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1. INTRODUCTION 

The revolution of IoT (Internet of Things) brings exclusive 

changes in the field of wireless communication. Due to huge 

advancements in wireless communication, day-by-day snags 

are eliminated to make it comparable with the ideal LNA [1]. 

The use of CMOS technologies for the implementation of 

front-end electronics in a GPS is therefore attractive because 

of the promise of integrating the whole system on a single chip 

[3]. In wireless communication systems, the LNA plays an 

important role as the first stage amplification in the receiver 

such as signal amplification and noise immunity affecting the 

post-amplifier. When the signal couples from the antenna into 

an LNA circuit, the signal is amplified and transmitted to a 

mixer system including the reduction of the noise coming 

from outside or circuit inside. With the assistance of the ADS 

simulation software and the adoption of the TSMC 0.18um 

CMOS process, a promising LNA circuit operated at 5 GHz 

was implemented. This circuit not only demonstrated a high 

gain performance but represented excellent isolation. 

Furthermore, the noise resource is the other factor dominating 

the performance of a LNA. Basically, the noise coming from 

the circuit devices, such as shot noise, thermal noise, and 

flicker noise, must be suppressed well [6]. The overall 

performance of the receiver system depends on the LNA noise 

figure and gain. The design of LNA faces several challenges 

such as linearity, low noise figure (NF), impedance matching, 

sufficient gain, and low power consumption because it should 

achieve high gain to suppress the noise. We try to design LNA 

such that it should provide a minimum noise figure while 

providing sufficient linearity with gain, IIP3 and a stable 50 

Ω input impedance [2]. For minimizing the power dissipation 

(pdc), some of the techniques are used name as follows reused 

[1] and forward-body-bias [2]. Enhancing the gain  
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performance and minimize the NF of the Low Noise 

Amplifier we use Amplifier we use here a topology named as 

Capacitive Coupling [1]. Good input matching is critical when 

a preselect filter precedes the LNA. The application of LNA 

is to amplification before the mixer [2].  

The rest of this research paper is described as follows: Section 

II describes the Capacitive Coupling technique, Designing 

and implementation of linear ultra-low-power LNA in Section 

III, and Simulated Results and conclusion are carried out in 

Sections IV and V respectively [1]. 

1.1 Capacitive Coupling 

Capacitive coupling is the transfer of alternating electrical 

signals or energy from one segment of a circuit to the other 

using a capacitor. The coupling provides a medium for the AC 

signals while blocking the DC energy. As shown in the circuit 

diagram we are using the capacitive coupling in the input 

stage of LNA i.e. in the input MOSFET which is CG 

configured due to this Noise Figure is minimized sponge with 

the increment in gain. As shown in the circuit diagram of LNA 

there is two inductor L6 and L7 which worked earlier as a 

mutual inductor that takes a larger place when we design IC 

of this but to use this capacitive coupling (C6) by ending the 

mutual inductance we can see it gives better result than that 

and it also decreases the size of our IC. Capacitive Coupling 

(C6) is shown below in the given circuit [1]. 

 
ABSTRACT 

This paper presents a low-power Low Noise Amplifier (LNA) for the 5-GHz frequency band. The 
operating voltage of this Low Noise Amplifier is 1 V. Capacitive Coupling is used for gain boosting. 
By using these techniques forward-body-bias and Current-reuse DC power dissipation is reduced. The 
simulation result shows the Noise Figure (NF) of 3 dB and 19 dB of gain at 5-GHz with 1 V operating 
voltage & power dissipation is 0.62 mW. This LNA is implemented using a 180 nm TSMC library. 
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Fig.1 Capacitive coupling 

1.2 Current reuse method 

The current reuse topology may provide the best combination 

of high-power gain, low noise figure, and low power 

consumption, making it a feasible option for use in UWB LNA 

designs. In an amplifier employing current-reuse techniques, 

the input RF signal is amplified by two cascaded common-

source amplifier stages to provide high gain. The basic issue 

with using a CMOS transistor for LNA is its inherently low 

transconductance and hence low gain. However, if the current 

reuse method is used, transconductance would be increased. 

The key point is that given the same bias current the effective 

transconductance is gm1×gm2, while it is simply gm in other 

cases. A single source results in less power dissipation. The 

current reuse model can be considered as a two-stage cascade. 

amplifier, in which the first stage is the CS amplifier, and the 

second stage is the cascade amplifier with an additional buffer 

stage at the output end. The current reuse technique is well 

known for its use in LNAs and for its capability of achieving 

high performance with power consumption that is less than 

conventional two-stage common-source amplifiers. Fig. 4 .1 

shows a current reused LNA. The proposed LNA is being 

described. Since transistors M1 and M3 are connected in a 

current reuse structure, M1 and M3 share the same bias current 

from the supply voltage. The current reuse LNA. Supports 

high gain and low power consumption. The capacitor C6 is 

used to reduce gate-induced noise. The AC signal is amplified 

by the main transistor M3 and is coupled to the gate of 

common source stage M3 by the capacitor C3. The two-stage 

configuration increases the gain. The LNA is biased in a 

strong inversion region. C5, L6, and L7 R are the input-

matching network components. L1 and C1 are the output-

matching network components. Inductor L5 is used to provide 

high impedance between two stages [9]. Fig. 2 Current reuse 

in Schematic of Proposed LNA

 
Fig. 2 Current reuse technique used in proposed LNA 

2. CIRCUIT DESCRIPTION 

For LNA design, the input impedance and noise matching is a 

design trade-off. In the first stage, we use transformer-coupled 

common-gate (CG) with forward-body bias and capacitive 

coupling. In that work, we can achieve impedance and noise 

matching simultaneously except for the optimization of the 

matching network, the Gm-boosted common-gate device is the 

main reason that gain and noise become closer. From its 

equivalent small-signal model, the resulting noise factor and 

transconductance is calculated to be 

       F= 1+   
𝛾

𝛼(1+𝑎)
                     (1) 

         G =  (1+nk) gm                   (2) 

The gain-boosted factor, A=nk, is determined by the turn ratio 

and the coupling factor of the transformer. The transformer-

coupled increases the effective transconductance by (1+A) 

times and decreases the noise factor by the same factor, where 

-A is the gain from source to gate. It’s attractive to adopt a 

current-reused topology in low-power LNA because the bias 

current is shared between multiple gain stages. We combine 

current-reused topology, transformer-based gain-boosting 

feedback technique, and forward-body bias technique to 

achieve the best gain performance in the lowest DC power 

consumption. For the operation of LNA at low supply voltage 

and low power dissipation with sufficient gain we add a 

technique in the gain-boosted common-gate stage named as 

forward body bias. The threshold voltage of MOSFET is as 

follows [6].  

Vth=vth0+ᵞ(√(2ᵩf-vbs)√(2ᵩf-vbs - √(2ᵩ_f )       (3) 
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3. MEASUREMENT RESULTS 

This low-power LNA is based on 5-GHz band applications. 

This LNA has been implemented in 180nm CMOS process 

using the software Advanced Design System (ADS). In this 

Low Noise Amplifier drain, gate bias and body bias voltages 

are 1 V, 0.5 V and 0.29 V respectively. It draws 777 μA 

current from the supply voltage 1 V. In this LNA the power 

dissipation (Pdc) is 0.48 mW. The simulated results are shown 

in Figure 3, 4, and 5. As we can see S- parameters of this LNA, 

in figure 3 the power gain (S21) is 19.228 dB and input return 

loss (S11) is 14.3137 dB is shown in fig. 4. NF is 3 dB as shown 

in fig. 5. Here IIP3 which is also called as third order-intercept 

is 0.541 dBm. In this LNA 3 dB Bandwidth is 0.25 GHz and 

- 8.63 dBm is the output of 1-dB compression point (P1 dB). 

 

Table 1  Parameters of proposed LNA  

 

Devices  Values 

M1 84 μm/0.18 μm 

M2 75 μm/0.18 μm 

M3 74 μm/0.18 μm 

R1 10 kΩ 

R2 7 kΩ 

R3 8.5 KΩ 

R4 10 KΩ 

L1/L2 250 pF 

L3 3 nH 

L4 900 pF 

L5 4 nH 

L6 6 nH 

L7 6.4 nH 

C1/C3 2 pF 

C2 18 pF 

C4 6 pF 

C5 13 pF 

C6 2 pF 

 

 

 

 

 

Fig. 3 Schematic of Proposed LNA 

 

 

  

Fig. 4 Plot of input return loss(S11):  - 14.3137dB 
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Fig.5 Plot of reverse isolation (S12):  - 19.1231 dB 

 

 

Fig.6 Plot of forward voltage gain (S21):  19.228 

 

Fig.7   Plot of output return loss (S22):  - 14.8053 

 

 

Fig.8 Plot of noise figure   3.78487dB  

4. CONCLUSION 

In this research paper, an ultra-low power Low Noise    

Amplifier is presented at the 5-GHz band by using CMOS  

0.18μm process. In the first step by combining current reuse, 

transformer coupled feedback gain boosting, and forward 

body bias this Ultra-low power Low Noise Amplifier is 

optimized at 5-GHz frequency and gives NF and power gain 

of 8.784 dB and 14.228 simultaneously. But after then using 

the Capacitor Coupling technique this LNA gives the best 

result as 3. 7848 dB of NF and 19.228 dB power gain at an 

operating voltage of 0.63 V and 0.48 mW as DC power 

dissipation. Finally, the proposed ultra-low-power LNA has 

its best results as noise, gain performance, and low DC power 

dissipation, showing a good environment in applications in 

ultra-low-power wireless systems. 

Table 2. Performance comparison of previously reported  
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CMOS LNAs 

Reference 

Work 

[5] [6] [7] [8] This 

Technology(n

m) 

180 180 180 180 180 

Operating 

voltage 

0.63

V 

0.6V 1.2

V 

1.8

V 

1V 

pdc 0.387 0.33

6 

1.66 3.42 0.62 

frequency 5.0 4.8 3.5 5.8 5.0 

 

Gain 14.7 10 12.5 9.4 19.22

8 

Noise figure 4.3 4.8 3.6 2.5 3.7 
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