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Design and Development of F-theta Lens for 1064 nm Laser
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Purpose: To design and develop the f-theta lens for 1064 nm laser. Methods: In order to design the f-theta lens that
satisfies the user's conditions which are the laser beam diameter of 15 mm, the image point diameter of 30 um or less,
the optical system thickness within 70 mm, the working distance of about 295 mm, and the effective image diameter
within about 260 mm, method of setting the galvanomirror driving angles to eight zoom modes was used. Results: By
optimizing for the galvanomirror driving angles set to the eight zoom modes, we could design the f-theta lens of which
characteristics have the effective image diameter within about 260 mm, the sign of the refractive power constructed in
order of (+) (—) (+) (+), the resolving line width of 18.8 lps/mm (@ 40% MTF), the focal length of about 254 mm, the
working distance of about 295 mm, and the maximum galvanomirror driving angle of +10.5°. Conclusions: In this
study, by using the method to set the galvanomirror driving angles to multiple zoom modes for optimizing the f-theta
lens design, we could easily design and manufacture the f-theta lens that satisfies user's requirement.
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Fig. 1. Comparison of the ordinary lens(a, b) and the f-theta lens(c) in the screen imaging when used in the scanning system. ((a)
shows the field curvature induced from the ordinary spherical singlet. (b) shows that the image height is f x tan@ in case of
the flat-field lens. (c) shows that the image height is f x @in case of the f-theta lens.) This figure was revised and cited from

reference [1].
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Fig. 2. 3D configuration showed the relation between the f-

theta lens and the galvanomirrors. This figure was
revised and cited from reference [2].
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Table 1. Design specifications of f-theta lens demanded by

user
Distance between galvanomirror A & B > 20 mm
Distance between galvanomirror B and first surface
st > 19.5 mm
of 1% lens
Effective input beam diameter > 15 mm
Working distance (BFL) 295410 mm
Effective input diameter ~20 mm
Diagonal size of effective image field 260+£10 mm
Distance between first surface of 1* lens and 2™
< 70 mm
surface of last lens
Image point diameter <30 pm
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Table 2. Optical constraints for the initial design of our f-theta

lens

1) Distance between galvanomirror A & B =20 mm
2) Distance between galvanomirror B and first

o =19.5 mm
surface of 1% lens
3) Effective input beam diameter =15 mm
4) Working distance (BFL) = 295£10 mm
5) Distance between first surface of 1® lens and 2™

< 70 mm

surface of last lens
6) Diagonal size of effective image field = 260+10 mm
7) 64 = £21.0°
8) EFL = 250.75 mm

Table 3. Optimized design data of the f-theta lens obtained from CodeV

Surface |Surface . . Refract w

3 Type Y Radius Thickness Glass Mode Semi-Apertu
Object [Sphere Infinity Infinity Refract o
Stop Sphere Infinity 15.0000 Refract 7.5000 9
2 Sphere Infinity 0.0000 Reflect 13.2414 %
3 Sphere Infinity -20.0000 Refract 8.0336°
4 Sphere Infinity 0.0000 Reflect 17.7804 ©
S Sphere Infinity 19.5000 Refract 15.7108 %
8 Sphere -96.1313 7.0000 5F11  Refract 23.4215 %
i) Sphere -66.2747 2.1260 Refract 25.3064 °
8 Sphere -53.9222 5.5000 BK7_5 Refract 25.5660 Y
9 Sphere 387.7120 6.8110 Refract 31.2597°
10 Sphere 1074.3355 13.0000 5F11 Refract 36.6751°
atal Sphere -155.1541 11.2610 Refract 39.4571 %
12 Sphere -296.6315 15.0000 5F11  Refract 45,6902 ©
13 Sphere -116.6080 3.0000 Refract 4g.3823°
14 Sphere Infinity 3.0000 BE7_5 Refract 51.7677 %
15 Sphere Infinity 295.0813 © Refract 52.25809 Y
Image Sphere Infinity 0.0000 Refract 130.4553 Y

End Of Data
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Galvanomirror A
Protecting window

Galvanomirror B

Fig. 3. 3D ray tracing on the new designed f-theta lens system.
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Fig. 4. Spot diagram of the new designed f-theta lens system
in the 8 zoom modes.

Table 4. Driving angle configuration of the zoom-modes for using in optimization of CodeV (unit : degree)

zz:f Parameter| Zoom — 1| Zoom - 2| Zoom — 3| Zoom — 4| Zoom - 5| Zoom - 6| Zoom — 7| Zoom - 8
1 Lens Tit x0y0 x0y2 =x2y0 r2y2 x0yl x1lyl x2yl x1ly2
2 2 Alpha Ti @ 45.0000 45.0000 55.5000 55.5000 45.0000 50.0000 55.5000 50.0000
& 4 E;Beta Til 45.0000 55.5000 45.0000 55.5000 50.0000 50.0000 50.0000 55.5000
End Of Data
Table 5. Relationship between the zoom modes and the rotation angle of galvanomirror
Zoom states X0y0 x0y2 x2y0 x2y2 x0y1 xlyl x2yl x1y2
galvanomirror A(deg) 0 0 10.5 10.5 0 5.0 10.5 5.0
galvanomirror B(deg) 0 10.5 0 10.5 5.0 5.0 5.0 10.5
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Fig. 5. MTF curve of the new designed f-theta lens system in the 4 zoom modes.
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Fig. 6. Diagram of finite ray aberration of the new designed f-theta lens system in the 4 zoom modes.
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=254mm f-theta lens system
Workirg distarce : 25mm at the lastlers surface Deaign

Fig. 7. Sectional view of the f-theta lens system.

Fig. 8. Configuration of the the new designed f-theta lens system
manufactured by the design data of Table 3.
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