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I Transmission RF des front-end

A 3D VIEW OF RF COMMUNICATION STANDARDS RF COMMUNICATIONS FUNDAMENTALS
w o 2 - AN OVERVIEW OF MODULATION
2 252 b s 1
S 2230 q > Digital modulations:
T T—=F 10 ndb || 5 Voltage T, —
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DATA RATE Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018 | 26

Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018 | 16

Une placesag gre :
Transmission inter-carte
pour remplacer les
cables

Constellation diagram Time domain waveforms

Q (quadrature,

imaginary part)
sin (t+37/4)—01| sin(wt+7/4)—11 1 I
C e o A NS
Ao
{ iyl .
\ (in-phase) f\ AVA'AY Signal
B o< _| +o[D 1100 | 01 110 gétquence
sin (0t+57/4)—00Isin(wt+77/4)—~10 A B € D Symbol

We have constructed four vectors.
»One vector position in the complex plane codes 2 bits



I Transmission RF des front-end

PYil RF COMMUNICATIONS FUNDAMENTALS
= AN OVERVIEW OF MODULATION

Complex modulation schemes 16-QAM
Q
. r' N
4 q-axis 0000 0100 | 1100 1000
[ Qo
¢ 01 00 e 0001 0101 | 1101 1001
%45’ ® ®
B >
|-axig
\ : ® o o o
011 104 0011 0111 | 1111 1011
% 5 ° °
0010 0110 | 1110 1010

Figure 1. Constellation View of QPSK

16-QAM 64-QAM 256-QAM
4 bits/symbol 6 bits/symbol 8 bits/symbol

Ecole DAQ Emergeants| Cedric DEHOS/Jose Luis GONZALEZ | 12 Novembre 2018 |29
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I Transmission RF des front-end

FROM RESEARCH TO INDUSTRY

Ccatech Multi-Gigabit Wireless Data
Transfer for High Energy Physics
Applications

It is a bit freaky with this
wireless technology.

WADAPT Collaboration

www.cea.fr

leti z List cedric.dehos@cea.fr

B Wadapt: “Wireless Allowing Data And Power Transmission”

m Objectives:
== Definition of the needs of data connectivity for particle-physics detectors
== Evaluation of the wireless technologies for data and power transfer
== Hardening, specific design and prototyping

E Consortium
== CERN, European Organisation for Nuclear Research, Geneva, Switzerland
== CEA/DSM/IRFU, Gif-sur-Yvette, France
== CEA/LETI, Grenoble, France
== University of Heidelberg, Germany
== University of Uppsala, Sweden
== University of Bergen, Norway

== Argonne National Laboratory, Argonne, USA
| 11 == Gangneung National University, Korea




I Transmission RF des front-end
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. Impact on the measurements
«  Multiple scattering and nuclear interactions
« Dead-zone areas
« Impact on the installation and the operation
« (Cables and connectors are fragile
« (Cable path is not so flexible
«  Design constraints




I Transmission RF des front-end

Why Wireless ?

= Minimize material budget of cables/connectors
Limited radiation length because of massive services in region between Barrel and Disks

= Axial readout induce important latencies
Direct communication between layers (radial readout)

=  More flexible transceiver placement
= Point-to-Multipoint links, interlayer intelligence
= Data follows event topology enabling fast triggering

r R = 1082mm /\
TRT { T Outer enclosure /
L]
| _ layer3
\ R = 554mm ! | ==
R =514mm Layer 2
R =443mm —
SCT
R=371mm
R = 209mm e | Layer 1
—_—
high p; track
R = 122.5mm
- { R= 50.5mm - Wireless readout principle
v B (R. Brenner, Uppsala Univ)
Q‘,{ C | right: d l 6




I Transmission RF des front-end

PRBS 8b/10b

60GHz TRX package on test board
9dB horn antennas

3cm range

Oscilloscope eye and jitter analysis

© CEA. All rights reserved




I Transmission Optique

Context:

In 2016:
- 1200000 petabytes have been exchanged worldwide
- 49 petabytes have been produced by LHC experiments

but who is feeding the network ?

Content

,Broa dband

Access Networks

Internet Backbom
Natworks

Content
Networks

Imarml Eackbona
esearch
Enterpﬂse ; ' Networks
Networks
Internet oxdnnge and

Interconnection Points
Data Centers and Research,
Education

Enterprise
P and Government
Facilities Otter (1.6%, 1.8%)

W Tatiets (3%, 3%)

# PCs (8%, 5%)
-V (12%,
-

Billions of
devices
® Smartphor

- M2M (34%, 51%)

12 Nov 2018

Ethernet in
the First Mile

Backplane
Ethernet

Data Center
Ethernet

Carrier-grade
Ethernet

Edge
CrossConnect Roter/Switch

ROADM
e I . v

Data Center Service Provider Office/Home

Bit Rates vs Standards

X10in 4 yrs

OTN evolution Y =7
for Ethemet lranspon y

OTN Recommendation | 709 OTN 0TU4 - 2V

ITU-T Standards

X10in >10 yrs
© 400GbE

_ G}P‘s “40/100GbE

7 D 8023 Etherm 10GbE transport options I
GbE IEEE Standards
?FE 1 1 1 1
fgg§/./' 2000 2005 2010 2015
" OTN - WDM and TDM

' Ethernet — Packet Multiplexing

1990

| SDH - TDM

12 Nov 2018



I Transmission Optique

IEEE802.3ba Ethernet Roadmap

https://ethernetalliance.org/the-2018-ethernet-roadmap/
Backplane E 1
Ethernet

100 Gb/s_

TO TERABIT SPEEDS

107

1
400G
2006
100G
506
256
106 4

2000

Link Speed (b/s)

2010 2030

Standard Completed

2020

@ hormt spsed (D) spesdin Deveiopment - }possie Futur sposd

12 Nov 2018

2018—2020

Ethernet Interfaces and Nomenclature

10BASE-

T00BASE-

Twisted  Twisted
Pair
aPain

Pair
(4 Pairy

TIS/TIL

Prysical laper
Bk

40 Qigab Einernst 100 GIgau: Eshernet

n

00GEASERPL

1000BASE-

7 mves tainas copper catle

2.5GBASE-

30 m aver “Cat 8" tavsied pan
100 aver OM3 HIE.
e

SGBASE-

2k ower SWF. s
10 8m over SaF

10GBASE-

40k over SMF

25GBASE-

25GAUI CR/CR-S

SR

40GBASE-

XLAUI

SR4/eSR4

50GBASE-

LAUI-2/S0GAUI2
50GAUK

100GBASE-

200GBASE-

caulfo
CAUI-4/100GAUI-4
DOGAUI-2
100GAUK

200GAU-4
200GAUK2

LR4
AWDM-I0
100G-LR

LR4

ER4
4WDM-40

?

A00GBASE-

4DOGAUKIE
4D0GAUI-8
400GAUI-4

FRB.
400G-FR4

Gray Text = |IEEE Standard

Red Text = In Standardization

Green Text = In Study Group

Blue Text = Non-IEEE standard but complies to IEEE electrical interfaces

12 Nov 2018

12 Nov 2018

ciherne allance

ABGBASE R4

ancEAsET

apGBASE SRS

AUGEASE FR
ancEASE LR
AGEASE-ERY

te0ceasECR1D
TUEASE CRA

10058ASE SR
10038 45E R4
100GEASE CWDIAT
100c8ASEL R4
10058ASEER




I Transmission Optique

Ethernet Interfaces and Nomenclature

Electrical Twisted MMF 500m 2km | 40km B0Okm
Interface Pair P5M4 SMF SMF SMF
{1 Pair)

10BASE- TIS/TIL Fhysical kayer 40 Gigabst Ethernet 100 Gigabit Exhernet
[ Beckplans na TOXFEASEKPY
0BASE- m Imgroved Baciplane ANGRASE-KR4 T0DEAASE KRy
100EBASE-CRI0
100GAASE-CRA

1000BASE- m T m over teinax copper cable | JBGEASE.CRA

30 mi ower "Cat B twisted pair | J0GBABE-T
2. 5GBASE- ? 100 M aver Q3 MIE 1

P SEcE B 0GEASE-SRID
125 m over COlid MiaFE 100EBASE-SRA
SGBASE- 7 2 km over SKF seal ANGRASE.FR T00GEASE CWDIMET
10 km cver SMF 40GBASE-LR4 100GBASE-LRA

10GBASE- ? /,—— 40 K over SMF 4DGBASE-ERY 100GEASE-ERY

JEGBASE- 25GALI CR/CR-5 / SR ER

40GBASE- XLAU| CR4 SR4/esSR4

LALI-2/SOGALI-2
SOGAUI-T

S0GBASE-

CALAD

CAUI-4/100GAUI-4 LR4 ER4
100GBASE- 4AWDM-10 | 4WDM-40
100GAU-2

100GAUK MWOG-LR ?

200GALULI-4 LR
200GALR2

200GBASE-

ADOGEAUI-IE
400GBASE- AD0GAUI-8 FRE
400GAUI-4 400G-FR4

Gray Text = IEEE Standard Red Text = In Standardization Green Text = In Study Group

Blue Text = Non-=1EEE standard but complies to |IEEE electrical interfaces

12 Nov 2018




I Transmission Optique TechmnalogiesPhotaniques e

' State of the Art XIT | Read out ALL data? (T
a 15000 optical fibers for CMS tracker, < 5 Gb/s per fiber a Efficient and radiation-hard modulators
a Only a fraction of data is read out 7 2 Lacers locali off datacior
w Lasers located on detector - Pm—

a Wavelength division multiplexing
(WDM) = fewer fibers

IP=a, Silicon photonics
i siii  Waviguid Sar STV TR TR PO T sy | Silicon photonic modulators AT
= Ring modulators
Xi Xiao, Hao XA:L Xianyao LI, Zhiyong Li, Tao Chu,
| Integrated photodiodes e Vi, Snd Kezhoog Yi; » Resonant and slightly absorbing ring, coupled to a bus waveguide
B imrm I,,MM,-.,.,, i ﬁhmm ﬁ:mawmgﬁ;:"nﬁf&hm u At the resonance wavelength, light is coupled out of the bus waveguide and
damped away

Optics Express, Vol. 21, Issue 4, pp. 4116-4125
(2013), https:icoi org/10.1364/0F 21.004116

3,000 nm

2,000 nm

iR=EE=

| (De-)Multiplexers AT | In-plane fiber-chip coupling AT | Optical probing of silicon photonic components AT

- w Fiber axis aligned in parallel to chip surface ‘ Mi bety guide and fiber modes

@ SMF is polished at an angle 8 smaller than 45 ° | = Mode size conversion required

X w Total internal reflection: Optical field couples radially from SMF to grating coupler i w Edge-coupled inverted tapers
Sl el oy | Grating couplers for surface
i s gl gsw = coupligg 5 o
§" pd00um, ! |
| a1 Propagation | Fiber core =
H = “direction ; Wave?unde
i / Waveguide | y

|
Grating -
18 coupler.
100 pm, Taper




I Synchronisation des canaux ( transmission du temps)

Pictures of frequency standards Time/Frequency dissemination nowadays

Fontaine statique

ntp-p1.obspm.fr

Internet Lien laser
Horloge parlante fibré

Précision : 1-50 ms 1ns <100 ps

PROJET REFIMEVE

Courtesy M.-C. Angonin

V@v_ato?re Distribution/Transfert temps
ANF DAQ - Frejus, November 13, 2018

r®v§toire 5 Distribution/Transfert temps LPL
ANF DAO - Freius, November 13, 2018 s

Means to compare/disseminate clocks

Nobel prize 1909
Guglielmo Marconi,

for the Ist trans-atlantic
radio transmission

Radio signals and
Satellite Link

101Y(1s)
2x10°15(1d)

Optical Fiber Link

in Europe
800< distance <1500 km

il
\‘\“’
i

AT : » : T

Stability(1s) <1013 % Transportable clock

Accuracy <1016 8 (Cs, Sr)
» Cs : 10-'3(1s), 4x10-'§(1d)
(cf. Belville and The Greenwich time lady) Sr : 10-'5(1s), 10-7(3h)
|19 r@»@w?re Distribution/Transfert temps LPL
ANF DAQ - Frejus, November 13, 2018 R



I Synchronisation des canaux ( transmission du temps)

PTP
PTP
Master Slave
Results from test set-up using M1000 units
Master time seale Slave time scale Test set-up: A master M1000 unit with a 1PPS and NTP NPL .
PTP accounts for instrumental asymmetries. reference from UTC(NPL) transmitting PTP to a slave M1000 1 Nationa Physcs Lobasstry
Tree L Announce unit over two 50km fibre spools with long range SFPs.

ty ..

Syne Thel Round trip time (RTT) = (t2-t1) + (t4-t3)

. 1PPS
B NTL Master Slave
Follow U . Clock offset = t2 - t1 + 8MS = =

Time Offset (ns)

ts In case of asymmtery (6MS = 6SM ): & ;
Delay_Regq 2| i
4 |
[ / error = (6MS ~65M ) /2 9', § |
elay Resp o &
\"\ H 5 - |
- £ £ |
L i
: 1
FIGURE 2.1: PTP two way messsage exchange mechanism [36]. 100 w0 10t 0 10 10° 1o 10 g 10t w0 10t
Aveniging Time, ¢, Seconds o rtesy . Lajer-English A" T © Seconds
"@‘@‘07"? Distribution/Transfert temps LPL rwvgto?re i Distribution/Transfert temps
ANF DAQ - Frejus, November 13, 2018 P ANF DAO - Frejus, November 13, 2018
WR-PTP
Synchronous Ethernet (SyncE) g L Siove
Layer-1 syntonization @’ T LI ey
A common frequency reference for the entire LS -
Phissyy | Phase Clock
network o ) e  sptrind
All nodes of the network are locked to the O P ﬁ:'xn'":‘ o i
frequency of the System timing master
Digital Dual Mixer Time o &
Difference (DDMTD) L helper PLL |1, bs gggt}!},ﬁm
Precise phase measurement fru= R fan yLigs | ‘gég ‘
A phase compensated clock signal for the slave LE fes "g‘
dni»io a—
Asymmetry compensation 5
Sources of propagation asymmetry in a White Rabbit link:
Chromatic dispersion 'ﬂ
Unequal fiber lengths ’

—»‘é"ﬂ"
‘Static’ correction of propagation asymmetry possible with WR. 5::2,!'

G. Daniluk,(CERN). Nuclear Instruments and Methods in Physics Research 725, 187-190 (2013).

|20 rwvgtoire | Distribution/Transfert temps LPL

ANF DAQ - Frejus, November 13, 2018 p—




I Synchronisation des canaux ( transmission du temps)

Optical time transfer

Amplitude or Phase
modulation of the
optical carrier

O.Lopez, et al. Applied Physics B
110, 3-6 (2013).

Optical demodulation

T Mtz |

J &IPPS

T T P T e T

{ MODEM 4—..“ -Ll"““" MODEM ]
1

1

| 'Tfiﬂ:“l ok . nm.w.u '

] 1 link m e}y

|

AoM '—@_I' EOM |

)

F. Frank, et al. IEEE T-UFFC 1-1 (2018)

Cascaded links

= Multi-segments approach :

— Link is divided into a few segments, depending on noise and

losses
- shorter delay

- larger bandwidth and better noise rejection

= Repeater stations are needed :

— Repeater station N : send back signal to station N-1, amplify and

filter, correct the noise of next link N

Techniques not yet as mature

as frequency transfer

10"

10 10

10 10
Averaging time (s)

Repeater| |;, [Repeater| ;;
------ > Station N-T Station N
N-1 N
e G * =i

Repeater laser station commercially available i
F.Guillou-Camargo et al, Appl. Opt., AO 57, 7203-7210 (2018). L

Distribution/Transfert temps

l'@@t_pi_re SYRTE

ANF DAQ -

November

25 years of range improvement

Distribution/Transfert temps

Frejus, 13, 2018

10000

At horizon 2020 :

LPLySYRTE W H ! .1 8000 km
PTBTP?RT& ; Frequency Brillouin . ,.
NPLLPLSYRTE % ™" 4 ;" .
1000 NPL-LPLSYRTEPTB & , o=} i G E A NT
.E A ‘l 'l
‘; -’ connect ® communicate * collaborate
o
S <
c 100 + r “m FBA  Remeneration | Towards a large research
% infrastructure ?
f SYRTE-LKB
.g @780nm
— .’ Over intern Two-W'\y
w 10 - I network J RENATER, CESNET,
L ’ With Regeneration PSNC, GARR
- JISC/JANET, DFN,
. : . i . SURFNET,
1
1995 2000 2005 2010 2015 2020 NORDUNET...
year

r@uat‘}?re SYR
240

|2

Distribution/Transfert temps
ANF DAQ - Frejus, November

13, 2018

I‘@vato?re
210

ANF DAQ - Frejus, November

Future prospects

13, 2018

Towards
Research
Infrastructure

® Work with Network for
Education and Research Industry
to make the technology
available

® Ways to access the network

® Compatibility with TelCo

Project CLONETS involved 16 partners from 7 European countries. Partners represent 4 main

areas:

« National Measurement Institutes: OBS PARIS (FR), NPL (UK), PTB (DE), INRIM (IT)

« National Research and Education Network: RENATER (FR), CESNET (CZ), PSNC (PL),
GARR® (IT),

« Academic Laboratories: AGH (PL), UP13 {FR), UCL (UK), ISI (CZ), CNRS* (FR)

« Ingustrial: MUQUANS (FR), MENLO (DE}, PIKTIME (PL}, SEVEN SOL (SP), OPTOKON (CZ),
TOP-X* (IT)

*Third-partymembar

I’@vgtqire

ANF DAQ -

Distribution/Transfert temps
Frejus, November 13,

2018



I Les Technologies émergentes pour les DAQ
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I Calcul accéleré : Pourquoi ?

Importance de la hiérarchie
meémoire

Memory Wall

Memory access latency is a “wall”

— Fundamental barrier to further improvement in singlethread

computation performance

* Attempts to mitigate latency

— Caching (memory hierarchy), out-of-order execution, prefetching

Temperature
(C)
22,007
80.1173
W’

— ... but can only go so far

Architecture classique Processeur

76338
744483
724587

70.669
68,7793
66.8897

£ 38 Fectory/CH Rt

* Migration towards multi-processing
— Provide other threads of execution while waiting for memory

— Increase memory bandwidth to compensate for long latency

DDR memory : latency/bandwidth




I Calcul accélére : Pourquoi ?

Classic Multicore Memory Hierarchy

Challenge: managing interference between cores

'
P i e Tt
I memory access ' on $1 miss .
| core i §] oy : : :
[ . I ) AI/ 1 4 '
i on él hit | on $2 hit ! 1 ;
A e T T eV VeV VeV ’ 1 on $2 miss ! 1
short-latency access 1 $2 -I—.I' 1
1
R ettt L e e e D L T - *ggr gn;wgr)’l :
I memory access on $1 miss : ! :
| |core 8| §] —Aoblit, ; AL e
: W, on %1 hit | on hit / : - g I‘ ; :
= I P
| P g !;_5 - —-- %_ ________ - 1 - ddr request shared 1
mid-latency access
_____ - DDR memory |:
’ ) 1| 8 [Wddragswer /] :
- ]
core memory access $1 on $1 miss 1 : ' . bbb e e T -
1 ' : :
on $1 hit | on $2 hit/ Vemmm———— 1
i $2 on $% miss E
'f -------------------------- — r wer :
: core memonﬁ access $1 on $1 miss :
1 1
- onél hit | on $“2 hit / ;
”

long-latency access

©2018 - Kalray SA All Rights Reserved
| 24



I Calcul accélére : Pourquoi ?

Embedded Multicore Memory Hierarchy

Challenge: programmability of DMA and private memories

transparent local memory access s eeses-.
| _ |
! memory access private 1
H[eore ram memor '
: A3 angyer /| ) el 1
Veebemeee Y oo 1
program N initiali i
» dma "
1
1
EoraL memory access private 5 E e R
Sram memor 1 1
'W__answer /] Y A K ). '
program > d S s i shared i
> dm mmunication
2 O NemmUEEESS AR memory |
0] 1
memory access rivate E o ~ 3
core - > Sranl:: memory = ;
1
W answer /] :
program N 1
> dma 1
. :
1 . 1
1 emory access rivate
|corepremer ey r'; e :
! W answer /] sra emory 1
1
1 rogram
: EESE » dma ;
1
LY

| 25 ©2018 — Kalray SA All Rights Reserved



Calcul accélére : aspect Matériel

MANYCORE PROCESSOR

Architecture: Distributed memory
- 16 compute clusters

- 2 1/0 clusters (2x quad-core each)

= Data & control networks-on-chip (NoC)
Performance

= 1 TFLOPS SP

Devices
* DDR3, 4 Ethernet 10G and 8 PCle Gen3

@2018 — Kalray SA All Rights

MPPA"-256 Bostan
TSMC CMOS 28HP, 600MHZz

bMA DMA
D-Noc Router D-Noc Router

svs.

core =D

Shared
co Memory
cz (SMEM) c7

cs

COMPUTE CLUSTER

Architecture

- 16 user cores (SMP) + 1 system core

Communication

* NoC Tx and Rx interfaces

Memory:

= 2 MB multi-banked shared (77GB/s
Shared Memory BW)

Debug

- Debug Support Unit (DSU)

BCU Co-processor (crypto/CRC)

VLIW CORE

Architecture

= 32-bit or 64-bit addresses

 5-issue VLIW architecture

- MMU + |&D cache (8KB+8KB)

< 32-bit/64-bit IEEE 754-2008 FMA FPU
Security

- crypto co-preocessor (AES/SHA/CRC/...)
Performance

- 6 GFLOPS SP per core

PROGRAMMABLE ACCELERATION CARD WITH INTEL" ARRIA" 10 FPGA

Low-profile (half-length, half height) PCle* slot ¢

168 mm x 56 mm
Maximum component height: 14.47 mm
PCle x 16 mechanical

- 128 MBFlash
= For storage of FPGA
configuration

- Board Management Controller (BMC)
- Server class monitor system
- Accessed via USB or PCle

ntel® Programmable MAC ID PROM FLASH
Acceleration Card with
Intel® Arria® 10 GX FPGA
USB 2.0 port for
board firmware
JTAG update and FIM
CPLD image recovery

QSFP+ 4x 10Gb ; Smmmmn DDR4 w/ECC
Networking Interface 2 3
Elements = DDR4 w/ECC

QSFP+ slot -
accepts 5

pluggable : !
optical modules : 8x PCle

2 — Banks of DDR4-2133 SDRAM, 4 GB each
64 bit data, 8 bit ECC
Total 8 GB

* Powered from PCle+12V rail
- 70 W total board power
= 45 W FPGA power

PCle x8 Gen3
connectivity to
Intel® Xeon® host
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GPUs: Throughput Oriented Design
H_ ST a':'loct?c?ohj?nemory throughput

- — Simple control

S ——e .
— No branch prediction
GPU '

. [ T T T T T T T T TTTTTT] — No data forwarding
Throughput Oriented Cores _ Energy efficient ALUs
) [T T T T T
Chip

— Many, long latency but heavily
pipelined for high throughput
Compute Unit
threads to tolerate latencies
Cache/Local Mem

— Require massive number of
— Threading logic

— Thread state

—]
=
=
@
Q
Q.
=
Q

SIMD
Unit

GPU permetiléspacaliélisinenet dono hadstedles: pesfarmancesides s des
calculssmatriciels iMagegerFFFT, Reseaw de: Neurones))
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