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We have studied the optical properties @hGaAs self-assembled quantum dots grown on
(311)B-oriented GaAs substrates. The luminescence linewidth is considerably narrower than that of
similar samples grown oflL00. The difference is explained in terms of the in-plane coupling of
dots which is more significant in (31B) In order to assess the device potential of (BLUNGa)As

dots, we have studied the properties of edge emitting lasers by extending the well-known technology
for (100 to the (311 devices. ©1998 American Institute of Physid$0003-695(98)02136-9

Quasi-zero-dimensional semiconductor heterostructurefine of an Ar" laser. The luminescence was dispersed by a
are of great interest because of their potential applications a4 m monochromator and detected by a cooled Ge diode
optoelectronic devices, e.g., light emitting diodésEDs)  detector. The dot morphology was investigated by contact
and lasers. Much attention has been focused on the epitaxislode AFM. For AFM imaging, QDs were grown under the
growth of self-assembled quantum dé®Ds)."? In particu-  same conditions as above, but they were not capped.
lar, InGa _,As/GaAs QDs have shown good optical Figure 1 shows the low-temperature PL spectra of two
propertiess > 1.1-nm-thick I sGaAs layers deposited orf100) and

Recently, it has been shown that the photoluminescenc€311)B substrates. The PL peak position for (3B1QDs is
(PL) properties of 1g:Ga,sAs QDs on GaAs can be im- blueshifted by 25 meV with respect to tklE00) sample. The
proved by growing the dots on high indexnil) PL spectrum linewidths[full width at half maximum,
substrate§~° A clear morphological ordering of (31B)(In-  (FWHM)] are 17 and 45 meV for (31B)and(100) samples,
GaAs QDs has also been obsen/@d?! respectively. The AFM images are shown in Fig(idse}.

In this letter we report the PL properties of The dots grown on(100) have an average diameter df
Iny Ga As/GaAs self-assembled QDs grown on (31) =36nm, height h=2.2nm, surface densityp=4.5
oriented GaAs substrates. The dot PL spectra are charactef-10° cm™?, and appear isolated from each other. For the
ized by a linewidth narrower than that found (00) sub- (311)8 sam_ple the surface coverage due to the dots is more
strate samples. These findings are discussed in terms of thgiform  with  p=1.5x 10" cm*.z, d=26nm, and h
morphological properties of QDs as inferred from atomic = 1.0 nm. The densny_ and the size of the dots clearly affect
force microscopyAFM). In order to exploit the good opticall the' electronic properties of th? samples as re\_/ea'lled by the
properties of QDs grown on (318) we fabricated and stud- optical measurements. The higher energy emission for the
ied laser diodes having QDs as the active layer. The results
show the possibility of obtaining good light sources in
(311)B-based devices. N

The samples were grown by molecular beam epitaxy on §
(100 and (311B GaAs substrates. A 0.4@m-thick GaAs
buffer layer was grown, the first 02m at 580 °C and the &
remaining 0.5um at 600 °C. Before deposition of the ~~
Ing sGa sAS strained layer, the substrate temperature was re £
duced from 600 to 450 °C. The structure was completed with g
a 25 nm GaAs cap, also grown at 450 °C. TH®0 and o
(311)B samples were grown simultaneously. For each sub,S
strate orientation, the reflection high-energy electron-_3
diffraction pattern indicated a transiton from two- P~ e . : "
dimensional (2D) to 3D growth mode at a thicknesis 1.20 1.25 1.30 1.35 1.40
~1.1nm.

The PL and electroluminescend&L) measurements Energy (CV)

were performed at temperaturg, ranging from 4.2 to 300 FiG. 1. Low-temperature PL spectra on, i5a, sAs QDs grown on(100)
K. For PL, optical excitation was provided by the 514.5 nm(dashed linpand (311 (continuous ling oriented substrates. The excita-
tion wavelength and power are 514.5 nm and 0.5 \W/aespectively. The
(InGaAs thickness is 1.1 nm. An AFM image (@mXx1 um) with the
dElectronic mail: ppzap@ppnl.nott.ac.uk corresponding height scale is shown for each layer.
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FIG. 2. Room temperature EL spectra below and above the threshold cur-

rent of an injection edge emitting laser based on (&LI)osGa AS; Jin FIG. 3. Temperature dependencelgffor the device shown in Fig. 3. The
=500 Alcn?. The spectra are recorded in pulsed mode with a pulse width Ofyashed lines are a fit to the data using the following formulg;

0.2 us and a duty cycle equal to 5%. =J, exp(T/Ty). The values offy are given in the figure. The inset shows the
laser spectra recorded at different temperatudesi(1Jy,).

(311)B samples is due to the smaller size of the dots, which

pushes the electronic levels closer to the GaAs band gdge_tained. These values compare with the best values reported
in the literature*®

Moreover, in the (3118 sample, the small distance between . L
nearest neighbor dots-10 nm produces an electronic cou- e T dependence aly, is shown in Fig. 3. The charac-
teristic temperatur@, is 370 K forT between 50 and 200 K,

pling which, in turn, allows the relaxation of the carriers in ditd _ 80K for T>200 K. Th i
the lowest local energy minimum. As a consequence, the pgnd it decreases o= orf=> - 'Ne same figure

arises from only the lowest energy section of the dot sizealso shows the EL spectra above the threshold current at

Lo X . . . _different temperatures. The laser luminescence spectra are
distribution, which results in a smaller luminescence line- P P

width compared to that of th&00) dots. The population of characterized by a multi-mode emission, whose energy spac-

. s : : . ing is not related to the cavity length. The relative intensity
higher energy dots can be achieved by increasing either th0 the modes strongly depends on the temperature and an

power density or the temperature. We believe that the Carrle|F1teresting narrowing of their distribution can be observed

traqsfer between d!ﬁergnt dpts mlght take place through tun\'/vith increasingT. The intrinsically disordered morphology
nelling and/or carrier dn‘fusmn in t_he _wet_tlng layer. In the of the active medium can be invoked to explain the large
(311)B sample, the real dot size distribution also reappearf,ewidth of the laser spectrum a&t=5 K. Then a higher

in PL by reducing the in-plane carrier transfer with & mag-ajye of the temperature might allow an enhanced carrier
netic field, B, applied along the growth direction. In fact, at it towards the dots where the lasing action preferentially
B=40T, the PL linewidth is 80% higher than at zero figld. takes place. Finally, at room temperature this gives rise to a
These results provide strong evidence of a high degree Qfser spectrum having very few modes. Further investigation
coupling between the dots. o is needed to better clarify this anomalous behavior.

In order to test the possible application of (3B13ub- In conclusion, we have studied both the optical and mor-
strates in optical devices we fabricated laser structures bas?ﬁhological properties of §rGaysAs self-assembled quan-
on Iny sG& sAs QDs, extending the well-established processtym dots grown on (318 and standard100 substrates.
ing technology for(100) substrates to (31B. To our  The narrower luminescence linewidth found in the (F1)
knowledge there is only one previous report of quantum diskamples is explained in terms of carrier tunneling into those
lasers grown on high-index planes formed by 3G& 75As  dots of the ensemble which have low energy ground states.
embedded in A15Ga 7sAs and grown by metalorganic va- we have fabricated lasers grown on each of the substrate
por phase epitaxy! Our devices are index-guided, in-plane orientations. The (318 lasers show good properties com-
lasers obtained by standard etching and lithography. Th@ared with similar devices grown o100 and with the re-
cavity length is 2 mm with a width equal to 16m. The sults reported in the literature.
basic structure consists of a cavity formed by three )

AloGa, As/GaAs quantum wellSQWS each 10 nm in Th|s'work.and one of thg authofBE) was supported by .
width, separated by barriers of 10 nm. The dots are formed® Engineering and Physical Sciences Research Council
by depositing a 1.1-nm-thick §3Ga, sAs layer in the center (United Kingdom.

of each QW in order to minimize the effect of carrier thermal

escape from the ground stdf€The cavity is clad by 1.5m !L. Goldstein, F. Glas, J.-Y. Marzin, M. N. Charasse, and G. Le Roux,
of Aly¢Ga JAs (the latter layer isn doped on the substrate  Appl. Phys. Lett47, 1099(1985.

side andp doped on the top sideThe QDs and the cavity 2(?6 V;/bgzné%%ri)B. G. Orr, D. Kessler, and L. M. Sander, Phys. Rev. Lett.
were grown at 450 °C and th@\IGa)As cladding layer at 3. ’Oshinowo, M Nishioka, S. Ishida, and Y. Arakawa, Appl. Phys. Lett.
600 °C. 65, 1421(1994).

Figure 2 shows the room temperature EL spectra below'K. Kamatg, PN-BﬁhSrvila, K. AK- Il-irllpdher, TL Sog;gwlsgg H-T. Jiang, T.
and above the threSho'd curred,, of a Ias_er_ grown_on 5§?g|:§$gnd,'s. I?afz(ﬁd?ga\’]. Iggo'le, Xsngus-' P. I—(Iawr;?llak, S. Charbon-
(311)B. The value ofly, is 500 Alcnf. In a similar device neau, D. Leonard, R. Leon, P. M. Petroff, and J. L. Merz, Phys. R&4, B

grown on (100, a Jy, as low as 200 Alchhas been ob- 11548(1996.
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