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In this paper, a procedure, that allows a comparative analysis of A/D circuits implemented in

CNTFET and MOS technologies, is proposed. As an example of analog circuit, the design of a basic
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current mirror is considered, while, as an example of digital circuits, a NAND gate is considered.
All simulations are performed using the Verilog-A programming language.
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1. Introduction

CNTFETs are Field Effect Transistors having a Carbon
NanoTube as a channel [1-22].

In this paper, a comparative analysis of A/D circuits
implemented in CNTFET and MOS technologies is
proposed.

For the first technology, the CNTFET model, proposed
in [2-3], is used while for the second one the BSIM4 model
of the Advanced Design System (ADS) library, written in
Verilog-A [23], is used.

As an example of analog circuit, the design of a basic
current mirror is examined, while, as an example of digital
circuits, the design of a NAND gate is considered.

2. CNTFET and MOSFET models used

An exhaustive description of the used CNTFET model
is in [2-3]. Therefore, the reader is encouraged to consult
these references, where the following expression of the
total drain current is explained [24]:
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The C-V model used is fully described in [2-3] and
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The equivalent circuit of an n-type CNTFET is shown
in Figure 1.

For the MOSFET model, the BSIM4 model of the ADS
library is used [25].

3. Experimental Setup and Methodology

3.1 Basic Current Mirror Design in CNTFET and MOSFET
Technology

The basic current mirror consists of two active
components as shown in Figure 2, where a current sink is
based on n-type C-CNTFET.

The reference current | of 10 pA is provided by an
ideal current supply on the left branch of the circuit. This
current sets the quiescent point of M1 in the saturation
region and provides bias voltage at the gate of M2, which
must faithfully follow the | as long as output voltage V|
2V, the voltage required to switch M2 on.

The drain voltage of M2 is swept in order to evaluate
how well the output current replicates an ideal current
supply. The output current value is given by [26-27]:

Iout :k'(VG _VT)Z (1+AVDD) (3)
The same was done using NMOS devices.

The lour values are shown in Figure 3, where a
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Fig. 1. Equivalent circuit of an n-type CNTFET.
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Fig. 2. Basic current mirror circuit with an n-type CNTFET.
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Fig. 3. Reference current versus VDD in an n-type basic current mirror.
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comparison with MOSFETs having different channel
length L and constant aspect ratio, W/L = 2, is illustrated.

The simulation underlines that n-type CNTFET works
better than MOSFETs of a larger size, as validated in
Figure 4, where the error in current replication given by
[y leee | is shown.

In Figures 5 and 6 other simulation results are
reported.

The Figures 5 and 6 indicate that the NMOS current
mirrors provide better performances in terms of current
replication error, for lower values of W/L.

3.2 CNTFET and MOSFET NAND Gate Design

The circuit used to design and characterize a NAND
gate for CNTFET technology is shown in Figure 7.
For this circuit, a single voltage supply, denoted asV,

has been used.

By sweeping Vgs from 0 to V_, the simulated Voltage
Transfer Characteristics (VTC), at different values of supply
voltage, are reported in Figures 8 and 9.

These Figures indicate that for voltage supply smaller
than 0.1V, the regenerative characteristic is worse than
at0.5 V.

Figure 10 allows for the evaluation of the NAND
propagation delay, equal to 1.1*10%2s,

In CMOS technology, the best obtained results for VTC
is shown in Figure 11, while Figure 12 shows the CMOS
NAND propagation delay (1.8*10%°s).

1 provides a comparison with the results obtained for
a NOT gate, in order to demonstrate that the proposed
procedure may be applied to characterize and design any
logic gate [28-29].
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Fig. 4. Relative error I, ,-I, .| in current replication of an n-type basic current mirror.
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Fig. 5. IOUT versus VDD in an n-type basic current mirror for different W/L values.
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Table 1. Summary of simulation results.
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4. Conclusions and Future Developments

A procedure, that allows a comparative analysis of
A/D circuits in CNTFET and MOS technologies, has been

proposed.

To make further comparisons, the proposed technique
will be repeated considering other CNTFET models [30-

31].

Moreover, the effects of noise [32-34] and the impact
of CNTFET technology [35-36] will be analyzed more

thoroughly.
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