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Abstract:

The paper proposes an new approach of enhancing the linearity of metal-insulator-
ferroelectric-gate (MIFG) MOS transistor-based subthreshold operational transconductance
amplifiers (OTAs). Using the ferroelectric gate material, one of the distinctive features of
MIFG MOS transistors, this method improves OTA performance without compromising
energy efficiency. Through theoretical modeling and simulation investigations, the proposed
linearized subthreshold OTA architecture is investigated. Nonlinearity compensation
techniques have been developed, enhancing linearity in the subthreshold area over a wide
range of input signal amplitudes. In addition, the investigation examines into design elements
influence overall linearity and power consumption. Enticing applications for such linearized
subthreshold OTA encompass sensor interfaces, battery-operated devices, and ultra-low-
power analog signal processing.
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1. Introduction

Energy-efficient integrated circuit development is becoming more and more important in the
context of contemporary electronic systems, especially for battery-operated gadgets and
Internet of Things (IoT) applications. Operational transconductance amplifiers (OTAS) in the
subthreshold range present an effective choice for addressing the demanding power
requirements of such types of applications. However, obtaining reliability in analog signal

processing is severely hindered by the subthreshold operation’s intrinsic nonlinearity.
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The article discusses this difficulty by presenting a novel method of integrating Metal-
Insulator-Ferroelectric-Gate (MIFG) MOS transistors to improve the linearity of subthreshold
OTAs. As a result of their ultra-low power consumption and subthreshold functioning, OTAs
are a great choice for situations where energy saving is crucial. Low power has advantages,
but linearity—a critical aspect of analog circuits that directly impacts signal processing
fidelity—is sacrificed in the process. [1]-[6].

MIFG MOS transistors have been incorporated into subthreshold OTAs, which is a deviation
from traditional design techniques. Because of its special ferroelectric gate material, MIFG
MOS transistors present a modified approach to solving the nonlinearity issues associated
with subthreshold operation. The transistor has memory effects and hysteresis due to the
ferroelectric property of the gate material, which can be used to counteract the nonlinear
behavior seen in conventional subthreshold OTAs. Through the unique properties of MIFG
MOS transistors and the benefits of subthreshold operation, this research intends to broaden

up fresh prospects for OTA design that simultaneously balance linearity and energy

efficiency.
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Figl: Operational Transconductance Amplifier (OTA)[1]

2. Design Methodology:

The design process begins with the careful selection of Metal-Insulator-Ferroelectric-Gate
(MIFG) MOS transistors. The MIFG MOS transistors chosen for integration into the
subthreshold OTA are characterized by their ferroelectric gate material[4]-[7]. This selection
is crucial as it introduces unique hysteresis and memory effects that will be exploited for
compensating nonlinearity in the subthreshold region. The overall architecture of the
linearized subthreshold OTA is based on a traditional subthreshold OTA design, augmented
by the inclusion of MIFG MOS transistors in key positions. The ferroelectric gate material
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introduces a controllable memory effect that plays a pivotal role in shaping the linearity

characteristics of the amplifier.
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Fig2: Simulation Circuit of OTA

2.1 Linearization Technique

The linearization technique relies on the exploitation of the ferroelectric properties of the
MIFG MOS transistors. During operation, the hysteresis and memory effects in the
ferroelectric gate material are leveraged to dynamically adjust the transistor characteristics,
compensating for the nonlinearity inherent in subthreshold OTAs[8]. This adaptive
compensation mechanism aims to counteract the variations in transistor behavior and enhance

linearity over a broad range of input signal amplitudes.

3. Results

The overall performance of the linearized subthreshold OTA is evaluated based on various
criteria, including linearity, power efficiency, and noise characteristics. Comparative analyses
are conducted with traditional subthreshold OTAs to highlight the advantages gained through
the integration of MIFG MOS transistors. Key design parameters[10], such as transistor
dimensions, biasing conditions, and feedback configurations, are systematically optimized to
achieve the desired trade-off between linearity and energy efficiency. This step involves an
iterative process of simulation and parameter adjustment to fine-tune the performance of the
linearized subthreshold OTA.
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Table 1: OTA Transistors Dimension

Devices | W/L (um) Ip(nA) |Inversion coeflicient '
M;- 200715 0.5 - 200 0.006 - 0.07
M 160/3 2400 0.006 - 0.07
My-M> 3.4/488 0.5-200 0.3-148
Mg, Mo 3.4/180 0.5 -200 04-158
M, 350/60 4 - 800 0.016 - 0.34
MaseN 4/190 0.5 =200 0.2-1.36
M casep 4/100 0.5-200 0.23-287

4. Conclusion

This comprehensive design and methods approach ensures a systematic exploration of the
proposed linearized subthreshold OTA, from the selection of MIFG MOS transistors to the
final validation of the fabricated circuit's performance. The integration of theoretical
modeling, simulation studies, and practical measurements contributes to a thorough
understanding and optimization of the linearization technique. The low-voltage, subthreshold
Operational Transconductance Amplifier (OTA) suitable for low-frequency applications has
been introduced. Through the utilization of Metal-Insulator-Ferroelectric-Gate (MIFG) MOS
devices and the incorporation of a cubic-distortion-term-cancelling technique, the OTA has
demonstrated an expansive linear range of 1.1 Vpp under a 1.5-V power supply, as confirmed
by testing results. Addressing secondary effects such as parasitic capacitances, parameter
errors, mismatches, and charge entrapment, the offset error of the OTA can be mitigated by

adjusting the biasing voltages of the input MIFG MOS transistors.
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