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Abstract: The objective of this study is to present a level shifter architecture that utilizes a pair
of inverters and a Wilson current mirror to reduce power consumption while improving voltage
shifting capabilities. We introduce novel components such as super-cut-off pull-down and stacked
pull-up networks to effectively minimize leakage power. Our design leverages multi-threshold
CMOS (MTCMOS) technology, incorporating sleep transistors to boost operational speed, decrease
power consumption, and reduce the physical footprint. The proposed circuit is engineered to step up
voltage levels, ranging from a mere 0.4 V to a substantial 1.2 V. Through extensive optimization of
performance parameters, including power efficiency, delay, and area utilization, we have tailored
this design to cater specifically to the demands of nano-scale applications. Key results from our
research reveal that the average active power consumption for “level-up” shifts is impressively low
at 48.5 nW, with an average latency of a mere 1.58 ns for 1 MHz transmission frequencies. Post-layout
modeling demonstrates that our suggested design occupies a compact area of just 9.97 µm2. These
findings were meticulously modeled using Cadence Virtuoso with 45 nm processes. Furthermore,
our research highlights the substantial advancements achieved when compared to previous methods.
The proposed design boasts a threefold increase in operational speed and delivers significant savings
in both area and power consumption. These outcomes have far-reaching implications for emerging
technologies and applications in the field.

Keywords: level shifter; leakage; MTCMOS; super-cut-off pull-down; stacked pull-up networks

1. Introduction and Literature Survey

Level shifters are commonly employed in a wide variety of applications for System-on-
Chips (SoCs) in order to enable communication between different voltage domains. Sensors
on SoCs operate at voltage levels different from those used by the core circuitry. Level
shifters allow communication between sensor outputs and the core logic, simplifying data
transmission. Different forms of memory, such as double-data rate (DDR) and flash memory,
may operate at different voltage levels within SoCs. Level shifters facilitate the interface
of memory components with the rest of the semiconductor. Level shifters are required in
SoCs used in mobile devices and other applications focused on display technology. These
level shifters allow for seamless interaction between SoCs and display technologies such
as liquid crystal display (LCD) and organic light-emitting diodes (OLEDs), which may
have different voltage needs. Level shifters are critical components in SoCs that handle
mixed signals, which are integrated circuits with both analogue and digital components
that must communicate with one another. It is possible that different components of
portable or battery-powered equipment may require independent voltage levels. Level
shifters are essential in these devices because they maximize the use of available power
resources. Interfacing with sensors and peripherals running at multiple voltage levels
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is a common requirement in SoC architectures designed for specific domains such as
automotive, medical, or industrial applications. SoCs require the inclusion of level shifters
to efficiently interface with the various radio frequency (RF) components in order to support
the smooth integration of communication devices such as wireless transceivers. Level
shifters are critical in enabling the integration of many voltage domains on a single chip,
allowing for uninterrupted communication between system components. A level shifter is
a crucial component in the development of inter-integrated circuit (I2C) communication
protocols, as it helps ensure proper signal compatibility between devices with different
voltage levels. I2C is a popular serial communication protocol used for connecting various
integrated circuits within electronic systems.

The required larger chip area associated with the usage of a level shifter is a restriction
found in some SoC systems. SoCs are semiconductor devices that include various compo-
nents inside a singular integrated circuit; these components comprise central processing
units (CPUs), graphics processing units (GPUs), memory units, communication interfacing
units, and several other functional blocks. The use of a larger area by a single compo-
nent, such as a level shifter, may impose limitations on the integration of other essential
components or diminish the overall functioning of the chip. The optimization of the level
shifter circuit is essential for designers to save power consumption while simultaneously
meeting performance specifications. Level shifters’ operational characteristics can vary
depending on a number of factors, including the temperature at which they operate and the
surrounding environmental conditions. The presence of extreme temperatures, humidity,
and other environmental factors may potentially harm the circuit’s stability and reliability.

Because of the low power needs of SoC applications, the semi-conductor industries
often operate at voltages ranging from 0.1 V to 5 V. As integrated circuits become more
complicated and demand more power, effective power supply solutions such as stacking
and multiple VDD become more important. Modern SoC design has significant issues in
obtaining the correct power consumption and latency. The need for efficient power delivery
and low-latency solutions is growing, particularly as chip layouts become more complex.
When each block within the system operates with a separate electrical supply, then a level
shifter (LS) is required/essential to connect the output of one block to the input of the
next block.

Addressing these challenges [1] not only increases the performance of SoCs but also
offers potential for a wide range of applications, from mobile devices to high-performance
computing. Enhancing power delivery efficiency [2] and decreasing latency [3,4] not only
yield advantages for the semiconductor sector but also bear significance for the ongoing
development of digital technology and energy conservation.

In a prior study [5], a high-speed LS circuit was developed through the utilization
of complementary metal-oxide semiconductor (CMOS) and carbon-nano-tube field-effect-
transistor (CNFET) technology. The utilization of the high-voltage threshold (HVT) and
low-voltage threshold (LVT)stages was observed. The circuit demonstrated notable im-
provements in power and efficiency by employing a reduction in the number of transistors
to 5, while also achieving a decrease in transmission delay to 4.95 ns. Wang et al. developed
a LS [6] that was meant to have minimal space requirements and low leakage current.
This approach employs a multi-layer pull-up and pull-down system to mitigate energy
dissipation. The total area of this architecture was 5.614 µm2, and it was fabricated on 55 nm
multi-threshold CMOS (MTCMOS) technology. When the input voltage was converted
from 0.3 V to an output of 1.2 V, the power consumption was measured to be just 21.62 pW,
and the time delay or latency was found to be 24.06 ns.

In [7], this model describes a system with a single translator that can translate impulses
of different amplitudes. The circuit receives a pulse-shaped signal with a voltage of 3.3 V as
input. Depending on the specific configuration, the circuit generates one of three impulses
with voltages of 1.2 V, 1.8 V, or 2.5 V as output. Heng introduced a model [8] that illustrates
the design and implementation of the MTCMOS approach for developing a level converter
with a wide range of capabilities. An integrated mixed-threshold current reflection circuit
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is used in the circuit to effectively reduce the occurrence of oscillation issues that were
seen in earlier designs. The level converter exhibits the ability to convert a signal with an
initial voltage of 1.2 V. The delay of this level converter is measured to be 17.86 ns, while
its power consumption remains constant at 73.95 pW. Furthermore, numerous alternative
low-voltage LS designs have been presented in the literature [9–11] as potential solutions
for the implementation of energy-efficient pull-down and pull-up systems [12–14].

In reference [15], two conventional LS architectures are discussed: the current mir-
roring (CM) and the differential cascading voltage switching (DCVS) models. However,
this approach is accompanied by significant power consumption when dealing with high-
voltage input signals, hence making it less suitable for low-power devices. The authors in
reference [16] present an LS that effectively converts a lower input voltage to high output
voltage. This architecture design incorporates the MTCMOS method and the super-cut-off
mechanism in order to mitigate power dissipation resulting from leakage. It also incor-
porates a performance-preserving positive feedback system. The level shifter exhibits
a transmission delay of 70.77 ns and is capable of converting a voltage range of 0.3 V
to 1.2 V at an input frequency of 1 MHz. The device operates with a consistent power
consumption of 27.82 pW and occupies a compact footprint of just 7.79 µm2. According to
the study referenced in [17], CM and DCVS are identified as the predominant types of LS.
The utilization of CM configuration facilitates expedited conversion. Nonetheless, because
leakage current through transistors at “high” input signal voltages results in significant
static power consumption, it might not be appropriate for ultra-low power systems.

The utilization of efficient and energy-saving techniques [18–21] based on 180 nm
technology and subsequent advancements has facilitated the improvement of chip area.
Although they possess significant advantages in terms of space and energy, they may
not be well suited for applications that require low latency. Our solution to this problem
involved the use of a LS in conjunction with MTCMOS, super-cut-off mechanisms, and
transistor stacking. Furthermore, we integrate inverters at both the input and output stages
in conjunction with the super-cut-off mechanism. The implementation of this approach
guarantees the achievement of low latency and efficient voltage switching.

2. Methods

As shown in Figure 1, the proposed method employs MTCMOS technology, which
employs transistors with two distinct threshold voltages (HVT and LVT), each with a length
of 45 nm and a width of 120 nm. The input signal is fed into the input inverter (MP1 and
MN1); we added a second inverter (MN5, MN4, MP7, and MP8) at the output. To translate
the output voltage from low to high, we employed current mirror circuits. This design
optimizes the LS’s structure, using various methods such as MTCMOS (as seen in Figure 2),
transistor stacking, and a super-cut-off mechanism. MTCMOS is an enhanced CMOS
technology that reduces delays and maximizes energy savings by utilizing transistors with
multiple threshold voltage levels. It achieves high switching speed and area optimization
through the strategic use of sleeper transistors with optimized gate length, width, size, and
body bias. Sleep transistors, typically high-threshold PMOS or NMOS, are employed to
cut power to specific sections of a device. MTCMOS devices are known for their reduced
power consumption during idle states and lower latency [22,23]. The circuit was developed
with possible changes in the size and quantity of HVT and LVT transistors along with a
super cut-off mechanism.

In typical CMOS technology [24], a single-threshold design restricts transistors to
supplying electricity to circuitry that operates at a specific voltage. However, MTCMOS
introduces multiple threshold devices like HVT and LVT. This allows both high- and low-
voltage circuitry to be powered. In our proposed circuit, we use MTCMOS transistors,
which include both HVT and LVT variants, offering flexibility to accommodate a range
of voltage requirements. The decision was made to include MTCMOS technology in our
design to simultaneously achieve a reduced physical size and enhanced power efficiency. In
order to provide more precision, it was determined that the implementation of LVT would
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be used for the transistors (MN1, MP1, MN2, MN3) whose gates were linked to either the
input (In) or output of an input inverter (MP1 and MN1). The purpose of this action was
to save space on the design. To mitigate power dissipation resulting from leakage, we
opted to use HVT for the remaining components of the level shifter. Despite the fact that
LVT-based transistors leak more current than HVT-based transistors, the implementation
of the super-cut-off mechanism effectively reduces the amount of leakage when MN2 or
MN5 is turned off.

Electronics 2023, 12, x FOR PEER REVIEW 4 of 12 
 

 

 
Figure 1. Level-up shifter. 

 
Figure 2. MTCMOS. 

In typical CMOS technology [24], a single-threshold designrestricts transistors to 
supplying electricity to circuitry that operates at a specific voltage. However, MTCMOS 
introduces multiple threshold devices like HVT and LVT. This allows both high- and 
low-voltage circuitry to be powered. In our proposed circuit, we use MTCMOS transis-
tors, which include both HVT and LVT variants, offering flexibility to accommodate a 
range of voltage requirements. The decision was made to include MTCMOS technology 
in our design to simultaneously achieve a reduced physical size and enhanced power ef-
ficiency. In order to provide more precision, it was determined that the implementation 
of LVT would be used for the transistors (MN1, MP1, MN2, MN3) whose gates were 
linked to either the input (In) or output of an inputinverter (MP1 and MN1). The purpose 
of this action was to save space on the design. To mitigate power dissipation resulting 
from leakage, we opted to use HVT for the remaining components of the level shifter. 
Despite the fact that LVT-based transistors leak more current than HVT-based transis-
tors, the implementation of the super-cut-off mechanism effectively reduces the amount 
of leakage when MN2 or MN5 is turned off. 

“Transistor stacking” is a straightforward technique that involves connecting mul-
tiple transistors in series. This configuration significantly reduces power leakage com-
pared to using a single device. The reduction in leakage current when series transistors 
are turned off is known as the stack effect or self-reverse bias effect [25,26]. In our pro-

Figure 1. Level-up shifter.

Electronics 2023, 12, x FOR PEER REVIEW 4 of 12 
 

 

 
Figure 1. Level-up shifter. 

 
Figure 2. MTCMOS. 

In typical CMOS technology [24], a single-threshold designrestricts transistors to 
supplying electricity to circuitry that operates at a specific voltage. However, MTCMOS 
introduces multiple threshold devices like HVT and LVT. This allows both high- and 
low-voltage circuitry to be powered. In our proposed circuit, we use MTCMOS transis-
tors, which include both HVT and LVT variants, offering flexibility to accommodate a 
range of voltage requirements. The decision was made to include MTCMOS technology 
in our design to simultaneously achieve a reduced physical size and enhanced power ef-
ficiency. In order to provide more precision, it was determined that the implementation 
of LVT would be used for the transistors (MN1, MP1, MN2, MN3) whose gates were 
linked to either the input (In) or output of an inputinverter (MP1 and MN1). The purpose 
of this action was to save space on the design. To mitigate power dissipation resulting 
from leakage, we opted to use HVT for the remaining components of the level shifter. 
Despite the fact that LVT-based transistors leak more current than HVT-based transis-
tors, the implementation of the super-cut-off mechanism effectively reduces the amount 
of leakage when MN2 or MN5 is turned off. 

“Transistor stacking” is a straightforward technique that involves connecting mul-
tiple transistors in series. This configuration significantly reduces power leakage com-
pared to using a single device. The reduction in leakage current when series transistors 
are turned off is known as the stack effect or self-reverse bias effect [25,26]. In our pro-

Figure 2. MTCMOS.

“Transistor stacking” is a straightforward technique that involves connecting multiple
transistors in series. This configuration significantly reduces power leakage compared
to using a single device. The reduction in leakage current when series transistors are
turned off is known as the stack effect or self-reverse bias effect [25,26]. In our proposed
circuit, we employed this method to minimize power lost due to leakage. It consists of two
systems: the stacked pull-up (MP2, MP3, MP7, and MP8) and the super-cut-off pull-down
(MN2, MN3, and MN5). In the proposed circuit, the source of MN1 is only connected to
the ground, while the source of MN2, MN3, and MN5 is connected to the input signal
of the level shifter; this enables the MN2, MN3, and MN5 transistors to enter super cut-
off, minimizing power consumption. This approach was chosen to achieve high-speed
performance while maintaining low standby electrical current. The proposed approach
involves replacing the traditional pull-up transistor with a configuration of stacking pull-up
transistors (MP2 and MP3) in the current–mirror circuit. However, the stacking pull-up
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transistors (MP7 and MP8) and the super-cut-off transistors (MN5) are part of the output
inverter’s design to reduce current loss due to leakages. The sourcing nodes of MN2 and
MN5 are electrically linked to the input signal. To identify the super-cut-off transistor state,
we verified that the gate-to-source voltage (Vgs) was substantially below the threshold
voltage (Vth). The transistor was essentially turned off in this condition, and leakage
current is minimized. To reduce Vgs below the threshold voltage, the transistor source
nodes (MN2 and MN5) were linked to the input signal. When the rising flip of the input
signal “In” was completed, the Vgs of MN2 and MN5 were equal to −400 mV.

As a consequence of this modification, the transistors MN2 and MN5 were effectively
driven into the super-cut-off state upon deactivation, resulting in a substantial reduction in
the current dissipated by leakage. The activation of both MN1 and MN3 occurred upon
the attainment of a high state in the LS input signal. Subsequently, the voltage levels at
both the output of the input inverter and the input of the output inverter were reduced.
The MN2, MN3, and MN5 transistors simultaneously switch to super-cut-off mode at the
same time.

Subsequently, the transistors MP7 and MP8 elevate the amplitude of the output signal
(Out) until it reaches a high state. When the input voltage (In) of the level shifter is in a low
state, the output of the input inverter is raised to low supply voltage (VDDL) by the MP1
component. During the same time frame, MN1 and MN3 experience disconnection. As
a result of this, the MN5 component is responsible for making the level shifter’s output
almost identical to the input signal (In).

The system may be divided into subsystems and supplied with suitable voltages based
on their performance requirements. It achieves high switching speed and area optimization
through the strategic use of sleeper transistors with optimized gate length, width, size, and
body bias. Sleep transistors, typically high-threshold PMOS or NMOS, are employed to
cut power to specific sections of a device. The multi-VDD design methodology utilizes
several supply voltage levels to energize different circuit blocks or subsystems inside a SoC.
This technique involves dividing the design into distinct voltage domains, wherein each
domain operates at an appropriate power supply voltage level based on its specific timing
needs. Subsystems with low power consumption are operated using a VDDL, resulting in a
decrease in speed performance. In contrast, subsystems that require high-speed operation
are supplied with VDDH, leading to a decline in energy efficiency.

Figure 3 illustrates a conceptual representation of a Voltage LS (VLS) with several
voltage supply levels (VDDH/VDDL). By using VLSs, which are buffering circuits fa-
cilitating the connection between voltage domains by converting high-voltage signals to
low-voltage signals or vice versa, this approach achieves an optimal balance between power
consumption and higher-speed functioning. The multi-VDD technique aims to reduce
energy utilization in a level shifter by applying VDDL to non-essential blocks and VDDH
to critical blocks. Nevertheless, when the low-voltage module establishes a connection with
the high-voltage module, it produces a driving signal characterized by a lower voltage. The
static current flow in the high-voltage domain is seen to grow as a result of the low voltage
module’s inability to drive it. In order to address this issue, level shifters are strategically
positioned between the domains of low and high voltage in order to ensure the smooth
functioning of the system. Level shifters play a crucial role in ensuring the accurate timing
of signal transitions and effectively driving subsequent circuit blocks.
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3. Results

The level shifter input and output waveform are shown in Figure 4. The circuit
operates with an input voltage of 0.4 V and produces an output voltage of 1.2 V at a
frequency of 1 MHz. Notably, both the input and output signals remained stable throughout
the measurement duration. The propagation delay of a circuit is calculated as the interval
of time between the application of an input and the subsequent switching of the output
(measured at the point where the input–output transition reaches 50%).
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Power consumption, propagation delay, and area are the three important aspects of
the chip design. To obtain the best design parameters for the level shifter, the proposed
model’s behavior under multi-VDD (Figure 5) and temperature changes (Figure 6) was
studied. The circuit was optimized to deliver the best performance under the following
parameters: VDDH of 1.2 V, VDDL of 0.65 V, and a room temperature of 27 ◦C.

The delay is calculated under different conditions to observe the behavior of the
circuit. In Figure 5a, delay is assessed under various conditions by altering VDDL values
while keeping VDDH constant. We can observe that delay remains constant initially
and gradually increases in all scenarios. Although lower VDDL values may appear to
be advantageous (delay is almost constant) at first, these advantages are dependent on
their use within a specified operational range. Deviating from this range might result in
compromised or poor performance. The circuit is designed to operate at a typical VDDL
value of 0.65 V. Small variations in VDDL can have a pronounced impact on the effective
Vth of transistors, influencing delay exponentially.

In Figure 5b, power consumption is evaluated by adjusting VDDL values while
maintaining a constant VDDH. The findings demonstrate an exponential increase in power
as VDDL is raised. Additionally, power consumption escalates with higher VDDH levels.
The power consumption of level shifters is also affected by the existence of capacitive loads
inside the circuit. The rise in VDDL has the potential to induce alterations in capacitive
loads, hence influencing power consumption and contributing to the observed upward
trajectory. Dynamic power is primarily caused by supply voltages and the discharging and
charging of load capacitance. The power consumption has a positive correlation with the
magnitude of the load [27].

The parasitic capacitances associated with the gate capacitance of the transistors
contribute to the delay. The capacitive loading on the input and output nodes impacts
the time it takes for the voltages to change during a logic level transition. Parasitic ca-
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pacitances associated with transistor switching contribute to dynamic power loss during
signal transitions.
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Similarly, as shown in Figure 5c,d, delay and power are evaluated by adjusting VDDH
at a constant VDDL. As depicted in Figure 5c, the delay demonstrates a consistent linear
increase with each increment in VDDH.

A linear relationship between the increase in VDDH and the resulting increase in
latency of a level shifter suggests that the level shifter circuit exhibits a direct correlation
between propagation delay (latency) and VDDH. An increase in VDDH can lead to changes
in the effective resistances and capacitances, resulting in a linear impact on the delay.

The power output of a level shifter exhibits a linear response to changes in VDDH
while VDDL remains constant, as shown in Figure 5d. In a multi-VDD design, different
voltage domains exist within the circuit. As VDDH increases, the voltage across the
high-voltage transistors also increases. Since power is proportional to voltage, the power
dissipation in the high-voltage domain increases linearly with VDDH.

The power consumption in circuits has a quadratic dependence on the supply voltage.
The dynamic power dissipation is proportional to the square of the voltage. Therefore,
even a moderate increase in VDDL can result in a more substantial increase in power
consumption compared to an equivalent increase in VDDH.

The behavior of power concerning VDDH closely mirrors that of delay, demonstrating
a linear rise that further escalates with increased VDDL; when the power output of a
level shifter demonstrates a linear response solely to changes in VDDH while VDDL
remains constant, it indicates the existence of a linear relationship between VDDH and
power consumption.

Figure 6 shows a depiction of the propagation delay of the proposed LS for different
process voltage–temperature (PVT) corners. The typical case (TC) scenario contains typical
NMOS and PMOS devices at a temperature of 27 ◦C and a typical voltage of 1.2 V (VDDH).
The worst-case scenario (WC) corner employs both slow NMOS and fast PMOS devices. A
10% increase in high voltage (VDDH = 1.32 V) and −40 ◦C temperature is also considered.
Finally, the best-case (BC) scenario is a mix of fast NMOS and slow PMOS transistors
operating at 125 ◦C with a 10% drop in high voltage (VDDH = 1.08 V). At a typical voltage
of VDDL of 0.65 V, the delay in the cases of BC, TC, and WC is 1.4, 1.58, and 2 ns, respectively.

The impact of temperature on delay and power is evident. In Figure 7a, one can
observe how delay changes with varying temperature values. It shows a slight decrease
in delay with increasing temperature up to room temperature, after which it begins to
rise. The temperature-induced increase in delay in a level shifter is a result of multiple
inter-related factors, including changes in threshold voltage, carrier mobility, and parasitic
capacitances. These factors collectively contribute to the degradation of the level shifter’s
performance as the temperature rises, leading to a longer delay in signal propagation.

The measurement conditions in Figure 6 are a VDDL of 0.5 V and VDDH of 1.2 V.
Figure 7b illustrates power consumption under different temperature conditions, where
power increases slightly with rising temperatures. For optimal results, it is advisable to
operate under low-temperature conditions, particularly room temperature.

Figure 8 shows the layout created for our proposed design using the Cadence tool with
45 nm technology. The circuit’s area depends on various factors, including wire routing,
metal widths, poly width, spacing of metal–poly connectors, the number of connections,
and wire size. All these parameters influence the circuit’s area. Despite having fewer
transistors, an improper arrangement of the above parameters can lead to increased circuit
area. Therefore, effective layout construction is crucial to maintain an optimized circuit.

A comparison of different previous works with the current model is given in Table 1.
In terms of latency, our suggested architecture outperforms existing alternatives, achieving
a remarkably low latency of approximately 1.58 ns, which is superior to any previous model.
The proposed design also boasts a compact layout, occupying only 9.97 µm2. Even though
this circuit uses less power than some earlier designs, its power-delay product reduction
capabilities set it apart as the best in its class. The magnitude of leakage current when a
transistor is in the super-cut-off state can be extremely low. In this state, the transistor is
designed to be as close to fully turned off as possible, and the leakage current is minimized.
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Stacking is used in pull-up and pull-down networks to lower total power consumption; the
average power with and without stacking is 48.5 and 50.44 nW, respectively. We noticed
an overall improvement in power consumption with the use of stacking in the circuit; the
power consumption decreased by 4% when compared to the lack of stacking.
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Table 1. Comparison with previous work.

Parameter Ref. [5] Ref. [20] Ref. [21] Ref. [6] Ref. [18] This Work

Results Pre-layout Pre-layout Pre-layout Measured Post-layout Pre-layout

Tech (nm) 45 180 45 55 180 45

Delay (ns) 4.95 10 16.4 24.06 23.69 1.58

P.Static (W) 0.28n 70p 412p 21.62p 0.3n 1.2n

P.Avg. (nW) 4.4 2600 - 8.86 123.1 48.5

PDP 27.7 26,000 - 213.7 2916 76.73

VDDL (V) 0.25 0.4 0.2 0.3 0.6 0.65

VDDH (V) 1 1.8 1.2 1.2 1.8 1.2

Area (µm2) 3.46 99.875 0.173 5.614 63 9.97

The main advantage of using a proposed VLS is that it facilitates communication and
data exchange between different voltage domains. By allowing different parts of a system
to operate at their optimal voltage levels, a VLS can contribute to energy efficiency. It
enables the use of lower voltage levels in specific sections of the circuit, reducing overall
power consumption. VLSs provide flexibility in system design and scalability. As new
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components are added to a system, they can be designed to operate at their preferred
voltage levels, and VLSs ensure compatibility with the existing system architecture.
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To further optimize the performance of the proposed circuit, consider implementing
any of the subsequent alternatives: The dimensions of the level shifter circuit may have
an effect on both the overall chip area and cost. The size of the transistors in the level
shifter must be precisely optimized. By altering the widths and lengths of the transistors,
one can achieve the desired delay while using less area. It is advised that the input-side
inverter be replaced with a pass transistor to minimize the total circuit size. To enable
efficient communication and smooth compatibility, the level shifter must adhere to voltage
standards and signaling protocols that are compatible with the other components or devices
with which it desires to communicate. Choose a conventional cell collection with higher cell
density and smaller cell footprints. The use of enhanced-design standard cells in the level
shifter circuit may result in overall space reductions. The use of proper placement strategies
has the ability to reduce chip area by effectively reducing wire length and mitigating the
influence of parasitic capacitance.

4. Conclusions

Our research has successfully developed a compact level shifter based on a Wilson
current mirror with minimal leakage current, utilizing MTCMOS, transistor stacking,
and super-cut-off CMOS techniques. The level shifter excels in transforming low input
voltages to a higher level (from 0.4 V to 1.2 V) with an impressive propagation delay of
1.5821 ns, accompanied by an average power consumption of 48.5 nW and a compact area
of approximately 9.9736 µm2.

This work has notable implications for low-power computing designs, particularly
in applications demanding ultra-low delay performance. It represents a significant step
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forward in the field of level shifters, surpassing existing alternatives in terms of performance
and efficiency.

Looking ahead, there are opportunities for further research, such as exploring the
integration of our design in specific low-power applications and investigating optimizations
for even more power-efficient solutions. Our research serves as a foundation for future
advancements in ultra-low-power computing and opens the door to a range of innovative
applications that require efficient level-shifting solutions.
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