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Schottky barrier diodes, on both Ga and N faces of200-um-thick free-standing GaN layer,
grown by hydride vapor phase epita@VPE) on Al,O; followed by laser separation, were studied

by capacitance—voltage and deep level transient spectro$bPbdys) measurements. From aCH

vsV analysis, the barrier heights of Ni/Au Schottky contacts were determined to be different for the
two polar faces: 1.27 eV for the Ga face, and 0.75 eV for the N face. In addition to the four common
DLTS traps observed previously in other epitaxial GaN including HVPE-grown GaN a ne\B trap
with activation energf;=0.53 eV was found in the Ga-face sample. Also, Ea{E+=0.18 eV},
believed to be related to the N vacancy, was found in the N-face sample, ar@ Eap=0.35 eV

was in the Ga-face sample. Tr&may have arisen from reactive-ion-etching damage.2@1
American Institute of Physics[DOI: 10.1063/1.1361273

Hydride vapor phase epitax§HVPE) is a promising prior to Schottky barrier deposition, without which the
technique for growing thick GaN films because of the highSchottky barrier diode$SBDS were very leaky and could
growth rates attainabfe.Recently, a process to separatenot be used. After cutting the layer into two pieces, several
HVPE GaN layers from AIO; substrates has been Ni/Au Schottky barriers, each of 25am diameter, were
developedand it has been proposed that the separated temabricated on the Ga face of one piece, and on the N face of
plates can themselves be used as substrates for further Gahe other piece. Ti/Al/Ti/Au ohmic contacts were then fabri-
growth. It is known that HVPE GaN layers grown on the cated on the opposite face, respectively, of each piece.
(000Y) plane of sapphire assume Ga polarity. In other wordsgectron-beam evaporation was used for the Ti and Ni metals
the surface of the GaN layer is terminated by the Ga planeyng thermal evaporation for the Al and Au metals. These
Such material is highly defected near the GaM@ylinter-  gppg \ere then mounted on carriers by silver epoxy, and

face, bu3t_5is of very good quality a fewm from the e honded for capacitance—voltag@-V) and deep level
interface?™ Separated (“free-standing”) layers permit

studied. For our free-standing layer, we find tha} the
Schottky barrier height is lower on the N fac@) a surface-
damage-related trap &:—0.35 eV, and a new trap &
—0.53 eV are found in the Ga-face sample; &4Bda trap at
E-—0.18 eV, which has previously been assigned to a
N-vacancy-related defect, is observed in the N-face sample. The SBPS formed on thg G_a fa(?e showed very gbod
The GaN layer used in this study was grown to be aboufharacteristics at 300_ K, with ideality factors of about 1.04
300 um thick, and had been separated from its@ sub- a!’ld leakage currents in the 1—10 ° A range at a reverse
strate by a laser decomposition procéShe top(Ga) sur- biasV,= —15 V. On the other hand, the SBDs formed on
face was mechanically polished, and then the polishing damile N face were quite leaky, with leakage currents in the
age was partially removed by a Mased reactive-ion- 10 ‘—107° A range atV,=—5 V. To investigate the re-
etching (RIE) process. The bottorfN) surface, which had spective Schottky barrier heights on the two faces and to
been next to the AD; substrate, originally contained a thin, determine the near-surface carrier concentrations, we carried
highly degenerate region, which is present in all HVPE lay-out 1/C? vs V analyses. Plots of 1C? vs V at 300 K are
ers grown on AJO;.° Thus, about 3Qum of material was shown in Fig. 1. For comparative purposes, a typical result
removed by mechanical polishing and wet-chemical etchindor a SBD fabricated on a 68m-thick HVPE-GaN film(Ga
face up), still on its Al,O, substrate, is also presented in Fig.
dAuthor to whom correspondence should be addressed at Semiconduct&r For both the separated and unseparated Ga-face-up films,
Research Center; electronic mail: zhaogiang.fang@wright.edu the intercepts at ©?=0 are about 1.1 V, while the intercept

apparent activation energieg€{'s) and capture cross sec-
tions (o¢'s) of the various traps were determined from an
Arrhenius plot, using rate windowse('s) from 4 to 1000
—1
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FIG. 1. Plots of €2 vs V at 300 K for Ni/Au SBDs fabricated on the Ga FIG. 3. DLTS spectra for a SBD made on the Ga face, measurag, at
and N faces of free-standing GaN and the Ga face of HVPE-GaN gb,Al = —1.0and—8.0 V.

for the N-face-up film is much smaller, only about 0.6 V. range of 80—-450 K andi) three of these trap#;, A, and
Thus, we believe that the Schottky barrier asymmetry is reB’, show significant increases in peak heightsincreases
lated to the surface polarity. The barrier heights of Ni onfrom 0.2 to 20 ms. The “fingerprints” of these traps, i.E5
GaN are then determined to be 1.27 eV on the Ga face anand o1, determined from the Arrhenius plots @f/e, vs
0.75 eV on the N face. The value 1.27 eV is very close tol/T, are E;=0.70 eV andot=1.7X10"1° cn? for A; Et
that published for Ni on GaR?® however, the lower barrier =0.58 eV andr;=2.4x10"*% cn? for B; E;=0.53 eV and
height found here for the N face has not been reported bes;=1.5x10"* cn? for B’; Er=0.35 eV andor=1.6
fore. The latter result may imply Fermi level pinning on the x 10 %® cn? for C; and E;=0.25 eV and o;=1.2

N surface. The different Schottky barriers on the two faces<1071® cn? for D. TrapsA;, A, B, andD are commonly
may also depend on details of the surface reconstructiombserved in epitaxial GaN grown by various techniques, in-
More investigations are needed to confirm the present obsegiuding metalorganic chemical vapor depositidhOCVD),
vations. From the slopes of theC vs V plots, the near- eactive molecular beam epitaxRMBE), and HVPE! A
surface carrier concentrations for the samples with the Ggjgnificant increase in a DLTS signal as a functionf, as
face and the N face up, respectively, are calculated to bg),nd for trapsA,, A, andB’, usually suggests a small cap-

6 6 —3
1.2<10' and 1.8<10'° cm =, These values are among the e cross section; however, similar behavior can be found if
lowest ever reported for conductive GaN. Since the mobility;, trap behaves like a “line defect,” which is typically as-

i i ~ 10 I I . . - . .
is also very high~1100 cni/V s at 300 K.” this material g, iateq with threading dislocations. For example, we have
clearly has unusually low densities of residual donors an%iscussed such behavior in connection with trégsand A,

acceptors. . : 1 ) o
: . in thin RMBE-GaN layers?! Further investigations of the
Typical DLTS spectra for a SBD obtained from the Ga- capture kinetics of trapA,, A, andB’ are needed. We also

face sample, measured as a function of filling pulse width . -
(W,), are shown in Fig. 2. We see thtthere exist six deep measured DLTS spectra as a function of forward filling pulse

traps (labeledA, , A, B, B', C, andD) in the temperature heightvf (not shown here The prominence of tra@ found
in the Ga-face sample appears to be related to the surface
damage caused by RIE, since this center can be detected only
5 in the top 0.4um, and cannot be found at all in the N-face
—— W=200ms| V=50V, V=00V, Ay sample(see below, which was processed by polishing fol-
PN w:ff, mz e,=10s" lowed by chemical etching and not by RIE. Interestingly, the
—--- W=02ms [} o behavior of trapC found here is very similar to that of a
c B A ,/ - sputter-deposition-induced tragS3 in MOCVD-grown
; J n-GaN reported by Auregt all? Unlike the case for trag,
the new traB’ is found not only near the surface, but also in
the deeper region. From the results of Fig. 2, it appears that
B’ has a small capture cross section, BUtalso seems to be
affected by the strength of the electric field in the depletion
region. For example, in Fig. 3, trad’ can be more clearly
SBD on Ga face observed in the spectrum with,= —8.0 V, as compared to
that with Vy,=—1.0 V. Also, a significant reduction of the
peak height of trapC was observed a¥,=—8.0 V. This
Temperature (K) unusual phenomenon, i.e., a decrease of peak height with
FIG. 2. DLTS spectra for a SBD made on the Ga face, measured as 910M€ negative/y,, occurs for a trap which exists only in the
function of filling pulse width W;). top-surface region. A full report will be published elsewhere.
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E Ga-face sample. ThB' peak height depends strongly on the
®| sBDonNface 1 — W=500ms filling pulse width and the electric-field strength. For the
R V"':;%Om"s‘s N-face sample, a N-vacancy related tiap with E1=0.18
—~ — - W=05ms eV and or=4x10"%" cn?, was observed. On the other
f» 4 hand, the Ga-face sample contained t@pwith E;+=0.35
K o V=10V, V=001V, eV ando;=1.6x10"15 cn?. This trap is thought to be re-
T lated to surface damage caused by the RIE process em-
é’ ) ployed. By usingC—V measurements, the barrier heights of
= Ni/Au Schottky contacts were determined to be 1.27 and
e 0.75 eV, when fabricated on the Ga face and the N face,
respectively.
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