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Design for LED Lamps with High Color Rendering Index

Cao Yujie Jin Shangzhong Cen Songyuan
(Modern Measurement and Testing Technology and Instruments Laboratory ., China Jiliang University ,
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Abstract Aiming at the insufficiency of color rendering of existing light-emitting diode (LED) based lamps used for
indoor lighting, a solution of LED modules consisting of three different kinds of LED is proposed. Correlated color
temperature (CCT), color rendering index (CRI) and luminous efficiency (LER) of LED modules are calculated when
different numbers of three kinds of LED are set respectively. Influences of changing the number of each kind of LED
on the results are analyzed. Besides, the selections of optimized combinations are described by setting results on CCT
values of 3800 K and 4800 K as examples. Moreover, ideal results with high CRI (90 around) as well as good LER on
different CCT values (3400 K~5600 K) are acquired. This solution is easier to impletment and more suitable for
indoor lighting lamps compared with other methods used for improving CRI of white LED. This result may provide
some guidance for the design of LED-based lamps with satisfying CRI for quality lighting.
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Table 1 Calculated results with a CCT value

close to 3800 K(#425 K)

Numbers of three LER /
T./K

kinds of LED (Im/W)
k=17, ks =06, ks =5 3788 91.57 272.1
k1 =8, ks =4, k3 =5 3813 90. 63 273.6
k=9, ky=1, k3 =5 3785 89.43 277.0
k1 =9, ky =6, ks =06 3799 91.02 272.6
k=10, ky =4, k3 =6 3822 90. 62 274.4
k=11, ky=1, k;=56 3802 89. 39 277.4
k=11, ky =06, k3 =17 3809 90. 72 273.3
k=12, ky =4, ks =17 3790 90. 46 275.0
ki =13, ky=1, ks =17 3814 89. 37 277.7
k=13, ky =5, k3 =28 3783 90. 44 274. 2
k=13, ky =6, k3 =38 3816 90. 76 273.9
k=14, ky =3, k3 =28 3801 89. 94 275.9
k=15, ky=1, k3 =38 3823 89. 35 278.0

2 R AE 4800 K(£25 KO fff ik iy 1153 45
Table 2 Calculated results with a CCT value
close to 4800 K(#425 K)

Numbers of three LER /
T./K
kinds of LED (Im/W)
k=T, by =5, ky=1 4813 90. 18 280. 4
k=8, ky=1, ky=2 4779 90. 81 284.0
k=9, by =2, ky=2 4822 90. 75 283.1
k=10, ky =4, ky3=2 4799 90.72 281.3
k=11, ky =5, k3 =2 4824 90. 44 281.0
ki=11, ky =6, k3 =2 4786 90. 36 280. 8
k=12, by =1, k3=3 4805 90. 79 284. 8
k=13, k=3, k3 =3 4788 90. 70 282.8
k=14, ky =4, k3=3 4813 90. 67 282.4
k=15, k=6, k3 =3 4799 90. 52 281.3
k=16, ky =1, ky =14 4819 90. 80 285.2
k=16, ky =2, ky=4 4779 90. 74 284.0
k=17, ky =3, ky =4 4803 90. 80 283.5
k=18, ky =4, k3 =4 4822 90. 74 283.1
k=18, ky =5, ky=4 4792 90. 68 282.3
k=19, k=6, ky =14 4809 90.63 282.1
k=20, by =2, k3=5 4794 90. 75 284.5
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Table 3 Results of LED modules compared with type A LED at different CCT values

T./K R, LER /(Im/W) Numbers of three kinds
A LED module A LED module A LED module of LED (LED modules)
3401 3396 77.74 89.63 295.9 272.7 ki =T,k;=6,k; =7
3609 3608 76.76 90. 64 299.9 273.4 k1 =06,k; =5,k; =5
3800 3788 74.93 91.57 309.8 275.1 ki =T.,k;=6,k; =5
4021 4006 74.69 91. 84 307.1 276.2 ki =T.k; =06,k; =4
4191 4199 74.57 91. 43 308. 4 278.5 k1 =9,k; =06,k; =14
4395 4380 74,74 91.05 308.8 281.2 ki =14 ,k;=6,k; =5
4598 4609 74.65 90.73 311.0 283.3 ki =11,k =4,k; =3
4793 4819 75.72 90. 80 310.9 285.2 k1 =16,k;=1,k; =4
5017 4992 77.84 90. 80 306. 6 284.0 ki =12k, =3,k; =2
5207 5180 78. 66 89. 20 304.8 286.5 ki =T,k;=1,k;=1
5416 5405 80. 32 88.92 299.7 289. 2 k1 =17,k;=1,k; =2
5610 5605 81.79 88.43 296. 4 290. 3 k=14, ky=1,k;=1
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Fig. 11 Relative spectral power distributions of LED module and type A LED at different CCT values. (a) CCT value
close to 4000 K; (b) CCT value close to 5200 K
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