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(57) ABSTRACT 

A solid-state image sensor comprises a semiconductor sub 
strate, a photoelectric conversion portion formed above the 
semiconductor substrate, and noise cancelers each formed, 
adjacent to the photoelectric conversion portion, on the 
semiconductor substrate through an insulating ?lm, for 
removing noise of a signal read from the photoelectric 
conversion portion, Wherein the semiconductor substrate has 
a conductive type opposite to a conductive type of a charge 
of the signal, and has a ?rst region Where concentration of 
impurities for determining the conductive type is high and a 
second region Where concentration of the impurities on the 
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SOLID-STATE IMAGE SENSOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a solid-state image 
sensor for obtaining a tWo-dimensional image using a pho 
toelectric conversion effect. 

[0002] Prior art Will be described With reference to the 
drawings. 
[0003] FIG. 1 is an example of the circuit diagram of a 
solid-state image element called “an amplifying MOS sen 
SOT . 

[0004] In FIG. 1, unit cells 3><3 consisting of amplifying 
transistors 2-1-1, 2-1-2, . . . , 2-3-3 for reading signals of 

photodiodes 1-1-1, 1-1-2, . . . , 1-3-3, vertical select tran 

sistors 3-1-1, 3-1-2, . . . , 3-3-3 for selecting lines for reading 

signals and reset transistors 4-1-1, 4-1-2, . . . , 4-3-3 for 

resetting signal charges are arranged tWo-dimensionally. 

[0005] It is noted that more unit cells are arranged in the 
actual device. HoriZontal address lines 6-1, . . . , 6-3 

connected to a vertical shift register 5 in the horiZontal 
direction are connected to gates of vertical select transistors 
3-1-1, 3-1-2, . . . , 3-3-3, respectively, to determine a line for 

reading a signal. Reset lines 7-1, . . . , 7-3 are connected to 

gates of reset transistors 4-1-1, 4-1-2, . . . , 4-3-3, respec 

tively. Sources of the amplifying transistors 2-1-1, 
2-1-2, . . . , 2-3-3 are connected to vertical signal lines 

8-1, . . . , 8-3, respectively and load transistors 9-1, . . . , 9-3 

are provided on one ends of the sources thereof, respectively. 
Other ends of the vertical signal lines 8-1, . . . , 8-3 are 

connected to a horiZontal signal line 11 through horiZontal 
select transistors 19-1, . . . , 19-3 selected by a select pulse 

supplied from a horiZontal shift register 10, respectively. 

[0006] FIG. 2 is an example of the sectional structure of a 
prior art photodiode. 

[0007] In FIG. 2, a reference numeral 20 denotes a P-type 
semiconductor substrate having uniform impurity concen 
tration (about 1><1015 cm_3), a reference numeral 21 denotes 
a P-Well formed by injecting ions of P-type impurities such 
as boron (B) (With a concentration of about 1><1017 cm_3), a 
reference numeral 22 denotes an N-type region formed by 
injecting ions of N-type impurities such as phosphorous (P) 
and reference numeral 23 denotes a depletion region at a PN 
junction. 
[0008] In the structure shoWn in FIG. 2, the concentration 
of the P-type semiconductor substrate 20 is loW (i.e., high 
resistance) and the concentration of the P-Well 21 is higher 
than that of the P-type semiconductor substrate 20. With 
such a structure, diffusion current from the P-type semicon 
ductor substrate 20 is high and a large amount of current is 
generated in the depletion region 23 since crystal defects are 
introduced into the P-Well 21 as a result of ion implantation. 
This causes a problem that diode dark current Which is the 
sum of the diffusion current and the generation current is 
high. The prior art structure also has a problem that, due to 
the above reason, photo-sensitivity is loW and that the 
phenomenon of the leakage of signal charges into adjacent 
photodiodes (color crosstalk) increases. 
[0009] The amplifying MOS image sensor shoWn in FIG. 
1 Which has amplifying transistors (2-1-1, . . . , 2-3-3) Within 
a unit pixel, has characteristically high sensitivity. On the 
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other hand, it has a disadvantage in that non-uniform gate 
threshold voltages appear as ?xed pattern noise. To get rid 
of that disadvantage, there is knoWn a method of providing 
noise cancelers 18-1, . . . , 18-3 on ends of vertical signal 

lines, respectively. 
[0010] FIG. 3 shoWs a circuit diagram Wherein the noise 
cancelers 18-1, . . . , 18-3 are provided. FIG. 4 shoWs a 

speci?c example of the noise canceler. The noise canceler 18 
mainly comprises, for example, a clamp capacitance C1, a 
clamp transistor Tr1 for resetting a node connected to the 
clamp capacitance C1, a sample hold capacitance C2, a 
sample hold transistor Tr2 for reading a signal from the node 
connected to the clamp capacitance C1. The differential 
signal betWeen a dark period and a bright period (light 
incidence period) is outputted to the vertical signal line 11 
by the nose canceler. The noise cancel operation of the noise 
canceler is conducted for a horiZontal blanking period or a 
short period of time such as 10.9 microseconds in a NTSC 
system and 3.77 microseconds in a High-Vision system. 
This requires therefore the transistors and capacitance Which 
constitute the noise canceler 18 to have high-speed operation 
performance. 
[0011] If a transistor is formed Within the P-Well shoWn in 
FIG. 2, the response speed of the transistor is determined by 
the product of the resistance of the P-Well and the capaci 
tance of the depletion layer of the source-drain region of the 
transistor due to the high resistance of the substrate. This is 
because current is supplied from a Well contact formed on 
the P-Well to the source-drain region in response to a 
variation in the potential of the transistor. In this case, the 
P-Well may Well have quite high concentration (or loW 
resistance) to fasten the response speed. If so, hoWever, it is 
dif?cult to control threshold voltage by ion implantation into 
the channel region of the transistor. The clamp capacitance 
C1 and the sample hold capacitance C2 shoWn in FIG. 4 are 
formed on an insulating ?lm formed on the semiconductor 
substrate. The capacitance of the insulating ?lm is, therefore, 
added to the capacitance C1 and C2 in series or in parallel. 
The response speed of capacitance of the insulating ?lm is 
determined by the product of the P-Well resistance and 
capacitance. For the same reason of the above-stated tran 
sistor, it is dif?cult to fasten the response speed. 

[0012] Therefore, it is difficult to realiZe the high-speed 
operation of the transistor and the capacity Which composes 
a noise canceler as far as it used the conventional Wafer 
section structure shoWn in FIG. 2. 

[0013] As described above, the prior art MOS-type solid 
state image sensor has disadvantages in that dark current at 
the photoelectric conversion portion is high and that com 
ponent noise during a dark period is large. It also has 
disadvantages of loW sensitivity, color crosstalk and/or high 
degree of blooming. “Blooming” here is a phenomenon that 
signal charges are poured into adjacent pixels if intensi?er 
light is incident. Moreover, the prior art MOS-type solid 
state image sensor has a disadvantage in that it is dif?cult to 
realiZe the high-speed operation of the transistors Which are 
the constituents of the noise canceler. 

BRIEF SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to realiZe 
loWer dark current (less dark time noise) at the photoelectric 
conversion portion, higher sensitivity, less color crosstalk 
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and less blooming, and to provide a solid-state image sensor 
capable of realizing the high-speed operation of noise can 
celers. 

[0015] The present invention has taken the folloWing 
measures to attain the above object. 

[0016] Asolid-state image sensor according to the present 
invention is characterized by comprising: a semiconductor 
substrate; a photoelectric conversion portion formed above 
the semiconductor substrate; and noise cancelers each 
formed, adjacent to the photoelectric conversion portion, on 
the semiconductor substrate through an insulating ?lm, for 
removing noise of a signal read from the photoelectric 
conversion portion, Wherein the semiconductor substrate has 
a conductive type opposite to a conductive type of a charge 
of the signal, and has a ?rst region Where concentration of 
impurities for determining the conductive type is high and a 
second region Where concentration of the impurities on the 
?rst region is loW. 

[0017] Other solid-state image sensors according to the 
present invention is characteriZed by comprising a semicon 
ductor substrate; a photoelectric conversion portion formed 
above the semiconductor substrate; a third region formed 
above the photoelectric conversion portion, having a same 
conductive type as that of a ?rst region and having almost a 
same impurity concentration as that of the ?rst region; and 
noise cancelers each formed, adjacent to the photoelectric 
conversion portion, on the semiconductor substrate through 
an insulating ?lm, for removing noise of a signal read from 
the photoelectric conversion portion, Wherein the semicon 
ductor substrate has a conductive type opposite to a con 
ductive type of an electric charge of the signal, and has the 
?rst region Where concentration of impurities for determin 
ing the conductive type is high and a second region Where 
concentration of the impurities on the ?rst region is loW. 

[0018] The preferred modes of the above-stated solid-state 
image sensor are as folloWs: 

[0019] (1) The impurity concentration in the ?rst region is 
1><1018 cm'3 or higher. 

[0020] (2) The impurity concentration in the second region 
is gradually loWer toWard a surface of the semiconductor 
substrate. 

[0021] (3) The second region is formed by epitaXial 
groWth. 

[0022] (4) The second region is formed by thermal solid 
phase diffusion; and the impurities are diffused from the ?rst 
region toWard the second region to thereby provide the 
impurity concentration in the second region With a desired 
concentration gradient. 

[0023] (5) A temperature for use in the solid-phase diffu 
sion is betWeen 1000° and 1300° C. and diffusion time is 
betWeen 10 and 480 minutes. 

[0024] In the solid-state image sensor according to the 
present invention, most parts of the semiconductor substrate 
act as a high concentrated impurity region and carriers 
having the same conductive type as that of signal charges in 
that region have shorter lifetime and less mobility. This 
results in the reduction of substrate diffusion current com 
ponents, Whereby dark current can be reduced. 
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[0025] In addition, by gradually making impurity concen 
tration loWer toWard the surface of the semiconductor sub 
strate in the loW concentrated impurity region formed on the 
high concentration impurity region, a potential gradient is 
formed toWard the surface of the semiconductor substrate. 
Therefore, the ef?ciency of collecting light converted signal 
charges is improved, thereby capable of realiZing high 
sensitivity. By the similar reason, such a force as to direct 
signal charges toWard the surface of the substrate in parallel 
along the potential gradient is eXerted to thereby make it 
dif?cult to diffuse signal charges in lateral direction. 

[0026] FolloWing the above respects, it is possible to 
reduce the diffusion-led leakage of signal charges in the 
direction of adjacent piXels, that is, to reduce color crosstalk. 
LikeWise, blooming can be reduced by the solid-state image 
sensor according to the present invention. This is because 
blooming is mainly caused by the diffusion of signal charges 
in lateral direction as in the case of the leakage or color 
crosstalk. 

[0027] Moreover, if the loW concentrated impurity region 
having the above-stated potential gradient is formed by 
epitaxial groWth or thermal solid-phase groWth and impurity 
concentration in the vicinity of the surface of the semicon 
ductor substrate is set equal to P-Well concentration, then it 
is possible to form an impurity region having the same 
concentration as that of the conventional P-Well Without ion 
implantation. Due to this, it is possible to reduce generation 
current components in the depletion region. Thus, the 
present invention can provide a solid-state image sensor 
capable of realiZing loW dark current, high sensitivity, less 
color crosstalk and less blooming. 

[0028] In addition, even if the surface of the substrate is 
kept at loW concentration to such an eXtent that the threshold 
voltage of the transistor can be controlled, it is possible to 
reduce resistance for determining the response speed of the 
transistors and capacitance Which constitute noise cancelers 
by providing the substrate itself With high concentration. In 
other Words, the present invention can provide a noise 
canceler capable of realiZing high-speed operation. 

[0029] The advantages of the present invention are as 
folloWs: 

[0030] The present invention can provide a solid-state 
device capable of obtaining loW dark current, high sensitiv 
ity and less color crosstalk (as Well as less blooming). 
Furthermore, the present invention can realiZe a highly 
re?ned multiple-pixel device Wherein ?Xed pattern noise is 
prevented. 
[0031] 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 
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 

[0032] 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 
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detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 

[0033] FIG. 1 is an example of the circuit diagram of a 
solid-state image sensor called an amplifying MOS sensor; 

[0034] FIG. 2 is an example of the sectional structure of 
the conventional photodiode; 

[0035] FIG. 3 is a circuit diagram Wherein noise cancelers 
are added to the solid-state image sensor of FIG. 1; 

[0036] 
celer; 
[0037] FIGS. 5A and 5B are the impurity concentration 
pro?le vieWs of the section of the photoelectric conversion 
portion (or photodiode portion) according to the present 
invention; 

[0038] FIG. 6 is a chart for comparing the present inven 
tion With prior art in spectral sensitivity; 

[0039] FIG. 7 is a chart for comparing the present inven 
tion With the prior art in blooming phenomenon in case 
Where intensi?er halogen light (about 100 times of the 
intensity of the light under standard imaging conditions) is 
incident; 

[0040] FIG. 8 is a concentration pro?le vieW of the 
solid-state image sensor in the second embodiment accord 
ing to the present invention; 

[0041] FIG. 9 is a concentration pro?le vieW of the 
solid-state image sensor in the third embodiment according 
to the present invention; 

FIG. 4 shoWs a speci?c example of a noise can 

[0042] FIG. 10 shoWs a case Where the P-type impurity 
concentration pro?le in the loW concentrated impurity 
region differ from those in the preceding embodiments; 

[0043] FIG. 11 is a cross-sectional vieW of a surface shield 
sensor to Which the present invention is applied; and 

[0044] FIG. 12 is a concentration pro?le vieW of the 
solid-state image sensor in case Where the present invention 
is applied to the surface shield sensor of FIG. 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Embodiments according to the present invention 
Will noW be described With reference to the draWings. 

[0046] The basic circuit arrangement of the solid-state 
image sensor according to the present invention is the same 
as that of the prior art. Speci?c circuit diagrams as Well as 
description thereof Will not be therefore given. The present 
invention is characteriZed in that impurity concentration 
Within the semiconductor substrate in the amplifying MOS 
sensor varies in the depth direction thereof. 

[0047] FIGS. 5A and 5B shoW impurity concentration 
pro?les of the section of a photoelectric conversion portion 
(or photodiode portion) according to the present invention. 
N-type impurities in the N-type region are, for example, 
phosphorous (P) and P-type impurities in the P-type region 
are, for example, boron In FIGS. 5A and 5B, the axis 
of ordinates indicates impurity concentration and the axis of 
abscissas indicates the depth from the surface of the photo 
diode. 
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[0048] FIG. 5B shoWs the concentration pro?le of prior 
art. 

[0049] In FIG. 5B, 21 P-Well and the N-type region of the 
photodiode are formed by conducting appropriate thermal 
diffusion after ions of conductive type determining impuri 
ties are injected. For that reason, the folloWing problems 
occur: 

[0050] (1) Since the P-type semiconductor substrate is loW 
in concentration, the lifetime of electrons Which serve as 
signal charges is long. Due to this, electrons thermally 
excited from the semiconductor substrate tend to concentrate 
on the photodiode, With the result that large amounts of 
current are diffused through the substrate to thereby increase 
dark current. 

[0051] (2) Since the gradient of the concentration of the 
P-Well becomes smaller toWard the substrate, the signal 
charges (or electrons) generated Within the P-Well tend to be 
discharged to the substrate, resulting in loW sensitivity. 

[0052] (3) Since the signal charges entering the substrate 
easily leak into the loWer part of the photodiodes of the 
adjacent pixels and part of the signal charges concentrate on 
the photodiodes of the adjacent pixels due to long substrate 
lifetime, color crosstalk and blooming tend to occur. 

[0053] FIG. 5A shoWs concentration pro?les in the ?rst 
embodiment according to the present invention. As can be 
seen from FIG. 5A, contrary to prior art, the impurity 
concentration Within the P-type semiconductor substrate 
becomes higher in the deeper portion from the surface of the 
photodiode according to the present invention. Here, the 
concentration of the high concentrated impurity region of 
the P-type semiconductor substrate according to the present 
invention needs to be 1><1018 cm'3 or higher so as to make 
the lifetime of electrons sufficiently short, in particular, 
preferably 3x1018 cm'3 or higher. The concentration gradi 
ent in the loW concentrated impurity region is realiZed by 
diffusing impurities (B) from the substrate With the help of 
appropriate thermal process. 

[0054] FIG. 6 is a chart for comparing the spectral sen 
sitivity of the present invention and FIG. SE to that of prior 
art. 

[0055] As is obvious from FIG. 6, in case of the present 
invention, signal electrons generated in the concentration 
gradient by the concentration gradient formed in the loW 
concentrated impurity region are converged into the photo 
diode and photo-sensitivity to visible light (800 nm or 
shorter in Wavelength) is improved accordingly. MeanWhile, 
large amounts of infrared light (800 nm or longer in Wave 
length) are absorbed in the high concentrated impurity 
region deep in the substrate. The short lifetime therefore 
loWers quantum yield. 

[0056] FIG. 7 is a vieW for comparing the blooming 
phenomenon of the present invention to that of prior at in 
case Where intensi?er halogen light (about 100 times of the 
intensity of the light under standard imaging conditions) is 
incident. In FIG. 7, the axis of abscissas indicates the 
number of pixels adjacent to the intensi?er light incident 
region (pixel). The adjacent pixels are kept to the dark 
period, thereby meaning that as higher the number, the 
farther the adjacent pixel from the incident region. The axis 
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of ordinates indicates the signal output of the adjacent pixel 
in arbitrary units on logarithmic scales. 

[0057] As can be seen from FIG. 7, signal output decre 
ments logarithmically as it is farther aWay from the incident 
region and blooming phenomenon is controlled by the 
diffusion of signal charges in lateral direction. Thus, the 
present invention has a larger blooming suppression effect 
than that of prior art. 

[0058] FIG. 8 shoWs the concentration pro?le of the 
solid-state image sensor in the second embodiment accord 
ing to the present invention. The case shoWn in FIG. 8 
differs from in FIG. 5A in that the P-Well is not formed by 
ion implantation. In case of FIG. 8, a loW concentrated 
impurity region in the P-type semiconductor substrate may 
be formed by changing a mixture ratio of boron dopant gas 
to material gas of SiH4 or SiHCl3 for example, epitaxial 
groWth. In addition, the P-type region concentration of the 
photodiode is made to be almost equal to the P-Well con 
centration shoWn in FIGS. 5A and 5B. 

[0059] FIG. 9 shoWs the concentration pro?le of the 
solid-state image sensor in the third embodiment according 
to the present invention. This embodiment is characteriZed 
in that, as shoWn in FIG. 8, the concentration of the junction 
betWeen the high concentrated impurity region and the loW 
concentrated impurity region of the P-type semiconductor 
substrate is gradually changed due to use of thermal solid 
phase diffusion. It is preferable, in this case, that solid phase 
diffusion temperature is set to betWeen 1000° C. and 1300° 
C. and diffusion time is set betWeen 10 and 480 minutes. The 
concentration of the P-type region of the photodiode is 
almost set to the P-Well concentration as in the case of the 
second embodiment. 

[0060] As illustrated by FIGS. 8 and 9, if the P-Well is 
formed in the photodiode Without ion implantation, no 
defects resulting from damages caused by ion implantation 
are generated. This embodiment, therefore, has an advantage 
in that the dark current of the photodiode can be further 
reduced. 

[0061] Table 1 shoWs the dark current values and color 
crosstalk values of components shoWn in FIGS. 5A, 5B, 8 
and 9. The numbers in Table 1 are relative values. Compo 
nent color crosstalk is the relative value of the signal output 
of a most adjacent pixel to the light incident region Which is 
kept to the dark period in case the light under standard 
imaging conditions is incident on an imaging region. 

TABLE 1 

color crosstalk 

(relative value) 
dark current 

(relative value) 

FIG. SE 1.0 1.0 
FIG. 5A 0.8 0.8 
FIG. 8 0.5 0.75 
FIG. 9 0.4 0.7 

[0062] It goes Without saying that the present invention is 
capable of greatly improving photo-sensitivity and effec 
tively preventing blooming as stated before. 

[0063] Further, as shoWn in FIG. 10, even if the P-type 
impurity concentration pro?le is someWhat projected in the 
loW concentrated impurity region, the present invention is of 
course effective. 

May 3, 2001 

[0064] The present invention is also applicable to a surface 
shield sensor. The surface shield sensor has a structure as 

shoWn in, for example, FIG. 11. In FIG. 11, the same 
elements as those in FIG. 2 are denoted by the same 
reference numerals. 

[0065] In the surface shield sensor of FIG. 11, an N-type 
region is formed above a P-Well as in the case of FIG. 2. 
Moreover, a P+ layer is formed above the N-type region by, 
for example, boron (B) implantation. Since the P+layer is 
formed above the N-type region, the effect of reducing dark 
current can be obtained. As shoWn in FIG. 11, there are also 
provided an component isolation ?lm 24 for isolating com 
ponents, a read gate 25 for signal charge transfer and a 
storage portion 26 for storing the signal charges read by the 
read gate 25. 

[0066] An impurity concentration pro?le in case Where the 
present invention is applied to the surface shield sensor 
having the structure of FIG. 11 is illustrated by FIG. 12. 

[0067] In FIG. 12, the impurity concentration Within the 
P-type semiconductor substrate is set higher as deeper from 
the surface of the photodiode as in the case of the ?rst to 
third embodiments. By so doing, the same advantages as in 
the ?rst to third embodiments can be obtained. In the fourth 
embodiment, it is possible to employ any of the methods in 
the ?rst to third embodiments. 

[0068] If the present invention is applied, it is possible to 
loWer the resistance of the semiconductor substrate itself, 
Whereby the high-speed operation of the noise cancelers, 
Which are essential to the amplifying MOS sensor, can be 
realiZed. As a result, even if the horiZontal blanking period 
becomes short, ?xed pattern noise inherent to the amplifying 
MOS sensor can be removed. In other Words, a highly 
re?ned multiple-pixel component (of 1.3 million pixels or 
more) can be realiZed by the present invention. 

[0069] In the ?rst to fourth embodiments, it is preferable 
that the length in the direction of the depth of the P-Well 
region is in the range betWeen 0 pm and 6 pm and that the 
length in the direction of the depth of the loW concentrated 
impurity region of the P-type semiconductor substrate is in 
the range betWeen 1 pm and 5 pm (more preferably betWeen 
2 pm and 10 pm). It is not preferable that the present 
invention is applied to a case Where the length in the 
direction of the depth of the loW concentrated impurity 
region of the P-type semiconductor substrate is beyond the 
above range. This is because, in the latter case, the concen 
tration gradient is too small and the advantages of the 
present invention cannot be therefore expected. 

[0070] The present invention should not be limited to the 
above-stated embodiments. It is of course possible to modify 
these embodiments While avoiding departing from the spirit 
of the present invention. 

[0071] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
present invention in its broader aspects is not limited to the 
speci?c details, representative devices, and illustrated 
examples shoWn and described herein. Accordingly, various 
modi?cations may be made Without departing from the spirit 
or scope of the general inventive concept as de?ned by the 
appended claims and their equivalents. 
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1. A solid-state image sensor comprising: 

a semiconductor substrate; 

a photoelectric conversion portion formed above said 
semiconductor substrate; and 

noise cancelers each formed, adjacent to said photoelec 
tric conversion portion, on said semiconductor sub 
strate through an insulating ?lm, for removing noise of 
a signal read from said photoelectric conversion por 
tion, Wherein 

said semiconductor substrate has a conductive type oppo 
site to a conductive type of a charge of said signal, and 
has a ?rst region Where concentration of impurities for 
determining said conductive type is high and a second 
region Where concentration of said impurities on said 
?rst region is loW. 

2. A solid-state image sensor according to claim 1, 
wherein said impurity concentration in said ?rst region is 
1><10 cm-3 or higher. 

3. A solid-state image sensor according to claim 1, 
Wherein said impurity concentration in said second region is 
gradually loWer toWard a surface of said semiconductor 
substrate. 

4. A solid-state image sensor according to claim 3, 
Wherein said second region is formed by epitaXial groWth. 

5. A solid-state image sensor according to claim 1, 
Wherein 

said second region is formed by thermal solid-phase 
diffusion; and 

said impurities are diffused from said ?rst region toWard 
said second region to thereby provide said impurity 
concentration in said second region With a desired 
concentration gradient. 

6. A solid-state image sensor according to claim 5, 
Wherein temperature for use in said solid-phase diffusion is 
betWeen 1000° and 1300° C. and diffusion time is betWeen 
10 and 480 minutes. 
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7. A solid-state image sensor comprising: 

a semiconductor substrate; 

a photoelectric conversion portion formed above said 
semiconductor substrate; 

a third region formed above said photoelectric conversion 
portion, having a same conductive type as that of a ?rst 
region and having almost a same impurity concentra 
tion as that of said ?rst region; and 

noise cancelers each formed, adjacent to said photoelec 
tric conversion portion, on said semiconductor sub 
strate through an insulating ?lm, for removing noise of 
a signal read from said photoelectric conversion por 
tion, Wherein 
said semiconductor substrate has a conductive type 

opposite to a conductive type of an electric charge of 
said signal, and has said ?rst region Where concen 
tration of impurities for determining said conductive 
type is high and a second region Where concentration 
of said impurities on said ?rst region is loW. 

8. A solid-state image sensor according to claim 7, 
wherein said impurity concentration in said ?rst region is 
1><10 cm'3 or higher. 

9. A solid-state image sensor according to claim 7, 
Wherein said impurity concentration in said second region is 
gradually loWer toWard a surface of said semiconductor 
substrate. 

10. A solid-state image sensor according to claim 8, 
Wherein said second region is formed by epitaXial groWth. 

11. A solid-state image sensor according to claim 7, 
Wherein 

said second region is formed by thermal solid-phase 
diffusion; and 

said impurities are diffused from said ?rst region toWard 
said second region to thereby provide said impurity 
concentration in said second region With a desired 
concentration gradient. 

12. A solid-state image sensor according to claim 11, 
Wherein temperature for use in said solid-phase diffusion is 
betWeen 1000° and 1300° C. and diffusion time is betWeen 
10 and 480 minutes. 


