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ABSTRACT

A two-stage operational transconductance
amplifier is constructed and compared
between 45nm and 180nm CMOS
technology in this paper. To find the best
design, the suggested operational amplifier
is examined across a number of distinct
parameters. With a supply voltage of 1.8V,
it reaches a maximum gain of about 66 dB
and a phase margin of 82°. A Cadence
Virtuoso-based circuit simulator has been
used to construct the suggested operational
amplifier and the comparison is done.

Keywords: OTA, Miller coupling
capacitance, cadence virtuoso, Gain, output
swing, power dissipation.

INTRODUCTION

Millions and millions of transistors are
presently crammed onto a single die at the
evolutionary stage of VLSI technology. The
evolution in the field of mixed signal
research is significant as a result of
analogue and digital functionality in IC
designs. The solitary major foundation for
implementing the systems that are based on
mixed signals i.e., both analog and digital is
complementary metal-oxide semiconductor
technology, or the CMOS. Because it offers
power efficiency, increased  density
compared to digital systems, and effective
integration with diverse analogue system
components.

Design and execution of portable gadgets
are receiving a lot of attention because of
how widely used they are in industry. When
technology is downsized, MOSFET cannot
operate below the threshold voltage while
operation. A crucial component of
modelling with analogue mixed signal
(AMS) circuits is achieving low power and
low voltage functioning. One important
strategy that results in low power levels and
hence lowers power consumption is
regulating the voltage level. The transistor
pitch has grown to a size of 2 nm due to
scaling the technology node to an extent.
Since digital circuits are regular and
distinct, computer-based design models can
help with proper integration.

On the other hand, because analogue circuit-
based models are sophisticated, it is usually
preferable to construct them theoretically in
order to attain the lowest possible error
margin. Higher productivity is attained with
fewer errors. The correctness of an analogue
circuit depends on factors including manual
computations, a non-converging solution
space, and long-term product time
reliability. The operational amplifier is the
key design element in every analogue
system. The goal of an OpAmp is to achieve
the highest open loop gain feasible in order
to integrate feedback concepts and create a
more stable system.

LITERATURE REVIEW
An integrated circuit (IC) that functions as a
voltage amplifier is known as an operational
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amplifier (or an op-amp). There is a
differential feed on an op-amp. It therefore
has 2 inputs with polarity opposites.[1][2]
The output voltage of an op-amp is
substantially larger than that of the input
signals due to its single output and
extremely high gain.

A DC coupled large amplitude digital
voltage amplifier which has a differential
input and a single ended output is known as
an operational transconductance amplifier
(called as op amp)[3]. An op-amp will
generate an output voltage that is usually
many times greater than the gap among its
input terminals. The first digital computers
used op amp for the basic computations that
were of different topology[4].

By stacking so at load and supply side,
single stage Op-Amps provide a significant
amount of gains, while this also restricts the
output fluctuations. However, there are a
wide range of uses for these circuits. We
choose two-stage opamps for high-end
operations since the first stage mostly adds
to gain while the second stage, while it also
boosts gain, primarily focuses on boosting
swing[5][6].

There are no restrictions on how an
amplifier can be chosen for each stage. Both
the first stage and the second level can use
different amplifiers. In order to enable the
widest possible output swings, the second
stage is typically set up as the common
source stage. A differential amp is taken
into consideration for the initial stage and its
swing is extended by attaching a Common-
source PMOS amplifier[7].

By replacing the load in a cascode style, the
gain of the first stage can also be enhanced.
As gm2*(r02 || r04) and gm7*(r06 || r07), in
both, can be used to express the gains of the
initial and second stages. As each level
results in the inclusion of a pole, the main
issue with a two-stage opamp is that another
pole is added, which makes stability
unassured. For this reason, opamps with
multiple stages are not frequently employed.
Harmonic provides lower can be used to
provide the answer to this problem[8].

Operational amplifiers can be characterised
as either buffered or unbuffered. The output
resistance of unbuffered operational
amplifiers is often very large. To distinguish
the difference between maximum output
resistance and a low output resistance, use
the terms buffered and unbuffered.
Operational transconductance amplifiers are
characterized as unbuffered operational
amplifiers because of their high output
resistance. Due to their low resistance,
voltage amplifiers fall within the category of
buffered Op-Amps.

The primary objective of an Op Amp is to
achieve the highest open loop gain possible
for the implementation of the feedback
concepts and create a more stable system.
To achieve high gain with stability, most of
the op amp circuit models are constructed
based on multistage nodes. The majority of
circuit designs used today are two stage
concepts. Utilizing such a developed model
will lead to more reliable execution and
simple eradication of load inequalities
between construction process. Single stage
Op-Amps are used to convert voltage to
current, which minimizes the system gain
and decreases the amount of
amplification[9].

Cascading is one way to make up for the
losses, however it will cause distortion from
the huge output voltage swings. Using
cascode Op-Amp, that can generate higher
gain and significantly stable designs, was
therefore chosen as the best choice. Given
the previously mentioned need for high gain
in real situations, designs almost always
have more than two stages to allow high
gain and larger output swings[10]. Cascode
amplifiers use their first stage for high gain
and their second stage for large
output swings

DESIGN METHDOLOGY

A. Saturation region of operation

The design can work at supply voltage and
bias currents because the transistor in the
subthreshold region operates below the
threshold voltage.[8] provides the equation
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for the drain current (Ip) in the switching
frequency zone.
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V1 = kgT/q that is equal to 26 mV is the
specific voltage at the room temperature,
where W/L is the tr aspect ratio, Vgs and
Vps are the gate(G) to source(S) voltage and
drain(D) to source(S) voltage, respectively,
Vi is the threshold voltage, ks is the
Boltzmann constant at the room temperature,
T is the absolute temperature or the specific
temperature, and q is the charge, m is the sub
threshold or the saturation slope parameter.
These are technology dependent and
typically between the value 1 to 2, and lo is
the parameter that depends on
temperature(T).

According to the equation(1), the connection
between the output current(lo) and the input
voltage(Vin) is exponential instead of
quadratic relation, since it occurs in strong
inversion region. By increasing the
transconductance of the MOSFET, this
raises its gain and gives it properties
resembling those of a BJT.

The threshold voltage Vi is given by [9]

after drain-induced barrier lowering (DIBL)
and body effects are taken into account.

Vih =Viho —ADVDS —ABVBS With AD and
AMB>0 (2)

where Vgs is the body(B) to source(S)
voltage, Vo Iis the room temperature
threshold voltage (for Ves = 0V), and D and
B are the coefficients of the body effect and
DIBL [10]. (1) and (2) can be used to derive
the equation for transconductance gm [11].
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B. Design Methodology of two stage
operational amplifier

In Figure 2, a two-stage Miller-compensated
Op Amp is shown with its transistor-level

setup (VBS = 0V), without any specific
MOSFET body terminal exploitation method
in use. The architecture of the suggested
circuit is built to boost the input data
between 2 steps, the first of which is the
differential step and the second of which is
the gain stage. In the proposed system, all
MOSFETSs work in the saturation region.

Table 11 displays the design based objectives
that are specified for the two stage
Operational Amplifier, and these parameters
were selected in accordance with the
viability and practicality of biomedical
applications. A Vdd value of 1.8V is used
for supply voltages. The Vth value was
calculated by wusing equation and the
constants from Table | given above.

Table I11: DESIGN GOALS

Parameters [Specified Values

Supply voltage 1.8V
Power dissipation] <300 mW
Small signal gain >60dB

Slew rate 20 V/ ps

Each MOSFET's WI/L values were
determined using Equation (3), and the drain
current(lp) for each MOSFET was
calculated using the maximum permissible
power dissipation and Vqq value. After doing
a DC analysis on the 1st stage i.e., the
differential amplifier part of the op amp, the
DC bias voltage Vrer: is given according to
the gain specifications once the proper
aspect ratios for all of the MOSFETs had
been established. After that, VREF2 was
adjusted to provide the appropriate gain for
the entire amplifier.

Fig. 2. Schematic circuit of the 180nm based two stage
operational amplifier with capacitance compensation
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Fig. 3. Schematic circuit of the 45nm based two stage
operational amplifier with capacitance compensation

C. Improvement in performance

Practical methods for enhancing the OTA’s
performance were taken into consideration
after the circuit design, aspect ratios and
biasing are calculated and fixed. A well-
known method for increasing system
stability at the appropriate bandwidth is
Miller Compensation. To divide the poles
and increase Phase Margin at the price of
UGB, it entails connecting a capacitor (Cc)
in negative feedback at the Unity Gain
Bandwidth. The compensation capacitance
was discovered utilising the following
equation to realize the compensation and
then obtain the appropriate UGB.

C __ng_
¢ — 2nUGB

where gml is the transconductance of M1
determined using Egn, and Cc is the
compensating capacitor (3). Then, while
boosting bandwidth, the compensating
resistance was discovered to stabilise the
Operational Amplifier and correct the phase
margin.

Table 11lI: MOSFET DIMENSIONS AND NETWORK
ELEMENTS

Parameter180nm |45nm
M1,2 640nm |{146nm
M3,4 925nm [{125nm
M5 1.45um {935nm
M6 1.83um [720nm

SIMULATED
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Fig. 4. AC gain plot for the two-stége Operational Amplifier
for 180nm and 45 nm technology
F
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Fig. 5. Phase margin of the two sfége Operational Amplifier
using the 180nm and 45 nm technology

M7 1.385um(745nm The Schematic circuit of the 45nm based
gf gg‘;fF ;szpF two stage operational amplifier with
capacitance compensation is shown in Fig 3.

The frequency response of the open-loop

amplifier for each of the three technology

nodes is shown in Figure 4. Figure 4

illustrates the 180 nm technology node's dc
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gain, which were determined to be 63.95dB.
As the node technology was scaled down to
45nm, it was discovered that the values of
dc gain at the output and the phase margin
are noted to be  rising, with 45nm
technology exhibiting the best performance,
as shown in Fig4. The system's max phase
margin is noted.

Table 1V displays the simulation results for
both the technologies. It was discovered that
power consumption was rising as
technology scaled, as would be predicted for
voltage scaling which is constant. As seen,
with a small amount of divergence caused
by inevitable ambiguity and estimates in the
theoretical calculations, the majority of the
parameters fulfil the design objectives of
Table Il. Both the technologies will offer
the high gain and low  power
consumption[15].

Table IV: SIMULATION RESULTS

Parameter 180nm  i45nm
Phase Margin -22.72°  |-41.27°
DC Gain 63.96 dB |66.95B
Supply voltage 1.8V 1.2V
Power dissipation. 123.92nW [152.6nW
Unity Gain BandWidth|12.374kHzj24.365kHz
CL 2pF 2pF

In Table V, the listed the key characteristics
for each of the three technologies, both with
and without Miller compensation, to
illustrate the impact of Miller compensation
for the suggested configuration.

Table V: EFFECTS OF COUPLING CAPACITANCE

Technology | Without the Miller | With Miller
(nm) Compensation Compensation
uGB Phase UGB Phase
(kHz) Margin(°) (kHz) Margin
©
180nm 109.02 | -22.72 27.54 63.5
45nm 352.76 -110.8 31.62 76
CONCLUSION

This paper proposed a design methodology
for a 1.8V and 1.2V supply voltage, high
gain, low power transconductance op-amp.
The scaling is done to make sure the smaller
circuit was analysed for the suggested
OpAmp for the 180nm and 45nm
technologies. As the type of technology was
scaled down, the patterns predicted by
theory were followed, with gains, phase

margins, and as well as power rising.
According to the two technologies, the
45nm technology node had the finest phase
margin (82°), while the 180nm technology
node offered the highest gain (66.95dB) and
Unity Gain Frequency (24.365 kHz). The
suggested design maintained reasonably
high gain (about 66.95dB) and low power
operation across all technologies while
demonstrating enhanced slew rate and Unity
Gain Bandwidth in comparison to the results
in other studies.
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