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We demonstratederror-free operationof 4 simultaneoususersin a fast frequency-hopping
time-spreadingopticalcodedivision multiple accesssystemoperatingat 2.5Gbit/s in a Star
architecture.Effective power penaltywas� 0.5dB.Novel opticalcodedivision multiple ac-
cessreceiver basedon TerahertzOptical AsymmetricDemultiplexer was demonstratedto
eliminatemultiple accessinterference.

PACS: 42.55.Wd,42.81.Wg

1 Intr oduction

Optical codedivision multiple access(OCDMA) is a promisingapproachfor ef�cient, truly
asynchronousmultipleaccessnetworks[1]. It alsooffersotheradvantagesof simpli�ed network
control, increasedphysicallayer privacy, andon-demandbandwidthsharingandmanagement.
TwoDimensionalOCDMA (2D-OCDMA)usingwavelengthandtimedimensions,providescod-
ing �e xibility androbustsystemperformance[2]. In thispaper, we demonstratetheoperationof
4 simultaneoususersoperatingat 2.5Gbit/swith a power penaltyof < 0:5 dB andtheelimina-
tion of multiple accessinterferenceusingultra fastall optical samplingwith a newly proposed
opticalcodedivision multiple accessreceiver which is basedon TerahertzOpticalAsymmetric
Demultiplexer(TOAD-basedOCDMA receiver).

2 Experimental setup

The schematicof our systemarchitectureis shown in Fig. 1. It is a broadcastandselectstar
network. The multi-wavelengthpicosecondpulsesourcewas obtainedby spectralslicing of
20nmof supercontinuumusingafour-portthin �lm �lter (TFF)basedwavelengthdemultiplexer
(DEMUX). Using this technique,4 pulsetrainswereobtainedat centerwavelengthsof 1546,
1550,1554and1558nm, eachwith anopticalpulsewidth of 1.6psmeasuredat thefull-width
athalf-maximum(FWHM).

For eachtransmitter/dataencoder(seeFig.1), thewavelengthsaremultiplexed(MUX) either
usinga 4 � 1 power coupler(transmittersTx 3 andTx 4) or usinga TFF basedwavelength
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Fig. 1. Experimentalsetup.

multiplexer (transmittersTx 1 and Tx 2). The schematicdiagramof sucha transmitter/data
encodercanbeseenin Fig. 2. Variableattenuatorswereusedto ensurepoweruniformity across
all wavelengthsand transmitters.The tunabledelay lines, D , which are integral partsof the
encoder, enablesystemstudyperformancefor differentcodesequences.

Fig. 2. Schematicdiagramof OCDMA transmitter/dataencoder.

For thisdemonstrationanovelTOAD-basedOCDMA receiver, Rx,wasproposedandtested.
Thereceiver (Fig. 1) consistsof a datadecoder(seeFig. 3. followedby theTOAD (Terahertz
OpticalAsymmetricDemultiplexer) [3,4]. Thetunabledelaylinesat thedecoderareinterfaced
to thecomputer, PC,to enabletuningof thereceiverto any transmitterTx. Thetunabledelayline
D of thecontrolis usedto adjustapositionof thegating/switchingwindow createdby theTOAD.
The TOAD gating/switchingwindow, which is setto be approximately2 ps wide [3,4], is po-
sitionedto passonly autocorrelationpulses(e.g.,decodeddatacomingfrom desiredtransmitter
Tx) while rejectingall crosscorrelationpulsesthatfall outsideof TOAD switchingwindow (see
Fig.7). Thepresenceof all crosscorrelationpulsesin Fig.7(a)is theresultof adatatransmission
from theremainingtransmitters.

3 Experimental results

Figure4 comparestheperformanceof eachtransmitter. An HP 83446Awasusedasfront-end
photodetectorfor Anritsu 12.5 Gigabit Bit Error RateTest System,BERT. Lessthan 0.5 dB
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Fig. 3. Schematicdiagramof thenovel OCDMA receiver. DEMUX: wavelengthdemultiplexer; D: com-
putercontrolleddelayline; HPF:HighPassFilter; BERT: Bit ErrorRateTester. Theinsetshowsthespectral
characteristicsof theHPFusedfor controlanddataseparationaftertheTOAD. Filter has35dB suppression
of wavelengthslessthan1542nm.

Fig. 4. BERcurvesfor theindividual operationof eachof the4 transmittersTx with thereceiver Rx.
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Fig. 5. Thedecodedsignalusinga “conventional” OCDMA receiver for the operationof 4 simultaneous
transmittersanda receiver tunedto Tx 1 (a);Tx 2 (b); Tx 3 (c); andTx 4 (d), respectively.

variationin sensitivity wasseenat 10� 9 Bit Error Rate(BER). The negative power penaltyis
dueto the�ltering of noiseat thedataencoders/decoders.

Figures5 and6 summarizetheperformanceresultsfor simultaneousoperationof all 4 trans-
mitters(e.g.,users)with a“conventional”OCDMA receiver(notequippedwith theTOAD). The
peaksin Fig. 5(a)–(d)indicatetheautocorrelation/decodedsignalwhenthedecoderis tunedto
transmitterTx 1, Tx 2, Tx 3, andTx 4, respectively. Theotherpulsesarecrosscorrelationsfrom
theremainingtransmittersbroadcastingin thenetwork.

Power penalty< 6:5 dB shown in Fig. 6 is mainly anartifactof thepower of thecrosscor-
relationpulses(equivalentto 6 dB penaltyfor 4 users),implying aneffectivepenalty< 0:5 dB.
Figure7(b)showstheeliminationof crosscorrelationsignalwhennovel TOAD-basedOCDMA
receiver is used.Schematicdiagramof thereceiver is in Fig. 3. Here,thereceiver wastunedto
decodethesignalfrom transmitterTx 3. Thecrosscorrelationsignalcausedby thetransmitters
Tx 1, Tx 2, andTx 4 presentbeforetheTOAD (canbe seenin Fig. 7(a)) is clearlyeliminated
after theTOAD (Fig. 7(b)). Now at thereceiver outputonly theautocorrelation/decodedsignal
from thetransmitterTx 3 is present.Errorfreeoperationwasobservedwith Bit ErrorRatebetter
than10� 9 with noerror�oor .

4 Conclusions

In conclusion,we have demonstratederror-free operationof 4 simultaneoususersin a fast
frequency-hoppingtime-spreadingOCDMA systemoperatingat 2.5 Gbit/s with an effective
powerpenaltylessthan0.5dB.NovelTOAD-basedOCDMA receiverwasproposedanddemon-
strated.TOAD wasusedasanultrafastall opticalsamplinggateto eliminatethemultipleaccess
interferenceto improve performance.Error free operationwith Bit Error Ratelessthan10� 9

wasachieved.
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Fig. 6. BERcurvesfor theoperationof multiple transmitterswithout theTOAD.

Fig. 7. TOAD-basedOCDMA receiver tunedto transmitterTx 3. (a) Signalreceived beforethe TOAD;
(b) aftertheTOAD, only signalfrom transmitterTx 3 is present.
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