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Abstract— The Internet of Things (IoT) nodes and applications have been expanding rapidly; thereby driving 
the increasing need for ultra-low power RF front-end circuit design, particularly for battery-powered 
applications.  This work presents a highly efficient ultra-low power low-noise amplifier (LNA) circuit designed 
particularly for IoT tire pressure monitoring system (TPMS) applications. With an inductive degenerated 
cascode topology, the proposed LNA achieves low noise figure, high gain, and highly efficient power 
consumption. As determined through comprehensive simulations conducted using the TSMC CMOS 0.18 μm 
technology, the LNA’s superior performance exhibits a noise figure as low as 2.7 dB, high gain of 20.52 dB, and 
low power consumption of 0.1 mW in the most efficient state. Thus, LNA can possibly enhance TPMS sensitivity 
and reliability substantially, representing an advancement in IoT technology adaptability across varying 
applications. 
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1. INTRODUCTION  

With the advent of (IoT), a transformative paradigm is introduced, where an expansive 

array interconnected devices enables seamless sharing of data and communication across 

various sectors, thus remodeling conventional practices and promoting innovation. IoT devices 

are majorly used in smart homes to improve energy efficiency and security. In healthcare, IoT 

of medical things (IoMT) aid in remote monitoring of patients and wearable devices allow the 

collection of health data in real-time. Industrial IoT (IIoT) has improved automation and 

predictive maintenance in industries, which has augmented the operational efficiency. 

Moreover, with the integration of IoT technologies into smart cities, agriculture, and retail, 

traffic management, precision farming, and supply chain optimization, respectively, have 

advanced. 

Reliable communication protocols (e.g., AMQP, MQTT, HTTP/HTTPS, CoAP, and 

Bluetooth/Bluetooth Low Energy) determine the effectiveness of IoT applications. While 

serving as the communicative pillar, these protocols meet the different requirements of IoT 

scenarios. This paper explores the design considerations of low-noise amplifiers (LNAs) for IoT 

applications, along with elucidation of the challenges encountered with adapting these 
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amplification components to meet the unique characteristics and demands of the 

aforementioned domains. 

Tire pressure monitoring systems (TPMS) are essential for enhancing the safety and 

performance of modern vehicles. Sophisticated electronics, especially radiofrequency (RF) 

components, are a critical part of TPMS design and are integrated into the systems to ensure 

precise and consistent tire pressure measurements. Of them, LNAs are crucial for elevating the 

sensitivity and performance of TPMS sensors, because they amplify weak signals emitted by 

the sensors with minimal additional noise [1]. With an increase in the demand for TPMS, 

research interest in developing more sensitive, efficient, and reliable LNAs for these 

applications is elevating [1]. 

LNAs, which are electronic circuits essential for RF and microwave systems, amplify 

weak signals but introduce minimal additional noise. In TPMS, they intensify faint signals from 

tire pressure sensors, thus enabling to detect and measure tire pressure levels accurately. LNA 

topology substantially affects system gain, noise performance, bandwidth, and power 

efficiency; therefore, choosing the correct topology is important. However, several difficulties 

are encountered while designing and implementing LNAs for IoT applications [2]. One such 

challenge is to design ultra-low-power LNAs so that battery life can be extended, while another 

challenge is to achieve the wide bandwidth required by LNAs to support diverse 

communication protocols employed in IoT applications. 

In this paper, the advanced LNA design for TPMS, an IoT application, is discussed. We 

here elaborate and compare the performance of various LNA types for power consumption, 

bandwidth, and noise characteristics. Additionally, IoT applications utilizing LNAs are 

surveyed. The study provides beneficial insights to researchers and engineers for developing 

innovative LNA designs suited for IoT applications. In subsequent sections, we 

comprehensively review LNA designs currently used in TPMS and compared their 

performance metrics, including noise figure, power consumption, and linearity. By 

meticulously surveying LNA-employing TPMS applications, we elucidate the unique needs of 

each application scenario. This study specifically examines the basics to be considered while 

choosing LNA topologies for TPMS applications, such as Common Collector (CC), Common 

Base (CB), Common Emitter (CE), Differential, and Cascode configurations [2]. 

This research aims to comprehend the variations in LNA configurations, thereby 

enhancing TPMS designs, offering accurate tire pressure measurements, and elevating vehicle 

safety standards. To achieve these objectives, each topology was carefully assessed for its 

strengths and drawbacks in relation to TPMS performance criteria. This meticulous assessment 

offered major insights about automotive electronics and RF engineering and a valuable 

guidance for engineers and researchers committed to improving the efficiency and accuracy of 

TPMS devices. This study thus seeks to increase vehicle safety and performance, broadening 

the field of IoT applications. 

2. REVIEW OF LNA TOPOLOGIES  

LNAs with varying topologies that can meet specific demands and performance 

requirements have been fabricated. The CE topology, which has high voltage gain and 

moderate input/output impedance, is applied in RF amplification for its moderate noise figure 

and satisfactory gain characteristics. Owing to its low input impedance and high current gain, 

the CB configuration is fit for high-frequency applications, which need impedance matching 



XXX                                                        Jordan Journal of Electrical Engineering. Volume X | Number X | Month 20XX 

 

[2]. The CC topology (or emitter follower) offers high input impedance and unity voltage gain 

and so is best suited for buffering and impedance transformation [3]. Offering a well-balanced 

blend of high gain, wide bandwidth, and good linearity, the Cascode topology, which 

integrates common emitter and common base stages, is expedient in RF and microwave 

systems [4]. The Differential configuration is predominantly employed in communication 

systems requiring balanced signaling and noise suppression. This configuration is known for 

its excellent common-mode rejection [3]. 

Using inductive elements, LNAs with inductive feedback attain high noise performance 

and gain, especially at higher frequencies. Characterized by high current and voltage gain, the 

Darlington topology is suitable for applications in which power must be substantially 

amplified. Selecting an appropriate LNA topology relies on certain application requirements, 

such as gain, noise figure, bandwidth, and impedance matching, ensuring optimal performance 

across various RF and microwave systems [5]. Fig.1 presents the key topologies of Low Noise 

Amplifiers (LNAs), which are essential components in communication systems for signal 

amplification with minimal noise addition. 

 

Fig. 1. Key LNA topologies: a) common source (CS) LNA with shunt-series feedback; b) CS LNA with 

resistive termination; c) common gate (CG); d) inductive degeneration common source LNA (IDCS); e) inductive 

source degeneration LNA in cascode configuration. 

The TREAD Act [6] spurred the extensive adoption of TPMS in the United States, 

following the Ford-Firestone tire failure incident [7]. In addition to preventing tire failures, 

alerting drivers to low tire pressure enhances safety on roads and fuel economy, as optimal 

tire inflation boosts traction, reduces braking distances, and minimizes rolling resistance. 

(a)                                                (b)                                               (c) 

(d)                                                                      (e) 
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TPMS continuously tracks the air pressure inside the tires of cars, trucks, and 

multipurpose vehicles, notifying drivers about a significantly underinflated tire. Although 

both direct and indirect methods are used for measuring air pressure, only direct methods 

meet the TREAD Act's measurement sensitivity standards and are currently in use. 

Due to the challenges of establishing a wired connection between a rotating tire and the 

electronic control unit of the vehicle, the sensor module uses an RF transmitter to relay data. 

The receiving tire pressure control unit processes these data and communicates with the 

vehicle’s main computer via the Controller-area Network, often triggering dashboard 

warnings. Indirect measurement methods, in contrast, infer tire pressure changes from 

differences in rotational speed, detectable through anti-lock braking system sensors. A tire 

with lower pressure must rotate faster to cover equal distance as a higher-pressure tire. 

However, this method has limitations, including reduced accuracy, the need for driver 

calibration, and an inability to detect simultaneous tire pressure drops (e.g., due to 

temperature changes). 

3. TPMS ARCHITECTURE 

TPM sensors fitted into the back of each tire's valve stem, a TPM electric control unit 

(ECU), a receiving unit (either integrated with the ECU or stand-alone), a dashboard TPM 

warning light, and one or four antennas connected to the receiving unit are typical components 

of a direct TPMS. 

Starting in 2007, all tires and vehicles have to be TPMS enabled so every new tire you 

put on your car contains a module that senses various aspects of your tire and wirelessly 

communicates the information to the car’s brain.  The details vary between systems and 

automotive manufacturers, but the basic block diagram is shown in Fig. 2. TPM sensors 

broadcast pressure and temperature values together with their identifiers on a regular basis. 

Before transmitting messages to the TPM warning light.  

  
Fig. 2. Basic block of TPMS diagram. 

The TPM ECU/receiver receives the packets and conducts the following activities. First, 

because it can receive packets from sensors on other automobiles, it filters them out. Second, 

it compensates for temperature by normalizing pressure data and evaluating tire pressure 

variations. The precise architecture of the system varies depending on the provider, especially 

in terms of antenna arrangement and communication protocols. In high-end automobile 

models, a four-antenna setup is common, with an antenna fitted in each wheel housing under 
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the wheel arch shell and connected to a receiving unit by high-frequency antenna wires, as 

shown in Fig. 3. Because the antennas are positioned near to the TPM sensors, the four-antenna 

system extends sensor battery life by lowering the needed sensor transmission power. 

However, in order to lower vehicle costs, the majority of car manufacturers employ a single 

antenna, which is commonly located on the rear window [8-9]. 

 
Fig. 3. Hardware design block diagram of TPMS transmitter. 

4. COMMUNICATION PROTOCOLS 

The protocols for communication between sensors and TPM ECUs are special to each 

company. But TPMS often use 315 MHz or 433 MHz frequency (UHF) with ASK (Amplitude 

Shift Keying) or FSK (Frequency Shift Keying) modulation. Each tire sensor has a unique ID. 

Before the TPMS ECU can read data from sensors, their IDs and the position of the wheel 

where it is must be input manually in most cars or automatically in some expensive ones. This 

is usually done when installing tires. After that, the sensor ID is very important because it 

helps ECU know where data come from and ignore signals from other. 

Fig. 4 shows the block diagram of receiver [10]. There are two main processing paths 

based on the type of modulation. One path is for sensors using ASK modulation, and the other 

one is for sensors using FSK modulation. The receiver can get signals from seven types of 

TPMS sensors, and it has a range of about 100 m with directional antenna. When signal is 

received correctly, the receiver ID, sensor ID, sensor type, and time are saved into database for 

later processing. 

 
Fig. 4. Structure of the prototype TPMS receiver. 
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5. THE PROPOSED LNA SCHEMATIC AND DESIGN STEPS 

Designing an LNA for IoT-based TPMS entails balancing ultra-low power consumption, 

high gain, and low noise figure. The proposed LNA, based on the Inductive Degenerated 

Cascode (IDCS) topology, effectively balances these critical requirements. The design for this 

LNA mainly focused on reducing power consumption, lowering the noise figure, and 

maximizing gain. Reduction of power consumption prolongs the battery life of TPMS devices 

and ensures long-term use of these devices in energy-restricted settings. System’s sensitivity 

is boosted with a low noise figure, which aids in detecting weak signals precisely even under 

challenging conditions. Moreover, maximum gain is essential to deliver an adequately strong, 

amplified signal for further processing without notable degradation, thereby preserving the 

system’s performance and reliability. 

During the design process, initially, an appropriate amplifier topology is chosen 

according to the application’s needs, focusing on factors such as gain, linearity, power 

consumption, and noise figure. Because the LNA proposed here uses the IDCS topology with 

outstanding attributes and was therefore compatible with IoT applications. Strict power 

constraints are usually experienced during the operation of IoT devices while they require 

reliable communication protocols. The IDCS topology excels as it attains a high gain, a low 

noise figure, and strong linearity simultaneously; these are traits essential for managing weak 

signals in challenging environments of IoT applications [11]. The robust design of LNA allows 

for the efficient use of power, which makes it best for battery-powered IoT devices, and the 

delivery of consistent performance across varying temperature conditions and manufacturing 

processes. Furthermore, the topology’s simplified structure and compatibility with CMOS 

technology align well with the compact, integrated design often used in IoT devices, which 

renders it a great choice for boosting sensitivity and extending wireless communication range 

in IoT applications [12-16].  

The second step involves identifying ideal device sizes and biasing voltages to minimize 

noise figure (NF) and maximize gain, while adhering to the LNA’s power specifications [17]. 

This phase includes a thorough analysis of trade-offs among gain, noise figure, and power 

consumption. 

At resonance frequency (operating frequency), voltage gain is represented by Eq. (1): 

Av =
Vout

Vs
=

Rdp

2jωoLs
                                                                                                                         (1)  

where Rdp is the parallel parasitic resistance of load inductor Ld , ωo is the resonance frequency, 

and LS is the source inductor. 

The voltage gain relies on Rdp, Ld, and LS. The real part of Zin is also affected by LS; 

therefore, Ls must be selected carefully to avoid excessive gain reduction. The IDCS noise 

figure is defined by Eq. (2) [18-20]. 

F = 1 + (
ωo

ωt
) ⋅ 𝑁𝑜𝑖𝑠𝑒 𝑆𝑐𝑎𝑙𝑖𝑛𝑔𝐹𝑎𝑐𝑡𝑜𝑟                                                                                                         (2) 

where F represents the noise factor, ωo denotes the resonance frequency, and 𝜔𝑡 = 2𝜋𝑓𝑡 (where 

𝑓𝑡 denotes the transistor's cut-off frequency, described as 𝑓𝑡 ≅
𝑔𝑚

𝐶𝑔𝑠
). 

Noise Scaling Factor = γ(
gdo

gm
)

1

Qin
(1 − 2|c|xd + (4Qin

2 + 1)xd
2)                                              (3) 

where 𝛾  represents the excess noise factor, generally about two-thirds in long-channel 

devices; gdo  is the channel resistance when Vds = 0, 𝛿  denotes the gate noise coefficient, 

typically considered as 2 𝛾 ; and c indicates the correlation coefficient for the association 
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between the gate-induced noise current and drain thermal noise current and is approximately 

0.395j. The term xd is defined in Eq (4): 

xd =
gm

gdo
√

δ

5γ
                                                                                                                                   (4) 

Qin is the quality factor of the input impedance matching network of IDCS. Because it 

appears as a series RLC circuit, Qin is expressed as below:  

Qin =
1

2RsωoCgs
                                                                                                                                (5) 

Moreover, the key to achieving low noise figure and maximum gain is the careful choice 

of RF inductors, which impacts noise figure and gain. Important considerations include the 

inductor’s value and quality factor at the operating frequency, along with its self-resonance 

frequency, which should be remarkably distinct from the operating frequency to avoid 

resonance from parasitic capacitance. To calculate the optimal device size and biasing voltages 

for minimum noise figure and maximum gain, Eq. (6), which generally expresses the noise 

factor, should be discussed [15, 21].  

F = Fmin +
Rn

Gs
|Ys − Yopt|

2
                                                                                                          (6) 

where Fmin is the minimum noise factor is given in Eq. (7), Rn denotes noise resistance, Gs 
represents source conductance, and Ys  and Yopt  are source and optimum admittance, 

respectively. 

Fmin = 1 +
2

√5

ω

ωt
√γδ(1 − |c|2)                                                                                                    (7) 

To achieve a minimum noise figure, two parts of Eq. (6) must be satisfied. Minimizing 

noise figures involves first achieving minimal noise in the core transistor through optimal 

biasing voltages and sizing and then adjusting the input matching circuit so that Ys is equal to 

Yopt. Raising the cut-off frequency (ft) further reduces noise figure in the core transistor. 

In the third step, biasing is fine-tuned to optimize power use while balancing its impact 

on gain, noise figure, and linearity. In an LNA, managing power consumption is crucial for 

IoT applications because of the distinct operational needs of these devices, such as operating 

in energy-sensitive, remote environments within the IoT ecosystem. In IoT nodes, LNAs play 

a critical role by first amplifying weak sensor signals and then processing them further. 

Consequently, power efficiency is a key factor directly influencing the overall energy budget, 

longevity of battery-powered IoT devices, and the functionality of these devices, particularly 

in remote or energy-restricted environments. Although reducing power consumption is vital, 

achieving and maintaining optimal performance, determined by gain, noise figure, and 

linearity, is equally critical. This proposed LNA is optimally designed to meet these specific 

requirements, in addition to allowing efficient power usage for a wide array of IoT 

applications. 

In the final step, which is a crucial phase in LNA designing, matching networks are 

created. Impedance matching reduces reflections and optimizes noise figure and gain. An 

inherent trade-off occurs in balancing impedance matching, gain, and noise figure. To 

minimize noise figure, the input matching network is designed to make Ys match Yopt, while 

for maximum gain, it should ensure that input admittance (Yin) matches conjugate source 

admittance (Ys*). 

The LNA input can come directly from the antenna or the output of the band-pass filter 

(BPF) (the duplexer). Because antennas typically have a 50 Ω characteristic impedance, the BPF 
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should match this 50 Ω impedance for efficient transfer of power from the antenna to the LNA 

through the BPF. Using the IDCS topology allows for an easy match to the source impedance 

at the operating frequency without degrading amplifier’s noise performance, which is the key 

advantage of this method. 

The input impedance equation for IDCS is given as follows: 

 Zin = S(Ls + Lg) +
1

SCgs
+

gm∗Ls

Cgs
                                                                                                    (8) 

where Ls  is the source inductor, Lg  is the gate inductor, Cgs  denotes the gate-to-source 

capacitance, and gm is the transconductance of the transistor. The first term S(Ls + Lg) 

represents the inductive reactance from the source and gate inductors. The second term  
1

SCgs
  represents the capacitive reactance due to the gate-to-source capacitance.  

The third term  
gm∗Ls

Cgs
 accounts for the impact of the transistor's transconductance and 

source inductance on the input impedance.  

Matching the input impedance to 50 Ω requires setting Re(Zin)= 
gm∗Ls

Cgs
 to 50 Ω, which 

depends on the input transistor’s gm, LS, and Cgs. Additionally, the imaginary component of 

Zin, Im(Zin) = S(Ls + Lg) +
1

SCgs
, should be zero at the operating frequency, which is attained 

by balancing (Ls + Lg) with Cgs [22]. 

A trade-off also exists between the design area and input matching circuit. On-chip 

components save space but often possess a lower quality factor, impacting gain and noise. Off-

chip components with a higher quality factor allow more flexibility in matching but require 

more space. 

To achieve input impedance that matches with minimal area usage, the Cgs value can be 

increased by enlarging the transistor, though this also increases the noise figure and power 

consumption.  

To counter this, an external capacitor (Cex ) is added between the gate and source, 

allowing for input impedance matching with low power usage while conserving space             

[19, 23]. Now, the input impedance is expressed as follows: 

Zin = S(Ls + Lg) +
1

S(Cgs+Cex)
+

gm∗Ls

(Cgs+Cex)
                                                                                      (9) 

For power transfer and gain to be maximum at the target frequency, the output matching 

circuit is tuned by selecting an appropriate drain inductor (Ld) to match with the output 

capacitance (CL), which includes the parasitic capacitances of the cascode transistor and any 

following stages (buffer). A chart summarizing the design steps is shown in Fig. 5. 

The proposed LNA is designed to operate in IoT-based environments, which impose 

strict constraints on power consumption, sensitivity, and size. IoT applications often rely on 

battery-powered devices, making low-power operation a crucial factor. The LNA must 

achieve ultra-low power consumption while maintaining adequate gain and noise 

performance to ensure long-term device operation [24]. Additionally, IoT communication 

protocols, such as Bluetooth Low Energy (BLE), Zigbee, and LoRa, require RF front-end 

components that can operate efficiently under low-voltage supply conditions. The proposed 

LNA design incorporates a low-voltage biasing scheme to ensure compatibility with power-

constrained IoT nodes [25]. Furthermore, IoT environments involve diverse operating 

conditions, including variations in temperature and wireless interference. The LNA must be 

designed to exhibit high linearity and robustness to maintain signal integrity in dense network 
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deployments [26]. The Inductive Degenerated Cascode topology used in this design ensures 

stable impedance matching and minimal signal degradation across a wide frequency range 

[11]. 

 
Fig. 5. Proposed LNA design steps. 

The proposed LNA design features a source-degenerative cascaded amplifier that 

utilizes switched transistors, allowing dynamic adjustments to operating conditions through 

a programmable bias current mirror circuit. This setup enables LNAs to maintain ultra-low 

power consumption when required, especially in energy-sensitive environments such as 

TPMS. Fig. 6 depicts the schematic of the designed reconfigurable LNA, including all on-chip 

components. Inductors Ls and Lg are present in the input stage, along with transistor M1.  

 
Fig. 6. Fully integrated reconfigurable biasing CMOS LNA for IOT wireless receiver. 
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The LNA biasing circuit is composed of transistors M4, M5, M6, and M7. This circuit 

creates a current mirror to establish bias current with resistor RB. Noise and power 

consumption are minimized by setting the widths of these transistors to a small part of the 

input transistor M1 [22]. Because the bias current mirror is programmable, switching between 

modes that prioritize low power consumption or low noise, which is crucial for preserving 

high sensitivity and reliable signal amplification, is easy. 

Furthermore, the output matching network, comprising transistor M2 and drain 

inductor Ld, delivers high impedance at the operating frequency, thereby allowing optimal 

gain. For achieving the desired frequency, Ld is adjusted to resonate with the capacitance 

between the LNA and output buffer, configured as a common source, and the total drain 

capacitance. The output buffer converts high impedance at M3’s gate into low impedance at 

its drain, which degenerates the source to improve linearity. This comprehensive design, in 

which n-MOS transistors are used for switching, aids LNA in effectively balancing the trade-

offs between power consumption and noise figure, thereby rendering it a versatile and 

efficient solution for several IoT applications. 

6. THE PROPOSED LNA SIMULATION RESULTS 

The proposed LNA was designed using the TSMC CMOS 0.18-μm process design kit 

(PDK) to ensure realistic modelling of circuit behaviour under actual fabrication conditions 

and was simulated using the ADS RF circuit simulator at a temperature of 16.85 °C. 

 In accordance with the simulation results, the LNA could effectively attain low power 

consumption and high performance in different operational modes. In the low noise-

prioritizing Mode 1, 3.2 dB noise figure, 15.62 dB power gain, and 0.87 mW power 

consumption were attained with LNA. In Mode 2, which provides balanced performance, 

noise figures reduced to 2.9 dB, gain increased to 17.87 dB, and power consumption optimized 

at 1.2 mW. Finally, ultra-low power operation is priority in Mode 3, wherein LNA achieved a 

noise figure of 2.7 dB, a significant gain of 20.52 dB, and a remarkably low power consumption 

of only 0.1 mW. According to these results, LNA can satisfy application requirements, 

ensuring that performance is optimal under both low-power and high-performance settings. 

LNA is thus a perfect option for IoT-based TPMS and related applications. Figs. 7 and 8 below 

illustrate the simulation results for gain, noise figure, input and output reflection coefficients, 

stability, linearity, and reverse isolation for the designed LNA in each. 

The proposed LNA demonstrates a remarkable level of adaptability and performance 

across its three operational modes, as highlighted by the simulation results. The design, 

implemented using the TSMC CMOS 0.18-μm process and simulated under a temperature of 

16.85°C, showcases the versatility of the LNA in addressing diverse application requirements, 

particularly for IoT-based TPMS. Low noise performance was prioritized in Mode 1, the LNA 

achieved 3.2 dB fand 15.62 dB for noise figure and power gain, respectively while the power 

consumption maintained low with 0.87 mW.  These values indicate that mode is suitable for 

applications that require minimal signal distortion. In Mode 2, balanced performance was 

obtained which reflects a design optimized for general-purpose operations. The NF was 

reduced to 2.9 dB, power gain increased to 17.87 dB, and the power consumption slightly 

increased to 1.2 mW. Mode 3 focuses on minimizing power consumption, achieving a 

remarkably low power draw of 0.1 mW. It maintains a noise figure of 2.7 dB and provides an 
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enhanced gain of 20.52 dB. These results make the mode 3 is most suitable choice for power 

sensitive applications like Unmanned Aerial Vehicles (UAVs).  

 
 

Fig. 7. Simulation results for the reconfigurable LNA: a) input reflection coefficient (S11); b) output 
reflection coefficient (S22); c) reverse isolation (S12); d) forward gain (S21); e) stability factor;                      

f) noise figure. 

   (a)                                                                                                (b) 

     (c)                                                                                                (d) 

    (e)                                                                                                (f) 
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The results provide a deeper understanding of the features of the reconfigurable LNA. 

As indicated, the input (S11) and output (S22) show strong impedance matching in all modes, 

allowing efficient signal transfer. The revers isolation (S12) stays low, showing strong isolation 

between input and output, which helps reduce feedback. The forward gain (S21) improves 

significantly across modes, highlighting the LNA's ability to deliver high performance. 

In terms of stability, the simulation results validate that the LNA maintains stable 

operation across all modes, ensuring reliability in practical applications. The P1-dB 

performance, as shown in Fig. 8, demonstrates the LNA’s linearity under varying input power 

conditions, with clear differentiation between the modes to suit diverse operational 

requirements. Additionally, the IIP3 simulation results highlight the LNA's resilience to 

intermodulation distortion, which is essential for maintaining signal integrity in high-

performance communication systems. 

 
 

Fig. 8. Simulation results for the reconfigurable LNA: a) P1-dB performance in the first mode; b) P1-dB 
performance in the second mode; c) P1-dB performance in the third mode; d) IIP3 performance in the 

first mode; e) IIP3 performance in the second mode;  f) IIP3 performance in the third mode. 
 

The simulation results are summarized in Table 1 and compared with other works in 

Table 2. The comparison shows that the proposed LNA performs better across different 

    (e)                                                                                                (f) 

   (c)                                                                                                (d) 

      (a)                                                                                         (b) 
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operating modes. In Mode 3, it achieves an impressive noise figure (NF) of 2.7 dB, matching 

or surpassing many other designs, while delivering a high-power gain of 20.52 dB, which is 

better than most listed designs A standout feature of the proposed LNA is its exceptional 

power efficiency consuming only 0.1 mW in Mode 3.  

This is much lower than other designs like P1, P3, and P9, which require several 

milliwatts. The combination of low noise, high gain, and ultra-low power consumption makes 

the LNA ideal for energy-sensitive applications such as IoT devices like TPMS. These results 

show that the proposed LNA goes beyond current performance standards, making it a 

significant step forward for low-power RF circuits. 

 
Table 1. Performance metrics of the proposed LNA across different operating modes. 

Pro. 

LNA 

Noise 

fig. 

(NF) 

Power 

gain 

(S21) 

1dB 

Compression 

point 

IIP3 

 

Input 

reflection 

coefficient 

(S11) 

Output 

reflection 

coefficient 

(S22) 

Reverse 

isolation 

coefficient 

(S12) 

Figure  

of merit 

(FoM) 

Power 

[mW] 

Mode 

1 

(SW1: 

off, 

SW2: 

on) 

3.2 

dB 

15.62 

dB 

36.47 

-10.5  

dB 

-2 

dBm 

0.63 

mW 

-12  

dB 

-11.54  

dB 

-74.74 

dB 
28.58 0.87  

Mode 

2 

(SW1: 

on, 

SW2: 

off) 

2.9 

dB 

17.87 

dB 

61.23 

-16  

dB 

-8 

dBm 

0.158 

mW 

-13.7  

dB 

-11  

dB 

-75.24  

dB 
10.2 1.2 

Mode 

3 

(SW1: 

off, 

SW2: 

off) 

2.7 

dB 

20.52 

dB 

112.2 

-20.5  

dB 

-10 

dBm 

0.1 

mW 

-16.9  

dB 

-10.32 

dB 

-75.68  

dB 
9.36 1.7 

 
To ensure a fair comparison with state-of-the-art designs that include post-layout results, 

it is important to acknowledge that post-layout simulations typically exhibit a slight 

degradation in performance due to added parasitic effects. However, since the proposed LNA 

is designed using the TSMC 0.18-μm PDK library, the difference between pre-layout and post-

layout results is expected to be minimal.  

The TSMC 0.18-μm process has well-characterized parasitic models within the PDK, 

ensuring that simulation results closely match post-layout behavior [27-28]. 

Additionally, layout-dependent parasitics, such as interconnect capacitances, resistive 

losses, and mutual coupling effects, can influence the LNA’s noise figure (NF) and gain. These 

parasitics can introduce additional losses, slightly degrading gain and increasing the noise 

figure due to added resistance and unintended signal coupling [29].  

While these effects were not explicitly included in our pre-layout simulations, the well-

characterized parasitic models within the TSMC 0.18-μm PDK ensure minimal discrepancy. 

To further validate the impact of layout parasitics, future work will include post-layout 

simulations. 
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Table 2. Comparative performance analysis of the proposed LNA and state-of-the-art designs. 

Ref. 

Noise 
fig. 

(NF) 

Power 
gain 
(S21) 

1dB 
Comp. 
point 

IIP3 

Input 
reflection 
coefficient 

(S11) 

Output 
reflection 
coefficient 

(S22) 

Reverse 
isolation 

coefficient 
(S12) 

Figure 
of merit 
(FoM) 

Power 

Proposed 
LNA – 
Mode 1 

3.2 
dB 

 

15.62 
dB 

36.47 

-10.5  
dB 

-2 
dBm 
0.63 
mW 

-12  
dB 

-11.54  
dB 

-74.74  
dB 

28.58 
0.87 
mW 

Proposed 
LNA – 
Mode 2 

2.9 
dB 

17.87 
dB 

61.23 

-16  
dB 

-8 
dBm 
0.158 
mW 

-13.7  
dB 

-11  
dB 

-75.24  
dB 

10.2 
1.2 

mW 

Proposed 
LNA – 
Mode 3 

2.7 
dB 

20.52 
dB 

112.2 

-20.5  
dB 

-10 
dBm 
0.1 

mW 

-16.9  
dB 

-10.32  
dB 

-75.68  
dB 

9.36 
1.7 
mw 

[30] 
8.2 
dB 

49.5 
dB 

 >-20 
dB 

-
25.75 
dBm 

 >-10  
dB 

 >-10  
dB 

- - 
2.16 
mW 

[31] 
2.8 
dB 

15  
dB 

−23 dBm 
−8.8 
dBm 

 >-10  
dB 

- - 
39.74  

dB 
36 μW 

[32] 
3.6 
dB 

19.6 
dB 

- 
>−8.5 
dBm 

 >-10  
dB 

- - 
5.58  
dB 

3 mW 

[33] 
3-3.4 
dB 

13-
14.5 
dB 

- 
-2 

dBm 
 >-10  
dB 

 >-25  
dB 

- - 
15 

mW 

[34] 
3.2 
dB 

14.7 
dB 

>−18 
dBm 

-4.5 
dBm 

<10  
dB 

- - - 
5.1 

mW 

[35] 
2.78-
dB 

11.46 
dB 

- - 
 >-10  
dB 

 >-10  
dB 

- - 
2.76 
mW 

[36] 
1.086 

dB 
9.94 
dB 

- 
8.81 
dBm 

 >-8.5  
dB 

- - 11.36 
493 
μW 

[37] 
 >3.5 
dB 

13–
15.6 
dB 

> 0 dBm - 
 >-10  
dB 

- 
 >-30  
dB 

- 
21 

mW 

[38] 
1.2 
dB 

14.55 
dB 

-16.43 
dBm 

-22.4 
dBm 

-14.15  
dB 

-10.6  
dB 

-19.4  
dB 

0.12 
9.68 
mW 

 

[39] 
2.62 
dB 

18.24 
dB 

- - 
-15.95  

dB 
-13.89  

dB 
-46.05  

dB 
- 

48 
mW 

 

[40] 
8.7 
dB 

14.1 
dB 

-14.6 
dBm 

- 
-14  
dB 

- - - 
2 

mW 
 

[41] 
2.58 
dB 

16.63 
dB 

- 
-

12.53 
dBm 

-17.41  
dB 

- - 2 
3.75 
mW 

[42] 
3.14 
dB 

12.68 
dB 

- - 
-13.5  
dB 

-10 -33.85 - - 

7. CONCLUSIONS 

An ultra-low power LNA specifically designed for IoT-based TPMS was designed and 

simulated. In this design, the IDCS topology is picked due to its low power consumption, 

which is crucial for IoT applications. In addition, with this topology both low noise figure and 

high gain were achieved. According to the simulation results, the developed LNA exhibited 

superior performance, featuring 2.7 dB noise figure, 20.52 dB gain, and only 0.1 mW power 

consumption. Thus, the proposed LNA boosted the performance and energy efficiency of 

TPMS devices, hence could help augmenting vehicle safety and broadening the field of IoT 
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applications. A future work may focus on additional optimization of power efficiency and 

signal fidelity in IoT applications by utilizing different or proposing new topologies that might 

run on lower power supplies. 
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