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Organic Light-Emitting Diodes Based on Deep-Blue
Exciplex for Plant Growth
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Abstract In order to obtain organic light-emitting diodes OLEDs that can be used in plant lighting and have red and
blue spectra, two typical carrier transport materials are used, N, N'-bis ( 1-naphthyl)-N, N'- Diphenyl-(1, 1'-
biphenyl)-4,4'-diamine (NPB) and 1,3, 5-tris(1-phenyl-1 H-benzo[d]imidazole-2- TPBi forms a deep blue exciplex
by interface contact or doping, and combines it with the red phosphorescent material Ir(DMP-1Q), (acac), and the
spectrum of the prepared OLED device meets the requirements of plant photosynthesis. By changing the thickness
of the spacer layer between the deep blue exciplex complex and the red light emitting layer in the device structure,
the blue/red light intensity ratio in the electroluminesence spectrum can be adjusted. On the basis of the structure of
exciplex formed by doping, the host material (mCP) is incorporated into the NPB: TPBi film to form a ternary
system, which reduces the quenching of exciton caused by carrier accumulation in the film. Under the experimental
conditions of a doping ratio of NPB: TPBi:mCP of 1:1:3, a turn-on voltage of 2.8 V, a brightness of 4528 cd/m”,
a current efficiency of 3.09 cd/A and an external quantum efficiency of 6.96 % are obtained.

Key words optical devices; organic light-emitting diodes; plant lighting; exciplex; ternary system
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Fig. 1 Principle and characterization of exciplex produced by NPB and TPBi. (a) Principle of excimer generation

at NPB/TPBi interface; (b) normalized PL spectra of NPB and TPBi monolayers and NPB: TPBi(1:1) hybrid film
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Fig. 2 Characterization of films and devices. (a) Comparison of absorption spectrum of Ir(DMP-1Q), (acac) film and

PL spectrum of NPB: TPBi (1:1) hybrid film; (b) normalized EL spectrum of device A; (c¢) CIE coordinates of device A
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Fig. 3 Structure of device B and molecular structure of corresponding materials. (a) Structure of device B;

(b) chemical structures of organic materials used in device B
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Fig. 4 Performance comparison of device A and device B. (a) Characteristic curves of luminance and voltage; (b) characteristic

curves of current density and current efficiency; (c) characteristic curves of current density and EQE; (d) normalized EL spectra
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Fig. 5 Performance comparison of device A and device B. (a) Energy level diagram of device C;

(b) EL spectrum and CIE image of device C
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Fig. 6 Characterization of EL luminescence performance of devices D1-D4. (a) Normalized EL spectra of devices D1-D4;

(b) light-emitting color of devices D1-D4; (c¢) normalized EL spectra of devices with spacer layer thickness of 5, 10, 15 nm

#1 W A~DWERRESEOT T
Table 1 Comparison of performance parameters of device A—D
- _ Maximum Maximum )
Device Vo / VY Lo/ Cedem *)® CE /(cd-A™H® EQE /%
CE /(cd*A™") EOE /%
A 3.7 2101 1.02 1.97 0. 88 1. 82
B 5.1 5390 3. 36 6. 80 2.75 5.72
C 4.0 1925 1.69 1.21 0. 50 0. 35
D1 3.6 1881 0.92 2.04 0. 90 1.99
D2 3.5 2079 1.62 3.70 1. 22 2.52
D3 3.6 2365 2.13 4. 33 0.97 1.68
D4 3.8 2475 1.02 2.40 0. 84 1. 81

7 : Dturn-on voltage at 1 cd/m”; @maximum luminance of device; @efficiency at 100 c¢d/m”,
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Fig. 7 Schematic of relative energy levels of

luminescent materials
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TPBi:mCP(1:1:y, y=1,2,3,4,8) (10 nm)/Ir
(DMP-1Q), (acac) (0. 5 nm)/TPBi (30 nm)/Liq
(1 nm)/AlI(100 nm) , iR mCP fr & LBl i 1:1:1
F 1:1: 8 F v 4 E1~ES5, BAKI 25 Mg 2
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Table 2 Performance parameters of device E and device C

Bl 7 Sk s 0 v 32 28 R 6 A R AR X RE om B
K. NPB 5 TPBi B ML G HA 2. 85 eV
[ BALR BB (E I 2. 80 eV I =L B REL (E ),
W #2406 M R Ir (DMP-1Q), Cacac) B E+
(2.10 eV) &, L 2 AW 0 = A8 e 7t fl R
LR EAA 7 1% 3 B Ir (DMP-1Q), (acac) 7,
XA R T RN E R E NS 4 nm 5,
WL A RE L R & 1% 3 B 20 B 6 Rt
LR EL JERE LA AR S . Ah B
BEE AWML S S AR 2 AEq UH
0.05 eV, ik — Ml 5 0 iz E A5 %W
OLED g PFAR 1T fils 31 A5 4 I A Bk sl ey J7

£ NPB: TPBi B4 2 . i o Hh k&
IKH 2B AWM AERECHEE AW WIEEEY
(I RE 23 £ 3 ) Ir(DMP-1Q) , (acac) # 7 2 | 1M i
RLER B RGBT NPB 5 TPBI & 1: 14824,
PN R v B 2o i 23 5 R = A I HERR
TR T AR 28 B P RE

- ) Maximum Maximum
Device V,./V® L.../Ccdem Y CE /(cdeA DO EQE /%
CE /(cd*A™) EQE /%
C 4.0 1925 1. 69 1.21 0.50 0.35
El 2.8 2846 1.32 3.05 1.20 2.85
E2 2.9 3362 2.24 5.32 2.03 4.70
E3 2.8 4528 3.09 6.96 2. 90 6.70
E4 3.2 3478 2.62 6.23 2.05 4. 82
E5 3.2 3846 2.28 5.32 2.01 4. 81

£ : @turn-on voltage at 1 ¢d/m’; @maximum luminance of device; @efficiency at 100 cd/m? .

gia 3k 2 ME 8 TLIE Y, mCP £ = ok & h E3 Bk g ik 2 . 52 B R ACE M EQE 43 51 R
FBI BB N 12118 1:1:8) Ji, s fFPEfig 4528 ¢d/m”.3.09 cd/A F16.96%.,
M T RKB 2 mCP W& C AW R EFA. Y Kl 8(d) K E1~ES5 fIH—14k EL J6i%,5 > as i
NPB: TPBi: mCP =& Y84 [l 1: 1 30}, 45 fR WA 3 P K — B0, #4440 nm 5 640 nm, {5 2§ £
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Fig. 8 Performance curves of devices E1-E5. (a) Luminance and voltage; (b) current efficiency and current density;

(c) EQE and current density; (d) normalized EL spectra
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B IR L BIE— BRI LB R R R Y
mCP (35 4% L3t /N 8 bl 3 B R 2K i K e o
P o T BEATG A 1 PR 6B 5 248 26 L) R R T
WM T HERNEA AN TRt s
PEPERERY SR, A SCHE =0k R k2 mCP 145
ZRHCBI N 1:1:1%) 1:1:8 ). 15 B AY 200 25 A5 &

FEA2E FA4H/2022 F2 B/RFEER
PSR A % B¢, B 24 NPB: TPBi: mCP =¥ 14
A LA s 1: 30, 284 A Pk g3k B R4

16T H AT NPB: TPBi: mCP = #1524 5] Ky 1
1:3f9 4T . 9 T HIFSE NPB: TPBI i e i35 2% Lo 4]
AR T 2 S1~S5. 28 1F 454 1TTO/HAT-CN
(20 nm)/NPB (20 nm)/NPB: TPBi: MCP (10 nm.
a*b:3)/RD(0. 5 nm)/TPBi(30 nm)/Liq(1 nm)/Al
(100 nm) , . RD 2l Ir(DMP-1Q), (acac) , HRIE a:b
FE 381 6 ik /N R WK iy 45 S1~ S5, 5 AN 2 £F h NPB:
TPBi: mCP W4 b 73 5l y4:1:3.2:1:3,1:1:3 .1+
2030 1:4: 3, HorP g8 S3 XA E3, 2l 45
SERLG » E AR R 0 25 1 R o e ik A7 SR AE L S AE 2 50
F 3R, K10 Nk S1~S5 128 B 5 i R L HL i
ROR S L % E VEQE 5 H % B R i £ DL & e
—4k EL i,

# 3 ek S1~S5 Mtk RES

Table 3 Performance parameters of device S1-S5

o Y Maximum Maximum _
Device Vo./V¥ L.../Ccdem “)~ 1 . CE /(cdsA™H® EQE /%
CE /(cd*A™") EQE /%
S, 3.3 880 0. 66 1.52 0.57 1. 32
S, 3.2 1744 1.93 4,28 1.41 2. 80
S, (Ey) 2.8 4528 3.09 6.96 2.90 6.70
S, 3.2 2889 2.76 5.37 2.42 4.90
S, 3.4 1832 1.75 4.08 1.21 2.70

¥ :Dturn-on voltage at 1 ¢d/m”; @maximum luminance of device; @efficiency at 100 c¢d/m”,
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Fig. 10 Performance curves of device SI-S5. (a) Luminance and voltage; (b) current efficiency and current density;
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