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The energies of photo- and electroluminescence transitions@ajn,N quantum wells exhibit a
characteristic “blueshift” with increasing pumping power. This effect has been attributed either to
band-tail filling, or to screening of piezoelectric fields. We have studied the pressure and
temperature behavior of radiative recombination igQa,_,N/GaN quantum wells withx=0.06,

0.10, and 0.15. We find that, although the recombination has primarily a band-to-band character, the
excitation-power induced blueshift can be attributed uniquely to piezoelectric screening.
Calculations of the piezoelectric field in pseudomorphigSa N layers agree very well with the
observed Stokes redshift of the photoluminescence. The observed pressure coefficients of the
photoluminescenc€@5-37 meV/GPrare surprisingly low, and, so far, their magnitude can only be
partially explained. ©1998 American Institute of Physid$S0003-695(98)01045-4

In,Ga,_,N is presently the only material used commer-d=53 A, x=0.15. They were sandwiched between 200 A
cially as an active layer in high brightness optoelectronicthick GaN barriers. These parameters were determined by
devices emitting in the green-to-UV spectral reg’r&How- the combined measurements of secondary electron mass
ever, difficult technological problems arise in the use of thisspectroscopy, Rutherford backscattering, and high resolution
material system for quantum welQW) device structures. transmission electron microscoffiRTEM).® Preliminary
First, INN and GaN are far from being lattice matchi@d%  results of stress analysi$HRTEM) indicate that the
difference in lattice constantSecond, the low miscibility of  In,Ga, _yN layers are fully strained Detailed results of the
these compounds leads to large fluctuations of the indiunstructural analysis of this sample will be published
content, and/or to phase separation in albyEmission elsewheré.PL spectra were recorded using a 3/4 m double
from the InGa_,N QWs is frequently characterized by monochromator with a GaAs photomultiplier. Photolumines-
large Stokes shift between the emission and absorptionence was excited by 325 nm He—Cd or the 350 nm Kr-ion
energies, and also by large pumping power induced blue-line. Incident powers were in the 5-25 mW range, focused
shift of the electroluminescend&L) and the photolumines- into a 10 um diam spot. A Diamond anvil cell operated at
cence(PL) peaks® So far, these puzzling phenomena havelow temperature was used for high pressure experiments.
been interpreted in terms of models involving strong local-  Figure Xa) shows the PL spectra measured for our
ization of carriers, combined with the effects of phase sepasample &4 K using different excitation powers, as described
ration, indium concentration fluctuations, and bandin the caption. Luminescence peaks from each of the three
tailing3® Here we report a study of Ja _,N/GaN QWs pairs of quantum well§labelede, 8, and y) can be distin-
in which the PL and EL transitions exhibit large Stokes shiftsguished. Note that the energies of these peaks lie below that
and large excitation-power induced blueshifts, but there aref the PL in bulk InGaN'’ All three peaks exhibit remark-
no apparent band-tailing effects. We demonstrate that an exably small linewidths, the broadest being 110 meV for the
planation based on strain induced piezoelectric fields is ad@W with 15% indium concentratioh. The splitting seen in
equate to account for the observed behavior. the Iy 1G& gd\ PL peak is attributed to a slight variation of

The InGa_,N QW structure studied in this work was the indium content in this pair of quantum wells. When the
grown by metalorganic chemical vapor depositionexcitation power is increased, the PL peaks shift toward
(MOCVD) on a sapphire substrate, on top of a 1486 thick  higher energies, changing the overall visual color of the
GaN layer. Three pairs of the quantum wells were grownemission from the green to blue. Figure®)land Xc) show
The first pair had a thickness of 35 A and an indium contenthat the peak positions depend logarithmically on the excita-
of 0.06; the second had=45 A andx=0.1, and the third tion power, but the intensities vary linearly with the excita-

tion power.
30n leave from High Pressure Research Center, “Unipress” Warsaw, Po- The effeCtS_ of Incréasing '_cemperature on the PL Spe_(?tra
land. Electronic mail: pperlin@ux8.Ibl.gov are displayed in Fig. 2. The inset shows the peak position
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FIG. 3. (a) Effects of hydrostatic pressure on the PL spectt. Peak

FIG. 1. (@ Photoluminescence spectra measured for excitation powergnergy vs applied pressure for the emission from three types&&jn,N
(from bottom to tOD of 0.01, 0.025, 0.05, 0.3, 2.1, 5.0, and 10.0 k\N?Cm QWS (X= 0]_5’ 01’ and Ooan our Samp|el

Peaks @, B, and vy originate in the 1g;GagdN, Ing:GadN, and

Ing.06Ga 0N QWSs, respectivelytb) and(c) Excitation power dependence of

the peak positions and intensities, respectively. The observed temperature behavior of the PL closely
resembles the normal dependence found in GaN. This result

versus temperature for the lnGay g QW emission for s ynique for InGa,_,N QWSs and epilayers, in which the

both quantum wells, separately. The observed dependencedgects of temperature on the emission peaks are usually the

similar to that of the energy gap in Qdﬁland can b2e de-  anomalous—blueshifts with increasing temperature or insen-

scribed well by the Varshni funcitjlonEon— YTIT  Ssitivity to temperaturé:* The “normal” temperature depen-

+p), with y and 5 equal to 9.410 " eV/IK and 770 K, gence found here indicates that the transitions in our

respectively. The relatively large scatter of the peak pos't'on?hulti-QW sample probably have band-to-band character.

can be explained by changes in the power density of the laser L
beam. This, in turn, is due to a slight defocusing of the beam Ve have found that the PL peaks originating in QWs

during the temperature swee with higher In content have smaller pressure coefficients.

9 P P. . Although the same trend is found in,[Ba _,N alloys, it is

Figures 3a) and 3b) show the influence of applied hy- . .
drostatic pressures on the PL specnecorded at 8 K All mugh more prpnounced in the QWS.‘ Itis clear .that the ex-
three peaks shift to higher energy with increasing compresF-)e”mem.al points for the PL peaks lie systematically below
sion. The linear pressure coefficients are 37, 30, and 25 me\;l/qe predicted bulk b(_;md 9ap vglues_. ) i
GPa for the QWS withx equal to 0.06, 0.1, and 0.15, respec- Twp factors partially explain this dlscrepgncy. The first
tively. These values are similar to those observed previousl{ACtor is the decrease of the electron confinement energy
in commercially manufacturedNichia Chemicals InGaN ~ With pressure(due to variation of the effective masghis
single QW< and are much smaller than the pressure shiftgvas discussed in Ref. 8. The second factor relates to the
predicted for bulk IpGa,_ N (40-33 meV/GPa foxk=0 to ~ compressibility of the IgGa, N QWs, which is dominated
x=1).13 (in plane by the smaller compressibility of the thiok.8
pm) GaN layer. This means that the effective pressure expe-

T y T y T y 3 rienced by the IgGa _ N QWs is less than what is applied,

2.56

piezoelectric fields. In biaxially strained ,/8a _,N/GaN
layers, the mismatch strain induces a polarization field
lowed by the hexagonal lattice symmetalong the growth
N direction?>® This field tilts the potential profile, setting up

3 . . . : . : . E triangular quantum wells for holes and electrons in the het-
20 25 30 33 +0 erointerface regions of the barriers and wells, respectively.
The energy of an optical transition is then reduced by the

FIG. 2. Temperature dependence of the PL spectra. The inset pertains @nounteE,d (E,;, is the macroscopi_c piezoeleCtriC_ﬁeH,
splitted peaka in Fig. 1(@), from the In, ;Ga, gN QW the electron charge, amdithe QW thickness producing a
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agreement between the observed Stokes shifts and the piezo-
electric voltage calculated using E@), indicating again that
et the piezoelectric effect plays an important role in determin-
2. é Shan ing recombinat.ion energies in this structure. '
B as [ i ] e PLosenvt v In conclusion, the PL peaks measured in _th_e present
% 26 L Q E‘ ] quamumz;onﬁnmenl ) GaN/IWG%_XN (X:008, 01, and OJ)ZQWS eXh|b|t nor-
g0 1 ottt mal temperature behavior. This fact, together with the obser-
2 2'2 3 d { peecleaneeld vation of very good agreement between the calculated values
At . of the piezoelectric field and observed Stokes shift of the PL
*r ; peaks, rules out strong localization as the primary cause of
'er ] the large PL Stokes shifts in our sample. The reduction of the
YL T . - pressure coefficients is much larger than expected from the
0.0 0.1 0.2 0.3 04

mechanical properties of the GaN/®a, _,N system and

still requires additional explanation.
FIG. 4. Comparison of the literature values of the energy gap of unstrained
In,Ga,_,4N, with the energy gap corrected for strain and quantum confine- ~ This work was supported by U.S. Department of Energy
ment and with energies of photoluminescence peaks observed in this lettqinder Contract No. DE-AC03-76F00098.
The small circles show predicted values of recombination energies by in-
cluding the piezoelectric field. The calculation takes into account the real
thicknesses of the wells determined from HRTEM. See Osamura, Ref. 10,
Wright, Ref. 20, Shan, Ref. 22, and Nakamura, Ref. 21.
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