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Abstract - This paper enumerates low power, high speed designed circuits like 5T TSPC D-Flip Flop and 4T Schmitt 

trigger having less number of transistors. As the transistors used have small area and low power consumption, they can be 

used in various applications like digital VLSI clocking system, buffers, registers, microprocessors, etc. So the leakage 

current of these devices will increase significantly with the shrinking of semiconductor process technologies. The most 

straight forward and effective method for reducing standby leakage is power-gating. In this Multithreshold Voltage Based 

CMOS (MTCMOS) technique is used as a power gating method to optimize power and delay in the circuits. 
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1. INTRODUCTION 

The advance laptop computers, digital cameras, processors, wearable computers, smart cards etc. are the witness of rapid growth 

of the semiconductor industries since the last decades [1]. This rapid and explosive growth forces designer to struggle for the 

smaller silicon area, longer battery life and more reliability. So, the demands for the low power VLSI systems are also increasing 

for designing such a low power devices [2]. 

 

Energy efficiency is important to battery-powered portable devices such as smart phones, GPS, PDAs, and tablets. However, the 

leakage current of these devices has increased significantly with the shrinking of semiconductor process technologies. The most 

straightforward and effective method for reducing standby leakage is power-gating, which cuts off the power supply (or ground) 

to a power-gated domain when it is in an idle state and resumes the power supply when it is in an active state. 

 

The multi-threshold CMOS (MTCMOS) technique employs high-Vt transistors to implement always-on circuits, such as power 

switches, retention flip-flops, and always-on buffers, to minimize their leakage power consumption. The power up/down of a 

gated domain is controlled by turning the header or footer power switches on or off. These switches are parallely-connected 

between the mesh of the chip’s true Vdd (or ground) and the mesh of the gated domain’s virtual Vdd (or virtual ground).  

 

 

2. POWER GATING: 

 

The most obvious way of reducing the leakage power dissipation of a VLSI circuit in the STANDBY state is to remove its supply 

voltage. Multi-threshold CMOS (MTCMOS) technology provides low leakage and high performance operation by utilizing high 

speed, low Vt transistors for logic cells and low leakage, high Vt devices as sleep transistors. Sleep transistors disconnect logic 

cells from the power supply and/or ground to reduce the leakage in sleep mode [3]. More precisely, this can be done by using one 

PMOS transistor and one NMOS transistor in series with the transistors of each logic block to create a virtual ground and a virtual 

power supply as depicted in Figure 1. 
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Figure 1.Power gating circuit. 

 

In the ACTIVE state, the sleep transistor is on. Therefore, the circuit functions as usual. In the STANDBY state, the transistor is 

turned off, which disconnects the gate from the ground. To lower the leakage, the threshold voltage of the sleep transistor must be 

large. Otherwise, the sleep transistor will have a high leakage current, which will make the power gating less effective. Additional 

savings may be achieved if the width of the sleep transistor is smaller than the combined width of the transistors in the pull-down 

network. In practice, Dual Vt CMOS or Multi-Threshold CMOS (MTCMOS) is used for power gating. In these technologies there 

are several types of transistors with different Vt values. Transistors with a low Vt are used to implement the logic, while high-Vt 

devices are used as sleep transistors. 

 

To guarantee the proper functionality of the circuit, the sleep transistor has to be carefully sized to decrease the voltage drop 

across it when the sleep transistor is turned on. The voltage drop decreases the effective value of the supply voltage that the logic 

gate receives. In addition, it increases the threshold voltage of the pull-down transistors due to the body effect. This phenomenon 

in turn increases the high-to-low transition delay of the circuit. The problem can be solved by using a large sleep transistor. On 

the other hand, using a large sleep transistor increases the area overhead and the dynamic power consumed for turning the sleep 

transistor on and off. Note that because of this dynamic power consumption, it is not possible to save power for very short idle 

periods. There is a minimum duration of the idle time below which power saving is impossible. Increasing the size of the sleep 

transistors increases this minimum duration. 

 

3.5T TSPC D Flip Flop: 

In 5T TSPC D Flip Flop, TSPC stands for True Single Phase Clocked logic in which we only have one clock, and do not need an 

inverted clock. TSPC circuit technique uses only one phase of the clock and avoids skew problems thereby improving the 

performance of a digital system. There are several benefits with this technique such as the elimination of skew due to different 

clock phases and clock signal being generated off chip, which implies significant savings in chip area and power consumption [4]. 

 

The following figure shows the schematic of 5T TSPC D Flip Flop which is composed of 3 NMOS and 2 PMOS transistors [5, 6].  

 

 
 

Figure.2. 5T TSPC D Flip Flop Schematic 
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When CLK and input D are high then the transistors P1, N3 are OFF and remaining transistors P2, N1, N2 are ON. The output 

becomes high. During ON clock period whatever is the value of input it becomes output. 

 

The truth table of 5T TSPC D Flip Flop is shown in following table. 

 

CLK D P1 N1 N2 P2 N3 Q 

1 0 ON ON OFF OFF ON 0 

1 1 OFF ON ON ON OFF 1 

0 0 ON OFF OFF OFF OFF 0 

0 1 OFF OFF ON OFF OFF 0 

 

TABLE 1: TRUTH TABLE of 5T TSPC D-FLIP FLOP 

 

 
 

Figure.3. 5T TSPC D Flip Flop Schematic in cadence. 

 

 
 

Figure 4.The output waveform for 5T TSPC D Flip Flop in cadence. 

 

The figure 4 shows the output waveform for 5T TSPC D Flip Flop Layout in cadence virtuoso tool. From this we can say that 

whenever the clock is in ON state or in high state, whatever the input we have given the same resembles as an output.  
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Figure.5: 5T TSPC D Flip Flop layout in cadence. 

4. 5T TSPC D Flip Flop with MTCMOS: 

 

Multithreshold voltage CMOS (MTCMOS) reduces the leakage by inserting high-threshold devices in series to low Vth circuitry 

[7].A sleep control scheme is introduced for efficient power management. In the active mode, SL is set low and sleep control high 

transistors (sleep and sleep bar) are turned on. Since their on-resistances are small, the virtual supply voltages (VDDV and VSSV) 

almost function as real power lines. In the standby mode, SL is set high, sleep and sleep bar are turned off, and the leakage current 

is low [8]. This is the general mechanism of MTCMOS technique, which is employed in this work. 

 

The following figure shows the schematic of 5T TSPC D Flip Flop with MTCMOS technique. Two sleep transistors P3 and N4 

are used in this circuit. The transistor N4 is supplied with signal SL (sleep) and transistor P3 is supplied with signal SL’ 

(complement of sleep). SL and SL’ transistors are supplied with high threshold voltages. When SL signal is low SL’ is high, there 

will be no current flow in low threshold voltage main circuit. When SL is high and SL’ is low circuit works in normal mode.  

 

 
Fig.6: Schematic of 5T TSPC with MTCMOS D Flip Flop. 

The truth table of 5T TSPC with MTCMOS D Flip Flop is shown below. 

 

CLK D SL P1 N1 N2 P2 N3 P3 N4 Q 

1 0 0 ON ON OFF OFF ON ON OFF 0 

1 0 1 ON ON OFF OFF OFF OFF ON 0 

1 1 0 OFF ON ON ON OFF ON OFF 1 

1 1 1 OFF ON ON ON OFF OFF ON 1 

0 0 0 ON OFF OFF OFF OFF ON OFF 0 

0 0 1 ON OFF OFF OFF OFF OFF ON 0 

0 1 0 OFF OFF ON OFF OFF ON OFF 0 

0 1 1 OFF OFF ON ON OFF OFF ON 0 

TABLE.2. TRUTH TABLE of 5T TSPC WITH MTCMOS D FLIP FLOP 
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Fig.7: Schematic of 5T TSPC with MTCMOS D Flip Flop in cadence. 

 

 

 
 

Figure.8: The output waveform for 5T TSPC MTCMOS D Flip Flop in cadence. 

 

The figure 8 shows the output waveform for 5T TSPC MTCMOS D Flip Flop Layout in cadence. The given waveform states that 

whenever the sleep signal and the clock gate is in high state, whatever input we have given resembles the same as an output if not 

it follows the previous state of the output. 
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Figure.9: The 5T TSPC MTCMOS D Flip Flop Layout in cadence. 

 

 

The below table shows the comparisons between the 5T TSPC D Flip Flop and 5T TSPC MTCMOS D Flip Flop results while 

giving diffèrent voltages.  

 

PARAMETERS 5T TSPC D-FLIP FLOP 5T TSPC D-FLIP FLOP WITH 

MTCMOS 

VOLATAGES (V) 1.8                              1.2 1.8                               1.2 

POWER (uw) 3.68                            3.39 1.66                           1.03 

DELAY (ns) 0.140                          0.131 0.149                          0.152 

POWER DELAY PRODUCT (fj) 0.515                           0.444 0.247                          0.156 

 

TABLE.3: Shows the comparisons between the 5T TSPC D Flip Flop and 5T TSPC MTCMOS D Flip Flop results. 

 

5. 4T SCHMITT TRIGGER: 

 

The 4T Schmitt trigger circuit is configured by a combination of three NMOS (N1, N2 and N3) and one PMOS (P1), CMOS 

circuit is used for low power consumption operation, there is no direct connection between power supply Vdd and ground Vss as 

PMOS is connected to power supply and circuit output, on other hand, NMOS is connected to output and ground terminal, there is 

no static power due to no direct connection between power supply to be ground [9]. 

 

 
 

Figure.10: Hysteresis plot 

Hysteresis of the Schmitt trigger is defined as [10], 
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                                                     …………………………………………eq.1 

 

Figure 11 shows the 4T Schmitt trigger with one PMOS and 3NMOS circuit to be condensed mainly delay of the circuit 

where Vdd=0.7 V power supply and Vin is varied 0.7 V to 1.8 V. 

 

 
 

Figure.11: The 4T Schmitt trigger in cadence. 

Figure 12 shows the input–output waveform of Schmitt trigger in Nanoscale technology using cadence tool, when input voltage 

Vin = 0.7 V and Vth = 0.7 V. 

 

 

 
 

Figure.12: The input–output waveform of Schmitt trigger in cadence. 

 

Figure 13 shows the layout diagram of 4T Schmitt trigger using PMOS and NMOS, in which mainly poly layer has used for 

connecting the NMOS and PMOS circuits in nanoscale Technology. 
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Figure.13: The 4T Schmitt trigger layout in cadence. 

 

 

6. SCHMITT TRIGGER WITH MTCMOS: 

 

For maintaining the low power in CMOS circuit, we are using MTCMOS technique. In MTCMOS technique, using the high 

threshold sleep transistor (hvt) on top of the Schmitt trigger logic transistor of low threshold (lvt) become disconnected from 

power supply. Transistor having low threshold voltage (low-Vth) is used to design 4T Schmitt trigger logic as shown figure.14 

 

 
 

Figure.14: The MTCMOS 4T Schmitt trigger in cadence. 

The sleep transistors are controlled by the sleep signal, during the active mode, the sleep signal is disserted, causing both a virtual 

power and provide high Vt transistor to turn on and ground to the low Vt logic. When the circuit is inactive sleep signal is 

asserted forcing both High Vt transistor to cutoff and disengage power lines from the low Vt logic. This provides a very low sub-

threshold leakage current to ground when the circuit is in cut off mode. One negative aspect of this method is that segmenting and 

sizing of sleep transistors is difficult for huge circuits and power consumption is also high. 
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Figure.15: The output waveform for MTCMOS 4T Schmitt trigger in cadence. 

 

The figure 15 shows the output waveform for MTCMOS 4T Schmitt trigger in cadence. The waveform states that whenever the 

sleep signal is in ON state or in high state only the Schmitt trigger converts the given sinusoidal signal into square wave. 

 

 
 

Figure.16: The MTCMOS 4T Schmitt trigger layout in cadence. 

 

The below table shows the comparisons between the 4T Schmitt trigger and the MTCMOS 4T Schmitt trigger results with 

different voltages. 

 

PARAMETERS: 4T SCHMITT TRIGGER 4T SCHMITT TRIGGER WITH 

MTCMOS 

VOLATGES (V) 0.9                               0.7 0.9                              0.7 

POWER (nW) 203.4                           156.2 100.5                          80.62 

DELAY (ns) 417.5                           358.2 301.0                          409.2 

POWER DELAY PRODUCT 

(fj) 

84.91                           55.95 41.12                           24.29 

TABLE 4: Shows the comparisons between the 4T Schmitt trigger and the MTCMOS 4T Schmitt trigger results. 

7.CONCLUSION 

This paper concludes that MTCMOS circuits designed for chain of inverters, D-Flip-Flop and Schmitt trigger with Transistors 

will have less power consumption. These MTCMOS circuits are simulated using 45nm technology library files in cadence 
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virtuoso Tool. Hence from the results we can say that as the technology is scaled down power dissipation decreases and 

propagation delay increases. From the details of Figure of merit MTCMOS based circuits has least power delay product when 

compared to the original circuits, which gives rise to best performance. Hence, the circuits designed using MTCMOS are suitable 

for high performance applications like level converters, microprocessors, clocking systems counters, oscillators and wave shaping 

digital & analog communication circuits. 
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