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Novel High Power Quantum W ell Lasers
W ith Integrated PassiveW aveguide

Zhang Jingming ( ) Xu Zuntu( ) MaXiaoyu( )
Chen L ianghui( )

(Institute of Semiconductors, The ChineseA cademy of Sciences, Beijing 100083)

Abstract A kind of novel high pow er quantum w ell laser w ith an integrated passivew aveguide
has been designed and fabricated to prevent the high photo density region from concentrating in
the transversew aveguide center in the diode laser cavity. The new structure hasa snooth near-
field profile of the fundamental transverse mode in the co-w aveguide center. A ccording to the
resultsof the 100um-w ide and 800um-long lasers, w e can achieve that the light output power is
2.8N atwavelength of 980nm (at 19 and under OW operating condition). T he threshold cur-
rent density to be 320A /an?, the slope efficiency to be 0. 9V /A and the resistance in series to
be 0. 15Q can bemeasured through the facet-coated devicesw ith L R/HR being 0. 1/0. 95

PACC: 4225P, 426, 4260C

The high pow er samiconductor diode lasers are of great benefit and have been devel-
oped™ * because they havew ide app lication inmany fields such aspump lid-state lasers,
Er-doped optical fiber anplifiers, medical thergpy devices and 90 on The light output
pow er to increase more in the high pow er laser diode is Imited by heating and the catas
trophic optical mirror danage (COM D). *®

In thispaper, we first introduce the structure of the novel high-pow er strained-layer
guantum well laser with an integrated passivew ave-guide (IPW ). The active sub-w aveg-
uide of the asymmetric sgperate confinement heterojunction (SCH) quantum wells is cou-
pled the passive one of the asymmetric four-layered slab w aveguide through the coupling
layer——a co-cladding layer. The lasingmode index in this structure is equal to themate-
rial refractive index in the coupling layer, s that the near-field profile hasa horizontal dis-
tribution in the coupling layer. Comparedw ith the usual structure, the field cross-section
of the laser cavity will increasemore
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Figure 1 is a diagrammatic sketch of the refractive index (a) and the calculated results
acoording to the transverse near-field distribution (b) and the vertical far-field pattern (c)
for the new structure T he active sub-w aveguide and passive one are coupled through the
undoped coup ling-layer of 500nm’s thick. The calculated light confinenent factors of the
quantum well, the coupling layer and the passivew aveguide are 1. 7%, 52. 1% and 15. 1%
regectively. The theoretical vertical far-field angle is 33° (FV HM ).
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FIG.1 Diagram of refractive index (a) and the calculated results
of transverse near-field distribution (b) and vertical far-field pattern (c).

The structure of the InGaA s/GaA s/A IGaA s strained-layer quantum-w ell laser w ith a
passive w aveguide has been grow n by low -pressure metal-organic chemical vapor deposi-
tion (LPMOCVD) on the (100) oriented Si-doped GaA s substratew ith the doping con-
centration being 1 2x 10 an” ®in theA ixtron A 200 system. They consist of (1) a GaA s
buffer layer w ith Si-doped 1x 10*an” ®
doped 1x 10®am” °, (3) aA lo4sGansA s cladding layer w ith Si-doped 5% 10 an” °, (4) a
A lo.2Gao.sA spassivew aveguide layer w ith light Si-doped, (5) an undoped A lo.333Gao.ss2A S
ooupling-layer, (6) three undoped GaA s barriers, (7) two undoped Ino..Gao.sA s strained
quantum wells, (8) aA lo.ssGan.sA s upper cladding layer w ith Zn-doped 1x 10®an” °, (9)
a GaA s top layer with Zn-doped 4x 10°am” °, (10) a GaA s contact layer w ith Zn-doped

, (2) aA lo.aGao.¢A s low er cladding layer w ith Si-

greater then 2x 10 °an” °

The TiPtA u strip contactsof 100um’sw ide have been fabricated on the p-side of the
w afer by standard photolithography techniques Then the wafers is thinned to 100um,
w hile the A uGeN i/A u is deposited on the n-side Broad-stripe (100pm-w ide) lasers are
fabricated, ooated (LR/HR, 0.1/0.95) and mounted junction-side down on copper
heatsink s

Themeasured threshold of the current densities at a cavity length of 800um is 3207 /
an® Figure 2 show s a light output power, voltage and wallplug efficiency versus drive
current characteristics measured under QN operating condition at room tenperature of
19 . Thelight output pow er of the device reaches 2. 8N at the drive current to be 3. BA.
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The slope efficiency of 0.9V /A is reached The maximum wallplug efficiency of 40%
oould be reached w ith the resistance in series to be 0. 2Q (the best to be 0. 15Q). Figure 3
show s the parallel and vertical far-field patterns of new structure T he vertical beam di-
vergence is 32°, which is in good agreementw ith the theoretical results The lasing gpec-
trum characteristicsw ith w avelength of 980nm are show n in Fig. 4
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FIG.2 L ightoutput power, voltage andw allplug

efficiency characteristics versus drive current FIG.3 Parallel and vertical

far-field patterns

W e can design the active region of quantum wells

) to lay near the P-A IG&A s cladding layer, and at the
\: sane timemake the evanescent field in the n-cladding
—; = layer extend more than that in the p-cladding layer in
§ order to reduce the themal resistance, the seriesresis
B tance and the free carrier loss in the cladding layers It
A }, \ | is believed that the absrption lossof the free electron

940 980 1020 s less than that of the free hole asw ell as themobility
Wavelength/nm of electron is about ten times higher than that of the

FIG-4 L asing pectrum hole The high order transverse modes are repressed
characteristic by the asymmetric waveguide structure The n-side

light field could read longer distance to reduce the divergence angle of the transverse
light beam.

W e have danonstrated the novel structure of high pow er strained-layer quantum-w ell
lasersw ith an integrated passivew aveguide T he light output pow er of 2. 8N, the thresh-
old current density of 320A /an?and slope efficiency of 0. 9V /A could be reachedw hen the
resistance in series is 0. 15Q W e can optimize the paranetersof material and structure in
these novel quantum well lasers in order to mprove the device performance
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