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common organic semiconductor materials
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device structures
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compact modeling overview
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compact models in SPICE

f

Rgx Rpx "

£

Oss Oep E
Rs — T Ins T Rp
e © v

Si \~_/ Di
The equivalent circuit of the UOTFT model. ! ——T — - e
=40 -35 -30 -25 -20 -15 -10 -5 0
Vds (V)

Simucad Implementation
Comparison between simulated (lines) and measured

e UOTFT is implemented in Simucad’s independently com- ™ Ulg At
piled model library (ModelLib). It can be accessed within S'r_cfg}v‘)“;gst g%?/ra"tj“zg\cls of the BGBC OTFT for
SmartSpice as TFT model LEVEL=37 g=-1UV, -2UV, -5UV and -20V.

e Equivalent circuit and the extrinsic model components are
compatible with the existing a-Si and poly-Si RPl TFT models

(LEVEL=35 and 36)

S. Mijalkovi, D. Green, A. Nejim, A. Rankov, E. Smith, T. Kugler, C. Newsome, J.
Halls, “UOTFT: Universal Organic TFT Model for Circuit Design”, Digest of the 6th
International Conference on Organic Electronics, Liverpool, June, 2009.
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Universal organic TFT model (1)

e Accurate implementation of a Unified Charge Control Model
(UCCM) for OTFTs having exponentially distributed density of
states in the organic semiconductor and operating in the chan-
nel accumulation mode in the presence of interface traps

A new universal carrier mobility law valid in all operation
regions

* A new unified description of the drain-source current in linear
and saturation operation regimes including the effects of the
channel length modulation and diffusion carrier transport

e |mplicit non-linear gate bias dependent parasitic resistance
model

* Drain-source leakage current model
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Universal organic TFT model (I1)

e Physical temperature scaling of mobility model parameters
based on percolation theory

 Temperature scaling of parasitic resistances

* Unified Meyer capacitance model, or Leroux’s charge mode|,
for the description of the channel charge dynamics

e The extrinsic gate RC network for the modeling of frequency
dispersion effects

e Extrinsic overlap capacitances

e Thermal RC network for the modeling of self-heating effects
* Noise model

* Geometrical scalability
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traditional modeling and parameter extraction
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hybrid organic-inorganic diodes

DOI: 10.1002/adma.200701550

Pentacene-Zinc Oxide Vertical Diode with Compatible Grains and
15-MHz Rectification™*

By Bhola Nath Pal,Jia Sun, Byung Jun Jung, Edward Choi, Andreas G. Andreou, and Howard E. Katz*
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device diagnhostics

contact resistance: probe-Au-ITO-probe
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current-voltage model
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capacitance model
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Pentacene — Cytop oxide

x10°° Pentacene on Cytop, Top Contact, Output Characteristics
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E. Choi, Ph.D. Dissertation, Johns Hopkins University, 2008
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challenges and opportunities
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lateral heterojunction diodes 5FPE-NTCDI: pentafluorolphenyl-ethy
napthalene tetracarboxylic diimide

Lateral Organic Heterojunction
Diode

P3HT
S5FPE-NTCDI

38eV 27V

Au Au

51eV 49e¢V  gqev

P3HT: poly(3-hexylthiophene)

B.M. Dhar, G.S. Kini, G.Xia, B.J.Jung, N. Markovic, H. Katz, Field effect-tuned lateral oxide
diodes, to appear PNAS 2010
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OFET p-type and n-type threshold tuning

SFPE-NTCDI: pentafluorolphenyl-ethyl
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R. Ozgun, B.M. Dhar, B.J. Jung, H. Katz and A.G. Andreou, “Threshold tuning of
complementary organic FET inverters” in preparation
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OFET Inverter circuit characteristics
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R. Ozgun, B.M. Dhar, B.J. Jung, H. Katz and A.G. Andreou, “Threshold tuning of
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Top-contact Pentacene with SBA dielectric
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conclusions

Compact modeling and model parameter extraction can carried in some extend
using approaches that have been used in Silicon, Germanium and other compound
semiconductor devices.

Models developed for a-Si TFT are good starting points for modeling OFETSs.

Many methods for parameter extraction on Silicon devices are applicable to
OFETs.

Compact modeling for OSC devices other than simple FETs or diodes is still in its
infancy.

Need models that capture threshold shift for charged dielectric OFETSs; for
example gated diodes or OFET with non-volatile storage capability.

Compact physics based models of mobility are crucial for predicting temperature
dependence and strain effects that affect the characteristics of devices and
circuits fabricated in conformal surfaces
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