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G Belle Il 528 A5

Belle 5246 (JIUR+TH 7] #8+TDC+iE HY )

sl _l Main coverage by “DAQ”
e A « Data flow: signal digitizer -> storage
clock dockFi0 |  + Timing: trigger timing distribution
S ToC eyt Reardt prem— Belle Il Preliminary DAQ Structure
detector 00 Readout Em
frontend PC builder _ . e .
: . £l Global DAQ Design R, e
detector _s| Readout | J 3 o ~500 COPPER
frontend | TOC > pc . — = 0.1M chan. : S 250 R/IO PCs HLT farms
m 2 Analvsis P —— ‘ = ~10 units of
BE B o A S GbE/ ~150 cores/unit
s a i —|R/O 10GbE T
= e - -
. /. - Y —_— =
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e Belle Il DAQ : vol | 8
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Iy R/O -
F, 2 e
— H74F- 55 /COPPER Neardgtector 1 el G
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e BESIIl experience/Fiber + SEDES
e All FEE will be redesigned
 COPPER is kept at KEK
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250x 768 N
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77777 clea
768 MPI r total ¢
rows e reado!
250 : I Switcher
cols B I HD o VPl
s | | s 5
70 BN DHH @ I 1 gol
lII Slow Control (TWP) &
e \DHP DCRY ical ] o
(85) ta S Trigg
2@
o’b
mm Patch Panel JTAG I Slow
Data —
Va
Pa;c:;earnel Power cables %&
total of 240 Gb/s ! LMU/BN Lmu/

o HHEE R K
— 240Gb/s
— K-TBelle Il

» [E46%]1/10
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TUM (inf)

=it 5L A

6.4Gbps * 4 * 10

& Options for the PXD DAQ =
R
I(a[;:tonflex + TWF Eﬁxcﬁl IHEP/ ROI's
: Giessen
‘ DEPFET | DHP i ATCA g ,
i Data handling System o)
on detector hybrid data"
- HLT or
é Belle I
— SVD/Copper _ Eﬁ_
Builder
-—— CDC/Copper ﬂ

Option 3: No ATCA system, PC for each DHH instead (no SVD data)

C. Mlesing, Znd PXD-DAG-Meaing, Grirkersp, S2p 25-28, 2010

Z-A LIU, SCE2015 Hefei

16



Ju.154 CPPF in CMS Trigger Phase | Upgrade
* CMS & %5i1.6Gbps -

- WARZ WMANFHKAHE
¥ 10Gbps \‘

\
e CPPF: Concentration,
Pre-Processing, and Fan- 1.6Gbps |~ Optical
Out \\\ :
\ CPPF I
* Components \| | ®P-Pre+cPPF | |
- PatCh Panel(PP'Pre) \\ Modules + ,' TwinMux
for fibers from RPC-LB \ PP-Post) | |BEESEEE
of 1.6 Gbps i
I
— CPPF modules (Key Spl_totr;tiscagll/w j PP
Module) -
— uMTCA shelf + Power
+ Shelf I\/]anager + Endcap Overlap Barrel
MTF MTF MTF

AMC13

— Patch Panel(PP-Post) W
for fibers to Endcap x
and Overlap MTFs — -
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CPPF Board Prototype Design

SR

— i \: Four 12ch MiniPoD
| (1.6Gbps/10Gbps, total
| = | 76Gbps/480Gbps )

" i3
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-- XC7K70T-2FG484C
— Flash

- PC28FO0AG 1§
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Processing)

MT41J64M16(
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AR (FHA) ATCA?

The group of experimenters includes several major laboratories representing
different fields of use and a range of applications.

= Active programs are showing up most notably at

OtherYaboratories

- ILC, IHEP, KEK, SLAC, FNAL, ANL, BML, FAIR, ATLAS at CERN, AGATA, large telescopes,
Ccean Obsenvabones

Investigating ATCA solutions for future upgrades
— Bath the CWS and ATLAS detechors

Setting up prototype experiments to test its potential
- ILC and ITER

ATCA is being adapted without significant change as a platform for generic
data acquisition processors requiring high throughput and bandwidth.

Most of these programmes put the emphasis on High Availability

17 8. Gongalves | Fans, February 2, 2008 | NI - Big Physics Round Table
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Power
— High Performance Compute . 7 Supply
Power: Gbit Ethernet (x5 / 35‘,
o = Full mesh
e 5x (Virtex-4 FPGA + 2Gb optical linkixe) Neighbor link
DDR2) PHY (x5)

S FLASH(x10

— ~32Gbps Bandwidth :

* 13x RocketlO to backplant FPGA (x4)

+ 5X Gigabit Ethernet ues B G

* 8x Optical Link — : — | Supply

— 2 Embedded PowerPC in EEL W |
each FPGA

* Real time Linux

— ATCA compliant

P P AA

— SRR R AR s vt
e AT BE T 5 T-ATCARIFPGA T fei 14 RE AL B AR
25
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— ATCA + MicroTCA

o SLAC JT44 FH MTCAXT 3km FE T~ H.£&
TNk 28347 58 8T
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|
wx

s ELZ A FE AL

Penetrations Scheduled Operating Hours: 6500
Cable & Plumbing
Waveguide Weight  Availability Unscheduled
LLRF, Controis m&‘aut& ¢ (hours)
Protection Racks e~ Inj, Source and Linac 1 0.99 66
Charger e~ DR and Compressor 1 1 (.99 686
— e~ Booster Linac and Comp. 2 1 0.99 66
Main Modulator ¢~ Main Linac 3 0.97 105
KV Pulse Transformer e~ Final Focus and Dumpline 1 0.99 66
T, Subtotal e~ n‘!achinm: T 1 458
I e~ Inj, Source and Linac 1 0.99 il
LO0.Chier e+ Source and Linac 1 0.99 66
AC Swachgear et Pmdamping R,mg 1 0.99 ) i)
% et DR and Compressor 1 1 0.09 56
::lusl\:tim: et Booster Linac and Comp. 2 1 0.99 66
System et Main Linac 3 0.97 66
Ding: J. Liebbiz ¢t Final Focus and Dumpline 1 0.99 66
AR Subtotal et machines: 9 1 589
Main Comtral Totals: 16 0.85 1047
Cluster

rrrrrrr

o TN —ARIE-E bR B RHENL
(ILC)E R

S,
S,
i,

», — SHaHZE (high availability)

o BHHESAEE (>500Gbps)
R o FEIIFIEATCA/MTCA ?

~ Netwurk — HA ~99.999%
T === Ethernet (Fuet Imbedded) .
e — B 10Gbps

Linac Sector



ITER BRI A% 58 A2 T
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Control and Data Acquisition in fusion:

towards ITER relevant solutions

VME PCI ATCA

«ISTTOK -JET -JET
-TCV
-TJ-I
-TCAIBr

MAST
e «ISTTOK
STy -r_
| Compass

ITER LIDAR
concaptusi cesign

Control and Data acquisition activities build upon Fusion specific needs

18 8. Goncalves | Pans, February 2, 2008 | NI - Big Physics Round Table

L-A LIU, DLEZULD HeTel

28




Why xTC

ATCA TR 5 : =, = T
— =8U, A&EH 7 :
— B JE R

- WHEXTWREES
— A E UG (HAD
- WKAERES..
MTCAGHR 53 :

— B JR AR

- WHEXTWREES
— B E XA (HA)
- A ERIES..
AMCIR 53 :

- HHK? o —— VIR TN fw
- R SRR 5 0
- A5 EME X

- .. nmmm) | SEHPRAE: XTCA for Physics
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XTCA for Physics MM ARHEZS 2

POl INDUSTRIAL complilgﬂ‘m hé.:uurmunluﬂ GROUR 2 009 £Z 3 H 1 O EI %E P I C M G
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xTCA for Physics K=

200745 H 1EFNALZS —{XATCA workshop

20074E5 H |EEE RTO7 ATCA it

2008 M1 18 B HT b v B AT AT 1k

2008F-10 H 7EDresden s — {XATCA workshop
20084F10 F IEEE NSS ATCA & /i

200945 H & HE T 28 — X xTCA workshop
20094F5 H 5 BE AT IEEE RTO9 ATCA £
20104F-5% %] F L H A 55 U Yk xTCA workshop
20104F5 H % %] 4 L HAS IEEE RT1 xTCA &
20114E10 A 1 A ¥E 2 FLAE P P 28 FLYRXTCA workshop
20114F10 H 7E P HE F FLAE PE E.NSS/MIC xTCA 7t
2012 Berkeley/2013 Desy/2014 %= B 17} <=
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CCTSHY % 25 %

« HATAEHBRE ~HEARTIRHEIES

e XTCA for physics
— Extensions to specifications T} SCAS { i BL
— Guidelines %1148 5|
— Open source solutions F 5 B4 H) 2 ]

— Building on existing XTCA base under PICMG rules &
HE PICM G AR NI 4] S XTCA By 58

— Spec approval by PICMG membership PICMGfi% i1 55
iz

— Collaborating with industry for product development

& support TV A= & 1F




XTCA iR AT na H &

© 0N

XTCA Coordinating Committee Meeting Agenda
Jul 30, 2015 0700-0800 Pacific Daylight — Live Meeting

Call to Order — Chair Ray Larsen
a. PICMG Patent Call — Secretary Gus Lowell
b. Roll Call, member changes since last meeting — Secretary
c. Approval of Minutes of last meeting — Secretary
Review of Purpose & Scope of Coordinating Committee — Chair Ray Larsen
3-slide reports from Technical Subcommittees
a. Hardware WG (Timing, Synchronization & 10) — Chair Robert Downing
SOW-Roadmap-Progress
b. Software WG (Interoperability, high availability guidelines) — Chair Stefan Simrock
SOW-Roadmap-Progress
1-slide reports from Lab members
a. DESY
b FNAL
c IHEP
d. IPFN
e ITER
f CERN
g. SLAC
1-slide reports from Industry
- Submit single slides in advance to larsen@slac.stanford.edu
1-slide report from PICMG, MTCA Summit etc
New Business
Next Meeting Topic Suggestions

Motion to Adjourn
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Status Report DESY

URTM’s:

RF receiver: soldering
Test board for optical fibers: ready
Pulse shaper: in production :

2y

Next step:
IPMI software for uRTM

28. Oct. 2010 Kay Rehlich, DESY

2015/08/19 Z-ALIL, occcvas i

Two AMC’s ready:
Full MTCA.4 specs

Status Report DESY (2)

Sehroff & slot

JAVA application to
Display management data
and control system integration.

Eof :Jf il of

\. WMWY NI
- Y
" 13

m ] efe

Two shelfs according
to MTCA.4 operational

28.0ct. 2010 Kay Rehlich, DESY
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SLACIH f&

MTCA.4 Development Platform (SLAC)

Power Unit MCH Processor

MRF GbE
10psec Receiver
on PMC Carrier

¥~ Fan Cover

MTCA 4 platform
proposed for major SLAC
Linac controls upgrade

Interim Timing System
»Micro-Research PMC Event
Receiver (EVR) on double

?LSST- Large Synoptic Survey Telescop

»” ]

-

<
us
S)

Wi

el AL SLAC xTCA Update - R. Larsen 10;
¥ B ™ e

NATIONAL ACCELERATOR LABORATORY

2015/08/19

tir

Generic Massively Parallel Processor & Hub Switcher 0.5 Th/s Throughput System

10 Gbps Channels — Courtesy M. Huffer, SLAC I\
el AR SLAC xTCA Update - R. Larsen 102810 - -
9 o 0
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Ongoing XTCA Development at IHEP

 DAQ R&D for PANDA at GSI, Germany
— Ver.2 of Computer Node (CN,ATCA) successful
— Demo system established
— Moving to XTCA( xTCA Carrier + AMC)

 PXD/DAQ design for Belle Il at KEK, Japan
— XTCA Carrier (layout)
— AMC with FPGA+4G Memoriile | 155 T

» R&D for LUMI at IHEP, Chinjfesal -

— newdesign




| Ongoing XTCA Development at IHEP |

Power
3 Supply
IPMC DDR2 Memory
Gbit Ethernet XSja '
I Full mesh
Optical link(x8) Neighbor link
PHY(S) Switch
FLASH(x10 EBEA
Processor e <«—Base Ch ; ¢
FPGA (x4) . @5
‘ Power
Versio — o \ Supply
Ver2. ATCA CN
AMC
il <3 XTCA Carrier with AMC 2
"" “I a € iﬁﬂ/\ﬂﬁ%& =
2015/ - o Z-A LIU, SCE2015 Hefei 37



Ju.4915 Application in PANDA TDAQ

* Compute me -
Dristribution
lllLlJ.lI.Hll.lllL TPt irrirtl

NOde In Erontend  |[SIEIE S S ESEE| S e neric Fr'c:nliand
Concentrators’
ATCA,

later in
XTCA L1 Metwork

Feature
Extraction

.l”;:u nfigurakble

/High Speed
| Network

X I I | ¥ ¥ F ¥ ¥ W
B MNetwork High Speed Network

| | | |
Setattion | Hvent Sefleqtor Fprp |

- Mass Storages
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714516 Belle 11/PXD fi & £ 48 & 4 S50 Ji P

\‘_\\\
PXD) —PXD " Kaptonflex

Data handling

- hybrid (DHH)
SVD —
- —
/ Optical
< .
vSVD/Copper o e&‘&o link
© AN
[y
Switch ® -
SVD data ATCA
System
SVD data
Y
=)
= PXD data )
{"“ (reduced) Data reduction

v
remove N
background e i
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System on Programmable Chip

MPMC Module Interface
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ERatio = MaxEofNeighbors — fERatioCorr ERatioCut = fCutSlope x (NumberofNeighbors — fCutoffset)
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2D Address Data._ BUffer Read Data
* Read Address
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Event Gen. | Software :: Hardware
.CXX : ¢ ISE and
— i: ModelSim
/ Data extraction | : : ClusterFinder
) .C macro o
Event reco. : Vhd
.CXX A 4 D -
: EMC data : | Data in/out module !
PandaRoot asic format | :: vhd Run Par. Statistic
: framework i vhd
; Result analysis :
.C macro
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Development of MTCA/xTCA/ATCA based
instrumentation for particle physics

at IHEP
* ’ } PICMG’
TIPP2014
Amsterdam, Netherland, June 2-7 2014
Zhen—AN LIU

Triglab/IHEP Bei jing
Member & Officer PICMG/xTCA for Physics Committee




Outline

* Overview of xTCA for Physics
» Activities in IHEP/TrigLab
— ATCA complaint
— MicroTCA complaint
— XTCA complaint
— IPMC and MMC
* Applications
— PANDA TDAQ
— BESIII Luminosity Readout
— Belle Il PXD-DAQ/SVD-DACO
— TREND FEE and Readout
— LLRF R&D
— CMS Mu Trigger concentrator

* Summary

y‘\ \ ©
i€
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XTCA workshops

International Linear Collider, XFEL
— 2004 - ATCA, MTCA intro paper NSS-MIC, Rome

— 2005 - ILC Snowmass Conference + Availability Workshop @
Gromitz on ATCA for high availability

— 2007 — 1st xTCA workshop, IEEE RT2007 Fermilab
— 2008 — 2nd xTCA workshop, I[EEE NSS-MIC Dresden

— 2009 —xTCA for Physics subcommittees formed under PICMG
open source telecom standards ~200 vendors

— 2009 - 2013 - IEEE Workshops 3-6 at Beijing, Lisbon, Valencia,
Berkeley, DESY (1st & 2nd DESY workshops)

— 2014 - 7th Annual IEEE Workshop Nara Japan last week, 3rd DESY
workshop Dec. 2014
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Activities in IHEP/TrlgLab MicroTCA

* Single Width AMC
— Type 1 for trigger

* Discriminators

— Type 2 for CN
Virtex 5 XC5V50T
4GB DDR2

* 1 Ethernet

e 2 SFP(3 Gbps)
— Type 3 for DATCON

* Virtex 5 XC5V70T

* 4GB DDR2

* 1 Ethernet

e 4 SFP+(6.4 Gbps)

2015/08/19



Activities in IHEP/TrigLab-MicroTCA

e Double Width AMC

— Type 1 for LumiMonitor
e Up to 6 Signal inputs
2 delayed signal/clock

Virtex 5 XC5V70T data
processing

2GB DDR2 data buffer
1 Ethernet output
1 SFP(3 Gbps)
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Activities in IHEP/TrigLab-MicroTCA

e Double Width AMC

— Type 2 for GPS timing

e Add-on GPS daughter
board

* Fine timing for tagging
* Spartan 6 processor

* Trigger inputs

* USB ports

2015/08/19 Z-A LIU, SCE2015 Hefei 64



Activities in IHEP/TrigLab-MicroTCA

e Double Width AMC

— Type 3 for LLRF

* 4 ADC inputs
— 120Msps

1 DAC output

Virtex 5 XC5V70T data
processing

2GB DDR2 data buffer
1 Ethernet output
1 SFP(3 Gbps)

2015/08/19 Z-A LIU, SCE2015 Hefei
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Activities in IHEP/TrigLab-MicroTCA

e Double Width AMC

— Type 4 for TREND

e 2 ADC inputs for
antennas
— 250Msps

* Virtex 5 XC5V70T
data processing

e 1 Ethernet output
e 1 SFP(3 Gbps)
* USB ports
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Activities in IHEP/TrigLab-MicroTCA

e Double Width AMC

— Type 5 for TREND

upgrade/GRAND
* 3 ADC inputs for

antennas
— 500Msps

1 ADC for Sci.

* Virtex 5 XC5V70T
data processing

* 1 Ethernet output
e 1 SFP(3 Gbps)
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Activities in IHEP/TrigLab-MicroTCA

e Double Width AMC

— Type 6 for CMS TRG
upgrade
* 48 1.6Gbps inputs

e 24 9.6/10Gbps
output

* Virtex 7 XC7V485T
data processing

e Kintax 7 for control

* 1 Ethernet output
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Activities in IHEP/TrigLab-xTCA

PICMG 3.8

ATCA Carrier AMC Board él B,
— 1 Virtex-4 for Routing(13 backplain)
— 2 GB DDR2
— Host 4 AMCs
— JTAG chain

Add-on Power board

— Power converters
— Jtag Port

AMC

— 2x Optical Link (6.4Gb
— 1 ethernet Panel |
— 2 Embedded PowerP
— Real time Linux

RTM

— Replacement of panel signals
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IPMC/MMC design

Redundant IPMB-0 " "ATCA Board

| e « ACBA:

201

5/08/19

IPMC

« AMC:MMC
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Activities in IHEP/ RTM
IPMC

— Power management

— Temperature monitoring

— Voltage Monitoring

— Communication with MMC

MMC

— Power management
— Temperature monitoring
— Voltage Monitoring

RTM for PICMG 3.8
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Outline

* Overview of XTCA for Physics
» Activities in IHEP/TrigLab
— ATCA complaint
— MicroTCA complaint
— XTCA complaint
— IPMC and MMC
* Applications
— PANDA TDAQ
— BESIII Luminosity Readout
— Belle Il PXD-DAQ/SVD-DACO
— TREND FEE and Readout
— LLRF R&D
— CMS Mu Trigger concentrator

* Summary
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PANDA EMC TDAQ development System in PANDA

Second Stage

Read Out
Module
Read Out
Module
Fiber optical links
Read Out
Module 150 Crystal/Module  10‘€ompute Node . other detectors iitfo... , ...-
Barrel EMC:76 f"Module @~ T[eeeeeeeeee soDA T
SODA SODA
Barrel EMC: 11360 crystal Max. 5 ADC module/Data Multiplexer . . ...
s o SODA: Synchronization Of Data Acquisition
Q 3
< o
8
2chAsIC B o ox1Ghis I
30 Crystal +60 APD 30 Pre.Amp ASIC  120ch/module  Optical link Optical link

1. Sienal Feat tracti 1. Clustering 1. Correlation
= | |.gna ca u.r € extraction 2. Cluster Properties 2. Physical parameters
= (Time, Amplitude) . )
| 5 Data 7 . extraction calculation
- vata £ero suppression 3. Pattern recognition 3. Event building
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Application BESIII LUMI

e Successfully running for one
year
— Prototype of xFP card

— A full-size, Double-width AMC
module

— Embedded system designed

— Open source Linux system
— Luminosity IP core

— Web slow control
— MTCA complaint

Slow Control part:

Webpage
7,

rocessing board
2015/08/19

-ALJU,_SCE2015, Hefei
7e, doubfe-widt%’:AMC mEo u?:‘ee -




 PXD/DAQ design in DEPFET Colaboration
aimed for Belle Il at KEK

Trigger

ATCA/ONSEN >
PXD / )
DatCon EVB
/ \ 4o ¥ Tape

SVD

other | Belle2Link E;’lB_, HLT —>
detectors

Computer Node compliant to xTCA
specification in both MTCA and ATCA

shelves.
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TREND
o All AMC/MTCA/ATCA composed system

e Site test successful

ne Site -~
| 0 Sit \
| b%
| Y
: Self-Triggering ' DAQ An];?;;;s <>
: Front—End (tw;lith ezrr;d — (with 3rd —) Disk
: 88 trigger)
I
I
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What is xXTCA?

ATCA(Advanced Telecommunication Computer
Architecture)

— High speed 10 interconnection up to 10Gbps
— High availability HA~99.999%

— System intelligence management
MicroTCA(MTCA)

— Have advantage of ATCA

— Half hight of ATCA, compact system
AdvancedMC(Advanced Mezzanine Card )
— Filed Replace Unite module(FRU)

XTCA for physics: new standard formed xTCA CCTS
committee under PICMG which admits some of
ATCA/MTCA/AMC

XTCA for short



XTCA features

 ATCA & MicroTCA Unique Features

— ATCA board, shelf is first modular computer architecture with
completely serial multi-Gbps backplane

— Serial ports are bidirectional pairs in star or mesh topology

— Serial bit rate of one port at 2.5 Gbps exceeds data rate of
parallel bus backplanes, e.g. VME 32/64 bit word at 10 MHz =>
320/640 Mbps (now 2.5G=>10G=> 40 G)

— Architecture based on FPGAs with imbedded SERDES Tx-Rx,
LVDS balanced logic

— High processing power of single ATCA card (Blade)

— MCH enables module to any other module communication
— Special low jitter switches for clocks

— Dual redundancy MCH, Processor, Power Units - optional



XTCA Standards — Hardware Extensions

e Rear Transition Modules
— ATCA Card => PICMG 3.8

e Zone 3 area defined but interface left to discretion of vendors

* Severely limits interoperability of vendor modules
* Physics developed ATCA Standard RTM Interface
* Fabric, power, JTAG, IPMI, managed from ATCA

— MicroTCA Double-Wide Card => MTCA.4

MTCA.O defined double-wide AMC but not Zone 3 or RTM
mechanics

MTCA.4 developed new crate, RTM, interface, cooling
Fabric, power, JTAG, IPMI, managed from AMC
RTM hot-swappable
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JURENESZ

NFS Server

NFS Server

COPPER
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Transceiver 16in640ut
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PEl phodetectors promizing

technologies
* SiPM/MPPC-DSiPM B Large Area MCP's

Silicon p Photocathode
MCP 1
Rioe: 72 ] s om MCP 2
T T

Depletion
Region
2 um

4 Anode
striplines

Upias ~S0V

Dual-end
readout

LAPPD Collaboration
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Exemple of Conceptual TOF-PET architecture model

Front End

cIIck

Read-Out/DAQ

. Filter
Pixelated /\
Fast Pulse
Low noise Shape
Low Digitizer
power

L 28 28 2B JB
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TDAQ = Pipeline Architectures

LHC Future PET
40 MHz 1 j T f
COLLISION RATE | DETECTOR CHANNELS T
— Digitisation %—.Htjtj s
L g oy
Charge  Time Pattem I |
40050 KHz T T 2llz
1 Terabit/s [l Sy | ﬂm ---------- t
READOUT Pipeline e
50,000 data RS
channels || [INa /™~ = a
500 Gigabit/s | SWITCH NETWORK zslzlzll=
| | Event builder = ===
100 Hz 3
FILTERED fﬁ?{d — /ﬂ]{d T
GigZTJEitrE Computing Services " gg
SERVICE LAN 2 =
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