Band gap bowing and refractive index spectra of polycrystalline Al «Ing_«N
films deposited by sputtering
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The AlGalnN semiconductor system is currently of high interest for applications in blue light
emitting devices. AllInN is a prospective material for lattice matched confinement layers. We
measure the refractive index as well as the band gap across the entire compositional range of
high-quality polycrystalline AllInNN samples. Strong band gap bowing is observed19%Y
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(Al, Ga, In) nitrides are under intense investigation for XRD spectrum of A} gdng 3N indicates a high-quality poly-
applications in semiconductor blue light emitting devices.crystalline structure(Fig. 1). The shift of the diffraction
Current achievements in this area are mainly based on binagyeaks with compositiorfTable ) proves the solubility be-
GaN, ternary AIGaN, and ternary GalriNLhe third ternary  tween AIN and InN. In other words, the sputtered AllnN
nitride alloy, AllnN, is less investigated. This alloy exhibits alloys are stoichiometric materials. Phase separation is not
the largest variation in band gap and it is a candidate foppserved. Also, evidenced by the indices of wurtzite AIN
lattice matched confinement layers in optical devices. Howand InN, the sputtered AlInN alloys share the wurtzite struc-
ever, band gap measurements on AlInN alloys indicate gyre.
significant bowing’: Refractive index calculations based on Optical transmission from 100 to 800 nm wavelength is
these measurements strongly deviate from the lineafpmeasured. The square of the absorption coefficieistplot-
estimatior® Further exploration of AllnN is expected to help ted versus photon energy in Fig. 2. The linear high-energy
predict properties of quaternary AlGainN alloys. We inves-part of these curves confirms direct band gap transitions. By
tigate optical properties of high-quality AllnN thin films ob-  gytending this linear part down to the energy axis, the direct
tained by low temperature sputter deposition. Refractive iny5nq gapE, is determined at the interception point. Devia-

dex spectra are reported and the AlinN band gap is measurgf\s of the absorption curves in Fig. 2 from a straight line
across the whole compositional range.

The AlInN films were prepared by a Discovery-18 mag-
netron reactive sputter systéhThe aluminum plate and the 1000
indium plate were separately mounted onto the direct-currer
powered and radio-frequency powered target, respectively
The advantage of this scheme over the single composit
targef is that we obtain a better composition control of the
plasma reaction and a larger composition variation. The pres
sure of the chamber was pumped down to 4010 ° Torr
before deposition. Substrate temperature during depositio
was kept at 200 °C. The AlInN alloy was produced by the
plasma reaction among Al, In, and N. Silicon, quartz, anc
glass were employed as substrates.

Rutherford backscattering spectroscai®BS) is used
to determine the Aln;_,N film composition within an
uncertainty of=0.05 in x value. Oxygen signals are not
detected. A film thickness of about 1000 nm is deduced fron
the RBS analysis. X-ray diffractiofXRD) is employed
to investigate the structure of the deposited films. The 30 40 50 60 70
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are attributed to grain boundary effectdrbach tai). Those N ~/ o
are excluded in our band gap analysis. The band gap is given %% "23“"‘"”;’0 a0 50
as a function of the lattice constant a in Fig. 3, together with Photon Energy ( eV )
the results presented by other groups. The typical linear in- FIG. 2. Absorption spectra of sputtered i, N films.
terpolation of binary data is shown for comparison
(triangle).? In perfect agreement with Re2 a strong energy 65
gap bowing is found for Aln,_,N alloys, which might be = ' ’ ' ’ '
attributed to the atomic size difference between Al and In. 60 1
This result is confirmed by the close match of our binary data 55 | .
with typical values for AIN and InNtriangle corner points 5.0 L _
in Fig. 3. The measured Aln,_,N energy gap bowing can T sl 1
be approximated by ° -
o 40 .
[o]
O 35} .
2
EgleV]=1.75+2.2x— 6.%*+9.1x%. ) gsor 1
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It is expected to have a strong impact on device applications 15 L
of AlinN or AlGalnN alloys. Those materials do not seem to 10 , , l ,
provide good confinement layers on AlGaN or Galfidiver 3.0 3.1 32 3.3 34 35 3.6
solid lines in Fig. 3 Lattice Constant ( Angstrom )

The refractive index of the AlInN films is determined F!G- 3. Band gap vs lattice constant of, A, N alloys. Filled dots give
f thei flectivit t For AllnN film d ited our measuremeri®), which is compared to other resufts (see Ref.  V
r_o_m elr reriectivity spec ra or niN-nim _ep05| e ] on (see Ref. B|. The error bars indicate the composition uncertainty and the
silicon substrate, the reflectivity spectrum provides an intersolid lines show the typical linear interpolation of binary data.

ference pattern with intensity minima occurring at\

=2nd, wherem is the interference orden(\) denotes the 3.0 . . . . }
refractive index at wavelength, andd represents the film 20 | ®x=0.18 |
thickness. Based on this scheme, the refractive index spectri 55 | Ax=050 il
n(\) of the sputtered AlInN films are obtained within the 276 + ::‘1’:35 |
transparency region. The dependenca©f) on alloy com- 26 h * ox=1.0 1
position is shown in Fig. 4. Our measurements of sputtered g 25 | H ' .
binary AIN are in good agreement with results from chemi- 2oaap + 1
cal vapor deposited sampl&Fhe measured refractive index 22300 + +
might be slightly affected by grain boundary effects. The 8 223 + + )
short wavelength end of our curves is given by the band gap.% 21y + , + |
With higher In content, the band gap shrinks and the spec—'I f’g +
trum n(\) shows the expected shift towards longer wave- 1:8 I + |
lengths. 17 b : _
In summary, we have investigated optical properties of 1| |
polycrystalline AllnN as a function of alloy composition. 15 : : ' ' ' :
Strong bowing of the direct energy gap is found. The refrac- 200 400 GOOW 800 1000 1200 1400 1600
avelength ( nm)

tive index spectrum within the transparent wavelength region -
P P 9 9 IG. 4. Refractive index spectra of Ah, N films. Filled dots are our

shows the expected shift to hlgher values with lower ban easurements, open dots are reported by Beuat. (see Ref. §The error
gap. bars are mainly due to the uncertainty in sample thickness.
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