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Electrical modelling and design of ultra-fast
micro-OLED with coplanar wave-guided
electrodes in ON-OFF regime

A. C. Chime, S. Bensmida, M. Chakaroun, M. W. Lee, H.
Nkwawo, A. P. A. Fischer

This work proposes a new electrical model and design of ultra-
fast p-OLED devices under ON-OFF electrical pulse regime. The
new model is an equivalent electrical model capable of
accounting for large amplitude excitation as well as ultra-short
pulse response. Moreover, coplanar wave-guided electrodes are
proposed, for the first time, to maximize pulse energy delivery to
the organic hetero-structure and to minimize the p-OLED time
response. An analytical expression of the time response is derived
from the model which reveals the design key parameters.
Moreover, preliminary experimental results presented in this
work demonstrate state-of-the-art OLED current density of
2kA/cm? and better than state-of-the-art optical pulse duration
as short as 10 ns in the range of the radiative lifetime of singlet
excitons.

Introduction:

Organic Light Emitting Diodes (OLEDs) are mainly and largely
exploited in display and lighting applications. However, in the field
of organic opto-clectronics, the demonstration of the organic laser
diode remains one of the most important challenge. The main
obstacles to achieve lasing with organic semiconductors under
electrical pumping are; the low mobility in organic semiconductors,
heating, several loss mechanisms due to injected charges, exciton
formation, and high laser-threshold level [1, 2].

High current density is one of the requirements to reach the laser
threshold excitation level [3, 4]. Such high excitation levels require
extremely high charges densities. This leads to additional absorption
losses that are the result of undesired annihilation processes (in
particular singlet-polaron and singlet-triplet quenching) [1, 5, 6, 7].
As triplets do not contribute to the lasing process and have long
excited state lifetime, they quickly accumulate in the gain medium
and become detrimental to the laser effect. This phenomenon can be
avoided in the presence of very short pulsed excitation. This can be
achieved by choosing a pulse duration that is short enough so that the
triplet population does not become significant before the end of the
pulse and by adjusting the repetition rate (or the duty cycle) such that
there is sufficient time for triplet relaxation between successive
pulses [7]. In other words, the pulse duration should be less than the
lifetime of the singlet states (The radiative lifetime of singlet
excitons being in the range from 0.2 to 20 ns)[8], while the repetition
period should be greater than the relaxation time of the triplet states.
Additionally, a small active area device should lead to low sample
capacitance, and hence, fast response time [9]. Short pulse duration
should therefore result in avoiding exciton annihilation and, hence,
could lead to better external quantum efficiency (EQE) [10, 11, 3,
12]. Moreover, under these conditions of high density of excitation,
better heat management may lead to higher current densities [1, 9,
13].
Recently, significant research efforts reported OLED responses under
pulsed electrical excitation regime [1, 9, 14, 15]. To the best of
authors knowledge, the shortest pulse durations were reported in
[1,15] with 50ns pulse. Shorter pulses require a large bandwidth
impedance matching circuit so that the energy of the electrical pulse
is effectively transmitted to the component. This last aspect was
omitted in previously reported work.

In this paper, a new OLED equivalent electrical model is proposed
and developed for ON-OFF operation regime in the presence of high
amplitude pulse excitation. Authors introduced an OLED electrical
model that identifies key design parameters [15]. This paper builds

on this previous work and proposes an OLED electrical model that is
further fine-tuned to reproduce the device electrical response to
faster and shorter pulses than those reported in [15]. The model takes
into account the physical characteristics and topology of the OLED.

A new and original ultra-fast OLED design with a topology that is
optimized from the equivalent electric model key parameters is then
presented as well as a coplanar waveguide electrodes complying with
radio-frequency circuits and systems design rules. To demonstrate
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Figure 1: Equivalent electrical model of different part of OLED device.

the effectiveness of the proposed design approach, this paper
presents preliminary experimental measurements of the new OLED
design, in the presence of an ultra-short pulse, in terms of electrical
and optical responses.

Equivalent electrical model:

The most commonly used simple equivalent electrical model for an
OLED are not optimized for ON-OFF operation scheme with high
amplitude of excitation [16,17]. The proposed equivalent electrical
model, shown in Fig.l.c, is established from the OLED
geometry/topology, shown on Fig.1.b, and its I-V characteristic,
shown in Fig.1.d. Fig.1.b depicts a typical OLED geometry with a
stacked structure of thin organic layers sandwiched between an
indium tin oxide (ITO) anode, and a metallic (Al) cathode. From an
electrical point of view, this structure is equivalent to a combination
of several resistors and a capacitor. The resistors represent ohmic
losses due to; firstly, the ITO sheet resistance (contact resistance
Rs1), secondly, the low conductivity of each of the organic layers
(bulk resistance Ry), and thirdly, the cathode resistance (contact
resistance Rs,). The capacitive behavior results from the fact that the
OLED is basically made of almost dielectric materials, i.e. the
organic layers sandwiched between metallic plates (the electrodes).
Additionally, the energy barriers between adjacent organic layers
induce a junction capacitance. For the sake of simplicity, all the
capacitors are included in a single equivalent capacitor C. The
proposed equivalent electrical model elements are shown on Fig 1.c.
Typical I-V OLED curve is shown fig 1.d. In ON-OFF regime the
operation points are B and D corresponding respectively to an
excitation voltage Vorr= 0 V (OFF-state) and to an excitation voltage
Von>>0 (ON state). The respective slopes of the I-V curve in B and
D are:

1 _dl and L _dI
v

ROFF dVan:v,)FF:O ON atv=Ve,

Ron being the effective resistance in the equivalent circuit while high
excitation voltage is applied during the ON state. The higher the
amplitude of excitation, the lower is Roy resistance. During the OFF
state a similar reasoning applies except that the effective resistance
Rorr is high enough to be considered as an open circuit. This is
clearly shown by the slope of the I-V curve which is close to zero. In
ON-OFF operation regime a dynamic resistor Ry is used that is either
equal to Ron or to Rorr depending on which state the OLED is
switched to. In order to take the ON-OFF switching into account in
the equivalent electrical circuit, we introduced the dynamical
resistance Ry which is the sum of the inverse of the slope of the I-V
curve, and of the bulk resistor Ry, such that R=RoxtRy in ON state
and R&=Ror+R} in the OFF state.

Eq. (1)
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Figure 2: Electrical circuit for pulsed excitation of OLED
In order to measure the current I flowing through the OLED, a
measurement resistor (Rimes) 1S connected in series with the device as
shown on Fig. 2.b.
From the electrical excitation circuit shown in Fig. 2.b, the
relationship between the OLED current I and the excitation voltage
Vg reads:

drfe) (4, R L r)=

dt R +Rs,*+R,00s | R,C Eq. (2)
1 dvg(t), 1

R51+ R52+Rmeas dt ¥ Rdc VE(t)

The current I flowing through Ry is the sum of ip and ic which are
respectively the currents flowing through the diode and the junction
capacitor C. The part of the current flowing through the dynamic
resistor Rq and not through the capacitance is then:
iD(t):VE(t)_(R51+R52+Rmeu5)1(t) Eq. (3)

Rd
The ON-OFF operation regime is modeled with an analytical
expression of the excitation voltage Vg(t) defined as a gate function
with a constant amplitude Vg, between 0 to T and with zero
amplitude outside as shown Fig 2.a.
The current waveform I(t) flowing through the OLED, shown in
Fig.2.c is then obtained by solving eq. 2 with V(t) being replaced by
its on-state value Vi and its derivative by zero. For the sake of
simplification we introduced the total serial resistance
Rst=Rg1+Rs:+Rimeas and consider only the rising flank of the solution
(step function) of the differential equation eq. 2.

1 R, R,+Ry 1
I(t)= 1+—exp| ———— t]||V Eqg. (4
( ) RST D( RST RdC ):| £ 4 ( )

" Ry*+Ry;
Using eq. 3 and eq. 4, the effective current Ip flowing through Ry
reads:

1 R;+Rg 1
I,(t)= 1-exp| — st Ly
olt Rd+RST|: exp ( Ry R,C

I(?) starts with an initial turn-on peak current value I, given by
eq. 6 calculated in the particular case t=0.

Ve Ve Eq. (6)
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The current peak is followed by a decay toward a steady state value
of I(t) reached for t larger than the decay time or for t=+w given
by eq. 7;

VE _ (RSI+RSZ+Rmeas) I

Rd+RST - Rd +( R51+RSZ+R
A more physical understanding of eq. 6 is revealed if at the onset of
the pulse it is assumed that C is a short circuit and Ry is infinite.
Then, the equivalent electric circuit is reduced to the serial
resistances Rst=Rg1+Rs;+Riness and the current flowing through them
when a voltage Vg is applied at their terminals is indeed given by
Ohm’s law and eq.6.
Similar but different physical understanding holds for the expression
of the steady-state current given by eq. 7; when C is fully loaded, its
current stops, and C can be replaced by an open circuit in the
equivalent circuit which reduces to the serial resistances Rgt+Rsr.
Consequently, the steady-state current is simply given by Ohm’s law
with voltage Vi applied to the terminals of R4+Rsr.

Isleady:I (t:+<X)): peak Eq (7)
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Figure 3: (a) u-OLED Electrical time Constant and (b) Current density Jp=Ip/S
(S=87x120um?) for a 100 V excitation as a function of the dynamical resistance

Rd for RST1:106Q and R5T2:16Q Wlth Cl: 13 pF and C2:1.3 pF

Equations 6 and 7 indicate that reductions in the values of the serial
resistors Rs; and Rs, as well as the dynamic resistor Ry help to
maximize the p-OLED steady-state current which is the value
towards which converges Ip(t) the essential and unique contributing
current to the light emission by the OLED (See fig. 2c¢).
The time constant t (Eq.6) of the exponential decay is derived from
the exponential term in eq. 4 and eq. 5 and reads as a function of the
electrical model elements Rs;, Rs2, Rimeas, Ra and C:
C

1 1

R

Ry R +R,*+R

meas

= Eq. (8)

The electrical time response of the device, ie. the time needed for I(t)
to decay from 90% to 10% of its peak value to its steady state value,
(or for In(t) to grow from 10% up to 90% of the steady state value)
is simply T;=2.2 1. From Eq. 8, it is clear that a first route to reduce
the OLED time response is to minimize the capacitance C for
example by reducing the active area surface S. Another route to
reduce the value of T; is to reduce the values of resistors Ry, Ry, Ry,
and Ryes. It is worth noting that to achieve T, minimization, both Rd
and (Rst= RsitRs2tRpess) must be minimized. Otherwise, T~ RqC if
R4 << (Rs1+Rs2+Rineas), or T~ (Rs1tRs2+Rineas) C if
Ra>> (Rs1+Rs2+Rineas)-

Figure 3 presents the OLED electrical time constant T and the
normalized current density as a function of the dynamic resistance Rq
for four different scenarios; In the first realistic scenario the
measurement resistor Ry..s =50Q and the serial resistors Rs; and Rsp
are large resulting a total value Rsti=Rsi+tRs2tRimes=106 QO while
the capacitance C;=13pF. The choice of these model parameters
values is based on previous measurements reported in [15]. In the
second more optimistic scenario, all the serial resistors Rs; and Rs»
have been minimized via metallization of the ITO and the
measurement resistor is set to Rimes=10 Q resulting in Rs12=16Q. The
capacitance remains C;=13pF. The third and fourth scenarios
correspond respectively to Rsti=106Q and C>=1.3pF and Rsr>=16 Q
with C>=1.3pF which are very optimistic scenarios with a tenfold
reduction of the u-OLED capacitance.

In figure 3.a the electrical time constant function saturates to
7:=1.36ns in the first scenario case (Rst1=106Q -red line with
circles) whereas it saturates to 1,=206 ps in the second case with
R=16 Q (black lines with squares). In the third and fourth scenarios
the electrical time constant saturates respectively to t:= 142 ps and
1,=22 ps. In any case, decreasing Rq below Rst will reduce further
the time constant. With these small values of the electrical time
constants, this numerical analysis provide preliminary indications on
the possibility to design optoelectronic organic devices one or more
order of magnitude faster than what has been reported so far in the
literature. Moreover, these low values of the electrical time constants
being available for a large range of the dynamic resistance R4. This
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indicates that high excitation level (low R4 values) is not compulsory
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Figure 4: Simulations showing the electrical response of a p-OLED to a ~10ns
pulse excitation based on the differential equation 2 and on equation 3. The
different simulations were runned with Rq=300 Q, with different capacitance
values (C = C,= 13 pF left column and C = C,= 1.3 pF right column), and with
different shapes of the electrical excitation signal (upper figures with gate
functions, lower figures with sigmoid functions). Continuous black traces
correspond to the total current I while dotted blue lines correspond to the part I,
of the current flowing through the organic hetero-structure and that produces the
emission of light. In a) and b) the excitation (red stripped line) is a gate
function, whereas in c) and d) the excitation function is a sigmoid In a) and c)
the time constant is T, = 1 ns (C,;=13 pF). In b) and d) the time constant are
1,=100 ps (C> = 1.3 pF).

to achieve high-speed behavior in organic optoelectronic devices.

In fig 3.b the current density is evaluated as a function of Rq. The
maximum current density achievable with low R4 values is limited
by the serial resistance (Rsr=Rs1+Rs2+Rpess) to 10 kA/cm? in the first
scenario and to ~50kA/cm’ in the second one. Note that with
Rst1=106 Q and Rq=300 Q, which constitute realistic conditions,
the maximum current is to be limited by Ip/S=2.1 kA/cm® To
minimized Ry, the operating point D (Fig 1) is to be moved up along
the I-V curve by increasing Von, whereas to minimized
(Rsr= Rs1+Rs>+tRueas) the device is to be modified physically; Rsi
can be minimized via the metallization of the part of the ITO that is
not the active area, Rs» can be minimized with a thicker aluminum
deposition and with shorter electrical track. Finally R s can simply
be set to the minimum resistance value that still allows a noise
limited measurement of the V,(t) voltage taking into account the
sensitivity of the measurement equipment. Note however that the
turn-on peak current ek increases with the value of the total
resistance Rsr and actually will tend to infinity if Rgr is to be zero. In
practice this means a destruction of the OLED. Also, note that the
steady current Iseady tends to the peak current I, when
R4<<(Rsi+Rs2+Runeas) as illustrated from fig. 4.b. This is likely going
to result to; firstly to a maximization of the expected steady state
current and secondly to a beneficial mitigation of the transient
effects.

The analysis of the analytical expressions can therefore be
summarized into three design guidelines; 1) reducing the OLED
active area, 2) minimizing the serial resistance and 3) operating with
amplitude pulses high enough to obtain a dynamical resistance R4
smaller than the total of the serial resistances Rsr and to access
operation regime with smaller difference between Iseady and Ijea.

Numerical results

The differential equation (Eq. 2) is solved numerically using Runge-
Kutta 2" and 3" order method using different excitation functions,
different values of the capacitance C. The current Ip(t) flowing
through the active part of the u-OLED is then deduced. Results are
shown fig. 4 in the case of gate excitation function (upper figures in
Fig. 4) and sigmoid excitation function (lower figures in fig. 4) with
a 10ns duration.

In the case of a gate excitation function (Fig 4.a and b), the
beginning and the end of the pulse response exhibit overshoots
indicating the charge and the discharge of the C capacitance. As
expected, the overshoots become less pronounced in duration when
the capacitance C decreases from C,=13 pF to C,=1.3 pF, which
corresponds to the decrease of the electrical time constant Te
(Eq. 5). In the case of a sigmoid excitation function (Fig 4.c and d)
the overshoot is not visible for the smaller value of the time constant
(Rg=300Q2, C=1.3pF). We would like to emphasize that the
absence of overshoot is not an evidence of slow response. Note that
whatever the excitation function is, the Ip current does reach its
maximum (stationary state) before the end of the pulse duration. A
first conclusion is that the excitation function has a large impact on
the discharge and therefore the estimation of the pu-OLED time
constant from the measurement of the capacitance discharge is to be
considered cautiously. Moreover, the current Ip reaches its steady
value faster with the gate excitation function than with the sigmoid.
For this reason, it is important to preserve the integrity of the
excitation signal. This can be done among other things by
minimizing the parasitic reflection resulting from impedance
mismatch. Here we propose to improve the impedance matching
between p-OLED electrodes and wires coming from a pulse
generator with feeder line electrodes.

OLED circuit design

Operating OLEDs in ON/OFF mode means driving them with
pulses. In the presence of ultra-short pulses, the driving signal
contains high frequency components and issues such as impedance
matching must be taken into account. Indeed, when voltage impulse
of few nanoseconds is applied to an OLED, part of its energy is
reflected (not absorbed by/delivered to the OLED) if there is any
impedance mismatch between the feeding line and the device or
anywhere in the driving circuit. The amount of reflected energy is
quantified by the reflection coefficient that is defined by:

r=20=2c Eq.(9)

Z+Z,

where Zp is the equivalent impedance of the device and Zc is the
characteristic impedance of the line. Reflection has also the effect of
distorting pulse waveforms which makes it difficult to even estimate
the response time of the device has mentionned previously. To avoid
as much as possible undesired effects, we applied two modifications
on the ITO electrode; we propose for the first time in the OLED
technology to integrate both part of the driving circuit and the
matched feeding lines onto the ITO thin film coating the glass
substrate [18]. More specifically, OLED electrode dimensions and
shape will be modified to become coplanar waveguide feeding lines.
Coplanar waveguide (CPW) has been chosen to design the new
pattern of OLED electrodes because it requires only one side of the
substrate covered with conductive material contrary to micro-strip
configuration. It is thus easily and quickly adaptable to current
OLED substrates. The dimensions of the feeding lines are calculated
to obtain a characteristic impedance Z. equal to 50 Q at the F,=1GHz
base frequency (knowing that 98% of the pulse spectrum energy lie
in frequency range from 0 to 5Fy).
CPW line was described for the first time by C. WEN[19], but it is
applied to design ultra-fast organic optoelectronic devices for the
first time. It consists of a strip of thin conductive strip on the surface
of a dielectric with two ground planes running adjacent and parallel
to the strip as shown on fig. 5.
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Figure 5 illustrates the CPW structure where H and &, are
respectively the thickness and the relative dielectric permittivity of
the dielectric material which is a glass substrate used in this work. W
and T are the width and thickness of the central strip respectively
whereas G is the width of the gap on either sides between the central
strip and the ground planes. With a W=1000um width ITO central
anode separate by a gap G=243um from the ITO ground planes on a
H=700pum thick glass substrate with relative permittivity =~ €,=7.75
a Zc=50Q characteristic impedance is obtained.
CPW is compatible with the integration of electrical elements of the
driving circuit onto the substrate as close as possible to the OLED so
as to reduce the effect of parasitic reflections and preserve the shape
of the fast electrical excitation pulses.
In the current work, integrating the electrical driving circuit reduces
to the addition of a built-in measurement resistance Rucs. To
integrate the latter onto the substrate, two thin stripes connecting the
cathode to both ground planes with Ryyipe =2 X Riness are added as
illustrated in fig. 5. The width L of these stripes is simply calculated
from the law of resistance with its length imposed by the gap G, with
the section defined partially by the ITO thickness T=120 nm, and
with the ITO resistivity Prro
L=piro % Eq. (10)

meas
Practical dimensions for Ryps=50Q are

L=182pm.

G=243pm and

Experimental results and validation of the
model

After fabrication, the samples are characterized electrically first
under DC operation. The serial resistances exhibits Rgi= 45 Q,
Rs2=10Q, Rues=51 Q. The active area has been measured to
S =87 x 120pum?, and the surface capacitance value of 124 nF/cm? at
0.5 Ghz estimated from a previous work with similar organic
heterostructure has been used. The total serial resistance and the
estimated capacitance C, = 13pF corresponds to scenario 1.

The Organic heterostructure is made with 30nm of m-MTDATA as
hole injection layer (HIL), 10 nm-thick NPD as hole transport layer
(HTL), 30 nm of Alg3 doped with DCM as a light emitting layer,
Snm of BCP as hole blocking layer (HBL), and 25 nm of Alq3 as
electron transporting layer respectively ended with a LiF (1nm) /Al
(120 nm) cathode layer.

In order to record the opto-electrical behaviour of the device, each
OLED is placed on a response time measurement system consisting
of a probe station (Cascade opto-PMS5), a high pulse generator
(AVTECH AVL-2A-B), and a digital oscilloscope (Tektronix TDS
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Figure 6: Time domain waveforms of electrical and optical response of the
u-OLED device for 9 ns pulse duration and an excitation amplitude of
Ve=100V. a) Excitation Vg(t) (blue stripped line), measured electrical response
Vum(t) (green line with dots) and simulated electrical response (red thick line)
showing a good fit between the measurement and the simulation. b) Measured
current density Jp(t) (green thin line with dots) and the optical response (thick
magenta line)).

7254). A 100 V amplitude excitation pulse with 10ns duration is
delivered from the generator and applied to the device, while
measurements are recorded with the digital oscilloscope. Current
density response is measured across the built-in measurement
resistance Ries using a GSG probe. Simultaneously, light output is
collected from the bottom of the substrate into a NA=0.5 numerical
aperture optical fibre connected to an avalanche photodiode with
400 MHz bandwidth (Thorlabs APD3040A2). All measurements are
performed in an ambient atmosphere at room temperature.

Figure 6 presents both experimental results and simulations for the
sake of comparison and validation of the model. More specifically,
fig. 6.a presents the excitation voltage Vg(t) (blue stripped line), the
electrical response Vm(t) (green line with dots) measured across the
measurement resistance Rumes, and a simulation (red continuous line)
performed with the measured excitation signal Vg(t) (blue stripped
line).

The measured excitation voltage Vg(t) exhibits smooth flanks similar
than those of the sigmoid functions in fig. 4.c and d. Because of this
and following the conclusions of the numerical analysis the electrical
time constant can not be measured directly from the measured time
trace, but rather from the parameters used for the fitting between the
measurement and equation 2.

For these reasons and for the sake of comparison, the measured
electrical response and electrical response simulated from equation 2
with Rst1=106 Q, Rq=312 Q (extracted by fitting), and Cs=1.4 pF
(13.8nF/cm?) are both plotted on the same figure. The electrical
response Vwm(t) exhibits a pulse duration (FWHM) of 9.0 ns similar
to that of the excitation which is a strong indication that the p-OLED
with CPW electrodes respond much faster than the pulse duration.
Note that the parameters used for the fitting are very close to those
involved in the third scenario since Rgr is the same, R=312Q differs
by 4% only and Cs=1.4pF differs by 7% from C,. Clearly, the good
qualitative fitting between the measurement and the simulation based
on reasonable values of the electrical model validates the modelling
in ON-OFF regime and demonstrates its relevancy. Based on this
conclusion it appears safe to used the model to estimate the electrical
time constant. From the electrical parameters values Rsti= 106 Q,
R4=312Q, and Cs=1.4pF, equation 6 provides an -electrical
response time of T, =110ps

This the first of the two strong indications that 50Q impedance
characteristic CPW electrodes are very beneficial to very-high speed
u-OLED.



Indeed, the electrical response to a pulse excitation of the p-OLED
with CPW electrodes 7t.=110ps is two orders of magnitude lower
than previously reported work with the same active area but without
CPW electrodes (1<< 9.6 ns£3.3ns) [15]. Such an almost adiabatic
response explains why the electrical response exhibits the same pulse
duration than the excitation.

A second indication of the benefit of the CPW electrodes is to
compare the value of the capacitance and the surface capacitance of
pn-OLED with and without CPW electrodes. The surface capacitance
calculated from the ratio Cs to S with S=ex D =87x120um’ is
Cs/S =13.8nF/cm?®. It is tenfold smaller than that reported in the
previous study [15], but in better agreement with other values
reported in the literature in the range 20-40nF/cm? and in the MHz
range [19]. The active area S being similar in the current experiment
and in the experiment reported in [15], the main difference between
both types of pu-OLED being the CPW feeding line electrodes, it
confirms their role in the tenfold parasitic capacitance reduction. The
capacity difference can be explained by the impedance mismatch
along the electrical line with different characteristic impedance of the
wires, cables, distant measurement resistance and device resulting in
a total parasitic capacitance ten fold larger (124nF/cm?) when CPW
is absent.

Figure 6.b presents the light output (continuous magenta trace) and
the current density Jp(t)=Ip«/S (green thin line with dots) calculated
from eq. 3 using the measured voltage response Vm(t) and the
measured excitation voltage VEg(t). The current density waveform
exhibits a rising flank sharper than the falling flank although the
pulse duration remains equal to the excitation pulse duration at 9.0ns.
The peak value of the current density reaches 2.04 kA/cm? which is
less than 3% different from the maximum current density value
2.1 kA/em® calculated from equation 5 with Re= 312 Q and very
similar to what is plotted in fig. 3.b. This is an indication of the
relevancy and the robustness of the model. The rise time of the Ip(t)
current from 10% to 90% of its maximum value is 2.1ns indicating
that the device can be submitted to pulses shorter than 10ns with a
still perceptible light response. Note again that the reason why the pi-
OLED electrical rise time is different from ~ =2.27,=242ps is
because the excitation signal is not a gate-like function.

Additionally, the current Ip flowing through the organic hetero-
structure is effectively converted into photons as proved by the ouput
light emission (magenta trace in fig.6b). With 8.2ns and 3.6ns in
duration and rise time respectively, the optical pulse exhibits smaller
duration and slower rise time than that of the electrical pulse. A
qualitative analysis of the light output shows that the optical trace
increases exponentially up to the half of the duration of the current
density pulse and decreases exponentially after it, confirming that the
measured optical response is slower than the electrical response.
Further investigation with a faster photodiode is required to check
whether or not the measurement is not limited by the photodiode
response time.

Conclusion and perspectives:

The current study proposes a model for high speed p-OLED in ON-
OFF pulse excitation regime that is successfully validated with
measurements. The coplanar waveguide electrodes made of ITO on
glass substrates compatible with S=87 x 120pum’ p-OLED and with
50Q integrated measurement resistance lead to tenfold smaller
capacitance values, and two orders of magnitude faster electrical
response down to t=110ps . The combination of preliminary
measurements and simulation demonstrated the interest of the
proposed design for the reduction of the p-OLED electrical time
response under ultra short pulse excitation scheme. This work shows
successful generation of perceptible light response under better than
state-of-the-art ultra short electrical pulse duration of 9ns, 2.1ns rise-

time. It demonstrates not only pulse duration in the range of the
radiative lifetime of singlet excitons, but also that the OLED device
can sustain state of the art current density up to 2kA/cm? without
heat breakdown.

As perspectives, the metallization of the electrodes can lead to a
further decreases of the serial resistance and therefore to a further
decrease of the electrical time response down to 20 ps and to current
density up to 3 kA/cm? in the case of an excitation amplitude of
100V. The next step will be to quantify precisely the true light
intensity emitted by the OLED to investigate the optical excitation
density as steps forwards towards the resolution of the electric
excitation issue of the organic diode laser.
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