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=PLIOx3wpnBOkrNexW2k5]MCaewXN7LoRXd

This material is provided by ecefiles.org for educational use .

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.
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Radio Design 401 — Episode 8
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Overview

GO gle Ina design and system testing

4 Al Overview

LNA design involves a systematic process of selecting components
and topologies to amplify very weak RF signals while adding
minimal noisénm specific performance goals (gain, noise
figure, stability, linearity, etc.). System testing then verifies that the
fabricated LNA meets these specifications and functions correctly

within the overall receiver system, often using sophisticated RF test

equipment. @
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RD401 LNA in Receiver Context

Radio Desigh 401 Project Block Diagram
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-enhanced LNA Design
See also Episode 1
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L O, Mixer, 1F, Demod

iCad Drawings and PCB Courtesy of Garrett Peterson)
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Testing (vs Car Radio)

0:00:05 L] 0:00:31
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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
Noise Floor is RFI-Limited

e i -
= Ref Level -20 dBm

-394

]

TinySA LNA is ON
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Crowded Outdoor Environments
Noise Floor is Intermod / IF Filter Limited

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

' ”6-_elv,ement
- Vertical
. Array

Noise Floor is Dynamic-Range and
Spurious-Emission Limited

Pt=1.5 kW
EIRP=21 kW

ARSI CE

LNA is OFF
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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

New Radio Design 101 series =k
Abstracted from a senior-design University class

RF Circuits Course Notes

Designing and Building
Transmitters and Receivers
in a Single Semester
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End of Semester Checkoffs

ECE 662 Final Exam - Fall 2015

Your “Final Exam” will consist of demonstrating and explaining (during the question/answer session of the
final) your FM broadcast-band / Purpletooth receiver built from projects 1 through 4. Due date is:

Complete on or before the end of exam week (Friday, Dec 18, 5pm).

There will be a signup sheet in the lab with 60 minute timeslots (20 minutes demo, 30 minutes quiz).
Demonstration

Demonstrating your receiver will include actual “off-the-air” tests showing that you can receive strong and
weak FM stations alike. In the demonstration, you must also show that you meet the following

specifications using suitable laboratory-generated signals (with you doing the tests and your instructor
observing). You must also show proficiency in operating the test equipment to verify these specifications.

88 MHz to 108 MHz

Better than -110 dBm (12 dB SINAD at 98 MHz)

Better than -100 dBm (98 MHz)

100 Hz to 10 kHz or better (+-3 dB) after accounting for
75us equalization rolloff

> 2.5 Watts with 75 kHz peak deviation

< 2% THD for 1 kHz sinewave with 75 kHz peak deviation
FSK and RSSI outputs functional

<70 mA at 9V (zero volume)

Tuning range

Threshold sensitivity

30 dB quieting sensitivity
Audio frequency response

Audio output power
Distortion (at 1 Watt)
Purple-tooth support
Power consumption

Quiz

The quiz is designed to check your knowledge of all aspects of radio theory and circuits we have discussed
in class. You should bring your project schematics and circuits with you. I will start by asking some basic
questions and then increase the difficulty to try to see the depth of your knowledge. The questions may
cover material from any of the projects as well as other material presented in class.
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Design 101 Testing
See Epilogues 1 - 3
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Radio Design 401 - Prior Episodes

Radio Design 401
Episode 1

Low-power Receivers in

Crowded Spectrum Environments

( An Advanced “Course” & “White Paper” )

MegawattKS - YouTube

' Radio Design 401
— Episode 2

SNR, Noise Figure, and

Receiver Sensitivity

Radio Design 401

Radio Design 401
Episode 4

=] Intermodulation &=
In Real-World Circuits and Systems

Radio Design 401 — Episode 5
“Semester Project”

High Performance Receiver Design

Radio Design 401 — Episode 6
Advanced Receiver Design
LNAs and Noise Analysis

Part 1 of 2
El=al

Radio Design 401 — Episode 7
Semester Project

Building a Better Receiver
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Presentation Outline

Signal Environments
Background and Prior Episodes

M) 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)

BJT Amplifier Configurations

Configuration  Representative Circuit  Approx. Formulas Avieins Ri Ro Matching

Image filter Network

Common Emitter MMBR5179

Avnoroad = - gm (Re]lr) High Med Med \ Common Base Configuration

Ri=r1, || R | Riz

Common Emitter Configuration
where 17 = he/gu Qle—"

Matching MMBR5179

Ro=R. || o Network

Transistor’s
Common Base internal
capacitances
(Cbe and Ccb)
l — Avinoroad = +2m (Refra) High Low Med

R~ 1gallRe 1o UHF Fully
R, =Rt

!
- Integrated LNA  w J

M3

L2

Vin I

|
Common Collector (Emitter follower) - J

Avnotoad = 1 Unity High Low

Ri=Raor || Rez || rz(1+guRe)*

R, = 1/gy**

Fig. 23. schematic diagram of LNA with integrated T/R switch drauits. Fig. 39. Die photo of fully integrated single-chip 100-mw

* Assumes unloaded output transceiver.

> CEE G ‘ue 1EEE ‘ol. 95. N - . -
** Assumes low source R 2024 ProcmepiNGs OF THE IEEE | Vol 9, No. 10, October 2007 Vol 95, No. 10, October 2007 | ProceEDINGS OF TiE IEEE 2041
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Common-Base LNA Examples
See Radio Design 401, Episode 6

How Do We Find the NF of an LNA ? LT-Spice Noise AnalySiS (Matched input case)

Example:
Output (™ Zosg s anvaes Gtal 6.0 nV/\/m
Matching Common-base LNA 7: u "R I 1 K - A,(0.45nV /VHz)
NG from Radio Design 101 series | | v S 1 e = 7/94((0.45nV /VHz)

=3.57 nV/VHz

6.0
NF/= ZOlog 357

* Analyze...
o Simulate...

Need “noise models”

r— for components ...

Matching e Measure...

Network

Antenna

MegawattKS - YouTube ecefiles.org
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Commercial LNA Examples
See RD401, Episodes 4 and 6

Real-World Amplifier Specs

LNA used in TinySA-Ultra Spectrum Analyzer

Marine GPS Antenna
o |

......
&

T
i tan
it

H(v-32.5d8n1
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0B

1Scant

PC Boards
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Ideal Low Power Receiver

Reduce Preselect Filter bandwidth to signal bandwidth !
See Episode 1

Optional Down Conversion

| (V)antl‘lﬂ | Preselect : Image ' Demod
~ Variable | Filter | Filter '
" Attenuator ! !

Filter Tuning

Figure 4.16: Ideal receiver architecture.

From: “Design of Integrated, Low Power, Radio Receivers in BiCMOS Technologies”,
PhD dissertation, Virginia Tech, 1995
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Q-enhanced LNA 1% Prototype

Provides narrow BW and tracking-preselect filtering
See Episode 1

File View PlotSettings Simulation Tools Window Help

PMEETF O RQAAREAEHRRS 2R H O3

{2 QE1_LTspice_NPNgeneric.asc 4, QE1_LTspice_NPNgeneric.asc

«
V(vo
I"\‘

Optional, ’ Response to node Vo
Variable 2 e J Q of 500 fOIZOO kHz,___kchannel BWI[ .2

Attenuator

V(vi)

Implemented

bSe  With varactor /‘ s
im or digitally i >
tuned cap

17 . Response to néde Vi

Implement Tracks with g.ﬁtpdt\tank tuning !l

with pot or
digital
attenuator

1.2mAat5V (6 mW)
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Latest Q-enhanced LNA

Uses original Rev 1 board and
firmware, but...

Modified for lower gain using

split-L tank circuit, and higher Pdc Input
Attenuator

Frequency
Control

13

Capacitors

{ ) SINE(O 2E-2 98.0E6)

O | =1 l1lmAat5V (85mW)

.ac lin 1009 88E6 108E6 ;tran 0 25u 5us 0.01ns ;noise V(Vo) V1 lin 1009 88E6 108E6
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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 ...

e .k

Step
Attenuator
Signal
Generator
DUT < —__ Spectrum

X ,, BN Analyzer
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L.ab Test Results

(with filter BW adjusted to 200 kHz)

Pdc=11 mA @ 35V (55mW)

G=18t022dB (22 dB during NF checks at 109 MH2z)
NF = approximately 5dB

P..4g = -30 dBm on-channel

MegawattKS - YouTube ecefiles.org
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Insertion Gain Testing

-30 dBm Signal*
* Level confirmed

in testing

w[147.9 dBfn Dutput |
:: { J;l
=]
Gain=-47.9dBm - (-30dBm - 40dB) & ,
= 22.1dB @ 109.73 MHz \

(with filter BW adjusted to about 200 kHz)
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Output Noise and NF

(with input terminated in 50 Ohms)

‘ Theoretical Output Noise

= prympe s s . in 100 kHz RBW
— .‘E:,ﬁ = W‘“‘ | =-174 dBm + 10 log(100k) + Gain
| | ™ =-174 + 50 + 22.1
s | B =-101.9 dBm
:
= — LA ”M&;““MM_ — Y Measured Output Noise
2 §F oige Shaped by Filtering | =-96.6 dBm
n T F130
2 bl —akm e NF = -96.6 dBm — (-101.9 dBm)

=5.3dB
(+/-a dB or two ;-)

MegawattKS - YouTube
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P, .. Input Compression Point(s)

(with filter centered at 99.2 MHz and BW adjusted to 200 kHz)

e \

R —_— - : -1 dBrn
: \ | f »-» .M'.T»!'.)‘ 200 008 mr:N :F ] (1 dB \
s E UL 190.9dBm e | Compres
—=_ 7B andl »
% e | 2
\/4\/"{‘ e waem == e
Step attenuator used to find P1dB Tests run at 99. 2 MHz and at -17 dBm output with -10 dBm
(if 4dB attemation TemoREE e 101.2 MHz (2 MHz above {;) signal at 2 MHz above f,
Increases by oR Y a Expect -26 dB gain from filter rolloff

(-10dBm + 20dB-26 dB =-16 dBm © )
P.1gg = -30 dBm on-channel

P..gg = -10 dBm at 2 MHz offset
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Presentation Outline

Signal Environments

Background and Prior Episodes

LNA Design

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

MegawattKS - YouTube
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Testing (in Local Park)
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esting (at the Top of the World)

0:00:10 ° 0:00:46

Vid1 X 4 % @ % PR & w7 5‘3\
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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 Project Block Diagram

(Rev 1c)

Radio Design 401 receiver with QE LNA , e ) e e
meets or exceeds performance of the best =
commercial receivers in automobiles

Narrowband preselect filtering allows
operation in harsh, crowded spectrum
environment at 1/10™" the power

Field tests in real-world environments
validate the “white paper” theory from
episode 1 ©

MegawattKS - YouTube —— ecefiles.org
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Future Directions

Optional Down Conversion

. Optional

Radio Design 401 receiver with QE LNA L
approaches the realization of an Ideal .

Receiver © Figure 4.16

Still requires attenuator for very strong ‘

signals due to single-pole bandpass " — ] D Il BWControl
response and limited preselect-filter Attenuator e R <. :

off-channel attenuation > Input Attenuator

Set to 0 Ohms

T T T T
88MHz 92MHz 96MHz 100MHz 104MHz 108MHz

Frequency
Control

Future work on additional filtering
before amplifier could improve E , Digitally Tuned
results further e SapEcEn

Input Attenuator
Set to 500 Ohms

55dB | |
88MHz 92MHz 96MHz 100MHz 104MHz 108MHz
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The End ...

Thanks For Watching !

MegawattKS - YouTube
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