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We demonstrate@rrorfree operationof 4 simultaneousisersin a fastfrequeng-hopping
time-spreadingptical codedivision multiple accessystemoperatingat 2.5 Gbit/sin a Star
architecture Effective power penaltywas 0.5dB.Novel optical codedivision multiple ac-
cessrecever basedon TerahertzOptical Asymmetric Demultiplexer was demonstratedo
eliminatemultiple accessnterference.

PACS: 42.55.Wd42.81.Wg

1 Intr oduction

Optical code division multiple accesfOCDMA) is a promisingapproachfor ef cient, truly
asynchronoumultiple accessietworks[1]. It alsooffersotheradvantagesf simpli ed network
control, increasechysicallayer privagy, and on-demandandwidthsharingand management.
Two DimensionaDCDMA (2D-OCDMA) usingwavelengthandtime dimensionsprovidescod-
ing e xibility androbustsystemperformancg?2]. In this paperwe demonstratéhe operationof
4 simultaneousisersoperatingat 2.5 Gbit/swith a power penaltyof < 0:5 dB andthe elimina-
tion of multiple accessnterferenceusingultra fastall optical samplingwith a newly proposed
optical codedivision multiple accessecever which is basedon TerahertzOptical Asymmetric
Demultiplexer (TOAD-basedOCDMA recever).

2 Experimental setup

The schematioof our systemarchitectures shovn in Fig. 1. It is a broadcastind selectstar
network. The multi-wavelengthpicosecondpulse sourcewas obtainedby spectralslicing of
20nmof supercontinuunasingafour-portthin Im Iter (TFF)basedvavelengthdemultiplexer
(DEMUX). Using this technique 4 pulsetrainswere obtainedat centerwavelengthsof 1546,
1550,1554and1558nm, eachwith an optical pulsewidth of 1.6 ps measuredt the full-width
at half-maximum(FWHM).

For eachtransmitter/datencodeseeFig. 1), thewavelengthsaaremultiplexed(MUX) either
usinga4 1 power coupler(transmittersTx 3 and Tx 4) or using a TFF basedwavelength
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Fig. 1. Experimentaketup.

multiplexer (transmittersTx 1 and Tx 2). The schematicdiagramof sucha transmitter/data
encodercanbeseenin Fig. 2. Variableattenuatorsvereusedto ensurepower uniformity across
all wavelengthsand transmitters. The tunabledelaylines, D, which are integral partsof the
encoderenablesystemstudyperformancdor differentcodesequences.

i

Fig. 2. Schematidiagramof OCDMA transmitter/dat@ncoder

For thisdemonstratiom novel TOAD-basedOCDMA recever, Rx, wasproposedndtested.
Therecever (Fig. 1) consistsof a datadecodern(seeFig. 3. followedby the TOAD (Terahertz
Optical AsymmetricDemultiplexer) [3,4]. Thetunabledelaylines atthe decoderareinterfaced
tothecomputeyPC,to enabletuningof thereceverto any transmittefTx. Thetunabledelayline
D of thecontrolis usedto adjusta positionof thegating/switchingvindow createdy the TOAD.
The TOAD gating/switchingwindow, which is setto be approximately? ps wide [3,4], is po-
sitionedto passonly autocorrelatiorpulses(e.g.,decodedlatacomingfrom desiredtransmitter
Tx) while rejectingall crosscorrelationpulsesthatfall outsideof TOAD switchingwindow (see
Fig. 7). Thepresencef all crosscorrelationpulsesn Fig. 7(a)is theresultof adatatransmission
from theremainingtransmitters.

3 Experimental results

Figure4 compareghe performanceof eachtransmitter An HP 83446Awasusedasfront-end
photodetectofor Anritsu 12.5 Gigabit Bit Error Rate Test System,BERT. Lessthan 0.5 dB
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Fig. 3. Schematiadiagramof the novel OCDMA recever. DEMUX: wavelengthdemultiplecer; D: com-
putercontrolleddelayline; HPF:High PassFilter; BERT: Bit Error RateTester Theinsetshavsthespectral
characteristicef theHPFusedfor controlanddataseparatiorafterthe TOAD. Filter has35dB suppression
of wavelengthdessthan1542nm.

Fig. 4. BER curvesfor theindividual operationof eachof the 4 transmittersTx with therecever Rx.
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Fig. 5. Thedecodedsignalusinga “conventional” OCDMA recever for the operationof 4 simultaneous
transmitterandarecevertunedto Tx 1 (a); Tx 2 (b); Tx 3 (¢); andTx 4 (d), respectiely.

variationin sensitvity wasseenat 10 ° Bit Error Rate(BER). The negative power penaltyis
dueto the Itering of noiseatthedataencoders/decoders.

Figuresb and6 summarizehe performanceesultsfor simultaneousperationof all 4 trans-
mitters(e.g.,userswith a“conventional’OCDMA recever (notequippedvith the TOAD). The
peaksin Fig. 5(a)—(d)indicatethe autocorrelation/decodesignalwhenthe decodeiis tunedto
transmittermx 1, Tx 2, Tx 3, andTx 4, respectiely. Theotherpulsesarecrosscorrelationsfrom
theremainingtransmittersdroadcastingn the network.

Pawver penalty< 6:5 dB shavn in Fig. 6 is mainly an artifactof the power of the crosscor-
relationpulses(equivalentto 6 dB penaltyfor 4 users)jmplying an effective penalty< 0:5 dB.
Figure7(b) shavsthe eliminationof crosscorrelationsignalwhennovel TOAD-basedOCDMA
receveris used.Schematiaiagramof thereceveris in Fig. 3. Here,thereceverwastunedto
decodethe signalfrom transmitterTx 3. The crosscorrelationsignalcausedy the transmitters
Tx 1, Tx 2, and Tx 4 presentoeforethe TOAD (canbe seenin Fig. 7(a))is clearly eliminated
afterthe TOAD (Fig. 7(b)). Now at the receirer outputonly the autocorrelation/decodesignal
from thetransmittefTx 3 is presentErrorfree operationvasobsenedwith Bit Error Ratebetter
than10 ° with noerror oor.

4 Conclusions

In conclusion,we have demonstratecrrorfree operationof 4 simultaneoususersin a fast
frequeng-hoppingtime-spreadin@CDMA systemoperatingat 2.5 Gbit/s with an effective
power penaltylessthan0.5dB. Novel TOAD-basedOCDMA recevverwasproposedanddemon-
strated. TOAD wasusedasanultrafastall opticalsamplinggateto eliminatethe multiple access
interferenceto improve performance.Error free operationwith Bit Error Ratelessthan10 °

wasachieved.
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Fig. 6. BER curvesfor the operationof multiple transmittersvithoutthe TOAD.

Fig. 7. TOAD-basedOCDMA recever tunedto transmitterTx 3. (a) Signalreceved beforethe TOAD;
(b) afterthe TOAD, only signalfrom transmitterTx 3 is present.
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