Energy-gap narrowing in a current injected InGaN/AlGaN surface light
emitting diode
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The emission spectrum of a current injected InGaN/AlGaN surface emitting diode has been
investigated. A clear redshift of the low energy edge with increasing injected current has been
observed, and is attributed to the many body effects. The carrier density and band gap narrowing are
obtained by fitting the line shape of the emission spectrum, using Landsberg model which includes
many body effects. A redshift of around 92 meV of the low energy edge is obtained as injected
current increases from 400 to 4000 mA. The band gap change can be described well in proportion
to the 1/3 power of the carrier density, which is just suggested by the exchange energy of electron—
electron, and hole—hole interactions. 1®97 American Institute of Physics.
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Recently, group Il nitride semiconductors have attractedessential parameters such as carrier density and the renormal-
much attention as a material for fabricating blue and ultraized gap of the current pulse injected InGaN/AlGaN SLED.
violet light-emitting diodes and lasers. Light-emitting diodes =~ The SLEDs, comprised of {ipdGa o/N/AIGaN double
based on InGaN/AlGaN heterostructures have achieved leterostructures with a Zn- and Si-dopetiype active layer,
practical level: More recently, successful fabrication of elec- are prepared by metalorganic chemical vapor deposition
trically pumped IlI-V nitride lasers have been reporfe@ut ~ (MOCVD) on a sapphirg000) substrate. The dark spot
such material and related optoelectrical devices are still ilensity in the samples were about 30" cm™2. The details
the preliminary stage, and many physical mechanisms affecof the device fabrication conditions, structure, and character-
ing their active medium behavior are not understood in deistics were described in previously reported restitsyt our
tail. samples had no optical feedback.

Many body effects in highly excited semiconductors ~ The SLEDs were mounted on a copper heat sink, and
have been studied intensively both experimentally and theo?perated in pulsed mode with pulse width of 100 ns at a
retically for many years;® and it is well known that many frequency of 1 kHz. Figure 1 shows the surface emitting
body Coulomb interactions between the carriers will lead toSPectra measured at various injected curre(@nilar emit-
energy band renormalization or narrowing. Due to the largding spectra were obtained in other samples also; the best
exciton binding energy, effective electron mass, and wide
band gap of group-Ill nitride compounds, the effect of many
body Coulomb interactions are expected to be more
important” A redshift of the peak of stimulated emission
spectra for optically pumped GaN-based materials has bee
observed by different autho?s!! This redshift may be inter-
preted as strong many body effects overcoming a relatively
small band filling effect. The investigations of many body
effects are generally carried out using the optical pump
method and are concentrated mainly on GaAs-based mater
als, with few studies on GaN-based materfalg?* In this
letter the band gap narrowing arising from many body inter-
actions in the electron-hole plasma of current injected
InGaN/AlGaN surface light-emitting diodéSLED) is inves- . .
tigated. The dependence of electroluminescence on the in 26 28 3.0 3.2 3.4
jected current density has also been investigated. A lumines
cence line shape analysis has been used to extract th Photon Energy (eV)

Intensity (a. u.)

FIG. 1. The experimental emission spectra as function of photon energy at
3E|ectronic mail: zhao@gamella.elcom.nitech.ac.jp different injected currents dfrom bottom to top 0.4 A, 1 A, 2 A, and 3 A.
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luminescence efficiency has investigated her&. broad
emission band at around 2.8 eV, which may be due to the
free to bound acceptor or donor-acceptor pair
recombinatiort® tends to saturate as the injected current in-
creases and the band edge recombination emission at arounc
3.26 eV becomes more and more intense. The saturation of
the broad emission at around 2.8 eV may be due to the lim-
ited impurity concentration. With an increase in the injected
current, a clear redshift of the low energy edge, along with a
broadening and a shift in peak energies of the emission spec-
tra, is observed. These phenomena can be caused by heatin
effect or many body effects. By fitting to the high energy tail
of the measured spectra, with the Boltzmann factor
exd —(hv—Ey)/KT], the carrier temperaturd@ can be ob-
tained; herehv is photon energyE is the band gap energy, riG. 2. Normalized emission spectra of InGaN/AlGaN diode with two dif-
andk is the Boltzmann factol’ Although not shown here, ferent injected currentl) 1 A; (2) 3 A; the symbols are experimental data,
when the high energy tail of the spectra was plotted as gnd the ;olio_l curves repres_ent theoretigal results. The broken line in lower
function of photon energy on a logarithmic scale, it gave eneray side is used to obtain&] according to Tarucha’s method.
constant temperature for all the injected current levels, which
was close to bath temperature. Moreover, no shift in the peathe conduction and valence bands are almost occupied under
energy of the spectra is observed with increasing currenirong excitation, reabsorption mainly takes place on the
pulse frequency. Therefore, the redshift of the low energyyigher energy side of photon energy and has little effect on
edge and broadening of the emissipn spectra can be att_riia,-]e low energy edge. Since the renormalized band gap is
uted to the many body effects, and is not due to the heatingeiormined by lower energy side of the spectra, reabsorption
effect. . . . will have little effect on the calculated results of band gap
As no evidence of stimulated emission has been seen in

measured emission spectra, we tacitly assume that stimulatgg rowing.
P ' y Results of the line shape fitting are shown in Fig. 2.

emission was negligible in our experiment. Similar to photo—_l_h ical fit . d t with th
luminescencéPL) spectra the luminescence is described by eoretical Tits are in v.ery 900 agregmen Wi ? mea-
the following intensity relatiort® .sureme.nts._A.\ decrease in the renormalized bandfgaplth
increasing injected current is clearly observed. According to
Taruchaet al® the renormalized band gap can also be de-
I(hv)xf f De(Ee)Dn(En) o(Ee~En—h1)dE, dEy, termined by the lower energy side of the spectra, and the

(2) redshift of the band gap can be directly approximated by an

whereD,, ,(E) are the number of electrorttoles per unit intercept of the tangent at half the peak intensity of the lower
energy range and unit volunidensity of states times Fermi energy side. However this method gives only relative red-
distribution function, which assumes that the redshift of the Shift of the band gap, not the exact renormalized band gap.
low energy edge is due to collision broadening of the elecThe results obtained by the two methods are shown in Fig. 3,
tron and hole states, and is given 1y which indicates similar injected current dependence of renor-

malized band ga;Eé. A redshift of around 92 meV of the
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For the parametdr of the Lorentzian function, we take 3200 " .
Landsberg’s expressidfl.The fit parameters are the quasi- =
Fermi energiesE%h of electrons and holes, broadening pa- 5" 315l e . * .
rameterl’, which is included inl", and the renormalized gap .
Eé. The carrier density is obtained from the relation: ° o ¢ .
o 3.10 ° R
n=f D.(E)dE. 3 , °

In our calculation, reabsorption effects are not considered for
the following reasons. First, in surface light-emitting diodes,
the reabsorption is very small and the spectra will resemble
that of PL. Second, the apso.rptlon coefficient CorrESpondm(ElG. 3. Injected current pulsed dependence of the renormaledThe

.to phOthS of |0W9r_ energies I1s smaller than that corresponQyots are exacted from spectra line shape fitting, and circles are obtained by
ing to higher energies. Third, because lower energy states ahrucha’s method.

Injected current (A)
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many body effects. The carrier density and band gap narrow-
ing are extracted by emission spectra line shape fit using the
Landsberg model which includes many body effects causing
collision broadening of the electron and hole states. The
band gap change can be described well in proportion to the
1/3 power of the carrier density, and further supports our
supposition that band gap narrowing is caused by many body
effects which is a more effective phenomenon for group 1l
nitrides.
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