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This episode in our Advanced Receiver Design series covers Low Noise Amplifiers (LNA) from both a 

circuits and system perspective. Part 1 illustrates two real-world scenarios before going into noise 

analysis in circuits. In the GPS example, we show that low noise figure is important, but it is critical to 

minimize losses ahead of the LNA. In an automotive receiver, the importance of NF depends on 

several factors, including receiver architectures used - which are discussed in some depth. Noise 

modeling in circuits is also discussed, and the topics of analysis, simulation, and measurement are 

studied further in Part 2 of this episode.

LNAs, Noise Figure, and Noise Analysis - Radio Design 401, Episode 6
Slides downloaded from: https://ecefiles.org/

Companion videos at:   https://www.youtube.com/playlist?list=PL9Ox3wpnB0krNexW2k5JMCaewXN7LoRXd

This material is provided by ecefiles.org for educational use .
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Radio Design 401 – Episode 6

Advanced Receiver Design 
LNAs and Noise Analysis
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Dielectrically Loaded

Patch Antenna In Radome

Filter LNA

Real World Example 1
Marine GPS Antenna

Narrowband GPS filter 

from Qorvo website:

https://www.qorvo.com/products/p/QPQ1060

https://seabits.com/best-lte-

antenna-booster-boat/

Out-of-band
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Real World Example 2
Receivers in Motor Vehicles

PDC= 5 mW

FM Broadcast Band

In-band FM Broadcast Band
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LNA Considerations
• High gain and low noise figure (NF) are often sought after (and 

sometimes needed), but …

• In crowded spectrums, with decent antennas, amplifiers produce 

intermods, and LNA noise figure may not be as important. 

Intermods !

https://ecefiles.org/
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Classic Solution

From:   “Design of Integrated, Low 

Power, Radio Receivers in BiCMOS 

Technologies”, PhD dissertation, 

Virginia Tech, 1995.

• LNA increases signal level so that 

noise introduced later in mixer, 

etc. doesn’t lower received S/N 

• Tracking Preselect Filter ‘protects’ 

LNA from strong off-channel 

signals

• Filters must be narrow and track 

with LO tuning …

LO Tuning
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Modern ‘Solutions’ (fully integrated receivers)

• Narrowband filters difficult 

to do on-chip – so ‘punt’ !

• Rely on attenuators to deal 

with strong interferers 
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LNA / System  Implications
• Modern “fully-integrated” receivers make extensive use of AGC 

and RF attenuators, plus high DC power consumption to combat 

intermods.  

• Result:  Not suitable for very low power applications, and 

System NF can be up to 30 dB 

https://ecefiles.org/
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LNA Design Research
• Q-enhanced Front-ends may allow more sensitivity, at 

lower power ☺    See Episode 1 

• But we need to analyze and understand their noise figure

https://ecefiles.org/
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Presentation Outline

•    Noise Figure Definition and Basics

•    Circuit-level noise models

•    Circuit noise analysis

•    Simulation – with examples

•    NF measurement
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Effect on Receiver Sensitivity:    See Episode 2

Pn=kTB
Ps

Pi1

Pi2

Ps_min= -174 dBm + 10 log(B) + S/Nmin + NFrcvr

NF is the amount by which the ideal sensitivity is degraded by circuit noise

RFI

Noise

A Noise Figure “Implicit” Definition

https://ecefiles.org/
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Noise Factor and Noise Figure

• Signal and Noise levels in graphs are shown in ‘linear’ power units here ! (not dB)

• S/N values and gains are shown as power ratios, with their dB equivalents

• Overall NF here is  NF = 10log(12/(0.79*0.63*10*1)) = 3.8 dB 

          or, directly in dB,  (S/N)in – (S/N)out = 6 dB - 2.2 dB = 3.8 dB

              Even though NF of LNA is 0.8 dB !!

Front-end “noise factor” is:

𝑭 =
𝑺𝒊/𝑵𝒊

𝑺𝒐/𝑵𝒐
=

𝑵𝒐

𝑮 𝑵𝒊

And “noise figure” is:

𝑁𝐹 = 10𝑙𝑜𝑔 𝐹    dB

NOTES:

NF=0.8dB

https://ecefiles.org/
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Presentation Outline

•    Noise Figure Definition and Basics

•    Circuit-level noise models

•    Circuit noise analysis

•    Simulation – with examples

•    NF measurement

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS


ecefiles.org

ecefiles.org
MegawattKS - YouTube

MegawattKS - YouTube

How Do We Find the NF of an LNA ?

Type equation here.

Core

Amp

Input

Matching

Network

Output

Matching

Network

𝑉𝑖

𝑉𝑜 𝑉𝐿

𝑉𝑆

𝑉𝑖
′

𝑉𝑜
′ =

Bandpass

Filter

• Analyze…

• Simulate…

• Measure…

Example:

Common-base LNA 
from Radio Design 101 series

Need “noise models” 

for components …
Antenna

https://ecefiles.org/
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Component Noise Models

𝑅𝑆

𝑉𝑆

𝑉𝑛Resonant Antenna

=
𝑃𝑆

𝑃𝑛 = 𝑘𝑇𝐵

𝑽𝒏 = 𝟒𝒌𝑻𝑹𝒔𝑩

Example:  T=290 K,  B=200 kHz,  Rs=50 Ohms:  𝑃𝑛 = 0.8 𝑓𝑊 𝑜𝑟 − 121 𝑑𝐵𝑚 (𝑡𝑜 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑙𝑜𝑎𝑑)

𝑉𝑛 = 0.4𝜇𝑉 (𝑜𝑝𝑒𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑣𝑎𝑙𝑢𝑒) 

https://ecefiles.org/
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Component Noise Models

R

𝑉𝑛

=

𝑽𝒏 = 𝟒𝒌𝑻𝑹𝑩

R or R 𝑖𝑛

𝒊𝒏 = 𝟒𝒌𝑻
𝟏

𝑹
𝑩
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(Simplified)   Component Noise Models

≈ ≈

Reactive Components are approximately noiseless if Q is large

If Q is not large, add a series or parallel loss R and model its noise…

https://ecefiles.org/
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(Simplified)   Component Noise Models

≈ 𝑟𝜋
𝑔𝑚𝑉𝑏𝑒

𝑟𝑜𝑖𝑛𝑐

𝒊𝒏𝒄 = 𝟐𝒒𝑰𝒄𝑩 ≈ 𝟐𝒌𝑻𝒈𝒎𝑩

Emitter to Collector “Shot” noise

b c

e
Base

shot noise

𝑖𝑛𝑏

https://ecefiles.org/
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Normalized Noise  (1 Hz Bandwidth)

𝑅𝑆

𝑉𝑆

𝑉𝑛Resonant Antenna

=
𝑃𝑆

𝑃𝑛 = 𝑘𝑇𝐵

𝑽𝒏 = 𝟒𝒌𝑻𝑹𝒔

Example:  T=290 K,  B = 1 Hz, Rs=50 Ohms:  𝑃𝑛 = 4.0 10−21 𝑊 𝑜𝑟 − 174 𝑑𝐵𝑚

𝑉𝑛 = 0.9 𝑛𝑉 (Loaded value is 0.45 nV         at 50 Ohms)

𝑉/ 𝐻𝑧

(to matched load) 

/ 𝐻𝑧 / 𝐻𝑧

https://ecefiles.org/
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Radio Design 401 – Episode 6

Advanced Receiver Design 
LNAs and Noise Analysis

f

P

P

NF=4.2dB

Part 2 of 2
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Presentation Outline

•    Noise Figure Definition and Basics

•    Circuit-level noise models

•    Circuit noise analysis

•    Simulation – with examples

•    NF measurement
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Analysis Procedure

𝑉𝐿

𝑉𝑖

1. Solve DC and AC circuits  to get 

gm, and Av at fo

2. Use Av to find expected Vnideal at 

output from Rs alone (ignore Vs)

3. Solve for gains from each 

component’s noise source to 

output and individual Vn from each

4. Add all Vn on a power basis*

5. Find NF as 20 log(Vntotal/Vnideal)

*  See next slide

𝑉𝑛

𝑉𝑠

https://ecefiles.org/
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Adding Noise Voltages on Power Basis

• Noise sources are random, and uncorrelated from each other

• Hence, we can’t add noise voltages using normal superposition

• But we can add the “power” (voltage squared) associated with 

each, and then take the square root to get the total RMS  noise …

𝑉𝑛𝑡𝑜𝑡𝑎𝑙
= 𝑉𝑛𝑖𝑑𝑒𝑎𝑙

2 + 𝑉𝑛1
2 + 𝑉𝑛2

2 + 𝑉𝑛3
2 + ⋯
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Presentation Outline

•    Noise Figure Definition and Basics

•    Circuit-level noise models

•    Circuit noise analysis

•    Simulation – with examples

•    NF measurement
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Simulators Do This For Us  ☺
(except maybe step 5)

1. Solve DC and AC circuits  to get gm, and Av at fo

2. Use Av to find expected Vnideal at output from Rs alone (ignore 

Vs)

3. Solve for gains from each component’s noise source to output 

and individual Vn at output from each

4. Add all Vn on an RMS basis

5. Find NF as 20 log(Vntotal/Vnideal)

https://ecefiles.org/
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LT-Spice:  AC sim to get Gain

𝐴𝑣 = 18.0 𝑑𝐵
𝐴𝑣 = 1018/20

 = 7.9 𝑉/𝑉

https://ecefiles.org/
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LT-Spice Noise Analysis

𝑉𝑛𝑡𝑜𝑡𝑎𝑙
= 6.0 𝑛𝑉/ 𝐻𝑧

𝑉𝑛𝑖𝑑𝑒𝑎𝑙
= 𝐴𝑣 0.45𝑛𝑉/ 𝐻𝑧

             = 7.94( 0.45𝑛𝑉/ 𝐻𝑧

             = 3.57 𝑛𝑉/ 𝐻𝑧

𝑁𝐹 = 20 log
6.0

3.57

            = 4.5 dB

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
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Evaluating Individual Contributions
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Presentation Outline

•    Noise Figure Definition and Basics

•    Circuit-level noise models

•    Circuit noise analysis

•    Simulation – with examples

•    NF measurement
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How Do We Find the NF of This LNA ?

Type equation here.

Core

Amp

Input

Matching

Network

Output

Matching

Network

𝑉𝑖

𝑉𝑜 𝑉𝐿

𝑉𝑆

𝑉𝑖
′

𝑉𝑜
′ =

Bandpass

Filter

• Analyze…

• Simulate…

• Measure…

Common-base LNA 
from Radio Design 101 series

Antenna

https://ecefiles.org/
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NF Measurement Class Handouts
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Insertion Gain Measurement
Using 2 TinySAs

Insertion Gain 

= (-49.1 dBm) – (-69.6 dBm) 

= 20.5 dB

}

https://ecefiles.org/
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Noise Figure Measurement

To 

50 Ohm

Load

To 

TinySA

Ultra

• TinySA reports -101.1 dBm Noise in 100 kHz RBW

• Ideal noise from 50 Ohm term:

• Difference of 2.4 dB is the measured NF (accuracy depends on spectrum analyzer power 

and noise-bandwidth accuracy)

• Use hot/cold method for more precision (if needed)

−174 𝑑𝐵𝑚 + 10 log 100𝑘𝐻𝑧 + 20.5 𝑑𝐵 = −103.5 𝑑𝐵𝑚

PCB courtesy of

Garrett Peterson
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Upcoming

Videos
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Our Goal:  More Front-End Selectivity
(and Good IIP3) to receive more stations ☺

Rev 1b
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Benchmarking / Scoring
Including a Honda FM Radio Teardown ☺
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Thanks For 

Watching !
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Background:  RD-401 Episodes 1 - 5
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