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Abstract— The Current electronic system design requires to 

be concerned with power consumption consideration. 

However, in a lot of system design tools, the application of 

leakage power consumption budget is estimated after RTL 

synthesis. We propose in this article a method based on 

measurements which allows to estimate the leakage power 

dissipation using the power tool Cadence provided by 

Cadence Design Systems. It helps the system designer to 

determine leakage power dissipation early in the design flow 

with best adequacy between high performances and low 

power consumption and saves lots of their time. 
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I. INTRODUCTION 

New technology systems continually progress, becoming 

more and more complex, fast, powerful and power 

consuming. Indeed, the transistor minimization dramatically 

increases the power consumed by a whole chip. The main 

consequence of this trend includes the addition of cooling 

circuits and the battery lifetime reduction for embedded 

systems. So, the leakage power consumption becomes a 

critical case for electronic system designers. As shown in 

Figure 1, usual system power estimation is obtained after 

design place and route. All design optimizations at this level 

are time consuming and are not always practically possible. 

Moreover, this estimation is not reusable to design a new 

system. 

 
Fig. 1: System design flow with high-level power 

consumption consideration 

So, to improve the design flow effectiveness, it is 

necessary to raise the power estimator abstraction level and 

measure the leakage power. Therefore, we propose in this 

paper the model to calculate leakage power dissipation. 

II. POWER ESTIMATION TOOLS 

A. Cadence Power Tool: 

An expression for the total leakage power dissipation of a 

complex circuit is derived by explicitly considering all the 

circuit terminals including the inputs, the outputs, and the 

body-contacts. The actual leakage power measured using the 

proposed method i.e. with stack technique is compared with 

the leakage power measured with the conventional circuit. 

The power tool used to measure the leakage power 

dissipation is CADENCE Power Tool. 

III. SOURCES OF POWER CONSUMPTION 

Power consumption of a standard CMOS circuit has three 

primary components. The total consumption of power of a 

CMOS circuit is 

Ptotal = Pdynamic + Pleakage + Pshort-circuit 

Where,  

Pdynamic is dynamic switching power consumed 

while charging and discharging the parasitic capacitances 

during node voltage transitions.  

Pleakage is the consumption of power due to the sub 

threshold and gate-tunneling leakage currents.  

Pshort-circuit is transitory power dissipation during 

an input signal transition when both the pull-up and the pull-

down networks of a CMOS gate are simultaneously active. 

IV. IMPLEMENTATION OF LOGIC GATES WITH STACKING  

The paper here describes the analysis of leakage power 

consumption for the logic gates & c432 circuit and the 

comparison table of circuits power consumption with or 

without stack technique. 

A. CMOS Inverter: 

The CMOS inverter gives the output high for the low input 

and vice versa. When the input to circuit is a ground voltage 

then the PMOS transistor is turned ON while both the NMOS 

transistors are turned OFF. Leakage current flowing through 

the NMOS stack transistor reduces due to increase in the 

source to substrate voltage in the above NMOS transistor and 

also due to an increase in the drain to source voltage in the 

bottom NMOS transistor. This technique introduces 

considerable performance overhead through stacking of 

transistors. Implementation of stack technique is shown in 

figure below. 

Truth Table for CMOS Inverter 

Input Output 

0 1 

1 0 

Table 1: Truth Table for CMOS INVERTER 
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Fig. 2: Conventional CMOS Inverter 

 
Fig. 3: Stacked CMOS Inverter 

 
Fig. 4: 

B. And Gate: 

The proposed technique is implementation of AND gate 

where both transistors of NMOS and PMOS are split into two 

transistors as shown in figure below with the Implementation 

of stack technique. 

 
Fig. 5: Stacked CMOS AND Gate 

Truth Table for CMOS AND Gate 

Input Output 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

Table 2: Truth Table for CMOS AND Gate 

 
Fig. 6: Output waveform of CMOS AND Gate 

C. Or Gate: 

By using stacking technique, the leakaging of power of OR 

Gate is reduced down to 1.16 w from 2.85 w. The 

proposed technique is the implementation of OR gate where 

both NMOS and PMOS transistors split in to two transistors 

as shown in figure below: 

Truth Table for CMOS OR GATE 

Input Output (Y = A+B) 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

Table 3: Truth Table for CMOS OR GATE 

 
Fig. 7: Stacked CMOS OR Gate 

 
Fig. 8: Output waveform of OR gate 

V. PREPARE THE CADENCE TOOLS  

From the home directory, change the directories into the 

cadence working directory: 

% cd cadence 

Change the directories into the command lab 4 

encounter work area: 

Command = % cd lab4/encounter 

Initialize the cadence tools: 

 % uah-cadence-setup 

Run Encounter in order to do the placing and routing 

of the accumulator design from lab 4. 
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% encounter –init encounter.tcl 

Now go to the command Timing, then Specify Analysis 

Condition and then Specify RC Extraction Mode. 

Hit “OK” and go to Timing > Extract RC 

Hit “OK” again. Now the RC parasitic of the design has been 

evaluated and is ready to create the “SDF” file which contains 

the circuit along with the information of routing and parasitic 

capacitances and resistances. 

Go to Timing > Calculate Delay 

Select the name of the “SDF” file. For instance, and then 

selecting the option “accu.sdf” and hit “OK”. You should also 

create the final net list file. Now, the file is created by 

automatic command line i.e. a place and route process but it 

will be saved here to a different name. 

Go to Design > save > Netlist 

VI. EXPERIMENTAL SET-UP  

The design of test circuits and the changes to the experimental 

set-up for measuring the actual leakage power consumption 

using the proposed generic methodology (ACTUAL) are 

described in this section. 

Bench mark circuit description(C432) 

Statistics: 36 inputs; 7 outputs; 160 gates; bus translations 

c432 is a 27-channel interrupt controller circuit in 

which the input channels are to be grouped into three 9- bit 

buses (we call them A, B and C), in which bit positions within 

each bus determines the priority of interrupt request priority 

and the forth 9-bit input bus (called E) enables and disables 

requests of interrupt in the respective bit positions. It contains 

the modules labeled M1, M2, M3, M4, and M5, and this 

contains the underlying logic. 

The interrupt controller circuit has three interrupt 

request buses named A, B and C, each of which having nine 

bits or channels, and one channel-enable bus D. The 

following priority rules is applied i.e.: A[i] > B[j] > C[k], for 

any value of i, j, k; i.e., bus A has the highest priority and the 

bus C has the lowest. Within each bus, a channel with higher 

index has the priority over one with a lower index; for 

example, A[i] > A[j], if i > j. If D[i] = 0, then the inputs like 

A[i], B[i], and C[i] are disregarded. 

The seven outputs PA, PB, PC and out[3:0] specify 

which channels have to be acknowledged the interrupt 

requests. Only the channel of highest priority in the 

requesting bus is acknowledged. One of the exceptions is that 

if two or more interrupts produced requests on the channel 

which is acknowledged then each bus is acknowledged. For 

example, if A[1], A[2], B[6] and C[4] have requests pending, 

A[1] and C[4] are acknowledged. In this, the Module of M5 

is a 9-line-to-4-line priority encoder. The output line 

numbered 421 actually produces the inverted out response of 

that shown in truth table. Also, We have taken the liberty of 

adding an inverter to output 421 to form out for this table. 

I/O Bus Function 
ISCAS-85 Netlist 

numbers 

A[8:0] 
Highest priority 

input bus 

1, 11, 24, 37, 50, 

63, 76, 89, 102 

B[8:0] 
Middle priority 

input bus 

8, 21, 34, 47, 60, 

73, 86, 99, 112 

C[8:0] 
Lowest priority 

input bus 

14, 27, 40, 53, 66, 

79, 92, 105, 115 

E[8:0] 
Channel enable 

input bus 

4, 17, 30, 43, 56, 

69, 82, 95, 108 

PA, PB, 

PC 

Requesting bus 

output 
223, 329, 370 

Chan[3:0] 
Requesting 

channel output 
421, 430,  431, 432 

Table 4: Benchmark Circuit Pin Description 

VII. DIFFERENT METHODS OF CALCULATING POWER  

The method which used for calculating leakage power in the 

circuit is the Power Compiler of cadence using the Gate level 

net-list with Gate-level switching activity.  

This power value is calculated using Power 

Compiler of cadence at the Gate-level. The inputs to calculate 

the leakage power are Gate-level Net-list for conventional 

circuit and Gate-level Net-list with stack techniquer. 

VIII. POWER REPORT 

A. Gate Level Power Report (Conventional Circuit): 

Global Operating Voltage = 1 V   

Power-specific unit information :  

Voltage Units = 1V  

Capacitance Units = 1.0000000 pf  

Time Units = 2ns  

Dynamic Power Units = 2mW 

Leakage Power Units = 1nW 

Cell Internal Power = 216.8613 nW  (48%)  

Net Switching Power = 233.3269 nW  (52%)  

         ---------  

Total Dynamic Power = 450.1882 nW  (100%)  

Cell Leakage Power = 560.6182 nW 

B. Gate Level Power Report (Circuit with Stack Technique): 

Global Operating Voltage = 1 V  

Power-specific unit information:  

Voltage Units = 1V  

Capacitance Units = 1.0000000pf  

Time Units = 2ns  

Dynamic Power Units = 2mW 

Leakage Power Units = 1nW 

Cell Internal Power = 216.8752 nW  (48.2%)  

Net Switching Power = 232.4925 nW  (51.8%)  

         ---------  

Total Dynamic Power = 449.3677 nW  (100%)  

Cell Leakage Power = 557.5271 nW 

IX. PRACTICAL OBSERVATIONS 

S.No. Circuit Conventional With stack 

1 INVERTER 1.8192 w 0.7613 w 

2 AND 2.3224 w 1.3481 w 

3 OR 2.85 w 1.16 w 

4 C432 560.6182 nW 557.5271 nW 

Table 5: Comparison Table Showing Leakage Power 

Dissipations In Different Circuits 

X. SUMMARY 

It is observed that the leakage power of the digital circuits 

reduced by using the stacking technique. Thus it is easy to 

compare the Reduction in leakage power in conventional 

circuits and circuits designed using stacking technique. These 

results are very impressive on the reduction of the power 
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model complexity and provide the feasibility for a wide range 

of distribution of input signal. The lower complexity can also 

reduce the characterization of estimate time sufficiently. 

Also, we will try to improve this model in the future such that 

the maximum power can further be reduced.  

XI. CONCLUSION  

It can be concluded from these leakage power estimations 

that by implementing the STACK technique to circuits can 

reduce their leakage power dissipation i.e. of the LOGIC 

CIRCUITS. We can observe that the reduction in leakage 

power dissipation from Conventional to the Proposed Stack 

Technique. In this thesis, we propose a power modeling 

approach for complex digital circuits, to learn the power 

characteristics during simulation and this power model can 

be used for complex circuits. In this work, we only test our 

power model on ISCAS’85 benchmark circuit c432, which 

are all combinational circuits. The experimental results have 

been shown that the estimations are accurate for a wide input 

range. We may also try to extend our power model to the 

power estimation of sequential circuits such that this 

approach can be used for any kinds of complex circuits. 

XII. FUTURE WORK 

In this dissertation, there are still some improvements could 

be done in the future. In the power modeling for accurate 

result, we need to estimate the power at transistor level. For 

more accurate result we will consider number of samples to 

be. Then we will compare this power modeling approach to 

other benchmark circuits. 
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