
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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Receiver Architectures



A Tale of Four Radios

2022 Homebrew FM 

classic superhet (RD-101)

2003 Commercial wideband handheld 

(VR-120)

1990 Portable multi-band 

(Patrolman SW-60)

2021 Software-Defined 

Radio (ATS-25)



Lower Half of Band

88 to 98 MHz



Outline of Today’s Episode

• Challenges in Receiver Design

• Receiver Architecture Alternatives

• Key Points for Achieving Good Performance

• Ideal Low Power Receiver Design



Main Design Goals

s

Select desired signal and demodulate
2 MHz

70 dB

88 to 108 MHz

95 to 100 MHz



Classic Superhet Solution



Circuit Issues Discussed in “Radio Design 101”

20+ videos based on and supporting a university senior-design class in RF/wireless circuits



Recall RD-101 Receiver Problems

• 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 Receivers

Like Mixer !!
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Architectures Through the Years

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



4.1  Early Tuned-RF Architectures



Example Regenerative Receiver



4.2  Superheterodyne Receivers



Example Superhet Receiver 1

87.9 to 

107.9 MHz

77.2 to 

97.2 MHz

10.7 

MHz

Fixed-tuned Preselect/Image Filters Lead to Problems …



Example Superhet Receiver 2

Two-Pole Preselect + Tracking Image Filter 

Solves Problems ☺



Example Superhet Receiver 2

CAUTION – TO PREVENT ELECTRIC SHOCK, DO NOT REMOVE COVER

NO USER-SERVICEABLE PARTS INSIDE. REFER SERVICING

TO QUALIFIED SERVICE PERSONNEL



Example Superhet Receiver 2

Measured 3 dB Bandwidth = 4 MHz

(Selectivity Q of 25)

0 to 200 MHz span.   With 20 dB attenuation to

prevent compression. Actual gain is 20 dB higher.



Example Superhet Receiver 2

LO



Example Superhet Receiver 3



Example Superhet Receiver 3



4.3  Direct Conversion Receivers



4.4  Digital Receivers



Example Low-IF / Direct Conversion Receiver



Example Zero/Low-IF Receiver with DSP
(SDR)



Example Zero/Low-IF Receiver with AGC
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Key Takeaways

• Strong-signal interferers create blocking and intermod problems in 

receivers !  (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
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Ideal Low Power Receiver

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



Prototype Q-enhanced LNA

Centered at 89.5 MHz

Q enhanced to 500

200 kHz bandwidth

Centered at 96.3 MHz

Q-enhancement minimum



Lower Half of Band

88 to 98 MHz



Prototype Q-enhanced LNA

Implemented 

with varactor 

or digitally 

tuned cap

Implemented 

with Q of 3 

matching 

network

Implemented 

with pot or 

digital 

attenuator

Response to node Vi

obviates need for attn/AGC

Response to node Vo

Q of 100 to 500 for good selectivity

1.2 mA at 5 V ☺



Future Video Series Topics ?

• Further Q-Enhanced Front-End Development (Including 

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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