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Abstract - This article describes how to develop and operate a Voltage Differencing Inverting Buffered Amplifier (CNTFET-

VDIBA) using Carbon Nanotube Field Effect Transistors (CNTFETs).  It utilizes the superior characteristics of CNTFETs to 

facilitate enhanced transconductance, a wideband range of operation, and a low power demand compared to conventional 

CMOS alternatives. The effect of increasing numbers of CNTs on device performance was thoroughly studied and characterized. 

Simulation results specify that by increasing the number of CNTs significantly improves transconductance. The proposed VDIBA, 

CNT has the highest transconductance of around 1.32mS, while maintaining the high BW. The 3-db BW was observed to be 7.9 

GHz, enabling this proposed VDIBA to apply for high-frequency analog signals. These results demonstrate that CNTFET-based 

VDIBA is a feasible substitute to CMOS, providing ultra-low power consumption, scalability, and high-performance analog 

building blocks for future integrated circuits. 
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1. Introduction 
Analog Building Blocks (ABBs) represent the basic 

elements for designing analog and mixed-signal integrated 

circuits. Data conversion, signal processing, sensor interface, 

and voltage-differencing amplifiers are just a few of the 

various uses for current conveyors, operational amplifiers, and 

buffered amplifiers. The performance of ABBs determines the 

overall efficiency, speed, power consumption, and scalability 

of analog systems. However, traditional silicon technology 

used to fabricate ABBs using Complementary Metal-Oxide-

Semiconductor processes encounters serious scaling limits 

with nanoscale dimensions. As a result, great efforts have been 

made within the research community to find new 

semiconductor materials and device architectures that can 

offer better analog performance while maintaining 

compatibility with the existing fabrication Technology 

available in the industry or research organization of the world. 

Among these new technologies, carbon nanotube field-effect 

transistors have become popular amongst researchers in recent 

years. CNTs are cylindrical nanostructures composed of rolled 

graphene sheets. Due to quasi-one-dimensional geometry, 

CNTs show exceptional electrical properties combined with 

high mechanical strength, making them highly promising for 

future electronic applications. Because of these advantageous 

characteristics, CNTFETs are particularly applicable for low-

power, low-voltage analog devices. Compared to their silicon 

MOSFET counterpart, CNTFETs provide a significant 

improvement in the current drive capability, on/off current 

ratio, and linearity of the whole device while supplying 

voltages considerably lower than 1 V. This potential of 

reduced power dissipation and boosted performance meets the 

increasing demand of energy-efficient and high-frequency 

analog building blocks in current and future integrated 

circuits. Among the various materials and device structures 

proposed so far, CNTFETs are particularly important for 

analog circuit design due to their unique electrical and 

structural features, along with the thermal properties. 

Transistors based on CNTs exploit exclusive features such as 

high carrier mobility and substantial current-carrying 

capability, which differentiate CNTFETs from traditional 

metal-oxide-semiconductor field-effect transistors. Analog 

circuits demand devices that offer high linearity, wide 

bandwidth, and improved noise performance, and CNTFETs 

have demonstrated strong potential in meeting these 

requirements in recent literature. 

 

Unlike their digital counterpart, analog building blocks 

like amplifiers, filters, and current mirrors do benefit from the 

favorable electrical behavior and scalability of carbon 

nanotubes. The tunable electronic properties of the CNTs, 
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including the chirality and diameter, make for variable 

performance that can be used in order to optimize the analog 

operation at the nanoscale level. Extensive research on analog 

building blocks using CNTFET technology deals with 

modeling, implementation, and comparative assessments of 

basic analog circuits built with CNTFETs, identifying both 

benefits and existing challenges compared to traditional 

CMOS analog blocks.  

 

The results try to validate the viability of CNTFETs for 

use as base components in future analog and mixed-signal 

integrated circuits. In comparison to their conventional CMOS 

counterparts, CNTFET-based analog circuits, for example, 

current conveyors, voltage-differencing amplifiers, as well as 

operational transconductance amplifiers which have 

demonstrated superior gain, bandwidth, and power-efficiency 

figures of merit in very recent studies. One particularly 

important ABB has been identified as the Voltage 

Differencing Inverting Buffered Amplifier because it 

incorporates a voltage-differencing stage with buffered and 

inverted output, enabling a variety of analog signal processing 

applications. 

 

Recent research has also investigated CNTFET 

implementations of voltage-differencing analog building 

blocks. Sunca Ulusoy and Alçı reported a low-voltage 

CNTFET-based VDIBA and demonstrated its use in a 

universal filter. This work confirms the suitability of 

CNTFETs for VDIBA architectures but also indicates that 

performance depends strongly on the selected nanotube 

chirality, number of tubes, supply voltage, bias current, and 

device-model assumptions. Other studies have developed 

CMOS, FGMOS, bulk-driven, and adaptive-biased VDIBA 

structures [18-22]. Nevertheless, a systematic study of the 

effect of CNT count on VDIBA transconductance, bandwidth, 

power consumption, and linearity under a clearly specified 

CNTFET simulation methodology remains limited. The 

objective of this work is therefore to evaluate a CNTFET-

based VDIBA using a 32-nm device configuration and to 

quantify the effect of the number of nanotubes on its principal 

analog parameters 

 

2. Circuit Description of CNT-VDIBA 
Sumio Iijima originally introduced Carbon Nanotubes 

(CNTs) in the early 1990s, are nanoscale cylindrical structures 

consisting of a rolled-up single layer of graphene, essentially 

a sheet of graphite, into a seamless tubular shape [12]. The 

CNTFET-based VDIBA represents an advanced analog 

circuit element that utilizes the unique Electrical 

characteristics of CNTFETs to deliver enhanced power 

efficiency, high operational speed, and compactness. 

Integration [13]. 

 

The input stage uses a differential pair of CNTFETs, 

which evaluates the voltage difference between the two input 

nodes and converts that difference into a corresponding 

current, as shown in Figure 1(a) [14]. This current is then 

inverted and routed via a CNTFET-based current mirror 

circuit, ensuring accurate current replication with minimum 

losses. The output buffer produced by the CNTFET converts 

current into a voltage signal, allowing for easy transfer to the 

next stage in the circuit due to a low output impedance. 

 

Figure 1(b) represents the conventional VDIBA 

implementation in Gupta et al. [15]. In the proposed CNT-

VDIBA design, the differential input pair is formed by 

incorporating CNTFETs, where M1 and M2 represent the 

CNT-based differential pair.  

 

Due to the ability of CNT devices to provide superior 

electrical properties, current mirror circuits formed by 

CNTFET arrangements in pairs M3 through M5, M4 through 

M6, and M7 through M8 will be able to accurately replicate 

their input current and provide improved electrical 

performance over their silicon counterparts. The inverting 

buffer stage is constructed with CNTFETs M9 and M10 [15], 

which offer low distortion and wider bandwidth 

characteristics. 

 

By replacing conventional CMOS-MOSFETs with 

CNTFETs, the proposed CNT-VDIBA achieves enhanced 

transconductance, improved current driving capability, and 

greater efficiency, while still maintaining low power 

consumption, as shown in Table 2. This design takes 

advantage of the superior performance characteristics of 

carbon nanotubes, making the circuit well-suited for advanced 

analog signal processing applications. 

VDIBA
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(a) 

 
(b) 

Fig. 1 (a) VDIBA circuit symbol, and (b) CMOS VDIBA [15]. 
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The following describes the VDIBA's terminal features [15]. 

 

 [

𝐼𝑝
𝐼𝑛
𝐼𝑧
𝑉𝑤−

] = [

0 0 0 0
0 0 0 0
𝑔𝑚 −𝑔𝑚 0 0
0 0 −1 0

] [

𝑉𝑝
𝑉𝑛
𝑉𝑧
𝐼𝑤−

]          (1)    

The transconductance (gm) is electronically tunable 

through bias currents. The gm [2] is represented as follows:    

 

       𝑔𝑚 = √µ𝑛𝐶ox (
𝑊

𝐿
)
1,2
𝐼𝑏               (2) 

 

Cox is defined as "gate-on oxide capacitance" for a unit area, 

and μn represents "effective carrier mobility" in this context. 

The effective channel width of the differential Metal Oxide 

Semiconductor transistor is represented by the letter W, and 

its effective channel length is represented by the letter L.  Last 

but not least, Ib denotes the "bias current" that passes through 

the transconductance stage [16]. 

 

3. Design Considerations and Analysis   
Figure 2 displays the design scheme for the CNT-VDIBA. 

The CNT replaces the conventional VDIBA, providing an 

improvement in transconductance through the electrical 

properties of CNTFET. 

 

 
Fig. 2 Implementation of the proposed CNTFET-VDIBA

 

DCNT"  which is the carbon nanotube diameter in nano 

meters, "Eg" is the bandgap energy, and "e" is electron of the 

nanotube that is linked to its chirality vector indices "(n, m)" 

by [3] and A=2.49Ao      

                                                                                                                                                                             

        𝐷𝑐𝑛𝑡 =
𝐴√(𝑛2+𝑚2+𝑚𝑛)

𝜋
              (3) 

 

𝑊 = (𝑁 − 1) ∗ 𝑆 + 𝐷𝑐𝑛𝑡         (4) 

Where “S” is the distance between two CNT or Inter 

CNT,  

N is No. of Carbon Nanotube, “W” is the width of CNT 

 

4. Simulation Results 
Simulation Methodology: The proposed CNTFET-

VDIBA was simulated using HSPICE with the Stanford 32 nm 

CNTFET compact model. The supply voltage was maintained 

at ±0.6 V, and the bias current was fixed at 50 μA. The 

CNTFET threshold voltage was approximately 0.29 V (as 

defined by the adopted compact model). Unless otherwise 

specified, all simulations were performed at a temperature of 

27 °C (300 K). AC analysis was carried out over a frequency 

range of 1 Hz to 10 GHz to extract the transconductance and 
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3-dB bandwidth characteristics. These conditions were used 

to obtain the reported 7900 MHz bandwidth. 

 

The final results of simulation from the newly designed 

CNT-based VDIBA prototype will be compared to the 

previously designed CMOS-based VDIBA in [15] and the 

original CMOS circuit based upon the original CMOS 

technology node parameters with a 32 nm CNTFET 

technology node using SPICE simulations. The CNTFETs are 

driven by ±0.6 V power sources with an unchanged bias 

current, which is 50 μA for all simulation runs, as shown in 

Table 1. 

 

       FOM gm/p =1320µs/25µW=52.8µs/µW              (5) 

 

 

 Table 1. CNTFET technology parameters, the device dimensions 

 

The Figure of Merit is shown in Equation (5). 

 

The characteristics of a new device based on carbon 

nanotubes, a CNT-VDIBA (a virtual digital integrated 

circuit), are shown in Figure 3(a). Figure 3(a) shows the 

output current (Iz) that is produced whenever a +ve voltage is 

connected to +ve   node (Vp) and -ve   node (Vn), which is 

grounded. Output voltage (Vw) and voltage at the intermediate 

node (Iz) have a linear relationship, as shown in Figure 3(b). 

For the voltage range in which the CNT-VDIBA can function 

in a realistic application, the input voltage has a linearity of 

±500mV.The transconductance of the CNT. As illustrated in 

Figure 4(a), the performance of the VDIBA is dependent on 

the number of carbon nanotubes employed in the CNT-

VDIBA implementation. For N≥ 25, the transconductance 

attains its maximum value. Furthermore, Figure 4(b) indicates 

that the linear operating range of the inverting buffer extends 

to approximately ±500 mV.  

 

The ideal 𝑉𝑤−characteristic is included to represent the 

expected behaviour of an ideal inverting buffer [17], while the 

remaining curves compare the responses of the proposed 

CNT-VDIBA and the conventional VDIBA. This comparison 

demonstrates the enhanced linearity and reduced deviation 

from the ideal response achieved by the proposed design. 

       
(a)                                                                                                                          (b) 

Fig. 3 (a) Variation of Iz with Vin, and (b) Variation of Iz at different no. of carbon nanotubes with Vin. 

 

Transistor. 

Number of 

Carbon 

Nanotubes (N). 

Chirality of tube 

(m, n). 

Physical Channel 

Length (Lch). 

Inter-Pitch 

CNT(S). 

High-k 

dielectric. 

M1-M2, M31-M3M, 

M41-M4M, M51-M5N, 

M61-M6N, M9-M10 

25 (19,0) 32nm 20nm 16 

M9-M10 5 (19,0) 32nm 20nm 16 
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(a)                                                          (b)

Fig. 4 (a) Variation of transconductance at different no. of carbon nanotubes with frequency, and (b) Variation of Vw with Vz. 

 

        
                                                                      (a) (b) 

Fig. 5 (a) Variation of transconductance with frequency, and (b) Voltage buffer with frequency. 

 

 
Fig. 6 Variation of transconductance at different  

temperature with frequency 

 
Fig. 7 Transient analysis of the proposed VDIBA circuit 
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Fig. 8 Variation of input noise with frequency 

 

 
Fig. 9 Variation of output noise with frequency 

 
Fig. 10 Variation of THD with Vin 

 

Figure 5(a) represents Transconductance of the desired 

circuit with frequency, while Figure 5(b) illustrates Voltage 

gain at the intermediate stage of the circuit. In Figure 6(a) 

Transconductance is measured at different temperatures so 

that optimization of the circuit is done. The characteristics of 

the suggested VDIBA circuit in time domain is represented in 

Figure 7. The suggested CNT-VDIBA circuit was given an 

excitation of 200mVpp/1MHz input source, and the output 

voltages Vz and Vw- plotted in Figure 7. The observed values 

of noise from simulations are quite low as compared to 

Conventional VDIBA, represented in Figure 8 & Figure 9. 

Total Harmonic Distortion (THD) is a critical metric for 

evaluating circuitry performance. As depicted in Figure 10, 

there is a direct correlation between THD and change in input 

voltage (Vin) at an input signal frequency of 1 MHz. The linear 

relationship continues until approximately Vin = 0.025. For all 

other lower input voltages, THD remains 1.6. In addition to 

comparing THD with respect to input voltage, performance 

optimization on CNTFET can be done by altering the quantity 

of CNT tubes denoted by N, tube diameter denoted by DCNT 

and pitch denoted by S. Figure 11 (a) and Figure 11(b) provide 

graphs illustrating the consequence of different tube counts on 

the efficiency metrics of CNTFET-VDIBA. As shown in 

Figure 12, the power consumption associated with CNTFET-

VDIBA is significantly less than that for standard CMOS. 

 

 
Fig 11(a) Variation of RZ  and RW- with no. of CNT 
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Fig. 11 (b) Variation of RZ  and RW- with inter-pitch 

 

  

 
Fig 12. Power dissipation variation with respect to the number of CNT 

 

Table 2. Performance parameters of different structures, comparison of CMOS-based VDIBA and CNT VDIBA 
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This block was not designed using CNTFET technology. 

Therefore, its performance was compared with that of existing 

technologies, and the results demonstrate that the proposed 

block achieves better performance in terms of the evaluated 

parameters. 

 

5. Comparison and Discussion 
Table 2 presents a comprehensive survey of existing 

literature to provide an overview of key performance metrics. 

To the best of the authors’ knowledge, all pertinent structural 

and design parameters from the referenced works have been 

incorporated. However, direct quantitative comparison is 

constrained by disparities in supply voltages, technology 

nodes, device dimensions, and biasing conditions across the 

reported implementations. The proposed circuit preserves the 

fundamental VDIBA architecture while replacing 

conventional CMOS devices with CNTFETs. Therefore, the 

observed improvements in transconductance, bandwidth, and 

power efficiency should primarily be attributed to the superior 

device characteristics of CNTFET technology, including 

higher carrier mobility, improved current-driving capability, 

and reduced parasitic effects, rather than to a fundamentally 

new circuit topology. Although the proposed implementation 

demonstrates the practical advantages of employing 

CNTFETs in VDIBA realization, the present work does not 

independently quantify the relative contributions of circuit 

architecture and device technology. A rigorous decomposition 

of these effects would require implementing identical VDIBA 

architectures using both CMOS and CNTFET technologies 

under the same technology node, supply voltage, bias current, 

loading conditions, and simulation environment. Such a 

controlled comparative study is beyond the scope of this work 

and is considered an important direction for future research. 

 

6. Conclusion 
A novel transconductance-enhanced CNTFET-based 

VDIBA is proposed in this work. The performance 

improvements of the proposed CNT-VDIBA are validated 

through SPICE simulations using 32 nm technology 

parameters. Simulation results indicate that the circuit 

achieves a transconductance of up to 1.32 mS, with a 3 dB 

bandwidth of 7900 MHZ at a bias current of 50 µA. These 

results reflect a significant enhancement in transconductance, 

with a marginal reduction in bandwidth compared to the 

conventional VDIBA. Furthermore, the proposed design 

exhibits improved          DC gain, enhanced linearity, and better 

power efficiency relative to the traditional VDIBA structure. 

The proposed CNT-VDIBA exhibits a Total Harmonic 

Distortion (THD) of 1.6. Additionally, the architecture 

demonstrates low power consumption while achieving 

enhanced DC gain, improved linearity, and superior power 

efficiency. 
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ABB = Analog Building Block. 

THD = Total Harmonic Distortion.  

CMOS = Complementary Metal-Oxide-Semiconductor. 

CNTFET = Carbon Nano Tube Field Effect Transistor. 
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