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ABSTRACT  

 

 In this paper, we have designed a 4X4 multicore processor with graphene based 

wireless inter-core communication for high speed and complex computing applications. By 

implementing three dimensional topologies and three dimensional Networks on Chips 

(NoCs), the internal as well as the external architecture of the processor has been laid down, 

and the working of the processor has been described in detail as well. Through this paper, we 

have shown the possibilities of wireless communication through Surface Plasmonic Polariton 

(SPP) waves, demonstrating the application of Graphene as the next generation of core-level 

communication. 
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INTRODUCTION  

With advancement in nanoscience in parallel with rapid developments in computing 

technologies has led to faster and more efficient multicore processors. Multicore processors 

have proved to serve as a means of preventing the violation of Moore’s law, as instead of 

congesting transistors on a single core, now multiple cores with non-congested transistors can 

be utilized as a single device for serving computing purposes. Ultra Large Scale Integration 

(ULSI) aided towards this at large.  

But ULSI technology has several barriers to its application, such as increment in levels of power 

consumption by the memory device. One alternative for solving this problem was the use of 

CMOS technology for digital computing purposes. But CMOS technology has been found more 

useful in RF circuits rather than computing devices. Thus, the idea to implement CMOS had to 

be dropped. 

A multicore processor is one which has 16 or more than 16 cores embedded on a single chip. 

Since we are working on a 4X4 multicore processor, we have also devised a new approach to 

 

 

 



International Journal of Advanced Scientific and Technical Research                                        Issue 7 volume 2 March-April 2017  

Available online on   http://www.rspublication.com/ijst/index.html                                                                          ISSN 2249-9954 
 

©2017 RS Publication, rspublicationhouse@gmail.com Page 70 
 

arrange the cores by means of 3 dimensional network topologies, the design of which has been 

given in the later sections of this paper. 

One of the major concerns in any multicore processor is the intra-chip communication. 

Implementing this by means of conventional methods can lead to high levels of heat dissipation 

which in turn may cause the processor to burn out in no time. In this context, the concept of 

Network-on-Chip (NoC) was devised. NoCs are able to increase the performance of the system 

by a handsome factor in comparison to the currently used processors, thereby providing a 

wireless inter-core communication channel through the use of graphene based nano transceivers.  

1.1. COMPUTING ARCHITECTURE 

Moving forward in the direction of computing systems, we can classify the computing systems 

into four categories on the basis of Flynn’s taxonomy which is as follows: 

 
Fig.1.1. Flynn’s taxonomy 

 

The logic behind multicore processors is that they use instruction level parallelism (ILP) for 

improving the performance of processor. ILP gives CPU the ability to reorder instructions in 

optimal way to eliminate pipelining. The overall goal of ILP is to increase the number of 

instructions on a single clock. Thus, it’s required for multiple and independent instructions to be 

executed together. 

1.2.1. HYPER-THREADING TECHNOLOGY 

There are two different ways of making a multicore processor. One is by using the Simultaneous 

multi-threading (SMT) process, which forms a logical processor by duplicating the core 

architecture of any unit physical processor, thereby keeping the execution units in common 

amongst them. SMT is also known by the name of Hyper threading technology (HTT), and can 

provide up to 30 percent throughput upon operation. Another means of manufacturing a 

multicore processor is by separating the execution unit and the cache unit in between any two 

adjacent cores.  
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An illustration depicting the difference between them is shown below.  

 
Fig.1.2. Differences between types of cores 

 

Now the most important question that arises here is that what is the difference between HT 

technologies based processors and multicore processors? The answer to this can be given in the 

manner that in HT technology, the Execution unit is shared by multiple cores through threading 

while in multicore processors, multiple independent Execution units are embedded into a single 

processor. When the threads are running, the instructions are left in the execution pipeline, which 

are attended depending upon the availability of processor’s resources. This method can be 

disadvantageous in case of execution of large files, wherein the resources might completely be 

utilized by the file, causing delay for any smaller file from being executed. 

On the other hand, the provision of multiple execution units in case of multicore processors 

makes it easier for instructions to be executed since for any instruction cycle, an entire execution 

unit can be made available only for that specific instruction, hence reducing the chances of delay 

to some extent. Also, division of execution units enables efficient parallelization of instructions, 

allowing multiple instructions to be executed within the same clock. 

With the approach to formulate something more simpler (operation wise), we have proposed a 

new kind of architecture by introducing a shared CPU unit in each of the layer of the multicore 

processor, keeping the instruction units separate for each core, and introducing two Execution 

units instead of one, again keeping the Cache units separate core-wise. The manner in which this 

idea has been thought of has been explained further in this paper. 
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1.2. NETWORK ON CHIPS (NoCs) 

In order to design a multicore processor, one of the most important thing to be taken care of is 

the means by which inter core communication demands are taken care of in the NoC. As we 

increase the number of cores on any chip, the conventional wireline approach goes insufficient in 

order to meet the latency requirements such as memory consistency (manner in which memory 

operations are instructed for execution) and cache coherence operations (maintenance of single 

memory image accessible by all cores). In order to meet the latency conditions, we opt for 

designing the multicore processor using three-dimensional network topology. But before talking 

about 3D topologies, we would like to throw some light on the concept of wireless NoCs first 

and then Graphene based wireless NoC (GWNoC). 

 

1.3.1. WIRELESS NoC 

In wireless network-on-chip, on-chip antennas enable the formation of an inter-core wireless 

network radiating in the GHz band, and linked to the cores through a transceiver. Such kind of 

NoC can be considered beneficial as it aims to reduce the overall propagation delay, which is 

totally independent of the on-chip transmission distances between core cluster units. 

Also, wireless NoCs enable easy modification in the path infrastructure of the multicore 

processor, thereby making the logical network reconfigurable without making any changes in the 

physical structure. Apart from the above mentioned advantages, inter-core wireless NoCs also 

provide improved latency and throughput and reduced levels of energy consumption as well. 

Block diagram depicting wireless inter-core communication has been shown as follows: 

 
Fig.1.3. Wireless Inter-core communication 

 

1.3.2. GRAPHENE BASED WIRELESS NoC 

Even with the advancements in the CMOS technology, the metallic on-chip antennas will prove 

to be insufficient once we start increasing the number of cores in a multicore processor. At the 

end, we won’t be able to integrate the antenna with the core, and the NoC would no longer be 

able to transmit wirelessly. One alternative to this problem is to deploy nanoscale wireless 

communication by means of graphene based nano-antennas, thereby unleashing the maximum 

possible potential of WNoC. 

Through the deployment of GWNoC, the electromagnetic signals can be transmitted through the 

graphene network in the form of Surface Plasmon Polariton (SPP) waves, details of which have 

been explained in detail in the later sections of this paper. 
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In order to implement the wireless on-chip network, it’s essential to also develop a driver circuit 

for the nano antenna operating at the same frequency as the antenna itself. So far, cutoff 

frequencies up to 350 GHz have been achieved for Graphene FETs due to high carrier mobility 

in the nanomaterial. Another important thing to be given attention to is how to integrate the nano 

antenna with the transceiver? For this, metal-graphene connections need to be optimized by 

introducing parasitic resistances. Another approach is to link it with the transceiver through 

technologies such as InP devices. 

1.3. 3D TOPOLOGY 

Out of the four different topologies mentioned in [three dim-topology], we design our multicore 

processor using the fourth design, i.e. implementing a 3D NoC along with a 3D IC. Through this 

design, we intend to meet the desired latency demands by the multicore processor to its 

maximum possible potential (Image for design from paper). 

Before moving towards the derivation for latency for the proposed design, let us understand the 

design of the NoC model theoretically. In any 3D NoC, each processing unit (PU) is linked to a 

router, which in turn is connected to four other routers in the same physical plane as that of the 

PU plus the routers of the adjacent physical planes in the vertical directions. In our case, we are 

considering two layers in a single physical plane, and a total of two physical planes to 

incorporate 16 core units. This combination of a PU and a router is called as network node, and 

the number of nodes in any physical plane for a 3D NoC- 3D IC structure is given as, 

            
Where, (n1*n2) represents the number of nodes in the i

th
 physical plane (i is natural number), and 

n3 is the number of physical layers. Here it must be noted that any router functions only for its 

assigned PU only although it’s linked to other routers. Also, it’s not necessary that the values of 

n1, n2 and n3 be equal.\ 

1.4.1. ZERO LOAD LATENCY 

The latency expression for the above shown model has been explained below assuming the 

condition of zero load. The zero load latency of NoC with wormhole switching is given by, 

                    
  

 
 

Where,     = Average no. of routers that a packet traverses to reach destination node 

   = Router delay 

   = Propagation delay 

   = Length of packets in bits 

  = Channel bandwidth (=w*fc) 

Here, ‘w’ is the width of channel in bits and fc is the frequency corresponding to propagation 

delay. 

The average number of hops in 3D NoC is given as,  
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The number of hops can further be divided as number of hops in a single physical plane and the 

number of hops between two adjacent planes. The expressions for the same are given as,  

       
                 

               
 

And,            
   

        

               
 

Thus, we get the total delay in the communication channel as, 

                      

Where,    and    are delays due to the vertical and horizontal channels respectively. Therefore, 

the overall zero-load latency for a 3D NoC network is given as, 

                                          
  

 
    

(t’ is the delay due to arbitration logic and t’’ is the delay due to switch). 

 

1.4. THE ARCHITECTURE 

An illustration of a unit core unit (CU) is shown below. In the proposed design of the multicore 

architecture, we have duplicated the below depicted core unit such that there are 8 CUs on each 

of the physical layer, thereby making it a total of 16 cores in the entire processor. The core 

consists of two stacked layers of Execution Units (EU) so as to improve the speedup, separate 

Interrupt Logic (IL) Units, a shared CPU unit amongst the cores of a single physical layer, and 

core-wise separate Cache Units. 

 
Fig.1.4. Unit Core structure schematic 

 

The design of how the proposed multicore processor will be is illustrated below. 



International Journal of Advanced Scientific and Technical Research                                        Issue 7 volume 2 March-April 2017  

Available online on   http://www.rspublication.com/ijst/index.html                                                                          ISSN 2249-9954 
 

©2017 RS Publication, rspublicationhouse@gmail.com Page 75 
 

 
Fig.1.5.Multicore processor proposed 

1.5.1. THE CORE 

A more detailed illustration of the Core’s structure is shown below. Here we have only shown 

the arrangement of cores on an individual physical layer, which has been duplicated in the 

vertical direction to form a two layered 3D NoC structure. The routers (represented by R) linked 

with each of the core unit’s IL are further linked with the transceiver apart from them being 

interlinked with each other. The nano transceiver is further linked with the nano antenna, which 

plays a crucial role in inter-core communication. 

 

 
Fig.1.6. Proposed multicore architecture schematic 

 

In the structure of the core, considering only one physical layer at a time, the Interrupt Logic unit 

is further linked to a double-layered Execution Unit, divided as EU (Upper) and EU (Lower) 

through threading. Thus, whenever an instruction is to be executed, depending upon the 

complexity of the instruction we can program the EUs of different core units to begin its 

execution process so as to reduce the overall execution time. 

Since the CPU unit is shared amongst the four core units, the instruction will be initially attended 

by all the core units, and then, depending upon the complexity, the processor can be programmed 
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to decide by itself about the number of core units that need to be assigned for that specific 

instruction cycle. 

After that, the cache memory associated with each of the EU can be sent to the Cache Units of 

the respective EUs. Here again we propose to make modifications in the size of CU, doubling its 

size so as to incorporate the cache memory generated by EU (Upper) and EU (Lower). 

1.5.2. THE NANO TRANSRECIEVER  

Once any instruction has been executed successfully, the core can send the generated digitized 

signal to the nano transceiver, the working of which has been explained below along with the 

block diagram. 

 
Fig.1.6. Block diagram of Nano transceiver working process 

 

The digital signal generated from Core 1 is passed on to a D/A converter to convert the signal 

into an analog one. After that, the analog signal is sent to an electric signal generator which 

modulates an electric signal in accord with the bit stream to be transmitted. This signal gets 

converted to modulated SPP waves after coming out from the Plasmonic nano transmitter.  

The SPP waves generated travel as propagating EM waves in free space after being radiated by 

the nano antenna, and are converted back to SPP waves and then to electric signal once they are 

received by the Plasmonic receiver. A signal detector accommodating A/D converter 

demodulates this signal back to digital signal, which is further received by the CPU unit of Core 

2. In this manner, the original signal is retained at the receiver end successfully. An illustration 

of the nano transceiver unit has been shown below. 

 
Fig.1.7. Nano transceiver Unit schematic 
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From the illustration, it can be observed that the SPP waves travel on the surface of graphene and 

not internally through the Gate terminal of the nano transceiver. From the gate terminal, they are 

sent to the nano antenna for transmission. 

1.5.3. THE NANO ANTENNA 

All the processor cores are equipped with a graphene-based nano antenna apart from a nano 

transceiver, which prepares the information for transmission and demodulates incoming 

transmissions. The advantages of using Graphene based wireless NoCs such as high bandwidth, 

inherent multicast and broadcast capabilities and extremely low area overhead have been listed 

down in [Multicore paper]. The manner how the nano antenna can be linked has been shown in 

above figure. 

 CONCLUSION  

A unique architecture of a 4X4 Graphene based wireless bilayer multicore processor has been 

proposed. Through this architecture, we have shown how three dimensional Networks on 

Chip can be implemented in multicore processor using 3D IC structure. The logic behind 

communication from the core to the antenna, including the wireless inter-core communication 

through SPP waves has also been depicted through suitable block diagrams. The architecture 

aims at easing the large and complex computational processes, thereby reducing the delay in 

execution and improving the overall latency and throughput of the system. (Times New 

Roman, Font size:12 ,Justify aligned, paragraph :single spacing)Bacopa is a genus of 70 - 100 

aquatic and palatial herbs belonging to the family plantaginaceae, distributed throughout the 

warmer regions of the world [1].  
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