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Questions

1) Consider the common-gate amplifier shown in Fig. 1.
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Figure 1: A common-gate amplifier.

(a) Draw the equivalent small-signal model and derive the expression for the transfer function, DC gain
and the two poles. Neglect channel-length modulation and body effect (A = 0, v = 0). Consider
the parasitic capacitances Cgs and Cyq in the small-signal model.

(b) Derive the expression for the input impedance of the amplifier shown in Fig. 1 in terms of gy, gmb,
gas and Rp. Assume Rg = 0 and neglect Cgs and Cyq. However, channel-length modulation and
body effect must be considered (A # 0, v # 0).

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). The parasitic
capacitances Cq, and Cys of the MOSFETSs should be considered. 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 that the dominant pole is formed at the output node of the amplifier. Assume Cp, > Cyp.

(c) For C;, = 10 pF, let the unity-gain frequency of the amplifier = 1 Mrad/s, the dominant pole
frequency = 100 krad/s and the non-dominant pole frequency = 2.5 Mrad/s. Determine the change
in phase margin when C7, is reduced to 8 pF. Assume Cp, > Cyp.
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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 Ipcy to Loy
Assume that V4 = 0.6 V and all transistors are in saturation. What should Vz then be to make I,.; =
Tout?

ut -
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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 ¢t = 7 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 = 1 ns and td,Zl = 1.5 ns.

Figure 4: Transmission line circuit.

5) The differential inverter shown in Fig. 5 below is used to construct a 6-stage ring oscillator. Assume
that the inverter is completely symmetric and all parasitics are neglected except the output capacitance
of each stage (i.e. C). Assume that g1 = gme = 1.5 mV/A and A =~ =0.

Vg

Figure 5: Differential Inverter.

(a) Draw the circuit of the ring oscillator using this differential inverter.

(b) Calculate the minimum value of the resistance, R required to start the oscillation in this 6-stage
circuit.

(c) Explain why a single common-source amplifier stage whose output is connected to its input as shown
in the following figure (Fig. 6) cannot function as a ring oscillator.
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Figure 6: Common Source stage in feedback.

6) An XOR gate is used as a phase detector in a DLL. When the phase difference between the input and the
output of the DLL is 225°, draw the input and output waveforms of the phase detector. Also calculate
the average output voltage of the phase detector. Assume that the waveforms are ideal square waves
with full swing between 0 and 1.2 V.
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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)

TSEK37 Page 5 of 7



TSEK37 TEN1 2015-04-10

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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