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1. (16 pts) Load-Line Analysis

The transistor is an NMOS with

K =1mA/NV? and V,, = 1V. Let Vpp= 10V, Ry = 700k,
R, =300k, R = 70k, Rs = 1k, R_ = 4k. Assume the
capacitors and inductors are large.

(a) (10 pts) Use DC analysis. Draw a load-line on
the following Ips-Vps characteristic. (Hint: How do
capacitors behave at DC? What about inductors?).

At DC: Capacitor ! open
Inductor ! short

The load-line only considers Rs:

VDSQ = VDD -1 DSQRS =

_ VDD - VDSQ
foo =0
N

_1 Vg

hQ  1kQ

(load-line equation)

dz *

[l L=

R >
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4> VDD T
R1-~—RS -

R
e § nZh

- Characlenstic

(b) (6 pts) What are the values of Vgsaq, Vbsa, and lpsg?

R _qp 30K _.,
R +R, 300k + 700k

Vs =Vip

From the picture: Vgsa = 3V. We thus solve for the other two values: 1, = 4mA VDSQ =6V.
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2. (16 pts) CMOS Logic
(a) (8 pts) Fill in the truth table and express the function of this logic gate in sum-of-
products form.
(b) (8 pts) Fill in the PMOS pull-up network to complete this CMOS logic gate.

Voo A |B |C |out
c [ sl i O
0 0 1 1

A%[ 1 0 0 0

HI input: NMOS on, PMOS off
LO input: NMOS off, PMOS on

Out = (A+BC) = A(B+C)=AB + AC
Truth-table:
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3. (20 pts) Diode circuit: Use ideal piece-wise diode model with a threshold voltage of 0.6

volts.
R

Vin @ _J\/\/\/_

|

a) (5 pts) Determine all the Vi, range(s) for which there is current through the circuit.

Vi, > .6 *3 =1.8V.

b) (5 pts) What is the value of Vo, when V= 5 V?

Vou = (Vin-1.8)/2 = 1.6V

c) (5 pts) What is the value of Vot when V= -5 V?

Vout = 0
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d) (5 pts) Draw the V,on the same graph for Vi,= 5cos(2*1*t)
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4. (26 pts) Op-amp circuits (Hint: this is a negative feedback case.)

R
R }
R + 1 + ) o
Y * -
in1 Vv +
— _a vc
i r R + R o
= 1 \ib L

Ve

(a) (10 pts) Derive one equation relating V, and V, to V;,; (Hint: analyze the circuit around op-
amp 1).

'V Vo, Ve
R R R

(b) (10 pts) Derive two equations relating V,, V, and V; to Vj,, (Hint: analyze the circuit around
op-amp 2).

Vc! Vh _Vb! I/in2 +Vb
R 2R R

V' Ve _V 1V,
2R R

(c) (6 pts) Solve V,, V, and V, when Vj,; = Vj,2 =3V.
=3=V,+V, (1pt)

2Vc ' 2Vb = Vb I I/inZ +2I/b "’ 2Vc I SVb = I 3

Vo' V.,=2V,1 2V, " 3=V, 12V,

Va =1V
Vb =-1V
Vc = -4V
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5. (50 pts) Bode Plot Problem

R,
Wy 4
==
Vin1 L R, = Vo1
1 LW
RN 'R
B Z /IR joL R B f
Z //IR +R 1 w
I L+R1 1+ ] RR
joL R LR +R)

(i) (10 pts) Express ! | and w, in terms of Ry, L and R,

0)1:&
L

!B — Rlqu
L(R+R)
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jﬂ

Vo w,
Vinl 1+ Ji
Wg

(iii) (10 pts) Given that R4=10Q, L=10mH, R = 10kQ. Sketch the Bode magnitude (in dB) plot.

Label the axes, all important points and indicate the slopes.

(Hint: Make necessary approximation!)
break frequency at: 1000rad/s. slope = -20dB/s

< \Amplitude (dB}’

1
N

1000
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(b) (20 pts) Consider the circuit below. R;=10kQ, C=10nF.

(i) (5 pts) What is the transfer function Hy=V2/Vin2?

j! CR,

(i) (10 pts) Sketch the Bode magnitude plot. Label the axes, all important points and
indicate the slopes.

© Amplitude (dBfD

1
N

10000

(iii) (5 pts) What is the input resistance of this circuit?

Input resistance is Ry
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6. (14 pts) Equivalent Circuit. Consider the following circuit.

12— 12_
-
2 \/T\:, e o s )
L a b T
g
< <
24— 4_ —
_ =

(a) (6 pts) Draw the Thévenin equivalent circuit for terminals a-b. What are the
Thévenin voltage and resistance?

Rth = 110hms
Assume bottom node is ground,
Vth = Va-Vb = 20V-7.5V = 12.5V

§ULL

125v(")

(b) (4 pts) Draw the Norton equivalent circuit for terminals a-b. What are the Norton
current source and resistance?
Rth is still 110hms
Ith =12.5/11 A

11 0§
12.5111 A(T)
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(4 pts) if we insert an additional resistor R_.=2 Q between terminals a and b, calculate the
current through R.?

12 12
7 R|_=2
) +
” q N oA\ \p—— sov( )
a . —
— I
24 4

Using the Thevenin equivalent, current through R would be 12.5/(11+2) = 12.5/13 A

Page 10 of 12



UC BERKELEY EE 100742, Spring 2007

7. (58 pts) Second-Order Transient Analysis.
Vs, Ry, Ry, L, and C are constants. All other symbols are variables, to be solved for in the
course of the problem. The switch was in that position for a long time before t = 0.

- Vg ot
R4 R2
+ ;
Vs ILJ/ LV, C__V, /‘\IC
i +

a) (7 pts) Find 1.(0-)? 1.(0+)?

1L(0-) = V&/Rq = 1(0+)

b) (7 pts) Find Vo(0-)? Vo(0+)?

Vo(0-) =0 = Vo(0+)

c) (8 pts) What are Vo and I, fort! " ?

Vo =0V
lc=0A

d) (8 pts) Fort > 0, express Ic as a function of Vg and/or its derivatives.

N2

|
¢ dt
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e) (10 pts) Fort > 0, express V| as a function Vo and/or its derivatives. (Hint: It may be
helpful to first express V| as a function of I¢)

dv
. dc—2° )
v, = dIL=L dt =LCdVO
dt dt dt

f) (8 pts) Fort > 0, express Vg as a function of Vo and/or its derivatives.

dv,
Ve =(1R) = RCe

d

g) (10 pts) Write a KVL differential equation for t>0, in terms of only the constants (Vs, R,
Rz, L, and C) as well as V and/or its derivatives.

V, +V, +V, =0! LC d;\t/f’ +V, +R,C d(;f’ =0
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