
Semiconductor Physics, Quantum Electronics & Optoelectronics, 2022. V. 25, No 3. P. 303-314. 

© 2022, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine 

303 

Optoelectronics and optoelectronic devices 
 

Determination of optical parameters in quasi-monochromatic LEDs 

for implementation of lighting systems with tunable correlated color 

temperature 

D.V. Pekur
1
, V.M. Sorokin

1
, Yu.E. Nikolaenko

2
, І.V. Pekur

1
, M.A. Minyaylo

1
 

1
V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine  

41, prosp. Nauky, 03680 Kyiv, Ukraine, 

E-mail: demid.pekur@gmail.com, vsorokin@isp.kiev.ua 
2
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” 

37, prosp. Peremohy, 03056 Kyiv, Ukraine, 

E-mail: y.nikolaenko@kpi.ua 

Abstract. The paper proposes a new method for determining the optimal peak wavelengths 

of quasi-monochromatic LEDs, when they are combined with white broadband high-power 

LEDs in lighting systems with tunable correlated color temperature (CCT). Simulation of 

the resulting radiation spectrum was used to demonstrate the possibility to use the 

developed method in LED lighting systems with tunable parameters of the synthesized 

light. The study enables to determine the peak wavelengths of quasi-monochromatic LEDs 

(474 and 600 nm), which, when being combined with a basic white LED (Cree CMA 

2550), allow controlling the widest CCT range. Quasi-monochromatic LEDs with particular 

optimal spectral parameters allow adjusting CCT within the range from 3098 up to 6712 K, 

while maintaining a high color rendering index (higher than 80) over the most part (3098 to 

5600 K) of the regulation range. 
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1. Introduction 

Designing a comfortable lighting environment for 

humans is an integral part of creating good work and 

leisure conditions [1, 2]. Spectral characteristics and 

intensity of illumination in the closest environment affect 

the secretion of such hormones as melatonin and cortisol, 

which significantly impact the health and psychophysio-

logical state of a person. In the natural environment (with 

no artificial light sources), the level of melatonin in the 

human body begins gradually increasing just after 

nightfall, and then gradually decreases, reaching its day 

time level by dawn [3, 4]. 

When changes in the natural cycles of spectral 

composition of light are significantly disrupted by the 

artificial lighting, human biorhythms become 

desynchronized, which causes sleep disorders, excessive 

emotional stress, reduces productivity and, eventually, 

leads to chronic diseases [5, 6]. Light of a certain spectral 

composition is used to address the lack of vitamin D [7], 

which can in fact be considered as a mean to prevent 

viral diseases  (COVID-19  in particular [8]).  It is  worth  

noting that a person’s well-being gains greatly from 

periodical exposure to bright daylight or an artificial 

lighting as close to the natural one as possible. 

That is why creating high-power lighting systems 

capable of synthesizing light similar to daylight with 

parameters that can be adjusted throughout the day is a 

very important task for the subject-matter experts. Such 

lighting systems can provide the desired spectral 

characteristics, if using them to illuminate rooms with no 

natural insolation. 

LED lighting systems made up of LEDs with 

different spectral characteristics can provide lighting with 

a widely tunable spectral range of the synthesized light 

[9], which makes them suitable for both general lighting 

and special decorative or accent lighting of individual 

interior elements. 

Quality of light can be defined by a number of 

standard parameters, the specifications for which are 

generally accepted among the experts or prescribed by 

regulations. A number of indicators are used to determine 

reliability of color rendering inherent to light sources.  
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These indicators enable to quantify quality of synthesized 

light. The most common parameter that characterizes the 

similarity of synthesized light to natural light is the color 

rendering index (CRI or Ra) [10]. 

To increase reliability of the light quality 

assessment, Illuminating Engineering Society (IES) 

developed new indicators, namely: the fidelity index  

(IES Rf), the gamut index (IES Rg) [11, 12], and the Color 

Quality Scale (CQS) [13] have been proposed by the 

National Institute of Standards and Technology. The 

International Commission on Illumination (Commission 

internationale de l'éclairage, CIE) recommends using  

IES Rf and IES Rg [14] and, in some cases, CQS as well 

instead of Ra, because they can provide a more accurate 

estimate of color rendering quality. At the same time, 

numerous studies [15–17] indicate that even if high 

values of these parameters are achieved, the impact on 

the human body is mainly defined by the correlated color 

temperature (CCT), which is a significant parameter of 

the light effect on the human body. 

Creating high lighting levels requires using high-

power lighting systems. Lately, high-power LED lighting 

fixtures have been built with high-power LEDs and COB 

(chip-on-board) LEDs [18]. When there is a need to 

create a lighting fixture with a power higher than the 

power of individual LEDs or able to be adjusted, the 

spectral composition of the resulting light, LEDs and 

COB LED modules are assembled into LED clusters [19]. 

LED clusters may include LEDs with different spectral 

characteristics and have a capability to control the 

luminous intensity of individual LEDs or their groups. 

Modern technological solutions used to create new 

high-power LEDs and COB LED modules allow building 

high and ultra-high power lighting fixtures that use one 

[20] or several [21] high-power LED light sources. At the 

same time, the scope of the applied LED lighting devices 

requires that their design combines high reliability and 

manufacturability, low power and material consumption, 

modern exterior and the ability to be powered from 

renewable energy sources [22]. 

Rapid increase in the power of individual LEDs and 

COB LED modules designed to ensure high light quality 

requires to use new efficient cooling systems based on 

two-phase heat-transfer devices with an effective thermal 

conductivity far exceeding the thermal conductivity of 

homogeneous materials [27–29]. Moreover, the use of 

new materials (such as macroporous silicon [30, 31]) and 

manufacturing technologies (e.g., organic LEDs [32, 33]) 

further increases the power and decreases the cost of 

LEDs, which significantly expands the application scope 

of high-power LED lighting fixtures. 

An important aspect of expanding the application 

scope of high-power LED clusters is to ensure the 

tunability of the spectral composition of resulting light 

with high quality parameters. There are different types of 

LED clusters with tunable CCT, including those based on 

two, three, four or five types of LEDs [34]. The most 

common LED clusters consist of red, green and blue 

(RGB) diodes. LED clusters based on four types of LEDs  

are usually called RGBx, where x stands for A (amber), 

Y (yellow) or W (white). By using several types of LEDs 

with different spectral power distribution (SPD), it is 

possible to obtain a lighting system capable of smoothly 

changing SPD for the resulting light and its 

characteristics (CCT, Duv, Ra etc). Increasing the number 

of LEDs of a certain spectral composition in a cluster 

allows one to expand the capabilities of the latter in 

synthesizing the light of a given spectral composition as 

well as to improve quality of synthesized light. 

Synthesizing the light with particular spectral 

parameters requires matching the power of different 

types of LEDs and creating control algorithms, which 

would be a most effective with the known types of LEDs. 

The known literature data describe LED clusters based 

on LEDs of two [35] or three [36] types, which use 

nonlinear empirical models for determining the power of 

individual types of LEDs [37, 38]. These systems are 

built using commercial LEDs, and their capabilities for 

light synthesis are limited by the spectral characteristics 

of the chosen types of LEDs. At the same time, modern 

industry can produce quasi-monochromatic and 

broadband visible-range LEDs with accurately 

determined spectral parameters (peak wavelengths (PW) 

and SPD). If being optimally selected, these diodes will 

provide high light efficiency and a wide CCT range of 

the lighting system. 

This study is aimed at determining the optimal 

parameters of quasi-monochromatic LEDs for high-

power LED clusters with tunable CCT and demonstrating 

the possibility of their use in LED clusters providing 

near-natural synthesized light conditions. 

2. Choosing a base high-power white LED light source 

One of the ways to design high-power LED lighting 

systems is to use white ultra-high power COB LED 

modules, which are widely produced by global 

manufacturers of LED light sources. Their power may 

exceed 500 W [39], and the efficiency can reach 

140…180 lm/W [40], which reduces the total number of 

LEDs in the lighting system. Today, however, most of 

these high-power LED modules have a low CRI, which 

limits their application in rooms that require to use high-

Ra lighting fixtures. The color rendering index is 

increased by continuously adding the RGB component to 

the resulting light, which usually reduces the light 

efficiency of the lighting system as a whole. 

Another way to design these devices is to use 

commercially available LEDs with Ra over 90. Such 

COB modules usually have a nominal power of 

50…104 W, so to create an ultra-high power lighting 

systems (200 W or more), several such COB LED 

modules must be assembled in a cluster. An important 

advantage of COB LED modules with a maximum power 

close to 100 W is their low supply voltages (less than 

40 V), which increases their reliability and simplifies 

their systems for power supply from renewable energy 

sources, namely, solar panels [20, 21]. 
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When creating powerful lighting systems, it is the 

best way to reduce the contribution of quasi-

monochromatic LEDs due to their lower light efficiency 

and luminous flux. It is also advisable to reduce the total 

number of LEDs and their control channels in the cluster. 

To reduce the light flux component of quasi-

monochromatic LEDs in the resulting light, the base 

white LED must have such parameters that would in the 

most of cases allow it to operate as a standalone diode or 

with a small quasi-monochromatic component, and, 

when CCT needs to be changed, to function effectively 

together with low-power quasi-monochromatic diodes. 

Given that this work was aimed at developing the 

lighting systems with a tunable CCT capable of 

providing high color rendering at high light efficiency, a 

preliminary study was carried out on the light and 

spectral parameters of commercially available and 

common white LEDs and COB LED modules, as well as 

a number of quasi-monochromatic LED modules. 

Spectral parameters were determined using the modern 

metrological equipment available at the V. Lashkaryov 

Institute of Semiconductor Physics, NAS of Ukraine, i.e., 

a CAS-140 matrix spectroradiometer (Instrument system, 

Germany) and an integrating sphere 2 m in diameter. The 

HAMEG HMP4040 power supply unit manufactured by 

Rohde & Schwarz (Germany) was used for power supply 

and for determining electrical parameters of LEDs 

(current, voltage, power). 

According to the research results, CMA2550 COB 

LED modules by Cree were found to be among the most 

effective white LED light sources [41] capable of 

providing both high light efficiency and high light 

quality. The normalized spectrum of such COB LED 

modules (Fig. 1) is typical of white LEDs, except for 

quasi-monochromatic peaks at the wavelengths 608.5, 

613.5, 631.0, 635.3 and 647.5 nm, which are used to 

achieve high light efficiency at high Ra [42–44]. 

CCT of the chosen LED, which is about 4000 K, is 

the most common for rooms with a constant presence of 

people. It means that in most of cases, this system can 

operate using only the radiation of white COB LED 

module. Adding extra radiation of quasi-monochromatic 

LEDs of a certain spectral composition to the base white 

COB module allows changing CCT of the resulting light. 
 

 

 
 

Fig. 1. Normalized SPD of the Cree CMA2550 basic white 

COB LED module used in the study. 

3. Calculation technique for spectral parameters of 

synthesized light 

Synthesizing light with CCT lower than the base white 

light requires adding a long-wavelength quasi-mono-

chromatic component (575…650 nm) to the resulting 

light, while increasing CCT requires adding a short-

wavelength component (450…500 nm). When using only 

two LEDs (white and quasi-monochromatic) at the same 

time, their color coordinates shift on the CIE 

chromaticity diagram in a straight line (Fig. 2), which 

connects these color coordinates (lines BW and WR). It 

is this shift in the color coordinates that changes CCT of 

the synthesized light. 

If the distance between the chromaticity coordinates 

of the resulting light and the Planckian curve (parameter 

Delta u, v, or Duv) exceeds 0.006 units, the calculation of 

the color parameters of the synthesized light is consi-

dered incorrect. Thus, when performing calculations, the 

parameter Duv should be taken into consideration. To 

approximate the chromaticity coordinates of the 

synthesized light to the Planckian curve coordinates, 

tetrachromatic systems use a green LED. Using the green 

LED in a cluster allows for a slight expansion of the 

color coordinates range, but also complicates the 

structure of such a cluster. 

SPD is synthesized (Pλ(λ)) from particular LEDs 

spectra by summing their intensity over all the 

wavelengths:  

       2211 PkPkP ,   (1) 

where k1 and k2 are coefficients determining the parts of 

radiation in the resulting light of the LED spectra with 

the spectral distributions P1λ(λ) and P2λ(λ), respectively. 

 

 
 

Fig. 2. CIE xy chromaticity diagram with the chromaticity 

coordinates of R, B and W LEDs and an example of obtaining 

color coordinates of light on the Planckian locus (PL), when the 

light is synthesized using RW and BW components. 
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It was assumed that: 

121  kk .     (2) 

The spectral parameters (CCT, Duv, Ra, IES Rf, IES 

Rg, CQS) of the resulting light, on the other hand, are 

defined using complex mathematical calculations and 

cannot be described by simple mathematical 

dependences. 

The technique for determining the color temperature 

was developed by the CIE in 1931 [45]. Determined were 

the matching functions of chromaticity coordinates  

(x, y, z), which characterize the light color perception by 

the average person, and the methods that allow finding 

CCT based on the spectral distribution of light. The color 

matching functions were chosen so that the intensities of 

red ( x ), green ( y ) and blue ( z ) corresponded to mono-

chromatic light over the entire visible spectrum of 

radiation, while the green matching function was 

assumed to be equal to the human eye sensitivity 

function. 

For a certain spectral distribution of radiation, the 

light chromaticity coordinates are calculated in the CIE 

color space (1931): 

     


 dxPkX с
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,    (3) 
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 dzPkZ с

0

,    (5) 

where kc is the coefficient calculated as: 
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0

100
.    (6) 

When the purpose of calculations is to determine 

the chromaticity coordinates, the total factor kc can be 

ignored, because it will be cancelled in the process of 

calculations. CCT is normally found using chromaticity 

coordinates in the CIE 1960 color space (u, v) [46]. The 

chromaticity coordinates u and v can be calculated using 

the following equations: 

ZYX

X
u

315
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 ,     (7) 

ZYX

X
v

315

6


 ,    (8) 

The additional chromaticity coordinate L that 

characterizes the brightness of light source is equated to 

the chromaticity coordinate Y. 

Subsequently, the chromaticity coordinates of light 

can be used to calculate CCT by using the methods based 

on tables (Robertson’s method [47]) or the approximated 

third-order polynomial (McCamy’s method [48]). 

In 2013, Yoshi Ohno [49] proposed three 

techniques to calculate CCT: the triangular solution, the 

parabolic solution and the combined solution. All of them 

are based on using the table with values of blackbody 

temperatures in increments of 1% from 1000 to 20168 K 

with the corresponding temperatures and chromaticity 

coordinates (u; v). The proposed methods allow deter-

mining CCT within the range from 2000 up to 20000 K 

at –0.03 < Duv < 0.03 with a maximum error of 0.8 K. 

For Duv < 0.02, the said method proposes to use the 

triangle technique as an approximation. This technique 

involves the calculation of distance between the light and 

blackbody chromaticity coordinates found from the 

calculation table. Next, the determined value of 

minimum distance is used to find the nearest CCT –Tm, 

as well as the two neighboring values (Tm–1, Tm+1). Using 

linear interpolation and applying the correction factor of 

0.99991 for 1% temperature increment, CCT of the 

studied light source is determined for Tm–1 and Тm+1 rows 

of the table by using the following equations:  

   211
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 ,   (11) 

999.0CCT  xT .    (12) 

The calculation of Duv in accord with the classical 

CIE method involves comparing the chromaticity 

coordinates of the blackbody having CCT of the studied 

light source with the chromaticity coordinates of the 

latter. Yoshi Ohno proposed to calculate by Duv simpler 

dependences [49], which allow using only the 

chromaticity coordinates, and thus speed up the 

calculation: 

   22
240.0292.0  vuLFP ,   (13) 

 FPLua 292.0arccos  ,   (14) 

01
2

2
3

3
4

4
5

5
2

6 kakakakakakakLBB  , (15) 

BBFP LLDuv  ,    (16) 

where k6 = −0.00616793, k5 = 0.0893944,  

k4 = −0.5179722, k3 = 1.5317403, k2 = −2.4243787,  

k1 = 1.925865, and k0 = −0.471106. 

The Ra, IES Rf, IES Rg and CQS parameters are 

determined using a principle of calculating the color dis-

tortion of the selected reference color samples illumi-

nated with the studied light source relative to them being 

illuminated by the Planckian emitter with the same CCT. 
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It is this difference between the chromaticity 

coordinates for the i
th

 color reference sample illuminated 

with the studied light source and Planckian emitter that 

determines the color difference of the reference surface 

illuminated with the studied light source relative to the 

illuminated Planckian emitter. The color difference 

(
 iE ) for the i

th
 color reference sample is determined as 

follows [10]: 

     222   iiii vuLE ,  (17) 

where 
 iL , 

 iu , 
 iv  are the corresponding 

differences in chromaticity coordinates after color shift. 

Ra is calculated using 8 primary reference colors and six 

additional saturated reference colors (used to further 

characterize light sources). For the i
th

 reference color, the 

corresponding CRIi value is found in the following 

manner: 

 ii ER 6.4100 .    (18) 

Accordingly, the full color rendering index is 

calculated using the equation: 






N

i

ia CRI
N

R

1

1
.    (19) 

CQS is calculated similarly to Ra, but it uses fifteen 

saturated colors, which are more prone to distortion 

under artificial lighting. The method of calculating color 

distortion has been changed and optimized so that high 

distortion by one of the templates did not make the total 

index value to remain high. 

This method of determining CQS [13] has some 

drawbacks. It is known that the characteristic properties 

of the spectrum of emitted light have a certain effect on 

the color perception, making the colors visually brighter 

or dimmer. Thus, both saturation and tone of a hue are 

important characteristics, but the CQS method does not 

take them into consideration. This shortcoming can be 

amended by introducing a new parameter and increasing 

the number of reference samples. 
 

 

 
 

Fig. 3. Dependence of the maximum and minimum CCT at the 

peak wavelength of quasi-monochromatic LED used in this 

study. 

The IES Rf calculation [11] now uses 99 reference 

samples, which significantly increases the reliability of 

determining the color rendering quality over the entire 

color range, and the additional parameter IES Rg allows 

determining the color saturation. 

The resulting spectra and their parameters were 

determined with a software developed for this specific 

purpose. The software allowed performing the necessary 

analytical operations by using the experimentally deter-

mined spectra of white LEDs and software-generated 

spectra of quasi-monochromatic LEDs. The latter with 

the peak wavelengths from 400 up to 800 nm in 1 nm 

increments were software-generated as based on experi-

mentally measured spectra of quasi-monochromatic 

LEDs manufactured by Cree with the peak wavelengths 

455, 522 and 629 nm (spectral halfwidth 17…40 nm). 

The LuxPy software package both implements the 

use of Yoshi Ohno method for determining CCT and 

Duv and applies the generally accepted standards and 

methods to determine the Ra, IES Rf, IES Rg and CQS 

parameters [10–13]. 

The software uses the Python LuxPy package [50], 

which provides comprehensive information on the 

spectral parameters of the synthesized light. Moreover, 

hundreds of random calculation results were used to 

verify the obtained data by using the well-known LED 

ColorCalculator software [51]. 

4. Optimizing SPD of quasi-monochromatic LEDs 

The developed software was used to simulate and 

determine the peak wavelengths of quasi-monochromatic 

LEDs, which enabled to synthesize spectra in the widest 

possible CCT range (Fig. 3) simultaneously keeping the 

Duv value below 0.006. 
For the ranges in the neighborhood of the 

extremums of CCT vs peak wavelength dependence of 

the quasi-monochromatic LED, the dependences were 

found for the qualitative parameters of the synthesized 

light on the quasi-monochromatic LEDs. Fig. 4 shows 

the dependences of Ra, IES Rf, IES Rg, CQS for CCT of 

the resulting light: 3100, 3300, 3500, 3700, 4500, 5000, 

5500 and 6000 K. Table 1 shows the spectral parameters 

of the synthesized light at the end points of the presented 

curves, as well as without any additional quasi-

monochomatic component. 

For lighting systems designed to synthesize light 

similar to daylight, it is important to be able to change 

CCT from 3000…3100 up to 5500…6000 K, which is a 

typical range for natural daylight. Fig. 5 shows the 

dependences of CCT of the resulting light for the 

selected base white LED and quasi-monochromatic blue 

and red spectrum LEDs. The nature of these dependences 

demonstrates that a quasi-monochromatic LED with a 

shorter peak wavelength (474 nm) can increase CCT of 

the resulting light. To reduce CCT, on the other hand, it 

is more efficient to use a quasi-monochromatic LED with 

a longer peak wavelength (600 nm). 

The steeper the dependence of CCT for the resulting 

light on the contribution of quasi-monochromatic LED  
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c d 

  
e f 

  
g h 

Fig. 4. Dependences of Ra (a, b), IES Rf (c, d), IES Rg (e, f), CQS (g, h) on the peak wavelength of the quasi-monochromatic LED 

used in studying the maximum achievable CCT values. 
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(Fig. 5), the smaller the contribution of the quasi-

monochromatic LED is required to obtain certain CCT. 

The nature of the dependence of CCT on the contribution 

of different types of quasi-monochromatic LEDs 

indicates that shorter-wavelength LEDs will minimize 

the contribution and thus increase CCT more effectively, 

while longer-wave LEDs will reduce CCT.  

The analysis of dependences shown in Fig. 5 allows 

us to conclude that LEDs with 474 and 600 nm peak wave-

lengths enable to tune CCT within the range 3100…6000 K. 

The range from 3100 up to 5500 K allows for Ra higher 

than 80. Further increasing CCT up to 6700 K reduces Ra 

down to 72, which is also an allowable value. In the vast 

majority of cases, these systems operate within the range 

3500…4500 K, where application of selected quasi-

monochromatic LEDs retains Ra over 90. 

 

 

 
 

5. Simulating radiation spectra of LED clusters 

The values of the spectral parameters of the synthesized 

light (Fig. 6) and the contribution of quasi-monochro-

matic LEDs in the resulting light (Fig. 7) for different 

CCT were calculated for the selected types of LEDs.  

Table 2 presents the simulation results for these 

parameters for different CCTs: 3200, 3500, 4000, 4500, 

5000, 5500, 6000 K, as well as for the end points of the 

curves presented above (3098 and 6712 K). Figs 6 and 7 

and Table 2 present the data for the Duv parameter of 

synthesized light below 0.006. It should be noted that a 

further increase in the contribution of quasi-

monochromatic LEDs leads to a further decrease or 

increase in CCT, but in this case Duv exceeds 0.006, 

which does not allow for accurate determination of the 

color parameters. 

Table 1. Spectral parameters of the synthesized light when using the quasi-monochromatic LEDs with the peak wavelengths  

474 and 600 nm. 

CCT, K PW, nm Ra IES Rf IES Rg CQS 

3100 
581 47.3 61.7 74.7 54.2 

600 83.7 85.6 95.0 85.4 

3300 
580 57.3 67.9 79.7 62 

823 93.4 91.3 101.3 96.1 

3500 
579 67.5 74.2 84.2 70.4 

800 81.5 78.1 100.5 81.9 

3700 
574 79.2 80.7 89.3 80.1 

800 93.1 87.7 97 90.4 

3953 – 92.6 88.1 95.1 91.4 

4500 
464 91.8 87.0 96.2 90.4 

485 87.9 82.3 90.7 85.8 

5000 
471 85.8 82.6 93.0 88.8 

483 82.0 77.1 87.7 81.4 

5500 
473 80.4 77.8 90.1 85.2 

482 76.3 71.9 84.8 76.1 

6000 
474 76.0 73.9 88.2 81.6 

481 71.6 67.9 82.8 72.1 

 

Table 2. Spectral parameters of synthesized light at the end points of Ra, IES Rf, IES Rg and CQS curves. 

CCT, K 
Quasi-monochromatic  

component, % 
Duv Ra IES Rf IES Rg CQS 

3098 15.5 0.0059 83.7 85.6 95.0 85.4 

3200 13.4 0.0050 85.3 86.2 95.1 86.5 

3500 7.6 0.0019 89.5 87.4 95.0 89.2 

4500 2.6 0.0012 89.3 84.3 92.8 89.0 

5000 4.5 0.0034 84.6 81.1 91.5 87.5 

5500 6.1 0.0047 80.2 77.4 89.6 84.6 

6000 7.4 0.0055 76.0 73.9 88.2 81.6 

6712 9.0 0.0059 71.4 70.1 86.1 78.1 
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Our analysis of the dependences shown in Fig. 6 

indicates that when the peak wavelength of additional 

quasi-monochromatic LEDs changes, the Ra value is the 

most decreased, down to 22.8%, while IES Rf is 

decreased by 20.5%, Rg by 9.5%, and CQS by 14.6%. 

Fig. 7 and Table 2 demonstrate that most of the luminous 

flux (15.5%) of the quasi-monochromatic LEDs is used 

to synthesize the light with CCT close to 3098 K. 

When the light efficiency of the quasi-mono-

chromatic LEDs is 2…2.5 times lower than that of the 

base white LED, which is typical for these LEDs with the 

peak wavelengths within this spectral range (around  

600 nm), the light efficiency of this cluster is reduced by 

no more than 13.5…18.1%. When CCT of 6712 K 

is reached, the luminous flux of the quasi-monochromatic 

LED is 9%, but quasi-monochromatic LEDs with the 

peak wavelength close to 474 nm tend to have a light 

efficiency that is 3…3.5 times lower than that of the base 

white LED, which corresponds to a decrease in the light 

efficiency 15.1…18.3% of the whole LED. 
 

 

 
 

Fig. 6. Dependences of color parameters inherent to the LED 

cluster on CCT when using quasi-monochromatic LEDs with 

the peak wavelengths 474 and 600 nm. 
 

 

 

 
 
Fig. 7. Dependence of the luminous flux component inherent to 

quasi-monochromatic LEDs with the peak wavelengths 474 nm 

(B) and 600 nm (R) in the resulting luminous flux on CCT. 

 

 

 

 
 
Fig. 8. Normalized SPDs of resultant light for maximum 

achievable CCTs of 3098 K (WB) and 6712 K (WR) when 

combining radiation from a selected base white LED with 

selected quasi-monochromatic LEDs (peak wavelengths 474 

and 600 nm). 

  
a b 

Fig. 5. Dependences of CCT of the resulting light on the contribution of quasi-monochromatic LED radiation of short-wavelength 

(a, where 472 (1), 474 (2), 475 (3), 476 (4), 477 (5), 478 (6), 479 (7), 480 (8), 481 (9), and 482 (10) nm) and long-wavelength  

(b, where 590 (1), 592 (2), 593 (3), 594 (4), 595 (5), 596 (6), 597 (7), 598 (8), 599 (9), and 600 (10) nm) spectral ranges in the 

resulting radiation. 
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The normalized spectral distributions of synthesized 

light for the maximum achievable CCTs (3098 and 

6712 K) shown in Fig. 8 indicate a significant decrease in 

the intensity of radiation in the green spectral range 

(520…565 nm) in the synthesized light as compared with 

the basic white LED (Fig. 1), which is the reason for the 

decrease in quality of the synthesized light. 

The obtained research results allow assuming that 

the use of traditional combinations or specialized 

broadband LEDs instead of quasi-monochromatic LEDs 

will increase quality of resulting white light over the 

entire CCT range. 

6. Conclusions 

1. The study has determined optimal peak 

wavelengths of quasi-monochromatic LEDs (474 and 

600 nm) for LED clusters with tunable correlated color 

temperature, which allow for the widest possible 

adjustment range. 

2. Using a CMA 2550 basic white COB LED 

module manufactured by Cree as an example, the study 

has shown that adding quasi-monochromatic LEDs 

radiation with the peak wavelengths 474 and 600 nm to 

the resulting light allows adjusting the correlated color 

temperature within the range 3100 to 5500 K, while 

maintaining Ra within the range 95 to 80. A further 

increase in the CCT range to 6700 K reduces Ra to 72, 

which is also acceptable in some cases. 

3. The light efficiency of the lighting system based 

on the developed LED cluster is reduced relative to the 

base white LED by no more than 18.3% within the range 

of correlated color temperatures 3098…6712 K. 

4. Further studies should address the search for 

spectra of quasi-monochromatic LED combinations that 

can provide a high Ra with a wide CCT range. 
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Визначення оптичних параметрів квазімонохроматичних світлодіодів для створення систем освітлення 

з регульованою корельованою колірною температурою 

Д.В. Пекур, В.М. Сорокін, Ю.Є. Ніколаєнко, І.В. Пекур, М.А. Міняйло 

Анотація. У статті запропоновано новий спосіб визначення оптимальних пікових довжин хвиль 

квазімонохроматичних світлодіодів при комбінуванні їх з широкосмуговими потужними білими світлодіодами 

для систем освітлення з регульованою корельованою колірною температурою. На основі моделювання спектра 

результуючого випромінювання показано придатність розробленого способу для реалізації світлодіодних 

систем освітлення з можливістю зміни параметрів синтезованого світла. Визначено довжини хвиль 

квазімонохроматичних світлодіодів (474 та 600 нм), які забезпечують найбільш широкий діапазон регулювання 

корельованої колірної температури в комбінації з базовим білим світлодіодом (CreeCMA 2550). 

Квазімонохроматичні світлодіоди з визначеними оптимальними спектральними параметрами дозволяють 

забезпечити регулювання корельованої колірної температури в діапазоні від 3098 до 6712 K при підтримці 

високих значень індексу кольоропередачі (понад 80) на переважній (від 3098 до 5600 K) частині доступного 

діапазону регулювання. 

Ключові слова: світлодіод, регульоване біле світло, штучне освітлення, корельована колірна температура, 

Duv, індекс кольоропередачі. 


