5. Operation of OECTs
5.3 Advanced OECT models

* A thermodynamic field-theory - now fully self-consistent

- Adding now external electric field using the same way as before
FIW, ] = [ aV fo(¥) +5(V¥)? + p(¥)¢ + = (V)2 —

LW, ¢] = F[¥,¢] + A (N - [ dV ¥(x))

- Lagrange Multiplier is the chemical potential and Poisson Equation
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- Now we have a fully self-consistent solution and could start with transport!
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5. Operation of OECTs
5.3 Advanced OECT models

* A thermodynamic field-theory - now fully self-consistent
- Including now ion-movement into model (added to the Free energy)

Net ion distribution

Distribution of charged and uncharged PEDOT

Bioelectronics and Neuromorphic Computing with Organic Electrochemical Transistors
Hans Kleemann 2026 page 129

L TUD

1'0 lrﬂ -
d 60
¥ ‘ 17
0.8 0.8 2 '
‘ 1 . e | - 40
1 "‘h -
- 0.6 0.6 1 - . 20
T
} s 1 Il j ﬂ‘
oy - o .
- 0.4 0.4 - h J !'-‘-
= - ' . =" a
h™ - i I - 20
0.2 0.2 ¥ — - i
. N J | ~40
of! = N - -,
. 3
00 D_ﬂ '_"'. ‘1- L) T L) 1 _60
0.0 0.2 0.4 0.6 0.8 1.0



5. Operation of OECTs
5.3 Advanced OECT models

* What still needs to be done
- Alot....

Confirm existing of phase on micro-scale

Energy and length scale need to be experimentally validated

Determine size of units in model

Understand origin of bistability on molecular scale

Simplify model so it can be applied for devices
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From Thermodynamic to Information Processing

* From Gibbs Free Energy to Al

- Hopfield networks = associative memory — Specific excitation of a ensemble of
neurons (0/1) results in a specific energy landscape (information about excitation
pattern is stored)

- Hopfield networks are based on the Ising Model = Identical to our thermodynamic
theory

Memories are stored When the trained netwark is
i fed with a distorted or
Ina landsca pe incamplete pattern, it can
. be likened to dropping a
2 ball down a slope in this
ping a landscape.

John Hopfield's associative memory stores
information in a manner simila

iol mi q
pe. Wi Tw 5
creates a valley in a virtual energy landscape
for every saved pattern.
'

2 The ball rolls until it reaches a place
where it is surrounded by uphills. In the
ame way, the network makes its way
lower energy and finds the
tern.

ENERGY LEVEL
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