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High Power Diode Lasers: Commercially Important

Worldwide commercial

laser revenues 7.40 4 Totals ($B)
2004 to 2008 6.89

~ $3B Market

< Nondiode | 70% Materials processing

538 5.46 5.99

L4 Diode e.g. DVD-Lasers

2004 2005 2006 2007 2008

K. Kincade and S. G. Anderson, “Laser Marketplace 2008: Innovation
opens the door for next wave of success”, Laser Focus World, Jan, 2008.
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High Power Diode Lasers: Commercially Important

Worldwide nondiode-laser sales by type

Sales ($ millions)
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K. Kincade and S. G. Anderson, “Laser Marketplace 2008: Innovation
opens the door for next wave of success”, Laser Focus World, Jan, 2008.
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Power Conversion Efficiency = Useful power out  _, power supplied
High efficiency means:

L ess heat left in semiconductor

Cooling systems are cheaper
Diodes last longer

More enerqy out

More economic: useful energy ,on target” higher




Ferdinand-Braun-Institut

fur Hochstfrequenztechnik

voltage /V

18r 80 108
1.7+ 470 10.7

5 Fl
16} "LEDE {08
5| leo 8 Jos €
15E g ‘sug %
14t 1938 (o4 E

; S| 3
13} ~30%-ﬂ.3__§' "
2t JZUE':U.Z = |'ds

| JDSU

11p o5 {10 {01 nl—ig_ht

: 27°FWHM Far field Alfalight
O o e 00 Spectraphysics...

current /A

1.5-mm Resonator, 19x150-um wide emitters. (30% fill factor)
A. Knigge et al.Electronics Letters, Vol 41, pp.250- 251, 2005.
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808-nm Is Pump Wavelength for Nd:YAG Crystals

In: 808-nm Out: 1060-nm

Maik Frede ,Effective Pumping Scheme for Nd:YAG Lasers" http://www.ligo.caltech.edu/docs/G/G010360-00.pdf




808nm Emission on GaAs Possible using Al-In-Ga-In-P

‘\ﬁ 808-nm

GaAs
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InGaAsP has two ,ground-states*

(Light holes, heavy holes)




Holes

Strain up _>
|
Threshold down

Material strain separates ground states

Fewer carriers needed to reach threshold current




Arsenic

INAS

compression

1.0

tension

0.5
Gallium

1.0
GaP



Experimental Example Showing Impact of Strain

Tensile Compressive

G. Zhang, |IEEE J. Sel Topics Quant. Electron, Vol. 1 No 2 p.183, 1995.
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Optimization Process (1) Select Best Material

-0.57% Strain

|

G. Zhang, IEEE J. Sel Topics Quant. Electron, Vol. 1 No 2 p.183, 1995.




To reach threshold:

Gain set by material and optical profile:

Tune refractive index profile,
Concentrate more light in quantum well

~ 2X more gain, but far field wider

Gain = Loss

Gain = &g,

808-nm: G~ 2,5%

940-nm: G~ 1%

808-nm: 36°FWHM

940-nm: 27°FWHM



Optimization Process (3) Reflectivity
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Parameter TE 980[1] | TM 808
Jn (Alcm’) 160 230
External quantum efficiency 90% 86%
Power conversion efficiency 73% 70%
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Perfect 808-nm Laser

1) Threshold current =0

2) Every electron injected gives
one useful photon

Slope = hc/ell = 1.535 W/A

3) Turn-on voltage for diode is
equal to lasing wavelength in eV

Operation voltage = 1.535 V

Efficiency =S (1 -1 )/ (IV) = 100%
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1. High Power Diode Lasers underlie a market of > $70 OM

2. High Efficiency Lasers are cheaper to use and liv e longer

3. TM polarized 808-nm sources are needed for Nd:YAG sy stems

4. TM polarized 808-nm performance is limited by mate  rial properties

5. Careful design optimization brings results close t 0 940-nm

e At penalty of broadened far field
6. Efficiency > 70% achieved at 70-W output power

7. Peak Power Testing shows 55-W per 100-um stripe i s achievable



