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Questions

1) Consider the simple differential amplifier shown in Fig. 1. The tail current source has a finite output
resistance Rgg. The input transistors M7 and Ms have a transconductance of g,,. Neglect channel-length
modulation and body effect (A = 0, v = 0).

Vbp

Figure 1: A simple differential amplifier.

(a) Derive the expression for the common-mode (CM) gain of the circuit.

(b) Let Ry, = 10 k2, g, = 2 mS, and Rgs = 1 kQ. If the input CM voltage level increases by 25 mV,
what will be the change in voltage level at the outputs V1 and Viysa?

2) Cousider the fully-differential amplifier shown in Fig. 2. The amplifier is completely symmetric. Neglect
body effect (v = 0). However, channel-length modulation must be considered (A # 0). At nodes X, Y
consider only the Uy, capacitances of the MOSFETs. The devices Mz, My, Ms, and Mg have equal Cy,.
Ignore other parasitic capacitances.

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

(b) Derive the expressions for the DC gain, the two pole frequencies and the unity-gain frequency.
Assume ¢, > g4s. Also assume that the dominant pole is formed at the output node of the
amplifier.

(¢) Let the unity-gain frequency of the amplifier = 1 Mrad/s and the dominant pole frequency =
100 krad/s. What should be the minimum frequency of the non-dominant pole in order to maintain
a phase margin (PM) > 60°?
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Figure 2: A fully-differential amplifier.
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Figure 3: Cascode current mirror.

3) In Fig. 3 a cascode current mirror is shown. The aim here is to copy the reference current I,y to oyt
Assume that V4 = 0.6 V, what should Vg be then to make Ief = Iou:?
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4) Figure 4 shows a lossless interconnect circuit. At ¢ = 0 the voltage step Vi goes high and propagates a
pulse through the circuit. Given the values below, calculate the voltage at nodes A and B at ¢ = 10 ns.
ta,z, is the delay through transmission line Z,. Assume that the inverters have a infinite (high) input
impedance.

Ro =175 Q, ZO =175 Q, Z1 =25 Q, td,Zo = 2 ns and td,Zl = 2.5 ns.

Figure 4: Transmission line circuit.

5) The common-source amplifier stage shown in Fig. 5a is used in a ring oscillator consisting of five stages.

Vop Vb

RD§L " " % e
vm_H: ch ] J_IC V_”jliq

Output

(a) Common-source stage (b) 3-stage circuit
used in the ring oscillator.

Figure 5

(a) Calculate the oscillation frequency in terms of Rp and Cf.
(b) Calculate the minimum DC gain, Ap per stage required to sustain the oscillations.

(¢) The common-source amplifier is now used in a 3-stage circuit as shown in Fig. 5b. Assuming that
the last stage is an ideal inverting stage with no dependence on frequency, can this circuit be used
as an oscillator? Clearly explain your answer.

Neglect any transistor capacitances and short-channel effects in all your calculations.
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Figure 6: Available components.
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Figure 7: Clock Generator.

6) Assume that you have access to the following two components shown in Fig. 6.

e An ideal Phase detector (PD).
e Many ideal Voltage Control Delay elements (VCD).
Use these two components to construct a clock phase generator that accepts an input clock, CLK;, and

generates an output clock CLK,,; having the same frequency as C LK, but with a phase shift of 45°
as shown in Fig. 7.
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Transistor equations

D +1S

+ Vsa +
G?{K Vos | Ip G—s| Vsp Ip

Vas — —

(a) NMOS (b) PMOS

NMOS

Cutoff Ip =0 (Vas < Vrn)

Linear mode

Ip = jinCox ¥ ((VGS —Vrn)Vps — VgS) (Vas > Vrn) and (Vps < Vgs — Vr)
Saturation mode

Ip = 211, Con ™ (Vas — Ven)2(1 + AVbs)  (Vas > Vrn) and (Vps > Vs — Vrw)

PMOS

Cutoff Ip=0 (Vse < |Vrpl)

Linear mode

2
Ip = ppCon ¥ ((VSG — Vrp)Vsp — V§D> (Vsg > |Vrp|) and (Vsp < Vs — [Vrp|)
Saturation mode

Ip = $1pCos Y (Vs — |Vrp|)2(1+ AVsp)  (Vsg > |Vrp|) and (Vsp > Vsa — [Vrpl)
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Transmission line equations

(a) Inductor (b) Capacitor

Complex characteristic impedance  Characteristic impedance for lossless TL

_ [R4jwl _ /L

Ze= \ GHjwC Zo=1/¢G
Inductance voltage-current relation Capacitance voltage-current relation

V=L I=Cc%

Mutual inductance

Vinn = L djt" where m # n
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