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Improvement of Junction Properties of ZnO Nanorod/GaN
Heterojunction Using Selective Laser Processing
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We fabricated the ZnO nanorod/GaN heterojunction light emitting diode by directly-growth of
the ZnO nanorods on the GaN film using the nanoparticle-assisted pulsed laser deposition. Subse-
quently, selective laser irradiation to the p-n junction was applied to improve the junction properties.
The UV emission was strongly enhanced by the laser irradiation. The peak wavelength of the UV
emission is 377 nm, which is attributed to the near-band-emission of ZnO. In addition, the forward

current was increased in the I-V characteristics by a factor of 6 at a bias voltage of 30 V.
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1. Introduction

ZnO is one of the attractive semiconductors for optoe-
lectronic application in ultraviolet (UV) region due to its
wide band gap of 3.37 eV and extremely large exciton
binding energy of 60 mV. Especially, one dimensional ZnO
nanostructures have been paid much attention due to its
unique structure [1]. The ZnO nanorods can be synthesized
by several methods, such as chemical vapor deposition,
hydrothermal liquid method, high pressure laser ablation,
and so on [2]. We have succeeded in growing vertically-
aligned ZnO nanorods without any catalyst by the nanopar-
ticle assisted high pressure pulsed laser deposition
(NAPLD) [3]. ZnO nanorods are candidate for building
blocks for UV light emitting diodes. To utilize the electro-
optical property of semiconductors, it is a prerequisite to
obtain both n- and p-type conductivities. However, it is
difficult to produce p-type conductivity in ZnO, mainly due
to the low dopant solubility and self-compensation effect of
intrinsic defects [4,5]. Therefore, the realization of the
hetero p-n junction has been extensively studied, using
already existing p-type semiconductors, for instance, like
p-Si[6,7], p-GaN [8-11], p-type polymer [12,13] and so on.
Among these p-type materials, GaN is often utilized be-
cause of a low lattice mismatch with ZnO of 1.9 % [14]. In
this study, the ZnO nanorod/GaN heterojunction was fabri-
cated by directly-growth of the ZnO nanorods on a p-GaN
film using NAPLD. In addition, selective laser irradiation
to the p-n junction was applied to improve the junction
property. The electrical and emission characteristics of the
ZnO nanorod/GaN heterojunction were investigated with
and without laser treatment.

2. Growth of ZnO nanorods

ZnO nanorods used in this study were prepared by
NAPLD method [3]. Figure 1 shows the schematic of the
experimental setup of NAPLD. A sintered ZnO target
(Kojundo Chemical Lab. Co., Ltd) was mounted on a rotat-
able holder in a quartz furnace (Kyoei-Rikaki-Ten) filled
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Fig. 1 Schematic of the experimental setup for synthesis of
ZnO nanorods by NAPLD.

with Ar background gas of 35 kPa. A Mg-doped GaN film
grown on a sapphire substrate (TDI Inc., thickness: 2 pum)
was placed in front of the target. The quartz furnace was
electrically heated up to 1173 K. It was confirmed that no
thermal degradation of the GaN film occurred at this tem-
perature. The target was irradiated by KrF excimer laser
(Coherent Compex Pro 102 F) pulses at a fluence of 1.3
Jem® and a repetition rate of 20 Hz. In NAPLD, the

Fig. 2 SEM image of the ZnO nanorods grown on
p-type GaN film. The inset is a tilted (40°) view.
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Fig. 3 XRD result of the ZnO nanorods grown on the
GaN film.

ablated species are formed ZnO nanoparticles in the high
pressure phase due to aggregation [15], and those nanopar-
ticles play a very important role in nanocrystal growth
[16,17]. When the nanoparticles were transported on a
heated substrate, they melted and migrated on the substrate.
During the migration, the size of the particles increased due
to aggregation of the melted nanoparticles. And then, the
aggregated particles precipitated at a place on the substrate
as crystal nuclei because of increase of the melting temper-
ature with the size of aggregated particles. In this experi-
ment, with the increase of ablation time, many hexagonal
ZnO nanorods were vertically grown from the nuclei and
some nanorods were grown randomly, as shown in Fig. 2.
More than the half of the nanorods were vertically-aligned,
and the diameter and the length of the nanorods were about
300-500 nm and 1 um, respectively. Only three characteris-
tic peaks of ZnO(0002), GaN(0002), and Al,05(0006) were
observed from the structure in the X-ray diffraction meas-
urement, as shown in Fig. 3.
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Fig. 4 The room temperature PL of the ZnO nan-
owires and the GaN film. The PL of GaN film has
been magnified by a factor of 10.

Fig. 4 shows the photoluminescence (PL) spectra of the
ZnO nanorods and the GaN film using a He-Cd laser at
room-temperature. Since the PL intensity of the GaN film
is very weak compared to that of the ZnO nanorods, the
intensity of GaN film has been magnified by a factor of 10.

The PL from the ZnO nanorods shows a weak near-band-
edge (NBE) UV emission and a visible broad emission,
which was related to transition by ZnO defect state [18-21].
On the other hand, a NBE emission peaked at 361 nm was
observed from the GaN film [22].

3. Fabrication of n-ZnO nanorod/p-GaN heterojunc-
tion LED

Structural diagram of the n-ZnO nanorods/p-GaN hetero-
junction LED is shown in Fig. 5. A spin-on-glass (SOG)
layer was spin-coated among the gap of ZnO nanorods for
separating the electrode and GaN. A rotation rate of the
spin-coating was 600 rpm for 20 seconds to be exposed the
top of ZnO nanorods. Subsequently, Ni/Au was deposited
on the surface of the exposed GaN by vapor deposition as
the anode in order to achieve an ohmic contact. Ag paste
was deposited to the top of ZnO nanorods as the cathode. I-
V curve of the heterojunction shows the nonlinear increase
of the current under a forward bias, and threshold voltage is
about 5 V. The rectifying property was caused by ZnO na-
norod/GaN heterojunction, so the thermal degradation of
the GaN has not occurred during growth of ZnO nanorods
by NAPLD. Figure 6 shows the electroluminescence (EL)
spectrum from the heterojunction. The EL spectrum was
very similar to the PL spectrum of the ZnO nanorods,
which corresponds the defect-related visible emission. This
result strongly suggested that the EL spectra of the hetero-
junction are originated from the radiative electron-hole
recombination in the ZnO nanorods. The broad visible
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Fig. 5 Schematic of ZnO nanorod/GaN heterojunction LED,
and the selective laser irradiation.
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Fig. 6 EL spectra of ZnO nanowire/GaN film heterojunc-
tion LED with different forward biases of 5 to 30 V.
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Fig. 7 Transmission spectra of ZnO film and GaN film
with the thicknesses of 400 nm and 2 pm, respectively.
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Fig. 8 EL spectra of ZnO nanowire/GaN film hetero-
junction LED after selective laser irradiation with dif-
ferent forward biases of 5 to 30 V..

emission was enhanced with the increasing applied voltage
up to 30 V. When the applied voltage is more than 10 V,
the emission was observed by naked eyes.

4. Laser irradiation to the p-n heterojunction

In order to improve the junction property, the pulse la-
ser irradiation was performed to the ZnO nanorod/GaN
heterojunction. In this treatment, the selection of the laser
wavelength is very important. Figure 7 shows the
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Fig. 10 I-V characteristics of the heterojunction before
and after laser irradiation.

absorption spectra of the GaN film and a ZnO film meas-
ured by an absorption spectrophotometer, where the thick-
nesses of two films were 2 pm and 400 nm, respectively. The
GaN film has absorption below 360 nm. On the other hand,
the ZnO have absorption below 375nm. Therefore, when
the laser beam at a wavelength of 375nm is irradiated
through the GaN film, the laser beam can be absorbed at
the interface between the ZnO nanorods and the GaN film.
The laser beam at a wavelength of 375 nm for the laser
treatment, that was generated by the second harmonic of a
Q-switched Ti:sapphire laser, was irradiated to the interface.
The irradiation fluence was estimated about 280 mJ/cmz,
which corresponds to melting and recrystallization fluence
of'a ZnO film [23]. In the experiment, 10 laser pulses with
a spot size of about 1 mm were irradiated at the same point
due to the non-uniform spatial distribution and 10 % stabil-
ity of the pulse energy. Figure 8 shows the EL spectrum
from the laser-irradiated heterojunction under various for-
ward biases, where the EL intensities can be compared with
that shown in Fig. 6. The UV emission was strongly en-
hanced by the laser irradiation. The peak wavelength of the
UV emission is 377 nm, which is attributed to the NBE of
ZnO. The visible emission was also increased, which is 3.5
times at the intensity of 550 nm under a bias of 30 V. Fig-
ure 9 (a) shows the photograph of the heterojunction LED

Fig. 9 (a) Photographs of the heterojunction LED, where the white dot circle shows the laser-irradiated area, and emission
from the LED (b) before and (c) after laser irradiation under a forward bias of 30 V. Inset is enlarged image of the irradiated
part under a forward bias of 15 V.
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captured from the sapphire substrate side, where the white
dot circle shows the laser-irradiated area. Figure 9 (b) and
(c) show the emission from the LED before and after laser
irradiation under a forward bias of 30 V, respectively. A
high-bright emission was observed from the irradiated area.
Although the captured image has low spatial resolution,
several bright spots were found in the irradiated area under
a bias of 15V, as shown inset in figure 9 (c), indicating that
local rapid-heating is achieved at each bottom of nanorod
and the ZnO nanorod/GaN heterojunction structure is
maintained. The I-V characteristic of the heterojunction
after the laser irradiation was measured. Figure 8 shows the
I-V characteristic of the heterojunction after laser irradia-
tion. I-V curve before laser irradiation is also shown for
comparison in Fig. 10. In both cases, rectification charac-
teristics were observed. After the laser irradiation, the
threshold voltage was almost the same, but the forward
current was increased by a factor of 6 at a bias voltage of
30 V. Unfortunately, the leakage current was also increased
under a reverse bias. Although optimization of the laser-
irradiation intensity is needed, we demonstrated the im-
provement of the junction properties of the ZnO nano-
rod/GaN film heterojunction LED. The selective laser irra-
diation can be one of the effective techniques to improve
the electrical and emission characteristics of the ZnO nano-
rod/GaN heterojunction LED.

5. Conclusion

We achieved improvement of the electrical and optical
characteristics of the ZnO nanorod/GaN heterojunction
LED. The NBE UV emission peaking at 377 nm was
strongly enhanced by the laser irradiation, and the visible
emission was also increased, which is 3.5 times at the in-
tensity of 550 nm under a forward bias of 30 V. In addition,
the forward current was increased in the I-V characteristics
by a factor of 6. Therefore, the selective laser irradiation
can be one of the effective techniques to improve the elec-
trical and emission characteristics of the ZnO nanorod/GaN
heterojunction LED as a post-treatment technique.

References

[1] M. Willander, O. Nur, , Q. X. Zhao, L. L. Yang, M.
Lorenz, B. Q. Cao, J. Zuniga Perez, C. Czekalla, G.
Zimmermann, M. Grundmann, A. Bakin, A. Behrends,
M. Al-Suleiman, A. El-Shaer, A. Che Mofor, B.
Postels, A.Waag, N. Boukos, A. Travlos, H. S. Kwack,
J. Guinard and D. L. S. Gang: Nanotechnology, 20,
(2009) 332001.

[2] Y. W. Heo, D. P. Norton, L. C. Tien, Y. Kwon, B. S.
Kang, F. Ren, S. J. Pearton and J. R. LaRoche: Mater.

212

Sci. Eng. R, 47, (2004) 1-47.

[3] R. Q. Guo, J. Nishimura, M. Ueda, M. Higashihata, D.
Nakamura and T. Okada: Appl. Phys. A, 89, (2007)
141-144.

[4] Y. R. Ryu, T. S. Lee and H. W. White: Appl. Phys. Lett.,
83, (2003) 87-89.

[5] S. B. Zhang, S.-H. Wei and A. Zunger: Phys. Rev. B, 63,
(2001) 075205.

[6] J. Y. Zhang, Q. F. Zhang, T. S. Deng and J. L. Wu: Appl.
Phys. Lett., 95, (2009) 211107.

[7] D. C. Kim, W. S. Han, H. K. Cho, B. K. Kong and H. S.
Kim: Appl. Phys. Lett., 91, (2007) 231901.

[8] C. H. Chen, S. J. Chang, S. P. Chang, M. J. Li, I. C.
Chen, T. J. Hsueh and C. L. Hsu: Appl. Phys. Lett. 95,
(2009) 223101.

[9] X.-M. Zhang, M.-Y. Lu, Y. Zhang, L.-J. Chen and Z. L.
Wang: Adv. Mater., 21, (2009) 2767.

[10] E. Lai, W. Kim and P. Yang: Nano Res., 1, (2008) 123.

[11] R. Guo, J. Nishimura, M. Matsumoto, M. Higashihata,
D. Nakamura and T. Okada: Appl. Phys. B 94, (2009)
33-38.

[12] A. Wadeasa, O. Nur and M. Willander: Nanotechnolo-
gy, 20, (2009) 065710.

[13] Z. Huang, Z. Xu, S. Zhao, Y. Li, F. Zhang, L. Song, Y.
Wang and X. Xu: Solid State Commun., 142, (2007)
417-420.

[14] M.-C. Jeong, B.-Y. Oh, M.-H. Ham, S.-W. Lee and J.-
M. Myoung: Small, 3, (2007) 568-572.

[15] M. Kawakami, A. B. Hartanto, Y. Nakata, T. Okada,
Jpn. J. Appl. Phys. 42, (2003) L33-L35.

[16] T. Okada, J. Suehiro, Appl. Sur. Sci. 253, (2007) 7840-
7847.

[17] R. Q. Guo, J. Nishimura, M. Ueda, H. Higashihata, D.
Nakamura, T. Okada, Appl. Phys. A 89, (2007) 141-
144.

[18] K. Vanheusden, C. H. Seager, W. L. Warren, D. R.
Tallant and J. A. Voigt: Appl. Phys. Lett., 68, (1996)
403-405.

[19] M. Liu, A. H. Kitai and P. Mascher: J. Lumines., 54,
(1992) 35-42.

[20] B. Cao, W. Cai and H. Zeng: Appl. Phys. Lett., 88,
(2006) 161101.

[21] J. H. Cai, G. Ni, G. He and Z. Y. Wu: Phys. Lett. A,
372, (2008) 4104-4108.

[22] H. Yamane, M. Shimada, T. Sekiguchi, F. J. DiSalvo, J.
Cryst. Growth, 186, (1998) 8-12.

[23] T. Shimogaki, T. Ofuji, N. Tetsuyama, H. Kawahara,
M. Higashihata, H. Ikenoue, D. Nakamura and T. Oka-
da: Proc. SPIE, 8987, (2014) 89870G.

(Received: April 13, 2014, Accepted: July 24, 2014)




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



