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Y nghia 1y luin va thuc nghiém ciaa luan an:

1. Luan an trinh bay tinh hinh nghién ctru dén LED tong quan trong va ngoai nudc va
xéac dinh duoc nhitng tro ngai cu thé trong viéc phét trién san pham dén LED chét lugng cao véi
chi phi san xuat hop ly. Luan an ciing xac dinh duoc cac vu diém va nhuoc diém cua cau tric
LED anh sang tring thong thuong, trinh bay va sip xép nhiing ly thuyét co sé cho viéc ap dung
hiéu qua dén LED anh sang trang mot cach hop 1y va rd rang hon, bao gom ly thuyét tan xa Mie

va dinh luat Lambert-Beer.

2. Luan &n chi ra rang viéc sir dung chip xanh véi vat liéu phét pho vang YAG: Ce®* dé
tao &nh sang tring cho dén LED giup giam dang ké chi phi san xuat so véi viéc sir dung két hop
ba loai LED chip v4i mau xanh duong, do, va xanh 1a khac nhau. Hon nira, Ky thuat nay giap
cai thién tinh chat quang hoc cua dén LED anh sang tring theo hudng thyc tién va cé tinh kha

thi cao.

3. Tir d6, luan an dé xuat phuong phap t6i wu hoa ciu tric dén LED dé cai thién chat
lugng dén LED nham dap ung cac yéu cau tng dung trong timg linh vuc khac nhau. Nhiing dé
xuat cu thé bao gom: (1) Ung dung céu triic dén LED phét pho ba I6p tir xa thay cho cau tric
phdt pho don 16p thong thuong; (2) Ung dung céc hat ting cuong tan xa trong 16p phdt pho dé

cai thién hiéu qua tan xa anh sang xanh tir LED chip.

4. Luan 4n da trinh bay rd rang cac luan ching vé viéc cau trac dén LED véi ciu triic da

I6p phét pho tir xa di cai thién duoc céc chi s6 hoan mau, dong dang mau va quang thong so
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véi cau tric phdt pho tir xa don 16p. Cu thé, luan &n trich dan di liéu tir cac nghién caru ddng tac
gia vé cac vat lidu phat quang st dung trong Vviéc ting tan xa va bd sung thanh phan anh sang
do/xanh 14 dé cai thién chi s6 quang thong, tai tao va dong dang mau sic cia dén LED anh sang
trang. Nhitng phat hién ciia nghién ctiru 12 mot nguon tai nguyén hitu ich cho cac nha san xuat
LED.

5. Luan &n st dung phan mém tan xa Mie calculator va phan mém Mie spot dé kham phé
nhitng diém twong dong vé cong thac, gitp hé thong héa ly thuyét tan xa Mie khi sir dung phan
mém md phong thuong mai LightTools 9.0. Cac phan mém nay cho phép nhap cac thdng sé nhu
kich thudc hat va nong do hat — nhiing yéu té anh huong tryc tiép dén thong lugng anh sang va

tinh ddng nhat mau cua LED é&nh sang tring, gitp ting tinh chinh xac cua két qua mé phong.

6. Bong thoi, nhd tng dung Iy thuyét tdn xa Mie vao mé phong, luan an ching minh
duoc hiéu qua caa cac hat tan xa trong 16p phét pho; tir d6, luan &n lya chon dwoc loai hat tan
Xa V6i ndng do va kich thude phi hop cho céu trac dén LED. Thong qua dé, ludn 4n di thay doi
nhan thirc téng thé vé cau tric LED thong thuong, nhan manh tinh thiét yéu cua viéc cai tién
cau trac dén LED mdi — cau trlc tir xa da 16p phét pho — dé dat duoc su cai thién vé hiéu suat

phat quang trong thiét ké dén LED anh sang trang.

7. Luan &n tién hanh va trinh bay thi nghiém co ban vé céc cu trdc phét pho tir xa da 16p
nham x&c nhan tinh hiéu qua cua ciu trac dé xuat mai. Luan an sur dung cau trdc phét pho tao
nén tir sy két hop gitra cac vat liéu phét pho do, vang va xanh 14 cay véi cac chip LED xanh
duong c6 cong suat toi da tir 10 mW dén 300 mW (xuat xi tir Cree). Cac 16p phdt pho dugc tao
ra bang cach két hop bot phdt pho vaéi silicon, 1am néng hdn hop dén 150 d6 va dé kho trong

nam pht.

8. Két qua thuc nghiém chizng minh tinh hiéu qua va kha thi cua cau trac phbt pho mai
duoc dé xuat trong luan &n. Két qua thuc nghiém va dit liéu md phong tir luan an déu chi ra rang
st dung cau tric phét pho da 16p mang lai hiéu qua quang thong va chat lwong mau cao hon cac
cau tric khac — trong o, cau tric phdt pho ba 16p mang lai hiéu qua quang thong va dong dang
mau cao nhat va cau tric phét pho hai 16p sir dung phdt pho do-vang dat chi s6 hoan mau cao
nhat; sir dung phét pho do giup tang CRI va CQS; sir dung phot pho xanh gitp ting quang thong;

va ting tan xa giup taing d6ng dang mau cho dén LED trang.
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Summary of theoretical and academic contribution of the PhD Dissertation (maximum 2
pages)
New contributions of the dissertation are stated as follows:

1. The dissertation presents the research of domestic and abroad situations and identifies
specific obstacles in developing LED products with high quality and cost-saving production.
Particularly, the advantages and disadvantages of conventional white light LED structures are .
Besides, it presents and arranges the critcial theories of Mie scattering theory and Lambert-Beer

law for the more rational and clear application of white light LEDs.

2. The dissertation suggested that combining the blue-excited LED chips with yellow
phosphor YAG:Ce®*" to produce white light for LEDs can greatly reduce production costs
compared to using a combination of three types of LED chips with different blue, red, and green
colors. Moreover, this technique contributes to improving the optical properties of white light

LEDs in a more practical and feasible way.

3. Based on the demonstrated background, the dissertation proposes approaches to
optimize LED structure for the improvements of LED quality: (1) Application of multi-layer
remote phosphor structure, especially three-layer remote phosphor design, instead of
conventional single-layer phosphor structure; and (2) Application of scattering enhanced

particles in the phosphor layer to improve the blue light scattering efficiency from LED chip.

4. The dissertation clearly presented the findings that LED structures with remote
phosphor multilayer structures have improved color rendering indexes, color uniformity, and
lumen output compared to single-layer remote phosphor structures. Particularly, data from the
author’s studies on luminescent materials used in increasing scattering and adding red/green
light composition to improve luminous flux index, color reproduction and color uniformity of

white light LEDs were cited. The study’s findings are a useful resource for LED manufacturers.

5. The dissertation uses a Mie scattering calculator and Mie spot software to validate
formula similarities, contributing to the systematization of Mie scattering theory in LightTools
9.0 commercial software simulation. It replicates parameters like particle size and concentration
— factors that directly affect the light flux and color uniformity of white light LEDs, helping to

increase the accuracy of simulation results.

6. Moreover, applying the theory of Mie scattering to simulations, the dissertation proved

the effect of scattering particles in the phosphorus layer. Thereby, the type of scattering particle
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with the right concentration and size for the LED structure were selected. Through this, the
dissertation changed the overall perception of conventional LED structure, emphasizing the
necessity of improving the new LED structure — the phosphor multilayer remote structure — to

achieve an improvement in luminescent performance in white light LED design.

7. The dissertation conducts and presents basic experiments on multilayer remote
phosphorus structures in order to confirm the effectiveness of the proposed new structure. The
dissertation uses a phosphorus structure made up of a combination of red, yellow and green
phosphorus materials with blue LED chips with a maximum capacity of 10 mW to 300 mW
(originating from Cree). Phosphorus layers are created by combining phosphorus powder with

silicon, heating the mixture to 150 degrees and letting it dry for five minutes.

8. Experimental results demonstrating the effectiveness and feasibility of the new
phosphorus structure proposed in the dissertation. Experimental results and simulation data
from the dissertation both indicate that the use of multilayer structure provides higher luminous
flux efficiency than other structures —in particular, the three-layer phosphorus structure provides
the highest luminous flux and color uniformity efficiency, as well as the two-layer phosphorus

structure by using red-yellow phosphorus achieves the highest color rendering index; using red

phosphorus increases CRI and CQS; using green phosphorus helps to increase luminous flux;

and increased scattering increases color uniformity for white LEDs.
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