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Objective
To use a Dual-Voltage Supply in order to reduce the power consumption of the 32 x 32 bit integer array multiplier circuit designed in 0.18 μ CMOS technology without compromising the critical delay.

Design of the 32 x 32 bit integer array multiplier & 

Verification of logical correctness
· The array multiplier circuit was coded in VHDL 

· It was compiled and simulated using ModelSim SE PLUS 5.8c 
· The logical correctness of the multiplier was  verified by forcing several input vectors using the ModelSim SE PLUS 5.8c simulator

Synthesis of the design
Leonardo Spectrum, a versatile and interactive logic synthesis, optimization, and analysis tool was used for synthesis of the circuit described in VHDL. The inputs to the synthesis process are a VHDL description, attributes for the design and a technology library which produces an optimized gate level netlist. The VHDL code for the design was synthesized using Leonardo Spectrum which created the optimized netlist which was ready to be imported in to the power estimation tool.
Power Estimation and Critical Delay
Design Architect – IC contains a schematic editor and was used for creating the technology specific schematic by importing the netlist created in verilog using the Leonardo synthesis tool. Eldo, the spice simulator in Design Architect was used for performing a transient analysis by forcing input vectors in order to estimate the power and critical delay.

· The standard Vdd for 0.18 μ CMOS technology is 1.8v

· Therefore initially, the Power Consumption and the Critical Delay was calculated using Vdd = 1.8v 

· Low Vdd was assigned to as many gates as possible without affecting the Critical Delay

· The Percentage of the circuit under Low Vdd operation was calculated using the algorithm

· The Power Consumption of the Multiplier using Dual-Voltage Supplies (1.8v & 1.5v, 1.8v & 1.2v) was calculated 
· There was reduction in Power Consumption without increase in Critical Delay

Design of a Cell
A Single Cell of the multiplier which contains an AND gate and a Full Adder is shown below.
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Low Voltage Supply Assignment
A Manual timing analysis was done for a 2x2 and a 4x4 multiplier and it was figured out that the following gates can be assigned with Low Voltage Supply.

	Output Cells along the edge
	N-1
	G4

	First Row
	3(N-1)
	G1,G2,G3

	Second Row to Last Row
	N(N-1)
	G1

	Left Column
	2(N-1)
	G2,G3


Number of gates with Low Vdd = (N-1) (N+6)
Total number of gates in the circuit = 6N2     
Percentage of the multiplier with Low Vdd = (N-1) (N+6) / 6N2
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Percentage of Gates under Low Voltage Supply


It can be seen from this plot that approximately 18–20% of the circuit can be assigned to low voltage supply in typical multiplier cases. (32x32 – 19.2%)

In order to take care of the issue that the critical delay should not be increased, a single inverter was studied to find out the extent to which the low voltage supply can be reduced. 
Inverter

	VDD (Volts)
	PDyn (Microwatts)
	PStatic (Picowatts)
	Delay (Pico Sec)

	1.8
	1.881
	10.1
	82

	1.5
	0.588
	7.2
	91

	1.2
	0.114
	4.6
	108

	0.9
	0.047
	2.8
	236


Also, the behavior of an inverter for low voltage signal driving a High Vdd gate and vice-versa were studied. As the Vdd was reduced down to 0.9 v, the delay increases alarmingly and the voltage swing also causes a problem in the output levels. Therefore, two cases (1.8v & 1.5v, 1.8v & 1.2v) were chosen to be used as Dual-Voltage Supplies. 
Results for a Multiplier Cell
	VDD (Volts)
	PDyn (Microwatts)
	PStatic (Picowatts)
	Delay (Pico Sec)

	1.8
	9.1
	246
	251

	1.5
	5.27
	171
	358

	1.2
	2.87
	112
	537

	0.9
	0.79
	67
	1140


Results for a 4x4 Multiplier
	VDD (Volts)
	PDyn (Microwatts)
	PStatic (Nanowatts)
	Delay (Nano Sec)

	1.8
	213
	1.6
	1.57

	1.5
	132.1
	1.13
	1.76

	1.2
	75.8
	0.75
	1.97

	0.9
	36.4
	0.46
	2.2


Results for a 32x32 Multiplier

	VDD (Volts)
	PDyn (Milliwatts)
	PStatic (Nanowatts)
	Delay (Nano Sec)

	1.8
	13.63
	27.22
	10.22

	1.5
	8.45
	18.74
	12.47

	1.2
	4.85
	12.85
	14.06

	0.9
	2.33
	9.12
	15.88


Power calculations for a 4x4 multiplier
N=4;

Total number of gates in the circuit = 6N2        = 96
Number of gates with Low Vdd = (N-1) (N+6)  = 30   -> 31.25%
Number of gate with Normal Vdd                      = 66   -> 68.75%
Power consumption using a single 1.8v supply = 213 μw
Power consumption using a single 1.5v supply = 132 μw
Power consumption using a single 1.2v supply = 75.8 μw
Power consumption using Dual-Voltage supply (1.8v & 1.5v) = 

(0.6875) (213 μw) + (0.3125) (132 μw) = 187.73 μw
=> 12% Power Reduction
Power consumption using Dual-Voltage supply (1.8v & 1.2v) = 

(0.6875) (213 μw) + (0.3125) (75.8 μw) = 170.125 μw
=> 20% Power Reduction
Power calculations for a 32x32 multiplier
N=32;

Total number of gates in the circuit = 6N2        = 6144

Number of gates with Low Vdd = (N-1) (N+6)  = 1178   -> 19.2%

Number of gate with Normal Vdd                      = 4966   -> 80.8%
Power consumption using a single 1.8v supply = 13.63 mw

Power consumption using a single 1.5v supply =    8.45 mw
Power consumption using a single 1.2v supply =    4.85 mw
Power consumption using Dual-Voltage supply (1.8v & 1.5v) = 

(0.808) (13.63 mw) + (0.192) (8.45 mw) = 12.64 mw
=> 7.3% Power Reduction
Power consumption using Dual-Voltage supply (1.8v & 1.2v) = 

(0.808) (13.63 mw) + (0.192) (4.85 mw) = 11.9 mw
=> 12.4% Power Reduction
Conclusion
Voltage Supply reduction decreases the power consumption but increases the critical delay. Dual-Voltage Supply is a technique in which the portion of the circuit with a positive “slack” (the required time and arrival time of signals) that does not affect the critical delay directly or indirectly is assigned a low voltage supply in order to achieve power reduction without affecting the performance. By using this Dual-Voltage Supply technique, the Power consumption of the given 32x32 bit integer array multiplier circuit was reduced without compromising the Critical Delay and without any change in the area of the chip. This technique can be implemented in situations where the delay and area cannot be compromised at all but even a minimal amount of power reduction is desirable. There is no overhead involved other than the usage of two power supplies which can be easily obtained by the use of potential dividers. 
