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Executive Summary

This document constitutes Deliverable D2.2 - Report on the LEDs' Performance within the
LEDtech-GROW project. The deliverable is a public document prepared under Work Package 2 (WP2)
- Design, Fabrication, and LEDs' Performance, specifically addressing Subactivity 2.3 - Testing LED
Performance during months 15 to 24 of the project.

The report provides a comprehensive overview and evaluation of the performance characteristics
of light-emitting diodes (LEDs) developed and used for plant growth applications. This deliverable
aims to support knowledge dissemination and ensure transparency of the results achieved among
LEDtech-GROW team members and toward the wider scientific and professional community.

To ensure the reliability and comparability of the results, all LED samples were systematically
measured and characterized in two independent research units in Serbia and China. Parallel testing of
identical samples under comparable experimental conditions enabled cross-validation of the
measurement data and provided a solid basis for benchmarking the performance of the developed
LEDs. This comparative approach further strengthens the credibility of the reported results and allows
identification of potential variations arising from measurement setups, environmental conditions, or
instrumentation.

Overall, Deliverable D2.2 contributes to a deeper understanding of LED performance in plant
growth applications and represents an important step toward optimizing LED-based lighting solutions
within the LEDtech-GROW project. The findings presented herein support subsequent research
activities and provide a validated foundation for further development.
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Abbreviations and Acronyms

Explanation
[CIE] Commission Internationale de I'Eclairage
[ET] Energy transfer
[LED] Light-emitting diode
[LEDtech-GROW] Acronym of the Project Titled “LED technology based on bismuth-sensitized Eu3*

luminescence for cost-effective indoor plant growth”

[PAR] Photosynthetically Active Radiation
[PL] Photoluminescence emission spectra
[SGF] Sr2GdF7

[SLF] SrzLaF7

[near-UV] near-ultraviolet

[WP] Work package
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1. The list of fabricated LEDs for testing

A novel LED fabrication strategy for plant growth applications combines near-UV or UV
semiconductor chips with representative single-component phosphors that emit in three wavelengths,
based on Bi** and Eu®* activators and their efficient energy transfer (ET). This strategy provides
broadband blue emission that may sensitize various cryptochrome and phototropin photoreceptors
(pterin (380), flavin (447 nm), Phytotropin, and Zeitlupes, LOV (390, 457, and 480 nm)). In addition,
an LED fabrication strategy integrating near-UV or UV semiconductor chips with representative single-
component phosphors that emit in two wavelengths, activated by Eu®*, was also implemented. Four

selected Eu®*-based phosphors, used as layers on the LED chips, are as follows:

e SrF,: Bi3+, Eu3+
e SrGdF;: Eu3+
e SrLaF7: Eu3+
e RbY3Fip:Eu3+

Converting UV light into blue and red light using inorganic phosphors in LEDs is crucial for enhancing
photosynthesis in greenhouse-grown plants. Red light, for instance, supports flowering and fruiting
in crops such as tomatoes, peppers, and orchids, and also improves fruit production in strawberries
and cucumbers. Meanwhile, blue light encourages healthy leaf development in leafy greens like
lettuce, spinach, and kale, and strengthens early seedling growth by fostering robust leaves and stems.
The tunable red/blue light properties of the synthesized phosphors could ensure plants receive the
optimal light spectrum at each stage of their growth cycle.

2. LED performance: LED based on a UV chip and SrF;:Bi3*,
Eu3* phosphor

LED fabrication- methodology 1

The SrF,:10%Eu®*,20%Bi** phosphor was mixed separately with a high-temperature inorganic
binder, Aremco-CeramabindTM 643-2, before being deposited onto (i) 278 nm and (ii) 395 nm LED
chips (LED accessories purchased on the market). The resulting resin, containing Ceramabind and
SrF,:10%Eu*,20%Bi3* phosphor, was deposited on top of the LED chip using the doctor blade (tape
casting) technique, then dried for 48 hours. Photographs of the fabricated LED device, presented in
Figure 1a, show a strong pink-violet light when the power supply is on. The PL spectrum of the
fabricated LED, composed of a 278 nm chip and SrF,:10%Eu>*,20%Bi3** phosphor, reveals strong
emissions in the blue, orange/red, and far-red regions (see Figure 1b). Figure 1b (right) shows the
emission of the 278 nm LED chip before the red phosphor was applied. Owing to its intense blue,
orange/red, and far-red emissions, this LED holds great promise for indoor horticultural applications.
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Figure 1c shows the PL spectrum of the fabricated LED, composed of a 395 nm chip and
SrF;:10%Eu>*,20%Bi** phosphor exhibits strong emissions in the near-UV, orange/red, and far-red
regions. Figure 1c (right) shows the emission of the 395 nm LED chip before the red phosphor was
applied. A noticeable dip at 391 nm confirms UV absorption by Eu** ions.
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Figure 1. (a) Photograph of the fabricated LED device emitting pinkish-violet light, using a 278 nm LED chip
combined with SrF,:10%Eu®*,20%Bi** phosphor; (b) PL spectrum of the LED based on 278 nm chip, with the
emission of the bare chip (without phosphor) shown on the right for comparison; (c) PL spectrum of the LED based
on 395 nm chip, with the corresponding emission from the bare chip (without phosphor) shown on the right.

LED fabrication- methodology 2

The SrF2:10%Eu3+,20%Bi3+ phosphor was separately mixed with UV curing adhesive (LEAFTOP,
SHENZHENSHI TEGU NEW MATERIALS CO., LTD) before being deposited on the 395 nm and 365 nm
UV chips (LED accessories purchased on the market) for a comparative study. All samples were coated
on the semiconductor chip with phosphor-adhesive layers of varying thicknesses to optimize PL
efficacy. The LEDs’ performance operating at around 3.0 V at various driving currents was monitored,
and the following were determined: (i) PL spectrum of fabricated LEDs; (ii) Commission Internationale
de I'Eclairage (CIE) spectrum of fabricated LEDs; (iii) Correlated Color Temperature; (iv) Color
Rendering Index; (v) Luminous Flux; and (vi) Luminous Efficacy of fabricated LEDs. The photoelectric
& colorimetric properties of the fabricated LEDs were measured by an Auto-Temperatured LED Opto-
Electronic Analyzer (ATA-500). Photographs of the fabricated LED device under daylight and 365 nm
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UV illumination are shown in Figure 2. The photoluminescence (PL) spectrum of the LED
fabricated with a 365 nm chip and SrF,:10%Eu3*, 20%Bi** phosphor, the LED exhibits intense UV
emission, along with orange/red and far-red emissions (Figure 2). The absence of blue emission
indicates that this LED configuration does not meet the spectral requirements for indoor plant
cultivation. Consequently, an alternative LED design was developed by combining the same phosphor
with a 395 nm UV chip, as shown in Figure 3.
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Figure 2. Photoluminescence (PL) spectrum of the LED fabricated using a 365 nm chip and SrF,:10%Eu®*, 20%Bi**
phosphor (driving current: 1000 mA); corresponding CIE chromaticity diagram of the LED emission; key
performance characteristics of the LED; and photographs of the fabricated device.
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The performance of the LED based on SrF;:10%Eu3+,20%Bi3* phosphor and a 365 nm chip,
operating at around 3.0 V with a driving current of 50 mA4, is summarized as follows: (i) the PL
spectrum of the fabricated LED shows good overlap with the photosynthetically active radiation (PAR)
range of plant photoreceptors, with pronounced blue and red emission components; (ii) CIE
chromaticity coordinates of x = 0.3759 and y = 0.2743, corresponding to a pinkish emission; (iii) a
correlated color temperature (CCT) of 2858 K; (iv) a color rendering index (CRI, Ra) of 67.4; (v) a
luminous flux (@) of 0.7146 Im; and (vi) a luminous efficacy of 4.72 Im/W.

The PL spectrum further reveals intense emission in the UV-blue region, followed by orange/red
and far-red emissions. Collectively, these results indicate that the fabricated LED is a promising
candidate for indoor horticultural applications.
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Figure 3. PL spectrum of the LED fabricated using a 395 nm chip and SrF;:10%Eu?*, 20%Bi** phosphor (driving
current: 50 mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of
the LED; and photographs of the fabricated device.
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3. LED performance: LED based on a UV chip and
Sr2GdF7:Eu3* phosphor

LED fabrication - methodology 1

The Sr2GdF7:80%Eu3+ nanophosphor was mixed separately with a high-temperature
inorganic binder, Aremco-CeramabindTM 643-2, before being deposited onto a 365 nm LED chip. The
resin mixture was deposited on top of the LED chip using the doctor blade (tape casting) technique,
then dried for 48 hours. Photographs of the fabricated LED device, shown in Figure 4a, show strong
red light when the power supply is on. The PL spectrum of the fabricated LED, composed of a 365 nm
chip and SGF:80Eu nanophosphor, shows strong emissions in the red and far-red regions, with a
noticeably weaker near-UV LED component (see Figure 4b).
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Figure 4. (a) A fabricated LED device comprising a 365 nm semiconductor chip and SGF_80Eu nanopowders
displays a red light when the electrical power supply is on; and (b) PL spectrum of the fabricated 365nm-chip-based
LED.

LED fabrication- methodology 2

The Sr,GdF;:80%Eu* phosphor was mixed separately with UV-curing adhesive (LEAFTOP,
SHENZHENSHI TEGU NEW MATERIALS CO., LTD) and then deposited onto 395 nm and 365 nm near-
UV chips (LED accessories purchased on the market) for a comparative study. LED performance was
evaluated at an operating voltage of approximately 3.0 V under driving currents of 20 and 50 mA. The
following parameters were determined: (i) the PL spectra of the fabricated LEDs and their
correspondence with the photosynthetically active radiation (PAR) range of plant photoreceptors; (ii)
CIE chromaticity coordinates; (iii) correlated color temperature (CCT); (iv) color rendering index
(CRI); (v) luminous flux; and (vi) luminous efficacy. The photoelectric and colorimetric properties of
the fabricated LEDs were measured using an auto-temperature-controlled LED optoelectronic
analyzer (ATA-500).

Photographs of the fabricated LED device under daylight, 365 nm UV illumination, and electrical
operation are shown in Figure 5. Under a driving current of 50 mA, the PL spectrum of the LED
fabricated using a 365 nm chip and Sr,GdF,:80%Eu®* phosphor shows strong UV emission, along with
orange/red and far-red emission bands (Figure 5). Because blue emission is absent, the resulting PL
output appears reddish and does not meet the spectral requirements for indoor plant cultivation.
Consequently, an alternative LED configuration was developed by combining the same phosphor with
a 395 nm UV chip and operating it at various driving currents, as presented in Figures 6 and 7.
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Figure 5. PL spectrum of the LED fabricated using a 365 nm chip and SGF_80Eu>* phosphor (driving current: 50
mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of the LED; and
photographs of the fabricated device.

The performance characteristics of the LED fabricated using SGF:80%Eu phosphor with a 395 nm chip
(Figure 6), operated at approximately 3.0 V and a driving current of 20 mA, are summarized as follows:
(i) the PL spectrum of the fabricated LED shows good agreement with the photosynthetically active
radiation (PAR) range of plant photoreceptors, featuring strong near-UV /blue, orange/red, and deep-
red emissions; (ii) CIE chromaticity coordinates of x = 0.4165 and y = 0.2643, corresponding to a
pinkish emission; (iii) a correlated color temperature (CCT) of 1977 K; (iv) a color rendering index
(CRI, Ra) of 29.3; (v) a luminous flux (®) of 0.2295 Im; and (vi) a luminous efficacy of 3.89 Im/W.
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Figure 6. PL spectrum of the LED fabricated using a 395 nm chip and SGF_80Eu?* phosphor (driving current: 20
mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of the LED; and
photographs of the fabricated device.

The performance of LEDs based on SGF:80%Eu phosphor and a 395 nm chip (see Figure 7),
operating at around 3.0 V with a driving current of 50 mA, is as follows: (i) The PL spectrum of the
fabricated LEDs matches the PAR spectrum of plant photoreceptors, with the most intense near-UV-
blue, orange/red, and deep red emissions; (ii) CIE chromaticity coordinates x=0.4100, y=0.2531,
showing pinkish LED emission; (iii) Correlated Color Temperature CCT=1951K; (iv) Color Rendering
Index Ra=26.0; (v) Luminous Flux ¢$=0.6623 Im; and (vi) Luminous Efficacy of the fabricated LEDs
4.41 Im/W. The PL spectrum reveals strong emissions in the UV-blue, followed by orange/red and far-
red regions. All findings suggest that this LED holds great promise for indoor horticultural
applications.
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Figure 7. PL spectrum of the LED fabricated using a 395 nm chip and SGF_80Eu>* phosphor (driving current: 50
mA); corresponding CIE chromaticity diagram of the LED emission; and key performance characteristics of the LED.

4. LED performance: LED based on a UV chip and
SrzLaF7:Eu3* phosphor

LED fabrication - methodology 1

The Sr;LaF7:50Eu3* nanophosphor was mixed separately with a high-temperature inorganic
binder, Aremco-CeramabindTM 643-2, before being deposited on the 395 nm LED chip. The resulting
resin, containing Ceramabind and SLF:50Eu phosphor, was deposited on the LED chip using the doctor
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blade (tape casting) technique, then dried for 48 hours. Photographs of the fabricated LED
device, shown in Figure 8a, show strong red light when the power supply is on. The PL spectrum of the
fabricated LED, composed of a 395 nm chip and SLF:50Eu phosphor, shows strong emissions in the
near-UV, orange/red, and far-red regions. Figure 8b (right) shows the emission of the 395 nm LED
chip before the red phosphor was applied. A noticeable dip at 391 nm confirms absorption of UV light
by Eu®' ions. Consequently, this LED demonstrates strong potential for application in indoor
horticultural systems.

4 Eu3* emission
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Figure 8. A fabricated LED device comprising a semiconductor chip and SrzLaF7:50mol%Eu3* nanopowders displays
a red light when the electrical power supply is on; PL spectrum of the fabricated 395nm-chip-based LED.

The Sr:LaF7:50%Eu3+ phosphor was mixed separately with UV curing adhesive (LEAFTOP,
SHENZHENSHI TEGU NEW MATERIALS CO., LTD) and then deposited onto a 395 nm LED chip (LED
accessories purchased on the market). LED performance was evaluated at an operating voltage of
approximately 3.0 V and a driving current of 50 mA (Figure 9). The results show that: (i) the PL
spectrum of the fabricated LED exhibits near-UV /blue, orange/red, and deep-red emissions that align
well with the PAR spectrum of plant photoreceptors; (ii) the CIE chromaticity coordinates are x =
0.3993 and y = 0.3108, corresponding to a pinkish emission; (iii) the correlated color temperature
(CCT)is 2011 K; (iv) the color rendering index (CRI, Ra) is 29.3; (v) the luminous flux (®) is 0.9040 Im;
and (vi) the luminous efficacy is 6.02 Im/W.

Photographs of the fabricated LED device based on a 395 nm UV chip, taken under daylight, under
365 nm UV illumination, and during electrical operation, are also shown in Figure 9. When powered
on, the device emits an intense pinkish-violet light. Owing to its strong blue, orange/red, and far-red
emission components, this LED demonstrates significant potential for indoor horticultural
applications.
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Figure 9. PL spectrum of the LED fabricated using a 395 nm chip and SrzLaF7:50mol%Eu3* phosphor (driving
current: 50 mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of
the LED; and photographs of the fabricated device.

5. LED performance: LED based on a UV chip and RbY3F1o:
Eu3* phosphor

LED fabrication - methodology 1

The RbY3F10:50Eu3+ nanophosphor was mixed separately with a high-temperature inorganic
binder, Aremco-CeramabindTM 643-2, before being deposited onto the 395 nm LED chip. The
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resulting resin, containing Ceramabind and RbY3F10:50Eu3+ phosphor, was deposited on the
LED chip using the doctor blade (tape casting) technique, then dried for 48 hours. Photographs of the
fabricated LED device, shown in Figure 10a, display a strong violet/pinkish light when the power
supply is on. The PL spectrum of the fabricated LED, comprising a 395 nm chip and RbY3F19:50Eu3+
phosphor, exhibits strong emissions in the near-UV, orange/red, and far-red regions (see Figure 10b).
A minor dip at 391 nm indicates low absorption of near-UV light by Eu** ions. The insufficient intensity
of red and far-red emissions makes this LED unsuitable for effective indoor horticultural use. Our
upcoming research will focus on the improvement of red and far-red light components.
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Figure 10. A fabricated LED device comprising a semiconductor chip and RbY3F10:50mol%Eu3* nanopowders
displays a violet/pinkish light when the electrical power supply is on; and (b) PL spectrum of the fabricated 395nm-
chip-based LED.

LED fabrication - methodology 2

The RbY3F10:50Eu3* phosphor was mixed separately with UV-curing adhesive (LEAFTOP,
SHENZHENSHI TEGU NEW MATERIALS CO., LTD) and then deposited onto the 395 nm near-UV chip (LED
accessories purchased on the market). The LED performance was evaluated at an operating voltage of
approximately 3.0 V and a driving current of 50 mA (Figure 11). The analysis indicates that: (i) the PL
spectrum of the fabricated LED exhibits near-UV/blue, orange/red, and deep-red emissions that closely
match the photosynthetically active radiation (PAR) range of plant photoreceptors; (ii) the CIE chromaticity
coordinates are x = 0.3895 and y = 0.2188, corresponding to a pinkish emission; (iii) the correlated color
temperature (CCT) is 1867 K; (iv) the color rendering index (CRI, Ra) is 38.3; (v) the luminous flux (®) is
0.8361 Im; and (vi) the luminous efficacy is 5.58 Im/W.

Photographs of the fabricated LED device based on a 395 nm UV chip, recorded under daylight, 365 nm UV
illumination, and electrical operation, are shown in Figure 11. When powered on, the device emits intense
pinkish-violet light. Owing to its strong blue, orange/red, and far-red emission components, this LED shows
considerable potential for indoor horticultural applications. Additionally, a distinct dip at 391 nm confirms
the absorption of UV radiation by Eu®* ions.
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Figure 11. PL spectrum of the LED fabricated using a 395 nm chip and RbY3F10:50mol%Eu3* phosphor (driving
current: 50 mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of
the LED; and photographs of the fabricated device.

6. Scientific Publications and Peer-Reviewed Journals

During the project implementation, the LEDtech-GROW team achieved the following: five papers
were published in peer-reviewed journals, all of which are Open-Access per the grant agreement
(with an additional two papers submitted); six poster presentations were delivered at
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international conferences; one oral talk was delivered at an international conference; and
one invited talk was delivered at a domestic conference.
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LEDs” Results in Physics 78 (2025) 108495 https://doi.org/10.1016/j.rinp.2025.108495
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15(10) (2025) 717; https://doi.org/10.3390/nano15100717
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applications”.  Journal of Alloys and Compounds 1010 (5) (2025) 177820.
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and Blue Emission of Bi3+-Co-Doped SrF;:Eu3* Nanophosphors for LEDs in Agricultural
Applications”. Nanomaterials 14(20), 1617. https://doi.org/10.3390/nano14201617

6. A. Ciri¢, M. Suta, B. Mili¢evié¢, T. Forster, T. Gavrilovi¢, Z. Anti¢, M. D. Drami¢anin: “Judd-Ofelt
Analysis of Pr3*: A Direct Emission Spectrum Approach for Advanced LED Phosphors and
Scintillators”- 6th International Conference on MATERIALS SCIENCE & NANOTECHNOLOGY
Future Materials 2025 Tenerife, Spanija (pp 35). Oral talk

7. Lj. Padanin Far, B. Mili¢evi¢, ]. Perisa, A. Ciri¢, K. Milenkovi¢, S. Kuzman, and M.D. Dramiéanin:
“Eu3*-Doped Sr;LaF; nanopowders for Indoor Plant Growth LED Applications”- Future
Materials 2025, 6th International Conference on Materials Science & Nanotechnology
Costa Adeje, Tenerife, Spain (pp 119-120).

8. S.Kuzman, Lj. Pa¢anin Far, B. Mili¢evi¢, J. Perisa, A. Ciri¢, K. Milenkovi¢, and M.D. Dramiéanin:
“Emission Enhancement by Bi3+ Co-Doping of Red-Emitting #anophosphor for Horticulture
LEDs”- Future Materials 2025, 6th International Conference on Materials Science &
Nanotechnology Costa Adeje, Tenerife, Spain (pp 121).

9. K. Milenkovi¢, V. Pordevi¢, 1. Zekovi¢, Z. Risti¢, J. Perisa, B. Mili¢evi¢, M. D. Dramicanin:
“Microwave-assisted solvothermal method for RbY3Fio doped with Eu3+”- The 7th International
Conference on the Physics of Optical Materials and Devices & The 4t International Conference
on Phosphor Thermometry (ICOM&ICPT 2024), August 26-30, 2024, Beci¢i, Budva
Montenegro, P-50, (pp 165).

10. S. Kuzman, B. Milicevi¢, ]. Perisa, A. Ciri¢, Z. Risti¢, Z. Anti¢, M. D. Dramic¢anin: “Synthesis and
photoluminescent properties of Bi3*-codoped SrF.:Eu3*+ phosphor nanoparticles”- The 7th
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International Conference on the Physics of Optical Materials and Devices & The 4t
International Conference on Phosphor Thermometry (ICOM&ICPT 2024), August 26-30, 2024,
Becic¢i, Budva Montenegro, P-51, (pp 166).

11. B. Mili¢evié, A. Ciri¢, Z. Risti¢, M. Medi¢, L. Radosavljevic Evans, 7. Anti¢, M. D. Dramicanin:
“Synthesis, luminescent properties, and thermal stability of Eu3+-doped Sr,GdF7 red-emitting
nanophosphor for horticulture LEDs”- The 7t International Conference on the Physics of
Optical Materials and Devices & The 4t International Conference on Phosphor Thermometry
(ICOM&ICPT 2024), August 26-30, 2024, Beci¢i, Budva Montenegro, P-53, (pp 168).

12. K. Milenkovi¢, V. Pordevi¢, S. Kuzman, J. Perisa, B. Mili¢evi¢, Miroslav D. Dramic¢anin: “Three-
fold enhancement of Eu3+ emission intensity in BaYFs nanoparticles by Bi3* co-doping”, -12th
International Conference on Luminescent Detectors and Transformers of lonizing Radiation
(LUMDETR), June 16-21, 2024, Riga, Latvia, PA13, (pp 89).

13. S. Kuzman, B. Mili¢evi¢, K. Milenkovi¢, J. Perisa, M. D. Dramicanin: “Bizmuth-sensitized Eu3+
luminescent LED technology for effective indoor plant growth”- The 3rd Serbian Conference on
Materials Application and Technology (SCOM2024), October 16-18, Belgrade, Serbia, I-1, (pp
8). Invited talk

LEDtech-GROW team members reached Milestone M2.1 - LEDs fabricated (verification: LED
emission matches the PAR spectrum of plant photoreceptors (see below)).

SrF2:10%Eu3+,20%Bi3*

= Far-Red
\

[}
[ Fabricated LED (365 nm + SrF,:Eu), 1000mA

Chlorophyll B

Phytochrome Red

Chlorophyll A

Light Absorbance
PL Intensity (counts)

550 600 ; 800
Wavelength [nm]

Page 1 9

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,
LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth - LEDtech-GROW



LEBtech 2.2 Report on the LEDs performance Date: 03/12/2025

GROW
SrF2:10%Eu3+,20%Bi3+*
uv Far-Red
A B Fabricated LED (395 nm chip + SrF,:Eu,Bi) extoh —~
" Chlorophyll B 2
g Phytochrome Red sx10¢| 5
3 S
'e 4x10°| ~
o =
0 o o=
- 3x10 g
£ w| &
m —
S 1x10'[ &
S— 0
550 600
Wavelength (nm)
SrF2:10%Eu3+,20%Bi3+*
Far-Red
| I Fabricated LED ( 278nm chip + SrF:Eu ) |
3 Phytochrome Red 10000 2
S -
g
.e . 8000 §
.g 6000 ‘__>;
Rt 0
£ yfochrome Far-Red g §
o c
= 2000|=
o
0
550 600
Wavelength [nm]
SrGdF7: 80%Eu3+
Loy Far-Red
A : . . A
I Fabricated LED (365 nm chip + Sr,GdF,:Eu) -~
o Chlorophyll B T © o120h7 ex10'| @
g Phytochrome Red sc10t| S
2 Chlorophyll A g
S >
a .
< ¢
by 2
£ =
D -
= (-
500 550 60
Wavelength (nm)

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,
LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth - LEDtech-GROW

Pagez O



LEBtech 2.2 Report on the LEDs performance Date: 03/12/2025

GROW
SrGdF7: 80%Eu3+

Lov N FarRed |

i [ Fabricated LED (395 nm + Sr,GdF,:Eu), 50mA R
g Chlorophyll B 2
Q Phytochrome Red c
< =
g o
o )
L N
2 oy
0 »
: Phytochrome Far-Red | §
S g
=) -
- o

800

500 550 600 700 750

Wavelength [nm]

SrzLaF7:50mol%Eu3+

[ Fabricated LED (395nm chip + Sr,LaF,:Eu), 50mA
Phytochrome Red

Chlorophyll B

Chi§ rophyll A

Light Absorbance

Phytochrome Far-Red

—_

500 550 600 650
Wavelength [nm]

700 ' 800

Pl Intensitv (counts)

SrzLaF7:50mol%Eu3+

L uv__ Far-Red

A I Fabricated LED (395 nm chip + Sr,LaF,:Eu) i
o Chlorophyll B 5x10
9 Phytochrome Red
S 4x10*
8 Chlorophyll A
s Cryptochromes 3x10*
Qo
: hrome Far-Red 2x10°*
=
gl’ 1x10*

0

550 600
Wavelength (nm)

PL Intensity (counts):

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,
LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth - LEDtech-GROW

Pagez 1



LEBtech 2.2 Report on the LEDs performance Date: 03/12/2025

GROW

RbY3F10:50mol%Eu3+
Loy Far-Red
‘ I Fabricated LED (395 nm chip + RbYF,o:Eu)&x10)

Phytochrome Red 5x10*
4x10*

Chlorophyll B

3x10*

Phytochrome Far-Red., ...

1x10*

Light Absorbance
PL Intensity (counts)

700 750 800

550 600
Wavelength [nm]

RbY3F10:50mol%Eu3+

Luv U FarRed
\

I Fabricated LED (395nm chip + RbY,F,,:Eu), 50mA

Chlorophyll B
Phytochrome Red

Ch@rophyll A

Phytochrome Far-Red

Light Absorbance

\

550 600 : : 800
Wavelength [nm]

PL Intensity (counts)

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,
LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth - LEDtech-GROW

Pagez 2



