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The paper has been shown the results of the study of the parameters of organic light-emitting structures
based on the SPICE (Simulation Program with Integrated Circuit Emphasis) model studies. A SPICE model of
diode structure has been developed, which is implemented in the form of a substitution scheme based on the basic
components of the simulator. This model can be extended by introducing additional components of the
substitution scheme, which provides higher accuracy in representing the structure specifics. Graphical results of
researches of the model of OLED structure at the change of internal parameters have been presented. The
obtained data well represent the parameters of real structures and are characterized by a fairly effective adaptation

to the experimental data of specific samples.
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Introduction and problem statement

The synthesis of new organic semiconductor
materials creates the preconditions for the development
of organic electronics. Creating effective of the light-
emitting structures have much attention in this direction.
The development of such devices is largely determined
by the efficiency of software used in the study of electro-
optical parameters of organic semiconductors. Currently,
various software tools for computer modeling of OLED
structures are used [1,2]. However, among the
significant number of software products should be noted
the electronic circuits simulator with open source SPICE
(Simulation Program with Integrated Circuit Emphasis).
This software product is used in circuit modeling
applications, in particular SPICE (Personal SPICE),
Proteus, LTSPICE (Linear Technology SPICE),
MicroCap. Much of the element base of inorganic
electronics is represented by ready-made mathematical
models created by the manufacturers of these elements.
However, in the direction of organic electronic
components, such models are used very rarely. This is
due to certain difficulties in manufacturing technology,
which is constantly looking for optimal solutions.

519

This paper presents a variant of constructing a
SPICE model of a light-emitting organic structure. The
mathematical model takes into account the internal
structure of the semiconductor displayed equivalent
circuit. Open source code allows you to change the
parameters of the elements of the equivalent circuit
according to the internal structure of OLED. The use of
such an approach of construction allows us to carry out
model researches of parameters of the developed
structures and to define their change in the course of
operation. Model studies make it possible to obtain volt-
ampere characteristics of the studied structures and
determine the influence of external factors on them.

The obtained simulation results can be used to build
control systems that control the drift characteristics and
color temperature of OLED radiation directly during
their operation (such solutions use the term - "in-situ"”,
which literally means "inside" the body or system.

I. SPICE model of the OLED structure

The developed model is based on one of the
traditional SPICE substitution schemes (equivalent
schemes) of diode structures, in particular, Level 1
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Standard SPICE or Level 2 PSpice. If necessary, provide
higher accuracy represent the specific structure of the
OLED, the model is supplemented by other components,
which, in particular, provide higher flexibility in shaping
the CVC OLED structure and its thermal characteristics.
The SPICE model substitution diagram is shown in
Fig. 1 in addition to diode D contains a series RS and
parallel RL resistance, as well as two dependent on the
bias mode and capacitance current - CJ and CD
(hereinafter according to SPICE syntax model
parameters are written without indexes). Serial resistance
RS describes the resistance of the electrodes and layers
of the passive structure of OLED, and parallel RL -
parasitic current seepage through the structure of ohmic
(linear) nature. The CJ component describes the barrier
and the CD diffusion capacitance of the diode structure.
The first of them CJ determines the dynamic
characteristic at the reverse bias of the diode and depends
on the voltage on the diode, and the second CD - the
transient process at direct bias and is determined by the
diode current due to the accumulation effect in the
structure of non-basic charge carriers.

During SPICE model specification diode structures
using a set of parameters that describe their CVC,
performance, and temperature dependence of these
characteristics. The main parameters of the model of
diode structures [4] are: IS (Saturation current) -
saturation current; N (Emission coefficient) - emission
coefficient; ISR (Recombination current) - recombination
current; IKF (High-injection "knee" current) - current of
transition to a high level of injection; BV (Reverse
breakdown "knee" voltage) - reverse breakdown voltage;
RS (Series resistance) - series ohmic resistance of the
structure; RL (Junction Leakage Resistance) - parallel
ohmic impregnation resistance; TT (Transit time) - time
of flight of carriers; CJO (Zero-bias junction
capacitance) - capacity at zero offset; VJ (Junction
potential) - barrier potential; M (Junction grading) -
barrier potential gradient; EG (Energy gap eV) -
bandwidth; XTI (Temperature exponent for IS) -
exponential saturation current coefficient; KF (Flicker
noise coefficient) - linear flicker noise coefficient; AF
(Flicker noise exponent) - exponential flicker noise
coefficient; TIKF (IKF linear temperature coefficient) -
linear temperature coefficient IKF; TBV1 (BV linear
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Fig. 1. Scheme of substitution of SPICE model of
OLED structure.

520

temperature coefficient) - linear temperature coefficient
BV; TBV2 (BV quadratic temperature coefficient) -
quadratic temperature coefficient BV; TRS1 (RS linear
temperature coefficient) linear temperature coefficient
RS; TRS2 (RS quadratic temperature coefficient) RS
quadratic temperature coefficient; T _MEASURED
(Measured temperature Celsius), T_ABS (Absolute
temperature), T_REL_GLOBAL (Relative to current
temperature), T_REL_LOCAL (Relative to AKO model
temperature) - temperatures in degrees Celsius.

CVC diode structure that describes the dependence
of the current ID on the voltage VD, a SPICE model is
defined as [%1]:

%

Ip = I [exp <N '[:PT)]'

k-T
g
where: k - Boltzmann constant, g - electron charge, T -

thermodynamic temperature.
The above barrier and diffusion capacitances of the
diode are determined by the equations:

] (1 _ VD)M'
vy
I, -TT
C, =
b Pr

The model is supplemented with resistive
components if necessary. This makes it possible to more
accurately represent the temperature dependences of the
resistance of the layers of the passive structure of OLED.
For this purpose, the extended model of the resistor
which includes the following parameters is used: R
(Resistance multiplier) - the multiplier of resistance; CP
(Parallel capacitance) - parallel capacity; LS (Series
inductance) - series inductance; TC1 (Linear temperature
coefficient) linear temperature coefficient; TC2
(Quadratic  temperature  coefficient) - quadratic
coefficient; TCE (Exponential temperature coefficient) -
exponential coefficient; NM (Noise multiplier) - noise

multiplier; T_MEASURED (Measured temperature,
Celsius) - measuring temperature in [I/C; T _ABS
(Absolute temperature, Celsius) - the absolute

temperature in °C.

According to the SPICE syntax, the temperature is
denoted by TEMP. In addition, it is important to note that
all temperature values, including T_ABS (absolute
temperature), are not absolute thermodynamic
temperatures, but Celsius temperature for the whole
circuit. The resistance function of the resistor to
temperature is determined by the quadratic and
exponential dependences:

R(TEMP) = R(Tnom) Krq " Krg;
Krg =14TC1- (T = Tyom) + TC2 - (T — Tyom)?;
Krp = 1.017CET~Tnom)

The TNOM value is the nominal temperature value,
which in SPICE models corresponds to 27°C, that is,
approximately 300 K of absolute thermodynamic
temperature. When specifying the model of a certain
component, it is possible to change the temperature of
this component relative to the temperature of its base
model. Use the concept of AKO model clone (an
acronym for A Kind Of) with the corresponding
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temperature values: T_REL_GLOBAL (Relative to
current temperature, Celsius) - relative temperature in °C
and T REL_LOCAL (Relative to AKO model
temperature, Celsius) - relative temperature of the cloned
model in °C. In this specification version, the actual
temperature of the component (Device operating
temperature) is determined by one of three values:
T _ABS, T_REL_LOCAL + T_ABS (of AKO parent),
T REL GLOBAL + TEMP (global temperature, °C).
The SPICE specification window of the resistor model
and an example of temperature dependences of resistance

~Name ~Value

[MoDEL T show IRT—L] _] [” Show  Change _‘J

~Display
[” PinMarkers |~ PinNames [~ PinNumbers ¥ Current V¥ Power [V Condition

[~Shape

Border Dy)| Fil

Light Emitting Structures

R (RDT) for a certain set of temperature coefficients are
presented in Fig. 2, and examples of temperature
dependences of absolute values of current ABS (I
(DOLE)) of the diode on temperature - in Fig.2, b.

Il. Study of the OLED structure model

Research CVC OLED semiconductor structure by
changing certain parameters is shown in Fig. 3 (RL =
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hese are the model parameters. Editing makes the parameters local to this circuit and

saves them as a model statement in the text area.
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Fig. 2. SPICE specification window of the resistor
resistance R (RDT) at: TC1 =

| =
1.0E-01 !H05.CIR DOLE.RL=1E3...1ES

model (a) and an example of temperature dependences of
0,001; TC2 =-0.0003, 0, 0.0003 (b).

i ~ IHO5.CIR DOLE.RL=1E3..1E5
ABS(I(DOLE)) (A)

ABS(I(DOLE)) (A)
a b
1.0E-02
1.0E-03
1.0E-04
1.0E-05
! V(VD) ! Vs! V(VD)

“ ) [}
\1‘0E°6-5.0-4.O 30 20 10 00 10 20 30 40

- | L |
5.0 10E06-5.0—4,0 30 20 10 00 10 20 30 40 50

Fig. 3. VAC models OLED structure with IS=1E-18 (a) end 1S=1E-24 (b)
[RL = 1E3, 3E3, 1E4, 3E4, 1E5 @ RS = 30].
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Fig.4. VAC models OLED structure with IS=1E-18 (a) end IS=1E-24 (b)
[RL = 1E3, 3E3, 1E4, 3E4, 1E5 @ RS = 100]
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Fig. 5. Examples of temperature dependences of absolute values of current ABS (I (DOLE)) (a) and their steepness
DD (ABS (I (DOLE))) (b) at: TC1 =-0,02 (1), -0,01 (2), 0 (3), 0,01 (4), 0,02 (5).

1E3, 3E3, 1E4, 3E4, 1E5; RS = 30) and Fig. 4 (RL =
1E3, 3E3, 1E4, 3E4, 1E5; RS = 100). The notation V (D)
corresponds to the value of the voltage on the diode, and
ABS (I (DOLE)) - the absolute values of the current,
where DOLE - the model name of the OLED structure
(according to SPICE syntax, the name of the diode model
must begin with the letter D - DOWN). The designation
VS corresponds to the transition voltages from the barrier
to the predominantly ohmic current-carrying mechanism.

You can see that the CVC received generally well
represent actual specifics OLED structures and are
characterized by the ability to adapt sufficiently effective
under these experimental data specific models.

The temperature dependence of the studied structure
is reflected by the dependence of the absolute values of
the current ABS (1 (DOLE)) and its steepness (Fig. 5, a).
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For greater clarity, the temperature dependence can be
represented as a derivative (slope) of the temperature,
denoted by DD (A), where A is the studied value. This is
shown in Fig. 5, b, where DD (ABS (I (DOLE))) - the
slope of the current function ABS (I (DOLE)).

The study of the dynamic characteristics of the
SPICE model of OLED structure is to establish the time
of flight of TT carriers (Transit time) taking into account
the values of barrier CJ and diffusion CD capacity. 2E-6
(sec) are presented in Fig. 6 and Fig. 7.

The simulation results reflect the transients in the
OLED structure and can be used to determine the
mobility of charge carriers by extraction in the case of
linear voltage rise (CELIV) [4-6]. The use of this method
allows the calculation of technological parameters, in
particular, to determine the film thickness of
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Fig. 6. An example of the study of transients at CJO = 1E-9F.
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Fig. 7. An example of the study of transients at CJO = 3E-9F.

semiconductor structures.

Conclusions

The problem of building a SPICE model for studying
the parameters of OLED structures is substantiated and
solved. The model is based on the basic elements of the
simulator in accordance with the generalized equivalent
scheme that reflects the internal structure. For modeling
results that match the actual parameters of the structures
set up data structures diode SPICE model describing the
CVC, performance, and temperature dependence of these
characteristics.

The mathematical study of the measurement process
CVCs and shows the value and impact of the barrier Cj
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Cd capacity diffuse transition. Calculations of the
magnitude of thermal influence on the parameters of the
elements are presented, which in the software
specification of the model are included.

The CVC characteristics of OLED structures are
obtained and the magnitude of the drift caused by the
change in the value of RL under the influence of
temperature is established. The possibility and example
of research of temperature dependence of absolute values
of current and its steepness are shown.

The possibilities of using the developed model for
research of dynamic characteristics of the organic
structure are shown. The results of such modeling can be
used to determine the mobility of the charge carriers of
the semiconductor junction and the film thickness of the
test sample.
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The proposed approach to the implementation of the
model provides for the possibility of expanding its
functionality by expanding the detail of the structure with
a corresponding expansion of the equivalent scheme,
which will provide higher accuracy of the results.

The model can be successfully used for the
construction of power management OLED which uses
dynamic control of the CVC and potential adjustments.
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MogenoBaHHS OPraHiYHUX CBITJIOBHIIPOMIHIOBAJIBHUX CTPYKTYP

Hayionanvnuii ynisepcumem «JIvgiecoka nonimexuixay, Jlveis, Yrpaina, hryhorii.i.oarylo@Ipnu.ua
2Yepuiseyvruti nayionanvuuii ynisepcumem im. FOpis @edvkoeuua, Yepuisyi, Yipaina

B poGoTi mpuBeneHi pe3yabTaTH AOCIIIKEHHS TapaMeTPiB OPTraHiYHUX CBITIIOBHIIPOMIHIOIOYHX CTPYKTYP
Ha ocHOBi SPICE (Simulation Program with Integrated Circuit Emphasis) monmensHuX mociimxkens. PozpodiaeHo
SPICE ™moxens miofHOT CTPYKTYpH, sKa peali3oBaHa Yy BHUIJISIII CXEMH 3aMilllCHHS Ha OCHOBI 0a30BUX
KOMIIOHEHTIB cUMyJIsiTopa. [laHa Mozeslb MoXke OyTH pO3IIMpeHa NUITIXOM BBEACHHS J0JaTKOBHX KOMIIOHEHTIB
CXeMy 3aMillleHHs, 10 3a0e3nedyye BHINY TOYHICTH NpeAcTaBieHHs cneuudiku cTpykrypu. I[IpeacraBneHo
rpadivni pe3yabratu gociimkens Moaeni OLED cTpykTypu npu 3MiHi BHYTpinIHiX napameTpiB. OTpuMaHi qaHi
Jn00pe MpEeACTaBISIOTh IMapaMeTpy pPEATbHUX CTPYKTYp Ta XapaKTepU3YIOThCS JOCTaTHHO e(PEeKTHBHOIO
aJanTali€ero 1O eKCIIEPUMEHTAIFHIX JaHUX KOHKPETHUX B3ipIIiB.

Koro4oBi ci10Ba: cBITIIOBUIIPOMIHIOBAIBHI CTPYKTYpH, Mozens, SPICE monemoBanHs.
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