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SOLI D- STATE | MAGE PI CKUP DEVI CE Technical Field [0001] The present invention
rel at es twoaosldl4s@s8st at e i nage pi ckup devi ce. Mre specipCirgatdig/posorse
present invention relates to a solid-state inage pickup device in which
each of pixels has a charge hol ding portion. Background Art [0002]1n recent

years, a configuration in which e Dde s has a charge hol ding portion
i ﬁol at edffrom a photoel ectric poﬁ?@%ﬁ(}méﬁii on and a floating diffusion
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provided in eghficsEFidlgr realizing a global electronic shutter, as
described in PTL 1. Secondly, the charge hol ding portion is provided in
each pil¥11f orThepsesst inyeriogyelaies € ¢ apliestatg dmagaspiekunedevics. Mpre specifigpllyy] v,
the charge hehdpB@nPRNVERRIH leRitdRtOYisHRHsthf iﬁﬁ%@pi@kﬁiﬁhe\fi&r inveaén &cA®ra
configuration, hiw n an ang{ﬁoé;-to-.dl gital (AD) converter for each pixel, as
descri bed i nPBFLS B9S2 hpigs PoAIg PYHER oses a configuration of reduci ng noi se
by suppressi mdkﬂgﬂ(ﬁm(pfgﬁhar ges generated at a deep position of a
sem conductor region into a charge holding portion. Specifically, PTL 1
di scl 04802 ¢ JRIFGHF oA AT avhich Wg ohaixelshiay psharge palditgatasten i ¢
conver si on pdldt@nfrbRes gHofvel@ e @mgers vl pdirtigh R fileuing AMustorPhEpeRRfELM -
conductor |a th?t S éhovi ge[&)é. nder .at | eas 5)02” tof .the charge hol di ng
portion via ?@;)tha% SPHEN B LR RRGOTHIES AL SR YR AP RH%QFVICC-
concent r at i offitsthprihd tler® holgieg wettlon iCptoaidednn bachtpiRdtfenkaliditga globele [ 0004]
PTL 1: Japan i 08- P : at ent
Lai d- Open No%ggg‘g&%%% S%@%dﬁggﬁgsge%gté@’g@efghf Bgﬁdlehnﬂ%.;ﬁglb 9- 038167
Summary of | iW@idddon exdepineldar expapéing mdyonos) e, phdesatibrd IRAT Lt dlddrdihat |
in the confi gw @at@moliiage besed id profilled In eRhPLRPYGRAREScdifighR@bna drive
voltage for transferri ng cgar. e(s fromthe charge. hol ding 'ngithﬂoao the FD
is high. As DAYHSPAPR PPyl (ADlgonpsrer for qag pmeSﬁw EBWERTH Fat i lon P-type
| ayer i[60G8]sp@dskd]l dRdekestdw@ntigaragen bbileducigg poiké bpBuppréssingantfow ypehangdsl . The
charge hol di ngne[%gtlé iap a{] é‘eor r(];giti%np aijl:J nf&)h urg:t(;[rogeltrrll er{to\é\'ic Qr Eﬂ&fdﬁgﬁ#{% 10r\1Ne H
whi ch has a FE6W concengrgtpl on Pharetsre s Je%Pe I"on a§er r e 'N-type
regi on of thepehficgly, ROLdi disclpres ticomfigypamdscluding hd’-Bpe ywedl haglnlg,a ghotbhat a
high vol t age ¢}e31eLRFSN pt)ﬂiotnrtﬁél%f‘n?ﬁ charge holding portion, and a P-type semi-

conductor layer that is provided under at least part of the charge holding portion via

part of the P-type well and that has a higher impurity concentration than the P-type

well.
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Summary of Invention

Technical Problem

[0005]  The inventor has found that, in the configuration disclosed in PTL 1, a problem arises
in that a drive voltage for transferring charges from the charge holding portion to the
FD is high. As illustrated in Fig. 3 of PTL 1, the high-concentration P-type layer is
disposed under the charge holding portion via the P-type well. The charge holding
portion forms a PN junction together with the P-type well, which has a low con-
centration. Therefore, a depletion layer from the N-type region of the charge holding

portion expands to the P-type well, so that a high voltage is necessary to transfer



2 WO 2011/ 043068PCT/ JP2010/ 005978 charges. [0006] Furthernore, the inventor
has found that a transfer path may narrow and transfer ef- ficiency may
decr ease wWopendi4d@son a positional relationship betweenPCHEP2010/005978

hi gh-concentration P-type |ayer and the charge transfer path extending from
the charge holding portion to the FD. [0007]1In view of those problens, an
enbodi ment ofhides. present invention is directed to enabling transfer of

Char ey [SULELIe b3l P BB RELOA AR St

and secondl y fisienpy ewvagniecnagsentepersimgion apontiafal tdhaianslap deoveep dlich hight ween t he
charge hol di ng, RAfLiQ!Pp- %ﬂ% 153*113‘? aﬁ@the%% t&ﬁsf%:f)}t)eﬁﬁ 99&3&&5}1% AOALHE ﬁ%é d-state

i mage pi ckup device acco an aspect resent invention is a
solid-state hﬁ@@%ﬁlﬁﬁf&%@@éﬁ e |ncI uding a pixel. The pixel includes a

phot 06'[@@07']' C 1k Qf[B«(ﬁBfSﬂhQ% Ii}@BlTein@ rhnC&ﬁﬁddﬂHérﬁQ)f iR genar Al entihak gRsctédto
accordance wt hbl nci dent 94 har ol. di ngﬂgortl on confi ﬁ)gtrefd to

include a fi FRRRIOGHEIES 04 ¢ f&eﬁfﬁba % ¥ ta§8 IS Bh Y SRR g e pans Rol ds t he
char ges genempledomMyéMrmg@taneﬂeecﬁ dhatpes Giovies shamge ]mildﬁng@bmdm ta ap ®ilY, iaodh

different frqm ¢t h tr nversi e} an nsfer portion
configured tg |Orr11§$'ul§' Uggn rr8w tdé)%é]l qu? S% rﬁ)a%h bce(t)\g ent s 4 pot enti al
bet ween t he d:lhhﬂnlgaapdrbbldﬂmrbthpﬂll on and a sense node A

second- condugd jy Mt V- nd sem conductor region is disposed under the
first sem co?&ﬂ%b&% é(%gfgﬁféglg as to forma PN junction together with the

first 4e0Asiondustlal-stategnage pidkigedayne-acoordingttd wn tiypetypfehe presernt iiyvention is a
concentrat i 0lj,Qf. s&ﬁqnﬁgg pﬁﬂﬂf 8LV GOREMERQ ) aﬂn‘?&i' Phk f)&elhh&n&‘és té}l%'fbe?ecmc der

secondconduct|V|ty t concen tion of  areg
t he transfer cgayassian E@ﬁlr)@é@nfémed pagenpigtegghargee lr‘s%ﬁ‘?éfd@é%ﬁ Wlthleﬂd@@t kghtond

sem conduct Obhﬁﬁgh@ﬂing[ﬁﬂ%ﬂ &)nﬂghfe‘é 18 iRl Rlel afﬁ%@ﬁcdﬂd%t&kﬁtyd@)éé Eigkt %ﬁﬁ’f ding to
anot her aspect

tion is a tatelrra I.CKUp
devi ce incl udP Caora?ge&l ﬂ@diﬁ% aﬁgﬁ%gfii’&éaéedz %tpﬁeﬁoswvﬂc %4%%}8%. on
portion conf ipguroadnh@ogmlatlﬁé@ncﬂn@hgﬂespﬂmoamm dﬁrvemmm ;hdmwrnandlemﬁanithg ht, a

¢ h arge ho! di %grtp %rctonH%ureccl) IPO %n%Hlflg %Oli[agsfle nCatéJ glﬁctrocfe. tflzﬁtcoﬁto u&tot) nkl%lr)_llbe&\xgen

first semco gion at ges generaré
phot oel ect ri ¢hecdnvgrtilding portionand amer&epmdet iforecdind-tendyativity- QmetSh@nd semi-

phot cel ectri %oﬁc?ﬂ&\’&&é%l&)ﬁ‘l&ﬁ{ &Pund% ﬁlef}“lrgtrs@fh?{o“r‘lﬁu&{%f el Bﬂ s8%‘ftd %%%NO

i nclude a trans e ele at controls potential between the
char ge hol di fgcpen ﬁqgéﬂleéW&héh%@ﬁéﬁenﬁé@@ucwf;@%%d\ %?ﬁﬁ%fhé‘?fl(\'ﬁpftl‘ﬁmﬁyiﬁé second

seni conduct Oﬁmpﬁaﬁlﬂy%né&ltﬁh@{)@ﬁtﬂ@l séﬂtbd@l’serhi&@nddcﬁﬁtre%ﬁ@ﬂhq{igﬁhﬂ@ﬁﬂa E&ﬁh@ﬂ A
second- conduct | urit concent{atl on t he,second gﬁﬁm conduct or

region is hi GH¥ ucf1%]é%¥ eé‘él@ HY-OBRAEHPY Pt § taePethpids HRer Jhe s EAEP St i on of
a region thaklecsodnaelrthitieat thanahedemgatethelsesindceaicandudidratgios. at the same

dept h ?60(@? € sk g&ﬂp stie %&gé‘ 9181%& c'ievgc%gac&g}dmg‘?fo another aspect of the present
invention is a solid-state image pickup device including a pixel. The pixel includes a
photoelectric conversion portion configured to generate charges in accordance with
incident light, a charge holding portion configured to include a first-conductivity-type
first semiconductor region that holds the charges generated by the photoelectric
conversion portion in a portion different from the photoelectric conversion portion, and
a transfer portion configured to include a transfer gate electrode that controls a
potential between the charge holding portion and a sense node. A second-con-
ductivity-type second semiconductor region is disposed under the first semiconductor
region. A second-conductivity-type impurity concentration of the second semi-
conductor region is higher than a second-conductivity-type impurity concentration of a
region that is under the transfer gate electrode and that is at the same depth as the

second semiconductor region.



WO 2011/ 043068PCT/ JP2010/ 005978 [ 0010] A solid-state inmage pickup device
according to still another aspect of the present invention is a solid-state
i mage pi cwopoded@® i ncl udi ng a pixel. The pixel includesTarphod@eisectric
conversion portion configured to generate charges in accordance with
incident light, a charge holding portion configured to include a

first-qgomayct i Akd-$yRemhbd Stk RMEvERNPNGH N t()@ﬁﬂ Qﬁbthélaafs éwajﬁletpli{%eﬁtharges
generat ed by .the phot oe'llsgctrl c conversion i}‘on in rt| OFF‘S fferent

from the photBEnERR SiacsolginALs ERagh PEMPidgHic ding 3 Biveek des a
configured t photoeleutie cantdrsns bemlogabﬁflgirattdg:uﬂerat&t&iargb@m &@bﬁiaﬁcd)@ttﬁ‘ nti al

bet ween t he cha hlgld' n rtlon nd a _sens
second- conduct’ e’%t?hg y%%hag con81n§é)r?1%5:061nc 0e uregrtoelgnlcgur?elasﬁrdt Cson(()hslcetallt&’nt?f%r t he

first sem corﬁmuabmrconélglt@negﬂih ¢hat hpkis tlsmhargm detrged b)egleqnhoalthrbe second
sem conduct or,,
d Pé’ﬂh@n% g g&%%ﬁ d'lf@er@ntsfﬁml %rlgl ﬁ;e‘férctrﬁz"%'ﬁkél?ioﬁ é)opar Ay Iﬁgl to

the first semcon reqgl pr oj ecte onto a sur
a surface of attWQS@émr@@ﬁa%ftweds@b@%lﬂ%ﬁ ?et%sf%rcg%ﬂ elecgrogdp thet eentedls ¢ he second

seni conduct oy ofeﬁﬁal%t\bék@tthé éha@ﬁé)]h(ﬂ@ﬁlg @oﬁﬂin%n@ aSehdeafode PAr@abdmlcdno t he
surface of the sem conductor subs ({’Hgate Adva g us, Effects of Invention

[0011] I n t he “801Y'- %’P%lfeé“)fl‘iéed%lcﬁl? E%Y%WE Hdsg el Rosdient of
t he present irepientliherirstexpanaidanonkgiandeplietsecond eystondactobegimppe essed

when char ges ?s(f)géé@'ﬂl % gﬁlcoﬁd&t&hs%'{)&%t? OAndérQ? Rpﬁ)lr tffr% Qer%{c%naﬁc%&srgglofl ?1%1 jan d

al so narrow n tran
[ 0012] Furt herprqjetacdmretg a@ﬂrfamamlbém surfwe af th@rsewqondlbé@cmbstmareeml torom

the follow ngydgs 3¢Kd %Ebrﬁf‘seﬁ{lccﬁfﬁﬁ%ffg Yonecﬂmgbmj‘é'&&i WMtd E.'s{u@zic% f%f‘ﬁl%l {0 the
attached dravvlngs Brief Description 01‘g Draw ngs™[0013] [fig.1 lis a

schematic vi &if fage E@@%ée%e?‘ih%fﬁ)réfl Araff-xel of a sol i d state i mage pickup

devi ce aCCOFd&d‘@aﬁfOfUSFEffeetMImﬁtloﬁ the present invention.

[fig. 2] 2.5S ram f or | ai ni ng a_nmet hod for_ nmanuf uring the
sol i d- ég‘iﬁé g ou T By i g R g fosh SO BRBG HRESTE. ¢ he

present i nvendveation [eﬁcp@siin]nl%lfg deﬁlensn @ayﬁﬁhﬁlﬁ?&tSuppl\éBSéWvﬂfen&hﬁfg%ﬁcCﬁﬁmIaitemn of

a pixel of a.sol mage i evi c ccord to a ond
enbodi nment ofm?ﬁhar efe(glen RORVEN r|eorralIn frfre&/ aﬂ?&lao narﬁo doglchoefr%é: arc,gevi ew of a
cross sect i omransfeiapyh xal baxfupareswidi d- st at e i nage pi ckup devi ce according to

a thi 1 ogriodiEiRt: Rt rRISIERh: IR Ot el bind aBb b frchh R BUSRETRLT ©

view of a Ccross section o |xe a So I mage pl C up | Ce
accor di ng t o Setigtiaral ¥xenplai %‘?ﬁdl@ﬁntﬁ methgplesase (@ o afesher drafings. 61 Fig. 6 is

a schematic ‘Bﬁ@fﬁe Eﬁﬂ,ﬁog dwihdf a pixel of a solid-state inage

pi ckup device accor toa fifth odi ment of the present invention.
[fig. 7]01P] Thigdl Fagslclﬁ@rmhqr@atml\éwv@f a grogs epssion ete pial off a slidiskase ipggea

solid-state iy®ap d@h@&h'&:oﬁtﬁl‘{gRﬁaﬁﬁ@%ﬂb&&eﬁ%f&hé??&&éﬁt%ﬁ%ﬁem of the
present i nvenéggn b fig.8]Fig n equival ent circuit diagram of pixels
|

of a solid-st aﬂl%gg% for expfalmng a method for manufacturing the solid-state
image pickup device according to the first embodiment of the present invention.
[fig.3]Fig. 3 is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a second embodiment of the present invention.
[fig.4]Fig. 4 is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a third embodiment of the present invention.
[fig.5]Fig. 5 is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a fourth embodiment of the present invention.
[fig.6]Fig. 6 is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a fifth embodiment of the present invention.
[fig.7]Fig. 7 is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a sixth embodiment of the present invention.

[fig.8]Fig. 8 is an equivalent circuit diagram of pixels of a solid-state image pickup



4 WD 2011/ 043068PCT/ JP2010/ 005978 devi ge according to an enbodi nent of the
present invention. [fig.91Fig. 9 is a top view of a pixel region of the

sol i d- st awe 20mngao6pi ckup devi ce accordi ng to t he secondPerbeziitoeesw7sof t he
present invention. [fig.10]Fig. 10 is a top view of a pixel region of the
solid-state i mage pi ckup device according to the fourth enbodi nent of the

prefselnt IPV?@Eh@@acdoidltﬂ gouﬂ:érﬂbodlﬁieﬂtldflﬂl% Iéie%&rﬁ@nﬁdﬁcplurl t%’ C?Rcept ra:| on
profile o saeJ evice according to irs
enbodi ment oEfe %ﬁﬁilér éripp Vwquﬁadgﬁé @P@O Sp pplid-stpls 1mape, RiCKUR @%

addi tive i nputddrding amthenteaidiepibodimdrit be thefprésent 1aoént1d)nst ate inmage pickup
devi ce accordi.n t.he first. enbodi nent . of ent_inve

(o Sarer o ThEF0lfedBisb P lin PR B ittt s Bl Re it b yvies
solid-state iam@ngit@ﬂmﬁomﬁwmbocammrd thrgpltesﬁntthe/enmrrd errbodl ment of the

present inv eg%}; @ E}Fl%qq Gl Ratedn &Pm%grf%b%ﬁ%[[ g ot b&ﬁhg bARE L& imas

enmbodi nent s esent 1 nvention w etail I ow with
reference to P!qlfép deyise pe@rdingin thy Sirst epbediaeng of thp @respiydpysREAt.s, eI ectrons

are used as %ﬁgm@Flg fl@ﬁﬂ@ﬁra‘cd‘ﬁ%&l@lﬁwe hepasy @Bﬂceﬁ@at‘k&%}oﬁ&, (ﬁ'tﬂé"ﬁﬂid@f'@é ges.
In a case where electrons are gﬁ:otstg ch arg)gls&},aa . .
first-conductPgss BICKYRAE VIS aReEQr élﬁlg 1o L1y f?ét&%iﬁla RIGSeOy Vel s p-t ype.
In a case whéfig 1Bjdligd 3diestassdnaspsiigrahcanihatigesofildel thopdidttareiitygd ype of
each sem Cong&’c%g ge\rq‘éghc%%rcﬂﬁg’ oﬁtﬁe 'Eh'%%’deérﬁtﬁo%ulﬁ‘e;h'bf ﬂfs €& hiedlf, case where

el ectrons ar cross-sectional viewin
each enbodi mddescriptien oft bﬂdlm@ﬁé pi xel , but actually a plurality of

pi xel s éﬂ%ﬁﬂar "HRGG G oAb HRneheS of Ef% ﬁh;mb&tmﬁ'\{ﬁtbfe'%fép&ﬂn'eﬁg.{‘&et&@%ﬁlv':i g. 1

is as tic view of "a cross SECI state 1 mage

pi ckup devi caviicereicadge the 3&%1@%]@@1/1#%&1 tin éﬂlCthf dhqerabeimentaadentiopn are

Rﬁf ;ar gncg nu 'ﬁ@é@els sighhi Qﬁi@gﬁseﬁo@e%}%&&i B&y Bé GsedQR \é@hﬁl' @Ar RO ThiaQise '&here
phot odi ode ¢

o] ured to incl u - conduct or on_ and
N-type semi c&% g?soarrei“ aéﬁlgné %%‘Er)s fraty- F@Fésr@rﬂfge ﬁﬁ%rS&FO%Z
denotes a Chabgﬁlcﬁﬁitjd-ltm 1pErtypeomn 2 The vﬂfe@d’mﬁed’lﬂb dbduaspnal arargdaZthbsCon-
confi gur ed t%ult?VC{ L{ ea’(\:ﬁ %/rRlc O%?’qul’?gn%r ber CI’SCdcal arel & PtOF%H case
charges generated byPth 0P Rt T E L OVEY S°OR Dot 1 'on 15t erence
nuneral 103 awot decteons lamf:@ ps pgmatl icbargesTAde sehensitie lcrqsamqt@nall\ﬁew i eavbf er s

charges hel d ofyoliftGenf 1Rk Qﬁei‘%lggggp%{]ghp&%@@n O@uﬁh@%’fﬁﬁx&? | gur% rﬁnce

nuneral 104 denotes the sense S 4 I's con

include a f| @dpatHy far e¥ayilon (FD) that is electrically connected to the
gate of a pi Wfstall'i’ﬁbbﬂhﬁ@ﬁt on netal oxide sem conductor (MOS) transistor,
for exa he FD may be el ectrically connected to a vertical signal Iine
(not i |[5@55t ratFé%})l isjapeheamgiicofie of mgross &ctipn eht Pirebdfrinedideirte Hn%gwé%we of

the pixel anmakiité @@‘otdmg MO drhiBssinsitt@T thelghBQh6ihMNendon. Rﬁﬁ%rfcl: @mmeral 101

38?_2} 822’:8:5%?’ L 12[6? 6&8%83%1381%61‘8?(%{ I\)/(; 1(l)Jr(;jl IA Ir;ﬁg‘{b Jiode Conflgure% tg?gc Tides (I!’ 5 Vo

type semlconductor region and an N-type semiconductor region is used, for example.
Reference numeral 102 denotes a charge holding portion. The charge holding portion
102 is configured to include an N-type semiconductor region capable of holding
charges generated by the photoelectric conversion portion 101. Reference numeral 103
denotes a transfer portion. The transfer portion 103 transfers charges held by the
charge holding portion 102 to a sense node. Reference numeral 104 denotes the sense
node. The sense node 104 is configured to include a floating diffusion (FD) that is
electrically connected to the gate of a pixel amplification metal oxide semiconductor
(MOS) transistor, for example. The FD may be electrically connected to a vertical
signal line (not illustrated), instead of being electrically connected to the gate of the
pixel amplification MOS transistor.

[0016]  Next, specific configurations of the foregoing individual members will be described.



In this enbodi nent, the photoelectric gpnversion portion 101, the charge
hol ding portion 102, the transfer portion 103, and the sense node 104 are
arranged wo2a11R48068e wel | 107. The P-type well 107 is f@cwkgd2omnoeaes of
princi pal surfaces of an N-type substrate 116 through ion inplantation or
epitaxial gromh. A P-type substrate may be used instead of the N-type
substrate 116n tis whbedhimehie the-phypelesgld cohOdsios pbafomeid, {h@%ﬁké\ﬂlsmnga pi xel

opi Laxial or Do TRPEE SinRd B0k IR EnTURNEDR Rk d ol P4 RO
P-type buri edveﬂlalﬁélr ThePyge well #)'potfemddain derafipeincipelrarges qjenéy-atped by t he
phot oel ectr| %ut?s%i{eeh%'t II% gf? 9{}1&1%10%% eﬂgéﬂlh?ré{w&%qeﬁgk%ﬁﬁ@{a%ﬁ u% e L he

substrate. Thus pi xe strate

that is formiged lﬁﬁfé@rb%f Bp NEYI?P ambsgﬂ@vdtlﬁ onj thl@? therP-tyge W@rl@aé%%/qfﬁlé

sensi tiyoty. A& aqﬁﬁéusgu&taﬁel 1Ay wﬂ@i& sbdBn bAPUfYE )ﬁut%%fé&ﬁétﬁ@fdrﬁl@d ‘ﬂfroﬁ
N-type sem conduct.or @gl on .in'the toe ectri'c_conver si ypo tlgcp 1is
| ow and wher SPLEHEEEPY éﬁé‘fiij@ga%‘g t%‘(‘tr%tl% IPF SHIEF 2 atyPe PHed @Kt ge

hol di ng port iseved&2a patédalbaibier, mga@acgﬂmfaadcﬂq/ tha phhteelphm:@ehﬁ@imm portion
conver S o 0} bRy b8 dRLAGEL Rlink NELRRRL A DSEARLALY iy pis! 0 the

N-type substra eco et y Si gnl erence nuneral s
105 and 106 dénosed th«ybletyseﬁmtwa@uhat@? foregd dmgughTerpetaNat ypwtsemprisntiuct or

region 105 i $,4L3paredndiflyity1§n Q“c&ﬂ{fﬁ@riﬁﬂ \%E}Q%tlﬁ{puﬁ o%@erﬂtﬁﬁoﬁ%?’th@a an
N-type inpurity concentration g{ than that of nPﬁppe sem con uct or

regi on 106. THE sROESAHEVERhicgORdD Eregrhofasifclis melwpr?@rta) ljig vy

t oget her1 O\é\n ]E hvh%rd:‘gén)éﬁ@ed&ﬂlﬁ{ @Bﬁéﬁﬁin@e}[’d#{tﬁgltﬁ?sféﬁgd tolthe cl'ﬂtrgé’l%ld ;ﬁﬁﬂm or
regl on or nc n et.her w IS
i Sposed unddiTPHEbG Rk EBRLLL oRH Rl f evepwn rfvcgaa%?@n hestfepal

sem conduct ofinarexyingrthd &sitivitg ubling hecVriggndubstrate heddniey perteelly ciphiftdaat.

regi on..nPrQVi ) ction of
L qar k1001 R b OinfmentOR0F B SANGRHELO L RAAR A BRREES, TR
embodi ment , seRichddEHYiragiopod sedisposed i@ tb@Nvfefp@ barnicprsiuctas meglml(i)%and has
constituted hyN. %e Nnp¥R§ RGNS ALREr th@rgih‘af‘éf d&@ﬁ %89 sétﬂl@on&daa)r Redidipe

wel | 107, and _the P-type sem conduct Oor region Ref erence nuner al
110 denotes aRONheNAYREmicHdBEPbregiglilgformsa ?N.Jgn@ﬁp t%%?&?wﬁ & Rfype
N-type sem ceaﬁu@h@l{cum&gglaﬂ 1084.0rHeuN e gedmic@ndactbi Iregionsle)mfﬁmmqmmhegl on

t hat hol ds char es nt fr om t.he oel ectric onver si on
por ti on 101, “aisrer anbef AR 10 Sk P EhaE Bl furi
f or egoi ng cha¢g@1h@6d| ng portion 102 is configured to |ncI ude the N-type

sem Cog%@ or T‘h%%ogrﬁ}a%érgicgf?&cfté}%gﬁﬂ%@ s aqggﬁEB%ﬁtr%ﬂ& > Q%%T&ﬁd&é?ﬁf g€

hol di n po tion ccording to this enb In the contro
el ectrode 112egighmiFepvifling dpesBagredeairondugtpereriony 18 esapcisducionsy adagi on 110

via an insul ahieg tﬁdt'lsl'rgejng&ted-r(h]@a QRTHCE OF se@hieStduRtbe. ThRis eabbaeht, the
potential on_a semc

ctaor surface side t he ty eqi conduct or
region 110. ACREYLE Pg‘éto ?¥18§8n%§0%801@09\é8;m@Pﬁﬁg@ég’ﬁéﬁ‘? ?ﬁﬁb‘iéf‘@%g?s
applied to tkendenirrediosd EStandd€6.1th2 Psgpasell d03updresB-tyre senfidoandncer of a
dark current generated in the charge holding portion 102. [0022] The control

el ectrode 112 lor§/ al’'so have a function of controlling a potenti al
[0020]  Reference numeral 110 denotes an N-type semiconductor region. In this em-

bodiment, the N-type semiconductor region 110 functions as a first semiconductor
region that holds charges in a portion different from the photoelectric conversion
portion 101. Reference numeral 112 denotes a control electrode. The foregoing charge
holding portion 102 is configured to include the N-type semiconductor region 110 and
the control electrode 112.

[0021]  The charge holding portion 102 according to this embodiment includes the control
electrode 112, which is disposed above the N-type semiconductor region 110 via an in-
sulating film 109. The control electrode 112 controls the potential on a semiconductor

surface side of the N-type semiconductor region 110. A negative voltage may be



bet ween the photoel ectric conversion pgtion 101 and the charge hol di ng
portion 102. Alternatively, a distinct electrode fromthe control el ectrode
112 may bwodnsipasesd for controlling the potential betwe@aTURD1IpH@OTR| ectric
conversion portion 101 and the charge holding portion 102. [0023] An

enbodi mrent of the present invention can be applied to a configuration that
does not inC|app|l€kdttbehd:@ihh‘i)DéleﬁhﬁEtlﬂQde ad foZuppss axafbie df AelaMk sy pat

sem conduct or may . be. sel ect i y connected to the power source
s e Sn pof g5 Kok

via a cont act® ef erence nuneral 113 denotes a
t ransf é0023dt e ﬁiewntrolcﬂecmdvd)lll agy aso;hpm eduncoon hecant@ilsfger pgattel el ect r ode

113 forms a ﬁo%@%ﬁ% ®le p;ﬂf%rt(rélé%ftncs dﬂl@@llsm(fl E%ldl%ﬁqq%]cﬁggé lnﬁ?llﬁg%ﬂﬁ)n%bl 107

adjacent to e sem con ctor g
el ectrode 113\1Ie§n9<§1|V§]ﬁo% digting elasipdafremghe s@roh gleptrpde H@r%db%‘ﬂlsl%f)s%fﬂftl on

where si gnal c6ﬁ|t@<519 td@al besdehé BRotbEIeER it GGm%PﬁdSrQ?oM@h dongnd@et i on 102
to the sense Odegl@{% escri F@d bel ow. The transfer gate el ectrode 113

swi t ches bet fe¥8° 4° ROTUREt &t he transfer path is fornmed and a state
wher e t{6@3]r ansi enbgiinent & thoprefent im@niion enderapatietom ¢cdnfiguradbi dgedsasppl i ed

thereto, so a roI | ectrbgal. conpecti t char ge
ot di g’ port PR 58 e Rpyrbl Sedioe 12 5 oFARRE ChL A RE BRI R CORES
sem conduct orl 10 agiyde.selentivaly sorewblod iimtinpoweheuFR Vid4 chontndtplansndasseitdense
node. Th&43eNS&HLA& MRYerRE 13 RESLER Hgﬁg%ogater é&étﬁﬂefl&%lté(ﬁ%' P ReSbanal is

out put 1n accordance wth the amount of charges accumul ated ere| n. The

sense node néryan#aw&atfaelé@mqegldﬁaﬁmw wnstff'é.pﬁ@ of signabichsyges ippyit af theP-gpe

pi xel s. [0026Jeﬁe1f(ﬁraajh@emn@ wwtypus‘énﬂ@jﬁ@h@cSr@ idnglht) m ehilfigatidende The
l'ight shieldin reduc e charP hol di ng

ent .
portion 102, 19%«%5 Fléor%%‘i‘ &t é’ﬁb? fs 3 g eflri“é ?8?1 8“ W € s34, “grees Can'
conpletely b[becnﬂassfemed ftemtth¢ clginge ]hddémgtportu{nOlGi)Z?c]) Ref enenoele 10ddealribdd 1
denot h
foature of t ArLiETHe ety Sk el AT RORE e Menatth e Inelthfhudeferbath e
under the N-tyfvensémdadsidigorhpre ﬂl@gia@ﬁelln@h isTes fermegje ag@ﬁﬁ%@ﬁm@twltﬂg‘gu on

111 and the %hﬁﬁﬁ%@ t%%CM%EQﬁtrde& abetddd cHhiLabh Met(x@érmlﬁ cﬁ!ﬁgk‘l&@ﬁﬁﬂgm
wi t hout via the P-]&ép 07. That is, in this enbodi nent, the P-type

sem conduct oPOFEY; ai}iihq %n%? ndedfid semi conduct or region that is di sposed
under tfb@3\t onfeFBarmemqugzpé sehgigbructbt Gegdén. &S thiOethBodimantPiej INCL4 on

h i he N- d
st rates Mt § FRoREeng Paiehod SR B 4 ugbaREREmn bhrowien
each of the ehagngkishotpit HQanondanwﬂl@QE(amomnow"scl@@B ponunulated therel). Ted t he
transfer porting n@a@é”m@? ﬁ%eoé ?Ir%?gHu?)H &Belﬁgg réd d by IB@HQQP%?B%ISEC“ onis a

direction vertical e sur sem C UC (0]

concent! PGl on Referenge puneyglel 1§ slenetene lighishieldipg sigmben. The lrghv@wldmg

2011/ 043068PGIMHR2A194QRBA AR bEE MRt fohBO KN homMEipbitichomeeMe ahifen of the

P-type well ]f)grzuon 103, and the sense node 104, or completely blocks incident light thereto.

[0027]  Reference numeral 111 denotes a high-concentration P-type semiconductor region,
which is a feature of this embodiment. The P-type semiconductor region 111 is
disposed under the N-type semiconductor region 110. The P-type semiconductor
region 111 and the N-type semiconductor region 110 directly form a PN junction
without via the P-type well 107. That is, in this embodiment, the P-type semiconductor
region 111 is a second semiconductor region that is disposed under the N-type semi-
conductor region 110 so as to form a PN junction together with the N-type semi-
conductor region 110.

[0028]  Fig. 11 illustrates an impurity concentration profile along a depth direction in each of
the charge holding portion 102 (X cross section in Fig. 1) and the transfer portion 103
(Y cross section in Fig. 1). The depth direction is a direction vertical to the surface of

semiconductor. The impurity concentration of the P-type semiconductor region 111 is



[0029] As illustrated in Fig. 11, the inmpurity concentration profile in the
depth direction of the P-type sem conductor region 111 nay be a profile
havi ng arwonpurd4sgesconcentrati on peak at a certain dept IRCTTRz1yeER70f t he
inmpurity concentration of the P-type sem conductor region 111 nay be at a
position shallower than 0.5 micrometers fromthe surface. Even if the peak
is at a deepqa[gh@@ﬂiahitmmﬁmry Ednicentration of M-yt vidl 1s)7enbod| ment can be

cor conthas or "Fuliten § Tk B bl DBl B RotAR Sirseionotp. ¢y pe
wel | 107. Homlmllé{ypewhmmmdmtpsaglonsllatmaa{ l:;wsprbflbarhashgl dnowpnrityheen-0. 5
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not forned between conduct or r}@ﬁl on
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e conduct or PG Tee N EF N d kg Ba LB ARy Haiee o0 Petler &
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specificatio t o ri
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osite
conduct i vi t y dBGHELY type @ e sqnzlcmtl%tqréw% uwl?é the transfep gl siechiads 1f£ @t the
i mpurity conggft Ei@ﬁth QQ tHeSP f}‘p@ Rehicbh@r tdrhegibh 1 YPas apibisité ‘tfﬁthhtrmﬁé PMype

concentration is c ndu or region. In contrast ion
where the N ts%{é:oﬁ%it‘f %“)P ﬁrﬁnlr tﬁ%tys W@Sn‘?‘gﬁfﬁyB‘ﬁ“if@cﬂ‘? Ié%”‘?g%%lhﬁ]hléa B-type
addi ti ve i nphigheyPagpe infpuViy aoitddididsa68PCT/ JP2010/ 005978 centration is an
oo 190 R Ot poiE g R ML LE eiefor on g1 PR Bn il D
concent rat i od1peadk thefN-type SPngppéu@elmegl@ndd@tf@m # 8 J@nctm:anlgl h2 FIlugtratman t he

portion whergqfinG. ﬁﬂﬁl&rit%r VEndelRMid oﬁmﬁ d @tdBbn %mt:ﬁ% 'Hiet APBicd FPYEMLY 1S
equal to that of Interface of unction. If

L mpurity
the P-type a&ﬂﬁl‘i‘}% ip Fbﬁtf?flaltgyh@ Pﬁrflalﬁ .1%(?&@%@%?@ j”hﬁ]ét Do ¢ nidsditice i s

hi gher than ﬁﬂﬂﬁu dohdéen@ratiGipUnédny tm&@éﬁtfaﬁbh @ﬂu@ﬁuritinqla&stamﬂuy@hdied On My
be said that e, sem conduct or re

o sonduct ofie et 62 SR, e &R e B o e S, ang the
descri pti on wrdwinpremginsehe odt itperify-coygmtmedn thahischmpsnsatecdiopby theom-t ar get

i stributed SPIHS SeEORERS Eatd B i pt, Th B ETRORK TRy yhERMAC B 21C |
In this caseadditge gaplirity gendepiyeiiqn iy htﬁbﬁt@ﬁﬂ theet N-dypegfdditive impusiyecael | 107 as

a conpari son tAfARh iTRP-1Ps sehRforRta®Pl&iod Nec@idit iNéGediBR Whkldhthe N-type
concentration of the seniconductor re on under the transfer gate électrode

113 at the safelHeHTRIHY COMEBRN 6P IEREARME T-IPCAOREERIPRYT BB t he
P-type sem conductor region 111. [0034]Inpurities may be added to a
transfer path in order to control the voltage to be



supplied to the transfer gate el ectrodg 113. In such a configuration, the
additive inpurity concentration of the sem conductor region under the
transf er weot2e1d4dw8r ode 113 i s higher than the additivePCrPIB2(10/905978
concentration of the P-type well, and the distribution of the inpurity
concentration of the P-type well 107 in Fig. 1 is not uniform In this
case, the addeftta@nid@UNitype coficefucat rgionf the P-type well 107 that is

di d . hot oel i i ti 101 i d
o Do SIE R RS GLELTuGR U BREL R Rn Ao £ LSRRY e
transfer pat hespohds tadhs impoeity egeenttatioogealent thaPrtype samitbreluctonesgigot tl.on of

the photoel eqh ki 18AY BERHAMIRA bt Qa0 ififRRy DlccibANGR: hORIHL N Fi 0 12,
a curve in a solidliné indicates the addi Lv‘é’ I mpurity concentration
accor di ng t o IMANEYdnpoEl irethat of dheiPAyReumparifyhis an dyetfeqs dfiafdN jwmgtiendedhet he
addi tive i npeLivhy adRREEMpudity 86hcBREAIHI N Ehel PN funCOSPRfttdcY & }ﬁ%mgl- thét the
PN junction i ﬁtlll,{tarface accor |n% to tpe conparat.i ve x?aqghl%% e additive

i mpurity con@ERVaIPRHIEFORGAUBIGYdhe Riivke V§Lilkmay i He Fab@e 1 e

i mpurity concemducairiregionf 11 fel Re Nt p@e wehlcondurtdrhiegion a$@ dirédilsy Berh y N

sem conduct or, rc%ghon 111 and the N-type sem conductor region 110 do not
forma PN j uACtToN di rectly with each other. [0036]Wth the configuration
accor dil¥p3 o thww, edesotiitivmnvilldesgyanad dhaBdoyre, welhahybds & eompaison gavgéterfr ed
from the char,ggiiho iﬂg%gﬂy EQ%ée!thQtli&nQ %b%lgs érﬂlﬁ‘od‘%ﬁ&%?inﬁ%ﬂﬁieé% Rluifub®WnyRl t age.

This will be descri etail. [ 7][F|rst, a hani sm of transferring

char ges fromipHemian g hbpaivey Waitpsistedgp s It Hethisease herfldithGamprrify pe
descri bed. Bebmte@usli@Né th€ Paygesel@OBLAS &8 pdRisbh Gur P e ek GmPleV¥Re
2011/ 043068P /.éPZOlO/ 005978 conve(&s#on orrtgd' on 101 are heiilﬁd in the N-type
semi conduct oIEYT BAPUY CORFePRARN Qf e Sgucongusiop BE AL ds” thiydragsiey pue

sem conduct orlecegdehl 314t Ghevdamet deptis@be peuddd tHdddnpufineegncafitratontdfeheNR-typee
sem conduct or, i . een turned floating, charges in the

phot oel ectri ée%%%b_@%‘?%%g%@?%?on 101 are transferred to the N-type

sem condW or Impglites maybe Fued to pandhppagle i erder wequiepltthavoliage ﬁ@g%f erred

from the chakge,ghdiHedrRoft b8 ek0Rode0] 1306 sﬁl%ﬁ%%oﬁﬁ%@ratl&ﬂ theldi@idveansfer is
performed on a row by-row basis in ordinary cases. At this tinme, the N-type

sem conduct ofMPREY sANGePFafien phiihg serpigprdugiaiesign prdes thesrHistes 2pie elgsPried vi a
the transfer 1p®idhigher i thd Béditi @y BfiSRi P t@fef@ARRSO tReP N deyipd], sgdtteogiduct or

region 110 to.be. depl eted, .so that the arges are transferred. |In.order to
{raneter mostigion ! i Girplps gt Blaiogef RO s N R H R i e ddfiee
sem conduct odn thegéoe, thd addiove mgpusiensencaodeion®f thet eypeosdl] Pirthataf dopesed

preferably, i i : . ] t I eeds
Fo be. depl et Sl FBORERE PR e PO R A G B P IREECS,
a depl eti on lahespusexpendsimmeisies pe apded, todhe pansdesaths thy addégiedmpunty geiter
the N-type sephEfiodus tHRMNowegpRRod dthe Fﬂ&oaﬁ@tﬁﬂtcoﬁ)\ferﬁ&li?&%bﬁ']_()Ptioésm?)t

depl etion Iayﬁr fromthe N-type sem conductor region 110 varies in
accordance Wt#H&he inpurity concentration of the P-type sem conductor

regi on [QA35]t hdh Higridsa eurPdij asdid lore ihdigaedebe additife irhguridy cypensaiivnconduct or
regi on 110. BQ&%%E% t§eSHu e SLANALN. Of a{i'l%dﬁfn‘é%&i Al fLggig0POdI ment
a description w be gl ven 1 n conpari son w N Ehecconf guratal on di scl osed
in PTL 1. Acdopdiitygoneentragorcagebidijng mtd exmpardtiystexample. AnthsiRN juciodn PTL 1, a
hi gh- concent Gt jrQR RedURG 15 B CRRPANELRTex kBBl Oe bddifll S RASEHY LOLRR AN YPe
sem conductor.  region consStituting a charge holding portion via a P-type

wel | . Wen t e REXREIBPYER 18 6eieal &4 B afi@&iv%HnP‘é}?tWO%FGPNa‘PQIh‘éfttP%R'WEFg@?mer
with a | ow conasntdsalthon-thpd sepdcominbionfegidh 1NndaRd Nayp@idnfiBorius @l @gesh 1 n
PTL 1, a depllgéi on Lf%sé/er delé ex anltrjs 1.n ttﬁe P-type well. In this case, a
reverse bias VOAPAG ‘E}r?p]%ﬁdl"élﬂlc P diteqty Wik §4h 015 on needs to be high in
order t[O0XUf f iWitktid gonfieplagde acdosding toythes esehmidooerd dedcoibed eppvenchar@840H On t he
ot her hand, i i i J 1 or. ragi and t he
P-type sem clgﬁélt&g%fglfrgﬁ%%otﬁg%a{g% %@%%%@%nﬁ%tf&%ﬁr‘]édsg%eerg%dieag\%ﬁp%ﬂoéxgch ot her
wi t hout via tvhbBage. Thisevilldle|degqibed 8 defeil.t he i mpurity concentration of the
P-type [§631) CONYME taQhedh8BI Abf HhhsteiMHoCRalc@l TBmAREhdrMESILRR JoPEST R o\Wd h
the N-type sem conductor region 110, is high, expansion of a depletiqgn
layer into tRESPIPYHEEWH bodearbesk Betys signal thaigghegeraierhinrtas Blugoelqgiis
even if the reverse bias voltage that is supplied via the transfer portion
103 is low, the nost part of or the entire region of the N-type

sem conduct or region 110 is depl eted.



[0041] Furthernore, in this enbodinent, dhe inpurity concentration of the
P-type sem - conductor region 111 is higher than the inpurity concentration
of the reyDamwma@s the transfer gate el ectrode 113 at PhEJIB2MPOEGEETR h as
the P-type sem conductor region 111. 10 WD 2011/ 043068PCT/ JP2010/ 005978 In
ot her words, the P-type sem conductor region 111 does not extend to the
regi on under comeerdio@psitien 10abe h%ﬂceﬁltth@Nety@éaemmﬁductdﬁiréglcmmf(i guetion, a

f h f. 107 f
6l octr ode” 1130lReerS P et P g R B R P el 8 b e DRI ¢ e
transfer gat heh.edter odeN-1B. send@Adfdteniegion InBthhobleehdnred floftay, ohirpgs inhe
P-type sem C%@ﬂ%&&ﬁec‘iﬁ&&ﬁ%&% C;ﬁ)‘f&&{ fbl“ﬂe tndlr& t%rﬁ?é’ﬁ' tEFE‘?EerHY’chu]Q

descri bed. Fi ew of Cross sect g
the P-type sé@ﬁl%hb{héﬁh@n, th@ghaégpsmqsqqgewﬂlmnsfﬁé%fr@ﬁttbe aharee q>1dm1

denotes a na lSrtRﬁtlf()QrtG tlfe%ﬁ%dafe 184 Pt el %tpe@ﬂonhé@oﬂl b k&w- b}h@wﬂﬁﬁi@ iparts
as those in 1 are the sane reference n

0
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region 110, 'Néghé{rp?l(b {RHE 'sénXe hoqs1 G ﬁle'rﬁ&' ?5&% %F’o#?fé?&a@lyfﬁﬂ@teﬁfu%%gbn gattern
formed in the "exposure st as a mask ern I me, arsenic or

phosphor us n'él}ﬂlﬂéymﬁs%ﬁu%ldﬂﬁ@r qu}wee?ﬂ)@@]dfsﬂlﬁ?@quent ly, without a step
of remydIzg t hwhehee V-85 StmitsHuctd-rbYiPE 11 0RWedpleted, @ASplefien lafed Sphat as a

second i npuri.t | ant at i on ste for form.n e conduc
Pooron 11no" gt e B Bl 08 S RO 1 RO dne Nrabe kB CoR AT Wt L,
Then, heat t Thatmenht slexpassonasiribalepeidndayee tionr thedN —t}Q)ersemmmduo‘tmmﬁgmnyst al

def ect or thg rlnglv es 1H%Eco?8aﬁ1‘éﬁvdfﬂ%é ﬂ?%drﬁg %ﬂ&hé&&o@%df‘%ﬂe p- ti?boﬁééhﬁco"l‘{%ﬁct?tl 1 are

N-type sem c or region sem conduc region
formed usi ngregien | Hethag S ﬁé’%upmqnetpgethefrowsqhﬁfﬁ\ébmerssmlqonéwmryglon

i npl antationgpep of formng the N-type semi conductor region 110 and the
second | ur|t i npl antation step of formng O?OC%’% sem conductor

r egi on [44P] mayFopgagyerdgisrading of theeettest el 8 e@%h?é%meqt PIARLE Wil RS §1¥ET he
above-descri bl@&)tﬁ@diﬂbﬁ@ﬁl&hﬁh@@ﬂf%h@@ﬂ dideeosed {ryPEL $emmdgl@d oe é@gl on 111

can be forne i ulr1 htedne Sﬁi iﬁT r signifi ca t érﬁtncreaa n‘?d

manuf act ur i ng'88ERISE TEHE é‘b T Pi°CAl Rofl i 2 5“‘ S8 dBRAUREBT Oél on 111
can be f or nedegioi lalisposedhewenas N-tgpt scamindmiycer quloﬂmﬁhmtlnpaehargc bolddigng to
such a manuf i b qmg}e 1 cfpﬁjq

regl on 110 a gh#{r}le\n%a mg@‘p glglr%‘l%g%nguct Srglféla%oggu%}f% l%n%ﬁr% Ire g&fc‘%n

hori zontal t dogether s‘ﬂtﬂisat lpgreonsetragien Poyipe pell peiube gonfareeian diglgped imBTL
portion wherg § bépléhdrﬁ/lﬁ?eﬁﬁﬁkl‘fi%ﬂgéiﬁﬁs% tHeEPgty@B “%nomm dabte aPedeyfRebias

;Sﬁ (r:n r gg_g gg?t Orvo tz? ! S%Bpl}e 1V1£. gI:[rTnsafer porll(l)Jr? géeldg l‘?o e fngﬁ er\év} 'thsu aentfgltcnsp{et can be
the N-type semiconductor region.

[0040]  On the other hand, in this embodiment, the N-type semiconductor region 110 and the
P-type semiconductor region 111 form a PN junction directly with each other without
via the P-type well 107. Since the impurity concentration of the P-type semiconductor
region 111, which forms a PN junction together with the N-type semiconductor region
110, is high, expansion of a depletion layer into the P-type semiconductor region 111
can be suppressed. Thus, even if the reverse bias voltage that is supplied via the
transfer portion 103 is low, the most part of or the entire region of the N-type semi-
conductor region 110 is depleted.

[0041]  Furthermore, in this embodiment, the impurity concentration of the P-type semi-
conductor region 111 is higher than the impurity concentration of the region under the

transfer gate electrode 113 at the same depth as the P-type semiconductor region 111.



[ 0048] Not e that the above-described maggfacturing nethod is not an
essential nmethod for manufacturing a solid-state imge pickup device
accor di ngvoaoarn4amBodi ment of the 11 WO 2011/ 043068PCTPEPAOL0H/0GSB/ 8
present invention. The N-type sem conductor region 110 and the P-type
sem conductor region 111 may be formed using different mask patterns.
[0049] As desaii bihedwakRy@e PagpokdahiognduRtdr iégore Mbodbeddt ext@xP@NEE @gicdf a

depl et I b d he .ch

ol i ng.por ¢ LB 160 SPES PR SR gP e TS N AT PR RREHEY. AP S SGARET ne
char ge t r ansfiethegatype nellslif pmdestbel tralderqath eledtsode dhAmgdsuciacrebeng tharpsdser r ed
at a low vol rv@ﬂ?ge t§§t‘i§’B&pﬁ?@ﬂﬂﬂh@?ﬂ&hﬁ@%ﬁ@é@tﬁ)deﬁ1'35 a schematic view of a

Cross section o te I mage pickup device according to

a secon@0etbodVarerit m@tiw@ e ppradachiringfhe Rttvmwsennrﬁéldyfatpf ey} Idpeeordingdfre
function as thabmbbditdea: il 6 d&@f%&l' 1D (94 sehdRAt eRwW 4 d8ssSeBRL &fLr ence

nuneral s, and.a detail ed descrj pti ere tted A
di fference b&XL¥ReR me‘zp “BRE ST IR “Cé(?lfd%lﬂ‘é ; stJP“B‘?PE&T?gﬁ%WF “iuelefa(ri%l
P-type sem c danme;st a)rnaﬂegat@m Bhed sf dpbqosedt aintlefike. e Raty pertsanthownduct or

region 111. |II t£Sl, R Fi ST e t n 301
extends to und%r atr‘%a&%o?%n feF Sam?ﬁef ?iétlﬁlmeﬁgg a%ﬁl.a enalfea;ag&él 18%?%%% t he
P-type seni condietor region 301 functions as a third sem conductor regi on.

[?052] 'f %3 9 'P%rs?- atﬁ?iBto\féﬁlﬁ’lﬂforrﬁecpb%ﬁlan eﬁgfe%ﬂrfag&@tf tgé E\Q)sgrgtet"hﬁél ﬁﬁb j_ment .

ustrat es only four pixels, but the soli -statelmag% up

deV| ce accora@rﬁasttlbems'%d mébﬂﬁmmﬁd@quﬁ’éﬂ%éf%fbwb@ﬁéhesN ﬂ'ﬂ’?e“ﬁﬁ#’t s

havi ng the sapgddcwigtd 1@m1ﬁ$mtthat:hztr@e E@lglnglpomor&(@h@udwmlﬁﬁe@y t he Sam?
| ust.rates.a sch Vi ew the 111

refere t
7 bos QBB o fisg ity oS REDEHER 68 RERER T SoWPehenbiandin! o ¢
region. Int héO,dﬁ{typﬂanrpagt}oan% imphetephstng-a ;ﬁioﬁn’em@aﬂam%emdm t]pmrt i on

char ges. 1 he Rvye o ikl st REGREMHERCUE 8 pl Rl MOR IRL BAES o

114 are for nel’dpmﬂé‘f erence nuner al 303 denotes a field region. A f| eI d OXI de

filmisgonssd feubsdRehd), vathoff a &k§BERIRvifRahE pRRGRRUMBIIAI- @%%S
regi on where a pi er amplification MOS transistor, .a reset tran5| stor
and the |i ke 25 @FY1eres @ second impurity implantation step for forming the P-type semi-

conductor region 111. At this time, boron or the like may be used as the impurity.
Then, heat treatment such as annealing is performed to recover from crystal defect or
the like that occurs during ion implantation. In this way, the N-type semiconductor
region 110 and the P-type semiconductor region 111 are formed using the identical
mask pattern.

[0046]  The first impurity implantation step of forming the N-type semiconductor region 110
and the second impurity implantation step of forming the P-type semiconductor region
111 may be performed in the reverse order.

[0047]  According to the above-described manufacturing method, the P-type semiconductor
region 111 can be formed without the necessity for significantly increasing the manu-
facturing steps. More specifically, the P-type semiconductor region 111 can be formed
without a new mask patterning step. Furthermore, according to such a manufacturing
method, displacement of the N-type semiconductor region 110 and the P-type semi-
conductor region 111 in the direction horizontal to the substrate surface can be
reduced. Accordingly, the portion where the N-type semiconductor region 110 and the
P-type semiconductor region 111 form a PN junction directly with each other can be
increased.

[0048] Note that the above-described manufacturing method is not an essential method for

manufacturing a solid-state image pickup device according to an embodiment of the



[0054] In this enbodi nent, the P-type seji conductor region 301 is formed in
a region defined by a broken line in Fig. 9. That is, the P-type

sem condwyOan1wmEgiedn 301 is formed in the entire activePCEJPINI/B&278Xxcept

t he photoel ectric conversion portion 101. In this case, the P-type well 107
is divided into two regions 107a and 107b, as illustrated in Fig. 3.
However, the Pesbmnﬁv&ﬁ% CPHANGY Y seh@indlctdPiegioh NOtand eEEB$el skihicingased 1 n
the entire regg ilpderbtrﬁe P- tu%fo S m conduct or regl on 11 the transfer
gate el ectrod l‘ﬂé DAY bf famep wing di f? HORETS PSS enbodi ment, the additive
i mpur i {90499 nc ehxt deatiiilmnd abbve, hecdpding pe thingubodimentt exgaesiPiNof a dc,platmn laygrer f ace
between the Rj ) ctor
region 110 is %Bgﬁuﬁ ?J%&Rgﬂﬁ%h%fﬁ:ﬁ t% ?évug&l&té%}lf@g CI(-I:% c[e}t?llﬁ@epogﬁéﬂo t g P-type
wel | 107. | ntltamfsrr@h@@@liﬁr@ﬂmomeh@armvﬂygémye@f&@mhlat&edlranﬁfégp%h isgppiessetlor ned
|0 12 40 201 HOGHRAPCHLIEL0MOLOORARG e Rnf yoguel | 107, I such a case.
the additi ve é;ﬁi ((imcentratl on of the sem conductor region under the
transfer gat cepR bedimentyny pe higher than the additive inpurity

concentip@dd]on . 3R sBhdriydiR W& bf 48rhss Jdatisn of & ﬁlx@ﬁéﬁ 4 dovig- sltd”f@ﬁﬁégte)plckup
concentratio rtl

phot oel ectri 21 %ﬁe%rogcf%%ﬁwf% ef’fg‘ilePﬁg}t ‘BJé ‘?Bfﬁé é‘HeHEOIhtT@SJPﬁ%? haydne
target. [O005@jeramowrfdheigpntas thdrén terfrsiguitakliment afe denbsddybibeiamnteferemel ow of

charges into nh&%ra%l{r ang h %%taﬁ@& @es%qeﬁiuénhtﬁ%f é)f @f‘be‘:&ﬂ 2§, suppressed.

Accordi ngly, "an IS T ¢an bé obtained in addition to
the ef @@tl]obt/aditedericn between ilris embpdiognhandtthe fikst eebedinsal wekat aFDOB?] Fi g. 4

is a schemat 's@miébﬁé%c@cﬁr ré%l%ﬁgéﬁ isxf s&f‘u&fer fhelP- fS?)ls s&hicBndRkddeSbAY €11 ARgE
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parts havi ng ﬂﬂ%@fa@aﬁ%ﬁ&;éc@lp SniYBS setnwa%@upwrﬁ%% PP lsextendy t%%@fﬁ@ B ment s
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end of the P m con uctor reg ere
junction int @?Wd@@u%ﬁh@&mx‘tlﬁérmﬁ%éa‘slégrﬂ@mﬂm@éﬂm{wﬂ@gffh?fﬁHIL@@ tongefe utl ng

part of the BB@&tQ&B?ﬁIershﬁleQ&@i«éﬁEéhﬂﬁe@Br FigoB i1hRkaR0d stHeghalle hyeot@k 111107 is
di sposed. hi s enbodi the P-type sem conductor regions 301 and 401

functi on as é tCFﬁslsaecé@HﬂgEWdactor region. [0059]Fig. 13 illustrates an
i mpur i t{gO3H of |Re§erahmgm@rdaﬁ)tzhied®té£m h@iveirepieadh tm:fachheragharm hel plicn@,

portion 102 [ 0SS. secti o i 4 a 4 Rort
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sem co regi on, 1 e transfer te electr 3, .and the FD 114.
Thos R P b ?@ﬁ ot M BARSESL Bl S, Slettrade, A, and Lhe FL
di rection i s defigedslanebioket hme mhéEp gk That idj thg Ppepd seomcdidRcancedidre3@lriansf er

portion 103. ({Q0GQ} 't:lLegenu%e?‘%c%'v%? geq B‘éié@e thé Eﬁotb&@é{h }:gn\}%isg(iﬂ }()c%uéh 9gQ the
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regi on 106 in.the photoeiectric convérsion portion 101 and the P—tyPe wel |
107 form a pﬂlﬁp&ﬂ?@tlpg}? entire region under the P-type semiconductor region 111, the trans

gate electrode 113, and the FD 114.

[0055]  In this embodiment, the additive impurity concentration of the P-type impurity at the
PN junction interface between the P-type semiconductor region 111 and the N-type
semiconductor region 110 is higher than the additive impurity concentration of the P-

type well 107. In this embodiment, the P-type semiconductor region 301 is formed in



[0061] In this enbodi nent, the P-type ses conductor regions 301 and 401 are
formed through four ion inplantation steps. The type of inplanted ion is
boron. TheoQos48G6813 WO 2011/ 043068PCT/ JP2010/ 005978 i @aTiJrpliendsatd on wit h
the smal | est acceleration energy is larger than the others so that the
inmpurity concentration of an upper portion of the P-type sem conductor

regi on 301 i shdW-Gfpe WAIRI(GT. qlhsucmwasé YheCREaBRtMPLigtoaterdtRBok BPBE @it i on of
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the P-type seedmecnebmlieowbmﬁgi orddlibnits thd eSfrosadained inhtke fieg embodigfenned by
t he broken |iRe %h@ for exanple. [0064]In this enbodinent, the
additive inp f@ QWP? |on of the P-type inpurity at the PN junction
i nterfag@shet iegnt sheckRnatiperisr ot & ondusdcdon begpoml dflalscdide tdtd andgetpigiap

sem conduct Ode%@?%@c%%&g d f%hﬂjfig:%go I o p;% p?%sght][:}h¥§1tfogpf|ﬁé At g@g%é ation

of the P-type
regi ons 301 awe hottign as thoparwdhe first hla,d ﬂcplﬂ)@mb\@dlmem are danoteddly the s, t he

addi tive i ”Wéﬂefe)ﬁc&&ﬂﬁé‘rﬁfsrﬁ{d @&btﬁfedtdéﬁ‘crﬁ)%@hQ&?@Bf%lﬁrbero%ﬁtt&[‘ under the
transfer ate el ectrode 113 her than the additive inp

concentl P8 on ‘oflifterncpbetyysen \%? th@dﬁmﬂrh@éw the preong amppdiEnenis ﬁlil%ttaﬁ’ type

concent r at i oRe@fcohd&tdt-rtyipe 40eks didddéed tndRr thevperype@éﬁﬂc@ﬁdmiortrhgon 301. The
photoelectrl nver si on
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si gnal char gessugembmvat end phtht fetyph ednoiebsliicrar ceggom¥@lr slaoﬁlepbptﬂu varerd Ok i nt o
dj t I I
an adj acen ﬁhct\fdnam{ebl?cgb% r@nr %é\@ %gé)%e& re@g%@g?%gg%égon N ﬂJaﬂg Y,

an effect that ‘norse 1s furt ' ( can N addition to the
eff ect obt ai Wééheiphotastecyicconyersivn artinant0] and ihe Frimepvdl HEnis dispoed] Fi§is 5 i s

a schematic vhwiRdend ke Pft}?’pess‘%ﬁﬁd:d?lﬂu@cf)r Rin¥8b1 ahd 30 SRhtGbisiad @irll NRES-
pi ckup device according to a fourth enboélnent of the present invention.

The parts ha¢PHYtHdes function as those in any of the first to third
enbodi r7e0i% arkg. dle;rmtlafhté:syantlh@uﬁ@rmoflbfa@w@rw&pﬂu@iearoabﬁ in et oﬁt}dﬁthafgeed

description theseof il hober ot Led,, LOBETIA di] RLARGS RELMRRTV b
section in Flg 4) according to this embodiment. At the depth where the peak of the P-
type semiconductor region 111 exists, the impurity concentration of the P-type semi-
conductor region 111 is higher than the impurity concentration of the semiconductor
region under the transfer path. At a deeper position than the P-type semiconductor
region 111, the P-type semiconductor regions 301 and 401 are disposed under the P-
type semiconductor region 111, the transfer gate electrode 113, and the FD 114. Thus,
as illustrated in Fig. 13, the impurity profile along the depth direction is the same in the
charge holding portion 102 and the transfer portion 103.

[0060]  Fig. 13 also illustrates the impurity profile along the depth direction in the photo-
electric conversion portion 101 (Z cross section in Fig. 4). As illustrated in Fig. 13, the
lower end of the P-type semiconductor region 401 is at the depth where the N-type
semiconductor region 106 in the photoelectric conversion portion 101 and the P-type
well 107 form a PN junction.

[0061]  In this embodiment, the P-type semiconductor regions 301 and 401 are formed

through four ion implantation steps. The type of implanted ion is boron. The dose of



portions of the P-type seni conductor regions 301 and 401 are offset from

t he photoel ectric conversion portion side in the sane pixel, with the end
porti on ovotha/@b@wsge hol di ng portion 102 being a refer @aTHAP20IeosHFs ype
sem conductor region 106 constituting part of the photoelectric conversion
portion 101 is disposed in the offset portion. 1100681Fig. 10 is a top view
of a pixel r1eg ng)lﬁﬁéétﬁfndx'vﬂlgtﬂecén{aﬂbﬁ a@é’él’&ﬂﬂlcm%ﬂergyﬁ's glargéiochaﬂ the oﬂfkrm that

2011/ 043068PCT/.JP2010/ 005978. | ustrates on our _pi xel s,
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nore pi xel s. id nighi The High inheity egicentraviver« thdrepder pypien $E heddngbacdeari- r egi ons
301 and 401 i i rates
2 schemati VBT TERg op UsuouERE R rRl B ol 5P hasbpicng et
enbodi nent, thhikdinopestoril@s et t he rectangl e representing the P-type semi-

conduc t[()(D62gj egilpmhid éﬂabb&mieh? a@ﬂﬁa]ﬁ)@rdf is@icoRdidis rBfieh LAt e6ilddGat @&t Si on
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r
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each Of[ plIHrP?é '4t e @t g@b )§Lef{1§0hclldcﬂ§tr5§}5§ QQI R & é&sedllglde} e r@@gn RAELd Ons on

t he phot oel ectric conver tion sid ype sem conduct or
regi ons 301 &mdP-Axpe Sﬁwoﬁfi‘f‘@@‘t reglroar%()ﬂ ﬁélSEhgh%éf’r é]&ft l?ﬂﬂ)ecséﬁv‘é’lnéil‘éﬁf i§581°0i on

101. The sol l4di$§cﬁ§;ﬁ)sbdfﬁﬁﬁe mmfﬂﬁ&by%@&@@éﬂhﬂanmg tghf@f eRAMPRL NENt MRy

ncl ud t he .end ort ons, on t ctric conversion
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i ncreases caitypsevagbt . heans ﬂnlauhuin@iltoﬂletPotyphéerelfcp@thlc@rmgl@mﬁeﬁ Ij arn§t40t1 @re hird

enbodi ment s. finddiNn ﬁ{@%iﬁ%‘iﬁgll 1POT2dfch Q- ca& R a@dﬁ%%ﬂi@ﬁhﬁ/ cY)hé‘é’Mtr‘ﬁEo@oPr 0ss

section of a plxel of a'solid-state ima IC up eV|ce accord O a
fifth embodi fnENEsONdHeopiegidndenipe Hiap ﬁr g%@eﬁéﬁqe 1R AR5 hl&léer
function as tb@see nﬁparhg% cbhdesitratich dfabé Phy;ﬁmoad i OB Mthen ah€ adlBtivd mq)ublyy t he

om tted. [ 0071 HI S nt hanee Ve bt e EREF po i BRuPER el sespion
enbodi nent s |pnrttdma]1013fna¥bqnpgardeim&:a)¢rdnqaamontae@ton 601 i s di sposed on the
sem COT@(%‘S‘ or e&élé%cﬁ‘ﬁ%?t&ﬁ%?@ﬁ%ﬁgn%? i Q&RS&@%{ %ﬁ)\%?m%{hg cﬁi}gest ransfer

gate elect od ment , ¥pe sem cC uct regi on 601
functions as 2angrafgd ithths phpeleeiictconvaragn eationd§7 A)tise ailiggentippig! via the' P-

concentr at i ofyRfwdihe0FednRupsete@NALteotAhgll e @fecbihht hSisdis Gheker tétaRed he
can be obtained in addition to the effect obtained in the second embodiment.
Fourth Embodiment

[0066]  Fig. 5 is a schematic view of a cross section of a pixel of a solid-state image pickup
device according to a fourth embodiment of the present invention. The parts having the
same function as those in any of the first to third embodiments are denoted by the same
reference numerals, and a detailed description thereof will be omitted.

[0067] A difference between this embodiment and the third embodiment is that the end
portions of the P-type semiconductor regions 301 and 401 are offset from the photo-
electric conversion portion side in the same pixel, with the end portion of the charge
holding portion 102 being a reference. The N-type semiconductor region 106 con-
stituting part of the photoelectric conversion portion 101 is disposed in the offset
portion.

[0068]  Fig. 10 is a top view of a pixel region according to this embodiment. Fig. 10 il-



inmpurity concentration of the N-type sem conductor region 110.

[ 0075] According to the configuration of this enbodinent, inflow of a dark
current iworha/ws@asf er path between the charge hol di ngPp@IP2ONIEIZB and t he
FD can be suppressed. Accordingly, an effect that noise is further reduced
can be obtained in addition to the effects obtained in the first to fourth
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toelectric conversion portion 101 increases can be obtained in addition to the effects of
the first to third embodiments.

Fifth Embodiment

[0072]  Fig. 6 is a schematic view of a cross section of a pixel of a solid-state image pickup
device according to a fifth embodiment of the present invention. The parts having the
same function as those in the first to fourth embodiments are denoted by the same
reference numerals, and a detailed description thereof will be omitted.

[0073]  This embodiment is different from the first to fourth embodiments in that a P-type
semiconductor region 601 is disposed on the semiconductor surface between the
control electrode 112 and the transfer gate electrode 113. In this embodiment, the P-
type semiconductor region 601 functions as a fourth semiconductor region.

[0074]  The impurity concentration of the P-type semiconductor region 601 is higher than the
impurity concentration of the N-type semiconductor region 110.

[0075]  According to the configuration of this embodiment, inflow of a dark current in the
transfer path between the charge holding portion 102 and the FD can be suppressed.
Accordingly, an effect that noise is further reduced can be obtained in addition to the
effects obtained in the first to fourth embodiments.

Sixth Embodiment



Application of solid-state inmage pickupsdevice [0081]Fig. 8 is an

equi valent circuit diagramof a solid-state inmage pickup device that can be
appl i ed twoabill/wpwsf or egoi ng enbodi nents. The sol i d- st aPETIIRHYFOEOTK UP
device having this equivalent circuit can performa global electronic
shutter operation. [0082] Reference nuneral 801 denotes a phot oel ectri C
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[0081]  Fig. 8 is an equivalent circuit diagram of a solid-state image pickup device that can
be applied to all the foregoing embodiments. The solid-state image pickup device
having this equivalent circuit can perform a global electronic shutter operation.

[0082]  Reference numeral 801 denotes a photoelectric conversion portion. A photodiode is
used here. Reference numeral 802 denotes a charge holding portion, which holds signal
charges generated by the photoelectric conversion portion 801. Reference numeral 803
denotes a sense node of an amplifying portion. For example, an FD and a gate
electrode of an amplifying transistor that is electrically connected to the FD correspond
to the sense node 803. Reference numeral 804 denotes a first transfer portion, which
transfers charges in the charge holding portion 802 to the sense node 803 of the am-
plifying portion. Reference numeral 805 denotes a second transfer portion that is
provided if necessary. The second transfer portion 805 transfers charges in the photo-

electric conversion portion 801 to the charge holding portion 802. Reference numeral



figuration so that charges generated bygthe photoel ectric conversion
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functions. channel, and the channel for transferring charges exists at a predetermined depth with
respect to the surface. Thus, an influence of a dark current on the interface of an in-
sulating film can be reduced.
[0087]  From another point of view, during a period when signal charges are accumulated in

the photoelectric conversion portion 801 and the charge holding portion 802, the



[0093] This application clainms the benefyt of Japanese Patent Application
No. 2009-235087, filed COctober 9, 2009, which is hereby incorporated by
ref erencewbepsind3ies its entirety. Reference Signs List [PO0SBI0A0Q005978
Phot oel ectric conversion portion 102 Charge hol ding portion 103 Transfer
portion 104 Sense node 18 V\D 2011/ 043068PCT1JP20101005978 110 N-type

Sfm' fongUCt OhofeRHAIQST {1%%%13 bé{g«géoﬂi%}% Hg%g%d&%%&% p&ftﬁg%b? ra{l&lﬁ{ee
el eCclrode . | SOl | state_ | nmage
pi ckup devi c&h ﬁlraeﬁt}fslmg)%ﬂ% 5@ QW thark Fpe@%%.ﬂgthfgchaégw& baect e c

conver si on pehbioeRcEiRrbhgitsion pbiviog80e Al ehedDRD gason. Haae ey plaanenl webhis

incident i g%e’ potential for signal charges.

[0088]  In such a pixel configuration, charges can be transferred at a low voltage from the
photoelectric conversion portion 801 to the charge holding portion 802, which is ap-
propriate in terms of increasing charge transfer efficiency at a low voltage when the
pixel configuration is combined with the embodiments of the present invention.

[0089]  Furthermore, from the viewpoint of drive, charges moved from the photoelectric
conversion portion 801 to the charge holding portion 802 in one exposure period are
held in the charge holding portion 802 and are used as an image signal. That is, after
one exposure period in the photoelectric conversion portion 801 starts, a signal is read
from the pixel without through a reset operation of the charge holding portion 802.
Note that one exposure period is commonly determined in the individual photoelectric
conversion portions 801 when an image of one frame is captured.

[0090]  In such a configuration, global exposure can be performed relatively easily, but the
charges in the photoelectric conversion portion 801 are discharged to the OFD region
during transfer from the charge holding portion 802 to the FD region. Thus, images are
intermittent. In a case where continuity of images is particularly necessary in such a
configuration, continuous images can be obtained by performing row by row exposure.
Both can be switched as necessary.

[0091] Also, an embodiment of the present invention can be carried out also in a solid-state
image pickup device in which a charge holding portion is provided in each pixel for in-
creasing a dynamic range and in which charges are transferred from the charge holding
portion to a sense node.

[0092]  While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

[0093]  This application claims the benefit of Japanese Patent Application No. 2009-235087,

filed October 9, 2009, which is hereby incorporated by reference herein in its entirety.

Reference Signs List
[0094] 101 Photoelectric conversion portion
102 Charge holding portion
103 Transfer portion
104 Sense node



a charge hol ding portion configured tosgnclude a first-conductivity-type
first sem conductor region that holds the charges generated by the

phot oel ecW0i20110@8068r Si on portion in a portion different PCTOR2ALHNEGOS97S
phot oel ectric conversion portion; and a transfer portion configured to
include a transfer gate el ectrode that controls a potential between the
char ge holdingopog@b@anﬁﬂdh&u&e@§ennode, wherein a second-conductivity-type
second senicq g%t;or %Nl osed under the first sem conductor
regi on so as Lo FSPRTAN ‘f 5f%% together with the first seniconductor
regi on, and Jhgdeinsfes gseebmtodonductivity-type inpurity concentration of

t he second sem conductor region is higher than a second-conductivity-type
impurity concentration of a region that is under the transfer gate

el ectrode and that is at the same depth as the second sen conductor region.
The solid-state i mage pi ckup device according to Caim1l, wherein the sense
node i ncludes a floating diffusion, and wherein a second-conductivity-type
third sem conductor region is disposed at a deeper position than the second
sem conductor region, the third sem conductor region extendi ng under the
transfer gate electrode, the floating diffusion, and at |east part of the
second sem conductor region. The solid-state image pickup device accordi ng
to Claim2, wherein the photoelectric conversion portion includes a first-
conductivity-type sem conductor region and a second-conductivity-type

sem conductor region that is disposed under the first-conductivity-type

sem conductor region and that forns a PN junction together with the
first-conductivity-type sem conductor region, wherein the third

sem conductor region includes a plurality of sem conductor regions that are
di sposed at different depths, and wherein, anong the plurality of

sem conductor regions included in the third sem conductor region, a

sem conductor region at the bottom 20 WD 2011/ 043068PCT/JP2010/ 005978
extends to a depth at which the PN junction of the photoel ectric conversion
portion is forned. The solid-state i nage pickup device according to Caim
2, wherein an end portion on a photoel ectric conversion portion side of the
third sem conductor region is at a position away fromthe photoelectric
conversion portion conpared to an end portion on a photoel ectric conversion
portion side of the second sem conductor region, and



wherein a first-conductivity-type sem ggnductor region that constitutes
part of the photoelectric conversion portion is disposed under at | east

part of tWe8H/s@8sem conduct or regi on. The sol i d- st at @CiTrBR2p0/pI50KUP
device according to Claim1, wherein the charge holding portion includes a
control electrode that is disposed above the first sem conductor region via

an insulating film and wherein a s -conductivity-type fourth
sem conductor region having a highe ty concentration than the first

sen congugharn region 'SA@M%PQﬁ@qHﬁgeﬁw&Mf&@&&nﬁ&u&n@%ﬁhﬁﬂﬂﬂ@ﬁh@[ region
betmeen the control electrode and the transfer gate el ectrode. The

solid-state i mage pickd?™eVi"€e according to daim5, wherein a
first-conductivity-type phdiddlecsitnichead ivhit positisreg@indiguied\td Benedath cHAIgEs inngauri ty
concentration than the f| St seglcondgﬁgﬁ region is disposed under the

at

fourth sem conduct or réﬁ?o HZI@%? e i mage pickup device according

to Caim1l, wherein a pﬂediargwfhdidleg pomionicopfigoed eninclate @ﬁrmonmtm@mm
sem - conductor regi 0“ f'i1§t s%}'n %mﬁﬁ@t& RWdn tHé?@Ho'ic!kQHeIéﬂehs%E g;eﬁelgleﬁ ?Bé from

a substrate surface. The so state irmage accor Clam
1, wherein the first séﬁ?léﬁﬁaﬁem@rm%@@raﬁn ah@lp@rFﬂ@nglg&‘éﬁa f%%‘W’@oPJ&RS‘éT or

region are formed throqggmﬁ;&hﬁ@guhﬂ@yﬁéﬂym@nplantatlon step and a second
impurity inplantation ste i s perforne sk ide to a
ok used 1h the T rst A GBI ByihsPanedEs Ghnspdpd dandeh st SRt
pi ckup device |ncludlngxmupkmqummﬁmmmwaimeomﬂgehMﬂ@gpmmwnnmmﬂﬁuMd|c
conversion portion conf Ered.to generate charges in accordance wth
incident light; a charge ol ding portion configured to include a
first-conductivity-typevidreista sseandecsmdusivaty-ty pgsespnd seaiconsludor rdggorciiar ges
generated by the pho-  #dyosdQuefil HeA3ARREGHIdHZOLIAABAL & form a PN
junction together with the first semiconductor region, and
wherein a second-conductivity-type impurity concentration of the
second semiconductor region is higher than a second-conductivity-type
impurity concentration of a region that is under the transfer gate
electrode and that is at the same depth as the second semiconductor
region.
[Claim 2] The solid-state image pickup device according to Claim 1,
wherein the sense node includes a floating diffusion, and
wherein a second-conductivity-type third semiconductor region is
disposed at a deeper position than the second semiconductor region, the
third semiconductor region extending under the transfer gate electrode,
the floating diffusion, and at least part of the second semiconductor
region.
[Claim 3] The solid-state image pickup device according to Claim 2,
wherein the photoelectric conversion portion includes a first-
conductivity-type semiconductor region and a second-conductivity-type
semiconductor region that is disposed under the first-conductivity-type
semiconductor region and that forms a PN junction together with the
first-conductivity-type semiconductor region,
wherein the third semiconductor region includes a plurality of semi-
conductor regions that are disposed at different depths, and
wherein, among the plurality of semiconductor regions included in the

third semiconductor region, a semiconductor region at the bottom



toel ectric conversion portion in a porbhon different fromthe photoelectric
conversion portion; and a transfer portion configured to include a transfer
gate el ecwpada/w4b@8 controls a potential between the ch&CHEP2AD/@ISATE porti on
and a sense node, wherein a second-conductivity-type second sem conduct or
region is disposed under the first sem conductor region, and wherein a
second- conducti vity- typﬁtdnﬂpwi Heypth‘.@mmlah et PO furetiof beths hoiddlestid conduct or
region is higher than a seco an uc§|V|ty type inpurity concentration of
a region that is under Ctoﬂéerﬂpgr?g?g)rm% Bdi ectrode and that is at the same
dept h d€laihel|second serflecotddoetats inmaegiporkup Thecs atdodlisg ax@laim@ge pi ckup

device according to O aym&y , \L}%ﬁ{i gblglohh)% a.ﬁ?ﬁ?c%l&fe}‘flf%dlnggljs%q A i@k ng

di ffusi on, and wherein a secon uctiv con uct or
region is disposed at d @%@#H@%ﬁwewegmns ﬂtf?ep%éwr?d‘/aé’effﬁf%&}?damter

region, the third sem cOAGHEESHversREI p?iﬂtl&i(é&ﬂ@ﬂr&gto%%ﬂ bitfontdren pheo- gat e
el ect rode the floating diffusion, and. at ?f%ﬁéart ofp t he second

sem conduct or regi on. TR IO Py eSO ROT ’il%ﬁge rogd S RIcORMEH APHGt o

Claim 10, wherein the phdtoel ectric conversion portion includes a first-
conductivity-type semc nduct eqi n n
sem conductor region t ha eré“ﬁ ﬁrgtp%sg awat dtysef %e%?gl rsfc'%rgr‘%ouc f‘{/‘i}ﬁ“@%@g”ﬁe
sem conduct or region armmqfahe lﬂoﬁwe@rl@wr}mmm mtioroiyekisposednindar atHeast
first-conductivity-typ a%t%f'tﬁ&é?e@&i&&%mﬂé&%u@ﬂ&rrégi@{ ein the third

mc

sem conductor region includes a pluralit S onduct or regl ons that are
di sposdlasn di f f erent deEstREd -S&‘ﬁrdlmagérpéikﬁp dgyispaccortingfaeaimty of

sem Conguctor regi ons l\ﬂl@éﬁéﬁd%’e ¢Harddlding Vpﬁrtﬁ)ﬂﬁhcgmla%ﬁfr%&@t@ﬂe et i s
sem conduct or regl on at ..t he 1 te a e at | C
Junction of the phot ool GXRFGEaY aﬁ%éﬁ%ﬁ?nﬁwﬁ%ﬂfrep Qi at msGAEhE ST, ot at o

i mage pi ckup device accoxdding to C al m 10, wherein an end portion on a

phot oel ectric conversi %I}IEE‘E&EI SQ%)O?] Qétl\;lt?eixé@foqlﬁgEgﬂ&)ﬁﬁ'&g&l@%fleg' on is

at a position away fro ared to an
end portion on a phot oellaémra I@gh@nmeu@ﬁymnmﬂtan@hﬂ@nd@ foyfst sehacewlzeiod

sem conductor region, %Qoﬂ@%\%&d@e@oﬁ h%%a&%qléﬁ&ﬁc\é'nwctéﬂrggloﬁ%Blvé?ééﬁ%@t or
region that constitutes 011/ 043068PCT/ JP2010/
control electrode and the transfer gate electrode.

[Claim 6] The solid-state image pickup device according to Claim 5,
wherein a first-conductivity-type fifth semiconductor region having a
higher impurity concentration than the first semiconductor region is
disposed under the fourth semiconductor region.

[Claim 7] The solid-state image pickup device according to Claim 1,
wherein a peak of the impurity concentration of the second semi-
conductor region is at a shallower position than 0.5 micrometers from a
substrate surface.

[Claim 8] The solid-state image pickup device according to Claim 1,
wherein the first semiconductor region and the second semiconductor
region are formed through a first impurity implantation step and a
second impurity implantation step that is performed using a mask
identical to a mask used in the first impurity implantation step.

[Claim 9] A solid-state image pickup device including a pixel, the pixel
comprising:
a photoelectric conversion portion configured to generate charges in ac-
cordance with incident light;
a charge holding portion configured to include a first-conductivity-type

first semiconductor region that holds the charges generated by the pho-



part of the photoelectric conversion peftion is disposed under at |east
part of the second sem conductor region. The solid-state i nage pickup

devi ce acwordimg3iwd® C aim 9, wherein the charge hol di ngPpeIP2ONATY udes a
control electrode that is disposed above the first sem conductor region via
an insulating film and wherein a second-conductivity-type fourth

sem conduct or region hauélegnachﬁ@ht&@n poOiLA id ¥ pe:@ing diftdradtif@mn tHeaphdibe first
sem conductor region is on a ﬁur,fa e of a sem conductor region

i s
bet ween the control el e&?c}%g%o%ﬁﬁlw Y488 er gate el ectrode. The
solid-state inmage pi ckuptrawsiar pertancontigurgd twinClude mth8sfendree eliectr@de that

first-conductivity-typeghidih ‘?éHnﬁ EdiOthe %ﬁzﬂ ORI Ji%ich Bsé mpurity

concentration than the first emcon uctor regql n I's di'spose er the
fourth seni conductor reidén. The solid-state image pi ckup devi ce accordi ng

to Claim9, wherein a pgrkeiafa ste&ﬁldLéaauﬁétivytyq9§@@@bﬁcaidngeormhcfoh@eg%ﬁf:l@nd
sem - conduct or regi on .S atqﬁl@?ﬁ}e ower position than 0,5 mcroneters from

a substrate surface. ISROSF P RE R Oﬁfiﬂ%ﬂbreﬁ@%%@ according to Claim
9, wherein the first sanhemndwed':cﬁrd croaguarvl@rtglpet imepisier ondesedtionaiduct or

region are formed throygl, i1 selr | Ec%tndu&BP HPﬁlé‘r%%a%’ecoﬁ&egnc%ﬂvﬁ‘ fcond

inpurity inplantation step rrred si'n I'ca
mask used in the first impputy Ct()}’l%rnplltlanpéwemorsﬁlebls uaderghé tansfatgete nage

pi ckup device incl udi ”gelé’cn%é%d tHaPg aP{HéeshmE% h'a§'t}{&%ec&hdp§39£&ﬁ1|dﬁ&5f' ¢

conversion portion configured to generate charges in accordance wt
incident |ight; a chard€&8RBi di ng portion configured to include a

first-qongwaog vity-typertd dosit- sﬁa@éﬁnﬁ@@@m?rdemeghw@rdlﬂgato trlf9, t he charges

enerated by the photoel ectric conver ortion i ortion different
Prom the phat ool eot ri o wonvers SavesiE oS atog Silb wfti on

configured to include a;vmeframsifsecorrglatoadmttsnﬁyFtppi@thﬂﬂ&tmmndm@d)ﬂegiopciﬂ enti al
between the charge hol ddlﬂ)%sgcp I&@%&@%S%Oﬁ%%%?@?ﬁ%gnd wﬁagﬁc{ﬁc ée%on the

second- conductivity-type second tor t he
first sem conductor redhisésemisendictoraegion ﬁxtsmdlsgnﬁdﬁ@metr@fer g@tguetmtradm t he

second sem conductor r &gk ABaflifliSPPSRM at Radt pafHr RNAMGIeniddRhEdE €, and

region.

[Claim 11] The solid-state image pickup device according to Claim 10,
wherein the photoelectric conversion portion includes a first-
conductivity-type semiconductor region and a second-conductivity-type
semiconductor region that is disposed under the first-conductivity-type
semiconductor region and that forms a PN junction together with the
first-conductivity-type semiconductor region,
wherein the third semiconductor region includes a plurality of semi-
conductor regions that are disposed at different depths, and
wherein, among the plurality of semiconductor regions included in the
third semiconductor region, a semiconductor region at the bottom
extends to a depth at which the PN junction of the photoelectric
conversion portion is formed.

[Claim 12] The solid-state image pickup device according to Claim 10,
wherein an end portion on a photoelectric conversion portion side of
the third semiconductor region is at a position away from the photo-
electric conversion portion compared to an end portion on a photo-
electric conversion portion side of the second semiconductor region,
and

wherein a first-conductivity-type semiconductor region that constitutes
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sem conductor region that is projected onto a surface parallel to a surface
of the sewDeond4si8r substrate is equal to an area of tRETIRZINE5978

sem conductor region that is projected onto a surface parallel to the
surface of the sem conductor substrate. The solid-state inmage pickup device

according to Caim 17, p&i’t&ff&h@pﬁd’ﬂ@ﬂé‘(ﬁm@&)rﬁ/@ﬂ&)ﬂ metictBsligobddodideng least
di ffusion, and wherein a s nd- co ductiv e third sem conduct or
region is disposed at aPaate?E@ 56681% HBﬁOIH%%) f%i “second seni conduct or
regi on,[Clae 18hi rd sem cBrdwbtotate mgge pidxp davice gcaondieg td Gimm Pansf er gat e

el ectrode, the floati n%vﬁé Lif Ysd Qi r%eatﬂﬂdlgg Bﬁﬁ)ﬁﬁr&cﬁﬁcﬁeﬁ aQont D188 g@qlat is

sem conductor region. The soli d-st evi ce accor

Clai m 18, wherein the pHuosed shoveithe feréwgrl@w@ﬁctabmgmnm Ak Ingglagng fifmy st-

conductivity-type sem cggductor region and a second-conductivity-type

sem conductor region that is disposed under the_ fi st Con&uctl Vi tﬁ-type
e

sem conduct or regi on an etr?fatasle ORIy PG ]E?Hr SHBIRBIUG RSP
first-conductivity-typeasam aclnghhtcmpnnuyegnmtramhleﬂﬁn thet gt delmiicchductor

d h
sem conductor region i N& %1%ﬁ?s§d1§% clijrg sﬁl)face ofséesE:n gﬁlcicf rregloﬁ%l R¥een heat are

di sposed at different de wher él n, anmong ura
sem conduct or regions |qmtrgkj@@btrqdetah‘éthemandfesgmcbntmiﬁt or region,

sem congyughay ;]regl on atTﬁehs%hQ%Eatt&ﬁ%a%tp‘?dikq dE%c@a&%Pchh‘g ﬁ)tcté/ﬁh‘iﬁ the PN

junction of the photoelectric conversion tion is forned. The solid-state
i mage pi ckup device acc‘ﬁlﬁf‘d‘i’lﬁ@ firgt-qangdpeH Vi, tY%@ftbisﬁn&ﬁn@}?H)rﬂ%%l?il BaViBgaa
phot oel ectric conversi aigi@kin mﬁtys:bd@nqtau@lh@mﬁmerﬁisss%ml&ﬁﬂdct@f@rgldneigl on is

at a position away from.t he ctric conversio ortion conpared to an
end portion on a photo l?é)ts‘?cf%ndg’ﬁﬁ\? ﬂb?FnblS?‘He }?%?%‘81 of the second

sem con@ltmndsS] regi on, afte selidsseitainsage ipickup devidelatdondity &t §laem Sem conduct or
region that constitut es\mlPe%%‘ 3% %Eﬂh@ h&gﬁﬁéy%%héén?ragﬁg&ﬂé 'sé’é%n&% 0“ s

di sposed under at |east par sem con

sol i d-state image pi ckuondesdiciegiandorldi shgllewerqloaition tivan %éﬁ@’pmeteh%fr@mair ge
hol di ng portion incl ud%bﬁré;@gﬁrfagg el ectrode that is disposed above the
first sem conduct or gg]on via an_insulating film and wherein a

secondlebWad i vity-ty efSBH?tSF?t%lé?ﬁgéchEtdﬁch‘? BGOHANRERSBYN &> hi gher
impurity concentration whagintthefifst §eptic RN Rkt £1d the second semiconductor

region are formed through a first impurity implantation step and a
second impurity implantation step that is performed using a mask
identical to a mask used in the first impurity implantation step.

[Claim 17] A solid-state image pickup device including a pixel, the pixel
comprising:
a photoelectric conversion portion configured to generate charges in ac-
cordance with incident light;
a charge holding portion configured to include a first-conductivity-type
first semiconductor region that holds the charges generated by the pho-
toelectric conversion portion in a portion different from the photo-
electric conversion portion; and
a transfer portion configured to include a transfer gate electrode that
controls a potential between the charge holding portion and a sense
node,
wherein a second-conductivity-type second semiconductor region is
disposed under the first semiconductor region,
wherein the first semiconductor region and the second semiconductor

region are disposed in a semiconductor substrate, and
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I s disposed on a surface of a sem conductor regi on between the control

el ect r odewandidizosBr ansf er gate el ectrode. The sol i d- st C&/JpPoageospisckup
device according to Caim?2l1, wherein a first-conductivity-type fifth

sem conductor region having a higher inpurity concentration than the first
sem conduct or region i swibrsip@seealtdey fitshenticeHdubtos esgieromhas badjedi@pomaa. The

The 1 mpuri Ly concent ratt SHEt PERBdeB s B RBTRDGre PEGIEHRE D GRG"
shal | ower position thamnQuré& ofithe savené senitomincwr seai that i psaiedted entoBhe
solid-state image pi Ck;b@rfgﬁe‘e’ﬁéfale@?&%%ﬂgcet thd S dnucP SRRt e Tirst

sem conductor region a second sem conductor region are forned through

a firstlClawgdsity i npl anthetsobf-sseimaga dickup devrelasaepling (/Claipllant ati on step

that is perforned usi ngyRerdBike dehddeahclli@esa Midasikg WgBdidnNatdhe first

| mpurity inplantation S\%/I(laé%éin a second-conductivity-type third semiconductor region is
disposed at a deeper position than the second semiconductor region, the
third semiconductor region extending under the transfer gate electrode,
the floating diffusion, and at least part of the second semiconductor
region.

[Claim 19] The solid-state image pickup device according to Claim 18,
wherein the photoelectric conversion portion includes a first-
conductivity-type semiconductor region and a second-conductivity-type
semiconductor region that is disposed under the first-conductivity-type
semiconductor region and that forms a PN junction together with the
first-conductivity-type semiconductor region,
wherein the third semiconductor region includes a plurality of semi-
conductor regions that are disposed at different depths, and
wherein, among the plurality of semiconductor regions included in the
third semiconductor region, a semiconductor region at the bottom
extends to a depth at which the PN junction of the photoelectric
conversion portion is formed.

[Claim 20] The solid-state image pickup device according to Claim 18,
wherein an end portion on a photoelectric conversion portion side of
the third semiconductor region is at a position away from the photo-
electric conversion portion compared to an end portion on a photo-
electric conversion portion side of the second semiconductor region,
and
wherein a first-conductivity-type semiconductor region that constitutes
part of the photoelectric conversion portion is disposed under at least
part of the second semiconductor region.

[Claim 21] The solid-state image pickup device according to Claim 17,
wherein the charge holding portion includes a control electrode that is
disposed above the first semiconductor region via an insulating film,
and
wherein a second-conductivity-type fourth semiconductor region

having a higher impurity concentration than the first semiconductor
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[Claim 22]

[Claim 23]

[Claim 24]
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region is disposed on a surface of a semiconductor region between the
control electrode and the transfer gate electrode.

The solid-state image pickup device according to Claim 21,

wherein a first-conductivity-type fifth semiconductor region having a
higher impurity concentration than the first semiconductor region is
disposed under the fourth semiconductor region.

The solid-state image pickup device according to Claim 17,

wherein a peak of the impurity concentration of the second semi-
conductor region is at a shallower position than 0.5 micrometers from a
substrate surface.

The solid-state image pickup device according to Claim 17,

wherein the first semiconductor region and the second semiconductor
region are formed through a first impurity implantation step and a
second impurity implantation step that is performed using a mask

identical to a mask used in the first impurity implantation step.



