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High Brightness, High Power Density Fiber Coupling
of High Power Laser Diode
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Abstract: T he output radiation from the 100pm X Ipym aperture of a high power Laser Diode (LD) is efficiently cou—
pled into a 50pm multimode optical fiber. The fiber output of the high power LD with high brightness and high
power density is achieved. The power density is up to 3. 6X 10'W/em” and the coupling efficiency is 70% . The ex—
treme divergence and the astigmatism of high power LDs require the optics with complex lens structures and high
performance. A double—curved lens with two crossed cylindrical lenses structured on both sides of the glass sub-

strate is used in the coupling system.
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power LDs, many studies have been made of the
Introduction improvement of the coupling radiation of LD into
multimode optical fiber'™ . A lot of microoptical

High power LDs provide an efficient and com- elements, such as a GRIN —rod, a ball lens and other

pact technology for converting the electrical power
directly into coherent light. T he fiber output of the
high power LD with high brightness, high power
density and small aperture is needed in many
fields, such as in medicine, materials processing,
pumping, industry  and

. However, because of the highly di-

solid-state laser

aerospace''
vergent and astigmatic radiation produced by these
devices, it is problematic to couple their radiation
into optical fiber efficiently. In recent years, owing

to the development of modern technology of high-

separate lenses, are used in the high power LD to
the multimode fiber coupling system on purpose to
increase the coupling efficiency and achieve a com—
pact and reliable high power LD module of the
fiber output'”. In these coupling systems, two or
more microoptical elements are used, so it is diffi-
cult to align the microoptics. In this paper, two di-
rections can be collimated by using a single mi-
crolens that is a double—curved lens with two
crossed cylindrical lenses on both sides of the glass

substrate. By coupling the 100um source into 50um
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fiber, the power density of up to 3.6 X 10'W/em’

and the coupling efficiency of 70% are achieved.

2 Experiment

Because the width of the active layer of a
quantum well LD (100um) is much larger than its
depth( 1uym), the high power LD has two character—
istics, asymmetry of the farfield pattern and astig-
matism. The beam divergence angle (FWHM) in
the direction perpendicular to the junction (fast ax-
is) is about 30—40°(NA:0.26—0.34), while that
in the direction parallel to the junction (slow axis)
is 3*=8°(NA:0.03—0.07). The axial astigmatism
may be as much as 80um'®’.

The variation in angular divergence and the
presence of axial astigmatism complicate the design
of the coupling system. It is difficult for a symmet—
ric optical system to compensate for the aberra-—
tion. An anamorphic optical element, such as a
prism or a cylindrical lens, can not obtain a circular
spot. In our coupling system, a double-curved
monolithic microoptic lens is used, which is de-
signed to shape the beam of high power LDs.

Figure 1 shows the schematic diagram of the
double-curved lens. T his kind of fiber coupler com-
bines two lenses aligned with respect to each other
in one optical element, whose dimension (L X W X

T) is 2mm X 2mm X Imm. To minimize the spot

FIG. 1

Schematic Diagram of the Double-

Curved Lens

size, the hyperbolic curvatures of the lens has to be
optimized to reduce the aberrations and increase

the transformation efficiency of the beam. Surface

A collimates and focuses the beam of the high pow-
er LD in the fast axis, while surface B images the
beam of the LD in the slow axis into the spot. In
surface A, the focal length is 0. 05mm and the cur-
vature radius is 0. 04 mm; while in surface B, they
are 0. 25mm and 0. 2mm, respectively.

As shown in Fig. 2, besides the active optical
areas (1, 2),there are additional surfaces and edges
in a fiber coupler, making the mounting and posi-

tioning (3,4) in a set-up easier.

FIG. 2 Active Areas (1, 2) and Position—
ing Areas (3.4) of a Double-Curved Lens

Figure 3 shows the schematic diagram of the
coupling system. The distance between the high
power LD and the double-curved lens is 0. 05mm,

and that between the lens and the fiber is 0. 35mm.
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FIG.3 Schematic Diagram of the Coupling System

3 Results

The coupling efficiency of optical fiber de-
pends upon the divergence of a laser diode, specific
fiber and fiber-end finish'”. In this work, the beam
divergence angle (FWHM ) of the laser source

(width: 100pm, depth: lum, operating wavelength:
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808nm) is 32.4° in fast axis” direction and 3.9° in
slow axis” direction, respectively. The fiber used
here is step-index, low OH content with a flat end
(core diameter: 50um, cladding diameter: 125um,
NA:0.22,length: Im).

Figure 4 shows the comparison of P proper—
ties between the fiber coupling output and LD out-
put. T he coupling efficiency is 70% . Because it cou—
ples the 100um source into 5S0um fiber, the fiber
output of a high power LD with high brightness
and high power density can be achieved. T he power
density is up to 3. 6 X 10'W/em’.
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FIG. 4 Comparison of P+ Properties Between

Fiber Coupling Output and LD Output

4 Conclusions

In conclusion, a high power LD-multimode op-
tical fiber coupling scheme is proposed, by using a
double-curved lens with two cross cylindrical lens—

es structured on both sides of the glass substrate.

The fiber output of a high power LD with high
brightness and high power density is achieved. T he
power density is up to 3. 6X10'W /em” and the cou-

pling efficiency is 70%.
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