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WR Devices

WR node
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* Simple VME EMC carrier
(SVEQC)

* PCI eXtensions for Instr.
(PX1) module

 FPGA Mezzanine Card
(EMC) module

* CompactRIO White
Rabbit

* Mini-WR to WR-enable
carrier

« AMC EMC Carrier (AFC)
compliant with MTCA .4

- - ° e/ um-—-uu. .
W v cmmon i

‘""‘tm --pgp-----------u-

ocmmaitt

— o - E e S S S S S S S B B B e e .y,

s T mm mm mm mm mm Em Em Em Em Em Em Em
— O - - O S S S S S S E S S e e e

www.ohwr.org/project/white-rabbit/wikis/Switch www.ohwr.org/project/white-rabbit/wikis/Node

White Rabbit Collaboration — Training Material Version |.1,2024/12/03

White Rabbit


https://www.ohwr.org/project/spec/wiki
https://www.ohwr.org/project/svec/wiki
https://www.sundance.technology/som-cariers/pxi-boards/pxie700/
https://www.ohwr.org/project/cute-wr-dp/wikis/home
https://www.ohwr.org/project/crio-wr/wikis/home
https://www.ohwr.org/project/mini-wr/wikis/home
https://www.ohwr.org/project/afc/wikis/home
http://www.ohwr.org/project/white-rabbit/wikis/Node
http://www.ohwr.org/project/white-rabbit/wikis/Switch

WR Devices — architecture
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Repositories: WR Switch

WR switch
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To get to the repo, add prefix https://ohwr.org/project/, e.g., https://ohwr.org/project/wr-cores
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Repositories: WR Node

WR node
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WR Timing Architecture
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WR Timing Architecture

HW GW (FPGA) SW(ARM, RiskV/LM32)
Non-PTP 4
Ethernet
traffic rx § [tx
WR_GT*_PHY X,] Endpoint ixtts| Ethernet |iits| Network |4 >
- Bitslide or LPDC < - PCS (8b10b) =] Traffic [g==P] Interface jm——p <« EmSg.
- Deterministic config | % | - Ethernet/VLANSs tx | Handling tx | Controller [ I
- DDMTD (optional) - Timestamping modules (NIC) coarse
- Rx/Tx clk-cross timetamps
tx timestamp (ts) y '}
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TX_TSU (only WR Switch)
- FIFO with tx timestamps
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WR Timing Architecture
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WR Timing Architecture
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WR Timing Architecture

W(ARM, RiskV/LM32
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DDMTD and SoftPLL
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PTP port in the master state PTP Port in the slave state
1 Digital Dual Mixer Time Difference (DDMTD)
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SoftPLL architecture
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SoftPLL architecture Local WR Clock signal
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SoftPLL architecture Local WR Clock signal
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SoftPLL architecture Local WR Clock signal
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Data Forwarding Architecture
of WR Switch
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WR Switch - Data Forwarding Architecture

S/W

(ARM)
Add/remove|&A Unrec PTP & Offset
Ethernet Switch MAC/VLAN Entry| | MAC messages | | correction
b N { ,‘Nr )
TTIRINN G [Network Interface|<—v
e e e < (FPGA)
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Header P‘”,‘S¢ ‘ Header
Wi C ouacs,vin, | |Eerward prioy W Frame Forward| | /i, vin,
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—2{| [DDMTD DDMTD
\. y,
Communicaiton Frame header Soft\ivare':
between G/W and S/W information application
e Frame Timestamp Gateware
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Source: M. Lipinski, Methods to Increase Reliability and Ensure Determinism in a White Rabbit Network, WUT PhD, Warsaw, Poland 2016
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Interconnections of HDL modules
in the WR Switch
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Interconnections of HDL modules

[ e — 1
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Interconnections of HDL modules
in the WR Node
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WR Node — HDL modules and their communication

WR PTP Core
I ____________________________ \l m User Data
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Software environment of the WR Switch
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Compilation of software

» Repository: https://ohwr.org/project/wr-switch-sw

» Developers Manual: link

« Compiling all software - execute wrs_build-all,ideally:
git clone git://ohwr.org/white-rabbit/wr-switch-sw.git
git submodule init
git submodule update
/path/to/wr-switch-sw/build/wrs_build-all 2>&1 | tee logfile \ | grep "220..-..-.. ..:"

« Compiling your own SW to work on WRS
BRX=/home/a/wr/wrs/clean/build/build/
LINUX=$BRX/1linux-3.16.38/
CROSS_COMPILE=$BRX/buildroot-2016.02/output/host/usr/bin/arm-buildroot-1linux-gnueabi-
make
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 WR Device Architecture and repositories

 WR Timing Architecture in the WR Switch and WR Node
« DDMTD and SoftPLL

« Data Forwarding Architecture on the WR Switch

« Compilation errors

NOTE: See backup slides for figures with detailed:
* WR Switch HW-GW-SW interactions

 WR Switch — detailed HDL modules design

« Endpoint Block Diagram
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WR Switch HW-GW-SW interactions

Wrs_version wrs_status_led

ARM

Wrs_pstats | | wrs_throttling ‘ wrs_sfp_dump
r'y

Wrs_pps_control | wr_date ‘ ‘wrs_a.uxclk‘ wrs_leapsec
Y A

radiusvian

*

wrs_watchdog

L GPIO EMAC
A

FPGA

aede] el (e fe) g )

wril, wi2 . wiil8

Hardware

Author: Adam Wijek

FPGA, PLL, PSUL-2  wril, wri2 ... wril8

OSSR | vscrspoce v oo | vserspoce o smemon) [ Wi | [ Remeiaver| [ | | ESEHS
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WR Switch - detailed HDL modules design
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= \ / iDebuging !
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" sonenny | pRE a *,1? ke e E--.:

= IROCacaker
[ Intercon Crossbar . coan |
[MiniBackplane IZC] MiniBackplane 12C Sensors 12C PWM Controller GPIO
(xwhb_i2¢_master) (xwb_i2¢_master) (xwb_i2c_master) (xwh_simple_pwm) (xwb_gpio_port)
\_
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Endpoint Block Diagram

TBI REF clock domain SYS clock domain
output : Clock TX input
p eﬁ:ﬂ:r‘_ TX state machine |, alignment |+ TX framer ¢ :\IIEkF < p
FIFO TX OOB
Y TX frame IDs
TX start TX pause | €Xtraction
""" f fram
((b] REF v e TX timestamps TXTSU TO TXTSU
-g ” Q J Buffer port
>_ DMTD l— Lo Link deteCt . Timestamping RXtimesramp¥ FlOW P occupation RTU
I E & negotiation | : unit control requests
o a : “ RTU | q
RX o » . Decoded headers N >
" k :IIIIIII EEEEN| | d port
. RX start
TR I [ offame RX ?t(_)B
input 8B10B Clock e . Rf)f( WRF RX output
decoder| | RX state machine g allg?;noent *| RXdeframer —» DUlter = . g
RX clock domain .
I Wishbone slave Wishbone
i >
(control regs)
TSC sync

Source: T. Wlostowski. Precise time and frequency transfer in a White Rabbit network. WUT Master’s thesis, Warsaw, Poland, May 2011.
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