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Abstract— This paper presents the design and simulation of 

a programmable low-transconductance (Gm) operational 

transconductance amplifier (OTA) suitable for integrated 

analog filters. The proposed architecture is based on a Flipped 

Voltage Follower (FVF) core with a source degeneration path 

implemented using a voltage-controlled MOS pseudo-resistor. 

This configuration enables wide tunability of the 

transconductance while maintaining low power consumption 

and compact area. Designed in a 0.18 μm CMOS process and 

operating at a 1.8 V supply, the OTA achieves a tunable Gm 

range from 3.25 nS to 25 nS with a power consumption of only 

9 μW. The circuit exhibits a bandwidth of 560 kHz and a total 

harmonic distortion (THD) below 1% for input signals up to 100 

mVpp. 

Keywords— Low-Transconductor OTA, Flipped Voltage 

Follower (FVF), Pseudo-Resistor, Analog Design. 

I. INTRODUCTION  

Analog signal conditioning plays a critical role in 
biomedical data acquisition systems, as it enhances signal 
quality before digital processing. Biomedical signals such as 
electroencephalograms (EEG), electrocardiograms (ECG), 
and electromyograms (EMG) exhibit specific characteristics 
in terms of frequency and amplitude. For instance, EEG 
signals typically range from 0.5 to 100 Hz with amplitudes in 
the order of microvolts, while ECG signals span from 0.05 to 
150 Hz and can reach amplitudes of several milivolts. These 
properties demand the implementation of analog filters with 
low cutoff frequencies to suppress noise and undesired 
interferences effectively [1-5].  

Analog filters can be implemented in CMOS using 
different techniques, depending on the frequency range, 
power consumption, and tuning capability. Common 
alternatives include operational transconductance amplifier 

(OTA)-based filters, switched-capacitor (SC), log-domain, 
and MOSFET-C. In this work, the Gm-C approach is 
considered because it provides a direct relationship between 
the filter characteristics and the transconductance of the OTA, 
while avoiding the need for large passive resistors [6-8]. Since 
the filter response is strongly affected by process and 
environmental variations, the ability to adjust 𝐺𝑚 provides an 
additional degree of freedom for compensating these 
deviations [6-8]. 

A continuous-time Gm-C filter can be implemented using 
an integrator as its fundamental building block. The integrator 
is implemented with a transconductor and a capacitor, shown 
in Figure 1. The transfer function is expressed as:   

                           
𝑉𝑂𝑢𝑡

𝑉𝑖𝑛

=  
𝐺𝑚

𝑠𝐶
                              (1) 

Therefore, the output voltage is equal to the integration of 
the differential input voltage multiplied by the unity-gain 
frequency, which is given by:  

                                        𝑓𝑢 =  
𝐺𝑚

2𝜋𝐶
                         (2) 

Where 𝐺𝑚 is the transconductance of the OTA and C is the 
capacitor value. From (2), a low unity-gain frequency (𝑓𝑢) can 
be obtained either by reducing 𝐺𝑚 or increasing C. Although 
using a large capacitor is a straightforward option, the required 
capacitance can become a significant contributor to the silicon 
area, particularly at very low frequencies. For this reason, the 
proposed approach focuses on reducing the transconductance 
𝐺𝑚, allowing low-frequency operation. 
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Fig. 1. Single-ended Gm-C Integrator.  

This paper presents the design and simulation of a low-
transconductance, tunable transconductor circuit that is robust 
against process variations. Although the design has not been 
fabricated, extensive simulations have been carried out to 
validate its performance and its potential for use in analog 
filtering applications targeting biomedical signals.  

The paper is organized as follows. Section II introduces the 
proposed transconductor along with relevant design 
considerations. Section III presents the simulation results that 
validate the performance of the topology. Finally, Section IV 
summarizes the conclusions of this work. 

II. PROPOSED TUNABLE LOW-TRANSCONDUCTANCE OTA 

Figure 2 shows the proposed low-transconductance 
operational transconductance amplifier (OTA), which 
employs a source-degenerated input stage based on a Flipped 
Voltage Follower (FVF) topology [9]. 

 

Fig. 2. FVF-based low-Gm OTA proposed.  

The differential input pair (𝑀1and 𝑀2) receives the signals 
𝑉𝑖𝑛− and 𝑉𝑖𝑛+ and is degenerated by a pseudo-resistor (PRS). 
The pseudo-resistor enables the implementation of very low 
effective transconductance 𝐺𝑚 and its resistance can be tuned 
via analog biasing, providing programmability without the 
need for large passive components.  

The FVF structure is composed of transistors 𝑀1  to 𝑀6 . 
Transistors 𝑀3 and 𝑀4 operate as cascode devices, providing 
increased output resistance and improving current copying 
accuracy. Transistors 𝑀5  and 𝑀6  provides shunt feedback, 
replicate the current from the differential pair and, along with 
𝑀7  and 𝑀8  in the output branch, complete the current 
mirroring path. The degeneration through PRS limits the 

current variation with input voltage, effectively defining the 
OTA’s transconductance.  

The output current is mirrored through transistors 𝑀5-𝑀7 
and 𝑀6 -𝑀8  forming two current mirrors that generate the 
differential output current 𝐼𝑜𝑢𝑡 . Transistors 𝑀9 and 𝑀10 
implement a current mirror that enables single-ended signal 
extraction, while 𝑀11  and 𝑀12  act as cascode devices to 
enhance output impedance. The common-mode feedback 
(CMFB) circuit, which is not depicted in the Figure, ensures 
that the output common-mode level remains within acceptable 
limits, maintaining differential symmetry and DC stability.  

To achieve low transconductance values suitable for low-
frequency analog filtering applications, a high-value 
degeneration resistor (typically in the range of tens to 
hundreds of megaohms) is required. However, implementing 
such large resistances with conventional polysilicon resistors 
would result in a significant increase in chip area, which is 
undesirable in integrated circuit design. 

To address this issue, the proposed transconductor 
incorporates a MOS-based pseudo-resistor (PRS) instead of a 
traditional passive resistor. The topology of the PRS is shown 
in Figure 3, where a series of MOS transistors are connected 
in such a way that they operate in the subthreshold region, 
behaving as high-valued nonlinear resistors. The effective 
resistance can be tuned via the gate voltage 𝑉𝑇𝑈𝑁𝐸, allowing 
programmability of the transconductance 𝐺𝑚. 

In the proposed OTA, the PRS is connected between the 
source nodes of the differential pair to achieve the required 
degeneration directly within the input stage. Resistance can be 
adjusted through 𝑉𝑇𝑈𝑁𝐸 , providing a convenient means of 
controlling the OTA transconductance without modifying the 
bias current.  

 

Fig. 3. Pseudo-resistor implementation.  

The use of this tunable pseudo-resistor not only ensures 
area efficiency but also supports ultra-low power operation, as 
the devices remain in weak inversion. Overall, this approach 
simplifies the design while providing the flexibility needed for 
programmable analog signal processing blocks. 

A. Small-Signal Analysis of the Transconductor 

To understand the behavior of the proposed transconductor 
and quantify its effective transconductance, a small-signal 
analysis is performed. The core of the circuit is a differential 
pair (𝑀1 and 𝑀2) with a degeneration element implemented 
using a pseudo-resistor PRS. The Flipped Voltage Follower 
(FVF) configuration contributes to a low input impedance at 
the sources of  𝑀1 and 𝑀2, enabling transconductance control 
through source degeneration. 

Assuming ideal current sources 𝐼𝐵1  and neglecting 
channel-length modulation and other second-order effects for 
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simplicity, the small-signal differential transconductance 
𝐺𝑚,𝑒𝑞  can be derived as follows: Let the differential input be 

𝑣𝑖𝑛 = 𝑣𝑖𝑛+ − 𝑣𝑖𝑛− . Due to the symmetrical structure, and 
assuming matched transistors, the differential current at the 
output is: 

                           𝑖𝑜𝑢𝑡 = 𝑔𝑚(𝑣𝑔𝑠1 − 𝑣𝑔𝑠2) ∙ 2                  (3) 

However, due to source degeneration via the pseudo-
resistor 𝑅𝑃𝑅𝑆, the gate-source voltage of 𝑀1  and 𝑀2  is 
modified. For small signals, the voltage across 𝑅𝑃𝑅𝑆 is: 

                             𝑣𝑠1 − 𝑣𝑠2 = 𝑖𝑑 ∙ 𝑅𝑃𝑅𝑆                         (4) 

Since 𝑖𝑑 = 𝑖𝑜𝑢𝑡/2 , the differential input voltage is 
approximately:  

                𝑣𝑖𝑛 = 𝑣𝑔𝑠1 − 𝑣𝑔𝑠2 +
𝑖𝑜𝑢𝑡

2
∙ 𝑅𝑃𝑅𝑆                     (5) 

Solving for 𝑖𝑜𝑢𝑡, we obtain:  

𝑣𝑖𝑛 =
𝑖𝑜𝑢𝑡

2 ∙ 𝑔𝑚

+
𝑖𝑜𝑢𝑡

2
∙ 𝑅𝑃𝑅𝑆 =

𝑖𝑜𝑢𝑡

2
[

1

𝑔𝑚

+ 𝑅𝑃𝑅𝑆] 

𝐺𝑚,𝑒𝑞 =  
𝑖𝑜𝑢𝑡

𝑣𝑖𝑛

=  
2

1
𝑔𝑚

+ 𝑅𝑃𝑅𝑆

 ≈  
2

𝑅𝑃𝑅𝑆

 𝑖𝑓 𝑅𝑃𝑅𝑆 ≫  
1

𝑔𝑚

 

Thus, for high resistance values 𝑅𝑃𝑅𝑆 , the equivalent 
transconductance is dominated by the degeneration resistor 
and is approximately:  

                                 𝐺𝑚,𝑒𝑞 ≈
2

𝑅𝑃𝑅𝑆

                                 (6) 

This result confirms that the effective 𝐺𝑚 can be 
programmed through the control voltage 𝑉𝑇𝑈𝑁𝐸, which 
adjusts the operating region, and hence the resistance, of the 
MOS transistors forming the pseudo-resistor. This 
programmability allows the circuit to cover a wide range of 
𝐺𝑚 values without requiring changes to device dimensions or 
bias currents. 

B. Transistor-Level Sizing 

 The circuit was designed and sized using a standard 180 
nm CMOS technology. The design focuses on achieving a low 
and tunable transconductance while preserving linearity and 
minimizing power consumption. Table 1 summarizes the 
width (W) and length (L) dimensions of all MOSFETs used in 
the design. The transistor dimensions were selected to meet 
the matching requirements of the differential pair, provide the 
required bias conditions for the FVF core, and obtain the 
desired high resistance in the PRS. 

TABLE I 

TRANSISTOR SIZE OF PROPOSED TRANSCONDUCTOR 

Transistor 𝑴𝟏,𝟐 𝑴𝟑,𝟒 𝑴𝟓,𝟔 𝑴𝟕,𝟖 𝑴𝟗,𝟏𝟎 𝑴𝑩𝟏 𝑴𝑩𝟐 

W/L 

(μm/μm) 
528/1 28/1 88/1 132/1 352/1 112/1 352/1 

III. SIMULATION RESULTS 

A. Nominal Results 

The proposed OTA operates from a 1.8 V supply and 
consumes only 9 µW when biased with a 1 µA reference 
current. This low-power operation is suitable for energy-
constrained applications such as biomedical signal processing. 
The pseudo-resistor, implemented with PMOS transistors 
biased in the subthreshold region, enables high resistance 
values. Either the bulk-drain or bulk-source terminals of the 
transistors are shorted to improve control and stability. 
Despite its high resistive behavior, this approach introduces 
nonlinearity, resulting in increased total harmonic distortion 
(THD).  

 
Fig. 4. Dependence of 𝐺𝑚on 𝑉𝑖𝑛of the transconductor.  

By varying the control voltage 𝑉𝑇𝑈𝑁𝐸 , the equivalent 
transconductance 𝐺𝑚  can be adjusted to compensate for 
process variations or to tune the cutoff frequency of Gm-C 
filters. As shown in Figure 4, the OTA achieves a tunable 
transconductance range from 3.25 nA/V to 25 nA/V as 𝑉𝑇𝑈𝑁𝐸 
is swept from 100 mV to 900 mV. Figure 5 illustrates the 
dependence of 𝐺𝑚  on the input differential voltage, 
highlighting the inherent nonlinearity of the circuit and its 
impact on signal distortion. 

 
Fig. 5. Transconductance as a function of 𝑉𝑇𝑈𝑁𝐸 . 
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Figure 6 shows the total harmonic distortion for a sine 
differential input voltage at 1 kHz with amplitude varying 
from 10 mV to 50 mV with 𝑉𝑇𝑈𝑁𝐸  =  400𝑚𝑉  and a 
transconductance 𝐺𝑚  =  10𝑛𝐴/𝑉. The THD remains below 
−40dB for input voltages up to 100mV pp. Figure 7 shows the 
THD when the transconductance changes due to the change 
in𝑉𝑇𝑈𝑁𝐸, for a sine amplitude voltage of 10mV. In this case, 
when the transconductance is reduced, the THD increases. 

 
Fig. 6. THD for different input voltage amplitudes. 

 
Fig. 7. THD by modifying 𝑉𝑇𝑈𝑁𝐸 at same input voltage amplitude 
(10 mV). 

Finally, the input-referred power spectral density is as low 

as 9 𝜇𝑉/√𝐻𝑧 at 100 Hz.  

B. Monte Carlo Analysis 

To evaluate the robustness of the proposed tunable low-
transconductance OTA against mismatch, a set of 300 Monte 
Carlo simulations was performed. The first parameter 
analyzed was the transconductance (Gm), extracted at a DC 
differential input of 0 V. The histogram shown in Figure 8 
reveals a Gaussian distribution centered at a mean value of 
3.31 nS, with a standard deviation of 0.63 nS, indicating good 
robustness of the circuit with limited sensitivity to device 
mismatch. 

 

Fig. 8. Monte Carlo Histogram of Gm at 𝑉𝐷𝐶 = 0𝑉. 

The second parameter analyzed was the Total Harmonic 
Distortion (THD), obtained for a 10 mV differential sinusoidal 
input at 1 kHz. The corresponding histogram is shown in 
Figure 9, with a mean THD of −49.97 dB and a standard 
deviation of 0.32 dB, confirming the linearity and low 
variability of the circuit under mismatch variations. These 
results validate the effectiveness of the proposed OTA 
architecture and the pseudo-resistor biasing technique. 

 

Fig. 9. Monte Carlo Histogram of THD at 10 mVpp Input. 

A summary of the key performance metrics obtained 
through simulation is provided in Table II, where a 
comparison with recent related works is also included to 
highlight the advantages of the proposed design.  

TABLE II 

CHARACTERISTICS OF THE TRANSCONDUCTOR 

Parameters [10] [11] This Work 

Supply (V) 0.8 1 1.8 

Gm (ns) 66 0.62 – 6.2 3.25 – 25 

BW (kHz) 0.195 0.1 560 

Power (μW) 0.3 0.27 9 

THD (%) 

@ 100 mVpp 
1 0.18 1 

PSD μV /√𝑯𝒛 74 - 9 @ 100 Hz 
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IV. CONCLUSIONS 

This work presents a tunable low-transconductance OTA 
architecture designed in a 0.18 µm CMOS process, optimized 
for low-power and low-noise applications. The proposed 
circuit achieves a wide tunability range of the 
transconductance, from 3.25 nS to 25 nS, through the control 
voltage 𝑉𝑇𝑈𝑁𝐸, enabling flexibility in analog signal processing 
tasks. The OTA operates with a 1.8 V supply voltage and 
exhibits an ultra-low power consumption of 9 µW, making it 
suitable for energy-constrained systems. 

The circuit demonstrates a bandwidth of 560 kHz and 
maintains a THD of 1% at 100 mVpp, ensuring signal 
integrity for moderate input amplitudes. Monte Carlo 
simulations validate the robustness of the topology under 
mismatch conditions, with the transconductance and THD 
presenting Gaussian distributions centered around 3.31 nS and 
−49.97 dB, respectively, with low standard deviations. These 
results, alongside the flexibility provided by the pseudo-
resistor configuration, confirm that the proposed OTA is a 
promising solution for low-frequency, low-power, and high-
linearity analog front-ends in biomedical and sensor interface 
applications.  
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