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Distributed Systems Bound Time Uncertainty to Prevent Silent Errors
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End-to-end time uncertainty is a combination of per-node bounds along the path
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Frequency Stability

Frequency Stability over F_stab - - 01 ppm
Temperature
Initial Tolerance F_init - - +03 ppm
Supply Voltage Sensitivity F_Vdd - +05 25 ppb
® PT P Sy n C h ro n iZ e S Qutput Load Sensitivity F_load - +0.05 +04 ppb
. . Frequency vs. Temperature Slope AFIAT - +09 +2 ppb/°C
The data center bounds time uncertainty. = [ s [
- +0. + pp
« To ensure no silent data errors, the operator must establish a Temperature Ramp | o T agos T o
. . . . - +0.008 +0.028 bis
defensible end-to-end bound across oscillator behavior, residual ;s e s o
asym met ry, timeStam pi ng, SerVO reS pO nse, enVirOn menta I Hysteresis Over Temperature F_hys - 25 +42 ppb
effects, and other worst-case implementation errors. — s | w2 | e
- +10 +20 ppb
One-Day Aging F_1d - +05 20 ppb
. . . . One-Year Aging F_1y - +57 +230 ppb
 Start by bounding uncertainty in oscillator datasheet fs | [ e | w0 | o
10-Year Aging F_10y - +80 +360 ppb
« Today: Difficult to bound uncertainty from datasheet specs 20-Year Aging P20y | - | 67 | =400 | pob
Allan deviation ADEV - 1.5e-11 - -
« Future: Total Time Uncertainty (TTU) — a single spec for
Syn Ch ronization applications Total Time Uncertainty TTU - +1e-9 +3e9 | ns |
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Random Component

+TTU(Pg) = + Q(Pg)XTUgpys

« Variation in temperature,
voltage, load, process « Allan Deviation

Pg
2

Distribution

« Aging
« Thermal profile - Constant temperature
Deployment _ _ -
« Airflow profile « Acceptable annual probability of
error, Pg

- # of oscillators deployed, N
Pr = NXerfC(Q/\/E) Solve for Q iteratively
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* Transparent clock (switch) — Oscillator TTU contribution adds linearly to network
uncertainty

* Ordinary clock (NIC) — Oscillator TTU contribution is high-pass filtered by servo loop

|EEE 1588 PTP Servo Loop Local Time
—>
Network time Network Loop Filter Frequency
. i correction
stamps > Tmestarnp time »
processing \
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TU for a given servo

Time Uncertainty

(TU) Symbol bandwidth Condition
0.1Hz 0.01 Hz 0.001 Hz
Random component TUrvs | 0.13ns | 2.6ns 82 ns | Ambient temperature within +1 C
Determic | b [ 1705 | 3105 [ tssons | Ay ermel e vp o6 Cimi
Q is the “crest factor” that converts
Total TUM TTUosc TUpeak + TUrus X Q a rms to a peak value for

probability Pg

Notes

1. Solve Q iteratively for an acceptable annual probability of error, P¢, and deployed fleet of N oscillators:
Pe = Nxerfc(Q/sqrt(2))

2. TUgrms and TUpq,k Values derived from common oscillator measurements
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MEASUREMENT (Sample size = M devices) SIMULATION (for each of k = 1,2,...M devices)

F E Temp. :
T Le)q“ency ore e - Simulate Servo for temperature error
PP and for random error

A >—"_—\ D . BW choices: 0.1Hz, 0.01Hz 0.001Hz

Error Signal | | T1 Teo, For each choice of BW establish:

(temp. — 4+  Temperature vs Time

fluctuation)| [T¢0) «  Temperature effect: P(k) = | TE | max
f\_\TZ_/_/_\_\_/ - Random behavior: S(k) = | TE | gus
— " t (seq) STATISTICS v
Time Error vs Time (Constant Temp.) « Statistically extend results from sample
e (ns) size of M to whole population

Error Signal * For each choice of BW:
(random) « Temperature: TUpe, € {P(K)}
t (sec) « Random component: TUgys € {S(k)}




Physical layer synchronization
PTP or 1 PPS time transfer
XO = TCXO - OCXO (lower noise oscillators)

EPPS for in-rack and in-server phase distribution
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* Challenge — Reduce guardband. Increase efficiency. Preserve correctness.
* TTU framework is new, which relies on existing test methods

* Contribute
» Questions: Standardize TTU in OCP? Typical or maximum values? Thermal profiles? etc.
« Offer feedback: ggiust@sitime.com, kshenoi@sitime.com

* Get Involved
 Project Wiki: https://www.opencompute.org/w/index.php?title=Time_Appliances_Project
« Workstream Wiki: https://www.opencompute.org/w/index.php?title=TAP_Oscillators
« Mailing list: https://ocp-all.groups.io/g/OCP-TAP
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