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Effect of doping concentration and disorder on the mobility
of carriers in organic light emitting diodes

CHEN Yu-Lu, HOU Xiao-Yuan, CEN Yan
(National Laboratory of Surface Physics, Department of Physics, Fudan University, Shanghai 200433, China)

Abstract; Based on the Poisson’ s equation of charge distribution and the transport equation of carriers, the effect of doping
concentration and disordered degree on the mobility of carriers in the Alq3 flexible organic light-emitting diodes has been
studied self-consistently. The density of states of the carriers was described with the double Gaussian distributions because
of the energy disorders of organic molecules. It was found that the carriers”mobility is almost fixed with doping concentration

}. The carriers” mobility increased nonlinearly when the doping concentration was larger than 1 x

smaller than 1 x 10%cm
10®cm ™, in well agreement with the experimental results. Tt was also showed that the increase of mobility as a function of
doping concentration for smaller disordered degree is faster than that for larger disordered one. With low doping concentra-
tion, the disordered degree has little effect on the mobility. Finally, the doping concentration and the disorder degree de-
pendence of the mobility is used to simulate the variations of the luminescence power density of the device with the voltage
bias. It was indicated that the mobility results related to the doping concentration and the disorder is very important for de-
veloping organic LED with high performance.
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Fig.1 Schematic diagram of organic light-emitting diodes
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Fig.2 The disorder and density of states of organic molecules
(a) The density of states of organic molecular film (b) The po-
sition of organic molecules, and the distributions of molecular
LUMO and HOMO energy, where the short lines represent the
energy levels of LUMO or HOMO

R 2 W A AR RS B AR, AR AT T
SCELAT LAY Y A 2 ek B, R R AR 2 R 2
AR BN sRACE AR AT S AR AR, T AR
YERE LA G, FATERR AR B,
EWRAKE TR AU 3.4 ~4. 0eV M ZERRYIK
BRI eR B 4.5 ~5. 1eV. O T 113G 15 2 eR B
Mk FRARRRE , wT L E i 1R SR R 220 B 4 R A
ST AE SRR rhd At e 2R PR AN K 1 —
SE PS5 R T LAAS 20506 LA PERE A A LA —
PR LA , SR A5 B DAL B A LA — A AR

2 HREHSH

FET T YEARAY (1) H AT 43 AT YA AN T R RN
s T I T R R A AR
FEL AW R itk A A A P vl B A Sy RO 422 f , v 43
B e AN K AE 5 P T F AN R A BIL O 2 o — 4
T2 AL . TR AR ARLSE R, 2R 1 s T
B T AEAN TR A J) B 2 ) Bk R A A e i o A A
TR TE . B R TRATT T B B 4 vk X 2
FIER R, AN [F B 24 BT, B 7128 7K
TR AR, L B F1 2 XS SRR L 7
AN—FF, RICERE AR, FERFFEHE— 505
FHIE TS 19 58 BE AR 43 /9 LUMO FTHOMO
REZRTCIT B, BRI Ry v i 23 A 1) 24 /80 B B TR R RS
B AR EE Rt & & 3 R, IEERIRAT
AT LVE th FEB AU B L AR A B, S8 e pifi 15 2%
W BERO N LA 718 s MAB AW IR H) 1 x 107 em ™

I, JE RS R AYIG IR, 25 e 2 AR S i, 1T 7
S IE T 208 . 32 202 RO M B Ak BE R IR, 28
Ui AE B B A SRy s 2 1) 5 A% i, 2% R
LA PR, FA HE IR B BI0E REAS B T 8 T
i, P RIS 2 B R T A L A RE R 22K
PRl A B R ) o 22 9 Ml R ek R e 2 B i, B BB )
iIE A BRER A ML WA 1 Fe A S BUT RS
FRICEIR, 15 20 5 B 34 INARME X 2800 1 RO 1T A% R
A TR, YRR BOR A TR I, AN P e
(NS AN WA &= Al AR i D = S A R e D]
B S e B ) R A 3 U 1 A R ) R B
ASZIABRER. T e AR S R S B e, i 1
EVACIN=E ST AR N UL VA = & o 1D i)
BT, BEdR 22/ A A T 0 1 s AR s ) M RE A
TRBRER , 200 1 AR A BRI 0. 3B A
3, 5 202 S AR T A O 2 B
TERERAY@RARZ MBEER Bl 2 th 2, B LA 200
IERS R BT, B AR I K3 — e B (E T, i
TR T RSB BESE L, B4 T fas
A A E T R, BEER B LR tudis ), iR 5
AL R AL T G2 1.l HE B A vk JE 5 30
TAER R RS A B, J T3] fay S L 35
(45 S5 S I A e — 2 TR AT 1 fe 2SS
T A48 A5 SCRRIE 1 SRR ISk RAG A 41—
BT R R LSRR AT B T R
Bt ] PUA R BAR Y SR

P20 T eI R XA P §- I A R
RS, BA T T ARGy 25 AF T BT 78 3R i
AR, REZK RN SEER 53 ) e 7R T e JBE R R /N 2%
TFIER RSB AME R R, WA T A TG
Je B2 AR, WY AR L SRS AR R X — 45 R 5 5

//./
0.014 >~

,_.
&
(98]

~

Mobility (a.u.)
m
N

/
p |
/

1E-54 -

Doping Concentration (cm™)

K3 B TR R 5B AR RN, Rt Ly
JE47:0.34eV

Fig.3 The carriers”mobility vs. doping concentration ( the en-
ergy disordered degree was set as 0.34eV)
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Fig.4 The carriers’ mobility dependent on the doping concen-
tration at different disordered degrees: solid line for 0.34eV and
dashed line for 0. 50eV (inset is the local zoom for low doping le-
ver with mobility in logarithm scale)
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Fig. 5 The voltage dependence of the luminescence power
density, the work function of anode electrode of carbon nano-
tube is 5.1 eV
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