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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

The Devices

Scilab code Exa 2.1 Built in Voltage of PN Junction

1 // Example 2 . 1 , Page Number 20
2 // Bu i l t−i n Vo l tage o f PN Jun c t i on
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Na =10^15 // Acceptor i o n s doping d e n s i t i e s i n

atoms per cm cube ( atoms /cmˆ3)
9 Nd =10^16 // Donor i o n s doping d e n s i t i e s i n atoms

per cm cube ( atoms /cmˆ3)
10 T=300 // Temperature i n Ke lv in (K)
11 phi_t =26 // Thermal Vo l tage i n m i l l i V o l t s (mV

) at 300 k e l v i n
12 ni =1.5*10^10 // I n t r i n s i c c a r r i e r c o n c e n t r a t i o n

o f pure s em i conduc to r i n i n v e r s e cm cube (1/cmˆ3)
13

14 // Outputs
15 phi_o= phi_t*log((Na*Nd)/(ni*ni)) // Bu i l t−i n

P o t e n t i a l o f P−N j u n c t i o n at z e r o b i a s i n m i l l i
v o l t s (mV)
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16

17 // R e s u l t s
18 mprintf(” Bu i l t−i n p o t e n t i a l o f P−N j u n c t i o n at 300 k

p h i o : %. 2 f mV”,phi_o);
19

20 // Outputs
21 // Bu i l t−i n p o t e n t i a l o f P−N j u n c t i o n at 300 k p h i o :

6 3 7 . 4 6 mV

Scilab code Exa 2.2 Analysis of Diode Network

1 // Example 2 . 2 , Page Number 27
2 // A n a l y s i s o f Diode Network
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vs=3 // Source v o l t a g e i n v o l t s (V)
9 Rs =10*(10^3) // S e r i e s r e s i s t a n c e i n ohms (

)
10 Is=0.5 *(10^ -16) // S a t u r a t i o n c u r r e n t o f the

d i ode i n amperes (A)
11 phi_t =26*(10^ -3) // Thermal v o l t a g e i n

v o l t s (V)
12

13 // Using i d e a l d i ode e q u a t i o n and s o l v i n g the non
l i n e a r e q u a t i o n u s i n g e i t h e r n um e r i c a l o r
i t e r a t i v e t e c h n i q u e s

14 Id =0.224 *(10^ -3) // Diode c u r r e n t i n amperes (A)
15

16 // Outputs
17 Vd=Vs-Rs*Id // Vo l tage a c r o s s the d i ode i n

v o l t s (V)
18
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19 // R e s u l t s
20 mprintf(” Vo l tage a c r o s s d i ode Vd : %. 2 f V”,Vd);
21

22 // Output
23 // Vo l tage a c r o s s d i ode Vd : 0 . 7 6 V

Scilab code Exa 2.3 Analysis of Diode Network

1 // Example 2 . 3 , Page Number 29
2 // Ju nc t i o n Capac i t ance
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 // Cons ide r a s i l i c o n j u n c t i o n with f o l l o w i n g

paramete r s :
9 Cjo =0.5*((10^ -15) /(10^ -12)) // Capac i t ance under

zero−b i a s i n f a r a d s per metre squa r e (F/mˆ2)
10 Ad =12*(10^ -6) // Ju nc t i o n a r ea i n metre sq ua r e (m

ˆ2)
11 phi_o =0.64 // Bu i l t−i n p o t e n t i a l a t z e r o b i a s i n

v o l t s (V)
12 Vd=-5 // Rever se b i a s v o l t a g e i n v o l t s (V)
13

14 // Outputs
15 Cj=Cjo/(sqrt(1-(Vd/phi_o))) // Ju nc t i o n

c a p a c i t a n c e i n f a r a d s per metre squa r e (F/mˆ2)
16 //The above e q u a t i o n i s v a l i d under c o n d i t i o n s tha t

the P−N j u n c t i o n i s a abrupt j u n c t i o n .
17

18 // R e s u l t s
19 mprintf(” J unc t i on Capac i t ance Cj : %. 6 f F/mˆ2 ”,Cj);
20

21 // Output
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22 // Ju nc t i o n Capac i t ance i s : 0 . 0 0 0 1 6 8 F/mˆ2 ( or ) 0 . 1 6 8
fF / m ˆ2

Scilab code Exa 2.4 Average Junction Capacitance

1 // Example 2 . 4 , Page Number 30
2 // Average Ju nc t i on Capac i t ance
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 V_high =0 // Diode h igh l e v e l v o l t a g e i n v o l t s (V)
9 V_low=-5 // Diode low l e v e l v o l t a g e i n v o l t s (V)
10 m=0.5 // Grading co− e f f i c i e n t i s e q u a l to

( 1 / 2 ) f o r abrupt j u n c t i o n and ( 1 / 3 ) f o r l i n e a r
graded j u n c t i o n

11 phi_o =0.64 // Bu i l t−i n p o t e n t i a l f o r z e r o b i a s
i n v o l t s (V)

12 Cjo =0.5*((10^ -15) /(10^ -12)) // Capac i t ance under
zero−b i a s i n f a r a d s per metre squa r e (F/mˆ2)

13

14 // Outputs
15 Keq=-(phi_o^m)*[(( phi_o -V_high)^(1-m)) -((phi_o -V_low

)^(1-m))]/(( V_high -V_low)*(1-m))... // Dev ice
parameter

16

17 Ceq=Keq*Cjo // Average j u n c t i o n c a p a c i t a n c e i n
f a r a d s per metre squa r e (F/mˆ2)

18

19 // R e s u l t s
20 mprintf(”Keq : %. 4 f ”,Keq);
21 mprintf(”\nAverage j u n c t i o n c a p a c i t a n c e at the d i ode

Ceq : %. 6 f F/mˆ2 ”,Ceq);
22
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23 // Outputs
24 // Keq : 0 . 5 0 4 0
25 // Average j u n c t i o n c a p a c i t a n c e at the d i ode Ceq

: 0 . 0 0 0 2 5 2 F/mˆ2 ( or ) 0 . 2 5 2 0 fF / m ˆ2

Scilab code Exa 2.5 Mean Transit Times

1 // Example 2 . 5 , Page Number 31
2 //Mean T r a n s i t Times
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 //Mean t r a n s i t t imes f o r the d i ode o f problem 2 . 1
9 Wn=5*(10^ -6) // Width o f N−d e p l e t i o n l a y e r

r e g i o n i n micro meter s (m)
10 W2 =0.15*(10^ -6) // Smal l change i n width o f N−

d e p l e t i o n l a y e r r e g i o n i n mete r s (m)
11 Dp1 =10*(10^ -4) // D i f f u s i o n co− e f f i c i e n t i n

metre s squa r e per second (mˆ2/ s e c )
12 Dp2 =25*(10^ -4) // D i f f u s i o n co− e f f i c i e n t i n

metre s squa r e per second (mˆ2/ s e c )
13 Wp =0.7*(10^ -6) // Width o f P−d e p l e t i o n l a y e r

r e g i o n i n mete r s (m)
14 W1 =0.03*(10^ -6) // Smal l change i n width o f P−

d e p l e t i o n l a y e r r e g i o n i n mete r s (m)
15

16 // Outputs
17 tou_tp =(((Wn-W2)^2) /(2* Dp1)) //Mean t r a n s i t t ime

o f P−r e g i o n i n s e c o n d s ( s e c )
18 tou_tn =(((Wp-W1)^2) /(2* Dp2)) //Mean t r a n s i t t ime

o f N−r e g i o n i n s e c o n d s ( s e c )
19

20 // R e s u l t s
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21 mprintf(” T r a n s i t t ime f o r P−r e g i o n t o u t p : %. 1 1 f
s e c s ”,tou_tp)

22 mprintf(”\ n T r a n s i t t ime f o r N−r e g i o n t o u t n : %. 1 1 f
s e c s ”,tou_tn)

23

24 // Outputs
25 // T r a n s i t t ime f o r P−r e g i o n t o u t p : 0 . 00000001176

s e c s ( or ) 1 1 . 7 6 n s e c
26 // T r a n s i t t ime f o r N−r e g i o n t o u t n : 0 . 00000000009

s e c s ( or ) 0 . 0 9 n s e c

Scilab code Exa 2.6 Diffusion Capacitance

1 // Example 2 . 6 , Page Number 32
2 // D i f f u s i o n Capac i t ance
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Is =0.5*(10^ -16) // S a t u r a t i o n c u r r e n t o f d i ode i n

amperes (A)
9 tou_t =1*(10^ -9) //Mean t ime i n s e c o n d s ( s e c s )
10 t =26*(10^ -3) // Thermal v o l t a g e i n

v o l t s (V)
11 Vd=0.75 // Forward b i a s d i ode v o l t a g e i n

v o l t s (V)
12

13 // Outputs
14 Id=Is*(exp((Vd/ t )) -1) // Diode e q u a t i o n to o b t a i n

d i ode c u r r e n t ( Id ) i n amperes (A)
15 Cd=( tou_t*Id)/ t // D i f f u s i o n c a p a c i t a n c e

i n f a r a d s ( f )
16

17 // R e s u l t s
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18 mprintf(” D i f f u s i o n Capac i t ance Cd : %. 1 3 f f a r a d s ”,Cd)
19

20 // Output
21 // D i f f u s i o n Capac i t ance Cd : 0 . 0000000000065 f a r a d s (

or ) 6 . 5 p i c o f a r a d s

Scilab code Exa 2.7 Diode Transient Response

1 // Example 2 . 7 , Page Number 35
2 // Diode T r a n s i e n t Response
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 R_src =50*(10^3) // Source r e s i s t a n c e i n ohms ( )
9 I1=1*(10^ -3) // I n i t i a l c u r r e n t i n amperes (A)
10 I2= -0.1*(10^ -3) // F i n a l c u r r e n t i n amperes (A

)
11 Is =2*(10^ -16) // S a t u r a t i o n c u r r e n t o f the d i ode

i n amperes (A)
12 Cjo =0.2*(10^ -12) // Capac i t ance o f j u n c t i o n at

z e r o b i a s i n f a r a d s (F)
13 tou_t =5*(10^ -9) // Mean t ime i n s e c o n d s ( s e c s )
14 phi_o =0.65 // Bu i l t−i n p o t e n t i a l a t z e r o b i a s

i n v o l t s (V)
15 phi_t =26*(10^ -3) // Thermal v o l t a g e i n

v o l t s (V)
16 m=0.5 // Grading co− e f f i c i e n t i s e q u a l to

( 1 / 2 ) f o r abrupt j u n c t i o n and ( 1 / 3 ) f o r l i n e a r
graded j u n c t i o n

17 Keq =0.51 // Dev ice parameter
18

19 // Outputs
20 Id=Is*(exp((Vd/phi_t)) -1) // Diode e q u a t i o n to o b t a i n
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d iode c u r r e n t ( Id ) i n amperes (A)
21 Vd_on=phi_t*log(Id/Is) // Steady s t a t e v o l t a g e o f

d i ode when d i ode i s on i n v o l t s (V)
22 Vd_off=I2*R_src // Steady s t a t e v o l t a g e o f

d i ode when d i ode i s o f f i n v o l t s (V)
23 t1=tou_t*log((I1-I2)/-I2) // Length o f v a r i o u s

i n t e r v a l s i n turn o f f t r a n s i e n t s i n s e c o n d s ( s e c s )
24 Cj=Keq*Cjo // Average j u n c t i o n c a p a c i t a n c e i n

f a r a d s per metre squa r e (F/mˆ2)
25 tou_90_off =2.2* tou_t //Time to r each 90% o f

f i n a l v a l u e (90% t r a n s i t i o n p o i n t [ t2−t1 ] ] ) i n
s e c o n d s ( s e c s )

26 T_off=t1+tou_90_off // Tota l turn o f f t ime i n
s e c o n d s ( s e c s )

27 t3=R_src*Cj*log((I1-I2)/I1) // Length o f v a r i o u s
i n t e r v a l s i n turn on t r a n s i e n t s i n s e c o n d s ( s e c s )

28 tou_90_on =2.2* tou_t //Time to r each 90% o f
f i n a l v a l u e (90% t r a n s i t i o n p o i n t [ t4−t3 ] ] ) i n
s e c o n d s ( s e c s )

29 T_on=t3+tou_90_on // // Tota l turn on t ime
i n s e c o n d s ( s e c s )

30

31 // R e s u l t s
32 mprintf(” Steady s t a t e v o l t a g e when d iode i s on ( Vd on

) i s i s : %. 2 f v o l t s ”,Vd_on)
33 mprintf(”\ nSteady s t a t e v o l t a g e when d iode i s o f f i s

( Vd on ) i s : %. 1 f v o l t s ”,Vd_off)
34 mprintf(”\ nTran s i en t t ime t1 i s : %. 1 3 f s e c s ”,t1)
35 mprintf(”\nAverage j u n c t i o n c a p a c i t a n c e ( Cj ) : %. 1 5 f

f a r a d s ”,Cj)
36 mprintf(”\ n T r a n s i t i o n p o i n t at 90 p e r c e n t o f f i n a l

v a l u e ( t2−t1 ) : %. 1 0 f s e c s ”,tou_90_off)
37 mprintf(”\ nTota l turn o f f t ime ( T o f f ) : %. 1 3 f s e c s ”,

T_off)

38 mprintf(”\ nTran s i en t t ime t3 : %. 1 3 f s e c s ”,t3)
39 mprintf(”\ n T r a n s i t i o n p o i n t at 90 p e r c e n t o f f i n a l

v a l u e ( t4−t3 ) : %. 1 0 f s e c s ”,tou_90_on)
40 mprintf(”\ nTota l turn o f f t ime ( T on ) : %. 1 3 f s e c s ”,
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T_on)

41

42 // Outputs
43 // Steady s t a t e v o l t a g e when d i ode i s on ( Vd on ) i s

i s : 0 . 7 5 v o l t s
44 // Steady s t a t e v o l t a g e when d i ode i s o f f i s ( Vd on )

i s : −5.0 v o l t s
45 // T r a n s i e n t t ime t1 i s : 0 . 0000000119895 s e c s ( or )

1 1 . 9 n s e c s
46 // Average j u n c t i o n c a p a c i t a n c e ( Cj ) :

0 . 000000000000102 f a r a d s ( or ) 0 . 1 0 2 p i c o f a r a d s
47 // T r a n s i t i o n p o i n t at 90 p e r c e n t o f f i n a l v a l u e ( t2−

t1 ) : 0 . 0000000110 s e c s ( or ) 1 1 . 0 n s e c s
48 // Tota l turn o f f t ime ( T o f f ) : 0 . 0000000229895 s e c s (

or ) 2 2 . 9 8 9 5 n s e c s
49 // T r a n s i e n t t ime t3 : 0 . 0000000004861 s e c s ( or )

0 . 4 8 6 1 n s e c s
50 // T r a n s i t i o n p o i n t at 90 p e r c e n t o f f i n a l v a l u e ( t4−

t3 ) : 0 . 0000000110 s e c s ( or ) 1 1 . 0 n s e c s
51 // Tota l turn o f f t ime ( T on ) : 0 . 0000000114861 s e c s (

or ) 1 1 . 4 8 6 1 n s e c s

Scilab code Exa 2.8 Threshold Voltage of an NMOS Transistor

1 // Example 2 . 8 , Page Number 43
2 // Thresho ld Vo l tage o f an NMOS T r a n s i s t o r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vto =0.75 // Thresho ld v o l t a g e f o r z e r o

S u b s t r a t e b i a s v o l t a g e ( V sb =0) i n v o l t s (V)
9 tou =0.54 //Body−e f f e c t c o e f f i c i e n t (

Gamma)
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10 V_sb=5 // S u b s t r a t e b i a s v o l t a g e i n v o l t s (V
)

11 Vb=0.6 // Vo l tage drop a c r o s s d e p l e t i o n r e g i o n at
i n v e r s i o n (Vb=−2∗ f ) i n v o l t s (V)

12

13 // Outputs
14 Vt=Vto+(tou*(sqrt((Vb)+V_sb)-sqrt(Vb))) // Thresho ld

v o l t a g e at h igh l e v e l i n v o l t s (V)
15

16 // R e s u l t s
17 mprintf(” Thresho ld v o l t a g e Vt : %. 1 2 f v o l t s ”,Vt)
18 //The o b t a i n e d t h r e s h o l d v o l t a g e i s more than t w i c e

the t h r e s h o l d under z e r o b i a s c o n d i t i o n s .
19

20 // Output
21 // Thresho ld v o l t a g e Vt : 1 . 609591031759 v o l t s

Scilab code Exa 2.9 MOS Transistor Capacitances

1 // Example 2 . 9 , Page Number 50
2 //MOS T r a n s i s t o r C a p a c i t a n c e s
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 t_ox =20*(10^ -9) // Th i ckne s s o f o x i d e l a y e r i n

metre s (m)
9 epsilon_ox =3.5*(10^ -11) // E l e c t r i c a l p e r m i t i v i t y

o f o x i d e l a y e r i n f a r a d per metre (F/m)
10 L=1.2*(10^ -6) // Length o f the channe l i n

metre s (m)
11 W=1.8*(10^ -6) // Width o f the channe l i n metre s

(m)
12 Ls =3.6*(10^ -6) // Lenght o f s i d e w a l l o f s o u r c e
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j u n c t i o n i n metre s (m)
13 Ld =3.6*(10^ -6) // Lenght o f d i f f u s i o n w a l l o f

s o u r c e j u n c t i o n i n metre s (m)
14 xd =0.15*(10^ -6) // L a t e r a l d i f f u s i o n i n metre s (m

)
15 Cjo =3*(10^ -4) // Capac i t ance under zero−b i a s i n

f a r a d s per metre squa r e (F/mˆ2)
16 C_jswo =8*(10^ -10) // S ide w a l l c a p a c i t a n c e under

zero−b i a s i n f a r a d s per metre (F/m)
17

18 // Outputs
19 Cox=( epsilon_ox/t_ox) // Gate c a p a c i t a n c e per

u n i t a r ea i n f a r a d s per metre squa r e (F/mˆ2)
20 Cg=W*L*Cox // Tota l ga t e c a p a c i t a n c e i n

f a r a d s (F)
21 C_gso=W*xd*Cox // Over lap c a p a c i t a n c e i n

f a r a d s (F)
22 C_channel=Cg -(2* C_gso) // Channel c a p a c i t a n c e which

s p l i t s between source , dra in , bu lk t e r m i n a l s i n
f a r a d s (F)

23 Cd_bottom=Cjo*Ld*W // D i f f u s i o n c a p a c i t a n c e
o f bottom w a l l i n f a r a d (F)

24 Cd_side=C_jswo *(2*Ld+W) // D i f f u s i o n c a p a c i t a n c e o f
s i d e w a l l i n f a r d (F)

25

26

27 // R e s u l t s
28 mprintf(”\nGate c a p a c i t a n c e per u n i t a r ea Cox : %. 5 f

f a r a d / metre ˆ2 ”,Cox)
29 mprintf(”\ nTota l ga t e c a p a c i t a n c e Cg : %. 2 0 f f a r a d ”,

Cg)

30 mprintf(”\ nOver lap c a p a c i t a n c e C gso : %. 2 0 f f a r a d ”,
C_gso)

31 mprintf(”\nChannel c a p a c i t a n c e C channe l : %. 2 0 f
f a r a d ”,C_channel)

32 mprintf(”\ n D i f f u s i o n c a p a c i t a n c e o f bottom w a l l
Cd bottom : %. 2 0 f f a r a d ”,Cd_bottom)

33 mprintf(”\ n D i f f u s i o n c a p a c i t a n c e o f s i d e w a l l
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Cd s id e : %. 2 0 f f a r a d ”,Cd_side)
34

35 //The d i f f u s i o n c a p a c i t a n c e seems to dominate ga t e
c a p a c i t a n c e . Advanced p r o c e s s e s a r e r educe the
d i f f u s i o n c a p a c i t a n c e by u s i n g m a t e r i a l s such as
SiO2 to i s o l a t e d e v i c e s . This approach i s c a l l e d
Trench I s o l a t i o n

36

37 // Outputs
38 // Gate c a p a c i t a n c e per u n i t a r ea Gox : 0 . 0 0 1 7 5 f a r a d /

metre ˆ2 ( or ) 1 . 7 5 fF / m ˆ2
39 // Tota l ga t e c a p a c i t a n c e Cg : 0 . 00000000000000378000

f a r a d ( or ) 3 . 7 8 0 0 0 fF
40 // Over lap c a p a c i t a n c e C gso : 0 . 00000000000000047250

f a r a d ( or ) 0 . 4 7 2 5 0 fF
41 // Channel c a p a c i t a n c e C channe l :

0 . 00000000000000283500 f a r a d ( or ) 2 . 8 3 5 0 0 fF
42 // D i f f u s i o n c a p a c i t a n c e o f bottom w a l l Cd bottom :

0 . 00000000000000194400 f a r a d ( or ) 1 . 9 4 4 0 0 fF
43 // D i f f u s i o n c a p a c i t a n c e o f s i d e w a l l Cd s id e :

0 . 00000000000000720000 f a r a d ( or ) 7 . 2 0 0 0 0 fF

Scilab code Exa 2.11 Subthreshold Slope

1 // Example 2 . 1 1 , Page Number 56
2 // S u b t h r e s h o l d S l ope
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 slope =121 // I n v e r s e S l ope o b t a i n e d from p l o t

between Id vs Vgs ( ln ( Id ) / Vgs ) i n m i l l i
v o l t s per decade (mV/ decade )

9 q=1.6*(10^ -19) // Charge i n coulombs (C)
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10 K=1.38064852*(10^23) // Boltzman c o n s t a n t i n (m2
∗kg∗ s ˆ−2∗Kˆ−1)

11 T=300 // Temperature i n k e l v i n (K)
12

13 // Outputs
14 // E x p r e s s i o n ( ln ( Id ) / Vgs ) ˆ−1=(K∗T/q ) ∗ l o g ( 1 0 )

∗(1+ ) , where (K∗T/q ) ∗ l o g ( 1 0 ) e v a l u a t e s to 60mv/
decade

15 alpha=(slope /60) -1 // S l o v i n g f o r alpha− f a c t o r
u s i n g above e x p r e s s i o n

16

17 // R e s u l t s
18 mprintf(” alpha− f a c t o r i s : %. 2 f ”,alpha);
19

20 // Output
21 // alpha− f a c t o r i s : 1 . 0 2

Scilab code Exa 2.15 Dynamic Behaviour of an npn Transistor

1 // Example 2 . 1 5 , Page Number 77
2 // Dynamic Behav iour o f an npn T r a n s i s t o r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 beta_f =100 // Forward c u r r e n t ga in
9 Vbe_on =0.75 // Forward b i a s Vo l tage a c r o s s

base and e m i t t e r i n v o l t s (V)
10 tou_f =10*(10^ -12) //Mean fo rward t r a n s i t t ime

i n s e c o n d s ( s e c s )
11 C_beo =20*(10^ -15) // Zero b i a s base e m i t t e r

p a r a s i t i c c a p a c i t a n c e i n f a r a d s (F)
12 C_bco =22*(10^ -15) // Zero b i a s base c o l l e c t o r

p a r a s i t i c c a p a c i t a n c e i n f a r a d s (F)
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13 C_cso =20*(10^ -15) // Zero b i a s base c o l l e c t o r
s u b s t r a t e p a r a s i t i c c a p a c i t a n c e i n f a r a d s (F)

14 m=0.33 // Grading co− e f f i c i e n t i s e q u a l to
( 1 / 2 ) f o r abrupt j u n c t i o n and ( 1 / 3 ) f o r l i n e a r
graded j u n c t i o n

15 phi_o =0.75 // B u i l t i n p o t e n t i a l i n
v o l t s (V)

16 Vcc=2 // Supply i n v o l t s (V)
17 Vo=1 // I n i t i a l v o l t a g e i n v o l t s (V)
18 Rb =5*(10^3) // Base r e s i s t a n c e i n ohms ( )
19 Vce=2 // Vo l tage a c r o s s c o l l e c t o r and e m i t t e r

( Vce=Vcc ) i n v o l t s (V)
20 Vbe_high =0.75 // Vo l tage a c r o s s base emmiter i n

fo rward b i a s i n v o l t s (V)
21 Vbe_low =0 // Vo l tage a c r o s s base emmiter i n r e v e r s e

b i a s i n v o l t s (V)
22 Vbc_high =2 // Vo l tage a c r o s s base c o l l e c t o r i n

fo rward b i a s i n v o l t s (V)
23 Vbc_low =1.25 // Vo l tage a c r o s s base c o l l e c t o r i n

fo rward b i a s i n v o l t s (V)
24

25

26 // Outputs
27 Ib_to=(Vo -Vbe_on)/Rb // Base c u r r e n t at t=0 i n

amperes (A)
28 Ib_t=(0- Vbe_on)/Rb // Base c u r r e n t a f t e r

s w i t c h i n g input ( changes d i r e c t i o n ) i n amperes (A)
29 t_base =( beta_f*tou_f)*log((Ib_to -Ib_t)/-Ib_t) //

Time to remove e x c e s s base cha rge i n s e c o n d s ( s e c s
)

30 Keq_be=-(phi_o^m)*[(( phi_o -Vbe_high)^(1-m)) -((phi_o -

Vbe_low)^(1-m))]/(( Vbe_high -Vbe_low)*(1-m))

// Dev ice parameter
31 // S i m i l a r l y f o r Base−C o l l e c t o r j u n c t i o n the above

e q u a t i o n g i v e s Keq bc :
32 Keq_bc =0.68 // Dev ice parameter
33 t_depl =2.2*Rb*(( Keq_be*C_beo)+( Keq_bc*C_bco))

// D e p l e t i o n r e g i o n t ime c o n s t a n t i n
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s e c o n d s ( s e c s )
34

35 // R e s u l t s
36 mprintf(”\nBase c u r r e n t at t=0 i s I b t o : %. 7 f

amperes ”,Ib_to);
37 mprintf(”\nBase c u r r e n t a f t e r s w i t c h i n g input i s

I b t : %. 7 f amperes ”,Ib_t);
38 mprintf(”\nTime to remove e x c e s s base cha rge i s

t b a s e : %. 1 3 f s e c o n d s ”,t_base);
39 mprintf(”\nKeq be i s Keq be : %. 2 f ”,Keq_be);
40 mprintf(”\nKeq bc i s Keq bc : %. 2 f ”,Keq_bc);
41 mprintf(”\nTime to remove e x c e s s base cha rge i s

t d e p l : %. 1 3 f s e c o n d s ”,t_depl);
42

43 // Outputs
44 // Base c u r r e n t at t=0 i s I b t o : 0 . 00 0 0 5 0 0 amperes (

or ) 5 0 . 0 A
45 // Base c u r r e n t a f t e r s w i t c h i n g input i s I b t :

−0.0001500 amperes ( or ) 1 5 0 . 0 A
46 //Time to remove e x c e s s base cha rge i s t b a s e :

0 . 0000000002876 s e c o n d s ( or ) 2 8 7 . 6 p s e c s
47 // Keq be i s Keq be : 1 . 4 9
48 // Keq bc i s Keq bc : 0 . 6 8
49 //Time to remove e x c e s s base cha rge i s t d e p l :

0 . 0000000004929 s e c o n d s ( or ) 4 9 2 . 9 p s e c s

Scilab code Exa 2.17 MOS Transistor Process Variations

1 // Example 2 . 1 7 , Page Number 85
2 //MOS T r a n s i s t o r P r o c e s s V a r i a t i o n s
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
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8 Vgs=5 // Gate s o u r c e v o l t a g e i n v o l t s (V)
9 Vds=5 // Drain s o u r c e v o l t a g e i n v o l t s (V)
10 W=1.8*(10^ -6) // Channel width i n metre s (m)
11 L=0.9*(10^ -6) // E f f e c t i v e channe l l e n g t h i n

metre s (m)
12 Kn =19.6*(10^ -6) // Dev ice parameter i n A/Vˆ2
13 Vt=0.75 // Thresho ld v o l t a g e i n v o l t s (V)
14

15 // Outputs
16 Id=(Kn/2)*(W/L)*((Vgs -Vt)^2) // Nominal d i ode

c u r r e n t i n amperes (A)
17

18 //The above paramete r s a r e s u b j e c t to p r o c e s s
v a r i a t i o n . So , c o n s i d e r i n g the f o l l o w i n g c o n d i t i o n s
: 1 ) 10% v a r i a t i o n i n K n 2) 25% v a r i a t i o n i n Vt
3) D i s t r i b u t i o n o f W and L has v a l u e 0 . 1 5 m 4)
V a r i a t i o n o f 0 . 5V i n supp ly

19

20 Id_max =(((Kn +(0.1* Kn))/2) *((W+(0.15*(10^ -6)))/(L

-(0.15*(10^ -6))))*((Vgs +0.5) -(Vt -(0.25* Vt)))^2)

//Maximum nominal d i ode c u r r e n t i n amperes (A
)

21 Id_min =(((Kn -(0.1* Kn))/2) *((W -(0.15*(10^ -6)))/(L

+(0.15*(10^ -6))))*((Vgs -0.5) -(Vt +(0.25* Vt)))^2)

//Minimum nominal d i ode c u r r e n t i n amperes (A)
22

23 // R e s u l t s
24 mprintf(”\nNominal d i ode c u r r e n t i s Id : %. 7 f amperes

”,Id);
25 mprintf(”\nMaximum nominal d i ode c u r r e n t i s Id max :

%. 7 f amperes ”,Id_max);
26 mprintf(”\nMinimum nominal d i ode c u r r e n t i s Id min :

%. 7 f amperes ”,Id_min);
27

28 // Outputs
29 // Nominal d i ode c u r r e n t i s Id : 0 . 00 0 3 5 4 0 amperes ( or

) 3 5 4 . 0 A
30 //Maximum nominal d i ode c u r r e n t i s Id max : 0 . 0 0 0 68 3 2
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amperes ( or ) 6 8 3 . 2 A
31 //Minimum nominal d i ode c u r r e n t i s Id min : 0 . 0 0 0 1 7 5 9

amperes ( or ) 1 7 5 . 9 A
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Chapter 3

The Inverter

Scilab code Exa 3.4 VTC of a CMOS Inverter

1 // Example 3 . 4 , Page Number 127
2 //VTC o f a CMOS I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Kn =80*(10^ -6) // T r a n s i s t o r pa ramete r s i n A/Vˆ2
9 Kp =27*(10^ -6) // T r a n s i s t o r parameter i n A/Vˆ2

10 Vdd=5 // Supply v o l t a g e i n v o l t s (V)
11 W_to_L_PMOS =5.4/1.2 // (W/L) r a t i o o f PMOS

t r a n s i s t o r
12 W_to_L_NMOS =1.8/1.2 // (W/L) r a t i o o f NMOS

t r a n s i s t o r
13 //DC Parameters :
14 V_ol=0 // Output l o w e l l e v e l t r a n s i t i o n

v o l t a g e i n v o l t s (V)
15 V_oh=5 // Output h igh l e v e l t r a n s i t i o n

v o l t a g e i n v o l t s (V)
16 Vtn =0.74 // Thresho ld v o l t a g e o f NMOS i n

v o l t s (V)
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17 Vtp =-0.74 // Thresho ld v o l t a g e o f PMOS
i n v o l t s (V)

18

19 // Outputs
20 //To o b t a i n Vih , the f o l l o w i n g e q u a t i o n s have to be

s o l v e d :
21 //Kn ∗ [ ( V ih−Vtn ) ∗Vout−((( Vout ) ˆ2) /2) ]=(Kp/2) ∗ [ Vdd−

V ih −|Vtp | ] ˆ 2 which y e i l d s :
22 V_ih =2.92 // Input h igh l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
23 Vout =0.42 // Output v o l t a g e i n

v o l t s (V)
24 NM_H=V_oh -V_ih // No i s e margin f o r

l o g i c h igh i n v o l t s (V)
25 // S i m i l a r y , f o r V i l
26 V_il =2.06 // Input low l e v e l t r a n s i t i o n

v o l t a g e i n v o l t s (V)
27 NM_L=V_il -V_ol // No i s e margin f o r

l o g i c low i n v o l t s (V)
28 // Given tha t r =1.01 where r =( s q r t ( K p / K n ) )
29 r=1.01

30 Vm=((r*(Vdd -abs(Vtp))+Vtn)/(1+r)) //
I n v e r t e r t h r e s h o l d i n v o l t s (V)

31

32 // R e s u l t s
33 mprintf(”\ nInput h igh l e v e l t r a n s i t i o n v o l t a g e V ih :

%. 2 f v o l t s ”,V_ih);
34 mprintf(”\nOutput v o l t a g e Vout : %. 2 f v o l t s ”,Vout);
35 mprintf(”\ nNoise margin f o r l o g i c h igh NM H: %. 2 f

v o l t s ”,NM_H);
36 mprintf(”\ nInput low l e v e l t r a n s i t i o n v o l t a g e V i l :

%. 2 f v o l t s ”,V_il);
37 mprintf(”\ nNoise margin f o r l o g i c low NM L : %. 2 f

v o l t s ”,NM_L);
38 mprintf(”\ n I n v e r t e r t h r e s h o l d Vm: %. 2 f v o l t s ”,Vm);
39

40 // Outputs
41 // Input h igh l e v e l t r a n s i t i o n v o l t a g e V ih : 2 . 9 2
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v o l t s
42 // Output v o l t a g e Vout : 0 . 4 2 v o l t s
43 // No i s e margin f o r l o g i c h igh NM H: 2 . 0 8 v o l t s
44 // Input low l e v e l t r a n s i t i o n v o l t a g e V i l : 2 . 0 6

v o l t s
45 // No i s e margin f o r l o g i c low NM L : 2 . 0 6 v o l t s
46 // I n v e r t e r t h r e s h o l d Vm: 2 . 5 1 v o l t s

Scilab code Exa 3.5 Keq for a 5V CMOS Inverter

1 // Example 3 . 5 , Page Number 130
2 //Keq f o r a 5V CMOS I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 m=0.5 // Grading co− e f f i c i e n t i s e q u a l to ( 1 / 2 )

f o r abrupt j u n c t i o n and ( 1 / 3 ) f o r l i n e a r graded
j u n c t i o n

9 phi_o =0.6 // B u i l t i n p o t e n t i a l i n
v o l t s (V)

10 Vcc=5 // Supply i n v o l t s (V)
11 V_high_NMOS_HL =-5 // High l e v e l t r a n s i t i o n v o l t a g e

f o r NMOS dur ing h igh to low t r a n s i t i o n i n v o l t s (V
)

12 V_low_NMOS_HL =-2.5 //Low l e v e l t r a n s i t i o n v o l t a g e
f o r NMOS dur ing h igh to low t r a n s i t i o n i n v o l t s (V
)

13 V_high_PMOS_HL =-2.5 // High l e v e l t r a n s i t i o n
v o l t a g e f o r NMOS dur ing h igh to low t r a n s i t i o n i n

v o l t s (V)
14 V_low_PMOS_HL =0 //Low l e v e l t r a n s i t i o n v o l t a g e f o r

NMOS dur ing h igh to low t r a n s i t i o n i n v o l t s (V)
15
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16 V_high_NMOS_LH =0 // High l e v e l t r a n s i t i o n v o l t a g e
f o r NMOS dur ing low to h igh t r a n s i t i o n i n v o l t s (
V)

17 V_low_NMOS_LH =-2.5 //Low l e v e l t r a n s i t i o n v o l t a g e
f o r NMOS dur ing low to h igh t r a n s i t i o n i n v o l t s (V
)

18 V_high_PMOS_LH =-5 // High l e v e l t r a n s i t i o n v o l t a g e
f o r NMOS dur ing low to h igh t r a n s i t i o n i n v o l t s (V
)

19 V_low_PMOS_LH =-2.5 //Low l e v e l t r a n s i t i o n v o l t a g e
f o r NMOS dur ing low to h igh t r a n s i t i o n i n v o l t s (V
)

20

21 // Outputs
22 Keq_NMOS_HL =-(phi_o^m)*[(( phi_o -V_high_NMOS_HL)^(1-m

)) -((phi_o -V_low_NMOS_HL)^(1-m))]/((

V_high_NMOS_HL -V_low_NMOS_HL)*(1-m)) //
Dev ice parameter f o r NMOS

23 Keq_PMOS_HL =-(phi_o^m)*[(( phi_o -V_high_PMOS_HL)^(1-m

)) -((phi_o -V_low_PMOS_HL)^(1-m))]/((

V_high_PMOS_HL -V_low_PMOS_HL)*(1-m)) //
Dev ice parameter f o r PMOS

24

25 Keq_NMOS_LH =-(phi_o^m)*[(( phi_o -V_high_NMOS_LH)^(1-m

)) -((phi_o -V_low_NMOS_LH)^(1-m))]/((

V_high_NMOS_LH -V_low_NMOS_LH)*(1-m)) //
Dev ice parameter f o r NMOS

26 Keq_PMOS_LH =-(phi_o^m)*[(( phi_o -V_high_PMOS_LH)^(1-m

)) -((phi_o -V_low_PMOS_LH)^(1-m))]/((

V_high_PMOS_LH -V_low_PMOS_LH)*(1-m)) //
Dev ice parameter f o r PMOS

27

28

29 // R e s u l t s
30 mprintf(”\nKeq be NMOS HL : %. 2 0 f ”,Keq_NMOS_HL);
31 mprintf(”\nKeq be PMOS HL : %. 2 0 f ”,Keq_PMOS_HL);
32 mprintf(”\nKeq be NMOS LH : %. 2 0 f ”,Keq_NMOS_LH);
33 mprintf(”\nKeq be PMOS LH : %. 2 0 f ”,Keq_PMOS_LH);

26



34

35 // Outputs
36 //Keq be NMOS HL : 0 . 37536968662700032000
37 //Keq be PMOS HL : 0 . 61105453575886848000
38 //Keq be NMOS LH : 0 . 61105453575886848000
39 //Keq be PMOS LH : 0 . 37536968662700032000

Scilab code Exa 3.6 Capacitance of a 1 2um CMOS Inverter

1 // Example 3 . 6 , Page Number 131
2 // Capac i t ance o f a 1 . 2 m CMOS I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 // C o n s i d e r i n g a minimum s i z e symmet r i c a l CMOS

i n v e r t e r with i t s pa ramete r s .
9 Vdd=5 // Supply v o l t a g e i n v o l t s (V)
10 lamda =0.6*(10^ -6) // Channel modulat ion i n

metre s (m)
11

12 // Outputs
13 drain_area_NMOS =4*4*( lamda ^2) // Drain a r ea

formed by metal−d i f f u s i o n c o n t a c t o f NMOS i n
metre s qua r e (mˆ2)

14 rect_contact_gate_NMOS =3*( lamda ^2) //
Rec tang l e a r ea between c o n t a c t and ga t e o f NMOS
i n metre squa r e (mˆ2)

15 total_area_NMOS=drain_area_NMOS+

rect_contact_gate_NMOS // Tota l a r ea o f l a y e r s
o f NMOS i n metre squa r e (mˆ2)

16 perimeter_drain_NMOS =15* lamda //
Pe r ime t e r o f d r a i n i n NMOS i n metre s (m)

17 sidewall_area_NMOS =19*( lamda ^2) // s i d e w a l l
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a r ea formed by metal−d i f f u s i o n c o n t a c t o f NMOS
i n metre squa r e (mˆ2)

18 perimeter_sidewall_NMOS =15* lamda //
Pe r ime t e r o f s i d e w a l l i n NMOS i n metre s (m)

19 total_area_PMOS =45*( lamda ^2) // Tota l a r ea o f
l a y e r s o f PMOS i n metre squa r e (mˆ2)

20 perimeter_drain_PMOS =19* lamda //
Pe r ime t e r o f d r a i n i n PMOS i n metre s (m)

21 sidewall_area_PMOS =45*( lamda ^2) // s i d e w a l l
a r ea formed by metal−d i f f u s i o n c o n t a c t o f PMOS

i n metre squa r e (mˆ2)
22 perimeter_sidewall_PMOS =19* lamda //

Pe r ime t e r o f s i d e w a l l i n PMOS i n metre s (m)
23

24 // R e s u l t s
25 mprintf(”\ nTota l a r ea o f l a y e r s o f NMOS : %. 1 4 f (

metre s ˆ2) ”,total_area_NMOS);
26 mprintf(”\ nPer imete r o f d r a i n i n NMOS: %. 7 f met re s ”,

perimeter_drain_NMOS);

27 mprintf(”\ n s i d e w a l l a r ea formed by metal−d i f f u s i o n
c o n t a c t o f NMOS s idewa l l a rea NMOS : %. 1 4 f metre s ”
,sidewall_area_NMOS);

28 mprintf(”\ nPer imete r o f s i d e w a l l i n NMOS
per imete r s idewa l l NMOS : %. 7 f metre s ”,
perimeter_sidewall_NMOS);

29 mprintf(”\ nTota l a r ea o f l a y e r s o f PMOS
tota l area PMOS : %. 1 4 f ( metre s ˆ2) ”,
total_area_PMOS);

30 mprintf(”\ nPer imete r o f d r a i n i n PMOS
per imeter dra in PMOS : %. 7 f metre s ”,
perimeter_drain_PMOS);

31 mprintf(”\ n s i d e w a l l a r ea formed by metal−d i f f u s i o n
c o n t a c t o f PMOS s idewa l l a rea PMOS : %. 1 4 f ( metre s
ˆ2) ”,sidewall_area_PMOS);

32 mprintf(”\ nPer imete r o f s i d e w a l l i n PMOS
per imete r s i d ewa l l PMOS : %. 7 f met re s ”,
perimeter_sidewall_PMOS);

33
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34

35 // Outputs
36 // Tota l a r ea o f l a y e r s o f NMOS tota l area NMOS :

0 . 00000000000684 ( metre s ˆ2) ∗ ( or ) 6 . 8 4 m ˆ2
37 // Pe r ime t e r o f d r a i n i n NMOS per imeter dra in NMOS :

0 . 0 0 00 0 9 0 metre s ( or ) 9 . 0 0 m
38 // s i d e w a l l a r ea formed by metal−d i f f u s i o n c o n t a c t o f

NMOS: 0 . 00000000000684 metre s ( or ) 6 . 8 4 m ˆ2
39 // Pe r ime t e r o f s i d e w a l l i n NMOS

per imete r s idewa l l NMOS : 0 . 0 0 00 0 9 0 metre s ( or )
9 . 0 m

40 // Tota l a r ea o f l a y e r s o f PMOS tota l area PMOS :
0 . 00000000001620 ( metre s ˆ2) ( or ) 1 6 . 2 0 m ˆ2

41 // Pe r ime t e r o f d r a i n i n PMOS per imeter dra in PMOS :
0 . 0 0 00 1 1 4 metre s ( or ) 1 1 . 4 0 m

42 // s i d e w a l l a r ea formed by metal−d i f f u s i o n c o n t a c t o f
PMOS s idewa l l a rea PMOS : 0 . 00000000001620 (

metre s ˆ2) ( or ) 1 6 . 2 0 m ˆ2
43 // Pe r ime t e r o f s i d e w a l l i n PMOS

per imete r s i d ewa l l PMOS : 0 . 0 0 0 0 11 4 metre s ( or )
1 1 . 4 0 m

Scilab code Exa 3.7 Propogation Delay of a 1 2um CMOS Inverter

1 // Example 3 . 7 , Page Number 135
2 // Propogat i on Delay o f a 1 . 2 m CMOS I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vgs=5 // Gate s o u r c e v o l t a g e i n v o l t s (V)
9 Vds=5 // Drain s o u r c e v o l t a g e i n v o l t s (V)
10 Vdd=5 // Supply v o l t a g e i n v o l t s (V)
11 Wp =5.4*(10^ -6) //PMOS Channel width i n metre s (m)
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12 Wn =1.8*(10^ -6) //NMOS Channel width i n metre s (m)
13 L_eff =0.9*(10^ -6) // E f f e c t i v e channe l l e n g t h i n

metre s (m)
14 Kn =19.6*(10^ -6) // i n A/Vˆ2
15 Kp =5.4*(10^ -6) // i n A/Vˆ2
16 lamda_p =0.19 // Channel modulat ion o f

PMOS i n v o l t a g e i n v e r s e (Vˆ−1)
17 lamda_n =0.06 // Channel modulat ion o f

NMOS i n v o l t a g e i n v e r s e (Vˆ−1)
18 Vt0 =0.74 // Thresho ld v o l t a g e i n v o l t s (V)
19

20 // Outputs
21 Idp_Vout_zero =(Kp/2)*(Wp/L_eff)*((Vgs -Vt0)^2) *(1+(

lamda_p*Vds)) // Current through PMOS i n
amperes (A) when output v o l t a g e i s z e r o

22 Idp_Vout=Kp*(Wp/L_eff)*((Vgs -Vt0)*(Vdd/2) -((Vdd)^2)

/8) // Current through PMOS i n amperes (A)
when output v o l t a g e i s not z e r o

23 Idn_Vout_zero =(Kn/2)*(Wn/L_eff)*((Vgs -Vt0)^2) *(1+(

lamda_n*Vds)) // Current through NMOS i n
amperes (A) when output v o l t a g e i s z e r o

24 Idn_Vout=Kn*(Wn/L_eff)*((Vgs -Vt0)*(Vdd/2) -((Vdd)^2)

/8) // Current through NMOS i n amperes (A)
when output v o l t a g e i s z e r o

25

26 // R e s u l t s
27 mprintf(”\ nCurrent through PMOS Idp ( Vout=0) : %. 6 f

amperes ”,Idp_Vout_zero);
28 mprintf(”\ nCurrent through PMOS Idp ( Vout =2.5) : %. 6 f

amperes ”,Idp_Vout);
29 mprintf(”\ nCurrent through NMOS Idn ( Vout=0) : %. 6 f

amperes ”,Idn_Vout_zero);
30 mprintf(”\ nCurrent through NMOS Idn ( Vout =2.5) : %. 6 f

amperes ”,Idn_Vout);
31

32 // Outputs
33 // Current through PMOS Idp ( Vout=0) : 0 . 0 0 0 5 7 3 amperes

( or ) 0 . 5 7 3mA

30



34 // Current through PMOS Idp ( Vout =2.5) : 0 . 0 0 0 2 4 4
amperes ( or ) 0 . 2 4 4mA

35 // Current through NMOS Idn ( Vout=0) : 0 . 0 0 0 4 6 2 amperes
( or ) 0 . 4 6 . 2mA

36 // Current through NMOS Idn ( Vout =2.5) : 0 . 0 0 0 2 9 5
amperes ( or ) 0 . 2 9 5mA

Scilab code Exa 3.11 VTC of an RTL Inverter

1 // Example 3 . 1 1 , Page Number 151
2 //VTC o f an RTL I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc=5 // Supply v o l t a g e i n v o l t s (V)
9 Rc =1*(10^3) // C o l l e c t o r r e s i s t a n c e i n ohms ( )
10 Rb =10*(10^3) // Base r e s i s t a n c e i n ohms ( )
11 Re=20 // Emit te r r e s i s t a n c e i n ohms ( )
12 Rc1 =75 // S e r i e s c o l l e c t o r r e s i s t a n c e i n ohms (

)
13 Vce_sat =0.1 // C o l l e c t o r−Emmiter s a t u r a t i o n

v o l t a g e i n v o l t s (V)
14 Vbe_eos =0.8 // Base−Emmiter v o l t a g e i n

v o l t s (V)
15 beta_f =100 //Maximum forward c u r r e n t

ga in
16 //The major d i s c r e p a n c y i s the v a l u e to V o l due to

which dc prob lems occu r and to have a r e a s o n a b l e
V o l v a l u e Vin eos>Vcc i s ma inta ined to r educe
the ga in i n t r a n s i e n t r e g i o n

17 Vcc1 =0.38 // Supply v o l t g a g e i n v o l t s (V)
18

19 // Outputs
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20 Ib=((Vcc -Vce_sat)/(Rc*beta_f)) // Base
c u r r e n t i n amperes (A)

21 Vin_eos=Vbe_eos +(Ib*Rb) // Input
v o l t a g e at eo s i n v o l t s (V)

22 // In the s a t u r a t i o n mode , the c o l l e c t o r c u r r e n t I c :
23 Ic=Vcc1/Rc1 // C o l l e c t o r

c u r r e n t i n amperes (A)
24 Vce_extra=Ic*(Rc1+Re) // Extra v o l t a g e

drop caused ove r c o l l e c t o r −e m i t t e r t e r m i n a l s i n
v o l t s (V)

25

26 // R e s u l t s
27 mprintf(”\nBase Current Ib : %. 7 f amperes ”,Ib);
28 mprintf(”\ nInput Vo l tage at eo s V i n e o s : %. 5 f v o l t s ”

,Vin_eos);

29 mprintf(”\ n C o l l e c t o r Current I c : %. 4 f amperes ”,Ic);
30 mprintf(”\nExtra v o l t a g e drop caused ove r c o l l e c t o r −

e m i t t e r t e r m i n a l s : %. 2 f v o l t s ”,Vce_extra);
31

32 // Outputs
33 // Base Current Ib : 0 . 0 0 0 0 4 9 0 amperes ( or ) 4 9 . 0 A
34 // Input Vo l tage at eo s V i n e o s : 1 . 2 9 0 0 0 v o l t s
35 // C o l l e c t o r Current I c : 0 . 0 0 5 1 amperes ( or ) 5 . 1mA
36 // Extra v o l t a g e drop caused ove r c o l l e c t o r −e m i t t e r

t e r m i n a l s : 0 . 4 8 v o l t s

Scilab code Exa 3.12 Effect of Fanout on VTC of the RTL Inverter

1 // Example 3 . 1 2 , Page Number 153
2 // E f f e c t o f Fanout on VTC o f the RTL I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
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8 Vcc=5 // Supply v o l t a g e i n v o l t s (V)
9 Rc =1*(10^3) // C o l l e c t o r r e s i s t a n c e i n ohms ( )
10 Rb =10*(10^3) // Base r e s i s t a n c e i n ohms ( )
11 //Re=20 // Emit te r r e s i s t a n c e i n ohms ( )
12 // Rc1=75 // S e r i e s c o l l e c t o r r e s i s t a n c e i n ohms

( )
13 Vbe_sat =0.8 // Base−Emmiter s a t u r a t i o n

v o l t a g e i n v o l t s (V)
14 // Vcc1 =0.38 // Supply v o l t g a g e i n v o l t s (V)
15 N=5 //Number o f f a n o u t s
16

17 // Outputs
18 Vout=(Vcc+(N*(Rc/Rb)*Vbe_sat))/(1+(N*(Rc/Rb)))

// Output v o l t a g e i n v o l t s (V)
19 // For l a r g e v a l u e s f o r N, Vout e v e n t u a l l y approache s

Vbe sat =0.8V which means tha t the NM H i s reduced
to z e r o ( or i s even n e g a t i v e )

20

21 // R e s u l t s
22 mprintf(”\nOutput Vo l tage Vout : %. 2 f v o l t s ”,Vout);
23

24

25 // Outputs
26 // Output Vo l tage Vout : 3 . 6 0 v o l t s

Scilab code Exa 3.14 VTC of ECL Gate

1 // Example 3 . 1 4 , Page Number 163
2 //VTC o f ECL Gate
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc=0 // Supply v o l t a g e i n v o l t s (V)
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9 Vee=-5 // Supply v o l t a g e i n v o l t s (V)
10 Vref = -0.95 // R e f e r e n c e v o l t a g e i n v o l t s (V)
11 Iee =0.5*(10^ -3) // Coupled emmiter c u r r e n t i n

amperes (A)
12 Rc =1*(10^3) // C o l l e c t o r r e s i s t a n c e i n ohms ( )
13 Rb =50*(10^3) // Base r e s i s t a n c e i n ohms ( )
14 Is=10^ -17 // Transpor t s a t u r a t i o n c u r r e n t

i n amperes (A)
15 Ic =0.1*(10^ -3) // C o l l e c t o r c u r r e n t i n amperes

(A)
16 beta_f =100 //Maximun fo rward c u r r e n t

ga in
17 phi_t =26*(10^ -3) // Thermal v o l t a g e i n v o l t s (A)
18 Vswing=Iee*Rc // T r a n s i t i o n v o l t a g e swing i n

v o l t s (V)
19

20 // Outputs
21 Vbe_on=phi_t*log(Ic/Is) // Base−Emit te r v o l t a g e

i n v o l t s (V)
22 V_oh=Vcc -Vbe_on // Output h igh l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
23 V_ol=Vcc -Vbe_on -( Vswing) // Output low l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
24 V_ih=Vref+(phi_t*log((( Vswing)/(2* phi_t)) -1)) //

Input h igh l e v e l t r a n s i t i o n v o l t a g e i n v o l t s (V)
25 V_il=Vref -(phi_t*log((( Vswing)/(2* phi_t)) -1)) //

Input low l e v e l t r a n s i t i o n v o l t a g e i n v o l t s (V)
26 Vm=Vref // I n v e r t e r

t h r e s h o l d i n v o l t s (V)
27

28 // R e s u l t s
29 mprintf(”\nBase Emmiter v o l t a g e i n v o l t s Vbe on : %

. 2 f v o l t s ”,Vbe_on);
30 mprintf(”\nVbe oh : %. 2 f v o l t s ”,V_oh);
31 mprintf(”\ nVbe o l : %. 2 f v o l t s ”,V_ol);
32 mprintf(”\ nVbe ih : %. 2 f v o l t s ”,V_ih);
33 mprintf(”\ n V b e i l : %. 2 f v o l t s ”,V_il);
34 mprintf(”\ n I n v e r t e r t h r e s h o l d Vm: %. 2 f v o l t s ”,Vm);
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35

36 // Outputs
37 // Base Emmiter v o l t a g e i n v o l t s Vbe on : 0 . 7 7 v o l t s
38 // Vbe oh : −0.77 v o l t s
39 // Vbe o l : −1.27 v o l t s
40 // Vbe ih : −0.89 v o l t s
41 // V b e i l : −1.00 v o l t s
42 // I n v e r t e r t h r e s h o l d Vm: −0.94 v o l t s

Scilab code Exa 3.15 Switching the Differential Pair

1 // Example 3 . 1 5 , Page Number 169
2 // S w i t c h i ng the D i f f e r e n t i a l Pa i r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 rc=75 // T r a n s i e n t c o l l e c t o r r e s i s t a n c e i n ohms

( )
9 rb=120 // T r a n s i e n t base r e s i s t a n c e i n ohms ( )
10 re=20 // T r a n s i e n t e m i t t e r r e s i s t a n c e i n ohms (

)
11 Rc =1*(10^3) // C o l l e c t o r r e s i s t a n c e i n ohms ( )
12 C_be1 =20*(10^ -15) // Base−Emitte r j u n c t i o n

c a p a c i t a n c e i n f a r a d s (F)
13 C_bc1 =22*(10^ -15) // Base−c o l l e c t o r j u n c t i o n

c a p a c i t a n c e i n f a r a d s (F)
14 C_cs1 =47*(10^ -15) // C o l l e c t o r−Source j u n c t i o n

c a p a c i t a n c e i n f a r a d s (F)
15 Iee =0.5*(10^ -3) // Coupled emmiter c u r r e n t i n

amperes (A)
16 tou_f =10*(10^ -12) // I d e a l f o rward t r a n s i t t ime

i n s e c s
17 Keq_be =3.35
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18 Keq_bc =0.75

19 alpha=5 // E m p i r i c a l f a c t o r
20 // E m p i r i c a l f a c t o r ( ) i s 2 and 5 f o r the 50% and 90

% p o i n t s r e s p e c t i v e l y
21

22 // Outputs
23 Cd1=(tou_f/Rc) // D i f f u s i o n c a p a c i t a n c e i n

f a r a d s (F)
24 Cin_j=( Keq_bc*C_bc1)+(( Keq_be*C_be1)/2) //

E q u i v a l e n t input c a p a c i t a n c e
25 tdp=rb *((2.2* Cin_j)+( alpha*Cd1)) //

Propogat i on d e l a y f o r c o l l e c t o r c u r r e n t to r each
90% o f t h e i r v a l u e i n s e c o n d s ( s e c s )

26

27 // R e s u l t s
28 mprintf(”\ n D i f f u s i o n c a p a c i t a n c e at base dur ing

s i n g l e t r a n s i t i o n Cd1 : %. 1 6 f f a r a d s ”,Cd1);
29 mprintf(”\ nEqu iva l en t input c a p a c i t a n c e C i n j : %. 1 6

f f a r a d s ”,Cin_j);
30 mprintf(”\ nPropogat ion d e l a y f o r c o l l e c t o r c u r r e n t

to r ea ch n i n t y p e r c e n t p o i n t tdp : %. 1 3 f s e c o n d s ”
,tdp);

31

32 // Outputs
33 // D i f f u s i o n c a p a c i t a n c e at base dur ing s i n g l e

t r a n s i t i o n Cd1 : 0 . 0000000000000100 f a r a d s ( or )
1 0 . 0 fF

34 // E q u i v a l e n t input c a p a c i t a n c e C i n j :
0 . 0000000000000500 f a r a d s ( or ) 5 0 . 0 fF

35 // Propogat i on d e l a y f o r c o l l e c t o r c u r r e n t to r ea ch
n i n t y p e r c e n t p o i n t tdp : 0 . 0000000000192 s e c o n d s

( or ) 1 9 . 2 p i c o s e c s

Scilab code Exa 3.16 Load Capacitances of an ECL Gate
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1 // Example 3 . 1 6 , Page Number 170
2 // Load C a p a c i t a n c e s o f an ECL Gate
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Cd3 =0.2*(10^ -15) // D i f f u s i o n c a p a c i t a n c e f o r

h igh base r e s i s t a n c e (Rb) i n f a r a d s (F)
9 C_bc3 =0.91*(10^ -15) // Base−Emitte r j u n c t i o n

c a p a c i t a n c e i n f a r a d s (F)
10 C_bc1 =0.84*(10^ -15) // Base−c o l l e c t o r j u n c t i o n

c a p a c i t a n c e i n f a r a d s (F)
11 C_cs3 =0.51*(10^ -15) // C o l l e c t o r−Source j u n c t i o n

c a p a c i t a n c e i n f a r a d s (F)
12

13 // Outputs
14 Cc=( C_cs3 *47)+( C_bc1 *22)+( C_bc3 *22)+Cd3 //

C o l l e c t o r c a p a c i t a n c e i n f a r a d s (F)
15

16 // R e s u l t s
17 mprintf(”\ n C o l l e c t o r c a p a c i t a n c e Cc : %. 1 6 f f a r a d s ”,

Cc);

18

19 // Output
20 // C o l l e c t o r c a p a c i t a n c e Cc : 0 . 0000000000000627

f a r a d s ( or ) 6 2 . 7 fF

Scilab code Exa 3.17 ECL Transient Response

1 // Example 3 . 1 7 , Page Number 173
2 //ECL T r a n s i e n t Response
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;
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6

7 // Input s
8 Vcc=0 // Supply v o l t a g e i n v o l t s (V)
9 Vee=-5 // Supply v o l t a g e i n v o l t s (V)
10 Rc =1*(10^3) // C o l l e c t o r r e s i s t a n c e i n ohms ( )
11 Rb =50*(10^3) // Base r e s i s t a n c e i n ohms ( )
12 tdp =20*(10^ -12) // Propogat i on d e l a y i n

s e c o n d s ( s e c s )
13 Iee =0.5*(10^ -3) // Coupled emmiter c u r r e n t i n

amperes (A)
14 Vswing=Iee*Rc // T r a n s i t i o n v o l t a g e swing i n

v o l t s (V)
15 Cl =60*(10^ -15) // Load c a p a c i t a n c e f a r a d s (F)
16 Cc =62.7*(10^ -15) // C o l l e c t o r c a p a c i t a n c e i n

f a r a d s (F)
17 V_oh =-0.7 // Output h igh l e v e l t r a n s i t i o n

v o l t a g e i n v o l t s (V)
18

19 // Outputs
20 t_discharge =(0.5* Cl*Rb*Vswing)/(V_oh -Vee -( Vswing /4))

// D i s c h a r g e t ime
21 tp_hl=tdp+t_discharge // Delay f o r

h igh to low t r a n s i t i o n i n s e c o n d s ( s e c s )
22 t_charge =0.69* Rc*Cc // Charge t ime i n

s e c o n d s ( s e c s )
23 tp_lh=tdp+t_charge // Delay f o r

low to h igh t r a n s i t i o n i n s e c o n d s ( s e c s )
24 tp=( tp_hl+tp_lh)/2 // Propogat i on

d e l a y i n s e c o n d s ( s e c s )
25 // R e s u l t s
26 mprintf(”\ nDi s cha rge t ime t d i s c h a r g e : %. 1 3 f

s e c o n d s ”,t_discharge);
27 mprintf(”\nDelay f o r h igh to low t r a n s i t i o n t p h l : %

. 1 3 f s e c o n d s ”,tp_hl);
28 mprintf(”\nCharge t ime t c h a r g e : %. 1 3 f s e c o n d s ”,

t_charge);

29 mprintf(”\nDelay f o r low to h igh t r a n s i t i o n t p l h : %
. 1 3 f s e c o n d s ”,tp_lh);

38



30 mprintf(”\ nPropogat ion d e l a y tp : %. 1 3 f s e c o n d s ”,tp);
31

32 // Outputs
33 // D i s c h a r g e t ime t d i s c h a r g e : 0 . 0000000001796

s e c o n d s ( or ) 1 7 9 . 6 p i c o s e c s
34 // Delay f o r h igh to low t r a n s i t i o n t p h l :

0 . 0000000001996 s e c o n d s ( or ) 1 9 9 . 6 p i c o s e c s
35 // Charge t ime t c h a r g e : 0 . 0000000000433 s e c o n d s ( or )

4 3 . 3 p i c o s e c s
36 // Delay f o r low to h igh t r a n s i t i o n t p l h :

0 . 0000000000633 s e c o n d s ( or ) 6 3 . 3 p i c o s e c s
37 // Propogat i on d e l a y tp : 0 . 0000000001315 s e c o n d s ( or )

1 3 1 . 5 p i c o s e c s

Scilab code Exa 3.18 Power Dissipation of ECL Inverter

1 // Example 3 . 1 8 , Page Number 177
2 // Power D i s s i p a t i o n o f ECL I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc=0 // Supply v o l t a g e i n v o l t s (V)
9 Vee=-5 // Supply v o l t a g e i n v o l t s (V)

10 Vref = -0.95 // R e f e r e n c e v o l t a g e i n v o l t s (V)
11 Iee =0.5*(10^ -3) // Coupled e m i t t e r c u r r e n t i n

amperes (A)
12 Rc =1*(10^3) // C o l l e c t o r r e s i s t a n c e i n ohms ( )
13 Rb =50*(10^3) // Base r e s i s t a n c e i n ohms ( )
14 Is=10^ -17 // Transpor t s a t u r a t i o n c u r r e n t

i n amperes (A)
15 Ic =0.1*(10^ -3) // C o l l e c t o r c u r r e n t i n amperes

(A)
16 beta_f =100 //Maximum forward c u r r e n t
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ga in
17 phi_t =26*(10^ -3) // Thermal v o l t a g e i n v o l t s (A)
18 Vswing=Iee*Rc // T r a n s i t i o n v o l t a g e swing i n

v o l t s (V)
19 Cl =60*(10^ -15) // Load c a p a c i t a n c e i n f a r a d s (

F)
20 Cc =72.8*(10^ -15) // C o l l e c t o r c a p a c i t a n c e i n

f a r a d s (F)
21 Ct=Cl+Cc // Tota l s w i t c h i n g c a p a c i t a n c e i n

f a r a d s (F)
22 tp =127.5*(10^ -12) // Propogat i on d e l a y i n

s e c o n d s ( s e c s )
23

24 // Outputs
25 Vbe_on=phi_t*log(Ic/Is) // Base−Emitte r v o l t a g e

i n v o l t s (V)
26 V_oh=Vcc -Vbe_on // Output h igh l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
27 V_ol=Vcc -Vbe_on -( Vswing) // Output low l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
28 f=(1/tp) //Maximum a l l o w a b l e

s w i t c h i n g f r e q u e n c y i n h e r t z ( Hz )
29 // I g n o r i n g the power consumed i n b i a s network
30 Pstat=(Vcc -Vee)*(Iee +(2*(((( V_oh+V_ol)/2)-Vee)/Rb)))

// S t a t i c power consumption i n watt s (W)
31 Pdyn=Ct*(Vcc -Vee)*Vswing*f // Dyanamic power

consumption i n watt s (W)
32 Pt=Pstat+Pdyn // Tota l power consumption

i n watt s (W)
33

34 // R e s u l t s
35 mprintf(”\ n S t a t i c power consumption Ps ta t : %. 4 f

watt s ”,Pstat);
36 mprintf(”\nDynamic power consumption Pdyn : %. 4 f

watt s ”,Pdyn);
37 mprintf(”\ nTota l power consumption Pt : %. 4 f watt s ”,

Pt);

38
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39 // Outputs
40 // S t a t i c power consumption Ps ta t : 0 . 0 0 3 3 watt s ( or )

3 . 3 mW
41 // Dynamic power consumption Pdyn : 0 . 0 0 2 6 watt s ( or )

2 . 6 mW
42 // Tota l power consumption Pt : 0 . 0 0 5 9 watt s ( or ) 5 . 9

mW
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Chapter 4

Designing Combinational Logic
Gates In CMOS

Scilab code Exa 4.2 Computing Ron

1 // Example 4 . 2 , Page Number 194
2 // Computing Ron
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vdd=5 // Supply v o l t a g e i n v o l t s (V)
9 // Values from t a b l e 3 . 3 , Pg no : 1 3 6
10 Id_n1 =0.46*(10^ -3) // Drain c u r r e n t i n NMOS

when ( Vout=Vdd) i n amperes (A)
11 Id_n2 =0.29*(10^ -3) // Drain c u r r e n t i n NMOS

when ( Vout=Vdd/2) i n amperes (A)
12 Id_p1 =0.57*(10^ -3) // Drain c u r r e n t i n PMOS

when ( Vout=Vdd) i n amperes (A)
13 Id_p2 =0.24*(10^ -3) // Drain c u r r e n t i n PMOS

when ( Vout=Vdd) i n amperes (A)
14

15 // Outputs
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16 Rn1 =(1/2) *((Vdd/Id_n1)+(Vdd /(2* Id_n2))) //
R e s i s t a n c e when (W/ L e f f =2) i n ohms ( )

17 Rn2=Rn1*2 // R e s i s t a n c e when (W/ L e f f
=1) i n ohms ( )

18 Rp1 =(1/2) *((Vdd/Id_p1)+(Vdd /(2* Id_p2))) //
R e s i s t a n c e when (W/ L e f f =6) i n ohms ( )

19 Rp2=Rp1*6 // R e s i s t a n c e when (W/ L e f f =1) i n
ohms ( )

20

21

22 // R e s u l t s
23 mprintf(”\ n R e s i s t a n c e when (W/ L e f f =2) Rn1 : %. 1 f

ohms”,Rn1);
24 mprintf(”\ n R e s i s t a n c e when (W/ L e f f =1) Rn2 : %. 1 f

ohms”,Rn2);
25 mprintf(”\ n R e s i s t a n c e when (W/ L e f f =6) Rp1 : %. 1 f

ohms”,Rp1);
26 mprintf(”\ n R e s i s t a n c e when (W/ L e f f =1) Rp1 : %. 1 f

ohms”,Rp2);
27

28 // Outputs
29 // R e s i s t a n c e when (W/ L e f f =2) Rn1 : 9 7 4 5 . 1 ohms ( or )

9 . 7 4 5 1 k
30 // R e s i s t a n c e when (W/ L e f f =1) Rn2 : 1 9 4 9 0 . 2 ohms ( or )

1 9 . 4 9 0 2 k
31 // R e s i s t a n c e when (W/ L e f f =6) Rp1 : 9 5 9 4 . 2 ohms ( or )

9 . 5 9 4 2 k
32 // R e s i s t a n c e when (W/ L e f f =1) Rp1 : 5 7 5 6 5 . 7 ohms ( or

) 5 7 . 5 6 5 7 k

Scilab code Exa 4.3 A Four Input Complimentary CMOS NAND Gate

1 // Example 4 . 3 , Page Number 200
2 //A Four−Input Complimentary CMOS NAND Gate
3 // S c i l a b 6 . 0 . 1
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4 //Windows 10
5 clc;

6

7 // Input s
8 // Parameter Values f o r 1 . 2 m CMOS p r o c e s s
9 lamda_NMOS =0.06 // Channel modulat ion i n

v o l t i n v e r s e (1/V)
10 lamda_PMOS =0.19 // Channel modulat ion i n

v o l t i n v e r s e (1/V)
11

12 // Outputs
13 Area_PMOS =108*( lamda_PMOS ^2) //

Area o f PMOS i n micro metre squa r e ( m ˆ2)
14 Perimeter_PMOS =24* lamda_PMOS //

Pe r ime t e r o f PMOS i n micro metre ( m )
15 Area_NMOS =37*( lamda_NMOS ^2) // Area

o f NMOS i n micro metre squa r e ( m ˆ2)
16 Perimeter_NMOS =27* lamda_NMOS //

Pe r ime t e r o f NMOS i n micro metre ( m )
17

18 // R e s u l t s
19 mprintf(”\nArea o f PMOS: %. 2 f m ˆ2 ”,Area_PMOS);
20 mprintf(”\nPerimeter PMOS : %. 2 f m ”,Perimeter_PMOS)

;

21 mprintf(”\nArea o f NMOS: %. 2 f m ˆ2 ”,Area_NMOS);
22 mprintf(”\nPerimeter NMOS : %. 2 f m ”,Perimeter_NMOS)

;

23

24

25 // Outputs
26 // Area o f PMOS: 3 . 9 0 m ˆ2
27 // Perimeter PMOS : 4 . 5 6 m
28 // Area o f NMOS: 0 . 1 3 m ˆ2
29 // Perimeter NMOS : 1 . 6 2 m
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Scilab code Exa 4.7 Resistance of a Transmission Gate

1 // Example 4 . 7 , Page Number 214
2 // R e s i s t a n c e o f a Transmi s s i on Gate
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 // Parameter Values f o r 1 . 2 m CMOS p r o c e s s
9 Vdd=5 // Supply v o l t a g e i n v o l t s (V)

10 Kn =19.6*(10^ -6) // i n ampere per v o l t
s qua r e (A/Vˆ2)

11 Kp =5.4*(10^ -6) // i n ampere per v o l t
s qua r e (A/Vˆ2)

12 Vtn =0.743 // Thresho ld v o l t a g e o f
NMOS i n v o l t s (V)

13 Vtp1 = -0.739 // Thresho ld v o l t a g e o f
PMOS i n v o l t s (V)

14 Vtp=abs(Vtp1)

15

16 // Outputs
17 Geq =((Kn*((Vdd -Vtn)^2))+(Kp*((Vdd -Vtp)^2)))/(2* Vdd)

// E q u i v a l e n t conductance i n mho
18 Req =1/Geq // E q u i v a l e n t r e s i s t a n c e i n ohms ( )
19

20 // R e s u l t s
21 mprintf(”\ nEqu iva l en t conductance Geq : %. 7 f mho”,

Geq);

22 mprintf(”\ nEqu iva l en t r e s i s t a n c e Req : %. 4 f ohms”,
Req);

23

24 // Output
25 // E q u i v a l e n t conductance Geq : 0 . 0 0 0 0 4 53 mho ( or )

4 5 . 3 p i c o mho
26 // E q u i v a l e n t r e s i s t a n c e Req : 22063 . 5990 ohms ( or )

2 2 . 0 6 3 K
27
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28 //Wrong Answer .
29 // Answer would be c o r r e c t i f f o rmu la i s m o d i f i e d as

( Rep l a c i ng (2∗Vdd) by (Vdd) ) :
30 //Geq=((Kn∗ ( ( Vdd−Vtn ) ˆ2) ) +(Kp∗ ( ( Vdd−Vtp ) ˆ2) ) ) /(Vdd)
31

32 // Output when e q u a t i o n i s m o d i f i e d :
33 // E q u i v a l e n t conductance Geq : 0 . 0 0 0 0 9 06 mho ( or )

9 0 . 6 p i c o mho
34 // E q u i v a l e n t r e s i s t a n c e Req : 11031 . 7995 ohms ( or )

1 1 . 0 3 1 K

Scilab code Exa 4.8 Pass Transistor Chain

1 // Example 4 . 8 , Page Number 216
2 // Pass−T r a n s i s t o r Chain
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 // Parameter Values f o r 1 . 2 m CMOS p r o c e s s
9 Req =10*(10^3) // E q u i v a l e n t r e s i s t a n c e i n ohms

( )
10 C=10*(10^ -15) // Capac i t ance i n f a r a d s (F)
11 tp_buf =0.5*(10^ -9) // Propogat i on d e l a y o f

each b u f f e r i n s e c o n d s ( s e c s )
12

13 // Outputs
14 m_opt =1.7*( sqrt(tp_buf /(C*Req))) // Optimal

number o f s w i t c h e s between b u f f e r s
15

16 // R e s u l t s
17 mprintf(”\nOptimal number o f s w i t c h e s between

b u f f e r s m opt : %. 2 f ”,m_opt);
18
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19 // Output
20 // Optimal number o f s w i t c h e s between b u f f e r s m opt :

3 . 8 0

Scilab code Exa 4.12 Charge Redistribution

1 // Example 4 . 1 2 , Page Number 229
2 // Charge R e d i s t r i b u t i o n
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vdd=-5 // Supply v o l t a g e i n v o l t s

(V)
9 //When top t h r e e t r a n s i s t o r s o f the PDN a re enab l ed

and the i n t e r n a l c a p a c i t a n c e ho ld d i f f u s i o n and
ga t e c a p a c i t a n c e o f n e i g h b o u r i n g t r a n s i s t o r s .

10 C_internal =8.78*(10^ -15) // I n t e r n a l
c a p a c i t a n e i n f a r a d s (F)

11 Cl =25*(10^ -15) // Load c a p a c i t a n e i n f a r a d s
(F)

12

13 // Outputs
14 delta_V=-Vdd*( C_internal /( C_internal+Cl))

// Tota l output v o l t a g e drop i n v o l t s
(V)

15

16 // R e s u l t s
17 mprintf(”\ nTota l output v o l t a g e drop d e l t a V : %. 2 f

v o l t s ”,delta_V);
18

19 // Outputs
20 // Tota l output v o l t a g e drop d e l t a V : 1 . 3 0 v o l t s
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Scilab code Exa 4.18 Optimizing Switching Activity at the Logic Level

1 // Example 4 . 1 8 , Page Number 251
2 // Opt imiz ing S w i t c h i n g A c t i v i t y at the Log i c Lev e l
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 P_A =0.5 // T r a n s i t i o n p r o b a b i l i t y o f i nput

s i g n a l ’ (A=1) ’
9 P_B =0.2 // T r a n s i t i o n p r o b a b i l i t y o f i nput

s i g n a l ’ (B=1) ’
10 P_C =0.1 // T r a n s i t i o n p r o b a b i l i t y o f i nput

s i g n a l ’ (C=1) ’
11

12 // Outputs
13 //As both the c i r c u i t s implememt i d e n t i c a l l o g i c

f u n c t i o n a l i t y , the output node ’Z ’ i s e q u a l i n
both the c a s e s . So , d i f f e r e n c e i n a c t i v i t y o c c u r s
at i n t e r m e d i a t e nodes :

14 Activity_first =(1-(P_A*P_B))*(P_A*P_B) //
S w i t c h i n g a c t i v i t y o f f i r s t c i r c u i t

15 Activity_second =(1-(P_B*P_C))*(P_B*P_C) //
S w i t c h i n g a c t i v i t y o f s econd c i r c u i t

16

17 // R e s u l t s
18 mprintf(”\ nSwi t ch ing a c t i v i t y o f f i r s t c i r c u i t : %. 2

f ”,Activity_first);
19 mprintf(”\ nSwi t ch ing a c t i v i t y o f s econd c i r c u i t : %

. 4 f ”,Activity_second)
20

21 //From the r e s u l t s we g e t to l e a r n tha t i t i s
b e n i f i c i a l to pos tpone the i n t r o d u c t i o n o f

48



s i g n a l s with h i g h e r t r a n s i t i o n r a t e ( i . e s i g n a l s
with s i g n a l p r o b a b i l i t y c l o s e to )

22

23 // Outputs
24 // S w i t c h i ng a c t i v i t y o f f i r s t c i r c u i t : 0 . 0 9
25 // S w i t c h i ng a c t i v i t y o f s econd c i r c u i t : 0 . 0 1 9 6
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Chapter 5

Very High Performance Digital
Circuits

Scilab code Exa 5.3 Differential ECL Gate

1 // Example 5 . 3 , Page Number 277
2 // D i f f e r e n t i a l ECL Gate
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc=5 // Supply v o l t a g e i n v o l t s (

V)
9 Iee =400*(10^ -6) // Emit te r c u r r e n t

supp ly i n amperes (A)
10 Rc=625 // C o l l e c t o r r e s i s t a n c e

i n ohms ( )
11

12 // Outputs
13 Voltage_swing=Iee*Rc // Output

v o l t a g e swing i n v o l t s (V)
14 P_consm=Iee*Vcc // S t a t i c

power consumption i n watt s (W)
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15

16 // R e s u l t s
17 mprintf(”\nOutput l o g i c swing : %. 2 f v o l t s ”,

Voltage_swing);

18 mprintf(”\ n S t a t i c power consumption : %. 4 f watt s ”,
P_consm);

19

20 // Outputs
21 // Output l o g i c swing : 0 . 2 5 v o l t s
22 // S t a t i c power consumption : 0 . 0 0 2 0 watt s ( or ) 2mW

Scilab code Exa 5.4 CML Gate Characteristics

1 // Example 5 . 4 , Page Number 279
2 //CML Gate C h a r a c t e r i s t i c s
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc=0 // Supply v o l t a g e i n v o l t s (

V)
9 Vee=-1.7 // Supply v o l t a g e i n

v o l t s (V)
10 phi_t =26*(10^ -3) // Thermal v o l t a g e i n v o l t s (A)
11 Vref = -0.05 // R e f e r e n c e v o l t a g e i n

v o l t s (V)
12 Iee =0.4*(10^ -3) // Emit te r c u r r e n t

supp ly i n amperes (A)
13 Rc=625 // C o l l e c t o r r e s i s t a n c e

i n ohms ( )
14 V_ih = -0.085 // Input h igh l e v e l

t r a n s i t i o n v o l t a g e u s i n g u n i t y ga in d e f i n i t i o n i n
v o l t s (V)

15 V_il = -0.165 // Input low l e v e l
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t r a n s i t i o n v o l t a g e u s i n g u n i t y ga in d e f i n i t i o n i n
v o l t s (V)

16 Vbe_on =0 // Base−Emit te r v o l t a g e i n
v o l t s (V)

17 // Vbe on i s zeo as I c=I s ( Vbe on= t ∗ l o g ( I c / I s ) ) i . e
( l o g ( 1 ) =0)

18 C_fanout =60*(10^ -15) // Fanout c a p a c i t a n c e
i n f a r a d s (F)

19 C_cs1 =47*(10^ -15) // C o l l e c t o r−Source j u n c t i o n
c a p a c i t a n c e i n f a r a d s (F)

20 C_bc1 =22*(10^ -15) // Base−c o l l e c t o r j u n c t i o n
c a p a c i t a n c e i n f a r a d s (F)

21 Cc =((0.67* C_cs1)+(2*1.01* C_bc1)) // C o l l e c t o r
c a p a c i t a n c e i n f a r a d s (F)

22 // Cbc1 i s accounted t w i c e to i n c o p r a t e m i l l e r e f f e c t
23

24

25 // Outputs
26 Vswing=Iee*Rc // Output v o l t a g e

swing i n v o l t s (V)
27 V_oh=Vcc -Vbe_on // Output h igh l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
28 V_ol=Vcc -Vbe_on -( Vswing) // Output low l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
29 NM_H=V_oh -V_ih // No i s e margin o f h igh

l e v e l t r a n s i t i o n i n v o l t s (V)
30 NM_L=V_il -V_ol // No i s e margin o f low

l e v e l t r a n s i t i o n i n v o l t s (V)
31 Cl=C_fanout+Cc // Output c a p a c i t a n c e i n

f a r a d s (F)
32 tp =0.69* Rc*Cl // Propogat i on d e l a y i n

s e c o n d s ( s e c s )
33 Pstat=(abs(Vee)*Iee) // S t a t i c output power

i n watt s (W)
34 Pdyn=Cl*(Vcc -Vee)*( Vswing/tp) // Dynamic output

power i n watt s (W)
35

36 // R e s u l t s
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37 mprintf(”\nOutput v o l t a g e swing : %. 2 f v o l t s ”,Vswing
);

38 mprintf(”\nVbe oh : %. 2 f v o l t s ”,V_oh);
39 mprintf(”\ nVbe o l : %. 2 f v o l t s ”,V_ol);
40 mprintf(”\ nVbe ih : %. 2 f v o l t s ”,V_ih);
41 mprintf(”\ n V b e i l : %. 2 f v o l t s ”,V_il);
42 mprintf(”\ nNoise margin o f h igh l e v e l t r a n s i t i o n : %

. 2 f v o l t s ”,NM_H);
43 mprintf(”\ nNoise margin o f low l e v e l t r a n s i t i o n : %. 2

f v o l t s ”,NM_L);
44 mprintf(”\nOutput c a p a c i t a n c e : %. 1 6 f f a r a d s ”,Cl);
45 mprintf(”\ nPropogat ion d e l a y : %. 1 3 f s e c o n d s ”,tp);
46 mprintf(”\ n S t a t i c output power : %. 4 f watt s ”,Pstat);
47 mprintf(”\nDynamic output power : %. 4 f watt s ”,Pdyn);
48

49 // Outputs
50 // Output v o l t a g e swing : 0 . 2 5 v o l t s
51 // Vbe oh : 0 . 0 0 v o l t s
52 // Vbe o l : −0.25 v o l t s
53 // Vbe ih : −0.09 v o l t s
54 // V b e i l : −0.17 v o l t s
55 // No i s e margin o f h igh l e v e l t r a n s i t i o n : 0 . 0 9 v o l t s
56 // No i s e margin o f low l e v e l t r a n s i t i o n : 0 . 0 8 v o l t s
57 // Output c a p a c i t a n c e : 0 . 0000000000001359 f a r a d s ( or )

1 3 5 . 9 fF
58 // Propogat i on d e l a y : 0 . 0000000000586 s e c o n d s ( or )

5 8 . 6 p i c o s e c s
59 // S t a t i c output power : 0 . 0 0 0 7 watt s ( or ) 0 . 7 mW
60 // Dynamic output power : 0 . 0 0 1 0 watt s ( or ) 1 . 0 mW

Scilab code Exa 5.5 VTC of an NTL Gate

1 // Example 5 . 5 , Page Number 285
2 //VTC o f an NTL Gate
3 // S c i l a b 6 . 0 . 1
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4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc =1.9 // Supply v o l t a g e i n v o l t s (V)
9 Rc=2 // C o l l e c t o r r e s i s t a n c e i n ohms ( )
10 Re =0.5*(10^3) // Emit te r r e s i s t a n c e i n ohms ( )
11 Vbe_on =0.75 // Base−Emit te r f o rward b i a s

v o l t a g e i n v o l t s (V)
12

13 // Outputs
14 //A l a r g e v a l u e o f r a t i o (−Rc/Re ) enchance s the

v o l t a g e ga in and n o i s e margin , but i n c r e a s e s ga t e
d e l a y . So , ( Rc=2∗Re ) i s a good compromise . Under
t h e s e c o n d i t i o n s V o l e v a l u a t e s as

15 V_ol =3*Vbe_on -Vcc // Output low l e v e l
t r a n s i t i o n v o l t a g e i n v o l t s (V)

16 V_oh=Vcc -Vbe_on // // Output h igh l e v e l
t r a n s i t i o n v o l t a g e i n v o l t s (V)

17 Signal_swing =2*Vcc -4* Vbe_on // S i g n a l
swing i n v o l t s (V)

18

19 // R e s u l t s
20 mprintf(”\nVbe oh : %. 2 f v o l t s ”,V_oh);
21 mprintf(”\ nVbe o l : %. 2 f v o l t s ”,V_ol);
22 mprintf(”\ n S i g n a l swing : %. 2 f v o l t s ”,Signal_swing);
23

24 // Outputs
25 // Vbe oh : 1 . 1 5 v o l t s
26 // Vbe o l : 0 . 3 5 v o l t s
27 // S i g n a l swing : 0 . 8 0 v o l t s

Scilab code Exa 5.10 GaAs MESFET Current Voltage Characteristics

1 // Example 5 . 1 0 , Page Number 305
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2 //GaAs MESFET Current−Vol tage C h a r a c t e r i s t i c s
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vgs =0.5 // Gate−Source v o l t a g e i n

v o l t s (V)
9 Vds=2 // Drain−Source v o l t a g e i n

v o l t s (V)
10 beta_enhancement =250*(10^ -6) //

=250∗(10ˆ−6) f o r Enhancement MESFET i n Area per
Vo l tage aquare (A/V∗∗2)

11 lamda =0.2 // Channel
modulat ion c o n s t a n t i n v o l t i n v e r s e (1/V)

12 alpha =6.5 // T r a n s i s t o r
parameter i n i n v e r e s e v o l t (V) and a lpha =6.5 f o r
enhancement MOSFET.

13 Vp=0.23 // Pinch−Off v o l t a g e
i n v o l t s (V)

14 W=4*(10^ -6) // D e p l e t i o n
r e g i o n width

15 L=1*(10^ -6) // D e p l e t i o n
r e g i o n l e n g t h

16 delta_W =0.15*(10^ -6) //
Change i n D e p l e t i o n r e g i o n width

17 delta_L =0.4*(10^ -6) // Change
i n D e p l e t i o n r e g i o n l e n g t h

18 Weff=W-delta_W //
E f f e c t i v e d e p l e t i o n r e g i o n width

19 Leff=L-delta_L //
E f f e c t i v e d e p l e t i o n r e g i o n l e n g t h

20

21 // Outputs
22 Id=(Weff/Leff)*beta_enhancement *((Vgs -Vp)^2) *(1+(

lamda*Vds))*tanh(alpha*Vds) // Drain c u r r e n t i n
amperes (A)

23
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24 // R e s u l t s
25 mprintf(”\nDrain c u r r e n t Id : %. 7 f amperes ”,Id);
26

27 // Output
28 // Drain c u r r e n t Id : 0 . 0 0 0 1 63 7 amperes ( or ) 1 6 3 . 7 A

Scilab code Exa 5.13 MESFET Source Follower

1 // Example 5 . 1 3 , Page Number 310
2 //MESFET Source−F o l l o w e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vd_on =0.7 // Forward b i a s d i ode

v o l t a g e i n v o l t s (V)
9 V_oh =-1.3 // Output h igh l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
10 V_ol =-1.7 // Output low l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
11 Vgs =0.5 // Gate−Source v o l t a g e i n

v o l t s (V)
12 Vds =0.8 // Drain−Source v o l t a g e

i n v o l t s (V)
13 beta_enhancement =250*(10^ -6) //

=250∗(10ˆ−6) f o r Enhancement MESFET i n Area per
Vo l tage aquare (A/V∗∗2)

14 lamda =0.2 // Channel
modulat ion c o n s t a n t i n v o l t i n v e r s e (1/V)

15 alpha =6.5 //
16 Vout =-1.5 // Output v o l t a g e at

midpo int o f v o l t a g e swing i n v o l t s (V)
17 Vp=0.23 // Pinch−Off v o l t a g e

i n v o l t s (V)
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18 Weff_to_Leff =10 // Width to
l e n g t h r a t i o o f d e p l e t i o n r e g i o n

19

20 // Outputs
21 Isf=( Weff_to_Leff)*beta_enhancement *((Vgs -Vp)^2)

*(1+( lamda*Vds))*tanh(alpha*Vds) // Drain Source
c u r r e n t i n amperes (A)

22

23 // R e s u l t s
24 mprintf(”\nDrain c u r r e n t I s f : %. 5 f amperes ”,Isf);
25 // For t h i s v a l u e o f cu r r en t , the v o l t a g e drop ove r

the s o u r c e f o l l o w e r i s v i r t u a l l y c o n s t a n t ove r
comple te range o f v o l t a g e i n t e r e s t .

26

27 // Output
28 // Drain c u r r e n t I s f : 0 . 0 0 0 2 1 amperes ( or ) 0 . 2 1 mA
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Chapter 6

Designing Sequential Logic
Circuits

Scilab code Exa 6.3 ECL SR Flip Flop

1 // Example 6 . 3 , Page Number 346
2 //ECL SR Fl ip−Flop
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vbe_on =0.7 // Forward Base−Emitte r

v o l t a g e on v o l t s (V)
9 Vbe_sat =0.8 // S a t u r a t ed Base−

Emitte r v o l t a g e on v o l t s (V)
10 Vce_sat =0.1 // S a t u r a t ed C o l l e c t o r−

Emitte r v o l t a g e on v o l t s (V)
11 beta_f =100 // Forward c u r r e n t

ga in
12 Vcc=0 // Supply v o l t a g e i n

v o l t s (V)
13 Vee=-3.5 // Emmiter v o l t a g e i n

v o l t s (V)
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14 // C o l l e c t o r c u r r e n t i s s e t to 0 . 5mA
15 Ic1 =0.5*(10^ -3) // C o l l e c t o r c u r r e n t

i n amperes (A)
16

17 // Outputs
18 Vb1=Vcc -Vbe_on // Base v o l t a g e o f Q1 i n

v o l t s (V)
19 Ve1=Vb1 -Vbe_on // Emit te r v o l t a g e o f Q1

i n v o l t s (V)
20 Re=(Ve1 -Vee)/Ic1 // Emit te r r e s i s t a n c e i n

ohms ( )
21 // S o l v i n g the below e q u a t i o n s g i v e s r e l a t i o n between

Re and Rc :
22 //Vc1=Vcc−( I c 1 ∗Rc )
23 // Vq compliment=Vc1−Vbe on
24 // Vq compliment=Vcc−(Rc/Re ) ∗ ( Vcc−(2∗Vbe on )−Vee )−

Vbe on
25 Rc=Re/4.2 // C o l l e c t o r r e s i s t a n c e

i n ohms ( )
26 //The a b s o l u t e v a l u e s o f Rc , Re and Rb a r e dete rmined

by d e s i r e d c u r r e n t l e v e l s and the r e q u i r e d
t r a n s i e n t r e s p o n s e t ime

27

28 // R e s u l t s
29 mprintf(”\ nEmitter r e s i s t a n c e Re : %. 1 f ohms ( ) ”,Re)

;

30 mprintf(”\ n C o l l e c t o r r e s i s t a n c e Re : %. 1 f ohms ( ) ”,
Rc);

31

32 // Outputs
33 // Emit te r r e s i s t a n c e Re : 4 2 0 0 . 0 ohms ( ) ( or ) 4 . 2 k
34 // C o l l e c t o r r e s i s t a n c e Re : 1 0 0 0 . 0 ohms ( ) ( or ) 1 k

Scilab code Exa 6.5 Emitter Coupled Schmitt Trigger
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1 // Example 6 . 5 , Page Number 366
2 // Emitter−Coupled Schmitt T r i g g e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vbe_on =0.7 // Forward Base−Emitte r

v o l t a g e on v o l t s (V)
9 Vbe_sat =0.8 // S a t u r a t ed Base−

Emitte r v o l t a g e on v o l t s (V)
10 Vce_sat =0.1 // S a t u r a t ed C o l l e c t o r−

Emitte r v o l t a g e on v o l t s (V)
11 beta_f =100 // Forward c u r r e n t

ga in
12 Vcc=5 // Supply v o l t a g e i n v o l t s (V)
13 R1 =4*(10^3) // C o l l e c o r r e s i t a n c e o f

t r a n s i s t o r Q1 i n ohms ( )
14 R2 =2.5*(10^3) // C o l l e c o r r e s i t a n c e o f

t r a n s i s t o r Q2 i n ohms ( )
15 Re =1*(10^3) // Emit te r r e s i t a n c e i n ohms (

)
16

17

18 // Outputs
19 V_oh=Vcc // Output h igh l e v e l

t r a n s i t i o n v o l t a g e i n v o l t s (V)
20 R1_parallel_R2= (R1*R2)/(R1+R2)

21 Ve_M_plus=Vcc*Re/(Re+( R1_parallel_R2)) //
Emit te r v o l t a g e dur ing low to h igh t r a n s i t i o n i n
v o l t s (V)

22 V_ol=Ve_M_plus+Vce_sat // Output
low l e v e l t r a n s i t i o n v o l t a g e i n v o l t s (V)

23 V_M_plus=Ve_M_plus+Vbe_on // S w i t c h in g
t h r e s h o l d dur ing low to h igh t r a n s i t i o n i n v o l t s

(V)
24 Ve_M_minus =((Vcc*Re)/(R1+Re)) // Emit te r v o l t a g e

dur ing h igh to low t r a n s i t i o n i n v o l t s (V)
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25 V_M_minus=Ve_M_minus+Vbe_on //
S w i t c h i n g t h r e s h o l d dur ing h igh to low t r a n s i t i o n

i n v o l t s (V)
26

27

28 // R e s u l t s
29 mprintf(”\nOutput h igh l e v e l t r a n s i t i o n v o l t a g e V oh

: %. 4 f v o l t s ”,V_oh);
30 mprintf(”\nOutput low l e v e l t r a n s i t i o n v o l t a g e V o l :

%. 4 f v o l t s ”,V_ol);
31 mprintf(”\ nSwi t ch ing t h r e s h o l d dur ing low to h igh

t r a n s i t i o n V M plus : %. 4 f v o l t s ”,V_M_plus);
32 mprintf(”\ nSwi t ch ing t h r e s h o l d dur ing h igh to low

t r a n s i t i o n V M minus : %. 2 f v o l t s ”,V_M_minus);
33

34 // Outputs
35 // Output h igh l e v e l t r a n s i t i o n v o l t a g e V oh : 5 . 0 0 0 0

v o l t s
36 // Output low l e v e l t r a n s i t i o n v o l t a g e V o l : 2 . 0 6 9 7

v o l t s
37 // S w i t c h i ng t h r e s h o l d dur ing low to h igh t r a n s i t i o n

V M plus : 2 . 6 6 9 7 v o l t s
38 // S w i t c h i ng t h r e s h o l d dur ing h igh to low t r a n s i t i o n

V M minus : 1 . 7 0 v o l t s

Scilab code Exa 6.7 Current Starved Inverter

1 // Example 6 . 7 , Page Number 372
2 // Current−Sta rved I n v e r t e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vgs=5 // Gate−Source v o l t a g e i n
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v o l t s (V)
9 beta_depletion =19.6*(10^ -6) //

=19.6∗(10ˆ−6) f o r D e p l e t i o n FET i n Area per
Vo l tage squa r e (A/V∗∗2)

10 lamda =0.2 // Channel
modulat ion c o n s t a n t i n v o l t i n v e r s e (1/V)

11 Vp=0.74 // Pinch−Off v o l t a g e
i n v o l t s (V)

12 Weff1 =1.8 // E f f e c t i v e
d e p l e t i o n r e g i o n width

13 Leff =0.9 // E f f e c t i v e
d e p l e t i o n r e g i o n l e n g t h

14 Weff2=9 // E f f e c t i v e
d e p l e t i o n r e g i o n width

15

16 // Outputs
17 //Maximum c u r r e n t o f minimum−s i z e i n v e r t e r i s g i v e n

by below r e l a t i o n :
18 Isat =0.5*( Weff1/Leff)*beta_depletion *((Vgs -Vp)^2)

// S a t u r a t i o n c u r r e n t i n amperes (A)
19 //Maximum c u r r e n t o f minimum−s i z e c o n t r o l t r a n s i s t o r

M3 i s g i v e n by below r e l a t i o n :
20 Vcontr=sqrt((Isat /(0.5*( Weff2/Leff)*beta_depletion))

)-Vp // Cont ro l v o l t a g e o f t r a n s i s t o r M3 i n
v o l t s (V)

21

22 // R e s u l t s
23 mprintf(”\ n S a t u r a t i o n c u r r e n t : %. 7 f amperes ”,Isat);
24 mprintf(”\ n c o n t r o l v o l t a g e : %. 2 f v o l t s ”,Vcontr);
25

26 // Outputs
27 // S a t u r a t i o n c u r r e n t : 0 . 0003556929600 amperes ( or )

3 5 5 . 7 A
28 // c o n t r o l v o l t a g e : 1 . 1 7 v o l t s
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Chapter 7

Designing Arithmetic Building
Blocks

Scilab code Exa 7.2 Static Adder Design

1 // Example 7 . 2 , Page Number 391
2 // S t a t i c Adder Des ign
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 tab_c0 =1.63*(10^ -9) // Delay to g e n e r a t e

c a r r y output f o r i n p u t s i n s e c o n d s ( s e c s )
9 tci_c0 =0.32*(10^ -9) // Delay to g e n e r a t e

c a r r y output f o r i nput c a r r y i n s e c o n d s ( s e c s )
10 tci_s =1*(10^ -9) // Delay to g e n e r a t e sum

output f o r i nput c a r r y i n s e c o n d s ( s e c s )
11 N=32 //Number o f b i t

adder
12

13 // Outputs
14 tadd=tab_c0 +(N-2)*tci_c0+tci_s // Adder

d e l a y i n s e c o n d s ( s e c s )
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15

16 // R e s u l t s
17 mprintf(”\nAdder d e l a y tadd : %. 1 1 f s e c o n d s ”,tadd);
18

19 // Output
20 // Adder d e l a y tadd : 0 . 00000001223 s e c o n d s ( or )

1 2 . 2 3 n s e c s

Scilab code Exa 7.4 Transistor Sizing in the Manchester Carry Chain

1 // Example 7 . 4 , Page Number 394
2 // T r a n s i s t o r S i z i n g i n the Manchester Carry Chain
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 //The wors t c a s e d e l a y o f the c a r r y cha in adder can

be mode l l ed by l i n e a r RC network .
9 R=20*(10^3) // L i n e a r i z e d on−

r e s i s t a n c e o f RC network i n ohms ( )
10 C=20*(10^ -15) // L i n e a r i z e d

d i f f u s i o n c a p a c i t a n c e o f RC network i n ohms ( )
11

12 // Outputs
13 // Propogat i on d e l a y o f RC network : tp =(0 . 69∗ ( Ci ) ∗ (

∗Rj ) )
14 // Ana ly s ing e q u i v a l e n t network to de t e rmine

p r o p o g a t i o n d e l a y o f c a r r y cha in
15 tp =0.69*C*(6*R+5*R+4*R+3*R+2*R+1*R) // Worst

c a s e p r o p o g a t i o n d e l a y o f adder c i r c u i t i n
s e c o n d s ( s e c s )

16

17 // R e s u l t s
18 mprintf(”\nWorst c a s e p r o p o g a t i o n d e l a y o f adder
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c i r c u i t tp : %. 1 0 f s e c o n d s ”,tp);
19

20 // Output
21 // Worst c a s e p r o p o g a t i o n d e l a y o f adder c i r c u i t tp :

0 . 0000000058 s e c o n d s ( or ) 5 . 8 n s e c s
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Chapter 8

Coping With Interconnect

Scilab code Exa 8.2 Capacitance of Metal Wire

1 // Example 8 . 2 , Page Number 444
2 // Capac i t ance o f Metal Wire
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 L=10*(10^ -2) // Length o f w i r e i n

metre s (m)
9 W=4*(10^ -6) // Width o f w i r e i n

metre s (m)
10 C_layer =0.031*((10^ -15) /(10^ -12))

// I n t e r c o n n e c t l a y e r
c a p a c i t a n c e per u n i t a r ea between meta l1 and
s u b s t r a t e i n f a r a d s per metre squa r e (F/mˆ2)

11 C_fring =0.044*((10^ -15) /(10^ -6)) //
F r i n g i n g c a p a c i t a n c e between meta l1 and s u b s t r a t e

i n f a r a d s per metre (F/m)
12

13 // Outputs
14 C_area=L*W*C_layer // Tota l a r ea
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c a p a c i t a n c e i n f a r a d s (F)
15 C_fringing=L*2* C_fring // Tota l f r i n g i n g

c a p a c i t a n c e i n f a r a d s (F)
16 // Facto r ’ 2 ’ i n C f r i n g i n g i s to c o n s i d e r two s i d e s

o f the w i r e .
17 C_total=C_area+C_fringing // Tota l

c a p a c i t a n c e i n f a r a d s (F)
18

19 // R e s u l t s
20 mprintf(”\ nTota l a r ea c a p a c i t a n c e C area : %. 1 3 f

f a r a d s ”,C_area);
21 mprintf(”\ nTota l f r i n g i n g c a p a c i t a n c e C f r i n g i n g : %

. 1 3 f f a r a d s ”,C_fringing);
22 mprintf(”\ nTota l c a p a c i t a n c e C t o t a l : %. 1 3 f f a r a d s ”,

C_total);

23

24 // Outputs
25 // Tota l a r ea c a p a c i t a n c e C area : 0 . 0000000000124

f a r a d s ( or ) 1 2 . 4 pF
26 // Tota l f r i n g i n g c a p a c i t a n c e C f r i n g i n g :

0 . 0000000000088 f a r a d s ( or ) 8 . 8 pF
27 // Tota l c a p a c i t a n c e C t o t a l : 0 . 0000000000212 f a r a d s

( or ) 2 1 . 2 pF

Scilab code Exa 8.3 Interwire Capacitance and Cross Talk

1 // Example 8 . 3 , Page Number 446
2 // I n t e r w i r e Capac i t ance and Cross Talk
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 V=5 // Vo l tage t r a n s i t i o n on Y

i n v o l t s (V)
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9 //As computat ion o f f r i n g i n g e f f e c t i n t h i s c a s e o f
o v e r l a p p i n g w i r e s i s complex , we assume two s i d e s

o f w i r e c o n t r i b u t e and a v o l t a g e d i s t u r b a n c e i s
combined with p a r a s i t i c e f f e c t s

10 Cx =25*(10^ -15) // Capac i t ance
at node ’ x ’ i n f a r a d s (F)

11 // P a r a s i t i c c a p a c i t a n c e i s g i v e n as ( 5∗5∗0 . 0 5 5 fF
+2∗5∗0.049 fF )

12 Cxy =1.9*(10^ -15) // P a r a s i t i c
c a p a c i t a n c e i n f a r a d s (F)

13

14 // Outputs
15 delta_Vx =(Cx/(Cx+Cxy))*V // Vo l tage drop

on dynamic node i n v o l t s (V)
16 V_disturbance=V-delta_Vx // Vo l tage

d i s t u r b a n c e at dynamic node i n v o l t s (V)
17

18 // R e s u l t s
19 mprintf(”\ nVol tage drop at dynamic node de l t a Vx : %

. 1 f v o l t s ”,delta_Vx);
20 mprintf(”\ nVol tage d i s t u r b a n c e at dynamic node

V d i s t u r b a n c e : %. 1 f v o l t s ”,V_disturbance);
21

22 // Output
23 // Vo l tage drop at dynamic node de l t a Vx : 4 . 6 v o l t s
24 // Vo l tage d i s t u r b a n c e at dynamic node V d i s t u r b a n c e :

0 . 4 v o l t s

Scilab code Exa 8.4 Output Buffer Design

1 // Example 8 . 4 , Page Number 453
2 // Output B u f f e r Des ign
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;
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6

7 // Input s
8 Cl =20*(10^ -12) // Off−ch ip c a p a c i t a n c e

i n f a r a d s (F)
9 Ci =10*(10^ -15) // Input c a p a c i t a n c e i n

f a r a d s (F)
10 tpo =0.2*(10^ -9) // Propogat i on d e l a y o f

minimum s i z e ga t e with s i n g l e f a no u t i n s e c o n d s (
s e c s )

11 mu=2.96 // S c a l i n g f a c t o r
12

13 // Outputs
14 tp=mu*log(Cl/Ci)*tpo // Tota l

p r o p o g a t i o n d e l a y i n s e c o n d s ( s e c s )
15

16 // R e s u l t s
17 mprintf(”\ nTota l p r o p o g a t i o n d e l a y tp : %. 1 0 f s e c o n d s

”,tp);
18

19 // Output
20 // Tota l p r o p o g a t i o n d e l a y tp : 0 . 0000000045 s e c o n d s (

or ) 4 . 5 n s e c s

Scilab code Exa 8.6 Cascode Charge Redistribution Amplifier

1 // Example 8 . 6 , Page Number 460
2 // Cascode Charge−R e d i s t r i b u t i o n A m p l i f i e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vcc=5 // Gate s o u r c e v o l t a g e i n

v o l t s (V)
9 Vtn =0.74 // Thresho ld v o l t a g e
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i n v o l t s (V)
10 Vref=5 // R e f e r e n c e v o l t a g e i n v o l t s (V

)
11 Weff =1.8*(10^ -6) // E f f e c t i v e width o f
12 L=1.2*(10^ -6) // E f f e c t i v e l e n g t h o f
13 delta_L =0.3*(10^ -6) // D i f f e r e n c e

i n e f f e c t i v e l e n g t h i n metre s (m)
14 Leff=L-delta_L // E f f e c t i v e

l e n g t h
15 kn =5.4*(10^ -6) // Dev ice parameter

i n Area per Vo l tage aquare (A/V∗∗2)
16 Vt=0.74 // Thresho ld v o l t a g e i n v o l t s (V)
17

18 // Outputs
19 Vout_high=Vcc // High v o l t a g e l e v e l

o f output node i n v o l t s (V)
20 Vbus_high=Vref -Vtn*(Vref) // High v o l t a g e

l e v e l o f output node i n v o l t s (V)
21 I_M3 =(1/2) *(Weff/Leff)*kn*((Vcc -Vt)^2) // Drain

c u r r e n t i n t r a n s i s t o r M3 amperes (A)
22 //The low v o l t a g e s has to be s o l v e d i t e r a t i v e l y due

to body−e f f e c t f a c t o r . Equat ing I M3 with I M1
y i i l d s Vbus low :

23 Vbus_low =0.63 //Low v o l t a g e l e v e l o f
output node i n v o l t s (V)

24 //The r e s u l t i n g v o l t a g e drop a c r o s s M2( 0 . 1 v o l t s )
y i e l d s Vout low :

25 Vout_low =0.63+0.1 //Low v o l t a g e l e v e l o f
output node i n v o l t s (V)

26

27 // R e s u l t s
28 mprintf(”\nHigh v o l t a g e l e v e l o f output node

Vout h igh : %. 1 f v o l t s ”,Vout_high);
29 mprintf(”\nHigh v o l t a g e l e v e l o f bus node Vbus high :

%. 1 f v o l t s ”,Vbus_high);
30 mprintf(”\nDrain c u r r e n t i n t r a n s i s t o r M3 I M3 : %. 8 f

amperes ”,I_M3);
31 mprintf(”\nLow v o l t a g e l e v e l o f bus node Vbus low : %
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. 2 f v o l t s ”,Vbus_low);
32 mprintf(”\nLow v o l t a g e l e v e l o f output node Vout low

: %. 2 f v o l t s ”,Vout_low);
33

34 // Outputs
35 // High v o l t a g e l e v e l o f output node Vout h igh : 5 . 0

v o l t s
36 // High v o l t a g e l e v e l o f bus node Vbus high : 1 . 3

v o l t s
37 // Drain c u r r e n t i n t r a n s i s t o r M3 I M3 : 0 . 0000980 0

amperes ( or ) 98 A
38 //Low v o l t a g e l e v e l o f bus node Vbus low : 0 . 6 3 v o l t s
39 //Low v o l t a g e l e v e l o f output node Vout low : 0 . 7 3

v o l t s

Scilab code Exa 8.9 RC Delay of Polysilicon Wire

1 // Example 8 . 9 , Page Number 473
2 //RC Delay o f P o l y s i l i c o n Wire
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 L=1*(10^ -3) // Length o f w i r e i n

metre s (m)
9 // R e s i s t a n c e i s o b t a i n e d by :R=( R shee t ∗Length o f

w i r e ) /( Width o f w i r e )
10 R=10*((1000) ^2) // R e s i s t a n c e o f

RC network i n ohms ( )
11 C_layer =0.058*(10^ -15) //

I n t e r c o n n e c t l a y e r c a p a c i t a n c e per u n i t a r ea
between meta l1 and s u b s t r a t e i n f a r a d s per metre
squa r e (F/mˆ2)

12 C_fring =0.043*(10^ -15) // F r i n g i n g
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c a p a c i t a n c e between meta l1 and s u b s t r a t e i n
f a r a d s per metre (F/m)

13

14 // Outputs
15 C=( C_layer +(2* C_fring)) // Tota l

c a p a c i t a n c e o f w i r e i n f a r a d s (F)
16 tp =0.38*R*C // Propogat i on d e l a y o f

d i s t r i b u t e d RC network i n s e c o n d s ( s e c s )
17

18 // R e s u l t s
19 mprintf(”\ nPropogat ion d e l a y o f d i s t r i b u t e d RC

network tp : %. 1 1 f s e c o n d s ”,tp);
20

21 // Output
22 // Propogat i on d e l a y o f d i s t r i b u t e d RC network tp :

0 . 00000000055 s e c o n d s ( or ) 0 . 5 4 n s e c s

Scilab code Exa 8.10 Optimized Delay of RC Chain

1 // Example 8 . 1 0 , Page Number 474
2 // Optimized Delay o f RC Chain
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 L=5*(10^ -3) // Length o f w i r e i n

metre s (m)
9 tp_buf =0.5*(10^ -9) // Propogat i on

d e l a y o f b u f f e r i n s e c o n d s ( s e c s )
10 // R e s i s t a n c e i s o b t a i n e d from s h e e t r e s i s t a n c e o f

p o l y s i l i c o n with t o l e r a n c e .
11 R=95*((10000) ^2) // R e s i s t a n c e o f

RC network i n ohms ( )
12 // Capac i t ance o n t a i n e d from summing f r i n g i n g and
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i n t e r c o n n e c t c a p a c i t a n c e s f o r p o l y s i l i c o n w i r e :
13 C=0.15*(10^ -12) // Capac i t ance o f

network i n f a r a d s (F)
14

15 // Outputs
16 M=L*sqrt ((0.38*R*C)/tp_buf) //Number o f b u f f e r

s e c t i o n s
17 tp =0.38*R*C*(((L/M)^2)*M)+(M-1)*tp_buf //

Propogat i on d e l a y o f d i s t r i b u t e d RC network i n
s e c o n d s ( s e c s )

18

19 // R e s u l t s
20 mprintf(”\nNumber o f b u f f e r s e c t i o n s M: %. 4 f ”,M);
21 mprintf(”\ nPropogat ion d e l a y o f d i s t r i b u t e d RC

network tp : %. 1 2 f s e c o n d s ”,tp);
22

23 // Output
24 //Number o f b u f f e r s e c t i o n s M: 5 . 2 0 3 4
25 // Propogat i on d e l a y o f d i s t r i b u t e d RC network tp :

0 . 000000004703 s e c o n d s ( or ) 4 . 7 0 3 n s e c s

Scilab code Exa 8.13 Noise Induced by Inductive Bonding Wires and Package Pins

1 // Example 8 . 1 3 , Page Number 478
2 // No i s e Induced by I n d u c t i v e Bonding Wires and

Package Pins
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Cl =20*(10^ -12) // D r i v i n g l oad

c a p a c i t a n c e i n f a r a d s (F)
9 V_swing =5 // Vo l tage swing

i n v o l t s (V)
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10 tf=0.9 // F i n a l output
r each i n s e c o n d s ( s e c s )

11 ti=0.1 // I n i t i a l
output r ea ch i n s e c o n d s ( s e c s )

12 tr=4*(10^ -9) // Ri s e t ime
i n s e c o n d s ( s e c s )

13 L=10*(10^ -9) // S e r i e s
i n d u c t a n c e i n henry (H)

14 dt=2*(10^ -9) // Output
swing t ime i n s e c o n d s ( s e c s )

15 Ip =40*(10^ -3) // Peak
c u r r e n t i n amperes (A)

16

17 // Outputs
18 Iavg=(Cl*(tf-ti)*V_swing)/tr //

Average curremt to d r i v e output i n amperes (A)
19 Vl=L*(Ip/dt) //

Vo l tage drop a c r o s s i n d u c t o r i n v o l t s (V)
20

21 // R e s u l t s
22 mprintf(”\ nPropogat ion d e l a y o f d i s t r i b u t e d RC

network : %. 4 f amperes ”,Iavg);
23 mprintf(”\ nVol tage drop a c r o s s i n d u c t o r : %. 1 f v o l t s ”

,Vl);

24

25 // Outputs
26 // Propogat i on d e l a y o f d i s t r i b u t e d RC network :

0 . 0 2 0 0 amperes ( or ) 20 mA
27 // Vo l tage drop a c r o s s i n d u c t o r : 0 . 2 v o l t s

Scilab code Exa 8.16 Capacitive Termination

1 // Example 8 . 1 6 , Page Number 489
2 // C a p a c i t i v e Terminat ion
3 // S c i l a b 6 . 0 . 1
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4 //Windows 10
5 clc;

6

7 // Input s
8 Z0=50 // C h a r a c t e r i s t i c

impedance o f the l i n e i n ohms ( )
9 Cl =2*(10^ -12) // C a p a c i t i v e l oad i n

f a r a d s (F)
10 // Outputs
11 //The output r i s e s to i t s f i n a l v a l u e with t ime

c o n s t a n t :
12 tou=Z0*Cl //Time c o n s t a n t i n s e c o n d s (

s e c s )
13 t_charge =0.69* Z0*Cl //Time to cha rge the

c a p a c i t a n c e i n s e c o n d s ( s e c s )
14

15 // R e s u l t s
16 mprintf(”\nTime c o n s t a n t : %. 1 3 f s e c o n d s ”,tou);
17 mprintf(”\nTime to cha rge the c a p a c i t a n c e : %. 1 3 f

s e c o n d s ”,t_charge);
18

19 // Outputs
20 //Time c o n s t a n t tou : 0 . 0000000001000 s e c o n d s ( or )

1 0 0 . 0 p s e c s
21 //Time to cha rge the c a p a c i t a n c e : 0 . 0000000000690

s e c o n d s ( or ) 6 9 . 0 p s e c s

Scilab code Exa 8.18 Thermal Bounds on Integration

1 // Example 8 . 1 8 , Page Number 500
2 // Thermal Bounds on I n t e g r a t i o n
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6
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7 // Input s
8 delta_T =100 //Maximum

tempera tu re d i f f e r e n c e between ch ip and
env i ronment i n d e g r e e c e l s i u s (C)

9 theta =2.5 // Thermal r e s i s t a n c e between
ch ip and env i ronment i n c e l s i u s per watt (C/W)

10 E=0.1*(10^ -12) // S w i t c h in g
ene rgy o f each ga t e i n j o u l e ( J )

11

12 // Outputs
13 Ng_to_tp =( delta_T /(theta*E)) //

Rat io o f ( ) Ng=Number o f g a t e s on chip , tp=
Propgat i on d e l a y ) i n g a t e s per s e c o n d s ( Gate / s e c s )

14

15 // R e s u l t s
16 mprintf(”\nMaximum number o f g a t e s on ch ip when a l l

g a t e s a r e s i m u l t a n e o u s l y : %. 1 f g a t e s per second ”,
Ng_to_tp);

17

18 // Output
19 //Maximum number o f g a t e s on ch ip when a l l g a t e s a r e

s i m u l t a n e o u s l y : 400000000000000 . 0 or 4∗ ( 10 ˆ 5 )
g a t e s / nanoseconds
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Chapter 9

Timing Issues In Digital
Circuits

Scilab code Exa 9.5 Synchronizers and Mean Time to Failure

1 // Example 9 . 5 , Page Number 537
2 // S y n c h r o n i z e r s and Mean Time−to−F a i l u r e
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 T_phi =10*(10^ -9) //

Sampl ing p e r i o d i n s e c o n d s ( s e c s )
9 T1 =10*(10^ -9) //

Wait ing t ime i n s e c o n d s ( s e c s )
10 T2 =20*(10^ -9) //

Wait ing t ime i n s e c o n d s ( s e c s )
11 Tsignal =50*(10^ -9) //

Time p e r i o d o f the s i g n a l i n s e c o n d s ( s e c s )
12 tr=1*(10^ -9) // Ri s e

t ime i n s e c o n d s ( s e c s )
13 tou =310*(10^ -12) //

Time c o n s t a n t i n s e c o n d s ( s e c s )
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14 Vswing =5 //
Vo l tage swing o f s i g n a l i n v o l t s (V)

15 V_transition =1 // T r a n s i t i o n
d i f f e r e n c e i n v o l t s (V) {V t r a n s i t i o n=V ih−V i l }

16

17 // Outputs
18 P_init =(( V_transition/Vswing)/Tsignal)*tr // Er ro r

p r o b a b i l i t y i n e r r o r s per second ( Er ro r / Sec )
19 N_sync1 =( P_init *(exp(-T1/tou)))/T_phi //

Averege number o f s y n c h r o n i z a t i o n e r r o r s per
second f o r T1 i n i n v e r s e s e c o n d s ( e r r o r s / s e c s )

20 Mean_time_failure1 =1/ N_sync1 //Mean t ime to
f a i l u r e i n s e c o n d s ( s e c s )

21 // I f wat ing p e r i o d (T) i s doubled :
22 N_sync2 =( P_init *(exp(-T2/tou)))/T_phi //

Averege number o f s y n c h r o n i z a t i o n e r r o r s per
second f o r T2 i n i n v e r s e s e c o n d s ( e r r o r s / s e c s )

23 Mean_time_failure2 =1/ N_sync2 //Mean t ime to
f a i l u r e i n s e c o n d s ( s e c s )

24

25 // For a t y p i c a l CMOS i n v e r t e r with v o l t a g e swing o f
5V, the V IH−V IL computed i s 1V

26 // R e s u l t s
27 // i n s e c o n d s
28 mprintf(”\ nAverege number o f s y n c h r o n i z a t i o n e r r o r s

per second N sync1 : %. 9 f e r r o r s / s e c ”,N_sync1);
29 mprintf(”\nMean t ime to f a i l u r e f o r w a i t i n g t ime T1

M e a n t i m e f a i l u r e 1 : %. 1 f s e c o n d s ”,
Mean_time_failure1);

30 // I f no s y n c h r o n i z e r was used , the MTF would on ly
have been 2 . 5 secs !

31

32 // i n y e a r s
33 mprintf(”\nMean t ime to f a i l u r e f o r w a i t i n g t ime T1

M e a n t i m e f a i l u r e 1 ( i n y e a r s ) : %. 2 f y e a r s ”,
Mean_time_failure1 /(365*24*60*60));

34 mprintf(”\nMean t ime to f a i l u r e f o r w a i t i n g t ime T2
M e a n t i m e f a i l u r e 2 ( i n y e a r s ) : %. 2 f y e a r s ”,
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Mean_time_failure2 /(365*24*60*60));

35

36 // Outputs
37 // Averege number o f s y n c h r o n i z a t i o n e r r o r s per

second N sync1 : 0 . 000000004 e r r o r s / s e c
38 //Mean t ime to f a i l u r e f o r w a i t i n g t ime T1

M e a n t i m e f a i l u r e 1 : 255528546 . 7 s e c o n d s ( or ) 2 . 5 5
X 10ˆ8 s e c s

39 //Mean t ime to f a i l u r e f o r w a i t i n g t ime T1
M e a n t i m e f a i l u r e 1 ( i n y e a r s ) : 8 . 1 0 y e a r s

40 //Mean t ime to f a i l u r e f o r w a i t i n g t ime T2
M e a n t i m e f a i l u r e 2 ( i n y e a r s ) : 828194294345529 . 87
y e a r s ( or ) 8 . 2 X 10ˆ14 y e a r s
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Chapter 10

Designing Memory And Array
Structures

Scilab code Exa 10.3 Voltage Swings in NOR and NAND ROMs

1 // Example 1 0 . 3 , Page Number 565
2 // Vo l tage Swings i n NOR and NAND ROM’ s
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 Vdd=5 // Supply v o l t a g e i n v o l t s (

V)
9 Vto_PMOS =-0.75 // Thresho ld v o l t a g e i n

v o l t s (V)
10 //Vto NMOS i s assumed as abs (Vto PMOS)
11 W_L_NMOS =9 // (W/L) r a t i o o f

NMOS FET a f t e r c o n s i d e r i n g l a t e r a l d i f f u s i o n
d i f f e r e n c e s

12 V_ol =2.5 // T r a n s i t i o n l o g i c low l e v e l v o l t a g e
i n v o l t s (V)

13

14 // Outputs
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15 W_L_PMOS_NOR =(1-sqrt(1-(V_ol/(Vdd -Vto_PMOS))))*3*

W_L_NMOS

16

17 //Due to s e r i e s c h a i n i n g , the v a l u e o f Vol i s a
f u n c t i o n o f both s i z e o f memory and programming .
For t h i s s e r i e s c h a i n i n g a l o n g e r d e v i c e has to
be used f o r N t r a n s i s t o r s which u n a c c e p t a b l e
r e s u l t s f o r l a r g e r a r r a y s . So ,NAND ROM’ s a r e
r a r e l y used f o r a r r a y s with more than 8 rows .

18 // (8X8) : (W/L) p=0.62
19 // (512 X512 ) : (W/L) p =0.0097
20

21 // R e s u l t s
22 mprintf(”\n (W/L) r a t i o o f PMOS FET: %. 2 f s e c o n d s ”,

W_L_PMOS_NOR);

23

24 // Output
25 // (W/L) r a t i o o f PMOS FET: 6 . 7 0 s e c o n d s

Scilab code Exa 10.4 Word and Bit Line Parasitics

1 // Example 1 0 . 4 , Page Number 566
2 //Word and Bi t L ine P a r a s i t i c s
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 C_layer_poly =0.058*(10^ -15) //

I n t e r c o n n c e t l a y e r c a p a c i t a n c e between
p o l y s i l i c o n to s u b s t r a t e per u n i t a r ea i n f a r a d s
per c e l l (F/mˆ2)

9 C_layer_metal =0.031*(10^ -15) //
I n t e r c o n n c e t l a y e r c a p a c i t a n c e between meta l to
s u b s t r a t e per u n i t a r ea i n f a r a d s per c e l l (F)
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10 C_fring =0.043*(10^ -15) // F r i n g i n g
c a p a c i t a n c e per c e l l i n f a r a d s (F)

11 R_sheet_metal =0.07 //
Sheet r e s i s t a n c e per u n i t a r ea i n ohm per a r ea (
/ )

12 R_sheet_diffusion =10 //
Sheet r e s i s t a n c e per u n i t a r ea i n ohm per a r ea (
/ )

13 lamda=1 // Channel
modulat ion i n v o l t i n v e r s e (1/V)

14

15 // Outputs
16 //NOR
17 //Word−Line P a r a s i c t i c s
18 Resistance_cell_word_NOR =(7/2)*R_sheet_diffusion

// R e s i s t a n c e per u n i t memory
c e l l i n ohms ( )

19 wire_capacitance_cell_word_NOR =(((7* lamda)*(2* lamda)

)*((0.6) ^2)*C_layer_poly)+2*((7* lamda)*0.6)*

C_fring // Wire c a p a c i t a n c e o f u n i t c e l l i n
f a r a d s (F)

20 Gate_capacitance_cell_NOR =((4* lamda)*(2* lamda))

*((0.6) ^2) *1.76*(10^ -15) // Gate
c a p a c i t a n c e o f e l l i n f a r a d s (F)

21 // Bit−Line P a r a s i t c i c s
22 Resistance_cell_bit_NOR =(8.5/4)*R_sheet_metal

// R e s i s t a n c e per u n i t memory
c e l l i n ohms ( )

23 wire_capacitance_cell_bit_NOR =((8.5* lamda)*(4* lamda)

)*((0.6) ^2)*C_layer_metal +2*((8.5* lamda)*0.6)*

C_fring // Wire c a p a c i t a n c e o f u n i t c e l l i n
f a r a d s (F)

24 drain_capacitance_cell_NOR =((((3* lamda)*(4* lamda))

*((0.6) ^2) *(0.3))+(2*(3* lamda)*0.6*0.8))

*(0.375*(10^ -15))+((4* lamda)*0.6*(0.43*(10^ -15)))

25 //NAND
26 //Word−Line P a r a s i c t i c s
27 Resistance_cell_word_NAND =(6/2)*R_sheet_diffusion
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// R e s i s t a n c e per u n i t memory
c e l l i n ohms ( )

28 wire_capacitance_cell_word_NAND =(((6* lamda)*(2* lamda

))*((0.6) ^2)*C_layer_poly)+2*((6* lamda)*0.6)*

C_fring // Wire c a p a c i t a n c e o f u n i t c e l l i n
f a r a d s (F)

29 Gate_capacitance_cell_NAND =((3* lamda)*(2* lamda))

*((0.6) ^2) *(1.76*(10^ -15)) // Gate
c a p a c i t a n c e o f e l l i n f a r a d s (F)

30 // Bit−Line P a r a s i t c i c s
31 Resistance_cell_bit_NAND =10*(10^3)

// R e s i s t a n c e per u n i t memory
c e l l i n ohms ( )

32 // w i r e c a p a c i t a n c e c e l l b i t : I n c l u d e d i n d i f f u s i o n
c a p a c i t a n c e i n f a r a d s (F)

33 source_drain_capacitance_cell_NAND =(((3* lamda)*(3*

lamda))*((0.6) ^2) *0.3*(10^ -15))+(2*3* lamda

*0.6*0.8*0.345*(10^ -15))+(3* lamda *2* lamda *((0.6)

^2) *1.7*(10^ -15))

34

35

36 // R e s u l t s
37 mprintf(”\ n R e s i s t a n c e per u n i t NOR memory c e l l

R e s i s t a n c e c e l l w o r d N O R : %. 1 f ohms”,
Resistance_cell_word_NOR);

38 mprintf(”\nWire c a p a c i t a n c e o f u n i t NOR c e l l
w i r e c a p a c i t a n c e c e l l w o r d N O R : %. 1 8 f f a r a d s ”,
wire_capacitance_cell_word_NOR);

39 mprintf(”\nGate c a p a c i t a n c e o f NOR c e l l
G a t e c a p a c i t a n c e c e l l N O R : %. 1 8 f f a r a d s ”,
Gate_capacitance_cell_NOR);

40 mprintf(”\ n R e s i s t a n c e per u n i t NOR memory c e l l
R e s i s t a n c e c e l l b i t N O R : %. 2 f ohms”,
Resistance_cell_bit_NOR);

41 mprintf(”\nWire c a p a c i t a n c e o f u n i t NOR c e l l
w i r e c a p a c i t a n c e c e l l b i t N O R : %. 1 8 f f a r a d s ”,
wire_capacitance_cell_bit_NOR);

42 mprintf(”\nGate c a p a c i t a n c e o f NOR c e l l
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d r a i n c a p a c i t a n c e c e l l N O R : %. 1 8 f f a r a d s ”,
drain_capacitance_cell_NOR);

43 mprintf(”\ n R e s i s t a n c e per u n i t NAND memory c e l l
Re s i s t ance ce l l word NAND : %. 1 f ohms”,
Resistance_cell_word_NAND);

44 mprintf(”\nWire c a p a c i t a n c e o f u n i t NAND c e l l
w i r e c a p a c i t a n c e c e l l w o r d N A N D : %. 1 8 f f a r a d s ”,
wire_capacitance_cell_word_NAND);

45 mprintf(”\nGate c a p a c i t a n c e o f NAND c e l l
Gat e capac i t ance c e l l NAND : %. 1 8 f f a r a d s ”,
Gate_capacitance_cell_NAND);

46 mprintf(”\ n R e s i s t a n c e per u n i t NAND memory c e l l
R e s i s t a n c e c e l l b i t N A N D : %. 1 f ohms”,
Resistance_cell_bit_NAND);

47 mprintf(”\nGate c a p a c i t a n c e o f NAND c e l l
s o u r c e d r a i n c a p a c i t a n c e c e l l N A N D : %. 1 6 f f a r a d s ”
,source_drain_capacitance_cell_NAND);

48

49

50 // Outputs
51 // R e s i s t a n c e per u n i t NOR memory c e l l

R e s i s t a n c e c e l l w o r d N O R : 3 5 . 0 ohms
52 // Wire c a p a c i t a n c e o f u n i t NOR c e l l

w i r e c a p a c i t a n c e c e l l w o r d N O R :
0 . 000000000000000654 f a r a d s ( or ) 0 . 6 5 4 fF

53 // Gate c a p a c i t a n c e o f NOR c e l l
G a t e c a p a c i t a n c e c e l l N O R : 0 . 000000000000005069
f a r a d s ( or ) 5 . 0 6 9 fF

54 // R e s i s t a n c e per u n i t NOR memory c e l l
R e s i s t a n c e c e l l b i t N O R : 0 . 1 5 ohms

55 // Wire c a p a c i t a n c e o f u n i t NOR c e l l
w i r e c a p a c i t a n c e c e l l b i t N O R :
0 . 000000000000000818 f a r a d s ( or ) 0 . 8 1 8 fF

56 // Gate c a p a c i t a n c e o f NOR c e l l
d r a i n c a p a c i t a n c e c e l l N O R : 0 . 000000000000002598
f a r a d s ( or ) 2 . 5 9 8 fF

57

58 // R e s i s t a n c e per u n i t NAND memory c e l l
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Res i s t ance ce l l word NAND : 3 0 . 0 ohms
59 // Wire c a p a c i t a n c e o f u n i t NAND c e l l

w i r e c a p a c i t a n c e c e l l w o r d N A N D :
0 . 000000000000000560 f a r a d s ( or ) 0 . 5 6 fF

60 // Gate c a p a c i t a n c e o f NAND c e l l
Gat e capac i t ance c e l l NAND : 0 . 000000000000003802
f a r a d s ( or ) 3 . 8 0 2 fF

61 // R e s i s t a n c e per u n i t NAND memory c e l l
R e s i s t a n c e c e l l b i t N A N D : 1 0 0 0 0 . 0 ohms ( or ) 10
k

62 // Gate c a p a c i t a n c e o f NAND c e l l
s o u r c e d r a i n c a p a c i t a n c e c e l l N A N D :
0 . 0000000000000056 f a r a d s ( or ) 5 . 6 fF

Scilab code Exa 10.5 Propagation Delay of NOR RAM

1 // Example 1 0 . 5 , Page Number 569
2 // Propagat i on Delay o f NOR RAM
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 M=512 //Number o f c e l l s
9 C_gate_word =5.1*(10^ -15) //Word Gate

c a p a c i t a n c e i n f a r a d s (F)
10 C_wire_word =0.65*(10^ -15) //Word Wire

c a p a c i t a n c e i n f a r a d s (F)
11 C_word=C_gate_word+C_wire_word //

Capac i t ance f o r g e n e r a t i n g word i n f a r a d s (F)
12 R_word =35 // R e s i s t a n c e i n

ohms ( )
13 C_gate_bit =2.6*(10^ -15) //Word Gate

c a p a c i t a n c e i n f a r a d s (F)
14 C_wire_bit =0.8*(10^ -15) //Word Wire
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c a p a c i t a n c e i n f a r a d s (F)
15 Kp =5.3*(10^ -6) // Dev ice paramter i n

ampere per v o l t a g e squa r e (A/Vˆ2)
16 Kn =19.6*(10^ -6) // Dev ice paramter i n

ampere per v o l t a g e squa r e (A/Vˆ2)
17 //W L NMOS= ( 2 . 4 / 1 . 2 ) //(W/L) r a t i o o f

NMOS t r a n s i t o r
18 //W L PMOS=(6/1 . 2 ) //(W/L) r a t i o o f

PMOS t r a n s i t o r
19 W_Leff_NMOS =(2.4/0.9) // (W/ L e f f ) r a t i o

o f NMOS t r a n s i t o r
20 W_Leff_PMOS =(6/0.9) // (W/ L e f f ) r a t i o o f

PMOS t r a n s i t o r
21

22

23 // Outputs
24 //Word−Line Delay
25 t_word =0.38*( R_word*C_word)*((M)^2) //

Delay o f d i d t r i b u t e d RC l i n e c o n t a i n g M c e l l s i n
s e c o n d s ( s e c s )

26 // Bit−Line Delay
27 C_bit=M*( C_gate_bit+C_wire_bit) //

Capac i t ance f o r g e n e r a t i n g a b i t i n f a r a d s (F)
28 Iav_HL =(1/2) *( W_Leff_NMOS)*(Kn)*((((4.25) ^2) /2)

+((4.25*3.75) -(((3.75) ^2)/2))) -((1/2)*(

W_Leff_PMOS)*(Kp)*((4.25*1.25) -(((1.25) ^2) /2)))

// Average h igh to low l e v e l t r a n s i t i o n
c u r r e n t i n amperes (A)

29 t_HL=( C_bit *1.25)/Iav_HL // High to
low r e s p o n s e t ime i n s e c o n d s ( s e c s )

30 //By s i m i l a r above p r o c e d u r e Iav LH can be computed
and i s g i v e n by :

31 Iav_LH =0.36*(10^ -3) // Average low to h igh l e v e l
t r a n s i t i o n c u r r e n t i n amperes (A)

32 t_LH=( C_bit *1.25)/Iav_LH

33

34

35 // R e s u l t s
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36 mprintf(”\nDelay o f d i d t r i b u t e d RC l i n e c o n t a i n g M
c e l l s t word : %. 1 0 f s e c o n d s ”,t_word);

37 mprintf(”\ nCapac i tance f o r g e n e r a t i n g a b i t C b i t : %
. 1 3 f f a r a d s ”,C_bit);

38 mprintf(”\nAverage h igh to low l e v e l t r a n s i t i o n
c u r r e n t Iav HL : %. 6 f amperes ”,Iav_HL);

39 mprintf(”\nHigh to low r e s p o n s e t ime t HL : %. 1 0 f
s e c o n d s ”,t_HL);

40 mprintf(”\nAverage low to h igh l e v e l t r a n s i t i o n
c u r r e n t Iav LH : %. 6 f amperes ”,Iav_LH);

41 mprintf(”\nLow to h igh r e s p o n s e t ime t LH : %. 1 0 f
s e c o n d s ”,t_LH);

42

43

44

45 // Outputs
46 // Delay o f d i d t r i b u t e d RC l i n e c o n t a i n g M c e l l s

t word : 0 . 0000000200 s e c o n d s ( or ) 20 n s e c s
47 // Capac i t ance f o r g e n e r a t i n g a b i t C b i t :

0 . 0000000000017 f a r a d s ( or ) 1 . 7 p i c o s e c s
48 // Average h igh to low l e v e l t r a n s i t i o n c u r r e n t

Iav HL : 0 . 0 0 0 3 8 9 amperes ( or ) 0 . 3 8 9 mA
49 // High to low r e s p o n s e t ime t HL : 0 . 0000000056

s e c o n d s ( or ) 5 . 6 n s e c s
50 // Average low to h igh l e v e l t r a n s i t i o n c u r r e n t

Iav LH : 0 . 0 0 0 3 6 0 amperes ( or ) 0 . 3 6 0 mA
51 //Low to h igh r e s p o n s e t ime t LH : 0 . 0000000060

s e c o n d s ( or ) 6 . 0 n s e c s

Scilab code Exa 10.9 IT DRAM Read out

1 // Example 1 0 . 9 , Page Number 588
2 // IT DRAM Read−out
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
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5 clc;

6

7 // Input s
8 C_bit =1*(10^ -12) // Bi t l i n e

c a p a c i t a n c e i n f a r a d s (F)
9 V_pre =2.5 // Bi t p r e c h a r g e v o l t a g e i n

v o l t s (V)
10 Cs =50*(10^ -15) // C e l l c a p a c i t a n c e

i n f a r a d s (F)
11 V_logic_high =3.5 // C e l l v o l t a g e when l o g i c

h igh i n v o l t s (V)
12 V_logic_low =0 // C e l l v o l t a g e when l o g i c

low i n v o l t s (V)
13

14 // Outputs
15 delta_Vswing_logic_low =( V_logic_low -V_pre)*(Cs/(Cs+

C_bit)) // Vo l tage swing i n b i t l i n e when
l o g i c low i n v o l t s (V)

16 delta_Vswing_logic_high =( V_logic_high -V_pre)*(Cs/(Cs

+C_bit)) // Vo l tage swing i n b i t
l i n e when l o g i c h igh i n v o l t s (V)

17

18 // R e s u l t s
19 mprintf(”\ nVol tage swing i n b i t l i n e when l o g i c low

d e l t a V s w i n g l o g i c l o w : %. 4 f v o l t s ”,
delta_Vswing_logic_low);

20 mprintf(”\ nVol tage swing i n b i t l i n e when l o g i c h igh
d e l t a V s w i n g l o g i c h i g h : %. 3 f v o l t s ”,

delta_Vswing_logic_high);

21

22

23 // Outputs
24 // Vo l tage swing i n b i t l i n e when l o g i c low

d e l t a V s w i n g l o g i c l o w : −0.1190 v o l t s ( or ) −119.0
mV

25 // Vo l tage swing i n b i t l i n e when l o g i c h igh
d e l t a V s w i n g l o g i c h i g h : 0 . 0 4 8 v o l t s ( or ) 48 mV

26
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27 //NOTE:
28 // V ( 1 ) =60 mV a c c o r d i n g to the textbook , but above

c a l c u l a t i o n s u s i n g e q u a t i o n 1 0 . 5 on page no 588
g i v e s V ( 1 ) =48 mV

Scilab code Exa 10.11 Column Decoders

1 // Example 1 0 . 1 1 , Page Number 596
2 //Column Decoders
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 // Cons ide r a 1 0 2 4 : 1 decode r
9 K=10 //Number o f i n p u t s o f decode r
10 K_precoded =5 //Number o f precoded b i t s
11 N_tree =2*((2^ K_precoded) -1) //Number o f

d e v i c e s r e q u i r e d i n t r e e decode r
12 N_pass =(2^K) //Number o f d e v i c e s

i n pa s s deocode r
13 N_pre =6*(2^ K_precoded) //Number o f d e v i c e s

f o r 5 b i t p r e c o d i n g
14

15 // Outputs
16 N_dec=N_pre+N_pass+N_tree //Number o f

d e v i c e s i n column decode r
17

18 // R e s u l t s
19 mprintf(”\nNumber o f d e v i c e s i n column decode r N dec

: %. 1 f ”,N_dec);
20

21

22

23 // Outputs
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24 //Number o f d e v i c e s i n column decode r N dec : 1 2 7 8 . 0

Scilab code Exa 10.12 Differential Sense Amplifier

1 // Example 1 0 . 1 2 , Page Number 599
2 // D i f f e r e n t i a l Sense A m p l i f i e r
3 // S c i l a b 6 . 0 . 1
4 //Windows 10
5 clc;

6

7 // Input s
8 W_L_NMOS =10 // (W/L) r a t i o o f NMOS

t r a n s i t o r
9 W_L_PMOS =10 // (W/L) r a t i o o f PMOS

t r a n s i t o r
10 I_bias =100*(10^ -6) // b i a s i n g c u r r e n t i n

amperes (A)
11 lamda_NMOS =0.06 // Channel modulat ion

i n v o l t i n v e r s e (1/V)
12 lamda_PMOS =0.19 // Channel modulat ion

i n v o l t i n v e r s e (1/V)
13 Kn =19.6*(10^ -6) //NMOS d e v i c e parameter

i n ampere per v o l t s qua r e (A/Vˆ2)
14

15 // Outputs
16 A=(1/( lamda_NMOS+lamda_PMOS))*sqrt ((4*Kn*W_L_NMOS)/

I_bias) // Gain o f d i f f e r e n t i a l s e n s e a m p l i f i e r
17

18 // R e s u l t s
19 mprintf(”\nGain o f d i f f e r e n t i a l s e n s e a m p l i f i e r A: %

. 2 f ”,A);
20

21 // Output
22 // Gain o f d i f f e r e n t i a l s e n s e a m p l i f i e r A: 1 1 . 2 0
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