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Exercise 1.

Determine the width-over-length ratios of transistors M1 and M2 in the common drain circuit
in Figure 1.

Vin.oc =3V, Vour.pc = 1.5V, Viies = 1V, Vpp = 3V and the current through both transistors
are
I =20 nA.

Do not neglect the channel-length modulation nor the body effect.
Constants: Vg = 0.5V, 110Cor = 20 nA/VZ, A =0.03 V", v = 0.6 V/2 and ¢ = 0.4 V. (5p)
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Figure 1: Simple gain-stages.



Exercise 2.

In this example we are interested in the output swing, and we will not neglect the channel
length modulation. Your task is first to show that, for transistor M1 in the current mirror

1;

h in Fi 2, V¢ =y ——
shown in Figure 2, Vg1 o (L AVin)

+ V1, then to determine the minimum output

voltage V,.;.

The transistors M3 and M4 are at the limit of saturation.

Express V,,; in terms of currents through the transistors and in design parameters «; i =
1,2,3,4,5,6. (Of course constants A\ and V;;, i« = 1,2,3,4,5,6 also may be included in the

expression for V,,;.) (5p)
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Figure 2: A wide swing current mirror.

Hint: There are more than one possible path from ground to the output node.



Exercise 3.

a) Sketch a small signal equivalent circuit for the cascode stage in Figure 3. (2p)

b) Determine the transfer function H(s) = V,,:(s)/Vin(s) if the parameters of the transis-
tors are ¢,,1, gas1 and g2, gas2, respectively. The bulk effect can be neglected. (2p)

¢) Determine, from the result in b), an approximation for H(s) assuming that g,,2 >> gas2-
From this approximation determine the DC-gain and the unity gain frequency. (1p)
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Figure 3: A cascode stage.



Exercise 4.

Figure 4 (see below and next page) describes the different steps in design of a SC-filter. The
task for you is to complete the figures with text and to shortly explain different steps. Putting
up equations that gives the leapfrog-realization, show how the —1 propagation works and so
on. In the last figure you also have to complete the drawing. I.e. introduce switches in
their correct modes. (For your convenience three different types of summators, including
expressions for V,,,;, are enclosed on page 7.)
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pressions for V;(z) and V/(z) and identify coefficients. (5p)

Your final task is to give expressions for capacitor ratio by putting up ex-

You may remove these pages, including figure 4, and use them in your solution.
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LDI-transformation:
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Figure 4: Design of SC-filter.



SUMMATORS

Integrator, summing and non-inverting. Phase 1: Integrator, summing and non-inverting. Phase 2:
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Figure 5: Summators.



Exercise 5.

The inverting amplifier in Figure 6a is used in an application where low noise is of major
importance. Hence, a low noise design of the amplifier is required. In this exercise, only
the thermal noise in the op.amp. is considered. The gain of the op.amp. A = ¢,,1/gout =
gm1/(9ds2 + gass). Further, the ratio between R, and R, is Ry/R; = a.
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Figure 6: a) A noisy inverting op.amp. b) The principal schematic of the op.amp.

a) Assume that the resistors do not generate any thermal noise while the op.amp. has an
equivalent voltage input noise spectral density of

16kT 1 -
Sin,opamp - TQT (1 + Z L?)

where the number in the index refers to the op.amp. implementation in Figure 6b.
Compute the equivalent output noise spectral density for the circuit in Figure 6a
caused by the noisy amplifier. (4p)

b) State one approach to decrease the equivalent output noise spectral density of the cir-
cuit in Figure 6a caused by the operational amplifier. How does this impact the DC
gain of the open loop amplifier? (1p)



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
0



