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Exercise 1.

The circuit in Figure 1 is a commonly used structure when designing analog circuits. Tran-
sistor M1 is assumed to be biased in saturation. Also assume that the W/L ratio of transistor
M2 is K times larger than that of transistor M1. The channel-length modulation can be ne-
glected.

a) Derive the output voltage V,,; as a function of the factor K, i.e. V,,; = f(K) when
also M2 is saturated. Express V,,; in terms of the current I, and transistor design
parameters, but not voltages. (3p)

b) Determine for which value of K transistor M2 switches from operating in the saturation
region to the linear region. (2p)
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Figure 1: A commonly used analog circuit.



Exercise 2.

Figure 2 shows a common-source amplifier, where M1 acts like a current source giving the
DC current I, and M2 is a cascode transistor, which decreases the output resistance and also
reduces the effect of the Miller capacitance from input to output. All transistors are biased
to operate in the saturation region. Assume that the transistors small-signal parameters are
Im1s Gdsls Gm2, 9ds2 and g,.3, gas3 respectively. The body effects can be neglected.

a) Sketch a small-signal equivalent circuit and determine an exact expression for the
transfer function H(s) = V,u.(s)/Vin(s). All capacitors but C, can be neglected.  (3p)

b) Now assume that g,,; >> g4sj, ¢ = 1,2,3 and j = 1,2,3, to get an approximation of
H(s) = Voui(s)/Vin(s). From this approximative expression, determine the DC gain, the

3-dB cut-off frequency, and the unity-gain frequency. (2p)
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Figure 2: Common source stage with cascode.



Exercise 3.

Assume that the TV-signal comes by a 75 ohm wire from the antenna.
Your task here is to design a box that splits the signal into two rooms without giving any
reflection. Are there any disadvantages with your construction? (5p)

Exercise 4.

Derive the input and output ranges of the amplifier shown in Figure 3 where all transistors
are operating in the saturation region. Furthermore, the transistors in the gain-stage are
matched, i.e. M1 and M2 are identical, as well as M3 and M4, M5 and M8, and also M6 and
M7.

Express the input and output ranges in relevant design parameters;i.e. Iy, «; and V;;. (5p)

oVbp
M3 | || M4
V Vout
—e——0 VDD o
o— M1 M2 —o0
IU (W) ‘/inp ‘/znn
M8 | ! M5
M7 | } M6
L

Figure 3: Differential gain-stage.



Exercise 5.

In this exercise we will study the thermal noise and the substrate noise from the two
transistors in the common-souce stage in Figure 4. The substrate noise is represented by
noisy voltage sources V;,; with spectral density R.,;(f), ¢ = 1,2 in the circuit. Assume that
substrate noise is white noise with spectral density R,(f) = Ro. The thermal noise you
should know, from the course, how to represent. The transistors have small signal parame-
ters 9m1s Gbsis Gdsi and Im2s Gbs2s Jds2 respectively.
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Figure 4: A noisy common-source amplifier.

Your task is to determine an expression for the spectral density R,,: of the output noise,
assuming that the noise from the transistors are uncorrelated. Also assume that thermal
noise and substrate noise are uncorrelated. (5p)



Transistor formulas and noise

1 CMOS transistors

Current and threshold voltage formulas and operating regions for an NMOS
transistor

Cut-off: Vas < Vi Ip=~0
Linear: Vas — Vi > Vps >0 Ip = Oé(Q(VGS — Vt) — VDS)VDS
Saturation: 0 < Vgg —V; < Vpg Ip = a(Vas = Vi)?(1+ MVps — Vesy))

Vbssat = Verr = Vas — Vi

All regions:  V; =V, 0 +7v(vV2¢0r — Vs — V20r)

Small-signal parameters

Linear: gm ~ 2OAVDS Jds ~ ZQ(VGS — V;g — Vps)

Saturation: g, ~2valp gqs =~ Mp

Constants: 1 %% K¢ 1 V2qN 4 K s€q
az*NOnComi A= - Y=
2 L 2qNA¢0 L Cox

2 Circuit noise

Thermal noise in CMOS transistors

The thermal noise spectral density at the gate of a CMOS transistor is
8ET 1

f— 2 = —-—— —

R(P) = VA = T =

Thermal noise in resistors
The thermal noise spectral density of a resistor is modeled as a parallel noise current source

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

K
R =V() = ppes

Noise at the output:
Rout(f) =Y [H(f)* Rin i (f)

k

Pout,noise = / Rout (f)df
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