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The dependence of Hall mobility and carrier concentration in GaN epilayers on light illumination was examined. It was found
that Hall mobility and electron concentration both increased after illumination with red laser (632.8nm) and green laser
(530 nm). However, no changes in Hall mobility and carrier concentration were found, if IR-laser (850 nm) was used. The
results reveal that deep-level defects were excited and hence extra carriers were generated by light illumination. The influence
is more pronounced for thinner films. These observations indicate that donor-like defect-related states were located 1.48 to

2.33 eV below the conduction band edge.
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Recently, many researchers are interested in GaN-based
wide bandgap III-V nitride compounds for their applications
in light emitting diodes, laser diodes, and high power elec-
tronic devices that can be operated in high temperatures.'=
Although assessment of the properties and potential appli-
cations of nitrides is actively pursued to accelerate the de-
vice fabrication, detailed studies on some important param-
eters such as the relationship between defects and electronic
properties have not been fully explored. The investigations of
defects using yellow luminescence® (YL), persistent photo-
conductivity (PPC) effect,>™ and temperature variable Hall
effect”) have all been reported. YL is the normally unwanted
luminescence signal, which appears in the photoluminescence
(PL) spectrum of nitride-based materials. The YL band is re-
garded as a defect related feature. Shallow to deep donor level
recombination'® and deep donor to shallow acceptor level re-
combination'? are the two widely accepted models for the
presence of extensive YL. PPC is also considered as a con-
sequence of defects generated phenomena and has detrimen-
tal effects on the performance of GaN/AlGaN high electron
mobility transistor devices.!? There are a couple of reports
suggesting that PPC and YL phenomena in GaN have definite
relations between each other.'3-1%) In this work, we use lasers
emitting at different wavelengths with different lasing inten-
sities to excite GaN epitaxial layers. By using such a method,
we report the differences in carrier concentration and mobility
for GaN films with different epitaxial layer thickness.

Samples used in this study were all grown on (0001) sap-
phire (Al,O3) substrates by a low pressure organometallic va-
por phase epitaxy (OMVPE) system.'®??) The gallium and
nitrogen sources were trimethylgallium (TMGa) and ammo-
nia (NH3), respectively. After annealing the sapphire substrate
at 1100°C in H; ambient to remove surface contamination, a
30-nm-thick, low-temperature GaN nucleation layer was de-
posited onto the sapphire substrate at 520°C. The tempera-
ture was then raised to 1120°C to grow the unintentionally
doped n-type GaN epitaxial layers with different thickness.
The growth rate of the unintentionally doped n-type GaN epi-

- taxial layers was kept at 2.2 ;em/h. Samples were then cut into
5 x 5cm?, and indium dots were evaporated onto sample sur-
faces to form electrical contacts in Van der Pauw geometry
for Hall effect measurements. The Hall measurements were
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conducted both in dark and under laser illumination. Three
different lasers lasing at different wavelength (i.e. 632.8 nm,
530 nm and 850 nm) with different excitation intensities were
used for the photo excited Hall measurement.

Figure 1 shows thé measured dark Hall mobility (up) and
dark carrier concentration (Cp) as functions of GaN epitax-
ial layer thickness. It was found that when the GaN epi-
taxial layer thickness was 1.9 um, the Hall mobility was
only 44 cm?.V~!.s~! and the carrier concentration was 7.3 x
10'®cm™3. As the GaN epitaxial layer thickness increases,
the Hall mobility increases rapidly while the carrier concen-
tration decreases. When the GaN epitaxial layer thickness
was 4.3 um, the Hall mobility could reach 360 cm?.V~!.s7!
and the carrier concentration was reduced down to 2.0 x
10'¢cm™3. Such a result indicates that the crystal quality is
poor for GaN epitaxial layers in the initial stage of growth. On
the other hand, the crystal quality was significantly improved
for the thick GaN epitaxial layers. Hall mobility and carrier
concentration were also measured under illumination. Figures
2(a) and 2(b) shows the difference in carrier concentration for
samples measured in dark (Cp) and under laser illumination
(Crp), and the difference in Hall mobility for samples measured
in dark (up) and under laser illumination (), respectively. It
is known that photons with a shorter wavelength have a larger
energy. It is also known that there exist a large number of de-
fect related trap states in the GaN epitaxial layers. Thus, more
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Fig. 1. Dependence of the Hall mobility and carrier concenteation on the
GaN epitaxial layer thickness measured in dark.

L2206




Jpn. J. Appl. Phys. Vol. 41 (2002) Pt. 2, No. 3A

15
1.2x10 —&— Red laser (632.8nm)
—@— Green laser (530nm)
I o+ IR laser (850nm)
g.oxl0"F ®
g/ | °
a
Q
U \
4.0x10“F / \’ o
N _A—a A A
i 1 " 1 1 M 1 2 L 1

0.0 .
15 20 25 30 35 40 45
Film Thickness (um)

(a)

16 |- PN
L Green laser (530 nm)
14 |

12

2

u-uy (Cm/Vs)
0]

Red laser (632.8 nm)

6 |
s o
4+
oL
I IR laser (850 nm)
O " n i 1 i 1 . 1 N
15 20 25 30 35 4.0 45

Film Thickness (um)
(b)

Fig. 2. The (a) carrier concentration difference under illumination (Cy) and
in dark (Cp) and (b) mobility difference under illumination (u1) and in
dark (jtp) as functions of GaN epitaxial layer thickness.

trapped carriers could be activated and become photo gener-
ated carriers as the laser wavelength decreases. As a result, the
difference in carrier concentration increases as the laser wave-
length decreases, as shown in Fig. 2(a). Also, it was found that
there is no appreciable change in carrier concentration while
illuminated with infrared (IR) laser. Such an observation sug-
gests no defect levels exist within 1.48eV (i.e. A = 850nm)
below the conduction band that can be excited by IR irra-
diation. Such a result also agrees well with the PPC mea-
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Fig. 3. Light excitation intensity dependence of (a) Hall mobility differ-
ence (p-1p), and (b) carrier concentration difference (C1-Cp), measured
in dark and under illumination by red laser.

surement.” On the other hand, Hall mobility increases when
the GaN epitaxial layers were illuminated with red laser light
(632.8 nm or 1.96 V), as shown in Fig. 2(b). Furthermore, it
was found that such an increase was much more significant
when the GaN epitaxial layers were illuminated with green -
laser light (530 nm or 2.33 eV) while no change in Hall mo-
bility was found when the GaN epitaxial layers were illumi-
nated with IR irradiation, as also shown in Fig. 2(b). The Hall
mobility and carrier concentration both increase under visible
light illumination suggests that there exist some donor-like
defect-related states occupied by electrons in the GaN epitax-
ial layers. These negatively charged donor-like defect-related
states also serve as scattering centers. Under illumination, the
occupied electrons could be activated if the incoming photon
energy is large enough. As a result, we could observe a larger
electron concentration, as shown in Fig. 2(a). When the oc-
cupied electrons are activated, the donor-like defect-related
states become electrically neutral with a much smaller scat-
tering efficiency. Thus, we could also observe a larger Hall
mobility at the same time, as shown in Fig. 2(b). Also, it was
found that the Hall mobility difference increases first, reaches
a maximum and then decreases again, as the GaN epitaxial
layer thickness increases. When the GaN epitaxial layer is
thin, the laser light can penetrate through the whole epilayer
and most of the trapped electrons will be activated. Thus, the
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Fig. 4. Light excitation intensity dependence of (a) Hall mobility differ-
ence (ur-pp), and (b) carrier concentration difference (C1-Cp), measured
in dark and under illumination by green laser.

Hall mobility difference increases as the GaN epitaxial layer
thickness increases. For thick GaN epitaxial layers, the in-
coming photons will be absorb rapidly due to the large num-
ber of donor-like defect-related states in the epilayer. As a re-
sult, only those trapped electrons near the sample surface will
be activated and only those donor-like defect-related states
near the sample surface will become electrically neutral with
a smaller scattering efficiency. On the other hand, electrons
will still occupy those donor-like defect-related states away
from the sample surface. Thus, those donor-like defect-related
states away from the sample surface will still be charged neg-
atively with a large scattering efficiency. As a result, the mea-
sured Hall mobility difference will decrease as the GaN epi-
taxial layer thickness increases. When the Hall mobility dif-
ference reaches its maximum, we call it level off. Thus, as the
photon energy increases, the penetration depth will decrease
and thus level off will occur when the epitaxial layer film
thickness is larger, as shown in Fig. 2(b). Different excitation
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levels also enhance the illumination effect differently. Figures
3 and 4 show the samples illuminated by variable excita-
tion intensities. As shown in Figs. 3(a) and 4(a), the mobility
difference between illuminated sample and non-illuminated
sample (u1-up) increases with the excitation intensity. The
Hall carrier concentration difference (C;-Cp) increases with
the illumination intensity in near substrate region too, but lev-
els off rapidly, as shown in Figs. 3(b) and 4(b). These results
again indicate that some donor-like defect-related states ex-
ist in the range of 1.48 to 2.33 eV below the conduction band
edge of GaN epitaxial layers, and the density of these defect-
related states was higher for thinner films. Such a range also
agrees with the reported YL observed from PL measurement.

In conclusion, the influence of light illumination on the de-
fect distribution as determined by Hall measurement has been
investigated in GaN epitaxial layers. Our results indicate that
the presence of donor-like defect-related states exist in the
range of 1.48 to 2.33 eV below the conduction band edge for
the as deposited GaN films.
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