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A set of GaN/AlGa _,N(x=0.2) multiple quantum wellsMQWs) with well widths,L,,, varying

from 6 to 48 A has been grown by metalorganic chemical vapor deposition under the optimal
GaN-like growth conditions. Picosecond time-resolved photoluminescence spectroscopy has been
employed to probe the well-width dependence of the quantum efficie(iesof these MQWs.

Our results have shown that these GaN/AlGaN MQW structures exhibit negligibly small
piezoelectric effects and hence enhanced QE. Furthermore, G&%ALN MQWSs with L,
between 12 and 42 A were observed to provide the highest QE, which can be attributed to the
reduced nonradiative recombination rate as well as the improved quantum-well quality. The
decreased QE in GaN/ABa,_,N MQWs with L,,<12 A is due to the enhanced carrier leakage to
the underlying GaN epilayers, while the decreased QE in MQWs wjth 42 A is associated with

an increased nonradiative recombination raté gsapproaching the critical thickness of MQWs.

The implications of our results on device applications are also discusse®00@ American
Institute of Physicg.S0003-695000)04921-4

The group lll-nitride wide band gap semiconductors arefar. Thus, a systematic study on GaN/AlGaN MQWs to
recognized as very promising materials for many optoelecprobe the underlying mechanisms related to the effects of
tronic device applications such as blue-green and UV lightvell width on the QE is needed.
emitting diodes(LEDs), laser diode<LDs), UV solar blind In this study, a set of GaN/gGa, N MQWs with L,

detectors, and high-temperature/power electronic devicesYarying from 6 to 48 A and a fixed barrier width of 50 A has

As demonstrated by LDs, LEDs, and electronic devicesP€eN 9rown by MOCVD. Picosecond time resolved photolu-

many lll-nitride based devices must take advantage of mul_mlnescence(PL) spectroscopy has been employed to probe

. the well-width dependence of the QE. Our results have
tiple quantum well(MQW) structures such as GaN/AlGaN : . . :

shown that the highest QE can be achieved in MQWSs with
and InGaN/GaN MQWs for optimized device performance. 9 Q Q

L,, between 12 and 42 A, which can be attributed to the

Recently, many efforts have been devoted toward the undefgqceq piezoelectric effect and nonradiative recombination
standing, design, and fabrication of GaN/AIGaN MQWS for ate as well as the improved quantum well quality. The de-

UV light emitter application-® For the design and fabrica- creased QE in GaN/aGa,_,N MQWSs with L,<12A is

tion of these MQW structures, one important issue is todue to the enhanced carrier leakage to the underlying GaN
maximize the quantum efficiencidQE), i.e., to maximize epilayers, while that in MQWs with,,>42 A is related with

the optical emission from the confined states in the well rean increased nonradiative recombination rate Lgs ap-
gions and to minimize the optical losses outside the welproaching the critical thickness of MQWs.

regions® It was shown recently that the QE of the GaN/ ~ The GaN/ALGa_yN(x~0.2) MQW samples were
AlGaN MQWs depends strongly on the growth conditions.9"oWn on OOOl-oriente@ sapphire substrate under the optimal
For the growth of GaN/AlGa,_ N MQWSs, one can choose GaN-like growth conditions by MOEVIﬂ.The growth tem-

the growth conditions to be the optimal growth conditions Ofperature and pressure were 1050°C apd 300 Torr, respec-
either GaN epilayergGaN-like) or Al,Ga,_ N epilayers tively. For each of the eight samples, prior to the growth of
(AlL,Ga, _,N-like). It was demonstrated recently that the op- the MQWS’ 2250 A GaN buffer layer and_ 8 Jufn undoped

SoX X o GaN epilayer were grown on the sapphire substrate. It was
tlmql growth conditions for G.r?\N/AIGaN MQWSs by metalor- then followed by the growth of the MQW structure with
ganic chemical vapor depositigMOCVD) are GaN-like’ It thirty periods of GaN well and AGa,_,N barrier. The well

is also well known that the structural parameters, includingyidths of these eight sampléwith a fixed barrier width of
both barrier and well widths of the MQWSs, have strong ef-50 A) were 6, 12, 18, 24, 30, 36, 42, and 48 A. The well and
fects on the QE. Previous studies have shown that GaNjarrier widths were determined by the growth rate of the
AlGaN MQWs with high optical qualities could be achieved GaN and AlGa, _,N epilayers under the optimal GaN-like
when the well width,L,,, is between 25 and 40 A%'*  growth conditions. Picosecond time-resolved photolumines-
However, the mechanisms of well-width dependence of th&ence(PL) spectroscopy was employed to study the optical

QE of GaN/AIGaN MQWs have not yet been investigated sgproperties of these MQWs. The excitation wavelength and
pumping power were 290 nm and 20 mW, respectively.

The cw PL spectra of these eight samples measured at 10
¥Electronic mail: jiang@phys.ksu.edu K are shown in Fig. 1. The main emission pedkarying
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FIG. 1. PL spectra of GaN/AGa,_,N MQW samples with well width  FIG. 2. The integrated well emission intensity vs well width for the
varying from 6 to 48 A and a fixed barrier width of 50 A measured at 10 K. GaN/ALGa,_,N MQWs measured at 10 K.

fr_om_3.507 to 3.693 e)_/in these spectra are due to the ex- small in GaN/AlGa,_ N MQWs studied here. Previous
citonic recombinations in the GaN-well regions. The low en-¢; 4ias have shown the time-resolved spectra of the well
ergy emission peaks around 3.490 eV are from the underlyémission of GaN/AIGa, ,N MQW samples [, =>40A)

x e

ing undoped G.aN ep-ilayers. No transitiqn peaks from the‘grown under different conditions to exhibit a large redshift
Al,Ga, _,N-barrier regions are observed, indicating that the ~60 me\) with delay time due to the presence of a strong

P,L emission and carrier conf|.nement_|n the well regions ar‘?:)iezoelectric effect together with the photoexcited carrier
highly efficient, which is consistent with our previous result screenind. It is well known that the piezoelectric field will

that barrier trr;:nsﬂmp ISI abserllltkln GaNﬁgakx!\l' O(';?QWS cause a spatial separation of the electron and hole wave func-
grown “_”de” € OP“F“a GaN-like growt Cond't.' Som- tions and hence a large redshift of the well emission peak
pared with the emission peaks from the underlying GaN layy,;, respect to the GaN epilayers as well as a reduction of
ers around 3.490 eV, the main emission peaks from th‘?he radiative recombination rater QB).13-16 It seems that

quantum wells are all blue shifted, \_Nhi_Ch results ff‘_’m bOth_the piezoelectric field is greatly reduced and the QE thus
the quantum confinement and the biaxial compressive straifhanced in these GaN/@a,_,N MQWSs grown under the
—X

H H 7,11
in the well _reglonrs:’. inewidths of the well emissi s opPPtimal GaN-like growth conditions by MOcCVb.
From Fig. 1, the linewidths of the well emission peaks o In addition to the reduced piezoelectric effect, the high

these MQWSs are between 25 and 35 meV, which are amoNge achieved in the GaN/ABa, N MQWSs with L,, be-
—X w
the narrowe'st yalqes reported for the GaN%*XN MQW " tween 12 and 42 A can be attributed to the reduced nonradi-
system. This indicates j[hat the mterfa(_:e quah_ty of these‘ative recombination rate as well as the improved quantum
MOCVD grown MQWs is reasonably high, which should .o interface quality. The decreased QE seen in
result in more efficient carrier confinement in these MQWS'GaN/AI Ga,_,N MQWSs with largerL (>42A) suggests
X —X w

An mcr_ea_sed mterfa_ce 9“3'”3’ can alsq lead o a decrease[ﬂat the nonradiative recombination channels start to play an
nonradiative recombination rate at the interface and thus an

enhanced radiative recombination rate or higher QE in the

quantum wells. ] caNaGaNvows
The integrated well emission intensity verdug mea- ] L,=48 A, T=10K

sured at 10 K for these GaN/&ba, _ N MQWSs is plotted in ] $3507ev

Fig. 2, which shows that the highest QE are achieved when ] ¢ t=00ns - ue

L,, is between 12 and 42 A. The uncertainty in the integrated S ] 3 :zg; Ez |

emission intensity is mainly due to the slight variations in < ] A t=03ns ¢ °

crystal growth between different runs. However, the general < ] ® t=06ns °

trend shown in Fig. 2 is still quite clear despite the experi- ER ved

mental uncertainties. The high QE resulted from an im- — :.Ag\' ¢

proved quantum well quality, a reduced nonradiative recom- 1 b A

bination rate, and a decreased piezoelectric effect in these ] ML “;‘

MQWs. ] g 5 et
The time-resolved spectra of the 48 AGaN/Bk, N SRR R

MQWs are presented in Fig. 3, where the well emission peak 342 345 348 351 354 357
position demonstrates a total red shift with delay time of E (eV)
only about 5 meV. Similar behavior has been observed for (e

all GaN/AkGa _\N MQW samples studied here, implying FIG, 2 Time-resolved PL snectra of the 48 A well GaN®B4&,._.N MQW
the contribution from the piezoelectric field is negligibly sample, showing a total redshift with delay time of about 5 meV.
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GaN/AIGaN Larger L. samples. For GaN/AGa_ N MQW samples withL,,
MQWs AGaN GaN AIGaN <48A, the lifetime increases linearly with temperature up
T=10K to 80 K, which implies that the radiative exciton recombina-
PaN tion dominates in these MQWSs at low temperatures. For
L,=48A, the linear increase of lifetime with temperature is
Smaller L. not observed due to an increased nonradiative recombination

AIGI el RGN rate. The overall trend of the well-width dependence of the
integrated emission intensity is similar to that shown in Fig.
2 for all temperatures.

In conclusion, a set of GaN/Ba N MQWSs with
well width varying from 6 to 48 A has been grown by
MOCVD under the optimal GaN-like growth conditions. The
quantum efficiencies of these MQW samples have been stud-
ied by picosecond time-resolved PL spectroscopy. It was

" Delay Time (ns) found that the highest QE can be achieved in

GaN/ALGa _,N MQWs with L,, between 12 and 42 A, at-

FIG. 4. PL temporal responses of the well transitions of three representativiributing to the reduced piezoelectric effect and nonradiative

GaN/ALGa; N MQWs with L,,=6, 12, and 48 A measured at 10 K. The recombination rate as well as the improved quantum well

Ezeévimmslgrge gﬁgt;?;'al‘fv\?v‘;’l Jﬁgfﬁf” distribution in GalB& N ity The decreased QE in GaN/Sla, - N MQWs with
L,<12A is due to the enhanced carrier leakage to the un-
derlying GaN epilayer, while in GaN/AGa_,N MQWs

important role. This is consistent with the observation thaiyith |, >42 A is attributed to the increased nonradiative re-

the recombination lifetime of the well tran5|t|qn is shortest inompination rate ak,, approaching the critical thickness of

the 48 AGaN/AlGa,_,N MQW sample. In Fig. 4, the PL  MQws. Our results have shown that very high QE can be

ter_nporal responses of the well transitions for three represenichieved in GaN/AlGa,_yN MQWSs grown under the opti-

tative MQW samples are shown. We see that the recombingna| GaN-like growth conditions with well width between 12

tion lifetime of the well transition in the anqg42 A which is highly desirable for blue/UV light emitter

48 AGaN/ALGa _,N MQWs is 0.25 ns, which is shorter geyice applications.

than the value in the 6 A(0.35 n3 or in the

12 A(0.42 n3GaN/ALGa, _,N MQW sample. The low tem- The research is supported by DQ#ER45604, NSF
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