Prof A Nathan

4B21 - Analogue Integrated Circuits — SOLUTIONS

Question 1

can be used to modify the characteristics of a circuit.

(a) Feeding back a portion of the output signal and combining it with the external input signal

(b) The two kinds of feedback are Negative Feedback — used in amplifiers and control systems to
improve performance — and Positive Feedback — used to create oscillators.

(c) (i)

Type of feedback arrangment: shunt-shunt (sampled signal = voltage, feedback signal = current)
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(c) (v)

Benefits:

- Increase in bandwidth

- Decrease in non-linear
distortion

- Control over input and output
impedances

- Desensitization of gain

- Decrease in noise

Drawback:
- Decrease in gain
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Question 2

level shifting.

(a) Although the basic CMOS technology requires additional processing steps compared to the
NMOS technology, it provides devices with complementary symmetry, i.e. p-channel transistors can
be used as active loads in conjunction with n-channel transistors to obtain high voltage gain and DC

(b)

The static operation of a generic CMOS inverter circuit is
characterized by its voltage transfer characteristic. Here, if
the input is HIGH (e.g., vin ~ 3 V), the ountput is low (vey ~
0 V), and vice-versa. The lopic inverter circuit is basically
an inverting amplifier that is utilized in the extreme
tegions of operation whereby the transistors are in switch
(on or off) mode. In the intermediate (or transition) region,
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however, such as at the output HIGH-t0-LOW or LOW-to-
HIGH transition, the inverter circuit behaves as an
inverting linear amplifier with characteristic, vy = —Aviy.
Here, A is the circuit gain.
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Question 3

(a) Ideal voltage source is one where the voltage across it is independent of the current through it.
Ideal current source is one where the current through it is independent of the voltage across it.
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(b) (ii) The common-base ampilifier, when driven by low source resistance, behaves as a voltage
amplifier. On the other hand, with high source resistance, it behaves like a current follower. This
transition takes place when the source resistance is at the vicinity of the emitter resistance, r.




Question 4

(a) A multistage amplifier is formed by combining several several stages connected in a cascade — as
in output of the first stage connected to form input of second stage and so on —to achieve the
performance as required in many applications, which is otherwise not attainable with a single

stage amplifier.

) f the gain of each amplifier stage is expressed in dB, then the total gain is the sum of the gains of
the individual stages: Gainin dB (A) = A1 + Ay + As + Ag + ... A,

(c) (i) Functionality of each transistor: Q3,4 — current source for biasing input stage, Q1,2 — input
stage with differential in and single-ended out (i.e. differential to single-ended conversion), Q5 -
DC level shifting, Q6 — emitter follower output stage.

(c) (i) The DC voltages and currents are as indicated on circuit shown — assumptions used: Vg = 0.7V
and negligible base currents.
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(c) (iv) Input and Output Resistance
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Gain of the various stages
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