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Lesson 4

Lesson Exercises: 4, B5.1, B5.2, B5.3, B5.4, B5.5

Recommended Exercises: B5.10

Theoretical Issues: Opamp

Exercise 4

Calculated the loop gain: Break the feedback loop

Loop gain:

The feedback factor:

The closed loop system can be modelled as below (see lesson 1)

where  and .

The closed loop transfer function is thus given by

The loop gain calculated from the system model:
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Conclusion: When calculating the loop gain we can break the loop to directly get the loop gain
and feedback factor , but the total transfer function isnot given by  when using shunt-
shunt feedback.

Exercise B5.1

Small Signal Model for the two stage opamp.

where

a) The pole caused by the first stage (this is also the dominant pole) will be low due to the
Miller effect:

 where the equivalent capacitive load in the first stage is given by
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mA/V

 and for the single pole amplifier we have

MHz

c)

V/us

Exercise B5.2

A, pF,  and .

The slew rate is limited by . To increase the SR without changing  we

must increase  by a factor 2. This is done by increasing the size of M5 to

. The unity gain frequency is given by

To keep the unity gain frequency constant ( ) we must decrease the size

of M1 and M2 by a factor 2, i.e. .

Exercise B5.3

To avoid systematic offset the currents in the output stage must be equal, i.e. .

Since M3 and M4 are equal and have the same drain current and gate-source voltage they

must also have the same drain-source voltage. => .

From the schematic we have:

, .

,

,

=>

 where the transistor sizes

from 5.2. have been used. =>
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Exercise B5.4

For no systematic offset  should be

The actual value is

The error in the gate voltage is thus mV. The equivalent input offset volt-

age is given by .

, ,
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mV.

Exercise B5.5

,
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Exercise B5.10

mA/V, MHz

From p. 237 we have

MHz

where  is the unity gain frequency of the loop gain ( ). For high frequen-

cies the loop gain is given by (p. 237):

 where
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