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(NH,) ,S treatment technique
power laser diodes

is applied to
for the first time.

is 220mW without catastrophic optical damage (6.=26.3") under CW operation.

The results
spectroscopy indicate

of Auger electron spectroscopy and
that the (NH,).S

the surface native oxide and improving the high power characteristics.

1. Introduction

Recently, high power highly reliable
single stripe lasers are strongly required
as light sources for optical disc systems,
laser beam printers and so on. One of the
main reasons that cause the deterioration of
high power lasers is the facet degradation
due to the temperature rise at the active
mirror facet. In fact, the temperature rise
at the front facet has been measured to be
as high few hundred degrees!’?’.

Several approaches have been made to prevent

as a
the facet degradation. One approach is to
reduce the optical power density by thinning
the active layer®’, widening the waveguide
#¥2) large optical cavity(LOC)

The second way is the non-
mirror (NAM)  concept®’. The
temperature rise is a result of intense non-
at the
So the third approach to prevent the
facet degradation is

or with
structure®’ .
absorbing
radiative recombination process
facet.
to reduce the non-
radiative recombination centers themselves
and keep the mirror facet from being heated
up.

The GaAs
with native

surface is usually covered

oxide layer. The GaAs-oxide
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D-7-2
the facet of 780nm AlGaAs high
The maximum achieved output power
Xx-ray photoelectron
treatment is effective in reducing
interface has been known as a 'pinned"

interface due to the high density of the

interface states.
7)8)

Recently, photochemical

and chemical®’'®)’ treatments have
succeeded in passivating the GaAs surface.
Especially the (NH,),S/(NH,),Sx treatment
was proved to be effective in reducing the
But it
remains unclear whether the treatment is

also effective for Al,Ga,_.As surface.

interface state density!!’-1!%),

In this paper, we report on the effects
of the (NH,),S treatment on the Al.Ga,..As
surface. We applied the (NH,),S treatment
to the facet of Al.Ga,_.As laser diodes for
the first time and dramatic improvements of
laser characteristics were obtained. And by
analyzing the treated Al.Ga, (As surface
with Auger Electron Spectroscopy(AES) and
X-ray Photoelectron Spectroscopy(XPS), we
concluded that the improvement is mainly due
to the reduction of the oxide layer on the
Al Ga, _<As surface.

2. Experimental
Lasers used in this work are ordinary
780nm high power V-channeled substrate inner



stripe (VSIS)
cavity length is 375.n.

lasers!®’ except that the
A cross-sectional
view is shown in Fig.l. After iwo-step
liquid phase epitaxial (LPE) growth, the
wafer was thinned, metallized, cleaved into
375um bars. Then the bars were dipped into
the (NH,),S solution for a few minutes at
room temperature, rinsed in de-ionized
water, blown dry with N, gas before 5%-95%
coating. After coating and dicing, the
individuai iaser diodes were mounted
epitaxial-side down on Cu heat sinks. Laser
diodes were tested under CW operation. The
output power and the far-field patterns were
monitored as functions of the drive current.

In order to clarify the effect of
(NH,) .S treatment, several analyses were
performed. Experiments were performed on
the (100) surface of the n-type Al Ga, .As
(8=0.43) wafer, it was prepared by the same
LPE process with that of the laser diodes
with carrier concentration of about 1x10!®
cm™®. AES and XPS were employed to study
the atomic concentration and chemical
bonding of the surface before and after the
treatment. As-etched surface were also
studied as a reference sample.
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Fig.1 Cross-sectional view of
the VSIS laser.

3. Results and Discussion

Figure 2 shows the typical light-
current (L-I) characteristics and far-field
patterns of a (NH,),S treated VSIS laser.
The CW threshold current is 82mA and the
differential quantum efficiency is 42% for
the front facet. The maximum output power
is as high as 220 mW under CW operation (6.=
26.3"), while untreated sample shows a
catastrophic limit of 120mW (6,=27°). Other
characteristics remains unchanged.

Figures 3 and 4 show a typical AES
spectra and a core level XPS spectra in the
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Typical light-current(L-I) characteristics and

far-field patterns of a (NH,),S treated VSIS laser.



As(2p3/2), Ga(2P3/2), and Al(2p) regions on
the n-type Al, ,s;Ga, s-As (100) wafer re
tively;

-~

(a) after 46 days of air exposure
and (b) after 46 days of air exposure and
5min. (NH,),S treatment. The spectra were
obtained with 10kV 30nA electron and AlKs x-
ray wusing VG SCIENTIFIC MICROLAB 300-A
spectrometer equipped with triplechannel
XPS spectra were calibrated by
setting the binding energy of Cls level to

detector.

spec-

XPS

Aly ,5Gag . s-As (100) wafer.

and spectra on as-etched n-type
The layer was
grown on the n-type GaAs substrate followed
by the successive growth of lattice-matched
Al, ¢Ga, ,As layer, it

just surement.

was removed by HF
So
oxidation and contamination were minimized.
The top surface of the layer were slightly
etched in this process.

After (NH,),S treatment, Auger signal

man

before mea surface

284.6eV. Background pressure were less than of oxygen at 510eV is reduced, and the
5x10® Pa. Figures 5 and 6 shows the AES sulfur signal at 152eV appears. XPS spectra
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Fig.3 Typical AES spectra on the n-
type Al, ,sGa, 5-,As (100) wafer;
(a) after 46 days of air exposure

Fig.4 Typical XPS spectra on the n-type Al, ,,Ga,. ;-AS
(100) wafer (a)

(b) after 46 days of air exposure and 5min. (NH,),S

after 46 days of air exposure and

and (b) after 46 days of air expo- treatment.
sure and 5min. (NH,).S treatment.
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Fig.5 Typical AES spectra on as-
etched n-type Al, ,;Ga, 5.As
(100) wafer.
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Fig.6 Typical XPS spectra on as-etched n-type

Al, ,sGay s-As (100) wafer.
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of the treated sample shows the remarkable
reduction of oxide associated with Ga
(1118.5eV), As(1326.6eV)!'5?, The Al (2p)
core level spectrum also indicate a similar
reduction of a  Thigher binding energy
shoulder characteristics, which is identi-
fied to be Al,0, (75eV) by the Al core level
shift observed for the bulk sapphire.

The comparison of the AES and the XPS
spectra leads to the conclusion that most of
the remaining oxygen in the Auger spectra of
(NH,) »S
adsorbed on the surface like carbon contami-
nants'*'. XPS spectra of as-etched sample
also shows the oxide peaks of As and Ga.
And the Al spectra also has the 75eV
shoulder.

From these data,
the oxide of As, Ga and Al are formed
immediately after HF etching or during the
etching process. But these oxides can be
reduced by the (NH,),S treatment.

treated sample is the overlayer

we can conclude that

4, Summary

Dramatic improvement of AlGaAs laser
characteristics was realized by the (NH,),S
facet treatment. And by analyzing the (100)
Al.Ga,_<As (%=0.43) surface with AES and
XPS, we observed the reduction of the oxide
layer associated with As, Ga, and Al.
Considering the previous results'®’, the
(NH,) ,S treatment seems to be effective on
the (110) plane, too. And we conclude that
the improvement of the laser characteristics
is mainly due to the reduction of the oxide
layer on the laser facet.
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