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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 to 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.

Exercise

1. Basic CMOS building block
a) Assume that V5 is connected to ground. Determine the gain, poles, and
zeros of the circuit shown in Figure 1.1. The only parasitic capacitance to
consider is Cgs of M3. The load capacitance is much larger than all

parasitics. (4p)
b) Derive an expression for the possible input swing of the circuit shown in
Figure 1.1. Use relevant design parameters such as W, L, ... (2p)

¢) Now assume that M3 is biased in the triode region. What will happen to
the gain of the circuit when V5 is varied? Why do we do build this type of

circuit? (4p)
___ VoD
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Figure 1.1 CMOS building blocks
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2. Operational amplifier
Assume that C, is smaller than C; and Wg>W,,.

a) Draw the small signal scheme for the amplifier 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)

¢) 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)
Vbb __ VoD
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Figure 2.1 Operational transconductance amplifier

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

13 = aktED,

Use this model in this exercise!

— lg

Figure 3.1 Thermal noise model for a MOS transistor

a) Derive the total thermal output noise power of the circuit shown in
Figure 3.2. All parasitics are much smaller than C, . The spectral density
function for a parallel current source for the resistor is given by

12(f) = 4kT/R (4p)
b) Describe two ways to decrease the thermal output noise power of the

circuit shown in Figure 3.2 by changing relevant design parameters. What
will happen to the gain and the unity-gain frequency? (2p)
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¢) Add a large capacitor C; » C, in parallel with the resistor. Furthermore
assume that 1/ R« (g, What will happen to the output noise power? (4p)

— VoD VoD
M3:’|I—'r—| M2
. ’T VOU'[
C1+ HR Vin—[ M1 | a
L — —

Figure 3.2 A noisy common source gain stage

4. Switched capacitor
The operational transconductance amplifier suffers from finite gain, A, and
input offset voltage, V.

a) Derive the transfer function of the switched capacitor circuit shown in
Figure 4.1, i.e. V,(2)/V4(2). (4p)
b) Is the circuit insensitive to parasitics? Motivate your answer carefully.

(2p)
¢) Find the settling time constants, i.e. the speed of the circuit, for both clock
phases. Neglect the influence of the switches. (4p)

s
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i

Figure 4.1 A switched capacitor circuit
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5. CMOS Building blocks
a) Determine the common-mode range and the maximum swing of the

control signal, V., of the common-mode feedback circuit shown in Figure

5.1. Use relevant design parameter such as W, L, ... (2p)
M7 Vb MO Voo
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Figure 5.1 A common-mode feedback circuit

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

Iout

||n1

Figure 5.2 A current mirror

¢) Sketch the output signal of the circuit in Figure 5.3 as a function of the
input signal, when the input signal ramps from ground to V. Determine
the input voltages where the operation region of the transistor is changing.
Assume R = Rg. (3p)

VOUt

Figure 5.3 An analog building block

d) Explain the concept of clock feedthrough. Why is it a problem in SC-
circuits? (2p)
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Transistor formulas and noise

CMOS transistors

Current formulas and operating regions

Cut-off:
Ves<Vt Ip=0
Linear:
HoCox ‘W
Vgs—V1>Vps>0 Ip= ZOXD[ H2(Vgs— V1) —Vps) Wps
Saturation:
HoCox W 2
0<Vgs—Vi<Vpg lp= ZOXDE LVgs— V1) H1+AVpg)
Small-signal parameters
Linear region:
_ W _ W
Om = MoCox D[ WVps O4s™ HoCox D[ HVgs—V1—Vps)

Saturation region:
di [ Y, dip
On = dVGS~ ZHOCOXEID Qus = dVDS'“)‘ID

Circuit noise

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

2

\Y; 8kT 1

—_ :_D_

Af 3 Oy
Flicker noise

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

v2 K

AT~ WLC,,f
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