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ABSTRACT: The major concern in modern VLSI circuits is to design the circuit for low power testing. In the circuit 

leakage power increases with increase in scaling of the devices. Out of the available solutions, power-gating has proved 

to be very efficient in reducing the stand-by leakage currents in the idle mode. Sleep transistor is the basic element which 

is used in power gating technique for shutting down the power for a portion of the design. The basic idea of power gating 

is to separate the 𝑉𝐷𝐷 or GND power supply from the standard cells of the specific design hierarchy. Appropriate sized 

PMOS or NMOS transistors are used as sleep transistor. A method to reduce the power consumption of the popular Linear 

Feedback Shift Register is presented. A traditional 8-bit Linear Feedback Shift Register (LFSR) without power gating 

technique is implemented and the leakage power report is then compared with LFSR designed using different power 

gating techniques.. 

 

KEYWORDS: Power Gating, Leakage power dissipation, Fine Grain Power Gating (FGPG), Coarse Grain Power Gating 

(CGPG). 

I. INTRODUCTION 

 

Most electronic circuits and system design are confronted with the problem of delivering high performance with a limited 

consumption of electronic power. High performance is required by the increasing complex applications (e.g., multimedia) 

that are running even on portable devices. Low power consumption is required to achieve acceptable autonomy in battery-

powered systems as well as to reduce the environmental impact (e.g., heat dissipation, cooling-induced noise). In other 

words, achieving highly energy-efficient computation is a major challenge in electronic design. 

Static and dynamic power dissipations are the two major issues for the power consumption during test. Leakage current 

contributes to static power dissipation and it is very small in VLSI circuits. Dynamic power dissipation is large and it is 

due to the switching activity within the test patterns. Reduction of the dynamic power in the circuit will reduce the test 

power in VLSI circuits. 

Leakage power is a major concern in CMOS technologies and numerous design techniques have been introduced to 

reduce stand-by leakage in digital circuits. Reducing the static power dissipation has become extremely important during 

periods of inactivity to develop design techniques. Without trading-off performance the power reduction must be 

achieved which makes it harder to reduce leakage during operation at runtime. In sleep or standby mode to reduce the 

leakage power, several techniques are used. A well-known technique is Power gating technique where a sleep transistor 

is added between virtual ground & actual ground rail. In the sleep mode to cut-off the leakage path, the device is turned-

off. This technique provides a substantial reduction in leakage at a minimal impact on performance.   

II. LITERATURE SURVEY 

 

PrasadaRao et al., [6], proposed an algorithm for power optimization of Linear Feedback shift Register, where a common 

clock signal is applied to all flip-flops, which enable the propagation of logical values from input to output of flip-flops. 

Increasing the correlation between bits reduces the power dissipation, which can be achieved by adding more number of 

test vectors, which decreases the switching activity. Suji et al., [5], designed a sleep transistor and implemented it in 
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the power gating technique. A comparison of the outputs by designing a conventional Adder and an Adder using Sleep 

Transistor is obtained. The results have shown that power gating using sleep transistor had reduced the leakage power. 

Jiang et al., [7], explained the benefits and cost of power gating technique. They have considered a standard chip and a 

power-gated chip both implementing the same functionality. In the standard chip, all logic circuits are connected to 𝑉𝐷𝐷 

through a hierarchical power mesh. The entire chip is fully powered at all times. In the power-gated chip, they have used 

local power meshes for all macros, and sleep transistors are used to connect the local mesh to the global mesh. Their 

results show that power-gating has proved to be very efficient in reducing the stand-by leakage currents in the idle mode. 

Verma et al., [8], explained the important and vital parameters such as sizing of sleep transistor, mode transition energy, 

reduction of noise, area, delay and noise margin that need to be considered while using the power gating technique. Abba 

et al., [9], presented the different techniques of power gating. The techniques are as follows: 1) Fine Grain Power Gating 

and 2) Coarse Grain Power Gating. 

  

III. LINEAR FEEDBACK SHIFT REGISTER  

 
The LFSR is a shift register with is designed using an array of D flip-flops and XOR gates. The XOR gates are used to 
perform linear functions. There are two types of LFSR’s-external feedback LFSR’s and internal feedback LFSR’s. The 
maximum-length of an LFSR sequence is 2n-1.Fig .1 shows a traditional 32-bit LFSR with a maximum length of the 
sequence 232-1[13] [14]. 
 

 
Fig. 1. 32-bit Linear Feedback Shift Register 

IV. POWER GATING 

 

Fine Grain Power Gating (FGPG): Process of adding a sleep transistor to every cell is called Fine grain power gating as 

shown in Fig.2 (a). Sleep transistor is added to every cell that is to be turned off imposes a large area penalty and 

individually gating the power of every cluster of cells creates timing issues introduced by inter-cluster voltage variation, 

these are very difficult to resolve. 

Coarse Grain Power Gating (CGPG): The CGPG Process implements the grid style sleep transistors which drives cells 

locally through shared virtual ground networks. This technique introduces less sensitive to PVT variation & imposes a 

smaller area overhead than the implementations based on cell- or cluster. In Fig.2 (b) one sleep transistor is added to a 

cluster of cells.   
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(a)                                                                                (b). 

Fig. 2. Types of power gating (a) Fine Grain Power Gating  (b) Coarse Grain Power Gating 

V. IMPLEMENTATION 

 

D flip-flop and Linear Feedback Shift Register (LFSR) circuits are designed using Cadence Virtuoso tool with 90nm 

CMOS technology. The transient analysis is done by launching ADEL for verification of schematic results. The power 

report is obtained for D flip-flop and 8-bit Linear Feedback Shift Register (LFSR) with and without using power gating 

technique.  

 

        
 

(a)                                                         (b)                                                                                          (c) 

 
Fig. 3. Schematic (a) 2-input NAND gate with FGPG (b) 3-input NAND gate with FGPG (c) D flip-flop with FGPG 

 

 

Fig .3(a) shows the schematic of 2-input NAND gate and Fig .3(b) shows the 3-inputNAND gate with one sleep transistor 

inserted in each NAND circuit respectively. These circuits are used to design the D flip-flop with Fine Grain Power 

Gating (FGPG).Fig .3(c) shows the schematic of D flip-flop using Fine Grain Power Gating (FGPG), where one sleep 

transistor (N-MOS) is inserted between the virtual and actual ground rail of each NAND gate. 
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(a)                                                                      (b)                                                                                       (c) 

 
Fig. 4. Schematic (a) 2-input NAND gate with CGPG (b) 3-input NAND gate with CGPG (c) D flip-flop with CGPG 

 

Fig .4(a) shows the schematic of 2-input NAND gate and Fig .4(b) shows the 3-input NAND gate, where only one sleep 

transistor needs to be inserted between all the NAND circuits used to design the D flip-flop. These circuits are used to 

design the D flip-flop with Coarse Grain Power Gating (CGPG).Fig.13 shows the schematic of D flip-flop using Coarse 

Grain Power Gating (CGPG), where one sleep transistor (N-MOS) is inserted between the virtual and actual ground rail 

of all the NAND gates. 

 

 
 

          (a)                                                                                                              (b) 

 
Fig. 5. Schematic (a) 8-bit LFSR with FGPG (b) 8-bit LFSR with CGPG 

 

The 8-bit Linear Feedback Shift Register (LFSR) sequences through (28-1) states, where 8 is the total number of shift 

registers used in designing the LFSR. This is achieved by an array of D flip-flops where, XOR gate is used to perform 
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linear functions. The maximum-length of an LFSR sequence is 28-1. The 8-bit LFSR is designed for the polynomial 𝑥8 

+ 𝑥6 + 𝑥5 + 𝑥4 + 1 as shown in Fig .5(a) and (b). 

VI. POWER ANALYSIS 

 

The Leakage power dissipation is calculated using Cadence tool Calculator 

 
Table I Power Analysis of D flip-flop 

 

 

 

Table I shows the leakage power of a normal D flip-flop and also power gated D flip-flop’s with Fine Grain Power Gating 

(FGPG) and Coarse Grain Power Gating (CGPG) techniques. There is 9.52% leakage power reduction in D flip-flop 

implemented using Fine Grain Power Gating (FGPG) technique and 29.60% leakage power reduction in D flip-flop 

implemented using Coarse Grain Power Gating (CGPG) technique compared to the normal D flip-flop.   

 
Table II Power Analysis of 8-bit LFSR 

 

8-bit LFSR 
Leakage Power 

Dissipation 

8-bit LFSR without power 

gating 

347.8 nW 

8-bit LFSR with Fine Grain 

Power Gating 

262.4 nW 

8-bit LFSR with Coarse Grain 

Power Gating 

131.9 nW 

 

Table II shows the leakage power of a normal 8-bit LFSR and also power gated 8bit LFSR implemented using D flip-

flop with Fine Grain Power Gating (FGPG) and Coarse Grain Power Gating (CGPG) techniques. There is 24.55% leakage 

power reduction in 8-bit LFSR implemented using Fine Grain Power Gating (FGPG) technique and 62.07% leakage 

power reduction in 4-bit LFSR implemented using Coarse Grain Power Gating (CGPG) technique compared to the 

normal 8-bit LFSR.  

VII. CONCLUSION 

 
The 8-bit Linear Feedback Shift Register (LFSR) has been designed for the polynomial 𝑥8 + 𝑥6 + 𝑥5 + 𝑥4 + 1. The D-

flip flop and LFSR were designed using Cadence Virtuoso tool. The leakage power of normal D flip-flop and 8-bit LFSR 

D flip-flop 
Leakage Power 

Dissipation 

D flip-flop without power 

gating 
30.77 nW 

D flip-flop with Fine Grain 

Power Gating 
27.84 nW 

D flip-flop with Coarse Grain 

Power Gating 
21.66 nW 
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has been compared with the power gated D flip-flop and 8-bit LFSR, it is observed that there is leakage power reduction 

in the power gated circuits when compared to the normal circuits.  
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