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Exercise

1. Basic CMOS building block
a) Assume that  is connected to ground. Determine the gain and the
dominating pole of the circuit shown in Figure 1.1. (4p)
b) Derive the expression for the possible input and output swing for the
circuit shown Figure 1.1. Use relevant design parameters such as W, L ,...

(4p)
c) Which node has the largest parasitic capacitance? Find an expression for
that capacitance. (2p)

Student’s Instructions

The CMOS transistor operation regions, small signal parameters, and noise characteris-
tics are found on the last page of this test.

Generally, do not just answer yes or no on a short question. You always have to answer
with figures, formulas, etc., otherwise no or fewer points will be given.

Basically, there are few numerical answers to be given in this test.

You may write down your answers in Swedish or English.
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2. Operational amplifier
Assume that  smaller than  and .
a) Draw the small signal scheme for the amplifier shown in Figure 2.1. Do
not forget the most important parasitics. (2p)
b) Derive the gain, poles, and zeros of the amplifier. Motivate all the
approximations you are doing. (4p)
c) Determine two ways to increase the unity-gain frequency of the amplifier.
What will happen to the phase margin, common-mode range and the DC
voltage at node x? (4p)

3. Noise in CMOS circuits
A good model for the thermal noise in a transistor is to add a noise source
in parallel with the transistor as shown in Figure 3.1. The noise in the drain
is given by

Use this model in this exercise.

a) Derive the total output noise power of the circuit in Figure 3.2. All
parasitics are much smaller than the load capacitor. Assume that the
resistor is not noisy. (4p)
b) Describe one way to decrease the thermal output noise power of the
circuit shown in Figure 3.2 by changing design parameters. What will
happen to the gain and the unity-gain frequency? (2p)
c) Add a large capacitor  in parallel with the resistor. Derive the
output noise power caused by thermal noise? (4p)
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Figure 2.1 Operational transconductance amplifier
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4. Switched capacitor
The operational transconductance amplifier suffers from finite gain, A.
a) Derive the transfer function, i.e. , of the circuit shown in
Figure 4.1. (4p)
b) Is the circuit insensitive to parasitics? Motivate your answer carefully.

(2p)
c) Find the settling time constants, i.e. the speed of the circuit, for both clock
phases. Neglect the influence of the switches. (4p)
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Figure 3.2 A noisy common source gain stage
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5. CMOS Building blocks
a) Sketch the output signal of the circuit in Figure 5.1 as a function of the
input signal, when the input signal ramps from ground to . Determine
the operation region of the transistor in the diagram. Assume .

(3p)

b) Determine the output resistance of the circuit shown in Figure 5.2. (3p)

c) Derive the minimal input and output voltages of the current mirror
shown in Figure 5.2 (2p)
d) Explain the difference between an operational amplifier, OP, and an
operational transconductance amplifier, OTA. Draw a macro model of both
amplifiers. (2p)
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Transistor formulas and noise

CMOS transistors

Current formulas and operating regions

Cut-off:

Linear:

Saturation:

Small-signal parameters

Linear region:

Saturation region:

Circuit noise

Thermal noise

The thermal noise spectral density at the gate of a CMOS transistor is

Flicker noise

The flicker noise spectral density at the gate of a CMOS transistor is

VGS VT< I D 0≈

VGS VT– VDS 0> > I D

µ0Cox

2
--------------- W

L
----- 2 VGS VT–( ) VDS–( ) VDS⋅ ⋅ ⋅≈

0 VGS VT– VDS< < I D

µ0Cox

2
--------------- W

L
----- VGS VT–( )2

1 λVDS+( )⋅ ⋅ ⋅≈

gm µ0Cox
W
L
----- VDS⋅ ⋅≈ gds µ0Cox

W
L
----- VGS VT– VDS–( )⋅ ⋅≈

gm

I Dd

VGSd
------------- 2µ0Cox

W
L
----- I D≈= gds

I Dd

VDSd
------------- λI D≈=

v
2

∆f
------

8kT
3

---------- 1
gm
------⋅=

v
2

∆f
------ K

WLCox f
---------------------=
6 (6)


	1. Basic CMOS building block
	2. Operational amplifier
	3. Noise in CMOS circuits
	4. Switched capacitor
	5. CMOS Building blocks

