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Abstract: In this work, the forward current of Pd/GaN Schottky diodes is found to
increase significantly upon introduction of H, into an N, ambient. Analysis of the current-
voltage characteristics as a function of temperature shows that the current increase is due
to a decrease in effective barrier height through a reduction in metal work function upon
absorption of hydrogen. Experimental results also reveal that during the hydride
formation process, the forward current is increased by the increase of temperature for
hydrogen. This work also demonstrates that the Schottky barrier height indeed increases
with increasing temperatures, and the resistance of the Pd/n-GaN device decreases with
increasing temperature.
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1. INTRODUCTION

Micro chemical or biochemical sensors have become increasingly
important subjects of research in the past several years as the need for chemical
recognition elements and transducers grows. In addition, much attention has been
paid to the hydrogen sensing technology in harsh environment, such as industrial
manufacturing process, protection of environment contamination and biomedical
detection at high pressure and high temperature. These conditions has spurs the
development of wide band gap semiconductor gas sensors because of their
potential for high temperature operation, chemical inertness and the ability to
integrate them with power or microwave electrodes. Such high-temperature gas
sensors can also be realized using wide-band-gap group-III nitride materials
(GaN, AIN).

Recently, Pd-GaN Schottky diode has been shown to respond to
hydrogen species. Palladium (Pd) is an attractive membrane material for
hydrogen sensors due to their excellent catalyst performance and the promise of
small integration with other device such as an amplifier to produce higher
sensitivity. Initial work started using Pd in hydrogen detection devices based on
the Pd-thin oxide Si (MOS) structures [1-3]. These devices exhibited the
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capability of detecting hydrogen concentration in the part per million ranges.
Additionally, the Pd-ZnO Schottky diode showed a similar sensitivity with a
tenfold increase in reverse saturation current on exposure to 1% H, in air [3-4].
In all of the reported devices, the decrease in Schottky barrier height was
observed upon hydrogen adsorption. On the other hand, solid-state hydrogen
sensor based on the III-V compound semiconductor devices is expected to have
the merit of III-V material.

In this paper, we demonstrate the merits of a new hydrogen sensitive Pd
membrane/semiconductor (Pd/GaN) Schottky diode sensor in terms of its thermal
stability, chemical inertness and durability. This device shows good hydrogen
sensitivity and can easily co-integrate with other GaN-based semiconductor
devices such as photo detector or light emitting diode.

2. EXPERIMENT

In this study, Pd/GaN sensor was fabricated on n-type GaN
(1-3 x 107 ecm™, 3-5 pm thickness) layer grown on Si substrates by the
deposition of Pd by thermal evaporation coating (Edward 306) at pressure of
5 x 107 Torr. Clean surfaces were prepared by the following procedure. Prior to
the metal deposition, the native oxide was removed in the NH,OH:H,O (1:20)
solution, followed by HF:H,O (1:50). Boiling aqua regia, HCI:HNO; (3:1) was
used to chemically etch and clean the samples. A rectifying contact of Pd was
deposited by thermal evaporator (Edward 306) at base pressure of at least 5x 10~
Torr onto the GaN metal mask.

After deposition, the samples were annealed under flowing Ar gas
environment in the furnace at 600°C for 6 minutes, and the film was cleaned and
dried for 1 h at 80°C. The gas sensing experiments were carried out in a
homemade testing chamber using air, N, and 2% H, in N, gases at a total
pressure of 1 atm and over a range of temperatures 273—773K. Before the
measurement, the sample was pre-heated by heating it to 500°C and cooling it to
50°C. This step was repeated three times before starting film characterization in
order to remove the water vapour. Measurements were performed at temperatures
from 25-500°C in flowing gas ambient of pure Ny, a premixed 2% H, in N, and
normal air. The current-voltage (I-V) characteristics of the studied device were
measured for gases at different temperatures by a Keithley 237 source-
measurement unit for current-voltage (I-V) measurements.
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3. RESULTS AND DISCUSSIONS

The forward-biased [-V characteristics of the device at different
temperature for hydrogen are shown in Figure 1. Clearly, the hydrogen-excited
current as large as 70 mA is seen at forward-biased voltage of 0.5 V under
hydrogen at 573K (373°C). This interesting phenomenon is mainly due to the
hydrogen formation process. When hydrogen gas diffuses into the Pd coating
surface, the hydrogen molecules will dissociate into hydrogen atoms. Some of the
hydrogen atoms diffuse through the thin metal layer and form the Pd hydride near
the metal-semiconductor interface. The hydride can effectively lower the work
function of Pd metal. The lowering of work function results in the reduction of
Schottky barrier height at Pd-GaN interface and modification in the measured [-V
characteristics.
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Figure 1: Forward I-V characteristics for hydrogen as a function

of heating temperature

Figure 2 shows the reversed I-V characteristics of hydrogen as a function
of heating temperature. The controlled different temperatures are supplied at
373K for hydrogen. Obviously, the current increases with the increase of
temperatures, especially when the external reverse bias voltage is relatively
larger. This also demonstrates that the increase of the hydrogen concentration is
indeed helpful to lower the Schottky barrier height of the device.
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Figure 2: Reverse I-V characteristics for hydrogen as a function
of heating temperature

The influence of the temperature dependent of hydrogen on the Schottky
barrier height shift is shown in Figure 3. This is measured under a current
saturation. Clearly, the barrier height shift increases with the increase of
temperature. Furthermore, a nearly linear relationship between the barrier height
and temperature is obtained. This significant property is suitable for practical
application. This phenomenon can be understood as already described. The
number of hydrogen atoms diffused from the Pd membrane surface to metal-
semiconductor (Pd-GaN) region increases with increasing temperature. This
certainly causes the magnitude of the Schottky barrier shift to increase.
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Figure 3: Temperature dependent of Schottky barrier height for hydrogen

A new hydrogen sensitive Pd/GaN Schottky diode has been fabricated
successfully. It is known that, from the experimental results, the introduction of
hydrogen gas exhibits a considerable sensitivity both under forward- and reverse-
biased condition. Furthermore, a nearly linear relation between the Schottky
barrier height shift and the temperature is obtained. This appears promising for
practical sensor applications. Therefore, the sensing characteristics of the studied
Pd/GaN Schottky diode can be combined with the other III-V device (e.g., high
speed transistor, laser) to form excellent and functional intelligent integrated
sensor circuit. To determine the potential for using GaN as a gas sensor, the
resistance of GaN thin films was measured on a hotplate at elevated temperatures
from 273 to 773K. The resistance of the Pd/n-GaN device decreased with
increasing temperature as shown in Figure 4 which is a general property of
semiconductors. In contrast, the Pd/n-GaN samples in the N, ambient exhibited a
higher resistance than the H, within the temperature range used in this study. This
is because the H, forms Schottky contact on the GaN surface, widening the space
charge region, and hence increases the resistance to some degree.
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Figure 4: Resistance variation of Pd/GaN in air, N, and H, ambient

4. CONCLUSION

Pd/GaN Schottky diode was examined for their temperature dependence
sensing characteristic upon introduction of hydrogen into the ambient. Significant
decreases in barrier height were observed, leading to an increase in forward
current. The Pd/GaN diodes show larger changes in current, due to more effective
catalytic dissociation of H,. The GaN materials system appears to be very
promising for use in combustion gas detection, especially as part of integrated
sensor structures that could also detect UV radiation.

5. ACKNOWLEDGEMENTS

This work was conducted under IRPA RMK-8 Strategic Research grant.
The support from Universiti Sains Malaysia and Hodeidah University in Yemen
are gratefully acknowledged.



Journal of Physical Science, Vol. 17(2), 161-167, 2006 167

6. REFERENCES

1. Lundstrom, I., Shivaraman, M.S.C. & Svensson, Lundkvist, 1. (1975).
Hydrogen sensitive MOS field-effect transistor. Appl. Phys. Lett., 26,
55-57.

2. Arbab, A., Spetz, A. & Lundstrom, I. (1983). Gas sensors for high

temperature operation based on metal oxide silicon carbide devices.
Sensor and Actuators B, 15/16, 19-23.

3. Lloyd Spetz, A., Baranzahi, A., Tobias, P. & Lundstrom, 1. (1997). High
temperature sensors based on metal-insulator-silicon carbide devices.
Phys. Stat. Sol., 162 493-510.

4, Jennifer, A.J.P., David, J.C. & Janet, E.H. (2005). New solid-state
sensing materials for gaseous dim ethyl cadmium di-iso-propyltelluride
and dimethylmercury. Journal of Crystal Growth, 273, 340-346.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


