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ABSTRACT 
 

P-type organic thin-film transistors (OTFTs), in which the active semiconductor is made of 

pentacene with silicon dioxide as a gate insulator, were fabricated and characterized. The 

effects of humidity on the electrical characteristics of pentacene based thin-film transistors 

(pentacene-TFTs) in the linear and saturation regimes were investigated. We report the 

variation of the electrical parameters by relative humidity (RH) extracted from the 

experimental electrical characteristics current-voltage of pentacene-TFT devices. We show 

that the diffusion of water molecules (H2O), the creation of acceptor states due to the presence 

of oxygen and the formation of clusters in the pentacene active layer considerably affect the 

stability and the performances of pentacene-TFTs. The degradation of electrical parameters of 

the pentacene- TFTs under relative humidity (RH) can be recovered with a simple pumping 

under vacuum (3×10-5 to 5×10-5mbar). We also show that the changes introduced by the 

effects of humidity are reversible.  Moreover the pentacene-TFT presents an intensive 

response for a high relative humidity (RH=57%), which could be used for a humidity 

detection device technology. 
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1. Introduction 
 

Organic Thin-Film Transistors (OTFTs) have received intensive interest because of their 

many advantages such as light-weight, low cost manufacture, structural flexibility and low 

temperature processing [1-3] that make them promising candidates in several areas of 

technology including gas sensors, smart cards, active-matrix displays and radio-frequency 

identification tags [4-8]. On the other hand, OTFTs provide multiple detection parameters like 

the inverse subthreshold swing (SS), the threshold voltage Vth, the field-effect mobility µFET, 

the current ratio Ion/Ioff and the turn-on voltage Von [9].The stability of organic transistors 

represents a major challenge that must be addressed for making this technology relevant and 

reliable. Therefore, the influences of environmental effects on the electrical stability of the 

OTFTs have been extensively studied in recent years [10-13]. The electrical performances of 

unencapsulated organic devices (including thin film transistors) degrade when exposed to 

humidity [14-16].The study of the influence of oxygen and water molecules on the 

characteristics of organic transistors is a crucial way for a best understanding of the 

interaction mechanisms between the organic active layer and these chemical species and their 

consequences on the performance of the device. Furthermore, the influences of impurities and 

structural properties of the organic semiconductor films have been widely investigated [17-

19]. In addition, the progress and the improvement in the sensors technology based on 

OTFTs, such as sensors of temperature, pressure, gas, humidity and photodetectors are 

directly related to the response and the sensitivity of the active layer of the transistor to 

external disturbances such as the temperature, illumination and humidity.   

The main aim of this work is to report the effects of the humidity on the electrical stability of 

pentacene based TFTs in the linear and the saturation regimes. Accordingly, the electrical 

parameters characterizing the transistors were extracted from experimental data in different 

measurement conditions. In particular we have characterized the pentacene-TFTs under 

vacuum and under different relative humidity (RH) conditions. RH is defined as the ratio of 

the water vapor density (mass per unit volume) to the saturation water vapor density usually 

expressed in percent. Electrical characterization was done under vacuum (3×10-5 to 5×10-5 

mbar), under different relative humidity (RH=3% and RH=57%), and finally under nitrogen 

(N2) +RH=3%. In the last experiment, the sample was subjected to a vacuum process for 48 

hours in order to study the reversibility of the degradation. Finally, we have developed an 
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analytical model to reproduce the experimental output characteristics for two measurement 

conditions (under vacuum and under RH=57%). 

2. Experimental details 

 

Fig.1 shows the schematic structure of the fabricated pentacene-TFTs used in the present 

work. We have used a bottom-gate top-contact structure. A highly p-doped crystalline silicon 

wafer (p-Si) was used as a substrate. The Si substrate was cleaned sequentially by acetone, 

methanol, and de-ionized water in an ultrasonic bath for 10 min at each step. The SiO2 layer 

of 300nm was grown on the p-Si substrate in a furnace at 1000°C for 2hours and it was used 

as the gate-insulator.  Then, a pentacene (C22H14) layer (40 nm thick) was deposited on top of 

the SiO2 by thermal evaporation in a high vacuum chamber (3×10
-6 

mbar). Finally, 80 nm 

gold (Au) source and drain electrodes were deposited by thermal evaporation under high 

vacuum (10-8 mbar) to obtain high quality ohmic contacts with the pentacene thin film. The 

deposition rates and the thicknesses of the pentacene and metallic layers were determined by a 

quartz balance. The channel length (L) and width (W) were 50µm and 3760µm, respectively, 

and they were defined using a shadow mask during the gold (Au) evaporation. The electrical 

characteristics and environmental stability of pentacene-TFTs were measured by using a 

manual Karl Süss probe and two programmable source-meters (Keithley 2400). The 

characterization under relative humidity (RH) was carried out by using a humidification 

system constituted of a water reservoir, three valves and two mass flow controllers enabling a 

gas flow regulation between 0 and 200sccm. The measured relative humidity at the output of 

the system varies between 2% and 79%. 

 

3. Results and discussion 

3.1. Output characteristics of the pentacene based TFT under different measuring 

condition 

 

Figs. 2(a)-2(e) show the output characteristic (ID vs. VD) curves of the fabricated pentacene- 

TFTs. The drain voltage (VD) was varied from 0 to -80V in -1V increments at different gate 

voltages (VG) ranging from 0 to -40V with -10V increments. The measurements were carried 

out using five different conditions. Firstly, the measurement was made under vacuum (3×10-5 

to 5×10-5 mbar) and repeated again after 30 minutes under RH=3%. A third measurement was 

carried out after 30 minutes under a high RH level (RH=57%), followed by a measurement 
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after 30 minutes, in which the device was subjected to a flow of dry nitrogen in order to 

reduce the relative humidity toward RH=3%. Finally, we have made the measurement under 

vacuum after two days of pumping. 

The resulting output characteristics of the pentacene-TFTs (Figs. 2(a)-2(e)) show a typical p- 

channel operation. All the transistors showed a clear linear increase of the drain current at low 

drain voltages (linear regime), followed by a saturation at larger voltages (saturation regime) 

for all the experimental conditions. An exception was observed for the transistors subjected to 

a RH = 57% (fig.2.c). For these transistors the saturation of the drain current was not 

observed. This behavior is attributed to the diffusion of H2O molecules in the thin film of 

pentacene which increases the current Ioff and prevents the saturation of the output 

characteristics [20]. Moreover, we note that the drain current increases by increasing the gate 

voltage in all the measurement conditions. 

 

3.2. Transfer characteristics of the pentacene TFT in linear and saturation regime  

3.2.1. In linear regime 

 

In Fig.3, we represent the transfer characteristics (|ID| vs.VG) for all the measurement 

conditions in the linear regime for a fixed drain voltage (VD= - 10V) and by varying the gate 

voltage (VG) of -50 to 50Vwith 0.2V increments. We note that there is a significant decrease 

in the absolute value of the drain current of pentacene TFT with the humidity for high 

negative gate voltages. 

 

3.2.1. 1. Series resistance of the pentacene TFT 

 

       The electrical performance of the OTFTs was mainly limited by the resistance effects. 

These effects are directly related to the increase of the charge carrier density in the channel of 

the transistor. Several methods have been developed for the extraction of the series resistance 

in OTFTs [21-22]. In the linear regime, the transconductance 𝑔𝑔𝑚𝑚 can be defined as [23]: 

 

𝑔𝑔𝑚𝑚 =  �𝛿𝛿𝐼𝐼𝐷𝐷
𝛿𝛿𝑉𝑉𝐺𝐺

�
𝑉𝑉𝐷𝐷=𝑐𝑐𝑐𝑐𝑐𝑐

=  𝑊𝑊
𝐿𝐿

µ𝐹𝐹𝐹𝐹𝐹𝐹,𝑙𝑙𝑙𝑙𝑙𝑙𝐶𝐶𝑙𝑙𝑉𝑉𝐷𝐷         (1) 

 

where Wand  L are the channel’s width and length of the transistor, respectively, Ci is the 

insulator capacitance (per unit area), VD is the drain voltage fixed to -10V and  µFET,linis the 
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field effect mobility in the linear regime that can be calculated through the following equation 

[24]:  

µ𝐹𝐹𝐹𝐹𝐹𝐹,𝑙𝑙𝑙𝑙𝑙𝑙 =   𝐿𝐿
𝐶𝐶𝑖𝑖𝑉𝑉𝐷𝐷𝑊𝑊

�𝛿𝛿𝐼𝐼𝐷𝐷
𝛿𝛿𝑉𝑉𝐺𝐺

�
𝑉𝑉𝐷𝐷=𝑐𝑐𝑐𝑐𝑐𝑐

=  𝐿𝐿
𝐶𝐶𝑖𝑖𝑉𝑉𝐷𝐷𝑊𝑊

𝑔𝑔𝑚𝑚                                     (2) 

 
In this regime, the expression of the series resistance of the pentacene-TFT is defined as 
follows:  
 

𝑅𝑅𝑆𝑆 =  1
𝑔𝑔𝑑𝑑

 −  𝐿𝐿
𝑊𝑊𝐶𝐶𝑖𝑖µ𝐹𝐹𝐹𝐹𝐹𝐹,𝑙𝑙𝑖𝑖𝑙𝑙(𝑉𝑉𝐺𝐺−𝑉𝑉𝑐𝑐ℎ)

                                         (3) 

 

where 𝑔𝑔𝑑𝑑 is the conductance 𝑔𝑔𝑑𝑑=�𝛿𝛿𝐼𝐼𝐷𝐷
𝛿𝛿𝑉𝑉𝐷𝐷

�
𝑉𝑉𝐺𝐺=𝑐𝑐𝑐𝑐𝑐𝑐

, since in the linear regime we work at low drain 

voltage (VD = -10V) we can approximate the numerical derivative of the drain current on the 

drain voltage to the ratio of these quantities: 𝑔𝑔𝑑𝑑= �𝛿𝛿𝐼𝐼𝐷𝐷
𝛿𝛿𝑉𝑉𝐷𝐷

�
𝑉𝑉𝐺𝐺=𝑐𝑐𝑐𝑐𝑐𝑐

=  𝐼𝐼𝐷𝐷
𝑉𝑉𝐷𝐷

[23]. 

The other parameters were defined previously. 
Fig.4 shows the experimentally values of the series resistance Rs as a function of the gate 

voltage for the five measurement conditions. It is clear that the series resistance decreases 

rapidly for negative gate voltages because the increase in the density of charge introduced in 

the conducting channel.  Furthermore, in the inset we have depicted the series resistance for 

positives gate voltages. It is observed that for positive gate voltages the series resistance 

increases with increasing humidity. 

The pentacene compound contains an abundance of hole charge carriers which categorizes it 

as a p-type semiconductor. For this reason, it is necessary to apply a negative gate voltage to 

increase the density of holes in the conducting channel. In this case, i.e. for negative gate 

voltages, we see that the series resistance decreases by increasing humidity. On the contrary, 

for the positive gate voltages, the series resistance increases with the humidity. This behavior 

could be explained by the chemical nature of the polar water molecules [10, 11, 20]. 

 

3.2.2. In saturation regime 

 

Fig.5 (a) shows the transfer characteristics (|ID| vs. VG) of our pentacene TFT in the 

saturation regime at VD= -70V for the five measurement conditions. We note that the absolute 

value of the drain current increases as the humidity increases. At VG = - 40V, the increase is 

approximately 40% higher between the first measurement (under vacuum) and the third 

measurement (under RH = 57%). This behavior can be explained by the fact that the 
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pentacene reacts with absorbed H2O molecules and forms clusters of pentacene/ (H2O)n. 

These clusters have a role as a p-type doping and, as a consequence, the drain current 

increases [25]. For the purpose of eliminating the effect of the H2O molecules and oxygen, as 

well as the clusters that are unstable under vacuum, the transistor was exposed to a pumping 

step for 48 hours under vacuum (3×10-5 to 5×10-5mbar). After this treatment, the drain current 

decreases and comes back to the initial characteristics. 

 

4. Extraction of key parameters of the pentacene TFT from experimental data 
4.1. The threshold voltage Vth and the trapped charge density 𝑵𝑵𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕.𝒄𝒄𝒄𝒄𝒕𝒕𝒕𝒕𝒄𝒄𝒄𝒄 
 

The threshold voltage (Vth) has been extracted from a plot of the square root of |ID|versus VG. 

In particular Vth can be estimated from the intersection of the tangent of the linear part of the 

plot of the square root of |ID|with the axis of gate voltages (Fig.5 .b). Under vacuum (3×10-5 

to 5×10-5 mbar), the determined value of Vth was 10V. After 30 minutes under nitrogen at a 

RH = 3%, Vth shifts to 29.8V. Afterwards, the measurement is carried out under RH =57%, 

and the Vth  reaches a maximum value of 67V and for the measurement after 30 minutes under 

RH = 3%, the Vth decreases to 45V. Finally, under vacuum after 2 days of pumping, the Vth 

decreases to a value 8V similar to the one obtained at the initial state (under vacuum). We 

conclude that the relatively humidity affects the stability of pentacene TFT, in particular 

shifting the Vth to higher positive values. This shift of the threshold voltage is generally 

attributed to the creation of an electric field around the insulator / pentacene interface due to 

the presence of trapped charges [26, 27]. 

         Generally, the variation of the threshold voltage in OTFTs is directly related to the 

trapped charge density in the insulator /organic semiconductor interface [28].The trapped 

charge density at the insulator/organic TFTs can be determined by the following relation [29]: 

 

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡.𝑐𝑐ℎ𝑡𝑡𝑡𝑡𝑔𝑔𝑎𝑎 =  |△𝑉𝑉𝑐𝑐ℎ|𝐶𝐶𝑙𝑙
𝑞𝑞

                                                (4) 

 

where Ci is the insulator capacitance per unit area, △Vth the measured shift in the threshold 

voltage and q is the electronic charge.  
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4.2. Extraction of the inverse subthreshold swing (SS), the interface trap density Dit, the 

turn-on voltage Von and the ratio current Ion/ Ioff 

 

          The inverse subthreshold swing (SS), related to the sharpness between the off and on 

state, can be determined by the following relation [30]: 

 

𝑆𝑆𝑆𝑆 = �𝑑𝑑𝑙𝑙𝑑𝑑𝑔𝑔(𝐼𝐼𝑑𝑑)
𝑑𝑑𝑉𝑉𝑔𝑔

�
−1

                                                        (5) 

 

The fact that the SS values changes with humidity suggests the existence of trap sites located 

at the interface of the insulator/pentacene. It is well known that the quality of this interface 

plays a decisive role in the functional performance of the OTFTs. The density of the interface 

trap in TFT devices can be determined by the following relation [31-32]: 

 

𝐷𝐷𝑙𝑙𝑡𝑡 = �𝑆𝑆𝑆𝑆𝑙𝑙𝑑𝑑𝑔𝑔(𝑎𝑎)
𝐾𝐾𝐹𝐹 𝑞𝑞�

− 1� 𝐶𝐶𝑖𝑖
𝑞𝑞

                                                                 (6) 

 

Where T is the temperature, k is Boltzmann’s constant and q is the electronic charge. 

Table 1 shows that there is a shift of the turn-on voltage Von toward positive values and an 

increase in the SS values with increasing RH.  Indeed, the degradation of Von and SS is 

directly linked to the oxygen molecules that are incorporated into the film of pentacene by 

creating acceptor states [33]. Another important parameter characterizing the performance of 

TFT devices is the current ratio Ion/ Ioff. This ratio describes the ability of a device to switch 

from the on to the off state. The values of Ion, Ioff  and Von are extracted by tracing the 

variation of the drain current in logarithmic scale versus the gate voltage in the saturation 

regime (log |ID| vs.VG). In fig.5.c, we illustrated the method to determine these parameters for 

the pentacene-TFTs measured under vacuum. The same procedure was repeated for the other 

measurement conditions. 

All the electrical parameters that could be extracted from the measured curves are 

summarized in table 1, such as the threshold voltage, the trapped charge density, the inverse 

subthreshold swing, the interface trap density, the turn-on voltage and the on/off ratio current.  
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4.3. Saturation mobility  µ𝒔𝒔𝒕𝒕𝒕𝒕 

 

 The field-effect mobility is an important parameter of the transistor, which describes the ease 

of the charge carriers to move inside the active layer under the influence of an electric field. 

This parameter is thus directly connected to the switching speed of the device. 

         In the saturation regime and for a constant drain voltage VD= -70V, the slope of the 

square root of |ID|versus VG in the saturation regime allows deducing the mobility using the 

following relation: 

µ𝑠𝑠𝑡𝑡𝑡𝑡 = 2𝐿𝐿
𝑊𝑊𝐶𝐶𝑖𝑖

�𝜕𝜕�𝐼𝐼𝐷𝐷
𝜕𝜕𝑉𝑉𝐺𝐺

�
2
                                                         (7) 

Fig. 6 shows the extracted saturation mobility from the plot of the square root of |ID| versus 

VG in the saturation regime measured in the different conditions. We found that the saturation 

mobility decreases with increasing relative humidity.  

        This degradation of mobility is attributed to several effects introduced by humidity 

within the active layer of pentacene. Indeed, the decrease in the saturation mobility could be 

attributed to polar water molecules that diffused into the grain boundaries of the pentacene 

polycrystalline structure and interact with holes charge carriers. Therefore, the increased 

potential barriers make more difficult the transport of charge carriers in the conductive 

channel of the device [34-36]. Thus, the polar water molecules can interact with the charges in 

the channel and reduce the mobility.  

 

5. Modeling of output characteristics of pentacene based TFT under vacuum and under 

RH=57% 

 

       The electrical characteristics of OTFTs have been extensively simulated using the same 

models used for standard inorganic Metal-Oxide Semiconductor Field-Effect Transistors 

(MOSFETs). However, organic devices show several differences with respect to their 

inorganic counterparts. In particular, in organic devices of the charge carrier conduction at the 

metal/ semiconductor junction and the low intrinsic conductivity of organic semiconductors 

play an important role. These differences should be added in the numerical or analytical 

models when analyzing organic TFTs [37-39].  

    Taking into account the current due to the contribution of the intrinsic conductivity of 

pentacene, the total drain current in the linear and saturation regimes can be expressed as 

follows: 
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𝐼𝐼𝐷𝐷 = 𝐼𝐼𝑡𝑡𝑐𝑐𝑐𝑐𝑎𝑎𝑚𝑚 + 𝐼𝐼𝑙𝑙𝑎𝑎𝑡𝑡𝑙𝑙𝑡𝑡𝑔𝑔𝑎𝑎                                                                        (8) 

 

where Iaccum is the contribution from the accumulation of majority charge carriers at the 

conductive channel of the TFT and Ileakage is the leakage current due to the intrinsic 

conductivity of pentacene. Leakage current can be determined by the following equation [40]: 

 

𝐼𝐼𝑙𝑙𝑎𝑎𝑡𝑡𝑙𝑙𝑡𝑡𝑔𝑔𝑎𝑎 = 𝜎𝜎0𝑉𝑉𝐷𝐷                                                          (9) 

 

where 𝜎𝜎0is the minimum leakage current and VD is the drain voltage. 

          Taking into account the conductive channel length modulation by the drain voltage and 

the series resistance of the drain and source electrodes, the effective conductivity of the 

majority charge carriers in the conduction channel may be expressed as follows: 

 

𝑔𝑔𝑐𝑐ℎ,𝑎𝑎𝑒𝑒𝑒𝑒 = 𝑔𝑔𝑐𝑐ℎ𝑖𝑖𝑙𝑙𝑐𝑐
1+𝑔𝑔𝑐𝑐ℎ𝑖𝑖𝑙𝑙𝑐𝑐((𝑅𝑅𝑆𝑆+𝑅𝑅𝐷𝐷))

                                                         (10) 

 

where Rs = RS+RD is the series resistance between source and drain electrodes and gchint is the 

intrinsic conductivity of the channel. The gchint value can be calculated from this equation: 

 

𝑔𝑔𝑐𝑐ℎ𝑙𝑙𝑙𝑙𝑡𝑡 = �𝑊𝑊
𝐿𝐿
𝐶𝐶𝑙𝑙� µ𝐹𝐹𝐹𝐹𝐹𝐹(𝑉𝑉𝐺𝐺 -  𝑉𝑉𝑡𝑡ℎ)                                                  (11) 

 

Then, the current attributed to the accumulated charge carriers Iaccum can be expressed as: 

 

𝐼𝐼𝑡𝑡𝑐𝑐𝑐𝑐𝑎𝑎𝑚𝑚 = 𝑔𝑔𝑐𝑐ℎ,𝑎𝑎𝑒𝑒𝑒𝑒 𝑉𝑉𝐷𝐷,𝑎𝑎𝑒𝑒𝑒𝑒(1 + 𝜆𝜆𝑉𝑉𝐷𝐷)                                                 (12) 

 

where 𝜆𝜆is the channel length modulation parameter and VD,eff is the effective drain voltage 

which it is given by [41]: 

 

𝑉𝑉𝐷𝐷,𝑎𝑎𝑒𝑒𝑒𝑒 = 𝑉𝑉𝐷𝐷

�1+�𝑉𝑉𝐷𝐷 𝑉𝑉𝐷𝐷,𝑠𝑠𝑠𝑠𝑐𝑐
� �

𝑚𝑚
�
𝑚𝑚                                                         (13) 

 

where m is a control transition parameter from the linear to the saturation regime. The m 

parameter is also known as the knee shape parameter. 

VD, sat is the saturation voltage that is given by: 
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𝑉𝑉𝐷𝐷,𝑠𝑠𝑡𝑡𝑡𝑡 =  𝛼𝛼𝑠𝑠𝑉𝑉𝐺𝐺,𝑠𝑠𝑡𝑡𝑡𝑡 = 𝛼𝛼𝑠𝑠.𝑉𝑉𝑡𝑡ℎ �1 +
𝑉𝑉𝐺𝐺 − 𝑉𝑉𝑡𝑡ℎ

2𝑉𝑉𝑡𝑡ℎ
+ �𝛿𝛿2 + �

𝑉𝑉𝐺𝐺    − 𝑉𝑉𝑡𝑡ℎ
𝑉𝑉𝑡𝑡ℎ

− 1�
2

� 

 

By substituting 𝑉𝑉𝐷𝐷,𝑎𝑎𝑒𝑒𝑒𝑒 that is given previously by (13) in (12), we obtain the following 

expression for Iaccum: 

 

Iaccum = gch,effVD(1+λVD)

�1+�VD VD,sat
� �

m
�
m                                                     (14) 

 

Therefore, the final expression of the current is given by: 

 

𝐼𝐼𝐷𝐷 = 𝑔𝑔𝑐𝑐ℎ,𝑐𝑐𝑒𝑒𝑒𝑒𝑉𝑉𝐷𝐷(1+λ𝑉𝑉𝐷𝐷)

�1+�𝑉𝑉𝐷𝐷 �𝛼𝛼𝑠𝑠.𝑉𝑉𝑐𝑐ℎ�1+
𝑉𝑉𝐺𝐺–𝑉𝑉𝑐𝑐ℎ
2 𝑉𝑉𝑐𝑐ℎ

+�𝛿𝛿2+�
𝑉𝑉𝐺𝐺–𝑉𝑉𝑐𝑐ℎ
𝑉𝑉𝑐𝑐ℎ

−1�
2
��� �

𝑚𝑚

�

1 𝑚𝑚�
+ 𝜎𝜎0𝑉𝑉𝐷𝐷             (15) 

 

Where αs is the saturation modulation parameter and δis the transition width parameter.  

Fig.7 shows a graphical method to extract the different parameters indicated in the final 

expression of the drain current: Rs, m, ∆I, ID,sat, gch,sat and 𝜆𝜆[39]. The parameter m is 

determined using the following relation: 

 

𝑚𝑚 =  𝑙𝑙𝑙𝑙(2)

𝑙𝑙𝑙𝑙�
𝐼𝐼𝐷𝐷,𝑠𝑠𝑠𝑠𝑐𝑐

𝐼𝐼𝐷𝐷,𝑠𝑠𝑠𝑠𝑐𝑐−∆𝐼𝐼
�
                                                         (16) 

 

where ∆I is the difference between the saturation current ID, sat  and the current value obtained 

by the projection on the current-voltage curve of the intersection of the two slopes of the 

current-voltage characteristics in the linear and saturation regimes (fig. 7). 

The parameter 𝜆𝜆 was determined from the slope of the current-voltage characteristic in the 

saturated state as shown in figure 7 using the following equation:    

 

𝑔𝑔𝑐𝑐ℎ.𝑠𝑠𝑡𝑡𝑡𝑡 =  𝜆𝜆𝐼𝐼𝐷𝐷,𝑠𝑠𝑡𝑡𝑡𝑡 
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The set of parameters that gave a good agreement between the experimental data and those 

simulated by the equation (15) are summarized in table 2. 

The absence of the transition between the linear regime and the saturation regime in the 

output characteristics measured under a high RH level (RH=57% fig.2.c) is well confirmed by 

the proposed model used to simulate the electrical characteristics of the pentacene TFTs 

according to the values of the parameter (m) which controls the transition between the linear 

and the saturation regimes. Indeed, under vacuum where we have a good transition between 

the two regimes this parameter is higher (m= 3.48) than that obtained for the measurement 

under RH= 57% (m=0.238). 

6. Conclusion 

  The analysis of the experimental curves obtained on the pentacene based TFTs measured in 

different humidity conditions have confirmed the effects of relative humidity on the electrical 

characteristics of TFTs in the linear and in the  saturation regimes. This study enabled us to 

determine the electrical parameters of the fabricated pentacene-TFTs in different 

measurement conditions. We demonstrated that the electrical parameters such as the threshold 

voltage, trapped charge density, inverse subthreshold swing, interface trap density, turn-on 

voltage, current ratio and saturation mobility are degraded by humidity. Furthermore, we have 

investigated the influence of the series resistance Rs on the drain current in the linear regime 

for different humidity conditions. We found that Rs increases with RH only for positives gate 

voltages. We have also been able to reproduce the output electrical characteristics of our 

pentacene-TFTs by developing an analytical model. The obtained results are in good 

agreement with the experimental results for both vacuum and RH=57% conditions. 
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Figures captions 

Figure. 1. Schematic diagram of a bottom-gate top-contact pentacene-TFT. 

Figures.2 (a)–2(e).Output characteristic curves of pentacene-TFTs under different 

measurement conditions. 

Figure.3. Transfer characteristics (|ID| versus VG plots) measured in the linear regime at VD = 

-10V under different measurement conditions. 

Figure.4. Series resistance of the pentacene -TFTs vs. VG in the linear regime. The inset 

depicts the series resistance for positives gate voltages. 

Figures. 5(a)-5(b). (a) Transfer characteristics (|ID|  and square root of |ID| versus VG plots 

measured in the saturation regime at VD = -70V under different measuring condition. (b) 

Square root of |ID| from which the threshold voltage was determined for each measurement 

step. 

Figure. 5(c) Extraction method of the parameters: the turn-on voltage and the ratio current.  

Figure.6. The saturation mobility versus measurement conditions. 

Figure.7. Graphical procedure parameters extraction from the output characteristics of the 

pentacene-TFTs. 

Figure.8. The good agreement between experimental (circle line) and that obtained from Eq. 

15 (full line) output characteristics of pentacene-TFT: (a) under vacuum and (b) RH=57%. 
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Tables captions 

Table 1. Experimental electrical parameters of pentacene-TFTs for all the measurement 

conditions. 

Table 2.Parameter values that give a good agreement between the measured characteristics 

and those obtained by the equation (15). 
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Parameters Vth 

(V) 

Ntrap. charge   

(cm-2) 

SS 

(V/dec) 

Dit 

(cm-2 eV-1) 

Von 

(V) 

Ion/Ioff 

Under vacuum 

(3×10-5 to 5×10-5mbar) 

10 7.18×1011 3.51 4.18×1012 55.8 7.59×105 

After 30min. under RH=3% 29.8 1.42×1012 2.61 3.09×1012 56.2 9.18×104 

After 30min. under RH=57% 67 4.09×1012 19.75 2.38×1013 60 2.61×102 

After 30min. under N2+RH=3% 45 2.5×1012 6.19 7.43×1012 60 5.7×103 

After 30min. under vacuum 
(3×10-5 to 5×10-5mbar)+48h of pp 

8 1.07×1011 4.3 5.138×1012 55 1.2×106 

Table.1. 
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Parameters m λ (V-1) αs 𝝈𝝈𝟎𝟎(AV-1) Vth(V) Rs (Ω) gch, sat(AV-1) 

Under vacuum 3.48 4.88×10-3 0.0854 0.78×10-12 9.75 9.34×106 1.6×10-8 

Under RH=57% 0.238 0.02 2 10-3 0.78×10-12 65.9 4.22 ×106 1.5 ×10-7 

Table.2. 
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