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High Temperature 1 3um AlGalnAs/InP
Strained M ultiguantun W ell L aser Grown
by M etalorgan ic Vapor Phase Epitaxy’
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(N ational Research Center for Optoelectronics Technology, Institute of Samiconductors,
The Chinese A cademy of Sciences, Beijing 100083)

Abstract W e have investigated the A IGalnA s/InP compressively strained layer separate
confinement heterostructure multiquantum well (SCHM QW ) laser structure, which was
grow n by L ow-PressureM etalorganicV apor phase Epitaxy. The Toof A IGalnA s/InP SCH-
M QW buried-heterostructure laserswas up to 110K at temperatures between 20 and 60
The drop of slope efficiencieswasonly 0. 54dB at tenperatures between 20 and 80
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1 Introduction

Long wavelength (A= 1.3/1.55um) saniconductor laser with wide operation
tenperature range is a key ocomponent in both digital and analog optical fiber
communication systans as well as optical access networks A Ithough it has been
demonstrated experimentally and theoretically that the laser threshold current, A uger
recom bination, and intervalence band absrption can be reduced by using the combination
of biaxial strain and quantum confinenent to reduce the in-plane hole effective mass "’
The performance at high tenperature is still unsatisfactory compared w ith that of a short-
w avelength laser on a GaA s substrate The poor performance ismainly due to a snall
conduction band offset (AEc= 0.4AE,) of InGaA sP/InP laser. It results inmore than 1dB
drop of the differential quantum efficiency of INGaA sP/InP lasersw hen the temperature
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risesfrom 25 to 85 . ' Thepoor differential quantum efficiency characteristics reduces
both the system link pow er budget and modulation bandw idth !

A n attractive candidate for high temperature long wavelength laser diodes is the
A lGalnA s/InP material system. The benefits of A IGalnA s/InP material systen are that
aluminum atoms can be exchanged with gallium atoms, for their lattice constants are
nearly the same, while the strain and thickness of the epitaxial layer can be changed
easily. In addition, the band gaps, refractive indices, and effective masses of the charge
carriers are very similar to the InGaA sP/InP systen. ' How ever A IGalnA s/InP system's
have a conduction band offset (AE.= 0. 72AE,) larger than that of conventional InGaA sP/
InP system, resulting in a gnaller overflow of electrons at high tenperature and high-
eed operation Recently, excellent characteristicsof A IGalnA s/InP system, including a
maximum continuouswave (CW ) operation temperature of 185 ™ and a characteristic
tenperature To of 120K'® and 23GHz modulation band with To of 105K, !’ have been
reported

In this paper, w e investigate the fabrication and characteristics of 1. 3um A IGalnA s/
InP separate confinement heterostructure multiquantum well (SCHM QW ) laser, which
incorporate optimized strain-compensated active region, grown by low-pressure
metalorganic vapor phase epitaxy (L PM OV PE) w ith buried heterostructure(BH) stripe
structure

2 Device Structrue

The laser structure is shown in Fig 1, whichwas grown by high-geed rotating low -
pressure (2x 10°Pa) M OV PE technigueon a 100 oriented n* -InP substrate in three-step
epitaxial run  Trimethylaluminun ( TMA1), Trimethylindium (TM In) and
T rimethylgallium (TM Ga) were used for group III sources arisine (A Hs) and phogphine
(PHs) were used for group V sources D iethylzinc (DEZn) and Silane (SiH4) diluted to
2% in hydrogen were used as the n- and p-type
dopants, regectively. Palladium-diffused hydrogen p-InP cap layer
identified of - 110 dew pointwas used as the carrier p-A lo 4slna s2A s confinement layer
gas The reactor was heated by five independently
controlled infrared lanps The V/III ratio was

i*A lo 32Gao 16Ino 52A s upper SCH

Wellls A lg 12Gag 28Ino 6A s

goproxmately 300 for InP and 130 for A IGalnA s, and Barriers Al uiGao zlno sA s  °

the grow th temperature was set at 655 for InP and iA lo 22Gao 16Ino s2A s upper SCH
750 forAlGalnA s, regectively. ®

Firstly, a1.5um n-InP (3x 10") buffer layer was
deposited on the substrate surface The active region
contained six 6nm thick 0.9% compressively strained

. _ 0 Fig 1 Schenatic diagran of
A lGalnA s wells separated by 11nm thick 0.5% A1GalnA 8/InP SCHM QW structure

n-A lo 481Ino 52A s confinement layer

n-InP buffer layer

n-InP substrate

tensivelys strained A IGalnA s barriers w ith a bandgap
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of 1.05um for strained compensation The photoluminescence (PL ) wavelength of the
active region was adjusted to meet 1.3um. The MQW active layer was sandw iched
symmetrically w ith SCH comprising an undoped 100mm A IGalnA s (A= 1.05pm) layer and
30nm doped INA IA s layer. The doping concentrations of the n-type and p-type INnAIA s
* repectively. Finally, the upper coverage of
100rnm p-1InP (1x 10%an” ®) cap layer was grown

The information of the quality and compositions of thew afer w as obtained from the
rocking curve of high resolution X-ray diffraction (HRXRD) measurements by using the
asymmetrical (004) reflection The average strain of 5x 10" * and the 16. 4nm periodicity
including 5.8mm for the well and 10.6nm for the barrier were calculated from the
separation of satellite peak s and pendellosung fringes in the HRXRD rocking curve in Fig
2(a). These resultswell agreed w ith the prediction of the grow th rate and coincided w ith
the laser design calculated based on the nomal rectangular potential model The optical
properties of w afer w ere studied by photolum inescencemeasuranent at tenperatures 300K
and 10K. Figure 2(b) show s that the PL wavelength varies from 1.215 to 1.305um for
temperatures betw een 10 and 300K. The fullwidths at half maximum of PL gpectrum are
20 and 40mev at 10 and 300K, regectively. It can be seen that the quality of the
A IGalnA smaterial is close to that of conventional InGaA sP material

layerswere 1x 10®an” * and 2x 10%an’
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Fig 2 TheHRXRD rocking curve(a) and PL gectrum of MQW structure(b)

A fter the grow th of MQW wafer, themesa along 110 direction was prepared by
w et etching Thew idth of the active regionw as controlled betw een 1. 2um and 1. 5um for
fundamental transverse mode operation The BH regrow th was acocomplished by four
layersof p-InP (N «= 7% 10”an” °), p-InGaA sP (N ¢= 7x 10"an °, A= 1.1um), n-InP
(N 2= 1x 10®%am”®), and n-InGaA sP (N .= 1x 10®am”® A= 1.1um). A fter opening a
1.5um width stripew indow over the active strip, ap-InP (N «= 2x 10®an”°) cladding
layer and ap® -InGaA s (N .= 1x 10”am” ®) contact layer w ere grown by L PM OV PE

3 Device Performance
TheA u/Zn/A u and A u/GeM iw ere evaporated onto the thinnedw aferw ith thickness
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of 100um as p-side and n-side metal contact, regectively. The wafer was cleaved into
300um cavity length chips which were mounted p-side down on copper heat sink for
characteristics measurenent The inset graph in Fig-3 show s the light-current-voltage
(L /AA) characteristics of a typical laser chip at room temperature(RT). The foward
voltage and series resistancew ere 0. 95V and 6Q, regpectively. T he threshold currentw as
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Fig 3 ThelL -I curves at different tenperatures and the inset figue is theL -1V curve at RT

55mA w ith linear output pow er over 16mW. The single facet slope efficiency is 0. ImwW /
mA. For the evaluation of device tenperature characteristics, the different tenperaturelL /
I curvesw eremeasured as shown in Fig 3 Figure 4 show s the temperature dependence of
threshold current and slope efficiency for AlGalnA s/InP MQW lasers under OW
operation The slope efficiency wasmeasured at ImW output pow er from the front facet
and nomalized to that obtained at 20 . The characteristic teanperature Tow as 102K at
tenperatures between 20 and 80 and 60K at tenperatures between 80 and 100
The drop of slope efficiencies between 20 and 80 wasonly 0.543dB, w hich ismuch
better than 3dB drop nomal for InGaA sP based laser. Thismeans that the overflow of
electrons inM QW region into SCH layers for A IGalnA smaterial systam is less than that
of InGaA sP material systan due to the conduction band offset of A IGalnA s larger than
that of InGaA sP.

How ever, the To in high tanperature range and threshold current are a littleworse
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than the best records previously
1 published "® There seem's to be still me
£ 100 room for mprovenent of the crystal quality
§, of our A I-containing layers and/or layer
:%,: structures including the doping profile in
& | our lasers Inparticular, the relatively low
" ! . ‘ . 1 To in high temperature range is likely to be
20 40 g0 80 100 mproved by optimizing the doping profile
I ' ' in the SCH layers Further optimization of
E R the grow th condition and doping profile in
"-E —Lor the lasers will result in decreasing
5%—1 5T threshold currentsof our 1. 3um lasers
T —2of
E _ash 4 Conclusion
2 —s.0 pos " 6‘0 slo 1(')0 We have successfully grown the
Temperature/*C 1.3um AlGalnA s/InP SCHMQW laser

Fig 4 Tenperature dependence of threshold

current and slope efficiency for A IGalnA s/InP
M QW laser under CW excitation

structure by LPMOCVYD. The To of
A lGalnA s/InP SCHM QW BH laserswas
up to 110K at temperatures betw een 20

and 60 . The drop of slope efficiencies

wasonly 0.543dB at tenperatures between 20 and 80
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