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Abstract 

This paper describes a CMOS LNA for IEEE 802.11b front-end receiver for wireless LAN applications in a TSMC 0.18-μm 

process. The Front-end LNA specifications are derived from IEEE 802.11b standard. In this paper, we have designed a fully 

integrated CMOS Low Noise Amplifier (LNA) for IEEE 802.11b WLAN application by using CMOS 0.18μm technology for 

2.4GHz frequency range with power supply of 1.8V. The circuit exhibits a good trade off among low noise, high gain and 

provides more reverse isolation which is crucial in LNA design.  Complete simulation analysis of the circuit results in center 

frequency of 2.4GHz, with 37.6 dB voltage gain, 2.3 dB noise figure (NF), 1-dB compression point (dBm) of -17.13dBm, IIP3 

(dBm) of -6.063dBm, 50Ω input impedance, 3dB power bandwidth of 450MHz,, 11.2dB power gain (S21), high reverse 

isolation (S12) < -60dB, Input return loss (S11) <-11dB, power dissipation of 2.7mW at 1.8V power supply.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The receiver’s front-end circuits play very important role in faithfully recovering the information transmitted through the 

wireless channel. The Low Noise Amplifier (LNA) is used in communication systems to amplify very weak signals captured by 

an antenna. It is located very nearer to the antenna as shown in fig. 1, so that losses in the feed line become less critical. 

 
Fig. 1: Radio Frequency front-end receiver block diagram. 

LNA is placed at the front-end of a radio receiver circuit. According to Friis’s noise figure relationship, the first few stages 

dominate the overall noise figure of the receiver front-end. LNA reduces the noise of all the subsequent stages by the gain of the 

LNA while injecting the noise of the LNA directly into the received signal. Thus, LNA should boost the desired signal power 

while adding as little noise and distortion as possible so that the retrieval of this signal is possible in subsequent stages in the 

system. The LNA must have high amplification in its first stage to achieve low noise. A low LNA noise figure (typically NF < 3 

dB) means a minimum degradation of the signal-to-noise ratio of the wanted signal resulting in high sensitivity. The gain of the 

LNA relaxes the noise figure requirements for the subsequent stages (mixers, IF Stage). The design of LNA is very crucial 

because of its position in the receiver path; so anything wrong in the LNA circuits cannot be compensated in subsequent stages. 

The realization of LNA circuits in CMOS technology is very challenging. 

II. LNA DESIGN CONSIDERATIONS 

The low gain LNA cannot amplify the incoming weak signal to a desired value and high gain LNA can degrade the linearity. 

Linearity is typically measured in terms of input intercept point (IIP3) that is required to be maximized. To achieve higher 

linearity in RF receivers, IIP3 must be more than –10dBm. There is trade-off among Gain, Noise Figure, Linearity, and Power 

Consumption etc. in the design process of these circuits. The main function of LNA is to provide sufficient trans conductance 

(gm) gain with acceptable linearity and power consumption to overcome the noise of subsequent stages with addition of little 

inherent noise. Moreover, the stability conditions, if and only if k>1 and |∆|<1, presented by stability factor k must be satisfied 

where,  

 

http://en.wikipedia.org/wiki/Antenna_(electronics)
http://en.wikipedia.org/wiki/Feedline
http://en.wikipedia.org/wiki/Receiver_(radio)
http://en.wikipedia.org/wiki/Friis%27_formula
http://en.wikipedia.org/wiki/Noise_figure
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k = (1-|S11|2-|S22|2+|∆|2)/ (2|S12*S21|)                     (1) 

∆= S11*S22-S12*S21                                                                 (2) 

For CMOS LNAs, the power gain (S21) should be in the range of 10–20 dB. The input return loss (S11) and output return loss 

(S22) of less than -10 dB are desirable. Also to avoid unwanted signals to reach the LNA input from the following stages, reverse 

isolation (S12) must be less than -20 dB. The input to LNA is coming either directly from the antenna or from the output of the 

band pass filter (the Duplexer).Since the antenna has a characteristic impedance of 50Ω, the BPF needs to have both its input and 

output impedance of 50Ω for unidirectional power flow and maximum power transfer from the antenna to the BPF and from BPF 

to the LNA. So the main requirement of the LNA is to provide the  power matching so that maximum amount of power will be 

transferred from the source and to allow the flow of power unidirectional i.e., with no reflections which is called as Impedance 

Matching. The matching achieved at the input of the LNA to achieve the minimum NF is called as Noise Matching. In practical 

cases, the input signal to the LNA usually comes from antennas connected to LNA circuit by an unknown length of transmission 

line. This requires an amplifier with a reasonably stable input impedance of approximately 50Ω. There are lot of methods to 

adjust the input impedance of the amplifiers. Four distinct methods are shown in Fig.2 the first method utilizes a resistor at the 

input terminal of the LNA (Fig2a) to provide a 50Ω input resistance. 

 
Fig. 2: Common LNA architecture. (a) Resistive termination, (b) 1/gm termination, (c) shunt-series feedback, and (d) inductive degeneration. 

Unfortunately the resistor itself produces thermal noise that increases the amplifier’s NF. The second method utilizes a 

common-gate (CG) configuration where the input impedance is determined by the gm of the transistor as shown in Fig.2b. The 

major drawback of CG topology is high input-referred noise. The third method utilizes a resistive shunt-series feedback shown in 

Fig.2c to set the input and output impedances. However this method generally has high power dissipation compared to others 

with similar noise performance and requires accurate on-chip resistors that actually are not available in existing CMOS 

Technologies. The final method is inductive degeneration common-source LNA depicted in fig.2d and we have used this in our 

design. The major advantage of this method is that it does not degrade the amplifier’s noise performance and it easily matches 

the input impedance. Neglecting parasitic effects, its input impedance can be expressed by: 

Zin =  Rg + RLs + RLg + s(Ls + Lg) +
1

sCgst

+
gm

Cgst

 Ls 

≈ s(Ls + Lg) +
1

sCgst
+

gm

Cgst
Ls                  (3) 

Where Cgst is the total gate–source capacitance, gm is the tranconductance, and Rg is gate resistance of the transistor. RLg and 

RLs are series resistances of the inductors Lg and Ls, respectively. At the desired frequency, the imaginary part of (3) must be 

equal to zero and then the input impedance becomes: 

Imag(Zin) = 0 => Zin =  
gm

Cgst
 Ls               (4) 

III. DESIGN OF CMOS LNA 

 
Fig. 3: Common LNA circuit schematic. 
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To have proper impedance matching and increased isolation, a good configuration for LNA is the cascade topology with 

inductive degeneration as depicted in fig 3 

 
Fig. 4: The Schematic Diagram of Integrated LNA. 

The first design step is calculation of the optimum width of the input transistor M1 to obtain the best noise performance. The 

channel width of the input transistor M1 is calculated by the following equation: 

W1 =  Wopt|Fmin ≅  
1

3ωLCoxRs

                    (5) 

Where Cox, Rs, ω and L are the oxide capacitance, source resistance, operating frequency, and length of the transistor, 

respectively. The dimensions of the cascading transistor M2 should be similar to that of M1. This requires a trade-off in order to 

suppress the noise magnitude of M2 and the Miller effect of M1. In Fig.4 the reference current Iref is determined based on the 

power consumption of the circuit. Total gate–source capacitance (Cgst) of transistor M1 can be found using: 

                            Cgst  ≅  
2

3
 W1LCox                             (6) 

Transistor M3 is used as LNA biasing network, which forms a current mirror along with M1. To minimize the noise and power 

consumption the width of transistor M3 must be set to a small fraction of M1’s. A good assumption is W1 = 20W3. 

ω0 =  √
1

( Ls + Lg)Cgst

           

gm

Cgst
 Ls = 50                                                    (7) 

From equations (7) we found that the source inductor is used for impedance matching and the gate inductor sets the input 

resonance frequency. A suitable resistance (Rb) is used to lessen the effect of gate–source capacitance in transistor M3 and, its 

value is arbitrarily chosen to be 2–4 kΩ in 0.18μm technology. Generally, C1 is assumed to be 5–10 times larger than Cgst. At the 

output, an inductor is placed at the drain primarily for two reasons. Firstly to achieve desired frequency the drain inductor should 

resonate with the total drain capacitance. Secondly, it should provide a high enough impedance to obtain a good gain. The LNA 

voltage gain is approximately calculated by: 

𝐴𝑉  ≅  𝑄𝑖𝑛𝑔𝑚1𝑍𝐿 ,   𝑄𝑖𝑛 =
1

2𝜔0𝑅𝑠𝐶𝑔𝑠𝑡
=

𝜔0(𝐿𝑔+𝐿𝑠)

2𝑅𝑠
             (8) 

Where gm1 is the transconductance of M1, ZL is the load impedance, and Qin is the input matching network quality factor. 

IV. SIMULATION RESULTS 

In this design work , we had used Tanner and Cadence EDA Tools to build the schematic for the circuit shown in Fig.3 and 4 and 

then simulated the circuit within analog design environment using T-Spice Simulator and Spectre RF Simulator.   

The detailed schematic diagram is drawn in Schematic-Editor (S-Edit) and corresponding simulation waveforms for different 

parameters are generated by Tanner Spice simulator shown below. Circuits are realized and simulated using TSMC 0.18μm 

CMOS technology for 2.4GHz frequency range. 
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Voltage Gain is a measure of the ability of a circuit to increase the power or amplitude of a signal. The output waveform of 

Low Noise Amplifier at operating voltage of 1.8V for 0.18µm Technology. The obtained Voltage Gain obtained is 37.50dB at 

2.4GHz frequency as shown in fig. 5. 

Noise Figure is a measure of degradation of the signal to noise ratio (SNR).  

NF= (S/N)in / (S/N)out 

The Noise Figure obtained at 2.4GHz frequency is 2.23dB as shown in fig. 6. 

  
Fig. 5: Voltage Gain is 37.50 @ 2.4GHz                            Fig. 6: Noise Figure is 2.3dB @ 2.4GHz 

The corruptions of signals due to 3rd order inter modulation of two nearby interferer is so common and so critical that a 

performance metrics has been defined to characterize their behavior called the 3rd order Input intercept point (IIP3). The Noise 

Figure obtained is -6.06347dBm at 2.4GHz frequency as shown in fig.7. 

 1-dB compression point is the input signal level that causes the small signal gain to drop by 1dB. The 1-dB compression point 

obtained is -17.131dBm at 2.4GHz frequency as shown in fig. 8. 

   
             Fig. 7: IIP3 of LNA is -6.06347dBm       Fig. 8: 1-dB Compression point of LNA is -17.131dBm 

Input return loss (S11): S11= incident voltage/reflected voltage  

The Input return loss (S11) obtained is  -8.597dB at 2.4GHz frequency as shown in fig.9. 

 
Fig. 9: S11 of LNA is -8.597dB            Fig. 10: S-Parameters of LNA 
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The other S-Parameters obtained at 2.4GHz as shown in fig.10. Input return loss(- S11)  = <-11dB, Power gain(S21)  = 11.2 dB 

Reverse isolation(-S12 )  = <-60dB 

V. COMPARISON 

Table - 1 

Comparison of designed LNA and other LNA work 

Parameter Achieved value Ref[2] 

Center Frequency(GHz) 2.4GHz 2.4GHz 

Voltage Gain(dB) 37.6 18.9 

Noise Figure(dB) 2.3 2.25 

IIP3(dBm) -6.063 2.42 

Input return loss S11(dB) <-11 -10.62 

Power gain S21(dB) 11.2 -- 

Reverse isolation S12(dB) <-60 -27.3 

Output return loss S22(dB) -- -9.6 

1-dB compression point(dBm) -17.13 -11.29 

Pdis (mW) 2.7 11.5 

Supply Voltage(V) 1.8 1.5 

Technology 0.18μm CMOS 0.18μm CMOS 

VI. CONCLUSION AND FUTURE SCOPE 

Simulation results showed increased voltage gain with lower power consumption. Designed LNA has also better input 

impedance matching and suitable power gain.  

Hence Different topologies of the Low Noise Amplifier are studied keeping in view the low noise requirements. The inductive 

source degeneration topology is chosen such that there  is  no  noise  due  to  the  input  circuitry.  With  this  topology,  the  

required  input impedance  of  around  50Ω   is  achieved. The  output  load  is  a  tuned  circuit,  constituting  of  a  load  

inductance  and  the  input capacitance of the following circuit. The   amplifier   is   first   designed   to   achieve   noise   

optimization. The topology choose produced acceptable results. 

With  the  advancing  technology,  inductors  of  different  values,  with  reasonably good Q values can be  integrated for RF 

circuits. The performance of the circuit can be improved with the availability of a variety of inductor values at hand. The 

linearity of the circuit can be still improved from what is achieved in this work.  
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