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Fig. 2. (a) Irradiation distribution of two LED source, R =5 c¢m, § = 7.5°, m = 60, z = 300 cm; (b) at y = 0, the

normalized irradiation distribution along x axis direction.
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Fig. 9. Schematic diagram of two spherical ring array with pixel number 6+12: (a) Top, (b) side view, angle between

luminous normal and ring normal is g and @1, respectively.
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Fig. 10. Irradiation distribution of the ring LED source with @ value (a) 1, (b) 5, (c) 20; R = 10 cm, ¢o = 20°,
m =25, 2z=200cm, K =2.
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Fig. 11. Irradiation distribution of the 6412 ring LED source with @ value: (a) & = 1, ¢g = 15°; (b) & = 5,
o =15% (c) @ =1, po = 20°; (d) & = 5, o = 20°.
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Fig. 12. Irradiation distribution of the 6412 ring LED source with & value: (a) & =5, K = 2; (b) & = 20, K = 0.5;
() =5, K =05 (d) & =20, K = 0.5.
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Fig. 13. (a) Hlumination test system; (b) capture images at 15° angles; (c) drive test of micro-curved

LED array; (d) comparison between theoretical and experimental double micro LED irradiance

distribution.

070701-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 67, No. 7 (2018) 070701

6 % #

AR SCER WA B T LED B 471 8 RE 93 A — B i
IR EEAT 1 WEFE. SRADGEEB kT 5 T AL R
7 BB SRR T I B B (TR BE A S5 IRER W,
2458 R AN G US4 5 2 Blom A& 5 A T B 51 R
oA BN R, BT S RO AR R R A
IR SR R AR AL E, BETTHG 50 A5 1R R R 1 5
FEFE, PErmRe AR, TH BRI K 51 0
G, SR, HIAJE LED FEFIIREE S 511 518
REETCK. FMERTE 2 38 LED [ 51 I8 R 50 Aii (1)
SR EE NI AT R K L S 5 — )
TV T po M EH LB R NBRZ LS.
REERTH 22 IR B AL B 2 HOR] 77 R AN [ 0 = ) A
230, SEBL Y LED B 518 R I B 1% S X
ZHACIRIEER S, LR VM LED &R
FLITIA 0 73 ) 9 130, 15° MN1Te I 70 A, 5
B THE S5 RN — 2L

S

[1] Jiang H X, Lin J Y 2013 Opt. Ezpress 21 A475

[2] Bao X Z, Liang J Q, Liang Z Z, Qin Y X, Li J G, Wang
W B 2016 Chin. J. Lumin. 37 1399 (in Chinese) [fd%
B, BRI, B, BRI B4e0t, F4E” 2016 KoL
] 37 1399]

[3] Xue B, Yang H, Yu F, Wang X T, Liu L L, Pei Y R,
Lu P Z, Xie HZ, Kong Q F, Li J, Yi X Y, Wang J X,
Li J M 2014 Optoelectronic Devices and Integration V
(Beijing: Spie Press) p9270

[4] Herrnsdorf J, McKendry J J D, Zhang S, Xie E, Ferreira
R, Massoubre D, Zuhdi A M, Henderson R K, Ian U,
Scott W, Kelly Anthony E, Gu E, Dawson M D 2015
IEEE Trans. Electron Dev. 62 1918

[5] Ban Z, Liang Z, Liang J, Wang W, Li J, Qin Y 2017
Curr. Opt. Photon. 1 143

(6]

[14]

(15]

070701-11

Chen H W, Wen S S, Ma B X, Fu M, Xie Y 2017 Acta
Opt. Sin. 37 0222001 (in Chinese) [Ffifkfh, Ciifk, &7
H, R, il 2017 SbE2E 37 0222001]

Chai Y B 2012 M. S. Dissertation (Shanghai: Fudan
University) (in Chinese) [$¢508t 2012 #il 122470183 (1
g HHKE)]

Mckendry J J D, Massoubre D, Zhang S, Rae B R, Green
R P, Gu E, Henderson R K, Kelly A E, Dawson M D
2011 J. Lightwave Technol. 30 61

Tian P, Mckendry J J, Gu E, Chen Z, Sun Y, Zhang G,
Dawson M D, Liu R 2016 Opt. Ezpress 24 699

Day J, Li J, Lie D Y C, Bradford C, Lin J Y, Jiang H
X 2011 Appl. Phys. Lett. 99 031116

Liu Z J, Chong W C, Wong K M, Tam K H, Lau K M
2013 IEEE Photon. Tech. L. 25 2267

Rajbhandari S, Chun H, Faulkner G, Cameron K, Jala-
jakumari A V N, Henderson R, Tsonev D, Ijaz M, Chen
Z, Haas H, Xie E, McKendry J J D, Herrnsdorf J, Gu
E, Dawson M D, O’ Brien D 2015 IEEE J. Sel. Area.
Comm. 33 1750

O’Brien D, Haas H, Rajbhandari S, Chun H, Faulkner G,
Cameron K, Jalajakumari A V N, Henderson R, Tsonev
D, Ijaz M, Chen Z, Xie E, McKendry J J D, Herrnsdorf
J, Gu E, Dawson M D 2015 Broadband Access Commu-
nication Technologies IX (Beijing: Spie Press) p9387
Gao D, Wang W, Liang Z, Liang J, Qin Y, Lii J 2016 J.
Phys. D: Appl. Phys. 49 405108

Fang S W 2017 Ph. D. Dissertation (Beijing: University
of Chinese Academy of Sciences) (in Chinese) [/ +:ffi
2017 42030 (Jent: hEBER )]

Liu H J, Lan T, Ni G Q 2014 Acta Phys. Sin. 63 238503
(in Chinese) [XI37%, ¥R, fid B 3% 2014 ¥ # 4k 63
238503]

Shi CY, Wen S S, Chen Y C 2015 Chin. J. Lumin. 36
348 (in Chinese) [SJRFH, Sk, BRBIEE 2015 KI6%4R
36 348]

Moreno I, Avendano M, Tzonchev R 1 2006 Appl. Opt.
45 2265

Zhu Z, Ma D, Hu Q, Tang Y, Liang R 2018 Opt. Ezpress
26 Ab4

Zhao Z, Zhang H, Zheng H, Liu S 2018 Opt. Commun.
410 123

Tian P, Mckendry J J D, Gong Z, Guilhabert B, Watson
I M, Gu Erdan, Chen Z, Zhang G, Dawson M D 2012
Appl. Phys. Lett. 101 2217


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/OE.21.00A475
http://dx.doi.org/10.1109/TED.2015.2416915
http://dx.doi.org/10.1109/TED.2015.2416915
http://dx.doi.org/10.3807/COPP.2017.1.2.143
http://dx.doi.org/10.3807/COPP.2017.1.2.143
http://dx.doi.org/10.1364/OE.24.000699
http://dx.doi.org/10.1063/1.3615679
http://dx.doi.org/10.1109/LPT.2013.2285229
http://dx.doi.org/10.1109/JSAC.2015.2432551
http://dx.doi.org/10.1109/JSAC.2015.2432551
http://dx.doi.org/10.1088/0022-3727/49/40/405108
http://dx.doi.org/10.1088/0022-3727/49/40/405108
http://dx.doi.org/10.7498/aps.63.238503
http://dx.doi.org/10.1364/AO.45.002265
http://dx.doi.org/10.1364/AO.45.002265
http://dx.doi.org/10.1364/OE.26.000A54
http://dx.doi.org/10.1364/OE.26.000A54
http://dx.doi.org/10.1016/j.optcom.2017.09.101
http://dx.doi.org/10.1016/j.optcom.2017.09.101

32 % R Acta Phys. Sin. Vol. 67, No. 7 (2018) 070701

Study on uniform irradiance of micro
curved-light-emitting diode array”

1)2) 1)2)

Ban Zhang Liang Jing-Qiu"! Lii Jin-Guang" Liang Zhong-Zhu') Feng Si-Yue

1) (State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, Changchun 130033, China)
2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 6 December 2017; revised manuscript received 16 January 2018 )

Abstract

The curved light-emitting diode (LED) array has so many advantages over conventional planar micro LED array
such as wider viewing angles, and convenience in its actual applications: curved mobile phone screen, curved smart watch
screen, and wide-angle communication illumination light source, etc. Irradiance uniformity is considered to be one of
the momentous parameters for evaluating the degree of display or communication lighting devices. In order to improve
the untilization of micro-curved LED array in display illumination, we focus on uniform irradiance of cylindrical and
spherical micro-LED array by the method of ray-tracing. The calculation results show that the curved radius R and
LED radiation parameter m are main factors affecting the uniform irradiance of the cylindrical array. We can improve
the energy utilization efficiency by arranging the array pixel positions rationally. The simulation of 10 x 10 cylindrical
array with bending radius R = 5 cm shows that the uniformity of maximum irradiance can reach 90.5% when detection
distance z = 300 cm and the detection area is defined as {(z,y)| — 100 < z < 100, —100 < y < 100}. Furthermore, the
irradiance distribution of spherical array is calculated and the results show that the irradiance uniformity of the single
spherical array is unrelated to the number of pixels when it surpasses three. The main factors that affect the irradiance
distribution of the multi-ring LED array are the ring distribution coefficient K, the normal angle ¢o, and the luminous
flux ratio of each ring &. Also the two-ring LED array model is calculated when the pixel number of the first ring is set to
be 6 and the second ring is assumed to be 12. And the simulation results show that the maximum irradiance uniformity
of the two-ring LED array can reach 94.8% in which the value of (g is set to be 20°, the ring distribution coefficient
K = 0.5 and the two ring pixel unit luminous flux ratio & = 20. Experimentally, we adopt the approach of the two micro
LEDs to confirm the accuracy of the theory. And the results show that the irradiance distributions of two LEDs with
the values of angle § = 13°, 15° and 17° are consistent with the theoretical calculations. Thus, the theoretical and the

experimental results in the paper can offer references for curved-LED display and multi-mode intelligent illumination.

Keywords: micro, light-emitting diode array, curve, irradiance uniformity
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