-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Online Research Database In Technology

Technical University of Denmark DTU
oo

High-power dual-wavelength external-Cavity diode laser based on tapered amplifier
with tunable terahertz frequency difference

Chi, Mingjun; Jensen, Ole Bjarlin; Petersen, Paul Michael

Published in:
Optics Letters

Link to article, DOI:
10.1364/0L.36.002626

Publication date:
2011

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Chi, M., Jensen, O. B., & Petersen, P. M. (2011). High-power dual-wavelength external-Cavity diode laser based
on tapered amplifier with tunable terahertz frequency difference. Optics Letters, 36(14), 2626-2628. DOI:
10.1364/0L.36.002626

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://core.ac.uk/display/13753448?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1364/OL.36.002626
http://orbit.dtu.dk/en/publications/highpower-dualwavelength-externalcavity-diode-laser-based-on-tapered-amplifier-with-tunable-terahertz-frequency-difference(3843902b-cfb6-416c-b9bb-ef65e839bd5e).html

2626 OPTICS LETTERS / Vol. 36, No. 14 / July 15, 2011

High-power dual-wavelength external-cavity diode
laser based on tapered
amplifier with tunable terahertz frequency difference

Mingjun Chi,* Ole Bjarlin Jensen, and Paul Michael Petersen

DTU Fotonik, Department of Photonics Engineering, Technical University of Denmark,
Frederiksborgvej 399, P.O. Box 49, Dk-4000 Roskilde, Denmark
*Corresponding author: mchi@fotonik.dtu.dk

Received March 30, 2011; revised June 8, 2011; accepted June 11, 2011;
posted June 13, 2011 (Doc. ID 145091); published July 11, 2011

Tunable dual-wavelength operation of a diode laser system based on a tapered diode amplifier with double-Littrow
external-cavity feedback is demonstrated around 800 nm. The two wavelengths can be tuned individually, and the
frequency difference of the two wavelengths is tunable from 0.5 to 5.0 THz. An output power of 1.54 W is achieved
with a frequency difference of 0.86 THz, the output power is higher than 1.3W in the 5.0 THz range of frequency
difference, and the amplified spontaneous emission intensity is more than 20 dB suppressed in the range of fre-
quency difference. To our knowledge, this is the highest output power from a dual-wavelength diode laser system

operating with tunable terahertz frequency difference.
OCIS codes: 140.0140, 140.5960, 140.3280.

Dual-wavelength diode laser systems are attractive for
many applications such as dual-wavelength interferome-
try, optical switching, terahertz (THz) radiation genera-
tion and THz imaging [1-5]. Different techniques have
been developed to achieve dual-wavelength operation
from a diode laser system, and they mainly can be classi-
fied into two categories: (1) monolithic dual-wavelength
diode lasers [6-9] and (2) diode laser systems based on
different external-cavity feedback techniques [10-16].
The monolithic dual-wavelength diode lasers show stable
dual-wavelength operation, but the tuning range of the
frequency difference of the two wavelengths is limited,
and the output power is normally less than 500 mW
[8]. Different frequency-selective elements have been
used in external-cavity feedback techniques, such as bulk
diffractive gratings for the double-Littman and double-
Littrow external-cavity techniques [10,11,14], dual-fiber
Bragg grating [12], dual-period holographic element
[13], and single-wavelength volume Bragg gratings or
monolithic multiplexed Bragg grating [15,16]. The gain
medium in the external-cavity dual-wavelength diode la-
ser system is usually a single-mode ridge-waveguide
diode laser, so the output power from these laser systems
is normally a few hundred milliwatts. In a few cases,
broad-area diode lasers are used as a gain medium,
and more than 1.7W output power has been achieved
with fixed frequency difference [15,16]. Because of the
broad emitting aperture of broad-area diode lasers in
the slow axis, these dual-wavelength diode laser systems
suffer from poor beam quality in the slow axis.

In this Letter, a tunable dual-wavelength diode laser
system with double-Littrow external-cavity feedback is
demonstrated. To our knowledge, this is the first tunable
dual-wavelength diode laser system based on a tapered
diode amplifier. The tapered diode amplifier was chosen
as gain medium in the dual-wavelength laser system
based on the fact that it can produce relatively high out-
put power (a few watts) and has good beam quality (with
beam quality factor M? less than five normally) [17].
Compared with dual-wavelength broad-area diode laser
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systems [15,16], this is very important for applications,
for instance as pump source for THz generation through
difference frequency generation in a nonlinear crystal.
The use of a double-Littrow external cavity makes the
laser system tunable.

When single-Littrow external-cavity feedback is ap-
plied, an output power of 2.15W is obtained at a wave-
length of 801.43 nm, and the laser system is tunable from
786 to 813 nm with output power higher than 1.02 W, and
the amplified spontaneous emission is more than 35dB
suppressed. When double-Littrow external-cavity feed-
back is applied, the frequency difference of the two
wavelengths is tuned from 0.5 to 5.0 THz. More than
1.5 W output power is achieved with a frequency differ-
ence around 1.0 THz, the output power is higher than
1.3 W during the 5.0 THz tuning range of frequency differ-
ence, and the amplified spontaneous emission is more
than 20 dB suppressed in the 5.0 THz tuning range.

The laser structure of the 800nm tapered amplifier
used in the experiment was grown using metal organic
vapor phase epitaxy. As an active layer, a tensile-strained
single GaAsP quantum well was used, which was em-
bedded in an AlGaAs waveguide. The processed tapered
gain device had a total length of 4 mm, a 1 mm long index-
guided ridge-waveguide section, and a 3 mm long flared
section. The tapered angle was 4°, and the output aper-
ture was 210 ym. The rear facet was antireflection coated
with a reflectivity of 0.05%, while the front facet had a
reflectivity of 0.5%.

The double-Littrow external-cavity configuration
employed is depicted in Fig. 1. An aspherical lens (L)
of 3.1 mm focal length with a NA of 0.68 is used to colli-
mate the beam from the back facet in both fast and slow
axes. The collimated beam is split into two beams by a
cube 50/50 beam splitter (BS;). Each beam is incident
on a bulk diffraction grating, which is ruled with
1200 grooves/mm and has a blazed wavelength of
750 nm. The gratings are mounted in the Littrow config-
uration and oriented with the lines in the grating parallel
to the active region of the amplifier. The laser cavities are
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Fig. 1. Experimental setup of the dual-wavelength diode laser
system based on a tapered diode amplifier with double-Littrow
external-cavity feedback; L;, Ly, aspherical lenses; BS;, BS,,
beam splitters; Gy, G, diffraction gratings.

formed between the gratings and the front facet of the
tapered amplifier. A second aspherical lens (L;) of
3.1 mm focal length with a NA of 0.68 is used to collimate
the beam from the output facet in the fast axis. Together
with the aspherical lens, an additional cylindrical lens can
be used to collimate the beam in the slow axis and com-
pensate for astigmatism in the tapered amplifier. A beam
splitter (BS,) is used to reflect part of the output beam of
the diode laser system as the diagnostic beam; the spec-
trum of the output beam is measured in this beam. The
output power of the laser system is measured behind
the second aspherical lens. All the lenses and beam split-
ters are antireflection coated for the near-IR wavelength.

The laser is TM polarized, i.e., linearly polarized along
the fast axis and perpendicular to the grating rulings;
thus, the high s-polarization diffraction efficiency of the
grating is utilized [18]. The temperature of the tapered
amplifier is controlled with a Peltier element, and it is
operated at 25 °C in the experiment. The emission wave-
lengths A; (from grating G;) and Ay (from grating G)
of the laser system are tuned by rotating the gratings
independently.

First, the range of the wavelengths of the dual-
wavelength diode laser system should be determined.
Thus, the output power at different wavelengths for
the diode laser system with single-Littrow external-cavity
feedback, i.e., removing the beam splitter BS;, is mea-
sured at an operating current of 3.5A. The results are
shown in Fig. 2. The laser system is tuned over a
27nm range centered at 800nm. The output power is
above 1.0W over the 27nm tuning range, and as high
as 2.15W output power is obtained at 801.43nm. The
optical spectrum characteristic of the output beam from
the single-Littrow external-cavity diode laser system is
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Fig. 2. (Color online) Tuning curve of the tapered diode
laser system with single-Littrow external-cavity feedback
(squares) and optical spectrum of the output beam from the
single-wavelength tapered diode laser system with an output
power of 2.13 W (solid curve).
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measured using a spectrum analyzer (Advantest Corp.,
Q8347). A typical spectrum of the output beam measured
at 801.20nm with an output power of 2.13W is also
shown in Fig. 2. The spectral bandwidth (FWHM) is
0.004nm (the resolution of the spectrum analyzer is
4 pm), and the amplified spontaneous emission intensity
is more than 35 dB suppressed.

According to the tuning curve of the single-feedback
laser system shown in Fig. 2, the gain center of the
tapered diode amplifier is around 801nm. Thus, the
two wavelengths from the dual-wavelength diode laser
system are tuned at each side of 801 nm. The wavelength
41 is the shorter wavelength, and 4, is the longer wave-
length. The spectrum of the output beam of the dual-
wavelength diode laser system is measured at the
frequency difference between the two wavelengths from
around 0.5 to 5.0 THz. Three spectra with the frequency
difference of the two wavelengths of 0.86, 2.60, and
3.80THz are shown in Fig. 3; the operating current is
3.5A. The amplified spontaneous emission intensity is
more than 20 dB suppressed for all the three spectra.
When the wavelength difference is less than 2.0nm
(around 1.0 THz), the side peaks appear in the spectrum
and the spectrum is not stable. One lasing wavelength
can be suppressed by the other, and the two wavelengths
are switchable from one to another occasionally.
This may be caused by the competition between the
two wavelengths originated from the feedback from
the two gratings. When the wavelength difference is more
than 2.0nm, the two laser beams with different wave-
lengths oscillate simultaneously, and normally the differ-
ence of the intensity of the two wavelengths measured in
the spectrum is less than 3 dB.

The output power of the dual-wavelength diode laser
system at different frequency difference is shown in Fig. 4
at an operating current of 3.5A, and the corresponding
two wavelengths are also shown in Fig. 4. More than
1.5 W output power is obtained when the frequency dif-
ference is around 1.0 THz. The output power decreases
as the frequency difference of the two wavelengths in-
creases, since both wavelengths of the dual-wavelength
diode laser system are tuned further from the gain center
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Fig. 3. (Color online) Optical spectra of the output beam from
the dual-wavelength diode laser system with the frequency dif-
ference of the two wavelengths of 0.86, 2.60, and 3.80 THz. The
operating current is 3.5A.
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Fig. 4. (Color online) Output power from the dual-wavelength
tapered diode laser system versus the frequency difference of
the two wavelengths (squares) and the corresponding wave-
length 1; (triangles) and 4, (inverted triangles).

of the tapered amplifier. The output power of the dual-
wavelength diode laser system is higher than 1.3 W in
the 5.0 THz tuning range of the frequency difference of
the two laser wavelengths. At a frequency difference
of 2.6 THz, the output power fluctuations are +2.2% in
30 min. Compared with the single external-cavity feed-
back condition, the decrease of the output power for
the dual-wavelength diode laser system is mainly due
to the loss of the cube 50/50 beam splitter, BS;.

In conclusion, a tunable high-power dual-wavelength
tapered diode laser system based on double-Littrow ex-
ternal-cavity feedback is demonstrated for the first time
to our knowledge. The frequency difference of the two
wavelengths is tunable from 0.5 to 5.0 THz. More than
1.5 W output power is obtained when the frequency dif-
ference is around 1.0 THz, and the output power is higher
than 1.3 W in the 5.0 THz tunable range of the frequency
difference. The amplified spontaneous emission intensity
is more than 20 dB suppressed in the 5.0 THz range of
frequency difference.

The authors acknowledge Bernd Sumpf and Gotz Er-
bert from Ferdinand-Braun-Institut, Leibniz-Institut fiir
Hochstfrequenztechnik, for the tapered diode amplifier.
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