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SOLID-STATE SENSOR AND SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a solid-state image 
sensor, and a manufacturing method thereof. 

[0002] Prior art in the ?eld Will be described, referring to 
the drawing. 

[0003] FIG. 1 is a vieW of an example of a circuit of a 
solid-state image sensor called an amplifying MOS sensor. 

[0004] In FIG. 1, amplifying transistors 2 for reading a 
signal from a photodiode 1 and 3x3 unit cells comprising a 
reset transistor 3 for resetting a signal charge are arranged in 
a tWo-dimensional form. In reality, more unit cells than those 
shoWn in FIG. 1 are arranged. HoriZontal address lines 5 
extending in the horiZontal direction from a vertical shift 
resistor 4 are connected to the gates of vertical select 
transistors, and specify the line for reading signals. Reset 
lines 6 are connected to the gates of the reset transistors. The 
sources of the amplifying transistors 2 are connected to 
vertical signal lines 7, and the one end of each of the lines 
7 is connected to a load transistor 8. The other thereof is 
connected to a horiZontal signal line 11 through a horiZontal 
select transistor 10 to be selected by a select pulse supplied 
from a horiZontal shift resistor 9. 

[0005] In a conventional method for forming a photodiode 
1 in a photoelectric conversion section (see FIG. 2), a p-Well 
(p-type layer) 12 is formed on a Si substrate 13, and a 
resistor 14 is applied onto the Si substrate at other than the 
portion Where the photodiode 1 is to be formed, to carry out 
patterning. Subsequently, phosphorus 15 (P) is implanted 
thereto by ion implantation at one time. After that, thermal 
treatment is conducted to form the photodiode 1. The 
distribution of impurity concentration is shoWn in FIG. 3. 

[0006] FIG. 3 shoWs the distribution of phosphorus (P) 
concentration, Which is for forming the photoelectric con 
version section, the distribution of boron (B) concentration, 
Which is for forming the p-Well, and the distribution of net 
impurity concentration. Such a sort of device has the fol 
loWing disadvantages: 

[0007] (1) Carriers in a sufficient amount Which are 
generated by photoelectric conversion cannot be 
stored, since the capacity of the photodiode 1 is 
small. 

[0008] (2) Carrier generated in the deep position in 
the substrate by photoelectric conversion leak into 
the photodiodes for adjacent pixels so as to result in 
miXed colors. 

[0009] (3) The area for collecting the carrier in the 
photodiode is small and consequently sensitivity is 
loW. 

[0010] In the case of implanting a great deal of an ion in 
the conventional method, ion damage is concentrated into a 
certain depth (for eXample, near 0.2 pm) so that dark current 
increases. 

[0011] As described above, the conventional MOS-type 
solid-state image sensor has the disadvantages of small 
capacity of the photodiode, miXed color, loW sensitivity and 
generation of a dark current in a large amount. 
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BRIEF SUMMARY OF THE INVENTION 

[0012] The object of the invention is to provide a solid 
state image sensor Which has a large photodiode-capacity 
and a high sensitivity and causes no miXed colors and dark 
current in a small amount; a method of manufacturing the 
same; and various sorts of devices to Which the solid-state 
image sensor is applied. 

[0013] To overcome the aforementioned disadvantages, 
the present invention is as folloWs: 

[0014] The solid-state image sensor according to the 
present invention comprises a semiconductor substrate; a 
plurality of photoelectric conversion sections formed Within 
respective isolated active regions on the semiconductor 
substrate; an image area Wherein unit cells comprising the 
plurality of photoelectric conversion sections and a signal 
scanning circuit are arranged in a tWo-dimensional array 
form; and signal lines for reading signals from the respective 
unit cells Within the image pick-up area, Wherein the respec 
tive photoelectric conversion sections being formed by at 
least tWice ion implantation. 

[0015] Preferred manners of the solid-state image sensor 
are as folloWs: 

[0016] (1) An area of the vicinity of a surface portion 
of the plurality of photoelectric conversion sections 
is larger than that of a deep portion of the plurality 
of photoelectric conversion sections. 

[0017] (2) The active regions are isolated by an 
insulator element isolation. 

[0018] (3) In the ?rst and second ion implantation 
steps for forming the photoelectric conversion sec 
tions sorts of implanted ions are different or energies 
for implantation are different. 

[0019] The method of manufacturing the solid-state image 
sensor according to the invention, Wherein the solid-state 
image sensor comprises a plurality of photoelectric conver 
sion sections formed Within respective isolated active 
regions on a semiconductor substrate; an image pick-up area 
Wherein unit cells comprising the plurality of photoelectric 
conversion sections and a signal scanning circuit are 
arranged in a tWo-dimensional array form; and signal lines 
for reading signals from the respective unit cells Within the 
image region, comprises the step of forming the a plurality 
of photoelectric conversion sections by at least tWice ion 
implantation. 

[0020] According to the invention, the photodiodes for the 
photoelectric conversion sections can be formed to be posi 
tioned deeply in the deep direction of the substrate, since ion 
implantation is carried out at least tWo times. As a result, the 
area for collecting carriers in the photodiodes is spread in the 
deep direction of the substrate, thereby improving sensitiv 
ity. The degree of color crosstalks can be reduced since 
carriers leaking into adjacent piXels can be reduced. It is also 
possible to increase joint capacitance produced at the side 
Wall portion of adjacent piXels. Ion implantation is sepa 
rately carried out several times, so that areas subjected to ion 
damage (mainly, near the portion Where ions are stopped) 
can be dispersed. Thus, the ion damage can be easily 
recovered in a subsequent annealing step, and dark current 
is reduced. 
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[0021] The following advantages are obtained according 
to the present invention. 

[0022] The photodiodes for the photoelectric conversion 
sections can be formed to be positioned deeply in the deep 
direction of the substrate. As a result, the area for collecting 
carriers in the photodiodes is spread in the deep direction of 
the substrate, thereby improving sensitivity. The degree of 
color crosstalks can be reduced since carriers leaking into 
adjacent piXels can be reduced. It is also possible to increase 
joint capacitance produced at the side Wall portion of 
adjacent piXels. Ion implantation is separately carried out 
several times, so that areas subjected to ion damage (mainly, 
near the portion Where ions are stopped) can be dispersed. 
Thus, the ion damage can be easily recovered in a subse 
quent annealing step, and dark current is reduced. 

[0023] Application of the present invention to, in particu 
lar, a MOS-type solid-state image sensor is very useful; 
hoWever, application of the invention to any CCD other than 
the MOS-type solid-state image sensor also provides all 
advantageous effects eXcept decrease in dark current. 

[0024] The solid-state imaging system according to the 
invention comprises an optical system for receiving an 
optical image from an object to introduce the optical image 
onto a speci?ed position; an image processor having a 
sensor for converting the optical image introduced onto the 
speci?ed position into electric signals corresponding to the 
quantity of the light of the optical image, for every piXel 
unit; and a signal processor for processing the outputs from 
the image processor into a desired format to output the 
processed signals, Wherein the sensor having: a semicon 
ductor substrate; a plurality of photoelectric conversion 
sections formed Within respective isolated active regions on 
the semiconductor substrate; an image region Wherein unit 
cells comprising the plurality of photoelectric conversion 
sections and a signal scanning circuit are arranged in a 
tWo-dimensional array form; and signal lines for reading 
signals from the respective unit cells Within the image 
pick-up area; the respective photoelectric conversion sec 
tions being formed by at least tWice ion implantation. 

[0025] Preferred manners of this solid-state imaging sys 
tem is as folloWs. 

[0026] (1) The area of the vicinity of the surface 
portion of the plurality of photoelectric conversion 
sections is larger than that of the deep portion of the 
photoelectric conversion sections. 

[0027] (2) The active regions are isolated by insulator 
element isolations. 

[0028] (3) The ?rs and second ion implantation steps 
for forming the photoelectric conversion sections 
sorts of implanted ions are different or energies for 
implantation are different. 

[0029] The aforementioned solid-state imaging system 
according to the invention makes it possible to provide a 
compact MOS-type solid-state image sensor application 
system Which can realiZe saving energy and a high quality 
image. 
[0030] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
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invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0031] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0032] FIG. 1 is a vieW of a circuit of a sensor in the prior 
art; 

[0033] FIG. 2 is a cross sectional structure of a conven 
tional photodiode; 

[0034] FIG. 3 shoWs the distribution of impurity concen 
tration along the depth direction in the conventional photo 
diode; 
[0035] FIG. 4 is a cross section of the structure of a 
photodiode in the present invention; 

[0036] FIGS. 5A and 5B are a top vieW and a cross 
section of the photodiode in the present invention, respec 
tively; 

[0037] FIG. 6 shoWs the distribution of impurity concen 
tration along the depth direction in the photodiode in the 
present invention; 

[0038] FIG. 7 is a vieW shoWing a basic structure of a 
solid-state image sensor according to the present invention; 

[0039] FIG. 8 is a vieW shoWing a common structure of a 
device using a MOS sensor as an image detecting section; 

[0040] FIG. 9 is a vieW shoWing the structure of an 
embodiment of a video camera using a MOS sensor accord 

ing to the present invention; 

[0041] FIG. 10 is a cross section illustrating an embodi 
ment of a MOS image sensor having a structure in Which a 
color ?lter array and a MOS sensor are put in a body; 

[0042] FIG. 11 is a vieW illustrating a structure of a video 
camera of another embodiment using a MOS sensor accord 

ing to the present invention; 

[0043] FIG. 12 is a vieW for explaining a netWork system 
to Which an amplifying MOS sensor according to the present 
invention is applied; 

[0044] FIG. 13 is a vieW for explaining a camera to Which 
an amplifying MOS sensor according to the present inven 
tion is applied; 

[0045] FIG. 14 is a vieW illustrating an embodiment of a 
facsimile using a MOS sensor according to the present 
invention; 
[0046] FIG. 15 is a vieW illustrating an embodiment of a 
plain paper copier using a MOS sensor according to the 
present invention; 

[0047] FIG. 16 is a vieW illustrating an embodiment of a 
handy image scanner using a MOS sensor according to the 
present invention; 
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[0048] FIG. 17 is a vieW illustrating an example of a 
structure of an amplifying MOS sensor using a color ?lter 
Which can be mechanically shifted; 

[0049] FIG. 18 is a vieW for explaining a ?lm scanner to 
Which an amplifying MOS sensor according to the present 
invention is applied; 

[0050] FIG. 19 is a vieW illustrating a single-lens re?ex 
camera With an auto-focus mechanism using a MOS sensor 

according to the present invention; and 

[0051] FIGS. 20A to 20C are vieWs for explaining the 
principle of adjusting the focus in the auto-focus mecha 
nism. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] Embodiments of the present invention Will be 
described beloW, referring to the draWings. 

[0053] As the folloWing embodiments, MOS-type solid 
state image sensor Will be described; hoWever the present 
invention can be applied to any CCD. 

[0054] FIG. 4 is a cross section of the structure of a 
photodiode in the solid-state image sensor in the present 
invention, in the process for producing the photodiode. 

[0055] A p-type layer 12 (p-Well) is formed on a p-type 
silicon substrate 13, and then patterning is carried out so as 
to apply a resist 14 onto other than portions Where photo 
diodes are to be formed. Into the substrate, phosphorus 15 
(P) is implanted by ion implantation method. 

[0056] In case of carrying out ion implantation in the 
present invention, the photodiode 11 is formed by ion 
implantation at least tWo times. Speci?cally, the formation 
of the photodiode by ion implantation tWo times Will be 
described, referring to FIGS. 5A and 5B, Which are a top 
vieW of a part of the element and a 5B-5B cross section in 
FIG. 5A, respectively. 

[0057] An element isolation ?lm is made of an insulator 
by, for example, LOCOS process to isolate respective ele 
ment areas. Ion is implanted into the element area to form a 
photodiode. In the present invention, a photodiode is formed 
as folloWs. 

[0058] In the ?rst ion implantation, phosphorus is 
implanted at an energy of 90 keV and a quantity of light for 
exposure of 1.2><1012 cm_3. The second implantation is 
performed at a higher energy than that in the ?rst implan 
tation, for example, at an energy of 140 keV and an 
implantation amount of 7><1012 cm_3. In this case, about the 
condition for P ion implantation in the second ion implan 
tation, it is preferred that the energy of ion is made higher 
than that for the ?rst ion implantation and/or the exposure is 
made loWer than that for the ?rst ion implantation. In this 
case, it is also preferred that in the ?rst and second ion 
implantation processes masks are changed so that the Width 
of the photodiode by the second ion implantation Will be 
narroWer than that by the ?rst ion implantation. For 
example, in the ?rst ion implantation the photodiode is apart 
at a distance of 0.2 pm from the end face by LOCOS, and 
in the second ion implantation the photodiode is further 
apart at 0.2 pm. 
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[0059] After that, in annealing process the substrate is 
annealed at, for example, 900° C. for 30 minutes to activate 
the implanted ion. Thus, a photodiode is formed. 

[0060] After forming the photodiode by the aforemen 
tioned process, the surface of Si is made ?at (formation of 
an insulating ?lm) by a knoWn method and then is Wired to 
?nish a solid-state image sensor. 

[0061] According to the present invention, for formation 
of the photodiode, ion implantation is performed at least tWo 
times as described above, so that the photodiode 11 can be 
formed to be positioned deeply in the substrate. As shoWn in 
FIG. 6, by performing ion implantation, for example, tWo 
times at different energies and quantities of light for expo 
sure, it is possible to make the distribution of impurity 
concentration of phosphorus, Which is for forming the 
photodiode 1, more smooth along the depth direction of the 
substrate, than the prior art (see FIG. 3). In this case, it is 
important that the ion implantation condition in the second 
ion implantation is decided so that tWo or more peaks of 
impurity concentration are not be made. 

[0062] This is because in reading process a potential 
pocket is generated in the photodiode if the peaks of 
impurity concentration are made. As a result, a signal charge 
is stored in the pocket so that the signal in that portion cannot 
be read. This results in after-image and the disadvantage that 
sensitivity is loWered. Therefore, it is necessary to make 
only one peak of impurity concentration. 

[0063] As described above, the photodiode is formed by 
ion implantation tWo more times in the present invention 
although it is formed by ion implantation at one time in the 
prior art. In this manner, the photodiode can be formed to 
deep points. 

[0064] When the siZe of the photodiode is compared 
betWeen its upper portion (the vicinity of the surface) and its 
loWer portion, it is understood as shoWn in FIGS. 5A and 
5B that the photodiode is made to be narroW at the deep 
position. This is because it is knoWn that in the case of 
isolating elements by, for example, LOCOS process, defects 
are arisen along the direction at about 57 degrees obliquely 
doWnWards from the end of the element isolation ?lm. When 
the loWer area of the photodiode is large, the loWer portion 
contacts the defects arisen by LOCOS so that a dark current 
increases, causing drop in the performance of the element. In 
the present invention the area of the loWer portion of the 
photodiode is made smaller than that of the upper portion 
thereof so as to avoid direct contact of the defects With the 
photodiode, not causing the aforementioned disadvantage. 

[0065] When such distribution of impurity concentration 
as in the photodiode structure of the present invention is 
produced by the prior art process (i.e., the process using only 
once ion implantation), the amount of ion for implantation 
must be increased to diffuse the ion to the deep position of 
the substrate. Besides, the ion is activated and damaged ion 
is recovered in annealing process so that the ion is also 
diffused to the surface side of the substrate. Thus, the surface 
is turned into an n-type. In the prior art, it is also impossible 
to form such a photodiode Whose deep portion is narroWer 
as in the present invention. Since the photodiode formed by 
the prior art is shalloW, it is dif?cult to implant boron on the 
substrate after phosphorus ion implantation to make the 
surface of the photodiode into a p-type. 
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[0066] When such a photodiode as according to the 
present invention is formed by the prior art, the disadvantage 
is caused that damage is concentrated at a local point 
because the quantity of light for exposure becomes larger. 
The ion damage is caused by separation of Si-Si bonds. 
Since unbounded Si generated by ion damage can become a 
center for generating a dark current, a further disadvantage 
that dark current increases can be caused. Ion species spread 
out in the lateral direction of the substrate (in a tWo 
dimensional direction), and consequently it is disadvanta 
geous to make the element ?ne. In short, it is impossible to 
form the same distribution of impurity concentration as in 
the photodiode according to the present invention by the 
prior art (ion implantation at one time). 

[0067] An advantage of the present invention is that the 
points Which are subjected to ion damage are dispersed by 
carrying out ion implantation tWo or more times at, for 
example, different energies, so that ion damage can be easily 
recovered in subsequently annealing process. For formation 
of a photodiode, ion implantation is performed tWo or more 
times in such a manner as in the present invention so that the 
photodiode becomes deeper than the photodiode produced 
by the prior art. Thus, the junction capacitance of the 
photodiode increases correspondingly to the increase in the 
depth. The photodiode is formed to expand to the deep 
position of the substrate; therefore, the area Which is capable 
of collecting carriers (electrons) in the photodiode also 
expands to the deep position of the substrate. As a result, the 
sensitivity of the photodiode is improved. 

[0068] Color crosstalk is de?ned as the ratio of carriers 
leaking into adjacent pixels (adjacent photodiodes) to car 
riers collected in the photodiodes Which are irradiated With 
light. 

[0069] Color crosstalk=(carriers in adjacent pixels)/(car 
riers in pixels irradiated With light) 

[0070] By forming a photodiode so as to expand to the 
deep position, it is possible to increase the number of 
carriers Which can be collected in the photodiode. As a 
result, color crosstalks can be reduced. 

[0071] The present embodiment relates to an example of 
an n-type photodiode, but the present invention can be 
applied to the formation of a photodiode Whose surface is a 
P'tyPe 

[0072] The above-mentioned embodiment relates to a 
MOS-type solid-state image sensor. HoWever, the method of 
manufacturing a photodiode by ion implantation tWo or 
more times according to the present invention is also applied 
to not only the MOS-type solid-state image sensor but also 
a CCD. When the present invention is applied to a CCD, 
similarly it is possible to improve sensitive, increase capac 
ity, reduce color crosstalks and disperse damage caused by 
ion implantation. 

[0073] The folloWing embodiments relate to a system 
using the aforementioned solid-state image sensor. In the 
folloWing description, the aforementioned solid-state image 
sensor according to the present invention is referred to as a 
solid state image element to avoid confusion. 

[0074] For solid state image elements in the prior art, a 
CCD is in general used. 
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[0075] As shoWn in FIG. 7, the basic structure of a solid 
state image element has an input section I, a processing 
section II and an output section III. The input section I is a 
light-receiving section. In the light-receiving section I, a 
plurality of photodiode, each of Which constitutes a pixel, 
are arranged so that the respective pixels output electric 
signals correspondingly to the quantity of received light. The 
processing section II is a section for reading the signals from 
the respective pixels in turn, and may have a noise canceling 
function. The output section III is a circuit for outputting the 
signals read from the respective pixels. In the case of a CCD 
sensor, generally plural driving poWer sources are needed 
and saving energy is difficult. If it is driven by a battery, a 
poWer source circuit having a large scale is needed to 
generate plural sorts of voltages. On the contrary, a MOS 
sensor has an advantage that it can be driven by a single 
poWer source. 

[0076] Referring to FIG. 7, an embodiment using a MOS 
sensor instead of a CCD Will be described. High sensitivity 
and a loW degrees of color crosstalks can be attained by 
making the MOS sensor (Which is referred to as a MOS 
sensor or an amplifying MOS sensor but includes a “CCD 

sensor”) into such a structure as in the aforementioned 
embodiment. 

[0077] AMOS sensor according to the present invention is 
a MOS sensor having m><n pixel-layout in Which photo 
diodes Whose number is (m><n) are arranged in a matrix 
from, and comprises a light receiving section (input section) 
Wherein (m><n) photodiodes are arranged, a processing sec 
tion having a reading section for reading signals in turn from 
the respective photodiodes constituting the light receiving 
section, and an output section for outputting the signals read 
by the processing section. 

[0078] The processing section has the reading section as 
described above. The MOS sensor according to the present 
invention may have a noise chancellor circuit, Which takes 
out signals separately at the timing for taking out only noise 
components and at the timing for taking out signal compo 
nents including noise components so as to cancel the noise 
components and obtain signal components not effected by 
noises. The noise chancellor circuit is preferably made so as 
to match the impedance When only noise components are 
outputted and the impedance When noise and signal com 
ponents are outputted With each other, thereby canceling 
noises accurately. 

[0079] If a MOS sensor is used as a solid state image 
element, a sensor section for photoelectric conversion in the 
MOS sensor and other circuits (an IV conversion circuit, an 
AGC circuit, a CLP circuit and an ADC circuit) can be 
produced by using usual MOS processes. Thus, these cir 
cuits can be easily mounted on the same semiconductor chip. 
This makes it possible to realiZe saving energy, and drive a 
video camera and the like by a single voltage so as to make 
the poWer supply circuit simple and drivability by a battery 
easy. 

[0080] The folloWing Will describe various systems to 
Which a MOS-type solid state image element Which has a 
high S/N ratio and can realiZe loW electric poWer and voltage 
to be consumed, and drivability by a simple poWer supply is 
applied. 
[0081] FIG. 8 illustrates a general structure of the device 
using a MOS sensor as an image detecting section. 




















