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Abstract 
 

Tetracene thin film transistors with rare earth oxide (Nd2O3) as gate dielectric is reported in 
this work. Rare earth oxide with high dielectric constant and low leakage current improve 
the performance of the organic thin film transistors (OTFTs). The fabricated tetracene 
OTFTs have shown good output characteristics with mobility 0.93x10-4 cm2/V.s, ON-OFF 
ratio 3.3x102, sub-threshold swing 0.06 V/decade and hole concentration 8.74x1017 cm-3. 
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1. Introduction 
 
Organic thin film transistors (OTFT) are currently the subject of substantial international 
research, with much potential in commercial applications such as flexible display panel [1, 
2], chemical sensors [3, 4], electronic paper [5]. Compared to traditional silicon devices, 
they have low production costs; much of the processing can be performed at or near room 
temperature; and the techniques involved tend to be simpler than for silicon. Compared 
with a conventional non-organic transistor, the OTFT can be constructed at a lower 
temperature. In addition, the organic thin film transistor involves simpler manufacturing 
processes [4] that do not require certain high precision technique and equipment. In this 
regard, the OTFT are of great potential and interest for further development. Although the 
organic thin film transistor has the advantages as described above, there are still some 
bottlenecks choking such as low carrier mobility and high driving voltage.  

The organic materials that have been used as active semiconductor materials in OTFTs 
include both oligomers [6, 7] and polymers [8]. An organic semiconductor is an organic 
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compound that possesses similar properties to inorganic semiconductors with hole and 
electron conduction layer and a band gap [9]. Organic semiconductors differ from other 
organic materials in that the molecules have л conjugate bonds which allow electrons to 
move via л-electron cloud overlaps. 

A schematic diagram of the OTFT configuration is shown in Fig. 1. OTFT of short 
chain (oligomers) organic semiconductors can be prepared by vacuum evaporation 
method while OTFT long chain (polymers) molecules can be prepared by spin coating 
method.  

Rare earth oxides such as La2O3, Pr6O11, Nd2O3 were reported [10] for next generation 
high-k gate insulator, and they showed excellent electrical properties such as high 
dielectric constant and small equivalent oxide thickness (EOT) with low leakage current 
density. We have already successfully fabricated tetracene OTFTs with La2O3 gate 
insulator [11] and pentacene OTFTs with Pr6O11 insulator [12].   In this work we have 
used Nd2O3 as gate insulator (Figs. 2). 
  

 
Fig. 2. Photograph of the fabricated 
tetracene OTFTs.

Fig. 1. A schematic illustration of a 
 tetracene-OTFT configuration. 

2. Experimental Details 
 
In this present work, the TFTs were prepared by multiple pump down (MPD) method. 
Using this method, each film of the TFT will be laid down on an insulating substrate, 
which is glass in our case, using proper masks. After each deposition, the vacuum is 
broken and the entire TFT is grown in step by step by using the masks of desired shape.  

We first deposited metal (Al) gate electrode of thickness 1120 Ǻ on a glass substrate, 
above which a dielectric layer of Nd2O3 of thickness1160 Ǻ is deposited. In the next step 
source drain electrodes of aluminum (of thickness 1200 Ǻ) having a channel length 50μm 
(using wire grill) were deposited, finally a tetracene semiconductor layer of thickness 440 
Ǻ was depositions at vacuum better than 8 10-6 torr.  
 
3. Results and Discussions                  
 
In Fig. 3 we have plotted variation of drain current (ID) with drain voltage (VD) at various 
gate voltage. In the figure we also compare experimental values with the theoretical 
values (calculated with Eq. 1) and it is seen that they almost agree with one another which 
established the reliability of the fabricated device.  
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 Fig. 3. Variation ID vs VD (dotted lines indicate experimental 
variations while smooth lines indicate theoretical variations).

  
 

The increase in current with the negative gate voltage indicates field-effect-induced 
hole conduction, which is the expected behaviour for tetracene. The theoretical equation 
for drain current (ID) is [13]: 

 

     2
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                                                                     (1)                             

 
where w is the channel width, L is channel length, Ci is the capacitance per unit area of the 
gate insulator, VT is the threshold voltage and μ is the mobility.  

In Fig. 4 we have plotted the variation of saturated drain current (IDsat)1/2 vs. gate 
voltage VG

  for the high negative gate voltage the variation is almost linear while for the 
low negative voltage the plot shows unusual results. The slope of the linear reason of the 
plot (IDsat)1/2 vs. VG gives the mobility μ and the extrapolation of the linear region of the 
plot to the VG axis gives the threshold voltage VT [13]. The observed threshold voltage is 
1.2V. The positive threshold voltage for p-channel devices may indicate the presence of 
unwanted p-dopant in the organic layer, thus a positive VG is needed to switch off the 
device [14]. The calculated mobility value with Eq.2 is 0.93 10-4  cm2/V.s. 
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 Fig.  4.  Plot of ( IDsat)1/2  vs VG. 

The sub-threshold swing is calculated from the slope of the graph shown in Fig. 5 
using the relation [15]: 

( ) 1
log D

G

d I
s

dV

−
⎛ ⎞

= ⎜ ⎟
⎝ ⎠                                                        (3)                       

 

The calculated value of sub-threshold swing is 0.06 V/decade. Normalizing [16] this 
value to the capacitance of the dielectric gives 30 VnF/decade.cm2. These values are 
comparable to what is found for the best pentacene TFTs (15-80 VnF/decade.cm2) [17, 
18]. 
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Fig. 5. Log10(ID) vs. VG  characteristics for the 
tetracene TFT at VD=15V. 
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The maximum number of interface traps (or trap density) present is estimated using 
the following relation assuming that the densities of the deep bulk states and interface 
states are independent of energy [19]: 
          ( )m ax log
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q
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                                                                     (4)                            

The estimated value is 0.074x1011eV-1 cm-2. The channel conductivity σ is estimated 
from the plot of ID vs. VD graph at zero gate voltage. The ON-OFF ratio is estimated from 
the following relation [13]: 
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The estimated value of on-off ratio is 3.3 102.   

                                                                                                                                                       

                

6 8 10 12 14 16 18 20
0

100

200

300

400

500

600

In
te

ns
ity

2θ  degree

(001)

(002)

 

 

 

 

 
Fig. 6.  XRD pattern of the tetracene thin film deposited on glass substrate. 

 
The XRD of the tetracene film is shown in Fig. 6. The Bragg’s peaks at (001) and at 

(002) indicate that the tetracene molecules are packed parallel to each other in a nearly 
vertical direction where c-axis of the tetracene molecules are aligned perpendicular to the 
substrate.  The report established that the tetracene films are polycrystalline in nature and 
is composed of linear chain of identical crystallites. 

The various values of the parameter used and evaluated are tabulated in Table 1. 
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       Table 1. The various parameters used and evaluated. 
 

Channel width (w)  0.14  cm 
Channel length (L)  0.005  cm 
Capacitance per unit area (ci)  0.005  F/m2 
Channel thickness (d) 440  Å 
Threshold voltage (VT) 1.2   V

0.9 10-4  m2/V.s Channel Mobility (μ) 3
1.3 10-5   Ώ-1 cm-1 Channel Conductivity (σ) 

Sub threshold swing (s) 0.0  V/decade 6 
3.3 02 ION  / IOFF  1
8.74 017  cm-3 Hole concentration (NP) 
0.74 1011  eV-1 cm-2 Maximum numbers of  

interface traps present (Nss
max) 

 
 
4. Conclusions 
 
The fabricated OTFTs have well defined I-V characteristics. ON-OFF ratio of the OTFTs 
better than 3.3x102. The normalizing value of sub-threshold swing to the capacitance of 
the dielectric is 30VnF/decade.cm2, which is comparable to what is found for the best 
pentacene TFTs (15-80VnF/decade.cm2) [17, 18]. These results can be considered as 
satisfying for tetracene OTFT with Al-electrodes. The values can be further improved 
using Au-source drain electrode which offers less contact resistance than Al-electrodes. 
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