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Progress of quantum dot backlight technology

YE Yun, YU Jin-hui, LIN Shu-yan, CHEN En-guo, XU Sheng” , GUO Tai-liang
(College of Physics and Information Engineering , Fuzhou University , Fuzhou 350108 , China)
* Corresponding author , E-mail ; xusheng06090@ 163. com

Abstract: Quantum dots (QDs) have received widespread attention because of their adjustable emitted wave-
length of light, color purity and high quantum efficiency, which have great potential in applications requiring
high-color-quality displays with photoluminescence. In this paper, the progress of QD backlights based on
each QDs on-chip, QDs on-surface and QDs on-edge are reviewed, including their principle, structures and
current applications. Then, several other novel QD backlight structures are also introduced, prompting a pro-
posal for two novel QD backlight technologies. One is the QDs scattering diffusion plate, which is prepared by
injecting molding with a mixture of QDs and polymer at a low temperature. The other is a QD microstructure
light guide plate, which is fabricated by transferring QDs on the surface of a light guide plate through screen
printing or inkjet printing. Both of these two QD plates can achieve high color gamut while being simple to
process, being low in cost and holding high production efficiency. These have wide applications in high color
gamut liquid crystal displays.

Key words: quantum dot backlight; screen printing; quantum dots microstructure light guide plate; injection

molding; quantum dots scattering diffusion plate; high color gamut
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FE B BARAE T, (U 5 05 B R 454 1Y
10. 1 SE~F RO RE R IEAT S50, X H T 1
S OCEH A QDEF BEESF PR 6T T 58

JSE 0,3k BN ) ) 22 A, AnTET 6 B FT L R
T A RS R OGS B BB (B A9 S A T —
SO, (0 il 77 T3 B D A, A RN R



551 3] -

=5 BT RO T 19

QDs 5 LED 55 Ji¢ A9 A4 R i 35 K 81 e L f51) 25 A
Ko HATZE T RFOLETH QAL Tl =0T
B, B A R ) T L BT B Rl A v
i 5 X HtE— 2L AAE B

5000
- 2
é 3000 1
<=
2 1— film
= 2 slot
.§° 2000
=
2
= 1000
0 ; : . N .
0 12 24 36 48 60
Time/h
(@
4600
4400
4200 —+ T
D ——
4 S —
v 000
5 3800
© | == film
3600 2 slot
3400
3200
3000 L L L
0 12 24 36 48 60
Time/h
(b)

K6 T SfEaii QDs On-Surface 25475 5%
JEE () AL (b) B E] 25 f
Fig. 6 Backlight brightness (a) and CCT (b) of QDs

slot structure and QDs on-surface structure

change with time™’

3.2 EFRELREN

T R SR 2 ) [ MR A
PRI, hy it a5 R BTG HE E W 2 R Ot
50% 1 & 98 o 25 Bl Ze Pk Ak T i, R
(Quantum Rods, QRs) %) & 59 I8 3 70 26 14 Mt
[0 S QRs FE AR BRI T — A AT DL R 24 AL
RATAT I % B HAN A B0 T 6T 8 i
PP 385 S R 2 I T 4 1) R R B T e P
b, X 5] T 2R G5 Tl AR S 98 N R )
. 2016 4E SRIVASTAVA Z400% CdSe & 11
HEZ o BAE 3R G i B I LL 8 67 % , il

A5 ) QREF I 1) i 41 450 % AH e A% 52 1) LCD
arfFEg m T 20% Ao Aa . [ A3 B xBTS [
LCD Z5A8 1 B EAR0R  an &l 7 R & L 3 ) 7
Ji) Bz, T L IR A QRs BAR 95 64544 1Y
SOEAERCR MR 5% $2 T3 8%

J

P.o.'.u. o000%® o.o.. | ‘_ P ‘

® o000 o°
QREF LCD

QDEF LCD 3
TOE is about 5.8%  TOE is about 8%

White LED

Novel LCD
TOE is about 5%

17 R LCD BOTPIESEH 4 F AR B O
%[41]
Fig.7 Contrast of the backlight structures of different
LCDs and different total optical efficiencies
(TOE) ™!

2016 4F, Masaki Hasegawa 5/ $£ 165 CdSe
RN HIAE LCD s e v, 414 4 15
8 ORI WL TIHL F-hie) Btz . 1 R HR R S b
G A £F 2 MRS rh ) A0 K £ 2 B b 1 O R EE
0.6, 7 B AIR LT 4 Y i 4 LI 535 0. 74,
It HEAT W 1 A S RO

R/G QRs

1

[ Blue backlight |

Typical LCD

P8 kT R 2 P
Fig.8 Structure scheme of backlight applications using

quantum rods'**’

JERI QRs 14945 1] 57 5 58 4R P AT LA
TR AR AR, AEHC A% 1) e A IR SO A TR ) 17 iz
FIo 9 Bzt i fh i el s i R
FHEFI M ZRE LI QRs, 77 A T 4 R MR AL



20

4G/ 200, % QRs 44K J0RE 14 5 A (A A6
TE X S EXE 5, 50 R, X S W e Y b
SIS 2 FEOE G H I M R IR, IRE 7 1)
HEMMS/ AR, EXMIELT, L
P& AR 258 5 38 1 W e s e/ 41k i R
FOEA, I, RIEBLA QRs HiA, B QRs 1F
B A B B F5 60 I8 A — 2 ) 85 R
Frffd

1 Red QR
QR film t @

. o @ @

B9 AN Ak R S S5 HES Y QR WA R B
g )

Fig.9 Schematic diagram for a neatly arranged QR film

excited by unpolarized blue light'*

3.3 EFAEEESTER

PAHICES 2 — o 8 1 AR s o i 1
%, BRI E T e R S EUE AR R
PR B, 38 I A R A AR
RARFNUR B, — 7 T IS B A S ER 518 ] 5T,
I3 — 5 T A] LA 5E 4 BUH & RG22 6 A, HOGREF)
RRR AL G N R G B2 )
WG AR AT AR T G AR B HObR B A 92 F
RELA, 2006 4F, AR QAT A T — Rl
WU et & AR, HEXT iz 2R et i 7 1
LB A LTS Bk i, 2015 4R, R
RIS T — RO B e R B A
TS F R O T %6 . IZSE 5 L) PM-
MA A EEME , B RRR AU A, F1H i 2 255
B[R 5 5 1l 8 8 SUZ 2 A T A AR IO 5 0,
R Light tools #EAL /3 #7 1T IS b+ 14 37 5
ORISR E AR Z ISR SO e 2a PERE iY
M)

BT b SR HUR BRI 5T, AR AL R
TP AR BRI S, AR
R B OZ R QDs 50 F AR SR A
I3 o PR R BT R BT IE BB O, 2 2

QDEF () D) e, 138 24 L ] i i 1 Be 55 4 1)
CdSe QDs Pl B QDs W, FHRF LI W I &) 43
FEYHON R Hh i 5 L TN 0 1R T ( PMIMA)
H 133 QDs-PMMA =53 F M EHIR G Y, it
RTRLTE S0 75 0 il 2% 1 - SR U B BN,
FEHTHETAE I, &7 SRS Y 1ok
AT IR ZE A AN 10 (a) FIrzs , H ) 1 45 4 4o &
10(b) FiR, EEEBEAMN 2T EBEAHE L
SR R SR BN YO %6 LED BRI
S SPIEAE B 10 AT dE T S RO R
5K AR Y AT ORI BE AR T AR R 3R QDs On-
surface 15 YGUR 7= A4 OGRS R BLA S 2800, #50%
LED 581 %& W W06 B 1A 8 A 5obR i,
W GG Al 3 AR § O AL &k QDs & i
2L BT SRR EOCIR G A DG,

\< Optical films

Quantum dots bulk scattering
& — type diffusion plate

L]
‘\}SB
&i —— Reflecting film

(@)

White light

Blue light

Optical films

}—Quamum dots bulk scattering

Blue LEDS aITay— c——— type diffusion plate

Reflecting film
(b)

B0 (a) &7 0 R HUR - Bt s
(b) Fl T 454 5]

Fig. 10 (a) Structure scheme and (b) profile structure

& P e H

scheme of QDs scattering diffusion plate back-
light

3 3 3 M R T R S IO A R
oA — I8 TP 2R SR A 1 QDs-PMMA &4
IRA WA I HO 5 a2 LR R 160 ~
180°C (PMMA A&+ H A AR EE ) BF ] 5 ~10 s,
0 QDs MRHRREPE 2, 7RI IR T T REA S I
KU B Se T T SRR ot 75 6 H AR 2k
GBI LT AE . 5 TR 5 5 i AU B 5
LR ) [ AT B 5T AN [R] B 4 B A R (n
RN PS R ER PC 55) 5 QDs 1R G il i
)T S BRSO A S BN 2 IS
ANEPY B RS QDs IRA 5 EA R E T



551 3] -

=5 BT RO T 21

= RACR RSO

ZECHR TR AR H AR 7 3%
X e CLE R s B F 9 B kR A R )
S, FEAKA BT R IE T HHR T 20—
RO OR S EEHOR , I s T #
W o | R R A S
3.4 EFRANRMENRSHIR

il 8 T AR OG22 S5 48 1Y J7 A HOEREZ)
P RSN AR BN WS AR AT B | 22 I B A 4 L
2 H AR A ORHIR Y H AT, BT AT B
TR AT ED W s 4 4 3 AR
A3 T2 i sE . g 11 s,
WANG %5 FIFH Tracepro {f BRI T — 3k
B3 wm 4 26 wm WS R/ 3 B S
e, I 30 S M AR AT BN AR B AT B M — HeF- 24 52
JEH 1 012.58 ed/m’®, SERESITER 83.85% Y 3
YT M, IEI T AR T AR TEN
SUES SR T ATk

Xyt Y Uil

967.50 |1010.00|1112.00
- = 948.00 [991.00 |1096.00

“ FERE | 932.40 |975.30 |1081.00

B (a) WA AT EDGOR S 3 3~ SOt I b
(b)) 38 A L AR ke W0 3 1 L 0 B (T Sk
fR 1R ASHL)

Fig. 11 (a) Photograph of the 3-inch LGP with inkjet

printed microlens; (b) luminance distribution

measured by nine-point test (arrow is light in-

cidence side) ™

BT3B Rl T S G AR s AR R
SRS T2 T LM T, AR B 4R
TR S A R AR P P A
P TR A S R AR . RIR FH 22 59 Ef A
s S SR AT B T 20 BO il A9 CdSe & F 550 % B}
CdSe ¥ i 85K % ENAFE TR R 18, B B+ 4

W RS, I AN T a5 BRI T ER A
SR I, PR B SR AL LED #5675
G54, TANT ZEROIMAT AL E A, A S
TS F AT IR ES AN & 12 (a) iz, Ho)
AZEFWE 12(b) Uis , N EZE T EEAHE b
F R T o X S A T | S R L B Al i
M #E LED,

Optical films
White Light

& . - " Reflecting film
/\f»}"‘/// —~

Blue LED e R-QDs
Quantum dots network o » G-QDs
@ Light-scattering

particles
()

— Optical films

Blue LED 1 [

Reflecting film —

oS

* R-QDs - G-QDs
® Light scattering
(b) particles

F12  (a) i A A BRSSO e 45 1 14 K
Ho(b) s 1#

Fig. 12 (a) Structure scheme and (b) profile struc-

ture scheme of QDs microstructure light guide

plate backlight

mE 12 Fros, i S A R 5™ R
BIA A JEAR B V) W LED & e
UBTANANES BTN A b o0 I A= o L B
MR T A6 42 R I3, (4535 49 Wi G s il
T A IR SN I 2L Skde A R
71 50, AR e 4ad Z R BUIHE#E , — &0/ i
NS IR SR W AN L St AR BT 21 4%
O, TR T et 2R R A 5 £
) VA IDEANNES SR (- Re gRala N & ) Wb BU N il /o35
T RN SRS N 2T S T S Y EL ], AT
DS [ €0 305 19 35 50 1 6 0 B0, TG IR 3 0k
W RN A5 A (B 58, AT LA SE BT B 1)
FEEIZE, B 13 (a) 113 (b) 4390 R A i 20 i 4
5.5 FosHAYEE G LED UK 40 S T 5 56
B TG IR AN 5.5 BT FHOGTE YGIR X < FZU” F
PRSI 5.5 Bt G A L
A FR M (0.326 6,0.332 1), H H3% 1T D65 Y



22

AR (0.312 7,0.329) , K 1 ANSI AR ifERY L
SR Y O e BE A1 91.93% , B
AR 0,017, 38 i 1H3AH ART I8 120%
NTSC, 13 (c) A PR il 5 1 2 1 5 I s
SO B R R Y
EATX LG AT DA B8R, 3 3 HCS 0 as F 0 ) i8 1HE
A7, o LA i 5 S R B R SRR, AT
SEAEAS G B AT O XA BY T E
SR, 435Ik 2¢O B BT BXSIM A1 3D
OGS OLS4100 X BRI B4 2 - 25 00 )
PEATUREE, Q& 13 (d) A 13 (e) A, TR0 A5
B ELAR IS 2 00k 373. 41 wm 133,639 pm,
W I FEZ 0 1 140 wm™® . ET, 3835 22 9 B
T —HL 5.5 BF i F A WA SR, &
1L R A7 9 A R AR B I, ok R K AR T 2

Driving'system

50 pm
—

500 pm
—

y/um

31927
27.36 "
228

18.24

13.68 7
9.127

5 min,, MiE L BEERATEN T 208 & —Be 5.5 9y
TR RO, 3T B — R SE B A AT A R
MEFI AT 2 8 min, — i 2480t 6 ~8 IRH K
FTENA BEIR ] W0 £ e B2 BOR , P T B — Bty 2
HOERY 5.5 g st 48 S e AR R R R 2
40 ~60 min, 2018 A PRI 38 ik B iR 157
FIGA 07 FAIAREE T e Al 25 A 5 0 s ok
RSO AT AT, Oy U] T T A
P SRS F 5 DAl 14 T DIC B A T LI A o T
o RTINS R A
PRI T2 B 5 T4, 1 A1 a5 DL
S AR AR U A AR A 2 ek T R
TR TP EBORARAAT ] 1 i e
T AL Al i A T 0= o, R 2
HVLEAFOCHORIF LRI . B IRTE R 5 W A

736.479

.

I 33.639 um

4567

0

0 463 926 1389 1852 2315 2779 324.1 3704 4167 463.0 5094 5556 6020 x/um

Bl 13 (a)5.5 Pt 7 s SIS e 5 (b) 5. 5 Jet 1P it 7 2T e AL R A R 5675
YRR S (o) i AR 5tk O A AR R 5 () o AU 190 5 99 2 D' S 0 5 )y
TP 5 () B RIS D0 A 1 = 2k PR B LA I A

Fig. 13 (a) Backlight module of 5. 5-inch red/green monochromatic QDs'*'; (b) backlight module of 5. 5-inch

white-balance QDs and the specific partition backlight for the characters “FZU” **) ; (¢) shematic diagrams of
QD sheet and QD LGP (d) partial magnification of fluorescence microscope of the quantum dots micro-

I,

structure array [s# H [58]

(e) 3D image and the corresponding profile of a single QD microstructure



551 3] -

=5 BT RO T 23

S, QDs Bl A A A B AL H D Tl
7R R SO AR AR A A B A i, AT R — 2P
a1 N By KSR AR R 2
TR 2 P A H gt A7 B3 0T 5T, 5F 3 Uk H

F5 i LAERE , R BT B R N EPREOR
a8 QDEF A S B 2R HOAR S B A ] — Tl
IR B SR RE 1 B B BT RDRE BT T R RS A B
K,

%2 LCD &EHREARITLL
Tab.2 Contrast of different LCD backlight technologies

RAFR YAG 5268 On-chip On-edge On-surface ETAE  ETAE ETAY BT AN
?‘é*x\i& A 5K 25 25 2 A WO AR AR
P FerERkle  ORERERE AUBORAT BRI+ BT OeREEKR . BAWs  Fms
Lty VOGRS BT BT SUR BB +RTA T e BT
{635,
72% 82% ~90% 100% 110% - - >120%  >120%
(NTSC)
TAE 1= iR [ e BRI N BAGEE BARR
R (150%C) (150°C) Gl (=) HeL (=) HeE (=)
FFA g % B g - g - -
N % a B % R B R R
Jiii s (10kg/4F) (1v4F) (100t/4F)
- AWHEE  AUEN B eyl VN i NG & B ol NG & B Rl NG B
1) E) A A EL ) 1) 1) 25
;Fi;;i 1% = S 1% [ [ G [
A % R A BAK B BAK B B BAK
T i 2p. =R A 2p. 2. i 2R =S A 2p. i 2p.
MBS R E M Z A, T i — 20 FF e QDs AR5 T
4 % #®© MR B Z A, I R4 /2 QDs On-Chip %56

T RUE B B AR A R T R R
SERRE, BN R A P A R AR TR
T BRI B 24 on URAS 2 T Rl
PRI, Je AR CBOUR G T 7R 40T, o a5
B CHAR BB AHARE 5 R 25 1 (8 JF 5
(O 5 R SRS B T R T, (2 E
AR R Tl ST 65 ) B i e M i 45
2 B WOKER M, AT B kT K AR
it BUAE Y 2T A R B SR T A AR
JE BRI B 48U P AT AR A AR AR 7 AR SR R

UM T e R A
T EH AR B S, T B XA (8 b2
PR R G e 7 %8, HLR L4 . (1) X T QDs
On-Chip T 6454, B T M QDs 2544 12 il 42

SRR AR E P AL ROLHEL; TR T QDs On-
Surface 1 CE5H 5 ik — D04 K Bt QDEF fis
e 2 AR AR, BRAR AT, 145 QDs
On-Surface T GCAEHE AR FH 7™ i A5 21 K AR AL 19 4
JUAET; (2) 0 T 1 i i e i, et
BEAY I — 2P B G HOR A AT AT X T3k
T EETOLE Y T bR B R O D QRs 4%
] S PRI TR, ff QRs 4% R BB H iz FH 21 Y
WAL T SRR 0 T T AR O
FOLEE ot — B 5T & ok 0w 23 14
B WTFE QDs APRHMEA )il B2 F Y1 fi B A
USROS e RN C R e (A W T Bl e
g e IR 8 2R FH 22 Ao R AR o) HE R A 2 0 4k
ARSI AR A PERE 5 (3) BR 1 H AT AR S A
Tl AR T RO a A Ah G E— 2P R



24

CiE4

HEBRIN QDs FOLLEH R T AR B0 QDs MR CINBRE T 50) o

e b, —Jr ARZE Ak CdSe \InP F5EKA 3 2644 B, Bl QDs FOLHARS B8 KAL)
AREIBEAE QDs Z 50, 55 —TJ5 s i — Ak AT MEE, 2R M Tk F i 5e 00 1 5
W ZHRICRE LR @ T R m A LREN AR,

SENWK:

[1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

PAN J W, HU Y W. Design of a hybrid light guiding plate with high luminance for backlight system application[ J]. Jour-
nal of Display Technology, 2013, 9(12) : 965-971.
E A, FRW. LCD SO B AR LA RS T]. #am 5 B, 2012, 27(4) : 486-492.
WANG H X, LI J B. Molding technologies of micro-structure on light guide plate of LCD and trends[ J]. Chinese Journal
of Liquid Crystals and Displays, 2012, 27(4) . 486-492. (in Chinese)
REINERT-WEISS C J, BAUR H, AL NUSAYER S A, et al.. Development of active matrix LCD for use in high-resolu-
tion adaptive headlights[ J]. Journal of the Society for Information Display, 2017, 25(2) : 90-97.
LAI L P, ZHUANG Q R, LIANG D J. Design of an efficient projector for LED flat lamp without light guide plate[ J]. Op-
toelectronics Letters, 2013, 9(6) ;. 441-445.
SHEN X, ZHANG D F, FAN X W, et al. . Fabrication and characterization of YAG: Ce phosphor films for white LED ap-
plications[ J]. Journal of Materials Science; Materials in Electronics, 2016, 27(1) ; 976-981.
JISH, LEE H C, YOON J M, et al.. P.91: adobe RGB LCD monitor with 3 primary colors by deep green color filter
technology[ J]. SID Symposium Digest of Technical Papers, 2013, 44(1) . 1332-1334.
LUOZH Y, CHEN Y, XU D M, et al.. Is quantum-dot LCD ready for prime time? [ C]. Proceedings of IEEE Photonics
Conference, IEEE, 2014 . 40-41.
LUO ZH Y, CHEN Y, WU S T. Wide color gamut LCD with a quantum dot backlight[ J]. Optics Express, 2013, 21
(22): 26269-26284.
CHEN J, GENSLER S, YUREK J. Quantum dots for ultra-high color gamuts in LCDs[J]. Proceedings of SPIE, 2015
1-3.
LUOZH Y, XU D M, WU S T. Emerging quantum-dots-enhanced LCDs[ J]. Journal of Display Technology, 2014, 10
(7): 526-539.
JANG E, JUN S, JANG H, et al. . White-Light-Emitting diodes with quantum dot color converters for display backlights
[J]. Advanced Materials, 2010, 22(28) : 3076-3080.
CHEN J, HARDEV V, HARTLOVE ], et al.. A high-efficiency wide-color-gamut solid-state backlight system for LCDs
using quantum dot enhancement film[ J]. SID Symposium Digest of Technical Papers, 2012, 43(1) . 895-896.
COE-SULLIVAN S. The quantum dot revolution; marching towards the mainstream|[ J |. SID Symposium Digest of Techni-
cal Papers, 2016, 47(1) ; 239-240.
BOURZAC K. Quantum dots go on display[ J]. Nature, 2013, 493(7432) . 283.
FoE, AwL, Eh, ¥ BTARSERTOCORI]. FERS, 2017, 10(5) : 666-680.
JIH L, ZHOU Q CH, PAN J, et al.. Advances and prospects in quantum dots based backlights[ J]. Chinese Optics,
2017, 10(5) : 666-680. (in Chinese)
A, FER. BT AR R—TE BRI HEEE R L[], AT K FFIR(EFR) , 2016, 43(6)
635-637.

JIN'Y ZH, PENG X G. Quantum-dots based display technology-the opportunity for Chinese display industry[ J]. Journal
of Zhejiang University ( Science Edition) , 2016, 43(6) : 635-637. (in Chinese)

K &AM, k. BT RAR S BN BOR R RIUR 5[], AP E, 2017(12) : 8-10.

SHI D M, YANG B. Current development and trend of quantum dot materials and display technology[ J]. Technology
China, 2017(12) : 8-10. (in Chinese)

L5k, 2017 RIKET R BRI L RIR KA K i MR [ EB/OL]. [2017-06-197. https://wenku. baidu.



51 MRS T RO CROR T 25

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

(35]

[36]

[37]

[38]

com/ view/2bd18dbfbb0d4a7302768e9951e79b89680268d6. html? re = view.

MA C Q, 2017 global quantum dot display market development status and future market overview[ EB/OL]. [2017-06-
19]. https://wenku. baidu. com/view/2bd18dbfbh0d4a7302768e995179h89680268d6. html? re = view. (in Chinese)
KIM S W, IM S H, KIM S W. Performance of light-emitting-diode based on quantum dots[ J]. Nanoscale, 2013, 5
(12): 5205-5214.

KURTIN J, PUETZ N, THEOBALD B, et al.. Quantum dots for high color gamut LCD displays using an On-Chip LED
solution[ J ]. SID Symposium Digest of Technical Papers, 2014, 45(1) . 146-148.

GRINOLDS D D, BROWN P R, HARRIS D K, et al.. Quantum-dot size and thin-film dielectric constant: precision
measurement and disparity with simple models[ J]. Nano Letters, 2015, 15(1) : 21-26.

TWIETMEYER K, SADASIVAN S. Design considerations for highly efficient edge-lit quantum dot displays[J]. Journal
of the Society for Information Display, 2016, 24(5) . 312-322.

STECKEL J S, HO J, HAMILTON C, et al.. Quantum dots; the ultimate down-conversion material for LCD displays
[J]. Journal of the Society for Information Display, 2015, 23(7) ; 294-305.

SONG W S, YANG H. Efficient white-light-emitting diodes fabricated from highly fluorescent copper indium sulfide
core/shell quantum dots[ J]. Chemistry of Materials, 2012, 24(10) : 1961-1967.

ZHAO Y M, RIEMERSMA C, PIETRA F, et al.. High-temperature luminescence quenching of colloidal quantum dots
[J]. ACS Nano, 2012, 6(10) : 9058-9067.

COE-SULLIVAN S, LIU W H, ALLEN P, et al.. Quantum dots for LED downconversion in display applications[J].
ECS Journal of Solid State Science and Technology, 2013, 2(2) ;. R3026-R3030.

COUNCIL of the EU. Restriction of the use of certain hazardous substances in electrical and electronic equipment
(RoHS) Directive 2002/95/EC[ R]. Council of the EU, 2003.

ZHANG F, ZHONG H ZH, CHEN CH, et al.. Brightly luminescent and color-tunable colloidal CH;NH,PbX, (X =Br,
I, Cl) quantum dots: potential alternatives for display technology[ J]. ACS Nano, 2015, 9(4) . 4533-4542.

HUANG H L, ZHAO F CH, LIU L G, et al.. Emulsion synthesis of size-tunable CH;NH;PbBr; quantum dots ; an alter-
native route toward efficient light-emitting diodes[ J]. ACS Applied Materials & Interfaces, 2015, 7(51) ; 28128-28133.
BAI Z L., ZHONG H ZH. Halide perovskite quantum dots; potential candidates for display technology[ J]. Science Bulle-
iin, 2015, 60(18) : 1622-1624.

CHEN X M, ZHANG F, GE Y, et al. . Centimeter-sized Cs,PbBr, crystals with embedded CsPbBr; nanocrystals showing
superior photoluminescence ; nonstoichiometry induced transformation and light-emitting applications[ J ]. Advanced Func-
tional Materials, 2018, 28(16) : 1706567.

CHEN J, KAN SH H, LEE E, et al.. Quantum dot enabled high color gamut LCDs[J]. Proceedings of the SPIE,
2015, 9385 93850F, doi: 10.1117/12.2086918.

THIELEN J, LAMB D, LEMON A, et al.. Correlation of accelerated aging to in-device lifetime of quantum dot enhance-
ment film[ J]. SID Symposium Digest of Technical Papers, 2016, 47(1) : 336-339.

ZHOU Q CH, BAIZ L, LUW G, et al.. In situ fabrication of halide perovskite nanocrystal-embedded polymer compos-
ite films with enhanced photoluminescence for display backlights[ J]. Advanced Materials, 2016, 28 (41) ; 9163-9168.
KIM G, SHIH Y C, SHI F G. Optimal design of a quantum dot color conversion film in LCD backlighting[ J]. IEEE
Journal of Selected Topics in Quantum Electronics, 2017, 23(5), doi; 10.1109/JSTQE. 2017.2677898.

KONG Y L, BOULOGNE F, KIM H, et al.. Deposition of quantum dots in a capillary tube[ J]. Langmuir, 2015, 31
(45) : 12560-12566.

CHENG M C, SU Y CH, HSIAO V K S. Optically switchable photoluminescence using liquid-crystal dispersed quantum
dots in film and capillary tube[ J]. Proceedings of SPLE, 2011, 8114 . 811419.

JE, BRAR, M. =T TS B RTINS )]. ok kT2 E, 2015, 52(2) ; 222-228.
GU B, SHENG X, YE ZH CH. Research on quantum dot apply to LCD backlight[ J]. Laser & Optoelectronics Progress,
2015, 52(2) . 222-228. (iin Chinese)



26

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

MOKARI T, ROTHENBERG E, POPOV I, et al.. Selective growth of metal tips onto semiconductor quantum rods and
tetrapods[ J ]. Science, 2004, 304(5678) ; 1787-1790.

SHIEH F, SAUNDERS A E, KORGEL B A, et al.. General shape control of colloidal CdS, CdSe, CdTe quantum rods
and quantum rod heterostructures| J]. Journal of Physical Chemistry B, 2005, 109(18) ; 8538-8542.

SRIVASTAVA A K, ZHANG W L, SCHNEIDER J, et al.. Photo-Aligned quantum rod dispersed liquid crystal polymer
films[ J]. SID Symposium Digest of Technical Papers, 2016, 47(1) ; 602-604.

SUZUKI M, KISHIMOTO T, HIRAYAMA Y, et al.. Quantum rod containing film development for display applications
[J]. SID Symposium Digest of Technical Papers, 2016, 47(1) ; 340-343.

CHEN H W, HE J, WU S T. Recent advances on quantum-dot-enhanced liquid-crystal displays[J]. IEEE Journal of
Selected Topics in Quantum Electronics, 2017, 23(5) , doi: 10. 1109/JSTQE. 2017. 2649466.

OKUMURA T, TAGAYA A, KOIKE Y, et al.. Highly-efficient backlight for liquid crystal display having no optical
films[ J]. Applied Physics Letters, 2003, 83(13) : 2515-2517.

OKUMURA T, ISHIKAWA T, TAGAYA A, et al. . Optical design of liquid crystal display backlighting with highly scat-
tering optical transmission polymer[ J]. Journal of Optics A: Pure and Applied Optics, 2003, 5(5) ; S269-S275.
TAGAYA A, KOIKE Y. Highly scattering optical transmission polymers for bright display[J]. Macromolecular Sympo-
sia, 2000, 154(1) . 73-82.

s, BT, KA, F. MBI SR LGB J]. RS SR, 2006, 26(11) : 1627-1631.

YE Q, TANG ZH F, ZHANG J, et al.. Ray tracing simulation of volume scattering light guide plate for LCD[J]. Acta
Optica Sinica, 2006, 26(11) ; 1627-1631. (in Chinese)

REE, 2, #1545, F. ZEE WSS FOEERER T[], B4, 2015, 44(2) : 52-56, 43.
SONG M X, LIU Y, ZHENG X T, et al.. Analysis on light guide performance of double composite volume scattering
light guide plate with microstructure[ J|. Plastics, 2015, 44(2): 52-56, 43. (in Chinese)

DONG P W, CAI HZH, ZHANG Y ], et al.. The study of micro-injection molding of thin-wall light guide plate with
hemispherical micro structures| J]. Advanced Materials Research, 2012, 562-564; 611-614.

XIE P CH, GOU G, WEN ZH X, et al.. Research on the key technology of precision injection molding equipment for
light guide plate[ J]. Advanced Materials Research, 2010, 87-88; 306-310.

DONG P W, ZHAO ZH L, WU D M, et al.. Simulation of injection molding of ultra-thin light guide plate with hemi-
spherical microstructures| J]. Key Engineering Materials, 2012, 503 . 222-226.

JUNG T S, JANG J H, KIM J S. A study on the filling pattern imbalance in high speed injection molding process for thin
light guide plate[ J]. Polymer (Korea), 2017, 41(1): 30-38.

YU J C, HSU P K. Integration of stamper fabrication and design optimization of LCD light guides using silicon-based mi-
crofeatures[ J |. Microsystem Technologies, 2010, 16(7) : 1193-1200.

WANG M W, PANG D CH, TSENG Y E, et al.. The study of light guide plate fabricated by inkjet printing technique
[J]. Journal of the Taiwan Institute of Chemical Engineers, 2014, 45(3) : 1049-1055.

BB, hRES RER, . ATETF ARSI ECEEARMR )] HEdhRkFFRaKHFIR, 2016, 34
(3) . 209-214.

XU SH, XU Y ZH, CHEN E G, et al.. LED backlight technology based on micro-dot structures mixed with quantum
dots[ J]. Natural Science Journal of Hainan University, 2016, 34(3) : 209-214. (in Chinese)

whiR, AR, RER, F. FIMM PR EEGRR R[], 25 5], 2015, 35(5) : 306-312.
HUANG B L, GUO T L, CHEN E G, et al.. Study on optimal scale of average netted dot density for light guide plate
[J]. Acta Optica Sinica, 2015, 35(5) ; 306-312. (in Chinese)

FaA, RER, SRR, BFAEOLEA R T]. kA5 2T, 2017, 32(2): 77-83.

HUANG ] M, CHEN E G, GUO T L. White-balance characteristic of quantum-dot backlight[ J]. Chinese Journal of Lig-
uid Crystals and Displays, 2017, 32(2) : 77-83. (in Chinese)

CHEN E G, XIE H X, HUANG J M, et al.. Flexible/curved backlight module with quantum-dots microstructure array



51 MRS T RO CROR T 27

[59]

[60]

[61]

[62]

[63]

for liquid crystal displays[J]. Optics Express, 2018, 26(3) : 3466-3482.

FAA, RER, FAR. BT AFOLESASENEEIR SRIE[C]. PEFREFEFRASNALE,
2016 1348-1353.

HUANG J M, CHEN E G, GUO T L. Theoretical study and verification of the color characteristics of quantum dot back-
light[ C]. Papers Collection of China Flat Panel Display Academic Conference, 2016 1348-1353. (iin Chinese)
ELpk, PR, R, L BT RIS H SRR T]. ARSI, 2017, 38(1) : 91-96.

WANG J SH, YEY, XU SH, et al.. Fabrication and properties of quantum-dots backlight light guide plate[ J]. Chinese
Journal of Luminescence, 2017, 38(1) : 91-96. (in Chinese)

R, — ik 36 e s T BT U OB AT ¥ . PIE, CN201610828845.9[ P]. 2016-09-19.

FUZHOU University. A method for improving inkjet printing quantum dots dot light guide plate; CN, CN201610828845.
9[P]. 2016-09-19. (in Chinese)

RN R, — P T TRl PRI THOURIL . PIEl, CN201410285691.4[ P]. 2014-06-25.

Fuzhou University. A backlight module based on quantum dots light guide plate; CN, CN201410285691. 4[ P]. 2014-
06-25. (in Chinese)

HAMR S, — e SR AT B i SO AU A R ik . P, CN201810657132. X[ P]. 2018-06-25.

Fuzhou University. A method for inkjet printing of dot microstructure of quantum dots light guide plate; CN,
CN201810657132. X[ P]. 2018-06-25. (in Chinese)

#w o ME(1974—) , B M AL
+, B AR5 L, W A 0, 2006 4
L 2017 AR RN RS A AR AR AL R
R B 1 R T ROE R B

LR bR 2% R, Eemail: xush-
| eng06090@ 163. com

M2 (1977—), Lo, R AR A 1
&, WSS B, T AR 0, 2002 42007
AR L TR 23 S B L |t
AL, FENFOLHAR B R BOR T
BYBF5ET , E-mail : yeyun07 @ fzu. edu. cn




