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LAl Zny ,Cd,Se/ZnSe/ZnS & F . W% 55 45
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LA, A OGS TEN & ¥ UG 2 IATSE IR
TEZAAEDE, T HAR DI ANms S5 TER HL 1154
JEFRAH I (R AT B R A5 1) T O 1Y, EmE R AT
ENil 4 QLED a8, g4 it e 2
— IR IR, BT SRR T A K
et )2 B 5, iR 2 XS E I TFB 455
B SR A AR ol B )2 R ] Y BT
2027 N N SR o A o v S N TR €
PAHEGEA T, /T R SOCRALT ZnO W15
ZE0) B, BT 40k F A (red quantum dots,
RQDs) 5 ZnO & ¥ fUIr il AR E AL, il HAR
MEXT T 2 B3 Jise e B4, PRIt AR SOR Bk 4
PEAS i AW SR AT B R4

AT QLED HL 7154352 1) ZnO &1 & —fik
BIARTE 2—5 nm, B THLRIBRK, 55 4K
AT SR 574 1 FL AT SR S OO o AT AN, Kbk e
SRR, 7E Zn0 BT AME T, S51A
ERJ ]I E 7 SRR A e 3 N UEY 8 1 DI A IND IS TN
ANISIS BRI A, R BCA IS AT B, PR
SRR ICP B RS E o0 B VR T 9L H ik R
H ZnO LA 25 | AZEERE (ethanolamine,
EA) FfA, DL EHl ZnO &7 5 5 R A A K
K, BB R, A R R 2022,
AT A Y ZnO - s ReiR a0 rh ] LUIE
WU, (EL R TS S5 AT BN o ARAE 2R N (E) A, R
bRt A AR AR, DAZEE Microfab A F]IAY JetLab
I EVFTERHL R, $TED 31.5 mm x 42.0 mm, 433%
Ay 120 ppi WIFENR T2 40 min, 78 FTERSERLET
ST BN AR 3R it v e R 1 JEE B s 8 KO S AR 11
2—4f%, HIESUHIES. TEA IS R TED Y, Je4T
BN R sOBIE S S e RE R 22, IR TENRYMR
B AR, X AR AR R RS B I 5 2
HANFI B FEA . 38 X A G 0 S5 R A A 4 T ER Y
S K TR G2 18 45 R Whis Bk - 23 A Wiz 2l I AH B¢
R ARG FE/ NI AT BRI AT LA i B as
PR R AE A, (B TR T B IHARUE ] 451
DXy S K [T s 4. PR I B L bt ) 141 R ok
T2, $58 ZnO S5 7KTE T4 I AR e M SR
R FTENERE QLED #8144 7212445 2 4.

A SCNRTE I RALERER A B A, FIFHZ Rk
fE T BeR R IZg %, It i < Z e &
(ethylenediamine tetraacetic acid, EDTA) fig {4
s T AR T DL ROK AR R B B R T

ZnO BT R ARENE, BGE THERIR, #2717 4%
PEPERE, Xl Wi T B 5 KT R as g
—EMS%.

2.1 ERSKF

TUKEBEIREE (99.8%) . MU H HEE A ALEL (tetr-
amethylammonium hydroxide, TMAH, 98%). &
i (99.5%, extra dry). L BERE (99%) . & 12 £ TR
(99.9%, extra dry). £ & (ethylene glycol, EG,
99%) Al —H JL A (dimethyl sulfoxide, DMSO,
99.5%), W3KF Aladdin 23], 2 "M ZER (99%)
WSLF Adamas 23 7). N, N-—-HI 3L BERE (N, N-
Dimethylformamide, DMF, 4l > 99.8%) Ity 3£
T Sigma-Aldrich. 4, 4/, 4'-= (FRIE-9-FE) =K fi
(4,4 4"tris(carbazol-9-yl) triphenylamine, TcTa)
AABA (MoOj, 99.9%) . 4, 4= (9-MEmR) BEHE (4,
4'-bis(carbazol-9-yl)biphenyl, CBP) Il 3£ F 7§ %
FIHFFAE]. RQDs 43K T 75 M B A KFHE A R
OS], HAFE5 S CdSe/ZnS, i+ E AN
IR (oleic acid, OA), ¥ FIEIEFRiH, RN
20 mg/mL, AT 0.45 pm A PUAHE D8k
AT UE, P E T TR T = IR

2.2 HmilE
2.2.1  7ZnO =T &4

S5 SCHk (23] IR ORI E S ARL
PRIA FrekZs. % 3 mmol — K& ZREEAET 30 mL
DMSO 41, # 5.5 mmol TMAH i# T 10 mL &
B o COTRBFR IR G2 A TMAH 4,
TEZ R P HHE 150 min {5 7855 ), S Ja A
120 pL EA 1E R 20 8O0 . 8 B IV 58 i 1Y 18 W4y
BT A WBLLE Y, BARIIA 20 mL PR 4R,
L 5000 r/min #EFEC 5 min, S _3E R, 6
1 mL ZESR S NTIIE. FEINA 5 mL 2 2B,
Pk 5000 r/min #EAEEL 5 min, 4 FIE R, HH
1.8 mL Zf#5E 1.8 mL FTEN% (EG:DMF = 6:4)
VSRR N UUE . B 0 S AP PV VRO 0.45 pm (7K
A PTFE B3k I8, IRAFT7E-22 °C 35, 7]
BT HESEITEN. EDTA-ZnO & 1 5 4 it
TERTERAR TN A 0.005 ¢ EDTA 55—k & W%
LRI, S5 SLR N Rl PRANAE.
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2.2.2 ARAABMHHREL

&l 1(a) 4 QLEDs it F i £21 2% g - 25 4, B
ITO/Zn0/RQDs/TcTa/CBP /MoOs/AL HIHITO
FiE B, MoO4 A= 7UEANJZ, TeTa Aas7iUE
)=, AL RN, Has RS m R T,

(a) (b)
//J
AT ]
M003

erresCBPoeney
T 2 ZnO NPs ink
[T RQDs -
ZnO
L I1mo E—
GLASS ~Pielsdetin

ITO

Bl 1 (a) RICHZEHRER; (b) BEERITE /R &
Fig. 1. (a) Structure of the light-emitting device; (b) dia-

gram of the inkjet printing process.

1) FEAR I UE: I THER T ITO HEARAR IR AH
FHVO I | SR BRI PR . B TR
PR A T PR 10 min, ZJS7E 75 °C HEAE TP
25 . TSR FT BN A R R YUY TTOSE AR fH
FHWG I 25 25 F/K A E PR 10 min, ZJ57E 75 C 4t
FaH TR L

2) HFEHZE (ZnO) Bl & K b —25 it
T A9 ITO FARFEFT UV AL B 10 min; X T g iR
ek, ITO SR AE FEM P IEL, ZnO WREZ N
30 mg/mL, HEWFE#H A 3000 r/min, JES A K
30's, ZJ5 150 C 1Bk 12 min. X TFTEIEAL:, 76
2 ZnO BUKFTENER R YT I, ZnO K
WIEZN 30 mg/mL, FTERSE UG B3 144 30 min,
ZJ5 150 C 1Bk 12 min. ZnO FEEERFZ) 40 nm,
FTEN/RZ A 1(b) s,

3) T RAOCIZ I T ZnO 21
ITO FA SR Z YR E FEF P IENR RQDs, &
TFREEZ R 20 mg/mL, FEWRFEHA 3000 r/min,
BEVARIHE] R 30 s, ZJ5 120 °C 3Bk 15 min. & F
SRR EE 248 15 nm.

4) B TALEZ, 23RN Rl A% 7E
B 2R A, 2%104 Pa B9 R 58 FAR UL
TcTa (50 nm), CBP (5 nm), MoOj; (8 nm) #1 Al
(110 nm). 2 ASEEFN 0.1 cm?.

2.2.3 HSmEIE

R ERAY (Dektak 150, Veeco ZAH]) M
R RGN R AR IR, ) W

i (Dimension Icon, 2 Bruker 2\ w]) Mz
RIAAPHARERE. IS 473k (Keithley2400,
2% [ Keithley 23 ) #1736 6 EE 1 (CS200, H A
Konica Minolta 2 F]) Ml QLED #% 4 /9 s
AE, AR LR T a R & Oese BE R @A bR, i X
SR IGH FRERE ST (K-ALPHA+, 3% Thermo
Fisher Scientific /A w]) WA AT R &
i MM AR A RT WA6EET (UV2600,
H A By 28 w)) s iR i SO i, A A A% S H
F @t (FEI Titan Themis 200, 3&[E FEI /A H])
M ZnO 7 5SRO/ SR, f B2 A
FAA{Y (OneAttension Theta Lite TL100, il
T RO 00 ) 7 e ik £ L B s /K A el 1
fil £ 55

3 #X5i4
3.1 HIRARTE

BRI THRERIUP K TR
2.2.1 i PECE LA ZnO SOKATENTEAR E B4,
NSRRI B TR]. anle 2(a) s, T E S
RYUrhE5/KAE 5 min WAREIA S, FHAR 1 (R i AR
HIRER AR, A TR S . {H TR A R 4
FEL AR s, )5 B AR ZR 5T AT AL AE R[] fr
MRS XFPAEZS P 1 208 T o (T B 1) SR B
FE A A& AR W i 28 o TE s TR R IR K
HYFTEN IR 5782 i E 40 min 5 HF T HAS
TR IR KT XS e, (8 & B i
MR RITNEBERE. &l 2(b) s, BT
Fop 1) T R L TR B Y 3—4 A, HLN
MG S B AR AT o IR I B R EH N ZE 1]
A, WG AR R U R R, T 2E b
iy ) TS, - SOREL IO DX ) SR S /R AR, R T
— 2 PR T R R 1 %y D A T D g A
% (atomic force microscope, AFM) FAEAS[r] 5
HIESE. aniEl 2(c) FE 2(d) i, HERT1En
LRSS Rg U8 L TF, H 2.80 nm 28k 12.63 nm,
AR 3 A%, Fm IR 24N, TR EL
PR Fh AR S JEE R RG0S B R 2 ZnO
Y FR N, T2 BT A 2 L 1R 45 1) {14 R
K. PR 53 ) #8 B QLED #F, W4 A%
TR K 52 P CE 40 min J5 Pl & 2% 14
2.8V IAERETHHER AR MERA.
&l 2(e) FE 2(f) fron, Has THER s 2632,
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350 T
(b) 4 e 40 min
s00 4 e 0 min
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=]
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£ 1s0p .
=
H 100
Ot L n T T L
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Scanning length/pm
a 9.6 nm (d) 53.1 nm
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A 2

(a) FTENSE AL 5 min J& 1Y 56088 B 5 (b) R R U b iR B . R 9 AFM &4

Height/pm

(f)

(c) H AT B2 T4 5B Kb B

(d) 2 SJHE 40 min J5 AT TR KALBL. (e), (£) Frifil 419 QLED #3F7E 3.8 V AR E T 1Y L 80RO6 B 3B 18
Fig. 2. (a) Microscope photos for 5 min after printing; (b) film thickness in pixel pit. AFM image of the film: (c¢) Directly vacuum

drying and annealing treatment; (d) air placement for 40 min and dry annealing treatment. (e), (f) Electroluminescence microscope

photos of the QLED device at 3.8 V operating voltage.

T AR TR e AT AR/ IS, o ] A5 0t JR B, 4
W T ZnO L1550 2 i 4 B fLIR BEAT 1 F
T BOR N X AN K.

R T RGCHENE N R A A AR Ak, AT X
FHLFREIE 4T (X-ray photoelectron spectrosco-
py, XPS) ok FRAE AR A 10 7T R LA KA 281k
¥ ZnO FBIKIERTE ITO HAR a, b, ¢ |, fE2SH

Ay BITRCE 0, 30, 60 min, LAMSEAEIITENRRES.
T HEBR S SR A SRR R B0, PR IR SR
IKIFAR d 7EFER B Ny 40U HBCE 30 min, 2
JEB A R G T B TR RIAR KA S, R AT
1) XPS i &84k, N JoR iRk an il 3(a) fir
IR, G N 43R 399 eV 5 402.3 eV, 435X}
NP N ORI IE ALY N R, N JTERLE ZnO
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HZ LIBCAR EA MIEUFTE. EA 9 BUABC A, 7
Ui 3 S 3 T 5 ZnO R R AR BT, B
FLPC A7 1% 402.3 eV 1. [ iRl A8 4k,
W 0 TR RS D5, 5 03 I %, I HaX R
PAET-EF T KSRAEAE, VLI LI AN 32 PR 85 1) 5%
M. Zn JGE BIEN AR L AN K 3(b) fiR, fEFEH
Hh i 4 BTSSP ANAR | (DK R E 25 S
HROCE I I 57 WS BCAT %, 60 min J57E 1023 eV 4k
Z T —A/N, PEiIE AT RE e T ZnO KWL A
TREZRIENSERE DL MEFERTHT
PR RSN B K E N TE S ik O JOE MG AF
L 3(c) s, Al 3 Ig R 529 eV, 530.5 eV Fl
532 eV, 3l AR 1 d st 4, s AR
HR. T LL& BB A AE 25 SR BCE R R G, AR 3R
A PN AW BT, SRR T A% A, UL
ZnO RMERE T REMHEE. X 1B T O/Zn
000G AVATETR 2 O B 1 i <l 107 N5 N =2 s A
(1) 22 7 RS T A [, PR AT LB 2 2 1 O
J2 DS B T

Hy L AR B G mT LA AR s b B AR TR
BF & A FE . B AR LR EA 781z 3 i

PR, Hof RS 22 A e LA 1] o Rt s )l
MEE XPS 15 E 224k, T 402.3 eV 1) N I TR
FCAEan & 3(d) iz . Aj 10 min WA i AU R
K%, #| 20 min J5 FFEEIRER 20% L4, 25
A B ] FEL AR Al 850N DR I O 0 et R 2 e A A
HII 20 min. 5 R A5, i EORRS 5 5 R A AR
K, SULRIBT NG 240, W R AP £,
HNFR KB Ty W MAE L. SRy 1 ELARSRAE A0 B
i, K 532 eV AT E A A W i R AR L
(K 3(e)), KB IHAE 60 min PIEBAL FHpLk LT
R, VLB R B (R RE S Y, Bl 2 B
[ G, B A K S SRR . A 25 <o
ARG I AR A IS TR BB 2R SR S B 500, T
SCHTR A TE TP BR R SE 5 min 224 T A&
Jil BB B4 2= s B RS, DUAE A R AR Bl e )
HEIPR R A ST fE TR i kA
F 1 AFEEMETH Zn0 WETHY O F1 Zn JCE
Fiti
Table 1.
ZnO thin films under different conditions.

Content ratio of O and Zn elements in

30 min 60 min 30 min
3 i G = 73 [ vacuum in air in air in N,
%, BUEEAMKEE EA BRI ZnO &1 A 2
s 4 S % N P EL = O/Zn 1.32 2.01 2.48 1.13
Dy AR, RAWIRRE. T &R EA /
(a) N.vacuum (bu (c) O.vacuum
w W\/WMMWW w w / N\
B P T S T S S ST B L T ! ! B T T P— T T T
=) . . =) . R =) . R
= Wr = J\fi?ﬂtnm air = 0.30 min in air
el el el f s Y
— — —
< L f L L L L L L L L < f 1 L f ® T T T T
~ ~ ~
'j; N.60 min in air % N Zn.60 min in air ? 0.60 min in air
p z PN E
5 N.30 min in Ny = Zn.30 min in Ny A 0.30 min in Ny
1 1 1 1 1 1 1 1 1 1 1 1 1 ILI 1
392 396 400 404 408 412 1010 1020 1030 1040 1050 1060 526 528 530 532 534 536 538 540
Binding energy/eV Binding energy/eV Binding energy/eV
1 (d)
wn wn
h b=t
=] =]
=] =}
= | w0557 =
~ ~
z 0.405 z
g 0.285 g
8 0.253 . g
=] \./ g
= 0.195 =

0 10 20 30 40 50 60 70

Time/min

0 10 20 30 40 50 60 70

Time/min

B 3  (a)—(c) ZnOMEH N, Zn, O JLEAEMZI it (=10 nm EJ¥) B9 XPS J6i%. N ILE Y 402.3 eV AL IEAI A (d) 5 O L&
B 532 eV WAL T AR (e) BETEZS A rhCE I [ A2 1k (T BEAT H —fL Ak 2L
Fig. 3. (a)—(c) XPS spectra of N, Zn and O elements in ZnO films before and after argon etching (=10 nm depth). Peak area at

402.3 eV of element N (d) and 532 eV of element O (e) as a function of time in air (Normalized).
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AR A 2 1R C A 3t 7 5 7K SRR o T o ) B ] 4
FHAE . FERT 20 min A, BEPRME 7 51 & 1R T 4]
RETEEZM IR R, W25 MK M 2l
TR A PR B — AP, JESABEAL.

3.2 EDTA Efk3t ZnO EFSHRRE K
R
3.21 EDTA 4kt ZnO & F & F R 49
EAAC)

R T HGE R A RIS, HECR EDTA
YER B, il ZnO &1 2 7E M BT B g i 1
hngsE B TSR BIG, FEIR T S5 2 01T
B, 8T T S RO AR, T
2.2.1 A ARl kA EDTA BitEfY ZnO &
T, W mEERITED & JGaRF. EDTA Biki4iH
KA N T C R FiEdE, B4 N JEF L
P RIELE, H 5 Zn0 B F A ES R FE
KR IE VAT . AR A A R AR, R
Ib i BRI SEAL TR 28 BRSSP HRAE,
fiff BS B FRBE 5 AR AR 25 (W L AE ZnO 119 1010 [T B
W BFRE 73 51 R 1.39 eV 5 0.88 eV, AR HE 5

Amount

Amount

ZnO 5 55 B AR B AR €, H EDTA
BAT 253 304k, 4 50 KR EEI W 5 ZnO LA,
K 114 S A s R 1 23 ) o7 BEL O A T ZnO
TR A3 H (% S R R (transmission
electron microscope, TEM) 73 5I%} ZnO & ¥ 45
EDTA-ZnO 7 s AT, HARANE 4 B,
TR RS e 528 A AW EEH, EDTA-
ZnO MPRAE RSTIS /N, HAr A s 2. ZnO &+
SRS (K 4(a)) ZEMA EDTA J5 (K 4(c))
(eI R SR e

T ST P R T A R AN R B B G 8] 5 () B
N, BT B TR S o, i A AR
PR R B L 2 W LT 10 nm 224, AR SR
AL TR — . R & A I E
I, 5 Z AT 2(b) H A9 B SR TR AR B 28
HTRKM . K 5(d) FE 5(e) 1, AFM E&
HLTIE B T YA KRR B VA R AR BRI Rg (X
M 1.97 nm _EFZE 3.37 nm. @40 E ZnO
R XPS 1S E A, N IR gt 5] AR
PR, MACRFRIER) O TR 532 eV [HIE(L
TATFR B o 7 25 S0 0 B ) g 3 i B AR RS,
&l 5(b) Fras. ARFRIPIIEE K ETE . Sy Tk —

12

(b) [1ZnO
10

4 -
2+
0 . .
2.0 2.5 3.0 3.5 4.0 4.5 5.0
Distance/nm

(d) - [ EDTA-ZnO

A ﬂ
0 .
2.0 2.5 3.0 3.5 4.0 4.5 5.0
Distance/nm

Kl 4  ZnO &T 15 EDTA-ZnO & F £ TEM & (a), (c) SRR (b), (d)
Fig. 4. TEM images of ZnO quantum dots and EDTA-ZnO quantum dots (a), (c), Particle size distribution (b), (d).
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350

50

e 40 min (b) O.vacuum —~ 45 64 (c)
300F © F 0 min “ < \
ITO = o 40 %. 39.53
§ 250 1 3 Bl 34.62 -\.3427
£ : 3 \
2 200 < = 30 27.96
£ 150 3 in in ai Z \
Z - §> 0.60 min in air S 20f -% 20.5
o 0
ﬁ 100 5 ; L1313
2
50 F 3 = 10F o 70 =0.34
0 = —o— EDTA-ZnO
C 1 T T T T 1 1 1 1 1 1 1 1 0 1 1 1 1 1
40 50 60 70 80 90 100 110 526 528 530 532 534 536 538 540 0 1 2 3 4 5 6
Scanning length/pm Binding energy/eV Time/min
8.5 nm = 6.7 nm
10.1 nm P —6.6 nm
0 0 5
Height/pm Height/pm

Kl 5  EDTA-ZnO 7T B 5 7 B 5 2025 T 488 K 5 28 S0 iCE 40 min J5 T4 & R TR 4 (a) 5 AFM B4 (d), (e);
(b) EDTA-ZnO M g O JTTEAE TN (=10 nm F ) B9 XPS Y6i%; (c) ZnO 5 EDTA-ZnO T 6 7K 42 fik £ B ik 18] 2% 4k iy £&

Fig. 5. Surface profilers image (a) and AFM image (d), (e) of EDTA-ZnO printed film after direct vacuum drying annealing and

40 minutes of drying annealing in air; (b) XPS spectra of O elements in EDTA-ZnO films etched with argon at ~10 nm depth;
(c) water contact angle curve of ZnO and EDTA-ZnO films with time.

A EE T R AN ], 4 S0 00 e S K 2 ik 7 590K
Ea AN E 5(c) B, M2 BT7KIEAE ZnO
T 1 I 0 e A £ 5K (EL R ) N ik £
SN, W AWIRETT. T ZnO &S A
BT, ALABVER—AKIr T8 AL I il
JE R . ZnO WERRAE 5 min 2247 e fl fA N R 2
10°LLF, #EMAEJEEHR Y ZnO &1 5 B L FEAR Y
fit. 1 EDTA-ZnO W EAE 5 min J& 3 il f KSR TE
20°/5 4, 2 R T BI85 b K M T T A D
TR

B T OXHFT B AR e M P2 T, EDTA A< &
X ZnO gt A B S G E A, X n] DL it
ZnO FERFEECE LR (photoluminescence spe-
ctroscopy, PL) 82IEM. ZnO & ¥ 5 7EZ) 546 nm
AL FEFE W 1) . BARZ RS B HLER IR AN+ 43
THAE, A A R ORI T ZnO JRREEREG 2725, 4n

&l 6(a) Bi7~, EDTA-ZnO & F 57 AR Y PL 5
JEA BT, IERA EDTA i S04 s sl Ak 7 H 3
MG, i1 A2 5T EmZ M, k4
AT ILAR, B 7 N1 U2 A R A 1%
2, A TR R i RO IR, AR AR AR Y
R A, AR PLQY LA ST 5 iy 129500,
73 M RQDs 78 A7 & 5 i 5 W0 A i, 1 1% i )2
% B FRCR (photoluminescence quantum
yvield, PLQY) &5 5 41& 6(b), 7F ZnO 2 LHEWR
T RUZE PLQY HCEHEER AR T 19% £ 471,
1M 7 EDTA-ZnO Bk 7 10% A4 . PLQY YK
FAUEN] H R TS LR RS, XA EUOLT

W AE RAR KA PE .l FH I R] 73 BB
3% (time-resolved PL spectroscopy, TRPL) 1] i
— I MEEX — i, MRL G S =l i
WA &l 6(c) Uis.
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100
(a) — ZnO 90 L
3 — EDTA-ZnO g0k
&g < TOF
23 S ool
=< 5 s0f
g2 — 40 F
§ g ~ 30
z 2
k= 20 ¢
10
. . . 0
400 500 600 700 800 ©O°
Q
Wavelength/nm ,Qq)\
"
Q"\z

104

(c) — Quartz/QDs
— EDTA-ZnO/QDs
— 7Zn0/QDs

Counts

101 . . . .
0?6 0 100 200 300 400 500

Time/ns

B 6 (a) ZnO 5 EDTA-ZnO KA PL & 535 Bl 2006 &8 F 8 50 9 76 A4 9364 . ZnO FEAR . EDTA-ZnO e I8 i iR f5 1Y

PLQY Xf Lt (b) 1 TRPL £k (c)

Fig. 6. (a) PL emission spectra of ZnO and EDTA-ZnO films; PLQY contrast (b) and TRPL curves (c¢) of red quantum dots coated

on quartz substrate, ZnO substrate and EDTA-ZnO substrate.
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Table 2.  Transient fluorescence lifetime fitting paramet-
ers of RQDs on different ETLs.

Sample Tao/Ds Ay Ti/ns Ay Ty/ns
Quartz/QDs 62.90 35 15.36 64 89.86
Zn0/QDs 51.14 43 12.54 56 80.31
EDTA-ZnO/QDs 59.61 36 13.67 63 86.34
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Fig. 7. J-V-L curves (a) and CE-L curves (b) of ZnO and EDTA-ZnO thin film spin coating device; (c¢) J-V curves of single carrier
device; J-V-L curves (d), CE-L curves (e), electroluminescence microscope photos (f), (g) of inkjet printing devices prepared by ZnO

and EDTA-ZnO thin films after direct vacuum drying annealing and drying annealing in air for 40 min.
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Table 3. Performance of inkjet printing devices
prepared by ZnO and EDTA-ZnO films after drying
annealing in vacuum and drying annealing after

40 min in air.

ETL Vo/V (Cchjffl/) ( CLdnjfrxl/Q)
Zn0 2.2 7.54 53773
EDTA-ZnO 2.2 9.24 64373
ZnO (40 min in air) 2.8 3.59 21474
EDTA-Zn0O 2.2 6.82 22592

(40 min in air)
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Abstract

Inkjet printing as a contact-free, high material utilization, low cost, patternable solution processing

technology, may become the future color quantum-dot light-emitting diodes (QLED) production of the key

technology. However, owing to the existence of the pixel structure of the substrate array, the film prepared by

inkjet printing technology is not so smooth and uniform as that by spin coating technology, which affects the

luminescence performance of the device. Therefore, it is necessary to study the film forming mechanism and

process of inkjet printing. In order to solve the above problems, this paper focuses on the material and process

problems of preparing high-quality electronic transport layer ZnO thin films by inkjet printing. From the

perspective of ligand, the ZnO quantum dot material, which is an indispensable electron transport layer, is
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optimized to prepare the thin films with good morphology and stability in air, and the methods to improve the
performances of inkjet printing QLED devices are explored. Firstly, the drying process and influence mechanism
of ZnO quantum dot ink in air are investigated. As the thickness of ZnO quantum dot film prepared by inkjet
printing increases, the film becomes loose and the surface becomes rough with the continuous extension of the
time in the air. These changes make the efficiency of the QLED device decrease and the luminous region
uneven. The reason for this phenomenon is that after the ZnO quantum dots are printed into the pixel pit, the
random Brownian motion of quantum dots will continue in the process of solvent evaporation. In this process,
the ligand ethanolamine connected to the surface of ZnO quantum dots will fall off with the movement and
cannot play the role in dispersing the quantum dots. Besides, the external water oxygen and carbon dioxide
attach to the film. The combination between the two effects makes the ZnO quantum dots aggregate into large
particles and the film becomes loose and porous. In this paper, we use ethylenediamine tetraacetic acid (EDTA)
as ligand to synthesize ZnO quantum dots, which can effectively improve this phenomenon. The carboxyl group
at the end of EDTA is more stable in connection with ZnO quantum dots. Moreover, the EDTA has multiple
branch chains, which makes it have steric hindrance effect and can disperse ZnO effectively. A smooth and
compact film with a roughness of 1.97 nm is prepared by inkjet printing. After 40 min exposure to air, the film
is still able to maintain a stable morphology. Then, based on the EDTA-ZnO quantum dots synthesized above,
red QLED devices with optimized performance are prepared. The current efficiency of the spin-coating device is
16.8 ¢d/A, which is better than that of the ZnO quantum dots before modification. The EDTA ligand
passivates the surface defects of ZnO, alleviates the quenching phenomenon when contacting red quantum dots,
and improves the fluorescence quantum efficiency and transient fluorescence lifetime of quantum dots on the
electron transport layer. In addition, the EDTA regulates the carrier transport performance, making the carrier
recombination of the device more balanced. In the inkjet printing device, the improvement of device morphology
plays a leading role in improving the performance. The inkjet printing QLED based on EDTA-ZnO achieves a
current efficiency of 9.24 ¢d/A, and maintains a current efficiency of 6.82 cd/A after 40 min in air, which are
23% and 89% higher than those of the control device. This work provides a reference for solving the problems of
film thickness increase and morphology variation caused by particle agglomeration in the preparation of large

area devices in inkjet printing.
Keywords: inkjet printing, agglomeration of particles, ligand detaching process, light emitting diode
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