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1 PHOTOELECTRI C CONVERSI ON DEVI CE, | MAGE SENSOR, AND
METHOD FOR MANUFACTURI NG PHOTCELECTRI C CONVERSI ON
DEVI CE BACKGROUND OF THE I NVENTION 1. Field of the
Invention 5 This invention relates to a photoelectric
conversion device that converts a quantity of |ight
received in each of a pluralitty of |ight wavel ength
ranges into an electrical signal, a nmethod for

@@I@%fo@%‘a%’rm@ EORVPRET 8R! 198 IdE, GRRVES §Eﬁ§oﬁeVAI@I§’METHOD FOR

and an | mage sensor provided w'th the photoelectric

%%&WA%I‘%IN%O P%\f‘ SAely I?EB@NEQS%EN‘%E%E@ ed Art

I'mage "sensor provi ot Oel' éctric
evi e onverts a quantity of
%§g£%§§H%P t I 3hgﬁ%Tipgctrlcal si gnal . For
exa a color i mge sensor that reads 15 a col or

ilma éeﬂg pfoknged NNk 180phot oel ectri ¢ conver si on

devi ce having sensors (photodi odes) for red, green,

and blb@isréspentivelyelAte@Idn:falpbptohhectraﬂsnbngersion
only light of a color to be detected is disposed on a
ldiegfitcel hbbdenoavertkasequadtithe sernsiorht arewaicleddlmorach of
and a signal corresponding to the 20 quantity of [|ight

laneiedit i b ouayhiches €0l gt Ligfe b Snetdblett Pt 2B gnal,
sensor. However, since this photoelectrlc conver si on

davd eodngst: mafrﬁ[fﬁéihfr fﬂ%‘ LRE PHb R JAIRB8ST EQfiversion device,
produci ng the devi ce, argé nunber of steps are

a%gluéﬁ%qnaﬁgeﬁgggﬁfé#ﬂi@@ WA %hé'ﬁ?otoelectrlc conversion

device.
2. Description of Related Art

An image sensor is providedwithaphotoelectric conversion
device that converts a quantity of received light into an
electrical signal. For example, a color image sensor that reads
acolorimageis;movidedvﬁjj1aphotoelectricconversiondevice
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 the color 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
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25 Therefore, a photoelectric conversion device that
does not use 2 a filter for each color has been
proposed (see Japanese Unexam ned Patent Publication
No. 8-316521). FIG 8 is a sectional viewillustrating
a photoelectric conversion device that has no filter.
5 Thi s photoel ectric conversian device 100 includes a
p-type substrate 101 nade of, for exanple, silicon

- e_epitaxial ayer 104 fo d thereon. A .

A e R Ao s bE¥Rer o s Ph v tiagrar e Pagapmined
04. Th el d _oxide film107 has thicker parts
%GFﬁﬁg EPL&FgégﬂgpnﬁﬁedSFRQéﬁ@&Ps than the other

parts. 10 An n-type diffusion layer 105 and an n-type

buri edfYayer 102 SaFEipbahevl petileldis et i ckphopaetlectric
of the field oxide film 107 and the p-type substrate
torvessdondideyiye thetepesaxialfillaper. 104 is divided

into a plurality of sections, which serve as sensor

|, serBuois phptardectbisensdrerdilon d€8peetivvelnslddes a p-type
sensors |, Il, and Ill, a p-type base region 106 is

bobeRdake tdEengeabe! Ofr dhansiLe f 3¢@1iPahtnefa pt Pepe epitaxial
epitaxial layer 104. A p-type buried |ayer 103 1's

flareed; bet MeeRed he di-dorPe asePsis a&)&d&t% I:Jlfli%hd %gh € s formed on

epitaxial |ayer 104 of sensors Il an

L R R A R LR N
1943 BRI S L MO0 U 0L SIS s
53, BH 90 RMRLe bl Bhel s BET0L 44 irtid Mgt 1aver 102
are formed between the thicker part of the field oxide film 107
and the p-type substrate 101,

Accordingly, the epitaxial layer 104 is divided into a
plurality of sections, 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
IT and the thickness of the epitaxial layer 104 of sensor III
are smaller thanthat of sensorI. Thethicknessof theepitaxial
layer 104 of sensor II is almost equal to that of sensor III.

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

polysilicon and that absorbs blue light to some degree is formed
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25 polysilicon and that absorbs blue [ight to sone
degree is forned 3 on the field oxide film 107 on
sensors | and Il. In sensors I, Il, and I1l, when
l'ight inpinges thereon, a quantity of carriers

(el ectron-hole pairs) corresponding to the quantity
of incident light are generated in the epitaxial 5

| ayer 104, and photocurrent (photoel ectronotive force)

aorresponding to the.nu of hol es _is_taken_out
BR SRS 2 gk g 4 2956 Sy BPBRR S Bt A

optical -absorption_coefficient of the epitaxia
Iayer:@@4“HE¥HEE§'55§PI@Pda§1¥héﬂ%ﬁ%éﬂéﬁﬂiHm@ﬂnges thereon,
incident 10 light becones |longer, light that enters
eheveplrth¥ief dadyererpo4efecbifrhhbosarpahee) tdmeriesipayghing to
reach a deeper place as the wavel ength becones
ltbrgeranTheyed Drisycidenthd ighitt axeapehayeted Oih ithesepliftaxial
in thickness, |ong-wavelength light (for exanple, red
Liagkt) 1w4l,l med behstbtucrent! v (phseovkedctibmbrithke force)
phot oel ectri c conversion device 100, the epitaxial
cayekspohdahgsensehie Iniod Ol ot @ shaver At R GlheSSough the
capabl e of absorbing light in a wi de wavel ength range
beam redilinghfhgto blue light, whereas the epitaxia

| ayer 104 of sensors Il and I1l is formed to have a
t hi ck I b ' j ' .
ool BESR SRy BSBERLR0. LRI e gient of ehe

L0 B UL 2P RO 08 PR 4. L0 08 2808 Ut
I3 BLies Ll Sy 0ce, AN LLAIL Asocbing, reqers. g
%%gﬁgﬁggug¥gtg£ﬁggegg%ghéggggagggp%@gfgg;gsthewavelength
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
IIT 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
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25 layer 104 of sensors | and Il. Therefore, sensor
generates 4 a photocurrent corresponding to the
quantity chief Iy of red light and green Iight, and
sensor |l generates a photocurrent corresponding to
the quantity chiefly of green light. On the other
hand, since the |ight absorbiag nenber 108 is not
provided 5 on the sensor |11, red light, green |ight,
Ther ef or

n Sht _ent er ns .
AP fetiadd ‘-aﬁ%%% ROk s o das i G5l rod iane
g ﬁnt|t chlefg¥ een |I%ht and bl ue ht

F cég% 49 1fi nd*PFP du??eEePPSﬁFéﬁc oPH%FOCHrrent
10 in a conbination of red light, green light, and
EpﬁéeﬁpﬁﬁﬁlnﬂhF@hth%u%QQQ¥4ﬁ¥'§@§@ﬁaéd0§ogé%e@cﬁlght On the
generate a photocurrent, the quantity of red |ight,
phaegquzand i )%i@fcegtre@ﬂ;igh@mbsmnme_eqbamii 8/ iefnothpyevided
light can be cal cul ated by arithnetic processing based

on théearagn Tide oéd UHehthoyoeunrieighigenardh bde Hyi ght enter
sensors 1, 11, 15 and Ill. However, since the |ight

absebli TgINENhRErd€8res LefvbredIIt geherpteyi degheveBurrent
in the thus structured photoelectric conversion

deyires oﬁ@'i gﬁ&UEm@%mlStf%ﬁfw obegssinfiight and blue
i ci ent uced. 20 Additionally, it iS necessary to

gg gct S|gnal extracting electrodes to the base
Ions 106, respectively. Therefore, openings to

CAOTR TR e -
%%z&%%r %%%tlmnogredllght green 1light, andblue 1ight, 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, IT,
and IIT.

However, since the light absorbing member 108 is required
to be provided even in the thus structured photoelectric
conversiondevice, manufacturing costs 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 light absorbingmember 108, thus causingan increase

in cost.

Additionally, normally, a semiconductor layer to absorb
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25 Additionally, normally, a sem conductor |ayer to
absorb 5 |ight and generate carriers is depleted when
t he photoelectric conversion device is driven.
Vol t age needed for depletion becones |arger
correspondingly with an increase in thickness of the
sem conductor | ayer. Therefore, a large voltage is
needed 5 to deplete a sem conductor region thickened
sor | on -mavelen%th L

PR ghd o RO LY TR 14 Wl A0 HERESR: Sl eceric

| arge, and a dr.iving vgltage of an inmage sensaqr ,
CROVERTG™ MEFHAR 0of o0F 1780 conVef 578h HEREE  Lpks depletion
| arge. 10 SUMVARY OF THE | NVENTI ON An object of the

S LRFERTI AT FESPENPL Il deWhth phdt Bet e se dn thickness
conversi on devi ce capabl e of reducing manufacturing
cdstize spmdchrducbpedieyef -t hEhprefene, mnveergd vnl iage s needed
provide an 15 i mage sensor capable of reducing
rmenuidagtietiengacosemicShdlittanot hegiob] tEeiclodnddie to absorb
present invention is to provide a nethod for
MRMY-aciwylioigtd phiajioe] eshdi BegeBver sdolvdeyi ¢681tage of the
capabl e of reduci ng manufacturing costs. Still another

YU R 1¥c i@ B5OSERS 1 SRUBHE BMNES1 A9 R QWdear20idg voltage
phot oel ectri c conversion device having a | ow driving

Y)CH éﬁgﬁagegér{s!o rafﬁéblgaizqgjth% hc?éoé f‘&:ﬁjﬁ(‘? SBI'IVG rs fLon device
invention is to provide n i mage sensor having a I ow

I Viin ol tage. The photoel ectric conversion device
g%%bﬁﬁgﬁgaio a first aspect of the present invention

RSP d T BRI V 1Y

An object of the present invention is 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 inventicon is to provide
a photoelectric conversion device having a low driving voltage.

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

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

type photoelectric conversion layer stacked on a semiconductor
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25 type photoel ectric conversion |ayer stacked on a
sem conduct or substrate; a second conductivity type

el enent dividing region that is f ormed in the
phot oel ectric conversion |ayer and by which the
phot oel ectric conversion layer is divided into a first
phot oel ectric conversion regi én, a secand

photoel ectric S conversion region, and a third

Egﬁ:ggﬁ uét%fﬂﬁ?nv E%hguct§%a%n alon emé%t div 1dﬁng region

afirs ' hg reglon 0

e sec nd conductivjty type . that is forned
Ei?‘@&e’tse fiffied *dept R PIY»aﬁ?fsC&afLF&OéWcﬁrster@ 18vef ana by which
phot oel ectric conversion layer in the first
ﬁﬁ@t@@P@@ﬁﬁﬁ@tééﬁv§P§Wﬁ¥ﬁ%ﬂﬁ(ﬁﬁY%W ithi @hvidrdfipke gofirst
phot oel ectric conversion region is divided into a
phe¢pedgrcitade soueeregbnn rtévber, t @ t Isecomd apgotoelectric
thereof and a first substrate side region closer to
chaveesioandegt at, swdss riatiesd phetbelsttrdcwiahvgrsion region
regi on having a through hole through which the first
subhacensi géni egh@ncene durestrdisd; substsat@i®idieng region of
region 1S conmunicate wth each other; a second

%\é' gL8gn & e &1 ¢iR8, t?y%%of‘ﬂaﬁ ol yehenelat ¥t tay ?%e"d@%‘érmined
formed at substantially the sanme depth as

tdﬁéﬁ:ﬁ'x %kxhda% %@%f%h@t R%;Behée%g dfoto 4030 1ayer in

rst dIVI I ng reglon [ e secon ectrlc
. n_regio nd. by which the secan ;
%érfsgt??%g%f%%%vl& SO Te o ot Bgdwk.ﬂn%h the first
nd.surface side re cl oser..tq the surf
Pﬁl@ S e e £ Thaibu Ss d eoiAt h akEy ot gurace
t he. sem conduct or substrate; and a third djvidj
ﬁég%eoﬁe@%owel%&roﬁa %@@Etfla\ﬂet *y'/h?’y?%%ftad‘é’t |§“F~%F FEgpstrate
at a shallower depth than the second dividing region

|ﬁ4dﬁh€eﬂﬁpﬂdC?SSEEOF@et%%t??%%@Qﬁﬂ@ﬁ%@?Nﬁqhﬁﬁqﬂ?QMufhﬁ/flrSt
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 region cor 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
closer to 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
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phot oel ectric 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

i nvention, the second dividing 5 region is forned at

substantially the sane depth fromthe surface of the

phot oel ectric conversion Iayer as the first dividing

?ﬁg%:? %1 ctr%c c%rnr{]faersel % ?J%%V\Edlng&éd J.E'lq:%na ttl?leird surface
I'rs rvrding reg i%om, °d dividing regi o

formed at a shal dep the surf
SRAF BT S eBv Bl SHonOnASere ST RHo SR Sh ﬂds&strate

dividing region. Therefore, if the first, second, and
ERPRATASYPRI AGOFRYI bAsthar seBi ARREUERRr sarRsFRate.

t hi ckness, the thickness of the first surface side

regi ofkdap gl imssttor hbespnesast tinienfiahe thecspgond dividing
surface side region, or is greater than that of the

segbnd isufdmmwed 3% siwetaregilly The sameckarests fobmtttie surface
second surface side region is greater than that of

biethbi pHosueliaeerstdeohegikohon Shpee hbethersirst dividing
di vidi ng region has the through hole, carriers

geperated jisnrd Aked kst sHAsIFRIreash e theG PRe Gk ftedividing
nnved to the first surface side region through the

g%ﬂh hph€tnigl g hﬁro%fn‘brﬁe%icf) E'%efcfx‘r{e%a@érgr?acﬁ&,&éi?depth

Ion Is connecte S1 g extracti ng el ect rod

fnl tel{éS gx%qf%rc%tgg t%Ot {:}héﬁ é?gét][‘j?(g C eq;er%%% er than the

regi on ca

8 § i gnal extractlng el ectrode connect ed to
Fﬁgcngl $V184PPakEILPHe region. Therefore, a dlode
Snlggreel a%:%ee q]ree@z,fsg_%gﬁj%g{&rer?%tc,gs%gonél ;%td tQ'lr:ch_zftdo 1v1 1)1g regions

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
signalextractingelectrode;carriersgeneratedbothinthefirst
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 surface
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side region of the first conductivity type, the first
substrate side region of the f irst conductivity

type, and the f irst dividing region of the second
conductivity type can generate a quantity of

phot ocurrent (photoel ectronotive force) correspondi ng

to the 5 quantity of carrierssgenerated in the first
surface side region and in the first substrate side

reqion. . er hand, f the_secand and

ERfe Fiaitee 5 dd regtohireEREhnaored B4 Sinaposcrate
extracting electrode, carriers generated in th

§46646 %08 ThEhe Tdaptaandiald Hdgl byie 16ne&Renbvest 8ividing
the signal extracting el ectrodes, respectively.

Feueearot ddner Ferongermmrduedi ity lerbsecandyenrt atte pdquantity
substrate side regions are obstructed by the second

affi gohtattiorash rtiewi td [ pigp t s €l OonNsomantve danot ) movte etspotling to the
signal extracting electrodes. Therefore, in a diode

gheneiagfd Beariebesr @ohd o osd iSCEROT i rky phipt 98k gAdele region
made up of the second surface side region and the

sgaond €hwi dipgtr8Gb9Rra0B! ¥i8eavapibhy Of
phot ocurrent (photoel ectronotive force) correspondi ng

tot h%rglﬂﬁ@téﬁﬂef’fhanﬁarifeerast}gglfe{}?é %q:&oﬁdt Qﬁdgﬁﬁgﬂjsurface
In a

surf ace side region i's generated,

re [r " 0 L ode
rade bgdspbEhs ﬁ??ﬁegﬁgﬁaga g.aégpsé SRERRGCLRE. ehpFarode,

on, uantjt otoc rrent
EBHS&S’e’ge% ‘%?ﬁ}i% ‘%(%?égfo@&?%@%&}&%auf agReside regions
uantity of ¢ rrlers enerated in the third surface

gPBemPgﬁlgﬁ F Cgenera e8*tFRFELRT silREETPRBSOpERERPCTiVElY .
absorption coefficient of the 25 photoelectric

HEWGERS oR2F BiRF S ol achdll heaseopiv@lahthird substrate

side regions are obstructed by the second and third dividing
regions, and cannot move to the signal extracting electrodes.

Therefore, inadiode (hereinafter, referred to as "second
photodiode"} made up of the second surface side region and the
second dividing regilon, only a quantity of photocurrent
(photoelectromotive force) corresponding to the quantity of
carriersgeneratedinthe second surface sideregion is generated,
and, in a diode (hereinafter, referred to as "third photodiode")
made up of the third surface side region and the third dividing
region, only a quantity of photocurrent (photoelectromotive
force) corresponding to the quantity 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
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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 5 absorb light in a wige wavel ength range
(short wavel ength range, nedi um wavel ength range, and

| on vel en range) extend to the si of, l.onger .
GBI B SRGthe T Eesetind 18R it MEefs SBs g fierric
regi ons, and can_generate a quantity of carriers
%%T&Y%gwra#ﬁgetroﬁ%ta@aﬁﬂqweow%%ﬂf|rie§mh.es a deeper place
Accordingly, the 10 first photodi ode generates

phdtecHave ?neﬁho@%éﬂétﬂ#@Eﬁt@@@pm¢%w%%QG%ﬁﬂr@@ﬁéﬁapﬁgr the
to the quantity of the carriers. The second surface

8idst reyg tarabsadhs ehiight and theveieglssngub s traftigeside region
(short wavel ength range and nedi um wavel ength range)
sxsendaed gha ihe widiewalrellengeh rmad ¢énpbhs wadvalarheh range,
third surface 15 side region, and can generate a

AdANh tya 91 SR SF Sn g LOTHRE NG REvEAchBenquantkl Yegfended
such l'ight. Accordingly, the second photodi ode

g6RaRalieR PHOLAGHE LERE 1ERROHREIIBE FIRIRELYR] helGf)rd surface

corresponding to the quantity of the carriers. The
o d . . . , _
SUET arEHIOREn D ¥, PReARREEE? 4| Harleled MO Ctarriers
St FeShonaThg b DReIguaRt Fty P UEiok T gnt AcEBitiREly, tne
A di ot t hi rd phot odi od t .
SRGF bobr P EHiL PR HET BB eLER oRbP FUS 6FEE) (DPFeSpBREFABOE Ve
to the quantity of the carriers. 25 Therefore, the
f0hRe! t FRErBFPPAFERIKFAERBf IRpRRE LY eCf. the carriers.

The secondsurfacesideregionabsorbslight inawavelength
range {(short wavelength range and medium wavelength 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 quantityof 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.g.,
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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 ectronotive f orce) generated in the f irst,
second, and third photodi odes. 5 Thus, since the
first, second, and third photodi odes have nutually
di fferent wavel engt h dependence, this photoel ectric

conversi.on _devi ce n det.ect the ntit f L [

RS nr e A or i g LEeMEE B Pt frengtn
wi thout filters or _light absorhing nenbers. .

THRTRF oFED DReC8LFYLRG ALY B0 RO UG fiiGgssige based on
| i ght absorbi ng nenbers in a process for producin .
Phetprer benbdPRrEoesrrELrSMeh IHeiE e I THerR Bkl 1pA&e first,
phot oel ectri c conversion device can be reduced in

secofidct andnghicdsphotWhemdede quantity of light is
nmeasured by this photoelectric 15 conversion device,

a revenss,bsdscudHaderss, apptored, badt tieifd phsttodiiodes have
third photodi odes, so that the first to third

RELAUL 9dess F€adn bevtanlaifth dSipReRicneld,agriBegietioébectric
depl ete the sem conductor |ayer depends on the

LBHhGKPESSNnOet NEe SOIH CRALUGT @he héXﬁEit¥Q$faﬂﬁﬂﬂ§§Qﬁ@ach of

to al nost conpletely deplete the first 20 surface side
CASHEY 20, U ik Do eppt e asen (4 avors or
£33 oo kg T 2L SR L 9 805! B g co s
I hnl 400 e, 3eC0d, SORNELLY L 148 ALY HBLODoaucing
gih\e/i diprlll%t%% ieocr1]:8r'icI n ctol}i\?ercsﬁso% tggvice. Therefore, the
photoelectric conversion device can be reduced innmanufacturing
costs.

Whenthe 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 onthe 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
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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
5 diffusion dividing region, and the conmon el ectrode
| ayer have the sane conductimity type, and hence a
reverse bias voltage can be applied to the f irst to

third phot odi odes toget her thr.ough_the. n

BfaEPr Rt P o or ot PEA i pIde Ve Bsror "ot aE offze  Second
| ayer may be provided 10 between.the sem conduct or fed t
SORCRFhE BL AN d ¥ CRRBPBEH BRI TIe LaN e, ST LY pnnected to
Preferably, the element dividing region includes an

pashl ai fénspant diiabddi Aeghelsurface part of the
phot oel ectric conversion layer (diffusion dividing

regi orn .tHAME sasesultdtel dArss par thdkdsdivpdssibregiens, the
reduce a | eakage currentbetween regi ons divided by

the rakesrndi el &g ne giegl, oand i eosmphacke parddoflayer have
t he photoel ectric conversion |ayer. \Wen the

RRgt Qﬁﬂnécééﬁ@ucﬁﬁﬁYEQSti:ﬂFEJ ared Héndmade refvesiski boAs @bltage
oxide filmformed by selectively oxidizing a

RLGEARE %%g% ned + €3 ?“:'L_r%bﬂeccﬁt'lrliﬁg?ih%%rotd_i%gie%ftdé&her through

phot oe ric conversion layer (diffusion dividing

[ f ar lLe, ording to a LOCOS techni que
%g% ggkﬁggd%lgg{? eeiéggﬁgfion part. Preferably, the

Lot A TSRy SErRRCks 1ALETR0bs Bigvices
aerrttgltsee%f él'pee glerrnﬂ:o}l uctzpélr:ds%%rsft%% eSiadned rt‘:slgrie o{:‘)ﬁbtye]%ectric
conversion layer.

Preferably, the element dividing region includes an
insulation part formed in the surface part of the photoelectric
conversion layer {(diffusion dividing region). This insulation
partmakes it possible to reduce a leakage current between regions
divided by the element 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 photoelectric conversion layer (diffusion dividing
region), for example, according to a LOCOS technique can be used
as the insulation part.

Preferably, the first to third uppermost surface part

regions of the second conductivity type are formed in the surface

parts of the first to third surface side regions. The first
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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 first 5 to third surface
phot odi odes fornmed up and dowz can generate a |arge
quantity of photocurrent corresponding to the quantity

l.ight recei ve hose 05|t|on t

B Ry HEEEA S P HECS HE e on =g e I BE o thixd
reglon connected to the comon_ el egtr.od e the
B pHer Foste stRYHRS paPRSFeGHSR rém?éf&ﬁi%%ct%ﬁr%nafterf
t he di ffusion d|V|d|ng region. In this case,
refersedpi 58 vebt ajEleak becapphi&d téurﬁﬁéefng?t?ﬁlOdes
third phot odi odes and the first to third surface
phepediodedyl ogetierf inwiough thtie & piwsedéosiesr sad the first
| ayer. 15 The photoel ectric conversion device

aecondirngstof acs esiomicbd aspect f @fmdd eypraege nowinnzent penerate
includes a first conductivity type photoelectric

GONYEES IR HANET o BLHEKAf 10 éh 1S et eRPURahy suhdid guantity
and a second conductivity type dividing region that

bﬁeﬁ%gﬂ%dr@EeévgﬂeQQt%ﬁgb@egoggﬁﬁgngron1a surface of

phot oel ectric conversion |ayer, by which the

phOtoetfcﬁﬂéCel&8@%€r§i99d£ﬁ%g£?h§oﬂ'Y?Qﬁgdbﬁtgh@ diffusion

surface side Fegion closer e surface thereof and
strat d t t
giga &Egzrgﬁﬁéng?éﬁlgtﬁg of ﬁsitﬂh%gve S, PRI 1%yerr the

th whi ch_th f
(I ouen WL chethe Uil sce, S r o8 00 AL LAE. o prusion

dividing region.

In this case, a reverse bias voltage can be applied to
the first to third photodicdes 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 photoelectric
conversion layer is divided into a surface side region closer
to the surface thereof and a substrate side region closer to
the semiconductor substrate, thedividingregionhavinga through
hole through which the surface side region and the substrate

side region communicate with each other.
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13 According to the present invention, since the
dividing region has the through hole, the surface
side region and the substrate side regi on conmunicate
with each other through the through hole. Therefore,
if the surf ace side region is connected 5 to a signa
extracting electrode, carrierss generated both in the
surface side region and in the substrate side region

by allowng light to enter these regions_can 3
Che s ing MR ok BB aroqe e 1PRs SLRGF RaRCOLviding
since the dividing region |lies between 1Q the surface
&PE&OPefRENtRACCE DGy e o FhEiEsicos 9 Jegrer grd the
| ayer can be formed to extend not only fromthe outer

supBasateos ldner phipacammunicaienvéibi oach fidtephrough the
also fromthe inside of the photoelectric conversion
fthyenghihadg. f Tbarafiorat arf teesubfavesn deheesionf hggonnected
side region and the dividing region and an 15

itat ar §agra beé veeact heg selbsd ttedde Sider rriegioryeard attleel both in
dividing region. Therefore, even when the total

tthiecCknegs cef stife sukfiaeeansi de regi eupardatBeside region by
substrate side region is set to becone large, for

A3l g !lrj‘.g.ﬂrtdﬂ) LRBPSPROsLI %’c%i&@s W A avel engt Bignal

range 20 including red |1 ght, tage needed to al nost

%%%Qg%&ggﬁégggh%ggdephe surface side region and the

Strate region can be nmade smaller than a case

in whigh the dividi ion js nat . formed. .ln oth
wor s, SR HGPFOFhg 981 SqE 3 LERIE vighitberuieh HleEbeteen
nversjion deyice is | ow e Sensor Aaccor

fhesyrtace 51 %aeg&f;ntaméi B}%%g@ﬁﬁ%:ggge side region, ag:lie?ﬁetion

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 thickness of the surface
side region and the substrate side region is set to become large,
for example, in order to absorb light in a wide wavelength range
including red light, voltage needed to almost completely deplete
the surface side region and the substrate side region can be
made smaller than a case in which the dividing region is not
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
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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 | ayer stacked on a
sem conductor 5 substrate; ailgecond conductivity type
el enment dividing region that is forned in the
hot ogel ect.r i onversion |ayer.and by which, the .
P POEr £ cried BB B Efle BYEF P 2omvrdas R bt pragarive

hot oel ectric .conversi gn regi on, .a second . . h
BRBEBLF oEPr FE L Veorhe: SR AT SarkP I A hep device. The
phot oel ectric conversion region 10 along the y
BeateohatEr 6f aubRnHiQ dgVicesingl yiles iy fhEgitoprRfuctivity
the second conductivity type that is forned at a
predattertmales-t depchnieoaiansiaferc stetkedeon a semiconductor
phot oel ectric conversion layer in the first
phbtoekeest ra cexemershdactegi @y, tye Wicsterttheifviidsng region
phot oel ectric conversion region is divided into a

thesti SEb A 1A% 18 PRot 68l ent el @3 vied i@ Baydmaad by which
thereof and a first substrate side region closer to

the $e0ieeNduet-or shsihatien thg i rist qoiMddl Nthto a first
regi on having a through hole through which the first

‘ﬁﬂgiggﬁeéitgﬁcr%% eﬁgg%ﬁher%&igﬁ, SUPSLEALAGS] fotoelectric

egi on~ conmini cate 'w eac er; a second dividing
region of the 20 second.conductiyvit t i.S. . :
EEfnghsIbniiatchs BEAS TR BhnEb fLet VP S Wy qbign regton
divi di regi on o t a shallower depth _than t.he .
ShPeg e S ol Ao e 2R S B e b iy region of
conversion regjon and by which the secong ,
BREt BRFRRE (SIS rvers] %Mpﬁefgl?-% s TRrpedat npgegetermined

second surface side region 25 closer to the surface

frpthofraf e swdesind ofubberpleetas ecelf gipnversion layer in

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
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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 5 photoelectric

conversion region is dividediento a third surface

side region closer to the surface thereof and a third
substrate _side region closer .to the sem conduct

SHPSEY atR. TR @i FPFHalRr BB %Eeth%n&res%bﬁéﬁ dividing
invention has no need to forma filter or a |ight

BBIEPDi A ﬁ%ﬁbé?ceﬁdtﬁ@ndTGtﬁﬂéFgel@@@rﬁgagoﬁﬁ%r mpd at a
devi ce, manufacturing costs can be reduced. An_ inmage
seasbowar cderliing Han & e Fadenss Fadi odng KegpPBséRt the third
i nvention includes a photoel ectric conversion device
phdtaebetveiccigaidrdicomr iregiome phot dey esthrlich the third
conversion device. The 15 photoel ectric conversion
gr¥teelbpeludesrvdidisin eogtiostiisvdi yidegpato a third surface
phot oel ectri c conversion | ayer stacked on a

seakcandugt e osaubss idleesuandca 3Rk eaaddaiivid yubstrate
type dividing region that is forned at a

h h

B o bFaEp T ELOERE (eby LT bafBuBLol Sypstrate.

hot t 2 I

Eu?f T S Bl o he ?5%&?&6?&2’?23%% fas no

bst d I

BaBar i oo Thet aFITaPRG Tedt oh' HAGI AHS %h”‘n%ﬁgﬁe*ﬁ%f’ﬁ‘ on the
t hrough whi ¢ch the surface S|de regi on a g ‘ n be
BBSERAPE xSFdEOTEGo B RRTNFEal DL ER CEHEA 6t fBP =252

Since the i mage sensor of the present invention
rreMGEds

An image sensor according to a fourth aspect of the present
invention includes aphotoelectric conversiondevice andadrive
circuit to drive the photoelectric conversion device. The
photoelectric conversion device 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 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, thedividing regionhavinga through
hole through which the surface side region and the substrate
side region communicate with each other.

Since the image sensor of the present invention includes
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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 5 device
according to a fifth aspect of the present invention
i ncludes a stacking step of skacking a first
conductivity type photoelectric conversion |ayer on a
em conductor_substrate; . an el enment division st
P37 i g~ LeCHned ConlRA s Wity Uhes ARARA & vi
regi on that divides the photoelectric _10 conversion
PEYEING ML 9§ 1 SHPS TR oL 386n0ér SPBN FRYT oFSRPT can
second photoel ectric conversion region, and a third
biol@eteedric conversion region along the
sem conductor substrate in the photoel ectric
convelsimertHealy efqr anastwefrafur frogr m nheatde ettt diovi chmgersion
regi on of the second conductivity type 15 at a
feetlet esstoedingptd &ronfeh susfece of the present invention
phot oel ectric conversion layer in the first
Phel 08L 8 W kit ckARYEEBEPDH I 88LeRingt A ifidtStodbMbdiREty type
region dividing the first photoelectric conversion
ﬁﬁS{?QQléB%Pié %éﬁééré%ﬁ ARy de LegbRAN-6hA8EEokOsubberate;
surtface thereof and a first” substrate side region
0Se - en] .subst [ -
SRR e e L TR e A
the first surface side region,and. the first subsirate
t GaehE g ShT LSRG n sty (AR iAEr, | kg By hrBLSetric
a second dividing regiqn of the second conductivi,t .
COBECRE LQNTAYRR LRIPy tHE S5ad Hopt - WLt RETaterion region,
di vi di ng _region _ . )
a second photoelectric conversion region, and a third

ep. .of .
M enrglng its

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
af 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 region having
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

25 in the second photoelectric conversion region, the second
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25 in the second photoelectric conversion region, the
second 17 dividing region dividing the second
phot oel ectric conversion region into a second surface
side region closer to the surface thereof and a
second substrate side region closer to the
sem conduct or substrate; andia step of formng a third
dividing 5 region of the second conductivity type at a
hal. | ower depth than.. the.secaond di viding.regi ' -
R RRR G- Sbvo e BErrte dRvSReted BhaPeACEEREE, (fhyprsion
di viding region dividing the third .phot electri% £
EBEVEPSIRHP re§REATANT B 22 ¢ 6 EéaﬁﬂlaPecg?a%rﬁébiBﬁ surtace
closer to the surface thereof and a third substrate

thesepdgiansl a0seresdr suestieteens kdndaegoPs GIotreat £0 the
According to this manufacturing nethod, it is possible
semiapubact oresutet st vehdca sitercohViarsiieay ddhigsl dividing
according to the first aspect of the present

ireyeBhi ®hthe sddedd tbedsecondtydiwpelang sbgildnwes depth than
fornmed at substantially the sane depth from 15 the

Ul Aceaf gt Ped Phet-eeliest i ehe amierspRot d@yect Bic tbaversion
irst dividing region. In the step of formng the

f
i.r di vireizn on : digy k4l reghen, third
{rﬁ_gi%m, Ltg'e 95_5%%1 d&ﬁ}thlhg $ege6e a&w@u&ag ghen, thir

irst dividing region and the second dividing

%Su%itt%rél%rc%frfi%@@}% sef%gg%gg{)}elg Ly, 4 PR sAR RN { 40P egion

e surface o ri'c conversion |ayer.

e R e
i_mul t | formng the st f forming th
IO AL SR, e,

The step of formng the first dividing region and the .
Second}\gcording to gthis manufacturing g%netehgodo, 1?: 1s 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 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 region 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
forming the first dividing region and the second dividing region.

The step of forming the first dividing region and the second

dividing region may include a step of injecting second
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25 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 injecting the secorg conductivity 5 type
inmpurities fromthe surf ace of the photoelectric

conver Lon, layer with smaller ect| ener t han
ERBUBFEAETENm hahe"| HFRRERhGoBneFBon ACHGr dFROTRGS PE  the
structure, the first to third d|V|d|n regi ons are
pBPhealBgtrAre6PRHELFHPDr FEVRE Wibh Pﬁgd%ﬁiﬂa&%e%f injgcting
the photoel ectric conversion layer. In this case, the
easperti vEn déptshsame wihehsthe ¢f riarniond Hihed téﬂl\mdiiﬁgldlnq
regions inthe first to third photoelectric

cegyensian inegiuas aasee arfmeéd] eaténdetlee memethdoygonductivity
energy injecting the inpurities. In nore detail, the

t§@eQRnd af iRtk Hepbh thecnitsa ¢y edtele pisotdel dStric conversion
inpurities-injecting energy becones greater.

Theeef iien then1ragi anrdorimy deptdy ehahhenbi bsbdb®ernined

third photoelectric conversion regions can be contro

;Lﬁg@étmgse;ﬁ%%:y“ es-inj ecting energy. Since

uriti njected with the same injecting 20

ener gyAé(P{xﬁé’lrfﬁfrﬁg @‘r’a‘i’ 'Q&P&é&@:ge elnc‘g{eg%)lrsﬁ% {é‘ech%%{tg dQiding

form ng Seécond ng regi ons
first and second i viding, regi.ons are forned t he
E59BEpTFo T ohh gysh?sﬁggmgflweﬂpfﬁoﬁ%& Ik fhg 'St face of
converS|on | ayer, On the other hand si nce t@h

In is case, the

ERFur PRPBRSHAF BELP R IgGLon  Laver .

respective depths at which the first to third dividing regions
inthe first to thirdphotoelectric conversionregions are formed
are determined by energy injecting the impurities. In more
detail, the region-formed depth becomes greater as the
impurities~injecting energy becomes greater. Therefore, the
region-formed depths of the first to third photoelectric
conversionregions canbe controlledbythe impurities-injecting
energy.

Since impurities are injected with the same injecting
enerqy (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 energy

in the step of forming the third dividing region is smaller than
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25 in the step of formng 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 formed at a
shal  ower depth fromthe surface of the photoelectric
conversion |layer than the finst and second dividing
regions. 5 1In the step of fornming the first di vi di ng

i APy rrd s PG e T S R £ 1Y eeC% P BoPhEAS e rirst
predetern1ned pattern _is formed on hotoelectrl g
2R FECONGH m%#ng 6P ieRampIRe chEdﬁjds"[% PagEon 45 forme
part with which a region corresponding to the through

Aol @ sbadflowke flepitdt fdiom dihey SWFiasie iaf coherdaoteplectric
this case, the region corresponding to the through

boheeranohel dpenethaso tHwmtf itrtsd ammpaecondsdaﬁmdbngb@eglons
injected into the region. That is, the first dividing

‘regi onthaHdgstidie dflrmhghiﬁ@lﬂl@aﬂibetobiai@ﬁdg fegion, the

nmet hod for manufacturing a photoel ectric conversion

iRpdeyEeesagsR el Nthi & Bedi Nt hh axped ief whiehpresesk (e.g.,
invention includes a stacking step of stacking a

it;\ L84 1 SONAUGH }ﬁb‘iﬂaﬁy&’%re{&@@ﬂﬁ'@c{ b%t‘%%rﬂﬁei?ﬁ!:med on the

ayer on a sem conduct or substrate; an el enent

Shek8Ron5ELeR Ol oo, 8, 88O CAOIUEL LY  {ife hYBE may have
20 the el di v
G DG s PReicoh dbI e C%gfeoﬁr%tféor@d&#qn%?ef&eﬁ?%mugh hole

first photoelecgtric conversion re
BhGRse bEEF P YeHHPEI DT ChPBRE TR

phot oel ectric conversion reglon al ong t
senresraueing toubser dheoug s?@&eoFaPoPﬁlﬁﬁrgeﬁlPQtthat the

di vi di ng regi on of the second i
impurities cannot be injected into the region. That is, the

IQ%p}Ecase the region

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 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; a stepof forminga first dividing region of the second

25 conductivity type at a predetermined depth from a surface of
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25 conductivity type at a predeterm ned depth froma
surface of 20 the photoelectric conversion |ayer in
the first photoelectric conversion region, the first
dividing region dividing the first photoelectric
conversion region into a f irst surface side region
closer to the surface thereof2z0and a first substrate
si de region 5 closer to the seniconductor substrat e,

dln i.on n t.hroygh ho
%E? é%ﬁf%ﬂ ?H% |r§F3§ﬁ} Eg g? e reglo% bﬁogoeﬁeCtrlc
|rst substrate side regi.o ,co ni cat.e wi,th

Spﬁarerﬂanslfee%l% FB?rﬁrlﬁg‘s%g% Gdﬁe\ﬂﬂzﬂfhal?é ?—%‘ﬁ the first
the second conductivity type at a shal | ower depth,
PhakoeRe i SICIIVATH RS 100+ @il BhoisnT thet s¥cdage side region
phot oel ectric conversion region, the second dividing
cégsem Uo \ihei agr £ hee sdromp Hhotoelfdesti eubshvebsisdre region
region into a second surface side region closer to the

slibkaee o therseofi candua teecouniss tstdksd r Ahe fSirge disgidimg region
closer to the sem conductor substrate; and a step of

harhath antblgH Hd1E ghigudBbwheghttheotit be ssedereé side region
conductivity type at a shallower depth than the

SeGOoNdL ¢ Vi@ Non 418 1N sk Aty itdH £Snhel 88t €6tikinCeach other;

converS|on region, the third dividing region dividing

gngS RS gecat ré@c&%‘vglﬁﬁagnﬁe@eﬁqo‘nm@f @the second

ace SI region closer to'the sur ace
th f t hi bst r at
tcg%bﬁe% 512%% 2}3&%{% Rhet Fhfel SR IRD HE0 e hividing
fact t
6 oot B EPERA dc&wtqgi SRtbe Fe@%gsgﬁfv%?”gi Bl Hig second
first aspect of the present inventio

M@ﬁdngdwugdpﬁgdﬂgg%ﬁgu She RN AP q@%‘h‘%%%c §eprsTsion

fromthe surface ‘ _
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 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
photoelectric conversion region into a third surface sideregion
closer to the surface thereof and a third substrate side region
closer 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 from the surface

of the photoelectric conversion layer than the first dividing
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25 of the photoelectric conversion |ayer 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 photoel ectric conversion layer with 5

predeterm ned first injectinglenergy. In this case,

the step of form ng the second dividing region may

i_ncl.ude a step of injecting second conductivity type
i"Mydties fromthe surface of the photoelectric
conversion | ayer with second_jnjecting. ener smal | er

Chan tFa° RGeS OF fQiatinG CBREFHST YRS G A8 a1 0% Giphenclude
step of formng the third dividing region may include

& step obf inhpebinggs seh BRIk VI Y EyRgpdmpurities from
inpurities fromthe surface of the photoelectric
¢hevessicfackayef wWilteh phokdeilrptedti ngorvergionsn@yesr with
than the second injecting energy. According to this
siredetigrei nedddn€e rshei Seeonth 4 gretging IhStenergyse s the step
smaller than the first injecting energy, the second

&V ifirid e HHRN sGRdbnike dfierikBegalr o3 ighaklzgehcderleh af step of
ront he surface of the photoelectric conversion |ayer

tihti‘l%%c,tﬂl%gf 5E8bn8i NG 1 189 ePpeAdglntd Onald ¥rofl 16€ surface

thé third injecting energy 1I's "snmall'er than the second

() S5 0SRG2 R g OO R BB cin
B 35 S6LS L8 CORVELT 08 LYSL RS 388000 1o this case,
B:B'L%e% gpléﬁghﬁ@ﬁgﬁ ne? tggg‘égg%%gﬁﬁ@ r%fgi%ner(rfé)? i%fclturéi% a step
of injecting secondconductivitytypeimpurities fromthe surface
of thephotoelectricconversionlayerwiththirdinjectingenergy
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 formedat ashallowerdepth fromthe surface
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 described later with reference to the
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25 from the enbodi nent described 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 showi ng a
structure of aphotoelectric conversion device

according to a first enbodinent 5 of the present
invention. FIG 2 is a sectiazal view along line I1-1

of FIG 1. FIG 3Ais a sectional view along line
[TTA-I11Aof FIG.1. 10 1. 1. FIG 3B is a sectiona
9F8W8?%anﬁiﬂ£aV%P%§r| | B of FIG FIG 3Cis a

sectional vi line I1IGl1IICof FIG FIG 4 is
%RQEEpHEEQBFB?FQNgOg FEF aPRBRSHFP bet ween a depth from

the surface of a photoel ectric conversion |ayer and

li ght FIG iIntiengi sgphempéics pilgng Vdehe fROVENgedt FbREFture of
view showi ng a structure of a photoelectric

e pivvdoesiler toe vi aeeororai dev 1 oe acsetdhng tersbbilf iearnbofiment
the present invention. FIGS. 6A to 6F are schematic
secthanpke¥keawsihoenexphaining 20 a nethod for

manuf acturing the photoelectric conversion device

shown g1 FIG i H.a Hdotibral ari@ eUidngdilageamrefirabf rF1G. 1.
i mge sensor including the photoelectric conversion

devi cepghown i g'@tﬂon@l A a3Bng@thdG A Br1n of FIG.

drive circuit thereof

1.

FIG. 3B is a sectional view along line ITIB-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
émbodiment of the present invention.

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

FIG. 7 is a circuit diagram of an image sensor including
the photoelectric conversion device shown in FIGS. 1, 2, 3A,
3B, and 3C and a drive circuit thereof.

FIG. 8 is a schematic sectional view showing a structure
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25 FIG 8 is a schematic sectional view show ng a
structure 23 of a conventional photoelectric
conversi on device. DESCRI PTION OF THE PREFERRED
EMBODI MENTS FIG 1 is a schematic plan view show ng a
structure of a photoelectric conversion device
according to the first 5 enm#sdi nent of the present
invention, FIG 2 is a sectional viewalong line II-1

£ El 1 F . ar j I '

R e e L S e

spectj.ve hot L& conversion
ghgkgégiléﬁcBgdtgﬁab%EFéggEslgM§§#$%%&%§ubstrate 2, an
n+type (n-plus typ§%¥§onnnn el ectrode | ayer 3, ?nd E £
p-t ypd (- i s & Fr@FThdColadt VeV c BRPEIEFoR SHAYEFULS ©
4 sequentially stacked on the silicon substrate 2. The
phathoslasdtad e ibneense balday e vi chasr eeP el st tanithey nfirst
t hi ckness (about 6pm The photoel ectric conversion
apeditens of vheeprdSenntimvaerftiicst, Ph6t ckhect rsectional view
conversion region 6, a second photoelectric

e0BY:er $iifn r[egidnof, Famd B, tdnd drJwsat @@l ect Biccare sectional
conversion region 8 by neans of an el enent dividing

K2 @WaNa Pong ASi oWt i Al1@, tribherfib)sindortti+diic of FIG.
phot oel ectric conversion regions 6, 7, and 8 are each

gbag Rst,aptially like a square 20 in planar
viem?%ﬁ?%i.e.,yﬁhen the silicon substrate 2 is

e onP BT RUANETog SLOTER', AR 5 e
conversion |

P Lo arPEETRbP bl St Bot dPfg (FoPHE CRe | IRHITS Eqectrode
layer 3, and a p type (p-minus type) photoelectric conversion
layer 4 sequentially stacked on the silicon substrate 2. The
photoelectric conversion layer 4 has an almost uniform thickness
(about 6pm). 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 1is
vertically viewed from above.

The element dividing region 5 includes an oxide film 5A
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
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25 oxidation of silicon) process and an n-type

diffusion dividing 24 region 5B di sposed between the

oxide film SA and the cormmon el ectrode | ayer 4. The

width (i.e., length in the direction along the s i 1

icon substrate 2) of the di f f us ion dividing

region 5B is greater than tt@ wdth (i. e., length in

the direction along 5 the silicon substrate 2) of the

& anf g]g md?é‘ oéer:]dtk@gt‘fa' ér%tp@gocggfcligcf{irﬁ gﬁn%r?cﬁsﬂ%l COommon
realon , an ~"type Tirs di vidihg region IS

forned at r edet er pi ned pth fromthe surface of :
ERECphRBRBel BT I L COMFoPaIion I dy&r 41 EPaEh, ingfhg direction
t hi cknesswi se middl e portion of the first. . ,
phoPBdIRELLECPD ThRleTaioR ) rehites &) ffushen diwdding region
phot oel ectric conversion region 6 is divided into a

PBrist gseptar dhsindehe egidsn 6 ¢l odengthoin hheglifesdd agf along
the device and a first substrate side region 6B
thesseiltoohheubstrava 8ubsfrahe @xbgeréinsmobAt he f

irst dividing region 9. The first surface side region

6A is @ AL O BRI i photdde T EkNESSonddtes for Stegioh d6N0an n™
region 9 has a through hole 9a. The through hole 9a

topahepesk Wikt dankerd dNeh & 1500 8xddBkea Jritadtirhined depth
case, the length of one side of the through hole 9a is

g?éﬁ rhdanhakh cg% tgx%%)hg@?é Pe Of - PO& 31 Qfort i‘&ygf réﬁki .e.,

vi ding region Irst surface side region 6

A RSP IR ARG A LS B SOV B Ben ot
the%ebgtggen. L% th sec d qpptqg! céric cogvegsigﬂversion
PEBIERS? Ot S O y bl sl Bd it e 1 ER A | §

];gnrgggg gtisf I?iele:L%rer% ggggha afsirst surface side region 6A closer
to the surface of the device and a first substrate side region
6B closer tothesilicon substrate 2bymeans of the firstdividing
region 9. The first surface side region 6A is 2um to 3um in
thickness.

The first dividing region 9 has a through hole %a. The
through hole 9a is shaped like a rectangle, for example. In
this case, the length of one side of the through hole %9a 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 other through the through
hole %a therebetween.

In the second photoelectric conversion region 7, an n’t

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

the firstdividing region 9 from the surface of the photoelectric
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25 the f irst dividing region 9 f romthe surf ace of
the photoelectric 25 conversion |layer 4 (i.e., at a

t hi cknesswi se m ddl e portion of the second
phot oel ectric conversion region 7) The thickness of
the second dividing region 10 is al nost equal to that
of the first dividing regiores9. The second
photoelectric conversion 5 region *7 is divided into a

second sur reglon A r
FRQVSEFlSHdﬂﬁy ecoga Substt & Eﬁ%? géﬁgagsgqgﬁﬁﬁi%%%%tlon of
to the SI|I strate 2 neans sec

e o oL Tk LRt e COBTB A AP FRRHEr Byt ol Fo TRgckness

formed at the sanme depth 10 as . the flrst di vidin éh

pégtlom spcansidpEAdénghecgrRKiteds dFNeHle eR@dopg that of the

surface side region 7A is alnost equal to that of the

first duvidiegsiesioedi-onTBA. s e dod calins tgdcorgnversion
surface side region 7Ais 2pmto 3~imin thickness. In
plkatiah Viiewdnyidedeintovzenethrdsiuy tare slildst rageoR ifscloser

15 vertically viewed from above, the second dividing

regikaB 3Qrifscel BREBECFE Nadl MPsiedditd samss targa asdeheegion 7B
second photoel ectric conversion region 7, and dose

%QBSQQ-V'&) 2nlehs oughL ahg sy ¢RI £By i S8 € Q@lds SeEd@€@ividing

de region 7Aand the second substrate side region 7B

Eg%%} Q;e with each other. Therefore, the second 20
ce side region 7A and the second substrate side

50 Nl S AT LT SO S AR SLUll e
Seserbeg ety P A0S 0611, UL 00 OERPEBED: o
second surface side region 7A is almost equal to that of the
first surface side region 6A. Therefore, the second surface
side region 7A is 2pm 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. Therefore, 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 third photoelectric conversion region 8, an nt type
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as a signal. 25 In the third photoelectric conversion
region 8, an n+ type 26 third dividing region 11 is
formed at a shall ower depth than the second dividing
region 9 fromthe surface of the photoelectric
conversion |layer 4 (i.e., at a thicknessw se mddle
point of the third photoel ect6ri c conversi on region 8)
The thickness 5 of the third dividing region 11 is

nost ,equal _to_that the - fir i Vi di .0
Bhieonaf %R ipher R a b W oyt gtoR SHBLIEREEDRepn than
phot oel ectrjc, conversion region 8 is_divi into .
ERPrEE SRS SEEL IR PEYPB Bhradahirsers i paggodLectric
thereof and a third substrate side region 8B.closer .
convhEsioni éarer1® supdir atle @ W GkRETSYHE S e oGSy goint of
dividing region 11. The third dividing region 11 is_ . -
toemttiatl phehatlenbridepthversiben t¥Rg ke ohd diledthgckness
regi on 10, and hence the thickness of the third

ol fasetiside diegidimPBAeigd oamal | B3 aleustt kquadf toHehat of the
second surface side region 7A. The third surface side

FGHs@NA 1 $5d8Ag| Sehwits dpm iwat hifckhessecdnd plianating region
viewing, i.e., when the silicon substrate 2 is

ﬁﬁﬁti§ﬁ%ﬁhﬂg Gt &£ P 2PN @onlvRe st Bhrtb gliom diingdivided into
region 11 1s ornmed 1 n al nost the sane area as the

tahitEq.ar%{]%h?(.aflaﬁghg}Lﬁe fg%gﬁsélggcf%cﬁ%élontcg'tlrﬁan%lﬁ%%en@.hereof

have roug e by I ch third surface side

S, B 20 B AL LA A PR OB sisicon
it 2l Legon SA A e LI 8 Sl S8l

reans 8{1ett|£ei;dhl1£giding region 11 is formed at a shallower 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 lum in thickness.

In planar viewing, i.e., when the silicon substrate 2 1is
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

25 current generated in the third surface side region 8A is used
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di viding region 11, and, as described later, only an
el ectric 25 current generated in the third surface
side region BA is used 27 as a signal. The peripheries
of the first to third dividing regions 9, 10, and 11
are connected to the diffusion dividing region 5B
over all the peripheries. 5 M type first, second, and
third uppernost surface part regions 12, 13, and 14

p+.t (p-plus. type) first, second, and third
EFgﬁaFlgﬁgiacting regions 15, 16, and 17 are forned

on the surf ace parts of S eco nd.third
photoéﬁ%%ﬁFF&ph€8H@§r§%oﬁh 595ﬁ§ %b ghlﬁaddéVlglng regions
respectively. 10 In planar_view ng

8i | LeoneRd ¥r%ﬁ%&qpﬁﬂ?°§ﬁ91ﬁ°c§Pﬁyd&ﬁéﬁéaop gbﬁ%gﬁﬁgereglon
the f irst, second, and third signal extracting

EBgbuAs a51 tBe QﬁdimﬁeaieSdisposed one-sidedly with

a deviation fromthe central parts of the first,

secondy* afgbe tfhir%@,psét@ﬁﬁecimcﬂ CLICIONY @ficdmastgisansate part
7, and 8, respectively 15 (i.e., one-sidedly in the

gb[ﬁ%h‘so‘_@' N 3vhigh f@%ﬂfﬂ'ﬁsttyﬁ@qgnﬁlusa@ ghifidst, second,

phot oel ectri'c ‘conversion tegions 8 are

Qﬁﬁa‘gﬂfgé s Bgn SN A+ thila rbgibhe fiklsie, s@sond, agedformed

hird uppernost surf ace part regions 12 13, and 14

gégg%ﬁ@:gﬁ%ge wﬁgsga Ogi t;tlhéa?9£sga@et:'69@ thes $h{Sdphotoelectric

extractlng 20 regions 15,

e RIAabl SEBTRRE Kool bl BSheeIRE IR Le s ound
i:lsgn;IG oA} nd 11?;{ E%(Zl;_pl ?flt h?, fvxlrl{esrg ’theeggﬂlto%ngukggéfgte 2 1is
verticallyviewed fromabove, the first, second, andthirdsignal
extracting regions 15, 16, and 17 are disposed one-sidedly with
a deviation from the central parts of the first, second, and
third photoelectric conversionregions 6, 7, and 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 are disposed with
a slight gap from the first, second, and third signal extracting
regions 15, 16, and 17, respectively, in such awayas 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.
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regions 15, 16, and 17 are connected to the diffusion
dividing 25 region 5B of the el enent 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 di2g ding region 10 and the
second surface side region 7A constitute a second 5

phot odj o D2A, T hi, r ; Is t :
thl rdq{e e rln HESL(% eéi %n 8 %ééﬁs 1%?% ?1 11%%&;}99, hl:%e first
odlode DBA flrs nost sur
%aﬁeﬁl%dfeﬁ%@ B o3 D S0P Ses Tl B Ea et de region 63
constltute a first surface phot odi ode DI1B. The second

apperAbytestrtaed partoddgisnbrs afbettRe Rt SHyidigy region
surface side region 7A constitute a second surface

pAoendi thle S ndheurfacel Lisprermmssion 7 geasgdtute a second
region 14 and the third surface side region 8A

pohnsbitiotle @,4hi rthes urtfiack dhotdidi@decd3s: . 11 nanfiethe third
phot oel ectric conversion device 1, areas 15
patthutieosedebycyioneb@meshsdivudieng ragirdanphoseti®dashsa.
first, second, and third sensors 21, 22, and 23 that

i ncl udgnd e fde s erﬁt@%@ngurﬁé‘éietﬂ’éftd tbadh odesd RIAY first
D2A, and D3A and ?he first, second, and third surface

@B?&%@'eogga DaB Er:{ PgBéiA%%utlté 65 ReGld V%'chfa%% ﬁﬁgg%dlode
el ectrodes ?SI 5,

extractlng ect rodes 4,

%?%ﬁ;ﬁ'hconngén?%ﬁ&er&%% f‘lgac %%W]ae?ﬁ;gn lhj Egd the second

eXxT reglons
res%ective ot o rrent hoto e gctrqgntlv

PHRCEcy Senk:sretrnd retet st achfeind RFYEY Yhotoaione

Dsz. The third uppermost surface part region 14 and the third
surface side region 8A constitute a third surface photodiode
Dig.

In the photoelectric conversion device 1, 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 D;a, Daa, and Dsn and the first,
second, and third surface photodiodes Dig, Dz, and Dag,
respectively.

Anode electrodes {signal extracting electrodes) 24, 25,
and 26 are connected to the first, second, and third signal
extracting regions 15, 16, and 17, respectively. Photocurrents
{(photoelectromotive forces) generated in the first, second, and
third photodiodes Dia, Dzan, and Dsp and the first, second, and

third surface photodiodes Dig, D2s, and Dsg can be extracted
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third photodi odes D1A, D2A, and D3A and the first,
second, and 25 third surface photodi odes DB, D2B, and
D3B can be extracted 29 individually in each of the
first, second, and third sensors 21, 22, and 23.

Al t hough the single first sensor 21, the single second
sensor 22, and the single thized sensor 23 are shown in
FIGS. 51, 2, and 3A to 3C, the photoelectric

conver si.on. devi ce i.nclude . pl ural  set f.th

FRPLF QUBTR G rrr R T o Boriagred o Tetond? Ep phTFq sensors
this_case, plural sets of the first, second, and
?Eirazseﬁ§8r§321, 22, and 23 are arranged linearly or
two-di mensionally in the in-plane direction of the

si | i cH-thrugupde sfagle Adasti 68B5PY, 2in hReoPtante second
Wi th the purpose of use, only one of the first,

senend, 2andandii thke seirspies i rPZermed 23 aug shewnséd, FIGS.
The common el ectrode layer 3 is fornmed in an area

extendang salboo%@r thwe dhatstelessonnd comvetrishionddevice 1 may
sensors 21, 22, and 23, and the diffusion dividing

f 8601085 ofa Bach sebermr rdirytdidwrdedi and fhisd sensors 21,
connected to the common el ectrode | ayer 3. Therefore,

%Q? ahhir 88, secanfhs andd higich,divisding offeghengist}0second,

1 and the first, second, and third uppernost surtace

005, ST 3 2o 58 SVIEELSSE Heariy or
S 1958128152157 et s yne S 1Bl i1 scom
EH < Eg%g 59 third uppernost surface part

Additionally, in accordance with the purpose of use, only
one of the first, second, 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 dix.riding 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 5B.

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,
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regions 12, 13, and 14, the diffusion dividing region
5B, and 25 the common el ectrode |layer 3 is n+ type or
n-type. Therefore, 30 a reverse bias voltage can be
simultaneously applied to the first to

t hi rdphot odi odes D1A, D2A, andD3A and the first to
third surface photodi odes DBBr D2B, and D3B t hrough
the conmon el ectrode Iayer 3 5 A quantity of

% .‘%L eer%feeﬁﬂ‘g’arer SPRPRe el R SR I E LY alpiAs g e first
t
Frace idke s '%ﬁw ananEiTe PREST R BhCE T HPe righevrtace

reglon 6B communi cate wth each other t hrough t
PhPEAGHOABF 19a, Dot E &y (LEFSUTY HRATATEY |er1reFIrrEOde layer
first surface side region 6A and carriers generated

Bm the first substrate side region 6B can nove to the

anode el ectrode 24 through the first signal extracting

r egi ok Ymantienebdr earkhetbecdirstpohotngitodah@ Asagtity of
the first surface 15 photodiode DI1B, it is possible

tAceythacl i ghot gedrgad r { phtioplteet phanbielecteiceronversion
having intensity corresponding to the quantity of

gayehess gepenat edrip ddiesdd 3t swntacensi derst e@irdRice side
6A'and in the first substrate side region 6B. On the

%lr nN@8Rdan§aLEd oF 5 genanaled d O 4ihe SREARG %@dco%Qunlcate

surface Si de reglons 7A and 8A can nove to the

aﬁ%gdegpéﬁ%ﬁﬁggiﬁi gtﬁigﬁ%ﬁgﬂ%@atﬁgl e§8”dbéeﬂ carriers
ospesty el hersas corl Bre “gener ANk corriors
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 Dipand the first surface
photodiode Djg, 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, respectively, whereas carriers
generated in the second and third substrate side regions 7B and

8B are obstructed by the second and thirgd dividing regions 10

and 11, respectively, and cannot move to the anode electrodes
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8B are obstructed by the second and third dividing
regions 10 25 and 11, respectively, and cannot nove to
t he anode el ectrodes 31 25 and 26. Therefore, in the
second phot odi ode D2A and the second surface
phot odi ode D2B, only photocurrent (photoel ectronotive
force) having intensity corredponding to the
quantityofcarriers 5 generated in the second surface
§ﬁ % [e éon 7A can be extracted, and, in the third

0 og € D3A and the third surface photodiode D3B,

?ﬂlénﬂ"ﬁ” e pahdiiy 10 T HR G o Aot b eﬁ‘ﬁ’e second

generated in the third surface side region 8A ¢ be
eRtfacearho e drePza0 %Wd@h%ﬁ%wweﬁ?hotoe1ectr°m°tlve
corresponding chiefly to red I|i enerated in the

Seroad haydswariattens idey ¢ 9P mg A theauasitigyofcarriers
substrate side region 8B can be adjusted not to be
gsedrhoedam ahetdmmtridcabrfepersitdeonegbonal’icabatee eheracted,
gquantity of received light (described later) . 15

Eh&, ih tBealgnapphexbibbdé ng, andetled Ehnghiqubiaephotodiode
depth fromthe surface of the photoelectric

eggwebﬁllgn RYEbcdr 2agk | It td & &St dnbt i CEoldc@t having
at has entered the photoel ectric conversion |ayer 4

EEE%@P%&Q#EI’?&%&Q&II@&&C% %h‘:ébaﬁéﬁgthVOf Qearrlers generated

ot oe conversion | ayer 4,

&Htt?lﬂé'tté%&%ﬁgg?%aé lc?é ey %1%5105@ ahw?%ﬁo%é aé{]é:(ﬁ?asi% other

e Surface o ecfric
%ﬁg\c/i%r %hoor]cocqyrrenz}dcéa‘}rés%gn J.ngthltre]%l}a} %&&i?&lp%enerated

in the second substrate side region 7B or in the third substrate
side region 8B can be adjusted not to be used for an arithmetical
operation to calculate the quantityof received light (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.
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phot oel ectric conversion |layer 4 of |ight becones
smal ler as light wavel ength increases, and incident
i ght reaches a deeper 25 place of the photoelectric
conversion |ayer 4. 32 Therefore, light (red |ight)
havi ng a wavel ength of 620nm reaches the depth nore
than 6pmfromthe surface of 3he photoelectric
conversion |l ayer 4. However, light (green |ight)

havi ng,. a vel engt b, _of, _530nm :
han SBORE 187t o7 Bt et Byp FRAE Brq R PR bR s 200m
hot oel ectric,conversion layer_4, _and light (blue
F?@ﬁ??shi&’iengd%?%v@%ﬁgttﬁl%* BT Plac Fﬁgfaagptoﬁ the
no nore than about 3pm fromthe surface of the ,
pheteelectFie coppiprsionoaYey 8r AIOWHRT i $19Phel HESIHI IR T)
surface side region 7A cannot sufficiently absorb red
haghtg aawdvehenghh of S3Pimeeatdeside degtbm@noEaiisn about
sufficiently absorb red light and green |ight.
Thar efone;he sudfadd pst tserflacso sl aet riegicomvek sdma Lhyer 4,
first substrate side region 6B, |ight having

wavel engt s 1hanoi g9t ) aemnied wadwitedgtibbifed ? Dghtrdashes the
absorbed, and a quantity of carriers 15 correspondi ng

beptheAHaAL kb nefbddteshh $hbrnaitee genesat ed. tidiphbhBelectric
second surface side region 7A, |ight having

}QIIB}-&%%Q%HSM&%E%DQ [efily fmsgeen khghhckoshhderegion

ght "1'S "abSo d, an a quantity of carriers

SR ERIRIUIE LA, FUAOLL DY OF L6l S cflnscq purrace
BB Ba oA S LG B8 KOG 454 L g oveen
Eg%h%gantity of the light are generated.

Therefore, in the first surface side region 6A and the
first substrate side region 6B, light havingwavelengths ranging
fromredlight tobluelight isabsorbed, andaquantityofcarriers
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 quantityof the light
are generated. Inthethirdsurface sideregion SA, light having
wavelengths chiefly close to blue light is absorbed, and a
quantity 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 side region 6B is set

so that light having wavelengths ranging from red light to blue
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In other words, the total thickness of the first
surface side region 6A and the first substrate side
region 6B is set 25 so that |ight having wavel engt hs
ranging fromred light to blue 33 |ight can be
absorbed. The thickness of the second surface side
region 7A is set so that |ight having wavel engt hs
ranging from green light to blue light can be
fbsorbed. Th% t hi

é%hBﬁ%lpP?g SEE % qesi{lgrtihg'lacﬁc ets%! 59 tgllérégg §is¥& face side

th avi ng wavel engt hs

close to blue |ight can_be ahsorbed. Accordingl Ln
FReienr & isheebdioddan ALRE RHE 1Y H”satveﬁseﬁ‘rgrdcé‘@erxhglng from
phot odi ode DIB (first sensor 21), photocurrent _
gphenobl ekt rovdRlve Fiorte)Catb e SH5PaRG t o pRethickness of
quantity of carriers by red to blue Iight generated i
thet heifirsurfabstsiaie dayisindd? dgi 6s8t6Boahbatnligkt having
first surface side region 6Ai s generated. Likew se,
wavkhengesendipbet odi bllae DRAghhdcthebsegbadrsedf ace
phot odi ode D2B (second sensor 22), photocurrent

(phot ogt@otd Gty Ve f afee)r ot gsporsigld @ hhand the first
quantity of carriers by green to blue |ight generated

' se ; ceplS sifdeshegis@RsdA | 31genepabedcurrent
pRrAge h??ggﬁﬁg?ggi et e R S i e

?%ﬁ%&%&ﬁgth%QOQEQEr?o?%@ oEo%%LsBoHBQBSCHBr?E% quantity of

( ectronoti ye orce corr_es ondi ng to _

BRrd s P L e 1 B Wi B RS g Bl 7 8 egoetrate
%q%é¥g&¥%géé2£ éﬁé%é%???@su%féggﬁ?%%é%ﬁié%%ﬁ?@%@%%%ated.
Likewise, in the second photodiode Dza and the second surface
rhotodiode Dos {second sSensor 22), photocurrent
(photoelectromotive 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 Din and
thethirdsurfacephotodiode[hg(thirdsensor23),photocurreﬁt
(photoelectromotive force) corresponding to the quantity of
carriersbybluelightgeneratedinthethirdsurfacesideregion
8A is generated.

Since the oxide film5A 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.

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

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

25 light, and blue light that are absorbed so as to generate
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the adj oi ning sensors 21, 22, and 23 is slight in the
surface part of the photoelectric conversion |ayer 4.
Since the first, second, and third sensors 21, 22, and
23 differ fromeach other in a conbination of red
light, green 25 light, and blue light that are
absorbed so as to generate 344 photocurrent as

descri bed above, the quantity of red light, the

: . h 2 .
P e O M Pt IRk B P e PR i Laane, ene
rocessing. based on | ues f the photocurrent -
CPROEDEY &i Bty JarbPee™ e SURAF a5, PHie Light can be
concernj ng three _kinds of wavel engths, the antity of
EPURbLaF 8O SN BAT By T RABO (S INRioRACCE R LPA) 14 o0 on values
sensors 21, 22, and 23 can be cal cul ated by the
PRI Rt Fer eoily d PEPER dEFEEENP L L VEHRE S dent Ry tdFer words,
filters or light absorbing nmenbers. Additionally, if
thecphoingl teree cktntw e ivavadeviaidisl, the upehtidéy of light
plural sets of the first, second, and third sensors
Péce?Bedand &3 fiesdi steddnd, emdftiihel geasbirtsy 26f 22, and
i ght about three kinds of wavel engths can be

obteamed whiBulespaediy tthedphotbetitofitcoivehs idie device 1,
first, second, and third sensors 21, 22, and 23 are

anhBepesdentdy! brt Re1tkEst odi Vi ghRYabgEERMNg haMbBgst he
t hrough hole™ 9a is not providéed in the first

phot o il G Lonversst QR J 9 01813 14eRbateR ibaYBbvice 1
) t

exten roman | n't erface between the firs
THBAPBEEChIFrSCRNETLPLALAANGG TR DB Wik sencors
pBLetd acg babuest. L sl 20 BUOGRLRELLS  of i onc 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 dividing region 9 having the through hole
9a is not provided in the first photoelectric conversion region
6, adepletion layer extends from an interface between the first
photoelectricconversionregion6andthe 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
in 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
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3. In contrast, if the first dividing region 9 is

provided as in the photoel ectric conversion device 1,

a depletion |layer extends froman interface between
the first surface side region 6A and the first
dividing region 9 and froman interface between 25 the
first substrate side region &B and the first dividing
region 35 9, as well as fromthe interface between

he fir hot oel.ectr i rsi r eq) (£ -
boreiET e bR EE Eafeahaty B R P T aR s Bherectic
surface, part regign 12 and fromthe interfa 0 :
PP PEEE BhBR Gt PolCditor ST BRCE SgsnE 8Ot oy *andthe first
substrate side 5 region 6B) and the conmpn el ectrode h
RRperngs t SFWeka SR IPeade TREAABAL 1 S ABPE: BN Jdbfp?feﬁoaecea"f the
sem conductor |ayer depends on the thickness of the .
Semstopoateeletbybe conusnsgn resden fol BiFpssubstrate side
conpletely deplete the first surface side region 6A
aedibhe 6Bi)r ahdsthst ratneosi déecbgpoda &Bvean3be 10 nmade
smaller than in a case in which the first dividing
regi orgifeéd soNehgheraitd dheoabeees lyiediite a semiconductor
structured photoelectric conversion device 1 is

Suhleabl R deNaPHrt altle devdieess Ononhted skhecdngasdoof layer,
| ow power consunption is urged. FIG 5 is a schematic

Sr%ﬁtti al, XYW SHOW L @ Shdelwne adp1efeache first surface

hotgggectrlc converS|onC%eV|ce according to the
SR St Y L S
%\%Qeal,ggg?g%rtﬁg%{ées I%gglag%] {f&%xﬁ%%et?lfe El}.cét 2d1\?1rHj:Lr§g reglion
9 is not formed. Therefore, the thus structured photoelectric
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. 1In 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
omitted.

Inthephotoelectricconversiondevice3l, 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

25 conversion device 31, the first dividing region 32 is formed
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20 In the photoelectric conversion device 31, a f irst
dividing region 32 corresponding to the first
dividing region 9 is formed at a deeper position from
the surface of the photoelectric conversion |ayer 4
than the first dividing region 9. Therefore, in the
phot oel ectric conversion |ayee 4 of the photoel ectric
25 conversion device 31, the first dividing region 32

is formed 36 at, a.deeper position than. .. Sec .

B vF AR P B P oRt S0 AERR ot oo Pt H ePE oo, 10
first surface side region 6C corresponding t the.d .
first AAFFAEEHEivdeti8 '}Uﬁ:]ﬁﬁq%oﬁre’egﬂﬁﬁt %ﬁ%ﬁacf%gtl §fredLon
the first surface side region 6A, and the thickness 5

6€ corigsnonslineg ot eheifdd Stegnbhr 6D Tl E8PORARI Hy 1fo9reater
the first substrate side region 6B is smaller than

thah wfait hé fhe $ti rssubst fate sdidgereeipnPreBandide bhafkness
t hi ckness of the first surface side region 6C and the

bifr stristhstupke raicdes{ égiray ieh 69 abnosspegdahgtie the first
10 total thickness of the first surface side region 6A

andsthathi csHesuhsfibal &rsiide sregilf 6fhamnthits @f eaher first
than the thickness of the second surface side region

LhnsTheref arge Likewhsggs.in the photoel ectric

conversion device 31, light in a wder wavel ength

range ‘f??wagodcatlhitgxsilcq{%e%fs LENOEL Yavel angifis.d Side region 6C
absor bed” s6 &S to generate carriers in the first

phot pel ectric canversjion .region. an_i S d

GGt gg?egfﬂ“& T %%%%?%r?lrcgegirgr?l?g Eligmg\sle%ﬁga Ieai ger to the
quantity of light is absorbed in the.surface sjd .
FogPdrt (T FRRTS 86, TR S LEPOE Pl Bno 605 T K- (G the First
first photoelectric conversion region 6. of %he .
sHEEdEREet Bide coriersiGh gedi £ greater than the thickness of

the second surface side region 7A. Therefore, likewise, in the
photoelectric conversion device 31, light ina wider wavelength
range toward the side of longer wavelengths is absorbed so as
togeneratecarriersinthe firstphotoelectricconversionregion
6 than in the secondphotoelectricconversionregion7. 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.

FIGS. 6A to 6F are schematic sectional views for explaining
a method for manufacturing the photoelectric conversion device
31.

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

onto one surface of the silicon substrate 2, and an nt type common
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20 and carriers are generated. FIGS. 6A to 6F are
schemati c sectional views for explaining a nethod for
manuf acturi ng the photoel ectric conversion device 31.
First, n-type inpurities (e.g., arsenic (As)) are
applied 25 onto one surface of the silicon substrate
2, and an n+ type common 37 38l ectrode layer 3 is
formed on the surface part of the silicon substrate 2

%%SEtEB% P%%er Eh%sC%'Pi'RQdeA cttnr Ogﬁ%:!fg}fgepg’rg%yf ttﬁg silicon

InNg arseni c ass ont o one surfa

ipetapbEntc §$§§éf3 D e §Fe‘ia§freg”5 may

Thereafter . type photoelectrlc conversion | aye
hs\ﬁpﬁ@leﬁww @s%g SFSGBﬁth&a@Erﬁri%o FBF Fbd TBReAtEne silicon
common el ectrode layer 3 according to epitaxia

ghbethatsed ®rd bBBJLL feinafargeniv tigea ithggr prpegic glass
(e.g., phosphorus (F)) are 10 injected into a
pnedetbensnédcaneaubbtrhéepBot oel ectric conversion

| ayer 4 fromthe surface thereof through an opening

of a resdsdafidm hauing e debeoked fHat tehlsrs1be layer 4
n-type |npur|t|es are then diffused into the depths

fhviRg PHARLERhESE 611k @BVRIS i 8FJraeR! oA thaNbdfon electrode
n-type diffusion dividing region 5B 15 is forned. The

'ﬂa ¥Re 3 HEEBH:HEL?@ %Beeﬁhltg‘ﬁﬁglt Brb%ﬁh (§@e F@ger%gee

ween the common el ectrode | ayer

phOt O?fﬁg%%é&dé:]?,mﬁe ?{:ﬁn%nl f"{tlegy(e %FS BEQ%EQPU%’?@) are

resul f usi I'ng regio connhecte
el ectrode I, S obtalned,tThe

48 PEZRED "0 ST eap BT feh® MU BRC el pnotoetectric

conversion layer 4 from the surface thereof through an opening
of a resist f£ilm having predetermined patterns. The n-type
impurities arethendiffusedinto the depths of thephotoelectric
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. Asa 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
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20 5B i s exposed on the surface of the photoelectric
conversion |ayer 4. Further, according to a known
LOCOS techni que, a predeterm ned area of the surface
part of the diffusion dividing region 5B is

sel ectively oxidized, thus form ng an oxide film 25
5A. The width of the oxide fi3m5A is nade to be
smaller than 38 the width of, for exanple, the

i ffusion divigding.reqi,on s LS..C : e :
Phe o ROET B o it ST 2, ke PRSP BE gL g i Eeaton 52,
region 5B is exposed araqund . .the oxide_fil A _.The,. ;
bROtREF €cdFF 1 %ﬁﬁﬁfe%ﬁr&ﬁqw ARG HHoRAT b rRt Tus don
first, 5 second, and third photoel ectric caonversion
féyighageregionn?P BS IRXRRIAML WKL e feideyfdid ng- The
region 5 including the oxide filmS5A and the ,
dhétasleatdici dongeregponlsper Thi 5ssdhveded inkewphenfirst,
FIG 6C. Thereafter, a resist film27 (mask) to form
sheofiy snd 1h iho i et aonigp e ey tomi. @ desrvfegrsiesdh aegtiloms 6, 7, and
phot oel ectric conversion |layer 4 and the el enent

dinvy g 69i e 21eneatFiGriéDg rebiom esistludingnte oxide
has an opening 27a. The first photoel ectric conversion

Feh0Bn6ahe EXPOSEErhE dNed OPEMN it relfionl BB I eShsk state is
film27 is also forned on a region corresponding to a

gh_h 3 (see 15 FIG 5) of the first dividing
%géggng§2?&$ﬁeggrenent dividing region 5 around the

peri pher rneg{/f%%:e’ fl r§ésfwtfﬁiﬁcﬁfi ?maggg\alsééggijm the first

regi on exposed in € openi ng
BB R e R0 ch O I e O g o
fﬁli grrpdz’ghe element dividing region 5 (see FIG. 6D). 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 opening 27a.

For example, the resist film 27 having the opening 27a
can be obtained by applying a precursor of the resist film 27
wholly onto the photoelectric conversion 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) 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
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20 wholly onto the photoel ectric conversion |ayer 4
and the elenent dividing region 5, then formng the
openi ng 27a by exposure and devel opnent, and
hardeni ng the remai ning precursor. N-type inpurities
(e.g., phosphorus) are injected through the opening
27a with first predeterm ned3Pnjecting energy (e.g.,
25 3. 0 MV to 3. 5 V) in this state, and the first

Lvi di.ng r.egion Ln r I [
Po el O PRgd R S Hadh F OB Ol prigetetfailed deptn
hot oel ectric,conversion region 6. The de to ]
gic'rpi'tﬂ? tqejé%s%?’@oi(%ﬁjezgf:ga l&eﬁgﬂggrgﬁo{lnf%%%(?é}gh enet ‘g@;%igﬂth to
and inpurities are jnjected into a deeper place of
PReChHOTDETdotas 678 TorRered GIFReRyer O T 54} B FRg oY, and
energy increases. Therefore, the first dividin ,
pepiloht 3es care be] tofatdnde adgrpgstrarsed t%ﬁﬁﬁt%le‘?trlc
controlling the injecting energy of the inpurities.
Forvérssonphayeelfastr in] eoniey ST e dnoregses -di hasgfore,
into the f irst surf ace side region 6C closer to the
sHef Faget tdier ading k@ cdnrth Bhechhrisé Bubsid atte aspdedetermined
region 6D closer to the silicon substrate 2 by neans

gbpthep{i skt 8bVi hHk KL iR Ahng e\ drigysbf shef ampurities.
side region 6C and the first substrate side region 6D

Commtnl‘:]ﬁéat L E:gﬁ%d%l@&eﬂict e il thiyaugh ehakedivided

32a er ebetweén. 15 Thereafter, the resist film 27

R R e By BREE R 804 0 eeogpsibi cheror
558, b AP E e R L SEETAO0 AR, 08 B PRndye sisicon
OOpRsnd 2y pesaoiERe A hlg: AL WA 9979 HhE £axot
surface side region 6C and the first substrate side region 6D
communicate with each other through the through hole 32a
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 conversion region 7 is exposed in the opening 28a.
The element dividing region 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 injected through

the opening 28a with second injecting energy (e.g., 2.0 MeV to

25 3.0 MeV), which is smaller than the first injecting energy, in
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20 photoelectric conversion region 7 may be exposed in
the opening 28a. The resist film 28 can be forned
according to the sanme process as the resist film 27.
N-type inmpurities (e.g., phosphorus) are injected
through the opening 28a with second injecting energy
(e.g., 2.0 MeVto 25 3. 0 M) , which is snaller
than the first injecting energy, in 40 this state,

¢ co i S Coo ; A
g@gaegg?ﬁghegg%S%%%q%$9¥¥§Q?S?é%%“%%ﬁ%@éﬁggffﬁé formed at a
conversion_ _region.7. a result, the second djvidj ;
PEErEher nstr Septn of R T PUEETRTERERTY ChPErsion
first dividing region 32. The 5 second photoel eciri.c
E6HIEPS| on ATGi TR s T, PRGER TR L 1S S8dong 10 Lo formed
surface side region 7A closer to the surface thereof
afida thelieverddcnbbt thae theefieyt oh VBl DI e The
silicon substrate 2 by nmeans of the second dividin
segoond pDotThéeehfierconhersesnstediom P8 s divddedednto the
and a resist 10 film29 to formthe third dividing
segoad dirfscé erinedrégeenFIZxGclo6e)y. tdhde esrsbtceithm2®f and
has an opening 29a, and the third photoelectric
0BV JSiNY Qg Hr Brd SseFP0Fedibn /e ARHMO@98he silicon
The el enent dividing region 5 around the periphery of
g sthizid 20RYt ekest birC theNLekshan 4hiedeR o8 raBy ohe10.
exposed in thé opening 15 29a. The resist film29 can

be for goLding, d oretgl%t(sgqg_m PEOEE er@@v%@,e diffiStesist

film27. type 1 npurities ., phosphorus) are

imhgcied { ?E?M%}be %@@rﬁﬁ&f{'ﬁwjﬁ%&%‘@ ifol?lv\%? rd el ol egt { 2 r16.

energy” (€. g. O I _ ch I's sna
% ?q tqgesi%%Q%tl@fTﬁlgglﬁg§r§X’opening 2%a, and the third

photoelectric conversion region 8 is exposed in the opening 29a.
The element dividing region 5 around the periphery of the third
photoelectric conversion region 8 may be exposed in the opening
2%9a. 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 2%a with third injecting enexrgy (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
predetermineddepthof thethirdphotoelectricconversionregion
8. As a result, the third dividing region 11 is formed at a
shallower depth than 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
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20 in this state. The third dividing region 11 is
formed at a predeterm ned depth of the

t hi rdphot oel ectric conversion region 8. As a result,
the third dividing region 11 is forned at a shall ower
depth than the second dividing region 10. The third
phot oel ectric conversion regi4dn 8 is divided into the
first 25 surface side region 8A closer to the surface

%Ff£8 OSfl%l%S atle@ee .si%let Pé ég%lz :._'gr%gicgggg I'Z's(sj %n.el']geﬁgllg? Ctgﬁes ubstrate

oser SiTicon

hi rd_divi di j 1..Th ft -
Pl PERBS GFothhy BRLED FhYIRESGUFFobe ThArt of the
phot oel ectric conversion | ayer 4 thro%gr t he eni.ng

5 of tHREHSRSRT f PT RYRVITRY T tesdRt &r -jﬁggeggf’@é;hﬁ surface

and the n + type first, second, and third uppernost .
partacfetpambhotegiless rirxcongennton dayes 4§ shrenoh Fhe aeening
di ffusion dividing region 5B is exposed around the

ofi teef rési 1, £1lme Hdvisty = eomudhtcmd neld pdttepper abdt the n
surface part regions 12, 13, and 14 and the diffusion

10¢ gh¥i fhi gk | @GIcORd7 Bag@nt e LapbkyYm68RNGEt Bfkbe part regions
together. Further, p-type inpurities are injected to

the syrdmcaq pactrofmdde photeael @ctrigi 6QMABFiSdiGNy region 5B
| ayer 4 through the opening of the resist film having

' t 48] sc8868Nthnd third
SRR DS RR Bl M MBS il octBbgIdn s

16

BB L B toubiol FEOU Leol BP0 99, S8bd 4 SATMBIGlSE usion
R0t Rur I G5E, 8 PRECphOcEI M PohEREh s bbither.

tpﬂgt oeFl‘uegél'Eég, C}?—ne/%gii%]pudreivtiicees ]areaQ%j%%r%%% t%nltihléesurface
part of the photoelectric conversion layer 4 through the opening
of the resist film having a predetermined pattern, and pt type
first, second, and third signal extracting regions 15, 16, and
17 are formed. As a result, the photoelectric 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 regions 15, 16, and 17. Therefore, the

photoelectric conversion device 1 can be produced at reduced

manufacturing costs.
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20 conventional technique, there is no need to form an
opening at a filter or a light absorbing nenber for a
connection of the anode electrodes 24, 25, and 26 to
the first, second, and third signal extracting
regions 15, 16, and 17. Therefore, the photoelectric
conversion device 1 can be pri@duced at reduced 25
manuf act uri ng costs. I n producing the

42

phot oel ectri NVvier si.on [ S I.0. -

D s lrar b AR Bl A e R e PPt R il show
above, inmpurities-inj in ner eeded when .th .
FrRdEs gV arhy SPeqibh o Ra T eme A SR gt Loned
al nost equal to 5 that needed when the second dividing
pegren. IPYE Higsrddleading reRer9Y edSd sthamg the "first
second dividing regions 9 and 10 are forned at al nost
dheidane depidn 320 hessinfrre isf neHe tphee edmedt pgual to
conversion layer 4. In this case, the first and second
thetdhagdedgitons theasecohd d@vidnngersgihuhtEhecusloymed. As
formed by formng a resist filmhaving an opening

wheeeutl be £hestiang &atatghbidielieling ¢cegaaver 9 eAd 10 are
regions 6 and 7 are exposed and by injecting

FARHER! i8S £ 1hesgh thkhi sarppeabpen ifsheathOf surface of the
individually formng the resist filnms 27 and 28 and

%ﬂbgsghegtkﬁeueb558§giéﬁ gag8§uht, the nunber 15 of
r uted. It

oduci ng steps can be re is, of course,

per m S3i g o Loctndind 3&@%@5@@@4&% b9 88k 1B &ls 9 and

a.nd. 2. an ! I vi tua oym efTirs _
OhvLsh 08 L5003, 2,808 10 ML UFonf IR & gesiaf Figm aving
gi.rlrggértlir?gij%a re?rrg glf'lea]‘pirisrr%51 %dssegggﬂd photoelectric conversion
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. It is, of course, permissible
to individually form the resist films 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.
1, 2, 3A, 3B, and 3C and a drive circuit thereof. In FIG. 7,
a firstphotodiode Dipanda first surface photodiode Dys connected
in parallel are shown by one photodiode D;, a second photodiode

Dox and a second surface photodiode D connected in parallel

are shown by one photodiode D;, and a third photodiode Dip and
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20 including the photoelectric conversion device shown
in FIGS. 1, 2, 3A, 3B, and 3C and a drive circuit
thereof. In FIG 7, a first photodi ode DIA and a
first surface photodi ode D1B connected in parallel
are shown by one phot odi ode D1, a second phot odi ode
D2A and a second surface phot4dddi ode D2B connected in
parall el 25 are shown by one photodi ode D2, and a

gﬂgl%rddd)glt IOdgonnec §e41§35 éo}lﬂe[:ﬁeéu_{r{ %“?:alle&yagﬁeshown

i A~ par a are

hotodlog Qg~ % @ I mage sensor 41 includes the
EHO?B%|B PFPELRGRY ?Sion device 1 (in FIG 7 onIy
t he phot odi odes DI and_D3 are shown)
i ve B bha9a 3eTeRg H 1081 ENF e GPE MRl HgY. GRonversion
i nput -out put control unit 4 3 that performs the input
dauioatlpiin FHG F ecmnlivct ke ghaltediodiest e Photddilydeze shown)
D1, D2, and D3 and an arithnetic processing unit 44
hhdtapehﬁonmscru¢mhmeﬂ20 phecedssiveg dased to duipoiudes an
signals obtained f romthe photodi odes 10 DI, D2, and

DP3pandoaabatl @deisrd hendtans ithya toper e6lrhs gitle, ihpet and output
quantity of green light, and the quantity of blue

birgbt ec£Rt Boglegeh sty ndes 1 phbe ocphetedi 0de,Plan82D; and an

and D-3 are connected to the input-output contro

ro elgctr I ¢ : :
FE3 ARl oHBRCLIE,ROTBRL % AF) (| iRt acicmmetic

PELFREER e R e e
BoboiFoaal B S B AR IORAE B ppgoeness
corpetel Y ggml et ALl ot Lhe sl autiate side

Cathode electrodes of the photodiodes Di, Dz, and Dz are
connected to the input-ocutput control unit 43 through the common
electrode layer 3. A reverse bias voltage can be applied to
the photodiodes D;, Dz, and Ds together through the common
electrode layer 3 by means of the input-output control unit 43.
The reverse bias voltage applied to the photodiodes Di, Dz, and
D; is large enough to almost completely deplete all of the first
substrate side region 6B and the first, second, and third surface
side regions 6A, 7A, and 8A (see FIG. 2).

On the other hand, each of the anode electrodes 24, 25,
and 26 for signal extraction of the photodiodes Dy, Dz, and Dj
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 connecied commonly and lead
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20 side regions 6A, 7A, and 8A (see FIG 2). On the

ot her hand, each of the anode el ectrodes 24, 25, and
26 for signal extraction of the photodi odes D1, D2,
and D3 is connected to one of source/drain el ectrodes
of a swtch transistor Ts. The other ones of the
source/drain el ectrodes 25 ofdi4the switch transi stors
Ts are connected conmonly and |ead 44 to the

{:n té QHEDB%LO‘QEBQESJI:O ed]ix%l %%’it‘#?g; ek?’%eexdés%c Iaarsg:?xarge voltage

Vol agé “can [ 0 eac tch

transi stors, Ts., A predet erm ned te voltage is

FRQI O dBRPEYeaphP| BECEcoT ot Bt 87 Br ekt T BaRof CRAR TS
the switch transistors Ts fromthe 5 input-output
cont 1 6 D CEITSBeChdR BTN GRHT P LIS Su s spRALed to
be individually turned on. An electric potential on

g hee teiedee afradse ofnedeh ed e dtheodwd teh, tpEns hgfgops Ty from the
the photodi odes D3i D2, andD3 corresponding thereto
taphé-pespttatomipredemertniBesb thlagceath potiert itaansistor Ts
(reference electric potential) by turning 10 the

swht BB ihansistel sy Tsupned The. arede leloteticogesep4ia25pn the
and 26 of the photodi odes D1, D2, and D3 are

conBest atdhd @ngakecehecthades2 of 2yt pul 26PN sinet phstodiodes
To, respectively. One of source/drain electrodes of

bhepout pyt, Ebéﬁ}élsgg%ﬁ& i i Hhdede ARG ttdes ?EE@ét ermined

one i's 15 connect to the input-output control unit

BRLRLRUTHO R EThR! loPory Pl SR MR AR B prming
means of the input-output

gg%?%%FE%ﬁpikééggﬁggfggTsuPBUt transi st or

The anode electrodes 24, 25, and 26 of the photodiodes
D1, Dz, and Dz are connected to gate electrodes of output
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 voltage can be applied between the
source/drain electrodes of the cutput 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 applied between 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”).
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20 To, a drain current corresponding to the electric
potential of the gate electrode flows between the
source/drain el ectrodes when a predeterm ned voltage
is applied between the source/drain electrodes. The

I nput - out put control unit 43 can individually neasure
the magnitude of this electri4 current (hereinafter,
25 referred to as "output signal"). 45 Wen the

grstg%chﬁe%{%k&% %§B¥85?ﬁ89rggvbgﬁvéréf‘oxir(%é‘\?fbé))i tRegriven by

mage sensor reverse

as. vol t age s fi.rst, a Iled to aI t he
ghStdd‘& VSde cﬁﬂlt E)élnath}be 895 tnﬁéjr i n’pu egl?trsﬁtblas voltage
control unit aresult, the ubsirate 5

éﬁd%la:%fg.wlel@daﬁa the 95 £o€ P%%E%%Og%ﬁ 1y hpgrgand Ds by the
surface side regions 6A, 7A and 8A of all of th
phBLGdPBEEYtIONDD] HRdt 4B ale @|rr%s%ltoohbﬁe‘ila%ﬁ substrate
depl eted. Thereafter, the switch transistor Ts
s@daecegdonOGBh@ndpmm&cﬁmnﬂﬁa Bedansin whidc khamdogupdace side
signal is obtained is turned 10 on for a

pegdener sRnedat i ardbgAt be abpubf othpuphcbodiodesindt, D2, and
43. As a result, the electric potential on the side of

eraEQOQEmo§£e@@mpﬁ@taﬂy0$e@h@t@@otod|ode D, reaches a
predeterm ned potential, such as ground potentia

(G\D) . T}I@ﬁéﬂé@r H@eéhiib@hot'{r&%léf@f‘st@t@Emf[@ctéd to the
turned on, the el ectric potential on the side of

%Ex%t%ﬁgg?r ?%Bﬁ%iﬁ: 4 A ohif ue@f%gﬁ% théﬁledcf.s turned

ange € predeterm ne pot € ment | one

B A0 PRI Bl R s
%grtera tgeagf.“g%Hi,P %.tt tﬁg%‘ﬁ%&e -EI?L%LL on ’thtehselcg o% the anode
electrode 24 of the photodiocde D; reaches a predetermined
potential, such as ground potential (GND).

Thereafter, when the output transistor To is turned on,
the electric potential on the side of the anode electrode 24
of the photodiode D; is changed from the predetermined potential
mentioned above by a photoelectromotive force that corresponds
to the guantity of incident light and that is generated by the
photodiodeD;. Thatis, thegatevoltageof theoutput transistor
To varies, and, in response thereto, the drain current (ocutput
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
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20 To varies, and, in response thereto, ‘the drain
current (output signal) flow ng through the output
transi stor To varies. A variation of the output

signal obtained at this time or a (f inal) current

val ue obtained af ter the output signal varies is
nmeasured by the input-outputdécontrol unit 43. Thus,
an electric signal 25 corresponding to the quantity of

# gpt rqgeive by the photodiode 46 D, is obtained. In
he ‘ﬂ% %by s in the photodiode D, a variation of

t he out signal of the ou ra To
conneé?gd&Fbsgﬁg WBHO?EdFBd %ﬁﬂif%é Iia guypkpption of
val ue obtained after the output 5 s varies is
hRaset g by ighali ap oot pat c’b‘iﬂrf%]lsg%ﬁﬁft Tgaconmgfgeed to the
el ectric signals corresponding to the quantity of
phghbdipdesiBsehdPs bhiea photedt oddsielpbamin®B aff§er the output
obtai ned. Electric signals of the set of the

phohadi oatese Oli,s MRasanddDBy ahe dhpaicredtpthrongireheset 43.
operations. 10 Electric signals obtained in this way

ghes$eal et OrifesialhRirepoeESS 19 thetquhtifhe of light
quantity of red light, the quantity of green |ight,

2Bd el Reaaugnthby pebrBhyedkkobl A& pfalLWRiaddd. tBeectric
arlthnetlc processing unit 44. Slnce t he i mage sensor

Sstoe atﬁ% %8?'09‘%5@?19% {54 400, 15, d éﬁ‘l&%gjafé‘ébtalned

€ pro macﬁu acturing COStS t he
ge sen can benproduced at | ow cost. L!kemnse,
Fﬁ% gt g@é@t??@ 85A98Psi on device 31 shown in FIG
or 22‘2,#@??%5%%?.”%ﬁ%aaf%e%h’é%ye?@éia%?sb%e‘g‘zse%ﬁ.nﬁgto the
arithmetic processing unit 44. The quantity of red light, the
quantity of green light, and the quantity of blue light are
calculated 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 image sensor 41 can be produced at low cost.

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

The present inventionhasbeendescribedas above according
to the foregoing embodiment, but can be carried ocut according
to modifications. For example, the uppermost surface part
regions 12, 13, and 14 may not be provided in the photoelectric
conversion device 1 or in the photoelectric conversion device
31. Inother words, the sensors 21, 22, and 23 maynot be provided

with the first, second, and third surface photodiodes Dig, D2a,
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20 to the foregoing enbodi ment, but can be carried out
according to nodifications. For exanple, the

upper nost surface part regions 12, 13, and 14 may not

be provided in the photoelectric conversion device |
or in the photoelectric conversion device 31.

| not herwords, the sensors 21,4722, and 23 nmay not be
provided 25, with the first, second, and third surface

hgt di odes Dlg Bf 47 and D3B, respectlvely In a
g? ® FOPPHFOAUE] Hg t he photoelectrlc conver3|on
device 31, the order inwhjchthe &
t hi rd 10 ¢i BFRGESF b brRY sBiC iy P ?taﬁ eF F}rEdc%%Y]erSlon
be arbitrarily set without 5 being limted to the
fevégeriy Wruerdersp whishiihe fiResesaagndpentdited dhviding
order in which inpurities-injecting energy applied
whghoheri®kdlls ambllil, afe fogmed ciam beraelpl ofar hby tsigitr @i thout
dividing region 11, the second dividing region 10,
badntheifited th wihdi Hfgreggiag 32der 10 Hokewasple, nthese may
process for producing the photoel ectric conversion
gevianed ihhe-ddd showiseeondpuandi EbHi g dbvidyRGiergy applied
regions 9, 10, and 11 can be forned in arbitrary

Phderfornfddi Kignall i | @l t rl‘i’l“&f‘déf‘%f“@&é’@ﬁﬁk&%ldﬂfﬂng region
receiving areas of the f irst, second, and third

0023@{;@:?%%08@%’:} r@?nﬁre&?o f &hgnahﬂ{eofhfgydl%ld ng region

he 'r éspective ~expose

g eas of the first, second, and third photoelectric
Aver si on regions 6, 7, and 8) are substantially
equal each cher in FIG cei Vi

L. . the light
roas AKTRE1 rot = SUORES TRAPEAL8n P Ty Eogbectric

and 23 may differ fron1each ot her. , L
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.e., the respective
exposed areas of the first, second, and third photoelectric
conversion regions 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.
Additionally, 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 9%a or
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20 Additionally, the first, second, and third signa
extracting regions 15, 16, and 17 nay be provi ded 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 first48signal 25 extracting
region 15 is forned above the through holes 9a or 48
.| 2

B e T AR Rol sh B, P g e et Ly

.anar_ view e first ' | . extiracti |0 D
g ey SRRl OuES o PR PR RPeh bR r e
9a, 32a. 5 The enbodi.nent _of the present .inveniian has
Bl d T Db R SdEH 15 2o shBE eGP & g 4tdon £rom
merely a concrete exanple wused to clarify the
FB@hﬁ%éQPgEoHPéﬁﬁs9éf Ré-present invention.
Therefore, the present invention should not be
under stlopanphiimenbei hhe iprieses t i et conbpstheen described
exanple. The spirit and scope 10 of the present
inveat & Dh aar ebbirai t étbvoatter by htibel apperdgda cdaiamete example
This application is based on Japanese Patent
Appldittatlari tNEGhe2004nh1 3842 orftidned ¢ N thapare Ratedhvention.
O fice on May 7, 2004, the entire contents of which

aherignely tHeprhakatethPnti&f eneata ndOp¥hitdd stood while
CLAIMED I S: 1. A photoel ectric conversion device

F).%'IB I 3iRgted PROLAE! 88}1{:178%80 £h51 ON l@ayers8fr i@ and scope

Irst conauctivity type, the photoelectric conversion

lo%ytq{e B?Eggnﬁti%%?g:i%% fre 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.
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5 sem conductor substrate; an el enment dividing region
of a second conductivity type, the elenent dividing
region being fornmed in the photoelectric conversion
| ayer, the elenent dividing region dividing the
phot oel ectric conversion |ayer into a first
phot oel ectric 10 conversion ré@gi on, a second
phot oel ectric conversion region, and a third

ﬁﬂg&Oféeeﬂ%iﬁEﬁoggersion region along the

sem conductor substrate; a first dividing region of

he second conductivity type, he first divi.ding
} ogifb P g Fret ST e G d TP rom
a surf ace of the photoel ectric _conversion, layer in y
the f 5 PBPLBRALEEF LEIFIRV O FEOR LT €§i A 1 rEheCeRfettivity
dividing region dividing the first photoelectric
tvpeer shenphegpeherhrbcacenversisgnriarer sheéngegtapked on a
closer to the surface thereof and a first substrate
sedecoerduonoel sskstrateéhe sem conductor substrate, 20
the first dividing region having a through hole

t hr ough whiegbnttdierfdingtregivhase assdeonegicorhand e type,
f irst substrate side region comunicate with each

ehhed ] efe$€ PN Hing @e@ﬁoﬁﬁﬁb@ﬁg@quﬂ@d siecemé photoelectric
conductivity type, the second dividing region being

%859898’?&‘51’15 EQSIEQJ,“ I gld yefé?t?en@%?@f@irﬁfpfé‘gﬂént B€viding the
I n

rrst divid region or at a shallower depth so than

%HStEE&éEt%}é' %o@xg\retrresq_io%n i%%ép.e‘iﬁggo%d Pf]%@eéﬁgﬁzéieﬁ?ectric
onversron region, the Seco di vi'dirng region dividing
eco otoel ectric %)rsion re% [

t§g§8§55§§gf 5§glg?dea rEYT BN % osoeerletcotﬁlhe%gﬁllr‘{‘l‘%%é%n region,
talhlgr egf %‘grg Sﬁg{‘&f&?ﬁ{gt ecoszi\geersrie | onregion along the
semiconductor substrate;

a first dividing region of the second éonduct-ivity type,
the first 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 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 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,

the second dividing region being formed at substantially the

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



10

15

20

25

5 closer to the sem conductor substrate; and a third
di viding region of the second conductivity type, the
third dividing region being formed at a shal | ower
depth than the second dividing region in the third
phot oel ectric conversion region, the third dividing
region dividing the third 10 5hot oel ectric conversi on
region into a third surface side region closer to the

rface thereof third.sub Si i .
g#an %E{aol%gi &¢ ﬁ%ﬁgggtre%l%%bgr{ gtikgej %g&')&gggﬂ)ﬂgtoelectrlc

oser € Ssem con or- su

hot oel ectri c, ' devi i sina. .
Y 6P LORAFE L EBmISHT oo Ty or L oF 1) LR ST ondtas T jecond

=15 type, the photoel ectric conversion |ayer bein

. g . .
EFQERééeéﬁréCC@@Nﬁé@ﬁ&&ﬁQQJQR&Eﬁq%F@F°§ﬁ§%¥§ﬁ9ﬂ?ﬁQ%reglon
region of a second conductivity type, the dividing )
céghen tethg Fwriree Aheacpf gy gebshrafermigle region
surface of the photoelectric conversion |ayer, the
dilvsdrngo26heegenncdndindtng shkesphateel audri c
conversion layer into a surf ace side region closer
to the strifraicaeitvhelagfreagichbm oFubRtrsdcorsd denduegiionity type,
closer to the sem conductor substrate, the dividing

E8EI O rday g idgt i PuahpBehe ddmugltWhsEA1lBRer depth than
surface side region and the substrate side region

%H@Eﬁgéﬁg&i%&&bn&%%%ﬁghqﬁ{thg%hﬁrdﬁhéﬁgﬁﬁbé@ﬂﬁ950nversion

conprising: 51 a photoel ectric conversion device; and
BafENS, SEPR ol BSESphisETh A tbtheng cne enira
%%gkgglggggﬁg%éﬁﬁersionregionintoathirdsurfacesideregion
closer to the surface thereof and a third substrate side region
closer to the semiconductor substrate.
2. A photoelectric conversion device comprising:

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

a dividing region of a second conductivity type, the
dividing region being formed at a predetermined depth from a
surface of the photoelectric conversion layer, the dividing
regiondividingthephotoelectricconversionlayer intoasurface
side region closer to the surface thereof and a substrate side
regioncloser tothe semiconductor substrate, thedividingregion
having a through hole through which the surface side region and

the substrate side region communicate with each other.

3. An image sensor comprising:
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5 a photoel ectric conversion |ayer of a first
conductivity type, the photoel ectric conversion |ayer
bei ng stacked on a seniconductor substrate; an

el enent dividing region of a second conductivity type,
the el ement dividing region being fornmed in the
photoel ectric 10 conversion Slayer, the el enent

di vi di ng region dividing the photoel ectric conversion
| ayer into.a first .photoel ect.ric nversion region, a
second ﬁ?&téjeﬁléa&% ¢ ccé)(r%’\%’eer SO rdéegi%ocr?,’ Sélé\l(ra]qd a third
phot oel ectric conversion region alon he . .
Do oGhALeTsrCLUBi | SPEt FETHOR Thy BARYOLRG ) SR BFESion
t he second conductivity type, the first dividing
feyief/being formed at a predeternined depth froma
surface of the photoelectric conversion layer in the

fithe piphirebdettid ccovrmesisiorieeiorsonia Findt

dividing region dividing the first photoelectric

convers phptoedean xint comvét s sén A& yeur béce fdirde cegdontivity
closer to the surface thereof and a first substrate
&Eﬁé,rQﬂbophﬁkaéQéctQith@oﬁ@ﬁ?gQBﬂUEéQEerbﬁhgaQEacked on a
the first dividing region having a through hole

throughanbikeh shietihest surface side region and the
first substrate side region comunicate with each

ot her ;a@@l@m%%%oﬁ‘flv%ﬂ?k%%iﬁﬁ%P% 9L bhE SHRAG ivity type,
ype,

conductivity t e 'second dividing region

BRL09 RLTEC,a0; QUESLATLIG! LLslioco U8 PR BRckbercctric
ot 3T 0 Sl TG BRI i
%ggtggﬁgg%ric conversion layer into a first photoelectric
conversion region, a second photoelectric conversion region,
and a third photoelectric conversion region along the
semiconductor substrate;

a first dividing region of the second conductivity type,
the first dividing region being formed at a predetermined depth
froma 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 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,
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5 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 third dividing region
of the second conductivity type, the third dividing
region being fornmed at a shaldzower depth than 10 the
second dividing region in the third photoelectric

nversion region, the third .divi ion, dividin
ERETHEvE roLDe T GRvels G REg Fan SPREGRAC 1A T1y the
third surface side region, ¢loser to the surface

AP SB1P EhdSat b hirid SuBdviEBIsTUe PR GToAt T FHSA KT depth
t he sem conductor substrate. 15 4. An i nage sensor

EBAPr EBengiratprEtdeliad magicanvidr silon gevere; phatioglectric
drive circuit that drives the photoel ectric conversion
denveesitheeghonoaiectecenddnvedsngmegevingd viding the second
conprising: 20 a photoel ectric conversion |ayer of a

phosbetontdutticontne rstiypesedivgm phod asleeehd shrefnees sid®hegion
| ayer being stacked on a sem conductor substrate; and

818k¥idigne edirh @f tBe 886 ONhL ANV 5Nt ¥REe §:Lhﬁ reglon
di viding region being forned at a predetermnined depth

Eigoea t85tﬁerE@ﬁ@ceﬁdEEEOPhghsgksg E'CaﬁﬁnVefS'On

layer, the dividing 53 reglon dividing t

Phot 06) @G LLCaFINY RS A do¥E EnbMl O S WhAER 1348 type,

regi on cl oser ace thereo

PhE Sl Ay R o BT Bt e
é%%dgge {%{ fﬁg%ggioaﬁ. gﬂe%hlrdphotoelectrlcconver51on
region, the third dividing region dividing the third
photoelectricconversionregionjjuﬁ)athirdsurfacesidexegion
closer to the surface thereof and a third substrate side region
closer to the semiconductor substrate.
4. An image sensor comprising:
a photoelectric conversion device; and
a drive circuit that drives the photoelectric conversion
device;
the photoelectric conversion device comprising:
a photoelectric conversion layer of a first conductivity
type, the photoelectric conversion layer being stacked on a
semiconductor substrate; and
a dividing region of a second conductivity type, the

dividing region being formed at a predetermined depth from a

surface of the photoelectric conversion layer, the dividing
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5 the substrate side region communi cate with each
other. S. A nethod for manufacturing a photoelectric
conversion device conprising: a stacking step of
stacking a first conductivity type photoelectric
conversion | ayer on a sem conductor substrate; 10 an
el ement division step of form3ng an el enent dividing
region of a second conductivity type in the

hot oel ect.ri.c onversi l.ayer, the elenmen ivi.di n
PG O G e R e e ge prR EeRe SRR ysE G A Sur face
into a fjrst photoelectric conversion_region, .
SEEBMEPHOR GHOSET F8 Homvisiast F%&F&ﬁ,f ﬁ’gdé}w&uﬁsFﬁiaFﬁ side
phot oel ectric conversion region along the L ,
sefileBrdoceststps eni eondustep sebstepteng e i ysding region
dividing region of the second conductivity type at a
brEdsver rihrea giielpe he fohomughswhiabetlngd sugifece side region and
phot oel ectric conversion |layer in the first
phet eebettuite 20deopegisnhonomeghonateheithr sbcli vtdeng
region dividing the first photoelectric conversion

Begi DRetAbE o thdish £ Seitfialey Siple HRAic rit) @seFetPidhaevice
surface thereof and a first substrate side region

ebapeh st agthe semiconductor substrate, the f irst
dividing region having a through hol e through which

the f Ji i : : h . e
bt bt St agkily 6ep ! oF LEGLRMG 2, BRPst PohlihiEtivigy type
urt h%r formn

BB R el r PO By S PRc Ao i oty edoa s trace;
St 22 A TSt S St B Peld 5, 35500 gyvicin
g:%ggiig?l dcifVia(lji Qgcérqg Sé%%%ﬂ%t@@?.ﬁ:?jelt%%e”fn the photoelectric
conversion layer, the element dividing region dividing the
photoelectric conversion layer into a first photoelectric
conversion region, a second phétoelectric conversion region,
and a third photoelectric conversion region along the
semiconductor substrate;

a step of forming a first dividing region of the second
conductivity type at 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 conversionregionintoa 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 throughwhich the first surface side region

and the first substrate side region communicate with each other,
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5 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 third dividing region of the
second conductivity type at a shallower depth than
the second dividing 10 regi® in the third
phot oel ectric conversion region the third di vi di ng

regi Qn vidi.ng the third t el.ectric_canvers
?%gigHrgh?B ZOLRMPE Sulfs & 1egi%n "9 '68er® {h%esecond
surface thereof and a thlrd substrate S|d§ regi on )
EPBIRFTLBLENd VRO ALCONRBERBF 1S kbRt TR §3NE5IePtIA A ERGAf 175t
of Caim5, wherein the step of formng the first

dividing regjionianhe Kecopdopiic Beel e iyl ¢ €grgiersion region,
includes a step of injecting second conductivity type
thpusetomd divmime sagifaceliwfdirie thkosesbsdt phetoelectric
conversion |ayer with predeterm ned injecting energy,
apdvtheishepe@iof aimid@g theohld sdrdave dinge 2@ giegi eloser to
includes a step of injecting the second conductivity

t¥Resut FRUE I th&sed f Qe sHEbAGEs @ sther PhotdehegtibinCcloser
conversion layer wth smaller injecting energy than

EBetp@egemeehaﬁétb@J eabsRgatenendy. 7. Amethod for

manuf acturing a p hot oel ectric conversion device 25

o, B, BB SLAE A U S secons

condud% y type pho ayer on a
sEmeenoucLe sl a0 o) SIend L LA 1SR, s
%%r&(i%%t :lLr\llltthye tt% dlpl;]l‘lcgthc?e Qgégfclz ec%tnrvler51on region, the third
dividing region dividing the third photoelectric conversion
region into a third surface side region closexr to the surface
thereof and a third substrate side region closer to the
semiconductor substrate.

6. A method of Claim 5, wherein the step of forming the first
dividiﬂg region and the éecond.diﬁiding region includes a step
of injectingsecondconductivitytypeimpurities fromthe surface
of the photoelectric conversion layer with predetermined
injecting energy, and the step of forming the third dividing
region includes a step of injecting the second conductivity type
impurities fromthe surfaceof thephotoelectricconversion layer
with smaller injecting energy than the predetermined injecting
energy.

7. Amethod formanufacturing aphotoelectricconversiondevice

comprising:
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5 conversion |ayer, the elenent dividing region

dividing the photoelectric conversion |layer into a

first photoelectric conversion region, a second

phot oel ectric conversion region, and a third

phot oel ectric conversion region along the

sem conduct or substrate; 10 &5step of formng a first

di vidi ng region of the second conductivity type at a

pr edet_er . dep r e, Of e g

phot o6l eécﬂérqﬁqglngngv%réi%%n ?%EE/%]%II?!% ?h£el¥%?s%onduCthlty type
otoelectri.c conversion region, the first, dividi .

PG BR LB R Fof g TRET T o S fPh (b L P CRETEPE BiPstrates

region into a f irst surf ace side region 15 _closer .to, ..

the st &dememdr 867184 asFRPs?E Yog érsedemragi ghviding

closer to the sem conductor substrate, the f irst _

degildnng fr eyyi dRCOPAVCAGIUCLAVSGYh thdice hr BaghPRAEERLlectric

the f irst surf ace side region and the first

sohseratiensildyeregitire colmmanttcadevidimg enetionhdividing the

step of form ng a second dividing region of the second

Rboterdeetiriict \ednwper sifora Bhawét owatodept hi thanphbhéoelectric

first dividing region in the second photoelectric

ceRVRLSien Fegien, ihees®e@Hhoidialdlitid @@rlkrsion region,

di vidi ng the second photoel ectric conversion region

LRlo 4 S@%EPQ g#‘ﬁ&@&gléégfiéegé&{b&é)ﬁ% tdih along the

surface ere and a second substrate side region

%E%ﬂ%% %%CE%% s%gs%%gk qQnduct or substrate; and 56 a
step of ormng a thir

T "di vi di ng regi on of the second
COnOUk HL 1Y 1R R B S0 9UCH PEBLL P00 A 98 Gecons
edonsihie hird g viding reglon. 0 LOLOTE S 4 Miditace of
the photoelectric conversion layer in the first photoelectric
conversion region, the first dividing region dividing the first
photoelectric conversionregionintoa 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 step of forming a second dividing region of the second
conductivity type at a shallower depth than the first dividing
region in the second photoelectric conversionregion, the second
dividing region dividing the second photoelectric conversion
region into a second surface side region closer to the éurface

thereof and a second substrate side region closer to the

semiconductor substrate; and
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15

5 region into a third surface side region closer to
the surface thereof and a third substrate side region
closer to the sem conductor substrate. 8. A nmethod of
Caim?7, wherein the step of formng the first

di viding region includes a step of injecting second
conductivity 10 type inpurititees fromthe surf ace of
t he photoel ectric conversion |layer with predeterm ned

st JAhSH IR0 BRRT A% o £f: 24 e&i@fdiﬁp&%@dl%ﬁ 1% the second

second I'vVirdi'ng regi o cludes a ste I nj ecting

secqnd conguctivit type.i uriaie f on1%he surface. . . q:
R e RS b, £ BE P ey o HRE S RPBiviaing
I njecting energy 15 smaller than the first injecti gl third
EREELEY; LAkd e RBIZERNVIOH RTINS CORYSERIPY TF +<ali1n& e thir
region includes a step of injecting second ' ,
dénddénpvicegioppdivigingt fes £héndt Reosarlactraf fRBVersion
phot oel ectric conversion layer with third injecting

ereigy isfralderhithsurtfecsesedd rapecniappesertyy the surface
thereof and a third substrate side region closer to the
semiconductor substrate.

8. A method of Claim 7, wherein the step of forming the first
dividing region includes a step of injecting second conductivity
type impurities from the surface of the photoelectric conversion
layer with predetermined first injecting energy; the step of
forming the second dividing region includes a step of injecting
second conductivity type impurities from the surface of the
photoelectric 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 impurities from the surface of the

photoelectric conversion layer with third injecting energy

smaller than the second injecting energy.



