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Investigation on The Circadian Action Factor of RGB White LEDs
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Abstract: The circadian action factor ( CAF) model was adopted to study the non-visual biological
effects for the three-primary colortunable white LEDs by calculating CAFs at various driving cur—
rents. In order to obtain the white light similar to the natural light according to non-visual biological
effects the models of CAF versus current and CCT versus current were generated. Therefore the
driving currents of threeprimary LEDs could be determined after the CAF and the CCT of the natural
light were known. Based on aforementioned models and after the natural light at different times in a
day was tested the driving currents of three-primary LEDs were deduced. Then driven by these
currents white LEDs were tested and their CAFs were calculated. A comparison between calculated
values and experimental counterparts shows that the difference lies within 1. 1% suggesting the fea—
sibility of this approach. This work appears meaningful for mimicking the natural light by using
three—-primary white LEDs.
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Tab.1 Spectral parameters of RGB LED chips
Chip Peak wavelength/nm FWHM /nm Flux/Im OP/W 7.
R 628 15.7 32.7 0. 146 16.7%
G 515 33.2 41.6 0.095 8.2%
B 455 23.8 11.1 0.251 35.9%
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Tab.2 a,, of the light source under different I, and I

I, /mA

I fmk 150 100 80 50 10
350 1.233 1.093 0.996 0.798 0.436
300 1.276 1.129 1.037 0.830 0.473
200 1.345 1.233 1.116 0.915 0.558
150 1.394 1.262 1.163 0.967 0. 605
100 1,434 1.319  1.215  1.021  0.660
80 1.467 1.336 1.236 1.043 0.686

2 a. Iz~

a, =7.24x107 x I}, =1.20 x 107 x I, -

av

3.35x107° x A +1.11 x 107 x I, +0. 66

R* =0.997 (4)
R-square 0.997
o (4) a,
I, I o
CCT
(4) CCT o
4500 ~6 500 K CCT.CAF
3 o
3 RGB-LEDs a CCT

cv

Tab.3 a,, and CCT of the daylight and RGB-LEDs

Daylight-CCT/K a,, CCT/K x %
4 500 0.678 4570 0.3084 0.3651
5 000 0.755 4 930 0.3185 0.376 7
5 500 0.825 5533 0.3319 0.3886
6 000 0.888 5916 0.3516 0.3962
6 500 0.946 6 472 0.3655 0.4054
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R* = 0.994. (5)
1.0
09
0.8F
0.7+
5 o 0,=0.42-0.44
s ——4,=0.92-0.94
0.6 +[ﬁ\:o.92-o.94
——q,=0.62-0.72
0.5F ——4,=0.69-0.77
——4,=0.77-0.83
04r 09205
“‘-a“ of r‘lay]ight

| 1 1 1
05'000 3000 4000 5000 6000 7000 8000
CCT/K

5 a CCT

cv

Fig.5 Relationship between a,, and CCT

3.4

118° 24°, 2015 12
01 o 9:00 ~17:00

6 000 K



1388 37
4 a CCT
Tab.4 a,, and CCT at different time in one day
Time 9:00 10: 00 11:00 12:00 13:00 14:00 15:00 16: 00 17:00
a., 0.989 0.925 0.928 0.941 0.928 0.902 0.891 0. 881 0.875
CCT/K 6 905 6 252 6 293 6 392 6 287 6 024 5938 5907 5 869
- 0.9 o a,(a..) 5 o
a, CCT a.(a..)
4 6) 5= Ltes = a | 00q, (6)
Iy I RGB-LEDs @y
5 a,
Tab.5 Calculated and experimental a, at different time in one day
Time I, /mA I, /mA x y CCT/K Q. [ 13
9:00 49 121 0.300 6 0.353 8 6918 0.991 0.989 0.2%
10: 00 44 145 0.3154 0.3615 6 200 0.931 0.925 0.6%
11: 00 43 134 0.3109 0.364 4 6 378 0.934 0.928 0.6%
12:00 45 136 0.310 4 0.359 7 6 419 0.949 0.941 0.9%
13:00 43 134 0.3109 0.364 4 6 378 0.934 0.928 0.6%
14:00 42 152 0.320 1 0.365 7 5 988 0.908 0.902 0.7%
15:00 41 155 0.3200 0.368 4 5985 0.901 0.891 1.1%
16: 00 40 157 0.3227 0.370 6 5 877 0. 888 0. 881 0.8%
17:00 39 154 0.3239 0.373 1 5 830 0.879 0.875 0.5%
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