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Design and Fabrication of Eyepiece with 40° Field of View and One Aspheric Surface
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Purpose: To design and manufacture an eyepiece for a 15 pm-pixel VGA-grade OLED display device with a 40-degree
field of view, an eye relief of 25.0 mm, an exit pupil size of 4.6 mm, and a focal length of 16.485 mm. Methods: A field of
view of 40°, a maximum effective lens diameter of 26.0 mm, and a focal length of 16.485 mm were set as fixed variables
(constraints), a merit function was set to ensure an MTF value of 0.3 or higher and a distortion of 1% or lower at a
reference spatial frequency of 33.3 Ip/mm, and optimization was performed using the CodeV lens design program. Results:
We designed and manufactured an eyepiece with a 5-lens configuration that can magnify a 15 um-pixel VGA-grade OLED
display device with a focal length of 16.485 mm, a distortion < 0.8%, and a 40° field of view. This eyepiece consists of five
lenses (+ refractive power spherical lens, - refractive power doublet spherical lens, + refractive power spherical lens, and -
refractive power aspherical lens), and has an optical system with a resolution of MTF =0.3 at 33.3 Ip/mm spatial frequency.
Conclusions: By introducing an aspherical surface into the existing eyepiece with a 30-degree field of view, our eyepiece
achieved a resolution of MTF > 0.3 at 33.3 Ip/mm spatial frequency, which can magnify a 300,000-pixel (640 x 480 VGA
grade) OLED element with a pixel size of 15 pm.
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Table 1. Design specifications demanded by user

Half Field of View (20£1%) deg

Eye Relief >25.0 mm
Axial Length from 1% lens to IMAGE < 32.0 mm
Maximum Effective Diameter of Lens < 26.0 mm
Entrance Pupil >4.0 mm
Distortion <*1.0%
Wavelength range Visible range

MTF (640%480, 15 pm pixel) >0.30 @ 33.3 lp/mm

Thermal detector: 640x480, 15 um pixel
Display panel: 800600, OLED, 15 gm pixel
(effective area 640x480)
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Table 2. Optimized design data of the OLED imaging optical system with a 16.485 mm focal length

MTF curves of the optimized OLED imaging optical system consisting of five spherical lenses with a focal length

Fig. 2. Ray-trace drawing of the optimized OLED imaging
optical system with a 16.485 mm focal length.
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Surface # Surface Type Radius Thickness Glass Semi-Aperture
Objective Sphere
Stop Sphere 25.000 2.300
2 Sphere 22.9584 6.160 NSK 14 12.825
3 Sphere —96.7503 0.300 12.735
4 Sphere 13.3947 7.500 NSK16 11.343
5 Sphere 280.0254 1.000 NSF4 10.489
6 Sphere 8.7912 0.787 7.638
7 Sphere 9.5122 5.840 NLAF7 7.668
8 Sphere -37.1616 0.866 7.165
9 Sphere -17.7431 1.000 PSTYR 7.007
Aspher 8346.1131 2.702 6.145
10 k: —=0.304512E11 A,: 0.462800E-03 A4: 0.104702E-04 As: —.738010E-07 A;o: —.172351E-08
Image Sphere 0.000 5.999
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Fig. 3. 3D ray-trace drawing of the optimized OLED imaging
optical system with a 16.485 mm focal length.
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Fig. 4. Distortion diagram of the optimized OLED imaging
optical system with a 16.485 mm focal length.
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Fig. 5. Finite ray abermations of the optimized OLED imaging
optical system with a 16.485 mm focal length.
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Table 3. First optical characteristics of the optimized OLED
imaging optical system with a 16.485 mm focal length

Infinite conjugates

Effective Focal Length (mm) 16.485
Back Focal Length (mm) 1.556
Front Focal Length (mm) 7.572

FNO 3.584

Image Distance (mm) 1.500

Overall Length (mm) 49.654
Paraxial image

Height (mm) 6.000

Angle () 20.000
Entrance pupil

Diameter (mm) 4.600

Thickness (mm) 0.000

Exit pupil
Diameter (mm) 10.014
Thickness (mm) 37.444
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Fig. 6. MTF curves of the optimized OLED imaging optical
system with a 16.485 mm focal length.
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Fig. 7. Manufacturing drawing of four spherical lenses among the lenses that constitute the optimized OLED imaging optical
system with a focal length of 16.485 mm.
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Fig. 8. Manufacturing drawing of an aspherical lens among the lenses that constitute the optimized OLED image optical
system with a focal length of 16.485 mm.
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(a (b)

Fig. 9. External view of the assembled barrel with the
optimized OLED imaging optical system with a
16.485mm focal length. (a) with OLED panel
attached, (b) with rubber eye guard attached.
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