
61-1 / J.Y. Yang 
 

IMID 2009 DIGEST • 

 
 
 

 
 

Abstract 
Short channel a-Si:H TFT devices with Cu electrodes 

have been investigated. Short channel TFTs are defined 
by new plasma etch process. When the channel length 
becomes shorter, the TFT characteristics (threshold 
voltage, off current, sub threshold voltage, etc.,) are 
degraded. These degraded characteristics can be 
improved through the hydrogen plasma treatment and 
new gate insulator structure. Using these processes, 15.0 
inch XGA LCD panel was fabricated successfully where 
the channel length of the TFT devices was about 2.5 
micrometers. 

 
 

1. Introduction 
 

TFT devices have been developed and improved for 
lower cost and higher quality of AMLCD panels. 
Some panels have gate driver circuits integrated in the 
panels to reduce the manufacturing cost. In that case, 
the channel width of TFTs is over 0.5mm in order to 
increase on-current, which is related to drive shift 
registers. Unfortunately, wide channel width increases 
the bezel area in the LCD panel, which does not 
follow the LCD market trend; slim, light, narrow 
bezel. Narrow bezel with integrated gate driver in the 
LCD panel can be achieved by fabricating short 
channel TFT device. It is done by decreasing the 
channel length instead of increasing the channel width 
which is the reason for the large bezel.  

There are two main issues for the short channel Cu 
TFT device. One is to make the channel length under 
3um for Cu electrodes which can be etched only by 
wet-etching process conventionally. The other is the 
device characteristics degradation of the short channel 
a-Si:H TFT devices. 

In this study, we introduce our new patterning 
process for Cu electrodes using plasma treatment to 

fabricate TFT device with 3um channel length and the 
additional fabrication processes which reduces the 
TFT characteristic degradation of the short channel 
device.  

In order to fabricate the channel length under 3um, 
new plasma etch process, which uses Cl2 plasma 
treatments using a common reactive ion etch(RIE), 
were applied to pattern the Cu electrodes[1]. A simple 
wet process (dilute HCl solution) removes the non-
volatile reaction product selectively from unreacted 
Cu underneath the PR. Because new plasma etch 
process is carried out by dry etch process, the over 
etched length under PR pattern is shorter than in the 
case of the wet etch process. Therefore, we can 
prevent the channel length from expanding and it 
minimizes the variation of the channel length.  

TFT device characteristics were degraded with 
decreasing channel length, especially, significant 
degradation was observed under 3um.  

 
 

2. Experimental  
 

A bottom gate structure TFT device was fabricated. 
Aluminum(Al) and molybdenum(Mo) metal were 
deposited by DC magnetron sputtering system, 
thicknesses of 200nm and 70nm, respectively. After 
gate photo and etch process, silicon nitride, a-Si:H, 
and phosphorous doped a-Si:H(n+ a-Si:H) were 
continuously deposited by plasma enhanced chemical 
vapor deposition system(PECVD). Cu metal was 
deposited afterward by DC magnetron sputtering 
system without active layer patterning process. Then, 
the intrinsic a-Si:H, n+ a-Si, and Cu were 
simultaneously patterned through wet etch and dry 
etch process. After PR ash process to define the 
channel region, the additional metal etch process was 
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carried out to remove metal(Cu) from channel region. 
In the conventional 4 mask process flow, the 

substrate is immersed into Cu etchant at least two 
times to define S/D and channel region of the TFT. 
Thus, source and drain line width would become 
narrow, and channel length would be expanded. In our 
new process, the Cu metal of channel region is 
removed by chlorine plasma process. There is only 
little channel length expansion due to the anisotropic 
etch process. During chlorine plasma treatment, 
unstable chlorine radicals are generated which react 
with exposed Cu to produce thick layer of the Cu 
chlorides. The Cu chlorides(CuClx) can be removed 
selectively from the unreacted Cu by simple wet 
process with dilute hydrochloric acid. The new 
process flow is depicted in figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematics of new Cu patterning process 
 
 

3. Results and discussion 
 

Cu S/D Patterning 
 
In conventional copper patterning process, 

hydrogen peroxide based wet etchant is commonly 
used in the TFT-LCD fabrication process. However 
copper patterning by wet etch process creates large 
etch CD bias due to its isotropic etch characteristic 
resulting large channel length in the TFT device.  

New Cu etch process with plasma treatment create 
small etch CD bias due to the anisotropic nature of the 
dry etch process. We considered 3 main 
factors(plasma power density, gas flow rate and 
process time) to control the etch characteristics. 

When Cl2 plasma treatment is applied onto the Cu 
sample, Cu and Cl radicals start to react from the 

surface of the Cu and porous CuClx is formed. CuClx 
is about 3-4 times thicker than the original thickness 
of Cu. As more CuClx is formed on the surface, Cl 
radicals need to penetrate thicker CuClx layer in order 
to react with Cu residue. 

The sample with high(800W) plasma power density 
showed no residue(Fig 2b) but large etch CD bias was 
observed (Fig.2a). High plasma power density(800W) 
gave enough energy(high bombardment energy) for Cl 
radicals to penetrate thick CuClx layer and enough 
number of Cl radicals reacted with Cu having no 
residue on the sample. However, extra Cl radicals also 
reacted with Cu underneath photo resist and this 
resulted the large etch CD bias. The increase in CD 
bias by the increase in the process time is not linear, 
this is because when the most of the exposed Cu is 
reacted into CuClx, more Cl radicals start to react with 
Cu underneath photo resist. 

Figure 2. Change in a) Etch CD bias b) Residue by  
plasma power density and process time 

 
 
Plasma power density and process time should be 

set minimum to have small etch CD bias but if it is too 
low, there is a possibility of Cu residue occurring. 
Therefore, both etch CD bias and residue should be 
considered simultaneously to find the optimized 
plasma power density and process time condition.  

Gas flow rate had no apparent effect on both etch 
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CD bias and residue. It seems that the gas flow rate is 
not a critical factor for etching characteristics as long 
as enough Cl2 to react with residual Cu is provided.  

By applying the optimized plasma process 
condition, we have fabricated TFT device with 2.5um 
channel length as shown in figure 3. 

Figure 3. SEM image of 2.5um channel length TFT  
fabricated by new Cu patterning process 

 
 
TFT Device Characteristics 
 
In general, the on-current level increases with 

decreasing the channel length. However, the other 
parameters of TFT characteristics such as off-current 
and threshold voltage are degraded when the channel 
length is under 3um. As reducing the channel length, 
the off-current level increases, threshold voltage shifts 
to the negative voltages, and sub-threshold slop 
increases. Thus, in this study, we have tried various 
fabrication processes to improve the off-current and 
threshold voltage characteristics of the short channel 
device. 

 
Off-current characteristics 
 
In general, off-current characteristic is related to the 

front and back channel interfaces (ex. defect sites, 
process damage, etc.). We focused on the back 
channel interface, which is damaged during PR ash 
and n+ layer dry etch process in the 4 masks process. 
Short channel TFT device would be more sensitive to 
the defect sites, physical damage. Thus, we 
investigated the plasma processes to improve the off-
current characteristics for short channel TFT devices. 

In order to improve the off-current characteristics, 
hydrogen plasma treatment was suggested. The 
hydrogen plasma treatment is conventional process for 
elimination of defect sites and dangling bonds. As 
shown in Figure 4a, the off-current level was 

remarkably reduced about 40pA by hydrogen plasma 
treatment for the back channel region. It is previously 
reported that longer treatment time is more effective 
to reduce the off-current[2]. Therefore, in order to 
show this result can be applied to the short channel 
device, we have measured the off current 
characteristics of the TFT device with various channel 
lengths of when 10sec and 100 sec of hydrogen 
plasma treatment were applied.  We also found that 
the effect of the hydrogen plasma treatment increases 
by the optimized RF power and the figure 4 depicts 
the relationship between the plasma condition(Process 
time and RF power) and the off-current level.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Off-current characteristics by a) plasma  
time and b) RF power 

 
 
We considered that the off-current is related to the 

back channel state, and the hydrogen plasma treatment 
changes the surface state of back channel of TFT. 
Higher RF power increases the RMS(root-mean-
square) roughness of back channel region, and the 
increase in roughness leads to increase the electron 
pathway and scattering at the back channel. In other 
words, the increase of the roughness makes higher 
electrical resistance of the back channel region[3]. 
Additionally, the hydrogen radicals in plasma 
combine with silicon dangling bonds which have 
exposed after back channel processes reduces the 
dangling bonds of the a-Si which act as leakage sites. 
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Therefore the increase of Si–H bonds corresponds to 
the decrease of off-state leakage current. 

 
 
Threshold voltage shift 
 
As mentioned before, the threshold voltage shifts to 

the negative voltage as the channel length of the TFT 
decreases. One solution to enhance the threshold 
voltage characteristics is to apply double gate 
insulator with high ammonia/silane volume ratio of 
the top layer silicon nitride. Conventionally, we use 
6:1 ammonia/silane volume ratio for the top GI layer 
and 3:1 for the bottom GI layer. In order to 
demonstrate the dependence between the threshold 
voltage characteristics and the ammonia/silane ratio, 
we varied the volume ratio of the ammonia/silane of 
the top GI SiNx layer(200nm) from 12:1 to 3:1. As 
shown in figure 5, the variation of the threshold 
voltage when the channel length decreases is the 
smallest when high ammonia/silane ratio was applied. 
The threshold voltage shift is closely related to the 
interface state between the gate insulator and active 
layer. Applying high ammonia/silane ratio results low 
deposition rate, which lead the formation of more 
stable bonds between Si-H, Si-N and high density 
amorphous SiNx layer[4]. Therefore, less defect sites 
or vacancy are present at the interface of the SiNx 
with high ammonia/silane ratio and the active layer.  
Therefore, the initiation of the electron flow in the 
channel region is less obstructed showing better 
threshold voltage shift characteristics [5,6].  

 
 
 
 
 
 
 
 
 
 

 
Figure 5. Relationship between Vth shift character 

-istics and top GI ammonia/silane ratio. 
 
The improved TFT of 2.5um channel length has 

lower off-current, higher threshold as well as higher 
on-current than the conventional TFT with 2.5 um 
channel length.  

Figure 6 shows the 15.0 inch XGA LCD panel with 
new Cu process applied.  

 

 
Figure 6. 15.0 inch XGA LCD panel with new Cu 

 process applied 
 
 

4. Summary 
 

We introduced the characteristics of the short 
channel TFT devices and new patterning process for 
Cu metal electrodes. We observed the increase in the 
off-current level as channel length of the TFT 
decreases. We suggested that hydrogen plasma 
treatment at the back channel region and top GI SiNx 
with high ammonia/silane ratio reduces the off-current 
level and the negative threshold voltage shift of the 
short channel TFT device. 

Consequently, we realized 2.5um channel device 
with high on current characteristics and similar off-
current and threshold voltage characteristics as 
conventional TFT device with 6 micrometers channel 
length. The short channel TFT device is helpful to 
improve the charging time of a capacitor and to 
increase an aperture ratio in the pixel.  
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