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30-mW 690-nm High-Power Strained-Quantum-Well
AlGalnP Laser

Yoshiyasu Ueno, Hiroaki Fujii, Hiroyuki Sawano, Kenichi Kobayashi, Kunihiro Hara,
Akiko Gomyo, and Kenji Endo

Abstract—This paper presents a high-power 690-nm AlGalnP
laser for use in a high-density rewritable-optical-disk memory
system. The deterioration of its temperature characteristics,
which results from the high-power-oriented laser structure, is
improved by using compressively strained GalnP quantum wells
as the active layer. Output power of 40 mW is achieved up to
80°C. Stable fundamental-transverse-mode operation is ob-
tained up to 50 mW. Output-power-induced facet degradation
is suppressed by an AL, O; facet coating. The lasers operate sta-
bly at 30 mW at 50°C for over 2600 h. The mean extrapolated
lifetime is 10 000 h.

I. INTRODUCTION

IGH-POWER red-light-emitting AlGalnP lasers are
attractive light sources for many applications, such
as optical-disk memories, and laser printers [1]-[6]. One
advantage of AlGalnP lasers is the more than 30% reduc-
tion in focused-spot size, due to the shorter laser wave-
length, as compared with conventional AlGaAs lasers.
This reduced spot size increases the recording density of
optical-disk memories by 1.5 times [7], which is very at-
tractive for high-capacity small-size data files, video files,
etc.
For practical use, optical-disk-memory systems require
a high output power of more than 30 mW up to about
50°C with high beam quality. Compared with AlGaAs
lasers, the disadvantage for AlGalnP lasers is the rela-
tively low maximum output power density limited by the
catastrophic optical damage (COD) at the mirror facets to
1-2 MW /cm? (light density value in vacuum, [2]), which
is approximately one third of that obtained for AlGaAs
lasers. In attempts to overcome this disadvantage, several
kinds of laser structures have been fabricated [1]-[6] and
maximum fundamental-transverse-mode output powers up
to 60-70 mW have been reported for a window-structure
laser [3] and bulk-active-layer lasers [4]. However, long-
term 30-mW life-test data at 50°C have only been re-
ported for a few devices [5] and 40-mW life-test data have
been reported only up to 40°C [6]. The limitations are the
deterioration of temperature characteristics as a result of
the high-power-oriented laser structures and output-
power-induced gradual degradation at the mirror facets
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Very recently, the present authors [10] and another
group [11] have achieved 30- to 35-mW stable operation
at 50°C for high-power AlGalnP lasers with compres-
sively strained QW active layers. The present paper de-
scribes the development of the laser in detail and shows
its potential for practical use in rewritable-optical-disk
memory systems. Threshold current reduction for lasers
with the strained QW active layer was previously pre-
dicted and reported [12]-[14]. We applied the strained
QW active layer to the high-power AlGalnP laser, con-
sidering that threshold current reduction should improve
the temperature characteristics with reduction in carrier
overflow to the cladding layer. We also studied output-
power limits for long-term stable operation for high-power
AlGalnP lasers, and we found that Al,O; facet coating
raises the output-power limit to 60% of the COD limit.
The Al,O;-coated strained-QW lasers demonstrated 30-
mW stable operation at 50°C for over 2600 h.

II. FACET COATING

Output-power dependency of the gradual laser degra-
dation in long-term CW operation was investigated for
coated refractive-index-guide AlGalnP lasers with 64-nm-
thick bulk-Gag sIng sP active layers. The lasers were
mounted to heat sinks on their p-side. Both Al,O;-coated
lasers and SiO,-coated lasers were life-tested and then
compared. Both kinds of dielectric film were formed in
the same magnetron-sputtering apparatus. The measured
COD levels of both kinds of coated lasers under CW. op-
eration agree with the theoretical levels calculated from
the facet reflectivity [15] as listed in Table I. This agree-
ment shows that there was no significant difference be-
tween the COD light densities inside the facets of AL,O;-
coated and SiO,-coated lasers. The facet reflectivities were
derived from the slope efficiencies measured at the coated
and uncoated facets of the lasers. These facet reflectivities
also agree well with calculations based on the measured
thickness and refractive indices of the coating films.

Fig. 1 shows operating current traces for Al,O3-coated
lasers (Fig. 1(a)) and SiO,-coated lasers (Fig. 1(b)) under
constant-output-power operation at 50°C. SiO,-coated
lasers operated stably at up to 10 mW for over 9000 h. At
an output power of 15 mW, which is about two thirds of
the COD level, the SiO,-coated lasers degraded rapidly
(all of these lasers suffered from accidental trouble in the
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TABLE I
COD LEVELS AND FACET REFLECTIVITIES FOR THE COATED LASERS WITH
64-nm-THICK BULK-GalnP ACTIVE LAYERS AND REFRACTIVE-INDEX-GUIDE
STRUCTURES
(The measured COD levels under CW operation of both Kinds of coated
lasers agree with the theoretical levels calculated from the facet
reflectivity.)

Coating Film Reflectivity (%) COD Level (mW)
ALO, 5 34
Si0, 8 20

200, 200
Al203 coated S$iO2 coated
20 mW 15 mwW
100 poremmeme———— 100|
E AO 1000 2000 3000 4000 5000 AO 50‘00 10000
E 20 200
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Fig. 1. Operating current traces for coated refractive-index-guide Al-
GalnP lasers with 64-nm-thick bulk-GalnP active layers under constant-
output-power operation at 50°C. The Al,O5-coated lasers operated very
stably for over 4500 h even at 20 mW. The measured COD levels and facet
reflectivities are listed in Table 1.

aging aparatus after 173 h of operation). On the other
hand, Al,O;-coated lasers operated very stably for over
4500 hours even at 20 mW, even though the operating
currents were no less than those for the SiO,-coated lasers
operated at 15 mW.

Fig. 2 summarizes the rate of increase in operating cur-
rent of the SiO,-coated and Al,O;-coated lasers. There
was a significant difference in the behavior of the SiO,-
coated laser and the Al,O;-coated laser, even though no
difference was found in their COD densities, as men-
tioned above. The SiO,-coated lasers showed output-
power-accelerated degradation. In contrast, the rates of
operating-current increase for the Al,Oz-coated lasers
were less than 107> h™' for output powers up to the out-
put-power-to-COD-limit ratio (Pop/Pcop) of 60%. The
maximum Pgp / cop ratio of 60% is about twice as high as
those reported so far [S], [6]. It was speculated that the
difference in degradation originates from the greater sta-
bility of the interface between an Al,O; film and a semi-
conductor with a high density of electron-hole pairs ex-
cited by the laser light. Thus we chose to use Al,O;
coating for our high-power strained QW lasers.
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Fig. 2. Rates of increase in operating current for Al,O;-coated AlGalnP
lasers, life-tested at constant output power (P,p) at 50°C for over 4500 h,
compared with those for SiO,-coated lasers. The Al,O;-coated lasers
showed very stable operation with operating-current-increase rates of less
than 10~% h™' for output powers up to the output-power-to-COD-limit ratio
(Pop/Pcon) of 60%.

III. STRAINED-QUANTUM-WELL LASER
A. Epitaxial Growth and Fabrication Process

Fig. 3 shows a view of the high-power strained QW
AlGalnP laser. The lasers were grown by two-step me-
talorganic vapor phase epitaxy (MOVPE). In the first step,
the following layers were successively grownona (00 1)
oriented Si-doped n-GaAs substrate: a Si-doped n-GaAs
buffer layer, a 1.5-um-thick Si-doped n-(Aly¢Gag.4)o.s
Ing sP cladding layer (n = 2 X 10" ¢cm™*), an undoped
strained QW active layer, a 200-nm-thick Zn-doped
p-(Alg ¢Gag 4)o.sIng sP cladding layer (p =6 X 10" em™?),
a S5-nm-thick Zn-doped p-GayslngsP etching-stopper
layer, a 1.3-um-thick Zn-doped p-(Aly¢Gag.4)o.sIng sP
cladding layer (p = 6 X 10" cm™), a 10-nm-thick Zn-
doped p-Gag sIng sP layer, and a 0.25-pm-thick Zn-doped
p-GaAs cap layer. The growth conditions were a growth
temperature of 660°C, V /III ratios of 150 for GalnP and
AlGalnP layers and 50 for GaAs layers, and a growth
pressure of 70 torr. Growth rates were 1.8 pm /h for
GalnP and AlGalnP layers and 3.0 um/h for GaAs lay-
ers. The source materials were trimethylaluminum, tri-
ethylgallium, trimethylindium, dimethylzinc, phosphine,
arsine, and disilane [16].

The strained QW active layer consists of 10-nm-thick
compressively strained Ga/n,_,P wells, separated by
5-nm-thick (Alg ¢Gag 4)o 4Ing sP barriers lattice-matched to
GaAs. The Ga content (x) for the Ga,In, _ P ranged from
0.39 (lattice-mismatch, Aa/a, = +1.0%) t0 0.51 (Aa/ay
= 0%). The number of wells was three or four.

After the first-step growth, a 3- to 4-um-wide ridge
stripe was formed in the {1 1 0] direction by chemical
etching down to the Gag slng sP etching-stopper layer. In
the second-step growth, a Si-doped n-GaAs current-
blocking layer was selectively grown outside the ridge
stripe for both fundamental-transverse-mode stabilization
and current confinement. The laser cavity length was 700
pm. A 6% Al,O; film was coated on the front facet and a
95% Al,05/amorphous-Si multilayer film was coated on
the rear facet.
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Fig. 3. View of the high-power 690-nm strained QW AlGalnP laser grown
by metalorganic vapor phase epitaxy. The strained QW active layer con-
sists of three to four 10-nm-thick GaJln, _ P wells. The Ga content (x)
ranged from 0.39 (lattice-mismatch, Aa/a, = +1.0%) t0 0.51 (Aa/a, =
0%). Fundamental-transverse-mode lasing was stabilized by forming a 3-
to 4-pm-stripe waveguide buried by the n-GaAs current-blocking layer.
The front facet was coated with a 6% Al.O; film and the rear facet was
coated with a 95% Al,O;/amorphous-Si multilayer film.

B. Strained QW Active Layer

Fig. 4 shows a dark-field transmission electron micro-
scope (TEM) image for the +1.0%-lattice-mismatched
QW active layer observed from the [110] direction. The
dark-contrast regions represent 10-nm-thick Gag 39Ing ¢, P
lattice-mismatched wells, while the light-contrast ones
represent 5-nm-thick (Aly ¢Gag 4)¢ sIng sP barriers. The in-
terfaces between the strained GalnP wells and the Al-
GalnP barriers were abrupt. No dislocation was observed.

Fig. 5 shows pulsed threshold current densities (J,;,) for
uncoated 50-pum-wide-stripe strained QW lasers. Pulsed
current with a 1-us pulse width at a 1-kHz repetition was
used. The threshold current density decreased with in-
crease in lattice mismatch, and the reduction in threshold
current density reached 21% at +1.0% lattice mismatch
for 3-well lasers. The bandgap energy also decreased with
increase in lattice mismatch at a rate of 98 meV /%, which
increased the laser wavelength as shown in Fig. 6.

The strained QW active layer improved the temperature
characteristics. Fig. 7 shows characteristic temperatures
(T,) for the pulsed threshold current in the 20-50°C range.
The characteristic temperature increased with increase in
lattice mismatch, and characteristic temperatures for
+0.3% to +1.0% lattice-mismatched QW lasers with
three wells were 10-33 K higher than those for lattice-
matched QW lasers. The improvement in characteristic
temperature with increase in lattice mismatch was attrib-
uted to both a decrease in injected carrier density in the
active layer and an increase in heterobarrier height be-
tween the active and cladding layers.

The improvement in characteristic temperature for the
strained QW lasers was compared with that for bulk-ac-
tive-layer lasers. Characteristic temperatures for the
strained QW lasers and 20- to 60-nm-thick bulk active-
layer lasers are shown in Fig. 8 as a function of threshold
nominal current density (Ji,/d,). The characteristic tem-
perature noticeably increased with decrese in threshold
nominal current density, as was clearly observed for the
bulk active-layer lasers. The characteristic temperature
increased from 60 K at 160 kA /cm? - um (20-nm-thick
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Fig. 4. Dark-field TEM imagé from [T 10] direction for the +1.0% lat-
tice-mismatched QW active layer grown on a (0 0 1) oriented GaAs. The
interfaces between 10-nm-thick Gay 3olng P wells and 5-nm-thick
(Al «Gay 4)o sIng <P barriers were abrupt, and no dislocation was observed.
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Fig. 5. Pulsed threshold current densities (J,,) for the 50-pm-stripe strained
QW lasers with three wells (triangles) and four wells (circles). Jy, de-
creased with increase in lattice mismatch and the J,, reduction reached 21%
at +1.0% lattice mismatch for three-well lasers.
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Fig. 6. Laser wavelengths for the strained QW lasers with three wells (tri-
angles) and four wells (circles).

active-layer lasers) to 135 K at 22 kA/cm2 - pum (60-nm-
thick active-layer lasers). This indicates the existence of
a tradeoff relationship between the characteristic temper-
ature and maximum output power improvements, because
expanding the spot size (d/T') perpendicular to the junc-
tion plane for high-power lasers increases the threshold
nominal current density. This tradeoff relationship also
applies to the strained QW lasers. However, the relation-
ship was shifted significantly to a higher level with in-
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Fig. 7. Characteristic temperatures in the 20-50°C range for the strained
QW lasers with three wells (triangles) and four wells (circles). The char-
acteristic temperature increased with increase in lattice mismatch. This im-
provement was attributed to both a decrease in injected carrier density and
an increase in heterobarrier height.
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Fig. 8. Characteristic temperatures and threshold nominal current densi-
ties for the strained QW lasers (empty triangles: lattice mismatch = 0%;
empty squares: +0.3-+0.4%; empty circles: +1.0%), together with those
for bulk active-layer lasers (solid triangles: lattice mismatch = 0%) with
20- to 60-nm-thick active layers.

crease in lattice mismatch, as seen in Fig. 8. The ten-
dency of characteristic temperature deterioration for high-
power lasers is due to an increase in injected carrier over-
flow to the cladding layer caused by the increase in
threshold nominal current density. Thus a reduction in the
threshold current density and an increase in the hetero-
barrier height for the strained QW active layer are favor-
able for high-power lasers.

C. Waveguide Structure

The waveguide needs a sufficiently large refractive-in-
dex step of more than several times 1073 against the car-
rier-induced refractive-index change [17] to achieve fun-
damental-transverse-mode stabilization. Fig. 9 shows the
calculated refractive-index step for the waveguide of the
high-power strained QW lasers. A refractive-index step
as large as 107? was formed by reducing the thickness (k)
of the p-type cladding layer outside the stripe to 200 nm.
The GalnP etching-stopper layer was used to leave ex-
actly the thin p-type cladding layer outside the stripe after
chemical etching. A sufficiently narrow stripe of 3 to 4
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Fig. 9. Calculated refractive-index step for the waveguide of the high-
power strained QW lasers as a function of the p-type (Al, ¢Gay 4)0 sIny sP
cladding layer thickness outside the stripe (h).
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Fig. 10. Output power versus current characteristics for uncoated
50-um-stripe bulk active-layer lasers [18]. The threshold current for the
laser with a [ 1 1 0 ]J-oriented stripe was 0.64 times as low as that for the
laser with a { 1 1 0 J-oriented stripe. This large anisotropy in the threshold
current was due to natural superlattice formed in the Ga, sIng 5P active layer.

pm was applied to prevent higher order transverse-mode
lasing.

As we have reported, the stripe direction influences the
threshold current density for AlGalnP lasers [18], [19].
Fig. 10 shows output power versus pulsed current char-
acteristics for uncoated 50-u-stripe bulk active-layer la-
sers. Threshold curent for the laser with a [1 1 0] oriented
stripe was 64 % that for the laser with a [1 1 0] oriented
stripe. This large anisotropy in the threshold current was
due to [11 1] or [1 T 1] oriented CuPt-type natural su-
perlattice [20] formed in the GagslngsP active layer.
Therefore, a [1 1 0] oriented stripe was used to reduce the
threshold current density.

IV. LASER CHARACTERISTICS

Fig. 11 shows CW laser characteristics for the strained
QW laser with four +0.30% lattice-mismatched
Gay 47Ing 53P wells and a 3- to 4-pm-wide ridge stripe,
mounted to a heat sink on its p-side. Fig. 11(a) shows
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Fig. 11. Continuous-wave laser characteristics for the strained QW laser
with four +0.3 % lattice-mismatched Ga,, 4;In, 5P wells. (a) Output power
versus current characteristics. The threshold current was 56 mA. The char-
acteristic temperatures were as high as 114 K (20-50°C) and 80 K (50-
80°C). (b) Far-field patterns parallel to the junction plane.
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Fig. 12. Operating current traces for the strained QW lasers, life-tested
under 30-mW CW constant output power at 50°C. All six lasers operated
very stably for over 2600 h. The mean extrapolated lifetime, defined as the
operating time at 20% increase in operating current, was 9900 h.

output power versus current characteristics, at tempera-
tures ranging from 25 to 80°C. At 25°C, the threshold
current was 56 mA and the slope efficiency was 0.58
W /A. The laser wavelength was 690 nm. The character-
istic temperatures were improved to as high as 114 K for
20-50°C and 80 K for 50-80°C. Due to the improvement
in characteristic temperature, 40-mW CW output power
was achieved up to 80°C. The COD-limited maximum
output power was estimated to be 60 mW from the fact
that three well lasers have a maximum output power of
about 72 mW. The fundamental-transverse mode was ob-
tained up to 50 mW, as shown by the far-field patterns
parallel to the junction plane at 10-50 mW in Fig. 11(b).
The radiation angles of 11° (parallel to the junction plane)
and 24° (perpendicular) resulted in an aspect ratio as low
as 2.2.

Fig. 12 shows operating current traces for the strained
QW lasers, life-tested under 30-mW CW constant output
power at 50°C. A few lasers which showed large degra-
dation during 150-h pre-screening were omitted from this
test. As shown in the figure, all six lasers operated very
stably for over 2600 h. The operating currents increased
atless than 1 X 107" h™', even though the ratio of output
power to the COD limit (Pgp / Pcop) Was as high as 50%.
The average of the extrapolated lifetimes, defined as the
operating time required for a 20% increase in the oper-
ating current, was 9900 h. These results demonstrate that
these lasers are very promising for use in practical appli-
cations.
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V. CONCLUSION

A 30-mW 690-nm strained QW AlGalnP laser with
Al,O5-coated mirror facets has been successfully devel-
oped for use in a high-density rewritable-optical-disk
memory system.

The strained QW lasers showed 21% reduction in
threshold current density at +1.0% lattice mismatch.
Temperature characteristics were improved with increase
in lattice mismatch. This improvement was attributed to
both a reduction in injected carrier density and an increase
in heterobarrier energy. As a result, 40-mW output power
was achieved up to 80°C for the strained QW lasers with
three +0.3 %-lattice-mismatched wells. Stable fundamen-
tal-transverse-mode operation was obtained up to 50 mW.
The threshold current was 56 mA at 25°C.

In preliminary life tests for bulk active-layer lasers,
Al,O5-coated lasers showed stable operation for output
powers up to an output-power-to-COD-limit ratio of 60%,
which is twice as high as previously reported. The Al,O;-
coated strained QW lasers demonstrated 30-mW stable
operation at 50°C for over 2600 h. The mean extrapolated
lifetime, defined as the operating time at 20% increase in
the operating current, was as long as 10 000 h.
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