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Abstract

The design of optoelectronic devices fabricated from I1I-Nitride materials is aided by
knowledge of refractive index and absorption coefficient of these materials .The optical
properties of Aly;1GaggoN, Algo3Gaggo7N, and GaN grown by MOVPE on sapphire were
investigated by means of transmittance measurements .The optical transmission method is
successfully used to determine the refractive index (n), absorption coefficient (o), film
thickness and energy gap of three samples of film over the spectral range of (1-5eV) .
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1. Introduction

IIT nitrides have been extensively studied in recent years because of their scientific
and technological importance [1-3]. In particular, the AlyGa; <N alloy system covers a wide
ultraviolet (UV) spectral range between the direct band gaps of 3.4 eV for GaN and 6.2 eV
for AIN at room temperature, and is very attractive for short-wavelength optical applications
such as UV light emitters and UV detectors, [4—6]. In addition, AlGaN alloys with small
mole fractions are used to form strained hetero structures with GaN and InGaN in light
emitting diodes and laser diodes and in GAN/AIGaN field-effect transistors (FETs).
Therefore, it is important to know the fundamental band gap, refractive index, and thickness
of GaN and AlxGa; 4N epitaxial layer with a given mole fraction. The recent development of
III-V optoelectronic devices such as blue light-emitting diodes (LEDs), blue lasers, and
solar blind ultraviolet photodetectors shows that GaN and related compounds are
technologically important.

The success of these optoelectronic devices is largely the result of recent
improvements in material quality. This study was motivated by the relatively large variance
in reported values of the absorption coefficient, refractive index, energy band gap, and
thickness by using the techniques of transmission and reflection spectroscopy. Optical
experiments provide a good way of examining the properties of semiconductors. Particularly
measuring the absorption coefficient for various energies gives information about the band
gaps of the material. Knowledge of these band gaps is extremely important for
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understanding the electrical properties of a semiconductor, and is therefore of great practical
interest. This work describes experiments of this kind using the techniques of transmission
to study the properties of three thin semiconductor films (GaN/Sapphire,
Alp03Gag 97N/Sapphire, Aly 11Gag goN/Sapphire).

2. Theoretical Background

Much of the information about the properties of materials is obtained when they interact
with electromagnetic radiation. When a beam of light (photons) is incident on a material, the
intensity is expressed by the Lambert-Beer-Bouguer law [7-9]:

1=1, exp(~ad) (1)

If this condition for absorption is met, it appears that the optical intensity of the light
wave, (I), is exponentially reduced while traveling through the film. If the power that is
coupled into the film is denoted by Iy, gives the transmitted intensity that leaves the film of
thickness d.

() Is called “absorption coefficient”. From (1) it follows that

1 I
a__gln[zj @)

It is clear that oo must be a strong function of the energy hv of the photons . For hv <
E, (direct), no electron hole pairs can be created, the material is transparent and o is small.
For hv > E, (direct), absorption should be strong. All mechanisms other than the fundamen-
tal absorption may add complications (e.g. "sub band gap absorption" through excitons), but
usually are not very pronounced.

Optical transmission measurements were carried out to determine the film thickness,
the wavelength dependence of the refractive index and optical absorption coefficient. The
optical constants were determined from the optical transmission measurements using the
method described by Swanepoel [10].

The transparent substrate has a thickness several orders of magnitude larger than ( d
) and has index of refraction (n) and absorption coefficient (« = 0). The index of refraction
for air is taken to be ng =1.

The transmission spectrum can roughly be divided into four regions as shown in
figure (1). In the transparent region (o =0) the transmission is determined by n and s
through multiple reflections. In the region of weak absorption « is small and the
transmission begins to decrease. In the medium absorption region « is large and the
transmission decreases mainly due to the effect of «. In the region of strong absorption the
transmission decreases drastically due almost exclusively to the influence of « .

If the thickness d is uniform, interference effects give rise to the spectrum, shown by
the full curve in Figure 1. These interference fringes can be used to calculate the optical
constants of the film.
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Wavelength vs Transmission
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Fig. 1: Interference fringes of thin film transmission

3.Experimental Method
3(a) Refractive index and film thickness

The refractive index and thickness of a thin film can be calculated from a simple
transmittance spectrum using the Swanepoel method [11]. This method can only be applied
to thin films deposited on transparent substrates several orders of magnitude thicker than the
film. When film thickness is uniform, interference effects give rise to the typical
transmittance spectrum with successive maxima and minima (see Fig. 1). Practical
application of this method entails, as a first step, the calculation of the maximum and
minimum transmittance envelope functions, 7y, ( A) and 7, ( 1), M m respectively. From
these functions the refractive index n (A ) can be obtained as [12]:

n:[N+(N2—S2)%}% 3)

where

T, -T, +52+1

N =2s 4
T,T, 2 @

s being the refractive index of the substrate. Then, the film thickness can be obtained
from the refractive index corresponding to adjacent extreme values, n;= n (4,) and n,=n

(4, ) through the following expression:

/11/12

d=M—722 )
2(/11”2 _/12”1)

With M=1 for two adjacent maxima (or minima).
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3(b) Determination of Band Gaps

The fundamental absorption is related to band-to-band or to exciton transition, which
are subjected to certain selection rules [13]. The transitions are classified into several types,
according to the band structure of a material. The relation between absorption coefficient
and optic band gap for direct transition (k=0) is given by Tauc equation [14]:

Jahv = Blhv-E™) (6)

And for indirect transition (k # 0) the relation becomes

(ha) -E,, )2

h
alho)a P

(7)

From the graph of (o v)% versus v one obtains £, and B parameters. B is also a useful

diagnostic of the material since it is inversely proportional to the extent of the tail state
(AE) at conduction and valance band edges.

4. Results and Discussion
4(a) Results of Transmission/Reflection measurements:

In this section we will present the results of our transmission and reflection
measurements

4(b) Transmission

Figure 2 shows the transmission of (GaN/Sapphire, Aly¢3Gago7N/sapphire,
Alp.11GaggoN /sapphire) as a function of the wavelength. The thickness of the film is
determined by using filmetric system were 4221 nm for GaN, 764 nm for Aly;1GagsoN and
736 nm for Aly3Gago7N as shown in table (1) .The transmittance curves show that for high
energies (lower wavelengths) there is no transmission because all the light is absorbed. For
low energies (higher wavelengths) however there are no appropriate electronic transitions
possible so transmission is very high in this range. . The energy at which absorption starts
seems to be characteristic for each material: For GaN it corresponds to the direct band gap at
3.4 eV. For low energies we observe thin film interference effects resulting from the
overlaying of light that is reflected on both sides of the thin film. In figure 3 we can see the
strong absorption for different samples viz for GaN at 4 =364 nm that mean E,=3.406593
eV, Alp03Goo7N at 4=345 nm (Eg=3.594203 eV), and for Alyp11GogoN at A=320 nm
(E,=3.875 V).
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Fig. 2: Transmission data for Al,Ga; N Fig. 3: Absorption experimental result from

spectrophotometer for Al,Ga; N
4(c) Refraction indices
The method to determine the optical constants is based on parabolic procedure of

adjacent maximum (Ty) and minimum (T,,) and by using the equations (5 and 6) we can see
the relation between energy and refractive index as shown in figure 4.

Photon energy vs Refractive index
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Fig. 4: Index of refraction as a function of photon energy for Al,Ga, (N
4(d) Thickness of the semiconductor films
The thickness of the prepared films has been determined experimentally using FILMETRIC

device and also it has been calculated from the transmission curves of Fig 2 using equation
(5). A comparison of the results is shown in Table 1.
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Table 1.
Sample Al A2 d(nm) Filmetric thickness result
nm nm (nm)
A10'03G30.97N 1100 869 1055.3 736.9
700 586 837.828
513 456 891.971
414 382 1045.6
Aly.11Gap goN Al A2 d(nm) Filmetric thickness result
nm nm (nm)
1100 851 896.15 764.2
684 578 873.85
499 443 895.763
401 368 976.873
GaN Al A2 d(nm) Filmetric thickness result
nm nm (nm)
1085 1021 4809.5 4221
972 926 15071
884 842 4947.4
776 719 1969.8
694 671 4953.4
649 628 4789.1
611 592 2935.6
577 561 2935.6
547 533 2865.3
520 508 6267.4
497 486 5907.3
413 396 3542.3
391 386 9119.6
382 378 11563

4(e) Determination of Band Gaps and Absorption coefficients

The absorption coefficient and optical band gap Eg were determined for each
sample, and shown as a function of photon energy in figure (5). Figure (6) shows the
dependence of band gap on Al fraction (x) for AlyGa;.\N we note that increasing Al fraction
causes increasing in energy gap.
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Figure 5. Square of the optical absorption vs. Figure 6. Dependence of band gap on photon
energy. Al fraction (x) for Al,Ga; (N
Conclusion

We have described an optical method for measurement of optical properties of
AlxGaj-xN film, which uses total reflectance of the thin film at a wavelength range (300-
1100nm). In other measurements, we have made some preliminary comparisons between the
thickness measured by this technique and other techniques. Our results showed the

transmission increased and refractive index decreased with increasing Al mole fraction.
GaN shows low absorption below its band gap at 3.4 eV.

References

[1] S. Strite, H. Morkoc, J. Vac. Sci. Technol. B 10, (1992) 1237

[2] T. Wang, Y. H. Liu, Y. B. Lee, J. P. Ao, J. Bai, S. Sakai, Appl. Phys. Lett. 81 (2002)
2508

[3] V. Adivarahan, A. Chitnis, J. P. Zhang, M. Shatalov, J. W. Yang, G. Smith, M. Asif
Khan, Appl. Phys. Lett. 79 (2001) 4240

[4] T. Nishida, H. Saito, N. Kobayashi, Appl. Phys. Lett. 78 (2001) 3927

[5] Contreras, F. A. Ponce, J. Christen, Appl. Phys. Lett. 81 (2002) 4712

[6] H. Kim, J. Li, S. X. Jin, J. Y. Lin, H. X. Jiang, Appl. Phys. Lett. 83 (2003) 566

[7] www.tf.uni-kiel.de

[8] Sze, S.M., Physics of Semiconductor Devices, Wiley, New York, nd ed., 1981

[9] Chopra, K. L., R.C. Kainthla, D. K. Pandya, A. P. Thakoor. Physics of Thin Films,
Academic Press: New York. 12 (1982) 169

[10] Swanepoel R J. Phys. E: Sci.Instrum. 16 (1983) 1214

[11] Ilker Ay, Huseyin, Turk. J. Phys., 25 (2001) 215

[12] A. Daz-Parralejo, R. Caruso, A.L. Ortiz, F. Guiberteau Thin Solid Films 458 (2004) 92

[13] T.V Hear., et al., J. Non-Crystalline Solids, 164-166 (1983) 881

[14] J. Robertson, Phil. Mag. B 63 (1994) 307

195




<<
  /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
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


