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GaAlAs/GaAs MOCVD Growth for Surface Emitting Lasers

F. Koyama, H. Segawa, S. Kinoshita, H. Uenohara,
T. Sakaguchi, A. Nakamura and K. Iga

Tokyo Institute of Technology, Nagatsuta Campus
Nagatsuta 4259, Midori-ku, Yokohama, Japan

A GaAlAs/GaAs MOCVD has been introduced to grow a flat and smooth sur-
face for the purpose of reducing the threshold current density of a surface
emitting (SE) laser as well as the monolithic integration of optical func-
tional devices based on the SE laser. GaAlAs/GaAs DH (double-

heterostlructure) wafers wilh a thick active layer (d=3u m)
/AlAs multilayer Bragg refleclor were grown by MOCVD.

threshold current density as low as 3.6kA/cm?2 u m was obtained

and GaxAli-xAs

A low nominal
in a stripe

laser with cleaved facets. Room temperature pulsed operation of an MOCVD
grown SE laser was oblained by a preliminary experiment. Also, the reflec-
tivity of 97% was obtained by a Zn-doped 30 layer Gao.exAlo.1As/AlAs Bragg

reflector.

1. Introduction Gao.71Alo.29As cladding layer (Se-doped, 2 m),
A surface emitting (SE) laser [1],[2],[3] p-GaAs active layer (Zn-doped, 3um), p-
is considered as one of dynamic-single-mode Gao.71Alo.29As cladding layer (Zn-doped, lu m),
lasers or low noise lasers for oplical p-Gao.sAlo.1As cap layer (Zn-doped, 0.2mg m)
communication, laser disks and Lightwave were successively grown on (100) Si-doped Gads
sensing. The MOCVD (metalorganic chemical vapor substrate at the temperature of 780 °C under at-
deposition) is much attractive for growing the mospheric pressure. Figure | shows an SEM
SE laser, where a smooth c¢rystal surface is photograph of a cleaved and etched cross sec-
required. In addition, Lthe MOCVD technique tion of a grown DH wafer. This slruclure is
can easily provide thin multilayers, which almost the same as that grown by LPE for tLhe
enables DBR and DFB type SE lasers [(4],[5]. GaAlAs/GaAs SE laser.
So far, tLhe MOCVD for a relatively thin active 2) Semiconductor Multilayer Reflector
layer has been mainly reported [6]) and the For the purpose of realizing DBR SE
properties of a DH wafer with a thick active lasers, a DH wafer with a 3u m thick GaAs ac-
layer ( >lu m) and growth of DIR are still not tive layer sandwiched by a couple of periodic
clear. layered Bragg reflectors composed of 30 layers
In this paper, GaAlAs/GaAs DH wafers wilh of alternating GaxAli-xAs (x=0 and x=0.1) and
a thick active layer (d=3ux m) were grown by AlAs with quarter wavelength was grown. For
MOCVD and were characterized for the SE laser. injecting carriers into the active layer, mul-
Oxide stripe lasers wusing Lhese wafers ex- tilayers were doped Zn and Se for p-itype and n-
hibited low nominal threshold c¢urrent densily type doping, respectively.
as low as 3.6kA/cm? u m. A room Lemperature

pulsed operation of an MOCVD grown SE laser was —/ p-Gao gAlo |AS
obtained. In addition, Gao.oAlo,1As/AlAs mul- 2 5

tilanyer Bragg reflector with refleclivity of
97% was obtained.
2. MOCVD Growth of GaAlAs/GaAs Multilayers

1) DH Wafer with Thick Active Layer

A MOCVD system consisting of a vertical

p_GaD.TlAlo.ZﬂAs

p-GahAs

n=Gag ;1Aly 5ohs

-GaA
cold wall reactor with inductively-heated SiC i
coated grophite susceptor was designed in n-GaAs (Sub.)
house. Five epitaxial layers, i.e., n-GaAs Fig.1 Cross-sectional SEM photograph of
buffer layer (Se-doped, 0.5um), n— GaAlAs/GaAs DH wafer with a thick active layer

(d = 3ugm) grown by MOCVD.
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3. Characterization for Surface Emitting Laser
1) Nominal Threshold Current Density

It to

nominal threshold current density Jin/d against

is wvery important clarify the
cavity loss for designing SE laser, because the
of the SE
larger than conventional lasers.
b
evaluated by measuring
by

pulsed

mirror loss laser is relatively

For this
MOCVD were
threshold

making 174 m oxide stripe

purpose, wafers by

nominal

grown
the
current density

lasers under condition at room

temperature. The nominal current densily was
calculated by dividing the threshold current by
Lhe product of the cavity length, active layer

thickness and lasing spot
By <changing
of 45 - 600um,

threshold current density was measured

width measured by
near—-field patterns.

the

cavity

length 1in range the

against

the mirror loss, as shown in Fig.2. With a be-

st fitting procedure, the nominal threshold
current density Jen/d [kA/cm? g m] can be
expressed by the mirror loss an [em-1] as
follows;

Jtn/d = A(lam + a1)2 (1)
with A = 2x10-5kA/um and a1 = 400cm-!. The

minimum threshold current density was 3.6kA/cm?

#m, which 1is about 20% lower than thalt grown
by LPE. According to eq.(1), the increase of
the reflectivity more than 95.5% can provide

the threshold current density of an SE laser as
low as 20kA/cm?2.
2) Reflectivily of Multilayer Bragg Reflector

The reflectivity of the multilayer Bragg
reflector composed of 30 Gao.sAlo.i1As/AlAs
layers was measured from the crystal surface

side. The maximum reflectivity of 97% was ob-
tained at 0.87u m of wavelength.
4. MOCVD Grown SE Laser

A GaAlAs/GaAs SE laser was fabricated from

an MOCVD grown wafer. The fabrication process

and structure were detailed in refs.[2] and
i3] Figures 3 (a) and (b) show a light-
output/current characleristics and lasing
spectrum of an MOC&D grown SE laser,
respeclively. The threshold current was 700mA
under pulsed condition at room temperulure.

This is only a primary demonstration, where the
mesa-structure for the current confinement was
not adopted which gave somewhat high threshold
current.
5. Conclusion

Low threshold GaAlAs/GaAs DH

thick active layer (

wafers with
=3u m) grown by MOCVD were
obtained for surface emitting (SE) laser. Room
temperature pulsed operation of an MOCVD grown

SE laser was obtained. Also, a Gao.gAlo.1As

758

Light Qutput (arb. unit)

/AlAs multilayer reflector for a UBR SE laser
exhibits the reflectivity as high as 97%. Ex-
tensive improvement could reduce the Lhreshold

current of an SE laser.
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Fig.2 Nominal threshold current density Juvn/d
of oxide stripe lasers with 3pgm thick aclive
layer grown by MOCVD against cavity length.
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Fig.3 (a) Light-output/current characterislics
and (b) lasing spectrum of an MOCVD grown
GaAlAs/GaAs SE laser under pulsed condilion al
room temperature,
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