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Room-Temperature Preperation of InGaAsN Quantum Dot
Lasers Grown by MOCVD
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An InGaAsN single-layer quantum d@d@D) laser structure was grown on GaAs substrates by metalorganic chemical vapor
deposition(MOCVD). The ridge-waveguide edge emitting laser diodel) were fabricated and characterized. We demonstrate
room-temperature operation of InGaAsN QD lasers with an emission wavelength of 1078 nm. Electroluminescence spectra as a
function of injection current showed that InGaAsN QD LDs lased from an excited QD state at room temperature. The evidence for
QD-related absorption was obtained from the comparison of photocurrent spectra between a reference InGaAs QW and the
InGaAsN QD structures.
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Long-wavelength(1.3 or 1.55um) semiconductor laser diodes were used as the group V sources, while trimethylgallium, trimethyl
are key devices for long-haul optical fiber communications and havealuminum and trimethylindium were used as the group Il sources.
attracted much attention in recent years due to their zero dispersiofihe whole growth can be divided into three steps. The first and the
and minimal absorption in currently installed silica fibers. In particu- third steps were carried out in an AIXTRON 200 reactor, while the
lar, INnGaAsN/GaAs QW lasers have been intensively studied due tsecond step was carried out in a modified Thomson-Swan reactor. In
their higher characteristic temperature, easier fabrication, and lowethe first growth stefgPart l), the growth temperature was maintained
cost compared with InGaAsP/InP based long-wavelength [&Sers. at 750°C. In the second growth stépart 1), GaAs was grown
To date, a number of InGaAsN QW lasers have been demonstratefirstly at 600°C. The wafer was then cooled down to 550°C to com-
which showed characteristic temperatures up to 24%Bid thresh- ~ mence the growth of 12 monolayers of InGaAsN QDs, in which the
old current densities as low as 200 A&m nominal In content and N content were 40 and 3%, respectively. The

However, the lasing wavelength of most of these QW based la-N content is estimated from a reference GaAsN epilayer grown in
sers has been limited to around Iu8n, due to the difficulty of  the same condition. However, due to the incorporation of In, the N
growing high-quality InGaAsN/GaAs QW structures with high com- content in InGaAsN could be reduc&™® The growth temperature
position of In or N. It is well known that quantum-d¢D) lasers ~ Was then ramped back to 600°C during growth of the capping GaAs
were anticipated to have many advantages over their QW countefayer to finish the second growth step. In the third growth gkept
parts, such as largely extended emission wavelength, decreasdl), the structure was grown at 650°C to minimize the thermal in-
transparency current density, increased material and differentiaterdiffusion in the QD active layer. p- and n-type doping were ob-
gain, and a large characteristic temperaftf&ome of these predic- tained by using carbon and silicon, respectively. In addition to the
tions have been verified today on(Ge)As QD devices, such as INGaAsN QD laser structure, an InGaAs QW laser structure was
long-wavelength {1.3um) emissior?® low threshold current ~@lso grown as a reference in the same way except for switching off
density!® high differential gaint! and high characteristic the N precursor during growth of the InGaAs QW. After growth, the
temperaturé? Therefore, an alternate approach to extend the wave-2S-grown wafers were then processed into the standard ridge-
length and improve the performance of laser devices based on thwaveguide laser diode@ Ds) with a stripe width of 4um and a
InGaAsN active region is to use the self-assembled InGaAsN-QDcavity length varying from 500 to 160@m. Both facets of the LD
structure. Compared with a large amount of research on InGaAsNWere as-cleaved. Diodes were then characterized by photocurrent
GaAs QW lasers, very few studies on InGaAsN quantum(ex) (PO), electroluminescencéeL), and light output powews. current
lasers have been publishEtiRecent reports have shown the opera- (L-1) measurements. During the PC measurements, the light from a
tional InGaAsN QD laser devices at liquid nitrogen temperature tungsten-filament lamp is spectrally resolved through a monochro-
and the photoluminescen¢eL) emission in the 1.5um range from  Mmator before being focused on the front facet of the laser device,
the InGaAsN QD¥"®indicating that the InGaAsN QDs are very and the current was measured through an external circuit.Fhe
promising for long-wavelength laser devices. In this paper, we dem-haracterization was performed under pulsed condition with a pulse
onstrate a room-temperatuf®T) operating InGaAsN QD laser width of 2 us and a repetition rate of 28 kHz.
grown by metalorganic chemical vapor depositidOCVD). The . .
lasing emission is attributed to the excited-state transition in QDs. Results and Discussion

) Figure 1 shows a typical RL-I curve of an InGaAsN QD LD.
Experimental The cavity length and the stripe width were 800 andm, respec-

To minimize the threshold current for the InGaAsN QD laser, a tively. An atomic force microscop€AFM) image of a reference
small spot size laser structure was designed with = 0.3pum  INGaAsN QD sample without capping layer is also shown in the
(whered is the_t_hlckness of the active Iaye_r ahds the co_nflrjement inset. The Ig\lgeralleze and th? density of these dots were about 3_5 nm
facton. In addition, to reduce the blueshift of the emission wave- @1d 5x 107 cm™=, respectively. The threshold current density
length due to the intermixing in the Q&fsduring growth of the top  (Ji) computed for 4.m wide stripe devices with no correction for
AlGaAs cladding layer, a thin p-cladding layer consisting of a 0.45 lateral current spreading was about 13 kAfcand the slope effi-
pm thick Alg ,Gay scAS layer was adopted. Details of the structure Ciency was about 0.29 W/A.
design were described in Ref. 17. The whole laser structure was We also found that théy, increased with increasing cavity length
grown in two separate MOCVD reactors at 76 Torr to avoid the instead of decreasing which is normally observed for the semicon-
possible reaction between Al and N. Arsine and dimethylhydrazineductor LDs. These results strongly suggest the overwhelming influ-

ence of nonradiative recombination in the QD structure, which is
expected to increase with the increasing device length. This conclu-
* Electrochemical Society Active Member. sion is also supported by the plot pfagainstJ (injection current
2 E-mail: ga0109@rsphysse.anu.edu.au density in which z lies in the range of 1-1.%not shown herg
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Figure 1. Light vs. current characteristics of an InGaAsN QD laser at RT S — ------ ™ j
under pulsed operation. The AFM image of surface InGaAsN QDs grown g N
under the same condition as the LD structure is also shown in the inset. :’ ;"\ 1e-1hh |
c -
£ _
wherez = In(1)/In(L¥?) for the spontaneous regime range before o ]
lasing occurs. The power measurement is taken from the side of the2 . - _
device in order to minimize the absorption in the semiconductor. If 2 I QW.related - i
z = 1 the nonradiative recombination is dominant, and # 2 the o (b) -
dominant recombination mechanism is radiative due to bimolecular
recombinatiorf’ This nonradiative recombination is most likely due , \ 1 g S

to defects caused by nitrogen incorporation or dislocations causec

by the mismatch <o o P 700 800 900 1000 1100 1200
The lasing spectrum and spontaneous emissions from the In- Wavelength (nm)

GaAsN QD LDs obtained from EL measurements are shown in Fig.

2. For comparison,_a PC spectrum_at ov e>§ternal bias is also s‘howrliigure 3. RT PC spectra at zero external bias(af an InGaAsN QD LD

The LD used here is as cleaved with a cavity length of B80and  anq (b) an reference InGaAs QW. Unpolarized light and lights with TE or

a stripe width of 4um. It is clearly seen that lasing occurs at about Tm polarization were used in these measurements. Both devices have a

450 mA at RT. At very low current injection levels, such as 50 mA, stripe width of 4um and a cavity length of about 1 mm.

the maximum of the spontaneous emission is at about 1168 nm at

RT. However, the emission wavelength shifts to 1078 nm when las-

ing takes place. This behavior is typical for a QD active region thatemission and the peak of spontaneous emission implies that the

provides enough gain for lasing only after the occupation rate ofgeyice is lasing from the transitions related to an excited state in

excited states becomes important, due to the limited volume of theQD& This is further supported from the comparison between the

QDs®? The 90 nm blueshift in wavelength between the 1asing asing spectrum and the PC spectrum shown in Fig. 2, where the

lasing wavelength is 40 nm longer than the le-1hh transition in the

wetting layer, implying that the lasing action is not due to the tran-

sitions in the wetting layer.

R _ InGaAsN QD LD, RT The PC spectra taken at 0 V external bias give insight into the
wetting layer  —-—-— EL 450 mA transition strength of the QDs relative to the wetting layer and the

[ 77, tethhy EL 300 mA contribution of heavy hole/light hole to the transition. Figure 3
= 4 s T - —--EL 200 mA shows such spectra measured at RT with polar{@&tor TM) and
Gt 1 ‘-«\ i EL 50 mA unpolarized light for the InGaAsN QD and InGaAs QW LDs. The
= |/ o common transitions in the wavelength range of 700-870 nm in these
2 |/ PC spectrum \:'L spectra belong to either the GaAs barriers or the gradg@al ,As
& Bias = 0 i~ QD-related surroqndlng th(_a active region. In addition to these common features,
c L TN\ there is an obvious difference between the @iy. 39 and the QW
£ A P+ N structures(Fig. 3b. The QD structure exhibits a low-energy signal

i P N ~1170 nm which is not seen in the QW structure and is attributed to

transitions within the dots. This signal is much lower in intensity

and broader than the QW or the wetting-layer peaks due to the
smaller volume occupied by the QDs relative to the QW. This signal
also reveals an almost flat absorption in the dots until a continuous

900 950 1000 1050 1100 1150 1200 background merges with the absorption peak of the wetting layer.
Although not being observed in exactly the same way, a broad
Wavelength (nm) background PC signal from a InAs/GaAs QD structure was reported

in Ref. 22. A high continuum background was also observed by
Figure 2. EL spectra at different injection current for an InGaAsN QD LD at Vasanelliet al.in the PC spectrum from a InAs/GaAs QD structure
RT. The PC spectrum at zero external bias is also shown for comparison an@nd was attributed to the cross transitions between the discrete dot
is shifted vertically for clarity. levels and the unlocalized states in the wetting or barrier l&ers.
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Moreover, the dot transitions are clearly TE-polarized, which means 4
that these transitions are mainly due to emissions from the electronic®
levels to the heavy hole states. Similarly, emissions from the elec-
tronic levels to the heavy holgnhh) states and to the light holgh)
states in the wetting layer of the InGaAsN QD struct(Fig. 39 or

in the InGaAs QW structuré-ig. 3b can be easily distinguished by .
comparing the TE mode and the TM mode photocurrent spectra.
These transitions are indicated in Fig. 3. It can also be seen that PC.
peaks of the wetting layer in the QD structure are broader than those

of the QW structure, which indicates a rougher interface between theo-

wetting layer and the GaAs barriers, due to the QD formation. 1

Conclusion

In this work, we have demonstrated a room-temperature operai>,
tion of InGaAsN QD ridge-waveguide edge emitting lasers grown 13.

on the GaAs substrate by MOCVD. InGaAsN QD LDs lased at 1078

nm from an excited state in QDs at RT. Photocurrent spectra ofl4-

InGaAsN QD lasers revealed an almost flat absorption in the dots.

. P 15.
The results of this work indicate that InGaAsN QDs have a greatle_ Q. Gao, H. H. Tan, L. Fu, and C. Jagadiappl. Phys. Lett.84, 4950(2004.

17.

potential for long-wavelength semiconductor lasers.
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