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Abstract. Electro-Optical spectral characteristics and beam quality of the high power monolithic
DFB-MOPA lasers emitting at 1064 nm have been investigated at the room temperature as func-
tion of injection current. Laser beam quality is characterized by waist diameter and far-field
divergence angle versus average optical output power. Beam propagation ratio M2 is defined
at difference intensity levels from lateral beam profile giving more detail laser behaviors at high
power.
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I. INTRODUCTION

High-power pulsed lasers emitting at 1064 nm have been requested for many applica-
tions such as health-care [1], material processing [2], free-space measurement, environmental
research [3–6]. Especially, in the remote sensing technique for detection of important components
of the atmosphere or distance measurements in LIght Detection And Ranging (LIDAR), the 1064
nm laser sources play an important role because of their short pulse duration and high power deliv-
ery. Solid state lasers based on Nd3+ doped crystals are good candidate for such applications [3].
However, in the aspect of compactness, many applications need small size and non-complex laser
systems. Therefore, diode lasers and, in particular, DFB-MOPA diode lasers which have been de-
veloped recently [7, 8] seem to be suitable substitution. In these reports, DFB-MOPA diode laser
characteristics were demonstrated to nearly satisfy the demands for an expected solid-state laser:
small size, high pulse repetition rate, high optical output power, and narrow optical spectrum.
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Hence, applications based-on high-power diode lasers have been more attractive and promissing
when flexible and compact device system such as portable and mobile equipment can be designed.

In this report, the high power 1064 nm monolithic DFB-MOPA diode laser, which possesses
a 4 mm amplifier and a high average output power reachable up to 6 W has been investigated at
the room temperature. The optical spectra are studied as function of the injection current driven
up to 10 A. Beam quality of the DFB-MOPA lasers that is defined by beam propagation ratio
M2 has been, for the first time, characterized versus average optical output power. Similarly,
the relevant beam parameters such as waist diameter and far-field divergence are determined at
difference intensity levels giving detail information about beam profile, which is quite a necessity
to the users to decide how to couple the laser beam into fibers and focus it to optical systems.

II. EXPERIMENT

Laser structure
The DFBMOPA diode laser under this research consists of a 1 mm index-guided DFB

ridge-waveguide (RW) laser, a 1 mm picker and a 4 mm gain-guided tapered amplifier (Fig. 1)
DFB laser is operated in continuous mode as Master Oscillator (MO). The picker and amplifier
are worked in pulse mode as Power Amplifier (PA). Both sections are separately contacted and
can be driven independently.

Fig. 1. Schematic view of a DFB-MOPA diode laser with the total length of 6 mm.

DFB lasers are grown by low-pressure metal organic vapor phase epitaxy (MOVPE) base on
GaAs in two steps. An InGaAs active double quantum well (QW) layer is embedded in an AlGaAs
waveguide. A second order grating with a period of about 320 nm is formed by holographic
photolithography and wet-chemical etching. Details of the DFB-laser structure are described [9].
The 1 mm picker is operated in pulse mode to transform the CW operation of the DFB laser into
optical pulses. When no current injects into this section, it acts as an optical gate and absorbs
the coupled CW beam of the DFB laser. When injected by current pulse, the picker becomes
transparent and the DFB laser beam can pass.

A laser diode controller Newport 525B provides injection current for the DFB laser with a
fixed current of 150 mA. The PA part is driven by a pulse of current source DEI PCX-7410 that
can generate square wave pulse signals from 0 to 10 A. Pulse repetition frequency is chosen of
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1 kHz and pulse width value is 1 µs. A Newport Temperature Controller TED350 stabilizes the
laser mount temperature. The laser heat sink is kept at constant temperature of 25˚C using a water
circulator. The average power versus pulse currents is measured by a fast photo-diode New Focus
1434 and displayed by a Gentec power meter. The bias voltage is measured by an oscilloscope
Tektronix TDS 410 A. An Advantest optical spectrum analyzer model Q8384 is used providing a
spectral resolution in order of ten pm and a dynamic range of 60 dB.

Fig. 2. Principle beam quality experimental setup. L1: Collimation lens; L2: Focus tele-
scope lens; L3: Additional focus lens.

Figure 2 presents the principle experimental setup for the determination of laser beam qual-
ity. The methods to measure beam gauges in the form of the beam propagation factor M2 are
specified in the standard DIN EN ISO 11146 [10]. In this setup, the diode laser can be moved
back and forth along the optical axis around the focal point of the lens L1. In the fast axis direction
the waist of laser beam is located near the facet of the active layer (near-field), while the beam
waist in the slow axis direction is located somewhere behind (far-field). The distance between
these two positions is the astigmatism. The laser beam is collimated by a lens L1 and focused to
a detector by a telescope lens L2. A flip mirror reflects laser signal to a CCD camera. A monitor
connected to the CCD camera is used to observe and control the signal. When the beam profile can
be seen as focused spot clearly in the fast axis direction on the monitor, the mirror is taken out, the
near-field profiles are recorded by a detector with slit. The slit width is set in this case a value of
5 µm. The detector is moved step-by-step to sweep all image. After that, the laser is moved, when
the beam profile can be seen as focused spot in the slow axis direction, the beam waist profile in
the slow axis is recorded. A lens L3 is added in the system. The far-field full divergence angle is
given by the beam diameter in the focal plane of the lens L3.

III. RESULTS AND DISCUSSIONS

Figure 3 presents PUI characteristics of the 1064 nm DFB-MOPA diode laser. The DFB
laser was supplied with CW current of 150 mA and the temperature of the heat sink was kept at
25˚C. The redsolid line presents average optical output power versus pulse injection current. The
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pumping current to PA part was varied from 0 to 10 A. The laser has a threshold current of about
1850 mA. At the injection current of 10 A, average optical output power reached a value of 6
W. Therefore, a slope efficiency ∆P/∆I of about 0.75 W/A remains constant when the injection
current was diving up to 10 A. Voltage of 3.3 V drops across the device at maximum pumping
current (dotted-black line). The conversion efficiency is represented by dashed-blue curve line
and a maximum conversion efficiency is about 20% corresponds with (Fig. 3).

Fig. 3. Average optical output power of the 1064 nm DFB-MOPA laser as a function of
the pulse injection current to the PA when fixed injection currents is 150 mA to the MO
and heat sink temperature is 25˚C.

Fig. 4 presents optical spectrum of the DFB-MOPA laser at fixed MO current of 150 mA
and the PA current of 8.6 A (corresponding to an average optical output power of 5 W). The graph
shows a single lateral lasing mode at 1063.47 nm. Side mode suppression ratio exceeds 35 dB and
full width half maximum is 0.16 nm.

Fig. 5 shows the optical spectra of the DFB-MOPA diode laser as function of the injection
current of the PA part. The pulse current supplied to PA part from 0 A to 10 A with step of 0.2
A. Spectra were recorded for each injection current setting and analyzed with the Origin program.
The corresponding data are displayed in a 3D-graph, with the axes of wavelength, current and
relative intensity as a spectral map show in Fig. 5. The relative intensity measured in linear scale
that presents the center wavelength of the DFB-MOPA does not depend on injection current. That
property can be explained from structure of the lasers In this case, the narrow waveguiding MO
part is responsible for the selection of a single lateral lasing mode. The center wavelength depends
strongly on injection current and temperature of the DFB [11], however, when the the DFB injec-
tion current was fixed at 150 mA and heat sink temperature was at 25˚C, DFB laser wavelength
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Fig. 4. Optical spectrum of the DFB-MOPA diode laser emitting around 1064 nm at
IDFB = 150 mA, T = 25˚C, and P = 5 W.

Fig. 5. Spectral map of 1064 nm DFB-MOPA laser @ IDFB = 150 mA, T = 25 ˚C.

does not change. The results in Fig. 5 show the wavelength of the 1064 nm DFB-MOPA is inde-
pendent on injection current to PA part. Hence, the DFB-MOPA laser can operate up to 6 W with
stable frequency

Figure 6 presents the lateral intensity profiles at an average output power of 5 W of the DFB-
MOPA diode laser. The near-field position, the beam-waist position, and the far-field angle of the
slow axis are shown. From the profile, beam propagation ratios are calculated following [12, 13]:

M2 =
w0Φπ

4λ
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where the position of the beam waist is known, and its intensity profile is readily accessible for
measurement, then the beam waist diameter (w0) and the far-field full divergence angle (Φ), along
with the wavelength (λ ), are used to infer the beam propagation product. The values of w0 and
Φ are determined at 1/e2 intensity levels, at 95% intensity levels or at the position that intensity
distribution is calculated with the help of the second order moment give different beam propagation
ratios.

Fig. 6. Lateral intensity profiles at average output power of 5 W in the near-field, in
the beam-waist, and in the far-field of 1064 nm DFB-MOPA laser at the fixed injection
currents of 150 mA to the MO.

At the average optical output power of 5 W as shows in Fig. 6, the beam propagation
ratios get the values of M2

1/e2 = 4.7, M2
95% = 7.3, and M2

2.mom = 7.9. The power content profile
is integrated from beam profile starting at the center of gravity, until the sum reaches where the
intensity drops to 1/e2 of the maximum intensity, PCL = 68%.

Beam properties of the 1064 nm DFB-MOPA laser are characterized as function of average
optical output power, as shown in Fig. 7. In the case, average optical output power was established
from 1 to 6 W (with step of 1 W) and at every output power the lateral intensity profiles and the
interested parameters were recorded.

The beam waist is expanded at high power, so that the power content profile at 1/e2 levels
is decreased from PCL = 83% to PCL = 64% (Fig. 7a). In this case, the whole MOPA works as a
compound cavity, where the PA section acts as an active feedback section. In higher power, the
PA gives more feedback to the MO part and strong intensity variations cause spatial hole burning
of carriers within the PA section. Besides, when the injection current to the PA is increased, the
lateral beam profile suffers degradations and/or higher order modes. Consequent is oscillation due
to of non-linear effects such as thermal lensing, carrier-induced index suppression [14, 15].

The lateral far-field full divergence angle is hardly changed, the values are approximate
17o at 95% and 16o at 1/e2 of intensity profile (Fig. 7b). The far-field angle of the 1064 nm
DFB-MOPA laser does not depend on average optical output power up to 6 W.

The full width of the beam waits w0 increases clearly when the output power PPA changes
from 1 W to 6 W, therefore the value of M2 are larger at higher output power (Fig. 7c). The M2

1/e2
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Fig. 7. Lateral beam waist (a), far-field angle at 95% and 1/e2 levels (b), beam propaga-
tion ratios (c), and astigmatism (d) versus. average optical output power of the 1064 nm
DFB-MOPA laser at the fixed injection currents of 150 mA to the MO part.

increases from 1.8 to 5, while M2
95% is various from 5.8 to 8. In the second moment mode, beam

propagation ratio gets the largest value of 8.4 at average output power of 6 W.
Fig. 7d shows that the astigmatism of the laser hardly depends on optical output power.

Astigmatism is 1.27 mm at average optical output power of 4 W and 5 W, while at other power
level the value is 1.28 mm.

IV. CONCLUSIONS

Characterizations of the 1064 nm DFB-MOPA diode laser have been done at the room
temperature. The average optical output power reaches 6 W at a pulse injection current of 10 A
to the PA part and a fixed DFB current of 150 mA. The constant slope efficiency ∆P/∆I is about
0.75 W/A and a maximum conversion efficiency is about 20%. The lasers give single lateral lasing
mode at 1063.47 nm. Side mode suppression ratio exceeds 35 dB and full width half maximum is



54 CHARACTERIZATION OF HIGH-POWER DFB-MOPA DIODE LASERS EMITTING AT 1064 nm

0.16 nm. The wavelength of the 1064 nm DFB-MOPA laser is independent on injection current
to PA part. The lasers can operate up to 6 W with stable frequency. Beam profile of the DFB-
MOPA laser was investigated carefully as function of average optical output power. The far-
field divergence angle does not change when the optical output power increases. Beam waist is
expanded at high power because inhomogeneous effects of laser material increase at high current
density pumping applied in the PA section, then beam propagation ratios deteriorate consequently.
These experimentally obtained results show convincingly not only the advantages of the DFB-
MOPA diode lasers as very compact, high power and fidelity, pulsed solid-state lasers, but also
their limitation in device performance and laser material quality to be improved.
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