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Abstract

Organic light-emitting diodes (OLED) attracted many interests for their excellent performance. In
this article, we enhance out-coupling devices with three methods: 1) Modified substrate; 2) Coated
sphere-substrate outside the glass; 3) Pasting PVA film outside the glass. Through the observation of
the appearance of them by microscope, SEM and AFM, all devices have high out-coupling efficiency,
in which rough devices have slight improvement and different devices have different appearance.
Sphere-substrate devices have great improvement and different devices have similar appearance.
Devices with PVA film are simple and stable.
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FOLEDSAFRISMEA: 1) ERITE; 2) EIHBSINSAAIMAIER: 3) EFBIMEPVATIE. 78T B
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AHLEBUR O A (OLED) B A M . 4tk E &6 Bt F e . R, 3K5) B ER(3-12V).
RIIHE . AR EAAE SR R ARG Bl 58 e v] S22k R 551 2 R ERe, 18
RIS A Tz BN AT 51 [3]

OLED Mk & H A5 2ff OLED #8F[1AE 7= A KKK, KAFama MR L, & OLED #8434
WA RR W52 3615 OLED #814 F FH 75 iy CL & i b 5588 o 2 i B g B8 1 i i, e 77
OLED miMkAb i iEfe . 28 edr ki o N FH T OLED MBASSPF, BTN, ZOMR R EERLRH TR
G RN, MHEESETENE AR TA ST+ R & 25%, XHiEeE 4i OLED MIRKER N & T30
R 25%. BEesfF FEFE LB TEEROL, (HRHT =48 - 8B NBTFHE RN, #AT
OLED ®itad ki k. Jok, BiEE&IK OLED Bita RS IA RI4EH, #)t OLED &#iz LT
OLED KJERIIsE s . HEl, EREABE OLED 444 1T LU OLED #5£F P & 1205 1 25%4& &1 it
100%, XA~ —ANERIITML, (HEF 0 AOCBERATIR R K120 OLED R AL 3ERE i) 32 2 K 2K [4]-[6] -
B AT T OLED 2 MIaYIFE K, 4 s df it RO R O BN T — AN B Z BB 78 77 1)

K 2 XL G 45 M) OLED BEAT SR AN, #84E SR~ 2E e T R A B 3 2 — RS Hi 5t
FIERAEAL, AR E FERE MIE S0 34.2% 81 46.9%, L Z VLA I 80%[KIMLTE AN
A S B B AL I T AR R, ASBERS A RO S BB R AMER (7] HHUE AT L, R OLED K
SRR AL R AR AR BT T LA, R T N A i S AN 1 TO/ LA i 5 B R T R b
PORRAMEARE R, AT A8 A o= 2B 10 7 58 22 Ml HE S B B8 AR AT . Aok OO SR BoR AT K = 1
F[8]-[14], #& ERAHTRI A NLLTF LR 1) W B EAR T O s SCR AN R TR 2) N
5 BAE ST 5 28 5 BB S AR T S B A (AR, SRS IR TBE R BRI I, W]k B A gl A U
el AR 3) RADG T SR . AN SCANHT PRI A T 500 SRR & T v S S A e 1) OB R, R TN
ke T AR ) Tk 2B = B B i 47
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ol D> AR PR 47 S 39 45 75 V5 SB[ 15]-[ 18] o 389 TN 35 FE A 0y RELIRE B 2 A0 P IO TR B, G HE N U 2 e i
ZRHU T DG AR SR 2 0 P AL T 1A% 0006 3 2O AT 5, TS BRI e H K.
TSI T BRG], AR HLIRATRA T 2EARST B (K idok S e A I DR R . & iE s % 1TO BY
AR B R MR b e, ZERRTIM AT A Y . K 1TO BEENUR B 7E BAT A 12 om 11k
M, S HWE, EETK, SRR 30 8. 4 ITO BB, AMAART&H . BUHP T
ITO BEHEIEMR, FEH P —> 1TO BT A BIE A ST G NIRD, H 38— 1ITO SR A BB I
Wi, BISIEEEEPIA 1ITO B 3 70%h, FHERB KU

2.1.2. AT RKAIEK

U IR T R AR, IR M. AR B AR Qg N OB PR A, 2
WS BT AR AR B o BT P U 5 T iR A A O L iR TR R & SR I ) 46 U5 12
A — N ICRE R AR S R TR I, FATRA 7 —Fogr (421 i _E b AT s
AL R B ) 26 710 . AEELAR 12 om (RS TR BN 600 ml 192 & 1K, R E — M S E
129 10 cm BFRVUS CIRIR . (R HLIHBCE —A> 85-2 B HESEHET, LA 10 %%/00 B K BEREAT Hik, 7E)e
PR A 2 — AR BYIER » AR ELAR [ 5.3 7 FLECBURL (0.8 pm, 1.38 pum, 2.0 pm) il 7> HOR & SRS A
B SRR T BT LLE Y, OB AR RORRAE (R 22/ T 4% B R RURL, ] LR = R R R
F 2.5%, FIREST a5 B ROER BN b o B A HIAE 8 mI AN DL G fE K i A= 28 L. BRAA
HGEY BOL R T 5K SR . BEEROR I AWEN, MR ORI S S EAKII A
it HLAE ) (R B AR AT B S A I, A5 R BOR FVE N, TRIIN, SRR AR A I E . ks DGR P IR A
RAHEWREG IS QIR SERHRE T ARS8 7K, SR e H A B 1 35 5
Heb Je e 3 A G ] AR L 2 B DA 20k 2 m 16 T2 38 T AR N B, AR A Y JBAE A U ) 4 T TS o

2.1.3. BZHEESER

BT R CIGEE(PVAY TR 575 &b — i i S AT 5 38 0 8% 48 e R 10 )5 v, Horp BRATTR A 1
WL P EEFAR AT AN RITESR, B0 28 IO 5 S S 3R AN [ 3k 1 o et th IR S i AN [R] o (H e 28 82
Xt g R A AN FIRL S (0 . PVA SRR ML I 4] 1 iR .

2.2. SafHI&

N T R AIE B FROGHCE TR B G R R AUSCR L, BRATH A T VAN AR SO AR A
A, B, C, D. HHRIE&AEM BN fac-tris-(2-phenylpyridine)-iridium(Ir(ppy)3): &% EAK RN 1,3,5-tris
(2-N-phenylbenzimidazolyl) benzene(TPBi): 7= 7X\AL %)=y 4,4,4-tris(N-(2-naphthyl)-N-phenyl-amino) tri-
phenylamine(2-TNATA); HL T£4i)/Z N 4,7-diphenyl-1,10-phenanthroline (BPhen). #&F&5#H0 T

B A 1 TO FEAR/2-TNATA(45 nm)/TPBI:10% Ir(ppy)3 (30 nm)/Bphen(25 nm)/LiF(0.3 nm)/Al(100 nm).

WA B: 4T ITO M -1/2-TNATA(45 nm)/TPBi:10% Ir(ppy)3 (30 nm)/Bphen(25 nm)/LiF(0.3
nm)/AI(100 nm).

2 Co SORIER - 38 1TO JEAR-1/2-TNATA(45 nm)/TPBi:10% Ir(ppy)3 (30 nm)/Bphen(25 nm)/LiF(0.3
nm)/AI(100 nm).

#2F D: PVA S - i@ 1TO JEAMRK-1/2-TNATA(45 nm)/TPBi:10% Ir(ppy)3 (30 nm)/Bphen(25
nm)/LiF(0.3 nm)/AI(100 nm),

#IEA, B, C, D RAMBISEEEH, NEFZEAIPERH KBS AR, 28445 A R
TPHEEAR, FHEF B SRR B 5 (I A, C EBIEMAN IR ORI ER, D TEBIIM PVA &
Ji, DU AL AN ] 2 s
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Figure 1. The preparation process of PVA conducting film
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Figure 2. The structures of four devices
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Figure 3. Optical microscope (a) Atomic force microscope (b)
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3.2. BRHERFMRERAE

5 R R a R . A S(a)BRATTAT LUR BB IE 1, #34FA 5 B, C el —FEmiE+T B 4
5 PVA S IEEA SUR G, (H2 2 C OGS Ul B ok Bk 281 A — e s, G
ATLAEH, REEHEE R Ir(ppy)3 o6, (HRPIEIEZ M KT 5nm A A ZES, XA REZ AR
BRAD I3 AN B A 2 R R A R e A s 28 Bl 5 B8 o

| 5(b)E AR R ZE N, 230 B L3 E A RIS R, Xtk T B 2 A AT
. 240F AL B I KR BERSS BN 44.8 cd/A A1 46.8 cd/A, T LAE T BE ITO M mT AR E 28 1E 11
. (Hig, HSUIRARTTEE, ANFEATEIR LS B2 SR IR SR A —R, XREFNTF T
BEAFAER IR KIIBENLYE, MRS 807 A R 25 B R M 22 . AR R BE R, Tohi ka8
H ORI . B C I K RO 50.7 cd/A, W] LA HGORIER 1TO JEAR T AR K 32 28 1 1 H e
2, X SE FUIR A ORI ER TR AT DUR IF B0 S HEAT Hr s ARG, SeBCH PERETE ALk I HL e 148 A 5
FLERENCE B M R TS 454, SRR R, SR Ede e, EH TR . fEAH F iR
BT, WL PVA S HKHFIRCR 53.5 cd/A, X ISR ISR AN N 19.5%. KN PVA S E

Figure 4. SEM of substrate with microsphere
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Figure 5. Spectrum (a) Efficiency of devices (b)
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