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Abstract

This paper introduces a new locking technique applicable to high-performance digital Phase-Locked Loops
(DPLL). The study employs additional thermometer codes to reduce quantization errors in LC-based Digital
Controlled Oscillators (DCO). Despite not implementing the entire DCO codes in thermometer mode, this method
effectively reduces quantization errors through enhanced linearity. In the initial locking phase, binary codes are
used, and upon completion of locking, the system transitions to thermometer codes, achieving high frequency
linearity and reduced jitter characteristics. This approach significantly reduces the number of switches required
and minimizes the oscillator's area, especially in applications requiring low DCO gain (Kdco), compared to the
traditional method that uses only thermometer codes. Furthermore, the jitter performance is maintained at a level
equivalent to that of the thermometer-only approach. The efficacy of this technique has been validated through
modeling and design at the RTL level using SystemVerilog and Verilog HDL.
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Fig. 2. Frequency tuning curve of DCO: (a) ideal case
and (b) nonlinear case due to mismatch.
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Table 1. Design summary of the proposed digital PLL.
E 1. HQHE CXIE PLLY| 47| Q0

Parameters Value
Output frequency 4336MHz ~ 4438.4MHz
Reference frequency 52MHz
Locking time { 15us
DTC resolution 2ps
TDC resolution 1ps
Loop bandwidth 5MHz
Kdco 20kHz/code
In-band PN @ 100KHz -106dBc/Hz
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