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Improved photoluminescence of InGaAsN—  (In)GaAsP quantum well
by organometallic vapor phase epitaxy using growth pause annealing
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The metalorganic chemical vapor deposition of a highly strained InGaAsN quantuni@iail
surrounded byln)GaAsP direct barrier layers is investigated. We found that growth pause annealing
with AsH;, performed immediately before and after the growth of the QW, significantly improves
the optical quality of InGaAsN QW witliln)GaAsP direct barriers. The utilization of larger band
gap barrier materials, such as InGaAsP or GaAsP, will potentially lead to reduced carrier leakage
from the QW laser structures. @003 American Institute of Physic§DOI: 10.1063/1.1572470

The InGaAsN quantum-wel(QW) active region on high-resolution x-ray diffraction and secondary mass ion
GaAs has demonstrated excellent lasing characteristics fapectroscopy measurements.
high-performance 1300 nm semiconductor lasetscompa- A schematic diagram of the structure investigated here is
rable to or superior to some of the best published resultshown in Fig. 1. The experiments are conducted for a In-
based on the conventional InP technoldg}? Unfortunately, ~ GaAsN single-QW active region with GaAs, GaAsP, and In-
high-performance 1300 nm InGaAsN QW lasers exhibit lowGaAsP direct barriers. The lower cladding layer of the struc-
characteristic temperature coefficients Tge (1/Jth)dJth/  ture consists of 0.1um n-Alg7G&.26As, grown at a
dT) of the threshold-current densitgth), with only a slight ~ temperature of 775 °C. The active region and the direct bar-
improvement inT, values over those achievable by the con-fier materials are sandwiched in a 3000 A thick GaAs optical
ventional InP technology. Some recent wdfksave attrib- ~ confinement region. The active region, barriers, and the op-
uted the pooiT, values in 1300 nm InGaAsN QW lasers to fical confinement regions are all grown at a temperature of

the existence of large Auger recombination processes. Oth&30 °C. The thermal annealing of the active region occurs
recent work® has identified that increased carrier leakagedUing the growth of the top claddmgo layer of 0Am
processes and a more temperature sensitive material gain ga0.745% 2¢AS at a temperature of 700 °C for a duration of

rameter play a pivotal role in leading to increased temperaz_ipproxmately 3 min. The active region, barrier region, and

ture sensitivity of 1300 nm InGaAsN QW lasers. ?hp;'?g (?r?nf:geg%?tggﬂogz d?jr'?] n(l); |2tr2n_tslo;1alli/od_?2§tdél arid
The motivation of this work was to investigate the met- ping ‘ev INg 1ayers IS approxi y

8 —3 H
alorganic chemical vapor depositidMOCVD) growth of x 10 cm . The thermal annealing processes for all of the
) . . . InGaAsN samples studied here are performed under similar
INGaAsN QWs with various larger band gap barrier materl'conditions Since the purpose of this experiment was to in-
als. All previous studies of MOCVD-grown InGaAsN QWs i Purp b

) ) e vestigate the relative changes in luminescence intensity re-
have pursued GaAs as the direct barrier matéfrifl There sulting from varying the MOCVD growth processes, this

have been se\(ehral works '”V,es“ga“”g é:gse %roxvt: of In'thermal annealing condition does not necessarily represent
GaAsN QWs with GaAsN as direct barriers,” which how- the most optimized condition for InGaAsN QW active re-

ever, is a smaller band gap material system. The utilization of;

| ) , ) &ons.
larger band gap barrier materials will potentially lead to the™ 1 first structure investigated, as shown in Fig)2is

suppression of thermionic carrier leaka§eyhich will in the reference sample consisting of a INGaAsN single-QW

turn lead to a reduction in the temperature sensitivity of the,ctjve region with 100 A GaAs direct barriers, which also
threshold-current density of the lasers, in particular, at high-

temperature operation. The choices of larger band gap mate-
rials employed in these studies include GaAsP and InGaAsF 1000-A n-Al, ,,Ga,,As 1000-A p-Al, ;,Gay 5,As
material systems.

All structures reported here were grown by utilizing low- .
pressure MOCVD. The group-V precursors are the hydride GaAg - SCH B':’;“ers
sources of Ask and PH. The trimethyl precursors of gal-
lium (Ga), aluminum(Al), and indium(In) are the group-IlI

precursors. The N precursor is U-dimethylhydrazine. The ac- 1500-A
tive regions are all based on the 60 A i®a, ¢ASo 99dNo.005
QW, sandwiched with various barrier materials. The In and Ve
N contents of the InGaAsN material were determined from 60-A In, ,Gay AS;995Ng.00s QW
FIG. 1. The schematic layer structure of the photoluminescence sample with
dE|ectronic mail: tansu@cae.wisc.edu an InGaAsN QW active region.
0003-6951/2003/82(18)/3008/3/$20.00 3008 © 2003 American Institute of Physics

Downloaded 20 Dec 2006 to 128.104.198.71. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



Appl. Phys. Lett., Vol. 82, No. 18, 5 May 2003 Tansu, Yeh, and Mawst 3009

Barrier 10
75-A GaAsy 5Py 5 Region - InGaAsN-GaAsP with
e / 3 8  growth pause
" z .
P 2 d
\ -/ “E InGaAsN-GaAs
/ R i @ 4 4 with pause InGaAsN-GaAs
100_1& GaAs E with no pause
$ 21
4
/ 0 L} T
7 1
60-A 1“0.4G30.6A50.995N0.005 QW 1000 12000 13000 14000
Wavelength (A)
(@)
FIG. 3. The comparison of the photoluminescence spectra of
B . INg 4Gay 6ASp 998N 0.005 QW with GaAs and GaAsssP, 15 direct barriers, for
arrier ; :
-3 the case of with and without pause.
75-A (In)GaAsP Region
Barriers\ . . _ .
s ploying GaAsP or InGaAsP barriers exhibit a strong lumines-
. S cence dependence on growth pause time. Without employing
! .
P R a growth pause before and after the InGaAsN QW, no lumi-

nescence intensity was measured from structures with direct
barriers of GaAggs, 15- By incorporating a pause of ap-
) proximately 10 and 15 s before and after the growth of the
: . InGaAsN QW, respectively, a significant improvement in lu-
60-A Ing Gag ¢ASy.095No.00s QW minescence of the InGaAsN—GaAsP structure is observed
(b) with a wavelength emission of 1.26—1.278n as shown in
. . ) Fig. 3. The shorter peak emission wavelength from the In-
(F;)G GjAST Zi;fj}i[‘,}f‘g;ﬁ's?ram ofthe InGaAsN QU with direct barriers of 2 AsN QW with direct barriers of GaAsP is a result of a
stronger quantum confinement effect as well as growth-to-
growth variation in composition.
employs strain compensating layers of 75 A Ga#Bo 15 Similar results were also found for the InGaAsN-—
located outside of the GaAs direct barriers to the QW. SimiinGaAsP structures. The 1.62 eV InGaAsP direct barriers are
lar active region designs have been employed for realizingjesigned as slightly tensile strained, which provides partial
high-performance 1300 nm InGaAsN QW las&r&The sec-  strain compensation of the highly compressively strained In-
ond sample studied here, shown in Figb)2 consists of a GaAsN QW. The pause timer() before and after the growth
InGaAsN single-QW with 75 A GaAgd 15 direct barriers.  of the InGaAsN QW are kept the same for simplicity. In Fig.
The third sample consists of a InGaAsN single-QW with 754 the photoluminescence of the InGaAsN QW with In-
A InGaAsP direct barriers. The InGaAsP barrier consists 0fzaAsP direct barriers shows the trend of increasing lumines-
1.62 eV band gap quaternary material with In and P contengence intensity as the pause time is increased. The peak
of approximately 30% and 60%, respectively, correspondingmission wavelengths of the InGaAsN—InGaAsP structure
to slight tensile strain ofAa/a=-1300 ppm. All of the  range from 1245 nm to 1252 nm, due to run-to-run variation
aforementioned structures are sandwiched inside a separgiemOCVD growth processes, as shown in Fig. 4. The larger
confinement heterostructure consisting of 3000 A undope@luamum confinement effedi.e., larger barrier potentigl
GaAs and AlGaAs cladding layers, as shown in Fig. 1. Meaz|so contributes to the significantly shorter peak emission

surements of the optical luminescence are conducted by Utjyavelength of InGaAsN—InGaAsP in comparison to the
lizing an Ar' laser with an emission wavelength of 488 nm

100-A GaAs

and a cooled Ge detector, with all samples held at room 1280 100
temperature. |
By incorporating an intentional growth pause annealing g 1270 1 =
in the MOCVD growth processes before and after the growth & 4960 =
of the InGaAsN QW, significant improvement in the photo- H %‘
luminescence is observed. The growth pause annealing is é 1250 | 110 §
conducted by flowing 10 sccm of Astind 5200 sccm of K 2 1 ] =
. . - 2 1240 | ] )
for the pause time durationr(). As shown in Fig. 3, the 8 In. G w. | =
; ; ; ; < 1,,,Gay ¢AS) 995N gos QW- &
InGaAsN QW with GaAs direct barriers is shown to have 1230 , InGaAsP (1.62 eV) barriers’
luminescence intensity improvement up to two to three times 1220 i
by incorporating a growth pause of approximately 12 s be- i 5 1'0 1‘5 2'0 o
fore and after the growth of the QW, as shown in Fig. 3. It
should be noted that high-performance 1300 nm InGaAsN Pause Time 7, (sec)
QW Iase_rs with GaAs barriers have alsodg_gen realized prev‘EIG. 4. The luminescence intensity and the peak emission wavelength of
ously, without the use of any growth pa : INg.4Gay 6AS0.99dN0.005s QW with 1.62 eV InGaAsP direct barriers, as a func-

In contrast to the GaAs barrier structure, structures emton of the pause time,).
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54 attributed to an improvement in surface morphology and/or
52 In, ,Ga, ,AS, 505Ny o0s QW- interfaces of the InGaAsN QW )GaAsP direct barriers or
InGaAsP (1.62 eV) barriers a suppression in the hosphorouscarryover from the bar-
% 50 riers into the QW.
é 48 | In summary, we have investigated the MOCVD growth
= processes of strain-compensategl 4Ba; ¢AS.99dN0.005 QWS
= 46 - with larger band gap materials of GaAsP, 15 and 1.62 eV
= 44 INGaAsP as direct barriers, utilizing Astas the As precur-
= 42 - sor. From our studies, we found that the optical luminescence
of the InGaAsN QW with GaAsP and InGaAsP direct barri-
40 w ‘ T . \ ers is significantly improved by employing a growth pause

0 5 10 15 20 25 annealing with AsH before and after the growth of In-
GaAsN QW. This improvement is not followed by changes
in emission wavelength, which indicates that the outdiffusion
FIG. 5. The FWHM of the optical luminescence spectra for of N from the QW is not a factor in the improvement of
INg.Gay Ao s0No.00s QW with 1.62 eV InGaAsP direct barriers, as func- Optical luminescence. The utilization of larger band gap ma-
tions of the pause timerf). terial barriers surrounding the InGaAsN QW can potentially
lead to reduced thermionic carrier leakage out of the QW,

structure with GaAs barriers. The luminescence intensity oﬁ\zlmm'cnh;[u;‘n Ve\llrlm‘lolren?gnt:eainrceagii;\? n Rﬁzggrirature sensi-
the InGaAsN-InGaAsP structure, without employing growth y gh-p Q :
pause annealing, is extremely poor, almost 1000 times
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