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Electrical Engineering — Microsoft Word written Sample
Solution

Question:

D 5.51 The NMOS transistors in the circuit of Fig. P5.51
have V, =035V, n,C,, =90 uANz, A=0,and L, =L, =
L; = 0.5 pm. Find the required values of gate width for each

ax
of O,, 0,, and O, to obtain the voltage and current values

indicated.
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Figure P5.51

The NMOS transistors in the circuit of Fig. P5.51 have Vt = 0.5 V, unCox = 90
HA/VA2 ,A=0,and L1 =L2 =13 =0.5 um. Find the required values of gate width
for each of Q1, Q2, and Q3 to obtain the voltage and current values indicated.

Answer:

Given data and variables used:

Threshold Voltage,V; = 0.5V

A
HnCox = 90 %107 =5

Channel length modulation (1) =0

Body Effect (y) =0

Length,L; =L, = L3 = 0.5 um,



Drain current of Q1 = Q, = Q3 =90 uA

Step 1) Calculate mode of operation of MOSFET, Q,.

Gate Voltage,V;1 = DrainVoltage,Vp, = 0.8V
Vesi1=Vg1—Vs;=08-0=1V
Ves1— V= 08—-05= 03V
Vps1 =Vp1 —Vs1 = 08—-0=08V
Since Vg1 > Vi and Vpgy > Vg1 — Vi, NMOS transistor, Q1 is biased in saturation region.

Step 2) Apply saturation current equation to find out width, W of the MOSFET, Q1.

UnC Wo1
Ip; = nzox * L_Q(VGS1 - Vt)2
1

90 x107° Wy,

90 * 1076 =
i 2 i 0.5 um

(0.3)2

Woy = 11.11 um

Step 3) Calculate mode of operation of MOSFET, Q-.

Veso = Vgz— Vs = 1.5-08=0.7V
Veso =Ve=07—-05= 02V
Vpso =Vpy, — Vs = 1.5—-08=0.7V
Since Vg, > Vi and Vpgy > Vs, — Vi, NMOS transistor, Q2 is biased in saturation region.

Step 4) Apply saturation current equation to find out width, W of the MOSFET, Q2.

pnC Wo2
Ip; = nzox * L_Q(Vasz - Vt)2
2

90 %107 Wy,

90 * 106 =
! 2 05um

(0.2)2




Step 5) Calculate mode of operation of MOSFET, Q-.

Vesz = Vg3 —Vsz3= 25—-15=1V
Vesz—Vi=1-05= 05V
Vps3 =Vp3 —Vs3 = 25—-15=1V
Since Vg3 > Vi and Vpg3 > Vi3 — Vi, NMOS transistor, Q3 is biased in saturation region.

Step 6) Apply saturation current equation to find out width, W of the MOSFET, Q2.

_Hn Cox

WQZ
Ips = > * L—Z(Vasz - Vc)z

90 %107 Wy,

90 * 1076 =
i 2 i 0.5 um

(0.5)2

WQ3 —= 4ﬂm

Final Answers:

Wyy =11.11 um

WQ3 = 4-,le



Electrical Engineering — Hand written Sample Solution

Question:

D 5.49 The PMOS transistor in the circuit of Fig. P5.49
has V, = —0.5V, p,C,, = 100 HAIVE, L = 0.18 pm, and

A =0. Find the values required for Wand R in order to establish
a drain current of 180 LA and a voltage V,, of 1 V.

VDD = 18V

The PMOS transistor in the circuit of Fig. P5.49 has V1 = -0.5 V, upCox = 100
uA/VA2,L=0.18 um, and A = 0. Find the values required for W and R in order to
establish a drain current of 180 uA and a voltage VD of 1 V.

Answer:



Given daja A Voriabls uted?

Threahold Volkege , Vy = -0:sV Mo lox = loo*\o’é_é_

2 Nt
Droin Volkege |, Ny = | V ,  Dray Carved, To = 1BoLA
Lewghe, L= 0:Blm , Sounw Vollage, Vg = V'8V
channgl %.3,\5\ modudoken | A =0 goaa effed, ¥=0
w wo de. o’,g orexo.h'on ,42 MoQ FET

Gade ‘o Souvca \)Dl'cﬁat /VOS = Vg -V, = \]3 _\)S = | —\R
Vgg= — 03V
Vee-V¢ = —o0.p-0'5) = —0 3V
i ko \I'Dg = \[.D-\J'Dg s V3 —-“% = \—1-B = ——-O-BV
QouxCa Yy
No\fage

G Vee <Vi R Vs > Vue Ve

PMOC —= Qajurakon Tegien,

Sim

step 2) Aply  gaduralien segim (amend-equadfon do Cadake widih
‘3& PMoe  brawmtig bor ==

T = i lox 2
? -~ l"t (Ve "V-t>

_b _ <% 2
Bowlg" = looxlg" W (~03)
#* 2 0'1Bwmn

‘ W= T 2 pum '
step 3) mUte Drain Vo lkage Vo to Bd 4 R
S i i
Voltage o wee Ps = ToRp =Vp=\ \

- o
Ry = Boma EQ'D"S':’E’KD“I

Finad Avngwerg lw—_m 2 m




Math — Microsoft Word written Sample Solution

Question:

The heat conduction problem is given by:

Uy = A2U,, 0<x<40,t>0

Find an expression for the temperature u(x,t) if the initial temperature
distribution in the rod is the given function and rod is insulated at the ends.
Suppose that a? = 1.

o x 0<x<?20
“'(x'o)_{zw—x 20 < x < 40

Answer:

Step 1) Substituting the solution u(x,y) = X(x)T(y) in given differential equation.

The heat conduction problem is formulated as
Uy = Ug, 0<x<40,t>0
Boundary condtions,u(0,t) =0, u(40,t)=0,t>0

X 0<x<?20

Initial conditions,u(x,0) = {40 —x 20<x < 40

We consider solutions of the form

u(x,y) = X()T(y)

Upe = X"T,  u, = XT'

Substituting in the given partial differential equation we get
X"T =XT'
Divide both sides of the differential equation by the product XT to obtain

XII_TI
X T



Since both sides of the resulting equation are functions of different variables, each must be
equal to a constant, say —1

We obtain the ordinary differential equations as:

XII B TI _ A

X T
X" 42X =0 weovecer e e (1)
T+ AT = 0 e cee e e e e e e e (2)

Step 2) Solving ordinary differential equations (1) and (2).

Solving equation (1)

X'+2X=0
Auxiliary equation is

m‘41=0
m =+

X = ¢; cos(VAx) + c58in(VAx) e e v e o (3)

Using boundary conditions, u(0,t) =0 ,u(40,t) =0,t >0
0 = ¢; cos(V20) + ¢, sin(v/20)
c; =0
0 = ¢; cos(40V2) + ¢, sin(40V2)
0=c sin(40\/z)

This implies
nm
Vi=o O
Using value of ¢; and V2 in equation (3)

The eigen-functions are given by



X, = sin (%x)

And using equation (4) eigenvalues are given by

n?m?

n = T600

Thus we can obtain the family of equations for ‘T’ by using equation (2)

T"+2A,T =0
ar AT
a1
dT
T = —Andt

Integrating both sides
dT
f? = —Jﬂndt
In(T) = —A,t
Using the value of 4,
n?m?

un (%, £) = X, ()T ()

_n?p? . /nm
u, (x,t) = e 1600° sin (Ex) R ¢)

Step 3) Obtaining the solution of the given heat conduction problem

The general solution can be given by using equation (5) as:

[ee]
u(x, t) = Z Cpn(x, 1)
n=1
> 1
2.2 nm
u(x, t) = Z c, e 1600" " tgin (—x)
( ) ] n 40
n=

By puttingt=0



u(x,0) = i sm

n=1
Using the initial condition

o

[ x 0<x<20 _ nm
”("'0)_{4O—x 20<x <40 chsm(zmx)

n=1

Thus we can find Fourier coefficients c,, by using the formula:

=%f:f(x)sin(%)dx

L=40
2 (20 nmx 2 [0 nix
C"=E ) x51n(40)dx+ﬁ (4O—x)51n(40)dx
_ 2 [ 40 (TlT[X)]ZO + 2 pro 40 (TlTTX) d
=20 % Va0 20 ), nn " o\a0 /™
N 2 [ 10 40 (nnx)] 2 (%040 (nnx)
o) SR o) T 2 40 ) ¥

800 nn 1600 mtx 800 nm
“=70 [__COS ] 40 [nznz - )] 40 [0 o eos (7 )]
[1600 : (nnx
40 [n2n? 40
40 nm 1600 nn nm 2 1600 nm
C”=_ECOS(7)+E e sm(2 O]+—cos(2) 20 O_nznz sm(7)]

Cp = — ﬂcos (E) + ni(iz sin (%) + % cos (%) + nfgz sin (%)

Cp = 11126:2 sin (%)

Therefore the solution of the given heat conduction problem is given by

co

u(x, t) = Z Can(x, 1)

n=1
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160 nmy __1 2.2, nm
u(x, t) Z > 2sm(7)e 1600 sm(mx)
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MATLAB plot for u(x, t)
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Math — Hand written Sample Solution

Question:
For the given matrix A find a basis for Col(A) and basis for Nul(A).
1 2 3
A=14 1 6
3 -1 3
Answer:

giq,_q Redute e gvn  modrix o odelon —‘-\orm uging mofad%ou
_ o o

R, —R,~LR ) 2 3
o -1 =6
— p.,—3K,
e : o -1 ~¢
Kg —_— R3—R'z_ 2 3
Q =71 -6

R, — (—J_-r)*kj_ \ 2
\
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