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Correlated color temperature model and dimming control of white LED
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Abstract; Phosphor-converted ( PC) white LEDs have relative fixed spectral structures, with much blue spectrum but less red and green
components. As a result, their correlated color temperature ( CCT) is difficult to adjust and generally high, accompanied by an
insufficient color rendering index (CRI). For this reason, tunable white LED systems are constructed based on spectral compensation,
which improves the spectral continuity and uniformity in the visible light range, thus to obtain the dynamic tunability of CCT and
enhancement of CRI. Combined with the photo-electro-thermal characteristics analysis of LED devices, a nonlinear dynamic relationship
model of CCT is established. This model allows for quick prediction of CCT for the mixed spectra under given electric driving states, and
in reverse enabling driving control according to target CCTs. In verified experiments, the nonlinear dynamic relationship model of CCT
can accurately predict CCTs with errors of no more than 4. 5%. In terms of dimming for target CCTs, errors between actual CCTs and
their target ones are less than 1. 5%, with CRI upgrade rates exceeding 5% and even reaching up to 18.51%. All the experiment results
suggest that spectral compensation is a feasible approach to optimize the spectral structure of PC white LEDs, in this way to achieve
dimming control with an enhanced CRI, effectively improving lighting quality and applicability.
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Fig. 6 The correlated color temperature CCT of the

warm white LED under spectral compensation
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Table 1 Comparison of predictions and measurements of CCT under typical conditions

B 1, x/ mA M3 1y o/ mA T CCT/K S CCT/K Zi Xt iR 25 /K FHXTR 22/ %
20 20 5365 5599 234 4.18
20 120 6 227 6 090 137 2.25
VDG LED &%
$H LED £ 5 120 20 3813 3671 142 3.87
120 120 4 426 4 624 198 4.28
20 20 3 655 3563 92 2.58
, 20 120 2 475 2 481 6 0.25
£ 156 LED 2%
BAK RE 120 20 4 667 4773 106 2.22
120 120 3 401 3323 78 2.34
Fz2 CCT MM B EIRENT
Table 2 Analysis of total errors in predictions of CCT
KA xHRZE/K Fdh 4 KR 2%/ K e KRR ZE /% SRR/ % ¥ 2/K
% HOL LED &4 234 65 4.26 1.33 86
B LED 25¢ 106 24 2.51 0. 69 39

B} CRI 4359120 79. 6 11 82.3, 24 — 4 & Nkt CRI 284k 7E
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Fig.7 Driving adjustment and spectral characteristics based on spectral compensation according to target CCT
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Table 3 CCT and CRI under driving control based on spectral compensation

ik CCT/K MWLy pdy¢)/mA  S2P CCT/K  CCT MAXFiR2%/%  #MERT CRI #MEJE CRI CRI #2175 %/ %

3 000 (211, 40) 3 004 0.13 75.9 80.2 5.67

WEDE LED 3 500 (176, 60) 3530 0.86 75.9 83.3 9.75
25 4 000 (146, 80) 4051 1.28 75.9 85.2 12.25
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5000 (91, 120) 5050 1.00 75.9 82.1 8.17
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W EDE LED 3 000 (109, 60) 3022 0.73 77.8 90.0 15.68
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