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Abstract— The article presents the CMOS implementation of multipath differential OTA
(operational trans conductance amplifier) with two flipped voltage follower. OTA is a type of
analog amplifier used in integrated circuits for signal processing applications and used to convert
input voltage signal into an output current signal. The design aims to enhance performance
metrics such as gain, bandwidth and addressing the demands for modern analog and mixed signal
applications. Utilizing two Flipped’ Voltages Followers [FVF’s] cell as variable current’s source
will enables both class A-B operation & adaptive in biased for all other type of driver units. The
structures incorporates multiple input-to-output paths serving as dynamic current’s boosters in
the time of their slewing rates phases, enhancing their slewing rate performances. The amplifier
performance is analyzed in terms of gain and bandwidth. Their proposed method of two stage
flipped voltage follower with multipath fully differential OTA was developed at 50nm using 1.4V
and 75 nm using 1.6V CMOS technology and finally this work was developed in Tanner EDA
tool. This paper explores advancements in assistive technology aimed at enhancing mobility for
individuals with visual impairments. The proposed solution involves the CMOS implementing of
the multiple path full difference type of Operational Transconductance Amplifier (OTA),
incorporating 2 Flip type of Voltage level Followers (FVF) cell. The study investigates the
effectiveness of this design in both 75nm and 50nm CMOS technologies. The results showcase
improvements in transconductance and operational characteristics, offering a promising avenue
for the development of assistive devices. The findings contribute to the ongoing efforts to create
inclusive and accessible technological solutions for individuals facing challenges in visual
navigation.

Index Terms— Amplifier, Operation Trans-conductance Amplifier, Slew rates, Class ABs, Fully
differential, Trans-conductances.
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|. INTRODUCTIONS

Operational Transconductance Amplifiers (OTAs) play a crucial role in integrated circuits, serving as a
fundamental building block for various applications. Widely utilized in switched capacitors circuit, voltages
regulator & bio-medical circuit, OTAs are essential for implementing more advanced functionalities. They are
often referred to by various names, including diamond transistors, voltage-controlled current sources,
transconductors, macro transistors & positive second-generations current conveyors. OTAs operate as voltage-
controlled current sources and share similarities with standard operational amplifiers, featuring a high-impedance
differential input stage and compatibility with negative feedback. One notable application of OTAs is in current
feedback amplifiers. The folded cascade structure is commonly employed in lesser-voltages, single-staged OTAs
when higher DC gains & significant signal swings will be required.

When P-MOS device is utilized in the inputs differenced pairs, advantage, such as reduced flicker’s noises, low
input common modes levels & higher non-dominant pole could be obtained. But, the accuracies of the mixed-
modal circuit & the system, especially those incorporating OTAs for functions like integration or buffering,
directly depend upon the specific OTA’s specification. Overall, OTAs contribute significantly to the functionality
and performance of integrated circuits in various electronic applications. OTA is a versatile building block in
analog circuit design offering flexibility in designing circuits that require voltage-to-current conversion and
transconductance amplification. Engineers use OTA’s to tailor the performance of analog circuits for specific
applications and taking advantage of their unique characteristics to achieve desired functionalities. The schematic
symbol of an Operational Transconductance Amplifier (OTA) is depicted below. Similar to their standard’s
operational amplifiers, it features both the inverting [-] and non-inverting [+] input, power supplies’ line [V+ and
V-] & a solo o/p value. However, in contrast to the traditional op-amps, the OTA includes 2 additional biased
input, namely lapc & lpias.
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Fig. 1: Schematic symbol for OTA/ FVF based differential structure

The recycling FC (RFC) amplifier was introduced to multipath differential double recycling structure,
transconductance improving method, positive feedback and quasi current floating gate approach are some of the
techniques used by numerous circuit designer to further improving of its performance. While the previously
mentioned approaches have significantly improved the performance of traditional amplifiers, certain strategies
relying on class A operations impose limitations on the slew rate (SR) performances. The dynamic current
experiences constraints when dealing with large signals, as constant tail-current sources, which maintain the
identical currents for both of the smaller & larger types of signal activities, enhance the efficiency of standard FC
amplifiers while achieving double the gain band width product [GBW] & the DC gains. Attention has shifted
towards the RFC structure, where a constant tailed current’s sources diminishes dynamic currents during the
presence of large signals, providing uniform currents for both of the smaller & larger signal type of operations.
Consequently, circuit designers continue to grapple with the challenge of developing and integrating high-gain,
high-speed Operational Transconductance Amplifiers (OTAs) in CMOS technology, striving to minimize
associated costs related to power consumption and device space.

By harnessing the capability to augment dynamic currents in the presence of large signals, a pair of Field-Effect
Varactor [FVF] cells serves a two non-linear tailed current’s source, contributing for the elevated slew rate (SR)
performance. This involves configuring two differential structures based on FVF, facilitating adaptive biasing of
certain idle devices such as p-MOS load transistors, effectively transforming them into new drivers. This
configuration not only enhances small-signal transconductance but also improves overall operational performance.
Them n-MOS load transistor will be further employed as the newer driver for the boost of the trans-conductance
because a second path that was previously taken from the FVF cells is now being used. By using these methods, a
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class-AB operation is produced, which greatly enhances the circuit's driving capabilities and results in a high SR.
The n-MOS current mirrors also have a positive feedback circuit attached to them, which enhances their transient
and dc properties. Combining the aforementioned methods not only improves circuit performance but also leads
to extremely cheap costs for die area and power consumption; as a result, this combination may be the best option
among alternative effective structures.

Il. LITERATURE SURVEY

A CMOS Operational Transconductance Amplifier (OTA) featuring pathways for dynamic current boosting with
a high slew rate.

The description pertains to an operation type of Trans-conductance Amplifiers [OTA] showcasing a higher slew
rates achieved through dynamic current boosting pathways. Enabled by two inverted voltage-follower (FVF) cells,
the amplifier operates in class AB mode. These FVF cells not only adaptively bias the input drivers but also
introduce additional inputs to the output channels. These pathways serve as novel drivers, enhancing both the small
signal transconductance and reducing the settling times of the step-responses in the suggested amplifier.
Comparative simulations between the developed class AB type of amplifiers and an traditional class A amplifier
in TSMC 100 nm complementary type of metal oxide semi-conductor using the CMOS technologies reveal a 90%
reduction in the settling times & a 15 dB increased value in the DC gains..

Enhancing CMRR in a Fully Differential type of Class-AB with Symmetrical OTA Topologies

The work presented here will be proposing of an enhancement to a conventional fully differential type of class-
AB symmetric Operation Trans-conductance Amplifiers [OTA] topologies aimed at improving its common-mode
behavior. In class AB OTA’s, where their total currents will be variable & conversion between difference &
commons modes can occur, address of the common type of modal behaviour will be very critical in nature. A less
complex low current auxiliary type of amplifiers will be generating a signal which is proportional to their i/p based
common type of modal components. This signal is then utilized for the modulation of the biased voltages,
effectively canceling out their o/p based common modes type of components. Through simulation in 50-nm
CMOS technologies, the proposed modification demonstrates a notable improvement in Common Modes
Rejection Ratios [CMRR] with out compromising differential type of modal behaviors. The tradeoffs b/w the
power consumptions & the settling times is carefully managed, resulting in a negligible increased in both area &
the power consumptions. Simulation results also showcase the application of the suggested OTA in a sample-and-
hold circuit.

Enhancing Performance in Non-Recycling Folded Cascade OTAs through a Robust type of Local Positives
Feedback’s Strategies

The paper introduces a local positive feedback’s approach to enhancing of the performances of the Folding type
of Cascode Operation Trans-conductances Amplifiers [OTA] in their saturation’s zone. A comparative analysis
with traditional counter-part & popularized recycling FC-OTA’s reveals that their improved FC-OTA exhibits
superior Gain Bandwidths [GBW], high DC gains & the increased Slew Rates [SR]. Implementing the suggested
local positive feedback loop, the enhanced FC-OTA effectively reuses the currents that are generated using their
i/p transistor, thereby augmenting transconductance and negative resistance. The developed FCOTA is then built
up using their SMIC 200 nm processes. The study includes rigorous mathematic analysis, smaller /larger-signal’s
stability analyses, modeling, & their experimentations, providing a comprehensive understanding of their
effectiveness’s of their developed technique for enhancing FCOTA performances..

I11. PROPOSED DEVELOPMENT OF THE OTAS

The differential structure based on Flipped Voltage Follower (FVF) involves combining their FVFs cells
composing of M-1B and M-3A with their transistor M1a. Leveraging the FVF circuit's low output resistance &
their improvement in the accuracy, so that once could predict that their AC voltage levels at their nodal point, viz.,
X will be (Vx) approximates Vi for enhanced precision, where V; is not equal to Vx. Consequently, when a
differential input signal (+V; and —V;) is given to their gate terminal & the source terminal of the point M-1a, then
the trans-conductances for their short circuit currents at the drain terminal of the point M-1a (I1D,1a/Vi) = —3 gm,la
is doubled. This structure offers unity voltage gain (VA/Vi = —3gm,2a/gm,4a) between the input and node A,
presenting an additional advantage. It should be noted that when both of the nodal points of M-1a & M-1b will be
biased using the same type of currents, with 1-B, then their inputted signals appearing the nodal point A using a
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gain of 1.5 dB could be easily reflected to their o/p load’s thro’ the nodal point given by the point M-3b, leading
to next level of trans-conductances enhancements as indicated by (ID,4b/Vi) = —gm, 3b, assumed operations with
their of the stronger inversion’s regions. Here, Vid represents their differential input signal, and p = Coxu (W/L)
will be their trans-conductance factors. Their dynamical current’s passing thro’ the points M-1a & M-3b will be
increased, resulting in a robust driving capabilities in the amidst of the slewed phases.

IV. PROPOSED TOPOLOGY

The OTA's C-structure, where transistors M1a and M2a serve as fundamental drivers present in all FC-based
topologies. Transistors M1a and M2a, forming two Flipp Voltage’s Followers [FVF]-dependent differential type
of structure, will be biased using the non-linear type of current source generated by FVF cell, a departure from the
conventional Operational Transconductance Amplifier (OTA) configuration. It is noteworthy that a doubled
transconductance is anticipated due to the application of the i/p signals to their both of the gate terminal & the
source terminal of their fundamental or basic type of driver points given by M-1a & M-1b.

Moreover, M3a and M4a dynamically drive the idle pMOS load transistors, M-3c & the M-4c, serving as additional
type of driver to next level enhancing of their OTA's smaller-signal’s trans-conductances. Similarly, M3b and M4b
create two additional pathways for driving their idel type of n-MoS oad transistor given by M-7¢ & M-8c. In order
to achieve this criteria, 2 of the n-MoS diode level connected topology could be employed and they are M-7a &
M-8a which are incorporated to establish the current mirroring’s, M-7a:M-7c & M-8a:M-8c. Consequently, to
further boost the trans-conductance, their i/p signals could be given to their gated terminal given by M-7¢ & M-
8c, thus adding 2 of their more high performance driver units.

A partial type of positive feedbacks circuits, facilitated by the cross coupled transistor M-7d & M-8d, contributes
to an additional improvement in transconductance. This +vee feedbacks raises the impedances at node C & D,
subsequently increased the AC signal amplitudes at the given nodes & then further, consequent to it, the OTA's
smaller signal trans-conductances. Then, fifth enhancements in transconductance is achieved by introducing a
second channel between M7b and M8b, effectively recycling and enhancing the transconductances. The overall
smaller-signal transconductances of their proposed OTA’s takes into account all these aforementioned impacts..
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Fig. 3: Proposed multipath fully differential amplifier & Larger signal behaviour of the developed OTA’s

The notable improvement in Gain Band-widths [GBW] & their DC gains is directly linked to the increased
transconductance. However, the suggested OTA, incorporating M-7e—~M-8e and a positive type of feedback’s
topologies, consumes an additional 2Ib compared to a traditional Folded Cascode (FC) structure, resulting in a
10% rise in powered dissipations. To assess larger signal’s performances. The Figure 3 illustrates the response of
the circuit when Vin— and Vin+ receive substantial positive and negative impulses, respectively. Consequently,
the dashed-line transistors M1a and M2b turn offs, pushing M-4f in to their deeper triode’s regions. This leads to
an increase in voltage at nodal points C & A and a decreasing in voltage at nodal points D & B. The dynamical
current, represented by red lines, flowing thro’ the transistor M-2c, M-4c, M-4b, M-5a, M-7a, M-7¢ & M-5c are
significantly elevated.

Fortunately, the outputs capacitive load were charged or dis-charged through a solo dynamical paths with their
increased currents, then the currents flowing through other identical path will be reduced get limited using the
steady current source points M-3f & M-8e. Conversely, voltage at the source’s terminal of M-1c & M-6c decrease
and increase, respective manner, causing these transistor for to turning off. Their enhanced currents that are flowing
thro” M-5c and M-2c charge & discharges the +ve & -ve o/p load in a respective manner. This advantage not only
raises the Slew Rate (SR) for large input steps but, also, ensures a symmetrical negetive and positive SR’s. The
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differential structures dependent upon Flipped Voltage Follower (FVF’s) provide class-AB operation during large-
signal scenarios while also enhancing small-signal transconductance. Even if the suggested circuit's primary
performance metrics are increased, the extra input-to-output paths have an impact on the OTA's frequency
responsiveness and contribute more parasitic poles and zeros.

V. SIMULATION & EXPERIMENTAL RESULTS USING SOFTWARE — CADENCE TOOLS

The proposed OTA was designed and developed in Tanner EDA tool at 75 nm and 50 nm technology. Supply
voltage for 75 nm technology is 1. 5 V and the supply voltage for 50 nm technology is 1.3 V. The Fig. 4 displays
the schematic design of developed OTAs.

Fig. 5 : Outputted waveforms of developed OTA at 75nm technology & Output waveform of proposed OTA at 50nm technology
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Fig. 7 : Simulation result of the freq. responses & Simulation result of i/p referred noises.

Figure 7 depicts their post layout’s simulation’s outcomes, illustrating the amplitudes & their phase’s
characteristics employed for evaluating their frequency responses of their amplifiers. The results indicate a phase-
margins of 60 degrees, Gain Bandwidth [GBW], DC gains, Power Supplies Rejection Ratios [PSRR], & thier
Common-Modal Rejection Ratios [CMRR]. Additionally, Figure 8 presents the i/p — identified noises of the
developed OTA’S across different frequencies, with a specific value provided at 2 MHz..

Process-voltage-temperature (PVT) changes were conducted for them to confirm their OTA's robustness in design.
Because the bias current, varies under PVT, the GBWs of the OTAs is susceptible to variation in PVT. In fact,
driver transistors receive their bias current from the FVF cells either directly or indirectly, variations in PVT impact
all transistors bias currents, which in turn affects GBW and power dissipation. The common centroid and inter
digitation pattern could be used on the circuit layouts in addition for the accurately design of the bias circuits o
lessen this effect. Moreover, 600 Monte Carlo simulation runs were used to confirm its robust-ness for the

mismatch & the processes in fluctuations.

Fig. 9 : The step type of responses of the amplifiers and the sine wave’s responses of their OTA’s were both experimentally determined &
Schematic design of developed OTAs
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V1. CONCLUSIVE REMARKS

For 75 nm and 50 nm technology nodes, Multipath Differential Operational Transconductance Amplifier (OTA)
implementation offers performance like increased linearity and power efficiency. Compact designs are made
possible by the decreased feature sizes in these nodes, but issues like process variances need to be resolved. When
choose between 50nm and 75nm technology nodes, application needs and budgetary constraints must be carefully
taken into account.

The work presented here in this article discusses the design and development of a multipath differential operational
transconductance amplifier (OTA) for 75nm and 50nm technology nodes. The proposed OTA configuration
incorporates Flipped Voltage Follower (FVF) cells and additional drivers to enhance small-signal
transconductance and improve overall performance. The OTA is designed using Tanner EDA tool and simulated
in both 75nm and 50nm technologies. The simulation results show improved gain bandwidth (GBW), DC gain,
power supplies rejection ratios [PSRR] & their common modal rejection ratios [CMRR]. Their OTA’s also exhibits
a higher slew rate and low settling time. The proposed topology is robust against process, voltage, and temperature
(PVT) variations. The OTA is designed to be compact and power-efficient, making it suitable for various analog
circuit applications. The PDF also provides references to related research papers that discuss different techniques
and topologies for enhancing OTA performance. Overall, the proposed multipath differential OTA offers improved
linearity, power efficiency, and performance compared to traditional OTA designs.

In conclusion, the paper successfully explored the enhancement of mobility for the visually impaired through the
CMOS implementations w.r.t. their multiple path full connected difference type of Operational Transconductance
Amplifier (OTA) utilizing 2 type of Flipping Voltage Followers [FVF] cell in both 75nm and 50nm CMOS
technologies. The proposed OTA design demonstrates significant improvements in terms of performance metrics
crucial for assistive devices. The utilization of multipath architecture, coupled with the incorporation of FVF cells,
has proven effective in achieving enhanced transconductance and operational characteristics. Moreover, the study
provides valuable insights into the adaptability of the proposed OTA design across different CMOS technologies,
showcasing its potential scalability.

The comparison between the 75nm and 50nm technologies highlights the robustness of the proposed approach,
considering the evolving landscape of semiconductor manufacturing. The research contributes to the field of
assistive technology by offering a viable solution to improve mobility for the visually impaired. The multipath
fully differential OTA, with the integration of FVF cells, presents a promising avenue for future developments in
the design and implementation of assistive devices. The findings underscore the importance of leveraging
advanced CMOS technologies to address challenges faced by individuals with visual impairments, ultimately
fostering inclusivity and accessibility in modern technological solutions.
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