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Questions

1) Consider the circuit shown in Fig. 1. Channel-length modulation and body effect can be neglected (λ =
0, γ = 0). Consider Cgs on M2 but ignore the other parasitic capacitances, CL >> Cgs.
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Figure 1: Schematic of a single-ended amplifier for problem 1.

(a) (3)Draw the equivalent small-signal model and derive the expression for the transfer function in terms
of the circuit component parameters.

Also identify the DC voltage gain and pole(s) from the transfer function. You can assume that the
poles are well separated.

(b) (1)The amplifier has two poles. Assume that pole 1: ωp1 = 1 krad/s, pole 2: ωp2 = 2 Mrad/s, and
unity gain frequency: ωu = 2 Mrad/s. What is the phase margin of the amplifier?

2) Consider the fully differential amplifier shown in Fig. 2. The amplifier is completely symmetric. Neglect
body effect (γ = 0). However, channel-length modulation must be considered (λ 6= 0). The parasitic
capacitance Cgs of the MOSFETs at nodes X, Y and the load capacitance CL must be considered. Ignore
other parasitic capacitances. Assume that gm � gds.
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Figure 2: A fully differential amplifier.

(a) (2)Draw the small-signal model of the amplifier shown in Fig. 2 and derive the transfer function in
terms of the circuit component parameters.

(b) (1)Derive the expressions for the DC gain and the two pole frequencies. Assume that the dominant
pole is formed by the load capacitor CL and the poles are well separated, in that case what is the
unity-gain frequency?
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3) In Fig. 3 a current mirror circuit is shown. The aim is to copy the reference current Iref to Iout.
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Figure 3: A low-voltage cascode current mirror.

(a) (2)Derive the bounds for Vbias such that both M1 and M2 are in the saturation region. Give the
answers in terms of Vgs1, Vgs2, Vth1 and Vth2.

(b) (1)Using the lowest value for Vbias derived in part 1, determine the minimum allowable voltage at
the output node to keep both M3 and M4 in the saturation region. Assume that M3 = M1 and
Vgs4 = Vgs2. Give the answer in terms of Vgs3, Vgs4, Vth3 and Vth4.

4) (3)Figure 4 shows a lossless interconnect circuit. At t = 0 the voltage step V0 goes high and propagates a
pulse through the circuit. Given the values below, calculate the voltage at nodes A, B and C at t = 7 ns.
td,Zx is the delay through transmission line Zx. Assume that the inverters have a infinite (high) input
impedance.

R0 = 150 Ω, Z0 = 150 Ω, Z1 = 75 Ω, Z2 = 50 Ω, td,Z0
= 2 ns, td,Z1

= 3 ns and td,Z2
= 4 ns.
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Figure 4: Transmission line circuit.
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Figure 5: 3-stage ring oscillator

5) Fig. 5 shows a 3-stage ring oscillator with three identical amplifier stages. Ignore all parasitic capaci-
tances, and assume transistor output resistance of ro for M1, M2, and M3.

(a) (1)Define the voltage gain and pole of each amplifier stage, and express the loop-gain transfer function
of the oscillator.

(b) Assume C = 1 pF, gm = 1 mA/V, and ro = 10 kΩ.

i. (21/2)Find the value of the amplifier load resistance (RD) for which the oscillation conditions (Barkhausen
criteria) are exactly (just) fulfilled.

ii. (1/2)Find the oscillation frequency (ωosc).

Hint:

• Barkhausen criteria: |H(jω)| = 1 and 6 βH(jω) = −180◦.

• At oscillation each stage contributes with −60◦ frequency-dependent phase shift (total −180◦),
thus: arctan(ωosc/ωp) = 60◦ and ωosc/ωp =

√
3.
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Figure 6: Linear models for Voltage Controlled Oscillator, Phase Detector, and Low-Pass Filter.

6) (a) (1)Design a PLL by using the components in Fig. 6, and calculate the loop-gain of the PLL.

(b) (2)Calculate the ωLPF under the assumption that the PLL has ZERO phase-margin with −180◦ phase
shift at ω = 10ωLPF . Here: KV CO = 100 rad

Vs and KPD = 5 V/rad.
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Transistor equations
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(b) PMOS

NMOS

Cutoff ID = 0 (VGS < VTN )

Linear mode

ID = µnCox
W
L

(
(VGS − VTN )VDS − V 2

DS

2

)
(VGS > VTN ) and (VDS < VGS − VTN )

Saturation mode

ID = 1
2µnCox

W
L (VGS − VTN )2(1 + λVDS) (VGS > VTN ) and (VDS > VGS − VTN )

PMOS

Cutoff ID = 0 (VSG < |VTP |)

Linear mode

ID = µpCox
W
L

(
(VSG − |VTP |)VSD − V 2

SD

2

)
(VSG > |VTP |) and (VSD < VSG − |VTP |)

Saturation mode

ID = 1
2µpCox

W
L (VSG − |VTP |)2(1 + λVSD) (VSG > |VTP |) and (VSD > VSG − |VTP |)
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Transmission line equations

L

+ −V
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(a) Inductor

C

+ −
V

I

(b) Capacitor

Complex characteristic impedance Characteristic impedance for lossless TL

Zc =
√

R+jωL
G+jωC Z0 =

√
L
C

Inductance voltage-current relation Capacitance voltage-current relation

V = LdI
dt I = C dV

dt

Mutual inductance

Vmn = Lmn
dIn
dt where m 6= n
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