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Abstract: We experimentally demonstrate a side-polished optical fiber based graphene-on-gold 
biosensor. Single layer of graphene is deposited to improve the sensitivity in single-stranded DNA 
detection. Our proposed biosensor provides a detection limit lower than 1 pM.   
OCIS codes: (160.3918) Metamaterials; (240.6680) Surface plasmons; (060.2370) Fiber optics sensors; 

1. Introduction  
Graphene brings huge potential to sensing applications. Graphene-modified surface plasmon resonance (SPR) 
platform is proven to be more sensitive than the conventional configuration. The graphene layer strengthens the surface 
plasmon polariton (SPP) so that the hybrid structure is more responsive to adjacent medium variation. Besides, 
graphene shows strong absorption to biomolecules with aromatic rings through π-π interaction [1]. Compared with 
conventional surface functionalization in biosensors, single-layer graphene deposition is a simpler approach for 
molecule binding. On the other side, optical fiber based sensors are well recognized by their miniaturization, flexibility 
and in-situ monitoring capability. Taking advantages of both graphene-modified SPR and optical fiber, we propose a 
graphene-on-gold architecture in combination with side-polished optical fiber to realize a highly sensitive single-
stranded DNA (ssDNA) sensor.  

2. Experiments and Discussion 
Fig. 1(a) illustrates the configuration of our proposed biosensor. A thin gold film is coated on a side-polished surface 
of optical fiber to excite SPP. Single layer of graphene is deposited on gold film for enhancing SPP and binding 
ssDNA molecules. To verify the superiority of graphene-on-gold configuration, we compare it with conventional side-
polished fiber based SPR sensor through numerical analysis. As shown in Fig. 1(b), the presence of graphene layer 
enhances the transmission loss, which provides stronger SPP, and also shifts the resonance to a longer wavelength. As 
the refractive index of ambient medium increases, the graphene-modified SPR sensor undergoes larger resonant 
wavelength shift and peak transmission loss enhancement, therefore leading to a better sensitivity than conventional 
SPR configuration (Fig. 1(c)). 

 
Fig. 1. (a) Configuration of the proposed graphene-on-gold ssDNA sensor; (b) Comparison of transmission properties and (c) sensitivities 

between conventional side-polished fiber based SPR sensor and the proposed graphene-on-gold fiber sensor. 
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We polish a standard single-mode fiber to expose fiber core of ~2 mm long. Then we evaporate a 30 nm gold film
on the plat polished surface. Before transferring graphene, we characterize the SPR behavior of this conventional 
configuration. Fig. 2(a) shows the variation of transmission spectra along with the increasing surrounding refractive 
index. As the refractive index gradually increases from ~1.33 (DI water) to ~1.35 (NaCl solution), there are obvious 
enhancement as well as redshift of the resonant dip on transmission spectrum. This phenomenon agrees well with the 
simulation results. The sensitivity is ~414 nm/RIU using the wavelength interrogation method (Fig. 2(b)). 

 
Fig. 2. (a) Transmission spectra of conventional side-polished fiber based SPR sensor; (b) Sensitivity of the conventional configuration. 

     Single layer of graphene is then transferred onto the gold film using the “PMMA mediated” approach [2]. The 
black curve in Fig. 3(a) is the transmission spectrum of graphene-on-gold sensor when immerging in DI water. 
Compared to that in Fig. 2(a), the spectrum of graphene-modified sensor has a deeper resonant dip. Also, the graphene 
layer leads to the redshift of resonant wavelength from 577.19 nm to 579.33 nm, which is in good agreement with the 
simulation results. After the characterization, we further test the capability of our sensor for ssDNA detection. Various 
concentrations of 7.3 kDa 24-mer ssDNA (5’-C TT CTG TCT TGA TGT TTG TCA AAC-3’) range from 1 pM to 10 
uM are applied to the biosensor. As shown in Fig. 3(a), there occurs a distinguishable deepening of resonant dip when 
ssDNA concentration is as small as 1 pM, which is ultralow compared to state-of-art fiber-optic DNA sensors [3,4]. 
The deepening continues as the concentration further increases, which is due to the increasing number of ssDNA 
molecules binding to the graphene layer. Besides, there is also a slight redshift of resonant wavelength, which means 
that the increase of refractive index of ssDNA solution is very small. Fig. 3(b) plots the linear decrease of transmission 
minimum and the gradually saturated wavelength shift against log pM concentration. The transmission minimum 
shows linear response to log scale ssDNA concentration over a wide detection range from 1 pM to 10 uM.  

 
 

Fig. 3. (a) Magnified transmission spectra of graphene-on-gold biosensor when measuring various concentrations of ssDNA; (b) Transmission 
minimum and resonant wavelength against ssDNA concentrations (log pM). 

3. Conclusion 
We propose a fiber-optic biosensor based on graphene-on-gold architecture to realize ultralow detection limit as well 
as high sensitivity. The proposed highly integrated architecture shows great potential in small biomolecules detection.  

4. References  
[1] S. Zeng, K. V. Sreekanth,, J. Shang, T. Yu, C. K. Chen, F. Yin, D.Baillargeat, P. Coquet, H. P. Ho, A. V. Kabashin and K. T. Yong,  
“Graphene–gold metasurface architectures for ultrasensitive plasmonic biosensing,” Adv. Mater. 27, 6163-6169 (2015). 
[2] X. Li, Y. Zhu, W. Cai, M. Borysiak, B. Han, D. Chen, R. D. Piner, L. Colombo and R. S. Ruoff, “Transfer of large-area graphene films for 
high-performance transparent conductive electrodes,” Nano Lett. 9, 4359-4363 (2009). 
[3] B. Yu, Y. Huang, M. Ding, Y. Ran and B. O. Guan,  “In situ and ultrasensitive DNA detection based on a graphene-coated silica fiber taper 
interferometer,” In Fifth Asia Pacific Optical Sensors Conference, (International Society for Optics and Photonics, Jeju Island, 2015), pp. 
96551F-96551F. 
[4] H. M. Gonçalves, L. Moreira, L. Pereira, P. Jorge, C. Gouveia, P. Martins-Lopes and J. R. Fernandes, “Biosensor for label-free DNA 
quantification based on functionalized LPGs,” Biosens. Bioelectron. (2015). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


