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Design of Fractional-N Digital PLL for IoT Application
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Abstract

This paper presents a dual-loop sub-sampling digital PLL for a 24 GHz IoT applications. The PLL initially performs
a divider-based coarse lock and switches to a divider-less fine sub-sampling lock. It achieves a low in—band phase noise
performance by enabling the use of a high resolution time-to—digital converter (TDC) and a digital-to—time converter
(DTC) in a selected timing range. To remove the difference between the phase offsets of the coarse and fine loops, a
phase offset calibration scheme is proposed. The phase offset of the fine loop is estimated during the coarse lock and
reflected in the coarse lock process, resulting in a smooth transition to the fine lock with a stable fast settling. The
proposed digital PLL is designed by SystemVerilog modeling and Verilog-HDL and fully verified with simulations.
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Table 1. Design summary of the proposed digital PLL.
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Output frequency 2390MHz ~ 2500MHz
Reference frequency 52MHz
Locking time < 10us
DTC resolution 5ps
TDC resolution 10ps
Loop bandwidth (f3gg) 2MHz
Kdco (coarse control) 500KHz/code
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