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Abstract: We present a novel digitally-intensive architecture of a highly-integrated multi-GHz 
frequency synthesizer, transmitter and receiver implemented in a digital deep submicron CMOS 
process. The conventional RF frequency synthesizer architecture based on the voltage-controlled 
oscillator and the phase/frequency detector and charge-pump combination has been replaced with a 
digitally-controlled oscillator and a time-to-digital converter. The TX architecture is fully digital 
and takes advantage of the wideband frequency modulation capability of the all-digital PLL. The 
receiver uses direct RF sampling with discrete-time analog and digital signal processing. 
Application of the presented ideas has resulted in drastic cost, area and power savings. The ideas 
have been successfully demonstrated in two commercial Texas Instruments single-chip Bluetooth 
radios: BRF6100 and BRF6150. They are being extended for more demanding cellular applications 
and serve as a foundation for a software-defined radio. 
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