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Introduction:

 Reduction of voltage supply is one of the most commonly used techniques in low power design. The quadratic decrease power due to voltage reduction renders it as an effective yet simple way of power reduction. However the drastic rise in delay at voltages close to the threshold remains a limiting factor. This project aims at finding an optimum voltage that balances the opposing factors for best results.

Project Statement:
To design a 32x32 integer array multiplier, verify its logical correctness and to reduce the power consumption by reducing the supply voltage and see its effect on power consumption, delay and area of the multiplier.

Basic Concepts:
The components of power can be classified as:
1. Dynamic Power: 

              - Power due to signal transitions (logic activity and glitches).

              - Short circuit power.

2. Static Power:

               -Leakage power.

Since the dynamic power accounts for about 75% the total power consumption, its reduction is the most useful in low power design. Dynamic Power is a quadratic function of supply voltage given by:
              P= CVDD2f

Thus it can be seen that a slight decrease in voltage would reduce the power 4 times that of its original value. However with decrease in voltage, the delay of circuit increases as the transistors have less drive capability due to lower supply voltage. This can also be seen from the alpha power model of delay given by

Delay = KVDD / (VDD- Vt)alpha
From the model it can be seen that as supply voltage decreases and get closer to the threshold voltage Vt the increase in delay will be drastic. This can be verified from the results plotted in this project.

Course of Project:

The technology used in this project is .18um technology; specifically the results are based on tsmc018 technology.
The design of NXN array multiplier was done in VHDL and used to verify the logical correctness of the circuit. Power analysis of the circuit was done using the tool ELDO. Since ELDO uses a verilog input, the tool Leonardo was used to convert the VHDL to a verilog output. At the same time, Leonardo optimizes the circuit for area and calculates a possible critical path delay.
For power analysis random vectors were forced into inputs and the output transitions were analyzed. The output transition with took the longest to stabilize was used to measure delay. Delay was measured by comparing delays at 50% rise of signal between A[0] and the longest output transition which can be considered an approximate worst case delay.

As the size of the multiplier grew, the simulation time increased due to which only random vectors were used and same for all multiplier sizes for consistency of results.

The results for 32x32 are extrapolated from the results of 2x2 to 16x16 multipliers. 

As no new components were added to the circuit, there is no effect on area.
Results for 8X8 multiplier:

The results were obtained by forcing a 0-VDD pulse of 50ns width (rise and fall delay of 1ns) for all the inputs and the analysis was observed for a period of 500ns. The delay was calculated by comparing at 50% value of input signal and 50% value of the output transition that took the most time for stabilizing.
	Voltage
	Avg. Power(Dynamic) in uW


	Static Power in nW
	Delay in ns

	
	
	
	

	1.8
	306.644
	8.8747
	2.231

	1.5
	188.9
	6.312
	2.823

	1.2
	111.615
	4.245
	4.112

	1.0
	76.31
	3.1165
	6.313                             

	0.9
	61.4785                 
	2.621
	8.535                         


From the above results we can see the substantial decrease in dynamic and static power by decreasing voltage. However as we go near the threshold that is for voltages below 1V there is a drastic increase in delay. This can be further clear by observing the following plots:
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The graph clearly shows the quadratic nature of dynamic power with respect to voltage.
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From the delay plot it can be seen at lower voltages the increase in delay is greater than at higher voltages. Thus this result follows the alpha delay model.
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The power-delay product plot gives us the optimum voltage at which we get the best power consumption with corresponding increase in delay. As it can be seen the minimum is at 1.2 V. At this voltage we get a power reduction of 63.6% with delay being 1.8 times the original delay. The minimum was also found for 2x2, 4x4 multiplier and found to be consistent with 1.2V.
Final Results for 32x32 multiplier:

The approximate results for 32X32 multiplier were found from the results from 2x2 to 16x16 multipliers. The results shown are for voltages 1.8v (the original voltage) and 1.2v (the optimum minimum).
The graphs plotted are for 1.8 V:
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The above graphs show an interesting result that the dynamic power increases in a quadratic fashion as the size of the circuit increases, while the delay increases linearly for the same set of random vectors. The quadratic power increase can be attributed to the quadratic area increase and hence the switching capacitance. Since each cell fan-out remains the same even when the size increases the delay increase would depend on the number of cells and hence is linear.  
	  Size 
	                      1.8 V
	                     1.2 V

	
	Dynamic Power
	Static Power
	Delay 
	Dynamic Power
	Static Power 
	Delay

	2X2
	5.165  uW
	161.59 pW
	407.26 ps
	1.467 uW            
	78.47 pW
	717.28 ps

	4X4
	50.167 uW
	1.695 nW
	1.028 ns
	17.719 uW                         
	812.316 pW
	1.873 ns

	8X8
	306.44 uW
	8.875 nW
	2.231 ns
	111.615 uW             
	4.2452  nW
	4.112  ns                          

	16X16
	1.489 mW
	40.06 nW
	4.806 ns
	556.77 uW                                         
	19.153 nW
	9.015  ns                                  

	32X32
	6. 528 mW
	169. 524 nW
	9. 816 ns
	2. 468 mW                         
	81. 01 nW
	18. 455 ns                           

	
	
	
	
	
	
	


From the above results , at the optimum voltage of 1.2 V , for  a 32X32 multiplier there is a net  dynamic power reduction of  62%  for a delay increase of  88 %.
Conclusion:
Reducing supply voltage has been found to be a simple yet effective way of reducing power consumption. An optimum voltage of 1.2 V was found to give the best optimum results which gave a net power reduction for a 32X32 of 62%. However one cannot neglect the increased delay, especially at lower voltages. Techniques like increasing transistor size, parallel processing can ensure the delay remains constant with power reduction.
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