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ERRT x AN, B R, BER, BER,
HERY, A&, BREY, HEE, B8,
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VEITRSER TR S EOR B, dE A [T 3610005

PR YR A BRA T, 4w EH 3630005

IR E A FAR A BRA ], AR SR 3620005

B AR RO HL TR R, Y BT 30010;

SRR BRI A RIRL 2 S EOR A S, A& BT 361000

HE. #MA L k=M% (Micro light-emitting diode, Micro-LED) & & LA £ 74 2 =M st fe b MR, ARA
TR MEBTHAK, AT HEARITER, Micro-LED FZ#—FM%E 5 £ s, MAMMAREZIEKEY
R EH, RACHBEERIVERFERAFRENRY, RTZELHE, LESGRATHER. SHERLS
ZROEIBEZINERTER . 585 T ERARA A 7R EHBRMH, R A F s BA 6 RAE T A PR
T E F AR FE SRR — R, Aoh, T4 &5 Micro-LED %k 471 48 I B2 49 i R A5 451 B
EREXETZRN, Ak, AXFBLAHETRRBHAT ETEEMABEMGRE,; Lk, EE 7oA. BFHE.
A B OBANERBEFEERIBHUT ETEREHFT TR, e, B4 7T AABRRFFETPRALENEZ
DPRRAGARE T RIS G RATAR A,

X*#218: Micro-LED; A& 2k, 45 5T .5, Ak, BEAHK

hESZES: TN27;, TB34 kR R: A
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Abstract: Micro light-emitting diode (Micro-LED) display is considered the "next-generation" ultimate display
technology due to its excellent display performance and optoelectronic properties. In order to meet the
requirements of near-eye display applications, further miniaturization and integration of Micro-LED are necessary.
With the continuous innovation of micro/nanopatterning technology, the fluorescent color conversion layer method
has significant advantages such as low manufacturing cost. Compared to the three-color chip method, it is more
suitable for virtual/augmented reality display applications that demand higher color gamut and resolution.
Perovskite quantum dots (PQDs) are the most promising fluorescent color conversion materials. However, the
inherent lattice instability of PQDs and degradation caused by external environmental factors pose significant
challenges. Furthermore, it is crucial to develop micro-scale fluorescent array patterns that match the Micro-LED
chip array. Therefore, this paper first discusses the factors that affect the structural instability of perovskite quantum
dots. Then, it summarizes the applications of strategies such as ligand exchange, ion doping, surface coating, and
chemical cross-linking in enhancing the stability of perovskite quantum dots. Finally, the latest research progress for
fabricating high-resolution perovskite quantum dot fluorescent arrays using photolithography and inkjet printing
techniques is summarized.

Keywords: Micro-LED; fluorescent color conversion layer method; perovskite quantum dots; stability; patterning
technology

2l = Micro-LED) 72— T - V% LED (s

WREARVE G BRI OCHEEES, 2407 Tk
AHE, RZIM I AT BB A TG . ISR
AL TR, T A0 S 0 00 S5 TR g iy 4655
e, e T 20 At rh s Ak BoR T E 2y
. H 2000 458, DR TRAS (liquid crystal display,
LCD) FIA ML A& —#4 (organic light emitting diode,
OLED) .7 #ix AR H L WoR B R R A S, i
o R 1t SRS S SRR TN 0 NI < o Ve o
WML XUEE IR, WoREEE R LA 5 AR A 2
5 (virtual/augmented/mixed reality, VR/AR/XR) A9 T
BB, bR TR IARBVNRT R G SRR A,
N EA SRR B . XTI A A
e i 2 B SO SER WUR A T EIT I R
AW, I B AR IR B A L v
T RVTLL R ZAZAE 2000 4R QI TAE, FFa k&
& M4 (light emitting diode, LED) SGIE A s
AR

ok B K& 6 — % 4 (Micro light -emitting diode,

(— /T 100 umx 100 pum) 1E 4 % TR 18
FEIAROCH AR R, HETERNEREAR,
Micro-LEDs HA7 il # Jo ik 1 55 19 B s JOR FOG L
i, RAEA AR R R H AR IRz
N TR A . OREOA . R . RIT IR
£ A VR/AR/XR 454538, JT 44, Sony. Google,
Apple F1 Samsung %5 L 4% /A F #E Micro-LEDs 45 48
AKER 4, JF&H “The Wall” | “Vision Pro” .
“Watch Ultra” S5 M REOL 5 19 7R 7™ S o AR i1 594
5\ 7] Research and Markets T 2024 4 2 H )y &K Aii 1)
— S AR . 2022 4R 4 ER Micro-LEDs T LBy
5743123500, Wit #2030 4E 44 ik 5 586 12300,
2022-2030 4E 1 A AR R Ry 78.3%. fEAK,
B4 B £ Micro-LEDs 7= S AWHREL, HAk S
WRPEREATRIE A TR, SR, V52 G PER
AR BRI 2925 Micro-LEDs T ¥ AL i & e, He
T A RAL AR S b — R

21 2% (RGB) — s Jy v /& X L 2 % Micro-
LEDs My —Fp 5 %8 % W EE BB 4
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A BCE T8 Micro-LED i 48 B [F] — B0k 3 3%
Mr bo SR, FEREIURCE . KA R R A% %
BRMMES . JEGeit, TS84 K iR S HERs
KR, B Micro-LED 5 i BUR: R ik i
2500 JTH, FERORIE NEL pm, RRE RIS 99.9999%;
WAL, HRERCRTREAF] 200 J7 7 /INBF DL B A R SE
P =Y Bi%E Micro-LED ot H RSFRY4a /N, %
SO PR R, 3 BUAR 1R 7 R R MR AR AR
R, Micro-LED s i BBk B 34802 7 — K R
T [F]— R i A2 K RGB = Al (11 Micro-LED &
W RMER . — kv, M-V Iigib &9 e
5 WE 255t Micro-LED s i i E 2R R, T 485 2000
Micro-LED it i B9 A4 B} = 2 £ AlGaInP"", 4R 1fij,
AlGalnP AR R AR G A, 56 &Lt
Micro-LED # {40t H P i 32 S J 5 2% 't Micro-LED
SN MIAESEE Micro-LED H,  “SRBR” (ITEAE L
FHRABSERRAR TE BRI X TEE N
Tl T AMMERE . ERH s T2 B g AR
BEF 3% Micro-LED PERE B 2 A 0] Z48, E11E
SR AR SR S 2 G A s R U FRL I T8 i A5 /N )RS Miero-
LED & {4 1 6 L 1 R 2URDEAL" . XFF InGaN 35
J6 Micro-LED #43k 15, 8 A /RSFM 100 pmx 100 pm
4i/NE) 5 pmx 5 pm B, HIEESME TR0 (external
quantum efficiency, EQE) M 38.9% T[4 %] 16.6%"",
ifii AlGaInP £ ¢ Micro-LED % 4£5% “ I3 ms” iy s
mg 8 RU. kT i Micro-LEDs fE % 58 25 IC fi¢
AR/VR/XR 2577 8y, RSP RHE/NT 10 pm, - DU 2
ik 2000 1% & /9551 (pixels per inch, PPI, 1 inch=
2.54 cm) Y43 HERTRT, X T RGB = (At i
KU, FAMEREAEE K.

B4 42 (Fluorescent color conversion layer,
FCCL) 12 2 F| FTR A 1Y i /58 Micro-LED 313Uk
DECH B A SE B 4% Micro-LEDs, %5 % 1] I 5K
FkE L e RS T R I EAME S, AR & T MR
BN ARSI 4 F Micro-LEDs £83F . 3 30 A0 il bk 5
2 AR, SRR T A5 (perovskite quantum dot,
PQD) & 8 & Yt 2 & )t & F 5 & (photoluminescent
quantum yield, PLQY). 205 FIA 2O F A S50
M TR B B R ARG T - VI
1 &5 (quantum dot, QD), PQD AJ LA i k748 i it
JUE ML L LSS B A Ty, H s n s Tie
4t QD VU S 9K i Jookr RT B iE & T o P A

# Micro-LEDs il & . #&1M0, & PQD HAMF M
SErRLREE (R TS T TR AR A A A L A
I AR, FEANR IR R F, & k4R
P g AT SR, DT s ™ A 9 R K™ S 4,
£ Micro-LED #&f4 TAES fE b, 2377 A Ko iy it
DA B A R e ORI, AT A RS
Xt PQD F 42 b 3 B b, 3 23 ™ il 29 56 PQD
f) Micro-LEDs f ] 554 Ffdi F 54w, o T4
PQD WFaEE, FCiRzcHe . BFHB4 . RiEam
fE2E AR ATy S, s 1 R, s
FEfERE PQD A My i B R4 1 A, OF:
AL S E R ARG, il el e
f) 4% FCCL Micro-LEDs, XiF FCCL Kk, il
5§ Micro-LED i F ¥4 1) # DG Ji (4 138 K 94 2€ 5l 142 571 ]
FREXLEEM, ITHE, FRAITE T ZMHESE
FEEAR, WFEEHZEAR . BEBEITEEAR . 90K REE
A EOEINT T s AR R K GURE AR,
Hor, AR AT AR G 2B A FIE S5 4T ER B A il £
kg PQD FCCL HA M &4 # Micro-LEDs 7 i [1]
RAJER, MHAN LB AR AE L =L . R
U, ARSCE ST TR PQD 45 F ANFR e Mk G R A 5
Hk, B4 THERsSH, BT854, R
SR DU RS A M T S AE S PQD MERE (IS E R
e, RS T R ZIH AR RS B AT BN A AE il 45 = o
B PQD DOLRESI LASEIL 4% Micro-LEDs HHHT 5T
i

2 PQD ARREMERERE

X}F FCCL Micro-LEDs it , ‘&A1 Z 4 i (]
RBEEARSR . mEACMEARE P, BT
PQD [ B 45 #4) B AN R e 1 DA B e A SR BR 5 TR 3 1
B, PQD & KAEMAHEAS | KB RN, BT HL.
GEN o AR S A

BT ALV SR AR R SE A AN ] 2() i, B
{2 ABX,, Hirfr A B —Hr BB 1A HLIE M
BT, BREMHET, X 2HKET, HBAEBT
H X A FAE AL F I AL [BX] A/ HHATER
SR, 7E Jahn-Teller SN . i Co8500 RSN IR EE 55 11
R, [BX]NIRS L AMAL, 5 PQD Mk 45
P A= FL R o R f s HL B A 23 % PQD B HRL
T AR MR, TTE [BX]" /A & A ™
HIEAE G, PQD MM ERME & & A H KAk, X

240088-3


https://doi.org/10.12086/oee.2024.240088

FEREIR, 45, SH TR, 2024, 51(7): 240088

https://doi.org/10.12086/0ee.2024.240088

3753“
PY9H 00000

-

Oleic acid

§ $

Surface
” 9 ; . defect

"~ _ Inkjet printing

Photolithography

B 1 45405 %F .5 Micro-LEDs 2%t K B A8 % b £,
(a) Btk B4 (b) B FH 4 (o) A@ELE; (d) bz

Fig. 1 PQD-based Micro-LEDs full-color technology and stability solution
(a) Ligand exchange®; (b) lon doping””; (c) Surface coating®; (d) Chemical cross-linking

BL-JCHLA4 AL PQD it , A 1 BH % F /& CH,NH,'
(MA") 3¢ HC (NH,), (FA"), XA HLIEH & FHA
ERAE, I FEIER PQD fEAEAR I Sy 5 e
B0 5, IR MAPDL,, R %A T4 R 2 0 5%
W, EALEAMN Pol A MATYY, T4 JeHL PQD %
i BB A Re, HARE PRI & T AR N i 44 ik
B PQD, HALF ML PR Fobk vz I ot
ST, N T SEPA % Micro-LEDs, 21 (A& 1 55 2
WAARTIZBEY, BRI CsPbl, J& 2 oL PQD i Afa e
B —28 406 PQD. B T ANES I 28 51k B B i o1
CsPbl, b & B HEARIEMAE . o, B y Ml S HZEBRIE
I CsPoLy i A, Horr, A =R AR AR,

[23]

[261. [271

B EA PR RSB B AR, T 6 ARERR
Sy AT, R 2RAEESERT R AH . RAH CsPbL; T
DA AR EAEAE , FEWNR IR T sl A R & A
AR, {2 [ R AR R TCEREER 6-CsPbL™,
] 2(b) B45 T CsPbl, AR AT RERRAR™ . 7E— bt
KAET, a-CsPbl, FEFFAER IS 300 °C LI L™,
T ASEERE I BAAY CsPbl,, E b WY
ORGP fihn R 25 R R R S
ORI CHRIEOR SO A RO BRI Sk 2 — . SR,
TECHRIET, B RER (0,) R A S 5555k
2K i (perovskite nanocrystals, PNCs) 2 T F AN A
et AN E G A A R AR S, AR
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H X-=CI, Br-, I n Possible phase transition routes for CsPbl, v (4) Superoxide Formation
R-NI
¥ pm3m b i
L - - o y -
300 C ) IrII @ :_. M o, w0 B 2740 = 1+ O,
r=Pp2t Qn2* 1
B2+=Pp? , Sn? g, ( ) (6) i (B) Additional Reactive Oxygen Species Formation
2 (3) 20, +HO — 03+ HOy" + OH
© (4) HOy™ + HaD — Hy0,+ OH
3
2 (C)Ligand Depratonation (D) fodine Formation
g. &) (8)
Organic-inorganic All-inorganic @ R-NH;* + HO;~ or OH or 0,* 2l +24" + H,0,
halide perovskite halide perovskite i 1
R-NH, + H,0, or H;0 or HO,® I3y *2H,0
A*=CH,NH,", HC(NH,)," A*=Cs*, Rb* RT

(E) Carbanate Formation

(T) COy+ 20H — GO +H,0
(8) Pb™' + 0O — PBCO,  (9) 2Cs” + COZ — Cs,C0,
(10) Pb(CH4COO), + €O, H2-3: PHCO, + additional products

{ © !
c_aFast reaction. ©~ o @4
| ' . )

e, ° \nght Cappin%'?
| S © % o berern TITIIT
; - 0 i ,,:‘ 'é_,,, ,.:' ’ . * Trap site
: Water with i(j‘rls. Synthesize . DISS;)I:U; | % .% % - % £ EEE 3] § &
..’- i 9 °.° ~° . m};; ¢ ﬁi .l‘g;ppmg agent p#ee.ligng ¥(;Ds aggregation§ .m
b, o e
d? -; Hydrogen - - < N ." o - - : %
— $5585% }Trap sites form — o
WaterW|th defects bonding & - \:.‘ “Phase transition - w:‘ J & '{M pod - - v
%, % X @ ﬁ.ﬁ ﬁ-a T
o HO OMAFACs hd MA o ""} oy b e
# k]
AL FA ©PbSn @ |Br | $ ;HH; nm B M )
B2 (a) BAhissks 22 ABX, ik =& B (b) CsPbl, A8 L 87T &2 (c) CsPbly L AMAH,

(d) K5 454k5 diktn ZAE R~ & B

(a) Schematic of a typical ABX, crystal structure of halide perovskite’
(d) Schematic of the interaction between water and PNCs

Fig. 2
(c) Photo-oxidation mechanism of CsPbl,"";

(e) Schematic of photo-induced agglomeration of CsPbBr;

Ak (0,7), MM FE PNCs & A A LS,
K 2(c) i, 0, —BIEM, fERBAMT, &l
DI PNCs 1 A 7K (H,0) 50y A & 20 B 76 1 4
(reactive oxygen species, ROS), {125 (HO,).
A (OH) At E AL A (H,0,), X4 ROS i
it —F 5 B EHEA S, 23R, PNCs 3 FC AR &
J s . MR ST FNBR FRERIE N, f8i45 CsPbl, NCs 2k %
JeiE M. S35, PQD EHEEANE G, SIE MK
A, XSRS AR AR E Gl SRS
BIDENEHER o R ETRARE) PQD W25 5) e A= I B i A=
WUTHE, 1 ROGTE IR FILLRE STERERE K, W&l 2(e)
JR™, T PQD B AR, LT A
FEAT AT R R AR B4 LA XU

FERCEK IS T, H,0 AT LABt AL A5 Bk 0™ 2 1 9 i 5
I KK T, HO &9 HlE] PQD #h ik AL,
S PQD WAL 54, H,0 & [BX] KA

3R

; (b) Possible pathways for phase transitions of CsPbl,

[47]

(e) CsPbBr; &%+ R K+

[33] . [39] .

BB, FEHE 75 IOHUHERL RoTHr R, (15 s
LRGSR, KAERIBLI PO RIS, Tk 2(d) B

— [46-47
R

3 PQD #&E Mg KB

PQD S5 4 I R it 2 B B fi i AT AN AR 1
A B PR35 R 2 [R) 52 80 . XFF FCCL Micro-
LEDs 3k iit, & PQD MR e PEA ] F 34 3 Micro-
LED #8Fmnl e, [RIAY, R4 PQD feue M4
T %, RIS R e PR TR, oA RLEk
1k PQD F ISk, S MI&ZS AL, ARSI PQD 1Y
RS RE ARCR . XA IN4% Micro-LEDs B4 fiE J&
— 3P TR
3.1 Bz

MNP
75T PQD Fiski 2 6], 78 PQD Ay & id A2 |

MR RRT - R S i 8 55 5
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' L T R A e e v S O T R 2 R Y
PIIHR (oleic acid, OA) FlljiiJl% (oleylamine, OLA)
AR B FL R 45 7 R DR Bl ik PQD 2% 17 kB Al
PEE SRR RS I — 2 LR . SR, T AAfE A 2
Y M T G B, {#45 OA Fll OLA JC ik Fa [&] Mb W% i 7
PQD # i, 7EMHI %1t i PQD £ Iy il ZUdi £k Falifk
Gl R DL A KA, OA FI OLA S AN b A
PQD ity , SR RSt AU PQD M1
BRI T A TYE ), &K PQD # ZU B 9 eI K
MG N TR PQD WA E MR AR 2 G R0R,
Y5 PQD 18 LA st A BLAE FH i 12 10 =X e A BB A L 55
FHELAE A 4 B 00 S B FEAR A R PQD R T &1 Al
PEREVRR B TFB . X SRS Tl S5k i
s FE T PRI B A EAE R, TR kR e i Tk
WA IS, WA G TR, Z
FHERH AR SIS RFEE R AR o B, Ak
LA (R 81 2 ) TT A5 6K d A H A Pb™
o, T RS M e o e ol Uk, 0D 88 P A B 1R 1
A AT IR . LA, SRIETHIBEA 2 2 AR I AT LA
FHT 52U E GRCE, BN 1 5 0T
HAT, AT e A58 3 i) 9 7 9 B34k 24 AL AR
WARFESY, FEEBUARASHR N 2332 5 QD 4548 . K
BN 5% L N R LRI, fiiREas . al
P M SRR A B T HAC AR ) Jr AR 53 240, Ji s
ARk, JEEERCHR . JOHLECARIEE EC A2 R
f& OA Fil OLA, A &4 = PQD MG HLPERE, 45
PQD EEgnFH AT HEE:

WA e 3 T B S YR fE 87 (didodecyldime -
thylammonium bromide, DDAB) J&— G 5 FH & 3
HEPER, B EIEC (DDA f74E, W LIS PQD
FET A4 R BT (P B Cs”) I e i B85 1 W B g 1
B TR SR E ATy, A ACE R PQD MY
OA Fll OLA Biff, [FIRTREH Br, J¥ AL IR EE k4l
PRBRFEE", S5 Ah, DDA S Bl 45 F HA 5K 1 23 ]
PR, (HAHI B 7E PQD K1 1) DDA ¥ 1l ge b,
M E & Br i) PQD R /™A s i it fk, 21
$&7% 7 PQD-DDAB i FasE . {58 DDAB ik
A, Huang %5 ATl 45 T~ OA/OLA/DDAB (/K
oA 1:0.97:0.06) TR A Be 4 6 4 1Y & 26 58 fa et
CsPbl,-DDAB, 1[4 3(a) /R, 5 CsPbl,-OA/OLA
HL, CsPbl,-DDAB HABARM R GG L, RN
A I R BT TE (95 meV) . BT Y PLQY (95%) Fil

WK AERET A F . T 3(0) s, MRS [T
IRMEMY) CsPbL, 7778 T F B B8, CsPbl,-DDAB
PG AR TR, ik 60 K5, H PLQY
5K T 80%; HJZ, CsPbl-OA/OLA FEHH! = f75¢
JGRAE, TEFFIC 10 KI5, H PLQY fHFEZ 20% LI,
I TR I TE . e AR M AR LA Bt 2 4 Kok
TRAEMZ L, TEAEHUIE, CsPbL,-DDAB Y A& IE
SRR ST B AT B 0 AR A AT AR R R A S 7 AR,
[ 3(c) iz, T CsPbL,-OA/OLA % A ki 7 A B I i
KEEZAN 1 pm RGO, 5356, FEK . 160 C &
TS R SRR A S50, CsPbL-DDAB #7238
R RE S, X325 T DDAB #2{E HA
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Fig. 3 (a) Structure of CsPbl,-DDAB and CsPbl,-OA/OLA®?; (b) PLQY stability of CsPbl;-DDAB and CsPbl,-OA/OLA®; (c) TEM image of
CsPbl,-DDAB after 60 days of storage in a dark environment®”; (d) Strategy of Hl-induced in situ exchange strategy of 5AVA ligand with

OAJ/OLA ligand®™; (e) Schematic of the passivation of amphipathic ionic ligands (sulfobetaine, phosphocholine and y-aminoacids)®; (f) DDAB
and DLPS dual ligand passivation strategies®™; (g) PL stability of three QDs in natural environments®™
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Fig. 4

(a) Schematic diagram of in-situ synthesized Ni** doped CsPbl, PQD"®; (b) Variation of PLQY with storage time for undoped and Ni-

doped CsPbl, PQD"; (c) Stabilization mechanism of Zn** doped CsMnCl, PQD"”; (d) PLQY at different Zn/Mn mass ratios””; (e) Process
flowchart for the preparation of CsPbBr, PQDs doped with NdCL"?; (f) PLQY stability of CsPbBr, PQDs with different

dopants in a natural environmen

t[79]
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Fig. 5 (a) Schematic structure of CsPbBr,/LLPDE"; (b) Degradation of CsPbBr, and CsPbBr,/LLPDE in natural environment®”,
(c) Degradation of CsPbBr, and CsPbBr./LLPDE under 365 nm light irradiation®®; (d) Flowchart for preparation of polymerisable CsPbX,

PQD ink®”; (e) Ligand exchange and ALD-AI,0, encapsulation flowchart®”; (f) CsPbBr,/CdS and CsPbBr./Cs,PbBrs encapsulation methods
and energy maps'“”; (g) Degradation of various QD materials in aqueous environment (left) and 365 nm light environment (right)"'*”
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Fig. 6 (a) Schematic diagram of the preparation of CsPbBr, perovskite PQD in LHD nanosheets""”; (b) PL stability of CsPbBr, and LDH-CP-

CsPbBr, at high temperatures''””; (c) Schematic diagram of in-situ growth of CsPbBr, QDs on hydrophobic silica aerogel"*”; (d) PL stability of

PQDs after heating at high temperatures for 1 hour"”; (e) Design schematic of CsPbBr, PQD composite materials'*”; (f) Fluorescence

characteristics of CsPbBr, PQD composite materials during heating-cooling cycles'*; (g) PL stability of PQDs with the addition of ethyl
cellulose in a natural environment""”
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[113].

(a) Schematic diagram of PQD thin film preparation using photolithographic masking method""'; (b) PQD array with feature sizes as

small as 3 um'"'¥; (c) Schematic diagram of PQD thin film preparation using photolithographic peeling method'"; (d) PQD dot array with a
radius size of 5 um""'; (e) Schematic diagram of in-situ fabrication of PQD patterns using lead bromide complex'""®; (f) PQD fluorescence array

[116].

with a resolution of up to 2450 PPI ""*: (g) Photopatterning mechanism of PZ ligands"'®; (h) High-resolution PQD pattern with a
line spacing of 4 ym!""”
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Fig. 8 (a) Reaction mechanism between PTMP and PQD (top) and schematic diagram of direct photolithographic fabrication of PQD patterns
(bottom)"""”; (b) PQD fluorescence array with a resolution of 12700 PPI"'"; (c) Schematic diagram of PQD fluorescence array prepared by
microsphere filling method""*”; (d) High-resolution PQD fluorescence array with pixel size of 2 ym"*%,

(e) High-resolution dual-color PQD pattern'*”.
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Perovskite quantum dot color conversion Micro-
LEDs: progress in stability and patterning

Yan Zijun”, Liu Zhong”, Yang Xiao', Lai Shouqiangl, Yan Fengyuz,

Lin Zongmin1’3, Lin Yue', Lv Yijunl’s, Kuo Haochung4, Chen Zhongl‘s, Wu Tingzhul's*

PQD-based Micro-LEDs full-color technology and its stability solution

Overview: Micro-LEDs, as microscale light-emitting diode displays, are widely regarded as the ultimate choice for next-
generation display technology due to their exceptional display performance and optoelectronic properties. Through
miniaturization and high integration, Micro-LEDs have surpassed LCD and OLED technologies. Currently, the methods
employed to achieve full-color Micro-LEDs primarily involve the use of trichromatic chips and photoluminescent
quantum dot (PQD) conversion layers. However, one of the major challenges faced by the trichromatic chip approach is
large-scale transfer technology, which affects transfer efficiency, precision, and yield. Moreover, the demand for ultra-
high pixel density displays has led to a further reduction in Micro-LED chip size, increasing the difficulty of chip transfer
and resulting in high manufacturing costs. Additionally, the impact of sidewall damage during the fabrication process
on the performance of small-sized Micro-LEDs cannot be overlooked. In recent years, the fabrication of patterned full-
color Micro-LED displays using PQDs conversion layers has garnered significant attention. However, a PQD possess
ionic properties and low surface energy, making them highly susceptible to the external environment, including water,
oxygen, heat, and light. The high dissociation of long-chain surface ligands leads to increased surface defects and particle
aggregation, severely impacting the performance of PQD-based Micro-LED displays. To overcome these challenges,
several strategies have been proposed, including ligand exchange, ion doping, surface encapsulation, and chemical cross-
linking. These methods effectively passivate surface defects of PQDs, enhance lattice stability, and suppress non-
radiative recombination pathways. By employing stability-enhancing techniques such as strong ligand bonding, lattice
adjustment, organic/inorganic shell encapsulation, and covalent cross-linking, ion diffusion in PQDs can be inhibited,
thereby improving their environmental stability. For achieving exceptional full-color Micro-LEDs, these stability-
enhancing approaches can be combined with photolithography and inkjet printing techniques to fabricate PQDs
conversion layers with high resolution, stability, and luminance. This review begins by elucidating the causes of
structural instability in PQDs. Subsequently, it summarizes the applications of ligand exchange, ion doping, surface
encapsulation, and chemical cross-linking in enhancing the stability of perovskite quantum dots. Finally, the latest
research advancements in photolithography and inkjet printing techniques for fabricating high-resolution perovskite
quantum dot fluorescent arrays are presented. By synthesizing these findings, this comprehensive review specifically
emphasizes the strategies employed to enhance the stability and performance of patterned Micro-LED displays with
perovskite quantum dot conversion layers.
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