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Lesson 5

Lesson Exercises: 6, B6.10, B6.11

Recommended Exercises: B6.24

Theoretical Issues: Opamp

Exercise 6

1. Determine the transfer functions, , from all the noise sources in the amplifier (one

for each transistor) to the output.

2. Calculate the total output noise by

3. calculate the equivalent input noise by

The noise sources in the differential amplifier have the following transfer functions to the gate
of M7 (the output of stage 1: ).

,  and

where  and .

To get the total transfer function to the output the noise voltages are amplified by the gain
of stage 2:

,  and

.

The transfer functions for the transistors in stage 2 are:

 and .

The total equivalent input noise spectral density is thus given by

where
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Conclusions:

• Noise contributions from M5-M7 are small
• Large area for the transistors => small 1/f-noise
•  => small contribution from M3-M4.

• Large  => Small thermal noise in M1-M2.

Exercise B6.10

A

From p. 271:

mA/V. ,

MHz

V/us

Exercise B6.11

The second pole is approximately given by

where  is the total capacitance at the drain of M2.

mV => MHz

From p. 237:

MHz, where  is the

unity gain frequency of the loop gain. In this case we are only interested in the transfer
function of the opamp which corresponds to . For high frequencies the loop gain
is given by (p. 237):

At the unity gain frequency:
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pF

where the value on  was calculated in 6.10.

V/us

Exercise B6.24

By breaking the feedback lop we see that the total load capacitance at the output is

 and the feedback factor .

The unity gain frequency is given by  and according to p. 234
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