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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 brief question. Always motivate your 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 answer in Swedish, German, or English.

Exercises

1. CMOS Building Blocks
Consider the CMOS building block in Figure 1. This is a gain-boosting circuit and
from the name we obviously understand that the gain is increased. The current
sources have an infinite output resistance.

a) Express the small-signal gain from the input to the output (V,,, to V) asa
function of the bias currents, transistor sizes and process parameters. (4p.)

b) Find the possible maximum/minimum input and output voltages that keep the
transistors in their saturation regions. What design parameters determine the swing?

(4p.)
¢) How should you choose the DC voltage on the gate of M2 in order to maximize the
gain? (2p.)

Ibias,cs

Ibias,gb
Vout

M2

Figure 1l Gain-boosting circuit.

10 points

2 (5)
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2. Operational Amplifier
Consider the operational amplifier in Figure 2 (a). Assume that its transfer function
is given by

A(9 =

Ao
SO SO
+ = + =
plmtgl pZD
The poles are well separated but we do not know how p, relates to the unity-gain
frequency.

a) Derive how p, is a function of the unity-gain frequency. (2p.)

b) Assume the OP is used in a feedback loop with the feedback factor 3 as shown in
Figure 2 (b). Derive the total transfer function and find a closed expression on the
phase margin. Sketch the phase margin as function of 3. (5p.)

¢) In a switched-capacitor circuit, why should we choose a phase-margin higher than
70 degrees? (3p.)

@) (b)

Vin A(s)
o——— Vout

Figure 2  Operational amplifier in (a) open-loop and (b) closed-loop.

10 points

3. Surprise - CMOS building block
Consider the circuit in Figure 3. The input voltage source has an output resistance R,.

a) Find the transfer function of the circuit. What is the DC gain? (3p.)

b) Under what circumstances will the output impedance of the circuit become
approximately inductive? Do not forget the parasitic capacitances. (7p.)

M2
+ /< ] Vout
C I R
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Vbias 17 !
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I

Figure 3 CMOS circuit.

10 points

3 (5)
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4. Noise
Consider the three-stage circuit in Figure 4. Only consider thermal noise from each
transistor. The current sources are noise free. Let the output load capacitance be C
and parasitic capacitances are only given by the gate-source capacitances.

a) Derive the total output noise power. (3p.)

b) Derive the total equivalent input-referred noise. Hence, assume no internal noise
and only one noise source at the input transistor. (2p.)

¢) Discuss — by using relevant circuit parameters — how you should minimize the
output noise power and how it affects the gain and bandwidth of the circuit. (5p.)

Figure 4 Noisy multi-stage circuit.

10 points

5. Switched Capacitor
Consider the switched-capacitor circuit in Figure 5. Assume that the operational
amplifier has a finite gain and an input voltage offset error, V ..

a) Find the transfer function of the circuit. Sketch the ideal output signal (infinite gain
and no input offset voltage) and the non-ideal output signal, hence how does the finite
DC gain and input offset voltage affect the result? (5p.)

b) What are the feedback factors at the two phases? Assume that the OP uses a
differential stage at the input and do not forget parasitic capacitances. During which
phase is the settling time constant smallest? (5p.)

s
< } |

A

Figure 5 Switched-capacitor circuit.

10 points

4 (5)
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Transistor formulas and noise
CMOS transistors
Current formulas and operating regions
Cut-off:
Vgs< V7 Ip=0
Linear:
Ves=V1>Vps>0 Ip= HOSOXDV[V [{2(Vgs—=Vr1) =Vpg) WVps
Saturation:
0<Vgs—Vr<Vps - HoPox

5= =22 O (Vge- Vo)’ TL+AVpg)
Small-signal parameters

Linear region:

W
gm = HOCox DE D‘/DS

W
94s™ uOCox Df E(VG _VT _VD)
Saturation region:

_dip W _
On = d_VGS = p‘OCOXEID Oas = dVDS"')‘ID
MOS transistor noise

Thermal noise

2
The thermal noise spectral density at the gate is AT =

8KT |1
3 Oy
Flicker noise
i K
The flicker noise spectral density at the gate is IXi = VW
Parasitics

In the saturation region, the parasitic capacitances on the MOS transistor are approxi-
mately given by

2 3
Cgs: é W EH--" é D-OVE[COX’ ng:WLov [Cox

5 (5)



