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Abstract 
Metal-oxide-semiconductor field-effect transistors (MOSFET) were fabricated using organic 

semiconductor pentacene. The humidity dependence of drain current gate voltage (ID-VG) characteristic 
and drain current drain voltage characteristic (ID-VD) will be explained. Firstly, the thermal oxidation method 
was used to grow SiO2 gate insulator with thickness of 11 nm. Secondly, the thermal evaporation method 
was used to form Au source and drain electrodes with thickness of 28 nm. The channel width and length of 
the transistors were 500 mm and 200 mm, respectively. By the same method, organic semiconductor 
material pentacene was deposited with thickness of 50 nm at vacuum of 7.8x10

-6
 Torr. The hole mobility 

decreased from 0.035 cm
2
/(Vs) to 0.006 cm

2
/(Vs), while the threshold voltage increased from 0.5 V to  

2.5 V and gate leakage current also increased from 5.8x10
-10

 A to 3.3x10
-9

 A when the relative humidity 
increased from 20% to 70%. 
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1. Introduction 

Organic electronic devices have become attraction due to their low-cost , low-
temperature process and flexibility [1]. Organic thin-film transistors have been applied 
applications in displays and flexible electronic devices [2]. Organic thin-film transistors can also 
be applied for biological and chemical sensors. The advantages of organic thin-film transistor 
are fine tuning of their electrica properties, low-temperature fabrication, low-cost fabrication, on-
large-area fabrication and flexibility. Decreasing the size of transistors can increase current and 
switching speed. In organic thin-film transistors, decreasing the number of grain boundaries can 
increase the effective mobility. They are fabricated using either thermal evaporation method or 
spin-coating method. To obtain better characteristics, there are many factors that should be 
improved like gate capacitance, interfacial between semiconductor and source drain electrode 
and the orientation of semiconductor layer. There has been a laboratory group who has 
developed inverter using MOSFET fabricated from organic semiconductor eventhough 
paremeters like low gain, high power dissipation and high operating voltage need to be 
improved [3]. One of semiconductor materials widely used is pentacene. Pentacene has 
become attention because of its availability, device performance and environment stability. 
Pentacene is a commonly-studied organic semiconductor having mobility close to amorphous 
silicon for organic thin-film transistors and pentacene is deposited using thermal evaporation 
method [4]. The pentacene transistors devices characteristic is sensitive to the property of its 
dielectric, source drain electrodes, impurity, and substrate temperature and deposition rate. 
Pentacene MOSFET can have hole mobility from 0.01 cm

2
/(Vs) to 1 cm

2
/(Vs). Field-effect 

transistors based on organic semiconductor have good performance appropriate for electronic 
devices industry. Because pentacene is an organic semiconductor material, it is very sensitive 
to humidity. Therefore, pentacene can be applied for humidity sensor [5, 6]. Pentacene can also 
be applied for ferroelectric organic field-effect transistor [7].  
 
 
2. Research Method 

As gate insulator layer, SiO2 with thickness of 11 nm was grown using the thermal 
oxidation method. Pentacene deposited on thermal oxidation SiO2 has better hole mobility and 
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larger crystal size than that deposited on plasma enhanced chemical vapor deposition (PECVD) 
SiO2 [8]. Next, by the thermal evaporation method, Au source and drain electrodes were formed 
with thickness of 28 nm. Then, pentacene semiconductor layer with thickness of 53 nm was 
deposited using the same method at room temperature and at vacuum of 7.8×10

-6
 Torr. 

Pentacene deposited using thermal evaporation method has better uniformity and thinner layer 
than that deposited using spin-coating method. Au (gold) has almost the same Fermi level with 
the highest occupied molecular orbital (HOMO) of pentacene, so hole carrier injection become 
easier [9]. The channel width and length of the transistors were 500  dan 200  
respectively. Finally, electrical characteristics measurement and XRD measurement were 
carried out. 
 
 
3. Results and Analysis 

Figure 1 shows the measurement method. Error! Reference source not found. shows 
the humidity dependence of drain current drain voltage characteristics. The horizontal axis and 
vertical axis represent drain voltage and drain current respectively. The RH is relative humidity. 
The VG is gate voltage. When the relative humidity increased from 20% to 70%, the absolute 
value of drain current at VDS = VG = - 5 V decreased from 0.45 mA to 0.13 mA. The drain current 
decreased because the hole mobility decreased. 

 

 
Figure 1. Measurement point. 

 

 

Figure 3 shows the humidity dependence of drain current gate voltage characteristic. 
The horizontal and vertical axes represent gate voltage and drain current, respectively. The 
drain voltage was fixed at -5V. When the relative humidity increased from 20% to 70%, the 
current decreased from 4.5x10

-7
 A to 1.3x10

-7
 A. Higher applied drain voltage was not applied 

because the gate insulator was very thin as much as 11 nm. Carrier-injection hysteresis could 
be seen at Figure 3. 

Figure 4(a) shows the humidity dependece of threshold voltage. The left and right 
vertical axis represents the normalized current and the threshold voltage respectively. The 
horizontal axis represents the relative humidity. Figure 4(a) shows that the threshold voltage 
incrased from 0.5 V to 2.5 V when the relative humidity increased from 20% to 70%. Figure 4(b) 
shows the humidity dependence of the hole mobility and off current. The left and right horizontal 
axises represent the hole mobility and off current respectively. Figure 4(b) shows that the hole 
mobility of pentacene decreased from 0.035 cm

2
/(Vs) to 0.006 cm

2
/(Vs) and the off current 

increased from 5.8x10
-10

 A to 3.3x10
-9

 A when the relative humidity increased from 20% to 70%. 
The hole mobility of pentacene decreased due to polar water molecules [10-13]. Water 
molecules residing at grain boundaries interact with holes charge carriers reducing the mobility 
of charge carrier [10-13]. The diffusion of water molecules into grain boundaries changes the 
interactions among molecules increasing the barrier energy for transportation of charge carrier 
among grains [10-13]. These mechanisms lead to decreasing on current and mobility on organic 
field-effect transistors. The threshold voltage increases because mobile charges are induced 
into semiconductors by water vapor [10-13]. The larger positive gate voltages are needed to 
compensate holes on the channel to turn off the transistors [10-13]. The on current at large 
negative voltage decreases due to decreasing hole mobility [10-13]. The decreasing saturation 
current is the indication of charge transport limited by grain boundaries. The off current 
increases because mobile charges are induced at semiconductor layer by water vapor [10-13]. 
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Figure 2.The humidity dependence of ID-VD characteristics (a) 20%, (b) 30%, (c) 40%, (d) 50%, 
(e) 60%, (f) 70% 

 

 

 
Figure 3. The humidity dependence of ID-VG characteristics 
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Figure 4. The humidity dependence of (a) on current, threshold voltage, (b) hole mobility and off 

current 
 

 
Figure 5(b) shows that Ids reaches the 20% RH level after pumping the moisture. When 

the relati
When the humidity is inceased to level of 60%, the drain current magnitude drops significantly to 
around 0.2 mA. When the moisture is pumped out and the relative humidity reaches 20%, the 
drain current magnitude reaches around 0.45 mA. This indicates that the change in the 
saturation current is reversible. However the reversibility seems to degrade by time. The 
Equation (1) shows the main equations for p-channel MOSFET. Cut-off region is a condition 
when the resistance between drain and source is maximum so very small current or no current 
flows between drain and source. Linear region is a condition when the transistor is on and tha 
channel is formed so current can flow between source and drain. Saturation region is a 
condition when the transistor is on and the channel is formed, but drain current is no longer 
dependent on drain voltage and is mainly controlled by gate voltage. W and L are the channel 
width and length respectively. Cox is gate oxide capacitance and m is mobility. 

 
 

  
 

Figure 5. (a) measurement point (b) time dependence of saturation current 
 
 

    

{
 
 

 
 

                                                                                       |   |                           

     

 
[    |   |    

   
 

 
]         |   |            |  |                                 

     

 
[
     |   |  

 
]           |   |             |   |             

 

 

   
    

         
                                                                                                                                                

 

    [
  

  
 

    
  ]

   

  
                                                                                                                               

 

0

0.2

0.4

0.6

0.8

1

0

0.5

1

1.5

2

2.5

3

10 20 30 40 50 60 70 80

(I
D

S
@

R
H

20
%

 -
  I

D
S)/

I D
S

@
R

H
20

%

V
T

H  (V
)

RH (%)

(a)

 

0

0.01

0.02

0.03

0.04

0

1 10
-9

2 10
-9

3 10
-9

4 10
-9

10 20 30 40 50 60 70 80


 (

cm
2 /(

V
s)

) IO
F

F  (A
)

RH (%)

(b)

PENTACENE

VDS

S D

SiO2

G

VGS

 -0.5

-0.4

-0.3

-0.2

-0.1

0
0 50 100 150 200 250

t (min)

I D
S
(


)

RH = 70 %

V
DS

 = V
GS

 = -5 V

60 %

50 %

40 %
30 %



                     ISSN: 1693-6930 

TELKOMNIKA  Vol. 15, No. 2, June 2017 :  578 – 583 

582 

   
   

   

 
 

              
                                                                                                                   

 
Figure 6 shows the humidity dependece of Von and subthreshold swing. The left and 

right vertical axis represents the Von and the subthreshold swing respectively. The horizontal 
axis represents the relative humidity. Figure 6(a) shows that the Von incrased from 0.7 V to 2.7 V 
and subthreshold swing increased from 0.4 V/dec to 8 V/dec when the relative humidity 
increased from 20% to 70%. Figure 6(b) shows the humidity dependence of series resistance 
and interface trap density. The left and right horizontal axises represent the series resistance 
and interface trap density, respectively. Figure 6(b) shows that the series resistance decreased 
from13 MW to 56.5 MW and the interface trap density increased 1.1x10

13
 cm

2
eV

-1
 to 2.6x10

14
 

cm
2
eV

-1
 when the relative humidity increased from 20% to 70%. The subthreshold swing (SS) is 

calculated using Equation (2) where VGS and IDS are gate source voltage and gate source drain, 
respectively [14]. The interface trap density (Dit) is calculated using Equation (3) where k is 
Boltzman constant, T is temperature, e is electron charge, Cox is gate insulator capacitance 
[15, 16]. The series resistance (RS) is calculated using Equation (4) where m is hole  
mobility [17]. Table 1 shows the comparison with other works: 
 
 

Table 1. Comparison with other works 
Parameters This work Ref. 14 
Structure Bottom-contact Top-contact 
Gate  n

+
-Si p

+
-Si 

Gate insulator SiO2 SiO2 
Gate insulator thickness 11 nm 300 nm 
Organic semiconductor Pentacene Pentacene 
Organic semiconductor thickness 50 nm 40 nm 
Channel length 200 mm 50 mm 
Channel width 500 mm 3760 mm 
Applied drain voltage -5 V -70 V 
Applied gate voltage -5 V -40 V 
Threshold voltage 0.5 V at RH 20% 

1.5 V at RH 60% 
*RH : Relative Humidity 

29.8 V at RH 3% 
67 V at RH 57% 

Series resistance 13 MW  at RH 20% 
38.4 MW at RH 60% 

9.34 MW at vacuum 
4.22 MW at RH 57% 

Subthreshold swing 0.4 V/dec at RH 20% 
2.9 V/dec at RH 60% 

2.61 V/dec at RH 3% 
19.75 V/dec at RH 57% 

Interface trap density 1.11x10
13

 cm
-2
eV

-1
 at RH 20% 

9.23x10
13

 cm
-2
eV

-1 
at RH 60% 

3.09x10
12

 cm
-2
eV

-1
 at RH 3% 

2.38x10
13

 cm
-2
eV

-1
 at RH 57% 

Mobility 0.035 cm
2
/(Vs) at RH 20% 

0.010 cm
2
/(Vs) at RH 60% 

0.0050 cm
2
/(Vs) at RH 3% 

0.0025 cm
2
/(Vs) at RH 57% 

Von 0.7 V at RH 20% 
1.8 V at RH 60% 

56.2 V at RH 3% 
60 V at RH 57% 
 

   
 

 
 

 
Figure 6. The humidity dependence of (a) Von, subthreshold swing, (b) series resistance, 

interface trap density 
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4. Conclusion 
Metal-oxide-semiconductor field-effect transistors (MOSFET) were fabricated using 

organic semiconductor pentacene. The hole mobility decreased from 0.035 cm
2
/(Vs) to 0.006 

cm
2
/(Vs), while the threshold voltage increased from 0.5 V to 2.5 V and gate leakage current 

also increased from 5.8x10
-10

 A to 3.3x10
-9

 A when the relative humidity increased from 20 %  
to 70%. 
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