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This is Episode 8 - the final episode in the Radio Design 401 series. In it, we validate that the Q-

enhanced LNA technology introduced in Episode 1 together with the improved overall receiver 

architecture from Episode 5, outperforms some of the best commercial receivers, while operating at 

10 times lower power consumption. The full system is tested in various spectral environments and 

compared to a modern automobile radio receiver. The goal is to receive weak signals in the presence 

of strong interferers as discussed throughout this series.

Semester Project – LNA Design and System Test - Radio Design 401, Episode 8

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 8
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P

LNA Design and System 

Testing
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Overview

and achieving
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RD401 LNA in Receiver Context
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Q-enhanced LNA Design

Digitally Tuned

Capacitors

Input

Attenuator

BW Control

Frequency

Control

Modified Early

Prototype PCB

See also Episode 1
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LO, Mixer, IF, Demod
(KiCad Drawings and PCB Courtesy of Garrett Peterson)

LO with 

+5 dBm output

And varactor tuning

Mixer, IF filtering, and IF amp

IF limiter amp
And demod / audio amp
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Testing (vs Car Radio)
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Testing (at the Top of the World)
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Presentation Outline

Signal Environments

   Background and Prior Episodes

   LNA Design

   Classic Lab Testing (Gain, NF, P1dB, Pdc)

   Real-World Test Results

   Conclusions and Future Directions 
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Noise in Indoor Environments

Ref Level -20 dBm

RFI > 30 dB !

-32 dBm 

Noise Floor is RFI-Limited

TinySA LNA is ON
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Crowded Outdoor Environments

Ref Level -20 dBm

-43 dBm 

Noise Floor is Intermod / IF Filter Limited

TinySA LNA is ON
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Testing at the “Top of the World” !

-3 dBm !
Ref Level  0 dBm

Noise Floor is Dynamic-Range and 

Spurious-Emission Limited 

LNA is OFF

6-element

Vertical

Array

Pt = 7.5 kW

EIRP=21 kW
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Presentation Outline

Signal Environments

   Background and Prior Episodes

   LNA Design

   Classic Lab Testing (Gain, NF, P1dB, Pdc)

   Real-World Test Results

   Conclusions and Future Directions 
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Background   
University Class and Radio Design 101 YouTube Course
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End of Semester Checkoffs
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Radio Design 101  Testing
See Epilogues 1 - 3 
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Radio Design 401  -  Prior Episodes
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Presentation Outline

Signal Environments

   Background and Prior Episodes

   LNA Design

   Classic Lab Testing (Gain, NF, P1dB, Pdc)

   Real-World Test Results

   Conclusions and Future Directions 
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Amplifier Design Basics
See Radio Design 101  (esp. Episode 3)

UHF Fully 

Integrated LNA

Cascode

Amplifier
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Common-Base LNA Examples
See Radio Design 401,  Episode 6
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Commercial LNA Examples
See RD401, Episodes 4 and 6

Intermods and CTB Products !
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Ideal Low Power Receiver

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

PhD dissertation, Virginia Tech, 1995 

Reduce Preselect Filter bandwidth to signal bandwidth !

See  Episode 1
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Q-enhanced LNA   1st Prototype

Implemented 

with varactor 

or digitally 

tuned cap

Optional, 

Variable 

Attenuator

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

Provides narrow BW and tracking-preselect filtering 
See Episode 1

1.2 mA at 5 V    (6 mW)

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
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Latest Q-enhanced LNA

11 mA at 5 V    (55 mW)

Digitally Tuned

Capacitors

Input

Attenuator

BW Control

Frequency

Control

Uses original Rev 1 board and 
firmware, but…

Modified for lower gain using 
split-L tank circuit, and higher Pdc
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Presentation Outline

Signal Environments

   Background and Prior Episodes

   LNA Design

   Classic Lab Testing (Gain, NF, P1dB, Pdc)

   Real-World Test Results

   Conclusions and Future Directions 
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Lab Testing Setup
Kinda Messy …

Signal

Generator

Spectrum

Analyzer
DUT

Step

Attenuator
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Lab Test Results

(with filter BW adjusted to 200 kHz)

Pdc = 11 mA @ 5V   (55mW)

G = 18 to 22 dB   (22 dB during NF checks at 109 MHz)

NF = approximately  5 dB

Pi1dB = -30 dBm on-channel

Pi1dB = -10 dBm at 2 MHz above

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
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Insertion Gain Testing

Gain = - 47.9 dBm  -  ( -30 dBm  -  40 dB )

          =  22.1 dB  @ 109.73 MHz

              (with filter BW adjusted to about 200 kHz)

40 dB Attenuation
-30 dBm Signal*

-47.9 dBm Output

* Level confirmed 

in testing

https://ecefiles.org/
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Output Noise and NF

Theoretical Output Noise

in 100 kHz RBW

= -174 dBm + 10 log(100k) + Gain

= -174 + 50 + 22.1

= -101.9 dBm

Measured Output Noise

= -96.6 dBm

NF = -96.6 dBm – (-101.9 dBm)

      = 5.3 dB

       (+/- a dB or two ;-)

200 kHz

(with input terminated in 50 Ohms)

Noise Shaped by Filtering

https://ecefiles.org/
https://www.youtube.com/user/MegawattKS
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P1dB Input Compression Point(s)
(with filter centered at 99.2 MHz and BW adjusted to 200 kHz)

Step attenuator used to find P1dB
(if 4dB attenuation removed and output 

increases by only 3dB, we’re there)

Tests run at 99. 2 MHz and at 

101.2 MHz  ( 2 MHz above f0 )

-17 dBm output with -10 dBm 

signal at 2 MHz above f0.

Expect -26 dB gain from filter rolloff

(-10 dBm + 20 dB – 26 dB = -16 dBm ☺ )

-17 dBm
(1 dB 

Compressed)

Pi1dB = -30 dBm on-channel

Pi1dB = -10 dBm at 2 MHz offset

f0

https://ecefiles.org/
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Presentation Outline

Signal Environments

   Background and Prior Episodes

   LNA Design

   Classic Lab Testing (Gain, NF, P1dB, Pdc)

   Real-World Test Results

   Conclusions and Future Directions 
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Off the Air (Indoor) Test
(with filter centered at 88.1 MHz and BW adjusted to 200 kHz)
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Tuning Through the Band
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Testing (in Local Park)
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Testing (at the Top of the World)
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Presentation Outline

Signal Environments

   Background and Prior Episodes

   LNA Design

   Classic Lab Testing (Gain, NF, P1dB, Pdc)

   Real-World Test Results

   Conclusions and Future Directions 
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Conclusions

Radio Design 401 receiver with QE LNA 

meets or exceeds performance of the best 

commercial receivers in automobiles

Narrowband preselect filtering allows 

operation in harsh, crowded spectrum 

environment at 1/10th the power

Field tests in real-world environments 

validate the “white paper” theory from 

episode 1 ☺ 
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Future Directions

Radio Design 401 receiver with QE LNA 

approaches the realization of an Ideal 

Receiver ☺

Still requires attenuator for very strong 

signals due to single-pole bandpass 

response and limited preselect-filter 

off-channel attenuation

Future work on additional filtering 

before amplifier could improve 

results further 

Input Attenuator

Set to 0 Ohms

Input Attenuator

Set to 500 Ohms

https://ecefiles.org/
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The End …

Thanks For Watching !
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