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Abstract: The Operational Transconductance Amplifier is a basic building blocks found in many analog circuits such as data
converter’s (ADC& DAC) and Gm-c filters. The OTA is an amplifier whose differential input voltage produces an output current .Thus ,it is
a voltage controlled current source(VCCS) whereas the Op-amp are voltage controlled voltage source(VCVS). There is usually an additional
input for a current to control the amplifier’s transconductance. The paper represents the different topology of CMOS OTA is described and

at last comparison between different configuration is given.
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1. Introduction

Today’s competitive , manufactures and developers are
searching ways to build high performance devices that are
smaller in size , operate at low power and lighter in weight.
Low static power consumption ,full rail dynamic range,
characteristics as well as it is ease of scaling creates the perfect
combination for the high performance integrated circuit (IC).
The Operational Transconductance Amplifier (OTA) is the
block with the highest power consumption in analog integrated
circuits in many applications. Low power consumption is
becoming more important in handset devices, so it is a
challenge to design a low power OTA. There is a trade-off
between speed , power, and gain for an OTA design because
usually these parameters are contradicting parameters. There
are four kind of OTA : two stage OTA, Folded- cascode OTAs,
and Telescopic OTAs. The Telescopic amplifier consume the
least power compared with the other two amplifier s, so it is
widely used in low power consumption applications. It has also
high speed compare to other two topologies [1][2][8].

2. OTA concept

An operational transconductance amplifier is a voltage input,
current output amplifier. The input voltage Vin and

the output current lo are related to each other by a constant of
proportionality and the constant of proportionality is
transconductance “gm” of amplifier. In the ideal OTA , the
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output current is a linear function of the differential input
voltage , calculated as follows:

Im.'lt = ':viu+ - vil:l—)' Bm (1)
Where Vin+ is the voltage at the non- inverting input, Vin- is

the voltage at the inverting input and gm is the
transconductance of amplifier.
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Figure 1: OTA symbol
The amplifier’s output voltage is the product of its output
current and its load resistance.

th = Iout . Rload (2)
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The voltage gain is then the output voltage divided by the
differential input voltage .
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The transconductance of the amplifier is usually controlled by
an input current , denoted I, (amplifier bias current) . The
amplifier’s transconductance is directly proportional to this
current. This is the feature that makes its useful for electronic

control of amplifier gain.

3. Different OTA topology

There are six type of OTA topologies . Each topology has its
own advantage and disadvantage.

3.1. Single stage OTA

Single stage OTA is as shown in fig 2. This single stage OTA
is less complex compare to other type of OTA topology.
Because of its less complex property its speed is higher
compare to other topology.
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Figure 2: Single stage OTA

The drawback of this type of OTA is lower gain due to the fact
that output impedance of this type configuration is relatively
low. However this low impedance also leads to high unity gain
bandwidth and high speed [3].

3.2. Two stage OTA

The drawback of having limited gain of the single stage OTA is
overcome by two stage OTA . In this type of configuration two
stages are used. One of them provides high gain followed by
second stage which provides high voltage swing. This
modification increases the gain up to some certain extent
compared to single stage OTA. But this addition of extra stage
also increase complexity. And the increased complexity will

reduce the speed in to a

amplifier[3][4].
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Figure 3: Two stage OTA

Advantage :
1.1t has high output voltage swing.
2.1t has higher gain compare to single stage OTA.

Disadvantage:

1.1t has a compromised frequency response.

2.This topology has high power consumption because of two
stage in its design.

3. It has a poor negative power supply rejection at higher
frequencies.

3.3 Telescopic cascode OTA

The telescopic cascode OTA configuration is as shown in fig 4,
single stage OTA have low gain due to fact that it has low
output impedance, one way of increasing the impedance is to
add some transistors at the output is to add some transistors at
the output including using an active load. Transistors are
stacked on top of each other. The transistors are called
“cascode”, and will increase the output impedance and will
increase the gain [1][2][8].

Advantage :

1. It provides higher speed.

2. It has lower power consumption.
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Figure 4: telescopic OTA

Disadvantage :
1. limited output swing.
2. shorting the input and output is difficult.

3.4 Regulated cascode (Gain Boosting) OTA

In this type of configuration gain is further increased without
decreasing output voltage swing i.e. gain is further increased
without adding more cascode devices. The regulated cascode

OTA is shown in fig 5.
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Figure 5: Gain boosting OTA

The drawback of this configuration is that these extra amplifier
might reduce the speed of the overall amplifier . Hence, they
should be designed to have a large bandwidth so as not to
affect the bandwidth of the entire configuration [5][6].

3.5 Folded cascode OTA

In order to remove the drawback of telescopic OTA i.e. limited
output swing and difficulty in shorting the input and output a
Folded cascode OTA is used . The fig of Folded cascode OTA
is shown in fig 6 [7].

Advantage :

1.This design has corresponding superior frequency response
than two stage operational amplifiers.

2.1t has better high frequency Power Supply Rejection Ratio
(PSRR) The power consumption of this design is
approximately the same as that of the two stage design.

Vss

Figure 6: Folded cascode OTA

Disadvantage :

1.Folded cascode has two extra current legs ,and thus for a
given settling requirement ,they will double the power
dissipation.

2.The Folded cascode stage also has more devices, which
contribute significant input referred thermal noise to the signal.

3.6. Floating Gate OTA

Floating gate MOSFET transistors are widely used in digital
world as EPROM(erasable programmable read only memories)
and EEPROM (electrically erasable programmable read only
memories), but the trend these days is to use them as circuit
elements, as it will be shown in this paper.

Operational Transconductance Amplifier or OTA is a key
functional block used in many analog and mixed- mode
circuits. In point of fact, it is usually more desirable than any
ordinary amplifier because of its high output impedance. The
circuit presented here is a two stage transconductance
amplifier. The scheme uses p-channel floating gate transistors
at the input, M1 and M2 each with two gates. Of course, it is
possible to use a complementary scheme with n-channel input
transistors. As specified by the name , the circuit is the cascade
of two stage: The first is a differential amplifier which consists
of input devices M1, M2 and current mirror M3,M4 which is
acting an active load. The second stage is a conventional
inverter with M5 as drives and M6 as active load. See fig 7
[91[10].

Advantage :

1.This design reduced power consumption.

2. need low power supply

3.high output Impedance

4.low leakage current.
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Figure 7: The circuit of two stage OTA using FG-MOSFETS

Disadvantage:

Floating gate MOS has certain limitations like isolated Floating
gate , which may accumulated static charge ,give low frequency
response and need large chip area.

4. Comparison
topology

The table presents a comparison of basic Op-amp parameters
for different configurations above [8][9].

in different type of OTA

Table 1. Comparison

Topology Gain Speed Power
consumption

Two stage High Low Medium

Telescopic Medium Highest Low

cascode

Gain boosted | High Medium Highest

Folded Medium High Medium

cascode

Floating gate | High High Lowest

5.Conclusion

In this paper basic concept of OTA is described. Different
topology of OTA is also described along with its advantage and
disadvantage .Comparison of this topology is also described.
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