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Photoluminescence of localized excitons in pulsed-laser-deposited GaN
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Continuous-wave photoluminescen@&d.) and time-resolved photoluminescence of gallium nitride
layers grown by pulsed laser deposition are compared. The temperature dependence of the
photoluminescence decay time and the PL-integrated intensity allows a determination of radiative
and nonradiative time constants of GaN. We find that luminescence peaks centered at 3.360 and
3.305 eV at low temperature can be attributed to recombination of excitons localized at extended
defects. The photoluminescence radiative lifetime at room temperature is on the order of tens of ns.
© 1998 American Institute of Physids$S0003-695(98)00549-X|

There is a long history of interest in GaN as a materialfor 5 min, followed by a sintering at 620 °C in ,Natmo-
for the fabrication of blue and UV light emittets? This  sphere for 12 h in order to yield a mechanically robust target.
interest was renewed after the recent demonstration of lasdihe laser ablation was performed with a 248 nm, KrF exci-
emission at room temperature from G&NHowever, the mer laser, operating at 10 Hz and focused to give a fluence of
physical mechanisms leading to efficient light emission from2.8 J cm 2 on the target. The substrate was placed at 3.5 cm
this material are not well understood. The energy @dafl.6  from the target and maintained at 720 °C during growth. The
K) is 3.503 eV for bulk material and the principal emission chamber was filled with nitrogen at a pressure of 0.13 mbar
peak in the luminescence spectrum at 1.6 K is observed @b encourage stoichiometric growth. The dynamics of the
3.477 eV*! There are also reports of strong luminescencesxpansion of the laser ablation plasma into the nitrogen at-
lines well below the band gap, for thin-film samples grownmosphere was monitored using a negatively biased ion probe
on different substrate's’ At 6 K these lines are at 3.365 eV operating in the time-of-flight mod€.It was found that the
(13) and 3.309 eV ,). Previous studies attributdd to a  best films were obtained when the gas pressure was chosen
LO phonon replica of shallow bound excitdrer to the neu-  to give a doubly peaked ion signal. This kind of signal arises
tral donor of the nitrogen vacanéyl., was previously attrib- when the ion mean-free path is about equal to the target—
uted to a donor—acceptor pair transitiomn the work of  substrate separatidfi.The first peak is due to ions transmit-
Wetzel et al! the excitonic nature of these recombinationsted through the gas, and the second is due to a blast wave
was proposed mainly on the basis of the relatively low actilaunched by ions colliding with the gas. The structural char-
vation energiesl, 27 meV and 4, 14 me\) of these lines acterization of similar samples has been presented
. . 5,16
in contrast to the much higher values expected for donor-€lsewheré>*® The CW-PL measurement used the 325 nm
acceptor transitions. The behavior of those transitions unddine of a He—Cd laser at an excitation density of 0.1 W ém

hydrostatic pressure also suggested that they were due 'llawe luminescence was recorded with 0.1 nm spectral resolu-
recombination of excitons localized at extended defeéts.  tion: The TR-PL measurement was done using a frequency-

this study we present continuous-wav€W) and time- doubled mode-locked Ti:sapphire laser operating at 356 nm.
resolved (TR) photoluminescence(PL) studies of GaN 1he time-averaged excitation power was &/ at 82 MHz
grown on sapphire by pulsed laser depositi®i.D). The and the pulse width was 1.5 ps. A streak camera, with 10 ps

emission of PLD GaN is dominated by and!, emissions. time resolution was used in the photon-counting mode to

: ; o ; d the spectra.
Our interest was focused on the physical origin and lumines-c¢°" i
phy g A comparison between the low-temperatuf®2 K)

Cem_:l_ehgygzmlzzr?]f the.se ImEs. . l\FW—PL spectra of the starting powder targets and the PLD
ple investigated was a 43 nm thick GaN_ .. . L L

— s ~ epitaxial GaN film is presented in Fig.d. The powder
layer grown on a (11Q) sapphire substrate by laser ablation g, 5\vs a broad luminescence band in the region 2.7-3.5 eV
of a sintered GaN target. Target pellets were prepared byiih weakly resolved features at 3.409, 3.265, and 3.185 eV.
pressing 99.99% pure gallium nitride powder at 70° Pa | contrast, the film shows two narrow lines at 3.360 and
3.306 eV, which we attribute to thg andl , lines observed
3Author to whom correspondence should be addressed. Current addregareviously™’ Figure Xb) shows an overview of the
University of Geneva, Group of Applied Physics, 20, Rue de I'Ecole detemperature-dependent behavior of the CW-PL of the PLD

Medecine, ~ Geneva, —  Switzerland. Electronic mal: GaN film; the spectrum evolves from a single broad blue
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BCurrent address: Department of Physics and Astronomy, University opand_in the temperature range 300-200 K to a spe.cfcrum
Pittsburgh, PA 15260. showing three well-resolved lines below 200 K. In addition
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Eneray (o) FIG. 1. (8 CW-PL spectra of the precursor powdebt
i squares and of the PLD-GaN film(full line) at 12 K.
(b) CW PL as a function of temperature for PLD GaN.
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tol; andl,, a third weaker peak centered at about 3.23 e\Mthe combination of the relative quantum efficie&yg. 2(a)]

also appears below 200 K. Also noticeable is the doubletvith the luminescence lifetime-igs. 3b) and Zc)] it is

nature oflz in the temperature range from 125 to 75 K. possible to make an estimate of the radiativgd and non-

Further investigations to clarify the physical origin of the radiative (ronaq lifetimes of the sample. The radiative

doublet structure of; are necessary. (7ra0 @nd nonradiative €,oraq lifetimes are related to the
Figure Za) shows the temperature variation of relative luminescence lifetime and quantum efficiengyT) by the

guantum efficiencies of; and |, relative to the total low- equations

temperature emission intensity integrated in the region 3.1-

3.45 eV. This quantity is clearly an upper bound to the quan-

tum efficiency of the sample, sincei) even at low T = Tium( T) @

temperature there may be some nonradiative recombination, ™ 7(T)

and (ii) there may be other emissions outside the integration

region. It is clear that in the range 200-25 K, the quantumand

efficiency forl ; is lower than forl ,. TR-PL was also studied

on this sample and the temperature-dependent luminescence Tium(T)

lifetimes (7,m) of 13 andl, are shown in Figs.(®) and Zc). Thonrad T) = -

The lifetime increases with temperature, as was observed 7

before for the decay time of the free exciton in GENFrom

2

The extracted radiative and nonradiative lifetimesIfpr
andl , are shown in Fig. 3 in the temperature range 7—200 K.

3 ' ' ' ' ' 't © ' Both lifetimes increase with temperature; for theemission

- | the qualitative behavior of luminescence lifetime, radiative,
- 4 and nonradiative lifetimes is similar to that of thgemission
R * suggesting that the two lines have a similar physical origin.

' ’ ' Both 7, and 7,4 are rather different fot; andl,, though
the values ofr,q,,ga@re quite similar.

The spectral position of the lines we observe are very
closé?® to those measured by Wetzed al,! and have been
attributed to recombination of excitons bound to extended
defects. The attribution is supported also by the weak depen-
dence of the peak positions in temperattiras the tempera-
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\ 4
-
T —— o

l, e ture rises from 7 to 225 K the redshift bf andl, is 27 and
B ST el et 17 meV, respectively, while the energy gap shifts by 72

rel. quantum eff. (arb. un.)  luminescence lifetime (ns)
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meV.:" The relatively long luminescence lifetimes also sup-

ports this interpretatioff The behavior of the PL emission
FIG. 2. Temperature dependencegafthe relative quantum efficiency 6§ width versus temperatlﬁ% shows that the _Imes_ are quite
(open circles and |, (full square. (b) |5 luminescence lifetime angt) 1, broad even at low temperature, a_nd the “neW|dth5 depend
luminescence lifetime. The full line is a guide for the eye. only weakly on temperature. The increase of luminescence

temperature (K)
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2 £ FIG. 3. Temperature dependence of radiativg and
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lifetime with increasing temperature could be related to the  Fruitful discussions with C. Wetzel and a private com-
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In summaryv. PLD aallium nitride shows a number of must be taken in characterizing the bare substrate on which the films are

. Y, 9 grown: from our PL studies on the substrates, we do not measure any
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