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ABSTRACT

In this paper we analyse the impact of temperature variations in the design of an Operational Transconductance
Amplifier (OTA) based on CNTFET, where the active load is a cascode current sink mirror. In particular we
determine the Voltage Transfer Characteristics (VTCs) and the Common Mode Rejection Ratio (CMRR) at
different temperatures.
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I. INTRODUCTION

Carbon NanoTube Field Effect Transistors (CNTFETS) are a new kind of molecular device, for which
is possible to obtain good operation even at very high frequencies, as we shown in our previous
papers [1-15].

In this paper we analyse the impact of temperature variations in the design of an Operational
Transconductance Amplifier (OTA), determining the Voltage Transfer Characteristics (VTCs) and the
Common Mode Rejection Ratio (CMRR) at different temperatures.

In the light of the results obtained we can say that the proposed circuit works with high CMRR and
moderate gain values, which increase with temperature.

Il. EFFECT OF TEMPERATURE IN THE DESIGN OF OTA

In the proposed design we consider the I-V model of CNTFET, already proposed by us in [5-6].
Therefore we suggest the reader to consult these References.

Regards to the C-V model, an exhaustive description of our C-V model, used in the proposed design,
is widely described in [10] and also in this case the reader is requested to consult it.
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Moreover we considered a single wall n-CNTFETs with a diameter of 1.509 nm and 22 nm long in
the ballistic transport hypothesis, for which in [16] we already shown the temperature variations on I-

V characteristics.
The circuit of an Operational Transconductance Amplifier is reported in Fig. 1, where the active load

is a cascode current sink mirror [17] working at 3 pA.
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Figure 1. OTA circuit.

In particular, the developed OTA runs with 6 uW of power and also presents an high gain due to the
cascode active load.

The Voltage Transfer Characteristics (VTCs) [18] at different temperatures are reported in Fig. 2,
where it is easy to see the proposed OTA has not high gain at low temperatures (near 100 K) but can
correctly operate at high temperatures.
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Figure 2. OTA VTCs vs temperature.

Moreover Fig. 2 shows the input and output dynamic in different environmental conditions.
We have analysed the current splitting on the differential couple confirming them proper

working and the result is shown in Fig. 3.
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Figure 3. Differential couple with mirror active load current splitting.
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The total current sinking from the two branches of OTA, labelled “sink™ in Fig. 3, has no visible
dependence neither on input voltage nor on temperature. This is a positive check of the correct
working of current mirror.

To determine the differential and common gain, at first we determined the differential gain directly
from the VTC curves. Then, we have evaluated the common mode gain from the common mode
transfer curves.

This procedure allows to evaluate the Common Mode Rejection Ratio (CMRR) [18], shown in Fig. 4,
and amplifier gain, shown in Fig. 5 in different temperature conditions.
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Figure 4. CMRR versus temperature.
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Figure 5. Amplifier gain vs temperature.

In the light of the results obtained we can say that proposed circuit works with high CMRR and
moderate gain values, which increase with temperature.

Following the Allen-Holberg procedure [19], it has also been possible to determine the Input
Common Mode Range (ICMR) of the proposed OTA at different temperatures.

The results are reported in Fig. 6.
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Figure 6. ICMR versus temperature.

In particular Fig. 6 shows that at T = 100 K the ICMR is (-0.9 V, 0.4 V) and at T = 500 K the
ICMR is (1.0 V, 0.2 V). Therefore we can affirm that the ICMR changes only slightly.

I11. CONCLUSION AND FUTURE DEVELOPMENTS

In this paper we analysed the impact of temperature variations in the design of CNTFET-based OTA.

In the proposed circuit we used a current mirror as an active load and we found a differential gain
decreasing at lower temperature. We also noticed a common mode gain decreasing at high
temperatures (caused by the mirror higher efficiency) resulting in a considerable CMRR increasing.
However, OTA ICMR remains almost the same in all different conditions, proving that temperature
slightly affects CNTFETSs performance. All simulations have been obtained using ADS software [20].
Actually we are studying the effect of noise [21-23] in the CNTFET-based design of A/D circuits, and
we are analyzing more thoroughly the effects of parasitic elements of interconnection lines in CNT
embedded integrated circuits [24-25].
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