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2.5 Gbit/sData Transmission over 10km Standard
Single-M ode Fiber Using InGaAsVCSELsat 1.13 um
Emission Wavelength

JurgenJoosandlreneEcker

\ertical-cavity surface-emittindasers with an InGaAsquantumwell, opefating at 1129nm
havebeenfabricated. Due to lateral single-modebehaviorand narrow far-field anglesthe
devicesare versatile sourcesfor opticalfiberlinks. Bit error rates(BER)of lessthan10-1! are
demonstatedfor 2.5Gbit/sdatatransmissiorover 10kmstandad single-modédiber.

1. Introduction

Vertical-caity surface-emittingasers(VCSELs)with emissionwavelengthsbeyond1 ym are
extremelyattractve sourcedor long-distanceoptical communication.Even thoughtherehas
beenmucheffort in developinglong-wavelengthVCSELsthereis muchmoresuccessn fab-
ricating high-performancaearinfrared (850nm and980nm) devices[1]. Neverthelessthere
have beenremarkableresultsin datatransmissiorexperimentsusing double-fusedvCSELs
[2, 3]. However, dueto complicategprocessinghis conceptiorhaslostimportancewith respect
to new technologieof GaAs-basedong-wavelengthVCSELs. Recentlytherehasbeengreat
successgn fabricatingdeviceswith active materialsincluding Sb [4], InAs quantumdots[5],
andGalnNAs [6]. We presensingle-moderertical-caity laserswith ahighly strainednGaAs
guantumwell emititing at 1129nm wavelength,anddemonstrat®.5Gbit/s datatransmission
over 10km opticalfiber.

2. Devicefabrication

The VCSEL devicesaregrown by solid sourcemolecularbeamepitaxy The actve zonecon-
sistsof asingle7 nmthick Ing 33Ga 67As quantumwell embeddedetweerGaAscladdinglay-
ers. The guantumwell thicknessandcompositionis keptslightly below the critical thickness,
calculatedaccordingto the Matthav-Blakesleeformula. The p-typeandn-typeAlGaAs-GaAs
Braggreflectorsaredopedusingcarbonandsilicon,respectrely. After epitaxialgrowth andwet
chemicalmesaetching,the currentaperturewith an active diameterof about6 um is defined.
This is carriedout by selectve oxidationof an AlAs layerin a hot watervaporernvironment.
Furtherfabricationstepsare Ti-Pt-Au top metalcontactevaporation passvation layer deposi-
tion, Ge-Ni-Au bottommetalcontactevaporationpbondpaddepositionandwire bonding.The
device structures shaovn in Fig. 1.
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Fig. 1. Structureof asingleinGaAsquantumwell VCSEL

3. Deviceproperties

In Fig. 2 and3 the CW roomtemperatureharacteristicandthe opticalspectrumaredepicted,
respectrely.
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Fig. 2. Characteristicof 6 um diameterlong-  Fig. 3. CW emissionspectrumof 6 um diameter
wavelengthinGaAsVCSEL long-wavelengthinGaAsVCSEL

Thethresholdcurrentof thedevicesis 3.9mA. While I- P-measurementserecarriedoutusing
alargeareaphotodetectorthe spectrunwasmeasureafterbutt-couplinginto a 50 yum diame-
terfiberandexhibitstrans\ersalfundamental-modemissionat 1129nm. Evenbeyondthermal
rollover at abouttwo timesthresholdcurrentthereis no visible side-mode.The peakwidth is
limited by theresolutionof thespectrumanalyzerof 0.1nm. Throughouthemeasurementée
deviceswerenot thermallymountedout simply attachedo a coppercarrier

Fig. 4 shaws the measuredar field characteristic®f the VCSEL andfor comparisorthe far
field of the standardsinglemodefiber usedfor datatransmissiorexperiments.Both of thefar
field measurementserecarriedout by recordingthe angulardistribution of the optical power
atadistanceof 30cmto thedevice. Accordingto
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describingherelationbetweerthe 1/€-width of thefar field angle®, ., thebeamwaistradius
wy, andthe wavelength\ for Gaussiarbeams the beamwaist diameterwas calculatedto be
6.1m andthereforecoincidesvery well with the active device diameter
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Fig. 4. Farfield of 6 um single-mode/CSEL andstandardingle-moddiber.

Usingthe datafrom Fig. 4, the beamdiameterof the fiber wascalculatedo be 10.2um. The
outputbeamof the VCSEL reacheghis value at a distanceof 34um. This moderatebeam
wideningallows couplingfrom the VCSEL into a standardsingle-modefiber with measured
efficienciesof greateithan90%.

4. Dynamic properties

Fig. 5 shavs RIN spectrameasuredat variousbias currents. The RIN measurementaere
carriedout by placinga 16x 16 um? InGaAsphotodiodedirectly in front of the laserdevice.
Increasingcurrentleadsto decreasingioisenot too far above the shotnoiselimit, which is
locatedat —151 dB/Hz for a photo currentof 375uA, correspondindo 6.2mA laserdriving
current. However, by furtheroptimizingthe thresholdcurrentdensity a still lower noise,even
belowv shotnoise[7], could be expected. In orderto describethe dynamiccharacteristicof
the devices,the modulationefficiengy hasbeenexaminated.Theresultsaredepictedn Fig. 6.
Fromthe slopeof the fitting curve a modulationefficiency factorof Mg = 1.34 GHz/mAl/2
hasbeenextracted. After all emissionwavelengthhasto be weighedagainst noiseand RF
characteristicsf thedevices.
Another measureof dynamicbehaior, the so-calledK -factor [8], is relatedto the intrinsic
maximuma3 dB cornerfrequeng by
2w
Vimax = 2K . (2)

It is derivedfrom its proportionalityto the squaredesonancérequeng. Accordingto Fig. 7 a
K-factorof 2.51nswasfound, which correspondso a cornerfrequeny of vy, = 3.54 GHz.
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Fig. 5. VCSEL relative intensitynoisefor variousbiascurrents.

Thesinglequantumwell asactive layeris expectedo bethereasorfor thesemoderatevalues.A
large carrierdensityin thequantumwell is requiredin orderto provide sufficientgain, whichin
its turnleadsto reducedlifferentialgain dg/on. However, by usingtwo or morequantumwells
theoverall strainin theactive regionincreasesndthe critical thicknesouldbe exceeded.

2.0 14

E’; 1.8 - " ]
_ 12 1

<16 - ']

e . ] 5

g 14—- é) 10 N

3 ©

212+ S 1

© 1 o 8-

2 1.0 £

S Q.

g | E 6 4

S 0.8—_ 3

)

L0.6_'|'|'|'|'|'| S
06 08 10 12 14 16 18 0 L 2 ) 23

1/(]_lm) (VmA) (resonance frequency) (GHz )

Fig. 7. Relationbetweerdampingcoeficientand
Fig. 6. Modulationefficiengy. resonancdrequeny squared. The slopedefines
the K-factor

5. Datatransmission

Basedon the precedingresults,datatransmissiorexperimentswere carriedout. The device
is driven at a bias currentof 6 mA. A 2.5Gbit/s pseudo-randonbit sequencgPRBS)with
Ve = 0.4V is addedby meansof a bias-tee.The reasonfor choosingthis high biascurrent
andhencethe low modulationectinctionratio is the increasingnoiseat lower currents which
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wasapproed by varying both of the valuesfor optimumtransmissiorresults. The usedword

lengthof 27 — 1 is standardor dataencodingn LANs ase.g.,Gigabit Ethernetusing8B/10B
encoding.Theopticalsignalpasses variableattenuatoin orderto adjustthe optical power. It

is detectedy a2 GHzbandwidthGepin-photodiode. Thesignalis monitoredwith anelectrical
samplingoscilloscopeand analyzedwith a BER decoder The datatransmissiorresultsare
shavn in Fig. 8 whereopencirclesrefer to back-to-backestingand plain diamondsdenote
transmissiorover 10km standardsinglemodefiber. The comparatiely low power penaltyfor

10km transmissiorof 1 dB proofsthe almostnegligible amountof fiber dispersion.Thus,the
limiting factorfor goingto distancesargerthan10km is absorptiorratherthandispersionThe

eye diagramwhich wasrecordedht a bit-errorrateof 101! is symmetricandwide open.
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Fig. 8. Bit errorrate(BER) characteristicfor 2.5Gbit/sdatatransmissiormover 10km of standardingle-
modefiber (SMF) andback-to-backesting. Theinseteye diagramwasrecordedat BER = 10711,

6. Conclusion

We have demonstratedhigh-performancesingle-modeVCSELswith a single Ing 33Ga 67AS
quantumwell emitting at 1129nm wavelength. The devicesexhibit a far field angleof 6, . =
6.7°, anintrinsic cornerfrequeny of 3.54GHz, anda K-factor of 2.51ns. Errorfree data
transmissiowasachievedwith 2.5Gbit/sPRBSover 10km standardsingle-moddiber.
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