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A Study of -0 Lens Design for Axisymmetric Spherical Surface
for RGB Laser Display and its applications
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Abstract

The design of a telecentric /-0 lens with a field of view (FOV) 30° and an effective focal length of
1000mm is presented. The optical stop is placed at the front plane and the design is based on a geometric
ray tracing technique, and the designed system consists of a series of convex and concave lenses. The
designed f-6 lens showed a considerable reduction in weight with a simplified structure and resulted in a
good performance in the designated FOV. Detail analysis of rays is also presented. 653nm (red laser), 586nm
(green laser), and 468nm (blue laser) were simulated as a light source and image illuminating source. The
developed optical design requires 7 pieces of lenses made of SF1, N-FK56, N-LAK33, and BK7 glass
materials. With optimal parametric design, the effective focal length was calculated to be 974.839mm which
is very close to the initial design target. For the manufacturing purpose, the dimensions of lens curvature and
thickness were truncated with error ranging 0.1% to 3.2%. As a result, the overall error was calculated to be
3.2% which can be still tolerable for display, laser material, and machining processing.

Keywords: Axisymmetric(ZtH3)), Spherical surface(51H), FOV(A]oFz}), Machining processing(7|4| 7}&),
Laser material Processing(&|o]# 7}&)
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Fig. 1 The concept of f-6 lens.
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Fig. 2 Notation for laser beam incidence.
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Table 1 Index of refraction for wavelength’

Wavelength
) 656nm 588nm 486nm
Material
SF3 1.731 1.742 1.758
N-FK56 1.433 1.435 1.437
N-LAK33 1.750 1.754 1.764
BK7 1.523 1.517 1.514
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(a) Geometric lens locations
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L
Surf: Type Radius | Thickness Glass

OBJ | Standard | Infinity | Infinity

STO | Standard | Infinity 90.000
2 | Standard | -109.769 | 12.870 SF3
3 | Standard | -709.220 | 10.110
4 | Standard | -297.619 | 37.430 N-FK5
5 | Standard |-171.233 4.360
6 | Standard | 1449275 27.870 [IN-LAKI14
7 | Standard | -206.612 | 15.000
8 | Standard | 1282.051| 21.460 N-FK5
9 | Standard | -751.880 | 30.000
10 | Standard | -209.205 | 13.000 SF3
11 | Standard | -581.395 | 100.000
12 | Standard | Infinity 30.000 BK7
13 | Standard |-1086.957) 8.000
14 | Standard | 1086.957 | 30.000 BK7
15 | Standard | Infinity | 1000.000

IMA | Standard | Infinity -

(b) Lens geometric data

Fig. 3 Index of lens surfaces and geometry.
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(c) OPD for 15°

Fig. 4 Optical path difference plot(x axis - Py, y axis -
OPD).
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Fig. 5 Spot diagram plot.

Table 2 RMS and GEO spot radius data for the incidence

angles
Inc. (°) 0° 7.5° 15°
RMS Rad (um) | 235.288 | 501.251 | 952.483
GEO Rad (um) | 469.757 | 995.437 | 1839.54
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(b) Projected image
Fig. 6 Image simulation.
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Table 3 True vs. optimized lens radius data and errors

o | Tme vae | O™ | Bmor
{mm)

STO Inf. Inf. -
2 -109.769 - -110 02
3 -709.22 710 0.1
4 -297.619 -298 01
5 -171.233 -171 0.1
6 1449.275 1450 0.1
7 -206.612 206 03
8 1282.051 1282 0.0
9 751.88 752 0.0
10 -209.205 209 0.1
11 -581.395 .581 0.1
12 Inf. Inf. Inf.
13 -1086.957 -1087 0.0
14 1086.957 1087 0.0
15 Inf.

Table 4 True vs. optimized lens gap data and errors

Ttem True value Opéglnulezed Error
(mm) Pl %)
STO 90 90 0
2 12.87 12.9 02
3 10.11 10 1.1
4 3743 37 1.2
5 4.36 45 32
6 27.87 28 0.5
7 i5 15 0
8 21.46 22 25
9 30 30 0
10 13 13 0
11 160 100 0
12 30 30 0
13 8 8 0
14 30 30 0
15 1600 974.839 2.5
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