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ABSTRACT
In this paper ,we are present a possible implementation of arithmetic function (addition) for 128 bit using
recursive methodology to achieve the high performance by detecting process completion without using additional
speedup circuit and carry look-ahead (CLA) scheme. To attain the logarithmic performance random operand
condition is used and also numbers of transistors are reduced to minimize area, power consumption and delay.
Simulations have been performed using an industry standard tool kit and tanner is also used for verifying practically
and superiority of the proposed methodology over present technique of asynchronous self-timed adders.
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1. INTRODUCTION

The most significant mathematical operation for any computing system is addition. The efficient adder can
use for designing of any arithmetic circuits. Circuits may be of two types, they are synchronous or asynchronous. In
synchronous circuits clock pulse synchronizes the operation while asynchronous does not operated based on clock
pulses. Clock less processors are called asynchronous or self-timed. Asynchronous have responsiveness, robustness
and power efficiency. Instead of synchronizing using clock, local handshaking controls the data flow path between
one logic module to another logic module is given by Geer (2005). Handshaking is effectively managed in adder
circuits with dual-rail carry propagation technique. It also provides acknowledgement for a one bit adder module.
Thus asynchronous is fully depends on full dual-rail encoding of the signal or operation with pipeline using single-
rail data encoding and dual-rail carry denotes for providing acknowledgement developed by Sparso and Fuber
(2001). These constructs add robust of the circuits. The parallel self-timed adder (PASTA) was proposed by
Choudhury (2008). The PASTA contains half adders, multiplexers, and completion detection block and also contains
minimal interconnections. Therefore it is fit for implementing in VLSI technique. Effectively single pipelined adder
single rail pipelined approach.

Pipelined Adders with Single Rail Data Encoding: Enabling the adder is done by the asynchronous signals
(reg/Ack) and also it is used to launch the carry chain. At all-time the dual rail carry logic is used for interior bitwise
carry flow. The dual rail signals contains three logic values namely 0, 1, invalid. Therefore it is used for generating
bit-level acknowledgement when a bit operation is completed. When all the acknowledgment (Ack) signals are
received as high CDU sensed. Completion element is used to implement self-timed circuits. Speed of the Self-timed
adders is normally high proposed by Choudhury (2008). Example for pipelined adder is the carry process complete
sense adder that is given by Rahman and Kleeman (2013), which uses full adder functional block for dual-rail carry.
In other words, speculative completion adder is proposed in as discussed by Fu- Chiung Cheng (2007) and uses abort
logic, and quick completion selects the correct finishing point response from a fixed delay lines, however abort logic
implementation is costlier due to high fan-in requirements.

Delay Insensitive Adders with Dual-Rail Encoding: This type of adders are asynchronous in nature and these
adders which asserts bundling limits or DI operations. Therefore they operates well but contains unknown gates and
interconnect delays as discussed by Sparso and Fuber (2001). Dual-rail encoding scheme is used in DI adders and
are expected to rise complexity. Dual rail encoding increases interconnect complexity but they can produce efficient
circuits. For example each DI-RCA contains 40 transistors presented by Nowick (1996). While CMOS based RCA
uses only 28 transistors.

As like the CLA, DICLA also defines the equations such as carry Generate, carry Propagate, and kill shown
by Nowick (1996). Instead of connecting the carry flow in the chain, they are organizing them in a hierarchical tree.
Thus, they work faster for a long carry chain. Dual rail logic has not needed to wait for both paths to be evaluated.
To increase the speed of the CLA circuitry, send carry-generate /carry-Kill signals to any level in the tree.

Design of Parallel Self timed Adder: The architecture design and theory of PASTA is explained in this section.
PASTA contains 2:1 multiplexer, half adders, and CDU (i.e. NOR gate for detecting end of carry completion).
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Figure.l. Parallel Self Timed Adder
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The operation of PASTA contains two phases; a) Initial phase, b) Iterative phase.
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Figure.2. State Diagrams for PASTA (a) Inital phase (b) Iterative phase

Initial Phase: the half adder performs half additions on two inputs and select input line is zero (SEL=0). And first
stage multiplexer selects bo and ao, then multiplexer and Half- adder (HA) performs fundamental operation.
Iterative Phase: The iterative phase perform iteration by using first produced sum output and carry output and
continues half-addition until all carry bits becomes zero level. And the select input line is one (SEL=1), the feedback
route through MUX is enabled. The carry transition (Ci) are allowed as many times as needed for completing the
recursion.

During this phase multiplexer selects carry of previous stage and sum of its own stage. Multiplexer and Half-
Adder performs their fundamental operation. Iteration will continues till the output carry of all the stages becomes
zero.
Single Bit Adder: Single bit Half-Adder (HA) and Full-Adder (FA) are the basics for all high speed adder. The it"
bit addition for a single bit Half-Adder (HA) is logically given as follows:

si® = ai @ bi )
C0i+1 = aj bj
A single bit full adder implementation additionally takes consideration of the carry- in input from
the preceding single bit unit and formulas are given below,

si=sil @ cil-1, 0<i <n ©)

i+1=si e o< i<n. 3)
The recursive binary addition formula for addition of two n-bit numbers as follows.

cnk+ cKng +. + K100 <k <n. (4)
Theorem 1: The recursive formula of (1)-(4) will give exact sum for any number of bits and will terminate within a
finite time.
Proof: We prove the correct operation of the algorithm by numerous iterations for completing the addition (reaching
the final state).
Design of HA and MUX: Half adder circuit and multiplexer circuit contain lesser transistors in this paper. Half
adder has 11 transistors and multiplexer consists of 6 transistor. Therefore delay will be reduced and due to reduction
in transistors automatically reduces power consumption. This idea is implemented using Tanner 250nm technology.
This technology represents the size of the transistor.
Circuit Implementation: Figure.3, shows the implementation of a CMOS for the recursive circuit. For the AND
gates use TSMC library implementation. Half adder use 11 transistor and MUX use 6 transistors to match the delay.
The completion detection following is negated to obtain an active high completion signal (TERM). This requires a
large fan-in n-input NOR gate therefore instead of we are using pseudo- nMOS ratio- ed design is used as shown in
fig4. The practical implementation is done by standard FPGA tool kit Xilinx 10.1. And implementation is also done
by Tanner EDA tool- c14.11.

Figure.3. Iplementtion of multiplexer
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Figure.4. Schematic implementation for Half Adder

Figure.5. Tanner Implementation for Completion detection unit
This diagram represents the completion detection unit for 16 bit.

Figure.6. Tanner Output Waveform Simulation
In this paper, we present simulation result for PASTA using modelsim software. In this simulation practical
implementation and the performance of PASTA is obtained. In this simulation carry propagation and sum signals
are clearly obtained. From this simulation we can clearly understand that the delay is reduced as 6.774ns. The
simulation diagram of this paper for 128 bﬁgiven as follows:

Figure.7. Simulation output

2. CONCLUSION

In this paper the addition operation is performed. The transistor count is reduced so that power consumption,
delay is reduced which is observed from the practical implementation by using Xilinx ISE 10.1, MODELSIM 6.3g
ultra, and TANNER tools c-14.11 and the output is obtained. The delay is 6.774ns and the total power is 0.77951W
as well as the junction temperature is 53.4°C.
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