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Abstract :Multithreshold CMOS is very effective for reducing standby leakage power during long periods of inactivity. Recently 

a power-gating scheme was presented to support multiple power off modes and reduce the leakage power during short periods of 

inactivity. However, this scheme can suffer from high sensitivity to process variations, which impedes manufacturability. We 

propose a new power-gating technique that is tolerant to process variations and scalable to more than two intermediate power-off 
modes. The proposed design requires less design effort and offers greater power reduction and smaller area cost than the previous 

method. In addition, it can be combined with existing techniques to offer further static power reduction benefits. Analysis and 

extensive simulation results demonstrate the effectiveness of the proposed design. 

IndexTerms - Leakage power, multi-mode power switches, power consumption reduction, process variation, 

reconfigurable power-gating structure 

I. INTRODUCTION 

 

As Chip density increases relentlessly along Moore’s law power consumption is emerging as a major burden for contemporary 

systems [1]. Dynamic power is tackled nowadays by the reduction of the supply voltage level. Dynamic energy is proportional to 

the square of the supply voltage. Thus, a lower voltage level yields a quadratic reduction in the energy consumption. To further 

reduce the dynamic power systems-on-chip (SoCs) are partitioned into voltage islands with separate supply rail and unique power  

characteristics [2]–[4]. Separate power management policies (such as dynamic supply voltage scaling) can be applied in each 

region thereby further reducing dynamic power.The reduction of the power supply voltage level adversely affects the execution 

time. In order to maintain system performance, the transistor threshold voltage (Vt) is reduced. The reduction of the threshold 
voltage however adversely affects. 

 

Many techniques have been presented in the literature for reducing static power. One common approach is to synthesize the 

circuit using dual Vt libraries [6]. High-Vt cells reduce the leakage current at the expense of reduced performance; thus their use 

on noncritical circuit domains reduces the leakage power considerably without affecting circuit performance. Another technique 

exploits the fact that the leakage power consumed by each gate strongly depends on the input vector applied at the gate. 

Therefore, in order to reduce static power, it controls the input vector and the internal state of the circuit during periods of 

inactivity [7]–[11]. 

 

II. MULTI-MODE POWER-GATING ARCHITECTURE 

A. Proposed Architecture 

The proposed design consists of the main power switch transistor MP and two small transistors M0 and M1, each corresponding to 

an intermediate power-off mode (M0 corresponds to the dream mode and M1 corresponds to the sleep mode). Transistor MP is a 

high-Vt transistor and it remains on only during the active mode 

 

 

 

 

 

 

 

 

        Figure 2.1  Proposed design architecture 

 

.  Transistors M0 and M1 are small low-Vt transistors that are turned on only during the corresponding power-off mode. (i.e., M0 is 

turned on during the dream mode and M1 is turned on during the sleep mode). The various modes of operation are as follows. 
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1) Active Mode: Transistors MP, M0, M1 are on. 

2) Snore Mode: Transistors MP, M0 and M1 are off as shown in Fig. 2(a). In this case, the leakage current of the core, ILcore, is 

equal to the aggregate leakage current flowing through transistors M0, M1, MP (ILcore = ILM0 + ILM1 + ILMP), which is very small 
(note that M0, M1 are small transistors and MP is a high Vt transistor). Thus the voltage level at V_GND is close to Vddand the 

circuit consumes a negligible amount of energy, but the wake-up time is high. 

3) Dream Mode: Transistor M0 is on and transistors MP and M1 are off as shown in Fig. 2(b). In this case, the current flowing 

through transistor M0 (and thus the aggregate current flowing through M0, M1,and MP) increases because M0 is on (IM0> ILM0). 

The exact value of IM0 depends on the size of transistor M0,and it sets the virtual ground node at a voltage level which is lower 

than Vdd (i.e., VV_GND <Vdd). Thus the static power consumed by the core is higher compared to the snore mode, but the wake-up 

time is less. 

4) Sleep Mode: Transistor M1 is on, and MP, M0 are off as shown in Fig. 2(c). Provided that transistor M1 has larger aspect ratio 

than M0 (WM1/LM1> WM0/LM0), the aggregate current flowing through M0, M1,and MP increases even more when M1 is on (note 

that IM1> IM0). Consequently, the voltage level at the virtual ground node is further reduced compared to the dream mode and thus 

the wake-up time decreases at the expense of increased power consumption. 

 

B. Design Method 

 

The correct operation of the proposed design depends on the correct sizing of transistors M0 and M1. For simplicity, as in 

[42], we model the core with a single equivalent nMOS transistor, and we consider only the subthreshold leakage current (we note 

that this structure is used only for the mathematical analysis in this section). Considering the very low transistor threshold voltage 

levels (VTHC) in nanometer technologies and the intermediate voltage levels at the virtual ground during the various intermediate 

power-off modes (excluding the complete power-off mode), the corresponding power-off transistors M0 and M1 are in the linear 

region of operation when they are active (Vgs = Vdd). This is because Vds = VV_GND <Vgs − VTHC = Vdd − VTHC,whereVgs and Vds 

are the gate-source and drain–source voltages, respectively, for M0 and M1 [44]. 

 
Let us consider the dream mode shown in Fig. 2(b). In this mode, transistor M0 is on. Let V 0

V_GND be the voltage at the 

virtual ground node at this mode. As stated above,V0
V_GND<Vdd − VTHC (VTHC is the threshold voltage of the low-Vt transistors 

M0, M1) and taking into account that Vgs −VTHC> 0 we can deduce that M0 operates in the linear region when it is on. Therefore, 

the current flowing through M0 is given by the following equation: 

      IM0 = μnCox
𝑊𝑀𝑂

𝐿𝑀𝑂
((𝑉𝑑𝑑 − 𝑉𝑇𝐻𝐶)𝑉𝑉_𝐺𝑁𝐷

0 −
(𝑉𝑉_𝐺𝑁𝐷

0 )2

2
)     (1) 

 

Where WM0 , LM0 are the width and length, respectively, of M0. 

 

The nMOS transistor representing the core is in the sub threshold region of operation, since I to its source): Vgs − VTHC = 

0 − VTHC< 0. The subthreshold leakage current is equal to  

 

IL=I0𝑒

𝑉𝐺𝑆−𝑉𝑡ℎ0−𝜂𝑉𝐷𝑆+𝛾𝑉𝐵𝑆
𝑛𝑉𝑇

[1−𝑒

−𝑉𝐷𝑆
𝑉𝑇 ]

                              (2) 

 

where I0 is a constant, which depends on the width and length of the transistor. Vth0 is the zero-bias threshold voltage, VT is the 
thermal voltage, and n is the subthreshold swing coefficient. η is the DIBL coefficient and γ is the linearized body effect 

coefficient. 

 

In our case, for the diode-connected transistor that represents the core (in Fig. 2), VGS = 0, VDS = Vdd − V 0
V_GND, VBS = 

0, and the subthreshold leakage current of the core is calculated as 

 

ILcore = I0
core e

−𝑉𝑇𝐻𝐶−𝜂(𝑉𝑑𝑑−𝑉𝑉_𝐺𝑁𝐷 
0 )

𝜂𝑉𝑇
[1 − 𝑒

𝑉𝑉_𝐺𝑁𝐷
0 −𝑉𝑑𝑑

𝑉𝑇 ]    (3) 

 

The leakage current of power switch MP and transistor M1 can be calculated in the same way. Based on Kirchhoff’s 

current law, we can obtain I Lcore = IM0 + I LM1 + I LMP . Note that WM1 /LM1<< WMP /LMP ; thus I LM1<< I LMP . Therefore, the 

equation above is simplified to 

 

                                                     ILcore = IM0 + ILMP            (4) 
 

 

 

Substituting (1)–(3) into (4), we get the size of M0 as 

 

𝑊𝑀0

𝐿𝑀0

 =
2(𝐼𝐿𝑐𝑜𝑟𝑒  −𝐼𝐿𝑀𝑃
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                     (5) 
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By using (5) we can adjust the voltage level V0
V_GND to any value in the range (0, Vdd− VTHC) and calculate the aspect 

ratio of transistor M0. The wake-up time is calculated by the equation Twake−up = Ctotal · Req, where Ctotal is the parasitic 

capacitance of the virtual ground and Req is the equivalent resistance of transistor MP when it discharges the virtual ground node. 
Note that Req is the average resistance of MP for the conducting time duration [44, pp. 104–105]. Thus, the wake-up time is 

provided by the following equation: 

 

Twake−up = Ctotal ·
1

𝑡2−𝑡1
∫

𝑉𝑉_𝐺𝑁𝐷
0  (𝑡)

𝐼𝐷(𝑡)

𝑡2

𝑡1
 𝑑𝑡           (6) 

 

or equivalently 

 

Twake_up= Ctotal×
1

−𝑉𝑉_𝐺𝑁𝐷
0 ∫

𝑉

𝐼𝐷(𝑉)
 𝑑𝑉

0

𝑉𝑉_𝐺𝑁𝐷
0     (7) 

 

Since MP is in the linear region during the wake-up operation (VGS = Vdd), (7) is written as follows: 

 

Twake−up = Ctotal ×  

 
−2𝐿𝑀𝑃

µ𝑛𝐶𝑜𝑥  𝑊𝑀𝑃
𝑉𝑉_𝐺𝑁𝐷

0  × ∫
1

2(𝑉𝑑𝑑−𝑉𝑇𝐻𝐶)−𝑉
𝑑𝑉

𝑂

𝑉𝑉_𝐺𝑁𝐷
𝑂        (8)                                             

 

The same analysis can be used for calculating the size and the related wake-up time for transistor M1 (in that case, the voltage at 

virtual ground node is equal to 𝑉𝑉_𝐺𝑁𝐷
1 ). 

 

Equation (5) can be used for calculating the transistor size required to set the virtual ground rail at any particular voltage 

level in the range (0, Vdd − VTHC). Thus the extension of the design to more power-off modes is straightforward. Note that in 

the above analysis, we considered only the subthreshold leakage current for every device that is turned-off. For a more accurate 

estimation, however, the total leakage current of the core and the power switch MP must be used in (5). During the transition from 

any power-off mode to the active mode, spurious glitches may occur in the internal circuit nodes that are not captured by the 

above simplified mathematical model. As a consequence, a detailed ramp-up analysis is needed for every circuit and every 

intermediate power-off mode. 

 

III. POWER GATING TECHNIQUES 

 

Power gating is the single most important tool circuit designers have to combat leakage. These techniques essentially increase 

the effective resistance of leakage paths by adding sleep transistors between logic stacks and power supply rails. Power gating 

also enjoys many of the properties from transistor stacking. Oftentimes, these power gating or sleep transistors are shared among 

multiple logic stacks to reduce the number of leakage paths as well as area overheads. Sharing the transistors effectively creates 

two new power nets: Gated-Vdd (gvddv) and Gated-Ground (gvssv), which replace VDD and GND for power-gated logic stacks. 

gvddv is connected to VDD using a head sleep transistor and gvssv is connected to GND using a foot sleep transistor. 

 

 

. Figure 4.1: Cut-Off (CO) power gating using a foot sleep transistor, which is shared by several logic blocks 

The output nodes tend to drift to gvssv, which itself drifts towards VDDdimensionally. If you must use mixed units, clearly state 

the units for each quantity in an equation. 

The SI unit for magnetic field strength H is A/m. However, if you wish to use units of T, either refer to magnetic flux density B 
or magnetic field strength symbolized as µ0H. Use the center dot to separate compound units, e.g., “A·m2.” 
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IV.RESULTS AND DISCUSSION 

The target of system first, to evaluate the proposed method when it is applied to large logic cores that are comparable in size to 

real designs from industry. To this end, we present simulation results on a large logic core consisting of 9 million transistors. This 

core consists of multiple inverters of various sizes which are driven by various input vectors. Even though it is not a real circuit, it 

is representative of a realistic industrial circuit in terms of static power consumption during dc operation in power-off mode. We 

used the45-nm predictive technology with 1.1-V power supply. The leakage power consumption of the core in idle mode with no 

power gating is equal to 10 mW. All simulations were done using the HSpice simulation engine. 

 

 

 

 
 

Figure  3.1  Proposed Multimode power gating Technique 

 

 
Figure  3.2  Depletion Capacitance Vs Voltage 
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Figure  3.3Static power reduction technique model 

 
 

 

Figure  3.4  Carrier Concentration Vs Energy 

 

 
 

Figure  3.5  Quantum Transport  

 

 

V. CONCLUSION 

 

A new power-gating scheme that provides multiple power-off modes was discussed. The proposed design offered the 

advantage of simplicity and required minimum design effort. Extensive simulation results showed that, in contrast to a recent 

power-gating method, the proposed design is robust to process variations and it is scalable to more than two power-off modes. 

Moreover, it requires significantly less area and consumes much less power than the previous design. Finally, a reconfigurable 

version of this method can be used to increase the manufacturability and robustness of the proposed design in technologies with 

larger process variations. 
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