A Time-to-Digital Converter based on
Multipath Ring Oscillator
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Abstract

Time-to-Digital Converter, TDC, is a kind of circuit which could precisely measure
a period and convert the time domain signal to digital domain signal. Usually, the
dynamic range of TDCs is about tens of nanosecond, and the resolution is about several
picosecond. Utilizing the propagation delay of buffers or inverters, TDCs calculate how
many delay cells propagating signal has passed between the start signal and the stop
signal to get the digital signal based on its resolution. This kind of circuit could be used

in Phase-Locked Loop and Analog-to-Digital Converter.

Multipath Ring Oscillator, MRO, so-called feedforward structure, is a type of ring
oscillator which could create sub-gate delay. In this research, the main TDC structure is
based on the MRO Technique, the ring oscillator has 29 bits, the feedforward signals are
from the previous 1, 5 and 7 stages, and the resolution is the Fall-to-Fall Delay of the

ring oscillator signals.

In TDC, the resolution stability is quite important. In order to cancel the impact
from the Process Variation and the environment temperature different, Delay-locked
Loop, DLL, is necessary in TDC. Therefore, in my research, I will simulate and discuss
the influence form DLL to TDC.

The final work in this research is a MROTDC which could provide a stable

resolution of 27.6ps and max resolution of 16.5ps.

The MRO structure could speed up the ring oscillator and make TDC have better
performance. Comparing with the normal ring oscillator without sub-gate delay
structure, MRO technique could help TDC reaching much smaller resolution and greater
efficiency. More, when each stage in the ring oscillator gets farther signal, the resolution
performance would be better. However, if we make the feedforward structure in the
oscillator too far away, the oscillation would be unstable and lead the functionality

failure.
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For 157 Feedforward 29-bit MROTDC For 157 Feedforward 29-bit MROTDC
Power Supply = 1.8V Power Supply = 1.5V
Total Width |[Min Delay |Power Efficiency | |Total Width (Min Delay |[Power Efficiency
m DS mW| ps*mW| m DS mW| ps*fmW|
3u 2279 5.30 | 120.81 3u 29.41 2.717 81.42
4u 20.09 6.64 | 133.41 4u 24.42 3.75 91.58
Su 18.35 8.11 148.89 Su 22.11 4.34 95.92
6u 17.62 9.31 163.99 6u 20.47 5.01 102.57
Tu 16.85 1043 | 175.69 Tu 20.28 5.67| 114.93
8u 16.50 11.66 | 192.33 8u 19.35 6.29 | 121.73
9u 15.68 12.74 | 199.76 9u 19.04 690 | 131.32
10u 1557 1345 | 209.35 10u 19.15 7.28 | 139.47
11u 15.62 14.74 | 230.28 11u 18.94 798| 151.10
12u 15.58 15.66 | 243.90 12u 18.98 8.45 160.36
13u 15.57 16.56 | 257.84 13u 19.00 8.97 | 170.40
14u 15.58 7 NS 14u 18.90 9.42 | 178.01
(1) (2)
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Table 7-1-1 HB ¥ &2 2 M5

Final Work Technique| Tech Supply Output | Dynamic |Resolution| Power |Efficiency
@TT i Voltage | Bitwidth |Range(ns) (ps) (mW) | (ps*mW)

Max Speed . 30.62 16.5 11.66 192.39
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