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Molecular Dynamics Simulation of the Deposition of Molecules

Kevyaki Yogome*

*Analysis & Simulation Division, Advanced Technology Center, Corporate R&D Headquaters,

Reported here is a simulation model which simulates the molecular dynamics of deposition processes.
Konica Minolta is deeply involved in organic light-emitting diodes (OLEDs). OLEDs are manufactured
by using either wet or vapor deposition process. Vapor deposition enables manufacturing of high-

erformance devices.

OLDEs consist of a plurality of layers plural layers, and their performance depends

on structures and surface boundary conditions between those layers. Thus, understanding of layer
conditions and their formation process is key to technological advance. Unfortunately, vapor deposition is
non-equilibrium phenomenon, rendering experimental approach impractical. So, we turned to simulation,
named "molecular dynamics simulation of the deposition of molecules” (MDSDM) for the better

understanding of the process.
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General OLED'’s layer structure.
The electron transport, emission, hole transport, and
hole injection layers are organic layers. The emission
layer includes dopants and host materials. These four
organic layers can be deposited either by vapor
deposition or by wet deposition. Our interest here was in
vapor deposition.
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Surface layer

Fig. 3 Structure of substrate used with MDSDM.

Molecules deposited on the surface layer have their thermal
energy transmitted through the temperature-control layer to the
fixing layer. The temperature control layer is kept at a constant
temperature by virtue of velocity scale. In the MDSDM,
temperature is controlled only in this layer. At the bottom, the
fixing layer prevents the substrate from being disturbed by the
kinetic energy of the deposited molecules.
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Fig. 2 Across-sectional view of a substrate and layer deposit at
an early stage in an MDSDM simulation.
The three molecules (dark arrows) fly through a vacuum
toward the substrate. A molecule (light arrow) is just
arriving at the surface of the deposit on the substrate. The
molecules of the wet layer are aligned on the substrate.

ARAEMD ORMFZLLT OB IRE LT, 7o
TVIENVE & 7o, IREERMENE, Bk oD R A
J& Z A — MET—EICHAES 5 Z & TDOHRAT

5TV, REEEGT W RE T &, e REBATVD.
PRASRIEBIE ST LE, MHEIERZS 5 7 S S
CORENRAELT D, BER L, KEDPOENEE molecule-2 molecule-2
MEE—ETHSD L PHRSNTHY, ORI moleculo s moeat
FETH LW LT B, £ ', e \
FrEMEERA T 3LV X —OFHE FEIZ T PPPM % ' il —-4\%
(particle— particle particle—mesh) ¥E % F\», ¥ 3 Q lwL
van—der-Waals = R /L¥—® cutoff FEEEIL 1. 5nm |2 &
BRE LT, BEEZAE 0.5 B L<IE1.0fs ZERA L -

776

FARITIE S102 72 K& VY, Bilik, RIS MD THE
MEREZ LT, xv FAEICKFEICRE L, BOA
T2 7K WD &2 W T Z oMo FICHEE L,
KE W ICHEATAZ L TEEARELRNNTDLZE
LARETH D, F/-Fig. 3D X O, HEEICIVE

x-position /nm x-position /nm

Fig. 4 The paths of four molecules being deposited.
Left: paths in the x-z plane. Right: paths in the x-y plane.
Four molecules are emitted 20° inclined with respect to
the z axis, and are deflected in the vicinity of the substrate
surface. Thermal diffusion moves the molecules in
various directions on the substrate surface.
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Fig.5 The last stage of an MDSDM simulation.
Left: CBP deposition. Right: TPD. In the wet layer on the
substrate surface, the molecules are laterally aligned.
Above the wet layer, the molecules are amorphous.
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Fig. 6 Density profiles of CBP and TPD in the z axis direction.
The CBP and TPD each have three density peaks near
the substrate surface. The intervals between the density
peaks are shorter for the CPB than for the TPD, which
indicates that the CPB has more neatly stacked
molecules than the TPD.
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Fig. 7 Layer structures of CBP (above) and TPD (below)
molecules simulated by MDSDM.
Above: three layers indicated by arrows correspond to the
density peaks of the CPB in Fig. 6. Below: terminal groups
of molecules are vertically directed (light arrows), so that
the second layer (dark arrow) is farther from the first layer
than in the case of CBP (see also Fig. 6).
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Fig. 8 Snap shot of MDSDM for pentacene at the last frame.
Almost all the molecule lies horizontally on the surface of
the substrate.
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9 Density profiles of the pentacene layers of Fig. 8.
The z axis profile (orange) has a density oscillation
throughout the layer, which indicates that the top layer is
affected by the substrate surface. The x axis and y axis
density profiles (blue and gray) are constant.

10 Comparison of the structures found in Figs. 8-9
(orange) and an experimentally formed crystal structure of
pentacene (white).

Both have herringbone structures

Fig. 11 Structures simulated by a commonly used molecular

dynamics simulation. Above: no substrate. Below: with a
substrate.
Without a substrate, only a few herringbone structures are
observed, seen in the upper-left (arrows). With a substrate, a
greater number of herringbone structures are observed,
although fewer than in Fig. 8.
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