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The Vernier-Based TDC Empolying Soft-Injection-
Locked Ring Oscillators
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A time-to-digital converter (TDC) plays an important role in time interval measurement. Among various TDC
structures, the vernier-based TDC is promising because it can possess highly accurate time resolution. However, the
oscillators used in the conventional vernier-based TDC require complicated calibration procedure. This makes the
TDC difficult in use. In this paper, we purpose a new soft-injection-locked ring oscillator as the clock source for the
vernier-based TDC. The proposed oscillator can oscillate immediately and accurately right after the trigger signal
arrives. The TDC structure employing the purposed oscillators is verified by the TSMC 0.18 ym CMOS process.
Experimental results show that the equivalent resolution less than + 1 LSB can be achieved.
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The proposed
3 ring oscillator 71 L8]
i Frequency (MHz) 20 25 12
g ok Process technology (xm) 0.18 0.25| 0.35
% Phase noise@
i 10 kHz offset (dBc/Hz) —117.15 | -92.4| -103.1
1} 10 kHz offset (dBc/Hz) —126.82 —118| NA
10 kHz offset (dBc/Hz) —134.82 -142| NA
Period jitter (ps) 8.29 275 | 6.78
O Il Il L Il Il
0 0.5 1 1.5 2 25 Cycle-to cycle jitter (ps) 12.65 NA | 8.96
Time (sec) x 1077 TIE (ps) 14.09 NA | NA
12, B e dE R B4 o Start-up latency (us) 0.0028 268 NA
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RE SRR /MR 1 LSB -

A SRR TR Ty FORER— 51 A SR 72 R
EZE » AT (12) * & Ty, HIRFHITRER -
HIIATREMF 27 KA + 1 LSB © {BRS2#EM » [HETE
AR BafE il R4 -

ESRN

AR — I E A ER AR G F R
F AR R AR & B AR R HH B R R PR
ROIR - AR E/ETRIARIEER » MR MR E R
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HASTZEAHE o DL TSMC 0.18 um CMOS S Bz
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* 2. T, (ns) | 498 59.8 69.8 79.8 89.8 99.8 109.8 | 119.8
THRERLER - ol 15 16 5 5 13 16 23 6
T 15 11 20 15 18 16 18 21
Cp, 15 16 4 4 12 15 22 4
C 0 0 1 1 1 1 1 2
T.'(ns)| 50.1424 | 60.2526 | 70.4121 | 80.1223 | 89.8326 | 99.5428 | 109.2530 119.4125
AT, (ns)| 0.690 | 0.141 | 0407 | 0.789 | 0240 | -0.309 | -0.858 | 0.338
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