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Abstract—Leakage power reduction has become one of the top design priorities in battery operated ultra low power 

circuits. Reduction in threshold voltage causes leakage power to increase exponentially. Several techniques have been 

proposed that effectively minimize leakage power consumption. The most effective technique involve power gating in 

which a circu it is cut off from its power supply in sleep mode by means of a current switch. In this paper we present a 

review of conventional as well as emerging power gating schemes which are employed to reduce leakage power 

dissipation.   

Keywords—power gating; leakage reduction; sleep transistors; nanoelectromechanical systems; carbon nanotube 

field effect transistor. 

I. INTRO DUCTION 

CMOS devices have been scaled down aggressively in each technology generations to ac hieve higher transistor count 

per unit area, to achieve better performance and to reduce power consumption. However, the leakage current has 

increased exponentially with technology scaling and hence leakage power reduction has become one of the top design 

priorities[1]. Over the years, enhancing chip performance has come through increased circuit complexity and number of 

transistors. But despite down scaling of circu it propagation delay, supply and threshold voltages for every technology 

generation, the power dissipation in circuits has continued to increase. This increased power dissipation shortens 

battery life, requires complex cooling and packaging methods, and degrades system performance. The exponential 

increase of the number of on chip active devices, the constant decrease of the threshold Voltage (Vth) and reduct ion of 

the gate oxide thickness (Tox) result in a significant amount of static power in circuits designed in deep sub -micron 

technologies. Static power consumption is because of leakage currents. Leakage currents are the currents that flow 

through the devices when the devices are in off state and the total currents are expected to be zero . Increase in leakage 

power is the major concern that circuit designers need to address, especially for circuits that have low-duty cycles, 

bursty operation and rely on batteries for long periods of time. At nano scale regime subthreshold leakage current, gate 

leakage current, punch-through leakage, GIDL, and reverse bias leakage current increased significantly with bulk 

MOS. Due to this static power consumption becomes comparable with dynamic power consumption. In recent years, 

increasing demand of portable devices, increased leakage power dissipation, thermal management and self heating of 

devices makes power consumption a vital design constraint for portable applicat ions. Increased leakage power 

dissipation in nanometer regime can be tolerab le for h ighest performance circuits. However, it is the most demanding 

design issue for intended Ultra Low Power (ULP) applications to extend the battery life. There is a special class o f 

emerging ULP applications like wireless sensor networks, biomedical implants , energy scavenging devices  that do not 

require high speed. The primary motivation for these applications is ULP consumption so as to prolong the battery life 

or to employ energy harvesting effectively[2-4]. The leakage current in a nano-scale CMOS device is mainly due to (1) 

subthreshold conduction, (2) gate direct tunneling current, (3) junction tunneling leakage, (4) gate induced drain 

leakage (GIDL), (5) hot carrier inject ion current, (6) puncthrough current, etc. The three main components of leakage, 

namely subthreshold, gate tunneling, and junction tunneling leakage [1] are shown in Fig. 1. 
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Fig. 1. Leakage current mechanisms [1] 

 

 

II. POWER GATING  

 

    There are a wide array of techniques designed to reduce leakage currents. The most effective techniques involve 

power gating [5-7] in which a circuit is cut off from its power supply in sleep mode by means of a current switch. 

Power gating was originally proposed in the form of a circuit called a switched source impendence (SSI) [5]. The 

concept of multithreshold-voltage CMOS (MTCMOS) was proposed in [6]. MTCMOS circuit shown in Fig.2 is now a 

days more frequently called power gating wherein only  one switch either a header Q1, or a footer, Q2, is usually 

employed. In sleep mode, input SL is kept high, Q1 and Q2 are turned off, and Vddv and Vssv float; leakage from the 

low-Vt circuit is thus limited by high-Vt switches. In active mode, SL is kept low, Q1 and Q2 are turned on, and Vddv 

and Vssv are maintained close to Vdd and Vss respectively. Low-Vt is used within the circuit itself to achieve high 

performance, and high-Vt is used in the switches to achieve low subthreshold leakage [8]. The concept of power-gating 

is to disconnect the devices from their power or ground sources when off, thus reducing the leakage current flow by 

creating a break in the power or ground networks. This is usually accomplished through the addition of one or more 

―switch‖ circuits to the power or ground network that connect the block or chip level power or ground networks to the 

external power and ground networks, respectively. Power gating switches are called as sleep transistors. There are two 

different types of sleep transistors: header-type Fig.3(a), and a footer-type Fig.3(b). Sleep transistors can also be 

categorized as fine-grain Fig.3(c) and coarse-grain types Fig.3(d). In the case of fine-grain sleep transistor, each digital 

gate is separated from the power supply independently by one sleep device; however, in the coarse-grain 

implementation, one sleep transistor is responsible for separation of a block of d igital gates [10-11].      

 

 

 

 

 

 

 

 
 
 

 

Fig.2.  MTCMOS power gating 
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The basic strategy of power gating is to provide two power modes: a low power mode and an active mode. The goal is 

to switch between these modes at the appropriate time and in the appropriate manner to maximize power savings while 

minimizing the impact to performance. During active periods, the circuit is reconnected to the power supply in a 

process known as ―wake up‖ or power up. To accommodate the growing popularity of mobile, wireless, and sensor 

processing, all of which have substantial idle times, industry has widely adopted power-gating and software-controlled 

sleep modes. Power-gating, or MTCMOS switching, is rap idly being adopted as a method for controlling off-state 

standby leakage in high-performance, low-power designs.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3.  Types of sleep transistors (a) header (b) footer (C) fine-grain (d) course-grain 

 

A limitation of MTCMOS is that the time required for recovering from the idle mode, referred to as the wake-up time, 

is long relat ive to circuit clock rates; therefore, the wake-up time prohib its the use of power switches during short 

periods of inactivity [9]. Transistor power gates have several drawbacks. When a circuit is turned off, the transistor 

power-gates themselves leak, meaning leakage is reduced, but not eliminated. Also, a voltage drop is created across the 

power-gate, which lowers the effect ive supply voltage of the power-gated circuit , thus slowing it down. Making a 

transistor power-gate wider decreases the voltage drop, but increases the off-state leakage, meaning a trade-off exists. 

This trade-off and the desire to achieve a large reduction in idle-state leakage without impacting performance has 

motivated the examination of emerg ing technologies such as NEMS switches as power-gating structures. In this paper 

section III and IV describes , emerg ing technologies, the Nanoelectromechanical-Systems (NEMS) Switch and 

CNFETs, as an alternate power-gating switch. 

 

III. HYBRID CMOS  AND NEM-FET POWER GATING 

Nanoelectromechanical system (NEMS) switches as shown in  Fig. 4 are nanoscale relays with a suspended 
cantilever beam (representing the source) that bends under electrostatic force from the gate to form an ohmic contact 

with the drain. 

 

 

 

 

 

Fig. 4. NEMS switch 

Due to an air-gap, NEMS switches have a nearly infin ite off-resistance, which essentially eliminates off-state leakage. 

They also have a very low on-resistance due to the ohmic contact. Since NEMS devices demonstrate ultra-low leakage 

characteristics, they are an ideal choice as sleep transistors and can be used as power gating elements for CMOS-based 
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logic to reduce the leakage [12-13]. Although the NEMS switches can be slower than MOS switches, once turned ON, 

they can provide a low-resistance path to ground, whereas, in the OFF state, they can be used to reduce leakage current 

due to absence of any conducting path between the beam and the drain. NEMS switch based power gating elements are 

illustrated in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 5. NEMS based power gating 

 

 

A comparison between ON-state resistance and OFF-state leakage of NEMS- and CMOS-based sleep transistors for 

different device areas [12-13] is shown in Fig. 6. It can be observed that NEMS-based sleep device outperforms 

CMOS-based sleep transistor in terms of OFF-state leakage current. However, it can also be noticed that NEMS 

devices exhibit higher ON resistance for equal area size, because of lower drain current of NEMS devices. It can be 

observed from Fig. 6 that for larger sleep transistors, the difference between the ON resistance of NEMS and CMOS 

sleep transistors become minimal. Hence, the NEMS sleep transistors can be sized -up to offer up to three orders of 

magnitude lower leakage current with negligible performance degradation compared to that of their CMOS 

counterparts [12-13]. 
 

 

 

 

 

 

 

 

 

Fig. 6. ON resistance and OFF current of NEMS and CMOS sleep transistors [12-13] 

IV. HYBRID CMOS AND CNFET POWER GATING 

Carbon nanotube FETs employ semiconducting single-wall carbon nanotubes to assemble electronic devices, and the 

singlewalled CNFET is obtained by replacing the channel of a conventional MOSFET with carbon nanotubes.  The 

nanotubes can be either a metallic (conductor) or a semiconducting (semiconductor) depending on the angle 

(represented as a chirality integer vector (n,m)) of the atom arrangement along the nanotube. The  nanotube is metallic if 
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(n = m) or (n − m = ‗a mult iple of 3‘); otherwise, the tube is semiconducting. As shown in Fig. 7, the CNFETs are 

fabricated on an oxid ized Si substrate that can be used as a back-gate in the CNFET. 

 

 

 

 
 

 

 
 

 

Fig. 7. CNFET structure 

 

Each device has one or more single-wall semiconducting carbon nanotubes. The currents of the CNFET device are 

controlled by adjusting device parameters such as gate length (Lch), the number o f nanotubes, chirality vector, and 

pitch between nanotubes. As  the gate voltage increases or decreases, the device is electrostatically turned ON or OFF 

through the gate node. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8. Drain to source current as a function of drain to source voltage for different gate to source voltage[14] 

 

 

 

 

 

 

 

 

 
Fig. 9. Drain to source current as a function of gate to source voltage for different drain to source voltage[14] 

 

As shown in the Fig. 8, CNFET on current is higher and leakage current is lower than the MOSFET transistor. Fig. 9 

illustrates IDS characteristics of the N-type CNFET in the weak inversion region, which implies that the CNFET would 

be a more practical solution even in the subthreshold logic design requiring a smaller area than the 

MOSFET[14].Hybrid MOSFET and CNFET power gating scheme using 32nm technology in the ultra low voltage 

region is proposed in [14]. Fig. 10 shows the hybrid PG structure diagram, where an N-CNFET (footer) is placed in 

series with low-Vth CMOS    circuits, and the back-gate node of the N-CNFET is connected to the ground. The hybrid 

structure addresses the low-performance issue caused by high Vth of the conventional MOSFET PG structure at the 

low voltage while keeping low leakage power dissipation in sleep mode. 
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Fig. 10. CNFET based power gating 

 

Fig. 11 presents the simulat ion results showing the impact of the power supply voltage on the circuit delay of the hybrid 

PG and MOSFET PG [14]. The authors compared simulat ion results  with those of the inverter chains without PG 

footer. The area overhead of the MOSFET PG is 10% of the total NMOS width, and the area overhead of the hybrid PG 

is 1% (number of nanotube = 100,pitch = 5 nm, and chirality vector = (17,0)) of the total NMOS width. As VDD 

decreases below 0.7V in active mode, the hybrid PG structure becomes faster than the MOSFET PG structure by factor 

of more than two, and its delay decreases by 70% compared to the MOSFET PG structure at 0.5V. Moreover, the delay 

of the MOSFET PG structure is exponentially increased at VDD below 0.6. In addition, as the supply voltage scales 

down, the wake-up time of the MOSFET PG structure significantly increases due to the high threshold voltage of the 

MOSFET footer as shown in Fig. 12.On the other hand, the wake-up time of the hybrid PG structure increases a little, 

which is small enough to be ignorable compared to the wake-up time of the MOSFET PG.These simulation results 

demonstrate that the proposed hybrid MOSFET/CNFET PG structure is very effect ive in the low-voltage reg ion. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 11. Delay dependence of power gating on supply voltage[14] 
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Fig. 12. Wakeup time dependence of power gating on supply voltage[14] 

 

IV. CONCLUS ION 

 

We have presented a review of d ifferent power gating schemes employed for leakage power reduction. Superior 

properties of emerging nano-electronic devices such as carbon nanotube field effect transistors and nano -

electromechanical switches can be utilized for leakage power reduction in battery powered ultra low power systems. 

CNFETs and NEMFETs can be effectively used as a replacement for conventional CMOS sleep transistors. Hybrid 

CNFET-CMOS or NEMS-CMOS based power gating schemes provide considerable improvement over conventional 

power gating schemes.  

REFERENCES  

[1] K.Roy,etal., ―Leakagecurrentmechanismsandleakagereductiontechniques  in deep-submicronCMOScircuits,‖ Proceedings of IEEE ,2003,305–
327. 

[2] M. Alioto, Ultra Low-Power/Low-Voltage VLSI Design: From bASICs to Design. Hoboken, NJ: Wiley. 

[3] R. Sarpeshkar, Ultra Low Power Bioelectronics: Fundamentals, Biomedical Applications, and Bio-Inspired Systems. Cambridge,U.K.: 
Cambridge Univ. Press, 2010.. 

[4] Ambient Intelligence, W. Weber, J. Rabaey, and E. Aarts, Eds. New York: Springer, 2005. 

[5] Horiguchi, M., Sakata, T ., and Itoh, K. 1983. Switched-source-impedance CMOS circuit for low standby subthreshold current giga-scale LSI‘s. 
IEEE J. Solid-State Circuits 28, 11, 1131–1135. 

[6] Mutoh, S. etal.- 1-V Power Supply High-Speed Digital Circuit Technology with Multithreshold-Voltage CMOS. IEEE JSSC 30, 8 (August 
1995),847-854. 

[7] Kao, J. T ., and Chandrakasan, A. P.- Dual-Threshold Voltage Techniquesfor Low-power Digital Circuits. IEEE Journal of Solid-State Circuits 
35,7 (July 2000), 1009-1018. 

[8] Shin, Y., Seomun, J., Choi, K.-M., and Sakurai, T.  Power gating: Circuits, design methodologies,and best practice for standard-cell VLSI 
designs. ACM Trans. Des. Autom. Electron.Syst. 15, 4, Article 28 (September 2010). 

[9] Z. Zhang, X. Kavousianos, K. Chakrabarty and Y. Tsiatouhas. A Robust and Reconfigurable Multi-Mode Power Gating Architecture. 24th 
Annual Conference on VLSI Design. 2011. 

[10] Kaijian S., Howard D.: ‗Challenges in sleep transistor design and implementation in low-power designs‘.Proc. IEEE/ACM Design Automation 
Conf., 2006,pp. 113–116. 

[11] Shi, K. Howard, D. Sleep Transistor Design and Implementation - Simple Concepts Yet Challenges To Be Optimum International Symposium 
on VLSI Design, Automation and Test, 2006 ,pp      1 - 4 . 

[12] H.F. Dadgour K. Banerjee . Hybrid NEMS–CMOS integrated circuits:a novel strategy for energy-efficient designs.IET Comput. Digit. Tech., 
2009, Vol. 3, Iss. 6, pp. 593–608. 

http://www.ijirset.com/


     ISSN (Online) : 2319 – 8753 

      ISSN (Print)    : 2347 - 6710 

 

International Journal of Innovative Research in Science, Engineering and Technology  

An ISO 3297: 2007 Certified Organization               Volume 3, Special Issue 4, April 2014 

Two days National Conference – VISHWATECH 2014 

On 21st & 22nd February, Organized by 

 
Department of CIVIL, CE, ETC, MECHNICAL, MECHNICAL SAND, IT Engg. Of Vishwabharati Academy’s College of engineering, 

Ahmednagar, Maharastra, India 

 

Copyright to IJIRSET                                                           www.ijirset.com                                                                427 

 

[13] Hamed F. Dadgour and Kaustav Banerjee . Design and Analysis of Hybrid NEMS-CMOS Circuits for Ultra Low-Power Applications .ACM 
DAC 2007 ,June 4-8 2007 SanDiego,California,USA. 

[14] Kyung Ki Kim,Yong-Bin Kim,Ken Choi .Hybrid CMOS and CNFET Power Gatingin Ultralow Voltage Design .IEEE Transactions on 
Nanotechnology, Vol. 10, No. 6, Nov. 2011. 

 

 

http://www.ijirset.com/

