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Abstract—
The objective of this document is to study the circuit of a 32 bit adder circuit, its schematic , critical path and redesign it to consume less power without compromising on the critical path delay.  The delays of the gates which are not on the critical path were analyzed and the gates which had no affect on the worst case delay were replaced by the slower gates.  The circuits are examined for a 45nm technology and all the experimental data is compared and contrasted for both the actual and optimized design.
Index Terms—32-bit adder, Reduction in power consumption.
I. INTRODUCTION
   The circuit used in the study is a 32 bit Ripple carry adder with two 32 bit inputs and 1 bit carry input and with a 32 bit output sum and a single bit carry out. The circuit consists of 32 1 bit full adders each taking corresponding bits from the 32 bit inputs. The first full adder has the carry input and every other adder takes the preceding adder's carry output as its carry input. The circuit can be built using low threshold or High threshold gates. It is understood that  lower threshold voltage gates are faster but consume more power as compared to the gates which have higher threshold voltages which are slower but consume less power. In this paper i have tried to get an optimal circuit of 32 bit adder which is built with a combination of low threshold and high threshold voltage gates without compromising on the speed. The critical path is the most delayed path of the circuit which determines the speed of the circuit. That said there can be other paths which have lower delays where we can have few high threshold gates to reduce the power consumption. This increases the delay of the path but as long as the delay is less than or equal to the critical path delay the speed of the circuit remains unchanged. 
II. Analysis
Synthesis: 
The 32 bit adder was first programmed in VHDL and was synthesized using the Mentor Graphics Leonardo Spectrum tool. The synthesised Gate level Netlist, Delay report and an area report were generated. As per the area report there were a total of 160 instances in the circuit. According to the delay report the critical path generated is from zero bit of the inputs to the carry out of the last full adder and it passes through 63 instances.  

 Schematic:
 For this Gate level netlist a transistor level netlist using PTM 45 nm technology was generated using Mentor Graphics Design Architech tool was generated. The schematic of the circuit is shown in the fig.1 .It has 32 full adders connected sequentially with the carry of  every adder taken as the input to the next adders. Each adder inturn has 5 gates: 1 Not gate, 2 xnor gates, 1 nand gate, 1 oai gate. From the critical path generated using spectrum we can see that the critical path is through the xnor and OAI gate of the first full adder and not ,OAI gates of adders from 2nd to 32nd . 
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Fig1: Schematic of the 32 bit adder.

The full adder block of the circuit is shown in the figure below.
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fig 2: 1 bit Full adder.

POWER ANALYSIS: 
From this source netlist a spice Netlist was generated . For the 45 nm Technology there are two types of gates: low threshold and high threshold. First the power analysis was done on the circuit which used all the lower threshold i.e. high performance gates . Also the delays of 5 most delayed paths (obtained from the delay report using Leonardo spectrum) were also measured and tabulated.

All the gates are then replaced by high threshold gates from 45 nm PTM technology and the power and the delays of the 5 paths mentioned above are measured and tabulated. 
Observing the Critical path from the delay report and schematic from the DAIC we can see that tall the NAND gates are not part of the critical path. Initially all the NAND Gates were replaced by the low power gates and the values were measured. 

then the XNOR gates at the output end were replaced by low power gates as they are on the shortest paths of the circuit . Then the XNOR gates on the input side were changed to low power gates and the outputs were observed. It was observed that changing gate wise did not keep the critical path delay the same as the original. So various combinations of gates were tried based on their effect on delay. The most optimal solution was found to be converting the following gates to the low power gates

In the first full adder the not gate and the XNOR gate towards the sum can be changed to low power gates as shown in fig.3
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fig.3 First Full Adder

In the full adders of second to 31 st bits the NAND gate and the XNOR gate at the sum output as shown in fig.4 are to be changed to low power gates and the remaining will be high performance gates to get the same speed as before. [image: image4.png]



fig.4 second to thirty first Full adders.

The last adder had none of the gates which could be replaced by a high threshold gates. So the final optimised circuit had the gates as follows

	Gates
	Number of Low Power Gates
	Number of High Power gates

	NAND
	30
	2

	NOT
	1
	31

	XNOR
	31
	33

	OAI
	0
	32


Table 1 Number of gates of low power and high Power in the optimised  circuit
Thus a total number of 62 gates out of 160 gates were changed to Low power gates and the remaining 98 gates were high performance gates.

III. Results
For the above combinations the power consumption and the critical path delays are tabulated as follows.

	Technology
	Critical Path Delay
	Power consumed

	High performance
	8.8097E-12 
	2.2844E-04 

	Low Performance
	3.4935E-11 
	1.1699E-04 

	Optimized circuit I
	8.8097E-12 
	1.9465E-04

	Optimized circuit II
	8.7946E-12
	1.9459E-04


Table.1 Critical Path delays and power consumption for the circuits
(i)Comparison of High performance circuit vs Low performance circuit:

Percentage decrease of power consumption of  low performance circuit over the high performance circuit is:
% decrease = 2.2844-1.1699/2.2844











= 48%

percentage increase in the delay of the critical path of  low performance  circuit over the high performance circuit is:

% increase = 34.935-8.8097/8.8097











=296%

(ii) Comparison of High performance circuit vs Optimised  circuit I:

Percentage decrease of power consumption of  optimized circuit over the high performance circuit is:
% decrease = 2.2844-1.9465/2.2844











= 14.7%

The critical path delay as observed is the same in both the circuits which means a 0% increase in the delay is observed.

(iii) Exceptional cases observed:

Percentage decrease of power consumption of  optimized circuit over the high performance circuit is:
% decrease = 2.2844-1.9459/2.2844











= 14.7%

Percentage decrease of critical path delay of  optimized circuit over the high performance circuit is:
% decrease = 8.8097-8.7946/8.8097











=0.1%

This is a case where a decrease in both the power and delay, though very less, are observed which is a very desirable case . The delay in the critical path seems to be reduced due to the reduction in the capacitance by using a high threshold gates near the outputs. In this particular case a different path  a[1] t0 sum[31] exceeds the critical path delay which in turn delays  the circuit. This concept can further be explored in other circuits where a reduction in both delay and power consumption can be obtained.
IV. Conclusion
As we can see if all the high performance gates are replaced by low performance gates. The critical path was still observed to be the most delayed path. The power consumption of the circuit was observed to be reduced by a significant amount  but the trade off with the delay increasing by almost 300% as against a reduction  of 48% in the power consumption is something one needs to decide on based on the requirements. But if one does not want to compromise with the speed it is still possible to reduce the power consumption of the circuit by about 15 %. To reduce the power consumption by any further value the compensation one needs to pay in the form of lost speed is very high.
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