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Abstract: We propose a new model for the organic laser diode based on rate equations for polarons,
singlet and triplet excitons for both host and guest molecules, and photon densities.  The proposed
model is validated experimentally by comparing calculated and measured optical responses in the con-
text of pulsed nanosecond electrical excitation of high-speed µ-OLEDs in the limit of weak micro-cav-
ity effects.  We predict the laser threshold current density as a function of the micro-cavity quality
factor, for two material gain and residual absorption values. We elucidate the crucial role  played by
the latter in setting the laser threshold and  comment on  the recently observed threshold value of
~500 A/cm2 by the group of Adachi [1]. Simulations predict that laser action  under short electrical
nanosecond pulse single-shot excitation is accompanied by damped relaxation oscillations in the GHz
regime. The measured ultra-short experimental optical responses at 45V are best reproduced numeric-
ally when the Langevin recombination rate is larger than usually observed in the literature as a con-
sequence of the field dependence of the Poole-Frenkel law for the mobility.
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I. Introduction

Recently, Adachi and co-workers have reported in-
dications  of  stimulated  emission  in  an  organic
hetero-structure under electrical excitation [1]. Many
aspects of this pioneering work need to be explored
further  and  confirmed;  for  example,  the  reported
current threshold is as low as 0.5 kA/cm2, the laser
linewidth  reduction  is  incomplete,  and  the  cavity
structure  remains  to  be  described  in  more  detail.
However, this new organic laser diode (OLD) opens
a new era in the field of lasing. Firstly because solid-
state organic materials, contrary to their III-V coun-
terparts, cover continuously the whole visible spec-
trum as  well  as  part  of  the  IR and UV spectrum.
Secondly, they can be  deposited more easily on al-
most any substrate with less energy consumption for
the manufacturing process than conventional epitaxi-
ally-grown III-V materials. Thirdly, this new device
combines properties from dye-lasers and solid-state
diode lasers and as such will open new perspectives
and potential applications. 

With  regard  to  perspectives,  organic  materials  ex-
hibit dependence of the refractive index on the car-
rier density different from conventional III-V semi-
conductors, which is very likely  due to the specific
mobility  of  disordered  organic  semiconductors [2,
3].  Therefore, new and interesting dynamical beha-
viour will occur, especially when the laser is submit-
ted to different types of external perturbations, such
as optical injection and feedback [4]. Regarding the
potential applications and new possibilities, they will
be facilitated by the ease of  deposition of organic
hetero-structures on a large variety of substrates in-

cluding silicon, silica, glass, as well as flexible sub-
strates, by the availability of an almost unlimited lib-
rary of electroluminescent organic materials [5].

To further  widen this new field,  an overall  under-
standing  and  description  of  the  OLD mechanism
provided by a unifying model is necessary. Such a
model  should be simple enough to facilitate its dis-
semination  in  different  scientific  communities,  yet
accurate enough to be useful in the establishment of
design and fabrication rules. It should include elec-
trical excitation instead of optical excitation and al-
low threshold estimation.

A first  dynamical  model  has  been  introduced  by
Gärtner et al. [6]. Among the few dynamical models,
Kasemann  et  al.  proposed  a  simple  rate  equation
model  for the  different  exciton  mechanisms  in  an
OLED  under  pulsed  electrical  excitation,  which
provides  a  useful  starting  point  [7].  However,  it
lacks  inclusion  of  the  micro-cavity  and stimulated
emission. The model introduced by Chua et al, does
include the micro-cavity effect but pertains to optical
pumping [8] and to time scales much longer than the
nanosecond range considered in the current work.

In a very recent paper by Ahmad et al. [9] a theoret-
ical and experimental investigation is reported of the
polaron  and  exciton  dynamics  in Super  Yellow
OLEDs at  high current-density nanosecond pulses.
Apart from analysing the transient electrical current
response of OLEDs to high voltage excitations, they
focus on the dynamics of the spatial distributions of
polaron charges, electric field and excitons and stim-
ulated emission is not considered.

1



The goal of this paper is  to set a first step toward a
unified and simple model of the  OLD that will  be
helpful  in providing  guidelines  for  the  design  and
fabrication. As a second step, the validity and accur-
acy  of the model are tested by confronting its pre-
dictability  with  measurements  of  an  OLED  with
weak micro-cavity effect,  under  single-shot  pulsed
and intense electrical excitation in the nano-second
range. 

Contrary to Ahmad’s work,  we will deliberately as-
sume for simplicity of the model that the densities of
all constituents,  i.e. polarons, excitons and photons,
are uniformly distributed throughout the recombina-
tion zone with strict charge neutrality. Thus, our the-
ory  should  be  considered  a  first-order  approxima-
tion.

As will be shown in Sec. II.J, in case of electrical
excitation the build-up of triplet  excitons  becomes
dominant after a few nanoseconds, at the expense of
singlet excitons, where the latter are essential for the
optical gain. Therefore, lasing should be expected to
occur within a few nanoseconds whereas this applies
to a much lesser extent  to optical pumping. There-
fore this study will focus on short time range typic-
ally 1 to 20ns.

A novelty of the current work is to introduce for the
first time a laser model borrowed from the laser-dy-
namics field and to apply it to organic semiconduct-
ors in order to link the stimulated emission to the
electrical excitation.  The proposed OLD model can
be applied to calculate the optical responses to elec-
trical  pulse  excitations  of  guest-host  system-based
organic optoelectronic light sources and confront the
predictions  with the corresponding measured signal
in  the  nano-second  time  scale.  Our model  also
provides a framework to analyse indications of las-
ing of the OLD and the required threshold current
density [1].

The paper is structured as follows: In section II the
OLD model is presented based on rate equations for
the various relevant variables. The interplay between
host  and  dopant  guest  molecules  is  explicitly  ad-
dressed. In the various subsections II.A to II.F the
different physical entities, i.e. polarons, singlet and
triplet excitons in the host and dopant separately, and
the photons are discussed. The optical  gain is dis-
cussed in Sec. II.G and an important factor, which
plays a crucial role in the re-absorption of the (red)
light emitted by the dopant singlet excitons is dis-
cussed in Sec. II.H. In Sec. II.I a few comments are
given on the relation between the quality factor (Q)
of the cavity and the corresponding photon lifetime.
In Sec. II.J numerical results are presented and com-
pared  for cases without cavity,  i.e.  for  low-Q, and
with a high-Q cavity. A numerical demonstration of
light  emission  from  an  electrically  driven  OLD
above laser threshold is given for the first time. 

Measurements of the electrical and optical responses
of high-speed µ-OLED with weak micro-cavity un-
der high current density single-shot nano-pulse ex-
citation  are  presented  in  section  III and  compared
with the predictions of the model. This enables val-
idation of our model. In section IV, laser threshold
densities are calculated and predicted for two differ-
ent values of the gain parameter and compared with
that reported by Adachi’s group [1]. The conclusion
is given in section V. 

II. The model

In the model we assume that the hole-type and elec-
tron-type  polarons participate  in  charge  transfer
across the different organic layers and recombine in
the  emitting  layer  to  form  singlet  and  triplet  ex-
citons. The singlets can decay radiatively by photon
emission, whereas radiative decay is Pauli-forbidden
for the triplets.  

We consider the situation where the emitting layer is
composed  of  host  molecules  (the  matrix),  doped
with a few percent of guest molecules (the dopant),
where  the  excitonic  states  are  quickly  transferred
from the host molecules to the singlet and triplet ex-
citons  of  the  dopant  molecules  by Förster  transfer
and in a less extent by Dexter transfer [10].  With a
guest-host system like Alq3:DCM,  the host singlets
have their optical transition in the green part of the
spectrum (Alq3: ~520nm), whereas the dopant sin-
glets provide both spontaneous and stimulated emis-
sion in the red spectrum (DCM: ~620nm). The idea
is that the dopant-molecule ground states are easy to
empty  such  that  re-absorption  of  emitted  light  no
longer hampers the optical gain, as it  would do in
case of host neat film. 

The proposed OLD dynamical model is partially in-
spired on [6, 7, 8, 11, 12, 13]. The equations read

(1) 
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(4) 

d N SD
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4

κSSD N SD
2

−κTD NTD − 5
4

κTTD NTD
2 − κTPD NTD N P

(6) 

d
dt

PHO=β sp κSD N SD

 + (Γξ (N SD −W N 0 D)− κCAV ) PHO

(7) N0 D  = N DOP − N SD − NTD

(8) P0 D=
N0 D

N DOP

where  NP is the polaron density,  NS the singlet and
NT the triplet population density, all in the host com-
pound;  NSD,  NTD, and  N0D, are the respective dopant
singlet, triplet and ground-state population densities.
PHO  is the photon density,  J(t) the current density,  d
the active layer thickness and e the electron charge.
Note that all densities in (2) to (8) are taken in the
light-emitting  layer.  P0D  is  the  ratio of  dopant
ground-state molecules to the total number  NDOP of
dopant molecules. W represents the overlap between
the  absorption  spectrum  SABS()  and  the  electrolu-
minescence spectrum SEL() of the dopant,

(9)  W =
∫ SABS (λ )SEL ( λ ) SCAV (λ)d λ

∫ SEL
2 SCAV (λ )d λ

where  SCAV (λ ) is  the  cavity spectral  shape.  W ac-
counts  for  the  fraction  of  the  dopant  ground-state
molecules that participate in the re-absorption of the
emitted light.  Note  that  W=1 for  identical  spectra,
else W < 1.

A first  remark  concerns  the  light  emission  by  the
host singlet excitons (green in case of Alq3). As we
will show in subsection J, the build-up of NS remains
relatively small, compared to NSD. Moreover, no res-
onating structure is  considered for the green light.
Nevertheless,  the  host  singlets  will  decay  under
spontaneous emission of green light. These  emitted
green photons are not considered in the rate equa-
tions.

As a second remark, note that the emission spectrum
of an organic emitter is Stoke-shifted to the red by a
few tens of nanometers from its absorption spectrum
[14]. This implies that W will be quite small depend-
ing  on  the  widths  of  the  emission  and  absorption
spectra. We estimate that in the weak micro-cavity

limit with κCAV =3.0 × 1014 s-1, we have W ≈0.026, but
as  κCAV  decreases  with  increasing  cavity  quality
factor and the threshold for lasing is approached, the
emitted spectrum will narrow dramatically, implying
W to become much smaller.  Therefore,  W is a dy-
namical quantity and this will be studied in more de-
tail in a future publication. Here, for the sake of sim-
plicity, we will  take W as a constant in the model.
More about W will  be  discussed in  subsection H.
The values of the various parameters in (1) to (8) are
given in table 1 and explained in detail in the next
subsections A to G. 

A. The polaron differential equation

Equation (1) describes the  evolution of the polaron
density  with source term  J(t) / (e d), where  e is the
electron charge and  d the thickness of the emitting
layer. Polarons appear in two manifestations, posit-
ively  charged hole-like  polarons (density  NP

+)  and
negatively  charged  electron-like  polarons  (density
NP

-),  where  in  view  of  assumed  charge  neutrality
both populations are equal,  N P

+  = N P
-.  Moreover,

each neutral  polaron  pair  recombines  to  form  one
exciton  and  leave  behind  one  neutral  molecule
which occurs  at the Langevin-recombination rate  γ
[15].  This  recombination  process  drives  the  elec-
trical current and leads to the sink term in (1). In ref.
6 the value  = 6.2 ×10-12 cm3 s-1  is evaluated. An ap-
proximate expression for  based on the Poole-Fren-
kel model shows an exponential dependence of the
polaron mobilities to the electric field  F related to
the excitation current [16] 

(10)  

γ= e
ϵ (μh+μe)≃

e
ϵ

μ0exp(− Ea

k T )exp( δ√F
k T )

where ϵ  is the dielectric constant,  µh and µe are the
respective hole and electron mobility, µ0 is the trap-
free charge mobility, Ea the activation energy, δ the

Poole-Frenkel parameter,  k the Boltzmann constant
and T the temperature. In Alq3, the mobility of elec-
trons is much larger than that of holes,  therefore  µh

is neglected in first approximation [17].  According
to (10) we expect the value of γ to increase exponen-
tially with increasing applied diode voltage. For this
reason, a larger value is expected at the high current
densities (and thus high excitation voltage of 100V
or above) needed to reach the laser threshold. Under
such conditions g has not been measured, but we will
propose a better  estimation below in subsection J,
which is justified in sec.III.  In the pulsed excitation
regime, with the voltage being switched from zero to
a maximum and back to zero, an on-off approxima-
tion is applicable and a fixed value for g can be as-
sumed, although  a  dynamical  expression  may  be
preferred in other types of excitation.
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B. The host singlet-exciton equation

The first term on the right-hand side (r.h.s.) of (2) is
a  source for  the  singlet  excitons  coming from the
above-mentioned polaron  recombination  term.  The
factor ¼ originates from the randomly injected spin
statistics.  The second term is a source term arising
from triplet-triplet annihilation with generation rate
TT [13].. All other terms are sink terms.

The first sink term describes the Förster Resonance
Energy  Transfer  (FRET)  of  singlet  excitons  from
host to dopant molecules with a typical transfer time
given by:

(11) τFRET=
1

κFRET

=τ d( a
R0
)

6

where  td is the  host (donor) exciton lifetime,  R0 is
the  Förster  radius,  and  a is  the  average  distance
between the donor and the dopant  (acceptor).  It  is
approximated by half of the dopant molecule size,

(12) a= 1

2 3√N DOP

where NDOP = C NMOL is the molecular density of the
guest (dopant), C its concentration and NMOL the host
density.   In  the  case  of  the  Alq3:DCM guest-host
system,  td= 1 / kS =12.5 ns,  R0 = 3.25 nm,  and
a = 1.43 nm,  the  estimated  transfer  time  is
τFRET=1/κ FRET=87 ps and kFRET=1.15× 1010 s-1 [18,
19].  FRET  is  among  the  fastest  mechanisms  in-
volved in the current dynamics and as such consti-
tutes the most dominant sink term in (2). The prob-
ability P0D accounts for the potential depopulation of
the dopant ground state that  would limit the energy
transfer.

The  second sink  term  describes  the  decay of  the

singlet  exciton, modelled  with  the  decay  rate  S.
This  rate  is  related  to  the  fluorescence  lifetime
which is known to be very sensitive to the environ-
ment and therefore subject to large uncertainties [20,
21].  Indeed, the  singlet  exciton  lifetime of  a  neat
Alq3  film  measured  under  optical  pumping  was
found to be between 12.5 ns and 20 ns  [22, 23, 23,
25, 26].  We choose the singlet lifetime of Alq3 as
tPLAlq3 = 12.5 ns,  and  calculate  the  host  decay  rate
kS = 8.0×107 s-1 [27]. The third sink term accounts for
the non-radiative de-excitation mechanism, the inter-
system crossing (ISC), which is a spin-flip-induced
intra-molecular energy transfer from singlet to triplet
with a decay rate ISC.. For Alq3 used as a host it is
estimated to  2.2 × 104 s-1 in the literature  [28].  The
last sink terms in (2) describe the de-population of
the  host  singlet  density  with  different  annihilation
terms: singlet-singlet annihilation (SSA) with decay
rate  SS, singlet-polaron annihilation (SPA) with de-
cay  rate  SP,  and  singlet-triplet  annihilation  (STA)
with decay rate ST [7, 13].

Table 1: Model parameters 
Symbol Name Value Ref.

S OLED active area 10-4 cm2

d OLED active layer thickness 380.0 × 10-9 m

e Charge of the electron 1.6 × 10-19 C
 Langevin recombination rate 6.2 × 10-12 cm3 s-1 6

NMOL Molecular density 2.1 × 10 21 cm-3

FRET
Förster transfer rate 1.1 × 1010 s-1 19

S
Host singlet-exciton decay

rate
8.0 × 107 s-1 27

ISC
Host inter-system crossing

rate
2.2 × 104 s-1

to 1.0 × 107 s-1

13, 28

SS
Host singlet-singlet annihila-

tion (SSA) rate
3.5 × 10-12 cm3 s-1 7

SP
Host singlet-polaron annihila-

tion (SPA) rate
3.0 × 10-10 s-1 7,29

ST
Host singlet-triplet annihila-

tion (STA) rate
1.9 × 10-10 cm-3 s-1 7

DEXT
Dexter transfer rate 1.0 × 1010 s-1

to 5.0 × 1015 s-1

30

T
Host triplet decay rate 6.5 × 102 s-1 to

4.0 × 104  s-1

7, 27

TP
Host triplet-polaron annihila-

tion (TPA) rate
2.8 × 10-13 cm3 s-1 7

TT
Host triplet-triplet annihila-

tion (TTA) rate
2.2 × 10-12 cm3 s-1 7

SD
Dopant singlet-exciton decay

rate
1.0 × 109 s-1 7, 31,

32

ISCD
Dopant inter-system crossing

rate
2.2 × 104 s-1

to 1.0 × 107 s-1

13, 28

SPD
Dopant singlet-polaron anni-

hilation (SPA) rate
3.0 × 10-10 cm3 s-1 7, 29

STD
Dopant singlet-triplet annihil-

ation (STA) rate
1.9 × 10-10 cm3 s-1 11

SSD
Dopant singlet-singlet anni-

hilation (SSA) rate
9.6 × 10-13 cm3 s-1 33

TD
Dopant triplet decay rate 6.6 × 102 s-1 34

TTD
Dopant triplet-triplet annihila-

tion (TTA) rate
2.4 × 10-15 cm3 s-1 28

TPD
Dopant triplet-polaron anni-

hilation (TPA) rate
5.6 × 10-13 cm3 s-1 9, 28

 Confinement factor 0.29

 Stimulated emission gain
coefficient

1.4 × 10-5 cm3 s-1 13

CAV
Cavity photon decay rate 1-300 × 1012 s-1

sp Spontaneous emission factor < 10-4 - 0.15

C Dopant concentration 2%

NDOP Density of guest molecules 4.2 × 1019 cm-3

C. The host triplet-exciton equation

The rate equation (3) describes the variation of host
triplet excitons. The first three terms in the r.h.s. are
sources. The first is a contribution arising from the
polaron recombination.  With a 3/4 factor resulting
from the spin statistics, this source term, when added
to the first  singlet  source term in (2),  matches the
first sink term for the polaron recombination in (1).
The second term describes the increase of NT due to
ISC in the same way as it decreases  NS in (2).  The
third term corresponds to the creation of triplets due
to singlet-singlet  absorption (SSA). The fourth term
summarizes all decay processes respectively due to
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Dexter transfer to dopant triplets,  relaxation of the
triplet  excitons  with  decay  time  T=1/T  [27]  and
triplet-polaron  annihilation  (TPA)  [7].  Finally,  the
fourth term corresponds to triplet-triplet annihilation
(TTA). 

D. The dopant singlet-exciton equation

The dynamics  of  the  dopant-singlet  density  NSD is
described  by (4). The first  term on the r.h.s.  is the
source as a result of the Förster energy transfer. This
term matches  the  corresponding  sink  term  in  (2).
With the exception of the last term on the r.h.s., all
other  terms  are  the  corresponding  counterparts  of
terms in (2).

In the first sink term, the dopant singlets decay radi-
atively  at  rate  SD. For  the  Alq3-DCM  guest-host

system we have taken the  value  SD=1.0 x 109 s-1

[7]. The last term describes the dopant singlet inter-
action with the photons due to stimulated emission
with differential  gain coefficient  .  Here,  the  term
(NSD - WN0D) is the effective inversion of the dopant
singlets.

E. The dopant triplet-exciton equation

Rate equation (5) describes the dopant triplet density
NTD variations.  The  first  term  matches the  corres-
ponding Dexter transfer term in (3). The second term
is  the  source resulting from the  ISC matching the
corresponding fourth term in (4). The third term rep-
resents the decay of the dopant triplet density at rate
TD by de-excitation, while other terms correspond to
the absorption processes TTA (TTD) and TPA (TPD).

F. The photonic equation

Rate equation (6) accounts for the dynamics of the
photon density PHO. The first term on the r.h.s. gives
the spontaneous-emission contribution arising from
the  radiative  recombination  of  the  dopant  singlets
NSD at the rate  SD where the spontaneous-emission
factor  sp is the fraction of emitted photons within
the lasing mode.

The second term gives the stimulated-emission net
rate, where (NSD - W . N0D) is the effective inversion,
as also mentioned in section II.D.   is the confine-
ment factor introduced to take into account the fact
that only the part of the field wave-guided inside the
gain medium is amplified. The last term on the r.h.s.
accounts for the photon losses out of the cavity, with
decay  rate  CAV=1/CAV,  where  CAV is  the  cavity
photon lifetime. The net-amplification rate by stimu-
lated  emission  is  given  by  ASTIM=
(NSD - WN0D)-CAV.

G. The optical gain

The optical gain per unit length is given by

(13) g=n ξ
c

N SD,

where n is the index of refraction in the material and
c the light velocity. In optical pumping experiments,
the gain is given in terms of slope coefficient K such
that:

(14) g=K I P

where  𝐼P is  the  optical  pump  intensity.  With  the
photon flux nIP / c, the equivalent excitation in terms
of dopant-singlet excitons is

(15) N SD= I P

n λP

hc2

where P is the wavelength of the pump light and h
the  Planck’s  constant.  Combining  (13),  (14) and
(15), we obtain

(16) ξ  = c g
n NSD

 = K hc3

n2 λP

.

This relates the gain parameter ξ to the slope coeffi-
cient K observed in optical pump experiments [12].

H. More about the W-factor

Despite  the  Stoke shift,  the  normalized absorption
spectrum  SABS () and  the emission  spectrum  SEL ()
of the emitted light by the dopant show some over-
lap,  which  induces  a  residual  re-absorption  of  the
light  emitted  by  the  dopant  singlet  excitons  NSD.
With W representing the spectral overlap, (see [35]),
the re-absorption rate per unit photon density equals
GxWN0D.  Then, transparency is  achieved when the
available dopant singlet excitons  NSD precisely can-
cel the re-absorption, i.e,

(17) N SD  |at transparency  = W N0 D

Note  that  the  re-absorption  of  photons  yields  a
source term for the dopant singlet population in (4).
In the bad-cavity limit, the reabsorption is maximal.
When approaching the lasing threshold, the emission
spectrum narrows,  and W will  become very small
close to threshold and above.

I. Relation between the quality factor and cav-
ity lifetime Tcav = 1/kCAV 

The losses resulting from the fraction of photons es-
caping the cavity per unit of time define a relation-
ship between the cavity photon lifetime tCAV and the
corresponding quality factor Q which reads:

(18) Q  = ω0 τCAV ,

where  0 is  the resonance frequency of the cavity
mode. The cavity photon decay rate CAV can be ex-
pressed  in  the  quality  factor  Q and the  resonance
wavelength in vacuum 0 as

(19) κCAV=
1

τCAV

=2 π c
n

1
λ0

1
Q

. 
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At 620nm wavelength, a typical value for an OLED
undergoing  a  parasitic  weak  microcavity  effect  is
(Q ~ 6)  corresponding  to  a  cavity  decay  rate  of
κCAV ≈ 3.0 × 1014 s-1,  and  a  photon  life  time  in  the
cavity of τCAV ≈ 3 fs. A reasonable value for the qual-
ity factor Q ≈ 3000 is achievable with a DFB-type of
laser  cavity  and  yields  a  cavity  decay  rate
κCAV ≈ 5.4 × 1011 s-1 corresponding  to  a  photon  life
time of τCAV ≈1.9 ps.

J. Dynamical response to pulsed electrical ex-
citation 

The current model is used first to calculate the dy-
namical responses of OLEDs under intense electrical
pulsed excitations in different configurations. More
precisely, we calculate the polaron (NP), host singlet
and triplet (NS,  NT), dopant singlet and triplet (NSD,
NTD) and the photon (PHO) densities as functions of
time on the basis of equations (1) to (8). The excita-
tion is modelled with an intense electrical pulse with
sigmoid shape,  duration of 20 ns,  and rise time of
100 ps.  We  consider  a  high-speed  100 × 100 µm2

(S = 1.0 ×10 - 4 cm2)  µ-OLED  with  an  80 nm  thick
organic  heterostructure  that  incorporates  an
Alq3:DCM  guest-host  system  with  g = 1.3× 10-9

cm3s-1 and other parameter values as in table 1. 

The first case investigated is an OLED with a resid-
ual  weak  micro-cavity  effect  (Q = 6,
kCAV = 3.0 × 1014 s-1)  and  spectral  overlap  of
W = 2.6%. For this case, the peak current density is
3.25 kA/cm2 and the dynamical responses are plotted
in fig. 1.

Figure  1.a,  shows the electrical current density  J(t)
(blue solid line, left  scale) and the polaron density
NP (cyan dash, right scale) as a function of time.  We
will  discuss in the  experimental  section (§ III)  the
determining role of  g in the dynamics at the pulse
onset.

Figure  1.b displays the host singlet  NS (green solid
line) and triplet  NT (green dashes) densities.  NS in-
creases with the pulse onset, reaches a first plateau
at ~1.5 × 1017 cm-3  and increases again before reach-
ing a second maximum at 2.5 × 1017 cm-3. Note that
the maximum triplet density is nearly two orders of
magnitude  larger  than  for  the  singlets.  After  the
maximum the triplet density decays due to the non-
radiative recombination (kT) and the Dexter transfer
to the dopants (kDEXT).

The  time  evolution  of  the  dopant  singlet  NSD and
triplet NTD population densities are shown in fig. 1.c.
NSD (magenta solid line) increases quickly after the
pulse  onset,  reaching  a  pronounced  maximum  at
~7.5 × 1017 cm-3 3 ns after the pulse onset, and de-
creases shortly after that to reach a value of 5 × 1016

cm-3,  before  vanishing after the  end  of  the  pulse.
Note that NSD at maximum is fivefold larger than the
host-singlet maximum demonstrating a very efficient

Förster  transfer.  Meanwhile  NTD (magenta dashes,
right axis) increases steadily, reaches a plateau with a
maximum  > 4.0 × 1019 cm-3 and  undergoes  a  very
slow decay on a long (micro-second) time scale.

Figure 1.d presents the photon density PHO (red solid
line, right scale) and the net amplification (blue solid
curve, left scale) as a function of time. PHO increases
quickly, and ~2 ns after the pulse onset it reaches a
maximum at 3.7 × 1011cm-3, then decays to the value
2.5×1010 cm-3 until the end of the pulse and finally
decays again. 

Figure  1: Dynamical  response  of  a  high-speed  OLED
with a weak microcavity effect submitted to a 20ns elec-
trical  pulse  with  intense  current  density  (3.25 kA/cm2),
(Q = 6,  kCAV = 3.0 x 1014 s-1,  g =1.3 x 10-9 cm3s-1,
kDEXT=2.0 x108  s-1,   kISC=kISCD=2.2 x 104 s-1, kT=6.5 x 102   

s-1, W=2.6 x 10-2, sp=0.15.
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As such, the photon density follows closely the sing-
let density which is a first strong indication that  no
laser  action  occurs.  This  is  confirmed by  the  net-
amplification  rate (see  sec.  II.G)
ASTIM=Γ ξ (N SD – W N0 D)− κCAV  which  remains

large  and  negative.  The  net-amplification  should
climb up to a value close to zero if lasing is to be
reached. The second case investigated consists of an
OLED with  a  similar  organic  hetero-structure  but
with  a  high-quality  factor  micro-cavity  (Q = 1800,
kCAV = 1.0 × 1012 s-1),  and a  small  spectral  overlap
W = 0.0015. 

Figure  2: OLED with a high-quality factor  Q=1800 mi-
crocavity,  kCAV = 1.0 x 1012 s-1,  and  peak  current  density
J = 1.84 kA/cm2.g =1.3 x 10-9 cm3 s-1,  kDEXT=2.0 x108  s-1,
kISC=kISCD=2.2 x 104 s-1,  kT=6.5 x 102 s-1,  W=1.5 x 10-3

sp=5.0 x 10-4. Inset shows an oscillation of photons in
quadrature with that of the dopant-singlet density.

The dynamical responses calculated with a peak cur-
rent density of  J = 1.84 kA/cm2  are plotted in Fig. 2
with the same colour code as in Fig. 1.

Figure  2.a  presents  J(t) and  Np  versus time.  In
Fig. 2.b the host triplet NT is seen to increase mono-
tonously until the end of the pulse to 1.8 × 1019 cm-3

which is more than 2 order of magnitude larger than
the host singlet maximum (1.4 × 1017 cm-3). It decays
very rapidly afterwards. 

Figure  3:  Comparison between spontaneous and stimu-
lated emission high-lighting the signatures of  lasing. a)
Singlet  densities versus time for  the low-Q micro-cavity
(magenta dotted line) and high-Q micro-cavity (magenta
solid line). Note the clamping of NSD in the high-Q case.
b) Photon densities versus time for the low-Q (red dotted
line)  and high-Q micro-cavity  (red solid line).  Note the
logarithmic scale.
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In Fig. 2.c the dopant singlets NSD increase sharply to
a maximum of 3.0 × 1017 cm-3, reached  1.1 ns after
the pulse onset, where it clamps for another 2ns be-
fore it decays slowly until the end of the pulse  and
then decays quickly again. The maximum of  NSD is
somewhat smaller than in the previous case of Fig.
1, as a consequence of the clamping, a first indica-
tion of lasing.

In Fig.  2.d,  the  photon density  starts  with a  steep
rising  flank,  reaches  a  sharp  maximum  of
3.6 × 1014 cm-3,  1.1 ns  after  the  beginning  of  the
pulse and shows a damped GHz oscillation followed
by a fast decay. The photon-density peak is three or-
ders of magnitude larger than in the OLED case  of
Fig. 1.d for a smaller current density. The net-ampli-
fication rate rises from -1.2 × 1012 s-1 up to a positive
value (+6.1 × 1010 s-1) before slowly decaying during
the excitation pulse down to -1.0 × 1012 s-1. The pos-
itive value  means that amplification  of the light is
taking  place  while the  dopant  exciton  population
clamps at its threshold value. This is a demonstration
of lasing.

Note that the oscillations of the photon density be-
come less damped when the electrical injected pulse
amplitude increases. The inset of Fig. 2.d. exhibits 6
GHz photon oscillations in quadrature with the oscil-
lation of NSD. Such oscillations in the light intensity
are  typical  for  lasers described  by  two  or  more
coupled rate-equations and are called relaxation os-
cillations [36]. For this reason, and on the basis of
the proposed model, we predict the existence of GHz
relaxation oscillations in OLDs lying at the origin of
a  large variety of  dynamical  behaviours  similar  to
conventional semiconductor diode lasers [36].

In order to highlight the difference between spontan-
eous and stimulated emissions, fig.3 shows the net-
amplification rate and photon density versus time for
both the weak micro-cavity OLED case (Q = 6) of
fig. 1and the high-Q micro-cavity case (Q = 1800) of
fig. 2. Three signatures of the lasing mechanism can
be identified. Firstly, the clamping of NSD occurs dur-
ing the maximum of emission for the high-Q case
(magenta line) and not for the low-Q case (magenta
dots) (fig. 3.a). Secondly, the increase from a negat-
ive to a positive value close to zero of the net-ampli-
fication only occurs in the high-Q cavity case (blue
solid line in fig.2.d). A third signature of lasing is the
dramatic increase in the photon density by more than
3 orders  of  magnitude  illustrating  the  difference
between  lasing  (red  solid  line)  and  spontaneous
emission (red dots) as shown in fig. 3.b.

III. Experimental results

The  reliability  and  relevancy  of  the  model  is
checked by  confronting the dynamical  response of
the model with experimental results. More precisely,
the objective is to compare the calculated dynamics

of the photon density with the measured optical re-
sponse of an OLED under similar pulsed electrical
excitation.

A. High speed OLED fabrication

The  first  considered  high-speed  organic  hetero-
structure (OLED 1)  has  been  deposited  on  a  co-
planar  waveguide  electrode  etched on  ITO coated
glass substrate, similar to what was reported in pre-
vious work, but  with local gold metallization to re-
duce the serial resistances to  Rs1 = 43 Ω  and with a
measurement resistance  of Rmeas1=13 W and a para-
sitic capacitance of C = 4.2pF.  The resulting elec-
trical time constant at V = 0 (Dynamical resistance
is infinite) is τRC = 225 ps [31, 37, 38]. The organic
hetero-structure of OLED 1 consists of 30nm of m-
MTDATA (4,4',4"-Tris (N-3-methylphenyl-N-phenyl-
amino)triphenylamine) as hole injection layer (HIL),
10  nm-thick  NPD  (N,  N’-Di  (1-naphthyl-N,  N’-
diphenyl-(1,1’-biphenyl)-4,4’diamine) as hole trans-
porting layer (HTL), 30 nm of Alq3 (tris(8-hydrox-
yquinoline)aluminum) doped with DCM  ((E)-2-(2-
(4-(dimethylamino)styryl)-6-methyl-4H-pyran-4-yli-
dene)malononitrile) as light emitting layer, 5nm of
BCP  (2,9-Dimethyl-4,7-diphenyl-1,10-phenanthro-
line) as hole blocking layer (HBL), 25 nm of Alq3 as
electron transporting layer, and a final cathode layer
of LiF(1nm)/Al (120nm). 

In a second sample (OLED 2), the organic hetero-
structure consists of 35nm of m-MTDATA (HIL), 15
nm of NPD (HTL), 30 nm of Alq3 doped with 2% of
DCM as light emitting layer, 5nm of TPBi (2,2',2"-
(1,3,5-Benzinetriyl)-tris(1-phenyl-1-H  benzimida-
zole) as HBL, 25 nm of Alq3 as electron transporting
layer,  and  a  final  cathode  layer  of  LiF  (1nm) /
Al (120  nm).  The  serial  resistances  is  reduced  to
Rs2 = 23 W. and  its built-in measurement resistance
has been reduced from Rmeas = 13 W to Rmeas2 = 4 W.
The  active  area  has  been  reduced  to
S2 = 100 µm × 50 µm resulting in a reduction of the
capacitance to 1.3 pF.  The resulting electrical  time
constants at 0V is tRC2 = 35ps. 

Figure  4: Top view of OLED 2 deposited on gold metal-
lized coplanar waveguide electrodes.
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These structures are deposited by thermal evapora-
tion using hollow silicon mask. The deposition rates
and the thickness are monitored by quartz sensors. A
top view of a typical sample is presented in fig. 4.

The measurement system consists of a probe station
(Cascade PM5),  a high pulse  generator  (AVTECH
AVL-2A-B),  a digital  oscilloscope (Tektronix TDS
6604),  an  avalanche  photodiode  (Thorlabs  APD
430A2),  a  CCD  camera  and  a  spectrophotometer
(Horiba Scientific IHR550) coupled to a streak cam-
era  (Optronis).  This  system  enables  simultaneous
measurements of the electrical injection current den-
sity, the emitted light intensity and its time-resolved
spectrum of the device under single shot excitations. 

Figure  5: Comparison between measurements and simu-
lation  of  the  dynamical  optical  responses  of  a  CPW
OLED under a peak current density of 0.462 kA/cm2. The
parameters are fine tuned as in Table 2  (OLED 1). 

The optical measurement system has been calibrated
with a calibrated source. All measurements are real-
ized in ambient atmosphere at room temperature.

B. Comparison  between  calculated  response
and experimental results

A 20 ns,  45 V (respectively  43V)  pulse  excitation
voltage  is  applied  to  the  OLED  1  (respectively
OLED 2) and the electrical injection current is mea-
sured and recorded together with the emitted light
intensity.  The  measured  current  is taken  as  the
source term in the polaron rate equation (1). 

Figure  6: Comparison between measured and calculated
optical response of a CPW OLED under a current density
of 8.8 kA/cm2. The parameters are fine tuned as in table 2
(OLED 2).
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The photon density is then calculated from the set of
equations (1)-(8) with the model parameters listed in
Table 2, which have been fine tuned for fitting pur-
pose. The  resulting  calculated  population densities
are then plotted in Fig. 5 and Fig. 6, together with
the measured and calibrated optical response of the
OLED for comparison.

Figure 5.a shows the effective current density (dark
blue solid line) peaking at  0.45 kA / cm2, calculated
according to a previously developed equivalent elec-
trical model [38], and from which the polaron den-
sity  is  calculated  according  to  Eq. (1) (light  blue
dashed). The calculated respective singlet and triplet
host populations are plotted in Fig. 5.b respectively
with  a  green solid  line  and  a  dashed  lines.  The
dopant singlet (magenta solid line) and triplet  den-
sity (magenta dashes) are plotted in Fig. 5.c.

Table 2: Model parameters used to simulate experiment
Symbol OLED 1 OLED 2

S 1.5 × 10-4 cm2 0.5 × 10-4 cm2

d 30 × 10-7 cm 30 × 10-7 cm
 5.6 × 10-10 cm3 s-1 5.6 × 0-10 cm3 s-1

S 8.3 × 107 s-1 8.3 × 107 s-1

T 6.5 × 102 s-1 6.5 × 102 s-1

SP 1.0 × 10-11 cm3 s-1 1.0 × 10-11 cm3 s-1

ST 2.5 × 10-10 cm3s-1 2.5 × 10-10 cm3s-1

FRET 1.15 × 1010 s-1 1.15 × 1010 s-1

ISC 2.2 × 104  s-1 2.2 × 104 s-1

DEXT 2.0 × 108  s-1 2.0 × 108  s-1

TP 2.8 × 10-13 cm3s-1 2.8 × 10-11 cm3s-1

TT 2.2 × 10-12 cm3s-1 5.5 × 10-12 cm3s-1

SS 3.5 × 10-12 cm3s-1 3.5 × 10-12 cm3s-1

SSD 9.6 × 10-13 cm3s-1 9.6 × 10-13 cm3s-1

SD 1.0 ×109 s-1 1.0 ×109 s-1

ISCD 2.2 × 104  s-1 2.2 × 104 s-1 
SPD 3.0 × 10-11 cm3s-1 3.0 × 10-11 cm3 s-1

STD 3.7 × 10-10 cm3 s-1 3.7 × 10-10 cm3 s-1

TD 6.6 × 102  s-1 6.6 × 102  s-1

TTD 8.0 × 10-12 cm3s-1 2.0 × 10-11 cm3s-1

TPD 9.0 × 10-11 cm3 s-1 9.0 × 10-11 cm3 s-1

x 1.4 × 10-5 s-1 1.4 × 10-5 s-1

cav 3.0 × 1014 s-1 3.0 × 1014 s-1

sp 1.3 × 10-3 2.6 × 10-4

W 2.6 × 10-2 2.6 × 10-2

Figure 5.d  shows the net-amplification  (blue  solid
line), the measured photon response (red solid line),
the  photon  density  calculated  with  the  fine  tuned
g1 = 5.6 × 10-10 cm3 s-1  (solid black line) and with the
literature value g2 = 6.2 × 10-12 cm3 s-1  (black dashed
line).  The simulation with  g1 clearly shows a very
good qualitative  agreement  with  the measurement
especially for the rising flank, the top of the pulse
and the far tail. However with g2  no agreement can
be achieved. Clearly, in this high current density and
nanosecond regime, the  literature value  of  the
Langevin recombination rate (g2 = 6.2 × 10-12 cm3s-1)
is too small to explain both the slope of the rising
flank and the tail of the pulse of the photon response
as shown in Fig. 5.d. The fitted value g1 = 5.6 × 10-10

cm3 s-1 is nearly 2 orders of magnitude larger. We at-
tribute this to the exponential dependence of the mo-
bility  on  the  square  root  of  the  electric  field  ex-
pressed in (10). The fact that the model is able to re-
produce  qualitatively  the  optical  response  of  an
OLED  on the basis of  the same excitation current
density signal is a strong indication of the validity of
the model.

Next, the calculated dynamics of the photon density
is compared with the measured optical response un-
der higher pulsed current density of OLED 2. 

The polaron, singlet, triplet and photon densities are
calculated with the fine-tuned parameters presented
in the third column of Table 2 and are plotted in Fig.
6. Figure 6.a exhibits a current density approaching
10 kA/cm2 (8.8 kA/cm2), resulting in a polaron dens-
ity maximum of 5.5 × 1018 cm-3. The maxima of host
and dopant singlet densities in Figs. 6.b and 6.c are
respectively 3.5 × 1017 cm-3 and 1.7 × 1018 cm-3. Fig.
6.d  presents  the  calculated  (black)  and  measured
photon density  (red)  which exhibit  less  agreement
compared to the first experiment, specifically during
some 10 ns directly following the peak. 

We believe this less satisfactory fit in the ultra-high
current  density  case  is  due  to  the  higher  current
density, leading to less uniform spatial distribution
of the polarons within the organic layers. Taking into
account such spatial dependence is beyond the scope
of this paper.

Nevertheless,  with  these experimental  validations
laser threshold predictions can be made.

IV. Threshold estimation

The  laser  threshold  will be  estimated  for the
Alq3:DCM guest-host system for two different gain
values.  The  first  is  for  x1 = 1.4 × 10-5 cm3 s-1 as  in
Table  1  and  2 and  the  second  for
x2 = 4.8 × 10-6 cm3 s-1, a gain  value  similar  to that of
BsB-Cz (4,4’-bis[(N-carbazole)styryl]biphenyl),
which is the gain medium in the experiment reported
by Adachi’s  group [1].  Although BsB-Cz is  not  a
guest-host system, Förster transfer is so fast (87 ps)
that we assume in lowest approximation the guest to
be “transparent”. In both cases all other model para-
meters  are  those  given  in  Tables  2,  column 2  for
OLED  1  except  kST = 1.0 × 10-12  cm3  s-1 and
kSTD = 1.0 × 10-12  cm3  s-1.  The amplitude of  the  sig-
moid shaped pulsed current density is  varied from
0.1 kA/cm2 to 10 kA/cm2 close to the maximum cur-
rent density  achieved in this study. For each of the
applied current amplitudes, we integrate the  photon
densities over the pulse duration.

Figure 7 displays the calculated L-I curves in a log-
log  plot  for  4  different  values  of  the  Q-factor,
Q1 = 1,000  (black), Q2 = 3,000  (dark  blue),
Q3 = 10,000  (light blue),  Q4 = 30,000  (green) and
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two  different  values  for  W (i.e.  W1 = 1.5 × 10-3

(dashes) and W2 = 0 (solid lines)).  Figure 7.a shows
the first case (Alq3:DCM as gain medium; paramet-
ers  as  in  Table  2)  while  Figure  7.b  presents  the
second case with a gain coefficient equal to that of
BsB-Cz  and  reduced  singlet-triplet  absorption
ST = 1.0 × 10-12  cm3  s-1 and  STD = 1.0 × 10-12  cm3  s-1

[1]. The S-shaped curves in log-log scale are typical
of laser characteristics. The laser threshold current is
defined as the inflexion point of the L-I curve.

Figure 7: Light-current curve as a function of the quality
factor  for  different  gain  media.  a)  Gain  medium  is
Alq3:DCM guest-host system with x1 = 14 x 10-6 cm3 s-1. b)
Gain  coefficient  x2 = 4.8 10-6 cm3 s-1,  κST=1×10-12cm3s-1,
κSTD=1×10-12 cm3s-1 as for BsB-Cz [1].  Solid lines are with
W1 = 1.5 10-3 and dashed lines with W2 = 0.

In  the  first  case,  with  W1 = 1.5 ×10-3  the  laser
thresholds  are  estimated  as Jth4_1= 0.18 kA/cm2  for
Q4 = 30,000;  Jth3_1 = 0.28 kA/cm2  for  Q3 = 10,000;
Jth2_1 = 0.63 kA/cm2 for  Q2 = 3,000  and  Jth1_1 is pre-
dicted  1.78 kA/cm2.  With  W = 0, the threshold cur-
rents  are  lower  with  Jth4_0 = 0.04 kA/cm2 for
Q4 = 30,000;  Jth3_0 = 0.11 kA/cm2 for  Q3 = 10,000;
Jth2_0 = 0.44  kA/cm2 for  Q2 = 3,000,  while  Jth1_0

=1.58 kA/cm2. We recall the significance of  W (see
Sec,  IIH).  Above  threshold  W ~0,  whereas  below
threshold a  value  >0  applies.  Hence,  the  real
threshold will  lay somewhere between the two val-
ues  obtained  for  each  Q.  In  Fig. 7.b,  for
W = 1.5 × 10-3  (solid  curves), the  respective
thresholds  are  Jth4 = 0.19  kA/cm2,   Jth3 = 0.36 kA/
cm2, Jth2 = 0.89 kA/cm2 and Jth1 = 2.37 kA/cm2

 .

Figure  8: Threshold current density as a function of the
quality factor Q for the two cases of Fig. 7.a and 7.b.
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 With W = 0 (dashed curves), the threshold currents
are lower with Jth4 = 0.08 kA/cm2, Jth3 = 0.25 kA/cm2,
Jth2 = 0.8 kA/cm2 and Jth1 = 2.35 kA/cm2.

As a first conclusion, we obtain a laser threshold as
low as 0.54 kA/cm2 with a gain coefficient equal to
that of BsB-Cz as gain medium and for the smaller
values for κST(D) (1 ×10-12 cm3s-1  [39]), like in the ex-
periment of Adachi’s group, provided that the qual-
ity  factor  is  in  the  range 3,000< Q <10,000~  and
without residual absorption (W = 0).

To investigate further this finding, we show in Fig. 8
a log-log  plot of the threshold current density as a
function  of  the  quality  factor  for  two  values  of
W ,i.e. 1.5 × 10-3 (dashed line) and 0 (solid line)  Red
curves  are  for  x1 = 1.4 × 10-5 s-1 (Alq3:DCM)  and
blue  curves  for x2 = 4.8 × 10-6 s-1. (BsB-Cz).  Obvi-
ously,  these  curves  confirm  the  decrease  of  the
threshold  current  density  with  the  increase  of  the
quality factor Q. 

Two different  types of decreasing functions can be
distinguished. For  W2 = 0,  the functions (blue and
red solid lines) show a continuous linear decrease (in
log-log scale),  whereas for  W1 = 1.5 × 10-3 (red and
blue dashed lines) the function exhibits a saturation
towards  0.13-0.15 kA/cm2.  This saturation occurs
when the residual absorption loss annihilates the be-
nefice of a higher quality factor.  From  Fig. 8,  one
can identify more precisely the conditions to obtain
a threshold current density as low as 0.54 kA/cm2.: In
the first case, with Alq3:DCM as a gain medium, the
quality  factor  is  to  exceed  Q1 ~ 2,100 with  W = 0,
and  Q1 ~ 3.100 with  W1 = 1.5 × 10-3.  In  the  second
case, with BSB-Cz gain value and reduced STA, the
quality factor is to exceed Q2 ~ 4,300 with no resid-
ual  absorption  (W = 0)  and  Q2 ~ 5,500  for
W1 = 1.5 × 10-3.

V. Conclusion

We  have  established  a  new  model  based  on  rate
equations  for the dynamics of the spontaneous and
stimulated  emission  of  a  red  emitting  OLD.  The
model,  which is  also valid  for  OLEDs with small
quality factors, takes account of the guest-host sys-
tem, where the host-singlet excitons form a reservoir
from  which  the  dopant-singlet  excitons  are  de-
livered. A key parameter  W was introduced to take
into account the residual absorption resulting from
the partial overlapping of the (broad) absorption and
(narrow) emission spectra. 

On the basis of the proposed model, we simulate the
dynamical  responses  of  different  OLEDs to a  sig-
moid-like pulsed electrical excitation with a duration
of  20ns and various peak  current  amplitudes.  The
calculated  time  responses  include  the  population
densities of polarons, of host singlets and triplets, of
dopant singlets and triplets, and of photons. The dy-

namical behaviours of OLEDs in a low-Q cavity on
the one hand and in a high-Q cavity with Q = 1,800,
on the other hand, are simulated and compared. 

The predicted optical response of the high-Q OLED
exhibits (a) a sudden dramatic increase of the photon
density for a duration much smaller than that of the
electrical excitation with (b) a damped oscillation in
the GHz regime and (c) clamping behaviour for the
dopant-singlet  density.  This is  reminiscent  of  laser
action and leads us to predict the existence of relaxa-
tion oscillations in OLDs very similar to those repor-
ted  and  extensively  studied  in  conventional  III-V
laser diodes [36]. 

The comparison between OLED and OLD highlights
three signatures of the lasing phenomenon. Firstly,
the optical response after the pulse onset is orders of
magnitude larger in the laser case than in the OLED
case. Secondly the dopant singlet density is clamped
during the lasing action and, thirdly, the sign of the
net-amplification changes from negative to positive.
The model is validated by comparing the calculated
optical response with the measured light  emission,
first  in  an  experiment  where  a  high-speed  low-Q
OLED (OLED 1) is submitted to a 20 ns electrical
pulse with current density of 0.4 kA/cm2.  The very
good agreement confirms the validity and the relev-
ancy  of  the  model.  Measurements  with  another
OLED (OLED 2),  applied to a much higher current
density reaching 8.8 kA/cm2, turn out to be more dif-
ficult  to  fit  to  the  simulations,  presumably  due  to
spatial inhomogeneities induced by the high current
density, which might affect the polaron distribution.

 This has to be investigated further.  One reason to
present  Fig. 6 is to demonstrate  that the current of
10 kA/cm2, that was used as an upper limit in Figs. 7
and 8, is experimentally reachable.

On the basis of the validated model, the light-current
curves have been calculated for different values of
the quality factor, and for two different organic gain
media, ie Alq3:DCM and BsB-Cz. On the basis of
the  parameter  set  used  for  Fig.  2  and  with
x2=4.8 × 10-6 cm3 s-1, we predict for the latter organic
compound a laser threshold as low as 0.54 kA cm-2 if
the quality factor is taken as Q = 4,300 and provided
that there is no residual absorption (W = 0). There-
fore,  the  model  confirms  the  possibility  of  the
threshold-current density of 540 A/cm2 observed in
the recent first experimental indication of lasing in
an OLED [1]. 

Finally, as a guide-line for the fabrication of OLDs,
we show the predicted laser threshold as a function
of the quality factor for different configurations.

This work is intended to bridge the gap between the
communities of organic chemistry, material sciences
and laser dynamics in order to gather and strengthen
wider expertise in the emerging field of organic laser
diode.
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