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Abstract 

Recently, various Ni doping systems and thermal 
annealing systems have been developed for 
fabrication of polycrystalline silicon film using 
SGS (super grain silicon) for medium and large-
size AMOLED panels. In this study, we compare 
the potential of Ni doping systems including ALD 
(atomic layer deposition), AMD (atmospheric metal 
deposition), in-line sputter, and crystallization 
annealing systems including batch type furnace, in-
line furnace, and RTA (rapid thermal annealing) 
developed for the SGS method. Additional 
requirements for those systems to be used for mass 
production of large AMOLED TVs are suggested 
based on evaluation results for both poly-Si films 
and TFT backplanes. 

 
 

1. Objectives and Background 
 

SGS [1, 2], one of the non-laser type crystallization 
methods, has shown potential for fabrication of 
AMOLED displays. SGS has a wide process window, 
suitable TFT characteristics, and scalability for large 
AMOLED displays. SGS crystallized poly-Si films 
can be fabricated using two distinct pieces of process 
equipment, specifically a system for deposition of 
extremely small amounts (1012~1014 atoms/cm2) of Ni 
and a thermal annealing system for crystallization at 
relatively high temperatures, around 650℃~750℃.  
While a normal metal deposition system, such as 
sputtering, is used for deposition of metal such as ITO, 
Mo, Al, Ti, Ag and others with thickness of at least 
5nm up to a few hundred nanometers, a Ni deposition 
system for SGS crystallization deposits Ni atoms with 
average thickness of a few angstroms or thinner in a 
manner of discrete islands, which is equivalent to one 
atomic layer. Thus, normal metal deposition systems 

can not be used to fabricate poly-Si films by the SGS 
method, in particular providing uniform distribution 
of Ni atoms on large substrates, i.e. over Gen 4 glass 
size. As shown in figure 1, three different types of Ni 
deposition systems have been developed as candidates 
for Gen 4 (730mm x 920mm) to Gen 6 (1500mm x 
1850mm) glass substrates, which are ALD (TERA 
SEMICON, Korea), AMD (VIATRON, Korea), and 
in-line sputter (IRUJA, Korea). 

 
 

 
(a) ALD 

 
(b) AMD 

 
(c) In-line sputter 

 
Fig. 1. Ni deposition systems developed to  

distribute extremely small amounts 
(1012~1014 atoms/cm2) Ni atoms uniformly 
over large surface a-Si films for SGS 
crystallization 
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Typical annealing systems used for fabrication of 
displays can guarantee uniform temperature 
distribution of ±3℃ only when the temperature is 
below 600℃. For conventional activation systems, the 
processing time is about 1-2 minutes. Thermal 
annealing systems for crystallization must meet more 
stringent requirements, providing uniform temperature 
distribution within ±3℃ at 750  for an hour. For this ℃
purpose, a batch type furnace (TERA SEMICON, 
Korea), in-line type furnace (VIATRON, Korea), and 
RTA (YAC, Japan) systems have been developed as 
shown in fig. 2. 

 
(a) batch furnace 

 

 
(b) in-line furnace 

 

 
(c) RTA 

 
Fig. 2. Thermal annealing systems developed to 

 provide uniform temperature distribution 
 of ±3℃ at temperature up to 750℃ for SGS 
 crystallization 

 
By evaluating the performance as well as the design 

concept of individual systems, our focus has been on 
demonstrating that SGS technology with a well-
developed processing system can be a good candidate 
for mass production of AMOLED displays, especially 
on large glass substrates ranging from Gen 4 (730mm 
x 920mm) to Gen 8 (2200mm x 2500mm). 
Major features of the individual systems are 
introduced and additional requirements are discussed 
in the following sections. 

 
 

2. Results 
 

2.1. Current Features and Further 
Requirements of Ni Deposition Equipment for 

Large AMOLEDs  
 

We evaluated the quality and uniformity of 
polycrystalline silicon films prepared by ALD, AMD, 
and in-line sputter, respectively. Ni deposition has 
been done on 80nm thick a-Si on a Gen 4 glass 
substrate. After deposition of Ni using the three 
different systems, crystallization annealing was done 
using a batch-type furnace in one batch. Grain size of 
poly-Si films ranged from about 7µm to 25µm 
depending on the Ni deposition system as shown in 
figure 3. Assuming identical a-Si films and other 
treatment before and after Ni deposition, the grain size 
seemed to depend on the amount of Ni deposited by 
each system. Typically, as a smaller amount of Ni is 
applied to a-Si film, larger grain size is obtained by 
crystallization annealing [1, 2]. It is known that as the 
grain size becomes larger, the active channel of a thin 
film transistor includes less Ni and defects, resulting 
in better TFT characteristics, for example, higher 
mobility and lower Ioff. But in terms of uniformity in 
TFT characteristics from transistor to transistor and 
uniformity in brightness from pixel to pixel in an 
AMOLED display, a smaller grain size usually results 
in better uniformity. Thus, optimum grain size should 
be determined by investigating final quality of the 
AMOLED display. 

 
 

       
(a) 15um      (b) 7um       (c) 25um  

(ALD)       (AMD)     (in-line sputter) 
Fig. 3. Optical images showing differing average 

grain sizes of SGS poly-Si films fabricated 
by different Ni deposition systems. 

 
 

To obtain data about the quality and uniformity of 
the poly-Si films, we used spectral ellipsometry to 
measure the fraction of a-Si left after crystallization, 
as shown in figure 4. Although three Ni deposition 
systems with different deposition mechanisms were 
used, we obtained similar microstructures and grain 
size distribution. The fraction of a-Si was less than 
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10% for all three systems with similar distribution on 
a Gen 4 glass substrate, which meets the requirements 
for fabrication of uniform TFTs for AMOLED 
displays. Thickness distribution of the a-Si fraction 
can be a major factor causing concentric distribution 
of the a-Si fraction as shown. In terms of TFT 
uniformity, there did not seem to be a significant 
dependence on the Ni deposition systems relative to 
non-uniformity of poly-Si films. 

 
 

 
(a) ALD 

 

 
(b) AMD 

 

 
(c) In-line sputter 

 
Fig. 4. Contour plots of a-Si fraction determined on 

 Gen 4 substrate by spectral ellipsometry on 
 each Ni deposition system 

 
 

2.2. Current Features and Further 
Requirements of Thermal Annealing 

Equipment for Large AMOLEDs 
 

In addition to Ni deposition systems, we 
investigated the performance of three different types 
of thermal annealing systems. A batch furnace, in-line 
furnace and RTA (Rapid Thermal Annealing) for SGS 
crystallization were investigated. After Ni deposition 
on 80nm a-Si films using a Gen 4 ALD system, we 
performed heat treatment by using a batch furnace, in-
line furnace, and RTA, respectively. Depending on the 
annealing system used, detailed annealing conditions 
varied, but the process temperature was 700℃ in all 

cases. 
After obtaining poly-Si films with the individual 

annealing systems, we determined a-Si fractions using 
spectral ellipsometry. Similar to our investigation of 
Ni deposition systems, a concentric contour map of 
the a-Si fraction was obtained, as shown in figure 5. 
For the three poly-Si films, the a-Si fraction values 
were less than 10% on the entire surface of 730mm x 
920mm substrate, that is, over 90% of a-Si silicon 
film was converted to poly-Si film. Based on the a-Si 
fraction contour map, there was not a significant 
dependence on the annealing system with respect to 
variation of the a-Si fraction. 

 
 

 
(a) batch furnace 

 

 
(b) in-line furnace 

 

 
(c) RTA 

 
Fig. 5. Contour plots of a-Si fraction determined by 

spectral ellipsometry on each thermal 
annealing system 

 
 

2.3. Development of 40” FHD AMOLED 
Panels using Gen 4 SGS Crystallization 

Systems 
 

To investigate the feasibility of using SGS for 
fabrication of large AMOLED panels, we made a 
prototype 40” FHD AMOLED panel using ALD and a 
batch furnace on Gen 4 glass. The prototype is shown 
in figure 6. Full white brightness was 200Cd/m2 and 
peak brightness was 600Cd/m2. Brightness uniformity 
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was measured at 6 positions of the panel in red, green, 
and blue colors, separately. For all three colors, 
brightness uniformity was about 97%, demonstrating 
feasibility of the currently developed crystallization 
systems and the SGS method for fabrication of poly-
Si TFTs for use in large size AMOLED TVs. The 
prototype data are summarized in table 1. For mass 
production of AMOLED TVs over 40”, Gen 8 
(2200mm x 2500mm) Ni deposition systems and 
thermal annealing systems should be developed, along 
with further development of the SGS method to 
achieve lower crystallization temperatures on the 
order of 600℃. An increase in productivity of the 
systems to enable processing of more than 20,000 
glass sheets per month is also needed for each system. 

 
 

 
Fig. 6. World first and largest 40” FHD AMOLED 

 panel announced at 2008 FPD exhibition in 
 Japan 

 
 

Table 1. Brightness (cd/m2) data measured on 
40” FHD AMOLED panel for individual 
colors 

 Red Green Blue Remark 

Average 887.8 903.5 216.0 

Uniformity 97.0 % 96.7 % 96.5 % 

Measured at 6 
positions 
on panel 

 
 

4. Impact 
 

Through the development of Gen 4 (730mm x 
920mm) or Gen 6 (1500mm x 1800mm) Ni deposition 
and thermal annealing systems, it has been 
demonstrated that SGS technology can be employed 
to fabricate large (≥40” FHD) AMOLED panels with 
brightness uniformity over 90%. Both Ni deposition 
and thermal annealing systems developed along with 
SGS technology have verified excellent performance, 
breaking through prior limitations of equivalent 

systems which have been used for mass production in 
the display industry. The new systems can be used for 
typical applications in addition to SGS technology. 
That is, ALD and AMD systems provide an alternative 
to MOCVD, while in-line sputter can be easily 
modified to be used for normal sputtering. The batch 
furnace can be used for glass precompaction or 
hydrogenation annealing. Potential applications for 
the in-line furnace may be glass precompaction and 
dopant activation, while RTA can be a good choice for 
dopant activation and hydrogenation annealing. 

 
However, for mass production of large (≥40”) 

AMOLED TVs, the SGS method and equipment 
should be developed for scale-up to Gen 8 (2200 mm 
x 2500mm) glass substrates. This study suggests the 
requirements that should be met by individual systems 
through further modification for throughput and 
uniformity of large glass substrates. 
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