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ABSTRACT:Anoperational transconductunce amplifier (OTA)is voltage controlled current source. The operational 

transconductance are used in analog circuits and systems which were implemented by operational amplifier 

previously.Present time is about development of VLSI technology and everything is related to size of transistor and 

decreasing power supply in a circuit. Operational transconductance amplifier is mostly used for analog circuitry for 

example instrumentation amplifier, converters and filters. This paper represents design concept and review on different 

types of OTA such as single input single output OTA, differential input single output OTA, differential input 

differential output OTA and differential input balanced output OTA. Here also reviewed two types of techniques. 
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I.INTRODUCTION 

Recently Operational transconductance amplifier (OTA) has been widely use in filter design and electronic circuits. 
Operational transconductance amplifiers (OTA) have been one of the most important building blocks in analogandmix-
mode circuits, such as transconductance-C filter(Gm-Cfilter), variable gain amplifiers (VGAs),voltage-
controlledoscillators (VCOs) and data converters

[1]
. The main concept isto produce an output current which is 

proportional tothedifferential input voltage. In recent few years the designofintegrated circuits has gone in the direction 
of lowsupplyvoltage and low power consumption, such asportableapplications that their power is given even by a 
singlecellbattery. For this reason, many OTAs should be designedforlow supply voltage and low power consumption 
with properlinearity and noiseperformance. 

 
 

Fig. 1 Evolution of OTA(Operational transconductance amplifier)
[2]
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The bipolar OTA was commercially introduced in 1969. CMOS OTA has become vital component in number of 

electronic circuits both in open loop and close loop applications. The continues time filters with OTA and capacitors 

are known as Gm-C or OTA-C are very popular as application of OTA. 

II.TYPES OF OTA 

There are four different types of Operational Transconductance Amplifier based on its input and output. 

1. Single input Single output OTA 

2. Differential input single Output OTA 

3. Differential input differential Output OTA 

4. Differential input balanced Output OTA 

 

Fig. 2 Single input single output OTA
[2]

 

 

Circuit diagram of single input single output OTA is presented in figure 2. Single input Vin is given and output current 

Iout is obtained.  

Output current 𝐼𝑜𝑢𝑡 = 𝐺𝑚𝑉𝑖𝑛  

Gain 𝐺𝑚 = 2𝐾𝑒𝑞  𝑉𝑐 − 𝑉𝑇𝑒𝑞   

 
Fig. 3 Differential input single output OTA

[2] 
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Figure 3 represents Differential input single output OTA. As shown in figure two inputs V1 and V2 are given and 

single output Iout is obtained. 

𝐼𝑜𝑢𝑡 = 𝐺𝑚 (𝑉1 − 𝑉2) 

𝐼𝑜𝑢𝑡 = 𝐼1 −  𝐼2 =  𝐼𝑠𝑠  𝐾 𝑉𝑖𝑑 ( 1 −
𝑉𝑖𝑑

2

4𝐼𝑠𝑠
𝐾 

) 

 

Fig. 4 Differential input differential output OTA
[2] 

Figure 4 represents circuit diagram of Differential input differential output OTA. It means two inputs and two outputs. 

Here two different inputs are given and based on the inputs V1and V2, we will gain two different outputs Iout1 and Iout2. 

𝐼𝑜𝑢𝑡 1 − 𝐼𝑜𝑢𝑡 2 = 𝐼𝑏 − 𝐼𝑎 =  𝐼2 + 𝐼4 − (𝐼1 + 𝐼3) 

𝐼𝑜𝑢𝑡 1 − 𝐼𝑜𝑢𝑡 2 = 𝐾(𝑉𝑏 − 𝑉𝑎)(𝑉1 − 𝑉2) 

𝐼𝑜𝑢𝑡1 − 𝐼𝑜𝑢𝑡2 = 𝐺𝑚  𝑉1 − 𝑉2  
𝐺𝑚 = 𝐾(𝑉𝑏 − 𝑉𝑎) 

 

Fig. 5 Differential input balanced output OTA
[2] 

Circuit diagram of simple Differential input balanced output OTA is presented in figure 5. It is same as the differential 

inout differential output OTA. The only difference is, in single input balanced output OTA, the output currents are 
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same in magnitude but different is direction i.e. Iout1 = -Iout2. Which are different in magnitude in differential input 

differential output OTA. 

𝐼𝑜𝑢𝑡 1 = −𝐼𝑜𝑢𝑡 2 = 𝐼𝑏 − 𝐼𝑎 =  𝐼2 + 𝐼4 − (𝐼1 + 𝐼3) 

𝐼𝑜𝑢𝑡 1 =  −𝐼𝑜𝑢𝑡 2 = 𝐾(𝑉𝑏 − 𝑉𝑎)(𝑉1 − 𝑉2) 

𝐼𝑜𝑢𝑡1 = −𝐼𝑜𝑢𝑡2 = 𝐺𝑚 (𝑉1 − 𝑉2) 

𝐺𝑚 = 𝐾(𝑉𝑏 − 𝑉𝑎) 

 

III TECHNICS OF OTA  

There are two types of techniques of OTA. 

1. Gate driven OTA 

 In MOS there are total four terminals Gate, Drain, Source and Bulk. In Gate driven technique input is given to 

gate terminal of MOS and the bulk terminal is fixed to a specific bias voltage. 

2. Bulk driven OTA 

In bulk driven technique, the input is given to bulk terminal and the gate terminal is fixed to a specific voltage. 

 

IV. LITERATURE REVIEW  

 

Shahabi, Mehdi[1] in their research paper on low power high CMRR OTA, have proposed a gate driven CMOS OTA 

using CMFF (common mode feedforward technique). This design is carried out in 0.18µm technology. 

 

Common Mode Rejection Ratio 110 db 

Gain 46 db 

Phase margin 85° 

Bandwidth 14 MHz 

Capacitive Load 2pf 

Power consumption 28µW 

Supply Voltage 1.2 V 

 

Table 1. Different parameters of proposed OTA[1] 

 

In this paper input voltage range is not considered since this design use gate driven technology, maximum possible 

input range is VDD- 2VDSAT. 

 

Lee, Dong-Soo, Ali Dadashi, and Kang-Yoon Lee [3] in their research paper have proposed high DC gain Modified 

CMOS OTA.This paper represents design of Gate driven CMOS OTA in 0.35µm Technology. In this paper, 

conventional triple folded cascade structure is presented.In this paper enhancement in gain without affecting phase 

margin, bandwidth and output voltage is achieved.It provides high linearity of the output in larger output swing. 

 

Supply Voltage 3.3 v 

Gain 87db 

Phase margin 70° 

Bandwidth 485 MHz 

Output Voltage Swing Vdd – 6Vsat 

Power consumption 8 mv 

 

        Table 2. Different parameters of proposed OTA[3] 
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In this paper as input power supply is 3.3v, this OTA cannot be used for low power application. The power 

consumption is 8 mv which is high compare to bulk driven OTA. Unity gain bandwidth is good. The gain of this OTA 

is 87db which is good compare to bulk driven OTA. Phase margin is good. In this paper PVT (Process-Voltage-

Temperature) analysis is carried out. Output voltage swing is Vdd – 6Vsat, which is not good. 

 

Yodtean, Apiradee[4] in their research paper have proposed Bulk driven OTA having high gain. This OTA is designed 

in 0.18µm Technology.In this paper the trans-conductance is tuned electronically. Symmetric structure is used. Using 

this OTA, Gm-C Biquard filter application is tasted. 

 

Supply Voltage 0.8 v 

Gain 76db 

Phase margin 86° 

Bandwidth 423 KHz 

CMRR 148 db 

Power consumption 4.58 µw 

Area 0.4 mm2 

 

         Table 3. Different parameters of proposed OTA[4] 

 

The input voltage range is very low so this OTA can be used in low supply voltage applications. Power consumption is 

also very low. The gain is high compare to other bulk drive OTA and low compare to gate driven OTA. 

 

Abdelfattah, Omar, et al have presented 0.35 v Bulk driven self biased OTA with rail to rail iput range in 65 nm 

technology. In this paper common mode feed forward circuit is used. 

 

Supply Voltage 0.35 v 

Gain 46 db 

Phase margin 56° 

Bandwidth 3.6 MHz 

CMRR 17 µW 

        Table 4. Different parameters of proposed OTA[5] 

 

In this OTA there are no limitations due to threshold voltage because using bulk driven technology input power supply 

range is reduced. Power consumption is reduced using self-biased circuit.Gain and phase margin is reduced which is 

not good for OTA. Bandwidth is improved in this OTA. 

 

V. SIMULATION 

 

Sabat, Samrat L., Shravan K. Kumar have presented Differential evolution and swarm intelligence techniques for 

analog circuit synthesis. This OTA is presented in 130 nm technology using gate driven technology. The proposed 

OTA is differential input differential output OTA. 

Below are the simulated results of the same OTA. 
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Fig. 6 Gain = 69db 

Figure 6 shows output voltage verses frequency which represents gain in db. In this OTA gain obtained is 69db which 

is high compare to bulk driven OTA. 

 

 
Fig. 7 Phase Margin = 64º 

 

As per above Figure 7, which shows graph of output current with respect to input voltage measured in degree. Here 

obtained phase margin is 64º which is good. 

 

 
 

Fig.8 Bandwidth = 29 MHz 

 

Figure 8 represents graph of Unity gain bandwidth. Which is product of bandwidth and gain of OTA. In this OTA, 29 

MHz bandwidth is obtained which is high. 
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Fig. 9 ICMR = -0.5 To 0.5 = 1 V 

The graph of Input voltage versus output voltage is represented in figure 9 which is called as input common mode 

rejection ratio(ICMR).As shown in fig. obtained ICMR is -0.5 to 0.5 v which is not rail to rail as the OTA is gate 

driven OTA. 

VI.CONCLUSION 

This paper describes types of OTA and different techniques for implementation of OTA. Literature survey is carried 

out on OTA design technique and about its applications. Bulk driven technique is quite useful to deal with low power 

and low voltage application
[4][5][9][11]

. Using bulk driven technology, the threshold voltage of MOSFET can be reduced 

or even removed from signal path
[4][5][9][11]

. Bulk driven technology does not suggest any change in existing 

technology
[4][5][9][11]

. This technique reduces the threshold voltage
[4][5][9][11]

, thus low voltage and low power design is 

possible. Drawback of bulk driven technique is this technique provides relatively small DC gain
[1]-[12]

 and requires 

complex calculations. 
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