Futuristic Trends in Network & Communication Teclogies
ISBN: 978-81-959356-1-1
IIP Proceedings, Volume 2, Book 19, Part 2, Chapter
OVERVIEW OF OPERATIONAL TRANSCONDUCTANCE AMPLIFIEROTA)

OVERVIEW OF OPERATIONAL
TRANSCONDUCTANCE AMPLIFIER (OTA)

Abstract Author

An essential component 0oShadab Ahmad
electronic systems is the operation@h.D Scholar
transconductance amplifier (OTA). AElectronics and Communication Engineering
transconductor's job is to turn an inpwlaharishi University of Information
voltage into an output current. Th&echnology
transconductance amplifier can be set upltacknow, India
either amplify or combine currents or
voltages. An OTA can be used in many
electronic systems, such as oscillators,
filters, and analog to digital converters, due
to its versatility. An operational amplifier
also uses an OTA as its core amplifier.

Numerous analog systems are dependent
on the OTA. In linear applications, OTAs
are also more frequently utilized in open-
loop configurations devoid of negative
feedback. This is because the high
resistance at the output, which controls the
voltage at the output and can be
specifically set to prevent the OTA from
reaching saturation even at relatively high
differential input voltages, prevents the
OTA from reaching saturation.

The differential input voltage is
multiplied by the transconductance of an
ideal OTA to yield the output current. An
ideal OTA's output voltage is a function of
the load resistance and the output current.
As a result, the transconductance of the
OTA and the load resistance create the
voltage gain at the output. An amplifier
bias current that is used to regulate the
transconductance is directly proportional to
the transconductance.

Keywords. Transconductance,

configurations, bandwidth, operational
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. INTRODUCTION

Generally, a simple operational amplifier ICs giga output voltage which is
proportional to the difference of the two voltages applied to itsinput terminals, called as
voltage differential amplifier (VDA)

Vo X (Vin+ - Vin—)

Other than that two more types of-amps that are common in usage; one of the
a type of that provides autput voltage which isproportional to the difference of the two
currentsapplied to itsinput terminals, called as current differential amplifier (CD#

Vo X (lin+ - lin—)

And another type of amp is called as operational transconductance &enp
(OTA), which perform as a variable in and voltage controlled current source (VCt
amplifier which means that it provides output current which is proportional to the
difference of the two voltages applied to its input terminals, called as an operation
transconductance amplifier (OT,

Io x (Vin+ - Vin—)
Where;(Vin+ — Vip-) is a differential voltag( V4) of an OpAmp at its inptterminals .

1. Operational Transconductance Amplifier (OTA): Operational transconductan
amplifier converts an input voltage to an outputrent that's why it is called evoltage
controlled current source (VCCS). The OTA can be configured to amplify eit
voltages or currents. The adaptability of an OTAngts its usage in many electror
systems such as audio signals, filters, analoggitaticonverters, oscillators €

OTAs can build by the help Bipolar or CMOS transistor technology. The
Bipolar OTAs are universally used whereas the CMIO3\s arecommonly used in hig
frequency applications but are less commonly useaidio circuits. The most commor
used OTA symbol is VCCS symbol improved with aniaddal bias current porily;,s)
as shown in figure 1 (a). The general symbol of G3Aet ugin circuit schematics ¢
shown in figure.1 (b).

Lvias Lvias

VO V()

| |
= -

(a) OTA Symbol -VCCS (Voltage controlled current source) (b) General OTA Symbol

Figurel: OTA Symbols

Copyright © 2022 Authors Page | 152



Futuristic Trends in Network & Communication Teclogies
ISBN: 978-81-959356-1-1
IIP Proceedings, Volume 2, Book 19, Part 2, Chapter
OVERVIEW OF OPERATIONAL TRANSCONDUCTANCE AMPLIFIEROTA)

What is operational transconductance amplifier (OTA)?:The operational
transconductance amplifier is a voltage to cur@nverter amplifier in which output
current is equals to the gain times of input vata§ometimes, OTA is also called as
voltage controlled current source (VCCS). The deudjcle infigure 2.1 (b) denotes an
output current source which dependents on thedoiasnt that isly; .

There are few main characteristics about OTA, & ha

* Two differential input terminals,
» High input impedance,

¢ High CMRR,

* Bias current terminal,

* High output impedance,

* No fixed open loop voltage gain.

The gain of an OTA is known dsansconductance. The transconductance of
electronic devices is specified by the ratio of theput current to the input voltage or
differential voltage.

Io
Im = 7 (2.1)

Vin
Where,g,, is atransconductance, V;,, is thedifferential input voltage (Vi,,+ — Vin-)

In OTA, the transconductance dependents on theevala constark times the
bias current( I,;4s) and the value oK depends on the internal circuit of OTA and
temperature.

Im = K * Ipigs (2.2

Fromequation 2.1, Iy = gm* Vin

Iy = K * Iyjgs * Vip
(2.3)

So, we can see by theguation (2.3), I, equals to th& timesi,;,; and V;,,, so the
output current is dependent on the valud,gf; and the value of input voltage. So we
can say thathe output current is controlled by the bias current and the input
voltage.

2. Symbol and operation of OTA: The practical symbol of operational transconduatanc
amplifier (OTA) shown irfigure 3.1, here you can see an Op-Amp has input terminal and
output terminal with biased termind}, ;).

Ibias
bias current

Input Op-Amp Output

Figure 2: Thebasic Symbol of OTA
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In general the symbolic representation of OTA isvehi in fig. 3.2 (a).

The ideal small signal model of OTA is shown in.f§2 (b), here the input
impedance(R;) and output impedancg®,) are assumed as infinite because of ideal

case.

Generally, we know that the transconductangg,) of OTA is directly
proportional to the amplifier bias currgfit;,s) from equation (2.2) that is;

8m = K* Ipjas (3.1)
Where K is the proportionality constant and it dependshentemperature.
Vio——— —blo—o
T | @ guve-vy)
o )
(a) OTA Symbol (b) Ideal Sma‘;?;lal Model of OTA
Figure3: Thebasic OTA models
For Ideal small signal OTAs model fof). 3.2 (b), the output currentl,) is given by;
Iy = gm(Vz — V1) (3.2

Where; [, = Output current
gm = Transconductance gain
V,= Non inverting input voltage
V1 = Inverting input voltage

3. Basiccircuit and principleof OTA: This basic circuit of OTA, the input voltag#;,) is
connected to the inverting terminal of OpAmp widsistanceR; and non-inverting
terminal grounded witlR,. The double circles represent the bias currentceauy;,s)
with biasing resistancéR;;,s) and this bias current flowing through the biasstasce.
At output terminal thé, andR, are the load current and load resistance resjgdgcti

V+

Output

£

Figure4: Thebasic circuit of operational transconductance amplifier (OTA)
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The output currenfl, or I,) is depends on the value of bias current and thes\at
input voltage(V;,).

From equation (2.3): I, = K * Ipjgs * Vi 4.2)
So, how do we fix the value of bias current? heeehave two options:

» Variable Register: A variable Resistor can usexahie value ofiy; ;.
» Reference Voltage: We can use a separate refeveitage to fix the value af,;,;.

V+

Variable
Resistor

R
I/in O__’VW_

R
Rz%

(a) By using variable resistor

%F
|

V+ V,_ef

R1
Vin O—VWWN—
Input

5

(b) By using reference voltage

Figure5: Tofix the bias Current
We can use a variable resistor in the plac®,f; resister to fix the value of bias
current by varying the value of variable resistorwe can use a separate reference
voltage or voltage source to fix the value of wagent by changing the value g1 .

4. Basic classification of OTA: If we discuss about the characteristics of an idgalAmp
and ideal OTA both are similar, except output ingesk; the OTA has very high output
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impedance. Due to high output impedance, the owigmal of OTA define in terms of
current, which is proportional to the differentiaput voltagegV,).

I, x V,
\Where, V; = (Vi — Vin—) = differential voltage

The OTA is best defined in terms of ttensconductance gain (g,,) rather than
the voltage gain (Ay) . The transconductanagy,,) of OTA can be linearly controlled
through bias-control currergf,) or voltage(V},,).OTAs are also available in chip forms.
So, the monolithic OTAs can be classified as foow

* Bipolar OTAs
» MOS OTAs

* Bipolar OTAs: The bipolar OTAs are usually available as typidaps from various
IC manufacturing companies. They obtained as sideléce, as dual OTA on a chip
and as triple OTA on a chip. Bipolar OTAs are asailable in Enhanced
performance OTAs, with on chip buffers and lineiagzdiodes.

A simple bipolar differential pair OTA as shown figure which converts the
difference of input voltage to the curreig,and Iz_).

} o

IB+

s —
j—. Vin+

Figure 6: Bipolar Differential pair OTA

For bipolar OTAs, the transconductar{gg,) is given by;

Ig
Im = 2y

Where I; = base current and, = thermal equivalent voltage of transistor in kelvi

e MOSor CMOSOTA: Most commonly used amplifier is CMOS-OTA. The CMOS-
OTA is a voltage-controlled device. The operatidrahsconductance amplifier
(OTA) has a large numbers of applications in analegtronic circuits. It can be
designed by using complementary metal oxide serdiectior (CMOS) technology.
However, CMOS based technology scales down todaheimeter range.

Copyright © 2022 Authors Page $15



Futuristic Trends in Network & Communication Teclogies

ISBN: 978-81-959356-1-1
IIP Proceedings, Volume 2, Book 19, Part 2, Chapter

OVERVIEW OF OPERATIONAL TRANSCONDUCTANCE AMPLIFIEROTA)

One of the finest advantage of CMOS-OTA is the gcamductancég,,) of
CMOS-OTA is adjustable by the control-voltgyg). The circuit of a CMOS-OTA is

shown infig. 5.2.

Voo
Ve D—I V- M
¢11
tl—
I M=
Von o —» lo
I M= CL
.
v Iz d
-V D—II‘_ M a2

V.S’ 5

Figure7: Singleinpu

t single output CMOS-OTA

Circuit diagram of single input single output CM@8-A is presented in
figure 7 Single inpu¥;, is given and output currefy is obtained.

Output current:

Gain: Im =

Iy = 9m Vin

2K (Ve — Vi) (5.2)

Where,V,,, is threshold voltage of n-channel MOS.One thingenge have to
be noted that, from above equation 5.2, ghedepends ofi;, so theg,, is adjustable
by the control voltagd/;, therefore, a MOS-OTA is ultimately a voltage-gotied
device. Such type of OTA has wide ranging of etwutr tunability with control

voltage(V;).

Characteristicsof OTA: As we know t

hat the characteristics of ideal Op-Asmpilarly

the important characteristics of an ideal OTA sumnea as follows:

Infinite input impedance;
Infinite output impedance;
Infinite bandwidth;
Perfect balance;
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R; = x
R, = oo
W= ©
I, =0; when;V, = V,

Finite transconductandg,,,) and controllable by the amplifier bias currépt,.
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6. Application of OTA: The main applications of transconductance ampliftas used in
amplitude modulation in the communication system.@TA can be used as a voltage
controlled amplifier (VCA), voltage controlled #t (VCF), or voltage controlled
oscillator (VCO). The total current consumption ©TA is simply the twice of the

Iias CUrrent (which is less than 0.1pA), that's why @peag the device can be used in
micro power applications.
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