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Abstract Targeting poor color rendering property of current white light—emitting diode (LED) lamps, based on
the colorimetry method, the calculation model for color rendering index of synthetic white light is studied and the
parameters like color temperature and color rendering index of the synthetic LED light source are obtained based
on the spectrum and quantity of light sources involved in the synthesis process. By using optimized traversal range,
the spectra of cold and warm white light and single—color LEDs are imported into the program for simulating
calculation, obtaining the maximum value of color rendering index of the synthesized light source under different
color temperatures as well as corresponding matched quantity of various LEDs. The results show that the synthesis
with warm white LEDs and red, green and blue LEDs can lead to white light whose color temperature falls in the
range of 3500 K~12300 K and color rendering index R, ranges between 92.0 and 97.7. The synthesis with warm white
LEDs and red, green and bluish—green LEDs can lead to low color temperature white light (3500 K~4500 K) whose
color rendering index R, ranges between 95.0 and 97.8. The synthesis with cold white LEDs and red, green and bluish—
green LEDs can lead to high color temperature white light (8200 K~13000 K) whose color rendering index R, ranges
between 90.9 and 98.4. An actual fabrication is conducted following the calculated LED amount to produce an LED
module with 7803 K color temperature and 97.29 color rendering index. Actual measurement shows that the
produced LED module has a color temperature of 7992 K and a color rendering index of 97.1, which is well matched
the theoretical results.
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Table 1 Colorimetric parameters of LEDs tested by HAAS-2000 spectrum analysis system

I /K R, Chromaticity ~ Chromaticity Luminous Peak FWHM /o
coordinate x  coordinate y flux /Im wavelength /nm

Warm white 4005 69.7 0.3849 0.3938 84.78 448 21.6

Cold white 12658 80.7 0.2777 0.2634 67.14 450 26.7
Red 0.6919 0.3076 7.45 631 18.1
Green 0.1087 0.6472 31.39 508 31
Blue 0.1482 0.0382 5.07 454 25
Cyan 0.0728 0.4695 20.18 496 28

FWHM: full width at half maximum
*E?E‘(l):—tt%w)it , 3 F Microsoft Visual Studio A4 & #E AT m B2 05 B, JF E A m i &K 2 Bt s o B 45 1)
eI B T AR R YE 1SS A LR 6 Fh LED ST ER A 6 S8 WA AR T B AR B R, sk
B3 (v,y) FIOCHRALBE Ky, » 6 FF LED AT 2R A6 (8 2 80 A5 R 5 HAAS-2000 S35 73 B 28 58 52 46 00 8 45 R —
R 1MEK2),
F2 BRIHRA B LED Ot 24

Table 2 Colorimetric parameters of LEDs calculated based on simulation

Chromaticity ~ Chromaticity ~ Luminous flux Peak FWHM K
T /x R coordinate x  coordinate y /lm wavelength /nm /nm /(Im/W)
Warm white 3998 69.4 0.3848 0.3938 84.82 448 21.6 348.42
Cold white 12585 80.8 0.2775 0.2632 67.17 450 26.7 264.92
Red 0.6920 0.3073 7.45 631 18.1 207.41
Green 0.1085 0.6480 31.38 508 31 371.08
Blue 0.1482 0.0380 5.07 454 25 48.20
Cyan 0.0727 0.4696 20.15 496 28 255.29
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Table 3 Calculated values of warm white LEDs mixed with red, green, blue LEDs (3000 K~12000 K)

Number of LEDs
Warm white Red Green Blue T Ix K Kizn Mm/W)
20 24 0 0 3089 85.72 327.21
20 24 1 0 3172 86.89 327.84
20 24 0 3 3288 88.79 312.65
20 24 2 3 3471 90.66 314.24
20 24 3 4 3645 92.11 310.62
20 24 4 4 3735 92.65 311.41
20 24 7 4 3997 93.58 313.65
20 24 10 3 4146 94.14 319.82
20 24 12 3 4297 94.48 321.05
20 22 12 4 4477 94.72 318.16
20 22 13 5 4658 94.98 314.87
20 20 14 6 4939 95.34 312.77
20 20 18 7 5340 95.37 311.74
20 18 19 9 5784 95.81 306.42
20 16 18 11 6159 96.20 299.94
20 15 18 13 6590 96.45 293.95
20 14 19 13 6720 96.49 295.11
20 14 19 14 6923 96.78 292.04
20 14 18 15 7088 96.55 288.22
20 14 20 15 7194 96.99 289.84
20 14 21 15 7242 96.91 290.63
20 14 21 15 7471 97.16 287.74
20 14 22 16 7518 97.03 288.53
20 14 20 17 7673 96.86 284.10
20 13 20 17 7756 97.28 284.41
20 13 21 17 7803 97.29 285.24
20 13 21 18 8067 97.44 282.47
20 13 22 19 8384 97.51 280.60
20 13 22 20 8680 97.42 277.98
20 12 22 20 8779 97.67 278.25
20 12 22 21 9098 97.72 275.67
20 13 24 22 9372 97.41 274.61
20 11 22 22 9567 97.76 273.39
20 12 24 23 9835 97.61 272.42
20 9 22 23 10195 97.28 271.39
20 10 22 24 10499 97.20 268.71
20 8 21 24 10783 97.18 268.26
20 7 17 24 11024 96.25 264.67
20 5 18 24 11324 95.72 266.11
20 4 15 24 11631 94.89 263.33
20 3 13 24 11920 93.90 261.44
20 2 12 24 12211 93.11 260.57
20 1 13 24 12331 92.77 261.90
20 1 10 24 12614 91.84 258.55
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Table 4 Calculated values of cold white LEDs mixed with red, green, cyan LEDs (7000 K~13000 K)

Number of LEDs
Cold white Red Green Cyan K R. Kian /(lm/ W)
20 24 4 0 6977 77.48 262.74
20 24 9 0 7427 81.96 269.59
20 23 11 0 7694 84.78 272.43
20 23 16 0 7986 88.69 278.18
20 22 18 0 8187 90.22 280.66
20 21 18 0 8297 90.87 281.02
20 20 17 0 8370 91.22 280.33
20 20 18 1 8486 91.76 280.69
20 18 15 2 8697 92.65 278.36
20 17 14 3 8880 93.35 277.35
20 16 14 4 9094 94.08 277.46
20 15 12 5 9262 94.74 275.31
20 14 10 6 9457 95.38 273.09
20 13 9 7 9683 96.07 272.01
20 12 8 7 9848 96.39 271.11
20 12 5 10 10099 97.01 266.77
20 11 6 9 10190 97.37 268.55
20 11 5 10 10286 97.72 267.09
20 11 4 11 10386 97.79 265.63
20 10 4 10 10495 97.94 266.08
20 10 3 11 10603 98.24 264.59
20 9 2 11 10830 98.18 263.51
20 9 1 13 11047 98.39 261.91
20 8 0 12 11230 98.00 260.84
20 8 0 14 11401 98.14 260.70
20 7 0 14 11632 97.24 261.00
20 6 0 13 11811 96.40 261.38
20 5 0 13 12053 95.00 261.69
20 5 0 15 12202 93.99 261.53
20 4 0 15 12459 92.55 261.83
20 3 0 12 12518 92.32 262.41
20 3 0 15 12708 91.05 262.14
20 2 0 14 12932 90.08 262.54
F5 EHEOELED 54049 = 0 LED 414 J5 3155 45 5 (3100 K~4800 K)
Table 5 Calculated values of warm white LEDs mixed with red, green, cyan LEDs (3100 K~4800 K)
Number of LEDs
Warm white Red Green Cyan rK R, Kian /(lm/W)
20 24 0 1 3155 87.24 326.23
20 24 0 3 3291 90.09 324.35
20 24 0 4 3359 91.40 323.45
20 24 0 6 3495 93.83 321.71
20 24 0 7 3562 94.93 320.88
20 24 0 9 3699 96.79 319.27
20 24 0 10 3766 97.32 318.49
20 23 0 11 3869 97.69 318.34
20 22 0 12 3973 97.82 318.19
20 21 0 12 4011 97.75 318.80
20 20 0 13 4118 97.48 318.64
20 20 2 12 4205 97.09 320.71
20 19 1 14 4304 96.47 319.15
20 19 5 11 4404 95.74 323.93
20 20 7 11 4507 95.02 324.47
20 19 7 12 4606 94.17 324.29
20 18 6 14 4704 93.27 322.80
20 19 10 12 4805 92.27 32591
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