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Low Power Reliable Asynchronous Digital Circuit Design for Sensor System
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Abstract

The delay-insensitive Null Convention Logic (NCL) asynchronous design as one of innovative asynchronous logic design meth-
odologies has many advantages of inherent robustness, power consumption, and easy design reuses. However, transistor-level structures
of conventional NCL gate cells have weakness of high area overhead and high power consumption. This paper proposes a new NCL
gate based on power gating structure. The proposed 4x4 NCL multiplier based on power gating structure is compared to the con-
ventional NCL 4X4 multiplier and MTNCL(Multi-Threshold NCL) 4x4 multiplier in terms of speed, power consumption, energy and

size using PTM 45nm technology.
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DATAO DATA1 NULL [llegal
Rail0 1 0 0 1
Raill 0 1 0 1
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Fig. 1. (a) THmn threshold gate. (b) TH34w2 threshold gate.
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Fig. 4. Proposed new NCL TH23 gate.
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Table 2. Comparison with the simulation results with conventional
NCL gate and MTNCL gate

VDD=1.0V Static NCL MTNCL new NCL
Delay(sec) 5.15E-09 5.15E-09 5.15E-09
Average Power (W)  6.45E-04 3.75E-04 1.75E-04
Leakage(A) 2.10E-05 3.44E-06 9.88E-07
Energy(J) 6.29E-11 3.66E-11 1.71E-11

Table 3. Comparison with the simulation results with conventional
NCL gate and MTNCL gate.(VDD = 0.5V)

VDD=0.5V Static NCL MTNCL new NCL
Delay(sec) 7.70E-08 7.70E-08 7.70E-08
Average Power(W)  1.23E-05 6.20E-06 4.36E-06
Leakage(A) 2.53E-06 4.29E-07 1.46E-07
Energy(J) 1.80E-11 9.42E-12 6.53E-12
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