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Spatial distributions of near-band-gap uv and yellow emission on MOCVD grown GaN epifilms

L.W. Tuand Y. C. Lee
Department of Physics, National Sun Yat-Sen University, Kaohsiung, Taiwan 80424, Republic of China

D. Stocker and E. F. Schubert
Department of Electrical and Computer Engineering, Photonics Research Center, Boston University, Boston, Massachusetts 02215
(Received 29 December 1997

Near-band-gap UV and yellow band emission from metal-organic chemical vapor deposition grown GaN
films on sapphires are investigated under laser excitation. The intensities of the UV and the yellow peaks
increase at different rates as the entrance slit width of the spectrometer increases. The spatial distribution of the
luminescence emission is analyzed through the dependence of photoluminescence intensity on the slit widths
of the spectrometer. The yellow emission originates from a spot with a size about 1.5 times larger in diameter
than the UV emission. Using an absorption mechanism, a Lorentzian line-shape distribution fit with the data
gives estimated effective absorption coefficients of 47 tfor the UV signal at 364 nm and of 32 cthfor
the yellow signal at 546 nm, which agrees perfectly with the ones from an exponential decay fit. Dependence
of UV-to-yellow peak ratio on the slit widths of the spectrometer, and consistence with possible origins of
yellow luminescence is discussd&0163-18208)03132-4

I. INTRODUCTION II. EXPERIMENTS

. i . . The samples are metal-organic chemical vapor deposition
$mce t.he first commerC|aI green XmaiTXN light- grown GaN epifilms on the plane of a 2-in. sapphire sub-
emitting diode was reahze’q,research on wide-band-gap gyrate. The GaN film is type with a doping concentration of
semiconductors based on nltrozgen-re_lated 1=V compoundg w1018 cm=3. The film thickness is nominally Zm. PL
has accelerated tremer!douéT)j/. Continuous wave opera- measurements use a 325 nm HeCd laser beam as the excita-
tion of In,Ga_ N multiple-quantum-well laser diode at tjon source. Luminescence emission from the sample is col-
room temperature has been announced with commerciajected with two plano-convex lensésl andL2 with focal
to-be performance achieved recerityWith the promising  |engths of 2 and 4 in., respectively. Lens separation is from
possibilities of products made from N-based materials, like14 to 42 cm. The luminescence emission spot is located at
full color flat panel displays, ultrahigh density storage de-the focal point of lensL1, which sends a nearly parallel
vices, and high-temperature, high radiative-endurance deéeam to lend.2. LensL2 focuses the luminescence beam
vices, research topics are never lacking. Some current réato the entrance slit of the spectrometer. The spectrometer is
search areas include lowering the threshold voltagea SPEX model with a photomultiplier tud®MT) detector
minimizing the threshold current, increasing doping levéls, (Hamamatsu R-928Because of the chromatic dispersion of
finding good Ohmic contacts;'® reducing the defect den- lenses 1 andL2, their positions are slightly adjusted for the
sity, and searching for proper ways of etching. Among themoptimized collection of UV and yellow light. Entrance slit
one fundamental and important issue is the ability to growvidth of the spectrometer is varied from 10 to 302
good GaN films. In the studies of photoluminesceriee) ~ during the PL measurements. The exit éfite slit in front of
on GaN films, there is a broad emission band near 2.3 e{he PMT detectorwidth is kept wide open at 3000m. Both
(vellow emission, in addition to the large, sharp, near-band-the entrance and the exit slit height are set at 2 cm. All
gap PL emission peak at 3.4 gV emission.*”18 While measurements are done at room temperature.
the search for the true origin of the yellow band emission is
still a very active research area, most agree that its existence
is due to defect/impurity assisted transitions and is an indi-
cator of the quality of the film&? Reports on the studies of A typical PL spectrum is shown in Fig. 1. A high-
the near-band-gap UV and the yellow emission are plentyintensity, sharp peak situated at 364 nm is due to the near-
including, for example, UV-to-yellow emission ratidJV/  band-gap transition that is in the wavelength of UV, so as to
yellow) analysis with bimolecular modéf.In this work, we  be called the UV peak. While the other broad, less intense
investigate the PL intensity of the UV and the yellow emis- peak around 546 nitsee the inset in the logarithmic scpie
sion in detail by the simple concept of varying the slit width due to the defect/impurity related transitions. This peak is
of the spectrometer. We analyze the involvement in compareentered around the yellow portion of the visible spectrum,
ing the UV to yellow emission peaks. Detailed analysis ofso as to be called the yellow peak. While the true origin of
the results allows us to obtain decay lengths of the UV andhe yellow emission is not clear yet, the PL intensity ratio
the yellow emission on the sample. Our results are consistefietween the UV and the yellow emission is commonly used
with deep-level models of yellow luminescence. as an indicator of the quality of a GaN sample. Knowing that

IIl. RESULTS AND DISCUSSION
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FIG. 1. Photoluminescence spectrum of GaN film grown on the . ) ) L .
¢ plane of sapphire substrate. Excitation source is a 325 nm He-Cd FIG. 3. UV PL signal intensity versus the entrance slit width is

laser. The scan is UV optimized. The inset is on a logarithm scale t§hOWn in the inset. The main figure is the derivative of the curve
show the yellow emission band. shown in the inset with respect to the slit width and approximates

the UV emission intensity distribution centered at the laser spot.

the UV light has a larger refractive index than the yellow . . : . .
light, the optimized lens setup will be different between the@nalytical form is not obtainable with respect to the integra-

UV and the yellow peak measurements. As shown in Fig. otion of y, we can obtain an empirical result from the deriva-
an optimized lens position for the UV peak will not be the’tive of the UV intensity of the inset with respect to the slit

best geometry for the yellow emission. Thus, to optimize théVidth as shown in Fig. 3, which approximates the UV emis-

yellow peak signal collected by the spectrometer, thelens  SION intensity distribution on the sample along thelirec-

has to be moved away from the sample relative to the bed{on- Since the_col'lectmg IeEsel;.l andL2 have different

position for the UV signal due to chromatic dispersion. Thefoca! lengthsf1=21in. andf2=4in., respectively, there is a

PL spectrum shown in Fig. 1 is a single scan over the wholdn@gnification factoM = f2/f1=2 that has to be included in

wavelength range under UV optimized condition. the calculatlons_of the Iumlngscence emission spot size on
The inset in Fig. 3 shows the UV PL peak intensity versudhe sample, which, in turn, yields the effective absorption

the entrance slit width of the spectrometer. The UV pealgoefﬁcients. An excellent fit with a Lorentzian distribution

intensity increases with the slit width and flattens out beyondUnction

about 1000um. Treating the spatial emission distribution as

in two dimensions, it gives L(x)=

@

_ a2V
| (x,Y) =l oexd — a(x*+y*)™?], @ where 2r is the full width at half maximum, gives @ of 326

wherea is the effective absorption coefficientcorresponds ~ #m. On the other hand, applying the exponential decay equa-
to the slit width, andy corresponds to the slit height. Then, tion in one dimension

the measured peak intensity shown in the inset is actually an

integration of the luminescence emission intensity over the (x)=1(0)exp(— ax), )
range of the slit opening, i.e., a two-dimensional integratio
of 1(x,y) with respect toy from —1 to 1 cm, and then, with
respect tax from —(slit width)/2 to (slit width)/2. Since an

Yo fit Fig. 3 gives an estimated decay lengthy,1df 427 um,
which gives an effective absorption coefficient of 46.8¢m
after dividing 427um by 2, the magnification factor. In the
Lorentzian fit, the value o drops to 1¢é of the maximum

s H - ! value at x=+e—1c. The inverse of+\e—1a/2 yields
46.8 cm', which is exactly the same as the previous value
UV + Yellow x\Y/ell"W w deduced from the exponential equation. Takife— 1o as
V the estimated effective spot size of the UV emission on the
GaN film, it gives a value of 427um.
The slit width dependence of the yellow emission is
shown in the inset of Fig. 4. The PL intensity of the yellow
fluy Dov 2oy peak increases with the slit width and does not saturate until
S : PL spot about 200Qum. Employing the same empirical approach and
I : PL spot image taking a derivative of the yellow peak PL intensity with re-
flyv : focal length of lens L1 for UV spect to the entrance slit width generates Fig. 4, which re-
f2uy : focal length of lens L2 for UV flects the yellow emission distribution profile on the sample.

Dyy : di tween lenses L1 and L2 for UV : .
vy : distance befween lenses L1 and L2 for The actual intensity distribution spread on the sample is half

FIG. 2. Ray tracing to show the UV and the yellow lumines- Of what is shown in Fig. 4 taking into account the magpnifi-
cence emission. Chromatic dispersion is schematically showrgation factor of 2. An exponential fit gives an estimated ef-

While the figure shows an optimized geometry for the UV signal,fective decay length, &, of 633 um, which then gives an
the geometry is not proper for the yellow emission collection. effective absorption coefficient of 31.6 cth while the
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] ) ) o FIG. 5. Photoluminescence intensity ratio between the UV and
FIG. 4. Yellow PL signal intensity versus the entrance slit width {he yellow peak. The ratio is slit width dependent.

is shown in the inset. The main figure is the derivative of the curve
shown in the inset and approximates the yellow emission intensit%l
distribution centered at the laser spot, which spreads over a wid
region than the UV shown in Fig. 3.

nother possible effect that could cause a larger(biVyel-
%W) emission area than the laser spot.

Since the refractive index of GaN at 364 nm is greater
than at 546 nm by-1%, the yellow emission angle from the
Lorentzian fit gives 32.2 cit with the effective yellow GaN film surface is smaller than the UV emission angle, so
emission spot size ofe—1o=622um. Comparing Fig. 4 that, this effect can only reassure the results of larger yellow
with Fig. 3, it can be seen that the yellow emission region isSPot size. Another consideration is the focusing capability of
larger in diameter than the UV emission region by a factor ofthe lenses. Estimated focused laser beam spot diameter is
~1.5. Due to the finite distance between ldrs andL2, ~ ~100 um. And, with theL1-L2 lens geometry used, we
light emitted off the focal point of lenk1 may not be fully ~ conclude that the focusing capability should not change our
collected by the lens 2. Taking this geometric factor into discussion. _ _ _ _
the calculation will increase the effective decay lengths of Figure 5 shows the PL signal intensity ratio between the
the UV and the yellow emission, and will increase the spotJV and the yellow peaks. Due to the different sizes of the
size ratio between the yellow and the UV emission, too. Or’L emission region for the UV and the yellow signal, the
the other hand, by using the one-dimensional exponentiddV/yellow signal ratio changes according to the slit width of
decay function to approximate the two-dimensional onethe spectrometer. When the slit width is wide open at 3000
gives larger decay lengths. During the fitting process, Gausg¢m. both the UV and yellow emission enter the slit. As the
ian distribution function was tested to fit the luminescenceSlit width narrows down, the yellow emission, which emits
emission distribution profile on the sample, but the fittingfrom a larger region than the UV, starts to be blocked by the
results are much worse than those from the exponential arljfades of the slit, and only part of the yellow signal enters
the Lorentzian function, which is the best fit among thethe spectrometer while the UV signal is less affected. In
three. order to make sure that both the UV and the yellow emission

Possible mechanisms that explain the size difference bére collected, both signals are optimized at an entrance slit
tween the UV and the yellow emission are discussed her@idth of 10 um. This optimization procedure is critical in
along two major reasoning. First is absorption mechanisnletermining the ratio of UV/yellow properly. If only the UV
related, that is, UMor yellow) light is generated within the Signal is optimized, the UV/yellow ratio can be more than
laser-hitting spot, travels along and is absorbed through los@ne order of magnitude higher than the value shown in Fig.
processes within an effective absorption length. In thisd; although the fact that the UV/yellow ratio increases as the
mechanism, the size difference is due to different absorptioflit width narrows still remains.
coefficients, and this is what is used to analyze our data.

Besidgs, UV light might pe reabsorbed through _deep-le\_/el IV. CONCLUSIONS

transitions and then give out yellow emission. This

reabsorption-reemission, photon-recycling process could In conclusion, a simple and elegant technique is demon-
cause the size difference. From this point of view, our resultstrated to investigate the spatial profile of the UV and the
are consistent with deep-level recombination models of yelyellow PL emission from GaN epifilms by varying the slit
low luminescence. Second is diffusion mechanism relatedwidth of the spectrometer using a typical PL measurement
that is, electron-hole pairs are generated within the lasersetup. Empirically, both the Lorentzian and the exponential
hitting spot, diffuse through the GaN film, and then recom-distribution give an excellent fit to the luminescence emis-
bine to produce UV emission. In this mechanism, the sizesion intensity profile, which yields effective absorption coef-
difference is due to different diffusion lengths although it isficients of 47 cm® for the UV peak at 364 nm and of
unclear in the yellow emission about the corresponding par82 cmi* for the yellow peak at 546 nm. The PL intensity
of the electron-hole pairs associated with the UV emissiontatio between the UV and the yellow emission depends on
Reabsorption-reemission process after recombinations of dithe slit width of the spectrometer. The increase of the UV/
fused electron-hole pairs may still be the reason that causa®llow ratio with decreasing slit width is explained by the
the larger yellow emission spot. Laser beam scattering islifferent sizes of the emission region of the UV and the
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yellow luminescence. The effective yellow emission spotstead of the one-dimensional one through numerical method.
size is 622um, which is about 1.5 times larger in diameter Absorption analysis is performed on our data, and other
than the UV spot size. This is consistent with deep-leveimechanisms need further investigations.

models of yellow luminescence through the reabsorption-
reemission approach. Chromatic dispersion is an important
factor in optimizing the signals to ensure the proper collec-
tion of the emission at different wavelengths. Substantial im- One of the authorgL.W.T.) would like to acknowledge
provement on the value of decay lengths could be done bgupport from the National Science Council of the Republic
using the two-dimensional exponential decay function in-of China under Project No. NSC 87-2112-M-110-003.
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