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Abstract

Measured current-voltage-characteristics
of OLEDs show a large hysteresis for differ-
ent sweep directions. To clarified this pecu-
liarity we have carried out 2D simulations
of transient current-voltage characteristics
with a systematic variation of the relevant
parameters to investigate this characteris-
tics. It turnsout that the transient behaviour
can be explained by deep traps. Due to the
high energy gap of organic materials deep
trapscan liefar fromthe bands. Further, the
thermal velocity of the carriersis extremely
low and consequently the time constant for
trap recharging is very high. Therefore, a
high delay time is necessary to measure the
reverse steady-state current and to prevent
the hysteresis effects.

1. Introduction
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current characteristics by means of experi-
mental results and 2D simulations.

2. Experimental results

In Fig.1 the I-V-characteristics of a
ITO/NPB/Ca device at different delay times
and sweep directions are shown. The
transition from negative to positive cur-
rents does not occur at zero voltage but

Despite of several theoretical models for V (V)
organic light emitting diodes (OLEDSs) [1,
2, 3, 4], there are only a few describing the
influence of deep traps on the device char-Figure 1. Current characteristics of a
acteristics [5, 6]. In this work we discuss ITO/NPB/Ca device with a 430 thick NPB
the influence of deep traps on the transientlayer
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curs for the simulation from reverse to for-
ward direction but not for the inverse one.
We carried out 2D simulations for a To obtain the shift to positive voltages leak-
ITO/PPV/AI structure. PPV was used to age currents have to be considered. In ad-
obtain sufficiently high reverse currents to dition the difference of the steady-state and
prevent numerical problems as obtained fortransient curves is caused by the slow trap-
the very low theoretical reverse currents of ping and detrapping of the holes. From the
NPB devices. The parameters of the de-selected trap parameters one obtains a time
vice are the thicknesg,;., = 500nm, in-  constant of approximateBbs for these two
trinsic densityn; = 69¢m™3, band gap processes. The transient currents at a volt-
Eq = 2.4€V, affinity x = 2.6eV, mo- age of—1V after a delay time o6s (Fig.3)
bility 11, = pn = 1073cm?/Vs, doping  verify the theoretical estimate.  For the
concentrationV4 = 10%m =3 and permit-  simulation from forward to reverse direc-
tivity ¢, = 3. Traps can only influence tion the transient current density is higher
the transient current if their occupation de- than in the steady-state and not constant in-
pends on the voltage. From first simula- dicating that the occupation of the traps with
tions we concluded that trapping/detrappingelectrons is not terminated. For the inverse
processes occur for acceptor traps with lev-sweep direction the absolute value of the
els below the intrinsic level. Furthermore transient current density is also higher than
one has to consider the very low thermal ve-the steady-state one but the current density
locity of the holes in organic materials [7] is negative and the diode is already in for-
so that we usedV;4 = 10%m =3, F; —  ward direction. As shown in Fig.4 during
Ey = 0.5¢V andvy, = 10cm/s as trap pa- the ramp time the holes flow from anode
rameters. Simulated I-V-characteristics areto cathode causing a reduced depletion re-
shown in Fig.2.  The shift of the transi- gion and in the inverse direction again dur-
tion from negative to positive currents oc- ing the delay time. Only by increasing the

3. Simulationswith deep traps
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Figure 3. Transient and steady-state hole
current densities for U = —1V and a delay
time of 6s. Cross section in the middle from
cathode to anode.

Figure 5. Current characteristics at differ-
ent delay times for simulation from reverse
to forward direction.

delay time, the difference between steady-that the slow trapping/detrapping process is

state and transient concentrations is reduced€ origin for the described experimental ef-

for both sweep directions. Consequently thef€Cts:  Further, these effects depend on dif-
negative voltage of the transition from re- ferent parameters of the structure and the

verse to forward currents is reduced from traps. In Fig.6 the influence of the trap level

6.6V to —3.4V increasing the delay time is shown. The voltage for the transition from
from 2s to 10s (Fig.5). The curves of this

negative to positive current depends sensi-
figure show the same tendency as the ex

tively on the trap level. Though the time
perimental results of Fig.1 giving evidence COnstant of the trapping process increases
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Figure 4. Hole concentration for U = —1V
and different times. Cross section in the
middle from cathode to anode.
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Figure 6. Current characteristics for differ-
ent trap levels for simulation from reverse
to forward direction.
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Figure 7. Current characteristics for dif-
ferent cathode work function for simulation
from reverse to forward direction.

from 4s to 10%s for levels of0.4eV t00.9¢V
the shift of the curves has a maximum for
E; — Ey = 0.7¢V. From the occupation
of the traps at different voltages (not shown

forward direction. For the inverse direction
we have only demonstrated the variation of
the reverse current but not the shift of the
curves to positive voltages. In the exper-
imental curves the current up to about the
built-in voltage of2V is dominated by leak-
age currents not included in the 2D simula-
tion. For this reason the simulated curves do
not show the shift in this sweep direction.
The time constant of trapping/detrapping
process is very high because of the low ther-
mal velocity and the high energy gap caus-
ing that traps lie far from the bands. Further,
this process depends sensitively on a lot of
parameters as e.g. the doping concentration
or the trap level. With transient simulations
one can prove that the traps are responsible
for the hysteresis effects but it is not possi-
ble to determine the exact parameters of the
traps since there are too many different in-
fluences both of the material and the trap on

here) we can conclude the concentration ofthe value of the transition voltage.

the occupied traps in the depletion region
depends on the trap level. For levels from
0.4eV 10 0.7¢V all of the traps are occupied
but only a few for a level 06.9¢V" so that the
transition of the current occurs at reduced

negative voltages. Fig.7 shows the influence

of the cathode work function causing a vari-
ation of the reverse current. For very low
currents ..+ = 4.0eV) the negative volt-
age for the transition is higher thaW . In-
creasing the work function of the cathode to

4.2¢V the steady-state current is so high that

5]

the shift of the transition from negative to
positive currents disappears. The analogou
effect was obtained for different mobilities.

4. Conclusions

The results of the simulation have shown
that deep traps cause the observed variatio
of the transition from negative to positive
currents for the simulation from reverse to
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