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ABSTRACT 

This paper shows the investigation of electrical performance of 

ZnO-based thin-film transistors (TFTs) with a multichannel 

layer. The multichannel TFTs consisting of HfO2 and ZnO 

layers were deployed to insight of sufficient channel mobility 

and electrical stability. The obtained sub-threshold slope (1.69 

± 0.16 Volt/decade) decreased in comparison to single channel, 

with an increase in ON/OFF ratio ION/IOFF (3.1 ± 1.6 × 105). 

The device mobility is found increased due to addition the 

channel layer. The mobility achieved is 2.36 × 10-3  cm2/V-s. 

Due to the reduced interface trap density between the channel 

and dielectric layers, increases in the offset and the bandgap 

and improves the dielectric and interface quality. The oxide 

TFTs with a multilayer channel displayed comparatively good 

stability and mobility.  
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1. INTRODUCTION 
Zinc oxide semiconductors that have been developed for the 

extensive controllability of their electrical and optical 

properties and their high transparency and mobility for 

optoelectronics applications [1]–[3]. Much effort has been 

particularly devoted to the development of ZnO-based oxide 

thin-film transistors (TFTs) for next-generation displays, such 

as large-scale active matrix organic light-emitting diodes, 

ultrafine-definition displays, transparent and flexible displays, 

and 3-D displays, because of their excellent high mobility, 

scalability, and low temperature processes [4]–[6]. Although 

oxide TFTs have shown adequate charge mobility for display 

operation, their instability under gate bias and illumination 

stress is currently one of the most critical issues that must be 

solved. The origin of the instability of oxide TFTs was 

attributed to the threshold voltage (Vth) being changed by the 

charge trapping and de-trapping in the gate-interface (gate 

insulator/channel layer), photo-generated carriers, and the back 

channel effect (molecular adsorption/desorption in the back 

channel) [7]–[9]. To obtain highly stable ZnO-based oxide 

TFTs, many studies have been devoted to the development of 

robust active layers by the incorporation of metal cations, such 

as Ga, Al, Hf, and Si [10]–[13], which are expected to reduce 

the density of defects, such as oxygen vacancies. However, 

these TFTs normally suffer from relatively low mobility. Thus, 

the fabrication of TFTs with high mobility and electrical 

stability is necessary for the application of next-generation 

displays. Several groups have suggested oxide TFTs with 

developed channels consisting of a buried layer and a 

bichannel layer deposited by sputtering, and high-stability TFT 

devices with appropriate mobility were reported [14]–[16]. 

Oxide-TFT devices can be applied to optical sensors for the 

remote control of touch screens. Fast-recovery and high-

stability devices can be achieved using oxide TFTs with a 

multilayer channel [17].  

 
Fig. 1. Schematic illustration of the TFTs with multilayer 

channel structure 

 
To analyze the origin of changes in the stability of the TFT 

devices, oxide TFTs with bottom gate structures is simulated 

using Sentaurus TCAD, as shown in Fig. 1. Finally, a novel 

oxide TFT with multichannel layers was designed by 

considering channel mobility and electrical stability. 

2. PARAMETER EXTRACTION 
The uniqueness of the thin film transistor technology lies in 

the composing materials and structure with few parameters on 

the substrate material and size. Vth measured in volts, Ion/off, 

field effect mobility in cm2/Vs and sub threshold voltage in 

Volt/decade are the parameters which conclude the electrical 

performance of the device.   

2.1 Threshold Voltage 
The necessary gate voltage to turn the transistor ON is known 

as the threshold voltage.  It should be low so that it takes low 

voltage to turn TFT on or off. It is measured in the saturation 

region i.e. VDS  ≥ VGS – VT. Ids using square law model of TFT 

can be given by [12],[13] as indicated below in equation (1). 

 Ids=
1

2
μCG  

W

L
  VGS-Vth 

2
   (1) 

where W, L, CG  and μ are the TFT channel width, length,  

gate capacitance and field-effect mobility respectively.  

Measuring Vth after square root the equation (1) we get (2)  

  Ids =  
1

2
μCG  

W

L
  

1

2  VGS − Vth        (2) 

By plotting √Id vs. VGS and by extrapolating down to the x-

axis, the threshold voltage can be determined.  

2.2 Current On-Off ratio 
Drain current on/off ratio is another measure of the switching 

behavior of the TFT.  It is simply the ratio between highest 

measured current (the on-state current, Ion) to the lowest 
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measured current (the off-state current, Ioff). Ioff is also a 

measure of the gate leakage present in the device.   

2.3 Field Effect Mobility  
The mobility symbolizes rapid movement of an electron 

through a metal or a semiconductor in an applied electric field.  

Mobility is a proportionality constant which relates the drift 

velocity to the applied electric field.  To estimate the carrier 

mobility the two commonly used definitions are effective 

mobility and field-effect mobility, extracted from the drain 

conductance dId/dVDS in linear regime and trans conductance 

dIds/dVDS gm of transfer characteristics, respectively. Field 

effect mobility is used as the estimator of TFT channel 

mobility.  

2.4 Subthreshold Swing 
Another important parameter is subthreshold slope, which 

describes the efficacy of the gate voltage in reducing drain 

current to zero, which is given by given by (3) 

𝑆 =
dVGS

dlog  I𝑑𝑠
   (3) 

To achieve high on/off current ratios, subthreshold slopes 

should be low so that the same difference in VGS can decrease 

the drain current by more decades. Above-threshold, 

subthreshold, and Poole-Frenkel emission are three regions 

achievable at different gate-source voltage. The region, where 

the TFT switches from off to on with exponential change in 

current from a low off current, which is in pA, to a high on 

current, which is in µA is recognized as subthreshold region. 

Forward subthreshold region is ranged with in  VTH >Vgs > 0. 

The drain current equation (4) in the forward subthreshold 

region is given by [14] 

IDS =
Isub 0W

L
exp

VGS −VTS

Sf
  (4) 

where Isub0 is the magnitude of current in the 

subthreshold region, and Sf is the forward subthreshold 

region. The drain current equation (5) in the reverse 

subthreshold region is given as below. 

IDS =
Isub 0W

L
exp

VGS −VTS

Sr +γn  VDS  
  (5) 

 

where Sr is the reverse subthreshold slope and  γn is a unitless 

parameter accounting for two dimensional effects.   

 

3. SIMULATION  
The simulation is performed using Sentaurus TCAD tool. The 

structure of multilayer thin film transistor is designed in the 

structure editor as shown in Fig. 2. The material has been 

chosen in the TFT as displayed in Schematic. The graphical 

User interface of Structure editor opens a window upon 

entering proper command line. This window has its three parts 

namely menu bar, toolbars, and the lists. Contacts can be 

defined to allow the constructed device to be connected to 

outside power sources. The contacts name, sets, properties, 

edge color, thickness are defined for the specific structure. Fig. 

3 shows the designed structure of TFT with ZnO as an active 

channel layer in sentaurus structure editor.  

 
 

Fig. 2. Design of TFT structure in the TCAD Structure 

Editor 
The doping profile has been set after the contact and edge setting. The 

layer of HFO2 is chosen with different thickness to compare the 

performance in each case. Fig. 3 illustrates the doping profile and 

concentration gradient in multilayer structure. The variation in the 

oxide thickness has also been done to understand the effect of thickness 

in the mobility of the ZnO channel. The increase in the oxide thickness 

decreases the drain current at applied gate voltage as displayed in Fig. 

4. 

 

Fig. 3. TFTs multilayer channel structure using 2D-

Sentaurus Structure Editor 

It is noteworthy that because of the increased thickness the VTH  

parameter of the TFT, which is the necessary gate voltage to 

turn the transistor on, also increases. 

 
Fig. 4. Effect of variation in oxide thickness 

 

http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Metal
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Fig. 5. TFTs multilayer channel structure doping profile 

 

4. RESULT AND DISCUSSIONS 
There is a good gate controllability in the ZnO TFTs. The 

single channel ZnO layer TFT is compared with the results 

from multilayer TFT. The TFT1, TFT2 and TFT3 multilayer 

with ZnO channel has HfO2 thickness of 32-nm, 24-nm and 

12-nm thickness respectively. Besides this, series of transistor 

parameters including subthreshold swing, ION/OFF ratio, 

threshold voltage (Vth), and gate leakage current (IG), were 

also calculated.  The performance parameters, such as the 

threshold voltage (Vth), field-effect mobility (μFE), 
Subthreshold swing, and variation of Vth under gate bias are 

listed in Table I. However, our ZnO-TFTs showed a good 

mobility as compared to the results obtained by single channel 

ZnO TFT. 

 
Fig. 6. TFTs multilayer channel Transfer characteristics 

for TFT1/2/3. 
 

Table 1. Summary of electrical performance of the oxide 

TFTs with various channel structures 

Parameter Multilayer 

channel   

Values 

Single layer 

Channel ZnO 

Parameters 

Threshold Voltage (V) ~ 12    4.8 

ON current (A) 0.66 × 106 5.22 × 10–8 

Off current (A) 0.21427 1.35 × 10–11 

ON/OFF ratio 3.1×105    3.86 × 103 

Mobility(cm2/V-s) 2.36×10-3    1 × 10–4 

Sub-threshold 

slope(V/decade) 
1.69 ±0.16    1.94 

 

From the simulation results that the gate-drain current voltage 

transfer characteristics are received as shown in Fig. 6. The 

results shows a wide increase in field effect mobility in the 

thicker HfO2 layer.  

 
Fig. 7. Drain Characteristics of the simulated multilayer 

TFT1 (32nm) 

 
Fig 8. Drain Characteristics of the simulated multilayer 

TFT2 (24-nm) 

 
Fig. 9 Drain Characteristics of the simulated multilayer 

TFT3 (12-nm) 
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Fig. 7 and Fig. 8 shows the drain characteristics of the 

multichannel TFT1. The field-effect mobility (μFE) was 

determined by the maximum transconductance at a drain 

voltage (VD) of 0.1 V. The subthreshold swing (SS) was 

extracted from the equation SS = (dVG/d log IDS) at linear 

regions. 

5. CONCLUSION 
This has been observed that inclusion of hafnium affected the 

channel mobility, sub-threshold slope and bias stability in 

ZnO-based oxide TFTs. On the other hand, the oxide TFT with 

HfO2 channel showed a significant improvement in stability, 

but resulted in poor mobility, owing to the reduction in channel 

electrical conductivity. The mobility of the oxide TFTs with 

the bi-channel layers found greater than that of the ZnO single 

layer TFT. The mobility of 2.36×10-3 cm2/V-s, hence, an 

increase in the ION/IOFF 3.1×105 has been obtained for the 

multichannel TFT, which is greater than that of the single layer 

ZnO TFT. Hence a channel structure with two layers is 

suggested. As a result of comparison, the multilayer oxide TFT 

displays relatively good channel mobility and bias stability to 

single and double-layer channels. Further, Oxide TFTs with 

proper stability and mobility can be produced with 

multichannel structures consisting of various oxide thin films 

with different thickness, electrical conductivity, and in 

accordance the application oriented composition may be used. 
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