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Abstract 
In this work, we introduce new next generation active-

matrix backplane technologies for large-size AMOLED 

displays. Among the general requirements for successful 

market launch of AMOLED TVs, backplane issues are 

discussed. It will be shown that the amorphous oxide TFT is 

most suitable due to large scalability and superior cost 

effectiveness. Development status and current challenges of 

amorphous oxide TFTs are discussed. 
 

 

1. Introduction 

 

Among existing display technologies, active-matrix 

organic light-emitting diodes (AMOLEDs) provide 

the best solution to achieve the ‘ultimate display’ due 

to their fast motion picture response time, vivid color, 

high contrast, super-slim form factor, and light weight 

[1-2]. Since Samsung SDI launched the first mass 

production small-size AMOLEDs for cell-phone and 

MP4 player displays in 2007, world display markets 

have strongly demanded the advent of AMOLED TV. 

Although Samsung SDI exhibited a 31-inch full HD 

TV prototype [3] and Sony has commercialized a 

qFHD 11-inch TV (XEL-1), a number of hurdles exist 

toward full-scale high volume mass production of 

AMOLEDs.  The hurdles include process scale-up, 

cost reduction, higher reliability TFT performance and 

fabrication, OLED patterning, and encapsulation. 

  

Recently, new oxide TFT technologies have rapidly 

emerged in large area AMOLEDs applications as next 

generation active-matrix backplanes. In particular, a 

12.1-inch WXGA AMOLED panel driven by 

amorphous IGZO TFTs was demonstrated at SID’08 

[2,4]. This demonstration encouraged development of 

the technology toward mass-production. Despite the 

attention given to amorphous oxide TFTs, a number of 

critical issues still existed for broad scale use of the 

technology in AMOLED TV applications. In this 

paper, we share current technical issues of amorphous 

Indium-Gallium-Zinc-Oxide (a-IGZO) TFTs and 

discuss recent challenges and development toward 

their practical use in AMOLED TV panels. 

 

 

2. Experiments 
 

Lithographically patterned Mo (200nm) on a 

370mm × 400mm SiO2/glass substrate was used as 

the gate electrode. SiNx (120nm) film, as the gate 

dielectric layer, was deposited by plasma-enhanced 

chemical vapor deposition (PECVD) at a substrate 

temperature of 390°C. The a-IGZO film was grown 

by sputtering on the SiO2/glass substrate using a 

polycrystalline In2Ga2ZnO7 target at room temperature. 

The sputtering was carried out at a gas mixing ratio of 

Ar/O2 = 72/28 and an input power of 1200W. After 

defining the a-IGZO channel using photolithography 

and wet-etching, a SiOx etch stopper layer (ESL) was 

deposited by PECVD and then patterned to define the 

source/drain (S/D) contact region. As an S/D electrode, 

Mo material was formed by sputtering and defined by 

photolithography and then patterned by dry-etching. 

Finally, the sample was subjected to thermal annealing 

at 250°C for 1 hour. The device characteristics of the 

a-IGZO TFTs were measured at room temperature 

with an Agilent 4156C precision semiconductor 

parameter analyzer. 
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3. Results and discussion 
 

Figure 1 shows a schematic cross section of the IGZO 

TFT, which has an inverted-staggered bottom-gate 

architecture with an ESL. For an a-IGZO TFT without 

an ESL, severe degradation of the subthreshold gate 

swing and the uniformity of threshold voltage were 

observed. This is the reason for our selection of an 

ESL-type structure rather than a back-channel etch 

structure, which is generally adopted for liquid crystal 

displays (LCDs). 

 

 

 
Fig. 1. Schematic cross section of an a-IGZO TFT 

with an inverted-staggered architecture 

 

For large area AMOLED display fabrication, low 

temperature poly-silicon (LTPS) and a-Si TFT 

technologies have not completely solved all critical 

issues, notably device performance, instability, and 

scalability. Recently, a number of research groups 

have addressed this challenge with a belief that a-

IGZO TFTs will meet the criteria for large area 

AMOLED backplanes due to the superior nature of a-

IGZO semiconductor materials. 

 

In particular, the a-IGZO TFT has excellent 

uniformity, similar to a-Si TFTs, and very high device 

performance (>10cm2/V-s) proven on large-area 

substrates (up to gen 2). Figure 2 shows the typical 

transfer curve sum with mobility of 10.8 ± 0.55 (std.) 

cm2/V-s and threshold voltage of 2.5 ± 0.11 (std.) V 

after measuring 9 point TFTs on 2G glass substrates. 

It suggests that the uniformity of a-IGZO is similar to 

and/or better than that of ELA-based TFTs. On the 

other hand, it was previously reported that the 

instability of oxide TFTs may hamper practical use of 

a-IGZO backplanes for AMOLED displays [5-6].  

However, when we applied the current required for 

the driving transistors in AMOLEDs, figure 3 shows 

that instability performance the a-IGZO TFTs can be 

greatly improved depending on process conditions (A: 

∆Vth ~ 0.26V, B: ∆Vth ~ 9.48V in 108 sec). In 

particular, the instability of a-IGZO TFTs (∆Vth ~ 

0.26V in 108 sec) may be suppressed to a level 

comparable to that of ELA TFTs (∆Vth ~ 0.05V in 108 

sec). It suggests that the a-IGZO TFTs have high 

potential for use in next generation active-matrix 

backplanes and will be the key backplane technology 

to open a new era of AMOLED TV.  

 

 
Fig. 2. Typical transfer curve overlap of 9 a-IGZO 

TFTs on 2G glass substrate. (Mobility: 

10.8± 0.55cm
2
/V-s, threshold voltage: 2.5 

±0.11V; similar to ELA LTPS TFTs)  

 

 

 
Fig. 3. Result of constant current stress of a-IGZO 

TFTs under drain current of 1µA and 

substrate temperature of 50
o
C, comparison 

between LTPS and a-IGZO TFTs 
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4. Summary 

 

We introduced an inverted-staggered bottom gate 

architecture with ESL in a-IGZO TFTs, exhibiting 

high electrical uniformity. In terms of bias instability, 

selection of architecture and materials is the most 

important factor for large area AMOLED display 

applications. The a-IGZO TFT backplane is 

considered to be a promising candidate to replace the 

silicon-based TFT backplane.  
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