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ABSTRACT

In today's ICs and SOCs, voltage level Shifter (VLS) circuits are commonly employed
as interfaces for several voltage domains (SOCs). The major design considerations for high
performance level shifters are low power dissipation and low latency. In this dissertation we
propose two voltage level shifter designs. The first being, an energy efficient voltage CMOS
voltage level shifter. The main purpose of this voltage level shifter is to convert the voltage
level from one level to another. We verified our voltage level shifter in ASAP7 7nm Fin-
Fet technology. The proposed voltage level shifter is based on differential cascade voltage
switch logic, which takes an input voltage in the range of 0.25V to 0.6V and provides an
output of 0.7V. Our voltage level shifter improves propagation delay and power dissipation
with 48% and 43%, respectively, with recently reported Wilson current mirror voltage level
shifter with zero-Vth design. The proposed design technique comes up with significantly
lower power consumption and drastically reduced propagation delay over a wide range of
temperatures (-25 to 25 degree Celsius), as compared to existing technologies. The secondly
proposed design is based on select signal (Vin) voltage switch logic, which takes an input
voltage in the range of 0.3V to 0.6V and provides an output pulse of 1.2 to 0.6V peak to
peak. We verified our voltage level shifter in ASAP7 7nm Fin-Fet technology. Our voltage
level shifter improves propagation delay and power dissipation with 42.76% and 39.6%
respectively with recently reported Wilson current mirror voltage level shifter with Zero-Vt
design. The proposed design topology comes up with significantly lower power
consumption and drastically reduced propagation delay.
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CHAPTER -1
INTRODCUCTION

INTRODUCTION TO CONVENTIONAL
VOLTAGE LEVEL SHIFTER

1.1 NEED OF VOLTAGE LEVEL SHIFTER IN VLSI CIRCUITS?

Low power consumption is one of the most important challenges in today's SoC designs in
the era of complementary metal-oxide-semiconductor (CMOS) technology. Low power and low
output delay are in high demand, especially for mobile devices such as cell phones and tablets.
CMOS technology is widely employed in microelectronics circuit systems to address the
growing demand for low power consumption and minimal delay operation. With the evolution of
CMOS technology, a significant drop in chip size (less than 1 mm2) has been achievable,
lowering production costs significantly. The level shifter is an important circuit component in
multi-voltage systems, and it is typically utilized between the core circuit and the input/output
(I/O) circuit Level shifters are used to change the voltage level of an input signal at the output
node to a different voltage level. Power dissipation is the product of voltage and current, as we

all know.
P=V*I
When we replace I1=V/R, this becomes
P=V"2/ R.
We can see that power dissipation in any circuit is directly proportional to the square of the
voltage at which that circuit is operating.

The basic solution for this is to reduce the voltage level before doing any logical operation

and when once the logical operation is done the voltage can be shifted up to the required range.



1.2 COMPLEMENTARY METAL OXIDE SEMICONDUCTOR (CMOYS)

A CMOS is termed as complementary metal oxide semiconductor, there are two kinds of
MOS transistors NMOS and PMOS. They are the most popular technology in the world of
modern electronics.

NMOS PMOS

p-substrate

Figure — 1.1 Structure of NMOS and PMOS

The Fig 1.1 shows the internal design and doping of the NMOS and PMOS respectively. The
substrates and the doping of the materials are shown here.

D S

G N-Channel G
JFET

P-Channel
JFET

Drain Drain

Gate Gate
] b

Gate Gate
D b

p-type material p-type material M-type Material M-type Material

M-type Subtrate p-type material

Source Source

Figure — 1.2 Symbolic representation of NMOS and PMOS



In Fig. 1.2 the symbolic diagram of N-channel and P-channel MOs are shown. This figure also

makes us clear with how is the direction of drain current in each of the NMOS and PMOS.

1.3 WORKING OF CMOS INVERTER
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Figure — 1.3 CMOS voltage inverter

The Fig. 1.3 shows us the schematic circuit diagram of a CMOS voltage inverter. In NMOS
the channel formed is of electrons whereas in PMOS the channel formed is of holes. The
substrate in NMOS is made up of P-type material, whereas the substrate in PMOS is made of N-
type material. In NMOS drain current flows from drain to source whereas in PMOS the drain

current flows from source to drain. The working of CMOS inverter is as follows:-

1. When the input voltage Vin is kept low (i.e. 0V) both the gate terminals of each of the
NMOS and PMOS are exposed to low voltage, which turns ON the PMQOS, and hence
the output terminal gets shorted with VDD. As a result the obtained output is VDD, i.e.
high voltage.

2. When the input terminal is provided with high voltage (1V) both the gate terminals of
NOMS and PMOS are exposed to higher voltages, which turns ON the NMOS and the
ground terminal is sorted with output terminal. As a result the voltage received at output

terminal is low i.e. OV.



This can be easily seen that the CMOS circuit gives output voltage as OV when the input is
high, and the output voltage is 1V when the input is low. That is where the name comes from. It

inverts the input signal given to its input terminal. The output waveform of the CMOS voltage

inverter is shown here.
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Figure — 1.4 Output waveform for CMOS inverter

The Fig 1.4 shows the output waveform of the CMOS voltage inverter.

1.4 CONCEPT OF VOLTAGE LEVEL SHIFTER

A voltage level shifter cell shifts the voltage range of a signal from one voltage domain
to another. When a chip operates in various voltage domains, this is essential. The voltage
range of a signal in one voltage domain may differ from that of a signal in another voltage
domain. The variation in voltage range could cause the destination domain to malfunction.

Hence, in the voltage domain crossings, level shifter cells are used.

A level shifter translates logic signals from one level to another. Usually, this shift takes
place between 5V and 3.3V, but you can use other voltages as needed, such as 2.5V or 1.8V.

Important specs to look for include:

1. How much the shift may introduce time delay?



2. What voltages are available?

3. Whether shifts take place in one direction or are bi-directional, allowing signals to

travel back and forth as needed.

There are two possible situations, one where the source signal voltage is low compared to
the sink voltage domain, second one is vice versa. But there can be also situations where
dynamic voltage scaling is used and the voltage relation between the source and destination
might change over time of operation. In that case we need level shifter which is capable of
shifting both low to high and high to low. Accordingly the three types of level shifters are:-

1. Low to High Level Shifters can be realized using a buffer or a pair of inverters. The gate
voltage of a MOS transistor can be driven up to its breakdown voltage. Breakdown
voltage is the voltage beyond which the dielectric gets damaged irreversibly and no
longer exhibits the desired dielectric characteristics. This breakdown voltage is typically
much higher than the supply voltage. This means the input of the MOS transistor can be
driven with an higher voltage than the supply voltage (provided gate voltage is bellow its

breakdown voltage).

2. High to low level shifting can be realized using two CMOS inverters and should be
operating on required supply voltages. The CMOS inverters which can be used are

similar to those, which are shown in this literature beforehand.

Low to High Level shifter requires a careful transistor sizing. A low voltage signal may not
even reach the threshold voltage of the logic cell in the High voltage domain. In this case the
level shifter circuit is built by choosing the transistor sizing to bring the threshold voltage down
so that the low voltage signal can turn it ON. Also they may increase the GATE thickness to help
accumulate the charge better. Traditional Low to High Level Shifter circuit used a cross coupled
transistor to amplify the low voltage signal. It consumes more power and introduces more delay.
However the designers have come up with many different and efficient ways to implement the
Low to High Level Shifter. The circuit implementation of a typical Low to High Level Sifter is

show in the picture below.



1.5 CONVENTIONAL CMOS VOLTAGE LEVEL SHIFTER
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Figure — 1.5 (Conventional voltage up shifter)

As we all know an N-MOS turns on when the voltage at gate is high, where as a PMOS
turns on when the gate voltage is low. We will follow this thought the detailed working of

voltage level shifters.

1. When the voltage Vin is low the P-MOS Mp1 will be turned on, which means Vinb is
now Vddi, when this vddi is given at the gate of Mn1 it turns on, and at the same time
vddi turns on Mn3 so the voltage at the gate terminal of Mn4 is low, hence it remains in
off state. But turning on of Mn1 turns on Mp4 as the ground is now directly connected
to the gate terminal of Mp4 which makes. This process shorts the nodes VVddo with the

output node and hence the VVout becomes equal to \Vddo.

2. Now considering the second case, when Vin is high, it directly turns on Mn2 making
Vinb go low, which turns off Mn1 and Vinb being low turns on Mp2, which makes the
voltage at the gate terminal of Mn4 go high and equal to VVddi. Which turns on Mn4 and

so the output voltage goes to OV.
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Figure — 1.6 (Output of conventional level up shifter)
1.6 CONVENTIONAL VOLTAGE LEVEL DOWN SHIFTER USING
CMOS

1. When VIN is low MP1 turns on which makes MN2 turn on and the output voltage

becomes 0V.

2. When VIN is high MN1 turns on which makes MP2 turn on and the output voltage

becomes VDDL.
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Figure — 1.7 (Conventional voltage down shifter)
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Figure — 1.8 (Output of convention down shifter)

As we know the conventional voltage level up shifter shifts the input voltage to the provided
or designed level, when given a high voltage. Similarly a CMOS voltage down shifter shifts the
input voltage to a desired level lower than the input voltage when it is provided with an input of
1V. Hence seeing the operation and various output waveforms of conventional level shifter, what
we can easily say is a level shifter translates logical signals from one voltage level to another,
and you are going to read various designs of CMOS voltage level shifter, which are more power

as well as delay efficient than the conventional ones.



CHAPTER -2
LITERATURE REVIEW

2.1 INTRODUCTION

For interfacing between two chips, we use a voltage level shifter. Nowadays electronic
gadgets require a power efficient operation, for this requirement, improvement and optimization
in the operation of system on chips (SOCs) is needed, especially considering reduction in
propagation delay and power dissipation as the significant optimization parameters. Hence, the
use of power efficient and minimized delay voltage level shifters is required now days. In

literature various techniques are used to design a power efficient voltage level shifter.

2.2 LITERATURES

In [1] a CMOS voltage level shifter is presented, which uses a multiple-threshold voltage
technique. In [2] the back gate of transistors can also be taken into use to reduce the threshold
voltage of the transistor, to reduce the static power consumption. In [3] the supply voltage can be
scaled down and the whole circuit can be operated in near threshold voltage regime. In [4] the
input supply voltage can be used as select signal and a multiplexer can be added in the
conventional design for further optimizations. A regulated cross coupled structure in the pull up
region can be utilized for further reduction in static power consumption is presented in [5].

In [6] the design of conventional voltage level shifter using six, eight, ten transistor
configuration is further used in optimization regards. The circuit diagram of the conventional
voltage level shifter [7]. The combination of multiple - threshold CMOS technique with novel
topological modification can be made to operate on wide range of voltages. In [8] Further
optimization in circuital operations is done keeping in mind the circuit area of the device. In [9]
The voltage level shifter can be made more energy efficient by combining the various circuital
topologies to make the shifter more robust. In [10] a single supply voltage level shifter is
modified using N-MOS to reduce the power dissipation. In [11] a reflected output Wilson current
mirror topology with extremely high sizing ratio has been used for optimization of level shifter.
In [12] a conventional level shifter design topology combined with multi threshold CMOS

technology can also be used for voltage shifting process optimization.
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In [13] this voltage level architecture is based on the single stage differential cascode voltage
switch scheme which also makes use of the self-adapting pull up network for operational
optimization of the voltage shifter. Two deferentially switched cascoded transistor ladder
topology is presented in [14].

In [15] analog circuit technique has been used with standard zero-Vt NMOS transistor for
reducing the power consumption.
In [16] a high voltage driver has been designed on basis of stacked-standard low-voltage C-
MOS, the designed circuit uses a 65nm TSMC technology. The nominal voltage is 2.5V without
any passive elements. The design proposed in [17] is based on DC-DC buck converter. All the
technologies are based on 55nm technology.
In [18] a passive phase shifter has been proposed based on 130nm C-MOS technology. The
fabrication matrix includes 12 transistors, which are controlled by different gate voltage levels. A
novel red-hard design has been proposed for ultra-low power operations, which is immune over
wide range of input voltages [19]. In [20] a novel wave modulator has been proposed which
works on the principle of single pole double throw (SPDT).
In [21] a novel phase shifting topology has been proposed based on 180nm TSMC technology. A
compact and optimized fabrication size can be achieved using this design topology. In [22] bias
temperature instability (BTI) aging has been evaluated to optimize the propagation delay as the
major parameter in the phase as well as level shifting model. In [23] an analog to digital
converter along with split-capacitor switching has been designed, and a level shifter which
consumes less energy and is more power efficient has been proposed.
In [24] a level shifter circuit has been proposed which can handle extremely low supply voltages.
The circuit design is based on the logic error generation, which is obtained by comparing the
input and output voltages. In [25] a passive level shifter has been proposed, which makes use of
diode-based voltage clamping technique. In [26] a bio-signal sensor based on motion artifact
reduction is proposed for a modern sleep monitoring system. Adaptive DC control level (ADLC)
has been taken in to use for adjusting the DC signal levels for prevention of signal saturation due
to enlarged motion artifacts.

In [27] Multi dynamic input voltage has been used for dynamic power reduction in
integrated circuits. A novel design for level shifter has been proposed which turns off the idle

level shifter and gives an alternate path for the current to flow for optimized performance of
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voltage level shifter. In [29] a phase shifter based on 40nm CMOS technology has been proposed
for phase array applications. This takes in to use quadrature signals available to us from the 1/Q
mixers.

In [30] a modification has been done on conventional level shifter to extend its operational
range down to sub threshold regime. Transistor stacking and channel stretching has been used to
reduce the leakage current.

In [31] the proposed level shifter topology optimizes various parameters such as propagation
delay as well as power delay product (PDP). The design takes into use IBM 130nm CMOS

technology. The working principle along with the schematic circuit has been shown below.

VDDH

N
= o

P2 VDDH
IN — I| /;{ MP3 | ouT
MN2

MN3

Figure — 2.1 (Energy efficient level shifter)

The Fig.2.1 shows the schematic circuit diagram of energy efficient voltage level shifter.
The MP2 and MN2 input level inverters are used to create a virtual VDDL, and hence the
proposed level shifter is also based on a single voltage level supply. The PMOS transistor MP3
is used here as a pull up transistor

.In [32] this paper introduces us to capacitive floating level shifter. All the transistor
simulation makes use of 65nm CMOS technology process. In [34] a simple approach for
implementation of rail-to-rail operational amplifiers has been shown, which makes use of switch
voltage followers. All the simulations are based on 0.5um CMOS technology process. In [35] a

new and optimized inverter has been proposed based on level shifter. All the processes are based
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on 0.18um CMOS technology. In [36] a novel level shifter circuit topology has been
implemented using 0.35um CMOS technology. To reduce various parameters like propagation
delay and power consumption a closed loop negative feedback technique has been employed. In
[37] thin gate-oxide devices have been employed to derive a novel level shifter topology which
is based on 65nm CMOS technology. The proposed topology is operational at 800MHZ and has
low static power consumption. In [38] low voltage architecture for level shifter has been
proposed, which works on 130nm CMOS bulk process, an assist circuit has also been proposed
to make the operation furthermore optimized. In [39] a two-level driver circuit is proposed to
drive ultrasonic transducers, which is based on 0.18 um HV SOI CMOS technological process.
In [40] a high-voltage driver chip has been proposed for micro pixelated LED display, the
simulations are based on 0.18um CMOQOS technological processes. In [41] a dual supply voltage
level shifter has been proposed based on Wilson current mirror concept. The proposed level
shifter design works in two stages i.e., input and output stage. This design has been used for
comparison to our proposed model, hence its brief explanation is necessary. The design along

with its working, operation and schematic diagram is explained here.

VDDH
L{ M5 M8 M9
V virtual
|_ J V out
M3 M4
M
VDDL -
i
I
Vin M2 M6 M7
M1

GROUND

Figure — 2.2 (Dual supply model)
The Figure-2.2 shows the circuital diagram of dual supply voltage level shifter. This
design works in two different stages, the first stage is a cross-coupled latch along with diode
connected N- MOS M5, which is used to make drop of threshold potential VVt from source

voltage to cross-coupled differential latch circuit. The sole purpose of the second stage is to
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convert the output of the first stage to full swing output. This kind of circuit design brings in the
use of diode-connected N-MOS to create a high threshold potential pull-up P-MOS in order to
increase the strength of the input stage N-MOS for input signal conversion. So, the numbers of
transistors required are large, hence decreasing the speed of operation of the overall circuit. Two
supply voltages are also required further increasing the overall cost of the system.

In [42] a single or mono supply voltage level shifter is proposed. The voltage drop across
the gate-drain terminal of an NMOS transistor is used to obtain VDDL from VDDH. The brief

explanation and working of the proposed design is shown below, along with its schematic

— —
b i

—F

o

design.

Vout

M2

Figure — 2.3 Mono supply model

GROUND

The Figure — 2.3 shows the schematic circuit diagram of a mono (single) supply voltage level
shifter. The V... is one and only supply voltage used for the voltage shifting process. The
threshold voltage drop across N-MOS M1 is used to provide VDDL to the input stage
inverter. Its implementation leadsto reduction in terms of pin count and the overall cost of
building the system, but this model does lacks in optimizing the parameters like propagation
delay and power dissipation.

In [43] a high speed voltage level shifter is proposed, which makes use of feedback loops
and thick gate-oxide layers for various devices for optimization of the proposed model. The

working and operation of the model along with the schematic diagram is shown here.
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Figure — 2.4 High speed model

GROUND

The circuit design of high-speed voltage level shifter is shown in Fig. 2.4, which can
operate on core voltages, even lower than 1V. Thin gate-oxide layer transistors are used at the
input stage. MN31 and MN32 are thick gate-oxide layer zero-Vth transistors. When input
voltage is high, MN11 turns OFF and MN12 turns ON and MP11, MP12 are turned OFF, the
node D is discharged, and the inverted output Y is VDD2. Whereas, when input voltage is low,
MN11 turns ON and MN12 turns OFF, as a result node C is discharged, which in return turns
ON MP12, as a result the node D is charged to a potential of VDD2, and the inverted output Y
is OV. But this circuit design is not area efficient, and also requires the implementation of logic
gates, which makes the layout furthermore complex. The high-speed design of the level shifter
shown in previous designs does not work for the input voltages less than or equal to 0.6 volts,
due to thick gate-oxide layers being used. So, it’s comparison with the proposed level shifting
design is not possible, either considering power dissipation or even the propagation delay as the
comparison parameters. Thus, all the comparisons involved in this paper do not consider the
high-speed level shifting model.

In [44] the proposed design is called dual current limiter voltage level shifter, it is based
on stacked Wilson current mirror. The schematic along with its working is shown below, as it
has been used to compare it with our proposed design. Fig — 2.5, shows the schematic circuit

diagram of dual current limiter voltage level shifter design. When input is low (0V), MN5 will
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be in OFF stage, and MN6 will turn ON, which leads to turning ON of MP1. Consequently,
VDDH is pulled to the gate terminals of MN1 and MNZ2, which turn them ON, resulting in the
provision of VDDH provided at the input of output stage inverter which gives low (0V) output.
Whereas, when input is high (1V), MN5 turns ON, and the input terminal of the output stage
inverter gets provided with OV and gives an output of VDDH. The design is complex and

requires large number of transistors, further making the fabrication area large.
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MN1 MN2
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VIN | MN5 MN6
GROUND
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Figure — 2.5 Dual current limiter model
In [45] a low power operational level shifter has been proposed, this design has also been
used to make comparisons with our proposed design. The design along with its schematics and

its working has been explained below.
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Figure — 2.6 Low power voltage level shifter
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The Fig.2.6 shows the circuital diagram of low power design of voltage level shifter. If
input voltage is high (1V), NMOS and PMOS transistors MN1 and MP1 turn on respectively. As
a result, the voltage at the gate terminal of MP7 is low, which turns ON MP7 and the output
voltage obtained is VDDH. Whereas, if the input applied voltage is low (0V) MN2 turns ON,
which turns ON MP2, as a result MP3 is turned ON.MP5 also turns ON, because the gate
terminal of MP5 was discharged to OV in the last peak of the input voltage. Hence turning On of
MP5, MPland MP3 transistors pull VDDH tothe gate terminal of MN3, hence MP3 transistor
turns ON and the output obtained is low (0V).

In [46] a select signal input voltage level shifter has been proposed, which is mainly
consisting of two parts. The working along with the schematic circuit diagram of the proposed
voltage level shifter. The Fig.2.7 shows the circuital diagram of the level shifter under
discussion. When Vin is low (0V), MN2 turns ON. As a result ground voltage OV is pulled to
output terminal Vout. Whereas when Vin is high (1V), MN1 turns ON, which turns ON MP2.
Vin being 1V, MN4 is in ON state, which makes VDD equal to VDDL. As MP2 is turned ON
the VDD being VDDL is pulled to the output terminal and Vout becomes VDDL.

1

MP4 EINES
VDDL
VDDH VoD
MP1 ):)— MP2
VOUT
VDDL

M3

~

Figure — 2.7 Select signal voltage level shifter
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CHAPTER -3
CROSS COUPLED LEVEL SHIFTER

3.1 HIGH PERFORMANCE ENERGY EFFICIENT CMOS VOLTAGE
LEVEL SHIFTER

The schematic diagram of the proposed voltage level shifter is shown in Fig3.1. The
proposed design is based on the differential voltage cross - coupled C-MOS load. In our design
we have used only single supply voltage (VDDH). Consequently, our design eliminates the

drawback of dual supply voltage as compare the existing design techniques.
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Figure — 3.1 Proposed CMOS voltage level shifter design
In our design, we have used 10 MOSFETs, MN1-MNG6 transistors are NMOS and MP1-
MP4 transistors are PMOS. The MN6 and MP4 transistor employ an inverter which is used to
provide the inverted input signal (IN bar) to our design. Now, we will discuss the operation of
proposed voltage level shifter. When the input voltage (IN) is low i.e. (0V) MN2and MN3
transistors are in OFF state, while MN1 transistor turns ON, as a result Node N1node is

discharged, hence MP1 transistor turns ON. Consequently, N2 node starts charging through
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transistor MP1. Now N2 node is at logic 1 (VDDH) which is capable to turn ON transistor
MNS5, as a result, weget a zero potential at output terminal. Which in turn charges node N2,
which is attached as the supply voltage to the output stage CMOS inverter. The charged node N2
turns ON MNS5, and as a result the output potential obtained is OV. When the input voltage is
high (i.e., VDD), both MN2 and MN3 transistors are turned ON, while and MNL1 transistor turns
OFF. Consequently, N2 node discharges which results MP2 transistor turns ON, Node N1 starts
charging because MP2 turns ON as a result MP1 transistor turned OFF. Due to MP1 transistor
turning OFF, N2 node discharges completely as a result MP3 transistor turns ON.

Consequently, we got a high logic (i.e., VDDH) at output node.

3.2 SIMULATION AND RESULTS

Cadence Virtuoso tool is used for circuit performance and validation. In Cadence
simulations, we have used ASAP7 7nm Fin-Fet technology. We have verified the proposed level
shifter at different voltage levels (0.25 to 0.5V). Fig.3.2. shows the simulated waveforms of the
proposed level shifter for different voltage levels. In simulations, we verified our voltage level

shifter at different voltage levels, which range from 0.25V to 0.5V with astep size of 0.05V.
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Figure — 3.2 Output waveform of the proposed voltage level shifter design under various input

voltages
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Figure — 3.3 Propagation delay comparison of different voltage level shifter at different power

supply voltages
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The comparison of propagation delay at different voltage levels of the proposed level
shifter with the reported level shifters is shown in Fig.14. From the simulation results, it is
observed that, at all voltage levels (0.3 to 0.6V) the proposed voltage level shifter design shows
less propagation delay, in comparison to existing voltage level shifter designs.

Fig.3.4 contains the power dissipation curve of the proposed level shifter design. The
power dissipation in ON and OFF states are 1.98uW and 917.15pW respectively, which is
comparatively lesser than the previous level shifter designs, at the supply voltage equal to 0.4V.
From Fig.8, it is observed that, at all voltage levels (0.25 to 0.5V) the proposed voltage level
shifter design shows minimum power dissipation, as compared to reported voltage level shifter
designs.

Fig.3. shows the graphical comparison of the propagation delay of proposed voltage level
shifter with existing designs at different temperature ranges. From Fig.3.5 we can see that the

delay provided by the proposed design is much lesser than the existing designs of voltage level
shifter.
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Figure — 3.5 Propagation delay comparison of different voltage level shifter at different
temperatures

Fig.3.6 shows the power dissipation of various voltage level shifter designs over a wide
range of temperature i.e., from -25 to 25 degree centigrade, when the input voltage provided, is
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0.4V. It can be seen clearly in the graphical representation that proposed voltage level shifter
design consumes lesser power in comparison to already existing voltage level shifter designs.
After comparison we say that the proposed design is much more power efficient as well as
involves significantly lesser propagation delay in different voltages and temperatures.

The peak power consumed by conventional level shifting model is 19.29uW, and the power
consumed by single supply voltage level shifter is 6.24uW, the dual supply model consumes
4.81uW power and provides a delay of 339.48uS, whereas our model consumes only 1.98uW in
ON stage and even lesser in OFF stage.
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Figure — 3.6 Power analysis comparison of different voltage level shifter at different
temperatures

An optimized and power efficient design of voltage level shifter has been proposed for
low core voltage operations. The optimization is especially done keeping inmind two major
parameters, propagation delay and powerconsumption respectively. Also, the proposed voltage
levelshifter design requires only a single power supply for itsoperation, which adds on to the

reduction of overall cost of the system and gives us an edge over dual supply level shifter
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design. The proposed design is designed properly, and the results have been verified using
transistors based on ASAP7 7nm technology. All the simulations are performed in cadence
virtuoso tool at various input voltages, and the results have been verified. The performance of
the proposed level shifting design is optimized as well as power efficient in comparison to

older versions of voltage level shifting designs.

3.3 OUTCOMES OF THE RESEARCH

An optimized and power efficient design of voltage level shifter has been proposed for
low core voltage operations. The optimization is especially done keeping in mind two major
parameters, propagation delay and power consumption respectively. Also the proposed voltage
level shifter design requires only a single power supply for its operation, which adds on to the
reduction of overall cost of the system, and gives us an edge over dual supply level shifter
design. The proposed design is designed properly and the results have been verified using
transistors based on ASAP7 7nm technology. All the simulations are performed in cadence
virtuoso tool at various input voltages, and the results have been verified. The performance of the
proposed level shifting design is optimized as well as power efficient in comparison to older

versions of voltage level shifting designs.
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CHAPTER -4
DUAL SUPPLY SELECT SIGNAL DESIGN

4.1 ANOVEL OPTIMIZED SELECT SIGNAL CMOS VOLTAGE LEVEL
SHIFTER

The schematic diagram of the proposed voltage level shifteris shown in Fig.4.1. The
proposed voltage level shifter can perform both the operations of shifting the voltage up as well
as down, as the shifting operation depends on the selected input voltage signal. Two voltage
sources have been takenin to use i.e., VDDH and VDDL. The two voltages signals, VDDH
and VVDDL are at 1.2V and 0.6V respectively. For up and down shifting VDDH and VDDL are
respectively selected dependingon the input voltage signal Vin. Hence, the output voltage level
either comes out to be VDDH or VDDL.
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Figure — 4.1 Proposed C-MOS voltage level shifter model
Let us understand the working of the proposed voltage level shifter design. When input
voltage Vin is low (0V), MP1 transistor turns ON, which in return turns ON MN3 and MN4
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transistors. The transistor MP4 is now provided with OV at its gate terminal, which turns it ON.
At this time MN3 and Mp4 transistors are ON and provide direct path from VDDL to output
terminal (Vout become VDDL). This is the operation for level down shift. Now we consider the
scenario when Vin is high (i.e., Vin = 1). In this case, MN1 turns ON, which in return puts MP2
and MP3 in ON state. Now, the gate terminal of MN5 now gets provided with high voltage,
which turns ON MP4 and hence, the obtained output is VDDH i.e., 1.2V. This is called as level
up shift. The transistor network MP3 and MN3 are working as 2 X 1 multiplexer. Either
VDDH or VDDL will be selected on the basis of input select signal Vin. Hence, Vin is acting as

selecting signal to transfer the operation from up shift to downshift and vice versa.

4.1 SIMULATION AND RESULTS

Cadence Virtuoso is used for circuit performance and validation. In cadence simulations,
we have used ASAP7 7nm Fin-Fet technology. We verified the proposed level shifter at different
voltage levels (0.3 to 0.6V).
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Figure — 4.2 Output waveform of the proposed circuital model under various input voltages
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Fig.4.2. shows the simulated output waveforms of the proposed level shifter for different voltage
levels. In simulations we apply different voltage levels, the VDDL ranges from 0.3V to 0.6V

with a step size of 0.1V, and VDDH remain to be 1.2V. The comparison of propagation delay at
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Figure — 4.3 Power dissipation comparison with other models

different voltage levels (VDDL) of the proposed level shifter with the reported level shifters is
shown in Fig.4.4. From the simulation results, it can be easily observed that, at all voltages
(VDDL ranges from 0.3 to 0.6V) the proposed voltage level shifter shows less propagation delay
as compared with existing voltage level shifter.

Fig.4.3 shows the power dissipation curve of the proposed level shifter model. The
power dissipation of the proposed level shifter model is comparatively lesser than the previous
level shifter models at the provided similar voltage range of 0.3V to 0.6V. Only the VDDL has
been changed to obtain the results, VDDH remains same as 1.2V for each simulation.

If we compare this design with previous level shifting models, we arrive to a conclusion that
the proposed design is much more power efficient as well as, involves lesser propagation delays.
The power dissipated by low power level shifter model, dual supply level shifter model, dual
current limiter level shifter model is 6.065nW, 4.81nW and 16.77nW respectively, whereas the
proposed select signal level shifter model consumes only 1.15nW power at VDDL 0.4V and
VDDH 1.2V.
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Figure — 4.4 Propagation delay comparison with older versions

Table.3 compares the propagation delay andpower consumption of proposed design with
existing level shifter designs. It can be easily observed that our design has better performance as
compared to the existing design, at VDDL range from 0.3V to 0.6V and VDDH remains at 1.2V,
with ASAP7 7nm Fin-Fet design model. The model can also be used as a up shifter as well as a
down shifter simultaneously.

Table — 3 Power and delay analysis of various models

VERSIONS POWER DISSIPATION (nW) | PROPOGATION DELAY (nS)
Low Power model 6.065 276.75
Dual supply Model 4.81 339.48
Dual current limiter model 16.77 275.87
Proposed Model 1.15 118.42
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An optimized and power efficient model of voltage level shifter has been proposed for
low core voltage operations. The optimization is especially done keeping inmind two major
parameters, propagation delay and power consumption respectively. The proposed model is
designed properly, and the results have been verified using transistors based on ASAP7
7nm technology. All the simulations are performed in cadence virtuoso tool at various
input voltages, and the results have been verified. The performance of the proposed level
shifting model is optimized as well as power efficient in comparison to older versions of
voltage level shifting models. Along with all these advantages, the proposed voltage level
shifter adds one feature to the design, that a single model can be used for both up shift and

down shift at the same time, making Vin as the select signal.

4.3 OUTCOMES OF THE RESEARCH

An optimized and power efficient model of voltage level shifter has been proposed for low
core voltage operations. The optimization is especially done keeping in mind two major
parameters, propagation delay and power consumption respectively. The proposed model is
designed properly and the results have been verified using transistors based on ASAP7 7nm
technology. All the simulations are performed in cadence virtuoso tool at various input voltages,
and the results have been verified. The performance of the proposed level shifting model is
optimized as well as power efficient in comparison to older versions of voltage level shifting
models. Along with all these advantages, the proposed voltage level shifter adds one feature to
the design, that a single model can be used for both up shift and down shift at the same time,

making Vin as the select signal.
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CHAPTER -5
CONCLUSION

A voltage level shifter in modern days should be energy efficient and more reliable for
industrial use. The first proposed methodology presents an optimized and power efficient design
of voltage level shifter for low core voltage operations. The optimization is especially done
keeping in mind two major parameters, propagation delay and power consumption respectively.
Also, the proposed voltage level shifter design requires only a single power supply for its
operation, which adds on to the reduction of overall cost of the system and gives us an edge over
dual supply level shifter design. The proposed design is designed properly, and the results have
been verified using transistors based on ASAP7 7nm technology. All the simulations are
performed in cadence virtuoso tool at various input voltages, and the results have been verified.
The performance of the proposed level shifting design is optimized as well as power efficient in
comparison to older versions of voltage level shifting designs. The second proposed
methodology gives us an optimized and power efficient model of voltage level shifter has been
proposed for low core voltage operations. The optimization is especially done keeping in mind
two major parameters, propagation delay and power consumption respectively. The proposed
model is designed properly, and the results have been verified using transistors based on ASAP7
7nm technology. All the simulations are performed in cadence virtuoso tool at various input
voltages, and the results have been verified. The performance of the proposed level shifting
model is optimized as well as power efficient in comparison to older versions of voltage level
shifting models. Along with all these advantages, the proposed voltage level shifter adds one
feature to the design, that a single model can be used for both up shift and down shift at the same

time, making Vin as the select signal.
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