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For a photosensor, an array substrate is provided, wherein the 
edge of a photodiode is enclosed by the opening edge of a 
contact hole formed on a drain electrode. 
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PHOTOSENSOR 

0001. This application claims priority from Japanese 
Patent Application No. 2007-127889 filed on May 14, 2007, 
the entire subject matter of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a flat-panel photo 
sensor that includes an active matrix type TFTarray substrate, 
on which a photodiode for converting visible light into elec 
tric charges and a thin-film transistor (hereinafter referred to 
as a TFT) employed as a Switching element are arranged like 
a matrix. 
0004 2. Description of the Related Art 
0005. A flat-panel photosensor that includes a TFT array 
Substrate, on which a photodiode for performing photoelec 
tric conversion of visible light and a TFT are arranged, is 
applied as a contact image sensor or an X-ray image display 
apparatus, and is widely employed. Especially, a flat-panel 
X-ray image display apparatus (hereinafter referred to as an 
FPD), which is constituted by providing, on a TFT array 
substrate, a scintillator that converts X rays into visible light, 
is a favorable apparatus for the application to, for example, a 
medical industry. 
0006. In the X-ray image diagnosis field, observation of a 
detailed image (still image) and observation of a real-time 
image (moving picture) are performed for different purposes. 
An X-ray film is still employed mainly to obtain a still picture, 
while an image pickup tube (image intensifier) that includes a 
photomultiplier and a CCD is employed to obtain a moving 
picture. The X-ray film provides a high spatial resolution, but 
there are several drawbacks: the X-ray film has a low sensi 
tivity and enables radiographing of only still pictures, and 
since the developing process is required after radiographing, 
this is not appropriate for instantaneous use. On the other 
hand, the image pickup tube provides a high sensitivity and 
enables radiographing of a moving picture. However, the 
image pickup tube has a low spatial resolution, and since this 
is a vacuum device, the increase of the device size is limited. 
0007 For an FPD, there are an indirect conversion type 
that converts X rays into light using a scintillator, Such as CSI, 
and then converts the light into electric charges using a pho 
todiode, and a direct conversion type that directly converts X 
rays into electric charges using an X-ray detection element, 
Such as Se. The indirect conversion type provides high quan 
tum efficiency and a Superior signal/noise ratio, and requires 
only a small amount of exposure to perform X-ray radio 
graphing and image pickup. The structure of the array Sub 
strate of the indirect conversion type FPD and the manufac 
turing method thereofhave been disclosed (see, for example, 
JP-A-2004-63660 (FIG. 9), JP-A-2004-48000 (FIG. 4) and 
JP-A-2003-158253 (FIG. 1)). 
0008 Formation of a photodiode that influences the sen 
sitivity of a photosensor and noise is important for the array 
substrate of an FPD. A photosensor includes amorphous sili 
con layers deposited on an electrode. For example, as in 
JP-A-2004-63660, when a photosensor is formed on a cath 
ode electrode that includes the same layer as the gate elec 
trode of a thin film transistor, the following problem has risen. 
Specifically, when a lower electrode 609 of a photodiode is 
formed of the same material as used for a gate electrode layer, 
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the electrode 609 receives more damage caused by dry etch 
ing, or caused by forming a source electrode layer 605 and a 
drain electrode layer 606, because the electrode 609 is located 
at the lowermost as well as the gate electrode layer. Accord 
ingly, Surface roughness occurs and a leak current from the 
photodiode is increased. In order to avoid this problem, for 
example, high-melting-point metal must be employed to form 
the lower electrode 609 of the photodiode. In this case, an 
aluminum alloy film having a low resistance can not be 
employed to form a gate electrode and gate wiring. Further, a 
margin of an opening size will be reduced for connection 
between the source electrode layer 605 and the cathode elec 
trode layer 609. In order to avoid this problem, as disclosed in 
JP-A-2004-48000 or JP-A-2003-158253, the lower electrode 
for a photosensor might be formed on an electrode that is 
formed of the same layer as the source electrode and the drain 
electrode of a thin film transistor. 
0009. One of the methods for improving the output per 
formance of the photosensor is a method for increasing the 
ratio of the dimension of an Si layer, which serves as an 
photodiode, to the dimension of one sensor component. 
Therefore, in a conventional structure described in, for 
example, JP-A-2004-48000 or JP-A-2003-158253, a photo 
diode encloses a contact hole that is a diode bottom contact 
opening. That is, the Silayer that constitutes a photodiode is 
formed to cross the edge of a contact hole. However, in this 
structure, it is found through our evaluation that, when the 
opening edge length obtained by adding the lengths of edges, 
i.e., the circumferential length of the opening of the contact 
hole was increased, the current leak element was increased. 
As this reason, we consider that, when a step difference 
formed by a contact hole is present in a formation area for an 
Silayer that constitutes a photodiode, the Silayer unevenly 
grows at the step difference, or a membrane stress is gener 
ated in the Silayer at the step difference. Since the increase of 
a leak current deteriorates the sensitivity of a photosensor, 
inhibition of a leak current is indispensable. 

SUMMARY OF THE INVENTION 

0010. A flat-panel photosensor according to this invention 
includes a TFT array substrate wherein a step difference does 
not exist in an area where a photodiode formed of Silayers is 
located above a drain electrode. 
0011. A margin for an opening size for connection 
between a source electrode and a gate electrode need not be 
considered, and a step difference formed by a contact hole is 
eliminated in a formation area for Silayers, which constitute 
a photodiode provided for a photosensor. Thus, an uneven 
growth of an Silayer at the step difference can be prevented, 
and the occurrence of a membrane stress at the step difference 
can be prevented. As a result, a homogeneous Silayer is 
obtained for a photodiode, and a leak current of a photosensor 
can be inhibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a plan view of a TFT array substrate pro 
vided for a photosensor according to a first embodiment of the 
preset invention; 
(0013 FIG. 2 is a cross-sectional view of the TFT array 
substrate provided for the photosensor according to the first 
embodiment; 
0014 FIG.3 is a cross-sectional view of a terminal portion 
according to the first embodiment; 
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0015 FIG. 4 is a cross-sectional view of a terminal portion 
according to the first embodiment; 
0016 FIGS.5A to 5Care cross-sectional views of the TFT 
array Substrate provided for the photosensor according to the 
first embodiment; 
0017 FIGS. 6A and 6B are cross-sectional views of the 
TFT array substrate provided for the photosensor according 
to the first embodiment; 
0018 FIG. 7 is a plan view of a TFT array substrate in a 
different example for the first embodiment; 
0019 FIG. 8 is a cross-sectional view of the TFT array 
substrate in the different example for the first embodiment; 
0020 FIG. 9 is a plan view of a TFT array substrate pro 
vided for a photosensor according to a second embodiment of 
the preset invention; 
0021 FIG. 10 is a cross-sectional view of the TFT array 
Substrate provided for the photosensor according to the sec 
ond embodiment; 
0022 FIG. 11 is a plan view of a TFT array substrate 
provided for a photosensor according to a third embodiment 
of the preset invention; 
0023 FIG. 12 is a cross-sectional view of the TFT array 
substrate provided for the photosensor according to the third 
embodiment; 
0024 FIG. 13 is a plan view of a TFT array substrate 
provided for a photosensor according to a fourth embodiment 
of the preset invention; 
0025 FIG. 14 is a cross-sectional view of the TFT array 
substrate provided for the photosensor according to the fourth 
embodiment; 
0026 FIG. 15 is a plan view of a TFT array substrate 
provided for a photosensor in a different example for the 
fourth embodiment; 
0027 FIG. 16 is a cross-sectional view of the TFT array 
substrate provided for the photosensor in the different 
example for the fourth embodiment; 
0028 FIG. 17 is a plan view of a TFT array substrate 
provided for a photosensor according to a fifth embodiment of 
the preset invention; 
0029 FIG. 18 is a cross-sectional view of the TFT array 
substrate provided for the photosensor according to the fifth 
embodiment; 
0030 FIG. 19 is a plan view showing a general configu 
ration of the TFT array substrate according to the invention; 
and 
0031 FIG. 20 shows a general configuration of an X-ray 
image pickup apparatus according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0032. The preferred embodiments of the present invention 
will be specifically described while referring to drawings. 
FIG. 1 is a plan view of a TFTarray substrate 200 provided for 
a photosensor according to a first embodiment of this inven 
tion. FIG. 2 is a cross-sectional view of a portion indicated by 
A-A in FIG. 1. 

0033. A gate electrode 2 is made of metal that contains 
aluminum as the primary element, and is formed on a glass 
Substrate 1 that is an insulating Substrate. As metal that con 
tains aluminum as the primary element, an Al alloy that 
contains Ni, such as AlNiNd, AlNiSi or AlNiMg, i.e., an 
Al Nialloy is employed. However, another aluminum alloy 
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may be employed, or instead of Al, Cu may be employed as a 
low electrical resistant metal material. Further, the gate elec 
trode 2 may be provided by laminating metal films. A gate 
insulating film 3 is deposited to cover the gate electrode 2, and 
a semiconductor layer 4 is formed opposite the gate electrode 
2. An n-a-Si: Hohmic contact layer 5 is formed on the semi 
conductor layer 4, and a source electrode 6 and a drain elec 
trode 7 are arranged to be connected to the semiconductor 
layer 4 via the ohmic contact layer 5. In addition, a first 
passivation film 8 is formed to cover these components. 
0034 AP (Phosphorus)-doped amorphous silicon film 9. 
an intrinsic amorphous silicon film 10 and a B (Boron)-doped 
amorphous silicon film 11 are laminated in the named order 
so as to obtain a photodiode 100 having a three-layer structure 
that is to be connected to the drain electrode 7 via a contact 
hole CH1 that is open through the first passivation film 8. The 
photodiode 100 functions as an example of the photosensor. 
That is, numeral 100 also denotes the photosensor. Inciden 
tally, a phototransistor, a photo IC and a phototube, etc., can 
be used as the photosensor. On the photodiode 100, a trans 
parent electrode 12 made of IZO, ITZO or ITSO is formed. 
This embodiment has a feature that the opening of the contact 
hole CH1 is shaped so as to enclose the photodiode 100. That 
is, the photodiode 100 is formed inside the opening edge of 
the contact hole CH1, so that the photodiode 100 does not 
cross the opening edge of the contact hole CH1. Further, the 
photodiode 100 is also enclosed inside the pattern for the 
drain electrode 7. That is, a lower layer of the photodiode 100 
is substantially flat. In other words, a step difference is not 
present in an area where the photodiode 100 is formed. There 
fore, since a portion that crosses the opening edge of the 
contact hole CH1 or the step difference formed by the drain 
electrode 7 is not present in the amorphous silicon layer 
lamination of the photodiode 100, a satisfactory photodiode 
where little current leakage occurs can be obtained. Here, the 
opening edge indicates a striped portion, around the opening 
of the contact hole CH1, substantially in a square shown in 
FIG. 1. When the contact hole CH1 is tapered, the opening 
edge indicates especially the bottom portion. Furthermore, 
for the sake of convenience, the portion of the drain electrode 
7 that is located between the area on the semiconductor layer 
4 and the area to form the photodiode 100 and that couples 
these areas may be called a connection portion 7a. 
0035. A second passivation film 13 having contact holes 
CH2 and CH3 is deposited to cover the above described 
structure. A data line 14 on the second passivation film 13 is 
connected to the source electrode 6 via the contact hole CH2, 
and a bias line 15 on the second passivation film 13 is con 
nected via the contact hole CH3 to the transparent electrode 
12. An Al Ni alloy film is applied at least to the topmost 
layers or the lowermost layers of the data line 14 and the bias 
line 15. Only a single layer of an Al Ni alloy film may be 
applied for the data line 14 and the bias line 15. When an 
Al Nialloy film is employed as the topmost layer, a nitride 
layer may be additionally deposited on the surface. Further 
more, although not shown, the data line 14 is used as wiring to 
read an electric charge obtained through conversion by the 
photodiode 100 that has a three-layer structure. The bias line 
15 is wiring used to apply a reverse bias to the photodiode 
100, so that the photodiode 100 is set to the OFF state when it 
is not exposed to light. A light blocking layer 16 is also 
formed on the second passivation film 13. A third passivation 
film 17 and a fourth passivation film 18 are deposited to cover 
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the above described components. The fourth passivation film 
18 is a film having a flat Surface, and is made of, for example, 
an organic resin. 
0036 Terminal portions will now be described while 
referring to FIGS. 3 and 4. FIG. 3 is a cross-sectional view of 
a terminal portion formed at the end of gate wiring that is 
extended from the gate electrode 2. FIG. 4 is a cross-sectional 
view of a terminal portion formed at the end of wiring that is 
extended from the data line 14 or the bias line 15. 
0037 Referring to FIG. 3, a gate wiring end portion 20 is 
formed on the glass Substrate 1, at the same time as the gate 
electrode 2 is formed. The gate insulating film 3, the first 
passivation film 8 and the second passivation film 13 are 
laminated on the gate wiring end portion 20, and on the 
lamination, a conductive pattern 21 is overlaid at the same 
time as the data line 14 is formed. The conductive pattern 21 
is connected via a contact hole CH4 to the gate wiring end 
portion 20. The contact hole CH4 may beformed in the same 
etching process as for the contact holes CH2 and CH3. Fur 
ther, since the contact hole CH4 is formed in a tapered shape, 
step coverage of the conductive pattern 21 is increased, and a 
wire break can be prevented. 
0038. Furthermore, a third passivation film 17 and a fourth 
passivation film 18 are deposited on the conductive pattern 
21, and a terminal lead electrode 22 is formed on the third 
passivation film 17 and the fourth passivation film 18. The 
terminal lead electrode 22 and the conductive pattern 21 are 
connected together via a contact hole CH5 that is open 
through the third passivation film 17 and the fourth passiva 
tion film 18. In this embodiment, the terminal lead electrode 
22 is made of a transparent conductive oxide; however, a film 
lamination where a high-melting-point metal film is depos 
ited as a lower layer may be employed. 
0039 Referring to FIG. 4, short ring wiring 23 is formed 
on the glass Substrate 1 at the same time as the gate electrode 
2 is formed. The gate insulating film 3, the first passivation 
film 8 and the second passivation film 13 are laminated on the 
short ring wiring 23, and a wiring end portion 24, extended 
from the data line 14 or the data line 15, is arranged on the 
lamination. The wiring end portion 24 is connected to the 
short ring wiring 23 via a contact hole CH6. The contact hole 
CH6 may be formed in the same etching process as for the 
contact holes CH2 and CH3. When the contact hole CH6 is 
formed in a tapered shape, step coverage of the wiring end 
portion 24 can be increased, and a wire break can be pre 
vented. 
0040. In addition, the third passivation film 17 and the 
fourth passivation film 18 are deposited on the wiring end 
portion 24, and the terminal lead electrode 22 is formed on the 
third passivation film 17 and the fourth passivation film 18. 
The terminal lead electrode 22 and the wiring end portion 24 
are connected together via a contact hole CH7 that is open 
through the third passivation film 17 and the fourth passiva 
tion film 18. It should be noted that the terminal lead electrode 
22 may also be a lamination of an upper layer of a transparent 
conductive oxide and a lower layer of a high-melting-point 
metal. 
0041) Using a TFTarray substrate 200 shown in FIGS. 1 
and 2, a photosensor, Such as an X-ray image pickup appara 
tus as shown in FIG. 20, can also be manufactured by a well 
known method. Although not shown, for production of an 
X-ray image pickup apparatus, a Scintillator, such as a CSI, 
that converts X rays into visible light is formed on the fourth 
passivation film 18 in FIG. 1 by performing vapor deposition. 
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Then, a digital board on which a low noise amplifier and an 
A/D converter are mounted, a driver board that drives a TFT 
and a reading board that reads electric charges are connected 
to the photosensor as shown in FIG. 19. In this manner, an 
X-ray image pickup apparatus can be prepared. 
0042. In the TFT array substrate provided for the photo 
sensor of this embodiment, a step difference formed by a 
contact hole can be eliminated in the formation area for Si 
layers that constitute a photodiode. Therefore, an uneven 
growth of the Si film at the step difference is removed, and a 
membrane stress at the step difference can be prevented. 
Thus, a homogenous Silayer that constitutes a photodiode is 
obtained, and a leak current can be inhibited. Further, for the 
TFT array substrate provided for the photosensor of this 
embodiment, when the source electrode and the drain elec 
trode of the thin film transistor and the lower electrode for a 
photodiode are to be formed, a pattern for the same layer as 
the gate wiring is not exposed. Thus, a low electrical resistant 
metal alloy, Such as aluminum or copper, can be employed to 
form gate wiring, and a large photosensor can be produced. 
0043. A method for manufacturing the TFT array sub 
strate provided for the photosensor of this embodiment will 
now be described while referring to FIGS. 5A to 5C and 
FIGS. 6A and 6B. FIGS. 5 and 6 are cross-sectional views of 
the portion shown in FIG. 2 at the individual steps of the 
manufacturing processing. 
0044 First, the first conductive thin film is deposited on 
the glass Substrate 1, by Sputtering, using metal that employs 
aluminum as the primary element, e.g., an Al alloy, Such as 
AlNiNd, that contains Ni. The film deposition condition is 
pressure of 0.2 to 0.5 Pa, DC power of 1.0 to 2.5 kW or a 
power density of 0.17 to 0.43 W/cm and a film deposition 
temperature ranging from a room temperature to about 180° 
C. The film thickness is 150 to 300 nm. Further, in order to 
prevent a reaction to a developer, an AlNiNdN layer may be 
deposited on the AlNiNd layer. Instead of AlNiNd, AlNiSior 
AlNiMg may be employed. And the same material may be 
employed also for the data line 14 and the bias line 15, and in 
this case, the production efficiency will be increased. In addi 
tion to Al, Cuora Cualloy can be employed as a low electrical 
resistant metal material, and as well as for Al, the Sputtering 
method can be employed. These metal films may also be 
laminated. 
0045 Sequentially, at the first photolithography step, a 
resist in a gate electrode shape is formed, and at the etching 
step, the first conductive thin film is patterned using a mixture 
of for example, phosphoric acid, nitric acid and acetic acid to 
obtain the gate electrode 2. When the cross section of the gate 
electrode 2 is tapered, the occurrence of a defect, Such as a 
wire break, can be reduced in the Succeeding film deposition 
process. In this embodiment, the mixture of phosphoric acid, 
nitric acid and acetic acid is employed for etching; however, 
an etchant is not limited to this type, and dry etching may also 
be performed. According to the structure of this embodiment, 
since the gate electrode 2 is not exposed during the photo 
diode formation process, even a metal that contains, as the 
primary element, aluminum or copper that is less durable to a 
damage can be employed as the gate electrode 2. Therefore, 
since low electrical resistant wiring can be formed, a large 
photosensor can be obtained. 
0046 Following this, the gate insulating film 3 of 200 to 
400 nm thick, the a-Si: H (amorphous silicon with a hydrogen 
atom being added) semiconductor layer 4 of 100 to 200 nm 
thick and the n+a-Si: Hohmic contact layer 5 of 20 to 50 nm 
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thick are laminated by a plasma CVD method. Since high 
efficiency for reading an electric charge and a transistor that 
exhibits a high drive performance are required for the photo 
sensor, the a-Si: H semiconductor layer 4 may be formed in 
two processes in order to increase the performance of the 
transistor. As the film deposition condition in this case, a low 
deposition rate of 50 to 200A/minute is employed to form 
the first high-quality layer, and the deposition rate of 300 
A/minute or higher is employed for the other following 
layers. In addition, the deposition temperature of 250 to 350° 
C. is employed to form the gate insulating film 3, the a-Si:H 
(amorphous silicon with a hydrogenatom being added) semi 
conductor layer 4 and the n+a-Si:Hohmic contact layer 5. 
0047 Next, at the second photolithography step, a resist in 
a channel shape is formed, and at the etching step, the semi 
conductor layer 4 and the ohmic contact layer 5 are patterned 
with an island shape so as to maintain a portion that forms a 
channel. In this process, plasma etching is performed using, 
for example, a gas mixture of SF and HC1. When the cross 
section of a channel is tapered, the occurrence of a defect, 
Such as a wire break, can be reduced in the Succeeding film 
formation process. In this embodiment, a gas mixture of SF 
and HCl is employed as an etching gas; however, the type of 
gas is not limited to this. 
0048. Thereafter, deposition of the second conductive thin 
film is performed. In this process, a high-melting-point metal 
film, Such as Cr, is deposited using, for example, the Sputter 
ing method. The film thickness is 50 to 300 nm. 
0049 Sequentially, at the third photolithography step, a 
resist (not shown) corresponding to a source electrode and a 
drain electrode is formed, and at the etching step, the second 
conductive thin film is patterned using, for example, a mix 
ture of cerium ammonium nitrate and nitric acid, and the 
source electrode 6 and the drain electrode 7 are obtained. 
Thereafter, the ohmic contact layer 5 is etched using these 
electrodes 6 and 7 as masks and by plasma that employs a gas 
mixture of, for example, SF and HC1. As a result, a thin film 
transistor (TFT) is formed. 
0050. Three masks have been employed up to this process. 
However, at the second and third photolithography steps for 
forming a silicon island and for forming the source electrode 
6, the drain electrode 7 and the ohmic contact layer 5, a 
method for employing only one gray tone mask to perform the 
processing may be employed. Further, a mixture of cerium 
ammonium nitrate and nitric acid has been employed as an 
etchant to form the source electrode 6 and the drain electrode 
7, and a gas mixture of SF and HCl has been used as an 
etching gas for the ohmic contact layer 5. However, gases to 
be employed are not limited to these examples. Furthermore, 
in this embodiment, Cr has been employed; however, instead 
of Cr, other metal that can obtain an ohmic contact with Sican 
be employed. The cross section in this state is shown in FIG. 
5A. For improving the characteristic of the thin film transistor 
(TFT), prior to formation of the passivation film 8, the plasma 
treatment using a hydrogen gas may be performed for this 
structure so as to roughen the back channel side, i.e., the 
Surface of the semiconductor layer 4. 
0051. Following this, the first passivation film 8 is formed 
by a method, such as plasma CVD, and at the fourth photo 
lithography step, the contact hole CH1 is formed using a resist 
(not shown) in order to obtain a contact between the drain 
electrode 7 and the P-doped amorphous silicon film 9. In this 
process, the first passivation film 8 is patterned through 
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plasma etching using a gas mixture of, for example, CF and 
O. The cross section in this state is shown in FIG. 5B. 
0052. As the first passivation film 8, a silicon oxide (SiO) 
film having a low permittivity is formed with a thickness of 
200 to 400 nm. The film deposition condition of a silicon 
oxide film is an SiHa flow rate of 10 to 50 sccm, an N2O flow 
rate of 200 to 500 sccm, a film deposition pressure of 50 Pa, 
RF power of 50 to 200 W or a power density of 0.015 to 0.67 
W/cm, and a film deposition temperature of 200 to 300° C. In 
this embodiment, a gas mixture of CF and O is employed; 
however, an etching gas is not limited to this. Further, silicon 
oxide is employed for the first passivation film 8; however, a 
material is not limited to this, and SiN or SiON may be 
employed. In this case, hydrogen, nitrogen or NH is added to 
the above described etching gas to form the first passivation 
film 8. At the fourth photolithography step, the opening edge 
of the contact hole CH1 is formed using a mask that is located 
outside the edge of an area where the drain electrode 7 and the 
photodiode 100 are connected together. 
0053. By using the plasma CVD method, the P-doped 
amorphous silicon film 9, the intrinsic amorphous silicon film 
10 and the B-doped amorphous silicon film 11, which con 
stitute the photodiode 100, are laminated in the named order 
in the same deposition chamber, while the vacuum state is 
maintained. Of the obtained silicon film lamination, the 
P-doped amorphous silicon film 9 is 30 to 80 nm thick, the 
intrinsic amorphous silicon film 10 is 0.5 to 2.0 um thick and 
the B-doped amorphous silicon film 11 is 30 to 80 nm thick. 
As the deposition condition of the intrinsic amorphous silicon 
film 10, for example, the SiHa flow rate is 100 to 200 sccm, the 
He flow rate is 100 to 300 sccm, the film deposition pressure 
is 100 to 300 Pa, the RF power is 30 to 150 W or the power 
density is 0.01 to 0.05 W/cm, and the film deposition tem 
perature is 200 to 300° C. For depositing the P-doped or 
B-doped silicon film 9 or 11, a gas obtained by mixing 0.2 to 
1.0% of PH or BH with the gas that conforms the above 
described deposition condition is employed. 
0054 The B-doped amorphous silicon film 11 may be 
formed by implanting B to the upper portion of the intrinsic 
amorphous silicon film 10 using the ion shower doping 
method or the ion implantation method. When the ion implan 
tation method is employed to form the B-doped amorphous 
silicon film 11, an SiO, film of 5 to 40 nm may be formed in 
advance on the Surface of the intrinsic amorphous silicon film 
10. This is because a damage due to implantation of B is 
reduced. In this case, after ion is implanted, the SiO film may 
be removed using, for example, BHF. 
0055 Next, an amorphous transparent conductive film is 
deposited, by sputtering, using one of targets, IZO. ITZO and 
ITSO. The film deposition condition is 0.3 to 0.6 Pa, DC 
power of 3 to 10 kW or a power density of 0.65 to 2.3 W/cm, 
an Arflow rate of 50 to 150 sccm, an oxygen flow rate of 1 to 
2 Scem and a film deposition temperature ranging from a 
room temperature to about 180° C. After the amorphous 
transparent conductive film has been formed, at the fifth pho 
tolithography step, a resist (not shown) is formed and is 
etched using oxalic acid to perform patterning, and the trans 
parent electrode 12 is obtained. The cross section in this state 
is shown in FIG. S.C. 
0056 Oxalic acid has been employed for etching; how 
ever, an etchant is not limited to this. In this embodiment, 
since a film that contains either IZO, ITZO or ITSO is 
employed as the transparent electrode 12, the film deposition 
process can be performed under an amorphous state in which 
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tiny crystal grains are almost not included in the underneath 
B-doped amorphous silicon film 11. Therefore, this method 
provides effects that little etch residue remains. Further, a film 
that contains a mixture of the above described materials may 
be employed as the transparent electrode 12, or films formed 
of the individual materials or films formed of a mixture of 
these materials may be laminated. 
0057 Sequentially, at the sixth photolithography step, a 
resist pattern is formed so as to be a little larger than the 
pattern of the transparent electrode 12 and to be located inside 
the opening edge of the contact hole CH1. Then, the three 
amorphous silicon layers, i.e., the P-doped amorphous silicon 
film 9, the intrinsic amorphous silicon film 10 and the 
B-doped amorphous silicon film 11 are patterned using 
plasma ofagas mixture of for example, SF and HC1. The gas 
mixture of SF and HCl has been employed for etching: 
however, an etching gas is not limited to this. As a result, the 
photodiode 100 having a three-layer structure is obtained. 
The cross section in this state is shown in FIG. 6A. 
0058. The photodiode 100 that includes three layers, i.e., 
the P-doped amorphous silicon film 9, the intrinsic amor 
phous silicon film 10 and the B-doped amorphous silicon film 
11, and is arranged inside the opening edge of the contact hole 
CH1. Therefore, the photodiode 100 is located also inside the 
pattern end for the drain electrode 7. According to this 
arrangement, since the photodiode 100 does not cross the 
opening edge of the contact hole CH1 or the pattern end of the 
drain electrode 7, the increase of a leak current due to a step 
difference can be inhibited. That is, an uneven growth of the 
Si film at the step difference can be eliminated, and the occur 
rence of a membrane stress due to the step difference can be 
prevented. Further, the Silayers that constitute the photo 
diode become homogenous, and the increase of a leak current 
due to the step difference at the opening edge can be inhibited. 
0059 Next, the second passivation film 13 for protecting 
the photodiode 100 is formed, and at the seventh photolithog 
raphy step, a resist pattern (not shown) is formed in corre 
spondence with the contact hole CH2, via which the source 
electrode 6 connects to the data line 14, and the contact hole 
CH3, via which the transparent electrode 12 of the photo 
diode 100 connects to the bias line 15. Thereafter, the resist is 
patterned with the contact holes CH2 and CH3 using plasma 
of a gas mixture of CF and Ar. At this time, the contact hole 
CH4 that connects the gate wiring end portion 20 to the 
conductive pattern 21 and the contact hole CH6 may also be 
formed. 

0060. As the second passivation film 13, a silicon oxide 
film having a low permittivity is deposited with a thickness of 
0.5 to 1.5um in order to reduce a load capacitance imposed on 
the data line 14 and the bias line 15. The film deposition 
condition for the silicon oxide film is an SiHa flow rate of 10 
to 50 sccm, an NO flow rate of 200 to 500 sccm, a film 
deposition pressure of 50 Pa, RF power of 50 to 200 W or a 
power density of 0.015 to 0.67W/cm and a film deposition 
temperature of 200 to 300° C. Silicon oxide has been 
employed as the material for the second passivation film 13: 
however, the material is not limited to this, and SiN, for 
example, may be employed. When the contact holes are 
formed so as to have a tapered shape in cross section, step 
coverage of the upper layer is increased and the occurrence of 
a wire break, for example, can be reduced. 
0061 Furthermore, in this embodiment, the manufactur 
ing method for forming the second passivation film 13 and 
then opening the contact holes CH2 and CH3 has been 
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described. However, the manufacturing method is not limited 
to this. For example, at the same time as the contact hole CH1 
is formed, openings may be formed in advance at positions 
corresponding to the contact hole CH2 and the contact holes 
CH4 and CH6. In this case, since the first passivation film 8 is 
not required, the etching period required for forming the 
openings after the second passivation film 13 has been depos 
ited can be reduced. 
0062 Following this, the third conductive thin film is 
deposited in order to obtain the data line 14, the bias line 15 
and the light blocking layer 16. For the third conductive thin 
film, an Al alloy containing Ni, such as AlNiNd, that has a low 
resistance and a Superior heat resistance and exhibits a Supe 
rior contact property relative to a transparent conductive thin 
film is employed, and is formed with a thickness of 0.5 to 1.5 
um. The data line 14 and the bias line 15 may be provided as 
a single AlNiNd layer, a lamination of AlNiNd and Mo or an 
Mo alloy, or a lamination of AlNiNdanda high-melting-point 
metal. Such as Cr. Further, in order to prevent a reaction 
against a developer, an AlNiNdN film may be deposited on 
the AlNiNd film. In this case, by sputtering, an Mo alloy is 
formed as an underlayer and AlNiNd is overlaid. The film 
deposition condition is pressure of 0.2 to 0.5 Pa, DC power of 
1.0 to 2.5 kW or a power density of 0.17 to 0.43 W/cm and a 
film deposition temperature ranging from a room temperature 
to about 180° C. 
0063. At the eighth photolithography step, a resist is 
formed in correspondence with the data line 14, the bias line 
15 and the light blocking layer 16, and when the resist is made 
of an AlNiNdand Molaminated film, patterning is performed 
using a mixture of for example, phosphoric acid, nitric acid 
and acetic acid. The cross section in this state is shown in FIG. 
6B. In this embodiment, the mixture of phosphoric acid, nitric 
acid and acetic acid is employed for etching; however, an 
etchant is not limited to this type. The data line 14 is con 
nected via the contact hole CH2 to the source electrode 6, and 
the bias line 15 is connected via the contact hole CH3 to the 
transparent electrode 12. Since, as previously described, an 
Al alloy containing Ni or a high-melting-point metal is 
employed as the lowermost layer of the bias line 15, the 
contact resistance relative to the lower transparent electrode 
12 is low, and a satisfactory connection can be obtained. 
0064. Next, the third passivation film 17 and the fourth 
passivation film 18 are deposited to protect the data line 14 
and the bias line 15. In this embodiment, for example, SiN is 
employed for the third passivation film 17, and a planarization 
film is employed as the fourth passivation film 18. 
0065. At the ninth photolithography step, the contact holes 
CH5 and CH7 to connect terminals are formed using a resist, 
and patterning is performed using plasma of a gas mixture of 
CF and O. In this embodiment, a gas mixture of CF and O. 
is employed for etching; however, an etching gas is not lim 
ited to this. It should be noted that, when a photosensitive 
planarization film is employed as the fourth passivation film 
18, an exposure and developing process may be performed to 
pattern the fourth passivation film 18 at the ninth photolithog 
raphy step. 
0.066 Following this, a transparent conductive film that 
serves as the terminal lead electrode 22 is formed. An elec 
trode material. Such as amorphous ITO, is employed in order 
to obtain reliability. Then, at the tenth photolithography step, 
a resist in a terminal shape is formed, and is etched using, for 
example, oxalic acid to obtain the terminal lead electrode 22. 
Thereafter, ITO is crystallized by annealing. At this time, as 
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shown in FIGS. 3 and 4, the terminal lead electrode 22 is 
connected via the contact holes CH5 and CH7 to the conduc 
tive pattern 21 and the wiring end portion 24. 
0067. In this embodiment, as shown in FIG. 1 and FIG.SB, 
the opening edge of the contact hole CH1 is enclosed by the 
pattern end of the drain electrode 7. However, this positional 
relation may be reversed. The plan view and the cross-sec 
tional view of a TFT array substrate 200 having a reverse 
arrangement are shown in FIGS. 7 and 8. FIG. 8 is a cross 
sectional view of the portion indicated by A-A in FIG. 7. 
0068 Referring to FIGS. 7 and 8, the drain electrode 7 is 
enclosed by the opening edge of the contact hole CH1. In this 
case as well as in the above example, the photodiode 100 that 
includes the P-doped amorphous silicon film 9, the intrinsic 
amorphous silicon film 10 and the B-doped amorphous sili 
con film 11 is arranged so as not to cross the step difference at 
the contact hole CH1 or the drain electrode 7. Therefore, the 
effects of the present invention can also be obtained. Since the 
manufacturing method is almost the same as the contents 
described above, except for the size of a mask used when the 
contact hole CH1 is formed, no further explanation for this 
will be given. It is preferable, however, that the etching pro 
cess for opening the contact hole CH1 be performed under an 
etching condition that provides etch selectivity for the gate 
insulating film 3 located underneath. 

Second Embodiment 

0069. In the first embodiment, depending on an etching 
condition, there is a case wherein, in the processing for form 
ing the contact hole CH1 that connects the drain electrode 7. 
which serves as the lower electrode for the photodiode 100, to 
the amorphous silicon film 9, a polymer may be generated by 
the element of an etching gas and be attached again to the 
drain electrode 7. In this state, when the P-doped amorphous 
silicon film 9, the intrinsic amorphous silicon film 10 and the 
B-doped amorphous silicon film 11 are deposited to consti 
tute the photodiode 100, the adhesion to the drain electrode 7 
is deteriorated and the amorphous silicon film might peel off. 
0070 According to a second embodiment of the present 
invention, a leak current of a photodiode 100 is inhibited, and 
an amorphous silicon film is prevented from peeling off. This 
embodiment will now be described while referring to FIGS. 9 
and 10. FIG. 9 is a plan view of a TFT array substrate 200 
provided for a photosensor for the second embodiment. FIG. 
10 is a cross-sectional view of a portion indicated by A-A in 
FIG.9. In FIG.9, a contact hole CH1 is indicated by a broken 
line so as to clearly identify. 
(0071. As apparent from FIGS. 9 and 10, the feature of the 
second embodiment is that a lower electrode 25 for the pho 
todiode 100 is formed to cover the contact hole CH1 and the 
photodiode 100 is overlaid so as to be connected to the lower 
electrode 25. That is, the photodiode 100 is connected via the 
lower electrode 25 to a drain electrode 7. Further, as the other 
feature, the photodiode 100 is located near the opening edge 
of the contact hole CH1 so as not to cross a portion where the 
lower electrode 25 covers a passivation film 8 (a portion 26 
indicated by a broken line in FIG.10). Therefore, as well as in 
the first embodiment, since laminated amorphous silicon lay 
ers that constitute the photodiode 100 do not include a portion 
that crosses the step difference, the satisfactory photodiode 
100 having little current leakage can be obtained. 
0072 A manufacturing method will now be described. 
Since the same method as in the first embodiment is employed 
until the contact hole CH1 is formed at the fourth photoli 
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thography step, no further explanation for this will be given. 
In the second embodiment, after the contact hole CH1 has 
been formed, deposition of the fourth conductive thin film 
that becomes the lower electrode 25 for the photodiode 100 is 
performed. In this process, a high-melting-point metal. Such 
as Cr, is deposited by, for example, Sputtering. 
0073. Sequentially, at the photolithography step, the lower 
electrode 25 for the photodiode 100 is formed to cover the 
contact hole CH1, and then, a P-doped amorphous silicon 
film 9, an intrinsic amorphous silicon film 10 and a B-doped 
amorphous silicon film 11 are deposited. Since the lower 
electrode 25 is formed after the contact hole CH1 was open, 
and since Surface contamination is rarely left over on the 
lower electrode 25 and satisfactory adhesion to the amor 
phous silicon film lamination is obtained, the films can be 
prevented from peeling off. There is a case wherein polymer 
remains at the interface of the drain electrode 7 and the lower 
electrode 25 because of an etching gas, and contaminates the 
interface. However, relative to a contact resistance to the 
photodiode 100, the increase of a resistance of the contact 
between the drain electrode 7 and the lower electrode 25 is so 
little that a problem does not occur. 
0074 Since the manufacturing method performed after 
the amorphous silicon film lamination has been formed is the 
same as in the first embodiment, no further explanation for 
this will be described. As previously described, the feature of 
the second embodiment is that the photodiode 100 is located 
near the opening edge of the contact hole CH1 So as not to 
cross the portion where the lower electrode 25 covers the 
passivation film 8 (the portion 26 indicated by a broken line in 
FIG. 10). Therefore, as well as in the first embodiment, since 
laminated amorphous silicon layers that constitute the pho 
todiode 100 do not include a portion that crosses the step 
difference, the satisfactory photodiode 100 having little cur 
rent leakage can be obtained. In addition, when the lower 
electrode 25 is formed and the photodiode 100 is overlaid, 
peeling off of amorphous silicon films, which is caused by 
polymer that is attached during the process for opening the 
contact hole CH1, can be prevented. 

Third Embodiment 

0075. In the second embodiment, the lower electrode 25 
has been formed so that the pattern end completely covers the 
contact hole CH1. This is because of the following back 
ground. Assuming that the lower electrode 25 is smaller than 
the contact hole CH1, the drain electrode 7 underneath will be 
exposed by etching the lower electrode 25. In a case wherein 
the drain electrode 7 does not have etch selectivity relative to 
the lower electrode 25, the drain electrode 7 underneath 
would also be etched. Especially when the connection portion 
7a of the drain electrode 7 is etched, a wire break will occur 
between the thin film transistor (TFT) and the photodiode 
100. Therefore, etch selectivity relative to the drain electrode 
7 is required for the material of the lower electrode 25, and the 
selection range of materials is narrowed. To avoid this prob 
lem, generally, the lower electrode 25 is formed larger than 
the contact hole CH1. That is, the lower electrode 25 is 
formed to cover the contact hole CH1. 
(0076. When the lower electrode 25 is formed too large, 
however, the lower electrode 25 is located too close to the data 
line 14 and the capacitance between the wiring is increased. 
In order to reduce the inter-wiring capacitance, a small lower 
electrode 25 is preferable. Accordingly, the dimension of the 
photodiode 100 should be reduced; however, this is difficult, 
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because the reduction of the dimension of the photodiode 100 
lowers the sensitivity of the photosensor. Therefore, under 
these circumstances, the lower electrode 25 is arranged as 
close as possible to the opening edge of the contact hole CH1. 
When alignment offset of the patterns has occurred, the pat 
tern end of the lower electrode 25 might enter inside of the 
contact hole CH1. In this case, the above described problem 
on selection of the material for the lower electrode 25 also 
occurs. A third embodiment of this invention resolves this 
problem. 
0077. A plan view and a cross-sectional view of a TFT 
array substrate 200 for the third embodiment are shown in 
FIGS. 11 and 12. FIG. 12 is a cross-sectional view of a portion 
indicated by A-A in FIG. 11. Referring to FIG. 12, in addition 
to the portion 26 in the second embodiment, a portion 27 is 
also shown as an area, near the opening edge of the contact 
hole CH1, where the lower electrode 25 covers the passiva 
tion film 8. The feature of the third embodiment is that a 
distance of the portion 26 where the lower electrode 25 over 
laps the passivation film 8, i.e., an overlap distance W1, is 
greater than an overlap distance W2 of the portion 27 where 
the lower electrode 25 overlaps the passivation film 8. 
0078. As shown in FIG. 11, the portion 26 is an area 
corresponding to the connection portion 7a where a TFT and 
the photodiode 100 are connected together. Therefore, a rela 
tionship of the overlap distances in FIG. 12 can be rephrased 
as follows. In the third embodiment, the TFT array substrate 
200 is formed, so that the overlap distance W1 for the con 
nection portion 7a is greater than the overlap distance W2 for 
the area other than the connection portion 7a. Thus, the 
increase of the capacitance imposed on the data line 14 can be 
minimized, and when a defect, such as alignment offset, has 
occurred during the manufacturing processing, a wire break is 
rarely caused at the connection portion 7a. These effects are 
increased especially when the same material is employed for 
the lower electrode 25 and the drain electrode 7 to improve the 
productivity, or when only an electrode material having an 
inappropriate etch selectivity is available to be employed. The 
method for manufacturing the TFT array substrate 200 of the 
third embodiment is the same as the method of the second 
embodiment, except for a mask pattern used at the step of 
patterning the lower electrode 25 and the contact hole CH1. 
Therefore, no further explanation for this will be given. 
0079. Further, in the third embodiment, the photodiode 
100 includes a P-doped amorphous silicon film 9, an intrinsic 
amorphous silicon film 10 and a B-doped amorphous silicon 
film 11, and is arranged so as not to cross a step difference 
formed by the contact hole CH1, the drain electrode 7 or the 
lower electrode 25. Therefore, the effects provided by the first 
embodiment can also be obtained. In addition, as well as in 
the second embodiment, the bond lift-off of the P-doped 
amorphous silicon film 9, the intrinsic amorphous silicon film 
10 and the B-doped amorphous silicon film 11 can be pre 
vented. 

Fourth Embodiment 

0080. In the third embodiment, an overlap portion has 
been increased at the connection portion 7a, compared with 
the portion other than the connection portion 7a in order to 
prevent a wire break that may be caused at the connection 
portion 7a at the occurrence of an alignment error. A differ 
ence of a fourth embodiment from the third embodiment is 
that an area other than the connection portion 7a includes a 
portion where the pattern end of a lower electrode 25 is 
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positioned inside a contact hole CH1. With this arrangement, 
a capacitance imposed on a data line 14 can be more reduced. 
I0081. A plan view and a cross-sectional view of a TFT 
array substrate 200 according to the forth embodiment are 
shown in FIGS. 13 and 14. FIG. 14 is a cross-sectional view 
of a portion indicated by A-A in FIG. 13. Referring to FIG. 13, 
in the whole area other than the connection portion 7a, the 
pattern end of the lower electrode 25 is positioned inside the 
contact hole CH1. However, the arrangement is not limited to 
this. 
I0082 That is, in an area other than the connection portion 
7a, the positional relation of the contact hole CH1 and the 
lower electrode 25 may be locally reversed, and both a portion 
where the lower electrode 25 and a passivation film 8 overlap 
and a portion where these components do not overlap may be 
present. For example, only in a portion near the wiring. Such 
as the data line 14, the pattern end of the lower electrode 25 
may be positioned inside the contact hole CH1. A manufac 
turing method for the fourth embodiment is the same as for 
the second embodiment, except for a mask pattern used at the 
step for patterning the lower electrode 25 and the contact hole 
CH1, and no further explanation for this will be given. As 
previously described, since a drain electrode 7 is exposed 
during the process for etching the lower electrode 25, it is 
preferable that a material that has etch selectivity relative to 
the drain electrode 7 be employed for the lower electrode 25. 
I0083. Furthermore, the opening edge of the contact hole 
CH1 is enclosed by the pattern end of the drain electrode 7. 
However, this positional relationship may be reversed. A plan 
view and a cross sectional view of a TFT array substrate 200 
with a reversed arrangement are shown in FIGS. 15 and 16. 
FIG. 16 is a cross-sectional view of a portion indicated by 
A-A in FIG. 15. In FIG. 15, the drain electrode 7 is enclosed 
by the opening edge of the contact hole CH1, and the lower 
electrode 25 is arranged to have the same size as the drain 
electrode 7, or to enclose the drain electrode 7. Also in this 
case, a photodiode 100 that includes a P-doped amorphous 
silicon film 9, an intrinsic amorphous silicon film 10 and a 
B-doped amorphous silicon film 11 is formed so as not to 
cross a step difference formed by the contact hole CH1, the 
drain electrode 7 or the lower electrode 25. Therefore, the 
effects of the invention can be obtained. Further, bond lift-off 
of the P-doped amorphous silicon film 9, the intrinsic amor 
phous silicon film 10 and the B-doped amorphous silicon film 
11 can be prevented. Since the manufacturing method is 
almost the same as that described above, except for the size of 
a mask used to open the contact hole CH1, no further expla 
nation for it will be given. It is preferable, however, that the 
etching process for opening the contact hole CH1 be per 
formed under an etching condition providing etch selectivity 
for the gate insulating film 3 located underneath. 

Fifth Embodiment 

I0084. In the first embodiment, the photodiode 100 is 
enclosed by the opening edge of the contact hole CH1 and the 
drain electrode 7 in order to provide the photodiode 100 
having little current leakage. In the second to fourth embodi 
ments, the photodiode 100 is enclosed by the lower electrode 
25 on the assumption that the photodiode 100 is arranged 
inside the opening edge of the contact hole CH1. However, 
these arrangements of the photodiode 100 must be designed 
by considering, at least, at the photolithography step, two 
alignment margins, i.e., an alignment margin between the 
contact hole CH1 and the drain electrode 7 and an alignment 
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margin between the contact hole CH1 and the photodiode 
100, and the final uniformity of three components, i.e., the 
contact hole CH1, the drain electrode 7 and the photodiode 
100. Therefore, there is a case wherein the dimension of the 
photodiode 100 is reduced and the open area ratio is lowered. 
0085. According to a fifth embodiment of the invention, a 
leak current of a photodiode 100 can be inhibited, and peeling 
off of amorphous silicon films can be prevented without 
reducing an open area ratio. This embodiment will now be 
described while referring to FIGS. 17 and 18. FIG. 17 is a plan 
view of a TFT array substrate 200 provided for a photosensor 
according to this embodiment. FIG. 18 is a cross-sectional 
view of a portion indicated by A-A in FIG. 17. 
I0086 A manufacturing method for the fifth embodiment is 
the same as the second embodiment, except for a process for 
forming a drain electrode 7, the position where a contact hole 
CH1 is open and the size of a mask used to form a lower 
electrode 25. Thus, no further explanation for the method will 
be given. Referring to FIG. 17, the feature of the fifth embodi 
ment is that the contact hole CH1 that connects the drain 
electrode 7 to the lower electrode 25 does not enclose amor 
phous silicon film lamination that serves as a photodiode 100, 
and is formed at a position different from that of the photo 
diode 100. Further, since the amorphous silicon film lamina 
tion that serves as the photodiode 100 is arranged so as to be 
enclosed by the lower electrode 25, and since there is not an 
area that crosses a step difference formed by the drain elec 
trode 7, the contact hole CH1 or the lower electrode 25, the 
photodiode 100 having little current leakage can be provided. 
With this arrangement, at the photolithography step for the 
photodiode 100, only an alignment margin between the pho 
todiode 100 and the lower electrode 25 is required. Therefore, 
the alignment margin is reduced compared with that in the 
first or second embodiment, and the open area ratio can be 
increased. Further, since the amorphous silicon films are 
laminated on the lower electrode 25, peeling off of the amor 
phous silicon films can be prevented. 
0087. A TFT of reverse stagger channel etch type that 
employs amorphous silicon has been employed for this 
embodiment. However, a polysilicon TFT or an MOS using 
crystal silicon may also be employed. Or, a device having a 
Switching function and a photodiode may be employed 
together. 
0088 An array substrate obtained by the above method 
can be employed to produce a photosensor, such as X-ray 
image pickup apparatus as shown in FIG. 20, using a well 
known method. Although not shown, a Scintillator, Such as a 
CsI, that converts X rays into visible light is formed, by vapor 
deposition, on or above the fourth passivation film 18 in FIG. 
2, and a digital board, on which a low noise amplifier and an 
A/D converter are mounted, a driver board that drives a TFT 
and a reading board that reads electric charges are connected 
to the photosensor as shown in FIG. 19. In this manner, an 
X-ray image pickup apparatus can be prepared. 

What is claimed is: 
1. A photosensor comprising: 
a TFT array substrate of active matrix type, on which a 

photodiode and a thin film transistor are arranged like a 
matrix, 

wherein the thin film transistor comprises: 
a plurality of gate wiring lines each having a gate electrode: 
a semiconductor layer provided for the gate electrode via a 

gate insulating film; and 
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a source electrode and a drain electrode connected to the 
semiconductor layer, 

wherein the TFT array substrate comprises: 
a passivation film deposited on the thin film transistor, the 

source electrode and the drain electrode: 
a contact hole opened through the passivation film; and 
a photodiode connected via the contact hole to the drain 

electrode, and 
wherein the photodiode is arranged inside an opening edge 

of the contact hole and inside a pattern for the drain 
electrode, and 

wherein a lower layer of the photodiode is substantially 
flat. 

2. The photosensor according to claim 1, further compris 
ing: 

a lower electrode formed so as to be connected to the drain 
electrode via the contact hole, 

wherein the photodiode is arranged so as to be connected 
via the lower electrode to the drain electrode. 

3. The photosensor according to claim 2, 
wherein the lower electrode is formed to cover the opening 

edge of the contact hole. 
4. The photosensor according to claim 2, 
wherein the drain electrode includes a connection portion 

that is located between an area on the semiconductor 
layer and an area where the photodiode is formed and 
that connects those two areas, and 

wherein an overlap distance of the connection portion 
where the lower electrode covers the contact hole is 
greater than an overlap distance of a portion, other than 
the connection portion, where the lower electrode covers 
the contact hole. 

5. The photosensor according to claim 2, 
wherein the drain electrode includes a connection portion 

that is located between an area on a semiconductor layer 
and an area where the photodiode is formed and that 
connects those two areas; and 

wherein a portion other than the connection portion 
includes a portion where the lower electrode is posi 
tioned inside the opening edge of the contact hole. 

6. The photosensor according to claim 1, 
wherein a step difference is not present in an area where the 

photodiode is formed. 
7. The photosensor according to claim 1, 
wherein metal used to form the gate electrode contains 

metal that employs aluminum or copper as the primary 
element. 

8. The photosensor according to claim 7. 
wherein the metal that employs aluminum as the primary 

element is either AlNiNd, AlNiSi or AlNiMg. 
9. The photosensor according to claim 1, 
wherein a scintillator is formed above the passivation film, 

and 

wherein at least a digital board on which a low noise 
amplifier and an A/D converter are mounted, a driver 
board that drives the thin film transistor and a reading 
board that reads an electric charge are connected to the 
photosensor. 

10. The photosensor according to claim 9. 
wherein the scintillator converts X rays into visible light to 

provide a function for displaying an X ray image. 
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11. A photosensor comprising: 
a TFT array substrate of active matrix type, on which a 

photodiode and a thin film transistor are arranged like a 
matrix, 

wherein the thin film transistor includes 
a plurality of gate wiring lines each having a gate electrode, 
a semiconductor layer provided for the gate electrode via a 

gate insulating film, and 
a source electrode and a drain electrode connected to the 

semiconductor layer, 
wherein the TFT array substrate includes 
a passivation film deposited on the thin film transistor, the 

source electrode and the drain electrode, 
a contact hole opened through the passivation film, 
a lower electrode formed so as to be connected via the 

contact hole to the drain electrode, and 
a photodiode formed so as to be connected via the lower 

electrode to the drain electrode, and 
wherein the contact hole is formed at a position different 

from that of the photodiode. 
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12. The photosensor according to claim 11, 
wherein metal used to form the gate electrode contains 

metal that employs aluminum or copper as the primary 
element. 

13. The photosensor according to claim 12, 
wherein the metal that employs aluminum as the primary 

element is either AlNiNd, AlNiSi or AlNiMg. 
14. The photosensor according to claim 11, 
wherein a scintillator is formed above the passivation film, 

and 
wherein at least a digital board on which a low noise 

amplifier and an A/D converter are mounted, a driver 
board that drives the thin film transistor and a reading 
board that reads an electric charge are connected to the 
photosensor. 

15. The photosensor according to claim 14, 
wherein the scintillator converts X rays into visible light to 

provide a function for displaying an X ray image. 
c c c c c 


