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(57) Séng ché dé xut dén LED HCL (human centric lighting) hay dén chiéu sang
LED l4y con ngudi 1am trung tAm, dén LED HCL ndy phat xa 4nh sang tring c6
chi s6 hoan mau (CRI) cao, chi s6 mau sic (R9) cao va ty 1& giita cuong d6 ving
anh sang sinh hoc (anh sang trong ving budc séng nhay voi t& bao hach cam quang
ipRGC) trén cuong d6 sang vung anh sang nhay véi mét ngudi M/P
(melanopic/photopic) cao. LED HCL nay bao gdm t6 hop cac LED xanh 472 nm
(3) va cac LED tring (4) duoc han dén 1én trén bang mach dién (2), bang mach
dién gén v6i vo dén (6), bang mach dién dugce két ndi dién voi nguén dién (5), vé

deén gén véi chup quang (1) va dui dén (7).
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Linh vue k§ thuat dwoc dé cap

Sang ché d& cap dén dén LED HCL (human centric lighting) hay dén chiéu
sang LED 1y éon nguoi lam trung tAm, dén LED HCL nay phat xa anh sang tring
¢6 chi s6 hoan mau (CRI) cao, chi s6 mau sic (R9) cao va ty 1 giita cudng do
vung anh sdng sinh hoc (4nh sang trong ving budc séng nhay voi té bao hach cam
quang ipRGC) trén cuong d§ sang viung anh sang nhay voi mit ngudi M/P

(melanopic/photopic) cao.

Tinh trang k§ thuit ciia sing ché

Anh séng déng vai trd vo cling quan trong trong su sdng cia con nguoi. Néu
nhu céc hiéu tng thi gide d3 duoc tim hiéu va nghién ctru ki ludng thi bat dau tir
cudi thé ky 20 - dau thé ky 21 dén nay, cac nghién ctru, danh gia vé céc tac dong
sinh hoc hay con goi 13 céc tic dong phi thi gidc cta anh sang d6i voi con ngudi
da va dang dugc thuc hién véi nhiéu nghién ctru, phat hién c6 tinh d6t pha, dinh
huéng cho sy phat trién ciia mot xu huéng chiéu sang méi: chiéu sang 14y con
ngudi 1am trung tAm (HCL: Human Centric Lighting), d4p tmg ca nhu cau thi giac
va phi thi gidc cho con ngudi. Hai trong s6 nhitng phat hién dot pha nhét phai ké
dén 1a viéc kham phé ra té bao hach cam quang trong v6ng mac tac dong truc tiép
dén nhip sinh hoc ctia con ngudi va viée kham phé ra loai gen didu khién dong hd
sinh hoc trong co thé do tac dong cua anh sang dat giai Nobel Y hoc nam 2017.

Céc ngudn sang nhan tao truyén théng duoc sir dung trong chiéu sang nhén tao
nhu 13 dén soi d6t, dén halogen, dén metal halide c6 quang phd nhét dinh, khéng
thé tly bién dé tao dugc 4nh séng gy tac dong sinh hoc, dén huynh quang c6 thé
tiry bién quang phd bang céc loai vat liéu huynh quang khac nhau nhung cé phé
hep. Ngudn sang LED, vé6i kha ning tiy bién quang phd bang cach ghép cac LED
don hozic phu vat lidu huynh quang 1én chip LED, 13 ngudn sang nhén tao linh
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hoat, ¢6 tiém nang dugc Umg dung trong chiéu sang HCL. Ngay nay, LED tréng
4m va tréng lanh dugc sit dung phd bién, tuy nhién LED tréng 4m va trang lanh
théng thudng van chua phai 13 loai LED c¢6 tic dong sinh hoc nhu mong muén do
thiéu phd xanh luc lam hay néi cach khac it tdc dong dén t& bao cam quang
Melanopic. D& phat trién ngudn sang LED c6 tac dong sinh hoc, cong ddng cong
nghé di dua ra nhitng hudng khac nhau: 1) ché tao LED va dén LED c6 quang phd
gin gidng v6i quang phd ctia 4nh sang mit troi; ii) ché tao LED va dén LED c6 bd
sung va diéu chinh ving quang phd xanh luc lam. Trong huéng tht 1, tai liéu
US10837608/2020 dé xuAt LED phat xa anh sang tring toan phd (full spectrum)
ttr chip LED xanh (budc séng dinh tir 420 — 480 nm, ban d¢ rong phd 25 nm), vat
liéu huynh quang xanh-vang (tir 495 nm dén 580 nm) va vat liéu huynh quang d6
phd vach (620-640 nm). Giai phap nay cho LED phét xa 4nh séng tring v6i CRI
cao, tuy nhién, ty 16 M/P khéng cao (c¢& 0.75). Trong hudng thir 2 thi c¢6 cac dé
xut nhu sau:

Céch thtr nhét 13 ché tao dén LED tréng tir tb hop cac LED don sic gdm LED
xanh, LED xanh luc lam, LED d6 va LED trrfmg. Tai liéu WO2019/139636A1 da
d& xuét hé thdng 3 kénh tir LED xanh, LED xanh luc lam, LED d6 va diéu khién
dong dién & ting kénh dé tao ra anh sang c6 CRI (Color Rendering Index = chi sd
hoan mau) cao va c6 tic dong sinh hoc. Tai liéu WO2021/030272A1 da d& xuét
hé théng 4 kénh tir LED xanh c6 budc séng dinh trong khoang 420-480 nm, LED
xanh lyc lam ¢6 budc song dinh trong khodng 450-530 nm, LED xanh 14 cay c6
budc song dinh trong khoang 510-590 nm, LED dé c6 budc séng dinh trong
khoang 510-780 nm va diéu khién dong dién & ting kénh dé c6 CRI >85 va CCT
> 3000 K Tai liéu US2018/9913341B2 d4 dé xuit dén LED c6 kha ning tc ché
melatonin tir t6 hop LED xanh 450 nm, LED xanh lyc lam 475-495 nm, LED d6
630 nm va LED tréng. Tai liéu US2017/9844116B2 d4 dé xuét dén LED vira hip
dan v& mit thi gic, vira giau théng lwong melanopic va giam phoi nhidm nguy co

anh séang xanh lam tir t6 hop 3, 4 kénh gébm LED trang, LED xanh luc lam 490 nm,
2
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LED d6 660 nm. Céch tiép can ndy déu st dung LED don sic xanh luc lam co
quang phd hep véi ban d6 rong c& 20-30 nm.

Céch tht hai 13 ché tao LED tréng tir chip LED xanh luc lam va vét liéu huynh
quang. Tai liéu US2014/0263073A1, US2006/7075225B2 d4 dé xuat LED c6 CRI
cao tir tb hop chip LED xanh luc lam phét xa 490-530 nm, vat liéu huynh quang
hép thy 4nh sang xanh luc lam va phat xa 4nh séng d6 va d6 da cam 590-650 nm.
Giéi phéap khac twong dwong 13 ché tao LED tir t6 hop chip LED xanh, chip LED
xanh luc lam va vét liéu huynh quang. Tai liéu US2015/0060907A1,
US2015/8963168B1 di d& xuét LED tir chip LED xanh 450 nm, chip LED xanh
Iyc lam 490 nm va vat liéu huynh quang YAG dé tao ra LED tréng c6 CRI cao.
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Nhiing téng quan trén cho thiy c6 hai cach tiép can khac nhau dé ting cudng
anh sang xanh lyc lam d6 1a: i) ghép thém chip LED xanh luc lam bén trong LED
tréang; ii) t6 hop 3,4 hodc 5 kénh LED khac nhau trong d6 mét kénh 13 LED xanh
luc lam. Ca hai cach tiép can nay déu c6 nhimng han ché nhu viéc tich hop thém
chip LED xanh luc lam bén trong LED tring doi héi phai thay déi va bd sung thém
nhiéu budc trong quy trinh c6ng nghé ché tao LED tring; viéc td hop nhiéu kénh
LED khéc nhau dan t6i viée thiét ké ché tao céc loai dén LED phtrc tap va kho
khan hon.

Ban chat ky thuit cia sang ché

Sang ché dé xuit dén LED HCL nhim giai quyét cac han ché néu ra & trén.
Pén LED HCL dé xuét trong sang ché nay duoc t6 hop tir 2 kénh gdm LED tréng
va LED xanh 472 nm, phét xa anh séng tring c6 dong thoi ba chi s6 CRI cao, R9
cao va M/P cao.

Cu thé, sang ché d& xust LED HCL (human centric lighting — chiéu sang 14y

con nguoi 1am trung tdm) bao gbém:
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t6 hop céc LED xanh 472 nm (3) va cac LED trang (4) c6 nhiét ¢ mau 12 mot
trong s6 3500K, 4000K, 5000K duogc han dan 1én trén bang mach dién (2), bang
mach dién gn véi vé deén (6), bang mach dién dugc két ndi dién véi ngudn dién
(5), vé dén gén véi chup quang (1) va dui dén (7), trong dé:

céc LED xanh (3) duogc bé tri ¢ trung tAm va duoc bao quanh 1 cac LED tréng
(4), va t6 hop cdc LED nay duoc lya chon trong so:

(i) ty 1é sb lwong LED tring trung tinh 3500K : LED xanh 472 nm 13 11 : 1,
dén LED HCL nay phat xa anh sang c6 nhiét d6 mau CCT ~ 4000 K, CRI = 88,
R9 =90, chi s6 tic déng sinh hoc M/P = 0,91,

(ii) ty 18 s6 lugng LED tring trung tinh 4000K : LED xanh 472 nm 13 9 : 3,
dén LED HCL nay phat xa anh sang c6 nhiét do mau CCT ~ 5000 K, C
R9 =45, chi sb tac dong sinh hoc M/P = 0,96,

(iii) ty 1& s6 Iwong LED tréng 5000K : LED xanh 472 nm 13 10 : 2, &én LED
HCL nay phét xa 4nh séng tring c6 nhiét d6 mau CCT~ 5700 K, CRI = 96, R9 =
92, chi sd tac dong sinh hoc M/P = 1,04,

(iv) ty 1& s6 lugng LED tring 5000K : LED xanh 472 nm 13 9 : 3, dén LED
HCL nay phét xa 4nh séng tring c6 nhiét d6 mau CCT~ 6500 K, CRI=91, R9 =
90, chi sd tac dong sinh hoc M/P = 1,18.

M5 ta vin tiit cac hinh vé

Hinh 1 13 hinh v& minh hoa ngoai quan ciia bong dén LED HCL theo sang ché
nay

Hinh 2 12 hinh v& phdi canh cac bd phén cua béng dén LED HCL theo sang
ché nay

Hinh 3 1a hinh v& minh hoa ngoai quan ctia bong dén LED HCL downlight

theo sang ché nay
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Hinh 4 13 hinh v& phdi canh cac bd phan ctia béng dén LED HCL downlight
theo sang ché nay

Hinh 5 12 hinh v& thé hién quang phé ciia dén LED HCL c6 CCT ~ 4000K,
CRI = 88, R9 = 90 va M/P=0,91.

Hinh 6 13 hinh v& thé hién quang phd cta dén LED HCL c¢6 CCT ~ 5000 K,
CRI = 88, R9 =45 va M/P = 0,96.

Hinh 7 13 hinh v& thé hién quang phé ciia dén LED HCL c6 CCT ~ 5700K,
CRI=96, R9=92 va M/P=1,04.

Hinh 8 13 hinh v& thé hién quang phd ctia dén LED HCL c¢6 CCT ~ 6500 K,
CRI=91,R9 =90 va M/P =1,18.

MO ta chi tiét sang ché

Sang ché dugc mé ta chi tiét dudi day c6 dya vao cac hinh v& kem theo, céc
hinh v& ndy nhdm muc dich minh hoa cdc phwong 4n ctia sang ché ma khong lam
giéi han pham vi bao ho sang ché.

Theo khia canh thir nhét, sang ché dé xuat dén LED HCL bao gbm:

- LED xanh 472 nm 3 va LED tring (c6 nhiét d6 mau 1a 3500 K, 4000 K va
5000 K) 4, cac LED xanh 3 dugc b trf 6 trung tAm va dugc bao quanh 1a cac LED
tréng 4, cac LED nay dugc han dén 1én trén bang mach dién 2, bang mach dién
gén véi vo dén 6, bang mach dién dugc két ndi dién véi ngudn dién 5, vé dén gin
v6i chup quang 1 va dui dén 7.

LED HCL nay phat xa anh sang trang c6 chi sd thi gic va phi thi gidc vuot
trdi, cu thé 1a 4nh sang cd nhiét do mau 1a 4000 K, 5000 K, 5700 K, 6500 K, chi
s6 hoan mau CRI cao 14 88, 88, 91, 96, chi s6 R9 cao 1a 90, 45, 92, 90 va chi sb
M/P cao 12 0,91, 0,96, 1,04, 1,18.

Cac LED xanh 472 nm, va cac LED tréng (c6 nhiét d0 mau 1a 3500 K, 4000 K

va 5000 K) déu 1a cac LED thwong mai sin c6 trén thi truong.
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Vi du thie hién sdng ché

Vidu 1: Béng dén LED HCL 3W tir t6 hop 11 LED trang trung tinh 3500K va
1 LED xanh 472 nm, phat xa anh sang c6 nhiét d¢ mau CCT ~ 4000 K, CRI = 88,
R9 =90, chi s tic déng sinh hoc M/P = 0,91 (hinh 5).

Vi dy 2: Béng dén LED HCL 9W tir t6 hop 9 LED tring trung tinh 4000K va
3 LED xanh 472 nm, phat xa anh sang c¢6 nhi¢t d6 mau CCT ~ 5000 K, CRI = 838,
R9 = 45, chi s6 tac dong sinh hoc M/P = 0,96 (hinh 6).

Vi du 3: Béng dén LED HCL 9W tir t6 hop 10 LED trang trung tinh 5000K va
2 LED xanh 472 nm, phat xa 4nh sang tring c6 nhiét do mau CCT~ 5700 K, CRI
=96, R9 = 92, chi s tic dong sinh hoc M/P = 1,04 (hinh 7).

Vi du 4: Béng dén LED HCL 9W tir t5 hop 9 LED tréng trung tinh 5000K va
3 LED xanh 472 nm, phat xa &nh sang tréng ¢6 nhiét d6 mau CCT~ 6500 K, CRI
=91, R9 = 90, chi s6 tac dong sinh hoc M/P = 1,18 (hinh 8).

Hiéu qua dat dwoe clia sang ché

So véi sang ché dén LED tréng tir t6 hop nhiéu kénh LED don gdm LED xanh,
LED xanh luc lam, LED d6 va LED tréng [WO2019/139636A1,
W02021/030272A1, US2017/9844116B2], dén LED ché tao theo phuong phap
nay ding s kénh LED it hon do vay d& thiét ké hon. |

So véi sang ché LED st dung chip xanh luc lam [US2015/0060907A1,
US2015/8963168B1] dén LED ché tao theo phuong phap niy cho hiéu qua tac
dong sinh hoc tuong dwong, tuy nhién, phuong phép nay linh hoat hon vi c6 thé
két hop v6i LED tréng thong thuong.

Mic di cac md tA néu trén chira nhiéu chi tiét cu thé, ching khoéng duogc coi 1a
gi6i han vé& phuong 4n thuc thi sang ché, ma chi nhim muyc dich minh hoa mot s6

phuong an thyc thi dugc uu tién.
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YEU CAUBAO HOQ
1. Pén LED HCL (human centric lighting — chiéu séng 14y con ngudi lam trung
tdm) bao gdm:

t6 hop cac LED xanh 472 nm (3) va cac LED trdng (4) c6 nhiét do mau 13 mét
trong s& 3500K, 4000K, 5000K dugc han dan 1én trén bang mach dién (2), bang
mach dién gin véi vo deén (6), bang mach dién duoc két ndi dién voi ngué)n dién
(5), vd dén gin véi chup quang (1) va dui dén (7), trong dé:

céc LED xanh (3) c¢6 sb luong it hon sé lwong LED trang (4), cac LED xanh
(3) dugce bb tri & trung tim va dugc bao quanh 1a cac LED tring (4), va t6 hop céc
LED nay dugc lua chon trong s0:

(i) ty 18 LED tréng trung tinh 3500K : LED xanh 472 nm 13 11 : 1, d&&n LED
HCL nay phat xa &anh sang c6 nhiét do mau CCT ~ 4000 K, CRI = 88, R9 = 90,
chi b tac déng sinh hoc M/P = 0,91,

(ii) ty 18 LED tring trung tinh 4000K : LED xanh 472 nm 14 9 : 3, &&n LED
HCL nay phat xa anh sang c6 nhiét do mau CCT ~ 5000 K, CRI = 88, R9 = 45,
chi b tac dong sinh hoc M/P = 0,96,

(iii) ty 1& LED trang 5000K : LED xanh 472 nm 14 10 : 2, dén LED HCL nay
phat xa 4nh sang tréng ¢6 nhiét d6 mau CCT~ 5700 K, CRI = 96, R9 = 92, chi sb
tac dong sinh hoc M/P = 1,04,

(iv) ty 18 LED tring 5000K : LED xanh 472 nm 13 9 : 3, dén LED HCL nay
phat xa 4nh sdng tring ¢ nhiét d mau CCT~ 6500 K, CRI = 91, R9 = 90, chi s6
tac dong sinh hoc M/P = 1,18.
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