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Abstract An AlGaInAs multiple quantum well structure is
reported as an effective gain medium of the in-well pumped
high-peak-power semiconductor disk laser at 1.2 µm. We
use an Yb-doped pulsed fiber amplifier as the pump source
to effectively optimize the output characteristics. The max-
imum average output power of 1.28 W and peak output
power of 0.76 kW is obtained at 1225 nm lasing wavelength
under 60 kHz pump repetition rate and 28 ns pump pulse
width.

1 Introduction

High-peak-power all-solid-state lasers operating at 1.14–
1.25 µm are desirable for producing yellow-orange lights for
many applications such as astronomy community, biomed-
ical optics, and laser absorption spectroscopy [1–3]. Light
sources in this spectral range could be realized by Raman-
shifted Nd- (Yb-) doped solid-state lasers or Yb- (Bi-) doped
fiber lasers [4–6]. However, the performance of solid-state
lasers is limited by the discrete energy level of the doped
ions. Alternatively, optically pumped semiconductor lasers
(OPSLs) have been developed to provide flexible choice of
emission wavelength via bandgap engineering [7, 8]. OP-
SLs also offer a variety of advantages like broad gain curves
and a low-divergence, circular, and high quality nearly-
diffraction-limited output beam [7–9]. So far, the lasers
based on the quantum confined structure with GaAs material
systems including InGaAs/GaAs and GaInNAs/GaAs have
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been demonstrated in the 1.14–1.25 µm spectral range under
continuous-wave operation [10–13]. However, these lasers
are pumped by exciting the electrons from the barrier region
and the quantum defect between pump and lasing photons
leads to a large amount of heat. Recently, a novel method
based on the in-well pumping scheme has been demon-
strated to reduce the heat effectively [14, 15]. For the in-well
pumping scheme, the electrons are directly excited from the
ground state to the excited state in the quantum-well (QW)
region. As a result, the thermal load is reduced by lowering
the quantum defect. However, OPSLs at 1.14–1.25 µm based
on the in-well pumping scheme have not been explored until
now.

The quaternary alloys lattice matched to InP such as Al-
GaInAs and InGaAsP are employed in the semiconductor
lasers in the near-infrared (NIR) spectral region. The Al-
GaInAs systems have been verified to have higher conduc-
tion band offset and better carrier confinement than the In-
GaAsP systems. Several high-peak-power AlGaInAs semi-
conductor disk lasers have been demonstrated in the NIR
region driven by the actively Q-switched (AQS) solid-state
lasers [16–18]. However, the pulse width of conventional
AQS solid-state lasers depends on the pulse repetition rate
and the average pump power. Consequently, it is difficult to
optimize the output performance of the semiconductor disk
lasers. Therefore, a light source with fixed pulse duration
under various repetition rates can be a more suitable pump
source for optimizing the performance of OPSLs. High-
power pulsed fiber amplifiers are a light source to satisfy
this requirement [19].

In this work, we report on a high-peak-power AlGaInAs
multiple-quantum-well (MQW) semiconductor laser grown
on a Fe-doped InP transparent substrate and pumped by
a 1.06 µm Yb-doped pulsed fiber amplifier. With in-well
pumping, the thermal and roll-over effect could be reduced
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Fig. 1 Experimental setup of
AlGaInAs/InP semiconductor
disk laser at 1.2 µm pumped by
a 1.06 µm Yb-doped pulsed
fiber amplifier in the single chip
scheme

by lowering the quantum defect. We obtained an average
output power of 810 mW at 1225 nm with slope efficiency
up to 46.7% to the average absorbed power in the single-chip
scheme. The pump conditions of 60 kHz pulse repetition
rate and 28 ns pulse width are used. To increase the aver-
age absorbed power, the double-chips scheme is used under
the same pump conditions. The maximum average output
power could be scaled up to 1.28 W with slope efficiency of
37.5% at 1225 nm lasing wavelength. The maximum peak
output power of 0.76 kW is obtained with 2.37 kW peak
pump power.

2 Device structure and experimental setup

Figure 1 shows the experimental configuration of the
AlGaInAs MQW 1.2 µm semiconductor disk laser pumped
by a SPI 1.06 µm Yb-doped master oscillator fiber amplifier.
This pump source provides 9–200 ns pulse with repetition
rate ranged from 10–500 kHz. Compared to the AQS solid-
state laser, this laser module can provide fixed pulse width
of output pulse even when the output power is changed.
We controlled pump spot diameter to be about 800 µm to
have efficient spatial overlap with the lasing mode. The
gain region is composed of an AlGaInAs QW/barrier struc-
ture grown on a Fe-doped InP transparent substrate by
metalorganic chemical-vapor deposition. It consisted of 30
groups of triple QWs spaced at half-wavelength intervals by
AlGaInAs barrier layers as shown in the inset of Fig. 1. This
is a resonant-periodic-gain structure that barrier layers are
used to locate the quantum well region at the antinode of the
lasing field standing wave. In this structure, the wavelength
selection is enhanced [20, 21]. A window layer of InP was
deposited on the gain structure to prevent surface recombi-
nation and oxidation. In contrast to the conventional barrier
pumping scheme, our gain medium is in-well pumped by
a 1.06 µm Yb-doped pulsed fiber amplifier. This pumping
scheme results in the low absorption (58%) but high con-
version efficiency due to the short active region and the

small quantum defect, respectively. In our previous work,
we have also verified that the in-well pumping scheme has
better slope efficiency than the barrier pumping scheme at
equivalent absorbed pump power [18].

The InP based systems suffer from the lack of good
distributed-Bragg-reflector (DBR) and have been chal-
lenging to transfer from edge-emitting lasers to surface-
emitting lasers. A number of lattice-matched DBRs such as
AlGaInAs/AlInAs, AlGaInAs/InP, GaInAsP/InP,
AlGaAsSb/AlAsSb, and AlGaAsSb/InP have been demon-
strated [22, 23]. Unfortunately, these DBR systems suffer
from the low refractive index contrast, low thermal conduc-
tivity or high complexity of growth. Therefore, Fe-doped
InP with good transparency in the lasing wavelength is cho-
sen as the substrate system instead of conventional S-doped
InP with large absorption in the 1.0–2.0 µm spectral region.
As a result, the function of DBRs could be replaced by an
external mirror. In this configuration, the problem of fabri-
cation of good DBRs has been resolved and the heat dissi-
pation is improved by reducing the length of thermal con-
duction.

The laser gain medium is fabricated with dielectric
coated mirror on the cap layer served as a front mirror. This
forms high transmittance at 1.06 µm (T > 90%) and high
reflectance between 1.18–1.25 µm (R > 99.8%) on the en-
trance face. We use an external mirror with radius of curva-
ture of 250 mm and partial reflectance at 1.22 µm (R = 89%)
as output coupler. The overall cavity length is about 3 mm.
With this plano-concave linear cavity, we could modulate
the laser mode volume to have better efficiency. The gain
medium is attached on a cooper heat sink with substrate side
and is cooled down by water with temperature controlled to
be 15°C.

3 Experimental results and discussion

Figure 2(a) shows the room temperature spontaneous-
emission spectrum of AlGaInAs MQW with dielectric
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Fig. 2 (a) Room temperature
surface emitting spontaneous
emission spectrum under
60 kHz pump repetition rate and
28 ns pump pulse width at
average absorbed power of
0.38 W. Inset, the expanded
lasing spectrum obtained with
0.85 W average absorbed power
under the same pump
conditions. (b) Redshift of peak
lasing wavelength as a function
of average absorbed power
under 60 kHz pump repetition
rate and 28 ns pump pulse width

coated mirror excited by the 1.06 µm Yb-doped pulsed fiber
amplifier with average absorbed power of 0.38 W. The pump
repetition rate is 60 kHz and the pump pulse width is 28
ns. This surface emitting photoluminescence (PL) spectrum
is captured with the pump beam incident on the dielec-
tric coated side, and the emitted light is collected into the
multimode fiber on the other side. The spectral information
was monitored by an optical spectrum analyzer (Advantest
Q8381A) with a diffraction monochromator which can be
used for high-speed measurement of pulsed light with a res-
olution of 0.1 nm. The PL peak is located at 1215 nm. The
expanded lasing spectrum is shown in the inset of Fig. 2(a)
at the average absorbed power of 0.85 W. The bandwidth of
lasing spectrum is about 9 nm, and it comprises dense lon-
gitudinal modes due to the multiple interferences between
the cavity mirrors. With increasing average pump power,
the lasing spectrum will redshift due to the temperature in-
duced shift of cavity resonance and MQW emission peak. In
Fig. 2(b), the degree of redshift of peak lasing wavelength
is shown as a function of average absorbed power. It will be

shifted to 1225 nm at average absorbed power of 2.2 W as
the roll-over effect happened.

Figure 3 shows the laser output performances with fixed
pump pulse width of 28 ns and different pump repetition
rates varied from 40–80 kHz. Under 40 kHz pump repeti-
tion rate, the average output power begins to saturate with
absorbed power exceeded 2 W, i.e., the maximum allowed
pump intensity is approximately 0.35 MW/cm2. Since the
saturation intensity of the MQW absorption was measured
to be approximately 0.4 MW/cm2, the power roll-over phe-
nomenon at 40 kHz was attributed to the pump-saturation ef-
fect. On the other hand, the average output power at 80 kHz
is also limited when the average absorbed power increased
up to 2 W. This is mainly due to the local heating effect
which is resulted from the high pump repetition rate. Conse-
quently, the output performance at fixed pump pulse width
of 28 ns can be optimized under 60 kHz pump repetition
rate. The maximum average output power of 810 mW at
1225 nm is generated by the average absorbed power of 2 W.
The slope efficiency to the average absorbed power is calcu-
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Fig. 3 Laser output
performances at fixed pump
pulse width of 28 ns and
different pump repetition rates
ranged from 40–80 kHz

Fig. 4 Laser output
performances under 60 kHz
pump repetition rate with varied
pump pulse width

lated to be 46.7%. The overall beam quality M2 was found
to be better than 1.3.

Figure 4 shows the laser output performance with fixed
pump repetition rate of 60 kHz and different pump pulse
width varied from 22–89 ns. For the given cavity and av-
erage absorbed power, the maximum average output power
was limited using short pulse width which resulted in the
pump-saturation effect [17]. When the pulse duration is
long, the roll-over effect appealed due to the thermally in-
duced carrier leakage. As a result, the best performance is
obtained under 28 ns pump pulse width. The absorbed satu-

ration intensity of 22 ns and 28 ns pump pulse width is cal-
culated to be 0.3 MW/cm2 and 0.24 MW/cm2, respectively.
The slightly lower saturation intensity of 28 ns pump pulse
width is due to the larger amount of heat. By contrast, the
maximum absorbed intensity of 89 ns pump pulse width is
0.07 MW/cm2. This shows that the roll-over is mainly arisen
from the considerable heat production with long pump pulse
width. Moreover, the conversion efficiency is strongly af-
fected by the thermal load before roll-over effect happens.
Hence, the slope efficiency is higher for lower pump pulse
width under low average absorbed power.
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Fig. 5 (a) Typical oscilloscope
trace of a train of pump and
output pulses and (b) expanded
shapes of a single pulse

Fig. 6 Output performance with double chips at 60 kHz pump repeti-
tion rate and 28 ns pump pulse width

With a LeCrory digital oscilloscope (Wave pro 7100,
10 G samples/s, 1 GHz bandwidth), the typical input and
output pulse train as well as the extended pulse shape of
single pulse are shown in Fig. 5. It can be seen that the
output pulse shape tracked the input pulses with barely de-
layed turn-on time due to the in-well pump scheme [18].
And the pulse-to-pulse fluctuation was found to be within
±5%, which is mainly attributed to the instability of the
pump beam.

To increase the average absorbed power of gain medium
without the fabrication of more MQW, we insert another
gain chip with the same MQW structure but without the di-
electric coating and keep the same experimental setup as
shown in Fig. 1. The absorption of double-chips scheme
(82%) is 1.41 times higher than the single-chip scheme
(58%). The highest average absorbed power is increased to
4 W before the roll-over effect appeared. In this setup, the
thermal load is distributed to the two chips. Figure 6 shows
the output characteristic of double-chips scheme operated
under 60 kHz pump repetition rate and 28 ns pump pulse
width. The average output power could be scaled to 1.28 W
with 4 W average absorbed power at 1225 nm. Although this

method enhanced the absorption and dispersed the gener-
ated heat, the asynchronous PL emission due to the inhomo-
geneous heat distribution and the additional loss make the
slope efficiency to be 37.5% which is lower than the single-
chip scheme. With this setup, the peak output power is up to
0.76 kW at a peak pump power of 2.37 kW under the same
pump conditions.

4 Conclusion

In summary, a high-peak-power semiconductor disk laser at
1.2 µm optically-pumped by a Yb-doped pulsed fiber ampli-
fier has been developed. The gain medium is an AlGaInAs
MQW structure grown on a Fe-doped InP substrate by met-
alorganic chemical-vapor deposition. With in-well pumping,
we could reduce the thermal and roll-over effect by lowering
the quantum defect. The average output power of 810 mW
at 1225 nm lasing wavelength is generated at an average ab-
sorbed power of 2 W under 60 kHz pump repetition rate and
28 ns pump pulse width in the single-chip scheme. With the
double chips, the average output power could be scaled up to
1.28 W at an average absorbed power of 4 W. The peak out-
put power of 0.76 kW is obtained with 2.37 kW peak pump
power.
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