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Abstract 

his paper presents a low-voltage (LV) (1.0 V) and low-power (LP) (40 µW) inverter based 

operational transconductance amplifier (OTA) using FGMOS (Floating-Gate MOS) transistor 

and its application in Gm-C filters. The OTA was designed in a 0.18 µm CMOS process. The 

simulation results of the proposed OTA demonstrate an open loop gain of 30.2 dB and a unity gain 

frequency of 942 MHz. In this OTA, the relative tuning range of 50 is achieved. To demonstrate the 

use of the proposed OTA in practical circuits, the second-order      filter was designed. The 

designed filter has a good tuning range from 100 kHz to 5.6 MHz which is suitable for the wireless 

specifications of Bluetooth (650 kHz), CDMA2000 (700 kHz) and Wideband CDMA (2.2 MHz). The 

active area occupied by the designed filter on the silicon is             and the maximum power 

consumption of this filter is 160 µW. 

 

Keywords: Low-Voltage and Low-Power (LV/LP), OTA, FGMOS, Gm-C  Filter, Inverter. 

 
1. Introduction 

Operational Transconductance Amplifiers (OTAs) or voltage-to-current converter circuits are 
used to realize many continuous-time circuits and systems. For example, they are largely used in 
realizing of amplifiers, multipliers, Gm-C (or OTA-C) filters and oscillators [1-5]. Continuous-time filters 
implemented with OTAs and capacitors known as Gm-C  or OTA-C  filters are quite popular for a host 
of applications such as hard disk drive, IF filters, linear phase filter, LC-oscillators and RF filters. Many 
structures have been proposed in the literature for implementing the OTA. Using of CMOS inverters 
[6-12] is one of the considered options in these circuits design which does not have any internal node 
and results in large bandwidth. For the first time, Nauta proposed the transconductor based on six 
CMOS inverters in differential configuration [6]. The Nauta's transconductor is a very robust building 
block in the implementation of very high frequency      filters. Tunability of the Nauta's 
transconductor can be achieved only by modifying power supply voltage [6]. Thus, tunable power 
supply voltages are necessary, which is not suitable for low voltage applications. Alternative tuning 
concepts have been reported in the literature. In [7], an improved version of Nauta's OTA is tuned 
with the input common-mode (CM) voltage. In [9] and [10], the Nauta's transconductor is tuned with 
the multiple-input floating-gate transistors (MIFGTs) and double CMOS pair, respectively. In many 
applications, the OTA is the block with highest power consumption. The increasing demand for low 
voltage circuits and systems forces the circuit designers to adapt their designs to the requirements 
needed for this type of circuits. Low voltage design potentially leads to low power circuits. The need 
for a new strategy will feel to minimum two parameters voltage and power in OTAs. Since, supply 
voltage of these circuits can be reduced; the performance of circuit noticeably will change that 
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sometimes is harmful. Therefore, the topologies must be used that can be to maximize range of the 
circuit performance under the low voltage constraints without compromise with other parameters 
and the power consumption can be to minimize. Using floating-gate MOS (FGMOS) transistors due to 
their flexible structure are suitable for low-voltage and low-power (LV/LP) applications [13] and can 
be useful alongside the others approach. These devices reduce the complexity of circuit, simplify the 
signal processing, shift the signal levels and incorporate tunable mechanisms. The designed circuit 
based on FGMOS transistor can be operated at lower power supply voltage and consume less power 
in compared with MOS device in the same technology with the same performance [14]. 

The FGMOS transistor is an MOS transistor with an isolated gate capacitively coupled to the 
inputs. Applying the conservation of charge law, the voltage at the floating gate, VFG is given by [14]: 
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Where N is the number of inputs, Ci and Vi are the i-th input capacitance and voltage, respectively. 
CGD , CGS and CGB are the parasitic capacitance between the floating gate and drain, source and bulk, 
respectively. QFG is the residual charge that may be trapped at the floating gate during the 
fabrication. By using of the technique described in [15], QFG can be made negligible. CT is the total 
capacitance seen by the floating gate and is given by: 
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Figure 1 shows the two-input n-type FGMOS transistor and its equivalent circuit. In two-input 

FGMOS transistor, each input is connected to the floating gate by a poly II- poly I capacitor. 
 

 
Figure 1: Two–input n–type FGMOS transistor symbol and equivalent circuit 

 

In general, OTAs based on CMOS inverters in realizing tunable filters requires the tunable power 
supply voltage to tuning of filter, which is not suitable for low voltage applications. Therefore, in the 
present work, we used the FGMOS inverter to implement our inverter based OTA. The proposed OTA 
is able to operate with rail-to-rail input signals and a voltage supply close to 1.0 V whilst maintaining 
high linearity and large bandwidth.  

 
In section 2 of this paper, we propose a new OTA for low voltage applications. In this section, the 

linear V-I conversion of FGMOS inverter is described, followed by the common-mode control, dc gain 
enhancement and tuning of the transconductor. In Section 3, the performance of the proposed OTA 
has been evaluated by means of the second-order filter. In section 4, the simulation results of 
proposed OTA and designed second order filter are presented. Finally, conclusions are presented in 
section 5. 
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2. 0Proposed OTA 
Figure 2 shows the typical FGMOS inverter. A simple FGMOS inverter, formed by M1 and M2, 

is used as transconductor element. This inverter has two inputs. One of inputs uses for signal 
processing (Vin) and the other input uses for programming of inverter (Vbp,Vbn). We assume that 
               . 

 
Figure 2: The FGMOS inverter 

 

A circuit configuration of the proposed OTA that derivate from [11] is shown in Figure 3. The 
proposed OTA uses floating gate transistors in each inverter of the differential structure 
transconductor presented by Barthélemy et al in [11]. This OTA is denoted as    block in Figure 3. 
The proposed OTA is constructed in differential configuration using FGMOS inverter shown in Figure 
2. The class AB OTA in Figure 2 didn't need to any extra circuitry to control the DC output value; due 
to the node A provides a DC common mode voltage about     ⁄  at node OUT+ and OUT-. This OTA 
may be operated either in voltage mode or in current mode. Voltage mode of operation consists to 
connect high impedance loads such as capacitive loads at the output nodes (ideally node OUT+ and 
OUT- should be open). Current mode of operation consists to connect low load impedance at the 
output nodes (ideally zero load impedance at node OUT+ and OUT-). 

 

 
(a)                                                      (b)   

 
Figure 3: OTA based on FGMOS inverters; a) Schematic, b) Symbol 

 

The voltage VA and equivalent resistance RA at node A equal to    (         )  ⁄  
and      (     )⁄  respectively (w2 is the equivalent input weights (C2/CT) for the FGMOS 
transistor). The current-to-voltage transfer function of the proposed OTA is given by: 
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Where gds and CGD are output conductance and gate-to-drain capacitance, respectively. CT is total 
capacitance seen by the FG node for the NMOS and PMOS transistors. From the general Eq. 3 it 
follows that: 
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Where GCM and GDM are common-mode transconductance and the differential-mode 

transconductance, respectively. Tunability in the proposed OTA is achieved by varying the biasing 
voltages of FGMOS inverter (Vbn and Vbp). This approach has some advantage; don't requires a 
tunable power supply unit, don't limits this OTA from being used in low voltage applications and 
using of biasing voltages Vbn and Vbp, make possible the rail-to-rail operation of the proposed OTA. 
We assume a 0.18 µm CMOS process in the design. The gate length L of FGMOS inverters are 1µm. 
Gate widths of the n-type and p-type FGMOS are designed to be 1 µm and 3 µm, respectively. Values 
of C1 and C2 are selected 100 fF and 200 fF, respectively. 

 

3. Filter Architecture  
  A common approach in filter design for implementation of high order filters is based on cascade 

connection of first- and second- order filters. For this reason, in this section, the performance of the 
proposed OTA has been evaluated by means of the second-order filter. Although it can be used in 
other applications of an OTA, i.e. oscillators, multipliers and amplifiers. The differential      
realization of second-order filter structure based on FGMOS inverter is shown in Figure 4. In this 
circuit, gm1 is the V to I converter, the resistor is realized by Gm3, inductor is realized by the Gyrator 
(Gm2, Gm4 and C2), C1 is the capacitor of resonant circuit. The transfer functions of the low-pass and 
band-pass filter are: 
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Where Gmi (i=1 to 4) and Cj (j=1 to 2) represent the transconductance and integrating capacitor of the 
i-th transconductor and j-th capacitor in Figure 4, respectively. Therefore, the expressions of the gain, 
f0 and Q are: 
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The second-order filter can be designed by using of equations (8-11). From the general Eq. 10 it can 
be observed that center frequency of the filter can be varied either by the constant-C or constant-Gm 
method. In constant-C method, the load capacitance is kept constant and the value of Gm is varied to 
change the cut-off frequency of the filter. But, in the constant-Gm method, Gm is maintained constant 
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and the value of load capacitance is varied to change the cut-off frequency of the filter. In [16] 
suggested that constant-C method is suitable for realization of tunable filters. For this reason, in this 
paper, the constant-C approach is used for realization of filter. The cut-off frequency of the Gm-C 
filter depends on Gm/C ratio. The transconductance of OTA can be is tuned by changing the bias 
voltages Vbn and Vbp in our designed transconductor. 

 
Figure 4: Schematic of Gm-C biquad 

  

4. Results and Discussion  
 The proposed OTA was designed and simulated using TSMC 0.18 µm CMOS process in HSPICE and 

with 1.0 V supply voltage. The OTA structure was based on FGMOS inverter scheme. The Simulated 
frequency response of the proposed OTA is shown at Figure 5. The simulated differential mode gain 
is 30.2 dB and phase margin of this OTA is 86.7 degree. Also, the unity gain frequency of the 
proposed OTA is 942 MHz [17].The common mode gain and CMRR of the proposed OTA is equal to 
0.7 dB and 29.5 dB at the frequency of 100 KHz, respectively. The power consumption of this OTA is 
about 40µW. The DC V-I characteristics of the OTA (Iod vs Vid) for the various bias voltages (Vbp , Vbn) 
are shown in Figure 6. 

 

 
Figure 5: Bode plot of the proposed OTA 
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Figure 6: DC V-I characteristics of the proposed OTA 

 

From Figure 6, it can be observed that the output current is linearly proportional to differential 
voltage of up to ±500 mV. The linearity of the proposed OTA was evaluated by the simulated Total 
Harmonic Distortion (THD). With applying a 500 mVP-P sine wave input signal at 100 KHz, the 
measured THD is smaller than -40 dB. The FFT plot of the proposed OTA is shown in Figure 7. As can 
be seen in Figure 7, HD3 is -43.2 dB. 

 

 
Figure 7: FFT plot of the proposed OTA 

 

Figure 8 shows the simulated Power Supply Rejection Ration (PSRR) of the proposed OTA for 
         (z is the output capacitance). From Figure 8, it can be observed that the total PSRR for low 
frequencies is 23.6 dB. 
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Figure 8: PSRR vs. frequency for          

 

 
Figure 10: Simulated output swing of the proposed OTA 

 

The simulated performance of the proposed OTA is summarized in Table 1. Comparing the OTA 
proposed here to the OTA in [11], there are several advantages: 

1)  OTA tuning is achieved by means of the biasing voltages of  FGMOS inverters with a constant 
low-voltage supply. 

2)  The common-mode output voltage and output resistance are tuned by means of the biasing 
voltages of  FGMOS inverters with a constant low-voltage supply. 

3)  It allows rail-to-rail input voltage swing. 
4)  The power consumption is minimized. 

Despite the attractive features of the proposed OTA, there are some drawbacks. The most important 
are the following:   

1)  Due to the capacitive dividers in the FGMOS inverters, the transconductance, the bandwidth, 
the power supply rejection ratio, and the maximum achievable filter frequency are reduced. 
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2)  Due to the parasitic capacitances associated with the poly II-poly I input capacitances, the 
bandwidth is also reduced. 

In comparison with [18], the proposed OTA, with lower supply voltage, is provided the higher unity 
gain frequency, higher output voltage swing, better linearity and lower power consumption. 

To illustrate the operation of the proposed OTA, the      biquad in Figure 4 was designed 
in the same technology and supply voltage. The values of capacitors C1 and C2 were set equal to 
2.7pF and 1.35pF, respectively. When all transconductors are identical and bias with the same 
current and C1 is set equal to 2C2, Q=0.7 is obtained. 

Figure 10 shows the programmability of the      biquad for the low-pass response. From 
Figure 10, it can be observed that by varying the Vbp and Vbn the simulated cut off frequency can be 
programmed from 100 KHz to 5.6 MHz. 

 

 
Figure 10:      filter f0 programmability for the low-pass and band-pass responses 

 
Table 1: Simulated performance of the 1.0 V tunable OTA and comparison 

Proposed [18] [11] 
 

Characteristics 

0.18µm 

CMOS 
0.35µm 

CMOS 
0.35µm 

CMOS 
Technology 

1.0  3.3  2.5  Supply Voltage (V) 

30.2  29.3  31.3  Open Loop DC Gain (dB) 

942 28.97  3560  Unity Gain Frequency (MHz) 

86.7
 

82.8
 
 77

  
Phase Margin (deg.) 

29.5  35.19  31  CMRR@100 KHz (dB) 

23.6  68.6  37.45  PSRR@10 KHz (dB) 

0.89  0.88  2.27  Output Voltage Swing (V) 

@500mVP-P 

-40 dB
 

@300mVP-P 

-40 dB 
@1VP-P 

-46 dB 
THD 

 

44 - 85 Total input noise (   √  ) 

40 
 

44.53  800  Power Consumption (µW) 

 
        The simulated performance of the second-order filter is summarized in Table 2, where all 
parameters refer to the low-pass response.  

The Layout view of designed filter using Cadence Virtuoso XL (IC5141) is shown in Figure 12. This 
filter consumes             of silicon active area. 
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Figure 12: Layout of the designed filter 

 
Table 2: Simulated performance of the 1.0 V      biquad and comparison 

This work [19] [18] [11] Characteristics 

0.18µm 
CMOS 

0.18µm 
CMOS 

0.35µm CMOS 0.35µm 
CMOS 

Technology 

1.0 V ±0.9 V 3.3 V 2.5 V Supply Voltage 

160 µW > 200 µW 178 µW 3.99mW Power Consumption 

100 KHz 

to 
5.6 MHz 

10MHz  
to 
300MHz 

10 kHz  
to 
2.8 MHz 

2.25  
to  
3.5 MHz 

Frequency Tuning 

> 50 30 > 200 < 2 Tuning Range 

@500 mVP-

P 

-40 dB 

@188.34 
mVP-P 

-40 dB 

@ 300 mVP-P 

-40 dB 
- THD 

        

 √   

20.05    

√   
113    √   - Total input noise 

Biquad Biquad Biquad Biquad Filter Order 

 
Conclusion 

In this paper we proposed a new LV/LP OTA based on FGMOS inverter. The new scheme allows 
wide range tunability and low voltage operation with constant power supply voltage and high 
bandwidth. . In comparison with previous works, the proposed OTA, with lower supply voltage, is 
provided the better frequency performance, higher output voltage swing, better linearity and lower 
power consumption. The proposed OTA, in realizing tunable filters don't require the tunable power 
supply voltage to tuning of filter, which is suitable for low voltage applications. The suitability of the 
proposed OTA has been validated by the design of a 1.0 V continuous-time      biquadratic.  
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