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Abstract: In this study, a reverse design of the F-theta lens was proposed for a 2D scanner in remote welding
applications. The curvature and distance of the lens were set as variables, and the focal length of the lens was
set as the marginal ray height. The ZEMAX commercial software was used to perform a simulation with
unlimited iterations for the optimization process. The target value was optimized using the internal Merit
function with the weight factors of focal length and spot diameter. The number of lenses was four, and the
focal length obtained from the results was 135mm that is slightly less than that of the commercial lens, which
is set with a focal length of 185 mm. The calculated spot diameters are 1.3pm, 6.2ym, and 16.1um for 0°,
12.5° and 23° of incident laser beam, respectively. It is expected that an optimized lens design is possible by
performing the reverse design of a lens by the ray tracing method.
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A. Spherical Lens B. Flat-Field Scanning Lens
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C. F-Theta Scanning Lens

Fig. 1 The Concept of F-theta scanning lens®™

FTH160-1064-M39 F-Theta Lens
23 23
22 22
— 20 20
o
;’ 18 18 4
> 16 4 16 4
< 14 14
§ 12 4 12
o 104 10
= 1
T 8] 8 i
2 6 6 - !
T tial Pl
CEES 4 —sieirane 1
2 2 1
0 T r r 04— T t
00 05 10 15 20 -0504 02 00 0.2
F-Theta Distortion (%) Field Curvature (mm)

Fig. 2 Example of lens deflection angle®
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Table 1 F-Theta lens specification®

Effective Focal Length (EFL) 160 mm
Scan Angle (Max) +20°

Scan Length (Max) 111.7 mm
Scan Field (Max) 79 x 79mm
Beam Diametera 8§ mm

Spot Size 39 pum
F-Theta Distortion (Max) 1.30%
Working Distancea 181.0 mm
Flange Focal Lengtha 194.1 mm
Lens Length 12 mm (0.47")
Mounting Threads M39 x 1.0
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Layout

THORLABS SWEDEN AB FTH160-1064-M39
2016-11-
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FTH160-M39-1064_BB.2ZMX
Configuration 1 of 3

(a) Layout of rays(Inc. Angle 0°, 12.5°, 23°)
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(c) Spot diagram

Fig. 3 Lens performance results
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Table 2 Lens design data (unit: mm)

Lens # Face Curvature Dist.*
| Left -37.78 1.89
Right -26.10 1.89
5 Left -14.30 1.89
Right -64.31 2.36
Left -61.00 7.08
3 Right -21.43 0.47
4 Left -1176.47 6.60
Right -48.36 137.33
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Fig. 5 Lens simulation analysis
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