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Light-emitting diodes based on InP quantum dots in GaP
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Department of Physics, Humboldt-Univegizu Berlin, Newtonstr. 15, 12489 Berlin, Germany

Light emitting semiconductor devices are key components&chieve intense optical emission from the GSMBE-prepared
for information transmission, information storage, visible dis-InP QDs [4].
plays, and lighting. Most optical information transmission

G ; ; . Apparently, efficient recombination is only possible in rel-
over glass fiber is in the mfr_arec_j Wher_e_ direct-band gap Sem'étivglyp/ smaﬁ/ InP QDs. InP deposition u)s/irF:g a relatively
conductors can provide high intensities. For emission Igow PH, flux of about 1 sccm (standard cubic centimeter

per minute), results in InP islands with quite large lateral

only bright enough to be used as indicators or in the display ) -
of early calculators and digital watches. Recently, the LED{:eS’ AFM measurements show average lateral sizes of 100

have been starting to appear in higher brightness application 9 ésgo??eﬁz':hirl]gﬁ C:sver:atﬂi Irz:]n(geoe;sggeg%r;?z t:n?j ML.
for example, the automotive industry has embarked on pro;, ver hI): ht fgth Id s i bg £ 18-20 nm and nearl
grams to replace all incandescent lamps in automobiles witHﬂle average height of the dots 1s about 1o- a early

P L .__‘Independent of InP coverage. These large dots form under
LEDs. Another application for LEDs which is now becoming -
economically viable is in traffic signals, requiring highly vis- low PH flux even at deposition rates as low as 0.08 ML/s

ible red, yellow, and green emitters. Still another applicationand a substrate temperature of 450Preference for cluster

S . T nucleation may be here either because of reduction of the sur-
for hl'gh-lnt.ensny green emission 1s In short-range data transf_ace energy ((%/swald ripening) or because of already existing
rmission using plastic _opt_|cal_f|k_)er, where, unllkg In glass flber’dots. Furthermore, the formation of the large InP/GaP QDs
the maﬂmum tranzmlss:‘on 'S mhthe grslen portion of thGISpﬁcéompared to otheryhighly lattice-mismatched IlI-V QDs may
trum. The pre-condition for such useable LEDs is not only t . ) . .
wavelength of their emitted light, but also their light emittingeDe explained by the large elastic constants in bulk InP. Higher

efficiency or brightness. Today, commercialized red or greerll:’H3 flux during InP deposition leads, .however, to smaller is-
LEDs are based on GaP, which is an indirect band gap (2.2 nds. AFM measurements show for islands grown at 2 sccm

eV) semiconductor. In order to achieve a useful efficiency, igh fl.ux') average lateral sizes of 15 to 50 nm as t'he InP cov-
the GaP is doped with materials resulting in deep levels sucﬁ}riﬁg r';r:ngi?szeggfég czn;[? sa:\]/ldLihTehr? e?ort]td;rli';y d%rlzr?ges
as N or ZnO. Deep levels allow light emission by localizing between gand 5_nm Fiqure 1 shows AFI?/I images from two
the electronic wavefunction, thereby delocalizing it in k-space W - g W imag W

: ; ) L samples containing 3 ML InP grown at a substrate tempera-
ﬁgfl'wésg?ucéggoinon zero momentum overlap of it with theture of 490C under different PEIflux: 1 sccm (low flux) and

. . L. . . .2 sccm (high flux). The dots grown under high-PHux are
An alternative method to achieve efficient light emissiongjqnificantly smaller than those grown under the lowsFikix
from an indirect semiconductor such as GaP would be to ing . ition because the higher PHux leads to a higher phos-
troducg direct band-gap nanostructures sucr_] as quantum doig s surface density and lower In surface mobility. Besides
(QDs) into the GaP matrix. The spatial confinement of SUChpe syrictural differences between the InP QDs grown under

QDs could also allow emission at much shorter wavelengthyitering p fluxes, we obtain photoluminescence only from
than would normally occur in the bulk form of the direct band- 11,0 smaller QDs grown under higher PHUX. In our exper-

gap material. For example, the use of INAs QDs ina GaAS M ants the lateral cut-off size for obtaining optical emission

trix for lasers is already well developed [1]. The realizationjg 1,64t 50 nm, perhaps due to non-radiative recombination
of direct band-gap light emission is potentially of great im- .o ters in the dots.

portance because it could allow high efficiency light emission
from within a GaP matrix and on a GaP substrate, taking ad-
vantage of the well-developed GaP-based light-emitting dic = @
(LED) technology. Furthermore, using the transparent G
rather than GaAs as substrate allows easier extraction of
emitted light for vertical structures such as super-luminesc: €
LEDs or vertical cavity lasers. -

Although InAs is also a candidate for direct band-gap QI
in GaP [2], for shorter wavelength emission InP is a more ¢
vious candidate. We have recently described the formatior
InP QDs using gas-source molecular beam epitaxy (GSMBE., ®

[3]: in contrast with other reports, however, we are able tOFIG. 1: AFM micrograph of two samples containing 3 ML InP grown

under low PH flux (1 sccm) and high PHflux (2 sccm). Size of
images ard x 1 um?.
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Just because bulk InP is a direct band-gap semiconductguantum dots.
does not mean, however, that InP QDs in a GaP matrix will be L i
direct. The strain and quantum confinement could lead to two EMISSion is obtained from the LEDs to above room tem-
of the X valleys in the InP lying below the valley. Further- perature, put decreases in intensity beqause of the re.Iatlver
more, depending on the band alignment between the GaP arsgall barrier for the electrons_to escape into the _GaP. Figure 2
InP, the X valleys in the GaP could be lower in energy than;how; the temperature evolution of EL spectra WIFh a constant
the InPT valley, again preventing direct band-gap recombi-Iniection current of 100 mA. As the. tempera}ture is increased
nation. These issues have been addressed in Ref. [5]. In thi@m 70 t0 300 K, the EL peak maximum shifts from 720 nm
study, both photoluminescence (PL) as function of pressur® 792 nm, and remains red. This red-shift follows the tem-
as well as time-resolved PL indicate that at normal pressuref€rature dependence of the band gap of InP bulk with about
the recombination is, indeed, direct band-gap and type I. ThaC0 meV offset. We point out that the electroluminescence
conduction band discontinuity between the X valleys in thel"0M QDS is observed up to room temperature and the EL in-
GaP and thé valley in the strained InP is found to be about tensity decreases by a factor of 60 as the temperature is rz_;used
30 meV. Furthermore, the lower X valleys in the strained InPTOM 70 K to room temperature. We anticipate that by using
lie about 20 meV higher in energy than thevalley. (Al,Ga)P barriers, we can decrease this temperature depen-

For the realization of INP/GaP QD LEDs, the small sizedd€nce-
InP QDs are grown within a GaP p-i-n diode structure us-
ing a Riber 32P GSMBE system. First, a 200-nm Si-doped
GaP buffer layer (r 5x 107cm3) is grown. Between 3
and 5 monolayers (ML) of InP are deposited at 81t a
rate 0.27um/h. After the InP deposition, the dots are capped
by 3 nm GaP. This procedure is repeated three times. Af-
ter this undoped region containing the QDs, 700 nm of Be-

doped GaP @ 5 x 10'cm3) is grown and finally capped 60 90K, x0.5
with 10 nm Be-doped GaP £p1 x 10*%cm~3). The growth 7

process is monitored using reflection high-energy electron-

diffraction (RHEED); during GaP growth, the surface shows 1

a (2 x 4)-reconstruction. At the beginning of InP-growth, the 40 -

RHEED-pattern appears streaky, indicating two-dimensional
growth. After deposition of about 2 ML InP, however, the
large lattice mismatch between InP and GaP of about 7.7%
results in the formation of Stranski-Krastanow InP QDs and
RHEED-pattern gradually becomes spotty and less intense.
LEDs with top ring contacts and diameter of 23® are then
fabricated for EL measurements.

110K, x0.5

EL Intensity (arb.units)

Similar to what we found using photoluminescence, both 0
the InP wetting layer and the InP QDs contribute to LED emis-
sion [4, 6] The light output from the InP/GaP QDs LEDs con- 600 700 800 900
sists of two lines peaked in the green and red ranges. The Wavelength (nm)

sharp green line having 20 nm full width at half maximum

(FWHM) peaks at about 550 nm and appears to result from

carrier recombination in the strained InP wetting layer and

perhaps in the surrounding GaP matrix. The red line at aboutlG. 2: Temperature evolution of the EL spectra under constant cur-
720 nm is attributed to electron-hole recombination in therent of 100 mA.
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