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Time-resolved photoluminescence spectra were used to characterize isoelectronically doped GaN:In
films. Our results indicate that the recombination lifetime of the donor-bound-exciton transition of
undoped GaN exhibits a strong dependence on temperature. When In is doped into the film, the
recombination lifetime decreases sharply from 68 to 30 ps, regardless of the measured temperature
and In source flow rate. These observations might be related to the isoelectronic In impurity itself
in GaN, which creates shallow energy levels that predominate the recombination proce300©
American Institute of Physic§S0003-695(000)02622-X]

The recent progress in nitride-based optoelectronic deconcentration not higher than 0.2% can be obtained in these
velopments of wide-band-gap  semiconductors  isGaN:In films® The PL measurements were conducted at 15
significant? owing to the advent of the number of tech- K because of less thermal broadening and better spectral
nigues, such as the two-step growth methpdmpurity ac-  resolution. As can be seen in Fig. 1, we observe no shift of
tivation process, and the epitaxially lateral overgrowthnear-band-edge emissiom,(line), no additional transition
technique’* In regard to the film quality, it has been re- peak for In-doped samples, and the intensity of the yellow
ported that with the adding of the isoelectronic impurity, theemission is comparatively lower than that of the near-band-
background carrier concentration and deep trap concentra&dge emission<<1000), regardless of the different In source
tion in GaN can be effectively reducéd.A resembling ten-  supply, which confirms the characteristics of isoelectronic
dency is also observed in their optical properties. The linedoping rather than alloy formation for all our In-doped GaN
width of the luminescence becomes narrower and itdilms. Additionally, the linewidth ofi, line is decreased mo-
intensity is enhanced when the isoelectronic impurity is in-notonously from 16 to 10 me\see the ins¢tand the corre-
troduced into the films.It seems that the use of isoelectronic sponding carrier concentration is reduced significantly from
doping can effectively improve the GaN film quality. How- 1.7x10™ to 3x 10 cm ™3, indicating the good crystalline
ever, up to now the relevant studies are still few. One papequality of our films, particularly when grown with high-In
has dealt with the optical transient study of In-doped GaNflow rates.
grown by gas-source molecular-beam epitaGSMBE).® To further investigate the effects of In doping on the
No similar investigation has been performed on metalorganiclynamic process of the optical transition, such as the domi-
vapor-phase epitaxialfMOVPE) grown GaN film. We thus
employed photoluminescen¢eL) and time-resolved photo-
luminescencg TRPL) measurement to examine the optical
transition involved in our MOVPE-grown In-doped GaN.

For the PL measurement, a He—Cd laser operating at 325
nm was used for above-band-gap excitation. A monochro-
mator and a photomultiplier tube were used for detection.
Time-resolved photoluminescence experiments were per-
formed with samples thermostated from 12 to 300 K using
an UV pulsed laser centered at 323 nm with a repetition rate
of 1 kHz and an excitation pulse density 6f40uW. The
optical transient spectra were detected by a Hamamatsu pho-
tomutipilier, and analyzed with an EG&G picosecond timer
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In order to explore the isoelectronic doping effects, un- J\ 212
doped and a series of In-doped GaN samples grown by . ’
MOVPE with various trimethylindium(TMIn) source flow 350 360 370 380 390 400
rates were employed in this study. Due to the fact of the high Wavelength (nm)

volatility of In at high temperatures, only the In/Ga solid

FIG. 1. PL spectrum of GaN samples doped with TMIn flow rates of 0,
0.22, 1.1, and 2.12mol/min. The inset shows the decrease of the linewidth
3E|ectronic mail: u8721818@cc.nctu.edu.tw with TMIn flow rates.
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FIG. 2. Temporal variation ofl, emission for both undoped and
isoelectronic-doped Galn: 2.12 umol/min). The dotted line is the system
response.

irrelevant of the TMIn flux. It is worth noting that this decay
behavior is essentially independent of the measurement tem-
perature for all of our In-doped samples. This situation is

, ) rarely observed in other compound semiconductors.

nantl; line, a series of TRPL measurements were then car-  Tenative explanations of the above recombination be-
ried out in this study. Figure 2 shows the room-temperaturg,,ior are described as follows: In general, the recombina-
recombination lifetimes of undoped and In-doped GaN, fOrkjqn, jifetime (7p,) for salientl, line transition is due to the
example, grown with a 2.1zmole/min In source flow rate. r,giative lifetime of thel, transition (r,) itself, and the

Obviously, the decay behaviors between the undoped anIﬁletime of other decay processes’] associated with the

doped samples are different. The undoped GaN has a deca 10 15 ¢ i
time of 68 ps, whereas the In-doped or&0 ps. More in- hallow donor energy levér®It is known that the theoret

terestingly, as we changed the cryostat temperature from 3d8a| value OfT'Z for GaN is about 400 pS. T.ogether with the
to 12 K we can find, in Fig. 3, that the recombination lifetime fact Of the much shorterp (<68 ps) obtained here, we be-

of the undoped GaN sample decreases from 68 to 42 ps Wiﬂﬂave the measured lifetime represents virtually the lifetime

the decreasing temperature. Nevertheless, an unusual emfd- @ {ransition other than the, line in all of our GaN

sion process is observed for the In-doped GaN film. Its life-S2mples. For the undoped GaN film considered here, its re-

time remains almost the same, independent of the measur&2Mmbination behavior can be descrlb_ed well by using the
ment temperature. To verify whether such a phenomenon i§hockle_y—F_2ead_—I—_|aII rp(_)déSRH). In this mod_el, the SRH
also occurring in other doped samples, more investigationE,_ecomb'”at'on lifetimer |s_closgly relate_d to its cross sec-
were then performed. The corresponding results are shown 0 @ @nd trap concentratioN in _theo epilayer and can be
Fig. 4. It is surprising that the recombination lifetime de- €XPressed by the following equatidr

creases suddenly when the In reactant is added into the re- 1

actor and saturates almost at once to its final valu@0 ps, 7= p— (1)
th! Nt

80 whereuvy, is the thermal velocity of electrons at the measure-
® GaN . ment temperature. From the scattering theory, the transition
70l A GaN:In(2.12 umol/min) probability is directly proportional to the square of transition
3 . matrix, leading to & ~? dependence of the cross section on
o ‘ temperaturé? Since the thermal velocityy, is a function of
£ 0y TS, it will result in a dependence dF'® of 7, . This can
;i_J' ) well explain the observation in our undoped GaN film.
—:' 50 - ) o® As far as the In-doped samples are concerned, it has
gt T been reported that deep recombination centers, such as anti-
_g 40 e sites, vancancies, and dislocations in compound semiconduc-
-g tors, can be greatly s}ggpressed by isoelectronic doping to
S A improve the film quality>® This is also the case for the GaN
é 30 A—— L —A film, as confirmed by our recent study using deep-level tran-
sient spectroscop¥. Based on this argument, with the add-
20 - . - ing of In atoms, we may at first anticipate an increase of the
0 100 200 300

FIG. 3. Recombination lifetimes of undoped and GaN2tl2 wmol/min)
measured from 1.2 to 300 K. The dotted line presents the curve fittdd-by

Temperature (K)

for the undoped sample.

I, emission lifetime in the samples. Nonetheless, an adverse
effect is observed. As mentioned earlier, the recombination
lifetime is not only reduced, but is also independent of tem-
perature and In source supply. The above findings are appar-
ently different from the report by Kumanet al® in their
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GSMBE-grown In-doped GaN films, in which an increase ofperature independence of the recombination lifetime ob-
emission lifetime from 20 to 70 ps is observed when the filmserved here, it is possibly attributed intrinsically to the char-
is lightly doped with In. The reason for this discrepancy isacteristics of the isoelectronic doping or connected primarily
not yet clear at present; it might be related to the characteito the influences of the high-In concentration in the layer. It
istics of different film properties associated with GSMBE- is interesting to note that the isoeletronic impurity itself, to a
and MOVPE-grown nitrides, or because too high of an Incertain extent, could resemble as quantum-dot-like region in
concentration is doped in our films. the structure. From this point of view, the In-doped GaN
From the aspect of the temperature independence of thidms may also bear a characteristic of temperature indepen-
recombination lifetimerp_ observed here, we may believe dence in the recombination lifetime. Nevertheless, under-
that quantum-dot-like structures existed, which dominate thatanding of the affects of isoelectronic doping in GaN is still
light emission process in our In-doped films. As we know,in the preliminary stage, more investigations are needed to
the emission properties of quantum dots are essentially inrcomprehend its origins in the future.
sensitive to the temperature due to their zero-dimensional In summary, we have employed a TRPL spectroscopy to
properties>*4 With the high density of In doping, quantum study the dynamic response of undoped and In-doped GaN
dots certainly have the possibility of forming in the epilayer. films grown by the MOVPE method. With the doping of In,
This explanation seems at first glance to be supported wethe recombination lifetime of the, transition falls immedi-
by the peculiar growth manner of the nitride film, in which ately when In is introduced into the solid and remains as a
the In atom is noted to be easily self-organized into nano€onstant, nearly independent of the measured temperature
structures in the growing epilay&t'*However, if this is the  and source supply. Such unusual phenomena could be related
case, a blueshift feature with respected to the GaN band gapmtrinsically to the characteristics of the isoelectronic doping
and a broad linewidth due mainly to the size fluctuation ofor due to the factor of the comparatively high-In concentra-
the quantum dots should be observed. Since no such ph&en present in our epilayers.
nomena occurred, the quantum-dot effects conceivably can-

not be the decisive factor responsible for the luminescence 1 N€ authors wish to acknowledge the support by the Na-
process in our samples. tional Science Council of the Republic of China under Con-
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