SOLI D- STATE | MAGE PI CKUP ELEMENT, SOLID- STATE | MAGE PI CKUP DEVI CE AND
PRODUCTI ON METHOD THEREFOR 5 DESCRI PTI ON  TECHNI CAL FI ELD [0001] The
present invention relates to a solid-state inage pickup element, a
solid-state image 10 pickup device and a production nmethod therefor, and
nore particularly to a CCD solid-state i mge pickup el enent, a CCD '

sol i d- S@LED-8Hgd BildAAKE ePICK (AP EBEMBNIE t § O ITRSTHIrE "BV QE PICKUP
BACKGROUND ART [0002] 15 In a conventional solid-state inage pickup device
(sol i d-ISEMIEE AP BRGHOH)CTEONMETH@D YHRREEF®Rr a and ot hers, a
plurality of photodetection elenments are arranged in a matrix array, and a
vertical charge-coupl ed device (VCCD) is provided between adjacent col unms
of the photodetection elenments to read signal charges generated in an
associ ated one of the adjacent columms of photodetection elenents. 20
[0003] A structure of the conventional solid-state inmage pickup device wll
be descri bed bel ow (see, for exapyﬁSﬂQ:RiREI@N | om ng Patent Docunent 1).
FIG1 is a sectional view showing a unit pixel of the conventional
solid-state i mage pi ckup device. A photodiode (PD) in each unit pixel is

conpriﬁ@g?Fﬁﬂ@gﬁghﬁﬁgﬁgghotoelectric conversion region 13 forned in a
p-type formed in an upper region of an n-type

sem co ﬁor substrate 11, to serve as a charge storage |ayer, and a
p+type‘regron 14 formed on the n-type photoel ectric conversion region 13.

0004] Anpp- G 8 I QR IS al N din th -t | 1
Fogion 12 T DB T RpANSRles’ G 301 Sale" vl bR B, AR AR 1 ne
- ' 3 ' 6 _and. th
Dot baFaep (SRR 3 PREALEGT iR LTS, ahd g Y B9 T lRuld®

channekmsi&gpieuplderhant! HCORSsARE-Rat® YR LRIV ARG IR BLA heliR dRhQUJe a
read channel. Thus, signal charges generated 1n the p%ot odi ode are
tenporarily stored in the n-type :

BACKGROUND ART
[0002]

15 In a conventional solid-state image pickup device (solid-state image sensor) for use in a
video camera and others, a plurality of photodetection elements are arranged in a matrix array,
and a vertical charge-coupled device (VCCD) is provided between adjacent columns of the
photodetection elements to read signal charges generated in an associated one of the adjacent
columns of photodetection elements.

20  |0003]

A structure of the conventional solid-state image pickup device will be described below (see,
for example, the following Patent Document 1). FIG. 1 is a sectional view showing a unit pixel
of the conventional selid-state image pickup device. A photodiode (PD) in each unit pixel is
comprised of an n-type photoelectric conversion region 13 formed in a p-type well region 12

25 formed in an upper region of an n-type semiconductor substrate 11, to serve as a charge storage
léyer, and a p+-type region 14 formed on the n-type photoelectric conversion region 13.

[0004]
An n-type CCD channel region 16 is also formed in the p-type well region 12 in the form of

an n-type impurity-doped region. A portion of the p-type well region 12 between the n-type
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phot oel ectric conversion region 13, and then read out to the n-type CCD
channel region 16 via 5 the read channel. [0005] Further, a p+type
el ement isolation region 15 is provided between the n-type CCD channel
regi on 16 and anot her adjacent photodi ode. Based on the p+type el enent
isolation region 15, +the n-type CCD channel region 16 is electrically
i sol at éacmrchamneﬂmeegmj b€ emt thelphbdiciddrona Mhidthdgdd) charyPare €64 sihanar!n-fyggi on
16 are isolated from anot her adjacent n-type CCD channel region. [0006] A
t r ansf &/Cla|chanredaegiarg16 s foomeds arp-gype impuarity-duped hepiserd ponidlect @ud shdastl at e
through a Si_ oxide film17 to extend in a horizontal direction and pass
t hr oughfhiges wiaaal tchargshoscodiatade imntde plsodidfiecant tepipotady odered Thushe intypére
solid-state_ inmage pickup device, when a read signal is 15 applied to a
sel ect SHoWKlecHIc anycrsioRTeeien 181 aed thsaasad gut torthe nezpe EREhehsinnelaeaivad 6 Gst
bel M/the gect d transfer electrode 18 is effected to all ow signal
cha geé“@@ﬁéF ‘in the photodi ode associated with the read channel to be
r ead OTBQ%ﬁ t he correspondi ng n-type CCD channel region 16 therethrough.
[ 0007] A net al shield film20 is formed on the surface of the

rodes 18. The

Shi el ai ng TR 20" RE- @R B ard TSPkl beiemn ﬂbep%ﬁfpﬁg%‘%éﬁg’eﬁ?h
bt s et 18 s ARl ?%?%héﬁ"ﬂ?@#l oo BedE Pl BP0 rﬁés‘ﬁéﬁ)%}%géa%e on
T e Mﬁ%ﬁmf&%ﬂcﬁ@ﬁ%@ BRI Hhaghe 77
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el enent, the phot odi ode (PD), the rea nne type
regi onj@uajt he p+type el enent isolation region are

A transfer electrode 18 is formed on a surface of the semiconductor substrate through a Si
oxide film 17 to extend in a horizontal direction and pass through between the photodiode and
the adjacent photodiode. Thus, in the solid-state image pickup device, when a read signal is

15 applied to a selected one of the transfer electrodes 18, the read channel located just below the
selected transfer electrode 18 is effected to allow signal charges generated in the photodiode
associated with the read channel to be read out to the corresponding n-type CCD channel region
16 therethrough.

[0007]

20 A metal shield film 20 is formed on the surface of the semiconductor substrate having the
transfer electrodes 18. The metal shielding film 20 has a plurality of metal-shield-film
openings 24 each provided as a light transmission portion on a photodiode-by-photodiode basis
to transmit therethrough light to be received by the p+-type region 14 serving as a light-receiving
section.

25 [0008]

[Patent Document 1]  JP 2000-101056A

DISCLOSER OF THE INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]
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formed in one plane, and thereby there is a limt to an increase in ratio
of a surface area of a 5 light-receiving section (photodiode) to the
overall surface area of one pixel. It is therefore an object of the present
invention to provide a solid-state i nmage pickup el enent capabl e of reducing
an area of a read channel to increase a ratio of a surface area of a

| i ght - [@@i]vi ng section (photodiode) to the overall surface area of one

pi xel . [ MEANS FOR SCLVI NG THE PROBLEM 10 [0010] In order to achieve the
above obj et$ gb@aee or thengniventinhl sclid-altp émbgo bickte cphragnhe phytediode D), tther e
is provided a solid-state i nage pickup el enent which conprises: a
secondeagnelpenely dhe ypepe (1A aghasesti regiod uaatdothel py-eipe  demhentsisolton uegibn eiré ype
pl anar sem conductor |ayer forned on the second-conductive type planar
sem cohdredon ngyilpne, and sheseiptherols 4 bmite amincteesd i stio adfrrdsivfacy erekboft y/ pe
pl apar . sem conductor. |layer to define a hole therein;, a first-conductive
typ Hﬁgw-eewwrﬁe%% ofagkrsie) tey theeqjicerl susfase @rdarpfzonigqtixedm Wik Ithaséfotehan

hol e poftio f the .first-conductive type planar sem conductor |ayer; a
first- 8.[31&‘8 111G BTSSP AN YRNGAL EbFOBeatoigrstats Hpage; niskug slrseent icapabla of redicang on
region_fornmed.in a,part of a sidewall .of the hole portion of the )
first- %ﬁ&fﬁﬁ:f)f\?eref“?pcg‘aﬁﬁ‘egﬁﬁrmgrgﬁ%ec%r{a%togra P‘H%@F,ar%@f(?ohﬁ]@cﬁe%‘f% epidon

first- i pe 20 high-concentration inmpurity region; a

second-@%ﬁ%ﬁ%‘%‘aﬁ% Vo ﬁg{f%%q aerﬁ??f%"eéﬂﬁ‘?}er sion region formed in a portion
of thepfser, i ﬁ%ﬁf em conduct or | ayer |ocated beneath the
first- ﬂéﬁﬁstfggd%g%g%ﬁ?g -c%ﬁ?%gﬁhg ion inpurity region and in a part of a

| oyeer rmgipn of the remmining part of the sidewall of the hole portion of
the first-conductive type planar sem conductor |ayer, and adapted to

undergo a1ghaf@aol dhRRDANSE BRI edd PRROFESE Y b Tst! dbt -
el ectrode formedoon t he si gewalqﬁeof’ thg ho %ad/%g?%tido Ofof?l?]%ﬁrets&ﬁ’]ﬁ\f/&limn,

first- terdisqrovided ¥ pelidbtaramags Bitk 6P BREGhOWNIANSMpHIO IR AdIBhGudive rfigel T C
film a second-conductive type CCD channel region formed in a top surtace

of t heplaharstendomuiuctor \tgyet yp dirplcanductive o pRUST @mib@atoaMyer To@nedPdH theof
an upper region of the remaining part of the sidewall of the hole portion
of t hesecpigd-sondigtiveItype whanay panipdratuator davet; adwdeipdrdon Fayed in grdist-c@ddctive
channel formed in a region of the 3 first-conductive type pl anar

self cofy@ecpémar agcpic {ar c Hestr béa wdedinet e hele obrgiondaic firsteondygpiee  type

phot oe] ectric conversion regi.on and the second-conductive type CCD channel
r egi ontig -concentration impurity region formed m a bottom wall of the hole portion of the

first-conductive type planar semiconductor layer; a first-conductive type high-concentration
impurity-doped element isolation region formed in a part of a sidewall of the hole portion of the
first-conductive type planar semiconductor layer, and connected to the first-conductive type
20 high-concentration impurity region; a second-conductive type photoelectric conversion region
formed in a portion of the first-conductive type planar semiconductor layer located beneath the
first-conductive type high-concentration impurity region and in a part of a lower region of the
remaining part of the sidewall of the hole portion of the first-conductive type planar
semiconductor layer, and adapted to undergo a change in charge amount upon receiving light; a
25  transfer electrode formed on the sidewall of the hole portion of the first-conductive type planar
semiconductor layer through a gate dielectric film; a second-conductive type CCD channel
region formed in a top surface of the first-conductive type planar semiconductor layer and in a
part of an upper region of the remaining part of the sidewall of the hole portion of the

first-conductive type planar semiconductor layer; and a read channel formed in a region of the
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[0011] According a second aspect of the present invention, there is
provided a solid-state image 5 pickup device which conprises a plurality
of the above solid-state image pickup el enents, wherein the solid-state

i mage pickup elenents are arranged in a matrix array. [0012] Preferably,
the solid-state i nage pickup device according to the second aspect of the
pr esentfirstieondnttiventypo glarde semacanlductat ildyyr ehindviiehsebeandes ahd Yedond & ohdieiveCD
channel regions made up of a 10 plurality of second-conductive type

i npur i ttyper phgiteniectmacinvessiendeiog and te cobndvwomduciet ypa CAD chapadtregion.a regi on
bet ween adj acent ones of a plurality of colums of the hole portions forned
in thd09%lst - conductive type planar semiconductor layer; and a plurality
of the first-conductive type high-concentration inpurity-doped el enent

i sol ati on PEGTORE Aesssand AspeRelitherpseat aventemithere is béwsé’é‘m adjchgietatimage s
of the second-conductive type CCD channel regions. 15 [0013] Preferably,
theg abSYEUB AGVELS Y, t‘% ‘F%@&ﬁi%k@ﬁﬂﬁé\ﬂf&eifwe}f%éekd-atatﬂ Upags pigker elaments,
transfer, el ﬁ&tr?ge each forned,to extend in a rowdirection in a region
bet weer BSH B foNdlate rags Pdiipelgmenfs IF apapgeddp apainik 8May-por t i ons f or med
in the (5(5 rzjt-conducti ve type planar sem conductor |ayer, and arranged

al ong énd1 n spaced-apart relation to the associ ated second-conductive type
20 CCD ch i ' i st an t o transter therethrough signal
char ges. okt E e e BlEk s BRRE o Rblrd VP o e L Rt Gl B F

[ 0014] ; ' : ' C -, ' i t eis
provi dé%@gﬁg%ﬁiicg-gi g %gaf @#J}}%Qfﬁﬁ%??ﬁn&%@@@g@ﬁ ggégoérﬂrlp\éﬁﬁ%slé’g@%nspgﬁ%{reaw ?t;,a of
el eoenplurdlit® HT REHTI- FRNRInS i idns! b Gz ' D gkup
el erren%) i ng and a s%g%%@\?;lﬁlipg-lgitﬁg?g{ 1(];5!3 %F%%gtgﬁgﬂng%ﬁ&t %l%@&%ﬂ% (e:#(n
the fi bt ol fediohl WhRed @RGSRl ShddR el SRty bf ARUERNSF ik holf p@HiBhdiHorthkd ¥ Of
the above solid-state image pickup el enents which are arranged in a first
di r ect itenfimt-comiuetiwatype planar fdnii8dndudios tare:candanplutdliey sLtRMIsS@nidcEkayse

i mage pickup elenent line consists of a plurality of the above solid-state
i mage pighkeopcaitetiontisputityedored eslemera ngelakiom rdgivmsfdach tardhgeictol pravat contact
intervals of the first 4 distance and in displaced relation to the first
sol i d- b¢taeen pdjaernt phesfghesesapheondugtivé type BED thasnel regions.

15 [0013]
Preferably, the above solid-state image pickup device includes a plurality of the transfer
electrodes each formed to extend in a row direction in a region between adjacent ones of a
plurality of rows of the hole portions formed in the first-conductive type planar semiconductor
layer, and arranged along and in spaced-apart relation to the associated second-conductive type
20 CCD channel region by a given distance to transfer therethrough signal charges generated in the
associated solid-state image pickup element.
[0014]
According to a third aspect of the present invention, there is provided a solid-state image
pickup device which comprises a plurality of element line groups each consisting of a first
25  solid-state image pickup element line and a second solid-state image pickup element line,
wherein the first solid-state image pickup element line consists of a plurality of the above
solid-state image pickup elements which are arranged in a first direction at intervals of a first
distance, and the second solid-state image pickup element line consists of a plurality of the above

solid-state image pickup clements which are arranged in the first direction at intervals of the first
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direction by a given distance, and wherein the first and second solid-state
i mage pickup elenent lines in each of the elenent |ine groups are arranged
in a second direction perpendicular to the first direction at intervals of
a second di stance, and the elenent line groups are arranged in the 5 second
direction at interval of the second distance and in displaced relation to
each otdisancerantilie didplacsd reliatiecto dre. fifsOBdlE-statrinfags alkyip eldigens ¢ink dn Skatigst

i mge pi ckup device according to the third aspect of the present invention
i ncl udekrecizompbua glvien Wissincehandswbemit-the fidst @i wecony peliGOBtecinaga glickup gicnmst
made up of a 10 plurality of second-conductive type inpurity regions each
ext endiligs iheagh«d|therpledient bing arpups ard arzanged in a sewgid slirebéempenendijuleeotthones
of a plurality of columms of the hole portions forned in the )

first- dBrdlitehopat iplavis ahaseens disaunse aed theaglerment diviel movissare merangadonghe t he
respective hpole. portions in the adjacent colunmns; and a plurality of the
firgt- é%??&déﬁﬁeeféorf Yoataryal 1of dhssesand distapre apdrsdisplpccdgsladon te srelt otheroinghe on
region§.§k@%q?ed to prevent contact between adjacent ones of 15 the
second-"¢ E¥™e type CCD channel regions. [0016] Preferably, the above
solid-igﬁ%? i mge pickup device includes a plurality of the transfer

el ectrodes-each fornmed to extend in a rowdirection in a regi on between

adj acent j t. . the hol e rtions for in th

i ot - condicprals de B Butitel pLRUR BYish BGi0mng of el s EF fiy Frilon
the re ey I i adj ; j . S

e 1 CHREBHLYliohe POGIRNSH0 LOIARARRE RN ERE kIR plANFIEL
di $0 anpgurhifty ot éeeaﬁcﬁéaﬂabti@a{pgqﬁlpaﬁﬂef%m@ dabh %@{eﬁcﬁﬁg ih Faeco%ginhddifefcgaﬁ at

i mage pickup elenents, to be'transferred along an asSociated one of the
secondigenaucicpitn BeyReenhdhhtons! of a8h@lisy of &ddnihs ofPe AofOpAifEs foPmad in
fourth aspect of the present invention, there is provided a nethod of

pr oducitrgfigt-saldudt et Bipe plamgecricokdyrt@! layeNivhile pagRirgSthRthghNBe $éspsivefhole
formng a hole portion defining a hole therein, in a first-conductive type
pl anar psewing onthectdmcehtapodumhgrand d Purality efethe fidsteondiutive vepet ipk-cphaaattion
sem conductor layer; formng a first-conductive type high-concentration

i npur i ippyregidoncd plemepbispltionatgdions ardngedh oo ereyonttdontachbetiiven adjacent ones of

first-conductjve 5 .
1 the second-conductive type CCD channel regions.

[0016]

Preferably, the above solid-state image pickup device includes a plurality of the transfer
electrodes each formed to extend in a row direction in a region between adjacent ones of a
plurality of rows of the hole portions formed in the first-conductive type planar semiconductor

20 layer, while passing through the respective hole portions in the adjacent rows, wherein the
transfer electrodes are arranged in spaced-apart relation to each other by a given distance to
allow signal charges generated in each of the solid-state image pickup elements, to be transferred
along an associated one of the second-conductive type CCD channel regions.

[0017]

25 According to a fourth aspect of the present invention, there is provided a method of
producing a solid-state image pickup element, comprising the steps of: forming a hole portion
defining a hole therein, in a first-conductive type planar semiconductor layer formed on a
second-conductive type planar semiconductor layer; forming a first-conductive type

high-concentration impurity region in a bottom wall of the hole portion of the first-conductive
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type planar sem conductor |ayer; formng a first-conductive type

hi gh-concentration inpurity-doped elenent isolation region in a part of a
sidewal | of the hole portion of the first-conductive type planar

sem conductor |ayer; formng a second-conductive type photoelectric
conversion region adapted to undergo a change i n charge anmount upon

recei vityRe 5Splanaghtsemigpndugior t layer; offorntieg f jar dirscamductiviev etypy phight@nedntration
sem conductor |ayer |ocated beneath the first-conductive type

hi gh- c dMeertyréaned relempniriselptipe gegian dnck ipartaofparsidevfallaof dweholeegproon of thée
remai ni part of the sidewall of the hole portion of the first-conductive
type pl ‘é%&‘rond'é‘g’fﬁecdﬁ%c?@?afl Spercondgeter ndpyant fameingr ae| sseendermndoetivehetype
sidewal | of the hole E)?lrti.on of the first-conductive type planar

seni coRBACESFIICSABYeTsIoNJGEAN 2dgpted touafaae i changq  Cliapshimgung upen receiving
rrars VERGGE bty ¥R TRuFORbRRve ch e YeRyenaaear fayon lqsaied tBheath tapper
(i ros s SRR P RR A rDabr Gmalied dreieayiog i arert of RS oReRar the
Cayer  Semiilnd, bR OF ¢ St OF 8 SRAST b 4P 0 AR BRLE e binar
o016 S ERohERANLSET biffnd B ARATACEHRder 1P Baieh of e BB Lt Bk

form nﬁrﬂ-chﬁa&t@erﬂyb@rpladaﬂ%ﬁﬁ%%fd{l%fﬁmgsr H?g;%ﬁ Dhald Gietdchid FEANG h¥%

type planar sem conductor |ayer forned on second- conductivé typ

pl Bhar sapteondutive tyPedYED chamil fiGéH MGinttBs sﬁﬂféc%to-fﬁh?@fig%&ﬁ/cﬁlcﬁwg Pkﬁg@f 20
sem conductor |ayer to formthe hole portion therein. [0019] Pr Pe ably,

i n t hesabiourduoedriiaybr ahdién & paf o6hn uppen Bgion of BRORAGANCPSAT bV BielskRall of the
phot oel ectric conversion region includes the sub-steps of. formng a

maski npolegoetioradl tha firdteosdubewa ypegilatan eemlvohéuguarinycanamf foidihg a read channel
first-conductive type planar sem conductor |ayer; and formng the 25
seconditc arggieni efethe yiyst-grindueiteetype | plamo rsemigindnctoe fayen sirydvaohed between the
ion-inplantation process. [0020] Preferably, in the above nethod, the step
of f or PRCARL-gORGuCcEYe deaRhateslecttiy senvessigh remior end tha pesand-wpudictiye tngi ©GDI s
pefforned after the sub-step of formng the second-conductive type

phot oef glirgg’@lf}nver sion region by an ion-inplantation process.

[0018]

Preferably, in the method of the present invention, the step of forming a hole portion
includes forming a mask on the first-conductive type planar semiconductor layer formed on the
second-conductive type planar semiconductor layer, and etching the first-conductive type planar

20 semiconductor layer to form the hole portion therein.
[0019]

Preferably, in the above method, the step of forming a second-conductive type photoelectric
conversion region includes the sub-steps of: forming a masking material on the sidewall of the
hole portion of the first-conductive type planar semiconductor layer; and forming the

25 second-conductive type photoelectric conversion region by an ion-implantation process.
[0020]

Preferably, in the above method, the step of forming a first-conductive type

high-concentration impurity region is performed after the sub-step of forming the

second-conductive type photoelectric conversion region by an ion-implantation process.

6




6 [0021] Preferably, the above nethod further conprises the step of, after
t he sub-step of form ng the second-conductive type photoel ectric conversion
region by an ion-inplantation process, renoving a part of the masking
material formed on the sidewall of the hole portion of the 5
first-conductive type planar sem conductor |ayer, wherein each of the step
of forgdoRi]a first-conductive type high-concentration inpurity region and
the step of formng a first-conductive type high-concentration

i npur i ty- dipiedatdy,éheattoviesmithed tmtheegimprises theestdposfivefier thy sibstep of forming the
ion-inplantation process after the step of renoving a part of the masking
mat er i a¢conflgongdictiveQ typeepbotablegtyici nonveesioret legdnobyt he Pnaspirntitione ptacess,
the step of form ng a second-conductive type CCD channel region includes

t he suBCmBeEpg aopart Ofrthe mepskingemrierigl framedianl thensidémalhof éhe polet patiomfoftthe
fir t-cf_onducti ve type planar sem conductor |ayer; and formng the
secondlEHrandidtive tppeblensy samisprducios glager. pyhaaeini eashi abithmstini oh formvoess .
[0023] . 15 Preferably, .i.n the above nmethod, the step of formng a |

first - OoiFqpERlYe ;‘ﬂfﬁé fHE‘gﬁ%@HE%‘%HW AHREY nfsgiqn yando JBe étr:%rregt for@éngat 4 on

e b e Sl BB e Rb AT Rt R
P AP SAIRO Py PR S e RSB, b

i sol atj 2] egion 20 (first-conductive type high-concentration inpurity
regi on)[ y an ion-inplantation process; and formng the first-conductive
type hi gh-15eReen, iR tHedRehiPYF ieYrdQRedvah | Lol LAUORY. -
ion-inplantati onw’rl)r oc?esg. 5?9024?1‘ Pr eglgr aﬁﬁe N gﬁa{)ﬁ@fohng&%oagggﬁﬁ Eée(ndﬁlr%\zeent
i nvent kR, CEhecehal RbidhOhBluass thet SBRIER! ofe 1615kihe Femad@ngd ﬁ@t&gﬂ o HhB%ole
sub-steps of: formng the gate dielectric filmon a surface of the

first- pomiductdfVvehd ypestipbadetive e iy o Nslbfdrorsemadtdluctde PREL | R8d @ f&dlife  the
el ectrode material on the gate dielectric film flattening the gate

el ect r saendmbmstuctive typeC@D chamgl tehnftyaintienésipRatatiospakssode material to

form the transfer el ectrode.
[0023]

15 Preferably, in the above method, the step of forming a first-conductive type
high-concentration impurity-doped element isolation region includes the sub-steps of: forming a
masking material in such a manner as to allow the first-conductive type high-concentration
impurity-doped element isolation region to be formed in connected relation to the
first-conductive  type high-concentration impurity-doped element isolation region

20  (first-conductive type high-concentration impurity region) by an ion-implantation process; and
forming the first-conductive type high-concentration impurity-doped element isolation region by
the 1on-implantation process.

10024]
Preferably, in the method of the present invention, the step of forming a transfer electrode

25  including the sub-steps of: forming the gate dielectric film on a surface of the first-conductive
type planar semiconductor layer; depositing a gate electrode material on the gate dielectric film;
flattening the gate electrode material; and etching the flattened gate electrode material to form
the transfer electrode.

[EFFECT OF THE INVENTION]




[ EFFECT OF THE I NVENTION] 7 [0025] 1In the conventional CCD solid-state

i mage pickup el enent, the photodi ode (PD), the read channel, the n-type CCD
channel region and the p+type elenent isolation region are forned in one
pl ane, and thereby there is a limt to an increase in ratio of a surface
area of a light-receiving 5 section (photodiode) to the overall surface
area off0esd pi xel, as nentioned above. In the present invention, a read
channel can be arranged in a non-horizontal direction to provide a

sol i d- st atla themgevenkiokal fC@Dewlidistata asdeepickupdélasients dd phot@tlodd (RD)athe read
occupancy area of the read channel to increase a ratio of a surface area
of a | ichhnnel,ébenypegCEEcthaonel (1pgioh @dil dlake)+typet dhememisation rsgioh acefoamed irof
one pixel. 10 BEST MODE FOR CARRYI NG QUT THE | NVENTION [0026] Wth

r ef er efB@ plagesang therebmhers/isadinait davimipsreaphim 1atie o€ asuilfreentd ofia bglitreaedting e
specifically descripbed based on an enbodi ment thereof. 15 [0027] (FIRST
EI\/B%DI RENtPR (phesgdioge) dey the gvarall, autase tareee Py ong nixg. ps apenjioned abevea In the
bird s-eye view showi ng a sold-state inage pickup. device conprising a

pl ur al PISPER ¥Ry 2 ALl Ay deArEaRged &1 arremrhorizetst ditaetion k9 Brovidest

Col o Al e PRE o S oL Gt el e S PREPRIGI oS AR
X-X{ in. Fl . and A | ' t .al the |ir -Yl.. jn FIG 2,
respectPley € iB0%f « oL Aof surties eh P50 setih Gotagiodel el

regi on i ried 4 A Wpper region of an n-type substrate 115, and a
sili cor?qr%épgﬁrg%%ta?%ndlz%’g%%éﬂforrred in the p-type well 25 region 114 to

defg@ne a hole therein. A p+type region 104 is formed in a bottomwall of
the silicon hole portion 203, and a p+type elenment isolation region 101 is

f or red BES R MODEFOR CARRNMANGOUINEEE NageNgiypor tion 203 in
connected relation to the p+type region 104. An
[0026]

With reference to the accompanying drawings, the present invention will now be

specifically described based on an embodiment thereof.
15 [0027]

(FIRST EMBODIMENT)

FIGS. 2 and 3 are, respectively, a top plan view and a bird's-eye view showing a solid-state
image pickup device comprising a plurality of CCD solid-state image pickup clements according
to a first embodiment of the present invention which are arranged in an one-row x two column

20 array. FIGS. 4 and 5 are a sectional view taken along the line X;-X;' in FIG. 2 and a sectional
view taken along the line Y;-Y/' in FIG. 2, respectively.
[0028]
In the solid-state image pickup device, a p-type well region 114 is formed in an upper
region of an n-type substrate 115, and a silicon hole portion 203 is formed in the p-type well
25  region 114 to define a hole therein. A p+-type region 104 is formed in a bottom wall of the
silicon hole portion 203, and a p+-type element isolation region 101 is formed in a part of a
sidewall of the silicon hole portion 203 in connected relation to the p+-type region 104. An
n-type photoelectric conversion region 110 is formed in a portion of the p-type well region 114

located beneath the p+-type region 104 and in a part of a lower portion of the sidewall of the
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n-type photoel ectric conversion region 110 is fornmed in a portion of the
p-type well region 114 |ocated beneath the p+type region 104 and in a part
of a lower portion of the sidewall of the 8 silicon hole portion 203, and
two transfer electrodes 106, 107 are formed on the sidewall of the silicon
hol e portion 203 through a gate dielectric film117. An n-type CCD channel

regi on sién hde poriRDOB ARl tRPabsEdrat@uelied 1%, ROY WREFOMBEY of 864 flae&?hﬂoﬁﬂ%' in
a part of an upper region of the renaining part of the sidewall t he

si | i corsiliminchapopdrition 208 Fhroagida gate iddecthafing 1111 2Ah9-fype OED 5hdnﬂe13re%169i199 of
the p-type well region 114 sandw ched between the n-type photoel ectric

conver s dormeggingntop sorfacedof the preypy peliGERloatidAnal in agaenofkBBuppet Fgh@ of te
silicon hole portion 204 is formed in the p-type well region 114 to define
a hol e remiaieg part Af hetsygeavatladitbm siliodn hele frortioed2(03n and hatddochanadl| 110fis fdmmed
silicon hole portion 204, and a p+type elenent isolation region 102 is

f or Red Pna egiRnt obfthey psiygeviell regionh 14s|Sand3fodlddol‘behi\tmntﬂl@nn—l@eZﬁhotodectnc
connected relatiqgn to the p+type region 105. An n-type photoelectric

conver i°BKerpiggiregion 110 andsthe grtpiCOR ehapesl rpgion (1)$3 the p-type well region 114
| ocat ed bepe th th pe region 105 and in a part_of a |lower portion of
the sidewa E ‘g‘l f"%lﬁd’ﬁrt?ﬂﬂ %) domed mghe pdrer vk r@&lalhéi‘éﬁo definct hddeles

106, 1Q7 are soforned

 ougH R Ie+-tsaaeefP@8P?Bé b A R &gﬁooﬁgg?gﬁ“ b s
agrggp rntﬁgg%%%eg lsf) lng?géﬁt)rh ?\% pfgwg‘grlqﬂfl gfﬂgjﬁg ?t °§‘|11°i1 g#lﬂgl e
et CPod i cofffic rigth (1ARRE ‘?A% TR ot P e R cobioBp
r egl on 111l ARfel fEa of'tYd?xeof t ée%gg?\'}\glpelno%?%cei b%g%%l? 1he(_%[-)ty£ ??ém{l Yb§

el ement isolation r gl on 101 or

regi onsnd @8a phRd DI ﬁ@ﬂfon(‘(ﬁﬂﬁ@‘fﬁﬁe%ﬁl@ bE BRI MBS hoTJ:" BoRibh YA %deeﬂi% Mansfer

isolation region 102 is also forned between the n-type CCD channel regions

103, 1@Bctrodeyr B)6ND7 a@Niles foriearoabit weieWall of 9R3Qlicdh ABIE Fort&dh m4dthfddgmtﬂe16
is forned above the transfer el ectrodes 106, 107 and on the 25 sidéewall

of t-he gsicldiclectribdilm G t iAms-tRAR3CCPOhantidi rogigh 109 68 &lreelfin @ thp kit Df the
[ 0031] p-type well region 114 and in a part of an upper region of the remaining part of the sidewall of
the silicon hole portion 204, and a read channel 113 is formed in a region of the p-type well
region 114 sandwiched between the n-type photoelectric conversion region 111 and the n-type
CCD channel region 109.
[0029]

20 The p+-type element isolation region 101 is formed between the n-type CCD channel
regions 108, 103 to prevent contact therebetween. The p+-type element isolation region 102 is
also formed between the n-type CCD channel regions 103, 108 to prevent contact therebetween.
[0030]

A metal shield film 116 is formed above the transfer electrodes 106, 107 and on the

25 sidewalls of the silicon hole portions 203, 204, through a dielectric film 119.

[0031]
In the above solid-state image pickup device, when a read signal is applied to the transfer

electrode 106 (or 107), signal charges stored in the n-type photoelectric conversion region 110

(or 111) serving as a charge storage layer are read out to the n-type CCD channel region 103 (or

9




In the above solid-state inage pickup device, when a read signal is applied
to the transfer electrode 106 (or 107), signal charges stored in the
n-type photoel ectric conversion region 110 (or 111) serving as a charge
storage | ayer are read out to the n-type CCD channel region 103 (or 9 108)
via the read channel 112 (or 113). The readout signal charges are

t r ansf ei0Bdial the geadeshbunged|112 (F111%) ) THE FeagbiQRerbhDEIRWER ddBabraR&T Bra vertical

el ectrode 106 (or 107). [0032] (SECOND EMBODI MENT) 5 FIGS. 26 and 27 are,

r espect(Yvéf ) dirmctioretnmnphahy trimyfer@larode €06 eord 0d).f ragnentary bird' s-eye

vi ew showi ng a solid-state i nmage pickup device according to a second

embodi (B¥2]of the present invention, wherein a plurality of CCD
solid-state i mage pi ckup el ements each having fundanentally the sane
structure @%KﬂﬂgplﬁﬂB MId®lkol i d-state i mage pi ckup el enent according to
the_first enbodiment are arranged in a matrix array. FIGS. 28 and 29 are a
sec?i onal §Bw20and 2 ere. a¢sppeivehs alfragmerBrx@p nlan FHew and@ fapinentap bird oreze
view taken along the line Y3-Y3 in FIG 26, respectively. The solid-state
i mge pPrek &EO B‘%i g SOHESHIINALS BigkHE dasrrcaidingd frentecorsk sabatlimenh of the
symetri cal arragﬁfnqgt” ;ggs, the %ghéomfng description will be made

pri mar PIFEEpBYEntsty yWherrin aapturalify, of dolidrStefeamago pightp clomentyFad] having As
shown in FIGS, 26, and 27 sol i.d-st.ate. i pi ckup el enent having a_.

ety pe iRl né e Sl g ues B B A HF e Rl hefoon slamagt & pRigpe
regi on n m conductor s e i vertical . .

(V3 v3*5 U6, FSEPERARREE ol fhneSEM ERPAUE Bover PRI SRl iy aoefidiel piove

pi yghe . Kirstpieod s d- i i ement«-col u

Bt d o hldd I R, 2 FIEL0 Hhkh RehohdTAy e R WETTRLYF 35 BRIG 38 and

a sol i gespbatRly. Mepg: QBH&-@@teszﬁé@géﬁélphawi&g a@cd}aﬁlépf‘o rtﬁ@h&@&nﬁoém%c‘ﬁ%ne{lhe

arranged on the sem conductor sub e 1 n the verfical Irection a

same | gemralh) haf SLIPmuREdal Alrral&AbntPi tTHRES Pl RHitd A Seripfioh Nilf ibesﬁgade
solid-state inmage pickup elenment columm, in adjacent relation to and at

t he sapEmaeit atwat oflg@hue-iuse)ed HAIGS. 0fand37.cor r espondi ng ones of the
solid-state i mage pickup elenents in the first solid-state inage pickup
el emenf0@8fiuim, to forma second solid-state i mage pickup el ement col um.
The 25 first solid-state i mage pickup el enent colum and the second
sold d- st at/ts sheaaeindi1E¥8u g6 @pé%ﬁn@. solid-state image pickup element having a p+-type region
501 and a solid-state image pickup element having a p+-type region 502 are arranged on a
semiconductor substrate in a vertical (Y3-Y3') direction (column direction) at given intervals
(vertical pixel pitches VP) to form a first solid-state image pickup element column. Further, a
solid-state image pickup element having a p+-type region 503 and a solid-state image pickup
20  element having a p+-type region 504 are arranged on the semiconductor substrate in the vertical
direction at the same intervals (same vertical pixel pitches VP) as those in the first solid-state
image pickup element colﬁmn, in adjacent relation to and at the same vertical (column-wise)
positions as corresponding ones of the solid-state image pickup elements in the first solid-state
image pickup element column, to form a second solid-state image pickup element column. The
25  first solid-state image pickup element column and the second solid-state image pickup element
column are arranged in spaced-apart relation to each other in a row direction by the same
distance (horizontal pixel pitch HP) as the vertical pixel pitch VP. In this manner, the
solid-state image pickup elements having the p+-type regions 501, 502, 503, 504 are arranged in

a so-called matrix array.
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colum are arranged in spaced-apart relation to each other in a row
direction by the sane distance (horizontal pixel pitch HP) as the vertical
pi xel pitch VP. In this manner, the solid-state image pickup el enents
havi ng the p+type regions 501, 502, 503, 504 are arranged in a so-called
matrix array. 10 [0034] An n-type CCD channel region 508 is provided
bet weerf0@3tjr espondi ng ones of two silicon hole portions 530, 532 in the
first solid-state inage pickup elenent columm and two silicon hole
portions 534 n-t53C0D timmnskeegiod 58l graidddecwagecoplesanding @18 R 106 kilidtn
arranged adjacent to 5 the first solid-state inmage pickup el enment colum,
to readobi gtibnchid) §33 ingthedirsit setidistata impdgst mekupdderhenticoynirhandotitoy siicanelgilon
501 and a_phot odi ode having the p+type region 502, and transfer the
r eadouﬂJOEtinlﬁ al3lchdt grethei seceresoligrstate anagh piskup elemenh colhmnsarangedindiecent tmo
g CCD channel regions 507, 509 are provided to transfer signal
c ha gedhdigr salelstats isnassr Plcb%teéﬂ!ﬂ% eeplymnyt fe reash sigoall clirgesc gprmmated Gnach
regions i s formed to extend between the silicon

of the channel
hol e ,BBP &%%D aﬁbfe%tx‘?eafea@prﬁ@l agd agghotqdioderiaving the artypg regean Y. amho
+t ype e IS atlon i ons 505, .5 are pr V|ded to isol ate adjacent
gnegpoﬁfa{l#m ﬂlet (20 \Estsnah shiiges %@Po glqafgmect@agh Blbofang mBGET B Adipe
t hereb n. i sol,ation re |on 505.is also forned in a '
part o é\%&*ﬁ'fsfeg e e R A e e S A e
relatlgﬁg%gkhggﬁﬁﬁ%¥8%5&%§&£p§ 501, 502 to apply a voltage to the p+type

regi on pe el}ement i sol atlon region 506 is also fornmed in

?eFar t of BicHeyPhk s gjget @@Ds&ﬂahg%gregg)gﬁq% 29 R)S e)ﬁgrlq béf’é\%e%l hé %Hﬂ:%ﬁ _'11[%?6

tion to the p+ty regl ons ply a voltage

regi ongoRfdds ap@fgedith ﬁ@ne{tﬁﬁ 293G omding %ﬁ%a[‘ﬁﬂ&etlo‘ﬁac alf p - B?epeﬂﬁﬁgﬁ 1%1

i sol ation regions 505, i's prOV|ded al ong an axis ot associ at e one

of therddisistsBndos ﬁﬁeofﬂdvﬁl@ﬂ 6l isolad 8djheBRE Bndl GFKHO n-tEHEUEM cleRhbiNRSiofl otk
part of outer perlpherles of associ ated ones of the silicon hole portions.

Al t er nasdhv@het, widlsouk omgacshealtwedn. t he p+type el enment isolation regions is
provided to prevent contact between adjacent ones of the n-type CCD
channel r éldiegnstypartinfent isobktias regipadds5 sfaldohiermed in a part of sidewalls of the silicon

15 hole portions 530, 532 in connected relation to the p+-type regions 501, 502 to apply a voltage to
the p+-type regions 501, 502.

The p+-type element isolation region 506 is also formed in a part of sidewalls of the silicon
hole portions 531, 533 in connected relation to the p+-type regions 503, 504 to apply a voltage to
the p+-type regions 503, 504.

20 In the second embodiment, each of the p+-type element isolation regions 505, 506 is
provided along an axis of an associated one of the first and second solid-state image pickup
element columns and a part of outer peripheries of associated ones of the silicon hole portions.
Alternatively, as long as each of the p+-type element isolation regions is provided to prevent
contact between adjacent ones of the n-type CCD channel regions, and formed as a part of the

25  sidewalls of associated ones of the silicon hole portions in connected relation to associated ones
of the p+-type regions, it may be arranged at any suitable position other than that in FIG. 25, such
as a position displaced from that in FIG. 25 in an X5 direction.

[0035]

Three transfer electrodes 512, 513, 514 are provided between each of the silicon hole
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25 sidewal | s of associated ones of the silicon hole portions in connected
relation to associ ated ones of the p+type regions, it nay be arranged at
any suitable position other than that in FIG 25, such as a position

di splaced fromthat in FIG 25 in an X3 direction. [0035] Three transfer

el ectrodes 512, 513, 514 are provided between each of the silicon hole 11
porti opsrtfdd,5353331 i a frkt sllidS@hde %x%é;@&aﬁ:khﬁ%&it GNPV IRIE RN ol {RWaNRage t he
solid-state image pickup el ement having the p+type region 501 and the

sol i d- pickup clomge hpviak Wie pH-eyRNegidva\S0N Gindtthe selid-ype ifragt pitkhP 3lcateat Riviagnged
in a horizontal (X2-X2) direction (row direction), and a correspondi ng one
of thetls ptrawre tegion PR tifeomrsard ,in S3Borizonal (Ee-OBY dirkciich $loat diredtgl qadckup
5 el enent row where the solid-state i mage pi ckup el enment having the p+type
r egi once@espanding mme ofché dilspatlelé pagenpidéRup’ e ire amatondasolidestatd émpget piokup
region 504 are arranged in the horizontal direction, to transfer signal
cha? geslemeatirayw thiereothe agkideiate wehge meckupfelethent plaving dhopesyneoregioe 508-angd ke CCD
channel regions 507, 508, 509, in the vertical direction. Further, four

t r ansf &plidsplate imnge Pickyp clement Igyme the ptaype praden ded arecrrrangeds fre theshagirantal
charges. 10 read out from ot her photodi odes to the n-type CCD channel

r egi oné‘r?)‘ﬁlﬁm dpdrangfgy signgl ¢hagecsarcad oxf rom pssociatnd. ongae the mbatpdiqdghde thes

b obe S LIPS o et S ShE ook B TRt one 207, souhre
o0 bt o TRl tol R SRBBAATE P IS5 0P e bR Sl e
ookl SRRl St PRI RELAER HR% 501,598, 78, e
Pi ckupqgL RNt Wk Iial @%nggﬁs%%c@f@%gﬁbléglfor%xaﬁg%gg e andiBOLBAroge 34, ©

ormed I n an upper regio an n substrate e silicon hole

por t i oBighAQthafzes krdER thd phtdidaty R iNEIHe éfm@be ?egg&é 909, S84 hRGe R MRS the
0 f ott

therein.” The p+type region 501 is forned 20 i'n a omwall of the silicon
hol e pasypeoTCEBhariiel rédiénsPI0SY FOIEViR MeEecii O babéiafRd esd eRarPeR. | Sac of MRA i n
a part of the sidewall of the silicon hole portion 530 in connected
rel at i oandfer ¢lbarodps-isyfoemed go extebd 1n thdnhdtidoyaé dpbaioneind Hetweencihv \s8iceh Gible

ion 517 is formed in a portion of the p-type well region 523 |ocated
g%atnmﬁhesymmgpélméghmmﬁﬁemaﬁnd in a part of a |ower

[0036]

re
be

In the solid-state image pickup element having the p+-type region 501, a p-type well region

525 is formed in an upper region of an n-type substrate 526, and the silicon hole portion 530 is
formed 1n the p-type well region 525 to define a hole therein. The p+type region 501 is formed

20 ina bottom wall of the silicon hole portion 530, and the p+-type element isolation region 505 is
formed in a part of the sidewall of the silicon hole portion 530 in connected relation to the
p+-type region 501. An n-type photoelectric conversion region 517 is formed in a portion of

the p-type well region 523 located beneath the p+-type region 501 and in a part of a lower
portion of the sidewall of the silicon hole portion 530, and the transfer electrodes 511, 512 are

25  formed on the sidewall of the silicon hole portion 530 through a gate dielectric film 527. The
n-type CCD channel region 508 is formed in a top surface of the p-type well region 525 and in a

part of an upper region of the remaining part of the sidewall of the silicon hole portion 530, and

the read channel 521 is formed in a region of the p-type well region 525 sandwiched between the

n-type photoelectric conversion region 517 and the n-type CCD channel region 508.
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portion of the sidewall of the silicon hole portion 530, and the transfer
el ectrodes 511, 512 are 25 forned on the sidewall of the silicon hole
portion 530 through a gate dielectric film527. The n-type CCD channel
region 508 is formed in a top surface of the p-type well region 525 and in
a part of an upper region of the remaining part of the sidewall of the

si l'i con hdhethpaotidetitd dhageapidkup BRnfcatUaGahe |p+5?%e ké2idrD SOBAihk RilRoh §@1ON
of the p-type well region 525 sandw ched between the n-type photoelectric
conver pbrivnr8giie forbikd iathe p-type weellypeofSES ahdyiinela Hodgihereirh 08T hel2--type tdpgon
solid-state i mage pi ckup el ement having the p+type region 502, the silicon
hole P62ty bm@g'm 2 bottam meadl ofithe fiicqgn help pomtinl 532egndothe p2Sypocldakntisolatidol e
therein. The p+type region 502 is formed in a bottomwall of the silicon
hol e p#&tgi¢ba0BBXormediin hparpef § pidewhld wé e sikwindtoloportiva §32mn B@Bepied idatied i n
a part of a sidewall of the silicon hole portion 532 in connected relation
5 to t e e pyiEns eggiom 5882, Annnrneyphotepientoelcenyrsien gegipnr Bidois fosgicdrin g
is formed.in a portion_of the ?-ty e well region 525 | ocated beneath the
p+t ype PPRIPAT tBoD-taprywic Tegipn p? Iciied hegich thioP i1 1§g1opRY2snd dnvalmartott & he

L i G i
surfac eocls(f ho diqnhe \Rb(ﬁwapé’é RE‘E g%)o%g% eé??(ﬁ“‘?%g %é)ﬂ’é?‘fg fhe PQU%EB]@FtriF F“onIO
Che resa bbbt pXahtl SHBE 96 ie Bropkdy 2 om G Bt oo PVl ik,
S e g 4, DGR Sy SR A 01

havi nggéﬂﬁnpﬁﬁﬂ%drtﬁgir% ABnelt B N kdrkRA A0 fepidp oPRhd -gggpes%llil% foprgmd in
the p-type well region 525 to define a hole therein. Th +t ype réglon 503

i's forp@dwithed beabdeathiViltypeqfhotdefectid éce@Brshial giBR™S § aAd BRb-1ypB i endinibly Pe
el ement isolation region 506 is formed in a part of a sidewall of the

si | i coregiml #8ortion 531 in connected relation to the p+type regi on 503.
An n-type photoel ectric conversion region 519 is fornmed in a portion of
t he p-typdnwa¢ solidgatening®s picomt edmbatnkating theepp-tipepegiongi(dn thO Siliamd hble a
part of a 20 lower portion of the sidewall of the silicon hole portion 531,
antP t heottipaRdi éy foamed iy the ey well Bagdon 3 etoaleSioe p bolegbiersin. t Hbe pirdppratekionf
the siljcon hole portion 531 through the gate dielectric film 527. The
n- t ype &0 ferrthila batgmpval of thesiienriale petian 58 p andrthape-tisre alereens gojgsonvel |
regl Onregion 506 is formed in a part of a sidewall of the silicon hole portion 531 in connected relation
to the p+-type region 503. An n-type photoelectric conversion region 519 is formed in a
portion of the p-type well region 525 located beneath the p+-type region 503 and in a part of a
20 lower portion of the sidewall of the silicon hole portion 531, and the transfer electrodes 511, 512
are also formed on the sidewall of the silicon hole portion 531 through the gate dielectric film
527. The n-type CCD channel region 509 is formed in a top surface of the p-type well region
525 and in a part of an upper region of the remaining part of the sidewall of the silicon hole
portion 531, and the read channel 523 is formed in a region of the p-type well region 525
25  sandwiched between the n-type photoelectric conversion region 519 and the n-type CCD channel
region 509.
In the solid-state image pickup element having the p+-type region 504, the silicon hole
portion 533 is formed in the p-type well region 525 to define a hole therein.  The p+-type region

504 is formed in a bottom wall of the silicon hole portion 533, and the p+-type element isolation
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525 and in a part of an upper region of the remaining part of the sidewall
of the silicon hole portion 531, and the read channel 523 is forned in a
region of the p-type well region 525 25 sandw ched between the n-type
phot oel ectric conversion region 519 and the n-type CCD channel region 509.
In the solid-state i mge pickup el enent having the p+type region 504, the

sili come%@dl 806 ROfolthed irP3 Bark Bf b IAERAILI 0T A& 1iBsrd NAIE p¥ioh 538Gh RBnme dtrglaﬂﬁﬁ I ne
a hole therein. The p+type region 504 is forned in a bottomwall of the
silicom hid @+agpd iregiod 34, ana hhﬁ)epPhM@ﬁe@th@ ndRvers®Al REioANs20L ¥ FHeANnSH6
is formed in a part of a sidewall of the silicon hole portion 533 in
connecpedioned{ahé prtypé ovetlregipn 596 dodaggl enesifi4he AR-tYpd ypRNIIM Al iQ QL fdrCof a
conversion region 520 is formed in a portion of the p-type well region 525
| ocat edpvwarpeatidn ofhibe pidewpkk of dwi stlic i lapattion 533, pad thoframferlcvabdgad 14 616 of
the sidewall of the silicon hole portion 533, and the transfer el ectrodes
5143 538 Fsqiamedsm thersidsavalofithe sdicdewald pation H33 dirbuglothehgalte diplctricofiln5 33
through the gate dielectric film 527. The n-type CCD channel region 509 is
for med>#h albBop-ture €6bechsnnelyegion 5P ds fasmed fe gitop sures cfitbe priype well regidn an
upper rsgion_of the remaining part of the sidewall of the silicon hole

por t i on-538d inadparhel A ¥EPE HaSkR| ofghe remainngrragt phthg sidegiadnofothetsiicop-hojpe

wel | region 5 andw ched bet n the n-type photqel ectric conversion
regi onP lﬁ’@na%é’taﬁa tﬁ‘? tH cle%elcﬁgfﬁ%ﬁorr@a line@ir‘%ﬂﬁo%@g.thf[ O03pg el regtony 525
shield_film5 i.s _fqrnmed abqv he.transfer electrodes 510, 5 512, 513,
514, 5i%3d“”%}f§9°§h&ee6‘ﬁf’? Pl o e it R Fepg 2 an the ﬂpsﬁc%éé%msbz,
503y SQ%khrﬁgygh a dielectric film 528. 15 [0038] As above, each of the
transfer’ el ectrode 510, 511, 512, 513, 514, 515, 516 is forned to extend

in the(ﬂgw%direction in a region between the silicon hole portions in
adjaceLt onhes of the solid-state inage pickup elenent rows, while passing

through t Ran&EsMRgl iMe 52bid RAReNIb&eRRE frhits: cldckohbies elh 2L 37, 510l bl 343! €
i mage pickup el enent rows, wherein the transfer electrode ‘are 20 arranged

i n spaseslagpa thel dewaliRBf iR SRR }Qilélgértibﬁs §09isuens ol SOLMSuhEAGBleOtic IR
transfer electrodes 511, 512, 514, 515 | ocated adjacent to associ ated ones
of the528.1icon hole portions is

15  [0038]

As above, each of the transfer electrode 510, 511, 512, 513, 514, 515, 516 is formed to
extend in the row direction in a region between the silicon hole portions in adjacent ones of the
solid-state image pickup element rows, while passing through the respective silicon hole portions
m the adjacent solid-state image pickup element rows, wherein the transfer electrode are

20  arranged in spaced-apart relation_ to each other by a given distance. Each of the transfer
electrodes 511, 512, 514, 515 located adjacent to associated ones of the silicon hole portions is
formed on the sidewall of the associated silicon wall through the gate dielectric film. In
cooperation with the n-type CCD channel regions, the transfer electrode 510, 511, 512, 513, 514,
515, 516 make up a vertical charge transfer device (VCCD) for transferring signal charges

25  generated in the photodiodes in the vertical direction. The VCCD is configured as a
three-phase driven type (@1 to ¢3) in which three transfer electrodes are provided in each of the
photodiodes, and adapted to be driven in rc_:spective different phases so as to transfer signal

charges generated in the photodiode, in the vertical direction. Although the VCCD in the

second embodiment is a three-phase driven type, it is apparent to those skilled in the art that the
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formed on the sidewall of the associated silicon wall through the gate
dielectric film In cooperation with the n-type CCD channel regions, the
transfer electrode 510, 511, 512, 513, 514, 515, 516 nmke up a vertical
charge transfer device (VCCD) for transferring signal charges 25 generated
in the photodiodes in the vertical direction. The VCCD is configured as a
t hr ee- PHEGD ity beetonifigpeed(té pé dfiociPi)any b iscitatlbhi@abdrcIpsheRE. €l ectrodes are
provi ded in each of the photodi odes, and adapted to be driven in
respect{®339]di fferent phases so as to transfer signal charges generated in
t he photodi ode, in the vertical direction. Al though the VCCD in the second
embodi ment(THHRY EMBLDBUENd) dri ven type, it is apparent to those skilled in
the art that the 14 VCCD naybe configured to be driven in any other
s ui tabl e rotbesecord prbediment, jGoldistateTivnap PRVBPIDE NEAT)mprisitg e phedind! CCD
gglnent a SO|Id state image pickup device conprising a plurality of CCD
gémﬁgecwe ne¢lements arrangedip @dnatnx arrambas beenshawyn paddeserbeds hgMiernatively,

T AT TR L N wariie -
this cgnnecti third enbodlnent f t he esent vention,

soI i d- %‘?Yéo{nﬁaﬁ%%i glRu‘Ei“Sdlé%‘Fé 198 #5 B HQZ‘E‘P?%%@'G?% OMF % tpreseny H}VSW% %f
Chat - ortitau WPes e A0 il B f6° c%abs%iﬁg"’%ﬁ BtaliBeeEERD Fuberethi o
nbod

Fespectrpnt GRS d0r HERE Bl &' Pl 0D Shedide dpassi e
shogi ng IckE%Efégr{eqf adcBldin f@tﬁ@ﬁﬂé%ﬁ%gdz Vit G2 éd 1§'a%n%¥c&m%hd g?(;g 2 e a

i mge pic enent s rrange In a oneyc array
secti op@d 2Y hRMdspERN B! @ RginBRialy 0F plaf%idW and 1 1z %rg ew
taken al ong t he ¥ e@? y2'g aé‘ G?p 2, lresmﬁect|2!\‘;°T<§:}e§§1 B{i’dée?@G s%vzlaﬁt@e

i mage pi sbklumaiewnfage asielardidedct QoﬁﬂﬂsﬁxH 5 cbl@ﬁhgxei bm@DQ%E@rea#kb{uﬂ‘ %&nibnts

symetrical arrangenment. Thus, the follow ng scription w be nmade

pri mar htryngetddnta boeycamb ey, FIG$IS24 andd5idnc Bl 6o viewd tadn A1 1irfds
shown in FIGS. 22 and 23, a solid-state inage pickup el enent having a

p+t ypeXe€gl BrF1(202 30d a asdicaalsdbwdalehalang thagee fi,ckim BIGeaRntspeativaly elhe
p+t§/ pescrhe étgtg 11:1))1?1§e g{cle(ug rdg‘i?lgg aelgco?cﬂng to the third embodiment generally has a symmetrical
arrangement. Thus, the following description will be made primarily about only an area
illustrated in FIGS. 22 and 23.
[0040]
As shown in FIGS. 22 and 23, a solid-state image pickup element having a p+-type region
20 301 and a solid-state image pickup element having a p+-type region 302 are arranged on a
semiconductor substrate in a vertical (Y>-Y,') direction (column direction) at given intervals
(vertical pixel pitches VP) to form a first solid-state image pickup element column.
Further, a solid-state image pickup element having a p+-type region 303 and a solid-state
image pickup element having 304 are arranged on the semiconductor substrate in the vertical
25  direction at the same intervals (same vertical pixel pitches VP) as those in the first solid-state
image pickup element column, in spaced-apart relation to the first solid-state image pickup
element column in a direction perpendicular to the vertical direction (i.e., horizontal direction)

by 1/2 of a horizontal pixel pitch HP equal to the vertical pixel pitch and in displaced relation to

the first solid-state image pickup element column in the vertical direction by 1/2 of the vertical
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sem conductor substrate in a vertical (Y2-Y2'") direction (columm direction)
at given intervals (vertical pixel pitches VP) to forma first solid-state
i mge pickup el enent colum. Further, a solid-state inage pickup el ement
having a p+type region 303 and a solid-state image pickup el enent having
304 are arranged on the sem conductor substrate in the vertical 25

di r ect ipitel pitch,he fEran® sdcbh@kolal-StatcSMARe Miekbp SléhmeR o6AImPi t ches VP) as those
inthe first solid-state i mage pickup el ement colum, in spaced-apart

rel ation tButhee £ solRkstatelimdgs pakep iclngeat phckpR pelypaBbiios 008 MAdiasolid-state
direction perpendicular to the vertical direction (i.e., horizontal

di r ect ilwage plwkug eRenwint hatiogi Hondralarphyel opithec fenkiBoreluiml stigstialeiny g tviegidal

pi xel pitch and in displaced relation to the first solid-state imge

pi ckup déeelienet holsamn intervalre(semetviectidal gixckpititen B) s/ hossf int the firstr dolidaskate 15
pi xel pitch, to forma second solid-state inmage pickup el enent col um.

Fur ? hednage piskpp slomeng cpiviye ipispacep-apins aelatiom iy the geeong+sojidestate ginage Bokumnd
a solid-state _inmge pickup element having 306 are arranged on the

seni coltfiRanb cols iy Becharizoniah distiancly 1/2dek @ derigmntaltpixeldichridP iegual to dhe
sane vertical pixel pitches VP those in the first solid-state 5 i mage
|(oi ckup VBT‘EFHJ;HW B}tg?nﬁgdilﬁ ij%ftcé)é-fa Lpp lp éh%ﬁ?caﬁgtseh@ﬁ@tes HBFdPIS kYR alegteatg
i mage pickup. elenment .colu in the rizontal. direcgtion by 1/2 of .
nor  zonp b e e Tttty V0 e veari eire! pRdtelts gok i ol stat
di spl a%%g erﬁﬁ!:ﬂ]tﬂ eg&n&g{ ctoﬂﬁ second solid-state i mage pickup el enment col umm
FLHER on b

in the ve I'recti y 1/2 of the vertical pixel pitch, to forma

A0 04 TOE LG54 LERERY, LU s LD TROORL 34102,

solid-state I nage pi e prtyp

304, 3Gb3, 363G, 808 aFARHRGed Ih ARARNENAOTRAR FaY. [0041]  An n-type CCD
channel region 331 is provided between cortespondi ng ones of two silicon

hol e peog4ipns 339, 331 in the first solid-state image pickup el enent colum
and two silicon hole 15 portions 334, 333 in the second solid-state inage

pi ckup el enenitymoCCinclanhenggidn 33] acpivbided betviten fcbirsdpos@nk dnsé 8t &vd HAES
pi ckup el enent columm, to read signal charges generated in a photodi ode

havi ngholegoptians 389y 23 0nth8 Gitstantd-ataphintapd ipidep kRmeang colnmnphidtpe sileghdole302,
and transfer the readout signal charges in the vertical direction. In the
sahe napiens 33k 13t yplbe copndtmatidetate éyigempisiu ¢lsmpntosdlutel abengwlenijacent to
corres %n (fjilrsrt] gsolid-state image pickup element column, to read signal charges generated in a
photodiode having the p+-type region 301 and a photodiode having the p+-type region 302, and
transfer the readout signal charges in the vertical direction.
In the same manner, an n-type CCD channel region 312 is provided between corresponding
20 ooes of two silicon hole portions 334, 333 in the second solid-state image pickup element
column and two silicon hole portions 305, 306 in the third solid-state image pickup element
column to read signal charges generated in a photodiodes having the p+-type region 303 and a
photodiodes having the p+-type region 304, and transfer the readout signal charges in the vertical
direction.
25 Further, an n-type CCD channel region 313 is provided to read signal charges generated in a
photodiode having the p+-type region 305 and a photodiode having the p+-type region 306, and
transfer the readout signal charges in the vertical direction.

An n-type CCD channel region 310 is provided to read signal charges generated in other

photodiodes and transfer the readout signal charges in the vertical direction.
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20 ones of two silicon hole portions 334, 333 in the second solid-state

i mge pickup elenent colum and two silicon hole portions 305, 306 in the
third solid-state i nage pickup elenment colum to read signal charges
generated in a phot odi odes having the p+type region 303 and a phot odi odes
havi ng the p+type region 304, and transfer the readout signal charges in

the verticBich of techitgie CZD EhirinBEregidiy B-fored GCRx@ha el ednet Ailic3h3ndIS
provided to read signal charges generated in a photodi ode having the

p+t ype poeginsnardiigednid @ hphaicodibogieayhdnithe viebgcap titepor &9ia0meaRringnfittern.
transfer the readout signal charges in the vertical direction. An n-type
CCD chdiwtbrr, tlarge ori-3p0 clemiept telatied regione3@l, S0§NA09 eleaprgeitled en évobite ddjudent
ot her photodi odes and transfer the readout signal charges in the vertical
di r ect ioBgs ofithe BEfype €D ¢hanpeltrggiensObDneheinotbtr walpusveniast theebegetro ext end
between the silicon hole portions arranged in a honeyconb array, in the
vertical dIrsRt-oK slement psoivnregign gA7 isalpe formad dma part oh sidewplls 9ithe silieoent
i sol ation regqions 3% . 308, 309 are provided to isol ate adjacent ones of
t he n-t]’f)[‘]?éJ schdnadl incognesied relationda die o e regionioiftl, 3¢htompply a voltage to

t hereb tween. 5 The ?ﬁté&g el ement isolation region 307 is also fornmed in a
part of sk abRSTFEoBY 54 hal%i i con hole portions 339, 331 in connected

relation tg t +t ype regions 301 2 to ly.a volt to. t p+type
Fegi one. 30t BGuP B TR i 0% Sutih RBRed e i sB8Grudti ahe BRRIES: &
el a1 SRy BAREE s B i BinSied 5 BRion $5UR B L s P M, SCtorsgoliraies o

+ e i 1he p+type el enent isolation region 309 is also
Po?%gdt%ﬁ@gagggggg?sg?%%%%lIspofyfhe silicon hole portigns 343, 332 in

connect ed TRl RLtea of : i . 0 :
et ol oy A2 A gBiNRE e ShARSARmPt | R BP L IRESIL,

el emenholegktadrs®a3] 330 @Ndnalied r3R%ion theipt-typdrddichisi 308 B® BNYpRMN V%?fliage g an
associ ated one of the first to third solid-State i mage pickup él enen
col umshegndtype pagidonsaf0SoBMEr peri pheries of associated ones of the silicon
hole portions. Alternatively, as long as each of the p+type el enent
i sol ati on Ingh¢ tnsl embpdiment edch of pheepenype eeomtaicisohtbnestiomd} G S8, aMes of
the n-type CCD channel regions, and fornmed as a part of the
15  provided along an axis of an associated one of the first to third solid-state image pickup element
columns and a part of outer peripheries of associated ones of the silicon hole portions..
Alternatively, as long as each of the p+type element isolation regions is provided to prevent
contact between adjacent ones of the n-type CCD channel regions, and formed as a part of the
sidewalls of associated ones of the silicon hole portions in connected relation to associated ones
20  of the p+-type regions, it may be arranged at any suitable position other than that in FIG 21, such
as a postition displaced from that in FIG. 21 in an X, direction.
[0042]
Two transfer electrodes 314, 315 are provided between each of the silicon hole portions 339,
343 in a first solid-state image pickup element row where the solid-state image pickup element
25  having the p+-type region 301 and the solid-state image pickup element having the pt-type
region 303 are arranged in a horizontal (X;-X') direction (row direction), and the silicon hole
portion 334 in a second solid-state image pickup element row where the solid-state image pickup

element having the p+-type region 303 and other solid-state image pickup element having a

p-type regions (not shown) are arranged in the horizontal direction.
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sidewal I s of associated ones of the silicon hole portions in connected
relation to associ ated ones 20 of the p+type regions, it nay be arranged at
any suitable position other than that in FIG 21, such as a position

di splaced fromthat in FIG 21 in an X2 direction. [0042] Two transfer

el ectrodes 314, 315 are provided between each of the silicon hole portions
339, 343 FurttrftwoSttanS Rk iefcib@dse MBOR aRl ilHBeCb&NRET tHeMYi MR % pihon 334
solid-state i mage pi ckup el enent 25 having the p+type region 301 and fhe
sol i d- ghahe sdcond golid-stsiepinelge Pckuphaathéig rbieaii-tatheof hegiliebn JBR ol 1ANgEd
in a horizontal (X2-X2) direction (row direction), and the silicon hole

por t i or33334 aithird selébomt iswige gickupetenangew pikekuihe abkdrente ifoiye Wikkinp eldtent
solid-state i mage pickup elenent having the p+type regi on 303 and ot her
sol i d- dwesing theragetype okegipn 08navlt theasolidetae ipagey prkoe gienmest (havingsthewr)typs e
arranged in the horizontal direction. 17 Further, two transfer el ectrodes
3167 31eian S0prasy iagengaseinvherharizents] iregionhehd tyorttansfer 384trodes 3 18e 338 cond
solid-state jmage pickup elenment row, and each of the silicon hole portions
331, P5ovided betweery epch off the shieanchalerpetiops k338w therthird selidwieteamapepickup
solid-state i mage pickyp el ement . having the p+type region 302 and the

sol i d- St if%gaéldp% RUisoB helespartion g én e Heurgsalidestaie imago pickus elgment row
arranged in_.the.horizontal .direction, and two transfer el ectrodes 318, 319
are pr“gk?r%@& itk TP Gy slem e e B the PE-1pRf Teiis3Cdand aiher sofidrsige

0 S SRR SR G TR e A B S B SPtel
. . | : i on 304 N Ce
e SRR HATERY R DR PR iR R AR,

t he honigeah ale s H&&#&@an %t?zlﬁ%e@in %{Q%Bhéﬁﬂﬁfbea%ﬁig,l iﬁ%t,ﬁgaﬁiﬁéﬂéﬁs%én%md to

extend in the horizonta ire n an et'ween siltconh portions
arrangegp43) the honeyconb array, in a nmeandering pattern. [0043] In the
solid-state i mage pi ckup el enment having the p+type region 301, a p-type

vel | regi dn thastlid-satt dhaRSpicRupéletPREHavirRho B+ A pAednt N s pUPSE wall BogRénl
and the silicon hole portion 3%% i's 15rggrrrgd ?pn t he p-typg wel | region

320 t o32efd feemed irohe upperregion oThe nptyby pebstre@i 30, 3tlthesilfcohmRt pditian BY fom
wal | of the silicon hole portion 339, and the p+type el enent isolation
r e} onf@oRrdiis thefmiype dvallregiop 320 tofefiva Isildthendin. GFhd etypielrégion 3 dbisdomosd | on
339 in_connected relation to the
in a bottom wall of the silicon hole portion 339, and the p+-type element isolation region 307 is
formed in a part of the sidewall of the silicon hole portion 339 in connected relation to the
pt-type region 301.  An n-type photoelectric conversion region 322 is formed in a portion of
the p-type well region 320 located beneath the p+-type region 301 and in a part of a lower
20  portion of the sidewall of the silicon hole portion 339, and the transfer electrode 314 is formed
on the sidewall of the silicon hole portion 339 through a gate dielectric film 328. The n-type
CCD channel region 311 is formed in a top surface of the p-type well region 320 and in a part of
an upper region of the remaining part of the sidewall of the silicon hole portion 339, and the read
channel 304 is formed in a region of the p-type well region 320 sandwiched between the n-type
25  photoelectric conversion region 322 and the n-type CCD channel region 311.
In the solid-state image pickup element having the p+-type region 302, the silicon hole
portion 331 is formed in the p-type well region 320 to define a hole therein. The p+-type region

302 is formed in a bottom wall of the silicon hole portion 331, and the p+-type element isolation

region 307 is formed in a part of a sidewall of the silicon hole portion 331 in connected relation
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p+type region 301. An n-type photoel ectric conversion region 322 is forned
in a portion of the p-type well region 320 | ocated beneath the p+type
region 301 and in a part of a |lower 20 portion of the sidewall of the
silicon hole portion 339, and the transfer electrode 314 is fornmed on the
sidewal | of the silicon hole portion 339 through a gate dielectric film
328. The the tpytpeype GERloaB0InelArr agiypn pRatbelestricOsdi®ersion fegicap 333nf d6@nedf int he
p-type well region 320 and in a part of an upper region of the renaining
part ofporten ef thewalype ovellt iegioni 320docutérb beneptv the @r-t388 reginrd30hand @edparc baanel
304 is fornmed in a region of the p-type well region 320 sandw ched between
t he n- tiyyer paop Abthesidswiatliof theosiliearshae portighdid 1,381 the trandfer dedinpdes TOD318
channel region 311. In the solid-state image pickup el ement having the
p+t ype ¥eaiseformesa on e sidgwallopl the|sdlicopdiold pertias 831 shioughtht gate divkecpria filme
wel | rgﬁ%on géo to define a hole therein. The p+type region 302 is formed
in 3 borfomlRantyps CORchanpelisaional 1d ip Sermegdrinagep strface ofcthe priype well segion

regi on 307 is forned ir¥§%part,of a sidewall of the silicon hole

oot ror e et o ab &opel Ferosrd P Bt b3 sl 305 Seh by
or i or? 331 _ sl _ _ :
bt 1 O st gﬁgoﬁlﬁﬁ@?égg%%ﬁ%%{%ﬂfﬁﬁés ﬁ,e?%{e{{f ag%%ﬁgﬁ%%%ﬁo‘ael aqegéoeﬁ%ﬁe
| i . 95 S7R

oo BB OR Dok 06 Bt ASYRL bfhetbtic BopisftBiot £ it dc ribe O hithel

silicoqq%9+glportion 331 through the gate dielectric film5 328. The n-type
CCD channel region 311 is fornmed in a top surface of the p-type well region

CCD charh _ rmed | . X ype vel | regi
of Lo si I Tamk R latd It RORA G U ae b e A PR b &AL 0P np SRIGH IR,

region [p@ftidanE_MHs forRRd Wete -89k WR113E80n S2OIANRS IR MR I hﬁlé}iﬁ-%fgg Irfi%%on?, 11

phot oel ectric conversion region 323 and the n-type CCD channel

10 I'n Bheisfolrndd &f abettdiTega! o thk siliced RoTe PbrivAVIzagatd e @#ttryzp@elé_ﬁﬁhlqgolg’@(ﬁl
the silicon hole portion 334 is formed in the p-type well region 320 to

def i neregitvoB@8 tshfermedin apat pfa yidewnk @if de silBEd lidde portivRd 34 Mn sobeticomiad of
the silicon hole portion 334, and the p+type el enent isolation region 308
i s forfedhd prdyparegiof 383si dswadypeophdtbeiedrit icooverkioh eegiont 32nis3fdmed in a
connected relation to the_p+tége re%ion 303. An n-type photoel ectric
cohver 8PN dghe -ty wel regiprBdl lepated s npash thopr-tfpet egiop-30§ edvie lal partexfiaon
320 | ocat ed bene the prtype region 303 and in a part of a |ower portion
of t he B stanaion grthe HASRT bl sHisbe Hals Rarkion 33 and e (aneli clintsodh 315,316

el ectr gr%ea 503%051'1’1163 106131 the sidewall of the silicon hole portion 334 through the gate dielectric film

328. The n-type CCD channel region 312 is formed in a top surface of the p-type well region

320 and in a part of an upper region of the remaining part of the sidewall of the silicon hole

20  portion 334, and the read channel 338 is formed in a region of the p-type well region 320

sandwiched between the n-type photoelectric conversion region 324 and the n-type CCD channel
region 312.

In the solid-state image pickup element having the p+-type region 304, the silicon hole

portion 333 is formed in the p-type well region 320 to define a hole therein. The p+type region

25 304 is formed in a bottom wall of the silicon hole portion 333, and the p+-type element isolation

region 308 is formed in a part of a sidewall of the silicon hole portion 333 in connected relation

to the p+-type region 304. An n-type photoelectric conversion region 325 is formed in a

portion of the p-type well region 320 located beneath the p+-type region 304 and in a part of a

lower portion of the sidewall of the silicon hole portion 333, and the transfer electrode 319 is
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are also fornmed on the sidewall of the silicon hole portion 334 through the
gate dielectric film 328. The n-type CCD channel region 312 is fornmed in a
top surface of the p-type well region 320 and in a part of an upper region
of the remaining part of the sidewall of the silicon hole 20 portion 334,
and the read channel 338 is fornmed in a region of the p-type well region

320  sahdvosied oh etisnaeavilher fhe tsidn MRt B8ti6E 853 ehr6 QN Ble UaNdiEROHR Tl thgand
the n-type CCD channel region 312. In the solid-state inmage pickup el ement

havi ng Thee-typt Y16zD ckeginehregidh, 3 10He f@tded ¢oa thohefach of tHeQhtypd IvdliSrebiah TR ahd
the p-type well region 320 to define a hole therein. The p+type region 25
304 i s ifh erpagdfian uppotegiom ofdhd renfaitihg psit loff dernsiduwadl gfahé sdivoBB3le partbnt 383,
p+type elenment isolation region 308 is fornmed in a part of a sidewall of

t he si lang ghe heade chanmel A7 383oimmedc imaaegiod ofethatp-type well trbgop-A2YPpendeighed
304, An n-type photoelectric conversion region 325 is forned in a portion
of ?he bst\wpéhwwerrévgmﬂrﬁcmqn@e@mdeﬁenégﬁ and the nptypy €D ehinpel 18OAn 3h2 i n
a part of a Iow?r ortion of the sidewal!| of the silicon _hole portion 333,
and the triandperlidiskds imere pirbup slemeyt haviag fthe pedyen regien 303ethal silicon hake
silicon hole partion 333 through the gate dielectric film328. The n-type
CCD ch&RHER 3r4§g}F %q{ﬂ@ﬂznf H“B’Pﬁé’f?llirﬁglaﬂt3é§t%@ﬁfm@é10é€f thepsdn. p - tReyeH-Wee regieyi on
320 an i.n.a rt of an upp regi on. of the remgainjng part of the sidewall
of t he 07 11 6ERBR & Sy Snt Shuindkoora Bnah B riSbs Slemspiisdlonon o

5, rbied 3 BRI PR R S B e
| i d- j: i i +t i 305,. t
et T e e R R
101 ARSI FI00PC e Rotubal IR LI Al AT

for Wdld%rg)d?ﬁéﬁ 0P thesi@ARINGE the ilidoRencté bbRIBR JA8! End el irHifc bleckiBd£ 8NP ed
relation 10 to the p+type region 305. An n-type photoel ectric conversion

r egi onaBaGoinsed @1 thedidewalt offibé kiliodn Gbletgoeridir 3430@rovahl thé @ae QlicldAf. Fias abed
beneath the pt+type region 305 and in a part of a |ower portion of the

si dewallhe aftyph€CE ¢thanoel rhgibe 3pd it forned4Ba toprirfateof thapstype well eedico8E0 34¥ i s
al so fornmed on the sidewall of the silicon hole portion 343 through the
galt® dires eatt of en ippenregien of theeremainjpepatOnf dbh aivdewsiall of ghosilidkBhile poiomdd3j n a
top surface of the p-type well region 320 and 15 in a part of an upper
regi onaeft ﬂ?enéeafieﬁﬁ’inﬂ?lné‘? Ip&y forgrdtiRea seddemel |thod-tyae veill ragon R0 sapbyichaen
343, between the n-type photoelectric conversion region 326 and the n-type CCD channel region 313.
In the solid-state image pickup element having the p+-type region 306, the silicon hole
portion 332 is formed in the p-type well region 320 to define a hole therein. The p+-type region
20 306 is formed in a bottom wall of the silicon hole portion 332, and the p+-type element isolation
region 309 is formed in a part of a sidewall of the silicon hole portion 332 in connected relation
to the p+-type region 306. An n-type photoelectric conversion region 327 is formed in a
portion of the p-type well region 320 located beneath the p+-type region 306 and in a part of a
lower portion of the sidewall of the silicon hole portion 332, and the transfer electrodes 317, 318
25  are also formed on the sidewall of the silicon hole portion 332 through the gate dielectric film
328. The n-type CCD channel region 313 is formed in a top surface of the p-type well region
320 and in a part of an upper region of the remaining part of the sidewall of the silicon hole
portion 332, and the read channel 336 is formed in a region of the p-type well region 320

sandwiched between the n-type photoelectric conversion region 327 and the n-type CCD channe!
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and the read channel 341 is fornmed in a region of the p-type well region
320 sandwi ched between the n-type photoel ectric conversion region 326 and
the n-type CCD channel region 313. In the solid-state i mage pi ckup el enent
havi ng the p+type region 306, the silicon hole portion 332 is forned in
the p-type well region 320 to define a hole therein. The p+type region 20
306 i s regionB8d3in a bottomwall of the silicon hole portion 332, and the
p+type elenment isolation region 309 is fornmed in a part of a sidewall of
the sil[08¥H hol e portion 332 in connected relation to the p+type region
306. An n-type photoelectric conversion region 327 is fornmed in a portion
of the p-t#pectaleshield Gl A0 Bforhet ahayd themestdr clduaopestdige3 1% §il 6,813061 R8d9 i n
a part of a lower portion of the sidewall of the silicon hole portion 332,
and t héngoarke ede\etlgafrtb@ebcmhole BoRiops 339.6334) ¥4, £03.768 throughe dsiletivalilm of
the Sil] é n hole portion 332 through the gate dielectric film 328. The
n-t pe channel region 313 is forned in a top surface of the p-type well
regi on &%ﬁ and in a part of an upper region of the remaining part of the
si dewallf the silicon hole portion 332, and the read channel 336 is

¢ phot oel et PREe Ogﬂr‘f@@%ﬁeﬁtﬁ%ﬁ%%?f%# L£% 32%11365 By%%%%%%%r@%‘fgﬁg%n%g? n-
o St b Ein S50R6R e E L it AP godighe ok t%et‘ié%stg?ﬁr oAt

300 [ o578) BicREb Sl Fos, Wi piliihe ditiontie HBANA LR RYE okl ih R
313p 3 Jigﬁbcgntfsgﬁﬁr@ﬂtet Phefd tpgr.g(;illg'erbmétl? SokOW KIh&F St O%)Q%ds@eraetléc%%ﬂgy3 ﬁ@%\t@%ﬂ 6t he

silicon hole portions in cent ones of 't sta

el enenB1y 038, 30id BrRassh Mk HMWHDHE ﬁh@ %ssro'é‘ﬁt&%%l&éb‘ﬁ vl ﬂh?&.{cé#tﬂ% Batl etéléc@fné in

the 10 adjacent solid-state inage pickup el enent rows. the transfer

el ect r gii@s add 4he &hbsfetctrodet 73143385, 318 3117, BB Ak higngddRValabebipdrhe
associ ated silicon wall through t he gate dielectric film and the transfer

el ect r oclaSorBbkaciBdther Bl 6 giveh djst@it8, Bilopetian thgReniypeSP@Detham fdgions,
relation to each other by a given distance. In cooperation wth the n-type
CCD chémeinsfergilentrode X1He 31 ¥.ahdt 8178 B t¥18deal@ldp a3tHicaBthargd transfa 8evidl9
mall(Se UF() %C\f)e)rftolr %r%ltsfgglanrggselgﬁarl %ﬂgrfggsr ggr?e\;flzttgc? in the photodiodes in the vertical direction.
The VCCD is configured as a four-phase driven type (¢1 to ¢4) in which four transfer electrodes
are provided in each of the photodiodes, and adapted to be driven in respective different phases
so as to transfer signal charges generated in the photodiode, in the vertical direction. Although
the VCCD in the third embodiment is a four-phase driven type, it is apparent to those skilled in
20 the art that the VCCD may be configured to be driven in any other suitable number of phases.
[0046]
Although not illustrated, as with conventional CCD image sensors, a color filter, a
microlens and others are formed on the metal shield film 330 through a protective film and a
flattened film.
25 [0047]
With reference to FIGS. 6(a) to 21(b), one example of a process of producing the solid-state
image pickup element (the solid-state image pickup device) according to the above embodiments

will be described below.

[0048]
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15 (VCCD) for transferring signal charges generated in the photodi odes in
the vertical direction. The VCCD is configured as a four-phase driven type
(<pl to (p4) in which four transfer electrodes are provided in each of the
phot odi odes, and adapted to be driven in respective different phases so as
to transfer signal charges generated in the photodiode, in the vertical

di recti on. InAFIGOUGE) bhel(WCRchnfighe §ufiikal Bﬁbﬁﬁidﬁﬂnéachsﬁ?léowfﬁﬁé?ﬁﬁg C(&
driven type, it is apparent to those skilled in 20 the art that the

may be courdpogds éxlatopodsaecidnviaken nloapytholihe X sXij' i@bl@ hundercrofs-Rbasetken

[ 0046] Al though not illustrated, as with conventional CCD i nage sensors, a
col or fldangghe lige YmYatiolfdGs2, aenpectivedy.s are forned on the netal shield film
330 through a protective filmand a flattened film 25 [0047] Wth

ref ereh o FIGS. 6(a) to 21(b), one exanple of a process of producing the
sol [ d-state image pickup el enent (the solid-state inmage pickup device)

accor di ng 2 &-vRe Weblopgoankddds femeed ingn wpnse regiere pf B d-tipe silicof GUASHe 5 n
FIGS. 6(a) to, 21(b). each figure suffixed by (a) and each figure suffixed
by (b) 31(1@6? P@éﬁé‘ﬁf&#qlds é”'ﬁﬁ‘f%&-ﬂ%f‘ejé'ﬁmﬁ”%lbll@éwﬂéllérﬁ@lqshé(a)mé 6?&3))-x1' in FIG 2
and a T&g%i-section taken along the line Yi-Y1' in FIG 2, respectively.

[ 0049] p-type well region 114 is fornmed in an upper region of an
n-type sil4con.supstra 5 and an i de fi Ls.fo on the

- type wel [MERIRCRA P het i orgp i ooderfl iack 2pEAES "Shatd laL 1 1 m i s

et ched orm an oxide-filmmask 202 (FIGS. 7(a) and 7(b)). [0051] 10 The
[6¢31

p-type well region 114 is etched to forma silicon hole portion (203, 204)
F . 8 \ - 1 0052 [ : bjgat
(1S5S AR o OS2 T 5 PRk APRGH Hid
and 8(b)).
[0052]

The resulting product is subjected to an oxidation treatment to form an oxide film (205,

206) thereon in order to prevent the occurrence of ion channeling during an ion-implantation
15 process. Then, polysilicon is deposi;[ed thereon, and etched to form a sidewall-shaped

polysilicon film (207, 208) as a mask for use in the ion-implantation process (FIGS. 9(a) and

9(b)).

[0053]

Phosphorus (P) or arsenic (As) is implanted, and the resulting product is subjected to

20  annealing to form an n-type photoelectric conversion region (110, 111) (FIGS. 10(a) and 10(b)).

[0054]

A resist (209, 210) is formed, and then a portion of the polysilicon film corresponding to a
pt-type element isolation region to be formed in a sidewall of the silicon hole portion is etched
(FIGS. 11(a) and 11(b)).

25  [0055]

The resist is removed, and then boron is implanted to form a p+-type region (104, 105)
(FIGS. 12(a) and 12(b)).

[0056]

The remaining polysilicon film and the oxide film are removed (FIGS. 13(a) and 13(b)).
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206) thereon in order to prevent the occurrence of ion channeling during an
ion-inplantation 15 process. Then, polysilicon is deposited thereon, and
etched to forma sidewal |l -shaped polysilicon film (207, 208) as a mask for
use in the ion-inplantation process (FIGS. 9(a) and 9(b)) [0053]
Phosphorus (P) or arsenic (As) is inplanted, and the resulting product is
subj ecfeeb7o 20 annealing to forman n-type photoel ectric conversion
region (110, 111) (FIGS. 10(a) and 10(b)). [0054] A resist (209, 210) is
formed, andinbkele fdmpisrdepositedf artd) aftpobeisg Kliateredf edchedcorfoas ponakkndr uge & an
p+type el enent isolation region to be fornmed in a sidewall of the silicon
hol e pdent-plontatien prochesd FIG$-1 1@%) abd(Idfb)and 11(b)). 25 [0055] The resist is
renoved, and then boron is inplanted to forma p type region (104, 105)

(FI GS. [49%84) and 12(b)). [0056] The remaining pol ysilicon filmand the
oxige filmare repoved (FIGS. 13(a) and 13(b)). 22 &QOS? An oxide film

i s deposi t/eR oxidediiloy 23 ris Wepeited | tat Rrevrad  the PE¢HEENED Of demhe ng doringigke i n

an ion-plantation process (FLGS. 14(a) and 14(b)). [0058] 5 An oxide film
213 is“Hgﬁ@gﬁﬁﬁﬁnfﬂgﬁﬁﬁ&é%ﬁ§ﬂﬁ@ﬂéﬁéégﬂéhce of ion channeling during the
ion-inié ation process (FIGS. 15(a) and 15(b)). [0059] Phosphorus (P) or
ar seni (?%i) is inplanted to forman n-type CCD channel region (103, 108,

105) () Syckbls PR 0 QRSB 5% L o B ey B
(101, 18)1065HF8s. Hhfnd g/ (P)) -
10 [0060]
A resist (214, 215, 216) is formed, and then boron is implanted to form a p+-type element
isolation region (101, 102) (FIGS. 17(a) and 17(b)).
[0061]
The resist and the oxide film are removed (FIGS. 18(a) and 18(b)).
15 [0062]
A gate dielectric film 117 is formed, and then polysilicon is deposited and flattened (FIGS.
19(a) and 19(b)).
[0063]
The polysilicon is etched to form a transfer electrode (106, 107) (FIGS. 20(a) and 20(b)).
20  [0064]
A dielectric film 119 and a metal shield film 116 are deposited, and then the metal shield
film 116 is etched (FIGS. 21(a) and 21(b)).
[0065]
In the above example, the transfer electrode may be made of an electrode material
25 commonly used in semiconductor processes or solid-state devices. For example, the electrode
material includes low-resistance polysilicon, tungsten (W), molybdenum (Mo), tungsten silicide
(WS1), molybdenum silicide (MoSi), titanium silicide (TiSi), tantalum silicide (TaSi) and copper
silicide (CuSi). The transfer electrode may be formed in a multilayer structure using such a

material without interposing a dielectric film therebetween.

23




[0061] The resist and the oxide filmare renoved (FIGS. 18(a) and 18(b)).
15 ['0062] A gate dielectric film117 is fornmed, and then polysilicon is
deposited and flattened (FIGS. 19(a) and 19(b)). [0063] The polysilicon
is etched to forma transfer electrode (106, 107) (FIGS. 20(a) and 20(b)).
20 [0064] A dielectric film119 and a netal shield film 116 are deposited,
and t h¢dodashhe metal shield film116 is etched (FIGS. 21(a) and 21(b)).
[0065] In the above exanple, the transfer el ectrode nay be made of an

el ect r ode hmatexrinale, tiRbmemhshieldy film enayi be $@medaduniead [Moniads 6f oo selected
solid-state devices. For exanple, the electrode material includes

| ow- r edost élrfﬁ:@ﬂpm 9®lSiSt109an elurmgsire (A1) chromiupb dEny rmidetdn, (Mangsmam (Ti),

silicide (W), | ybdenum silicide (MSi), titaniumsilicide (TiSi),

t ant al mﬂigbdenemc{édq)ml)oydnwrmqwf a comtiinstion of OuSY moThtheraokrs fagnultilayer

el efﬁtrode may be forped in a multilayer structure using such a nmateri al
ouinetH tdinfeanedjoha serabisation ef 779 on mpksrselssteddem thexrpap e@sisting of exanpl e,

the metal shield film be formed as a netal film nmade of one sel ected

froth@raFY@ﬁf)O @ﬁé@%%l:}ﬁﬁsaﬁdanwIﬁlafﬁwqaqftwlmlamrm), tungsten (W,

titani %&1 nol ybdenum (M), an alloy |ayer nmade of a conbination of

two or thereof or a mJItiIayer 5 rretal filmfornmed of a conbination

oo, o AP ShE it b 5 és Rty o ot nes087 ek Rougn

t he prgﬁﬁaanﬂeﬂy X 1sObona RERs£SRAEN B fﬁ? Mﬁaﬁo ftbus PESRL S0 @SR Al ¥ns

enbodi nent s ose s ed in

changes .9 gﬂ | dbeat hrﬁﬁ'&utjcg ﬁ%mg%p;ﬁ 'S??FM 5#}995%@58@;;%%2 ;5&19{;@ the

spirit anhd scope of the'inve Riion as set appende
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0068]

15 FIG. 1 is a sectional view showing a unit pixel of a conventional solid-state image pickup
element.

FIG. 2 is a top plan view of a CCD solid-state image pickup element according to one
embodiment of the present invention.
FIG. 3 is a bird's-eye view of the CCD solid-state image pickup element according to the

20 embodiment.

FIG. 4 is a sectional view taken along the line X;-X'; in FIG. 2.

FIG. 5 is a sectional view taken along the line Y,-Y'; in FIG. 2.

FIG. 6(a) is a sectional view (X;-X'; section) showing a step of one example of a production
process for the CCD solid-state image pickup element according to the embodiment.

25 FIG. 6(b) is a sectional view (Y1-Y"; section) showing the step in FIG. 6(a), in the example
of the production process for the CCD solid-state image pickup element according to the
embodiment.

FIG. 7(a) is a sectional view (X;-X'| section) showing a step of the example of the

production process for the CCD solid-state image pickup c¢lement according to the embodiment.
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BRI EF DESCRI PTI ON OF THE DRAWNGS [0068] 15 FIG 1 is a sectional view

showi ng a unit pixel of a conventional solid-state inmage pickup elenent.

FIG2 is a top plan view of a CCD solid-state inmage pickup el ement

according to one enbodinent of the present invention. FIG3 is a

bird s-eye view of the CCD solid-state inage pickup el enent according to

the 20 enBEHI7fENs a setidnd] viewa(Y5eLY isenivh) Yh@ving akefie@lroFIg: 708, ini the exéinpfe 1

in FIG2. FIG5 is a sectional viewtaken along the line Y1-Y'1 in FIG 2.

FI G 6(d) the spradessioni proagssvioewhé¢ XACHK Solglextite dmags hhslupgelamshie pcodkdiopao the

exanpl e of a production process for the CCD solid-state inmage pickup

el errentenﬁ@éiﬁﬁ@ﬂtng to the enbodinent. 25 FIG 6(b) is a sectional view

(Y1-Y'1 section) showing the step in FIG, 6(a), in the exanple of the

product i onf X5t o¥ak s 1ao$ecgﬁ@1 Capwsofi-Yh steatien); shogdnpiac kep of teeenampde of dheg

to the enbadinent. fgl %r?é&)) IS a sectional view (X1-X 1 secti onz) showi ng a

step ofPTRHHEUER BIRTFES 67 ¢ SPlidratate B1ngp piskeR slemsnt aggardgerodhe pmbediment.

i mge pick l.ement accoydi ng the enpodinent. 24 FIG 7(b) is a

secti onal ERBIOVA AveicEBLY B 1SR bM<HGn HSrbHc SEIRGIR A2, inrihe peample

exanmple. of th roductio roc for. .the CCD solid-state image. picku

el ementOfatg% r“%‘?‘h Of PIPRES nf@ﬁﬁ@%mts.oli‘ﬁséte arase ipéCkéﬂps@‘é‘f‘Fan%‘iC%W’é&vt?)? ¢x 1

section), Hﬁﬁ%n@g a step of the exanple of the 5 production process for the
-state

CCD sol i mge pickup el enent according to the enbodinent. FIG

8(b) i tg ' Y, Eegt | hawipg, the step.in Fl G 8 i
the exampl oo (The Brsaietl ons s CTEes PRlordy Bl & fed <EPue vl 3 houp”

el euentrafefbtpeedsFot e C(ﬁﬁ?&iﬂ—&ﬁﬁtiwa@é ch%cﬁ;(e Qﬂerfgﬁt a%cgrggt{é QR b EMLE é; X1

section) showing a step of the exanple 10 pro on process
the CCD sOTGH9@)ad & skdiRESE! xﬂbﬁ$¥9—&el SIVRDE) HRGREFNRStdOn G, 63D lged &G |
, in ’

9(b) is a sectional view (Y,-Y' 1 section) showing the step in
t he exafiphe production process for the CCD solid-state image pickup element according to the
embodiment. |
FIG. 10(a) is a sectional view (X;-X'; section) showing a step of the example of the
15 production process for the CCD solid-state image pickup element according to the embodiment.
FIG. 10(b) is a sectional view (Y;-Y'; section) showing the step in FIG. 10(a), in the
cxample of the production process for the CCD solid-state image pickup element according to
the embodiment.
FIG. 11(2) is a sectional view (X;-X'; section) showing a step of the example of the
20 production process for the CCD solid-state image pickup element according to the embodiment.
| FI1G. 11(b} is a sectional view (Y;-Y'; section) showing the step in FIG. 11(a), in the
example of the production process for the CCD solid-state image pickup element according to
the embodiment.
FIG 12(a) is a sectional view (X,-X'| section) showing a step of the example of the
25  production process for the CCD solid-state image pickup element according to the embodiment.
FIG. 12(b) 1s a sectional view (Y;-Y'; section) showing the step in FIG. 12(a), in the
example of the production process for the CCD solid-state image pickup element according to

the embodiment.

FIG 13(a) is a sectional view (X;-X'; section) showing a step of the example of the
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of the production process for the CCD solid-state image pi ckup el enent
according to the enbodinent. FIG 10(a) is a sectional view (X -X1
section) showing a step of the exanple of the 15 production process for
the CCD solid-state inage pickup el ement according to the enbodinent. FIG
10(b) is a sectional view (Y1l-Y' 1 section) showing the step in FIG 10(a),

in the pyémpbse pedcetr HeAUUDsbRA- sRfOiHRSS f&ﬁp%ﬁ%e@@cﬁf&h@t&%@%ﬁlbbm& _

pi ckup el ement according to the enbodinent. FIG i's a sectional view
(X1- X 1 seElG. orBYb)s wowi segtichab iy @l -he samnplsﬁo@hgtthe ste})oupn:@@um(laprin the
process for the CCD solid-state inmage pickup el enment according to the -
enbodi regample ¢ Be prddusfion pravesetitrithn AICHY selid-§titk-iMage iukup emaeh evtordinghe
step in FIG 11(a), in the exanple of the production process for the CCD
sol i d- shaembodimgat. pi ckup el enent according to the enbodinent. FIG 12(a) is
a sectional view (X1-X 1 section) showng a step of the exanple of the 25
product i on'ist o) isf érse@tﬁél&bw\%éxré( steaten) showingi Tlstep of dreertample mfdhag

to the enbodinment. FIG 12 s a sectional view (Y1-Y' 1 section) show ng
the st é&f° WIFﬂP @OCE%S(fas the; ]Pﬁ@h%ﬁta%ﬁ@%mc@(ﬁbebﬂ@éhmcpﬁhﬂgﬁodb@s@b@@menhe
CCD sol i d- mage pi cku eI e according to the enbodinent. FIG
13(a) i s c]t4"(®n5§l a\FF@Wr’E’ Ti;’é’clt PRSHPD) Bt ing the §fe@pmofl@ hi(@xdaphe of

t he ess for SO|I -state i npge ckup el errent
accor di° H%‘“P’% U eé’ %Hf"ces Oéﬂle%}gp F%h SStale Amags RiC VP mepi ageording to
secti orag Q%Q]g he step in FIG 13(a), in the exanple of the production
process solid-state image pickup el errent according to the

enpgdi rTentFIG5 15 I e Og‘s@r%tho'nﬁl @16%@35( %akec\ﬁog)wslg at ﬁ%%%&%?)?ag?pi% é’? éﬁe

step of the exa n pr ocess

i mage @k&iﬂdﬂoﬁ bRIEA o AHE ¢ 8lid- &a{ehﬁlaﬁgﬁfggﬁl@%&?nszl%:l:&'dgn%]t%)thé Smb cﬁt%%x‘&tj onal

view (Y1l-Y' 1l section) show ng the step e exarrp

P the embodinan S0 EranTErsy VLT iaktn) SRBAn o YR IRE LROET i
show ngxampleef thé prdiRicexapRicessobr teCCD solid-state image pickup element according to
the embodiment.
15 FIG. 16(a) is a sectional view (X;-X'| section) showing a step of the example of the
production process for the CCD solid-state image pickup element according to the embodiment.
FIG. 16(b) is a sectional view (Y;-Y'; section) showing the step in FIG. 16(a), in the
example of the production process for the CCD solid-state image pickup element according to
the embodiment.
20 FIG. 17(a) is a sectional view (X;-X'| section) showing a step of the example of the
production process for the CCD solid-state image pickup element according to the embodiment.
FIG. 17(b) is a sectional view (Y,-Y'; section) showing the step in FIG. 17(a), in the
example of the production process for the CCD solid-state image pickup element according to
the embodiment.
25 FIG 18(a) is a sectional view (X;-X'| section) showing a step of the example of the
production process for the CCD solid-state image pickup element according to the embodiment.
FIG. 18(b) is a sectional view (Y;-Y'; section) showing the step in FIG. 18(a), in the
example of the production process for the CCD solid-state image pickup element according to

the embodiment.
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production process for the CCD solid-state inmage pickup el ement according
to the enbodinent. FIG 15(b) is a sectional view (Y1-Y' 1 section) show ng
the step in FIG 15(a), in the exanple of the production process for the CCD
solid-state i mage pickup el enent according to the enbodinent. 15 FIG 16(a)
is a sectional view (X1-X 1 section) show ng a step of the exanple of the
product i onFY# ot¥s)s isf arsettimnalOleve qlXi,<K's tsadtivn) hoeing & letdp of e Bkarasle widihag
to the enbodinent. FIG 16(b) is a sectional view (Y1-Y' 1 section) show ng
t he st épodustien Erocesy @y thei GCHvelidstapinmge fpidknp elenwntsdcontingtoahe ssmbbdimenhe
CCD solid-state jinmage pickup el ement according to the enbodinment. 20 FIG
17(a) is alKeckbha axﬁe@twrxaﬁylw (YsaCt isentipny rsgwmg the stapp i FIGhE9(ekanpthe of
t he product?i on_process for the CCD solid-state image pickup el enent

accor diSfgmPy ¢ 'éleéﬁ%cgml%chesarf%thq{i@@ splid-glatedmage midkup ekameny acoprding to
sectio showi.ng the step in FIG 17(a), in the exanple of the production
pro esgﬂef gpg‘\?,\aigl%&D solid-state i nage pickup el enent according to the

orbod ot gl B 31880 SR e 4 RS AT Pl B
TS Do B PR 0 Bl Ry LS L Bk SRS O
P 0L O onER R LNBaEe O A AR W h R A b0
S el 6 k08P o RSB AU RACERSe LA e

a gsect ingn@hbodigent Y1-Y' 1 section) showing the step in FIG 19(a), in the
exanpl e of the production process for the CCD solid-state inmage pickup

el ement addox dil(y isoa sbetiohe] STEROEKIBNL sectiblf REhg | &5 s@p SECTHEOBAMPY Y the
(X1-X 1 section) showing a step of the exanple of 'the " production process

f or t herddtrisropiodessifat the i(HHY soljpl-sthizimabepekiip ele@entdicoerding th ie: @ARREImERNT .
FIG 20(b) is a sectional view (Yl -Y' 1 section) showing the step in FIG
20(a), i n ke 2éianp| @ sedtionhle vigmo (YicT osecpocsssvifigithd bep GRIFIEH|31¢)s tatiee
i mage pickup el enent according to

example of the production process for the CCD solid-state image pickup element according to

15  the embodiment.

FIG 22 is a fragmentary top plan view of a solid-state image pickup device comprising a
plurality of CCD solid-state image pickup elements arranged in a honeycomb array, according to
another embodiment of the present invention.

FIG. 23 is a fragmentary bird's-eye view of the solid-state image pickup device according to

20  the embodiment.

FIG. 24 is a sectional view taken along the line X,-X'; in FIG. 22.

FIG. 25 is a sectional view taken along the line Y,-Y", in FIG. 22.

FIG. 26 is a fragmentary top plan view of a solid-state image pickup device comprising a
plurality of CCD solid-state image pickup elements arranged in a matrix array, according to yet

25  another embodiment of the present invention.

FIG. 27 is a fragmentary bird's-eye view of the solid-state image pickup device according to

~ the embodiment.

FIG. 28 is a sectional view taken along the line Xs-X'; in FIG. 26.

FIG. 29 is a sectional view taken along the line Y3-Y"; in FIG. 26.
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10 the enbodinent. FIG 21(a) is a sectional view (X1-X 1 section) show ng
a step of the exanple of the production process for the CCD solid-state

i mge pickup el enent according to the enbodinment. FIG 21(b) is a sectional
view (Yl -Y' 1 section) showng the step in FIG 21(a), in the exanple of the
production process for the CCD solid-state image pickup el ement according
to 15 the enbodinent. FIG 22 is a fragnentary top plan view of a
solid-state i mage pi ckup device conprising a plurality of CCD solid-state

i mmge EXPIPABIATEINSORF COIYES i n a honeyconb array, according to another
enbodi nent of the present invention. FIG 23 is a fragnmentary bird' s-eye

vi ew of[006f] solid-state i mage pickup device according to 20 the
enbodiment. FIG 24 is a sectional view taken along the line X2-X 2 in FIG
22. FI1&: ng®pd subsirgect i onal vi ew taken along the line Y2-Y' 2 in FIG 22.

FIG. 26 is a fragmentary top plan view of a solid-state inmage pickup device

con‘érl 51|an type PEWFeRen y of CCD sol i d-state i nmage pickup el ements arranged
in a matrix array, according to yet 25 another enbodi nent of the present

i nvent i on-tHpeRhopoelecdng canvarsiAnTeaiop bird' s-eye view of the solid-state

i mage gl ckup device according to the enbodinent. FIG 28 is a sectional
view t akeR AYRSTGECRe line X3-X'3 in FIG26. FIG 29 is a sectional view

t aken all ong.the lin Y 3 in FIG 26. 27 EXPLANATI ON OF CODES [0069] 11:

n-type 'SuBs prteéergezfésoi??}mt‘vﬁ%‘oﬁell region 13: n-type photoel ectric
conver §'6°Ht@':@§ Rﬁ%?e?) %/rge region 15: p+type el enment isolation region

n-type
10 17: 81 oxide film
18: transfer electrode
20: metal shield film
24: metal-shield film opening
101: p+-type element isolation region
15 102: p+-type element isolation region
103: n-type CCD channel region
104: p+-type region
105: p+-type region
106: transfer electrode
20 107: transfer electrode
108: n-type CCD channel region
109: n-type CCD channel region
110: n-type photoelectric conversion region
111: n-type photoelectric conversion region
25 112: read channel
113: read channel
114: p+-type region
115: n-type substrate
116: metal shield film
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10 17: Si oxide film18: transfer electrode 20: netal shield film 24:

netal -shield fil mopening 101:. p+type el enent isolation region 15 102:
p+type el enment isolation region 103: n-type CCD channel region 104: p+type
region 105: p+type region 106: transfer electrode 20 107: transfer

el ectrode 108: n-type CCD channel region 109: n-type CCD channel region

110: n-tlypeatpkii«aiietiltii c conversion region 111: n-type photoel ectric
conversion region 25 112: read channel 113: read channel 114: p+type

regi on 11918kelentricyfden substrate 116: netal shield film28 117: gate
dielectric film 119: dielectric film 201: oxide film 202: oxide-film mask
5 203: Xl pxidafilol e portion 204: silicon hole portion 205: oxide film
206: OXZiO%:eoiiidl:-rf?lm mask
5  203: silicon hole portion
204: silicon hole portion
205: oxide film
206: oxide film
207: polysilicon sidewail
10 208: polysilicon sidewall
209: resist
210: resist:
211: oxide film
212: oxide film
15 213: oxide film
214: resist
215: resist
216: resist
217: polysilicon
20 301: pt-type region
302: p+-type region
303: p+-type region
304: p+-type region
305: pt-type region
25 306: p+-type region
307: p+-type element isolation region
308: p+-type element isolation region

309: p+-type element isolation region

310: n-type CCD channel region
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207: polysilicon sidewall 10 208: polysilicon sidewall 209: resist 210:

resist
resist 216: resist 217: polysilicon 20 301: p+type region 302:

215:

211: oxide film 212: oxide film15 213: oxide film 214: resist

p+type region 303: p+type region 304: p+type region 305: p+type region
25 306: pt+type region 307: p+type elenment isolation region 308: p+type

el enent31il soitgtei @ODrehghrehregd@O: p+type el enent isolation region 310: n-type
CCD channel region 29 311: n-type CCD channel region 312: n-type CCD
channel312ewitype CGDIhame] yqeéonCCD channel region 314: transfer el ectrode 5

315:

i0

15

20

25

transfer electrode 316: transfer electrode 317: transfer el ectrode

313: n-type CCD channel region

314: transfer electrode

315: transfer electrode

316: transfer electrode

317: transfer electrode

318: transfer elecirode

319: transfer electrode

320: p-type well region

321: n-type substrate

322: n-type photoelectric conversion region
322: n-type photoelectric conversion region
324: n-type photoelectric conversion region
325: n-type photoelectric conversion region
326: n-type photoelectric conversion region
327: n-type photoelectric conversion region
328: gate dielectric film

329: dielectric film

330: metal shield film

331: silicon hole portion

332: silicon hole portion

333: silicon hole portion

334: silicon hole portion

335: read channel

336: read channel

337: read channel

338: read channel

339: silicon hole portion
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318: transfer electrode 319: transfer electrode 10 320: p-type well region
321: n-type substrate 322: n-type photoel ectric conversion region 322:
n-type photoel ectric conversion region 324: n-type photoelectric
conversion region 15 325: n-type photoel ectric conversion region 326:
n-type photoel ectric conversion region 327: n-type photoelectric
conver siddnraadghamel 328: gate dielectric film329: dielectric film 20 330:
metal shield film 331: silicon hole portion 332: silicon hole portion
333: sil4leconadisbhmneporti on 334: silicon hole portion 25 335: read channel
336: read channel 337: read channel 338: read channel 339: silicon hole
por t i orP430siBgen helepartigiannel 341: read channel 343: silicon hole portion
501: p+§0>ipe region 5 502: p+type region 503: p+type region
: pH-type region
5 502: p+type region
503: p+-type region
504: p+-type region
505: p+type element isolation region
506: p+-type element isolation region
10 507: n-type CCD channel region
508: n-type CCD channel region
509: n-type CCD channel region
510: transfer electrode
511: transfer electrode
15  512: transfer electrode
513: transfer electrode
514: transfer electrode
515: transfer electrode
516: transfer electrode
20 517: n-type photoelecfric conversion region
518: n-type photoelectric conversion region
519: n-type photoelectric conversion region
520: n-type photoelectric conversion region
521: read channel
25  522:read channel
523: read channel
524: read channet
525: p-type well region

526: n-type substrate
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504: p+type region 505: p+type el enent isolation region 506: p+type

el ement isolation region 10 507: n-type CCD channel region 508: n-type CCD
channel region 509: n-type CCD channel region 510: transfer el ectrode
511: transfer electrode 15 512: transfer electrode 513: transfer

el ectrode 514: transfer electrode 515: transfer electrode 516: transfer
el ect r otké: g@reBietectric firpe phot oel ectric conversion region 518: n-type
phot oel ectric conversion region 519: n-type photoel ectric conversion
regi on 2> diclegina e phot oel ectric conversion region 521: read channel 25
522: re channel ~523: read channel 524: read channel | 525: p-type well
regi on B26mefl slisld falghst rate 31 524: gate dielectric film 528: dielectric

film §%ﬁﬁsiméﬁﬁmégbﬁkg‘f"”‘ 530: silicon hole portion

5 531:silicon hole portion
532: silicon hole portion

533: silicon hole portion
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5 531: silicon hole portion 532: silicon hole portion 533: silicon hole
portion 32 What is clainmed is: 1. A solid-state inage pickup el enent
conprising: a second-conductive type planar sem conductor |ayer; 5 a
first-conductive type planar sem conductor |ayer forned on the

second- conductive type planar sem conductor |ayer; a hole portion forned
in the Whetss claometlist i ve type pl anar semiconductor |ayer to define a hole
therein; a first-conductive type high-concentration inpurity region forned
in a bottomwall of the 10 hole portion of the first-conductive type

pl anar sem conductor |ayer; a_ first-conductive type high-concentration

i mpur i tly- dfpebd-slatsiEage Pickup elesent egmprisiigrned in a part of a sidewal |l of
the hole portion of the first-conductiyve t¥pe pl anar seni conductor | ayer,
and connec@ﬁﬁOP'fPﬁngV?§ﬁﬁégﬂﬁﬁ€¥?W%mﬁ§5% #HEEh- concentration inmpurity

regi.on; a secqond-conductive type photoel ectric conversion region formed in
o portion SOTLRENIHEIVE RS Plagiitsal Fuplph LT AortedenieHaRREL epnchgisy type

| ocat e at-h the fi,rst-conductive type high-concentration inpurity
region?%%%pgﬁnﬁo%é#¥oﬂﬁyi& | ower region of the remaining part of the

sidewal | o e F f fi1rst-conductive.type planar
seniconduc%géﬁﬁggg#?ﬂ%ﬁ%hdggggé%&nﬁgéﬁﬁ%éFﬁ%ﬁgaﬁﬂﬁﬁﬁgmﬁﬁugﬁﬁiagrgﬁSﬂﬂF’%pon
recei vipag hi@ht; a transfer electrode formed on the sidewall of the hole
portion of the’first-conductive type 20 planar sem conductor |ayer through

a gate dief ﬁﬁs&fcbﬁdﬁ{duivﬁ]éy&f E@H-%Hceﬁ%ﬁt&lﬁdlﬁiﬁu%éé’%?%&ﬁ% Nehoth %%%p c{f%@‘?

in a top surface o I rst-conductive ty anar sem conducto ayer

andoi n haleRRirtiobf @B fRARShIIEEE &peQfladal SemicBARICRNGpart of the sidewal | of
the hole portion of the first-conductive type plarar sem conductor | ayer;

and 25 a refitit-chrditeive typertagh-con@nir@ginomirict-A6pdd ¢l&hemanslaigdd ¥0idny@Pened

pl anar sem conductor |ayer sandw ched between the second-conductive type

phot oeliee pait of e sidewalliob ther legé portian@f theefirst-conductive type planar semiconductor layer,
and connected to the first-conductive type high-concentration impurity region;

a second-conductive type photoelectric conversion region formed in a portion of the

15  first-conductive type planar semiconductor layer located beneath the first-conductive type
high-concentration impurity region and in a part of a lower region of the remaining part of the
sidewall of the hole portion of the first-conductive type planar semiconductor layer, and adapted
to undergo a chénge in charge amount upon receiving light;

a transfer electrode formed on the sidewall of the hole portion of the first-conductive type

20 planar semiconductor layer through a gate dielectric film;

a second-conductive type CCD channel region formed in a top surface of the
first-conductive type planar semiconductor layer and in a part of an upper region of the
remaining part of the sidewall of the hole portion of the first-conductive type planar
semiconductor layer; and

25 a read channel formed in a region of the first-conductive type planar semiconductor layer

sandwiched between the second-conductive type photoelectric conversion region and the

second-conductive type CCD channel region.

2. A solid-state image pickup device comprising a plurality of the solid-state image pickup
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second-conductive type CCD channel region. 2. A solid-state inmage pickup
device conprising a plurality of the solid-state imge pickup 33 elenents
as defined in claim1, wherein the solid-state inmge pickup el enents are
arranged in a mtrix array. 3. The solid-state i mage pi ckup device as
defined in claim2, which includes: 5 a plurality of the second-conductive
type Celsnamanedelingdiinakinddavhgpeinthesoptistas inggenfickupedements arecarcnizebint y pe
inpuri%g regi ons each extending in a colum direction at least in a region
bet weed"4H¥ 488Nt ones of a plurality of colums of the hole portions forned
in the first-conductive type planar sem conductor |ayer; and a plurality
of the first-conductive type high-concentration inpurity-doped el enent

ones. of | nERQREEREE R T e EYRe o CORNET AR 5 SASCIogeS: The bl | d- st at e
the o anst BRI EF PRSsEBUATRR o e S oS e Pl !
port§ ot PRrRRAABEER sRAEHn Clsch? Aok iRblagnnh DB Bircadl oy e
econd: aa et GRS BREn B arE TIBRAL, of Shitbof oo PEPRRbfeq nufhs or

theretWﬁﬁuﬂhd@ﬁﬁﬁghm%ﬁﬁﬁg@ﬁnﬂﬁﬂﬁkﬁhQQwﬁﬂth? associ ated solid-state inmage
pi ckup elenment. 20 5. A solid-state 1I'mage pi ckup device conprising a

plurality ofluelliehenthe firftecoalQMRS t?ﬁ&ﬁgh%@ﬂ@n%{i&girﬁ’ﬁurﬁyfdb%&f eléﬁkﬁtgfcﬁéﬁ&l‘a

i mage pickup elenent line and a second solid-state i nage pi ckup enent

|i @, wgiorei ench herahgddsto mrevénd csh@bELIWBGLadiheeht Bn€ 6MMBB lseddnlLoR@NENS lppedf @
plurality of the solid-state inage pickup elenments as defined in claim1
whi ch &) ehhanaelgegionm a first direction at intervals of a first distance,
and the second solid-state i nage pickup elenent |ine consists of a 25
plurality of the solid-state i mage pickup elenments as defined in claiml
whi ch are arranged inthe first direction at intervals of the first

di st ane at¥ seHdwlaspimags Pigkaipaievisn s defitrsl iniglaim I ovhick mchides a phaaldy pf tieup
elenment line in the fLrst direction by a given distance, and wherein the

first HAvplereletindeseichdommeste exipngdn pirew dhe@iomiBritregion bstwagn edigpers pneshef

el nt | ine groups e.arranged in .secaond direction perpendicular to

eEFT b iy B PR o B Rl ik Pne St R i e S e semiconductor
layer, and arranged along and in spaced-apart relation to the associated second-conductive type
CCD channel region by a given distance to transfer therethrough signal charges generated in the

associated solid-state image pickup element.

20 5. A solid-state image pickup device comprising a plurality of element line groups each
consisting of a first solid-state image pickup element line and a second solid-state image pickup
clement line, wherein the first solid-state image pickup element line consists of a plurality of the
solid-state image pickup clements as defined in claim 1 which are arranged in a first direction at
intervals of a first distance, and the second solid-state image pickup element line consists of a

25 plurality of the solid-state image pickup elements as defined in claim 1 which are arranged in the
first direction at intervals of the first distance and in displaced relation to the first solid-state
image pickup element line in the first direction by a given distance, and wherein the first and
second solid-state image pickup element lines in each of the element line groups are arranged in

a second direction perpendicular to the first direction at interval of a second distance, and the
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34 elenment line groups are arranged in the second direction at intervals of
t he 'second di stance and in displaced relation to each other in the first
direction. 6. The solid-state i mage pickup device as defined in claimb5,
which includes: 5 a plurality of the second-conductive type CCD channel
regions made up of a plurality of second-conductive type inpurity regions
each exdenditdigeignoupseaot amangdd retheiserpndtditeetiot atiinteavalsrofghosecbad drancadjdaaent
ones of a plurality of columms of the hole portions forned in the

first- cHederedirlation ecash ather isbaifiegwingetior. | ayer, while passing through the
respective hole portions in the adjacent colums; and 10 a plurality of
the first-conductive type high-concentration inpurity-doped el enent

i sol ation egi.ons arranged to, prevent contact between adjacent ones of the
second -680 nE{ﬁ% ?‘?IVQS"W pragapckyhdayirg asde§neshi claim yghighhinchidss:at e i mage

pi clkup devjc s defined in claimé6, whi includes, a plurality of the 15
traﬁsf er ef gﬁ'{rglbtéfe@ th%éﬁcofla"rcﬁﬁ Ctt’é’eéxf?eeﬁg:rﬂ? Rhannclpeigns deadedw oha Rlurdgy oh
bet wee j @ es of. a .pluralit f rows of the. hole.portions formed
"n the SRR RAT o8 il Mefins oo el = ot Silifion Spest T

t hr ough.§: CL k- rtins:). N he adj nt . rows, .wher.ein.t.he

t r ansf g?élgﬁe]{:e?‘? gegleédjétfeeg b g)&lfgsaﬁgeadb ﬁ]ﬁaﬁls e ‘-?%nf)lggr ? £ ?151 i TR, St i ethe by

a gi venj il Inanss et %lpg @15{9&9’ s.%.hg&ﬁ'ldu&{agrlg)geit 4ane rﬁgﬁﬁle% Iﬂ%&ggﬁ: Qhé)frestpg(gggc]ﬁlge

solid-state | mage up el enents, ransferr al ohg

an ass@pidirRGn e dMeehit®niRs0a6d conductive type CCD channel regions. 8. A
nmet hod of producing a solid-state inmage pickup el enent, conprising the

staps of: a fammmgfaqehmsﬁccﬁﬂh&ﬁmyg@héghtmcaﬂmbﬁ ikP&QLddped Blethent isolation
first-conductive type planar sem conductor |ayer fornméd on a

second-regiontuaringed ty peeviehBdumitacs @eiveen ddjucott dnay ef the2Rcdil ndctive type CCD
first-conductive type high-concentration inpurity region in a bottom wall
of t he chéroickrggomisi on of the first-conductive type planar seni conduct or

| ayer; formng a first-conductive type high-concentration inpurity-doped
el enment isolation region in a part of a sidewall of the hole portion of
the first-conductive_ type planar sem conductor |ayer; formng a

second-conbiifctolifestaly pragshiielon dovice as debnodimstlaim peghish indudss eadpluelivymdehgo a
? |5|1 g? ?gxgﬁ#ﬁrg?lg&g)rcgg 5%%%% E)OeI;(tgnedCi%Iavrlogvgdill‘elcggrg in zlt gg%npb%gvée?lnad_?gcelgthoenes of
a plurality of rows of the hole portions formed in the first-conductive type planar semiconductor
layer, while passing through the respective hole portions in the adjacent rows, wherein the
transfer electrodes are arranged in spaced-apart relation to each other by a given distance to
allow signal charges gencrated in each of the solid-state image pickup elements, to be transferred

20  along respective an associated one of the second-conductive type CCD channel regions.

8. Amethod of producing a solid-state image pickup element, comprising the steps of:
forming a hole portion defining a hole therein, in a first-conductive type planar
semiconductor layer formed on a second-conductive type planar semiconductor layer;
25 forming a first-conductive type high-concentration impurity region in a bottom wall of the
hole portion of the first-conductive type planar semiconductor layer;
forming a first-conductive type high-concentration impurity-doped element isolation region
in a part of a sidewall of the hole portion of the first-conductive type planér semiconductor layer;

forming a second-conductive type photoelectric conversion region adapted to undergo a
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sem conductor |ayer | ocated beneath the first-conductive type

hi gh-concentration inpurity region and in a part of a |ower region of the
remai ning part of the sidewall of the hole portion of the first-conductive
type planar sem conductor layer; 5 formng a transfer el ectrode on the
sidewal | of the hole portion of the first-conductive type planar

seni corffiaegom theyze ampurguplenaeegivieg dight, éotar partibn lofithe Hrsticomphative type planar
second- conductive type CCD channel region in an top surface of the
first-comicapdpetar laygrdogatethbgneatdythe Srtgendictiva e higidcangertirasimntimpfiriyrregipper
region of the repaining part of the sjdewall of the hole portion of the
first- c?&ﬁdﬁ@tl?%(’{; kﬂéﬂf‘m rgiqp of the sundinivg daetrthe sideyvall &6 dhe belpipagion ofche
channel.in a r%g,i on of. the first-conductive type planar sem conductor | ayer

sandwi CHEFPELGERSYRHRIans Sgmicongpedotieyse t ype phot oel ectric conversi on

I d.th d- dyct i t. | . i.qn. .15 9. Th t hod
L et nodtariiing & FARESF GRSRHE yiRe PSR ST HedRlN Reyia” Rbs BoPeohoR b Btics
f i . t irst- ducti | i duct |
t or e ibef Retic QR 1ok B BATERES Bt R S oateror ayer, and.

t chi t [ - i | i t. | to f h
eTET " bt SOME DB 1035 ROILERUIF BT o AT LOLP M
step offfioNingiR 6@90[51%:&0 Edddirot ViRGer. ARP5LE ﬁ&ft ofcart WMET pablh LEGHOT

t t sicdewal |~ of

i ncl udes the sub-steps of. formng a nmasking material on

t he holranmmgit %Brtof)f the didldwdir GINAMChbMe pbdiR BE ARAT i RELRRPANC e 'g];?%lﬁf ;by

and form ng e second-conductive type photoelectric conversion re

an 10 on-sermifdoadiicadn layerpaicess. 25 11. The nethod as defined in claim 10,
wherein the step of formng a first-conductive type high-concentration
inpurity rfeghog d sapehirmehida addiat of e favbedidegivef tyh® prihagdsentl€onductor layer
second- conducti ve type photoel ectric conversion region by an

i on- i mpizdwishddobefweon eths. set@nd-Thmdurtvh agpasphdefalavatt iconedrsiom kdionwnid the
further conprises the step of, after the sub-step of 36 formng the
secondsewnduenducdive yyns cbatnet ragien. conver si on regi on by an
ion-inplantation process, renoving a part of the masking material forned
on the sidewall of the hole portion of the first-conductive type planar

seni conduct.or | ayer, erei.n each_of the step of fornng a L

fi ?%_t *dondt O 5 oPGH, 8 i, bFBiR (kpien pf [9BERGA ke porionsioelydes

form 'ngor%ling a mask on the first-conductive type planar semiconductor layer formed on the
second-conductive type planar semiconductor layer, and etching the first-conductive type planar

semiconductor layer to form the hole portion therein.

20 10. The method as defined in claim 9, wherein the step of forming a second-conductive type
photoelectric conversion region includes the sub-steps of: forming a masking material on the
sidewall of the hole portion of the first-conductive type planar semiconductor layer; and forming

the second-conductive type photoelectric conversion region by an ion-implantation process.

25 11. The method as defined in claim 10, wherein the step of forming a first-conductive type
high-concentration impurity region is performed after the sub-step of forming the

second-conductive type photoelectric conversion region by an ion-implantation process.

12. The method as defined in claim 11, which further comprises the step of, after the sub-step of
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5 first-conductive type high-concentration inpurity-doped el enent isolation
regi'on is performed by an ion-inplantation process after the step of
renoving a part of the masking material. 13. The nethod as defined in any
one of claims 9 to 12, wherein the step of formng a second-conductive
type CCD channel region includes the sub-steps of. formng a masking 10
mat er i dPreREt the Ieeprd-pandurivye ifpet plotddlecttic condusivh wegibypey phaivarimplantation
sem conductor |ayer; and form ng, the second-conductive tyge CCD channel
r egi on ME9CSEh IPBAYINgR kaft af thedn gteriglaforppd opdhheidevaall g thierende pertioh &f m
13, wheyein the step of formng a first-conductive type high-concentration
our 1 00¢ GOHEEPANRHEHIPS SUATHT FORICOBYIGH 1aRED dehsEcin 17ecls @h15¢ 85 o formtent ng
j.n,such a manner as to firstéﬁo ducti ve

Ki ial j. | | th
Cype. hiBTEABREdnte 4t PonbRhaaRr ey Bubo R bie ROTL Ot |5 PERI o (oTHeS 4
hi oh c ShRaARRARSCEPE B e e manehe B dehe Fotid B egion is perormed
I 11 6> PRPUTT 19~ ERE S0 T P
R e e L R A A e ]

hi gh-concentration inpurity-doped el enent isolation region by 20 the
ion-inplantation process. 15. The nethod as defined in any one of clains 9

to 14, raher@d mduitRl 88 aBidd LPGA) Qﬂlleaoft EBBSY 9T to ?i,%hér@ﬂnetﬂe“&laff’cﬂtf%n{ﬁ% a

sub-steps of. formng the gate dielectric filmon a surface o
first- cemadtoniectv¥iPrEpe! @B cRaAEICRBMIMC trRTudedXEE sublsRpS ok fﬁﬂnﬁn% at Basking
el ectrode material on the gate 25 dielectric film flattening the gate
el é8t r adeerimbanhahole podiogtofihaGrst-bendukfivd &peglpat Rnft@RILERE BayeffRhe Thraling O
formthe transfer electrode. 37

the second-conductive type CCD channel region by an ion-implantation process.

14. The method as defined in claim 13, wherein the step of forming a first-conductive type
high-concentration impurity-doped element isolation region includes the sub-steps of: forming a
15  masking material in such a manner as to allow the first-conductive type high-concentration
impurity-doped element isolation region to be formed in connected relation to the
first-conductive  type  high-concentration impurity-doped element isolation region
(first-conductive type high-concentration impurity region) by an ion-implantation process; and
forming the first-conductive type high-concentration impurity-doped element isolation region by

20  the ion-implantation process.

15. The method as defined in any one of claims 9 to 14, wherein the step of forming a transfer
electrode including the sub-steps of: forming the gate dielectric film on a surface of the
first-conductive type planar semiconductor layer; depositing a gate electrode material on the gate
25  dielectric film; flattening the gate clectrode material; and etching the flattened gate electrode

material to form the transfer electrode.
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