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In the present study spectroscopic ellipsometry was used for characterising GaN bulk crystals
obtained at high pressure and thin films grown on sapphire. The undoped GaN films grown by
MOCVD show interference fringes below the fundamental gap. The ellipsometriddatd'f),
measured in the wavelength range between 500 nm and 680 nm, were analysed using a multilayer
description in the transfer matrix formalism. For the thin films grown on sapphire the model includes
a buffer layer, a GaN epilayer, and a hypothetical overlayer. Furthermore, both, the real and
imaginary part of the complex refractive index were taken into account. The real part of the refractive

. 2
index n, was found to follow a Cauchy-type of dispersiqr=r2.290 + 0.06(x2%) . For bulk
crystals i was found to be 2.3370.010 at the wavelength of 632.8 nm. This value compares well
with MOCVD grown GaN where A = 632.8 nm) = 2.32& 0.003.

1 Introduction component by the s-polarised component one can define

Due to its material properties gallium nitride (GaN) hastWo €llipsometric quantitie& and¥, given by,
attracted enormous attention in recent years, certainly 2, o

after the success of GaN-based blue-light emitting =g, = W esp (ia). )
diodes. The lack of lattice-matched substrates for epi-

) . . The two parameterd, andW, contain information on
tax!al growth of GaN films hz_is led to th_e apphcatlon of Gthe sample as thickness and refractive index of the film.
variety of substrates of which sapphire is most abuns

dantly used [1]. Despite the large mismatch in the Iat:rhey are very sensitive t.o the presence of overlgyers on
the surface of the material such as a natural oxide layer

tice constants between GaN and sapphire, a two-ste } a rough surface layer [8] [9]. In this paper ellipsome-
growth process, proposed by Amaetaal. [2], makes it try was applied for the characterisation of GaN single

possible to grow device quality hetero-epitaxial Gal\Icrystals obtained by the high pressure technique [3] and

layers. Howeve_r, thesg layers are still highly_defectiveGaN layers grown on sapphire. For the hetero-epitaxial
thereby degrading device performance. GaN single CYSiims a multilayer model is used, in which the real and

tals would provide perfect lattice matched substratef«ne imaginary part of the complex refractive index as

which can be easily cleaved. Although considerable : . ) .
L : i well as the film thickness are fitted simultaneously from
progress has been made in increasing the size of th

GaN single crystals [3], at present, their relatively smalfﬁe @.*)-spectra. The results were compared with the

crystal-size is still a bottleneck for the application as Iat-data obtained from the GaN single crystals.

tice matched substrate. 2 Experimental

Ellipsometry has been used by several authors [4&J _ _
[5] [6] [7] to study GaN. It is a non-destructive tech- ndoped GaN layers were grown on two inch sapphire

nique which can be performed on optically flat Surfaceﬁ_goom) substrates _u_sing a horizontal metalorganic_ chem-
of almost any material in order to study surface as welc@l vapour deposition (MOCVD) reactor. Immediately
as bulk properties. If polarised light is reflected from thePefore growth, the substrates were cleaned in organic
sample at an angle of reflectign the reflected beam solvents, etched in a solution of HCI:HN© 3:1, rinsed

will be elliptically polarised. Dividing the p-polarised With de-ionised water, and blown dry with filtereg N
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gas. After nitridation of the substrate surface, carried out In a first approximation the maxima and minima in
in a ammonia (NK) gas stream at 1030, the tempera- the s-reflection, in the transparent region 362 nm - 840
ture was lowered to 50@ and a 20 nm thick GaN nm, were analysed using a Cauchy-type of dispersion,
buffer was deposited. On this buffer, a it thick GaN  in which the real part of the refractive indexis given
layer was grown at a temperature of 1U5@nd a pres- by:

sure of 50 mbar using trimethylgallium (TMG) and NH L m

s C
as precursors, and,Has carrier gas. Growth was per- ni(A) =-4+B(m) ) @

formed with a TMG flow of about 6mol/min and @ and the imaginary part of the refractive indgssnset
NHj3 flow of 2.5 sIm, diluted with Hto a total flow of ) 0.0 | the above equation A, B, and C are fitting
about 5 sim. The GaN epilayers on sapphire have a migarameters anhl is the wavelength of light in nanome-
ror smooth surface and were found to be of Ga-polarityters. Furthermore the buffer is not treated as separate
according to selective etching experiments [10]. layer but as part of the epitaxial GaN film. The best fit
Unintentially n-doped GaN single crystals werefor the measured data was obtained for A = 2.290, B =
grown from nitrogen and liquid gallium under nitrogen 0.05, and C = 280 nm. The corresponding film thick-
pressures close to 15 kbar and at temperatures higheess d of 147& 20 nm, is within the accuracy of the
than 1500C [3] [11]. Before ellipsometry was per- average-thickness determination by gravimetry, 1482
formed the as-grown single crystals were polished witd2 nm (assuming only deposition of wurtzite GaN on
diamond paste (0.im) to remove a visible surface top of the substrate), from which can be concluded that a
layer resulting from the transition from growth to ambi-first ellipsometric approach is sufficient for accurate and
ent conditions. The side of gallium polarity was found tonon-destructive layer thickness determination. In order
be unaffected by chemical etchants, only the side oo study the stability of hetero-epitaxial grown GaN
nitrogen polarity can be mechano-chemically polishedilm, the GaN-C sample was investigated at two subse-
with aqueous solutions of NaOH and KOH [10]. As aquent times with an one-month interval. SE was per-
result of this anisotropic behaviour, the roughness of théormed near the centre of the samples at energies about
N-polarity side is lower which makes it more suitablethe gap of GaN ( Figure 2). The measurements show that
for ellipsometry. no detectable change of the GaN surface occurs within
this one-month period, in contrast to materials like

Elllpso.metnc measurements were performgd WlthGaAs where a continual oxidation of the surface takes
two experimental set-ups. A Gaertner L117C ellipsome-

. . place [8]. In Figure 2 a small shift of the ellipsometric
ter was used to measure the ellipsometric anfylasd anglesA andW at the two subsequent times can be rec-
Y at the HeNe-laser wavelength of= 632.8 nm. The 9 q

spotsize of the laser beam is 1 mm in diameter Thggnised. This shift occurs because there is a small thick-
measurements were carried out at an angle of inciaen (555 varig?ion over the sample ( Figure 1) _and the light
of 70.00 + 0.02. Spectroscopic ellipsometry (SE) was eamposition of the second measurement is not exactly
meas.ured_b. a 'four zone spectrometer [9] [12] in théhe same as of the first measurement (thickness differ-
) y SP . ence

region 240 nm - 840 nm with a resolution of 2 meV or . . L

0.2 nm at the bandgap. A Xenon lamp was used as light A refinement of the results of the first approximation
source, the spotsize during measurements was 1 mmi obtained by a full multilayer description in the trans-
diamet;ar, the angle of incidence was the same as for t r matrix formalism_ [12] of high precision recording_s
single wavelength ellipsometer. The valuef\adnd W ol A and®in the region 500 nm - (.380 nm, as shown in
are measured with a typical precision#10.02. Al Figure 3. In this model, the deposited layer on the sap-

measurements were performed at room temperature. ph!re substrate is comppsed of a buffer Iaye_er, a GaN
epilayer, and a hypothetical overlayer respectively. Fur-

3 Results and discussion thermore the dispersion of sapphire was set to data
found in literature [13], the refractive index of ambient

Since different hetero-epitaxial layers grown under simajr was taken to be 1.0003, and a thickness of 20 nm for

ilar conditions gave comparable results, data from ahe GaN buffer layer was used, as was determined by

characteristic sample, referred to as GaN-C, were charansmission electron microscopy.

sen to be analyzed in detail. According to this model, the refractive indexwias

Determination of the GaN film thickness over thefound to follow a Cauchy-type of dispersion as given by
wafer shows a thickness variation of about one percenEquation (2). The values obtained for the fitting parame-
as can be seen in Figure 1. These results are confirmezis A and C are the same as for the first approximation,
by the shift of the peaks seen in the s-reflection spectrahile B is found to be 0.06 instead of 0.05. The hypo-
(362 nm - 840 nm) for different positions on the samplethetical top-layer, if there is any present, is smaller than
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1 nm. An overview of the results for sample GaN-C isFull spectroscopy on these bulk samples has to wait for
given in Table 1. an adequate model which can take into account the

. . - rough surface layer.
Figure 3 shows that there is an excellent fitting of the 9 y

SE measurement data and the multi-layer-model simulat Conclusion
tion, the small difference between model and experi—E”, irv is sh b ful techni for ch
ment forA > 620 nm is thought to be due to a difference IpSometlry 1S shown to be a usetul technique for char-

L . . . acterisation of GaN films and bulk material, it can be
in dispersion of the ordinary and extra-ordinary refrac-

five ind 620 f substrat | hich .used for local film thickness determination. From preci-
ve .m ex negr nm of substrate or sample, which Ig;q, recordings of the ellipsometric quantitias¥) the
not included in the model.

dispersion of the refractive index is calculated in a full
The square of the refractive index of both, the firstmultilayer transfer matrix description. The surfaces of
approximation and the multi layer model, appear to béhe as-grown hetero-epitaxial layers are smoother than
close to the Sellmeier-type description as given bgtyu Surfaces of the pol'ished single crystals examined in this
al. [6]. However, it is off by a few percent compared PaPer. However, within the experimental error the result-

with a subsequent Selimeier description which wadnd refractive index of the MOCVD films and high pres-

measured on a sample without a buffer layer [7]. Devia®!"® samples are consistent with each other.
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Figure 1. A thickness profile of the hetero-epitaxial GaN laye
(GaN-C) obtained by single wavelength ellipsometry.
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Figure 2. The SE parameters (data poiftggnd¥, measured .
at an angle of incidence of 700was obtained at two Crystals and GaN epilayers.
subsequent times with an one-month interval. The lines are

350 355 360 365 370 375 380
Wavelength (nm)

guide to the eye.

385

Wi

Figure 3. The SE parameters (data poitsgnd¥, measured
At an angle of incidence of 7070@re fitted (solid line) using a

multilayer model.
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TABLES
Table 1. A summary of the results of the multilayer model used
for GaN-C
d =1456 nm
. 2
g ~ 2
GaN epilayer ny = 2,200 + 0.06 (355 )
nz = 0.0007 ( 32)
buffer | d =20 nm
utier layer n; = n;(GaN) - 0.035
top-layer d<1nm

Table 2. Comparison of the results obtained for GaN single

GaN single crystals

5aN epilayers

ny(A = 632.8 nm) = 2.337 £ 0.010

ni(\ = 632.8 nm) = 2.328 * 0.003

n, = 0.003
for: 400 nm < A <800 nm

n, = 0.0005 for A = 680 nm
n, = 0.0007 for A = 500 nm

roughness (top-bottom) of 0.5-3 nm

top-layer < 1 nm
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