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GaN films were grown on sapphire and SiC substrates. The crystal qualities of GaN films were
investigated by photoluminescence, atomic force microscopy, and electron-beam-induced current
measurements, etc. It was found that the crystal quality of GaN on SiC is better than the one on
sapphire. Ni/Au Schottky contacts were formed on the both samples. The electronic characteristics
were obtained by current—voltage and capacitance—voltage measurements. Schottky diodes on
sapphire substrate show breakdown voltage—-@&0 V. While for SiC substrate, the strong
breakdown was not observed even-&t00 V. The reverse leakage current of diodes based on SiC

is over three orders of magnitude lower than that of sapphire substrate when the reverse voltage is
above 50 V, which is due to the presence of low dislocation density and high thermal conductivity.
© 2001 American Institute of PhysicgDOI: 10.1063/1.1410355

GaN-based wide band gap llI-V nitride materials havegrown. The Hall mobility and carrier concentration of 509
been intensively studied because of its potentials for highen?/V's, 7x10"%cm 2 (1142 cnf/V's, 1.9x10cm 2 at 77
temperature  and  high-power  electronic  deviceK), and 568 crf’Vs, 5.5<10 cm 3 (1469 cni/Vs, 1.1
applications:™® As a substrate material for 1lI-V nitride X 10"cm™3at 77 K) were obtained by Hall measurement at
growth, sapphire, and SiC are extensively usédowever, room temperature for sapphire and SiC substrates, respec-
high dislocation density, which is ascribed to large mismatcHively. The full width at half maximumgFWHM) of x-ray
in the lattice constants and thermal expansion coefficient ofocking curve is 200 and 150 arcs for sapphire and SiC sub-
lI-V nitrides and sapphire, was found limiting the devicesstrates, respectively. Comparing with reported results, both
performance. SiC substrate has several advantages over s&mples show very high crystal quality.
phire, such as small lattice mismatch and thermal expansion Photoluminescencé’L) measurements were carried out
coefficient mismatch with GaN, high thermal conductivities, for the two samples at room temperature. The results are
etc. Much work about Schottky diodes of GaN grown onshown in Fig. 1. Both spectra show sharp and strong near-
sapphire substrate has been reported previously because ind-edge exciton emission peak with a FWHM of 49 meV
its importance in applications of electronic deviédsHow-  and 41 meV for sapphire and SiC substrates, respectively.
ever, very few studies have been reported on the Schottkjhe “yellow band” modulated by Fabry—Perot interference
diodes of GaN grown on SiC substrate to our knowledge. | ringes is observed. The appearance of the interference con-
this letter, the crystal quality of GaN films grown on sapphireﬁfms the Smooth surface of the films tha}t also indicates the
and SiC substrates was investigated, and the electronic ch4Hgh crystal quality of both samples. A shift of the band-edge
acteristics of Schottky contacts Ni/Au anGaN were also Peak between the two samples is also observed in Fig. 1,
reported. It was found that the performances of Schottky
diodes based on SiC substrate were improved because of
high-quality GaN films with low dislocation density.

3.0 um thick n-GaN films were grown orf0001) sap-
phire and SiC substrates by the horizontal metalorganic
chemical vapor deposition at atmospheric pressure, respec-
tively.  Trimethylgallium (TMG), trimethylaluminium
(TMA), and NH; were used as source material, and monosi-
lane diluted in H (10 ppm) was used as timetype dopant. A
30 nm thick GaN low temperatur@t 500 °Q buffer layer
was used for the GaN film growing on sapphire substrate. 0.0 :
For SiC substrate, an 200 nm thick AIN layer was deposited 350 400 450 500 550 600
at 1150 °C as the buffer layer before the GaN epilayer was Wavelength (nm)

PL intensity (a. u.)

FIG. 1. Room temperature PL spectramsiGaN grown on sapphirédash
¥Electronic mail: bjzhang88@yahoo.com line) and SiC substratesolid line).
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FIG. 3. log{)—V characteristics of Ni/Au Schottky contacts anGaN
: grown on sapphire and SiC substrates.
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The current—voltage 1€V) characteristics  of
Au/Ni/n-GaN Schottky contact on the two samples were
measured at room temperature using HP4145B semiconduc-
tor analyzer. The typical semilog—V characteristics are
shown in Fig. 3. The diameter of Schottky contact dot used
in our experiment is 20@um. The barrier heightsdg) and
ideality factor(n value were determined by using the ther-
mionic emission theory.The barrier height and ideality fac-
tor of dg(1-V)=0.80eV, n=1.17 for sapphire substrate,
anddg(1-V)=0.92eV,n=1.13 for SiC substrate were ob-
tained from the forward —V characteristics, respectively.

1.0 4 £ 1 The reversel -V characteristics of the both samples were
53 4 also shown in Fig. 3. The reverse leakage current of diodes
0.5 £ 3 : " TEEE based on SiC is over three orders of magnitude lower than

that of sapphire substrate when the reverse voltage is above

50 V. Schottky diodes formed on sapphire substrate show

0.0 } ] T L breakdown voltage of-80 V. While for the SiC substrate,
00 05 1.0 15 20 25 3.0 the strong breakdown was not observed even-a00 V.

FIG. 2. AFM images of-GaN surfaces in a 83 um? area:(@) n-GaN  11iS is the result of low dislocation density in GaN film and

grown on SiC substrate, ari)) n-GaN grown on sapphire. high thermal conductivity for SIiC substrate. Capacitance

voltage C—-V) measurements were also performed using

P4845A LCR at a frequency of 1 MHz. The measured
which is due to the different strains induced by the thermal; ~2_,, plots are showg in F)gg 4 for the two kinds of

expansion coefficient misma_tch. Atomic force_ mi_crOSCOpySchottky diodes. The barrier height®§) and carrier con-
.(AFM) was also performed prior to devllces-fabrlcatlon: AFM centrations are 0.82 eV, 710 cm3 for sapphire substrate,
Images of GaN surfaces are shown in Fig. 2, wr[e'rg. and 0.96 eV, 6.5 10'°cm™2 for SiC substrate, respectively.
2(a)] is for GaN grown on SiC substrate, afffig. 2b)] s The carrier concentrations values determined framV

- - . 2 . .
for sapphire substrate. The image area i833um”. The  peasurements are in good agreement with the value deter-
wavy growth steps and some dislocations are observeghined from Hall measurement.

x108cm 2 and 2x10°cm 2 for sapphire and SiC sub-

strates, respectively. The low dislocation density on SiC is

related to its small mismatch in the lattice constant and ther- Lex10™F
mal expansion coefficient with GaN. 14x107 1
Before metallization, the samples were ultrasonically de- o L1ty
greased in acetone and methanol and then the surface oxides % 1.0x10" [ -« n-GaN on SiC sub.
were removed in boiling aqua regia for 30 min and rinsed in % s.0x10" | oy
deionized water. Ohmic contacts of Ti/Al/Ni/Au layers were & 6.0x10M Soate
formed by electron beam evaporation using conventional lift- L soxaont i
off technique. Then, the samples were annealed at 700°C for ™ 5 g g " oo " S2PPhire sub,
30 s in nitrogen ambient in order to obtain ohmic character- 0.0 Lo . s .

istics. Finally, Schottky contacts of Ni/Au were patterned
using the photoresist lift-off technique. Prior to the evapora- Voltage (V)

tion process, the samples were dipped in HGOH1:1) g 4. c—v characteristics of Ni/Au Schottky contacts orGaN grown

etchant for 1 min to remove possible oxide on the surface. on sapphire and SiC substrates.
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value is almost one order of magnitude less than the AFM
result because the dark grain in EBIC should correspond to
the region with high dislocation density. Small dark grain
density for SiC substrate is the result of its small lattice mis-
match and thermal expansion coefficient mismatch with
GaN. The high breakdown voltage and the low reverse leak-
age current for Schottky diodes on SiC substrate should be
ascribed to the presence of low dislocation density and high
thermal conductivity.

In conclusion, Ni/Au Schottky contacts were formed on
n-GaN grown on sapphire and SiC substrates. The electronic
characteristics of Schottky diodes were investigated-by
and C—-V measurements. Compared with sapphire substrate,
the performances of Schottky diodes formed on SiC sub-
strates were improved. The reverse leakage current of diodes
based on SiC is over three orders of magnitude lower than
that of sapphire substrate when the reverse voltage is above
50 V. The strong breakdown was not observed evenHi0
V. The high breakdown voltage and low reverse leakage cur-
rent for Schottky diodes on a SiC substrate are related to the
low dislocation density and high thermal conductivity.
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FIG. 5. EBIC images of Schottky diode&) n-GaN grown on SiC sub-
strate, andb) n-GaN grown on sapphire.
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