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1 Problem 1: Gain Enhancement
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Figure 1.1: Schematic of gain enhancement amplifier.

The amplifier shown in Figure 1.1 allows to enhance the DC gain by reducing the load conductance
seen by the differential pair My,-Myy, [1] [2].

1.1 Small-signal analysis

Vi Vin V5

Figure 1.2: Negative conductance.
The cross-coupled pair Ms,-Mg;, which is redrawn in Figure 1.2, allow to implement a negative

conductance. When combined with transistors Mo,-May, it allows to reduce the conductance seen by
the differential pair My,-Mjp.

e Draw the small-signal schematic of the circuit shown in Figure 1.2.
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« Derive the small-signal differential conductance G' = Al;,/AV;,, where Al = Al — Al
assuming a perfect matching between Ms, and Mgy,.

e Draw the small-signal circuit of the amplifier shown in Figure 1.1 including the output conduc-
tances in differential mode assuming a perfect matching between all the transistors in one current
branch and the other. Hint: simplify the circuit by using the fact that the voltage at the common
source node of My,-Mj}, does not change in differential mode with perfect matching.

e From the above analysis, derive the small-signal differential transfer function

Aq(s) £ ‘1//::38)) (1.1)

where V,q £ V1 — Vo and Vig £ Vj; — Vjo are the output and input differential voltages,
respectively.

e Deduce the expression of the DC gain and the dominant pole.

e What is the condition on G,,3 for the pole to remain in the left half-plane?

e What is the gain-enhancement factor K compared to the voltage gain without the cross-coupled
pair Mg,-Msp?

e What is the value of the DC gain for G,,3 = G,,2? How does it compare to a common-stage
stage?

e Find the gain-bandwidth product w,,. Is the gain-bandwidth product also enhanced like the DC
gain?

1.2 Noise analysis

e Draw the small-signal schematic of Figure 1.1 including all the noise sources but with AV;4; = 0.
Hint: simplify the circuit by using the fact that the voltage at the common source node of
Mji,-Miy, does not change in differential mode with perfect matching.

e Derive the output noise resistance R;,oyu:.

e Deduce the input-referred noise resistance Ry,.

e Calculate the input-referred thermal noise resistance R,;. How does it compare to the noise of
the same amplifier without Ms,-Mgp,?

 Calculate the input-referred flicker noise resistance R, s. How does it compare to the noise of the
same amplifier without M3z,-Msp?
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2 Problem 2: Bandwidth enhancement

2l

Figure 2.1: Enhanced G,, differential OTA

The differential OTA shown in Figure 2.1 shows a larger gain-bandwidth product compared to the case
without the cross-coupled transistors Ma,-May, [1] [3].

2.1

Small-signal analysis

The OTA of Figure 2.1 uses the differential transconductor shown in Figure 2.2 which allows to increase
the equivalent transconductance compared to the case of a simple differential pair.

© C.

Draw the small-signal schematic of Figure 2.2. Hint: simplify the circuit by using the fact that
the voltage at the common source node of Mo,-Moy, does not change in differential mode with
perfect matching.

Derive the small-signal equivalent transconductance

A AIod

meq — P 2.1
Gonea & R (2.)

where Ay £ AI} — Al is the small-signal differential output current and AViy £ AV — AV
is the small-signal differential input voltage. How does it compare to the transconductance of a
simple differential pair?

Derive the small-signal equivalent transadmittance

7y AIod(S)
AViq(s)’

Yineq(s) (2.2)
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Figure 2.2: Enhanced G,, differential transconductor

accounting for the the parasitic capacitance C), at the source node of My,-Myy,. Hint: add a
parasitic capacitance C, connected between the source node of My, and ground to the small-signal
half-circuit used above.

Deduce the expression of the dominant pole w,.

What is the condition on G2 for the pole w, to remain in the left half-plane? Hint: express the
condition in terms of the transconductance ratio a £ Gs1 /Gma.

Express the G,,-enhancement factor K compared to the transconductance of the differential
pair Mi,-Mj}, without the cross-coupled transistors Ms,-Msy,. Hint: express K in terms of the
transconductance ratio a.

What is the value of K when Mj,-Mj;, and Msy,-Msy, are both biased in weak inversion? Hint:
M;i.-Mjp and My,-Mgy, share the same bias current Ip,.

Derive the small-signal differential transfer function

A Vod
Vid

What is the value of the DC gain for G,,s1 = Gj2? How does it compare to a common-stage

stage?

Find the gain-bandwidth product w,. Is the gain-bandwidth product also enhanced like the DC

gain?

Ag

(2.3)

Noise analysis

Draw the small-signal schematic of Figure 2.2 including all the noise sources and with V;3 =0
and neglecting all output conductances. Hint: simplify the circuit by using the fact that the
voltage at the common source node of May,-Mg}, does not change in differential mode with perfect
matching.

Derive the output noise conductance Gj,oyt.

Deduce the input-referred noise resistance R;p,.

Calculate the input-referred thermal noise resistance R,;. How does it compare to the noise of a
simple differential pair?

Calculate the input-referred flicker noise resistance R, ;. How does it compare to the noise of a
simple differential pair?
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