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A typical dataflow: The Example of CMS
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LHC Schedule Drives Experiments Upgrades
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CMS Tracker TIB patch panel

12 Feb 2016 francois.vasey@cern.ch 11



@) =y |

CMS Tracker FED oremian {2
@\ Versatile Link

>\

12 Feb 2016 francois.vasey@cern.ch 12



LHC Schedule Drives Experiments Upgrades

Versatile Link

A4

Operations (LHC) . Upgrade Phase |

2015 2016 017 | 2018 7019 _% 2020 + 2021
{ i

TN

a1 Ta2 [ a3 ¢ |81 Ta2 a3 {04 [a1[a2 Taa Jae ] a1 [a2 Tas Jae [ar a2 [aaTae [ ar a2 [a3Tad

LHC
Injectors
Upgrade Phase Il (HL-LHC
2033 2023 2024 2025 26 2027 2028
a1 l1a2Tas jo4 | a1 [az Tz Jos | W]az Tos Tos | an | a2 T3 Tas o1 02 (a3 Ted|ar (a2 |03 (o |ar Tz jas | os
LHC -
LS 3 Run 4
Ingectors .
2029 200 | 203 | a0 | 208 | 23 | 2035
1270304 a1 JazTos Tae | ar a2 JesTas | o1 o2 [os Tae |1 a2 a3 s [ o (a2 |03 [od (a1 Taz a3y 4
LHC o
LS 4 Run 5
Injectors

LHC schedule approved by CERN management and LHC experiments spokespersons and technical coordinators

Monday 2nd December 201.3

francois.vasey@cern.ch

13



LHC Shutdowns and Upgrades
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Phase | Upgrade: Versatile Link o Fermas

@\ Versatile Link
® Optical Physical layer linking front- to back-end
® Bidirectional, ~5Gbps
® Versatile
® Multimode (850nm) and Singlemode (1310nm) versions
® Point to Point and Point to Multipoint architectures
® Hostile environment
GBT  ———= T —-e =" GBT
- > l—eo
Versatile Link 1
; |> FPGA
Timing and Trigger <| /—b Timing and Trigger
DAQ <+—» GBT13 ¥ % <+——» DAQ
Slow Control 4'—/ |> \*" Slow Control
On-Detector Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard Custom Protocol
15
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a.) Standard Transceiver

b.) Versatile Transceiver

Low Mass & Volume VTR

° Minimize material, avoid metals

Non-magnetic, capable of operating in a
magnetic field

° Requires replacement of ferrite bead used in laser bias
network

Bitrate determined by ASICs: 5 - 10 Gbps
e Custom ASICs

850nm and 1310nm flavours

e COTS Opto

Radiation hard

12 Feb 2016 francois.vasey@cern.ch 16



Oy
Back-End: mid-board optics @\ﬁ
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LHC Schedule Drives Experiments Upgrades
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ngh LumanSIty LHC (PN Versatile Link

& LHC IntL (fbA-1) W HL-LHC IntL (fbA-1)
3500
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Upgrade Phase II [ |
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1000 - ettt . By contlnuoug
:.,,0 performance improvement
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0oeeset?®
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Goal of HL-LHC project:
« 250- 300 fb per year
« 3000 fb"in about 10 years

High
Luminosity
" LHC
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Q. SMU

Environmental Constraints . ,%ﬁ

12 Feb 2016

Strong Magnetic field (4T) » Non-magnetic components
Compact experiment » Reduced footprint, low-mass
High particle Energy 7+7TeV » Radiation tolerant

and High rate components

= Large radiation field Total dose and fluence
(mainly pions and Single Event Effects

neutrons)

Limited access > High reliability

francois.vasey@cern.ch 20



Laser L-I Characteristic vs Irradiation
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Light-Current (L-1) characteristic of a non-irradiated laser at T,,,,=20°C

2000 FF7 " | B =t =
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Thermal
rollover
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Input Current [mA]

Optical Output Power [uW]

» Threshold current |,
laser starts to emit coherent light

> Efficiency Eff
slope of L-I curve in linear part

> Thermal rollover
non-linear part of L-I curve where non-radiative
recombination mechanisms (Auger) become
dominant due to internal temperature
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Radiation Damage (1)
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Radiation Damage (2) O vereatios
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Radiation Damage (3) O vereatios
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Radiation Damage (4) O vereatios
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Radiation Damage (5)
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After —2.5 hrs of irradiation a

fluence of 4x10* n/cm?
(20MeV) reached (‘LHC
fluence®)

Radiation damage in terms of
threshold or efficiency is
proportional to neutron

fluence

Threshold increase
Efficiency loss

~70%0 of damage will
eventually anneal

Driving electronics designed
accordingly
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Radiation Damage (6)
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Beyond a
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Radiation damage in terms of
threshold or efficiency is still
proportional to neutron fluence
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Radiation Damage (7)
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Radiation Damage (8)
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Radiation Damage (9)
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Thermal rollover

In excess of 3x101° n/cm?
the efficiency approaches
zero
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Radiation Resistance Summary o orene 5

Maximum Output Power (a.u.)
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a7 Phase | upgrade, now in production

= Phase 1.5

Phase Il upgrade ???

SF-VTRx versus Multi-mode VTRXx

francois.vasey@cern.ch 32
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The Versatile Link * Grenmied fe
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Small form factor, high speed
optical modules needed for:

*» CMS tracker modules
* ATLAS EoS

5G downstream, 10G upstream:
— Driven by GBTX evolution path
— 10G laser driver ASIC
Smaller
— Revised optical interface
— MM only
Denser
— Up to 4 channels
Versatile
— Common package
— Number of up/down links

— Configurable at assembly time or
by turning off unused channels

On-going work
— 10 Gb/s tiny single/quad LD
— Package, fibres, connectors
— Feasibility study until fall 2015

francois.va88y@cern.ch 12 Feb 2016
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Integration on Phase Il Sensor Module & Formtab (<
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Phase 1.5 SF-VTRx

Phase 2 VTRx+
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Building Tracker Barrel Rods @\ﬁ
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Backups

@y @ swu

£ Fermilab ©

@\ Versatile Link
A4

12 Feb 2016

francois.vasey@cern.ch

36



E]]
EM Spectrum O rermte 15
- - : nk
Designation Transmission media Applications
SR e
Ultraviolet
f,-jA___SUOI'Im _iois Hz
Visible /" Optical Laser Telephone
10 m Y beams
EM . —TT oo ———255um Video
spectrum usage: Infrared | 101 ks
1840s Telegrap 2 IS T -
Millimeter — 100 GHz
1880s Telephone s
5 l cm Navigation
1890s Radio Super high Waysguide | Satellite-to-satellite
g frequency Microwave . — 10 GHz
1940s Microwaves (SHF) radio Micramme s
. . 10 em Earth-to-satellite
1950s bipolar transistors Ultra high SO S Radar
fn(:{q}l;:lr;;:y e — 1 GHz
1960s Lasers g UHF TV .
- ; Mobile, Aeronautical g
= . B Very high : o
197OS Optlcal flbres S fr?%l;;]r:l;:y Shortwave VHF TV and FM — 100 MHz %
. - radio p : @
1990s Er-doped fibre 10m | Mobile radio
; Coaxial
High cable Business
frequency Amateur radio — 10 MHz
(HF) International
100 m e i Citizen’s band
Medium
frequency AM broadcasting |1 MHz
(MF)
1 km 3
Longwave Aeronautical
Low radio :
frequency Submarine cable — 100 kHz
(LF) Navigation
10 km T ic radi
- Wire ransoceanic radio
frequency pairs 10 kHz
(VLF)
100 km Telephone
Audio Reproduced Telegraph 37
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Data Transmission Model

Transmitter
issi I t signal
Emission nput signa
Refraction
Attenuation
Dispersion

Optical ‘ )

Output signal

Receiver

Optical communication systems are not hew
Greek fire chains with relay stations existed 1000years BC
Missing for a long time was the perfect match of bandwidth, distance and availability

12 Feb 2016 francois.vasey@cern.ch 38



Emission in semiconductor cristal

Injection luminescence

Competition with non-radiative transitions

External quantum efficiency must be maximised
Coupling efficiency problematic: horizontal, vertical

CURRENT
FLOW
- = II
CONTACT ™\ / ACTIVE REGION
ROUGHENED |
SURFACE —
(REAR ALSO)
'--_.h_H:.
: / A — =™ COHERENT
H 1Y | RADIATION
\ Reproduced
\ from [4]
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Semiconductor heterostructure
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® Modulation by
direct injection

® Electrical
confinement
® Optical
confinement

® Temperature
dependence

12 Feb 2016

Injected
electrons

Electron
energy

Refractive index

&

i

Electron
barrier

2

Electron-hole
1.51 eV recombination

7
Hole +
I
| |
| Active |
| region |
| i
2 3 4

— — — — —— —

Waveguide region

francois.vasey@cern.ch

hv = 820 nm

Injected holes

5

Reproduced
from [2]
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Ternary Material System Orerntan &35
@\VersatileLink |
: : 4 3.0 20 1.5 1.0 08 0.6 —t
® (quasi) lattice E66 T+ — f (um]
matched [nSb | }
structures el N | E |
= I | . i +
® Epitaxial growth \ | | |!
® Tight defect 0o \ | |
- e - [
control S | Noaasis _l-qAlsD |
g _ InAs - \\
5 _§_~ 0.60 \\ :
o \
£ InP \
3 InGaA \
\
0.58 '
\
\
. AlAs
_ | Ge GaAs
0.56
i\
A
k. \\ Reproduced
0.54 % Bi GaP‘"*AIIP from [T}
0 0.5 1.0 1.5 2.0 2.5 3.0 [eV]
41
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Semiconductor Laser Structure: horizontal caytYaieun

Narrow Spectrum

Multiple longitudinal modes
High modulation bandwidth
Divergent beam

Cleaved facets

Cavity sides are rough cut Cavity ends are

\ cleaved on (110)
Dielectric //cqslal planes
reflecting ) 3

layer(s)

Optical and carrier

confinement layers Lasing spot
Transverse size,
0.1-0.2 um
Longitudinal size, i S
250-500 um g
\ Lateral size,
5-15 um

Optical output
to be coupled
into a fiber

Far-field
Reproduced pattern

from [2] 30-50%(8 )
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Semiconductor Laser Structure: vertical cawtywem'ab%f

Versatlle Link

A4

® Single longitudinal
mode
On wafer testing -
Complex epi growth T
Difficult tOI realize in Clrculur EMISSIOI'I _'. ‘ !

InP material system
® Direct coupling to fibre

Front Mirror

GalnNAs Active
Region

Contact

Back Mirror —»

12 Feb 2016 francois.vasey@cern.ch 43
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Detector Material Responsivities

100
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P \Ge n’D\\ (A/W)
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L |
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Detector PIN structure & Fermiab =
@\ Versatile Link
VR
Popt T
i Iph
- —F ' n
® Electron-holes separated by ~ "Fopt | ¥p|_ w L W },RL
bias field |
® Absorption depth optimised . |
wrt recombination time o |
L
® Capacitance wrt light &
collection efficiency Zz™ |
5 If\f\‘/-}&)
al My
@l |
|
ELECTRON 3 DRIFT SPACE | HOLE
DIFFUSION DIFFUSION
ax
Reproduced
from [4]
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MU
InGaAs pin diode A%

@\ Versatile Link
CONTACTS
® Vertical access
® Back or front illuminated
(transparent substrate) =
: N 1.2+ .
® Excellent coupling = L 10-1_spmé e S
® Short wavelength = 1oF RISHT N 7 e g
response dominated by - =
surface absorption S =
7 i
o s
- |
'_
.
<[
=
o
0 1 g 1 | | | I |
0.9 4.0 1.4 1.2 1.3 1.4 1.5 1'§?ep?oauced
WAVELENGTH (um) from [4]
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Step Index Opntical Fibres

fa) -- —— ni

Only a discrete set of guided modes propagate
Most energy in core

Launch from edge only

Leakage in bends

Subject to modal dispersion

12 Feb 2016 francois.vasey@cern.ch 47
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Graded Index Optical Fibres o Srmaa

i

EEEDEEP

p— — —

Multi-mode fibre

Large core diameter

Equalized phase velocities
Difficult index profile realization

12 Feb 2016 francois.vasey@cern.ch 48



Optical Fibres: material engineering(?Mersamm

Refractive index

Ge-doped core or F-doped cladding
Waveguide dispersion engineering

.48 —

| .44 i I l

GeO,
/ P, O

0 5 10 15
Dopant addition (mol %)

a=45pm

A =0.35%

Matched-cladding

A =120%

Double-clad or W profile

(bh)

A, = 0.25%

Depressed-cladding

Quadruple-clad profile

49
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Silica transmission windows
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Attenuation coefficient/dB —

£
-
o~

Visible
light
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o
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& Fiber transmission
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S
y wavelength range

1300 1550

Attenuation coefficient o of silica fibers

0.9 1.0 i (15 y (5 1.3 1.4 15 H 1.6H,um

1625 nm

1st window

]

2nd window -+— 3rd window

==

e

_— Multimode fiber
Single mode fibe
| IR absorption

Rayleigh
e scattering 1/A°

e

800

1000

1200 1400
francois.vasey@cern.ch

1600
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Optical Fibres: Dispersion A

o
@\ Versatile Link
Material e
—'_T= 10
& 0 Z
= -__—_/‘ S e s . . . . s . 2 . e .
E Waveguide
_'i 10 —
2
—20 —
| L : ! :
1200 1300 1400 1500 1600
Wavelength (nm) Reproduced
from [2]
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Optical Fibres Application Range Orermtes
@\ Versatile Link
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