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Motivation

High power diode laser bars, laser stacks

��� � industry, medicine, research, space applications

Continuous wave operation (CW) ��� � micro channel cooler

Quasi continuous wave operation (QCW) ��� � conductive cooling

Thermal conductivity ÛÛÛÛ thermal expansion mismatch

“Hard” solder ÛÛÛÛ “soft” solder



Aims of the work

QCW – light source 1 kW,  1 ms,  10% dc,  935 nm (Yb :YAG )
maxi-chip, aperture (1...2) mm,
Stack, conductively cooled
fibre about 1mm core diameter,

QCW operation

Typical this work

typical new
laser bar maxi-chip

sophisticated new stack design
beam shaping
for fibre coupling cost saving

fibre coupling



Chip design

Super large optical cavity (SLOC) ��� � low vertical beam divergence
��� � low facet load

High filling factor: 62% ��� � low lateral aperture

� Active region width: 80 µm

� Pitch: 130 µm

� Emitters per chip: 13

� Lateral aperture: 1.64 mm

Large cavity length: ��� � sufficient heat dissipation

� Cavity length: 4000 µm



Chip data 
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Stack design, equilibrium temperature distribution

• Expansion - matched materials
• All solder joints AuSn
• Heat flux from both chip sides

X
Y

Z

3.243+023.000+02

3.243+02

3.227+02

3.210+02

3.194+02

3.178+02

3.162+02

3.146+02

3.130+02

3.113+02

3.097+02

3.081+02

3.065+02

3.049+02

3.032+02

3.016+02

3.000+02
  default_Fringe :
Max 3.243+02 @Nd 57103
Min 3.000+02 @Nd 51750

MSC.Patran 2005 r2 03-Mar-06 08:49:05
Fringe: Default, A1:Non-linear: 100. % of Load, Temperatures, , , (NON-LAYERED) 

X
Y

Z

With low thermal resistance

Rth »»»» 1.6 K/W

suitable for high duty cycle

CuW (aaaa=6.6 ppm)

Al2O3 (aaaa=6.7 ppm)

GaAs (aaaa=6.5 ppm)



1 kW out of fibre, 1 ms
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Chip on carrier:
Power characteristic
and spectrum
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DlDlDlDl is consistent with simulation results.



Stack assembly

12 Stack levels

water coolers at both sides

FAC monted with bottom tabs

38 mm



Fibre coupling

1.2 mm fibre:

M² = 260
Cylindrical lenses, 
uncorrected

Stack:
1.6 mm

33 mm

M² »»»» 110

M² »»»» 165

Simulation program ZEMAX
vert. M²=180

lat.   M²=215

An optical coupling loss < 2 % is expected



Coupling efficiency

Fibre 1.2 mm core diameter, no antireflection coati ng

The expected low coupling loss is verified.
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Pumping module



Out of fibre: Power characteristic and spectrum

The target 1 kW out of fibre, 10% dc is verified.
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Thermal cycling
100 Cycles, –40°C ... 85°C, nitrogen ambient

Divergence before cycling: 5.2 mrad
after cycling: 5.0 mrad

��� � Test passed
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Life test

8 stack subassemblies
constant current, pulsed
110 A, 1 ms, 2% dc, 22°C
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Summary

Maxi-Chip: 200 W QCW from 1.6 mm

VFF: 24°(95%)

Stack: reliable mounting with only expansion matched  
materials

Fibre: simple coupling scheme

Thermal cycling: -40°C – 85°C, 100 cycles passed

Life test: 2000 h (144 Mio shot) passed

Flexible – cost saving – reliable

��� � low-cost lenses,
��� � coupling efficiency »»»» 90%
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Fibre coupling 2

Multimode fibre: core diameter 1.2 mm,
num. aperture 0.22

For Gaussian distributions:        coupling losses < 2%, if
beam diameter (1/e²) out of fibre <0.92 mm
divergence (full angle, 1/e²) <340 mrad

target: ��� � M² < 260

Beam quality of the Stack:
lateral: aperture 1.64 mm, divergence »»»» 130 mrad

��� � M² »»»» 165

vertical: aperture 33.0 mm, divergence »»»» 4 mrad
��� � M² »»»» 110



Chip data 2

latera far field angle: 9,4°(95%)
��� � 67 mm××××mrad
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Pixel auf Kamera

95 % Breite = 556 px
= 9,4 ° (164 mrad)
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Adjustment of the lasing wavelength

Module completed with fibre

Wavelength

versus constant bias current versus coolant temperature 
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