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2 of: A7) g nEA} Aol EldFo] 7Fsdt WU gre awe BHSH SIAF A
olofl ARIFroEMN LBAES FAAIZT EEF AH¥ L Langmuir-Blodgett (LB) 71&< °l &
slod gk FAEA F4T PMMAEAZS A8, o 24 WF A L] TFAYE F7Halel
av) o4 Z7stitt. olel¥ WHE L) FAL FE oA Aol FFE]IH WalMe T
& uhdol AzLFEglol] halAE Rolx|Al Ho, WFL YFE FYHE Hdlse] 738 E ol#7
e Aoz PztEct.

ABSTRACT: Quantum efficiency in a polymer electroluminescent device is significantly im-
proved by inserting thin insulating layers with the thickness of the tunneling range. Four
times higher quantum efficiency was obtained without the sacrifice of the operating voltage.
The Langmuir-Blodgett (LB) technique was successfully applied to form the thin and uni-
form tunneling barriers using PMMA. The enhancement is supposed to be due to the lower-
ing of the effective barrier height to electron injection while increasing the effective barrier
to hole injection. The effects improved the balanced injection of both charges into the light
emitting devices.

Keywords: quantum efficiency, polymer, electroluminescent device, tunneling barrier, Langmuir-
Blodgett films.
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Figure 1. Configuration of EL device.
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Figure 2. Current density vs electric field of EL devic-
es for different number of PMMA LB layers.
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Figure 3. Luminance as a function of voltage in EL
devices for different number of PMMA LB layers.
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Figure 4. Current dependence of luminance for EL
devices.
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Figure 5. Relative quantum efficiency and operating
voltage of EL devices for various thickness of PMMA
LB layers.
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Figure 6. EL spectra of EL devices.
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Figure 7. Schematic energy band model to illustrate
electroluminescence characteristics of the device. (a)
without PMMA LB layer, (b) 2nm, (¢) 6 nm, and
(d) thicker than 10 nm of PMMA LB layers (1 and 2
represent MEHPPV and PMMA, respectively).

Zo] LB ZF F71 371855 AR (AR A
ol A% HF)7F EEA "ot

HdZel PMMA LBY9E Adgezsy Mz F
ol 3 oAz P2 BAZ FAVE ofH W
Woll =48 g7ixle FFodrge oE2A vepd
oh. B A28l 39, PMMA LBZe] &AFAE
6~8nm HEo|t}. o7 Fig. 79 W= Fd2A
oleid = Utk FUHE HIFo] AFFA Y 4
AFo] ubd oz FEe LBFe] At F
Sof A3 Alle olz FAAHe] ATk 2,
= 2oz PA4E AxolAe) AR ol T o
) Ay e MEHPPVY M=t (LUMO ; lowest un-
occupied molecular orbital)9} F42] Adg4 2]

526

4.% 8 ¥-13 3 F

o) 2% oz ¥ PMMA LBgte] 2jg o
2) gyl 2o vehiA Ho F&HIH B
Z Alol9] olidz] AL JlElE vloloj A9 HAY
o] Ao wet dekx]Al "ot HAFo] FAYA
whe} 2o AM(PARY o4& axl A7ME
u) gkollA] AFE uie} Po| LFFolAe] At
£ Ropa)7] wel) LFFe =T oy £

24 9o zol7} Folx|A "Hek. FAl A
AZoMe] AYHFEe AN F, o] LAjellAig
23 A7 27l W) EHEY welM £7)
Z) &g vt sue BEdY A VR
3 Edy 7heAY #aell, tE dus F59
Aol wPFe) A=) Aolo BEH X g
go| Zrash HAZoAe) HYA 742 A% B
Y 7H54e) kel oleidt 7RI AAAAL
Mz A7} 6 nmrt B WiARe A E 4%
A AL WPslr) AlFshe Hol 2A e Flolt
(Fig. 3). 28y, 439 FA7} 919 SAFAR
o o FAANE 349 457 BRFY A=
B} Y& EAstr] w ol F&9 dFr) YA
Zo] A Alo]9 EHEH oz FHE I
=go] HA £, wEA, Ao A £A
Y0 wet Wt B3 Aol o AXA dot.

99} o] BAFoeN axte] WFF L gt
AT 7hssich. ddEe FA7F 6nm o]3d
Aol A2 Ao BARel BEEE T3}
= A BHEY FeA e Aol EAEHA ¥e
7499 2R, FF Fede HAFY #AV F
7VE4E &ute] Herl AXy| i Mz - ZF
o] wtg HAY 7FsAdel AXL AHRHLZ A
DBFEL HAF FA9 FUie A AXA "o
a3y, FHE) FA7F 8nm o) FAfe HA
Z0] A7} F7VE 8 Axle) Bdy sheie] 7
45 =lo] HAH o Axe] g el FopAA
s Aeg AYzEn.

4 8
B Ao 2FEZE MEHPPVS dHEZ

2 PMMA LBZE o]&3& ITO/MEHPPV/
PMMA/ALY] o|¥¥3+2E 7Hxl= EL &3& Al

Polymer(Korea) Vol. 20, No. 3, May 1996



Langmuir-Blodgett A% A% 7|23 122 429 2BEE A4

1Y ¥, 2759 T4E AR E£Y, A3
9 PMMA LBZ%e] %718 WsiA7|a4 22189
S4EsE un - BB 2ak9] 2F oI ES
A Rgir}.

A 26l BA3e) $AV} FHEsE
& A713L M o ARUSE Folyon], BA
Fo] YA (6~8nm)el £B8}7) Hol= BBE
g0 HA3 A% W FrhkEoU BATA o
gel HE ERaEL PAHoz Fadhe AFE
B3, o2 2AEL & ATl 7HEE eluiR]
HE 2d2A 25 dgo] 73t

#Atel 2: MEHPPV 22& 333l & 8=
F7ed A FF a5 A A A, J=ln 2 Q
Tl thEte] A FEE St FE FFHRFASTL
9] v} & wtA} aElm LBY o]Hel)] £&8 & A 4
€ A e ZAE =PUL o] d7E= FRF
AAE7| 29 Qo2 FHHASFU T

kY

oz 3

1. J. H. Burroughes, D. D. C. Bradley, A. R. Brown, R.
N. Marks, K. Mackay, R. H. Friend, P. L. Burns,
and A. B. Holmes, Nature, 347, 539 (1990).

2. D. Braun and A. J. Heeger, Appl. Phys. Leit., 58,
1982 (1991).

3. C. Zhang, S. Hoger, K. Pakbaz, F. Wudl, and A. J.

#20 AH20d A3% 19963 5¢

10.

11.

12.

13.

14.

15.

Heeger, J. Electron. Mater., 22, 413 (1993).

. T. Zyung, D. H. Hwang, I. N. Kang, H. K. Shim,

W.-Y. Hwang, and J.-J. Kim, Chem. Mater., 7 (8),
1499 (1995).

. I. N. Kang, D. H. Hwang, H. K. Shim, T. Zyung, and

J.-J. Kim, Macromolecules, 29, 165 (1996).

. W.Tachelet, S. Jacobs, H. Ndayikengurukiye, and H.

J. Geise, and J. Guner, Appl. Phys. Lett., 64, 2364
(1994).

. Z. Yang, 1. Sokolik, and F. E. Karasz, Macromole-

cules, 26, 1188 (1993).

. S. Aratani, C. Zhang, K. Pakbaz, S. Hoger, F. Wud],

and A. J. Heeger, J. Electron. Mater., 22, 745 (1994).

. N. C. Greenham, S. C. Moratti, D. D. C. Bradley, R.

H. Friend, and A. B. Holmes, Nature, 365, 628
(1993).

C. Zhang, S. Hoger, K. Pakbaz, B. Kraabel, H. W.
Schmidt, and A. J. Heeger, Synthetic Metals, 62, 35
(1994).

Y. Ohmori, C. Morishima, A. Fujii, and K. Yoshino,
Jpn. J. Appl. Phys., 33, L37 (1994).

J.-J. Kim, S.-D. Jung, H. S. Roh, and J. S. Ha, Thin
Solid Films, 244, 700 (1994).

S.-D. Jung, J.-J. Kim, W.-Y. Hwang, and T. Zyung,
Mol. Cryst. Lig. Cryst., 247, 281 (1994)

S.-D. Jung, J.-J. Kim, and C. K. Choi, Hwahak
Konghak, 32 (3), 393 (1994).

A. R. Brown, N. C. Greenham, J. H. Burroughes, D.
D. C. Bradley, R. H. Friend, P. L. Burns, A. Kraft,
and A. B. Holmes, Chem. Phys. Lett., 200, 46 (1992).

527



