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Recent Developments in Quantum Dot Patterning Technology for

Quantum Dot Display

Yeong Jun Jin, Kyung Jun Jung, Jaehan Jung*

Department of Materials Science and Engineering, Seoul National University of Science and Technology, Seoul 01811, Republic of Korea

Colloidal quantum dot (QDs) have emerged as a crucial building block for LEDs due to their size-tun-
able emission wavelength, narrow spectral line width, and high quantum efficiency. Tremendous ef-
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forts have been dedicated to improving the performance of quantum dot light-emitting diodes (QLEDs)

in the past decade, primarily focusing on optimization of device architectures and synthetic procedures
for high quality QDs. However, despite these efforts, the commercialization of QLEDs has yet to be re-
alized due to the absence of suitable large-scale patterning technologies for high-resolution devices.,
This review will focus on the development trends associated with transfer printing, photolithography,
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and inkjet printing, and aims to provide a brief overview of the fabricated QLED devices. The advance-
ment of various quantum dot patterning methods will lead to the development of not only QLED de-
vices but also solar cells, quantum communication, and quantum computers.
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Fig. 1. Schematic illustration of quantum dot patterning process.
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(a) Additive Transfer (b) Subtractive Transfer
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Fig. 2. lustration of (a) additive transfer printing and (b) subtractive
transfer printing. Reproduced with permission [10] Copyright 2012,
Wiley-VCH.
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Fig. 3. The schematic diagram of the immersion transfer printing. Reproduced with permission [15] Copyright 2020, Nature Publishing Group.)
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Fig. 4. Schematic illustration of (a) the photolithography used in existing semiconductor processes and (b) the direct photolithography using a
photosensitive ligand. Reproduced with permission [16] Copyright 2023, Wiley-VCH.
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Fig. 5. (a,b) Schematic illustration of QD surface passivation by ALD ZnO deposition and device architecture. (c, d) J-V curves and EQE
versus current density. (e) PL lifetime of green Cd-based QD film. Reproduced with permission [17] Copyright 2022, Wiley-VCH.

172 J Powder Mater 2024;31(2):169-179 https://doi.org/10.4150/jpm.2024.00073



QDs ZF #oll eAl S&FstaL HiEdS AAIRE & PRE A7 5k
A e o] &4 el E 24k 4 Sl ol Sk
tHFig. 5a) [17]. 4> nm®] ZnO ¥ diethylzine (DEZ) A4
£ A3 A oA FAH BES =E3AA FEAZE19].
DEZ= YA HtER 2 AREE oleic acid 9 oleylamine
T g2 kAol o] FRE 1 B= 7|E {7 SRE Aol
DEZ7} 2ed2 = Ut ©]2{’t ZnO ¥4 CdSe/CdS/CdZnS
QDs 530l =23t 23} Fig. 5e2t 20| PL lifetime©] 16.1 ns
oAl 16.8 nsZ A& Z71 3L o] & B3l W passivation©] ©]F0]
A gelstint. sid 342 &3 A9 : 800 PPIE 2795t
3L ITO/PEDOT:PSS/Poly [(9,9-dioctylfluorenyl-2,7-di-
yl)-co-(4,40-(N-(4-s-butylphenyl)-diphenylamin)) (TFB):
2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4-
TCNQ)/CdSe/CdS/CdZnS QD/ZnO/Al +%2] LED tjH}o]A9]
EL 57827 4.9%°] EQEE 2/35131tt.

20214 Zhao et al. & ZE2|2TH o] =4 A7) g5
(selective electrophoretic deposition (SEPD))& 23et A
RGB HEd 7[&S 2706tqieh. A #3ol] EAjsh= &1t
7} =74 &AofA o] 23k 4= Qlth= £ ol85t] ZEFATT
Al F7gl s A vlA] A=e] A7 d7teke] o &= Wi
o 24 2 umo| FAT FAE 7= A WS skl 2
02 1000 PPIO SH5h= 23S 24T <+ A
PEG-COOH7} #25 CdSe/ZnS QDs< propylene glycol
monomethyl ether acetate (PGMEA) &90f] EAHA|A v|2] T E
a0 2 e dH ITO7 |8 AREste] A7 F5He &85
o CdSe/ZnS QDsE #&AIZIL °l5 &&3to] ITO/PE-
DOT:PSS/TFB/QD/ZnMgO/Ag 7-%°] QLED tjHto]AE A2k
o Ay AA3 =4 QLEDOA Y] Hdf A7 882 247 54.2
cdA-1,77.0 cdA-15 H B71= 242 3.4 VOIlA] 79,489 cdm™,
3.2VOlA 67,111 cd m*& EF3TH20].

ZEHALESY AA 7ol B gle A Fst iy
W (Fig. 4b)<Q1 direct optical lithography of functional inorgan-
ic nanomaterials (DOLFIN)©]2H= PR& %] k= gy v
o] 57453t DOLFING Y2 HEdS #isf 3 w34 ==
£ AREsh=Tl o152 1) YA AT, 2) FE &Y, 3) HE
cross-linking 528 AMGEITH21]. FAF 02 F2o|E YA
A ol =S FAeIL Fol 2 FRtEr Mot g2 o
FEd olnf Fol Btes F2 A F&ol2l 2o
H3l ol == UV o Hkged 4= Qe A 247 AF
Sk 8do] EAto] HojQle Fol&/Fol e FAEL
SFERAMA] BHEEA ol FRIET} 31 0] proton WA =
3L o] proton®] &ol& Zt=e} HEgSte] FRole A &
=g HeA7lE o s EdS BA5H sheth Fole
373 2ZF=2E+= diphenyliodonium (Ph,I") E+= triphenylsulfo-

I o\
o Bu

o

l

https://doi.org/10.4150/jpm.2024.00073

YA TIASY0| MES T PAHE HEE 7|e2d S

P}

nium (Ph,S") cation®] AFEH A S0 FYHE=EE Sn,S.*h,
CdCL”, T+ MoO, 50l A=t o] ZZIER FA] 7+
JA =T AR8E S Q)AL o] 1,2,3,4-thiatriazole-5-thio-
late (NH,CS,N,)7} AF8-E] 3l om Y& ¥ol SCN, N, S 2 £5
7} =lo] Ed-E F & St of=gt W2 54, vheA| 9
Al 5 o Ule AR siEdo] A-g-o] 7hsstdtt. kARt o
B 2S5 FEH3/d 4] 3ok g abof oft Bjzte wek
I F Uie G2 EHo| 7= 2 FAHE Aol A7t
Foldof| ma} Forster resonance Ol A] w2ko 2 Q18] YA} 9]
g 3-go] "otk ©do] 9lo] LED tjHfo]|Aof &-8-517]9
= 5271 Sltt22l.

ol#gt EAE /WA5t7] A5l 2-(4-methoxystyryl)-4,6-bis
(trichloromethyl)-1,3,5-triazine (MBT)%} 2-diazo-1-naphthol-
4-sulfonic acid (DNS)E photoacid generator (PAG)Z A}-&5}+=
e W o] 574t tH18]. Oleic acid (OA) 71 F2H CdSe/
Cd,Zn,Se,,S,/ZnS QDE MBT9 DNSE AHg5to] e d<
St 3% PLQY7F 43 AIAIZ UV RAF ©A 914 9~10%2} 6~8%
The] A4S B9 ol 71E DOLFING 4% >40%2] QY#4
4& 1ot Ags| e Aatolt. o]& CdSe/Cd, Zn,Se,-
,S,/ZnS QDO F2=o] Q= OAR U3t passivation A7 TF
ojtt. SHARE, toluene & & AR&-SHo] @/ Sk IS0l
ol F-2to] HolQls OAS &7 AAWHEA PLQY7F B 435t
Al =Hof FHFHorEs 27] PLQYY 75%2] T3F a2 7HAA
Hot. Time-resolved PL 57823} B+ PL lifetime ©] 18.3 ns©l
A 16.2 ns2.2 A3 o] OAL] E2Ho 2 I3t trap site®]
Aoz Qs avely BA FQict, 2= 2oFo 2 CdSe/Cd,.
Zn,Se,,S /ZnS QD/MBT He'dS 3 23} f&1 o] 2 1.5 um
BE7A] DS 4= AT SHIEAE A EgH S8E% A
43 Z toluene AHEIFFoll A MBTE & HA Hzto] &l
=3It} 1TO (145 nm)/Zn, Mg, ,O (50 nm)/QD (30-40 nm)/
polyethyleneimine ethoxylated (PEIE) (10 nm)/poly(N,N’
-bis(4-butylphenyl)-N,N’ -bis(phenyl)-benzidine (poly-TPD)
(30 nm)/MoO, (10 nm)/Al (100 nm) 9] F+%Z zH= LED tju}
o|A& Al&sto] DOLFIN o= Azret fiee] EL 54& &
45t A} ol A E oFA] %2 thRTH Blwste] Ho| EQE=
77} 5.08% 2+ 3.55%, |t B71& 247k 31,800 ¢d/m’2} 22,500
cd/m’A3 o] PLQY Z7ollA #adt v &3} H]S5tirHs].
Cd AE9] FAH Bt ofyzt CsPbBr;H| 2 B AT E Ao
% DOLFIN 7|&S 285t 1 ym2 37|12 e g 76519
oH23].

InP 71919 FAHL Cd 715 By W 43, 23 s &
PREASH O Bt E/o] BF rIZst] wZo] YAFEHE
A FZtee] gR 2ol A 0 &2 WAst= 7]&9 DOLFIN U
<= 48514 PLQYS] T4rt 65 AstA EAsHA "t £39] 7

J Powder Mater 2024;31(2):169-179 173



uv

(a) exposure
HCI
GCla generation
NN
o
Che N)\‘//\ l/\ &\
MBT ~ SocH,

(b)

Acid Amine
R R
i N
CI'I:and .-: o~ S g O¢C\OH H/ \H

Unpassivated

defect PLQY 1

(c)

Ligand-pair treatment

Surface passivation

80
‘:l Unpatterned

= ) - Patterned
& 60+
> —
¢]
=
% 40 4
3
2
0o 204
©

Pristine InP/MBT  InP/MBT  InP/MBT  InP/MBT

+0.1vol% +0.3wvol% +0.5vol%

OctAm OctAm OctAm

YA HASYH 0| Hi2E

of A e Vsl S8

Ligand exchange Solubility change

ok

(d)

100 — T v T T
—e—InP/MBT (solution)
;\;- solb —o—INP/MBT (film)
&
- 60}
o
e
= 40}
<]
@
o
® 20}

0 A i A A A
Pristine Formulated Light Developed LPT
exposure

Fig. 6. Schematics of (a) in-situ ligand exchange and (b) the ligand pair treatment (LPT). (c) Influence of octylamine addition on the PLQY of
InP QD films. (d) Absolute PLQY (excitation wavelength: 380 nm). adapted with permission from [21] Copyright 2023 American Chemical

Society.

El'd2 §131l PAGE ARE5h= 4% Fig. 6a} o] Bl W52 5t
of S Wse IEolA HClol HAsH =L 2= InP QD
;o] CI'7F F2to] HA "t o F4€ CI == hole
trap stateE B/J5+°] non-radiative recombination< 57|
T4 0F PLQYE AaAXIch webA o]t ZAIE 25|
#3141 InP QD ER] CI7F B45= A= 97| $13 amine 7
g9 =S TRksto] ST o] SsHItH(Fig. 6b).
FAAOC R InP/ZnSeS/ZnS QDs, 1~3 wt%2 MBT, 0.1 vol%
9] octylamineZ toluene©]] &3tsto] ofjelidS 913t P25 A%

174 J Powder Mater 2024;31(2):169-179

H FEZ carboxylic acid¥} primary amine= ethyl acetateol] =
A Zllof FA st ol S E5 WEd At H|
w3t} PLQY S 70%5 ©/5t A (Fig. 6c, d) R11.A7HA] A+
d fif2o] ZEIaTdy] gAY A% i PR A8l
ZastAY A 2HARE B B =g wEsof
3

oo
12 d

https://doi.org/10.4150/jpm.2024.00073



Hlo7] wiZol| ol& ®WAsH] s BAESHY A/ ALEARE A
&t T 258 HEdshes 7leol Sslth AR
Fig. 7a9t o] FA3H AxAd TEARI polyl9,9-dioctylfluo-
rene-co-N-(4-butylphenyl)diphenylamine] (TFB)2} F7HAIA1 Q1
2,2-dimethoxy-2-phenylacetophenone (DMPA)E CdSe/Zn$S
QDs®} £3Fsto] ¥t 35 WHEUIL 365 nm I UVE
ZARE F n-octanes AR&SHA] @A4Fste] HiEl S wERl. A
A7]%= 1.5 um A WE = 10,000 PPI F= EEo] 7%—9135} uf
B2 3t cross-linked YA 29| PLQYE 61.8%% &5 &
A EE9] PLQYR! 67%2F Hlaste] 43 B 7S
ITO/PEDOT:PSS/TFB/patterned QD/ZnO/AgS QLED &}
o] A ;q]z]—-a].oq EXNS =43} ﬁjl]- EQE% 16.25%, 3}7]% 8V
9] AXE ZolFALS 1 146,413 cd/m’*E 7|EFH(Fig 7b, o)
[24].

2.3. Y33 m2IEl(Inkjet printing)
ZEHLTIHYE FHFQA AW FHS
o] Ay Zlgo] & FastA] Fout ti2slel RGB & 2z 7
g Fdo] ojgar PR #7120l 90%°l Boh= 52 ©ol
TH25, 26]. Wb A1 FY FHS AT 34 F stz EA
o upA= 7 EQ Qlal BIHE ARl YA myigo] Eyt

o ulgo] A5 7}

@ CdSe/ZnS QD

- TFB

£

G 2000 {10¢ E
P 110° 2
= 102 3
= [e]
@ 10" ®
g 1000 {10°8
|5 11073,
5 102~
© 9 10°

Voltage (V)

YA TIASY0| MES T PAHE HEE 7|e2d S

I 9lTH26, 271, HiF-EO] JIA YA THE 29| F =i
A 7] A zof ofsf Eshe M5 o83t Il J2A =YY
Ao ® gAl F7]= 50 umE o} 500 PPI AL o] SII=E &

% 5 9lrhRs). JA WA OR FAEL e 3] SIshA
£ 1) YA B4, 2) 929 74, 3) 71 te] wettability, 4) %
AP wHe) 2Rhs, 5) a0 HE W EWYE 58 49| 1
ok e,

QJ2A PO tufo] A8 ARG glo] % o] FUY
3+ Welel7t "ol A4 QLED tivfo] A A5 Zhashs @S0l
B tety 9aA A4 F o] 2L Sus] A
FAY TS &Esto] 5 H M CdZnSe/ZnS QD LED tH}

ol~g A &sto] Zhzt 22.43/23.08%<2] EQES} 1,500,463/
343,342 hr (100 cd/m?) 9] =8 2/4d5t3lct FAA 02 619.2 nm
9] PL ¥4, 94.6% <] PLQY, 23.7 nm2] ¥IX]ZS ZH= CdZnSe/
ZnS QDsE ARE-5H9] naphthane:n-tridecane:n-nonane =7:2:29]
|E AREste] YIS ARG & st o= g A &
S AMgSHE HRA o g wHgEs 1 guids ol o
27 o anpror 711‘4'“4 aKFig. 8)5 €Y 7 A= &
o] Ut o] F A4S WHF11(0.1 Pa) A 2](90 °C)E dto] 7]
ol Ao E guj7t Z‘E‘zl*}ﬂ] SFAAL o] &5 QD2 TF
_4 H+UAL SH5LT FAskS H]—Z]o]— 2 glmq. o]_:_,'_g\ ITAHo=7

- > a

Spin coat

UV exposure Developing

9

w

(¢}

w
4 10y 4
0 0

Voltage (V)

Fig. 7. (a) Fabrication of devices from photocurable ink composed of TFB, DMPA, and CdSe/ZnS QDs. (b,c) The J-V curve and EQE-V
curve. Adapted with permission from [24] Copyright 2024 American Chemical Society.
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