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Waveguide portions stacked above the photoelectric conver 
sion portion, each of the plurality of optical Waveguide por 
tions including a translucent material and being shaped in a 
taper. 
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FIG. 3 
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SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR DEVICE 
MANUFACTURING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional of co-pending appli 
cation Ser. No. 11/783,839, ?led on Apr. 12, 2007, the entire 
contents of Which are hereby incorporated by reference and 
for Which priority is claimed under 35 U.S.C. § 120, and this 
application claims priority of Japanese Application No. 2006 
112354, ?ledApr. 14, 2006, under 35 U.S.C. § 119; the entire 
contents of all are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a semiconductor 
device and a semiconductor device manufacturing method 
and, more particularly, a semiconductor device Which is suit 
able for a metal Wiring-stacked structure used for miniatur 
iZation of a sensor, high-speed drive, Logic integration, or the 
like, Whose converging effect for converging a light to a 
photoelectric converting portion is high and Whose sensitivity 
is good, and a semiconductor device manufacturing method. 
[0004] 2. Description of RelatedArt 
[0005] As the semiconductor device in the related art, for 
example, there is a solid state imaging device having the 
structure shoWn in FIG. 5. A solid state imaging device 1 has 
a photoelectric converting portion 2A in Which a photodiode 
3a is formed on a substrate 3, a charge transferring portion 2B 
having a charge transfer electrode 4 above the charge transfer 
channel 5, and a microlens 6 formed on a surface on the light 
receiving side of the solid state imaging device 1. The solid 
state imaging device 1 has such an optical Waveguide struc 
ture that an irradiation light is converged by the microlens 6, 
passed through a columnar translucent ?lm 7 formed beloW 
the microlens 6, and received by the photodiode 311 (see 
JP-A-2005-101090, for example). 
[0006] By the Way, since the metal Wiring-stacked structure 
is needed in the case of sensor miniaturization, high-speed 
drive, Logic integration, or the like, the layers of the solid 
state imaging device 1 should be designed largely. HoWever, 
in case a thickness of the upper layer on the substrate 3 is 
increased, it Was dif?cult to form the translucent ?lm 7 acting 
as an optical Waveguide member long in the stacking direc 
tion. Also, When the translucent ?lm 7 should be formed long 
in the stacking direction, a cavity called a void might be easily 
generated in an inside of the translucent ?lm 7. 

SUMMARY OF THE INVENTION 

[0007] An object of an illustrative, non-limiting embodi 
ment of the invention is to provide a semiconductor device 
Which is suitable for a solid state imaging device With a 
layered structure, Whose converging effect for converging a 
light to a photoelectric converting portion is high, and Whose 
sensitivity is good, and a semiconductor device manufactur 
ing method. 
[0008] The above object of the present invention can be 
achieved by folloWing con?gurations. 
(1) A semiconductor device comprising: a substrate; a pho 
toelectric converting portion; and a plurality of optical 
Waveguide portions stacked above the photoelectric conver 
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sion portion, each of the plurality of optical Waveguide por 
tions comprising a translucent material and being shaped in a 
taper. 
(2) The semiconductor device as described in (1) above, 
Wherein each of the plurality of optical Waveguide portions 
has a sectional area reducing gradually toWard the substrate. 
(3) A method of manufacturing a semiconductor device com 
prising a substrate and a photoelectric converting portion, the 
method comprising stacking a plurality of layers above the 
photoelectric converting portion, the each of the plurality of 
layers comprising a Wiring portion, an interlayer insulating 
?lm, and a tapered optical Waveguide portion comprising a 
translucent material. 
(4) The method of manufacturing a semiconductor device as 
described in (3) above, Wherein the tapered optical Waveguide 
portion in each of the plurality of layers has a sectional area 
reducing gradually toWard the substrate. 
(5) The method of manufacturing a semiconductor device as 
described in (3) or (4) above, Wherein the optical Waveguide 
portion in each of the plurality of layers is formed by: pat 
terning and etching the interlayer insulating ?lm to make an 
opening in the interlayer insulating ?lm; and embedding the 
translucent material into the opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The features of the invention Will appear more fully 
upon consideration of the exemplary embodiments of the 
inventions, Which are schematically set forth in the draWings, 
in Which: 
[0010] FIG. 1 is a sectional vieW of a part of a structure of 
a solid state imaging device according to an exemplary 
embodiment of the invention; 
[0011] FIG. 2 is a sectional vieW explaining a part of steps 
of manufacturing a solid state imaging device; 
[0012] FIG. 3 is a sectional vieW explaining a part of steps 
of manufacturing a solid state imaging device; 
[0013] FIG. 4 is a sectional vieW shoWing a solid state 
imaging device according to an exemplary embodiment of the 
invention; and 
[0014] FIG. 5 is a sectional vieW shoWing a structure of a 
solid state imaging device in the related art. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0015] Although the invention Will be describedbeloW With 
reference to the exemplary embodiment thereof, the folloW 
ing exemplary embodiment and its modi?cation do not 
restrict the invention. 
[0016] Since a semiconductor device according to an exem 
plary embodiment of the present invention is constructed by 
stacking a plurality of optical Waveguide portions above the 
photoelectric converting portion, a light incident on the light 
receiving surface is transmitted from the upper layer side of 
the stacked optical Waveguide portions to the loWer layer side 
(toWard a substrate of the device) and is guided to the photo 
electric converting portion. By doing this, in the case of 
miniaturization of the sensor, high-speed drive, Logic inte 
gration, or the like, even though thicknesses of the layers on 
the substrate are increased, the optical Waveguide portions of 
respective layers are formed every Wiring portion such as the 
contact, the metal Wiring, or the like. Therefore, an incident 
light can be passed through the optical Waveguide portions of 
respective layers and guided to the photoelectric converting 
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portion Without fail. Also, it is not needed to set a dimension 
in the stacking direction long. Also, in respective manufac 
turing steps, it can be prevented that a cavity called a void is 
generated in the inside of the translucent member. 
[0017] Preferably a plurality of optical Waveguide portions 
may be formed respectively such that a sectional area is 
reduced gradually toWard the loWer side. By doing this, When 
a light incident on the upper optical Waveguide portion is 
transmitted to the loWer optical Waveguide portion, such light 
never interferes With a boundary portion betWeen the optical 
Waveguide portion and the interlayer insulating ?lm, and it 
can be prevented that a light converging poWer is deteriorated. 
[0018] According to an exemplary embodiment of the 
present invention, the semiconductor device, Which is suit 
able for the semiconductor device With the layered structure, 
Whose converging effect for converging a light to the photo 
electric converting portion is high, and Whose sensitivity is 
good, and the semiconductor device manufacturing method 
can be provided. 

[0019] An exemplary embodiment of the present invention 
Will be explained in detail With reference to the draWings 
hereinafter. In the present embodiment, explanation Will be 
made by illustrating a solid state imaging device as the semi 
conductor device, but explanation may be made by referring 
to a CMOS image sensor. 

[0020] FIG. 1 is a sectional vieW explaining a part of a 
structure of a solid state imaging device of the present 
embodiment. FIGS. 2 and 3 are sectional vieWs explaining a 
part of steps of manufacturing the solid state imaging device 
of the present embodiment. FIG. 4 is a sectional vieW shoWing 
the solid state imaging device of the present embodiment. 

[0021] A solid state imaging device of the present embodi 
ment has a Waveguide structure that has a photoelectric con 
verting portion, charge transfer electrodes for transferring 
charges generated by the photoelectric converting portion, 
and an optical Waveguide for con?ning an incident light and 
propagating the light to the photoelectric converting portion 
on a substrate. 

[0022] A p-Well and an n-type semiconductor layer (not 
shoWn) are formed on a surface of a silicon substrate 21 as a 
semiconductor substrate. A plurality of photodiodes 33 each 
having a p-n junction, charge transfer channels 35, a channel 
stop region 36, and a charge reading region 34 are formed in 
the substrate 21. 

[0023] Photodiode portions 20A formed of a plurality of 
photodiodes 33 are formed in the silicon substrate 21. Charge 
transferring portions 20B for transferring signal charges 
sensed by the photodiodes 33 are provided betWeen the pho 
todiode portions 20A. The charge transfer channels 35 for 
transferring the signal charges are provided to the charge 
transferring portions 20B. 
[0024] A gate oxide ?lm 22 is formed on the silicon sub 
strate 21. Also, a plurality of charge transfer electrodes 23 
(23a, 23b) are formed on the gate oxide ?lm 22. In the charge 
transfer electrode 23, a ?rst electrode 23a and a second elec 
trode 23b are arranged at a gap mutually in a single layer. The 
?rst electrode 23a and the second electrode 23b are formed 
separately such that these electrodes are electrically isolated 
by inter-electrode insulating ?lms 24 that are formed at an 
interval on the gate oxide ?lm 22. 

[0025] Here, the gate oxide ?lm 22 can be constructed as a 
three-layered ?lm that includes a silicon oxide ?lm formed by 
a thermal oxidation, a silicon nitride ?lm formed by a loW 
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pressure CVD method, and a HTO ?lm (high temperature 
oxide ?lm) formed by a CVD method. 
[0026] A silicon nitride ?lm 26 is formed on the charge 
transfer electrode 23 via a silicon oxide ?lm 25. A HTO ?lm 
29 is formed on the silicon nitride ?lm 26. The HTO ?lm 29 
is used to form a path that supplies hydrogen to the photo 
diodes 33 in a sintering process. For this purpose, an opening 
for passing hydrogen in a sintering process is formed in the 
silicon nitride ?lm 26 on the charge transfer electrode 23. 
[0027] Also, a light shielding ?lm 27 having openings in 
light receiving areas above the photodiode portions 20A as 
the photoelectric converting portions is formed. An optical 
Waveguide portion 31 formed of the translucent material, 
Which is made of a silicon oxide ?lm or a silicon nitride ?lm 
and has a columnar structure, is formed above the photodiode 
portions 20A via the silicon nitride ?lm 26 and the HTO ?lm 
29. An interlayer insulating ?lm 28 is formed on the light 
shielding ?lm 27. Here, as the procedures of forming the 
optical Waveguide portion 31, the light shielding ?lm 27 is 
formed on the HTO ?lm 29, and then the interlayer insulating 
?lm 28 is formed thereon. Then, a planariZing process is 
applied to an upper surface of the interlayer insulating ?lm 28 
by a means such as a re?oW method by using a heat treatment, 
an etching-back method, a CMP method, or the like. Then, an 
opening into Which the translucent material is buried is 
formed by patterning the interlayer insulating ?lm 28 by 
means of a photolithography step and then etching this ?lm. 
Then, the optical Waveguide portion 31 is formed by embed 
ding the translucent material into this opening. The optical 
Waveguide portion 31 has an almost tapered shape such that a 
sectional area on the loWer side is formed smaller than that on 
the upper side. 
[0028] As shoWn in FIG. 1, in the present embodiment, 
respective layers from the optical Waveguide portion 31 to the 
interlayer insulating ?lm 28 formed above the gate insulating 
?lm on the substrate 21 are set as a ?rst layer 11. Also, the 
solid state imaging device according to the present invention 
is constructed by stacking a layer in Which another optical 
Waveguide portion is formed on such layer. 
[0029] Next, procedures of stacking layers in Which the 
optical Waveguide is formed Will be explained With reference 
to FIGS. 2 and 3 hereunder. Here, in folloWing explanation of 
the present embodiment, the interlayer insulating ?lm 28 in 
the ?rst layer 11 is assumed as a ?rst interlayer insulating ?lm 
and also the optical Waveguide portion 31 is assumed as a ?rst 
optical Waveguide portion. 
[0030] Wiring portions such as contacts, metal Wirings, and 
the like of the solid state imaging device, Which is for the 
second layer 12 are formed. As shoWn in FIG. 2, a second 
interlayer insulating ?lm 42 is formed on the ?rst layer 11 . An 
opening in Which the translucent material is buried is formed 
by planariZing an upper surface of the second interlayer insu 
lating ?lm 42 like the planariZing process for the ?rst inter 
layer insulating ?lm 28, patterning the second interlayer insu 
lating ?lm 42 by the photolithography step, and etching this 
?lm. At this time, this opening is formed in such a Way that the 
opening is in communication With an upper surface of the ?rst 
optical Waveguide portion 31 of the ?rst layer 11 and an area 
of the opening is smaller than the upper surface of the ?rst 
optical Waveguide portion 31. 
[0031] Then, a second optical Waveguide portion 41 is 
formed by embedding the translucent material into the open 
ing of the second interlayer insulating ?lm 42. Like the ?rst 
optical Waveguide portion 31 of the ?rst layer 11, the second 
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optical Waveguide portion 41 has an almost tapered shape 
such that a sectional area on the loWer side is formed smaller 

than that on the upper side. In this manner, a second layer 12 
consisting of the second optical Waveguide portion 41 and the 
second interlayer insulating ?lm 42 is stacked on the ?rst 
layer 11. 
[0032] Similarly, in case a third layer 13 is tacked on the 
second layer 12, at ?rst Wiring portions such as contacts, 
metal Wirings, and the like of the solid state imaging device, 
Which is for the third layer 13, are formed. Then, as shoWn in 
FIG. 3, a third interlayer insulating ?lm 52 is formed on the 
second layer 12 . An opening in Which the translucent material 
is buried is formed by planariZing an upper surface of the third 
interlayer insulating ?lm 52 like the planariZing process for 
the ?rst interlayer insulating ?lm 28, patterning the third 
interlayer insulating ?lm 52 by the photolithography step, and 
etching this ?lm. At this time, this opening is formed in such 
a Way that the opening is in communication With an upper 
surface of the second optical Waveguide portion 41 of the 
second layer 12 as the underlying layer and an area of the 
opening is smaller than the upper surface of the second optical 
Waveguide portion 41. 
[0033] Then, a third optical Waveguide portion 51 is formed 
by embedding the translucent material into the opening of the 
third interlayer insulating ?lm 52. Like the ?rst optical 
Waveguide portion 31 and the second optical Waveguide por 
tion 41, the third optical Waveguide portion 51 has an almost 
tapered shape such that a sectional area on the loWer side is 
formed smaller than that on the upper side. In this manner, the 
third layer 13 consisting of the third optical Waveguide por 
tion 51 and the third interlayer insulating ?lm 52 is stacked on 
the second layer 12. 
[0034] As shoWn in FIG. 4, after the ?rst layer 11, the 
second layer 12, and the third layer 13 are formed, a silicon 
nitride ?lm 61 is formed on the third layer 13 by the plasma 
CVD method and then a planariZed ?lm 62 composed of a 
translucent organic ?lm is formed on the silicon nitride ?lm 
61. Then, a convex microlens 63 is formed on the planariZed 
?lm 62. In this manner, the solid state imaging device 10 is 
completed. 
[0035] A light that is irradiated onto the microlens 63 of the 
solid state imaging device is focused on the third optical 
Waveguide portion 51 While being converged, then passed 
through sequentially the third optical Waveguide portion 51, 
the second optical Waveguide portion 41, and the ?rst optical 
Waveguide portion 31 doWnWard in FIG. 4, and then received 
by the photodiode 33 on the substrate 21. 

[0036] Here, by Way of example, the solid state imaging 
device 10 of the present embodiment is constructed by stack 
ing three layers of the ?rst layer 11, the second layer 12, and 
the third layer 13 such that the ?rst optical Waveguide portion 
31, the second optical Waveguide portion 41, and the third 
optical Waveguide portion 51 are stacked on the photoelectric 
converting portion 20A. In this event, the structure of the solid 
state imaging device 10 is not limited to a three-layered 
stacked structure. For example, a structure in Which only tWo 
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layers are stacked may be employed, or a structure in Which 
layers having four optical Waveguide portions or more may be 
employed. 
[0037] As shoWn in the above embodiment, since the solid 
state imaging device 10 of the present invention is constructed 
by stacking a plurality of optical Waveguide portions 31, 41, 
51 above the photoelectric converting portion 20A, a light 
incident on the light receiving surface is transmitted from the 
upper layer side of the stacked optical Waveguide portions 31, 
41, 51 to the loWer layer side and is guided to the photoelectric 
converting portion 20A. By doing this, in the case of minia 
turiZation of the sensor, high-speed drive, Logic integration, 
or the like, even though thicknesses of the layers on the 
substrate 21 are increased, the optical Waveguide portions 31, 
41, 51 of respective layers 11, 12, 13 are formed every Wiring 
portion such as the contact, the metal Wiring, or the like. 
Therefore, an incident light can be passed through the optical 
Waveguide portions 31, 41, 51 of respective layers 11, 12, 13 
and guided to the photoelectric converting portion 20A With 
out fail. Also, since it is not needed to set a dimension in the 
laminating direction long, the translucent material can be 
embedded surely in the openings of the interlayer insulating 
?lms 28, 42, 52 in respective manufacturing steps of the 
optical Waveguide portions 31, 41, 51 and it can be prevented 
that a cavity called a void is generated in the inside of the 
translucent member. 
[0038] In this case, the present invention is not limited to 
the above embodiment, and adequate changes, improve 
ments, and the like can be applied. 
[0039] This application claims foreign priority from Japa 
nese Patent Application No. 2006-112354, ?led Apr. 14, 
2006, the entire disclosure of Which is herein incorporated by 
reference. 
What is claimed is: 
1. A method of manufacturing a semiconductor device 

comprising a substrate and a photoelectric converting por 
tion, the method comprising stacking a plurality of layers 
above the photoelectric converting portion, the each of the 
plurality of layers comprising a Wiring portion, an interlayer 
insulating ?lm, and a tapered optical Waveguide portion com 
prising a translucent material. 

2. The method of manufacturing a semiconductor device 
according to claim 1, Wherein the tapered optical Waveguide 
portion in each of the plurality of layers has a sectional area 
reducing gradually toWard the substrate. 

3. The method of manufacturing a semiconductor device 
according to claim 1, Wherein the optical Waveguide portion 
in each of the plurality of layers is formed by: patterning and 
etching the interlayer insulating ?lm to make an opening in 
the interlayer insulating ?lm; and embedding the translucent 
material into the opening. 

4. The method of manufacturing a semiconductor device 
according to claim 2, Wherein the optical Waveguide portion 
in each of the plurality of layers is formed by: patterning and 
etching the interlayer insulating ?lm to make an opening in 
the interlayer insulating ?lm; and embedding the translucent 
material into the opening. 

* * * * * 


