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Photoluminescence spectra of tailored/&BP/GaP quantum well heterostructures exhibit strong
short-wavelength peaks at 363, 560, and-6800 nm. The peak at 560 nm seems to originate from

a no-phonon transition. All the transitions are observed up to 200 K. Light emitting diodes made
with the same heterostructure predominently emit 560 nm ligteen) with a background of 700

nm (red at room temperature under cw operation.1®97 American Institute of Physics.
[S0003-695097)02948-3

Various semiconductor materials and heterostructure Low temperature(23 K) PL spectra from the sample
systems, including the large-band gap nitrides, are being inrshown in Fig. 1a) are shown in Fig. 2. We have made PL
vestigated for their suitability to realizing short-wavelengthmeasurements on several other heterostructures in which the
bright semiconductor light emitting diod¢EEDs) for dis-  thicknesses of the AIP, GaAly¢P, and GgAly P layers
plays and optical memories. In particular, reliable, room tem-have been varied. The peaks in the PL spectra shift in wave-
perature light sources in the visible and ultraviolet regions ofength, but the general nature of the spectra remain the same.
the spectrum are of great interest. Ordered and disorderegiefore we try to interpret the origin of the various peaks, it is
GaP/G#Al)P superlattices have demonstrated visible lumi-important to realize that these samples are not ordered or
nescence which has been attributed to zone folding, bandisordered superlattices, and therefore the observed PL does
mixing, and the presence of localized and interface stafes. not result from zone-folding effects or other localized or in-
More recently, strong luminescence, which is also more reterface states in such superlatti¢3he sharp transitiotia-
sistant to thermal quenching, has been observed in staggerbdled 2 in the spectra is the no-phonon transition which has
type Il GaP/AIP quantum well structurésA sharp no- also been observed and characterized by | stileil © It re-
phonon peak observed in the photoluminesceite spec-  sults from a considerably large overlap of the electron and
tra of these heterostructures is believed to originate fronfole wave functions in these structurédose to a type |
considerable overlap of the carrier wave functions EaX  quantum well, as calculated by Issi al) and largel'-X
bandmixing. We have investigated the PL spectra of band
gap engineered GaAly /P/GaP quantum well heterostruc-
tures. In addition to the sharp no-phonon transition in the Gap
green, we observe a dominant broad emission in the ultra-

ag 74Alg 3P nm
violet (UV) region of the spectrum. Preliminary LEDs made il: ~ inm AP AP Gag Al P
with similar heterostructures exhibit significant green emis- : leslest e sl
. Gay 4Al 6P 1nm DR e 1
sion at room temperature. GagahloP X
The experimental samples were grown by atmospheric ™ AlP 40 om I_I_l_/_
pressure metalorganic vapor phase epit®VPE) onn* graded Gag3AlgsP 0 AIP-— 20 nm -
(Si-doped andp™ (Zn-doped (100 GaP substrates misori- Gag7Alg 3P 40 nm |_|—|_/_
ented 10° toward$110). One of the heterostructures for PL Gag 1Al P 300 nm
measurements is shown in Figal, together with the sche-  Gapbuffer 300 mm
matic of the band diagram. The band lineups are calculatec GaP substrate (100) 10<110>
by linear interpolation from the known band gaps of 2.35 and
2.51 eV for GaP and AlP® respectively, and a reported va- @
lence band offset of 0.43n the GaP/AIP type Il heterostruc-
ture. The active region is repeated five times in both, to in- N* GaggAloaP 2000 Goetboaf O O
crease the luminescent efficiency. All the epitaxial layers in Gag 6Al 4P 200 nm Gag ¢Alo 4P
the PL samples are undoped. Variable temperature PL mea or T — T
surements were done using a quadrupled yttrium aluminum x5 [ A o r
garnet(YAG) laser at 266 nm with an incident power of 5 Ml —Ir
mW (80 um spot sizg a 0.25 m scanning spectrometer, an G 200 nm
air-cooled photomultiplier tubgPMT) sensitive to short P* GaP substrate (100)10<110>
wavelengths, and lock-in amplification. The resolution of the (b)

measurement is estimated to be 8 A.

FIG. 1. G4Al)P/GaP heterostructures grown by MOVPE fay photolu-
minescence andb) electroluminescence studies. Schematics of the band
3E|ectronic mail: pkb@eecs.umich.edu lineups are shown alongside.
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FIG. 2. Low temperature photoluminescence spectra measured for the 'E':
sample shown in Fig.(&). 3
)
g 2
. . g
mixing due to breakdown of translational symmetry. The E
emission is essentially in the green region of the spectrum. 2 g
The weaker peaks labeled 3 and 4 are consistently present,
independent of the thickness and composition of the layers. 0 40 80 120 160
At this point we conclude that they originate either from Temperature (K)
impurities in the substrate or from ubiquitous impurities in ®

the wells or interface regions. As will be evident later, they
contribute significantly to the output of electroluminescent
devices.

The origin of the ultraviolet emissiofpeak 1,A\~363
nm), being observed for the first time, is not well understoodtransition(peak 1, on the other hand, suggests a high degree
since the higher lying conduction band structure, the effeceof localization, agreeing with our conclusion made above.
tive masses, and band offsets are largely unknown. The cen- ElectroluminescentEL) diodes were made from the p-
ter wavelength of the luminescence remains within 1 or 2 nni-n structures shown in Fig.(h). Note that the active regions
for all the structures studied. Thus, it is not clear how thein the devices are different from those in Figall In other
composition of the wells plays a role in this luminescence. Itwords, five periods of GaP and GaAIP quantum wells are
was confirmed that peak 1 does not originate from intenstacked together, cladded by single thick barriers on either
tional impurities or from the substrate itself. As with peak 2, side. Photoluminescence measurements on a similar structure
the intensity of peak 1 was greater for thinner wells. In suchyithout thep* andn* layers yielded a spectrum identical to
epitaxial layers of a few monolayers, the interfacial bondsgse in Fig. 2. It is therefore apparent that intrinsically there
play a crucial role in determining the band structure. Severalyists good electron and hole confinement and strong overlap
groups have df?f nonempirically based calculations of thgy 1,6 \wave functions in thin type Il quantum wells. Two
bgnd structuré. > These methods will npt accurately deter- types of diodes were fabricated: mesa etched ones with a ring
mine the band gap energies for the h|gher bands, but o p contact for surface emission and cleaved [ats mm
study has shown the importance of the interface model on . o

. . o X1 mm) with top and bottom contacts for edge emission
the transition strengt’ The ultraviolet emission energy | - . . L
(without any light confinement or guidingThe n and p

(3.42 eV corresponds to the direct band gap of,@H¥l 4P ) . .

and localized states at tHé point are a possibility as the contactt§ vvlereTrEadg V\gth I\i|/G_e/,iu/Th|/Au ?anzd \def/Zn/P(?j/Au,

origin of the emission. This implies that the spontaneousreSpeC |veé/. € dio els ypically a\ée orw?jr

emission lifetime for the ultraviolet transition must be rela- UM-0N and reverse voltages varying between > and 20 V.
The measured room temperature EL spectrum under cw op-

tively short compared to thE—X scattering time. o o L
Figure 3 shows the measured PL intensity of peaks 1 angration is shown in Fig. 4. Emission in the green and red are

2 as function of temperature. The variations are fitted withPPServed, which are also visible to the naked eye. These
the equationl =1,/[1+A exp(T/Ty)], whereA is a constant originate from peaks 2 and 4 in the PL spectra of Fig. 2. The
and T, is a characteristic temperature, which is an approxiJelative magnitude of the red and green peaks is tunable with
mate measure of the presence and density of localized statédrrent injection. The output luminescence could not be ex-
contributing to the PL!® From the fits shown in Fig. 3, the tracted or collected efficiently since the device structure is
values ofT, are derived to be 5.35 and 44.7 K for the 556 not optimized. An output of 0.1uW at 50 mA was mea-
and 363 nm emissions, respectively. These values strongured from one facet of the edge emitting LED, remembering
suggest that peak 2 is not from a localized state, and, dkat the heterostructure is not designed as a waveguide. We
mentioned earlier, it is believed to originate from a no-believe that the actual light produced is at least 20 times
phonon transition. The large value @% for the 363 nm more. Mesa diodes with top indium tin oxidE O) contacts

FIG. 3. Temperature dependence of the photoluminescence péakoat
nm and(b) 363 nm.
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