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FIG. 1 
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FIG. 2 
Related Art 
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FIG. 3A 
Related Art 
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FIG. 3C 
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FIG. 3D 
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FIG. 3E 
Related Art 
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FIG. 3F 
Related Art 
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FIG. 3G 
Related Art 
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FIG. 4C 

86 
> 

37 ' \ 35 

2 ,/ 
\\\\\\ \\\\\\\\\\ \ \\ \\ 

34 

33 /‘\/ 32 



Patent Application Publication Feb. 7, 2008 Sheet 11 0f 15 US 2008/0029792 A1 

FIG. 4D 
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FIG. 4E 
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CMOS IMAGE SENSOR AND METHOD FOR 
FABRICATING THE SAME 

[0001] This application claims the bene?t of Korean 
Patent Application No. 10-2004-114784, ?led on Dec. 29, 
2004, 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 a complementary 
metal-oxide semiconductor (CMOS) image sensor and a 
method for fabricating the same, and more particularly, to a 
CMOS image sensor and a method for fabricating the same 
in Which a dead Zone and a dark current are simultaneously 
reduced. 

[0004] 2. Discussion of the Related Art 

[0005] Generally, an image sensor is a semiconductor 
device that converts optical images to electrical signals. The 
image sensor can be classi?ed as a charge coupled device 
(CCD) and a CMOS image sensor. 

[0006] The CCD has draWbacks in its fabricating process 
because of a complicated driving mode, high poWer con 
sumption, and multistage photolithographic processes. Also, 
it is dif?cult for a control circuit, a signal processing circuit, 
and an analog-to-digital converter to be integrated in a CCD 
chip. Thus, the CCD is not suitable for use in slim siZed 
products. HoWever, CMOS image sensors have received 
attention as the next generation technology for overcoming 
the draWbacks of CCDs. 

[0007] The CMOS image sensor employs a sWitching 
mode that sequentially detects outputs of unit pixels using 
MOS transistors by forming the MOS transistors to corre 
spond to the number of the unit pixels on a semiconductor 
substrate. CMOS technology that uses a control circuit and 
a signal processing circuit as peripheral circuits is employed. 

[0008] The CMOS image sensor has advantages in that 
poWer consumption is loW because of the CMOS technol 
ogy. Also, a fabricating process is simple because of a 
relatively small number of photolithographic processing 
steps. Further, since the CMOS image sensor alloWs a 
control circuit, a signal processing circuit and an analog-to 
digital converter to be integrated in its chip, it has an 
advantage in that a slim siZed product can be obtained. 
Therefore, the CMOS image sensor is Widely used for 
various application ?elds such as digital still cameras and 
digital video cameras. 

[0009] Arelated art CMOS image sensor Will be described 
With reference to FIGS. 1 and 2. FIG. 1 is a layout illus 
trating a unit pixel of a 4 T type CMOS image sensor 
including four transistors, and FIG. 2 is an equivalent circuit 
100 diagram illustrating the unit pixel of the CMOS image 
sensor shoWn in FIG. 1. 

[0010] In the unit pixel of the 4 T type CMOS image 
sensor, as shoWn in FIGS. 1 and 2, a photodiode (PD) 20 is 
formed in a Wide portion of an active area 10, and gate 
electrodes 110, 120, 130, and 140 of four transistors, are 
formed to respectively overlap the other portions of the 
active area 10. A transfer transistor Tx, a reset transistor Rx, 
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a drive transistor Dx, and a selection transistor Sx are 
respectively formed by the gate electrodes 110, 120, 130 and 
140. 

[0011] Impurity ions are implanted into the active area 10 
of each transistor except portions beloW the gate electrodes 
110, 120, 130 and 140, so that source and drain areas of each 
transistor are formed. Thus, a poWer voltage Vdd is applied 
to the source and drain areas betWeen the reset transistor Rx 
and the drive transistor Dx, and a poWer voltage Vss is 
applied to the source and drain areas at one side of the 
selection transistor Sx. 

[0012] The transfer transistor Tx transfers optical charges 
generated by the photodiode to a ?oating diffusion (FD) 
layer. The reset transistor Rx controls and resets the potential 
of the ?oating diffusion layer. The drive transistor Dx serves 
as a source folloWer. The selection transistor Sx serves as a 

sWitching transistor to read a signal of the unit pixel. 

[0013] A method for fabricating the aforementioned 
related art CMOS image sensor Will be described With 
reference to FIG. 3A to FIG. 3G. FIG. 3A to FIG. 3G are 
sectional vieWs taken along line l-l' of the unit pixel of the 
CMOS image sensor shoWn in FIG. 1. 

[0014] First, as shoWn in FIG. 3A, a lightly doped P type 
(P-) epitaxial layer 2 is formed on a P type semiconductor 
substrate 1 de?ned by an active area and a device isolation 
area using a mask. Then, the lightly doped P type epitaxial 
layer 2 is etched at a predetermined depth by exposing and 
developing processes using the mask to form a trench. An 
oxide ?lm is formed on the epitaxial layer 2. The trench is 
?lled With the oxide ?lm by a chemical mechanical polish 
ing (CMP) process so as to form a device isolation ?lm 3 in 
the device isolation area. 

[0015] Impurity ions are implanted into the surface of the 
epitaxial layer 2 to correspond to the active area to form a 
P type impurity ion area 4. The P type impurity ion area 4 
is used to control a threshold voltage in a channel area of the 
transfer transistor and to pin a surface voltage in the pho 
todiode. 

[0016] As shoWn in FIG. 3B, a gate insulating ?lm and a 
conductive layer are sequentially formed on the entire 
surface of the substrate and then selectively dry-etched to 
form a gate insulating ?lm 5 and a gate electrode 6 of each 
transistor including the transfer transistor. 

[0017] As shoWn in FIG. 3C, an insulating ?lm 7 such as 
an oxide ?lm is formed on the entire surface of the substrate 
including the gate electrode 6 to recover a damaged comer 
of the gate insulating ?lm 5 and protect the surface of the 
epitaxial layer 2 during a later ion implantation process. 

[0018] As shoWn in FIG. 3D, a photoresist ?lm is coated 
on the entire surface and then removed by exposing and 
developing processes to form a photoresist pattern 8 that 
exposes the photodiode. The photoresist pattern 8 is formed 
to partially cover the active area adjacent the device isola 
tion ?lm 3 and to partially expose the gate electrode 6. N 
type impurity ions are implanted into the epitaxial layer 2 of 
the exposed photodiode by high energy ion implantation to 
form a photodiode N type impurity ion area 9. 

[0019] As shoWn in FIG. 3E, after the photoresist pattern 
8 is removed, a photoresist pattern 10 is formed to expose 
the photodiode. P type impurity ions are implanted into the 
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surface of the photodiode N type impurity ion area 9 to form 
a P type impurity ion area 11. The P type impurity ion area 
11 has a doping level obtained by adding a doping level of 
the P type impurity ion area 4 thereto. 

[0020] Instead of the process shoWn in FIG. 3E, as shoWn 
in FIG. 3F, an insulating ?lm may be deposited on the entire 
surface and then removed by an anisotropic etching process 
to form spacers 12 at sideWalls of the gate electrode 6. After 
the photoresist pattern 10 is formed to expose the photo 
diode, P type impurity ions may be implanted into the 
surface of the photodiode N type impurity ion area 9 to form 
the P type impurity ion area 11. 

[0021] As shoWn in FIG. 3G, the photoresist pattern 10 is 
removed, and N type impurity ions are heavily implanted 
into the drain area at one side of the gate electrode 6 using 
a mask to form a heavily doped N type impurity ion area 13. 

[0022] In the related art CMOS image sensor, the photo 
diode converts signals of light into electrical signals to 
generate optical charges. The generated optical charges 
move to the ?oating diffusion layer so as to gate the drive 
transistor Dx if the transfer transistor Tx is turned on. 
HoWever, as shoWn in FIG. 3E, if the P type impurity ions 
are implanted before the spacers are formed, the epitaxial 
layer beloW the spacers is pinned. Characteristics of a dark 
current may be improved but the P type impurity ion doping 
level increases. As the P type impurity ion doping level 
increases, a potential barrier of the source area of the transfer 
transistor increases to reduce transfer e?iciency of the opti 
cal charges. A problem then occurs in that a dead Zone is 
formed. In the dead Zone no signal is generated for a certain 
time period after light enters the sensor. 

[0023] Furthermore, as shoWn in FIG. 3F, if the P type 
impurity ions are implanted after the spacers are formed at 
the sideWalls of the gate electrode, transfer ef?ciency of the 
optical charges may be improved. HoWever, the surface of 
the photodiode is damaged during the dry-etching process 
that forms the spacers. Dark current is thereby increased. 

SUMMARY OF THE INVENTION 

[0024] Accordingly, the present invention is directed to a 
CMOS image sensor and a method for fabricating the same 
that substantially obviates one or more problems due to 
limitations and disadvantages of the related art. 

[0025] An advantage of the present invention is to provide 
a CMOS image sensor and a method for fabricating the same 
in Which a dead Zone and a dark current are simultaneously 
reduced by selective epitaxial groWth. 

[0026] Additional features and advantages of the inven 
tion Will be set forth in the description Which folloWs, and 
Will be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention may be realiZed and attained by the 
structure and method particularly pointed out in the Written 
description and claims hereof as Well as the appended 
draWings. 

[0027] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described, a CMOS image sensor includes a ?rst 
conductive type semiconductor substrate de?ned by a pho 
todiode area and a transistor area, a second conductive type 
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impurity ion area formed in the semiconductor substrate of 
the photodiode area, a gate electrode formed on the semi 
conductor substrate of the transistor area, an insulating ?lm 
formed on an entire surface of the semiconductor substrate 
including the gate electrode and excluding the second con 
ductive type impurity ion area, and a silicon epitaxial layer 
formed on the second conductive type impurity ion area and 
doped With ?rst conductive type impurity ions. 

[0028] In another aspect of the present invention, a 
method for fabricating a CMOS image sensor includes 
forming a ?rst conductive type ?rst impurity ion area in an 
active area of a semiconductor substrate de?ned by the 
active area and a ?eld area, forming a gate electrode on a 
transistor area of the active area, forming an insulating ?lm 
on an entire surface of the semiconductor substrate including 
the gate electrode, forming a second conductive type impu 
rity ion area in a photodiode area of the active area, 
selectively removing the insulating ?lm on the second 
conductive type impurity ion area, groWing a silicon epi 
taxial layer on a surface of the second conductive type 
impurity ion area, and forming a ?rst conductive type second 
impurity ion area in the silicon epitaxial layer. 

[0029] 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 DRAWINGS 

[0030] 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 exemplary embodiment(s) of the invention and 
together With the description serve to explain the principles 
of the invention. In the draWings: 

[0031] FIG. 1 is a layout illustrating a unit pixel of a 4 T 
type CMOS image sensor including four transistors accord 
ing to the related art; 

[0032] FIG. 2 is an equivalent circuit diagram illustrating 
the unit pixel of the CMOS image sensor shoWn in FIG. 1; 

[0033] FIG. 3A to FIG. 3G are sectional vieWs ofa CMOS 
image sensor fabricated by a method according to related art 
methods; and 

[0034] FIG. 4A to FIG. 4H are sectional vieWs of a CMOS 
image sensor fabricated by a method according to an exem 
plary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] Reference Will noW be made in detail to exemplary 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers Will be used through 
out the draWings to refer to the same or similar parts. 

[0036] As shoWn in FIG. 4A, a lightly doped P type (P-) 
epitaxial layer 32 is formed on a P type semiconductor 
substrate 31 de?ned by an active area and a device isolation 
area using a mask. Then, the lightly doped P type epitaxial 
layer 32 is etched at a predetermined depth by exposing and 
developing processes using the mask to form a trench. An 
oxide ?lm is formed on the substrate so that the trench is 
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?lled With the oxide ?lm. The oxide ?lm is patterned by a 
chemical mechanical polishing (CMP) process to remain in 
the trench, so that a device isolation ?lm 33 is formed in the 
device isolation area. 

[0037] Impurity ions are implanted into a surface of the 
epitaxial layer 32 corresponding to the active area so as to 
form a P type impurity ion area 34. The P type impurity ion 
area 34 is used to control a threshold voltage in a channel 
area of a transfer transistor and to pin a surface voltage in a 
photodiode area. 

[0038] As shoWn in FIG. 4B, a gate insulating ?lm and a 
conductive layer are sequentially formed on the entire 
surface of the substrate and then selectively dry-etched to 
form a gate insulating ?lm 35 and a gate electrode 36 of each 
transistor including the transfer transistor. 

[0039] As shoWn in FIG. 4C, an insulating ?lm 37, such 
as an oxide ?lm, is formed on the entire surface of the 
substrate including the gate electrode 36 to recover a dam 
aged corner of the gate insulating ?lm 35 and to protect the 
surface of the epitaxial layer 32 during a later ion implan 
tation process. 

[0040] As shoWn in FIG. 4D, a photoresist ?lm is coated 
on the entire surface and then removed by exposing and 
developing processes to form a photoresist pattern 38 that 
exposes the photodiode area. The photoresist pattern 38 is 
formed to partially cover the active area adjacent the device 
isolation ?lm 33 and the gate electrode 36. The insulating 
?lm 37 exposed from the photoresist pattern 38 is selectively 
removed by a Wet-etching process. The insulating ?lm 37 at 
sideWalls of the gate electrode 36 and on the gate electrode 
36 may not removed. Then, N type impurity ions are 
implanted into the epitaxial layer 32 of the exposed photo 
diode area by high energy ion implantation to form an N 
type impurity ion area 39 in the photodiode area. 

[0041] As shoWn in FIG. 4E, after the photoresist pattern 
38 is removed, a silicon epitaxial layer 40 is groWn using a 
selective epitaxial groWth process on the surface of the 
photodiode area from Which the insulating ?lm 37 is 
removed. The silicon epitaxial layer 40 is electrically iso 
lated from the gate electrode 36 by the insulating ?lm 37. 

[0042] As shoWn in FIG. 4F, a photoresist ?lm 42 is coated 
on the entire surface and then patterned by exposing and 
developing processes to expose the photodiode area. P type 
impurity ions are implanted into the silicon epitaxial layer 
40 to form a P type impurity ion area 41 using the patterned 
photoresist ?lm 42 as a mask. 

[0043] As shoWn in FIG. 4G, after the photoresist ?lm 42 
is removed, an insulating ?lm is deposited on the entire 
surface and then removed by an anisotropic etching process 
to form spacers 43 at the sideWalls of the gate electrode 36. 

[0044] As shoWn in FIG. 4H, N type impurity ions are 
heavily implanted into a drain area at one side of the gate 
electrode 36 using a mask to form a heavily doped N type 
impurity ion area 44. 

[0045] In the CMOS image sensor according to an exem 
plary embodiment of present invention, the P type epitaxial 
layer 32 de?ned by the photodiode area and a transistor area 
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is provided to form the N type impurity ion area 39 in the 
photodiode area of the P type epitaxial layer 32. The silicon 
epitaxial layer 41, into Which the P type impurity ions are 
implanted, is selectively formed on the P type epitaxial layer 
32 of the photodiode area. The gate insulating ?lm 35 and 
the gate electrode 36 are formed on the P type epitaxial layer 
32 of the transistor area, and the P type impurity ion area 34 
is formed in the P type epitaxial layer 32 beloW the gate 
electrode 36. 

[0046] The silicon epitaxial layer 41 into Which the P type 
impurity ions are implanted is isolated from the gate elec 
trode 36 by the insulating ?lm 37. The spacers 43 are formed 
at the sideWalls of the gate electrode 36 on the silicon 
epitaxial layer 41 into Which the P type impurity ions are 
implanted. 
[0047] As described above, the CMOS image sensor and 
the method for fabricating the same have the folloWing 
advantages. Since the P type impurity ion area shoWn in 
FIG. 4A is extended to the portion beloW the spacers of the 
transfer transistor, it is possible to reduce the dark current of 
the image sensor. In addition, since the silicon epitaxial layer 
is formed on the surface of the photodiode area using the 
selective epitaxial groWth process and the P type impurity 
ion area is formed on the silicon epitaxial layer to pin the 
surface voltage of the photodiode area, the P type impurity 
ion area of the photodiode area is higher than the channel 
area of the transfer transistor. The potential barrier in the 
source area of the transfer transistor does not increase, and 
transfer e?iciency of the optical charges can be improved. 

[0048] It Will be apparent to those skilled in the art that 
various modi?cations and variations 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. 

1. A CMOS image sensor comprising: 

a ?rst conductive type semiconductor substrate de?ned by 
a photodiode area and a transistor area; 

a second conductive type impurity ion area formed in the 
semiconductor substrate of the photodiode area; 

a gate electrode formed on the semiconductor substrate of 
the transistor area; 

an insulating ?lm formed on an entire surface of the 
semiconductor substrate including the gate electrode 
and excluding the second conductive type impurity ion 
area; and 

a silicon epitaxial layer formed on the second conductive 
type impurity ion area and doped With ?rst conductive 
type impurity ions. 

2. The CMOS image sensor of claim 1, Wherein the 
silicon epitaxial layer is formed on the second conductive 
type impurity ion area using a selective epitaxial groWth 
process. 

3. The CMOS image sensor of claim 1, Wherein the gate 
electrode is isolated from the silicon epitaxial layer by the 
insulating ?lm formed at sideWalls of the gate electrode. 

4. The CMOS image sensor of claim 1, further comprising 
spacers formed at sideWalls of the gate electrode. 
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5. The CMOS image sensor of claim 4, wherein the 
spacers formed at the sidewalls of the gate electrode are 
adjacent to the silicon epitaxial layer and are formed on the 
silicon epitaxial layer at the sideWalls of the gate electrode. 

6. The CMOS image sensor of claim 1, Wherein the 
silicon epitaxial layer is higher than the surface of the 
semiconductor substrate beloW the gate electrode. 
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7. The CMOS image sensor of claim 1, further comprising 
a ?rst conductive type impurity ion area formed on surfaces 
of the photodiode area and the transistor area. 

8-12. (canceled) 


