
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

NANOMTECH 2019

IOP Conf. Series: Journal of Physics: Conf. Series 1455 (2020) 012023

IOP Publishing

doi:10.1088/1742-6596/1455/1/012023

1

 

 

Solution-Processed Amorphous Zinc Oxide Thin Film 

Transistor Based NAND Gate 
 

Omprakash S S and Naveen Kumar S K 
Department of Electronics, Mangalore University, Mangalore 574199, India 

Email-id: ompaks@gmail.com 
 
Abstract —Herein, we discuss the synthesis and deposition of thin films amorphous zinc 

oxide (a: ZnO) by custom-designed spray pyrolysis unit for Thin Film Transistor (TFT) 

application towards NAND gate fabrication. Top gate top contact TFT was fabricated on a 

glass substrate, a: ZnO as the channel layer, PVA as gate dielectrics material and Al as 

electrodes. Electrical properties of a: ZnO TFT (W/L= 500/200µm) were probed. The 

individual transistor with a threshold voltage (Vth=2.1 V), off and on current (Ioff = order of 

10-8A; Ion= 10-3) and Ion /Ioff ratio (order of 105). The linear mobility is calculated and obtained 

as 3 cm-2/Vs. NAND gate is one of the universal and basic building blocks of a digital circuit. 

The fabricated NAND gate is subjected to the logic operation in the range of 0 to 10V was 

tested. The result implies that it can be utilized for logical circuit operation. 
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1. INTRODUCTION 
Thin Film Transistor (TFT) is a special kind of Metal Oxide Semiconductor Field Effect Transistor 

(MOSFET) which is built by layering thin films of an active semiconductor layer, dielectric layer and metallic 

layers over a supporting substrate as shown in Fig 1. TFT is classified into four types as organic [1], inorganic, 

silicon-based [2], and hybrid [3] kind (a combination of organic and inorganic). Oxide semiconductors (OS) 

based TFT come under the inorganic TFT which have attracted present researcher. Oxide semiconductor used 

for fabrication of TFT is IGZO, SnO2, IZO, GZO and ZnO. The oxide semiconductor has gained attention 

due to numerous merits like transparency [4], low temperature [5], excellent chemical stability, higher 

mobility and process versatility [6]. OS-TFT is the promising technology for the next generation of 

transparent, wearable and flexible [7] consumer electronics [8].  
Although OS-TFT [9] [10] has gained a lot of attention and demonstrated higher performance than the 

Silicon-based TFT, this TFT is fabricated in vacuum-based process. In the vacuum-based process, there still 

exists bottleneck concerning fabrication onto larger areas, use of the non-vacuum compatible substrate and 

cost reductions of manufacturing. These led to the emergence of the solution-processed technique [11] [6] 

which includes Spin coating [12], spray coating [7], doctor blade coating and dip coating. Among solution-

processed the spray pyrolysis has gained more consideration due to its economical process, masking capability 

and is a large area coating process. 
Among these Oxide semiconductors, ZnO [13] has gained much attention due to its nature of stability, 

nontoxic and ease of solubility in all the solvents [10]. However, most of the ZnO-based TFT have used mostly 

SiO2 as dielectrics. The others use metal oxides such as Al2O3[14], Y2O3[15], TiO2[16]and ZrO2[17]. Since these 

dielectric materials use a higher temperature for their deposition, polymers such as cellulose acetate [18], PDMS, 

PVA [19] and PVP [20] are deposited at low temperature hence they gained great attention.  
 

 
Fig 1 Schematic of TFT 
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In this paper, we discuss the synthesis of ZnO and PVA solutions. The fabrication of thin films of ZnO, Al 

and PVA were carried out a bare glass substrate using custom designed and fabricated mask. These were integrated 

to fabricate of ZnO TFT. The input and output characteristics of the TFT were studied. The TFT were 

interconnected to form a digital circuit i.e., NAND gate and the operations of the NAND gate was studied. 
2. MATERIALS AND METHODS: 

 
2.1. Materials  

Zinc acetate dehydrated, acetic acid and methanol were purchased from Finar Limited. PVA (cold water soluble) 

is procured by Himedia. Conductive Pen Micro Tip (sliver pen) was purchased from Chemtronics. Electrical 

properties such as input and output characteristics of the TFT were carried out at MIT Manipal probe station with 

Keithley Instruments. The output characteristics of the NAND gate was performed at Mangalore University 

electronics laboratory. 
 
2.2. Synthesis 

ZnO solution: Zinc acetate dehydrated precursor is dissolved in a mixture of methanol and deionized water 

in a proportion of 2:1 to form a solution of 0.3M. While stirring the solution, a few drops of acetic acid are 

added to form a transparent solution. 
PVA Solution: The PVA granules of 0.5g were dissolved in 10ml of double distilled water and stirred for 30 

minutes to form a homogenous solution. The solution is kept for ageing for one day to make it more viscous. 
 
2.3. TFT Fabrication  
The aluminium as the source and a drain electrode (100nm) that were thermally evaporated on to an 

ultrasonically cleaned glass substrate with a customized shadow mask with the parameter is shown in Table I 

and Fig 2(a). 
 

Table I 
Parameter for Al deposition for electrodes 

Source material  Aluminium  

Base vacuum 5×10−5 mbar 

Rate of deposition  5-6 Å 

Substrate rotation  On 

Substrate temperature 70 °C 

 

 
 

Fig 2 Image of the mask used for a) source and drain electrode b) channel layer c) gate electrode 

The synthesized ZnO solution is spray-coated with custom design spin spray unit onto preheated 

aluminium-coated glass and plain glass substrates with a shadow mask aligned with respect to the gate and 
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source. The parameter for the deposition of ZnO film is shown in Table II and Fig 2(c). 
 

 

Table II 
Parameter for deposition of ZnO thin film. 

Nozzle  Glass  

Solution concentration 0.3 M 

Solvent  Method and DI water (2:1) 

Nozzle–substrate distance 25 cm 

Flow rate  and volume 3-4 ml/min and12ml 

Compress air pressure  1bar 

Substrate temperature 275 0C 

Substrate rotation  ON 

 
 PVA insulator is coated by drop cast method onto preheated ZnO/Aluminum coated glass and FTO 

coated glass substrates at a temperature of 55℃. The drop cast is performed in ambient air.  
 Top Gate-Top contact transistor is fabricated by employing aluminium as a gate electrode by thermal 

evaporation on glass pre-coated with layers, aluminium, zinc oxide and PVA with parameter and masks as shown 

Table I and Fig 2 (b). The zinc oxide acts as an active layer and PVA acts as a gate dielectric for the fabricated 

TFT. The front and rare view of fabricated TFT is shown in Fig 3(a) and (b) respectively. 
 

 
 

Fig 3 Image of TFT fabricated a) front view b) rare view 

3. RESULT AND DISCUSSIONS 

 
 Fig 4 shows the drain-to-source current verses the drain-to-source voltage (Id–Vds) characteristics of a 

ZnO TFT measured in the air; the gate voltage (VG) was varied from 0V to 10 V, in 2 V increments. The output 

characteristics of this device are indicative of typical n-channel operation. The curves reveal reasonable linear and 

saturation regions Vds scans. In addition, a clear pinch-off and a high saturation current, of approximately 4.08X10-

4 A for VDS = 16.8 V and VG = 10 V, are achieved. 
The transfer characteristic of the device, measured in air, is shown in Fig 5. The drain-to-source voltage was fixed 

at 4V, and VG was swept reversibly from -2V to 5 V. On the application of a positive gate bias, Id increases 

sharply; a small amount of hysteresis is observed when the scan direction was reversed. The value of linear 

mobility (μlin) can be extracted from transfer characteristics using the formula shown in equation (1). 
 

𝜇𝑙𝑖𝑛 =
𝐿

𝐶𝐺𝑊𝑉𝐷
(
𝜕𝐼𝑑𝑙𝑖𝑛

𝜕𝑉𝐺
)        (1) 
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Where CG is the capacitance of the insulator layer, L length of the channel, W is the width of the channel, 
𝜕𝐼𝑑𝑙𝑖𝑛

𝜕𝑉𝐺
  is the slope of the channel above the value of Vth, VD>>VGS  -Vth the transfer characteristics. The value of 

the linear mobility (μlin) is found to be 5 cm-2/Vs. The sub-threshold swing was calculated using formula as 

shown in equation (2). 
 

𝑆 =
𝜕𝑉𝐺

𝜕(𝑙𝑜𝑔10𝐼𝑑)
       (2) 

                                 
The values μlin and S is calculated using the transfer characteristics. The threshold voltage (Vth), sub-threshold 

slope, and on/off ratio, are 2.1 V, 0.5 V/decade, and 10-5. The linear field-effect mobility, which was derived 

from the slope of the plot of IDS
1/2

sat against VG, was 3 cm2/Vs. The same TFTs is used for fabrication of NAND 

Gate circuit construction. 
 

  
 

Fig 4 The output characteristics of the TFT 

 
 

Fig 5 Transfer characteristics of TFT 

 The OFF-state current is less than 10-8 A, limited by gate leakage. The TFT transfer characteristics show 

enhancement mode operation allowing the realization of simple circuits without the necessity of level shifting. 

The low threshold voltage value, as well as the small value of sub-threshold swing, allows the device to 

operate at 5 V, indicating potential low-power applications, and significant future progress in energy 

efficiency. Devices also operated from 1 to 10 V, compatible with different current integrated-circuit 

technologies. NAND gates are the fundamental building block for implementing larger-scale digital circuits. 

The NAND gate was realized by a series connection of two drive transistors and a load transistor.  Using ZnO 

Thin Film Transistor, one of the logic gate i.e., NAND gate was designed, constructed and tested for its output 

voltage. The circuit is as shown in Fig 6. 
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Fig 6 Circuit of a NAND gate 

An n-type logic circuit for the NAND gate is fabricated and as shown in Fig 7. The fabricated NAND gate is a 

logic circuit which is constructed using TFT. The output voltage is noted down and compared with its logical 

output as shown in Table III.  
 

 
 

Fig 7 Fabricated of the NAND gate on the glass substrate. 

Table III 
The output voltage of the NAND gate as observed. 
Input A Input B Output Y Output Voltage 

0 0 1 7.7 

0 1 1 7.6 

1 0 1 7.9 

1 1 0 1.9 

 
4.CONCLUSION 

 This work presents the synthesis and deposition of ZnO and PVA solution with a detailed process 

condition. The fabrication of the ZnO Thin Film Transistor with W/L ratio of 2.5 was maintained using a 

custom-designed mask. The distinct TFT were probed in ambient condition. The characteristics of the distinct 
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transistor with a threshold voltage of Vth=2.1 V, Ion /Ioff ratio order of 105, linear mobility of 3 cm-2/Vs and sub-

threshold of 0.5 V/decade. The transistor further interconnected to form a digital NAND circuit. The NAND 

gate is probed for the output characteristics and the result satisfies the actual truth table. 
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