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Abstract

The evolution of the microelectronics industry is distinguished by the raising level of integration and complexity.
It aims to decrease exponentially the minimum feature sizes used to design integrated circuits. The cost of
design is a great problem to the continuation of this evolution. Senior designer’s knowledge and skills are
required to ensure a good design of analogue integrated circuit. To fulfil the above mentioned requirements, the
designer must choose the suitable circuit architecture.

This paper presents an optimized methodology to cascode operational transconductance amplifier (C-OTA)
design. The challenge in the design of op- amps is the scaling down of the supply voltage and transistor channel
length with each generation of CMOS technologies. As CMOS technology continues to evolve, the supply
voltages are decreasing while at the same time, the transistor threshold voltages are remaining relatively
constant. The decrease in the inherent gain of the nano-CMOS transistors is also of great concern. The design is
done for different parameters like gain, bandwidth, phase margin and slew rate etc to optimize MOS transistor
sizing. The designed cascode OTA achieves a DC gain of satisfied range and an optimum unity-gain frequency.

Keywords: CMOS IC design, Cascode OTA design methodology, optimization.

Introduction

The evolution of the microelectronics industry is
distinguished by the raising level of integration and
complexity. It aims to decrease exponentially the
minimum feature sizes used to design integrated
circuits. The cost of design is a great problem to the
continuation of this evolution. Senior designer’s
knowledge and skills are required to ensure a good
analogue integrated circuit design. To fulfil the given
requirements, the designer must choose the suitable
circuit architecture, although different tools partially
automating the topology synthesis appeared in the
past [1]-[4].The optimization becomes an important
method; a heuristic process was developed in [5].
Designing high-performance baseband analog circuits
is still a hard task toward reduced supply voltages and
increased frequency. The Operational
Transconductance Amplifier (OTA) is a basic element
in this type of circuit whether switched capacitors
technique is kept for ADC design. Our target was to
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design a cascode OTA circuit insight of Sigma Delta
analog-to-digital converter design using for wide
band radio applications. This paper is organized as
follows. An optimum Architecture of the folded
cascode OTA was introduced in section Il and its
function was analyzed to extract the circuit
performances. Section Ill describes an approach for
designing this OTA, clarifies specific design issues, and
results. While section IV provides concluding remarks.

OPTIMUM TOPOLOGY C-OTA ARCHITECTURE

Several fundamental issues exist when selecting an
optimal  architecture  for the  operational
transconductance amplifier. This choice aimed both
at large gain and large bandwidth performances. In
order to achieve high gain, the differential telescopic
topologies can be used. The telescopic architecture is
a better candidate for a low power consumption and
low noise C-OTA. The performance of simple C-OTA is
limited by its input and output voltage swing. To
overcome these limits of simple C-OTA and have an
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improved performance a Cascode OTA is used.
Although, telescopic OTA has a limited
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Figure 1:- A cascade OTA circuit ( Higher output Resistance)input
and output swing.

In order to alleviate some of the drawbacks of
telescopic operational amplifier, a folded cascode
OTA based on Wilson mirror can be used.

Basic configuration CMOS Cascode OTA

The operational transconductance amplifier (OTA) is
used as basic building block in many switched
capacitor filters OTA is basically an op-amp without
an output buffer and can only drive capacitive loads.
An OTA is an amplifier where all nodes are low
impedance except the input and output nodes. A
useful feature of OTA is that its transconductance can
be adjusted by the bias current. Filters made using
the OTA can be tuned by changing the bias current
Ibias. Two practical concerns when designing an OTA
for filter applications are the input signal amplitude
and the parasitic input/output capacitances. Large
signals cause the OTA gain to become non-linear. The
external capacitance should be large compared to the
input or output parasitic of the OTA. This limits the
maximum frequency of a filter built with an OTA and
causes amplitude or phase errors. These errors can
usually be reduced with proper selection of Ibias. The
performance of simple OTA is limited by its input and
output voltage swing. To overcome these limits of
simple OTA and have an improved performance a
Folded Cascode OTA is used. The name “folded
cascode” comes from folding down n-channel
cascode active loads of a diff-pair and changing the
MOSFETs to p-channels.

The output Voltage of the OTA is given by:
Vout=GmVinRo (1)

The “Unity gain frequency” of the OTA is:
Fu=2rgm/CL (2)

© 2017 IJETCR. All Rights Reserved.

Gm is computed as:

Gm=2nGBWCL (3)

Modeling and Simulation of cascode operational
transconductance amplifier at different voltages
using AC Analysis:-

Modelling and Simulation of cascode operational
transconductance amplifier at 1V using Parameters
Analysis:-

Fig-2. AC Analysis of Cascode OTA

Modelling and Simulation of cascode operational
transconductance amplifier at 1V using Transient
Analys

Fig-3:-Transient wave form of Cascode OTA

Modelling and Simulation of cascode operational
transconductanse amplifier biasing at 1V using AC
Analysis:-
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Fig-4:- Biasing of cascade OTA at 1V.

Table 1:- Parameters of OTA

Resistan
ce

7 | Unity 3.0072E+ | 3.2770E+ | 3.4659E+
Gain 07 07 07
Frequen

cy

S. Parameter Value

No.

1 DC Gain in dB 2.4661E+01

2 Band width in GHz 1.6091E+06

3 Phase Margin in degree 9.0558E+01

4 Slew Rate V/us 2.0285E-05

5 Average Power in pW 1.4908E-04

6 Output Resistance KQ 5.3949k

7 Unity Gain Frequency in dB | 3.0947E+07

Table-2:-Variation of COTA Parameters with Voltage

S. | Paramet | 0.9V 1.2V 1.4V

N. | ers

1 | DC Gain | 2.4400E+ | 2.4992E+ | 2.5065E+
in dB 01 01 01

2 | Bandwi | 1.6076E+ | 1.6384E+ | 1.7134E+
dth in | 06 0 06
GHz

3 | Phase 9.0700E+ | 9.0354E+ | 9.0248E+
Margin 01 01 01

4 | Slew 1.8112E- 2.1830E- 2.3162E-
Rate 05 05 05

5 | Average | 1.2968E- 1.8739E- 2.2834E-
Power 04 04 04

6 | Output 5.5557k 5.1118k 4.8560k
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Results & Discussions:-

The cascode operational transconductance amplifier
circuit is design in term of optimum structural device
parameters namely bandwidth, output resistance,
power etc in addition to the selection of operating
supply voltage. By studying the effect of parameter
various with supply voltage, Vpp as depicted in table
2, it was found that for best performance, the supply
voltage must be set around 0.9 V. The lowering of
supply supply voltage decreases the power
consumption due to proportional scaling but it also
affects the circuit slew rate and average power. This
is due to lower output swing and pronounced effect
of parasitic which deteriorates the bandwidth of the
amplifier. As expected, Almost all other parameters
improve .

Conclusion:-

Consider a basic CMOS operational transconductanse
amplifier with device design parameters set to their
default design values especially keeping the minimum
length to be greater than twice the diameter for
same width as that of a CMOS design. Since below
the minimum L, both the gate capacitance and the
drive current of CMOS in the middle are smaller in
comparison to the seat the edges. This is due to the
screening effect produced by adjacent CMOS which
proses a maximum limit on the operational
transconductanse amplifier for optimal performance.
By studying the effect of parameter variations with
supply voltage, in Figuer, it was found that for best
performance, the supply voltage must be set around
0.9V. The lowering of supply voltage decreases the
power consumption due to proportional scaling but it
also affects the circuit slew rate and settling time.
This is due to lower output swing and pronounced
effect of parasitic which deteriorates the bandwidth
of the amplifier. As expected, almost all other
parameters improve but due to lower swing,
robustness deteriorates. The supply voltage must
better performance of the cascade operational
transconductanse  amplifier (OTA) in  CMOS
technology using Hspice toll simulation. When the
variation of the voltage then parameter value are
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effected, DC gain & Band width increases, O/P
resistance & Power is decreases, Slew rate is varied in
the different value of voltage. Hence the minimum
supply voltage is better in the Cascode Operational

Transconductance amplifier (OTA) in CMOS
technology.
References:-
1. R.S. Asaad, and J. S. Martinez, “The recycling

folded cascade : general enhancement of the
folded cascade amplifier,” Journal of Solid State
Circuits, vol. 44, pp. 2535-2542, 2009.

E. Kargaran, H. Khosrowjerdi, and K.
Ghaffarzadegan, “A 1.5 v high swing ultra-low
power two stage CMOS OP-AMP in 0.18 um
Technology,” 2nd International Conference on
Mechanical and Electronics Engineering (ICMEE),
vol. 1, pp. 68-71, 2010.

A. Gupta, D.K. Mishra, R. Khatri, U.B.S.
Chandrawat, and P. Jain, “A two stage and three
stage CMOS OPAMP with fast settling, high DC
gain and low power designed in 180nm
technology,” International Conference on
Computer Information Systems and Industrial
Management Applications (CISIM), pp. 448-453,
2010.

N. Bako, Z. Butkovic, and A. Baric, “Design of fully
differential folded cascode operational amplifier
by the gm/ID methodology,” Proceedings of the
33 International Convention MIPRO, pp. 89-94,
2010.

F. Rezaei, and S.. Azhari, “A highly linear
operational transconductance amplifier (OTA)
with high common mode rejection ratio,”
International Conference on Signal Acquisition
and Processing (ICSAP), pp. 18- 22, 2010.

© 2017 IJETCR. All Rights Reserved.

6.

10.

11.

12.

13.

J.R. Angulo, R.G. Carvajal, B. Calvo, and A.L.

Martin, “Low voltage gm- enhanced CMOS
differential pairs using positive feedback,”
Proceedings of 2010 IEEE International

Symposium on Circuits and Systems, pp. 773-776,
2010.

J.L. Lai, T.Y. Lin, C.F. Tai, Y.T. Lai, and R.J. Chen, “
Design a low noise operational amplifier with
constant-gm,” Proceedings of SICE Annual
Conference 2010, pp. 322- 326, 2010.

M. Fakhfakh, M. Loulou, and N. Masmoudi,
“Optimizing performances of switched current
memory cells through a heuristic,” Journal of
Analog Integrated Circuits and Signal Processing,
Springer Editor, (2006).

M.hershenson, S.Boyd, and T. Lee. “Optimal
design of a CMOS op-amp via geometric
programming”. Stanford.edu/prople/boyd.

F. Silveira, D. Flandre ET P.G.A. Jespers, "A gm/ID
based methodology for the design of CMOS
analog circuits and its application to the synthesis
of a SOl micropower OTA", IEEE J. of Solid State
Circuits, vol. 31, n. 9, sept.1996.

M. Banu, J. M. Khoury, and Y. Tsividis, “Fully
Differential Operational Amplifier with Accurate
Output Balancing,” IEEE Journal of Solid State
circuits, Vol. 23, No. 6, pp. December 1990.

R. Hogervorst, J. P. Tero, R. G. H. Eschauzier, and
J. H.Huijsing, “A Compact Power efficient 3 V
CMOS Rail-to-Rail Input/Output Operational
Amplifier for VLSI cell Libraries,” IEEE Journal of
Soli State Circuits, Vol. 29,pp. December 1988.
Houda Daoud, Samir Ben Salem, Sonia
Zouari,Mourad Loulou, “Folded Cascode OTA
Design for Wide Band Applications”, Design and
Test of Integrated Systems in Nanoscale
Technology, 2006.

171



