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A 188fsrms-Jitter and –243dB-FoMjitter 
5.2GHz-Ring-DCO-Based Fractional-N Digital PLL

with a 1/8 DTC-Range Reduction Technique

Introduction: Design of low-jitter RO-DPLL Concept & Effect of DTC range reduction

• Common strategy of design of low jitter RO-DPLL:
To maximize the PLL bandwidth for reduction of phase noise of ring osc.

   Essential to mitigate major in-band noise sources of RO-DPLL   

                     (i.e. TDC Quantization -noise (QN), ΔΣM QN, DTC thermal noise)

• Recent RO-DPLL [2] achieved sub-400 fsrms @ 5GHz with prior tech. ①-③ 
 But, still worse than practical LC-osc. based analog PLL
 Next dominant in-band noise source: Thermal noise of the DTC

• Brute force way to reduce the thermal noise of the DTC:
To reduce the dynamic range of the DTC

• With naturally available multiple phases of the RO (i.e., S0 to S7 spaced by 
1/8TDCO, for 4-stage RO), dynamic range of the DTC can be reduced to 1/8

• Reduced thermal noise of DTC & better cancellation of ΔΣM QN help the 
in-band noise of the PLL to decrease significantly.

Overall Architecture w. DTC range reduction QTM-PS & Integrated calibrator

• Quadruple-timing-margin phase-selector (QTM-PS) implements the 1/8 
DTC range reduction along with PDS-ΔΣM  ···  

• Dual-edge generator (DEG) doubles the bandwidth of the PLL to further 
reduce the jitter of the RO  ···

• Integrated calibrator guarantees the stable operation of the QTM-PS and 
the DEG  ···

1) QTM-PS relaxes timing margin for accurate phase select. among 8 phases

2) Integrated calibrator guarantees operation and performance, solving the 
practical issue such as mismatch and PVT variations
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