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Abstract—The increasing number of transistors on a single
chip enables complexity of system using the SoC approach. Only
solution for this is on-chip communication which makes
communication efficiently on a single chip. This paper gives the
design of on-chip router and communication link. The proposed
router is based on weighted routing algorithm which makes
packet routing efficiently. An error detection mechanism is
proposed for handling faulty parts of NoC. A low energy semi-
serial on-chip communication link is also designed. For long
range communication semi serial on-chip link between the
routers are proposed. Proposed architecture of on-chip router
and semi-serial link give the results in which power consumption
is reduced and hardware utilizations such as number of slices,
LUT need is also reduced and latency is also minimized.

Index Terms—Network on Chip (NoC), System on Chip (SoC),
Weighted Routing Algorithm, Dual Rail Encoder, Pulse
Signaling, Data Validity Detector.

|. INTRODUCTION

The semiconductor technology scaling creates the potential
of system-on-chip (SoC) integration, that is, a complete
electronic system is integrated on a single die. Shared bus
interconnection between SoC components becomes spaghetti
if billion, trillion transistors are increased on a single IC. A
simple NoC is a good solution for the efficient implementation
of SoC. NoC is a communication infrastructure in which each
component of a SoC is viewed as a node. NoC use packets to
route data from source to destination component, via switches
(routers) and point -to-point links.

1.1 On-Chip Router

A router is the most important component, it act as the
heart of a NoC. For NoC system router provides
communication backbone. It directs the packet from source to
destination. So it should be designed for maximum efficiency
and throughput. Routers are intelligent devices that receive
incoming data packets, inspect their destination. To figure out
the best path for the data to move from source to destination,
routing algorithm is used. In this paper weighted xy algorithm
is proposed.
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1.2 Global On-Chip Link

Links are used to transmit packet between routers. It
physically connects the nodes and enables the communication
in the network. NoC links become a primary challenge for
high performance high complexity SoCs, because transmitting
clock, data and communication signals over large die area
requires long interconnection. Technology scaling leads to
decrease long interconnection links which in turn increase
power consumption and high latency. Globally Asynchronous
Locally Synchronous scheme has been proposed as a solution
for low latency and low power links between cores. GALS
facilitate the integration of independently designed blocks
operating at different frequencies as well as allow better
energy saving because each functional unit has its own
independent clock.

The remaining of this paper is organized as follows. The
proposed NoC router is presented in section Il. The proposed
semi-serial links are presented in section Ill. Simulation
results and analysis of proposed work are presented in section
IV. Finally the conclusion drawn from this work is discussed
in section V.

1. THE PROPOSED NOC ROUTER ARCHITECTURE

A NoC router is composed of a number of input ports, a
number of output ports and a local port to access the IP core
(i.e) usually five ports is used which is shown in Fig. 1. Out of
five ports four ports are in cardinal direction (North, South,
East, and West) and one port is attached to its local processing
element (PE).
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Fig. 1. General Router Structure
A reliable router architecture to overcome both faults
during runtime and latency is proposed in this paper. The
proposed architecture has eight ports (North, South, East, West,
North West, North East, South West, and South East) which
are shown in Fig. 2.
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Fig. 2. 8-port Router

And each port consists of Error Correction (ECC)
blocks, Routing Error Detection (RED) blocks, FIFO buffer
and Routing Logic (RL) blocks, Control logic, Finite State
Machine (FSM) as shown in Fig. 3.
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Fig. 3. Block Diagram of Router Port

A. Error Correction and Detection Blocks

Error Correction techniques are used to ensure error free
transmission of messages. The degree of reliability can be
increased if the data’s are transmitted without any error. Error
correction codes are the most common approach to maintain a
good level of reliability. Here routing error detection is used to
find faults during runtime.

B. FIFO Buffer

Both input and output port has its own buffer, which is used
to store the data temporarily. After error correction block the
data are stored in FIFO buffer until the current data is directed
to its corresponding destination port. This will avoid collision
between the current and upcoming data’s.

C. Routing Logic Blocks

Routing algorithm determine how data are forwarded.
Routing algorithm varies depending on how the path is chosen
to transmit packets. In xy routing which is the most popular
routing algorithm, the header flits have destination node
address. The current router compares its address with the
destination address. Based on the comparison packets are
directed to its destination node. But it is totally depends upon
the network load condition. In deterministic routing, between
a pair of node predetermined paths only chosen. It can’t
tolerate online faults. To overcome this weighted-xy (w-xy
algorithm) routing is proposed. It assigns each output port a
weight based on available bandwidth, current and destination
(row and Colum) address. That is depending on certain
conditions, directions are selected. The constraints and
direction selection for eight ports is given in Table I.
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TABLE | D. Loopback Module
8 Port Constraints and Direction Selection The control logic sense the availability of
Constraints Direction Selection neighboring router. From control logic, finite state

machine (FSM) gets information about neighbor
router. If the neighboring router is not available then
the outgoing data packet is loopback to the input

d_lat=node_lat Hold
d_long=node_long

d_lat=node_lat North Port buffer, else the data packet is send to other router.
d_long=node_long Thus latency is reduced.
d_lat<node_lat South West Port

d_long<node_long

d_lat>node_lat North West Port
d_long<node_long

d_lat>node_lat North East Port
d_long=node_long

d_lat=node_lat South Port
d_long=node_long

d_lat=node_lat West Port
d_long=node_long

d_lat=node_lat East Port
d_long=node_long

d_lat<node_lat South East Port
d_long=node_long
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Fig. 4. Block Diagram of Serial On-Chip Link
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111. SEMI SERIAL ON-CHIP COMMUNICATION LINK

Scaling down of transistor’s dimensions leads to
improvements in both transistor cost and performance.
However, scaling down of interconnect cross sectional
dimensions degrades performance. To overcome this
problem, self-timed delay insensitive links are needed which
can operate correctly in the presence of delay variations in
gate and interconnecting wires. High speed and power
efficient on-chip interconnect has been proposed which is
shown in Fig.4. The presented semi serial on-chip link is
implemented based on the design of high speed
serializer/deserializer circuits. Pulse dual-rail encoding,
driver and data validity decoder.

A. Communication Protocol

Semi serial link presented in this paper is based on
Globally Asynchronous Locally Synchronous (GALS)
communication. It helps independently designed blocks to
operate at different frequencies. Thus the handshaking
protocol used in this paper is two-phase bundled data. Each
sender and receiver module have its own two-phase bundled
data interface. If a request signal (Reg2L) is send to
serializer the data get ready and become stable, then the data
is loaded into the shift register. Along with data, stop bit is
also loaded which is used to stop shifting in the deserializer.
Thus additional control logic is not needed.

B. Serializer

In serializer the parallel loaded data’s are
converted into serial. Along with the output of serializer, a
locally generated clock is also send. If the parallel data
loading is completed this local clock starts to run. This
clock is used for data shifting and dual-rail encoding. And
this clock is stoppable which runs only when data in the
shift register to be transmitted and stopped at all other time,
thus communication power is saved.

C. Dual-rail Encoder and Differential Driver

For data transmission through the wire dual-rail
and differential pulse mode is used. In classical encoding
each wire carries a single bit value but dual-rail encoding
use two wires to carry each bit. That is for transmitting N-
bits data encoding technique need 2N wires. Differential
driver is used because of its high performance, noise
immunity and better energy efficiency. The driver have two
wires, one is for data and another wire have its
complementary data. Thus data decoding technic is not
needed.

D. Data Validity Decoder

The output of encoder and driver is shifted into the
deserializer through the data validity decoder. It is nothing
but generate clock which is need for shifting data into
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deserializer. In addition to locally generated clock, stop bit
sent to stop shifting if all the data is loaded into deserializer.

E. Deserializer and Receiving Module

If the stop bit is arrive at the last flip-flop which
indicate shifting is completed and the data are read out
parallel. After this process request to sender is sent. When
acknowledgment is received from receiving module the
shift register present in deserializer is cleared.

F. Receiver and Driver

The complementary output is given to
acknowledgement receiver which sent out (Ack2L) to the
sending module.

IV. SIMULATION RESULT

The proposed on-chip router and semi serial link is
implemented by using the Verilog coding and the simulation
waveforms have been obtained from the Modelsim.

File Edit Cursor Zoom Bookmark Format Window

GHE BB MY Y QQQQE  H FRHIF

0000 T

(11110

T TP T TP O P PP TP L P L P LT P T

EERER RS ERERIGIGE AR

1800ps

Fig. 5. Simulation Waveform Obtained from Modelsim.

606



oM 8 e o S e Wi
OXH0 6 ZRAX 9@ 4 FAXKA B A %800 /0 Hax L
SELANANR P LB !

R bEqsd i
X #

e
e
1) Oetiem
1) Grw Pod ibem bandeon
-faq:w-:w #l

»
i
: : |
TR o i
H one | Qian | § o | el | Pt | ety iog | eyt |

AR vrlio

1) Pl Edt Vi e

35 oy bl

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.
WwWw.ijiset.com

ISSN 2348 — 7968

800

700

600

200

400
300

200 -
100 -

Slices

LUTs

B Conventional

i Proposed

DBRA GiABEX ma RN A R[AR 2 00: 40 KR 9 ARG BERAN
WA L0 YO uh BEN AARHER ARG

| 4 10 Busters it
Saurces ot Sonhess mdemenltin vl 4 IEF T
R i o ]

= fnkTlebpl

e B
E”WWHJW‘SDFD:F 4 Jevze wtilization swwery:

Selezt=d Device : J35202p:208-3

Haier =2 $lices: 0 omof 96 R
Taier =2 Slice Tip Flops: 8 omof I 0%
N Triser =2 4 ingus L0T3: By orof B #
4300z g gt 3 HIE :
30me g e |®mue ||:D L8| “
B | i o honded TBs: 4 oowof B IM
i 0 Flip Tlops: 3

Prssses o catesan ot

Eﬁ Jeeip s
By it
= 1) drtee257
- E@/ o e Repolt
B Vel hensc
Ei Ve ok, Scherte
U Dk Epter
[9) Geneetz P Epnbess Sweton:
= 130 e esin
-V
¢ | 0

Et oz

¥l
“I| TOHNG REPCRT

SDDSFV ‘ % Design ey | ui\mauue\ ] | @;i\emm.&e\ w ‘ DS_vnhe:sRepan ‘

. Graphical Comparison

TABLE Il
Performance Analysis
Hardware Estimated Base
Utilizations Results paper
Results

Slice 240 583

LUTs 429 691
Latency 4.114ns 20.86ns

Design Obyects of Propeties
cartesian fouler Noobject i selected
Sinds Nare Ve

- odpfZ 8 el

Frs
il 4)
B _od p 12 3_acllll

=0 >

Fig. 6. Hardware Consumption Report.
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V. CONCLUSION

The proposed on-chip router in this paper includes
veighted routing algorithm and error detection, correction
echanism is presented. To achieve high-throughput and to
O FElEissipate low energy per bit semi-serial on-chip link is
presented. Therefore, presented on-chip router and link
provide high throughput, power efficient and also minimize
latency.
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