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ABSTRACT In a typical bus system of NOC, crosstalk can affect signal delays by changing the times at which signal transitions
occur.Hence, Delay reduction is main objective of our current research work. This paper develops a novel technique,
in which inter-wire crosstalk considers sufficiently and reduces the delay due to coupling transition approximately up to 13% - 13.63% for 8

bit, 16 bit, 32 bitand 64 bit wide data bus with an additional area penalty. The effectiveness of coding method has been tested using MATLAB.
Transmission results are tested on bus of network on chip which is simulated on Xilinxand implemented on FPGA.
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I.INTRODUCTION

Crosstalk can affect signal delays by changing the times at which
signal transitions occur. For example, consider the signal waveforms
on the cross-coupled nets A, B, and Cin figure 1. The transitions on
net A and net C can affect the time at which the transition occurs on
net B because of capacitive cross-coupling. Contributing to a setup
violation for a path containing B, a rising-edge transition on net A at
the time shown in figure 1[15] can cause the transition to occur later
on net B. Similarly, the transition can occur earlier on net B, possibly
contributing to a hold violation for a path containing B due to the
falling-edge transitionon net C.

Fig.1-Transition slowdown or speedup caused by crosstalk

Avictim net is a net that receives undesirable cross-coupling effects
from a nearby net. An aggressor net is a net that causes these effects
in a victim net. Note that a victim net can also be an aggressor net;
and an aggressor net can itself be a victim net. The relationship
between two nets being analyzed is referred by the terms aggressor
and victim. The timing impact of an aggressor net on a victim net
dependson severalfactors:

e Theamountof cross-coupled capacitance.

» Therelative timesand slew rates of the signal transitions.

» Theswitchingdirections (rising, falling).

»  The combination of effects from multiple aggressor nets on a
singlevictimnet.

Bus encoding technique is introduced to reduce delay by reducing
CouplingTransition activity aC.

Techniques to reduce power dissipation and delay were well
explored in the literatures like [7] offers a TSC (Two Stage Coding)
technique. Literature [8] introduced a technique in which data busis
first divided into two group as odd group and even group and then
invert the data or send it as it is according to cases. Paper [9]
developed a mathematical model for a memoryless encoding
scheme and proposed a novel partitioning method for reducing the
transition energy. Literature [10] explored a technique in which

input data bits coded in four different ways such as Original Data,
Invert Data, Ex-Oring with some code words and Ex-Oring with
another code words and then send all the four results in comparator
mode, which compares reduction in transition. The lowest of the
four results decides the value of encoded data. Literature [11]
proposed an octo coding technique to reduce the hamming
distance, in which input data bits coded in eight different ways such
as Invert, Swap, Invert even position, Invert odd position, Rotate left
with invert, Rotate Right with invert, Circular Left Shift and Circular
Right Shift based. Technique resulting in maximum reduction in
power dissipation and delay, is selected. Technique introduced in
paper [6] is Quadro Coding, in this method, the applied input data is
coded in four different ways and the coding resulting in maximum
reductionin transition activity is selected.

The purpose of present paper is to propose a novel technique,
which attempts to reduce the number of effective coupling
transitions (1 X 0 or 0 K1) between adjacent bus because in CMOS
VLSl circuits, the coupling transitions are responsible for delay.

The rest of the paper is organized as follows: The bus model is
explained in section Il. The proposed model is well explored in
section Ill. Methodology is explained in section IV. The results and
discussions are provided in section V and conclusions are made in
sectionVI.

11.BUS MODEL

The distributed model of DSM bus line, in terms of RLC, is shown in
fig.5. The bus lines can be assumed to be lossy, distributed,
capacitively and inductively coupled which interact strongly with
each other through parasitic capacitances and inductances. In the
well-known model of DSM bus lines [12][13] the interconnect
coupling capacitance CC is strongly dependent on the inter-wire
separation, whereas the lumped grounding capacitance CS is a
weak function of inter-wire separation.
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Fig.5-RLC Model for DSM Bus
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There are some limitations in previous method as no. of transitions
was more so as delay was very high.

111.PROPOSED MODEL

The main goal of the proposed scheme is to make data less
correlated i.e. to make transitioning of data smoother.The proposed
encoding schemeis as follows:

A.Encoder-

Let D be the n bit data on the bus to be transmitted at time tand X be
the encoded data. The n bit data on the bus is divided into a subset
of four bits from right to left and for each subset count the number
of zeroes and ones. Now for encoding purpose nth (right most) bit is
encoded as it is i.e. X(n)=D(n), and the following operations are
performed to encode rest of data bits from right to left according to
different conditions:

X(P)=D (P) XORX (P+1) (1)
X (P)=D (P)XNORX (P+1) (2)

Where P gives the position of the data bit variesfromn-1to 1.

Start

Set Countones=0, countzeroes =0, count=0.
DivideI/P datainto subsets of 4 bits each.
CountMcountzeroes AND countKcountones.
. If (Count zeroes > countones)

Then Encode Rightmost bitasitis.

uhwn =

Setcontrol bit=1
Andset X (P)=D (P) XORX (P+1)
return

6. Elseif (Countzeroes < countones)
Then Encode Rightmostbitasitis.

Set control bit=0

Andset X (P)=D (P) XNORX (P+1)

return

7. Else (countones=countzeroes)
Then countthe number of transition in the subset

8. If (Count transition > 1)
Then Encode Rightmostbitasitis.
Setcontrol bit=1

Andset X (P)=D (P) XORX (P+1)
return

9. E Ise

Encode Rightmostbitasitis.

Set control bit=0

Andset X (P)=D (P) XNORX (P+1)
Return

10. End

The control bit of each subset gives information about the operation
performed on the corresponding subset. So due to control bit,
length of encoded data X would be n+n/4.

B.Decoder-
For the decoding purpose encoded data is again divided into
subsets fromrighttoleft.Then, nth bitis decoded asitisi.e.

D (n) =X (n) and according to the control bit of each subset, original
dataisrecovered by using anyone of the operation:

D (P)=X(P)XORX (P+1) (3)
D (P)=X(P) XNORX (P+1) (4)

Where P gives the position of data bit varies fromn-1to 1.

Start

Divide encoded seq.into subsets of 4 bits each.
Note the control bit for each block.

If (control bit=0)

HwN =

Then decoderightmostbitasitis.
Apply D (P)=X (P) XNORX (P+1)

Return

5. Else decoderightmostbitasitis.
Apply D (P)=X(P) XORX (P+1)

Return

6. End

IV. METHODOLOGY

In order to carry out the experiment and the target, following steps

wereinvolved.

1. Developedthe MATLAB scriptforthe encoder.

2. Developedthe MATLAB script for the decoder.

3. For delay analysis, transmission results are tested on bus of
network on chip which is simulated on Xilinx and implemented
onFPGA.

V.SIMULATION RESULT AND DISCUSSION

Result Analysis for Delay

For delay analysis, transmission results are tested on bus of network
on chip which is simulated on Xilinx and implemented on FPGA.The
simulation has been tested against approximately 10,000 different
input vectors and it was observed delay reduction is guaranteed in
all the cases.Table 1 shows the simulation results of 8 bits, 16 bits, 32
bits and 64 bits data and percentage reductionin delay:

TABLEI  RESULTS OF % REDUCTION IN DELAY FOR DIFFERENT BUS
WIDTH USING DUAL CODING TECHNIQUE

Numbe| Original |Delay| Encoded | Delay (% Reductionin
r of Bits| Data (ns) Data (ns) Delay
in Data
8 00001101 | 2.853 | 00000001 | 2.464 13.63
16 10110100 | 4.968 [ 11000011 | 4.322 13.00
00101110 11100000
32 10111000 | 6.247 | 00111000 | 5.396 13.62
11010000 00011111
11111000 11111000
11110000 00000000
64 11110100 | 9.758 | 00000011 | 8.435 13.55
10010000 10001111
01000010 11000001
11110010 11111110
11101000 00001000
11110101 00000011
11110010 00000001
00011101 11110001

VI.CONCLUSION

This paper presents a Novel Technique which makes efforts to
reduce delay due to coupling transitions in CMOS VLSl circuits. The
proposed technique simply uses XOR and XNOR operations
according to conditions to achieve the objective. Results of this
novel technique are very efficient and useful to reduce delay by 13%
- 13.63% for 8 bit, 16 bit, 32 bit and 64 bit wide data bus with an
additional area penalty.
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