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The topography of organic light-emitting diode-component functional layers
as studied by atomic force microscopy

Oksana V. Kotova2 Svetlana V. Eliseeva,Elena V. Perevedentseva Tatyana F. Limonova¢
Raida A. Baigeldievac Alexey G. Vitukhnovsky and Natalia P. Kuzmina*

a Department of Materials Science, M. V. Lomonosov Moscow State University, 119992 Moscow, Russian Federation
b Department of Chemistry, M. V. Lomonosov Moscow State University, 119992 Moscow, Russian Federaton.

Fax: +7 095 939 0998; e-mail: kuzmina@inorg.chem.msu.ru

¢ P. N. Lebedev Physical Institute, Russian Academy of Sciences, 119991 Moscow, Russian Federation

DOI: 10.1070/MC2004v014n04ABEH001963

The layer-by-layer roughness of organic light-emitting diode (OLED)-component functional thin films deposited from different
solvents by a spin-coating method was studied using atomic force microscopy (AFM) facilities.

Organic electroluminescent (EL) devices are of both academic A spin-coating method is often used in OLED fabrication;
and practical interest as full-colour flat-panel display3ang recently, enormous efforts have been made in understanding and
and Van Slyké suggested a multilayer variant of OLED, and controlling the growth of spin-coating thin films of inorganic
great efforts have been made in the main principles of OLERnd organic materiaft Attention was focused on the influence
work. Multilayered devices consist of a cathode, an anode amaf solution concentration and viscosity, spin speed and ramp
a series of organic layers (emitting, charge-transporting andcceleration on film thicknesModern microscopic and spectro-
charge-blocking). The efficiency and stability of OLED opera-scopic methods have been used to evaluate the morphology of
tion depends not only on the structure of an EL cell, compatispin-coated thin film§.Using atomic force microscopy (AFM)
bility of energy levels of organic electrode materials and theiin a tapping mode, detailed topography information on thin films
characteristics (oxidation, thermal stability, charge transportingf deposited compounds can be obtaified.

and film-forming propertiés?) but also on the quality of film The aim of this work was to search correlations between the
surfaces and layer interface boundaries. The main problems ofughness of films deposited and the nature of solvents used
the development of long-lived and efficient EL devices includein a spin-coating procedufeThe surface roughness of PVC

(i) a search for new emitting, charge-transporting and electrode

materials with more advanced properties and (i) a morphology |, spin-coating deposition experiments, a solution with a concentration
improvement in their vertical stacked multilayer heterostrucwf 5gdm3 was used; the speed of rotation was 2500 rpm. Solvents
tures. (CHCIl,, EtOH and THF) were purified by standard procedures.
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Figure 1 Cross-section profiles and AFM images of the surfaces o
(@ ITO, (b) ITO/PVC-CHC} and €) ITO/PBD-CHCL.

(hole-transporting layer), PBD (electron-transporting layer) and
Th(Sally(TPPO) (emitting layerj used in multilayer OLED
structured was studied layer-by-layer by AFM. Figure 2 Cross-section profiles and AFM images in two different areas
The surface of commercial indium tin oxide (ITO) coatedof surfaces ford) ITO/PVC-CHCY Th(Saly(TPPO)-EtOH and ) ITO/
glass substrates is homogeneous with a roughness of 3 nm aPnaC—-CHCL/Th(Saly(TPPO)-THF.
imperfections of ~9 nm [Figure &d)]. The layers of transport-
ing materials (PVC, PBD) deposited onto ITO from chloroformdeposited from a THF solution is the same. The smoothing
solutions (PVC—-CHGl and PBD—-CHGJT respectively) have effect observed (Table 1, entries 2 and 5) arises from the
similar surface profiles, but theoughness of an ITO/PVC- solubility of transporting and emitting materials in THF, which
CHCl, layer [~11 nm, Figure bj] is higher than that of ITO/ may lead to layer interface smoothing. In contrary, multilayer
PBD—-CHC} [~7 nm, Figure 1g)]. The use of THF as a solvent structures with sharp interfaces between different vertical stacked
instead of CHCJ results in the smoothing of ITO/PVC-THF materials require each material to be cast from a solvent in
and ITO/PBD-THF layers: the roughness values are equal t@hich the others must be insoluBlélowever, in this case, the
5nmIT The above data are in good agreement with the fact®ughness of a following layer can increase in respect to that of
that, in a spin-coating procedure, the morphology of organian intermediate layer as it was observed for the ITO/PVC-
thin films depends on the chemical nature of both compoundSHCI,/Th(Saly(TPPO)-EtOH structure (Table 1, entry 2).
deposited and solvent used. The stability of OLED work can be improved with judicious
The layers with different roughness (ITO/PVC-CE@hd  selection of dopants in the host active emitting ldyEne co-
ITO/PBD—-CHCY) served as intermediate layers for the deposideposition of transporting and emitting materials is often used
tion of an active one — Th(SgJPPO) from EtOH and THF in the fabrication of OLEDs with lanthanide coordination com-
solutionst* The calculated values of roughness are given irpounds as active layetsThe influence of the co-deposition of
Table 1, and the cross-section profiles of deposited layers amb(Sal)(TPPO), with PVC or PBBS on the layer roughness
shown in Figure 2. Active layers deposited from an ethanol soluvas examined (Table 1, entries 3 and 6). The results show that
tion have higher roughness than the intermediate layers of bothe roughness of both of the doped layers are practically the
transporting materials PVC and PBD (Table 1, entries 1 and 43ame as that of Th(Sg[JPPO)-THF layers (Table 1, entries 2
The roughness of an ITO/PVC-CHQIb(Saly(TPPO)}-EtOH  and 5). In this case, the difference in the chemical nature and
layer is higher than that of ITO/PBD-CHIb(Saly(TPPO)-~  molecular weights of PVC and PBD has no influence on layer
EtOH. The observed increase in the roughness can result froroughness.
the insolubility of PVC in EtOH and a low solubility of PBD in  In conclusion, a near-feild scanning optical microscopy
this solvent. The materials of intermediate layers are soluble i(NSOM)/AFM technique can be effectively used for studying
THF, and the topography of Tb(S&PPO) emitting layers  the morphology of OLED-component functional thin film layers.
The roughness of layers deposited by a spin-coating method

* The terbium complex with salicylic acid and triphenylphosphine oxide - :
[Tb(Sal)(TPPO)] was prepared according to a published IOrocemre.depends on the molecular weight of the materials, the solvent

ITO-coated glass (Delta Technologies, USA) was used as a substra%r;1d the mutual solubility of materials forming vertical stacked
the intermediate layers of PVC [poly(9-vinylcarbazol), Aldrich] — as thelayers in OLED structures. The influence of the layer mor-
hole-transporting material, PBD [2-(4-biphenyl)-5tétt-butylphenyl)- ~ phology on the stability and efficiency of OLED operation
1,3,4-oxadiazole, Aldrich] — as the electron-transporting material. requires a further study.

§ The morphology of thin films of obtained complexes was studied(I .
using a MoScan100 NSOM/AFM microscope in the contact shear-forcd2P!e 1 The roughness of layers deposited.
distance control mode of AFM. For AFM manipulation and evaluatio
of the surface images, the ‘FemtoScan’ program package was used.

Qﬁgtry Composition of layers deposited Roughness/nm

Roughness Command of this program calculated the mean square devia- ITO/PVC—-CHCl/Tb(Saly(TPPO)}-EtOH 13

tion of the height of different points on the surface from its average valu@ ITO/PVC-CHCY/Th(Saly(TPPO)}-THF 9

Jo{xy) in the selected area or in its whole image. The standard deviatich ITO/PVC-CHCYTb(Saly(TPPOY:PVC-THF 9

of roughness measurements is +5%. 4 ITO/PBD-CHCY/Tb(Saly(TPPO)}-EtOH 9

1 Henceforth, ‘compound—solvent’ denotes the composition of a solutiof® ITO/PBD-CHCY/Th(Sal)(TPPO}-THF 7

used for layer deposition. 6 ITO/PBD-CHCY/Th(Sal)(TPPO):PBD-THF 8

*The solubility of PVC and PBD in chloroform and THF is very high

(more than 300 g drf). §8The weight ratios [Th(Sa{)TPPO}]:[PVC] and [Th(Sal(TPPO}]:[PBD]
HCHCI; is not used because Th(S@NPPO) is insoluble in this  were equal to 50:50, and the concentration of Th{F&PO) in solu-
solvent. tions was 5 g dn?.
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