1 PHOTOELECTRI C CONVERSI ON DEVI CE, | MAGE SENSOR, AND
METHOD FOR MANUFACTURI NG PHOTOELECTRI C CONVERSI ON
DEVI CE BACKGROUND OF THE INVENTION 1. Field of the
Invention This invention relates to a photoelectric
conversion device that conveldts a quantity of |ight
received in each of a plurality of |ight wavel ength
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2. Description of Related Art

An image éensor isprovidedwith aphotoelectric conversion
devi_ce -that converts a quantity of _received light into an
electrical signal. For example, a color image sensor that reads
a color imacjé is provided with a photoelectric conversion device
having sensors (photodiodes) for red, green, and .blue,
respectively. A color filter that transmits only light of a
.color to be detected is disposed‘on a light incidence surface
of the sensor for each color, and a signal corresponding to the
quantity of light incident through tr@ .éblor _filter is output
from each sensor.

However, since this photoelectric conversion device must
form the filter in a process for producing the device, a large
number of steps are required, and manufacturing costs rise.

Therefore, a photoelectric conversion device that does not use




2 afilter for each color has been proposed (see
Japanese Unexam ned Patent Publication No. 8-316521).
FIG 8 is a sectional viewillustrating a
phot oel ectric conversion device that has no filter.
Thi s photoel ectric conversionzdevice 100 incl udes
ap-type substrate 101 nmade of, for exanple, silicon
ang, - e epitaxial ayer 104 forned thereon. )
A S IR St o has PabRu Gl S hes s PaRenar e pemined
104. The field oxide film 107 has thicker parts '

fiereed FpddsddiamiNeed §&32d)s than the ot her

parts. An n-type diffusion |ayer 105 and an n-type

buri edFT@yed 102 sacéibowdedibet vbbusthating ckathqdarglectric
of the field oxide film 107 and the p-type substrate
hveAsdendidegliye tdhatepiadsaxicalfillayear. 104 i s divi ded

into a plurality of sections, which serve as sensor
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sensors I, Il, and Ill, a p-type base region 106 is
femd 't% id’@mﬁ@@to@ 19;3: LhensyEf aQQ iR aM o gt pe epitaxial
epltaX|aI Iayer [/ A'p-type buried layer 103 is
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pol ysilicon and that absorbs blue light to some degree
iaxef fppped between the thicker part of the field oxide £ilm 107

and the p-type substrate 101.

Accordingly, the epitaxial layer 104 is divided into a
- plurality of sectioﬁs, which serve as sensor I, sensor II, and
sensor"III, respectively. In sensors I, II, and III, a p-type
base region 106 is formed in the center of the surface part of
the epitaxial layer 104.

A p-type buried layer 103 is formed between the p-type
Substrate 101 and the epitaxial layer 104 of sensors II and III.
- Accordingly, the thickness of the epitaxial layer 104 of sensor
II and the thickneés of the epitaxial layer 104 of sensor III
are smaller than that of sensorI. The thicknessof the epitaxial
layer 104 of sensor 1I is almost equal to that of sensor IIT.

. A light absorbing member 108 that is made of, for example,

polysilicon and that absorbs blue light to some degree is formed



3 onthe field oxide film107 on sensors | and Il. In
sensors |, Il, and IIl, when |ight inpinges thereon,
a quantity of carriers (electron-hole pairs)
corresponding to the quantity of incident |ight are
generated in the epitaxial |ayer 104, and
phot ocurrent (photoel ectronotive force) corresponding
to the n npf OfWﬂghéf i s taken out through the base

it e St Yhebptatttans it i b
coefficient of the epitaxial |ayer 104 becones
‘smal | efRageRRer dalel b lilncvhent 1iphghimpeegagsthereon,
| onger, light that enters the epitaxial |ayer 104
- far aiwarite tyupfacert her eofe loart readivle gdedper) pbatespsnding to
the wavel ength becones |onger. Therefore, if the
apid apiaaltiltayerf 104idsnsnbldht idrd kjetlgtessd in the epitaxial
| ong-wavel ength light (for exanple, red light) wll
netydye suf4,)i cigd | Yorahsibetbnd N (hieoBhol o8t £stdt Lve force)

conversi on device 100, the epitaxial |ayer 104 of
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absorbing light in a w wavel ength range fromre
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of se ITand 11l is formed to have a thickness
capabl a.wavel en

of .absorbing . light . i th range. ,
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t.he Iight absor bi ng nenbers 108 are provided on
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light enter the epitaxial |ayer 104 of sensors | and
[firomriee ehofeceddirsmofl cgenerahesieeper place as thewavelength
becomes longer. Therefore, if the epitaxial layer 104 is small
in thickness, long-wavelength light {(for example, red light)
will not be sufficiently absorbed.

In the photoelectric conversion device 100, the epitaxial
layer 104 of sensor I is formed to have a thickness capable of
absorbing light in a wide wavelength range from red light to
“blue light, whereas the epitaxial layer 104 of sensors II and
III is formed to have a thickness capable of absorbing light
in a wavelength range chiefly from green light to blue light.

Attention will now be paid to the presence or absence of
.the light absorbing member 108 that absorbs blue light. Since
the light absorbing members 108 are provided on sensors I and

IT, respectively, red light and green light enter the epitaxial

layer 104 of sensors I and II. Therefore, sensor I generates



4 a photocurrent corresponding to the quantity
chiefly of red light and green light, and sensor |
generates a photocurrent corresponding to the
quantity chiefly of green light. On the other hand,
since the |light absorbing nemger 108 is not provided

on the sensor |11, red light, green light, and bl ue
light enter sensor Il1. Therefore, sensor
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quantity chiefly of green light and blue |Iight. Thus,
gindcegsensoris dht, | | andndenisordi ¥ T ergenesmtesic ha ofgitocurrent
in a conbination of red Iight, green light, and bl ue
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phot ocurrent, the quantity of red light, the quantity
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cal cul ated by arithnetic processing based on the
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ié%%gl extractlng electrodes to the base. regions
espectively Therefore, openings to thread the

signal extracting el ectrodes nust be formed in th
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in cost. Additionally, nornmally, a sem conductor |ayer
e aloowination of red light, green light, and blue light, which

are to be absorbed so as to generate a photocurrent, the quantity
of red light, the quantity of green light, and the quantity of
blue light can be calculated by arithmetic processing based on
the magnitude of the photocurrent generated by sensors I, II,
and IIT.

However, since the light absorbing member 108 is required
to be provided even in the thus structured photoelectric
conversiondevice, manufacturingcosts couldnotbesufficiently
reduced. |

Additionally, it is necessary to connect signal extracting
electrodes to the base regions 106, respectively. Therefore,
openings to thread the signal extracting electrodes must be
formed in the l1ight absorbingmember 108, thus cau;ing an increase
in cost.

Additionally, normally, a semiconductor layer to absorb



5 light and generate carriers is depleted when the
phot oel ectric conversion device is driven. Voltage
needed for depletion becones |arger correspondingly
with an increase in thickness of the sem conductor

| ayer. Theref ore, a large volgage is needed to
depl ete a sem conductor region thickened to absorb
Ionqlmavelength light, and hence a driving voltage o

HedhihReCogPReFRTE UGS o8 TR} eeeRadaTaFge, pl}ﬁilbO%lectrlc

driving voltage of an image sensor including the
prov ol Bken | devbae el 8i dniven ceVo\l,é@meam@@deQUl\ﬁMR\d@ﬂetlon
THE | NVENTI ON An obj ect of the present invention is to
freviukss d aplot aslrectspondioner siidh devinereapabire @Wiickness
reduci ng manufacturing costs. Another object of the

R £ERB s el cOMiduRIt oirSt dyee 1Pl 0Thée edd rel, MAULr §ERNBALage is needed
capabl e of reduci ng manufacturing costs. Still another

ok ectePlettdie Presgilond @R oN rkgib@ PERYEHENed to absorb
nethod for manufacturing a photoel’ectric conversion

%a&%ﬁf)&%@n 051 ﬁguc'a% f@%@cguamlﬁgstv%lt% lof the
ec

'anot er o e bresent invention is to provi
ot ectric _convers avin I
Vl%?”?hta%eifecgwoaﬁsfﬁé?n R o ﬁé%?esen?%—’q"%d”QOltage
i nvention is to provide e sensor havin
Y SR St DR R P B RO E S LR bFAr G P device
according to a first aspect of the present invention

ifeF RS9 first conductivity type photoelectric

conversion | ayer stacked on a sem conduct or
SUMMARY OF THE INVENTION

An object of the present invention 1is to provide a
photoelectric conversion device capable of reducing
manufacturing costs.

Another object of the present invention is to provide an
image sensor capable of reducing manufacturing costs.

Still another object of the present invention is toprovide
a method for manufacturing a photoelectric conversion device
capable of reducing manufacturing costs.

Still another object of the present inventionisto pr‘ovide
a photoelectric conversion device having a low driving voltage.

Still another object of the present inventiof; is toprovide
an image sensor having a low driving voltage.

-The photoelectric conversion device according to a first
~aspect of the present invention includes é first conductivity

type photoelectric conversion layer stacked on a semiconductor



6 substrate; a second conductivity type el ement

dividing region that is forned in the photoelectric
conversion |ayer and by which the photoelectric

conversion layer is divided into a first

phot oel ectric conversion regi@n, a second

phot oel ectric conversion region, and a third-
phot oel ectric conversion region along_the . :
SERISEFRAGT BrSaTARY rrarEiuGE I itst typei i fge R gibRt Gng region
the second conductivity type that is fornmed at a )
phedet  fairned indehpe Phitomle ctariftaeeneérshen layer and by which
phot oel ectric conversion layer in the first

finet gelceetalicrtadry ercivrr siami ohaydy whi dhvidedfiingp a first
phot oel ectric conversion region is divided into a

fohotb cAWfaGe &bHoecke@ban €kgsen,t 0at hee&drid agthotoelectric
thereof and a first substrate side region closer to
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regi on having a through hol e through which the first
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regl on er:
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region or at a shallower depth, than the first . .
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conversion region and by which the second , ,
et Séreét PhetoebpubE s opoRegT HHOR LA e Y WidCh the first
second surface side region closer to the surface
hertesl ety ix sesvadsiobstemian dedbl vidpdantel addrstosurface
t he sem conductor substrate; and a third dividing
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at a shallower depth than the second dividing region
igideheelgiiond c1pletoebechei senobyrtiatenrr egbenrand, byhe first

which the third |

dividing region having a through hole through which the first
surface side region and the first substrate side region
communicate with each other; a second dividing region of the
second conductivity type fhat is formed at substantially the
same depth as the first dividing région or at a shallower depth
than the first dividing region in the second photoelectric
conversion 'region. and by which the second photoelectric
conversion region is divided into a second surface side region
closeriﬁ:thesurfacethereofexuiasecondsubstratesideregion
closer tQ the semiconductor substrate; and a third dividing
- region of the second conductivity type that is formed at a

shallower depth than the second dividing region in the third

photoelectric conversion region and by which the third




7 photoelectric conversion region is divided into a
third surface side region closer to the surface
thereof and a third substrate side region closer to
t he sem conductor substrate. According to the present
invention, the second dividing region is formed at
substantially the sane depth fromthe surface of the
phot oel ectric conversion |layer as the first dividin
pPhgites lectird of epmeer aion regdlonolhe diFdsiel $hEm & Helrd surface
first dividing region. The third dividing region is -
- fedriredeai on csledd ower tioke ptir £ afeoth € heo § iarfdhectlof rd isgbstrate
- photoel ectric conversion |layer than the second
&ii\died irR@ 108QIcAR.s ekhefee frdree s einfi dolelufdtiost s ubedand.e .and
third dividing regions are alnost the sanme in
- thi ckngssordheg thd aessbnithentbhst ongUrh@cesdkle dividing
region is alnost the same as that of the second
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S d surface side region.__i.s_greater th t hat ot A
T it Bt St e e T DG s (i iy (st dividing
di vi.di ng regi_on has the through hol carriers. e s
Soiom 9a T EpREeR 7L A SipLioee SepED TEeh i i dividing
noved to the first surface side region through the
R930gh hohe thimskdEybiena reoiRe ¥9 Fermedrirtag shefldgver depth
region is connected to a signal extracting el ectrode
© Gaom bhe sy edbiohd phetoled edtrsc cenverséosilgyer than the
region and in the first substrate side region can be

mevechd dlitvhelisicqgnadgiextracti ng el ectrode connected to
the first surface side region. Therefore, a diode
(her ei nhéterorey dffefieditotaseddndst apdohaddade’)dimadeegions
up of the first surface
are almost the same in thickness, the thickness of the first
surface side region is almost the same as that of the second
-surface side region, or is greater than that of the second surface
- side region. The thickness of the second surface side region
is greater than that of the third surface side region.
Since the first dividing region has the through hole,
carriers generated in the first substrate side region can be
moved to the first surface side region through the through hole.
Therefore, if the first surface side region is connected to a
signal extractingelectrode, carriersgeneratedbothinthe first
surface side region and in the first substrate side region can
be moved to the signal extracting electrode connected to the

first surface side region. Therefore, a diode (hereinafter,

referred to as "first:photodiode") made up of the first surfaqe



8 side region of the first conductivity type, the

first substrate side region of the first conductivity
type, and the first dividing region of the second
conductivity type can generate a quantity of

phot ocurrent (photoel ectronotive force) correspondi ng

to the quantity of carriers &enerated in the first

surface side region and in the first substrate side
rségieone g (on tdfet e higrr Standndintteathyofyddie thecoinds amstbstrate
third surface side regions is connected to a signa

e1ldeatdd th 6F eBkriidest caadiid f ¢1 BpRegpal ethd thé Berst dividing
second and third surface side regions can nove to the

$eghah sxt [ | i-vel Ver,
s, gone gl eskagiesy LLoSHRS ) forcEBUE s

%:f&%d{tec%ﬂ?erﬂ{ ﬁ}gﬂg 8&?90{8&398 ft%%%%ﬁdcme%%ﬂ&ng tothe

regl o cannot nove
extractin electrodes Ther ef.or e

hersit &fé’f‘?grcarFé'fe&Sr Y ol Ed"ls‘é?EB‘ﬁdf 11&%@8&%&@ gide region
made .up of the second surface side region and the
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photocurrent (photoel ectronotive force) corresgondln

to t hePwae pEhesthandr Aiferaclymferheetr¢and pedsebrd surface
surface side region is generated, and, in a diode
Shdeeiregfives, iseftonned ted @@'alﬂhgmqﬂuaxnﬁamﬁi@g qigdg-rode,
up of the third surface side region and the third

diavirdetg geegrated dnl yha Siastd byidoth phd tseeifidcentside regions
(phot oel ectronotive force) corresponding to the

gaanhbly @b ekl isaighagerstated iny dike ddiddd SWdaaa-tively.
side region is generated. Herein, since the

eBliGal aQﬁQE@Ekgngéﬁ’@fét@diefE t‘?{e %Q%on@hghaefﬁffﬂ'&Jbstrate
conversi on | ayer becones snaller as wavel ength
side regions are obstructed by the second and third dividing
regions, and cannot move to the signal exXtracting electrodes.
Therefore, in adiode (hereinafter, referred to as "second
photodiode") made up of the second surface side region and the
second dividing region, only a dquantity of photocurrent
_(photoelectromotive force) corresponding to the quantity of
carriersgeneratedinthesecondsurfacesideregionisgenerated,
and, in a diode (hereinafter, referred to as "third photodiode")
made up of the third surface side region and the third dividing
-région, only a quantity of photocurrent (photoelectromotive
force) corresponding to the guantity of carriers generated in
the third surface side region is generated.

Herein, since the optical-absorption coefficient of the

photoelectric conversion layer becomes smaller as wavelength




9 of incident light increases, |ight that enters the
phot oel ectric conversion |layer fromthe surface

t hereof reaches a deeper place as the wavel ength of

the |ight becomes |onger. Therefore, the first

surface side region and the first substrate side

region absorb light in a wide wavel ength range (short

wavel engt h range, nedi um wavel ength range, and | ong _

- wé\elcinigtt T aglye)inexeended 1ight hbatiedd eafs tmpgbptoelectric
wavel engt hs than the second and third surface side

regivens i oarnkh wan fgendrtat suafguanthdnecd reachegresdeeper place
corresponding to the quantity of such |ight.
Accondingloteddidr ofi Fis¢ Phitodcedacgenengtes Therefore, the
phot ocurrent (‘photoel ectronotive force) corresponding

-gf?a'élﬂesﬂffgfziat é’i(@%sf%bﬁgcﬁ?raﬂdeEﬁe Fhessecond: sad asie region

e region absor In a wavel ength range

h I h. di
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third f id ' d t
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such light. Accordingly, the second photoqéodg ird c
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corresponding to the quantity of the carriers. The '
shided redipate sE@ r&jt owSAETHUSS ﬁigHPapﬁlﬁyna?FCWQarrlerS
wavel ength range on.the side of shorter wavel engths, :
andreapogeriavate thagaanittiyy of mmh ldgbtcorhespoddnagy, the
to the quantity of such light. Accordingly, the third _
Fhetad phde oge melea tges ataaieae whoantcu ot ogdtedtoaintingrotive
force) corresponding to the quantity of the carriers.
EfBQE:%f)OE:%,rrte@@)cﬂMﬁﬁiq tdeesrd duhirael d¢ rois e ldphtiers.

e.g.,

The second surface side regionabsorbs light inawavelength

"range {short wavelength range and medium Wavel'ength range)
extended to the side of longer wavelengths than the third surface
side region,. and can generate a . quantity of carriers
corresponding to the quantity of such light. Accordingly, the
second photodiode generates photocurrent (photoelectromotive
force) corresponding to the quantity of the carriers. The third
~surface side region absorbs light in a narrow wavelength range
on the side of shorter wavelengths, and can generate a quantity
of carriers corresponding to the quantity of such light.
Accordingly, the third photodiode generates photocurrent
(photoelectromotive force) corresponding to the quantity of the

carriers.

Therefore, the quantities of three kinds of light {(e.qg.,




10 red light, green light, and blue light) in

di fferent wavel ength ranges can be cal cul ated by
arithnetic processing based on photocurrent

(phot oel ectronoti ve force) generated in the first,

second, and third photodi odes;, Thus, since the first,
second, and third photodi odes %ave mutual |y different

wavel engt h dependence, this photoelectric conversion

tedi tigltlan otteteact i give, quanbilug lofghtight dif fergntopavelength
three kinds of different wavel ength ranges w t hout
frahyess cam HYd gidl alisordil ngy nenbehset Thepepoessinhebesed on
is no need to form filters or |ight absorbing nenbers
bRoRoRUGRSS oty Odus] Mo tiRe: photeEleakihted in the first,
conversion device. Therefore, the photoelectric

SRKaks! ARdenic pARcBEsbeduced in menufacturing
costs. en the quantity of light is nmeasured by this

Vol t ageiies siperoR el ¢ BFDRd SATERER M B digaes pave

vol tage 75" applie TIrs odi odes,

so.th the first to third go odiﬁges can .be .
Bostatay SErRenhl Yare  meahBTie Seshee o W photoelectric
sem conduct or | ayer dgsgnds on the thickness._of %he h of
 SORVESRIGE BEVirayERn YRfealhd e oled tid YaPhpdf gbt 1o each ©
conpletely deplete the first surface side region and

therefei kéndsupstdiaf tergnfe westi lenqiith@angiessyithout filters or
phot oel ectric conversion region) is smaller than a

. daght mBbswoirbéhgt hemberst dilvéukfore editmre dsnop need to form
provi ded. For exanple, each el enent dividing region _
ey terel vdeligrt secorisiconbkntbéws tin bypeodebfuSdorproducing
di viding region connected to the first to third

¢ digkbt Rl &Nsrid N EBh6c€386n R vice. Therefore, the
photoelectric conversion device can be reduced in manufacturing
costs.

When the quantityof light ismeasuredbythisphotoelectric
conversion device, areversebias voltage is applied to the first
‘to third photodiodes, so that the first to third photodiodes
can be depleted. Since voltage needed to deplete the
semiconductor layer depends on the thickness of the semiconductor
layer, voltage needed to almost completely deplete the first
surface side region and the first substrate side region (the
first photoelectric conversion region) is smaller than a case
in which the first dividing region is not provided.

For example, each element dividing region may include the

second conductivity type diffusion dividing region connected

to the first to third dividing regions. In this case, the



11 photoel ectric conversion device may include the

second conductivity type common el ectrode | ayer

commonly connected to each diffusion dividing region.

In this case, the first to third dividing regions, the

di ffusion dividing region, ang, the common el ectrode

| ayer have the sane conductiVvity type, and hence a

reverse bias voltage can be applied to the first to
tdhiotdefleatadicodesnvegetiber davbagh mahe igonnste the second
el ectrode | ayer. For exanple, the common el ectrode
lyeructayike pyeyictethorbel meenotibel ;s condunfgrconnected to
substrate and the photoelectric conversion |ayer.
ety ihe saharmRly dieyidinng region includes an
insulation part formed in the surface part of the
Phot 0ek fCLid € c£O0V AR Oy o (WIS i dieiflons, the
region) . Is 1nsulation partnmakes 1t possible to

redyce .a | eakage current b reqj YA

R APl i TR o Bl R SIS 28t 78, Paver mave
the photoel ectri¢ conversion | gyer. \Wen the .

(Gt SERECEPPEUCE AT &is LARCY a%a REhhRdR BT STTT oS aipltase
oxide filmfornmed by selectively oxidizing

sreades gpriLlied e Ehedl nafetq firacrRi A1 e %89 ether through
phot oel ectri c conversion |ayer (diffusion dividing

ridg eopmoore lecamslds, lastssrdi ng to a LOCOS t echni que

can be used as the insulation part. Preferably, the _
first Fortduwamblpperhmstomsunt adeqiaade leyeunsapfbeHerovided
second conductivity type are forned in the surface

Pt cef the befmstohduldiiord susdtacetsi dedr eficonshoftrelectric
first

conversion layer.

Preferably, the element dividing region includes an
insulation part formed in the surface part of the phbtoelectric
conversion layer (diffusion dividing region). This insulation
partmakesitpossibletoreducealeakagecurrentbetweenregions
divided by the élement dividing region in the surface part of
the photoelectric conversion layer. When the photoelectric
conversion layer is made of silicon, an oxide film formed by
selectively oxidizing a predetermined area of the surface part
of the phofoelectric conversion layer (diffusion dividing
region), for example, according to a LOCOS techniqug can be used
as the insulation part.

Preferably, the first to third uppermost surface part
regionsofthesecohdconductivitytypeareformedinthesurface

parts of the first to third surface side regions. The first



12 to third uppernost surface part regions and the

first to third surface side regions constitute

phot odi odes (hereinafter, referred to as "first to

third surface photodi odes”, respectively) The first

to third photodi odes and the fjrst to third surface
phot odi odes forned up and down can generate a |arge
quantity of photocurrent corresponding to the quantity
ob thihd umeeinedt atrtfhaseppositegions land hbeef baghtto third
di viding region includes the diffusion dividing
k@irareCHINRCt £dgt Onkheiyvmtel eshoooeibayer (helreinafter,
upper nost surface part region may be connected to the
difebuslan +di vidi NG 38gion+ol Nthhire Cage fard eylsediodes”,
ias voltage can be applied to the first to third

b

' nd . ' ' @&Jreo first
' %%%%3%%}{:% ggy? dge? grﬂ%?%u%% %%efcg%% e e%?sf oadned the
| ayer. The ot oel ectri,c_gonversio Vi r dj
£5” EhistornPEasRerRobpoindesy ERERPY, ME S (AR Tl Generate
~a first conductivity t%pe EhotoelectriggfonvE;s'gn nantit
- PayRF IS B 10h °f BRATCORBEREbICOBRIUI P RNE 1™ Y
second conductivity type dividing region that is
fodr Adghdt receidest etnmthed & FiBh-a surface of the
phot oel ectric conversion |ayer, by which the . )
phot oel Bcthé celenauntr dividiagereigd ogi iingddidas ¢he diffusion
surface side region closer to the surface thereof and
- disukYthiate gsbte coagican el asethéocothensehecbnddet bayer, the
substrate, the dividing region having a through hole
CtprRuah whighrhbe mard aegishdeay egi oonasdtieteco the diffusion

substrate side region conmunicate with each other
dividing region.

In this case, a reverse bias voltage can be applied to
the first to third photodiodes and the first to third surface
photodiodes together through the common electrode layer.

| The photoelectric conversion device according to a.second
aspect of the present invention includes a first conductivity
type photoelectric conversion layer stacked on a semiconductor
substrate and a second conductivity type dividing region that
is formed ‘at a predetermined depth from a surface of the
photoelectric conversion layer, by which the photéelectric
conversion layer is divided into a surface side region closer
" to the surface thereof and a substrate side xegion closer to
thesemiconductorsubstrate,thedividingregionhavingathrough

hole through which the surface side region and the substrate

side region communicate with each other.



13 According to the present invention, since the

di viding region has the through hole, the surface side
region and the substrate side region conmunicate with

each other through the through hole. Therefore, if

the surf ace side region is cggnected to a signa
extracting electrode, carriers generated both in the
surface side region and in the substrate side region

by alhewbhgihyghd tie entesetbesevdregians sancemihe tdividing
the signal extracting electrode. On the other hand,

é(}ﬁ%ﬂ ke sdichiedi-Rg ol:e@l aB1ki, eﬁh@%%@ﬁﬁcetﬁﬁdém‘é@ﬁm and the
e region and the substrate side region, a depletion

l rsrtzcaad'é gd{?oE@Egoho Sih@Rdc00L iy earc‘i’l"bi:h%rot'ﬁﬁéugh the
sur1ace t otoe ectric conversion |ayer but

so fromithe i Sld of i | ec

it ie- (PR e T R e R TP Phmected
S|de re |on an di vi on_and an inier
s oo dPRd STbEerEiBos PIECLagRan SREETRbEaPET %ggemth in
region. Therefore, even when the total thlckness of b
(R SRR sidfe TRHIUh A HhethrRiR St Ea st Rl fegfasion Y
is set to becone large, for exanple, in order to
alsloming dhitghith to wirde maveisengen ioafgeani Reradiagtiegsional
l'ight, voltage needed to al nbst conpletely deplete
tdwet aotfiane siaetrede on and t he substrate side region
can be made smaller than a case in which the dividing
T egi onohsSthwictHear Refld, | simtdehendi didihberalyion Ades between
voltage of this photoelectric conversion device is

: lttﬁ*fé sﬁﬁfaat@%d%mo@gﬁaﬁ;@ﬂer@ﬁgt@awsmea%@a@tn ,of depletion
e presen

layer can be formed to extend not only from the outer surface

of the photoelectric conversion layer but also from the inside
of the photoelectric conversion layer, i.e., from an interface
between the surface side region and the dividing region and an
interface between the substrate side region ‘and the dividing
region. |
Therefore, even when the total thickﬁess of the surface
side region and the substrate side region is set to i)ecome large,
for example, in order to absorb light in a wide wavelength range
including red light, voltage needed to almost completelydeplete
- the surface side region and the substrate side region can be
made smaller than a case in which the dividing region is th
formed. In other words, the driving voltage of this
photoelectric conversion device is low.

An image sensor according to a third aspect of the present



14 invention includes a photoelectric conversion

device and a drive <circuit to drive the photoelectric
conversion device. The photoelectric conversion

device includes a first conductivity type

phot oel ectric conversion |ay stacked on a

sem conduct or substrate; a second conductivity type
element dividing region that is formed in the )

- photoel entiricl wwwe phoap ellagér i anmbriwe xi whdevhee and a drive
phot oel ectric conversion layer is divided into a first
phetaekeely idricanvgisi photegloptrbc seonmdrsion device. The
phot oel ectric conversion region, and a third

pheteehectiic SOMNVEFSION d8bicinghanastherirst conductivity
Sem conductor substrate; a first dividing region of

%&gg:@gc?'fm@en Jg%]@ydag% itcl\{])inftv%rtﬁ%% {hatr isscefc‘?{eﬁignaé s@miconductor

roma surtface of

hot oel ectric_conversion l.ayer .in h ' Cops -
BHBEREREE P oSO TSRt Cuptun) cheih s fviding region

hot oel ectri ¢ conversion region is divided into_a .
Rrasi s Epraed 1ot e PROGRGH SETtGSGC A THie: QU FYEE 2nd by which
thereof and a first substrate _side region clqgser to .
the sbetesiesdtdc sipstertion (hayey ri$ darifgingnto a first
regi on having a through hol e through which the )
phpgpelectricsucpaverside regvbanandet ieqgondt photoelectric
substrate side region conmmunicate with each other; a .
genoedsdiowi téqion egirehadfhink phetoeie ceariguctnvetryion region
type that is formed at substantially the sane depth
- agobhlether séndtvhdhBgof egit kit &t =a filall dwedddegt hegion of
than the first dividing region in the second

RRARt 98LEEHT ¢S EOMR S Ay JL8hal 28 dRhathiathatgedetermined
second photoel ectric conversion region is divided

S0 Qhaft?gﬁto&ds {ace SR pEYiPR1 kP90 cbAvkR8ion layer in
surface thereot and a second substrate side region

_ the first photoelectric conversion region, by which the first
photoelectric conversion region is divided into a first surface

-side region closer to the surface thereof and a first substrate

'side region closer to the semiconductor substrate, the first

dividing region having a through hole through which the first .-

surface side region and the first substrate side region
communicate with each other; a second dividing region of the
second conductivity type that is formed at substantially the
- same depth as the first dividing region or at a shallower depth
than the first dividing region in the second photoelectric
conversion region and by which the second photoelectric
conversion region is divided into a second surface side region

- closer to the surface thereof and a second substrate side region



15 closer to the sem conductor substrate; and a third
dividing region of the second conductivity type that

is formed at a shallower depth than the second

dividing region in the third photoelectric conversion
regi on and by which the third 5photoelectric

conversion region is divided Phto a third surface

side region closer to the surface thereof and a third
subsirate tsiedeeh@gbnduciosesubs tithe esermincorddtiod dividing
substrate. Since the i mage sensor of the present

VSR OF has NcdiReddid@tMecyityee ohad lbglibrmed at a
absor bi ng nenber on the photoelectric conversion

%%\Qlﬁ%we@ﬁlégﬁﬁt ‘EhhﬂgthS&éﬁSﬁ& @fvicﬂfﬂe?wﬁ&gié&m inege third
sensor accordi ng to a fourt aSpeCt of he present

i nventi.on .includes_a.phgtoe I C v | o d8Vi €8 third
5&§%¥%ﬁ%9ﬁ§19ﬂ retre” 6Ogri%§§%é% pﬁotogﬁéctrﬁc

conversion device. The phot.oel ectyic conyersion, .. £
FORCS HEmdeEORT R FLPR TR 9Ty T fpants & third surface
‘phot oel ectric conversion |ayer stacked on -
sdflecsRElEROTLoSRIbSOr B SHTR L §E@6&8fc%ﬂgl?cﬁ‘i’;i‘?ysubs“ate
type dividing region that is forned at a

Eristetrmrgiiared ldegstth o dhe ssmfeandusitqhesubstrate.
phot oel ectric conversion |ayer, by which the .

phot oekentei thecbmzeessensbayef thedpvededti ppvention has no

surface side region closer to the surface thereof and

aedibsts aterai de FEQiON 6koserlight t Akseebingntepber on the
substrate, the dividing region having a through hole

tdHAual whi o thsh s d Boe $deiEcs pohauaadtiheéng costs can be
substrate side region conmunicate with each other

ng&éé&? i mage sensor of the present invention
i ncl udes

An image sensor according to a fourth aspect of the present
invention includesa phétoelectric conversiondevice andadrive
~circuit to drive the photoelectric conversion device. The
photoelectric conversion device inciudes a first conductivity
type photoelectric conversion layer stacked on a semiconductor
substrate; and a second conductivity type dividing region that
- is -formed at a predetermined depth from a surface of the
photoelectric conversion layer, by which the photoelectric
conversion layer is divided into a surface side regién closer
to the surface thereof and a substrate side region closer to
-the semiconductor substrate, the dividingregionhavingathrough
" hole through which the surface side region and the substraté
side region comunicate_with each other.

Since the image sensor of the present invention includes



16 the photoelectric conversion device capabl e of

lowering its driving voltage, the driving voltage of

the i mage sensor can be |owered. A nethod for

manuf acturi ng a photoel ectric conversion device

according to a fifth aspect q{ the present invention

i ncl udes a stacking step of stacking a first

conductivity type photoelectric conversion |ayer on a

sani phbdueliectsibstoaversian dketert cdpebdkeonfsilepesfing its
formng a second conductivity type elenent dividing
HedieRqt Batl tQFﬂé' deget 8ei Pheg 08b BEAGE Cof QMW Eig@N sensor can
| ayer into a first photoelectric conversion region, a

secepgphatoel ectric conversion region, and a third
photoelectrlc conversion region along the

sem C%dIHC'EﬁOd JngPsﬁgﬁ{J%aE?uEPﬁgpHog%%ltf%%tl@c onvers:Lon

conversion 1 ayer I'fst IVI
i.on of the .sec nd c ivity. .ty a :
B RiEte AChEG Be e Fr S D GEPRES S (e Present invenston
hotoelectrlc converS|on layer. in the fir

'5ﬁ6tla€@§c@r%a%¥% 5RO SRR LG o LAFPb1 C%fﬂ‘éﬁ‘a%‘@lty type

region dividing the first photoelectric conversion

pbgitos liewta ix Fongersdphateyskdenragi gkt Qsligtql suitrates
surface thereof and a first substrate side region
ahoskemeht dirveisiem cirguot ofosubsy raasecondecéngdigetivity type
di viding region having a through hole through which
ehemkintst dswitdee Sikdgibrgi Bhagndditvhéesi ridie sulistratleectric
si de regi on conmmuni cate with each other, and form ng

2090eeRd o YhgbRGi HQgROM ©dt H%tiﬁﬁl@&ﬁ@ddﬁfiéysiyn region,
type at substantially the sane depth as the first

di visdi-Rg o' e%h%‘&oe'l%c‘t'ﬂ*gcseE@HQ’eQEQbﬁa eehhibf, and a third
conversion region, the second

photoelectric conversion region along the semiconductor
" substrate in the photoelectric conversion layer; a step of
forming a first dividing region of the second conductivity type
a1; a predetermined depth from a surface of the photoelectric
‘conversion layer in the first photoelectric conversion region,
the first dividing region dividing the first photoelectric
conversion region into a first surface side region closer to
the surface thereof and a first substrate side region closer
to the semiconductor substrate, the first dividing regionhaving
a through hole through which the first surface side region and
the first substrate side region communicate with each other,
and forming a second dividing region of the second conductivity

type at substantially the same depth as the first dividing region

in the second photoelectric conversion region, the second



17 dividing region dividing the second photoel ectric
conversion region into a second surface side region

closer to the surface thereof and a second substrate

side region closer to the sem conductor substrate;

and a step of formng a thirdlpividing regi on of the
second conductivity type at a shall ower depth than

the second dividing region in the third photoelectric '
CARMRIiSiORe gl 881 Oftyidheg tthe dsatiati dliphy troediemt rdicvicénNgrs1on
the third photoelectric conversion region into a
HIFiGrSUhE8CE TR 88+8RceCt DEEIrddidihelsefrate the surface
théreof and a third substrate side region closer to

the SeH C&@;St %rec%gﬂsitgtl?ﬁ&rf@&%gﬁﬂg Ayilh Scloser to the

manufact uri ng netho I's possible to manufacture

15 RGP 8! Ll 6 EOINET S0 dBN68 256 0EALOG chrihividing

r rnvention I n

second dividing region is formed at substant. all _
35 et 11 BREOR S oRIIHIT O FRE® lof e obBEn than
-conversion layer as the first dividing region. .In the .
$thepseEoR@Aivaginae 59 1Ritiiedt e ¢ BHPGRSARGLERE conversion
second dividing region, the first dividing region and ,
teay iggoondhedi \ihdiney degiishing e Yagiaiy gividing the third
substantially the same depth from the surface of the _
phattesd leettriic conver sion reayien iMhepdfhoms] sux fece iSigie region
dividing region and the second dividing region can be
faargmd- tegetiden riPacel pubtaneqisd ¢ pet fdradbyg tate stidgsregion
of formng the first dividing region and the second

dind g d ad{OnseritoridepHf dwsstrgrd he first

di vidi ng region and the second dividing region may

incl udg a,$5¢Rg0to! PhEShARLEEERAYing method, it is possible
to manufacture the photoelectric conversion device according
to the first aspect of the present invention in which the second
dividin.g region is formed at substantially the same depth from
the surface of the photoelectric conversion layer as the first
dividing region.

In the step of forming the first dividing région and the
second dividing region, the first dividing region and the second
: 'dividing region are formed at substantially the same depth from
the surface of the photoelectric conversion layer. Therefore,
the first dividing region and the second dividing region can
be formed together by simultaneously performing the steps of
_ formingthe first dividing region and the seconddividing regidn.

The step of forming the first dividing regionand the second

dividing region may include a step of injecting second



18 conductivity type inpurities fromthe surface of

the photoelectric conversion |ayer with predeterm ned

injecting energy. In this case, the step of formng

the third dividing region may include a step of

i njecting the second conductiy dty type inpurities

fromthe surf ace of the phot%electrlc conversi on

| ayer with smaller injecting energy than the

ebadaterningd tippectimpgreéndegy. fAomor dheg sortfhicse of the

structure, the first to third dividing regions are

Eo%laeeleﬁth:rﬂbeebhmr»smw bives Lhem phedstetadaedf injecting
he phot oel ectric conversion layer. In this case, the

reﬁéggﬁt.' Vén dﬁﬁfyscaa.;le which sttgﬁ Efrﬁgrrﬁ?m% higg i Mididigriding

regi first' to third photoeleciric

conver5|on re s 2L 0 e

ERELEYHRY ST ret i a s AE R Pongrotivity
i on-forned d cone . .

AT SHEEER Pﬂgt?l@n%i %%8%&@ Bhelpgiectric conversion

Therefore, the region-forned depths of the first &(% g

digived pHdtoeiedkys 1RbPGEHRY oRRREGY ohE2Baf 5e Predeternine

control l edby the inpurities-injecting energy. Since

iLmjecitiings eegdiynj ected with the sane i njecting

energy (predetermned injecting energy) in the step of

f or m Mycceheifd st thng secontudeyi dhad imsdi sasthihd dividing

first and second dividing regions are forned at the

R ofiept Pe f FMmdd & s tiinf ace ingf itgrer phoe oefmat the surface of
conversion |layer. On the other hand, since the

- itﬂgal%urEﬁb@éenebggabngc&m\%ﬂymmn thestep of forin ngase, the

e third dividing region is smaller than
respective depths at which the first to third dividing regions
inthe first to thirdphotoelectricconversionregions are formed
are determined by energy injecting the impurities. In more
detail, the region-formed depth becones greater as the
impurities-injecting energy becomes greater. Therefore, the
region-formed depths of the first to third photoelectric
conversionregionscanbe controlledbythe impurities-inj ecting
.energy.

Since impurities are injected with the same injecting
'enérgy (predetermined injecting energy) in the step of forming
the first and second dividing regions, the first and second
dividing regions are formed at the same depth from the surface
of the photoelectric conversion layer.

On the other hand, since the impurities-injecting enexgy

in the step of forming the third dividing region is smaller than




19 the inpurities-injecting energy in the step of

formng the first and second dividing regions, the

third dividing region is forned at a shallower depth
fromthe surface of the photoelectric conversion

| ayer than the first and secoHQ dividing regions. In

the step of formng the first™dividing region, the
inmpurities can be injected in a state in which a mask
tBelinpusi t 8sd-sinféditdndavieng ya rpt pdetternd Ak quenget e first
is formed on the photoelectric conversion |ayer. For

XA €nd REvABS K oBYg TBWYE, theRM itraii tivhhghretyircegi siformed
corresponding to the through hole of the first
QicviAidhe Al AN dep GOVEESH: Cho LOk2acases e ditoRlectric

corresponding to t roug e can be fornmed so

that the i it . inj | Ot g hes redgi
Favsn S ioRat tver ERan PECEaF G hda T i Piiang fegtons-
t hrough hol e can be _oht ai ned.

t.hod far . .. .
‘manuf ab® ubhfgS eBhBFo‘Pé@ﬁpﬁctﬁ@ﬂ&&F?%o#%WﬁgﬁQ%areglon’ the
according to a sixth aspect of the present |nvention -
iifprgddd es seackendgndespesr 15t acﬁtﬁge alFiyRich a mask (e.g.,
conductivity type photoelectric conversion |ayer on a
senesdatiuEt bn) usinaeepredatereimat RRVESTRA SEEFTEH on the
form ng a second conductivity type elenent dividing
pégitor lieTtrtie phoveekeonrliayeony Eosi exphpler thethesk may have
el ement dividing region dividing the photoelectric
copwertsivarhl aneen at eegibhr sbrphsporttatr ko tbavensdogh hole
region, a second photoelectric conversion region, and

> fhé ¢irpheiieel &g Fegeone shRird@yi am ehDagakke the region
sem conductor substrate; a step of formng a first

@o@ﬁs@%ﬂﬁ%ﬁ%@f%ﬁ@%m nE0O0UEE i Wbt ¥okHPE 8b Bhat the
predet érm ned depth froma surface of
impurities cannot be injected into the region. That is, the
first dividing region having the through hole can be obtained.
A method for manufacturing a photoelectric conversion
device according to a sixth aspect of the present invention
includes a stacking step of stacking a first conductivity type
photoelectric conversion layer on a semiconductor substrate;
an element division step of forming a second conductivity type
element dividing region in the photoelectr.ic cqnversion layer,
the element dividing tregion dividing the photoelectrié
conversion layer into a first photoelectric conversion region,
a rsecond photoeleétric conversion region, and a third
photoelectric conversion region along the semiconductor

substrate; astep of forming a first dividing regionof the second

c.onductivity type at a predetermined depth from a surface of



20 the photoelectric conversion layer in the first
phot oel ectric conversion region, the first dividing

region dividing the first photoelectric conversion

region into a first surface side region closer to the
surface thereof and a first sy@strate si de region

cl oser to the sem conductor substrate, the first
~dividing region having a through hol e through which .
tthe phosbedectate someereiponlayar inhthe| firsts phatoglectric
side region comunicate with each other; a step of _
- f@Rigt® idrs e6ghen fitkiedf st edivdniiofy theisecdmiding the first
conductivity type at a shallower depth than the first
- PG NG e &hTér$ Ten 86984 TS geliestrdwrface side region
conversion region, the second dividing region

Ay ng ot %%‘i%?@epgﬂé935§%tr{d S E£ORVEIRIRR raft@0s Ofle region
into a second surface side region closer to the

surface er eqf. and econ r ' Lan ;
53 e PR SRR SE o TEEE b L e £HER B iR np region
formng a third dividin eqi.o the secon : :
S 5 e H SHEORAP GO SRR Kalar” [ e Side region
second dividing region in the third photoelectr{c ther:
cowlBReifgr st eaPoRT2 LA IdR FaI PR IO HEG e U RacRP ther /
the third photoelectric conversion region into _a

tehi 3 e upacd®miide ragsesond sEeridiga heegiepagé the second
thereof and a third substrate side region closer to
-t duarti icoindy ¢ype  stibs tshatld owketdegithgthan tifies first dividing
manuf acturing nmethod, it is possible to manufacture
they {101 AeleCi st end phvebeil e tad v amaacoiai nggibo, tike second
first aspect of the present invention in which the
SEGAN n ¢lind Hidi0 diedidahg $hkokBeendt pRosballkevet cdephhersion
fromthe surface of the photoel ectric conversion

| ayerod N3t d Besdissd diMAidGide region closer to the surface
thereof and a second substrate side region' closer to the
semiconductor substrate; and a step of forming a third dividing
region of the second conductivity type at a shallower depth than
the second dividing region in the third photoelectric conversion
region, | the third dividing region dividing the third
photoelectricconversionregion intoa third surface side region
closer to the surface thereof and a third substréte side region
c'-loser to the semiconductor substrate.

According to this manufacturing method, it is possible
to manufacture the photoelectric conversion device according
to the first aspect of the present invention in which the second
dividing region is formed at a shallower depth f;om the surface

of the photoelectric conversion layer than the first dividing



21 region. The step of formng the first dividing
region may include a step of injecting second
conductivity type inpurities from the surface of the
phot oel ectric conversion |layer with predeterm ned
first injecting energy. In this case, the step of
form ng the second dividing r égi on may i nclude a step
of injecting second conductivity type inpurities from .
t sax face of the photoelectric conversion |ayer
with second injecting energy smaller than the first
i nj ectirRg &AS5 P £bPniRh AT rstl BBV EE 8Py Hedi@miag include
the third dividing region may include a step of
i nj. ' i Lyl i PARYr LLbesidkpeii Pees from
§gf§%%gngﬁggﬁggﬁ %?ggﬁégpr%%ngﬁgsé?g?gnt?gger %ﬁth

third injecting_en y .snaller t ;
' iﬁ?@ecﬁ T %iter g{; ﬁ\%gorp&%tgoﬁge?%ﬁggstépﬁé%ﬁ%g%si neder with
the second, injecting, ener is smaller_than the fir

i PF ede P et g@&r%ﬁwéngée&%g §PGFE¥ng Pé&ﬁ’olns ARG the step
formed at a shallower depth fronthe surface, og t he c £
phbt Beretny i the opeerid ohl Y AYERI t Fad i PReTRY r LRCHIOFafnGEeP ©
region. Additionally, since the third injecting energy

i $nj soblhesaduad chedyetbuiity e ingusiéigy, T¥p the surface
third dividing region can be formed at a shallower )
dept thé reiw tbel sut facecofivet hkophbapekewti thcsecond injecting
conversion | ayer than the second dividing region. The
abRyEgRAid 10nad tand phberind} detisctfieat eneggyandin this case,
advant ageous effects of the present invention wll be

apRAr&tp oEr iR hey enbogh ety idasthigedgl aheiayihlude a step
reference to the :
ofinjectingsecondconductivitytypeimpuritiesfromthesurface
ofthephotoelectricconversionlayerwiththirdinjectingenergy
smaller than the second injecting energy.

According to this structure, since the second injecting
“energy is smaller than the first injecting energy, the second
dividingregioncanbe formed at a shallower depth fromthesurface
of the photoelectric conversion layer than the first dividing
region. Additionally, since the third injecting energy is
smaller than the second injecting energy, the third dividing
region can be formed at a shallower depth from the surface of
the photoelectric conversion layer than the second dividing
region.

The above-mentioned and other objects, features, and

advantageous effects of the present invention will be apparent

- from the embodiment deécribed later with reference to the



22. acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a schematic plan view show ng a
structure of a photoelectric conversion device
according to a first enbodi nent of the present
invention. FIG 2 is a sectional viewalong line Il-11
‘of FIG 1. FIG 3Ais a sectfonal view al ong |ine
[TTA-I1TAof FIG 1. FIG 3B is a sectional view
alepgpkhnyenyl Ballihgsof FIG 1. FIG 3Cis a
sectional viewalong line II1I1CGIIICof FIG 1. FIG 4

pR12 rObEBEREPRITBN Y TRE SRaliteeshi p bet ween a depth
fromthe surface of a photoel ectric conversion |ayer

and light {niensidoherdGe Hish & SGNARM QP CHtMRIture of

vi ew show ng a structure of a photoelectric

conver sion .devi ce accor dj to_a LRt rai
BRI SR ToreL o Bevi B3 S R SRR p R FmRlaiment
sectional views for explaining a nethod for

Retn (iP&c PEESRY U HEVSRS G ect ri ¢ conversion devi ce

shown in FIG S. FIG 7 is_a circuit diagramof_an 1
i mage EERso? 1®ck ueRdigionak PheY gl e ritieohvietsivh FI6- L-
device shown in FIGS. 1, 2, 3A, 3B, and 3C and a

drive EI®cuA itsher seftipngl Bi¢w ad asrhdrde E13BciibAaPT FIG.
vi ew showi ng a structure '

1.

FIG. 3B is a sectional view along line IIIB-IIIB of FIG.
1.

FIG. 3C is a sectional view along line IIIC-IIIC of FIG.
1.

FIG. 4 is a graph exhibiting a relationship between a depth
from the surface of a photoelectric conversion layer and light
intensity.

FIG. 5 is a schematic sectional view showing a structure
of a photoelectric conversion device according to a second
'eﬁbodiment of the present invention.

'FIGS . 6Ato 6F are schematic sectional views fdr explaining
a method for manufacturing the photoelectric conversion device
shown in FIG. 5. |

FIG. 7 is a circuit diagram of an image sensor includinrg
the photoelectric conversion device shown in FIGS. i, 2, 3A,
3B, -and 3C and a drive circuit thereof.

FIG. 8 is a schematic sectional view showing a structure




23 of a conventional photoelectric conversion device.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS FIG 1 is a
schematic plan view showing a structure of a
phot oel ectric conversion device according to the first
enbodi nent of the present invention, FIG 2 is a
sectional view along line I1-11 of FIG 1, and FIGS
3A to 3C are sectional views along lines IIIA111A,
bifl B- kbhBenandnklll GhbkbElettELG cothyversdpectevélcg. The
phot oel ectric conversion device 1 includes a p-type

PESCRAPTIWRS DFatrgE2 PREFERREYP ENEBODIMESI TSy pe) conmon
el ectrode layer 3, and a p -type (p-m nus type)

phot oep gt r{ C; ONVENSIIL1d e 4isRAuahiiald Y Stackadire of
on the silicon substrate 2. The photaelectric

cony | a4l ; M gk Sthe first
o e R e -
divided _int first photoelectric versiqn [ ;
St et f st BEraehE H VBN ATS o eg) h Sy SayPhal view
third photoel ectric _caonversion region b ans. of .
Bt RRe Givdl RS FLgr o SEEAAETGR oW TP G e gfrional
first to third photoelectric conversion regions %i Tos FIG
atiews alengathnefapbtAsibBRafti 13 1B kéng 444571 Fn :
pl anar viewing, i.e., when the silicon substrate 2 is

Mer triecsglelgt iwiedwed from above. The el ement di vi di ng

region 5 includes an oxide film5A that is disposed

on t heTsurflasecol et tei photrosd ecton desdmeedsiionlubdgyger P-type
4 and that is forned according to a LOCOS (Il ocalized

ggsﬂﬂ?&rp Bu®fstSaltiecc ON) aRIPG8Ese aRd Al NthypRe dbhhuai @hectrode
i vi di ng

layer 3, and a p type (p-minus type) photoelectric conversion
'l.ayer 4 sequentially stacked on the silicon substrate 2. The
photoelectric conversion layer 4 has an almost uniform thickness
(about 6um). The photoelectric conversion layer 4 'is divided
. into a first photoelectric conversion region 6, a second”
photoelectric conversion region 7, and a third photoelectric
conversion region 8 by means of an element dividing region 5.
As shown in FIG. 1, the first to- third photoelectric conversion
" regions 6, 7, and 8 are each shaped substantially like a square
in planar viewing, i.e., when the silicon substrate 2 ié
vertically viewed from above.

The element dividing region 5 includes an oxide film S5A
that is disposed on the surface of the photoelectric conversion
layer 4 and that is formed according to a LOCOS {localized

oxidation of silicon) process and an n-type diffusion dividing



24 region 5B di sposed between the oxide film5A and

the common electrode |ayer 4. The width (i.e., length

in the direction along the silicon substrate 2) of

the diffusion dividing region 5B is greater than the

width (i.e., length in the dléectlon along the

silicon substrate 2) of the lide film5A In the

first photoel ectric conversion region 6, an n+ type
feysbndbri dibgosedi bat@een thenedide &ipmeddt endi hed common
depth fromthe surface of the photoelectric
eQB¥-ersHan1ha¥er 44 (the.widt @ tdi,ckressd de nmheédkdérection
portion of the first photoelectric conversion region

gzLonghL? IS5t BROL QL €LL£é ©)CORURI S HOR FuEEBh A PidBng region
I VI into a tTirst surface side region 6A closer to

S U B L8 00D, R P s o

Strate y neans

the first di VIdI on.9. Th fid. rface
g“&e Sagebn eabpcTant: 8 She e prdBsodd ey Fre,
dividing region 9 has a through hole 9a The throu%h +
“hol e 9En|shshhpedt | Phetactectihgl 60NVEESERBNPFELIC N an n
this case, the length of one side of the through hole
¢apiestiest diriatinmresapnthd s sageadat SrieT S BR RS depth
first dividing region 9. The first surface side
fegimoth& Awarfthdehe f fiites photibsflegte icsteevergion legyer 4 (i.e.,
conmuni cate with each other through the through hole
9& bhenebehweeniskmidelsecontiphodbetleetfixst photoelectric
conversion region 7, an n+ type second dividing

ek siQr sréd@rdmdept t eresanErsepphoaselleee riiicr stonversion
dividing region 9 fromthe surface of the

RRQLQS! 8CiLifivided into a first surface side region 6A closer
to the surface of the device and a first substrate side region
6B closer tothe silicon substrate2bymeans of the first dividing
region 9. The first surface side region 6A is 2pm to 3pm in
thickness.

The first dividing region 9 has a through hole %9a. The
through hole 9a is shaped like a rectangle, for example. In
this case, the length of one side of the through hole 9;1 is less
than half of the length of'one side of the first dividing region
9, The first surface side region 6A and the first substrate
side region 6B communicate with each ot}_:ler through the through
hole 9a therebetween.

In the second photoelectric conversion region 7, an n*

" type second dividing region 10 is formed at the same depth as

the first dividing region 9 from the surface of the photoelectric



25 conversion layer 4 (i.e., at a thicknessw se

m ddl e portion of the second photoel ectric conversion
region 7) . The thickness of the second dividing

region 10 is alnost equal to that of the first

dividing region 9. The secondzghotoelectric conversi on
region 7 is divided into a second surface side region

7A closer to the surface thereof and a second i
spsidratiorsidecreyi[dn 7B at| @séri ckoetdvavisid ngddle portion of
substrate 2 by neans of the second dividing region

- ke TBeosBCHREL 8k Vi 8 APcT @giesrslibr S efodiomed) at The thickness
same depth " as the first dividing region 9, and hence

e chll ckosss Ofvilding 2e6aBd 201 ARENSECefEL A PAGKSOL the
al nost A to th

equ at of the first surface side region

%rt%{:h ¢ %ifi ri?fﬁi %Eﬁigﬁcémd ﬁ}%r fs@‘&gndsém StBSQEQErZQ\?m%c%mversion

€$s.” 1n planar viewng, i.e.,

the silicon substrate 2 is vertically vi f I _

AR Thes SEROE ULt ho b RiE g Ee S F3E e it 72 closer
al nost the sane area as the second phoioel ectric .
GomVEars (59 S8 GMEF o @™o e SROPIRATBP 8 LERFSUGK Rof g91on 7B
by which the second surface side region 7A and the, . : di

. selqRr Sobsie atdispoeubsgiare 2B EBARDAICAE RS HRGPIELEHVLAINT
ot her. Therefore, the second surface side region 7A
arshide Be&cond substrate side region 7B are 7

conpl etely separated from each other by neans of the
secondThdi ¥b8bng degidind Gegind, 1asi sldwamidsedt| ghesane depth
only an electric current generated in the second

sik fragee rehde AeghaingArégigsed, aasl Beaicgnohe tmidimess of the

third photoel ectric conversion region 8, an n+ type

second surface side region 7A is almost equal t‘o that of the
first surface side region 6A. Therefore, the second surface
side region 7A is 2um to 3um in thickness.

In planar viewing, i.e., when the silicon substrate 2 is
vertically viewed from above, the second dividing region 10 is
formed in almost the same area as the second photoelectric
conversion region 7, and dose not have a through hole by which
-the second surface side region 7A and the second substrate side
region 7B communicate with each other. Therefo;e, the second
surface side region 7A and the second substrate side region 7B
are completely separated from each other by means of the second
dividing region 10, and, as described later, only an electric

_ current generated in the second surface side region 7A is used

as a signal.

In the thixd photoeleétric conversion region 8, an n* type



26 third dividing region 11 is formed at a shal | ower

depth than the second dividing region 9 fromthe

surface of the photoelectric conversion |ayer 4

(i.e., at a thicknesswise mddle point of the third
phot oel ectric conversion region 8) The thickness of

the third dividing region 11 7% al nost equal to that

of the first dividing region 9 and that of the second

¢V irdi AGvh8eheNredfonThe i fermpiwtaelechpildower depth than
conversion region 8 is divided into a third surface

' | P8 ' vhbase fherepthephdtaclectric
?E%?ﬁ*%%tﬁ?}g?%f%?gg5%§§f%ﬂﬁ§§ cl oser to the s?licon
substrate 2.b ns. of the.thigd dividi i el boint of
?ﬁ@vﬁﬁﬁﬁgnd99¥§?ﬁg ?%g%bh %E ?éi dgﬁﬁﬁggfﬁggshalloméi )
depth_.than the second dividing.region:10, .and s ckness
TRE L cRnBbe tOp LEPRE EnFPB S AR Rber STt AET o TEA X
smal l er than that of the second surface side reg
DK ChRetBAFEASG RS THHOT ddi bR AHKOTS SR ot OF e
t hi ckness. I n planar viemﬁng, i.e., when the Slligon cqion
Sibstty diwigding regien cheny Fhehed fehtEF80E, dtheding red
third dividing region 11 is forned in al nost the sane _ .
area Faettiei tdibhdtphbeotkectadnyengmieredban feyf G vgded 1nto
and dose not have a through hole by which the third
sunfacel Shdeacegisade8Acatiant Ba thosdrstbsthat susfaee thereof
regi on 8B conmuni cate with each other. Therefore, the

thid & e fRCEuBEELaE80E9ABAaNEN! 8B tdlicstbrs UrstTlze esilicon
.side region 8B are conpletely separated from each

%d}?e%%?%%%?éﬁ%n‘w e ©hvidli @gvieghenrddioant] .
, y an electric current

gener atl‘%% fﬁéé?glbgﬁﬁgg%&f&? 151 0€ rhegkan 8A difa lis®fbr depth
than the second dividing region 10, and hence the thickness of
the third surface side region 8A is smaller than that of the
second surface side region 7A. The third surface side region
8A is about luym in thickness.

In planar viewing, i.e., when the silicon substrate 2 is
| vertically viewed from above, the third dividing region 11 is
formed in almost the same area as the third photoelectric
conversion region 8, and dose not have a through hole by which
the third surface side region 8A.and.the third substrate side
region 8B communicate with each other. Therefore, the third
surface side region 8A and the third substrate side region 8B
are completely separated from each other by means of the third

dividing region 11, and, as described later, only an electric

current generated in the third surface side region 8A is used



27 as a signal. The peripheries of the first to third
dividing regions 9, 10, and 11 are connected to the

di ffusion dividing region SB over all the

peri pheries. N+ type first, second, and third

uppernost surface part regions 12, 13, and 14 and p+

type (p-plus type) first, secohd, and third si gna
extracting regions 15, 16, and 17 are forned on the

sur bagegpants of the first, second, and third

phot oel éctric conversion regions 6; 7, and 8,
r.espec'fﬂélﬁtéfriﬂﬂbﬂ@é‘%f WM MG st 1@ thaieh dikdding regions

silicon substrate 2 i1s vertically viewed from above,
he_first cond, hi [ [ 54 : id¥%riding region
égilghsaﬁ}g, §§6?P%n%&ﬁe%€%& g?ép%géilo%il?%edl y Wt hg ?
a_deviatiqon fromthe central parts of the first,

B ONEE éﬂﬂ PEpROESE1SEct ri ¢ conversion regions

6,7, and 8, respectively (i.e., one-sidedly in thef &
di r ect Wontywe vii ot t @ dondst angeEbhgd UBRTIRS f UL face par
phot oel ectric conversion regions 6, 7, and 8 are

atecringed) 2, 453 shaown 14w @ typEheofr¥st ty®edofdr shnFecond,
third wuppernost surface part regions 12, 13, and 14

“airel thipasedqnithextrattjhy yepionominhd &i ped 17 are formed
second, and. third signal extracting regions 15, 16, ,
e U suk€spegid el of the Mucdt asewmyndsand tdhimdppeitoelectric
the first, second, and third signal extracting regions
onvidbs i@ ddyiorEacd, of, thed fé) stesectoinvkland third

signal extracting regions 15, 16, and 17 are
conneC&ﬁ$p19%gp%§éJ{ﬁ§,l an Li VigeRgthe egi DIt SB safbdtheate 2 is
Vi .

el ement I-ng region

vertically viewed fromabove, the first, second, and thirdsignal
extracting regions 15, 16, and 17 are dispoéed ope-sidedly with
a deviation from the cenfral parts of the first, second, and
thirdphotoelectric conversionregions 6, 7, aﬁd 8, respectively
(i.e., one-sidedly in the direction in which the first, second,
and third photoelectric conversion regions 6, 7, and 8 are
arranged), as shown in FIG. 1. The first, second, and third
uppermost surface part regions 12,_13, and 14 aré disposed with

a slight gap from the first, second, and third signal extracting

regions 15, 16, and 17, respectively, in such a way as to surround

the first, second, and third signal extracting regions 15, 16, _

and 17.
Each of the first, second, and third signal extracting
'regions 15, 16, and 17 are connected to the diffusion dividing

region 5B of the element dividing region 5.



28 Referring to FIG 2, the first dividing region 9,

the first surface side region 6A and the first

substrate side region 6B constitute a first

phot odi ode D1A. The second dividing region 10 and the
second surface side region 7 &onstitute a second

phot odi ode D2A. The third dividing region 11 and the

third surface side region 8A constitute a third .
phot odiofker B34y tShErd i pstthepper sostiwirifraceepaon 9, the first
region 12 and the first surface side region 6A

carshibut eg8 fdgsdn il f ase plwtadiadeupbaBatéheideamnron 6B
uppernost surface part region 13 and the second

%ﬁ%%ggﬁgg%dgéj%gﬁ%%ﬁﬂ | but e angecepdndWfveing region

upper nost surface part

region 14 and the third surface si ' At econd
15hebf, o Beehri bk fan Bt Se hetl RGN g o o
phot oel ectri c conversion deyjce. 1, areas _partiti -
BPotRe  ofiembine - di Ui HoL regtbhi 4T fEaagn A prd tHE thixd
second, and third sensors 21, 22, and_23 that inglude

£ha frices s 1des gedien $hd aomistd it Sditdded ,t%gl/ﬁadde D
and D3A and the first, second, and third surface _
phot od!'vel efsi DB uppEBNostd SBEEACer BB A eIty 1 2Aa8dethe first
el ectrodes (signal extracting electrodes) 24, 25, and

G ranecceidectredibn 6Aecbhssitusecantirahdswhfage photodiode
signal extracting regions 15, 16, and 17,

espeaticv ek ¥onBhaswstic ensar fapkopaet ectgianni Bvand the second

- forces) generated in the first, second, and third

RRGtRHL0des1DaAg 1 BRAT A aksh 4184 @l 4 Becbindskursecenphotodiode
and third surface photodi odes DaB, D2B, and D3B can

QEB.eXtIrh%Ctt‘ﬁqrd uppermost surface part region 14 and the third

surface side region 8A constitute a third surface photodiode
Dag.

In the photoelectric conversion device 1, a&areas
partitioned by the element dividing region 5 serve as first,
second, and third sensors 21, 22, and 23 that include the first,
second, and third photodiodes Din, Dza, and Dza and the first,
 second, and third surface photodiodes Dip, Dz, and Dsg,
" respectively.

Anode electrodes (signal extracting electrodes) 24, 25,
. and 26 are connected to the first, second, and third signal
extracting regions 15, 167, and 17, respectively. Photocurrents
'(photoelectromotive- forces) generated in the first, second, and
third photodiodes Dja, Dza, and Dsp and the first, second, and ’

third surface photodiodes Dis, Dzs, and D3z can be extracted



29 individually in each of the first, second, and
third sensors 21, 22, and 23. Although the single
first sensor 21, the single second sensor 22, and the
single third sensor 23 are shown in FIGS. 1, 2, and
3A to 3C, the photoel ectric conversion device 1 may

i nclude plural sets of the fi¥st, second, and third
sensors 21, 22, and 23. In this case, plural sets of

tiﬂ%iﬁfiiﬁﬁbllgfeﬁﬁnéachacﬁlﬂ i ridi sens e o, 22d ahdr23sensors
are arranged linearly or two-dinensionally in the

b‘}pb ne lgregtion of the silicon substrate 2.
Agdit?ongﬁly, in accordance with the purpose of use,

only }gf%g%%%rﬁ%ée'%lé{gjléﬁ% ad dhixd. %%%Slgriﬁgib second

22, an e ‘common el ectrode layér 3

is for i n_an,_area, extendi n over ¢ first, :
SEESRA Zanaiod FAeseHinr AT Sed 783 i snaun in FIGS.
di ffusion dividing region 5B of each eIenent.div'dL%% 1 ma
feglonang s t@oRkectBE RRPEPRI @oMbh EPRETTOUHE! IHYEY Y
3. Therefore, the first, second, and third dividin

Hagilyds plurel skitspd the fHirsdy, seserenEPAKRLER; Fgisors 21,
upper nost surface part regions 12, 13, and 14 are
@anneatied3t.o Thetobsmomsel qriuoalke selyeroB e dug wheecond,
di ffusion dividing region 5B. The conductivity type of

ahhla afhithe $éfisbri o2t i ed, diavidia®) areghomsngedldingagly or
11, the first to third uppernost surface part regions
12043 medidd okbh1 her i fhaisi @ap dhmé dangetegban ofBthancsilicon

the common el ectrode layer 3 1s n+ type or n-type.
heeha 2.

Additionally, in accordance with the purpose of use, only
one of the first, slecond, and third sensors 21, 22, and 23 may
be used.

The common electrode layer 3 is formed in an area extending
over the first, second, and third sensors 21, 22, and 23, and
the diffusion di\lridi_ng region 5B of each element-dividing region
5 is connected to the common electrode layer 3. Therefore, the
first, second, and thirddividing regions 9, 10, 11 and the first,

second, and third uppermost surface part regions 12, 13, and
14 are connected to the common electrode layer 3 through the
diffusion dividing region O5B.

The conductivity type of all of the first to third dividing
regions 9, 10, and 11, the first to third uppermost surface part
- regions 12, 13, and 14, the diffusion dividing region 5B, and

+

the common electrode layer 3 is n” type or n-type. Therefore,



30 a reverse bias voltage can be sinultaneously

applied to the first to thirdphotodi odes D1A, D2A,

and D3A and the first to third surface photodi odes

D1B, D2B, and D3B through the common el ectrode | ayer

3. Aquantity of carriers corresponding to the

guantity of incident |ight at’e generated in the

photoel ectric conversion |layer 4. In the first sensor
Alre v el B Ydnslgestd pees isiuder an@giohy 6ppanddttvethe first
first substrate side region 6B communicate wth each

ebheli Itch%HHSBdeBSe_E B oush, helEpdaandohb Gafsti ief shird surface

generated 1n the first surface side region 6A and
L8 eper ahed Lpgthe Y 1543 EdhRof dEed@ @ layer
%%Orggﬁl?r)g\?% ?ba’t & %ﬁ%c]%lae Helf:ﬂ%de 24 through the
first signal extracting region 15. Therefore, in the
i'rst phot odi ode D1A and the first surface photodi ode

Dis, it is possible to extract photocur.ren :

( phot oR| €& 6hbY Qe qaz?rrén?)rshgf?irﬁﬁ’spﬁlnéi&g’igt 590 the quantity of
corresponding to the quantity of carriers generated .
iimctigertti Aduhduetgcgenraatededi o LR HCFHeL ¢ iGYtVersSton
substrate side region 6B. On the other hand, carriers .
Jayeratied in the fSewdndenndr 2hi reinee fiwe fdrgé surface side
regions 7A and 8A can nove to the anode el ectrodes 25
aRdyi2fh tdN eugh thiee fsesandubndrther didegnafiionxth aeenmgnicate
regions 16 and 17, respectively, whereas.carriers

ganel alLch | frhbe speenghanHet hidustbsiolat sl deoth carriers
regions 7B and 8B are obstructed by the second and

id@rféjsaddé’d d{ N0+ £E9E9PSt 1QuraRdel i deeshasidv edy, adidcarriers
annot nove to the anode el ectrodes
generated in the first substrate side region 6B can move to the
anode electrode 24 through the first signal extracting region
15.

Therefore, in the first photodiode Diaand the first surface
photodiode Dig, -it is possible to extract photocurrent
| (photoelectromotive force) having intensity corresponding to
the quantity of carriers generated in the first surface side
region 6A and in the first substrate side region 6B.

On the other hand, carriers generated in the second and
third surface side regions 7A and 8A can move to the anode
electrodes 25 and 26 through the second and third signal
extracting regions 16 and 17, respeétively, whereas carriers
generated in the second and third substrate side regions 7B and

' 8B are obstructed by the second and third dividing regions 10

and 11, respectively, and cannot move to the anode electrodes




31 25 and 26. Therefore, in the second photodi ode D2A
and the second surface photodi ode D2B, only

phot ocurrent (photo electronotive force) having
intensity corresponding to the quantity of carriers
generated in the second surfage side region 7A can be
extracted, and, in the third photodi ode D3A and the
third surface photodi ode D3B, only photocurrent
ephanhael2eéct ronoti ve force) having intensity
corresponding to the quantity of carriers generated

in therhdisfose) f agetisd dee&6880ph8A06 pOdbEDAX binaC thhe. second
In other words, photocurrent corresponding chiefly to

rs%@_flaic%h%hggeﬁﬁéﬁg% | Nof De Hesancustbst r@etdedectromotive

|
region 7 I'n the third substrate side regi on 8B

%%r%c%%haadénti% fg}:gg%%&gc?grg§§gnfd9%1§a%3f @ﬁé Hgﬁ%ﬁ.ﬁ?!of carriers

opération To’ calcu e quanti received Tight
described, later). FLG is a.qgraph .exhihitin
BB D T REGRRS SHEgAre PO A Rl B Yy acted.
phot oel ectric conversign |layer 4 and _ljight intensity. ..
gz el Nitdin thhad PRRS oG eereiln R ﬁg‘ﬁt%%EFPFg aéepnotodiode
conversion layer 4 fromthe surface thereof is :

- &bsor lsad oy phivd ophsrealtect PhetogdrersmekiVgyefoyse) having
l'ight intensitybecones smaller inproportion to an
iimtreeasicc i wotrive speptiintr ben tine @uatfideyy off easriers generated
phot oel ectric conversion layer 4. At this tinme, the

dbsohpt tionrdeddtacepboticet @gt i BXc candssiert daated .4 dfr other
I 1 ght becones snaller as |ight wavel ength increases,

e dd)chElepbcht 88kt teaebeponddersiiefl pte retl ikght generated
phot oel ectric conversion |ayer 4.

in the second substrate side region 7B or in the third substrate
side fegion 8B can be adjusted not to be used for an arithmetical
ope.ration to caleculate the quantityof receivedlight (described
later).

FIG. 4 is a graph exhibiting a relationship between a depth
from the surface of the photoelectric conversion layer 4 and
light intensity.

Since light that has entered the photoelectric conversion
layer 4 from the-surface thereof is absorbed by the photoelectric
- conversionlayer4, light intensitybecomes smaller inproportion
to an increase in the depth from the surface of the photoelectric
conversion layer 4. At this time, the absorption by the
photoelectric conversion layer 4 of light becomes smaller as

-light wavelength increases, and incident light reaches a deeper

place of the photoelectric conversion layer 4.




32 Therefore, light (red light) having a wavel ength
of 620nm reaches the depth nore than 6mfromthe
surface of the photoelectric conversion |ayer 4.
However, light (green light) having a wavel ength of
530nm reaches the depth no nore than about 5pmfrom
the surface of the photoelect%ﬁc conversion | ayer 4,
and light (blue light) having a wavel ength of 470nm

reachephdherodepthgRe (BE® k@ ) abguindpmwhvebenbeh of 620nm
surface of the photoelectric conversion |ayer 4. That

' ﬁ?ﬁ?n f Si ek eghan frihh CARAOIsurface of the
g%??ﬁ%%en y g §g$b§§§§ [ 1 ght, gnd the third surface

side reqion.8A cannot. suffjcientl b riefd (gPhken 1ight)
Ehg%ﬁFggﬁ TG There %%ggkﬁﬁ tﬁgagﬁggf]§%$¥agg side °
regi.on 6A and the fij substrate,side _r.eqi

PGPSR PNG LRBGEP Sy P RLT A S FRP QLT PO than about
t obl ue Iight i s absorbed, anda quintitﬁof carriersn laver 4
Sty ExpBnERaEY %R ofuihel PHobPeL RECFLGHEORYRrSION Layer 4
generated. In the second surface side region 7A, th
leinghl ity ful ueatébbhytirevinasgvage sAREERP T AJPRgr BeAChes the
light to blue light is absorbed, and a quantity of .
dapthats moek respoackh mg 3un fiven hamuisntiiacsfo £ khelfdhgHioelectric
are generated. In the third surface side region 8A, )
ldo@ite tRAWNMNG a yeaval.enghhis £8) efhy stosed toubfare |§ighe region
i s absorbed, and a quantity of carriers correspondi ng

7, P:Qﬁn%aé‘\ﬁfﬂ/ci?énéi‘f do@Yh rauel ggnef aiedl thel thbtdesurface
words, the total thickness of the first surface side

[AHOR BA N gﬁt gﬁnxflﬁf sdu Sphsi &t By i ML &He@n 16Bhitsand green
set ~so‘that [ight

¢ avi ng wavel engths ranging fromred
lfﬁgﬁtfo bl ue

Therefore, in the first surface side region 6A and the

‘first substrate side region 6B, 1ight having wavelengths ranging
fromredlight toblue light isabsorbed, andaquantity of carriers
corresponding to the quantity of the light are generated. In
the‘ second surface side region 7A, light having wavelengths
ranging chiefly from green light to blue light is absorbed, and
| a quantityof carriers corresponding to the gquantityof the light
are generated. 1Inthethirdsurfaceside region BA, light having
wavelengths chiefly close to blue light is absorbed, and a
‘gquantity of carriers corresponding to the quantity of the light
are generated. .

In other words, the total thickness of the first surface
.side region 6A and the first substrate s'ide region 6B is set

so that light having wavelengths ranging from red light to blue




33 light can be absorbed. The thickness of the second
surface side region 7Ais set so that |ight having

wavel engt hs ranging from green light to blue |ight

can be absorbed. The thickness of the third surface

side region 8Ais set so that_light having

wavel engt hs cl ose to bl ue Iigﬁi can be absorbed.
Accordingly, in the first photodi ode DIA and the first

- SUlfrAceap iRt £k ielee D1 B THd thickrasoo2ile sploongcsmy Enee S ide
(phot oel ectronoti ve force) corresponding to the

%@{ltﬁjnt ?Aqs o/ Ebef1Sa OYL 1@t havRhdewdvghéngeneradreging from
in-the

Irst substrate side region 6B and in the

{giﬁ“refeﬁleslgr%%Cgthgﬁgg?%ggeDgénia}% 9%2@5?&58@; THK &M iSkness of

con e second surface

phot odi,ode D2 second sensor )3 P ogur. T vin
Gﬁﬁbﬁg@FgEFPEEﬁéﬁvﬁl SrES?lggrgés%%ngg%g #Sﬂ?ﬁéllght havang
quantity of carriers _hy green .to blue |light .geperated

R eensden Eloger 4 PN ¥ Y GRS SusHeTated. In

the third photodiode D3A and the third surface 4 the first
phot odRoder®8Bylyhi t8 &BRsERrsE) PPphefoeHrr Bm 2 <

(phot oel ectronoti ve force) corresponding to the

- guaniddey gfhoteayicider s Thy bk fier$t gheengeier a2 Bl | Phpgocurrent
third surface side region 8A is generated. Since the

- opgirter dd 1 dataAnict v niskce) | cakegepand ienttbetheeguantity of
t he adj oi ning sensors 21, 22, and 23 is slight in the

SHERCE s %?vf +e8ftd kA uhoteltegtnécatoavit sihen fliapér sdbstrate
Since the first, second, and third sensors 21, 22, and

' 2§icﬁé f:égf_oﬁ EBERAGNE RE Be L s A CiDE N@é begioh 67ells generated.
l'ight, green light, and blue |ight that are absorbed
%i]géﬂféje,g%.%ertﬁee second photodiode Dyp and the second surface
photodiode D2m {(second sensor 223, photocurrent
-(photo_electromotive force) corresponding to the quantity of
carriers by green to blue light generated in the second surface
side region 7A is generated. In the third photodiode Dsa and
the third surface photodiocde D3y (third sensor 23), photocurreﬁt
(photoeléctromotive force) corresponding to the quantity of

" carriersbyblue light generated in the third surface side region
BA is generated.

Since the oxide film 52 is formed, a leakage current between
the adjoining sensors 21, 22, and 23 is slight in the surface
part of the photoelectric conversion layer 4,

Sincé the first, second, and third sensors 21, 22, and

23 differ from each other in a combination of red light, green

light, and blue light ‘that are absorbed so as to generate



34 photocurrent as described above, the quantity of

red light, the quantity of green light, and the

quantity of blue light can be cal cul ated by

performng arithnetic processing based on values of

t he photocurrent (photoelectr nDtlve force). In other
words, concerning three kin ! of wavel engt hs, the

quantity of light received by the first, second, and

' phbtdcan?ﬂsntsas?ﬂies&ib&kﬁﬂdab@@epetﬂneb@umtttljzatfededylitqwif the
phot oel ectric conversion device 1, independently of
Hubheh 8 yos £ |dradn ahgmrhi Bﬁdnﬁlﬁ@%fantﬁdﬁy bifopalikyl iglit can be
the photoel ectric conversion device 1 includes plura

, 4 BledZh val
SR4EghEi0 ] eSO et I RaMAIS beath values

;sg%ﬁee(:]?ﬁgﬁssuﬂggé fho\/@)veell %%En%t G be,0bf ai ngdovhtPyordas,

arréc first,’ second,

and third sepsors. 21 22 and. 23 r.r anged t
FPP&F‘-’BFWdEﬂEe?eEFBﬁSgo'ﬁa‘@?'ﬁ%l?‘h s St ey e diome
not provided in the first photoel ectrjc. conversiag d
F@&ieéHEdGbYatH@pﬁéF?Bn FagerdedRhds ¥ 5 iR It Aadd: an
between the first photoelectric conversion region 6

ARdeae b celgppateesbysihe b tosdectidd 6ﬁnY2r§ﬁanfﬁi%\ﬁ%C€ 1,
an interface between the first photoelectric
¢odepesientiggiodn £8 lamd st e ddmintn adlseatriode Meayaars -3,

In contrast, if the first dividing region 9 is

provi dmkiﬂSioriaanlliaﬁ photloe| giod b €l eoinvier stowaleyice dgvice 1
a depletion layer extends froman interface between

tihe 1hidest psurkaceesikde fr €8k0ni r 64, agscdhe, fandtthird sensors
dividing region 9 and froman interface between the

?ggf%%,s% bat er 5 4 188 £8, ardehbapfdnsit diof digat about
three kinds of wavelengths can be obtained with respect to a
direction in which the first, second, and third sensors 21, 22,
and 23 are arranged.

If the first Vdividing region 9 having the through hole
9a is not provided in the first photoelectric conversion region
6, a depletion layer extends from an interface between the first
photoelectricconversionregionéandthe firstuppermost surface
- part region 12 and from an interface between the first
photoelectric conversion region 6 and the common electrode layer
3. In contrast, if the first dividing region 9‘ is provided as
:Ln the photoelectric conversion device 1, a depletion layer
extends from an interface between the first surface side region

6A and the first dividing region 9 and from an interface between

the first substrate side region 6B and the first dividing region




35 9, as well as fromthe interface between the first
phot oel ectric conversion region 6 (first surface side
region 6A) and the first wuppernost surface part

region 12 and fromthe interface of the first
phot oel ectric conversion regiqp 6 (first substrate

side region 6B) and the conton el ect r ode | ayer 3.

Si nce voltage needed to conpletely deplete a ]
S £aRdud HErohayes idepenidsedre ttwmen hhekihiosst photpglectric
sem conductor |ayer, voltage needed to al nost .
comRkebeby Hepist 6 therdt kol rauel ke reigdenr &) ande first
and the first substrate side region 6B can be nade

%gg!elgﬁtﬁs%hgﬁrkgcé ASE é@[%‘éﬁ?l' ¢h ihe fHidnSthdi vheéngace of the

I's not fornmed. Therefore, the thus

it}{fu%}oﬁégggET%%??ggfééﬁ&ergﬁpﬁ/%%%C%e\qtfﬁ?s% dpstrate side

@ devices on e denmand of

| ow power consunption is urged. FIG .5 ] schematic
LEGHOHN B ) v ite gﬁl@w%&“ﬁ’f’st@a&&t&r"ge of yae%pﬁj’o‘t oel ectric’
conversion device according to the second enbodi nent o, -ior
of theSbhresdpd tegearednd tPropPaetel viePtahed o€

reference characters as in FIG 2 are given to
dleareentdeparaly expobié nfhisknRssecdf theGsepicghfiugtor layer,
description thereof is omtted. In the photoelectric
seveigs aeeded te Slmost foamlatiadyideyplateyiths 8prst surface
corresponding to the first dividing region 9 is forned

afi R 4RRARN PAShhdorhkr oirkhesatsfaseeoitiheregion 6B can be
phot oel ectric conversion |layer 4 than the first

diaddishg1nes eAaf. idherefker en which htheplidirad! dévidéng region
conversion |l ayer 4 of the photoelectric conversion
deYisCeo Blrodie f 1 rik rdiewir@i, Nghé &g sB2ulctulr@dmBlotoelectric
conversion device 1 is suitable for portable devices on which
the demand of low power consumption is urged. |

FIG. 5 is a schematic sectional view showing a structure

of a photoelectric conversion device according to the second
: embodiment of the present invention. In FIG. 5, the same
.reference characters as in FIG. 2 are given to elements
corresponding to those of FIG. 2, and a description thereof is
cmitted.

In thephotoelectricconversion device 31, a first dividing
region 32 corresponding to the first dividing region 9 is formed
at a deeper position from the surface of the photoelectric

conversion layer 4 than the first dividing region 9. Therefore,

in the photoelectric conversion layer 4 of the photoelectric

conversion device 31, the first dividing region _32 is formed




36 at a deeper position than the second dividing
region 10. Accordingly, the thickness of a first
surface side region 6C corresponding to the first
surface side region 6A is greater than that of the
first surface side region 6A%f$nd the thickness of a
first substrate side region corresponding to the
first substrate side region 6B is snmaller than that
aft bhaekipest poguksbhat@asi deer egcond6Bivikéngorakion 10.
t hi ckness of the first surface side region 6C and the
first substipl&ls) d49d €RLOMEEs icY al MDsdt equdhckoside region
total thickness of the first surface side regi on 6A

| ; t £ S &gl AWk drS 6A is greater
ggggég?e%héﬁﬁ%ﬂéq?ﬁ%%%ﬁggéﬁg%urﬁﬁégggggﬁd surface siéz,
reqion 7A. Therefor | i kew se. . i ot rd kness
CERor a7 P TIB0F et STt SPTARES Tt WeHaPm eIy R CHe
range toward the side of |onger vel engt hs. j. -
‘tls 61 LS & PUkS LA Qi RaF B98P S RO T TR g fo the First

phot oel ectric conversion region 6 than in the s d .
svdtsdalade rdicde oFREF R 0P r 891 SHa ¥ SFokedsr ,ttha% |o%8t2}e tirst
quantity of light is absorbed in the surface side

reegistrat(d igisie snediame & de regi on 6C) than in the

first. photoelectric conversion region 6 of the _

phot oefrRet tbtatotivecshens def/ithe Firsanducdeacieessdgreegion 6C
generated. FIGS. 6A to 6F are schematic sectiona

AW HOE 1@%Rl auBshgata BREBOLedDon e Ufsactlucistyg eghel to the
phot oel ectric conversion device 31. First, n-type

IRU EheskhesS of 8heet st ASY Fadkes dPlkiegdonciit andrithe first
surface of the silicon substrate 2, and an n+ type
ARV ate side region 6B, and is greater than the thickness Qf
the second surface side region 7A. Therefore, likewise, in the
photoelectric conversion device 31, light in a wider wavelength
range toward the side of longer wavelengths is absorbed s0 as
togeneratecarriersinthe firstphotoelectricconversion region
6 than in the secondphotoelectricconversionregion?. However,
a larger quantity of light is absorbed in the surface side region
(first surface side region 6C) than in the first photoelectric
conversion region 6 of the photoelectric conversion device 1,
‘and carriers are generated.
CFICS. 6Ato 6F are schematic sectional views for explaining

- amethod for manufacturiﬁg the photoelectric conversion devirce
31.

First, n-type impurities (e.g., arsenic (As)) are applied

onto one surface of the silicon substrate 2, andan nt type ;ommon



37 electrode layer 3 is formed on the surface part of

the silicon substrate 2 (see FIG 6A) The common

el ectrode layer 3 nay be forned by applying arsenic

gl ass onto one surface of the silicon substrate 2 and

by diffusing arsenic fron1thi§7arsenic glass into the
silicon substrate 2. Thereafter, a p type

phot oel ectric conversion layer 4 having a thickness

ef eGpiiciie Bpyeis3 fier fedmen dhetloomuutaiceptrvdef dheyeilicon
3 according to epitaxial gromh (see FIG 6B)

Eheseaiiter 2 Nsk¥PeIGMPEA) i efhd ec@umop hosqitarate (Bygr 3 may
are injected into a predeterm ned area of the

Bgoﬂdéig#&%]hg 3138%9%&%&%@9{1& FVets AntbORd e Sid @€ €he silicon

t her an“opening ~of a resist film having

B USSR B Pabl Sty J0R YO EPUELAE8 fomic ataes

se n otoelectric

conversion |layer 4, and an n-type diffusion dividing

r-B&io %§Bsﬁ¥}q9ﬁwﬁ¥95tf *h-t'ype inpurities are

allowed to reach an interface between the common

‘el ectrBaereageera ard ttheoe g lber LREFFEC CoRRR T i laver 4
| ayer 4 by the diffusion. Asa result, the diffusion
hiaviidiong thd gikeve SBB> € 6inec 8umtics £AENEdipRhe SPERPRdECtrode
| ayer 3 is obtained. The diffusion dividing region 5B

ila yexpds edtamr dilgy s fegcia eofialheyphotlvel see (FG. ©B) .
conversion |layer 4. Further, according to a known

LOCCS trebhshguer, ax-tpedépumindédsal eagof dwesphmfimcdP)) are
part of the diffusion dividing region 5B is

selecidae! Ynexi di Zededehus il Nngran axf dehki Iphotdelectric
The width of the oxide film5A is nmade to be snaller
tc.jE)"i‘Rfersic’n layer 4 from the surface thereof through an opening
of a resist film having predetermined patterns. The n-type
impuritiesarethendiffusedinto the depths of the photoelectric
conversion layer 4, and an n~type diffusion dividing region 5B
is formed. The n-type impurities are allowed to reach an
interface between the common electrode layer 3 and the
photoelectric conversion layer 4 by the diffusion. As a result,
the diffusion dividing region 5B connected to the common
electrode layer 3 is obtained. The diffusion dividing region
5B is exposed on the surface of the photoelectric conversion
layer 4.

Further, according to a known LOCOS technique, a
predetermined area of the surface part of the diffusion dividing

region 5B is selectively oxidized, thus forming an oxide film

‘5A. The width of the oxide film 5A is made to be smaller than




38 the width of, for exanple, the diffusion dividing
region 5B, in this case, after formng the oxide film

5A, the diffusion dividing region 5B is exposed

around the oxide filmb5A The photoelectric ~
conversion layer 4 is divided into the first, second,

‘and third photoel ectric convetsi on regions 6, 7, and

8 by nmeans of the elenment dividing region 5 including

the mxiude ofj | PbAsnthbide thd fdisifors idinvidiviglimggiregion 5B,
5B. This state is shown in FIG 6C. Thereafter, a

heSkhl sf EhEL27, £FBSK ok AQT e e fdd i 1ndlion, dithg diffusion
region 9 Is tormed on the photoelectric conversion

LAYSY; .Lhess! Lyjydi of {seer HB5A. The
63Tk, 2R bHT o8, FTRERORELCARONRTRNRS Selsenrt

first photoel ectric_conversion . eqi | | First,
Phitslanng S57 £onvRESRBN JRUAh A 5% MlVigeD SRS Re Tirs
a region carresponding to a _through hole 32a (se

Becotsy  ahc koL Frr ot oL arhE FegoRe s ot ne & Ef 7 nd
dividing region 5 around the periphery of the tirsﬁh xide
Shby ges At pifcthe srhvareditoAivdgiieg B9l b legpysead hhe ©
the opening 27a. For exanple, the resist film27 ,
FAvim @A kadopbei dgfERaionadiléddboaraedopySBppl Thly sFate 1s
precursor of the resist film27 wholly onto the
pheteeliectRTa. @unversion |ayer 4 and the el enent

dividing region 5, then form ng the opening 27a by .
exposurgeaBdrrdeyehopaBibt @idmhardeimatk)t he riom nilg first
precursor. N-type inpurities (e.g., phosphorus) are

INived ey 05 PH98 1 4 AErROEBNNh&BRovbENetLtESE conversion layer
predetermned injecting energy (e.g., 3. 0 MV to 3.5

'\@\A)ndl Ehghéfeﬁéﬂ %ixﬁ%ﬂ&%é‘g‘.fﬂ sdi ¥ 8ifEE F &1)ON The resist
film 27 has an opening 27a. The first photoelectric conversion
region 6 is exposed in the opening 27a. The resist film 27 is
also formed on a region corresponding to a through hole 32a (see
FIG. 5) of the first dividing region 32. The element dividing
region 5 around ‘the periphery of the first photoelectric
conversion region 6 may be exposed in the openling 27a.
| For example, the resist film 27 having the opening 27a
can be obtained by applying a precursor of the resist £ilm 27
wholly onto the photoelectric donver_sion layer 4 and the element
dividing region 5, then forming the opening 27a by exposure and
- development, and hardening the remaining precursor.
N-type impurities (e.g., phosphorus)r are injected through
.the opening 27awith first predetermined injecting energy (e.g.,

3.0 MeV.to 3.5MeV) in this state, and the first dividing region




39 32 having the through hole 32a is forned at a
predeterm ned depth of the first photoel ectric

conversion region 6. The depth to which inpurities

are injected depends on injecting energy, and

inmpurities are injected into a deeper place of the
phot oel ectric conversion Iay%% 4 as injecting energy

i ncreases. Therefore, the first dividing region 32

. @3 De AP HARd BEowg hedet B4 Befbrideps b sbyredat evhineg depth
the injecting energy of the inpurities. The first

photgel BELLL IRAET SO & Qb s don doyiided 6 .i e tdepth to
first surface side region 6C closer to the surface

t her eof L St r ' ! LRSEEy, and
R R e o h kR

di vi di, region 32. The. first. surfa [ ' ;
PR SFe STEG e BT 08 Fedhoh B s SR ectric
w th each other through the through hole 32a Therefore

- aEvEFEhRe R 2 YeRef 3 18V CAHET EFLEYF HRGT2F°FS - '
renmoved, and a resist film28 to formthe second ined
dihg diirgtr dgvéaing regienndd qayebe fpamegept, ajpgedetermine
resist film 28 has an opening 28a, and the second o
phegtioe bec tont roddvegstbe iogeobhingi enexpysedl Fpethspurities.
openi ng 28a. The elenent dividing region 5 around the

peri phery ofrkbepsecoatlecphbtoebruerstononegiohon is divided
region 7 may be exposed in the opening 28a. The

rigficstnd ich Ms2&6ars dies { @ Fred 186G ¢l dge bo tthe santace thereof
- process as the resist film27. Ntype inpurities

(10 -tn P HASRIOTND)s Bk d ikt edqfibmowehclbBeropenichg silicon
fggg&ﬁfﬁ secong i% ecting energgt(e.g., 2.0 MV to

2sn%§$€r’\gt;.en%§%eia§lssgﬁlﬂh% £ hap dihe didSteyfodCt2 NY The first |
surface side region 6C and the first substrate side region 6D
communicate with each other through the through hole 322
therebetween.

Thereafter, the resist film 27 is removed, and a resist
film 28 to form the second dividing region 10 is formed (see
FIG. 6E). The resist film 28 has an opening 28a, and the second
photoelectric conversionregion7 is exposed in the opening 28a.
The element dividing reg_ion 5 around the periphery of the second
photoelectric conversion region 7 may be exposed in the opening
28a. The resist film 28 can be formed according to the same
process as the resist film 27.

| N-type impurities (e.g., phosphorus) are inj ected through
‘the opening 28a with second injecting energy (e.g., .2.0 MeV to

3.0 MeV)}, which is smaller than the first injecting energy, in



40 this state, and the second dividing region 10 is

formed at a predeterm ned depth of the second
phot oel ectric conversion region 7. As a result, the

second dividing region 10 is forned at a shallower

depth than the first dividing,region 32. The second
phot oel ectri ¢ conversion regig% 7 is divided into the
second surface side region 7A closer to the surface
tthéseetaany ahbethecsadosdbsivadingidegieyi bh izB formed at a
closer to the silicon substrate 2 by neans of the

R M AN HHRAH B 10he TheEEAAT photble elcesiist donversion

8 is renmobved, and a resist film29 to formthe third

q"'e _1@&1”%, Z%nﬁééulg fatdedcbsgea - Hin Fﬁe%lo-EhQO is formed

as an opening 29a, and t ird

%Ot 06&16;;5",,%1;0 ARYRESLRN,M £ALOB: ot Sqe¥PATED Bqlhe 32. The

openi g ement di'viding region 57aro tind t he

perlpher third hotoelectrlc conyer

REGEB BhRE b8 Chios CanPA L ERER OB BRI R 2b3 &iplaea into tne
resist film,29 can be forned accordin apg £ and
Fecopsksusipfe $ide seorrni3£1988% b8 Lﬁ‘ﬁ a&e ereol an

(e.g., phosphorus) are injected through_ the opening

- 20e Wedpnchi subshratei Agdeneregidre. B, ClOGQNEVOt&h%z%ﬂllcon
. MeV), which is smaller than the second injecting

emdrsgyate 12 i snestrat exf Tiree tatw gahdidd o digng egg DFPTL 110

is formed at a predeterm ned depth of the third

phot oefeeteheteonvensi onst€gitiim 88 As acmeseald,, aptdea resist
third dividing region 11 is forned at a shall ower

“dapkhebhan fhey 686 aNTE @ Wi diBAnges @od Q.1 Thefdined (see FIG.
phot oel ectric conversion region 8 is divided into the

fdySt oW fr%%.ssﬂ de; 1R ONK8A ghosplertiod B sUr{dterhe third
thereof and t

photoelectric conversion region 8 is exposed in the opening 2%a.
The element dividing region 5 around the periphery of the third
photoelectric conversion region 8 may be exposed in the opening
29a. The resist film 29 can be formed according to the same
process as the resist film 27.

N-type impurities (e.g., phosphorus) are injected through
the opening 29%9a with third injecting energy (e.g., 1.0 MeV to
2.0 MeV) , which is smaller than the second injecting energy,
in this state. The third dividing region 11 is formed at a
predetermined depthof the thirdphotoelectric conversion region

... 8. | As a result, the third dividing region 11 is formed at a
shallower depth tlhan the second dividing region 10. The third

photoelectric conversion region 8 is divided into the first

surface side region 8A closer to the surface thereof and the .



41 third substrate side. region 8B closer to the

silicon substrate 2 by neans of the third dividing

region 11. Thereafter, n-type inpurities are injected

to the surface part of the photoel ectric conversion

| ayer 4 through the opening f the resist film having

a predeterm ned pattern, and en + type first,

second, and third uppernost surface part regions 12,
tBiaddsi¥sareté oy i rebfionheR difdamst o theiglinigcaregubstrate
5B is exposed around the oxide film5A the first,

seenehe aad Jihivhd tupRer eBSH dswiol aegipar tLiregi ons 12,

13, "and 14 and the diffusion dividing region 5B can

be east ¥, copper! ed (LpQel ROk i FLUEL DG 1 RjE¥PEd to the surface
inmpurities are I nject to the surface part of the

hot oe tri.c conversion l t | ;
SR e SR Mo fRT IR P s BB sdchar B804 e FRANER cpening
p+ pe first, second, and third signal ;extraciin
Bty thRs resi st F1dghaTInG & FErHREe AL ST (BAGTE L | R the n
phot oel ectric conversion device 31 shown in FIG 5.is .
obtabredir Ak, deeatibednghbly b d R Ras hunéaget B2 ¥ briffgions
filters or |ight absorbing. menbers in a process for . ‘
BRodlidi andt e anshSosakdet it tdsndérisivsd e dii¥adingghggion SB
hence, unlike the conventional technique, there is no
neeepos édremamdpeaioxg dat £i m 5/, t ghe g ratl i gggond, and third
absor bi ng nenber for a connection of the anode

elppeiriedas s34 fa2k, pantd r2givast be, fi3 stndskéend] therdliffusion
third signal extracting regions 15, 16, and 17.

Teriefife rddieon WL 86 rdLs CION VE@F15h it $te Vit ©@e thheman

be produced at reduced manufacturing costs.

Further, p-type impurities are injected to the surface
part of the photoelectric conversion layer 4 through the opening
of the resist film having a predetermined pattern, and pJr type
first, second, and third signal extracting regions 15, 16, and
17- are formed. As aresult, the photoele‘ctric conversion device
31 shown in FIG. 5 is obtained.

As described above, there is no need to form filters or
light absorbing. members in a process for producing the
photoelectric conversion device 1, and hence, unlike the
conventional technique, there is no need to form an opening at
a filter or a light absorbing member for a connection of the
anode electrodes 24, 25, and 26 to the first, second, and third
signal extracting regioné 15, 16, and 17. Therefore, the
photoelectric conversion device 1 can be produced at reduced

manufacturing costs.



42 In producing the photoelectric conversion device 1
shown in FIGS. 1, 2, 3A 3B, and 3C, in the

manuf act uri ng net hod nmentioned above,

i mpurities-injecting energy needed when the first

dividing region 32 (9) is forned is made to be al nost

equal to that needed when t H¢ second di vi di ng regi on

10 is forned. As a result, the first and second

- di vi di ng preduei $g9t 8d htd cvlectfldrednat ralionsdethee 1 shown
same depth fromthe surface of the photoelectric

- ¢ANMRISI PNzl axersgh ad 3¢ Nii 8 13aSRand A fuF Sigmeehseaend ioned
di vi di ng regions d and 10 can be si mul t aneousl y

d b ' : .St fi i : .
LHEOES, DL AL d LD Mol o0 pe rires
e B0 B0 AR R IS B cimost ot o

individually forming the resjst, film 27 a

_ y 7. 28 28 gnd d. As
CRpEcPRRGEANPURT t e Segond AdIHAL NG REIIGRpEY Lpftormed.
produci ng steps can be reduced. It is, of course

Bermisydithl shet 6iraki AL TINE R HY I HENT P EIONT | hiply 10 are
and 28 and individually formthe first and second
dovindidngat egllonst9 thed d@nei dente fzemethe surface of the
inpurities-injecting energy. FIG 7 is an exanple of a
phbticll editagicamonfvean iormdeyeandar i ncl udi ng t he
phot oel ectric conversion device shown in FIGS. 1, 2,

3A, 3Binahf 36a8B0 endriiesiChhausécbhereiofidiny kFeGiohs 9 and
a first photodi ode D1A and a first surface phot odi ode

PhB-goMectigd1thReBaLRl! £ ks kﬁsﬁ@%m@ﬁgoﬁ @ Rh@todi DRGhaving
a second photodi ode D2A and a second surface

D1,
UHCH 0008 {BECORUCEL P e o3 totes ciersson
regions 6 and 7 are exposed and by injecting impurities through’
this opening, instead of individually forming the resist films
27 and 28 and injecting impurities. As a result, the number
of producing steps canbe reduced. Itis, of course,_permissible
-fo individually form the resist £ilms 27 and 28 and individually
form the first and second dividing regions 9 and 10 with the
same impurities-injecting energy. |

FIG. 7 is an example of a circuit diagram of an image sensor
including the photoelectric conversion device shown in FIGS.
i, 2, 3A,' 3B, and 3C and a drive circuit thereof. 1In FIG. 7,
a first photodiode Dijpanda f£irst surface photodiode Dipconnected
in parailel are shown by one photodiode D;, a second photodiqde

D.p and a second surface photo'diode D;s connected in parallel

. are shown by one photodiode D;, and a third photodiQde Din and




43 a third surface photodi ode D38 connected in
paral l el are shown by one photodi ode D3. This inage
sensor 41 includes the photoel ectric conversion

device 1 (in FIG 7, only the photodi odes D, D2, and
D3 are shown) and a drive cirgcuit 42. The drive
circuit 42 includes an inputg%utput control unit 43
that performs the input and output of electric

$i gRaks it hadtdeonitaididideles; RbnriszteandnDBasmtlah are shown
arithmetic processing unit 44 that perforns arithmetic
PROCRTS e tRAS /B LD, 0uUt put signal s obtained fromthe
phot odi odes D1, D2, and D3 and cal cul ates the

quant i ﬁ{igfim%g% éér?g‘l{ﬁ 6%i]]%ic‘gihlﬂ)?fétéé%!%gﬁBtQEQEEtEEQMOnversion

and the quanti'ty o de el ectrodes of

t he .phot odi o 1, . .and .D3,_are negt ed .t ot
SRR fanrr o o B rPLEaA SRR Cafaak 0t 4% shown)
el ectrode. | ayer 3. _A reverse bias, voltage can  he. '

& i 2d %bvetyﬁérﬁﬁaﬁoéﬁ%odes'—'“erﬁ | dgpve aﬁagﬁélfoézt p&ctudes an

t hrough the common el ectrode |ayer 3 by neans of t

h
iR CERRE eeRtFel Wit 443thatiReniqrdissBhgigput and output
vol tage applied to the photodi odes D1, D2, and D3 is
loefr g8 eetaigh st.gnallsowi thohpe apled yodibplies ial P2ofahds and an
first substrate side region 6B and the first, second,
and tietd csurfrace ssdinde - tedgitond46ALhZA, padf@mng seprithmetic
FIG 2). On the other hand, each of the anode

g redd riery Bdsedon ol 26 150k 18I qited i 1e2d Eachithre piiotodiodes
the photodiodes DI, D2, and D3 is connected to one of

VTGS P S hrfd 881 £QUEEe8fhd EMdtcity & 2BEI1Slodt, fishe quantity
The other ones of the source/drain electrodes of the
¥ (b dd ansdidt O shd Scid SqERRRee eds cotmenl ygiepd | ead

Cathode electrodes of the photodiodes D;, Dz, and D3 are
connected to the input-output control unit 43 through the common
electrode layer 3. A reverse bias voltage can be applied to
the photodiodes Di, D,, and D3 together through the COommon
electrode layer 3 by means of the input-output control unit 43.
The reverse bias voltage applied to the photodiodes D1, Dz, and
Ds is large enough to almost completely deplete all of the first
s’ubstrate-s ide region 6B and the first, second, and third Surface
side regions 6A, 7A, and BA (see FIG. 2).

On the other hand, each of the anode electrodes 24, 25,
.~ and 26 for signal extraction of the photodiodes Di, D, and Ds
is connected to one of source/drain electrodes of a switch

transistor Ts. The other ones of the source/drain electrodes

~of the switch transistors Ts are connected commonly and lead




44 to the input-output control unit 43, whereby

di scharge voltage can be applied to each of the
switch transistors Ts. A predeterm ned gate voltage is
individually applied to a gate electrode of each of
the swtch transistors Ts fromthe i nput-output
‘control unit 43 so that each $Witch transistor Ts can
be individually turned on. An electric potential on

tthetnsiidgnmaf-dganedatebect De e, 2dhe2Bbyadits @fanfe voltage
the photodi odes D1, D2, and D3 corresponding thereto

can be %%®QEe@tt% E%%@?b%r%h%e@w1QkﬁCE&b%sﬁ@hﬁﬁ%|&b
(referenceée electric potential) by turning the switch

transi T d ed to
of e st samn e pE D el sﬁ&igr?%%ﬁa%ﬁleﬁ%ﬁﬁ

ate, el ectrode of out pu ranS|

CURLE F URES San P h A osh P eI BT S rpde o Frefrom the
Qut put transistor To is grounded andc%ﬂe o% %{ one is Stor Ts
dedcoadod eaetraprRbutdsuoctn t a2 dhrr kst b 2ugh®
a resistor R A predeternined voltage can be appljed
[seEwden 1kd vidgadder granedepact roucaloftrhe BoEprglal on the
transi stor To by neans of the input-output control
sride 43. the armlestlmatt rodsess R4t 025, Tnd 2 @edi hhe whatdiodes
corresponding to the electric potential of the gate

&, e Tl | aahel Uil caws-d3gioseiim g tite 8ot cehdrest s et ettamoeietermined
when a predeterm ned voltage is applied between the

AHGRYiH potentlioqt (edesrehte bNpHtrout putenionblplby turning
unit 43 can individually neasure the magnitude of

ttlyes ﬁl%gﬂltgaqiglrsq{grghgedrpafter referred to as
‘out put signal™).

The anode electrodes 24, 25, and 26 of the photodiodes
Di, Dz, and Ds; are connected té gate electrodes of oulput
transistors To, respectively. One of source/drain electrodes
of the output transistor To is grounded, and the other one is
connected to the input-output control unit 43 through a resistor
R.

A predetermined vdltage can be applied between the
source/drain electrodes of the output transistor To by means
of the input-output control unit 43. In the output transistor
To, a drain current corresponding to the electric potential of
the gate electrode flows between the source/drain electrodes.
when a predetermined voltage is appliedbetween the source/drain
electrodes. The input-output control unit 43 can individually

measure the magnitude of this electric current (hereinafter,

referred to as "output signal”).




45 \When the photoel ectric conversion device 1 is

driven by the drive circuit 42 in the inmage sensor 41,

a reverse bias voltage is first applied to all of the
phot odi odes DI, D2, and D3 by the input-output

control unit 43. As a result, the first substrate

side region 6B and the first, Second, and third

surface side regions 6A, 7A and 8A of all of the

phot odivhdrstibd , pHdPt o ek t 13 ace vl maosin devplcet & ys. driven by
depl eted. Thereafter, the switch transistor Ts

a@et ed ciecie 4 photbdiiate;dehsomaihichevar sebpas voltage
signal is obtained is turned on for a predetermn ned

tidre Byt BEph DRMLEPYHAUS £ CoHd Ko Wl ffode3D; AD,@ and Ds by the
result, the electric potential on the side of the

Fa)irrh —oq_{te]gﬁh{ ggﬁt?élqn {hgaphoi odi ode PL, r@ackess@ substrate

etermned potential, such as ground potentia
( . Thereafter, en .t he. out ransi;SLNr .. 1o, :
t%ig%u¥%ﬁi°n1; e 380 FiglﬁsFéangﬁngh ?ﬁg E?%ggo?ﬁﬁﬁ%ce side
anode el ectrode 24 _of the ot adi .qde D, .is..chan
fresmaie $heddterdhthdd ot @ﬁt i aﬂfd %tﬁ%&%@%ﬁg%ﬁy Rz and
phot oel ectronotive force that corresponds to the
qraptiet plae sitn gogedetisilghderm@tadat is generated by
the photodiode DI. That is, the gate voltage of the
out put Thearsifseor the warited tmsmsistoredhpreenected to the
thereto, the drain current (output signal) flow ng
-ttt didie DUy whit @hsas tcart pha- waignes. 14 obvtairmd 45 turned
of the output signal obtained at this tine or a

(dd ey a PHdRMervalneR] el bed takt enpthecatppit control unit
signal varies is neasured by the input-output contro

um bt 43 5 Thish1 8NeRLeOlddiG it §H8kntEaNIEsPRAG IgE b the anode
the quantity of light received by the photodi ode
electrode 24 of the photodiode D; reaches a predetermined
potential, such as ground potentiall (GND) .

Thereafter, when the output transistor To is turned on,
the electric potential on the side of the anode electrode 24
of the photodiode Dy is changed from the predetermined potential
mentioned above by a photoelectromotive force that corresponds
to the quantity of incident light and that is generated by the
photodiodeD;. That is, thegatevoltageof theoutput transistor
. To varies, and, in response thereto, the drain current (outpult
signal) flowing through the output transistor To varies. A
variation of the output signal obtained at this time or a {final)
current value obtained after the output signal varies ismeasured

by.the input-output control unit 43. Thus, an electric signal

corresponding to the quantityof light receivedby the photodiode



46 Dl is obtained. In the same way as in the
phot odi ode D1, a variation of the output signal of
the output transistors To connected to the
phot odi odes D2 and D3 or a current val ue obt ai ned
after the output signal varlgg is nmeasured by the

i nput -out put control unit 43.  Thus, electric signals,
corresponding to the quantity of Ilght recei ved by
theiphobadindes D2 and D3 is obtained. Electric
signals of the set of .the photodi odes D1, D2, and D3
are obtai Aed side augh ddhease t@l@emblt@aﬁodél B¢t rd ovariation of
signals obtained in this way are sent to the

l st ¥o @or@dted to th
st PUEPRE S AEEE Bt tepfth 1 TR s4T0E S To Qorkiiirag o the

gahot%:l lﬁo'de%hf) flg AP?’ % g%u%lr%%1p¥aiag o%rt'all?l ﬁ% er tﬁe output

rocessi ng unf nce the II’Tng sensor

phot oel ectric conversion _deyvice 1 that can
e Gkt petndian St Bt boF g ey 60, &8ntagd unit 43
sensor 41 can be produced at | ow cost. leeMAse % £ 1light
| Eﬁbisoeleé@tqﬁréccéﬁ@@ﬁé?oﬁo’dﬁ?f?%%néingh%% § ﬂuré‘Pél g ot 19
can be driven by the sane drive circuit 42, )
pressdited maemh@mmdﬂmﬁsj&@n@e@sagSa@Bvémed Electric
according to the foregoing enbodi nent, but can be
Grirgrisdcs ot tlae certdbg-he phondidfiodatsi Bns D: FemdeRamgeeobtained
t he uppernost surface part regions 12, 13, and 14 may
- ir ey ricvd ste chp drd thieorphot oel ectri c conver si on
device 1 or in the photoelectric conversion device

- 31. I nEokbek i WokdgmnatiRe c3RRSHe 2h @2is amdly 23raeyemot to the
be provided wth the first, second, and third surface
Rhotah O9ES hRe B8y unit 44. The quantity of red light, the
‘quantity of green light, and the gquantity of blue light are
calcuiated by the arithmetic processing unit 44.

Since the image sensor 41 has the photoelectric conversion
device 1 that can be produced at reduced manufacturing costs,
the imagé sensor 41 can be produced at low cost.

Likewise, the photoelectric conversion device 31 shown
in FIG. 5 can be driven by the séme drive circuit 42.

The present inventionhas beendescribedas above according
to the foregoing embodiment, but can be carried out accordihg
to modifications. For example, the uppermost surface part
regions 12, 13, and 14 may not be provided in the photoelectric
conversion device 1 orrin the photoelectric conversion device

31. Inotherwords, the sensors21, 22, and 23 may not be provided

- with the first, second, and third surface photodiodes Dis, Dzs,



47 and D3B, respectively. In a process for producing
t he photoel ectric conversion device 31, the order

i nwhich the first, second, and third dividing regions
32, 10, and 11 are formed can be arbitrarily set
without being [imted to thed{oregoing order. For
exanple, these may be forned in order in which
impurities-injecting energy applied when fornmed is
SRl D3, .respedtiwsder of the third dividing region
11, the second dividing region 10, and the first

di vi di ng 4 g ss3Zorlbkewheengl fhé glidigesiedtafic conversion
produci ng the photoel ectric conversion device 1, the

fddwitee %,C?%Qorgﬁg‘ 1%1%&@%Mb‘%‘1'}%t rEpans, fngtliraddviding

11 can In arbitrary order . Addltlonally,

aldianahapbe g eapacls ue l sl R58 ML 1gnidias 19/ sbbGui thout

rSt, Tsecbn Sensors
he ph toelectrlc conver si on devi

etk ocEn ST ESEO T ARl 1 o FOrCBEANL ok ese maY

third photoelectric conversion regions 6, 7, and % lied
deferned dm PafrY ieguRl choatH Hgtte ] S g epergyapplie
l'i ght receiving areas of the first, second, and third
séresoferned izosmahd, 23 avayidionder ¢ shecdehr @pagiding region
Additionally, the first, second, and third signa

eXt,r aloeisegrareydomsdibg ﬂgﬁglcandi Olhmhyhbefm@./déé*ddaﬂg region
the corner of their light receiving surfaces (i.e.,

&2 the corner of the exposed surfaces of the first,

second, and third photoelectric conversion regions 6,

7, andL@kewﬁEbhoﬂﬁhatEﬁoéééﬁ £6+ gpabduexh g aché nghotoelectric
region 15 is forned ove the through holes 9a or
conversion device 1, the first, second, and third dividing
‘regions 9, 10, and 11 can be formed in arbitrary order.
Additionally, although the respective light receiving
areas of the first, second, and third sensors 21, 22, and 23
of the photoelectric conversion device 1 (i.é. , the respective -
‘exposed areas of the first, second, and third photoelectric
conversion r_egioﬁs 6, 7, and 8) are substantially equal to each
.other in FIG. 1, the light receiving areas of the first, second,
and third sensors 21, 22, and 23 may differ from each other.
Additionaliy, the first, second, and third signal
extracting regions 15, 16, and 17 may be provided at the corner
of their light receiving surfaces (i.e., at the corner of the
‘exposed surfaces of the first, second, and third photoelectric

conversion regions 6, 7, and 8). Although the first signal

extracting region 15 is formed above the through holes 9a or



48 32a in the foregoing enbodi nent in such a way as
to substantially |lie over the through holes 9a or 32a
in planar viewing, the first signal extracting region
15 may be formed with a deviation from the through
hol es 9a, 3.2a. The enbodi nenfy of the present
i nvention has been described 1n-detail as above.
However, this is nerely a concrete exanple wused to .
SRarit yhehoneautinia ahbodanent sirosuchea predento substantially
invention. Therefore, the present invention should
ndke drectnteriinodyivhiolles deiomg32a intipthar iewdogerghe first
exanpl e. .The spirit and scope of the present
isnyeRll ent Bset 1h§ided anhyp ey bhef appeddedichadesiation from
Thi's application is based on Japanese Patent
é?%'%%%%h%ﬂ N9 s2@Q4- 538723, filed in Japan Patent

fice on"May 7, 2004, the entire contents of which
are h [ Rolols 4 WAL :

NEE%?%@b%&Rk%%ﬁé%gFggmééngEHGSntlgnéz ebPdescribed

CLAI tric conversion device

conprjsing: a, photoelectric nvetr sion | r 1
SR Bt Ebh i AP EEy CHSRET End ol Sartet Y & efhcBete syample
| ayer being stacked on a sem conductar, .substrate;. an _, .
geErer? CdpFidinigne 5&?&9%@%%‘&%}&? g rHEFcPWFFi?%t jention.
the el ement dividing region being forned in the ,
Bhsredosey r ke preaRssiBHeryer shavd enefdift UaferarRgd while
region dividing the photoelectric conversion |ayer

betieoa lfimidedphot délkeconiceeteonyemsion rByeopplinlt and scope
second phot oel ectric conversion region, '

of the present invention are limited only by the appended claims.

This application is based on Japanese Patent Application
‘No. 2004-138723, filed in Japan Patent Office on May 7, 2004,
the entire'contents of which are hereby incorporated by

reference.




and a third photoel ectric conversion region along the
sem conduct or substrate; a first dividing region of
"the second conductivity type, the first dividing
regi on being forned at a predeterm ned depth froma
surface of the photoelectric conversion layer in the
-first photoelectric conversion region, the first
dividing region dividing tHé first photoel ectric
conversion region into a first surface side region
otmpgenst graleesurd:ace thereof and a first substrate
side region closer to the sem conductor substrate,
tihe AiphkétadiMotirig ecegtenshayidigriast bompghsires:e
t hrough which the first surface side region and the
first sphstbalecsStie cobagepsio AANERI Ak ef Wstthceadictivity
ot her; a second dividing region of the second
copdycthei pMotydrectitike copeandi e Vi gy beeghoatbekedy on a
formed at substantially the sanme depth as the first
di ot idioRguEegt ogust @tteg shal l ower depth 50 than the
first dividing region in the second photoel ectric
convergh @llefefit GivithfgIRe@me 6if wi<hdithd eghductdinitgi tgpe,
t he 'second photoelectric conversion region into a
seroedefithf atieriglide re&fie beGhgsSRirea thetlsiphateelectric
t hereof and a second substrate side region closer to
theraemieanduoto) shHbSEIabent adidviadliblgi kdgdoui dingding the
region of the second conductivity type, the third
dindtdiengctegborohetngidwr Pegent intshal ltavet @hptbelbatric
the second dividing region in the third photoelectric
CEIMRITSion ré@ibON.a EBCohdipithtdicliedtRijcragiversdion degqion,
-~ the third photoelectric conversion region into a

- tdtid dasuthee® FrdEok@gb@Pic conversion region along the

semiconductor substrate;

a first dividing region of the second ;:onduct-ivity type,
the fifst dividing region being formed at a predetermined depth
froma surface of the photoelectric conversion layer iﬁ the first
photoelectric conversion region, the first dividing region
dividing the first pﬁotoelectric conversion region into a first
surface side region closer to the surface thereof and a first
substrate side region closer to the semiconductor substrate,
the first dividing region having a through hole through which
the first surface side regioﬁ and the first substrate side region
communicate with each other;

a second dividing region of ti’ie second conductivity type,
the second dividing region being formed at substantially the

same depth as the first dividing region or at a shallower dept_h



closer to the surface thereof and a third substrate
side region closer to the sem conductor substrate. 2.
_An inmage. sensor conprisigﬁf a photoel ectric
conversion device; and a lve circuit that drives the
phot oel ectric conversion device; the photoelectric
toomvigres | Dirste viiyé déngprégion:ima fitotsesbadt phetoelectric
- conversion |ayer of a first conductivity type, the
cpirot Elcactadione diresresiond diajeindepatrs i ieketngihasecond
- _sem conductor substrate; an element dividing region of
pho seclent ré orndnreics i oy regpen inthasetendanr free gidrregion
. region being formed in the photoelectric conversion
clayer totthe sixfaet tikndodl and pegconddiwisdinag et figle region
phot oel ectric conversion |ayer into a first
cpbsgwelcedhe semtomvdusicon subgioatea aetond
phot oel ectric conversion region., and a third
phot eetieiotd Aévidiversiénnragitba sdapmg corductivity type,
sem conductor substrate; 51 a first dividing region
thé thhedsdouddngorduonihe ing fypesd ehe shakltowsindentythan
region being formed at a predeterm ned depth froma,
thestacrd divifiEng ey beh éotthied hdordragiosd elciyée CORVERaLon
first photoelectric conversion region, the first _
regiomi ngheegitbarddi ¢ididiga heebiost ghotdigiecttiec third
conversion region into a first surface side region .
rdossledtr iicherrsiarfsion newdradh tarmitiai fd purface page geglon
side region closer to the sem conductor substrate,
clpeef itpsthalsuirfiing thegieoh dval/é ridpiadt sidutigiatieof bde region
t hrough whi ch ‘
closer to the semiconductor substrate.

2. An image. sensor comprising:

a photoelectric conversion device; and

a drive circuit that drives the photoelectric conversion
device;

the photoelectric conversion device éomprising:

a photoelectric conversion layer of a firét conductivity
type, the photoelectric conversion layer being stacked on a
semiconductor substrate;

an element dividing region of a second conductivity type,
the element dividing region being formed in the photoelectric
conversion layer, the element dividing region dividing the
photoelectric conversion layer into a first photoelectric
conversion region, a second photoelectric convexrsion region,
‘and a third photoelgctric conversion region along the

‘semiconductor substrate;



the first surface side region and the first substrate
side region comrunicate wth each other; a second

di vi di ng, region of the second conductivity type, the
second dividing region beifig forned at substantially
the sanme depth as the first dividing region or at a

shal | ¥ELs YBL L ARl Ifgﬂ@ggm? ol £5L Lo BOnSH A dynebbe,

secon Ot oe conversion reg e second

. thg flllrdsl‘l:ngl'g'fgl op r% ?b@n Fo cPQg ?8&8@%}%&fﬂéd:depth

conversion re ECOH surf ce Sl regi on

frgingaz.seliir ocet g?tﬁ% h%%%etlh%{:_ggz: c%%;e Sg ﬁq%gi g‘lit}fs{ﬁ@tffrst

er to e sem con strate; .

d divid V]
'phPE Sfecpﬁépt?#ﬁﬁﬁ%QV|dlnéBTeglongbéﬁﬁggn%l%gggggtggbign
oy dd i B2
asBifed T S8 oahdtr) BT R o B AR g P
suggélsglr%g% On di ¥?ﬁdl nq EﬁFt A r §c£r%%te%%| %Céﬂé% f:Lrst

it %aceSside reg
ereof and a.thir

se he surfac th ubs

Sugﬁggaﬁ% 5 39@ﬁ%ﬁc B Ehe S dhcc SREHE o?“%% stra%g%agﬁ
3. Anethod Jfqrmanuf, ac ur|n hot o

EhEoRER i CohY PR BT o* S Uaggﬁlﬁg srpugh which
stacking a first conduct|V|t electrlc

th3 A A0, LI Redt SR A IR AT Ert DS EFatesLug region
el ement division step of form ng an el enent dividing

coppyrérabe Bl Rk R@EEtivity type in the
phot oel ectric conversion |ayer, the el enent d|y|d|n

- r egitoAeaPRE @ivg ding. rw%@ﬁééﬁ%cmﬁépéﬂsﬁl%%rt

into a first photoelectric
" the second dividing region being formed at substantially the

same depth as the first dividing region or at a shallower depth
than the first dividing region in the sécond photoelectric
conversionregion, theseconddividingregiondividing the second
photoelectricconversionreqionintbasecondsurfacesideregion
closer to the surface thereof and a second substrate side region
closer to the semiconductor substrate; anhd

a2 third dividing region of the second conductivity type,
the third dividing region being forﬁed at a shallower depth than
the second dividing region in the thirdphotoelectric conversion
region, the third dividing region dividing the third
;photoeiectric conversion regioﬁ info é third surface side re_gion
c'loser to the surface thereof and a third substrate side region

closer _to the semiconductor substrate.



conversion region, a second photoel ectric conversion
region, and a third photoelectric conversion region
al ong the sem conductor substrate; a step of formng
a first dividing region of°$he second conductivity

type at a predeterm ned depth froma surface of the

3. Phoheeheg bk mabQRYEE 8L ONg bRt del ebii@itichdrersion device
photoel ectric conversion region, the first dividing

cohf8i8ingi viding the first photoelectric conversion
region into a first surface side region closer to the

surfack di8hgoktepdod EthskisybstFpte ddRIRAMARY type
closer to the sem conductor substrate, the first.

phétxbgéeer{@% erl@%hnga mr%geeﬂ@l:@n&@&@éa%mt%te,

the first surface side region and the first substrate

S de{ egly ﬂ@n‘&%ﬂi&“ﬂ%} St t!’:‘feﬂhl‘%{g{‘% eiéﬂé’mf Y iliRfing

ormng a second dividing region he second

re?%gﬂu%%' \ t%/eécx-rgie A Sis AN h} i Lhe AR RS ric

rst ng region’i second phot oel ectric
0 i O di v &0
cofR¥5iSh ?ﬁ%géecﬁ%% LA ?¥ HEGRIE0 Briding, the
con ce s n I ;
phgﬁ%%%%{é?? %rggﬁe i %ns%ggnd SUbst %a?f’eﬁgsi%gp}%é%leculc
| oser _to t.he sen1cond ctor bstrate
coafferswn@egal% B ROR e R B ar Fﬁ@%ﬁ%ﬁ%‘éaﬂ%ﬁq‘
onduct|V| &§ﬁe ﬂt ﬁ sha Iomer d th_t han thelég
angi 7 di TS e§PBRORHEE B1Ehi FE PHoT 8 eEEPIE conver |on
re the third dividing region dividing the third
SEBHEPB P%E??l%BEﬂHVﬂ?§|on region into a third surface
side region _closer to the surface, thereof agd a thlrdd
subst &R Sf fEOTRYIDR ERgsér diBigHg region of the secon

conductivity type at a predetermined depth from a surface of
the photoelectric conversion layer in the first photoelectric
conversio.ﬁ region, the first dividing region dividing the first
photoelectric conversionregion intoa first surface side region
closer to the surface thereof.and.a first substrate side region
_closerfothesemiconductorsubstrate,thefirstdividingregion
‘having a through hole through which the first surface side region

‘and the first substrate side region communicate with each other,

and further fo_rming a second dividing region of the second
conductivity type at substantially the same depth as the first
dividing region in the second photoelectric conversion region,
the second dividing region dividing the second photoelectric
.cénversion region into a second surface side i‘egion closer to
the surface thereof and a second éubstra’ce_ side regiop closer

to the semiconductor substrate; and



sem conductor substrate. 4. A nethod of C aim 3,
wherein the step of formng the first dividing region
and the second dividing region includes a step of

i njecting second conductivity type inpurities fromthe

surfy aggp OF £GP LOBHESH! & Ov LOINE FEigeBn| @Y efhaviddrond
predeterm ned 1injecting energy, and the step of

coh8LAL g £ %Hi)ei 419 a0 yd i b BEFERRNRACIRKIBS canat®priefing
I njecting the second conductivity type inpurities

re\%&?ﬁ‘ it %ﬁ% unfacLpRbtbBePhPL O lAGLEEEof GRREAICH ,08h b atEiird

er 1 njecting energy than the predeterm ned

sSma
- di:gﬁhfﬁé: g%?ic?rp & OYediny AEEAIS S’ BhobBEYESEE LE | Bdhwersion

oto ric conversion device ~conprising: a

re%%éﬁki St eRiPh SLAEKLDG del FESi ok WY Yol YhéYherface

otoelectric conversion Iayer on a sem conduct or.

th%#ggkr %tn? a aEhﬂ‘ﬁn%rﬁtbsqir}élt%i Q& eﬂecﬁfor{ OLHB8rako the
ele I vi ding

nent regiron of a second conductivity type

se%gcggg%gpgéogﬁggﬁggéé conversion | ayer, the el enent
T VIdi |

g region viding the photoelectric conversion
o L AR SR BB 0 s SENE R PR
S0 R SR B b PP spcioe e
o A S SR GH ddofen Bcace
oAb EEkE EoEENEr L0 BUEL L (408 opegepprytnes
inrj%%i-t%dicier\x/(iag&;,g aEnhc'ie tfhier %ttep of forming the third dividiné
region includes a step of injecting thg second conductivity type
impuritiesfromthesurfaceofthephotoeleétricdonversionlayer
with smaller injectir;g energy than the predetermined injecting
energy. .
‘5. Améthdd formanufacturing aphotoelectric conversion device
comprising: |
a stacking step of stacking a first conductivity type
photoelectric conversion layer on a semiconductor substrate;
~an element division step of forming an element dividing
region of a second conductivity type in thé photoelectric
conversion layer, the element dividing region dividing the
photoelectric conversion layer into a first photoelectric
conversion region, a second photoelectric conversion region,

and a third photoelectric conversion region along the

semiconductor substrate;



phot oel ectric conversion region into a first surface
side region closer to the surface thereof and a first
substrate side region closer to the sem conduct or
substrate, the first dividthg region having a through
hol e t hrough which the first surface side region and
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step of injecting second conductivity ‘type inpurities
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layer with predetermned first injecting energy; the .
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step of injecting second conductivity type inpurities
rdgiom ihehs sekand wfottded ectric conversion region, the second

-dividing region dividing the second photoelectric conversion
region into a second surface side region closer to the surface
thereof and a second substrate side region closer to "the

semiconductor substrate; and

a step of forming a ’i:hir_d dividing region of the second
conductivity type at a-shallower depth than the second divi@ing
region in the third photoelectric conversion region, the third
dividing region divi&ing the third photoelectric conversion
region into a third surface side region closer to the sur'facs.z
thereof and a third substrate side region closer to the

semiconductor substrate.




phot oel ectric conversion |layer with second injecting
energy smaller than the first injecting energy; and
the step of forming the third dividing region
includes a step of injecting second conductivity type
inpurities fromthe surfac® of the photoelectric
conversion layer with third injecting energy smaller

than the second i nj.ecting eneragy. ) .
6. A method of Claim 15, wheYein h%ystep of forming the first

dividing region includes a step of injecting secoﬁd conductivity
type impurities fromthe surface of the photoelectric conversion
layer with predetermined first injecting energy; the step of
fofming the second dividing regio:é includes a step of injecting
second conductivity type impurities from. the surface of the
photo_electric; conversion léyer with second injecting energy
smaller than the first injecting energy; and the step of forming
the third dividing region includes a step of injecting second
cc;nductivity type impurities from the surface of the
photéelectric convefsioﬁ layer with third injecting energy

smaller than the second iﬁjecting energy..



