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Purpose: In this study, we aimed to design a folded telephoto camera lens for mobile devices using eight aspherical
lenses and one mirror, to simultaneously achieve miniaturization and high performance, which are required for mobile
device cameras. Methods: The optical system was designed by determining its structure through an analysis of prior
design specifications reported in the literature and in patents, further setting target specifications. The performance of the
designed optical system was subsequently evaluated through optical simulations conducted using lens design software.
The distortion, modulation transfer function (MTF), and spot diagram were analyzed to assess the performance of the
optical system. Results: The folded telephoto camera lens for mobile devices had an effective focal length of
approximately 50 mm and was designed to have a width of less than 9 mm, considering the thickness of mobile devices.
Within a 12° field of view, the distortion was less than 0.3% for the full field, indicating reduced peripheral distortion in
the image. The MTF was over 20% at 150 Ip/mm, demonstrating stable performance. Conclusions: We designed a folded
telephoto camera lens applicable to mobile devices. The designed optical system ensured a long focal length while
minimizing the aberrations caused by changes in the optical axis. This is expected to contribute to miniaturization and
high performance, thereby enhancing performance in a wide range of applications beyond mobile devices.
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Fig. 1. Layout of optimized folded telephoto camera lens.

Table 2. Design data of the optimized folded telephoto camera

lens
TSt B AV BRE e AN e 2ol A Surface Radius Thickness Index Abbe #
2 T Add= HolA B A9 HFo) Fitet 7zt Stop - ~0.963 - -
st 1 6.248 1.977 1.487 70.4
AA Ak 24 D EF AFFOE Table 1914 AA)H 2 ~8.902 0.100 - -
nke} o] muld 7]7)9] T RS 1 st _r7}]] 3 4472 0.615 1.646 34.6
9mm °JUZ HAASIHS u:] 3.33 um =7 19] Airs 4 3.489 0.986 - -
0% Fe FRE 238k A 7H smp 1/2.36” 3 S0 0422 1695 481
omlA] ANl theshe AL BRE TG 4w w7 o e A '
W =g F718 & sole) Wl Azl whe) nlels oo e e 3
A8} EFL(effective focal length) 50 mmE X3} Mifror _8'_585 —421;23 : _
FOV(field of viewy= 127 2 243 F F9d ARl 9 10598 3490 1750 323
Table 1. Target specifications of folded telephoto camera lens 10 —18.728 ~1.029 - -
Parameter Value 11 146.436 —0.742 1.501 62.8
Wavelength 656~486 nm (visible range) 12 21.486 -0.751 - -
Field of View 12° 13 30.054 -1.662 1.650 55.0
Effective Focal Length 50 mm 14 12.184 —0.622 - -
Width > 9 mm 15 16.575 -1.536 1.681 359
Type <1/2.36", > 5MP 16 10.045 -29.440 - -
Sensor ) ) )
Pixel Size <333 um Filter - -0.210 1.520 64.2
Modulation Transfer Function >20% (150 1p/mm) - - -0.350 - -
Distortion <1% Image - - - -
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Table 3. Aspheric coefficients for the optimized folded telephoto

camera lens

# 4" (A) 6" (B) 8" (0) 10" (D)

1 4.05E-05  —2.47E-05 1.64E-05  —4.58E-06
2 8.06E-03  —1.96E-03 3.59E-04  —4.94E-05
3 —327E-03 -321E-04  —3.04E-04 3.99E-05
4 —143E-02 1.14E-03  —1.36E-03 3.49E-04
5 334E-02  -3.76E-03 2.80E-05 5.55E-05
6 1.49E-02 5.28E-03  —1.75E-03 1.65E-04
7 -1.19E-02 1.13E-02  —3.06E-03 5.55E-04
8 7.41E-04 4.14E-03  —1.01E-03 1.80E-04
9 5.57E-05  -8.73E-06  —5.40E-07 6.02E-09
10 —1.61E-05 4.29E-06 1.88E-07  —7.01E-10
11 3.98E-05  —237E-06 —1.33E-07 —1.56E-09
12 —4.04E-05 1.31E-06 8.52E-08 9.84E-10
13 1.08E-05  —1.20E-07  —2.05E-08  —3.31E-10
14 3.99E-05  —4.05E-07  —1.82E-09 2.38E-10
15 -3.92E-05 5.69E-07 6.67E-09  —1.93E-10
16 499E-05  —9.77E-07  —2.30E-08  —9.22E-11
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Fig. 2. Distortion (%) and distortion grid of optimized folded telephoto camera lens.
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Fig. 3. MTF characteristics of optimized folded telephoto camera lens.
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Fig. 4. Spot diagram of optimized folded telephoto camera
lens.
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