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Molecular Dynamics Simulation of the Deposition of Molecules
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Abstract

Reported here is a simulation model which simulates the
molecular dynamics of deposition processes.

Konica Minolta is deeply involved in developing organic
light-emitting diodes (OLEDs)"?. OLEDs are manufactured
using either wet deposition or vapor deposition. Wet deposi-
tion allows high productivity, and vapor deposition enables
manufacturing of high-performance devices.

OLEDs consist of a plurality of layers, and their perfor-
mance depends on the structures and the surface boundary
conditions between those layers. Thus, an understanding of
layer conditions and their formation process is key to techno-
logical advance.

Unfortunately, vapor deposition is a non-equilibrium phe-
nomenon, rendering an experimental approach impractical
in this case. So, we turned to simulation. Due to its notable
flexibility, we used Materials Studio (Dassault Systémes) to
develop a molecular dynamics simulation that visualizes, on
a molecular scale, layer and interface conditions during
deposition. We refer to this as “molecular dynamics simula-
tion of the deposition of molecules” (MDSDM).

To validate MDSDM, we applied our simulation to the vapor
deposition of N,N'-Bis(3- methyl-phenyl)-N, N'-diphenylben-
zidine (TPD), 4,4'-Bis-(N-carbazolyl)-1,1"-biphenyl (CBP) and
pentacene (PN). Results were that TPD and CBP were amor-
phous, while PN displayed a herringbone crystal structure.

We then used MDSDM to simulate the deposition of mol-
ecules used in manufacturing OLEDs. This revealed the rela-
tionships among layer structure, vapor deposition rate, and
the role of molecule fragments in facilitating carrier mobility.

MDSDM proved itself useful guide to OLED properties.
Although MDSDM cannot yet perfectly simulate the actual
deposition process, we are continuously improving MDSDM
so that it’s proven utility will grow.
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Fig. 1 General OLED’s layer structure.
The electron transport, emission, hole transport, and hole injec-
tion 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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Fig. 2 A cross-sectional view of a substrate and layer deposit at an early
stage in an MDSDM simulation.
The three molecules (blue, green, and pink) fly through a vacuum
toward the substrate (grey). A yellow-green molecule is just arriv-
ing at the surface of the deposit on the substrate. The molecules
of the wet layer are aligned on the substrate.
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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 tempera-
ture by virtue of velocity scale. In the MDSDM, temperature is con-
trolled 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. 4 The paths of four molecules being deposited.
Left: paths in the x-z plane. Right: paths in the x-y plane. Four mol-
ecules are emitted 20° inclined with respect to the z axis, and are
deflected in the vicinity of the substrate surface. Thermal diffu-
sion moves the molecules in various directions on the substrate
surface.

3.1.2 EEVWDFOREE

PR 2 GBS LAY TH 2 TPDLCBPIL, K&
WWEODT7ELV7 7 AEZTER T2 Lo TVS
CBPIZTPD & Hig UC M2y <, ZEBEORL M)
H %5 2 ENMREI NS, MHDOEEMD % Fhfi L, 7%
HBDIRAE % EFR - bl L 7z, Fig.5 1%, CBP (£) 8 X O}
TPD (£7) DB DHITH 5, HBWAH T, »TND
Sy FREC S IR B ICHIREZ: 1 O ACERLADSHE T X %,

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 (orange) and TPD (blue) 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 CBP than for the TPD, which indicates that the CBP has more

neatly stacked molecules than the TPD.
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Fig. 7 Layer structures of CBP (above) and TPD (below) molecules simu-
lated by MDSDM.
Above: three layers indicated by yellow arrows correspond to the
density peaks of the CBP in Fig. 6. Below: terminal groups of mol-
ecules are vertically directed (white arrows), so that the second
layer (yellow arrow) is farther from the first layer than in the case
of CBP (see also Fig. 6).
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Fig. 8 Pentacene layers simulated by MDSDM.
Nearly all the molecules are horizontally aligned.
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Fig. 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.

Fig. 10 Comparison of the structures found in Figs. 8-9 (orange) and an
experimentally formed crystal structure of pentacene (white).
Both have herringbone structures.
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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 (yellow and yellow-green). With a sub-
strate, a greater number of herringbone structures are observed,
although fewer than in Fig. 8.
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Table 1 Deposition rates comparing densities and parameter P1in terms
of average and variance.

Layer Density Parameter-P1
Average Distribution Average Distribution

La Slow Slow Fast Fast

Lb Fast No difference Slow  Slightly faster

Lc Slightly slower Slow Slow Slow

Ld No difference  Slightly faster Slow Fast
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Fig. 12 Density profiles of layer La formed at different deposition rates.
Density is higher with the high deposition rate (blue) than with

the low deposition rate (red). The thin vertical bars represent stan-
dard deviations for three initial velocities in each deposition rate.
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Fig. 13 Parameter P1 profiles of layer La formed at low and high deposi-
tion rates.
At a low deposition rate, parameter P1 decreases from the sub-
strate surface to the surface of the deposited layer along the
blue arrow. At a high deposition rate, parameter P1 is almost
uniform throughout the layer. In both cases, the thin vertical
bars represent standard deviations of parameter P1.
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Table 2 Carrier mobility for seven types of molecules measured on thin film.

Carrier mobility Molecular type

Acceptable M1, M2, M3, and M4

Unacceptable M5, M6, and M6
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Table 3 Effect of molecule fragments on carrier mobility.

Fragment type Effect
A 10.0
B 2.0
C 0.2
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