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Electron-irradiation-induced deep level in n-type GaN
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Electrical and Computer Engineering and Materials Department, University of California, Santa Barbara,
California 93106

(Received 6 October 1997; accepted for publication 25 November) 1997

Deep-level transient spectroscopy measurements-tgbe GaN epitaxial layers irradiated with
1-MeV electrons reveal an irradiation-induced electron trapat 0.18 eV. The production rate is
approximately 0.2 cm?, lower than the rate of 1 cnt found for the N vacancy by Hall-effect
studies. The defect trap cannot be firmly identified at this time.1998 American Institute of
Physics[S0003-695(98)01704-3

Rapid progress in the development of the blue light-7x 10'® cm™3 an acceptor concentration ofx410' cm™3,
emitting diodes, uv detectors, and high-temperature transisind a donor activation energy of 16 meV, which is typical
tors in the lll-V nitride system{GaN, AlGaN, and InGaN  for Sig, donors in GaN. Schottky barrier diode¢SBDS
has led to great activity in the growth and characterization ofyith a planar structuré.e., 0.5-mm Au/Ni dots surrounded
these materials? In the early days of GaN growth, the elec- by large-area Ti/Al/Ti/Au Ohmic contacts with a }&m
trical property was nearly always stronghtype, and it was  spacing were fabricated by using electron-beam evaporation
thought that the donor was a native defect, the N vacancynd lithographic processing. SBD’s with a small leakage cur-
(Vn).>* However, later studies have concluded thatR®f.  rent(<1 A at 6 V reverse bigswere chosen for the irra-

5) and Si(Ref. 6 may be the prime candidates for residual diation study. Electron irradiation was carried out in a Van
donors. Recently, in samples of GaN grown by metalorgani¢le Graaff accelerator at a voltage of 1 MeV and beam cur-
chemical vapor depositiofMOCVD) and hydride vapor rent density of 1QuA/cm?. The sample temperature was
phase epitaxy, several deep levels located at 0.25, 0.60, 0.6eld at close to 300 K by water cooling of the sample holder.
and 0.88 eV below the conduction band, with concentrationgwo separate doses, each ok 50 cm~2, were employed

in the range 15-10" cm™3, have been revealed by deep- to check for variations in the production rate. A Bio-Rad
level transient spectroscogPLTS).”~® Based on the effects DL4600 DLTS system with a 100-mV test signal at 1 MHz
of 270-keV N* implantation and annealing, two deep levels, was used to carry out—V and DLTS measurements. The
with activation energies of 0.60 and 0.67 eV, are believed tc -V data, which establish carrier profiles, were taken at
be the N antisite and N interstitial, respectiv@llthough  different temperatures to determine if the carrier concentra-
vacancy defects in S{Ref. 10 and GaAs(Refs. 11-1B  tion was changing with temperature. As long as the carrier
induced by high-energy electron irradiati¢l) have been concentration is much larger than the deep-level concentra-
extensively studied in the past, only two recent El studiesion at all temperatures, the DLTS system can display the
have been conducted in Gafii°to our knowledge. In the trap concentration versus temperature directly. During the
first of these, Lindeet al!* used optically detected magnetic DLTS measurements, a reverse bidd/ was applied on
resonance of a photoluminescence band at 0.93 eV, producége SBD and periodically pulsed 0 V with a pulse width of

by 2-MeV electron irradiation, to obtain a tentative identifi- 1 ms to fill the traps. To determine the apparent parameters
cation of a Ga-interstitial complex. In the second, Lookof the deep levels, i.e., the activation enefgyand capture
etal’® used temperature-dependent Hall-effect measurecross sectionry, the DLTS spectra were taken at different
ments to identify N-vacancy/N-interstitial Frenkel pairs pro- rate windows, from 20 to 1000°&.

duced by 1-MeV electron irradiation. In the latter study, the Before irradiation, theC—V concentrations are uniform

N vacancy was shown to have a donor level B¢  with depth, as shown in Fig. 1, and decrease only slightly as
—0.07 eV. In this letter, we present a DLTS study of 1-MeV T is lowered from 400 to 100 K. Thus, there is little carrier
electron-irradiatedn-type GaN. A defect center, located at freeze-out, which is due to the shallowness of the dgh6ér
aboutEc—0.18 eV, is produced at a rate of approximatelymeV, from Hall measurementsAfter irradiation, nc_y is
0.2cm?. nearly the same as before irradiation, as was found earlier

Then-type GaN sample used in the study was agB-  even at much heavier dosEsThe constancy ofi is due to
thick, unintentionally doped layer grown by MOCVD on the fact that shallow donord\ vacanciesand acceptorsN
sapphire and had a 300-K carrier concentration of 2.3nterstitial9 are produced by the irradiation at equal rates,
X10*cm™3, determined by both Hall-effect and apbout 1 cm™.'® The DLTS spectra after 1-MeV electron
capacitance—voltageC(-V) measurements, and a Hall mo- doses of 5 10* and 1x 10*® cm™?, respectively, are shown
bility of 765cnf/Vs. A single-donor analysis of the in Fig. 2. From Fig. 2, it can be seen that in addition to the
temperature-dependent carrier concentration, corrected fehree preexisting deep-levels B, C, and D, which are not
the Hall r-factor, gave a donor concentration of 7 affected by the El, a new deep-level E appears, with a pro-
duction rate of approximately 0.2 ¢th The Arrhenius plots

2 . .
apermanent address: Avionics Directorate, Wright Laboratory, Wright—Of Tm/en_ for all of the deep levels are presented in Fig. 3,
Patterson Air Force Base, OH 45433. from which the apparent parametdfs and o can be de-
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FIG. 3. Arrhenius plots 01I'ﬁ1/en for deep levels observed in MOCVD GaN

FIG. 1. Electron concentration profiles in the depletion region, measured by gtk barrier diodes irradiated by 1-MeV electrons with a total dose of
C-V at different temperatures before electron irradiation, for a MOCVD 1y 115 cm2.

GaN Schottky barrier diode.

electron traps at 0.1@Ref. 7) and 0.14 e\*® but again there
termined by using the equatia, /T?= y,or exp(—E{/kT).  were no identifications. Further studies with this particular
Here, v, is a constant comprised of the thermal velocity of sample were precluded by a degradation of the Schottky bar-
electrons, the degeneracy of the deep level, and the effectiwger, for unknown reason, after the second irradiation. Future
density of states at the bottom of the conduction band, and ork will involve the energy dependence of the defect pro-
equal to 3.X10°° cm 2s 1K2 for n-type GaN. TheEr  duction and the annealing dynamics.
and o for levels B, C, and D are 0.62 eV and 7.4 In summary, we have studied the electron-irradiation-
x 10 % cn?, 0.45 eV and 1.5 10 3 cn?, and 0.24 eV and  induced deep level measured by DLTS. The apparent energy,
2.0x 10" ° cn?, respectively, which except for level C have at Ec—0.18 eV, is fairly close to that ofVy at Ec
been previously reported?® Level E, induced by the irradia- —0.07 eV, while the apparent capture cross section of 2.5
tion, has an Arrhenius enerds;=0.18 eV (uncorrected for X 10 *° cm™? is reasonable for electron capture on an ion-
possible temperature dependence of the capture cross sézed donor. A firm identification of the defect is not possible
tion) and a capture cross sectiof=2.5x 10 1> cm™2. at this time.
It is difficult to determine the origin of level E at this )
time. Clearly, it is much shallower than the Geomplex The authors wish to .thank T. Qoqper for the HaII-effeet
found by Lindeet al. at 0.93 eV and somewhat deeper measurements and D. Via for fabricating the Schottky barrier
than Vy at Ec—0.07 eV, which was determined by Look diodes. Two of the author&Z-Q.F. and D.C.L. were sup-
et al1® However, it must be remembered that tHe deter- ported by U.S. Air Force Contract No. F$3§15—95—C-1619.
mined from a DLTS Arrhenius plot is realE,+E,,, where Part of the work was performed at the Awonlcs Dlrectora.te,
E, is the thermal activation energy &0 K andE,, is the Wright L_aboratory, erght—F_’atterson Air Ferce Base, tho,
energy of the capture—cross-section barrier. Thus, ifvere anq per_‘ual support was received from the Air Force Office of
as high as 0.11 eV fo¥y, then level E could possibly be Scientific Research.
related tloVN. Note that the production rate of level E islonly . tou _ S N Mon A A Salvad i H
u i H'H ~ or a adevice review, see oS. . ohammaa, A. A. Salvador, an .
owever, the DLTS e 15 broad, and may consist of mul- 170, o [ECE8s 130s(iss _
! ! For a materials review, see S. Strite and H. Mqtkbcvac. Sci. Technol.
tiple levels, which would raise the calculated production rate. B 10, 1237(1992.
This possibility must be investigated further. Other DLTS >H. P. Maruska and J. J. Tietjen, Appl. Phys. L&8, 327 (1969.
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