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Unit of time

Time
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" THE INTERNATIONAL MERIDIAN CONFERENCE,
WASHINGTON, 1884.




Timescales

- UT1 - Universal time is defined by the Earth's rotation, with adjustment to polar
wandering
- TAI - International Atomic Time is defined as the weighted average of the time
kept by about 200 atomic clocks in over 50 national laboratories worldwide
TAI-UT1 was approximately 0 on January 1, 1958

« UTC - Coordinated Universal Time is a multiple number of Sl seconds
UTC differs from TAI by an integral number of seconds
When needed, leap seconds are introduced in UTC to keep the difference between UTC
and UT1 lessthan 0.9 s
UTC was introduced in 1972

*  GPS - Global Positioning System, does not have leap seconds
GPS is 19 second difference from TAI
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Time scales since the cesium atomic frequency standard
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Leap Seconds

POSIX definition of time is simple:
86400 times number of days since 00:00:00

January 1 1970 UTC

Within a day nhumber of seconds since

midnight

Understand leap seconds

GPS have similar issues

Signal:
Weeks since Jan 6, 1980
Milliseconds within a week
Week is 10 bit counter
Wraps every 2'° weeks (~20 years)
Did wrap April 7,2019

16

UTC
2016-12-31 23:59:59.0
2016-12-31 23:59:59.5
2016-12-31 23:59:60.0
2016-12-31 23:59:60.5
2017-01-01 00:00:00.0
2017-01-01 00:00:00.5
2017-01-01 00:00:01.0

2017-01-01 00:00:01.5

POSIX Time
1483228799.0
1483228799.5

1483228800.0

1483228800.0

1483228801.0

1483228801.5



Frequency error: A-B
Phase error: C
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Target: B
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Data from other clock
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Distribution of time
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Phase & Frequency
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Common view GNSS
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SP UTC-STH_CS1 foffset estimated +5.04427e-13 foffset applied
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[ NoN 1 ) Netnod/FPGA_NTP_SERVER: / X =+

« > c
( ’ Search or jump to. Pull requests

& Netnod /| FPGA_NTP_SERVER ' Public

& github.com/Netnod/FPGA_NTP_SERVER

Issues Marketplace Explore

<> Code (© Issues 1% Pull requests ® Actions [ Projects 00 wiki @ sSecurity |~ Insights

FPGA_NTP_SERVER

Introduction

This repository contains the source code for a complete, FPGA based hardware implementation of a Network Time
Protocol (NTP) server. The implementation includes hardware support for Network Time security (NTS).

The server implements the complete network stack in hardware, which allows high performance, low latency and
low jiter. The design supports scalability through parallel, independent network engines.

The repository contains setup and build targets to implement the server on existing FPPGA boards. The currently
supported FPGA boards ar:

« Xilinx VC709 Connectivity Kit. A reference board with a Virtex 7 FPGA device.
« Xilinx VCU-118 Evaluation Kit. A reference board with a Virtex Ultrascale+ FGPA device.

Look at README.md in the respective target directories for more information on how to build an FPGA image and
for the two FPGA reference boards. The VC709 project has the most complete instructions on how to use it, the
VCU118 project lacks documentation on how to set up the hardware, but is is fairly similar.

Status

The design is complete, verified and tested in real hardware and systems. The server is used to operate the
Swedish Distributed Time Service.

©Watch 6 ~ % Fork 13 ¥ star 23 -

A FPGA implementation of the NTP and
NTS protocols

fpga  verilog  fpga-ntp-server
Readme
View license

23 stars

6 watching

< 03B

13 forks

Releases

© 2tags

¥ master ~ ¥ 5branches © 2tags Go to file Add file ~ About
% wingel Merge pull request #1 from Assured/master ... d2f1d83 on 23 Sep 2021 O 425 commits

B Doc First set for upload to github 6 years ago

B FPGA Move most of top level README.md into FPGA/targets/ntps_vc709. 13 months ago

8 Linux_Driver Use same MAC addresses as legacy_ntp 14 months ago

O .gitignore Make git ignore bitstream files. 16 months ago

k] .gitmodules Move rosc_entropy to cores 17 months ago

O LICENSE Update copyright statement with Netnod + BSD-3 clause 13 months ago

[ README.md Minor edits to fix spelling, language. 7 months ago

iZ  README.md

Packages

No packages published

Contributors 3
a secworks Joachim Strombergson
y wingel Christer Weinigel

;ﬁ mechmen Rolf Andersson

Languages

© Verilog 63.2% @ Python 16.4%
® C143% ® Makefile 2.8%
Tel 27% @ Shell 0.4%
SystemVerilog 0.2%




New: Time offset +/- 1*10-8, or 10ns
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Recommendations

« Ensure you know what time it is
* Measure frequency and phase errors
«  Get time and frequency from multiple sources
* Compare them with each other
- Know the stability of the oscillator you use
* Make arisk assessment of errors
* Compare with acceptable errors
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