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Abstract: This paper outlines the design process for a cascode Common Source stage with Inductive Degeneration (CS-ID) 

LNA that runs at 2.4GHz in 65nm CMOS technology. At a supply voltage of 1V, this chosen architecture offers a high power 

gain of 25dB and noise figure < 2.6dB. The cascode CS-ID gives perfectly matched with input/output impedance of 50Ω and 

it is verified with input & output reflection coefficients S11 = -15.1 dBm & S22 =-16.2 dBm. The low noise amplifier is intended 

for use as the cascode stage of a wireless communication receiver. The simulations are done in cadence virtuoso SpectreRF. 

The IEEE 802.15.4 standard, also known as ZigBee, is a low-tier, ad hoc, terrestrial wireless protocol that is somewhat 

comparable to Bluetooth. It can be utilised with the cascode stage because of its high gain and low noise figure. 

Index Terms: Low Noise Amplifier, Radio Frequency, cascode CS-ID, power gain, noise figure, CMOS scaling, 2.4GHz 

Frequency, ZigBee, Bluetooth, IEEE 802.15.4 standards. 

 

1. INTRODUCTION 

The wireless communications sector is now expanding incredibly quickly. Numerous thorough studies on CMOS radio-

frequency (RF) front-end circuits have been conducted in response to the desire for a low-cost but high performance wireless front-

end. The ultimate objective is to reduce the trade-off between high performance and inexpensive, low-power architecture [3].  

The initial stage of a receiver is often a low noise amplifier (LNA). Its performance has a significant impact on the receiver's 

overall performance [1]. This study proposes an inductive degeneration LNA topology with a cascode Common Source stage. It is 

made to work with the IEEE 802.15.4 standard, which uses the 868 MHz, 915 MHz, and 2.4 GHz bands. Because it is an unlicensed 

band and is widely used, the well-liked 2.4 GHz industrial, scientific, and medical (ISM) spectrum was selected for this project. 

ZigBee, also known as the IEEE 802.15.4 standard [7], is a low-tier, ad hoc, terrestrial wireless protocol somewhat akin to Bluetooth 

[2]. 

One use for this kind of LNA is as the amplification stage in the receiver chain before the active mixer. A small amount of dc 

power is used by active mixer while it offers active gain. The gain criteria for the LNA can be loosened as a result. However, it 

must have a low power consumption to make up for the active mixer's high power consumption. To prevent lowering the total 

receiver NF, the LNA should have good NF with a relaxed gain. The gain of the cascode CS LNA has been maximized [9]. The 

receiver system, which uses a passive mixer for frequency conversion, can benefit from this enhancement. A passive mixer has 

some conversion loss but doesn't use any dc power. Therefore, in this kind of system, a high LNA gain is necessary. To validate the 

design process, the circuit's input matching, NF, and gain have been calculated. 

This work uses 65nm technology in cadence to construct a low noise amplifier for RF front end with high gain, low noise 

figure, and excellent input and output impedance matching. LNA's main challenge is to deliver greater performance. This essay is 

below. The Low Noise Amplifier Concept is presented in Section II. LNA design considerations are included in section III. Results 

of the LNA design and simulation are presented in section IV. The job is finally concluded in section V. 

 

2. CONCEPT OF LOW NOISE AMPLIFIER 

Modern wireless systems may deliver signals in the sub-microvolt range, which emphasises the urgent requirement for low 

noise amplification. In the RF front-end module depicted in Figure 1, the low noise amplifier is the element that is most crucial for 

compensating for noise figure. Excellent gain, low noise figure, and high linearity are the main LNA design criteria [2,4,6]. Modern 

digital wireless systems use complicated digital modulations with high peak-to-average ratios for RF signals, making linearity 

increasingly crucial. As a result, a wireless receiver must have a very linear LNA to minimise inter-modulation distortion [11]. The 

3rd order intercept point of the LNA's input refers to the linearity of the LNA. LNA should therefore increase the target signal's 

power while introducing the least amount of noise and distortion possible to enable the system's later stages to retrieve the signal 

[8, 10]. 
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Fig. 1: Radio Frequency front-end receiver block diagram. 

Because of its high gain and low noise, the CS LNA is frequently utilised for narrow-band applications. The value of the 

inductor connecting the source terminal to ground, however, is typically fairly modest and sensitive to process fluctuation due to 

the input matching condition. Additionally, because not all inductor values are included in the Process Design Kit, the requirement 

for a small inductor might occasionally present problems for the LNA design (PDK) [13]. 

 

2.1. DESIGN PARAMETERS OF LNA 

The following design parameters are used to construct to the low noise amplifier.  

• Noise Figure: This specifies the noise performance of a circuit or device. Noise Figure measures the SNR degradation as a 

signal pass through a system. If a system has no noise the NF=1, F=0dB. The ratio of input SNR to the output SNR it can be 

expressed as  

NF =
SNR in   

SNR out
 

Where SNR denotes the signal-to-noise ratio at a particular node, as the LNA is the first block of the receiver, its NF 

decides the NF of the entire receiver chain. Noise figure of an LNA is considered to be less than 3dB. 

• Gain: Gain of LNA should be large enough to minimize the noise contributions of subsequent stages. However, the choice of 

gain leads to a compromise between noise figure and linearity, as high gain may saturate subsequent devices. 

• Input Return Loss (input matching): For maximum power transfer from the antenna and the LNA, the input return loss (S11) 

of the LNA should be low; else the antenna will reradiate part of the input signal [14, 15, 16]. 

• Stability: The LNA should be stable of all source impedances at all frequencies. If the LNA begins to oscillate at any frequency, 

it becomes heavily non-linear and its gain becomes highly compressed. A measure of stability is Stern stability factor and defined 

as [17,18,19], 

𝑘 = (1 − |𝑆11|2 − |𝑆22|2 + |∆|2)/(2|𝑆12 ∗ 𝑆21|) 

Where  

∆= (𝑆11 ∗ 𝑆22   − 𝑆12 ∗ 𝑆21   ). If K > 1 and ∆ <  1, the circuit is unconditionally stable. 

• Linearity: Linearity of the LNA is defined by its IP3 and P1dB points. The LNA does not limit the linearity of the receiver. 

Owing to the cumulative gain through the RX chain, the overall IP3 and P1dB points are automatically limited. So in LNA design, 

its linearity is of least concern [20]. 

• Sensitivity: It can be define as minimum signal level that a system can detect with acceptable signal-to-noise ratio at the output. 

It can be expressed as [21,22,23]. 

𝑃𝑖𝑛 𝑚𝑖𝑛 = [−
174 𝑑𝐵𝑚

𝐻𝑧
+ 𝑁𝐹 + 10𝑙𝑜𝑔𝐵] + 𝑆𝑁𝑅𝑚𝑖𝑛 

• Dynamic Range: It can be defined as the ratio of maximum input level that the circuit can tolerate to the minimum input level 

at which circuit provides a reasonable signal quality [24]. 

𝐷𝑅 =
𝑃𝑖𝑛 𝑚𝑎𝑥  [𝑑𝐵𝑚]

𝑃𝑖𝑛 𝑚𝑖𝑛[𝑑𝐵𝑚]
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3. DESIGN CONSIDERATION OF LNA 

This topology provides resistive input impedance at the resonant frequency without the thermal noise of an ordinary resistor 

and degrading the noise performance of the amplifier shown in Fig. 2.  

  
Fig. 2: Cascade CS stage with Inductive Degeneration 

 

LNA (Low Noise Amplifier) of the RF Front-End is the main topic of this study. It must strike a compromise between noise 

figure and linearity in order to full-fill the design requirement. This proposed architecture includes source inductive degeneration 

LNA. And also it must meet the requirements of common design features for the receiver front-end like Noise Figure (NF), input-

referred third-order intercept point (IIP3) and input power 1-dB compression point (CP1dB), and Conversion Gain. Low power 

consumption as well as good noise performance is a great challenge to design [1, 2]. 

Cascade CS stage with inductive degeneration of low noise amplifier design equations are [25][26], 

• Input impedance  𝑍𝑖𝑛 =  𝑅𝑔 + 𝑅𝐿1 + 𝑅𝐿𝑔 + 𝑠(𝐿1 + 𝐿𝑔) +
1

𝑠𝐶𝑔𝑠𝑡
+

𝑔𝑚

𝐶𝑔𝑠𝑡
 𝐿1 

𝑅𝑒(𝑍𝑖𝑛) =  
𝑔𝑚

𝐶𝑔𝑠𝑡
 𝐿1 =ωTL1= 𝑅𝑠 

𝐼𝑚(𝑍𝑖𝑛) =  𝑤(𝐿1 + 𝐿𝑔) −
1

𝑤𝐶𝑔𝑠𝑡

= 0 

The real part should be matched to 50 Ω and 𝐿1 and 𝐶𝑔𝑠1 tuned to operating frequency. This constrains the values of 𝑔𝑚, 𝐿1 and 

𝐶𝑔𝑠1.  

A better solution is to add an inductor 𝐿𝐺. More freedom in choosing passives for input matching  

• Gain =
V out   

V in
=

ωT R1  

2ωo Rs
=

R 1   

2L1 ωo
 

   

• 𝑁𝐹 = 1 + 𝑔𝑚𝑅𝑠𝛶 (
𝜔𝑜

𝜔𝑇
)

2

+
4𝑅𝑠

𝑅1
(

𝜔𝑜

𝜔𝑇
)

2

 

In this topology, isolation between the input and output resonant networks is better than other CS topologies where CGD only 

presents the isolation. 

• L1 is generally realized through a bond wire between the source of M1 and ground. Bond wire inductance varies between 1-

2nH. 

• CGS=
𝑔𝑚𝐿1

𝑅𝑆
. For 𝑔𝑚 = 10𝑚𝐴/𝑉, L1=2nH ; CGS =400fF. For designs in lower technology nodes, external CGS has to be used. 

The common-source amplifier M1 and the common-gate device M2 make up the cascode common-source LNA, which is the 

topology just below. The device size is big for noise optimization, resulting in high input capacitance and low input impedance. 

Input signal will be attenuated because of low input impedance, hence input matching network comprising L𝐺 and L1 is constructed. 

LD and 𝐶1 is the output resonating network tuned to frequency of operation. R1 is the parasitic resistance of the resonant network 

determining the gain of the LNA [27], [28]. 

A design strategy of a cascade CS LNA will be described in the following. 

Design of the complete LNA with matching network is shown. The LNA is designed in 65nm CMOS technology and operates at 

2.4 GHz with gain >20dB, S11 and S22<-20dB and noise figure <3dB. 

Some transistor parameters in 65nm technology are, 

tox=2.6nm 

μn=243 cm2/V-s 

Vth=0.36 V for L=250nm 

The current consumption considering the power dissipated to be PD is, 

ID=
𝑃𝐷

𝑉𝐷𝐷
=

2𝑚𝑊

1𝑉
=2mA 

Find out the oxide capacitance Cox, 

𝐶𝑜𝑥 =
𝜀0𝜀𝑠𝑖𝑜2

𝑡𝑜𝑥

=
𝜀0 ∗ 3.9

2.6𝑛𝑚
= 13.275𝑚𝐹/𝑚2 

For the LNA the power constrained noise optimized width of the transistors is given by, 

𝑊𝑜𝑝𝑡 =
1

3𝜔0𝐿𝐶𝑜𝑥𝑅𝑠

=
1

3 ∗ 2 𝜋 ∗ 2.4𝐺 ∗ 250𝑛 ∗ 13.275𝑚 ∗ 50
= 133𝜇𝑚 ≈ 140𝜇𝑚 

Find out the transconductance 𝑔𝑚of the transistors according to the formula, 
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𝑔𝑚 = √2𝜇𝑛𝜀𝑜𝑥
𝑊𝑜𝑝𝑡

𝐿
𝐼𝐷  = 26.88 mA/V 

For input matching of the LNA, two conditions are to be satisfied, 

𝑅𝑆 =
𝑔𝑚𝐿𝑠

𝐶𝑔𝑠

 

(𝐿1 + 𝐿𝑔) =
1

𝑤𝑜2𝐶𝑔𝑠𝑡

 

Thus 𝐶𝑔𝑠𝑡 can be found by, 

𝐶𝑔𝑠𝑡 =
𝑔𝑚𝐿𝑠

𝑅𝑠

=
26.88𝑛 ∗ 2𝑛

50
= 1.0752𝑝𝐹 

This 𝐶𝑔𝑠𝑡 represents the total capacitances across the gate-to-source of the input transistor [5]. However this transistor already has 

a junction overlap parasitic capacitances associated with it, which can be calculated as, 

𝐶𝑔𝑠 𝑚𝑜𝑠 =
2

3
𝑊𝐿𝐶𝑜𝑥 = 309.75𝑓𝐹 

Thus to compensate for the extra 𝐶𝑔𝑠 , an external capacitance has to be connected. 

𝐶𝑔𝑠 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 = 𝐶𝑔𝑠𝑡 − 𝐶𝑔𝑠 𝑚𝑜𝑠 = 1.0752𝑝 − 309.75𝑓 = 765.45𝑓𝐹 

𝐿𝑔, the gate inductance, can be obtained from, 

𝐿𝑔 =
1

𝑤0
2 ∗ 𝐶𝑔𝑠𝑡

− 𝐿𝑠 =
1

(2𝜋 ∗ 2.4𝐺 )2 ∗ 1.0752𝑝
− 2𝑛 = 2.09 𝑛𝐻 

 The gain of the LNA is 20dB. If 𝑅𝑃 be the parallel parasitic resistance of an inductor operating at 2.4GHz, then the 

gain can be written as, 

𝐺𝑎𝑖𝑛 = 𝑔𝑚𝑅𝑃 = 10 

𝑅𝑃 =
𝐺𝑎𝑖𝑛

𝑔𝑚

=
10

26.88𝑚
= 372𝛺 

Q of an inductor model having a parallel resistance 𝑅𝑃 is, 

𝑄 =
𝑅𝑃

𝜔0𝐿𝑑

 

Thus the load inductance and capacitance value can be calculated as, 

𝐿𝑑 =
𝑅𝑃

𝜔0𝑄
= 3.9 𝑛𝐻 

𝐶𝑑 =
1

𝑤0
2 ∗ 𝐿𝑑

= 1.127 𝑝𝐹 

A bias voltage has to be applied to the gate of the input transistor. 

𝑉𝐺𝑆 = 𝑉𝑇ℎ + √
2𝐼𝐷

𝜇𝑛𝜀𝑜𝑥

𝑊𝑜𝑝𝑡

𝐿

= 0.36 + 0.14 = 0.5 𝑉 

The LNA is coupled to an output matching network for 50 𝛺 resistance matching. The parasitic parallel resistance of the LdCd 

network, RP, serves as the LNA core's output resistance. RP will be reduced to 50 𝛺 through the matching network.. 

The Q of the matching network is, 

𝑄 = √
𝑅𝑝

50
− 1 

The matching network inductance Lm is thus, 

𝐿𝑚 =
𝑄 ∗ 50

𝑤0

= 10.4 𝑛𝐻 

The matching network capacitance Cm is thus, 

𝐶𝑚 =
1

𝑤0
2𝐿𝑚

𝑄2

𝑄2 + 1
= 383 𝑓𝐹 

4. LNA DESIGN AND SIMULATION RESULTS 

 

This section displays the measured findings for the cascade common source CMOS LNA, which is using 65nm technology and 

operating at a 2.4 GHz frequency range. The measured Voltage Gain is 25dB, Noise Figure is 2.6dB, the input return loss (S11) and 

output return loss (S22) is -15 dB and -22.2 dB respectively shown in following Figures.  
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Fig. 3: Schematic of LNA Design 

 
Fig. 4: Voltage Gain (dB) 

 
Fig. 5: Noise Figure (dB) 
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Fig. 6: S11 (dB) Parameter 

 
Fig. 7: S22 (dB) Parameter                                                

 
Fig.8: Fig. 8: P1dB (dB) Point 
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Fig. 9: S21 (dB) Parameter 

 

5. CONCLUSION 

In order to identify a method that can assist in achieving a low-power, compact, reliable, and fully-integrated LNA design, the 

design difficulties of cascade CS CMOS LNA, specifically for the IEEE 802.15.4 standard, are examined in great detail in this 

work. 

Design challenges are described in detail, including performance trade-offs and input matching systems. Next, the IEEE 802.15.4 

standard's LNA requirements are derived. This prompted us to suggest a number of design strategies that profit from the IEEE 

802.15.4 standard's lenient performance criteria. 
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