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L]
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FField of the

T'ITLE OF TH.

ENSOR AND I1IMAG.

BACKGROUND OF TH!

L]

INVENTION

L]

CAPTURING APPARATUS

INVENTION

L™

Invention

[O001 ] The present 1nventilion relates to an 1madge

sensor and an l1mage capturing apparatus.

[0002] As

d

—

Description of the Related Art

focus detectlion method performed by

an lmage capturlng apparatus, an on—-i1maglng

surface phase di

performed using

p—

"erence method 1s used 1n which

focus detection by a phase di

an lmage Sensor.

[0O003] U.S.

pre——

"erence method 1s

focus detection pixels formed 1n

Patent No. 4,410,804 discloses an

lmage capturilng apparatus using a two-dlmensional

lmage sensor 1n which one microlens and a

plurality o:

pr——

photoelectric conversion unilits are

formed 1n each pixel. The plurality of

—
-

photoelectrilic conversion unilits are configured to

recelve light components that have passed through

pr— pr—

different regions of the exit pupil of an 1maging

lens via one microlens, thereby dividing the pupil.

A correlation amount 1s calculated from focus

detection signals output from pixels (focus

detectlon pixels)

B

cach 1ncluding a pluralility o1
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photoelectric converslion unlts, and an 1mage shift

amount 1s obtalned from the correlation amount,

thereby performing focus detection by the phase

difference method. Further, Japanese Patent Laild-

Open No. 2001-083407 discloses generating an 1mage

slignal by adding focus detection signals output

pre——

from a plurality of photoelectric conversion units

for each pixel.
[0004 ] Japanese Patent Laid-Open No. 2000-156823

discloses an 1mage capturing apparatus 1n which

—
-

palrs of focus detection plxels are partially

arranged 1n a two-dimensional 1mage sensor formed

pre——

from a plurality of 1maging pixels. The pairs of

B

focus detectilion pilixels are configured to receive

pr—

light components from different regions of the

pr—

ex1lt pupil of an 1maging lens via a light

shlieldling layer having openings, thereby dividing
the pupil. An 1madge si1dgnal 1s acqgulred by 1maging

pr—

pilxels arranged on most parts of the two-

dimensional 1mage sensor. A correlation amount 1s

—

calculated from focus detection signals of the

partially arranged focus detectilion pilixels, and an

1mage shift amount 1s obtained from the calculated

correlatlion amount, thereby performing focus

pre——

detection by the phase difference method, as

disclosed.

[0005 ] In focus detection using the on-i1magiling
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surface phase difference method, the defocus

direction and the defocus amount can

silmultaneously be detected by focus detection

pilxels formed 1n an 1mage sensor. It 1s therefore

possible to perform focus control at a high speed.

[0006] However, 1n the on-imaging surface phase

difference method, there 1s a problem 1n that,

pr— g
—

when a variation range of an 1ncildent angle of

light from an 1magling lens (1maglng optilcal
system) on an 1lmage sensor at a peripheral portion
1s large, a pupll deviation between an entrance

pr— pr——

pupll of a sensor and an exlit pupll of the 1maging

lens 1s large, and the base line length 1s not
secured, and consequently there 1s a case 1n which

the focus detection quality by the on-imagiling

—

"erence method deteriorates.

surface phase di

INV.

L]

L]

SUMMARY OF TH. NTION

[O007] The present 1nvention has been made 1n

—

conslderation of the above situation, and realizes

focus detectlion by the on-1magiling surface phase

—

dlifference method under a wlde range of conditions

pr—

1n a case where a varlatilion range of an 1ncident

pr—

angle of light from an 1magling optlcal system on

an lmage sensor at a peripheral portion 1s large.

[0008] According to the present 1nvention,
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provided 1s an 1made capturling apparatus

comprlisling: an 1lmage sensor 1ncluding a plurality

—

of pixels arrayed 1n a column direction and a row

pr—

direction, each of the pixels having a pluralilty

—

of photoelectric conversion units for recelving

—

"erent

light fluxes that have passed through di

partial pupilil regions of an 1magiling optical system,

—

whereln an entrance pupll distance Zs of the 1mage

sensor, a milnimum ex1lt pupll distance Lpin Of the
lmaglng optical system, and a maxlmum exlt pupil

pre——

distance Lpjax Of the 1maging optical system satisfy

—
-

a condition of:
47, . [ 47, . [

nmin  max <ZS < min  max

Lmin +3Lmax 3Lmin +Lmax

[0009] Further, according to the present

ilnventlion, provlided 1s an lmage sensor comprising

—

a plurality of pilxels arrayed 1n a column

p—

direction and a row direction, each of the pixels

pre——

having a plurality of photoelectrlic conversion

units for receiving light fluxes that have passed

pre——
—

through different partial pupil regions of an

lmaglng optical system, wherelin an entrance pupill

pr—

dlstance Zs of the 1mage sensor and a maxXxlmum lmage

pre——

helight R of the 1mage sensor satisfy the condition

of: 2.33R < Zs <o0.99R.

[0O010] Furthermore, accordiling to the present

lnvention, provided 1s 1mage sensor comprising a
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pre——

plurality of pixels arraved 1n a column dilirection

—

and a row direction, each of the pixels having a

pr— pr—

plurality of photoelectric conversilion units for

receliving light fluxes that have passed through

pr—

different partial pupill regions of an 1maglng

optical system, whereln a maxlmum 1made heilight and

pr——

an entrance pupll distance of the 1mage sensor 1s

determined such that a deviation amount between

—

the entrance pupll of the 1mage sensor and an exit

pr—

pupll of the 1maging optilical system with respect

pr—— pr—

to each of the plurality of photoelectric

conversion units falls within a predetermined
range.

[0011] Further, according to the present
lnvention, provided 1s an 1mage capturilng
apparatus that 1s connectable to a detachable
lmaglng optlcal system comprising the 1mage sensor
as described above.

[0012] Further, according to the present
invention, provided 1s an 1made capturing
apparatus comprilisiling: an lmaglng optilcal system;
and the 1mage sensor as descrilibed above.

pre——

[0013] Further features of the present 1nvention

wlll become apparent from the following

pr——

description of exemplary embodiments (with

reference to the attached drawilngs) .



BRIEEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanvyving drawlngs, which are

—
e

incorporated 1n and constitute a part of the

specilification, 1llustrate embodliments of the

5 invention, and together with the description,

pr—

serve to explaln the princiliples of the i1nvention.

pre——

[0015] Fig. 1 1s a schematic block diagram of an

lmage capturling apparatus according to an

pr—

embodiment of the present i1nvention;

—
-

10 [0016] Fi1g. 2 1s a schematic view of a pixel

array according to the embodiment;

[0017] F'1gs. 3A and 3B are a schematic plan view

pre——
—

and a schematic sectional viliew, respectively, of a

pixel accordling to the embodiment;

B

15 [0018] F'1g. 4 1s a schematilic explanatory view of
a plxel structure and pupll division according to

the embodiment;

B

[0019] F1g. 5 1s a schematilic explanatory viliew of

an lmage sensor and pupll division according to

20 the embodiment;

[0020] FF1g. 6 1s a schematic explanatory view for

explalning correspondence between an entrance

—

pupll of an 1madge sensor and a pupll shift amount

pr—
-

between the entrance puplil and an exit pupilil of an

25 lmaglng optilcal system accordlng to the

embodlment;

pr——

[0021] Fig. 7 1s a schematic view 0of a pixe.




fication;

array according to a modi
B are a schematilic plan view

[0022] Figs. 8A and 8.

—
-

respectively, of a

and a schematic sectional view,

fication;

plxel according to the modi

B3 are dlagrams showing an

D [0023] FF1gs. 9A and 9

example of

- light 1ntensity distribution within a

pixel accordling to the embodiment; and

B

[0024 ] Fi1g. 10 1s a diagram showling an example of

pupll 1ntensity distribution according to the

10 embodiment.

BODIMENT®S

]
[
<

DESCRIPTION OF TH.

[0025] Exemplary embodiments of the present

15 invention will be described 1n detaill 1n

B

Fach of

accordance wilth the accompanyling drawlngs.

the embodiments of the present 1nvention described

below can be 1mplemented solely or as a

comblination of a plurality of the embodiments or

20 features thereof where necessary or where the

comblination of elements or features from

individual embodiments 1n a single embodliment 1s

beneficial.

[0026] [Overall Arrangement ]

pr—

1 1s a diliagram showlng a brief

25 F'1g.

pre——
h—

configuration of a camera as an example of

d Il

lmage capturing apparatus having an 1mage sensor



according to an embodim

invention. In Fi1g. 1,

dlisposed on the front e
system, and supported s
5 and backward along an o
shutter 102 adjusts the
thereby adjusting the a
sensing, and also has a
exposure tilme durlng st

10 aperture-shutter 102 an

move together forward a

optical axis, and, 1n c

movement forward and ba

group 101, provide a ma

15 (a zoom function).

pr——

ent of the present

a first lens group 101 1s

—

nd of an 1maging optical

O as Tto be movable forward

ptical axis. An aperture-

pre——

diameter of 1ts opening,

pre——

mount of light during 1mage

function to adjust the

111 1mage sensing. The

d a second lens group 103
nd backward along the

onjunction with the

ckward of the first lens

ect

gnification change e

[0027] A third lens group 105 (focus lens)

carrlies out focus adjus

backward along the opti

optlical filter 106 1s a

20 purpose of reducing fal

sensed 1mage. An 1mage

tment by moving forward and

cal axis. A low—-pass

n optical element for the

—
-

se color and moiliré of a

sensor 107 1s composed ©

two-dimensional CMOS photo sensor and the

surrounding clrcultry,

pr—

plane of the 1maging op

and dilsposed on an 1magling

tical system.

e [0028] A zoom actuator 111 carries out a

magnification-change op

cam barrel, not shown,

B

eration by rotation of a

to move the first lens




10

15

20

29

group 101 through the second lens group 103

forward and backward along the optilical axis. An

aperture—-shutter actuator 112 controls the

pre—— pre——
—

diameter of the opening of the aperture-shutter

pr——

102 and adjusts the amount of light for 1mage

sensing, and also controls the exposure time

during st1ll image sensing. A focus actuator 114

moves the third lens group 105 forward and

backward along the optical axis to adjust the

focus.

[0029] An electronic flash 115 for 1lluminating

an object 1s used during 1mage sensing. A flash

11llumination device that uses a Xenon tube 1s

preferable, but an 1llumination device comprised

—

of a continuous-flash 1L

L+

D may also be used. An AF

pre——
—

auxllliary flash unit 116 projects an 1mage of a

mask having a predetermined openling pattern onto

an object field through a projective lens to

1mprove focus detectlon capability wlth respect to

dark objects and low-contrast objects.

[0030] The CPU 121 controls the camera maln unit

ln varilous ways wlithilin the 1mage capturing

apparatus. The CPU 121 may, for example, have a

calculation unit, ROM, RAM, A/D converter, D/A

converter, communlicatlion 1nterface clrcultry, and

so forth. In addition, the CPU 121, based on

predetermined programs stored 1n the ROM, drives
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the various circuilits that the camera has, and

pr—— pr——

executes a set of operations of AF, 1mage sensing,

lmage processling, and recordilng.

[0031] An electronic flash control circuit 122

L

controls firing of the electronic flash 115 1n

synchrony with an 1mage sensing operation. An

auxlliary flash drive circuit 123 controls firing

pre——

of the AF auxililiary flash unit 116 1n synchrony

wlith a focus detection operation. An 1mage sSensor

drive cilrcuit 124 controls the 1mage sensing

pr——

operation of the image sensor 107 as well as A/D-

converts acqulred 1mage slgnals and transmilits the

converted 1mage signals to the CPU 121. An 1mage

processing cilircult 125 performs such processing as

Y conversion, color 1nterpolation, JPEG compression
and the like on the 1mages acgquired by the 1mage

sensor 107.

[0032] A focus drive circulit 126 controls the

pr—

drive of the focus actuator 114 based on the focus

detection result to drive the third lens group 105

reclprocally 1n the optical axilis dilirection,

thereby performing focus adjustment. An aperture-

—
-

shutter drive circuilt 128 controls the drive of

the aperture-shutter actuator 112, thereby driving

pre——

the opening of the aperture-shutter 102. A zoom

drive circuilt 129 drives the zoom actuator 111 1n

—

accordance with the zoom operation of the user.
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[0033] A display device 131, such as an LCD,

displays 1nformation relating to the 1mage sensing

—

mode of the camera, preview 1madges before 1mage

sensing, confirmation 1mages after 1madge sensing,

focus state display 1mages durling focus detection,

and the like. An operatling switch group 132 1s

pre——

composed of a power switch, a release (1mage

sensing trigger) switch, a zoom operation switch,

an lmage sensing mode selection switch, and the

like. A detachable flash memory 133 records

captured 1mages.

[0034] [Image Sensor|

F1g. 2 shows the outlline of an array of the

pr——
—

lmaglng plxels and the focus detection pixels of

the 1mage sensor 107 according to the embodiment.

The plxels are arrayed 1n a column direction and a

row direction. Filg. 2 1llustrates the pixel

(lmaglng plxel) array within the range of 4

columns x 4 rows and the focus detection pixel

g

array wlthin the range of 8 columns X 4 rows 1n

the two-dlmensional CMOS sensor (lmage Sensor)

according to thils embodiment.

[0035] A plxel group 200 1ncludes pilixels of 2

columns x 2 rows. A pixel 200R having an R (red)

spectral sensitivity 1s arranged at the upper left
position, plixels 200G having a G (green) spectral

sensitivity are arranged at the upper right and
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lower left positions, and a pixel 200B having a B

(blue) spectral sensitivity 1s arranged at the

lower right position. Each pixel 1s formed from a

first focus detection pixel 201 and a second focus

detection pixel 202 arraved 1n 2 columns x 1 row.

[0036] A number of arrays of

(rows) pilixels (8 (columns) x 4

4 (columns) x 4

(rows) focus

detection pixels) shown 1n Fig. 2 are arranged on

a plane to capture an 1mage (:

pr—
-
-

ocus detection

silgnal). In the embodiment, the 1mage sensor will

be described assuming that the horizontal size H

1s 30 mm, and the vertical siz

pre——

period P of pixels 1s 4.8 um,

e V 1s 24 mm, a

—

the number N of

pixels 1s 7,500 columns 1n horizontal dilirection X

5,000 rows 1n vertical directi1

pr—

column-direction period PAF of

on = 37,500,000, a

focus detection

—
-

plxels 1s 2.4 um, and the number NAF of focus

detection pixels 1s 15,000 columns 1n horizontal

direction x 5,000 rows 1n vertilcal direction =

715,000, 000.

pr—

[0037] F'1g. 3A 1s a plan view of one pixel 200G

pre——

of the 1mage sensor 107 shown

in Fig. 2 when

viewed from the light recelving surface side (+z

pr—

si1de) of the 1mage sensor 107,

sectional view showing the a -

and Fig. 3B 1s a

a section 1n Fig.

3A viewed from the -y side. As shown 1n Figs. 3A

and 3B, 1n the pilixel 200G according to this




embodlment, a microlens 305 for condensing

formed on the light receiving

incident light is

side of each pixel. The pixel 1s divided by NH

(here, divided by two) 1n the x direction and

5 divided by NV (here, divided by one, or not

divided) 1n the y direction to form photoelectric

conversion units 301 and 302. The photoelectric

conversion units 301 and 302 correspond to the

focus detection pixel 201 and the second

first

10 focus detection pixel 202, respectively.

[0038] Fach of the photoelectric conversion units

301 and 302 may be formed as a pln structure

photodiode i1ncludling an 1ntrinsic layer between a

p—-type layer and an n—-type laver or a p—-n junction

15 photodlode without an 1ntrinsic layer, as needed.

[0039] In each pixel, a color filter 306 1s

formed between the microlens 305 and the

photoelectric conversion units 301 and 302. The
spectral transmittance of the color filter may be
20 changed between the focus detection pilixels, as

or the color filter may be omilitted.

needed,

[0040] Light that has entered the pixel 200G

3A and 3B 1s condensed by the

shown 1n Figs.

microlens 305, spectrally split by the color

25 filter 3006, and received by the photoelectric

In the photoelectric

conversion units 301 and 302.

lectron—-hole pailrs

conversion units 301 and 302, e



are produced 1n accordance with the received light

amount and separated 1n the depletion laver.

nlectrons having negatilive charges are accumulated

1n the n-type layers (not shown). On the other

5 hand, holes are discharged externally from the
1mage sensor 107 through the p-type lavers
connected to a constant voltage source (not shown).
The electrons accumulated 1n the n-type lavers

—

(not shown) of the photoelectric conversilion units

10 301 and 302 are transferred to electrostatic

capacltances (FDs) through transfer gates,

converted 1nto voltage signals, and output. Note

pre——

that the focus position of the microlens 305

changes 1n accordance wlith 1ts shape (curvature,

pr— pr——
—

15 for example), material (1ndex of refraction, for

example), and posilitlional relatilonshilp wilth respect

to corresponding photoelectrilic conversilion units,

and so on. By setting these parameters, 1t 1s

pre——

posslible to set the focus position of the

20 microlens 305,

[0041] The pixels 200R and 200B shown 1n Fig. Z

also have the similar structure as the pixel 200G,

and output voltage si1gnals correspondilng to the

li1ght spectrally split by the color filter 306, 1n
25 a simllar manner as the pixel 200G.

[0042 ] The correspondence between pupll division

and the pixel structure according to this
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embodlment shown 1n Figs. 3A and 3B will be

described with reference to Fig. 4. F1g. 4

1]1llustrates a sectional view showling the a - a

—

section of the pixel structure according to the

embodiment shown 1n Fig. 3A viewed from the +vy

—

si1de and the exi1it pupil plane of an 1maglng

optlical system. Note that 1n Fig. 4, to obtailin

—

correspondence wlth the coordinate axes of the

pr——

ex1lt pupll plane, the x- and y—-axes of the

sectional view are reversed wlth respect to those

of Figs. 3A and 3B.

[004 3] A first partial pupil region 501 of the

first focus detection pixel 201 represents a pupill

region that 1s almost conjugate with the light

pr—

recelving surface of the photoelectrilic conversilion

pr—

unit 301 having a center of gravity decentered 1n

the -x dilrection via the microlens 305, and light

beams that have passed through the first partial

pupll region 501 are received by the first focus

detection pixel 201. The first partial pupil

pr—

region 501 of the first focus detection pixel 201

—

has a center of gravility decentered to the +x side

on the pupll plane.

—

[0044] A second partial pupil region 502 of the

second focus detectilion pixel 202 represents a

pupll region that 1s almost conjugate with the

light receiving surface of the photoelectric
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pre——

conversion unit 302 having a center of gravity

decentered 1n the +x direction via the microlens
305, and light beams that have passed through the

second partial pupll region 502 are recelved by

the second focus detection pixel 202. The second

—

partial pupll region 502 of the second focus

pre——

detection pixel 202 has a center of gravity

decentered to the —-x si1de on the pupilil plane.
[0045] Light beams that have passed through a
pupll region 500 are received by the whole pixel

200G 1ncluding the photoelectrlic conversion units

301 and 302 (first focus detection pixel 201 and

the second focus detection pixel 202). Reference

pre——

numeral 400 denotes an opening of the aperture-

shutter 102.
[004 6] Fi1g. 5 1s a schematic vliew showling the

correspondence between the 1mage sensor and pupil

divlislion according to the embodiment. It 1s

configured so that, at a sensor entrance pupil

distance Zs, the first partial puplil region 501

pr—

correspondlng to a light receiving region of the

—

first focus detection pixel 201 of each pixel

arranged at each position on the surface of the

1mage sensor 107 substantially matches. Similarly,

1t 1s configured so that the second partial pupil

region 502 corresponding to a light receiving

pr——

region of the second focus detection pixel 202 o:

B
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cach pilxel substantially matches. In other words,

1t 1s configured so that a pupil division position

between the first partial pupilil region 501 and the

pr—

second partial pupll region 502 for each pixel of

the 1mage sensor 107 substantially matches at the

sensor entrance pupll distance Zs. The first

partial puplil region 501 and the second partial

pupll region 502 are referred to as "sensor

pr——

entrance pupil", hereinafter. A palir of light

pr—

"erent

fluxes that have passed through the di

partial puplil regions of an 1magiling optical system,

namely, the first partial pupll region 501 and the

second partial pupill region 502 are 1ncilident on

pr—— pr—

cach pilxel of the 1mage sensor 107 at di

"erent

incident angles, and received by the first focus

detection pixel 201 and the second focus detectilion
pixel 202 which are divided to 2 x 1. The present
embodiment shows a case where the pupll region 1s
divided 1nto two 1n the horizontal direction.
However, the puplil region may be divided 1n the
vertical dilrection as needed.

[0047 ] Figs. 9A and 9B show light intensity

distributions 1n a case where light 1s 1ncident on

a microlens formed 1n each pixel. Fi1g. 9A shows a

pr—— pre——
—

light 1ntensity distribution of a cross section of

the microlens that 1s parallel to the optilical axis

pr——

of the microlens. Fig. 9B shows a light i1ntensity




—

distribution of a cross section

pr——

of the microlens

that 1s perpendilicular to the optical axis of the

microlens at a focus positilion o

pr—

f the microlens.

Incident light 1s converged by the microlens to

5 the focus position. However, due to diffraction

pre——

caused by the fluctuation of 11

posslible to make the diameter o

spot of light smaller than the

ght, 1t 1s not

—

f a concentration

diffraction limit A,

and must have a finite si1ze. The si1ze of the 1light

pr—

10 recelving surface of a photoele

unit 1s about 1 to 2 um, wherea

—

concentration spot of the micro

Therefore, the first partial pu

ctric conversion

pr——

s The size of the

lens 1s about 1um.

p1l region 501 and

the second partial pupil region 502 1n Fig. 4

15 whilich are conjugate with the 11

ght receiving

surface of the photoelectric conversilion unit with

respect to the milicrolens are not pupll divided

pr—

precilisely due to di

light 1n accordance with 1light

"raction blur, and receilive

recelving rate

20 distribution (pupll i1ntensity distribution) that

pr——

depends on an 1ncident angle of light.

[0048] Fig. 10 shows an example of the light

recelving rate distribution (pupll i1ntensity

distribution) that depends on an 1ncident angle of

25 light. The absclissa 1ndilcates

B

B

an l1ncident angle of

light 0 (can be converted to pupil coordinates),

and the ordilinate 1ndicates a light receiliving rate.
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A curve PI1(0) shown by a broken line in Fig. 10

1llustrates a pupill 1ntensity distribution of the

first partial puplil region 501 1n Fig. 4 along the

X axis, and a curve PI2(0) shown by a dot-dash

B

line 1llustrates a pupll 1ntensity distribution of

the second partial pupll region along the X axis.

Further, a curve PI(O) (= PI1(0) 4+ PI2(0)) shown by

a solid line 1llustrates a pupll 1ntensity

pr—

distribution of the total pupil region 500 of the

first partial pupilil region 501 and the second

partial pupil region 502 1n Fig. 4 along the X

axls. As shown 1n Fig. 10, 1t will be understood
that the pupill 1s divided gradually.

[004 9] The embodiment shows an example 1n which
the puplil region 1s divided i1nto two 1n the
horlizontal dilirection. However, the pupil region

may be divided 1n the vertilical directilion as needed.

[0O050] Tt should be noted that, 1n the aforesaid

pre——

example, a plurality of 1mage sensing plxels each

formed with the first focus detection pixel and

the second focus detection pixel are arraved,

however, the present 1nvention 1s not limited to

this. The 1mage sensing pilixels, the first focus

detection pilxels and the second focus detectilion

pixels may be formed 1ndependently, and the first

focus detection pixels and the second focus

detection pixels may be partially provided among
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pre——

an array of

[0051]

detectlon signal 1s

corresponding to received light

pre——

plixels of

In this embodiment,

focus detectilion pixels 201 o:

the 1mage sensor,

detectlion signal 1s

corresponding to receilived light

pre——
—

pixels of

the 1mage sensor,

detectlion using the

first and second

detection signals.
from the first
second

—

OL

captured 1mage)

to the number of

generated.

[0052] [Pup1il

Fi1g.

correspondlng relationship of

between the entrance pupil of

pre——

OL

this embodiment

entrance pupil',

pre——

OL

"lmagling lens exit pupil',

the 1mage sensor 107,

- The e:

(re

let the entrance pupl.

Further,

focus detectilion pixels 207

an 1

Deviation]

6 1S a schematilic explanatory view of

ferred

hereinafter)

the 1maglng optilical system

he

distan

the

pr——

the second

p—

focus detection pixels 202 of

and perform

the 1mage sensing pilxels.

first focus

formed by collecting signals

from the first

the respective

focus

formed by collecting signals

from the second

the respective

focus

focus

by adding the signals

focus detection pixels 201 and the

for each pixel

mage signal (a

wlth the resolutlon corresponding

"fective pilxels N 1s

—
-

a pupll deviation
the 1mage sensor 107
to as "sensor

and the exit pupil

(referred to as
reinafter). In Fig.
ce of the 1mage

O
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sensor 107 (referred to as "sensor entrance pupill

dlistance", herelnafter) be Zs, The maximum 1madge

—

height of the 1mage sensor 107 be R, the minimum

ex1lt pupll distance of the 1maging optilcal system

L

be Lpin, and the maximum ex1lt pupll distance of the

1maglng optical system be Lpax. The maxlmum 1mage

height R of the image sensor 107 is R4 = (0.5 x H)

2 + (0.5 x V) ¢4, with the horizontal size of the

B

1mage sensor 107 being H, and the vertical size of

the 1mage sensor 107 being V. The exi1it pupill

—

dlistance of the 1maging optical system changes

between the minimum ex1t pupll distance Lpin and

the maximum ex1lt pupll distance Lpax 1N accordance

g

B

wlith the exchange of the 1maglng lens 1n a case of

lens exchangeable camera, changes 1n a zoom ratio,

pre——

focus state, and aperture of the 1maging lens.

Further, 1n this embodiment, the 1mage height 1s

—

an amount determlined 1ndependent of the 1mage

pre——

height of the 1maging lens, and used as a position

g

from the center of the 1mage sensor 107 or the

pr—

position from the center of a sensed 1mage.

—

Therefore, although calculation of the maximum

1mage height R has been explained using the

horizontal size H and the vertical size V, these

B

slzes do not necessarlly colncide with the size of

the 1mage sensor 107. For example, the maxlmum

B

1mage height R may be the maximum 1mage height o:
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an lmage to be displayed on the display device 131,
1n which case, the maximum 1mage height R may be
smaller than the si1ze of the 1mage sensor 107 by

pr——

an amount of a margin used for 1mage processing

and 1mage stabililization. Further, the maximum

B

1mage height R may be the maxlimum 1mage height of

an lmage portion to be stored as 1mage data. In

this case, the 1mage portion substantially

colncldes with an area 1n which calculation for

the focus detection 1s performed.
[0053] At the sensor entrance pupll distance Zg,

the first partial pupil region 501 which 1s a

light receiving region (entrance pupill) of the

pr——

filrst focus detection pixel 201 of each pixel of

B

the 1mage sensor 107 and the second partial pupill

pre——
p—

region 502 which 1s a light receiving region of

the second focus detection pixel 202 1ntersect

substantially on the optical axilis. Consildering the

pr——

overlapping of the first partial pupil region 501

and the second partial pupil region 502, which are
the sensor entrance pupll, and the 1maging lens
exlt pupll at the sensor entrance pupll dilistance Zg,
a pupll deviation amount between the sensor
entrance pupll and the 1maging lens ex1t pupill

wlth the minimum ex1t pupill distance Lnpin 1s Pl.

Simlilarly, a pupll deviation amount between the

sensor entrance pupll and the 1maging lens exit
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pupll with the maximum ex1t pupll distance Lpax 1S

pr— pr—

P2. If either of the pupil deviation amount Pl or

the pupilil deviation amount P2 between the sensor
entrance pupll and the 1maging lens ex1t pupill 1s

large, the base-lline length 1s not secured, and

there 18 case 1n which the focus detection

pre——

"erence AF

performance by the phase di

deterlorates.

[0054] Accordingly, 1n the present embodiment, 1t

1s configured such that the sensor entrance pupil

dlistance 7Zs satisfies the followlng condition so
that the pupil deviation amounts Pl and P2 are
restralned.

pr——

[0055] First, let an 1ncilident angle of light on a

p—

plxel located at the maximum 1mage height R of the

1mage sensor 107 from the sensor entrance pupill

distance Z; on the optical axis be 65, an incident

pr—

angle of light on the same pilixel from the minimum

exlit pupilil distance Lpin Oon the optical axis be Opax,

and an 1ncident angle of light on the same pixel

from the maximum exlt pupll distance Lpax On the

optical axis be Opin. In order to restrain the
pupll deviation amounts Pl and P2 to secure the

base-line length, in this embodiment, the angle 0.

1s set within a range that satisfles the followlng

expression (1) which defines a neighboring range

—
-

of an average 1ncident angle.




6 +30 . 360 . +0 .
<f, < . (1)

4 4

[0056] Further, 9., Ou.x, and 0O,:, can be

approximated by the followlng expressions (2).

O, =tanf, = £
ZS

R
O =tano, = .. (2)

L

g . =tanf . = K

min min
L

min

max

5 By substituting the expression (2) to the

expression (1), the followlng expression (3) that

shows the condiltion that the sensor entrance pupill

distance 7Zs should satisfy 1s obtailined.

4Lmjanax 4Lmianax
</, < ... (3)

Lmin +3Lmax 3Lmin +Lmax

10 [0057] Therefore, 1n this embodiment, 1n order to

restraln the pupll deviation amounts Pl and P2 and

secure the base-line length, 1t 1s configured so

g

that the entrance puplil distance Zs of the 1mage

sensor 107 satisfies the expression (3) with the

15 minimum ex1t pupll distance Lpin and the maxlmum

pr—

ex1lt pupll distance Lpax Of the 1magling optical

system.

pre——

[0058] In a case of a lens exchangeable camera,

lenses wlth various optical conditions, from the

20 wlde angle lenses to telephoto lenses may be

attached. In this case, as a condition for the

—

maxilmum exlt pupll distance Lpax 0f the 1maging
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optical system, 1t 1s desired to set Lpax = © 1n

order to cope wilith the telecentric optical lens.

Further, as a condiltion for the minlimum exit pupill

pre——

distance Lpin O0f the 1maging optical system, 1t 1s

desired to restraln a marglinal 1llumination

decrease expressed by the cosine fourth law with

respect to the center 1mage helght to eqgual or

less than 1/2 (half). Therefore, under the

pr——

condition of cos*(Opax) = 1/2, it is desired that

pr—

the maximum incident angle OBp.x 0f light that

1nclidents on the pilixel located at the maximum

p—

1mage height R of the 1mage sensor 107 from the

minimum exX1t pupll distance Lpin On the optical

axilis 1is Opax = 32.8° = 0.572[rad]. Accordingly,

from the expression (2), wlith the maxlimum i1mage

pre——

helight R of the 1mage sensor 107, 1t 1s desired

that minimum ex1t pupll distance Lpin 1S Lpin =

R/0.572.

[0O059] By substituting Lpin = R/0.572 and Lpax = ®©

1n the expression (3), the followlng condition

expression (4) for the sensor entrance pupill

distance Z. 1s obtailined.

2.33R < Zs < 0.99R e .. (4)

B

In this embodiment, since the horizontal size H of

the 1mage sensor 107 1s 36émm, the vertical size V

pre——

of the same 1s 24mm, and the maxlmum I1Image helght

R of the same 1s 21.63mm, the condltion expression
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(4) for the sensor entrance pupll distance Zgs 1S

50.4mm < Z, < 151.Z2mm.

pr—

[0060] Further, the condition of the minimum exit

pr—

pupll distance Lpin 0f the 1maging optical system

pr——

may be determined on the basis of the pupil

—

ilntensity distribution of the pupil region 500

—

which 1s a combined area of the first partial

pupll region 501 and the second partial pupil

pr—

region 502 of the 1mage sensor 107. Here, the

pr——

pupll 1ntensity distribution of the pupil region

500 at the central 1mage height 1s denoted by

PIO(0Q), and the pupilil intensity distribution of

pr——
—

the pupil region 500 at the maximum 1mage helght R

is denoted by PIR(B). As the condition of the

—

minimum exXx1t pupilil distance Lpin 0f the 1maging

optical system, 1t 1s desirable to restrain a

decrease 1n the pupll i1ntensity dilistributilion

PIR (0=0Omax prr) at the incident angle Opax rprrlrad] at

the maximum image height R to 1/2 (half) or less

than the pupil intensity distribution PIO(06=0) at

the incident angle 0O[rad] at the

central 1mage

height. Therefore, 1t 1s desirable to determine

—

the incident angle Opax prr 0f light from the minimum

ex1lt pupll distance Lnpin On the optical axilis based

on the condition of PIR(0=0Onax »rr)

= 0.5 x PIO(6=0),

and determine the minlimum ex1t pupll distance Lpin =

R/Onax prr from the expression (2).



[0061]

By substituting Lpin = R/Omax prr and Lpax = ©

expression (3), the conditlon expression

the sensor entrance pupll dilistance Zs 1S

to the
(D) ot
obtained.
5 4_R <Z.<4 K
39m&HR em&MR
[0062]

the embodiment has a con:

As described above, the 1mage sensor o:

—

. (O)

1)

"lguration 1n which a

plurality of pilxels are arrayed, whereln each

plixel has a plurality of photoelectric conversion

10 units

through ditf

lmaglng optlcal system,

for receiving light

entrance pupll distance Zg

fluxes that have passed

"erent partial pupil regions of the

and 1n which the sensor

satisfies the expression

(3) with respect to the minimum exit pupil

pre——

15 distance Lgin 0f the 1maging optical system and the

—

maxilmum exlt pupll distance Lpax 0f the 1maging

optlical system.

[0063]

embodiment has a con:

Further,

—

the 1mage sensor of the

"lguration 1n which a

20 plurality of pilxels are arrayed, whereln each

plxel has a plurality of photoelectric conversion

units

through ditf

lmaglng optlcal system,

for receiving light

25 entrance pupll dilistance Zg

(4) with respect to the maximum 1mage heilght R o3

- 27

fluxes that have passed

—

"erent partial pupil regions of the

and 1n which the sensor

satlsfles the expression

B
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the 1mage sensor.

[0064 ] With the configuration as described above,

the focus detection by the on-1maging surface

pre——

phase di

pr—
—

"erence method 1s possible over a wide

range of conditions 1n a case where a changilng

— —
—

range of the 1ncident angle of

light

from the

lmaglng optilical system on a plxel at a peripheral

—

1mage height of the 1mage sensor 1s large.

[006b5]<Modification>

g

In the first embodiment as described above,

cach pixel of the 1mage sensor 107 1s divided by Z

1n the x direction, and by 1 (or not divided) 1n

the v dlirectlion. However, the present 1nvention 1S

not limited to this, an 1mage sensor 107 comprilises

pr—

plxels that are divided by dj

"erent numbers and

different ways from the pixels shown 1n Fig. 2.

[0066] Fig. 7 shows the outliline o:

—
-

pixels and the array of focus detection pilixels of

- The

lmaglng

pr—
-

the 1mage sensor 107 according to the modification.

Fig. 7 1llustrates the pilxel (1magiling pixel) array

—

wlthin the range of 4 columns x 4 rows and the

B

focus detection pilxel array withilin the range of 8

columns X 8 rows 1n the two-dimensional CMOS

sensor (lmage sensor) according to the

modification.

[0067] In thls modification,

shown 1n Fig .7 1ncludes plxe.

a pixel group 700

S

O

pr——

2 CO._

umns x 2
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rows. A plxel 700R having an R (red) spectral

sensitivity 1s arranged at the upper left position,
plixels 700G having a G (green) spectral

sensitivity are arranged at the upper right and

lower left positions, and a pixel 700B having a B

(blue) spectral sensitivity 1s arranged at the

lower right position. FEach pixel 1s formed from a

filrst focus detection pixel 701 to a fourth focus

detection pixel 704 arrayed 1n 2 columns X 2 rows.

pre——

[0068] A number of arrays of 4 (columns) x 4

(rows) pilixels (8 (columns) x 8 (rows) focus

detection pixels) shown 1n Fi1g. 7 are arranged on

a plane to capture an 1mage (focus detection

signal). In the modification, the 1mage sensor

wlll be described assuming that the horizontal

si1ze H 1s 36 mm, vertical size V 1s 24 mm, a

— pr—
-

period P of pixels 1s 4.8 um, the number N of

pixels 1s 7,500 columns 1n horizontal dilirection X

5,000 rows 1n vertical direction = 37,500,000, a

pr——
—

column-direction period PSUB of focus detection

pixels 1s 2.4 um, and the number NSUB of focus
detection pixels 1s 15,000 columns 1n horizontal
direction x 10,000 rows 1n vertical directilion =
150,000,000,

pr—

[0069] F1g. 8A 1s a plan view of one pixel 700G

pre——

of the 1mage sensor 107 shown 1n Fi1g. 7 when

viewed from the light receiving surface side (+zZ
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—

side) of the 1mage sensor 107, and Fig. 8B 1s a

sectional view showlng the a - a section 1n Fig.

S8A viewed from the -y side. As shown 1n Fi1gs. BA

and 8B, 1n the pixel 700G according to the

modification, a microlens 305 for condensing

incident light 1s formed on the light receiving

pre——

side of each pixel. The pilixel 1s divided by NH

(here, divided by two) 1n the x direction and

divided by NV (here, divided by two) 1n the vy

direction to form first to fourth photoelectric

conversion units 801 to 804. The first to fourth

photoelectric conversion units 801 to 804

correspond to the first focus detection pixel 701

to the fourth focus detection pixel 704,

respectively.

[0070] In the modification, by adding signals

from the first focus detection pixel 701 to the

B

fourth focus detection pixel 704 for each pilixel of
the 1mage sensor 107, an 1lmage sidgnal (a captured

lmage) wilth the resolution corresponding to the

—

number of The e

—

"ectlve plxels N 1s generated.

xcept for this, the modification 1s simililar to

the above embodliment.

[0071] With the confilguration as described above,

the focus detection by the on-imaging surface

pre——

phase difference method 1s possible over a wide

pr—

range of conditions 1n a case where a changing
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pr— pr—

range of the 1ncident angle of light from the

lmaglng optilical system on a plxel at a peripheral

pr—

1lmage height of the 1mage sensor 1s large.

[0072] While the present 1nvention has been

described with reference to exemplary embodiments,
1t 1s to be understood that the i1nvention 1s not
limited to the disclosed exemplary embodiments.

pr——

The scope of the following claims 1s to be

accorded the broadest i1nterpretatlion so as to

encompass all such modifications and egulvalent

structures and functions.
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CLAIMS

B

1. An 1madge sensor 1ncluding a plurality of

photoelectric conversilion units, arrayed 1n a

pr—

column direction and a row direction, for

recelving light fluxes that have passed through

—

different partial pupill regions of an 1magiling

optical system, whereiln

p—
-

an entrance pupll distance 72y of the 1mage

pr——
—

sensor and a maxlmum 1mage height R of a focus

pr——
—

detection area of the 1mage sensor satisfy a

—
-

condition of:

2.33R < Z5 <6.99R, and

B

wherein the entrance pupll distance Zs of the

B

lmage sensor 1s a dlstance between surfaces of

pre——
—

microlenses corresponding to the plurality of

photoelectric conversion units and a plane on

which the partial pupil regions through which part

pre—— pr——

of the plurality of photoelectric conversion units

recelve light colncide with each other, and the

partial pupll regions through which another part

pre—— pre——

of the plurality of photoelectric conversion units

recelve light colncide with each other.

2 . The 1mage sensor according to claim 1,

wherein 1mage data obtained from the focus

pr——

detection area of the 1mage sensor 1s data to be

32
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stored as 1mage data.

3. The 1mage sensor according to claim 1 or 2,

whereilin at the entrance pupll distance Zs; of the

lmage sSensor,

flrst partial pupll regions

pr—

corresponding to a light receiving region of a

first photoelectric conversion unit substantially

colncide with each other, and second partial pupil

regions correspondlng to a light receiving region

pre——

of a second photoelectric conversion unit

substantilially coincide with each other.

4, The 1mage sensor accordlng to any one of

claims 1 to 3,

pre——
—

pr——
—

whereln an 1ncildent angle Opax piz OFf

the light fluxes at the maximum 1mage height R and

pr——

the entrance pupll distance Zs of the 1mage sensor

satisfies a condition of:

4 R

— <Z,<4

3 emax_ PIR

0. The 1mage sensor accordlng to any one of

claims 1 to 4,

R

em&MR

—
e

wherein an 1ncident angle of the

light fluxes at the maximum 1mage height R 1s

smaller than 32.8°.

o . The 1mage sensor accordlng to any one of

claims 1 to b,

B

whereln, on a plxel located at the

33



30 10 20

10

15

20

29

—

maxlmum l1mage height R, an 1ncident angle of the

light

the entrance pupll distance Zs

fluxes from a polnt on an optlcal axilis at

and smaller than 24.6°.

7. The 1mage sensor accordling to any one of

claims

1 to o,

B

whereiln

—

the maximum 1mage height R of the 1mage

sensor and the entrance pupll distance Zgs of the

lmage sensor 1s determlined so that a deviation

—

between an entrance pupll of the 1mage sensor and

p—

the exi1it pupil of the 1maging optical system

corresponding to each of the plurality of

—

photoelectric conversion units falls within a

range where a decrease 1n pupll 1ntensity

distribution 1s a half or less than the pupil

ilntensity distribution at a center 1mage heilght.

3 . The 1mage sensor according to any one of

claims

whereln each pixel has a plurality of

1 to 7,

pre——
—

pr——

comprising a plurality of pixels,

—
e

photoelectric converslon units receiliving light

fluxes that have passed through di

—

"erent partial

—

pupll regions of the 1maging optical system.

9. The 1mage sensor according to any one of

claims

to 7/,

B

pr——

comprising a plurality of pixels,

34

1s greater than 8.2°
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wherein each pixel 1s provided with the microlens

that passes light fluxes that have passed through

—

the different partial pupil regions of the 1maging

optlcal system.

pre——
—

10. The 1mage sensor accordling to any one of

—

claims 1 to 9, wherein a size of a light recelving

pre——

region of the photoelectric conversion unilit 1s

smaller than Zum.

11. An 1mage capturing apparatus to which an

lmaglng optical system can be attached, comprising

pre——

an lmage sensor as described 1n any one of claims

1 to 10.

12. An 1mage capturlng apparatus comprlising:
a controller;

an lmaglng optilcal system; and

B

an lmage sensor as described 1n any one of

claims 1 to 10.

13. The 1mage capturlng apparatus according to

claim 12, wherein the controller stores 1mage data

pr—

obtained from the focus detection area of the

lmage sensor as 1lmage data.

14. The 1mage capturling apparatus accordilng to

39
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pr——

any one of claims 11 to 13, further comprising:

D 1l1llumination unit

]

an L.

pr——
—

capable of

continuously emitting light; and

a communication 1nterface

by a processor.

15. The 1mage capturlng appar

—

cilrcult controlled

atus according any

one of claims 11 to 14, further comprising:

a display unit for displa

Ving a preview 1mage

before 1mage sensing and a con:

“"1lrmation 1mage

after 1mage sensing; and
an operation switch 1nclu

triggerlng lmage sensing.

36

ding a switch for
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