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ABSTRACT: In this research paper, Simulation and Analysis of innovative folded cascode Operational
Amplifier based on carbon nanotubes (CNT) has been performed using 45 nm technology. DC voltage gain,
average power, bandwidth and output resistance have been computed. CNT based folded cascode Op Amp
results in high performance with the increase of CNTs. For example, the increase in DC gain is 41.48% in
pCNT based folded cascode Operational Amplifier and 13.93% in nCNT based folded cascode Operational
Amplifier; decrease in average power is by 16.86% in pCNT based Operational Amplifier and 55.42% in
nCNT based folded cascode Operational Amplifier in comparison to CMOS based folded cascode
Operational Amplifier respectively. However, the output resistance has decreased in CNT based FC-OP AMP
in comparison to conventional CMOS based Folded Cascode OP AMP. The low output resistance has
resulted in a small bandwidth in  CNT based FC-OP AMP.
Further, the simulation studies have revealed that the performance of the CNT based folded cascode Op Amp
can be improved optimized at different  CNTs.
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I. INTRODUCTION

As CMOS technologies evolves well into short channel
length, the supply voltage decreases and device
characteristics deteriorate. These conditions pose severe
challenges in Op Amp designs. The transistor intrinsic
gain becomes  low due to inferior device output
impedance [1-5].Now in order to ensure further
improvement in FET performance with  sustaining
Moore’s Law, it is necessary to look for alternative like
Carbon Nanotube Field Effect Transistors (CNFETs)
that promise to deliver much better performance than
existing MOSFETs. CNFET technology can also be
easily clubbed with the bulk CMOS technology on a
single chip and utilizes the same infrastructure [4].
There has been a lot of work available in the literature
on the digital applications of CNFET but its analog
applications have not been explored [5,6]. Keeping the
foregoing in mind, this paper investigates in detail the
performance of Pure CNFET Folded cascode Op

Amp at 45nm  for obtaining high gain, low power
consumption, and low output resistance etc. In this
work, we simulated two CNT based FC-OP AMPs and
compared the performance with the  conventional CNT
based FC-OP AMP, uses N CNTFETs as sinks and
conventional PMOS transistor as sources. It is being
called as pCNT based folded cascode Operational
Amplifier. Similarly, another proposed CNT based
COTA uses P CNTFETs as sources and conventional
NMOS transistors as sinks and is being called as nCNT
based folded cascode Operational Amplifier.
Simulation and analysis of innovative folded cascode
Op Amp based on carbon nanotubes (CNT) has been
performed using  45 nm technology node. The
simulation is being done by using HSPICE. The
comparative analysis of the proposed CNT-FC-OP
AMP with the conventional  CMOS based Folded
Cascode OP AMP has shown the increase in DC gain of
around 41.48% in pCNT based folded cascode
Operational Amplifier and around 13.93% in nCNT
based folded cascode Operational Amplifier.
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Further decrease in average power is by 16.86% in
pCNT based folded cascode Operational Amplifier and
55.42% in nCNT based folded cascode Operational
Amplifier in comparison to CMOS-FC-OP AMP
respectively. However, the output resistance has
decreased in CNT based FC-OP AMP in comparison to
conventional CMOS based Folded Cascode OP AMP.
The low output resistance has resulted in a small
bandwidth in  CNT based FC-OP AMP. Further, the
simulation studies have revealed that the performance
of the CNT based folded cascode Op Amp can be
improved optimized at different CNTs.
This paper begins with an overview of Carbon
Nanotube Field Effect Transistors (CNFET) and Folded
cascode Op Amp in Section 2. Section 3 covers the
design of pure CNFET Based Folded cascode Op Amp.
Section 4 gives conclusion.

II. CARBON NANOTUBE AND CARBON
NANOTUBE FIELD EFFECT TRANSISTOR

In 1991 Iijima observed concentrically nested carbon
structures while  investigating the soot of an arc-
discharge experiment between two graphite electrodes.
These structures were multiwalled carbon nanotubes
(MWCNTs). After two years, Iijima and Ichihashi of
NEC [10] and Bethune and colleagues of the IBM
Almaden Research Center in California [11] discovered
single-walled carbon nanotubes (SWNTs). These are
allotrope of carbon. CNT is being considered as a
promising and is being projected to replace the widely
used silicon. It has remarkable properties, like high
tensile strength more than steel, electrical conductivity
more than the best conductor silver, thermal
conductivity more than diamond. The semiconductor
industry is facing some major challenges at the
nanoscale dimension. Such problems include power and
performance optimization, device fabrication and
control of process variations at nanoscale and
integration of a diverse set of materials and devices on
the same chip [8]-[9]. A single walled carbon nanotube
(SWCNT) is a one-dimensional conductor, that can be
either metallic or semiconducting depending upon the
arrangement of carbon atoms decided by their Chirality,
Ch (i.e. the direction in which the graphene sheet is
rolled) whose magnitude and relationship with CNT
diameter is given by Eqs. (1) and (2) respectively where
‘a’ is the grapheme lattice constant (0.249nm) and n1,
n2 are positive integers that specify the chirality of the
tube.

Ch = a √ (  n2
1 +  n2

2 +  n1 n2) …(1)
DCNT =  Ch /π …(2)

A compact model for single-walled CNTFETs was
proposed  [4]-[5]. This CNTFET model  can be
simulated in HSPICE [5].

Fig. 1. Different types of Carbon NanoTubes.

Fig. 2. Different types of SWCNTs.



Krishan, Agarwal and Kumar 26

Fig. 3. Three Dimensional CNTFET structure.

III. PROPOSED CNTFET BASED FOLDED
CASCODE OP AMP DESIGN

The Fig. 4 shows the schematic of a folded-folded
cascode op-amp using a class AB output buffer. In
the frequency response of the op-amp, the load of the
op-amp is a 1 pF capacitor.  Folded cascode
Operational transconductance is designed at different
carbon nanotubes (N). The widths of CNTFET and
MOSFET are chosen to be identical for a reasonable
comparison.
We simulated two CNT based FC-OP AMPs and
compared the performance with the conventional.
Fig. 4 shows the circuit diagram of one of the
proposed CNT based FC-OP AMP. It uses N
CNTFETs as sinks and conventional PMOS
transistor as sources. It is being called as pCNT based
folded cascode Operational Amplifier. Similarly,
another proposed CNT based COTA uses P
CNTFETs as sources and conventional NMOS
transistors as sinks and is being called as pCNT based
Operational Amplifier.

A. Variation of CNTs (N)
The current drive in a CNTFET depends both on the
number of CNTs per device (‘N’) and thus DC Gain
increases with CNTs as shown in figure 5.  In
addition, current driving capability of CNTFET goes
up with the large number of tubes which reduces the
output resistance as shown in figure 6, thereby
allowing greater fan-out .The bandwidth increase
with CNTs since output resistance decreases as
shown in figure 7, Also, the average power increases
but it is still very small as shown in Fig 8.

Fig. 4. Proposed PMOS-NCNT-FC-OP-AMP.
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Fig. 5. Variation of CNTs for DC gain.
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Fig. 6. Variation of CNTs for Output resistance.



Krishan, Agarwal and Kumar 27

0 5 10 15 20 25 30 35 40
0.0

600.0k

1.2M

1.8M
PMOS-NCNT-FC-OP -AMP
NMOS-PCNT-FC-OP -AMP

3-
dB

 B
an

dw
id

th
 in

 H
z

Number of CNTs
Fig. 7. Variation of CNTs for 3dB Bandwidth.
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Fig. 8. Variation of CNTs for Average Power.

Table 1: Technology Parameters of CNFET.

S. No. Parameter Value

1. Oxide Thickness (TOX) 4 nm

2. Physical Channel length (Lch) 45nm

3. Power Supply 0.9 V

4. Gate Dielectric HfO2

5. Dielectric Constant 16
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Table 2: Comparative analysis of FC-OP AMPs with CL = 1 pf, VDD = 0.9V @ 45nm tech. node, N = 24, S =
20nm, D = 1.5nm.

IV. RESULTS AND DISCUSSION

In this research paper, simulation of innovative folded
cascode  Op Amp based on carbon nanotubes (CNT)
has done at  45 nm . DC voltage gain, average power,
bandwidth and output resistance have been computed
using HSPICE Software. CNT based folded cascode Op
Amp results in high performance with the increase of
CNTs. Further, the simulation studies have revealed
that the performance of the CNT based folded cascode
Op Amp can be improved optimized at different CNTs.
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