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Abstract- The scaling of microchip technologies has enabled large scale system-on-chip (SoC). Network-on-chip (NoC) 
research addresses global communication in SoC, involving (i) a move from computation-centric to communication-centric 
design and (ii) the implementation of scalable communication structures. NoC designs are based on compromise of latency 
and power dissipation usually defined at design time. In this paper, a novel cost-effective and low-latency wormhole router 
for packet switched NoC design has been proposed.  
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I. INTRODUCTION 
 
Chip design has four distinct aspects: computation, 
memory, communication, and I/O. With the growing 
complexity in consumer embedded products, new  
tendencies envisage heterogeneous System- On-Chip 
(SoC) architectures consisting of complex integrated 
components communicating with each other at very 
high-speed rates. System-on-Chips (SoCs) are 
emerging as one of the technologies providing a way 
to support the growing design complexity of 
embedded systems, since they provide processor 
architectures adapted to selected problem classes, 
allied to programming flexibility. The increased 
interconnect complexity and the scalability deficiency 
of buses requires another interconnection model. 
The communication among cores of SoC having 
interconnections is being provided by Networks-on- 
Chip (NoC). NoCs have been proposed to integrate 
several IP cores providing high communication 
bandwidth and parallelism. NoCs have been 
instrumental in achieving high bandwidth, low 
latency and scalable multi-core, in  inter 
communication architectures in order to keep up with 
Moore’s law [1]. 
However, NoCs still face some limitations. First of 
all, in NoC architectures, several cores share the 
workload of a task.Data transfer from one core to 
another is very frequent and therefore, much 
emphasis needs to be placed on this area. Power 
consumption limits how many cores can be placed on 
a single chip and be utilized efficiently at the same 
time. Thus, reducing energy consumed per logic 
operation is becoming more and more important to 
keep power dissipation within limit. Secondly, since 
all cores are connected via an interconnect fabric, be 
it bus, ring or mesh, the interconnect topology plays a 
major role in the performance of the network. 
Henceforth, it is clear that router energy consumption 
and interconnect fabric topology are the two leading 
factors that limit the performance of  NoCs [1].  
 
 

 
A distinctive feature of FPGA (Field Programmable 
Gate Array) technology is that provides the means 
whereby hardware functionality can be electrically 
reconfigured following manufacturing [1]. This 
contrasts with other types of integrated circuits such 
as ASICs (Application Specific Integrated Circuits) 
where hardware tends to be fixed in function and 
deterministic in nature. This flexibility allows FPGAs 
to be configured to cover a very wide range of 
computationally intensive applications including 
signal processing, image processing, cryptology with 
designs typically achieving an order of magnitude 
performance advantage when compared with typical 
CPU based on implementations. 
The major contributions of this paper are: a) design of 
a cross platform packet switch NoC router, b) a novel 
pipeline architecture for single cycle latency of data 
traversal per hop resulting in low latency and power 
dissipation, c) ability to use router in a globally 
asynchronous, locally synchronous (GALS) NoC, d) 
analysis of latency, power dissipation and FPGA 
utilization by subjecting several network topologies 
to various traffic test conditions post design synthesis 
and emulation. Packet switch routers traditionally 
provide low latency and the flexibility in terms of 
packet configuration and data transfer size [3]. Using 
such an interface enables the construction of both 1-D 
and 2-D NoC architectures with high scalability. The 
determination of switch allocation for a set of 
input/output ports is made dynamically by the round 
robin priority logic situated in each allocator of the 
arbiter block and a three state finite state machine 
(FSM) of each output port.  
The design is novel in the sense that under zero load 
latency, the incoming data is presented on the output 
buffer in just 1 clock cycle by parallelizing operations 
of look ahead logic for the downstream router’s 
output channel and the arbitration for the current 
router. As a result, the inter hop delay and dynamic 
power dissipation are considerably reduced and 
present a significant advantage over and other 
contemporary NoC routers. 
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II. RELATED WORK 
 
In 2008 Ahmad et al. [3] proposed a network router 
designed with a bus like interface. The in-built 
wrapper is used, and thus any component compatible 
with a bus can be integrated into the NoC 
architecture. The interface of this router becomes a 
simple bus. The objective of this proposal was to 
reduce the design time and to ease integration, since it 
is not necessary to known to the NoC architecture. 
When the network has a channel that requires high 
bandwidth, the NoC changes the switching, obtaining 
a dedicated path between the IPs. 
In 2009  Seyyed Amir Asghari [2], proposed a paper 
on Power and performance play a significant role 
since the size of technology to build modern digital 
system is   reduced. In designing these systems, all of 
the designing features shall acquire their confirmation 
from the standpoint of these two parameters. 
Communication portion in the power consumption in 
System on Chip can be up to 50% of the whole power 
consumption of the chip. This seems to be more 
important for Network on Chip which center on 
intercommunication of networks. Designing and 
implementation a NoC router based on handshaking 
communication protocol are presented. 
The routing algorithm which is used in this design is 
a version of XY algorithm. This algorithm is 
deterministic algorithm which packet takes routing in 
one dimension and it continues till this packet attains 
the desired coordinate in that dimension. After that, 
routing is continued to do the same procedure in the 
other dimension. This method warrants no deadlock 
to occur in the system. For making interaction 
between routers, handshaking communication 
protocol is utilized in case the data is put to the line.  
The existence of data is informed to the next router. 
Next router takes the data from the line and transmits 
its confirmation to the sender router. In addition to 
the flits sending and receiving channels, TX, ACK-
TX, RX and ACKRX signals are required. By this the 
author comes to conclusion that asynchronous 
communication mechanism based on handshaking to 
transfer information which implies low power 
consumption and scalability features [2]. Also by 
using of the statistical data, shows that this designed 
router occupies a very little space.  
This router has the synthesizability feature, because it 
synthesized in both ASIC and FPGA and it is showed 
that our design, utilizes a very small areas and a few 
resources. But in this work they have concentrated on 
power, not on latency. Due to hand shaking 
mechanisms latency is very high. 
In 2011 Debora Matos and Caroline Concatto [1] 
proposed a design for reconfigurable router with  high 
efficiency for NoC. The design uses a reconfigurable 
router, where buffers are dynamically allocated to 
increase router efficiency in a NoC even under 
different communication loads. The reconfigurable 
router allows  52% power savings, while maintain the 

same performance, the homogeneous original router 
with roughly the same area.  
The proposed architecture is able to sustain 
performance due to the fact that not all buffers are 
used at a time. In the architecture it is possible to 
dynamically reconfigure different buffer depths for 
each channel. A channel can have part or the whole 
of its buffer words in accordance to the requirements 
of the neighboring buffers.  
 
III. SYSTEM DESIGN 
 
The design was chosen, based on low routing latency, 
low complexity and high buffer utilization. Attributes 
involve, achieving the design are high scalability and 
optimized pipelined organization. 
Fig (1) gives the details of data packets used in packet 
switching. The router uses wormhole switching for 
sending data packets. The packets have a head and 
tail flit at starting and ending of data. Start flit tells 
the address where the data to be sent and also tells the 
router to start receiving the data. Tail flit is a stop bit, 
where router will stop receiving the data until a new 
start flit is obtained.  
 

 
Fig (1). Data Packets structure 

 
Fig ( 2) is the System Design of a Noc router. The 
design consist mainly three blocks. They are (i) Input 
and Output port, (ii) Arbiter and (iii) Crossbar 
Switch.  
 

 
Fig (2). System Design 

 
(i) Input & Output Ports 
The input port has look-ahead logic to determine the 
forwarding path of data for the downstream router. 
On receiving a header flit, the logic quickly checks if 
the destination address matches the current router’s 
address, if so then the data is sent to the core port and 
it never requests an output port from the arbiter. 
Otherwise, dimensional order routing is used to 
compute the forwarding path. 
This logic computes the new output channel (OC) 
value and replaces the current OC value in the header 
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flit for the downstream router. The incoming header 
flit has the 2 bit encoded OC information which is the 
enumerated specific output channel to be used by the 
current router in flit transfer. The output ports follows 
a three-state FSM having the idle, active and wait 
credit states [1]. The output port is available to be 
associated to an input port only during an idle state. 
Once a flit is received from the input port, the output 
port moves into the active state and is ready to 
transfer data to a downstream router.  
The transmission however depends upon the status of 
the credit buffer. The credit buffer keeps account of 
available buffer locations at the downstream routers. 
This method is also known as the credit based flow 
control. The credit buffer counters decrements when a 
flit leaves the output port and the counter increments 
when it receives a ‘credit in’ signal from the 
downstream router. The credit in signal is generated 
only when a flit leaves the downstream router.  
The flow control mechanism alleviates congestion 
issues associated with the NoC system. Once the tail 
flit leaves the output port, the state machine goes 
back to the idle state as a downstream buffer indicates 
an open space for any future incoming flit. Below 
FSM is for connecting the ports according to address 
bits  or start bit. 
 
(ii) Arbiter Block 
This block works in conjunction with a round robin 
priority encoder and the credit based flow control 
FSM. Due to this design choice, a very efficient way 
of congestion control and avoiding resource 
starvation was deployed. The arbiter has four 
allocators, one for each input-output port pair. The 
arbiter may receive resource allocation request from 
all four input ports simultaneously, and hence the 
priority logic is essentially processing multiple 
requests and once an output channel is matched to an 
input port, the selection logic holds the allocator 
active till a tail flit is processed through the crossbar. 
By keeping reference with above system design, top 
module architecture has been designed. The below 
figure shows the top module of  an router. The router 
is of four input ports and four output ports. 
 

 
Fig (3) Top Module 

 
The individual blocks of top module are discussed 
below. Mainly there are two blocks, Sequential block 
and Arbiter block. 

SEQUENTIAL BLOCK 

 
Fig (4)  Seq 0 

 
The Sequential block receives the data from different 
Potential Elements (PE). In Fig(4) the seq 0 blocks 
contains  c0,d0,disc0, clk and rst. c0 gives the 
destination address where the data has to be sent. d0 
is the data packet , the packet is off eight bit data. disc 
0 is the tail bit, this will the destination to stop 
receiving the data. similarly there are 
Seq1,Seq2,Seq3. Sequential block is single generator 
and address decoder. 

ARBITER BLOCK 

 
Fig (5) Arbiter Block 

 
The Arbiter block of four port arbiter. It can receive 
four  request at a time  and process it. rbos, rmng, 
reng, rboy are four request from different seq blocks. 
The request are scheduled according to Round Robin 
arbitration. gbos, gmng, geng and gboy are grants. 
 
IV. RESULTS 
 
The simulation results for top module are obtained in 
Fig (6). Below snap shots shows the results, showing 
four request are generated out of  it one is granted 
using Round Robin. 
 

 
Fig (6) Snap shot of Top Module 
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CONCLUSION 
 
The proposed router and NoC architectures will be 
more cost effective then its counterpart routers and 
mesh NoCs and also have better performance in terms 
of data latency. The snap shot is the result of top 
module of the router is computed. As a result, we are 
able to improve the throughput of the network and 
possibly reduce hardware costs by reducing input port 
buffer depth all the while using lower power for data 
transmission. Another major contribution of this 
design is its ability to be implemented in various 
scalable network topologies and its compatibility with 
the GALS networks. 
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