
This episode covers radio frequency oscillator circuits, ranging from discrete designs through modern integrated 
circuit architectures. Associated topics include oscillator types (Hartley vs Colpitts), tuning using varactor diodes, and 
achieving frequency stability using crystals and PLL frequency synthesizers.

Radio Design 101

Episode 4 – RF Oscillators

Slides downloaded from: https://ecefiles.org/rf-design/

Companion video at: https://www.youtube.com/watch?v=oJQONLdFC20

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

https://ecefiles.org/rf-design/
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Radio Design 101
Episode 4

RF Oscillators



System Context

Frequency Synthesized Transmitter* Superheterodyne Receiver

*WARNING: Transmitting requires license and proper frequency control



Radio Design 101 “Semester Projects”

Project 2 – Local Oscillator

(This Video)



Overview

Amplifier + (Positive) Feedback = Oscillator



Topic Outline

• LC Oscillator Basics

• Hartley and Colpitts circuits 

• Voltage Controlled Oscillators

• Crystal Oscillators and Synthesizers



How to Make an LC Oscillator

• Design a tuned-RF amplifier

• Add positive (in-phase) feedback

• Select output node and assess loading and inductor-Q effects on gain

• Verify “loop gain” is  > 1 at center frequency

𝐴𝑣

Tuned-RF

Amplifier

Feedback

Network

Possible
output nodes

• See also: https://en.wikipedia.org/wiki/Barkhausen_stability_criterion



Leveraging our Existing Work

Recall our Common-Base amplifier from Episode 2:

Type equation here.

Core

Amp

Input

Matching

Network

Output

Matching

Network𝑉𝑖

𝑉𝑜 𝑉𝐿

𝑉𝑆
𝑉𝑖
′

𝑉𝑜
′ =

Bandpass
Filter

𝑽𝒐
𝑽𝒊

= 𝒈𝒎𝑹𝑹𝒊𝒏 =
𝟏

𝒈𝒎

𝒘𝒉𝒆𝒓𝒆 𝑹 =
𝑹𝟒

𝟐



Modify to Create Oscillation
• Delete input port and input matching network (and optionally R4)

• Add feedback network and adjust L2, C2 to get desired frequency

Type equation here.
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• Voltage divider CA, CB feeds output back to input

• Oscillates if “loop gain” from Vi to Vo and back to Vi

Av-loop is > 1 and the reactance of CA is XCA < Rin

• Typically, CB = CA to CB = CA / 4  will make Av-loop > 1

CB

CA
NOTE:

𝐼𝑓 𝑋𝐶𝐴 ≪ 𝑅𝑖𝑛 𝑡ℎ𝑒𝑛 𝐶𝐴 𝐶𝐵

𝑖𝑠 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑎 𝑡𝑎𝑝𝑝𝑒𝑑 − 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟

𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒 𝑚𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑛𝑒𝑡𝑤𝑜𝑟𝑘

𝑡ℎ𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑠 𝑅𝑖 𝑛𝑡𝑜 𝑅𝑖𝑛′
𝑠𝑒𝑒𝑛 𝑏𝑦 𝑡ℎ𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 𝑛𝑜𝑑𝑒.



Why Did This Work Without CA ?

33 pF

82 pF

40 nH

Looks like 160 pF at 61 MHz
(@ 61 MHz Zc1 = - j 31  and ZL1 = +j 15)

ALSO – Cbe inside Q1 is 15 pF @ Ic = 5mA 

4 pF

10 pF

160 nH total

10 nF

10 nF
Q1 = MMBT5179

or equivalent

4.7K

2.2K
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Project 2 “Homework” ☺

4 pF

10 pF

160 nH total

10 nF

10 nF

Q1 = MMBT5179
or equivalent

4.7K

2.2K

3K

=5V Redesign this for use in FM receiver

PROCEEDURE :

• Delete L1 and ground C1 (now labeled CA)

• Increase R3 to 360 to raise Rin from 10 to 20 Ohms

• Find CA to give XCA = 20 at 87 MHz

• Find CB  as 1/3 of CA

• Adjust L total to resonate at 87 MHz*

• Build and test

• Add varactor tuning to cover 77.2 to 97.2 MHz**

• Refine and retest

CB

CA

*  Total C to ground at collector of Q1 is C2 + C3 + Cbc + (CB - - CA), 
where Cbc collector-base C inside Q1 (about 1pF) and (CB - - CA) is the series combination of CB and CA

**  To tune FM broadcast receiver with 10.7 MHz IF. See varactor diode discussion coming up 

180



Topic Outline

• LC Oscillator Basics

• Hartley and Colpitts circuits 

• Voltage Controlled Oscillators

• Crystal Oscillators and Synthesizers



1915 Hartley Patent
https://en.wikipedia.org/wiki/Hartley_oscillator
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-

-
Signal Loop

𝐼𝑡𝑎𝑛𝑘

https://en.wikipedia.org/wiki/Hartley_oscillator


Modern Hartley Designs

Common-emitter Hartley Simple Common-drain Hartley

https://en.wikipedia.org/wiki/Hartley_oscillator
https://www.electronics-tutorials.ws/oscillator/hartley.html

Requires two inductors (or tapped inductor) 

https://en.wikipedia.org/wiki/Hartley_oscillator
https://www.electronics-tutorials.ws/oscillator/hartley.html


Modern Colpitts Designs

Common-base Colpitts Common-collector Colpitts

𝐴𝑣−𝑜𝑝𝑒𝑛−𝑙𝑜𝑜𝑝 = +𝑔𝑚𝑅 𝐴𝑣−𝑜𝑝𝑒𝑛−𝑙𝑜𝑜𝑝 = +1

𝑉𝑜𝑙𝑡𝑎𝑔𝑒/𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒 𝑠𝑡𝑒𝑝 − 𝑑𝑜𝑤𝑛 𝑖𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟𝑠 𝑉𝑜𝑙𝑡𝑎𝑔𝑒/𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒 𝑠𝑡𝑒𝑝 − 𝑢𝑝 𝑖𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟𝑠
(due to resonance with L1,C1)



Example 1 – Ham Radio VFO

https://forums.qrz.com/index.php?threads/heathkit-trw-110-48-lmo.747520/

https://forums.qrz.com/index.php?threads/heathkit-trw-110-48-lmo.747520/


Example 2 – FM Broadcast Receiver



Topic Outline

• LC Oscillator Basics

• Hartley and Colpitts circuits 

• Voltage Controlled Oscillators

• Crystal Oscillators and Synthesizers



Varactor Diode



CC Colpitts VCO



Topic Outline

• LC Oscillator Basics

• Hartley and Colpitts circuits 

• Voltage Controlled Oscillators

• Crystal Oscillators and Synthesizers



Colpitts Crystal Oscillators

https://www.cypress.com/file/42656/download

https://www.cypress.com/file/42656/download


TCXOs



Fully Integrated Transceiver



Phase-Locked Loop Synthesizer

𝑓𝑜𝑢𝑡 = 𝑁 𝑓𝑟𝑒𝑓

“Fractional-N”

Architecure



Class FM Receiver Synthesizer



Topic Review

• LC Oscillator Basics

• Hartley and Colpitts circuits 

• Voltage Controlled Oscillators

• Crystal Oscillators and Synthesizers



Radio Design 101 “Semester Projects”

Project 3 – Mixer / IF Filter

(Next Video)



Thanks For 

Watching !
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