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Abstract: Crystal oscillators are an essential part of wireless communication systems. This tutorial will describe typical system requirements for a reference oscillator, including tuning range, phase noise, frequency resolution, and software control, using the GSM/EDGE standard as an example.  Design techniques will be presented with a focus on challenges faced in deep sub-micron CMOS.   Finally, a complete design in 65nm CMOS in 0.09mm2 will be shown that that generates both 38.4MHz and also a 32.768kHz real time clock from a single 38.4MHz crystal.  This oscillator has a phase noise of -135dBc/Hz at 1kHz offset and tuning range of 280ppm with 2ppb/step and guaranteed monotonicity.  
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