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Abstract: This paper presents a two stage operational transconductance amplifier realized using floating gate MOSFETs in differential 

inputs. A configuration of two stage operational transconductance amplifier using floating gate MOSFET for low power and low voltage 

applications is presented. Here we design a two stage operational transconductance amplifier using floating gate MOSFET in HSPICE 

180nm CMOS technology with the entire transistor in the saturation region. The simulated output transient response and frequency 

response is shown for a supply voltage of 1V using Cosmos Scope in HSPICE. DC gain is 60dB, settling time 550ns and power consumption 

3.06pW. 
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1. Introduction 

Operational amplifier is an integral part of many analog and 

mixed mode signal systems. OPAMs with vastly different 

levels of complexity are used to comprehend functions 

ranging from dc bias generation to high-speed amplification 

or filtering [1].Using OPAMs greatly simplifies design 

analysis and implementation for analog applications. 

OPAMPs work well for low frequency applications, such as 

audio and video systems. For higher frequencies, however 

OPAMP design become difficult due to their frequency limit. 

For high frequencies, operational transconductance amplifier 

(OTA) is deemed to be promising to replace OPAMPs as the 

building blocks. Operational transconductance amplifier is 

one of the most important building blocks in analog IC 

design. OTA is an amplifier whose differential input voltage 

produces an output current. Thus, it is voltage controlled 

current source [9]. A wide variety of analog signal systems 

have performance that is limited by settling time behavior of 

CMOS OTA. The settling time behavior of CMOS OTAs 

determine the accuracy and speed that can be reduced [11]. 

However, the threshold voltage is not reduced proportionally 

with the supply voltage. Thus, the threshold voltage is 

becoming moderation for many analog circuits. Some unique 

technique are used to prevail over the size of the threshold 

voltage , e.g. floating gate transistors, bulk-driven transistors 

continuous time filter and low threshold transistors [12]. 

It is preferred to implement low voltage circuits using a 

floating gate transistor. Floating gate MOSFET are used in 

spite of of MOSFET in differential input of operational 

transconductance amplifier. The desire for portability of 

electronics equipment generated a need for low power system 

in battery-operated products, So the need of circuit that 

dissipate low power is arising significantly because low 

power consumption is essential in these applications to have 

reasonable battery life and weight. Average power, Pavg , 

consumed by these circuits consists of the sum of two 

components, static and dynamic power [4]: 

 

            (1)  

Where  

         power supply voltage  

  sub- threshold leakage current of MOSFET 

transistor 

C              total capacitance of system  

 f              frequency at which a circuit operates 

 

Since Ileakage is exponentially dependent upon the threshold 

voltage of transistor VT, the obvious way to achieve low 

power dissipation would be to operate them at low supply 

voltages, i.e to reduce power supply voltage, VDD. The 

simulation results have been obtained by 180nm CMOS 

technology. Simulation results are verified using Cosmos 

Scope.     

2. OTA Concept 

Operational transconductance Amplifier (OTA) a monolithic 

direct coupled, differential voltage controlled current source 

(DVCCS). Feedback is added to control its overall 

performance, when operated into a suitable load with 

provision for feedback, these amplifiers are very well suited 

for a wide variety of applications. An ideal operational 

transconductance amplifier (OTA) is a voltage- controlled 

current source with a constant transconductance and infinite 
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input/ output impedances. It can be characterized by the 

following expressions, 

      =                                               (2) 

     = =                                         (3) 

Where  and  in equation (2) denote the input voltage and 

the output current respectively, and  is the 

transconductance with a constant value ideally.  and  in 

equation (3) represent the input and output impedance 

respectively.     

 

        (a)                                 (b)                                (c) 

 

 Figure 1: Three types of OTAs (a) single input/output (b) 

differential-input single-output (c) differential input/output 

[15] 

 

Depending on the input and output configurations, OTAs can 

be categorized into three types: single input/output, 

differential-input single-output and differential input/output 

(fully differential) as shown in fig.1. 

 

=                                             (4) 

                               (5) 

)               (6) 
 

In these three types of OTAs, the transconductance 

 .The single 

input/output transconductance shown in figure 1(a) is 

simplicity of this type of OTA makes it motivating for high 

frequency performance, while most of the works preferred 

the differential configurations in figure 1(b) and figure 1(c) 

due to their common mode rejection and their flexibility to 

engage feedback configurations [13][14].In this paper 

differential-input single-output OTA is used. It contain a 

source – coupled differential- pair input stage, which can 

provide high input impedance, high gain and high common-

mode rejection [16]. 

3. Block Diagram Of Two Stage CMOS OTA  

The circuit presented here is a two stage conventional CMOS 

differential transconductance amplifier is often desired as the 

first stage in an OTA due to its differential input to single- 

ended output conversion and its high gain. The differential 

pair in input is formed by P- channel MOSFET M1 and M2 as 

shown in figure 2. The use of PMOS input devices also 

provides reduced power supply and low sensitivity to change 

in power supply voltage. This first stage of OTA had the 

current mirror circuit formed by an N- channel MOSFETs, 

M3 and M4.The transistor M7 serves as an P-channel common 

source amplifier which is second stage of OTA [6][7]. 

 

 
                          Figure 2: Two stage CMOS OTA [5] 

 

Table1. Gate Dimensions of a Two Stage CMOS OTA 

 

Device Type Gate 

length 

( ) 

Channel 

width  

M1,M2 PMOS 0.18 10 

M3,M4 NMOS 0.18 10 

M5 NMOS 0.18 10 

M6 PMOS 0.18 40 

M7 PMOS 0.18 20 

M8 PMOS 0.18 20 

4.Floating Gate MOSFETS  

The floating-gate MOSFET (FGMOS) is field-effect 

transistor, whose construction is like to a conventional 

MOSFET. The gate of FGMOS is electrically inaccessible, 

generate a floating node in DC, and a number of secondary 

gates or inputs are deposited above the floating gate (FG) and 

are electrically inaccessible from it. These inputs are only 

capacitive connected to the FG. Since the FG is entirely 

bounded by high resistive material SiO2. Because of the very 

good insulation properties of SiO2, the charge on floating 

gate leaks away very slow, so that it always unchanged for 

long periods of time. As the SiO2 layer is very thin, electrons 

travels through this SiO2 layer to the floating gate, give the 

floating gate electrode an electrical charge. Hence the 

threshold voltage of the floating gate transistor is increased. 

When the floating gate transistor is bathed in UV light for 

some time, the charge on floating gate will disappear 

[17][18]. 

Two input floating gate MOSFET shown in figure 3, is a 

standard CMOS field effect transistor with only capacitive 

connections to the gate. Floating-gate MOSFET transistors 

are generally used in digital world as EPROMs (Erasable 
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Programmable Read Only Memories) and EEPROMs 

(Electrically Erasable Programmable Read Only Memories), 

that was the case for decades, but the trend these days is to 

use them as circuit elements, as it will be shown in this paper 

[4]. 

 
(a) Schematic symbol 

  

 
(b) Equivalent circuit                    

         

Figure 3: Two-input floating-gate MOSFET 

 

Two-input floating-gate MOSFET are used in operational 

transconductance amplifier in differential inputs as shown in 

fig.3. FG transistors had only been used in digital electronics 

EEPROM devices and despite the important role FG-

MOSFET devices used in analog circuits. The main reason 

for this is the uncertain amount charge (QFG) that might stay 

trapped at the floating gate during the fabrication process 

causing variations of the threshold voltage. Floating gate 

MOSFET are useful because of their ability to store an 

electrical charge for extended periods of time without a 

connection to a power supply. Because of the very good 

insulation property of SiO2 the charge on the floating gate 

leaks away very slowly. Reported solutions to remove QFG , 

floating gate transistor is bathed in ultraviolet (UV) light of 

correct wavelength for some time, hot electron injection, 

Fowler-Nordheim (FG) tunneling and forcing an initial 

condition with a switch [8]. 

The floating gate voltage is given by [4] : 

      (7) 

Where  is voltage of the  control gate and  is the 

total capacitance which is given by [4]: 

                        (8) 

 

Where   

       capacitances from gate to drain,   

source, and bulk respectively. 

VD, VS, VB                     drain, source, and bulk voltages  

                                      capacitance coupling between 

each input gate and the floating gate 

                                     voltage applied at input gates  

 

5.Operational Transconductance Amplifier 

Based On FG-MOSFETS 
Operational transconductance amplifier (OTA) is a basic 

block used in many analog and mixed- mode circuits.  The 

OTA is similar to standard operational amplifier in that it has 

high output impedance. The circuit presented here is a two 

stage transconductance amplifier. The p-channel floating-

gate transistors use at the differential input, M1 and M2 each 

with two input floating gate. In differential pair formed by 

floating gate MOSFET M1 and M2, one of the control inputs 

of each device is used for biasing and other input for signal 

processing purpose. It can be to use a complementary scheme 

with n-channel input transistors. The circuit is cascade of two 

stage: the first stage is a differential amplifier which consists 

of input devices M1, M2 and the current mirror M3, M4 which 

is acting as an active load, the second stage is a conventional 

inverter with M5 as a driver and M6 as an active load. The 

current of M1 is mirrored by M3, M4 and subtracted from the 

current comes from the drain of M2,then the signal 

contributions of the two currents multiplied by the output 

resistance of the first stage give the single-ended first stage 

output voltage. This consequential signal constitutes the input 

of the second gain stage. It is important that all transistors 

must still be working in the saturation region. Compensation 

capacitor Cc takes care of compensation requirements since it 

connects gain stage’s output of the OTA with its 

input[9][10]. 

 

 
Figure 4: Circuit of two- stage OTA using FG-MOSFETs 

[4] 

 



DOI: 10.18535/ijecs/v4i10.17 

 

Vijeta, IJECS Volume 04 Issue 10 October, 2015 Page No.14643-14648                                                                         Page 14646 

The performance of the circuit is summarized in Table 2. The 

values of the input capacitances for the circuit, compensation, 

bias voltages, and resistance used are collected in Table 3. 

 

Table 2.Gate Dimensions of Floating Gate OTA 

Device Type Gate 

length 

( ) 

Channel 

width  

M1,M2 PMOS 0.18 10 

M3,M4 NMOS 0.5 10 

M5 NMOS 0.5 10 

M6 PMOS 0.3 40 

M7 PMOS 0.3 20 

M8 PMOS 0.3 20 

 

Table 3. Measurement Conditions of Two Stage FG 

OTA Circuit 

Parameter Value 

Cb1,Cb2 0.5pF 

C1,C2 0.3pF 

Cc 5 pF 

Vb 0.5V 

 

6. Simulation Results And Performance 

Analysis 
Simulation results by HSPICE simulation in Cosmos Scope, 

where we summarize the results in table 4. Simulation results 

frequency response and transient response are shown in fig.5 

and fig.6, the results shows that DC gain increase and settling 

time increase in OTA based on FG-MOSFETs. 

 
Fig.5(a). Frequency response for two stage OTA 

 

 
Fig.5(b). Transient response for two stage OTA 

Fig. 5(a) and 5(b) shows the frequency response (magnitude 

and phase shift) and transient response of two stage CMOS 

OTA. The frequency response of two stage OTA shows the 

DC gain 48.2dB, gain margin is 11.19dB, phase margin is 

78.48  and transient response shows the settling time is 

540ns. 

 
Fig.6(a). Frequency response for two stage  FG OTA 

 

 
Fig.6(b). Transient response for two stage FG OTA 

Fig. 6(a) and 6(b) shows the frequency response (magnitude 

and phase shift) and transient response of two stage CMOS 

FG OTA. The frequency response of two stage OTA shows 

the DC gain 60dB, gain margin is 9.39dB, phase margin is 

39.38  and transient response shows the settling time is 

550ns. 

 

Table 4. Summarized Results of Two Stage OTA and FG-

OTA 

 

Parameters Two stage OTA Two stage FG-

OTA 

Voltage supply 1V 1V 

Voltage gain 48.2dB 60dB 

Gain margin 11.19dB 9.39dB 

Phase margin 78.48  39.98  

Power consumption 20nW 3.06nW 

Settling time 540ns 550ns 

 

7. Conclusion 
 

In this paper, we have described floating gate MOSFET and 

used it to implement an operational transconductance 

amplifier. Floating gate transistors have proven to be 

extremely useful devices in the development of analog 

system. This work describes the development of this model 

and demonstrates its use in various applications. This work 

provides a solid foundation on which to build further 
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enhancements. We can develop a model of hot- electron 

injection in FG transistor based on black body radiation. 

Also, it is likely that new dielectric materials will be used in 

future processes that will allow all transistors, including 

floating gate transistors to operate with low leakage currents 

while still using the thin oxide. The two stage OTA based on 

floating gate has compared with two stage CMOS OTA. In 

this paper two stage OTA and FG OTA is optimized and 

simulation results of the circuit are presented in 180 nm 

CMOS technology using HSPICE. The technique employed 

leads to a significant increase in DC gain and decrease in the 

settling time without extra power consumption. 
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