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(57) ABSTRACT 

Aphotodiode converts light incident thereon into an electric 
signal by a junction betWeen an N-type epitaxial layer and 
a P-type epitaxial layer With a suf?ciently srnall junction 
capacitance. The photodiode is surrounded by a P+-type 
buried isolating diffused layer and a P-type isolating diffused 
layer, and thus is electrically separated from a signal pro 
cessing circuit including a MOS transistor. 
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LIGHT RECEIVING DEVICE WITH BUILT-IN 
CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a light receiving 
device With a built-in circuit including a light receiving 
element (photodiode) for converting light incident thereon 
Into an electric signal and a signal processing circuit, 
including at least a MOS transistor, for processing a signal 
output from the light receiving element, the light receiving 
element and the signal processing circuit being provided on 
a single substrate. The present invention speci?cally relates 
to a light receiving device With a built-in circuit for increas 
ing the response speed of the light receiving element and 
suppressing malfunction of the MOS transistor. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, semiconductor devices such an 
light receiving devices With a built-in circuit, are used in the 
?elds of, for example, optical pickups, optical ?bers and 
photocouplers. Due to the recent increase in the operating 
speed of CD-ROM, CD-R/RW and DVD-ROM drives and 
the like, optical pickups noW require a high performance 
light receiving element With a built-in circuit having supe 
rior characteristics including high sensitivity, loW noise and 
high response speed. Optical ?bers also require a high 
performance light receiving element With a built-in circuit in 
order to deal With the increased speed of data transfer. 

[0005] FIG. 10 shoWs an exemplary light receiving device 
With a built-in circuit 900 including a light receiving element 
and a signal processing circuit provided an a single sub 
strate. The light receiving device With a built-in circuit 900 
is described in Japanese Laid-Open Publication No. 
11-251567, 
[0006] The light receiving device With a built-in circuit 
900 shoWn In FIG. 10 includes a P-type semiconductor 
substrate 30, an N+-type burled diffused layer 31 laminated 
on the entirety of a surface of the P-type semiconductor 
substrate 30, and an N+-type epitaXial layer 32 laminated on 
the N+-type buried diffused layer 31. The light receiving 
device With a built-in circuit 900 Includes a peripheral 
circuit 21 as a signal processing circuit and a photodiode 20 
as a light receiving element. The peripheral circuit 21 and 
the photodiode 20 are partially provided In an upper portion 
of the N+-type epitaXial layer 32. The peripheral circuit 21 
includes MOS transistors 36 and 37, and the photodiode 20 
is provided adjacent to the peripheral circuit 21. The pho 
todiode 20 includes, for example, a light receiving area 
including a P+-type region 33 and N type regions 34, and 
N+-type diffused regions 35. 

[0007] The light receiving device With a built-in element 
900 having the structure shoWn In FIG. 10 functions as 
folloWs. The N+-type burled diffused layer 31 and N+-type 
diffused regions 35 together form a potential barrier sur 
rounding the photodiode 20. The potential barrier prevents 
stray carriers generated In channel regions of the MOS 
transistors 36 and 37 of the peripheral circuit 21 from 
entering the photodiode 20, and thus reduces ?Xed pattern 
noise (FPN). 
[0008] The light receiving device With a built-in element 
900 having the structure shoWn in FIG. 10 also functions as 
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folloWs. Since the N+-type burled diffused layer 31 has a 
conductivity type Which is opposite to the conductivity type 
of the P-type sericonductor substrate 30 and the photodiode 
20 is provided on the N+-type buried diffused layer 31, a P-N 
junction region is generated at an interface betWeen the 
P-type semiconductor substrate 30 and the N+-type buried 
diffused layer 31. The P-N junction region prevents stray 
carriers generated in the channel regions of the MOS tran 
sistors 36 and 37 of the peripheral circuit 21 from entering 
the photodiode 20, and thus reduces ?Xed pattern noise. 

[0009] In developing a light receiving device With a built 
in circuit handling signals having a very loW arnplitude, it is 
important to prevent stray carriers generated in the MOS 
transistors 36 and 37 from entering the photodiode 20 and 
also to prevent stray carriers generated in the photodiode 20 
from entering the MOS transistors 36 and 37 and thus 
generating a Wrong signal. Especially in the structure of 
having the MOS transistors 36 and 37 In the signal process 
ing circuit, an electric current formed of optical carriers’ 
generated in the photodiode 20 are likely to How Into the 
channel regions of the MOS transistors 36 and 37. There 
fore, even When the electric current formed of the optical 
carriers has a very small rnagnitude, there is an undesirable 
possibility of the light receiving device rnalfunctioning. 

[0010] The light receiving device With a built-in circuit 
900 having the above-described structure includes the fol 
loWing problems. 
[0011] In general, by a usual MOS process, MOS transis 
tors are formed in a P-type semiconductor substrate having 
a loW speci?c resistance, in order to prevent a latch-up 
phenomenon which is caused by a parasitic operation 
betWeen the MOS transistors by stabiliZing the entire surface 
of the P-type semiconductor substrate at the GND potential. 

[0012] Conversely, the light receiving device With a built 
in circuit 900 shoWn In FIG. 10 includes the N+-type buried 
diffused layer 31 provided on the entire surface of the P-type 
semiconductor substrate 30. Therefore, the P-type sernicon 
ductor substrate 30, Which needs to be stabiliZed at the GND 
potential, is electrically separated from the N+-type epitaXial 
layer 32 in Which the MOS transistors 36 and 37 are formed. 
The N-type epitaXial layer 32 is signi?cantly thinner and 
thus has a higher speci?c resistance than the P-type serni 
conductor substrate 30. Therefore, the N+-type epitaXial 
layer 32 has a signi?cantly high resistance in a lateral 
direction, Which to parallel to a surface of the N+-type 
epitaxial layer 32. In such a structure, a latch-up phenom 
enon is very likely to occur. When the latch-up phenornenon 
occurs, the electric current continue to ?owzin the chip until 
the high supply voltage is turned off. As a result, the 
peripheral circuit 21 does not operate norrnally. When the 
electric current continues to How by the high supply voltage, 
the temperature of the chip may possibly becorne abnor 
rnally high. 

[0013] An described above, the N+-type diffused regions 
35 provided so as to surround a light receiving region of the 
photodiode 20 are in contact With the N+-type buried dif 
fused layer 31, and therefore prevent stray carriers generated 
in the MOS transistors 36 and 37 from entering the photo 
diode 20. The N+-type diffused regions 35 extend from the 
surface of the N+-type epitaxial layer 32 to an interface 
betWeen the N+-type epitaXial layer 32 and the N+-type 
burled diffused layer 31. In order to eXtend the N+-type 
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diffused regions 35 to the N+-type buried diffused layer 31, 
the thickness of the N-type epitaxial layer 32 is about 5 pm 
at most due to the diffusion coef?cient of the carriers With 
respect to the N+-type diffused regions 35. In such a case, a 
diffusion current component formed by optical carriers 
Which are generated in the vicinity of the P-N junction 
region at an Interface betWeen the P-type semiconductor 
substrate 30 and the N+-type buried diffused layer 31 exerts 
the strongest in?uence on the response speed of the photo 
diode 20. Since the optical carriers are recombined With the 
holes by the P-N junction of the P-type semiconductor 
substrate 30 and the N+-type buried diffused layer 31, the 
response speed of the photodiode 20 can be Increased. 

[0014] HoWever, optical carriers Which are generated by 
the light incident on the photodiode 20 are mostly generated 
in a loWer portion of the N+-type buried diffused layer 31. 
Such optical carriers do not contribute to form a photocur 
rent, Which signi?cantly reduces the photoelectric conver 
sion efficiency of the photodiode 20. For example, incident 
light having a Wavelength of 650 nm, Which is used in a 
common optical pickup or the like, penetrates into the 
photodiode 20 doWn to a position of a depth of about 4 pm 
from the surface of the photodiode 20. Therefore, In the case 
Where the N+-typo epitaxial layer 32 has a thickness of 5 pm, 
about 30% of the incident light dose not contribute to form 
a photocurrent. This signi?cantly reduces an S/N ratio, 
Which represents a characteristic of the photodiode 20 With 
respect to noise. 

[0015] In the light receiving device With a built-in circuit 
900 shoWn in FIG. 10, optical carriers Which are generated 
at a positron relatively deep in the photodiode 20, or more 
speci?cally, in the P-type semiconductor substrate 30 beloW 
the N+-type buried diffused layer 31. go astray, migrating 
toWards the MOS transistors 36 and 37. HoWever, such 
optical carriers are recombined With holes by the P-N 
junction of the N+-type buried diffused layer 31 and the 
P-type semiconductor substrate 30 and thus disappear. In 
this manner, the stray optical carriers are prevented from 
entering the MOS transistors 36 and 37, and thus the MOS 
transistors 36 and 37 are prevented from malfunctioning. 
HoWever, When the optical carriers disappear, the photosen 
sitivity of the photodiode 20 is reduced, resulting in reduc 
tion in the S/N ratio thereof. The light receiving device With 
a built-in circuit 900 also has a problem that a latch-up 
phenomenon is likely to occur since the N+-type epitaxial 
layer 32 has a thickness of as small. as 5 pm as compared to 
the usual thickness of the semiconductor substrate 30 of 
about 600 pm. 

[0016] In order to give priority to the response speed and 
photosensitivity of the photodiode 20, namely, for example, 
in order to absorb about 90% of light having a Wavelength 
of 650 nm and remove only a diffusion current component, 
the N+-type epitaxial layer 32 is required to have a thickness 
of about 12 pm. Such a structure has a problem that although 
the photodiode 20 can prevent the stray optical carriers 
generated in a loWer portion of the N+-type burled diffused 
layer 31 of the photodiode 20 from migrating, but cannot put 
the N+-type diffused regions 35 into contact With the 
N+-type buried diffused layer 31. As a result, optical carriers 
generated in the photodiode 20 How into the channel regions 
of the MOS transistors 36 and 37. This increases the 
undesirable possibility of the MOS transistors 36 and 37 
malfunctioning. Even the thickness of the N+-type epitaxial 
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layer 32 of about 12 pm is not suf?cient to suppress 
generation of the latch-up phenomenon. In addition, heat 
treatment, Which is required to be performed for an extended 
period of time in order to put the N+-type diffused regions 
35 into contact With the N+-type buried diffused layer 31, is 
not very preferable. The reason for this is because heat 
treatment performed for an extended period of time exces 
sively diffuses the N+-type diffused regions 35 and thus 
Increases the area of the photodiode 20 as Well as the area 
of the chip. 

[0017] Japanese Laid-Open Publication No. 3-91959 dis 
close a structure of using a source diffused region and a drain 
diffused region of an N-type MOS transistor as the surface 
regions of a photodiode (corresponding to the P+-type region 
33 and N type regions 34 in this example). In this structure, 
the source diffused region and the drain diffused region of 
the N-type MOS translator are used as a cathode electrode 
of the photodiode, and a P-Well diffused region and a P-type 
buried diffused layer provided beloW the P-Well diffused 
region are used as an anode electrode of the photodiode. Due 
to such a structure, the source and drain diffused regions of 
the N-type MOS transistor can be shalloW With a thickness 
of about 0.2 pm to 0.4 pm, and thus the photodiode 20 can 
maintain a high level of photosensitivity to light having a 
short Wavelength. 

[0018] A photodiode having such a structure has a peak 
photosensitivity at a short Wavelength and thus improves the 
photosensitivity to light having a short Wavelength, but has 
the following problem. The P-type diffused layer and the 
P-type buried diffused layer have a total thickness of 1.0 pm 
to 1.5 pm. Due to the potential barrier generated by the 
P-type buried diffused layer, optical carriers, Which are 
generated at a position deeper an a position in the P-type 
buried diffused layer having a peak in the impurity concen 
tration, for example, at a position deeper than a position of 
a depth of 1.5 pm from the surface of the photodiode, do not 
contribute to form a photocurrent. In this case, the photo 
sensitivity of the photodiode to light having a long Wave 
length may be signi?cantly reduced. In the case of Where, for 
example, the photodiode uses light having a Wavelength of 
650 nm (Which is used in optical pickups for DVD-ROMS 
or the like, optical ?ber links, photocouplers or the like), 
only about 30% of light incident on the photodiode contrib 
utes to form a photocurrent. Even When, for example, the 
thickness of an epitaxial layer to increased to about 3.0 pm 
in order to avoid deterioration of various characteristics of 
the MOS transistors and NPN transistors, only 50% of light 
incident on the photodiode contributes to form a photocur 
rent in the case Where light having a Wavelength of 650 nm 
is used. 

[0019] In the ?eld of optical pickups used for DVD-ROMs 
or the like, the Wavelength of light used is noW being 
shortened from infrared to red and to blue, in order to p 
increase the data recording density. The structure disclosed 
In Japanese Laid-Open Publication No. 3-91959 is usable 
With no practical problem for a special system only for 
reading light having a short Wavelength. By contrast, in the 
case of pickups for DVD-ROMs or the like, it is necessary 
to read both light having a short Wavelength (such no, for 
example, blue light) and light having a long Wavelength (i.e., 
red and infrared light). The structure disclosed in Japanese 
Laid-Open Publication No. 3-9195 9 may undesirably reduce 
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the photosensitivity to light having a long Wavelength and 
thus signi?cantly deteriorate the S/N ratio. 

[0020] The structure disclosed in Japanese Laid-Open 
Publication No. 3-91959 also has the folloWing problem. As 
described above, the source diffused region and the drain 
diffused region of the N-type MOS transistor are used as a 
cathode electrode of the photodiode, and the P-Well diffused 
region and the P-type buried diffused region beloW the 
P-Well diffused region are used as an anode electrode of the 
photodiode. Therefore, When the photodiode is supplied 
With an inverted bias voltage, the depletion layer only 
eXpands to about 1.0 pm to 2.0 pm. Which is not suf?cient. 
When the depletion layer eXpands only to such a degree, the 
junction capacitance of the photodiode increases and thus 
the response speed of the photodiode decreases. For optical 
pickups for DVD-ROMs or the like using blue light, the 
direct current-like photosensitivity to light having a short 
Wavelength is Important. HoWever, the loW response speed 
of the photodiode is a serious problem since DVD-ROMs 
use a frequency band of as high as at least 100 MHZ. 

SUMMARY OF THE INVENTION 

[0021] A light receiving device With a built-in circuit 
includes a ?rst conductivity type semiconductor lamination 
structure a photodiode for converting light incident thereon 
to an electric signal by a junction With a ?rst second 
conductivity type semiconductor layer provided on the ?rst 
conductivity type semiconductor lamination structure for 
processing the electric signal obtained by the photoelectric 
conversion; and a signal processing circuit provided in a 
region different from the photodiode. The ?rst conductivity 
type semiconductor lamination structure includes a ?rst 
conductivity type semiconductor substrate, a ?rst ?rst con 
ductivity type semiconductor layer provided on the ?rst 
conductivity type semiconductor substrate and having a 
higher impurity concentration than the ?rst conductivity 
type semiconductor substrate, and a second ?rst conductiv 
ity type semiconductor layer provided on the ?rst ?rst 
conductivity type semiconductor layer and having a loWer 
impurity concentration than that of the ?rst ?rst conductivity 
type semiconductor layer. The photodiode is provided in a 
region surrounded by a third ?rst conductivity type semi 
conductor layer provided so as to substantially contact a 
surface of the ?rst ?rst conductivity type semiconductor 
layer and a fourth ?rst conductivity type semiconductor 
layer eXtended from a surface of the ?rst second conduc 
tivity type semiconductor layer so as to reach the third ?rst 
conductivity type semiconductor layer. The signal process 
ing circuit includes at least a MOS structure translator. 

[0022] In one embodiment of the invention, the light 
receiving device With a built -In circuit further includes a 
?fth ?rst conductivity type semiconductor layer provided 
beloW the third ?rst conductivity type semiconductor layer 
in the state of overlapping at least a portion of the third ?rst 
conductivity type semiconductor layer, the ?fth ?rst con 
ductivity type semiconductor layer running through the 
second ?rst conductivity type semiconductor layer and 
reaching at least the ?rst ?rst conductivity type semicon 
ductor layer. 

[0023] In one embodiment of the invention, the second 
?rst conductivity type semiconductor layer has a high spe 
ci?c resistance. 
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[0024] In one embodiment of the invention, the second 
?rst conductivity type semiconductor layer has a speci?c 
resistance of 200 Q'cm or more. 

[0025] In one embodiment of the invention, the light 
receiving device With a built-in circuit further includes a 
second second conductivity type semiconductor layer at a 
surface of the ?rst second conductivity type semiconductor 
layer. 

[0026] In one embodiment of the invention, the signal 
processing section includes an N-type MOS transistor pro 
vided So as not to be adjacent to the photodiode. 

[0027] In one embodiment of the invention, the signal 
processing section further includes a P-type MOS transistor 
betWeen the N-type MOS transistor and the photodiode. 

[0028] In one embodiment of the invention, the signal 
processing section includes one of the ?rst second conduc 
tivity type semiconductor layer and the second second 
conductivity type semiconductor layer betWeen the N-type 
MOS transistor and the photodiode. The one of the ?rst 
second conductivity type semiconductor layer and the sec 
ond second conductivity type semiconductor layer is set to 
be at an equal potential to that of the third ?rst conductivity 
type semiconductor layer. 

[0029] In one embodiment of the invention, the signal 
processing section includes one of the ?rst second conduc 
tivity type semiconductor layer and the second second 
conductivity type semiconductor layer betWeen the N-type 
MOS transistor and the photodiode. The one of the ?rst 
second conductivity type semiconductor layer and the sec 
ond second conductivity type semiconductor layer is set to 
be at a higher potential than that of the third ?rst conduc 
tivity type semiconductor layer. 

[0030] In one embodiment of the invention, the second 
second conductivity type semiconductor layer la obtained an 
a result of performing a stop of forming a source region and 
a drain region of the MOS structure transistor. 

[0031] In one embodiment of the invention, the second 
second conductivity type semiconductor layer is obtained an 
a result of diffusion processing performed at least once. 

[0032] In one embodiment of the invention, the light 
receiving device With a built-in circuit further includes a 
siXth ?rst conductivity type semiconductor layer at a surface 
of the ?rst second conductivity type semiconductor layer. 

[0033] In one embodiment of the invention, the ?rst sec 
ond conductivity type semiconductor layer has a substan 
tially uniform impurity concentration in a region beloW the 
second second conductivity type semiconductor layer. 

[0034] In one embodiment of the Invention, the ?rst 
second conductivity type semiconductor layer has a high 
speci?c resistance. 

[0035] In one embodiment of the invention, the ?rst sec 
ond conductivity type semiconductor layer has a speci?c 
resistance of 3.0 Q'cm or higher. 

[0036] In one embodiment of the invention, the light 
receiving device With a built-in circuit further includes a 
second conductivity type Well diffused layer beloW the 
second second conductivity type semiconductor layer. 
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[0037] In one embodiment of the invention, the light 
receiving device With a built-in circuit further :includes a 
?rst conductivity type Well diffused below the sixth ?rst 
conductivity type semiconductor layer. 

[0038] In one embodiment of the invention, the second 
conductivity type Well diffused layer is obtained as a result 
of performing a stop of forming a Well region of 

[0039] In one embodiment of the invention, the ?rst con 
ductivity type Well diffused layer is obtained as a result of 
performing a stop of forming a Well region of the MOB 
structure transistor. 

[0040] In one embodiment of the invention, the light 
receiving device With a built-in circuit further includes a 
third second conductivity type semiconductor layer betWeen 
the ?rst second conductivity type semiconductor layer and 
the second ?rst conductivity type semiconductor layer. 

[0041] Thus, the invention described herein makes pos 
sible the advantages of providing a light receiving device 
With a built-in circuit, including a photodiode Which has a 
high level of photosensitivity to light having a short Wave 
length and is capable of high speed operation, the light 
receiving device With a built-in circuit preventing optical 
carriers generated in the photodiode from entering a MOS 
device and also preventing a latch-up phenomenon. 

[0042] These and other advantages of the present inven 
tion Will become apparent to those skilled in the art upon 
reading and understanding the folloWing detailed descrip 
tion With reference to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 in a cross-sectional vieW illustrating a 
structure of a light receiving device With a built-in circuit 
according to a ?rst example of the present invention: 

[0044] FIG. 2 is a cross-sectional vieW illustrating a 
structure of a light receiving device With a built-in circuit 
according to a second example of the present invention: 

[0045] FIG. 3 is a cross-sectional vieW illustrating a 
structure of a light receiving device With a built-in circuit 
according to a third example of the present invention; 

[0046] FIG. 4 to a cross-sectional vieW illustrating a 
structure of a light receiving device With a built-in circuit 
according to a fourth example of the present invention; 

[0047] FIG. 5 is a cross-sectional vieW illustrating a 
structure of a light receiving device With a built-in circuit 
according to a ?fth example of the present invention; 

[0048] FIG. 6 is a graph illustrating a pro?le of the 
impurity concentration of a photodiode section of the light 
receiving device With a built-in circuit shoWn in FIG. 5 In 
a depth direction thereof: 

[0049] FIG. 7 is a graph illustrating a pro?le of the 
impurity concentration of another photodiode section In a 
depth direction thereof; 

[0050] FIG. 8 is a cross-sectional vieW illustrating a 
structure of a light receiving device With a built-in circuit 
according to a sixth example of the present invention; 

[0051] FIG. 9 is a graph illustrating a pro?le of the 
impurity concentration of a photodiode section of the light 

May 2, 2002 

receiving device With a built-in circuit shoWn in FIG. 8 in 
a depth direction thereof; and 

[0052] FIG. 10 is a cross-sectional vieW illustrating a 
conventional light receiving device With a built-in circuit, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] Hereinafter, the present invention Will be described 
by Way of Illustrative examples With reference to the accom 
panying draWings. 

Example 1 

[0054] FIG. 1 is a cross-sectional vieW illustrating a light 
receiving device With a built-in circuit 100 according to a 
?rst example of the present invention. 

[0055] With reference to FIG. 1, the light receiving device 
With a built-in circuit 100 includes a photodiode section 12 
for converting light incident thereon into an electric signal, 
and a CMOS transistor section 13 acting as a integrated 
circuit for processing the electric signal. In the ?gures 
provided herein, an oxide layer such as, for example, a 
surface protection layer is not shoWn for the sake of sim 
plicity. 
[0056] The light receiving device With a built-in circuit 
100 includes a P-type semiconductor substrate 1 (resistance 
values 40 Q'cm; a ?rst conductivity type semiconductor 
substrate), a P+-type buried diffused layer 2 (a ?rst ?rst 
conductivity type semiconductor layer) having a high impu 
rity concentration and a loW resistance (resistance value: 
0.01 Q'cm), a P-type epitaxial layer 3 (a second ?rst 
conductivity type semiconductor layer) having a signi? 
cantly loW impurity concentration and a high resistance 
(resistance value: 1000 Q'cm), and an N-type epitaxial layer 
6 (resistance value: about 3 Q'cm; a ?rst second conduc 
tivity type semiconductor layer). Although the speci?c resis 
tance of the P-type epitaxial layer 3 is 1000 Q'cm in this 
example, the P-type epitaxial layer 3 may have a speci?c 
resistance of 200 Q'cm or more. The P+-type buried diffused 
layer 2, the P-type epitaxial layer 3 and the N-type epitaxial 
layer 6 are sequentially laminated on the P-type semicon 
ductor substrate 1 in this order. In the P-type epitaxial layer 
3, a P+-type buried isolating diffused layer 4 (a third ?rst 
conductivity type semiconductor layer) surrounding the 
photodiode section 12 is provided. In the N-type, epitaxial 
layer 6, a P-type isolating diffused layer 7 (a fourth ?rst 
conductivity type semiconductor layer) is provided on the 
P+-type buried isolating diffused layer 4. A surface of the 
P-type isolating diffused layer 7 is exposed at the same level 
as a surface of the N-type epitaxial layer 6. An anode 
electrode (not shoWn) is provided on the exposed surface of 
the P-type isolating diffused layer 7, so that the P-type 
isolating diffused layer 7 is at an anode potential (i.e., the 
GND potential). The P+-type burled isolating diffused layer 
4 and the P-type isolating diffused layer 7 are formed by an 
ton doping step and a subsequent heat diffusion step. 

[0057] The photodiode section 12 includes a depletion 
layer 14, Which is a P-N junction region, provided at an is 
Interface betWeen the P-type epitaxial layer 3 and the N-type 
epitaxial layer 6. An N+-type diffused layer 9 (a second 
second conductivity type semiconductor layer) is provided 
at the surface of the N-type epitaxial layer 6. Asurface of the 
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N+-type diffused layer 9 is exposed at the same level as a 
surface of the N-type epitaxial layer 6. A cathode electrode 
(not shoWn) is provided on the exposed surface of the 
N+-type diffused layer 9. 

[0058] Signal processing circuits included in the light 
receiving device With a built-in circuit 100 include the 
CMOS transistor section 13. The CMOS transistor section 
13 Includes a P-type MOS transistor 15 and an N-type MOS 
transistor 16. 

[0059] The N-type MOS transistor 16 Includes a P+-type 
buried isolating diffused layer 4a provided In the P-type 
epitaxial layer 3 and the N-type epitaxial layer 6 across an 
interface betWeen the layers 3 and 6. The N-type MOS 
transistor 16 also includes a P-type isolating diffused layer 
7a buried in the N-type epitaxial layer 6. The P-type 
isolating diffused layer 7a is provided on the P+-type buried 
isolating diffused layer 4a. A surface of the P-type isolating 
diffused layer 7a is exposed at the same level as the surface 
of the N-type epitaxial layer 6. An electrode pattern is 
provided on the surface of the P-type isolating diffused layer 
7a, so that the P-type isolating diffused layer 7a is set to be 
at an anode potential like the P-type isolating diffused layer 
7. A pair of N+-type diffused layers 9a are provided at the 
surface of the P-type isolating diffused layer 7a . One of the 
N+-type diffused layers 9a acts as a source region, and the 
other N+-type diffused layer 9a acts as a drain region. A 
surface of each N+-type diffused layer 9a is exposed at the 
same level as a surf ace of the P-type isolating diffused layer 
7a, and an electrode is provided on the exposed surface of 
each N+-type diffused layer 9a. Aregion betWeen the pair of 
N+-type diffused layers 9a acts as a channel region. 

[0060] The P-type MOS translator 15 includes an N+-type 
buried diffused layer 5 provided in the P-type epitaxial layer 
3 and the N-type epitaxial layer 6 across an interface 
betWeen the layers 3 and 6. The P-type MOS transistor 15 
also includes an N-type diffused layer 8 buried in the N-type 
epitaxial layer 6. The N-type diffused layer 8 is provided on 
the N+-type burled diffused layer 5. A surface of the N-type 
diffused layer 8 is exposed at the same level as the surface 
of the N-type epitaxial layer 6. An electrode pattern is 
provided on the surface of the N-type diffused layer 8, so 
that the N-type diffused layer 8 is supplied With a supply 
voltage Vcc having a high potential. A pair of P+-type 
diffused layers 10 are provided at the surface of the N-type 
diffused layer 5. One of the P+-type diffused layers 10 acts 
as a source region, and the other P+-type diffused layer 10 
acts as a drain region. A surface of each P+-type diffused 
layer 10 is exposed at the same level as a surface of the 
N-type diffused layer 8, and an electrode is provided on the 
exposed surface of each P+-type diffused layer 10. A region 
betWeen the pair of P+-type diffused layers 10 acts as a 
channel region. 

[0061] The light receiving device With a built-in circuit 
100 having the above-described structure functions as fol 
loWs. 

[0062] Optical carriers A, Which are generated in the 
P-type semiconductor substrate 1 at a position deeper than a 
position In the P+-type buried diffused layer 2 (having a high 
impurity concentration) having a peak irnpurity concentra 
tion, cannot go over a potential barrier generated by a pro?le 
of the impurity concentration of the P+-type buried diffused 
layer 2 and is pushed back to the P-type serniconductor 
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substrate 1 Then, the optical carriers A are recornbined With 
holes and thus disappear. Therefore, the stray optical carriers 
A are prevented from rnigrating toWard the CMOS transistor 
section 13. Aposition having a peak impurity concentration 
Will be referred to as a “peak position”. 

[0063] Optical carriers B, Which are generated in the 
P+-type buried diffused layer 2 at a position shalloWer than 
the peak position is led to the depletion layer 14 (as the P-N 
junction region) at a high speed by a built-in electric ?eld 
generated by the potential of the P+-type burled diffused 
layer 2. Thus, the optical carriers B form a photocurrent. 

[0064] A great number of optical carriers C, Which are 
generated in the P-type epitaxial layer 3, are led to the 
depletion layer 14 and thus form a photocurrent. Apart of the 
optical carriers C, hereinafter. D, rni grate astray toWard the 
CMOS transistor section 13. However, most of the stray 
optical carriers D are pushed back toWard the photodiode 
section 12 by a potential barrier generated by the P+-type 
buried isolating diffused layer 4 and form a photocurrent 
Thus, such stray optical carriers D are prevented from 
entering the CMOS transistor section 13. Asrnall number of 
stray optical carriers D Which slip through the potential 
barrier generated by the P+-type buried isolating diffused 
layer 4 enter the CMOS transistor section 13, but are 
absorbed by the N+-type buried diffused layer 5 and the 
N-type diffused layer 8. The reason for this is because in the 
CMOS transistor section 13, the N-type diffused layer 8 is 
connected to the supply voltage Vcc having a high potential 
and as a result, the N+-type buried diffused layer 5 and the 
N-type diffused layer 8 are at a high voltage. In this manner, 
the CMOS transistor section 13 is prevented from rnalfunc 
tioning. 
[0065] In the ?rst example, the N-type epitaxial layer 6 in 
the photodiode section 12 has a thickness of about 2 urn. The 
P-type epitaxial layer 3 contains a reaction composition, 
which is generated by a heat treatment stop and a subsequent 
heat diffusion step performed on the P+-type buried diffused 
layer 2 in order to form the P-type epitaxial layer 3. A layer 
of the reaction composition has a thickness of about 10 urn. 
The P-type epitaxial layer 3 including the reaction compo 
sition layer has a thickness of about 12 urn to about 15 urn. 
A depth of the peak position in the P+-type buried diffused 
layer 2 from the surf ace of the N-type epitaxial layer 6 is 
about 14 urn to about 17 urn. Such a depth is sufficient to 
absorb most of the optical carriers. For this reason, the 
photosensitivity of the photodiode section 12 can be 
enhanced. 

[0066] The P+-type buried isolating diffused layer 4 for 
separating the photodiode section 12 from the CMOS tran 
sistor section 13, and the P+-type buried isolating diffused 
layer 4a in the CMOS transistor section 13, are both diffused 
doWn to a position of a depth of about 1 urn to about 2 urn 
from a surface of the P-type epitaxial layer 3. Namely, the 
P+-type buried isolating diffused layers 4 and 4a are proxi 
mate to the P+-type buried diffused layer 2. Due to such a 
structure, the stray optical carriers generated in the photo 
diode section 12 can be prevented from entering the CMOS 
transistor section 13. 

[0067] A loW portion of the CMOS transistor section 13 
includes the P+-type buried diffused layer 2 having a high 
impurity concentration and a loW resistance, and the P-type 
epitaxial layer 3 laminated on the P+-type burled diffused 
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layer 2. Due to such a structure, generation of a latch-up 
phenomenon can be suppressed in a similar manner to that 
of a typical CMOS process. 

[0068] The N+-type diffused layer 9 provided at a surface 
of the photodiode section 12 is preferably formed in the step 
of forming the N+-type diffused layers 9a acting as a source 
region and a drain region of the N-type MOS transistor 16. 
Unlike the structure described in Japanese Laid-Open Pub 
lication No. 3-91959, the N+-type diffused layer 9 does not 
form a P-N junction region With a P-Well diffused region. 
The depletion layer 14 acting as a P-N junction region of the 
photodiode section 12 is 5 formed at an interface betWeen 
the N-type epitaxial layer 6 and the P-type epitaxial layer 3 
having a high speci?c resistance. The N+-type diffused layer 
9 reduces the series resistance in order to realiZe the high 
speed operation of the photodiode section 12. Therefore, the 
photodiode section 12 can be produced by a simpler process 
and have an Improved photosensitivity With respect to light 
having a short Wavelength. Since the depletion layer 14 is 
formed at an Interface betWeen the N-type epitaxial layer 6 
and the P-type epitaxial layer 3 having high speci?c resis 
tance, the depletion layer 14 largely expands in a direction 
vertical to the surface of the N-type epitaxial layer 6 and thus 
has only a small junction capacitance. This also realiZes the 
high speed operation of the photodiode section 12. 

Example 2 

[0069] FIG. 2 is a cross-sectional vieW illustrating a light 
receiving device With a built-in circuit 200 according to a 
second example of the present invention. 

[0070] The light receiving device With a built-in circuit 
200 includes a P-type buried isolating diffused layer 11 (a 
?fth ?rst conductivity type semiconductor layer) beloW the 
P+-type buried isolating diffused layer 4 surrounding the 
photodiode section 12. The P-type buried isolating diffused 
layer 11 penetrates into the P+-type burled diffused layer 2. 
More speci?cally, the P-type buried isolating diffused layer 
11 overlaps at least a portion of the P+-type buried isolating 
diffused layer 4 and runs through the P-type epitaxial layer 
3 to reach at least the P+-type burled diffused layer 2. 

[0071] The light receiving device With a built-in circuit 
200 has a similar structure to that of the light receiving 
device With a built-in circuit 100 shoWn In FIG. 1 on the 
other points. 

[0072] The light receiving device With a built-in circuit 
200 functions as folloWs. 

[0073] Optical carriers D generated In the P-type epitaxial 
layer 3 are prevented With certainty from entering the 
CMOS transistor section 13 by a potential barrier formed of 
the P-type buried isolating diffused layer 11. Therefore, the 
CMOS transistor section 13 is prevented from malfunction 
ing With certainty. The P-type buried isolating diffused layer 
11 also reduces the 5 anode resistance of the anode electrode 
provided on the P-type isolating diffused layer 7 in the 
photodiode section 12, and therefore the photodiode section 
12 can operate at a high speed. The P-type burled isolating 
diffused layer 11 also stabiliZes the potential of the P-type 
semiconductor substrate 1 at a GND potential, and thus 
suppresses generation of a latch-up phenomenon. 

[0074] In the light receiving devices With a built-in circuit 
100 (FIG. 1) and 200 (FIG. 2), the junction capacitance of 
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the photodiode section 12 is the junction capacitance of the 
depletion layer 14 acting as a P-N junction region betWeen 
the P-type epitaxial layer 3 and the N-type epitaxial layer 6 
both having a signi?cantly loW impurity concentration. Due 
to the signi?cantly loW impurity concentration of the P-type 
epitaxial layer 3 and the N-type epitaxial layer 6, the 
depletion layer 14 of the photodiode section 12 can largely 
expand in a direction vertical to the surface of the N-type 
epitaxial layer 6. As a result, most of the optical carriers 
generated in the P-type epitaxial layer 3 can be prevented 
from being diffused, and the junction capacitance of the 
photodiode section 12 can be reduced. Therefore, the pho 
todiode section 12 can operate at a high speed. 

[0075] In the light receiving devices With a built-in circuit 
100 (FIG. 1) and 200 (FIG. 2), the P-type MOB transistor 
15 is provided betWeen the photodiode section 12 and the 
N-type MOB transistor 16. The channel region of the N-type 
MOB transistor 16 has the P-type isolating diffused layer 7a, 
and the P-type isolating diffused layer 7a is at the GND 
potential like the anode electrode provided on the P-type 
isolating diffused layer 7. Accordingly, in a structure Includ 
ing the N-type MOS transistor 16 adjacent to the photodiode 
section 12, the stray optical carriers slipping through the 
potential barrier in the P+-type buried isolating diffused 
layer 4 to enter the CMOS transistor section 13 may unde 
sirably jump Into the channel region of the N-type MOS 
transistor 16 to cause malfunction of the CMOS translator 
section 13. By contrast, in the structure of the ?rst and 
second examples in Which the P-type MOS transistor 15 is 
provided betWeen the photodiode section 12 and the N-type 
MOS transistor 16, the optical carriers are absorbed by the 
N+-type buried diffused layer 5 and the N-type diffused layer 
a both having a high potential Vcc. Thus, the CMOS 
transistor section 13 is prevented from malfunctioning. 

Example 3 
[0076] FIG. 3 is a cross-sectional vieW illustrating a light 
receiving device With a built-in circuit 300 according to a 
third example of the present invention. 

[0077] The light receiving device With a built-in circuit 
300 includes an N-type MOS transistor 16 of the CMOS 
transistor section 13 betWeen the P-type MOS transistor 15 
and the photodiode section 12. An N+-type buried diffused 
layer 5b is provided betWeen the N-type MOS transistor 16 
and the P+-type burled isolating diffused layer 4/P-type 
isolating diffused layer 7. The N+-type buried diffused layer 
5b is provided in the P-type epitaxial layer 3 and the N-type 
epitaxial layer 6 across an interface betWeen the layers 3 and 
6. An N-type diffused layer 8b is provided on tho N+-type 
buried diffused layer 5b. An N+-type diffused layer 9b is 
provided at a surface of the N-type diffused layer 8b. A 
surface of the N+-type diffused layer 9b is exposed at the 
same level as the surface of the N-type diffused layer 8b. The 
light receiving device With a built-in circuit 300 has a similar 
structure to that of the light receiving device With a built-in 
circuit 100 shoWn In FIG. 1 on the other points. 

[0078] The N+-type buried diffused layer 5b, the N-type 
diffused layer 8b and the N+-type diffused layer 9b may have 
an equal potential to that of the P+-type buried isolating 
diffused layer 4 or may have a potential as high an the supply 
voltage Vcc. 

[0079] As described above, the N-type MOS transistor 16 
is proximate to the photodiode section 12. HoWever, the 
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N+-type buried diffused layer 5b, the N-type diffused layer 
8b and the N+-type diffused layer 9b, Which are provided 
between the N-type MOS transistor 16 and the photodiode 
section 12, absorb the stray optical carriers migrating from 
the photodiode section 12. Therefore, the optical carriers are 
prevented With certainty from entering the channel region of 
the N-type MOS transistor 16, and thus the CMOS transistor 
section 13 is prevented from malfunctioning. 

Example 4 

[0080] FIG. 4 is a cross-sectional vieW illustrating a light 
receiving device With a built-in circuit 400 according to a 
fourth example of the present invention. 

[0081] The light receiving device With a built-in circuit 
400 includes an N-type MOS transistor 16 of the CMOS 
transistor section 13 proximate to the photodiode section 12. 
An N-type epitaxial layer 6a ?rst second conductivity type 
semiconductor layer) is provided on the P-type epitaxial 
layer 3 betWeen the N-type MOS transistor 16 and the 
P+-type buried isolating diffused layer 4/P-type isolating 
diffused layer 7. The light receiving device With a built-in 
circuit 400 has a similar structure to that of the light 
receiving device With a built-in circuit 100 shoWn in FIG. 1 
on the other points. 

[0082] The N-type epitaxial layer 6a may have an equal 
potential to that of the P+-type buried isolating diffused 
layers 4 and 4a or may have a potential as high as the supply 
voltage Vcc. 

[0083] Due to the N-type epitaxial layer 6a provided 
betWeen the N-type MOS transistor 16 and the photodiode 
section 12, the stray optical carriers migrating from the 
photodiode section 12 toWard the N-type MOS transistor 16 
are captured by a P-N junction region generated by the 
N-type epitaxial layer 6a and the P+-type buried isolating 
diffused layer 4/P-type isolating diffused layer 7, and are 
recombined With holes and thus disappear. As a result, the 
optical carriers are prevented With certainty from entering 
the channel region of the N-type MOS transistor 16, and thus 
the CMOS transistor section 13 is prevented from malfunc 
tioning. 

Example 5 

[0084] FIG. 5 in a cross-sectional vieW illustrating a light 
receiving device With a built-in circuit 500 according to a 
?fth example of the present invention. 

[0085] The light receiving device With a built-in circuit 
500 includes a P-type buried isolating diffused layer 11 
beloW the P+-type burled isolating diffused layer 4 surround 
ing the photodiode section 12. An N+-type ADD (lightly 
doped drain) diffused layer 17 is provided at an interface 
betWeen the N-type epitaxial layer 6 and the N+-type dif 
fused layer 9 of the photodiode section 12. An N+-type LDD 
diffused layer 17a is provided at an interface betWeen the 
P-type isolating diffused layer 7a and each of the N+-type 
diffused layers 9a acting as a source region and a drain 
region of the N-type MOS transistor 16 in the CMOS 
transistor section 13. Each N+-type LDD diffused layer 17. 
17a is formed in the step of forming the N+-type diffused 
layer 9, 9a by double diffusion, namely, by diffusing impu 
rities to positions of a plurality of depths from a surface of 
the N+-type diffused layer 9, 9a. The light receiving device 
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With a built-in circuit 500 has a similar structure to that of 
the light receiving device With a built-in circuit 100 shoWn 
in FIG. 1 on the other points, 

[0086] The light receiving device With a built-in circuit 
500 having the above-described structure functions as fol 
loWs as shoWn in FIG. 6. 

[0087] Speci?cally, a great number of optical carriers, 
Which are generated in the vicinity of the surface of the 
photodiode section 12 by incident light having a short 
Wavelength, are accelerated toWard the inside of the photo 
diode section 12 by a built-in electric ?eld generated by a 
pro?le of the impurity concentration of the N+-type LDD 
diffused layer 17. The optical carriers then migrate toWard 
the depletion layer 14 at an interface betWeen the N-type 
epitaxial layer 6 and the P-type epitaxial layer 3 at a high 
speed. Therefore, the migration time of the optical carriers 
in the regions of the photodiode section 12 other than the 
depletion layer 14 is shortened, and thus the photodiode 
section 12 operates at a higher speed. 

[0088] Due to an LDD structure of having the N+-type 
LDD diffused layer 17a, the N-type MOS translator 16 of 
the CMOS transistor section 13 has an improved voltage 
Withstanding characteristic. The P-type MOS transistor 15 
need not have the LDD structure since the hot carriers are 
highly reliable. 

[0089] BeloW the N+-type diffused layer 9, the N-type 
epitaxial layer 6 in the photodiode section 12 may have a 
substantially uniform impurity concentration in the direction 
of a depth of the photodiode section 12 and may also have 
a high speci?c resistance. In this case, the speci?c resistance 
of the N-type epitaxial layer 6 is preferably about 3.0 Q'cm 
or higher. 

[0090] Here, It is assumed that, for example, the N-type 
epitaxial layer 6 has a thickness of about 1.9 pm and a 
speci?c resistance of about 3.0 Q'cm; the N+-type diffused 
layer 9 is diffused to a position of a depth of about 0.4 pm 
from the surface of the N-type epitaxial layer 6; and the 
photodiode section 12 is supplied With a bias voltage of 
about 1.5 V. In this case, the depletion layer 14 betWeen the 
N-type epitaxial layer 6 and the P-type epitaxial layer 3 
expands to a height of about 1.4 pm. As a result, a top 
portion of the depletion layer 14 contacts a bottom face of 
the N+-type diffused layer 9. In this came, as shoWn in FIG. 
7, the depletion layer 14 expands to the N+-type diffused 
layer 9. As a result, the migration time of the optical carriers 
In the regions of the photodiode section 12 other than the 
depletion layer 14 is shortened, and thus the photodiode 
section 12 operates at a higher speed. 

[0091] Even When the speci?c resistance of the N-type 
epitaxial layer 6 cannot be suf?ciently high for the reasons 
regarding characteristics of the CMOS transistor section 13, 
the response speed of the photodiode section 12 can be 
improved by the N+-type LDD diffused layer 17 formed of 
impurities diffused beloW the N+-type diffused layer 9. 

[0092] Instead of the N+-type LDD diffused layer 17, an 
N-type Well diffused layer, such as, for example, an N+-type 
buried diffused layer may be provided beloW the N+-type 
diffused layer 9. In such a structure, the optical carriers act 
by a similar principle to that of LDD diffusion described 
above With reference to FIG. 6. Namely, the optical carriers 
are accelerated toWard the inside of the photodiode section 
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12 by a built-in electric ?eld generated by a pro?le the 
impurity concentration of the N-type Well diffused layer, and 
thus migrate toWard the depletion layer 14 at an interface 
betWeen the N-type epitaXial layer 6 and the P-type epitaXial 
layer 3 at a high speed. Therefore, the migration time of the 
optical carriers in the regions of the photodiode section 12 
other than the depletion layer 14 is shortened, and thus the 
photodiode section 12 operates at a higher speed. 

[0093] In a usual MOS process for producing a semicon 
ductor device With no built-in photodiode, a P-Well diffused 
layer and an N-Well diffused layer are formed in a self 
aligned manner using a single mask. In the case Where no 
N-type Well diffused layer, such as, for eXample, an N+-type 
buried diffused layer 13 formed in the photodiode section 
12, one more mask is needed for covering the photodiode 
section 12 When forming an N-Well diffused layer in the 
CMOS transistor section 13. By contrast, in the case Where 
an N-type Well diffused layer, such as, for eXample, an 
N+-type burled diffused layer is provided beloW the N+-type 
diffused layer 9, a mask for, covering the photodiode section 
12 is not required When forming an N-Well diffused layer in 
the CMOS transistor section 13. Therefore, the number of 
steps of producing the light receiving device With a built-in 
circuit 500 is reduced. 

Example 6 

[0094] FIG. 8 is a cross-sectional vieW illustrating a light 
receiving device With a built-in circuit 600 according to a 
siXth eXample of the present invention. 

[0095] The light receiving device With a built-in circuit 
600 includes an N+-type buried diffused layer 5c (a third 
second conductivity type semiconductor layer) provided 
betWeen the N-type epitaXial layer 6 and the P-type epitaXial 
layer 3 in the photodiode section 12. AP+-type diffused layer 
10a (a siXth ?rst conductivity type semiconductor layer) 1i 
provided at the surface of the N-type epitaXial layer 6. In 
such a structure, as shoWn in FIG. 9, a photodiode 3 
including the P+-type diffused layer 10a and the N+-type 
buried diffused layer 5c is formed In the vicinity of the 
surface of the photodiode section 12. Aphotodiode 7 Includ 
ing the N+-type buried diffused layer 5c and the P-type 
epitaXial layer 3 is formed beloW the photodiode E. 

[0096] The light receiving device With a built-in circuit 
600 functions as folloWs. 

[0097] Due to a potential barrier generated by a pro?le of 
the impurity concentration of the N+-type buried diffused 
layer 5c, optical carriers Which are generated at a position on 
shalloWer than a peak position of the N+-type buried diffused 
layer 5c are detected by the photodiode E, and optical 
carriers Which are generated at a position deeper than the 
peak position of the N+-type buried diffused layer 5c are 
detected by the photodiode F. As a result, the photodiode 
section 12 shoWn in FIG. 8 can detect light having a short 
Wavelength and light having along Wavelength separately. 

[0098] For eXample, light incident on the photodiode 
section 12 having a Wavelength of 400 nm penetrates into in 
the photodiode section 12 doWn to a position of a depth of 
about 1 pm or loss from the surface of the photodiode 
section 12. Therefore, all optical carriers generated by the 
incident light are absorbed by the photodiode E. When the 
N-type epitaXial layer 6 has a thickness of about 1.5 pm and 
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the incident light has a Wavelength of 650 nm, about 30% of 
optical carriers generated by the incident light are absorbed 
by the photodiode E, and about 70% of the optical carriers 
are absorbed by the photodiode F. UtiliZing this, the Wave 
length of the incident light can be detected by calculating a 
difference betWeen the magnitude of the photocurrent gen 
erated in the photodiode E by the incident light and the 
magnitude of the photocurrent generated in the photodiode 
F by the incident light. 

[0099] Herein, the P-type is referred to as a ?rst conduc 
tivity type and the N-type is referred to as a second con 
ductivity type. In structures other than those of the third and 
fourth eXamples shoWn In FIGS. 3 and 4, the N-type may 
be the ?rst conductivity type, and the P-type may be the 
second conductivity type. 

[0100] A light receiving device With a built-in circuit 
according to the present invention includes a photodiode 
having a small junction capacitance due to a ?rst second 
conductivity type semiconductor layer and a second ?rst 
conductivity type semiconductor layer. The photodiode is 
surrounded by a third ?rst conductivity type semiconductor 
layer and a fourth ?rst conductivity type semiconductor 
layer and thus is electrically separated from an signal 
processing circuit including a MOS transistor. Therefore, the 
photodiode can operate at a high speed and acquires an 
improved level of photosensitivity to light having a short 
Wavelength. In addition, optical carriers generated in the 
photodiode are prevented from entering the MOS transistor, 
and a latch-up phenomenon is prevented. 

[0101] Various other modi?cations Will be apparent to and 
can be readily made by those skilled In the art Without 
departing from the scope and spirit of this Invention. 
Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 

What is claimed is: 
1. A light receiving device With a built-in circuit, com 

prising; 

a ?rst conductivity type semiconductor lamination struc 
ture; 

a photodiode for converting light incident thereon to an 
electric signal by a junction With a ?rst second con 
ductivity type semiconductor layer provided on the ?rst 
conductivity type semiconductor lamination structure 
for processing the electric signal obtained by the pho 
toelectric conversion; and 

a signal processing circuit provided in a region different 
from the photodiode. 

Wherein: 

the ?rst conductivity type semiconductor lamination 
structure Includes: 

a ?rst conductivity type semiconductor substrate, 

a ?rst ?rst conductivity type semiconductor layer 
provided on the ?rst conductivity type semicon 
ductor substrate and having a higher impurity 
concentration than the ?rst conductivity type 
semiconductor substrates, and 
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a second ?rst conductivity type semiconductor layer 
provided on the ?rst ?rst conductivity type serni 
conductor layer and having a loWer irnpurity con 
centration than that of the ?rst ?rst conductivity 
type semiconductor layer, 

Wherein the photodiode is provided in a region 
surrounded by a third ?rst conductivity type serni 
conductor layer provided so an to substantially 
contact a surface of the ?rst ?rst conductivity type 
semiconductor layer and a fourth ?rst conductivity 
type semiconductor layer extended from a surface 
of the ?rst second conductivity type serniconduc 
tor layer so as to reach the third ?rst conductivity 
type semiconductor layer, and 

Wherein the signal processing circuit includes at least 
a MOS structure transistor. 

2. Alight receiving device With a built-in circuit according 
to claim 1, further comprising a ?fth ?rst conductivity type 
semiconductor layer provided beloW the third ?rst conduc 
tivity type semiconductor layer in the state of overlapping at 
least a portion of the third ?rst conductivity type sernicon 
ductor layer, the ?fth ?rst conductivity type semiconductor 
layer running through the second ?rst conductivity type 
semiconductor layer and reaching at least the ?rst ?rst 
conductivity type semiconductor layer. 

3. Alight receiving device With a built-in circuit according 
to claim 1, Wherein the second ?rst conductivity type 
semiconductor layer has a high speci?c resistance. 

4. Alight receiving device With a built-in circuit according 
to claim 1, Wherein the second ?rst conductivity type 
semiconductor layer has a speci?c resistance of 200 Q'crn or 
more. 

5. Alight receiving device With a built-in circuit according 
to claim 1, further comprising a second second conductivity 
type semiconductor layer at a surf ace of the ?rst second 
conductivity type semiconductor layer. 

6. Alight receiving device With a built-in circuit according 
to claim 1, Wherein the signal processing section includes an 
N-type MOS transistor provided so as not to be adjacent to 
the photodiode. 

7. Alight receiving device With a built-in circuit according 
to claim 6, Wherein the signal processing section further 
includes P-type MOS transistor betWeen the N-type MOS 
transistor and the photodiode. 

8. Alight receiving device With a built-in circuit according 
to claim 6, Wherein: 

the signal processing section includes one of the ?rst 
second conductivity type semiconductor layer and the 
second second conductivity type semiconductor layer 
betWeen the N-type MOS transistor and the photo 
diode, and 

the one of the ?rst second conductivity type serniconduc 
tor layer and the second second conductivity type 
semiconductor layer is set to be at an equal potential to 
that of the third ?rst conductivity type semiconductor 
layer. 

9. Alight receiving device With a built-in circuit according 
to claim 6, Wherein: 
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the signal processing section Includes one of the ?rst 
second conductivity type semiconductor layer and the 
second second conductivity type semiconductor layer 
betWeen the N-type MOS transistor and the photo 
diode, and 

the one of the ?rst second conductivity type serniconduc 
tor layer and the second second conductivity type 
semiconductor layer is set to be at a higher potential 
than that of the third ?rst conductivity type sernicon 
ductor layer. 

10. A light receiving device With a built-in circuit accord 
ing to claim 1, Wherein the second second conductivity type 
semiconductor layer is obtained as a result of performing a 
step of forming a source region and a drain region of the 
MOS structure transistor. 

11. Alight receiving device With a built-in circuit accord 
ing to claim 10, Wherein the second second conductivity 
type semiconductor layer is obtained as a result of diffusion 
processing performed at least once. 

12. A light receiving device With a built-in circuit accord 
ing to claim 10, further comprising a siXth ?rst conductivity 
type semiconductor layer at a surface of the ?rst second 
conductivity type semiconductor layer. 

13. A light receiving device With a built-in circuit accord 
ing to claim 10, Wherein the ?rst second conductivity type 
semiconductor layer has a substantially uniform impurity 
concentration in a region beloW the second second conduc 
tivity type semiconductor layer. 

14. A light receiving device With a built-in circuit accord 
ing to claim 1, Wherein the ?rst second conductivity type 
semiconductor layer has a high speci?c resistance. 

15. A light receiving device With a built-in circuit accord 
ing to claim 1, Wherein the ?rst second conductivity type 
semiconductor layer has a speci?c resistance of 3.0 Q'crn or 
higher. 

16. A light receiving device With a built-in circuit accord 
ing to claim 5, further comprising a second conductivity type 
Well diffused layer beloW the second second conductivity 
type semiconductor layer. 

17. A light receiving device With a built-in circuit accord 
ing to claim 12, further comprising a ?rst conductivity type 
Well diffused beloW the siXth ?rst conductivity type serni 
conductor layer. 

18. A light receiving device With a built-in circuit accord 
ing to claim 16, Wherein the second conductivity type Well 
diffused layer in obtained as a result of performing a stop of 
forming a Well region of the MOS structure translator. 

19. A light receiving device With a built-in circuit accord 
ing to claim 17, Wherein the ?rst conductivity type Well 
diffused layer is obtained as a result of performing a step of 
forming a Well region of the MOS structure transistor. 

20. A light receiving device With a built-in circuit accord 
ing to claim 17, further comprising a third second conduc 
tivity type semiconductor layer betWeen the ?rst second 
conductivity type semiconductor layer and the second ?rst 
conductivity type semiconductor layer. 


