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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.

SMU
GBT | | § GBT
* —
A Versatile Link -
| ' > FPGA
Timing and Trigger : <I ‘/-—b Timing and Trigger
DAQ GBT13 I‘ . i % le— DAQ
Slow Control '!I ﬁ \b Slow Control
'1 CERN Oxford \
On-Detector ~ Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard Custom Protocol
4
Work Package 1.1 (Southern Methodist University) Source: “Versatile Link Status Report”
Point to Point Architecture and System Engineering oS T lfa”JrOSk;‘ Veeti
racker Upgrade Meeting
Work Package 2.1 (CERN) April 24, 2009

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

*See TIPP 2011 Presentation Dr. Annie Xiang, “A Versatile Link for high speed radiation, resistant optical transmission in LHC upgrades”
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12 Channel Parallel Receivers

Versatile Transmitters : :
(Commercially Available)

(Custom Development)

 VVVY

Front End
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Optical Transceivers

Transceiver Package or Form Factor
- Relative Sizes

Image Courtesy of Avago Technologies
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Parallel Optics — Device Comparision kabit”
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* Emerging Standards (100 GbE) Driven by Telecom and Storage
* Off the shelf and prototype devices evaluated
* High speed, parallel communications in multiple footprints CXP Transceiver
* For HEP: High Channel Count, Easier Cable Management (12 channels TRx, 10 Gbps/channel)
Reduced Board Area (including connectors)
Priin SNAP12 Transmitter

(12 channels, 2.7 Gbps/channel)

Parallel Optical Engine Transceiver

(4 channels, 6.25 Gbps/channel) SFP+ Single Fhannel
(Efficient PCB Applications, Transceiver
Lower Electromagnetic Noise) (10 Gbps)
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Vendor Supplied Evaluation Board Fermilab Designed Evaluation Board

£71N07 XY

MTP Connector
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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, 10.3 Gbps/channel) Parallel Optical Engine TRx
(12 channels, 10 Gbps/channel)
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FPGA Mezzanine
Card (FMC)
Connector

FERMILAB
CD/ESE/DIG 06/2011

J.Chramowicz/A.Praosser |

T =" MAX3000EEUP+

RIOR1T1TR14 RIS
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Optical Test and Measurement

Digital Signal Analyzer (Eye Patterns, Jitter)

{ipsu MAP-200 SERIES

POWER
STATUS
o smwus

LN
BEAM

o ENABLED

B

MASTER ENABLE

Fstocram Window Left (%) Window Lefe Tune (string) Windows Left Tima (Numeric)
JHISTOGRAM C.WINLEFT:2.29101E-6 Jzzoi0ie0 22910166
Histogram Window Right (5) Window Right Tima (ctrie) 2 Window Right Time (N.smeric)
JHISTOGRAM C.WINRIGHT 2. 34601E-5 23560160 23960165

Histogram Size Lort
500 o i
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Eye Pattern Measurements
1: Phic ok upper =~~~ = -

his_pk. upper Optical Modulation Amplitude
2: Phis bk lower ==~~~ "

his_pk, lower

Unit<lnterval (Ul = 200ps@5(ibps

Histogram Histogram
Eye Diagram
No hits below Higher # of hits
15
q;" Level 1
&
= H LAl AR Py P T e, OMA
s W
=3 Level O
S A
No hits above Higher # of hits
. T } OMA=Level1-Level0
Histogram \ 20% V. Center Window ER=Level1/Level0
i i i
Jitter Time Jitter
Gaussian tail fitting Gaussian tail fitting
Transmitter Measurements Target Value Receiver Measurements Target Value
Optical Modulation Amplitude (OMA) 3.2dBm* Receiver Sensitivity -11.1dBm
Transmit Eye Extinction Ratio 3.0dB Receiver Total Jitter 0.34 of Ul
Transmit Eye Opening 60% of OMA Receiver Deterministic Jitter 0.14 of Ul
Transmitter Rise Time 52 ps
Transmitter Fall Time 52 ps
Transmitter Total Jitter 0.25 of Ul
Transmitter Deterministic Jitter 0.12 of Ul
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Optical Transceiver Test Measurements
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File Edit View Setup Utiities Applications Help |Triggered | Tekronix | X|
élalﬁslﬁlm C?I Hun!SlopIAchodeISample x| Trig|Extemal Direct x| [-175.0mv Bl il_ApﬂE]
Puise ] ampitude =] nn o o an | o ] e | 5= | | o | 2 | =z |8

| [foma c1 2
502.03550W
i BAOP C1 X

431.38750W
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|5 80SINB Jitter Noise and BER Analysis

S

Fle Vew Setup Help

[/ DJ POF

[5] BER Bathtub

Results : 10 Gbps, 127 bits

Data Source: CH1
SSC: Off
Phase Reference: None

Data Rate: 10 Gbps
Pattern: 127 bits

[y DDJ vs Bit

[/ BER Eye

Sample Count: 158.10 k

Filter: None
Channel: None
Equalizer: None

Tektronix

Industry Standard Measurements and Apparatus

Eye Diagram Measurements:

Optical Modulation Amplitude
Extinction Ratio
Rise/Fall Times

Jitter Analysis:

Random Jitter Random Noise
RJ (RMS) = 1.31ps RN (RMS) = 5.64uW
RI(h) (RMS) = 1.06 ps RN(v) (RMS) = 556uW
RI(v) (RMS) N 767.62 fs RN(h) (RMS) = 944.55nW
Deterministic Jitter Deterministic Noise
= 19.82 ps = 77.97uw
DDJ = 13.89 ps DDN = 78.12uwW
DCD = 4.99 ps DDN(level 1) = 83.56uwW
DDPWS = 16.77 ps DDN(level 0) = 6195 uwW
P 5 1.29 ps PN = 115uwW
PI(h) = 1.29ps PN(v) = 94.99nW
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) = 155.80uW
Eye Opening (1E-12) = 63.44 ps Eye Opening (1E-12) = 307.06 uW
Eye Amplitude = 462.86 uW
Dual Dirac
RI(d-d) = 1.55 ps Magnitude = Oppm
DI(d-d) = 14.28 ps Frequency =  0Hz
Analysis complete

Deterministic Jitter (including decomposition)
Random Jitter (Gaussian, unbounded)
Eye Opening @ 1012 BER
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Transmitter Measurement

(each point is a different channel; each line is a different device)

1000

900
800 '_)\
700
600
OMA (uW) = =TRx 1
500 - —<TRX 2

400 == SNAP12
—Target
300
200
100
0

1 2 3 4 5 6 7 8 9 10 11 12
Channel No.

Data Collected at:
5 Gbps
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Data Collected at:

10 Gbps
1/DJ_Rx 8.0
5.3
——SFP1
UTI RX
—— SFP2
—— SFP3
—— SFP4
—POE1
——POE2
1/DJ_Tx g - - —Target Measurement Norm
OMA -3.2dBm*
Rx Sensitivity -11.1 dBm
Ext. Ratio 3.0dB
Tx. Eye Opening 60% of OMA
Tx Rise Time 52 ps
R Tx Fall Time 52 ps
14 Tx Total Jitter 0.25 of Ul
1Eall 'I:x Tx Deterministic Jitter 0.12 of Ul
- Rx Total Jitter 0.34 of Ul
Rx Deterministic Jitter 0.14 of Ul

* Calorimeter Grade Version
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Continue to work with vendors on the testing of emerging products

Provide our Versatile Link collaborators with prototype test platforms
Develop per channel specifications for parallel devices for Versatile Link
Document test results and provide engineering support from lessons learned

ldentify and recommend suitable multi-channel receiver modules for
the Versatile Link
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