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Fig. 1. Schematic diagram of microcavity device.
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20k A) ITO/AL/ITO/HILL (20 nm)/HTL1
(X nm)/B-EML1 (20 nm, 5%)/ETL1 (35 nm)/
CGL (15 nm)/HIL2 (20 nm)/HTL2 (10 nm)/B-
EML2 (20 nm, 5%)/ETL2 (35 nm)/LiF (1 nm)/
Mg:Ag (15 nm, 9:1)/CPL (65 nm).

Horp) HIL 245 25 7CF A JZ (hole injection
layer), HIL1 A HLzEHE8 K} dipyrazino[2,3-£:2',3'-
h]quinoxaline-2,3,6,7,10,11-hexacarbonitrile(HAT-
CN), HIL2 A P79 #4 ¥t N,N’-di-[(1-naphthal
enyl)-N,N"-diphenyl]-(1, 1-bi-phenyl)-4,4"-diamine
(NPB); HTL J&%5 7% #i)2 (hole transport layer),
HTL1 5 HTL2 ¥ 8 A HL 75 85 #F B} 4,4',4"-tris
(carbazol-9-yl)-triphenylamine (TCTA); EML /&
18 % )2 (emitting layer), B-EML1 5 B-EML2
74 9,10-di-(2-naphthyl)anthracene (ADN):4-di-
[4-(N,N-diphenyl)aMino|styryl-benzene (DSA-ph)
(ADN:DSA-ph); ETL /& 4§ . T £ 4l )2 (electron
transport layer), ETL1 5 ETL2 ¥ A HLZEHE M
#H,1'-(5-(4-(1H-benzo|d]imidazol-1-yl)phenyl)-[1,
1':3",1"-terphenyl]-4,4"-diyl)bis(1H-benzo[d]
imidazole) (TPBi); CGL A LiF (1 nm)/Al (5 nm)/
HAT-CN(9 nm); CPL /26t (capping layer),
& 8-Hydroxyquinolinolato-lithium (Liq). #F{FH
FHANREEMR T 25 RN 2 .

ARSI A B U ST F, XS rh a1
INIRESEA BRI 2T T PRI, ¥ SerE
Bt - 788% 50 nm APAHLERE, SA5HH Complete
EASE It A4z 7 B i A0 105 2 60 A5 BILZ€ A R
HAT-CN, NPB, TCTA, ADN:DSA-ph, TPBi,
Liq #4757 It i, 26 PR35 545
{HANEE 1 FT 80, SR SR AN TE 3 B, AR fF
BADSE R ANIA 4 Fzi.

096104-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 9 (2020) 096104

zn:i %Q%
o0

oo
S

0

HAT-CN NPB TCTA
TPBi DSA-ph Liq
K2 AHLBR 254 5K
Fig. 2. Molecular structure formula of organic materials.
F 1 CANBPERTI R
Table 1.  Refractive index of organic materials.
Prip
Pk /nm
HAT-CN NPB TCTA ADN DAS-ph TPBi Liq
465 2.02 2.05 1.96 2.09 1.96 1.70 1.85
545 1.92 1.94 1.88 1.89 1.88 1.66 1.79
620 1.88 1.89 1.85 1.83 1.85 1.64 1.76
2.8
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Fig. 3. Refractive index curve of organic materials.
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Fig. 4. Simulated electroluminescence (EL) performance of devices Al: (a) Influence of length of microcavity on CIEz, y of OLED;

(b) influence of length of microcavity on spectrum of OLED; (c) influence of length of microcavity on luminance of OLED.
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Fig. 5. Simulated EL performance of devices A2: (a) Influence of length of microcavity on CIEz, y of OLED; (b) influence of length

of microcavity on spectrum of OLED; (c) influence of length of microcavity on luminance of OLED.
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ITO/TPBi (35 nm)/LiF (1 nm)/Al (5 nm)/
HAT-CN (9 nm)/NPB (60 nm)/Al (150 nm).
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1) ToUR 5 BEAR AT 0k B EEAR AR Y et el | 25
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BT 180 C MyMLEE A L FR /KiK. 2) OLED ##f
Tl 28 e o VT v ) B AR A 3 30 B A R I A
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Fig. 6. Current density-voltage characteristics of device 1,
2 and 3.
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Fig. 7. Energy level diagram of charge generation layer.
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(125 nm)/B-EML1 (20 nm, 5%)/ETL1 (35 nm)/
CGL (15 nm)/HIL2 (20 nm)/HTL2 (10 nm)/B-
EML2 (20 nm, 5%)/ETL2 (35 nm)/LiF (1 nm)/
Mg:Ag (15 nm, 9:1)/ CPL (65 nm);

% Pk E) ITO/AL/ITO/HIL1 (20 nm)/HTL1
(245 nm)/B-EML1 (20 nm, 5%)/ETL1 (35 nm)/
CGL (15 nm)/HIL2 (20 nm)/HTL2 (10 nm)/B-
EML2 (20 nm, 5%)/ETL2 (35 nm)/LiF (1 nm)/
Mg:Ag (15 nm, 9:1)/CPL (65 nm).

I U A e o3 ol T A S B A G BT A B
WU S BT C, D, B, #3F C, D, EBR T
5\ A i )7 HTLL A IR AN ], 23510205 5 nm (45
f C). 125 nm (#F D). 245 nm (#71F E) LLAF,
FAWIIREIZ AR RIS | 1825 LA IR
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Fig. 8. The EL performance of devices A: (a) The spectrum characteristics; (b) the current efficiency-luminance characteristics;
(c) the current density-voltage characteristics.

F 2 anfh A IHATERESEL

Table 2. Performance parameters of device A.

Device@15 mA /cm? V/V L/cdm? CE/cd-A PE/lm-W! EQE/% CIEz CIEy
5 nm 6.76 1548 10.32 4.78 5.25 0.1372 0.0516
25 nm 7.11 1425 9.51 4.26 4.88 0.3463 0.4545
45 nm 7.42 1380 9.22 3.90 4.69 0.3425 0.6028
65 nm 8.30 615 4.13 1.61 2.20 0.3621 0.6218
85 nm 8.86 825 5.53 1.96 2.82 0.1375 0.0405
105 nm 9.51 1470 9.82 3.14 4.55 0.1318 0.4528
125 nm 10.21 1603 10.68 3.28 5.25 0.1369 0.0512
145 nm 10.80 1530 10.20 2.96 5.02 0.3326 0.4168
165 nm 11.11 1021 6.80 1.92 491 0.3463 0.4545
185 nm 11.32 634 4.23 1.16 2.32 0.3425 0.6028

205 nm 11.66 799 5.32 1.43 2.51 0.1375 0.0405
225 nm 11.98 1534 10.22 2.69 5.12 0.1310 0.4512
245 nm 12.34 1580 10.53 2.66 5.36 0.1369 0.0502
265 nm 12.62 1504 10.03 2.49 5.08 0.3512 0.4555
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B #C #FD FHFE

9 OLED #4485t A
Fig. 9. Device structure of OLED.
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W& 1 109 S 06 SR AN S8 R E Iy s AR BT
2 HTL1 BBRREN 125 nm B, gefFrERE R AT

K 10(c) RsfF B, C, D, E B HL L2 BT R
RORFEEMZR R AT LA Y S8 Y H i B 3
9 15 mA /em? B, 23+ B, C, D, E IR
4 5.51, 4.71, 4.57, 4.06 Im/W. X & i T #$4
MDA S A L TRACR IE L Sas R
FERUS FE, g Erh HTLA BREE A, g Ei
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Fig. 10. The EL performance of devices B, C, D and E: (a) The spectrum characteristics; (b) the current efficiency-luminance char-
acteristics; (c) the current density-power efficiency characteristics; (d) the current density- external quantum efficiency characterist-
ics; (e) the current density-voltage characteristics; (f) the lifetime characteristics @50 mA /cm?; (g) the lifetime characteristics

@15 mA /cm?; (h) the luminance-angle characteristics; (i) the spectrum-angle characteristics.
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#3  #MFB, C, D, EMIERESH
Table 3.  Performance parameters of devices B, C, D and E.
Device@15 mA /cm? V/V. L/edm? CE/cdA! PE/ImW! EQE/% CIEz CIEy LT95(h) @50 mA /cm?
B 3.71 978 6.52 5.51 4.08  0.1376 0.0514 58.26
C 6.87 1548 10.32 4.71 6.62  0.1372 0.0516 93.88
D 7.33 1603 10.68 4.58 6.86  0.1369 0.0512 140.65
E 8.12 1579 10.53 4.06 6.77  0.1369 0.0508 79.88
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Fig. 11. Molecular structure formula of organic materials.

ARTH % 5 B B % OLED g R AYASE IR 2%
A 12 FiR.

K12 S as G s PR Rt 2. mT LA
th: #8F Gt HTL1 ARSI, #5445 1 @ AL BR |
DG 5 kOGS B B R s i R Y
HTL1 (SR 1 nm (#34F H)., 121 nm (#8041
1 241 nm (8%4F J) i), SR0F A0 AOCREREAR — 2L,

096104-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B % 3R Acta Phys. Sin. Vol. 69, No. 9 (2020) 096104

2 W2 TR 59 6 R O 2% 10 19 28 Ak R I 24 o
120 nm.

T0L & 5 ER R LT OLED #8440 ) 52 B S 36 45 5
mE 13 Fizs, MEREE IR 4 fr).

K 13 R8sk F, H, 1, J 0928 S0 6 M 45
NER.

K 13(a) MESEEF, H, 1, J B OGHE R 26
ATDAVE H: BRI IE F R GIE S B 2 0 T
KSR E H, 1, J —2, DI BB R ER A5
HAN G ERITIIE R TAE. 24 HTL1 AR5
1,121 5 241 nm B, g8 B GRS SR R /NEAR
A GBI (E 43 ) A 460, 459, 459 nm K E &
A, VP LFh i ROt)E —  ROtE e
1238 Y VA W1 B S VA o o o9t S ) R S D

B 13(b) A T8 F, H, 1, J 0 HL i SCR-
SEREFREMZR R o LUE e SRR s T Y

0.7

15 mA /cm? i, 284 F, H, 1, J i 5 3508 5 1)
J 5.87,8.26, 11.22 5 10.32 cd /A, #8F T LT
BRI . ATREREH T HTLL &%, ml LLskse e
RGCZETHETF 52X E S, 1 nm ) HTLL
PRALAY 2 SUE R RE 1A, R 2 T N
B, ST RERL, B R T 810 &%
RO, 241 nm WAHE J T HTLL 805, 15
ABISE — KGR ITI 2 X T oAU, [FFEREIR
TR RO ERE.

K 13(c) A F, H, T, J A H 3 B - T3R5
AR v LUE 1 S35 R 4
15 mA /em? B, 2844 H, I, J B9 T R 50K 555 N
3.59, 4.57, 3.90 lm/W. B4R HTL1 &5 /34,
AR A F RS R, (AT 2808 5 H il R e
o, R n ks, #E— e T A TR

0.6l @
0.5}
0.4}
0.3
0.2+
0.1f

0

CIE

CIE z,y

200 240 280

Intensity/arb. units

2500

—— 11 nm 21 nm
— 41 nm —— 51 nm
— 71 nm — 81 nm
— 101 nm — 111 nm
131 nm 141 nm
—— 161 nm 171 nm
0 L L L
380 430 480 530 580 630 680 730 780

Wavelength/nm

-2

2000

1500

1000

Luminance/cd-m

500

Luminance

0 50 100
HTL1/nm

150 200 250

Bl 12 #F G ROEMREEIUIE  (a) AR BB KX OLED ##4 CIEz, y 9520 ; (b) AS[F] Y %) OLED 2844 & S 63 B 5% il ;

(c) ANTF B s K X OLED #5152 B 14 52 i

Fig. 12. Simulated EL performance of devices G: (a) Influence of the length of microcavity on CIEz, y of OLED; (b) influence of the

length of microcavity on spectrum of OLED; (c) influence of the length of microcavity on luminance of OLED.
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Fig. 13. The EL performance of devices F, H, I and J: (a) The spectrum characteristics; (b) the current efficiency-luminance charac-

teristics; (c) the current density-power efficiency characteristics; (d) the current density-external quantum efficiency characteristics;
(e) the current density-voltage characteristics; (f) the lifetime characteristics @50 mA /cm?.
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Table 4.

Performance parameters of devices F, H, I and J.

Device@15 mA /cm? V/V. L/edm? CE/cdA! PE/ImW! EQE/% CIEz CIEy LT95(h) @50 mA /cm?
F 3.90 880 5.87 4.72 3.05 0.1385 0.0504 46.12
H 7.21 1238 8.26 3.59 4.29 0.1383 0.0508 80.88
I 7.72 1683 11.22 4.57 5.86 0.1379 0.0511 93.21
J 8.31 1547 10.32 3.91 5.35 0.1378 0.0515 72.36
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Influence of microcavity effect on the performance of top
emission tandem blue organic light emitting devices
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Abstract

Comparing with traditional single organic light-emitting device (OLED), the luminance efficiency and
lifetime of tandem OLED are significantly improved. Therefore, it is of crucial importance to in depth study the
influence of microcavity effect on the performance of top emitting tandem OLED. In this paper, taking the blue
organic light emitting device for example, the change rule of optical and electrical properties of top-emitting
tandem blue-light device are studied by combining optical simulation with practical experiments. The specific
experiment is as follows. The top emitting tandem blue organic light devices are fabricated, in which the two
light-emitting layers are located at the first anti node and second anti node, the second anti node and third anti
node, and the third anti node and fourth anti node in the optical structure of the device respectively. It is found
that the performance of the device is better when the two emitting layers of the top-emitting tandem blue light
device are located at the second anti node and third anti node in the optical structure of the device respectively.
That is to say, when the current density of the device is 15 mA/cm?, the current efficiency of the device reaches
10.68 cd/A, color coordinate (CIEz, y) of the device is (0.14, 0.05), and the time of the brightness decreases
from 100% to 95% in 1091.55 hours, which is likely to be due to the fact that when the cavity length of the
device is long, it can not only improve the recombination rate of hole and electron in the first light-emitting
unit, weaken the surface plasmon polarition effect, reduce the influence of the fluctuation of the film thickness
on the cavity length of the device, but also play a role of wrapping partials to a certain extent, improve the
efficiency and prolong the device lifetime. The research results provide an important theoretical and data basis
for designing the top-emitting tandem blue light device with high efficiency and long lifetime. In the future, we
will continue to systematically and detailedly study the top emitting tandem organic light-emitting devices,
which will provide strong support for preparing the laminated devices with high efficiency long-lifetime, and

lower cost.
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