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Preface 
 

Atomic clocks and frequency standards/sources have been available for decades especially the 
Cesium type for Global Positioning Satellites (GPS) and the Rubidium type as the secondary standard. 
Recently, the Rubidium Frequency Standard (RFS) has become very affordable at $100 for surplus units 
such as the FE-5650A manufactured by Frequency Electronics Inc. (FEI).  This book uses the pre-2005 FE-
5650A Option 58 unit as an example (refer to Figure 1.2 to identify the unit).  Home workshops, tech 
shacks and professional laboratories can gain access to highly affordable, accurate atomic frequency 
standards (0.001 Hz accuracy at 10MHz output frequency) – an accuracy that exceeds by orders of 
magnitude some of the best Oven Controlled Crystal Oscillators (OCXO).  The numerous applications 
include calibration of electronic equipment, highly accurate frequency sources to replace the simple 
crystals in microcontroller circuits along with frequency generation and measurement equipment, and 
highly accurate timing sources. Some hobbyists have used the Rubidium Frequency Standard (RFS) to 
build highly accurate 24 hour clocks while experimenters have used the cesium variety to test 
predictions of time dilation of general relativity. Still others have suggested uses for range finders and 
frequency multiplier circuits.  Although these RFS units are not quite as accurate/stable as the GPS 
Disciplined Oscillators (GPSDO), their utility might surpass the GPSDO in that they do not require an 
antenna nor do they require clear access to the sky – a big advantage to laboratory sub-basement 
dwellers.  

 
This book delivers the physical principles of the Rubidium Frequency Standard (RFS) along with the 

modifications, tests and software. The first several chapters introduce the origin and role of the 
hyperfine transitions, optical pumping, frequency detection, servo electronics, Allan Deviation, sources 
of error, and the basic functional blocks as exemplified by the FE5650A. The remaining chapters describe 
auxiliary construction to implement the FE5650A unit, modifications for wider bandwidth (100Hz-
15MHz), methods for special-purpose calibration, and construction of an external controller to set the 
RFS frequency. As mentioned, the book resources include demo-quality software for communications, 
an external controller and for calculating and plotting the Allan Deviation.  The external controller 
software is written in C/C++ and the PC based software is written with Microsoft Visual Basic/C#.   

 
This book addresses RFS science and technology in two basic parts. The first four chapters will be of 

most interest to those readers with some previous knowledge of the RFS and its physical mechanisms 
although Chapter 3 regarding the Direct Digital Synthesizer circuits should be of interest to most 
readers. The first several chapters contain discussion of the physical principles including the atomic 
physics for the hyperfine transitions and methods of optical pumping.  The remaining chapters develop 
circuit design, modifications and programming that can best be appreciated by those having previous 
experience with electronic circuit construction. The chapters guide the reader through programming a 
microcontroller.  The home enthusiast will find the process of bringing the FE-5650A to life relatively 
easy. However, keep in mind, the FE-5650A units can have varying design depending on the 
manufacture date and options; the reader should refer to Figure 1.2 of Chapter 1 to identify the unit. 
Much of the information on the FE-5650A operation can be found on the internet per various included 
recent links. Enough credit cannot be given to the intrepid explorers (in the references) who determined 
the functions of various circuits in the unit and then posted their findings and their various 
modifications. 

 
Some readers will wonder why so much source code has been included especially for Visual Studio 

software when only an internet address for download need be included. As an answer, anyone reading 



x 
 

the book then has direct permanent access to the code whereas internet pages come and go.   The 
temporary nature of internet links also poses a problem for references in the book. An online book most 
naturally uses online references; those references are transitory by nature of internet websites unlike 
libraries and journal collections. For the present book, some references offer two links to the same 
article or electronic component. If the reference can no longer be found, search the title or author.   

 
The author did not initially intended to write and distribute a how-to-do book for the FE5650A but 

something ‘funny’ happened along the way. The author purchased two RFS units in order to calibrate 
some lab equipment. During the testing of the serial communications, the RFS units appeared to 
transmit encrypted data in response to the status inquiry. After notifying the EBay vendor, he 
unexpectedly and graciously sent three more units without charge. So a set of test and setup notes 
could be made available in exchange in order to help the next person needing an RFS. Well, writing the 
notes went fast but then a decision was made to add information on the physics/engineering of the 
Rubidium Physics Package and then an introduction to Allan Deviation, an external controller, additional 
circuits, calibration techniques, and demo-grade software. Overall, the value-added topics increased the 
notes to a book and delayed the release by a few months.  
 

By way of background, the author has researched at university and government laboratories in areas 
including novel quantum well laser devices, optical process in bulk and quantum structure materials, 
instrumentation, and applications of quantum optics. He has taught graduate and undergraduate 
university physics, engineering, and mathematics courses and has written several textbooks in the 
topical areas of condensed matter physics, quantum theory, laser physics (matter-light interaction) and 
mathematics.  

 
The author thanks Serey Thai, Ph.D., for early discussions related to integrated rubidium frequency 

standards, Ron Schmidt (WA5QBA) for helpful information on the WWV and crystal oscillators and Carol 
Parker for helpful discussions and assistance.   
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