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Line-Focusing Optical System of Laser Beam with Reverse-Biprism
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Purpose: This study aims to aid the development of a line-focusing optical system combining the emitting area beams
of two LD stacks to produce a single-line beam. Methods: By reversing the configuration of the biprism, which has been
used in ophthalmic optical devices, a new reverse-biprism could be defined, which could be used to develop an optical
system that combines the emitting area beams of the two LD stacks. Cylindrical lenses were introduced to allow the
combined emitting area beams to be converted into a line beam shape, and the vertex angle of the reverse-biprism was
used as an optimization variable for the uniformity of the irradiance of this line beam. Results: The newly designed line-
focusing optical system, which can combine the emitting area beams of two LDs to form a single-line beam, has
characteristics such as 1 mmx40 mm (£10%) line beam shape size, less than 10% tolerance of the line beam irradiance
uniformity at a working distance of 280 mm, and less than 25% at a working distance of 280 10 mm. Conclusions: By
applying the reverse-biprism redefined by reversing the base direction of the conventional biprism, we were able to design
a line beam focusing optical system that could combine the emitting area beams of two LD stacks to produce a single-line
beam. This reverse-biprism is expected to continue to play a role in the field of combining two isolated light sources in

the future.
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(a) Structure of LD bar

inlet/outlet
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Fig. 1. The LD bar structure and the compositon of a single LD stack of multiple LD bars. This figure was revised and

cited from references 2 & 3.
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Fig. 2. 3D biprism configuration: (a) transparent projection
view; (b) sectional view.
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Fig. 3. 3D reverse-biprism configuration: (a) transparent
projection view; (b) sectional view.
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Table 1. Design specifications of the line-focusing optical
system for the LD stacks demanded by the user

LD wavelength 975 nm

10 mm=+40 mm
2.5KW
~280 mm (£10 mm)
Wanted dimension of line beam ~1 mmx40 mm (£10%)

Uniformity tolerance for long [< £25% @ WD 280 mm +10 mm
axis direction of line beam < £10% @ WD 280 mm

Number of LD stacks used for
equipment manufacturing

Emitting area per one LD stack

Power per one LD stack

Working distance

2 ea
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Fig. 4. An LD stack model of DILAS Diode Laser, Inc.,
with a light emitting area of 10 mm x 40 mm.®
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Fig. 5. Finite ray aberration of y-axis direction line-focusing
optical system.
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Table 2. Optimized design data of the line-focusing optical system designed by traditional methods (units: mm)
Surface # Y Radius X Radius Thickness Glass Y Semi-Apert X Semi-Apert

Object Infinity Infinity 16.00

1 Infinity Infinity 4.00 SILICA 25.00 25.00

2 Infinity Infinity 67.00 25.00 25.00

3 Infinity 95.196 10.00 SILICA 30.00 26.00

4 Infinity Infinity 31.00 30.00 26.00

5 Infinity —153.784 5.00 SILICA 30.00 26.00

6 Infinity Infinity 18.00 30.00 26.00
Stop 90.874 Infinity 20.00 SILICA 30.00 26.00

8 -106.617 Infinity 8.00 30.00 26.00

9 Infinity Infinity 10.00 SILICA 30.00 26.00

10 Infinity Infinity 20.00 30.00 26.00

11 Infinity Infinity 3.00 SILICA 30.00 26.00

12 Infinity Infinity 270.00 30.00 26.00

13 Infinity Infinity 0.00 receiver 67

14 Infinity Infinity 10.00

15 Infinity Infinity 0.00 receiver 72

16 nfinity Infinity 10.00
Image nfinity Infinity 0.00 receiver 77
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Fig. 6. Finite ray tracing of the optimized line-focusing optical system showing in the x-z plane.
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Fig. 7. Ray tracing of the optimized line-focusing optical system showing in the y-z plane.
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Fig. 8. Ray tracings of the optimized line-focusing optical system, with two LD stacks used in parallel, showing in the
x-z plane (a) and the y-z plane (b).
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Fig. 9. lllustration showing the geometry of the reverse-biprism optimized to remove the gap between the line beams.
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Fig. 10. Ray tracings of the optimized line-focusing optical system by a reverse-biprism adopted to eliminate the gap
between two line beams, showing in the x-z plane (a) and the y-z plane (b).
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Fig. 11. Irradiance chart on the receiver 59 of the optimized
line-focusing optical system with a reverse-biprism.
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Table 3. Summary table of the maximum, minimum, and
average values of the irradiance numerical data
in the vertical axis of the irradiance charts shown
in Figs. 12-14 (units: 0.5x10-5W/mm?)

. Maximum Minimum
Receiver # Average (a)
b (b-a)/a c (c-a)/a
67 4.10 4.95 0.21 3.81 -0.07
72 4.10 4.49 0.10 3.72 —0.09
77 4.10 4.80 0.17 3.06 -0.25
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Fig. 13. Irradiance chart on the receiver 72 of the
optimized line-focusing optical system with a
reverse-biprism.
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