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National Exams May 2013

07 -Elec-B5, Advanced Electronics

3 hours duration

Notes:

1. If any doubt exists as to the interpretation of any question, the candidate
Is urged to submit, within their answer, a clear statement of any
Assumptions made.

2. This is a CLOSED BOOK EXAM.
One of two calculators is permitted, any Casio or Sharp approved model.

3. FIVE (5) questions constitute a complete exam paper.
The first five questions as they appear in the answer book will be marked.

4. All questions are worth 20 marks each.

5. Please start each question on a new page and clearly identify the question
number and part number, e.g. 04(a).

6. In schematics, ground and chassis may be assumed to be common, unless
specifically stated otherwise.

7. Unless otherwise specified, assume that Op-Amps are ideal and that supply
voltages are ±15V.

8. If questions require an answer in essay format, clarity and organization of the
answer are important. Provide block diagrams and circuit schematics
whenevernecessa~.
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QUESTION (1)

In the following circuit, assume that p= 100, VEB = 0.7 V, VEqsal) = 0,3 V. VA = 100 V, CIl = 2 pF
for all transistors. Neglect r, and rs in the hybrid-a model.

+Vcc Given: Rs= 600 n
RL= 5k n
Rv= lkn
C1 =- 10 /IF
C2 =- 00

Wed = !VEEI = 10 V
ibltU =- 1 rnA
VT= 25 mV

a) Estimate the mid-band gain voulvs in (VN).
b) Find the lower 3dB frequency JL in (Hz).
c) Find the upper 3dB frequency IH in (Hz).
d) Find the 2nd high frequency dominant pole in (Hz).

(4 points)

(4 points)

(6 points)

(6 points)

QUESTION (2)

In the following amplifier can be considered as a feedback circuit.

RL "I

ROUT

R2 Express you answer in terms of gll1' RD. RJ and R2•

a) Determine the input and output resistance (RfN and RO(ff)

if there is no feedback network (i.e. R, =- 00, and R2 =- 00).
(8 points)

b) Derive the input and output resistance (RfN and RoUT) if the
feedback network has finite values for Rl and R2.

(12 points)
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QUESTION (3)

In the following circuits, assume all transistors have the following parameters:

+VDD K= 0.5 mAN2
, VTH = I Y and A=: 0.02.

R1 RI Given:

Ib1m = I rnA
Vbias = 6 Y
VDD= lOY
R\ =R2=2 kn

a) Estimate the differential gain vodv/N in (VN).
b) Find the common mode input resistance Ricm•
c) Find the common mode input range.
d) Estimate the common mode rejection ratio, CMRR. Express your result in dB.

Useful formulae: for a-channel MOSFET

iDS=K[(VGS-VTH)VDS-~V~ ]

iDS =.!.K(vGS _VTH)2 (1+...tvDS)
2

(6 points)

(4 points)

(4 points)
(6 points)

triode region

saturation region

QUESTION (4)

An analog signal in the range 0 to + I0 V is to be converted to an 8-bit digital signal.

a) What is the resolution of the conversion in volts? (4 points)

b) What is the digital representation of an input of 6 V? (4 points)

c) What is the representation of an input of6.2 V? (4 points)

d) What is the error made in the quantization of 6.2 V in absolute terms and in percentage of the
input? And as a percent of full scale? (4 points)

e) What is the largest possible quantization error as a percentage of full scale? (4 points)
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QUESTION (5)

In the following tuned amplifier circuit, transistor M, is biased with Ibias =2 rnA. The transistor
parameters are given as K= I mAN2

, VTH = I Y, Cgs = to pF, Cgd = I pF, and A = O.

+VDD For: VDD = 10 V, V,.,"S=-IDV
~~- L/=IMH

Cj = 200 pF, C2 = 00

s, = 1kn, RL = 2 kQ
a) What is the center frequency, ro" of this amplifier?

(4 points) .

(8 points)

(4 points)

(4 points)

b) What is the gain voulvs at ro = roQ?

c) What is the gain at very high frequencies?
d) What is the gain at very low frequencies?

-Vss
Useful formulae: for n-channel MOSFET

iDS=K[(VGS-VTH)VDS-fV~ ]

iDS =..!..K(vGS -VTH)2 (t+...tVDS)
2

triode region

saturation region

QUESTION (6)

The following circuit is a class AB power amplifier. The output stage is essentially comprised of
two common source amplifiers. The two error amplifiers are used to provide negative feedback
to lower the output resistance of this output stage.

+ j +VDD Given the followings:VSG1

M i) Transistors M\ and M2 are matched such that
I K; = Kp, and Vrn = jVrp)

* IQ ii) IQ is the quiescent current for transistors Mj and M2 with
zero input.

iii) p is the finite gain of the error amplifiers.

iv) RI. is the load resistance

a) Derive an expression for the voltage gain voinlvi» of this amplifier?

b) What would be the expected gain?

c) What would be the gain error?

(12 paints)

(2 points)

(6 points)
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