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Organic Field-Effect Transistors (OFETs) attract much interest recently and their proficiency and
hence applications are being enhanced increasingly. The device simulation was performed using finite
element two dimensional drift-diffusion simulations, the results obtained are compared with experiments
data and a good match has been observed between them. This paper introduces a method for modeling the
OFET based on Adaptive Network Fuzzy Inference System (ANFIS) approach, the required data for
training of ANFIS has been obtained using Atlas 2D device simulator. Finally, we imported the ANFIS
model in a circuit simulator like PSPICE, simulation results of the developed ANFIS subcircuit have indi-
cated that the proposed fuzzy logic based approach model is suitable to be incorporated in PSPICE-like

tools for OFET circuits simulation.
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1. INTRODUCTION

Recently there has been remarkable interest on or-
ganic electronics due to their advantages if we compare
it with inorganic electronics. First of all, it can be fabri-
cated at low temperature and at considerably low cost
[1]. Secondly it is thin, lightweight, foldable, bendable,
strong optical absorption, unbreakable, mechanical
flexibility, consumes much less energy and efficient
emission [2]. Thirdly, it has low cost due to cheaper
material and lower cost deposition process techniques.
Finally it can be used for large area applications [3].
Organic electronics have shown potential for many ap-
plications such as low cost flexible displays, radio fre-
quency identification tags (RFIDs), sensors, Mobile
phones, leading research interest worldwide [4].

The performance of Organic Field Effect transistor
(OFET) has continuously improved since then, and
some OFETs now compete with amorphous silicon
FETs, which are now preferred to conventional crystal-
line silicon FETs in applications where large areas are
needed [5]. OFET performances are mainly limited by
poor charge mobility in organic materials, and nonline-
ar charge injection efficiency from the electrodes to the
transistor channel (high contact resistance) [6-7]. Ma-
jority of OFETSs, that have been reported in literature
are p-type devices such as pentacene due to high mobil-
ity [8]. Improvements the performance of OFETs not
depends only on mobility but there are other ways such
as scaling of channel length and variation in active
layer thickness [9-10]. OFETs have been fabricated
with various device geometries. The most commonly
used device geometry is bottom gate with top or bottom
drain and source electrodes (BGTC-BGBC), because the
deposition of organic semiconductor on the insulator is
much easier than the reverse due to fragile nature of
organic semiconductor materials, this is the reason that
gives preference to the bottom gate structure to built in
majority for current OFETs. On the other hand, the
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performance degrades in bottom contact (BC) due to
high contact resistance which enables lower currents
for the same applied voltages in comparison to the TC
structure [11-12].

Device modeling for circuit simulation is usually
done through compact models, which tray to model the
physical phenomena inside the device that uses either
physically based functions or empirical functions. When
fast modeling is required and we are not concerned
about the physics inside the device, the easy modeling
approach in dealing with nonlinear systems is to use
non-linear methods such as Adaptive Network Fuzzy
Inference System (ANFIS). With the accuracy of the
ANFIS model in the simulation of the OFET, we can use
the ANFIS as a neuro-fuzzy behavioral model in a
PSPICE simulator after identifying the ANFIS equa-
tions with appropriate syntax. In this paper, top contact
device configuration of OFET was studied using Silvaco
ATLAS two-dimensional (2-D) numerical device simula-
tor [13]. We present a method for modeling the OFET
based on computational intelligence technique (ANFIS).
The ANFIS could be used to provide a link from meas-
urements or device simulations to circuit simulation.
Here, we propose a technique to include OFET devices
in PSPICE making use of adaptive neuro fuzzy training
systems.

The data set used for the training of our fuzzy sys-
tem is obtained by the numerical simulator ATLAS,
which can be used as the target data set for optimizing
the ANFIS architecture. Our intention is to provide a
framework to facilitate the simulation on OFET based
circuits.

2. DEVICE SIMULATION TECHNIQUES
2.1 Finit Element Based Atlas Simulation

Comparative studies were conducted through physi-
cally based 2D device simulation. This simulator is able
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to predict electrical characteristics of the device given
its physical structure and bias conditions by solving
simultaneously the Poisson’s equation for electrical
potential and the continuity equation for hole and elec-
tron concentrations including drift and diffusion terms
[13]. The simulation was done with a one-carrier model
of the hole, Poisson’s and carrier continuity equations
given for holes by (Eq. 2.1) and (Eq. 2.2) below:

eVy=-pq 2.1)

a—plej +G,-R

ot g G Ry 2.2)
where, ¢ is dielectric constant, g is potential profile, p
is hole density, g is the unit charge, Gy is carrier gener-
ation rate, Ry is the carrier recombination rate, and Jp
is the hole current density which is given considering
its drift and diffusion components as:

Jp =Pau,F+qD,V,, (2.3)
where 1 is the mobility of holes, F is the electric field,
and D, is the hole diffusion coefficient. This simulator
was primarily developed for silicon devices or compound
semiconductor devices, but it can be applied to organic
devices such as OLEDs and OTFTs.

Fig. 1 shows the structure of the simulated OFET
based on top contact configuration. These devices have
channel length L of 10 um and a channel width W of
100 pm, with 30 nm thick film of pentacene and 5.7 nm
thick dielectric gate as indicated in [14]. The charge
transport model used for pentacene was Poole—Frenkel
model which is expressed as

AE_ - BNE
"=y exp[—Tf,f] 2.4)
The zero field activation energy (AEa) of pentacene
equal to 0.018 eV. The Poole-Frenkel factor, S was
3.58 x 10-5eV(ecm/V)%5, Kp is the Boltzmann constant
and T is the temperature, a positive interface charge of
approximately g x 1 x 102 C-cm ~2 (q is the unit charge)
at insulator/pentacene interface was used for the simu-
lation [12, 15].

Table 1 — Simulation parameters [8-9]

Material (layer) Parameter Value
Band gap 2.2 eV
Density of o
conduction band 2x 10 cm
Density of valence o1 3
Pentacene band 2x 10 cm
Permittivity 4.0
Acceptor doping 4% 1017 e -3
concentration
Affinity 2.8 eV
AlOx (Gate insu- Dielectric
4.5
lator) constant
Thickness 5.7 nm
Au (source/drain .
Work function 5.0 eV
contact)
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Constant density of states, 2 x 1021 cm~3, at room
temperature has been used in the conduction and va-
lence bands of pentacene. In the literature, values of
the effective density of the states, Nc. and N, ranging
from 109 to 6 x 1021 cm —3 have been reported for penta-
cene [16]. The work function of the source, drain and
gate electrode is assumed to be 5.0 eV.

Table 1 summarizes the parameters values (dimen-
sions, material and model parameters) used for the mod-
eling of the transistor based on numerical simulation.

2.2 Results and Discussion

OFETSs can operate in the electron or hole carrier
accumulation modes depending on the polarity of the
gate voltage. Pentacene acts as a p-type semiconductor
where majority carriers are holes. When a negative
gate voltage is applied, an electric field is formed across
the dielectric, causing an accumulation region of holes
at the dielectric-pentacene interface. Applying a voltage
to source-drain terminals allows a current to flow
across this accumulation layer between the contacts.
Figs. 1a and 1b show the contour images of the current
flow path distribution in the high-current condition of
the saturation regime (Vgs = Vis=—3 V), it can be easi-
ly understood from current flow lines, that charge in-
jection is taking place from side/corner of the contacts
and charge transport occurs in the first few layers ad-
jacent to the dielectric.

ATLAS
Data trom ottt str

Fig. 1 - Schematic diagram for the current flow path distribu-
tion in pentacene film (Vg = Vus =— 3 V) with channel lengths
of 10 um (a), 50 pm (b)

Figs. 2a and 2b present comparisons between exper-
imental data [14] and the drain current simulated by
Silvaco of OFET with channel lengths of 10 pm, 20 pm,
and 50 um respectively. It can be observed that we
have a good agreement between experimental and sim-

02001-2



ORGANIC FIELD EFFECT TRANSISTOR BASED ON ADAPTIVE...

ulated values. Fig. 3 compares experimental data [14]
and numerical results (Silvaco) of the current—voltage
characteristics (Ip-Vgs) for an OFET with channel
length ranging from 10 to 50 um in the low-current
condition of the linear regime, as it can be seen, the
best agreement between them is obtained in full range.
The saturation current value of the channel length of
10 um is four times higher than that of the 50 um

As shown in Fig. 2 and Fig. 3 it is clear that drain
current increases with decreasing of channel length
due to reduction of channel resistance.
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Fig. 2 - Comparison of experimental and simulated (dashed
line) output characteristics of OFET with channel lengths of
10 pm (a), 10, 20 and 50 pum (b)
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Fig. 3 — Comparison of experimental and simulated (dashed line)
transfer characteristics of OFET at different channel lengths
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2.3 ANFIS Methodology

ANFIS is an adaptive network which combines the
application of neural network and fuzzy logic to achieve
all of the advantages of both systems [17-18]. This
method based on the input-output data of the system
under consideration.

The main objective of the ANFIS is to determine the
optimum values of the equivalent fuzzy inference sys-
tem parameters by applying a learning algorithm using
input-output data, thus get a good matching between
the predicted and measured responses. The hybrid
learning algorithm for ANFIS has been used in this
study, which is a combination of back-propagation gra-
dient descent and the least-squares method to identify
and optimize the Sugeno system’s signals [19-20].
ANFIS architecture of a first order Sugeno fuzzy model
is shown in Fig. 4. It should be noted that the circle
indicates a fixed node, whereas the square indicates an
adaptive node.

Layer 1 Layer 2 Layer 3

Layer 4
L % Vas ¥

Layer 5

Ini(L)

In2(tp)

Lt Va Vg

Fig. 4 — Structure of ANFIS proposed for the estimation of the
drain current

In this paper, we have built the ANFIS model to re-
late input parameters (L, tp, Vas and Vgs) to output pa-
rameter lq, where L is the channel length, ¢, is the pen-
tacene film thickness, Vus is the drain-source voltage, Vgs
is the gate-source voltage, and Iz is the drain current in
OFET. The related illustration is shown in Fig. 5.

The generic expression of such fuzzy IF-THEN
rules, in which the outputs are linear combinations of
their inputs, is given by:

Rule k: IF L is Ai and tp is B; and Vg is Ci and Vs is D;
THEN

f.=p L+ qt, + thgs +8, Vi +1, (2.5)

1=1,2,...n, k=1,2,...m

where A;, Bi, C; and D; are linguistic labels for inputs, f
is the output within the fuzzy region specified by the
fuzzy rule, {pr, qr, hr, gr, rr} are linear output parame-
ters that are determined during the training process, m
is the total number of Takagi-Sugeno-Kang fuzzy
IF-THEN rules, and n is the number of fuzzy sets at-
tached to each input.

The corresponding ANFIS architecture is composed
of interconnected nodes organized in five functional
layers as follows:
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Target Output
—p Predicted
Inputs ANFIS Qutput Compare

¢

Adjust ANFIS
Parameters

Fig. 5 — Overview of the proposed model block diagram

Layer 1: Each node in this layer is an adaptive node
and that generates membership grades of a linguistic
label.

The number of the membership functions for the in-
put parameters is fixed to 3 for each input, which gives
a number of fuzzy IF-THEN rules for the fuzzy infer-
ence system equals to 81 (3 x 3 x 3 x 3). The output in
layer 1 defined by:

= uy (L), i=1,2,3
0 =g s(t,), =456
O, =ti6(Vis) i=7.89
Oy = tpig(Vy), i=10,11,12

where i is the membership grade of a fuzzy set (A, B,
Ci, Di) and Oz, is the output of the node i in layer I. The
membership function that has been used in this study
is the Gaussian function given by:

-0.5(x—c)’
0, = y;(x) = exp [(;20)]

where ¢ and o are the premise parameter set used to
adjust the shape of the membership function.

(2.6)

Layer 2: Each node in this layer is a fixed node labeled
IT and calculates the firing strength of a rule via multi-
plication. The outputs are given by:

Ves)-tipig(Vas) = W (2.7)

Oz,k = :uAi(L)'/uBi—?)'(tp)"uCi—G(

K=1,2,..m

Layer 3: Every node in this layer is also fixed node
labeled N and presents a normalization of the firing
strength from the previous layer. The outputs of this
layer are called normalized firing strengths and are
given by

2.8

K=1,2,..m

Layer 4: In this layer, all nodes are adaptive. The rela-
tionship between the inputs and output of this layer
can be defined as the following:

J. NANO- ELECTRON. PHYS. 15, 02001 (2023)
04 = “kak = Jk(pkL +qt, + thgS +8,Vy + rk) (2.9)

where ka is a normalized firing strength from layer 3,

and {pr, qk, hi, gk, i} 1s the consequent parameter set of
the node.

Layer 5: this layer contains only a single node that cal-
culates the overall ANFIS output from the sum of the
node inputs

g:wlefk
Z wkfk = ,i,
Zwk

(2.10)

We present the basic theory of ANFIS model, both
artificial neural network and fuzzy logic are used in
ANTFIS architecture.

2.4 Results and Discussion

The required data for training of ANFIS has been
obtained using Atlas 2D device simulator (15000 sam-
ples). To check the generalization ability of the model,
cross-validation method is used [21]. The data set of the
device available is divided into two subsets: the train-
ing set and the validation set.

Cross-validation methods help find parameter esti-
mates that can generalize to unseen data by periodically
testing the current model on a validation set. The algo-
rithm K-fold cross-validation splits the data into & equal
size subsets randomly, a single subset is retained as the
validation data for testing the model, and the remaining
K-1 subsets are used as training data, the method is
repeated K times (the folds). Every data point appears in
a test set only once and appears in a training set twice,
in this paper, we use 5-fold cross validation.

The minimum and maximum input data ranges
used for building the ANFIS model is shown in Table 2.

Table 2 — Data ranges used for building the proposed ANFIS

model
Rang L(um) tp(nm) Vas(V) Ves(V)
Min 10 20 0 0
Max 50 30 -3 -3

The performance of ANFIS model is assessed by
evaluating the differences between the simulated and
predicted values by the correlation coefficient (R) and
root mean square error (RMSE)

2
N(X -X
RMSE = % > [N)? ‘vp”dJ (2.11)
i=1

i,Num
where Xvum and Xprea stand for numerical (Silvaco sim-
ulation) and predicted (ANFIS) values, respectively,
and N is the number of data. The parameter optimiza-
tion is done in such a way during training phase that
the error between the target and the output of ANFIS
is minimized to get a good matching between the pre-
dicted and measured responses. A sufficient agreement
is satisfied between numerical and predicted results for
the training phase, as shown in Fig. 6.

The final ANFIS architecture used in this paper is
shown in Table 3.

02001-4
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Table 3 — Specifications of proposed ANFIS model

Item Specification
Inputs/outputs 4/1
FIS Type Sugeno
Train FIS method hybrid
Input MF Type Gaussian mf
Output Membershlp Linear
Function Type
No. of fuzzy rules 81
Epochs 200

Correlation coefficient=0,958§

=
%

.6

Silvaco value (LA)

0.4

0 1 1 | I
] 2 04 0.8 08 -1 -12 -14
Predicted value (ANFIS) (pA)

Fig. 6 - Comparison of the Silvaco and predicted ANFIS
results for training data

As mentioned previously, the number of the member-
ship functions for the input parameters is fixed to 3 for
each input. ANFIS system is sensitive to number of
membership function, giving additional number of mem-
bership function to the system did not always improve
the result, as well as to simplicity of the ANFIS model to
be incorporated in PSPICE-like tools (Section 3).

The examination of the obtained results indicates
that the use of the Gaussian-Shaped membership func-
tion gives higher performances compared to the others
membership functions. The best membership function
configuration is illustrated in Fig. 7.

i |
1.5 2 25 3 35 4 45 5
Input variable " L" 10

, e
. S N 7
. "
< e |
T 1

N
/

.8 29
10

2 21 22 23 24 23 26 2.
2]
Input variable " t"

b
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Fig. 7 - Gaussian membership functions of the channel length
(a), pentacene film thickness (b), drain-source voltage (c), gate-
source voltage parameters (d)

Fig. 8 depicts the response surface of the obtained
ANFIS where the drain current is plotted as a function
of both drain-source voltage (Vas) and gate-source volt-
age (Vgs). As shown from the graph of Fig. 8 the drain
current increases with Vgs.

The response surface of the obtained ANFIS of the
variation in the drain current (output) with pentacene
film thickness (#p) (input 1) and channel length (L)
(input 2) is shown in Fig. 9, it is clear that drain cur-
rent increases with decreasing of channel length due to
reduction of channel resistance.

Fig. 8 and Fig. 9, they present a similar behavior
characterized by the device.

3. IMPLEMENTATION OF ANFIS TO PSPICE

After optimizing the proposed ANFIS structure, all
parameters of input membership functions and output
parameters obtained. In PSPICE implementation
[22,23], we imported ANFIS model of OFET by using
ABM (Analog Behavioral Modeling) of the PSPICE
library components and the results (firing strength,
rules, parameters of Gaussian input membership and
linear output), the OFET model is implemented as a
component in the PSPICE simulator library.

A simplified overview of our proposed approach block
diagram is shown in Fig. 10a, which is describe the using
of this model as the interface between device modeling
and circuit simulators like PSPICE, Cadence, and SA-
BER in order to have a simple and accurate organic cir-
cuits simulator. In Fig. 10b we show the PSPICE pro-
gram which corresponds our ANFIS OFET model.

The development of electronic circuits is supported
by powerful computer tools. An important tool for the
development of such complex organic integrated cir-
cuits is simulation programs such as PSPICE (Personal
Simulation Program with Integrated Circuit Emphasis)
that allow for accurate prediction of the electrical be-
havior even while changing working conditions or vary-
ing internal parameters.
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Vs (V)

tp(m) ' 2

L{m)
Fig. 9 — ANFIS controller rule surface for Vg = -3 V and Vas = -3V
Fig. 11a shows the ANFIS model circuit simulation As verification for our ANFIS model, a circuit simula-

in PSPICE. Fig. 11b shows the output characteristics tion of a resistor load inverter (see Fig. 13a) with a
for the ANFIS model with 10 um channel length and 10 um channel length transistor has been performed.

30 nm thickness of pentacene. The PSPICE input/output signals of our ANFIS invert-
Fig. 12 compares Silvaco and predicted results of AN- er gate are shown in Fig. 13b. The transient simulation
FIS PSPICE model to experiment results of the current- results presented verify the functionality of our model.

voltage characteristics (In-Vps and Ip-Ves) for an OFET So, we can use this model for simulating more complex
with L =10 um and ¢, = 30 nm, as it can be seen, the best OFET based circuits.
agreement between them is obtained in full range.

(Database) | PSPICE
. 1
Experimental ! Add the ANFIS into Cadence
1
1

mesurements : ANFIS E> ANFIS caodel
Or Computation OFET model : Simulator library :>

Numerical model

________________________________
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* source ANFIS

.EXTERNAL INPUT L

.EXTERNAL INPUT TP

.EXTERNAL INPUT VDS

.EXTERNAL INPUT VGS

.EXTERNAL OUTPUT Id

* C; and o; are the premise parameter set used to adjust the shape of the membership function
*{Dr,qr, hi,8r,Tr} 1 the consequent parameter set of the node

* first layer

E_ABM175

E_ABM176

E_ABM177

E_ABM1  N2528094 0 VALUE {exp(-0.5*(pwr(V(L)-C1,2))/pwr(c1,2))}
E_ABM2  N2528094 0 VALUE {exp(-0.5* (pwr(V(L)-C2,2))/pwr(02,2))!
E_ABM3 N2528094 0 VALUE {exp(-0.5*(pwr(V(L)-C3,2))/pwr(03,2))}
E_ABM4  N2527850 0 VALUE {exp(-0.5*(pwr(V(Tr)-C4,2))/pwr(c4,2))!
E_ABM5 N2528542 0 VALUE {exp(-0.5*(pwr(V(Tp)-C5,2))/pwr(05,2))}
E_ABM6 N2528002 0 VALUE {exp(-0.5*(pwr(V(Tp)-C6,2))/pwr(06,2))}
E_ABM7 N2531486 0 VALUE {exp(-0.5*(pwr(V(Vps)-C7,2))/pwr(c7,2))}
E_ABMS8 N2527780 0 VALUE {exp(-0.5*(pwr(V(Vps)-C8,2))/pwr(c8,2))}
E_ABM9 N2529274 0 VALUE {exp(-0.5*(pwr(V(Vps)-C9,2))/pwr(c9,2))}
E_ABM10 N2528530 0 VALUE {exp(-0.5*(pwr(V(Vcs)-C10,2))/pwr(010,2))}
E_ABM11 N2528506 0 VALUE {exp(-0.5*(pwr(V(Vas)-C11,2))/pwr(o11,2))}
E_ABM12 N2527792 0 VALUE {exp(-0.5*(pwr(V(Vas)-C12,2))/pwr(012,2))}

* Second layer

E_ABM13 N2527898 0 VALUE { V(N2531486)*V(N2528530)*V(N2528226)*V(N2527850)}
E_ABM14 N2532768 0 VALUE { V(N2531486)*V(N2528530)*V(N2528226)*V(N2528542)}
E_ABM15 N2528230 0 VALUE { V(N2531486)*V(N2528530)*V(N2528226)*V(N2528002)}

*

*

*

E_ABM93  N2536552 0 VALUE { V(N2529274)*V(N2527792)*V(N2528094)*V(N2528002)}

* Third layer

E_ABM94 N2535008 0 VALUE { V(N2527898)* (p1*V(L)+q1*V(TP)+g:1*V(VDS)+h1*V(VGS) +r1)}
E_ABM95 N2536780 0 VALUE { V(N2532768)* (p2*V(L)+q2*V(TP)+go*V(VDS)+ho*V(VGS) +r2)}
E_ABM96 N2538472 0 VALUE { V(N2528230)*(ps*V(L)+qs*V(TP)+gs*V(VDS)+hs*V(VGS) +r3)}
*

*

*

E_ABM174 N2527994 0 VALUE { V(N2536552)* (ps1*V (L) +qs1*V(Tp)+gs:*V(VDS) +hs:1*V(VGS) +rs1)}

* Fourth layer

N2626318 0 VALUE {V(N2535384)+V(N2537228)+

+V(N2539176)+V(N2528346)+....... V(N2535268)+V(N2537448)+V(N2527994)}
* Fifth layer

N2682453 0 VALUE {V(N2527898)+V(N2532768)+V(N2528230)

++V(N2539176)+V(N2528346)+.......V(N2535268)+V(N2537448)+V(N2527994)}
* Qutput layer

N2530464 0 VALUE {(V(N2657647)/V(N2650810))}

b

Fig. 10 — Our proposed approach block diagram (a), PSPICE program of ANFIS OFET model (b)

IAL. Vgs
o s s
SRR Vds
'2.““.&7?_ T . 11, G}H '||||‘ d .
H Id
e LT B S S A e - Channel length (pm) \\
-4 uk ANFIS
——— L L
model =
m pentacene film thickness (nm)
TN L0 20V -1.5Y -1V A5V 0y ;
IR ?
il ¥ Vds
a b

Fig. 11 - ANFIS model circuit simulation in PSPICE (a), the PSPICE output characteristics of our ANFIS model (L =10 um and

tp = 30 nm) (b)
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Fig. 13 - The PSPICE circuit of transistor load inverter (a), the

4. CONCLUSION

In this paper, the application of an ANFIS for model-
ing and simulation of organic field effect transistor has
been demonstrated. A numerical model of the current-
voltage characteristics was built based on the 2D-ATLAS
simulator, with this numerical model the required train-
ing database has been created, where a hybrid learning
algorithm has been used to adjust various premise and
consequent parameters.

The simulation results by PSPICE have shown that
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OprauiyHuil IOJILOBHII TPAH3UCTOP HA OCHOBI AIANITUBHOI CUCTEMH 3 HEMPO-HEYiTKUM BUBOIOM
Imad Benacer!, Fateh Moulahcenel, Fateh Bouguerra?, Ammar Merazgal

L Department of Telecommunication and Networking, University of Oum El-Bouaghi, Ain M’lila, Algeria
2 Department of Electronics, University of Batan 2, Batna, Algeria

Opranivni nonsosi Tparsucropu (OFET) ocranniM yacoM BUKJIMKAIOTh BeJIMKNM HAYKOBUU 1HTEpeC, a IX
dyrEIIOHATBHICTE 3pocTae. MozeTI0BaHHS IPUCTPOIO OYJI0 BUKOHAHO 3 BUKOPUCTAHHSIM KiHIIEBOTO eJIeMeH-
Ty JBOBUMIPHOIO MOJEJIIOBaHHS qudy3ifiHoro gpefidy, oTpuMaHi pe3yIbTaTh MOPIBHIOITHCS 3 €KCIIepUMeH-
TAJIFHUMHA JAHUMH, 1 MK HIMH CIIOCTEPITAEThCS XOPOIa BIIIMOBIAHICTE. Y JaHiil poOOTI IpecTaBIeHo Me-
Tox momesmoBanus TpansucTopie OFET Ha ocHoBI migxony amganTHBHOI MepeseBOl CHUCTEMHU HEUITKOIO BU-
cuoBKy (ANFIS). Buxigui mani qia nasuanus ANFIS Gyiu orpuMaHi 3a JOIIOMOT00 CHMYJISTOPA IIPUCTPOIB
Atlas 2D. Asropu iMmnoptysasu momens ANFIS y cumynsarop cxemu PSPICE, pesynbratét MogesioBaHHS po-
3pobusienoi mgcxemu ANFIS moxasasm, 110 3ampomoHOBaHa MOIEIb MIAX0AY HA OCHOBI HEUITKOL JIOTIKM ITiJ-
xoauTh A1 BrioueHHA B PSPICE-momi6Hi iHeTpyMenTH 111 MofesoBaHHA cxeM TpaHaucropis OFET.

Kmiouosi cnosa: Opraniuni mossosi Tpansucropu (OFET), Mexaniam ITyna-®penkesnsa, AqanTuBHAa HEHpPO-
HeuiTKa crcreMa Jioriudoro susony (ANFIS), PSPICE.
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