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This is the first episode in our follow-on to the Radio Design 101 series. In RD401, we will be covering more advanced 
topics and presenting fundamental research into how to improve the performance of receivers in dense spectrum 
environments such as those in WiFi and other services that are becoming increasingly congested. In keeping with 
RD101 series, we will be using the FM broadcast band for our demonstrations - but the material and circuit 
technologies are applicable to all radio receivers.

Radio Design 401 Episode 1 – Low-power Receivers in 

Crowded Spectrum Environments   ( a White Paper )

Slides downloaded from: https://ecefiles.org/

Companion video at: https://www.youtube.com/watch?v=SbLriFOsy1E 

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

Episode 1

Low-power Receivers in

Crowded Spectrum Environments

    ( An Advanced “Course” & “White Paper” )
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“Prereq”:    Radio Design 101  ☺
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What’s a “White Paper”
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First Day Review
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Radio Performance Testing
(From Radio Design 101 – Epilogue 1)
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Today’s Topic – The Intermod Problem

Two strong signals at 96.3 and 93.3 MHz ‘mix’ 

and  block weaker (-75 dBm) signal at 90.3 MHz

96.3

93.3

90.3
Timestamp 7:43
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Result – Using New Technology

RD101 Radio Out-performed all 3 Commercial Ones !

(when using 200 kHz bandwidth Q-enhanced Front-End filter)

88 to 98 MHz
With Q-enhanced 

filter front-end 

added

88.1 MHz
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New Q-Enhanced LNA
From Radio Design 101 – Epilogue 3
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Intermod and Noise Figure Sims
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vs Traditional Low-Power LNA
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Radio Design 401

Episode 1 

Part 2

Low-power Receivers in

Crowded Spectrum Environments
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Today’s Outline

• Intermodulation Problems and Solutions

• Basic Research in Low Power Receivers

• Circuit-level Solution Examples

• Future Episodes in This Series
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Part 1 Review – The Intermod Problem

Two strong signals at 96.3 and 93.3 MHz ‘mix’ 

and  block weaker (-75 dBm) signal at 90.3 MHz

96.3

93.3

90.3
Timestamp 7:43
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Problem Origins

Strong signals inside preselect filter 

passband can overwhelm weak ones !

5 mW LNA

20% efficient 5 mW LNA
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Non-linear Distortion & Compression

25 mVpk

Input signal Av = 10
(20 dB)

100 mVpk

Input signal
Av = 8
(18 dB)

2 dB Compression
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Intermod Simulation 

1 uV signal

25 mV interferers
1 uV signal

2.5 mV interferers
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Proposed Solution
Reduce front end bandwidth to signal bandwidth, 

not just width of service-band 
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Q-enhanced Filter 1st Prototype

Implemented 

with varactor 

or digitally 

tuned cap

Implement 

with Q of 3 

matching 

network ?

Implement 

with pot or 

digital 

attenuator

Response to node Vi

Tracks with output tank tuning !!

Response to node Vo

Q of 500 for 200 kHz channel BW

(From Radio Design 101 Epilogue 3)

Important: Provides filtering before Q3 !

1.2 mA at 5 V    (6 mW)
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Pulling out Weak Signals

Centered at 89.5 MHz

Q enhanced to 500

200 kHz bandwidth

Centered at 96.3 MHz
Gain and
Q-enhancement minimum

Implemented 

with varactor

Implemented 

with Q of 3 

matching 

network 
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Pulling out Really Weak Signals !
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Additional Solutions 
Directional and/or High Q Antennas
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Today’s Outline

• Introduction 

• Basic Research in Low Power Receivers

• Circuit-level Solution Examples

• Future Episodes in This Series

Please cite as https://www.youtube.com/user/MegawattKS 
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Some Radios Through the Years
(See Part 1  &  Radio Design 101, Epilogue 3)

2022 Homebrew FM superhet 

(From Radio Design 101 series)

2003 Yaesu wideband handheld receiver 

(VR-120)

1990 Portable multi-band receiver 

(Patrolman SW-60)

2024 Software-Defined 

Radio (ATS-25)

1970s and 1980’s HF radios
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Origins of the Proposed Solutions

From:   “Design of Integrated, Low Power, Radio Receivers in BiCMOS Technologies”, 

William B. Kuhn, PhD dissertation, Virginia Tech, 1995 .
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Superhets & the Importance of Filtering
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Additional Receiver Architectures

Add Variable

Attenuators

From:   “Design of Integrated, Low Power, Radio Receivers in BiCMOS Technologies”, 

William B. Kuhn, PhD dissertation, Virginia Tech, 1995 .
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Ideal Low Power Receiver

From:   “Design of Integrated, Low Power, Radio Receivers in BiCMOS Technologies”, 

William B. Kuhn, PhD dissertation, Virginia Tech, 1995 .
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Some Related Research Papers
https://scholar.google.com/scholar?oi=bibs&hl=en&cit

es=2076378922797813086&as_sdt=5&as_ylo=2024&as_y

hi=2024
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Why Does this Research Matter ?

• Receive more stations !

• Also …

• Spectrums have become more crowded

• Need more efficient use of spectrum resources

• Regulatory agencies are focusing increasingly on receiver performance

• ITU Internationally

• NTIA and FCC in United States

• Low-power consumption is good for IOT and energy harvesting radios

• Power reductions of 10x to 100x or more may be possible 

https://ecefiles.org/
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Regulatory Focus on Receivers

https://docs.fcc.gov/public/attachments/DOC-392197A1.pdf

See also:  https://its.ntia.gov/publications/download/TR-03-404.pdf
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Radio Design 401
Episode 1 – Part 3

Low-power Receivers in

Crowded Spectrum Environments
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Today’s Outline

• Introduction 

• Basic Research in Low Power Receivers

• Circuit-level Solution Examples

• Future Episodes in This Series

Please cite as https://www.youtube.com/user/MegawattKS 
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High-Power Discrete Receiver Circuits

Icom 735 HF Transceiver

(See also: https://www.rigpix.com/icom/ic735.htm )

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
https://www.rigpix.com/icom/ic735.htm


ecefiles.org

ecefiles.org
MegawattKS - YouTube

MegawattKS - YouTube

High-Power Discrete Receiver Circuits

High Power (1/2 Watt) LNA

High Power (1/2 Watt) Mixer

(upconversion to 70 MHz)

2SK125 FET Intermod Characteristics
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CMOS Design 1 - From Dissertation

From:   “Design of Integrated, Low Power, Radio Receivers in BiCMOS Technologies”, 

William B. Kuhn, PhD dissertation, Virginia Tech, 1995 .
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CMOS Design 2 - From Dissertation

From:   "A 200 MHz CMOS Q-enhanced LC Bandpass Filter"

WB Kuhn, FW Stephenson, A Elshabini-Riad - IEEE Journal of Solid-State Circuits, 1996
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New Common-base Q-enhanced Filter

https://www.psemi.com/pdf/datasheets/pe64102ds.pdf

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


ecefiles.org

ecefiles.org
MegawattKS - YouTube

MegawattKS - YouTube

Digitally Controlled Tuning Test
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Self-Tuning

From:   “Design of Integrated, Low Power, Radio Receivers in BiCMOS Technologies”, 

William B. Kuhn, PhD dissertation, Virginia Tech, 1995.
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Recent Prototyping
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Key Takeaways

• Strong-signals can create blocking and intermod problems in existing 

receivers   (for in-band interferers)

• Traditional solutions

• Preselect (and image) filtering – Fixed bandwidth or low-Q tracking preselect 

architecture 

• Use RF (and IF) gain control and/or attenuators/AGC (trades noise figure for 

intermod mitigation)

• Selective antennas (Resonant and/or directive)

• Burn more power in LNA and mixer

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
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Key Takeaways (concl.)

• Leverage old technique of regeneration (positive feedback) in 

Common-base design, using modern uP control (Q-enhanced filtering) 

• New QE-filter circuit architecture provides channel-width pre-select 

filtering automatically tracks LC tank image-reject filter tuning ☺

• Can reduce power consumption required in receiver significantly (e.g. 

10x to 100x reduction for front-end) !

• Not a panacea – (but close?)

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
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Limitations and Alternatives 

• Filter response of this design is only “one-pole”

• It’s still partly an active filter - but superior to fully-active (e.g. gm-C) 

or purely digital types, and traditional LNA designs

• Requires real-time tuning

• A (tunable, very-high-Q) electro-mechanical/acoustic design might be 

superior, if possible and sufficiently small (MEMs anyone?) and low cost

• Always remember :   Antenna is a important part of system, and using 

attenuators can also work wonders !  

https://ecefiles.org/
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Today’s Outline

• Introduction 

• Basic Research in Low Power Receivers

• Circuit-level Solution Examples

• Future Episodes in This Series
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Future Videos in Radio Design 401

• Intermodulation and Filter Simulations

• Receiver Performance Measures (the math)

• Design of common-base Q-enhanced Filters

• Self-tuning hardware and software …
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Thanks For 

Watching !

For research citation, please use: 
https://www.youtube.com/user/MegawattKS

https://ecefiles.org 

and/or specific video, sub-pages, publications mentioned
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Modifying an HF Regen Receiver ☺

RF Gain

(on back)
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