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ABSTRACT

Advanced imaging is emerging as an area of increased technological importance in domains including Medical,
Aerospace, Security and Non - Destructive Test (NDT). The medical diagnostic X-ray is currently the most common
medical procedure. Most new innovations appear in medical imaging where the emphasis is on maximizing imaging
quality and minimizing patient dose. An improvement in image quality and dose utilization is an added advantage in
flat panel X-ray technology. After all, an ideal digital X-ray imaging system is needed which offers portability. Even
though these flat panel X-ray detectors are portable, they seem to be of larger size when it is compared with a
compact X-ray source which is of smaller size than these flat panel detectors. However, it is still possible to reduce
the size and weight of the X-ray detectors further to make it a pocket sized which could be achieved by using
flexible substrates, so that the detectors would be carried anywhere making the imaging easy. Hence, in this project,
it is hoped that such small sized devices can be simulated and would try to fabricate the product with the materials
being grown in the RVCE lab.
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I. INTRODUCTION
The field of flexible electronics began the advent of space exploration. Advanced imaging is emerging as an area of
increased technological importance in domains including Medical, Aerospace, Security and Non - Destructive Test
(NDT). Conventionally, snapshot images or radiographs were in use in order to obtain the image using film/screen
system. But it is time consuming and furthermore image quality is not good. X-ray image intensifiers are usually
avoided due to its bulkiness and extremely expensive since the real time aspects of the image are also important.
Digital Radiography (DR) is the key advancement in imaging. This made the imaging process easy since it is able to
collect, store and analyze more information at a faster rate. This makes the images available at different places as
well as it is transmitted over long distances in real time. Digital radiography also offers computer assisted diagnosis
and are much less costly than their analog part, which is also an easily approachable process. a-Si:H (Hydrogenated
amorphous Silicon) TFTs(thin Film Transistors) are a special kind of field effect transistors which finds their basic
application in liquid crystal display and flexible electronics. Also TFTs are most suitable for display and sensor
technologies. It is also well known as a switching device in active matrix arrays and in large area electronics.
Depending on the type of the application, there are different requirements on device performance. TFTs are flexible,
lightweight, shock resistant, and relatively inexpensive which are expected to be used in wide range of applications
including large, economic, high-resolution displays, wearable computers, that’s why they are called as the
fundamental building blocks for state-of-the-art microelectronics.

II. SPECIFICATIONS AND TOOLS USED
A. Specifications

The basic operation of the a-Si TFT can be understood via a band diagram similar to that of the c-Si MOS field
effect transistors. The main difference between the c-Si and a-Si is that the space charge in a-Si TFT is not ionized
doping atoms, but filled with mid gap trap states and localized band tail states. At zero gate bias, the a-Si TFT is
more likely close to the flat band condition with the mid gap having Fermi level close to it. The drain-source current
in the device, at this point, is dominated by hopping conduction at the Fermi level, which is typically low because
hydrogen passivation of mid gap defects. This is often referred to as the “off current” (Ioff) of the TFT. When the
gate voltage is increased, the conduction band and valence band bend downwards and the Fermi level moves
through the gap states. The space charge is dominated by filled gap states, and the occupancy of the band tails
increases exponentially with increase in gate bias. When a small amount of band tail electrons get thermally excited
above the mobility edge, the drain current increases. Consequently the drain-source current also has an exponential



[KB,2(8): August 2015] ISSN 2348 – 8034
Impact Factor- 3.155

(C)Global Journal Of Engineering Science And Researches

16

dependence on increasing gate voltage bias. This is referred to as the sub-threshold region. When the gate voltage is
increased further, the Fermi level crosses a threshold where the space charge in the tail states exceeds that of the gap
states and the total space charge increases linearly with the gate voltage. After this point, the free electrons above the
mobility edge, and therefore the drain-source current, also increase linearly with the applied gate-source voltage.
The gate voltage at which this transition occurs is called the “threshold voltage” (VT) of the TFT. The drain-source
current beyond for gate voltage greater than VT is called the “on current” (Ion). The typical drain-source current vs
gate-source voltage transfer characteristics of an a-Si TFT is shown in Figure 1, along with the various parameters
discussed above.

Fig. 1 Typical drain-source current vs gate source voltage transfer characteristics of an a-Si TFT.

In a-Si TFTs the field effect modulation of free electron density is similar to that of the c-Si MOs transistors.
Similarly, its electrical characteristics can also be described with the conventional MOS equations:

IDS, Saturation= (VGS-VT)2

IDS, Linear = (VGS-VT-VDS/2) VDS

Where μFE is the effective field-effect mobility, VT is the effective threshold voltage, CSiNx is the capacitance of the
gate dielectric SiNx, W is the channel width and L is the channel length. VDS is the drain-source voltage bias and VGS

is the gate-source voltage bias. By performing least-square linear fitting of the drain-source current to the gate-
source voltage in the linear curve and taking square root of the drain-source current to the gate-source voltage in
saturation region (Figure 2) of the device transfer characteristics will help to extract the effective field effect
mobility as well as threshold voltage. As it is, slope of the fit (transconductance) can be used to calculate the
mobility and extrapolation of the fit gives the threshold voltage.
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Fig. 2 Least-squares linear fits of the linear and saturation drain-source current vs gate-source voltage
curves.

Performance metric Typical Value

Mobility-μFE (cm2/Vs) 0.5 – 1

Threshold voltage-VT (V) 1 – 3

Subthreshold slope (mV/dec) 300 – 1000

Off current-Ioff (pA) 0.1 – 1

On/Off (current) ratio 105-107

Table. 1 Typical values for a-Si TFT performance metrics

B. Tools Used
Silvaco is the Electronic Design Automation software (EDA) and TCAD process and device simulation software. It
is the tool used for simulation purpose. It has two modules such as, Atlas (device simulation work) Athena (Process
simulation work). Atlas is one of the silvaco module which helps for the simulation of optical, electrical and thermal
behavior of the semiconductor devices. Also it provides physics based modular and extensible platform to analyze
DC, AC and time domain responses for all semiconductor based technologies in 2D and 3D. TFT is an Atlas module
that simulates disordered material systems. TFT enables to define an energy distribution of defect states in the band
gap of semiconductor materials. This is necessary for the accurate treatment of the electrical properties of such
materials as poly-silicon and amorphous silicon. Athena is nothing but the process simulation framework which
involves: diffusion, ion implantation, oxidation, physical etching and deposition, lithography, stress formation and
silicidation in semiconductor industry.

III. NUMERICAL MODELING
Simulation of amorphous silicon thin film transistor (a-Si:H) can be done using the Silvaco tool. The procedure for
complete simulation of a-Si TFT includes process simulation with the help of ATHENA for creating the structure of
a-Si TFT and device simulation using ATLAS for modeling the parameters. Defect statement is the key command in
TFT simulation [9]. It is used to define a continuous density of trap states in the silicon and the relevant trapping
cross sections. Since a-Si has a disordered structure it consists of defect states, where in, an energy distribution of
localized states in the band gap of a-Si:H has to be implemented to consider the trapped charge in the gap states. The
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density of state profile of a-Si:H is well known to have exponential distributions of conduction and valence band-tail
states due to the lattice disorder, and also to have Gaussian distribution of deep states (or defect states) originated
from the dangling bonds.

Fig. 3 A model density of states in a-Si:H used in the simulation: D-, Do, D+ are the defect states due to
dangling bonds. D-, Do substantially means the electron trap states, Do, D+ means the hole trap states

respectively, in this calculation.
The purpose of the work is to explore the physical parameters responsible for the changes in the transfer
characteristics as well as ID (drain current) vs VGS (gate-source voltage) curve of the a-Si TFT. The properties of n-
channel TFTs can be determined using acceptor like states. In order to study the influence of the acceptor-like states
on drain current, various simulations with different values of WTA has been performed. The values are 0.017, 0.020,
0.025, 0.030, 0.035, 0.040 and 0.045 eV. The simulation uses Gummel or Newton method for solving the unknown
parameters. Higher value of WTA indicates the wider acceptor-like tail and defines the properties of amorphous
silicon, while lower value of WTA indicates the narrow acceptor-like tail and defines the properties of
polycrystalline silicon [18]. For the remaining material parameters, default values are used such as: NTA=1x1021,
NTD=1x1021, NGA=1.5x1015, NGD=1.5x1015 cm-3eV-1 and WTD=0.049, WGA=0.15, WGD=0.15 eV. The donor-
like states are kept same for all simulations. Higher value of WTA results in higher simulated density of acceptor-
like states. Acceptor-like states are easily filled by electrons when it is having lower density of states by applying
positive gate voltage which leads to higher drain current and transconductance (ratio of change in drain current to
the change in gate voltage over a defined, arbitrarily small interval). Higher gate voltage is required to fill the
acceptor-like states for the materials having higher density of acceptor states. Hence, to obtain optimal drain current,
higher gate voltage is required. So it can be concluded as, the density of acceptor-like states is higher in a-Si:H than
in nc-Si:H and poly-Si:H. Following are few simulation results performed for a-Si:H TFT using Silvaco tool.
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(a)

(b)
Fig. 4 Structure of a-Si:H TFT (a) and a plot of drain current(ID) vs gate-source voltage (VGS) with gate

voltage varied from 0v-20v (b).
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(a)

(b)
Fig. 5 Plot of drain current (ID) vs gate-source voltage (VGS) with WTA=0.020 (a) and WTA=0.025(b).
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IV. CONCLUSION
Device simulation shows that the acceptor-like defect states are filled at quite higher gate voltages in a-Si:H TFTs
than the nc-Si:H TFTs, but with the same threshold voltages. The typical shape of transconductance curve for a-Si:H
can be obtained before acceptor-like states are filled. So it is concluded that higher gate voltage is required in order
to obtain the optimal drain current from TFT for further signal conditioning process, which in turn leads to better
performance of a-Si:H TFT device in a sensing array.
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