wo 2013/094419 A1 |1 I} NN TP OO0 RO A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

=

(29) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 June 2013 (27.06.2013)

0 0 DY 3 OO0 0
(10) International Publication Number

WO 2013/094419 Al

Wirpo I PCT

(51) International Patent Classification:
HO1L 27/14 (2006.01) G02B 5/20 (2006.01)
G02B 3/00 (2006.01) HO1L 31/0232 (2006.01)
G02B 5/00 (2006.0 1) HO4N 5/225 (2006.0 1)
G02B 5/02 (2006.0 1) HO4N 701/00 (2006.0 1)

(21) International Application Number:
PCT/JP2012/081585

(22) International Filing Date:

29 November 2012 (29.1 1.2012)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

201 1-2821 10 22 December 201 1(22.12.201 1) JP

(71) Applicant: CANON KABUSHIKI KAISHA [JP/JP]; 30-

2, Shimomaruko 3-chome, Ohta-ku, Tokyo, 1468501 (JP).

(72) Inventor: NOBAYASHI,
BUSHIKI

ku, Tokyo, 1468501 (JP).

Kazuya; c/lo CANON KA-
KAISHA, 30-2, Shimomaruko 3-chome, Ohta-

(74) Agents: OKABE, Yuzuru et a; No. 602, Fuji Bldg., 2-3,

Marunouchi  3-chome, Chiyoda-ku, Tokyo, 1000005 (JP).

(81) Designated States (unless otherwise indicated, for every

kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on nextpage]

(54) Title: SOLID-STATE IMAGING DEVICE AND IMAGING APPARATUS

FIG. 1A

» 110

101
<
I \ \
z 18T ’ N 1
5 120
102 103
104

(57) Abstract: A solid-state imaging device includes a plur-
ality of pixels, wherein one or more of the plurality of pixels
have a pupil dividing portion and a light receiving portion,
the light receiving portion includes a plurality of photoelec-
tric conversion regions, an element isolation region is
provided between adjacent ones of the plurality of photoelec-
tric conversion regions, and wherein a scatterer is provided
within the pupil dividing portion and above the element isol-
ation region, and the scatterer is formed from a material of a
refractive index smaller than a refractive index of a materia
of the pupil dividing portion peripheral to the scatterer.
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[ 0001]

[ 0002]

DESCRI PTI ON

Title of Invention: SOLID STATE | MAG NG DEVI CE
AND | MAG NG APPARATUS

Technical Field ,
The present invention relates to a solid-state imaging
device and an immging apparatus, and particularly
relates to a solid-state inmging device which can be
applied to a distance neasuri ng apparatus that is used

in a digital still canera, a digital video canera and
the like.

Background Art

In the digital still canmera and the digital video

canera, a solid-state imaging device has been proposed
in Japanese Patent Application Laid-Open No. 2002-
314062 (hereinafter referred to as "Patent Literature

~1"), which has a pixel for nmeasuring a distance having

a distance neasuring function (hereinafter referred to
as a distance neasuring pixel) arranged in a part of
the imaging device or in all pixels, and detects the
distance in a phase difference nethod. The di stance

measuring pixel includes a plurality of photoelectric
conversion regions, and is structured so that |ight
fluxes passed through different regions on the pupil of

a camera lens are guided to different photoelectric
conversion regions. Each distance neasuring pixel
acquires light inmages which are generated by the Ilight
fluxes passed through the different pupil regions, from
signals obtained in the photoelectric conversion
regions included in each distance neasuring pixel
(hereinafter referred to as an inmage A and an inmage B,
and both inmges are collectively referred to as inages
AB) . The phase difference mnmethod calculates the

devi ation anpbunt between the inmges AB, convert -the
deviation anobunt to a defocused anount by using
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triangulation by a stereo inmge, and can neasure the
di stance.. Thereby, the phase difference nethod is
different from that of a conventional contrast type,
and does not need to nove a lens in order to nmeasure
the distance. Accordingly, the inmaging apparatus
provided with the distance neasuring pixel can neasure

"the distance with a high speed and high accuracy. In

addition, the signals which have been acquired in the
plurality of the photoelectric conversion regions
included in each distance neasuring pixel can be used

as pixel values of each distance neasuring pixel, in
order to generate a captured inage. In such a distance
measuring pixel, in order to suppress crosstalk between

the photoelectric conversion regions, an elenent
isolation region is arranged between the photoelectric
conversi on regions. However, a potential gradient is
not fornmed in the elenment isolation region, and
accordingly an electron which is generated by the [Iight
that is incident on the elenent isolation region
diffuses and detection sensitivity in the photoelectric
conversion region degrades. Because of this, the [|ight
which is incident on the elenent isolation region
causes a Ioss,' and the sehsitivi ty degrades when the
signal sent from the distance neasuring pixel is used

~for the captured inmage, which is unpreferable for

[ 0003]

[ 0004]

enhancing the inage quality of the captured inage.
Ctation List

Patent Literature

PTL 1: Japanese Patent Application Laid-open No. 2002-
314062

Summary of |nvention

Techni cal Problem

In view of the above described problens, an object of
the present invention is to provide a solid-state

i magi ng device which can neasure a distance wth high
accuracy and can suppress the degradation of
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[ 0005]

[ 0006]

sensitivity in imging, and an imaging apparatus which
is provided with the solid-state inmaging device and can
enhance the inmage quality.

According to an aspect of the present invention, a
solid-state inaging device conprises a plurality of

pi xel s, wherein one or nore of the plurality of pixels
have a pupil dividing portion and a light receiving
portion, the light receiving portion includes a
plurality of photoelectric conversion regions,

an elenent isolation region is provided between

adj acent ones of the plurality of photoelectric
conversion regions, and wherein a scatterer is provided
within the pupil dividing portion and above the elenent
isolation region, and the scatterer is forned from a
material of a refractive index smaller than a
refractive index of a material of the portion the pupil
dividing portion peripheral to the scatterer.

Advant ageous Effects of Invention

The present invention can achieve a solid-state inaging
device which can neasure a distance wth high accuracy
and can suppress the degradation of sensitivity in

i maging, and an inmaging apparatus which is provided
with the solid-state inmaging device and can enhance the
i mge quality.

[0007] Further features of the present invention wll becone

[ 0008]

apparent from the following description of exenplary
enbodi nents with reference to the attached draw ngs.
Brief Description of Draw ngs

Figs. 1A IB and 1C illustrate schematic sectional

views of a pixel for neasuring a distance arranged in a
solid-state immging device according to the present

i nventi on.

Fig. 2 is a view for describing the principle of the

pi xel for measuring the distance arranged in the solid-
state inmaging device according to the present invention.,
Figs. 3A and 3B illustrate views for describing a
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method for measuring a distance from an object to be

i mged by using the solid-state inmaging device

according to the present invention.

Figs. 4A 4B and 4C illustrate schematic sectional

views of a pixel for nmeasuring a distance arranged in a
solid-state imaging device in Exenplary Enbodinment 1 of
the present invention.

Figs. H5A and 5B illustrate views illustrating the
dependency of the sensitivity of the pixel for
nmeasuring the distance in Exenplary Enbodinment 1 of the
present invention and a comparison pixel, on an

i nci dent angl e.

Figs. 6A, 6B and 6C illustrate views illustrating the
sensitivity difference of the pixel for neasuring the
di stance and the dependency of the sensitivity
difference on the end position of a scatterer, in
Exenpl ary Enbodinent 1 of the present invention.

Fig. 7 is a schematic sectional view of a pixel for
measuring a distance arranged in a solid-state imaging
device in Exenplary Enbodinment 2 of the present

i nvention .

Fig. 8 is a view illustrating the dependency of the
sensitivity of the pixel for neasuring the distance in
Exenpl ary Enbodiment 2 of the present invention and a
conpari son pixel, on an incident angle.

Fig. 9 is a view for describing the dependency of the
sensitivity of the pixel for neasuring the distance in
Exenpl ary Enbodi nent 2 of the present invention, on the
hei ght of the scatterer.

Fig. 10 is a view for describing an inmaging apparatus
provided wth a solid-state i magi ng device, in

Exenpl ary Enbodi ment 3 of the present invention.

Fig. 11 is a schematic sectional view of a pixel for
measuring a distance arranged in a solid-state imaging
device, in an enbodinent of the present invention.

Figs. 12A and 12B illustrate schematic sectional views
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[ 0009]

[ 0010]

illustrating another exanple of a pixel for measuring a
distance arranged in a solid-state inaging device
according to the present invention.

Descri pti on of Enbodi nents

The solid-state imaging device according to an

enbodi nrent of the present invention wll be described
below with reference to the draw ngs. At this tine,

the conmponents having the same functions as those in
all of the drawings will be designated by the sane
reference nunmerals, and the description wll be omtted.
Firstly, the solid-state imaging device according to
the present enbodinment wll be descri bed bel ow with
reference to Figs. |A to 1C and Fig. 2. 1In Figs. 1A to
1C, a distance neasuring pixel 100 is arranged in a
part of the solid-state imaging device of the present

i nventi on. Fig. 1A is a sectional view of the pixel

100 cut in an xz plane; and Fig. IB is a sectional view
of the pixel 100-taken along the line IB-1B. The pixel
100 has a pupil dividing portion 110 and a I|ight
receiving portion 120, from the light incident side (+z
side) . The light receiving portion has a plurality of
phot oel ectric conversion regions provided therein. For
i nstance, the light receiving portion 120 has two
photoel ectric conversion regions 102 and 103, and an

el enent isolation region 104 is provided between the
photoel ectric conversion region 102 and the

photoel ectric conversion region 103. The el enent
isolation region 104 is fornmed from the sane materi al

as the material of the light receiving portion 120. A
potential gradient is not formed in the elenent
isolation region 104, and accordingly an electron which
is generated by the light that is incident on the

el enment isolation region 104 diffuses and the Ilight
causes a | oss. In the distance neasuring pixel 100
illustrated in Fig. 1A, a scatterer 101 is arranged so
as to contact the end surface of -z side of the pupil
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dividing portion 110, which is a position in contact

with the surface at the light receiving portion side of

the pupil dividing portion, and so as to also be on the

el ement isolation region 104. '
[0011]The pupil dividing portion 110 has a structure

including, for instance, a micro lens and a wave guide,

and can optically divide the pupil by guiding Iight

flux passed through different regions on the pupil of

the imaging lens in the imging apparatus into

different photoelectric conversion regions (102 or

photoel ectric conversion region 103) . The scatterer
101 and the pupil dividing portion 110 are formed from
a transparent nmaterial in a region of wavelengths wth
which an image is taken. In addition, the scatterer

101 is formed from a material having a refractive index
lower than that of a material of the pupil dividing
portion 110 peripheral to the scatterer 101. Here, a
material having a high refractive index can be selected
from silicon nitride, titanium oxide, an organic
material and a conposite material which is formed by
di spersing particles in a substrate. In addition, a
material having a low refractive index can be selected
from silicon oxide, an organic material and a conposite
material which is fornmed by dispersing pérticles in a
substrate. 'The light receiving portion 120 is forned
from a material having abs'orpti on in a region of

wavel engths with which an image is taken, for instance,
silicone, and has a photoelectric conversion region
formed in a partial region in the inner part of the

pi xel by ion inplantation or the like. The light flux
which is incident on the pixel 100 from the outside
propagates through the pupil dividing portion 110, and
is emitted to the light receiving portion 120. At this
tine, a part of the light which propagates through the
pupil dividing portion 110 is scattered by the
scatterer 101 on the element isolation region. The
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l'ight which has been emtted to the light receiving
portion 120 reaches the photoelectric conversion region,
then is converted into an electron, and is output to a
not - shown signal processing circuit.

[0012]Fig. 2 is a view for describing an optical propagation
of a light flux in the pixel 100, which is incident
from the outside. A part of the light flux 201 which
is incident from the outside and heads to the elenent
i solation regi bn 104 is scattered by the scatterer 101
arranged in the pupil dividing portion 110, ‘and becones
scattered light 202. The scattered |ight 202 "has the
orientation distribution of low directivity, and
accordingly the light is distributed to the
photoel ectric conversion regions 102 and 103. As a
result, the quantity of the light which is received in
t he photoelectric conversion regions 102 and 103
i ncreases, and the pixel sensitivity becones high. In
the present enbodinent, such materials are used that
the refractive index of a material of the scatterer 101 -
(refractive index of scatterer 101) is lower than the
refractive index of a material of the periphery of the
scatterer 101 in an extent of the pupil dividing
portion 110 (refractive index of pupil dividing portion
110 peripheral to the scatterer 101). Wuen the
refractive index of the scatterer 101 becones higher
than the refractive index of the pupil dividing portion
110 peripheral to the scatterer 101, a part of the
light which propagates through the pupil dividing
portion 110 is scattered by the scatterer 101, but an
electric field converges to the inner part of the
scatterer 101. The electric field which has converged
to the inner part of the scatterer 101 is enmitted from
the lower surface (surface at -z side) of the scatterer
101, and accordingly the light which is emtted to the
element isolation region 104 increases and the optical

| oss increases.
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[0013]0n the other hand, the convergence of the electric
field to the inner part of the scatterer 101 can be
suppressed by reducing the refractive index of the
scatterer 101 to becone lower than the refractive index
of the pupil dividing portion 110 peripheral to the
scatterer 101, and the pupil dividing portion 110 can
efficiently distribute the light to the photoelectric
conversion region 102 and the photoelectric conversion
region 103. As for the scatterer 101, when one nedium
1 constitutes the pupil dividing portion 110, the
refractive index of the material of the scatterer 101
becomes lower than the refractive index of the medium 1.
In addition, when a plurality of nedia constitutes the
pupil dividing portion 110, the refractive index of the
material of the scatterer 101 becones Ilower than the
refractive index of the material of the periphery of
the scatterer 101 in an extent of the pupil dividing
portion 110. For instance, as is illustrated in a
configuration exanple of the pixel 100 of Fig. 11, a
hi gh refractive index portion 1101 may be fornmed in a
part of the pupil dividing portion 110, which is the
peri phery of the scatterer 101. In this case, the
refractive index of the material of the scatterer 101
becomes |ower than refractive index of the material of
the high refractive index portion 1101. In the
di stance neasuring pixel 100 illustrated in Fig. 1A
the scatterer 101 is arranged at a position contacting
the end surface at a -z side of the pupil dividing
portion 110, but may be arranged at a position at which
the scatterer 101 can optically scatter a part of the
light flux 201 which is incident from the outside and
heads to the elenment isolation region 104. In other
words, the scatterer 101 may be arranged above the
element isolation region 104 in an extent of the pupil
dividing portion 110. For instance, as is illustrated
in Fig. 1C, the scatterer 101 may also be arranged
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above the element isolation region 104 and at such a
position (in an extent of the pupil dividing portion
110) as to be apart from the end surface at the -z side
of the pupil dividing portion 110 by a distance H. In
this case as well, the pupil dividing portion 110 can
optically scatter a part of the light flux 201 which is

“incident from the outside and heads to the el enent

[ 0014]

[ 0015]

isolation region 104 by the scatterer 101, and can
distribute the light to the photoelectric conversion
regions 102 and 103. As a result, the pixel

sensitivity in the pixel 100 can be enhanced.

Next, a distance neasuring nethod for nmeasuring a

di stance of an object to be inmaged by using the solid-
state imaging device of the present invention wll be
described below with reference to Figs. 3A and 3B Fig.
3A illustrates the sensitivity of the photoelectric
conversion region 102 and the sensitivity of the
photoel ectric conversion region 103 in the pixel 100
which is arranged in the solid-state inaging device of
the present invention. In Fig. 3A, the horizontal axis
represents an angle forned by the light flux which is
incident from the outside of the pixel 100 and the
optical axis, and the vertical axis represents the
sensitivity. In Fig. 3A the sensitivity of the

phot oel ectric conversion region 102 is shown by a solid
line, and the sensitivity of the photoelectric
conversion region 103 is shown by a dashed line. As is
illustrated in Fig. 3A the photoelectric conversion
region 102 and the photoelectric conversion region 103
have different sensitivity according to the angle of
the light which is incident from the outside.

Fig. 3B is a schematic view of a digital still canera
300 An imaging lens 320 in the digital still camera
300 forns an image of the outside on the surface of the
solid-state imaging device 310. The solid-state

i magi ng device 310 includes a plurality of pixels 100.
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[ 0016]

[ 0017]

10

The light fluxes passed through different regions on an

em ssion pupil 330 of the imaging lens 320 are incident

on the surface of the solid-state inmaging device 310,
as the light fluxes having different incident angles.

In the photoelectric conversion region 102 contained in
each pixel of the solid-state inmaging device 310, a
light flux is detected which has passed nmainly through
a region 331 corresponding to the first direction

(first emssion pupil region) out of the emission pupil
330. Sinilarly, in the photoelectric conversion region
103, the light flux is detected which has nmainly passed
through a region 332 corresponding to the second
direction (second emission pupil region) out of the

em ssion pupil 330. For this reason, the pixel 100 can
detect an image of lights passed through the different
regions on the surface of the enission pupil 330. The
solid-state imaging device 310 conpares a plurality of
pi xel signals sent from the photoelectric conversion
regions 102 with a plurality of pixel signals sent from
the photoelectric conversion regions 103, thereby
outputs a distance neasuring signal for an object to be
i mged according to a known nethod, and can detect the
di stance from the object to be inmaged. The solid-state
i mgi ng device 310 may also be structured so that the
pi xel 100 is arranged only in a part of the pixels in
the solid-state imaging device 310 and each of the

r emai ni hg pi xel s has only one photoelectric conversion
region. The pixel 100 is desirably arranged in all

pixels, and thereby the distance from the object to be

i naged can be detected w th higher accuracy.

Exenpl ary Enbodi nent s

Exenpl ary enbodi nents according to the present

invention wll be described below

Exenpl ary Enbodi nent 1

As Exenplary Enbodinent 1, the configuration exanple of
the solid-state imaging device of the present invention
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wWill be described below with reference to Figs. 4A to
4C. In Figs. 4A to 4C, a distance nmeasuring pixel 400
is arranged in a part of the solid-state inmaging device
of the present exenplary enbodinent. Fig. 4A is a
sectional view of the pixel 400 cut in an xz plane; and
Fig. 4B is a sectional view of the pixel 400 taken
along the line 4B-4B. The light receiving portion 120
in the pixel 400 of the present exenplary enbodi nent

has two photoelectric conversion regions (102 and 103),
and the elenent isolation region 104 is arranged
between the photoelectric conversion region 102 and the
phot oel ectric conversion region 103. In the present
exenpl ary enbodi nent, a pupil dividing portion 110 has
a structure which includes a mcro lens 410 and a not-
shown color filter. In the present exenplary

enbodi ment, a paraxial imaging plane 420 of the mcro
lens 410 is set at a position 0.3 pum apart from the
surface at a +z side of the light receiving portion 120,
in +z direction.

[(0018] The pixel 400 of the present exenplary enbodinment has
the micro lens 410 arranged therein, and thereby
efficiently guides a light flux which is incident from
the outside to the light receiving portion 120, and
sets the pupil of an imging lens and the photoelectric
conversion region at a conjugation relationship.
Thereby, a region 331 and a region 332 which are

different regions from each other on the pupil can be
nore clearly separated from each other. The micro |ens
410 is forned from a transparent naterial in a region

of wavelengths wth which an inmage is taken, and is
formed, for instance, from silicon nitride, silicon
oxide, an organic material or the like. In the present
exenpl ary enbodiment, the scatterer 101 is forned from
silicon oxide which is a material having a |ow
refractive index, and the pupil dividing portion 110
was forned from silicon nitride which is a material
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having a high refractive index. In addition, the 1light
receiving portion 120 was formed from silicon.
Generally, the refractive index of the silicon oxide is
approximately 1.45, and the refractive index of the
silicon nitride is approximately 2.0. In the present
exenpl ary enbodinment, the refractive index of the
material of the scatterer 101 is set so as to be |ower
than the refractive index of a material of the
peri phery of the scatterer 101 in an extent of the
pupil dividing portion 110. Thereby, the pupil
dividing portion 110 can suppress the convergence of
the electric field to the inner part of the scatterer
101, and can distribute the light to the photoelectric
conversion region 102 and the photoelectric conversion
region 103. The shapes of the scatterer 101 and the
el enent isolation region 104 are formed so that wl =
0.1 pm, w2 = 0.2 uym, h = 0.4 pm, and w = 0.2 um.
Incidentally, as is illustrated in Figs. 4A to 4C wil
represents the width of the upper surface of the
scatterer 101, w2 represents the width of the | ower
surface of the scatterer 101, h represents the height
of the scatterer 101, and w represents the width of the
el enent isolation region 104. The widths of the
photoel ectric conversion regions 102 and 103 are 0.55
MI .

f0019]1Fig. B5A illustrates the sum of the respective
sensitivities of the photoelectric conversion regions
102 and 103 in the pixel 400 of the present exenplary
enbodi ment . In Fig. 5A, the horizontal axis represents
an angle formed by the light which is incident from the
outside on the pixel and the z axis, and the vertical
axis represents the sensitivity. In addition, the
pi xel 400 is shown by a solid line, and a conparison
pi xel in which the scatterer 101 is not arranged is
shown by a dashed line as a conparative exanple. In
the pixel 400, the scatterer 101 is arranged, and
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thereby the pixel sensitivity is enhanced conpared to
that of the conparison pixel. In the present exenplary
enbodi nent, the scatterer 101 is formed so that the
shape of the cross section in the xz plane becones a
trapezoid shape, but may also have a quadrangle shape
or a triangle shape, as long as the scatterer 101
scatters a part of the light flux which is incident
from the outside, and has the refractive index |ower
than that of a material of the pupil dividing portion
110. It is desirable to set the surface area of the
upper surface (surface at +z side) of the scatterer 101
so as to be smaller than the surface area of the [|ower
surface (surface at -z side) thereof. Thereby, the
scatterer 101 can increase the forward scattering
therefrom conpared to the back scattering therefrom
and can increase the quantity of the lights which are
incident on the photoelectric conversion region 102 and
the photoelectric conversion region 103. In addition,
the scatterer 101 may have a conposition of dispersing
fine particles or voids in a nmedium  The scatterer 101
can enhance the light scattering properties by'

di spersing the fine particles or the voids in the

medi um In addition, the widths wl and w2 of the
scatterer 101 may be shorter or longer than the l|ength
shown in the present exenplary enbodinent. Fig. 5B
illustrates the sensitivity of the pixel 400, simlarly
to Fig. B5A In Fig. 5B, a solid line shows the case

(w = 0.2 pym and w2 = 0.3 um) in which the widths wil
and w2 are 0.1 um longer than that of the scatterer 101

in Fig. 5A a long dashed short dashed |ine shows the
case (W = 0 ym and w2 = 0.1 wn) in which the widths wil
and w2 are 0.1 um shorter than that of the scatterer
101 in Fig. 5A and a dashed line shows a conparison

pi xel in which the scatterer 101 is not arranged. As
is illustrated in Fig. 5B, the width of the scatterer

101 may be longer or shorter than that of the el enent
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isolation region, as long as a part of the incident
_ light flux is scattered by the scatterer 101.

[0020] In the present exenplary enbodinment, such a structure
has been shown that the pixel 400 includes two
phot oel ectric conversion regions, but the pixel 400 may
i nclude four photoelectric conversion regions (102, 103
105 and 106) in the light receiving portion 120 as is
illustrated in the sectional view of the pixel 400
taken along the line 4B-4B in Fig. 4A \Wen the four
photoelectricv conversion regions are arranged in the
light receiving portion 120, the pixel 400 can detect a
distance from an object to be imaged which includes not
only an object to be imaged having an end in a
direction parallel to the y axis but also an object to
be imaged having an end in a direction parallel to the
X axis, wth high accuracy. In the present exenplary
enbodi rent, the height of the scatterer 101 has been
set at 0.4 um, but may be higher or lower than 0.4 um,
as long as the light is scattered by the scatterer 101.
It is desirable to arrange the end at the micro |lens
410 side of the scatterer 101 at a side closer to the
mcro lens 410 than the paraxial imaging plane of the
mcro |ens 410. Fur t her nor e, the height of the
scatterer 101 is set at 1 um or less, and thereby such
a distance neasuring pixel can be structured as to be
capabl e of nmeasuring a distance from an object to be
imged wth higher accuracy while reducing the optica
| oss caused by the elenent isolation region 104. This
reason will be described below

[0021] In Fig. 6A, the horizontal axis represents a distance
(l ower axis) between the paraxial inmaging plane of the
mcro lens 410 and the end portion at the +z side of
the scatterer 101, and the height h (upper axis) of the
scatterer 101; and the vertical axis represents a
difference (sensitivity difference) between the

sensitivity of the photoelectric conversion region 102
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when the incident angle is 5 degrees and the
sensitivity thereof —when the incident angle is -5
degrees. As this sensitivity difference is larger, a
region on the surface of the enmission pupil can be nore
clearly divided, and accordingly the distance from the
object to be imaged can be detected w th higher
accuracy. In Fig. 6B, the horizontal axis represents a
di stance . (Il ower axis) between the paraxial inmaging

pl ane of the mcro lens 410 and the end portion at the
+z side of the scatterer 101, and the height h (upper
axis) of the scatterer 101; and the vertical axis
represents the sum of the sensitivities of the

phot oel ectric conversion region 102 and the

phot oel ectric conversion region 103. As is illustrated
in Fig. 6B, the pixel 400 can enhance its sensitivity
by arranging the scatterer 101 therein. Fig. 6C is a
view for describing the light flux after having passed
through the micro lens 410. An optical axis 640, a
paraxial imaging plane 630 of the micro |ens 410, rays
610 and 611 of light in the central part of the mcro
Il ens 410, and rays 620 and 621 of light in the

peri pheral part of the mcro lens 410 are shown. The
mcro lens 410 is structured so as to have a spherical
surface, and accordingly has an aberration. Because of
this, the rays 620 and 621 of light, passed through the
peri pheral part of the mcro lens 410, condense at a
position closer to the +z side than the paraxial

i magi ng plane 630. Wen the end portion at the +z side
of the scatterer 101 is arranged at a position closer
to the +z side than the paraxial imaging plane 630, the
peripheral ray 621 of light can be scattered and the
quantity of the light which is incident on the +x side
can be decreased. In other words, a difference of the
light quantity can be increased. Accordingly, it is
desirable that the end portion at the light incident
side of the scatterer is arranged at a position closer
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to the light incident side than the paraxial imging
pl ane of the mcro lens, in other words, that the end

portion at the +z side of the scatterer 101 is arranged
at a position closer to the‘ +z side than the paraxial
imaging plane of the mcro lens 410.

{00221As is illustrated in Fig. 6A, when the height h of the
scatterer 101 beconmes high, the sensitivity difference
in the vicinity of h = 1 um becomes approximtely equal
to that in the case where the scatterer 101 is not '
arranged (in the case of h= o0). |In order to increase
the sensitivity difference, the peripheral ray 620 of
light is required to be guided to the -x side, but when
the scatterer 101 is nade high, the peripheral ray 620
of light is scatte‘red, and the light is distributed
also to the +x side. Specifically, the sensitivity

difference decreases. Accordi ngly, in order t o reduce
the optical |oss caused by the elenment isolation region
104 and increase the sensitivi ty difference, it is

desirable to set the height of the scatterer 101 at 1.0
um or | ess. It is nore desirable to set the height h
of the scatterer 101 at 0.6 um or less while arranging
the end portion at the +z side of the scatterer 101 at
a position closer to the +z side than the paraxial
imaging plane of the micro |ens 410. Incidentally, the
pi xel 400 of the present exenplary enbodinent includes
the pupil dividing portion 110 and the light receiving
portion 120, but as is illustrated in Fig. 12A, an
interlayer 130 nay be arranged between the |ight
receiving portion 120 and the pupil dividing portion
110. Even when the interlayer 130 is arranged

t her ebet ween, the pupil dividing portion 110 can
optically scatter the light flux which is incident from
the outside and heads to the elenent isolation region
104 by the scatterer 101, and can distribute the Iight
to the photoelectric conversion regions 102 and 103.

As a result, the interlayer 130 can enhance the pixel
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sensitivity of the pixel 400. The interlayer 130 nmay
also be formed so as to function as an anti-reflection
filmin a region of wavelengths wth which the solid-
state imaging device provided with the pixel 400 takes
an inege, by being forned from a plurality of films.
When functioning as the antiref lection film the
interlayer 130 can nore efficiently guide the [ight
flux which is incident from the outside to the I|ight
receiving portion 120, and can enhance the pixel
sensitiVity of the pixel 400. |In addition, the
interlayer 130 may also have a function of a protection
film for protecting the light receiving portion 120 in
a sem conductor process such as etching, or a function
of a gettering film for lowering the concentration of
nmetal inmpurities in the light receiving portion 120, by
appropriately selecting a material of the interlayer
130.
Exenpl ary Enbodi ment 2

[00231As Exenplary Enbodinment 2, the configuration exanple of
the solid-state imaging device of the present invention
will be described below with reference to Fig. 7. In
Fig. 7, a distance measuring pixel 700 is arranged in a
part of the solid-state imaging device of the present
exenpl ary enbodi nent. Fig. 7 is a sectional view of
the pixel 700 cut in an xz pl ane. In the present
exenpl ary enbodinment, a pupil dividing portion 110
includes a light incident side wave guide portion 710,
and an emi ssion side wave guide portion 720. In the
pi xel 700 of the present exenplary enbodinent, the
pupil dividing portion 110 is‘formed of a wave guide,
and thereby can efficiently gquide the light flux which
is incident from the outside to the light receiving
portion 120. The cores and the claddings of the I|ight
i nci dent side wave guide 710 and the emission side wave-
guide 720 are forned from a transparent material in a
region of wavelengths with which an inmage is taken, and
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furthernore, the core is formed from a material having
a refractive index higher than that of the cladding.
The scatterer 101 is fornmed from a material having a
refractive index |lower than that of the core of the

em ssion side wave guide 720. Usable materials having
a high refractive index include silicon nitride,
titanium oxide, an organic material and a conposite
material which is forned by dispersing particles in a
substrate, for instance. In addition, wusable materials
having a low refractive index include silicon oxide, an
organic material and a conposite material which is
formed by dispersing particles in a substrate, for

i nstance . |

In the present exenplary enbodinment, the cores of the
[ight incident side wave guide 710 and the em ssion
side wave guide 720 were formed from silicon nitride,
the claddings thereof were formed from silicon oxide,
and the scatterer 101 was fornmed from silicon oxide.
When the conponents are formed in this way, the
refractive index of the material of the scatterer 101
can be set to be lower than that of the material of the
core of the em ssion side wave guide 720. In addition,
the pupil dividing portion 110 suppresses the
convergence of the electric field to the inner part of
the scatterer 101, and thereby can efficiently
distribute the light to the photoelectric conversion
region 102 and the photoelectric conversion region 103.
The shapes of the scatterer 101 and the el ement
isolation region 104 have the following sizes: w = 0.1
pm, w2 = 0.2 um, h = 0.6 pm, and w = 0.2 pum.
Incidentally, the lengths represented by w, w2, h and
w are simlar to those in Figs. 4A to 4C. The w dths ,
of the photoelectric conversion regions 102 and 103 are
0.55 um.

Fig. 8 illustrates the quantity of light which is
received by the photoelectric conversion regions 102



WO 2013/094419 PCT/JP2012/081585

[ 0026]

[ 0027]

19

and 103 in the pixel 700 of the present exenplary

enmbodi ment . The horizontal axis.and the vertical axis
of Fig. 8 represent sinmilar factors to those of Fig. B5A
In Fig. 8, the pixel 700 of the present exenpl ary
enbodiment is shown by a solid line, and a conparison
pi xel in which the scatterer 101 is not arranged is
shown by a dashed line as a conparative exanple. The
pi xel 700 can increase the quantity of the light which
is incident on the photoelectric conversion regions 102
and 103, by arranging the scatterer 101 therein.

In the present exenplary enbodinment, the scatterer 101
is formed so that the shape of the cross section in the
xz plane beconmes a trapezoid shape, but nmay also have a
guadrangl e shape or a tri angl e shape, as long as the
scatterer 101 scatters a part of the light flux which
is incident from the outside, and has the refractive
index lower than that of a material of the pupil
dividing portion 110. It is desirable to set the
surface area of the upper surface (surface at +z side)
of the scatterer 101 so as to be smaller than the
surface area of the lower surface (surface at -z side)
thereof. Thereby, the scatterer 101 can increase the
forward scattering therefrom conpared to the back
scattering therefrom and can increase the quantity of
the lights which are incident on the photoelectric
conversion region 102 and the photoelectric conversion
regi on 103. In addition, the scatterer 101 may have a
conmposition of dispersing fine particles or voids in a
medium  The scatterer 101 can enhance the |ight
scattering properties by dispersing the fine particles
or the voids in the nedium In addition, the wdths of
the scatterer 101 may be shorter or l|onger than the
length shown in the present exenplary enbodinent,
simlarly to those of Exenplary Enbodi nent 1.

In the present exenplary enbodinment, +the height h of
the scatterer 101 has been set at 0.4 um, but may be
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higher or lower than 0.4 jam Fig. 9 is a graph show ng
the sum of the quantities (quantity of light to be

received by pixel 100) of respective lights which are
received by the photoelectric conver si on regions 102

and 103, when |light in an angle range from -15° to +15°

of the pixel 100 i s incident from the outside. The
hori zont al axis represents the height h of the
scatterer 101, and the vertical axis represents t he

quantity of the light to be received by the pixel 100.
As the height h of the scatterer 101 increases, t he
quantity of the 1light increases. However, i f the

hei ght of the scatterer 101 becones higher than the
height h = 0.6 um, the quantity of the light gradually

decr eases. As the height of the scatterer 101 is

hi gher, the difficulty i n manuf acture beconmes  hi gher.
Accordi ngly, the height of the scatterer 101 is
desirably set at 0.6 win or less in consideration of the
difficulty in the manufacture. I nci dental |y, the pixel
700 of the present exenpl ary enbodi ment i ncludes the

pupil dividing portion 110 and the light receiving

portion 120, but as is illustrated in Figs. 12A and 12B,
an interlayer 130 may be arranged between the |light
receiving portion 120 and the pupil dividing portion

110. In Figs. 12A and 12B, the scatterer 101 is

posi ti oned on the interlayer 130. Even when the

i nterl ayer 130 i s arranged therebetween, the pupil

dividing portion 110 can optically scatter the 1light

flux which is incident from the outside and heads to

the el ement i sol ation region 104 by the scatterer 101,
and can distribute the light to the photoelectric

conver si on regions 102 and 103. As a result, t he

i nterl ayer 130 can enhance the pi xel sensitivity of the
pi xel  400. The interlayer 130 may also be formed so as
to function as an ant‘i-reflection film in a region of
wavel engt hs with which the solid-state i mgi ng device

provided wth the pixel 400 takes an image, by being
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formed from a plurality of filnms. Wen functioning as
the anti-reflection film the interlayer 130 can nore
efficiently guide the light flux which is incident from
the outside to the light receiving portion 120, and can
enhance the pixel sensitivity of the pixel 700. In
addition, the interlayer 130 may also have a function
of a protection film for protecting the light receiving
portion 120 in a sem conductor process such as etching,
or a function of a gettering film for lowering the
concentration of metal inpurities in the [|ight
receiving portion 120, by appropriately selecting a
material of the interlayer 130.
Exenpl ary Enbodi nent 3

[0028]As Exenplary Enbodinent 3, an imaging apparatus such as
a canera provided with the solid-state inmaging device
of the present invention wll be described below wth
reference to Fig. 10. An imaging apparatus 1000 is
provided with the solid-state imging device 1010 of
the present invention. An imaging lens 1020 of the
i magi ng apparatus and a processing portion 1030 are
shown. At least a part of pixels in the solid-state
i mgi ng device 1010 i s provided with a distance
nmeasuring pixel. The pixel 400 described in Exenplary
Enbodi nent 1 or the pixel 700 described in Exenplary
Enbodi nent - 2 can be used for the distance neasuring
pi xel . The processing portion 1030 includes an
arithmetic operation wunit which calculates a distance
from an object to be imanged based on a pixel signal
sent from the solid-state inmaging device 1010, and an
i mmge generation wunit which generates an inmage of the
object to be imaged. The imaging lens 1020 is provided
with a drive portion for driving an imaging |ens 1030
based on the information of the distance from the
object to be imged which has been calculated in the
processing portion 1030. The imaging apparatus of the
present exenplary enbodinent drives the imaging |ens
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1020 based on the calculated distance from the obj ect
to be imaged, and accordingly can focus on the object
with a high speed and high accuracy. In addition, the
di stance neasuring pixel in the solid-state inmaging
device 1010 can suppress the degradation of the
sensitivity, which is caused by the elenent isolation
region, and accordingly the inmaging apparatus can
generate an image of high quality.

Wiile the present invention has been described wth
reference to exenplary enbodinents, it is to be
understood that the invention is not limted to the
di scl osed exenplary enbodinents. The scope of the
followng clains is to be accorded the Dbroadest
interpretation so as to enconpass all such

nodi fications and equivalent structures and functions.

[0030] This application clainms the benefit of Japanese Patent

Application No. 2011-282110, filed Decenber 22, 2011
which is hereby incorporated by reference herein in its
entirety.
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CLAI M5

[Caim 1] A solid-state imaging device conprising a plurality of
pi xel s, wherein
one or nore of the plurality of pixels have a pupil
dividing portion and a light receiving portion,
the light receiving portion includes a plurality of
phot oel ectric conversion regions,
an element isolation region is provided between
adj acent ones of the plurality of photoelectric
conversion regions, and wherein
a scatterer is provided within the pupi | dividing
portion and above the elenment isolation region, and
the scatterer is formed from a material of a refractive
index smaller than a refractive index of a material of
the portion the pupil dividing portion peripheral to
the scatterer.

[CQaim2]The solid-state inmaging device accor'ding to claim 1,
wher ei n
the scatterer is arranged at a position contacting a
surface of the pupil dividing portion at a side of the
light receiving portion.

[aim 3] The solid-state imaging device according to claim 1
or 2, wherein
the pupil dividing portion has a mcro |Iens.

[Caim 4] The solid-state imaging device according to claim 3,

wher ei n
the scatterer has, at a light incident side, an end
portion beyond a paraxial imaging plane of the mcro

lens toward the |ight incident side.
[Claim 5] The solid-state inmmging device according to claim 3 or
4, wherein
the scatterer has a height of 1.0 pum or snaller.
[Claime]The solid-state inmging device according to claim 1 or
2, wherein
the pupil dividing portion has a wavelength including a
core and a cladding, and the core is fornmed from a
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material of a refractive index l|larger than the
refractive index of the material of the scatterer, and
larger than a refractive index of a material of the
cl addi ng.
[Caim 7]1The solid-state imaging device according to claim 5 or
6, wherein
the scatterer has a height of 0.6 pm or snaller.
[Caimsg]The solid-state imaging device according to any one of
clains 1 to 6, wherein
an area of a surface of the scatterer at a side of the
light receiving portion is larger than an area of a
surface of the scatterer at a light incident side.
[Caimo)The solid-state i magi ng devi ce according to any one of
clains 1 to 8, wherein
an interlayer is arranged between the light receiving
portion and the pupil dividing portion.
[Caim 10] The solid-state imaging device according to claim o,
wherein
the scatterer is arranged above the interlayer.
[0 aim 11] The solid-state imaging device according to claim 9 or
10, wherein
the interlayer conprises a plurality of filns.
[Caim 12] The solid-state inmaging device according to any one of
clains 9 to 11, wherein
the interlayer operates as an anti-reflection |ayer
suppressing a reflection of light in at |least a part of
an wavel ength region of a light for use in imaging by
the solid-state imaging device.
[Claim 13] An imagi ng apparatus conpri sing:
a solid-state imaging device according to any one of
clains 1 to 12;
an imaging lens configured to guide an external |ight
into the solid-state inmaging device; and '
an arithmetic operation unit configured to calculate a
di stance from an object to be imged.
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[Caim 14] The inmagi ng apparatus according to claim 13, wherein
the imaging apparatus is a canera.
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