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Abstract M icocavity stucture cons sting of dstributed Bragg reflector and metal silver m imor & designed The
stucture is glass/DBR/ITO /TPD /A ly; /A g The tris( 8-hydroxyquinoline) alm nun (A ly;) & the election transport
layer and the em iss ve hyer and the N, N'=d ipheny N, N'=b is( 3-m ethy Fpheny)) 1, 1 biphenyk 4 4’ d am ne(TPD)

is the hole-transport layer Compared © the electrolum nescence( EL) spectra of non-caviy OLEDs the linewidh of
theMOLEDs & narrover and the an son peak is enhanced So the micwcavity effect is very cbsewable In ths
work the m atrx m ethod was adopted The dependence of the electiolun inescence( EL) spectm on the cavity length

the emitting layer thickness te position of the mnterface betwveen EML and HTL and the positon of the emissn
regon was analysed detailedly In all cakulation the thickness and refraction of ITO and the thickness of the metal
silverw ere kept constant The results show 1. w ilh ncreasing the thickness of caviy the nom alized electrobm nes-
cence( EL) intensity decreased continually 2.w ith increasing the thickness of the em itting hyer the nom alized EL
intensity discontinuously changed 3. because the elkctionmobility in A ky, is different fom the holem obility in TPD,

the am itted rad ition was strongly dependent on the positon of the emiss ve layer nside the cavity Fmally the emis-
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son region should be narrov at the center of the electric field n te resonant cavity to optm ze MO LED
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1 Introduction

Snce Tang & VanSlyke ntroduced the first
ultra-thin and bw voltage oanic lghtem itting de-
vice(OLED )[1], much development has been m ade
to mprove this device for app lications in flat panel
displays Research on how to mprove the device
perfomances continues to be am ajor focus >,

Recently microcavity effects which offer the
possibility to control the spectral properties of en is-
sbn have attracted a great deal of attention' ™"

Because the m icocavity enhances the em ission rate
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at the resonance wavelengths and suppresses the
an isson rate of oherwavelengths it canmodify the
spontaneous em isson rate and the en ission spectrum
of an optical enitter So a microcavily structure
leads to spectrum narrow ng of the enission band

en issbn peak enhancament and directional mod+
fied output Several research groups reported them +
crocavity effects occurred n the m icrocavity organic

light-em itting d bdes (MOLEDs)' ™"

them were researched fran the experin ents Sam e of

Butmostof

these papers also discussed the mnfluence of the

cavity length on the property of the diodes But the
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papers which deeply researched the nflience of the
structure of every layer on the poperty of the d bdes
are very few.

In this artcle we designed am icrocavity o
ganic light-em itting diode Them icrocavity structure
is glass/DBR/TO/TPB/Alg /Ag We detailedly
discussed the dependence of the electro im nescence
(EL) spectra on cavity length the en itthg layer
hickness the position of the nterface betveen EML
and HTL and the positon of the emissbn region
Results show that the device perfomances are in-
flienced by not only the cavity thickness but also
the position of the interface beveen FML and HTL
This result is helpfil to he selection of he organic
materials and their arrangement n the optinaldesign

of MOLEDs

2 M odel

The schem atic stwcture of the m icrocavity
OLED is shown n Fig 1 The bottan m irror is can-
posed of a dielectric distrbuted Bragg reflector
(DBR). The DBR consists of three perbds of quar
ter wavelength stack of titanum dioxile and silicon
dioxide The stop band width of DBR is approx+
mately AgAn/m, where Ay is the center of the stop
band, An is the refractive index difference betw een
he layers of DBR and n is the average refractwve
ndex The refractive index of titanum dbxide and
silicon dbxde are 2 4 and 1. 46

high refractve index difference results n a broad

respectively A

stop band The topm irror is hem etal Ag film. The
total optical thickness of the cavity L ( A),
by[ 15]

is gven

A/ |(Dll]|
L()\) = E[Aij_‘_ Zmd;-%T)\ (1)

where n; and d; are the refractive ndex and thide
ness of indium—tin oxde ( [TO) and the organic
filns beween the wom irrors @, is the phase shift
at the metalm irror and A is the wavekngth n the
microcavity The first tem of Eq (1) is the pene
tration depth of he electranagnetic fied nto DBR,

the second tem is the sum of optical thickness of the

layers beween the wo mirrors and the last tem is

the effective penetration depth mnto the top metal
mirror The phase shift upon reflection fran them i

. . . 12
rors Is calcu lated usng he matrx method

2 sfvm
@, = avtaf 24| (2)
nn] - nS + km
where n, and k, are the real and magmnary parts of
is the

refractive index of he material n contactwith the

the refractive ndex of the meta] and n,

metal The values of these refractive ndexes are the
fanctions of the wavelength The resonance modes
are detem ined by the relation m A= 2 ( A), where
m is themode index and it is an integer By mod ify
the optical length the mode positbns and mode
spacing can be varied The theoretical spectrun for
em issbn nomal to he plane of the devices layers
was calculated follbw ing the approach of Deppe
etal "', The calcuhted spectrum campared w ith

. 13
that of non-cavity stucture il

|E. (M7 =
1- R .
% H 1+ Rm + 2 JRDBR CO{ 4J;xﬂi|
J
1+ RmRDBR -2 IRmRDBR COS( 47, /}\)
B (M) 17 (3)

where R,, and Ry are the reflectivity of the metal
and DBR m irror  respectively L is the total optical
t ckness of the cavity given n Eq (1), | E.. (M) |

is the free space em ission ntensity and x; is the
effective distance of the emitting dpoles fran the

metalm irror

Ag
Algy(EML)
TPD(HTL)
ITO
DBR

Cavity

Glass

Fig 1 Stucture diagran of the m krocaviy organic lght

an itting d ode

In order to get he dependence of the peak i
tensity of he EL spectra on the organic layer thick
ness the thickness variatbn of the oganic fims is
used to control the effectve cavity length In calew
lation, the thickness and refraction of ITO is 220 nm
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and 2 0 respectively and the metal silver th ickness

is 100 mm.

3 Results and D iscussion

The cavity length plays an important role n the
desin of he microcavity OLED. In his paper the
hickness variation of the omanic fims & used to
control the effectve cavity length Fi 2 shows the
EL spectra of the MOLEDs wih different organic
layer thickness It can be seen that the m icrocav ity
effect is very notable The spectral narrow ng at the
resonance wavelength is obsewved Varyng the
thickness of the organic fims te resonance wave
length can be selectvely scanned over a very wide
range of wavelengts that cover alnost 140 nm. And
wih the ncreasing of hickness of he organic fim
fram 60 nm to 90 m, the nomalized EL intensity
decreased continuall. Based on the resonance con-
ditbnm A= 2L (M), we can get that when the th ide
ness is 130 nm, wo resonance peaks were appeared
at visble lght regbon which locate at 425 nm and
655 nm, respectvely The peak located at 650 nm
is stonger than another In all calculatbns we as-
sum ed physical thickness ofthe HTL (TPD) and the
ETL (Alg) layers equal to a half of the cavity
length. A ccord ng to the SchubertH un ts the(ny[m,
m inin izatbn of the cavity length would maxm ize the
ntegrated ntensity Thus the shortest possble ca
vity length could lead to a maxin ized resonant light
ntensity It can be undersiood easil. The enhance

. L 19
ment factor of em issbn peak value is gven by[ i

4
F _ L ,,R])BRRm (4)
1 - ,RDBRRm
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Fig 2 The nomalzed EL spectra with different organic

layer th cknesses

Because Rpr and R,, are he san e n the all calcu l&
tong theF is a constant Butw ith the cavity length
ncreasng the mode index increased, 1 e the
enhancement factor of every singermode decreased
So the result we got agreed with he theory
Accoding to Ref [12], it is also mportant
hat an A Iy thickness of 30~ 100 nm & optmal
fran the electrical standpoint larger thicknessesw ill
lead to significant ncreases in the forwadd voltage
drop while snaller thicknessesw ill result in a sul-
stantial lowerng of EL efficency because of exciton
quench ng at the Al /metal nterface Fig 3 shows
the nomalized EL intensity of the MOLED sw ih dif
ferent ETL layer thikness W ih the thickness of
A Iy ncreasng fran 30 m 10 65 nm, the EL ntenr
sity is an oscillatory curve And wih the thickness
ncreasng the peak valie decreased It can be
explaned by fran  the
Ref [20]. In theRef. [ 20], ithas been given that

w ith the cavity length ncreasng spontaneous en is-

the experment result

sbn rale of an electric dpole n a planarm icrocav ity
changed discontinuously in the planar sem iconductor
m icrocavity When L < A/2 the spontaneous em is-
sbn rate of the dipole was suppressed partly And
there are discontnuous ponts at the certan post
tons So n the Fig 3 the peaks located at the cer
tain w ave kngthsw hich were the d iscontinuous points
to he spontaneous an ission rate In the all calcula
tbns we assun ed the free space am ission intensity

Ew (M) ] ? is equal to L

1.00} .
0.90¢

0.80 [

Normalized EL

(.70t

0.60L—. L ke i ,
30 40 50 60 70
Alq; layer thickness/nm

Fig 3 The nom alzed EL intensity with different A I,
hyers thicknesses

Fr 4 shows the nomalized EL spectraw ith dif
ferent nterface positon of EML/HTL W e changed
he thickness of the ETL (A k) to investigate the
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effect of he position of the light em itting layer on the
EL spectrun. Because of he difference bewveen the
refractive ndices of TPD and A lgs,
cal cavity length is alnost dependent on the position

the total physt

of the TPD/Alg mnterface Keeping the other para-
meters of he microcavily constants this enabled us
to single out and nvestgate the effect of the position
of the em ittng layer on the EL spectum. However

one has to bear n m nd that changing he rehtwve
thicknesses of TPD and Alg electron transport w ill
be sgnificantly affected due to the different carrier
mobility n the wo layers Themobility of electrons
n Alg is about wo oders of magnitude lower han
he hole mobility n TPD'*"
the thickness of these wo layers will signifantly

Therefore changing
affect the bahnce between electrons and holes rea
ching the interface and thus affect the emisson -
tensity Fran Fig 4 with the interface varying fran
25 nim t045 nm,  the EL ntensity decreased To the
structure of 25/45 the result is not reasonable if
we consilered the exciton quenchig at the A kyz/
metal interface The result of he stmctures 35/35
and 45/25 agreed with Fig 3 because the nierface
of the stwcture 35/35 is nearer the antnode of the
resonant cav ity than the nterface of the stucture 45/25

So the stronger EL. enhancement is obtaned when
the em issbn layer is algned with the position of the
antnode of the resonant cavity of the ETL layer
affected stongly he EL ntensity

10 25725 .
0.9 o 135135
0.8 — 25/45

2 07 \

T 0.6 "

= 0.5}

5 04} §

= w
0.3 i
).2|
0. t .
0.1}
536 538 540 542 544 546 548 550 552 554

A/nm
Fig 4 Calculated nomalized EL spectra versus different

interface position of EML /HTL.

It is usually assumed that the light am ission
occurs fran the 20 nm thick layer of A lqs ad pcent to
he TPD /A lgs interface . Fig 5 shows the calculated

dependence of the EL mntensity as a finction of the
thickness of the
en issbn region w ithin the Alg filn was varied be-

emissbn region tickness The

ween 5 and 20 nm By reducng the th ctkness of the
position of the em ission region of the 35 nm A ky3/
35 nim TPD stwmcturg the position of the em ission
regbn is better algned with the positbn of the
antnode of the resonant caviy In Fi 5 the
nom alized EL. spectra ncreased with the anm ission
regbn thickness ncreasing It is reasonableg
because with the recanbinatbn region becam ing
wider the number of the carrier recanb nation
becane more Thereforg to m axm ize the an itted
power the antnode of the optical field should be
aligned w ith the middle of the emissbn region. So
the thickness of the A I3 n the optinally designed
device is determ ned by the thickness of the light

an isson region

5 nm
o
I o 10 nm R 1
a 20 nm ) ] \
08 / \
= %
£ 06
£ 04 ¢
-~ / ¢
02 \
0 1 L 1 | L 1 I L
536 538 540 542 544 546 548 550 552 554
A/nm
Fig 5 The nomalized EL spectra w ih different emiss bon

reg bn thickness

4 Conclision

W e researched the dependence of the cavity
structure on the EL. ntensity deeply W e detailedly
discussed the nom alized EL. spectra from the m icro-
cavily as the function of the thickness of the organic
layers and the positbn of TPD /Alg nterface It
was found that the enissbn spectrun is strongly
dependent on the layer thickness and the position of
TPD /Alg nterface as well as the thickness of the
enissbn region. For the optmmal efficency, the
an issobn regbn should be narmow and its center
aligned w ith the antinode of the electric fiell n the

resonant cav ity
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