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« As distributed system are getting more advanced (faster
processor, larger data), the need for tighter timing is
getting higher

« EXisting methods to provide timing across the network are
NTP, PTP and White Rabbit

« Off-the-shelf time servers are tailored to specific
applications mainly driven by telecom

« Because the quantities are low, often R&D cycles are hard to
justify. This will lead to less features or higher costs.
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Time Precision and Applications

Time Precision Today and Tomorrow

NTP . PTP
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*  Global — Datza Center CPU to another Datz Center CPU around the world
*  P2P - CPU to another CPU in the same rack with minimum lstency.
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Open Time Server
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Software

Time
Appliance

&

Time Card [ o

COTS Server

Traditional Open Time Server
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 Let’s hack something together (2019)
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« Based on an x86 architecture and an off-the-shelf
NIC and the Time Card.
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* Flexible functionality

 Various sources of synchronization and distribution
channels of the synchronized time

 Adjustable features
« Adapting features without violating the design principles

« Open-Source solution

« The community can constantly extend, adapt and
upgrade the features and capabilities

 Cost-effective design

« Convenient hardware customization, e.g., common clock
header
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e GNSS receiver
* Single or Dual
 Different vendors

 Oscillator
« MAC/TCXO/OCXO
o Different Vendors

« Time Card’s custom functionalities
 Adjustable sources of synchronization

« Time related functions, such as various signal generators, frequency
generators, timestampers

« Host Processing Unit’s processing scalability
« Variety of used processors based on performance requirements

 NIC’s flexible protocol and link speed
« From TOMBIt to 400GBIt+
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- Concept (2020)
- First Proto (2021)

- Industry
Adaption
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Time Card’s Family

~_Intel’s Time Card|

GMBH
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MAC

Miniature Afomic Clock
US Pulerts 602763 & 6320472
Az

Celestica’s Time Card




Time Card’s FPGA

Design Structure
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D NetTimelogic
Open-Source
IP Cores

[ xilinx 1P Cores

TIME SOURCE SELECTION
Select the time synchronization
sources

TIME SYNCHRONIZATION
Standalone FPGA cores of time
synchronization

TIME FUNCTIONS
Time-related support functions

CONTROL & COMMUNICATION
Interfaces to CPU and peripherals
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D NetTimelogic
Open-Source
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The source clock is the board’s
default OSC

v' always available

The source clock can be:

1. SMA input (e.g. unmounted
clock)

2. MAC

3. Board’s default OSC

v' prioritization of available
clocks
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e
«  When no adjustment is available, the
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Of fsety = Timestampy — |Timey + 0.5] — DriftAdjusty N
Of fsetAdjusty = Kp,Of fsety + K;, z Of fset,
1

N
Drifty DriftAdjusty = Kp,Drifty + K, leriftn
_10°(Timestampy — Timestampy_; — 10° — Of fsetAdjusty_,) where

= i " T " Ky is the proportional coefficient
tmestampy — [Umestampy—1 Kjis the integral coefficient




Configuration of Time Card

$ ls —-g /sys/class/timecard/ocp@/
total @

—r—r—r——.
-r——r—r—.
-r——r—r——.
—rw—r—r——.
Lrwxrwxrwx.
—rw—r—r——.
-r——r—r——.
—rw—r——r——.
—rw—r—r——.
—rw—r—r——
drwxr-xr-x.
Lrwx rwxrwx
—-r—-—r—r—
—rw—r—r——.
—rw—r—r——
—rw—r—r——
—rw—r—r——.
Lrwx rwxrwx
LrwXrwxrwx.
LrwXrwxrwx.
LrwXrwxrwx.
—rw—r—r——.
—rw—r—r——.

root 4096 Sep
root 4096 Sep
root 4096
root 4096
root 0 Sep
root 4096
root 4096
root 4096 Sep
root 4096 Sep
root 4096
root

root Sep
root Sep
root Sep
root Sep
root Sep
root

root

root Sep
root Sep
root

root Sep
root Sep

18: available_clock_sources
18: available_sma_inputs

18: available_sma_outputs

18: clock_source

18: device —> ../../../0000:02:00.0
18: external_pps_cable_delay
18: gnss_sync

18: internal_pps_cable_delay
18: irig_b_mode

18: pci_delay

18: power

18: ptp —> ../../ptp/ptp4

18: serialnum

18: smal_in

18: sma2_in

7l sma3_out

21l smad4_out

18: subsystem —=> ../../va/uu/.. /. /Class/timecard
18: ttyGNSS — ../../tty/ttyS5
18: ttyMAC —> ../../tty/ttyS6
18: ttyNMEA — ../../tty/ttyS7
18: uevent

18: utc_tai_offset

00 CO CO OO0 CO OO OO OO 00O OO OO OO OO OO CO OO 0O OO OO ©O 0O 00

1
1
1
1
1
1
1
1
1
1
P
1
1
1
1
1
1
1
1
1
1
1
1
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Time Card Configurator

device

clock sources
peripherals
sma_config

signal generators
other settings
gnss_ status
mac_status

timestampers
update

<5

information about the Time Card Configurator
enumeration of the time card device

setting the clock source

show the pheripheral enumerations

configure the sma connectors

configure the signal generators

set irig-b mode, utc tai offset, pci delay, etc...

show the status of the GNSS receiver
show the status of the mac
show the timestamper stack
update the firmware of the Time Card

elect= <Finish=
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 Increase FPGA Adaptability
« Reduce time error introduced by PCle

 Improve Time Card synchronization from multiple
GNSS recelvers
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e Join us on:

— OpenTimeServer.com
— TimeCard.ch

— Timingcard.com

— OCPTAP.com

— Discord Server : https://discord.gg/rQUKJsHs



https://github.com/opencomputeproject/Time-Appliance-Project/tree/master/Open-Time-Server/
https://github.com/opencomputeproject/Time-Appliance-Project/tree/master/Time-Card/FPGA/Open-Source
https://opencomputeproject.github.io/Time-Appliance-Project/docs/time-card/introduction
https://www.opencompute.org/projects/time-appliances-project-tap
https://discord.gg/rQUKJsHs

