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Abstract
Network-on-Chip (NoC) is an on-chip communication solution in 
the future System-on-a-Chip (SoC) compelling high performance 
operation by consuming low power. In this paper, we present a new 
dynamic power management technique for wormhole router. This 
power management technique has implemented in the block level 
of FIFO and CMOS SRAM buffer in the router. The experimental 
results show that the proposed router using 10T SRAM buffer 
reduced the power consumption up to 76.16% than conventional 
router which has FIFO buffer.
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I. Introduction
Network-on-Chip (NoC) is an approach to design the 
communication subsystem between IP cores in a System-on-
Chip (SoC). NoC applies networking theory and methods to SoC 
and brings notable improvements over the conventional bus and 
crossbar interconnections. NoC improves the scalability of SoCs 
and the power efficiency of complex SoCs when compared to 
other designs. Because of their well-controlled structure, wires 
can be easily designed for predictable parameters by using NoC 
links. The technical advantages of a NoC interconnect improve 
SoC economics. The main benefits of NoC technology are reduced 
gate count, typical design cycle, cutting project costs, more 
design flexibility, improved time to market and higher margins 
and sales.
The recent trends in semiconductor technology suggest the use 
of packet-switched based networks as the intercommunication 
strategy of choice in System on Chip designs, instead of 
conventional shared-media interconnections. The NoC make 
use of intermediate buffering to propagate data across the entire 
network. In a typical wormhole switching with Virtual Channels 
(VC), the required buffering size is proportional to the number 
of supported VCs as well as the packet length. The buffer size 
and allocation policy plays an important role in the performance 
and efficiency of a NoC. From the literature analysis, buffers 
in the router can consume more than 75% of total NoC power. 
Therefore, an efficient power management method is necessary 
to ensure high performance and low power. SRAM arrays are 
used for their simple architecture and high performance by many 
efficient schemes [1].

II. Related Works
The important thing to be looked in the transmission of information 
over a complex network is the path or the circuit. Switches, routers 
and some other network devices which makes up the path are 
called nodes. In a conventional circuit-switching router, this path 
is decided upon before the data transmission starts. The system 
decides on which route to follow based on a resource-optimizing 
algorithm and the transmission goes according to the path. For 
the whole length of the communication session between the two 
communicating bodies, the route is dedicated exclusively and is 

released only when the session terminates.
In a conventional packet-switching, the packets are sent towards 
the destination irrespective of each other. Each packet has to find 
its own route to the destination. There is no predetermined path 
and the decision as to which node to hop to in the next step is 
taken only when a node is reached. Each packet finds its way 
using the information it carries, such as the source and destination 
IP addresses. 
The conventional packet switching five port router consists of 
the five ports namely east, west, north, south and local port and 
a central cross-bar switch. Each port has its input channel and 
output channel. Data packets moves into the input channel of one 
port of the router by which it is forwarded to the output channel 
of the other port. Each input channel and output channel has its 
own decoding logic which increases the performance of the router. 
Buffers are present at all ports to store the data temporarily and 
efficient management of buffer power is required.
The other power management techniques such as circuit level 
and system level techniques have been proposed for NoC power 
management. There have been significant research works on 
router buffer power management for low power. Detail discussion 
on existing designs have been done in [2-3]. Wang et al. have 
proposed a centralized buffer management to achieve enhanced 
buffer utilization [4]. 
Their scheme demonstrated a 50% decrease in total buffer 
requirement in their router. However, they did not provide an 
active power management strategy which can further reduce 
dynamic power. The proposed power management technique 
explores this possibility to achieve superior power/performance 
characteristics. 

III. Conventional Wormhole Router 
The communication on network on chip is carried out by means 
of router, so for implementing better NoC, the router should be 
efficiently designed. This router supports five parallel connections 
at the same time. It uses cut-through type of flow control which 
improves the performance of the router. The switching mechanism 
used here is packet switching which is recently used in network 
on chip.

A. Wormhole Routing
The Wormhole Routing (WHR) is the property of a message 
passing system in which each part of the message (flits) is 
transmitted independently and one part can be forwarded to the 
next node before the whole message has been received. All parts 
of a single message should follow the same route. The size of the 
total message packet is 32 bits and the size of each flit is 8 bits. 
This reduces the latency and the storage requirements on each node 
when compared with message switching where a node receives 
the whole message before it starts to forward it to the next node. 
As each node must keep track of the currently flowing messages 
through it, WHR is more complex when compared to message 
switching. With the help of cut-through switching, wormhole 
routing is assigned to the packets in a packet switching system 
so that a packet will be forwarded as soon as its destination is 
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known, before the whole packet had arrived.
A packet is divided into a number of flits. The header flit of a packet 
governs the route. The remaining flits following in a pipeline 
fashion. Since a packet is transmitted flit by flit, it may occupy 
several flit buffers along its path, creating a worm-like image. 
Thus a message resembles worm borrowing through the network 
as in fig.1.

Fig. 1: Message Hierarchy

The wormhole technique decides only the movement of packets 
from a router but doesn’t dictate its route to the destination. Cut-
through switching (also called as Virtual Cut-through) operates 
in the same way, although the major difference is that cut-through 
flow control allocates buffers and channel bandwidth on the packet 
level, while wormhole flow control does this on the flit level 
[5-6].

B. Wormhole Router Using FIFO
FIFO is an acronym for First In, First Out, which is an abstraction 
related to ways of organizing and manipulation of data relative to 
time and prioritization. This expression describes the principle of 
a queue processing technique or servicing conflicting demands 
by ordering process by first-come, first-served (FCFS) behaviour: 
where the persons leave the queue in the order they arrive. FIFOs 
are used commonly in electronic circuits for buffering and flow 
control which is from hardware to software. In hardware form a 
FIFO primarily consists of a set of read and write pointers, storage 
and control logic. Storage may be SRAM, flip-flops, latches or 
any other suitable form of storage. For FIFOs of non-trivial size 
a dual-port SRAM is usually used where one port is used for 
writing and the other is used for reading.
A synchronous FIFO is a FIFO where the same clock is used for both 
reading and writing. An asynchronous FIFO uses different clocks 
for reading and writing. Asynchronous FIFOs introduce meta-
stability issues. A common implementation of an asynchronous 
FIFO uses a Gray code (or any unit distance code) for the read 
and writes pointers to ensure reliable flag generation. The status 
of FIFO decides the communication can start or not. If the FIFO is 
empty the data can be write and communication can start. If FIFO 
is full, data can be read or can be forwarded to its destination router. 
FSM controls the read and write operation of FIFO according to its 
status. If FIFO is empty or having enough space to store the data, 
FSM will give acknowledgement signal in respect to the request 
coming from input channel, thus write operation starts. If FIFO is 
full or not having enough space to store the data, write operation 
terminates and the acknowledgement signal goes low. 

IV. Buffer Power Management
The buffer utilization in a NoC router is dependent on the network 
congestion and it varies over time based on the application and 
the communication pattern. It is necessary to have enough buffers 
in each router to serve as a provision in case of high utilization. 
However, often the buffers are not effectively and efficiently 
utilized for the intended purpose or it remains to be idle and 
consumes enough power. To deal with this problem, Suman 
K. Mandal et al. proposed a dynamic block level buffer power 
management technique in order to ensure high system performance 
and low power consumption [7]. They proposed their design by 
making the buffer to work with FIFO and 7T SRAM mechanism. 
We propose our design by constructing the buffer with a 10T 
SRAM and thus by saving power and cell area space even more 
by almost higher proportions. For the better understanding, we 
have explained about both 7T SRAM and 10T SRAM models in 
next sections and after constructing the buffer with 10T SRAM 
cell, the cell space usage and power measurements are taken and 
compared.

V. SRAM Logic to Construct Buffer 
As microprocessors and other electronics applications get faster 
and faster, the need for large quantities of data at very high speeds 
increases, which in turn increases the power while providing the 
data at such high speeds gets more difficult to accomplish. As 
microprocessor speeds increase from 25 MHz to 100 MHz, to 250 
MHz and beyond, system designers have become more creative 
in their use of cache memory, interleaving, burst mode and other 
high-speed methods for accessing memory. This makes to power 
to increase in an extensive way. Hence we go in for nanoscale 
SRAM buffers. Nanoscale SRAM buffers are very suitable for 
NoC router design because of their speed, density and reliability. 
Power dissipation characteristics of nanoscale SRAMs are unique. 
Traditional low power design techniques are not sufficient to 
ensure minimum power operation. To that end, a dynamic power 
management technique specifically designed for nanoscale SRAM 
buffers is necessary. Such management technique will make use 
of buffer allocation information and the nanoscale SRAM power 
dissipation characteristics to minimize static power consumption 
and in maintaining performance.
Another observation about nanoscale SRAM cells is that storage of 
0 and 1 are significantly different in terms of power consumption. 
This characteristic is exploited at per flit level to minimize power 
consumption during storage and read write.

A. 7T SRAM Logic Cell
7T SRAM cell is composed of a read and write access transistors; 
two inverters connected back to back in a closed loop fashion 
in order to store the 1-bit information and a transmission gate. 
The transmission gate opens the feedback connection between 
inverters during the write operation. The cell operates on a single 
bit line instead of two bit lines as in standard 6T SRAM cell. Both 
reading and writing operations are performed over the single bit 
line. The word-line (WL) is asserted high prior to write and read 
operation as similar to standard six transistor SRAM cell. When the 
cell is in a hold mode, the word line is low and a strong feedback 
is provided to the cross-coupledinverters by the transmission.
The SRAM cells have a tendency to retain the data for some 
duration of time as they cannot be shut off. The current flow or 
power dissipation in each device depends upon the location the 
device in the SRAM circuit as well the operation being performed. 
Taking advantage of these characteristics a fixed mode controller 
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was designed to do buffer power management at the block level. 
The 7T SRAM logic cell setup is given in fig.2.

Fig. 2: 7T SRAM Logic Cell

The total power dissipation of a CMOS based SRAM circuit 
forsub-65nm technology node is defined as the summation of 
dynamic power dissipation, sub-threshold leakage, and gate-oxide 
leakage. The SRAM cells have a tendency to retain data for some 
duration of time as they cannot be shut off. The current flow (or 
power dissipation) in each device depends on the location the 
device in the SRAM circuit as well the operation (e.g. read, write, 
or hold) being performed. Thus, for accurate measurement of 
current (power) it is important that the currents are identified.

B. 10T SRAM Logic Cell
A basic 10T SRAM cell consumes low leakage power and hence it 
is proposed for long lifetime sensor applications. It has been shown 
that conventional 6T SRAM fails to achieve reliable sub-threshold 
region. The 10T SRAM improves stability in sub threshold region 
significantly, and reduces the power consumption by separately 
performing the read and write operations. This SRAM cell also 
provides efficient bit-interleaving structure to achieve soft-error 
tolerance with conventional Error Correcting Codes (ECC). In 
order to further minimize the power consumption, we go for 10T 
SRAM buffer whose logic cell setup is given in fig. 3.

 
Fig. 3: 10T SRAM Logic Cell

VI. Experimental Results
The proposed dynamic buffer management technique was 
implemented for wormhole router using FIFO and nano CMOS 
SRAMS buffers. The evaluation consists of experiments to 
demonstrate the design overhead in terms of power. The simulation 
platform and the experimental results are discussed in the sections 
VI.A and VI.B.

A. Simulation Platform
The project makes use of Xilinx software tool which is used to 
write the programs using Verilog HDL programming language 
required for the Wormhole router and to simulate and synthesis the 
written programs using Xilinx Isim 13.2 simulator and Cadence 
EDA tool (180nm technology) respectively [8]. Basic end tools 
are used to synthesis and to find out the area, power used for the 
FPGA implementation.

B. Power Analysis

 
Fig.4 Power analysis for 7T and 10T SRAM buffer logic design

Fig.4 gives the bar chart for comparison analysis of power between 
7T and 10T SRAM logic buffers implemented for Wormhole 
routers. It can be inferred from the chart that the capacity of 
Leakage power, internal power, Net power, switching power 
consumed is lesser for 10T SRAM buffer logic when compared to 
7T SRAM buffer. Thus, 10T SRAM buffer with the feedback logic 
is efficient in terms of power consumption for NoC applications. 
Table 1 summarises the power consumption for FIFO, 7T SRAM 
and 10T SRAM buffers.

Table 1: Comparison Analysis for Power

FIFO buffer 
for wormhole 
routing

7T SRAM 
buffer with 
feedback  for  
wormhole 
routing

10T SRAM 
buffer with 
feedback  for  
wormhole 
routing

Cells 1843 1199            464 
Leakage 
power(nW) 11846.30 6708.41     3548.07

Internal 
power(nW) 256095.38 112430.54   62763.92

Net power 
(nW) 47760.78 32815.44     9646.07

Switching 
power (nW) 303856.17 145245.98   72409.98
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Table 1 shows that 10T SRAM buffer logic consumes 76.16% 
lesser power than FIFO logic. This proves the efficiency of 10T 
SRAM buffer in terms of power usage.

VII. Conclusion
Wormhole techniques are primarily used in multiprocessor systems, 
notably hyper cubes. In hypercube computer, each CPU is attached 
to several neighbours in a fixed pattern, which reduces the number 
of hops from one CPU to another. This reduces the latency (delay) 
noticeably compared to store-and-forward switching that waits 
for the whole packet before forwarding. More recently, wormhole 
flow control has found its way to applications in NoCs, of which 
multi-core processors are one.
A novel low power nano CMOS buffer design was presented 
and dynamic power management is achieved with the proposed 
block level feedback power management logic in WHR using 
SRAM buffer when compared with the FIFO buffer. Experimental 
evaluation had demonstrated that the proposed design of 10T 
SRAM buffer with feedback logic is more efficient for NoC 
applications because of its low power consumption because of 
its low power consumption. It consumes 76.16% lesser power 
than FIFO buffer logic.
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