)

Scilab code Exa 4.6 Capacitor coupled inverting amplifier

1 disp( ’ c h a p t e r 4 ex4 . 6 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ c a p a c i t o r coup l ed i n v e r t i n g a m p l i f i e r d e s i g n ’ )
4 disp(” f r e q u e n c y range f o r the c i r c u i t =10Hz to 1KHz”

)

5 disp( ’ Rl=250ohms ’ )
6 disp(”From i n v e r t i n g a m p l i f i e r d e s i g n e d i n ex 3 . 7 R1

=1Kohms”)
7 R1=1000

8 f1=10

9 disp(”Xc1=R1/10 at F1”)
10 disp(”C1=1/(2∗ p i ∗ f 1 ∗ (R1/10) ) ”)
11 C1 =1/(2* %pi*f1*(R1/10))

12 disp( ’ f a r a d s ’ ,C1)
13 Rl=250

14 disp(”Xc2=Rl at f 1 ”)
15 disp(”C2=1/(2∗ p i ∗ f 1 ∗Rl ) ”)
16 C2 =1/(2* %pi*f1*Rl)

17 disp( ’ f a r a d s ’ ,C2)
18 disp(”From i n v e r t i n g a m p l i f i e r d e s i g n e d i n ex 3 . 7 R2

=47Kohms”)
19 R2 =47000

20 disp(” Cf =1/(2∗ p i ∗ f 1 ∗R2) ”)
21 Cf =1/(2* %pi*f1*R2)

22 disp( ’ f a r a d s ’ ,Cf)
23 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)

Scilab code Exa 4.7 Capacitor coupled non inverting amplifier

1 disp( ’ c h a p t e r 4 ex4 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ c a p a c i t o r coup l ed non i n v e r t i n g a m p l i f i e r

d e s i g n ’ )
4 disp(” v o l t a g e ga in =100”)
5 disp(” Supply v o l t a g e =24v ”)
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6 Av=100

7 Vcc =24

8 disp(” Output ampl i tude=5V”)
9 Vo=5

10 disp(” l owe r cut o f f f r e q u e n c y f o r the c i r c u i t =75Hz”
)

11 disp( ’ Rl =5.6 kohms ’ )
12 disp(”Ibmax=500nA”)
13 Vbe =0.7

14 Ibmax =500*10^( -9)

15 disp(” I2>>Ibmax”)
16 I2=100* Ibmax

17 disp(I2,” I2=”)
18 R1=(Vcc/2)/I2

19 disp(”R1= ”)
20 disp( ’ ohms ’ ,R1)
21 R2=(Vcc/2)/I2

22 disp(R2,”R2=”)
23 disp(” assume R1=220Kohms”)
24 disp(” Vi=Vo/Av”)
25 Vi=Vo/Av

26 disp(Vi,” Vi=”)
27 R1 =220000

28 disp(” I4>>Ibmax”)
29 I4=100* Ibmax

30 disp(I4,” I4=”)
31 R4=Vi/I4

32 disp(R4,”R4=”)
33 disp(”R3+R4=Vo/ I4 ”)
34 R3=(Vo/I4)-R4

35 disp(R3,”R3=”)
36 Rp=(R1*R2)/(R1+R2)

37 disp(Rp,”Rp(R1 | | R2)=”)
38 f1=75

39 disp(”Xc1=Rp/10 at F1”)
40 disp(”C1=1/(2∗ p i ∗ f 1 ∗ (Rp/10) ) ”)
41 C1 =1/(2* %pi*f1*(Rp/10))

42 disp( ’ f a r a d s ’ ,C1)
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43 Rl=5600

44 disp(”Xc2=Rl /10 at F1”)
45 disp(”C2=1/(2∗ p i ∗ f 1 ∗ ( Rl /10) ) ”)
46 C2 =1/(2* %pi*f1*(Rl/10))

47 disp( ’ f a r a d s ’ ,C2)
48 disp(”C1=1/(2∗ p i ∗ f 1 ∗R4) ”)
49 C3 =1/(2* %pi*f1*R4)

50 disp( ’ f a r a d s ’ ,C3)
51 disp(”The c i r c u i t v o l t a g e shou ld be norma l ly between

9 to 18 v o l t s ”)
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Chapter 5

Op Amp Frequency response
and Compensation

Scilab code Exa 5.1 Inverting amplifier

1 disp( ’ c h a p t e r 5 ex5 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’maximum s i g n a l v o l t a g e Vs=.5 v o l t ’ )
4 disp( ’ v o l t a g e ga in Av=10 ’ )
5 disp( ’ IBmax =1.5∗10ˆ(−6)A and I1 =100∗IBmax ’ )
6 Vs=.5

7 Av=10

8 IBmax =1.5*10^( -6)

9 I1=100* IBmax

10 disp( ’ amperes ’ ,I1)
11 disp( ’R1=Vs/ I1 ’ )
12 R1=Vs/I1

13 disp( ’ ohms ’ ,R1)
14 disp( ’R2=Av∗R1 ’ )
15 R2=Av*R1

16 disp( ’ ohms ’ ,R2)
17 disp( ’R3=R1 | | R2 ’ )
18 R3=R1*R2/(R1+R2)

19 disp( ’ ohms ’ ,R3)
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Scilab code Exa 5.2 Voltage follower

1 disp( ’ c h a p t e r 5 ex5 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ 714 op−amp i s used as a v o l t a g e f o l l o w e r ’ )
4 disp( ’ v o l t a g e ga in Av=1 ’ )
5 Av=1

6 disp( ’C1=500pF C2=2000pF C3=1000pF ’ )

Scilab code Exa 5.3 Inverting amplifier

1 disp( ’ c h a p t e r 5 ex5 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ LM108 op−amp i s used d e s i g n an i n v e r t i n g

a m p l i f i e r ’ )
4 disp( ’V1=100mV’ )
5 V1 =100*10^( -3)

6 disp( ’ v o l t a g e ga in Av=3 ’ )
7 Av=3

8 disp( ’ IBmax=2nA and I1 =100∗IBmax ’ )
9 IBmax =2*10^( -9)

10 I1=100* IBmax

11 disp( ’ amperes ’ ,I1)
12 disp( ’R1=V1/ I1 ’ )
13 R1=V1/I1

14 disp( ’ ohms ’ ,R1)
15 disp( ’ s t andard v a l u e R1=470kohms ’ )
16 R1 =470000

17 disp( ’R2=Av∗R1 ’ )
18 R2=Av*R1

19 disp( ’ ohms ’ ,R2)
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20 disp( ’ s t andard v a l u e R2=1.5Mohms ’ )
21 R2 =1.5*10^(6)

22 disp( ’R3=R1 | | R2 ’ )
23 R3=R1*R2/(R1+R2)

24 disp( ’ ohms ’ ,R3)
25 disp( ’ Cf=30pF∗R1/(R1+R2) ’ )
26 Cf =30*10^( -12)*R1/(R1+R2)

27 disp( ’ f a r a d s ’ ,Cf)

Scilab code Exa 5.4 Inverting amplifier

1 disp( ’ c h a p t e r 5 ex5 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ 709 op−amp i s used d e s i g n an i n v e r t i n g

a m p l i f i e r ’ )
4 disp( ’ Vs=50mV’ )
5 Vs =50*10^( -3)

6 disp( ’ v o l t a g e ga in Av=100 ’ )
7 Av=100

8 disp( ’ IBmax=2nA and I1 =100∗IBmax ’ )
9 IBmax =2*10^( -9)

10 I1=100* IBmax

11 disp( ’ amperes ’ ,I1)
12 disp( ’R1=Vs/ I1 ’ )
13 R1=Vs/I1

14 disp( ’ ohms ’ ,R1)
15 disp( ’ s t andard v a l u e R1=2.2 kohms ’ )
16 R1=2200

17 disp( ’R2=Av∗R1 ’ )
18 R2=Av*R1

19 disp( ’ ohms ’ ,R2)
20 disp( ’R3=R1 | | R2 ’ )
21 R3=R1*R2/(R1+R2)

22 disp( ’ ohms ’ ,R3)
23 disp( ’Av=100=40dB ’ )
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Scilab code Exa 5.5 Non Inverting amplifier

1 disp( ’ c h a p t e r 5 ex5 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ 709 op−amp i s used to d e s i g n an n o n i n v e r t i n g

a m p l i f i e r ’ )
4 disp( ’ v o l t a g e ga in Av=50 ’ )
5 Av=50

6 disp( ’ v o l t a g e ga in Av=50=34dB ’ )
7 disp( ’ compensat ion components a r e l i s t e d f o r Av=20dB

and f o r Av=40dB ’ )
8 disp( ’ f o r ove r compensat ion use components f o r Av=20

dB ’ )
9 disp( ’C1=500pF R1=1.5 kohms C2=20pF ’ )

Scilab code Exa 5.6 upper cut off frequency

1 disp( ’ c h a p t e r 5 ex5 . 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ 741 op−amp i s used to d e s i g n an n o n i n v e r t i n g

a m p l i f i e r ’ )
4 disp( ’ v o l t a g e ga in Av=100 ’ )
5 Av=100

6 disp(”F2 o c c u r s at ”)
7 M=20* log10(Av)

8 disp( ’ db ’ ,M)
9 disp(” from the graph ”)
10 disp(” from the i n t e r s e c t i o n o f the l i n e and open

l oop f r e q u e n c y r e s p o n c e ”)
11 disp(”F2 o c c u r s at ” )

12 F2=8000
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13 disp( ’ Hz ’ ,F2)
14 disp( ’ 709 op−amp i s used d e s i g n an n o n i n v e r t i n g

a m p l i f i e r ’ )
15 disp(” from the graph ”)
16 disp(” from the i n t e r s e c t i o n o f the l i n e and open

l oop f r e q u e n c y r e s p o n c e ”)
17 disp(”F2 o c c u r s at ” )

18 F2=6000

19 disp( ’ Hz ’ ,F2)

Scilab code Exa 5.7 Gain bandwidth product

1 disp( ’ c h a p t e r 5 ex5 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Us ing the gain−bandwidth product e s t i m a t e

upper cut o f f f r e q u e n c i e s i n example5 . 6 ’ )
4 disp( ’ 741 op−amp ’ )
5 disp( ’ f u =800kHz and Av=100 ’ )
6 fu =800000

7 Av=100

8 disp( ’ f 2=fu /Av ’ )
9 f2=fu/Av

10 disp( ’ Hz ’ ,f2)
11 disp( ’ For 709 op−amp with C1=100pF R1=1.5 kohms C2=3

pF ’ )
12 disp( ’ c u t o f f f r e q u e n c y cannot be c a l c u l a t e d with

above compensat ing components because v o l t a g e
ga in doe sno t f a l l o f f a t 20dB per decade
throughout f r e q u e n c y r e s p o n s e ’ )

Scilab code Exa 5.8 Upper cutt off frequency of voltage follower

1 disp( ’ c h a p t e r 5 ex5 . 8 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ Us ing the gain−bandwidth product e s t i m a t e

upper cut o f f f r e q u e n c i e s ’ )
4 disp( ’ 741 op−amp ’ )
5 disp( ’ f u =800kHz and Av=1 ’ )
6 fu =800000

7 Av=1

8 disp( ’ f 2=fu /Av ’ )
9 f2=fu/Av

10 disp( ’ Hz ’ ,f2)
11 disp( ’ f o r u n i t y ga in R1=R2 ’ )
12 disp( ’Av=(R1+R2) /R1 ’ )
13 R1=R2

14 Av=(R1+R2)/R1

15 disp(Av)

16 disp( ’ f 2=fu /Av ’ )
17 f2=fu/Av

18 disp( ’ Hz ’ ,f2)

Scilab code Exa 5.9 Slew rate effects

1 disp( ’ c h a p t e r 5 ex5 . 9 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ the output o f s i n e wave Vp=5Volt ’ )
4 disp( ’ the t y p i c a l s l ew r a t e f o r 741 op−amp S=.5V

/1∗10ˆ(−6) s ’ )
5 Vp=5

6 S=.5/(1*10^( -6))

7 disp( ’ f s=S /(2∗%pi∗Vp) ’ )
8 fs=S/(2* %pi*Vp)

9 disp( ’ Hz ’ ,fs)
10 disp( ’ The s l ew ra t e− l i m i t e d f r e q u e n c y shou ld be

e q u a l to c u t o f f f r e q u e n c y ’ )
11 disp( ’ f s=f 2 =800kHz ’ )
12 f2 =800000
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13 fs=f2

14 disp( ’Vp=S /(2∗%pi∗ f s ) ’ )
15 Vp=S/(2* %pi*fs)

16 disp( ’ v o l t s ’ ,Vp)
17 disp( ’ 741 op−amp f 2 =8kHz ’ )
18 f2=8000

19 disp( ’Vp=S /(2∗%pi∗ f 2 ) ’ )
20 Vp=S/(2* %pi*f2)

21 disp( ’ v o l t s ’ ,Vp)

Scilab code Exa 5.10 Slew rate effects

1 disp( ’ c h a p t e r 5 ex5 . 1 0 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ the output o f s i n e wave Vp=.35 Vol t ’ )
4 disp( ’ the t y p i c a l s l ew r a t e f o r 741 op−amp S=.5V

/1∗10ˆ(−6) s ’ )
5 disp( ’ f 2 =800kHz ’ )
6 Vp=5

7 S=.5/(1*10^( -6))

8 f2 =800000

9 disp( ’ t r ( f 2 ) =.35/ f 2 ’ )
10 trf2 =.35/f2

11 disp( ’ s e c o n d s ’ ,trf2)
12 disp( ’ t r ( s )=Vp/S ’ )
13 trs=Vp/S

14 disp( ’ s e c o n d s ’ ,trs)
15 disp( ’ t r s =1∗10ˆ(−6) ’ )
16 trs =1*10^( -6)

17 disp( ’Vp=t r s ∗S ’ )
18 Vp=trs*S

19 disp( ’ v o l t s ’ ,Vp)
20 disp( ’ f 2 =100kHz ’ )
21 f2 =100000

22 disp( ’ t r ( f 2 ) =.35/ f 2 ’ )
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23 trf2 =.35/f2

24 disp( ’ s e c o n d s ’ ,trf2)
25 disp( ’ t r s =3.5∗10ˆ(−6) ’ )
26 trs =3.5*10^( -6)

27 disp( ’Vp=t r s ∗S ’ )
28 Vp=trs*S

29 disp( ’ v o l t s ’ ,Vp)

Scilab code Exa 5.11 Input stray capacitance

1 disp( ’ c h a p t e r 5 ex5 . 1 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’R1=R3=2.2 kohms ’ )
4 disp( ’R2=220kohms ’ )
5 disp( ’ Rs=220ohms ’ )
6 Rs=220

7 R1=2200

8 R3=2200

9 R2 =220000

10 disp( ’R=R3+R2 | | ( R1+Rs ) ’ )
11 R=R3+(R2*(R1+Rs)/(R2+R1+Rs))

12 disp( ’ ohms ’ ,R)
13 disp( ’ f =600kHz ’ )
14 f=600000

15 disp( ’ Cs=1/(2∗%pi∗ f ∗10∗R) ’ )
16 Cs =1/(2* %pi*f*10*R)

17 disp( ’ f a r a d s ’ ,Cs)

Scilab code Exa 5.12 Input stray capacitance

1 disp( ’ c h a p t e r 5 ex5 . 1 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’R1=R3=2200ohms ’ )
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4 disp( ’R2=220kohms ’ )
5 disp( ’ Rs=220ohms ’ )
6 Rs=220

7 R1=2200

8 R3=2200

9 R2 =220000

10 disp( ’R=R2+R3 ’ )
11 R=R2+R3

12 disp( ’ ohms ’ ,R)
13 disp( ’ f =600kHz ’ )
14 f=600000

15 disp( ’ Cs=1/(2∗%pi∗ f ∗10∗R) ’ )
16 Cs =1/(2* %pi*f*10*R)

17 disp( ’ f a r a d s ’ ,Cs)
18 disp( ’R=R2 | | ( R1+Rs ) ’ )
19 R=R2*(R1+Rs)/(R2+R1+Rs)

20 disp( ’ ohms ’ ,R)
21 disp( ’ Cs=1/(2∗%pi∗ f ∗10∗R) ’ )
22 Cs =1/(2* %pi*f*10*R)

23 disp( ’ f a r a d s ’ ,Cs)
24 disp( ’R=R3+R2 | | ( R1+Rs ) ’ )
25 disp( ’R1=R3=220ohms ’ )
26 disp( ’R2=22kohms ’ )
27 disp( ’ Rs=22ohms ’ )
28 Rs=22

29 R1=220

30 R3=220

31 R2 =22000

32 R=R3+(R2*(R1+Rs)/(R2+R1+Rs))

33 disp( ’ ohms ’ ,R)
34 disp( ’ Cs=1/(2∗%pi∗ f ∗10∗R) ’ )
35 Cs =1/(2* %pi*f*10*R)

36 disp( ’ f a r a d s ’ ,Cs)

Scilab code Exa 5.13 feedback capacitor
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1 disp( ’ c h a p t e r 5 ex5 . 1 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Dete rmin ing the f e e d b a c k c a p a c i t o r ’ )
4 disp( ’R1=220ohms ’ )
5 disp( ’R2=22kohms ’ )
6 disp( ’ Cs from example 5.12=58pF ’ )
7 R1=220

8 R2 =22000

9 Cs =58*10^( -12)

10 disp( ’C2=R1∗Cs/R2 ’ )
11 C2=R1*Cs/R2

12 disp( ’ f a r a d s ’ ,C2)

Scilab code Exa 5.14 load capacitor

1 disp( ’ c h a p t e r 5 ex5 . 1 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Determine the l oad c a p a c i t a n c e ’ )
4 disp( ’ from the data s h e e t Ro=150ohm ’ )
5 Ro=150

6 disp( ’ f =600kHz ’ )
7 f=600000

8 disp( ’ Cs=1/(2∗%pi∗ f ∗10∗Ro) ’ )
9 Cs =1/(2* %pi*f*10*Ro)

10 disp( ’ f a r a d s ’ ,Cs)

Scilab code Exa 5.15 feedback capacitance

1 disp( ’ c h a p t e r 5 ex5 . 1 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Determine the f e e d b a c k c a p a c i t a n c e ’ )
4 disp( ’ from the data s h e e t Ro=150ohm ’ )
5 Ro=150
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6 disp( ’R2=220kohms ’ )
7 R2 =220000

8 disp( ’ l o ad c a p a c i t a n c e CL=.1∗10ˆ(−6)F ’ )
9 CL =.1*10^( -6)

10 disp( ’C2=Ro/R2∗CL ’ )
11 C2=Ro/R2*CL

12 disp( ’ f a r a d s ’ ,C2)
13 disp( ’ a d d i t i o n a l r e s i s t o r R=470ohm ’ )
14 R=470

15 disp( ’C2=(Ro+R) /R2∗CL ’ )
16 C2=(Ro+R)/R2*CL

17 disp( ’ f a r a d s ’ ,C2)
18 disp( ’ u se 300pF s tandard v a l u e ’ )

Scilab code Exa 5.16 Zin mod compensation

1 disp( ’ c h a p t e r 5 ex5 . 1 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ c a l c u l a t i n g R4 and C4 f o r h igh Zin Mod f o r ex

5 . 4 ’ )
4 disp( ’ assuming R3 i s a s h o r t c i r c u i t ’ )
5 disp( ’ c i r c u i t i s d e s i g n e d to have Av=1/ beta ’ )
6 beta =0.01

7 Av=1/ beta

8 disp(Av, ’Av= ’ )
9 Avindb =20* log10(Av)

10 disp(Avindb , ’Av i n db= ’ )
11 disp( ’ to r educe next compensat ing components s e l e c t

1/ beta1 =1000=60db ’ )
12 disp( ’ 1/ beta1 =(( r1 | | r4 )+r2 ) /( r1 | | r4 ) ’ )
13 disp( ’ r2 =220kohms , r1 =2.2kohm ’ )
14 disp( ’ r 14=r1 | | r4=r2 /(1000−1) ’ )
15 r2 =220000

16 r1=2200

17 r14=r2/(1000 -1)
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18 disp( ’ ohms ’ ,r14)
19 disp( ’ ( 1/ r4 ) =(1/220)−(1/ r1 ) ’ )
20 g4=(1/ r14) -(1/r1)

21 r4=1/g4

22 disp( ’ ohms ’ ,r4)
23 disp( ’ u se 220ohm s td v a l u e ’ )
24 r4=220

25 disp( ’ the compensat ing components f o r 1/ beta1 =60db
a r e c1=10pf , r1 =0 , c2=3p f ’ )

26 c1 =10*10^( -12)

27 c2 =3*10^( -12)

28 r1=0

29 disp( ’ the f r e q u e n c y at which M∗ beta=1 i s found and
i s e q u a l to 2MHz ’ )

30 f2 =2000000

31 disp( ’ Xc4<<r4 t h e r e f o r e Xc4=r4 /10 ’ )
32 Xc4=r4/10

33 disp( ’ ohms ’ ,Xc4)
34 disp( ’C4=1/(2∗%pi∗ f 2 ∗Xc4 ) ’ )
35 C4 =1/(2* %pi*f2*Xc4)

36 disp( ’ f a r a d s ’ ,C4)
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Chapter 6

Miscellaneous Op Amp Linear
Applications

Scilab code Exa 6.1 Voltage source

1 disp( ’ c h a p t e r 6 ex6 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” v o l t a g e s o u u r c e to be d e s i g n e d ”)
4 disp(” c o n s t a n t output v o l t a g e =6V”)
5 Vo=6

6 disp(”minimum load r e s i s t a n c e =150”)
7 disp(” a v a i l a b l e supp ly v o l t a g e =+/−12V”)
8 Vcc =12

9 Rl=150

10 disp(” from the z e n e r d i ode s p e c i f i c a t i o n Vz=6.3 ”)
11 Vz=6.3

12 disp(” recommended c u r r e n t f o r f o r z e n e r i s 20mA”)
13 Iz=.02

14 disp(”R1=(Vcc−Vz ) / I z ”)
15 R1=(Vcc -Vz)/Iz

16 disp( ’ ohms ’ ,R1)
17 disp(” I lmax=Vz/ Rl ”)
18 Ilmax=Vz/Rl

19 disp( ’ amperes ’ ,Ilmax)
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20 disp(” T r a n s i s t o r s p e c i f i c a t i o n i s ”)
21 disp(”npn I e (max)>42mA Vcemax>Vcc=12V”)
22 disp(” Vr l=6V”)
23 disp(”PD=Iemax ( Vcc−Vrl ) ”)
24 Iemax =0.042

25 Vrl=6

26 Pd=Iemax*(Vcc -Vrl)

27 disp( ’ wat t s ’ ,Pd)
28 disp(” h f e ( min ) =20”)
29 disp(” Iomax=Ilmax / h f e ( min ) ”)
30 hfe =20

31 Iomax=Ilmax/hfe

32 disp( ’ amperes ’ ,Iomax)
33 disp(” use opamp with a compesat ing c a p a c i t o r ”)

Scilab code Exa 6.2 Precision Voltage source

1 disp( ’ c h a p t e r 6 ex6 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” p r e c i s i o n v o l t a g e s o u u r c e to be d e s i g n e d ”)
4 disp(” c o n s t a n t output v o l t a g e =9V”)
5 Vo=9

6 disp(” a v a i l a b l e supp ly v o l t a g e =+/−12V”)
7 Vcc =12

8 disp(” a l l o w 10% t o l e r a n c e on z e n e r d i ode ”)
9 disp(”Vz=Vo/2 ”)
10 Vz=Vo/2

11 disp( ’ v o l t s ’ ,Vz)
12 disp(” assuming Vz=4.3V”)
13 Vz=4.3

14 disp(” d i ode c u r r e n t i s I z =20mA”)
15 Iz=.02

16 disp(”R1=(Vo−Vz ) / I z ”)
17 R1=(Vo-Vz)/Iz

18 disp( ’ ohms ’ ,R1)
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19 disp(” assuming s tandard v a l u e f o r R1=220”)
20 R1=220

21 disp(” f o r R2 , R3 , R4 I2>>Ibmax”)
22 disp(”Ibmax=500nA”)
23 Ibmax =500*10^( -9)

24 disp(” I2 =100∗ Ibmax”)
25 I2=100* Ibmax

26 disp( ’ amperes ’ ,I2)
27 disp(” l e t R34=R3+R4”)
28 disp(”R34=(Vz+0.1∗Vz ) / I2 ”)
29 R34=(Vz+0.1*Vz)/I2

30 disp( ’ ohms ’ ,R34)
31 disp(”R4=20% 0 f (R3+R4) ”)
32 R4=.2* R34

33 disp( ’ ohms ’ ,R4)
34 disp(” Use 20 Kohms s td v a l u e ”)
35 R4 =20000

36 disp(”R3=R34−R4”)
37 R3=R34 -R4

38 disp( ’ ohms ’ ,R3)
39 disp(” use R3=68Kohms s td v a l u e ”)
40 R3 =68000

41 disp(” I2 =(Vz+0.1∗Vz ) /(R3+R4) ”)
42 I2=(Vz +0.1*Vz)/(R3+R4)

43 disp( ’ amperes ’ ,I2)
44 disp(”R2=(Vo−(Vr3+Vr4 ) ) / I2 ”)
45 R2=(Vo -(Vz+0.1* Vz))/I2

46 disp( ’ ohms ’ ,R2)

Scilab code Exa 6.3 Current source

1 disp( ’ c h a p t e r 6 ex6 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” c u r r e n t s o u u r c e to be d e s i g n e d ”)
4 disp(” c o n s t a n t output c u r r e n t =100mA”)
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5 Il=.1

6 disp(”maximum load r e s i s t a n c e =40ohms”)
7 Rlmax =40

8 disp(” a v a i l a b l e supp ly v o l t a g e =+/−12V”)
9 Vcc =12

10 disp(” f o r P MOSFET Vdsmax=100 Idmax=210mA Rdon=5”)
11 Vdsmax =100

12 Idmax =0.210

13 Rdon=5

14 disp(”Vdsmax=Vcc=12”)
15 disp(”Idmax=I l =100mA”)
16 Vdsmax=Vcc

17 Idmax=Il

18 disp(”Vlmax=I l ∗Rlmax”)
19 Vlmax=Il*Rlmax

20 disp( ’ v o l t s ’ ,Vlmax)
21 disp(”Vdsmin=( Id ∗Rdon )+1”)
22 Vdsmin =(Il*Rdon)+1

23 disp( ’ v o l t s ’ ,Vdsmin)
24 disp(”Vr1 (max)=Vcc−Vlmax−Vdsmin”)
25 Vrlmax=Vcc -Vlmax -Vdsmin

26 disp( ’ v o l t s ’ ,Vrlmax)
27 disp(”R1=Vr1/ I l ”)
28 R1=Vr1max/Il

29 disp( ’ ohms ’ ,R1)
30 disp(” use R1=56ohms s td v a l u e ”)
31 R1=56

32 disp(”Vr1=I l ∗R1”)
33 Vr1=Il*R1

34 disp( ’ v o l t s ’ ,Vr1)

Scilab code Exa 6.4 Precision current sink

1 disp( ’ c h a p t e r 6 ex6 . 4 ’ )
2 disp( ’ g i v e n ’ )
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3 disp(” p r e c i s i o n c u r r e n t s i n k to be d e s i g n e d ”)
4 disp(” c o n s t a n t output c u r r e n t =100mA”)
5 Il=.075

6 disp(”maximum load r e s i s t a n c e =50ohms”)
7 Rlmax =50

8 disp(” a v a i l a b l e supp ly v o l t a g e =+/−15V”)
9 Vcc =15

10 disp(” f o r 2N222N n−channe l MOSFET Vdsmax=60 Idmax
=150mA Rdon=7.5ohm”)

11 disp(”Vdsmax=Vcc=15”)
12 disp(”Idmax=I l =75mA”)
13 Vdsmax=Vcc

14 Idmax=Il

15 Rdon =7.5

16 disp(”Vlmax=I l ∗Rlmax”)
17 Vlmax=Il*Rlmax

18 disp( ’ v o l t s ’ ,Vlmax)
19 disp(”Vdsmin=( Id ∗Rdon )+1”)
20 Vdsmin =(Il*Rdon)+1

21 disp( ’ v o l t s ’ ,Vdsmin)
22 disp(”Vr5max=Vcc−Vlmax−Vdsmin”)
23 Vr5max=Vcc -Vlmax -Vdsmin

24 disp( ’ v o l t s ’ ,Vr5max)
25 disp(”R5=Vr5/ I l ”)
26 R5=Vr5max/Il

27 disp( ’ ohms ’ ,R5)
28 disp(” use R5=120ohms s td v a l u e ”)
29 R5=120

30 Vr5=Il*R5

31 disp( ’ v o l t s ’ ,Vr5)
32 disp(” r ema in ing component c a l c u l a t i o n i s same as f o r

ex 6 . 2 ”)

Scilab code Exa 6.5 HWR voltmeter
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1 disp( ’ c h a p t e r 6 ex6 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” d e s i g n o f h a l f wave r e c t i f i e r ”)
4 disp(” rms input=1V”)
5 Vi=1

6 disp(” ave rage meter c u r e n t 100uA with a r e s i s t n c e
c o i l 2 . 5 K i s connec t ed ”)

7 Iav =100*10^( -6)

8 Rm=2500

9 disp(” f o r HWR Ip =2∗ Iav / 0 . 6 3 7 ”)
10 Ip=2*Iav /0.637

11 disp( ’ amperes ’ ,Ip)
12 disp(” Ip o c c u r s when i /p v o l t a g e i s at Vp”)
13 disp(”Vp=1.414∗Vi ”)
14 Vp =1.414* Vi

15 disp( ’ v o l t s ’ ,Vp)
16 disp(”R2=Vp/ Ip ”)
17 R2=Vp/Ip

18 disp( ’ ohms ’ ,R2)
19 disp(” use R2=3.9 Kohm std v a l u e and 1Kohm v a r i a b l e

i n s e r i e s ”)
20 disp(” For Opamp”)
21 disp(”Vd1=0.7 ”)
22 Vd1 =0.7

23 disp(”opamp v o l t a g e range Vomax=Vd1+Ip ∗ (Rm+R2) ”)
24 Vomax=Vd1+Ip*(Rm+R2)

25 disp( ’ v o l t s ’ ,Vomax)
26 disp(” input v o l t a g e range Vimax=1 ,414V( peak ) ”)
27 disp(” Upper c u t o f f f r e q u e n c y =1KHz”)
28 disp(” For LM108”)
29 disp(” supp ly v o l t a g e can be Vcc=+/−5V to +/−20V”)
30 disp(”R1=1Mohm”)
31 R1 =1000000

32 disp(”C1=1/(2∗%pi∗ f l ∗ (R1/10) ) ”)
33 fl=10

34 C1 =1/(2* %pi*fl*(R1/10))

35 disp( ’ f a r a d s ’ ,C1)
36 disp(” f o r d i o d e s ”)
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37 disp(” Irmax=Ip =314uA and F(max)>1KHz”)

Scilab code Exa 6.6 Linear ohmmeter

1 disp( ’ c h a p t e r 6 ex6 . 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” d e s i g n a l i n e a r ohmometer c i r c u i t ”)
4 disp(”Im=100uA and c o i l r e s i s t a n c e =2.5kohm”)
5 Im =100*10^( -6)

6 Rm=2500

7 disp(” r e q u i r e d ohmometer r a n g e s a r e 100ohm , 1 kohm , 1 0
kohm”)

8 R1=100

9 R2=1000

10 R3 =10000

11 disp(” d e s i g n v o l t m e t e r o f f u l l s c a l e d e f l e c t i o n o f 1
V to keep min power d i s s i p a t i o n ”)

12 disp(”R5=Vrx/Im”)
13 Vrx=1

14 Vr5=1

15 R5=Vrx/Im

16 disp( ’ ohms ’ ,R5)
17 disp(” f o r opamp A2 Vomax=Vr5+ImRm”)
18 Vomax=Vr5+Im*Rm

19 disp(”Vimax=Vrx”)
20 Vimax=Vrx

21 disp(” f o r c u r r e n t s o u r c e ”)
22 disp(” Ix =1/100 ,1/1000 ,1/10000 ”)
23 Ix3 =1/100

24 disp( ’ amperes ’ ,Ix3)
25 Ix2 =1/1000

26 disp( ’ amperes ’ ,Ix2)
27 Ix1 =1/10000

28 disp( ’ amperes ’ ,Ix1)
29 disp(” f o r p FET Idmax=10mA Vdsmax−Vcc”)

47



30 disp(”2N4342 i s a s u i t a b l e d e v i c e i t s V g s o f f =5.5 v”)
31 Vgsoff =5.5

32 Vgsmax=Vgsoff

33 disp(” t h i s a l l o w s opamp o/p to be a t l e a s t 3V below
to o p e r a t e s a f e l y ”)

34 disp(”Vr4min=V g s o f f +3”)
35 Vr4min=Vgsoff +3

36 disp( ’ v o l t s ’ ,Vr4min)
37 disp(” use Vr4=10V s td ”)
38 Vr4 =10

39 disp(”R4=Vr4/ Ix f o r 100uA , 1mA, 1 0mA”)
40 R4=Vr4/Ix1

41 disp( ’ ohms ’ ,R4)
42 R4=Vr4/Ix2

43 disp( ’ ohms ’ ,R4)
44 R4=Vr4/Ix3

45 disp( ’ ohms ’ ,R4)
46 disp(” f o r s a t i s f a c t o r y o p e r a t i o n Vdsmin=V g s o f f +1”)
47 Vdsmin=Vgsoff +1

48 disp( ’ v o l t s ’ ,Vdsmin)
49 disp(”Vccmin=Vrx+Vdsmin+Vr4”)
50 Vccmin=Vrx+Vdsmin+Vr4

51 disp( ’ v o l t s ’ ,Vccmin)
52 disp(” use Vcc=+−18V”)
53 Vcc =18

54 disp(” f o r opamp A1”)
55 disp(”Vomax=Vcc−Vr4+Vgsmax”)
56 Vomax=Vcc -Vr4+Vgsmax

57 disp( ’ v o l t s ’ ,Vomax)
58 disp(”Vimax=Vcc−Vr4”)
59 Vimax=Vcc -Vr4

60 disp( ’ v o l t s ’ ,Vimax)
61 disp(” f o r p o t e n t i a l d i v i d e r ”)
62 disp(” I1>>Ibmax f o r A1”)
63 disp(” I1 =50uA”)
64 I1 =50*10^( -6)

65 disp(”V( r1+r2 )=Vr4+10%”)
66 Vr1r2=Vr4 +0.1* Vr4
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67 disp( ’ v o l t s ’ ,Vr1r2)
68 disp(”R12=R1+R2=Vr1r2 / I1 ”)
69 R12=Vr1r2/I1

70 disp(”R2=20% o f R1+R2”)
71 R2=0.2* R12

72 disp( ’ ohms ’ ,R2)
73 disp(” use R2=50kohm std v a l u e ”)
74 R2 =50000

75 disp(”R1=R12−R2”)
76 R1=R12 -R2

77 disp( ’ ohms ’ ,R1)
78 disp(” use R1=150Kohm std v a l u e ”)
79 R1 =150000

80 disp(” I1=V( r1+r2 ) /(R1+R2) ”)
81 I1=Vr1r2/(R1+R2)

82 disp( ’ amperes ’ ,I1)
83 disp(”R3=(Vcc−V( r1+r2 ) ) / I1 ”)
84 R3=(Vcc -Vr1r2)/I1

85 disp( ’ ohms ’ ,R3)
86 disp(” use 120Kohm std v a l u e ”)

Scilab code Exa 6.7 Instrumentation Amplifier

1 disp( ’ c h a p t e r 6 ex6 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” d e s i g n a in s t rument a m p l i f i e r c i r c u i t ”)
4 disp(” o v e r a l l g a in =900”)
5 Av=900

6 disp(” i /p s i g n a l ampl i tude =15mV”)
7 Vi =0.015

8 disp(” Supply v o l t a g e =15”)
9 Vcc =15

10 disp(” For s t a g e 1”)
11 disp(” v1 =Av2”)
12 Av1=sqrt(Av)

49



13 Av2=Av1

14 disp(Av1 ,”Av1=Av2=”)
15 disp(” I2>>Ibmax”)
16 disp(”Ibmax=500nA”)
17 Ibmax =500*10^( -9)

18 disp(” I2 =100∗ Ibmax”)
19 I2=100* Ibmax

20 disp( ’ amperes ’ ,I2)
21 disp(”R2=Vi / I2 ”)
22 R2=Vi/I2

23 disp( ’ ohms ’ ,R2)
24 disp(” use R2=270ohms s td v a l u e ”)
25 disp(” Avdi f =(2R1+R2) /R2”)
26 R2=270

27 disp(”R1=R2( Av1−1)/2 ”)
28 R1=R2*(Av1 -1)/2

29 disp( ’ ohms ’ ,R1)
30 disp(” Use R1=3.9Kohm std v a l u e ”)
31 R1=3900

32 disp(”R3=R1”)
33 R3=R1

34 disp(” For s t a g e 2”)
35 disp(”Vo=Av∗Vi ”)
36 Vo=Av*Vi

37 disp( ’ v o l t s ’ ,Vo)
38 disp(” I5>>Ibmax”)
39 disp(”Ibmax=500nA”)
40 disp(” I2 =100∗ Ibmax”)
41 I5=100* Ibmax

42 disp( ’ amperes ’ ,I5)
43 disp(”R5=Vo/ I5 ”)
44 R5=Vo/I5

45 disp( ’ ohms ’ ,R5)
46 disp(”R4=R5/Av2”)
47 R4=R5/Av2

48 disp( ’ ohms ’ ,R4)
49 disp(”R6=R4”)
50 R6=R4
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51 disp(”R7=R5+−20%”)
52 R7=R5 +0.2*R5

53 disp( ’ ohms ’ ,R7)
54 R7=R5 -0.2*R5

55 disp( ’ ohms ’ ,R7)
56 disp(” use 220kohm f i x e d r e s i s t o r and 100kohm

r e s i s t o r v a r i a b l e ”)
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Chapter 7

Signal Processing Circuits

Scilab code Exa 7.1 Precision Half Wave rectifier

1 disp( ’ c h a p t e r 7 ex7 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign a n o n s a t u r a t i n g p r e c i s i o n h a l f wave

r e c t i f i e r ’ )
4 disp( ’ peak output Vo=2 v o l t ’ )
5 Vo=2

6 disp( ’ i npu t peak v a l u e Vi =.5 v o l t ’ )
7 Vi=0.5

8 disp( ’ f r e q u e n c y f =1MHz ’ )
9 f=1*10^(6)

10 disp( ’ supp ly v o l t a g e Vcc=+or−15 v o l t and Vee=15 v o l t ’ )
// ( u s i n g b i p o l a r op−amp)

11 Vcc =15

12 Vee =15

13 disp( ’ I1>IBmax ’ )
14 disp( ’ I 1 =500∗10ˆ(−6)A ’ ) // f o r adequate d i ode

c u r r e n t
15 I1 =500*10^( -6)

16 disp( ’R1=Vi / I1 ’ )
17 R1=Vi/I1

18 disp( ’ ohms ’ ,R1) // s tandard v a l u e
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19 disp( ’R2=Vo/ I1 ’ )
20 R2=Vo/I1

21 disp( ’ ohms ’ ,R2)
22 disp( ’ u se 3 . 9 kohm standard v a l u e ’ )
23 R2=3900

24 disp( ’R3=R1 | | R2 ’ )
25 R3=R1*R2/(R1+R2)

26 disp( ’ ohms ’ ,R3) // use 820ohm standard v a l u e
27 disp( ’ f o r d i ode D1 and D2 ’ )
28 disp( ’ Vr>[Vcc−(−Vee ) ] ’ )
29 Vr=[Vcc -(-Vee)]

30 disp( ’ v o l t s ’ ,Vr)
31 disp( ’ t r r <T ’ )
32 disp( ’ l e t trrmax=T/10=1/(10∗ f ) ’ )
33 trrmax =1/(10*f)

34 disp( ’ s e c o n d s ’ ,trrmax) // compensate the op−amp as a
v o l t a g e f o l l o w e r

Scilab code Exa 7.2 Precision full Wave rectifier

1 disp( ’ c h a p t e r 7 ex7 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign a p r e c i s i o n f u l l −wave r e c t i f i e r c i r c u i t

’ )
4 disp( ’ peak output Vo=2 v o l t ’ )
5 Vo=2

6 disp( ’ i npu t peak v a l u e Vi =.5 v o l t ’ )
7 Vi=0.5

8 disp( ’ f r e q u e n c y f =1MHz ’ )
9 f=1*10^(6)

10 disp( ’ supp ly v o l t a g e Vcc=+or−15 v o l t ’ ) // ( u s i n g
b i p o l a r op−amp)

11 Vcc =15

12 disp( ’ I1>IBmax ’ )
13 disp( ’ l e t I 1 =500∗10ˆ(−6)A ’ ) // f o r adequate d i ode
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c u r r e n t
14 I1 =500*10^( -6)

15 disp( ’R1=Vi / I1 ’ )
16 R1=Vi/I1

17 disp( ’ ohms ’ ,R1) // s tandard v a l u e
18 disp( ’R2=2∗R1 ’ )
19 R2=2*R1

20 disp( ’ ohms ’ ,R2) // use two 1kohm r e s i s t o r s i n
s e r i e s

21 disp( ’R3=R1 | | R2 ’ )
22 R3=R1*R2/(R1+R2)

23 disp( ’ ohms ’ ,R3) // use 680ohm standard v a l u e
24 disp( ’R4=R5=R1=1kohm ’ )
25 R4=1000

26 R5=1000

27 disp( ’ f o r the output tobe 2 v o l t when the input i s
0 . 5 v o l t ’ )

28 disp( ’R6=Vo/ Vi∗R5 ’ )
29 R6=Vo/Vi*R5

30 disp( ’ ohms ’ ,R6)
31 disp( ’ u se s tandard v a l u e R6=3.9kohm ’ )
32 R6=3900

33 disp( ’R7=R4 | | R5 | | R6 ’ )
34 R7=R4*R5*R6/(R4*R5+R5*R6+R6*R4)

35 disp( ’ ohms ’ ,R7) // use 470ohm standard v a l u e
36 disp( ’ For d i ode D1 and D2 , Vr>30 v o l t and trrmax =0.1

m i c r o s e c as i n ex7 . 1 ’ )
37 disp( ’ Compensate A1 as a v o l t a g e f o l l o w e r ’ )
38 disp( ’A2 f o r ga in o f R6+R4 | | R5/(R4 | | R5) ’ )
39 A2=(R6+(R4*R5/(R4+R5)))/(R4*R5/(R4+R5))

40 disp(A2)

Scilab code Exa 7.3 High Zin Precision full Wave rectifier

1 disp( ’ c h a p t e r 7 ex7 . 3 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign a h igh input impedance p r e c i s i o n f u l l −

wave r e c t i f i e r c i r c u i t ’ )
4 disp( ’ i npu t peak v a l u e Vi=1 v o l t ’ )
5 Vi=1

6 disp( ’ supp ly v o l t a g e Vcc=+or−15 v o l t ’ ) // ( u s i n g
b i p o l a r op−amp)

7 Vcc =15

8 disp( ’ l e t I 6 =500∗10ˆ(−6)A ’ ) // f o r adequate d i ode
c u r r e n t

9 I6 =500*10^( -6)

10 disp( ’R6=Vi / I6 ’ )
11 R6=Vi/I6

12 disp( ’ ohms ’ ,R6)
13 disp( ’ u se 1 . 8 kohm standard v a l u e ’ )
14 R6=1800

15 disp( ’R4=R5=R6=1.8kohm ’ ) // s tandard v a l u e
16 R4=1800

17 R5=1800

18 disp( ’R3=2∗R4 ’ )
19 R3=2*R4

20 disp( ’ ohms ’ ,R3) // use two 1 . 8 kohm r e s i s t o r s i n
s e r i e s

21 disp( ’R1=R3 | | R4 ’ )
22 R1=R3*R4/(R3+R4)

23 disp( ’ ohms ’ ,R1) // s tandard v a l u e
24 disp( ’R2=R6 | | R5 ’ )
25 R2=R6*R5/(R6+R5)

26 disp( ’ ohms ’ ,R2) // use 1kohm standard v a l u e
27 disp( ’ compensate the op−amps f o r Av1=2 and A2 as a

v o l t a g e f o l l o w e r ’ )

Scilab code Exa 7.4 Peak clipping circuit

1 disp( ’ c h a p t e r 7 ex7 . 4 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign an a d j u s t a b l e peak c l i p p i n g c i r c u i t ’ )
4 disp( ’Vomax=+or−5 v o l t and Vomin=+or−3 v o l t ’ )
5 Vomax=5

6 Vomin=3

7 disp( ’ Vf =0.7 v o l t ’ )
8 Vf=0.7

9 disp( ’Vomax=Vz+Vf ’ )
10 Vz=Vomax -Vf

11 disp( ’ v o l t s ’ ,Vz) // use a 1N 749 Zener d i ode
12 disp( ’ I1>Izmin =500∗10ˆ(−6)A ’ )
13 disp( ’ l e t I1min =2∗10ˆ(−3)A ’ )
14 I1min =2*10^( -3)

15 disp( ’R2=Vomin/ I1min ’ )
16 R2=Vomin/I1min

17 disp( ’ ohms ’ ,R2) // s tandard v a l u e
18 disp( ’VR4=Vomax−Vomin ’ )
19 VR4=Vomax -Vomin

20 disp( ’ v o l t s ’ ,VR4)
21 disp( ’R4=VR4/ I1min ’ )
22 R4=VR4/I1min

23 disp( ’ ohms ’ ,R4) // s tandard p o t e n t i o m e t e r v a l u e
24 disp( ’ f o r Av=1 ,R1+R4=R2 ’ )
25 Av=1

26 R1=R2-R4

27 disp( ’ ohms ’ ,R1)
28 disp( ’ u se 470ohm standard v a l u e ’ )
29 R1=470

30 disp( ’R3=(R1+R4) | | R2 ’ )
31 R3=((R1+R4)*R2)/(R1+R4+R2)

32 disp( ’ ohms ’ ,R3) // use 680ohm standard v a l u e

Scilab code Exa 7.5 Dead zone circuit

1 disp( ’ c h a p t e r 7 ex7 . 5 ’ )
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2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign a dead zone c i r c u i t u s i n g BIFET op−amp ’

)

4 disp( ’ v o l t a g e o f 1 v o l t to pa s s on ly i n upper p o r t i o n
’ )

5 disp( ’ peak v o l t a g e Vp=3 v o l t ’ )
6 Vp=3

7 disp( ’ Vre f=Vp−1 ’ )
8 Vref=Vp -1

9 disp( ’ v o l t s ’ ,Vref)
10 disp( ’ I r1min=Idmin =500∗10ˆ(−6) ’ )
11 Ir1min =500*10^( -6)

12 disp( ’R1=Vre f / I r1min ’ )
13 R1=Vref/Ir1min

14 disp( ’ ohms ’ ,R1)
15 disp( ’ u se s tandard v a l u e R1=3.9kohm ’ )
16 R1=3900

17 disp( ’R2=R3=R1=3.9kohm ’ )
18 R2=3900

19 R3=3900

20 disp( ’R4=R1 | | R2 | | R3 ’ )
21 R4=R1*R2*R3/(R1*R2+R2*R3+R3*R1)

22 disp( ’ ohms ’ ,R4)
23 disp( ’ u se 1 . 2 kohm standard v a l u e ’ )
24 disp( ’ s e l e c t the d i o d e s as i n ex7 . 1 and compensate

the op−amp as a v o l t a g e f o l l o w e r ’ )

Scilab code Exa 7.6 precision clipping circuit

1 disp( ’ c h a p t e r 7 ex7 . 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign a p r e c i s i o n c l i p p i n g c i r c u i t to c l i p

100 kHz s i n e wave ’ )
4 disp( ’ Vre f f o r A1=3 v o l t ’ )
5 disp( ’ Vre f f o r A2=−3v o l t ’ )
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6 Vref=3

7 disp( ’ I r1min>IBmin f o r op−amps ’ )
8 disp( ’ l e t I r1min =500∗10ˆ(−6)A ’ ) // adequate d i ode

c u r r e n t
9 Ir1 =500*10^( -6)

10 disp( ’R1=Vre f / I r 1 ’ )
11 R1=Vref/Ir1

12 disp( ’ ohms ’ ,R1)
13 disp( ’ u se 5 . 6 kohm standard v a l u e ’ )
14 R1=5600

15 disp( ’R2=R3=R1=5.6kohm ’ )
16 R2=5600

17 R3=5600

18 disp( ’R4=R1 | | R2 | | R3 ’ )
19 R4=R1*R2*R3/(R1*R2+R2*R3+R3*R1)

20 disp( ’ ohms ’ ,R4)
21 disp( ’ u se 1 . 8 kohm standard v a l u e ’ )
22 disp( ’ R11=R22=R33=R1=5.6kohm ’ )
23 disp( ’ R44=R4=1.8kohm ’ )
24 disp( ’R5=R6=R7=R8=R1=5.6kohm ’ )
25 R5=5600

26 R6=5600

27 R7=5600

28 R8=5600

29 disp( ’R9=R5 | | R6 | | R7 | | R8 ’ )
30 R9=R5*R6*R7*R8/(R5*R6*R7+R5*R6*R8+R5*R7*R8+R6*R7*R8)

31 disp( ’ ohms ’ ,R9) // use 1 . 5 kohm standard v a l u e
32 disp( ’ s e l e c t the d i o d e s as i n ex7 . 1 and compensate

A1 and A2 as a v o l t a g e f o l l o w e r ’ )
33 disp( ’ compensate A3 f o r Av=(R8+(R5 | | R6 | | R7) ) /R5 | | R6

| | R7 ’ )
34 Av=(R8+(R5*R6*R7/(R5*R6+R6*R7+R7*R5)))/(R5*R6*R7/(R5

*R6+R6*R7+R7*R5))

35 disp(Av)
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Scilab code Exa 7.7 precision clamping circuit

1 disp( ’ c h a p t e r 7 ex7 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n op−amp c i r c u i t u s i n g a supp ly o f +or−12

v o l t ’ )
4 disp( ’ v o l t a g e Vp=+or−5 v o l t ’ )
5 disp( ’ f r e q u e n c y f =10kHz squa r e wave from s i g n a l

s o u r c e with r e s i s t a n c e Rs=100ohm ’ )
6 Vcc =12

7 Vee =12

8 Vp=5

9 Rs=100

10 f=10000

11 disp( ’C1=1/(2∗Rs∗ f ) ’ )
12 C1 =1/(2* Rs*f)

13 disp( ’ f a r a d s ’ ,C1) // s tandard v a l u e
14 disp( ’ v=1%of 5 v o l t ’ )
15 v=.01*5

16 disp( ’ v o l t s ’ ,v)
17 disp( ’R1=Vp/(C1∗v∗ f ) ’ )
18 R1=Vp/(C1*v*f)

19 disp( ’ ohms ’ ,R1) // use 22kohm standard v a l u e
20 disp( ’R2=R1=22kohm ’ )
21 disp( ’ f o r d i o d e s D1 and D2 , Vr>[Vcc−(−Vee ) ] ’ )
22 Vr=[Vcc -(-Vee)]

23 disp( ’ v o l t s ’ ,Vr)
24 disp( ’ t r r <T ’ )
25 disp( ’ trrmax =1/(10∗ f ) ’ )
26 trrmax =1/(10*f)

27 disp( ’ s e c o n d s ’ ,trrmax)
28 disp( ’ compensate the op−amp as f o r a v o l t a g e

f o l l o w e r ’ )

Scilab code Exa 7.8 Peak detector circuit
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1 disp( ’ c h a p t e r 7 ex7 . 8 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a peak d e t e c t o r c i r c u i t ’ )
4 disp( ’ pu l s e−type s i g n a l v o l t a g e Vp=2.5 v o l t with a

r i s e t ime t r =5∗10ˆ(−6) s ’ )
5 Vp=2.5

6 tr=5*10^( -6)

7 disp( ’ output v o l t a g e i s 2 . 5 v f o r t ime th =100∗10ˆ(−6)
s ’ )

8 th =100*10^( -6)

9 disp( ’maximum output e r r o r i s to be 1%’ )
10 disp( ’ u se BIFET op−amp f o r minimum c a p a c i t o r l e a k a g e

c u r r e n t ’ )
11 disp( ’ l e t R1=R2=1Mohm ’ )
12 disp( ’C1 d i s c h a r g e cu r r en t , Id=IrD2 =1∗10ˆ(−6)A ’ )
13 Id=1*10^( -6)

14 disp( ’ v=1% o f Vp ’ )
15 v=.01* Vp

16 disp( ’ v o l t s ’ ,v)
17 disp( ’C1=Id ∗ th /v ’ )
18 C1=Id*th/v

19 disp( ’ f a r a d s ’ ,C1) // s tandard v a l u e
20 disp( ’ f o r op−amp A1 , Iomax=C1∗Vp/ t r ’ )
21 Iomax=C1*Vp/tr

22 disp( ’ amperes ’ ,Iomax)
23 disp( ’ s l e w r a t e =3∗Vp/ t r ’ )
24 slewrate =3*Vp/tr

25 disp( ’ v o l t s / us ’ ,slewrate)

Scilab code Exa 7.9 Sample and hold circuit

1 disp( ’ c h a p t e r 7 ex7 . 9 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n the c i r c u i t u s i n g LF353 BIFET op−amps

and a 2N4391 FET ’ )
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4 disp( ’ sample and ho ld c i r c u i t has a s i g n a l ampl i tude
o f 1 v o l t ’ )

5 Vi=1

6 disp( ’ h o l d i n g t ime th =500∗10ˆ(−6) s ’ )
7 th =500*10^( -6)

8 disp( ’ f o r the LF 353 op−amp , IBmax=50pA ’ )
9 IBmax =50*10^( -12)

10 disp( ’ f o r the 2N4391 FET, the gate−s o u r c e r e v e r s e
c u r r e n t IGS=200nA ’ )

11 IGS =200*10^( -9)

12 disp( ’ the channe l r e s i s t a n c e when on Rd( on ) =30ohm ’ )
13 Rd=30

14 disp( ’ l e t R1=R2=1Mohm ’ )
15 disp( ’ c a p a c i t o r d i s c h a r g e c u r r e n t Id=IGS=200nA ’ )
16 Id =200*10^( -9)

17 disp( ’ f o r a 0 . 2% t o t a l e r r o r , a l l o w 0 . 1% due to
c a p a c i t o r d i s c h a r g e and a 0 . 1% c h a r g i n g e r r o r f o r

0 . 1% e r r o r due to d i s c h a r g e dur ing the h o l d i n g
t ime ’ )

18 disp( ’ l e t v =0.1% o f Vi ’ )
19 v=.1*Vi/100

20 disp( ’ v o l t s ’ ,v)
21 disp( ’C1=Id ∗ th /v ’ )
22 C1=Id*th/v

23 disp( ’ f a r a d s ’ ,C1) // s tandard v a l u e
24 disp( ’ f o r the 2N4391 ,VGS( o f f ) =10 v o l t maximum ’ )
25 disp( ’V1(−)=−10 v o l t and V1(+)=Vo=+1v o l t ’ )
26 disp( ’ f o r 0 . 1% e r r o r due to a c q u i s i t i o n t ime t im in

=7∗C1∗Rd ’ )
27 timin =7*C1*Rd

28 disp( ’ s e c o n d s ’ ,timin)
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Chapter 8

Differentiating and Integrating
Circuits

Scilab code Exa 8.1 Differentiating circuit

1 disp( ’ c h a p t e r 8 ex8 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign a d i f f e r e n t i a t i n g c i r c u i t ’ )
4 disp( ’ output v o l t a g e Vo=5 v o l t ’ )
5 Vo=5

6 disp( ’ i npu t changes by 1 v o l t i n a t ime o f
100∗10ˆ(−6) ’ )

7 v=1

8 t=100*10^( -6)

9 disp( ’ l e t I1>IBmax ’ )
10 disp( ’ I 1 =500∗10ˆ(−6) ’ )
11 I1 =500*10^( -6)

12 disp( ’R2=Vo/ I1 ’ )
13 R2=Vo/I1

14 disp( ’ ohms ’ ,R2)
15 disp( ’C1=I1 ∗ t /v ’ )
16 C1=I1*t/v

17 disp( ’ f a r a d s ’ ,C1)
18 disp( ’R1=R2/20 ’ )
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19 R1=R2/20

20 disp( ’ ohms ’ ,R1)
21 disp( ’ u se s tandard v a l u e R1=470ohm ’ )
22 R1=470

23 disp( ’ ohms ’ ,R1)
24 disp( ’R3=R2=10kohm ’ )
25 disp( ’ Vcc>=+or−(Vo+3Volt ) ’ )
26 Vcc=Vo+3

27 disp( ’ v o l t s ’ ,Vcc)
28 disp( ’ compensate the op−amp f o r Av=R2/R1 ’ )
29 Av=R2/R1

30 disp(Av)

Scilab code Exa 8.2 slew rate for Differentiating circuit

1 disp( ’ c h a p t e r 8 ex8 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Determine r e q u i r e d minimum s l ew r a t e f o r

c i r c u i t d e s i g n e d i n example 8 . 1 ’ )
4 disp( ’ output v o l t a g e Vo=5 v o l t ’ )
5 Vo=5

6 disp( ’ i npu t r i s e t ime t r i =100∗10ˆ(−6) ’ )
7 tri =100*10^( -6)

8 disp( ’C1=.05∗10ˆ(−6)F and R2=10kohm ’ )
9 C1 =.05*10^( -6)

10 R2 =10000

11 disp( ’ output r i s e t ime t r o =30%of input r i s e t ime ’ )
12 tro =.30* tri

13 disp( ’ s e c o n d s ’ ,tro)
14 disp( ’ Smin=Vo/ t r o ’ )
15 Smin=Vo/tro

16 disp( ’V/ us ’ ,Smin)
17 disp( ’ f c =1/(2∗%pi∗R2∗C1) ’ )
18 fc =1/(2* %pi*R2*C1)

19 disp( ’ Hz ’ ,fc)
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Scilab code Exa 8.3 Integrating Circuit

1 disp( ’ c h a p t e r 8 ex8 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Des ign an i n t e g r a t i n g c i r c u i t to produce a

t r i a n g u l a r output wave form ’ )
4 disp( ’ peak to peak ampl i tude o f v=4 v o l t ’ ) // ( u s i n g a

BIFET op−amp)
5 v=4

6 disp( ’ The input v o l t a g e Vi=+or−5 v o l t s qua r e wave
with f r e q u e n c y o f 500Hz ’ )

7 Vi=5

8 f=500

9 disp( ’C1>s t r a y c a p a c i t a n c e ’ )
10 disp( ’ l e t C1=.1∗10ˆ(−6)F ’ ) // ( s tandard v a l u e )
11 C1 =.1*10^( -6)

12 disp( ’ t=T/2=1/(2∗ f ) ’ )
13 t=1/(2*f)

14 disp( ’ s e c o n d s ’ ,t)
15 disp( ’ I 1=C1∗v/ t ’ )
16 I1=C1*v/t

17 disp( ’ Amperes ’ ,I1)
18 disp( ’R1=Vi / I1 ’ )
19 R1=Vi/I1

20 disp( ’ ohms ’ ,R1) // ( use a 12kohm standard v a l u e
with a 470ohm connec t ed i n s e r i e s )

21 disp( ’R2=20∗R1 ’ )
22 R2=20*R1

23 disp( ’ ohms ’ ,R2) // ( use a 270kohm
standard v a l u e )

24 disp( ’R3=R1=12.5kohm ’ ) // ( use a 12kohm standard
v a l u e )
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Scilab code Exa 8.4 slew rate for Integrating circuit

1 disp( ’ c h a p t e r 8 ex8 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ Determine r e q u i r e d minimum s l ew r a t e f o r

c i r c u i t d e s i g n e d i n example 8 . 3 ’ )
4 disp( ’ output v o l t a g e Vo=4 v o l t ’ )
5 Vo=4

6 disp( ’ change i n t ime t =1∗10ˆ(−3) ’ )
7 t=1*10^( -3)

8 disp( ’ l e t C1=.1∗10ˆ(−6)F ’ ) // ( s tandard v a l u e )
9 C1 =.1*10^( -6)

10 disp( ’R1=12.5kohm ’ )
11 R1 =12500

12 disp( ’ Smin=Vo/( t /10) ’ )
13 Smin=Vo/(t/10)

14 disp( ’V/ us ’ ,Smin)
15 disp( ’ f c =1/(2∗%pi∗R1∗C1) ’ )
16 fc =1/(2* %pi*R1*C1)

17 disp( ’ Hz ’ ,fc)
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Chapter 9

Op Amp Nonlinear Circuits

Scilab code Exa 9.1 Capacitor coupled zero crossing detector

1 disp( ’ c h a p t e r 9 ex9 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a s u i t a b l e c i r c u i t u s i n g 741 op−amp

with a supp ly o f +or−12 v o l t ’ )
4 disp( ’ c a p a c i t o r coup l ed z e r o c r o s s i n g d e t e c t o r to

hand le 1kHz squa r e wave input with peak−to−peak
ampl i tude o f 6 v o l t ’ )

5 Vi=6

6 f=1000

7 Vcc =12

8 disp( ’ I2>IBmax ’ )
9 disp( ’ l e t I 2 =100∗500nA ’ )

10 IBmax =500*10^( -9)

11 I2 =100*500*10^( -9)

12 disp( ’ l e t Vb=0.1 v o l t ’ )
13 Vb=0.1

14 disp( ’VR2=Vcc−Vb ’ )
15 VR2=Vcc -Vb

16 disp( ’ v o l t s ’ ,VR2)
17 disp( ’R2=VR2/ I2 ’ )
18 R2=VR2/I2
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19 disp( ’ ohms ’ ,R2)
20 disp( ’ u se 220kohm standard v a l u e and r e c a l c u l a t e I2 ’

)

21 R2 =220000

22 disp( ’ I 2=VR2/R2 ’ )
23 I2=VR2/R2

24 disp( ’ amperes ’ ,I2)
25 disp( ’VR3=Vb=0.1 v o l t ’ )
26 VR3 =0.1

27 disp( ’R3=VR3/ I2 ’ )
28 R3=VR3/I2

29 disp( ’ ohms ’ ,R3) // use a 1 . 8 kohm standard v a l u e
30 disp( ’ l e t VBE=0.7 v o l t ’ )
31 VBE =0.7

32 disp( ’R1=0.1∗VBE/IBmax ’ )
33 R1=0.1* VBE/IBmax

34 disp( ’ ohms ’ ,R1)
35 disp( ’ u se R1=120kohm standard v a l u e ’ )
36 R1 =120000

37 disp( ’ Vi ( peak )=Vi /2 ’ )
38 Vipeak=Vi/2

39 disp( ’ v o l t s ’ ,Vipeak)
40 disp( ’ I 1=Vipeak /R1 ’ )
41 I1=Vipeak/R1

42 disp( ’ amperes ’ ,I1)
43 disp( ’ l e t v=1 v o l t ’ )
44 v=1

45 disp( ’ t =1/(2∗ f ) ’ )
46 t=1/(2*f)

47 disp( ’ s e c o n d s ’ ,t)
48 disp( ’C1=I1 ∗ t /v ’ )
49 C1=I1*t/v

50 disp( ’ f a r a d s ’ ,C1)
51 disp( ’ u se a 0 .015∗10ˆ( −6)F s tandard v a l u e to g i v e v

<1 v o l t ’ )
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Scilab code Exa 9.2 slew rate for Capacitor coupled zero crossing detector

1 disp( ’ c h a p t e r 9 ex9 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ f o r c i r c u i t d e s i g n e d i n ex 9 . 1 e s t i m a t e

minimum op−amp s l ew r a t e to g i v e a r e a s o n a b l y
u n d i s t o r t e d output ’ )

4 disp( ’ Vcc=12 vo l t , Vee=12 v o l t and Vosat=1 v o l t ’ )
5 disp( ’ t =500∗10ˆ(−6) s ’ )
6 disp( ’R1=120kohm and C1=0.015∗10ˆ(−6)F ’ )
7 Vcc =12

8 Vee=-12

9 Vosat=1

10 t=500*10^( -6)

11 R1 =120000

12 C1 =0.015*10^( -6)

13 disp( ’ vo=+Vosat−[−Vosat ]=( Vcc−1)−(Vee+1) ’ )
14 vo=(Vcc -1) -(Vee+1)

15 disp( ’ v o l t s ’ ,vo)
16 disp( ’T=0.1∗ t ’ )
17 T=0.1*t

18 disp( ’ s e c o n d s ’ ,T)
19 disp( ’ Smin=vo /T ’ )
20 Smin=vo/T

21 disp( ’V/ us ’ ,Smin)
22 disp( ’ f o r a maximum phase s h i f t o f 2 . 9 d e g r e e with a

s i n e wave input ’ )
23 disp( ’ Xc1=R1/20 ’ )
24 Xc1=R1/20

25 disp( ’ ohms ’ ,Xc1)
26 disp( ’ fmin =1/(2∗%pi∗Xc1∗C1) ’ )
27 fmin =1/(2* %pi*Xc1*C1)

28 disp( ’ Hz ’ ,fmin)
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Scilab code Exa 9.3 Inverting Schmitt trigger circuit

1 disp( ’ c h a p t e r 9 ex9 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n an i n v e r t i n g Schmitt t r i g g e r c i r c u i t to

have t r i g g e r p o i n t s o f +or−2 v o l t ’ )
4 disp( ’ u s i n g 741 op−amp with a supp ly o f +or−12 v o l t ’ )
5 disp( ’ I2>IBmax ’ )
6 disp( ’ l e t I 2 =50∗10ˆ(−6)A ’ )
7 IBmax =500*10^( -9)

8 I2 =50*10^( -6)

9 Vcc =12

10 disp( ’VR2=UTP=2 v o l t ’ )
11 VR2=2

12 disp( ’R2=VR2/ I2 ’ )
13 R2=VR2/I2

14 disp( ’ ohms ’ ,R2)
15 disp( ’ u se 39kohm standard v a l u e and r e c a l c u l a t e I2 ’ )
16 R2 =39000

17 disp( ’ I 2=VR2/R2 ’ )
18 I2=VR2/R2

19 disp( ’ amperes ’ ,I2)
20 disp( ’VR1=Vosat−VR2=(Vcc−1)−VR2 ’ )
21 VR1=(Vcc -1)-VR2

22 disp( ’ v o l t ’ ,VR1)
23 disp( ’R1=VR1/ I2 ’ )
24 R1=VR1/I2

25 disp( ’ ohms ’ ,R1)
26 disp( ’ u se 180kohm standard v a l u e ’ )

Scilab code Exa 9.4 Noninverting Schmitt trigger circuit
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1 disp( ’ c h a p t e r 9 ex9 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n an n o n i n v e r t i n g Schmitt t r i g g e r c i r c u i t

to have UTP=+3v o l t and LTP=−5v o l t ’ )
4 disp( ’ u s i n g 741 op−amp with a supp ly o f +or−15 v o l t

and Vf =0.7 v o l t ’ )
5 Vcc =15

6 Vf=0.7

7 disp( ’ d e s i g n f i r s t f o r the UTP ’ )
8 disp( ’ f o r adequate d i ode fo rward cu r r en t , l e t I 2

=500∗10ˆ(−6)A ’ )
9 I2 =500*10^( -6)

10 disp( ’VR1=UTP=3 v o l t ’ )
11 VR1=3

12 disp( ’R1=VR1/ I2 ’ )
13 R1=VR1/I2

14 disp( ’ ohms ’ ,R1)
15 disp( ’ u se 5 . 6 kohm standard v a l u e and r e c a l c u l a t e I2 ’

)

16 R1=5600

17 disp( ’ I 2=VR1/R1 ’ )
18 I2=VR1/R1

19 disp( ’ amperes ’ ,I2)
20 disp( ’VR2=|Vo|−Vf ’ )
21 VR2=(Vcc -1)-Vf

22 disp( ’ v o l t s ’ ,VR2)
23 disp( ’R2=VR2/ I2 ’ )
24 R2=VR2/I2

25 disp( ’ ohms ’ ,R2)
26 disp( ’ u se s e r i e s connec t ed 22kohm and 2 . 7 kohm

standard v a l u e r e s i s t o r s ’ )
27 disp( ’ now d e s i g n f o r LTP, u s i n g a l r e a d y s e l e c t e d

r e s i s t a n c e R1=5.6kohm ’ )
28 disp( ’VR1=LTP=5 v o l t ’ )
29 VR1=5

30 disp( ’ I 3=VR1/R1 ’ )
31 I3=VR1/R1

32 disp( ’ amperes ’ ,I3)
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33 disp( ’VR3=|Vo|−Vf ’ )
34 VR3=(Vcc -1)-Vf

35 disp( ’ v o l t s ’ ,VR3)
36 disp( ’R3=VR3/ I3 ’ )
37 R3=VR3/I3

38 disp( ’ ohms ’ ,R3)
39 disp( ’ u se 15kohm standard v a l u e ’ )
40 disp( ’ s e l e c t tha d iode s , minimum r e v e r s e v o l t a g e , Vr>

Vcc=15 v o l t ’ )
41 disp( ’ t r r<=min p u l s e width /10 ’ )

Scilab code Exa 9.5 UTP and LTP Noninverting Schmitt trigger circuit

1 disp( ’ c h a p t e r 9 ex9 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ f o r c i r c u i t d e s i g n e d i n ex 9 . 4 c a l c u l a t e the

a c t u a l UTP and LTP u s i n g s tandard r e s i s t a n c e
v a l u e s ’ )

4 disp( ’ u s i n g 741 op−amp with a supp ly o f +or−15 vo l t ,
Vf =0.7 vo l t , R1=5.6kohm , R2=22kohm+2.7kohm and R3=15
kohm ’ )

5 Vcc =15

6 Vf=0.7

7 R1=5600

8 R2 =24700

9 R3 =15000

10 disp( ’ I 2 =( |Vo|−Vf ) /R2 ’ )
11 I2=((Vcc -1)-Vf)/R2

12 disp( ’ amperes ’ ,I2)
13 disp( ’UTP=I2 ∗R1 ’ )
14 UTP=I2*R1

15 disp( ’ v o l t s ’ ,UTP)
16 disp( ’ I 3 =( |Vo|−Vf ) /R3 ’ )
17 I3=((Vcc -1)-Vf)/R3

18 disp( ’ amperes ’ ,I3)
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19 disp( ’LTP=−I 3 ∗R1 ’ )
20 LTP=-I3*R1

21 disp( ’ v o l t s ’ ,LTP)

Scilab code Exa 9.6 Astable Multivibrators

1 disp( ’ c h a p t e r 9 ex9 . 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n an a s t a b l e m u l t i v i b r a t o r to have a+or−9

v o l t output with f r e q u e n c y f =1kHz ’ )
4 disp( ’ u s i n g BIFET op−amp f o r Vo=+or−9 v o l t ’ )
5 f = 1000;

6 Vo=9

7 disp( ’ Vcc=+or−(Vo+1) ’ )
8 Vcc=Vo+1

9 disp( ’ v o l t s ’ ,Vcc)
10 disp( ’ s e l e c t UTP and LTP<Vo ’ )
11 disp( ’ l e t |UTP|= |LTP |=0.5 v o l t ’ )
12 UTP =0.5

13 LTP=-0.5

14 disp( ’ l e t R2=1Mohm ’ )
15 R2 =1*10^(6)

16 disp( ’ I 3 =( |Vo|−UTP) /R2 ’ )
17 I3=(Vo-UTP)/R2

18 disp( ’ amperes ’ ,I3)
19 disp( ’R3=UTP/ I3 ’ )
20 R3=UTP/I3

21 disp( ’ ohms ’ ,R3)
22 disp( ’ u se 5 . 6 kohm standard v a l u e ’ )
23 disp( ’ l e t C1=0.1∗10ˆ(−6)F ’ )
24 C1 =0.1*10^( -6)

25 disp( ’ t =1/(2∗ f ) ’ )
26 t=1/(2*f)

27 disp( ’ s e c o n d s ’ ,t)
28 disp( ’ I 1=C1∗ (UTP−LTP) / t ’ )
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29 I1=C1*(UTP -LTP)/t

30 disp( ’ amperes ’ ,I1)
31 disp( ’R1=(Vo−UTP) / I1 ’ )
32 R1=(Vo-UTP)/I1

33 disp( ’ ohms ’ ,R1)
34 disp( ’ u se 39kohm and3 . 3 kohm i n s e r i e s ’ )

Scilab code Exa 9.7 Monostable Multivibrators

1 disp( ’ c h a p t e r 9 ex9 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a monostab le m u l t i v i b r a t o r to have

output p u l s e width 1ms when t r i g g e r e d by 2 vo l t
,100∗10ˆ( −6) s i nput p u l s e ’ )

4 disp( ’ u s i n g 741 op−amp with a supp ly o f +or−12 v o l t ’ )
5 PW=1*10^( -3)

6 t=100*10^( -6)

7 disp( ’ I2>IBmax ’ )
8 disp( ’ l e t I 2 =50∗10ˆ(−6)A and VBE=0.7 v o l t ’ )
9 IBmax =500*10^( -9)

10 I2 =50*10^( -6)

11 VBE =0.7

12 Vcc =12

13 disp( ’ l e t VR2<Vi ’ )
14 disp( ’ l e t VR2=0.5 v o l t ’ )
15 VR2 =0.5

16 disp( ’R2=VR2/ I2 ’ )
17 R2=VR2/I2

18 disp( ’ ohms ’ ,R2) // s tandard v a l u e
19 disp( ’R1=(Vcc−VR2) / I2 ’ )
20 R1=(Vcc -VR2)/I2

21 disp( ’ ohms ’ ,R1)
22 disp( ’ u se 220kohm standard v a l u e ’ )
23 R1 =220000

24 disp( ’E=VR2−[−Vosat ] ’ )
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25 E=VR2 -[-Vcc +1]

26 disp( ’ v o l t s ’ ,E)
27 disp( ’ Eo=−(+Vosat−VR2) ’ )
28 Eo=-(Vcc -1-VR2)

29 disp( ’ v o l t s ’ ,Eo)
30 disp( ’ e c=Vosat ’ )
31 ec=Vcc -1

32 disp( ’ v o l t s ’ ,ec)
33 disp( ’C2=PW/ ( ( R1 | | R2) ∗ l n [ ( E−Eo ) /(E−ec ) ] ) ’ )
34 C2=PW/((R1*R2/(R1+R2))*2.303* log10 ([(E-Eo)/(E-ec)]))

35 disp( ’ f a r a d s ’ ,C2)
36 disp( ’R3max=0.1∗VBE/IBmax ’ )
37 R3max =0.1* VBE/IBmax

38 disp( ’ ohms ’ ,R3max)
39 disp( ’ u se 120kohm standard v a l u e ’ )
40 R3 =120000

41 disp( ’C1=0.1∗ t /R3 ’ )
42 C1=0.1*t/R3

43 disp( ’ f a r a d s ’ ,C1)
44 disp( ’ u se 91pF s tandard v a l u e ’ )
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Chapter 10

Signal Generators

Scilab code Exa 10.1 Triangular and rectangular signal generator

1 disp( ’ c h a p t e r 10 ex10 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a t r i a n g u l a r r e c t a n g l a r s i g n a l

g e n e r a t o r to have 5 v o l t t r i a n g u l a r output ’ )
4 disp( ’ f r e q u e n c y r a n g i n g from 200Hz to 2kHz and a

duty c y c l e a d j u s t a b l e from 20% to 80%’ )
5 disp( ’ u s i n g b i p o l a r op−amps with a supp ly o f +or−15

v o l t ’ )
6 Vcc =15

7 Vo=5

8 f1=200

9 f2=2000

10 disp( ’ Schmitt c i r c u i t d e s i g n ’ )
11 disp( ’ I3>IBmax ’ )
12 disp( ’ l e t I 3 =50∗10ˆ(−6)A and Vf =0.7 v o l t ’ )
13 IBmax =500*10^( -9)

14 I3 =50*10^( -6)

15 Vf=0.7

16 disp( ’R2=Vosat / I3 ’ )
17 R2=(Vcc -1)/I3

18 disp( ’ ohms ’ ,R2)
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19 disp( ’ u se 270kohm standard v a l u e and r e c a l c u l a t e I3 ’
)

20 R2 =270000

21 disp( ’ I 3=Vosat /R2 ’ )
22 I3=(Vcc -1)/R2

23 disp( ’ amperes ’ ,I3)
24 disp( ’R3=UTP/ I3 ’ )
25 R3=Vo/2/I3

26 disp( ’ ohms ’ ,R3) // use 47kohm and 1kohm
27 disp( ’ i n t e g r a t o r c i r c u i t ’ )
28 disp( ’ l e t C1 c h a r g i n g c u r r e n t I1min =50∗10ˆ(−6)A ’ )
29 I1min =50*10^( -6)

30 disp( ’ l o w e s t f r e q u e n c y f1 ,PWmax=80%of Tmax ’ )
31 PWmax =0.80*1/ f1

32 disp( ’ wat t s ’ ,PWmax)
33 disp( ’C1=I1min ∗ t /v ’ )
34 C1=I1min*PWmax/Vo

35 disp( ’ f a r a d s ’ ,C1) // s tandard v a l u e
36 disp( ’R4+R5+R6=(+Vosat−Vf ) / I1min ’ )
37 disp( ’R9=R4+R5+R6 ’ )
38 R9=(Vcc -1-Vf)/I1min

39 disp( ’ ohms ’ ,R9)
40 disp( ’ I f 2=I1min ∗ f 2 / f 1 ’ )
41 If2=I1min*f2/f1

42 disp( ’ amperes ’ ,If2)
43 disp( ’R5+R6=(+Vosat−Vf ) / I f 2 ’ )
44 disp( ’R8=R5+R6 ’ )
45 R8=(Vcc -1-Vf)/If2

46 disp( ’ ohms ’ ,R8)
47 disp( ’R4=(R4+R5+R6)−(R5+R6) ’ )
48 R4=R9-R8

49 disp( ’ ohms ’ ,R4) // use 250kohm standard v a l u e
p o t e n t i o m e t e r

50 disp( ’PWmin=20% o f Tmax ’ )
51 PWmin =.20*1/ f1

52 disp( ’ wat t s ’ ,PWmin)
53 disp( ’R6=(R5+R6) ∗PWmin/PWmax ’ )
54 R6=R8*PWmin/PWmax
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55 disp( ’ ohms ’ ,R6)
56 disp( ’ u se 6 . 8 kohm standard v a l u e ’ )
57 R6=6800

58 disp( ’R5=(R5+R6)−R6 ’ )
59 R5=R8-R6

60 disp( ’ ohms ’ ,R5) // s tandard v a l u e o f p o t e n t i o m e t e r
61 disp( ’R7=R6=6.8kohm ’ )

Scilab code Exa 10.2 Phase shift oscillator

1 disp( ’ c h a p t e r 10 ex10 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a phase s h i f t o s c i l l a t o r to have output

f r e q u e n c y o f 3 . 5 kHz ’ )
4 disp( ’ u s i n g 741 op−amp with a supp ly o f +or−12 v o l t ’ )
5 Vcc =12

6 f=3500

7 disp( ’ I1>IBmax ’ )
8 disp( ’ l e t I 1 =50∗10ˆ(−6)A ’ )
9 IBmax =500*10^( -9)

10 I1 =50*10^( -6)

11 disp( ’Vo=+or−(Vcc−1) ’ )
12 Vo=Vcc -1

13 disp( ’ v o l t s ’ ,Vo)
14 disp( ’R2=Vo/ I1 ’ )
15 R2=Vo/I1

16 disp( ’ ohms ’ ,R2) // s tandard v a l u e
17 disp( ’ l e t Av=29 ’ )
18 Av=29

19 disp( ’R1=R2/Av ’ )
20 R1=R2/Av

21 disp( ’ ohms ’ ,R1)
22 disp( ’ u se 6 . 8 kohm to g i v e Av>29 ’ )
23 R1=6800

24 disp( ’R=R1=6.8kohm ’ )
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25 R=6800

26 disp( ’C=1/(2∗%pi∗R∗ f ∗ s q r t ( 6 ) ) ’ )
27 C=1/(2* %pi*R*f*sqrt (6))

28 disp( ’ f a r a d s ’ ,C) // use 2700pF s tandard v a l u e

Scilab code Exa 10.3 Phase shift oscillator

1 disp( ’ c h a p t e r 10 ex10 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a phase s h i f t o s c i l l a t o r to have output

f r e q u e n c y o f 6kHz and to g i v e maximum output o f
+or−3 v o l t ’ )

4 Vo=3

5 f=6000

6 disp( ’ l e t I 2=1mA when d i o d e s a r e forward−b ia s ed , i . e
peak output Vp=3 v o l t and Vf =0.7 v o l t ’ )

7 I2=1*10^( -3)

8 Vf=0.7

9 disp( ’R1=Vo/29/ I2 ’ )
10 R1=Vo/29/I2

11 disp( ’ ohms ’ ,R1)
12 disp( ’ u se 100ohm standard v a l u e ’ )
13 R1=100

14 disp( ’R2=29∗R1 ’ )
15 R2=29*R1

16 disp( ’ ohms ’ ,R2)
17 disp( ’R3=2∗Vf/ I2 ’ )
18 R3=2*Vf/I2

19 disp( ’ ohms ’ ,R3)
20 disp( ’ u se 1 . 5 kohm standard v a l u e ’ )
21 R3=1500

22 disp( ’R4=R2−R3 ’ )
23 R4=R2-R3

24 disp( ’ ohms ’ ,R4)
25 disp( ’R5=0.4∗R4 ’ )
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26 R5=0.4*R4

27 disp( ’ ohms ’ ,R5) // use a 1kohm p o t e n t i o m e t e r
28 disp( ’R6=0.8∗R4 ’ )
29 R6=0.8*R4

30 disp( ’ ohms ’ ,R6) // use 1 . 2 kohm standard v a l u e
31 disp( ’R=R1=100ohm ’ )
32 R=100

33 disp( ’C=1/(2∗%pi∗R∗ f ∗ s q r t ( 6 ) ) ’ )
34 C=1/(2* %pi*R*f*sqrt (6))

35 disp( ’ f a r a d s ’ ,C) // s tandard v a l u e
36 disp( ’ d i o d e s D1 through D4 , trrmax=T/10 ’ )
37 trrmax =1/(f*10)

38 disp( ’ s e c o n d s ’ ,trrmax)
39 disp( ’ Vrmax>Vcc=+or−15 v o l t ’ )
40 disp( ’ the IN914 has t r r =4ns and Vrmax=75 v o l t use

IN914 d i o d e s ’ )

Scilab code Exa 10.4 Wein bridge oscillator

1 disp( ’ c h a p t e r 10 ex10 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a wein b r i d g e o s c i l l a t o r to have output

f r e q u e n c y o f 15kHz ’ )
4 disp( ’ u s i n g BIFET op−amp with a supp ly o f +or−12 v o l t

’ )
5 Vcc =12

6 f=15000

7 disp( ’ s e l e c t ,C=C1=C2=0.01∗10ˆ(−6)F ’ )
8 C=0.01*10^( -6)

9 disp( ’R=1/(2∗%pi∗C∗ f ) ’ )
10 R=1/(2* %pi*C*f)

11 disp( ’ ohms ’ ,R)
12 disp( ’ u se 1kohm standard v a l u e ’ )
13 R=1000

14 disp( ’R1=R2=R=1kohm ’ )
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15 disp( ’ l e t R4=R2=1kohm ’ )
16 R4=1000

17 disp( ’R3=2∗R4 ’ )
18 R3=2*R4

19 disp( ’ ohms ’ ,R3)
20 disp( ’ u se 2 . 2 kohm standard v a l u e to g i v e Av>3 ’ )

Scilab code Exa 10.5 signal generator

1 disp( ’ c h a p t e r 10 ex10 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a s i g n a l g e n e r a t o r output s t a g e to

a f f o r d output ampl i tude from +or −0.1 to 5 v o l t ’ )
4 Vomin =0.1

5 Vomax=5

6 disp( ’ dc v o l t a g e l e v e l c o n t r o l ove r a range o f +or
−2.5 v o l t ’ )

7 disp( ’ s i g n a l a p p l i e d output s t a g e has a +or−1 v o l t
ampl i tude and f r e q u e n c y r a n g i n g from 50Hz to 20
kHz ’ )

8 Vi=1

9 fmin =50

10 fmax =20000

11 VR4 =2.5 -( -2.5)

12 disp( ’ u s i n g a b i p o l a r op−amp with a +or−15 v o l t
supp ly ’ )

13 Vcc =15

14 disp( ’ I1>IBmax ’ )
15 disp( ’ l e t I 1 =50∗10ˆ(−6)A ’ )
16 IBmax =500*10^( -9)

17 I1 =50*10^( -6)

18 disp( ’R1=Vi / I1 ’ )
19 R1=Vi/I1

20 disp( ’ ohms ’ ,R1)
21 disp( ’ u se 18kohm standard v a l u e ’ )
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22 R1 =18000

23 disp( ’R2max=Vomax/ Vi∗R1 ’ )
24 R2max=Vomax/Vi*R1

25 disp( ’ ohms ’ ,R2max)
26 disp( ’ R2min=Vomin/ Vi∗R1 ’ )
27 R2min=Vomin/Vi*R1

28 disp( ’ ohms ’ ,R2min)
29 disp( ’ f o r R2 , use a 100kohm p o t e n t i o m e t e r i n s e r i e s

with a 1 . 8 kohm r e s i s t o r ’ )
30 disp( ’ I3>IBmax ’ )
31 disp( ’ l e t I 3 =50∗10ˆ(−6)A ’ )
32 I3 =50*10^( -6)

33 disp( ’R4=VR4/ I3 ’ )
34 R4=VR4/I3

35 disp( ’ ohms ’ ,R4) // s tandard p o t e n t i o m e t e r
36 disp( ’R3=VR3/ I3 ’ )
37 VR3=Vcc -2.5

38 R3=VR3/I3

39 disp( ’ ohms ’ ,R3)
40 disp( ’ u se 220kohm to g i v e l a r g e r output ad jus tment

than r e q u i r e d ’ )
41 disp( ’R5=R3=220kohm ’ )
42 disp( ’ Xc1<R1 at fmin ’ )
43 disp( ’ l e t Xc1=R1/10 at fmin ’ )
44 disp( ’C1=1/(2∗%pi∗ fmin ∗R1/10) ’ )
45 C1 =1/(2* %pi*fmin*R1/10)

46 disp( ’ f a r a d s ’ ,C1) // s tandard v a l u e
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Chapter 11

Active Filters

Scilab code Exa 11.1 All pass circuit

1 disp( ’ c h a p t e r 11 ex11 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n an a l l −pas s c i r c u i t to have phase l a g

from 80 d e g r e e t o 1 0 0 d e g r e e ’ )
4 disp( ’ u s i n g a 741 op−amp the input s i g n a l has a 1

v o l t ampl i tude and a 5kHz f r e q u e n c y ’ )
5 Vi=1

6 f=5000

7 disp( ’ I1>IBmax ’ )
8 disp( ’ l e t I 1 =50∗10ˆ(−6)A ’ )
9 IBmax =500*10^( -9)

10 I1 =50*10^( -6)

11 disp( ’R1=Vi / I1 ’ )
12 R1=Vi/I1

13 disp( ’ ohms ’ ,R1)
14 disp( ’ u se 18kohm standard v a l u e ’ )
15 R1 =18000

16 disp( ’R2=R1=18kohm ’ )
17 R2 =18000

18 disp( ’R3=R1 | | R2 ’ )
19 R3=R1*R2/(R1+R2)
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20 disp( ’ ohms ’ ,R3)
21 disp( ’ f o r a 90 d e g r e e phase s h i f t , Xc1=R3 ’ )
22 disp( ’C1=1/(2∗%pi∗ f ∗R3) ’ )
23 C1 =1/(2* %pi*f*R3)

24 disp( ’ f a r a d s ’ ,C1)
25 disp( ’ u se 3600pF s tandard v a l u e ’ )
26 C1 =3600*10^( -12)

27 disp( ’ f o r a 80 d e g r e e phase s h i f t , R3=tan ( t h e t a 1 /2) /(w
∗C1) ’ )

28 theta1 =80

29 R3=tan(theta1*%pi /180/2) /(2* %pi*f*C1)

30 disp( ’ ohms ’ ,R3)
31 disp( ’ f o r a 100 d e g r e e phase s h i f t , R3=tan ( t h e t a 2 /2) /(

w∗C1) ’ )
32 theta2 =100

33 R3=tan(theta2*%pi /180/2) /(2* %pi*f*C1)

34 disp( ’ ohms ’ ,R3)
35 disp( ’ f o r R3 , use a 6 . 8 kohm f i x e d v a l u e r e s i s t o r i n

s e r i e s with a 5kohm v a r i a b l e r e s i s t o r to g i v e a
t o t a l r e s i s t a n c e a d j u s t a b l e from 6 . 8 kohm to 1 1 . 8
kohm ’ )

Scilab code Exa 11.2 First order active low pass filter

1 disp( ’ c h a p t e r 11 ex11 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a f i r s t o r d e r a c t i v e low−pas s f i l t e r to

have c u t o f f f r e q u e n c y 1kHz ’ )
4 disp( ’R1=70mV/IBmax ’ )
5 disp( ’ l e t IBmax=500∗10ˆ(−9)A ’ )
6 IBmax =500*10^( -9)

7 R1 =70*10^( -3)/IBmax

8 fc=1000

9 disp( ’ ohms ’ ,R1)
10 disp( ’ u se 120kohm standard v a l u e ’ )
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11 disp( ’R2=R1=120kohm ’ )
12 R1 =120000

13 R2 =120000

14 disp( ’ Xc1=R1 at f c ’ )
15 disp( ’C1=1/(2∗%pi∗ f c ∗R1) ’ )
16 C1 =1/(2* %pi*fc*R1)

17 disp( ’ f a r a d s ’ ,C1)
18 disp( ’ u se 1300pF s tandard v a l u e ’ )

Scilab code Exa 11.3 Second order low pass filter

1 disp( ’ c h a p t e r 11 ex11 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a second o r d e r low−pas s f i l t e r to have

c u t o f f f r e q u e n c y 1kHz ’ )
4 disp( ’ the f r e q u e n c y r e s p o n s e o f 741 ex t end s to 800

kHz when i t s v o l t a g e ga in i s 1 so 741 op−amp i s
s u i t a b l e ’ )

5 disp( ’R1+R2=70mV/IBmax ’ )
6 disp( ’R4=R1+R2 ’ )
7 disp( ’ l e t IBmax=500∗10ˆ(−9)A ’ )
8 IBmax =500*10^( -9)

9 R4 =70*10^( -3)/IBmax

10 fc=1000

11 disp( ’ ohms ’ ,R4)
12 disp( ’R2=R1=70kohm ’ )
13 disp( ’ u se 68kohm standard v a l u e ’ )
14 R1 =68000

15 R2 =68000

16 disp( ’R3=R1+R2 ’ )
17 R3=R1+R2

18 disp( ’ ohms ’ ,R3)
19 disp( ’ u se 150kohm standard v a l u e ’ )
20 disp( ’ Xc1=s q r t ( 2 ) ∗R2 at f c ’ )
21 disp( ’C1=1/(2∗%pi∗ f c ∗ s q r t ( 2 ) ∗R2) ’ )
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22 C1 =1/(2* %pi*fc*sqrt (2)*R2)

23 disp( ’ f a r a d s ’ ,C1)
24 disp( ’ u se 1600pF s tandard v a l u e ’ )
25 C1 =1600*10^( -12)

26 disp( ’C2=2∗C1 ’ )
27 C2=2*C1

28 disp( ’ f a r a d s ’ ,C2)

Scilab code Exa 11.4 First order active high pass filter

1 disp( ’ c h a p t e r 11 ex11 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a f i r s t o r d e r a c t i v e high−pas s f i l t e r

to have c u t o f f f r e q u e n c y 5kHz ’ )
4 disp( ’ u s i n g LM108 op−amp which has e x t r e m e ly low

input b i a s cu r r en t , shou ld be t r e a t e d as BIFET op−
amp t h e r e f o r o C1=1000pF ’ )

5 C1 =1000*10^( -12)

6 fc=5000

7 disp( ’R1=1/(2∗%pi∗ f c ∗C1) ’ )
8 R1 =1/(2* %pi*fc*C1)

9 disp( ’ ohms ’ ,R1)
10 disp( ’ u se 3 1 . 6 kohm+or−1% standard v a l u e ’ )
11 disp( ’R1=R2=31.6kohm ’ )
12 disp( ’ from LM108 ga in / f r e q u e n c y r e s p o n s e . the op−amp

u n i t y ga in f r e q u e n c y i s fu=1MHz ’ )
13 Av=1

14 fu =1*10^(6)

15 disp( ’ f 2=fu /Av ’ )
16 f2=fu/Av

17 disp( ’ Hz ’ ,f2)

Scilab code Exa 11.5 second order active high pass filter
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1 disp( ’ c h a p t e r 11 ex11 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a second o r d e r high−pas s f i l t e r to have

c u t o f f f r e q u e n c y 12kHz ’ )
4 disp( ’ from 715 data shee t , IBmax=1.5∗10ˆ(−6)A ’ )
5 fc =12000

6 IBmax =1.5*10^( -6)

7 disp( ’R2=70mV/IBmax ’ )
8 R2 =70*10^( -3)/IBmax

9 disp( ’ ohms ’ ,R2)
10 disp( ’R1=R2/2 ’ )
11 R1=R2/2

12 disp( ’ ohms ’ ,R1)
13 disp( ’ u se 22kohm and 1 . 5 kohm i n s e r i e s ’ )
14 disp( ’R3=R2=47kohm ’ )
15 R3 =47000

16 R2 =47000

17 disp( ’R2=s q r t ( 2 ) ∗Xc2 at f c ’ )
18 disp( ’C2=1/(2∗%pi∗ f c ∗R2/ s q r t ( 2 ) ) ’ )
19 C2 =1/(2* %pi*fc*R2/sqrt (2))

20 disp( ’ f a r a d s ’ ,C2)
21 disp( ’ u se 390pF s tandard v a l u e ’ )
22 disp( ’C1=C2=390pF ’ )
23 disp( ’ from 715 data s h e e t the op−amp u n i t y ga in

c u t o f f f r e q u e n c y i s fu =11MHz ’ )
24 Av=1

25 fu =11*10^(6)

26 disp( ’ f 2=fu /Av ’ )
27 f2=fu/Av

28 disp( ’ Hz ’ ,f2)

Scilab code Exa 11.6 Third order low pass filter

1 disp( ’ c h a p t e r 11 ex11 . 6 ’ )
2 disp( ’ g i v e n ’ )
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3 disp( ’ d e s i g n a t h i r d o r d e r a c t i v e low−pas s f i l t e r to
have c u t o f f f r e q u e n c y 30kHz ’ )

4 fc =30000

5 disp( ’−20dB per decade s t a g e ( f i r s t o r d e r ) ’ )
6 disp( ’ s e l e c t C1=1000pF ’ )
7 C1 =1000*10^( -12)

8 disp( ’ Xc1=R1 at f c / 0 . 6 5 ’ )
9 disp( ’R1=0.65/(2∗%pi∗ f c ∗C1) ’ )
10 R1 =0.65/(2* %pi*fc*C1)

11 disp( ’ ohms ’ ,R1) // use 3 . 4 kohm+or−1%standard v a l u e
12 disp( ’R2=R1=3.4kohm ’ ) // use 3 . 3 kohm standard v a l u e
13 disp( ’−40dB per decade s t a g e ( second o r d e r ) ’ )
14 disp( ’ s e l e c t C3=1000pF ’ )
15 C3 =1000*10^( -12)

16 disp( ’ Xc3=s q r t ( 2 ) ∗R4 at f c / 0 . 8 ’ )
17 disp( ’R4=0.8/(2∗%pi∗ f c ∗ s q r t ( 2 ) ∗C3) ’ )
18 R4 =0.8/(2* %pi*fc*sqrt (2)*C3)

19 disp( ’ ohms ’ ,R4) // use two 5 . 9 kohm+or−1% p a r a l l e l −
connec t ed

20 disp( ’C2=2∗C3 ’ )
21 C2=2*C3 // s tandard v a l u e
22 disp( ’ f a r a d s ’ ,C2)
23 disp( ’R3=R4=2.95kohm ’ )
24 R3=2950

25 disp( ’R5=R4+R3 ’ )
26 R5=R4+R3

27 disp( ’ ohms ’ ,R5) // use 5 . 6 kohm standard v a l u e

Scilab code Exa 11.7 Third order high pass filter

1 disp( ’ c h a p t e r 11 ex11 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a t h i r d o r d e r a c t i v e high−pas s f i l t e r

to have c u t o f f f r e q u e n c y 20kHz ’ )
4 fc =20000
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5 disp( ’−20dB per decade s t a g e ( f i r s t o r d e r ) ’ )
6 disp( ’ l e t R1=120kohm ’ )
7 R1 =120000

8 disp( ’ Xc1=R1 at 0 . 6 5∗ f c ’ )
9 disp( ’C1=1/(2∗%pi ∗0 . 6 5∗ f c ∗R1) ’ )
10 C1 =1/(2* %pi *0.65* fc*R1)

11 disp( ’ f a r a d s ’ ,C1)
12 disp( ’ t h i s i s so s m a l l tha t i t can be a f f e c t e d by

s t r a y c a p a c i t a n c e and r e d e s i g n s e l e c t i n g C1 ’ )
13 disp( ’ s e l e c t C1=1000pF ’ )
14 C1 =1000*10^( -12)

15 disp( ’R1=1/(2∗%pi ∗0 . 6 5∗ f c ∗C1) ’ )
16 R1 =1/(2* %pi *0.65* fc*C1)

17 disp( ’ ohms ’ ,R1) // use 12kohm standard v a l u e
18 disp( ’R2=R1=12kohm ’ )
19 disp( ’−40dB per decade s t a g e ( second o r d e r ) ’ )
20 disp( ’ s e l e c t C3=1000pF ’ )
21 C3 =1000*10^( -12)

22 disp( ’R4=s q r t ( 2 ) ∗Xc3 at 0 . 8∗ f c ’ )
23 disp( ’R4=s q r t ( 2 ) /(2∗%pi ∗0 . 8∗ f c ∗∗C3) ’ )
24 R4=sqrt (2) /(2* %pi *0.8*fc*C3)

25 disp( ’ ohms ’ ,R4) // use 14kohm+or−1% standard v a l u e
26 disp( ’C2=C3=1000pF ’ )
27 disp( ’R3=R4/2 ’ )
28 R3=R4/2

29 disp( ’ ohms ’ ,R3) // use 6 . 9 8 kohm standard v a l u e
30 disp( ’R5=R4=14.06kohm ’ ) // use 15kohm standard

v a l u e

Scilab code Exa 11.8 Highest signal frequency in 3rd order HPF

1 disp( ’ c h a p t e r 11 ex11 . 8 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ the c i r c u i t d e s i g n e d i n ex11 . 7 e s t i m a t e the

h i g h e s t f r e q u e n c y ’ )
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4 disp( ’ from 741 data s h e e t , the op−amp u n i t y ga in
c u t o f f f r e q u e n c y i s fu =800kHz ’ )

5 disp( ’ f=fu /Av ’ )
6 fu =800000

7 Av=1

8 f=fu/Av

9 disp( ’ Hz ’ ,f)
10 disp( ’ the c i r c u i t upper c u t o f f f r e q u e n c y i s , f c =0.65∗

f ’ )
11 fc =0.65*f

12 disp( ’ Hz ’ ,fc)

Scilab code Exa 11.9 Single stage band pass filter

1 disp( ’ c h a p t e r 11 ex11 . 9 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a s i n g l e s t a g e bandpass f i l t e r ’ )
4 disp( ’ v o l t a g e ga in Av=1 and a pas s band from 300Hz

to 30kHz ’ )
5 Av=1

6 f2 =30000

7 f1=300

8 disp( ’ s e l e c t C2=1000pF ’ )
9 C2 =1000*10^( -12)

10 disp( ’ Xc2=R2 at f 2 ’ )
11 disp( ’R2=1/(2∗%pi∗ f 2 ∗C2) ’ )
12 R2 =1/(2* %pi*f2*C2)

13 disp( ’ ohms ’ ,R2) // use 5 . 3 6 kohm+or−1% standard
v a l u e

14 disp( ’R3=R2=5.36kohm ’ ) // use 5 . 6 kohm standard
v a l u e

15 disp( ’ f o r Av=1 ,R1=R2=5.36kohm ’ )
16 R1=5360

17 disp( ’C1=1/(2∗%pi∗ f 1 ∗R1) ’ )
18 C1 =1/(2* %pi*f1*R1)
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19 disp( ’ f a r a d s ’ ,C1) // s tandard v a l u e

Scilab code Exa 11.10 Bandpass Filter

1 disp( ’ c h a p t e r 11 ex11 . 1 0 ’ )
2 disp( ’ g i v e n ’ )
3 disp( ’ d e s i g n a bandpass f i l t e r u s i n g 741 op−amp ’ )
4 disp( ’ the c e n t e r f r e q u e n c y f o =1kHz and pas s band i s

to be +or−33Hz on each s i d e ’ )
5 disp( ’B=33+33=66 ’ )
6 fo=1000

7 B=66

8 disp( ’Q=f o /B ’ )
9 Q=fo/B

10 disp(Q)

11 disp( ’R2=R3=120kohm ’ )
12 R2 =120000

13 disp( ’C=2∗Q/(2∗%pi∗ f o ∗R2) ’ )
14 C=2*Q/(2* %pi*fo*R2)

15 disp( ’ f a r a d s ’ ,C)
16 disp( ’C1=C2=C=0.0403∗10ˆ(−6)F ’ )
17 disp( ’R1=R2/2 ’ )
18 R1=R2/2

19 disp( ’ ohms ’ ,R1) // use 6 0 . 4 kohm+or−1% standard
v a l u e

20 disp( ’R4=R1/(2∗Q∗Q−1) ’ )
21 R4=R1/(2*Q*Q-1)

22 disp( ’ ohms ’ ,R4)

Scilab code Exa 11.11 State variable bandpass filter

1 disp( ’ c h a p t e r 11 ex11 . 1 1 ’ )
2 disp( ’ g i v e n ’ )
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3 disp( ’ d e s i g n a bandpass f i l t e r to have f 1 =10.3 kHz f 2
=10.9 kHz ”)

4 f 1 =10300
5 f 2 =10900
6 d i s p (” s e l e c t C1=C2=1000pF ”)
7 C1=1000∗10ˆ(−12)
8 C2=1000∗10ˆ(−12)
9 d i s p (” f o=s q r t ( f 1 ∗ f 2 ) ”)
10 f o=s q r t ( f 1 ∗ f 2 )
11 d i s p ( ’ Hz ’,fo)
12 disp(”R5=R6=1/(2∗%pi∗C1∗ f 1 ) ”)
13 R6 =1/(2* %pi*C1*f1)

14 R5=R6

15 disp( ’ ohms ’ ,R6)
16 disp(” Use 15kohm std v a l u e ”)
17 R5 =15000

18 disp(”R1=R3=R4=R7=R8=R6=R5=15kOhm”)
19 disp(”Q=f o /( f2−f 1 ) ”)
20 Q=fo/(f2-f1)

21 disp(Q)

22 R1=R5

23 disp(”R2=R1∗ (2Q−1)”)
24 R2=R1*(2*Q-1)

25 disp( ’ ohms ’ ,R2)
26 disp(” use 511kohm+/− 1%”)
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Chapter 12

DC Voltage Regulators

Scilab code Exa 12.1 DC voltage source

1 disp( ’ c h a p t e r 12 ex12 . 1 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” the dc v o l t a g e s o u r c e i s d e s i g n e d i n ex 6 . 1

has ”)
4 disp(”Vs=Vcc=12V Vo=6.3V R1=270ohm ”)
5 disp(”D1 i s z e n e r d i ode I lmax=42mA”)
6 Vs=12

7 Vcc =12

8 Vo=6.3

9 R1=270

10 Ilmax =.042

11 disp(” supp ly r e s i s t a n c e =25 ohm”)
12 Rs=25

13 disp(” from d a t a s h e e t Zz=7ohm”)
14 Zz=7

15 disp(” at 10% change i n Vs”)
16 DVs =.1*Vs

17 disp( ’ v o l t s ’ ,DVs)
18 DVo=DVs*Zz/R1

19 disp(DVo ,”DVo=”)
20 disp(” Line r e g u l a t i o n =(DVo f o r 10%Vs change ) ∗100/Vo”
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)

21 LR=(DVo)*100/ Vo

22 disp(LR,”LR i n p e r c e n t a g e ”)
23 DVo=Ilmax*Rs*Zz/R1

24 disp(DVo ,”DVo=”)
25 disp(”Load r e g u l a t i o n =(DVo f o r DI l=Ilmax ) ∗100/Vo”)
26 LR=(DVo)*100/ Vo

27 disp(LR,”Load r e g u l a t i o n i n p e r c e n t a g e=”)
28 Vro=Zz/R1

29 disp(Vro ,”Vro=Vrs∗”)
30 disp(” Ripp l e r e j e c t i o n =20∗ l o g ( Vrs /Vro ) ”)
31 RR=20* log10 (1/Vro)

32 disp(RR,” Ripp l e R e j e c t i o n i n DB= ”)

Scilab code Exa 12.2 Voltage Regulator

1 disp( ’ c h a p t e r 12 ex12 . 2 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” output =12V”)
4 Vo=12

5 disp(”max load c u r r e n t =50mA”)
6 Il=.05

7 disp(”Vsmin=Vo+3 V”)
8 Vsmin=Vo+3

9 disp( ’ v o l t s ’ ,Vsmin)
10 disp(” a l l o w i n g Vrs=2V( p to p ) ”)
11 Vrs=2

12 disp(”Vs=Vsmin+Vrs /2 ”)
13 Vs=Vsmin+Vrs/2

14 disp( ’ v o l t s ’ ,Vs)
15 disp(” l e t Vz=Vs/2 ”)
16 Vz=Vs/2

17 disp( ’ v o l t s ’ ,Vz)
18 disp(” I z =20mA”)
19 Iz=.02
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20 disp(”R1=(Vs−Vz ) / I z ”)
21 R1=(Vs-Vz)/Iz

22 disp( ’ ohms ’ ,R1)
23 disp(”R1=390 ohm std v a l u e ”)
24 R1=390

25 disp(” l e t I2>>Ibmax I2 =50uA”)
26 I2 =50*10^( -6)

27 disp(”R2=(Vo−Vz ) / I2 ”)
28 Vz=8.2

29 R2=(Vo-Vz)/I2

30 disp( ’ ohms ’ ,R2)
31 disp(”R2=68kohm std v a l u e ”)
32 R2 =68000

33 disp(” I2 =(Vo−Vz ) /R2”)
34 I2=(Vo-Vz)/R2

35 disp( ’ amperes ’ ,I2)
36 disp(”R3=Vz/ I z ”)
37 R3=Vz/I2

38 disp( ’ ohms ’ ,R3)
39 disp(” use 150 k ohm std v a l u e ”)
40 R3 =150000

41 disp(” s e l e c t C1=50uF”)
42 C1 =50*10^( -6)

43 disp(”Q1 s p e c i f i c a t i o n ”)
44 disp(”Vcemax=Vsmax=Vs+Vrs /2 ”)
45 Vcemax=Vs+Vrs/2

46 disp( ’ v o l t s ’ ,Vcemax)
47 Ie=Il

48 disp(”P=Vce∗ I l =(Vs−Vo) ∗ I l ”)
49 P=(Vs -Vo)*Il

50 disp( ’ wat t s ’ ,P)
51 disp(”A 2N718 i s a s u i t a b l e d e v i c e ”)

Scilab code Exa 12.3 analysing Voltage Regulator
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1 disp( ’ c h a p t e r 12 ex12 . 3 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” c o n s i d e r i n g example 1 2 . 2 ”)
4 disp(” supp ly s o u r c e r e s i s t a n c e =10ohm”)
5 Rs=10

6 disp(” from IN756 d a t a s h e e t Zz=8ohm”)
7 Zz=8

8 disp(”At 10% change i n Vs=16V i s ”)
9 Vs=16

10 DVs =.1*Vs

11 disp( ’ v o l t s ’ ,DVs)
12 disp(”DVo=DVs∗Zz ∗ (R2+R3) /(R1∗R3) ”)
13 disp(”R2=68000 R1=390 R3=150000 ”)
14 R2 =68000

15 R1=390

16 R3 =150000

17 DVo=DVs*Zz*(R2+R3)/(R1*R3)

18 disp( ’ v o l t s ’ ,DVo)
19 disp(” Line r e g u l a t i o n =(DVo f o r 10%Vs change ) ∗100/Vo

and Vo=12V”)
20 Vo=12

21 LR=(DVo)*100/ Vo

22 disp(LR,”LR i n p e r c e n t a g e ”)
23 disp(” f o r I l change o f 50mA”)
24 Il=0.05

25 disp(”DVo=I l ∗Rs”)
26 DVs=Il*Rs

27 disp( ’ v o l t s ’ ,DVs)
28 DVo=DVs*Zz*(R2+R3)/(R1*R3)

29 disp( ’ v o l t s ’ ,DVo)
30 disp(”Load r e g u l a t i o n =(DVo f o r DI l=Ilmax ) ∗100/Vo”)
31 LR=(DVo)*100/ Vo

32 disp(LR,”Load r e g u l a t i o n i n p e r c e n t a g e=”)
33 disp(”Vro=Vrs∗Zz ∗ (R2+R3) /(R1∗R3) ”)
34 y=Zz*(R2+R3)/(R1*R3)

35 disp(y,”Vro=Vrs∗”)
36 disp(” Ripp l e r e j e c t i o n =20∗ l o g ( Vrs /Vro ) ”)
37 RR=20* log10 (1/y)
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38 disp(RR,” Ripp l e R e j e c t i o n i n DB= ”)

Scilab code Exa 12.4 DC Voltage Regulator

1 disp( ’ c h a p t e r 12 ex12 . 4 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” output =10V to 15V”)
4 Vomax =15

5 disp(”max load c u r r e n t =4000mA”)
6 Il=.4

7 disp(”Vsmin=Vomax+3 V”)
8 Vsmin=Vomax +3

9 disp( ’ v o l t s ’ ,Vsmin)
10 disp(” a l l o w i n g Vrs=3V( p to p ) ”)
11 Vrs=3

12 disp(”Vs=Vsmin+Vrs /2 ”)
13 Vs=Vsmin+Vrs/2

14 disp( ’ v o l t s ’ ,Vs)
15 disp(”ZENER CIRCUIT”)
16 disp(” l e t Vz=Vo/2 ”)
17 Vz=Vomax/2

18 disp( ’ v o l t s ’ ,Vz)
19 disp(” I z =20mA”)
20 Iz=.02

21 disp(”R1=(Vo−Vz ) / I z ”)
22 R1=(Vomax -Vz)/Iz

23 disp( ’ ohms ’ ,R1)
24 disp(”R1=330 ohm std v a l u e ”)
25 R1=390

26 disp(”POTENTIAL DIVIDER”)
27 disp(” l e t I 2&gt ;& gt ; Ibmax I2 =50uA Vomin=10”)
28 I2 =50*10^( -6)

29 Vomin =10

30 disp(”R2=(Vomin−Vz ) / I2 ”)
31 Vz=7.5
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32 R2=(Vomin -Vz)/I2

33 disp( ’ ohms ’ ,R2)
34 disp(”R2=47kohm std v a l u e ”)
35 R2 =47000

36 disp(” I2 =(Vomin−Vz ) /R2”)
37 I2=(Vomin -Vz)/R2

38 disp( ’ amperes ’ ,I2)
39 disp(”R34=R3+R4=Vz/ I z ”)
40 R34=Vz/I2

41 disp( ’ ohms ’ ,R34)
42 disp(”when Vo i s at i t s max , moving c o n t a c t i s a t

bottom o f R4”)
43 disp(” I2=Vomax/(R2+R34 ) ”)
44 I2=Vomax/(R2+R34)

45 disp( ’ amperes ’ ,I2)
46 disp(”R3=Vz/ I z ”)
47 R3=Vz/I2

48 disp( ’ ohms ’ ,R3)
49 disp(” use 100 k ohm std v a l u e ”)
50 R3 =100000

51 disp(”R4=(R3+R4)−R3”)
52 R4=R34 -R3

53 disp( ’ ohms ’ ,R4)
54 disp(” use 50 k ohm std v a l u e ”)
55 disp(”CAPACITOR”)
56 disp(” s e l e c t C1=100uF”)
57 C1 =100*10^( -6)

58 disp(”Q1 s p e c i f i c a t i o n ”)
59 disp(”Vcemax=Vsmax=Vs+Vrs /2 ”)
60 Vcemax=Vs+Vrs/2

61 disp( ’ v o l t s ’ ,Vcemax)
62 Ie=Il

63 disp(”P=Vce∗ I l =(Vs−Vomin ) ∗ I l ”)
64 P=(Vs-Vomin)*Il

65 disp( ’ wat t s ’ ,P)
66 disp(”A 2N3055 i s a s u i t a b l e d e v i c e ”)
67 disp(”Q2 s p e c i f i c a t i o n ”)
68 disp(”Vcemax=Vsmax=Vs+Vrs /2 ”)
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69 Vcemax=Vs+Vrs/2

70 disp( ’ v o l t s ’ ,Vcemax)
71 disp(” I e=I l /hFE1 , hFE1=20 f o r Q1”)
72 hFE1 =20

73 Ie=Il/hFE1

74 disp( ’ amperes ’ ,Ie)
75 disp(”P=Vce∗ I l =(Vs−Vomin ) ∗ I l ”)
76 P=(Vs-Vomin)*Il

77 disp( ’ wat t s ’ ,P)
78 disp(”A 2N3904 i s a s u i t a b l e d e v i c e ”)
79 disp(”R5 C a l c u l a t i o n ”)
80 disp(” l e t Ie2min =0.5mA, Vbe1 =0.7 ”)
81 Ie2min =0.5*10^( -3)

82 Vbe1 =0.7

83 disp(”R5=(Vomin+Vbe1 ) / Ie2min ”)
84 R5=( Vomin+Vbe1)/Ie2min

85 disp( ’ ohms ’ ,R5)
86 disp(”R5=18kohm std v a l u e ”)
87 disp(”OPERATIONAL AMPLIFIER”)
88 disp(” because I2 i s s s e l e c t e d f o r b i p o l a r opamp

e i t h e r a b i p o l a r or BIFEt opamp can be used ”)
89 disp(” supp ly v o l t a g e Vs=19.5V”)
90 Vs=19.5

91 disp(” Input supp ly v o l t a g e range=Vs/2−Vz”)
92 ipvoltage =(Vs/2)-Vz

93 disp( ’ v o l t s ’ ,ipvoltage)

Scilab code Exa 12.5 Voltage Regulator

1 disp( ’ c h a p t e r 12 ex12 . 5 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” v o l t a g e r e g u l a t o r i n 1 2 . 2 to have s h o r t

c i r c u i t o/p c u r r e n t =60mA”)
4 Isc =.06

5 disp(”R6=0.5/ I s c ”)
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6 R6=0.5/ Isc

7 disp( ’ ohms ’ ,R6)
8 disp(” Let I c 3 =5mA”)
9 Ic3 =.005

10 disp(”R7=Vs/ I c 3 ”)
11 disp(”Vs=16”)
12 Vs=16

13 R7=Vs/Ic3

14 disp( ’ ohms ’ ,R7)
15 disp(” Ib1max=Ilmax / h f e 1 I lmax=50mA h f e 1 =50”)
16 hfe1 =50

17 Ilmax =.05

18 Ib1max=Ilmax/hfe1

19 disp( ’ amperes ’ ,Ib1max)
20 disp(”Vr7=1mA∗R7”)
21 Vr7 =.001*3300

22 disp( ’ v o l t s ’ ,Vr7)
23 disp(” y h i s v o l a t a g e drop i s too l a r g e f o r c i r c u i t to

o p e r a t e s a t i s f a c t o r i l y ”)
24 disp(” to overcome we make use o f d a r l i n g t o n p a i r ”)
25 disp(” h f e 2 =50”)
26 hfe2 =50

27 disp(” Ib2max=Ilmax /( h f e 1 ∗ h f e 2 ) ”)
28 Ib2max=Ilmax/(hfe1*hfe2)

29 disp( ’ amperes ’ ,Ib2max)
30 disp(” under normal o p e r a t i n g c o n d i t i o n s Vr7=Ib2max∗

R7”)
31 Vr7=Ib2max *3300

32 disp( ’ v o l t s ’ ,Vr7)

Scilab code Exa 12.6 foldback current limiting circuit

1 disp( ’ c h a p t e r 12 ex12 . 6 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” d e s i g n f e e d b a c k l i m i t f o r 1 2 . 4 and max c i r c u i t
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o/p c u r r e n t =400mA when l i m i t e d f o l d b a c k to 200mA
”)

4 Ilmax =0.4

5 Isc =0.2

6 disp(”Vr6 =0.5 at s h o r t c i r c u i t ”)
7 disp(”R6=0.5/ I s c ”)
8 R6=0.5/ Isc

9 disp( ’ ohms ’ ,R6)
10 disp(” use 2 . 7 ohm s td v a l u e ”)
11 R6=2.7

12 disp(”Vr6=Ilmax ∗R6”)
13 Vr6=Ilmax*R6

14 disp( ’ v o l t s ’ ,Vr6)
15 disp(”Vr8=Vr6−0.5 Vr6=1”)
16 Vr8 =1-0.5

17 disp( ’ v o l t s ’ ,Vr8)
18 disp(” I r8>>Ib3 h f e 3 =50 I c 3 =5mA”)
19 Ic3 =0.005

20 hfe3 =50

21 disp(” Ib3=I c 3 / h f e 3 ”)
22 Ib3=Ic3/hfe3

23 disp( ’ amperes ’ ,Ib3)
24 disp(” l e t I r 8 =1mA”)
25 Ir8 =0.001

26 disp(”R8=Vr8/ I r 8 ”)
27 R8=Vr8/Ir8

28 disp( ’ ohms ’ ,R8)
29 disp(” use 470 ohm std v a l u e ”)
30 R8=470

31 disp(” u s i n g ave rage l e v e l o f Vo=12.5 ”)
32 Vo=12.5

33 disp(”R9=(Vo−Vr8 ) / I r 8 ”)
34 R9=(Vo-Vr8)/Ir8

35 disp( ’ ohms ’ ,R9)
36 disp(”R7=Vs/ I c 3 Vs=19.5 ”)
37 Vs=19.5

38 R7=Vs/Ic3

39 disp( ’ ohms ’ ,R7)
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40 disp(” h f e 2 =50 h f e 1 =20”)
41 hfe2 =50

42 hfe1 =20

43 disp(” Ib2max=Ilmax /( h f e 1 ∗ h f e 2 ) ”)
44 Ib2max=Ilmax/(hfe1*hfe2)

45 disp( ’ amperes ’ ,Ib2max)
46 disp(” Vr7=Ib2max∗R7”)
47 Vr7=Ib2max*R7

48 disp( ’ v o l t s ’ ,Vr7)

Scilab code Exa 12.7 Positive Voltage Regulator

1 disp( ’ c h a p t e r 12 ex12 . 7 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” v o l t a g e r e g u l a t o r to have o/p v o l t a g e =18V”)
4 Vo=18

5 disp(” I2>>e r r o r a m p l i f i e r i nput b i a s c u r r e n t ”)
6 disp(” Let I2=1mA”)
7 I2 =0.001

8 disp(”Vr2=Vre f =7.15 ”)
9 Vr2 =7.15

10 Vref =7.15

11 disp(”R2=Vre f / I2 ”)
12 R2=Vref/I2

13 disp( ’ ohms ’ ,R2)
14 disp(” use 6 . 8 kohm std v a l u e ”)
15 R2=6800

16 disp(” I2 =7 .15/6 . 8 k”)
17 I2 =7.15/6800

18 disp( ’ amperes ’ ,I2)
19 disp(”R1=(Vo−Vr2 ) / I2 ”)
20 R1=(Vo-Vr2)/I2

21 disp( ’ ohms ’ ,R1)
22 disp(” use 10 kohm std v a l u e ”)
23 R1 =10000
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24 disp(” f o r s a t i s f a c t o r y opera t i om o f s e r i e s pa s s
t r a n s i s t o r ”)

25 disp(” Let Vs−Vo=5V Vs=Vo+5 ”)
26 Vs=Vo+5

27 disp( ’ v o l t s ’ ,Vs)
28 disp(” I n t e e r n a l c i r c u i t c u r r e n t i s approx imate l y ”)
29 disp(” I=I s tandby+I r e f =25mA”)
30 I=0.025

31 disp(” I n t e r n a l power d i s s i p a t i o n e x c l u d i n g s e r i e s
pa s s t r a n s i s t o r ”)

32 disp(” Pi=( I s tandby+I r e f ) ∗Vs”)
33 Pi=(I)*Vs

34 disp( ’ wat t s ’ ,Pi)
35 disp(”Maximum power d i s s i p a t e d i n s e r i e s pa s s

t r a n s i s t o r ”)
36 disp(”P=( s p e c i f i e d Pdmax)−Pi Pdmax=1000mW”)
37 Pdmax=1

38 P=Pdmax -Pi

39 disp( ’ wat t s ’ ,P)
40 disp(”Maximum load c u r r e n t=P/( Vs−Vo) ”)
41 Ilmax=P/(Vs -Vo)

42 disp( ’ amperes ’ ,Ilmax)

Scilab code Exa 12.8 LM217 Voltage Regulator

1 disp( ’ c h a p t e r 12 ex12 . 8 ’ )
2 disp( ’ g i v e n ’ )
3 disp(” v o l t a g e r e g u l a t o r to have o/p v o l t a g e =9V”)
4 Vo=9

5 disp(” I1>>( I a d j =100uA) ”)
6 disp(” Let I1=5mA”)
7 I1 =0.005

8 disp(”R1=Vre f / I1 Vre f =1.25V”)
9 Vref =1.25

10 R1=Vref/I1
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11 disp( ’ ohms ’ ,R1)
12 disp(” use 270ohm std v a l u e and r e c a l c u l a t e I1 ”)
13 R1=270

14 disp(” I1=Vre f /R1”)
15 I1=Vref/R1

16 disp( ’ amperes ’ ,I1)
17 disp(”R2=(Vo−Vr1 ) / I1 , Vr1 =1.25 ”)
18 Vr1 =1.25

19 R2=(Vo-Vr1)/I1

20 disp( ’ ohms ’ ,R2)
21 disp(” use 1 . 5 kohm and 220 ohm i n s e r i e s ”)
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