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Abstract 
Power optimization in CMOS-based combinational circuits is a critical area of research in 

low-power VLSI design, especially with the increasing demand for energy-efficient digital 

systems. This study focuses on optimizing the power consumption of CMOS multiplexer-

based combinational circuits using the Sleepy Keeper Technique, an advanced leakage power 

reduction approach. The Sleepy Keeper Technique employs a combination of sleep 

transistors and keeper logic to effectively minimize leakage power while maintaining the 

circuit’s logic state during standby mode. By integrating this technique into CMOS 

multiplexers, the proposed design achieves a significant reduction in static power dissipation, 

making it suitable for low-power applications in processors, communication systems, and 

embedded devices. To evaluate the effectiveness of this approach, the proposed design is 

implemented and analyzed in terms of power consumption, propagation delay, and area 

overhead. Simulation results demonstrate that the Sleepy Keeper-based CMOS multiplexer 

outperforms conventional designs by achieving a substantial reduction in leakage power with 

minimal impact on performance metrics. 

This research highlights the potential of the Sleepy Keeper Technique in enhancing the 

energy efficiency of multiplexer-based combinational circuits, paving the way for power-

aware digital architectures in next-generation VLSI systems. Future work can explore further 

scalability, adaptive power gating, and hybrid leakage reduction strategies to improve power 

efficiency in deep submicron and nanoscale CMOS technologies. 
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I. INTRODUCTION 

In modern VLSI design, reducing power consumption is a critical challenge, especially with 

the increasing demand for energy-efficient and high-performance digital circuits. CMOS-

based combinational circuits, particularly multiplexer-based designs, are widely used in 

processors, data processing units, and communication systems due to their efficient logic 

operations. However, as transistor dimensions shrink in deep submicron technologies, 

leakage power dissipation has become a major concern, significantly affecting circuit 

performance and reliability. 

To address this issue, various power reduction techniques have been developed, with the 

Sleepy Keeper Technique emerging as a promising solution for leakage power minimization. 

This method integrates sleep transistors and a keeper circuit to reduce static power dissipation 

while maintaining the circuit’s logic state during idle periods. The Sleepy Keeper approach 

enhances power efficiency without introducing excessive delay, area overhead, or 

performance degradation, making it highly suitable for low-power VLSI applications. 

This research focuses on implementing CMOS multiplexer-based combinational circuits 
using the Sleepy Keeper Technique and evaluating its impact on power consumption, delay, 

and circuit efficiency. The primary objectives of this study are: 

To design and implement CMOS multiplexers integrated with the Sleepy Keeper Technique. 

To analyze and compare power consumption, leakage current, and performance metrics with 

conventional CMOS circuits. 

To explore trade-offs between power optimization, area utilization, and timing constraints. 

II. PULL-UP AND PULL DOWN 

Pull-up network (PUN) and pull-down network (PDN) are two networks that form a static 

CMOS gate. Figure 1 shows a normal N-input logic input where all information is passed to 
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both the draw-up and pull-down organisations. PUN is always used to connect the output to 

ground. The output of the logic gate should be 1 (based on the input). If the output of a logic 

gate is to be zero, the PDN connects the logic gate to a voltage source. In mutually exclusive 

networks, pull-up and pull-down networks are constructed to be in a stable state. Thus, when 

the drifter is stable, there is usually a path between ground and the result F, which means a 

high result ("1"), and conversely between the voltage source and F, which means a low result 

("zero"). In steady state.  

 
Fig. 1: PUN and PDN 

The gate signal of the transistor can be used to control the switch. When the control signal is 

high, the NMOS switches on, and when the control characteristic is low, the NMOS switches 

off, the inverting switch is provided by a PMOS transistor. The PMOS switch is on when the 

control signal is low and off when the control signal is high. 

NMOS devices are used in drawdown configurations and PMOS semiconductors are used in 

drawdown configurations. The main reason is that PMOS devices generate a "strong 1" 

whereas NMOS transistors generate a "strong 0". To see how this works, look at the example 

in Figure 2.  

The resulting capacitance is initially charged to VDD in Figure 2a. There are two examples of 

unload scenarios: NMOS semiconductors are generally preferred as PDN. Essentially, Figure 

2b shows two alternative ways of powering a capacitor, with the capacitor voltage initially at 

GND. A PMOS switch charges the capacitor up to VDD in this way, but an NMOS device 

cannot boost the capacitor beyond VDD-VTn. Hence, PMOS semiconductors are also used in 

chips. 

 
(a) 

 
(b) 

Fig. 2: NMOS and PMOS Switches 

III. PROPOSED METHODOLOGY 

For this encryption, AND_OR & NAND_NOR with key has developed. The AND_OR gate 

with key is present in fig. 3, the key is ‘0’ than circuit like a AND gate & ‘1’ than circuit like 

a OR gate.  The NAND_NOR gate with key is present in fig. 4, the key is ‘0’ than circuit like 

a NAND gate & ‘1’ than circuit like a NOR gate.   
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Fig. 3: AND_OR 

 
Fig. 4: NAND_NOR 

3.1 Sleepy Keeper 

We present a new method for reducing overflows, called the "sleepy keeper" approach. This 

section details the structure and functionality of the Sleepy Keeper approach. We also discuss 

layout issues for the Sleepy Keeper strategy. The main problem with traditional CMOS is the 

efficient use of transistors. PMOS semiconductors are used for the VDD power supply and 

NMOS semiconductors are grounded. However, PMOS semiconductors are less efficient 

when they pass GND at the same time. Therefore, NMOS semiconductors are less efficient 

when they pass VDD. The sleep keeper method uses an initial value of 1 to maintain the level 

"1" during sleep. The NMOS semiconductor is connected to VDD, and the output value is 

maintained at "1" during sleep mode. The amplifying single NMOS semiconductor connected 

to both ends of the pull-up static semiconductor passes VDD to the pull-up organization. 

During sleep, the sleep transistor is disabled so this NMOS transistor serves as the only VDD 

power source.  

An additional single NMOS semiconductor, installed in-line with the pull-down residual 

semiconductor, connects VDD to the pull-down network as shown in Figure 5. During sleep 

mode, the remaining semiconductor is disabled so this NMOS semiconductor serves as the 

main VDD power source for the pull-down network. One additional PMOS transistor is 

placed above the pull-down network as shown in Figure 3.8. During sleep, the sleep transistor 

is disabled so this NMOS transistor serves as the only VDD power source. This is a duplicate 

instance of case "1" above. For this method to work, it is only necessary that the NMOS 

connected to VDD and the PMOS connected to GND are able to maintain the corresponding 

logic state. This seems possible because other researchers have described ways to maintain 

the logic state at significantly lower VDD values. For example, we propose a significantly 

lowered VDD value that is sufficient to maintain the state. The slow guard semiconductors 

(NMOS connected to VDD and PMOS connected to GND) are never used to significantly 

change the output voltage. They are only used to maintain a well-determined output voltage. 

In particular, the slowly acting guard transistors act as the only connections that maintain the 

same output voltage for a few clock cycles after going to sleep and before waking up. 

 
Fig. 5: SK approach 
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IV. RESULTS 

Speed and power consumption are in conflict with each other. When speed is given top 

priority, the limiting voltage is usually reduced and the storage voltage is increased. When 

power dissipation is given priority, the limiting voltage is increased and the storage voltage is 

reduced. We have designed all design on 45n and 65n technology.  

Create NAND_NOR design using SK technique on DSCH in present in fig. 6 and draw TD in 

figure 7. Layout of NAND_NOR is design using SK technique in present in fig. 8. The 

NAND_NOR CMOS provide a 0.363 mw µw for 90n is present in figure 9.     

 
Fig. 6: NAND_NOR Gate using SK 

 

 
Fig. 7: TD of NAND_NOR Gate using 

SK 

 
Fig. 8: Layout of NAND_NOR Gate 

using SK 

 

 
Fig. 9: PD of NAND_NOR Gate for 90n 

using SK 

Create AND_OR design on DSCH in present in fig. 10 and draw TD in figure 11. Layout of 

AND_OR design in present in fig. 12. The AND_OR CMOS provide a 0.403 mw for 90n is 

present in figure 13.     

 
Fig. 10: AND_OR Gate 

 
Fig. 11: TD of AND_OR Gate 
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Fig. 12: Layout of AND_OR Gate 

 
Fig. 13: PD of AND_OR Gate for 90n 

V. CONCLUSION 

The implementation of the Sleepy Keeper Technique in CMOS multiplexer-based 

combinational circuits demonstrates a significant reduction in leakage power dissipation 

while maintaining circuit stability and functionality. By integrating sleep transistors and 

keeper logic, this approach effectively reduces static power consumption without severely 

impacting performance metrics such as propagation delay and area overhead. 

Simulation results confirm that the proposed design outperforms conventional CMOS 

multiplexer architectures in terms of power efficiency, making it highly suitable for low-

power VLSI applications in processors, embedded systems, and communication devices. The 

study also highlights the trade-offs between power saving and circuit performance, 

emphasizing the need for further optimization in deep submicron and nanoscale CMOS 

technologies. 

Future work can explore adaptive power gating strategies, hybrid leakage reduction 

techniques, and scalability to advanced technology nodes to further enhance energy 

efficiency. The findings of this research contribute to the development of next-generation 

power-aware CMOS designs, enabling more efficient and sustainable digital systems in 

modern computing and electronics. 

REFERENCES 

[1] Sai Srinivas Chandra, R. Jagadeesh Kannan, B. Saravana Balaji, Sreehari 

Veeramachaneni & Sk. Noor Mahammad, “Efficient design and analysis of secure 

CMOS logic through logic encryption”, Scientific Report (Scopus), Nature,2023. 

[2] A. Gupta, M. K. Singh, R. Jaiswal, D. Goel and K. Singh, "Standard Cell Library 

Design of 2:1 Mux Using 45nm Technology”, International Conference on Next 

Generation Electronics (NEleX), Vellore, India, pp. 1-5,2023. 

[3] R. Singh and A. Kumar, "Design and analysis of alow power high speed full adder 

using 2×1multiplexer," IEEE North Karnataka Subsection Flagship International 

Conference (NKCon), Vijaypur,India,pp. 1-7,2022. 

[4] M. Sivasakthi and P. Radhika, "A High-Speed MCML Logic Gate and Multiplexer 

Design in 45 nmCMOS Technology," Fourth International Conference on Emerging 

Research in Electronics, Computer Science and Technology (ICERECT), Mandya, 

India, pp. 01-05,2022. 

[5] Sadulla Shaik, “Device-Circuit Interaction and Performance Benchmarking of Tunnel 

TransistorBased Ex-OR Gates for Energy Efficient Computing,” Journal of Circuits, 

Systems, and Computers (JCSC), Vol. 29, No. 8, June-2020. 

[6] D. R. Florance and B. Prabhakar, "Design of FinFET and GnrFET Based Full Adder 

Cell using Multiplexer Selection Logic", 2022 4th International Conference on Smart 

Systems and Inventive Technology (ICSSIT), pp.741-747,2022. 

[7] S. Goel, Ashok kumar, M. A. Bayouni, "Design of Robust, Energy-Efficient Full Adder 

for Deep-Submicrometer Design Using Hybrid-CMOS Logic Style, " IEEE Trans. Very 

Large Scale Integr. (VLSI) Syst., vol. 14, no. 12, pp. 1309-1321, Dec.2006. 

[8] H. You J. Yuan Z. Yu and S. Qiao "Low-Power Retentive True Single-Phase-Clocked 



 
 

 

25TH January 2025 

National Seminar on ‘Sanskriti Ka Badlta 
Swaroop Aur AI Ki Bhumika’ 

6 

International Advance Journal of Engineering, Science and Management (IAJESM)  
Multidisciplinary, Multilingual, Indexed, Double-Blind, Open Access, Peer-Reviewed, Refereed-

International Journal, Impact factor (SJIF) = 8.152 

Flip-Flop With Redundant-Precharge-Free Operation" IEEE Transactions on Very 

Large Scale Integration (VLSI) Systems vol. 29no. 5pp.1022-1032May2021. 

[9] Laxmi Kumre, Bhavana P Shrivastava and Neeraj Rai, “Comparative Analysis of 

CMOS Inverter For Low Leakage Power”, International Journal Of Scientific & 

Technology Research Volume 8, Issue 09, September 2019. 

[10] Xiaoke Tang Xu Hu Yapeng Zhang Yi Hu and Xi Feng, “An Analysis of Power 

Dissipation Analysis and Power Dissipation optimization Methods in Digital Chip 

Layout Design”, IEEE 19th Interna. Conf.onComm. Tech. (ICCT) 2019. 

[11] Abdollahi, A, Fallah, F & Pedram, M., “Leakage current reduction in CMOS VLSI 

circuits by inputvector control”, IEEE Transactions on Very Large Scale Integration 

(VLSI) Systems, vol. 12, no. 2, pp.140-154,2004. 

[12] Hanho Lee, G. E. Sobelman, "New XOR/XNOR and full adder circuits for low voltage, 

low power application, " Microelectronics Journal vol. 29, pp. 509-517, 1998. 

[13] H.T. Bui, Y. Wang, Y. Jiang, "Design and Analysis of low-power IO-transistor full 

adders using novel XOR-XNOR gates, " IEEE Transactions on Circuits &Systems II, 

vol. 49, pp. 25-30, Jan. 2002. 

[14] S. Goel, M. E. Elgamel, M. A. Bayouni, Y. Hanafy, "Design Methodologies for high-

performance Noise-tolerant XOR-XNOR Circuits, " IEEE Trans. Circuits and Syst. I, 

vol. 53, no. 4, pp. 867-868, ApriI 2006. 

[15] Shiv Shankar Mishra, S. Wairya, R.K. Nagaria and S. Tiwari, "New Design 

Methodologies for High Speed Low Power XOR-XNORCircuits, " Journal of World 

Academy Science, Engineering and Technology (WASET) 09, vol. 55, no. 35, pp. 200-

206, July 2009. 

 


