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ABSTRACT 

 
Nanoelectronics is a very promising step the world of 

electronics is taking. It is proved to be more efficient than 

the microelectronic approaches currently in use, mainly in 

terms of area and energy management. A Single Electron 

Transistor (SET) is capable of confining electrons to 

sufficiently small dimensions, so that the quantization of 

both their charge and their energy are easily observable, 

making the SET’s, in an essential way, quantum 

mechanical devices. These features should allow building 

chips with a number of devices orders of magnitude greater 

than the indicated by the roadmap still respecting area and 

power consumption restrictions. In this sense, Tera Scale 

Integrated (TSI) systems can be feasible in the future. A 

digital module, such as an arithmetic logic unit, completely 

implemented with SETs has already been proposed and 

validated by simulation. In this work a completely SET 

based  network-on-chip (NoC) nanoelectronic core is 

proposed.  Furthermore, a simple NoC architecture based 

on that nanoelectronic core is also evaluated. It is shown 

that the SET-based NoC has a promising performance 

considering parameters such as power consumption and 

area. 
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1 INTRODUCTION 
 

System-on-Chip (SoC) Integrated Circuits based on 

Network-on-Chip (NoC) interconnection architectures, 

appeared as a solution for the performance requirements of 

the modern single chip billion transistor processors. The  

NoC approach provides a highly structured and scalable 

solution to tackle the communication problems in those 

complex systems, due to the high bandwidth, relatively low 

power consumption and low latency exhibited by NoCs in 

comparison to more conservative designs. 

 State-of-the-art SoCs, despite the improvements due to 

the adoption of the NoC approach,  still present significant 

power and area restraints due to the intrinsic limitations of  

the CMOS technologies [1], which remain dominant in the 

2nd decade of the 21st century.  

The employment of alternative technologies like 

Nanoelectronics shall provide the required area and power 

consumption scaling. Single-electron transistors (SET) are 

nanoelectronic devices known for their reduced area and 

power consumption features [2,3,4], which are orders of 

magnitude lower than CMOS devices. 

  In this work, a completely SET- based  network-on-

chip (NoC) nanoelectronic core is be proposed.  

Furthermore, a simple NoC architecture based on that 

nanoelectronic core is evaluated. It is shown that the SET-

based NoC has a very promising performance considering 

parameters such as power consumption and area. this paper 

a 32-bit nanoelectronic core, based on single-electron 

transistors using NAND gates as building blocks was 

proposed. Power consumption and area estimation aspects 

were also considered, since they are critical when GSI and 

TSI circuits realizations are foreseen. 

 

 

2 RECONFIGURABLE CORE 

ARCHITECTURE 
 

Many architectures have been proposed for building 

nanoelectronic circuits [5]. However, reconfigurable 

architectures, for simple and complex systems, seems a 

good choice for avoiding defective devices [5]. In this 

sense, a reconfigurable processor would be a excellent 

option for a nanoelectronic system.  

Among reconfigurable processors, the one proposed by 

Poon [6], showed in Figure 1, presents increased 

granularity, i.e., the processor is able to execute a large 

number of tasks before searching for new instructions 

(before communicating to other units). Taking into account 

that nanoscale devices have a great integration potential, 

capable of building TSI systems with high granularity can 

be advantageous.  

The description and operations of each processor’s unit 

is in Table 1.  
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Figure 1: Reconfigurable processor architecture [6] 

 

 

 

Unit Description 

DOF 

(degree-of-freedom) 

Operations with complex 

numbers (Example: FFT, 

Euclidean distance etc) 

CORDIC (Coordinate 

 Rotation Digital Computer) 

CORDIC algorithm. 

Performs sine, cosine etc. 

Dual-core 

ALU (Arithmetic Logic Unit) 

Miscellaneous mathematic 

operations 

ML Maximum likehood 

Interconnet 

Unit 

Time multiplexed crossbar 

interconnect 

Memory and Control Units Data storage and Data 

control 

Table 1: Processor’s unit description and operations [6] 

 

 

 

3 NANOELECTRONIC CORE 

IMPLEMENTATION BASED ON 

SINGLE-ELECTRON NAND GATES 
 

  The programmable single-electron NAND gate showed by 

Gerousis et al. [7] was later on deeply analyzed by 

Tsiolakis et al. [8].  This SET NAND gate (Figure 2) 

showed stability and energy efficiency, which are 

interesting parameters for large scale circuits.  Furthermore, 

the same SET NAND gate was used to implement a 2-4 

decoder [9],  a programmable logic array [10], an ALU [11] 

and a shift register [12], showing to be prone to 

connectivity.  

 

 
Figure 2: SET NAND gate [7] 

 

 

According to Gerousis et al. [7] and confirmed by 

Telles et al. [12] this circuit is able to operate at room 

temperature.  

Considering the SET NAND gate in Figure 2 the 

building block for implementing the reconfigurable 

processor in Figure 1, area and power consumption values 

can be estimated. These values are shown in Table 2. In 

order to determine the number of gates, the processor was 

considered to have four DOF configurable units. Data and 

coefficient memories are 8 kB. The control unit contains 

two 8-kB memories to store configuration bits and 

instructions for the dual-core ALU, respectively[6]. 

 

 

Unit Number of 

gates 

Area 

(µm
2
) 

Power 

(nW) 

DOF 

 

4 x 15843 4 x 2.72 4 x 55 

CORDIC  

 

10755 1.85 38 

Dual-core 

ALU  

4456 0.77 16 

ML 362 0.06 1 

Interconnet 

Unit 

9119 1.57 32 

Memory & 

Control  

482282 82.95 1688 

TOTAL 570346 98.08 1995 

Table 2: Nanoelectronic processor estimations for area and 

power consumption 

The SET NAND area estimation was 172 nm
2
 [13,14] and 

the static power consumption estimation was 3,5 pW, 

obtained by simulation [15]. The total power consumption 

of the original processor proposed by Poon [6] synthesized 

using the Intel 0.13µm CMOS standard cell library was 

63.4 µW, i.e., the nanoelectronic processor with the same 

architecture can dissipate over 30 times less than the 

original CMOS proposal.  
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4 SIMPLE NETWORK ON CHIP (NoC) 

IMPLEMENTATION  

Networks-on-Chips (NoCs) are cited as a scalable, high-

bandwidth communication  backbone [2013]. A typical 5-

port mesh router microarchitecture is shown in Figure 

3.

Figure 3: Typical 5-port mesh router architecture [16] 

 

For a 5-port mesh router based on the nanoelectronic 

core proposed in this paper and SET NAND gates the total 

occupied area and power consumption estimations are 

shown  in Table 3. Interconnects were not considered in 

these estimations. 

 

Unit Number of 

gates 

Area 

(µm
2
) 

Power 

(nW) 

Buffers 

 

32 bits x 2 

gates x 5 

ports 

0.06 1.1 

Crossbar 

 

32 bits x 

20 gates 

0.11 2.2 

Control logic 1248 gates 0.21 4.4 

Core 4 x 570346 

gates 

393 7980 

TOTAL 

(Mesh NoC) 

2283592 ~393 7988 

Table 3: Nanoelectronic estimations for area and power 

consumption for a 5-port mesh router 

 

Table 4 shows a comparison among the nanoelectronic 

router  and other existing router designs [17] 

 

Router Area 

(µm
2
) 

Mango 

 

190000 

Hermes 

 

50000 

Nanoelectronic 393 

Table 4: Area comparison among the nanoelectronic 

and other existing 32 bits 5-port mesh router 

In addition, according to [16], a 64-bit 5-port mesh 

router would occupy 61000 µm
2 

if designed in 45 nm 

CMOS technology.  Even observing that NoC routers in 

Tables 3 and 4 are implemented with 32 bits, it is possible 

to notice the  order of magnitude reduction in  the occupied 

area by the SET implementation  in comparison to the 

CMOS implementation. 

 

 

5 CONCLUSIONS 
 

In this work the implementation of a SET-based NoC 

architecture was proposed and its area and static power 

consumption were estimated.  The results obtained show 

that SET-based approach allows orders of magnitude 

reductions in the area and power consumption in 

comparison to actual CMOS implementations. As a 

consequence  the extension of  their scaling capabilities 

well beyond their CMOS counterparts seems to be feasible 

and may allow the development of TSI processors. 
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