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Ink Formulation of Quantum Dots in Ink Jet Printing
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Abstract; In this paper, a two-solvent quantum dot ink system based on cyclohexylbenzene and oc-
tadecene was designed, and the film formation and luminescent properties of green quantum dots
(QDs) with CdSe @ ZnS/ZnS core/shell structure were investigated. The double solvent ink de-
signed with high boiling point, low surface tension of octadecene and high boiling point, low surface
tension of cyclohexylbenzene benzene can enhance the Marangoni effect, weaken the quantum dots
accumulation on the edge of the pixel pits, and uniform pixel QDs films were achieved. The green
quantum dot array light-emitting device with upside-down and top-emitting structure was fabricated
with the threshold voltage of 2.7 V, a maximum brightness of 132 510 ¢d/m” and a maximum exter-
nal quantum efficiency of 14.0% . The results may provide a reference for the preparation of high-

performance QD-LEDs array by inkjet printing technology.
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Fig. 1 Schematic diagram of pixel structure substrate with
240 PPI resolution. ( a) Planar dimensions of indi-
vidual pixels. (b) Cross-section in the direction of

narrow edges.
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Fig.2 Device structure diagram
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Fig.3  Morphology of quantum dot films
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Fig.4 Morphology of quantum dot films from the ink with different CHB content in pixel pits

MFE 1 AJ40, 2% CHB: ODE = 10: OB, & 1 &4
W UG R e, HA 11,9 nm, U R +
20% B TERE b A 103 pm, 18 R BUE R
YLFER 23 wm, THEAR RIS RS 45%
A i R AR T 0 G ME ™ R PO DR
R UG R BB B R S ]
WP ERRA . B SRKIR R T ODE & i iy
HEN, v JEERE SRR N, A AT BRI 1 2k HE
PRGN, 1 S e 4 05w /b |

T R R R (34 5 AR 4, 4 CHB: ODE =7: 3
B, IR A A R B A B B R Y 21. 7 pum,
RI5EIRF] 94% , 24 CHB: ODE =6: 4}, & - 1 3
FEEFR T S AT A TR A

SIS ARBTG5
ST RS 5 A R RSB AEAR R A R
T SRS R SRR S . o T i
FRMNH G BME R GG, 75 S0 IOBH N
BB H AT 2L R



884 K St

¥R Fa2 B

&1 7F[FE CHB 2EEXKITHHEFRERERSH
Tab.1 Morphology parameters of quantum dot films printed

by inks with different CHB contents

TR AR

BRI ¥k
h/nm W/ pm
CHB: ODE =10:0 12.0 10.3 45%
CHB: ODE =9:1 12.8 14.2 62%
CHB: ODE =8:2 14.5 18.0 85%
CHB: ODE =7:3 15.6 21.7 94%
CHB: ODE =6:4 17.3 21.5 86%
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Tab.2  Boiling point, surface tension and other physical pa-
rameters of CHB and ODE

. ks Rk, R/ R
C (mN-+m™) cP (g-mL™")

CHB 238 34.5 3.14 0.95

ODE 314 28.1 3.60 0.79
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Fig.5 Surface tension, viscosity and contact angle on ZnO

of different proportions of inks.
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Fig.6  Schematic diagram of contact angle of quantum dot

ink on ZnO substrate. (a)Schematic diagram of con-
tact angle of ink on flat ZnO substrate. (b)Schemat-
ic diagram of contact angle of pixel pit substrate with

ink painted on ZnO.
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Fig. 7  Diagram of Marangoni flow and capillary flow direc-

tions of droplet in the pixel pit
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Fig.8 Diagram of EL emission driving at 4 V from the de-

vices printed by using inks with different ODE pro-

portions
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Fig. 9 Comparison of effective width and actual EL emission

width of printed films from inks with different proportions
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Fig. 10  Electrical characteristics curves of printed devices and spin coated devices with different ink proportions. (a) J-V-L

(b)CE-J curve.

curve.
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Performance summary of ink printing devices and

spin coating devices with different proportions
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Tab.4  Performance summary of inkjet printing pixel struc-

ture QLED device

o~ CE,../ R/ GrHER/ CE,../ [~
A V/V EQE,,, ref
(cd »m™) (ed - A7Y) nm PPI (ed+A™") (ed+-m™)
CHB 100% 2.8 56 154 29 7.0 634 73 0.29 2 500 [30]
CHB 90% 2.7 78 995 44 10.7 504 120 4.5 12 000 [25]
CHB 80% 2.7 84 022 50 12.1
630 73 4.4 12 100 [26]
CHB 70% 2.7 132 510 58 14.0
CHB 60% 2.8 95 519 47 11.3 548 500 2.8 3000 [27]
WY 2.6 323 197 69 16.6 524 240 58.0 132 510 This work
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SR 2 R e S BRI R R QD
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MEBIEA AR FEMERE T BRI 240 PPI

Z % X #.
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