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Abstract.  Comparative results are presented of 3D-calculation 
for thermoelastic stress (TES) profiles in diode laser arrays 
(LDAs) assembled on CuW and AlN submounts (temperature 
compensators) and operating at a continuous-wave (CW) thermal 
power load of up to 220  W. For the first time, the simulation has 
revealed substantial differences in the maximal TES values for 
the arrays assembled on CuW and AlN submounts, as well as pro-
nounced features of TES distribution in LDA assemblies, in par-
ticular, near the rear (highly reflecting) mirror of the laser diode 
cavity in similar geometries of temperature compensators. Results 
of the numerical simulation qualitatively agree with thorough 
measurements of spectral distributions over the LDA emitting 
aperture. The obtained results are interesting for mastering the 
production technologies of high-power devices aimed at improving 
their output parameters and service life.

Keywords: diode laser array, temperature compensator, thermo-
elastic stresses.

1. Introduction

High power diode laser arrays (LDAs) and laser diode matri-
ces (LDMs) possessing high efficiency, reliability, and ease of 
employment are widely used to pump solid-state lasers and 
metal vapour lasers, as well as in material treatment, naviga-
tion, physical researches, etc. A striking example of such an 
employment is direct laser treatment of materials: welding, 
cutting, hardening, surface cleaning, etc. However, in the 
radiation brightness, LDAs and LDMs rank noticeably below 
diode-pumped lasers. Nevertheless, with modern methods for 
summing radiation from LDAs and LDMs, the brightness of 
such a synthesised beam may be comparable with that of 
solid-state lasers. The systems utilising the summed radiation 
from highly efficient and compact LDAs and LDMs [1 – 3] 
have attractive characteristics and compete with solid-state 
lasers in certain applications. For example, the use of LDAs 
in schemes with spectral summation [4] made it possible to 
reach a record power of above 4.6 kW. Obtaining high output 
characteristics of laser systems based on LDAs and LDMs 
directly depends on the output characteristics of each laser 
unit.

Substantial obstacles in reaching a record-high output 
power and radiation brightness with provided prescribed 
homogeneity of spectral parameters, polarisation, reliability, 
and service life of all system elements are nonuniform thermal 
fields of an LDA laser crystal as well as fields of thermoelastic 
stresses (TES’s). In our opinion, the latter have not been stud-
ied sufficiently.

Submounts (intermediate heat-conducting elements bet
ween a laser crystal and the main heatsink) made of CuW and 
AlN are most widely used in high-power single laser diodes 
(LDs) and monolithic LDAs. In the literature, for such sub-
mounts, there is no exact and detailed description of the pro-
cesses leading to inhomogeneous thermal fields, radiation 
spectra, and polarisation, which is explained by hard efforts 
needed for developing the required 3D models and perform-
ing a complicated analysis of the obtained results. These 
materials have a substantially lower heat conductivity as 
compared to copper, and there are no comparative data on 
absolute values and distribution character of TES’s in LD 
and LDA chips. Consequently, the influence of TES’ on the 
reliability and service life of such devices cannot be estimated, 
and it is impossible to determine optimal parameters of a laser 
assembly and guaranteed ‘endurance’ range of heat loads, 
which is actual for correct prediction of a service life of emit-
ters in the CW regime.

TES’s arising in high-power LDs and LDAs, as in any 
high-power hybrid device, are due to differences as in the elas-
tic constants of employed heterostructure materials, sub-
mounts, solders, and heatsink elements, and so in their tem-
perature dependences, which results in inhomogeneous hea
ting of the device in the operation regime. The main 
mechanisms of TES manifestation can be classified as fol-
lows: ‘embedded’ stresses in heterostructures, related to mis-
matched crystal lattice parameters of semiconductor layers 
with various compositions and to different coefficients of 
thermal expansion (CTEs) and different CTE dependences; 
stresses arising during chip packaging, especially actual in 
technologies with the employment of so-called solid and high-
temperature AuSn solder; stresses of the ‘operation regime’, 
which arise due to inhomogeneous heating of the laser crystal.

Papers [5 – 8] describe LDAs operating in a CW and 
quasi-cw (QCW) regimes and partially investigate the fea-
tures of output radiation in these regimes, which are pre-
sumably related to TES’s. Simulation results confirmed 
inhomogeneities in temperature distribution profiles and 
TES’s in the active medium. In addition, the influence of the 
chip material, heatsink, and solder has been revealed at var-
ious powers of thermal load on a laser crystal. In some 
works [9 – 13], the influence of TES’s on the polarisation of 
output radiation and inhomogeneity of its distribution over 
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the aperture was established. It was shown [10, 14] that a 
high TES level may result in voids inside solder, which, in 
turn, may be the reason for inhomogeneous heat removal 
from an LDA chip. ‘Hot’ points are produced, which lead to 
inhomogeneous distribution of the power and spectrum 
over the width of the emitting aperture and, thus, reduce the 
emitter reliability.

As known, tension or compression TES’s in heterostruc-
tures change relative positions of sub-band energy levels of 
light and heavy holes and, thus, affect the output radiation 
polarisation [14]. Negative effects due to inhomogeneous heat 
removal and TES-related factors are reduced by using the 
chip-on-substrate (COS) technologies in the process of assem-
bling laser chips. In these technologies, a submount is fabri-
cated from a material that is CTE-matched with the laser 
crystal.

In this work, we present the most interesting results on 
numerical 3D simulation of CW LDAs arranged on CuW and 
AlN submounts, which are, in turn, placed on standard cop-
per heatsink elements of CS-mount type. In this case, the 
LDA limiting thermal load power PTL equal to 220 W is 
determined as follows

PTL = PEL(1 – htot),	 (1)

where PEL is the electric power supplied into the LDA, and 
htot is the total efficiency of the array. In addition, for com-
parison, experimental data on a typical spectrum profile for 
LDA output radiation over the width of the output aperture 
are presented and analysed.

2. Simulation

The calculation 3D model considers a typical, COS-assembled, 
CW LDA crystal fabricated from a heterostructure on a 
GaAs substrate (l = 808 nm), with an aperture of 10 mm, a 
cavity length of 2 mm, and a thickness of 0.12 mm. It is com-
prised of 47 emitting clusters (emitters) with the filling factor 
FF = 50 %. The thickness of CuW or AlN submounts is 300 
mm. In the model, LDA chips are attached to submounts with 

an AuSn-solder, and the submounts with chips are placed on 
heatsink elements with a PbSn-solder. In the model, the thick-
ness of the AuSn-solder used for placing chips to submounts 
varies in the range from 2.5 to 5 mm, and the thickness of the 
PbSn-solder varies from in the range 5 to 10 mm. The power 
of the instantaneous thermal load varies from 20 to 220 W. 
The bottom face of the heatsink is kept at a constant tempera-
ture of 293 K. The CS-mount is screwed to a base thermo-
stabilised heatsink through regular holes in the casing. The 
simulation was performed with the help of COMSOL Mul
tiphysics software. Parameters of the materials used in the 
simulation are given in Table 1.

One can see from the Table that CTE of CuW is greater, 
and CTE of AlN is smaller than that of GaAs, the Young’s 
moduli of submount materials being substantially greater 
than those of GaAs. We will show below that differences in 
the elastic constants, especially in CTE, lead to various effects 
under thermal expansion and compression of crystal – sol-
der – submount sandwiches in the process of assembly ther-
mocycling with heating and cooling. This, correspondingly, 
results in a substantial difference in elastic stress images of 3D 
fields in cases of CuW or AlN submounts.

Several principally important cross sections of the 3D 
model have been chosen for presenting simulation results for 
thermoelastic stresses arising in laser chips assembled on 
CuW and AlN submounts and for revealing the general pic-
ture of TES distribution over the whole body of the laser 
assembly. These cross sections are: a plane in the active layer, 

Table  1.  Parameters of the used materials.

Material
Young modulus  

/GPa TEC/10–6 m K–1 Poisson ratio

GaAs 86 5.7 0.31

20Au  –  80 Sn 68 16 0.405

39Pb  –  61Sn 40 26 0.4

CuW 260 7 0.3

AlN 348 4.6 0.27

Cu 128 16.5 0.36
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Figure 1.  (Colour online) Profiles of mechanical stresses in an active layer of the laser crystal assembled on a ( a ) CuW and ( b ) AlN submounts at 
a thermal load power of 220 W.
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a layer between the crystal and submount, a plane inside sub-
mount, and a layer between the submount and heatsink.

Active layer. In the simulation model, the active layer is 
considered as a plane due to its small thickness as compared to 
that of the LDA crystal (a typical thickness of an active layer in 
modern quantum-well heterustructures is about 100 nm). In 
this model layer, where charge carriers recombine and heat is 
released, the emitting units (clusters) are presented by rectan-
gles. All the dissipated power PTL is released through the emit-
ter areas in equal parts for each of the 47 clusters.

The active layer is the most interesting for studying, 
because thermoelastic stresses revealed in it are the most 
indicative of the spectrum and polarisation variations in the 
output radiation. Figure 1 presents amplitude distributions of 
von Mises thermoelastic equivalent stresses sVM for CuW and 
AlN submounts in the plane cross section of a 3D image of 
the active layer, which are given by

sVM = [( ) ( ) ( ) ]
2
1 3h r h a a r

2 2 2 2s s s s s s t- + - + - + ,	 (2)

where sh, sr, sa, and t are the ring, radial, axial, and tangential 
stresses, respectively. From Fig. 1 one can see that the great-
est stress (~120 MPa) is attained at the rear cavity mirror of 
a CuW submount, whereas for an AlN submount this value is 
2.7 times less (~ 44 MPa). In this case, the average value of 
stresses in the considered plane is ~20 MPa, and the most 
intensive stresses are observed in a thin layer near the highly 
reflecting rear mirror.

Such noticeable differences in stress values for the materi-
als considered are explained by CTE ratios for submount 
materials and laser crystal, as well as by the geometry of an 
assembled sandwich. The high values of thermoelastic stresses 
at LDA edges can be explained by so-called edge effects, LDA 
and submount geometry, and differences in thermal and 
mechanical characteristics of materials involved. A substan-
tial asymmetry of the stress profile along the cavity is due to 
the fact that the LDA output mirror is arranged at a sub-
mount edge, whereas, for technical reasons, the rear mirror is 
at a certain distance from submount rear edge. Finally, a dis-
placement of the free front edge of the submount is greater 
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Figure 2.  (Colour online) Profiles of mechanical stresses in the solder layer between the laser crystal and ( a ) CuW and ( b ) AlN submounts at a 
thermal load power of 220 W.
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Figure 3.  (Colour online) Profiles of mechanical stresses in ( a ) CuW and ( b ) AlN submounts at a thermal load power of 220 W.
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and, respectively, the stress near the front edge is lower. At 
the crystal rear edge, the situation is different: a displacement 
of the submount material near the rear mirror is damped by 
the volume of ‘free’ material residing outside the crystal. 
Hence, stresses at the rear mirror are substantially higher.

Solder layer between crystal and submount. Figure 2 pres-
ents distributions of stress amplitudes sVM for CuW and AlN 
submounts in the solder layer between the crystal and sub-
mount. For clearness, a view from the rear mirror is presented 
to make the profile details visible.

One can see from Fig. 2 that the profiles obtained princi-
pally differ from those in Fig. 1. The greatest TES values are 
observed near the output mirror rather than near rear mirror, 
similarly to the case of the cross-section plane in the active 
layer. In this case, the strongest stresses (~180 MPa) are 
reached with the AlN submount in contrast to ~160 MPa in 
the case of the CuW submount. In addition, a sharp change in 
stresses is observed in the domain under the LDA crystal: 
~20 MPa for the CuW submount and ~10 MPa for AlN.

Submount. Figure 3 presents amplitude distributions for 
stresses sVM in a body of the submount. Typical TES pro-
files in both submounts are rather similar. One can see 
specific profile features at edges. They are related both to 
geometries of submounts and of the LDA crystal arranged 
on the latter and to the set of parameters presented in Table 
1. Note that the strongest stresses arise in the AlN sub-
mount, the stress distribution having the more pronounced 
maximum at the centre and less distinct spikes at LDA chip 
edges.

Solder layer between submount and heatsink. This layer is 
specific in that materials with mostly distinct CTEs are on 
both sides of it (see Table 1). Figure 4 shows amplitude distri-
butions of stresses sVM for CuW and AlN submounts in the 
solder layer between the submount and heasink. For ease of 
analysis, the distributions are shown from the side of the front 
mirror at a certain angle.

One can see that the strongest stresses in the solder layer 
are observed not far from the rear mirror. However, while 
approaching the mirror, the stresses decrease so that near the 
mirror the fall is approximately 30 and 50 MPa for CuW and 
AlN submounts, respectively. The maximal TES value for the 

AlN submount (~120 MPa) is twice that for the CuW sub-
mount (~ 60 MPa).

3. Analysis of the calculation results

Analysis of the results in Fig. 1 shows that there are substantial 
differences both in the absolute values and in the distribution 
character of TES’s arising in the process of LDA arrangement 
on AlN and CuW submounts. Nevertheless, the distribution 
profiles for average stresses over the clusters of half the emit-
ting aperture in the plane of the active layer (Fig. 5) are similar 
for both submount types: the strongest stresses are observed at 
the aperture centre and fall at aperture boundaries. Stress distri-
butions are symmetrical relative to the aperture centre and have 
the maximum at the centre and spikes at edges of the LDA chip. 
The stress at the distribution maximum for the CuW submount 
is substantially greater than for the AlN submount.
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Figure 4.  (Colour online) Profiles of mechanical stresses in the solder layer between the heatsink and (a) CuW ( a ) and ( b ) AlN submounts at a 
thermal load power of 220 W.
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Figure 5.  (Colour online) Profiles of mechanical stresses averaged over 
clusters in the plane of the active layer for CuW and AlN submounts at 
a thermal load power of 220 W. A half-aperture of the LDA is shown, 
because the distribution for 47 clusters is symmetrical relative to the 
central cluster.
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It worth noting that in other considered cross sections of 
the assembly the TES value with AlN was noticeably greater 
than that with CuW. This feature of the TES distribution in a 
complicated 5-layer construction comprising a COS placed 
on a copper CS mount presents a principal possibility to 
reduce effective averaged stresses in the active layer while 
employing the AlN submount, which is interesting for assem-
bling technologies. This is why this material is now frequently 
employed for assembling single LDs and LDAs, despite of its 
dielectric properties.

4. Experiment

A direct experimental measurement of thermoelastic 
stresses in LDAs is difficult. However, measurements of 
laser parameters implicitly dependent on a stress value are 
possible. One of such parameters is the radiation spectrum 
(in our case, measurement of the spectral distribution over 
the width of the LDA emitting aperture), because the radi-
ation wavelength depends on a width of the forbidden 
band, which, in turn, depends on a value of mechanical 
stresses. In view of the fact that the distribution profile of 
released heat in the LDA operation regime substantially 
affects the spectral distribution over aperture, such mea-
surements were taken in the QCW regime at a small cur-
rent excess over the generation threshold. Figure 6 presents 
the measured distribution of the wavelength of the LDA 
spectrum envelope maximum over the emitting aperture in 
the QCW regime at a comparatively low thermal load 
power. 

The general character of the spectral distribution in Fig. 6 
is such that the wavelength (except for the dips at LDA longi-
tudinal coordinates 1.9 and 8.8 mm) is greater as the emitting 
cluster becomes closer to the LDA edge, the central part of 
the distribution being actually a plateau. The latter fact can 
be related to a temperature distribution profile, which has a 
maximum at a centre of the emitting aperture that causes 
peripheral clusters to more intensively heat the central clus-

ters. This spectral distribution principally agrees with results 
of the simulation model for the TES distribution with max-
ima at LDA edges. This also qualitatively agrees with the cal-
culation data from Fig. 1 where dips in the TES distribution 
are observed at LDA edges.

5. Discussion of the obtained results  
and conclusions

TES 3D fields are obtained, which are presented in the form 
of various cross sections of the LDA design that employs 
two the most actual submount types based on CuW and 
AlN. The simulation results, implicitly confirmed in the 
experiment, along with the results from papers [7 – 10], show 
that effective TES distributions in investigated laser crystals 
emitting at a wavelength of 808 nm lead to a noticeable shift 
of the maximum of the spectrum envelope of separate clus-
ters and correspond to compression stresses in investigated 
LDA samples.

Absolute values of stresses arising due to various mecha-
nisms of TES origin, and the corresponding 3D distributions 
are calculated in a five-layer structure of an LDA assembly. It 
was confirmed that in the operation regime, the maximal val-
ues of thermoelastic stresses are substantially less than those 
arising in the process of laser chip assembling because the 
temperature variation observed over the emitting aperture is 
substantially less than thermocycling temperature drops in 
the course of assembling. Calculations show that in the active 
layer of the LDA, the effective averaged stress values in the 
devices with AlN submounts are substantially less than in 
devices with CuW submounts, which is an obvious advantage 
of AlN.

Nevertheless, CuW in contrast to AlN is a current-con-
ducting material, and this is an obvious advantage for its 
employment in an LDA design. In this case, it is easy to pro-
vide a low-resistance positive high-current contact, whereas 
in the case of AlN, a substantial thickness of the metallisa-
tion layer is needed for supplying the current to the p-type of 
a laser chip. The latter factor increases the thermal resis-
tance of the assembly and may cause problems with a long-
term stability of LDA operation due to the metallisation 
creep effect that is accelerated by a high-density pump cur-
rent.

The obtained results have revealed interesting features 
of TES distributions over the emitting aperture and LDB 
cavity length for two considered types of submounts, in 
particular, a high stress intensity near the highly reflecting 
rear mirror. This fact should be taken into account both in 
already used LDAs in the assembling and mirror deposition 
technologies and in the development of new LDA designs of 
enhanced power, reliability, and service life in CW and QCW 
regimes.

The calculation 3D model developed for the analysis 
of thermoelastic stresses in multilayer constructions of 
high-power LDs and LDAs for the first time suggests a 
principal possibility to shift the TES maximum from the 
active layer to passive layers, which seems rather attrac-
tive and requires further experimental tests. The calcula-
tion results have also shown that a further more detailed 
study of the LDA assembling process from the viewpoint 
of arising TES’s in high-power laser crystals is important 
for improving technologies of high-power LDB produc-
tion.
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Figure 6.  (Colour online) Typical spectral distribution of LDA emis-
sion over the longitudinal coordinate of the aperture at a moderate ther-
mal load power of 10 W.
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