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Abstract: The electrical performance of the back-channel etched Indium–Gallium–Zinc–Oxide 

(IGZO) thin-film transistors (TFTs) with copper (Cu) source and drain (S/D) which are patterned by 

a selective etchant was investigated. The Cu S/D were fabricated on molybdenum (Mo) layer to 

prevent the Cu diffusion to the active layer (IGZO). We deposited the Cu layer using thermal evap-

oration and performed the selective wet etching of Cu using non-acidic special etchant without 

damaging the IGZO active layer. We fabricated the IGZO TFTs and compare the performance in 

terms of linear and saturation region mobility, threshold voltage and ON current (ION). The IGZO 

TFTs with Mo/Cu S/D exhibits good electrical properties as the linear region mobility is 12.3 cm2/V-

s, saturation region mobility is 11 cm2/V-s, threshold voltage is 1.2 V and ION is 3.16 x 10-6 A. We 

patterned all the layers by photolithography process. Finally, we introduced SiO2-ESL layer to pro-

tect the device from the external influence. The results show that the prevention of Cu and intro-

duced ESL layer enhances the electrical properties of IGZO TFTs. 
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1. Introduction 

Nowadays Indium–Gallium–Zinc-Oxide (IGZO) thin-film transistors (TFTs) have re-

ceived considerable research attention as active-matrix backplanes for the next generation 

display technology [1]–[3]. Recently, IGZO TFTs are used as a switching device in the flat 

panel display such as active-matrix organic light-emitting diode (AMOLED) displays, ac-

tive-matrix liquid crystal displays (AMOLCD) and Electrophoretic displays [4], [5]. Most 

of the studies are focused on the electrical, electronic, optical and thermal properties of 

IGZO thin films [6], [7]. As increasing the resolution (≥ 8 K), display size (≥ 110 inch) and 

high frame rate (≥ 480 Hz) for the flat panel display; the low-resistance metals are highly 

required for the source (S) and drain (D) electrodes of IGZO TFTs to reduce resistance-

capacitance (RC) delay of display panel to avoid image distortion and shading [8]–[10]. 

However, several reports have been revealed that the diffusion of Cu into IGZO deterio-

rates the electrical performance because it is acting as acceptor-like trap states of IGZO 

TFT [11]–[15]. Recently, a low resistance stacked structure of S/D on IGZO was introduced 

to enhance the contact properties [16]–[18]. The Ti and Mo has used widely as an interfa-

cial layer to protect the Cu diffusion into IGZO and to reduce the impact of the Schottky 

barrier. The work function of Mo and Ti is 4.7 eV and 4.3 eV respectively which are very 

closer to IGZO (4.5 eV). In this aspect, it is very difficult to pattern the Cu selectively with 

Cu etchant without damaging active layer. 

In this study, we investigated the performance of IGZO TFTs with Mo/Cu/Mo S/D 

electrodes and a passivation SiO2 layer. We selectively wet etched the Cu with non-acidic 
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special Cu etchant. Two test samples were fabricated and measured transfer characteris-

tics and mobility according to gate voltage (Vg) to compare their performance. 

 

 

Figure 1. Process flow of bottom gate top contact IGZO TFTs. 

2. Experimental Details 

Figure 1 shows the process flow of the samples used in this report. An inverted stag-

gered bottom-gate IGZO were prepared on a glass substrate. First, the gate electrode with 

Al-Nd (85 nm)/ Mo (15 nm) was deposited on a glass substrate by DC magnetron sputter-

ing. Al-Nd alloy is deposited to avoid the electro migration and Mo is used as a barrier 

layer. The gate electrode was patterned using the photolithography process and wet etch-

ing. Subsequently, a gate insulator (GI) of 150-nm thick SiO2 was formed using plasma 

enhanced chemical vapor deposition (PECVD). Then, a 15-nm IGZO thin film as an active 

layer was deposited by DC magnetron sputtering in the mixture gas of Ar and Ar-O2 (90%-

10%) at 150°C, from the ceramic target atomic ratio In:Ga:Zn = 1:1:1. The deposition cham-

ber pressure was evacuated less than 1x105 Pa and the working pressure was 1 Pa. After-

that the active layer and GI layer was patterned. The oxygen partial pressure was calcu-

lated as [P (O2) = O2 / (Ar + O2)] and fixed at 1%. A 40 nm of 99.999% pure Cu interlayer 

was deposited on patterned active layer for Sample A. Stacked films of 20 nm Mo and 40 

nm Cu were deposited for sample B using thermal evaporation and patterned again the 

S/D contact for all samples. Thinner Cu layer was deposited to reduce contact resistance, 

but it is possible to deposit thicker one. The special Cu etchant etch the Cu layer only, 

which doesn’t etch the IGZO active layer. S/D were patterned by photo mask and photo-

lithography process. Active channel width and length were 10 µm and 20 µm, respec-

tively. Finally, 200 nm SiO2 passivation layer was deposited for both device with working 

pressure at 110 Pa at 200° C by chemical vapor deposition (CVD) process. Furuta et al. 

reported that certain amount of H2 may diffused into IGZO active layer from passivation 

layer, which can act as a shallow donor in IGZO films [19]. The SiO2 passivation layer was 

deposited at the partial pressure of SiH4 of P[SiH4] = 1.36 % using N2, SiH4 and N2O gases. 
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This passivation layer was also patterned by photolithography process to make the con-

tact. At the end, all the devices were annealed at 350° C at N2 environment for 1 hour. The 

cross-sectional views of the TFT for Samples A and B are shown in Figure. 2(a) and (b). 

respectively, and the plane view is illustrated in Figure 2(c). 

Figure 2. Schematic cross-section of IGZO TFT on a glass substrate with bottom gate top contact structure. (a) sample A, 

(b) Sample B , and (c) top view of IGZO TFTs. 

3. Results 

The active layer defines the channel width, and the separation of S/D electrodes de-

fines the channel length. In this design, we can define the channel width correctly by the 

active layer width, but the edge of the active layer has a chance to be damaged by the 

etching. As shown later, we have problems with SS value and leakage current even after 

improving the mobility value. Therefore, there is still plenty of room for improvement in 

design the TFT layout. Figure 3 (a) and (b) show the microscopic image of IGZO TFTs 

samples with no defects after using Cu etchant. 

 

 

 

Figure 3. Microscopic image of bottom gate top contact IGZO TFTs after using the special Cu etchant. 

Ferric chloride (FeCl3), Cupric Chloride (CuCl2), Hydrogen peroxide - Sulphuric acid 

(H2O2-H2SO4), Chromic - Sulphuric acid (CrO3-H2SO4), ammonium persulphate ((NH4 

)2SO4) and Citric acid are widely used as a Cu etchant but all of them contains strong 

acid such as HCL and H2SO4 [20][21][22]. All the etchants have high etched rate, high Cu 

dissolved capacity and very acidic [23]. For this reason, those acidic Cu etchants can 

damage the IGZO layer and device structure easily and affect the device performance, 

respectively. Because of this reason, most of the researchers are using shadow mask to 

deposit S/D to avoid wet Cu etchant [18][24][25][26]. TFTs characteristics are usually 

presumed from the transfer characteristics, where the drain to source current (Id) is plot-

ted against gate to source voltage (Vg) for various drain to source voltage (Vd) and from 

output characteristics, where Id is plotted against drain to source voltage (Vd) for various 

gate to source voltage (Vg) as shown in figure 4. The parameters of the output 
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characteristics, transfer characteristics of sample A and B are as follows; the gate voltage 

(Vg) was 0 V, 5 V and 10 V and drain voltage was 0.1 V, 5 V and 10 V, respectively. At the 

value of drain voltage (Vd) at 1 V, threshold voltage (Vth) represents the gate voltage (Vg) 

corresponding to the drain current (Id) of 1 x 10-9 A. The  

 

 

Figure 4. Output (left side) and transfer characteristics (right side) of sample A (a) Pre-annealing and (b) post-annealing. 

electrical characteristics of device performance are extracted by analyzing several pa-

rameters, such as saturation region mobility (μSAT), field-effect mobility (μFE), threshold 

voltage (Vth), On-Current (ION) and subthreshold swing (SS). The field-effect mobility is 

evaluated based on gradual channel approximation and the equation is as follows, 

𝑰𝒅 =  
𝑾

𝑳
 𝝁𝑪𝒊[ (𝑽𝒈 − 𝑽𝒕𝒉)𝑽𝒅 −

𝑽𝒅
𝟐

𝟐
]     (1) 

Here, μ is the channel carrier mobility, W and L are channel width and length, and Ci is 

the gate capacitance per unit area of the insulator layer. Furthermore, the saturation re-

gion mobility was obtained from the curve of the square root of the drain current versus 

the Vg in saturation operation region: 

√𝑰𝒅 = (
𝑾𝑪𝒊𝝁𝑺𝑨𝑻

𝟐𝑳
 )𝟏/𝟐 (𝑽𝒈 − 𝑽𝒕𝒉)     (2) 

Another important parameter subthreshold swing (SS) reflects the change of Vg instead 

of increase Id; is determined by, 
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𝑺𝑺 =
𝒅𝑽𝒈

𝒅𝒍𝒐𝒈𝟏𝟎(𝑰𝒅)
       (3) 

 

 

Figure 5. Output (left side) and transfer characteristics (right side) of sample B after annealing. 

Figure 4 represents the output and transfer characteristics of sample A. The electrical 

characteristics of figure 4 (a) are better comparing figure 4 (b) though the mobility is tiny 

and threshold voltage is quite high. Figure 4 (a) is the electrical properties of sample A, 

which are calculated before annealing the sample. Moreover, the electrical characteristics 

of sample A are becoming worst after post-annealing. The reason might be described by 

the diffusion of Cu into the IGZO layer for post annealing after deposition Cu S/D contact 

or for depositing Cu onto the channel layer directly. Figure 4 (a) has been extracted before 

annealing. Therefore, it has less chance of Cu diffusion into IGZO layer. Sample B has a 

15-nm-thick Mo layer at the S/D contact, which makes ohmic contacts after annealing and 

prevents the diffusion of Cu into the IGZO layer. Figure 5 shows the output and transfer 

characteristics of sample B after post-annealing. The sample B for W/L of 10/20 (µm/µm) 

achieves improved performance as follows: Vth of 1.2 V, µSAT of 11 cm2/V-s, and ION of 

3.16x10-6 A. This experimental data assure that the non-acidic selective Cu etchant has no 

effect on IGZO layer. The hysteresis has minimized completely from the output 

characteristics, but still there is hysteresis at transfer characteristics. The SS value becomes 

high because the density of acceptor-like trap states of IGZO is also increased. Hu et al. 

reported the field effect mobility around 11.5 cm2/V-s with ITO barrier layer [25]. On the 

other hand, Kim et al. also reported the field effect mobility around 12.8 cm2/V-s with Mo-

Ti/Cu S/D [26]. These results are quite similar to our experimental results. The H2 atom 

from passivation layer may diffused into IGZO layer because of annealing which can 

enhance the electrical properties. Table 1 exhibits the details analysis between sample A 

and B after post-annealing. 
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The electrical performance of the TFTs is summarized in Table 1.  

S/D μFE (cm2/V-s) μSAT (cm2/V-s) Vth (V) ION (A) SS    

(V/decade) 

Cu 9.2×10-5 1.8×10-5 5 1.6×10-9 - 

Mo/Cu 12.3 11 1.2 3.2×10-6 0.58 

4. Conclusion: 

In summary, we have successfully fabricated a high mobility IGZO TFT with Mo-Cu S/D 

contact using special non-acidic Cu etchant, which can etch Cu properly and avoid the 

damage to IGZO layer. The electrical properties of IGZO TFTs with Mo/Cu S/D ensure the 

selectivity of Cu etchant. Post annealing treatment formed an improved the TFT charac-

teristics and Mo interlayer prevent the Cu diffusion into active layer. Thus, the TFT with 

Mo-Cu S/D exhibited proper switching characteristics with saturation mobility at 11 

cm2/V-s. The results suggested an effective fabrication method for fabricating high mobil-

ity metal oxide TFT based on Cu S/D.  
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