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 Background: The continual scaling requirements on supply and threshold voltages 

pose several technology and circuit design challenges, power consumption is an 

important criteria to be considered. Among the total power consumption in FPGA 

device leakage power contribute the major value of it. Objective: we address a lookup 

table based fine-grain power gating technique to be implemented in FPGA controlled 

device. The proposed method can directly detect the activity of each look-up-table 
easily by exploiting features of asynchronous architectures and introduces a common 

look-up-table for particular number of logic blocks directly connected to the local leaf 

node. Results: The proposed method is simulated in M-power simulation tool 
considering 4 leaf node logic blocks and H-tree topology for routing is utilized to 

reduce the total area overhead. By reducing the number of activity driven logic block 
the amount of leakage power consumption is reduced around 45%-50% Conclusion: 

Compared to power model analysis of conventional logic blocks our proposed method 

indicates better reduction in leakage power and delay, this provides the effective 
utilization of FPGA devices. 
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INTRODUCTION 

 

 Field-programmable gate arrays (FPGAs) are a popular choice for digital circuit implementation because of 

their fast turnaround time, growing density and speed, and relatively low cost. State-of-the-art FPGAs have the 

capacity to implement millions of gates and their application has migrated from being primarily a prototyping 

platform to their use in low to medium volume production designs. As technology advances, a systems-on-a-

chip (SoC) design can contain more and more components that lead to a higher power density. Reducing the 

power consumption enhance the battery life and avoid the overheating problem. Power consumption of CMOS 

circuits consists of switching and leakage power. While switching power still accounts for the most 

consumption in the active mode, leakage power, which has grown rapidly with process scaling, is responsible 

for a large portion of the total power budget. In particular, we address a problem of high-level synthesis with 

objective of minimizing power consumption of storage units and multiplexers using dual- VDD; this is made 

possible by utilizing timing slack that is left in the data-path after operation scheduling. We use integer linear 

programming (ILP) and also provide heuristic algorithms to solve the dual-VDD register and connection 

allocation (Insup Shin, et al.,2012). A novel technique to reduce the leakage current of FINFET forced stacks 

under a given delay constraint is demonstrated (David Baccarin et al., 2012). The issue of leakage energy 

optimization through temperature aware idle time distribution for various processors is demonstrated in (Min 

Bao et al., 2012). In order to minimize the area and delay overhead the routing complexity of logic blocks to be 

reduced, a new programmable routing fabric for field-programmable gate arrays is mentioned (Andy&Mingjie 

et al., 2010&2009). Delay buffers are accessed sequentially to reduce the operating frequency by half and the C-

element gated-clock strategy isdemonstrated (Po-Chun et al.,2009).Designing a VLSI circuit at earlier design 

stage gives designersmore freedom to explore the design space.In this paper, we propose a grained controller 

framework it accepts a behavioral description of a design as input and generates a switching transfer level 

description through scheduling, allocation, and controller synthesis. The key problem we address in this process 

is to assign Dual controller to logic blocks. This is made possible by identifying the logic block activation after 

each step of switching activity.  
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Previous work: 

Leakage Reduction by Input Vector Control: 

 Many researchers have used power models and algorithms to estimate the nominal leakage current of a 

circuit,the minimum and maximum leakage currents of a circuit have been estimated using a greedy 

heuristic.Because of the transistor stacking effect, the leakage current of the circuit depends on its input 

combination. A methodology to determine a set of discrete voltage levels in a variation-aware manner by 

generating and quantizing the ideal voltage distribution for a given SoC(Nam Sung et al., 2012). As 

theoperational state of the transistors that constitute a CMOS gate are determined by their input signal values, 

thegoal can be expressed as finding the input pattern that maximizes the number of disabled (“off”) transistors in 

all stacks across the circuit.But Leakage reduction using input pattern reduces the performance of the device.  

 

Leakage Reduction by Increasing the Threshold Voltages: 

 One way of decreasing the leakage current is increasing the threshold voltages of transistors.In CMOS 

technologies, the reduction of oxide thickness leads to a significant increase in gate tunneling leakage (Daniel 

Arumí et al., 2011).Design technology modification leads to reduction in leakage current. However, this may 

not be always possible. Another approach is to categorize the use high-threshold voltage devices on non-critical 

paths and low-threshold devices on critical paths so that the circuit performance is maintained. This technique 

requires an algorithm that searches for the gates where the high-threshold voltage devices can be used. 

 

Leakage Reduction by Gating the Supply Voltage: 

 The last approach considered is power supply gating. On-chip dynamic voltage scaling, are implemented 

using the tri-modal switch(EhsanPakbazniaet.al., 2012). There are many ways in which this technique can be 

implemented, but the basic idea is to shut down the power supply so the idle units do not consume any power. 

This can be done using some high threshold transistors called sleep transistors. If the threshold voltages of sleep 

transistors are changed at runtime creates virtual supply and ground rails whose voltage levels are very close to 

the real supply and ground lines. The problems with this technique are reduced performance and noise 

immunity. 

 

Sources of Leakage Power consumption: 

 To analyse the power and delay model of logic blocks leakage power consumption in CMOS circuits 

shouldbe known. Fig-1 presents the sources of power consumed in a CMOS circuit.The major part of the 

powerconsumption is Active and Standby powers. The Active power consists of two components, Capacitive or 

Dynamic power and Short Circuit power. 

 

 
 

Fig. 1: Sources of Leakage Power Consumption. 

 

 Switching power is saved by reducing the switching activity and load capacitance. Leakage power has been 

addressed by using dual- technique during scheduling of Functional Unit. Reducing supply voltage is the most 

effective way to reduce both switching and leakage power. Switching power has quadratic dependence on sub 

threshold leakage that is roughly proportional to gate leakage. Leakage power is one of the dominating factor at 

nanometer geometries. In real transistors current does not abruptly cut-off below threshold, but drops off 

exponentially. This conduction is known as leakage conduction and results in undesired conduction when 

transistor is nominally off. The leakage current is the subthreshold or weak inversion current that flows from 

drain of a transistor to its source when the transistor is off (gate voltage isbelow the threshold voltage). The 

leakage current in CMOS transistor depends on various process parameters, the transistor size and the quiescent 

state of the circuit. This sub-threshold leakage current for VGS < VT is given by 

VDD             (1) 

 Where,ILeakage is the combination of sub threshold and gate oxide leakage current. 
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VDD           (2) 

 ISC for domino logic gate is the contention current that flows. The leakage current of logic blocks can be 

given as 

            (3) 

 Where 

ŋVDS+γ  

 The processors exhibiting substantialcore-to-core frequency and leakage power variations while only a 

global voltage/frequency domain is supported (Saumya Chandra et al., 2012).This paper addresses design and 

analysis of leakage powerreduction techniques at the logic block which can be achieved through leaf node 

controller. The leakage power dissipation was analyzed for active mode and sleep mode operation of CMOS 

circuit 

 

Active Mode: 

 It was observed that in a modern commercial CMOS process, the leakage power dissipated by elementary 

FPGA hardware structures, namely buffers and multiplexers is typically smaller when the output and input of 

these structures is logic 1 versus logic 0.The first approach to active leakage power optimization approach works 

by choosing a polarity for each signal in an FPGA design, in a manner that enables signal spend the majority of 

their time in the logic 1 state. A fundamental property of a digital signal is its static probability, which is the 

fraction of time a signal spends in the logic 1 state. In order to reduce switching power thesignal with static 

probability greater than 0.5 spends more than 50% of its time at logic 1 is to be identified. This approach alters 

signal polarity to achieve high static probability for most signals.  

 

Sleep Mode: 

 In sleep mode, the sleep transistor can be used to reduce the sub threshold leakage in peripheral circuits. 

The various sleep modes is used for nonvolatile FPGAs. Sleep Modes and other low power modes are involving 

powering down the device and turning it back on when needed. It is an on/off switch approach, that the sleep 

transistor isconnected between actual ground and circuit ground. Detecting the data arrival in advance 

preventsthe delay increase for waking-up and the power consumption of unnecessary power switching. The 

granularity size of a power-gated domain is as fine as a single two-input and one-output lookup tablewhich 

provides sleep signal (Shota Ishihara et al., 2011). A simple sleep transistor circuit is shown in Figure-2 can be 

used a switch to disable unnecessary switching logic blocks. 

 

 
 

Fig. 2: A simple Sleep transistors circuit. 

 

Problem description and motivation: 

 The supply voltage VDD has a profound impact on the operating frequency and energy consumption of 

FPGA devices. Typically, logic delay increases as VDD reduces and both dynamic and leakage components of 

power consumption change super-linearly with VDD. The supply voltage scaling has been traditionally used 

along with frequency scaling for minimizing energy consumption. More recently, multi-voltage, multi-

frequency system-on-chip (SoC) systems that allow different parts, or islands, of a chip to be operated at 

different frequency and voltage settings have been shown to be effective in meeting power and performance 

targets. During the active mode, the sleep transistor could be realized as a resistor R. This generates a small 

voltage drop VX equal to I ×R, where I is the current flowing through the sleep transistor. The voltage drop 

across R reduces the gate’s driving capability from VDD to VDD-VX which in turn degrades the gate’s 

performance. Therefore, the resistor should be made small and consequently the size of the sleep transistor large 

which comes at the expense of area and power overhead. On the other hand, if the resistor is made large then the 

sleep transistor is sized small, the circuit speed will degrade. In order to overcome this drawback LUT based 

Fine grain and coarse grain controller is used at each leaf node of logic block, which effectively reduces the 

leakage power and improves the processor performance. 
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Proposed methodology: 

 In this section, we first describe the intuitive concept behind selecting the set of control voltage levels and 

control frequency levels in a grained leakage controller and then describe our methodology at each leaf node of 

logic block in detail. In the context of addressing variations, inherently slow instances can be operated at a 

higher voltage to meet frequency targets, while inherently leaky parts can be operated at a lower voltage to 

enable energy savings. However, it is extremely hard to design systems such that each island of an instance can 

be operated at its ideal. Most systems can support only a predetermined set of voltage levels and can be 

achieved using LUT based controller at leaf node and global node of logic blocks. 

 

Workload Model: 

 We first investigate the switching activity of logic blocks and based on switching activity Lookup Table is 

designed. The LUT based controller is achieved in two types of architectureie) Fine Grain controller and Coarse 

Grain controller Each LUT has its own sleep transistor and related sleep controller at each logic block node in 

LUT based fine grain controller. So when any LUT output is inactive, they can be set to the sleep mode 

immediately and results in much lower leakage power consumption. In fine-grain controller each LUT has its 

sleep controller; the number of sleep controllers is much larger than that of coarse-grain controller. 

 

 
 

Fig. 3: Block diagram for proposed method. 

 

Overall Methodology: 

 The fundamental challenge for any power gating technique is to ensure that the saved standby power 

outweighs the power overhead of the power gating. We have proposed a LUT based grained techniques that are 

analyzed as two architectures: 

o LUT based Coarse-grain controller 

o LUT based Fine-grain controller 

 In LUT based coarse-grain controller, a large number of lookup tables share a single sleep controller so the 

area and power overheads of the sleep controller are relatively small. If any LUT within a coarse-grain domain 

is active, none of the LUTs which share the same sleep transistor can be set to the sleep mode.In sleep mode the 

logic block is powered with VDDLso as to enable reduction in leakage power. Lookup Table is enabled based on 

the switching activity of logic blocks.Fig-4 and Fig-5 demonstrates the Lookup Table enabling Frequency 

controller and voltage controller. 

 

 
 

Fig. 5: Block diagram of LUT based coarse Grained Voltage controller. 

 

 In LUT based fine-grain controller, each LUT has its own sleep transistor and related sleep controller. If the 

LUTs are inactive, they can be set to the sleep mode immediately. This result in much lower standby power 

compared to coarse-grain power gating. In LUT based fine-grain controller, each LUT has its sleep controller, 

the number of sleep controllers is much larger than that of coarse-grain controller. In our proposed method both 
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coarse grain and fine grain controller are designed at the global node and leaf node of logic blocks The Lookup 

Table controller is designed for activating supply voltage and frequency at logic blocks. Fig-6 and Fig-7 

demonstrates the Lookup Table enabling frequency and voltage controller 

 

 
 

Fig. 6: Block diagram of LUT based Fine Grained Frequency controller. 

 

 
 

Fig. 7: Block diagram for proposed LUT based Fine Grained Voltage controller. 

 

Look up Tables (LUT) are the kind of logic that are used in FPGAs. Basically, each LUT is a bunch of single bit 

memory cells storing individual bit values in each of the cells.If you want to implement a 2 input NAND-gate 

using LUT the data’s 0, 0, 0, and 1 addresses for 00, 01, 10 and 11 combination of inputs respectively. So, when 

inputs are 0 and 0 the output of LUT is 0. They are programmable hence are used in FPGAs 

 

 
 

Fig. 8: Three input LUT. 

 
Table I: logic function of LUT. 

 
 

 The sleep transistor operation is used to reduce the leakage power in FPGA circuits. The leakage reduction 

is related to the virtual ground voltage (VM) during the sleep mode which is turn is determined by the size of 

sleep transistor and bias voltage. Reducing the sleep transistor bias reduces the leakage, while increasing the 

circuit transition wakeup period transistor N requires pulling down the voltage VM to ground.. The proposed 

method is analyzed using variable frequency and variable VDD. 
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Result analysis: 

 In this section power dissipation, leakage current and delay analysis is performed at circuit level for0.6µm 

and 0.8µm CMOS technology. For circuit level simulation we choose Lookup table controller to each leaf node 

and global node of logic block. The simulation results are obtained using M-power simulationsat room 

temperature. Each Lookup table enables the logic blocks which are connected to global node and leaf node. 

 
Table II: Leakage Current Leakage power analysis of conventional logic block in CMOS 0.6µm. 

 
 

 
 

Fig. 9: Maximum Leakage Current Leakage power analysis of conventional logic block in CMOS 0.6µm 

 
Table III: Leakage Current Leakage power analysis of conventional logic block using CMOS 0.8µm. 

 
 

 
 

Fig. 9: Maximum Leakage Current Leakage power analysis of conventional logic block in CMOS 0.8µm. 

 

Table-I-V demonstrates the power, leakage current and delay for supply voltage scaling in 0.6µm and 0.8µm 

CMOS technology.Fig-9-13 demonstrates the switching activity variation,power, leakage current and delay for 

supply voltage scalingin 0.6µm and 0.8µm CMOS technology. 
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Fig. 10: Switching activity analysis of conventional logic block in CMOS 0.6µm. 

 
Table IV: Leakage Current Leakage power analysis of grain control logic block in CMOS 0.6µm 

 
 

 
 

Fig. 11: Maximum Leakage Current Leakage power analysis of grain control logic block in CMOS 0.6µm. 

 

Table V: Leakage current Leakage power analysis of grain control logic block in CMOS 0.8µm. 

 
 

 
 

Fig. 12: Maximum Leakage current Leakage power analysis of grain control logic block in CMOS 0.6µm. 
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Fig. 13: Switching activity analysis of grain control logic block in CMOS 0.8µm. 

 

 The previous power model analysis as cited in reference are analysed using 1.8V bench mark design which 

reduces the leakage power by 20% but leads to increase in delay by 38%. The power model analysis of 

conventional logic model and proposed gained logic block control method was tabulated and the comparison 

predicts 45% - 50% reduction in leakage current and power. In conventional logic block the total area occupied 

is (1087×107)µm and in proposed grain control logic block the area occupied is (2014×105)µm. Inspite of area 

overhead number of switching transistor is reduced which leads to reduction in leakage power/current and delay, 

this provides the effective utilization of FPGA devices. 

 

Conclusion: 

 The LUT based Grained gating technique provides considerable reduction in Leakage power of FPGA 

controlled device. The power model analysis for conventional logic blocks and grained logic block controller by 

using H-tree topology has been compared and it is observed that the proposed H-Tree grain control logic blocks 

provides considerable reduction in power and delay overheads. Our proposed method is analyzed using M-

power simulation tool and 51% of power reduction using separate look-up-table method is obtained. This 

technique can be applied to provide extend battery life for handheld applications and efficient utilization of 

FPGA controlled devices. 
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