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Abstract - The objective of this paper is to design a
differential amplifier using different topologies. Differential
amplifiers are the basic building block in the analog circuit
design. The characteristics of the differential amplifier are
measured by Gain, Common mode Rejection Ratio, and Gain-
Bandwidth product. In this paper a high performance
differential amplifiers are designed using different approaches
and a comparison is made between them. A low pass filter is
designed using a differential amplifier. This work presents the
optimized architecture of a differential amplifier. The
simulation results are verified by using virtuoso 6.1, 0.18um
technology at supply voltage 1.8v. The design is implemented
using cadenceEDA environment and simulated using Analog
design environment.
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1. INTRODUCTION

Over the past few years, the electronics industry has made
tremendous changes in the in the era of VLSI technology. The
major changes came through in the market are due to the
invention of MOS transistors. Integration of IC’s from small
scale, medium scale, large scale to over ultra large scale
integration has lead many changes in the electronic
industry.

It consists of mainly memory, small or micro and logic sales,
has contributed a worldwide sales of approximately 75%
with the MOS transistors, which enhances the strength of
CMOS technology. CMOS technology involves in mainly
satisfying all the design constraints like power, area, and
speed by minimizing the feature size and using the
optimization techniques by lowering the supply voltage,
using VTCMOS and MTCMOS etc.

CMOS technology has more advantage than an NMOS
technology design due to the design flexibility and easily
configurable. Hence CMOS has got a rapid acceptance in the
upcoming technology in the area of analog, digital and mixed
integrated circuits, like RF communication field, signal
processing and biomedical applications etc.

1.1 Differential Amplifier

The differential amplifier is the most important block in
designing any analog circuit. The differential amplifiers are
designed using bipolar transistors and MOS transistors. An
amplifier is a circuit that amplifies any weak signal and
strengthens it which is used mainly in communication to
transmit a signal over long distance and the signal may be
analog or digital.

A differential amplifier circuit amplifies the difference of any
two input signals and rejects any two common signals. The
ideal characteristics of an amplifier are infinite gain, infinite
bandwidth and infinite common mode rejection ratio, high
input impedance and low output admittance, less distortion,
sensitivity. Also ithas less harmonic distortion and increased
output voltage swing and the performance of the circuit is
measured by its characteristics.

Differential amplifiers are widely used due to less distortion
in the output and are widely used in linear amplification
circuits. A differential amplifier can be designed in many
ways where the output may be single ended or double
ended. The most commonly used amplifier is double ended
means which has two inputs and which gives two outputs
and is commonly known as fully differential amplifier. The
advantages of fully differential amplifier over single ended
are simple biasing, high immunity to noise, and high
linearity. But the disadvantage is large area.

The fully differential amplifier amplifies the difference of two
input signals which are out of phase and rejects the signals
which have common phase due to any noise induced. This is
measured or termed as common mode rejection ratio
(CMRR) and its offset voltage. An ideal amplifier circuit has
infinite CMRR.

A feedback circuit like common mode feedback circuit is
used at the output of the amplifier which is used to adjust the
bias current and hence rejects the common mode signals.
Two types of offset voltages input offset voltage and output
offset voltage, the output offset voltage is defined as the
difference between the final output voltage to the ideal
output voltage when a common signal is applied at both the
ends of inputs, similarly when the output offset voltage is
divided by the differential voltage gain then it is termed as
input offset voltage.

© 2017,IRJET | ImpactFactor value: 5.181 |

IS0 9001:2008 Certified Journal

| Page 636



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 04 Issue: 05 | May -2017

www.irjet.net

p-ISSN: 2395-0072

1.1.1 Differential Amplifier with Passive Load:

Different types of differential amplifiers are studied,
designed and analyzed in terms of its performance. A
comparison is made to analyze the circuit by varying the
design parameters.
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Fig 1.Basic differential amplifier with passive load.

The basic differential amplifier is shown in fig 1, it i s
designed by using two n-channel MOSFETs M1 and M2 to
form a differential pair. The resistors Rp are used as load to
drive the transistors into saturation. The two input voltages
Vin1 and Viy, are applied at the gate terminal of the MOS
transistors, which are equal in magnitude and opposite in
phase. The output voltage is measured across two nodes X
and Y. The differential signal is measured between these
nodes which have equal magnitude and opposite phase to
the inputs. The major advantage of this circuit is it has
greater output voltage swing.

When two inputs Vinl and Vin2 are applied with same
magnitude and same phase i.e Vincm does the effect on the
trans conductance of the MOS transistors and which in turn
effects the bias current and leads to change the output
voltage gain and also further decreases the output voltage
swing. If suppose the value of Vi, cmis low then it may turn off
M1 and M2, hence no amplification but the output will be
clipped off. Hence a minimum bias current is required to
maintain the common mode level.

1.1.2 Differential Amplifier with Passive Load and
Ideal Current Source:

The problem of biasing is overcome by using a constant
current source g in the circuit. The circuit shown in fig 2
uses a constant current source which is used to maintain a
minimum bias current and also to avoid the effects of the
common mode level changes in the output.

In this circuit the ideal current source is replaced by a
transistor driven a constant voltage source and operated in
saturation region and hence it acts as a constant current
source.
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Fig2: Differential Arr;plifier with Current Source.

When Vin1=Vin2 then Vi, cm will be zero, then both M1
and M2 will be in OFF. To study the characteristics and the
behavior of the circuit change Viycum from 0 to VDD.

1.1.3 Differential Amplifier with Active Load:

Here the circuit is designed by using different load using
active components and they can be like diode-connected or
current source loads. The diode connected load has an
advantage of overcoming the problem of lowering the
voltage swing and effect on gain due to common mode.

In this circuit we use PMOS transistors as load by selecting
proper dimensions and proper bias current. To achieve high
gain, the aspect ratio W/L of PMOS must decrease, and Vs-
Vru of PMOS must be increased to compensate the common
mode level at X and Y nodes.

Fig3: Differential amplifier with active load

In this circuit we replace the resistors by active devices
(NMOS) M3 and M4 and driven by external source to be in
saturation. The external bias affects the trans conductance of
M1 and M2, so to avoid this effect the tail current by I is set
properly. If Vin1=Vin2=Vin,CM then Ip;=Ip;=0 so, both M1
and M2 are OFF and at the same time M3 will be in triode
region, hence there will be no amplification and leads to
Vout1=Vour2=Vpp.

If Vincm is increased positively then M1 and M2 will be ON
only if Vincm 2 Vru, Further Ip; and Ipz proceed to increment
and Vp additionally rises. One might say, M1 and M2
constitute a source follower, driving Vp to tract Vi, cm for an
adequately high Vincum, the Vps of M3 surpasses Ves3-Vras,
enabling the transistor to work in saturation. Almost there is
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a constant current through M1 and M2. We conclude that for
proper operation, Vi, cm = Vgs1 + (Vgsz — Virus).

If Vincmis further increased then output voltages will remain
constant but at some point M1 and M2 enters into triode
region when Vin, CM > Voutl + VTH = VDD - RDISS/2+VTH.

1.1.4 Differential Amplifier with Active Load
(Current mirror):

Fig 4: Differential Amplifier with Active Current Mirror
Configuration.

In this circuit the external biasing is removed and a
differential pair with current mirror is configured as active
load. The main purpose of this configuration is it converts a
fully differential input to single-ended output. Here the
transistors T3 and T4 are similar to each other. The
transistor T3 is used to enhance the gain, for example if V¢s
at T1is increased by alittle amount, the Ip; increases by Alp;
and Ip; decreases by Alps.

Similarly Ip3 and Ips and also increases by Al, thereby
increasing the output voltage and leads to high gain. This is
done due to the reduced drain current of T2 and increased
drain current of T4. The T4 and T2 are paired such that T4
helps T2 for a change in output voltage.

1.2 Simulation Results:

The frequency response of the basic differential amplifier
and other circuits are presented. The magnitude and phase
response are shown, and single side output voltage gain is
measured.

The design was implemented using cadence EDA tool,
180nm technology. A detailed analysis like DC, transient and
AC analysis are done and a comparison is made for all the
circuits.

Fig 5: Basic Differential amplifier Circuit with passive load.

Virtuose (R) Visualization & Analysis XL —mx

cadence

x
b

Lo
& i
3

BRSO e k0
"

Fig 7: Magnitude and Phase response of basic differential
amplifier with passive load.
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Fig 8: Differential Amplifier with Current Source.

Fig 9: AC response of the Differential Amplifier with Current Fig 12: Differential Amplifier with Diode Connected
Source. topology.
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Fig 13: AC response of the Differential Amplifier in Diode

Fig 10: Differential Amplifier with Active (MOS) Load. Connected Topology.
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Table 1 show the results which are obtained by simulating
the circuits using virtuoso 6.1.

Table-1: Design specifications

Specifications Proposed Value
Technology 180nm

Supply Voltage 1.8V

Gain =30Db

Gain band width 240MHz

Phase margin 45°

Output swing 0.9v

Power dissipation <2mw

The comparison between all the different topologies is given
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1.3 CONCUSION:
In this paper, the different topologies of differential
amplifiers have been designed and analyzed in terms of gain,
gain bandwidth product, and CMRR. The designs are
operated at 1.8 V using 0.18pum technologies.
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