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By doing this project, we should be able to understand the influence of clock frequency in power and energy saving within one certain CMOS technology (here is 180nm and 32nm) and between these two different CMOS technology. 

For a circuit, the total power consumption Ptotal = Pdyn + Pstat = Ptran + Psc + Pstat. Ptran stands for transition power, Psc stands for short circuit power, Pstat stands for static power. Ptrans = Etrans α fck = α fck CV2/2. So in the simulation we can expect transition power reduces in proportion to the reducing of clock frequency.  And the energy consumption remains that same because it equals the product of transition power and clock frequency. For short circuit power, it relates to the rise and fall times of input, the output load capacitance and the VDD, so clock frequency itself has nothing to do with it. But if we increase the output load capacitance when we slow down the clock, then we can save short circuit power. For static power, it mainly relates to the sub-threshold current. As clock frequency slows down, the power consumption remains the same, but the energy consumption would increase in proportion to the reducing of clock rate. 
Below is the simulation procedure. First of all I use Matlab conversion program to convert the benchmark netlist file into rutger file which is supported by the simulation tool Powersim. Then I load 10 random vectors and the two CMOS technology parameter file as input files into the Powersim to do the simulation based on the rutger netlist file I generated before. 


Belows are the simulation results:
	180nm technology at 1.8V supply voltage

	Clock rate 
	Short circuit power
	leakage power
	transition power 
	Total power 


	Power saving
	Energy per

cycle 

	40MHz
	0
	4.368uW 
	46.177uW
	50.545uW
	0%
	1263.6uWns 

	20 MHz
	0
	4.418uW
	23.089uW
	27.507uW
	45.6%
	1375.4uWns

	10 MHz
	0
	4.443uW
	11.544uW
	15.987uW
	68.4%
	1598.7uWns

	5 MHz
	0
	4.456uW
	5.772uW
	10.228uW
	79.8%
	2045.6uWns

	2.5 MHz
	0
	4.462uW
	2.886uW
	7.348uW 
	85.5%
	2939.2uwns


	32nm technology at 0.9V supply voltage

	Clock rate 
	Short circuit power
	leakage power
	transition power 
	Total power 


	Power saving
	Energy per

cycle 

	40MHz
	0
	4.368uW 
	11.544uW
	15.912uW 
	0%
	397.8uWns

	20 MHz
	0
	4.418uW
	5.772uW 
	10.190uW
	40.0%
	509.5uWns

	10 MHz
	0
	4.443uW
	2.886uW
	7.329uW
	54.0%
	732.9uWns

	5 MHz
	0
	4.456uW
	1.443uW
	5.899uW
	62.9%
	1179.8uWns 

	2.5 MHz
	0
	4.462uW
	0.722uW 
	5.184uW
	67.4%
	2073.6uWns


As we can see, short circuit power is 0 for both technologies. The reason may be among the 35 inputs of the benchmark netlist, there is no clock input. Thus only few of the gates are activated by the primary input signals; most of the gates in the circuit are not activated since the FFs are not clocked. At that time I should have saw the problem and add another input as clock input to do the simulation. Or maybe there is some problem of the tool and it is not able to estimate the short circuit power.
There is no big difference of leakage power among different clock frequency. But it is increasing very slowly as clock frequency is reducing. What I should mention is that the leakage power is the same for the two different CMOS technology. Yet actually 180nm is the low leakage power technology and 32nm is the high leakage power technology. So I guess there is something wrong in the simulation tool. 
For transition power, it reduces in proportion to the reducing of clock frequency. And at high frequency modes transition power plays a main part in the total power consumption while at lower frequency leakage power becomes increasingly significant and finally contributes mainly to the total power. Another thing I should mention here is that if I divide the transition power of 180nm technology by that of 32nm technology with the same clock frequency, the result is 4. And the ratio of 1.8 and 0.9 is also 4. So I tried to do another power simulation for 32nm technology at 1.8V supply voltage and found that the transition power is same as 180nm technology at 1.8V supply voltage. However, in reality there should be some power difference between these two technologies due to the different parameters of the two technologies.
For energy saving, there is no minimum point among different clock frequencies for these two technologies. It is because for leakage energy, Ele = Pstat / f. As f slows down, Pstat remains the same, so Ele increases as clock frequency reduces. While for transition energy, Etran = Ptran / f. Ptran reduces in proportion to the reducing of f, so Etran remains that same. Thus total energy consumption increases as clock frequency slows down. 
In conclusion, Clock slowdown has impact in power saving not energy saving, and it becomes not significant when frequency becomes very slow because now the leakage power plays an important part in total power consumption. For high leakage CMOS technology like 32nm, leakage power becomes extremely significant when clock frequency slows down to the level when transition power becomes very small.
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