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Versatile Link Common Project

Versatile Link: CERN-organized common project for ATLAS and CMS
Goal: “Development of a general purpose optical link which can cover
all envisioned transmission applications: a versatile link” @

data transfer rates of up to 5 Gbps.
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/—b Timing and Trigger

[<—> DAQ

\b Slow Control

On-Detector Off-Detector

Custom Electronics & Packaging

Radiation Hard Custom Protocol

Work Package 1.1 (Southern Methodist University)

Point to Point Architecture and System Engineering
Work Package 2.1 (CERN)

Front End Components (Versatile Transceiver)
Work Package 2.2 (Fermilab)

Back End Components (COTS, Off Detector Components)
Work Package 2.3 (Oxford University)

Passive Components

CD R&D on Optical Links for Detector Data Transmission

Commercial Off-The-Shelf (COTS)

Source: “Versatile Link Status Report”

Jan Troska

CMS Tracker Upgrade Meeting

April 24, 2009
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Optical Transceiver Test Measurements Setup
2008
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Optical Transceiver Test Measurements 2008 # Fermilab
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Optical Transceiver Test Measurements Setup
2009
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Optical Transceiver Test Measurements e

File Edit View Setup Utiities Applications Help [Triggered | Tekronix | X| [[E) B0S.b st Nokes il BER Pl - [P]x]
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Lﬁ] BER Bathtub L~ BER Eye

Results : 10 Gbps, 127 bits

Data Source: CH1 Data Rate: 10 Gbps Filter: None
SSC: Off Pattern: 127 bits Channel: None
Phase Reference: None Sample Count: 158.10 k Equalizer: None
Random Jitter Random Noise
RJ (RMS) = 1.31 ps RN (RMS) = 5.64 uW
RI(h) (RMS) = 1.06 ps RN(v) (RMS) = 5.56 uw
RI(v) (RMS) = 767.62 fs RN(h) (RMS) = 944.55 nW
Deterministic Jitter Deterministic Noise
Dl = 19.82 ps DN = 77.97 uW
DDl = 13.89 ps DDN = 78.12 uW
DCD = 4.99 ps DDN(level 1) = 83.56 uW
DDPWS = 16.77 ps DDN(level 0) = 61.99 uw
] = 1.29 ps PN = 1.15 uW
Pi(h) = 1.29 ps PN(v) = 94.99 nW
PI(v) = 13.10 fs PN(h) = 1.15 uW
Total Jitter @ BER Total Noise @ BER
T3 (1E-12) = 36.56 ps TN (1E-12) = 155.80 uW
Eye Opening (1E-12) E 63.44 ps Eye Opening (1E-12) = 307.06 uW
Eye Amplitude = 462.86 uW
Gapet 2 Dual Dirac SSC Modulation
< 2 . RI(d-d) = 1.55 ps Magnitude = Oppm
14 Di(d-d) = 14.28 ps Frequency = 0Hz
Cl a l BS.OC-uW; ] 595.4uW main @ | @ | 3:.0.0mms ]
4 = = d |Analysis complete: [ - Z

Industry Standard Measurements and Apparatus

Eye Diagram Measurements: Jitter Analysis:
Optical Modulation Amplitude Deterministic Jitter (including decomposition)

Extinction Ratio Random lJitter (Gaussian, unbounded)
Rise/Fall Times Eye Opening @ 1012 BER
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Versatile Link SFP+ Transceiver Measurements
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Transmitter Measurements

(each point is a different vendor or device)
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Receiver Measurements

(each point is a different vendor or device)

— Data Collected at:
M - 5 Gbps
6.25 Gbps
10 Gbps
1/D1_Tx "3"6'
o
(each axis is a measurement, each color a device) 8
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Versatile Link SFP+ Transceiver Evaluation e ab

Ongoing Activities:
Continue to evaluate candidate components

Work with vendors to secure components to meet the
requirements of the Versatile Link system specification

Higher OMA variants of off the shelf SFP+ components

Secure cost estimates for quantities for upgrade production levels

CD R&D on Optical Links for Detector Data Transmission



Parallel Optics — Technology Evolution 3¢ Fermilab

Optical Transceivers

Transceiver Package or Form Factor
- Relative Sizes

Increasing Bandwidth
Decreasing Package Size

Image Courtesy of Avago Technologies 10
CD R&D on Optical Links for Detector Data Transmission



Parallel Optics — Device Evaluation 3¢ Fermilab

« Emerging Standards (100 GbE) Driven by Telecom and Storage

* Off the shelf and prototype devices evaluated

* High speed, parallel communications in multiple footprints

* For HEP: High Channel Count, Easier Cable Management
Reduced Board Area (including connectors)

* Next Step: Develop Applications Board (Q2, 2011)

SNAP12 Transmitter
(12 channels, 2.7 Gbps/channel)

)

oy mRy

........

Parallel Optical Engine Transceiver SFP+ Single Fhannel
(4 channels, 6.25 Gbps/channel) Transceiver
(Efficient PCB Applications, (10 Gbps)
Lower Electromagnetic Noise)

11
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Parallel Optics — Optical Engine Evaluation Kit 3¢ Fermilab

€3 Zarlink QSFP+ USB IPT  Ver 9.1.9.921 © 2008
File View Page Help
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Update Page
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Parallel Optics — Optical Engine Data 3¢ Fermilab
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Parallel Optics — Emerging OE Products 3¢ Fermilab

Parallel Optical Engine Tx/Rx Parallel Optical Engine Tx/Rx
(12 channels, 10 Gbps/channel) (12 channels, 10 Gbps/channel)

Parallel Optical Engine Tx/Rx

(12 channels, 12.5 Gbps/channel) Parallel Optical Engine TRx
(12 channels, 10.3 Gbps/channel)

14
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Parallel Optics — Customer Cards 3¢ Fermilab

AirMax Connectors FPGA Mezzanine Connector

Optical Engine

Gigabit FPGA
Evaluation Board

Optical Engine
Evaluation Board

Passive
Transition Board

15
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Cable-less Free Space Optical Data Transmission
(with Vega Wave Systems (T. Moretti, A. Sugg) and FNAL PPD (T. Liu))

* Motivation: y
. 10Gb/s
* Reduce material budget Optical

* Work within rigid space constraints Receivers

Z2z}

>
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2. A
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S k o[
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10 Gb/S L AL \\ D tect
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0.400 - wavelengths > "
) )
~100-150_ . . i~ >
c 0.300 crft N /
~ H /
ﬁ 50-100 i > v
-= 0.200 - | i ]
= g
0 H
= o "
S 0.100 10- :
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* Optical fibers removed from detector volume
* Transmission through free space or silicon
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Free Space Bit Error Rate Testing

Single Channel Proof Of Concept

|/ \l

~ 11 cm
le 6 cm 5|
Single-Mod
"n9IeMIO%  oEp4 10 Gbps Tx 1310 nm
P }‘;f _1§1_0_n_rr_1 _______ 0 Fiber
Multi-Mod
uti-Moae LVDS Electrical Bit
Fiber Lens Lens
) ) Stream
~2mmSi ~2mmSi
LVDS Electrical Bit Stream Rx
SFP+ 10 Gbps Rx 1310 nm
MRS = I T FPGA-Based BER Testing Board
Multi-Mode
Fiber
Tektronix DSA8200 with Jitter Analysis
17
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Free Space Bit Error Rate Testing
Single Channel Data

Fle Edit View Setup Utiies Applications Help [Triggered [ Tektonix | - | X|
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CWDM/Free Space Bit Error Rate Testing

Proof Of Concept J4= 1470 nm
A,=1490 nm
CWDM: Coarse Wavelength Division Multiplexing A3=1510 nm
As=1530 nm
CWDM DeMux ) 21 cm ’ CWDM Mux

=

FPGA-Based BERT

~— R

R |

=R |

R |
Rx LVDS Electrical Tx LVDS Electrical
Bit Streams Bit Streams

Next Step: Evolve the Optical Design for Detector Applications

s

19
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CWDM/Free Space Optics Lab Test

Proof of Concept
Free-Space Optics Lab Test Bench Free-Space Optics TRx Group

- , , _ , JDSU CWDM Mux and DeMux Units
Silicon Slices Single-mode Fiber (Tx Mux Side)

& Fermilab

Vega Wave / Fermilab
Optics Testbench

Multi-mode Fiber Mode Converter
Altera Stratix Il Signal TRx Group

Single-mode Fiber (Rx DeMux Side) Integrity Kit (4 SFP Devices)

4& Operating error free for over 48 hours at 1 Gbps on all 4 four channels 20
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CMS Pixels Phase One OptoHybrid Approach

Moving towards new Pixel OH

2= Fermilab
F.,mi.,.,\"?;?j'" Need:

(\a-) Versatile Link Current Laser NO Longer

» Profit from work within Versatile Link projectto_ . T Available
identify a sufficiently radiation resistant § |
packaged Laser (TOSA) bl 1 Uperades Will Require
* Present Laser die no longer produced and not available £ |~ ¥case | . Pg q
_ Gl r——— = New Devices to Be
x . e
uJ : . Identified
© |e Design and build a prototype OH to check
signal integrity, matching of new laser to
existing laser driver (LLD) Requirements:
¢ Dimensionally compatible with current mechanical design Rad toIera nt
¢ Include ALT?
~— S_ Streuli
— Digital Transmission at Rates
_, |® Fully characterize design inc. system test, Up To 640 Mbps
% thermal management : e S o
e Produce, Test, QA il opteas oot

Tested at 2.5 Gbps at FNAL

for FED

Next Steps:

1310 nm Receiver Array (SNAP12)

CERN testing at 800 Mbps indicates
device will work at these rates

5 3
In

x2

~

o ve
SRR LR

Shortened
PCB for Driver
ASIC

Edge-connector

System Performance Testing of CERN-designed OH with FED Array Receiver

Develop Qualification Test Plan

21
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CMS Pixels Phase One Pixel OptoHybrid
Qualification and Production

DRx12
evaluation

DRx12 DRx12
qualification production

Fibre
Fibre Plant
HM:ETI?: nt & procurement
VL Laser a
Evaluation
Definition of DOH
S — Quantities production
POH PCB
layout &
production
) ! i Epstem
simulation qualification mt egration
Integration
2014
P 2010 - 2011 e——- P 012 el = - e
2015
[ 2011 - P 2112 - 2014 —

- Pl EEHN FNAL
FMAL

From J. Troska “Optical Links for Phase 1 Pixel Upgrade”
CMS Tracker Week Phase 1 Upgrades Presentation
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Purchased 1310 nm SNAP12
Array Rx

2& Fermilab
CMS Pixels Phase One Pixel Upgrades bl

1310 nm Array Receiver Testing

Ele Edt Vew Setwp Utites Appications Help [Triggeied Tkonix | X| Fle Edt View Setup Utiibes Applcations Help [Triogered I Tkaroni | X|

=k L]v\'.'ll: 2 Mw]AcuMode Sample ] Tiig|Exemal Diect =] |-175.0mv B[S i' M *_"I o n‘mlkq,‘m'—_]g,m, =] tig[Extemal Drect ]| -175 0mv
>

e sl

Y S
Electrical Eye (800 Mbps) Electrical Eye (4.8 Gbps)

Electrical Jitter (800 Mbps) Electrical Jitter (4.8 Gbps)

[e—
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