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Design and Fabrication of Eyepiece with 30° Field of View
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Purpose: To design and fabricate an eyepiece for organic light-emitting diode (OLED) display devices with a 30° field of
view, an exit pupil size of 7.0 mm, and an eye relief of 30.0 mm. Methods: Design optimization was performed by setting the
eye relief of 30.0 mm and the exit pupil size of 7.0 mm as fixed variables (constraints) and configuring the merit function with
a high weight on the removal of distortion, which the user focuses on minimizing. In addition, design optimization was
performed by adjusting the weight of each term of the merit function so that the MTF value was 0.4 or higher at a spatial
frequency of 33.3 Ip/mm. Results: We designed and fabricated an eyepiece optical system for an OLED display device with a
focal length of 23.0 mm, distortion of <0.2%, and a field of view of 30°. This eyepiece consists of five lenses (+ power lens, -
power doublet, + power lens, - power lens) and has resolution performance of 0.4 or higher at a spatial frequency of 33.3 Ip/
mm. Conclusions: We designed an eyepiece for the VGA-grade OLED display device with a pixel size of 15x15 g, which
has an MTF resolution of 0.4 or higher at a spatial frequency of 33.3 Ip/mm.
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Table 1. Design specifications demanded by users
Field of View (15£1%) deg

Eye Relief >30.0 mm

Axial Length from 1% lens to IMAGE <32.0 mm
Entrance Pupil 7.0 mm

Distortion <£0.25%

Wavelength range
MTF (640%480, 15 pm pixel)

Visible range
>0.40 @ 33.3 Ip/mm
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Fig. 1. Figure showing the Scale Mode available in CodeV.
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Table 2. Optimized design data of the OLED imaging optical system having a 23.0 mm focal length (unit: mm)

Surface # Surface Type Radius Thickness Glass Semi-Aperture
Objective Sphere
Stop Sphere 30.000 3.5
2 Sphere 36.2365 6.300 NSK16 12.095
3 Sphere -70.7567 0.300 12.149
4 Sphere 13.7125 8.100 NSK16 11.524
5 Sphere 84.2909 1.800 NSF4 10.233
6 Sphere 9.4788 2.385 7.706
7 Sphere 15.4033 5.600 NLAF2 7.720
8 Sphere -41.2619 1.408 7.072
9 Sphere -15.8142 1.000 NSF4 6.762
10 Sphere 4.500 6.618
Image Sphere 0.000 6.165
Table 3. 1% optical characteristics of the optimized OLED imaging
optical system having a 23.0 mm focal length
Infinite conjugates . —
EFL 23.000 ——— — =
BFL 4573 = =
FFL —1.343 806mm
FNO 3.286
IMG DIS 4.500 Fig. 2. Ray tracing drawing of the optimized OLED imaging
OAL 56.893 optical system having 23.0 mm focal length.
Paraxial image
HT 6.163
ANG 15.000
Entrance pupil
DIA 7.000
THI 0.000
Exit pupil
DIA 119.905 Fig. 3. 3D ray tracing drawing of the optimized OLED imaging
THI 389399 optical system having 23.0 mm focal length.
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Fig. 4. Distortion diagram of the optimized OLED imaging
optical system having 23.0 mm focal length.
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Fig. 5. Finite ray aberrations of the optimized OLED imaging
optical system having 23.0 mm focal length.
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Fig. 7. Manufacturing schematic drawing for the four lenses
that make up the optimized OLED imaging optical
system with a 23.0 mm focal length.

Fig. 8. External view of the assembled barrel with the
optimized OLED imaging optical system having 23.0
mm focal length.

gelo] 241) tisEao] wo] SlAlshe Folc,
Flg 8oll= Fig. 7 EHE 7| =HOZ sfof 74zt A=
Ve B BE AREE sl A= o} AES W

¢

S3 o258 zse] 743 BeE nelFy ok, 7
E uno)s B34 = 2EAw) okE 9 ()E v}

=]
PR =

oVFAA FelE AR Fiel Soldt FF7HA
229 shde] o3 2 H SVGARHE TS 640x480,
t2Zgo] W =7]: 9.6 mmx7.2 mm)g 0.59“ OLED T
2Zo] A2 AT E Qlo] FE] B 5 Y, AL

Ao] HEH 4727 A= 30.0mm AoK} 30°% %

SAZ = e, ALz A AR S dvE 5

AN

mu

y =
[—

B =R e gAel =77} 15x15 um*?]l VGAH
OLED HZd o] 228 HtA=E AA A& sttt
o] F3HAl= 33.3 Ip/mm FZHFIE Al MTF %ke] 0.4
o3l Halls A5 A 23.0 mm, HFFAF 0.2%

ola}, Aokt 30 =9 B8t A5 ZHA =k AHEA}

Vol. 29, No. 3, September 2024

o 2GS WSl A8 AR =L F
A A=, - 2AYe) B, + 2AY A=, - 24Y A
=) 2] TS AL sule] A= o] Folg,
ApRzs) AA=E BapA ] AFAE $EA7]7] 913
AFg O WA TS St At

AL =

B AT= 20239 % S5y aAdTHEANE
:FEU2023R19) Ao oJa) =3 =] 5t

REFERENCES

[1] Rogalski A. Infrared detectors: an overview. Infrared Phys
Techn. 2002;43(3-5):187-210. DOI: https://doi.org/10.1016/
S1350-4495(02)00140-8

[2] Kopytko M. Design and modelling of high-operating tem-
perature MWIR HgCdTe nBn detector with n- and p-type
barriers. Infrared Phys Techn. 2014;64:47-55. DOI: https:/
/doi.org/10.1016/j.infrared.2014.01.015

[3] Dereniak EL, Boreman GD. Infrared detectors and sys-
tems, 1st Ed. New York: Wiley-Interscience, 1996;23-128

[4] Elliott CT. New detector for thermal imaging systems.
Electron Lett. 1981;17(8):312-315. DOI: https://doi.org/
10.1049/e1:19810218

[5] Chen D, Chen YC, Zeng G, et al, Integration technology
of micro-LED for next-generation display. Research.
2023;6:0047. DOI: https://doi.org/10.34133/research.0047

[6] MicroLED-Info. What is MicroLED, 2023. https://www.
microled-info.com/introduction(20 July 2024).

[7] Hong SM, Song IS, Kim CW, et al. Thermal imaging sen-
sor design using 320x240 IRFPA. Korean J Opt Photon.
2004;15(5):423-428. DOI: https://doi.org/10.3807/KJOP.2004.
15.5.423

[8] Smith WJ. Modern optical engineering, 4th Ed. New
York: McGraw-HILL, 2008;287-338.

[9] Smith WJ. Modern lens design, 2nd Ed. New York:
McGraw-HILL, 1992;87-121

[10] Park SH, Lee DH. Development on a roofed pechan prism
type scope with long eye relief. J Korean Ophthalmic Opt
Soc. 2010;15(3):247-255.

[11] Park SH, Lee DH. Development on a relay lens type scope
with 70mm eye relief. J Korean Ophthalmic Opt Soc.
2009;14(3):29-35.

[12] Synopsys. Code V Optical Design Software, 2017. https://
Www.synopsys.com/optical-solutions/codev.html(27 May
2024).

[13] ORA. Code V Introductory User’s Guide CODE V 10.1.
California: Optical Research Associates, 2009.

[14] Smith WJ. Modern optical engineering, 4th Ed. New
York: McGraw-HILL, 2008;365-406.

J Korean Ophthalmic Opt Soc.



144 Dong-Hee Lee

[15] Kingslake R. Optical system design, Ist Ed. New York: [17] Smith WIJ. Modern optical engineering, 4th Ed. New

Academic Press, 1983;7-25. York: McGraw-HILL, 2008;457-500.
[16] Laikin M. Lens design, 4th Ed. New York: CRC Press, [18] Hecht E, Zajac A. Optics, 3rd Ed. London: Addison-Wes-
2007;119-129. ley Publishing Co., 1982;118-119.

E3F: 305 Aok, 2AFs 27] 7.0 mm, 2 ¢FAE] 30.0 mmE ZH= OLED Ui g|o] AxkE FHekal=E A
Al AZsaA} ok v AR 30.0 mm, EAFs 27] 7.0 mmE WS (constraint) 2 T3, AREAZ} #H A4S
o FHE T HFFA AA =L 7FEAE F merit functions 2t A HZH S ATt 3 F
ZFFEE 333 Ip/mmol A MTF #ko] 0.4 o)do] H=E &= WkO & merit functiond] 2} &o] 715x& ZdshA
A AA HAE= A8stact. b 2FAE 23.0 mm, HFF3F 0.2% ©8}, Aokt 3052 7FAlE OLED H&%
o] 2AME A= FAE A AT o] M=+ 24y W=, -Z-E gi, + 28 A=, -
=49 =)o) A4S 7K e sl A= o]FojH=t, 33.3 Ip/mm FIFIIA 0.4 01/ MTF 3s 2=
A5 Aes 2 HAh A& B =FolA $Ee g A7 15%15 wm*?) VGAT OLED HZ2=Z&#o] &
A= 93, 33.3 Ip/mm FFIERAA 0.4 o] HE MTF B85S 2, Helal=s AAE = At

FH0f: A, h==rat, HYR=, MTF, s34

Vol. 29, No. 3, September 2024 J Korean Ophthalmic Opt Soc.



	30도 시야각을 갖는 접안렌즈 설계 및 제작
	서론
	대상 및 방법
	결과 및 고찰
	결론
	REFERENCES


