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ABSTRACT: 
 Due to there high efficiency, compact size, excellent reliability and the capability of mass pro-
duction high power diode lasers are key elements for modern laser technology. In this paper tech-
nological achievements concerning vertical epitaxial layer and lateral structures, facet treatment 
and mounting will be described. Reliable output powers of about 10W from 100µm stripe width, 
wall plug efficiencies of 70% at 940nm and narrow vertical divergence below 20° FWHM are 
latest results and steps to new applications in material processing, telecommunication, medicine 
and display technology. Improving the lateral brightness is now one of the most important re-
search tasks. Results of monolithic approaches will be given.  
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1.- Introduction 
 Due to there high efficiency, compact size, 
excellent reliability and the capability of mass pro-
duction high power diode lasers are key elements for 
modern laser technology. There are large improve-
ments in the last years due to new structural designs, 
and optimization in epitaxy and facet technology [1]. 
These improvements result today in reliable devices 
with mean optical power levels exceeding the record 
values possible several years ago. Furthermore they 
raised significantly cost benefits in W/€.  
 The use as pump sources for solid state lasers 
is one of the main applications of high power de-
vices. Such laser systems are fabricated for material 
processing or for analytic purposes like LIDAR or as 
fs pulse sources. A second large field of application 
concerns pump sources for fiber amplifiers in tele-
communications. Both applications need typically a 
very high reliability due the huge impact of possible 
failures on the systems. 
 For medical applications e.g. photodynamic 
therapy (PDT) wavelengths between 600 nm and 
800 nm and at output powers up to 5 W are needed.  
 The main challenge for display systems is the 
efficient generation of blue and green light sources 
without going a long way round via pumping solid 
state lasers. This application requires efficient high 
brightness diode lasers with a small linewidth to 
achieve phase matching in a nonlinear crystal. 
 Having this in mind, the paper is organized as 
follows. Firstly an overview of design and modern 
technology of high power diode lasers will be given.   
Some representative results concerning efficiency 
and brightness of high power diode lasers are shown 
in the following chapter. A summary and outlook 
will complete this paper. 

 
2.- Design and technology of high power 
diode lasers 
2.a.- Key aspects of layer design and epitaxy 
 Up to now nearly all high power diode lasers 
are based on GaAs substrates using waveguide and 
cladding layers which consist of  lattice matched III-
V alloys. The active region is built by strained quan-
tum wells (QW), with a lattice mismatch of 0.5% up 
to 3%. Devices for 630 - 700 nm are made with 
GaInP QWs. In the wavelength range between 730 - 
830 nm there is a choice between tensile strained 
GaAsP QWs [3] and compressively strained InAl-
GaAs QWs. At longer wavelength towards 1150 nm 
InGaAs QW are typically used [4]. The use of quan-
tum dots or quantum wires as active regions delivers 
until now no contribution to higher output power on 
the other hand these more sophisticated structures 
can extend the wavelength range beyond 1.2 µm and 
may deliver some improvements concerning bright-
ness. 
 The waveguide structure has to meet several 
partly opposed demands. On the one hand the size of 
the optical wave in vertical direction should be as 
large as possible, to give a low divergence, a small 
optical power density at facet and a low impact of 
carrier concentration in the QW on waveguiding 
properties. On the other hand a large mode size leads 
to a small value for the confinement factor of the 
active region and to relatively thick waveguide lay-
ers. This small value of the confinement factor re-
duces the modal gain. The thick waveguide, with its 
essentially low doping level, may substantially 
contribute to the overall series resistance of the 
device, limiting the conversion efficiency at high 
levels of injection current. Hence in state of the art 
layer structures a compromise must be found, which 
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structures a compromise must be found, which is 
determined  by the level of brightness needed for a 
specified application.  
 One compromise is a so called broadened 
waveguide structure, meaning a core thickness much 
larger than wavelength, as it is shown in Fig. 1.  
 
 
 

. 
 
 
 
 
 
 
 
 
 
 
Fig.1.- Typical waveguide structure for high power diode 
lasers at 808 nm wavelength 
 
 The waveguide core consists of an at least 1µm 
thick AlGaAs layer with a lower content of AlAs in 
comparison to the cladding layers. The active region, 
the QW, is embedded in this core layer.  The AlAs 
content of the core layer should be as high as neces-
sary to ensure a good carrier confinement. Due to 
the fact that the series resistance increases with 
higher AlAs content, on the other hand it should be 
kept as low as possible. In the  example shown in 
Fig. 1 the structure is designed for lasers emitting at 
810 nm [2]. The AlAs content is 45%, which is 
sufficient for carrier confinement and low enough 
for a small series resistance. The composition of the 
cladding layer is chosen to 70% AlAs. Due to the 
high difference in refractive index the amount of the 
optical energy transported in the highly doped clad-
ding region is low, which ensures a low absorption 
loss. Furthermore an advantage of the broadened 
waveguide structure is, that the thickness of these 
cladding layers can be reduced below 1µm, which is 
favorable for low series and thermal resistances. In 
fig. 2 the near field vertical spot size versus thick-
ness of the waveguide core is shown for our exam-
ple. The increase of waveguide thickness from 0.5 
µm to 2 µm reduces the facet load by a factor of 
two. In addition the divergence is substantially re-
duced t low value of 15° FWHM. The output beam 
is nearly a Gaussian one.  
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Fig.2.- Spot size versus core thickness at 800nm for vari-
ous AlAs contents of the core layer, the cladding layer has 
an AlAs content of 70%  
 
 According to the target wavelength, similar 
structures can be used with variations of the compo-
sition of the waveguide between 65% AlAs for 
730 nm devices to pure GaAs for 1100 nm devices 
[3], [4]. 
 The total thickness of these advanced layer 
structures for high power diode lasers is typical 
about 5µm. For the growth process metal organic 
vapor phase epitaxy (MOVPE) and molecular beam 
epitaxy MBE are applied. Due to a simpler inclusion 
of phosphorous containing alloys the MOVPE is 
more often used. On the other hand it is a only ques-
tion of economy and experience of the crystal 
grower which kind of technology is used. The 
growth process has to fulfill the following demands: 
- High degree of homogeneity of QW growth over 

the whole 2” or 3” wafer  (∆λ⁄λ≤0.2%) 
- nearly 100% efficiency of radiative recombination 
- lowest series resistance at given doping level  
- low density of point defects, to ensure long term 

stability. 
 The improvement in quality of crystal growth 
was one of the key issues to allow new designs for 
efficient high power devices, based on low loss 
waveguide structures and the nearly complete ab-
sence of nonradiative recombination.  
 The layer structure performance is usually 
assessed by length dependence of threshold current 
and slope efficiency of broad area devices. In fig. 3 
such dependence is shown for a 1120 nm laser struc-
ture of low divergence. A low transparency current 
density of about 100A/cm2 and negligible low inter-
nal losses < 0.5cm-1 are achieved. Therefore the low 
modal gain coefficient can be compensated with 
long lasers. A high external slope efficiency can be 
sustained with 4mm long lasers as shown in chapter 
3. Longer lasers are needed for these kind of de-
vices. So the low internal loss is mandatory to 
achieve a sufficient high external slope efficiency.  

Cladding 
AlxGa1-xAs  x = 0.7 

Cladding 
AlxGa1-xAs  x = 0.7 

Core layer    d >1µm 
 
AlxGa1-xAs x = 0.45 
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diode laser structure with low divergence 
 
 

2.b.- Chip technology 
In chip technology two tasks have to be performed: 
 Firstly the optical resonator must be fabricated 
with a lateral waveguide and/or windows for current 
injection and with resonator mirrors. 
 Secondly contacts for current injection and heat 
dissipation have to be realized. 
 Nowadays chip technology is based on stan-
dard III-V compound semiconductor technology. 
Typically the structure sizes are larger than 5µm, 
therefore no sophisticated processing steps are nec-
essary. All processes, that means about five to seven 
photolithographic exposures with following deposi-
tion, lifting or etching process steps are done on full 
wafer scale of 2” and 3” in size. In this way simulta-
neous processing of several hundreds of bars or 
several thousands of the smaller single emitters is 
possible. Economic demand and market size are now 
the drivers for technology; they will the step to 4” 
technology.  
 For high brightness devices single mode lateral 
waveguides have to be fabricated. Therefore proc-
essing is more sophisticated: 
 Firstly the accuracy of structural size is below 
1 µm. Secondly the etch depth for defining lateral 
waveguides, which is typically about 1.5 µm in total, 
must be controlled better than 0.1 µm. The etch 
depth determines the difference of the propagation 
index step between the lateral waveguide core and 
the lateral cladding. To achieve high brightness, the 
lateral mode wide should be as large as possible. 
This demand leads to a typical difference in propa-
gation index of around 5x10-3. In fig 4 a cross sec-
tion of a ridge waveguide structure (RW) is shown.  
 The mesa, which defines the waveguide core, 
has a width of about 3 µm. Such ridge waveguide 
(RW) can deliver an output power up to 1 W in 
fundamental mode [5]. 

 

 
Fig.4.- REM picture of the structure of RW-Laser. 

 
After processing on full wafer scale follows the 
preparation of resonator mirrors in four steps:  
- cleaving of laser bars  
- cleaning the facets in vacuum  
- passivation to stabilize the facet and to reduce 

nonradiative surface recombination  
- coating with dielectric layers to achieve the 

desired reflectivity.  
 The cleaving step is well established. Yield and 
cost effective remain crucial. Facet cleaning and 
passivation need more sophisticated technology, 
because they have to guarantee long term stability 
against a facet load as high as 10 MW/cm2. One well 
established technique is the so called E2 process 
used for pump lasers in telecommunication fiber 
amplifiers for many years [6]. A technology, where 
cleaving in vacuum is not necessary, is applied to 
diode lasers at 808nm also [7]. Today other tech-
nologies are available, too. The details are not pub-
lished, due to the economic importance. 
 Well established technologies like secondary 
ion beam sputtering or electron beam evaporation 
are used for  the final coating of the facets. To 
achieve a reflectivity between 1% and 10% at the 
output and about 95% at the rear facet, single and 
multi layers of Al2O3, Ti2O or/and Si are applied. 
 
2.c.- Mounting of high power diode lasers  
 The mounting process of high power diode 
lasers has three main challenges: (1) current injec-
tion, with minimal losses, (2) solder joint with low 
thermal resistance and (3) local position accuracy in 
relation to beam shaping micro optics. The assembly 
has to be stable for industrial applications; that 
means at least more than 10000 h life time and sta-
bility against mechanical shocks, temperature cy-
cling and on/off switching. 

 When pumping high power diode lasers a high 
current has to be injected into a small area. Today 
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laser bars have to handle more than 100 A and the 
smaller single emitter devices up to 25 A. The series 
resistance of the semiconductor chips in the range of 
a few mΩ should not be enlarged substantially by 
mounting. The p-side contact is realized by solder-
ing the chip on a metal or at least a thick metallic 
layer. The n-side contact is made by wire bonding, 
gluing or soldering a relatively thin and flexible 
metallic sheet. For currents of 150A and more, 
which will be used for advanced laser bars, reliable 
contacting still has to be developed. 
 The conversion efficiency of modern diode 
laser is quite high. Best values are above 70%, typi-
cally more than 50% are achieved. Nevertheless the 
thermal management of high power diode lasers 
remains a big challenge. The thermal footprint has to 
tolerate several kW/cm2 of waste heat. Additionally 
due to the large size of high power devices special 
care must be taken of the thermal expansion mis-
match between the semiconductor material and heat 
spreader also. An In solder joint to Cu heat sinks and 
micro channel coolers is used to circumvent this 
thermal expansion mismatch. The thermal resistance 
of such connections is below 0.5K/W when using 
actively water cooled micro channel heats sinks and 
it is slightly below 1K/W on conductively cooled 
heat sinks.  The long term reliability of this solder 
joint and especially its stability against thermal cy-
cling seems not sufficient for all industrial applica-
tions. 
 Therefore alternative soldering process uses 
AuSn as solder material. Due to the higher solder 
temperature and the hardness of the solder the heat 
spreader must have nearly the same thermal expan-
sion coefficient compared to GaAs. Typically a 
CuW composite material is used, which is expansion 
matched to GaAs and has a quite high thermal con-
ductivity  of about 200W/mK. This value is half 
times the value of pure copper only. To minimize 
the impact on thermal resistance the semiconductor 
chip is soldered on a thin piece of CuW. In a second 
step this subassembly is mounted on copper heat 
sinks by a soft solder to take the thermal expansion 
mismatch into account. This mounting scheme with 
more expensive fabrication results in a slightly 
higher thermal resistance, but ensures a inherently 
good reliability [8]. Therefore it can satisfy the de-
mands on the soldering process coming from the 
growing chip size in future.  

 

3. Results 

3.a.- Broad area devices  
 Currently the application which needs the larg-
est number of processed wafers, beside CD and 
DVD lasers, is pumping of solid state lasers. In 

many industrial factories powerful lasers are used as 
tools for welding, cutting, and other material proc-
essing steps. Due the development of disc and fiber 
lasers using Yb doped crystals and glasses as active 
material the main development of high efficient, 
reliable diode lasers was focused on 915 nm, 940 nm 
and 980 nm wavelengths, respectively. 

 We realized 940 nm diode laser bars using a 
thick Al0.35Ga0.65As waveguide core and thin 
Al0.70Ga0.30As cladding layers. The active region 
consists of an InGaAs QW. The vertical divergence 
of the structure is 27° FWHM and 47° including 
95% of optical power respectively. This divergence 
is lower than that of the most commercially avail-
able bars. It allows easy and efficient beam colli-
mation. A bar consists of an array of 19 emitters 
with 150 µm stripe width. The resonator length is 
1.5 mm. The bar is mounted on CuW by AuSn sol-
der. The subassembly is mounted on a copper con-
ductively cooled package CCP (Fig. 5). 
 

 
 

Fig.5.- Laser bar mounted on passively, conductively 
cooled package CCP 

 
 In Fig. 6 the power current and voltage current 
characteristics of a 940 nm - laser bar is shown. At a 
power level of 60 W…70 W the conversion effi-
ciency is more than 70%. This value could be 
achieved as a result of the optimization of epitaxy 
and the careful design and control of the doping 
levels within the whole structure.  

 This high conversion efficiency corresponds to 
the highest values ever reported for passively 
mounted high power diode lasers. The reliability of 
such laser structure was demonstrated by lifetime 
tests at 75 W CW and under 1.7 Hz pulsed operation 
with 1:1 duty cycle [9]. This kind of operation with 
long pulses and repetition rates of about 1 Hz is 
most important for industrial applications. 
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Fig.6.- CW characteristics of a 940nm laser bar mounted 
on CCP. 

 
 To increase the power output per stripe width 
we investigated laser structures with an enlarged 
vertical near field width. We increased the thickness 
of the core layer by a factor of 1.5 in comparison to 
high effective structure to a value of 3.5 µm. To 
compensate the lower optical gain we realized lasers 
with 4mm long resonators. Because several higher 
modes are possible in such waveguide structure the 
cladding thickness must be carefully designed to 
suppress higher order modes by radiation leakage to 
the substrate. On the other hand the loss of the fun-
damental mode should be as small as possible. The 
waveguide structure with 3.5 µm core has a vertical 
divergence of 18° FWHM and 35° including 95% of 
power. The lasers are mounted on a similar heat sink 
like bars, where at CCP was adapted for single stripe 
emitters with long resonator length. With this ap-
proach 200 µm stripe lasers were realized with about 
20 W output power. First tests of 200 µm stripe 
lasers at 15 W and of 100 µm stripe width lasers at 
10 W let expect a good reliability at these power 
levels, too [10].  

 These 940nm devices show a conversion effi-
ciency of 45% only. This relatively low value is a 
result of the low conductivity of the thick core layers 
mainly. Improvements can be expected when using 
GaAs as core material. GaAs has much higher elec-
trical and thermal conductivity in comparison to 
AlGaAs alloys. Due to the smaller band gap of 
GaAs in comparison to AlGaAs alloys the barriers 
for carrier caption in the QW are sufficiently high 
only at laser wavelength above 1060 nm. Using 
thick GaAs waveguides we realized a laser structure 
emitting at 1150 nm with a comparable low diver-
gence of 20° FWHM [11]. In Fig. 7 the power cur-
rent characteristics of a 200 µm stripe lasers with 4 
mm resonator length are shown. 
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Fig.7.- CW characteristics of 1150 nm broad area laser 

stripe width 200 µm, resonator length 4 mm. 
 
 The maximum output power is more than 15 
W. The power current characteristics is nearly linear 
and no thermal impact is seen up to 22 A operating 
current. Due to the low operating voltage the con-
version efficiency is as high as 50% at 15 W. 
 
3.b- High brightness devices 
The beam quality of broad area devices is quite low, 
because a lot of modes is propagating in stripe width 
of typically 60 µm…200 µm. An improved bright-
ness can be achieved with single mode devices. 
Ridge waveguide lasers with carefully designed 
waveguide dimensions offer today an output power 
of about 1W in fundamental mode operation [12]. 
Due the most common application, pumping of Er-
doped fiber amplifiers in telecommunications, the 
main development of such devices is done at 
980 nm. Another important application is the gen-
eration of visible laser light, by second harmonic 
generation. To achieve the necessary small linewidth 
an external or internal Bragg reflector must be used 
for wavelength selection. We fabricated lasers with 
internal Bragg reflectors, DFB lasers. This fabrica-
tion process needs an additional holographic expo-
sure and a second epitaxy step to set a grating within 
the structure.  

 In fig. 8 the power current characteristics and 
spectrum of DFB RW laser developed at FBH are 
shown. About 500mW single mode power are meas-
ured [13]. Using such diode lasers in combination 
with periodically poled nonlinear crystals it is rela-
tively easy to fabricate visible laser sources with 
about 20mW output power.  
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Fig.8.- Power/current characteristics of a 976nm DFB 
laser. The spectral characteristics is shown as insert. 

 
Ridge waveguide lasers have a small output area of 
about 3 µm2, which results in a facet load of more 
than 100MW/cm2 at power levels of 1 W. This value 
seems really at the limit of reliability. Higher optical 
output power emitting in the fundamental mode is 
possible from more sophisticated resonator struc-
tures. The most important one is the tapered laser 
shown in Fig. 9.  

IRW

Itaper

 
 

Fig.9.- Scheme of tapered laser with separated contacts  
 
 There the resonator consists of a RW part 
which supports only the fundamental mode and 
serves as mode filter. The RW part is followed by a 
tapered contact stripe, which allows amplification 
and free propagation of the light. This configuration 
corresponds to an unstable resonator. Only a small 
part of energy from output mirror on the side of the 
tapered section is coupled back in the resonator. 
High power fundamental mode operation is achieved 
for a reflectivity of the output mirror below 1%. Due 
to lower resonator quality the threshold current den-
sity is typically much higher as for broad area de-
vices. Using separate contacts for RW and tapered 
sections can help in reducing the overall threshold 
current and in improving beam quality. In Fig. 10 
power current characteristics and the beam waist of 
a tapered laser with separate contacts at 980 nm 
wavelength are shown [14]. 

 At output powers of about 5 W diffraction 
limited beam quality could be demonstrated. Reli-
ability tests at power level of 2W show promising 
results. 
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Fig.10.- Power /current characteristics of a tapered laser. 

The beam waist is shown as insert. 
 
4. Summary and outlook 
 There are strong improvements in high power 
diode laser technology since 1998 when for the first 
time more than 8W from 100µm aperture have been 
demonstrated [15]. Crucial for progress Have been 
structures with low internal losses, which allow long 
and efficient resonators for diode lasers. Resonator 
length of 2 - 4mm, which are nevertheless compara-
ble small to solid state lasers, allows high current 
levels for injection of energy and low thermal resis-
tance to dissipate waste heat. 

 Reliable 150W output power in CW from 1 cm 
bars will be available in very near future, using a 
resonator length between 2 – 4 mm and filling fac-
tors of 50%. There is evidence that we will see a 
similar power from bars of only 0.5cm width or with 
lower filling factor. Both will result in improved 
brightness, necessary for more efficient pumping of 
disc or fiber lasers. These developments will allow 
very efficient, powerful, reliable and cheap laser 
sources via fiber or disc solid state lasers. They will 
done by companies mainly, because they are very 
close to market. 

 High brightness devices at power levels of 1W 
are available today. They can be used in 
telecommunication and for the generation of 
compact visible light sources. Such compact visible 
light sources at power levels of 50 mW are 
interesting in analytics and laser displays. 

 To compete with advanced high power solid 
state lasers strong improvements of the brightness of 
diode lasers are mandatory. The achieved output 
power of 5W from tapered lasers opens a lot of ap-
plications but this power will not be sufficient at all. 
Increasing the resonator length of such devices fur-
ther may result in higher output power.  

 The development of high brightness devices is 
carried out mainly by research institutions. Beside 
the optimization of monolithic structures like ta-



ÓPTICA PURA Y APLICADA – Vol. 38, núm 3 – 2005. 4ª Reunión Española de Optoelectrónica, OPTOEL’05  

Opt. Pur. y Apl. 38 (3), 2005 - 58 - G. Erbert 

pered lasers, hybrid integrated devices with external 
mirrors are another approach. Due to new laser 
structures with low vertical divergence these con-
cepts looks very comprising, too. 
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