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The advent of technology has led to an exponential increase in data processing rates, 

particularly in wireless electronics networks. Low power consumption, low noise figure, and 

gain are key parameters in this context, especially for Internet of Things (IoT) devices. A low-

noise amplifier (LNA) represents an essential RF component incorporated in almost every 

wireless network. Traditional LNA designs often rely on inductors, which can increase the size 

and power consumption of the device. Additionally, previous inductor-less LNA designs have 

struggled to achieve low noise figures and high gain simultaneously. This work addresses these 

challenges by presenting a novel inductor-less wideband common-source LNA, which achieves 

high gain and relatively low noise figure (NF) across a frequency range of 0.5 GHz to 2.6 GHz, 

which is required for wireless, portable, and Bluetooth devices. The design also incorporates a 

Balun in the test circuit of the proposed LNA to enhance signal integrity. Performance analysis 

displayed a Noise figure (NF) of 1.75dB, and S22 is -17 dB, which shows that our output port is 

perfectly matched and delivers power efficiently to the load. In addition, the LNA demonstrates 

good input matching with S11 of -10 dB and low reverse gain with S12 of -20 dB, ensuring 

stable operation and minimal signal reflection. These metrics are excellent for inductorless 

LNA and a high gain (S21) of around 23 dB compared to previous work. The proposed LNA was 

implemented using UMC 180nm CMOS process technology and simulated through Cadence 

Virtuoso Spectre RF. This research contributes to advancing wireless electronics networks by 

addressing the critical requirements of low power consumption and high performance, 

providing valuable insights for future LNA optimizations in IoT and other wireless applications. 

Keywords: LNA, IoT, CMOS, common source, noise figure, S-parameters, RF. 

 

I INTRODUCTION 

LNA is the main component of the RF communication system, mainly located at the front end of the radio receiver 

circuit. It enhances faint signals by minimizing and mitigating the noise produced. As LNA is one of the active 

primary elements at the receiver end of the network, in RF communication, there is a considerable demand for 

LNAs that are small in size, which consume less power, provide sufficient gain, and have a very low noise figure. As 

IoT technology grows, less power consumption and less NF should be of more concern for IoT devices. The receiver 

is the component that should be optimized for smooth operation [1] 

Wireless portable battery-powered devices, such as IoT devices, require more power, as most IoT devices are 

battery-operated, resulting in high power consumption. High noise is primarily present in all RF front-end circuits, 

like LNA and mixer, due to continuous movement [2], so there is a necessity for the design of RF circuits that 

consume less power, have a low die area, and offer good gain and improved noise figure. As the semiconductor 

industry is approaching towards lower technology nodes lower nodes in CMOS technology can be used for low 

power design and making device compact but in this main challenge is that if existing circuit topology used then it 

comes with some drawbacks such as velocity saturation, degradation in mobility, output conductance and its transit 

frequency [3-4]. Inductor-less LNA is most suitable for RF circuits required for IoT applications [5] because 

inductor-less LNAs consume less area on the chip and losses are reduced, so power consumption is low, and the 

performance metrics of LNAs are improved. 
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Inductorless shunt feedback LNA is proposed in [6]. In this work, feedback between the output and the input 

results in impedance matching.  

Current efficiency also improves because of the feedback current used by the main transistor. In this LNA, power 

consumption is very low because of low transconductance, and it occupies less area on the chip (0.0052 mm2), but 

the noise figure deteriorates in this work. As the frequency increases, the performance of LNAs can encounter 

various challenges. Multi-standard LNAs present several advantages such as reduced die area, lower power 

consumption, wideband capability, and improved system matching. Given the growing demand for multi-standard 

devices, the trend in LNA design seems to be shifting from single-standard to multi-standard LNAs, with distinct 

methodologies and topologies evident in existing literature [7].  LNA low-power topologies have been described in 

the literature [9-16]. Low-power LNAs are designed using methods that incorporate current reuse coupled with 

negative feedback [9], inductive degeneration [10], active shunt feedback [6], and forward bias (FBB) [12]. Shunt 

feedback with double capacitance cross-coupler [13]. 

After studying the low-power LNA topologies of previous work, feedback techniques were found to be more suitable 

for low-power design and low-power (sub-mW) models [9,6, 12, 14, 16]. It is difficult to achieve a noise figure (NF) 

less than 3 dB [13]. However, achieving this low noise figure comes at the expense of sacrificing linearity [15]. Extra 

transistors were incorporated in the circuit to overcome this issue, which may cause poor process and mismatch 

[15]. Therefore, LNA should be designed with techniques that help achieve less than 3 dB NF in operation [1]. This 

work proposes an efficient low-power wideband CMOS LNA for front-end applications. It is particularly suitable for 

IoT applications because its design does not use inductors and has fewer transistors, reducing power consumption 

and noise figure. Additionally, the gain of the LNA is increased. Furthermore, the proposed LNA is less complex 

and requires less chip area, making it ideal for IoT applications operating at low voltage. The proposed LNA is 

implemented in Cadence Spectre 180nm CMOS technology. 

This paper is partitioned into various sections. The introduction is in section I above. The topology of our proposed 

LNA with mathematical expressions of parameters is described in Section II. The design and simulation of the 

proposed LNA are defined in Section III. Results of our work are described in Section IV, and the conclusion of this 

work is described in Section V. 

II TOPOLOGY OF PROPOSED LNA 

This work employs the design of the LNA without using bulky component inductors to achieve a low-noise figure. If 

the noise figure of the first stage of the LNA network is reduced, then the noise figure of the entire RF circuit is 

decreased. The Friis equation can also validate this. 

𝐹𝑇𝑂𝑇  =   𝐹1 +
𝐹2−1

𝐴1
2 +

𝐹3−1

𝐴1
2.𝐴2

2   (1) 

According to the equation above, it is essential in our design to have a minimum Noise Figure for the first stage as 

much as possible. The common-source LNA with biasing at the ideal operating point is proposed in this work 

because CS LNAs have good gain and low noise figures. It is obtained because of the biasing of a transistor for small 

signal operation.  The proposed common-source LNA offers good impedance as matching is done for both input 

and output. It is suitable for IoT devices as our LNA design is inductorless, and resistors and capacitors are used for 

impedance matching. Matching is done in a way that ensures maximum power transfer over a wide frequency 

range, making the proposed LNA suitable for wideband operations. First, MOSFETs at the input stage and 

MOSFETs at the output stage act as the core of the LNA, and they behave as amplifying elements. MOSFETs used 

in this proposed design have low threshold voltage and gate leakage to reduce the power consumed by the circuit. 

In this design, the output stage is a source follower, which drives the next stage, typically a mixer or other test 

equipment. The designed LNA is a multi-standard cascode common-source (CS) LNA. 

S-Parameter analysis 

S-parameters (scattering parameters) are used to identify the performance of LNA based on how signals are passed 

throughout the device through the device by calculating the S-parameter of LNA we can find about gain, noise, 

matching (both input and output) and stability of LNA, the main advantage of the s parameters is that they can be 
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measured by impedance matching i.e. by taking a reference impedance the source and load impedances are 

matched. S-parameter of two-port networks, such as LNA, is shown in Fig. 1. So, Fig. 1 shows that the normalized 

incident wave a1 is entering the network at port i, as well as its reflected voltage wave b1 leaving port i, which is 

measured. The equations below give these normalized incidents and reflected waves (a1 and b1) related to the 

terminal voltage and currents at port i. 

 

Fig.1.   Two Port 

𝑎𝑖 =
𝑣𝑖 + 𝑍0𝑖

2√𝑍0

                                            (2) 

𝑏𝑖 =
𝑣𝑖 − 𝑍0𝑖

2√𝑍0

                                               (3) 

Where reference impedance is represented by Z0 (in this analysis, it is assumed to be real, whereas usually it is 

equal to 50 Ω), the contributions from the two ports can be combined to form equation 4(matrix) for the network. 

            
𝑏1

𝑏2
=

𝑆11 𝑆11

𝑆21 𝑆22

𝑎1

𝑎2
                       (4) 

In the above equation, S11, S12, S21, and S22 are the s-parameters, i.e., scattering parameters measured across the 

ports 1 and 2 of the two-port network, in which S11 and S22 are reflection coefficients, whereas S12 and S21 are 

transmission coefficients of LNA. S11 assesses input matching and impedance mismatch losses, and S22 is used for 

output matching losses. S21 is an essential parameter of LNA used for the calculation of gain, and S12 is for the 

stability of LNA. We can evaluate the performance of our proposed LNA. 

Gain Analysis 

The ratio of the reflected wave (voltage wave) leaving the port to the incident wave(voltage) entering the port is 

known as the reflection coefficient, and it is expressed by the equation 5 given below. 

[Γ =
Z − Z0

Z + Z0

]                                       (5) 

Power gains of two-port networks are given below by equations 6, 7, and 8. 

GT =
PL

PAVS
                                      (6) 

GP =
PL

PIN

                                             (7) 

GA =
𝑃𝐴𝑉𝑁

𝑃𝐴𝑉𝑆
                                       (8) 

GT is referred to as the power gain of the transducer. The power gain of a transducer indicates the power delivered 

at the load, i.e., load mismatch, which relates to the power available from the source, i.e., source mismatch. GP is 

power gain, which signifies the power supplied to the load if a load mismatch originates from the power input into 

the network. Conversely, GA refers to the power gain available in the network. It illustrates the power accessible 

from the network under matched load conditions and concerns the power available from the source with source 



Journal of Information Systems Engineering and Management 

2025, 10(40s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 588 
 

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

mismatch. It's important to note that the transducer gain (GT) will always be less than or equal to GA and GP. 

However, when source and load are matched to the output and input impedance of the two-port network, all power 

gains become equal. So, by this, we can evaluate the efficiency of RF and microwave systems, concerning power 

transfer and impedance matching. 

GT =
1−|ΓS|2

1−|ΓNS2|2
|S21|2 1−|ΓL|2

1−|S22ΓL|2             (9) 

GT =
1−|rs|2

1−S11|rs|2 S21
1−|ri|2

1−Tout,r|ri|2                (10) 

Gp =
1

1−|ΓIN|2
|S21|2 1−|ΓL|2

1−|S22ΓL|2               (11) 

GA =
1−|ΓIN|2

1−S11|ΓIN|2
|S21|2 1

1−|ΓOUTΓL|2         (12) 

Reflection coefficients are written in equation 9. The alternate expressions for ГIN and ГOUT given in equations 13 

and 14, if input and output impedances (Zin, Zout ) are unknown 

                                ΓIN =
S11+S12S21ΓL

1−S22ΓL
          (13) 

ΓOUT = S22 +
S12S21Γs

1 − S11Γs

                             (14) 

Voltage gain is defined as: 

                               Av =
VOUT

VIN
                     (15) 

By using the above equations, an expression for the voltage gain deducted is as follows: - 

Av =
S21(1+Γs)

(1−S22ΓL)+S11(1−S22ΓL)+S12S21ΓsΓL
      (16) 

Noise Analysis To find the noise figure, the noise factor of LNA should be analyzed [8] 

F =
SNRIN

SNROUT
=

Pnoise,output

GPPnoise,source
         (17) 

Where GP is the power gain, the Noise factor at the input 

𝐹 =
𝑖𝑠

2+|𝑖𝑛+𝑌𝑠𝑣𝑛|2

𝑖𝑠
2              (18) 

Where is 

𝑖𝑛 = 𝑖𝑐 + 𝑖𝑛                     (19) 

Yc =
ic

vn
                         (20) 

Rn =
𝑣𝑛

2̅̅ ̅̅

4kTΔf
                      (21) 

Gu =
lu̅

2

4kTΔf
                      (22) 

Rs =
Is
2̅

4kTΔf
                      (23) 

By the above equations, the noise factor can be: 

F = 1 +
Gu+|Yc+Ys|√Rn

Gs
                  (24) 

The amount of noise injected into the circuit is known as the noise figure (NF). As the noise factor is calculated 

above, the Noise figure expressed in decibels is written as 
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Noise figure (dB) =10 log10 (F) (25) 

III DESIGN OF PROPOSED LNA 

The LNA proposed in this work uses Cadence Spectre 180nm CMOS technology. This paper includes a new idea for 

designing an LNA that consumes less power and reduces the noise figure compared to the previously done work. In 

this work, LNA is designed without an inductor because an inductor is a bulky component that increases losses and 

chip area, and, in this work, a less complex architecture of Multiband LNA is used in which the number of 

transistors is reduced and with a single source of voltage supply. Biasing of the transistors is done at an ideal 

operating point, which minimizes the noise. At the same time, its gain remains unaffected, and impedance 

matching also reduces the circuit's noise figure (NF). The proposed LNA operates on a frequency range from 0.5 

GHz to 2.9 GHz, i.e., it covers almost all the IoT and other data applications such as UMTS, GSM, Bluetooth, and 

Wi-Fi applications. It is a multi-standard Cascode Common Source LNA (CS-LNA). The LNA is designed using a 

CMOS 180nm technology process with a 1.3V power supply. The advantage of our proposed LNA is a smaller 

package size, less cost, Large-scale integration, less complexity, a low noise factor, power, Wider operating 

temperature, lower operating voltage, and Low power consumption because it does not have an inductor, which 

consumes more, making it suitable for IoT applications. 

 
Fig. 2. Schematic of LNA 

This schematic represents a compact, inductor-less, low-noise amplifier designed for wideband operation. Instead of 

using bulky inductors, the design relies on a combination of resistors, capacitors, and active transistor stages to 

achieve signal amplification. At its core, a common-source transistor amplifies the input RF signal, while additional 

stages, such as cascode and source follower configurations, enhance gain and improve isolation. The circuit also 

includes matching networks that ensure proper impedance at both the input and output, which is crucial for 

minimizing signal reflection. This design prioritizes low power consumption and a reduced chip area, making it well-

suited for IoT and portable wireless applications. 

 
Fig. 3.  Symbol of LNA 
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Fig. 4.  Test circuit of LNA 

TABLE 1: INVENTORY OF TEST CIRCUIT 

SR.NO. COMPONENTS USED NOS 

A RESISTOR 4 

B BALUN 1 

C CAPACITOR 6 

D NODES 12 

E BSIM3V3 3 

F PORT 2 

G VOLTAGE SOURCE 1 

 

After designing the schematic in Cadence as shown in Fig. 2, we generate the symbol of the LNA for running a 

simulation and to get the desired result efficiently, the symbol designed in Cadence is shown below in Fig. 3. After 

generation of symbol of LNA then a test circuit is designed and simulations is done for different parameter. LNA 

test circuit is shown in Fig. 4. LNA is shown as a two-port network, which has two ports (port 0& port 1) as input 

and output ports with output matching and biasing as shown in the test circuit Fig. 4. Balun is used in our LNA test 

circuit. A balun is used here to combine a balanced line with an unbalanced line. It matches different types of 

transmission lines as per the it is just like a type of transformer that converts associate degree unbalanced signal 

into a balanced signal and it also isolates transmission line and supplies a balanced output which improves the 

performance of the circuit as it also helps in matching the impedance of the circuit so signal distortion is 

minimized. 

BSIM3 is a MOSFET SPICE model used in designing and simulating semiconductor circuits and developing CMOS 

technology. Bsim3v3 is a sub-micron MOSFET model used in the optimization and development of integrated 

circuits, and it also predicts the performance of electronic circuits. Setup of test circuit of proposed LNA as a two-

port, i.e., input and output ports, as shown in Fig. 5. The Input port is named port 0 in the test circuit, and the 

output port is named port 1. The source of the Input port is a sine wave with a resistance of 55 ohms, and the 

Output Port in the LNA test circuit has a resistance of 500 ohms, and the port number is given as 1. Component 

values in the test circuit, i.e, the DC source Vdc, are 2.5V. This novel schematic does not have inductors like 

traditional narrowband LNAs with large spiral inductors for matching or load. The load and matching are 

performed by resistors, capacitors, and transistor configurations, i.e.,cascode/source follower, making the design 

more compact and suitable for multi‐band or wideband applications. 
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IV. RESULTS AND DISCUSSIONS 

The Cadence IC Virtuoso tool obtains the proposed LNA's performance analysis and simulation results. The CMOS 

180nm technology process is used for this. The noise contribution and gain exhibited by the LNA are calculated 

using S-parameter analysis. S11 and the output matching by S22 analyze the input matching.  

After the simulation, it was observed that the LNA provides suitable input matching, as the results showed a 

negative value of S11. The result obtained by s-parameters simulation and analysis for S11, S22, S12, shows 

improvement in performance and viability for RF wireless communication because the result obtained from the 

simulation of S11, S22, S12 are below zero i.e, there values are negative and because of this good amplification factor is 

provided to the circuit and as S11 and S22 both are negative. This indicates satisfactory input and output matching 

because ideally, S22 and S11 are zero, which means the ports are perfectly matched. Forward gain is obtained by 

parameter S21. Reverse voltage gain is obtained by simulation of S12. The output voltage reflection coefficient is 

obtained by S22 analysis, and the S11 curve is plotted to get the input voltage reflection coefficient values. So, after 

obtaining values of S-parameters with simulation values, an enhanced performance of the proposed LNA is shown. 

An S-parameter analysis of our proposed LNA shows that this LNA has a more optimized performance than the 

previously designed LNA using bulky inductors. 

As S11 and S22 are negative, it is enough to indicate a satisfactory input matching and output matching because 

ideally, S11 and S22 are zero, meaning that ports are perfectly matched. S12 of the proposed LNA is shown in Fig. 5, 

around -20dB, which indicates that the proposed LNA has good reverse gain, preventing unwanted signals from 

coupling to the input. Parameter S22 of LNA is shown in Fig. 6. S22 shows the reverse isolation, around -17 dB, so our 

LNA is feasible as the value of S22 is negative, and the LNA reasonably matches its input. The reverse transmission 

parameter, S12, which measures the isolation between the output and input ports, is also negative, as shown in 

Figure 5. This indicates strong reverse isolation, effectively preventing unwanted signals from coupling back to the 

input, which could otherwise lead to feedback-induced instability or performance degradation. The proposed 

design significantly reduces the chip area by eliminating inductors, a critical consideration for compact devices like 

IoT sensors and wearable electronics. This reduction also lowers manufacturing costs and challenges associated 

with inductor quality factors, parasitic effects, and process variations, which can degrade performance in inductor-

based LNAs. Despite the absence of inductors, the proposed LNA achieves exceptional performance metrics, 

demonstrating that innovative circuit techniques can compensate for the lack of inductive elements, making it a 

cost-effective and scalable solution for mass production. 

 

Fig. 5.  S12 of LNA 
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Fig. 6.   S22 of LNA 

S21 in mag is shown below in Fig.7. S21 is the forward gain of LNA if S21 is the greater S21 magnitude of LNA. The 

higher the magnitude, the higher the amplification given by the LNA The S21 is around 23dB when converted from 

mag to dB. Highlighting the LNA’s capability to provide efficient signal amplification. This high gain is particularly 

significant in the absence of inductors, achieving such amplification levels in the absence of inductive components 

traditionally used for impedance tuning and gain enhancement. Fig.8 shows S11 of LNA, i.e., the Forward reflection 

coefficient is negative around -1.7 dB, which shows that the proposed LNA has a reasonable match to its input and 

that the LNA has good impedance matching. The negative values of S11 and S22 achieved here are sufficiently low to 

confirm satisfactory matching, which is most important in optimizing the LNA’s performance in practical RF 

systems. 

Figure 9 below shows the Noise figure (NF) of our proposed LNA The NF is around 1.75 dB, which shows significant 

results compared to the previous work. It improves the system sensitivity of our LNA. So, because of the low NF, 

the signal-to-noise ratio of our LNA will be high, and the FOM of the LNA will be good. This low NF is a standout 

feature, as it outperforms many previous designs, including those cited in recent literature, enhancing the LNA’s 

sensitivity to weak signals. A lower NF translates to a higher signal-to-noise ratio (SNR), vital for applications like 

Internet of Things (IoT), Wi-Fi, and Bluetooth, where detecting and amplifying low-power signals with minimal 

distortion is paramount. Compared to prior work, such as reference [1] with an NF of 1.72 dB but a lower gain of 

18.9 dB, this design achieves a superior noise performance and amplification balance, showing its efficacy for high-

sensitivity applications. 

 

Fig. 7.  S21 of LNA 
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Fig. 8.   S11 of LNA 

 

Fig. 9.  Noise Figure of  Proposed  LNA 

The LNA’s ability to operate across a wide frequency range of 0.5 to 2.6 GHz further enhances its versatility, enabling 

multi-standard functionality. This broad bandwidth allows the amplifier to support multiple wireless communication 

protocols, such as Wi-Fi, Bluetooth, and cellular bands, within a single design, eliminating the need for various LNAs 

tailored to specific standards. This feature is increasingly valuable in modern wireless systems, where devices must 

seamlessly handle diverse frequency bands and protocols. For instance, IoT devices often require compatibility with 

various networks, and this LNA’s wideband operation simplifies system integration while reducing power 

consumption and cost compared to deploying multiple narrowband amplifiers. 

Table 2 Comparative Analysis of results with existing state-of-the-art 

Design Frequency 

range 

Multi-

standard 

NF Gain Published Year 

This work 0.5-2.6 GHz Yes 1.75 dB 23dB To be  Published 

[17] 0.1–3.1 GHz No 4 dB 18 dB 2024 

[18] 2.5 GHz No 2.5 dB 18.87 dB 2021 

[19] 26GHz-

32GHz 

No 2.6 dB 16.9 dB 2024 

[1] 100 MHz to 

3.27 GHz 

No 1.72 dB 18.9 dB 2024 

[20] 3.2-9.62 GHz No 4.5 dB 9.94 dB 2021 
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This novel work delivers the highest gain and lowest noise figure, which is most important for IoT, Wi-Fi, and other 

Bluetooth wireless applications. The proposed work provides the best signal amplification and sensitivity in the 

desired frequency band compared to the previous work. [21] shows a good noise figure, but it is designed using a 

MIM capacitor, unlike this work, which is designed without an inductor. Table 2 above shows the comparison of our 

novel design with the latest published works, as evident from the comparative analysis that this design offers the best 

noise figure and gain, even in the absence of an inductor, and with its multi-standard design, it can work at different 

frequency bands simultaneously. 

V CONCLUSION 

This research introduces a novel wideband low-noise amplifier (LNA) designed and simulated using the Cadence 

Virtuoso tool within a 180nm CMOS technology node. The proposed inductor-less LNA demonstrates significant 

advancements in critical performance metrics, making it an ideal candidate for modern wireless communication 

systems, particularly Internet of Things (IoT) applications. Key achievements include a noise figure (NF) of 

approximately 1.75 dB and an exceptional gain (S21) of 23 dB across a frequency range of 0.5 to 2.6 GHz. These 

specifications ensure high sensitivity and robust signal amplification, catering to multi-standard wireless 

technologies such as Bluetooth, Wi-Fi, UMTS, and GSM. 

The design’s inductorless architecture eliminates the need for bulky inductors traditionally used for impedance 

matching and load purposes, replacing them with resistors, capacitors, and optimized transistor configurations 

(e.g., cascode and source follower stages). This approach reduces power consumption and minimizes chip area, 

addressing the pressing demands for compact, energy-efficient RF circuits in portable and battery-operated 

devices. The LNA achieves excellent output matching, as evidenced by an S22 parameter of -17 dB, which indicates 

minimal signal reflection and efficient power delivery to the load. Additionally, the input matching (S11) and 

reverse isolation (S12) parameters further confirm the design’s stability and performance, ensuring satisfactory 

impedance matching and reduced signal coupling back to the input. 

A comparative analysis with state-of-the-art LNA designs highlights the superiority of this work. Unlike previous 

designs that often rely on inductors and achieve noise figures above 2.5 dB or gains below 20 dB, this LNA 

outperforms them with a lower NF and higher gain, even without inductors, while maintaining wideband capability. 

Using fewer transistors and a single 1.3V supply voltage enhances its simplicity and cost-effectiveness, making it a 

practical solution for large-scale IoT and other wireless systems integration. The inductor in the test circuit further 

improves signal integrity, reducing distortion and enhancing impedance matching across the wide frequency band. 

This research delivers a high-performance, area-efficient, and power-efficient LNA that sets a new benchmark for 

inductor-less designs. Achieving an optimal balance of low noise, high gain, and wideband operation provides a 

valuable contribution to the advancement of RF front-end circuits. This work meets the current demands of IoT 

and wireless communication systems and lays a strong foundation for future innovations in low-power, high-

performance RF electronics. This LNA design makes the way for several exciting research and development 

opportunities, as this design can be implemented in lower advanced CMOS nodes (e.g., 90nm, 65nm, or below), 

which could further reduce power consumption and chip area while potentially enhancing performance metrics 

such as gain and noise figure. This would align with the semiconductor industry’s miniaturization and circuit 

efficiency trend. Future work could improve the LNA’s capability to process variations, temperature fluctuations, 

and voltage supply changes, ensuring consistent performance in different operating conditions. So this research 

could be helpful in next-generation RF circuit design, driving innovations that meet the growing demands of IoT, 

wireless connectivity, and beyond. 
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