aoNF-7C =25~
UCRL-JC-124871
PREPRINT

Microsecond-long Lasing Delays
in Thin P-clad InGaAs QW Lasers

C. H. Wy, C. F. Miester, P
P.S. Zory, :nd M. A.lElsnanuel %EC%‘\I ED
4 M}ﬁ i 5 ’ﬂ%ﬁ

OST!

This paper was prepared for submittal to the
IEEE Lasers & Electro-Optics Society ‘96
Boston, MA
November 18-21, 1996

June 28, 1996

Thisisa preprintof a paper intended for publication in a journal or proceedings. Since
changes may be made before publication, this preprint is made available with the
understanding that it will not be cited or reproduced without the permission of the
author.

RreTOmImIAN A THIS DONN

ITNT 1S U?ﬁ.}?xél‘!‘?.ﬂ;g




DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising

or product endorsement purposes.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




Microsecond-long Lasing Delays
in Thin P-clad InGaAs QW Lasers

C.H. Wy, C.FE. Miester, and P.S. Zory / University of Florida
M.A. Emanuel / Lawrence Livermore National Laboratory

ABSTRACT Microsecond-long lasing delays have been observed in wide-stripe, thin p-clad,
InGaAS single quantum well (QW) lasers with “thick™ p* cap layers. Computer modeling indi-
cates that localized refractive index changes in the cap layer due to ohmic heating from the con-

tact resistance may be the root cause.

High performance capabilities have been
reported recently for in-plane diode lasers with
thin p-clad, InGaAs quantum well (QW) laser
structures {1,2,3]. In such devices, the lasing
mode “overlaps” with the contact metallization
giving rise to optical mode loss. As a conse-
quence, the modal reflectivity of the metal-
semiconductor interface should be high (shiny)
in order to minimize this absorption loss [4].
If heat generation from ohmic loss at the
metal-semiconductor interface is to be small,
the semiconductor material adjacent to the
contact metal should be heavily-doped in order
to form a current tunneling junction. Since
this heavily doped layer is also optically
absorbing, trade-offs must be made between
optical loss and ohmic heating when designing
these shiny contacts. In this work, we report
the discovery of a lasing delay phenomenon
which appears to be due mainly to localized
heating of the heavily-doped cap layer by
ohmic loss in the contact resistance. The las-
ing delay is observed in wide stripe, thin p-
clad InGaAs single QW lasers with thick p*
cap layers, where “thick” in this case means
200 nm as shown in Fig.1. A sketch of a scope
trace obtained from a typical thick cap laser
(50 um wide x 450 um long) is shown in Fig.2
and the dependence of the lasing turn-on delay
time v, with drive current is shown in Fig.3.

In order to understand the reason for these long
delays, it is first necessary to recognize that the
current densities required to achieved delayed-

lasing are very high, ranging from about 3300
to 4700 A/cm? (see Fig.3). This is to be con-
trasted with the state-of-the-art value of about
250 A/cm?for lasers made from the same
material with cap thickness values of 100 nm
[1]. The main reason for this drastic change in
performance with a 100 nm change in cap
thickness can be traced to the fact that the las-
ing mode in a thick cap device has a mode loss
coefficient about 14 times larger than that in a
thin cap device. As a consequence, the QW
gain required for lasing without delay in thick
cap lasers is very high. Since QW gain is sub-
linear with radiative current density at high
gain levels [5], very high current densities are
required to achieve lasing without delay in
such devices (about 9000 A/cm? according to
an exprapolation of the data in Fig. 3). The
reason that lasing can occur at Jower current
densities with delay is due, we believe, to non-
uniform heating.of the lasing structure by the
drive current. One type of non-uniform heat-
ing process which could be responsible for the
lasing delay phenomenon is depicted in Fig.4.
Computer modeling indicates that localized
cap heating, due mainly to ohmic loss from the
contact resistance, can change the shape of the
lasing mode in such a way that net mode gain
increases with current on-time until lasing
occurs. As a consequence, we believe that this
time-delay phenomenon provides a novel
means for quantifying localized refractive
index changes due to (()hmic heating. Such




knowledge should prove useful in predicting
the performance limitations of thin p-clad
lasers in which phase shifts due to refractive
index changes are important.
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Figure 1. Thin p-clad InGaAs diode
laser structure.
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Figure 2. Sketch of a scope trace showing
the lasing turn-on delay phenomenon.
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Figure 3. Lasing tum-on delay, Ty, vs. laser
drive current. (Current rep. rate = 1 kHz)
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Figure 4. Possible mechanism for lasing
turn-on delay phenomepon.




