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Versatile Link Status Report Q@J

CERN, Fermilab, Oxford, SMU (P Versatile Link

_ink system and specs

Packaging for on-detector optoelectronics
Radiation tests

®Total fluence for lasers & pins

® SEU for p-i-n diodes

®Total dose for fibres and passive components
® Backend optoelectronics
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Versatile Link Project -
Versatile Lmk
e Optical Physical layer linking e Joint Project Proposal submitted
front- to back-end to ATLAS & CMS upgrade
e Bidirectional, ~5Gbps steering groups in 2007 and
. endorsed in 2008
o \ersatile : _ _
e Multimode (850nm) and Singlemode . PrOJeCt Kick-off: Apl’l| 2008
(1310nm) versions e Phase |: Proof of Concept (18mo)
e Point to Point and Point to Multipoint e Phase llI: Feasibility Study (78mo)
architectures e Phase lll: Pre-prodn. readiness (18mo)
e Front-end pluggable module
GBT — GBT
- s
| Versatile Link
|> FPGA
Timing and Trigger q /—p Timing and Trigger
DAQ w——» GBT13 | E] > DAQ
Slow Control & T~
ow Contro ——® Sjow Control
<
On-Detector Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard Custom Protocol 4




q. SMU

VL Power Budget (SMU) o V‘LZ’ZTT&”’)

® TX Power and RX sensitivity depend on Tx_OMA_min
available components fiber
® Measure losses (connectors, fibres) | Atenbation: |
® Determine radiation degradation: .conngcticlm
® Lasers | Insertion loss |
® p-i-n diodes ik piowr
: InK power
_‘ Fibres | penalties
® Link Penalties 4 v
® Conservative estimates to ensure that if
cgmpohents satisfy spgcs, link will work. s e
® Simulations based on industry documents: allowance
http://www.ieee802.org/3/ae/public/adhoc/serial_pmd/documents/

l margin l

Rx_Sen_OMA



VL Power Budget (SMU) e oreme &

configuration/parameter MM _VTx_Rx MM _Tx_VRx SM_VTx_Rx SM_Tx_VRx
Transceiver power level
Tx OMA min -3.8dBm -2.0dBm -3.2dBm -2.8 dBm
Rx Sensitivity OMA -11.1dBm -13.1dBm -12.6 dBm -15.4 dBm
Power budget (Tx - Rx) 7.3dB 7.3dB 9.4dB 9.4 dB
Fiber attenuation 0.6dB 0.6 dB 0.1dB 0.1dB
Connection and splice loss 1.5dB 1.5dB 2.0dB 2.0dB
Link penalties 1.0dB 1.0dB 1.5dB 1.5dB
Tx irradiation degradation - - - -
Rx irradiation degradation - 7.0dB - 9.0dB
Fiberirradiation degradation 1.0dB 1.0dB - -
Margin 3.2dB 0.0dB 5.8dB 0.0dB

® TX links harder because of p-i-n radiation damage =»
® higher power TX (select lasers)
® increased RX sensitivity (expect VRx to achieve this)

® RX links could run faster/longer distances
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VT RX (SMU) (B\ :FerTullabL%//'
® Packaging
® Prototype ASICs
® GBLD
® GBTIA



Packaging (CERN)
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® On-detector duplex (TRXx)
package based on
Industry standard SFP+.

® Progressive modifications

® \Work in magnetic field
® Radiation hard ASICs
® | ower mass package

Transceiver Family

SFP+
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CLASS 171 CFRIBAN. 10 LUSA RoMS
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Front-end Transceiver: VTRXx (CERN) o (3

Versatile Link

A4

® Adapt commercial SFP+ j : B Cious o, USA Ras
Transceiver . S
® | ow mass, small & non-
magnetic
® Radiation-tolerant o5 N :
I
® Two flavours ekl i I b 4
. 850/1310 nm a.) Standard Transceiver i‘-[flil_.i” =i :-I - #‘: i £ ..-.%ﬁ E :
_ PIM + TIA —:—II- LA i |
® Bitrate 5 to 10 Gbps T heeeessssssse
® Depends on ASICs _— o S :
® Radiation-tolerant ASICs Laser Diode [¢——| LOD [+———— |,
(GBT project) b) Versatle Daeiver  pogy ¢ 1 e *%‘E:
. PIN + TIAR . 9!
® |Laser Driver: LDD ] | L
® p-i-n receiver: TIA/LA




VTRx Low Mass Latch (CERN) >

Versatile Link

® Replace metal housing but _
optical/electrical connectors
compatible with SFP+

® | ow mass plastic latch design.

® Rapid-prototype plastic latch
successful

® [atches LC connector for TOSA
and ROSA




ROSA integration on VTRx (CERN) %%

@\ Versatile Link
A4

® GBTIA - ROSA on VTRX

® Flex circuit from ROSA to VTRX
PCB to minimise inductance

® Clean electrical eye @ 5 Gbps
® Low jitter

DifferentiallAmiplitude




GBTIA Performance (CERN)
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® Measure BER vs OMA g T T T T2
- B .175 —
using attenuator. 10° S ol CC e
. £ ' o _
® BER independent of packet . 50 e
Iength. o WO T s 4 5 6 U
o o m 8 Data-rate (Gb/s) |
® Sensitivity: minimum OMA 10
for BER<1012, (0 = 1 GE/EBi 4 Gb/s|_|
. . —++ 2 Gb/s 5 Gb/s
® Expected sensitivity | | L= aews = babi)-
. -12 L1 Ll L1 L1 L1 Ll
reduction as data rate 10 o 20 18 16 14 A2 10
OMA [dBm]

Increases (see insert)

® No degradation cf bare die
for ROSA

11
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TOSA Integration on VTRx (CERN) N—

Versatile Link

A4

® Similar flex circuit from TOSA to
VTRx PCB.

® Commercial LD chip on VTRX
PCB

® Clean optical eye diagram @ 5
GbpS 600uW
® For GBTLD there are some speed | == o ameitn
Issues which the designers are
trying to resolve.
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Radiation Tolerance Results @\#g@

® Total Fluence tests for

®[ asers & p-I-n diodes
® SEU tests for p-i-n diodes
® Dose tests for fibres

13
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p-i-n Diodes (CERN) s

(B\ Versatile Link
Recovery Time (s)
® Relationship between e e
20MeV Neutrons in s
Louvain with SLHC tracker 3
not yet known 2
® Previous comparison F
carried out for CMS 2 b | s e A —————
. B — MM GaAs i
InGaAs devices T SRV TR NV / .]
® 200MeV pions found to 10 0 4 Recovery Time (s)
. Neutron Fluence (n/cm ) 104 105 106
be 2.3x damaging than ST e
Louvain CRC neutrons o
based on lieak damage 2 10"
5 . —— CMS Tracker Reference
® Assume SLHC is 5x LHC 510 — SM InGaAs .
fluence g’
.. i 2 10°
® Revisit this? s
1070 e

10" 10"
Neutron Fluence (n/cm )
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Total Fluence p-i-n Diodes (CERN)

Versatile Link

A4

e Easy comparison since very little annealing of damage
e Thus no (little) flux dependence expected

10 i
é .
= 08— —
> i
=
a 06— —
?,-' 8
& 041 ;\% ul
£y | |20 MeV n 300 MeVicx R J
S .| | =0 CMS Ref. =
© 02— --<-- ———— 30 pm InGaAs =
L: | ==6rm= GaAs -
1 L llllll.‘ 2l 1 lllllll. aal 1 L L L1l
e 13 % MR vede ° TRk 3 2 ' “ 15 16
10 10 Fluence (cm‘z )10 10 10 10 Fluence (ClIl & )10 10

e Approximate damage factors indicate that 300 MeV/c pions
are around twice as damaging as 20 MeV neutrons

e Smaller relative factor for newer devices w.r.t. CMS reference parts
e InGaAs devices’ responsivity less affected than GaAs devices

e GaAs devices show no increase in leakage current .



Laser Radiation Damage (CERN) oren
VCSELs
0.4 TTITITTTTTEEITTIT e
I = - 3.0

0.12} .
0.10:- .
0.08 -
0.06 - |
0.04 - X
0.02'7// N I

0.00" "

Family of curves show effect of increasing radiation damage
on laser. No significant changes in IV but LI curves show:
* Increase in threshold
* Decrease in slope efficiency
* Lower thermal roll over
Allows for predictions of ultimate fluence for functional
operation
16



Pion Total Fluence Test (Lasers)

Gy @ smt
(CERNz™™*
C

= ersatile Link

e Overall, VCSELs appear to
be more radiation resistant
than edge-emitters (EELSs)

e 850 nm VCSELs appear to be
more resistant than 1310 nm

variants
e Newer EELs are

significantly more resistant

than older designs

e A full source comparison

taking annealing into
account is in progress
e Fast comparison shown
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Radiation Tolerance Passive Components (Oxford%\ O Formtab (27

Versatile Link

® Fibres for 850 and 1310 nm.
® RIA for cold irradiation

® Mechanical properties of fibre (radiation effects not studied
before?)

® Fibre cable (radiation effects also not previously considered)
® Connectors:

® MT/MPO for ribbons

® LC for single fibres
® PLC Couplers (splitters)

® For architecture with P2MP eg TTC distributes same trigger
information to many modules =» reduce number of fibres but
requires higher power lasers in counting room?

18



Warm Fibre RIA

@\ Versatile Link
S 27 ,

® Acceptable SM and
MM fibres found
from warm tests of
fibres to SLHC
dose.

® Spike at low doses
correspondsto T
rise in vessel =
annealing
Important.

® Some results in
literature show
strong T
dependence

Radiation Induced Attenuation (dB/m)
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[ SMF-28 Single Mode Fibre - 22.5 kGy(Si)/hr |

N A R R AR A A R A A A A R A R RN A A N R EEEEE NN R EEE RS EEREEE R EEmEREsiEn

1072

102 10°
Dose, kGy(Si)

10 1 10

19



s

S W
wi' s
H(ee)E

. £ Fermilab %=
COId Flbre RIA @) Versatile Link :

® Blow-off CO2 cooling system: keep fibres
at T~ -25C during irradiation.

Back Pressure Regulator

Culput pressurs sats
;Tp:tﬂ{ r (\w} == temperature of fibres
Frae expansion
| — cocls gas
50 o _Heal exchangér-.~
har | T I@
co2 Gapillary
ki [— .
temperature in |
Joule-Kelvin — |
axpansion Condense to liquid
—_—
Cool fiares by

evaporation




q. SMU

SM Fibres Cold RIA @\“Q‘*

® Two SM fibres qualified for cold RIA.
Draka SRH-SMF Fibre X

— N T o e o o o o Y B e e
g QDB T T T T T = f 5 .
- -y = [ua) - -
% U_D}'E_ _E 3;3. IZI_EIE:— /—,"d—.\’ _:
5 ooef = g By ]
g posp 3 & n.msf‘q 3
2 E E 2 i ]

0.04F = C ]
% 3/" 3 3§ oo -
£ D03 = S - ]
2 3 2 C ; - ]
£ U-UQE— 1310 nm, 27 kGy{Si¥hr = = 0.005F 1310 nm, 27 kGy(Siyhr -
= - - r=1 n m
z E E Z  of -
E DE_ | 1 1 1 | E = T T B T T

0 100 200 300 400 500 0 oo 00 300 400 500

o
Accumulated Dose [kGyiSi)] Accumulated Dose [kGy{Si)]

® SMF-28e did not give such good results in cold despite being
gualified for warm operation.
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q. SMU

MM Fibres ot 2
@\ Versatile Link

® No candidate MM fibre passed the qualification
Infincor SX+

E L e L LIS e e B S s B D B N B B B e
— 1 —
@ F” -
= “"m ]
5 08 .
g T .
g 0e¢ E
= C ]
& o04f .
= - -
= C 850 nm, 27 kGy(SiVhr ]
= 02 -
S - ]
@ C ]
s 0 -
o Coov v b v b v b b
0 100 200 300 400 500

Accumulated Dose [kGy(5i)]

® Insufficient dynamic range: easy to fix

® Need much lower dose rates but still with full SLHC dose

® Much harder but we hope to do it with many bottles of liquid CO, and
replace bottles daily during a 10 day run at RITA.
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SMU

Fibre Reliability . *%iﬂ
ersatile Lin

® Fibre reliability qualified by manufacturers.
® No data available on fibre reliability after SLHC doses.

® Mechanical strength and quality of core
® Pull tester

® Quality of buffer

® Micro-bending test: measure attenuation with OTDR with induced
micro-bending.

® Perform tests before and after radiation to SLHC doses.

23



q. SMU
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Fibre Pull Testing @\;F&mfﬁf

® Dynamic breaking strength measurements

® Make multiple measurements of breaking stress ¢ and fit
probability to get o, and Weibull parameter m.

: o :Im 2 5
LY | |
P — g 14 o d
- ) Intrinsic
- failures ™
_1- - - -
o | Extrinsic failures I
||
4N\ . .
| ]
3 [}
||
-4
| | | ! | | |
1.45 1.60 165 1.60 165 1.70

In(sigma) 24
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Pull Tester oremias 10

@\ Versatile Link
A [/ S

|

® Wind fibre around capstans and
pull.
® Record breaking strain

® Multiple measurements at a fixed pull
speed = Weibull parameter, m.

® Data sets at different pull speeds =
stress corrosion parameter, n.
® \We have reasonable data for
SMF28e.
® Repeat for Infinicor SX+

® Irradiate to SLHC dose and repeat
measurements, check for any
significant changes in m or n.

® Qualify preferred MM & SM fibres
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Cladding Ay

=
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® Quality of cladding monitored with micro-bending tests

® Spool 2 km fibre onto reel with fixed grade of sandpaper to induce
micro-bending.

® Measure change in attenuation with OTDR.

® Measure before and after radiation.

® Measurements performed by Fibreson.

26
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Radiation Tolerance Summary 0 Formiab S1s)
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A4

® EELs can just survive SLHC fluence but need to allow for
large increase in threshold currents.

® 850 nm VCSELSs survive and show smaller increases in
threshold currents.

® p-i-n diodes show
® increase in leakage current (InGaAs) but not GaAs
® significant decrease in responsivity (worse for GaAs)
® Allow for high leakage current in GBTIA
® Allow for responsivity loss in system specs

® Fibre losses
® better for 1310 nm than 850 nm
® Ok for 1310 but needs to be checked for 850 nm for cold RIA.

® 1310 nm VCSELSs attractive option

® Best of both worlds? ,
.



Backend Components (FNAL) v&«ﬁ

Versatile Link

A4

: tes_Apolkabons Hel [Trippered il Rekonx | X|
® SFP+ Testing Ql‘i‘lﬁl*l'mld’lnwswlwwlww ] faleserateee 31 22000 B ] o | 2]
~ | | 7| e o | B _J_] _l_-‘- -

R JOoMA Cf n.ﬁ
€33.2374uW

| BExR C1 WA
3.236295

BExt3 C1 I3
] 30.89953%

()Josu

1N &

‘ I H‘Ill I\Il A

® 850 and 1310 nm tested
® Ok up to 10 Gbps
® Future: look at higher power options

c1 [0 B 7o B o | R[50 ] [ v B3 g o
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Backend Arrays

4x4 LightAble TRx

FERNILAB/CD/ESE/DIG
Parallel Optics Test Card
J. Chramowica/A, Prowser

Rev. 0 0/

e RX_OUT_3
RX_OUT_2
Gh

ZARLINK Semiconductor
ZLE6@100 Evaluation Board Rev 4

|
o
[»)
N\
¥ +
o
(W)
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Summary of Options & Issues

q. SMU

|
2% Fermilab \}a‘f/

(B\ Versatile Link

Front-End VL TRx Fibre Back-End TRXx
EE laser, 1310nm SM LR-SFP+
Drive Current SNAP12
VESEl | 1310nm Opto Engine
Compliance & Availability TX or TRx OMA
InGaAs PIN, 1310nm

Leakage Current
VCSEL, 850nm MM SR-SFP+
Compliance & Availability Cold fibre RIA SNAP12

Opto Engine
GaAs PIN, 850nm
TX OMA

Responsivity drop radiation

GBLD
Availability

VCSEL reliability

30



Overall Summary O Femien &>

@\ Versatile Link
A4 ,

® System specs being worked out.
® Packaging: progress towards low mass

® Radiation results identify candidates for lasers, p-i-n
diodes and fibres.

® SEU =» error correction required
® Backend: commercial array options being evaluated.

31



Backup Slides
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Previous research on RIA In fibre

Si n EII e-mo EI o ( @ Versatile Link

-
MU|t|'mOde ’ DOSE RATE 1 OSR/h
oo L °\ TIME O. an
WAVELENGTH 1. 3um
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o
T

Average dose rate = 429 Gy/h

Wavalength = 850 am | ___,_..--/‘\
4 /

T
. = \
S D 40
5 ET
8 El
g% a
= —— A - Draka MaxCap 300 Radhard Optimized o )
L ——B - Telecom Standard — 30 | GeOZ—S i 02 CORE FIBER
g — (5 - Draka MaxCap 300 Radhard Optimized (21 ©) o
B A T
Exn O
5 >
= (=] \
E 15 Z 2} \
10 > ~
.-____'_‘——- D\
5 o Average dose rate = 450 Gy/h | 10 (=] e —

Wavelength = 850 nm I \.
0 ¥ f :
0 200 400 500 800 1000 1200 PURE 5102 CORE FIBER o

Accumulated dose [Gy]

850 nm GRIN fibre at room temp (curve C) PR
and -17 C (curves A & B)

credit: Thériault Radiation effects on COTS laser-optimized graded-index Single'mOde RIA as an Of temp'

multimode fibers exposed to intense gamma radiation fields

credit: Kanamori et al. Transmission Characteristics and
Reliability of Pure Silica-Core Single-Mode Fibers

% RIAIs temperature-dependent! w



® First tests at Rita =» low dose rates
® Use Peltier coolers = -25C.

4 Peltiers take heat from Al spool
and dump it into water outside
the cylinder.

Worked ok for low dose but can’t
work for high dose because heat
load too big and radiation
resistance of Peltiers not good
enough.
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Infinicor VCSEL input (1.12kGy/hr 11/08/08)
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Attenuation, dB/m
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| Draka RHP-1 @ -4 deg. C (23/06/09) |
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Zarlink SNAP12 Transmitter Eyes @ 5 Gbps

@\ Versatile Link
A4

Minimium OMA Channel (Ch 1)

File Edit View Setup Utilites Applications Help |Triggered

Tamons | x|

él% S IW M|0| Flun/StopIAcq Mode [Sample ] Trig|Extemal Direct 7] [-175.0n

o] 57 e o o 2 0

IF’ulse ZI IAmplitude ZI lmlmml'!l |{Ul|.m|.| ]I,U'l i)
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4ExtR C1 XXy
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P2P VL
C\a) Versatile Link

U
Front-End VTRx in SEP+ * TRx in SEP+ Back-End

— TOSA | @ | ROSA |
(0
A LDD LD i HH| PINTIA LA —3
oI | @ | %
% : TIA/LA PIN : l LD LDD l 2
| ROSA | |L_TosA | =

| down
| I — | |
| I | |
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VBERT-A Introduction O e &

) [e

® \What is VBERT-A

® VBERT-A release 0.1 functions

Evaluation kit for test drive versatile link components and validate system design
Utilize FPGA with embedded serdes to bit error rate type of

Currently implemented on Altera Stratix |11 GX signal integrity development board
Constitute VHDL and LabVIEW codes

Single duplex channel of 5Gbps

Un-framed PRBS7, PRBS23 transmission
Run-time analog setting control

Bit error rate statistics and link status monitoring
Comprehensive error logging with time stamp

PRBS 40 D AR AARRESIARREEiRaaEs
—» - - VBERT-A
generator ! Serializer —» TOSA Based on EP25GX90 SI development board
I ! P m BEaE
! | T A
! H SRR ARNRAN IS8 Device
! fiber aE - E= i
v | | o R e e
2 ] - -
USB Eror | 40 oy CHH
Interface Checker i |Deserializer|e——{ TOSA  EO——— e
! i e | [ [ [ [ [ et time | [
' L = L EEREE
- e i e e 1 g ‘
sl cilsalcANENEEEN iadccEENEERREN|
mu B et
HAHHHH 28
N FHFEEER R H
P Error SERDES 2
FIFO | Logger Configuration| @gl B
I
! T
I
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VBERT-A Features o :Fermu:abﬁl'

Top level data flow supports PRBS7 and longer PRBS23 generation and detection. Given the nature of
PRBS, word boundary is no longer checked. Handshake with Tx is not needed. Rx reset itself when
link reestablishes.

Error logger reports general BER counters saved and in global register; reports link lost events, time
stamp and error stats saved in FIFO.

LabVIEW front panel provides remote access to reset controls and run-time configurable parameter;
emulates general GUI such as LED, push-button and dip switch.

Congestion happens at 1E-7 BER. Dead time is limited by USB parallel read system call. Each system
call adds mille-second overhead ( currently per 12bytes), which can be significantly improved by
moving data in bulk mode.

FIFO Speed Test

UUUUU

FIFO

Fut I\i
2 i :
-EJ 6000
[=]
% 5000 ‘f \ I
: ‘ 2 mmutes to
. ch ump-f EIFO
z 5seconds to

filLFIFQ
1000 system @ 1E-6 BER
reset
0 —j\'r\

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Time (ms)
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Versatile Link

VL system spec backup slides o rorntan (2

A4
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system
variation
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