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Abstract: A new asynchronous delay-insensitive using level-

encoded dual-rail (LEDR) encoding, novel packet-

structure, is proposed to achieve high-throughput network-

on-chip (NoC) router along with a compact hardware. The 

LEDR encoding method reduces the communication steps 

and the registers to half when compared with four-phase 

dual-rail encoding since the spacer information of the four-

phase one is eliminated, thereby improves the throughput of 

the network. In the proposed packet structure, the phase 

information of header and tail flits is determined uniquely. 

As the router can be asynchronously controlled by ignoring 

the phase information, the circuit is compactly 

implemented. The proposed design is implemented in 

SPARTAN3 FPGA by using Xilinx ISE 13.4 and simulated 

in modelsim 6.3f. The Chipscope pro Analyzer is used to 

view the execution results of FPGA. 

Keywords: Asynchronous circuit, level-encoded dual-rail 
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I. INTRODUCTION 

A billion transistors, one million gates, thousands of circuits, 

hundreds of designs on a single IC chip; such intricate 

designs pose innumerable challenges to IC designers. The 

most successful IC designers overcome all such challenges to 

provide functionally correct and reliable operation of the 

IC’s. As the integration increases the cost effectiveness is 

also a major area of concern in IC designs. In this paper, a 

high-throughput and compact asynchronous NoC router 
based on the LEDR encoding with a novel packet structure 

constraint is proposed for highly reliable NoCs. In the 

proposed NoC, the LEDR encoding is used for both 

communication links and routers. A processing core 

partitions a packet into an even number of flits that are 

transferred through communication links and routers. Since 

each flit is represented based on the two-phase encoding, 

which consists of two kinds of phase information (ODD and 

EVEN), the phase information of header and tail flits is 

determined uniquely. Thus, the router can be implemented 

without considering the phase information, significantly 

reducing the complexity of the LEDR encoding. As a result, 
the proposed NoC is to benefit at a maximum from the LEDR 

encoding that the communication steps and the number of 

signals representing a packet becomes half in comparison 

with the four-phase encoding. The reduction of the number of 

signals would lead to a small chance of collisions between 

flits of different packets compared with the four-phase 

encoding under the same traffic patterns, leading to high-

throughput data communication. Deterministic routing  

 

algorithm uses a fixed path for each pair of nodes. XY 

routing algorithm is one of the Deterministic routing 

algorithm, which routes packets first in x-direction (or 

horizontal direction) to the correct column and next in y- 

direction (or vertical direction) to the receiver. In XY routing 

the addresses of the routers are their xy-coordinates. One of 
the advantages of XY routing is that it never runs into 

deadlock or livelock. To cope with the unreliable NoC’s an 

efficient routing algorithm for NoC’s employing wormhole 

packet switching, in mesh node topology, targeting high 

throughput. The proposed work aims at developing a routing 

algorithm which meets the above requirement, and performs 

self- error detection and correction in the node. The next 

sections of the paper are organized as follows: section II 

briefs about the related work. Section III presents the 

proposed method. Section IV shows the simulation results 

and Section V concludes the paper. 
 

II. RELATED WORK 

Many asynchronous NoC solutions have been proposed 

recently [1], [2], [3], [4], [5]. In [2], the NoCs provide high-

throughput on-chip communication for specific topologies, 

such as a crossbar and a mesh-of-trees. Especially, in [2], it 

is designed based on two phase channel communication and 

two-phase router based on MOUSETRAP in a bundled-data 

logic style. NoCs are also designed based on four-phase 

encoding. This provides timing robustness for highly reliable 

NoC systems, because of the QDI logic style. However, 
these approaches lower the throughput (e.g., 160 Mflit/s 

under 0:13-_m CMOS technology) because of the large 

number of communication steps. Bit-slice and look-ahead 

approaches have been proposed to reduce the delays of 

handshaking based on four-phase encoding, while these 

approaches lose delay insensitivity and hence need many 

timing assumptions. Alternatively, two phase encoding is 

used to improve the throughput in asynchronous 

communication links. Our contributions through this work 

are to 1) achieve a high-throughput asynchronous NoC with 

reliability based on LEDR encoding, 2) implement simple 

hardware based on the even-number-of-flits transmission 
scheme, and 3) alleviate routing congestion by reducing the 

number of signals that represents a packet. In the next 

section, we describe a circuit diagram of the proposed two-

phase router based on the even-number-of-flits transmission 

scheme. The contribution of this project lies in designing an 

efficient routing algorithm to ensure high throughput and 

compact NoC with reliability. 
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III. PROPOSED ROUTER ARCHITECTURE 

Fig. 1 shows the proposed asynchronous NoC architecture 

based on a 2D mesh topology. The proposed NoC consists of 

links and routers connecting with processing cores. Both 
routers and links are implemented using asynchronous circuit 

techniques, where request-acknowledge-based handshaking 

is used for local synchronization. The proposed NoC is 

nearly QDI with a few reasonable qualifications. Since the 

use of the QDI logic style essentially makes it possible to 

avoid any timing constraints with only a single assumption 

that wires at a fan-out point must have roughly an equal 

delay, the asynchronous circuits become robust under any 

timing variations, such as process and voltage variations. 

 
Fig.1.The proposed asynchronous NoC based on LEDR 

encoding. 

 
Fig.2. Wormhole-switched-packet format. 

Fig.2 shows a wormhole-switched-packet format based on 

two-phase encoding in a deterministic routing algorithm. The 

packet consists of three types of flits: header flit, body flit, 

and tail flit. In this paper, these flits consist of 34 bits, where 

both begin-of-packet (BoP) and end-of-packet (EoP) consist 

of 1-bit information. Other 32 bits are used to represent 

address or data value. The header flit contains a static routing 

path in an address field to transfer the packet from a source 

core to a destination core. The address field contains 

subaddresses, such as Addr1, Addr2, . . . , AddrN. Each 
router consumes one subaddress (Addr1) in the address field 

and shifts the address field for the following routers. BoP is 

valid just when a header flit is sent. The header flit is 

encoded using ODD information of LEDR signals. The body 

flit contains a 32-bit data value, while the first 2 bits are not 

valid. It is encoded by both ODD and EVEN information of 

LEDR signals. The tail flit contains a 32-bit data value and 1-

bit EoP. It is encoded using EVEN information of LEDR 

signals. 

 
Fig.3. Overall structure of the proposed asynchronous router 

Fig. 3 shows the overall structure of the proposed 

asynchronous NoC router, which consists of five input units 

and five output units. The input unit includes two-stage Pipe 

latches (PLs), shifter (SH), and routing controller (RC). The 

output unit includes two-stage PLs, arbitration controller 
(AC), and multiplexer (MX). Each input unit is connected to 

other four output units except its corresponding output unit. 

This router has five input and output ports. Flits are 

transmitted from one port to one of other ports. Every signal 

is a two phase signal except sel signals for PLs. Initially, the 

first and the last-stage PLs are transparent. The router 

operates based on a three-stage pipeline manner. The 

operation depends on the flit type. 

 

A. Input Unit 

A header flit determines the routing path in the router. First, 

a header flit is processed in the RC, and the destination port 
of the packet is determined. The phase type of the header flit 

is always ODD in our router. In the SH, the address 

information of a header flit is shifted to eliminate the first 

sub address information, which was already used in the RC. 

Then, the AC determines which flit can be transferred to an 

output unit. When multiple flits simultaneously request to 

use the same output unit, a flit selected by the AC is 

transferred, while the other flits remain. 

 
Fig 4. Input unit. 
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B.  Output Unit 

The output unit selects a flit in MX and then transfers the flit 

to the other routers via communication links or the 

processing core connected to the router. Body flits are simply 
transferred through the routing path determined by a header 

flit in the router. A tail flit is processed in the RC and resets 

the destination of the packet. Then, the tail flit releases the 

AC. After the tail flit is transferred to the other router or the 

processing core, one of the other flits can use the same output 

unit. 

 

 

 

 

 

 
 

 

 

Fig 5. Output unit. 

 
IV. SIMULATION RESULTS 

 
 

V. CONCLUSION 

In this paper, an adequate solution to improve the throughput 

of the router in a NoC is addressed. The proposed method 

presents a XY routing algorithm, this routing never runs into 

deadlock or livelock. The results show that the proposed 

method is a fast and an efficient way to transferring data via a 
specific path between two nodes in the network. 
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