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ABSTRACT 

 Wearable and flexible devices have been widely studied. In the flexible display system, thin film transistors 

(TFTs) are applied as an important building block such like electrical switch, rectifier or amplifier due to its 

relatively lower process temperature than field effect transistor using single crystal material. Wire connection 

is employed to supply an electrical power or a driving signal to TFTs. However, the contact electrodes, gen-

erally formed by metal thin film, is one of the weakest part, so that it is easily broken in bending or folding 

situation, since the electrode shape is narrow (~ um level) and long (cm ~ m level) in a row or a column di-

rection. Wireless power and signal transfer (WPST) can be a good candidate to solve this problem. There-

fore, wireless thin film transistor (TFT) structure has been studied to apply to various flexible or wearable 

devices. One of the enabling technologies is the near-field magnetic induction coupling [1]. To apply the 

WPST connection system to TFT for the flexible system, it is essential to realize a receiving antenna with 

micro-meter level size structure to withstand the bending situation. The side effect of this micro size antenna 

is the decrease of transmission efficiency as scaling down the size of antenna. To compensate this side effect 

for employing micro antenna structure to TFT, the magnetic core (MC) is added to the micro antenna struc-

ture to increase the magnetic flux without the size change of antenna structure due to the decrease of the 

power efficiency as the scale down of antenna size. The MC is consisted of zinc oxide nano-wires (ZnO 

NWs) and nikel (Ni), a ferromagnetic material, which is coated on the vertical ZnO NWs. Due to the in-

crease of self-resonance frequency with decreasing antenna size, we chose an amorphous indium gallium 

zinc oxide (a-IGZO) TFT, which showed higher mobility than a-Si TFT and optimized the TFT structure for 

high frequency driving. Then, WPST system is adopted to the a-IGZO TFT and the charancteristics are ana-

lyzed. To improve the wireless a-IGZO TFT sysem, various MC structures and a-IGZO TFT designs are 

studied and applicability of wireless TFT is estimated for the flexible and wearable system in this paper. 

 

Keywords: Wireless power transmission, A-IGZO TFT, Wireless TFT  



 ii 

List of contents 

Abstract ················································································· i 

List of contents  ······································································ ii 

List of tables ··········································································· iv 

List of figures ··········································································v 

 

Ⅰ. INTRODUCTION 

1.1 Motivation ···································································1 

1.2 Issues of wireless TFT system ············································2 

1.3 Issue of antenna for WPT 

1.3.1 Background and principle of WPT···························3 

1.3.2 Classification of WPT technologies ·························5 

1.3.3 Issues of spiral coil based on inductive coupling ··········7 

1.3.4 Effect of MC ····················································9 

1.3.5 Designs of MC ················································ 10 

1.4 Issues of amorphous oxide semiconductor (AOS) TFTs 

1.4.1 Background and principles of AOS TFTs ················ 12 

1.4.2 Issues of AOS TFT ··········································· 12 

1.4.3 Effect of IGZO TFT ·········································· 16 

 

 

Ⅱ. EXPERIMENT DETAILS 

    2.1 Fabrication of the micro coil ············································ 18 

2.2 Fabrication of MC structures ············································ 19 

2.3 Fabrication of α-IGZO TFT ············································ 24 

2.4 Fabrication of wireless α-IGZO TFT ································· 26 

2.5 Measurement systems ···················································· 27 

 

 

Ⅲ. RESULTS AND DISCUSSION 

3.1 Characteristics of α-IGZO TFT ········································· 29 



 iii 

3.2 Characteristics of wireless source-drain system of α-IGZO TFT 

 ················································································ 32 

3.3 Improvement of α-IGZO TFT··········································· 34 

3.4 Improvement of MC ······················································· 38 

3.5 Improvement of wireless source-drain system of α-IGZO TFT 

 ················································································ 39 

3.6 Characteristics of wireless gate system of α-IGZO TFT ············ 40 

 

 

IV. CONCLUSION ································································· 43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iv 

List of tables 

 

Table I. Coefficients for current sheet expression ····································8 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 v 

List of figures 

Fig 1.1.1 Conctact electrodes in bending or folding situation ······················1 

Fig 1.1.2 Wrinkle wire concepts ························································2 

Fig 1.3.1.1 Mechanism of Ampere’s and Faraday’s law ····························4 

Fig 1.3.1.2 Mechanism of WPT system ···············································4 

Fig 1.3.2.1 Classification of WPT ······················································6 

Fig 1.3.3.1 Geometrical parameters of spiral coil ····································7 

Fig 1.3.4.1 Schematic diagrams for effect of MC ·································· 10 

Fig 1.3.5.1 Structure of up-side ZnO NWs/ Ni MC and characteristics ········ 10 

Fig 1.3.5.2 Schematic diagrams of MCs classification ···························· 11 

Fig 1.4.2.1 Geometrical parameters of AOS TFT ·································· 13 

Fig 1.4.2.2 MOSFET equivalent circuits ············································ 15 

Fig 1.4.3.1 Schematic orbital drawings for carrier transport path ··············· 17 

Fig 2.1.1 Fabrication process of micro flat spiral coil antenna ··················· 19 

Fig 2.1.2 Structures of micro flat spiral coil antennas ····························· 19 

Fig 2.2.1 Process of growing ZnO nano wires ······································ 20 

Fig 2.2.2 Fabrication process of coil with up-side ZnO NWs/Ni MC ··········· 21 

Fig 2.2.3 Structures and properties of up-side ZnO NWs/Ni MC ··············· 22 

Fig 2.2.4 Fabrication process of back-side ZnO NWs/Ni MC ··················· 23 

Fig 2.2.5 Structures of back-side ZnO NWs/Ni MC ······························· 23 

Fig 2.3.1 Fabrication process of α-IGZO TFT ······································ 24 

Fig 2.3.1 Optical images of α-IGZO TFT ··········································· 25 

Fig 2.4.1 Fabrication process of wireless α-IGZO TFT with up-side 

ZnO NWs/Ni MC ··························································· 26 

Fig 2.4.2 Structures of wireless α-IGZO TFT with back-side ZnO NWs/Ni  

MC ············································································ 27 

Fig 2.5.1 Measurement systems ······················································ 28 

Fig 3.1.1 Output and transfer curve of a-IGZO TFT······························· 29 

Fig 3.1.2 Mobility and cutoff frequency ············································· 30 

Fig 3.1.3 AC characteristics of a-IGZO TFT ······································· 31 

Fig 3.2.1 ‘ ’ measurement of TX and RX coil antennas ························ 32 

Fig 3.2.2 Electrical characteristics of wireless source-drain system of  



 vi 

a-IGZO TFT ································································· 33 

Fig 3.3.1 Threshold shift according to thickness of a-IGZO channel ··········· 34 

Fig 3.3.2 A-IGZO TFT characteristics according to channel length ············ 35 

Fig 3.3.3 DC characteristics of α-IGZO TFT with 10 um of channel length ··· 36 

Fig 3.3.4 AC characteristics of α-IGZO TFT with 10 um of channel length ··· 37 

Fig 3.4.1 Inductance and WPT efficiency ··········································· 39 

Fig 3.5.1 Improved electrical characteristics of wireless source-drain system  

of a-IGZO TFT ······························································ 40 

Fig 3.6.1 Characteristic of wireless rectification ··································· 41 

Fig 3.6.2 Electrical characteristics of wireless gate system of a-IGZO TFT ··· 41 

 

 



- 1 - 

I. INTRODUCTION 

 

1.1 Motivation 

Currently, wearable and flexible devices have been widely studied. In the flexi-

ble device system, TFTs are applied as an important building block such like electrical 

switch, rectifier or amplifier due to its relatively lower process temperature than field effect 

transistor using single crystal material. Wire connection is employed to supply an electrical 

power or a driving signal to TFTs. However, the contact electrodes, generally formed by 

metal thin film, is one of the weakest part, so that it is easily broken in bending or folding 

situation, since the electrode shape is narrow (~ um level) and long (cm ~ m level) in a row 

or a column direction as shown Fig 1.1.1.  

 

 

Fig 1.1.1 Conctact electrodes in bending or folding situation. 

 

Several groups have introduced the wire concepts to solve the problem, in the way that the 

wire can be transformed to tolerate the stress in bending or folding state. Fig 1.1.2 shows the 

wire concepts, which are two and three dimensional wrinkle wire shapes from J. Rogers re-

search group in University of Illinois [2-3].  
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(a)                                    (b) 

Fig 1.1.2 Wrinkle wire concepts. (a) Two-dimensional wrinkle wire concept. (b) Three-dimensional 

wrinkle wire concept. 

 

In our concept, we tried to remove the wire, which is the fundamental problem. WPST can be 

a good candidate for our concept. One of the enabling technologies is the near-field magnetic 

induction coupling. To realize our concept in the wearable and flexible systems, the TFT 

needs to be operated wirelessly. For this reason, characteristics of wireless TFT are analyzed 

in this paper. 

 

1.2 Issues of wireless TFT system 

There are two main issues to apply the WPST system to TFT for flexible and 

wearable system at antenna and TFT parts respectively. At the antenna part, it is essential to 

realize a receiving antenna with micro-meter level size structure to withstand the bending sit-

uation. The side effect of this micro size antenna is the decrease of wireless power transmis-

sion (WPT) efficiency at low frequency level because WPT efficiency is maximized at a self-

resonant frequency however as the antenna size decreases, the self- resonant frequency in-

creases. Hence, at the TFT part, high mobility of TFT is required to follow the frequency in 

the micro size antenna structure.  
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1.3 Issue of antenna for WPT 

1.3.1 Background and principle of WPT 

WPT is the technology to deliver the electrical energy from a power source to 

an electrical load without interconnecting wire. Approximately 100 years ago, Nikola Tesla 

proposed the WPT technology. However, the generated power could not satisfy the user 

needs. Nearly 100 years after Tesla’s proposition, it is now possible to use higher frequency 

radio waves, or microwaves that satisfy the users. In fact, the WPT is a valuable and conven-

ient technology that can be used to charge the batteries in mobile phone, laptop PC, electric 

vehicles and other equipment [4]. Among the several WPT technologies, most-used method 

is an electromagnetic induction coupling. All WPT technologies using electromagnetic in-

duction method are based on Maxell’s equations in Eq 1[5].  

 

∇	× 	E = 	−  

∇	× H = J +	  

∇	 ∙ D = 	ρ ∇	 ∙ B = 0                            (1) [5] 

 

The first Maxell’s equation is from a Faraday’s law where ‘E’ and ‘B’ are an electric field 

and a magnetic flux density respectively. The equation represents that when time varying 

magnetic fields generate around a conducting wire, time varying electric fields are formed in 

the conducting wire and vice versa as shown Fig 1.3.1.1 (b). The second Maxell’s equation is 

from a Ampere’s law where a magnetic field intensity, an electric current density and an 

electric flux density are expressed as the ornamentation, ‘H’, ‘J’ and ‘D’ respectively. The 
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equation signifies that when time varying current is applied in a conducting wire, time vary-

ing magnetic field is formed around the conducting wire and vice versa in Fig 1.3.1.1 (a). 

 

(a)                                   (b)  

Fig 1.3.1.1 Mechanism of Ampere’s and Faraday’s law. (a) Mechanism of Ampere’s law. (b) Mecha-

nism of Faraday’s law. 

 

When the conducting wire has a loop-shaped structure, the magnetic filed can be concentrat-

ed in the center of loop and as increasing the number of loops like a coil, the magnetic field is 

reinforced. Generally, WPT system consists of transmitting (TX) and receiving (RX) anten-

nas and the time varying magnetic field flux propagates a RX in the range of allowable mag-

netic field generated from TX. In fact, the power can be transferred wirelessly as shown Fig 

1.3.1.2. 

 

 

Fig 1.3.1.2 Mechanism of WPT system. 
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1.3.2 Classification of WPT technologies 

All WPT technologies are based on Maxwell’s equations. However, the WPTs 

are subdivided into three major technologies based on inductive, magnetic resonance cou-

pling and electromagnetic (EM) radiation according to differences in their applications. Fistly, 

WPT is based on inductive coupling as shown in Fig 1.3.2.1 (a). The efficiency of WPT de-

pends on the coupling coefficient, which in turn depends on the distance between two coils. 

Therefore, the wireless energy cannot be carried over a distance longer than a few millime-

ters with high efficiency, and the frequency used in inductive coupling is below some dozen 

megahertz [6]. In fact, available application can be electric toothbrush, charging pad for cell 

phones and laptops when the charging node and power receiving node are close in contact [7]. 

Secondly, magnetic resonance coupling WPT is based on the well-known principle of reso-

nance coupling [8]. A resonator is formed by adding capacitance ‘C’ on an induction ‘L’ coil 

as shown in Fig 1.3.2.1 (b). Two resonators are coupled electromagnetically, and the energy 

in one resonator is transmitted to the other through an evanescent mode wave. This technolo-

gy was started at 2006 that MIT researchers demonstrated a WPT experiment using reso-

nance coupling [9]. Although the magnetic resonant coupling has great potential with high 

efficiency over several meters, a number of technical challenges still exist before transition-

ing this technology to a successful commercial product because this technology has high ef-

ficiency only within several-meter range when source and receiving coils are aligned coaxial-

ly [7]. The application of this technology can be charging mobile devices, electric vehicles, 

implantable devices and wireless sensor networks (WSNs). Finally, the WPT is based on EM 

wave. The EM radiation emits energy from the transmitting antenna of a power source to the 

receiving antenna via radiative EM waves. Depending on the energy-emitting direction, it 

can be classified into omnidirectional radiation and unidirectional radiation. Although suita-

ble for transferring information, omnidirectional radiation suffers from a serious efficiency 



- 6 - 

problem in energy transfer since EM waves decay quickly over distance. Moreover, to pre-

vent potential health hazards to humans from EM radiation, omnidirectional radiation is only 

appropriate for ultra low-power sensor nodes [8] with very low sensing activities. In fact, this 

technology is used in charging a WSN for environmental monitoring. When a clear line-of-

sight path exists, unidirectional radiation can achieve high power transmission over a much 

longer distance kilometer-range by using a microwave or laser beam. This concept can be 

applied to enormous solar power satellite systems as shown in Fig. 1.3.2.1 (c) [10]. 

 

 

(a)                       (b)                        (c)  

Fig 1.3.2.1 Classification of WPT. (a) Inductive coupling. (b) Magnetic resonance coupling. (c) EM 

radiation using microwave. 

 

To select the proper WPT technology, characteristic of TFT should be considered which the 

TFT has cut-off frequency point that input signal is no longer transmitted. Inductive coupling 

WPT has an advantage which can be used in wide range of frequency hence, this technology 

is appropriate for our wireless TFT concept. 
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1.3.3 Issue of spiral coil based on inductive coupling 

 

 

                 (a)                                     (b) 

Fig 1.3.3.1 Geometrical parameters of spiral coil. (a) Top view. (b) Cross-section view [11]. 

 

Wireless operation of TFT demands much smaller size of receiving antenna. 

This would require micro-fabrication techniques that result in lithographically defined planar 

structures. Printed spiral coil offers more flexibility in defining their characteristics, and have 

the ability to conform on flexible substrates, such as polyimide or parylene [11]. Hence, the 

flat spiral type coil antenna structure is suitable to realize the wireless TFT system. First 

equation in Eq 2 shows a formula for inductance ‘’ calculation of planar spiral inductors 

and Fig 1.3.3.1 (a) represents the parameters for the inductance calculation.  	
 = 	 ∙  ∙  ∙ 2 ln   +  ∙  +  ∙  

 = 	 −  +   = +  = ( + )/2                       (2) [18] 
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where ‘’ are the coefficients depanding on coil shapes as shown in Table 1, ‘’ is the num-

ber of turns, ‘’ is the permeability of free space, ‘’ and ‘’ are the outer and inner diam-

eters of coil, respectively [12].  

TABLE I.  Coefficients for current sheet expression [11]   

Layout     

Square 1.27 2.07 0.18 0.13 

Hexagonal 1.09 2.23 0.00 0.17 

Octagonal 1.07 2.29 0.00 0.19 

Circle 1.00 2.46 0.00 0.20 

 

Second equation in Eq 2 represents the parameter known as fill factor ‘’, which changes 

from 0, when all turns are concentrated on the perimeter like filament coils, to 1, when the 

turns spiral all the way to the center of the coil [11]. Third equation in Eq 2 shows a parallel 

parasitic capacitance ‘’ between the spiral conductor sidewalls shown in Fig 1.3.3.1 (b). 

Fourth equation in Eq. 2 signifies an average diameter ‘ ’ according to the ‘’ and ‘’. 
From Eq 2, we can confirm that declining the size of spiral coil causes to deteriorate the in-

ductance value and raise self-resonant frequency ‘ = 1/2 ∙ ’ up, which is the point 

with highest power transmission efficiency. The WPT efficiency, which is proportional to a 

quality factor ‘ = (2 ∙ )/’, can be increased by reducing coil parasitic resistance ‘’ 

and increasing the ‘’ at an operating frequency ‘’. The ‘’ can be improved by the ‘’ in 

coils however, when increasing the ‘’, it also affects the coil parasitic resistance so the 

proper value of the ‘’ needs to be found [13]. However, the ‘’ and the ‘’ are limited by 

lithographic micro-fabrication technique. Hence, the advanced solution is necessary.  
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1.3.4 Effect of MC 

   The presence of a high-permeability magnetic material in center of the induc-

tor increases the inductance by providing a low-reluctance path for the flux lines [14]. In the 

presence of an external applied magnetic flux, The total magnetic flux density ‘ ’ is giv-

en by Eq 3, which is represented as the sum of magnetic flux densites at air core ‘ ’ and 

MC ‘’ where ‘’ and ‘’ are the magnetic flux and relative permeability of magnetic ma-

terial. Fig 1.3.4.1 shows the effect of MC presence [15]. 

 

                        =  +  =  =                  (3) [15] 

 

The simplified inductance equation of inductor with the MC can be expressed as Eq 4. 

 

 

 

 

 

                                                                                          (4) [15] 

 

where ‘’, ‘’ and ‘’ are the cross-sectional area of core, inductance of air-core induc-

tor and inductance due to presence of MC respectively [15]. In fact, The presence of a high-

permeability magnetic material can be good solution to overcome the size-effect as increas-

ing the inductance value of coil. 

 

 =  =  +   

 =   

 = ( − 1)  
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(a)                                     (b) 

Fig 1.3.4.1 Schematic diagrams for effect of MC. (a) Absence of MC. (b) Presence of MC. 

 

1.3.5 Designs of MC 

(a)                                    (b) 

Fig 1.3.5.1 Structure of up-side ZnO NWs/ Ni MC and characteristics. (a) Up-side MC structure with 

ZnO NWs/Ni. (b) Inductance and WPT effciency of coils with and without up-side MC with ZnO 

NWs/Ni. 

 

When the MC is composed of the ferro-magnetic material, it can help to fo-

cus the magnetic field more in the center of the flat spiral coil and to reduce the loss of mag-

netic fields escaping from the center. To enhance the focusing effect with directionality of 

magnetic flux and increase of effective area in the MC, a vertical three dimensional (3D) 

structure can be added. In our previous work, we proved that Ni MC assisted by ZnO NWs 
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could improve the size effect of micro spiral antenna as shown in Fig 1.3.5.1. To improve the 

performance of MC more, we designed three core structures more. Firstly, bare Ni MCs are 

added. They includes the up-side and back-side MC structures as shown in Fig 1.3.5.2 (a) 

and (b), which the back side MC is located by SiO at the position lower than the up-side 

MC structure on the basis of coil as shown in Fig 1.3.5.2 (d) and (e). Secondly, backside ZnO 

NWs/Ni core was realized as shown in Fig 1.3.5.2 (c). Several researches support that back 

side MC structure can enhance the inductance value and WPT efficiency [16-19]. 

 

 

(a)                      (b)                       (c) 

 

(d)                                     (e) 

Fig 1.3.5.2 Schematic diagrams of MCs classification. (a) Up-side MC structure with Ni. (b) Back-

side MC structure with Ni. (c) Back-side MC structure with ZnO NWs/Ni. (d) Cross-section view of 

up-side MC structure with ZnO NWs/Ni. (e) Cross-section view of back-side MC structure with ZnO 

NWs/Ni. 
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1.4 Issues of amorphous oxide semiconductor (AOS) TFTs 

1.4.1 Background and principles of AOS TFTs 

A-Si:H is the material that is most widely investigated for flexible electron-

ics and has been demonstrated to be useful in developing flexible TFTs [20]. However, de-

vice performances and applications are limited by the properties inherent to this material. The 

field-effect mobilities ‘’ of α-Si:H TFTs are only < 2 cm ∙ V ∙ s. These values are 

not satisfactory for high-resolution carrier injection devices such as electroluminescence 

(OEL) displays. Therefore, larger-mobility amorphous materials that can be formed at low 

temperatures have been sought. Recently, AOSs have reported that the materials have much 

more suitable properties for developing flexible TFTs than conventional amorphous semi-

conductors (α-SCs) [21]. AOS-based TFTs fabricated at room temperature (RT) exhibited 

‘’ of 6~9 cm ∙ V ∙ s, which are almost one order of magnitude higher than those 

reported for a-Si:H and organic TFTs [20]. In 2003, AOSs ZnO-RhO were found as first 

P-type AOS and PN-junction diodes with a good performance were fabricated at low temper-

ature by use of this material and N-type α-InGaZnO (α-IGZO). In 2004, TFTs, using α-

IGZO as the channel, were fabricated on plastic (PET) substrates and the resulting TFT ex-

hibited a ‘’ of > 10 cm ∙ V ∙ s even in a bent state [21]. 

 

1.4.2 Issues of AOS TFT 

Electrical characteristics of AOS TFT can be divided into two parts, which 

are DC characteristic and AC response. Firstly, the DC electrical characteristics of TFT de-

vices are represented by the ‘’ and threshold voltage ‘’. Such parameters strongly de-

pend on the device structure and fabrication process, the AOS materials, and the gate dielec-

trics or interconnect metals in contact with the semiconductor. Because fast switching is the 

key role of TFT devices in electronic applications, one would in general target, high ‘’ 
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values and ‘’ does to zero as small as possible [22]. The operation of a field-effect transis-

tor can be divided by two regime, which are linear and saturation regimes. In the linear re-

gime, Eq 5 describes the current-voltage characteristics, in which the current increases linear-

ly with source-drain voltage ‘’. 
 

 

 

where ‘’ is the channel width, ‘’ is the channel length, ‘’ is the capacitance per unit area 

of the gate insulator as shown in Fig 1.4.2.1, ‘( )’ is the drain-to-source current and ‘’ 

is the gate voltage in linear regime.  

 

 

Fig 1.4.2.1 Geometrical parameters of AOS TFT. 

 

The linear regime ‘( )’ is derived from the slope of an experimentally measured 

‘ − ’ transfer characteristic using Eq 6. 

 

 

( ) =  ( − ), for	 ≪  −  

( ) =   (6) [22] 

(5) [22] 
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In the saturation regime, the current saturates at ‘( )’ as given by Eq 7. 

 

 

 (7) [22] 

 

In the saturation, the current increases quadratically with ‘ − ’ because the inversion 

charge increases by this amount, as does the maximum potential drop along, the channel. The 

Eq 8 gives the saturation regime ‘( )’. 
 

  

 

Secondly, the AC response of TFT devices are represented by the current-gain cutoff fre-

quency ‘ ’ in metal-oxide-semiconductor (MOS) transistors, which is used to evaluate 

dynamic performance. When looking into the input port between the gate and source, there 

are capacitors at high-frequency as shown Fig 1.4.2.2. However, the capacitor behaves like 

an open circuit at low-frequency. Therefore, it is standard practice to model the low-

frequency input to the MOS transistors by an open circuit. At the output port, the DC drain 

current was described to be a function of ‘’ and ‘’, which is ‘ = (, )’. 
When AC drain and gate potential, ‘’ and ‘’, are respectively added to the DC drain 

and gate terminal voltages, ‘’ and ‘’, the drain current through the structure is modi-

fied to ‘(, ) + ’, where ‘’ is the AC component of the drain current. Given the 

small-signal equivalent circuit of Fig 1.4.2.2, it is possible to estimate the maximum operat-

ing frequency or cutoff frequency of an MOS transistor, which are no longer amplifying the 

input signal under optimum conditions and absolute value of the output current to input cur-

rent ratio is unity when the output of the transistor is shorted-circuited [22].  

( ) = ( − )2 = ( )2 ,		 
for	 =  −  = ( ) 

( ) = 2   (8) [22] 
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Fig 1.4.2.2 MOSFET equivalent circuits. (a) Two-port network. (b) Low-frequency small-signal 

model. (c) High-frequency small-signal model [22].  

 

When input AC voltage ‘’, which is applied to the gate electrode of a MOS transistor, the 

input AC current with the output shorted-circuited is written as Eq 9. 

  

 

 

Where the capacitance of gate-drain ‘’ is taken to be small and the capacitance of gate-

source ‘ ≈ ’. Likewise, , the output AC current in the saturation regime of the transistor 

is given by Eq 10. 

 

 

 =   +  ≈ , for	 = √−1 

 = ( ) | − | (10) [22] 

(9) [22] 

(a) 

(b) 

(c) 
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Thus, when setting ‘|/ | = 1’, ‘ =  ’ can be defined as Eq 11.  

 

 

 

 

The important point to note is that ‘’ and ‘( )’ are the key parameters in determining 

‘ ’ [22]. Hence AOS channel material with the higher ‘( )’ should be found. 

 

1.4.3 Effect of IGZO TFT α-IGZO is a semiconducting material, consisting of indium (In), gallium 

(Ga), zinc (Zn) and oxygen (O). The α-IGZO has a high ‘’ even in the amorphous phase 

because the carrier transport paths are primarily composed of spatially spread metal ns orbit-

als with isotropic shape [23]. The ‘’ in channel material of TFT is related to its chemical 

bonding. In crystalline silicon, the carrier transport paths, which comprised of anisotropic sp 

orbitals and covalent bonding, are strongly directive, hence, amorphous silicon structures are 

altered by significant changes in bonding angles. This results causes that the carrier transport 

is degraded. In the case of oxide semiconductor, the phenomenon is completely different 

from the covalent semiconductors, which conduction band minimum consists of the large 

spherical isotropic ns orbitals of the metallic cations, where n is the principal quantum num-

ber, and direct overlap among the neighbouring metal ns orbitals is possible. When the radii 

of these orbitals formed larger than the inter-cation distance, which can be achieved for n > 4, 

the neighboring orbitals always overlap, despite the degree of disorder of the material as 

shown in Fig 1.4.3.1.  

 

 = ( )| − |2 = ( )2  (11) [22] 
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                 (a)                                     (b) 

Fig 1.4.3.1 Schematic orbital drawings for carrier transport path. (a) Covalent semiconductors. (b) 

Post-transition-metal oxide semiconductors [24]. 

 

This means that even in the amorphous state, oxide semiconductors always have a well de-

fined carrier path in the conduction band minimum and large ‘’ can be achieved [24]. As 

a result, IGZO-TFT can improve the ‘ ’, It is thus considered to be one of the most prom-

ising TFT for use in the wireless system of our concept. 
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II. EXPERIMENT DETAILS 

 

2.1 Fabrication of the micro coil 

Circular flat spiral type coils were adopted and glass substrate was utilized to re-

duce the loss of current into the substrate. To fabricate various designs of micro-devices us-

ing photolithography process, photo-mask composed of sodalime and chrome, was designed 

by using the My CAD program. Before coating the photoresist (PR) (AZ GXR-601), which is 

positive type, Hexamethldisiloxane (HMDS) was treated to enhance the adhesion between 

the PR and substrate, then, the PR was spin-coated on a glass substrate with about thickness 

of 2 um. The thickness of PR depends on the spin-speed, which represented as the revolution 

per minute (rpm). We used 1000 rpm to form the 2 um thick PR. After coating the PR, the 

coated substrate was baked on a hot plate about 100 ℃ for 2 minutes for hardening the PR. 

The PR was exposed by ultraviolet ray (UV) with 51.8 mJ/cm through the coil patterns in 

photo-mask and the polymer chains looslely bound by UV exposure in PR were developed 

by dipping in AZ-developer for 1 minute and 30 second. After developing, the samples were 

rinsed by deionized (DI) water and dried by blowing N2 gas. The conductor traces of coil 

with the 500 nm thick gold (Au) on 50 nm thick titanium (Ti) were deposited by using a ra-

dio frequency (RF) magnetron sputtering system at an input power of 200 W and pressure of 

5 mTorr. The Ti layer was added to enhance the adhesion between the glass substrate and the 

Au layer. Finally, the printed micro-spiral coils were obtained through the lift-off process, 

which the PR is removed by dipping in acetone and isopropyl alcohol (IPA) at ultrasonic 

condition as shown in Fig 2.1.1.  
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Fig 2.1.1 Fabrication process of micro flat spiral coil antenna. 

 

The ‘’ of fabricated spiral coil are 500 um and 1 mm. Their parameters are fixed at the 1 

turn of number of turns ‘n’, the 500 nm of thickness ‘t’ , the 80 um of width ‘w’, the 20 um 

of spacing ‘s’ between the conductor traces. Fig 2.1.2 shows the optical and scanning elec-

tron microscope (SEM) images of micro flat spiral coil antenna. 

 

 

(a)                             (b) 

Fig 2.1.2 Structures of micro flat spiral coil antennas. (a) Optical images of micro flat spiral coil an-

tennas. (b) SEM cross-section image of coil trace. 

 

2.2 Fabrication of MC structures 

MC structures were added in center of coil antennas. The MC designs are broad-

ly classified by two systems, which are up and back side MC systems. The up-side MC struc-

tures are located in same phase with the micro spiral coil and the back-side MC structures are 
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located under phase than the micro spiral coils. Firstly, two types of up-side MC structures 

were fabricated after forming the coil, which one is Ni MC structure and another one is MC 

structure consisted of ZnO NWs and a Ni layer. The ZnO NWs served as frame to coat the Ni 

layer. After forming the flat spiral coil, the 50 nm ZnO seed layer was patterned by using the 

RF magnetron sputtering system and a photolithography process in the center of coil loop. 

After lift-off process of the ZnO seed layer, we used the hydrothermal process which is pos-

sible to grow uniformly ZnO NWs on the substrate [25-27]. The sample was suspended up-

side down direction using plastic tools and was then dipped in a glass bottle filled with 20 

mM solution which was mixed by hexamethylenetetramine and zinc nitrate hexahydrate as 

shown in Fig 2.2.1.   

 

 
Fig 2.2.1 Process of growing ZnO nano wires.                                       

 

The nutrient solution was composed of a 1:1 ration of zinc nitrate hexahydrate and hexa-

methylenetetramine (HMTA). Zinc nitrate salt provides Zn2+ ions required for building up 

ZnO NWs. Water molecules in the solution provide O ions. The glass bottle was heated 

in a vacuum oven at 70 ℃ for 48 hours. The grown ZnO NWs were rinsed with an IPA so-

(CH2)6N4 + 6H2O ↔ 4NH3 + 6HCHO 

 
NH3 + H2O ↔ NH3∙H2O 

 
NH3∙H2O ↔ NH4

+ + OH- 

 

Zn2+ + 2OH- ↔ Zn(OH)2 

 
Zn(OH)2 → ZnO + H2O                   (12) [34] 
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lution to clean the surface of the sample. Then the Ni layer was coated on the vertical ZnO 

NWs by photolithography, the sputtering and the lift-off process. Fig 2.2.2 shows the fabrica-

tion process of up-side MC with ZnO NWs/Ni in the center of micro spiral coil. 

 

 

Fig 2.2.2 Fabrication process of coil with up-side ZnO NWs/Ni MC. 

 

Fig 2.2.3 (a-d) show the schematic diagram, optical and SEM images of up-side MC after 

fabrication. The measurement of X-ray diffraction (XRD) and photo-luminescence (PL) 

spectrum are the preferred orientation of ZnO NWs [28-29]. The measurement show that 

ZnO NWs are formed as a single crystal as given by Fig 2.2.3 (e-f). 
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(a)                                       (b) 

 

(c)                                    (d) 

 

(e)                                 (f) 

Fig 2.2.3 Structures and properties of up-side ZnO NWs/Ni MC. (a) Schematic diagram of ZnO NWs 

in the center of spiral coil. (b) Schematic diagram of Ni pattern coated on ZnO NWs in the center of 

spiral coil. (c) Optical images of spiral coils with up-side Ni and ZnO NWs/Ni MC. (d) SEM images 

of ZnO NWs and Ni layer coated on ZnO NWs. (e) PL analysis of ZnO NWs. (c) XRD peaks of ZnO 

NWs on glass substrate. 
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Secondly, two types of backside MC structures were fabricated in the same way with above 

process before patterning the coil, which one is Ni MC and another on is ZnO NWs/Ni MC. 

After patterning MC structures, about 4 um thick SiO was deposited on the MC structures 

by a plasma enhanced chemical vapor deposition (PECVD) system, then, micro spiral coils 

were patterned as the centers of MCs were aligned with the center of coils. Fig 2.2.4 repre-

sents the fabrication process of micro spiral coil with back-side MC of ZnO NWs/Ni and Fig 

2.2.5 shows the optical and SEM images of fabricated MC. 

 

 

Fig 2.2.4 Fabrication process of back-side ZnO NWs/Ni MC. 

 

 

(a)                                    (b) 

Fig 2.2.5 Structures of back-side ZnO NWs/Ni MC. (a) Optical images of spiral coils with back-side 

Ni and ZnO NWs/Ni MC. (b) SEM images of SiO deposited on ZnO NWs/Ni MC in the center of 

spiral coil. 

 

 



- 24 - 

2.3 Fabrication of α-IGZO TFTs 

 

 

Fig 2.3.1 Fabrication process of α-IGZO TFT. 

 

The micro flat spiral coil antenna with MC and α-IGZO TFTs were fully fabri-

cated at low temperature, because it is prerequisite to realize the flexible system. A glass was 

used as a substrate and the gate electrode, 150 nm thick aluminum (Al) was patterned by us-

ing RF magnetron sputtering system and photolithography process. The 200 nm thick SiO 

gate insulator was deposited by PECVD and formed by using reactive ion etching system 

with fluoro carbon gas CF and CHF. After that, the active layer of the 80 nm thick α-

IGZO (InGaZnO target) semiconductor was sputtered by the RF magnetron sputtering sys-



- 25 - 

tem at a gas mixing ratio of Ar/O= 50/5 (sccm/sccm), and at input power of 400 W and 

pressure of 5 mTorr, respectively. Then, the α-IGZO was wet-etched by using buffered ox-

ide etchant (BOE) 6:1 and annealed at 300 ℃ for 1 hour in ambient oxygen. Finally, using 

the RF magnetron sputtering system and a photolithography process, the source-drain elec-

trodes were formed with 150 nm thick Al. Al material was used to decrease the resistance at 

metal-semiconductor contact because Al has a work function similar with α-IGZO material 

so it can make ohmic contact and high ON current can be obtained, which the material with 

higher work function than α-IGZO forms schottky contact. Firstly fabricated TFT design has 

parameters that ‘’ is 100 um and ‘’ is 40 um and Fig 2.3.1 shows the fabrication process 

of α-IGZO TFT. To improve the ‘’ and ‘ ’ of α-IGZO TFT, we designed α-IGZO 

with various channel length and thickness, which the channel length was changed from 10 

um to 100 um and the channel thickness varies from 5 nm to 40 nm as shown in Fig 2.3.2. 

 

 

(a) 

 

(b) 

Fig 2.3.1 Optical images of α-IGZO TFT. (a) Optical images of α-IGZO TFT with various channel 

length. (b) Optical images of α-IGZO TFT with various channel thickness. 
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2.4 Fabrication of wireless α-IGZO TFTs 

Firstly, the a-IGZO TFT with ‘’ of 100 um and the ‘’ of 40 um was fabricat-

ed at low temperature on the glass substrate. After fabricating the a-IGZO TFT, the flat spiral 

antenna structure with the ‘’ of 500 um and the ‘n’ of 1 turn was connected with the 

source-drain electrodes of a-IGZO TFT. Then, the up-side ZnO NWs/Ni MC was patterned. 

All fabrication were progressed at low temperature, which the fabrication process can reduce 

damage from heat and the wireless a-IGZO TFT system can be realized on the flexible sub-

strate. Fig 2.4.1 shows the fabrication process of wireless α-IGZO TFT with up-side ZnO 

NWs/Ni MC. 

 

 

Fig 2.4.1 Fabrication process of wireless α-IGZO TFT with up-side ZnO NWs/Ni MC. 

 

To enhance the performance of wireless α-IGZO TFT, the α-IGZO TFT was formed with 

the highest cut-off frequency and the threshold voltage close to zero as controlling the chan-

nel length and thickness. After then, the back-side ZnO NWs/Ni MC was fabricated after 

forming the α-IGZO TFT and spiral coil antennas with the ‘’ of 1 mm were connected 

with the source-drain and gate electrodes of a-IGZO TFT respectively as shown in Fig 2.4.2. 

 



- 27 - 

 

(a)                                   (b) 

Fig 2.4.2 Structures of wireless α-IGZO TFTs with back-side ZnO NWs/Ni MC. (a) Antenna con-

nected on source-drain electrodes of α-IGZO TFT. (b) Antenna connected on gate-source electrodes 

of α-IGZO TFT. 

 

2.5 Measurement systems 

The inductance, impedance and s-parameter of antennas were measured by using 

an impedance analyzer and a network analyzer (Agilent technology E5061B) in Fig 2.5.1 (a). 

The frequency range was found to be from 100 kHz to 30 MHz. The inner connection pad 

was connected to a test fixture (Agilent technology 16047E) by using a wire bonding tech-

nique where the thickness of the aluminum wire was about 1 mil (25 um). To measure the 

WPT efficiency, the transmitting part was set by the function generator (Agilent technology 

33250A) and the WPT efficiency was measured by digital phosphor oscilloscope (Tektronix 

DPO3034) in Fig 2.5.1 (b). The DC characteristics of α-IGZO TFTs were measured by 

Keithley semiconductor analyzer in probe station and the AC characteristics were measured 

by the probe station connected with function generator, power supply and oscilloscope as 

shown in Fig. 2.5.1 (c). 
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(a)                                    (b) 

 

(c) 

Fig 2.5.1 Measurement systems. (a) Measurement system for inductance. (b) Measurement system for 

WPT efficiency. (c) Measurement system for DC and AC characteristics of α-IGZO TFT. 
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III. RESULTS AND DISCUSSION 

 

3.1 Characteristics of α-IGZO TFT 

 After forming of α-IGZO TFT, firstly, DC characteristics were measured. Fig-

ure 2 and 3 show the DC electrical characteristics of α-IGZO TFT. The electrical character-

istic of the TFT was measured using a Keithley semiconductor analyzer by supplying DC 

‘’ and ‘’. Fig. 3.1.1 shows the transfer and output curve of fabricated α-IGZO TFT. 

The measured ‘’ of TFT is about -10V. It can be controlled by thickness of IGZO channel 

layer [30].  

 

(a)                                 (b) 

Fig 3.1.1 Output and transfer curve of a-IGZO TFT (a) Output curve of a-IGZO TFT (b) Transfer 

curve of a-IGZO TFT 

 

The ‘( ), ( = 0.1	)’ and ‘( ), ( = 20	)’ were calculated by using the Eq. 

26 and 30, where, ‘’ is 100 μm, ‘’ is 40 μm, and ‘’ is 17.4 nF. The mobility values were 

extracted from the linear and saturation regression plots of the transfer curves as shown Fig. 

3.1.2. We can confirm that ‘( )’ values in both regions, the decreased according to the 

decreasing channel length as we previously described. We also found that the field-effect 
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mobility of a-IGZO TFT in the saturation region was lower than that in the linear region. The 

decrease in the field effect mobility in the saturation region compared with the linear region 

is caused by electrode contact resistance and channel length, which, when the channel length 

is short, the parasitic resistance is increased because the short channel length leads to addi-

tional current flow by fringing electrical-field beyond the device edges and side-wall effects 

associated with source-drain resistance [31]. The measurement of DC characteristics show 

that the fabricated TFT well operates as a transistor. However, the calculated ‘( )’ value 

is lower than reported value from other research team so it needs to be improved. The 

‘( )’ value can be improved by controlling ‘’, ‘’ and ‘’ extracted from Eq. 26 and 

30. 

 

(a)                                  (b) 

Fig 3.1.2 Mobility and cutoff frequency. (a) Saturation and linear region mobility according gate volt-

age. (b) Cutoff frequency according gate voltage. 

 

Secondly, AC characteristics were measured. For alternating current (AC) electrical charac-

teristics of the TFT, the AC signals are well controlled by the gate bias as shown in Fig. 3.1.3. 

To find a critical frequency of the TFT, the output ‘’ was measured according to increases 

of frequency and the characteristics are given by Fig. 3.1.3. As increasing the frequency level, 
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the output signal becomes decreased and the limit transportation frequency is observed at 

about 310 kHz, where input DC ‘ = 1	 and AC ‘	 = 1	 (peak-to-peak)’. The 

limit transportation frequency is related to the ‘ ’, which mainly depends on the mobility 

and channel length of TFT. Fig. 3.1.3 shows the plotted ‘ ’ values according to the ‘’ 

in saturation region of TFT. When the channel length is increased, the field-effect mobility is 

enhanced however, the ‘ ’ is decreased and it leads to deteriorate the operating frequency. 

Hence, the critical point should be found.  

  

 

(a) 

 

(b) 

Fig 3.1.3 AC characteristics of a-IGZO TFT. (a) Output voltage according to gate voltage. (b) Output 

voltage according frequency sweep. 
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3.2 Characteristics of wireless source-drain system of α-IGZO TFT 

 Before optimizing the wireless α-IGZO TFT system, we experimented with the 

micro spiral coil antenna design with the up-side ZnO NWs/Ni MC and without the MC 

where the ‘’ is 500 um and the ‘n’ is 1 turn from our previous work connected with the 

source-drain electrodes of α-IGZO TFT with the ‘’ of 100 um and ‘’ of 40 um to confirm 

the applicability of micro WPT system into TFT. Fig. 3.3.1 shows the AC characteristics of 

wireless α-IGZO TFT according to the frequency. The output ‘’ was measured in the 

source-drain electrodes of α-IGZO TFT when the power was wirelessly delivered through 

the TX. The input voltage was supplied to the TX with the 10  by using the function 

generator and the 20 V of ‘’ was directly applied to the gate electrode of α-IGZO TFT by 

DC power supply. The TX of solenoid type coil with macro size wound by 1mm thick copper 

(Cu) wires was used,which are the ‘’ of 10 cm and the ‘n’ of 46 turns and the distance be-

tween the TX and the RX was 1 cm. The measured ‘ ’ of TX and RX were observed in the 

range of MHz and GHz respectively as shown in Fig 3.2.1. 

 

 

(a)                                   (b) 

Fig 3.2.1 ‘ ’ measurement of TX and RX coil antennas. (a) ‘ ’ of TX with macro size. (b) ‘ ’ of 

RX with micro size. 
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(a)                                   (b) 

 

(c)                                   (d) 

Fig 3.2.2 Electrical characteristics of wireless source-drain system of a-IGZO TFT. (a) Frequency 

characteristic of wireless a-IGZO TFT without MC. (b) Frequency characteristic of wireless a-IGZO 

TFT with up-side ZnO NWs/Ni MC. (c) AC transfer characteristic of wireless a-IGZO TFT without 

MC. (d) AC transfer characteristic of wireless a-IGZO TFT with up-side ZnO NWs/Ni MC. 

 

Firstly, the frequency characteristic of wireless a-IGZO TFT was measured. The Applied fre-

quency range were from 1 kHz to 100 kHz. From the results in Fig 3.2.2 (a) and (b), we can 

confirme that the WPT efficiencies of wireless a-IGZO TFTs are increased up to 10 kHz and 

the efficiencies are decreased as increasing the frequency. It can be explained that as the fre-

quency is increased, the self-resonance frequency of coil is approached hence, the WPT effi-

ciency of wireless a-IGZO TFT is increased however, the ‘( )’ and ‘ ’ of α-IGZO 
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TFT faces the limitation so the WPT efficiency begins to be decreased. In these resons, the 

operating frequency with the highest performance of wireless α-IGZO TFT was observed at 

10 kHz and the measured output ‘’ was 840 μ at the case with the up-side ZnO 

NWs/Ni MC, which is higher than the case without the MC of 600 μ. Secondly, the AC 

transfer characteristics of a-IGZO TFT with micro antenna according to the ‘’ as shown in 

Fig. 3.2.2 (c) and (d). In the same way with the prior measurement, the ‘’ were changed 

from 5 V to 20 V when the frequency was fixed at 10 kHz. From the results, for the AC elec-

trical characteristics of source and drain in the wireless α-IGZO TFTs, the wireless AC sig-

nals are well controlled by the DC gate bias and the both results from frequency and AC 

transfer characteristics show the wireless α-IGZO TFT with the up-side ZnO NWs/Ni MC 

has the better performance than the case without the MC however, the WPT efficiency still 

remains low so it needs to be improved more. 

 

3.3 Improvement of α-IGZO TFT 

 

 

Fig 3.3.1 Threshold shift according to thickness of a-IGZO channel. 
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 There are two issues to apply the TFT to the wireless system, which ‘’ needs 

to be close to ‘0’ value and ‘ ’ should be increased. When the ‘’ is close to ‘0’ value, 

the TFT can be realized with better performance for switching. As controlling the thickness 

of α-IGZO channel layer, the threshold voltage close to ‘0’ point could be obtained. When 

the thickness of α-IGZO is too thin, the resistance is increased hence, the proper thickness is 

required. The proper thickness was observed at 40 nm as shown the Fig. 3.3.1.  

 

 

(a) 

 

(b)                                (c) 

Fig 3.3.2 A-IGZO TFT characteristics according to channel length. (a) Transfer curve. (b) Saturation 

and linear mobility. (c) Cutoff frequency. 
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(a) 

 

(b) 

 

(c) 

Fig 3.3.3 DC characteristics of α-IGZO TFT with 10 um of channel length. (a) Transfer curve. (b) 

Output curve. (c) Linear and saturation mobility. 



- 37 - 

The thickness of α-IGZO was fixed as 40 nm and the transfer curve was obtained according 

to the channel length of α-IGZO layer to improve the mobility and cut-off frequency for sat-

isfying the requirement of micro coil working. Fig. 3.3.2 shows the improvement of cutoff 

frequency of α-IGZO TFT. As the channel length is increased, the linear regime ‘( )’ is 

enhanced. However, the saturation regime ‘( )’ has different result that the case of 

‘ = 10	’ has the highest mobility value and cut-off frequency. It can be explained by 

‘early effect’ that the slope is increased as the channel length becomes shorter in the satura-

tion region and it leads to increase the saturation regime ‘( )’. The thickness of α-IGZO 

with the ‘’ of 	10	  was selected due to the highest ‘ ’ and Fig. 3.3.3 shows the DC 

characteristics of α-IGZO TFT with the ‘’ of 	10	 . In comparison to the previous α-

IGZO design, the ‘ ’ is increased from 1.5 MHz of previous work up to 10 MHz at ‘’ 

of 20 V. 

 

 

(a) 

Fig 3.3.4 AC characteristic of α-IGZO TFT with 10 um of channel length. (a) AC characteristic at 

source-drain part of α-IGZO TFT according to frequency 
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To compare with the previous TFT design, AC characteristics of α-IGZO TFT were meas-

ured at the source-drain part of α-IGZO TFT in the same condition with previous measure-

ment system, where the input DC ‘ = 1	 and AC ‘	 = 1	’. After improving the 

‘’ and the ‘ ’, the output ‘’ was observed up to MHz range as shown in Fig 3.3.4 

(a). The output ‘’ was signicantly increased in comparison with the previous work, which 

the limit transportation frequency from previous design was observed at 310 kHz. From the 

results, we could improve the frequency charcteristics of α-IGZO TFT. 

 

3.4 Improvement of MC 

To improve the WPT efficiency of spiral coil antenna, the various MC struc-

tures were designed and the inductance and WPT efficiency were mearued to compare their 

performance. Fig 3.4.1 shows the results the measured inductance and WPT efficiency. The 

spiral coil antenna with the ‘’ of 1 mm were used and other parameters and the condition 

of measurement were same with the previous work. The inductance values of fabricated spi-

ral coil antennas with various MC structures were measured by using test fixture connected 

with impedance analyzer. The highest inductance value was observed at the spiral coil anten-

na with the back-side ZnO NWs/Ni MC and the back-side MC structures have higher induct-

ance than others. At the measurement of WPT efficiency, the spiral coil antenna with the 

back-side ZnO NWs/Ni MC has highest performance and ZnO NWs/Ni MC systems show 

the better performance than others. The difference of tendency from the results of inductance 

and WPT efficiency measurement is likely to be affected by unwanted parasitic resistance 

and quality fator. 
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(a) 

 

(b) 

Fig 3.4.1 Inductance and WPT efficiency. (a) Inductance values according to MC designs. (b) WPT 

efficiencies according to MC designs. 

 

3.5 Improvement of wireless source-drain system of α-IGZO TFT 

 After improving the WPT efficiency of spiral coil antenna and the cut-off fre-

quency of α-IGZO TFT, the two systems were connected, which the source-drain and gate 

electrodes of α-IGZO TFT were individually connected with the spiral coil antenna with the 

back-side ZnO NWs MC structre and the characterisitics of wireless α-IGZO TFT were 

measured. Firstly, to confirm the performance of wireless system in the source-drain part of 
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α-IGZO TFT, the frequency and AC transfer characteristics of wireless a-IGZO TFT were 

measured in the same condition with the previous measurement of wireless a-IGZO TFT. We 

can confirm that the performance of wireless α-IGZO TFT is significantly enhanced in com-

parison with the previous work from the results in Fig 3.5.1 (a-b).  

 

 

(a)                                     (b) 

Fig 3.5.1 Improved electrical characteristics of wireless source-drain system of a-IGZO TFT. (a) Fre-

quency characteristic with back-side ZnO NWs/Ni MC. (b) AC transfer characteristic with back-side 

ZnO NWs/Ni MC. 

 

3.6 Characteristics of wireless gate system of α-IGZO TFT 

 To realize our concept, a gate part of TFT is also necessary to be applied by 

wireless system. For this reason, the wireless system was applied to the gate part of α-IGZO 

TFT, which the improved wireless system and α-IGZO TFT design were used. To apply the 

WPT system to the α-IGZO TFT, ‘’ needs to be rectified as a DC bias. Hence, the spiral 

coil was connected with a schottky diode in series for half-wave rectification and the capaci-

tor with capacitance of 1 uF was connected with them to make the wave closer DC. The re-

sult of half-wave rectification is represented in Fig 3.6.1.  
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Fig 3.6.1 Characteristic of wireless rectification. 

 

The WPT and rectification system were connected with the gate-source part of α-IGZO TFT, 

the wireless power was delivered by TX up to 100  at 1 kHz and the ‘’ was plotted 

according to the DC ‘’ sweep using Keithley semiconductor analyzer. The measured out-

put and transfer characteristics show that the system is well operated as a transistor in Fig 

3.6.2 (b) and (d), which the system can be used as a wireless switching or a rectifier. Fig 

3.6.2 (a) and (c) show the output and transfer characteristics of α-IGZO TFT. 

 

 

(a)                                (b) 
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(c)                                 (d) 

Fig 3.6.2 Electrical characteristics of wireless gate system of a-IGZO TFT. (a) Output characteristic 

of a-IGZO TFT. (b) Output characteristic of wireless a-IGZO TFT with back-side ZnO NWs/Ni MC. 

(c) Transfer characteristic of α-IGZO TFT. (d) Transfer characteristic of wireless a-IGZO TFT with 

back-side ZnO NWs/Ni MC. 
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IV. CONCLUSION 

 

We have studied micro WPT system to adopt α-IGZO TFT. Firstly, we confirmed 

that the wireless TFT system was well operated at source-drain part of TFT. However the 

wireless TFT system had low WPT efficiency hence the system was required to be im-

proved. To enhance the wireless TFT system, we increased the operating frequency of α-

IGZO TFT to satisfy the WPT efficiency increased as the operating frequency approaches 

the GHz level. Then the back-side Ni MC assisted by ZnO NWs was added in the center of 

spiral coil antenna structure to improve the WPT efficiency more. The fabricated designs 

were connected which the spiral coil antennas were connected with the source-drain and 

gate parts of α-IGZO TFT respectively. As a result, the efficiency of wireless TFT system 

at the source-drain part could be enhanced in comparison with the previous design. To real-

ize the flexible and wearable system, a gate part of TFT is also necessary to be applied by 

wireless system. For this reason, the wireless system was applied to the gate part of α-

IGZO TFT as well. The measured electrical characteristics showed that the system was 

well operated as wireless switching or rectifier. At this paper, optimization of WPT system 

was not performed thus the WPT efficiency was quite lower than the case applying power 

through wire. When the optimal parameters of TX and RX are set up according to distance 

between two coil antennas and frequency using simulators, the WPT efficiency can be sig-

nificantly increased. Our purpose in this paper was to show the availability of wireless TFT 

concept for flexible and wearable system. From the experimental result, we could confirm 

that our wireless TFT concept have a high probability to substitute to the wire connection 

for wearable or flexible device issues. 
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요 약 문 

마이크로 안테나를 가지는 자기 유도 결합 방식 무선 

박막트랜지스터 시스템 연구 

본 연구는 기존의 기술한계를 극복하기 위한 새로운 방식의 플렉서블 및 웨어러블 디바이스 

시스템 구현방식을 제안한다. 현재 바이오센서와 같은 융합기술에 대한 관심이 고조됨에 따라 

생체적합성을 위한 플렉서블 및 웨어러블 시스템이 크게 대두되고 있다. 일반적으로 구부릴 수 

있는 전자재료와 유연한 형태를 가지는 소자를 구현하는 방식의 연구가 다른 연구진들에 의해 

활발히 진행되고 있다. 실제 플렉서블 및 웨어러블 시스템을 구성하는 소자의 크기는 전체 시스

템에 비해 매우 작기 때문에 실제 시스템이 휘어질 때 발생하는 스트레스는 각 소자에 큰 영향

을 미치지 않는다 하지만 각 소자의 신호나 전력 전달을 위한 와이어 연결은 전체 시스템의 크

기에 비례하여 사이즈가 증가하기 때문에 큰 영향을 받게 되어 쉽게 끊어지게 된다. 문제의 근

원이 되는 와이어 연결을 최소화시킨다면, 이 문제점을 효과적으로 해결할 수 있을 것이다. 본 

연구는 와이어 연결을 최소화 시키기 위해 무선전력전송개념을 도입하여 새로운 방식의 플렉서

블 및 웨어러블 시스템 구현에 대한 가능성을 살펴보고자 한다. 제안된 시스템 구현을 위해 무

선전력전송 시스템을 전자소자의 핵심이 되는 트랜지스터와 연결하여 동작특성을 살펴보았다. 

무선으로 전력 또는 신호를 수신할 수 있는 안테나를 트랜지스터에 적용시키기 위해서는 안테

나 사이즈가 마이크로 레벨로 축소되는 것이 필요하고 플렉서블 및 웨어러블 시스템에 트랜지

스터를 구현하기 위해서는 박막트랜지스터 구조가 적합하다. 먼저 안테나의 사이즈가 축소됨에 

따라 감소되는 전송효율을 보상하기 위해 산화아연 나노구조체와 강자체 물질인 니켈을 이용한 

자심을 안테나 중심에 적용시켜 그 효율을 증가시켰다. 또한 높은 자기공진주파수를 가지는 마

이크로 안테나의 동작주파수를 맞추기 위해 높은 모빌리티 특성을 가지는 비정질 인듐갈륨산화

아연 박막트랜지스를 제작하고 박막트랜지스터의 채널길이와 두께를 조정함으로서 차단주파수

를 높일 수 있었다. 다음으로 제작된 마이크로 안테나와 박막트랜지스를 연결하여 그 특성을 분

석한 결과 무선스위치와 정류기로서의 가능성을 파악할 수 있었다. 본 연구는 새로운 플렉서블 

및 웨어러블 시스템 구현방식을 제시하였다는 점에 대해서 의의를 가진다.   
 

 
 
 
 
핵심어: 무선 전력전송, 박막트랜지스터, 무선 박막트랜지스터 
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로봇공학과 최홍수 교수님과 정보통신융합공학과 최지웅 교수님께 감사의 마음을 전하고 
싶습니다. 최홍수 교수님께서 조언해주신 앞으로의 연구방향과 최지웅 교수님께서 지적해주신 
현재의 연구방향은 앞으로 연구하는 데 있어 큰 나침반이 될 수 있을것이라 봅니다.  
회로에 관한 상담을 언제나 친절히 답해주셨던 재민규 교수님께도 감사의 말씀을 전하고 싶고 
입학 면접에서 진심어린 마음으로 많은 조언을 해주셨던 권욱현 석좌교수님께도 감사의 마음을 
전하고 싶습니다. 또한 제가 이자리까지 설수 있도록 도움을 주신 손상혁 전공책임교수님, 
박태준 교수님, 은용순 교수님, 박경준 교수님, 김민수 교수님, 최지환 교수님, 황재윤교수님께도 
감사의 말씀을 전하고 싶습니다.  
그리고 무엇보다도 저를 세상에 있게 만들어주시고 저에게 가장 소중한 가족, 친척들분께 

감사의 말을 전하고 싶습니다. 항상 저를 믿어주시고 자신보다도 저를 먼저 생각해주시는 
아버지, 어머니, 어려운일이 있을 때 먼저 나서서 해결해 주고 힘이 되어주는 형에게 항상 
감사한 마음을 가집니다. 
석사과정 동안 가장 많은 시간을 같이 보낸 연구실 식구들에게도 감사의 마음을 표합니다.  

먼저 장비사용과 실험에 대해 많은 부분을 가르쳐 주시고 도와주신 박막트랜지스터의 달인 
지나 아버님 광준이 형님, 나노홀의 달인 조기헬스회 회장님 승욱 선배, 탄소나노튜브의 달인 
교수님의 분신 정희 선배, 그래핀에 달인 고스트 재훈이, 동기로써 많은 힘이 되어 주는 
나노와이어의 달인 캐치볼 민경이, 실험을 많이 보조해주고 연구실 막내로서 고생이 많은 현빈 
닮은 조류학자 류민규 후배님, 연구실에서 제일 이쁜 홍일점 이경화 후배님, 그리고 곧 결혼 
예정인 재한이 형, 국방과학연구소에서 열심히 무기 개발 중인 나의 사수 종구, 삼성에서 
고생이 많은 예리 선배, 모두에게 감사의 말을 전합니다. 또한 학부과정 연구실에서도 저에게 
많은 도움을 주신 경훈이 형님, 주용이 형님, 강현이 형님, 동균이 형님, 송진이 형님, 효섭이, 
성준이, 윤석이, 원경이에게도 감사의 말을 전하고 싶습니다.  

비록 글로써 전부 언급하지는 못했지만, 오랫동안 지지고 볶으면서 어려움을 함께 헤쳐나갔던 

소중한 친구들, 동기들, 선후배님들, 주변분들 모두 감사드립니다. 앞으로 저도 여러분께 힘이 

될 수 있는 존재가 될 수 있도록 노력하겠습니다.  
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