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Abstract- The growth of wireless based LANs provides higher data rates and greater system capacities. The paper outlines 
the issues to be considered in the design of data processing units such as encoders and decoders when implemented in VLSI 
and discuss a method to reduce the affect of coupling  noise by way of using a noise immune logic design. A  convolution 
encoder for WLAN application was implemented using proposed design and results were presented using Tanner T-Spice 
15.0 and 16nm PTM technology files with a supply voltage of 1V, 250MHz clock and 100Mbps data rate. 
 
Index terms- Convolutional Encoder, Noise immune design, Encoder for WLAN applications,  
 
I. INTRODUCTION 
 
Wireless local area network (WLAN) is a wireless 
computer network that connects more than one device 
using wireless distribution (generally spread spectrum 
or OFDM) with in a limited area as computer 
laboratory, office building, school or a home . IEEE 
802.11 is a standard for WLANs and marked under 
Wi-Fi brand. The factors that contribute to the overall 
application data rate are the speed with which the 
application transmits the packets (i.e. the data rate) 
and the energy with which the wireless signal is 
received. The later is determined by the distance of 
transmission and the output power of the transmitter 

 
Fig. 1a.Graphical representation of Wi-Fi application specific 

(UDP) performance envelope 2.4 GHz band, with 802.11g 

 
Fig.1b.Graphical representation of Wi-Fi  application specific 
(UDP) performance envelope 2.4 GHz band, with 802.11n with 

40 MHz 

Across all flavors of 802.11, maximum achievable 
throughputs are either given based on measurements 
under ideal conditions or in the layer 2. It is with a 
specific packet size (small or large) and with a 
specific data rate (10 Kbit/s – 100 Mbit/s).  
The Institute of Electrical and Electronic Engineers 
(IEEE) released the 802.11 specifications in June 
1999. The initial specification is 802.11, operated in 
2.4 GHz range to support a maximum data rate of 1 to 
2 Mbps using a technology known as phase-shift 
keying (PSK) modulation. In late 1999, two new 
standards were released. The 802.11b specification 
adds two higher data rates of 5.5 and 11 Mbps in the 
2.4 GHz range using  Complementary Code Keying 
(CCK) [1, 2, 3] while the 802.11a specification is the 
standard for broadband communication systems and 
utilizes the  5 GHz UNII band and supports data rates 
up to 54 Mbps. The data rate can be  changed with 
different coding rates according to the modulation 
type. The data is modulated with BPSK, QPSK, and 
16/64QAM [3]. 802.11 g is a high data rate extension 
to 802.11 in the 2.4 GHz ISM band, and is 
compatible with 802.11 b. IEEE 802.11 g uses 
Orthogonal Frequency Division Multiplexing 
(OFDM) as radio transmission method, and supports 
four modulation formats (BPSK, QPSK, 16QAM, 
64QAM) and convolution coding[4].  
Section II describes the need for the design of low 
noise design for VLSI implementation of WLAN 
channel encoder. Low power and low noise proposed 
technique is described in section III. Section IV 
described the convolution encoder design for WLAN 
application and section V presents results. 
 
II. PROBLEM DEFINITION 
 
The convolution codes which are a class of Forward 
Error Correction (FEC) codes are used mostly for the 
channel encoding of data to achieve low-error-rate in 
latest wireless communication standards like 3GPP, 
GSM and WLAN. All communication channels are 
subject to the Additive White Gaussian Noise 
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(AWGN) around the environment. Convolutional 
Encoding along with Viterbi decoding is a powerful 
FEC technique that is particularly suited to the  
channels, in which the transmitted signal is corrupted 
mainly by AWGN. The efficiency of error detection 
and correction increases with constraint length. When 
the encoders and decoders for such applications are 
implemented in ASIC or FPGA, the encoding 
technique may get effected by the coupling noise 
which is prevalent in most of the designs fabricated 
using nanometer technologies as they have high fan-
in and fan-out. As the feature size is shrinking, the 
chip size is reducing and the interconnection 
density/unit area is increasing with the technology 
advancements resulting in higher volumes of 
coupling noise due to signal interactions. Thus while 
designing encoders and decoders at nanometer 
technologies, basic elements should have  high noise 
immunity has while preserving low power and delay 
features. Thus the need of high noise immune digital 
circuits is to be considered.   In this paper, the 
convolutional encoder for a constraint length of 7 and 
bit rate 1 / 2 is implemented using noise immune 
gates design proposed in [5] . The encoder consists of 
registers and Ex-OR gates. An Ex-OR gate with high 
noise immunity is designed in domino logic and used 
in the encoder implementation.  
 

 
Fig.1. Basic Communication system with channel encoder and 

channel decoder 
 
III. BACK GROUND AND RELATED WORK 
 
The noise immune (proposed) domino circuit is as 
shown in the figure 2.[5] Transistor M3 and M5 are 
connected between the dynamic- node and ground 
and the gate of M3 transistor is connected to the OUT 
terminal and M3 is stacked with M5. During 
evaluation phase when PDN is on with one or more 
inputs connected to logic one, the transistor M4 
discharges the dynamic-node and the ‘Out’ terminal 
goes to logic ‘1’ and M3 turns ON which aids in 
faster discharge of any accumulated charge on 
dyn_node along with PDN and M4. The rate of 
discharge can be controlled by changing the W/L 
ratio of M4. When all the inputs are at logic ‘0’, 
output stay at logic ‘0’ and M3 remains off and thus 
dyn_node retains its charge. If any input changes 
from logic ‘0’ to logic ‘1’ , PDN becomes conducting 
and during evaluation phase when clock is high, 
dyn_node discharges below the threshold voltage of 
the inverter turning its output to logic ‘1’. When 

output becomes logic ‘1’, M3 turns on providing a 
path to discharge dyn_node quickly as M5 is also ON 
during evaluation phase. At the same time as the 
source node of M6 being connected to N-foot, effect 
of noise in the circuit gets reduced due to stacking 
effect. 
 

 
Fig.2 Proposed Noise immune gate design 

 
This proposed scheme exhibited an improvement of 
1.84% in ANTE when compared to the other existing 
techniques namely scheme[8] technique and Footless 
Domino Gate (FLDG) with keeper technique for an 
OR gate implementation [5] and a 2.1% improvement 
for Ex-or gate implementation.[6] 
 
IV. CONVOLUTIONAL ENCODER FOR WLAN 
 
Convolution codes are better codes of error 
controlling performance. The convolutional encoder 
comprises of a shift register and Modulo-2 adders 
with predefined connections among them. 
Convolutional encoder outputs are not only 
associated with the encode elements at present, but 
also affected by several ones before. Convolutional 
code is described by the parameters (n, k, m),  where 
k are the input encode elements, n are the output 
encode elements and m are the shift register numbers 
of convolution encoder. Usually, the value of n and k 
is smaller and k is less than n, but the number of shift 
registers takes larger value. 

 
Fig. 3 . (2, 1, 7) convolutional encoder for OFDM-WLAN. 
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In WLAN standards the convolutional codes are 
defined by optimum generator polynomials with 
constraint length of 7 and code rate of 1/2, resulting 
in 64 trellis states. The optimum generator 
polynomial for constraint length 7 codes described by 
the relations G1 = 133(OCT) and G2 = 171(OCT), 
equally 
G1 = X0 + X2 + X3 + X5 + X6  = 1011011 =  (133)8 
………….(1) 
G2 = X0 + X1+ X2 +  X3 + X6  = 1111001 =  (171)8 
………….(2) 
Figure.3  shows the block diagram of (2, 1, 7) 
convolutional encoder. The (2, 1, 7) convolutional 
encoder consists of six shift registers and two 
exclusive-or gates. Initially all the registers are reset. 
The six flip flops to implement a six bit register are 
connected in series to complete shifting and updating 
operation under the action of the clock pulse. The 
exclusive-or gates are used for modulo-2 adders to 
obtain the encoded data. With every clock pulse a 
new data bit shifts into the encoder and gives a two 
bit output at O1 and O2 governed by the equations (1) 
and (2). The output is relevant with the current input 
binary bit, and influenced by previous six bits that are 
stored in the register. 
 
V. SIMULATION RESULTS 
 
The encoder is implemented using the proposed Ex-
or gates and TSPC flip flops for low power operation. 
Simulations were carried with Tanner T-Spice using 
16nm PTM files.  
 
a. Ex-OR gate 
Ex-OR gate of the proposed technology is 
implemented in various technologies as 45nm, 32nm, 
22nm and 16nm using PTM technology files to study 
the effect of technology on the power dissipation and 
average power dissipated is measured and the results 
were  tabulated in Table.1. Figure.4 show that with 
technology advancement the power dissipation is also 
decreasing. All measurements were done at 1V 
supply voltage. 
 

Table.1 Power dissipation of the OR gate for different 
technologie 

 
Table .2  Power Dissipation of convolutional encoder when 

implemented in various technologies 
 

 

Fig. 4  Power Vs. Technology 
 

b. Convolutional encoder 
 Using 3- input Ex-OR gates, and low power TSPC 
flip flops, the convolutional encoder is implemented  
in 16nm technology with supply voltage of 1V.  

 
Fig. 5 Simulation results of Convolution Encoder 

 
Fig.6 Power Dissipation of Convolution Encoder 

 
Convolutional encoder output for 01101000111 is 
shown in fig.5 when the Ex-Or gates are implemented 
in various technologies namely, FLDG keeper 
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technique, Scheme[8] technique and our Proposed 
technique. The encoder is simulated with clock rate 
of 250MHz  and  bit width of 18ns resulting in data 
rates of 55.5Mbps. The Power dissipation of the 
encoder is given in Table.2 and Fig. 6 shows the 
comparison. Conclusions: A noise immune domino 
gate design was discussed and a convolution encoder 
for WLAN application is implemented with the 
proposed low power noise immune design. The 
simulation results of the encoder are shown. The 
proposed technique dissipates less power compared to 
other schemes providing better noise immunity. 
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