
This work has been submitted to NECTAR, the Northampton Electronic Collection
of Theses and Research.

Article

Title: An improved wireless communication fabric for performance aware network­on­
chip architectures

Creators: Opoku Agyeman, M., Tong, K. and Mak, T.

DOI: 10.12785/ijcds/050206

Example citation: Opoku Agyeman, M., Tong, K. and Mak, T. (2016) An improved
wireless communication fabric for performance aware network­on­chip architectures.
International Journal of Computing and Digital Systems. 5(2), pp. 161­171. 2210­142X.

It is advisable to refer to the publisher's version if you intend to cite from this work.

Version: Published version

Note: © 2016 SPC. All rights reserved. Except as provided under Bahraini copyright
law, this Article may not be reproduced, resold, distributed, or modified without the
express permission of the SPC.

http://nectar.northampton.ac.uk/8390/

NEC
TAR

http://dx.doi.org/10.12785/ijcds/050206
http://dx.doi.org/10.12785/ijcds/050206
http://nectar.northampton.ac.uk/8390/


 

 

 

International Journal of Computing and Digital Systems 
ISSN (2210-142X)  

Int. J. Com. Dig. Sys. 5, No.2 (March-2016) 

 

E-mail address: michael@cse.cuhk.edu.hk, stmak@cse.cuhk.edu.hk, K.tong@ucl.ac.uk 

  http://journals.uob.edu.bh 

 

An Improved Wireless Communication Fabric for  

Performance Aware Network-on-Chip Architectures 
 

Michael Opoku Agyeman
1
, Kenneth Tong

2
 and Terrence Mak

3
 

1 Department of Computing and Immersive Technologies, University of Northampton, UK 
2 Department of Electrical and Electronic Engineering, UCL, London, UK 

3 Department of Electronics and Computer Science, University of Southampton, UK 

 

 

Received 20 July 2015, Revised 14 December 2015, Accepted 1 January  2016, Published 1 March 2016 

Abstract: Existing wireless communication interface has free space signal radiation which drastically reduces the received signal 

strength and hence reduces the throughput efficiency of Hybrid Wired-Wireless Network-on-Chip (WiNoC). This paper addresses 

the issue of throughput degradation by replacing the wireless layer of WiNoCs with a novel Complementary Metal Oxide Semicon-

ductor (CMOS) based waveguide communication fabric that is able compete with the reliability of traditional wired NoCs. A combi-

nation of a novel transducer and a commercially available thin metal conductor coated with a low cost Taconic Taclamplus dielectric 

material is presented to generate surface wave signals with high signal integrity. Our experimental results demonstrate that, the pro-

posed communication fabric can achieve a 5dB operational bandwidth of about 60GHz around the center frequency (60GHz). Com-

pared to existing WiNoCs, the proposed communication fabric has a performance improvement of 13.8% and 10.7% in terms of 

throughput and average packet delay, respectively. Specifically, under realistic traffic patterns, the average packet latency can be 

reduced by 30% when the mm-Wave is replaced by the proposed communication fabric. 

 

Keywords: Wireless Network-on-Chip, Communication Fabric, Surface wave, Performance Evaluation, Throughput, Reliability 

1. INTRODUCTION 

The projected issues of high latency and high power 

consumption of conventional on-chip networks for multi-

core design can be addressed by alternative wireline 

technologies such as three dimensional integrated circuits 

(3-D ICs) design. However, although 3D ICs have shorter 

wire links between the stacked layers, they suffer from 

alignment issues along with low yield and high tempera-

ture dissipation which affect the reliability of the imple-

mented components [1, 2, 3, 4, 5, 6]. Hence wireless 

channels in the form of millimeter wave (mm-Wave) for 

global communication while maintaining the wired net-

work for localized traffic has been proposed  [7, 8, 9, 10, 

11]. While the resulting Hybrid Wired-Wireless Net-

work-on-Chip (WiNoC) architecture has high perfor-

mance benefits over traditional wired NoCs, the wireless 

layer has a poor reliability. This is due to the three-

dimensional free space signal radiation in the lossy wire-

less communication fabric which lowers the overall reli-

ability of the system. Consequently, traditional wires 

have extremely low bit error rate (BER) of around 10
−14

 

compared to that of mm-Wave (around 10
−7

) as shown in 

Figure 1.  

 

Moreover, the radiation patterns of the antenna for 

existing wireless NoCs is limited by a distance of up to 

23mm with significantly high power dissipation and loss-

es due to free space propagation. In NoCs, a single mes-

sage loss can have drastic effects on the performance of 

the multi-core system. To improve the reliability of exist-

ing WiNoCs, Error-control-coding [12] and retransmis-

sion schemes [7] could be employed. However, these 

techniques rely on the underlying lossy wireless commu-

nication fabric for retransmission of handshake signals, 
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Figure 1. Variation of BER with signal-to-noise (SNR) for 

conventional wireless NoC and wired NoC 
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erroneous and non-erroneous packets. Therefore, the 

throughput of WiNoCs is reduced due to the extra timing 

overhead and retransmitted packets in the network. 

Hence, novel wireless communication fabrics that offer 

high data bandwidth as well as improved reliability with 

BER similar to the wired communication fabric are re-

quired to provide a good trade-off for WiNoCs. We re-

place the wireless communication layer of WiNoCs with 

a reliable surface wave communication fabric for global 

communication. The hybrid wired-surface wave network-

on-chip architecture employs a 2-D guided wave for low 

power-fast global communication to give reasonably high 

performance to area ratio. Compared to traditional hybrid 

wired-mm-Wave NoCs, the hybrid wired-SW NoC archi-

tecture has significantly reduced power consumption due 

to the propagation of wireless signal in a 2-D guided me-

dium. 2-D guided wave in the form of surface wave (SW) 

interconnect is an emerging wireless communication fab-

ric that is power efficient and has a highly reliable data 

throughput for long distance communication [13, 14].  

The surface wave propagates in a specially designed 

sheet, which is an inhomogeneous plane that supports 

electromagnetic transmission. The signal generated in the 

2-D sheet traverses in all directions providing a natural 

fan-out feature for supporting realistic on-chip applica-

tions such as cache coherency where multicast is domi-

nant. Moreover, a transceiver similar to that of traditional 

RF or millimeter wave design can be employed for sur-

face wave propagation. However, previous contributions 

on SW have not focused on optimizing the communica-

tion fabric to improve the data throughput and reliability 

of wireless channel [13]. In this paper, we propose a 

highly reliable SW communication fabric along with an 

efficient transducer interface that is able to match the 

signal integrity of short range wired NoCs. By employing 

a novel CMOS based 2-D waveguide communication 

fabric implemented with a thin metal layer coated with 

low cost dielectric material (Taconic RF-43 [15]), the 

proposed SW fabric serves as an alternative communica-

tion fabric for the wireless layer of WiNoCs. Evaluated 

results show that a wide-band 5 dB operational band-

width of about 40GHz to 60GHz can be achieved around 

60GHz operational frequency. The paper is organized as 

follows. Section 2 motivates the paper by discussing re-

lated work. Section 3 discusses emerging wireless NoC 

architectures. Section 4 formulates the problem of im-

plementing an improved wireless communication fabric 

for NoC architectures. Section 5 presents an improved 

wireless communication fabric for WiNoCs. Section 6 

evaluates the transmission strength of the proposed wire-

less communication fabric. Experimental results in Sec-

tion 7 validate the performance efficiency of the pro-

posed communication fabric. Finally, the main findings 

are concluded in Section 8.  

2. RELATED WORK 

Advances in current integration technology make it 

possible to implement a wireless transceiver on a silicon 

die [16, 17, 18]. Hence, several work have been present-

ed in literature to exploit the energy and performance 

efficiency of long ranged wireless links in the form of 

mm-wave over the traditional wire-based NoCs [19, 20, 

21, 22, 23, 8]. To improve the throughput and power effi-

ciency of both localized and global data transmission 

hybrid wired-wireless NoCs have already proposed. One 

of the key problems with WiNoCs identified in [11, 24] 

is the transmission reliability of the wireless channel. As 

an effort to address this issue, Ganguly et al. [12, 25] 

proposed an error control coding for WiNoCs. By im-

plementing a joint crosstalk triple error correction and 

simultaneous quadruple error detection codes in the wire 

line links and Hamming code-based product codes in the 

wireless links with Carbon Nanotube (CNT) antennas, it 

was demonstrated that, the reliability of the wireless 

channel could be improved. Similarly, ECC has been 

adapted in [19] to improve the reliability of WiNoCs.  

However, ECC introduces timing, area and packet 

overheads which affects the overall transmission effi-

ciency of the WiNoC [7]. Alternatively, Lee et al. [7] 

adopted an overhearing scheme for WiNoCs. Here a ze-

ro-signaling-overhearing-and-retransmission is presented 

to manage the packet loss along the wireless channel. 

Vijayakumaran et al. [26] presented an improved filter 

design to enhance the performance as well as reduce the 

error probability of incurred by synchronization delays in 

CDMA based WiNoCs. However, these techniques rely 

on the underlying lossy wireless communication fabric 

for retransmission of handshake signals, erroneous and 

non-erroneous packets. Surface wave interconnect is an 

emerging wireless communication fabric that has been 

demonstrated to be power efficient and with high data 

throughput for on-chip communication [27]. Previous 

contributions on SW have focused network architecture 

and performance with considerations of arbitration, pack-

et routing and efficient handling of multicast packets [13, 
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27]. However, optimizing the communication fabric to 

improve reliability wireless interface which is a major 

issue in WiNoCs have not received much attention. We 

propose a highly reliable SW communication fabric 

along with an efficient transducer interface that is able to 

match the signal integrity of short range wired NoCs. In 

this paper, we propose a reliable 2-D communication 

fabric to alleviate these problems. Our aim is to optimize 

the emerging 2-D communication fabrics to achieve 

stronger wireless transmission signal in order to reliabil-

ity of the wireless interface. 

3. EMERGING HYBRID WIRED-WIRELESS 

ARCHITECTURES FOR NOCS (WINOCS) 

The projected issues of high latency and high power 

consumption of conventional on-chip networks for multi-

core design can be addressed by inserting express wire-

less channels for global communication while maintain-

ing the wired network for localized traffic as shown in 

Figure 2. Recently, hybrid mm-Wave (Figure 2) and hy-

brid hierarchical/multi-level mm-Wave NoC architec-

tures have been proposed for WiNoCs [7, 10, 11]. While 

both WiNoC architectures have high performance bene-

fits over traditional wired NoCs, the wireless layer has a 

poor reliability. 

 

Figure 2. Existing hybrid wired-wireless Network-on-Chip Architecture 

The E-field decay rate of the mm-Wave can be ex-

pressed as: 

        
 

       
     (1) 

where src and dst represents the location of the transmit-

ting and the receiving nodes, respectively. Consequently, 

the transmit signal loss on the wireless layer is signifi-

cantly high with reduced BER. We replace the wireless 

communication layer of WiNoCs with a reliable surface 

wave communication fabric for global communication 

(see Figure 3). 

The hybrid wired-surface wave network-on-chip ar-

chitecture employs a 2-D guided wave for low power-fast 

global communication to give reasonably high perfor-

mance to area ratio with an E-field decay rate of: 

        
 

√       
    (2) 

Compared to traditional hybrid wired-mm-Wave 

NoCs, the hybrid wired-SW NoC architecture has signifi-

cantly reduced power consumption due to the propaga-

tion of wireless signal in a 2-D guided medium. To im-

prove the reliability of existing WiNoCs, the router mi-

cro-architecture of the nodes equipped with wireless 

transmission and receiving capabilities have a slightly 

different implementation from that of the wired commu-

nication layer. As shown is Figure 4 the routers at the 

wireless nodes in WiNoCs are equipped with a wireless 

transmission interface which serves as a bridge between 

the wireless and the wired communication layers. The 

wireless transmission interface, responsible for transmit-

ting and receiving wireless signals, works closely with 

the routing logic, virtual channel allocator, arbiter and 

crossbar switch for efficient wireless signal transmission. 

Hence, an unreliable wireless communication fabric with 

numerous erroneous signal transmissions will increase 

the competition among the wired and wireless data for 

these shared resources.  

Wired layer:
BER    10-14

Wireless 
node

Wired node

Wireless channel:
BER    10-7

Wired link

Master node 
with transceiver

Slave node 
with receiver

Surface wave channel:
BER    10-14

Wired link

y

z

x Medium 3 (air)

Medium 2
(solid dielectric)

Medium 1
(metal)

Figure 3. Proposed wireless communication fabric: a dielectric-

coated plane surface with a loss tangent tan Δ is used 
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Virtual channels
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Figure 4. Hybrid wired-wireless router architecture for wireless NoCs 

To increase the reliability of such networks, the 

wireless transmission interface can be equipped with a 

retransmission buffer and a suitable error encoding and 

decoding scheme as shown in Figure 5 [23]. However, 

the overhead of the erroneous packets as well as the re-

transmission process introduce contention on the wireless 

and wireless layers, and hence have drastic effects on the 

performance of the WiNoC. 
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Virtual channels

Transmi-
tter

Receiver
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ACK/
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To routing 
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To virtual channel 
allocator
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(to crossbar)

Flits
(from crossbar)

Flits

Circulator

Antenna
Flits, ACK/

NACK

Req

 

Figure 5. Wireless transmission interface for mm-Wave WiNoC [23] 

Moreover, buffer spaces contribute significantly to 

the total power consumption of the NoC [28] and should 

be used judiciously. In the proposed surface wave com-

munication fabric for WiNoC, a dielectric coated metal 

layer is employed as a guided medium for surface wave 

signal propagation. The router micro-architecture has a 

similar design as presented in Figure 4. With the right 

design consideration, the transducer and wireless medium 

could be designed to transmit with minimum communi-

cation loss and achieve a transmission reliability similar 

to the wired communication layer. Consequently, the 

retransmission buffer in Figure 5 can be avoided or 

adopted for more novel performance improvement tech-

niques. In the following sections we present the design 

considerations for the proposed reliable wireless commu-

nication fabric in the form of surface wave. 

 

4. PROBLEM FORMULATION 

To understand the problem of designing a reliable al-

ternative CMOS based 2-D waveguide communication 

fabric for existing WiNoCs as well as the relationship 

between the choice of waveguide material and signal 

strength, we characterize the field components of surface 

wave transmission in the Transverse Magnetic mode 

(TM). A thin lossy dielectric coated perfect conductor 

placed in the x-y plane and surrounded by free space, as 

shown in Figure 3, is investigated. The TM signal inde-

pendent of the y coordinate that propagates along the x 

axis and satisfies the Maxwell equations [29, 30] is eval-

uated. In free space, Medium 3 (ɛ = µ = 1), the following 

can be derived: 

                           (3) 

     
   

   
                         (4) 

    
    

   
                     (5) 

where k0 and Z0 are the number of waves and the imped-

ance of free space, respectively.   is the propagation con-

stant. Inside the dielectric layer, Medium 2, the electric 

and magnetic field components are given by: 

     
        

          
           (6) 

      
         

               
          (7) 

      
            

             
           (8) 

where k1 and k2 are the transverse waves numbers in Me-

dium 3 and Medium 2, respectively, which can be solved 

through the Helholtz wave equation [30]: 

   √  
                                  (9) 

   √  
                      (10) 

The surface impedance Zs of the interface between 

Medium 3 and Medium 2 is given by: 

     
  

  
    

  

  
                (11) 
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To enable the field concentration in Medium 3 near-

er to the surface of Medium 2 for TM-surface wave prop-

agation, Zs must be inductive. Thus the imaginary part of 

k1 should be positive. Therefore to design a 2-D wave-

guide fabric for on-chip communication, a dielectric 

coated conductor with sufficiently high inductive reac-

tance needs to be implemented. The surface reactance, Xs 

is given by [31]: 

        [
   

 
        ]               (12) 

Equation 12 confirms that the realization of TM 

mode for 2-D wave propagation for communication is 

related to the operating frequency, f, dielectric constant, 

ɛ, thickness of the dielectric material, |A|, and the skin 

depth of the metal conductor,  . The skin depth is given 

by: 

  √
 

     
                (13) 

where σ is the conductivity of the metal conductor. 

Hence, the problem of designing a reliable surface wave 

communication fabric for the wireless layer of WiNoCs 

can be formulated as follows: 

Objective: Determine the particular design parameters of 

the TM surface wave communication medium with a 

positive surface reactance Xs along with a transducer to 

operate at a frequency f such that: 

                                (14) 

subject to: 

                                       (15) 

where S21 represents the signal strength transferred from 

the transducer Tx to the receiver Rx and T is the set of 

transducers with transmitters and/or receivers, respective-

ly. BERw and BERT are the bit error rates of the wired and 

wireless channels, respectively. The most reliable design 

has a ψ = 0 and hence the minimum (min in Equation 15) 

must be as close to zero as possible. 

 

5. IMPROVED WIRELESS COMMUNICATION FABRIC 

FOR NOCS  

In order to solve the issue of throughput degradation 

due to the increased error rates in existing WiNoCs, we 

replace the wireless channel with a reliable 2-D commu-

nication fabric which radiates signals in the form of sur-

face waves as shown in Figure 3. Transverse Magnetic 

mode (TM) surface wave can be supported by a dielec-

tric-coated metal surface. To enable the field concentra-

tion in Medium 2 nearer to the surface of Medium 1 for 

TM-surface wave propagation, a positive surface reac-

tance is required. We use commercially available Taconic 

RF-43 material [15] with 0.2mm thickness as the dielec-

tric. The Taconic material employed is low loss cost-

effective TacLamplus material which is laser ablatable, 

non-reinforced microwave substrate that is ideal for very 

low loss substrate. For the same frequency, f, it can be 

deduced from Equation 12 that Xs will increase with 

|A|.  Therefore, more wave will stay on the surface and in 

effect increase the efficiency.  However, for TM surface 

propagation, Xs has an upper bound constraint: it cannot 

be too high, otherwise the wave will propagate into the 

dielectric, rather than on the surface. Consequently Xs 

should around j200 Ω to j250 Ω. By introducing the 

0.25mm thick Taconic material, we can achieve a surface 

reactance Xs of 30Ω to 150Ω over the wide frequency 

range of 20GHz to 100GHz for TM mode surface wave. 

Our goal is to improve the gain between the transmitted 

signal and the received signal. Hence, we investigate the 

design of an efficient transducer (Figure 6) that is able to 

translate between wired and wireless signals at the pre-

ferred operating frequency (60GHz in this paper). The 

designed transducer consists of a parallel waveguide fed 

by a quarter-wavelength monopole through an open aper-

ture. The transducer is coupled to a transceiver circuit 

which is responsible for modulation, signal transmission 

and receiving capabilities. For a reliable transmission, a 

low power consumption transceiver circuit which has a 

wide bandwidth with high data throughput must be con-

sidered. Hence, we adopt the low-power non-coherent 

on-off keying (OOK) modulator for our implementation. 

Embedded in the transmitter design is an up-conversion 

mixer and a power amplifier (PA) while the receiver is 

equipped with a low noise amplifier (LNA), a baseband 

amplifier and a down-conversion mixer as shown in Fig-

ure 6. A single injection-lock voltage-controlled oscilla-

tor (VCO) is used for both the transmitter and the receiv-
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er to reduce the area overhead and power consumption. 

More details on the implementation of the transceiver 

module along with the circuitry can be found in [10].  

At the nodes equipped with both wireless transmis-

sion and receiving capabilities, a CMOS-based circulator 

is employed as a communication bridge between the 

transmitter, receiver and the 2-D waveguide medium, to 

enable the use of a single wave feeder at the nodes [32]. 

It should be noted the some nodes in the WiNoCs do not 

have transmitting capabilities and hence are only 

equipped with the receiver circuits. A system level simu-

lation using Simulink and in TSMC 65-nm standard 

CMOS process performed in [33] have demonstrated that 

the total power consumption of the adapted OOK trans-

ceiver is 36.7mW. Moreover, the transceiver is able to 

achieve a (BER) less than 10
-14

 and at data rate of at least 

16Gb/s for the designed communication range of 20mm 

which is comparable to that of the traditional wired net-

work. Hence we adopt this transceiver design in our im-

plementation [33, 10]. Therefore, the challenge is to 

demonstrate that the receive signal power at the destina-

tion node is similar to the transmit signal power at the 

source node over the proposed wireless communication 

fabric, which is demonstrated in the next section. 

6.  TRANSMISSION STRENGTH OF THE PROPOSED 

SURFACEWAVE COMMUNICATION FABRIC 

To demonstrate the effectiveness of the proposed 

wireless communication fabric, we have performed simu-

lations in Ansys High Frequency Structured Simulator 

[34].  Figure 7 shows the HFSS simulation setup. The 

transducers are placed as far as 200mm (equivalent to 40 

free space wavelengths at operating frequency of 60GHz) 

apart to investigate the signal integrity and the possible 

performance benefits of the proposed 2D waveguide over 

existing on-chip wireless NoCs. Moreover, we investi-

gate the effect of adopting an off-the-shelf transducer 

(patched antenna) on the signal strength of surface wave. 

As shown in Figure 7 the electric field distribution is 

concentrated on the designed surface which demonstrates 

that a high percentage of the transmitted signal is suc-

cessfully launched into the communication fabric. Across 

the long distance separation of 200mm between the 

transducer and transceiver, a near constant electric field 

distribution is achieved. Also the electric field decays 

exponentially away from the implemented surface, indi-

cating that surface wave is successfully launched and 

received with high signal efficiency.  

Figure 8 shows the S21 (dB) over wide-band frequen-

cy on the reactive surface with different lossy dielectric 

materials. It can be seen that, the reactive surface appears 

to have a flat response over a wide frequency range and 

has a 3 dB bandwidth of almost 45GHz (from 30GHz to 

75GHz with Tan Loss = 0.01), and a 5dB bandwidth of 

almost 60GHz (from 30GHz to 87GHz with Tan Loss = 

0.01). Figure 9 demonstrates that surface wave signal 

generated with an off-the-shelf transducer (eg. patch an-

tenna) results in a much lower S21 (around -84dB) at the 

operating frequency (64GHz). Moreover, the S21 of the 

zigzag antenna which is commonly used in mm-Wave 

WiNoCs is around -36dB (see Figure 8) which is signifi-

cantly lower than that of the proposed communication 

fabric [19]. Therefore, the proposed communication fab-

ric is able to successfully excite and transmit high fre-

quency-high bandwidth surface wave signals with high 

reliability (S21of 0 to -2dB) of the NoC with a BER com-

parable to that of wired NoCs. 

 

Figure 6. Transceiver and transducer block diagram for generating 

surface wave for on-chip communication 

	

VCO

Baseband	
amplifier

Up-conversion	
mixer

PA LNAInjection-
lock	path

DoutDin

TSV

Feeding	probe	

Down-conversion	
mixer

Open	arpature	

Active	quasi	
circulator

1 010

Surface	wave	
signal

Surface	wave	
signal

Through	Silicon	Via	
(TSV)

Feeding	probe

E-field

SoC	block

Dielectric
H-field

Surface	wave	
propation

Surface	wave	
propation

SW	Transducer
(Parallel	plate	waveguide)

Open	apartureDesigned	surface

RouterWest
East

Local
South

North

Transceiver

SoC/wireld	layer

2-D	Waveguide

Figure 7. Simulated electric field distribution 



 

 

 Int. J. Com. Dig. Sys. 5, No.2, 161-171 (March-2016)                        167 

 

http://journals.uob.edu.bh 

7. EVALUATION 

In order to evaluate the performance of the proposed 

communication fabric, a cycle-accurate simulator is used 

by extending Noxim simulator, an existing SystemC-

based NoC simulator. We adapt the BER and the S21 of 

the communication fabric as the error model. In the simu-

lation, a fixed packet size of 3 flits and buffer depth of 6 

flits are used. Both regular and non-regular mesh topolo-

gies are investigated. 5 evenly distributed nodes in the 

WiNoC have both transmitting and receiving capabilities 

while all other nodes have only receivers. We consider 

deterministic XY routing algorithm. The underlying rout-

ing algorithm is employed in the wired layer until a wire-

less node with a transceiver is encountered. Packets are 

then sent to the destination node via the single-hop wire-

less channel. In the experiments we compare the perfor-

mance efficiency of the proposed communication fabric 

with mm-Wave in WiNoCs. 

 

Both static and dynamic power of the router are cal-

culated in Orion2.0 model for 45nm technology. The 

wired links along the x and y dimensions are modeled as 

3.6mm and 5.2mm, respectively. For the power analysis 

along the surface wave and mm-Wave channels, we ex-

ploit the S21 signal voltage gain between the transmitters 

and receivers [13]: 

                                (16) 

where α is the attenuation constant of the wireless com-

munication fabric, d is the separation between the trans-

mitting and receiving nodes and E is the loss constant due 

to the transducer. Based on extracted values from a 

Matlab fitting tool [13] and conducted experiments (see 

Section 3), α is calculated as 6.33 and E values of -23:8 

and -1 are calculated for mm-Wave and surface wave, 

respectively. These values have been imported in to the 

simulator for power estimation.  

A. Performance Under Synthetic Traffic Patterns 

Random traffic mimics high internode communica-

tion density due to the even distribution of communica-

tion among nodes. Hence, we evaluate the effect of the 

wireless communication fabric on the average packet 

latency and data throughput under random traffic pat-

terns. Moreover, we have applied two transpose synthetic 

traffic patterns where source nodes generate packets to 

specific destination nodes. Figure 10 shows that, the pro-

posed hybrid wired surface wave NoC has less average 

packet delays and can sustain about 29% more traffic 

load compared to mm-Wave WiNoC under deterministic 

XY routing in both random and transpose traffic patterns. 

This is due to the extra traffic load introduced by the high 

rate of retransmitted erroneous packets which causes con-

tention in mm-Wave WiNoCs. Figure 11 shows the var-

iation of throughput with traffic load in surface wave and 

mm-wave WiNoCs under different traffic patterns. Simi-

lar to Figure 10, the improved surface wave communica-

tion fabric outperforms mm-Wave in all scenarios. Both 

communication fabrics have similar throughput at low  
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traffic loads. However, the throughput of mm-Wave 

saturates at a lower injection load. As can be deduced 

from Figures 10 and 11, the maximum sustainable load 

has a significant effect on the throughput of the commu-

nication fabric in the WiNoC. The error rate along the 

wireless experience longer delays compared to surface 

wave. 

Table 1 shows the average performance improve-

ment of surface wave over mm-Wave WiNoC in terms of 

saturation load, average packet latency and throughput of 

various NoC configurations under random traffic pattern 

with west-first adaptive routing and random selection 

method. In general, surface wave improves the maximum 

sustainable load, average packet latency and throughput 

by an average of 20.9%, 10.7% and 13.8% compared to 

mm-Wave. The power consumption of surface wave is 

compared with that of mm-Wave under different traffic 

patterns and XY routing in    6 x 4 WiNoC.  

 

 

Table 1. Improvement of surface wave over mm-wave WiNoC aver-

aged over different virtual channels (2, 4 and 6) and buffer sizes (4, 6, 

8, 10, 18). 

Network Dimen-

sions 

Saturation load 

(%) 

Latency 

(%) 

Throughput 

(%) 

5x5 22.9 16.4 12.7 

6x6 23 8.9 13.9 

8x8 18.9 6,7 14.6 

 

Compared to surface wave, mm-Wave consumes 

around 12%, 17% and 12% more power in random, 

transpose1 and transpose2 traffic patterns, respectively. 

This is because the wireless channel in mm-Wave 

WiNoC is lossy with high signal loss constant due to free 

space propagation while the proposed surface wave 

communication fabric transmits signals with high S21. 

Therefore, the proposed surface wave communication 

fabric has more promising power efficiency for long dis-

tance communications in WiNoCs compared to tradition-

al mm-Wave. 
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Figure 11. Network throughput under XY routing and different traffic patterns in 6 x 4 NoC 
(a) Random traffic (b) Transpose1 traffic (b) Transpose2 traffic 
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B.  Performance Under Real Applications 

To further validate the performance benefits of the 

proposed communication fabric, M5 simulator [35] is 

used to acquire memory access traces from a full system 

running PARSEC v2.1 benchmarks [36]. 64 two-wide 

superscalar out-of-order cores with private 32KB L1 in-

struction and data caches with a shared 16MB L2 cache 

are used. Netrace18 is used to retrieve the memory traces 

which are post-processed based on the dependencies be-

tween transactions. Memory accesses are interleaved at 

4KB page granularity among 4 on-chip memory control-

lers. The normalized average packet latency improve-

ment of surface wave over mm-Wave in WiNoCs under 

PARSEC benchmark is presented in Figure 12. The pro-

posed surface wave communication fabric has lower 

packet latency compared with mm-Wave on-chip com-

munication fabrics in all cases. Specifically, the perfor-

mance improvements of surface wave over mm-Wave is 

over 30% in high contention workload such as swaptions 

and channeal. 

CONCLUSIONS 

This paper proposes an improved wireless communi-

cation fabric for WiNoCs as a solution to the throughput 

and reliability degradation of the wireless channel. A 

quarter-wave transducer and a commercially available 

thin metal conductor coated with a low cost Taconic 

Taclamplus dielectric material are designed as the wire-

less communication fabric which generates reliable sur-

face wave signals. HFSS and cycle-accurate evaluations 

show that, a high bandwidth of up to 60GHz can be 

achieved with significant improvements in average pack-

et latency, throughput and power consumption compared 

to existing WiNoCs. Future work includes an efficient 

technique to improve transmission signal strength of the 

wireless channels in existing hybrid wired-wireless NoCs 

by a novel dynamic cooperative management system. 
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