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This describes a low-energy voltage level shifter (LS) architecture. We further introduce a regulated
cross-coupled (RCC) pull-up network to achieve a considerable reduction in dynamic power consumption
with higher switching speed. The suggested LS can switch very low voltage signals below the input MOS
device threshold up to the nominal supply voltage. A fast and very low power voltage level shifter (LS) is
presented. By using a new regulated cross coupled (RCC) pull-up network, the switching speed is boosted
and the dynamic power consumption is highly reduced. The proposed LS has the ability to convert input
signals with voltage levels much lower than the threshold voltage of an MOS device to higher nominal supply
voltage levels. The presented LS occupies a small silicon area owing to its very low number of elements and
is ultra-low-power, making it suitable for low-power applications such as implantable medical devices and
wireless sensor networks. Results of the post-layout simulation in a standard CMOS technology This LS is
particularly appealing for low-power application fields, including implanted medical devices and wireless
sensor networks, as it makes very little use of components and dissipation has been minimized. Benefiting
from the use of sub-1V CMOS technology, it can convert as low input voltage level as 80 mV according to the
post-layout simulation results. This LS gives the power dissipation of 123.1 nW with 23.7 ns propagation
delay at supply voltages of 0.4/1.8 V (Low/High) and of input frequency of 1 MHz.
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1. INTRODUCTION voltage levels, especially suitable for low-power applica-

tions like system-on-chip (SoC) designs and microcontrol-
lers. Standard level shifters work, yet frequently they
have high power utilization, slower exchanging paces,
and affected activity at low supply voltages.

In low-power and energy-efficient digital and mixed-
mode circuits, supply voltage reduction decreases circuit
dynamic power and short-circuit currents. However, re-
ducing the supply voltage is detrimental to the efficiency
and the speed of analog circuits. For systems that have Voon Voon
a range of speeds across the circuit blocks, multiple or
dual supply voltages can help alleviate this problem. : tM"'

This approach is widely applied in low-data-rate appli- X Yoon
cations, including wireless sensor networks, small med- 5"_
ical devices, and environmental monitoring systems. In Voo @
multi-voltage applications, the signal levels need to be
level shifter and aligned appropriately for interfacing
between sub-blocks. This requires a level shifter (LS) to
transfer low logic levels (sub-threshold voltage signals)
to higher values on logic levels that can be used in sub- a b
sequent stages. As LS circuits are commonly used in dif-
ferent systems, one of the important task of designing

Fig. 1 -Two types of conventional level shifters, (a) current
mirror (CM) based archirecture, (b) differential cascode voltage

such a circuit is to reduce the power consumption, prop- switch (DCVS) architecture [1]
agation delay and silicon area.

Voltage level shifters (VLS) are essential components This work presents a new voltage level shifter (VLS)
in integrated circuits (ICs) that facilitate communication ~ design that employs a regulated cross-coupled pull-up
between the interlinked sub-circuits operating at various (RCCPU) which optimizes the trade-off between
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improved switching performance and reduced static
power dissipation. The architecture is designed to oper-
ate robustly at low supply voltage [1] and is ideal for
modern low-power systems.

Through drastic reductions in delay, improved ro-
bustness, and increased energy efficiency, this design
provides greater both power efficiency and operational
velocity than conventional approaches. This research
presents comparative analysis that proves the effective-
ness of the RCCPU-based level shifter in influencing low
power demand and high working speed in state-of-the-
art integrated circuit designs due to the extent of en-
hanced performance achieved.

2. LITERATURE REVIEW

The simplest CM type (Fig. 1a) which has a low speed,
high static power of one branch, and no regenerative be-
havior between pull-up and pull-down networks. In con-
trast, the DCVS design (Fig. 1b) provides an equivalent
cross-coupled pull-up network for defining high-speed
switching behaviour through a regenerative mechanism.
For DCVS systems, however, as long as the supply (e.g.,
VDD brings the supply) voltages are below the nominal
threshold voltage, the pull-down transistors are less than
(pull up transistors thus degrade performance.

RCC
pull-up
Network:

Fig. 2 — Simplified schematic of the proposed level shifter

Hence, we need to increase the pull-down transistor
size, which pulls up the pull-down network at the ex-
pense of reduced overall efficiency towards increased de-
lay and power.

Several LS topologies have been proposed in previ-
ous studies to get beyond the limitations of the tradi-
tional LSs that operate in the subthreshold range. [3]
through [8] make advantage of the CM-based architec-
ture. The design proposed in [3] uses a level shifting ca-
pacitor which is often recharged to differences in VDDH
and VDDL voltages to minimize low-to-high transition
latency. The conversion speed can be improved with an
extra circuit in the pull-down device, and an optimized
pull-up device current during the pull-down of the out-
put node [4]. The LS in [5], also aimed to increase a volt-
age conversion range, has been based on a hybrid struc-
ture of modified Wilson current mirrors and standard
CMOS logic gates. The circuits in 6] utilize a self-
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controlled current limiter to minimize static power con-
sumption.

The levels of output are achieved by the design of [7]
that makes use of two stage standard comparator. The
topologies in [9-13] are based on the DCVS design [1].
Limiting their currents has been attempted in [9] and
[12] to lessen the pull-up device's power. In order to de-
crease dynamic power and improve speed, we employed
a split-input inverting buffer and a self-adjusting pull-
up network [10]. However, to increase the circuit delay,
works [11] and [13] adopt the multi-threshold CMOS
technics which used the three types of different thresh-
old voltage.

Voltage level shifters (VLS) are essential in mixed-
signal integrated circuits, facilitating communication
between different voltage domains as modern electronic
systems operate at varying supply voltages. By employ-
ing a differential transistor pair, the DCVS level shifter
enhances switching speed, lowers static power dissipa-
tion, and provides improved noise immunity over tradi-
tional CMOS implementations. At ultra-low supply volt-
ages, however, its performance deteriorates because of
the differential pair's limits. In order to overcome these
obstacles, the RCCPU level shifter combines adaptive
and conventional design concepts, using a control circuit
to dynamically modify pull-up strength for increased ef-
fectiveness. A major issue is still power consumption, es-
pecially for battery-operated devices where traditional
CMOS shifters have a high static power dissipation. A
potential option for contemporary low-power applica-
tions, RCCPU further maximizes energy economy and
performance while DCVS minimizes static current flow
to reduce power consumption.

3. PROPOSED LEVEL SHIFTER

These features in the new level shifter (LS) involve
adding an RCC pair in the pull-up network and using a
modified DCVS topology that improves switching speed
and lowers dynamic power consumption. When transi-
tioning from low to high, the LS operates across three
stages. At the first point, transistors Mp4 and Mp5 are
off, and Mp3 and Mp6 remain in the on state. Q1 is at
VH and Q2 is at Vlow at this point.

As the input goes from low to high, Mn1 gets turned
on while Mn2 gets turned off and Q1 gets discharged
quickly with the weak pull-up current. As Q1 ap-
proaches VDDH—-Vth, Mp4 and Mp5 activate, causing
Q2 to rise quickly and turning off Mp3 and Mp6, thereby
maintaining Q2 at VH while reducing dynamic power.
The pull-up network is not turned off completely, it goes
into deep subthreshold so that state change happens
faster which benefits speed. At the final step, when Mp3
turns off, Mn1 further lowers Q1’s voltage, ensuring no
static current flows. This RCC-based design signifi-
cantly reduces power dissipation and transition times.
Voltage level shifting is a critical requirement in multi-
power-supply systems like wireless sensor networks,
medical devices, environmental monitoring systems,
etc., where multiple blocks are active at totally different
voltages. Efficient LS designs must optimize power con-
sumption, propagation delay, and silicon area, as these
systems often require numerous LSs to ensure proper
signal interconnection across voltage domains.
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shifter reported Al other remaining transistors are minimum
sized

Compared with the conventional DCVS topology, the
proposed LS with a RCC pull-up network consumes[1]
lower supply current and achieves nearly 3 times lower
time delay than conventional LS structure. The LS may
function faster and draw significantly less current from
the supply voltage (VDDH) thanks to the RCC. Pull-up
network in 0.6 V (VDDL) and 1.8 V (VDDH) simulations
where the minimum transistor size for both configura-
tions is identical. The complete circuit diagram of the
proposed LS [1] is illustrated in Fig. 4. To achieve lower
power consumption, the pull-down network is arranged
in series with two p-MOS diodes [8]. Also, a split-inputs
inverter is used to reduce the output inverters short-cir-
cuit current[1] through the transit [7].
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A voltage differential between nodes Q1 and Q3 is
produced in the suggested level shifter (LS) architecture
by p-MOS diodes (Mp1l and Mp2) raising the voltages at
nodes Q3 and Q4 above zero. This distinction, however,
decreases the short-circuit current and prevents the
pull-up Mn3) and pull-down (Mp7) transistors in the
output inverter [1] from switching on simultaneously.

4. SIMULATION DESIGNS AND RESULTS

Conventional level shifters translate signals be-
tween different voltage domains in electronic circuits. A
common type, the current mirror-based level shifter, op-
erates by replicating a current from one circuit branch
to another. The input signal from a low-voltage domain
is applied to the gate of the input transistor, which con-
trols a current mirrored by the output transistor,
thereby shifting the voltage level.

Fig. 6 — Circuit diagram current mirror

Fig. 7 - Output waveform of current mirror

Fig. 8 — Circuit diagram differential cascode voltage switch
(DCVS) architecture

A dynamic logic architecture frequently seen in high-
performance digital circuits, especially in Very Large
Scale Integration (VLSI) designs, is the DCVS.

The proposed level shifter is intended to provide bet-
ter performance in terms of speed, power consumption,
footprint and reliable function over a wide voltage range.
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Fig. 9 — Output waveform of differential cascode voltage switch
(DCVS) architecture

Fig. 10 — Circuit diagram is Simplified of the proposed level
shifter

Fig. 11 — Output waveform of Simplified schematic of the pro-
posed level shifter

Fig. 12 — Circuit diagram of the complete proposed level shifter
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Po3poOka Ta anas1ia eHeproeeKTUBHOrO NepeMuKada piBHiB Hanpyru
JISI HU3bKOMOTYKHUX 3aCTOCYBaHb

Pulyala Vasundhara, V. Shankar

Department of Electronics and Communication Engineering, G. Narayanamma Institute of Technology and Science
(For Women,) Shaikpet, 500104 Hyderabad, India

V 11i#t craTTi ommMcaHo apxiTeKTypy 3cyBy piBHiB Hanpyru (LS) 3 HuspKuM eHeprocuoxuBanaaM. Jlami Mmu
[IPEeJICTABIISIEMO PeryJIboBaHy repexpecHo 3B'ss3any (RCC) miarsaryBaibHy Mepesky JJIsl JOCATHEHHS 3HAYHOI0
3HMIKEHHsI JIMHAMIYHOIO CIOKMBAHHS €HEepril 3 BUINOK IIBUIKICTIO IEPEeMUKAHHs. 3alponoHoBaHuit LS
MO’Ke IIepeMUKATU CUTHAJIY JyKe HU3bKOI Haupyru Huxkde nopory Bxigaoro MOH-rpansucropa ax 10 HOMI-
HAJILHOI HAIIPYTH sKUBJIeHH. [IpeicTaBiieHo IIBUAKKHA Ta Ayske HU3LKOIIOTYKHUM 3CyB piBHIB Hampyru (LS).
3aBIsgKy BUKOPHUCTAHHIO HOBOI peryJiboBaHol mepexpecHo 3B'a3anoi (RCC) minrsaryBaiabHOI Mepeski, IIBHI-
KICTh HEepEeMUKAHHS MIJBUIILYETHCS, 4 TUHAMIYHE CIIOKMBAHHS eHepTil 3HAYHO 3HUIKYETHCS. 3AIPOIIOHOBA-
Huii LS Mae 3maTHICTD ITepeTBOPIOBATH BXIIHI CUTHAJIM 3 PIBHAMHA HAIPYTH, SHAYHO HIYKYNMU 34 IIOPOTOBY
manpyry MOH-tpanaucropa, Ha BUII HOMIHAJIBHI piBHI Hanpyru skusjieHHs. [Ipegcrasmenwnit LS 3aiimae
HEBEJIUKY IUJIONLY KPEMHI0 3aBISKH JTy?Ke MaJIiil KiJTbKOCTI eJIEMEHTIB Ta € HATHU3bKOEHEePTeTHIHIM, III0 PO-
OUTH MOr0 MPUIATHUM JJIsI 3aCTOCYBAHb 3 HU3bKUM €HEepProCIOKUBAHHAM, TAKUX IK IMILIAHTOBAHI MeIUYHL
mpucTpol Ta 6e3mpoToBl CeHCOpHI Mepe:ki. PesysbpraTté MomesIoBaHHS IICIS PO3MITKH 3a CTAHIAPTHOIO
KMOII-texnonoriewo. Leit LS ocobanBo mpuBabauBuil I 3aCTOCYBaHb 3 HU3BKUM €HEPrOCIIOMKHUBAHHSIM,
BKJIIOYAIOYHN IMILIAHTOBAHI MEIUYHI IPUCTPOI Ta 0E3IPOTOBL CEHCOPHI Mepeskl, OCKIIbKYA BIH BUKOPHCTOBYE
IIysKe MaJIo KOMIIOHEHTIB, a PO3CiloBaHHs eHeprii MiHiMizoBaHo. 3aBasaku Bukopucranuio KMOII-rexuosorii
3 Hampyrowo MeHIre 1 B, BiH Moike IlepeTBOpPIOBATH BXiAHY HANPYTy Ha HU3BKWHI piBeHb 10 80 MB, arigwmo 3
pesyJabraTaMu MofAeIoBaHHA mmicis poamitku. Ileit LS sabesmeuye poaciroBanus moryskHocTi 123,1 BT i3
3aTPUMKOIO HOIMUpeHH 23,7 He mpu Hanpy3i sxusiieHHs 0,4/1,8 B (musbka/Brcoka) Ta Bxiguii yacrori 1 MI'm.

Kmiouosi cnosa: Ilogsitine sxuBieHus, 3cyB piBHiB, JudepeHIianbHuil KacKaIHUN epeMUKad HAIIPYTH
(DCVS), [ligmoporosa cxema, MaJjomoporose sKMBJICHH.
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