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Abstract: Flat panel display has been widely used in electronic instrument display, car display, digital cam-
era, smarl phone, personal computer, TV products, etc. due to its small size, light weight, low power con-
sumption and good picture quality. In this paper, we introduce the structure and principle of thin film tran-
sistor-liquid crystal display (TFT-LCD) , organic light emitting diode( OLED) display, quantum dot light emit-
ting diode( QLED) display and micro light-emitting diode ( Micro-LED). These flat panel display technologies
are compared in terms of structure, material, performance and application. Finally, the latest research pro-
gress of these kinds of flat panel display technologies is given. After years of development, LCD display still
has a dominant position in the display market due to its maturity and low cost. OLED display technology has
got rid of the backlight of traditional LCD, and has opened up the future development direction of self-lumi-
nous display. For a considerable period of time, LCDs and OLEDs will still coexist in the market, competing
and complementing each other. QLED display and Micro-LED display, in theory, QLED display and Micro-
LED display have better color performance and longer working life than OLED display, and have very broad
development prospects, which will provide more and better choices for the future display industry.

Key words: flat panel display technologies; LCD ; OLED display ; QLED display ; micro-LED display
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Fig. 1 Basic structure of TFT-LCD
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Tab.1 Comparison of structures and materials among the different flat panel display technologies
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Tab.3 Comparison of application fields among the different flat panel display technologies
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AFH B, T 20 (6 5 A8 T A0 A B2 3k 2] 60° Y I
o MKIR AT 025, PR R 100% = 835k, T Wi i i
FLI AR . ol bl R HORANE A H dR e r v i
BRBEAR, CWT TARZ) BB L, 2017
4, LG BIESFE 2 FARHE Y T #5 B sl (o fd o F R
AR AR 7 7 i, TR R I (e B TR RS B
XF FCRE B R ELSERE AN IR AR SR b 3
FHEB BRI
4.1.3  BEARRHEA

2017 42 A, & [ University of Central Flori-
da ) Shin-Tson Wu Z{ 4% [ 5% A1 P\ 5 9 & il 15
B H A INC 7 25 38 7 698 A5k 24
BVERT R AT — OB S AR SRAT R, flx
Pl b AR — B e e B R —
AN AR R 5 AE 2008 Ay = B R (Bl T
A R 25 7 R I ) AR A ), i R R
BEDEA R P2 B B i — A AR R
SR T IR, T B R AN R BE ) 1R
REL 5 1500 ppi, & HETER Retina 574519
AR LU )G R R T R Y 10 %
i 3R AR T 1 ms, €082 B4, 38 AT L[] if
LR 5 il DOAE . H A, 615 AR A
A DA TE T X IR 1 AR S A I
1, TR AE 2018 AR 7 M T e IO AE SR B IR 4 |
(5 AH LCD B
4.1.4 ZFEMHLCD

2016 4E 12 H, H 74s Tohoku University [
Hideo Fujikake #l Takahiro Ishinabe >} 3= S T
P BN, 1) P JRE BE A LA 1) 28 vl e S A A% e 1
JEE . R A 1 B T R A, T ) — b e R SR TR
Al R TR, B K/l 5.5 ), R k47
FAARIE 3 mm I HEMED K, W RE R P X FhoT
PR ) B2, BT S AT A S ) R e Y
M, 2016 4F 12 A, %% [H FlexEnable /A7), 2T
SRR, R A DL AR 3RS A, P & T
12,1 3P VA DL A BoR o W AL GE i 3%
AR A B g, RN T H I 2 — (T
0.3 mm) ,HiF AR HA7p 22—, XITRHEA L
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LCD HOR 5 BA Y TFT-LCD Az 4545, JF H o)
FOBE R RF I BR™ 2017 4£ 7 J, Flex-
Enable 51 [E{5 #2344 R AR (Truly Semi-
conductors ) %53 | — {3 PR AL 5 AT PR, 31
RITE 2018 46 FlexEnable 1) 22 A7 HILK &b 275
HEAR R A A R P2 2R KA A v
2017 4F 1 A, H A B /R 6] (Japan Display incor-
porated , JDI) TEHT IF A 14 WEHRCBE AR 1 BE Al 1, 32—
A g ek LCD B T2 bR FH B T 18 d o 1Y)
{RIRE L2 T8 ( Low Temperature Oxide Semi-
conductor, LTOS ) TFT & A, & Ty W} & H — Fp
5.5 F 2 PRV B R | Ak FULL ACTIVETM
FLEX, 331-X117E 2018 - TT 4 E 7= Full Active Flex
AR
4.2 OLED BREARHHRE
4.2.1 ZM OLED -5

2018 4£ 1 A ,LG Display Bk T T 65 3
~F Bl 0B = i OLED f i, 33 3™ a1 A
3 840 x 2 160 1yl & i 43 HE A, 72 AN %) B fige v
FAEAE N2, T 7 5 A4, 257 A Byl
DAFEAM 8 il KRS R O 2018 4E 2 A
= RE DT EATS AR A AR S I R T
Bt 4E T Galaxy X, Galaxy X R =& A B
TR 4K 43 P2 OLED S 4%, Ho25 il R B0
L OR, P AT LA AR AR R At e AT 25l A, S
LA R BT B A . 0™ 5 RO KA 3
7.3 JEF AHEA AT & T LA N S BT RY/NGE, B
AR B EEE

e B GURJT W R DG AR R
JeH ] R T AR AL A 2 S0 B R R Al i
FrEemH AR BB, 76321 OLED /R (1) 24~ K
HARTy ) b AT FRCR . AR HETE &
WA SRR i B G e R R g2
AN AMOLED J iy, Sy 8 E {87 23 (19 B BT B¢
TG RE o dEfE i o et A ERE 3K 3 2
koA T Al kAl S AMOLED 7R B |
R A3 ZOKRA AR 180 B I
AMOLED R RBia] Bk i s B & R 15
BLAH, RV R SR 1B R 7 1), ATl 2
P AR S JEAR ST T ARAT T o A v 2 T FE
—— R i e B EE PR v v E A

FEHF NI, EfFHC L FETHE T ( IEC
62715-6-2 & M B 7R o 15 BF 55 il o 0 ) K
(IEC62715-6-3-Z2 1k b 7 #iv A AL AR A 0 3y
2002 WM s E PRRiE , o (3 B8 s Al
1) 4 J 2 ML ] B 3 75 A1) () B, A 3l 1 [ B 52
PR RBOR M S 2R . 2017 42 10 A, 3%
g A 4 BREE AR5 6 AU AMOLED 4=
FPEBOE (5UARTT) JBARES 6 A AMOLED A=
PR SEBE T SRR AT T E A AR X —
U ZE W, X v B OLED 7l #1 42 BR M
7l e % JE LA R AR S A, A
HRBAEE 6 fAZFEME AMOLED A= =2k (518 SO Hr il
WAL =48 (%) 55 6 A1 AMOLED 4: 5
& AEEEHER 6 UM AMOLED A: 748 Sk 7
A, 2018 4 ~ 2020 4F, 3 E Z2 14 AMOLED
FRRE BB, RAEAR KRR BNy
2% OPPO \VIVO /A &5 ] N 2 siig | 1 BE R 2k
AMOLED /RB#7K o

4.2.2 OLED 4wk

2017 429 R wHEH TR AT OLED 42
T 5 Y iPhone X F-A#L, iPhone X F|FHZZ: OLED
BR SHIEUIE] Face ID ARG HUNSFHA, 523 1
7R URE R AR BT, 8RR LR B TR A Wy
fa]  EFAARDL AL Bl , AL I T A ok e —
JUF B 1 pe BF R, FL DR A B B T 82.9% ¢
iPhone X ffj OLED G R~} 5.8 Baf, iR
IRF T A R 5 (Super Retina)) 25 1) 2 436 x
L1258 3R, 18 3R % & O 458 ppi, X LL B
1.000 000:1, f¢ K B %% 52 JE 3k 3] T 625 J¢ %¢
(ed/m®) 5" o SESAE TSR A OLED 41 Bt 19
iPhone X {22 J5,0LED 45 & &M Ew 5] 4,
=K Note8 , =& Galaxy S8, LG V30.,ZJE Xperia
XZ Pro NokialO ,4£°4 MatelO Pro . vivo X20 /K
7.0PPO Rll1s & OLED 4T it T-HLE B0 4 /i &
LRYBORALIY B e T Il e &t A T 4 bt
]I TR AW
4.2.3 KR~ OLED 2%

2018 4F 1 J1, QI4EAE BIHE ) 1 77 S~ w4y
By a0 OLED Hil W8, X @4 W8 R
B4y kX% 3T, B OLED Ji + Smart Bar,
3.65 mmjl i OLED J5 {42 W [} 75 59 16 B 385 35
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L T HRME RS B R AR A 2R
DA K i 6 45 J A RS BUAE SRR J7 Y Smart
Bar N, IH4h, OLED BB MER 3 SR HE A U
Jr e B0, AN IR A 5 il e T A 3
W B, P R IR . 2018 48 1 A, LGD i,
Tt i 4Bk B 3k 88 st 8K OLED Hi #L T 4t ,
YE24 B i OLED Hi #08 HAR o RO e K L o B i
o PR R A, PR UE W TR L T LG 78 SR AT
AP ST AL, AR IR R R 2236 3 300 U7,
AR R IEE] 7 680 x4 320, Hoor Hraej&
HAT 4K i miE (UHD) Bl iy 4 5. 2w il
(FHD) ALY 16 %, AT 22 30 A S0E 2104 5 B i)
Y HAETLLG BT, R N =K RE M
LG Display /3w lg3E 88 #i~f 8K [k K~ OLED
FL AR TR o

Ak, sk OLED fy T $f 42 e i w] S 30 K
BE%e N, 2017 A 11 J, l LGD JF & ryH EE
A~“OLED rf5¢” Aak B sl R 55 350 5 7% 7 7 N
o MBI OLED Bl 5t A Wikt OLED
PHEE KR —EH 75 IEAK 51 OLED [
MR PFHE T B PR OLED RS T i I VR TE
R FERE, s & 144 5K OLED Tai#R 4 i) K
15 K 4 Bk R BB G < OLED ™™,
2018 4E 1 H ,LGD /M T —4% “OLED 47, i%
A“OLED 43”44 28 m, Hy 246 H M A Z Y
LG Open Frame OLED 4K i 5 i 7~ bt 40 1%, A
BERMN T 20 12, SEGMREEBR™ ML,
OLED #ff i Hf 42 e AU AE /DU TE Sy 238 . 248, [A]
IR AT DR &2 s R 75 SR 4 G B, X2 W
i P2 DLP PF2 DL /N E B LED &8 T ik 4 )
gt
4.2.4 OLED /=4

OLED 7= My BE 045 b3 i J5bA o 26 7= Sk 4
38 ) OLED f M il i PR 2H 26 1 i Y
W W UG 3 A, Pl BRI, W
KB H =l el £ . BHi& OLED = gefii
TR PR S A s 300, A 77 M o A e PR v
K, JCHE AR S A i A2 4w U

OLED b | i 1) s b B 45 1% i J22 1
AHLIOCIZIRL BRERRE ITO B3 AR 55 .
A& 52 MR R SGZ A RS LCD Hr iy A4 %t

AN, & T OLED RYRZ.CARE, W 715 5 2 41
BHE R H#OCRORME G W), EEMAEAH Alg,
7Znq . Gaq . Bebq, Balq, DPVBi  ZnSPB | PBD | OXD |
BBOT %5, %57 UR 4 J2 b )3 o 05 7 i w6 Ak
S, FEF A TPD  TDATA 54 HLA B, A
BUESGIZ ARl i - 71 a2 s E R 4 m
JE PR IR RARTE, B0 Alg g0 2 T 208,
Balq I DPVBi %) vz i F T #0%G . OLED 41
PORBE L2550, T e /I AN i Rt sy,
TG 0y BEEA e [ Ko H A AL v 28 W H iR
il S M AT B RO A [ 4 R (AR ot
AR AR, T B3 B BH B RS — Se il © 2 0F
LA L A 7=, HE A 4Bk OLED #4 B} Ik N 55 .
OLED #FRHE ™ i S 8AS i L oy 30% 2245, )
# THS YT, 2019 4F OLED A4 8L B ALK 5
#1176 123670, HN) A R =47 R v
KRBz, TEA VLI CHRL T A 7E 25 18 41
20

OLED Az -5 £ 1 B i R T 20 KRB nT 3 iy
EE PR i AR S B LA 5 E
BRI Ss, Hrh i it 7E OLED B4 4%
GO A L AR K, IR B 69% , 25 BE B
WA W R 17% B2 S B4 i i L 8 oy
14% . FREF AT B, Ot , il 20 & A
[ AN ) A o 149 1 J= LAJE B LTPS 9K 5 v
NGRS AR T DL SRR E Y L A
FAR L Z R b i 2R A AL ZIHL IR %)
Bl T ZIHL.PVD .CVD  TEOS CVD HF J&VEHL L
JeEAEHL B T EEANL P BGR K HLSE B
MR L2538 5 hG 4 SR A MSEARORE A BIL A DGR RE
LRI A AR 2 BEAE T B b, 55 9K Sl i i 45 5B
A G, PR JC A PR R AT e LA B
YRR ATt 20 pi e vh i M B B A 75
PO AR BB A AU VR A (IR AL L [ Ak
BUAE . J5 TR T 200 8 2 58 e 0y T Al D10 1 ki o
By i RN, Z 5 FEEAT 0 e I B i 2 i
S WG AT T2, IR AT 2 A I LA K™ i
B AR P T e BT 0
P b 3 1) 2 A w6 R G S L ACE i
FBL.COG FREHL FOG FREHL OLB &P,
A, 78 OLED A7 (il & A T Bt o i K 3G
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M7, OLED AR 28 5 2898 5 B ik &
FEA P [ AT H A Mk 22 W, rb il = A O
IHARGE R, IRXMEDEA . (AFERI S [, B
148 B oy RN RHE TRBHR RGOS
= A Al HL 2 SE B E A o oh, FE A ik
2 b RGO R 3E B 45 B N A AERTAR T2
PR T AT g st L E P~ 4R, &2 % T OLED
TR BRI TR ok =4 OLED b i i% 4 thil i
R A3 5 AT A

WAk, SR %E OLED i () 5 2K A &, Hhiedi T
WY ™, H &l a4y 2 530550,
EN B, AN RRS AR FEGHE
fEFIAF KRG F T Bt 2 3k 2 880 127t
AN R = AL (LGD = 5,2016 4 Lk iK1
BB 2R3 3 189 /¢TI0, #2020 45, = A 1S
YR fr @b A E, b O
AMOLED =gk 3 5 = B [/ — /K.
4.3 QLED B R#EARIFHE
4.3.1 95 &K% QLED #4887 & 47t B

WL R 2 KW B 45 4 — B b
FEH AR, T HEETRBAS AT TR
B = IR 2, 2 T o S S R i AR
A, PERERSE L —BCME AT, o o S0 5wl B W] 45
TR B 5 W % A1 ST TN 4 R
A BR S IR - SRR BT A RO T Ab
TRERGUEHAL, 98B IEAE WL N vy AR
FHE I % A S AT DA P R R 2y 1500
TG RRF A s AT R SR B 1 AR

2016 4F 5 J1, EEE A W R AR A1 A
] Nanosys #fE T 4424 “ Hyperion” [ i s EOR
O BRI R 2L OB i e B AN E R
KA R T 85, MRS & T S A 5k
Ak . X AHAR T R TETERE BN i
WOHAERR & B R AIAAR ), 2017 48 11 A, BE il
e BB A FR 2 W 5| 3 1 2 [ Pure Nano-
tech BHE A F L FIBATF 5 HI G T & R Y
PureNano 2517 ANEAER & &t Fiktr, BEER
KL SR RE ) A REAE FHUS 8RR . XA
TR T L1 56 520 ~ 550 nm -G
TR WIS A MBS R & 5 KKK T100 ppm
(%) RoHS [ Frm i, [F] B S A4 5 5 4 30 6 e D

A B AR T T X R R R 1 R A%
IREFERICR , BRAIR T il A, I H 6808 1 3
Fefdi il E A s
4.3.2 W H LK QLED 27 B4t R

BUIN G SRR AT IR 2 w) R ] B B e &1 b
BT AR OCF, 45 QLED 4 19 OB AL 3K
AL B TR BRI R A AT R e s B O
FET WS 75 a4 25 2 T 10 T3 /N |y 52 AT
-, NSEE: ERIE T QLED g fF s Pk, 2017 48
6 H A w) SEEE T s AR AT BRI A5 i s Rk
&It QLED g, ARk iy H AR bRl Ak 7
SCPL QLED f 4™l Aii Jy . 2017 4 10 J, 4¢
P B R R OGRS g B o SE g % S AR
WA BN B M L O R A TR
OSEEEIT R T IR E R EUR G QLED SROKED
il S 7S AR i, 3207 R FH L BUR G QLED 4
B 2298 TFT(Ln-120 TFT) £oR | fif ik
THWM TR Z Z BG4 it A
L SRR ), SERE TR M RHA R 1 AR
TET EEMR A B R R PR B
i U BRI B R SF R ME A, 5
BT RARG R 2017 453 7, 54T
S 5 St E X EGE 7 RO RS i
(AMQLED) , £ 3T LCD ES56H] & 1 s bRk
RSy =X %07 i B R AT SR 4TED T2
il 4 e B i 7 R R G AR (QLED) SE Bl 2% B
N, I I 100% o AR J7 BRI HS L B0
Jt QLED 7=, BUAR HUA/IVINE) S i), {H A0 A A
T—HPSEH R EEAZOEOR R T, O
BORKE WA B I 5K T QLED 7 g — 5 1)
[l b 3 4 S B A S 42 BRI T A B
R RBARC ol FfE B AL ERS ) E 5 5
RIBI RO MR Az 28] TEE - =57
R E e . TEER Al AP G 12
T, E BB G QLED SRR KA BHR
TEABRSEBUBT I I , LR e A BRI HOR
4.4 Micro LED B R ARFFHE
4.4.1 FHZaikir#tk

2017 4F- 4 J, ki KOs 5 A dn B R
% #r Monocrystal 2y 7] 4 % K 3 Micro-LED ff 5,
KA T UltraClean S8 25 1) 5 5 A1 % i i [51] , Mono-
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erystal 23 7] ) i J5coB #E 0)  r BOR B B 0
BZ%TH 1 m DR B9 75 38006 BR 3] 20 ~ 50 4~ 70
Hio UltraClean S48 (15 55 41 i [, 7E 1T EDE AL
WE AT A B AR R I A 20 AT R BTk Y
P AR, 33X mI e A 5 At 52 B A ) A 7
RRETH 3 95% ~99% , 1 9/ FEH L e B AIK
AR 2017 4 11 H, Veeco 2 &) Ffl ALLOS
Semiconductors 2 @l ik il G 1E, B Veeco 4% 4 1
MOCVD |y 5 AR ALLOS [k 3 R AL ER A HE iy
FBEARARGE &, AT A R R R GaN g [, DA
AR AR AR 7 48 B S A P (R AR ) micro-
LED'*!
4.4.2 BEZHBHRE

E B HORNEN Micro-LED il 72 b i [ 4k
R BRI , AR AT RS 10 & R H Rl 2
TR A % AR A, 5 i L I BB S B R B
FREN RSP0 I AR AL R RAREERC . e
FEHOR B e WA ] (14 0 T 7 i T, e 3 2
SEE R BOR 7 R SO T RAS &) K
FRRE S M BRI SN R HAr, 2RO A
ZR] HIRAZE EFERBERNI T, 10 Lux-
Vue , elux , VueReal , X-Celeprint , ¥ [E A 5% #1 ¥4
CEA-Leti Sony Szt Tl (OKT) 5 & ¥ A7 55
B LHFEE Mikro Mesa Jz 5 F1HL, (2330-TW) , {H
i /N RN RL RN (<100 pum )
W TCTE IR BT A AL K HE, | K4 Gy TR ok K
/N 150 pm M) “2& Micro LED” f#pe 5 22, Wit
2018 4E“2 Micro LED” {7 55 5% 5% 165 20 7 i
FAEm, fr B 5 7% i L6 € IS #E5 [7]) Micro
LED KL ™ fhili itk
4.4.3 AHAFERIHE

#8212 R o e i 7 X 4
/N Micro S84, Hoff R (G B = {4 LED Jtk i ##47
HEZ B R {0 =0 LED M3 i H R A TA] L (8
K Gy i R% S WO TR R ) B X, g —2RAETE 2
A — 06 LED S8 i #5107 sURD R Uk 3
PR IR B RFCR , I B H AT T
FFEIO R R FER, TCIE B A 8L LED
B ROT T 1~ s AR (i i ) A DA T
AR AR S et gy , S BOCE RS, Ik 5]
i 3 5 R BHE R AL R, AT RE U £)

H/NBF Y 5 fiv, 2015 4F, VerLASE Technologies
$& i Chromover i RABFALA, IXBAIEAE L
LED Ji5 B3 |, SR P 4R 2 Js i i S8 7
PSR T, I REAE [R]— A4 Rkl [ b A 4
JZHEATE S, SURB NS AR WO WO I g, 3R AT
SRIEMLT G AR S X — AR A R AE A B
H A SO0k DL 1 JOR AT A6
FIRAE , H B ERY Aledia DL KB HLAY Glo 250K
B (6] 77 & 1Y) Micron ( Nano ) Wire LED s F 4% AR
DU b (B b R A7 40 0K S5 G ) AR ST 44 1 A
i, IR R RARERIE R 62 o 3 Ry ST A4
IFE P A HOR Y LED , & 652 BE 2 L 1 1)
fit LED Sk 1 55w, I L BE % 35 2 18 7] — 1> fh
FLERTEAE R BB Z AR KR
J1o 3L, Google 25 Al Intel 28 7] 435 %% 1 %y
Bt Glo A W AN Aledia 24 7], IEBUR AR J7) Micro
LED 5",

5 “%RiE

25 LAk, LCD R4 Z4E K, FiR
B AR, AR TE W s T 37 5 P i .
OLED 7R £ AR 19 5 BUAE B os 47 M 422 1 1 1% 52
LCD W6, BT A 26N B ARk A& J 7
], OLED {7R H A BT 0 B 52 DO FEAIK . AT
FAE BRI WA — U R ER . B
HHT OLED B/nER K JEieth, (HY LCD Bl
L, HAAR IS A B, — 28 BoR i #iat HoE 2 g
BCSLER E AR, OLED AR} Fs e Pk DL S 3t 26 4%
PR A Fir 4 i, OLED JilAS IR AR i , 1 7 B
FIFEARTNA R 21, 1 LCD 7 1F 8 1 5 1 45
=05 2 NN E R T S NNELIN SR U T 5 NI S A
INFERRBIHOR AW B = LR A PR, IR R
LA, FEAH Y — BN, LCD #1 OLED {7344
WEHAE T U M AN, AR ve 4 A 1k
T 2% 25 DL S AR A A0 s B A5 S 47 1y R S50
QLED /5l Micro-LED B/ XWiFP B &6 B /R
FoAR, 1EFE F4 OLED S R4 o8 4 iy 3 (0, 36
WA TAE A arSE e, B B Frid 27 55 5
BT B . FEBRCR 2 TR Al S BHI LG Y
I #E 80 T, QLED /R 1 Micro-LED & 78 £ R
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TEITAFE A A RIVERE R . B SC M2 e T W Rl 1 8 i A BER , i30 iB 4F Bl -1 A 17 4
4.0 AR IR, B + BB NTR ORGP A RN Iz B o
AE | HE TN LS B 3 A /S ST B 19t B, 3P A

SE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

TR, i, @, 5 TET-LCD 1 fy A R RSGe ool ) ] ki 55 275 ,2017,32(6) :455-460.
XIAN S M, XIE Y,XIA G F,et al.. Analysis and improvement of TFT-LCD edge light-leaking mechanism[ J]. Chinese
Journal of Liquid Crystals and Displays,2017,32(6) :455-460. (in Chinese)
KALANTAR K. Switching directional BLUs for full-resolution auto-stereoscopic 3D/2D and 2D/3D LCDs[J]. Journal of
the Society for Information Display,2017,25(4) :266-276.
LEE S H,JEON D H,KIM J M,et al.. Line-time optimization technology for ultra-large and high-resolution liquid crystal
displays[ J]. Journal of the Society for Information Display,2017,25(6) ;374-383.
CHOI 'Y S,YUN J U,PARK S E. Flat panel display glass: Current status and future[ J]. Journal of Non-crystalline Solid
2016,431:2-7.
BER,RER,F AL, BRI G ] b A5 % 142,2016,24(2) :292-299.
LU G Q,LIANG J T,LU Y L,et al.. Real-time color management for displays[J]. Opt. Precision Eng. ,2016,24(2):
292-299. (in Chinese)
LR, FEAR, TR, . T UL B R B U3 R A ORI LT ] k¥ % T42,2015,23(9)
2459-2465.
FENG Q B,YIN H J,LI Y N,et al.. 4-primary-color-based LED backlight for aircraft cockpit LCD[ J]. Opt. Precision
Eng. ,2015,23(9) :2459-2465. (in Chinese)
THE,FRER R T, 5. RO WA BoRE CCD BHRRYIBIELT]. S5 45 % 1T42,2013,21(5) :1318-1325.
DING B X,ZHENG X F,CHEN Y U,et al.. Revision of LED display images acquired by CCD camera[ J]. Opt. Precision
Eng. ,2013,21(5) :1318-1325. (in Chinese)
M, A, 25T OLED /R MR ZLAh ERanFO sE b e [T . F B B 5 ,2015,8(1) :17-27.
CHEN J,WANG Q S. Recent progress of infrared upconversion device based on the integration of OLED[ J]. Chinese Op-
tics ,2015,8( 1) :17-27. (in Chinese)
WEAE W, B E R ATHUIOE RO R BER 1] 0 05 $47,2017,33(8) ;1548-1572.
LAN L H,TAO H,LI M L,et al.. Progress of light extraction technology for organic light-emitting diodes[ J]. Acta Physi-
co-Chimica Sinica ,2017 ,33(8) :1548-1572. (in Chinese)
LEE S M,KWON J H,KWON S, et al.. A Review of flexible OLEDs toward highly durable unusual displays[ J]. IEEE
Transactions on Electron Devices 2017 ,64(5) :1922-1931.
KIRCHNER E, VAN DER LANS I,PERALES E et al. . Improving color reproduction accuracy of an OLED-based mobile
display[ J]. Color Research and Application 2018 ,43(1) ;34-46.
MIZUKAMI M,CHO S I, WATANABE K, et al.. Flexible organic light-emitting diode displays driven by inkjet-printed
high-mobility organic thin-film Transistors[ J |. [EEE Electron Device Letters 2018 ,39(1) :39-42.
RYU S Y,BAEK D H,LIM H W et al.. A 13-bit universal column driver for various displays of OLED and LCD[J].
Journal of the Society for Information Display,2016,24(5) :277-285.
RER, AR, 2 &, 5. QLED §F5¢ X R JHBERE[T]. A4 348,2017,31(10) :122-128.
SONG ZH CH,LIU D Y,LIU W D,et al. . Review on QLED and its applications in display[ J]. Materials Review,2017,
31(10) :122-128. (in Chinese)
HAN C Y,YANG H. Development of colloidal quantum dots for electrically driven light-emitting devices[ J]. Journal of
the Korean Ceramic Society ,2017,54 (6) :449-469.
HAMES B C, MORA-SERO I,SANCHEZ R S. Device performance and light characteristics stability of quantum-dot-
based white-light-emitting diodes[ J]. Nano Research,2018,11(3) ;1575-1588.
KIM J,SHIM H J,YANG J,et al.. Ultrathin quantum dot display integrated with wearable electronics[ J|. Advanced Ma-
terials ,2017,29(38) :1700217.



s o _

[18] PENG D,ZHANG K,LIU Z. Design and fabrication of fine-pitch pixelated-addressed Micro-LED arrays on printed circuit
board for display and communication applications[ J]. IEEE Journal of Electron Device Society,2017,5(1) :90-94.

[19] ZHANG K,PENG D ,LAU K M, et al.. Fully-integrated active matrix programmable UV and blue micro-LED display
system-on-panel (SoP) [ J]. Journal of the Society for Information Display,2017,25(4) :240-248.

[20] COK R S,MEITL M,ROTZOLL R et al. . Inorganic light-emitting diode displays using micro-transfer printing[ J|. Jour-
nal of the Society for Information Display,2017,25(10) :589-609.

[21] KANG C M,KONG D J,SHIM J P,et al.. Fabrication of a vertically-stacked passive-matrix micro-LED array structure
for a dual color display[ J]. Optics Express,2017,25(3) :2489-2495.

[22] @Heldh, A4 b5 PRI FEAIM]. JEat AURUIRHL 7 H it , 2007.

GAO H J, DONG Y M. LCD and Panel Display Technology[ M]. Beijing: Beijing University of Posts and Telecommuni-
cations Press,2007. (in Chinese)

(23] FEp,®#F.0OLED 27 A A = [ M. B#6: HFRHE R iRt ,2015.

YU J SH,TIAN CH Y. Fundamentals and Industrialization of OLED Display[ M]. Chengdu; University of Electronic Sci-
ence and Technology Press,2015. (in Chinese)

[24] &E. BT ERBUOCHREET LR FZRENTE D ] st Jbat(F BRI ,2015.

GAO H. Study on structure and electrical properties of Quantum Dots Light-emitting Diodes[ D]. Beijing: Beijing Infor-
mation Science and Technology University,2015. (in Chinese)

[25] LEE V W,TWU N,KYMISSIS I. Micro-LED technologies and applications[ J]. Information Display,2016,32(6) ;16-
23.

[26] KANG Y Y,SONG Z C,JIANG X F,et al.. Quantum dots for wide color gamut displays from photoluminescence to e-
lectroluminescence[ J . Nanoscale Research Letters 2017 ,129(1) :154.

[27] A4 HER AR BT RO FARHERTFELT ] &5 257,2017,33(2) : 77-83.

HUANG J] M,CHEN E G,GUO T L. White-balance characteristic of quantum-dot backlight[ J]. Chinese Journal of Lig-
uid Crystals and Displays,2017,33(2) :77-83. (in Chinese)

(28] &4 451, A8, 5. BT RSO RHE IR TR R SURBO AT FERE [T ]. #4453k ,2016,30(15) :30-38.

HOU Y,REN B,QIN L,et al.. Review on the applications of quantum dots phosphor in illumination and display[ J].
Materials Review ,2016,30(15) :30-38. (in Chinese)

[29] F3EF,AF8, &%, 5. &7 ERTEEARIT]. ¥ BA%,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)

[30] JoiSE, BEAK, M5 . & 75U T R FOGIIAT e[ )], #ok b e 5 3t ,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. (in Chinese)

[31] NANOSYS. Printed quantum dot display breakthrough makes tomorrows low-cost ultra thin and flexible displays possible
[ EB/OL]. [2017-12-04 ], http://www. nanosysinc. com/press-releases-archive/2017/12/4/printed-quantum-dot-dis-
play-breakthrough-makes-tomorrows-low-cost-ultra-thin-and-flexible-displays-possible.

[32] ZHANG F,ZHONG H,CHEN C,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.

[33] HUANG H,ZHAO F,LIU L,et al. . Emulsion synthesis of size-tunable CH,NH, PbBr, quantum dots: \an alternative route
toward efficient light-emitting diodes[ J]. ACS Applied Materials & Interfaces ,2015,7(51) ;28128.

[34] BAI Z,ZHONG H. Halide perovskite quantum dots: potential candidates for display technology[ J]. Science Bulletin,
2015,60(18) :1622-1624.

[35] ZHOU Q,BAI Z,LU W G,et al.. In situ fabrication of halide perovskite nanocrystal-embedded polymer composite films
with enhanced photoluminescence for display backlights[ J]. Advanced Materials,2016,28(41) :9163-9168.

[36] CHEN X,ZHANG F,GE Y ,et al.. Centimeter-sized Cs,PbhBr, crystals with embedded CsPhBr; nanocrystals showing su-

perior photoluminescence; nonstoichiometry induced transformation and light-emitting applications[ J]. Advanced Func-

tional Materials ,2018 ;1706567



5 1 YR, G5 AR R BOR HOB S5 ok i 709

[37]

[38]

[39]

[40]

[41]

(42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

LG Display. LG Display to Unveil Latest Cutting-edge Displays at CES 2017 EB/OL]. [2017-01-04 ] , http://www. lg-
display. com/eng/prcenter/newsView? articleMgtNo = 5050.
TR TF %, A2 Q7 4t 45 R B 4547 ) [ EB/OL]. [ 2017-05-12 ] , http://science. china. com. ¢n/2017-05/12/
content_9480096. htm.
IPS Nano Color technology of skyworths Q7 upgrades the color again leads the industry[ EB/OL]. [2017-05-12] ,http://
science. china. com. ¢n/2017-05/12/ content_9480096. htm. (in Chinese)
HUANG Y,CHEN H,TAN G. ,et al.. Optimized blue-phase liquid crystal for field sequential-color displays[ J]. Opt.
Mater. Express ,2017,7(2) :641-650.
LEE H,PARK H J,KWON O J,et al.. The world’s first blue phase liquid crystal display[ J]. SID Int. Symp. Dig.
Tech. Pap. ,2011,42(1) .121-124.
TSAI CY,YU F C,LAN Y F,et al.. A novel blue phase liquid crystal display applying wall-electrode and high driving
voltage circuit[ J]. SID Int. Symp. Dig. Tech. Pap. ,2015 ,46(1) :542-544.
OBONAI Y, SHIBATA Y,ISHINABE T, et al.. Flexible ultra-thin liquid crystal devices using coat-debond polyimide
substrates and etched post spacers[ J]. IEICE Transactions on Electronics 2016 ,E99. C(11) :1228-1233.
FlexEnable Ltd. FlexEnable s new 12. 1" plastic LCD platform delivers large area flexible displays for next generation
product designs[ EB/OL]. [ 2016-12-13 ] , http ://www. flexenable. com/newsroom/ technology-news/new-plastic-lcd-plat-
form-delivers-large-area-flexible-displays/.
FlexEnable Ltd. Truly and FlexEnable sign License Agreement to bring low-cost, scalable flexible display production to
China [ EB/OL ]. [ 2017-07-31 ], http://www. flexenable. com/newsroom/business-news/truly-and-flexenable-sign-li-
cense-agreement-for-flexible-display-production/.
Japan Display Inc.. Japan Display Inc. Announces Development of “FULL ACTIVETM FLEX” [ EB/OL]. [ 2017-01-
257, http://www. j-display. com/english/news/2017,/20170125. html.
LG Display. LG Display Introduces latest cutting-edge displays at CES 2018 [ EB/OL]. [ 2018-01-07 ] , http://www. lg-
display. com/eng/prcenter/newsView? articleMgtNo =5118.
H &5 . BOE Mt AMOLED g /R45 R [ EB/OL]. [ 2018-11-09 ] , http;//www. boe. com/ cxkj/boecx/boecxxqy/ dynam-
ic/pcbbd1030. himl.
BOE. Flexible AMOLED display technology of BOE[ EB/OL]. [2018-11-09 ], http://www. boe. com/ cxkj/boecx/bo-
ecxxqy/dynamic/pcbbd1030. himl. (in Chinese)
Visionox. Focus on “ICE”, flexible display will start a “Ubiquitous Screen” era, said Dr. Zhang from Visionox[ EB/
OL]. [2017-12-03 ] , http://www. visionox. com/en/news/show-1169. html.
Visionox. Visionox international standard issued[ EB/OL]. [ 2017-10-31 ] , http://www. visionox. com/news/show-1145.
html.
BOE. Chinas first flexible AMOLED production line has been put into mass production| EB/OL]. [2017-10-26 ] ,http://
www. boe. com/en/news/ mtsj/ mtsjxqy/dynamic/penmmd823. html.
The future is here; iPhone X[ EB/OL]. [2017-09-12 ] , hitps : //www. apple. com/newsroom/2017/09/ the-future-is-here-
iphone-x/.
BI4EEE . BI4E OLED fhiHisaAH CES2018, 5 F % LoRHE 5| 45 Sl i [ EB/OLJ. [2018-01-19 ], hitp: // www. sky-
worth. com/news/news/5684.
Skyworth OLED stuns in CES2018, and its key technology has leads the world[ EB/OL]. [ 2018-01-19 ] , http://www.
skyworth. com/news/news/5684. (iin Chinese)
LG Display. LG Display Unveils World's First 88-inch 8K OLED Display[ EB/OL]. [2018-01-01 ] , http://www. lgdis-
play. com/eng/prcenter/newsView? articleMgtNo =5116.
LG Display Co. ,Ltd.. LG Display ]~ /3% OLED B #i [ EB/OL]. [ 2017-12-13 ], http://www. lgdisplay. com/chn/
prcenter/ prMovies.
LG Display Co. ,Ltd.. China% first OLED interactive experience project at Guangzhou tower[ EB/OL]. [2017-12-13],
http ://www. lgdisplay. com/chn/prcenter/prMovies. (in Chinese)

LG. LG #T 3 OLED “ kW 4”7 [ EB/OL ]. [ 2018-01-17 ], http://www. lg. com/cn/press-release/pressre-



o o _
lease2018011701.
LG. LG makes the OLED “Grand Canyon” [ EB/OL]. [ 2018-01-17 ] , http://www. lg. com/cn/press-release/pressre-
lease2018011701. (in Chinese)

[56] DAI X L,ZHANG Z X,JIN Y Z,et al.. Solution-processed, high-performance light-emitting diodes based on quantum
dots[J]. Nature,2014,515(7525) :96-99.

[57] PUCD,QIN H Y,GAO Y,et al.. Synthetic control of exciton behavior in colloidal quantum dots[ J]. Journal of the A-
merican Chemical Sociery ,2017,139(9) :3302-3311.

[58] DAIX L,DENG Y Z,PENG X G,et al.. Quantum-dot light-emitting diodes for large-area displays :towards the dawn of
commercialization[ J . Advanced Materials 2017 ,29(14) :1607022.

[59] Nanosys. Nanosys introduces hyperion™ quantum dots to unlock displays meeting BT. 2020 color with high brightness
and power efficiency [ EB/OL]. [ 2016-05-24 ] , hitp://www. nanosysinc. com/ press-releases-archive/2016/5/23/nano-
sys-introduces-hyperiontm-quantum-dots-to-unlock-displays-meeting-bt2020-color-with-high-brightness-and-power-effi-
ciency

[60] JIANG C B,MU L,ZOU J H,et al. . Full-color quantum dots active matrix display fabricated by ink-jet printing[ J]. Sci-
ence China Chemistry,2017,60(10) :1349-1355.

[61] JIANG C B,ZHONG Z M ,LIU B Q,et al.. Coffee-ring-free quantum dot thin film using inkjet printing from a mixed-sol-
vent system on modified ZnO transport layer for light-emitting devices[ J]. ACS Applied Materials and Interfaces ,2016,8
(39) :26162-26168.

[62] BOE. BOE invents 5-inch AMQLED display[ EB/OL]. [ 2017-03-20 ] , http://www. boe. com/en/news/ gsdt/ gsdtxqy/
dynamic/penggd895. html.

[63] Monocrystal Co. , Ltd.. Monocrystal facilitates microLED development with its new Ultra-Clean sapphire wafers [ EB/
OL].[2017-04-26 ] , http ://monocrystal. com/wp-content/uploads/2017/05/2017-04-26_PR_MC_Eng_facilitates_mic-
roLED_development. pdf.

[64] ALLOS Semiconductors. VEECO and ALLOS Demonstrate Industry-leading 200 mm GaN-on-Si Performance to enable
Micro-LED Adoption[ EB/OL]. [2017-11-01]. http ://www. allos-semiconductors. com/news/ en/veeco-allos-2017-en/.

[65] I-micronews. Micro-LED Displays:Hype and reality, hopes and challenges[ EB/OL]. [ 2017-02-01] , https ://www. i-mi-
cronews. com/report/ product/microled-displays. html#description.

[66] VerLASE Technologies LLC. VerLLASE Gets Patent for Breakthrough Color Conversion Technology that Enables Full Color
MicroLED Arrays for Near Eye Displays [ EB/OL ]. [ 2015-04-28 ], http://www. prweb. com/releases/2015/04/
prweb12681038. htm.

[67] Aledia. Nanowire LED Innovator Aledia Announces 30( $ 36M) Million Series-C Financing[ EB/OL]. [ 2018-01-29 ],
http ://www. aledia. com/en/news/nanowire-led-innovator-aledia-announces-30-million-euros-series-c-financing-10/.

EEE T

v

BYRTE(1977T—) 5, NSRRI AR 1, B0z, 2 AR 32 B ARl X AR O T T 5%
E-mail ;ji_jun_li@ 163. com



