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Abstract 
We report the improvement in adhesion of IZO thin films 
through oxygen (O2) plasma treatment of organic polymer 
film. In conclusion, the O2 plasma treatment of an organic 
polymer film was accomplished with improving ca. 1.8 
times in adhesion than that of the only general etch 
treatment on the same organic polymer film. 

 
 

1. Introduction 
  

Micron or submicron thin films and multilayered 
structures are increasingly used in the electronic 
industry. One of the important physical properties of 
these thin layers is the adhesion, which may be quite 
different from the known value of the bulk sample due 
to microstructural difference. In the design towards 
device flexibility and scratch resistance, for example, 
the interface adhesion is an important parameter of 
consideration [1]. In especially flat panel display 
(FPD) industry, the adhesion relationship between 
organic polymer substrates and transparent inorganic 
electrodes, e.g. indium zinc oxide (IZO), is very 
important research area [2]. This research starts from 
the mechanically lifting problem of an IZO thin film 
on an organic polymer film after lithography process. 
In this report, we would like to introduce the 
improvement in adhesion of the IZO thin film on the 
organic polymer films through the surface treatment 
using oxygen (O2) plasma process.  

 
 

2. Experimental  
 

2.1. TFT Fabrication Thin film transistors were 
fabricated through the 5 mask process by a standard 

process in each step. In this report, we will discuss 
only the passivation process in detail. The thin-film 
transistors were fabricated with bottom contact 
geometry with patterned Al/Mo gates and an 
insulating layer of silicon nitride. Data electrode was 
connected to pixel electrode and organic insulator was 
located between SiNx passivation and pixel electrode 
in both Sample (A) and (B). Two schematic array 
structures of thin-film transistors through general 5 
mask process were shown in Fig. 1.  

 
Table 1. Preparation of thin film transistors for testing 

Sample 
name 

Lower Layer
(thickness)

Upper Layer 
(thickness) 

O2 gas 
plasma 

Treatment 

Sample 
(A) 

Organic 
Polymer 
(3.0 ㎛) 

IZO 
(55 ㎚) No 

Sample 
(B) 

Organic 
Polymer 
(3.0 ㎛) 

IZO 
(55 ㎚) Yes 

 
 

 
(a) Sample (A) 

 
(b) Sample (B) 

 
Fig.1 Schematic TFT array structures  
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2.2. Organic Polymer Process After completing 
the source/drain process, TFT substrates were 
prepared from silicon nitride deposited by a chemical 
vapor deposition (CVD). The substrates were coated a 
photo-definable organic polymer (acrylic) resin in 
about 4.0 um thickness by slit linear coater and than, 
were dried in vacuum dry chamber. The slit-coated 
organic polymer was dried again by heating at 100 °C 
for ca. 2 min in proximity oven and then, exposed by 
suitable dose in aligner. The exposed organic 
photoresist was developed by 0.4% TMAH solution 
and then, was exposed the entire surface by UV 
energy over 500 mJ/cm2. Thermal treatment for curing 
the organic photoresist was performed at 230 °C under 
a nitrogen atmosphere in convection oven. The cured 
substrates were treated by sulfur hexafluoride (SF6) 
and nitrogen gas plasma (Sample (A)) and then, 
oxygen gas plasma (Sample (B)). Finally, we have 
deposited on the substrates an IZO pixel electrode as 
55 nm thickness. 

 
3. Results and discussion 

 
We have performed a scratch test using the nano-

indenter in Figure 2a. This technique involves 
generating a controlled scratch with a sharp tip on a 
selected area. The tip is drawn across the deposited 
IZO surface under constant, incremental or 
progressive load in Figure 2b. At a certain critical load 
the coating will start to fail. The critical loads are very 
precisely detected by means of a sensor attached to 
the load arm but can also be confirmed and collated 
with observations from a built-in optical microscope. 
The critical load data is used to quantify the adhesive 
properties of different film-substrate combinations.  

The shearing force, F the shearing force per unit area 
due to the deformation of the surface, would be:  

22 ar
aPF
−

=  

where, W is the critical load on the point of radius r, 
a the radius of the circle of contact, and P the 
indentation hardness of the substrate material. a is 
calculated as PWa π= . 
Fig. 3 shows an optical microscope image and a SEM 
image of the substrate surface after scratching 
repeatedly. The results of scratch test are summarized 
in Table 2. The organic polymer film, Sample (B), 
with additional oxygen plasma treatment was 
improved ca. 180% than that of Sample (A) with IZO 
electrode in shearing force. This shearing force is a 
direct measure of adhesion. 

 

(a)  

(b) 
Fig. 2. Schematic illustration of (a) experimental 

apparatus and (b) method in detail 
 

(a)  

(b)  
Fig. 3. An optical microscope image and a SEM 

image (top view) of the IZO surface after scratch tests. 
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Fig. 4 shows the results of scratch tests on screen 
captured images in both sample (A) and (B). We have 
checked not only a break time in each IZO film on 
Lateral Force vs. Time graph, but also the break force 
at the break time in both samples on Normal Force vs. 
Time graph at same time.  
  

 
(a) Sample (A)           (b) Sample (B) 

Fig. 4. The profile results of scratch tests (screen 
captured images) in both sample (A) and (B). 

 
We summarized the results of scratch tests using the 
nano-indenter in Table 2. The surface roughness of 
organic polymer film with additional oxygen plasma 
treatment was accomplished with improving ca. 180% 
in breaking force than that of a conventional organic 
polymer film with IZO electrode. 

Table 2. The Summary of Scratch Test Results 

Sample 
name

 Inter-
face 

Shearin
g Force 

(μN) 

Normal 
Depth 
(nm) 

Hardness 
at Break 

(HV) 

Lateral 
Force
(μN)

Sample 
(A) 

IZO / 
Organic

42.4 
(100 %) 37.3 52 10.2 

Sample 
(B) 

IZO / 
Organic

76.2 
(180 %) 57.4 61 10.8 

 
 

4. Summary 
 

We have solved the lifting problem of IZO thin 
films on organic polymer films through introducing 
the oxygen gas plasma process. In conclusion, the 
surface roughness of organic polymer film with 
additional oxygen plasma treatment was accomplished 
with improving ca. 180% in shearing force than that 
of a conventional organic polymer film with IZO 
electrode. 
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