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Abstract: Tunable optical pulse compression is proposed to generate the FCC 
compliant impulse radio utra-wideband (IR-UWB) pulses with high speed 
modulation. Experimental generation and transmission of up to 5 Gbps IR-UWB 
signals are successfully demonstrated. 
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1. Introduction 
Ultra-wideband (UWB) technology is widely recognized as a good candidate for wireless short range 
links, which are limited by the extremely low emission power under the Federal Communications 
Commission (FCC) regulations [1]. In order to build a seamless wireless access network, UWB over 
fiber technology is motivated by its capability to enable UWB wireless reach extension. In an UWB 
over fiber system, photonic generation of FCC compliant UWB pulses with high speed data modulation 
is of great importance. So far, photonic impulse radio (IR) UWB generation/transmission experiments 
with 1.025Gbps, 500Mbps and 1.25Gbps on-off keying (OOK) modulation formats have been done by 
employing pulse doubler [2], fiber Bragg grating [3], response of SOA-integrated sampled grating 
distributed Bragg reflector (SGDBR) [4], and electrical pulse shaping filtering [5] as optical pulse 
shapers to generate complex Gaussian-like pulses, which can better fit the FCC mask than monocycle 
and doublet waveforms [6]. In those schemes, the bit rate is however limited by the repetition 
frequencies of employed pulse lasers. We have also previously demonstrated OOK and binary phase 
shift keying (BPSK) modulated IR-UWB generation and transmission [7-9] based on relaxation 
oscillations from a distributed feedback laser (DFB) [10], up to 3.125 Gbit/s [9]. However, the optical 
generation scheme is rather simple, faster modulation will need higher electrical speed (>20Gbps) 
pulse pattern generator (PPG) due to the representation of one UWB bit by using a sequence of several 
PPG bits. Therefore, in this paper we introduce an optical tunable pulse width scheme to achieve higher 
bit-rate for next generation UWB over fiber communications with no need for high speed electrical 
PPG.  

In this paper, we propose a novel approach to optically generate a record 5 Gbps OOK modulated 
FCC compliant UWB pulses based on optical pulse compression. The tunability of an input 
non-return-to-zero (NRZ) pulse duty cycle has the potential to represent one UWB bit with the use of 
only a single electrical PPG bit at the symbol rate. Therefore, the generated UWB pulses have a same 
bit rate as the electrical input NRZ code, resulting in significantly reducing the requirements of the 
electrical PPG for its generation. 

2. Experimental Setup 

 
Fig.1 Experiment setup of photonic generation and modulation of 5Gbps UWB signals. CW: continuous-wave 
laser, EDL: electrical delay line, CLK: clock, PPG: pulse pattern generator, EAM: electro-absorption modulator, 
MZM: Mach-Zehnder modulator, PC: polarization controller, DCF: dispersion compensation fiber, OC: optical 
circulator, Att.: attenuator, PD: photodiode, ADC: analog-to-digital converter, ESA: electrical spectrum analyzer. 
 
In our experiment, optical pulse compression is implemented in an electro-absorption modulator 
(EAM), which has shown good performance in optical signal processing [11, 12]. The experimental 
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setup is shown in Fig.1. A continuous-wave (CW) from a tunable laser is polarization controlled and 
launched into an EAM, which is driven by a clock from a pulse pattern generator (PPG). Subsequently, 
a Mach-Zehnder modulator (MZM) biased at quadrature point is used to modulate an amplified 
pseudo-random binary sequence (PRBS) with a length of 27-1 onto the lightwave. An electrical delay 
line is used to synchronize the PRBS and clock, and an Er-doped fiber amplifier (EDFA) is employed 
to compensate the absorption and insertion losses of the EAM. Then, the output optical signals from the 
MZM are injected into a polarization-dependent DFB, and an optical circulator (OC) is used to forward 
the output signals from the DFB to 40 km single mode fiber (SMF) and matched 6 km dispersion 
compensation fiber (DCF). The generated signal is analyzed by an electrical spectrum analyzer (ESA) 
and an oscilloscope. At the receiver side, a digital signal processing (DSP) receiver, which includes 
correlation, filtering, synchronization and threshold algorithms in the digital domain, is used to 
demodulate analog-to-digital converted data information and test bit-error-rate (BER) performance.  

3. Experimental Results and Discussions 
Fig.2(a) displays the optical compressed pulses when a 5 GHz clock with 2 V peak-to-peak voltage is 
applied to the EAM. We can notice that when the EAM is reversely biased, the output pulse width is 
compressed and narrower than the original 5 GHz clock. The pulse width at -2 V bias point is narrower 
than at -1 V, that is to say the duty cycle of the compressed pulse at -2 V is smaller than at -1 V. The 
optical spectra at -2 V in Fig.2(b) are thus broader than at -1V. As shown in Fig.2(c), the increase of 
bias voltage will decrease the duty cycle, and however increase the transmission loss. The inset in 
Fig.2(b) displays the optical spectra of the CW and DFB wavelengths of 1553.47 nm and 1552.56 nm 
in the experiment.  

The generation of a 4-bit UWB pulse train ‘1101’ at a bit rate of 5 Gbps is displayed in Fig.2(d). 
2.3 V bias is applied, and the duty cycle in this case is 32.7%, the transmission loss is 19 dB, so an 
EDFA was needed between the EAM and MZM. When this optical compressed pulse is launched into a 
a DFB to lock at one of its sidemodes, the modulation at the CW will be transferred to the DFB 
wavelength, which can be clearly observed in the optical spectra in Fig.2(b), and meanwhile, the 
wavelength spacing between them determines the time delay. We can see the output pulse at the DFB 
wavelength in Fig.2d(ii) is composed of an opposite compressed pulse caused by cross gain modulation, 
and overshooting due to relaxation oscillations in the DFB [5]. By incoherently summing up the 
intensity of the two short pulses at two wavelengths, a pulse with complex shape in Fig.2d(iii) is thus 
generated. By this mean, the original NRZ PRBS data sequence is preserved. Therefore, the pulse train 
in Fig.2d(iii) is also at a bit rate of 5 Gbps.  
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Fig.2 (a) pulse compression in the EAM by changing bias voltage, (b) optical spectra with respect to different bias voltages. The 
inset shows the wavelengths of the DFB and CW. (c) transmission loss of the EAM and duty cycle of compressed pulse. (d) 
generation of a UWB pulse train ‘1101’ at a bit rate of 5Gbps. (i) pulses at the output of the MZM, (ii) output pulses from the 
DFB wavelength, (iii) generated UWB pulses with complex shape. 
 

       OTuF7.pdf  
 

OSA/OFC/NFOEC 2011
       OTuF7.pdf



0 2 4 6 8 10 12

-60

-50

-40

-30

-20

-10

0

10

N
or

m
al

iz
ed

 P
SD

 (d
B

m
/M

H
z)

Frequency (GHz)

FCC mask

5Gbps UWB spectra

(a) 
-19 -18 -17 -16 -15

5

4

3

2

1

1 error bit in 10000 bits

 B2B
 40km fiber transmission

-lo
g(

B
ER

)

Optical power (dBm)

FEC limit

(b) 
Fig.3 (a) normalized power spectrum density (PSD) of generated 5Gbps UWB signals and FCC mask. (b) BER performance of 
5Gbps UWB signals in back-to-back and 40km transmission cases. 
 

In Fig. 3(a) we show the generated UWB frequency spectra with the modulation of a 5 Gbps PRBS. 
The repetition frequency of 5 GHz validates the 5 Gbps bit rate is successfully generated, and the 
spectra are fully compliant with the FCC mask. We also experimentally investigate the BER 
performance for back-to-back (B2B) and 40 km fiber transmission, as shown in Fig.3(b). In the DSP 
receiver, 10,000 sampled UWB bits are used to analyze bit-for-bit BER performance. We can observe 
that the penalty between B2B and fiber transmission is negligible and a BER below the forward error 
correction (FEC) limit is obtained. 

4. Conclusions 
We have proposed a novel approach to generate UWB pulses with high speed data modulation. In our 
demonstration, we use an EAM to compress a NRZ pulse, and the tunable pulse compression makes 
our approach independent on the input NRZ pulse width, and thus makes it promising to generate 
UWB pulses with high bit rate. In our reported experiment, the FCC compliant UWB signals with 
5 Gbps OOK modulations are successfully demonstrated. To the best of our knowledge, 5 Gbps is a 
record IR-UWB bit rate achieved up to date. This proposed approach has potential application in high 
speed UWB wireless over optical access networks. 

5. Acknowledgements 
This research was supported by a Marie Curie International Incoming Fellowship within the 7th 
European Community Framework Programme. We also would like to acknowledge Mr. Weiqi Xue 
from DTU Fotonik and Mr. Rakesh Sambaraju from Universidad Politecnica de Valencia for providing 
us the EAMs. 

6. References 
[1]. D. Porcine, P. Research, and W. Hirt, “Ultra-wideband radio technology: potential and challenges ahead,” IEEE Commun. 

Mag., vol. 41, no. 7, pp. 66-74, Jul. 2003.  
[2]. M. Hanawa, K. Mori, K. Nakamura, et al, “Dispersion tolerant UWB-IR-over-Fiber transmission under FCC indoor 

spectrum mask ”, OFC/NFOEC2009, 2009, California, Paper OTuJ3. 
[3]. M. Abtahi, M. Mirshafiei, J. Magné, et al, “All-Optical 500-Mb/s UWB Transceiver: An Experimental Demonstration”, J. 

Lightw. Technol., vol. 26, no. 5, pp.2795-2802, 2008. 
[4]. Hui Lv, Yonglin Yu, Tan Shu, Dexiu Huang, Shan Jiang, Liam P. Barry, “Photonic generation of ultra-wideband signals by 

direct current modulation on SOA section of an SOA-integrated SGDBR laser,” Opt. Express, vol. 18, pp. 7219-7227, 
2010. 

[5]. S. L. Pan, J. P. Yao, “A photonic UWB generator reconfigurable for multiple modulation formats,” IEEE Photon. Technol. 
Lett., vol. 21, no. 19, Oct. 2009, pp. 1381-1383. 

[6]. R. Llorente, T. Alves, M. Morant, et al, “Ultra-wideband radio signals distribution in FTTH networks”, IEEE Photon. 
Technol. Lett., vol. 20, no. 11, 2008, pp. 945-947. 

[7]. T. B. Gibbon, X. Yu, I. T. Monroy, “Photonic ultra-wideband 781.25 Mbit/s signal generation and transmission 
incorporating digital signal processing detection”, IEEE Photon. Technol. Lett., vol. 21, no. 15, Aug. 2009, pp. 1060-1062. 

[8]. X. Yu, T. B. Gibbon, I. T. Monroy, “Experimental demonstration of all-optical 781.25 Mbit/s binary phase coded UWB 
signals generation and transmission,” IEEE Photon. Technol. Lett., vol. 21, no. 17, Sept. 2009, pp. 1235-1237. 

[9]. T. B. Gibbon, X. Yu, R. Gamatham, et al, “3.125 Gb/s impulse radio ultra-wideband generation and distribution over a 
50 km fiber and 2.9 m wireless link,” IEEE Microwave and Wireless Components Letters, vol.21, no.2, pp. 127-129, 2010. 

[10]. X. Yu, T. B. Gibbon, M. Pawlik, et al, “A photonic ultra-wideband pulse generator based on relaxation oscillations of a 
semiconductor laser,” Optics Express, vol. 17, no. 12, 2009, pp. 9680-9687.  

[11]. K. Taira and K. Kikuchi, “Subpicosecond pulse generation using an electroabsorption modulator and a double-stage pulse 
compressor,” IEEE Photon. Technol. Lett., vol.15, no.9, pp. 1288-1290, 2003. 

[12]. M. Saruwatari, “All-optical signal processing for terabit/second optical transmission,” IEEE J. Select. Top. Quantum 
Electron., vol. 6, pp.1363-1374, 2000. 

 

       OTuF7.pdf  
 

OSA/OFC/NFOEC 2011
       OTuF7.pdf


	5 Gbps IR-UWB Signal Generation and Fiber Transmission Based on Optical Pulse Compression 
	1. Introduction 
	2. Experimental Setup
	3. Experimental Results and Discussions 
	4. Conclusions 
	5. Acknowledgements 
	6. References 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


