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Abstract—The strain caused by device packaging was studied
in high-power semiconductor laser bars by measuring the degree
of polarization. Polarization measurement with intentionally
GaAsP–GaInP strained laser bar packaged on a Cu heat sink for
799-nm emission revealed the variation of band edges between
the conduction band and heavy-hole or light-hole bands in the
active region. This served as a method for evaluating the strain.
In the packaging process, a maximum of 1800-ppm strain was
transmitted to the active region. It was found that the defect
density of 14.3% was induced.

Index Terms—Laser modes, semiconductor device packaging,
semiconductor laser arrays, strain measurement.

I. INTRODUCTION

H IGH-POWER diode lasers offer wide potential applica-
tions such as industrial materials processing [1], printing,

and medical applications as versatile light sources. Today, con-
tinuous-wave (CW) output power of laser bars using indium
solder have been in excess of 1000 W [2]. However, indium
solder called “soft solder” would induce the strain and defects
that limit the lifetime as well as emission power, and induce the
“smile” effect which cumbers beam shaping and fiber coupling
of diode lasers. Thus, for more reliable devices, packaging tech-
niques including architectures with less strain and defects are
the primary aim. Simultaneously, the measurement of strain and
defects are required urgently.

Tomm and Gerhardt et al. have put forward some approaches
about the packaging-induced strain and defects utilizing optical
techniques: microphotoluminescence [3], [4], photocurrent
spectroscopy [5]–[8], and electroluminescence microscopy [9].
Reference [9] has demonstrated that the degree of polarization
could show the qualitative information for the strain, but it
did not include the absolute values of strain. In this letter, we
demonstrate that strain values can be derived from the degree
of polarization for GaAsP strained laser bars.
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II. EXPERIMENTAL APPROACH AND LASER STRUCTURE

The degree of polarization is determined from the tensile-
strained quantum-well (QW)

(1)

where and are the respective powers of nearly trans-
verse-electric (TE) modes and nearly transverse-magnetic (TM)
modes. The output power of laser bars operated under the
threshold current is given by [10]

(2)

where is the internal differential quantum efficiency, is
the mirror loss and represents all internal losses, is the
operation current, is the frequency of the emitted photons,

is the spontaneous emission transition factor, and is the
radiation efficiency, which can be given by [10]

(3)

Here, represents the volume of the active region. Under the
threshold current, spontaneous emission transition rate is
written by [11]

(4)

Here is the effective mass of oscillator, is the thickness of
QW, is the proportionality constant for spontaneous emission,
and are the Fermi–Dirac distribution functions
for the electrons in the conduction band with the energy and
the ones in the valence band with the energy . So combing
(2)–(4), a simplified expression is reached

(5)

where

(6)

(7)

(8)
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Fig. 1. Power curves of TE (full line) and TM (dotted line) modes of emitters
along the GaAsP laser bar. The operation current is 4.2 A, about 30% of the
laser threshold for this kind of device.

represents the bandgap of natural materials of QW,
represent the effective masses of electrons,

light-hole and heavy-hole, respectively, and is related
with the strain of laser bar; it can be written by [12]

(9)

where are the constants for the fixed QW and is the strain
value.

In the experiment, we studied a 799-nm diode laser bar
packaged on a Cu heat sink. The laser chip was grown by
metal–organic chemical vapor deposition on an n-type GaAs
substrate and consisted of 10-nm tensile-strained GaAsP single
QW, which was sandwiched between the GaInP waveguide
layers. The chip dimensions were 130 m (total thickness)

1 mm (cavity length) 1 cm (total lateral width). The bar
contained 49 emitters with a width of 100 m separated by
100- m-wide optical and electrical isolation regions. It was
mounted p-side down on a Cu heat sink with indium solder.
Soldering was completed by Diomount MKIII system for the
mounting of high-performance diode laser bars. The position
of the bar picked up by a very precise and flat vacuum tool was
controlled by multiaxis alignment stages and an optical control
with adapted image-processing software. After the position was
adjusted, the bar was brought to the integrated reflow oven, the
bar and heat sink were soldered together using shielding gas.

The highest power of 60 W could be achieved at 72 A under
CW operation at 300 K. The threshold current was 13.4 A, and
the slope efficiency was 1.03 A/W. In order to avoid thermal and
carrier redistribution effects, the device was operated at 4.2 A,
which was about 30% of the threshold current. The power sig-
nals were measured by a Spectra-Physics 404 power meter. The
device, fixed on an adjustable temperature stabilized heat sink
( K), was moved along the aperture of the power meter.
A 200- m-wide slit was situated in front of the bar. The step
length was 200 m. A polarization beam splitter was allowed for
separating TM and TE polarizations. The accurate alignment of
the test device was done using a HeNe laser light beam which
got reflected from the front facet of the device. The degree of
polarization could be measured reproducibility in 0.0005.

III. RESULTS

Fig. 1 shows powers of TE and TM modes below laser
threshold, (full line) and (dotted line) versus the
local position for GaAsP laser bar. In Fig. 2, the degree of

Fig. 2. Degree of polarization ��� versus local position. The result presented
in this figure is determined from the data shown in Fig. 1.

Fig. 3. Spatial variation (open circles) of the strain ��� versus local position.
These data are in good agreement with calculated strain profile.

polarization, calculated according to (1), is given. Referring to
(1), (6)–(9), and the data shown in Fig. 2, taking no account
of nonuniform current distributions along the laser bar, we can
obtain the data about the strain (circles) shown in Fig. 3. For
naked GaAs P bar, the original strain ppm [13],
obviously the strain differences between the experimental data
and the original strain, are caused by the packaging process.
After soldering, the laser bar and Cu heat sink cool down from
the soldering temperature to ambient temperature synchro-
nously. Due to the different thermal expansion coefficients
of laser bar and Cu heat sink, the laser bar is compressed by
heat sink; the packaging-induced strain is induced to the active
region and compensates the original strain. About 800-ppm
packaging-induced strain is transmitted to the active region at
the center of laser bar, but the packaging-induced strain is nearly
zero at mm, which shows a complete strain relaxation
towards the device edges. The increased packaging-induced
strain at the center of laser bar arouses the decreased split
between heavy-hole and light-hole-valence-band in the QW of
the laser structure. This leads to an increased hole population
of states in the heavy-hole band consequently increases TE
emission, so the degree of polarization decreases towards the
center of the bar. Thus, the measurement of the degree of
polarization can be used as a convenient method for strain in
QW devices.

The experimental data are compared to the results of a model
calculation (line) in Fig. 3 by ANSYS software that holds out a
two-dimensional solid element model (PLANE 82) for the laser
bar with a width of 1 cm and a cavity length of merely 1 mm,
which can apply in not only elastically strained systems but
also a very thin (10 m) viscoelastic solder layer substantially.
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TABLE I
PARAMETERS OF LASER DIODE

Fig. 4. SEM micrograph of the edge of laser bar.

In order to calculate the strain of the semiconductor crystal
along the lateral direction of the laser bar , isotropy
in the epitaxial layer plane is assumed and the shearing strain

can be ignored; the predominant biaxial strain
in the plane can be described by a strain with the tensor
components . Such an assumption should be
considered in the experimental data, too. In model calculation
procedure, we choose the structure analysis. After creating
the laser model and defining parameters of each layer, we
mesh different elements freely with different smart sizes in the
model. We assume no strain in 156 C; the model calculation is
simulated when the solder temperature of 156 C is loaded on
the laser bar while the room temperature of 25 C is loaded on
the heat sink as boundary conditions without the consideration
of strain/temperature dependency. Fig. 3 gives a comparison
between data of theoretical analysis and an experiment which
shows basic agreement. Table I lists the parameters of each
layer of the diode laser.

The strain values of the right emitters show more variation
apparently. It is possibly because the defects, such as voids or
cracks, are created in the solder layer. In order to confirm this
hypothesis, we performed scanning electron microscope (SEM)
measurements of indium solder layers of a mass of other diode
lasers, which were manufactured in the same packaging condi-
tions. The defects are certain to exist at the edge of laser bars.
Fig. 4 is one of the micrographs. In Fig. 3, about 1/7 of the emit-
ters of the laser bar, namely 14.3% of defect density, are affected

by these defects. A maximum of 1800-ppm strain is transmitted
to the active region at the right edge of laser bar.

IV. CONCLUSION

For high-power diode lasers, chip soldering is a central issue
lastingly due to packaging-induced strain and defects which af-
fect the laser parameters as well as lifetime and reliability of
the device. So the measurements of both defect and strain are
necessary. We have demonstrated the measurement of the de-
gree of polarization could be used as a convenient method for
strain and defects in QW devices, the results basically agreed
with the model calculation. The packaging-induced strain was
transmitted towards the active region through solder layer due
to the different thermal expansion coefficients of laser bar and
heat sink. A maximum of 1800-ppm packaging-induced strain
was transmitted to the active region at the right edge of laser bar.
It was also found that the defect density of 14.3% was induced
synchronously.
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