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 We report a high-peak-power AlGaInAs 1.36-µm vertical-external-cavity surface-emitting laser (VECSEL) 

optically pumped by a diode-pumped actively Q-switched Nd:GdVO4 1.06-µm laser under room-temperature operation.  
The gain medium is an AlGaInAs quantum wells (QWs)/barrier structure grown on a Fe-doped InP substrate by 
metalorganic chemical-vapor deposition.  With an average pump power of 1.9 W, an average output power of 340 mW 
was obtained at a pulse repetition rate of 40 kHz, corresponding to an optical-to-optical conversion efficiency of 18.76%.  
With a peak pump power of 7.9 kW, the highest peak output power was 1.3 kW at a pulse repetition rate of 10 kHz. 
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1.Introduction 
High-peak-power all-solid-state laser sources in the 1.3–1.6µm spectral region are of particular interest in 

remote sensing, eye-safe optical ranging, fiber sensing, and communication.[1–4] Diode-pumped solid state lasers 
(DPSSLs) that have the advantages of relatively compact size, high power, excellent beam quality, long lifetime, and 
low heat production have been widely used for various applications, including industry, pure science, medical 
diagnostics, and entertainment.[5] Nevertheless, the spectral range of diode-pumped solid-state laser systems is limited 
by the properties of existing doped crystals and glasses. Recently, the optically pumped vertical-external cavity 
surface-emitting semiconductor lasers (VECSELs) conbine the approaches of diode pumped-solid-state lasers and 
semiconductor quantum-well lasers, drawing on the advantages of both. Besides, by band gap engineering, the gain 
medium optically pumped VECSEL can be designed to produce laser emission at a chosen wavelength within the 
window of growth of the semiconductor material system.[6,7] Typically a VECSEL device consists of a highly 
reflecting distributed Bragg reflector (DBR) and a resonant periodic gain structure that comprises a series of barriers to 
provide the pump absorption, quantum wells (QWs) to provide gain, and layers to prevent oxidation.  

 
The InP-based material could offer a gain region with a smaller lattice mismatch for 1.3µm wavelengths, but 

the small contrast of refractive indices hinders the performance of the DBRs. As a consequence, until now the InP-based 
material has never been used as a VECSEL device at 1.3 µm. To reach a wavelength near 1.3 µm, GaInNAs/GaAs QWs 
have been developed as a gain medium[8] and a 0.6 W CW output power has been demonstrated.[9] Even so, there has 
been no experimental demonstration of room-temperature high-peak-power 1.3 µm laser sources with semiconductor 
QWs as gain media in an external cavity. In this Letter we report, for the first time to our knowledge, a 
room-temperature high-peak-power nanosecond semiconductor QW laser at 1.36 µm, using a diode-pumped actively 
Q-switched Nd:GdVO4 1.06 µm laser as a pump source.  

 
The gain medium was composed of an AlGaInAs QW/barrier structure grown on an Fe-doped InP transparent 

substrate. Note that the conventional S-doped InP substrate has significant absorption in the 1.0–2.0 µm spectral region. 
Since the Fe-doped InP substrate is transparent at the lasing wavelength, the function of the DBRs in the VECSEL 
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device can be replaced by an external mirror. With an average pump power of 1.8 W, an average output power of 340 
mW at a pulse repetition rate of 40 kHz was obtained. The peak output power was up to 1.3 kW at a pulse repetition rate 
of 10 kHz. Compared with continuous wave pumping/injection, the pulsed pumping scheme can reduce the heat of the 
device at room temperature[16] . The present gain medium is an AlGaInAs QW/barrier structure grown on an Fe-doped 
InP substrate by metalorganic chemical-vapor deposition. It is worthwhile to mention that the AlGaInAs material 
system has a larger conduction band offset than the most widely used InGaAsP system.[10–13]  This larger conduction 
band offset has been confirmed to yield better electron confinement in the conduction band and higher temperature 
stability. The AlGaInAs material has been used as a surface-emitting optical amplifier pumped by a laser diode.[14] 
However, until now there has been no experimental realization involving the VECSEL with AlGaInAs. Here the gain 
region consists of 30 groups of two QWs with the luminescence wavelength around 1365 nm, spaced at half-wavelength 
intervals by AlGaInAs barrier layers with the bandgap wavelength around 1070 nm. The barrier layers are used not only 
to absorb the pump light but also to locate the QW groups in the antinodes of the optical field standing wave. An InP 
window layer was deposited on the gain structure to avoid surface recombination and oxidation. The back side of the 
substrate was mechanically polished after growth. Both sides of the gain chip were antireflection (AR) coated to reduce 
back reflections and coupled-cavity effects. The total residual reflectivity of the AR-coated sample is approximately 5%. 
Figure 1 shows the transmittance spectrum at room temperature for the AR-coated AlGaInAs/InP gain chip. It can be 
seen that the strong absorption of the barrier layers leads to low transmittance near 1070 nm. The total absorption 
efficiency of the barrier layers at 1064 nm was found to be approximately 95%. On the other hand, an abrupt change in 
transmittance near 1365 nm comes from the absorption of the AlGaInAs QWs. The room-temperature 
spontaneous-emission spectrum, obtained by pulse excitation at 1064 nm, is shown in the inset of Fig. 1. As expected, 
the emission is quite broad, with a peak around 1365 nm, and has a long tail extending to shorter wavelengths.     

2. Experimental setup 
Figure 2 shows the experimental configuration of the room-temperature high-peak-power AlGaInAs QWs 

laser at 1365 nm. The pump source is a diode-pumped acousto-optically Q-switched Nd:GdVO4 1064 nm laser to 
provide 12-80 ns pulses at repetition rates between 10 and 100 kHz.  
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Figure 1.  The transmittance spectrum at room temperature for AR-coated AlGaInAs/InP gain 
chip.  Inset, room-temperature spontaneous-emission spectrum, obtained by 0.5W pulse 
excitation at 1064nm

 
The pump spot diameter is controlled to be 420±20 µm for efficient spatial overlap with the fundamental transverse 
mode. The gain chip was mounted on a copper heat sink, but no active cooling was applied. The laser resonator is a 
concave–plano cavity. The input mirror was a 500 mm radius-of-curvature concave mirror with AR coating on the 
entrance face at 1064 nm(R<0.2%), high-reflection coating at 1365 nm (R>99.8%), and high-transmission coating at 
1064 nm on the other surface (T>90%). The reflectivity of the flat output coupler is 94% at 1365 nm. The overall laser 
cavity length is approximately 10 mm 

Proc. of SPIE Vol. 6871  68712K-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 04/25/2014 Terms of Use: http://spiedl.org/terms



Coupling lens Nd:GdVO4
Beam expander

Focusing lens

Laser diode at 808nm

Solid state actively Q-switched 
1.06μ m laser

1.36μ m

1.06μ m

AlGaInAs QWs

SESA

HR@ 1.34μ m(R>99.8%)

HT@ 1.06μ m(T>90%)

R=500mm

PR @1.34μ m (R=94%)

30 periods

λ
2

AO Q-switch

Figure 2. Experimental setup of the room-temperature optically pumped AlGaInAs/InP
laser at 1.36μ m

 
3. Experimental results and discussion 

Figure 3 shows the performance of the optically pumped AlGaInAs laser at pump repetition rates of 10, 40, 
and 100 kHz. The pump pulse widths for repetition rates of 10, 40, and 100 kHz are approximately 12, 25, and 80 ns, 
respectively. The cavity decay time is 0.11 ns. The beam quality factor was determined by a Gaussian fit to the laser 
beam waist, and the divergence angle and was found to be less than 1.5. At a repetition of 10 kHz, the average output 
power could be up to 134 mW; the output power saturation beyond the average pump power of 1.0 W was due to the 
thermally induced gain degradation.  
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Figure 3 : Experimental results for the optically pumped AlGaInAs laser at  pump repetition  rate of 
10, 40 ,100kHz

  
At a repetition of 10 kHz, due to the pump saturation effects of the barrier layers absorption efficiency of the 

gain chip for the pump power higher than 0.7 W was found to be significantly reduced. As a consequence, maximum 
average output power at a repetition rate of 10 kHz was saturated at around 120 mW. With the experimental data on a 
pump pulse energy of 140 µJ, a pump pulse width of 12 ns, and a pump area of 0.15 mm2, the pump saturation intensity 
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was estimated to be 7.7 MW/cm2. This value was 2–3 orders of magnitude higher than conventional solid state laser 
crystals because of its shorter fluorescence decay time.[15] However, the lower conversion efficiency at the 100 kHz 
repetition rate might be due to the longer pump pulse duration that enhanced the local heating effect.  

In other words, management of the thermal effects is necessary to scale up the average output power. Figure 4 
shows a typical oscilloscope trace of a train of output and pump pulses and expanded shapes of a single pulses. It can be 
seen that the output pulses tracked the pump pulses for each pumping case. 
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Figure. 4. (Color online) (a) Typical oscilloscope trace of a train of pump and output pulses and 
(b) expanded shapes of a single pulse.
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Figure. 5. Experimental results for the peak output power as a function of peak pump power.   
Inset, typical lasing spectrum obtained with 0.7W of average pump power at a
repetition rate of 10 kHz.

 
Figure 5 shows the peak output power as a function of peak pump power. The peak output power was up to 1.2 kW at a 
peak pump power of 7.9 kW, and the slope efficiency was approximately 16%. The typical lasing spectrum shown in 
the inset of  Fig. 5 was obtained with 1.0W of average pump power at a repetition rate of 40 kHz. The lasing spectrum 
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was composed of dense longitudinal modes, and its bandwidth was up to 20 nm for an average pump power greater than 
200 mW. The wide spectral range  
indicates the potential for achieving ultra-short pulses in mode-locked operation. 
 

4. Conclusion 

In summary, the gain medium is a 30 groups of two AlGaInAs quantum well, spaced at half-wavelength intervals 
by AlGaInAs barrier layers with the band-gap wavelength around 1070 nm.  The gain chip was grown on Fe-doped 
InP transparent substrate. In a room-temperature high-peak-power nanosecond laser at 1365 nm is obtained. Using an 
actively Nd:GdVO4 Q-switched 1064 nm laser to pump the gain chip, an average output power of 340 mW was 
obtained at a pulse repetition rate of 40 kHz and an average pump power of 1.9 W corresponding to an optical-to-optical 
conversion efficiency of 18.76%,. At a pulse repetition rate of 10 kHz, the peak output power was found to be up to 1.2 
kW at a peak pump power of 7.9 kW. 
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