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Purpose: This study aimed to develop a laser beam line-focusing optical system with improved uniformity of the
focusing line beam using a folding mirror in the line-focusing optical system configuration that generates a one-line
beam by combining two laser diode (LD) stacks. Methods: We inserted a folding mirror that can adjust the folding angle
between the focusing optical system composed of two LD stacks and the cylinder lenses to adjust the angle of the
folding mirror. Hence, we could use the reflection angle of the folding mirror as an optimization variable to improve the
uniformity of the focusing line beam according to the working distance. Results: In the newly designed optical system,
the size of the laser beam line-focused by combining beams from the emission areas of the two LD stacks was 1 mm x
40 mm (£10%), and the irradiance uniformity of the focused laser beam line at a working distance of 280+10 mm was
within approximately £15%. Conclusions: Using a folding mirror, it was possible to design a new laser beam line-
focusing optical system that combines two LD stacks to generate a single line beam. This optical system could become a
laser beam line-focusing optical system with improved irradiance uniformity within the working distance range compared

to the existing optical system using a reverse biprism.
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Fig. 1. View of the LD stack of DILAS Diode Laser, Inc.
with a light emitting area of 10 mm x40 mm (a).
and the inner parts of the LD stack (b). This figure
was revised and cited from reference 2 & 3.
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Fig. 2. Structure of a folding mirror with an outside reflective
surface (a) and folding angle (b).
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Table 1. Design specifications of the line-focusing optical
system for the LD stacks demanded by users

975 nm

LD wavelength

Emitting area per one LD stack 10 mmx40 mm

Power per one LD stack 25kW
Divergence Fast axis < 8 mrad
angle Slow axis < 8deg

Working distance ~ 280 mm (£10 mm)

Wanted dimension of line beam
(£10%)

Uniformity tolerance for long <#20% @ WD 280 mm=10 mm
axis direction of line beam <£10% @ WD 280 mm

Number of LD stacks used for
equipment manufacturing

=~ 1 mm(FWHM)x40 mm

2ea

Notes: By using FAC lens for fast-axis collimation, the divergence
angle of fast-axis is less then 8mrad.
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Fig. 3. Ray tracing of the optimized line-focusing optical system shown on the y—z plane.
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Fig. 4. Finite ray aberration in the y-axis direction of the
optimized line-focusing optical system.
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Fig. 5. Comparison of four types of cylinder lens arrangements along the x-axis direction of the line-focusing optical
system (a), and the ray tracing diagram on each imaging plane (b).
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Fig. 6. Ray tracing of the optimized line-focusing optical system shown on the x—z plane.
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Table 2. Optimized design data of the line-focusing optical system, in which the folding angle of the folding mirrors is 2 x 45°

Surface # Surface Name Y Radius X Radius Thickness Glass Y Semi-Apert X Semi-Apert

Object Infinity Infinity 121.15

1 Y 85.3179 Infinity 10.00 SILICA 30.00 30.00

2 Infinity Infinity 5.00 30.00 30.00

3 Y -176.4013 Infinity 5.00 SILICA 30.00 30.00

4 Infinity Infinity 5.00 30.00 30.00

Stop X Infinity Infinity 10.00 SILICA 30.00 30.00

6 Infinity —98.9065 5.00 30.00 30.00

7 X Infinity 84.5143 10.00 SILICA 30.00 30.00

8 Infinity Infinity 15.00 30.00 30.00

9 Window Infinity Infinity 3.00 SILICA 30.00 30.00

10 270 mm Infinity Infinity 270.00 30.00 30.00

11 280 mm Infinity Infinity 10.00 SILICA 30.00 30.00

Image 290 mm Infinity Infinity 10.00 30.00 30.00

Vol. 27, No. 3, September 2022 J Korean Ophthalmic Opt Soc.



Line-Focusing Optical System for Laser Beams Using Folding Mirrors 197

LD stack

Y-axis cylinder lens

N
X-axis cylinder lens
(@) Y-axis cylinder lens

LD stack

Y
(b) X-axis cylinder lens

Protecting window

Image plane

Protecting window
el =

Image plane

Fig. 7. Ray tracings of the optimized line-focusing optical system with a 2 x45° folding angle of the folding mirrors shown

on the x—z(a) and y-z planes(b).
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Fig. 8. Iradiance chart at the 280mm WD of the optimized
line-focusing optical system, in which the folding
angle of the folding mirrors is 2 x 45°.

Fig. 9. Ray tracings of the line-focusing optical systems with folding mirror angles optimized by LightTools at working

distances of 270 mm, 280 mm, and 290 mm.
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Fig. 10. Figures showing the distributions of the laser beam on the protection window in the case of the 2 x45° folding
angle (a), and the cases of the three folding mirror angles optimized at working distances of 270 mm (b), 280 mm

(c) and 290 mm (d).
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Fig. 11. Imadiance chart at the 270mm WD of the optimized
line-focusing optical system, in which the folding
angle of the folding mirrors is 2 x 42.98°.
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Fig. 12. Iradiance chart at the 280mm WD of the optimized
line-focusing optical system, in which the folding
angle of the folding mirrors is 2 x 42.70°.
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Fig. 13. Iradiance chart at the 290 mm WD of the optimized
line-focusing optical system, in which the folding
angle of the folding mirrors is 2 x 42.40°.
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Table 3. Summary of the maximum, minimum, and average
values of the irradiance numerical data along
the vertical axis of the irradiance charts shown

in Fig. 11-13 (units: 1.0x10°8 Wimm?)
Working Average Maximum Minimum
distance (a) b (b-a)/a c (c-a)/a
270 8.03 9.05 0.13 7.90 -0.02
280 8.03 8.63 0.07 7.63 -0.05
290 8.03 8.10 0.01 6.85 -0.15
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