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              Circuit for a Crystal at a Microcontroller (fundamental mode) 
 
 
 
 
Pierce-circuit 

Microcontroller

OSC1 / IN

OSC2 / OUT

GND

Q

4...48 MHz

C1 C2

1 MΩ (often within
Microcontroller)

 
 
 
Crystal 
KX-K, frequency 24…25 MHz, GEYER part no.: various 
Load capacitance 16 pF, ±30 ppm (20°C)/ ±50 ppm (-20...+70°C)  
Internal resonance resistance: R1 = 40 Ω max. 
Abbreviation: 16pF, 30/50/40 
 
Capacitors 
Initial values for an optimization should be C1 = 22 pF and C2= 27 pF. 
This is the explanation how we evaluated the values for C1 and C2: The crystal needs 16 pF load 
capacitance. It is assumed the microcontroller has inner capacitances of 2 pF at OSC1 and OSC2 
(Cosc1 and Cosc2). The stray-capacitance of the circuit layout is assumed to be approx. 3 pF. 
Thus, final capacitance load is (22pF+2pF)(27pF+2pF)/(22pF+2pF+27pF+2pF)+3pF = 16,13 pF. 
 
In order to help the crystal easier start to oscillate, the capacitance at microcontroller input OSC1 is 
chosen smaller than on its output OSC2. 
 
Check of crystal within circuit 
In order to check whether the start-up conditions are secure we recommend to finally test the circuit 
the following way. For testing purposes only, manually solder SMD resistors in series to the crystal. 
The circuit should oscillate despite the resistance may be up to  

• standard application: 3… 5 times higher than the specified R1-value of the crystal (R1 = 40 
Ω, i.e. the range is 120... 200 Ω) 

• automotive application: 5…10 times higher than R1 (R1 = 40 Ω, i.e. 200... 400 Ω) 
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                                      Calculation of external resistor RV 
 
 
Pierce-circuit, with external resistors 

 

Microcontroller

OSC1 / IN

OSC2 / OUT

GND

Q

C1 C2

Rv

1 MΩ (mostly
within IC)

 
 
When do you need an external resistor Rv? 
Generally, we recommend an external resistor Rv for crystals with frequencies below 4 MHz. Above 4 MHz 
the inner resistance of the IC would be sufficient, usually. 
 
 
 
How to evaluate the external resistor Rv? 
C2 is in series with Rv and hence is a low-pass filter. Rv suppresses the overtones of the crystals. Thus Rv is 
chosen such that cutoff frequency f is: 
 
f = 1 / (2 π Rv C2) 
 
right between fundamental frequency and third overtone. Thus, the cutoff frequency will be twice as high as 
the nominal fundamental frequency of the crystal.  
 
 
Examples, for C2 = 22 pF:  
 

a) for a 2 MHz crystal the desired cutoff frequency is 4 MHz. Hence, Rv = 1,8 kΩ  
b) for a 6 MHz crystal the desired cutoff frequency is 12 MHz. Hence, Rv = 600 Ω 

 


