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Abstract
Photo leakage characteristics of a-Si:H TFT were 
obtained for the illuminations from various backlight 
sources and the results were compared and analyzed in 
terms of the photoelectric properties of light. The 
analysis shows that the photocurrents are related to the 
wavelengths of the peak intensities of the spectrums of 
light sources.

1. Introduction

Since liquid crystal display (LCD) was applied to 
the high resolution display, thin film transistor (TFT) 
has been used as a form of active matrix to drive data 
signals between a data line and each pixel and to store 
the data until the next data is driven  to the pixel 
through the TFT. In the fabrication of TFT panel, 
hydrogenated amorphous silicon (a-Si:H) has been 
applied as a material of TFT channel because of its 
low temperature of deposition and negligible off-
leakage current caused by the interfaces and defects in 
a-Si:H layer. 

For the reduction of fabrication cost of TFT-LCD, 
active mask step and source/drain mask step have 
been recently merged as one step in the process of 
TFT panel. Therefore, it has been indispensable for 
the a-Si:H layer to be protruded outside source/drain 
electrode as a result of wet etch process and to be 
directly exposed to the illumination from backlight [1-
2]. Moreover, it has been required to obtain the high 
luminous backlight because of the demand of high 
brightness LCD TV. In spite of the negligible off-
leakage current, the a-Si:H TFT has characteristics of 
high photo leakage current caused by the illumination 
from backside because of its high photo conductivity
[3]. In case of the reduced mask process for the 
application to LCD TV, electron-hole pairs can be 
generated in the exposed a-Si:H layer under the 
backside illumination as shown in Fig.1 and the 
movements of carriers may result in the photo leakage 

current. The leakage current may have an influence to 
the contrast ratio and other optical parameters of TV.  

Until now, there have been a lot of researches to 
reduce the photo leakage current of a-Si:H in terms of 
the improvement on the process condition of TFT [4-
6]. However, the effect of backlight source on the 
photo leakage current and its mechanism are also 
needed to be investigated because the electron-hole 
pairs are also dependent on the optical characteristics 
of the illuminated backlight. In this article, photo 
leakage currents of a-Si:H TFT will be investigated in 
case of the illumination from two backlight sources 
(CCFL backlight and white LED backlight) and a 
halogen lamp for comparison. The results and the 
mechanism of photo leakage current will be described 
in terms of light sources. 

Fig. 1. A configuration of the generation of 
electron-hole pairs in a-Si:H layer caused by 
backside illumination

2. Experimental  

A conventional back channel etched(BCE) inverted 
staggered TFT with an exposed active pattern was 
fabricated on glass substrate [7]. Cr was sputtered 
with a thickness of 2000  and was patterned with a 
width of 20 µm as a gate electrode. Then silicon 
nitride (SiNx), a-Si:H and phosphorus doped a-Si:H 
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layers were sequentially deposited with a thickness of 
3500 , 2000 , and 200 , respectively. 

When a-Si:H and n+ a-Si:H layers were patterned 
by reactive ion etch(RIE) in condition of SF6, the 
active pattern was designed to be protruded out of 
both sides of gate electrode pattern by 5 µm. Cr was 
sputtered with a thickness of 3000  and was 
patterned with a width of 20 and a length of 6 µm as 
shown in Fig 2.(a) and with a width of 60 µm and a 
length of 6µm as shown in Fig 2.(b). The dashed areas 
are directly exposed to the illumination from the 
backside of glass and they are 2×30 µm ×10 µm in 
Fig. 2(a) and 2×70 µm ×10 µm in Fig. 2(b), 
respectively. For the formation of TFT channel, n+ a-
Si:H layer was etched by using RIE in a condition of 
SF6 gas and the contact pad was patterned on gate 
electrode by using SiNx dry etch. 
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Fig. 2. Schematic diagrams of the mask patterns 
of TFT channels. Active layers were designed to 
be exposed to the illumination from backside. (a) 
The width and the length were 60 µm and 6 µm 
and the dashed exposed area were 2×30µm×5 µm. 
(b) The width and the length were 20 µm and 6 
µm and the dashed exposed area were 2×70 µm ×5 
µm.

3. Results and discussion 

Fig. 3 shows the color characteristics of the two 
backlight systems, a CCFL backlight and a white LED 
backlight, and a halogen lamp. The luminance values 
of the light sources were investigated by using 
Chroma meter CS-100A. The halogen lamp, the 
CCFL backlight and the white LED backlight showed 
the luminance of 2687, 2712, and 2698 cd/m2,
respectively. In case of the halogen lamp, a diffuser 
sheet, which is used for the improvement of 
uniformity of luminance in a wide view angle in 
CCFL and LED backlight system, was used between 
the lamp and the TFT substrate during measurement 
because the lamp has the structure of a point source. 
For both backlight systems, the light lamps were 
located at the edge of backlight systems and the lights 
were uniformly distributed through the Light Guide 
Plate (LGP) and adjusted through reflect sheet, 
diffuser sheet, and prism sheet and so on. The 
luminance of CCFL was changed by using a variable 
resistor and the operation of CCFL was driven by an 
inverter system. The white LED backlight was 
composed of a blue LED and yellow phosphor and the 
combined visible light was generated. The LED was 
driven by a DC voltage. Fig 4 shows the spectral 
characteristics of two backlight units and a halogen 
lamp. Photo Research 670 Spectrascan Colorimeter 
was used in measurement. The peak of intensity was 
obtained about 660~690 nm for halogen lamp. In case 
of CCFL, the three apparent peaks were obtained at 
436 nm (blue), 544 nm (green), and 612 nm (red) and 
two small peaks were detected about 490 nm and 580 
nm. For white LED, a sharp peak was obtained at 458 
nm (blue) and a broad peak was detected about 
560~570 nm as a result of phosphor emission.  

X : 0.26 Y :0.28,  X : 0.27 Y : 0.29,  X : 0.37 Y : 0.43 

Fig. 3. CIE color coordinate of various light 
sources. (a)CCFL BLU, (b)LED BLU and 
(c)Halogen Lamp 

The transfer characteristics of devices were 
obtained when the TFT is illuminated from the 
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backlights of Fig. 3. A probe station and an Agilent 
4156C system were used to obtain the electrical 
characteristics. Without any illumination from 
backlight, the TFT exhibited a threshold voltage of 5.0 
V and an on/off current ratio of 6.99×105 when the on-
current and off-current were defined as the current at 
the gate voltage of 20 V and that of -10 V, respectively. 
Although the backlight systems have similar 
luminance values of about 2700 cd/m2, it was possible 
to obtain the apparent differences in photo leakage 
currents from different backlight systems. For the 
analysis of the results, the off currents at the gate 
voltage of -10 V were compared about different light 
sources as shown in Fig. 5. The dark off currents were 
respectively 5.6×10-13 and 1.06×10-12 for the device of 
Fig. 2(a) and 2(b) and the photo off currents caused by 
CCFL were 5.87×10-11 and 3.42×10-10 for the devices 
of Fig. 2(a) and 2(b), respectively. The photo currents 
were higher than dark currents by about a factor of 102

in case of illumination from CCFL. For the 
illumination from halogen lamp, photo currents were 
higher than dark currents by about a factor of 101.
White LED also showed an effect on the photo current 
of TFT by about a factor about 102. However, its 
effect was less than that of CCFL. 
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Fig. 4. The spectral characteristics of two backlight 
units and a halogen lamp. 

From the spectral characteristics and the photo 
leakage properties, the mechanism of the generation 
of electron–hole pairs in the a-Si:H layer is considered 
in terms of the energy of light. The illuminated 
photons are absorbed to the protruded a-Si:H layer 
and the absorption coefficient is proportional to the 
energy of each photon hv. Therefore, the absorption 
coefficient of a-Si:H is more than 105 cm-1 at the 

wavelength of about 400 ~ 500 nm and drops off 
sharply from 600 nm [8]. At the wavelength of 
intensity peaks, more electron–hole pairs are 
generated in a narrow region of a-Si:H near the 
interface between g-SiNx and a-Si:H and the generated 
holes are moved to the interface and lead to the photo 
leakage current [6,9]. From the Fig. 4, CCFL has the 
shorter wavelength of peak intensity of 436 nm than 
white LED by 22nm. The slight difference between 
the photo leakage currents is considered to be related 
with the difference in the wavelengths of intensity 
peaks. In case of halogen lamp, the photo leakage 
current has an apparent lower value and the 
wavelength of a broad peak intensity is about 560 ~ 
570 nm. Therefore, it is necessary to consider and 
investigate the optical characteristics of backlight as 
well as the process condition of TFT for the reduction 
of the photo-leakage current generated in a-Si:H layer. 
For the comparison of two different exposed areas in 
Fig. 5, it is thought that only some of the electron-hole 
pairs generated near the edge of the drain electrode to 
gate make an effect on the photo leakage current and 
the other carriers easily disappear as a result of 
recombination before they influence on the photo 
leakage current[10]. Therefore, instead of the exposed 
area, the width of channel in the exposed area is 
considered as the main factor of the generation of 
electron-hole pairs from Fig. 2(a) and 2(b). For the 
more exact analysis, it is required to obtain more 
electrical results about two devices which have the 
same width and length of channel and the different 
exposed region on the edge of drain electrode to gate. 

0 1 2 3 4 5
1E-13

1E-12

1E-11

1E-10

1E-9

Halogen LampWhite LEDDark CCFL

 70 m x 5 m
 30 m x 5 m

Fig. 5. The off currents at the gate voltage of -10 
V of both devices of Fig. 2 in case of illumination 
from different light sources. 
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Fig. 6 shows the on/off current ratios obtained from 
the photo leakage characteristics of devices of Fig. 
2(b). As the ratio is related to the contrast ratio of 
LCD, it is essential to maintain the on/off current ratio 
as high as possible. The on/off current ratios were 
3.65×103, 9.04×103, and 3.8×104 in case of 
illumination from CCFL, white LED, and a halogen 
lamp, respectively. The on/off current ratio is related 
to the level of photo leakage current and the lowest 
wavelength of the intensity peaks of light. 
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Fig. 6. The on/off current ratios from Fig. 4. On 
current and off current were defined as the 
current at the gate voltage of 20 V and -10V, 
respectively. 

4. Summary
An inverted staggered type a-Si:H TFT was 

fabricated with the protrusion of a-Si:H layer and the 
effects of backlight sources on its photo leakage 
characteristics were investigated and described in 
terms of optical characteristics of light sources. In 
spite of the same luminance, it was possible to obtain 
the differences in the photo leakage levels and on-off 
current ratios. The result shows that photo leakage 
current is related to the generation of electron-hole 
pairs and the generation is dependent on the 
wavelength of peak intensity from the spectral 
analysis of light sources and the absorption coefficient 
is reversely proportional to the wavelength of light. 
The relationship between a-Si:H layer and light 
sources is expected to be applied to the usage of 
backlight system and the driving method of LCD 
panel.  
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