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(57) ABSTRACT 

A method of forming a photo sensor in a photo diode is 
provided. The photo diode is formed in a semiconductor 
Wafer. The semiconductor Wafer includes a substrate With a 
?rst conductive type, and an insulating layer surrounding the 
photo sensor. A ?rst ion implantation process, utilizing 
dopants With a second conductive type, is performed to form 
a plurality of ?rst doped regions in the surface of the photo 
sensor. Asecond ion implantation process, utilizing dopants 
With the second conductive type, is performed to form a 
second doped region in the surface of the photo sensor. The 
second doped region is overlapped With a portion of each of 
the ?rst doped regions. 
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Fig. 1 Prior art 
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PHOTO SENSOR AND METHOD OF FORMING 
THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of application Ser. No. 10/064, 
256 ?led on Jun. 26, 2002. 

BACKGROUND OF INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
forming a photo sensor in a photo diode, and more particu 
larly, to a method for forming a photo sensor in a photo 
diode having better sensitivity to light of short Wavelengths. 

[0003] 2. Description of the Prior Art 

[0004] A complementary metal-oxide-semiconductor 
(CMOS) image sensor is a common solid-state image sen 
sor. Since a CMOS image sensor device is produced by 
using conventional semiconductor techniques, the CMOS 
image sensor has advantages of loW cost and reduced device 
siZe. In addition, the CMOS image sensor further has 
advantages of high quantum ef?ciency and loW read-out 
noise. The CMOS image is therefore commonly used in 
photoelectric products, such as PC cameras and digital 
cameras. 

[0005] A typical CMOS image sensor comprises a photo 
diode for sensing light, and three metal-oXide semiconductor 
(MOS) transistors including a reset MOS, a current source 
folloWer, and a roW selector. The current in the photo diode 
induced by light represents a signal, Whereas the current 
present in the device in the absence of light represents noise. 
The photo diode processes signal data by using the value of 
the signal-to-noise ratio. 

[0006] Please refer to FIG. 1. FIG. 1 is a schematic 
diagram of a prior art photo diode in a photo sensor located 
on a surface of a semiconductor Wafer. As shoWn in FIG. 1, 
a semiconductor Wafer 10 comprises a silicon substrate 12, 
a P-type Well 14 located on the silicon substrate 12, a photo 
sensor 16 de?ned on the P-type Well 14, and a shalloW trench 
isolation (STI) 18 surrounding the photo sensor 16. The 
shalloW trench isolation 18 is used to isolate the photo sensor 
16 from other electrical devices for preventing an electrical 
shortage. 
[0007] In the prior art method of forming the photo sensor 
16, an ion implantation process is performed to implant 
N-type dopants, such as arsenic ions, into the surface of the 
P-type Well 14 With an implantation energy of approXi 
mately 80 KeV so as to form an N-type doped region 20 With 
an implantation concentration of approximately 1015cm_2. 
Because the doped region 20 and the P-type Well 14 are of 
different type dopants, a depletion region 22 is therefore 
formed in a PN junction betWeen the doped region 20 and 
the P-type Well 14. The depletion region 22 is used for 
sensing light. 
[0008] Because dopants With a high dosage and a high 
energy are used in the prior art method to form the doped 
region 20, the Width of the depletion region 22 of the PN 
junction formed With the doped region 20 and the P-type 
Well 14 is narroWer Which leads to a smaller real active 
region of the photo sensor 16. This Will decrease the leakage 
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current (also called photo-current) of the PN junction When 
the photo-diode sensor accepts light. Therefore, the value of 
the signal-to-noise ratio and the photo-sensibility are 
reduced. 

[0009] In addition, the higher implantation energy of the 
ion implantation process causes a deeper PN junction depth 
of the doped region 20.Since a short Wavelength of light, 
such as blue light for instance, has a shalloW penetration 
depth in the silicon Wafer, the light current induced by the 
PN junction of the photo diode is small When the photodiode 
is irradiated by light of short Wavelengths. Consequently, the 
sensitivity of the photodiode for detecting short Wavelength 
light is reduced. Furthermore, the higher implantation 
energy of the ion implantation process also causes damage 
on the surface of the doped region 20, Which leads to 
increasing the recombination rate of the photo charges. 
Therefore, the lifetime of photo charges and the sensitivity 
of the photo diode are decreased. 

SUMMARY INVENTION 

[0010] It is therefore a primary objective of the claimed 
invention to provide a method for forming a photo sensor in 
a photo diode for improving the sensitivity of a photo diode. 

[0011] According to the claimed invention, a semiconduc 
tor Wafer is ?rstly provided in the preferred embodiment of 
the claimed invention. The semiconductor Wafer includes a 
substrate With a ?rst conductive type, and an insulating layer 
surrounding the photo sensor. A ?rst ion implantation pro 
cess, utiliZing dopants With a second conductive type, is 
performed to form a plurality of ?rst doped regions in the 
surface of the photo sensor. A second ion implantation 
process, utiliZing dopants With the second conductive type, 
is performed to form a second doped region in the surface of 
the photo sensor. The second doped region is overlapped 
With a portion of each of the ?rst doped regions. 

[0012] It is an advantage over the prior art that the claimed 
invention uses the ?rst ion implantation process to form a 
plurality of ?rst doped regions. Therefore, the contacting 
area betWeen each ?rst doped regions and the substrate is 
increased so that the sensing area of the photo diode is 
effectively increased. As a result, the sensitivity of the photo 
diode is improved. In addition, the second doped region is 
overlapped With the upper portion of each ?rst doped 
regions, so that the second doped region and the substrate 
form a depletion region close to the surface of the substrate. 
Therefore, the sensitivity of the photo diode to light With 
short Wavelengths (such as blue light) is effectively 
improved. 
[0013] These and other objectives of the claimed invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment, Which is illustrated in the multiple 
?gures and draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIG. 1 is a schematic diagram of a prior art photo 
diode in a photo sensor located on a surface of a semicon 
ductor Wafer. 

[0015] FIG. 2 to FIG. 5 are schematic diagrams for 
illustrating a method of forming a photo sensor of a photo 
diode on a surface of a semiconductor Wafer. 
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[0016] FIG. 6 is a schematic diagram of a photo sensor in 
a photo diode according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION 

[0017] Please refer to FIG. 2 to FIG. 5. FIG. 2 to FIG. 5 
are schematic diagrams for illustrating a method of forming 
a photo sensor of a photo diode on a surface of a semicon 
ductor Wafer. As shoWn in FIG. 2, a semiconductor Wafer 30 
comprises a P-type substrate 32, and a plurality of insulating 
layers 38, such as shalloW trench isolation, located on the 
surface of the P-type substrate 32 for de?ning a position of 
the photo sensor. In the preferred embodiment of the present 
invention, the surface of the P-type substrate 32 further 
comprises a P-type epitaxial silicon layer 34, and a P-type 
Well 36 is located under the insulating layer 38. The P-type 
Well is used to prevent junction currents produced in the 
photo sensor from occurring a lateral drift to the neighboring 
sensor devices. As a result, the cross talk effect is prevented. 

[0018] As shoWn in FIG. 3, a photolithography process is 
thereafter performed to form a photoresist layer 40 on the 
surface of the P-type substrate 32 for de?ning the position of 
a plurality of lightly doped regions in the photo sensor. Then, 
a ?rst ion implantation process is performed to implant 
N-type dopants, such as arsenic or phosphorus (P), into 
the P-type substrate 32. As a result, a plurality of doped 
regions 42 is formed. Thereafter, the photoresist layer 40 on 
the surface of the semiconductor Wafer 30 is removed 
completely. 

[0019] As shoWn in FIG. 4, another photolithography 
process is performed to form a photoresist layer 44 on the 
surface of the P-type substrate 32 for de?ning a position of 
a heavily doped region in the photo sensor. Then, using the 
photoresist layer 44 as a mask, a second ion implantation 
process is performed to form a doped region 46 on the 
surface of the photo sensor. The doped region 46 is over 
lapped With the upper portion of each doped regions 42. 
Noticeably, the implantation energy of the ?rst ion implan 
tation process should be smaller than that of the second ion 
implantation process, so that the junction depth produced by 
the doped region 46 and the P-type epitaxial layer 34 is 
smaller than the junction depth produced by the doped 
region 42 and the P-type epitaxial layer 34. In addition, the 
dopants used in the second ion implantation process can be 
the same as the dopants used in the ?rst ion implantation 
process. That is, the second ion implantation process can use 
N-type dopants, such as arsenic or phosphorus. HoWever, 
the dopant concentration of the ?rst ion implantation process 
should be less than that of the second ion implantation 
process. 

[0020] Finally, an annealing process is performed to drive 
in the dopants of the doped region 42 and the doped region 
46 into the P-type epitaxial silicon layer 34 as shoWn in FIG. 
5. FolloWing that, a plurality of depletion regions 48 is 
formed betWeen the doped regions 42 and the P-type epi 
taxial silicon layer 34 and betWeen the doped region 46 and 
the P-type epitaxial silicon layer 34. The fabrication of the 
photo sensor is therefore completed. 

[0021] Because the present invention utiliZes the ?rst ion 
implantation process to form a plurality of doped regions 42 
in the P-type epitaxial silicon layer 34, the contacting area 
betWeen each ?rst doped regions 42 and the P-type epitaxial 
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silicon layer 34 is increased, thus effectively increasing the 
sensing area of the photo diode. That is, the area of the 
depletion region 48 is increased to increase photo current 
and improve the sensitivity of the photo diode. In addition, 
the doped region 46 is located on the surface of the P-type 
epitaxial silicon layer 34. The doped region 46 and the 
P-type epitaxial silicon layer 34 form a shalloWer depletion 
region for effectively improving the sensitivity of the photo 
diode to light With short Wavelengths (such as blue light). 

[0022] Furthermore, the doped region 46 is covered on the 
plurality of doped regions 42 in the photo diode according 
to the present invention. As a result, the doped region 46 can 
be used as a conducting Wire of the photo sensor. Therefore, 
each doped region 42 can be applied With an equal voltage 
through the doped region 46. Because the doped regions 42 
on both sides of a depletion region 48 are applied With an 
equal voltage, the depletion region 48 is a complete deple 
tion region. That is, the depletion region 48 is in an open 
circuit state and a capacitance of the depletion region 48 is 
approximately equal to Zero. Thus, the sensing area of the 
photo diode is increased and the dark current of the photo 
diode is decreased. Due to increasing the photocurrent of the 
depletion region 48 and decreasing the capacitance of the 
depletion region 48, the photon conversion gain of the photo 
diode is increased and the performance of the photo diode is 
therefore improved. 

[0023] Please refer to FIG. 6. FIG. 6 is a schematic 
diagram of a photo sensor in a photo diode according to 
another embodiment of the present invention. In this 
embodiment, the fabrication of forming a photo diode and 
the fabrication of forming a MOS transistor are integrated to 
simplify the manufacturing ?oW. As shoWn in FIG. 6, a 
semiconductor Wafer 50 comprises a P-type substrate 52, a 
photo sensor region 54 and a logic circuit region 56 formed 
on the surface of the P-type substrate 52. A plurality of 
insulating layers 62, such as shalloW isolation trench, is 
formed betWeen the photo sensor region 54 and the logic 
circuit region 56. A photo diode is formed Within the photo 
sensor region 54, and a MOS transistor is formed Within the 
logic circuit region 56. In order to improve the electrical 
performance of the photo diode, a P-type epitaxial silicon 
layer 58 can be selectively located on the P-type substrate 
52, and a plurality of P-type Wells 60 can be selectively 
located under the insulating layer 62. 

[0024] The photo sensor region 54 comprises a plurality of 
lightly doped regions 64, a heavily doped region 66 covered 
on the lightly doped regions 64, and a plurality of depletion 
regions 72 formed betWeen the P-type epitaxial silicon layer 
58 and the doped regions 64,66. The logic circuit region 56 
comprises a gate 68, and a lightly doped drain (LDD) 70 
located in the P-type epitaxial silicon layer 58 of both sides 
of the gate 68. Noticeably, the doped region 66 and the 
lightly doped drain 70 are simultaneously formed by per 
forming the same ion implantation process. Therefore, the 
damage to crystal lattice of the surface of the doped region 
66 is reduced. In addition, the recombination rate of the 
photo charges and the leakage current are decreased. Fur 
thermore, the fabrication of forming a photo diode and the 
fabrication of forming a MOS transistor are integrated to 
reduce production costs. 

[0025] In comparison With the prior art, the present inven 
tion uses the ?rst ion implantation process to form a plurality 
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of ?rst doped regions. Therefore, the contacting area 
betWeen each ?rst doped region and the substrate is 
increased so that the sensing area of the photo diode is 
effectively increased. As a result, the sensitivity of the photo 
diode is improved. In addition, the second doped region is 
overlapped With the upper portion of each ?rst doped 
regions, so that the second doped region and the substrate 
form a depletion region close to the surface of the substrate. 
Therefore, the sensitivity of the photo diode to light With 
short Wavelengths is effectively irnproved. Furthermore, the 
depletion region is a complete depletion region. Thus, the 
sensing area of the photo diode is increased and the dark 
current of the photo diode is decreased. The photocurrent of 
the depletion region and the photon conversion gain of the 
photo diode are further increased Those skilled in the art Will 
readily observe that numerous rnodi?cations and alterations 
of the device may be made While retaining the teachings of 
the invention. Accordingly, the above disclosure should be 
construed as limited only by the rnetes and bound of the 
appended claims. 

What is claimed is: 
1. A method of forming a photo sensor in a photo diode 

formed on a semiconductor Wafer, a surface of the semi 
conductor comprising a substrate With ?rst-type dopants, 
and an insulating layer positioned on a surface of the 
substrate and surrounding the photo sensor, the method 
comprising: 

performing a ?rst ion implantation process utiliZing sec 
ond-type dopants to form a plurality of ?rst doped 
regions on a surface of the photo sensor; and 

performing a second ion implantation process utiliZing 
second-type dopants to form a second doped region on 
the surface of the photo sensor, and the second doped 
region being overlapped With a partial region of each of 
the ?rst doped regions. 

2. The method of claim 1 Wherein the dopants in the ?rst 
doped regions and in the second doped region interact With 
neighboring substrate to form a plurality of depletion 
regions. 

3. The method of claim 1 Wherein the ?rst-type dopants 
are N-type, and the second-type dopants are P-type. 

4. The method of claim 1 Wherein the ?rst-type dopants 
are P-type, and the second-type dopants are N-type. 

5. The method of claim 1 Wherein the substrate further 
comprises an epitaxial silicon layer, and each of the ?rst 
doped regions and the second doped region are formed 
inside the epitaxial silicon layer. 

6. The method of claim 1 Wherein a dopant density of the 
?rst ion implantation process is less than a dopant density of 
the second ion implantation process. 

7. The method of claim 1 Wherein the surface of the 
semiconductor Wafer further comprises a logic circuit 
region, and the second ion implantation process forms at 
least a lightly doped drain (LDD) Within the logic circuit 
region. 
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8. The method of claim 1 Wherein the method further 
comprises an annealing process for driving-in the dopants in 
the second doped region. 

9. The method of claim 1 Wherein each of the depletion 
regions formed between the neighboring ?rst doped regions 
is a complete depletion region, and a capacitance of each of 
the depletion regions is approximately equal to Zero for 
increasing a sensing area, decreasing dark current, and 
further increasing photo current and photon conversion gain. 

10. The method of claim 1 Wherein the second doped 
region is utiliZed to be a conducting Wire of the photo sensor. 

11. A method of forming a photo sensor in a photo diode 
formed on a predetermined region of a P-type substrate of a 
semiconductor Wafer, the predetermined region being sur 
rounded by an insulating layer, the method comprising: 

performing a ?rst ion implantation process to form a 
plurality of ?rst N-type doped regions on a surface of 
the predetermined region; and 

performing a second ion implantation process to form a 
second N-type doped region on the surface of the 
predetermined region, and to form at least a lightly 
doped drain (LDD) on a surface of the semiconductor 
Wafer outside the predetermined region. 

12. The method of claim 11 Wherein the dopants in each 
of the ?rst N-type doped regions and in the second N-type 
doped region interact With the neighboring P-type substrate 
to form a plurality of depletion regions. 

13. The method of claim 11 Wherein the second N-type 
doped region is overlapped With a partial region of each of 
the ?rst N-type doped regions. 

14. The method of claim 11 Wherein the P-type substrate 
further comprises an epitaxial silicon layer, and each of the 
?rst N-type doped regions and the second N-type doped 
region are formed inside the epitaxial silicon layer. 

15. The method of claim 11 Wherein a dopant density of 
the ?rst ion implantation process is less than a dopant 
density of the second ion implantation process. 

16. The method of claim 11 Wherein the method further 
comprises an annealing process for driving-in the dopants in 
the second N-type doped region. 

17. The method of claim 16 Wherein each of the depletion 
regions formed between the neighboring ?rst N-type doped 
regions is a complete depletion region, and a capacitance of 
each of the depletion regions is approximately equal to Zero 
for increasing a sensing area, decreasing dark current, and 
further increasing photo current and photon conversion gain. 

18. The method of claim 11 Wherein the second N-type 
doped region is utiliZed to be a conducting Wire of the photo 
sensor. 

19. The method of claim 11 Wherein the lightly doped 
drain is positioned Within a logic circuit region. 


