Radio Design 101 Epilogue 3 - Receiver Architectures
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In this final epilogue, we complete our study of receiver receiver hardware design by looking at block diagrams and
schematics of various receiver architectures developed over the years. The main problems and solutions for dealing
with strong signals in crowded frequency spectrums are discussed, and illustrated with real-world commercial
products, including an ATS25 DSP Software Defined Radio (SDR). The epilogue concludes by looking at a research-
level Q-enhanced filter which allows our radio to exceed the performance of all the commercial designs tested.
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A Tale of Four Radios
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Main Design Goals

88 to 108 MHz
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Classic Superhet Solution
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Circuit Issues Discussed in “Radio Design 101”
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Recall RD-101 Recelver Problems
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Signal environment was harsh !
Front-end had fixed 20 dB gain, and filtering was fixed-tuned

So mixer was overdriven due to strong 96.3 MHz station, reducing overall gain and
creating “intermod products™

IF filter had limited off-channel rejection causing some additional “signal blocking”



Strong Signal Issues
Common to all Recelvers

Blocking Problem
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Architectures Through the Years

4 Alternative Receiver Architectures
4.1 Early Receiver Architectures

4.1.1 Tuned RF Receivers
4.1.2 Begenerative ReCelVEIB . « + s o s v s s 5 v wo 5 w s ww s 8 o9 v & s
4.1.3 Super-Regenerative Receivers
Superheterodyne Receivers
4.2.1 Modern Single Conversion Implementations
4.2.2 Multiple Conversion Implementations
4.2.3 Up Conversion Implementations
4.2.4 Designs with Ultra-Low IFs

4.2.5 Designs with Image Rejection Mixers. . . . . . ... ... ... ...

4.2.6 Designs with Selective Demodulators . . . . . ... ... ... .. ..

4.3 Direct Conversion Receivers . . . . . . . . . . . e
4.4 Digital Receivers

4.5 Ideal Low-Power Receivers . . . . . . . . . . . . . . . . .

From: “Design of Integrated, Low Power, Radio Receivers in BICMOS Technologies”, PhD dissertation, Virginia Tech, 1995.



4.1 Early Tuned-RF Architectures
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Figure 4.1: Tuned RF receiver architecture. Figure 4.3: Regenerative receiver architecture
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Figure 4.4: Super-regenerative receiver architecture.




Example Regenerative Recelver
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4.2 Superheterodyne Recelvers

Optional AGC

Filter Filter Filter

Filter Tuning

- W ! SO — Figure 4.7: Single conversion superheterodyne with tracking preselect.
Figure 4.6: Modern superheterodyne receiver. & 8 \ g

Lowpass

Figure 4.8: Multiple conversion superheterodyne. Figure 4.10: Ultra-low IF superheterodyne.




Example Superhet Receiver 1
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Example Superhet Recelver 2
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Example Superhet Receiver 2
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Example Superhet Receiver 2
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COMMUNICATIONS RECEIVER

VR-120D
Technical Supplement

©2002 VERTEX STANDARD CO., LTD. Printed in Japan.

EHOLIM90A

Example Superhet Receiver 3

VERTEX STANDARD CO., LTD.

4-8-8 Nakameguro, Meguro-Ku, Tokyo 153-8644, Japan
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US Headquarters

17210 Edwards Rd.. Cemitos, CA 50703, US A

International Division

8350 NW. 52nd Terrace, Suite 201. Miami, FL 33166, US A

YAESU EUROPE B.V.

P.0. Box 75525, 1118 ZN Schiphol, The Netherlands

YAESU UK LTD.

Unit 12, Sun Valley Business Park, Winnall Close

Winchester, Hampshire, SO23 LB, UK

VERTEX STANDARD HK LTD.

Unit 5, 20/F., Seaview Centre, 139-141 Hoi Bun Road.
‘ong, Kowloon, Hong Kong

Introduction

This manual provides technical information necessary for

servicing the Yaesu VR-120D Communications Receiver.

Information on its installation and operation can be found

in the VR-120D Operating Manual, which is provided with

the receiver, and Accessory information may be found in

the documents accompanying the optional equipment.

The VR-120D is a high-performance miniature

communications re

civer providing general coverage

reception from 100 kHz to 1300 MHz on the AM, and FM
(Wide and Narrow bandwidths) modes (this coverage

includes the AM and FM broadcast bands, HF Short-wave
Bands up to 16 MHz, VHF and UHF TV bands, the VHF

AM aircraft band, and a wide range of commercial and

public safety frequencies!).
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Circuit Diagram
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4.3 Direct Conversion Recelvers
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Figure 4.13: Direct conversion receiver architecture.




4.4 Digital Receivers
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Figure 4.14: Simplified digital receiver architecture.




Example Low-1F / Direct Conversion Recelver
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Example Zero/Low-1F Receiver with DSP
(SDR)

ay United States Patent (10) Patent No.: US 7,272,375 B2
Tuttle et al. 45) Date of Patent: Sep. 18, 2007

INTEGRATED LOW-II TERRESTRIAL 5,983,088 A 1171999 Aschwanden
AUDIO BROADCAST RECEIVER AND 6,205,183 BI 32001 Dent
ASSOCIATED METHOD 6,370,368 Bl 4/2002 Kianush
6,539,066 Bl 3/2003 Heinen
Inventors: G. Tyson Tuttle, Austin, TX (US); Dan 6,567,654 Bl 52003 Coronel Arredondo et al. Low-IF Conversion C|rCUltfy DSP ercuitry

B. Kasha, Salt Lake City, UT (US) e, o enrich 455/5521

. 2001/004 Al 1172001 Tomasz et al.

Assignee: Slll_cnn Laboratories Inc., Austin, TX 2004/0042539 Al 302004 Vishakhadatia et al

(US) 2004/0176058 AL*  9/2004 Johnson ................... 455147
2004/0183G10 A1* 92004 Seppinen et al. BINTTYV Band_PaSS .

Notice:  Subject to any disclaimer, the term of this 2004/0204034 A1* 10/2004 Hanrahan ..... .. 455/552.1 Channel Filter
patent is extended or adjusted under 35 2005/0003773 Al* 12005 Cowley et al. . 455/150.1 ADC
U.S.C. 154(b) by 320 days. . B L i
¥ FOREIGN PATENT DOCUMENTS Analog
Appl. No.: 10/881,926 13573 212001 K 158 Audio

o 1325067 712003 Signals
Filed:  Jun. 30, 2004 FM Demod ¢

e SN

212

L00T ‘81 "dag

Band-Pass
ADC 122
L/

Stereo > N .
C 156 Decoder Digital Audio

106 i
¢ 12 > Signals

[T JO T 1334s

Low-IF Digital RDS/RBDS
Conversion Audio

Circuitry Signals Decoder

LO Generation |/ F I G . 1 B

Circuitry

T SLETLT'L SN




Example Zero/Low-1F Receiver with AGC
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Challenges in Receiver Design
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Key Takeaways

Strong-signal interferers create blocking and intermod problems in
receilvers ! (can be out-of-band or in-band)

Traditional solutions

Preselect (and image) filtering

RF (and IF) gain control using attenuators/AGC

Selective antennas (Resonant and/or directive)

Higher power consumption in circuits to improve compression and intermodulation
performance

Tracking front-end filters generally provide best performance if low
power is needed (but are difficult to integrate on-chip)

Leveraging classic technique of regeneration can provide additional
solutions (Q-enhanced filtering)

Offers possibility of good performance without high power consumption



Outline of Today’s Episode

Challenges in Receiver Design
Recelver Architecture Alternatives

Key Points for Achieving Good Performance
Ideal Low Power Receiver Design



ldeal Low Power Recelver
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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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Lower Half of Band

88 to 98 MHz
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Prototype Q-enhanced LNA
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Future Video Series Topics ?

Further Q-Enhanced Front-End Development (ncluding

Linearization and Tuning Control Algorithms)

Performance measures (compression points,
intermodulation, power consumption)

Spurious frequency products from mixers

Receiver ideal sensitivity (MDS, Noise Figure, etc.)

Elevated Noise Floors (RFI caused by modern switch-
mode power supplies and lighting)



Thanks For
Watching !
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