
In this episode we finish the receiver design by creating an IF amplifier and demodulator, and then assemble and 
demonstrate the final product. A limiting IF amplifier is used to address the 100 dB dynamic range of signals typical at 
a receiver's antenna input. The demod is a classic quadrature architecture that uses a mixer and phase shifter, and 
leverages what we learned in episode 5. Details of design, construction, and testing are presented, together with 
comments on how the overall Radio Design 101 course material is applicable to virtually all radio design work, 
including modern RF integrated circuits.

Radio Design 101

Episode 6 – Finishing the Receiver
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Companion video at: https://www.youtube.com/watch?v=jwbYQUTUEmE
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Class Projects

Pjt 4:  IF Amplifier, Demod/Audio 

(This Episode)

87.9 to 
107.9 MHz

77.2 to 
97.2 MHz

10.7 MHz



Debugging => Learning and Success



Today’s Topics

• Superhet receiver architecture review

• IF limiting amplifier design

• Quadrature FM demod

• Receiver assembly and demonstration

• Modern radio chipsets



Superhet Receiver Spectrums



Signal Levels and IF Amp Gain

Minimum IF Amplifier gain needed (with this frontend): 
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𝟏𝟎𝟎𝒎𝑽
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𝟓𝟎
= 65 dB
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IF Amp Design and AC Sim

Drawn and simulated with free version of National Instruments’ “Multisim Live” web-based tool 



Transient Analysis and Limiting

40 uV Input 1.0 V Input



Construction (2nd Stage Only)

Bypass for VNA

measurements



Testing

• 30 dB and 10 dB attenuators on ports 1 and 2 respectively

• Calibrated with these in place

• R5 bypassed for testing (due to 50 Ohm Rin of VNA)
• 32 dB gain at 10.7 MHz (low due to limiting)



Testing (2nd Stage Only)

• Added extra 20 dB attenuator to port 1, but did NOT recalibrate

• So, displayed gain is 20 dB lower than actual
• No gain compression this time ☺

• 40 dB gain at 10.7 MHz. 46 dB at 6 MHz 
• Needs some tweaking, and/or addition of first IF amp stage …
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Classic FM Quadrature Subsystem

Limiting Amp Mixer LPF

Phase

Shifter

𝑉𝐴 𝑐𝑜𝑠 2𝜋 𝑓𝐼𝐹 𝑡

𝑉𝐵 𝑐𝑜𝑠 2𝜋 𝑓𝐼𝐹 𝑡 + 𝜃

𝑉𝐼𝐹 𝑐𝑜𝑠 2𝜋 𝑓𝐼𝐹 𝑡

𝑉𝐶 𝑐𝑜𝑠 𝜃

𝑓𝐼𝐹

𝜃

𝑓𝐼𝐹𝑜

180𝑜

90𝑜 Channel
Bandwidth

𝜃180𝑜90𝑜

Channel
Bandwidth

𝑐𝑜𝑠 𝜃



Phase Shifter Network

Analysis / Design:

• Use Norton equivalent for V1, C1 to 

understand behavior vs frequency

• Consider Q of L1 when making real-world 

circuits

• R1 is input R of mixer (together with 

parallel-form parasitic R of L1 and any 

physical resistor used)

• Q is high, so requires good quality 

inductor and alignment after build



Demod Schematic Design



Construction



Testing
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• Receiver assembly and demonstration

• Modern radio chipsets



Final Assembly



First Sound



Optional Audio Amp
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Other Options for FM IF Subsystem



Other Options for FM IF Subsystem



Full Receivers on a Chip



Performance Issues
(possible future videos)



Preview



Thanks For 

Watching !
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