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M ulti-W avelength InGaA sP L aser s Grown by
L PMOCVD Selective Area Growth Technology”
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(N ational Research Center for Optoelectronic Technology, Institute of Semiconductors, CA S, Beijing 100083)

Abstract W e have investigated the low pressure metalorganic chemical vapor deposition
(LPMOCVD) selective area grow th technology. The relationship betw een the thickness en-
hancament factor of InGaA sP and thew idth of SOz2mask Wm) wasobtained W henW m=
60pm, grow th widthW ¢= 10um, the enhancement factor arrived at 2.5 M ultiw avelength
INGaA sP multiquantum well (M QW ) laser structurew as realized in one step of epitaxy by the
selective area grow th technology. T he lasingw avelength varied from 1. 45um to 1. 58um w hen
W m changed from O to 25um, andW ¢= 15im.

PACC: 43203, 051D, 4250
1 Introduction

Selective area grow th (SA G) isapotential technology for integration of optoelectronic
devices By taking advantage of grow th rate enhancement and composition variation re-
sulted from SiO2mask in epitaxy, different grow th thickness can be realized in one epitaxy
step w ith different mask pattern In quantum well devices, thewell thickness has direct
effect on the energy gap of the device Thus active layer w ith different energy gap can be
grown inone epitaxy. So SA G hashbeenw idely used in integration of laser diodew ith ot-
size-converter'”, distributed feedback (DFB) laser diode w ith electroabsorption modula
tor” and multi-w avelength laser diode array used in wave division multiplex (DM ).
SA G can autom atically offer ideal w aveguide coupling betw een different photonic devices,

hence it can not only reduce the cost of production but also mprove device reliability.
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T here have been extensive studieson SA G, but fev in our country. In thispaper, we re-
port the SA G technology of InGaA sP, and the grow th of multi-w avelength InGaA sP mul-
tiguantum well (M QW ) laser diode in the same epitaxy procedure by this technology.

2 Experments

To obtain the grow th rate under different SIO2mask width, we designed the mask
pattern as illustrated in Fig 1 The length of SO2mask pairwas 800tm, w hile thew idth

W m) changed from 5um to 60pm. The SiO, mask

the pair of mask was 10um or 15um.

800um

300#m
w idth of grow th region (W) between
Before the epitaxy, SiO: film of 200nm
w as deposited by PE-CVD on the InP

substrate The mask pattern of Fig 1 =10, '
was fomed by standard pho- ?
tolithography process Then a thick lay- E E E‘E'/\%
er of InGaA sP layer was grown by
MOCVD. SEM was eanployed to deter-
mine the grow th thickness at different
positions W hen grow ing the laser diode
structure, the sanemask patternwasused T he thicknessesof w ell and barrier forM QW
(w ithout any mask) w ere 6nm and 9nm regpectively, both of them w ere latticematched to
the InP substrate The center part in W of 2um wide was fabricated into buvied het-
erostructure (BH) stripe laser diode T he energy gap w as determ ined by lasingw avelength
of the laser diode Reversepn InP junctionw asused as the current blocking layer. A Il epi-

taxy growth was done on A IXTRON-200 L PMOCVD. The growth temperature was
650 . The grow th rate for InGaA sPwas lower than 1. Opm /h

500

W Wy

Fig 1 Schenatic diagran of SiO2mask
for selective area grow th

3 Reaultsand discussions

The dependence of grow th rate enhancement factor (defined as the ratio of grow th
rate w ith mask pair of Wm to the grow th rate w ithout any mask) on W m is illustrated in
Fig 2 The grow th rate enhancement factor show s a linear relationship withWm and it
reaches 2. 5whenW m= 60pm andW ¢= 10um. Grow th rate enhancement results from gas
phase diffusion of group |1l pecies A s isobserved in practice, there is no significant de-
position of samiconductor on SO2mask The excessgroup IIl ecies above SO2mask wiill
diffuse to the grow th area around themask It iswell know n that the grow th rate during
MOCVD is detemined by the anount of group IIl Pecies Thus gas phase diffusion of
group |1l gpecies from SiO2mask enhances the grow th rate

Flat epitaxy interface is necessary to obtain high qualityM QW active layer and to suc-
cessfully realize the subsequent technological process such as grating, photolithography
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and 0 on Inour fomer experments, we found that the excess grow th form ed high peak
around themask w hen the grow th ratew as higher than 2. 0um/h To obtain flat epitaxy
interface, many technologies have been tried, such as pulse grow th technology'™, HCI
assisted grow th technology "'The aim of all these technologies is to reduce grow th rate
W e found thatw hen the grow th rate is low er than 1um /h, the epitaxy interface keepsflat,
as shown in Fig 3, evenwhenW m is 60um.
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Fig 2 The dependence of INGaA sP grow th Fig 3 SBM cross section viev
rate enhancement factor onWm, after selective area grow th,
w ithW ¢= 10um or 15um. W ithW ¢= 10um, Wm= 25um.

Figure 4 show s the dependence of lasing w avelength and slope efficiency (dP/dl) of
selectively grow n InGaA sP laser diodeonW m. T he lasingw avelengthw ithout any mask is
1. 45um, while it reaches 1. 58um whenW m= 25um. T he lasingw avelength basically keeps

1.60 a linear relationship with Wm, and
" tw, = 15pm N this enables an easy way to obtain
y the demanded w avelength T he slope

LSGﬁ . . . :0.12 Zé efficiency dP/dl decreases gradually
£ - i - asWm increases W henW n is larger
“ED 1.5z} * 7 E\than 30um, the laser diode even
—%g - i ©-—-— 1o.105= could not work This means the
B sl § w ider themask, the lower the quali-

ty of the epitaxy crystal layer. L arg-
0.08 er mask w idth leads to the increase

l 15 l 1I5 I 2|o I zls of grow th rate and thus to low crys
w w/pum tal quality. In addition, Indium and
Gallium have different diffusion rates
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|

%9 =

Fig 4 The dependence of lasingw avelength
of MQW InGaA sP laser diode and slope in SA G epitaxy process It has been
efficiency onWm, withW ¢= 15um. reported that the SA G grow th region

is Indium rich for InGaA s and In-
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GaA sP. So thematerial changes from latticematch to compress strained The larger the
mask, the greater the strain, which sometimes reaches several thousandth!”. The active
layer contains dislocationsw hen its thickness exceeds the critical thicknessof elastic defor-

mation, which may al lead to the failure of the laser diode

4 Conclusion

w avelength InGaA sPM QW laser structure can be realized in one epitaxy by the SA G tech-
nology. The lasingw avelength variesfrom 1.45um to 1. 58um whenW m changesfrom O to

W e have discussed the selective area grow th (SA G) of InGaA sP by L PM OCVD.
W henW m= 60um, W ¢= 10um, the grow th rate enhancenent factor reaches 2.5 M ulti-

25um, with grow thw idthW ¢= 15tm.
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