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ABSTRACT

In modern days the dual supply voltage methodology is used widely in VLSI design in order to
minimize the power dissipation. The conversion from the low to high voltages Level shifters are
plays a pivotal role. In this article we proposed a low power and energy efficient level shifter
using Wilson current mirror level shifter. The suggested design was implemented in cadence tool
with 45nm technology. A power consumption of 2.613nW and a delay of 861.3pS was observed
to translateasource voltage of 0.3Vto 1V at 1MHz in 45nm technology.
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Objectives of the Proposed Work
To get a low latency, power efficient output and it is analyzed.
To develop the efficient circuit with low static power is observed.

Motivation

Level shifters are widely used in interfacing devices. For interfacing other logics are required.To
avoid any additional integrated logics we shifted to level shifters. In which we can translate the
logic levels without any additional integrated logics.

Methodology

The proposed circuit is designed by using Wilson current mirror principle. By this technique we
have measured the power and delay parameters. As, we promised the results obtained are
efficient than the existing circuit.

Introduction

The world is shifting towards technology more rapidly. In earlier days the size of electronic
gadgets was large compared to the same gadget at present. The size of computer when it was
discovered was very vast that it occupied a large area but now the same computer is such small
that it can be carried anywhere with ease. The main reason for this drastic change, is the
advancements in the electronic industry. Transistors played a key role in this changing the world
of electronics. In recent years the size of transistors, was reduced which resulted in the shrinkage
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in the size of the gadgets. As the size of the transistor is getting reduced the power dissipation is
the main area of concern. There are various techniques available to minimize the power
consumption of the topology. To minimize the power intake in CMOS topology the Source
voltage reduction is one of the best technique. One of the major techniques which uses this
scaling of supply voltage and has a high rate of success in multi-supply . In multi-supply
technique there are two supply voltages. The major part of the circuit operates at nominal supply
voltage ie VDD generally known as VDDH, and the non-critical portion of the circuit operateson
the voltage which is less than the supply voltage known as VDDL. By using this technique, the
dynamic power of the circuit is reduced without altering the performance.

Literature survey

Level shifter is defined as an interfacing circuit which is used to translate signals from one
logic level or voltage level to different voltage level, allowing compatibility between integrated
circuits (IC’s) with different voltage requirements. The major application of level shifter is found
in digital trails and SOC (system on chip) where distinct units or sub units operate at numerous
voltages and speed. It can be used an interfacing element in between two voltage domains. To
correct the supply voltage levels for consecutive digital blocks in dual supply architectures the
Voltage Level Shifters are plays a key role.

The application of level converter was experimented on flip-flops to find the circuit heftiness
against supply which is a key factor that differentiates better level converter model. The level
shifter was designed using the multi-supply technique and two stage cross-couple technique [2]
was used to design the pull-up network. For the 1% stage of pull-up network an additional PMOS
were connected in parallel to upgrade the stability of the pull-up network. The topology was
designed using 90nm CMOS technology. This circuit could adapt 100mV to 1V. For a 200mV
input signal static power dissipation of 8.7nW, a propagation delay of 8.7nW and a total energy
per transition of only 77 fJ at 1 MHz the LS was designed using the Differential Cascade Voltage
Switch (DCVS) technique [3]. At the output stage a Split inverter was used to minimize the
power intake. The design was implemented in 180 nm CMOS technology. This design can covert
the lowest input signal of 100mV input signal to 1.8V. For an input of 400mV to shift to 1.8V the
propagation delay was 31.7 ns, average static power of less than 60 pW and energy per transition
was 173 fJ. The pull-up network of the level shifter was designed using a regulated cross-couple
(RCC) technique [4]. The post layout simulation was performed using 180nm CMOS technology.
This level shifter could translatefrom 80mV to 1.8 V. For an inputfrequency of 1 MHz the power
dissipation and propagation delays are 123.1 NW and 23.7 ns respectively. A new configuration
of voltage level shifter which can perform both level-up and level-down shifting operations. It
uses transmission gates and a multiplexer[5] in which input voltage acts as select line and supply
voltages as input lines, rest of the circuit is used for either up conversion or down conversion.
The proposed topology can be used for low power and immense speed applications. It can
up/down convert from 0.4V to 1V and vice versa. A new voltage level shifter which uses hybrid
combination of Wilson current mirror and CMOS logic gates. It was designed for Dynamic
voltage scaling (DVS) applications [6]. Five qualities involved in designing the new level shifter
were (a) smaller area in terms of layout for sub threshold voltage changeover, (b)low power
dissipation in above threshold operations, (c) balanced rise and fall time delays in operating
range, (d) transistor sizing and threshold voltage parameters are insensitive to operating range, (e)
bidirectional level shifting operations. Hybrid buffers, current mirrors and delay circuits were
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used in this work to boost the performance of the level shifter in terms of power, delay and duty
cycle over full range of DVS applications. A circuit that has no cross coupled connection [7]
which leads to diminution in delay. Transmission gates are used in designing the proposed level
shifters. Stable duty ratio and High-speed performance features the configured level shifter to
become suitable for wide 1/0O interface voltage applications in ultralow power design using
CMOS Technology.

A new configuration of voltage level shifters using modified Wilson current mirror circuit
MTCMOS (Multi threshold CMOS) technique [8] were applied to Wilson mirror level shifters to
reduce power intake, but there is a limitation of leakage power dissipation. By using the stack
technique, the problem of leakage power dissipation is solved. By applying both stacked and non-
stacked techniques to the modified Wilson current mirror based level shifter the comparison were
made. Here, forcing methods were implemented for power reduction in the circuit. Proposed
level shifter Modifies Wilson current mirror Hybrid buffer using forced PMOS method and
without forced PMOS Method. Novel LS was designed that uses a modified Wilson current
mirror hybrid buffer (MWCMHB) [9]. Foe full range conversions and bidirectional level
conversion the modified Wilson current mirror hybrid buffer level shifter was designed. The
complete range indicated that the supposed operating voltage can be deep sub threshold, which is
close to the VDDL of digital circuits, and VDDH is the typical supply voltage defined in a
transistor technology. The minimum input voltage for which the circuit could work was 200mV.
The circuit was designed using 65nm technology. A design was implemented using Half-Latch-
based technique along with the current mirror technique [10]. Single PMOS was used as a
Current limiter. This design could not work for the values of input below 100mV. For an input
voltage of 200mV at 1 MHz the propagation delay was 18.4nW, power consumption of 6.6nW
and energy per transition of 93.9fJ.

A hybrid design of a level shifter was designed using the cross-coupled and the current mirror
techniques [11]. The output of the level sifter was taken using the split inverter which reduced the
leakage current. This level shifter could only work till 330mV. For the voltages below 330mV
this level shifter did not work properly. The internal level shifter (ILS) is designed with the aid of
input and output branches, those are comprised of a governable current source, a diode-connected
transistor, [12]NMOS switch transistor and basic inverter.The gate terminals of the output stage
were separated by the ILS. The diode connected transistor is acts as input to the output inverter
for the designed circuit. The circuit simulation was carried out using 40nm and 180nm CMOS
technology. The circuit consumed small energy of 4.2 fl/transition with VDDL and VDDH of
0.35 V and 1.1 V, in that order the design implemented in a 40-nm technology. This could
operate for an input voltage of 80mV in 180nm technology. For eliminating the high leakage
currents and speeding up the fall transition for pass transistor [13] the reduced swing buffer
design was used. The design could operate in sub threshold region. The level shifter was designed
using the65nm CMOS technology. These LS could shift a 300mV signal to output of 1V with
propagation delay of 7.5ns, leakage power of 2.64nW and energy per transition of 123.8fJ. The
area occupied by the design was 7.45um?. An overview of how dynamic current generator [14]
can be used to reduce static power dissipation by operating only during transition times when
input and output logic levels do not synchronize to each other. Strength of pull up and pull down
networks are kept at equilibrium in order to perform level shifting for extreme values of low
input voltages which are below threshold voltages. This structure ensures that no static current




Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 1972 - 1983
Received 25 April 2021; Accepted 08 May 2021.

flows in between supply rails. Current mirror logic and Differential cascade voltage switch logic
(DCVSL) were used in designing the low power voltage level shifter. An Energy Efficient Sub
Threshold Level Converter [15] has presented the power reduction techniques while converting
from deep submicron input voltages to nominal output voltages. The implementation of the
model includes multi threshold devices, multi supply, and level converting delay and extending
minimum input voltages. This level shifter will efficiently and reliably convert up to
1.2V Operating range of supply voltage ranges between 188mV and 1.2V, which makes it suitable
for both sub threshold and DVS operation. How total power dissipation can be reduced by using
two techniques namely AVLS andAVLGwhich raises source potential and the ground potential
respectively. This work focuses on reduction in active power, leakage power and threshold
voltage by using AVL scheme. The results of this Voltage level shifter verifies the characteristic
of low-power circuit which could be utilized in designing of low power applications.

The sub and Super Threshold Logic Cells are interfaced with Low Voltage Level Shifter [16], the
novel approach in which the main transistors were body-tied. This approach adds additional
connection which leads to increase in the energy consumption. The level shifter could convert
from 0.35V to 1.2V. voltage level shifters are classified into 4 types (a) Dual supply voltage level
shifter (b) single supply voltage level sifter (c) pass transistor half latch voltage level shifter(d)pre
charge circuit-based voltage level shifter [17]. The crisis we need to crack in the dual voltage
method is to decide to which node the minimal voltage should be applied to minimize the power
or delay of the totaltopology. Low supply voltage can be applied to non-critical paths in the
design such as input and output modules. High supply voltage can be applied to critical path such
as memories high speed digital blocks. A number of common misconceptions have been clearly
identified and debunked. Here we described an automated design technique by using two supply
voltages to reduce the power. [18] To condensed power and supply voltage is demoralized in a
clock tree. By Combining the both automated design technique and two supply voltages
technique we can reduce the power by 47% in random-logic modules and by 73% in the clock
tree. By Combiningthe above techniques, we applied it to a media processor chip. By using the
Schmitt trigger structures the efficient on-off ratio can be significantly enhanced [19], which
successfully reduced the leakage at gate node hence, the output level will stabilize. [20],
thefunctionality of the multipliers will exhibit down to supply voltages of 84 mV—-62 mV. For an
8x8 bit multiplier the supply voltage is gives as 62mVand the total power intake of the circuit
1s17.9nW which is operated at a frequency of 5.2 KHz.In digital design the quadratic relationship
between supply voltage and consumption of power, by voltage scaling we can effectively reduce
the dynamic power intake of the particular circuit.[21-22] by building the half latch structure for
DCVS circuits it consumes negligible leakage current owing to its complimentary pull up and
pull down networks.

Proposed design

The schematic of the proposed voltage level shifter is shown in the figure 1. The
suggestedlevel shifteris developed with the aid of Wilson current mirror technique. The proposed
structure of the circuit is composed with input inverter, a dual current mirror and an output
inverter. The input branch consists of a CMOS inverter using low voltage threshold PMOS and
NMOS transistors. The input inverter is provided with a low VDD. To convert the voltage levels,
we required current limiters and pull up networks. The current limiters are designed by using
PMOS. Pull up network consists of current mirror. The output branch consists of an inverter. The
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inverter is provided with a high VDD.

When the input is LOW MP1 is ON and MNZ1off this leads the transistors MN5 to ON as the
gate of MP7 is connected to drain of MN5 so the MP7 gets turn ON this leads MP4 MP5 MP6 to
turn ON. This results the node Q1 to charge to VDD. As the input of output inverter is high the
output is low. So, the output is low as that of VIN.

When the input is HIGH then VINB will be LOW which turn off the MNS5 transistor. As VIN is
high the MN4 and MN3 transistors will gets turn on. The MN4 transistor is connected to the
ground then the voltage at node Q1 is zero. The MN2 gate terminal is connected with node Q1
the MN2 transistor will turn off. The input of the output inverter is connected with the node Q1.
As the node voltage is low the input of the output inverter is low which result the output as high
same as VDDH.

VDDH
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MP4 P— MP2 P—
MP1
MP8 MPS }: ci MP6 | MN2
VIN B VIN

Q2 —

MN1
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Figure 1: Proposed Level-Shifter

Tablel: Aspect ratio of the transistors.

Device WI/L(nm)
MN1,MP7,MNG6 300/180
MP1,MP8 450/180
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Results

The proposed LS was designed using 45nm technology. The proposed citcuit was compared
with existed circuit[1]. Different analysis such as temperature analysis,frequency analysis and
corner analysis were performed on both the circuits. At constant input voltage of 0.3v and
constant frequency of 1MHz by changing the temperature from -40to110°C temperature analysis

was performed. Figure 2 show the variaison of the same circuit in two different technologies.
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Fig . 2. a)Power, b)Delay and c)PDP comparison of proposed LS and existed LS[1] with change
in the temperature of operation .

By enhanching the width of the transistor effects the power comsumption to increases and the
delay of the transistor to decrease due to the reduction in the channel length of the transistor.

The LS desing was tested by changing speeds of the transistors.Power delay and PDP were
calculated and the comparison was shown in figure 3.

By setting the input pulse train at 0.3V and the frequency of operation at 1MHz throughout the
analysis the changes were tabulated. The observations were converted into graphical form for
easy understanding of the viwer.
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Fig.3. a)Power, b)Delay and c)PDP comparison of proposed LS and existing LS[1] with change

The frequency was increased from 1MHz to 100MHz for an input signal of 0.3V and the

in the speeds of the transistors.

variation in the parameters were depicted in the figure 4.
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Fig. 4. a)Power, b)Delay and c)PDP comparison of proposed LS and existing LS[1] by changing
the Frequency of operation.

As it can be observed that with change in the size of transistor has a great effect on the
parameters while changing the frequency of operation.As that the power dissipation is directly
depend on the supply voltage, frequency of operation and capacitance, hence increase the
frequency leads power to increase.

Ref. Range Transistors  Power(Nw)  Delay(ns)  Pdp(Nw.ns)
process
[1] 0.4-1.8v 08 76.34 6.1 465.674

180n
m
[5] 0.1-1v 15 8.7 16.6 144.42
90nm
[6] 0.4-1.8v 14 60.05 31.7 1903.58
180nm
[7] 0.4-1.8v 12 123.1 23.7 2917.47
180nm
[9190nm 0.1-1v 07 66.47 18.4

1223.048

P.LS 0.3-1v 14 2.613 0.861 2.249
45nm

Table.2. Comparison with other state-of-the-art level shifters
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Conclusion

A level shifter is used to convert the low voltages to high voltages. The level shifter is
designed in this paper can convert the voltage ranging from 0.3v to 1v. The result is obtained
with the aid of cadence tool in 45nm technology. The proposed design operated with a lower
static power of 31.06pw in 45nm. As we promised that all the simulation results are accurate
when compared with other designs while sustaining the same source voltage and frequency.

References

[1] Saeideh Kabirpour and Mohsen Jalali, “A Power-Delay and Area Efficient Voltage Level
Shifter Based on a Reflected-Output Wilson Current Mirror Level Shifter,” IEEE
TRANSACTIONS ON CIRCUITS AND SYSTEMS— II: Express Briefs 2018.

[2] KimiyoshiUsami, Mutsunori lgarashi, Fumihiro Minami, Takashi Ishikawa, Masahiro
Kanazawa, Makoto Ichida, and KazutakaNogami, “Automated Low-Power Technique
Exploiting Multiple Supply Voltages Applied to a Media Processor,” IEEE JOURNAL
OF SOLID-STATE CIRCUITS, VOL. 33, NO. 3 MARCH 1998.

[3] NiklasLotze and YiannosManoli, “A 62 mV 0.13 um CMOS Standard-Cell-Based Design
Technique Using Schmitt-Trigger Logic,” IEEE JOURNAL OF SOLID-STATE
CIRCUITS, VOL. 47, NO. 1, JANUARY 2012.

[4] EsmaeelMaghsoudlo, MasoudRezaei, MohamadSawan, and Benoit Gosselin, “A High-
Speed and Ultra Low-Power Sub threshold Signal Level Shifter,” IEEE
TRANSACTIONS ON CIRCUITS AND SYSTEMS-I: REGULAR PAPERS.

[5] Marco Lanuzza, Pasquale Corsonello, and StefaniaPerri, “Fast and Wide Range Voltage
Conversion in Multisupply Voltage Designs,” IEEE TRANSACTIONS ON VERY
LARGE-SCALE INTEGRATION (VLSI) SYSTEMS.

[6] Marco Lanuzza, FeliceCrupi, IEEE, SandroRao, Raffaele De Rose, SebastianoStrangio,
and Giuseppe lannaccone, “An Ultra-Low Voltage Energy Efficient Level Shifter,” IEEE
TRANSACTIONS ON VERY LARGE-SCALE INTEGRATION (VLSI) SYSTEMS.

[7] SaidehKabirpour and Mohsen Jalali, “A Low-Powerand High-SpeedVoltage Level
ShifterBased on a Regulated Cross-Coupled Pull-Up Network,” IEEE Transactions on
Circuits and Systems 11 2018.

[8] SvenLiitkemeier and Ulrich Riickert, “A Sub threshold to Above-Threshold Level Shifter
Comprising a Wilson Current Mirror,” IEEE TRANSACTIONS ON CIRCUITS AND
SYSTEMS—II: EXPRESS BRIEFS, VOL. 57, NO. 9, SEPTEMBER 2010.

[9] Shien-Chun Luo, Member, IEEE, Ching-Ji Huang, and Yuan-HuaChu, “A Wide-Range
Level Shifter Using a Modified Wilson Current Mirror Hybrid Buffer,” 1656 IEEE
TRANSACTIONS ON CIRCUITS AND SYSTEMS—I: REGULAR PAPERS, VOL. 61,
NO. 6, JUNE 2014.

[10] Reza Lotfi, Mehdi Saberi, S. RasoolHosseini, Amir Reza Ahmadi-Mehr and
Robert BogdanStaszewsk, “Energy-Efficient Wide-Range Voltage Level Shifters
Reaching 4.2 fJ/Transition, IEEE SOLID-STATE CIRCUITS LETTERS, VOL. 1, NO. 2,

FEB 2018.

http://annalsofrscb.ro 1982



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 1972 - 1983
Received 25 April 2021; Accepted 08 May 2021.

[11] VanLoi Le, Student, and Tony Tae-Hyoung Kim, “An Area and Energy Efficient
Ultra-Low Voltage Level Shifter with Pass Transistor and Reduced-Swing Output Buffer
in 65-nm CMOS,” TCAS-11-02776- 2018.

[12] S. R. Hosseini, M. Saberi, and R. Lotfi, “A low-power sub-threshold to above-
threshold voltage level shifter,” IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 61, no. 10,
pp. 753-757, Oct. 2014.

[13] Shien-Chun Luo, Ching-Ji Huang, and YuanHua. Chu, “A wide-range level shifter
using a modified Wilson current mirror hybrid buffer,” IEEE Trans. Circuits Syst. I, Reg.
Papers, vol. 61, no. 6, pp. 1656-1665, May 2014.

[14] PadmapriyaKesari, “A Novel Energy Efficient Transmission Gate Voltage Level
Shifter for multi VDD systems,” International Journal of scientific research and
management (IJSRM), vol.3, pp.2263-2266, Mar.2015.

[15] G. Srinivasulu, K. VenkataRamanaiah, K. Padma Priya, “Design of Low Power
High Speed Level Shifter,” International Journal of Research in Engineering and
Technology (IJRET), vol. 03, pp.12-15, May 2014.

[16] PrernaRampuria, Dr. D.K. Mishra, “Design of Modified Wilson Current Mirror
based Level Shifter,” International Journal of Engineering Science and Computing
(JESC), vol.6, pp.8114-8117, June 2016.

[17] Rashmi Sharma, ShyamAkashe, “Analysis of Low Power Reduction in Voltage
Level Shifter,” International Conference on Innovative Applications of Computational
Intelligence on Power, Energy and Controls with their Impact on Humanity (CIPECH14),
pp.355-359, Nov.2014.

[18] Fujio Ishihara, FarhanaSheikh and BorivojeNikolic, “Level Conversion for Dual-
Supply Systems”, IEEE transactions on very large-scale integration (VVLSI) systems, vol.
12, no. 2, Feb. 2004.

[19] Stuart N. Wooters, Benton H. Calhoun, and Travis N. Blalock, “An Energy-
Efficient Sub threshold Level Converter in 130-nm CMOS,” IEEE Transactions on
Circuits and Systems-11, Express Briefs, vol. 57, no. 4, pp.290-294, April 2010.

[20] AmeetChavan, Eric MacDonal, “Ultra Low Voltage Level Shifter to Interface Sub
and Super threshold Reconfigurable Logic Cells” IEEEC paper #1345 version12 updated
Dec 17, 2007.

[21] Zhenqiang Yong, Xiaoyan Xiang, Chen Chen, and Jianyi Meng” An Energy-
Efficient and Wide-Range Voltage Level Shifter with Dual Current Mirror” IEEE
TRANSACTIONS ON VERY LARGE SCALE INTEGRATION (VLSI) SYSTEMS
2017.

[22] A. Shapiro and E. G. Friedman, “Power efficient level shifter for 16 nm FinFET
near threshold circuits,” IEEE Trans. Very Large-Scale Integer. (VLSI) Syst., vol. 24, no.
2, pp. 774-778, Feb. 2016.

http://annalsofrscb.ro 1983



