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Design of an Ultra-Small Wide-Angle Medical Endoscope Lens

Zhu Jiawei Ding Guilin
School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract In order to meet the miniaturization, portability and wide— angle needs for modern medical
endoscopes, an ultra— small medical endoscope lens with a wide angle is designed combining with modern
plastic aspherical and injection molding technology and using Zemax optical design software. The lens uses two
plastic aspheric lens, whose optical structure is in the form of a negative—positive construction and are located
by the sides of the stop. The design result shows that F number is 6.0,the field of view is 150°, the total length
of the lens is 3.38 m and the lens diameter is 2 mm. The modulation transfer function (MTF) of all fields at half of
Nyquist frequency are more than 0.45. Through the test of the lens, the image is clear and the detail of human
internal organization can be well observed, which meets the requirement of medical application.
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Table 1 Main specifications of the endoscopes

Items Specification
Field of view 150°
Effective focal length 0.8~1.2 mm
F number <8
Distortion >-80%
Wave band 450~480 nm
Relative illumination >T70%
Working distance 5~30 mm
Total length <3.5 mm
Lens structure 2 pieces aspheric+IR filter
Chief ray angle <25°
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Fig.1 Initial structure of the entity
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Fig.2 Structure of lens assembly after optimization
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Table 2 System structure parameters

Surface Type Radius /mm Thickness /mm Glass Semi-aperture /mm
Object Sphere o 10 39.77
1 Asphere 5.377 0.498 APL5514ML 0.727
2 Asphere 0.435 0.469 0.31
Stop Sphere 0 0.0499 0.111
4 Asphere 1.384 0.563 APL5514ML 0.161
5 Asphere -0.589 1.67 0.338
6 Sphere © 0.3 HK9L 0.416
7 Sphere o 0.85 0.474
8 Sphere o 0.4 HK9L 0.728
9 Sphere o 0.057 0.804
Image Sphere o 0 0.84

# 3 H—Ab Ak BRI R

Table 3 Normalized aspheric sag

Radius Ashperel Ashpere2 Ashpere4 Ashpereb
0.1R 0.000497 0.001126 0.000101 -0.000999
0.2R 0.001909 0.004511 0.000403 -0.004006
0.3R 0.004021 0.010183 0.000910 -0.009038
0.4R 0.006515 0.018195 0.001625 -0.016115
0.5R 0.008989 0.028635 0.002553 -0.025238
0.6R 0.010956 0.041650 0.003699 -0.036386
0.7R 0.011831 0.057463 0.005067 -0.049507
0.8R 0.010948 0.076386 0.006655 -0.064537
0.9R 0.007660 0.098803 0.008452 -0.081404

R 0.001578 0.125041 0.010419 -0.100054
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