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ABSTRACT 
 

 

The constant demand for power efficient electronic systems has led to the exploration of 

low-power design techniques in various aspects of integrated circuits. In particular, 

voltage level shifters play a crucial role in bridging voltage domains within a system. This 

thesis focuses on the design and optimization of energy-efficient voltage level shifters 

operating in the Near-Threshold Voltage (NTV) regime. This work presents a low power 

and high-speed voltage level shifter circuit which can convert near threshold voltages to 

super threshold region. The proposed structure improves performance and speed by 

implementing a low power buffer to minimize power losses in the previous designs. High 

delay owing to fall transition has been mitigated using a pass transistor, which improves 

the overall speed of operation of the circuit without using any multi-threshold devices. 

Only 11 transistors are used for the proposed circuit. The circuit can shift input voltages 

as low as 0.3 V to 1V output voltage. The proposed LS was implemented using 45nm 

CMOS technology and incurs power dissipation of 12.78nW with propagation delay of 

4.106 ns for a 0.4V/ 1 MHz signal. The designed circuit shows high speed performance 

as compared to other circuits present in the literature over a wide range of temperature.  
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                                           CHAPTER 1  

                                         INTRODUCTION 

1.1 INTRODUCTION 

One of the most popular methods for lowering power consumptions in low power 

digital circuits is voltage scaling. In fact, the number of cores and voltage scaling of digital 

cores on modern processors have both greatly grown. Voltage scaling to regions well 

below the threshold voltage of device, known as subthreshold region, does consume low 

power but it is not the most energy efficient region to operate the device. Rather, operation 

of circuit at voltage level close to threshold voltage, called near threshold voltage (NTV) 

operation proves to be more energy efficient. Thus arises the need for speed and power 

efficient Level shifter (LS) Circuits operating in NTV region. 

Operating near threshold voltage has several benefits in terms of power efficiency 

and performance. Here are some of the benefits of near-threshold voltage operation: 

1. Power Efficiency: One of the significant advantages of operating near threshold 

voltage is reduced power consumption. Transistors operating at lower voltages 

experience lower leakage currents, which results in reduced power dissipation. 

Since power consumption is directly proportional to the square of the voltage, 

operating at lower voltages can lead to significant power savings. 

2. Energy Efficiency: Near-threshold voltage operation enables energy-efficient 

computing. By lowering the supply voltage, the energy consumed per operation 

is reduced. This is particularly beneficial for battery-powered devices, where 

energy efficiency is crucial to prolong battery life. 

3. Increased Integration Density: Operating at lower voltages allows for increased 

integration density or packing more transistors on a chip. The reduced voltage 

levels allow for smaller transistor sizes, enabling higher transistor counts and 

more complex circuits within the same chip area. 

4. Improved Performance-Per-Watt: Near-threshold voltage operation can offer 

improved performance-per-watt compared to traditional operating voltages. 

While individual operations might take longer due to slower transistor switching, 

the overall energy efficiency can lead to higher performance per unit of power 

consumed. 



 

 

 

2 

 

 

1.2 OPERATION IN NEAR-THRESHOLD VOLTAGE (NTV) 

REGION 
 

 The operational sphere of Near-Threshold Voltage (NTV) embodies a unique 

transistor functioning segment within the broader scope of Complementary Metal-Oxide-

Semiconductor (CMOS) technology. It is particularly significant for electronic 

engineering designs aimed at maximizing power conservation. This operational sphere 

serves as an intermediary between two polar transistor operational areas, namely the sub-

threshold and super-threshold zones, achieving a harmony between energy consumption 

and performance delivery. 

 

Fig. 1.1 Energy and delay in different operating regimes. 

 

The sub-threshold region is marked by gate-source voltages dropping below the threshold 

voltage (Vth), pushing transistors into an OFF state. This region is characterized by 

minimal leakage currents, yet it suffers from an inherently slow performance due to 

reduced drive strength. This sluggishness restricts its widespread utility. 

 



 

 

 

3 

 

 

Conversely, the super-threshold region is characterized by gate-source voltages soaring 

significantly above the threshold voltage. This area offers high-performance output due 

to enhanced drive strength, but it is also notorious for high energy expenditure, posing 

issues for energy-sensitive applications. 

 

The Near-Threshold Voltage (NTV) territory offers a solution to balance these contrasting 

operational aspects. By allowing transistors to function marginally above their threshold 

voltage, it fosters a synergy between power efficiency and performance output. This 

region is particularly successful in securing significant energy savings while delivering 

satisfactory performance for a multitude of applications. 

 

NTV region operation gains prominence in power-sensitive systems, including wearable 

devices, Internet of Things (IoT) devices, and any scenario where power efficiency is the 

overriding consideration. Transistors functioning in this regime can adeptly manage 

power budgets while maintaining an acceptable performance level, which is crucial given 

the proliferation of computing and increasing demand for mobile electronic devices. 

 

In near-threshold voltage (NTV) regime, the operating voltage of a digital circuit is very 

close to the threshold voltage of the transistors used in the circuit. This operating 

condition poses challenges for reliable and robust circuit operation. One of the challenges 

in NTV operation is the need for voltage level shifters. Here's why voltage level shifters 

are required in near-threshold voltage regime: 

1. Signal Integrity: Near-threshold voltage operation can lead to reduced noise 

margins, meaning the voltage difference between logic high and logic low levels 

becomes smaller. This reduced voltage swing can make it challenging for signals 

to be reliably propagated from one stage to another. Voltage level shifters are used 

to boost or shift the logic levels of signals to ensure proper signal integrity and 

reliable data transfer between different voltage domains. 

2. Compatibility with Peripheral Circuits: In a system, there may be peripheral 

circuits or components that operate at higher voltages than the NTV circuit. For 

example, input/output (I/O) interfaces, memory interfaces, or communication 

interfaces may require higher voltage levels. Voltage level shifters are necessary 
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to interface between the NTV circuit and these peripheral circuits, ensuring proper 

communication and compatibility. 

3. Robustness against Process Variations: Near-threshold voltage operation is highly 

sensitive to process variations, such as transistor threshold voltage variations, due 

to the smaller voltage margins. Voltage level shifters can help mitigate the impact 

of process variations by providing appropriate voltage scaling and translation, 

thus improving the robustness of the circuit against these variations. 

4. Power Supply Regulation: Near-threshold voltage operation is highly dependent 

on power supply stability. Voltage level shifters may incorporate voltage 

regulators or supply clamps to ensure a stable and regulated supply voltage for the 

circuit. This helps in maintaining proper functionality and reducing the effects of 

voltage droops or fluctuations. 

Overall, voltage level shifters play a crucial role in near-threshold voltage operation by 

addressing the challenges related to signal integrity, compatibility with peripheral 

circuits, robustness against process variations, and power supply regulation. They enable 

reliable operation and interconnection of circuits operating at different voltage levels, 

ensuring proper functionality and performance in the near-threshold voltage regime. 

 

As per the scope of this thesis, a voltage level shifter designed for NTV regime operation 

aims to efficiently elevate near-threshold voltages to super-threshold levels and vice 

versa. This conversion ensures smooth interoperability between different components of 

a circuit operating at varying voltage levels, thereby guaranteeing power-efficient and 

uninterrupted communication within the electronic system. The core of this thesis 

revolves around designing an energy-efficient voltage level shifter suitable for NTV 

regime operation—a vital facet of progressive, low-power electronic design. 

 

Given the surge in demand for low-power electronic devices and the exponential 

expansion in applications such as IoT, wearable technology, and mobile electronics, it is 

clear that the relevance and necessity for NTV regime operation will continue to rise. 

Therefore, this thesis's exploration and contributions to NTV regime operation and the 

design of efficient voltage level shifters are not only relevant but essential to the current 

and future state of electronic design and engineering. 
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1.3 VOLTAGE LEVEL SHIFTERS 

 Voltage level shifters, also known as level translators, are integral components in 

the realm of electronic design. They serve a crucial role in bridging the gap between 

diverse sections of a circuit that operate at differing voltage levels. By facilitating 

seamless communication and data transfer between these varying voltage domains, they 

ensure the overall functionality and performance of an electronic system. 

 

Level shifters exhibit the capability to convert low-level voltage signals to higher voltage 

levels and vice versa. This ability is of paramount importance in today's complex 

electronic systems, where different parts of a circuit—such as the core logic and 

peripheral devices—may need to operate at different voltages due to varying performance 

or power requirements. 

 

Propagation delay and power dissipation are two crucial factors that often define the 

performance of level shifters. The time it takes for a signal to travel from the level shifter's 

input to its output is known as the propagation delay, and the amount of power used during 

this entire procedure is known as the power dissipation. A level shifter that achieves the 

best balance between speed and power efficiency would have a small propagation delay 

and low power dissipation. 

 

There are many different types and configurations of level shifters, each with advantages 

and disadvantages. The single-supply, dual-supply, and bi-directional level shifters are 

the three most popular types. The simplest form is the single-supply level shifter, which 

is frequently employed when the ground reference for the two voltage domains is the 

same. When the two voltage domains have independent power supplies, the dual-supply 

type is used. As their name implies, bi-directional level shifters may convert voltage 

levels in both directions and are appropriate for data bus applications. 

 

The difficulty in creating level shifters, despite the variety of level shifters on the market, 

comes in balancing the trade-offs between several parameters, including speed, power 

efficiency, complexity, and cost. For instance, a level shifter made for high speed might 

use more power, but one made for low power might have longer propagation delays. 
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The goal of this research work is to design a voltage level shifter that is energy-efficient 

and capable of functioning in the near-threshold voltage (NTV) regime. To achieve this, 

a design must be created that not only reduces power loss and propagation delay but also 

keeps its reliability even when working with low input voltages. By facilitating more 

effective and dependable communication across various voltage domains inside a circuit, 

such a voltage level shifter would significantly advance the field of low-power electronic 

design 

 

1.4 NEED FOR A VOLTAGE LEVEL SHIFTER  

In Very Large Scale Integration (VLSI) circuits, voltage level shifters play a 

crucial role due to the increasing need for low power consumption in numerous 

applications. As technology continues to scale down, the operation voltage of digital 

circuits has decreased accordingly to reduce dynamic power consumption. This power 

optimization has led to heterogeneous systems where different parts of the circuit operate 

at different voltage levels, creating a necessity for voltage level shifters. Voltage level 

shifters are used to bridge these circuits operating at different voltage levels by converting 

signal levels from a lower voltage domain to a higher one, or vice versa, without 

degrading signal integrity. This ensures proper functioning and interoperability between 

the disparate voltage domains. 

Moreover, voltage level shifters are essential in technologies such as Near-

Threshold Voltage (NTV) operations, where voltage supplies are significantly lower than 

traditional circuits. Here, voltage level shifters become critical to balance performance, 

power, and reliability, and achieve energy-efficient operations. In conclusion, the voltage 

level shifter is an indispensable component in modern VLSI circuits, significantly 

contributing to the energy efficiency and power optimization of these systems.  

 

1.5 THESIS ORGANISATION 

The content of the thesis is organized in four chapters: 

Chapter I – Includes the introduction about level shifters and NTV region. It explains 

the need for level shifters and how operation of LS in NTV region offers the best tradeoff 

point with good performance and low power consumption  
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Chapter II –  This chapter gives a detailed literature review of the various circuits of 

level shifter. It mentions their salient features along with research gaps amongst those.  

Chapter III – This chapter includes the proposed design low power buffer based LS, it 

discusses its working and salient features. It also contains the various simulations and 

results for the proposed circuit. Outcome of the research is also included in this chapter 

Chapter IV – This includes conclusion of the work and any further future scope. 
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CHAPTER 2  

LITERATURE REVIEW 

2.1 CONVENTIONAL LEVEL SHIFTER  

The circuit schematic of conventional LS is shown in Figure 2.1, it is based on differential 

cascade voltage switch (DCVS) type architecture. The circuit comprises of thick gate 

oxide MOS transistors MP1, MP2, MN1 and MN2 for overcoming voltage stress. For a 

low or logic 0 input, MN2 starts conducting which pulls down node Q2. This turns on 

MP1 and Q1 node gets charged to VDDH level or logic 1, which gets inverted by the 

output inverter so that the output is low. For a high input, MN1 starts conducting and 

MN2 turns off, this pulls down Q1 node, which turns on MP2 and Q2 node gets charged 

up to VDDH. A logic 0 signal at Q1 gets inverted to give a high output at VDDH level.  

The conventional LS suffers with two major demerits. Firstly, due to thick gate 

oxide layer of MN1 and MN2 transistor the circuit cannot work at low core voltages. 

Secondly, due to contention between pull-down transistors (MN1 and MN2) and pull-up 

(MP1 and MP2), the strengths of pull-up and pull-down networks have to be properly 

balanced to get proper output, this is difficult to achieve when circuit works at deep sub-

threshold voltage ranges thus making the circuit unsuitable for voltage translation from 

deep sub-threshold voltages. 

 

Figure - 2.1 Conventional voltage level up shifter   

MP1

MN1

MP2

MN2

VDDH

VDDL

VDDH

GND

IN

OUT
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2.2 Previous Level Shifter Designs 

The LS in [1] implements a reduced-swing output buffer and a pass transistor in the design 

to reduce delay and decrease the static power consumption. The proposed LS in [2] 

incorporates zero-Vt transistor as well as analog circuit techniques to make LS suitable 

to work in ultralow core voltages and minimize static power losses. In LS [3] LVT 

transistors are used in pull down network and input inverter to mitigate static power losses 

and address contention problem of pull up and pull down network. In [4] self-adapting 

pull up networks along with split input inverting buffer is used to increase speed of 

operation and reduce power consumption A feedback transistor is used by the Wilson 

current mirror level shifter (WCMLS) [5] to stop static current, but this leads to a high 

static current flowing at the first inverter of output buffer. Additionally, the input inverter 

and the charge sharing via feedback transistor significantly slows down the speed of the 

fall transition. 

 In order to increase the speed of the circuit, the LSs in [6] and [7] uses multi-threshold 

CMOS transistors to reduce the pull-up network while boosting the pull-down network. 

In [6] a multiplexer can be added to the standard architecture for further optimizations, 

and the input supply voltage can also be used as the select signal. LS with current limiter 

in [8] presents a LS which incorporates a self-controlled current limiter by detecting error, 

this setup used an error signal generated from output signal to control the current mirror 

and it also incorporates multi threshold MOS transistor hence optimizing the delay. P.K 

Machiraju et al. in [9] presented an efficient voltage level translators which could translate 

the voltage up or down based on the input voltage applied. In [10] stacking technique is 

utilized which helps minimize leakage power and currents, hence making circuit suitable 

for low power applications. Q.A Khan et al. in [11] proposed a single supply LS, which 

helps in minimizing layout congestion and pin count with zero static current consumption. 

In LS mentioned in [12] a two stage operation is utilized incorporating techniques like 

varying transistor size, use of multi-threshold devices to increase the strength of pull 

down network while using a virtual supply to bring down pull up network current driving 

capability. Stage 2 helps in achieving rail-to-rail swing.  A two-level driver circuit for 

driving ultrasonic transducers is suggested in [13] and is based on the 0.18 um HV SOI 

CMOS technological method. In [14] for ultra low voltage application from subthreshold 

to above threshold, a write assist is utilized. It also uses body biasing of NMOS transistor 
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to compensate for mismatch and process variations. The LS in [15] uses close loop 

negative feedback circuit to control current, hence improving upon both delay and power 

profile. In [16] the LS incorporates a quasi inverter for fast charging and discharging of 

nodes. In [17] a high voltage driver circuit using adapted level shifter is implemented in 

65 nm TSMC technology node. The adaptive LS makes use of stacked CMOS transistors. 

The Passive LS in [18] work by translating the median value of incoming signal. 

 In [19] the LS optimizes delay, area and power-delay product (PDP) with the use 

of single power rail. Figure 2.2 shows the energy efficient level shifter. The circuit uses 

threshold voltage drop of M1 to create a virtual VDDL for the input inverter consisting 

oof M2 and M5, thus increasing robustness and voltage stress problem at the input 

inverter level. The circuit schematic is shown below. 

 

      Figure - 2.2 Energy efficient topology based level shifter  

Also, the source of M3 is connected to the input terminal, which further helps in reducing 

leakage currents during rising edge transition of the input voltage. In [20], it is also 

possible to use the back gate of transistors to lower the threshold voltage of the transistor 

and lower the static power consumption of the LS designed.  

2.3 REFLECTED OUTPUT WILSON CURRENT MIRROR BASED LEVEL 

SHIFTER 

The circuit diagram of a reflected output WCMLS [21] is shown in Figure 2.2 The circuit 

is a modified WCMLS architecture. For a rising edge transition, MN2 is turned on which 

pulls down node Q3, this turns on MP3 and hence discharges node Q2 through MP3, 

MN2 and ground. A discharged Q2 turns on MP5 and output will be high at VDDH 

M1

M2

M3

M4

M5

M6

IN OUT

VDDH

VDDH
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voltage level.  For a low input, MN2 gets turned off and Q4 node gets discharged through 

pass transistor, which turns on MP2 and through an initially discharged Q2, Q1 discharges 

and turns on MP1 MP4 and Q3 gets charged, which turns on MN3 and output becomes 

low. The circuit incorporates a pass transistor MN1, current limiting diode MP3 in series 

and a split input inverter consisting of MP5 and MN3 to optimize delay and power 

consumption, but the delay is still significant. 

 

Figure – 2.3 Reflected output WCMLS [21]  

 

2.4 DOUBLE CURRENT LIMITER BASED LEVEL SHIFTER 
 

The circuit schematic of a double current limiter based LS [22] is shown in Fig 2.3 The 

circuit incorporates double current limiters MN1-MN4 and MN2-MN5 to achieve better 

power delay product and mitigate contention between pull-up and pull-down networks. 

For a low input, MN6 turns on through VDDL inverter and pulls down Q2 node, which 

turns on MP1 and Q1 gradually charges to a reduced swing voltage level through MN1 

and MN2 diodes. Output inverter inverts the weak logic 1 signal at Q1 to give a good 

logic 0 at output, so that the output is low. For a high input signal MN3 turns on, pulling 

down node Q1, which turns on MP2 and pulls up Q2 node, this turn of MP1 and the logic 
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0 signal discharged Q1 node is inverted to give a logic 1 signal at the output with a full 

swing.  

The circuit incorporates 12 transistors and has high delay for fall transition due to slow 

charging of Q1 node through double current limiter MP2-MP3, hence overall speed of 

operation of circuit is slow and reduced swing at Q1 node causes significant power loss 

in the output inverter. Hence overall delay and power consumption of the circuit is still 

significant. 

 

Figure – 2.4 Double current limiter based LS  

 

2.5 REGULATED CROSS COUPLED PULL-UP NETWORK BASED 

LEVEL SHIFTER 
 

The circuit schematic of a regulated cross coupled pull up network based LS [23] is shown 

in figure 2.4. The circuit employs MP1, MP2, MP4 and MP5 transistors as regulated 

cross-coupled pull-up network, these help in the regulation of pull-up network strength, 

which also helps in mitigation of contention. MN1, MN2 are used in the pull-down 

network. This circuit also incorporates MP3 and MP6 transistors as current limiters which 

also help in controlling the dynamic power losses during switching. Output is taken 

through a split input which further reduces switching power loss as compared to a normal 

common input inverter.  
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Figure – 2.5 Regulated cross coupled Pull up network based LS 

 

With a rising edge pulse at the input, MN1 turns ON and pulls down node Q1, this 

turns on MP3 due to low voltage level at its gate terminal and hence its drain and source 

terminal gets shorted which pulls down node Q2. Due to pull down of node Q2, MP7 is 

turned ON, which pulls up output node to VDDH level. For a falling edge transition, Input 

inverter inverts the input voltage signal and sends a high voltage level at the input of MN2 

transistor, which turns MN2 ON and pulls down node Q4 and consequently node Q3 is 

pulled down by turning MP6 ON. Due to low voltage level at Q3, MP2 is turned ON, 

which along with MP1 and MP3 charges node Q1 to turn on MN3 and hence we get low 

voltage level (0 V) Output. 
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CHAPTER 3  

DESIGINED LEVEL SHIFTER 

3.1  LOW POWER VOLTAGE BUFFER BASED LEVEL SHIFTER  

The proposed level shifter circuit is designed in 45nm CMOS technology which 

converts near threshold voltages, as low as 0.3 V to above threshold voltages with fast 

speed of operation and low power consumption. The circuit diagram of the proposed 

design is shown in Figure 3.1 below. 

 

Figure – 3.1 Low power voltage buffer based LS 

 

  The circuit comprises of 11 transistors M1 to M11. The circuit is a modified WCMLS 

structure and includes a low power buffer constituting of MOS transistors M6-M11 that 

incorporates a C-element structure comprising of M7 and M8 to minimize static power 

loss. The circuit also incorporates a pass transistor M4 to optimize fall transition delay of 

the proposed design. Hence, improving upon the overall delay of the circuit and 

increasing speed of operation of circuit while balancing the tradeoff between speed and 

power dissipation. 
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Initially when the input voltage signal is at low level (0V), the pass transistor M4 

passes the low voltage signal and discharges node Q2 to a lower voltage level, which 

turns on MOS transistors M6, as the gate terminal of M6 received a low voltage signal. 

Due to a low input signal at node Q3, M7 also gets turned on, hence due to conduction of 

M6 and M7 transistor, Q4 node starts charging and reaches to a high voltage level which 

gets inverted by M10-M11 output inverter to give a low voltage signal (i.e 0 V) at output. 

Also, with Q2 discharged M2 is turned ON, but current in M1-M2-M3 is cut off since M3 

and M1 are in OFF state at this point. Now, for a low voltage to High voltage transition 

of input signal M4 gets turned off due to a negative gate to source voltage and M3 turns 

on, this leads to discharging of node Q1, which in turn supplies a low voltage signal at 

the gate of MOS transistors M1 and M5. This sets up flow of a reference current through 

M1-M2-M3 transistors which gets mirrored through transistor M5, to charge node Q2. 

This, along with a high voltage signal at input, turn on MOS transistors M9 and M8 

respectively, which pulls down node Q4 and through inverter action of M10-M11, output 

gets high with a full rail swing of VDDH. 

3.2 SIMULATION AND RESULTS 

We have used Cadence Virtuoso tool for the analysis of our circuit and its 

validation. We have designed our circuit using Cadence gpdk 45nm CMOS mixed signal 

technology. For the simulation Supply rail was kept at 1 V. 

 

 

Figure – 3.2 Input Output Waveform of the designed Circuit with Vin at 0.3V 
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      Figure – 3.3 Input Output Waveform of the designed Circuit with Vin at 0.4 V 

 

 

 

 

 

      Figure – 3.4 Input Output Waveform of the designed Circuit with Vin at 0.5 V 
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Figure – 3.5 Input Output Waveform of the designed Circuit with Vin at 0.6 V 

 

 

 

Figure – 3.6 Input Output Waveform of the designed Circuit with Vin at 0.7 V 

 

The Input and output waveforms of the designed level shifter circuit are shown in figure 

3.2 to figure 3.6 for input voltage as low as 0.3V to up to 0.7V. Input voltages are shown 

in red, while output is indicated by green lines in these waveforms. The above analysis 

shows the robustness of the design, which works effectively at the Near-Threshold 

Voltage Region (NTV) as well as above threshold voltage. When we go below 0.3V input 

voltage the delay of the circuit increases significantly due to slow charging and 

discharging of the nodes at lower voltages.  
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Figure – 3.7 Comparison of propagation delays of various Voltage LS circuit 

 

 

Figure – 3.8 Variation of propagation delays of different voltage LS with respect to 
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  Figure – 3.9 Comparison of Power dissipation of different voltage LS 

 

The configuration of transistors, defined by features such as the channel width (W) and 

length (L), plays a pivotal role in the design of circuits. The proportion (W/L), also known 

as the aspect ratio, impacts a range of essential transistor properties including current 

flow, operational speed, power consumption, and noise tolerance. For example, 

enhancing the transistor's width can escalate its current conduction capability, thereby 

increasing its speed. However, this can also inadvertently augment parasitic capacitances, 

potentially resulting in higher power loss. Similarly, shortening the channel length can 

boost speed but may exacerbate short-channel effects and augment leakage currents, 

which could negatively impact the circuit's power efficiency and dependability. 

Therefore, fine-tuning the dimensions of a transistor is a vital process in striking the 

optimal balance between speed, power, and noise margins in circuit design. The 

subsequent table showcases the aspect ratios of the transistors utilized in our proposed 

model, exemplifying this intricate equilibrium. 
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TABLE - 3.1 Aspect ratios of MOS Devices  

 
Transistor W/L ratio Transistor  W/L ratio 

M1 2.67 M7 2.67 

M2 2.67 M8 5.33 

M3 2.67 M9 2.67 

M4 2.67 M10 2.67 

M5 2.67 M11 2.67 

M6 2.67   

 

Table 3.1 shows the aspect ratios of the 11 transistors used in the design. M8 transistor is 

provided with higher width as compared to the rest of the transistors so as to increase its 

current driving capability to discharge Q4 node. Input Voltage directly appears at the gate 

terminal of M8, this voltage level is significantly lower as compared to the supply rail 

level. This would cause higher delays during the rising edge transition of the input, hence 

to strengthen this transistor its aspect ratio is increased significantly. 

 

From the figure 3.7 we can see that the proposed level shifter design offers the lowest 

propagation delays with respect to other modes described in the literature, the proposed 

model also offers significantly lower delay over a wide range of temperatures as shown 

in figure 3.8. 

 The proposed circuit also consumes less power due to low power voltage buffer 

which used C-element. The C-element helps in minimizing static power losses of the 

circuit by cutting off any leakage current flowing through it. The same can be observed 

in Figure 3.9, where the proposed level shifter shows better power performance with 

respect to DCL LS model 
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TABLE - 3.2 Delay and power analysis of different LS designs 

 

LS model Propagation delay (in ns) Power dissipation (in nw) 

Double current limiter based 12.309 57.04 

RCC pull-up network based 5.405 1.8437 

Reflected output WCMLS  4.349 1.564 

Proposed Model  4.106 12.78 

 

 

 

3.3  SUMMARY 
 

From the various simulation data and results we have successfully ensured developing a 

voltage level shifter capable of converting near-threshold voltages to the super-threshold 

region with improved speed and minimized power losses. The proposed structure uses a 

low-power buffer and a pass transistor to enhance performance, overcoming the high 

delay issues associated with fall transitions in prior designs. With the utilization of only 

11 transistors, the proposed circuit demonstrates its efficiency by converting input 

voltages as low as 0.3V to 1V output voltage. Implemented using 45nm CMOS 

technology, the voltage level shifter exhibits a power dissipation of 1.278nW and a 

propagation delay of 4.106 ns for a 0.4V/ 1 MHz signal, demonstrating significant 

improvements over existing designs. The Proposed structure can convert deep 

subthreshold voltages as well but delay will be significantly increased hence the proposed 

level shifter can be used in Near-threshold region and not below that. 

 

 

 

 



 

 

 

22 

 

 

 

CHAPTER 4 

                              CONCLUSION AND FUTURE SCOPE 

This work introduces a level shifter design that boasts both power and delay 

efficiency. The proposed schematic leverages a low-power output buffer fortified with a 

C-element to neutralize leakage currents, thereby curbing static power dissipation. To 

minimize delay, a pass transistor has been incorporated in the design, optimizing the fall 

transition delay and enhancing the overall operational speed. The design blueprint of the 

proposed circuit utilized 45nm CMOS technology. The post-layout analysis of this low-

power, output buffer-based level shifter illustrates improved performance metrics in both 

power consumption and delay, showcasing an advantage over previous designs. The 

circuit has the capability to efficiently convert low input voltages of 0.3V to higher output 

voltages of 1V, accomplishing this feat with reduced power consumption. The scheme 

also elevates operational speed significantly. 

The design demonstrates effective performance across an extensive range of 

voltages and temperatures, a testament to its versatility and robustness. Future 

improvements could focus on enhancing the sturdiness of the proposed design through 

the utilization of multi-threshold devices. The incorporation of body biasing could 

facilitate the creation of these multi-threshold devices, subsequently broadening the input 

voltage range that the level shifter can handle. This study sets the stage for the 

development of more efficient, high-performance level shifters that can significantly 

contribute to low power applications in digital circuit design. 
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