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01 What is a timing system?

= Applications: every installation requires timing and synchronization

= Crucial component used to synchronize and control the operations and events that occur during
experiments or beam delivery in a particle accelerator

= Main functions are:

= Timing/Synchronization: ensuring that all the components operate at the correct time relative
to each other.

= Trigger and gate generation: generation of deterministic signals to initiate and coordinate
subsystem actions, including precise pulses that define the timing of operations such as particle
bunch generation.

= Deterministic Distribution: Timing and trigger signals need to be distributed throughout the
accelerator facility with minimal delay and jitter (this is especially critical in lasers).

= Control and supervision: configuration and monitoring through the control system.

= Other possible functions:
= RF distribution: allows the reconstruction of the RF signal in the end-nodes (synchrotrons)
= Interlocks distribution: enables the stop of the complete installation in case of failure.

S SAFRAN



C1 - Public

01 Why White Rabbit for facility timing?

Gates

1 U UL
L

= Main Advantages
Triggers

= Sub-nanosecond synchronization: provides a common 1
and highly accurate time base across distributed nodes.

= Deterministic timing over fiber: enables precise trigger Jime Gensration _{Laye,o
distribution and coherent operation of time-critical
subsystems. —

Layer 1
= Scalable and low-maintenance infrastructure: new '
nodes can be added easily thanks to plug-and-play optical

TTP (< 10ns) Stable RF dissemination

IEEE-1588-2019 {or White Rabbit)

links and automatic link calibration. Time Distribution = Layer2 o
= Unified timing base: the same infrastructure supports o Sous e
synchronization, timestamping, and trigger generation for | teverd REG 1305 (sofware) orNTP

systems such as LLRF, BPM, MPS and diagnostics.
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01 Why White Rabbit for facility timing?
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—— Triggers for LLRF systems  WR-216 WR-Z16
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02 Safran Solution

WR-TTS: Platform FIRST VERSION based on

White Rabbit Timing &

White Rabbit Trlggerlng system
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02 Safran Solution

WR-TTS: Platform

WR-TS

S SAFRAN @fﬁf@?ﬁﬁg
Platform: . uTCA form factor.
. Ultrascale + SoC FPGA-based architecture enabling . Up to 9 configurable in/out ports
deterministic real-time processing . 2 x SFP ports (WR and fast communications)
. White Rabbit technology . 1 x ETH port (control, monitoring and management)
. Sub-nanosecond time accuracy . 1 x USB port (management)
. Very high scalability and large distance links . Event Generation and Detection (nanosecond
support resolution)
. Nanosecond timestamping . FMC and RTM expansion connector for custom 1/0
. 10MHz and PPS outputs and subsystem interfacing
. Master/Slave Mode . EPICS/TANGO Controls integrated
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WR-TTS: Same Platform, Different purposes

Timing & Triggering System

+
<>

Gatewa re Overlays

Approach??

Machine Protection System

MPS
Master
10C

MPS MPS
Gateware Overlays
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WR-TTS: Timing + Triggering

FPGA
ts 1
ts 2
Timing signal .
generator .
tsn
— " clk_1 :
WR_c .
" Clock controlier [-IK=2 > RTL logic
generation & .
SFP
TSN (WR) WR distribution .
Core clk_n >
PPS -
TAl time | Post-mortem controller

*  Sub-nanosecond time accuracy

*  Picosecond level precision

. Distance range: over 80 km using fiber

. DWDM compatible

*  Dynamic compensation of asymmetries caused by
weather conditions

b 1 b i

=+ s axi
+ s_axi_pm_sg

clk_rtl_i

rst_rtl_i
hati_ref_clk_i
hati_pps_i
hati_locked_i
tai_sec_i[39:0]
tai_coarse_i[27:0]

RTL

s_axi_pm_sg_aclk
s_axi_pm_sg_aresetn
s_axi_aclk

s_axi_aresetn

m_axis_pm —

m_axis_pm_tdata[127:0] p
m_axis_pm_tkeep[15:0] P
m_axis_pm_tlast B
m_axis_pm_tvalid »
m_axis_pm_tready <
amec_tsensor_scl_io

amc_tsensor_sda_io

pll_reset_o
pll_sync_o
pll_locked_o
fp_io[7:1]
fp_io_dir[7:1]
bp_io[8:1]
bp_io_dir[8:1]

ent_ts_arch_top_v1_0

Gates

Triggers

Je e

Programmable single shot or sequence triggers

Resolution of 4ns.

Programmable rate, delay and duty cycle.
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WR-TTS: Embedded Software

suflai

Maklng mbedded Linux Easy

RX@%

|

BOOT.BIN

|

I devicetree.dtb | | uramdisk.image.gz I

|

Image (kernel Image)

|

Boot Medium

Hard-Wired
Boot ROM

On-chip
Memory (OCM)

1

DDR Memory

DDR Memory

Boot ROM

First-Stage Boot
Loader (FSBL)

Second-Stage Boot
Loader (SSBL)

—

Linux Kernel

Stage-0

Stage-1

Stage-2

Buildroot-based OS - WR-ZYNQ-OS

* BOOT.bin: FPGA image
* Uboot: instructions to boot the devices
* Devicetree: mapping of devices of the system/hw plattform.
* Image: Custom Linux kernel image
* Root filesystem:
* Linux services for configuring all the components on
the platform (PLL, DMA, ADC, 12C devices...)
Builds a CC Toolchain for:

* SoC Communication Drivers (AXI)

* Specific configuration tools (PLL, ADC, DAC, Sensors...)
EPICS base and EPICS components (asyn, seq,
autosave..)

EPICS 10C
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WR-TTS: Embedded Software

C1 - Public

WR-TTS Board |
[ PL
|
[ Configuration
PS !
!
I
EPICS I0OC |
Driver e WR Core
0S Specific PS-FPGA ﬁ
tion drivers I
I
|
I c
1 H
|
|
EPICS PVA/CHA Protocol Technical Network [ . W/ Trimmers
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02 Safran Solution

WR-TTS: Embedded Software

|
ST e o Tace CT™
Processing System (PS) e e e e D N e TN T ST
mie e ® T N o BTN ST ST
mie e @ T N o TR ST ST
Post-mortem AsynPortDriver W . paa e————————
— - orkstation/Server
Controller 10C Q<«:mﬁ /
3 75 Oporation Control
I N a /GI:JI b Sync Signal Src. Sel vio 16
I ! CSS/Phoebus vz u
; WRPPS outena, (106) | orr [Lon| @ | reonans vi2 1
(=] FP CHAN 5 9 - D
2 = A @ =
E_ Post-mortem wesy ETSEE | oot ji :
i Register gﬂ_ analyzer owversen  NEEENNN o -
Configuration & enverson IR o ”
= coverson | RSSO s 2
DDR o swverson KERSTENTEN @ =
z comprec ERIEARREER i z
2 2
£ 2 vostiac TN - o
] o ” "
Dedicated AXI buses | | 1 mol ) W
i 1
Programmable Logic (PL) - FPGA
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This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran S SAFRAN



02 Safran Solution

WR-TTS: Embedded Software

EPICS 10C

« EPICS 7

* Asyn 4.44-based driver using AXI bus for FPGA-
Processor communications

« WBGen to define FPGA addressing and EPICS Asyn
connectors

* AXI Register MAP matched with EPICS DB (trough
asyn)

* Specific functionalities integrated on the EPICS driver
(Postmortem, Device components control...)

lastreg = new EWBReg( pPrhGen, WB2_REG_ARGS{ GEM, PL_FREQ )); [
createParam({ new EWBField( lastreg, WB2Z_FIELD_ARGS( GEM, PL_FREQ, WAL ))); =~

FH---------------- Cext_pll_sync' in "timing_system status & control registers'

record(bo, "${user):ExtP115yncCmd")

{
field(DTYP ,"asynInt32")
field(OUT ,"@asyn($({PORT),$(ADDR),E(TIMEOUT))ctl ext_pll_sync™}
field(DESC ,"ext_pll_sync™)
¥
record(bi, "${user):ExtP11lSyncStat™)
i
field(DTYP ,"asynInt32")
field(INP ,"@asyn{$({PORT),$(ADDR),E(TIMEOUT))ctl ext_pll_sync™}
field(SCAN ,"I/0 Intr")
field(DESC ,"ext_pll_sync™)
¥
$f================ D|_Freq
##--m------------- 'val' in 'PL_Freq’

record({ao, "$(user):PLFregValSet™)

{
field(DTYP ,"asynInt32")
field(OUT ,"@asyn(%({PORT),$(ADDR),${TIMEOUT))PL_Freq_val™)
field(DESC ,"wal"}

¥

record(ai, "${user):PLFregValRb")

{
- > field(DTYP ,"asynInt32")

field(INP ,“@ssyn(3(PORT),$(ADDR),$(TIMEOUT))PL_Freq_val")
field(SCAN ,"I/0 Intr")
field(DESC ,"val")
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WR-TTS: Master-Slave

device 1

writing control signal params to dev 1

check written control signal params in dev 1

writing control signal params to dev 2

check written control signal params in dev 2

writing control signal params to dev N

check written control signal params in dev N

device 2

device N

get current time
Tc

send T0 =Tc + At to dev 1

check TO =Tc + At from dev 1

send T0 = Tc + At todev 2

check TO = Tc + At from dev 2

send TO=Tc+AttodevN

check TO=Tc + At from dev N

One WR-TS node acts as master node.

WR-Z16

Tc
—
-
T0
start control start control start contro|
signals signals slgnal;
generation generation generation
devl dev2 dev3
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C1 - Public

WR-TS: Graphic User Interface

SAFRAN - Timing System Input configuration:

Channel 1 General Control Fp_1
- Channel 2 Channel Enable m Chan. Ena. Stat. Seq.En. Dir. Mode T. Min. Events Period T. Active Delay N Pulses
[T . (m. e @& (n l—u—H""__.___-‘
Channel3 | pirection = T
Channel4  ModeGtighilow)  (IHIGHIL) |« HisH {Fﬂ—z e e o v o NEFH D o BTN EETTEE EETEEN -‘
Sequence En. | ofF L]
Channel 5
o EEEE e e e e o oo N N e TN ST T N
Channel 6 ]
Fp 4 i
Channel 7 {p, e e ® n) ﬂIL__.___-‘
Rz e o | - -
1. Actve 9) e o | ("’f‘ e e o o NI EEEE o BTN BTN _-‘
msy conss |
N, Putses > I ("’—‘. ® ‘L[ﬂ!"—__.___-‘
i T (FPJ e e o o ue NI EEE o EETFEN EETFEN BTN -‘
T. Min 0.000 us | oo |
Sync Signal status L] 'WR Sync status [ ] PLL1 locked @ Temperature _
_ SartAl | ResetAl |

Expert Mode

o T.Min: Minimum time to consider a
pulse valid.

Output configuration:
o Period: Time between pulses.

o  T.Active: Time that the signal will
be High/Low.

o Delay: Time between the starting
trigger and the generation of
the pulse

o N. Pulses: Number of pulses to
generate (oo if 0).
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02 Safran Solution

WR-TTS: Sequences of events

Sequences of events can be defined in .csv files.

C1 - Public

The system loads these sequences in a double buffer in the WR-TS nodes. The WR-TS node executes
one sequence of events during the current frame while receiving the sequence data for the following

frame.

/home/epics-user/data/sequencer/

A B
1 period width
2 20000
3 20000
4 20000
5 20000
6 20000
7 20000
8 20000
9 20000
10 20000
11 20000
12 20000

10
10
10
10
10
10
10
10
10
10
10

[ R e T v Y o TR R s Y v Y TR e A s T o

R e e R e e e R e

Event 1
Event 2
Event 3

Event 640

Event 1

Event 640

Frame N

Frame N+1

S sAFRAN
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C1 - Public

WR-TS: Graphic User Interface

Expert Control - SAFRAN - TS - TS-01 Sequences of events mode

TS Operation Control

Sync Signal Src. Sel [t L m
Ext sync polarity - —
WR PPS out ena. (/O 6) OFF .
versioning |

amcsy [T

Gw version  [EETINEE

srversion T

cuiversion [ EETEEIEE

swversion [

compiled [

Hostmac [ EEETREEIEN

ot [

FP CHAN 1
FP CHAN 2
FP CHAN 3
FP CHAN 4
FP CHAN 5
FP CHAN 6

FP CHAN 7

Sequencer Control

— E

Sequence Selection Channel 1

V|0
vl
v 2
V|3
V4
V|5
v 6
v T

B R B & ¢

&

O

Up to 32 selectable sequences of
events.

Internal PPS or external
synchronization signal.
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03 Safran Solution

WR-TTS: Machine protection System

w
e (5
L O
- = e
oMC SUPRLY
(o=} Ps =
oo [TFiAsien "
" 1 A
wceermon |, o
Yy

— \
_ ;\‘—”IE] < AXI communications >
=) . uTCA = === @ """""""" '3 """"" - - _g ____

STATUSLEDS

uContioker | Connector :
cae [ e G "
00 p— — : Ll Sctustor l
- O P B 10 < controller 3 |
- XCZUSEG <———> controller |
: D
- AFFVC7841 ILK :
- < - > controller
- < 3 g1 !
I
- UTCARTM - |
“ 1
I
1
1

FMC LPC
Connector 2610

HW&&&&&@@&&& :
|
s

post-motem
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03 Safran Solution

WR-TTS: Embedded Software

C1 - Public

Processing System (PS)

Post-mortem AsynPortDriver :
b Gige |¢ Workstation/Server
MPS Board " Controller 10C 4 ﬁv m
1 PL o
o o \ - o GuI
PS 1 Configuration E CSS/Phoebus
I
. z
| B
EPICS IOC 1 8 Post-mortem
Configuration =
Communica | DDR e
tion drivers 1 : z
1 £33 ]
1 @
: Dedicated AXl buses | | i
i 1
1
o 0 1 Programmable Logic (PL) - FPGA
T T T T T T T W sl T T T T T T T T T e
.
.
.
Custom AXI : : Phoebus
: Asyn Driver pusme :
Libs : GUI
L]
L]
: Phoebus &
.
Postmortem : Python PM
L]
19 | SCT/ Safran Navigation & Timing . Analyzer
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o 3 S f s I t. 3)ilk packet .detection
a ran o u Ion and forwarding (320ns 216

+ 200ns processing =

520ns)
L S
WR-TTS: Machine protection System; performance )ik packet detection
2) ilk packet detection and forwarding (320ns
and forwarding (320ns + 200ns processing =
‘ CENTRAL MPS +200ns processing = Y 520ns)
520ns)
5 716 716
v . . fastinterlock/ ' 1
| switch | | WRZ16 | optic fiber
T T ) i config & monitor/ ik 5) ilk
l EPICS packet v v packllet
. - 1 insertion d[eztoeg‘nn)n
‘ switch ‘ ‘ WR Z16 ‘ ‘ switch | ‘ WR 216 ‘ (200ns) LMPS v LMPS "
[ T ' + $ st fast A fast B
ST T T o |
Mps | | | s » \ps | . UItra-fa_st response: .Optlgal fibers enable n'ear—ll'ght—
; fast | | | fast | fast | | speed signal transmission with nanosecond reaction times
s M uese 1T o 11| (~500ns per hop) (commas insertion on WR flow)

+ EMI immunity and galvanic isolation: Fiber optics are
unaffected by electromagnetic interference and ensure
complete electrical isolation between systems

* Long-distance communication: Signals can travel
hundreds of meters with minimal attenuation

* Scalability and flexibility: Fiber systems can be easily
expanded and reconfigured

Pckt.
ILK | o Flood WR PACKET
. nsertion Net Detecti
Detection in WR net etection

~200ns  ~520ns*N hops ~200ns
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03 Safran Solution

WR-TTS: Machine protection System

Master-Slave Mode in
uTCA Crate

uTCA chassis

[ backplane |
I I I
MPS MPS MPS

control board (5LV)

control board (SLV)

control board (MST)

SFF [ ETH|  SxLVTTLinfout

4 ;_¢ £

Y

SFF [ ETH|  SxLiTTLinjout seP [ ETH|  9xWTTLinjout
A A AL A

A A iﬂ
[] Y YY Y

Yy A\

-« IN (config & monitor)
<—» TSN (fastilk)
-4—® | ogic infout

S SAFRAN



04 Tests & Results

WR-TTS: Jitter Measurements

@ 10.00dB/ Ref -20.00dBc/Hz

RMS |Jitter: 5
Residual FM:

~500 fs of RMS jitter
measured at the 10MHz
output

RMS jitter 10MHz output
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04 Tests & Results

WR-TS: Sequence of events generation

C:\workspace_TS\ts_phoebus\ts_main.bob X = Main TS-01 X | Expert T5-01 X | Expert T5-02 X

100 % ~ - | -

!
i
C

T
_ . Chan. Ena. Stat. Seq.En. Dir. Mode T. Min. Events
¢ R0 e 0 o0 e N EEEEN e
[ our | out
R Y 1
[ on [
T ¢ k3o e 0 o0 e NN NEEEN e
[ Reset
Fp 4
Pe0 @ @ o e NN NN @
PO oo | (Fp—i. e o o we JEEEE EEEN e
oooc: |
. O P 0 * O o0 e I EEEEN e
e e e oo I EEEEEE e
0.000 us
Sync Signal status ® 'WR Sync status. o PLL1 locked

!

C1 - Public

SAFRAN - Timing System

_ . Chan. Ena. Stat. Seq.En. Dir. Mode T. Min. Events
e 10 e 0 o0 o TN NEEEN e |
oot out
) GRS AR [F.,,z ° O oo e NSNS MEEEN e |
[ oN o
TR ® Pp,:.. O o e T IS e |
[ Reset |
S P40 @ 0 o0 N e |
oooocooes T
oooov: {"’j @ e @ o CHen EEEE EEENE e |
oo NN
. O PO * 0 o0 o NI NEEEN e |
e e e oo [ DN e |
oo R
Sync Signal status L] WR Sync status [ ) PLL1 locked

m

Long term
test
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05 Next Steps

Work in Progress... Phoebus & EPICS-based Central Timing & Synchronization Entity

* Auto-Discover Timing-aware nodes: Using EPICS discover tools | PhoebusGUI == CENTRALTTS MO/GPs WR Links
;c/c\)/Rgr?;O’chS PVa nodes and their timing-related PVs and LLDP for ,E I config & monitor/
« Visual Trigger Programming: Setup all the gates and triggers | switeh ‘ *| WRz16 e
and check their shapes and organization in a chart before j
executing them. switeh
+ Centralized Monitoring: Monitor the health of the WR-TTS and
timing-aware nodes. WR, PTP
* Alarms Management: Full TTS ecosystem integrated into the Jr P rf R N S
Phoebus Alarm System. | wrTTs i i Timing- | WRTTS | f i | TmingAware
- MPS Integration: Fast interlock in case of a timing issue to avoid | e N [l | eww ||
damages. s A | 1 | |

Recommendations and advice are Welcome!

Feel free to stop by our booth in the exhibition hall!

J 7 r B ...
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