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1 Introduction

Figure 1.1: Schematic of the differential pair with resistive load.

Figure 1.1 shows a differential pair composed of two NMOS transistors M; and M-, loaded with
resistors R; and Rg, respectively. Since there are two input terminals, the output current or voltage
depends on both the input voltages V;; and Vjs. It is usually more interesting to express the output
current or voltage in terms of the differential and common mode input voltages V4 and V;. defined
as

Via £ Vi1 =V,
a Vit + Vig

Vi 2

The differential mode and common mode operations are defined for V;. = const. and for V;; = 0,
respectively. The input terminals are set to an appropriate common mode voltage Vj., to which a
differential voltage V;4 is superimposed according to

v

Vi = Vie + 5"
Vi
Vio = Vie = 5.
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2 Small-signal analysis

e Draw the small-signal equivalent schematic of the circuit assuming the transistors are biased in
saturation.

« Calculate the small-signal differential voltage gain A,q = Viq /Vid.

« Calculate the small-signal common-mode input voltage to differential output voltage gain A,. £
Vvod/vic-
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3 Noise analysis

e Draw the small-signal equivalent schematic of the circuit assuming the transistors are biased in
saturation and including all the noise sources.

o Calculate the output noise power spectral density (PSD) or output noise resistance assuming
that the transistors and resistors are perfectly matched.

e Calculate the input-referred thermal noise PSD and the equivalent thermal noise resistance
Rnin,th-

« Calculate the input-referred flicker noise PSD and the equivalent flicker noise resistance Ry, f1.

e Calculate the total output thermal noise power assuming that there is an output capacitance
C' in parallel with each of the load resistance Ry and Ry (assume that transistors, resistors and
capacitors are perfectly matched).
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4 Offset analysis

Mismatch between the two transistors of the differential pair M;-Ms and of the resistors Ri-Ro cause
some non-zero differential output voltage even for a zero differential input voltage V;q = 0.

e Calculate the differential mode output mismatch voltage in terms of drain current mismatch
Alp and resistance mismatch AR. Hint: use the above noise analysis where the noise currents
are replaced by current mismatch.

e Calculate the input-referred offset voltage in terms of resistor mismatch AR and MOS transistor
mismatch (- and Vyp-mismatch).

e Determine the variance of the input referred offset voltage. How can it be minimized?
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5 Common-mode input range analysis (CMIR) and
differential-mode output range analysis (DMOR)

o Calculate the minimum and maximum common-mode input voltages Vic min and Vicmaz. For
this analysis, V4 is set to 0 and the ideal current source is replaced by a transistor (Ms).

 Calculate the minimum and maximum output voltages V;, min and V,, pmaz; deduce the differential
output voltage swing AV, maq-
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6 Example

6.1 Design

e Design the amplifier, i.e. size the transistors, determine the values of the resistors and the bias
current, to meet the specifications given in Table 6.1. For the design we will use a generic
180nm bulk CMOS process. The physical parameters are given in Table 6.2, the global process
parameters in Table 6.3 and finally the MOSFET parameters in Table 6.4.

Table 6.1: Specifications for the differential pair with resistive loads.

Specification Symbol Value  Unit
Input common mode voltage Vi 0.8 \%4
DC gain Age 25 dB
DC gain Age 18 -
Bandwidth B 1 MHz
Input-referred thermal noise resistance Ry tn 10 kQ
Maximum input-referred offset voltage Vs 2 mV
Table 6.2: Physical parameters
Parameter Value Unit
T 300 K
Ur 25.875 mV
Table 6.3: Global process parameters
Parameter Value Unit
Vbb 1.8 \%
Cox 8443 L5
Win 200 nm
Loyin 180 nm
Table 6.4: Transistor process parameters
Parameter NMOS PMOS Unit
sEKV parameters
n 1.27 1.31 -
IspecD 715 173 nA
Viro 0.455 0.445 \%4
Lot 26 36 nm
\%
A 15 20 am
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Table 6.4: Transistor process parameters

Parameter NMOS PMOS Unit
Overlap capacitances parameters
Capo 0.366  0.329 £
Caso 0.366  0.329 fra
CeBo 0 0 £
Junction capacitances parameters
Cy 1 1.121 L
Crsw 0.2 0.248 L2
Flicker noise parameters
Kr 8.1e-24  6.8e-23 J
AF 1 1 -
p 0.05794 0.4828 Vo
Matching parameters
Ayt 5 5 mV - um
AB 1 1 % s pum
Source and drain sheet resistance parameter
Ran 600 2386 -
Width and length parameters
AW 39 54 nm
AL -76 =72 nm

6.2 Simulation

e Simulate your design using the available qucs-s schematic.

6.3 Reducing the supply voltage

e What happens if Vpp = 1V? Can you use the same design as before and fulfill all the
specifications? Using the same V., get the new AV, .4, and propose an alternative design
relaxing one of the specifications.
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