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Abstract: This study explores the realization of high-efficiency white LED lighting by applying cyan-emitting quantum dot (C-

QD) and red-emitting quantum dot (R-QD) deposition without any host matrix onto a yellow-emitting phosphor-in-glass (Y-

PIG) substrate using an aerosol-assisted deposition (AAD) process. The AAD process facilitates the direct formation of densely

packed QD-deposited layers on the substrate, effectively addressing challenges such as optical efficiency loss and degradation

typically associated with organic host matrices. C-QD and R-QD coatings, deposited with thicknesses of 0.84 um and 0.77 pm

on the upper and lower Y-PIG substrate, exhibited robust color conversion properties. These films achieved a luminous efficacy

of 77 Im/W and a high color rendering index (CRI) of 96.8 under blue light excitation. The dual-layer structure produced high-

quality light closely resembling natural daylight, as confirmed through real image. Consequently, the research suggests the

potential of AAD-based QD deposition to achieve superior performance without relying on host matrices, offering a viable

solution for high-efficiency lighting applications. Further optimization of deposition parameters and exploration of diverse

substrates and QD material combinations are expected to expand the applicability of this technique in future research.
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Fig. 1. Schematic diagrams and TEM images: (a) The fabrication process for ceramic composite phosphor, including mixing of LuAG and
phosphor materials, pellet formation by pressing, sintering in a furnace, and producing the sintered ceramic phosphor, (b) TEM images of
synthesized QD through solution processing, showing R-QD and C-QD, and (c) the AAD system for QD layer deposition.
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Fig. 2. (a,b) Photoluminescence (PL) and absorption spectra of R-QD and C-QD (inset images: under UV excitation (c) Schematic illustration
of QD-deposited layers via AAD, showing R-QD and C-QD deposited films under UV light, and (d) Visualization of the R-QD/Y-PIG/C-QD
structure under visible light.
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Fig. 3. Cross-sectional SEM images of QD-deposited layers through
the AAD process: (a) C-QD and (b) R-QD.

lo
u

59 949 3 shuolch. g9 A YA =Y
QDE Y-PIG 7|30} 4 A

B

4

ﬂl

~|

it

o

z

oy =
o & oF

o O orlr ue 2 o X

-4
A
uj
Z T
of T
rOl'
iu)
|d
ol
/N\
9;

e S 2
Fe] Pl

=
|35

12

Ho

e

lo

u T

)

ik

N

o rgl

2 230
ka rr
1
i
1
>
>
o,

= g

N
uj
i

<3
rlr ;9* r%
1 ofx
S
o
N
) rJ
ol 2
o % o o
[0 wo r2
u ol
o =
> o 2
S
N N
jg -
o g
= )
wn
T £2
Z rr
x M rlo
o o
/@)
™ RO M
o2 £

lo
=)
QO
w
o}
2
4=
1
-Hn
=
rr
S
3
=
~J
~J
=
3
©
oo
~
=
8

o]

o o T o8 02

sfo] QD7} ol
x| 774 olu]
A 2R BES o]
, 7 244 4
B 29 BE 7L BRsict [21,22). v

£ o
&
rr
2
—
g3l
)
uju
ook
10

L T T R T &)
BN
=
N
rpi
1o

2 e ol
D
s
9
TS

[NUR)
23!
W)
ju
4
rok
e
ox.
Ho
ifiz)
ajru
4n
=

d
N
o

rg JZ oo X oy
. i)

of HU

o o

4n tlo

2
n
i
e
w)
= el

(@]
(oe]
o~
=
=
o
ol
o
=
hu
I'l_l le
opp
Hr
2
1z
J>'
& aju
rg 1o
o g
dm -
ox.
|
E,).lf
t

4>
3]
3]
u)
)
rir
fol
[>
[m
=2
|m

I
>
3%)
)

Ja)

2
ot

?1'_5
i)
O
w)

[m]

[=)

o ©°
S

-

ofl

il“

e
o

b
>

o
X ool
£ 1
o
1
2
Q2

o
Dall
gAY

A}

g3l
)]
N
‘Uol‘;lm"-lz':
ok g
ﬂoﬁ
i
Ol-lﬂf[>_>':
rE

op lo o
- oo

1% O o KL oox no
A
ol
o
)

)
— o

223

213 4(b)= A LEDSH Y-PIG Pro 2 LuAG @A
ol wistelo wet CIE Azt 4foflA A zta7t ol
SHe 258 UERATH £7] LUAG 3ol @2 4%, 1t
g Higo] 2FEsto] A A FMG FF AleA Y
Bt 22y LUAG o] 571l mef ohg et vl
go] AR oz AT A & (0.3264,0.2987)]
WAL ofolo] 7p7kel x| ek o] Atk LUAGY] 3%
Al =7t Mg 230] 0.3 MAUL AXIT 13
4c)= I FATE QD-PIG BEIA LuAG 23 270
T2 CIE MZIE Wete HolFc) 4.5wt% LuAGe] %3¢
A7 (0.3388, 0.3622) 2 LFERFOH, o] = wiAd ofof 1]
ol 9IxISIC}. LUAG @3 Wsto] @ CIE Aztael uju]
<t o] &2, AA| Lgof| A A, AAY 5l A o] A 7HA]
of A2 HBAlsgE Ao A] AJufA Rl & mizol2tal shiA
gt ol LuAGZE 83 2HER 9] 7]ojof] n]X]= 9
o] AtA U W, A o] = of £ H|go] WAY
d= L5 wAIBH] Tl

13 4(d-f)%= Blue LEDS Z¥0 2 AHg3l0] Y-PIG,

Y-PIG/R-QD, ¥ C-QD/Y-PIG/R-QD 3% & A||&t5}0]
7 Pz o2 Aol AMKACRIY T &g
Im/W) ¥3t5 H7Igt 2ubg BojEnh. AMEda 4 &
2o UwHoz ¥5 BN S4L 21 k. I3
4(a)o| Al Y-PIG +A2= Al 2 XM (luminous efficiency
function) Ao A AR FA(555 nm)Q] &&0°] 715 =
7] w2l PIGS 3t u}g wigto] 5.9 7HAIZAl ol
A =2 120.0 Im/W-E Bolu, s e g T2 CRI75.4
7F UERS T Y-PIGo] R-QD & 54T 312 o, AAigo] &
&=l o 229 oF CRI 9229} 100 Im/W &0 & 7]&0f ¥ 11

s

—_

= PIG 719 2 A BlaLste] &2 d5S HEAL,
Y-PIGO| C-QD2t R-QD& ¥¥ SASE Ala= =4 4
ol F7t HAEHA, B mAret AHEY o]
& FdEo] CRI97 »F o2 2| 7PEAl =E5}
Aok et Al 54 ol A=A 5l A gl 5
£0] 1, 05 QD 59 oA 24 A 4= Qsf 3

888 77 Im/W2 ZtAstct,

A LED ¥ 37 Y-PIG?} Y-PIGo] R/C-QDZ
w Skt C-QD/Y-PIG/C-QD 59| PIGE 77} &)
goto] 18 4(a)2r B 29 AAE At 2w
5(a). (b Zk7ke] = A1 A BRI ZAIS T

Aol B BRI LA Jig oz vlast 2

Z%gA| el R/C-QD
sto] Mol fMT £

Q
RloA 2R|0} Azto] B S MHsH Lept: olalx]
wolztt. metal, QD7 FAHE PIGE E8) Aol



224

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 2, pp. 219-225, March 2025: Hong and Kim

(b)

White LED package
e

‘ “

Tumn-On

00 01 02 03 04 05 06 07
X ;

(c)

%
2 03 04 05 06 07
X

—_—
Q
-
—
D
—

Y-PIG/R-QD

Y-PI

CRI=75.4
Im/W =120.0

PL Intensity (a.u.)
PL Intensity (a.u.)

400 500 600 700 400 500
Wavelength (nm)

Wavelength (nm)

3

C-QD/Y-PIG/R-QD

CRI=96.8
Im/W =77

PL Intensity (a.u.)

600 700 400 500 600 700
Wavelength (nm)

Fig. 4. (a) Schematic of the remote-type white LED package and the images with C-QD/Y-PIG/R-QD multi-layers(turn-on/off). CIE 1931
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