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A crystal that meets FSK modulation requirements in terms of spurious suppression 
� Closest crystal spurious response is more than 100kHz away from main response. 
� All spurious responses are least > 10 dB below main response. 
� FSK modulation at data rates higher than 5 kbits/s is no problem. 
� FSK deviation can be ± 15 kHz and higher. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Crystal Type 13.56000 MHz / HC-49-SMD 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Crystal Type 13.56000 MHz / HC-49-SMD 
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Further Examples of proper crystals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Crystal Type 13.56000 MHz / HC-49-SMD

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Crystal Type 13.56000MHz / 06-03-SMD
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fail

A crystal that allow for narrow-band FSK modulation only 
� Closest crystal spurious response is too close to main response  

(falls within the 100 kHz limit) 
� FSK modulation possible, but only at data rates lower than 5 kbits/s 
� FSK deviation should not exceed ± 5 kHz 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Crystal Type 13.56000 MHz / HC-49-SMD 

 
 
 

Theory 
The crystal response of figure 5 shows a significant spurious resonance not far away from the main peak. 
Based on the theory of FSK modulation via crystal pulling, a proper crystal must be spurious-free in the 
vicinity of the main response. 
 
It can be read in the literature: 
When using high modulation frequencies or fast digital modulation (typically over 10 kHz) there can be 
narrow band incursions and overshoots of the modulation index. This is caused by the interference of the 
crystal spurious responses with the side lobes of the Bessel spectrum of the frequency modulated RF signal. 
Therefore for low distorted modulation, the crystal should have no - or only very weak - side bands in the 
frequency range of f0 +/- ∆fmod,, so that interference with the 1st order Bessel lines will be prevented. 
 
For a proper FSK modulation the frequency offset between main and spurious response should exceed  
100 kHz. 
. 
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Your Notes 
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