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Abstract —This paper presents a power-gating to support multiple power off modes and reduce the leakage power during 
short periods of inactivity. To improve speed of a network here domino logic is used, but by using domino logic speed is 
increasing &power consumption also increasing. So, for reducing power consumption, gated clock method was used. In 
proposed system, 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. Analysis and extensive simulation results demonstrate the effectiveness of the 
proposed design. 
  
Keywords—Input vector control, Multi threshold CMOS, Multiplier, data retention voltage, Synopsis H-spice. 
 

I.  INTRODUCTION 

The reduction of the power supply voltage level adversely affects the execution time. In order to maintain system 
performance, the transistor threshold voltage is reduced. More aggressive technique is the use of   power switches between the 
circuit and the power supply or the ground rail. The structure with one intermediate power-off mode, which reduces the wake-
up time at the expense of reduced leakage current suppression. 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 the sub threshold leakage current, which increases exponentially. 
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.  A more aggressive technique is the use of high-Vt power switches between the circuit and the power 
supply or the ground rail .These switches are turned off during the idle mode, thereby suppressing leakage current. A major 
problem is the large current rush during the re-activation of the core, which causes power supply and ground bounce. 

 
Intermediate power-off modes overcome another limitation of power switches, i.e., the time required for recovering from the idle 
mode, referred to as the wake-up time. Long wake-up time prohibits the use of power switches during short periods of inactivity. 
A very effective zigzag super cut-off CMOS technique is proposed to reduce the wake-up time at clock gating structures. This 
technique cannot be applied to random logic without extended modifications in the memory elements used as well as in the 
standard design flow. There are several different techniques that can be used to tackle the leakage from various angles. Power 
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gating is one well-known way of reducing leakage, and it continues to be applied to very-deep sub micrometer CMOS 
technologies. There has been a lot of work [3]on the multi threshold voltage CMOS  technique, which uses a MOSFET switch to 
gate, or cut off, a circuit from its power rails during standby mode. 

 
 The power-gating switch is typically positioned between the circuit and the power supply rail or between the circuit and 

the ground rail. During active operation, the power-gating switch remains on, supplying the current that the circuit uses to 
operate. During standby mode, turning off the power-gating structure reduces the current dissipated through the circuit. The 
ground bounce is caused due to inductive noise in the power network. The voltage fluctuations can be minimized by reducing 
the rate of change of current that flows in the power network when a block switches from the sleep mode to the active mode. 

 

        Three power modes, namely Snore, Dream, Sleep, and Active, respectively. Transistor to adjusts the gate voltage of Mp 
at the ground level, and thus it completely turns off the power switch. This is the Snore mode where the leakage power is 
minimized and the wake-up time is very high. The next two modes, namely Dream and Sleep, are determined by the two sub 
threshold gate voltages V1, V2 generated by the bias generator and applied to the gate of the power switch through transistors 
T1, T2 respectively. 

      

MULTI-MODE POWER-GATING ARCHITECTURE  

 
  

Fig.1.  (a) snore mode, (b) dream mode, (c) sleep mode. 
 
Fig.1 consists of the main power switch transistor Mp and two small transistors M0 and M1, each corresponding to an 

intermediate power-off mode. Transistor MP is a high-Vt transistor and it remains on only during the active mode. Transistors M0 
and M1 are small low-Vt transistors that are turned on only during the corresponding power-off mode. 
  
There are 3 modes of operations. 
They are:  Active mode, Snore mode, Dream mode, Sleep mode. 

 
Active Mode:  

 
Transistors MP, M0, M1 are on. Then output is ZERO. Because, the circuit is having NMOS switches. 

 
 Snore Mode:  

 
Transistor MP, M0, and M1 are off as shown in Fig. (a). In this case, the leakage current of the core, ILcore, is equal to 

the aggregate leakage current flowing through transistors M0, M1, MP. 
 (I Lcore = I LM0 + I LM1 + I LMP)  
The voltage level at V_GND is close to Vdd and the circuit consumes a negligible amount of energy, but the wake-up 

time is high. 
 
 Dream Mode:  
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Transistor M0 is on and transistors MP and M1 are off as shown in Fig.(b). In this case, the current flowing through 
transistor M0 increases because M0 is on (IM0 > I LM0). 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. 

 
 Sleep Mode:  

Transistor M1 is on, and MP, M0 are off as shown in Fig. (c). The 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. 
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.     

               
 Power-gating: 
 

Power gating is one of the most effective techniques in reducing leakage power, which increases exponentially with device 
scaling. Power gating is one of the well-known way of reducing leakage, and it continues to be applied to very-deep sub 
micrometer CMOS technologies. There has been a lot of work [3] on the multi threshold voltage. Different modes in the 
multimode power gating technique are inherently equivalent to different steps in the stepwise turn-on process of the sleep 
transistor. Therefore, different sleep modes have varying degrees of ground bounce effects with the intermediate nodes having 
lower ground bounces as compared to the conventional hard gating technique. In the intermediate modes, by reducing the steady-
state charge on the virtual node in different sleep mode, we can reduce the magnitude of voltage spikes during transition to active 
mode.  

 
The intermediate modes not only improve wake-up time but also reduce ground bounce in neighboring nets. Power-gating 

structure combines the aforementioned three different approaches to minimize the instantaneous current flow through the sleep 
transistor. We can also insert an NMOS data-retention device in parallel with the power-gating device, which allows us to support 
an intermediate power saving and data-retention mode in addition to the power cutoff mode. There are several benefits of 
combining stacked sleep transistors with capacitors. First, the magnitude of power supply voltage fluctuations during power mode 
transitions will be reduced because these transitions are gradual. The intermediate node between the stacked sleep transistors can 
be discharged to near GND. 

 

Multimode power gating technique are inherently equivalent to different steps in the stepwise turn-on process of the 
sleep transistor. Therefore, different sleep modes have varying degrees of ground bounce effects with the intermediate nodes 
having lower ground bounces as compared to the conventional hard gating technique given in[1]. In the intermediate modes, by 
reducing the steady-state charge on the virtual node in different sleep mode, we can reduce the magnitude of voltage spikes 
during transition to active mode. If the magnitude of a voltage surge/droop due to ground bounce is greater than the noise margin 
of a circuit, the circuit may erroneously latch the wrong value or switch at the wrong time given in[1]. Traditionally, ground 
bounce has been a phenomenon associated with input/output buffers and internal circuitry. Ground bounce induced by an 
instantaneous power mode transition of a sleep transistor in a power-gating structure.  

 
Test chip measurements that indicate the extent of the inductive noise caused by quick turn-on of the sleep transistor in a 

conventional power-gating [1]. The multiple sleep mode technique can be applied to improve leakage versus wake-up tradeoff in 
data paths. We observe that logic at the end of a data path has a greater allowable since there is a propagation delay associated 
with data at the beginning stages of logic reaching the end. The logic can be broken into separate partitions with each given its 
own MTCMOS domain. During standby mode, different blocks in the partitioned data path can enter in different sleep modes 
depending on where the block lies in the data path flow. The approach deals with large blocks of logic, such as adders, shifters, 
multipliers, etc., 

 
The virtual ground potential, in turn, is controlled by the gate voltage of the footer device during sleep mode. In this 

section, we develop an analytical formulation that relates the virtual ground rail potential with the gate voltage of the footer 
device. The relationship of a sleep mode virtual ground rail potential to corresponding leakage savings and wake-up overhead is 
also quantitatively analyzed.  Power-gating structures to reduce ground bounce by turning the sleep transistors on in a stepwise 
manner. These structures reduce the magnitude of voltage fluctuations in the power distribution network, as well as the time 
required to stabilize them. Stepwise switching of the sleep transistors can be implemented either by dynamically controlling the 
gate-to-source voltage VGS of a sleep transistor, by turning on only a proportion of the sleep transistors at one time, or by 
gradually releasing the trapped charge that causes the inductive noise. Switching technique consists of a relaxation stage, 
followed by a full turning-on stage. During the relaxation stage, the gate voltage of the sleep transistor is charged to a fraction of 
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the rail voltage, and only a small portion of the sleep transistor is switched to full-rail, or stacked sleep transistors are switched in 
a non over lapping pulse manner. The two clock phases within a small fraction of the gate delay. 

 
 MULTIPLE SLEEP MODES: 

 
The intermediate mode presented in another dimension to MTCMOS. In the soft gated mode, the virtual ground rail is 

neither at the ground potential or ; rather, it is at some intermediate voltage. In this case, the intermediate soft gated mode is 
always at , which is the value of the  threshold voltage drop across the device. The multiple-mode feature allows a processor to 
enter power saving modes more frequently, hence, resulting in enhanced leakage savings. We apply the multimode power gating 
technique to data paths where the degree of applied power gating becomes progressively stronger (harder) along the data path. 
This configuration allows us to further balance wake-up overhead with leakage savings by exploiting the fact that logic circuits 
deep in the data path have higher wakeup margin and hence can be strongly gated. Ground-bounce noise and reduced it with 
novel power-gating structures that utilize holistic integrated device circuit- architecture approaches. We control the amount of 
charge in the intermediate nodes of the circuit that passes through the sleep transistors during the wake-up transition and stabilize 
the minimum virtual power supply voltage required for data retention. Conventional power gating techniques for minimizing 
leakage currents introduce ground bounce noise during power mode transition. Here an analysis of ground bounce due to power 
mode transition in power gating structures is presented. An innovative power gating approach is proposed, which in addition to 
targeting maximum reduction of major leakage currents will provide a way to control ground bounce during power mode 
transition. 

                                                                                      

 
                 

Fig.2. Reconfigurable circuit 
 

 
A 4-bit multiplier was used as application. The 4-bit multiplier placed in the place of core in above circuit. In above circuit, the 

programmable selection lines used as probes.by using these probes, the multiplier was connected to the reconfigurable circuit.    
 

 

 
Fig.3.general four-bit multiplier 
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SIMULATION RESULTS  

     
The simulation results for corresponding inputs are shown in Fig. 5. The simulation is done using  Synopsys H-spice. 

 
 

 
 
 

.Fig.4. power dissipation of reconfigurable circuit 
 

 
 

Fig.5. power dissipation after applying domino & gated clk 
 
 

 

TYPE 

RECONFIGURABLE      

MODE 

USING DOMINO & 

GATED CLOCK 

 

PROPAGATION 

DELAY 

 

3.9984E-08 

 

 

7.0636E-11 

 

 

LEAKAGE  

CURRENT 

 

6.5584E-01 

 

 

6.4605E-01 

 

 
 

Variation of propagation delay & leakage current. 
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  CONCLUSION AND FUTUREWORK 
 

  This paper describes 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 . The domino logic 
was used to reduce propagation delay, but power consumption increases, so gated clock technique is used for reduction of power 
consumption as well as leakage current.  

Reconfigurable version of this method will be implemented to increase the manufacturability and robustness of the 
proposed design in technologies with larger process variations. 
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