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Abstract: Designing high performance analog circuits is becoming increasingly challenging with the persistent trend toward reduced
supply voltages. At large supply voltages, there is a trade-off among speed, power and gain, amongst other performance parameters.
Often these parameters present contradictory choices for the op-amp architectures. In this paper telescopic OTA is designed for 0.35μm
technology with the help of P-spice Orcad simulator. This designed telescopic OTA achieved gain 40db, phase margin of 70degree,
CMRR 75db, which are the basic performance parameters of the OTA.
Keywords: OTA, UGB, Gain, Phase Margin, ICMR, CMRR.
Figure 1 shows how to represent OTA symbolically.

1. Introduction
The OTA is basic building blocks found in many analog
circuits such as data converter’s (ADC &DAC) and Gm-C
filters. Performance of Gm-C filters is related to the OTA’s
performance. The OTA is a Transconductance device in
which the input voltage controls the output current, it means
that OTA is a voltage controlled current source whereas the
op-amps are voltage controlled voltage source. An OTA is
basically an op-amp without output buffer, so it can only
drive loads.
The Operational Transconductance Amplifier (OTA) is the
block with the highest power consumption in analog
integrated circuits in many applications. Low power
consumption is becoming more important in handset devices,
so it is a challenge to design a low power OTA. There is a
trade-off between speed, power, and gain for an OTA design
because usually these parameters are contradicting
parameters. There are three kinds of OTAs: two stage OTAs,
folded-cascode OTAs, and telescopic OTAs. The telescopic
amplifier consumes the least power compared with the other
two amplifiers, so it is widely used in low power
consumption applications. It has also high speed compare to
other two topologies [1][2].
An operational transconductance amplifier (OTA) is a
voltage input, current output amplifier. The input voltage Vin
and the output current Io are related to each other by a
constant of proportionality and the constant of
proportionality is the transconductance “gm” of the amplifier.
Io = g m V
Where gm= Transconductance of OTA.
Vin= Differential input voltage

(1)

Figure 1: OTA symbol
The transconductance gm of the OTA can be varied by
varying the value of the external controlling current IC.
gm = KIC

(2)

Where K = suitable constant of proportionality
Substituting equation (1) into equation (2), we get,
Io = KVinIC

(3)

Equation (3) tells us that output current is proportional to the
product of Vin and IC. [8]

2. Different Configuration of OTA
There are different configurations of OTA topologies. Each
topology has its own advantage and disadvantage [1][8].
2.1 Single –Stage OTA
Single stage OTA is as shown in figure 2. This single stage
OTA is less complex compare to other types of OTA
topology. Because of its less complex property its speed is
higher compare to other topology.
The drawback of this type of OTA is lower gain due to the
fact that output impedance of this type configuration is
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relatively low. However this low impedance also leads to
high unity gain bandwidth and high speeds.

Figure 4: Telescopic amplifier
Figure 2: Single stage OTA

2.4 Regulated Cascode (Gain Boosting) OTA

2.2 Two –Stage OTA

Figure 5: Regulated Cascode (Gain Boosting) OTA
Advantage:
Figure 3: Two stage CMOS OTA

1. This topology has highest gain.

Advantage:

Disadvantage:

1. It has high output voltage swing.
2. It has higher gain compare to single stage OTA.

1. The Speed is low.

Disadvantage:

2.5 Folded Cascode OTA

1. It has a compromised frequency response.
2. This topology has high power consumption because of
two Stages in its design.
3. It has a poor negative Power Supply Rejection at higher
Frequencies.
2.3 Telescopic Cascode OTA
The Telescopic Cascode OTA configuration is as shown in
figure 4.
Advantage:
Figure 6: Folded Cascode OTA

1) It provides higher speed.
2) It has lower power consumption.
Advantage:
Disadvantage:
1) Limited output swing.
2) Shorting the input and output is difficult.

1) This design has corresponding superior frequency
response than two – stage operational Amplifiers.
2) It has better high frequency Power Supply Rejection Ratio
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(PSRR). The power
consumption of this design is
approximately the same as that of the two-stage design.

Simulated results waveforms
4.1 Gain Measurement

Disadvantage:
1) Folded cascode has two extra current legs, and thus for a
given settling requirement, they will double the power
dissipation.
2) The folded cascode stage also has more devices, which
contribute significant input Referred thermal noise to
the signal.

The gain obtained for this telescopic
Transconductance Amplifier is about 40db.

Operational

3. Telescopic OTA Implementation
In this design telescopic OTA is used because of its
simplicity over other designs, allowing for higher-speed
operation. In a folded-cascode design, there is an input
differential pair and two separate current branches for the
differential output. The input currents are mirrored with a
cascoded configuration to produce the output currents.

Figure 7: Telescopic OTA
The telescopic architecture puts both the input differential
pair and the output on the same two current branches. This
approach eliminates the noise problems caused by the
current mirrors and also leads to a more direct signal path,
which allows for higher speed. Another advantage of the
telescopic architecture is that it uses half the bias current of a
folded-cascode design because it has two fewer branches for
current [3][4].

4.2 Phase margin

4.3 CMRR
Common mode Rejection Ratio (CMRR) is defined as the
ratio of differential gain to common mode gain. Value of
CMRR estimated to be more than 60db. [9]

4. Simulation Results
The CMOS Telescopic operational transconductance
amplifier is simulated on P-spice software for 0.35μm
Technology for obtaining different parameter such as UGB
(Unit gain bandwidth), gain, phase margin etc. These
parameters are shown below.
Specification

Results

Technology

0.35µm

UGB
CL
Supply
Voltage
Gain
CMRR
Phase Margin
Power cons.

60MHz
1pf
±2.5V

5. Conclusion
In this paper, the basic concept of different OTA is described
along with its advantage and dis-advantage. The telescopic
OTA is designed for 0.35μm technology with the help of Pspice Orcad simulator. The unit gain bandwidth achieved for
the design is 60MHz, the gain is 40db and phase margin is of
70degree. Also the CMRR is of 76db.

40db
76db
70º
2.46µW

Volume 2 Issue 3, March 2013
www.ijsr.net

89

International Journal of Science and Research (IJSR), India Online ISSN: 2319-7064
References
[1] KushGulati and Hae-Seung Lee, “A High-Swing, HighPerformance CMOS Telescopic Operational Amplifier”
, IEEE Journal Of Solid-State Circuits, Vol. 33, No. 12,
December 1998
[2] WANG Jin and QIU Yulin, “Analysis and Design of
Fully Differential Gain-Boosted Telescopic Cascode
Op-amp”, Institute of Microelectronic of Chinese
Academy of Sciences, Beijing, 100029, China, year
2004 IEEE,
[3] Antonio J. López-Martín, “Low-Voltage Super Class
AB CMOS OTA Cells With Very High Slew Rate And
Power Efficiency”, IEEE Journal Of Solid-State
Circuits, Vol. 40, No. 5, May 2005
[4] Li Tianwang, Ye Bo, and Jiang Jinguang, “A Novel
Fully
Differential
Telescopic
Operational
Transconductance
Amplifier”,
Journal
of
Semiconductors, Vol. 30, No. 8, August 2009
[5] Zahra Haddad Derafshi and Mohammad HosseinZarifi,
“Low-Power High-Speed OTA in 0.35μm CMOS
Process”, European Journal of Scientific Research,
ISSN 1450-216X Vol.37 No.3 (2009), pp.368-375
[6] D.
Nageshwarrao,
S.VenkataChalamand
,V.MalleswaraRao, “Gain Boosted Telescopic OTA
With 110db Gain And 1.8GHz. UGF”, International
Journal of Electronic Engineering Research, ISSN 0975
- 6450 Volume 2 Number 2 (2010) pp. 159 -166
[7] CarstenWulff, TrondYtterdal, “High Speed, High Gain
OTA in a Digital 90nmCMOS Technology”,
Department of Electronics and Telecommunication,
Norwegian University of Science and Technology, N7491 Trondheim, Norway
[8] R.Jacob Baker, Harry W. Li & David E. Boyce, “CMOS
circuit design, layout and simulation”, IEEE Press Series
on Microelectronic Systems, Prentice Hall of India
Private Limited,2004.
[9] Behzad Razavi, “Design of Analog CMOS Integrated
Circuit”, Tata McGraw-Hill Edition, ISBN 0-07052903-5.

Volume 2 Issue 3, March 2013
www.ijsr.net

90

