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This episode covers essential aspects of Intermodulation distortion in radio receivers but goes beyond the traditional 
treatment by concentrating on real world circuits and systems. In addition to looking at the mathematics, we examine 
the circuit-level origins and show the practical effects of intermods on limiting radio receiver sensitivity. Compression 
and Intercept Point (third order intercept or TOI) are examined and Spurious Free Dynamic Range (SFDR) is discussed. 
Extensive examples of problems and solutions to the intermod problem in receivers are given.

Radio Design 401, Episode 4 – Intermodulation in Real-World 
Circuits and Systems

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 4

Intermodulation 
In Real-World Circuits and Systems
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Limits to Receiver Sensitivity
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From Episodes 1 through 3
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Typical vs Ideal Receiver Sensitivity
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Compression and Intermodulation
Recall from Episode 1, Part 2:  Strong signals inside 

preselect filter passband can overwhelm weak ones !

PDC= 5 mW
PDC= 5 mW
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Real-World Example

• Strong signal at 96.3 MHz now compressed ?

• Many  “signals”  seen below -75 dBm are now 

actually intermods !

• Analyzer noise figure = 20 dB

• Turning on LNA should lower noise floor…

LNA Off

FM Broadcast Band in Residential Environment

LNA On
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Passive Intermodulation

https://www.3m.com/blog/en_US/5g-infrastructure/solutions/pim-

mitigation/external-pim/
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Today’s Topics
• The Math

• Circuit Non-Linearities   ( e.g.  Vo vs Vi     or     Ic vs Vbe )

• Taylor / Maclaurin Series for Vo vs Vi 

• Single & Two-Tone Inputs
 

• Performance Characteristics
• IIP3 and Relationship to P1dB

• Multi-Tone Inputs  (Crowded Spectrum Case)

• SFDR and Max Signal Levels vs PDC

• Antenna Input Referred Values

• Solutions
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From:  Radio Design 101 Video Series

Recall Basic Small-Signal Amplifier
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From:  Radio Design 401 Episode 1

Large-Signal Non-Linear Operation 
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From:  Radio Design 401 Episode 1

Large-Signal Non-Linear Operation 

1 uV signal

2.5 mV interferers

1 uV signal

25 mV interferers
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The Math:  For Quantifying the Problem
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“Single Tone” Input
We’re ignoring the “desired signal” here since its 100 dB weaker…
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1dB Compression Point

𝑃𝑖 =
𝑣𝑖

2

𝑅𝑖
𝑃𝑖 𝑑𝐵𝑚 = 10 log(𝑃𝑖) +30

𝑃𝑜 =
𝑣𝑜

2

𝑅𝐿
𝑃𝑜 𝑑𝐵𝑚 = 10 log(𝑃𝑜) +30

𝐺𝑎𝑖𝑛 𝑑𝐵 = 𝑃𝑜 𝑑𝐵𝑚  - 𝑃𝑖 𝑑𝐵𝑚

                  = 10 log
𝑃𝑜

𝑃𝑖
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Real-World Spectrums

• Strong signal at 96.3 MHz now 

compressed ?

LNA Off LNA On

FM Broadcast Band in Residential Environment
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Real-World Amplifier Specs
LNA used in TinySA-Ultra Spectrum Analyzer

http://www.kerrywong.com/2023/06/16/

tinysa-ultra-teardown-pictures/

https://www.nxp.com/docs/en/data-sheet/BGA2817.pdf
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“Two Tone” Input
We’re ignoring the “desired signal” here since its 70 dB weaker…
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Single vs Two-Tone Inputs

(dBm)

in  dBm
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Example Spectrums at Different Levels

+ 3 dB

+ 2 dB

+ 10 dB
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Today’s Topics
• The Math

• Circuit Non-Linearities   ( e.g.  Vo vs Vi     or     Ic vs Vbe )

• Taylor / Maclaurin Series for Vo vs Vi 

• Single & Two-Tone Inputs
 

• Performance Characteristics
• IIP3 and Relationship to P1dB

• Multi-Tone Inputs  (Crowded Spectrum Case)

• SFDR and Max Signal Levels vs PDC

• Antenna Input Referred Values

• Solutions
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Third Order Intercept Point (TOI, IP3)
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Real-World IIP3 Example
LNA used in TinySA-Ultra Spectrum Analyzer

NOTE:  IP3 is typically 5 to 15 dB

              higher than P1dB
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Multi-Tone Inputs and CTB

CATV

https://www.sciencedirect.com/science

/article/abs/pii/S1434841107000829

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
https://www.sciencedirect.com/science/article/abs/pii/S1434841107000829
https://www.sciencedirect.com/science/article/abs/pii/S1434841107000829


ecefiles.org

ecefiles.org
MegawattKS - YouTube

MegawattKS - YouTube

Thanks For 

Watching !

Early Paper on CTB Calculation
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Spurious-Free Dynamic Range (SFDR)
(For Classic Two-Tone Case)
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Two-Tone SFDR and Pi max Estimates

Consider TinySA-Ultra Spectrum Analyzer with BGA2817  

LNA as limiting factor

𝑃𝑐𝑜 ≈ 𝑃𝐷𝐶 0.1 = 6 𝑚𝑊 = 7.8 𝑑𝐵𝑚 (𝑑𝑎𝑡𝑎𝑠ℎ𝑒𝑒𝑡 𝑠𝑎𝑦𝑠 6 𝑑𝐵𝑚) 

𝑃𝑐𝑖 ≈ 𝑃𝑐𝑜- Gain = 7.8 – 24 = -16 dBm

𝑀𝐷𝑆 ≈ −174 𝑑𝐵𝑚 + 10𝑙𝑜𝑔 30𝑘𝐻𝑧 + (𝑁𝐹, 𝑅𝐹𝐼) ≈ - 120 dBm

𝐼𝐼𝑃3 ≈ 𝑃𝑐𝑖+10dB = - 6 dBm (𝑑𝑎𝑡𝑎𝑠ℎ𝑒𝑒𝑡 𝑠𝑎𝑦𝑠 − 7 𝑑𝐵𝑚) 

SFDR = 2/3 (IIP3 – MDS) = 76 dB *

𝑃𝑖 𝑚𝑎𝑥 = 𝑃𝑖3 = 𝑀𝐷𝑆 + 𝑆𝐹𝐷𝑅 ≈ - 44 dBm

A work in progress…  Doesn’t consider CTB and unequal levels, etc…

*See:  https://www.everythingrf.com/rf-

calculators/spurious-free-dynamic-range
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Overall Receiver Input-Referred
P1dB and IP3 Example*

* NOTE:  These are _not_ the values for the TinySA-Ultra amp and mixer
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Today’s Topics
• The Math

• Circuit Non-Linearities   ( e.g.  Vo vs Vi     or     Ic vs Vbe )

• Taylor / Maclaurin Series for Vo vs Vi 

• Single & Two-Tone Inputs
 

• Performance Characteristics
• IIP3 and Relationship to P1dB

• Multi-Tone Inputs  (Crowded Spectrum Case)

• SFDR and Max Signal Levels vs PDC

• Antenna Input Referred Values

• Solutions
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Easy/Partial Solutions 

Use Attenuator or AGC  (or shorten/move antenna !)

LNA Off

LNA On
LNA On

10 dB Atten

Timestamp 7:43

https://ecefiles.org/
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High-Power Solution
Used in ICOM 735 HF Transceiver.   See Episode 1

High Power (1/2 Watt) LNA

High Power (1/2 Watt) Mixer

(upconversion to 70 MHz)

15 kHz BW Crystal Filter with

Multi-pole input/output matching

https://ecefiles.org/
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Proposed Low-Power Solution
Q-enhanced Front-End  -  See Episode 1  White Paper

LNA Off LNA Off
With QE Filter
@ 88.1 MHz

LNA On

Most “signals” below -70 dBm are 

actually intermods !
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Comments / Conclusions
• The Math

• Circuit Non-Linearities   ( e.g.  Vo vs Vi     or     Ic vs Vbe )

• Taylor / Maclaurin Series for Vo vs Vi 

• Single & Two-Tone Inputs
 

• Performance Characteristics
• IIP3 and Relationship to P1dB

• Multi-Tone Inputs  (Crowded Spectrum Case)

• SFDR and Max Signal Levels vs PDC

• Antenna Input Referred Values

• Solutions
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Possible Future Videos

• Receiver Performance (Including the math)

• Noise analysis and simulation in circuits

• Noise Figure Tradeoffs with Intermod Performance (including CTB ?)

 

• Design of Q-enhanced Front-ends (Follow-up to Episode 1)

• Effects of positive feedback on gain, selectivity, input Z, ...

• Core CB amplifier design (Qo of inductors, feedback topology, biasing for desired gain…)

• Self-tuning hardware and software ?

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

Watching !
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