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1 Introduction

Figure 1.1: Linearized differential pair in weak inversion [1] [2].
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Figure 1.2: Principle of the linearized differential pair in weak inversion [1] [2].

Figure 1.1 shows a linearized differential pair operating in weak inversion [1] [2]. It is based on the
principle illustrated in Figure 1.2. By making My, K-times larger than M, and My, K-times larger
than Ma, results in introducing some offset voltage in the differential pairs M1,-Mo, and Mip-May,
shifting their I-V characteristic as shown in Figure 1.2 by an offset voltage Vot = nUr - In(K). The
differential current I,q £ I; — I, shows a more linear characteristics with an extended linear range

[1].

Figure 1.3: Half linearized differential pair a of Figure 1.1 in weak inversion with 51, = K - B2, [1].
The analysis of the linearized differential pair of Figure 1.1 can be done by separating the linearized

differential pair into the differential pair a shown in Figure 1.3 and the differential pair b shown in
Figure 1.4.
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Figure 1.4: Half linearized differential pair b of Figure 1.1 in weak inversion with o, = K - Sy [1].
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2 Large-signal analysis

« Derive the expression of the differential current I,q, = I1q — I2q of the half differential pair a
shown in Figure 1.3 in differential mode i.e. with V;; = Vj. 4+ V;4/2 and Vi3 = Vie — Vj4/2. Assume
that both transistors are biased in weak inversion and in saturation with M, K-times larger than
Ma, (i.e. B1a = K - B24). We can assume that Mj,-Ma, have the same slope factors ni, = ng, = n,
threshold voltages Vo, and specific currents Igpecy (i-e. Ipota = K - Ipo2a = K - Ipo). Hint: use
the offset voltage Vs 2 nUr In(K) or K = "ors/(nUr),

« Using the above result, deduce the large-signal differential current I,q 2 I; — I5 of the linearized
differential pair of Figure 1.1 in differential mode.
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3 Small-signal analysis

e Draw the small-signal schematic of the half differential pair a shown in Figure 1.3, assuming
that all the transistors are biased in weak inversion and in saturation. Derive the equivalent
transconductance in differential mode AV;; = —AV;o = AV,4/2

Al
A oda
Gmeqa = A‘/’Ld

(3.1)
with Alyg, = Al — Aly, and AV;y = AV — AVjs. Assume that the output conductances can
be neglected.

e Derive the equivalent transconductance in differential mode for the other half differential pair b

2 Blods
AViq

Gregh (3.2)

with Alg = Alp — Alsy,. Assume again that the output conductances can be neglected.

o Derive the equivalent small-signal transconductance G,eq = Aloq/AViq of the linearized differen-
tial pair of Figure 1.1, where Al,y £ Al — Al is the small-signal differential output current and
AV;y = AV;1 — AVj9 is the small-signal input voltage. Reuse the expressions of the equivalent
transconductances Geqa and Gpeqp of the half differential pairs a and b.
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4 Noise analysis

e Derive the output noise conductance Goutq and Grousp of the half differential pairs a of Figure 1.3
and Figure 1.4, respectively, in terms of the transistor noise conductances including the noise
coming from the bottom bias source.

e Derive the output noise conductance of the linearized differential pair of Figure 1.1 using the
results obtained for the half differential pair.

e Calculate the input-referred noise resistance R,;, and the input-referred thermal noise resistance
Ry

» Calculate the thermal noise excess factor yyeq =S Gineq Rt of the linearized differential pair.
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