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(57) ABSTRACT 
An X-ray image sensor fabricated using only eight-masks 
includes: a substrate; a thin ?lm transistor (TFT) formed in 
the switching region of the substrate and having a gate 
electrode, a ?rst insulation layer, a pure amorphous silicon 
layer, a doped amorphous silicon layer and source and drain 
electrodes; an island-shaped ?rst insulation layer and a 
island-shaped semiconductor layer formed over the sub 
strate in the pixel region; a ground line formed on the 
island-shaped semiconductor layer; a second insulation 
layer formed on the TFT, on the substrate and on the ground 
line, the second insulation layer having a ?rst drain contact 
hole, Which expose the portion of the drain electrode, and a 
ground line contact hole, Which expose the portion of the 
ground line; a auxiliary drain electrode formed on the 
second insulation layer and contacting the drain electrode 
through the ?rst drain contact hole; a capacitor electrode 
formed on the second insulation layer and contacting the 
ground line through the ground line contact hole; a third 
insulation layer formed on the second insulation layer, on the 
auxiliary drain electrode and on the capacitor electrode, the 
third insulation layer having the second drain contact hole 
Which expose the portion of the auxiliary drain electrode; 
and a pixel electrode formed on the third insulation layer and 
contacting the auxiliary drain electrode through the second 
drain contact hole. 
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X-RAY IMAGE SENSOR AND METHOD FOR 
FABRICATING THE SAME 

[0001] This application claims the bene?t of Korean 
Patent Application No. 1999-67854, ?led on Dec. 31, 1999, 
Which is hereby incorporated by reference for all purposes as 
if fully set forth herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to X-ray image sen 
sors. More particularly, it relates to X-ray image sensors 
having a TFT (Thin Film Transistor) array, and to a method 
for fabricating the same. 

[0004] 2. Discussion of the Related Art 

[0005] X-ray detection has been Widely used for medical 
diagnosis. X-ray detection typically uses an X-ray ?lm to 
produce a photograph. Therefore, some predetermined 
developing and printing procedures are required to produce 
the photograph. 

[0006] HoWever, digital X-ray image sensors that employ 
TFTs (Thin Film Transistors) have been developed. Such 
X-ray image sensors have the advantage that real time 
diagnosis can be obtained. 

[0007] FIG. 1 is a schematic, cross-sectional vieW illus 
trating the structure and operation of an X-ray image sensing 
device 100. Included are a loWer substrate 1, a thin ?lm 
transistor 3, a storage capacitor 10, a pixel electrode 12, a 
photoconductive ?lm 2, a protection ?lm 20, a conductive 
electrode 24 and a high voltage D.C. (direct current) poWer 
supply 26. 

[0008] The photoconductive ?lm 2 produces electron-hole 
pairs in proportion to the strength of external signals (such 
as incident electromagnetic Waves or magnetic Waves). That 
is, the photoconductive ?lm 2 acts as a converter that 
converts external signals, particularly X-rays, into electric 
signals. Either the electrons or the holes are then gathered by 
the pixel electrode 12 as electric charges. The pixel electrode 
12 is located beneath the photoconductive ?lm 2. Which 
electric charges that is gathered depends on the voltage (Ev) 
polarity that is applied to the conductive electrode 24 by the 
high voltage DC. power supply 26. The gathered electric 
charges are accumulated in the storage capacitor 10, Which 
is formed in connection With a grounding line. Charges in 
the storage capacitor 10 are then selectively transferred 
through the TFT 3, Which is controlled externally, to an 
external image display device that forms an X-ray image. 

[0009] In such an X-ray image sensing device, to detect 
and convert Weak X-ray signals into electric charges it is 
bene?cial to decrease the trap state density (for the electric 
charge) in the photoconductive ?lm 2, and to decrease 
charge How in non-vertical directions. Decreasing non 
vertical charge How is usually accomplished by applying a 
relatively high voltage betWeen the conductive electrode 24 
and the pixel electrode 12. 

[0010] Electric charges in the photoconductive ?lm 2 are 
trapped and gathered not only on the pixel electrode 12, but 
also over the channel region of the TFT 3. Even during the 
OFF state, the electric charges trapped and gathered on the 
pixel electrode 12 and on the channel region of the TFT 3 
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induce a potential difference betWeen the TFT 3 and the 
pixel electrode. This has a similar effect as the TFT 3 being 
in the ON state. This adversely affects the sWitching of the 
TFT 3 and increases the OFF state leakage current. Such can 
result in an undesired image. 

[0011] FIG. 2 is a plan vieW illustrating a pixel of the 
X-ray image sensor panel. ShoWn are the TFT 3, a storage 
capacitor “S” and gate and data lines 30 and 40. 

[0012] The gate line 30 is arranged in transverse direction 
and the data line 40 is arranged in perpendicular to the gate 
line 30. And the TFT 3 is formed near the cross point of the 
gate and data lines 30 and 40. The TFT 3 includes a gate 
electrode 32, Which is formed by an elongation of a gate line 
30, and a source electrode 42, Which is formed by an 
elongation of a data line 40. The TFT 3 also includes a drain 
electrode 44 that is spaced apart from the source electrode 
42. 

[0013] A ground line 52 is arranged in parallel to the data 
line 40 and in perpendicular to the gate line 30. The ground 
line 52 crosses the storage capacitor area and acts as a 
common electrode that is shared by adjacent pixels. A 
ground line contact hole 54 is formed over the ground line 
52 such that a capacitor electrode 46 contacts the ground line 
52 through the ground line contact hole 54. TWo or more tWo 
ground line contact holes can be formed over the ground line 
52. 

[0014] The storage capacitor “S”, Which stores the electric 
charges, is comprised of a capacitor electrode 46, a pixel 
electrode 56 and a dielectric layer (not shown) interposed 
betWeen the capacitor electrode 46 and a pixel electrode 56. 
The pixel electrode 56 extends over the TFT 3 and acts as 
the other capacitor electrode. In order to couple the electrons 
(Which come from the TFT “3”) With the holes (Which are 
stored in the storage capacitor “S”), the pixel electrode 56 is 
electrically connected to a drain electrode 44 via a drain 
contact hole 50 and via an auxiliary drain electrode 48. 

[0015] A gate pad 34 is formed at one end of the gate line 
30 and a data pad 41 is formed at one end of the data line 
40. The data pad 41 includes the data pad connector 45 that 
contacts the data line 40 through the ?rst data pad contact 
hole 43. And so the data line 40 is electrically connected to 
the data pad 41. 

[0016] The principle and the function of the X-ray image 
sensing device Will be explained hereinafter. 

[0017] The holes (electric charges) generated from a pho 
toconductive ?lm (not shoWn) are accumulated in the pixel 
electrode 56 and is stored in the storage capacitor “S” With 
the capacitor electrode 46. 

[0018] The holes in the storage capacitor “S” are trans 
ferred to the source electrode 42 through the drain electrode 
44 When the TFT 3 is turned ON, and the holes then arrive 
at an external image display device that forms an X-ray 
image. At this time, the ground line 52 removes the residual 
charges (holes) that are not transferred to the external image 
display device, i.e., that remain in the storage capacitor “S”. 

[0019] FIGS. 3A to 3E are cross-sectional vieWs, taken 
along line III-III of FIG. 2, that illustrate manufacturing 
processes of a X-ray image sensor panel. 

[0020] Referring to FIG. 3A, a gate electrode 32, a data 
pad 41 and a data pad connector 45 are formed on a substrate 
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1 by depositing and patterning a loW resistant metallic 
material such as Aluminum or Al-alloy (for example, 
AlNd) using the ?rst mask. The substrate 1 is made of a glass 
substrate that is mainly used in a loW temperature or of a 
quartZ glass that has a high melting temperature. 

[0021] FIG. 3B shoWs a manufacturing step of forming a 
?rst insulation layer 60 and semiconductor layers 65 and 63. 
The ?rst insulation layer 60 is formed by a thickness of 4000 
A by depositing an inorganic insulation material such as 
Silicon Nitride (SiNX) or Silicon Oxide (SiOX). Silicon 
Nitride (SiNX) is bene?cially used in a related art. 

[0022] After that, the semiconductor layers are formed by 
depositing a pure amorphous silicon 62 and a doped amor 
phous silicon 64 in sequence. The CVD (Chemical Vapor 
Deposition) or the Ion Injection Method is used to form a 
doped amorphous silicon layer 64. The CVD is employed in 
this related art. 

[0023] A semiconductor layer 65 and an island-shaped 
semiconductor layer 63 are formed by patterning the pure 
amorphous silicon and the doped amorphous silicon using 
the second mask. The island-shaped semiconductor layer 63 
acts as an auxiliary electrode of a ground line that Will be 
formed later. 

[0024] Referring to FIG. 3C, a ?rst data pad contact hole 
43 is formed over the data pad connector 45 by patterning 
the ?rst insulation layer 60 using the third mask. And then 
a data line 40, a source electrode 42, a drain electrode 44 and 
a ground line 52 are formed by depositing and patterning the 
second metallic material such as Chrome (Ch) or Cr-alloy. 
Source and drain electrodes 42 and 44 are formed by using 
the fourth mask. A data line 40 is simultaneously formed 
When forming the source and drain electrodes 42 and 44. 
And so the data line 40 is electrically connected to the data 
pad 41 through the ?rst data pad contact hole 43. Moreover, 
a ground line 52 is simultaneously formed When forming the 
source and drain line 42 and 44. A portion of the doped 
amorphous silicon layer 64 on the pure amorphous silicon 
layer 62 is etched to form a channel region “CH” using the 
source and drain electrodes 42 and 44 as masks. Thus, the 
TFT 3 (see FIG. 2) is completed as a sWitching element. 

[0025] As shoWn in FIG. 3D, 21 second insulation layer 66 
is formed over the TFT, over the ground line 52 and on the 
?rst insulation layer 60. A?rst drain contact hole 50a is then 
formed to expose the portion of the drain electrode 44 and 
a ground line contact hole 54 is formed to expose the portion 
of the ground line 52 by simultaneously using the ?fth mask. 
After that, an auxiliary drain electrode 48 and a capacitor 
electrode 46 are formed by depositing and patterning the 
transparent conductive material using the sixth mask. The 
auxiliary drain electrode 48 contacts the drain electrode 44 
via the ?rst drain contact hole 50a and the capacitor elec 
trode 46 contacts the ground electrode 52 via the ground line 
contact hole 54. The auxiliary drain electrode 48 and the 
capacitor electrode 46 are spaced apart from each other. 

[0026] Referring to FIG. 3E, 21 third insulation layer 68 is 
formed on the second insulation layer 66, on the auxiliary 
drain electrode 48 and on the capacitor electrode 46. A 
second drain contact hole 50b is then formed to expose the 
portion of the auxiliary drain electrode 48 by patterning the 
third insulation layer 68 using the seventh mask. After that, 
the transparent conductive material is deposited and pat 
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terned to form a pixel electrode 56 using the eighth mask. 
The pixel electrode 56 is electrically connected to the 
auxiliary drain electrode 48. 

[0027] Finally, a second data pad contact hole 47 is formed 
to expose the data pad 41 by patterning the ?rst, second and 
third insulation layers 60, 66 and 68 using the ninth mask. 

[0028] Therefore, as described above, the conventional 
X-ray image sensor is formed by a nine-masks process. 

[0029] Although not depicted, the next step is the appli 
cation of a photoconductive ?lm. That material converts 
received external signals (X-rays) into electric charges. The 
photoconductive ?lm is bene?cially comprised of an amor 
phous selenium compound that is deposited in a thickness of 
100 to 500 pm by an evaporator. HoWever, other X-ray 
photoconductive ?lm that having loW dark conductivity and 
high sensitivity to external signals, for example HgI2, PbO2, 
CdTe, CdSe, Thallium bromide or Cadmium sul?de can also 
be used. When the photoconductive ?lm is exposed to 
X-rays, electron-hole pairs are produced in the photocon 
ductive ?lm in accordance With the strength of the x-rays. 

[0030] After the application of the X-ray photoconductive 
?lm, a transparent conductive electrode that passes X-ray is 
formed. When a voltage is applied to the transparent con 
ductive electrode While X-rays are being irradiated, elec 
tron-hole pairs formed in the photoconductive ?lm are 
separated into charges that are gathered to the pixel electrode 
and stored in the storage capacitor “S” (see FIG. 2). 

[0031] FIG. 4, a cross-sectional vieW taken along line 
IV-IV, illustrates the gate pad 34 (see FIG. 2). The gate pad 
34 is extended from the gate line 30, and the gate pad contact 
hole 35 is formed to expose the portion of the gate pad 34 
by patterning the ?rst, second and third insulation layers 60, 
66 and 68. 

[0032] As described above, according to the mentioned 
conventional X-ray image sensing device, hoWever, the 
mask processes are performed nine times to fabricating the 
X-ray image sensor. MeanWhile, each mask process requires 
several steps such as a cleaning step, a depositing step, a 
baking step and an etching step. Therefore, if the number of 
mask processes is decreased by only one mask, the through 
put and manufacturing yields can dramatically increase and 
the manufacturing costs and time can be reduced. 

SUMMARY OF THE INVENTION 

[0033] Accordingly, the present invention is directed to an 
X-ray image sensor and to a method for fabricating the same 
and that substantially obviates one or more of the problems 
due to limitations and disadvantages of the related art. 

[0034] An object of the present invention is to provide an 
X-ray image sensor having simpler processing steps While 
forming a ?rst data contact hole, a semiconductor layer and 
an island-shaped semiconductor layer. 

[0035] Another object of the present invention is to pro 
vide an X-ray image sensor having improved yields. 

[0036] A further object of the invention is to provide a 
method of forming an X-ray image sensor Which can reduce 
processing error during production by preventing mis-align 
ment. 
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[0037] Additional features and advantages of the inven 
tion Will be set forth in the description Which follows, and 
in part Will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention Will be realiZed and 
attained by the structure particularly pointed out in the 
Written description and claims hereof as Well as the 
appended draWings. 

[0038] To achieve the above objects, the present invention 
provides an X-ray image sensor, including: a substrate 
having a pixel region and a sWitching region at one corner 
of the pixel region; a thin ?lm transistor (TFT) formed on the 
sWitching region of the substrate, the TFT having a gate 
electrode, a ?rst insulation layer, a pure amorphous silicon 
layer, a doped amorphous silicon layer and source and drain 
electrodes; an island-shaped ?rst insulation layer and a 
island-shaped semiconductor layer formed over the sub 
strate in the pixel region; a ground line formed on the 
island-shaped semiconductor layer; a second insulation 
layer formed on the TFT, on the substrate and on the ground 
line, the second insulation layer having a ?rst drain contact 
hole, Which expose the portion of the drain electrode, and a 
ground line contact hole, Which expose the portion of the 
ground line; an auxiliary drain electrode formed on the 
second insulation layer and contacting the drain electrode 
through the ?rst drain contact hole; a capacitor electrode 
formed on the second insulation layer and contacting the 
ground line through the ground line contact hole; a third 
insulation layer formed on the second insulation layer, on the 
auxiliary drain electrode and on the capacitor electrode, the 
third insulation layer having the second drain contact hole 
Which exposes the portion of the auxiliary drain electrode; 
and a pixel electrode formed on the third insulation layer and 
contacting the auxiliary drain electrode through the second 
drain contact hole. 

[0039] Bene?cially, the pixel electrode extends over the 
source and drain electrodes. 

[0040] Bene?cially, the auxiliary drain electrode and the 
capacitor electrode are made of the transparent conductive 
material, and the second insulation layer is made of BCB 
(benZocyclobutene). 

[0041] In order to achieve the above objects, the invention 
also provides a method for fabricating an X-ray image 
sensor, including: providing a substrate that has a pixel 
region, a sWitching region at one corner of the pixel region 
and portions de?ned for data and gate lines; forming a gate 
electrode, a data pad connector and a data pad on the 
substrate by depositing and patterning the ?rst metallic 
material using a ?rst mask process; forming sequentially a 
?rst insulation layer, a pure amorphous silicon layer and a 
doped amorphous silicon layer, the ?rst insulation layer 
covering the substrate, the gate electrode, the data pad 
connector and the data pad; forming a ?rst data pad contact 
hole, a semiconductor layer and an island-shaped semicon 
ductor layer by patterning the doped amorphous silicon 
layer, the pure amorphous silicon layer and the ?rst insula 
tion layer using a second mask process, the ?st data contact 
hole exposing the portion of the data pad connector; forming 
a data line, a source electrode, a drain electrode and a ground 
line on the semiconductor layer and on the island-shaped 
semiconductor layer by depositing and patterning a second 
metallic material using a third mask process, the data line 
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contacting the data pad connector through the ?rst data pad 
contact hole; forming a second insulation layer on the TFT, 
on the substrate and on the ground line; forming a ?rst drain 
contact hole and a ground line contact hole by patterning the 
second insulation layer using a fourth mask process, the ?rst 
drain contact hole exposing the portion of the drain electrode 
and the ground line contact hole exposing the portion of the 
ground line; forming an auxiliary drain electrode and a 
capacitor electrode on the second insulation layer by depos 
iting and patterning the transparent conductive material 
using a ?fth mask process, the auxiliary drain electrode 
contacting the drain electrode through the ?rst drain contact 
hole and the capacitor electrode contacting the ground line 
through the ground line contact hole; forming the third 
insulation layer on the second insulation layer, on the 
auxiliary drain electrode and on the capacitor electrode; 
forming a second drain contact hole to expose the portion of 
the auxiliary drain electrode by patterning the third insula 
tion layer using a sixth mask process; forming a pixel 
electrode on the third insulation layer by depositing and 
patterning the transparent conductive material using a sev 
enth mask process, the pixel electrode contacting the aux 
iliary drain electrode through the second drain contact hole; 
and forming a second data pad contact hole to expose the 
data pad by patterning the ?rst, second and third insulation 
layers and the pure and doped amorphous silicon layers. 

[0042] In order to achieve the above objects, the invention 
also provides a method for fabricating an X-ray image 
sensor, further including: forming a channel region by 
removing the portion of the doped amorphous silicon layer 
over the pure amorphous silicon layer using the source and 
drain electrodes as masks after forming the source and drain 
electrodes. 

[0043] Bene?cially, the auxiliary drain electrode, the 
capacitor electrode and the pixel electrode are formed from 
indium tin oxide (ITO) or indium Zinc oxide (IZO), and the 
gate electrode, the data pad connector and the data pad are 
formed from the material selected from a group consisting of 
aluminum and aluminum-neodymium (AlNd). 

[0044] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWING 

[0045] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this speci?cation, 
illustrate embodiments of the invention and together With 
the description serve to explain the principles of the inven 
tion. 

[0046] 
[0047] FIG. 1 is a cross-sectional vieW illustrating the 
principle of operation of an X-ray image sensor; 

[0048] FIG. 2 is a plan vieW illustrating one pixel of an 
X-ray image sensor according to a conventional art; 

[0049] FIGS. 3A to 3F are processing diagrams corre 
sponding to a cross-section of FIG. 2 (III-III) and sequen 
tially illustrate the manufacture of an X-ray image sensor 
according to the conventional art; 

In the draWings: 



US 2001/0013577 A1 

[0050] FIG. 4 is an cross-sectional vieW illustrating a gate 
pad taken along line IV-IV of FIG. 2; 

[0051] FIG. 5 a plan vieW illustrating one pixel of an 
X-ray image sensor according to a preferred embodiment of 
the present invention; 

[0052] FIGS. 6A to 6C are processing diagrams corre 
sponding to a cross-section of FIG. 5 (VI-VI) and sequen 
tially illustrate the manufacture of an X-ray image sensor 
according to the preferred embodiment of the present inven 
tion; and 

[0053] FIG. 7 is a cross-section vieW taken along line 
VI-VI of FIG. 5 and illustrates the X-ray image sensor 
fabricated by the preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0054] Reference Will noW be made in detail to an illus 
trated embodiment of the present invention, the example of 
Which is shoWn in the accompanying draWings. 

[0055] FIG. 5 is a plan vieW of the X-ray image sensor 
according to an embodiment of the present invention and is 
similar to the plan vieW of conventional X-ray image sensor 
(see FIG. 2). 
[0056] ShoWn are the TFT “T”, a storage capacitor “C” 
and gate and data lines 200 and 210. The gate line 200 is 
arranged in transverse direction and the data line 210 is 
arranged in perpendicular to the gate line 200. And the TFT 
“T” is formed near the cross point of the gate and data lines 
200 and 210. The TFT “T” includes a gate electrode 202, 
Which is formed by an elongation of a gate line 200, and a 
source electrode 212, Which is formed by an elongation of 
a data line 210. The TFT “T” also includes a drain electrode 
214 that is spaced apart from the source electrode 212. 

[0057] A ground line 218 is arranged in parallel to the data 
line 210 and in perpendicular to the gate line 200. The 
ground line 218 crosses the storage capacitor area and acts 
as a common electrode that is shared by adjacent pixels. A 
ground line contact hole 220 is formed over the ground line 
218 such that a capacitor electrode 226 is connected to the 
ground line 218 through the ground line contact hole 220. 
TWo or more tWo ground line contact holes can be formed 
over the ground line 218. An island-shaped semiconductor 
layer 222 is formed under the ground line 218. 

[0058] The storage capacitor “C”, Which stores the electric 
charges, is comprised of a capacitor electrode 226, a pixel 
electrode 228 and a dielectric layer (not shoWn) interposed 
betWeen the capacitor electrode 226 and the pixel electrode 
228. The pixel electrode 228 extends over the TFT “T” and 
acts as the other capacitor electrode. The pixel electrode 228 
is electrically connected to a drain electrode 214 via a drain 
contact hole 216. 

[0059] A gate pad 204 is formed at one end of the gate line 
200 and a data pad 224 is formed at one end of the data line 
210. The data pad 224 includes the data pad connector 225 
that is connected to the data line 210 through the ?rst data 
pad contact hole 230. And so the data line 210 is electrically 
connected to the data pad 224. 

[0060] FIGS. 6A to 6C are cross-sectional vieWs, taken 
along line VI-VI of FIG. 2, that illustrate manufacturing 
processes of a X-ray image sensor panel. 
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[0061] Referring to FIG. 6A, a gate electrode 202, a data 
pad 224 and a data pad connector 225 are formed on a 
substrate 1 by depositing and patterning a loW resistant 
metallic material such as Aluminum or Al-alloy (for 
example, AlNd) using the ?rst mask. The data pad connector 
225 is extended from the data pad 224. 

[0062] FIG. 6B shoWs a manufacturing step of forming a 
?rst insulation layer 250 and semiconductor layers 253 and 
222. A ?rst insulation material 250, a pure amorphous 
silicon 252 and a doped amorphous silicon 254 are sequen 
tially deposited over the substrate 1, over the gate electrode 
202, over the data pad 224 and over the data pad connector 
225. And then, a semiconductor layer 253 and an island 
shaped semiconductor layer 222 are formed by patterning 
the ?rst insulation layer 250, the pure amorphous silicon 
layer 252 and the doped amorphous silicon layer 254 using 
the second mask. The island-shaped semiconductor layer 
222 is formed in order to prevent a ground line, Which Will 
be formed in a later step, from the open circuit. At this time, 
the ?rst data pad contact hole 230 is simultaneously formed 
by using the second mask. As compared to the conventional 
method of fabricating the X-ray image sensor Which uses the 
additional mask to form the ?rst data pad contact hole, one 
mask process is omitted in this second mask process of the 
present invention. 

[0063] Referring to FIG. 6C, a data line 210, a source 
electrode 212, a drain electrode 214 and a ground line 218 
are formed by depositing and patterning the second metallic 
material using the third mask. At this time, the data line 210 
is electrically connected to the data pad connector 225 
through the ?rst data pad contact hole 230. Moreover, a 
ground line 52 is formed on the island-shaped semiconduc 
tor layer 222, and a portion of the doped amorphous silicon 
layer 254 on the pure amorphous silicon layer 252 is etched 
to form a channel region “CH” using the source and drain 
electrodes 212 and 214 as masks. Thus, the TFT “T” (see 
FIG. 5) is completed as a sWitching element. 

[0064] After that, since the later manufacturing steps are 
the same as the conventional method described in FIGS. 3D 
and 3E, the explanations are omitted hereinafter. 

[0065] As described above, since the X-ray image sensor 
of the present invention is fabricated using only eight 
masks, the throughput and manufacturing yields increase 
and the manufacturing costs and time is reduced. Moreover, 
due to the eight-masks process, misalignment defect caused 
by the numerous mask processes is reduced. 

[0066] FIG. 7 is a completed cross-sectional vieW of the 
X-ray image sensor according to the preferred embodiment 
of the present invention. 

[0067] The data pad 224, the data pad connector 225 and 
the gate electrode 202 are formed on the substrate 1 by 
depositing and patterning the ?rst metallic layer. And then 
the ?rst insulation layer 250, the pure amorphous silicon 
layer 252 and the doped amorphous silicon layer 254 are 
sequentially formed over the substrate 1 and over the ?rst 
metallic layer. By patterning the ?rst insulation layer 250, 
the pure amorphous silicon layer 252 and the doped amor 
phous silicon layer 254, formed are the ?rst drain contact 
hole 230, the semiconductor layer 253 and the island-shaped 
semiconductor layer 222. 

[0068] After that, the source and drain electrodes 212 and 
214 are formed on the semiconductor 253 by depositing and 
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patterning the second metallic layer. And the ground line 218 
is simultaneously formed on the island-shaped semiconduc 
tor layer 222. At this time, the data line 210, Which is formed 
While forming the source and drain electrodes 212 and 214, 
is connected to the data pad connector 225. 

[0069] The second insulation layer 256 is formed on the 
second metallic layer and on the substrate 1. The ?st drain 
contact hole 216a and the ground line contact hole 220 are 
formed to expose the portion of the drain electrode 214 and 
the portion of the ground line 218, respectively, by pattern 
ing the second insulation layer 256. 

[0070] After that, formed are the auxiliary drain electrode 
215, Which contacts the drain electrode 214 through the ?rst 
drain contact hole 216a, and the capacitor electrode 226, 
Which contacts the ground line 218 through the ground line 
contact hole 220. The auxiliary drain electrode 215 and the 
capacitor electrode 226 are made of the transparent conduc 
tive material such as Indium-Tin-Oxide (ITO) or Indium 
Zinc-Oxide (IZO). The auxiliary drain electrode 215 and the 
capacitor electrode 226 are spaced apart from each other. 
Moreover, the second insulation layer 256 is made of BCB 
(BenZocyclobutene) that has a great planariZing ratio and a 
loW dielectric permittivity. 

[0071] A third insulation layer 258 is formed on the 
second insulation layer 256, on the auxiliary drain electrode 
215 and on the capacitor electrode 226. And then, a second 
drain contact hole 216b is formed to expose the portion of 
the auxiliary drain electrode 215 by patterning the third 
insulation layer 258. 

[0072] A pixel electrode 228 is formed on the third insu 
lation layer 258 by depositing and patterning the transparent 
conductive material. The pixel electrode 228 contacts the 
auxiliary drain electrode 215 through the second drain 
contact hole 216b. At this time, the third insulation layer 258 
insulates the pixel electrode 228 against the capacitor elec 
trode 226. 

[0073] And the second data pad contact hole 231 is formed 
to expose the portion of the data pad 224 by patterning the 
?rst, second and third insulation layer 250, 256 and 258 and 
the pure and doped amorphous silicon layers 254 and 252. 

[0074] Although not depicted in FIG. 7, moreover, the 
next step is the application of a photoconductive ?lm. That 
material converts received external signals (X-rays) into 
electric charges. The photoconductive ?lm is bene?cially 
comprised of an amorphous selenium compound that is 
deposited in a thickness of 100 to 500 pm by an evaporator. 
HoWever, other X-ray photoconductive ?lm that having loW 
dark conductivity and high sensitivity to external signals, for 
example HgI2, PbO2, CdTe, CdSe, Thallium bromide or 
Cadmium sul?de can also be used. When the photoconduc 
tive ?lm is exposed to X-rays, electron-hole pairs are 
produced in the photoconductive ?lm in accordance With the 
strength of the X-rays. 

[0075] After the application of the X-ray photoconductive 
?lm, a transparent conductive electrode that passes X-ray is 
formed. When a voltage is applied to the transparent con 
ductive electrode While X-rays are being irradiated, elec 
tron-hole pairs formed in the photoconductive ?lm are 
separated into charges that are gathered to the pixel electrode 
and stored in the storage capacitor “C” (see FIG. 5). 
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[0076] The principle of operation of the X-ray image 
sensor of the present invention Will be explained hereinafter. 

[0077] The photoconductive ?lm produces electron-hole 
pairs in proportion to the strength of external signals (such 
as incident electromagnetic Waves or magnetic Waves). 
Either the electrons or the holes are then gathered by the 
pixel electrode 228 as electric charges. Which electric 
charges that is gathered depends on the voltage (Ev) polarity 
that is applied to the conductive electrode by the high 
voltage DC. power supply. The gathered electric charges are 
accumulated in the storage capacitor, Which is formed in 
connection With a grounding line. 

[0078] When applying the signal to the gate electrode 202 
of the TFT, i.e., the sWitching operation, charges in the 
storage capacitor “C” (see FIG. 5) are then selectively 
transferred through the TFT to an external image display 
device that forms an X-ray image. 

[0079] After stopping the mentioned sWitching operation, 
the residual charges are transferred to the ground line 218. 
Therefore, the ground line 218 acts as the reset sWitch. 

[0080] The function of the individual element of the X-ray 
image sensor is as folloWs: 

[0081] First, the photoconductive ?lm and the transparent 
conductive electrode act as a photoelectric transducer Which 
converts the X-ray to the electric signal. 

[0082] Second, the storage capacitor acts as a means of 
storing the electric charges generated form the photocon 
ductive ?lm. 

[0083] Third, the TFT acts as a sWitching element that 
transfers the electric charge to the external drive circuitry. 

[0084] As described above, since the X-ray image sensor 
of the present invention is fabricated using only eight 
masks, the throughput and manufacturing yields increase 
and the manufacturing costs and time is reduced. Moreover, 
due to the eight-masks process, the misalignment defect 
caused by the numerous mask processes is reduced. 

[0085] It Will be apparent to those skilled in the art that 
various modi?cations and variation can be made in the 
present invention Without departing from the spirit or scope 
of the invention. Thus, it is intended that the present inven 
tion cover the modi?cations and variations of this invention 
provided they come Within the scope of the appended claims 
and their equivalents. 

What is claimed is: 
1. An X-ray image sensor, comprising: 

a substrate having a pixel region and a sWitching region 
at one corner of the pixel region; 

a thin ?lm transistor (TFT) formed in the sWitching 
region, the TFT having a gate electrode, a ?rst insula 
tion layer, a pure amorphous silicon layer, a doped 
amorphous silicon layer, and source and drain elec 
trodes; 

an island-shaped ?rst insulation layer and an island 
shaped semiconductor layer formed in the pixel region; 

a ground line formed on the island-shaped semiconductor 
layer; 
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a second insulation layer formed on the TFT, on the 
substrate, and on the ground line, the second insulation 
layer having a ?rst drain contact hole Which exposes a 
portion of the drain electrode, and a ground line contact 
hole Which exposes a portion of the ground line; 

an auxiliary drain electrode formed on the second insu 
lation layer and contacting the drain electrode through 
the ?rst drain contact hole; 

a capacitor electrode formed on the second insulation 
layer and contacting the ground line through the ground 
line contact hole; 

a third insulation layer formed on the second insulation 
layer, on the auxiliary drain electrode and on the 
capacitor electrode, the third insulation layer having a 
second drain contact hole Which exposes a portion of 
the auxiliary drain electrode; and 

a pixel electrode formed on the third insulation layer and 
contacting the auxiliary drain electrode through the 
second drain contact hole. 

2. An X-ray image sensor according to claim 1, Wherein 
the pixel electrode extends over the source and drain elec 
trodes. 

3. An X-ray image sensor according to claim 1, Wherein 
the second insulation layer is made of BCB (benZocy 
clobutene). 

4. An X-ray image sensor according to claim 1, Wherein 
the auxiliary drain electrode and the capacitor electrode are 
made of a transparent conductive material. 

5. A method for fabricating an X-ray image sensor, 
comprising: 

providing a substrate that has a pixel region With a 
sWitching region at one corner and portions for data and 
gate lines; 

forming a gate electrode, a data pad connector and a data 
pad on the substrate by depositing and patterning a ?rst 
metallic material using a ?rst mask process; 

sequentially forming a ?rst insulation layer, a pure amor 
phous silicon layer and a doped amorphous silicon 
layer such that the ?rst insulation layer covers the 
substrate, the gate electrode, the data pad connector, 
and the data pad; 

forming a ?rst data pad contact hole, a semiconductor 
layer, and an island-shaped semiconductor layer by 
patterning the doped amorphous silicon layer, the pure 
amorphous silicon layer, and the ?rst insulation layer 
using a second mask process, Wherein a ?rst data 
contact hole exposes a portion of the data pad connec 
tor; 

forming a data line, a source electrode, a drain electrode, 
and a ground line on the semiconductor layer and on the 
island-shaped semiconductor layer by depositing and 
patterning a second metallic material using a third mask 
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process, Wherein the data line contacts the data pad 
connector through the ?rst data pad contact hole; 

forming a second insulation layer on the TFT, on the 
substrate, and on the ground line; 

forming a ?rst drain contact hole and a ground line contact 
hole by patterning the second insulation layer using a 
fourth mask process, Wherein a ?rst drain contact hole 
exposes a portion of the drain electrode, and a ground 
line contact hole exposes a portion of the ground line; 

forming an auxiliary drain electrode and a capacitor 
electrode on the second insulation layer by depositing 
and patterning a transparent conductive material using 
a ?fth mask process, Wherein an auxiliary drain elec 
trode contacts the drain electrode through the ?rst drain 
contact hole, and Wherein a capacitor electrode contacts 
the ground line through the ground line contact hole; 

forming the third insulation layer on the second insulation 
layer, on the auxiliary drain electrode, and on the 
capacitor electrode; 

forming a second drain contact hole to expose a portion of 
the auxiliary drain electrode by patterning the third 
insulation layer using a sixth mask process; 

forming a pixel electrode on the third insulation layer by 
depositing and patterning a transparent conductive 
material using a seventh mask process, Wherein the 
pixel electrode contacts the auxiliary drain electrode 
through the second drain contact hole; and 

forming a second data pad contact hole to expose a 
portion of the data pad by patterning the ?rst, second, 
and third insulation layers, and the pure and doped 
amorphous silicon layers. 

6. Amethod for fabricating an X-ray image sensor accord 
ing to claim 5, Wherein the second insulation layer is formed 
from BCB (BenZocyclobutene). 

7. Amethod for fabricating an X-ray image sensor accord 
ing to claim 5, further comprising, forming a channel region 
by removing a portion of the doped amorphous silicon layer 
over the pure amorphous silicon layer using the source and 
drain electrodes as masks. 

8. Amethod for fabricating an X-ray image sensor accord 
ing to claim 5, Wherein the auxiliary drain electrode, the 
capacitor electrode and the pixel electrode are formed from 
indium tin oxide (ITO). 

9. Amethod for fabricating an X-ray image sensor accord 
ing to claim 5, Wherein the auxiliary drain electrode, the 
capacitor electrode and the pixel electrode are formed from 
indium Zinc oxide (IZO). 

10. A method for fabricating an X-ray image sensor 
according to claim 5, Wherein the gate electrode, the data 
pad connector and the data pad are formed from a material 
selected from a group consisting of aluminum and 
aluminum-neodymium (AlNd). 

* * * * * 


