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Abstract
This report briefly explains the design process, structure, and evaluation of a Complementary
metal-oxide-semiconductor (CMOS) inverter designed using a 45 nm technology process with a focus
on its propagation delay and power consumption. Moreover, the CMOS inverter design will be created
using the Cadence Virtuoso design environment, along with a post-layout analysis of the design.
Performance evaluation of the designed circuit will be carried out through the execution of a transient
analysis process, considering the standard operating conditions of the circuit. Based on the simulated
results, the proposed design demonstrates a significant reduction in the value of propagation delay
compared with existing CMOS inverter designs, along with improved power efficiency. Transient
analysis is performed under standard operating conditions to evaluate the inverter's dynamic
behavior. The circuit's switching characteristics, such as rise time, fall time, and propagation delay,
can be ascertained through this analysis. According to the simulation results, compared to traditional
inverter designs, the proposed CMOS inverter design significantly reduces propagation delay,
improving overall speed performance. Furthermore, the leakage power analysis of the CMOS inverter
circuit  has been carried out under different operating conditions of the P-type
Metal-Oxide-Semiconductor (PMOS) and N-type Metal-oxide-semiconductor (NMOS) devices of the
circuit, with improved insights into the value of the leakage current. The results prove the improved
energy efficiency of the designed CMOS inverter circuit with optimal power-delay performance
suitable for very large scale integration (VLSI) designs.

Keywords: CMOS inverter, inverter chains, leakage power analysis, 45 nm technology

INTRODUCTION

The continuing progress of Complementary metal-oxide-semiconductor (CMOS) technology has
facilitated the development of digital integrated
circuits that are not only high-performing but also
energy-saving devices. Among the numerous
digital components, the CMOS inverter is
considered the most critical, hence, the power,
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speed, and reliability of advanced logic circuits are
significantly influenced by it. The performance of
inverter chains is a significant issue in modern
VLSI systems because they are extensively used in
buffering, signal restoration, and clock distribution
networks [—13].

Power dissipation has become an important issue
in the development of digital circuits owing to
advancements in deep submicron technology. The
switching speed and leakage current increase
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considerably owing to the extreme scaling down of the transistors. Therefore, it is essential to achieve
a proper trade-off between delay and power while building low-power VLSI circuits. The maximum
[4-7] achievable speed in digital circuits is usually accompanied by the highest power dissipation and
thus requires careful optimization at the circuit level [8, 9].

Many proposals have been made in the literature for low-power and high-speed inverter designs,
including the sizing of transistors, methods for leakage reduction, and optimizations at the logic level.
However, many current studies tend to concentrate on either delay or power minimization without
addressing the specific leakage characteristics under different operational scenarios [10, 11].
Furthermore, some methods rely on relative performance improvements without a complete
transistor-level evaluation.

The construction of a 45 nm technology node CMOS inverter chain with high-speed and low-power
consumption is presented. In this study, the proposed architecture provides a detailed study of the
leakage power of both P-type Metal-Oxide-Semiconductor (PMOS) and N-type
Metal-Oxide-Semiconductor (NMOS) while focusing on enhancing the power-delay trade-off [12,
13].

LITERATURE SURVEY
Survey

In previous studies, a low-power dynamic CMOS inverter design with the Leakage control
transistor and LECTOR-B methods applied in 45 nm technology has already been reported. The
proposed method incorporates additional leakage control transistors to mitigate the static power loss
of CMOS inverters. The LECTOR-B method was shown to yield better power-delay performance
compared to the traditional inverter, mainly because of the reduced leakage power. However, the
presented results were largely given in terms of percentage improvements in the power delay and
power-delay product, without providing absolute performance metrics. Moreover, the study was
limited to the performance of a single inverter and did not consider the behavior of inverter chains or a
detailed examination of transistor-level leakage under different operating conditions. In addition,
layout-level validation and post-layout performance evaluation were not addressed. These limitations
necessitated the present study, which focuses on the design and analysis of a series of low-power
CMOS inverters with improved power-delay characteristics and a thorough leakage examination using
an integrated design and verification process [14-16].

Literature Summary

The reviewed literature places a strong emphasis on the significance of optimizing leakage
reduction. This is particularly significant for deep submicron technologies. Recent approaches have
indicated that the application of control measures for leakage reduction can significantly reduce the
consumption of leakage power while providing a significant improvement to the overall energy
efficiency of the system. However, as observed in most of the literature that deals with this theme,
most of it is still centered on the evaluation of the performance of individual inverters [21]. Moreover,
most studies present the results in terms of relative percentage improvement as opposed to absolute
measurements. In addition to this, it can be seen that the evaluation of the inverter chain, the entire
power and delay evaluation, as well as leakage evaluation, have to be conducted to ensure a better
implementation in high-speed digital circuits [17-19].

PROPOSED METHODOLOGY
CMOS Inverter Design

The basic element of the proposed inverter chain is a stand-alone CMOS inverter consisting of
PMOS and NMOS complementary transistors in the pull-up and pull-down modes, respectively. The
dimensions of the transistors are optimized in such a way as to obtain the lowest propagation delay, at
the same time keeping the dynamic and static power consumption very low (Figure 1). The inverter
was processed in the 45 nm technology node, and the supply voltage was chosen to guarantee
dependable switching and proper logic-level transitions. This simple inverter layout forms the basis
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for constructing an inverter chain, which allows for detailed studies of the delay, power, and leakage
under actual circuit conditions [20].
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Transistor sizing and switching threshold analysis. The goal of choosing the W/L ratio of the
transistors is to guarantee that the switching threshold voltage is reached at its ideal value. The voltage
value at which the switch toggles between states is indicated by the voltage transmission curve, where
Vin = Vo The developed inverter circuit diagram shows the V;, = V. condition at approximately 0.6
V. This shows that the voltage transmission curve is nearly symmetrical [22]. The DC voltage gain
can be obtained using the slope of the voltage transfer curve to calculate the ratio of the change in the
output voltage to the change in the input voltage. The DC voltage gain in this case (Figure 2).

Switching Threshold Voltage (Vm)

Vin = Vout
W =120 nm, V;,=588.3 mV, V,,,=642.1 mV
Vm=06V
DC Gain
__ dvout
Av = dvin
Av~=-13

Inverter Chain Configuration

The CMOS inverter chain is a series of identical inverter stages connected one after another, where
the output of the first inverter is connected to the input of the second stage and so on. This
configuration provides an accurate evaluation of the total propagation delay, power loading effects,
and signal quality during dynamic operation scenarios. All the inverters in the chain use transistors of
the same size, which ensures that the performance is the same throughout the different stages (Figure
3). The chain of inverters receives a pulse input at the first stage, and the output response is detected
at the following stages of the chain. To mimic the interconnect and fan-out effects typically found in
real digital circuits, the output nodes are connected to load capacitances. The proposed methodology
captures delay accumulation, dynamic power dissipation, and switching behavior, which are pertinent
to high-speed digital systems, by studying the inverter chain rather than a single inverter [23].

Simulation Setup

The designed CMOS inverter and inverter chain were tested in the Cadence Virtuoso Analog
Design Environment (ADE) using a 45 nm process technology. The dynamic switching characteristics
of the inverter chain were evaluated by conducting a transient analysis. A pulse input signal with
appropriate rise and fall times was applied to the first inverter, and the output waveforms were
captured at different points along the chain (Figure 4). Simulations were performed at a standard
temperature and supply voltage to ensure that the results were consistent and reliable. The
fundamental performance parameters, including propagation delay, rise time, fall time, and power
dissipation, were derived from the simulated voltage and current waveforms. Static power is measured
under quiescent conditions, whereas dynamic power is computed by averaging the supply current
during switching events. The steady-state and transient characteristics of the proposed inverter were
thoroughly and accurately assessed in this simulation environment [24].

Propagation Delay and Power Measurement

The propagation delay is determined by measuring the time interval between the 50% transition
points of the input and output voltage signals during a transient simulation. For each inverter stage in
the sequence, delays for both low-to-high (tpLH) and high-to-low (tpHL) transitions were reported.
To determine the average propagation delay, which indicates the total switching speed of the inverter
chain, the mean of these two values is calculated.

The power consumption was determined by measuring the current drawn from the power supply
while the circuit was operating. Dynamic power is produced during active switching conditions by
taking the average of the supply current over a complete input cycle, whereas static power is
measured during the steady state when the input is constant at a particular logic level. This approach

© STM Journals 2026. All Rights Reserved 46



Design and Analysis of Low-Power CMOS Inverter Chains Anupriya V. et al.

separates the dynamic and static power components without disturbing the circuit performance [25].
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Figure 4. Output of the CMOS inverter chain.

© STM Journals 2026. All Rights Reserved 48



Anupriya V. et al.

Design and Analysis of Low-Power CMOS Inverter Chains

=L

| () osomuip, % || |aued uonaung

(Bunpe; o) Swisu) 1 S aandiyg

() osomup W[ | 1-(2)13av Y || uy gosomun BSE | 9 gosonuA[D] | re@tnon | P |

() osonin [

uen-uen 3esere( jedoneways awmasds; | N IOWE[NWLESP [1]14/ALU0Y; JIX3U0T) t<]~E] 23EL] _ &
UONEN[RAD N]ES3NG

728pa;, ‘g) ganeag (e, Jnsal al w
& wlNOAJIA ZEMG U (1O, 00 1P

441 T gy, 1a8pay gg Tanfea

i (e, Jnsaug, anoa, Jia g leEp

A T Stopsaid [ e[ 014

-&m * 1249 J@M = s 0 Fas Tona “m

10ypg uopssaadxy |

(e, Yns2L;,  <Todi e

o Guenmsar, T

:.: ajdmynuug, 1 dons;, ¢ [iu m_o:. [ m_u:_ 1 UL, © e, nuacok ‘€0 wa_uop ﬁ..zu.a NS, <FoAL > T T [O1 000 [P 'L L, _,b__:o 13T, o 1angeag, (e, :32 1noain GE;Q_%

(i edpmu;, g doisy ‘[ru glos, ‘[1u gpi; °T Ty S, BuIEs, 723pay, ‘60 CaEPS] (,ED, nSAIy  <ToAL > G T 11OV, 00D TP T 1wy Suts, 1a8peg 570 anfeag (uen, amsa, anoa i 1ymp)ieep
_H_.EE__ L, J[nsadg ..&U?__

|_q'| !3] il

(o apdnmu;, o dos;, *

(e, JAsaL <Tohg

1 7100, ‘00 TP T 2 Y, Buirey,, 2a8pa; ‘610 2a8pag (LN, InSas, , <T-Ai, (> 1 I TI01; 00 TP 'T T ', Busiy, 13pag, 60 Tanfea;, (uen,, 1msatg ,noa s 1m)Aeap

10 7103, 110 TP T T, BT, 38D, 50 TR, ‘L, NS, <ToRi> THG IV 1101, 070 1PV, 1 10U, B, 19899 60 19MEA €08, rsat; noa i Lym)kerep)  C

(pru apdpusg, o dots,

&

e

JEG_
ST ﬂ il __

|l wE5E &5

_%__i_x_

TI-9888' _..4;:|le z T

4% n Esu__.soom._n

pusddy| S UF | did }_ sAoW /@) AlTweg O B0 F

O w0 dio de)| om0 sACY e el el e
we ) dy Oy amsa Ty dx | x| dm) S0 do@| su SO A | MO |
=] n Jadoneanosaan sads, [ON/UORINIUISRTIIqHADW0Y) | (] SNS2Y] 1XaIue) uf #w !
3IUapel dpf swewuo]  suopd) maip  sol  apg
o o S J0JR[NIED [X SISA[RUR P UONEZIENSTA (1) 0SOMATA

ix % WV EEII T 2%2d

DRSS ) I9SALL Ja)aAUL :BUNIPS | JOJIP3 JUBWIAYIS L0S0NUL,  $30B[d  Suopedlddy e

49

© STM Journals 2026. All Rights Reserved



(Swsu o1 Surppey) g1d -9 aansyg

" ()erap
anEA suorssaidig aure 0 g

Joypy uoissasdxy |

LRI, JNSaLy <faA])m

LLTRTL, 1[NSHTE <E=E M

nu agdnprmy, (o dois,, “pu ZpiL “pu ZoN] ‘T ZaY BT[], ZaBpa| 610 ZanTEA (URLL, NS, < ez s TIA B T0LL 000 100y T 1T © st [a8pay U 0 Tonfen (eI, NSal; <emoa Jw, (- )Leap
aruapdnoug, pu dots; “pu zpie teu Zom L zymy 3ulle, 293P 6 0 Zaneas (e, NS ogmAz s Zam b 0 S0 10y Ly | Suisi,, 198pay, 00 (R0gesy (uea, s <gsoa sy (T Mejap
TL-38ELT

&,UBL, }NS3L, gepahign

gy o daysg “pu e pu gORE (T Py G BUig, 238p; 610 TANEAL (LR, H0S3L <EAAG - T PU 100, 1070 109 L 1YHY AUNIT, 198P3g %0 [30[EA (R, InsaY; <gsaa g ()AEEp
yuadnnmy, o dojs;, fpu gpig pu Zow *1 2y f Susw, za8pa, ‘g ganiea; (ImD, INSaL; A7 = 2 P ey 000 1eTy ] Tyuy ey, [a8pay vy Tanfeay I, Jnsay,  <g=3A e, {)derap

ey

J0JBNI[ED TX SISA[EIY % UONEZI[ENsTA (Y)0SONIIA

ISSN: 2249-474X (Online), ISSN: 2321-6492 (Print)

Journal of VLSI Design Tools & Technology

Volume 16, Issue 1

50

© STM Journals 2026. All Rights Reserved




Design and Analysis of Low-Power CMOS Inverter Chains Anupriya V. et al.

Leakage Power

Leakage power analysis involves the assessment of PMOS and NMOS transistors in both their
conducting and nonconducting states. During steady-state operation, the leakage currents were
measured to study the contributions of subthreshold and gate leakage. Separate measurements were
performed for each of the four cases, PMOS-ON, PMOS-OFF, NMOS-ON, and NMOS-OFF, to
obtain a detailed understanding of the leakage properties at the transistor level in the inverter chain.

RESULT AND DISCUSSION

In this section, the simulation results for the proposed CMOS inverter chain, which was built using
45 nm technology, are displayed. The propagation delay, power consumption, and leakage
characteristics were used to evaluate the performance of the design using the measurement techniques
described in Section III. The results were then analyzed and compared with those of previous studies
to show how well the proposed approach lowers the latency while using little power (Figure 5).

Propagation Delay

The propagation delay of the inverter chain was extracted from the transient simulation data by
taking the average of the low-to-high and high-to-low transition delays. The proposed inverter chain
has an average propagation delay of 101.54 ps. This shows a significant improvement compared with
the previously reported delay of 140.20 ps for conventional inverter designs. One of the main reasons
for the significant delay reduction is the improved aspect of transistor sizing, switching threshold
characteristics, and reduced effective capacitive loading at the output of inverter cascades. The results
confirm that the proposed design is the best fit for high-speed digital circuit applications (Figure 6).

tp = tpLHJZrtpHL

tp= 4823 x 10 242,538 x 10
2

tp=25.384 ps

Ttotal = th

Where, N is number of inverter chains.
T = 4 % 25.384
T = 101.54 ps

Power Consumption Analysis

The total power is partitioned into dynamic and static parts to evaluate the power consumption. The
maximum power dissipation of the proposed inverter chain was 14.60 nW. Of this, the dynamic power
part amounts to 14.597 nW, and the static power loss is limited to 3.171 pW (Figure 7). The use of
scaled CMOS technologies to minimize delay often results in increased dynamic power; however, the
proposed design maintains a favorable power-delay trade-off. The very low static power indicates
excellent management of leakage currents, which makes the design suitable for low-power digital
systems (Figure 8).

Average Power
Expression: average(getData(“pwr”?result “tran’))
Value: 14.60E-9

To investigate the power consumption characteristics of the CMOS inverter, the power dissipation
in the ON and OFF states of both PMOS and NMOS transistors was measured. The data was acquired
through transient simulation and calculator functions in Cadence Virtuoso. The results indicate that
the PMOS transistor is responsible for a larger amount of leakage power than the NMOS transistor,
particularly in the OFF state. The OFF-state power of the PMOS transistor increases as the
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subthreshold and gate leakage currents become predominant at deep submicron technology levels.
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Table 1. Propagation delay (tpLH and tpHL) variation with supply voltage for the CMOS inverter.

Voltag | tpLH tpHL
e

1.1V 4.823 | 2.538
ps ps

1.8V [3.05ps|1.62ps

Table 2. ON- and OFF-state power consumption of CMOS inverter transistors.

Transisto | State Power

r

PMOS ON 1.339 x 10_12
PMOS OFF 3.0581 x 10_10
NMOS ON 1.853 x 10_21
NMOS OFF 1.132 x 10_15

Table 3. Comparison between conventional CMOS/existing low-power techniques and the proposed
low-power CMOS inverter chain.

Parameters Conventional CMOS/existing Proposed low-power CMOS
low-power techniques inverter chain

Technology node 90 nm/180 nm 45 nm

Supply voltage 1.0-1.2 1.8V

Static power High 305.9 pw

Dynamic power Lw range 14.29 nw

Average propagation 40-60 ps 25.38 ps

delay

Total delay 140.200 ps 101.54 ps

Power delay Moderate to high Significantly reduced

Overall speed Moderate Increased

Power efficiency Average High

In contrast, the NMOS transistor exhibits almost negligible power dissipation in the ON state and
somewhat less leakage in the OFF state. This confirms that the PMOS leakage characteristics
essentially control the static power dissipation of the inverter. The ON-state power reflects the
conduction properties during switching, whereas the OFF-state power indicates the static leakage
power when the transistor is inactive. These findings demonstrate that to drastically lower static
power dissipation, leakage reduction strategies such as LECTOR and LECTOR-B designs must be
used in the design of CMOS inverters. For low-power VLSI applications, controlling the leakage
currents in both PMOS and NMOS transistors can significantly improve the total power efficiency of
the inverter (Figure 9).

Leakage Power Analysis

The leakage power was assessed at the transistor level by analyzing the PMOS and NMOS parts in
both the ON and OFF conditions. This detailed study reveals not only the standby power distribution
but also the leakage diffusion across the inverter chain. The measured leakage power values for the
different transistor states are listed in Table 1. The results indicate that the leakage of PMOS in the
OFF state has a larger influence on the total leakage than NMOS devices, which is in line with the
expected behavior in deep submicron CMOS technologies. Nonetheless, the total leakage power
remained low and did not significantly contribute to the overall power consumption (Figure 10).

© STM Journals 2026. All Rights Reserved 56



Design and Analysis of Low-Power CMOS Inverter Chains Anupriya V. et al.

P, .. = PMOS-OFF + NMOS-OFF
Pgiasic = 305.8 pW + 0.1132 pW
P = 305.9 pW

Pavg =P static + denamic

denamic =P avg P static

Pgynamic = 14.60 nW — 0.3059 nW
Pgymamic = 14.29 nW
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Comparative Analysis

Table 2 compares the proposed low-power CMOS inverter chain with classic CMOS and previously
mentioned low-power techniques. Table 3 shows the progress of the proposed low-power CMOS
inverter chain. While previous research has largely focused on leakage reduction techniques, such as
LECTOR, LECTOR-B, Sleepy CMOS, and Multi-Threshold CMOS (Complementary
Metal-Oxide-Semiconductor), at technology nodes of 90 and 180 nm, the proposed design works at a
node of 45 nm and employs optimal transistor sizing and inverter chaining.

The proposed inverter chain compares favorably with the reported ranges in the literature through a
significant reduction in static power to only 140.200 pW and a relatively small total propagation delay
of 101.54 ps. Additionally, the power consumption during maximum operation is limited to a few
nanowatts, which results in a lower power-delay product (PDP). The results indicate not only a higher
speed but also better power efficiency, making the design suitable for low-power and high-speed
digital applications.

CONCLUSION

A low-power CMOS inverter chain was developed and evaluated using 45 nm technology, targeting
decreased power consumption and propagation delay. The overall power was thoroughly assessed by
dividing it into static and dynamic parts. Static power, which is the part due to the leakage of PMOS
and NMOS transistors when they are OFF, was found to be only 305.81 pW, indicating very low
leakage. The dynamic power was found to be 14.29 nW, which means that the power consumption
owing to switching activity dominates the total power consumption rather than leakage.

Propagation delay testing showed that the new inverter reduced tpLH and tpHL, resulting in faster
switching characteristics at high supply voltages. The tested inverter chain delay of 101.54 ps is a
significant improvement over the 140.200 ps delay of the existing designs. This indicates that the
performance was accelerated by the interconnection of the inverters and optimal sizing of the
transistors.

The proposed design is suitable for high-speed and low-power digital applications because it
reduces both delay and power consumption, which also leads to a significant improvement in the PDP.
An important component of the next generation of low-power VLSI systems and high-speed digital
circuits, the suggested low-power CMOS inverter chain is an excellent solution that does not sacrifice
performance or power efficiency.
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