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The early stages of catastrophic optical damage �COD� in 808 nm emitting diode lasers are mapped
by simultaneously monitoring the optical emission with a 1 ns time resolution and deriving the
device temperature from thermal images. COD occurs in highly localized damage regions on a 30
to 400 ns time scale which is determined by the accumulation of excess energy absorbed from the
optical output. We identify regimes in which COD is avoided by the proper choice of operation
parameters. © 2010 American Institute of Physics. �doi:10.1063/1.3463039�

Early work on diode laser degradation has attributed
catastrophic optical damage �COD� to a thermal runaway
due to a positive feedback between elevated temperatures at
the laser facet and the increase in the temperature-dependent
absorption of laser light.1,2 The resulting temperature in-
crease eventually leads to a local melting of the semiconduc-
tor lasers surface and a subsequent propagation of the dam-
age front into the device. In Ref. 2, the intrinsic interband
absorption at the fundamental band gap has been considered
the starting point of COD. Later, it was shown that extrinsic
effects such as surface recombination and the creation of
structural defects are involved in the absorption and tempera-
ture rise as well and eventually dominate.3–5 Specific spa-
tially and temporally resolved experiments6–8 on the build-up
of COD have remained scarce and, as a result, theoretical
attempts to describe COD kinetics, for instance as a
microexplosion,1,3,9,10 have not been experimentally con-
firmed.

In this letter, we report an analysis of early stages of
COD during single-pulse excitation. We monitor the time
evolution of the emitted power with a temporal resolution of
1 ns. Simultaneously, thermal images of the devices are re-
corded with a spatial resolution of �5 �m. While tempo-
rally integrating over the entire pulse, thermography gives
evidence of the presence of a local thermal runaway mani-
fested in a thermal flash of Planck’s radiation. Structural in-
formation on local damage is gained by microscopy and in-
corporated into a model describing the energy balance of the
COD process.

A batch consisting of 14 commercial devices of gain-
guided 808 nm emitting AlGaAs-based broad area quantum
well high-power diode lasers is investigated. Emitter stripe
width and cavity length are 50 and 1400 �m, respectively.
Facets are coated with standard antireflective and high-
reflective dielectric mirrors. The devices are specified for cw

operation with an output power of 0.5 W at 0.6 A and a
threshold current of 0.2 A. The lasers were driven with single
current pulses �Picolas LDP-V50-100V3 current driver�
between 2 and 50 A with pulse lengths of 50 ns to 100 �s
�rise times �13 ns�. The temperature of the heat sink is
�23.0�0.1� °C.

A dichroic mirror tilted by 40° relative to the front facet
of the investigated laser transmits the thermal radiation and
reflects the fundamental laser emission. The thermal radia-
tion is detected with a CEDIP Titanium 560 M thermocamera
equipped with an optical bandpass filter for the 4.3–6.0 �m
spectral range and a microscope lens �spatial resolution
4.7 �m /pixel�. The time evolution of laser emission is re-
corded with a reverse-biased Si pin photodiode �Thorlabs
DET10A/M, rise time �1 ns� attached to a 2 GHz oscillo-
scope �Agilent Infiniium�. Data acquisition works as follows:
a delay generator triggers the acquisition of a thermal image
with an integration time of 7 �s. The thermocamera gener-
ates a signal which is used to trigger the single current pulse
starting 3 �s after the thermocamera resulting in an effec-
tive integration time of 4 �s. The background is subtracted
from all camera images. Temperature calibration was per-
formed between 23 and 200 °C. Temperatures above this
range are estimated according to Planck’s law, taking into
account the camera’s spectral responsivity and transmit-
tances of the optical elements. L-I-V characteristics were
measured for all devices and their linear range was used to
calibrate the photodiode signal. On a second channel the cur-
rent is monitored.

COD becomes effective at high currents. Figure 1 docu-
ments the resulting structural alterations for two individual
devices, each of them having been driven by a single current
pulse. In Figs. 1�a�, 1�e�, 1�f�, and 1�j� the lateral profiles of
the emission nearfields are shown. Device damage is mani-
fested in decent changes in the intensity distributions �Figs.
1�b�, 1�e�, 1�g�, and 1�j��. There is a clear spatial correlation
between the drop of output power in the nearfield �Figs. 1�b�
and 1�g�� and the facet damage patterns detected by optical
microscopy �Figs. 1�c� and 1�h��. The latter act as local
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sources of thermal radiation �Figs. 1�d� and 1�i�� resulting in
the observed thermal flashes.8

Figure 2 shows current and emission power transients
recorded for four devices. Driving currents between 4 and
25 A are chosen. While no degradation is observed for 4 A,
COD occurs at higher currents and leads to a collapse of
power on a nanosecond time scale. With increasing current,
the decrease in power sets in at earlier times and the power
decay times �1/e� are reduced from �400 to 30 ns. The oc-
currence of COD is evident from the observation of a ther-
mal flash recorded with the calibrated thermocamera �right
panels in Figs. 2�b�–2�d��. The microscope images in Figs.
1�c�, 1�d�, 1�h�, and 1�i� give quantitative information on the
damaged facet area, which allows us to estimate the local
temperatures given in Figs. 2�b�–2�d�. Such temperatures are
on the order of the melting temperature of GaAs of 1240 °C.

We varied both the amplitude and the duration of the
individual current pulses. The data is summarized in a two-
dimensional plot �Fig. 3�a��. The solid symbols represent in-
dividual measurements in which COD and a thermal flash is
observed. The events are placed at the average optical output
power Pout before COD �bottom abscissa scale� which corre-
sponds to the current amplitude given on top, and at the
onset time of COD �tCOD� on the right ordinate scale. tCOD is
defined as the time at which the output power starts to de-
crease; see arrows in Fig. 2. There is a clear correlation in the
data set, showing shorter tCOD times for higher output powers
and current amplitudes. The open symbols in Fig. 3�a� rep-
resent devices in which COD was absent, as is evident from

their essentially homogeneous thermal images with tempera-
tures close to the ambient temperature �right panel in Fig.
2�a�� and the absence of any degradation effects. Such mea-
surements are placed at the respective output power and cur-
rent amplitude and duration of the current injection pulse
�left ordinate scale�. The overall set of results defines a bor-
derline between a parameter range in which COD occurs
�orange area in Fig. 3�a�� and a region without COD �blue
area�. The blurred region in-between reflects the scattering of
individual device properties within our sample set. The
dashed line shows the “square-root law” that has been origi-
nally discovered for devices with lower emission powers.1,11

Our data confirm this finding as long as heat dissipation is
negligible; i.e., for short tCOD or pulse durations.

The data in Fig. 3�a� show the time from the start of the
current pulse to tCOD to vary over two orders of magnitude
depending on operation current. We now discuss the physical
mechanisms that cause the first phase of COD to take place
on the nanosecond time scale. COD is characterized by an
initial local melting at the front facet induced by thermal
excess energy that is provided by a local absorption of opti-
cal power in the device. On the short timescale of our ex-
periments of 1 �s, the loss of excess energy due to heat
conduction into other parts of the device structure is negli-
gible and, thus, the time-integral of absorbed optical power
can directly be correlated with the energy required for melt-
ing. It should be noted that the well-known propagation of
damage into the device, the second phase of COD, occurs on
a slower microsecond to millisecond time scale not consid-
ered here.6,12–14

FIG. 1. �Color online� Data sets for two representative devices that under-
went COD at low current �upper panels �a�–�e�� and at elevated current
�panels �f�–�j��. ��a�, �b�, �f�, and �g�� Spatial distribution of laser emission at
the front facet �optical nearfield� along the lateral facet dimension measured
with a spatial resolution of �1 �m for injection currents of ��a�, �b�, �f�,
and �g�� 0.5 A. The panels �b� and �c� and �g� and �h� were recorded after
COD. ��c� and �h�� Microscope images of the front facets acquired after
COD showing the dark damaged regions. ��d� and �i�� Spatial profiles of the
emitted thermal power �solid lines and symbols� derived from Fig. 2 �right
panel� and damage size as derived from Figs. 1�c� and 1�h�. ��e� and �j��
Spatial profiles of emitted laser power before �black lines� and after COD
�blue lines�.

FIG. 2. �Color online� ��a�–�d�� Current and emission power transients from
four devices: diode laser current �black lines� and optical output power �red
lines� as a function of time. The onset of COD �at time tCOD� is marked by
arrows. The right panel shows the corresponding thermal images recorded
during the current pulse. Estimated maximal temperatures of the thermal
flashes are included.
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To validate this picture, we calculate the energy Wtheo
required to heat the damaged device volume to the melting
point and correlate it with the absorbed optical energy Wexp
that is derived from our time-resolved data such as shown
in Fig. 2. The required excess energy is given by Wtheo
=Vdefect�c�Tmelt−T0�, where Vdefect=Adefectz0 is the volume of
the damaged part of the device with the defect area Adefect
taken from the microscope images in Fig. 1. A depth z0
=15 �m eventually provided the best fit to the data and
corresponds to defect propagation velocities as determined in
Ref. 6 The other parameter values for GaAs are the specific
heat c=0.33 J / �gK�, the mass density �=5.33 g /cm3, and
melting temperature Tmelt=1240 °C �T0=23 °C�. The ab-
sorbed optical energy Wexp which is accumulated in Vdefect is
calculated from the measured power transients P�t� accord-
ing to

Wexp = �
tCOD

t2

�P�tCOD� − P�t��dt . �1�

P�tCOD� is the output power of the laser reached at the onset
time of COD, tCOD, and P�t� is the time dependent output
power at times t� tCOD. The upper integration limit t2 repre-
sents the time at which the output power has dropped to
P�tCOD� /e2=0.135 P�tCOD� or the pulse has ended. In prin-
ciple, the absorbed energy should be calculated from the in-
ternal optical power rather than from the output power P. For
the low reflectivity of R=0.1 of the outcoupling facet, how-
ever, both have very similar values. Our approach also ne-
glects the small amount of energy required to reach the onset
of COD.

Results of this analysis are presented in Figs. 3�b� and
3�c� where each symbol represents an individual device. Fig-
ure 3�b� shows an essentially linear correlation between Wexp
and Adefect, in line with the anticipated damage mechanism
driven by Wexp. Figure 3�c� gives the reabsorbed energy Wexp
and the melting energy Wtheo for each device in a double-
logarithmic plot. We find a linear correlation with Wexp
�Wtheo for the majority of the devices ��solid symbols in
Fig. 3�b��, covering nearly two orders of magnitude on the
respective energy scale. This strongly supports the COD sce-
nario outlined above and characterizes COD as a mainly

thermal effect. The two open symbols in Figs. 3�b� and 3�c�
which lie substantially above the correlation represent de-
vices which were driven with longer current pulses of 5 and
100 �s and displayed COD in the microsecond time do-
main. On this longer time scale, heat transport from the dam-
aged volume into other parts of the device removes part of
the deposited excess energy Wexp, i.e., COD is induced with
a fraction of Wexp only.

In conclusion, the time resolved experiments presented
here demonstrate nanosecond time intervals to COD. This
time scale is determined by the accumulation time of excess
energy which is absorbed from the optical output and results
eventually in a local melting of the device. Our work identi-
fies a regime in which COD of high-power semiconductor
lasers is avoided by the proper choice of operation param-
eters, allowing the ultimate limit of semiconductor laser op-
eration to be reached. Our results also serve as a benchmark
for future modeling of early COD dynamics and the transi-
tion between the two time regimes identified.
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