In guidingthe opticalfibers out of the H1-experiment,several aspects have to be taken intoaccount. Safety has to be guaranteed, demanding that all fibers and the sheathings be halogen-free and hardly inflammable. Space constraints requirelowbending radiiofthe cables, and the maintenance ofthe CIP or parts ofthe on-detector electronicsshould be as easy as possible. Allcables need to have a connector at the cable distributionarea (CDA)at the backward end of the H1-experiment. Forthese reasons, the opticallinkis dividedintofourparts. Startingat the HIM, its fibertailis plugged to a 3 m longfiberarray cable ending at the CDA.From there, a 36 m cable feeds the signals to the electronics cabin outside the H1- experiment and is connected to the tail firmly attached to the DeHIM casing.

The 700 mmand 350 mmtails,includingthe 90^o bendingpart, are produced by Schütten Optocommunication(Germany).The short and long distance cables are made by Siecor (USA) and Infineon (Germany), respectively.

Allcables are assembled withstandard MTPconnectors (exept the ferruleend of the tails) withan attenuation less than at each MTP-MTPcon-nection.The adapter fixingtwoMTPconnectors are fromAMP(USA).Tokeep the timingright,allcables ofeach type are chosen to have equal length.Measurements givean average lengthof and , respectively. The excess length of the latter is compensated in the electronics cabin.

0.3 0.2dB ±

3.12 0.05 m

± 36.00 0.15 m ±

Mechanical Specifications Siecor Infineon

Fiber count^a / type

a. For the link, an eight fiber array is appropriate, but commercial cables use two, four and 12 fibers

Length

Dimensions

Flame resistance UL-910 LSZH

Min. bending radius (long term) 30 mm

Optical Specifications Siecor Infineon

Max. attenuation 4.0 dB / km 3.5 dB / km

Min. bandwith

Numerical aperture

12 67.5 125⁄ × μm 3.12 0.05 m

± 36.00 0.15 m ± 4.1 mm 1.8 mm

× 4.1 mm 2.1 mm ×

160 MHz km×

0.275 0.015

± 0.275 0.020±

The radiationat the CIPendflange and thus at the on-detectorelectronicsis estimated to be less than 4 krad per year.

The VCSELdiodes have been irradiatedto a fluence ofabout , but no measurable change in either threshold or efficiencyhas been seen (T. Weidberg, ATLAS STC Links Group, 1998). Afterexposure with froma^{60}Cosource, the opticalfibertailsand the short distance cables have shown no change inthe opticalbehaviour. The same is expected for the 36 m long cables.

An exposure to radiation of the complete on-detector electronics unit willbe done at the Paul-Scherrer-Institutes’test-beam inSeptember 2000. Butno decrease in the performance is expected.

2 10^{14} n / cm^2 ⋅

200 Gy 4 % ±

Radiation

Driver IC

The HelixHXT2000 driverand the HXR2004 receiver chips (HelixAG,Switzerland) are designed for high-speed data transmission up to 1.25 Gbps per channel, especiallythe HXT2000 isoptimizedforVCSELdiodes at 800 to1500 nm wavelength.

The differentialinputs to the HXT2000 --- four of them used --- are amplified and currentmodulated.Externalresistors allowtocontrolthe average and modulationcurrent collectivelyforthe VCSELdiode array.Thus the workingrange, i.e. the lasering current,ofthe array offourVCSELdiodes can be optimizedfor maximum optical output.

The four channel HXR2004, compatible to 0.6 pF photodiode arrays, modulates the photocurrent fromthe PIN diodes to differentialCML(Current Mode Logic)output voltages. In addition, the average photocurrents can be monitored.

Schematic of the HXT 2000. Schematic of the HXR 2004.

The receiver electronicsunitprovidesthe signals offouradjacent pads i.e. four successive trigger words and the EmptyDataSet bits to the trigger electronics.

The DeHIMreceives the high speed data signals and passes them to the fourHDMP1034 demultiplexers regaining the trigger words. The demultiplexersare used in the master-slave daisychain mode to maintain synchronization of all words, whereby anyone of the HDMP1034 can serve as master. Latches feed the remaining fourfoldsignals and the EmptyDataSet bit to the backplane that connects both trigger and receiver electronics.

The incomingHERAclocksignal is received viathe backplane and directed to the on-detectorPLLunitviathe DeHIM.Itis also passed to the receiverboards’ low jitterPLLunit producing the fourfoldHDMP1034 reference clock signal. This fourfoldclocksignal and the FirstWordbitare passed to the triggerelectronics for synchronisation of different receiver units.

Atthe receiver units’frontend,the followingsignals are availableformonitoring purposeses : the 16 bit trigger word, the differentialanalog test signals, the HERAclocksignal and the fourfoldHERAclocksignal. The receiver unitPCB isimplementedas a sixlayer,highdensityand highspeed board withmicrostrip transmission lines produced by Alwaprint (Switzerland).

Receiver Electronics Unit. From front to rear:

Front-end, optical hybrid, four demultiplexer, latches and buffers and the backplane connector.

Receiver Electr onics Unit

Bidirectional 3.3 Gbps Optical Datalink

Institute for Particle Physics, ETH Zürich, 5232 Villigen PSI, Switzerland

Verticalcavitysurface emittinglaser diodes (VCSEL) convert current-modulated signals into power-modulated light signals.

Ina VCSELdiode the lightpropagates verticallythroughthe structure. Withthisorientation the laser cavity can be grown to match the wavelength of the laser lighti.e. 850 nm.The totalspectra widthofthe emission is generally less than 0.5 nm, which ensures a lowcoherence source, but not at the expense of chromatic dispersion. Alternating layers of AlAs and Al_{0.15}Ga_{0.85}Asprovidethe p-resp. n-mirrorstack surroundingthe activeregion. Withcontact tothe p-mirror,the VCSELanode is bonded tothe modulatingcurrent lines, while the GaAs substrate holds the cathode i.e. ground.

Functional design of a VCSEL diode.

Optical Hybrids (cont’d)

Because of a distance of less than 9 mm between twolayers, itis not feasible to mountthe MTPconnector above the VSEL/ PINarray. Even ifthe connector is reduced to its inner core (the ferrule), adjusting the ferruleperpendicular to the hybridleaves no space to properlyfixthe connector to the opticalhybrid.In addition, it complicates the installationof the fibers directlyat the endflange. Thus this requires to mount the ferruleparallelto the opticalhybridi.e. parallel to the z-axis.Whilethe diodes send the lightperpendicularto the die, either the lightneeds tobe redirectedorthe diodes have tobe placed perpendiculartothe optical hybrid.

The latter solution failed : there, a flex-capton printredirects the electricalsignalto/fromthe diodes fixedaside an aluminumblock.Thisgave a stable performance on the HIMside, but lead to electrical instabilitieson the DeHIMside. Thus this approach was not pursued further. Instead, the 62.5 / 125 m fibers are bent within 2 mm of height by modifyingthe ferruleand byusing special fibers.Here, the performance of the transmissionlineremains stable. The attenuation at each deflection lies below .

Each opticalhybridis embedded inan aluminum casing, to providerobustness and handiness, to avoid electrical induction from outside and to shield the VCSEL and PIN diodes from dust. Brackets at the end ofthe aluminumcasing give a proper mechanical connection of the hybridwithfibertails of 700 mm length (350mmat the DeHIM)and prevents outside stress toderange the precise mechanical adjustment of the ferrules to the diodes.

Explosion drawing of the HIM / DeHIM casing.

Between two guiding pins for the ferrule (enclosing the 90^o fiber deflection), the aligned VCSEL and PIN diode arrays.

μ

2.0 0.2 dB ±

Optical Fibers

VCSEL

Acknowledgements

The OpticalLinkproject withinthe ETHZürichis part of the H1 CIP upgrade project headed by U. Straumann, UniversitätZürich.The series productionof 50 modules has begun inSeptember 2000. The estimated costs are about 305 thousand SFr (130 thousand SFr for optical cables). Responsibilities are shared between following institutes :

• ASIC Laboratory Heidelberg, Germany (CIPix IC) • Eidgenössische Technische Hochschule Zürich, Switzerland (Optical Transceiver Modules) • Paul Scherrer Institute, Switzerland (Optical Transceiver Modules) • Universität Heidelberg, Germany (Trigger electronics) • Universität Zürich, Switzerland (CIP, Trigger electronics)

This workhas been supported by the German BundesministeriumfürBildung und Wissenschaft, the ETHZürich,the Swiss KantonZürichand the Swiss National Science Fundation.

Performance (cont’d)

Prototypes ofthe moduleare operated since end of 1999. Neitherbreak-down of any of the used components nor a decrease inthe power output of the VCSEL diodes have been observed.

The lasering ofthe used VCSELdiodes typically starts at a current of 4.5 mA. Withappropriate settings forthe average and modulationcurrent of the HXT2000, the workingrange i.e. the digitalsignallevelshave been optimized.Theyvary beween -49.1 dBm for logical “low” and -3.7 dBm for logical “high”, leading to a dynamic range in optical output of 45 dB. The crosstalk lies above 20 dB. The highresponse gain ofthe PINdiodes drives the HXR 2004 receiver into saturation. Thus noise is suppressed.

Several bits of the data words have been accumulated for the eye-diagram. Their density distributionis given by the color scale. Therisingand fallingedges are well separated. The measurement ofthe zerocrossingofthe risingedge results ina jitter of the data words of 61 ps.

Forquantitativetest, 16 bitrandom generated bit patterns simulate the trigger words at the multiplexers’input. After transmissionviathe full40 mlinkand after demultiplexing,these patterns are compared withthe originalinputto measure the biterror rate. Over a period often days, three errors occured resultingin a bit error rate below 10^{-14}. This lies far belowa tolerated rate of 10^{-9}, i.e. one errorper second^1. Allerrors couldbe related to instabilitiesinthe externalpower supply. Problems withthe synchronizationbetween HDMP1032 and HDMP1034 have been seen, ifthe triggerwordsimitatethe bitpattern ofthe 16 foldmultiplexers’ encoding scheme for some hundred periods. The Clock Data Recovery unit locks on the comprising bit pattern instead of the encoding bits. Inthe operationalmode ofconcern forH1,this wouldrequire the same pattern of60 pads ofone segment (ina veryspecial arrangement) repeated overmany bunch-crossings. This is expected to be highly improbable.

From the analog signals, a delay time between CIPixinputpads and receiver electronics unit frontend of 230 ns has been measured. Thisis dominatedbythe opticalfibers with a delay of 200 ns.

The total power dissipation at the CIP end flange (i.e. the sum ofall40 modules) is about 310 W, lowenough fora water based cooling. Asummary ofthe specificationsofone optical link module is given in the table below.

1. The inefficiency of the z-vertex trigger will be dominated by the inefficiency of the CIP.

VCSEL diode.

Output po wer (~ I_{Photo} ) and characteristic cur ve (U_{Laser}). At 4.5 mA the lasering star ts.

4.5 ± 0.8 ±

Eye-diagram.

Shown is the pulse height as a function of time. The small histogram gives the jitter; the color scale the density distribution.

Analog signals.

Red: input pulse, green: at the receiver electronics unit frontend.

The on-detector unit has been operated in a magnetic field from 0 to 2 T. The opticaloutput ofthe VCSELdiodes, the threshold ofthe CIPix,the analog pulse heights, the noise leveland the totalpowerconsumptionofthe on-detec-tor electronics have shown no variationswithinthe measurable precision. The jitterofthe HERAclocksignal remains stable, whilejitterofthe fourfoldHERA clock signal increases from 49 ps to 53 ps with a phase shift of 18 ps. Thus no losses in the performance ofthe opticallinkdue tothe magneticfield are expected.

Magnetic Field

Optical Specifications

Digital “high”

Digital “low”

Dynamic range > 45 dB

Crosstalk > 20 dB

Electrical Specifications

Jitter HERA clock 43 ps

Jitter fourfold HERA clock 49 ps

Jitter data words 60 ps

Delay time 230 ns (fibers: 200 ns)

Bit error rate < 10^{-14}

Power dissipation @ +3.3 V @ -3.3 V @ +4 V @ -4 V

On-detector module (with HIM) 5464 mW 560 mW 1300 mW 430 mW

Receiver module (with DeHIM) 3696 mW --- 290 mW 270 mW

3.7 – 0.8 dBm ± 49.1

– 4.5 dBm ±

Incase ofthe HIM,six VCSELand twoPINdiode array dies are aligned with a precision of 5 m to two guiding pins and to each other keeping a pitch of250 minorder tomatch the pitchofconventionalopticalfiberarray connectors (MTPconnectors). The guidingpins adjust the connector to the diode arrays. On the DeHIMside, six PINand twoVCSELdiode dies are aligned with the same accuracy.

Alignment. VCSEL and PIN diode arrays (DeHIM) between two guiding pin holes. μ μ

Alignment

90^o light deflection

ConventionalPIN diodes convert the lightpulses back into electrical signals. Both, VCSEL^1 and PIN diodes, are from Truelight Corporation (Taiwan).

Optical Specifications VCSEL PIN

Wavelength 850 nm (multimode) 850 nm

Beamprofile round

Beamdivergence < 10^o

Active / Sense area diameter 18 m 100 m

P_{out} / Response at 850 nm >0.5 mW > 0.5 A / W %

Electrical Specifications VCSEL PIN

U_{operating} 1.7 - 2.3 V

U_{reverse} > 10 V

Serial impedance typ. 30

I_{laser} 3 - 4 mA

C_{total} <0.7 pF @ 1.7 V

rise/fall < 250 ps 100 ps

Crosstalk > 30 dB

I_{dark} < 40 nA

Mechanical Specifications VCSEL PIN

Operating temperature < 85^oC

Chip thickness 150 m

Pitch diode / diode 250 m

1. These VCSELdiodes are specifiedas “classIIIblaser”inthe saftystandard ANSIZ136.1and have to be treated as a potential eye hazard.

μ μ 3±

Ω

τ

μ μ

Performance

The opticallinkmodules willbe operated at z=-1m wellwithinthe 1.16 T magnetic field.They willthus be exposed to radiation and not be accessible from outside withoutmajoreffort.Therefore, the modules need to be tested beforehand in the H1 environment for long-term stability, reliability and robustness.

Stefan.Lueders@desy.de 09/2000