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Abstract: As organic thin film transistors are playing important role in low cost, large area and flexible integrated circuits, 
there is urgent need of accurate modeling and simulation of these devices with emphasis of compact modeling suitable 
in integrated circuit simulation using Spice like simulators. This paper presents a 2D numerical simulation of pentacene 
based organic thin film transistors. Also a spice model extraction methodology of OTFTs base on Silvaco's UOTFT 
model is presented for circuit simulation. The numerically simulated results are in good agreement with OTFT spice 
modeling results. The Organic TFT model is extracted from the numerically simulated data and further it is used in circuit 
simulation of CMOS like hybrid inverter and five stage ring oscillator circuit realized from hybrid inverter. In the hybrid 
inverter circuit an amorphous silicon TFT is used in place of the NMOS devices and a Pentacene based TFT is used in 
place of the PMOS devices. Circuit simulation results proves the applicability of the model in circuit design of organic thin 
film based transistors.  
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INTRODUCTION 

In recent years organic electronics has drawn 
considerable attention of the researchers with organic 
thin film transistors (OTFTs) as key components for 
active matrix displays, radio frequency identification 
tags, and many other small scale integrated circuits. In 
fact organic electronics is becoming an important 
research topic both in academia and industry. There is 
a wide range of applications of these devices in large 
area displays, sensor arrays, and photovoltaics etc. as 
discussed in [1-38]. The major advantages of organic 
semiconductor materials for electronic devices are 
flexibility, low cost, and applicability of low temperature 
processing [1, 29]. This will give the opportunity of 
fabricating mechanically flexible devices on flexible 
substrates at low cost and low temperature. In organic 
devices, OLED technology is becoming mature. This 
accelerated progress has benefited from strong 
science and technology advances in all areas of OLED 
technology including materials, devices, and process 
engineering. Whereas flat panel flexible displays 
present a large market opportunity for OLEDs, this 
requires flexible driving electronics. OTFTs are best 
candidates for this application and for the advancement 
and commercialization of this flexible display 
technology [5]. Organic thin-film field-effect transistors 
(OTFT's) have found application in recent years in low- 
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cost, large-area electronics. OTFT's are flexible and 
can be fabricated at lower temperatures compared to 
other thin-film devices making them attractive for large-
area applications. Among many organic materials, 
pentacene-based OTFTs have been extensively tested 
and so far have exhibited highest mobility for hole 
transport [30-34]. Field-effect transistors (FETs) using 
organic materials have generally low-speed due to their 
low-mobility [35, 36], relatively high operation voltage 
[37] on the other hand there are many advantages to 
OTFTs, such as the flexibility of the plastic fabrication 
substrate and the potential cost savings to 
manufacturers that adopt a solution process and/or ink-
jet printing process. One of the most widely studied 
organic semiconductor materials used for OTFTs is 
pentacene and pentacene-based OTFTs have a typical 
field effect mobility of around 1 [cm2/(V sec)]. This is of 
comparable value to hydrogenated amorphous silicon. 
OTFTs on lightweight flexible substrates are expected 
to eventually replace hydrogenated amorphous silicon 
TFT applications on glass substrates. As need to 
understand basic device operation, to optimize device 
structures grows the importance of numerical device 
simulation and spice model development is rising as 
well. The organic devices Simulation Program with 
Integrated Circuit Emphasis (SPICE) is still not mature. 
Compared to the silicon industry where public models 
are well defined and commonly used to provide 
designers with a relative good description of any 
process, organic devices are still lacking for their 
complete device models that can fully describe their 
electrical characteristics. Many studies exist in the 
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literature to understand the physics of these devices in 
order to mathematically describe their behaviours as 
discussed in [38] and references there in. In this 
direction Silvaco has done an excellent effort and 
developed organic thin film transistor model fully 
dedicated to organic technology which incorporates 
organic device physics and implemented in its circuit 
simulator and device modeling software to explore the 
organic device and technology. In this article an effort 
has been done to investigate OTFT technology using 
these models with the help of 2D numerical simulation 
and spice modeling software UTMOST IV.  

This paper presents a finite element based 2D 
numerical simulation results of pentacene based top 
contact bottom gate organic field effect transistor using 
commercially available device simulation software 
ATLASTM [40] and demonstrates the use of numerical 
simulation data for spice model extraction using 
universal organic thin film transistor (UOTFT) model 
[41-42] developed by Silvaco Inc. and available in 
analog circuit simulator SmartSpice [43] and in 
UTMOST IV [44-45] spice modeling software from 
Silvaco Inc. Simulation of hybrid inverter consisting of 
amorphous silicon TFT in place of the NMOS devices 
and a Pentacene based TFT in place of the PMOS 
devices and 5 stage ring oscillator is also demonstrated 
using the extracted spice models of the transistors.  

NUMERICAL SIMULATION 

Numerical devices simulation of top contact bottom 
gate pentacene based OTFT has been performed 
using device simulation software ATLASTM from Silvaco 
International. The device structure used for simulation 
is shown in Figure.1. In the device under consideration 
50nm thick Pentacene is used as channel with 400nm 
thick SiO2 as gate oxide. The source and drain consists 
of Au and heavily doped silicon serves as gate.  

 

Figure 1: Pentacene based OTFT structure used in 
numerical simulation. 

In order to simulate I-V characteristics of OTFTs, it 
is important to consider how carrier transport in organic 
semiconductors is described. In case of OTFT, the 
space-charge limited current (SCLC) model is 
successful in explaining the conduction current of 
organic semiconductors. In the SCLC model, the 
carriers are self-trapped. In addition, one of the most 
determinant factors for carrier transport characteristics 
are the energy distributions of density of states (DOS) 
within the bandgap. The ATLAS is able to use SCLC 
model in simulation and the TFT module in ATLAS is 
able to define these density of state distributions within 
the band gap. ATLAS predicts the electrical 
characteristics of the device by solving systems of 
coupled differential equations and drift diffusion model 
of charge transport using finite element method. The 
Poisson's equation and continuity equation for 
electrons and hole that are a set of coupled, partial 
differential equations are solved numerically with the 
help of ATLAS software for obtaining terminal 
characteristics of the conventional devices. These 
equations are given below 
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where  is the dielectric constant,  is the potential, p is 
hole density, n is electron density, p refers to holes, n 
refers to electrons, q is the fundamental electronic 
charge, G is the charge generation rate, R is the 
charge recombination rate, and J is the current density 
which is given considering its drift and diffusion 
components by 

J n = qnμn En + qDn n           (4) 
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where μ is mobility, E is the local electric field, and D is 
the diffusion coefficient. To account for the trapped 
charge, Poisson’s equations are modified by adding an 
additional term QT, representing trapped charge given 
in (6). The trapped charge may consist of both donor - 
like and acceptor-like states across the forbidden 
energy gap, where the acceptor like states act as 
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electron traps and donor-like states act as hole traps.  
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The density of defect states, g (E), is defined as a 
combination of four components. Two tail bands with 
an exponentially decreasing function are specified to 
contain large numbers of defect states at the 
conduction band (acceptor-like traps) and valence 
band (donor-like traps) edges, respectively. In addition, 
two deep-level bands for acceptor-and donor-like 
defects are defined that are modeled using a Gaussian 
distribution. The equations describing these terms are 
given as follows: 
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Where E is the trap energy, EC is conduction band 
energy, EV is valence band energy, and the subscripts 
T, G , A and D stand for tail, Gaussian (deep level), 
acceptor and donor states respectively. The 
exponential distribution of DOS is described by 
conduction and valence band intercept densities (NTA 
and NTD), and by its characteristic decay energy (WTA 
and WTD). For Gaussian distributions, the DOS is 
described by its total density of states (NGA and NGD), 
its characteristic decay energy (WGA and WGD), and 
its peak energy/peak distribution (EGA and EGD). 

In organic materials at high electric fields the charge 
transport becomes field dependent. Field dependent 
mobility effects which is described by Poole-Frenkel 
mechanism is included in the numerical simulation. The 
Poole-Frenkel field dependent mobility model used in 
the simulations is described by equation (11) as in 
reference [12-13, 41] 

μ F x( ) ,T( ) = μ
0
exp

KT
0

+
KT

0

F x( )      (11) 

where
 
μ

0
 is the zero-field mobility, F is the electric field 

intensity, is activation energy and  is the 
characteristic parameter for the field-dependence 
called Poole-Frenkel factor. The simulated transfer and 
output characteristics of pentacene OTFT is shown in 
Figures 2 and 3. 

 
    (a) 

 
    (b) 

Figure 2: Transfer characteristics of Pentacene based TFT 
(a) at +ve values of VDS and (b) -ve values of VDS. 
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Figure 3: Output characteristics of simulated pentacene 
OTFT. 

Spice Modeling and Application of Spice Model in 
Hybrid Inverter and Ring Oscillator Simulation. 

There is an increasing technological interest in low-
frequency application because of the demand for a low-
cost circuit. Since amorphous silicon or an organic thin-
film transistor (TFT) can be manufactured using low-
cost processes, they are adequate for low-cost circuits. 
However, their mobility is low and their applications are 
restricted to the low-frequency region. Organic TFTs 
have been studied for low-cost circuits on glass or 
flexible substrates [48-57]. Radio frequency 
identification (RFID) and displays are typical 
applications of such low-cost circuits. TFT circuits in all 
NMOS (or PMOS) like topology have a large static 
power dissipation due to the existence of a direct path 
from supply to ground. Such power dissipation would 

prevent these circuits from being used in battery 
operated portable systems. Thus, the obvious choice is 
to integrate the a-Si:H n-TFT with pentacene based p-
TFT in a complete CMOS structure. This was first 
shown by Bonse et al [58] and CMOS TFT Op-Amps in 
hybrid TFT technology have been demonstrated in 
reference [59]. Many TFT models have been reported 
in past [60-70]. The technology and operation of 
organic thin film transistors (OTFTs) have a range of 
peculiar features that require a dedicated compact TFT 
model. The most important OTFT specific features are: 
the operation in the carrier accumulation mode, 
exponential density of states, interface traps and space 
charge limited carrier transport, nonlinear parasitic 
resistances, source and drain contacts without junction 
isolation as well as the characteristic mobility 
dependence on carrier concentration, electric field and 
temperature. The universal organic TFT (UOTFT) 
model has been developed at Silvaco [45] by extending 
the unified charge control model (UCCM), previously 
used for a-Si and poly-Si TFTs [66-68], to OTFTs and 
introducing generic modeling expressions for channel 
conductivity OTFT [69, 70]. In that way, UOTFT model 
is suitable for application to a large variety of the OTFT 
device architectures, material specifications and 
fabrication technologies [45]. Therefore we have used 
UOTFT model for spice model extraction of pentacene 
based OTFT. All the modeling equations can be 
obtained in [41, 42, 45]. To realize the hybrid inverter 
circuit we performed a process and device simulation 
of NMOS a-Si:H TFT and pentacene based PTFT. We 
converted the TCAD data to UTMOST IV format (from 
.log file to .uds file), and performed model extraction in 

 

Figure 4: ID-VD characteristics of Pentacene based TFT at VGS=0V to -60V in steps of -10V from bottom to up. 
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Figure 5: Hybrid inverter schematic. 

 

Figure 6: Five-stage ring oscillator using hybrid inverter. 

 

UTMOST IV. For the pentacene based PTFT, a 
UOTFT model (level=37) was used and for the NMOS 
a-Si:H TFT an RPI a-Si TFT model (level=35) was 
used. The detailed explanation of the a-Si TFT and 
OTFT model extraction methodology can be found [60-
61]. Figure 4 illustrates the ID-VD characteristics of the 
OTFT after optimization in UTMOST IV which is in 
good agreement with output characteristics of 
pentacene TFT obtained by numerical simulation. 
UOTFT model is able to reproduce the same output 
characteristics of OTFT as obtained from numerical 
simulation with mismatch error of only 1.25%. For 
optimization Levenberg-Marquardt algorithm was used 
in UTMOST IV. 

The extracted spice models of the a-Si NTFT and 
Pentacene based PTFT are then used in the hybrid 
inverter and the five stage ring oscillator circuits for 
simulation using Gateway.  

The schematics for the hybrid inverter and ring 
oscillator circuits are shown in Figures 5 and 6, 
respectively. The dc simulation characteristics of hybrid 
inverter is shown in Figure 7. It is evident that hybrid 

inverter operates at high voltage (i.e. VDD is high at 
above 10V). The output waveform of the five stage ring 
oscillator using the hybrid inverter is shown in Figure 8. 
From the output characteristics of the ring oscillator it is 
evident that it operates at relatively high voltage and 
frequency of oscillation is low, around 0.5 MHz. It can 
be used for low cast and low frequency applications. 

CONCLUSIONS 

This paper presented the simulation of pentacene 
based OTFT by two different approaches, one by 
means of 2D Numerical simulation using commercially 
available device simulation software ATLASTM and in 
other approach we simulated the OTFT characteristics 
using UOTFT compact model available in UTMOST-IV 
software. Simulation results in both the cases are in 
good agreement. Using the extracted UOTFT model 
based on numerical simulation data, simulation of a 
hybrid inverter and 5 stage ring oscillator are 
successfully demonstrated which gives the confidence 
to use this model in EDA tools to speed up the design 
cycle of circuits based on OTFTs. 
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        (a) 

 
        (b) 

Figure 7: DC Characteristics of hybrid inverter (a) at VDD=10V (b) at VDD=20V. 

 

Figure 8: Output of five stage ring oscillator using hybrid inverter. 

ACKNOWLEDGEMENT 

Author is very much thankful to Silvaco Inc., Silvaco 
CEO Mr. David Halliday and Executive Chairman of the 

Board of Directors of Silvaco, Mr. Iliya Pesic for various 
supports including TCAD and EDA software facility for 
completing this work. 



20    International Journal of Advanced Applied Physics Research, 2014, Vol. 1, No. 2 A.D.D. Dwivedi 

REFERENCES 

[1] Bao Z, Locklin J. eds, Organic Field-Effect Transistors, CRC 
Press, Boca Raton ,2007. 

[2] Jung C, Maliakal A, Sidorenko A, Siegrist T. 
Pentacenebased thin film transistors with titanium oxide-
polystyrene/polystyrene insulator blends: High mobility on 
high K dielectric films. Appl Phys Lett 2007; 90: 62111. 

[3] Katz HE. Recent advances in semiconductor performance 
and printing processes for organic transistor-based 
electronics. Chem Mater 2004; 16: 4748-4756. 

[4] Sirringhaus H. Device physics of solution-processed organic 
field-effect transistors. Adv Mater 2005; 17: 2411-2425. 

[5] W. Wondmagegn and R. Piper, Simulation of top contact 
pentacene thin film transistors. J. Comput Electron 2009, Vol. 
8: pp. 19-24. 

[6] Dwivedi ADD, Singh AK, Prakash R, Chakrabarti P. A 
proposed organic Schottky barrier photodetector for 
application in the visible region. Current Applied Physics, 
2010; 10: 900-903 

[7] Rathnayake, H.P., Cirpan, A., Delen, Z., Lahti, P.M., Karasz, 
F.E.: Optimizing OLED efficiency of 2,7-diconjugated 9,9-
dialkylfluorenes by variation of periphery substitution and 
conjugation length. Adv. Funct. Mater. 2007, Vol. 17, pp. 
115-122. 

[8] Vacca, P., Petrosino, M., Guerra, A., Chierchia, R., Minarini, 
C., Sala, D. D., Rubino, A.: The relation between the 
electrical, chemical, and morphological properties of indium-
tin oxide layers and double-layer light-emitting diode 
performance. Phys. Chem. C 2007, Vol. 111, pp. 17404-
17408. 

[9] Klauk, H., Zschieschang, U., Halik,M.: Low-voltage organic 
thin film transistors with large transconductance. J. Appl. 
Phys. 2007, Vol. 102, 074514. 

[10] Lee SH, Choo DJ, Han SH, Kim JH, Son YR, Jang J. High 
performance organic thin-film transistors with photopatterned 
gate dielectric. Appl Phys Lett 2007; 90: 33502. 

[11] Payne, MM, Parkin SR, Anthony JE, Kuo CC, Jackson TN. 
Organic field-effect transistors from solution-deposited 
functionalized. J Am Chem Soc 2005; 127: 4986-4987. 

[12] Sun YM, Liu YQ, Zhu DB. Advances in organic field-effect 
transistors. J Mater Chem 2005; 15: 53-65. 

[13] Gill WD.“Drift Mobilities in Amorphous Charge-Transfer 
Complexes of Trinitrofluorenone and Poly-n-vinylcarbazol,” J 
Appl Phys 1972; 55: 12, 5033. 

[14] Horowitz G, “Organic Field Effect Transistors”, Advanced 
Materials, 1998; 10: 5365-377. 

[15] Law M, Greene LE, Johnson JC, Saykally R, Yang PD. 
Nanowire dye-sensitized solar cells. Nat Mater 2005; 4: 455-
459. 

[16] Zhou L, Wanga A, Wu SC, Sun J, Park S, Jackson TN. All-
organic active matrix flexible display. Appl Phys Lett 2006; 
88: 083502. 

[17] Lin C, Tsai T, Chen Y. A novel voltage-feedback pixel circuit 
for AMOLED displays. J Display Technol 2008; 4: 54-60. 

[18] Kim YH, Park SK, Moon DG, Kim WK, Han, JI. Active matrix 
liquid crystal display using solution-based organic thin film 
transistors on plastic substrates. Displays, 2004; 25: 167-
170. 

[19] Kim, KB, Park HH, Kwon O, Kim M, Lee KY, Park Y, et al. 
Investigation of pattern-induced brightness non-uniformity in 
active matrix organic light-emitting diode displays. Jpn J 
Appl. Phys 2008;  47: 193-196. 

[20] Nausieda I, Ryu K, Kymissis I, Akinwande IA, Bulovic V, 
Sodini CG. An organic active-matrix imager. IEEE Trans. 
Electron Devices 2008; 55: 527-532. 

[21] Myslíka V, Fryceka R, Vrnatab M, Vyslouzilb F, Fitla P, 

Jelinekc M. Organic active layers for chemical sensors 
prepared by Matrix Assisted Pulse Laser Deposition 
(MAPLD). J Phys Conf Ser 2007; 59: 79-83. 

[22] Siwak N, Fan X, Hines D, Williams E, Goldsman N, Ghodssi, 
R. Chemical sensor utilizing indium phosphide cantilevers 
and pentacene as a functionalization layer. Micro Electro 
Mechanical Systems, MEMS. IEEE 20th International 
Conference, 2007. 

[23] Klauk H. Organic Electronics: Materials, Manufacturing, and 
Applications. Wiley, New York, 2006. 

[24] Yi SM, Jin SH, Lee JD, Chu CN. Fabrication of a high aspect- 
ratio stainless steel shadow mask and its application to 
pentacene thin-film transistors. J Micromech Microeng., 
2005; 15: 263-269. 

[25] Py C, Roth D, LeÂvesque I, Stapledon J, Donat-Bouillud A. 
An integrated shadow-mask based on a stack of inorganic 
insulators for high-resolution OLEDs using evaporated or 
spun-on materials. Synth. Met 2001; 122: 225-227. 

[26] Lamprecht B, Kraker E, Weirum G, Ditlbacher H, Jakopic G, 
Leising G, Krenn JR. Organic optoelectronic device 
fabrication using standard UV photolithography. Phys Status 
Solidi (RRL), 2008; 2: 16-18. 

[27] Rogers JA, Bao Z, Makhija A, Braun P. Printing process 
suitable for reel-to-reel production of high-performance 
organic transistors and circuits. Adv. Mater 1999; 11: 741-
745. 

[28] Calvert P. Inkjet printing for materials and devices. Chem. 
Mater 2001; 13: 3299-3305. 

[29] Kol SH, Panl H, Grigoropoulos CP, Luscombe, CK, Frechet, 
JMJ, Poulikakos D. All-inkjet-printed flexible electronics 
fabrication on a polymer substrate by low-temperature high 
resolution selective laser sintering of metal nanoparticles. 
Nanotechnology, 2007; 18: 345202. 

[30] Yang H, Shin TJ, Ling MM, Cho K, Ryu CY, Bao Z. 
Conducting AFM and 2D GIXD studies on pentacene thin 
films. J. Am Chem Soc 2005; 127:11542-11543. 

[31] Inoue Y, Sakamoto Y, Suzuki T, Kobayashi M, Gao Y, Tokito, 
S. Organic thin-film transistors with high electron mobility 
based on perfluoropentacene. Jpn J Appl Phys 2005; 44: 
3663-3668. 

[32] Son J, Kang IN, Oh SY, Park JW. Structure effects on 
organic thin-film transistor properties of dinaphthyl 
substituted pentacene derivatives. Bull. Korean Chem. Soc., 
2007; 28: 995-998. 

[33] Dimitrakopoulos, CD, Kymissis I, Purushothaman S, 
Neumayer DA, Duncombe PR, Laibowitz RB. Low-voltage, 
high-mobility pentacene transistors with solution-processed 
high dielectric constant insulators. Adv Mater 1999; 11: 1372-
1375. 

[34] Klauk H, Halik M, Zschieschang U, Schmid G, Radlik W. 
High-mobility polymer gate dielectric pentacene thin film 
transistors. J Appl Phys 2002; 92: 5259. 

[35] Jackson TN, Lin Y, Gundlach DJ, Klauk H. Organic thin film 
transistors for organic light-emitting flat-panel display 
backplanes. IEEE J. Sel. Top. Quantum Electron 1998; Vol. 
4:100-104. 

[36] Burroughes JH, Jones CA, Friend RH. New semiconductor 
device physics in polymer diodes and transistors. Nature, 
1988; 35: 137-141. 

[37] Dimitrakopoulos CD, Malenfant PRL. Organic thin film 
transistors for large area electronics. Adv. Mater 2002; 14: 
99-117.  

[38] Forrest SR. The path to ubiquitous and low-cost organic 
electronic appliances on plastic. Nature, 2004; 428: 911-918. 

[39] Anis Daami,chapter on Device Modelling for SPICE 
Simulations in Organic Technologies in the book Novel 
advances in microsystems technologies and their 
applications edited by Laurent A. Francis and Krzysztof 



Numerical Simulation and Spice Modeling of Organic  International Journal of Advanced Applied Physics Research, 2014, Vol. 1, No. 2    21 

Iniewski, CRC Press, 2014. 

[40] ATLAS User’s Manual, Silvaco International, Santa Clara, 
CA, USA, www.silvaco.com, March 2012.  

[41] Mijalkovic S. et al., Modelling of organic field-effect 
transistors for technology and circuit design, 26th 
International Conference on Microelectronics (MIEL), Nis, 
Serbia , May 11-2008; 14: 469-476. 

[42] Mijalkovic S. et al., UOTFT: Universal organic TFT model for 
circuit design, Digest 6th International Conference Organic 
Electronics (ICOE), Liverpool, UK, June 2009. 

[43] SmartSpice Users Manual, Silvaco 
International,SantaClara,CA,USA,4thJanuary, 2008. 

[44] UTMOST IV Spice Optimization Module, Users Manual, 
Silvaco International, Santa Clara, CA, USA, September 30, 
2013. 

[45] UTMOST IV Spice models manual, Silvaco International, 
Santa Clara, CA, USA, August 28, 2013. 

[46] Gill WD, “Drift Mobilities in Amorphous Charge-Transfer 
Complexes of Trinitrofluorenone and Poly-n-vinylcarbazol,” J 
Appl Phys, 1972; 55: 5033. 

[47] Horowitz G. “Organic Field-Effect Transistors”, Advanced 
Materials, 1998; 5: 365-377. 

[48] Byung Seong Bae, Jae-Won Choi, Se-Hwan Kim, Jae-Hwan 
Oh, and Jin Jang “Stability of an amorphous silicon oscillator” 
ETRI Journal, February 2006, (28): 1. 

[49] Brown AR, Jarrett CP, de Leeuw DM, Matters M. “Field- 
Effect Transistors Made from Solution-Processed Organic 
Semiconductors,” Synthetic Metals, Apr. 1997; (88):1 37-55. 

[50] Klauk H, Gundlach DJ, Jackson TN. “Fast Organic Thin- Film 
Transistor Circuits,” IEEE Electron Dev. Lett., June 1999, 
(20) 6: 289-291. 

[51] Crone BR, Dodabalapur A, Filas RW, Lin Y-Y, Bao Z.,. 
O’Neill JH, Li W, Katz HE. “Design and Fabrication of 
Organic Complementary Circuits,” J Appl Phys, May 2001; 
(89) 9: 75-80. 

[52] Zschieschang U, Klauk H, Halik M, Schmid G, Dehm C. 
“Flexible Organic Circuits with Printed Gate Electrodes,” 
Advanced Materials, July 2003; (15) 14: 1147-1151. 

[53] Klauk H, Halik M, Zschieschang U, Eder F, Schmid G, Dehm 
C. “Pentacene Organic Transistors and Ring Oscillators on 
Glass and on Flexible Polymeric Substrates,” Appl. Phys. 
Lett, 2003; (82) 23: 4175-4177. 

[54] Jung JS, Cho KS, Jang J. “A Large Grain Pentacene by 
Vapor Phase Deposition,” J. of the Korean Physical Society, 
2003; (42) 92: 428-S430. 

[55] Kim SH, Choi HY, Kim BS, Hong MP, Chung KH, Jang J. 
“Organic Thin Film Transistor with Self Organized 
Pentacene,” Proc. IDW’03, 2003; 200-375. 

[56] Drury CJ, Mutsaers CMJ, Hart CM, Matters M, de Leeuw 
DM. “Low-Cost All-Polymer Integrated Circuits,” Appl. Phys. 
Lett., July 6, 1998; (73) 1: 108-110. 

[57] Richter S, Ploetner M, Fischer WJ, Schneider M, Nguyen P 
T, Plieth W, Kiriy N, Adler H-JP. “Development of Organic 
Thin Film Transistors Based on Flexible Substrates,” Thin 
Solid Films, Apr 2005; (477) 1/2: 140-147.  

[58] Bonse M, Thomassan DB, Jiun ru H, Wronski CR, Jackson 
TN, “Integrated a-Si:H/Pentacene Inorganic/Organic 
complementary Circuits,” Dec 1998, Proc. IEDM, pp. 251-
253. 

[59] Aritra Dey, Adrian Avendanno, Sameer Venugopal, David R. 
Allee, Manuel Quevedo, and Bruce Gnade, “CMOS TFT Op-
Amps: performance and limitations” IEEE EDL, 2011, Vol.32, 
No. 5, pp 650-652.  

[60] Shur MS, Slade HC, Jacunski MD, Owusu AA, Ytterdal 
T.,“Spice Models for Amorphous Silicon and Polysilicon Thin 
Film Transistors”, J. Electrochemical Society, 1997, 144, p. 
2833. 

[61] Shur MS, Slade HC, T Ytterdal, et al., “Modeling and Scaling 
of a-Si:H and Poly-Si Thin Film Transistors”, Material 
Research Society Proceedings, Amorphous and 
Microcrystalline Silicon Technology, 1997, 467. 

[62] Benjamin Iniguez, Zheng Hu, Tor A. Fjeldly, Michael S. Shur, 
“Unified model for shortchannel poly-Si TFTs”, Solid-State 
Electronics, 1999, Vol. 43, 1999 , pp 1821-1831. 

[63] Dosev D, Ytterdal T, Pallares J, Marsal LF Iniguez B. “DC 
SPICE Model for Nanocrystaline and Microcrystaline Silicon 
TFTs”, IEEE Trans. Electron Device, 2002; (49) 1979. 

[64] Estrada M, Cerdeira A, Ortiz-Conde A, Garcia Sanches FJ  
Iniguez B. “Extraction Method for polycrystaline TFT above 
and subthreshold model parameters”, Solid-State 
Electronics, 2002; (46): 2295. 

[65] Resendiz L, Iniguez B, Estrada M, Cerdeira A, “Modification 
of Amorphous Level 15 AIM SPICE Model to Include New 
Subthreshold Model”, Proc. 24th International Conference on 
Microelectronics (MIEL 2004), 2004, 291. 

[66] Estrada M, Cerdeira A, Puigdollers J, Resendiz L, Pallares J, 
Marsal LF, Voz C, Iniguez B, “Accurate modeling and 
parameter extraction for organic TFTs”, Solid-State 
Electronics, 2005; (49): 1009. 

[67] Fjeldly A, Ytterdal T, Shur M, “Introduction to Device 
Modeling and Circuit Simulation”, John Wiley & Sons, Inc., 
New York, 1998. 

[68] Iniguez B, Picos R, Veksler D, Koudymov A, Shur MS, 
Ytterdal T, Jackson W. “Universal Compact Model for Long- 
and Short-Channel Thin-Film Transistors”, Solid- State 
Electronics, 2008; (52): 400. 

[69] Estrada M, Cerdeira A, Puigdollers J, Resendiz L, Pallares J, 
Marsal LF, Voz C Iñinguez B, “Accurate modeling and 
parameter extraction for organic TFTs”, Solid-State 
Electronics, 2005; (49): 1009. 

[70] . Vissenberg MCJM, Matters M. “Theory of the Field-Effect 
Mobility in Amorphous Organic Transistors”, Physical Review 
B, 1998; (57): 12964. 

[71] UTMOST-IV Delivers Full Capability of RPI TFT Models 
(http://www.silvaco.com/content/appNotes/analog/1-
026_UTMOST-IV_RPI.pdf 

[72] Arun Dwivedi, Qingda Zhao, Mark Polito, Michel Blanchette, 
"Process and Device Simulation, Model Extraction and 
Circuit Simulation of Hybrid CMOS-like Inverters Using a-
Si:H and Pentacene TFTs" Silvaco White paper January 
2014. 

 
Received on 26-11-2014 Accepted on 6-12-2014 Published on 31-12-2014 
 
http://dx.doi.org/10.15379/2408-977X.2014.01.02.3 

© 2014 A.D.D. Dwivedi; Licensee Cosmos Scholars Publishing House. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, 
provided the work is properly cited. 
 


