Long-lived inGaAs quantum well lasers
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Pseudomorphic InGaAs lasers with cw operating lifetimes exceeding 5000 b are reported for
the first time. The device structure, grown by low-pressure metalorganic chemical vapor
deposition, incorporates a single In 5, Gag 4, As strained-layer quantum well in 2 GaAs/
AlGaAs graded-index separate confinement heterostructure. These devices are remarkable for
their immunity to sudden failure and for their (gradual) degradation rates which are

comparable to the best GaAs lasers.

Strained-layer In, Ga, _ , As quantum well lasers have
attracted considerable attention of late due to the materials
configurations made possible. Interest in the semiconductor
laser community stems in part from the prospect of access-
ing the spectral window near ! gm for pumping new solid-
state hosts with guantum well lasers, and in part for space
communications, if an advantage can be demonstrated.
Since reliability is an issue for both applications, technolo-
gists have fostered the hope that strain accommodation' and
perhaps lattice hardening®™ by In can enable viable long-
lived devices. Steady progress in the development of high
performance In Ga,  , As lasers™! has been encouraging
with the first cw life-test reports coming guite recently.'’ In
this letter we report 5000 h cw operation of strained-layer
InGaAs lasers with degradation rates of 1.8% per kh and
100% survival.

The device structure, grown by low-pressure metalor-
ganic vapor deposition, incorporates a single In, ;, Gag ¢ As
strained-layer quantum well (L, =40 A) in a GaAs/
AlGahs graded-index separate confinement heterostruc-
ture (GRIN SCH) and 2 full description is given eise-
where.” Oxide-defined, 60-um-wide stripes were formed us-
ing standard processing.'” Facets were formed by cleaving
and 6€00-ym-long unceated devices were mounted junction
down to a copper heat sink, The resulting devices operated
cw at 1010 nm: with a threshold current (density) of 128 mA
{356 A/cm?) and slope efficiency of 0.25 W/A per facet.

Life testing was carried out at a 30 °C heat sink tempera-
ture in a constant power mode on devices operating cw at 70
mW /facet. A total of 30 devices was placed on life test. They
were not screened in any way. Device histories are shown in
Fig. 1 for 15 devices. (Half of the population was removed at
the 1000 h point due to eguipment needs but said devices
were virtually indistinguishable from those shown.) Lasers
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have surpassed the 5000 h mark with an average degradation
rate of 1.8% ver kh (fractional current increase). This is to
be compared with degradation in GaAs quantom wells in
which rates below 2% have been achieved,’ " although in
our experience 7-129% is more typical'” at these current den-
sities.

The apparent immurity to sudden failure is striking
and, we believe, significant since our statistical base is
greater thau the figure would indicate. Recall that 30 devices
were operated to 1000 h. In addition an earlier population of
eight devices was tested to current doubling (> 4000 h in
that case). In spite of the large population, we have yet to see
a sudden failure. Put simply and conservatively, 38 devices
have shown 100% survival to 1000 h. Such a large popula-
tion may be necessary to be convincing since experience with
(GaAs guantumn wells has taught us that the survival rate
depends on handling artifacts as much as anything. What-
ever the cause, toial survival for GaAs oxide-stripe
GRIN SCH devices has been seen in no more than 3% of the
populations that we bave investigated. In the present case,
therefore, it is uniikely that we are being deceived by a fortui-
tous population of damage-free lasers.
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FIG. i. Histories for In,, ,, Ga, ., As lasers operating cw at 70 mW per facet
and at 30 °C. Results for 15 devices are shown.

© 1988 American Institute of Physics 1861



[ J
600
//*’
; 500
g
o
Z 400
11}
&
©
=
“ 300}
i i ] g ] 4

2 4 8 8 10
KILOHOURS

FIG. 2. Results for three lasers. These are nominally the same as Fig. 1
except that a different wafer section was used and testing was started earlier.
Two devices continue to operate.

As mentioned, some other devices were placed on life
test at an earlier date. The results for three lasers are shown
in Fig. 2. While the statistics here are meager, the data do
constitute an existence proof for lifetimes exceeding 10 000
h. In addition, five lasers operating at 4 = 967 nm (from a
separate growth run with a slightiy thinner guantum weil}
were tested. Of these, two reached the current bmit at 4000
and 7000 h, respectively, and three continue to operate be-
yond 10000 b.

In summary, long-lived cw operation of strained-layer
in,Ga, _, Asquantum well lasers emitting 70 mW per facet
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at ! pm has been demonstrated. Graduoal degradation rates
below 2% per kb have been measured and immunity to sud-
den failure has been documented.

The authors are grateful to X. Bystrom, T. Guido, S.
Schultz, 8. Yellen, and R. Soltz for valuable technical assis-
fance.
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