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SUMMARY
Multiple channels are designed for dimmable LED light sourceswith color temperatures ranging from 2,700 to
6,500 K. However, issues such as Delta uv (Duv) values <0, lower brightness, luminous efficacy, and color
rendering index (CRI), lower power density, exceeding the standard deviation of color matching (SDCM), un-
constant power, poor color consistencies, and high costs persist. We present a three-channel LED light
source featuring an integrated chip-on-board (COB) package structure. The channels are separated by a
white dam to reduce reabsorption problems and improve color consistencies between different color tem-
peratures. Additionally, the complementary channel M uses layered phosphor excitation for more accurate
and efficient spectral compensation during dimming. Ultimately, this solution enables dimming along the
Planck curve with constant power, improving CRI, luminous efficacy, and brightness at intermediate temper-
atures, while being cost-effective and minimizing the impact on initial color temperatures, offering a high-
quality dimmable LED option for intelligent applications.
INTRODUCTION

With the rapid development of LED technology, its luminous ef-

ficiency has significantly improved and its cost has been

reduced substantially. LEDs have replaced incandescent

lamps, fluorescent lamps, high pressure sodium lamp (HPSL)

and have become the mainstream lighting source in current

lighting market. Especially with the emergence of the Internet

of Things (IoT) and artificial intelligence technology, more

advanced LED intelligent lighting is more desirable with the ad-

vantages such as energy efficiency and environmental protec-

tion. The intelligent lighting control system need to be inte-

grated with communication technology, sensor technology,

intelligent algorithm technology, and dimmable LED light sour-

ces to dynamically adjust color temperature, improve light envi-

ronment, meet the lighting requirements in various application

scenarios.1–15

At present, there are two kinds of packages for LED light sour-

ces: discrete and integrated. Discrete LEDs are traditional pack-

ages widely used in a variety of application fields, such as lamp-

LED F3mm, F5mm for traffic lights and SMD (surface mounted

devices)-LED 2835 (2.8 3 3.5 3 0.8 mm), 3014 (3.0 3 1.4 3

0.8 mm), and 5730 (5.73 3.03 0.8 mm) dimensions of the pack-

age structure for general lighting, etc. Secondly, the COB (chip-

on-board) light sources, integrating multiple LED chips onto a

single ceramic or composite mirrored aluminum substrate, has

also been developed and customized. Compared to traditional

discrete LED light sources, the COB LEDs are more high power

densities, color consistency, high-centered, strong directive and
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low cost, etc, providing a good solution for chromatic aberration

and light spot issues, becoming the mainstream light sources for

the future intelligent lighting market.16–31

Currently, using a dimmable LED light source with two-chan-

nel can easily switch between warm, cozy lighting for relaxation

or cooler and brighter lighting for different work environments.

Therefore, two-channel design has been used for COB LEDs to

achieve dimmable effects and higher power densities output in

small light-emitting area, which divide the light-emitting area of

the COB light sources into multiple regions, ones of which are

low color temperature and then the whole light-emitting area is

covered with high color temperature. Additionally, a low color

temperature CSP (chip scale package) and blue LED chips can

be added to the COB light sources and then the whole light-emit-

ting area is covered with high color temperature. Another

approach is to only use discrete SMD-LED devices with two

different color temperatures arranged in a specific pattern on

the PCB (printed circuit board) substrate. However, there are

shortcomings in all of the aforementioned packaging solutions.

For instance, the limited power density output and large package

dimensions of discrete SMD-LED devices restrict higher power

integration of two color temperatures in the smaller light-emitting

area. Besides, dividing the light-emitting area of the COB light

sources into multiple regions for different color temperatures al-

lows for more concentrated and uniform light, enhancing the

overall lighting effect. However, this package structure can

encounter issues such as mutual interference and phosphor re-

absorption between different color temperatures leading to poor

color consistencies.
uary 17, 2025 ª 2024 The Authors. Published by Elsevier Inc. 1
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Figure 1. Mainstream multiple channels LED dimming package structures

(A) Low color temperature (W), high color temperature (C), and RGB LED discrete devices mounted on the same PCB.

(B) Low color temperature, high color temperature, and intermediate color temperature discrete devices mounted on the same PCB.

(C) Low color temperature (W), high color temperature (C), and RGB LED chips are in COB packages.

(D) Low color temperature, high color temperature, and green LED chip in COB packages.
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Finally, the dimming trajectory of the packaging scheme for

the aforementioned two-channel design among these color tem-

peratures follows a straight route due to the low CIE 1931-XYZ

chromaticity y color coordinates result from insufficient yellow-

green spectral components, which leads to issues such as Duv

(Delta uv, the shortest distance of a color coordinate from the

Planck curve.) < 0, a reddish hue and exceeding the standard de-

viation color matching (SDCM, evaluates how close the color of

the LED light source is to that of a standard light source), lower

color rendering index (CRI, indicators for evaluating the ability

of a light source to reproduce the color of an object), unconstant

power, and poor color consistency.

Meanwhile, according to the American National Standards

Institute (ANSI), ANSI C78.376, using the 4-step MacAdam el-

lipse, a large percentage of 2,700 K color coordinates located

below the Planckian locus, and 6,500 K located above it. Two

initial color coordinate points for a dimmable LED light source

can be selected from 2,700 to 6,500 K based on the 4-step

MacAdam ellipse. In this case, the color coordinates of all inter-

mediate color temperatures form a straight line between two

initial color coordinate points selected previously. Of all the inter-

mediate color temperatures, the color coordinates of 4,000 K

deviate mostly from the Planckian locus. Considering the heat

drift of the luminaires, the deviation values of Duv and SDCM

can further increase, which seriously affects the light quality.

In order to tackle the aforementioned problems with the two-

channel dimming, some solutions have been developed. The

one solution involves using either a single-wavelength green

LED or RGB LED as well as low or high color temperatures

discrete devices mounted on the same PCB for light mixing.

However, this approach equally requires a larger light-emitting

area, which makes it challenging to achieve a small-angle, high

power densities. This also complicates the design of optical

lenses for effective light mixing. The another solution integrates

either a single-wavelength green LED chip or RGB LED chips

as well as low color temperatures in a high color temperature

area. This method can encounter issues due to reabsorption be-

tween LED chips and phosphors. These challenges can lead to

decreased brightness and color inconsistencies. Additionally,
2 iScience 28, 111665, January 17, 2025
for both of the aforementioned solutions a single-wavelength

green LED or RGB LED have a narrower half peak width, lower

wall-plug efficiency (WPE) leading to slight improvements in

brightness, luminous efficacy, and CRI of the light source,

accompanied by a considerable rise in its cost, simultaneously

making the multi-channel power supply design of the driving po-

wer supply more complicated, reducing luminous efficacy of

light source due to the lens frosted to ensure uniform light spots.

Another strategy is introducing an intermediate color tempera-

ture, which ensures that color temperatures near this color tem-

perature range are dimmed along the Planck curve, but may not

be effective for other color temperatures. In addition, this

method does not allow for accurate compensation of the inter-

mediate mixing color temperature spectrum and suffers from

the problem of more severe phosphor reabsorption and repeti-

tive superpositioning of redundant spectra. Finally, if the most

cost-effective way is considered, the simplest approach to

enhance the CIE 1931-XYZ chromaticity y color coordinates of

the initial color temperature is to elevate those of the intermedi-

ate color temperatures. However, this may result in a greenish

tint at the initial color temperature and could diminish the overall

quality of light produced by the LED sources.32–47

In our study, we designed a three-channel COB light source

with a supplementary light channel M. This structure places

low color temperature W and the supplementary channel M

within the high color temperature area C, using a white dam to

separate them. This separation helps prevent reabsorption is-

sues between different color temperatures and ensures better

color consistencies by minimizing color interference between

the three channels. Moreover, we analyze in detail the mecha-

nism that causes two-channel dimming deficiency points

through the experiments in this paper. The decrease in CIE

1931-XYZ chromaticity y color coordinates, brightness, and lu-

minous efficacy of intermediate color temperature is primarily

due to the absence of spectral yellow-green light. The added

complementary channel M designed with layered excitation of

phosphors mode. The blue LED chip in the complementary

channel M initially excites the first layer of green phosphor to

achieve maximum WPE. It then continues to excite the green



Figure 2. Three-channel COB light sources

package structure design

(A) Structure of composite mirrored aluminum

substrate.

(B) Design schematics for three groups of COB

light sources.

(C) The new package structure of COB light

sources.
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and red phosphors at a high color temperature to produce yel-

low-green light and further broaden the spectral half-peak width,

which achieves maximum WPE and half-peak width compared

to single wavelength LED chips and allows more accurate and

efficient spectral compensation for insufficient spectral intensity

during the dimming process. By adjusting the input current

through channel M, the spectral intensity can be adjusted to sup-

plement the absence of yellow-green color and enable the dy-

namic control CIE 1931-XYZ chromaticity y color coordinates

of the intermediate color temperature. An intermediate color

temperature of Duv values = 0 can be achieved when M is at a

specific current. Ultimately, the results of the experiment find

that this solution allows for dimming along the Planck curve; en-

hances the CRI, luminous efficacy, and brightness; enables

maintaining constant power; provides a cost-effective, highly

efficient option for intelligent lighting dimming solutions.

Eventually, we need to design a driver power supply for the

new COB package structure. LED light sources operate in con-

stant current mode, primarily using two dimmingmethods: direct

current (DC) dimming and pulse width modulation (PWM)

dimming. DC dimming varies current through each channel for

smoother brightness adjustments, offering benefits like high

CRI and no flicker. Conversely, PWM dimming rapidly flickers

the LEDs at a specific frequency, adjusting on and off durations;

a higher on-to-off ratio increases brightness, while a lower ratio
iS
dims it. PWM dimming offers high accu-

racy, no color shift or flicker, energy sav-

ings, and low heat generation. Nowa-

days, PWM dimming is more widely

used, with many LED drivers incorpo-

rating this technology. A typical dimming

driver features a PWM regulator to adjust

output current or control timing. Common

dimming controls include TRIAC dim-

mers, DALI, and 0–10 V. In this article,

we will design a constant current driver

power supply with three channels for

the new COB package structure using

PWM dimming. We will first conduct ex-

periments to determine current ratios for

the three channels at various color tem-

peratures. These data will be encoded

in a mobile app that transmits it via Blue-

tooth to a microcontroller unit (MCU) with

integrated Bluetooth. The Bluetooth

module will send commands to the

MCU, which will generate PWM signals

to control output current for each chan-
nel, enabling effective adjustments of color temperatures and

brightness levels.

Experiments and methods
LED package structure design

Figures 1A and 1B illustrate the current market for more single-

wavelength LEDs and an intermediate color temperature

discrete devices designed for LED packaging structures.

Figures 1C and 1D show the integration of one or more single-

wavelength LED chips in a high color temperature light-emitting

area, specifically for COB light sources. Earlier, we have

analyzed in detail the shortcomings of these package structures.

After assessing the limitations of each packaging structure, we

developed a new COB package design and conducted experi-

ments to confirm the advantages of this new structure.

For this article, three groups of LED light sources with the

new COB package structure were designed and fabricated.

As shown in Figure 2A, the substrate for the COB light sources

was a composite mirrored aluminum. Figure 2B shows the

design schematics for three groups of COB light sources. To

verify whether the three-channel package design could achieve

the dimmable color temperature along the Planckian locus and

qualified SDCM, high CRI, consistent power, good color con-

sistency, we fabricated the first group of COB light source

with the three-channel structure with C (high color temperature
cience 28, 111665, January 17, 2025 3



Figure 3. The design principle for the driver

power
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6,500 K with a CRI exceeding 95, green phosphor model

GN504D and red phosphor model RH650DC), W (low color

temperature 2,700 K and CRI exceeding 95, green phosphor

model ZYP520G2 and red phosphor model MPR650/G3), and

M (supplementing color temperature 4,500 K with a CRI of at

least 40, green phosphor model ZYP520G2). The electrodes

were designed with three positive and three negative ones.

Both the C and W channels have 8 parallel and 12 serial circuit

structure, while M channel has one parallel and 12 serial circuit

structure. The LED chip model was BPB0W37B-S and 99.99%

pure gold wire with F 0.025 mm was used for electrical

connection. The adhesive KER3000-M2 and the encapsulation

silicone gel YSH-4705A/B with a refractive index of 1.4

were used.

As shown in Figure 2C, the newpackage structure of COB light

sources shows the three-channel is separated from each other

and the light emitting area of COB light source surrounded by

a white dam silicone gel, which could form a shape designed

and prevent the flow of the mixture of phosphor and silicone

gel. The added complementary channel M designedwith layered

excitation of phosphors mode. The first layer consists of a green

phosphor, while the second layer contains both a high color tem-

perature green phosphor and a red phosphor. Since the high co-

lor temperature red powder makes up a relatively small propor-

tion, the issue of reabsorption between the second layer of

phosphors has a minimal impact on brightness. Initially, the

LED chip excites the first layer of green phosphor. It then pro-
4 iScience 28, 111665, January 17, 2025
ceeds to excite the second layer of high

color temperature phosphor.

On the other hand, to study the effect of

the supplementing light channel M on the

brightness, CRI, power, and luminous ef-

ficacy of the original light-emitting area,

we designed another two groups of

COB light sources. The electrodes for

both of them were designed with two

positive and two negative ones. But for

the second group, the supplementing

channel M was replaced with low color

temperature W, and high color tempera-
ture C for the third group. For the aforementioned three groups

of COB light sources, the input current of the C and W channels

of initial color and intermediate color temperature is always

the same.

The encapsulation process of these three groups of COB light

sources is as follows: the first step is to mount the LED chip on a

substrate. Then the LED chip is wire bonded using gold wires ac-

cording to the circuit structure design mentioned previously.

Finally, after the LED chip is mounted and wire bonded, it is

encapsulated using a mixture of silicone gel and phosphor with

a certain proportion. The silicone gel is typically a low refractive

index (1.4) silicone that protects the LED chip from moisture,

dust and other environmental factors. For the first group of

COB light source, the phosphor dispensing process was to

dispense the W low color temperature and M area firstly, and

subsequently cover the entire light-emitting surfacewith high co-

lor temperature fluorescent glue. For the second and third

groups of COB light sources, the W low color temperature was

also first dispensed and subsequently covered the entire light-

emitting surface with high color temperature fluorescent glue.

The other factors remained the same for the three groups of

COB light sources.

The photometric parameter testing was carried out using

ATA1000 from Hangzhou EVERFINE Photo-E-Info Co., Ltd,

Hangzhou, China and the model of power supply that adjusts

the current ratio between two-channel was HSPY-400-1 from

Hansheng Puyuan, Beijing, China.
Figure 4. Product photos of three groups of

COB light sources



Figure 5. Design of the supplementing

channel M for COB light sources

(A) Layout of light-emitting area of the supple-

menting channel M and COB light sources.

(B) Histogram of light-emitting area of the sup-

plementing channel M and first group of COB light

sources.
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Design for the new COB package structure driver

The new COB package structure features three independent

channels, meaning that the driver power supply must provide

three adjustable constant current outputs. To control the current

level for each output, we can utilize PWM dimming technology.

The design principle for the driver power supply is illustrated in

Figure 3.

We conducted experiments to measure the current ratios for

three channels in a COB light source at different color tempera-

tures. Then current rationing data for three channels was inte-

grated into a mobile phone app. When a specific color tempera-

ture is selected in a mobile app, it transmits a Bluetooth signal

to the MCU module, which is equipped with an integrated Blue-

tooth receiver. Upon receiving the Bluetooth signal, MCUmodule

calculates the necessary parameters and sends a PWM signal

to control the three-channel current output. This process allows
iS
the power to adjust the current for each

channel, achieving the desired color

temperature.

For example, when themobile app sets
the color temperature to 3,000 K, the Bluetooth receiver

receives the control command. If the current color temperature

is 3,000 K, the app’s preset light mixing algorithm determines

that to achieve the desired 3,000 K effect, it needs to output

700 mA for the W channel, 100 mA for the C channel, and 20

mA for the M channel. The Bluetooth receiver then relays this

command to the MCU, which manages the current output of

the three channels through PWM signals.

RESULTS AND DISCUSSION

Figure 4 shows the representatives of three groups of COB light

sources designed previously to use for experimental testing.

Figures 5A and 5B show the layout and histogram of the light-

emitting area of the supplementing channel M(S1) and the first

group of COB light source (S2). The light-emitting area of the
Figure 6. Parameter test of the first group

of COB light sources

(A) Spectrogram of three-channel C, W, and M.

(B) Intensity of channel M at different current.

(C) Triangular gamut of three-channel C, W, and M

in chromaticity diagram CIE1931-XYZ.

(D) Dimmable traces for first group of COB light

sources.

cience 28, 111665, January 17, 2025 5



Table 1. Photoelectric parameters of first group of COB light sources with channel M active or inactive

CCT(K)/ANSI IFC (mA) IFW(mA) IFM(mA) Duv Luminous flux (lm) CRI(Ra) CIE-x CIE-y

2,700 0 800 0 0.0007 2997 98.7 0.4618 0.4130

3,000 100 700 0 �0.0020 3139 97.5 0.4342 0.3977

4,000 370 430 0 �0.0040 3475 96 0.3788 0.3671

5,000 580 220 0 �0.0016 3623 96.9 0.3457 0.3488

3,000 100 700 20 0.0001 3294 98.5 0.4326 0.4028

4,000 370 430 40 0.0006 3757 98.6 0.3783 0.3769

5,000 580 220 20 0.0006 3761 97.8 0.3462 0.3538

6,500 800 0 0 0.0035 3690 97.6 0.3153 0.3323
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second and third groups of COB light sources is identical to that

of the first group of COB light source. It can be seen that the sup-

plementing channel M only accounts for 6.7% (S1/S2 = 6.7%) of

the light-emitting area of COB light source.

Figure 6A shows the spectrogram of the first group of COB

light source with the three channels C, W, and M. Channels C

and W both have an input current of 800 mA, while channel M

has an input current of 40 mA. We could find that the spectral

range of the supplementing M covered 455–780 nm. Figure 6B

shows that the spectral intensities of the supplementing light

channel M at an input current of 10–60 mA. We could discover

that the spectral intensities of channel M strengthened with the

input current increasing. As shown in Figure 6C, color coordi-

nates of the three-channel C, W, and M were enclosed into a

triangular color gamut on CIE 1931-XYZ. The color temperature

range of 2,700–6,500 K on the Planckian locus was included as

well, which further confirmed that M could modulate CIE

1931-XYZ chromaticity y color coordinates to the intermediate
6 iScience 28, 111665, January 17, 2025
color temperature of 2,700–6,500 K according to colorimetric

theory.

As illustrated in Table 1, we achieved intermediate mixing co-

lor temperatures of 3,000 K, 4,000 K, and 5,000 K by setting the

input current ratio of the initial C and W channels. We observed

that the Duv values for the intermediate color temperatures

were negative when channel M was not involved. However,

when we activated channel M and increased the input current,

the Duv values for the intermediate color temperatures

increased until they approached zero or became positive.

This suggests that we can control the Duv values of the inter-

mediate mixed light color temperature by regulating the input

current of channel M.

Figure 6D shows the dimmable trajectory of first group of COB

light source from 2,700 to 6,500 K by adjusting the input current

of channel M. It can be seen that first group of COB light source

can achieve regulation of CIE 1931-XYZ chromaticity y color co-

ordinates and Duv values of intermediate color temperature
Figure 7. Spectral variation of 3,000–5,000K

color temperature for first group of COB

lights at different currents in channel M

(A) Spectra for channel M at 20–40 mA, 3,000 K.

(B) Spectra for channel M at 20–60 mA, 4,000 K.

(C) Spectra for channel M at 20–60 mA, 5,000 K.



Figure 8. Luminance and CRI of three

groups of COB light sources

(A) Brightness of three groups of COB light

sources.

(B) CRI of three groups of COB light sources.
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along the Planckian locus in the dimming process of 2,700–

6,500 K.

Figure 7 shows the changes in spectral intensities of interme-

diate color temperature of the first group of COB light source at

different input current with the supplementing light channel M. It

can be seen that the main reason for a negative Duv values is the

spectral intensity of 500–600 nm is not sufficient for 3,000 K, and

the spectral intensity of 500–640 nm is also not enough for

4,000 K and 5,000 K. Since the supplementing channel M has

a spectral range of 455–780 nm, therefore, when the supple-

menting channel M is activated at different input current, the

spectral intensity of 500-640 nm of the intermediate color tem-

perature is enhanced, leading to the increase of the CIE

1931-XYZ chromaticity y color coordinates and Duv values.

Consequently, for three intermediate color temperatures, we

can achieve Duv values = 0 when M operates at a certain input

current, which means that each color coordinates of intermedi-

ate color temperature is on the blackbody curve.

On the other hand, the influence of the supplementing channel

M on the brightness and CRI of the original lighting-emitting area

is shown in Figures 8A and 8B. Firstly, by comparing the first

group of COB light source with M-channel operation at 80 mA

with the second group of COB light source with the supplement-

ing channel M changed with low color temperature, it can be

observed that the brightness was reduced by 2.1% and CRI

increased by 0.1 for the initial color temperature 2,700 K and

increased by 1.8% and CRI increased by 0.4 for the initial color
iS
temperature 6,500 K. For 3,000 K, the lu-

minous flux increased by 16.7%. CRI

increased by 2.2. For 4,000 K, the lumi-

nous flux increased by 14.7%. CRI

increased by 3. For 5,000 K, the luminous

flux increased by 16.1%. CRI increased

by 0.7.

Subsequently, by comparing the

first group of COB light source with

M-channel operation with the third group

of COB light source with the supplement-

ing channel M changed with high color

temperature, the decrease in brightness

was 0.3% and CRI remained unchanged

for 2,700 K. The decrease in brightness

was 1.7% and CRI increased by 0.5 for

6,500 K. For 3,000 K, the luminous flux

increased by 17.6% and CRI increased

by 1.9. For 4,000 K, the luminous flux

increased by 16.2% and CRI increased

by 3.1. For 5,000 K, the luminous flux

increased by 14.1% and CRI increased

by 0.4.
Therefore, introducing of the supplementing light channel M

significantly improves the brightness and CRI of the intermediate

color temperature with a lesser impact on brightness and CRI of

the initial color temperature, which allows dimmable LEDs sour-

ces to obtain higher brightness and better light quality.

To fully understand how the supplementing light channel M

enhances the Duv values, brightness and CRI for intermediate

color temperatures. We need to further analyze how the supple-

menting light channel M produces the spectral range of

455–780 nm. Figure 9A shows excitation spectrum of the supple-

menting light channel M. It can be seen that spectrogram of the

supplementing channel M contains, blue, green, yellow-green,

and red four parts. This demonstrates that it both excites its

own the yellow-green phosphor and the high color temperature

green and red phosphors above it, resulting in a wider spectral

wavelength range of 455–780 nm and a broader color gamut,

which can perfectly supplement the deficient spectral intensity

of the intermediate color temperatures and result in a more satu-

rated spectrum, higher Duv values and better CRI.

Figure 9B shows the WPE of LED chips and phosphors in the

wavelength range of 410–680 nm. The deficiency in spectral in-

tensity at intermediate color temperature is mainly concentrated

in the wavelength region 500–640 nm, which aligns with the

higher photoelectric conversion efficiency of phosphors relative

to single-wavelength LED chips. Therefore, the additional com-

plementary light channel M adopted a blue LED chip to excite

yellow-green phosphors, along with the excitation of high color
cience 28, 111665, January 17, 2025 7



Figure 9. Analysis of how channel M affects

the power and luminous efficiency of the

COB light sources

(A) Excitation spectrum of supplementing light

channel M.

(B) WPE of the LED chips and phosphor.

(C) Power during dimming for three groups of COB

light sources.

(D) Luminous efficacy during dimming for three

groups of COB light sources.
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temperature green and red phosphors above it to achieve

the highest excitation efficiency and brightness, which can

help to get higher brightness of the intermediate color

temperatures.19,48–62

Besides, the introduction of the supplementing light chan-

nel M not only affects the brightness, and CRI of the original

light-emitting area, but it affects the power and luminous effi-

cacy. In Figures 9C and 9D, you can see the changes in po-

wer and luminous efficacy as the three groups of COB light

sources dim from 2,700 K to 6,500 K. At 2,700 K, the first

and third groups have the same power and luminous efficacy,

while the second group has the lowest power and the highest

luminous efficacy due to the reduction of the operating
Figure 10. Voltage changes of three groups of COB light sources during dimming

(A) Operating voltage of initial color temperatures of three groups of COB light sources.

(B) Operating voltage of intermediate color temperature of three groups of COB light sources.
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voltage. At 6,500 K, the situation is

similar to that at 2,700 K, as shown in

Figure 10A. Next, as the color tempera-

tures increase, the power of the three

groups gradually decreases and the lu-

minous efficacy slowly increases. The

lowest power is observed for the sec-

ond and third groups at 4,000 K, while

the first group experiences the lowest

power at 5,000 K, benefiting from

compensation for the power of the

complementing light channel M. The lu-

minous efficacy shows the highest
growth rate at 4,000 K, reaching a peak at 5,000 K for all three

groups. This indicates that introducing the complementing

light channel M leads to the decrease of the initial color tem-

perature power of the second and third groups, compen-

sating for the power of intermediate color temperatures of

the first groups. Therefore, by reasonably regulating the input

current of the complementing light channel M, the output of

constant power for the initial and intermediate color tempera-

tures can be obtained during the dimming process, since

constant power output can prevent changes in the brightness

of LED light sources caused by current or voltage fluctua-

tions, preventing visual discomfort or damage to the LED light

sources.



Figure 11. Volt-ampere characteristic curve with C and W channel

for three groups of COB light sources
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At color temperatures of 2,700 K, 3,000 K, and 4,000 K, the

complementing light channel M at low temperatures contributed

more to luminous efficacy compared to the second and third

groups. Conversely, at 5,000 K and 6,500 K, the complementary

light channel M at high temperature had a greater contribution to

luminous efficacy.

Figure 10B displays the operating voltages for the intermedi-

ate color temperature of three groups during dimming from

2,700 K to 6,500 K without the involvement of the comple-

menting light channel M for the first group. We can infer

that at 3,000 K, the power begins to gradually decrease for

three groups because the total input current is divided propor-

tionally between the W and the C channels, resulting in a

reduction in operating voltages. The lowest power at 4,000 K

is because the C and W channels voltages are relatively

average without a higher voltage for three groups, contributing

lower power than at the other two color temperatures.

At 5,000 K, the power begins to gradually increase due to

the appearance of higher color temperature voltage in the

C-channel.

To understand how higher voltages contribute to increased

power, we need to analyze the volt-ampere characteristics of

three groups, as is shown in Figure 11. According to the LED

volt-ampere characteristic curve, as the voltage increases, the

slope of the current growth becomes larger and larger. There-

fore, the higher the supply voltage, the more helpful it is for

enhancing power.

Meanwhile, the volt-ampere characteristic curve shows that

the complementing light channel M lowers the operating volt-

ages for low color temperatures of second group and high color

temperatures of third group, leading to a decrease in power

when the total input current is constant.

To sum up, we explain why the power changes as the

color temperature increases during the dimming process,

while the total input current remains constant, and

discuss the influence of the complementing light channel M
on the power and luminous efficacy of the original light-emit-

ting area.

Conclusion
We have successfully developed a three-channel COB light

source that can adjust the color temperature along the

Planckian locus. Results show that incorporating the supple-

menting light channel M can greatly enhance the Duv values

of the intermediate color temperature and result in more

accurate adjustments. Moreover, the supplementing light

channel M occupies about 6.7% of original the light-emitting

areas. Comparing the COB light sources with channel M in

low or high color temperature areas. The supplementing light

channel M has a neglectable effect on the brightness, CRI,

power, and luminous efficacy of the initial color temperatures.

Simultaneously, it significantly boosts the luminous flux, CRI,

power, and luminous efficacy of the intermediate color

temperature. Finally, we also examine the reasons for the

decrease in power up to 4,000 K and the increase in luminous

efficacy up to 5,000 K as the color temperature rises during

the two-channel dimming process, which further clarifies the

significance of introducing the supplementing light channel

M. This work helps to improve tremendously the light quality

of dimmable LED light sources, promoting the further devel-

opment of LED intelligent lighting. Meanwhile, in the new

COB package structure, we can utilize the complementary

light channel M to control the rhythmic light intensity in the

480 nm. This allows for dynamic superposition with the inter-

mediate color temperature spectrum, catering to the diverse

needs of different people and various scenarios in human fac-

tors lighting through control of the three-channel PWM

dimming driver power supply designed in this paper. This

approach holds significant promise for future applications.

Limitations of the study
So far, the COB light source and driving power supply in the new

package structure are separate. This paper will further explore

the potential for integrating the driving power supply with the

LED light source to achievemicroelectronic photonic integration.

Additionally, the new LED package structure is specifically

designed for lighting applications, and its use in other areas

remains uncertain.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Substrates

Mirror aluminum substrates Dongguan Haywar Electronic Technology Co., ltd,China. SP2828L-G

Chips

LED blue chips (dominant wavelengthld:

455-457.5nm, chip voltage VF: 2.7–2.9V,

chip brightness PO: 165-170mW)

HUAIAN AUCKSUN OPTOELECTRONICS TECHNOLOGY CO.,LTD.,China. BPB0W37B-S

Phosphor

Nitride red phosphor Mitsubishi Chemical Corporation.,Japan. MPR650/G3

GaYAG green phosphor Jiangsu Bree Optronics Co., Ltd.,China. ZYP520G2

Nitride red phosphor Jiangsu Bree Optronics Co., Ltd.,China. RH650DC

Nitrogen oxide green phosphor Jiangsu Bree Optronics Co., Ltd.,China. GN504D

White dam

White dam silicone gel Shenzhen Chenri Optoelectronics. WB-20-S

Other

Integrating sphere Hangzhou EVERFINE Photo-E-Info Co., Ltd.,China ATA1000
EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This paper proposes a three-channel circuit structure design by introducing an additional complementary light channel to adjust the

light source Duv and correct the color temperature back to the Planckian locus. Additionally, due to the newly added the comple-

mentary channel occupies a certain area of light emission compared to the same light-emitting surface of a two-channel dimmable

light source, this paper investigates the impact of adding a third complementary on the optoelectronic parameters of LED light

sources.

METHOD DETAILS

LED package structure design
The experimental samples were designedwith COB package structure. The substrate of COB package ismade of German Aluminum

(alanod) 1700AG-HPSP Mirror Aluminum and BT compression, and the manufacturer is Dongguan Haywar Electronic Technology

Co., ltd,China. The substrate, measuring 283 283 1 mm, featured a chemical plating of NI/PD/AU on the pad area and a light-emit-

ting surface with a 24 mm diameter white dam. This new integrated COB package positions the low color temperature W and the

supplementary light channel M directly in the light-emitting area of the high color temperature C, with the white dam separating

them. To investigate the effect of channel M on brightness and CRI, we created two additional groups of COB light sources. Both

groups had two positive and two negative electrodes; in the second group, channel M was replaced with low color temperature

W, and in the third group, it was replaced with high color temperature C.

Packaging materials selection
The experimental samples with a low color temperature of 2700K use Mitsubishi Chemical Corporation phosphor. The red phosphor

model is MPR650/G3, and the green phosphor model is ZYP520G2. For the high color temperature of 6500K, we use Jiangsu Bree

Optronics Co., Ltd. phosphor. The red phosphor model is RH650DC, and the green phosphor model is GN504D. All three experi-

mental samples use 99.99% pure gold wire for electrical connection, with a wire diameter of 0.025mm. The adhesive used is

Shin-Etsu’s KER3000-M2, and the encapsulation silicone gel manufacturer is Yokohama YSH-4705A/B from Japan. The silicone

gel is methyl silicone with a refractive index of 1.4, and the encapsulation dam is white, manufactured by Shenzhen Chenri Optoelec-

tronics. The photometric parameter testing equipment for the three sets of experimental samples is the ATA1000 from Yuanfang, and

the voltage source used to adjust the current for each channel is the HSPY-400-1 from Hansheng Puyuan.
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Preparation of experimental samples
The packaging process for the three types of COB light sources includes several steps. First, an LED chip is mounted on a stable

substrate. Then, gold wires bond the chip to the substrate following the circuit design for electrical connections. Next, the chip is

encapsulated in a protective silicone-phosphor mixture, typically using silicone with a low refractive index (1.4) to protect against

moisture, dust, and environmental factors, a process known as phosphor dispensing. In the first group, dispensing starts with

warm (W) low-color temperature and theM area, followed by a high-color temperature fluorescent glue covering the entire light-emit-

ting surface. The second and third groups follow the same dispensing approach, while other factors remain consistent across all

three groups. We tested the photoelectric parameters of dimmable COB light sources, which range from 2700 to 6500 K, to assess

how channelM affects Duv values at intermediate color temperatures in the first group and the brightness of the original emitting area.

QUANTIFICATION AND STATISTICAL ANALYSIS

The photometric parameter testing equipment used was the ATA1000 from Hangzhou EVERFINE Photo- E-Info Co., Ltd., and the

current ratio power supply was the HSPY-400-1 from Hansheng Puyuan, Beijing. Figures were generated using Origin from the

raw data.
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