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Abstract: Several organic electroluminescent devices with different cycle of quantum well structure
and different barrier thickness have been demonstrated. The quantum well structures were
composed by tris-(8-hydroxyquinoline) aluminum (Alq;) and 2,9-dimethyl-4,7 -diphenyl-1,
10-phenanthroline (BCP). The Alq, layer is the potential well of electrons and BCP layer is
the potential barrier of electrons. The twice well structure device exhibits the highest current
efficiency of 3. 46 cd/A, which is about 1. 6 times of the conventional three-layers organic
light emitting devices. The current efficiency improved owing to carrier confinement and
higher exciton formation probability in the well layer (light-emitting layer) when the quan-
tum well period increasing, then the current efficiency would enhanced. But when the quan-
tum well period is too large, the current efficiency will decreased. The devices with different
barrier thickness have also been studied in our research, the influence of barrier thickness on
current efficiency have been compared. Results illustrated that proper well number and barrier
layer thickness can improve the current efficiency of organic light emitting devices.
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Fig. 1  Chemical structures of the organic materials:

NPB, Alg; and BCP.
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4.0
—“4 3.57 .’ ~“... L
—_— L As *e ee .
é 30 “ M‘““AAAAA.AAA. * .. .
= Aaa * ey
g s 4'(‘V<v<v<v<' YV,
'% 2.07 - 1 !V'vv
T 15
E 1.0 device A * device B
g b 4 device C v device D
3 0,57‘ < device E
0 1 L 1 L
0 30 60 90 120 150

Current density/(mA -cm™)
L4 5 b R 1 F U0 F U B R i
Fig. 4  Current efficiency-current density properties of

these five devices

1.0k device A

=1 o device B
3 2 device C
= 0.8 v device D
2 + device E
<5

= 0.6[

& 04f

é

5 0.2r

z

0 i o ‘ ‘ ‘ ) ““A.w,

300 350 400 450 500 550 600 650 700 750
A/nm

BI5 12 VHET 5 & iy —1k i i 20k OO0

Fig. 5 Normalized electroluminescent intensity of these

five devices under 12 V driving voltage.

3 AR 5 10 AL BRI 1 1 M AR AE 520 nm., %
A FCAB A A A S U Bl I BB o DO 2 1 2 A
St QAR T Algs 19406 B A HAl A B
KIer A e NPB 950t . X ik— 2 1 4%
P58 B2 B R R 2 p T PR A A B RS L I AN
T HAB A A KO T Y

S AR i & T g DA ES T 05T B
gty rp A 2 R R X SR RE R . S A B
Hf) BCP RN 7.5 nm AH FLEL. & D 19 BCP
H 22 R (5 nm) LW AR F E 9 BCP %
LJRIEIE O no) AR . W T A fF B.D Ml E
F HRL I 0 JBE 5 B R R AR R P . AL 3
Ca) T s« A2 L R AN B B 5 3l i 1 19 R 3
B 7 B 254 vp 4 22 S 0 PR JEE A 3 I T IR . X 2
BRI B P22 2 R E RS I0  BF 45 R 0 B0
THYPR W 22 B Z 9 . S & F B AL 45
D Al E (145 B AN AR T BEA S . E AT e
JE - P 7 8 2RI I A5 R L WAL R R A 1 b A T
S(hYFIE 4 FroR . it 3 228 AR A F
FL USSR ALK AN (] 3 2 4 2 )2 )R ) BOF 45 4 ]
AR o A L B0 e e 1R B R0 FE AT 9 55
NS 2R E R B 7.5 nm,

O

g i A P R Algs R BCP JZ S8 B DU
il #1722 J2 A HLH BUR A 15 R £ e 1 1) P O
R DI A B0 B A5 R A% F B B AR
3.46 cd/ A AR RAEGEA WA 1. 6
5. YR AR R O H N BRSBTS 2
&2 JZ IR n] DU R A AL BURO AR PRI PR BE



R %28 &

=i

192 i d A 5

2 % X #:

[ 1] Tang C W, Vanslyke S A. Organic electroluminescent diodes [J]. Appl. Phys. Lett. , 1987, 51(12):913-915.

(2] s QAR 2ipk, B0k, %, MoOs fE= 0 A2 MEOLA L BUR G811l # X H e iR ]. &b 2+,
2012,27(2) :177-181.

03 1 % BRUUSC JRA. i 8GR A HLEDE A B i BORDeAs 1F [T]. A8 F4R,2011, 32(7):715-719.

L4 mkE, 2300k, TH. %, BT NPBX 4 C2HQZn W H A LB BT, &% 5 2 57,2011,26(1):

44-48.
(5] ERW. 2R, ABET 5. Li F BB A BUZ A HLE B e84 f o, [J]. & & 5 4k, 2010, 31(1):
17-24.

[ 6 ] Imanishi Y, Hattori S, Kakuta A, et al. Direct observation of an organic superlattice structure [ J]. Phys. Rew.
Lett. , 1993, 71(13):2098- 2101.

[ 7] So F F, Forrest S R. Evidence for exciton confinement in crystalline organic multiple quantum wells [J]. Phys.
Rev. Lett. , 1991, 66(20):2649-2652.

[ 8] Huang J S, Yang K X, Liu SY. et al. High-brightness organic double-quantum-well electroluminescent devices
[I]. Appl. Phys. Lert. , 2000, 77(12):1750-1752.

[ 9 ] Ohmori Y, Fujii A, Yoshida M, et al. Novel characteristics of electroluminescent diode with organic multiple-quan-
tum-well structure [J]. Jpn. J. Appl. Phys. Part 1, 1995, 34:3790-3793.

[10] Qian L, Teng F, Yang S Y. Luminescent properties and excitation mechanism of organic- inorganic single quantum
well containing organic heterojunction [J]. Chem. Phys. Lett. , 2006, 417(4-6) ;441-444,

[11] So F F, Forrest SR, Shi Y Q. et al. Quasi-epitaxial growth of organic multiple quantum well structures by organic
molecular beam deposition [J]. Appl. Phys. Lett. , 1990, 56(7) :674-676.

[12] So F F, Forrest S R. Evidence for exciton confinement in crystalline organic multiple quantum wells [J]. Phys.
Rev. Lett. , 1991, 66(20):2649-2652.

[13] Fujita S, Nakazawa T, Asano M. Comparative study of photoluminescence dynamics of Tris(8-hydroxyquinoline)
aluminum-based organic multilayer structures with different types of energy lineups [J]. Jpn. J. Appl. Phys. ,
2000, 39(9A) :5301-5309.

[14] Ohmori Y, Fujii A, Uchida M, et al. Observation of spectral narrowing and emission energy shift in organic elec-
troluminescent diode utilizing 8-hydroxyquinoline aluminum/aromatic diamine multilayer structure [J]. Appl.
Phys. Lett., 1993, 63 (14):1871-1873.

[15] Ohmori Y, Fujii A, Uchida M, et al. Fabrication and characteristics of 8-hydroxyquinoline aluminum/aromatic
diamine organic multiple quantum well and its use for electroluminescent diode [J]. Appl. Phys. Lett. , 1993, 62
(25):3250-3252.

[16] An H Y, Chen B J, HouJ Y, et al. Exciton confinement in organic multiple quantum well structures [J]. J.
Phys. D: Appl. Phys. » 1998, 31(10):1144-1148.

[17J An HY. HouJ Y. Chen BJ, et al. Fabrication and characterization of high quality organic multiple quantum well
structures [ J|. Thin Solid Films, 1998, 326(1-2) :201-204.

[18] Xie Z Y, Huang J S, Li C N, et al. White light emission induced by confinement in organic multiheterostructures
[J1. Appl. Phys. Lett., 1999, 74(5):641-643.

[19] Huang J S, Yang K X, Liu S'Y, et al. High-brightness organic double-quantum-well electroluminescent devices
[I]. Appl. Phys. Lert. , 2000, 77(12):1750-1752.

[20] Zhao D W, Song S F, Zhang F J, et al. The effect of multilayer quantum well structure on the characteristics of
OLEDs [J]. Displays, 2007, 28(2):81-84.

[21] Zhao D W, Song SF, Zhao S L, etal. Use of multiple layers to adjust energy transfer for raising intensity of photo-
luminescence [J]. J. Phys. D:Appl. Phys., 2007, 40(7):1915-1918.

[22] Yang Y K, Gao W B, Liu H Y, et al. An organic quantum-well electroluminescent device with enhanced performance
[J]. Chin. Phys. Lett., 2001, 18(12):1658-1659.

[23] Qiu Y, Gao Y D, Wei P, et al. Organic light-emitting diodes with improved hole-electron balance by using copper



% 2 SRHEI L 45 M 22 JA 0 4 DR A 4R R A P Ol AR A R 193

phthalocyanine/aromatic diamine multiple quantum wells [J]. Appl. Phys. Lett. , 2002, 80(15):2628-2630.

[24] QiuY, Gao Y D, Wang L. D, et al. High-efficiency organic light-emitting diodes with tunable light emission by using aromatic
diamine/5,6,11,12-tetraphenylnaphthacene multiple quantum wells [J]. Appl. Phys. Lett. , 2002, 81(19): 3540-3542.

[25] Yang S H. Hong B C, Huang S F. Luminescence enhancement and emission color adjustment of white organic light-
emitting diodes with quantum-well-like structures [J]. J. Appl. Phys., 2009, 105(11):113105(1-3).

[26] Chellappan V, Bavani B, Chun H. etal. A study of charge mobility characteristics in a series of biphenylyl substi-
tuted PPV derivatives [J]. Chem. Phys. Lett. , 2005, 414(4-6) :393-397.

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

M S % Lk E RE AN

HR A5 v A N R 0 ] S e SR 2 25 SCHR 35 s BN (GB/ T7714-2005) , (UK R 5 178 ) G 678
A B R AR A 1) A B A I 0 S 2 SR & 5%

L. XE 2% k5 X

R[5 e . SO A LOCHR R R ARG 1. 40 R 44« oAb 44 15 B, 4R 1, 55 (I
5 R IETURS LG T H I ] SRIBCRI T ) B A% .

i [1]w 4. STN-LCD i R kLT ]. WEh5S B~ ,2002,17(4) :233-242.

B[22 WA SRR ZL, MBSk . A PSS i T Be R L) . JE stk 2 4. AR B2 L
1999,35(1) :101-106.

B [31ABE . AN 4E . 254 . a-Si: H TFT W B {f X SPICE BRIy #F 58 [J/OL]. WA 5 Bor.
2005,20(4):267-272. [ 2005-10-18]. http://www. wanfangdata. com. cn/src/szhqk/ wi_szhqk_brow-
ser. Asp.

EZF:[p9 WeH . BALURERARE ] A SO iR // & 3% T8 s . LEE4 .1
AR . RASITCES 1 RIS ). R RSO HE RS o S A < A EE SR DORS Cg LT H A ] AR IBCRI D5 0] 4%

il L4 R R B A . W R o LML Jeat Bhoy ek 1994 27-38.

B[S TH ASAARIRNG 5 142 B iAo Wb FFIFIM]. BB A, BOMOL 20 1% . Jbat: i
25 ol A . 1992,

il L6 18 EDE . PO # R B AL BN R A5 AR M/ /BRE B . b 5% TR Juat B2 il
WAL ,2005:62-72.

B L7 TEOREAR . B A ol CARIBLM/OL . &4t KT 30 s fidt . 1998[1998-09-26 . httq://
www. ie. nthu. edu. tw/inf/ie. newie. htm(Big5).

)< [ 8 IWR I AR AR B0 . 7 Y g KL BF L BRI S A 19 & LS PE B[ C/ /2002 48 vp [ Al R 23 e
SCEE L BRI R IR B 7 B M A R 7], 2002: 167-168.

Bl LOJIEA - AR ) A BB DF TS LD, KA« b BB Be K B OG0 B AL S ) BT Y
F1,2001.

il [ 10 4 [ SOk TAE PR MEAL AR 2 5L 288 L/ & 4y - GB/T5795-1986 h EAr#E 5 5 [S]. Jt
5U AR 7 HE RRCRE L 1986.

RS LRI AE . LR LRE LRSS BAR R ] A48 HBEATF H B0
FHH . AR IR 7 R] PR AR

Bl LIV B KRB EREA . 88645, 55 . PIRE = B & 1F o E . 2195241185, 7[P 1. 1997-08-09.

CF % P203)



