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D Introduction (ALlCE) A Large lon Collider Experiment

ALICE

ALICE is designed to study the physics of strongly interacting matter at
extreme conditions of energy density and temperature, and in the
particular the properties of the Quark Gluon Plasma (QGP) , using

nucleus-nucleus (A-A) collisions.

o Thermodynamics...

o Flow

o Evolution

o Parton interaction with the medium.

Spectators\cslf { 6 : t

Participants

before collision after collision

Using several probes in a broadd Py range:
-> heavy-flavor, quarkonia, jets, photons,
dileptons, strangeness...

state of matter ~ 10 us Sl e S
after big bang

Physics limitations

o Some probes are not fully exploited due to
insufficient  statistics or large combinational
background.
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O Introduction (ALICE present detector layout) A Large lon Collider Experiment

ALICE
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O Introduction (Summary of Upgrades)

A Large lon Collider Experiment

ALICE

CERN-LHCC-2013-024

Muon Forward Tracker

CERN-LHCC-2015-021

ALICE

Upgrade of the
Time Projection Chamber

CERN-LHCC-2013-020

ElNew Inner Tracking System (ITS)
-- Less material ->thinnest tracker
at the LCH

Elimproved MUON pointing precision
-- new Si tracker

New Muon Arm Readout

New GEM technology for readout
chambers.
-- Faster readout electronics

Strategy

-- Improve tracking resolution at low p+
-- thinner better resolution.
-- Large statistics (new strategy and trigger system) with high
interaction rate.
-- Increase readout rate.
-- Reduce data size
-- Preserve PID capabilities at high rate
-- Speed-up readout of PID detectors

To Summarize:

Upgrade of the

Readout & Trigger System

i

O

CERN-LHCC-2015-006

- - ——— -~ New Trigger Detectors (FIT)

i TOF, TRD
v -> Faster Readout

- Write all Pb-Pb interactions at 50 kHz = (Current system x50 faster)

New Trigger Electronics
(CTP + LTUs)

Triggering Discoveries in High Energy Physics I

Trigger (HLT).

- New Architecture
- Online tracking & data compression
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Design (ALICE architecture for Run 3)

ALICE Run 3

sNew ITS (Inner Tracking System)
= 25 x 107 Channels.
= CTP-FEE direct links .

= New TPC (Time Projection Chamber).
= Technology GEM.
= Faster readout electronics.

» Nuevo CTP (Central Trigger Processor)
»= New Trigger Electronics (CTP + LTUs)

=Online & Offline (O2) system
= Online tracking & data compression

*TOF & TRD
= Faster Readout

= New trigger detector (FIT)

Triggering Discoveries in High Energy Physics I

A Large lon Collider Experiment

Trigger Contributing Detectors {0 Trgge Detectors ALICE
= Contributions of different types i it A0 1oF Ehe PHS
= Trigger latency optimized for
every detector. = Receives signals for triggering
» Grouping of readout detectors © detectors, make decision  and send
possible. triggers via LTU to detectors
b b bt m Generates software/calibration
___________________________ [Tu [l Eump:tl::; ;;stemme tri ers
@ FLP.First Level Processor gg ]
} * TISFIL &fbugy 118 Trigger and Timing
P TTS{ITS MFT Uridrecionsino busy TS &fbuw JACOFITITS MFT,TPC, Distribution System
I ¥1C & fousy (1RD) TTC{EMC, HMP.PHS) TRD.ZDC) CTP.. Central Trigger Processar
. . GBT. Gigabt Transcei
LTU (Local Trigger Unit | FL ot el Triger i
. iader Trigger & Busy
«CTP and detector interface | ¥ ™™ Distribution
(TTC-PON, GBT, TTG)) | >~ W 0% oo
= CTP Emulator in standalone o
mode
TRD
"""""""""""" © o CRY
i ‘ , System with TTS link to CR
- | (FT, TS MCH MFTMID,
Detectors (A, B) TR Bl
T[IF FrontEnd Links (GBT)
. . —» Data
Continuous & triggered || e Interface between  on
read-out < Configuration PCle bus in FLP ]
il Pl I detector electronics, DAQ
and CTP (GBT Links)
oy € Trigger
oo © ol
L . CPIRNPENCRHS)
) EMC
P ey Front-End Links (GBT)
DEtEEtUFS ([:) L :?gfﬁguranon —E[;Lala ’
ACD 4— configuration

Triggered read-out

& Block Diagram ALICE - Run 3
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CTP Requirements for Run 3 A Large lon Collider Experiment

ALICE

Trigger Detectors

>>

Select different physics
FIT 00 ACO T0F EMC PHS

>> Different trigger detectors
--- (ACO, FIT, EMC, PHOS, TOF, ZDCQ).

> [Iptimize for different running scenarios

CRL.. Common Read-out Unit

0% Online and Ofline . e . .
LTl il T ComputngSystem >> Pb-Pb, p-p, p-Pb collisions, with different
FLP.First Level Processor . .
' Vrrern Aoy TTS.Trgger and Timing Interaction rates
TTS[ITS,MFTUmdw}e«nonamo busy) *TFS & f busy (ACO,FIT,ITS,MFT,TPC, Distribution System Upg rade of the
TTC&Tbusy (TRD) TTC (EMC, HMP.PHS) TRD.ZDC) LTP.. Central Trigger Processar Readout & Trigger System Pb_ Pb 50 kHZ

GBT.. Gigahit Transceiver
FTL. Fast Serial Trigger Link

__________________ p-p: 200 kHz.

¢ Trigger (ITS/MFT/TRD) i Tfi]iggl’-f‘bﬁ Busy
! istribution 0o o
| >> [Iptimize use of detectors with
4 >> Continuous readout.
i >> Widely different busy times.
+ CRU >> Different latency times. (LM, LO, L1)
System with TTS link to CRU H :
- e >> Different Technologies (TTC, GBT, )
TS N TOF, TRC, TRD, ZDC)
MID
T Front-End Links (GBT) . .
i >>  Special triggers
L 4— Trigger !
<— Configuration PCle bus in FLP : . .
o o= E >> Calibration, Control.
on !QUVEUOH :
EPV <— Trigger
_,,SSTOIOESSSS oL .
e « . (CPUHMPEMCPH) T [ g 00 mmmmmmmm—meoe- >>  BUSY handling
EMC
PHS Do DL or2 >> Busy propagated with minimal latency.
B e e <«— Configuration :: dataf
A0 configuratn >> Busy for Upgrade & non Upgrade

detectors .

Bl ALICE CTP Requirements

Bl Block Diagram ALICE - Run 3
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Design Proposal (Concept for New Trigger System) A Large lon Collider Experiment

ALICE

| Trigger PC In UX23- Trigger Detectors

N Ul it CRx 34 Inputs
. The system consists of a Central Eom® ) (bt
Trigger Processor (CTP) and Local s Optical Switch

Trigger Units (LTUs) as detector
iInterfaces.

= |n Global Run, the LTU serves as a
“transparent link” between the CTP T
and the FEE of detector.

GET

= |n the Standalone mode operation,
the LTU fully emulates the CTP
protocol.

= Monitoring and control of the CTP

and LTU boards are performed IPbus. o

GBT

CRU
ONU

= Theinterface of CTP to LTUs is via
TTC-PON

GET

OLT: Optical Line Terminal
ONU: Optical Network Unit

Triggering Discoveries in High Energy Physics I February - 1st - 2018



O Design Proposal (Trigger Protocol) A Large lon Collider Experiment

=  Detectors with CRU: ' ml Trigger PC In UX25- Trigger Detectors ﬂ d - ALICE
H . B il CRx 34 Inputs |
- Qne trigger over TTC-PON with = | (GEteme) |
different latencies. Phsw Optical Switch s

» Payload: Event Id (32+12) bits,
= Trigger Type ( 32 bits).

= [TS/MFT
= One trigger over GBT. =l I ;
= Payload: Event Id (32 + 12) bits. N ol T
= Trigger Type (32 bits). e
= TTC detectors ol =
= Max. 2 trigger levels (PHOS).
= TTC protocol similar to Run?2. O O
= TRD
= | M trigger to FEE over old TTC [ZIFEE CRU
= One trigger over TTC-PON BT SO

» Payload Event Id (32+12) bits,
= Trigger Type (32)

For detail see:

GET

OLT: Optical Line Terminal B Block Diagram ALICE TTC_PON architecture
ONU: Optical Network Unit

Triggering Discoveries in High Energy Physics I February - 1st - 2018



Design Proposal (Trigger types) A Largelon Collider Experiment

Trigger PC In UX25- Trigger Detectors ALICE

CRx 34 Inputs

(IG Ethernet)
Optical Switch

0 |Orbit | Orbit
| 'HB HB
2 |HBr |HBreject -
3 |HB¢ | Health check LTU
4 | Physics | Physics trigger ONU
5 |PP Prepulse
6 | Cal | Calibration
7 |SOT | Start of Triggered Data BRT
8 |EOT | Endof Triggered Data
9 | SOC | Start of Continuous Data
10 | EOC | End of Continuous Data
11 | TF Time Frame delimiter
12 | Spare | Not used
I
Vo . FEE
28 | Spare | Not used BT
29 | SYNC | TPC synchronisation
30 | RST | TPC reset
31 |TOF | TOF special trigger to signal transferring data from FM to DRM

= Trlgger Types OLT: Optical Line Terminal

ONU: Optical Network Unit

El Block Diagram ALICE TTC PON architecture

Triggering Discoveries in High Energy Physics I February - 1st - 2018



O DeSigﬂ A Large lon Collider Experiment

ALICE

O

Upgrade of the |
Readout & Trigger System o {C}}l
— i Hardware - |

____________________________________________________

e %;%
-

& PCB Design

Design % Mechanical Drawings
(CTP + LTUs) & PCB Simulation

__________________________________________________________
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O CTP/LTU board (Hardware design in 1 Slide) A Large lon Collider Experiment

FMC- SFTF (F;\A sTa ec tal SF]P/SFP +) P H LIC E
aster Technol logy, /
=10,
‘—\ 1
(1] ‘
1]
-‘,-::—qp“ =

** FMC_SFP_4x2 =

[EWe are using the new Kintex-Ultrascale FPGA.
[E] The option to upgrade to an even more powerful Kintex-Ultrascale FPGA is included in
the design.

[E The design is based around a single universal trigger board (CTP/LTU board).
E\ Interface between CTP and LTUs is via TTC-PON and optical fan-out unit.
CTP/LTU board will have a FMC mezzanine card and triple-width front panel
Will still be based on a VME-type 6u board (VME for power only).
=] PCB design

[-]120 Layers (I-TERA MT40 material for high-speed digital multilayer)

[ All clocks have the same length

FRONT PANEL ( AUCE TRIGGER BOARD)

:|=|
[ [

(I

__________________________________________________________________________________________________________________________________________________

FMC- 200 Molex (Custom board) i — I .

' ST W W W W e bt =

= - v o< -

_— T

4 o

———— ‘ TERA

- Front Panel for LTU Board ® O —] -

— , (ELMA Box 33 ) L | o

i 3 | —

MEATE SeeC =

Note 1: Al dimensions are in milimiters E : e

1l e o e

ol . oanon

i o i . S
"*FMC_200Molex |~ Lz M : dhah s Prv_front_pannel_y+ » il - - e W
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(O CTP/LTU board

A Large lon Collider Experiment

PM bus connector (Voltage
and temperature monitoring).

USB-JTAG(Programming of FPGA and SPI |-----cocooo
memory). |

5 x LVDS LEMO (2x LM/LO out,
BUSY in, BUSY out, Fast LM in).

A oy { o) . .
2 €Y ez ()
24 Qe )<

FMC board
LTU mode: FMC S-18 card (optional, GBT, Ethernet)

[<]

C)
@

?

SFP+ forIPbus ~ pmmemmmmmmmomooeoe

[<]
ol

Clock Out (LVDs or LVECL, etc...)  |=m-mmmmmmmmmmmmmmmmmemees

[<]

R é.g

0

Rof

5 x Lemo 0OO0OB (BC in, ORBIT in,
Scope A out, Scope B out, TTC-A |-==-----------m--- .
out, TTC-B out, Pulser in Spare
in/out).

[<]

v] 2x6 SFP +(12 x GBT or 10GPON).  |---cccccoeee ]

FPGA Kintex Ultrascale

2 DDR4 Memory

2 PLL Si5345

v | Power Controller UCD20120A

Triggering Discoveries in High Energy Physics I February - 1st - 2018

LR L L LR LR L B

ALICE




CTP/LTU board (Portable Version) A Large lon Collider Experiment

= | TU board inside standalone box AHeE
(ELMA Guardbox33).

» [nternal power supply + fan for cooling.

= Different version of front panel necessary

(ELMA produce it).
= Allows use of LTU in lab without need for
VME crate and power supply.

Bl LTU board (ELMAbox) -- Back view

El LTU board (ELMAbox) -- Isometric view

Bl LTU board (ELMAbox) -- Front view

Triggering Discoveries in High Energy Physics I February - 1st - 2018



O DeSigﬂ A Large lon Collider Experiment

ALICE

si@jﬁTest Logic (IBERT, IPbus, 12C, SPI)
| IBERT for FM-S18 Octal SFP/SFP evaluation.

'Il
i
Upgrade of the

Readout & Trigger System

LTU Logic - Schematic and floorplaning

Design

(CTP + LTUs) ‘& LTU Logic (TTC-PON, GBT, IPbus, DDR4,
Emulator ICAP, 12C, SPI')

Triggering Discoveries in High Energy Physics I February - 1st - 2018



O Firmware DeSigﬂ for CTP/LTU board (TeSt LogIC) A Large lon Collider Experiment

. — IBUFDS
Block Diagram g ] | SFP1 7 HLICE
A Slave  —————— 12¢ e § ;
Simplified A e C} >
S| ) - - 1 & -
IPbus Software M SFP3 M
SPI L
ﬂ Wishbone 1 : SFP_4 oo j
IPb_Slave o
D spi_flash_1 L_ - ] S
PR . Wishbone T " srps
O— ‘ E— | P i
General Purpose i I SFP_7 G}::J;:FI” U ’i GTE3/4
(40 MHz) -eest BUFDS =
: = SPI GTES/4 —
! § - -
S i WELTE i ST EaRON Iy
| - gth refcki2
BERTClock | W EEEEEEEOY T ) | peeeeeeeeeey SFP_¢ ———e ]
(240 Miz) 12¢ = T GTHE3/4_COMMON
G}—L__ IPb_Slave Wishbone i SFP.10 —
= - ssm | - FPGA Bank 2.
Ethernet = = g =" | | | § o EeashE. 000000 i e
Pk - -
IPb_Slave ] -
t rj Z tdg i DDR Memory - .y
T Interface {Sj:i >
(125 MHz) i EL:VD‘:
Xilinx GTE3/4
S IBERT (16 Links") i B Active
VIVADO Software o DDR Memory | o | = EE E% Disabled
r ilinx Interface =y
@l'— SYSMON 6 T FPGA Kintex UltraScale
CTP-LTU board . .
Test Logic Firmware

Block Diagram Simplified .

e S —— 6 IPbus Slaves 2 DDR4 112C ctrl
ﬂ A Control Word Build ey ot
{ ! (IPbus_slave) Wi Wrenflb) i Ext_wr_buff i i Intemal Clocks
[ s Bl 2 SPI ctrl 1 Gral. Test

SR mmm——— s Operations | .
z e Queue i
=] i DDR4  igpera(3n) | -
i RALFIFO  iqnfoi5601 Data sigp) teCPc 2t10NS N i
2 Ecr Ay = = Sche. < § 1
sseol “siime 1" ’—*l - ; IBERT Firmware
Word Build d 1280 j&— = ENE § 5
e Read 1b B R en(1b) < &5 (22
ExtemalClocks S | W AT Ext_rd _buff 154 A g 5
Ethernet (156 MHz) 5 [ - i -
“IPbus Slave” Sl I ;--. adid (300) 20 B E R Test
79
= |2 |& DDR4
O O = ‘jﬂ MI_Interface
E B |B
s g
sysclock (125 MHz.) : & 2
Read data Handler i‘.’s-“'u”l E g = EE
B lE i3 |2 i i
______________________ I._l"““”" BE ki Test Logic + IBERT Firmware

DDR4_clock (300 MHiz.)

“..___FPGA Kintex UltraScale ‘ 5 5P| ctrl 1 ICAP 16 BER Test
Triggering Discoveries in High Energy Physics I February - 1st - 2018
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Test Logic Results

A Large lon Collider Experiment

>> MGT_X0Y09 (Tx_diff_swing = 1080 mV).

Triggering Discoveries in High Energy Physics I

PROTO 1 (IN ELMABOX)

“Worst Performance”

—

MGT_X0Y14 MGT_X0Y12 MGT_X0Y13 MGT_X0Y15
FMC_CH/7* FMC_CH¢é* FMC_CH5" FMC_CH4
FPGA bank 227 FPGAbank 227 | | FPGA bank 227 FPGA bank 227

] B

MGT_XOY16 || MGT X0Y17 || MGTX0Y18 | [ MGT X0Y19
FMC_CH3 FMC_CH?2 FMC_CH1 FMC_CHO
FPGA bank 228 FPGA bank 228 FPGA bank 228 FPGA bank 228

o Extensive testing of CITP/LTU board
prototype shows no major problems.
o Successful PRR at CERN (July 2017)

ql CTP - Computer
e | (IPbus Software)

IPbus Master

10° PRBS-7 at 4.8 Gbis .l
4
107 - |Pbus Slave (SPI)
1% - IPhus SPI
(Contraller)
10° - n r 3 3
. Wo-SPI_ Inteface
107 - -
. v v
W™ - N STARTUR3
Primitive
10° - -
10" = -
m-“ - Vinaitr -
—e— 200mV
—@— 400mV
1w+ |-e— 8oomv -
—a— 1000mV
10-13 AITAREET ARTARTANI AURRE RRRTANRRRNARNRAARRRARRET]
-20 -18 -16 -14 -12 -10 s
OMA (dBm) SPI Fash Memory [1]

February - 1st - 2018
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@ DODR4 Memory interface

Benemeérita Universidad Autonoma de Puebla

o The CTP also generates the Interaction Record - a list of all bunch-crossing in which the
interaction signal has been detected.

IPbus Software DDR4 Protocol

o For monitoring and debugging the CTP/LTU board provide a snapshot memory - which
enable detection of any system inconsistency and identification of possible faults.

Triggering Discoveries in High Energy Physics I February - 1st - 2018



@ DDR4 Memory Interface - Full Test
' nIPbus software | o Red ___________

Internal _ Xilinx
‘ Controller

Control
ssm wrc N blen

L3 Block Length of each block
Maximum block size is 0x800 Monitor |« v v o
(software takes care about longer blocks)

v

Number of the Random blocks

Randomly written in DDR4 Memory Note: blen | maximum N
_________ e —
» |nstruction: Write, Read and Check (pseudo random pattern) 0Ox800 | Ox20000 | 131072 x 2048 2268,435,456 WOFd/32b
» Memory Name: 2 in LTU/CTP board 0x100 | 0x100000 |

ssm : SnapShot Memory

tdg : Trigger Data Generator
0 Snapshot Memory test 3 O Trigger Data Generator Memory test
>ssmurc 0x20000 0x300 | Stdg wrc 0x20000 0xB00
preparing a randon data blok of 2048 words, ., f preparing a random data blok of 2048 words,,,
IR kapacity 131072 blocks (1block= 2048 words), last 0 words excluded from the test ; IR kapacity 131072 blocks (1block= 2048 words), last 0 words excluded from the test
M:131072 nfirst:43 : N:121072 nfirst:d?
write/read/check 0, fblﬁck 43 in words:B8064) ) 3 write/read/check 0, (black 43 in words:B2054)
write/read/check 1000, (block 43043 in wordsi88152064 3 writedreadscheck 1000, (block 43043 in words:88152064)
write/read/check 2000, (block 86043 in words:176216064) | write/read/check 2000, (block 86043 in wordst176216064)
write/read/check 3000, (black 123043 in words:264280064) 3 writesreadicheck 3000, (block 129043 in words:264280064)
write/read/check 4000, (block 40371 in words:83308608) 3 writesread/check 4000, (block 40971 in words:B3908608)
write/read/check 5000, (block 83371 in words:171972608) 3 writedread/check 5000, (block B2971 in wordsi171972608)
writesread/check BOOO, (block 126971 in words:Z2B00ZEE0S) writedreadscheck BO00, (block 1PEI7L in words: PEO0ZEE0E)

: | :
[ 3 [

writesreadScheck 126000, (block 44031 in words:30293368) 3 write/readdcheck 126000, (block 44031 in words:30293363)
write/readdcheck 127000, (block 87091 in words:l78362368) ; writedreadscheck 127000, (block 87091 in words:1783623658)
writedreadscheck 128000, (block 130091 in words:25E425368) } write/readscheck 128000, (block 130091 in words:2EE426368)
write/readscheck 129000, (block 42019 in words:BE054912) } writesread check 129000, (block 42019 in words:SE054912)
writedreadscheck 130000, (block 85019 in words:174118912) | writedreadscheck 120000, (block 85019 in words:174118912)
writedreadscheck 131000, (block 128019 in words:2521832912) 3 write/readscheck 131000, (block 128019 in words:2B2182912)
Blocks: 131072 of 2048 wordz, 0.23 MB/zec. checked: 268430456 words. errs:il | Block=: 131072 of 2048 wordz, 0.29 HBfsec. checked: 268435406 wordsz, errs:d

Results: Full test ( Write Read and Check ) > OK Results: Full test (Write Read and Check) > OK

Triggering Discoveries in High Energy Physics I | February - 1st - 2018



> FROM TTC J[O TTC‘PON A Large lon Collider Experiment

ALICE

The Timing, Trigger and Control (TTC) system is a crucial system dedicated to
synchronization of experiment electronics to the LHC beam.

=

Central/Local
Trigger ‘ Eus‘.l.ﬁ:hrM

J\k B SN
|
|
|
|
I
|

TTCvi: VMEbus interface module
TTCex: Encoder + transmitter
TTCrx: Recelver

FEE : Driver:front.end driver

TTCrx
FE Driver

TTCrx
FE Driver

TTC (S

Cex

Counting room Detectors

o
=
—

Central/Local

TTC-PON o Trigger

oLT

.f’.a W

] i

1 [}

[ 'l

[} ]
ONU

FE Driver

S 1monm
—

—
A, 1577nm
\

IONU |
GBT-FPGA

Counting room : Detectors
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» T[TC-PON

A Large lon Collider Experiment

PON Basics

o PON = Passive Optical Network
o Usedin FTTH

o Point to Multipoint Network (P2M)
o Bidirectional / WDM: 1 fiber, 2 wavelengths (1 Up, 1 Down)

o Downstream (OLT->ONU)
o High bandwidth

o Upstream (ONU->OLT)
o Low & shared bandwidth
o Arbitrated by OLT

OLT

LA

L A

Fiber .
COPPEI'_

OLT=0Optical Line Terminal
ONU=0Optical Network Unit

Triggering Discoveries in High Energy Physics I
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ALICE

TTC PON

FTTH

ONU M1

FTTC “] | T

ONU #2

g

cEE 133
cEE 113
cEf A7)
L 112
ErE 1‘1

ONU #N FTTB




> TTC - PON A Large lon Collider Experiment

ALICE

Downstream path TTC PON

o OLT - ONUs (continuous transmission)

o 9.6Gbps serial link (240 raw bits per BC / 8b header, 24b — control)

o LHC Bunch Clock (BC) synchronous e ‘c} I

o Fixed & Low latency — ONU

o High bandwidth

2.

User Field: 20 bytes (160 bits)
9.6Gbps, 6.4Gbps User Bandwidth maximum

< Bunch clock period (25ns)

e J A 4 T —————
10G PON-TTC D€ USER DATA e

240 bits

\

Triggering Discoveries in High Energy Physics I February - 1st - 2018



> TTC - PON A Large lon Collider Experiment

ALICE
=
. . . . OLT
o TDM arbitration — Calibration [
o The procedure is arbitrated by the master (OLT)
0NU2
o  OLT measures the roundtrip time for each ONU:
o OLT sends a command: ONU_x enters in calibration_mode / all o ONUs = OLT (TDMA)
the others disable transmission
o 2.4Gb/s line-rate (1270nm)
o When aonuisin calibration_mode, it sends data in a o Synchronized to downstream
continuous way and acts as a comma-mirror o 8b10b encoded
LT TX I_\ I_\ o Total burst length: 125ns (100ns burst + 25ns gap)

K28.1
Addr

roundtrip_onul
n 5///7
Addr oLt

Of

K28.5 K28.5
ONU_x Addr Addr

o ONU_x offset is compensated depending in the measured
roundtrip

Triggering Discoveries in High Energy Physics I February - 1st - 2018



A Large lon Collider Experiment

1 OLT. Ctrl/Cfg: Microblaze, SDK
1 ONU. Ctrl/Cfg: Microblaze, SDK
Testability: Counter, PRBS7, PRBS23
Downstream

=
1 OLT. Ctrl/Cfg:
1 ONU. Ctrl/Cfg: Microblaze, SDK
Testability: , Counter, PRBS7,
PRBS23 Downstream

Triggering Discoveries in High Energy Physics I

Ctrl/Cfg:
1 ONU (KC705). Ctrl/Cfg: Microblaze, SDK
Testability: CTP_EMU, Counter, PRBS7,
PRBS23

-
1 OLT (KCU105) Ctrl/Cfg:

Ctrl/Cfg: Microblaze, SDK

Testability: CTP_EMU, Counter, PRBS7,

PRBS23, Downstream/Upstream

February - 1st - 2018

1 OLT (KCU105) Ctrl/Cfg:

Ctrl/Cfg: Microblaze, SDK
Testability: CTP_EMU, Counter, PRBS7, PRBS23
Downstream/Upstream

2 ONUs (KC705). Ctrl/Cfg: Microblaze, SDK
Testability: CTP_EMU, Counter, PRBS7, PRBS23
Downstream/Upstream

ALICE

() CTP/LTU board

LTU Logic



O LTU - Logic

(Block-Diagram - Firmware)

IPbus_Slave
CTP_Memory

|Pbus_Slave
Emu_ctrl

Pbus_Slave
OLT Care_|

IPbus_Slave
OLT Care 9

IPbus_Slave
12C

IPbus_Slave
SPI_2

CTP_Config

lah &
cDq)

111 1.4

CIP_Memory
ctri)

—® TTC_PON_OLT
—» structure)
CTP_Emulator
State Machine ‘ ‘
Mux_PON_OLT

OLT Core9

OLT_Core8

Registers/

IPbus_Slave
SPI_1

O Firmware V1

25 IPbus Slaves 1 ONU

8 OLTs

2 SPI ctrl

Control

clocksignals ——»

125 MHz
2490 MHz
300 Mz

IPbus_TTC_Core control mana

onu_core H

MMCM
40MHz

olt_mgt_wrapper

common "

.........

onu_mgt
wrapper

WB Interfarce

STARTUR3
Primitive

112C ctrl

1 CTP_ Emulator 1 GBT Link

Triggering Discoveries in High Energy Physics I

8 ILAs (Logic Analyzer)
2 DDR4 Interface

February - 1st - 2018

240 0LT

240 ONU

onu_user
_logic

e

A Large lon Collider Experiment

ALICE



@ ONU and OLTs distribution in CTP/LTU board A Large lon Collider Experiment

ALICE
TTC_PON
Encoder Downstream FEC
9 OLTs (200 User bits)
1 ONU (56 User bits)
Control via IPbus
F6 F10
O GBT OLT ONU O

MGT_XOYO8 | MGT_XOY10 | MGT_XOYO4 | MGT_XOYO6 § MGT_XOYOO § MGT_XOYO2

SFP 1 SFP 3 SFP 5 SFP 7/ SFP 9 SFP 11
FPGA bank 226 || FPGA bank 226 FPGA bank 225 | FPGA bank 225 | FPGA bank 224 FPGA bank 224
I2CMUX45_ch2 | 12CMUX45_ch4 [2CMUX45 _ché | 12CMUX59_ch2 | 12CMUX59 _ch4 || 12CMUX59_ché

OLT 8 GBT * OLT 4 OLT 6 OLTO OLT 2

'\ A A AN NI\, NI\, N4 A
MGT_XOYO9 MGT _XOY11 i MGT_XOYO5 MGT _XOYO7 | MGT_XOYO1 | MGT_XOYO3

SFP 2 SFP 4 SFP 6 SFP 8 SFP 10 SFP 12
FPGA bank 226 FPGA bank 226 ||| FPGA bank 225 FPGA bank 225 | FPGA bank 224 | FPGA bank 224
12CMUX45_ch3 | [2CMUX45_ch5 ||l 12CMUX45_ch7 | 12CMUX59_ch3 ff 12CMUX59_ch5 | 12CMUX59_ch7

* ONU OLT 5 OLT 7 OoLT1 OLT 3

9.0

o3
S5

0.
gn

z0

20

GBT*: MGT ref clock 120 MHz
Latency Optimized (TX & RX)
GBT Encoder
Control via VIVADO VIO

LAl bbb CE R L L bt Lit Lt Bl b

=  (CTP/LTU board.

Triggering Discoveries in High Energy Physics I February - 1st - 2018



LTU - Logic

(Features of the TTC-PON system)

|Pous_Slave
Emu_ctrl

IPbus_Slave

CTP_Memory

CTP_Config

11: 714

CTP_Memory

¥ TIC_PON_OLT

+

CTP_Emulator

vy

Mux_PON_OLT

IPous_Slave
OLT_Core_I

|Pbus_Slave
OLT_Core_9

IPous_Slave

12C

|Pous_Slave
SPL2

|Pous_Slave
SPLI

counter

OLT_Corel

e ONU_Core |

;

STARTUP3
Primitive

s

LTU Firmware V1

25 IPbus Slaves 1 ONU

8 OLTs

112C ctrl 8 ILAs (Logic Analyzer)

Triggering Discoveries in High Energy Physics I

2 SPI ctrl 1 CTP_ Emulator 1 GBT Link

Bl Ctrl & cfg. of all OLTs via IPbus

Puseolt 2
Using OLT 2
Pol

t
LT CORE: fy wd, using

A lzrgp lon-Collider Experiment

ALICE

&l Ctrl & cfg. of the ONU via IPbus

(134 HE_PERIOD_2% e FEfFix

1: HB_PERIOD_8_3 O FFF10x

23 SLOW_CTRL_MSG_ONU Ox  FFFFFFI0x Fany
-4 CAL_ONU_ADDR O Ffzlx

4 BERT_OHWU_A_ADDR L FFalx
BERT_ONU_B_ADDR O FFa0x
BERT_CLEAR >16 O 130
BERT_LATCH >17 Ox 1:0x
5 BURST_LEMGTH-1 3F 10
e IF:10x
SFP_RESET_RH_ENABL >12 Ox 1:0x

62 SLOW_CTRL_FROM_ONU Ox  FEEFFFI0x  b4OLF
7+ RONDTRIP_F INE_DELA Ox 7FL0x

wow

BE KA BB A8 A0 48 B8 25 88 46 58 45 4 B8 KK G4 BE B8 44 38 B8 B 88 HE 44 B4 BB HK B8 b0 b4 44 B8 4

o MGT_TH_POLRRITY e 1:0x
HGT_R¥_POLARITY L 1:0x
OLT USER:

o OLT_CORE_RESET > O O 1o 0
1 R¥_BBERT_CLEAR > O Ox 1:0x 0
R¥_BBERT_LATCH > 1 Ox 10 0
R¥_BEERT_HERRTBEAT_PERIOD > 2 Ox FRFFzOx 0
2 SEL_TH_PATTERH > O Ox 10 0
3 OLT_MGT_PLL_LOCK > © Ox 1:0x 1
OLT_MGT_TX_RERDY > 1 Ox 1zl 1
OLT_MGT_RX_READY > 2 Ox 1:0x 1
4 BBERT_OMU_BITSUM{31:0) > O OwxffFFfffox 0
5 BBERT_ONU_BITSUM{47:32) > 0 Ox FEFF 20 0
BRERT_DNU_ERRORSUM{31:0) > O CxfFFFFFFFI0x 0
7 BBERT_OMU_ERRORSUM(47:32) > 0 Ox FRFF20x 0
8: BEERT_OMU_PACKETLOSSSUMIZ1:0) > O OefffFFfffiox 0
9: BEERT_ONU_PACKETLOSSSUM{47:32) > O Ox FRFF20x 0
Loz BBERT_SELECT_CHANMEL(Z:0} > O Ox Fri o

CAL_ON
CAL_IMIT
ONU_POSITION_LATCH

RONDTRIP_COARSDELA
ERROR_SUM_ONU_A
ERROR_SUM_ONL_E

EBERT_LOCKED_ONU_A
EBERT_LOCKED_ONU_E
BERT_FINISHED_OMU_

ul
>
>
>
>
>
>
>
>
>
>
>
>
SFP_RESET_RX_POS >
>
>
>
>
>
>
>
>
>
BERT_FINISHED_OMU_ >

>

>

0 1:0x
L3 130

O 1:0x USER:

1

OMU1 COREMODE[?,.01:232 HE_PERIOD[21-161:0 HB_PERIOD[15-01:29
SFP_EMA_DEL:3 FIME__OFFSET_TDM:0

ADD:1 BERT_CLEAR 1[0]:0 EBERT_LATCH 1[1]:0

SEL_TH_PAT 2[1-0]:0=PRBS7 TH_INT_MODE 2[2]:0 TH_INJECT_ERR 2[3]:0
3[7-0]20xfd= RMPLLLOCK THPLLLOCK RERDY THRDY OPER RXLOCKED RH40LOCKED
BITSUM: 2726704256 24

ERRSUM:D O

0 FEFFz0x
Ox FEFFI0x
e FFFF10x
O 1:0x
L3 130x
e 1r0x
L3 120

1

»-owtmdomouoommoummoowmoooog
o
*
oroCOoOooOoOoOoOMoOoOoooooooooo00

Bl ONU_Ref_clock via IPbus (IPbus to 12C)

dey 215345

515345 loadpll [fnl

checkpll [fn]

lozl

phazes

fphase

zphase N
hureset

rreg page addr
nreq page addr

-init 5i534w + read LOSALOL bits
—read+compare with expected values
fn -data file to be loaded from file “/WORKAfn
—check Lozs of Signalflock bits
—read+show 4 deviders N[0, ,3]_TELAY
-find phaze good of ONLU
-zet phaze N (0,,127)
-reszet (i,e, Falling edge 1->0 on Si5344 pin PLL_RST)

MEW WA !
-page for rregfnreg: o —F use current pagel

wreqg page addr walue

February - 1st - 2018

Bl TTC_PON test Menu (IPbus)

Full Calibration.
Light Calibration.
Network Init.
Network Health.
Network Presence.

BERT Config. (Down/Up)
BERT Read. (Down/Up)
Downstream Latency
Status ONU

Status OLT

Toggling (TX & RX)

OLT Reset loop

BRI/




O Experimental Setup (CTPto LTU to 2 Ev.boards as CRU)

A Large lon Collider Experiment

Experimentall Setup

B
KCU105 |

____________________________

Triggering Discoveries in High Energy Physics I

ALICE
Test Procedure

February - 1st - 2018

1.- TTC PON calibration

2.- Downstream Latency
CTP to LTU+GBT (Loopback)

3.- TTC_PON BERT
Standalone (No LHC clock)

4 - Clock Jitter Map
CTP+ LTU + CRU + VLDB

5.- Downstream Latency
CTP + LTU + CRU + VLDB

6.- BERT (Full chain in ALICE)
CTP+ LTU + CRU + VLDB

____________________________________________




@ Cxperimental Setup (Calibration process) A Large fon Colider Experment

LHC Clock B Calibration Process ALICE
. (LHC Machine Interface) 3

- ttc_pon - INFO: DLT‘trging to detect ONU ADIR 1,,,
|.g] IPbus software
T

-
4

ttc_pon - INFO: OMU 1 detected in trial number 1

ttc_pon - INFO: OLT trying to detect ONU ADIR 3,,.

ttc_pon = INFO; ONU 3 detected in trial number 1

ttc_pon - INFO: OLT trying to detect ONU ADIR 4,,.

ttc_pon = INFO; ONU 4 detected in trial number 1

ttc_pon - INFO: Started SFP RX reset positioning ...

ttc_pon - INFO: Ideal position found at:25

ttc_pon - INFO: Started SFP enable delay positioning for ONU 1
ttc_pon - INFO: Ideal position found at:8

- ttc_pon - INFO; Started SFP enable delay positioning for ONU 3
ttc_pon - INFO: Ideal position found at:13

ttc_pon - INFO: Started SFP enable delay positioning for ONU 4

{(E)o()o()elE)e(3)o

PO
1

0 [} - ttc_pon - INFO: Ideal position found at:l3
| - ttc_pon - INFO; Starting Offset calculation ...
i ELE - ttc_pon - INFO: Starting PRBS analysis ...
—l - tte_pon - INFO: (DU = ERRORS:0. = PREGAL| 1KC/05

ttc_pon - INFO:
ttc pon - INFO:
ttc_pon - INFO:
ttc_pon - INFO: T1me elapsed 0 335101018305 s

2| Result OLT Config:

e triggerlalictpserverlab WORKIE more proto_¥_olt_config.cs
olt_reqg_addr, olt_reg_value
o o, 20
54— 1, £
2, 2156810
[ > s | 3 et
4, 2064
. b, L7en
Microblaze B, 10766913
software g 5?03
B OLT & ONU 3, 15
: 10, 1
' 11, 0
" D i} 12, 0
~ . =] Result ONU Config: 13 0
& IS = o ] & i 0
W : ;

[triggerBalictpserverlab WORK]S more proto_i_onu_corfig,cev
ohu_addr, detected, nb_onu_system,  coarse_roundtrip, fine_roundtrip, coarae_offset, fine_offeet, sfp_en_delay, prhs?_errors, prha?_locked
. . 1, 1, 4, 48, i, 0, i, 8 0, 1
RX )(H_A) After calibration. 3, 1, 4, B0, I, B, 2, 13, 0, 1
4, 1. 4, £0, i, 6, 2, 13, 0, L

data[47:0]
onu_addr[7:0]

Triggering Discoveries in High Energy Physics I February - 1st - 2018



‘ GBT Downstream A Large lon Collider Experiment

ALICE

The downstream latency must be constant, after reset process * Similar structure o
for OLT/ONU

OLT in counter mode
Match Flag PHY-CTRL

;E Downstream Latenc [ Vet ﬂT Match Flag

‘ Il
Start
@ﬁ\ @ﬁ\ ﬁ End

OLT Match Flag ONU Match Flag ~ GBT RX Match Flag

Data _check

.01 .02 (mmm f8 .f9

.01 02 |HEE .01

OLT Core ONU Core

GBT_FPGA | O

OLT to o
Regbank GBT

OLT User

Triggering Discoveries in High Energy Physics Il February - 1st - 2018



@ Experimental Setup ( GBT Downstream Latency after several resets)

150 mv

100 mV

Measure
value
mean
min

max
sdev
num
status

Triggering Discoveries

LHC Clock
( LHC Machine Interface)

IPbus software

|. OLT= Counter Mode
s

1- Start in OLT

A Large lon Collider Experiment

2- Match Flag in @é\ ALICE

ONU
IPbus software

0

Configuration Send

data that is received

from the ONU

“in the first PON
layer”

@

RX & TX Lat-Opt
GBT Encoder
loopback mode
MGT Ref: 120 MHz

3- GBT RX Match Flag

o e i e o e e e S ik o S sy s e e e S e

P1:ddelay(C1... P2:ddelay(C1... P3:ddelay(C3...

105.6532 ns
105.64855 ns
105.5409 ns
105.7435 ns
35.97 ps
1.248e+3

v

315.2006 ns
315.19806 ns

209.5475 ns
209.54951 ns
209.4496 ns
209.6713 ns
37.18 ps
1.248e+3

v

in High Energy Physics Il

141 ns 191 ns 241 ns 341 ns 381 ns

291 ns

1-3 ~ 317 ns (-10ns of cables) ~ 307 ns

Reset in CTP_OLT ( ~ 200 times)

February - 1st - 2018



A Large lon Collider Experiment

Spd_r a

® rxperimental Setup (LTU standalone )
0N bits: 7h4012044 14716 errs: O O errsdbitsr O, 000=+00
OHU1O bits: BI456E528 14717 errs: O O errsdbits: 0,0008+00

After Calibration process
@ BERT Downstream (LTU to 2 ONUSs). No Errors
NO LHC CLOCK
pL_t

reading upstream BEERT for ONULO
OHULO bits: 256780752 435 errs: O 0 errssbits: 0,0002+00

@BERT Upstream (ONUs to LTU). No Errors

sdgo 9'¢ weasumo(

C
@)
wn
\
o
0
Q)
3
N
~
©)
o
O
w

BER Downstream ~ 10 14
BER_Upstream ~ 1013 o

Out Out

>> VIVADO Software.

D Microblaze
= software

Triggering Discoveries in High Energy Physics I February - 1st - 2018

ALICE

e

Do

4

Internal Clock
Local Oscillator)

=4 o
_____ . =y gl
- —-— \ e - .
LIS

IPbus software

KX OLT & ONU




@ Experimental Setup (CTP-CRU)

A Large lon Collider Experiment

IPbus software

—ad
|

LHC Clock
( LHC Machine Interface)

D@ IPbus software
e

)o@

tey

(€

o ((;)) ©

)
k3 Out
In
@ Out Ll || (BN OLT & ONU
-EQE Out
L
}L— (CTPto LTU) =1 m. EE
————————————————————————— HEE
T = Pt =

(CTP to KCU) =1 m.

Time & Trigger Control
- Passive Optical Network
Central Trigger Processor
Local Trigger Unit
Optical Line Terminal
Optical Network Unit

Microblaze

E3) OLT & ONU

Common Readout Unit

Triggering Discoveries in High Energy Physics I February - 1st - 2018

[i ’

[ .

8}

[

ci

(i

8]

E:l ol'o o

(CRU to VLDBs) =11 m.

,l5'!‘ ONU
Optical Link

Electrical Link




@ Clock Jitter summary

A Large lon Collider Experiment

The CTP + CRU distribute the LHC clock to all detectors and requirements are very strict. ALICE

RE2TTC 2 3 LTU Recovered Clock 2
Local Osc. Y From ONU i GBTx elink
2.24 ps 2 , Si534(r:5TP Out 25.88 ps g 13.00ps
g NS -
X ] e LTU $15345 - Out ® CRU Aria 10 Internal PLL
§ { 1.64 ps zg See mazsi's TWEPP talk [1]
.C Out H
| &
1:32 | -
= =
Spectral RJ =i =
method %- s
CTP

2

Clock quality mainly depends on last PLL in a chain but other PLLs can contributes with noise:

I T=S T T -
RFE2TTC local osc. 149.42 ps 2.24 ps 117.54 ps 72.04 ps
CTP Si5345 out 62.14 ps 1.21 ps 44.94 ps 21.88 ps
LTU recovered clk from ONU 438.36 ps 25.88 ps 69.23 ps 137.44 ps

LTU Si5345 out 42.10 ps 1.64 ps 18.78 ps 19.75 ps
CRU Arial0O internal PLL

GBTx elinkO 298.95 ps 13.00 ps 113.53 ps 101.91 ps

[1] https://indico.cern.ch/event/B0BSRT/contributions/2614130/ attachments/1522045/2378235/20170812-twepp2017-alice-cruclk-v8.pdf
[2] https://indico.cern.ch/event/B46273/ contributions/2624915/ attachments/1431002/2317610/CTPLTU_board tests PRRUDTZ017 pdf
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‘ TTC_PON Downstream A Large lon Collider Experiment

The downstream latency must be constant, after reset process * Similar structure — ALICE
for OLT/ONU '

OLT in counter mode
Match Flag | PHY-CTRL

/o =
.f8 9
=]

.01 .02 (mmm f8 .f9

Start nd
OLT Match Flag Downstream Latenc ONU Match Flag

OLT Core ONU Core

Regbank

OLT User

Triggering Discoveries in High Energy Physics Il February - 1st - 2018



@Expenmental Setup (Consistency of Downstream Latency) A Large lon Collider Experiment

IPbus software

LHC Clock
( LHC Machine Interface)

I.! IPbus software
<& Ol T= Counter Mode
()

2 .,.n,mﬁ.ﬁﬁzm l-l' HLICE

I] _ 3- GBTx Match

flag

o (@)o

=

o@e(

E‘j‘
=) /'
p—

Out

&\

2- ONU Match
flag

@ OEID 6@@@@@@ %) (/‘/\E\/) @ (‘
T~

(ol

Out

In
Oa
Out

KX OLT & ONU

&\

1- Startin OLT

“ oLT

% CRU ) ONU

Bl Stability of the latency. Optical Link

2 GE

CTP to LT

sagmv [ - i Electrical Link
148 mv ——————f—p————— H et —————————— ——————+ » r % KCU 105
52 mV | ; i C i ) [ i ) = i 2 B
2ns 28n 28 ns 8ns 3 n E ns 5 n 628 ns 728 M 1=
2 \ 28 ns 128 22 28 ns 428 528 ns (5} 2! MICI’Ob|aZG
software

*L' AAAAA - '"*1 = -

Measure P1:ddelay(C1... P2:dt@lv(C1...

value 104.9253 ns 590.9007 ns

mean 104.88820 ns  590.88456 ns

min 104.7619 ns 590.7905 ns

max 105.0308 ns 590.9988 ns

sdev 46.28 ps N2 o | oooooooooooooooooosonoooooooooooooooooooooCooooosooDSoooSooosSoo=0
num 5.706e+3 5.706e+3 .

status - @ After several resets in CTP_OLT, LTU_OLT
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® FExperimental Setup (Bit Error Rate Test Results ) A Large lon Collider Experiment

ALICE
UStream 2.4 Cooe ) %) BERT Upstream (CRUs to LTU). No Errors >22 hrs
LTU & KCU g

FPU_E
reading upstream BEERT for ONUZ
ONUZ bits: 10589BERRE 2564 errs: 0 O errafbits: O,000e+00

Downstream 9.6 Gbps

()
Out

b |

o [ LHC Clock Te[d]
= (LHC Machine Interface) i ZPU_I
2Ef SEf reading upstrean BBERT for OMU4
? Epmm,are : ONU4 bits: 3927776048 2656 errss 0 0 errs/bitss 0,0008+00
; i‘ Out % H

g g

% f,

3!

BER Downstream ~ 10 1>
BER_Upstream ~ 1014

sdgo) 9'¢ Weansumo(d
sdgo) '¢ Weansdn

% BERT Downstream (LTU & 2CRUs). No Errors > 22hrs

Microblaze
software

b

-~

Dx022a0010 0xf32bdos0 4079734880 | 0x02230010 0x0bbbadad 2612764000
0x022a30014 0x0000e5eb 59115 002230014 0x0000ef78 51304
0x022a0018 0x00000000 ] 0x02230018 0x00000000 0
0x022a001 ¢ 0x00000000 0 0x0225001.c 000000000 "

%) CRU1
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0 S U m m a ry A Large lon Collider Experiment
o Prototype CTP/LTU boards produced and tested successfully nHeE

o We tested the TTC-PON system onthe CTP/LTU board.
o First version of the LTU firmware well advanced (DDR4, ICAP, Emulator, TTC-PON, GBT,IPbus)

o The consistency of the downstream latency between CTP-LTU-CRU-VLDB

tested.

o Downstream Latency CTP-LTU ~ 102 ns
o Downstream Latency CTP-LTU-GBT(loopback) ~ 307 ns
o Downstream Latency of the full chain ~ 590 ns

o BER between LTU-CRU tested.

o BER downstream ~ 101°
o BER upstream ~ 1014

o Measured of the clock jitter for ALICE-TTC PON system

Thank you
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Triggering Discoveries in High Energy Physics I

Upgrade of the
Readout & Trigger System

ALICE

ALICE Central Tigger Processor (Upgrade)

Backupl!

February - 1st - 2018
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Triggering Discoveries in High Energy Physics I

Upgrade of the
Readout & Trigger System

ALICE

ALICE Central Tigger Processor (Upgrade)

Backupl!

February - 1st - 2018
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ALICE




» Introduction (ALICE Upgrade)

Benemérita Universidad Auténoma de Puebla

Physics goals for ALICE upgrade ...

UPGRADE

---------------------- ] High Precision measurements : /)
* HF mesons and baryons LQW Pr
« Charmonium states _ High precision
* Di-leptons from QGP radiation and Central and
low-mass vector messons forward

_

Muon Forward Tracker

i
|
v T
—
-- Improve tracking resolution at low pr

-- Pb-Pb recorded

-- thinner more resolution. | 1uminosity: > 10 b1
-- Large statistics (new strategy and trigger system) uminosity: N
8 x 1010 events.

with high interaction rate. CERN-LHCC-2013-024

-- Increase readout rate.
- Reduce data size -- pp(@ 5.5 Tev) recorded
luminosity > 6pb 1>

CERN-LHCC-2012-012

CERN-LHCC-2015-021

gain a factor 100

- Write all Pb-Pb interactions at 50 kHz...

-- Preserve PID capabilities at high rate 14y 101 © S

-- Speed-up readout of PID detectors X events Upgrade of the E ﬁ

) ) . Readout & Trigger System PN Upgrade of the o

N Trlggered phySlCS: gain —— 8 Time Projection Chamber N

factor 10 ) I O

@)

(& 7 2

To Summarize: -- Minimum bias physics: BN - 2
W 2

i i

O @)
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D |ntrOdUCtion (AL|CE present detECtor |ayOUt> Benemérita Universidad Autbnoma de Puebla

~
=1
=

<\ ACORDE | ALICE Cosrmic Rays Detector

=

S

S
T

Pb-Pb|5,,,=276TeV

AD | ALICE Diffractive Detector

&

=3

S
T

DCal | Di-et Calorimeter

ITS dE/dx (keV/300 um)
g
g
T

@

=1

S
T

EMCal l Electromagnetic Calorimeter

n

=1

S
T

HMPID | High Momentum Particle
Identification Detector

ITS-IB I Inner Tracking System - Inner Barrel 1 9 D eteCtO rs

ITS-OB | Inner Tracking System - Outer Barrel

=]
S
T

Trigger
Tracking

PID
Calorimeters

MCH I Muon Tracking Chambers
MFT | Muon Forward Tracker

MID | Muon Identifier

S
Pir s

PHOS / CPV | Photon Spectrometer

TOF | Time Of Fiight

9060 06000060000 O0OO0O0O0S

- TO+A | Tzer0 + A
T0+C | Tzero+
TPC| Tave friection Chamber Central Systems  Tigger /DAQ
TR o e Dt o 4 Trigger Levels (Hardware)
V04 | Vzero + Detector o 8 kHz (Pb-Pb) Collision rate
ZDC | Zero Degree Caloimeter o 500 Hz (Pb-Pb) Max. Readout
R | ate

TPC efficiency

05 ALICE [n<0.8 (MC)

o Bl Designed to cope with very high charged particle multiplicities
5 I e Shtviainsii ll |=| O Ccllent tracking and particle identification of charged particles
9 over wide P+ range.

— 15=8 TeV
0.1 PP

P, (GeV/c)
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‘ GBT Downstream A Large lon Collider Experiment

ALICE

The downstream latency must be constant, after reset process * Similar structure o
for OLT/ONU

OLT in counter mode
Match Flag PHY-CTRL

;E Downstream Latenc [ Vet ﬂT Match Flag

‘ Il
Start
@ﬁ\ @ﬁ\ ﬁ End

OLT Match Flag ONU Match Flag ~ GBT RX Match Flag

Data _check

.01 .02 (mmm f8 .f9

.01 02 |HEE .01

OLT Core ONU Core

GBT_FPGA | O

OLT to o
Regbank GBT

OLT User
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@ Clock Jitter summary
Spectral RJ method

A Large lon Collider Experiment

CG635
/.72 ps 7 CTP
£y Si5345 - Out
I 1.20 ps

mmd| B

g

LTU Recovered Clock
From ONU
17.62 ps

LTU Si5345 - Out
1.21 ps

Out

B Clock quality mainly depends on last PLL in a chain but other PLLs can contributes with noise:

==
£

I BT B BT B T (I

B 5§ (3 . Y|

i

-
e

— = L

£
o B R Tl LLLLLLLTT

v G

.
Ld

ALICE

GBTx elink
9.21ps

CRU Arria 10 Internal PLL
See mazsi’s TWEPP talk [1]

CG635
CTP Si5345 out

LTU recovered clk from ONU

LTU Si5345 out
CRU Arial0O internal PLL
GBTx elinkO

See Marian’s presentation for more details [2]

Triggering Discoveries in High Energy Physics I

110.02 ps

17.21 ps
340.09 ps
17.42 ps

144.99 ps

/.72 ps
1.20 ps
17.62 ps
1.21 ps

9.21 ps

[1] https://indico.cern.ch/event/B0BSRT/contributions/2614130/ attachments/1522045/2378235/20170812-twepp2017-alice-cruclk-v8.pdf
[2] https://indico.cern.ch/event/B46273/ contributions/2624915/ attachments/1431002/2317610/CTPLTU_board tests PRRUDTZ017 pdf

February - 1st - 2018

91 fs
163 fs
88.85 ps
181 fs

13.67 ps

/.40 ps
1.93 ps
134.52 ps
2.54 ps

31.95 ps




‘ Experimental Setup (CTP-CRU)

LHC Clock
(LHC Machine Interface )

ﬂ IPbus software

OLR

IPbus software T

W T—‘- W
St et AN " @
IIIIIIIIIIII

Out

=
=]

E=={

g

Out ’l5'!\ OLT & ONU

Out

In @ Out
Out

oo
anen:

Ty
==

g

T
=

K OLT

=< cru - eINE

Microblaze
software

KCU 105 I

K OLT & ONU

B ONU

\ N - <c705
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P> GTH Channels (10 Gbps = 10G ethemnet) A Large lon Collider Experiment %
F2 F5 e

]

TX: MGT_X0Y09 ALICE

>> OpenArea =4736

MGT_X0Y12 MGT_X0Y13 MGT_X0Y14 MGT_X0Y1¢
FMC_CH4 FMC_CHS FMC_CH6 \/I( H \/

Notconnected

< < ~

MGT X016 || MGT Xov17 Ml MGT xor1s || MGT xor19 —
FMC_CH3 FMC_CH2 F X FMC_CHO

RX: MGT_XOY11

T6%o?

of

MGT_X0Y04 MGT_X0Y06 || MGT_XO0Y00 | MGT_X0Y02

fafal

(%)

L <+ v
A N\ N\ N\ A
MGT_XOY11 MGT_X0YDS MGT_XO0YD7 MGT_XOY01 MGT_X0Y03

v ol o ol

Peloer

Uiz

H
.. = = = A - = 2

OO

> Open Area - 4928
B

el (o)

>> MQGT_X0Y09 (Tx_diff_swing = 840 mV).

>> MGT_X0Y09 (Tx_diff_swing = 660 mV).
Triggering Discoveries in High Energy Physics I February - 1st - 2018

>> MQGT_X0Y09 (Tx_diff_swing = 390 mV).




P> GTH Channels (9.6Gbps = TTC_PON) A Large lon Collider Experiment

F2 F5

HLICE

d >> OpenArea=4736

TX: MGT_X0Y06

MGT_X0Y12 MG 13 MGT_X0Y14 MGT_X0Y15
FMC_CH4 FMC_CHE FMC_CH6 FMC_CH7
Notconneced

«

MGT_X0Y16 MGT Xorl7 Ml MGT Xov18 || MGT_xov19 —
FMC_CH3 C_CH FM ! FMC_CHO

i RX: MGT_X0Y04

fo%0?

£

9

MGT_X0Y08 || MGT_XOY10 MGT_X0YD4 MGT_X0Y06 |F MGIEXO¥00 I MGI X002
¥ v v ol o

& N\j NN NN A Y N\ A
MGT_XOY09 MGT_XO0Y11 MGT_X0YDS MGT_XO0YD7 MGT_XOY01 MGT_X0Y03

%6%% o a o

o v v ol o ol

—

>> Open Area = 4608

>> MGT_X0Y06 (Tx_diff_swing - 1080 mV/).

kit ®
= [

T =
s, .
7
i
4 5

il

)

>> MGT_XO0Y06 (Tx_diff_swing = 840 mV). >> MGT_XO0Y13 (Tx_diff_swing = 660 mV/. >> MGT_XO0Y13 (Tx_diff_swing = 390 mV/).
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@ Clock Jitter summary

A Large lon Collider Experiment

Spectral RJ method

ALICE

LTU Recovered Clock

From ONU GBTx elink

RF2TTC g
Local Osc. CTP QE
2.24 ps &y 55345 - Out ”
I 1.21 ps

25.88 ps 13.00ps

LTU Si5345 - Out

1.64 ps CRU Arria 10 Internal PLL

See mazsi’'s TWEPP talk [1]

Out

CG635 &=, LTU Recovered Clock |
/.72 ps ] CTP C“E From ONU GBTx elink
. €y 5i5345 - Out 17.62 ps 9.21ps
I 1.20 ps 2 . .
,, a2 j_ =Y 81623145 out CRU Arria 10 Internal PLL
5 £ P3 See mazsi's TWEPP talk [1]
Out
In

= e IR

Triggering Discoveries in High Energy Physics
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‘ClOCk Jitter A Large lon Collider Experiment

ALICE

Jitter categories

Total
(Tj)

S

Deterministic
(Dj)

™~

Data Dependent

Bounded, uncorrelated

(DDj)
Periodic Other bounded, Duty Cycle Inter-symbol
(Pj) uncorrelated Distortion Interference
(DCD) (ISI)

Clock jitter analysis
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‘ClOCk Jitter A Large lon Collider Experiment

ALICE

E\ What type of jitter each component is most likely to generate

The character of the reference clock is reproduced in the clock recovery
circuit at the receiver

The reference clock generates primarily RJ from the thermal noise of the
oscillator, PJ from spurious sideband resonances of the oscillator

The transmitter contributes to RJ from thermal effects and PJ from pickup of
EMI

The receiver generates RJ from shot noise. PJ and, another category called
Bounded Uncorrelated Jitter (BUJ) can be introduced through the EMI of
other circuit elements. BUJ is the repository for other types of bounded jitter.
The best example of BUJ is generated by crosstalk from neighbouring signals.

E Ref...[http://www.keysight.com/upload/cmc_upload/All/Clock_Jitter Analysis_
2008.pdf?&cc=FR&Ic=fre]
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‘C|OC|< Jitter A Large lon Collider Experiment

ALICE

Bl Explanation of BER-12 for Total Jitter (GBTx elinkO)

"“ TELEDYNE LECROY
E

5]

5 Timebase 0 psfTrigger 1% 158
16.0 ps/div 92 #/div 2 decades 200 ps/div Stop 136 mY
200 ps/div 50.0 ps/div 50.0 ps/div|; | 64 MS 40 GS/s Edge Positive
61.078 k# 61.078 k# | i
SDA Jitter Til(1e-12.0) Ri(spD} Di(spD) i L DDij BitRate
Lane2 145.00 ps 9.21 ps 13.67 ps 3 0 fs_40.0785 Mbit/s

Triggering Discoveries in High Energy Physics I February - 1st - 2018



‘ClOCk Jitter A Large lon Collider Experiment

ALICE

E\ Comparison of methods

Special background may cause that spectral estimate of gauss o fails, => Compare
available methods:

Spectral Rj method (spD)
Spectral Rj+Dj CDF fit (sp)
NQ-scale method (nonspectral) (NQM)

QExample of measurement on LTU Si5345 out

(10°12) 36.657 36.657 40.365 1.10
Rj [ps] 1.177 1.191 1.493 1.27
Dj [ps] 19.878 19.671 19.071 0.96
Pilps] 12.42 12.43 -

Triggering Discoveries in High Energy Physics I February - 1st - 2018



.C|OC|< Jitter A Large lon Collider Experiment

Jitter on free-running Si5345 (second one) which
emulates LHC clock for LTU in the lab

"\‘ TELEDYNE LECROY

Everywhereyoutook

-16 decadeg

-20 ps -15 ps -5 ps 0Ps ) PS 15 ps 20 ps

TIETrack ____JRBUjSpect _|CDFtotal | i Trigger () 219
1.57 ps/div 2.29 ps/div 95 #/div 2 decades! 200 ps/div Stop -1mV
200 ps/div 2.00 MHz 5.00 ps/div 5.00 ps/div|: | 64 MS 40 GS/s Edge Positive
61.126 k# 61.126 k# | :
SDA Jitter Ti(1e-12.0) Ri(spD) Di(spD) i DDi BitRate
Lane2 15.239 ps 1.064 ps 61 fs é 0 fs 40.0787 Mbit/s

If no clock present on input of Si5345 => it generates free running clock 40.0785 MHz

Triggering Discoveries in High Energy Physics I February - 1st - 2018



‘C|OC|< Jitter A Large lon Collider Experiment

SI5345 bandwidth /18 Hz -> 136 Hz

ALICE

m 5i5345-RevD-ATB_U27 inl - ClockBuilder Pro = @
ClockBuilder Pro s & SILICON LABS O Rj-1.2ps->1.19 ps
Step 14 of 18 - DSPLL Configure ¥ Configuring Si5345 Rev D
: D) -44.94 ps->3.76 p
Bandwidth The DSPLL provides the digital synthesis for D J . p S . S
Target Loop Bandwidth € 200 Hz | (Estimated Actual: 136.22 Hz generating up to 10 clock frequencies from a single
input clock frequency. It consists of a phase detector, P M 2 1 8 8 > 4 OO
ock a programmable digital loop filter, a high- D J - . p S - . p S
Lastoc performance ultra-low jitter internal VCO, and a user
Fastlock Enable @ on M configurable feedback divider.
—_— The main advantage of using DSPLL is its
Target Fastlock Loop Bandwidth @ | 200 Hz |\ (Estimated Actual: 136.22 Hz immunity to external noise coupling from power
supplies and other uncontrolled noise sources that
Input Switching & Holdover normally exist on printed circuit boards.
["] Enable hitless switching and phase buildout on holdover exit € The DSPLL will automatically enter holdover mode
when the selected input clock becomes invalid and
Ramping: Input Switching & Exit from Holdover |8 no other valid input clocks are available for selection.
The DSPLL uses an averaged input clock frequency

"\‘ TELEDYNE LECROY

Everywhereyouiook™

10 ps

!

2.39 ps/i 100 dB/div 50.0 #div 2 decades|| 200 ps/div Stop 0 mV

200 ps/div 2.00 MHz 1.00 ps/div 2.00 ps/div; 64 MS 40 GS/s Edge Positive
61.073 k# 61.121 k# ||

Ti(1e-12.0) Ri(spD) Di(spD) i DDi BitRate
20.780 ps 1.194 ps 3.755 ps 2 0 fs _40.0759 Mbit/s
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3 Vertical = Timebase I Trigger & Display # Cursors E] Measure & Math  |»* Analysis X Utilites = @ Support Processing: | 11| b Default: | 123°

b > . |
|
ns

28ns 128 ns 228 ns 328 ns 428 ns 528 ns 628 ns 728 ns 828 ns 928

Measure P1:ddelay(C1... P2:dt@Iv(C1.... P&co P4:--- Pbi:oo Plccs. BB B9:-- PO PtEco P20
value 104.9253 ns 590.9007 ns
mean 104.88820 ns  590.88456 ns
min 104.7619 ns 590.7905 ns
max 105.0308 ns 590.9988 ns
sdev 46.28 ps 30.98 ps
num 5.706e+3 5.706e+3

Tbase  -428 ns||Trigger (1) 18
100 ns/div|Auto  61.0 mV
40 kS 40 GS/s|Edge Positive

Browse

Report Generator File Sharing Print Auto Save Email & Report Settings

Ck nn s ; ;

downstream_latency_6.jpg

"=
JPEG - JFIF C liant i
LabNotebook Waveform | ompliant (.jpg) y Selected Folder Auto Naming
Area
35 _ E:\ctp_ltu_cru_downs\
DSO Window ‘ = =

Last Saved Image File

Print ¢
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@ Clock Scheme of the TTC_PON Multilink in “Proto_X"

A Large lon Collider Experiment

ALICE

, FMC_HPC_GBTCLK_M2C [120 MHz]
«— ONU_GTH_TXref_clock
— CPLL

' S15345 OUT7 _P

MGT _si570_CLK [240 MHz] —

OLT_GTH_RXref_clock =+—
QPLL1

S15345_0OUT6_P

<+—— MGT si570 CLK [240 MHz]
4—.— ONU_GTH_RX ref_clock

= QPLLO
S15345_|_OUT6_P

OLT_UserO OLT_Userl OLT_User8 ONU_User

Reitovered Clock 40 MHz
OLT core0 OLT corel OLT core8 ONU_Core BC_P_ONU

IPbus Control

i TTC_PON

sysclk_p,n [125 MHz] eth_clk_p,n [156 MHZ]
System clock Ethernet Ref clock Fabric Clock
S15345_|_OUT9_P CPLL

sys_clk_p,n [200 MHZz]

SI15345_I_OUT4
SI5345_1_OUT8_P
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@ Clock Scheme of GBT FPGA

A Large lon Collider Experiment

* GBT_FPGA Simplified Block Diagram

Xilinx Documentation

—> ug471
Y e [IBUFGDS is used
when an differential

input buffer is used

IBUFGDS as a clock input
Xilinx Documentation
—> ug576
The reference clock is

instantiated in software
with the IBUFDS_GTE3
software primitive in
UltraScale FPGA

......................................................................

Triggering Discoveries in High Energy Physics

ALICE

GBT_TX_FRMCLK 40 MHz
A

Reset Process

USER_CLOCK_P [125 MHz] _
w 125MHz &
USER_CLOCK_N [125 MHz] - _ DRP
IBUFDS GBT Core
SMA_MGT_REFFCLK_P (120 MHZ] _ 120 MHz
- - 120 MHz
SMA_MGT _REFFCLK N [120 MHz] _
IBUFDS_GTE3
SYSCLK_P [300 MHZ] - _
SYSCLK_N [300 Mhz_ - _
IBUFDS

oo
~~

G BT_FPGA CLOCK ————»  /

February - 1st - 2018




@ Clock Scheme of the TTC _PON Multilink in “Proto_X"

Large lon Collider Experiment

-
L

OLT_GTH_RXref_clock -
QPLL1
Si5345_out3

.
oo

GBT_TX_FRMCLK 40 MHz
A

USER_CLOCK_P [125 MHzZ] _,_>
Fabric clock (GBT)

Reset Process

GBT Core

Si5345 | out2 > &
DRP
120 MHz
120 MHz

MGT _si570_CLK [240 MHz]

OLT_UserQ

OLT _Userl

OLT _User8

OLT coreO

OLT_corel

OLT_core8

[Pbus Control

A A

iz OLT
zONU

ONU_User
ONU_Core

S,
-

GBT_FPGA clock——» /

FMC_HPC_GBTCLK_M2C [120 MHz]

3 ONU_GTH_TXref_clock
= CPLL

Si5345_out2

— MGT_si570_CLK [240 MHz]

L ONU_GTH_RXref_clock
QPLLO

5i5345_out3

R

]

covered Clock 40 MHz
BC_P_ONU

300 MHz

sysclk_p,n [125 MHz]
System clock
Si5345_ i outQ

eth_clk_p,n [156 MHz]
Ethernet Ref clock
CPLL

sys_clk_p,n [300 MHZ]
Fabric Clock
Si5345_ i_out/.
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Si15345_i_outl
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A Large lon Collider Experiment

@ GBT-FPGA Downstream latency
* GBT_FPGA Structure ALICE

The downstream latency must be constant, after reset process
GBT in counter mode Downstream Latenc GBT_RX Match Flag Match Flag
it

GBT_TX Match Flag  Match Flag

B GBT-FPGA Config:

Start End

@ﬁ\ @E\ RX & TX Lat-Opt
GBT Encoder

GBT TX GBT RX loopback mode

I\/Iatgh Flag  Match Flag MGT Ref: 120 MHz

RX Match |
Flag | :
4 . GBT_TX to GBT_RX |
Loopback

/ Pattern

Generator

[
[
[
[
[
I/
W
>
y
4
4
y

____________

5.
"""‘ A

GBT FPGA
: . “ 1-2 ~ 176 ns (- 4 ns of cables) ~ 172 ns

\ FPGA /
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@ TT7C-PON-- Clock scheme

A Large lon Collider Experiment

LHC Clock Si5345 OLT ONU CDR _ ALICE
- CTP_board CTP_board MMCM 515345 OLT (CDC)
LTU board LTU board LTU board
5 O e O g . MO g :
' g - 40MHz ' 240MHz g
40 MHz 240 MHz ‘Io T
240 MHz @ 5ync to LHC Clock
ONU RX _Clock
Si5345 LTU _board
@ ~syncto LHC_Clock
LHC clock
B OLT_Ref clk 240 MHz
]
2 sss3) I 5 V), - - - - -
'5 strobe Ji \ i \ f \ / \ / \ / \
ONU_RX_Clock 240MHz
_ Data_x(32b) - % %/ L X X ) LN
g Strobe_rx ,()'( / \ / \ / \ / \ / \
3
8 CDR 40 MHz I
5 o
OLT_Ref_clk_240 MHz [
S| data_after_cdc (32b) % Y X ) X X
strobe / \ / \ / \ / \

Triggering Discoveries in High Energy Physics
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‘ TTC-PON-- Clock scheme A Large lon Collider Experiment

Al TCF

* OLT

* 1 PON OLT device (SFP+ or XFP package)

* 1FPGA
* Deployed on Kintex7, Kintex Ultrascale

* 1 BCsynchronous reference clock (240MHz) for the
transceiver

* Optical Network
* Single mode fibers
* Passive wideband splitter

* ONU
* 1 PON ONU device (SFP+)

* 1FPGA
* Deployed on Kintex7, Kintex Ultrascale, Arrial0O

* 1PLL for Upstream Reference clock (120MHz)
+ Si5344
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’ TTC_PON A Large lon Collider Experiment

ALICE

o Binary BCH codes are good for correcting random errors with a relatively low

complexity [5] n-bits
o Systematic encoding: BCH(n,k)
o Four shortened-BCH codes o Main Figures of merit:

were evaluated: o Efficiency (k/n)

o BCH(40,34) o Coding gain
. Single-error
© BCH{BD’?E) correcting o latency
o BCH(120,113) _ o Timing
| Double-error
O BCH{lZD,lDG} d  correcting O CGIT‘IF]'EKH"," {area}

o Scrambling: signal randomizer

o Self-synchronous scrambling: no sync. overhead but error multiplication...
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‘ TTC_PON A Large lon Collider Experiment

ALICE

2. Block Error Correction Codes:
A. Hamming linear block error correcting codes.
B. BCH (Bose-Chaudhuri-Hocquenghem) cyclic block codes.
C. Reed-Solomon cyclic block codes.
D. Turbo Product Codes (TCP).

e This class of codes is a remarkable generalization of the

Hamming code for multiple-error correction.

e We only consider binary BCH codes in this lecture note.

Non-binary BCH codes such as Reed-Solomon codes will be

discussed in next lecture note.

e For any positive integers m > 3 and ¢ < 2™~ !, there exists a

binary BCH code with the following parameters:

Block length: n=2"—-1
Number of parity-check digits: n—k <mi
Minimum distance: Amin > 2t + 1.
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@ ONU & OLTs Temperature measurements. (Proto 1) A Large lon Collider Experiment
ALICE

Temperature test for OLTs and ONU (ELMA box, room temperature ~ 20°C)

PROTO 1 (IN ELMABOX)

——— SFP2:LTF7221-BC / NB64C000002 —@— S5FP5:S0GX6292-P5GB [ 65811164400016  ——a— SFP6:LTF7222-BC / M754BG00007 SFP7:30GX6292-PSGB [ 65811164400019 = 5FPB:S0GX6292-PSGB / 65811164400012

—#— SFPS:LTF7222-BC / M754BG00002 —+— SFP10:50GX6292-PSGB [ 65811164400015 ——=— SFP11:50GX6292-PSGB [ 65811164400009 —=—— 5FP12:50GX6292-P5GB / 65811164400003 — — —LIMIT

TEMP °C)
218

12:00 12:18 12:37 12:56 13:14 13:33 13:52 14:11 14:28 14:48 15:07 15:25 15:44 16:03 16:22 16:40 16:59
TIME
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@ DDR4 Memory Interface -- Clock scheme
Block Diagram Simplified

'II 5 et ‘Internal Control”
> ,’/ Data (32b), Address (32b) Address(32b ; Info(136b \‘“
S Wr_Ctrl (1b), Strobe (1b) 5 Carfiral New ra/wr (10| Word Build nfol L Info(156b ) >
,  (IPbus_slave) {gr rd/vvr(lb)' > Write Wr_en(1b )= > Eth\AgMbUff Valid(1b) _ Internal Clocks
Status (32b) | | Statusi(3b) Rd_en(1b) B3 |Pbus Clock
e < A Y P — DDr4 @i@
D P i . < R S - 9 Operations 58] (32 mnz)
rror D
> |le v N Queue (e
g'g g5 | r . Data st (8b), DDR4 Opera.(3b) @ DDZ?OCk
5 |8 Operations ——— e
S I Rd FIFO L Info A perations DDR4Clock
321 v w - < = g Sche.
o 1Info156b) ity I — e
< " _valid{1b) 7 @
Word Build |1 lvaliddb)  128b < R
External Clocks | Read < fullib) {8 (8 «— Rd_en (1b) _ 212 |58
rr-r < ik | ! < i) NS
e o Ext_rd _buff S EE
ra_en — 4=
Ethernet ( 156 MHz)) = " DPM - Y vYyvYyVvY
. Y « » empty(1b )_ L‘gj
IPbus Slave 7y o a0h
I P addr (300) DDR4
e |a |2 trg_r(1b)
= MI_Interface
O
. 8
sysclock (125 MHz.) Q“< 4 ; a2 |5 o
QIO Q) r@r — =
# Read data Handler 8- W(1b g 5|8 = EREBR
|~ a ) =3
gatat127b) R[5 [2 |5 SIEFE
== g - o g [—
\ A 4
DDR4 _clock (300 MHz.)
) i . Xilinx Interface
— = i Controller
‘ | WG| — ;
= = B S
i
. FPGA Kintex UltraScale
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