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The Study of Luminescence Efficiency by
change of OLED's Hole Transport Layer
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The OLEDs(Organic Light-Emitting Diodes) structure organizes the bottom layer using glass, ITO(indium thin
oxide), hole injection layer, hole transport layer, emitting material layer, electron transport layer, electron
injection layer and cathode using metal. OLED has various advantages. OLEDs research has been divided into
structural side and emitting material side. The amount of emitting light and luminescence efficiency has been
improved by continuing effort for emitting material layer. The emitting light mechanism of OLEDs consists of
electrons and holes injected from cathode and anode recombination in emitting material layer. The mobilities of
injected electrons and holes are different. The mobility of holes is faster than that of electrons. In order to get high
luminescence efficiency by recombine electrons and holes, the balance of their mobility must be set. The more
complex thin film structure of OLED becomes, the more understanding about physical phenomenon in each
interface is needed. This paper observed what the thickness change of hole transport layer has an affection
through the below experiments. Moreover, this paper uses numerical analysis about carrier transport layer
thickness change on the basis of these experimental results that agree with simulation resulls.
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NOMENCLATURE

J,J .= Electron and hole current densities
¥ = Electrostatic potential

q = Electric charge

£ = Static dielectric constant

R = Optical recombination rate

G = Optical generation rate

1. Introduction

Emitting-light mechanism of OLEDs consists of  electrons and
holes injected from cathode and anode recombination in emitting
material layer. The mobilities of injected electrons and holes are
different. The transport velocity of holes is faster than that of
electrons. In order to get effective recombination by electron-hole
pairs, their mobility balance has to be set. Namely, carrier transport
layer and carrier injection layer between emitting material layer and
anode or cathode need to balance to set mobility. Since thin-film
deposition structure of OLEDs becomes more complex gradually, 1
must know that effort for comprehension of physical phenomenon in
each interface becomes more serious. In order to get high
luminescence efficiency in specification thickness, it would be useful
to observe luminescence efficiency of emitting material layer
changing thickness of hole transport layer. This paper surveys such
phenomenon through an experiment. Morcover, we compared

simulation results about carrier transport layer thickness change on
the basic structure to numerical analysis. The structure of OLEDs is
generalized by the OLEDs structural improvement effort and the
research of the organic materials in superior emitting light material
development. However, it is very difficult to comprehend interaction
of cathode and electron from electron injecting layer. 1 already know
that energy barrier of carriers (electron or hole carrier) using ITO of
anode and using metal of cathode are so high, that transport carriers
injection are not smooth. I have made effort to improve luminescence
efficiency of OLED:s studied steadily. The improved method puts hole
transport layer and electron transport layer in basis on the device
rescue and carriers can pass over the energy barrier easily. However,
these methods by the electrons and the holes transport the velocity of
OLEDs show difference in each other by change of voltage, so
electron-hole recombination in emitting light layer harmoniously
create, and luminescence efficiency is dropped. Method to set
transport velocity balance of two kinds of carriers by carrier injection
layer and carrier transport layer to heighten luminescence efficiency
should be presented.

That is, by accomplishing high-electron-hole pairs the lower
mobility of hole that expresses fast mobility by thickness adjustment
of hole transport layer should be presented. It is difficult to predict or
comprehend the electron that multi-layer structures become in inner
organic layer phenomenon if work function is made by slow stair so
that carriers may be smooth injecting of hole consists harmoniously
and migration of hole transport on emitting light layer. This paper
forecasted beforehand the actions of electron and hole that occur in
inner OLEDs by experimental results. It also expects thickness of
proper thin film using simulation results and compares each other.
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2. Experiment

OLED:s are sensitive device in temperature and humidity. Usually,
ITO-coated glass was used as the substrate for OLEDs. The sheet
resistance of 1TO anode was about 120 [Q /0]. The base chamber
pressure was under 3 x 10°°[Torr]. Chambers are consisted of metal
and organic. Organic materials were prevented from being exposed to
air by blowing nitrogen atmosphere in each process. The deposition
rates were controlled by quartz oscillating thickness monitor to be 0.1
~ 0.2 [nm/s] for the organic materials, 1.0 [nm/min] for Al electrode
respectively. OLEDs having the structure of ITO/NPB/ Algs/Cathode
were fabricated multiple organic molecular beam deposition method.
Fig. 1 shows the typical structure of the OLEDs and chemical
structure of the organic materials. 1TO transparent electrode was
inserted on glass substrate, and NPB was used as hole transport layer,
and Alg; was used as emitting material. Vacuum evaporation in
organic material Chamber ends and moves by metal Chamber in
possible similar vacuum environment and inserted Al by anode.
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Fig. 1 Basics structure of OLED

Hole injection layer (HIL) and hole transport layer (HTL)
experiment manufacturing basic thickness by 50 [nm] and measure
these and represent result this to thickness of each 10/20/30/40,
40/30/20/10. Hole transport layer used NPB and hole injection layer
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Fig. 2 Characteristics of OLEDs current density vs applied voltage

used CuPc. By emitting light layer (Emitting Layer) Alq; 40 [nm] do
and manufactured basic device. And cathode and anode electrode
used Al, ITO respectively.

OLEDs helps hole injection layer using transparency electrode
such as ITO (Indium Tin Oxide) to anode to make light which is
emitted light in emitting layer be emitted outside. and lower work
function uses metal to cathode clectrode and turn out clectron

injection layer of that is smooth.

Fig. 2 shows manufactured OLEDs voltage — current density. As
see result that measure in Fig. 2 could know that the best
characteristic of voltage and current density appear thickness of hole
transport layer is 30 [nm]. This certifies that fast mobility of hole
structurally could make pair of electron and hole by hole injection
layer and thickness adjustment of transport layer most efficiently.
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Fig. 3 luminescence efficiency of OLEDs

As we can observe characteristics of OLEDs applied voltage ana
current density in Fig. 3, the variety in the layer of OLEDs has
influences on the luminescence efficiency.

3. Simulation

Fig. 4 shows the simulation of OLED structure. The transport of
electrons and holes in organic device can be solved by the continuity
equation, with a drift-diffusion equation, coupled to Poisson’s
equation. Energy level discontinuitics at the organic hetero-junction
can be used to produce an energy barrier that blocks charge transport
across the structure.
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Fig. 4 Schematic of OLED structure
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dJ
—L=g(G-R) (2)
oy
dy ¢

N =-—(p-n) 3)
dx €

where, J" and JP are the electron and hole current densities,
respectively. Electrostatic potential y are function of the length
of the device, g is the electric charge and & is the static
dielectric constant. The optical recombination rate R is given by
R=y np , where y =4mxgu, /¢ is Langevin recombination
coefficient. The generation of electron hole pair (EHP) is given by
G=y np, , where n, p, isthermal equilibrium electron and
hole carrier density. Effective recombination mobility 1, taken to
be larger either the hole mobility u, or the electron mobility gt .

In equilibrium, the electron density ¥ and the hole density
p is represented to 1, and p  using Maxwell-Boltzmann
statistics,

I p(ﬁl’_%if_) @

p.=p, exp(— (5)

kT

where, ¢, is the Fermi level in equilibrium and . is the
electron affinity. 7 is the temperature in Kelvin and & is the
Boltzmann’s constant. #,
is energy gap.

The drift-diffusion equations defining the electron and hole
currents, J, and J, are;

qv —q¢. +x. +E, )

is molecule’s density of state and Eg

kT dn

J=qul|lnkE+—— (6)
q dx
kT dp

J,=qu,|pE-——7— (M
q dx

where, the electric field is given by E = —dy / dx , the electron
and hole mobility is given by u =y exp(E/E) and
M, =H, exp(E/ E,), respectively. p  and - are hole and
electron mobility in zero electric field, respectively. The equations
are solved numerically using a Sharfetter-Gummel spatial
discretization method,

kT — _
P [pﬁ(wm qw,)_ N B("""‘ W )] (8)
w Ax kT kT

kT Y, —qy,
P [nMB(W”' qw,)_niB(qw, W H ©)
s Ax kT kT

Ax=x_ ~x is differential
B (y) =y/ (exp (y) - l) is function of Bernoulli.
At the metal-organic-metal

where, mesh

size,
contact, there are boundary
conditions. Firstly, total current is sum of thermionic current from
x=0 to x = L and back-flowing interface recombination current
and FN (Fowler-Nordeim tunneling) current,

J,0)=-gv, (p.[E]-p(0))-(/, ... - /ul.) (O
2, (L)y=av, (n [E(D]-n(L)+ (] =2l0) (D
where, electron and hole’s effective recombination velocity are
v =lbmeu (kT)l 1q,
v =l6mep (IcT)2 lq

respectively. And the hole and electron density of quasi-
equilibriumin x=0, x=1L is

¢, —Ap,,
p. [E®]=n, exp(——-——] (12)
kT

-A
n [E(L)] =n, exp(—&;T—(p”") (13)

where, Schottky hole and clectron electric potential barrier are
> Py If o, and ¢, are negative electric potential, there are
barrier lowering by image force. In this case the model also
incorporates image force lowering of the barrier at contacts.

A@, =+/qE(0)/4ne (14)
Ao, =+[qE(L)/ 4ne . (15)

The Fowler-Nordheim currents take the form

I, =C,E(O) eXp(_L) (16)

E(0)

J

n

L =CE(L) exp(——K” ) (17)

E(L)

where, constant coefficient is given by

C, = 3¢ /87rh(<pbp - A(php) (18)
ik, =8n+2qm (9, -0, ) /3 19)
C =3q" /8nh(p, -Ap, ) (20)

Kk, =8m+2qm ((ph" -Ag, )m /3h 2n

The position independent of the total current J =J +J, is
used to verify that steady state has been reached. At steady state,
one can obtain the recombination current J =J, (0)—JP(L).
These quantities are related to the quantum efficiency
n, =0/, /J, and power efficiency n = Q(J, IIXE V) by
multiplying the ratio of radiation to total recombination. The ratio
of radiation to total recombination is QO =1/4 because of a
quarter of the excitons forms are singlets.

4. Results

This paper presents calculation of change of hole transport layer
in organic light emitting diode characteristics using two carrier device
models that include charge injection, transport, FN tunneling and
space charge effects in the organic material. 1 applied the device
model to organic material device using structure of Al
Alqs/NPB/CuPc/ITO in which the hole is majority carrier. The
calculations include carrier diffusion and field dependent mobility
therefore it is hard to reduce the way of simple analytic form to
describe the limited regime of the space charge to be derived for field
independent mobility and neglecting diffusion. It was considered that
the energy barrier is much smaller than the hole and it dominates the
current flow in the device. The temperature in all calculations is also
considered at room temperature. The model calculations show a good
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description of the measured 1 —V characteristics over a wide current
range in both structures. I can control the optimum thickness of hole
transport laver in high luninescence efliciency citeet handiul.

2

Current Density [A/cm ]

00

Bias [V}

Fig. 5 AVAlqy/NPB/CuPc/ITO characteristics of current density vs
applied voltage in simulation result of OLED structure

5. Discussions

The experiment shows that, the mobility of hole, is faster by 1~2
order degrees than the mobility of electron. In order to increase the
luminescence efficiency, many electron-hole pairs must be made and
the mobility of electron must be made faster. Therefore, it is
important to search for the optimized thickness to make many
electron-hole pair as possible. Specially, thickness adjustment of hole
transport layer is required more urgently in case of manufacturing
organic light emitting diode by multi-thin-film layer structure. I could
know the thickness of hole transport layer that express maximum
luminescence efficiency, which was in good agreement with
simulation result in Fig. 5.
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