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Abstract: M icro cav ity structure cons isting o f d istr ibu ted Bragg re flector and me tal silver m irror is designed. The

structure is g lass/DBR / ITO /TPD /A lq3 /Ag. The tris( 8-hydroxyqu ino line) a lum inum ( A lq3 ) is the e lectron transport

layer and the em iss ive layer, and the N, Nc-d ipheny-l N, Nc-b is( 3-m ethy-l pheny l) -1, 1cbipheny-l 4, 4cd iam ine( TPD )

is the ho le-transport layer. Compared to the e lectrolum inescence( EL ) spectra of non-cav ity OLEDs, the linew idth o f

theMOLEDs is narrow er, and the em ission peak is enhanced. So the m icro cav ity effect is v ery observable. In th is

w ork, the m atr ix m ethod was adopted. The dependence o f the e lec tro lum inescence( EL) spec tra on the cav ity leng th,

the em itting layer thickness, the pos ition o f the inte rface between EML and HTL and the po sition o f the em ission

reg ion was ana lysed deta iled ly. In a ll ca lculation, the thickness and refraction o f ITO and the th ickness of the m eta l

silverw ere kept constant. The results show: 11w ith increasing the thickness of cav ity, the no rm alized electro lum ines-

cence( EL ) intensity decreased con tinually; 21w ith increasing the th ickness o f the em itting layer, the norm alized EL

intensity discontinuous ly changed; 31because the e lectron m ob ility in A lq
3
is different from the ho lem obility in TPD,

the em itted rad iation was strong ly dependent on the position o f the em iss ive layer inside the cav ity. F ina lly, the em is-

s ion reg ion shou ld be narrow at the center of the e lectr ic fie ld in the resonant cav ity to optim izeMOLED.
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1 Introduction

S ince Tang & VanSlyke introduced the first

ultra- thin and low vo ltage organ ic ligh-t em itting de-

vice(OLED )
[ 1]
, much development has been m ade

to improve this dev ice for app lications in flat pane l

disp lays. R esearch on how to improve the dev ice

performances con tinues to be am ajor focus
[ 2, 3]

.

Recently, m icrocavity effects w hich offer the

possibility to control the spectral properties of em is-

sion have attracted a g reat deal o f attention
[ 4~ 11]

.

Because the m icrocav ity enhances the em ission rate

at the resonance w ave lengths and suppresses the

em ission ra te o f o therw avelengths, it canmod ify the

spontaneous em ission rate and the em ission spectrum

of an optica l em itter. So a m icrocav ity structure

leads to spectrum narrow ing o f the em ission band,

em ission peak enhancemen,t and directional mod-i

fied outpu.t Severa l research groups reported them-i

crocav ity effects occurred in the m icrocav ity organic

light-em itt ing d iodes (MOLEDs)
[ 12 ~ 17]

. Bu tmost o f

them were researched from the experim ents. Som e o f

these papers also discussed the influence of the

cav ity length on the property o f the diodes. But the
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papers wh ich deep ly researched the inf luence o f the

structure o f every layer on the property o f the d iodes

are very few.

In th is art ic le, w e designed a m icrocav ity or-

ganic ligh-t em itt ing diode. Them icrocav ity structure

is g lass /DBR / ITO /TPB /A lq3 /Ag. W e detailedly

discussed the dependence o f the e lectro lum inescence

( EL ) spectra on cav ity leng th, the em itting layer

th ickness, the position of the interface betw een EML

and HTL and the posit ion o f the em ission reg ion.

Results show that the dev ice performances are in-

fluenced by not on ly the cav ity thickness, but also

the position o f the interface be tw een EML andHTL.

Th is result is he lp fu l to the selection of the organic

materials and the ir arrangement in the optima ldesign

ofMOLEDs.

2 M ode l

The schem atic structure o f the m icrocav ity

OLED is show n in F ig. 1. The bottom m irror is com-

posed o f a d ielectric d istributed B ragg reflector

( DBR) . The DBR consists o f three periods of quar-

ter waveleng th stack of t itan ium d iox ide and silicon

diox ide. The stop band w idth o f DBR is approx-i

mately K0$n /n, where K0 is the center of the stop

band, $n is the re fractive index difference betw een

the layers of DBR and n is the average refractive

index. The refractive index o f titan ium d iox ide and

silicon d iox ide are 2. 4 and 1. 46, respect ively. A

high refract ive index d ifference results in a broad

stop band. The topm irror is them etalAg f ilm. The

tota l optical th ickness o f the cav ity L ( K), is g iven

by
[ 15]

L (K) =
K
2

n

$n
+ 6

i

nid i +
5 m

4P
K ( 1)

where ni and d i are the re fractive index and th ick-

ness o f indium-tin ox ide ( ITO ) and the organic

film s betw een the tw om irrors, 5 m is the phase shift

at the meta lm irror, and K is the w ave length in the

m icrocavity. The first term o f Eq. ( 1) is the pene-

tration depth o f the electromagnetic fie ld in to DBR,

the second term is the sum of optical thickness o f the

layers betw een the tw o m irrors, and the last term is

the effective penetration depth into the top meta l

m irror. The phase shift upon reflection from them ir-

rors is calcu lated using the matr ix method
[ 12]

5 m = a rctan
2nskm

n
2

m - n
2

s + k
2

m

( 2)

where nm and km are the real and imag inary parts o f

the refractive index o f the meta,l and ns is the

re fractive index o f the materia l in contact w ith the

meta.l The values of these re fractive indexes are the

functions o f the w aveleng th. The resonance modes

are de term ined by the relation mK= 2L ( K), w here

m is themode index and it is an integer. By mod ify

the optical leng th, the mode posit ions and mode

spacing can be varied. The theoret ica l spectrum for

em ission normal to the plane o f the dev ices layers

w as ca lculated fo llow ing the approach of Deppe

et al.
[ 16]

. The calcu la ted spectrum compared w ith

that of non-cav ity structure is
[ 13]

:

Em ( K)
2

=

1 - RDBR

j 6
j

1 + Rm + 2 RDBR cos
4Pxj

K

1 + RmRDBR - 2 Rm RDBR cos( 4PL /K)
#

En c ( K)
2

( 3)

where Rm and RDBR are the reflectiv ity o f the meta l

and DBR m irror, respectively, L is the to tal optica l

th ickness of the cav ity g iven in Eq. ( 1), Enc ( K)

is the free space em ission in tensity, and xj is the

effective distance o f the em itting d ipo les from the

metalm irror.

F ig. 1 S tructure diag ram o f the m icrocav ity organ ic light-

em itting d iode.

In order to ge t the dependence of the peak in-

tensity o f the EL spectra on the organic layer th ick-

ness, the thickness variat ion o f the o rgan ic f ilm s is

used to contro l the effect ive cavity length. In ca lcu-

lation, the th ickness and refraction of ITO is 220 nm
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and 2. 0 respectively, and the metal silver th ickness

is 100 nm.

3 Results and D iscussion

The cav ity length plays an importan t role in the

design of the m icrocav ity OLED. In th is paper, the

th ickness variation o f the organ ic film s is used to

contro l the effect ive cav ity length. F ig. 2 show s the

EL spectra of the MOLEDs w ith different organic

layer th ickness. It can be seen that the m icrocav ity

effect is very no table. The spectra l narrow ing at the

resonance w avelength is observed. V ary ing the

th ickness o f the organ ic film s, the resonance w ave-

length can be se lect ive ly scanned over a very w ide

range ofw ave leng ths that cover a lmost 140 nm. And

w ith the increasing of th ickness of the organ ic film

from 60 nm to 90 nm, the norma lized EL intensity

decreased continua lly. Based on the resonance con-

dit ionmK= 2L (K), w e can get that when the th ick-

ness is 130 nm, tw o resonance peaks w ere appeared

at v isib le light reg ion wh ich locate a t 425 nm and

655 nm, respect ive ly. The peak located at 650 nm

is stronger than another. In all ca lculat ions w e as-

sumed physical thickness o f theHTL ( TPD) and the

ETL ( A lq3 ) layers equal to a ha lf of the cav ity

leng th. A cco rd ing to the Schuber-tHun tps theory
[ 18]

,

m inim izat ion o f the cav ity length wouldmax im ize the

integrated intensity. Thus, the shortest possible ca-

v ity length cou ld lead to a max im ized resonant light

intensity. It can be understood easily. The enhance-

ment factor of em ission peak value is g iven by
[ 19]

:

F =
P

4
RDBRRm

1 - RDBRRm

( 4)

F ig. 2 The norma lized EL spectra w ith diffe rent organ ic

layer th icknesses.

BecauseRDBR andRm are the sam e in the all calcu la-

t ions, theF is a constan.t Butw ith the cav ity length

increasing, the mode index increased, i. e. the

enhancement factor of every singermode decreased.

So the resu lt w e got agreed w ith the theory.

A ccord ing to R ef1 [ 12] , it is also importan t

that an A lq3 thickness o f 30 ~ 100 nm is optima l

from the electrical standpoin;t larger thicknessesw ill

lead to sign ificant increases in the forw ard voltage

drop, wh ile smaller th icknessesw ill resu lt in a sub-

stantial low ering of EL effic iency because of exciton

quench ing at the A lq3 /metal interface. F ig. 3 show s

the no rmalized EL intensity o f theMOLED sw ith di-f

ferent ETL layer th ickness. W ith the th ickness o f

A lq3 increasing from 30 nm to 65 nm, the EL inten-

sity is an oscillatory curve. And w ith the th ickness

increasing, the peak va lue decreased. It can be

expla ined by the experim ent result from the

Ref1 [ 20] . In theRef1 [ 20] , it has been g iven tha t

w ith the cav ity length increasing, spontaneous em is-

sion rate of an electric d ipo le in a planarm icrocav ity

changed d iscontinuously in the planar sem iconductor

m icrocavity. When L < K/2, the spontaneous em is-

sion rate o f the dipo le w as suppressed partly. And

there are d iscont inuous po ints at the certain pos-i

t ions. So in the F ig. 3, the peaks located at the cer-

tain w ave lengthsw hich w ere the d iscontinuous po ints

to the spontaneous em ission rate. In the all calcu la-

t ions, w e assum ed the free space em ission intensity

E nc (K)
2
is equal to 1.

F ig. 3 The no rm alized EL intensity w ith different A lq
3

layers th icknesses.

F ig. 4 show s the normalized EL spectraw ith di-f

ferent interface position o f EM L /HTL. W e changed

the thickness of the ETL ( A lq3 ) to investigate the
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effect o f the position of the light em itting layer on the

EL spectrum. Because of the d ifference betw een the

re fractive ind ices o f TPD and A lq3, the to tal phys-i

ca l cav ity leng th is almost dependent on the position

of the TPD /A lq3 interface. Keep ing the o ther para-

meters o f the m icrocav ity constan ts, th is enabled us

to sing le out and invest igate the effect of the position

of the em itting layer on the EL spectrum. However,

one has to bear in m ind that chang ing the re la tive

th icknesses o f TPD and A lq3 e lectron transport w ill

be significant ly affected due to the different carrier

mob ility in the tw o layers. Themobility of electrons

in A lq3 is about tw o orders of magnitude low er than

the ho le mob ility in TPD
[ 21]

. Therefore, chang ing

the th ickness of these tw o layers w ill sign if icantly

affect the ba lance betw een electrons and ho les rea-

ch ing the interface, and thus affect the em ission in-

tensity. From F ig. 4: w ith the interface varying from

25 nm to 45 nm, the EL intensity decreased. To the

structure o f 25 /45, the result is no t reasonab le, if

w e considered the exciton quench ing at the A lq3 /

metal interface. The resu lt o f the structures 35 /35

and 45 /25 agreed w ith F ig. 3, because the interface

of the structure 35/35 is nearer the ant inode o f the

resonant cav ity than the interface of the structure 45/25.

So the stronger EL enhancemen t is obta ined when

the em ission layer is a ligned w ith the position of the

ant inode of the resonan t cav ity of the ETL layer

affected strong ly the EL in tensity.

F ig. 4 Calculated norm a lized EL spectra versus d ifferent

interface position o f EML /HTL1

It is usually assumed that the ligh t em ission

occurs from the 20 nm thick layer ofA lq3 ad jacent to

theTPD /A lq3 interface
[ 12]

. F ig. 5 show s the calculated

dependence of the EL in tensity as a function o f the

em ission reg ion th ickness. The thickness o f the

em ission reg ion w ithin the A lq3 film w as varied be-

tw een 5 and 20 nm. By reducing the th ickness o f the

position o f the em ission reg ion o f the 35 nm A lq3 /

35 nm TPD structure, the position of the em ission

reg ion is better aligned w ith the posit ion of the

ant inode of the resonant cav ity. In F ig. 5, the

norm alized EL spectra increased w ith the em ission

reg ion thickness increasing. It is reasonable,

because w ith the recombinat ion reg ion becom ing

w ider, the number of the carrier recomb ination

became more. Therefore, to m ax im ize the em itted

pow er, the antinode o f the opt ical fie ld shou ld be

aligned w ith the m iddle o f the em ission region. So

the thickness of the A lq3 in the optima lly designed

dev ice is determ ined by the thickness o f the ligh t

em ission reg ion.

F ig. 5 The norm a lized EL spectra w ith d ifferent em iss ion

reg ion thickness.

4 Conclusion

W e researched the dependence of the cav ity

structure on the EL intensity deep ly. W e detailedly

discussed the norm alized EL spectra from the m icro-

cav ity as the function of the thickness o f the organic

layers, and the posit ion o f TPD /A lq3 interface. It

w as found that the em ission spectrum is strongly

dependent on the layer th ickness and the position o f

TPD /A lq3 interface, as w ell as the thickness o f the

em ission region. Fo r the opt imal effic iency, the

em ission reg ion should be narrow and its cen ter

aligned w ith the antinode of the e lectric fie ld in the

resonant cav ity.
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微腔有机发光器件中的电致发光光谱
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摘要: 设计了结构为 G lass /DBR / ITO /TPD /A lq3 /Ag的微腔有机发光器件。从理论上详细地研究了腔内各层

结构对器件电致发光谱性能的影响。结果表明:随着腔长厚度的增加, 器件的归一化电致发光谱强度不断减

小; 在可见光区,器件的 EL谱随发光层厚度的增加出现振荡变化。空穴传输层和发光层的界面位置对器件

电致发光谱的影响也很大。最后得到,在设计微腔时发光层厚度要尽量窄,并且中心发光区域应位于谐振腔

中电场的峰值位置。
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