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SOLID-STATE IMAGE SENSOR, SOLID-STATE IMAGE SENSING

DEVICE, AND METHCD CF PRODUCING THE SAME

TECHNICAL FIELD
[0001]
The present invention relates to a sclid-state image
sensor, a solid-state image sensing device, and a method
10 of producing the same, and in particular, to a CCD
solid-state image senscr, a CCD solid-state image sensing

device, and a method of producing the same.

BACKGROUND ART
15 [0002]

A conventional sclid-state image sensor used in a
video camera or the like, in which light sensing elements
are arranged in matrix form, includes, between light
sensing eiement lines, a vertical charge coupled device

20 (Vertical CCD: Charge Coupled Device) for reading signal
charges generated by the light sensing element lines.
(00C3]

A structure of the aforementioned conventional

solid-state image sensor will be described in the following
2h (refer to, for example, Patent Document 1). Fig. 1 is a
sectional view showing a unit pixel of the conventional

solid state-image sensocr. A photodiode (PD) are composed
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TECHNI CAL £FIEL [ - &9$Q1bh5fteo@18é%&tld ey Eer il atesiba @38%|hl1d:z§t§§e

i mge sensor, a solid-state inmage sensing device, and a nethod 10 of

pr oduci ngotrh@@ama, aangk t pppantd XUl aegiton a1 ECPosalddl- shake inmggpsensor, a
CCD solid-state i mage sensing device, and a nethod of producing the sane.

BACKGROUNRDARTr 45¢[ 0002h dA faarviehdhenak sobhdrsteate d nage sensar, ugedl in a
video canera or the like, in which Iight sensing elements are arranged in
matrix ferm' ﬂuMp@deng&nmbénquyﬁd sengihrg et egprt dhaoeselaaotericcal
charge coupl ed device
5 conversion region 13.
[0004]

An n-type CCD channel region 16 is formed in the p-type
well region 12 as an n-type impurity region. There is
provided a read channel formed by a p-type impurity region

10 between the n-type CCD channel region 16 and the photodiode
on the side of reading the signal charge to the n-type CCD
channel region 16. The signal charge generated in the
photodiode is read through the read channel after being
temporarily stored in the n-type photoelectric conversion

15 region 13.

[0005]

There is provided a p'-type isolation region 15
pbetween the n-type CCD channel region 16 and other
photodiodes. By the p’-type isoclation region 15, the

20 photodiodes and the n-type CCD channel regicn 16 are
isclated, and respective n-type CCD channels 16 also are
isolated not to touch with each other.

[0006]

A transfer electrode 18 is formed on a surface of the

25 semiconductor substrate via a Si coxide film 17, which

horizontally extends so as to pass throcugh between the

photodiocdes. Incidentally, the signal charge generated




20 (Vertical CCD: Charge Coupled Device) for reading signal charges
generated by the light sensing elenent lines. [0003] A structure of the
af orenenti oned conventional solid-state image sensor will be described in
the following 25 (refer to, for exanple, Patent Docunent 1). Fig. 1is a
sectional view showing a unit pixel of the conventional solid state-inmage
sensor. A photodi ode (PD) are conposed - 1 of an n-type photoelectric

conversi gR E@gl ?'Plo]’(?bc\i\‘ﬂbglé ks rbam®ed khanPtype veblcreghen 12 4iaiaed on
an n-type substrate 11 and functions as a charge storage |ayer, "and a

pt-type negittirddghonac H8 thenird ypse phat celeci b€ e b £OOYEESIHRN H€Ji ON
13. [0004] An n-type CCD channel region 16 is formed in the p-type well
regi on lRhasclana nreppe s hpukilt Vi o eghphicthedeohy tpreovt dedsEarad channel
formed by a p-type inpurity region 10 between the n-type CCD channel region
16 and t ke ephiotodkedel 8 on the side of reading the signal charge to the
n-type CCD channel region 16. The signal charge generated in the

phot dtli od€ G0’ Fead through the read channel after being tenporarily stored
in the n-type ghotoel ectric conversion 15 region 13. [0005] There is

provi ded a pt-fypetisshl @eiendr &gi bh 419 ll§etﬁ&€é’h fhen-thpes eobacitariiel

region 16 and ot her hot odi odes. By the p+-type isolation region 15, the
the semiconductor substrate 1in which the transfer

electrode 18 is feormed. " The metal shield film 20 includes
a metal shield film opening 24 for every photodiode as a
10 light transmitting portion which transmits the light
received by the p'-type region 14 acting as a light
receiving portion.
(0008]
Patent Document 1; Japanese Unexamined Patent

15 Publication (Kokai) No. 2000-101056

DISCLOSURE OF TEE INVENTION
PROBLEM TC BE SOLVED BY THE INVENTION
[0009)]

20 As described above, in the conventional solid-state
image sensors, the photodicde (PD), the read channel,
n-type CCD channel region, and the p*-type isolation region
are formed in a plane, and thus there has been a limitation
in increasing a ratio of a surface area of the light

26 receiving portion {(photodiode) to an area of one pixel.
Therefore, it is an object to provide a CCD solid-state

image sensor, in which an area of the read channel is




20 phot odi odes and the n-type CCD channel region 16 are isolated, and
respective n-type CCD channels 16 also are isolated not to touch with each
other. [0006] A transfer electrode 18 is forned on a surface of the 25
sem conductor substrate via a Si oxide film 17, which horizontally extends
so as to pass through between the photodiodes. Incidentally, the signal
charge generated 2 in the photodiode is read to the n-type CCD channel

region kedbcodgh:ad eadechannel el ewea duanster aglactspdento 1 Wreh a
read signal is applied anong the transfer electrodes 18. 5 [0007] A netal

shield fidem20viagl grawedi on t(hestsfiace<of tdhehsemireonduet ehesyllisteate in
which the transfer electrode 18 is forned. The netal shield film 20

i ncludesisza imetakaskicel d fil mopening 24 for every photodi ode as a 10 |ight
transmtting portion which transmts the light received by the p'-type
region 14 acting as a light receiving portion. [0008] Patent Docunent 1;
Japanese Unexam ned Patent 15 Publication (Kokai) No. 2000-101056

DI SCLOSUMEADES THER| VENTTION FREBLERPFOEBE SOLVED BY THE | NVENTI ON [ 0009]
20 As de%%ﬁ;fﬁ? above, in the conventional solid-state

A first aspect of the present invention is to provide
a solid-state image sensor including: a first conductive
type semiconductor layer; a first conductive type
10 pillar-shaped semiconductor layer formed on the first
conductive type semiconductor layer; a second conductive
Lype photoelectric conversion region formed on the top of
the first conductive type pillar-shaped semiconductor
layer, an electric charge amount of the photoelectric
15 conversion region being changed by light; and a
high-concentrated impurity region of the first conductive
type formed on a surface of the second conductive type
photoelectric conversion region, the impurity region
being spaced apart from a top end of the first conductive
20 type pillar-shaped semiconductor layer by a predetermined
distance, wherein a transfer electrode is formed on the
side of the first conductive type pillar-shaped
semiconductor layer via a gate insulating film, a second
conductive type CCD channel region is formed below the
25 transfer electrode, and a read channel is formed in a region
between the second conductive type photoelectric

conversion region and the second conductive type CCD




i mge sensors, the photodi ode (PD), the read channel, n-type CCD channel
region, and the p'-type isolation region are fornmed in a plane, and thus
there has been a limtation in increasing a ratio of a surface area of the
| i ght 25 receiving portion (photodiode) to an area of one pixel.

Therefore, it is an object to provide a CCD solid-state image sensor, in
whi ch an area of the read channel is 3 reduced, and the ratio of the
surface aremmoélthedig@ht receiving portion (photodiode) to the area of
one pixel is increased. 5 MEANS FOR SOLVI NG THE PROBLEM [0010] A first
aspect of[ Xhel present invention is to provide a solid-state inmage sensor
including: a first conductive type sem conductor |ayer; a first conductive
type 10 pill ar Ashkapeen emsearduce or thayerr ¢ eemed iomvéehe ifarr sts tonducti ve
type sem conductor |ayer; a second conductive type photoelectric

conversi ®F Fehi6A forgedldnsitid- g opnape trn$ingt deshdoet ive wiypeh a
pillar-shaped sem conductor |ayer, an electric charge anount of the
phot ol et L 15 Ve Srivet 3f dA ~15ddi oh BBRASE chaR§ed DA FegRETaigea in
high-concentrateg inmpurity region of the first conductive _type forned on a
surface BR4he*sbedMt coRBuéhi T?E@tep&ﬂ%%?eé@ﬂ%?%ohU@%ﬁ&%P?ég?om t he

inmpurity_r.egion_ being spaced apart froma top end of the first conductive
20 type piiTar - SRASEE Sent coNETL BT &Y by- 47 priédetef nfindd * T st ance,
wher ei n %Jﬂ&ﬂ@%%%eekﬁ%ky%%iigrig%g%%é”%éggconductor layer formed
on the first conductive type semiconductor layer; a second
10 conductive type photoelectric conversion region formed on
the top of the first conductive type pillar-shaped
semiconductor layer, an electric charge amount of the
~photoelectric conversion region being changed by light;
and a high-concentrated impurity region of the first
15 conductive type formed on a surface of the second
conductive type photoelectric conversion region, the
impurity region being spaced a@art from a top end of the
first conductive type pillar-shaped semiconductor layer
by a predetermined distance, wherein a transfer electrode
20 1is formed on the side of the first conductive type
pillar-shaped semiconductor layer via a gate insulating
film, a second conductive type CCD channel region is formed
below the transfer electrode, and a read channel is formed
in a region between the second conductive type
25 photoelectric conversion region and the second conductive
type CCD channel region.

(0012]




side of the first conductive type pillar-shaped sem conductor |ayer via a
gate insulating film a second conductive type CCD channel region is
formed below the 25 transfer el ectrode, and a read channel is formed in a
region between the second conductive type photoelectric conversion region
and the second conductive type CCD 4 channel region. [0011] A second
aspect of the present invention is to provides a solid-state inmge sensing

device in whichrardrpbupal iche ofe sehbdcetat ect Rege tsgnsarspacdaaifanged in
matrix form the solid-state image sensor including: a first conductive

type senreanductios ¢aypbseal dff &t seconddicd s na@utyper ptylaypshapedrity
sem conductor |ayer fornmed on the first conductive type sem conduct or
| ayer; arseciond ¢8teontiucyi ve taypeo phomnoel eceéctdoconvaetr sieasteginn for ned
on the top of the first conductive type pillar-shaped sem conductor
| ayer, abeslettivechardd anpum tokerhadjphntoel eelnmascodvéhsi ¢ 1gi on
bei ng_changed by light; and_ a high-concentrated inpurity region of the
first®15CQeHUcE Ve hyje ok hed Yorf 2 BaAf e IpF O RRE CSeoNR YESFdudide type
phot oel ectric conversion region, the inpurity region being spaced apart
froma t6p enmPbRtERE FPFSPCEHRIIRPPFE (el PR & sHapEd 2d&H conduct or
| ayer by a predeterm egldi tance, wherein a transfer, electrode 20 is
formed of"EHE Sf U8 Sof 1t RET i1 5t CoRARA Vet Tyhe pAT drs Shapaaded o
Sen]cond%%&%1ﬁﬁ¥%éé%gdacg%%%é{§#£%%lQ%pe CCD channel regions may
not contact with each other.

10 [C013]

More preferably, a plurality of transfer electrodes
including the transfer electrodes formed on the side of
the first conductive type pillar-shaped semiconductor
layer via the gate insulating filmextend in a row direction,

15 in respective portions between the adjacent rows of the
first conductive type pillar-shaped semiconductor layers,
and are arranged at a predetermined space so as to transfer
a signal charge generated in the solid~-state image sensor
along the second conductive type CCD channel region.

20 {0014]

A third aspect of the present invention is to provide
a solid-state image sensing device, wherein a solid-state
image sensor includes a first conductive type
semiconductor layer, a first conductive type

25 pillar-shaped semiconductor layer formed on the first

conductive type semiconductor layer, a second conductive

type photoelectric conversion region formed cocn the top of




film a second conductive type CCD channel region is formed below the
transfer electrode, and a read channel is formed in a region between the
second conductive type 25 photoel ectric conversion region and the second
conductive type CCD channel region. [0012] i -5 Preferably, the second
conductive type CCD channel region is conposed of a second conductivity
type inpurity region extending in a columm direction, at least in

respecti werpofiirens wiaeen iad acgpt galiunns-ehathel f4e8t o riondueti ve type
pill ar-shaped sem conductor |ayers, and an isolation region conposed of

hi gh- condentenf edn iafpectties cdfatdhe birainconductheipyotyprd 4 st ptavi ded so
that the second conductivity type CCD channel regions may not contact with
each ot heronvdr f0013])rdvbi enphefisrabtpanaqd upal ittiygltof, t eadsfeer el ect r odes
including the transfer el ectrodes forned on the side of the first

conduct i V& dypecpiclrdrr shapetmpemidondwct ben ¢ hydre vikr s hecgatdadtnistt at i ng
filmextend in_a row direction, 15 in respective portions between the

adj acent YRR BPriwgeEl 9mrat seddeti 0 e PEFPAEC HPEH Cédii < oREBEL or

| ayers, nd arg arranged at a predeterm ned space so as to transfer a
si gnal cﬁ%ﬂﬁ?% Ré&frFed ?ﬂnﬁﬁ§%kﬁ?d¥§ﬁﬁ%91nﬁg§ JEHIOF L LYl St PR second

CondUCtl%%fﬁ%“%pace%hgggﬁtrf%%érg ggp[gg%4hf the first conductive

type pillar-shaped semiconductor layer by a predetermined
distance, wherein a transfer electrode is formed on the

10 side of the first conductive type pillar-shaped
semiconductor laver via a gate insulating film, a second
conductive type CCD channel region is formed below the
‘transfer electrode, and a read channel is formed in a region
between the second conductive tvype photcelectric

15 conversion region and the second conductive type CCD
channel region, and wherein a plurality of sets of the
columns of solid~state image sensors, in which a first
column of sclid-state image sensors in which a plurality
of solid-state image sensors are arranged in a first

20 direction at a first space, and a second cclumn of
solid-state image sensors in which a plurality of
solid-state image sensors are arranged in the first
direction at the first space, and are displacedly arranged
by a predetermined amount in the first direction with

25 respect to the first column of solid-state image sensors
are displacedly arranged at a second space are displacedly

arranged by a predetermined amount in the first direction




A third aspect of the present invention is to provide a solid-state inmage
sensing device, wherein a solid-state inage sensor includes a first
conductive type sem conductor layer, a first conductive type 25

pill ar-shaped sem conductor |ayer formed on the first conductive type

sem conductor |ayer, a second conductive type photoel ectric conversion
region formed on the top of 6 the first conductive type pillar-shaped
senicondwﬂ(ﬁhelgg@bndngﬁhegtric charge anount of the photoelectric
conversion region being changed by light, and a high-concentrated inpurity
regi on off 0thies first conductive 5 type forned on a surface of the second
conductive type photoelectric conversion region, the inpurity region

bei ng spaced apartidram &,t opreermk obnthheordstt torducgtpaveCChyphannel

pill ar-shaped sem conductor |ayer by a predeterm ned distance, wherein a
t ransf er r€lgdctk otle coMrpsed o Fhe doosddeasfduhielifvier sty mantmpinie ¥ ype
pi I 1 ar-shaped sem conductor |ayer via a gate insulating film a second
condutt | ¥&IhPe CEDChaamernAsyiioh FBef @rq%eanlbeﬁéwet%lont Parst ey

el ectrode, and a read channel is forned . in a region between the second

conduct i ¥8 %3 pREESE Tt F PEPES T ePdildif F e§1 8k ohds Bhé CoSCHHRI O T
Col umms. SRYEHT 6T Be" L Reror SnRro ik ok T 17 OB P b DR voe
soll &St ghs Paeysgsere I M £ R ALY, gL SOl SIS LI
col um Ogespective portions between the adjacent columns of the
16 pillar-shaped semiconductor layers, and an isclaticn
region composed of high-concentrated impurities of the
first conductivity type is provided so that the second
conductivity type CCD channel regions may not contact with
each other.
15 [0016]
More preferably, the transfer electrodes extend in
the row direction passing through between respective
pillar-shaped semiconductor layers of the adjacent rows
of the pillar~shaped semiconductor layers, in respective
20 portions between adjacent rows of the pillar-shaped
semiconductor layers, and are arranged at a predetermined
space s0 as to transfer a signal charge generated in the
solid-state image sensor along the second conductive type
CCD channel region.
25 [0017]

A fourth aspect of the present invention is to provide

amethod of producing a solid-state image sensor, including




solid-state image sensors in which a plurality of solid-state inmage
sensors are arranged in the first direction at the first space, and are

di spl acedly arranged by a predeterm ned amount in the first direction with
25 respect to the first colum of solid-state i mage sensors are

di spl acedly arranged at a second space are displacedly arranged by a
predeterm ned amount in the first direction 7 at the second space.

[0015] Prgfesatdys otfhe fseeningg conduetd ¥eniginer C6D €hpgBnedni FOGIdUEESr
conposed of a second conductive type inpurity 5 region which extends in
t he col uneykrechi dn passcogduroigh heipeepinaspecihypepi | | ar- shaped
sem conductor layers of the adjacent colums of the first conductive type
pi | | ar - si¥dpgedc eemtiucintucl ey elrayer sthat flisast coendwespeeti ve/gporti ons
bet ween the adj acent colums of the 10 pillar-shaped sem conductor |ayers,
and an i A%t FoRducdgibnlagrposetl 8 chingh-condenttriatedtivppuriti es of the
first_conductivity type is provided so that the second conductivity type
ccD chan®&iOh @i 6 Gy RORvESRiaRR: WROH CTeaeh bhkerton 5o fobhe] MNoret
preferab%y, hettransfer el ectrodes extend in the row direction passing
through FEttEEnt F&Sp&diS L bt Frac'IRpRdS SBHCUHIUEE B Layesrs dndhe
adj acent .r.owms _of th i{l : shaped sem conductor, |layers, in respective 20
portionshﬁéﬁge%%ngéfgﬁgﬁ eaohEpBFlt 6 5191 &R - Shapd PIESt condudtive
type on a surface of the second conductive type
photoelectric conversion region, the impurity region
10 being spaced apart from a top end of the first conductive
type pillar-shaped semiconductor layer by a predetermined
distance; forming a second conductive type CCD channel
region on the surface of the first conductive type
semiconductor layer; forming a gate insulating film on the
15 side of the first conductive type pillar-shaped
semiconductor layer; and forming a transfer electrode on
the side of the first conductive type piliar-shaped
semiconductor layer via the gate insulating film, above
the second conductive type CCD channel region.
20 [0018]

Preferably, the step of forming the first conductive
type semiconductor layer, the first conductive type
pillar-shaped semiconductor layer on the first conductive
type semiconductor layer, the second conductive type

25 photoelectric conversion region on the top of the first

conductive type pillar-shaped semiconductor layer, and

the high-concentrated impurity region of the first




sem conductor |ayers, and are arranged at a predeterm ned space so as to
transfer a signal charge generated in the solid-state inage sensor al ong

t he second conductive type CCD channel region. 25 [0017] A fourth aspect
of the present invention is to provide a method of producing a solid-state
i mge sensor, including 8 the steps of: formng a first conductive type
sem conductor layer, a first conductive type pillar-shaped sem conductor

| ayer oncimeiddt stvecangust bue thypasusesteonduct9é kay@nd acS8eRd i ve
conductive type 5 photoelectric conversion region on the top of the first

conduct i ey pérqoi ¢ & Aecshaped cen: eenductrery i @y ert hanonau rhitghreencent r at ed
inpurity region of the first conductive type on a surface of the second
conduct i P& inpenFhotdedpetrti Lroonvkesion ¢edi of, thhef i nptrédyduedgiione 10
bei ng spaced apart froma top end of the first conductive type

pi | | ar - shaped Behl edmieiped speri dynduprtadet eamenedy dibeance; forming a
seco conductive type CCD channel region on the surface of the first

condutt i ¥& adffet TR RSOl tan ey ef u et nynalystes i hkal stiors f¢Em on t he
15 side qof the first conductive type pillar-shaped sem conductor |ayer;
and for ni-fig ™ 19 dhSE&H ePREVSTRF dpY $he Sitdee i the 3¢ rdbcédidudtire type

pillar-shaped _ sem conductor |ayer via the gate insulating film above the
second cgﬁgﬁﬂ%v AFg5E b EkRTTel T @Pm{%%o%f66f8fonduCtlve type

semiconductor layer; forming a semiconductor layer of the
second conductive type on the semiconductor layer of the

10 first conductive type with the larger thickness than the
first conductive type semiconductor layer; forming a
semiconductor layer with high-concentrated impurities of
the first conductive type on the second conductive type
semiconductor layer; selectively etching the

15 semiconductor layer of the first conductive type with the
larger thickness than the first conductive type
semiconductor layer, the semiconductor layer of the second
conductive type, and the semiconductor laver with
high-concentrated impurities of the first conductivity

20 type to formthe first conductive type semiconductor layer,
the first conductive type pillar-shaped semiconductor
layer on the first conductive type semiconductor layer,
the second conductive type photoelectric conversion
region on the top of the first conductive type

256 pillar-shaped semiconductor layer, and the
high~concentrated impurity region of the first conductive

type on the upper surface of the second conductive type

- 10 -




Preferably, the step of formng the first conductive type sem conductor

| ayer, the first conductive type pillar-shaped sem conductor |ayer on the
first conductive type sem conductor |ayer, the second conductive type 25
phot oel ectric conversion region on the top of the first conductive type
pill ar-shaped sem conductor |ayer, and the high-concentrated inpurity
region of the first 9 conductive type on the surface of the second
conduct i wéottypeephatioeloivée sy elesi0fn F egb oM nihed Urdd Y& I Bgidmn
bei ng spaced apart fromthe top end of the first conductive type

pi | | ar - stidEeds sefacendutt bhel &iers bycbhel o pi edetcgrps nedmdicsiradheet ofrur t her
i ncludes the steps of: formng a sem conductor |ayer of the first

conduct i v&%8mpe the i de bdr gee sdtckiessntlart 1the fypstphoondadkicte iqgpe
sem conductor layer; formng a sem conductor |ayer of the second

conduct i FETYHES 8RN € Sepicondctidre | ayee off thee 1 ifigtstcenAdgdtive type
with the larger thickness than the first conductive type sem conductor

| ayer? foMHPal legmdovanadt e ayerdWctts hi bavesricetePasad inmpuriti es of
the first cqonductive type on the second conductive type sem conductor

| ayer; sBRECHIVEI PA&tChi#l PRe U1 sehforrductafel &fert B8 £HE 54 r st
conductive type with the |larger thickness than the first_conductjve type
senicondéé?%%ﬂ?%§gﬁ,Hﬂﬁfsgﬁ%gﬁﬂﬁﬂ% ] 2 afﬁ?“%?opﬁ%“gﬁﬁﬁn&ay@ﬁhdd%??ve

(1P, Sl SRl g RYSL o B CERE AL AL L s e
| ayer, impurity region of the first conductive type on the side
10 surface of the second conductive type photoelectric
conversion region by ion implantation; and forming the
high-concentrated impurity region of the first conductive
type on the side surface of the second conductive type
photoelectric conversion region by ion implantation.

15 [0019]

A fifth aspect of the present invention is to provide

a method of producing a solid-state image sensing device,
including the steps of: forming a first conductive type
semiconductor layer, a plurality of first conductive type

20 pillar-shaped semiconductor layers on the first
conductive type semiconductor layer, a second conductive
type photoelectric conversion region on the top of each
of the plurality of first conductive type pillar-shaped
semiconductor layers, and a high-concentrated impurity

256 region of the first conductive type on the surface of the
second conductive type photoelectric conversion region,

the impurity region being spaced apart from the top end

- 11 -




the first conductive type pillar-shaped sem conductor |ayer on the first
conductive type sem conductor |ayer, the second conductive type
phot oel ectric conversion region on the top of the first conductive type 25
pill ar-shaped sem conductor |ayer, and the high-concentrated inpurity
region of the first conductive type on the upper surface of the second
conductive type - 10 photoelectric conversion region; formng an oxide
filmon cthesurfiacetotonkiidt 1t copadugtilMestypaapeid conduebardudiayer, the
side of the second conductive type photoelectric conversion region, and

t he sidelefyahe; fioshicgndustcurdicdypeccpiildtartydmped seainconductigiohayer ;
depositing a masking nmaterial on the side surface of the first conductive
type pil lcar féitaperr SaatcoAdubeof lirayecondiect sk tiyaterderhi beindg atsed i n
form ng the high-concentrated inpurity region of the first conductive type
on the sild&/ €0/ stPFAdE D2 Ift e copd ledidugt vemt gpet Brosdslasttaf cthe
conversion region by ion inplantation; and formng the high-concentrated

i npur? tyPefibhi by He FiFst CORARErvE e thypReoR it 5T 8828 A% ace of the
second conductivgﬁtype phot oel ectri¢ conversion region by ion

i mpl ant ati*oh: CABIP6OTS] R ¥PFER ABPeCOIBFIhE priedtht SFnbRGTIPTS 9%
brovt de sRATHBEOL Predicng A solL o Al e Limgs senslog deucs
:gxy/g;,s AR AL LLK e d |8k CUMMELLYE UHRFer E0VRY! |41 ShaRed sem conduct or
insulating film, above the second conductive type CCD
10 channel regioh.
[0020]

Preferably, the step of forming the first conductive
type semiconductor layer, the plurality of first
conductive type pillar~shaped semiconductor layers on the

15 first conductive type semiconductor layer, the second
conductive type photoelectric conversion region on the top
of each of the plurality of first conductive type
pillar-shaped semiconductor layers, and the
high-concentrated impurity region of the first conductive

20 type on the surface of the second conductive type
photoelectric conversion region, the impurity region
being spaced apart from a top end of the first conductive
type pillar-shaped semiconductor layer by a predetermined
distance further includes the steps of forming a

25 semiconductor layer of the first conductive type with a

larger thickness than the first conductive type

semiconductor layer; forming a semiconductor layer of the

- 12 -




conductive type sem conductor |ayer, a second conductive type
phot oel ectric conversion region on the top of each of the plurality of
first conductive type pillar-shaped sem conductor |ayers, and a

hi gh-concentrated inmpurity 25 region of the first conductive type on the
surface of the second conductive type photoel ectric conversion region,

the inpurity region being spaced apart fromthe top end - 11 of the first
conduct i sedype pehlkarcishapedypemioccondust oemikayelsetdor ravg & e cons
conductive type CCD channel region on the surface of the first conductive
type senifcomsfuctondulcdyiere fppri mg tdh gate 1asgleat itdgl ¢ khesen ttheen silles of
the 5 plurality of first conductive type pillar-shaped sem conduct or

| ayers; &ndrgoraPnguctFaasterel eenicda dnct phie 1sivkes/ of oitel pyural ity of
first conductive type pillar-shaped sem conductor |ayers via the gate

i nsul at i F¢™1 FaPdabdver they 8B8cohd cBrdictsveCceyse adepd ToPekarne?s redi on.

[ 0020 Prefe£abl , the step of formng the first conductive type

seni condddtor Jra;“%r COAMBIpFEVE iUXPBf OPi LS TRRANEL PR IYypEiFE ITafRhaped
sem conductor |ayers on the 15 first canductiv y.pe sem conduct or | ayer,
the secoff™ tont Ef§§5ft 5¥eﬁhot%%$8ggﬁﬂ%£%%n9gF “6H3r55%0n on the top of
each of t plurality of first conductive.type i]lar-shaped .sem. conduct or
| ayers, g%ﬁm% §H8HF§ﬁﬁé&ﬁEé%fr%fe%an%ﬁFFFy%Fgﬁyg%k%Fetﬁg 9 ﬁgf%%&hdﬁctive

20 type Qn ther supfiagg, Of st he Second GANAUCTLYE AWARS ve type

semiconductor layer, the semiconductor layer of the second

10 conductive type, and the semiconductor layer with
high-concentrated impurities of the first conductivity
type to formthe first conductive type semiconductor layer,
the plurality of first conductive type pillar-shaped
semiconductor layers on the first conductive type

15 semiconductor layer, the second conductive type
photoelectric conversion region on the top of the plurality
of first conductive type pillar-shaped semiconductor
layers, and the high-concentrated impurity region of the
first conductive type on the upper surface of the second

20 conductive type photoelectric conversion region; forming
an oxide film on the surface of the first conductive type
semiconductor layer, the side of the second conductive type
photoelectric conversion region, and the side of the first
conductive type pillar-shaped semiconductor layer:

256 depositing a masking material between the plurality of
first conductive type piliar-shaped semiconductor layers,

the mask material being used in forming the

_13_




phot oel ectric conversion region, the inpurity region being spaced apart
froma top end of the first conductive type pillar-shaped sem conductor

| ayer by a predeterm ned distance further includes the steps of formng a
25 sem conductor |ayer of the first conductive type with a |arger

t hi ckness than the first conductive type sem conductor layer; formng a
sem conduct or |ayer of the 12 L second conductive type on the

sem conductoli- tayererof réhed fpstr copdiet i ve d¥pehwi f hrshecbardert i hieckness
than the first conductive type sem conductor |ayer; formng a

sem conductioe baydrhen s hdki ghrcbacentorfatade i gpwdnd esoofdus it heef itiygte
conductive type on the second conductive type sem conductor |ayer;

sel ecti vélhrebehesd 1he cebiieesriduet 0 ILgyeP Yofl Athel P 81 t@dniduet | ¥2dt ype
with the larger thickness than the first conductive type sem conductor

| ayer, tH&ESBhEoRAAN bEPr&PaICoR LT RE ScbdBiRy 1t ¥orrimePrveftype, f hhdtt he

sem conductor |l ayer with high-concentrated_inpurities of the first
condugti VIARAVETpE & o- YBEMCThe # % r 88 YCortitk ERGE t%/‘{)etggmsc%?%‘ét or |ayer,

the pluraljt first ducti ve. type ,pil | ar-shaped i.conduct or_ |
on' the {1 TRORATE | VBB e 1 b EarbuCt OF Eaych o™  hE bty cadiict | ve

type ph ri.c conversion region on the top of the plurality of first
conducti3§ﬁ$§%§E8Fﬁ1é}lshaped sem conductor layers, and the

high-conqqﬂ5if}ed inmpurity region of the first conductive type on the
upper surface of the second

Preferably, the step of forming the second conductive
10 type CCD channel region on the surface of the first
conductive type semiconductor layer is the steps of forming
a second conductivity type impurity region on the surface
of the first conductive type semiconductcr layer between
the plurality of first conductive type pillar-shaped
15 semiconductor layers, forming an isolation region
composed of high-concentrated impurities of the first
conductivity type in the second conductivity type impurity
region, and forming a second conductive type CCD channel
region which extends in the column direction at least in
20 respective portions between adjacent columns of the first
conductive type pillar-shaped semiconductor layers, and
is mutualiy-isolated.
[0022]
Preferably, the step of forming the second conductive
25 type CCD channel region on the surface of the first
conductive type semiconductor layer, further includes the

steps of: forming a nitride film on the sides of the

- 14 -




20 conductive type photoel ectric conversion region; formng an oxide film
on the surface of the first conductive type sem conductor |ayer, the side
of the second conductive type photoelectric conversion region, and the
side of the first conductive type pillar-shaped sem conductor |ayer; 25
depositing a nmasking material between the plurality of first conductive
type pillar-shaped sem conductor |ayers, the mask material being used in
form ng trheural3tiyhigh- Edreentdat edcitnpus | t ypeeg ohl of -tshe dféd st conducti ve
type on the side surface of the second conductive type photoelectric
conver si grelmegon Uyt ¢ ol d npt aretrad itdrg sdntk s fodt rhiegs ehenhi ghnconceht eat ed
inpurity region of the first 5 conductive type on the side surface of the
second cdnidRiet PRe ttompke photicel €Y EE SEAWVeF SEG®PYegi oAmBy g oh second

i mpl antation. [0021] Preferably, the step of form ng the second conductive
10 type & eRakrele FEFIOATENY T heY SIFF4EE OF the ﬁiilfgﬁcéo?lﬁdbl??\fel%?be
sem cpnductor |l ayer is the steps of formng a second conductivity type

i mpur Pty Cr%‘b‘ii'dﬁtgr’(et e/ P& SRS O BRUCHE ¥ i35 @ E drabid EF Ve T PpB L8 J‘Scljoﬁ;llriuct or

| ayer betweepn. the plurality of_ first .conductive type pillar-shaped 15

seni conduo\(l:foglf:?t%régo,n?%?hil?{(ge an'PEoPati Gh r & ia@r?a/c%ﬁﬁéﬁ’dlqﬂcggr

hi gh-congenys ated Jamur | Ligs of 4 he,fitsty condust iviLy ctype i Lhe second
conduct i v%ﬂ&/ ype |[‘%ur| y % egion, and for m ng a secong condudt rvé type

00D channelo 1 £ 89 by Ebnextbands 18 (fysoLuEn fi resLion at least in

high-concentrated impurities of the first conductivity
10 type on the second conductivity type impurity region; and
forming the isolation region which is composed of the
high-concentrated impurities of the first conductivity
type in the second conductivity type impurity region by
ion implantation, whereby a second conductive type CCD
15 channel region which extends in the cclumn direction at
least in respective portions between adjacent columns of
the first conductive type pillar-shaped semiconductor
layers, and 1s mutually-isolated is formed.
(00231
20 More preferably, the step of forming the nitride film
on the sides of the plurality of first conductive type
pillar-shaped semiconductor layers and the side of the
second conductive type photoelectric conversion regiocn is
a step of leaving the nitride film in a sidewall spacer
25 shape on the sides of the plurality of first conductive
type pillar-shaped semiconductor layers, the side of the

second conductive type photoelectric conversion region,

- 15 -~




20 respective portions between adjacent columms of the first conductive
type pill ar-shaped sem conductor |ayers, and is nmutually-isolated. [0022]
Preferably, the step of form ng the second conductive 25 type CCD channel
region on the surface of the first conductive type sem conductor |ayer,
further includes the steps of: formng a nitride filmon the sides of the
- 14 plurality of first conductive type pillar-shaped sem conductor

| ayers amghd hehsi deaeob it hehsecofd-eondunit ¥at dldygenphpt ¢l eelgien of
conversion region; formng a second conductive type inpurity region on the
surface d¢hd heifststcdndonductd vieypypenser€onduttzare | ayer Hheet sweontche
plurality of first conductive type pillar-shaped sem conductor |ayers;
deposi ti spredwaskivieg theper palo farl €otmiing ¢deveirsalat i oagriegionowhich is
conposed of the high-concentrated inpurities of the first conductivity 10
type on tie®ergnd hconpibEtiviet v i Ipecpnpure t yurdgicon; o&nd sftorwd hy rehe
isolation region which is conposed of the hjigh-concentrated inpurities of
the f?rsttoddiiceitvitie PYyE&iians neteecerd Ebadusttism t yot peefiomarity
region by ion inplantation, whereby a second conductive type CCD 15
channel F&ﬁkb_gbﬁﬁmc St8h8s in the colum direction at least in
respective portions between adjacent colums of the first conductive type
pill ar-shaped sem conductor |ayers, and is nutually-isolated is formned.

[0023]  EppEcT OF THE INVENTION
[0024)]

10 The photo diode (PD), the read channel, the n type
CCD channel region, and the p'-type isolaticn region are
formed in a plain face, and thus there has been a limitation
in increasing the ratio of the surface area of the light
receiving (photo diode) to the area of one pixel, in the

15 conventional CCD solid-state image sensor, but according
to the present invention, it is possible to provide the
CCD solid-state image sensor, in which an occupation area
of the read channel can be greatly reduced by arranging
the read channel non-horizontally, and the ratic of the

20 surface area of the light receiving portion (photodiode)

to the area of cone pixel is increased.

BEST MODE(S) FOR CARRYING OQUT THE INVENTION
[0025]

25 Hereinafter, embodiments of the present invention
will be described in detail with reference to the

accompanying drawings.

_}_6_




20 More preferably, the step of formng the nitride film on the sides of
the plurality of first conductive type pillar-shaped sem conductor |ayers
and the side of the second conductive type photoelectric conversion region
is a step of leaving the nitride filmin a sidewall spacer 25 shape on the
sides of the plurality of first conductive type pillar-shaped

sem conductor | ayers, the side of the second conductive type photoelectric
conversi ojpoegion, 15 and the side of the high-concentrated inpurity
region of the first conductive type on the surface of the second

conducti ve typé& iphot aeleacd ri GHonve s Ospeegiione wWyew fatdiag Tde wiéwi de
filmon the surface of a structure 5 formed at the previous step of this
step to pefforen CE€Dck-caick- ¢ hetet a.mdEd-ECInGR rTHE ¢ NvENTICON o [20024F s£0 The
photo diode (PD), the read channel, the n type CCD channel region, and the
p+-type iFohadimentegifoh har prefsmmed nneatploai n fexpe candetlhus t 2k e- has
been a limtation in increasing the ratio of the surface area of the |ight
recei %i nd (Phot oCdPEde)S ¢ oL REady abidF A SY] el omi A ifife X5 ¥oon\EM ¥Bnal
CCD solid-state imge sensor, but according to the _present invention, it

i s possi Bi™e &1F provitedthed - oD Eot i G LB ATE GTtabRRgen¥erw it kit cht @R
occupati n.areg _ﬁf,thﬁ read, channel can be greatly reduced by arrangi ng

t he readﬁﬂﬁgﬁn I~ hen- B&E"Zbnt Al Fy 2 -ant the ratio of the 20 surface area of

the |i ght[déefﬂ ving portion (photodi ode)

A p-type well region 112 is formed on an n-type
10 substrate 111, and a p-type pillar-shaped semiconductor
layer 131 is further formed on the p-type well region 112.
An n-type photoelectric conversion region 113 in which an
amount of charge is changed by light is formed on the-top
of the p-type pillar-shaped semiconductor layer 131, and
15 a p'-type region 114 is further formed on the surface of
the n-type photoelectric conversion region 113, while
being spaced apart from the top end of the p-type
pillar-shaped semiconductor layer 131 by a predetermined
distance. A light receiving portion (photodiode) 130 is
20 formed of the p'-type region 114 and the n-type
photoelectric conversion region 113. Transfer electrodes
118 and 119 are formed on the side of the p—type
pillar-shaped semiconductor layer 131 via a gate
insulating film 133. An n-type CCD channel region 116 is
26 formed below the transfer electrodes 118 and 119. A read
channel 132 is formed in a region between the n-type

photoelectric conversion region 113 on the top of the
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to the area of one pixel is increased. BEST MODE(S) FOR CARRYI NG OUT THE
| NVENTI ON [ 0025] 25 Hereinafter, enbodi nents of the present invention

will be described in detail with reference to the acconpanying draw ngs. -
16 [0026] Figs. 2 and 3 show a perspective view and a plan view of one
CCD solid-state i nage sensor according to a first enbodi ment of the
present invention, respectively. Fig. 5 4 is a cross-sectional view taken
fromlinexXyx:' psHowarishkiped 3seandoriducboirs 1a wrOSsndechiconsd t ypew
taken from line Y1-Y1" shown in Fig. 3. [0027] A p-type well region 112
is formed®n ahamitgberet@ ubbt fat eMblEowend, aapo'yeygpe | L apistaped

sem conductor layer 131 is further forned on the p-type well region 112.

An n-type ohbedel &bt t et eamest Siedrpw ddi ot ta3s £s rwhilelr tarr darolh8 @fhdchar ge
is changed by light is formed on the top of the p-tﬁ)e pi | | ar-shaped

seni condudctdripayésclztiand 18 aefak ywelrddi dilmal¢8 iar chemgoF¥AEd on

t he sgrface %{:‘ the n-type photoel ectric conversion region 113, while

bei ng®spdced HHdt t- ¥ ¥YBm £ RE 1B Lt of AR Hex pdey pd Lhilid hrisHapened as

sem conductor_layer 131 by a predeterni ned distance. A light receiving
portion (aﬁho%%{iﬁgﬁéyeiéol&%?bPﬁeélmet he p'-type region 114 and the
n-type p[t't%é)ghectri c conversion region 113. Transfer el ectrodes

When a read signal is applied to the transfer
electrodes 118 or 119, a signal charge accumulated in the

10 photodiode 130 will be read into the n-type CCD channel
region 116 through the read channel 132. Moreover, the
read signal charge is transferred in the vertical (¥Y;-Y1')
direction by the transfer electrocdes 118 and 119.
[0029]

15 Next, a perspective view and a plan view of a part
of a sclid-state image sensing device which is the second
embodiment of the present invention and in which a
plurality of CCD solid-state image sensors of the first
embodiment are arranged in matrix form are shown in Figs.

20 6 and 7, respectively.

[0030C]

InFigs. 6 and 7, the solid~state image sensors having
photodiodes (PDs}) 147, 149, and 151 which have p'-type
regions 153, 155, and 157, respectively, are arranged on

25 a semiconductor substrate, at a predetermined spacing (a
vertical pixel pitch VP) and in the vertical (Y,-Y,')

direction (column direction) (a first column of
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118 and 119 are formed on the side of the p-type pillar-shaped

sem conductor |layer 131 via a gate insulating film133. An n-type CCD
channel region 116 is 25 formed below the transfer el ectrodes 118 and 119.
A read channel 132 is fornmed in a region between the n-type photoelectric
conversion region 113 on the top of the - 17 p-type pillar-shaped

sem conduct or | ayer and the n-type CCD channel region 116. Moreover, a
p'-type isoliadt+enatregimagilsdrss bosned biediovet heitrpansd g celnecttodes 118
and 119 for isolation. A netal shield film 120 is connected 5 to the

p' -type reginaciize Avlokidethidemilpdgesstosmats ast @nei At esitayerl unn
insulation film [0028] Wen a read signal is applied to the transfer

el ectrod®ss Frel bi-219 t s istamal seharges accdiil diledl samehpos0 tphnadiode 130
will be read into the n-type CCD channel ion 116 through the read
channel 3 YBFEdverL ‘f‘héecrtéafbpmﬁﬁﬁl Scf?ﬂa%g site ttg ah@REEr SR 1 RO Re

verti Y1-Y1l ction by the_transfer ectrodes 118 and 119. (0029]
15 Ne t Vp]e?%pgét‘}t\ﬂefjv‘?gﬁlsan(cp% ) pLaf- 31 ]o"% arFEMECof Vg 1ldol i d-state

e SOUSLIG, FELER UL 5 11, 30T 0N SUOCA BN ST LI PSR
f7' rftespg(rﬁ%%\‘}d{@gi[gic}gﬁa&%”%e%t' N NBULIG 0L PLALE SN Sl 881,420 6 and

(vertical pixel pitch VP) as that of the first column of
solid-state image sensors (a second column of solid~-state

10 image sensors). The first column of solid-state image
sensors and the second column of solid-state image sensors
are arranged at the same spacing (horizontal pixel pitch
HP) as the vertical pixel pitch. As is understood, the
sélid—state image sensors having the photodiodes 147, 149,

15 151, 148, 150, and 152 are arranged in so-called matrix
form.
(0031}

An n-type CCD channel region 160 for reading and

vertically transferring the signal charges generated in

20 the photocdiodes 147, 149, and 151 is provided between the
p-type pillar-shaped semiconductor layer of the first
column of solid-state image sensors and the p-type
pillar-shaped semiconductor layer of the second column of
solid-state image sensors which are adjacently arranged.

25 Similarly, in order to read and vertically transfer the

signal charges generated in other photodiodes, the n-type

CCD channel regions 159 and 161 are provided. The n-type
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In Figs. 6 and 7, the solid-state i nage sensors having photodi odes (PDs)
147, 149, and 151 which have p'-type regions 153, 155, and 157,
respectively, are arranged on 25 a sem conductor substrate, at a
predeterm ned spacing (a vertical pixel pitch VP) and in the vertica
(Y2-Y2') direction (colum direction) (a first colum of - 18 solid-state
i mge sensors). \Wile being adjacent to respective solid-state imge

sensors afchhehbinrsd1 CobYMdn Of s SPkird-idAl Byl BBGE $€A80L% tAfdle Al thRe sane
positions in the vertical direction, the solid-state i mage sensors 5

havi ng photiodpedes. ( PPy -348,plbd, 462 irespecttvel W a yoekuding: pgetiype r egi ons
154, 156, 158 are arranged in the vertical direction at the sane

pr edet er matedigpboirmg Meer¢dcal ,ppXekt ypia dis /Pt asnt hatgiofns he6fiast
colum of solid-state i mage sensors (a second columm of solid-state 10

i mge sensblsireThedvidedcslourhhaf sbei d-stwpe CRAyehzensdr g eanidonhe
second colum of solid-state image sensors are arranged at the same

spaci Ag @Y i2orkaplpibes nsitt dp M tastt Hé verEdalophgsl pRLdhowshi s
understoogéathg solid-state inage sensors having the photodi odes 147, 149,
15 151, 148 B50CYRAd 1521 afFé odr refgeansn 1o calPed St #FR PR 4£6031]
An n-type]pCD cggnnel regi%n %ﬁg or reading and vertically transferring
the signdl* Thar §8§ ¢BRef aPed G0 2B £RE pHE 0BR6@SE 1991 UFAF Ahd 151 is

provided et 1geQ L% sRtyPe HlLLAL-ShgRSd. 2] sondvetor, Layer of, the first

pillar-shaped semiconductor layers in the present

10 embodiment, p*-type isolation region should just be
provided so that adjacent n-type CCD channel regions may
not contact with each other, for example, the p'-type
isolation regions 162 and 163 can also be displacedly
arranged in an X, direction from the arrangement shown in

15 Fig. 7.
(0032]

Between the p-type pillar-~shaped semiccnductor

ilayers of a first row of solid-state image sensors in which
the solid-state image sensors having the photodiodes 151

20 and 152 are arranged in the horizontal (X;-X,') direction
(row direction) and the p-type pillar-shaped
semiconductor layers of a second row of solid-state image
sensors in which the solid-state image sensors having the
photodiodes 149 and 150 are arranged in the horizontal

25 direction, transfer electrodes 146, 145, and 144 for
vertically transferring the signal charges read from the

photodiodes into the n-type CCD channel regions 159, 160,
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colum of solid-state i nage sensors and the p-type pillar-shaped

sem conduct or | ayer of the second colum of solid-state inage sensors

whi ch are adjacently arranged. 25 Simlarly, in order to read and
vertically transfer the signal charges generated in other photodi odes, the
n-type CCD channel regions 159 and 161 are provided. The n-type - 19 CCD
channel region is vertically extended between the p-type pillar-shaped

sem condugi®ribayens asrapdedd N MBEELY 0 e MYLRQV eI h e Pp-tkR$e i SOl ation
regions 162 and 163 are provided so that the n-type CCD cﬁannel regions 5

may be i gal Bt ed-Botaged coshaciondtbteach Dides. oAl thougde cbhel ok Yoe

i solation regions 162 and 163 are provided along the axes of the first and
second calalnig-et a tsoliintk g¢& as enismage isensiof shand ke loidi ek tedgesi md gé he
p-type pillar-shaped sem conductor |ayers in the present 10 enbodi nent,

p' -type issolavienheegiron sheulpdidtusdibee spriod? deddsd Xthat radpacentgadt ype
CCD channel regions may not contact with each other, for exanple, the
pt-type lirsdihg itonr t égindrisl 160r aad 11638 aoath Bhsorbé vdiss il iakkdly sherpadiged in
an X2 directjon fromthe arrangenent shown in 15 Fig. 7. [0032] Between
the p-typEht FPRAUSHAped 3¥Rirsorduct dhirdyepy 6f a&flikdrsEsweofimage
solid-state inage,sensors in which the solid-state i mage sensors havi ng

t he phot GRHRE®15% BBLERD E152 S&rlel & F AAGEd 1MR e HoF PESnDAIY I(D@-Dle )
direCtiO%hégéﬁﬁghggfpify)a%%q]Hﬂ? gi%yggf é%é%%’%ﬂ?ﬂﬁge horizontal
direction, transfer electrodes 143, 142, and 141 are
10 provided. When the read signal is applied to the transfer
electrode 143, the signal charges accumulated in the
photodicdes 149 and 150 will be read into the n-type CCD
channel regions 160 and 161 through the read channel. The
transfer electrode is horizontally extended between the
15 p-type pillar-shaped semiconductor layers arranged in
matrix form.
[0033]
Incidentally, the photodiode 147 is composed of the
p'-type region 153 and the n-type photoelectric conversion
20 region 166, while the photodiode 148 is composed of the
p'-type region 154 and the n-type photoelectric conversion
region 167.
[C034]
Fig. 8 is across~-sectional view taken from line X,-X,"
26 shown in Fig. 7, and Fig. 9 is a cross-sectional view taken
from line Y,-Y,'" in Fig. 7.

[0035]
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sem conductor | ayers of a second row of solid-state inmage sensors in which
the solid-state i nage sensors having the photodi odes 149 and 150 are
arranged in the horizontal 25 direction, transfer el ectrodes 146, 145, and
144 for wvertically transferring the signal charges read fromthe .

phot odi odes into the n-type CCD channel regions 159, 160, - 20 and 161
are provided. Mreover, between the p-type pillar-shaped sem conductor

| ayers of the geconslol oWw-6ftatsol i faglcatse i gageosensny ss&bowdl aod hend
solid-state i mtage sensors having the photodi odes 149 and 150 are arranged
5in thethori tomtsal «brenhi am aéidgt hé p-itypebpi Hearcshiapdd gem-condact or

| ayers of a third row of solid-state image sensors in which the

sol i d- st atsel 1 neggisenddrs imvigmgnéeHeonphot oditodes sh47s amé t48 @f ¢ andanged
in the horizontal direction, transfer electrodes 143, 142, and 141 are 10
provi ded.2 WierYR e + €dd rsigrapefss applcicediuot phel evansiidrl id éctntdeer 143,
the signal charges accunulated in the photodiodes 149 and 150 will be read
into the iRt pe €D thpaRnéYRedgiohd oW bdd 16 t hPdugh~EH®S ead channel .

The transfer electrode is horizontally extended between the 15 p-type
pi |1 ar - skAletC 8 éficddnidtct 87 VItdyer S aF FEHGEY 1%8 it M0 Flor b€ m@%ﬁ?

I nci dent%léy htgeephot .odﬁlode 14 islco osed Pf tge +-% e.re i op 153 and
the n-type photoéfecti® 38ﬁ$&é%n E@ggedﬁ)n 168 Te gﬁe &?gt%‘ﬁl%de 148
|5 comosed et B9 11 YBRALEY WedPd UL DS, NIARE: PRGLOCI AL T LE
p -type region 155 is further formed on the surface of the
10 n-type photoelectric conversion region 168, while being
spaced apart from the top end of the p-type pillar-shaped
semiconductor layer 181 by a predetermined distance. The
photodicde 149 is formed of the p'-type region 155 and the
n-type photoelectric conversion region 168. Moreover,
15 the transfer electrodes 143 and 144 are formed on the side
of the p~type pillar-shaped semiconductor layer via a gate
insulating film 185. The n-type CCD channel region 160
is formed below the transfer electrodes 143 and 144. A
read channel 182 is formed in a region between the n-type
20 photoelectric conversion region 168 on the top of the
p-type pillar-shaped semiconductor layer 181 and the
n-type CCD channel region 160.
[003¢6]
Subsequently, the solid-state image sensor of the
25 second row and the second column in Fig. 7 will be described.

The p-type well region 165 is formed on the n-type substrate

164, and a p-type pillar-shaped semiconductor layer 183
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region 167. [0034] Fig. 8 is across -sectional view taken fromline X2-X2'
25 shown in Fig. 7, and Fig. 9 is a cross-sectional view taken fromline
Y2-Y2'" in Fig. 7. [0035] 21 The solid-state inage sensor of the second
row and the first colum in Fig. 7 will be described. A p-type well
region 165 is fornmed on an n-type substrate 164, and a p-type

pi |l ar-shaped sem conductor |ayer 181 is further 5 forned on the p-type

wel | regienf 16T hen Aviype Phatioelect yhe €ONVErs5B egisan keBni-t yhéch the
anount of charge is changed by light is formed on the top of a p-type

pi | | ar - shapet skaccaridiict onveayarol8teganth al 6 p' i hy e regi oheldmdwnt urt her
formed on the surface of the 10 n-type photoel ectric conversion region 168,
whi | e beprig chsparedi apahtnfgoomidhel t gptend dfo tred pehypkepitllpar-fshaped

sem conductor layer 181 by a predeterm ned distance. The photodiode 149 is
formed oP-tthtop+Piype Teghonetshs andcricugit e ype aptest okd et mng canver si on
region 168. Mreover, 15 the transfer el ectrodes 143 and 144 are formed on
t he st deP of Yt rr?-qu‘b@ bPPI &F- §Hé§é’da%eﬁﬁ%@ﬁéu@ﬂo’?hﬁa%Ff\ﬂcae ® pdtlee
|nsulat|ng film185. The n-type CCD channel region 160 is formed bel ow the
transfer a?&ﬁ?dﬂ%%tﬂﬁ#%ﬁﬁfiﬁ4C@QV$E§&QHuﬁﬁ%+OT8é@%yf%ﬁh%& rF 39 egi on

bet ween t he n e 20 hotoelectrlc conve S|on regi on 16%_0n th apng of the

p-type pFPlaa“re 28ts ﬁ]oébﬁ&’t?ctd%f’l%&/%r gihgnp~FpEe pillar-s

semiconductor layer 183 by a predetermined distance. The
light receiving portion (photodiode) 150 is formed of the

10 p'-type region 156 and the n-type photoelectric conversion
region 1692. Moreover, the transfer electrodes 143 and 144
are formed on the side of the p-type pillar-shaped
semiconductor layer 183 via a gate insulating film 186.
The n-type CCD channel region 161 is formed below the

15 transfer electrodes 143 and 144. A read channel 184 is
formed in a region between the n-type photoelectric
conversion region 169 on the top of the p-type
pillar-shaped semiconductor layer 183 and the n-type CCD
channel region 161.

20 [0037]

A metal shield film 170 is connected to the p'-type
regions 155, 156, 153 and 157. 2An oxide film 180 is formed
as an interlayer insulation film between respective
components. Morecover, p ~type isolation regions 162 and

25 163 are provided so that the n-type CCD channel regions
may be isolated not to contact with each other. Although

the p’-type isclation regions 162 and 163 are provided
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n-type CCD channel region 160. [0036] Subsequently, the solid-state inage
sensor of the 25 second row and the second colum in Fig. 7 wll be

descri bed. The p-type well region 165 is formed on the n-type substrate
164, and a p-type pillar-shaped sem conductor layer 183 - 22 is further
formed on the p-type well region 165. An n-type photoelectric conversion
region 169 in which the amount of charge is changed by light is fornmed on
the top afldihg tphet ypeepi blrartshapedssemconduetord | ayeamid3,0and a 5 p+
type region 156 is further fornmed on the surface of the n-type

phot oel ectal td cemadrss iiow ge gicors 469, a it les hei tngr spaeced Apard ofrtoméhe t op
end of the p-type pillar-shaped sem conductor |ayer 183 by a predeterm ned

di st ance Pifhea r Fisdito s @cepmiingppbrcton (Yot odi dde)tHS0pirs sfeortmed of the 10
p' type region 156 and the n-type photoelectric conversion region 169.

IVbr eover enipd tmgmdtrerd ol ek fode® a3l apd TR 0 Ar 8 hicorrbdi bAtt e si de of
t he p %g Iar-shaped sem conduct or | ayer 183 via a gate insulating

film2 dfd: vRe tEay @rﬁah%ﬁnrte@ OWRB1CFE FoHETEE bel 8dlCHeS 1R Y

transfer electro es 143, and 14 ead channel 184 is fornmed in a region
bet ween e = ?9g§ﬂﬁuﬁbg e &AM oE%ﬁ6er§¥Bﬁ FEGIEH 169t BR #he HEF of the

Pl be R SLe PRARSL PEOLEOREL o TY 8P 3994 U Nk ¥R B, ghanne!
arranged in an X; direction from the arrangement shown in
Fig. 7. Incidentally, the photodiode 151 is composed of

10 the p'-type region 157 and the n-type photoelectric
conversion region 172.
[0038]
As described above, the transfer electrodes 141, 142,
143, 144, 145, and 146 extending in the row direction are
15 provided between the p-type pillar-shaped semiconductor
layers of the adjacent rcows of soclid-state image sensors
Sc as to pass through between the p-type pillar-shaped
Semiconductdr layers cf the adjacent rows of solid-state
image sensor, and they are arranged spaced apart from each
20 other by a predetermined distance. The transfer
electrodes 141, 143, 144, and 146 adjacent to the p-type
pillar-shaped semiconductor layers are formed on the side
of the p-type pillar-shaped semiconductor layers via the
gate oxide film. The transfer electrodes 141, 142, 143,
25 144, 145, and 146 constitute a vertical charge transfer

device (VCCD) for vertically transferring the signal

charges generated in the photodiodes along with the n-type
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A netal shield film170 is connected to the p'-type regions 155, 156, 153
and 157. An oxide film180 is fornmed as an interlayer insulation film

bet ween respective conponents.. Moreover, p'-type isolation regions 162
and 25 163 are provided so that the n-type CCD channel regions may be
isolated not to contact wwth each other. Although the p+-type isolation
regions 162 and 163 are provided - 23 along the axes of the first and

second caammshefinesolddly sbake | mage wensoLs ard dde oyt enredogh pfethe
p-type pillar-shaped sem conductor |ayers in the present enbodinent,

pt-type i@dl-ailpn peg arhsheudlgthg usthbe ¢ Prowhded tsd t hat tadj acent n-type
CCD channel regions may not contact with each other, for exanple, the
p'-type Filsotatiodeaeg oas vEER landl 163 tcaam afsa reed db gpkaeedyrearranged in
an X2 direction fromthe arrangenent shown in Fig. 7. Incidentally, the
phot odi od€ aABAL £ composeddefs KOr i henp'wityipedd édicoreib7phrd ahewhthype
phot oel ectric conversion region 172. [0038 As descri bed above, the
transPer 7SR FBdES £ALh R ToddBdeqq AlRBougid thes BXEBndisnglniivehe row
di rection ar§r15 gfovided_betmeen t he p-tyBe pi |l ar-shaped sem conduct or

layers of 't i@ T&d #IEt S F ovid 'dt® &919 ¥ BEatBOPREgE Renshf &1 5b ks ale phss
2 acent LoV 67 Bl LPa1 N ISy e" SEnGAA L it Hey Corear f biged Saced
apart fr%@é*%@nf%%d%JF{onJ}ﬁ¥§96£?“35§da8£§%%¥¥étgh%h$ﬂ§¥sé%r
phases.
10 [003¢2]

Although the sclid-state image sensing device in
which the CCD solid-state image sensors are arranged in
matrix form has been shown in the second embodiment, the
CCD solid-state image sensors may be arranged in honeycomb

15 form as shown in Figs. 10, 11, 12, and 13. Accordingly,
as the third embodiment of the present invention, the
solid-state image sensing device in which the CCD
solid-state image sensors of the first embodiment are
arranged in honeyceomb form will be described. A

20 perspective view and a plan view of a part of the
solid-state image sensing device in which the CCD
solid-state image sensors are arranged in honeycomb form
are shown in Figs. 10 and 11, respectively.

[0040]

25 In Figs. 10 and 11, the solid-state image sensors

having photodiodes (PDs) 236 and 231 respectively

including p'-type regions 228 and 223 are arranged on the
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el ectrodes 141, 143, 144, and 146 adjacent to the p-type pillar-shaped
sem conductor |ayers are fornmed on the side of the p-type pillar-shaped
sem conductor |ayers via the gate oxide film The transfer el ectrodes 141,
142, 143, 25 144, 145, and 146 constitute a vertical charge transfer
device (VCCD) for vertically transferring the signal charges generated in
t he phot odi odes along with the n-type - 24 CCD channel regions. The VCCD

is driversémitbnem phasesub(sklr483, and 4 hersignal rehaeges gerenated in the
phot odi odes are vertically transferred by the three transfer el ectrodes
driven witdrdifher gnixphapes ot tPh wesperh toeeacdrphetadi ode-v At hough
the VCCD is driven in three phases in the present enbodinent, it will be
clear tcelihoséiski | {edlimnt el aectiloat) t hehWCED mein abdantaver the
configuration driven by any appropriate nunber of phases. 10 [0039]

Al t hough Skt doBitdtist dffed I rege’ $eh8) ng Hévilce bieing sw ehdtdmwa CC rom
solid-state hﬂgge sensors are arranged in matri x form has been shown in the

secontl erfbdinehEt ERE LMD s 19 0l Ir AE& Goeder GRNBBRS Oy e odre drgkl i n
honeyconb _ 15 form as shown in Figs. 10, 11, 12, and 13, Accordingly, as
the third%enbBddi FEME oTPEhe NSk eSRRF 17 | oR 1 Xede PEbFhd AR )at2S | grﬁ@e
senei0 devieschy Wakeh (e D sl gy state [rmae, sensors ol (e f 1o
per spect ip\fﬁoﬁ/éag‘f’o@i%% a2§h agn\é e §)f rs %rét?{cre&@e including p*-type
regions 226 and 221 are arranged in the vertical direction
100 at the same predetermined spacing as that of the first
column c¢f solid-state image sensors and they are
displacedly arranged by one half of the vertical pixel
pitch VP in the vertical direction with respect to the first
column of solid-state image sensors (the second column of
15 solid-state image sensors). Furthermore, while being
spaced apart from the second column of solid~state image
senscors by one half of the same spacing (horizontal pixel
pitch HP) as the vertical pixel pitch, the solid-state
image sensor having photodiodes 237 and 232 respectively
20 including p'-type regions 229 and 224 are arranged in the
vertical direction at the same predetermined spacing as
that of the first column of solid-state image sensors and
they are displacedly arranged by one half of the vertical
pixel pitch VP in the vertical direction with respect to
25 the second column of solid-state image sensors (a third

column of solid-state image sensors). Similarly, while

being spaced apart from the third column of solid-state
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solid-state i mage sensing device in which the CCD solid-state inmage
sensors are arranged in honeyconb form are shown in Figs. 10 and 11,
respectively. [0040] 25 In Figs. 10 and 11, the solid-state i mage sensors
havi ng phot odi odes (PDs) 236 and 231 respectively including p+-type
regions 228 and 223 are arranged on the - 25 sem conductor substrate, at a
predeterm ned spacing (a vertical pixel pitch VP) and in the verti cal
(Y3-Y3") indigeciénnofeobymard mact f onf {hdesfmestpea iy Ofiorseldmt:st ate
i mge sensors). \Wile being spaced apart from5 the first colum of
sol i d- st gtiexd hage tsdnddP 5 by drie haktt igfal heiseade sipachng tieori zont al
pi xel pitch HP) as the wvertical pixel pitch, the solid-state inmage sensor
havi ng pledtiodr stles 234nand 289 s@speaviva whatbddiowe p' 28Hpend et dbns 226
and 221 are arranged in the vertical direction 10 at the same predeterm ned
spaci ng &$3HREtaVeihe Frestdigy uPm BYPSolbeE 52 afe ZidtagenSeRger s2BRd t hey
are vgi spl acedl y arran%ed by one half of the vertical pixel pitch VP in
the vert PRI FeciNohDGi VR GtelsirEt AL 6oCHd 91 &t TRBI BAMCoFPSA I st e
i mge sensors (the second colum of _15 solid-state inmage sensors).
Fur ther MOPEE i Dy & SREGENaBArOF L Omire: S eubnd Scoramp it/ 2nd
solid-state |nmage ,sen ors& one_hal f the s paci hg (hori zontal
pi xel pi%ﬁl&yﬁﬂ%a%wrﬁea\?eer i€a rf)??é’le_dgifbtycﬁ,n% %rerae%(f)l? -%ggt‘éeritﬁﬁ:gaefsensor
~having pgg.?%di gggif’?c?lB?]Paq_qi Zt?iﬁe respectivel¥s 20k NG, P2 LYRE: &g} ons
229 and are arranged 1 n the
the third column of solid-state image sensors (a fourth
100 column of solid-state image ‘sensors); and while being
spaced apart from the fourth column of solid-state image
sensors by one half of the same spacing (horizontal pixel
pitch HP) as the vertical pixel pitch, the sclid-state
image sensor having photodiodes 238 and 233 respectively
15 including p'-type regions 230 and 225 are arranged in the
vertical direction at the same spacing as that of the first
ceclumn of solid-state image sensors, and they are
displacedly arranged by one half of the vertical pixel
pitch VP in the vertical direction with respect to the
20 fourth column of solid-state image sensors (a fifth column
of solid-state image sensors). In other words, the
solid-state image sensors having the photodiodes 236, 231,
234, 23%, 237, 232, 235, 240, 238, and 233 are arranged
in so-called honeycomb form.
25 f0041]

Between the p-type pillar-shaped semiconductor layer

of the first column of sclid-state image sensors and the

- 27 -




vertical direction at the sane predeterm ned spacing as that of the first
colum of solid-state inmage sensors and they are displacedly arranged by
one half of the vertical ©pixel pitch VP in the vertical direction with
respect to 25 the second columm of solid-state i mage sensors (a third
colum of solid-state inmage sensors). Simlarly, while being spaced apart
fromthe third colum of solid-state - 26 imge sensors by one half of
t he sane spagpbegpildra zeshalpe i xeh i pictrehu dHPp rag atyher ves Fi edle plex@bngi t ch,
the solid-state i mage sensor havi ng phot odi odes 235 and 240 respectively
i ncl udi ngepiunype fr egilons- 227 tand n2RPe as en’s cars angech | arehedverdécal y
direction at the sane spacing as that of the first colum of solid-state
i mage senso¥3nNdged theynatend sprhcedlayregt anged oy Dhe walifclofra hds
vertical pixel pitch VP in the vertical direction with respect to the
third coldfs %%rgélqaci-lsyaiwéanﬁéger%ém%r%leaaflomaqr%swlewaﬁed in
solid-st%}e ingge sensors); _and whil e being spaced apart fromthe fourth
SREE

col unf of SR HRAge S Setidr € 3y bhePRAVE A¥A t heS $Bde aphéi ng

hor i tal, pixel itch HP t ti i xel pitch, th | i d-stat

mge. sorbr TREG: S5 it biPBdge ob A TaP rSEPLEONA Ot 98 A g
-t i 0 d. 225 i th ti | di ti t th

e’ Spac o SEcRd WL AR P L EBTERA O Br i A0 e Sbrtfs, ' and

e e B R PLERAIEE DoRTE ML fc PO B LGl el B P VP
sol i d-st &l hARIB rSeNSIof §- 6 afdd timE9kURMR nsors, between the p-type
10 pillar-shaped semiconductor layer of the third column of
solid-state image sensors, and the p-type pillar-shaped
semiconductor layer of the fourth column of solid-state
image sensors, and between the p-type pillar-shaped
semicenductor layer of the fourth column of soclid-state
15 1image sensors, and the p-type pillar-shaped semiconductor
layer of the fifth column of solid-state image sensors,
an n—type CCD channel region 208 which reads and vertically
transfers the signal charges generated in the photodiodes
234 and 239, an n-type CCD channel region 209 which reads
20 and vertically transfers the signal charges generated in
the photodiodes 237 gnd 232, and an n-type CCD channel
region 210 which reads and vertically transfers the signal
charges generated in the photodiodes 235 and 240 are
provided, respectively. These n-type CCD channel regions
256 are extended in the vertical direction while snaking
through between- -the p-type pillar-shaped semiconductor

layers arranged in honeycomb form. Moreover, p'-type
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of solid-state inmage sensors). In other words, the solid-state inmage
sensors havi ng the phot odi odes 236, 231, 234, 239, 237, 232, 235, 240,
238, and 233 are arranged in so-called honeyconb form 25 [0041] Between
the p-type pillar-shaped sem conductor |ayer of the first colum of
solid-state i mage sensors and the - 27 p-type pillar-shaped sem conduct or
| ayers of the second colum of solid-state i nage sensors which are

adj acent | ysoantdnged; e § benk- type, CEDzchannel 41091 P16 207 Whi Chy, 1 §adS s And
vertically transfers the signal charges generated in 5 the photodi odes 236

and 231 ihprotihded - Sypel &dly,chbehedenrddeopst ey phé | asoshaped not

sem conduct or | ayer of the second colum of solid-state i mage sensors, and
the p-typegeintaectshbped sehiconduct o Litdymerghftitde thivee ical Lanieh
solid-state i mage sensors, between the p-type 10 pill ar-shaped

senm conduc® 9t OP&yér Jof 2titfe i % d @l udhb od respt puisteat @ lomget sensves, and
the p-type_pillar-shaped seniconductor |ayer of the fourth colum of

sol i d®st &% thfudd rsEnsbREousHd bhefhbes alitnpst gfe ssillddr sshdpedinage

sem conductor |ayer of the fourth colum of solid-state 15 i nage sensors,
and the p-3Ypeipi |a1f§f-*s}i%§p8&tsee% edA8EcOdr thayer tore Hel t et R pAA of
solid-st%&gviggg%u%:nsoria an n:ty%% CCD channel regi on 208 which reads
and vertical Ty transt er 25 $i ghal "ehdt gt génsih ed1Ms thve HR6t odi odes

234 210 393 Al 0 LYRRC, chRTeh, Lo #0200 D 128920 2 VgLl ool 1

adjacent n-type CCD channel regions may not contact with

10 Qachother,forexample,thep*—typeisolationregion5213,
214, 215, and 216 can also be displacedly arranged in the
X3 direction from the arrangement shown in Fig. 11.
[0042]

Between the p-type pillar-shaped semiconductor

15 layers of the first row of solid-state image sensors in
whichthesolid—stateimagesensorshavingthephotodiodes
236, 237, and 228 are arranged in the horizontal (¥X3-X3')
direction (in the row direction), and the p-type
piliar-shaped semiconductor layers of the second row of

20 solid-state image sensors in which the solid-state image
sensors having the photodicdes 234 and 235 are arranged
in the horizontal direction, transfer electrodes 206 and
205 are provided. Similarly, between the p-type
pillar-shaped semiconductor layers of the second row of

25 solid-state image sensor in which the solid-state image
sensors having the photodiodes 234 and 235 are arranged

in the horizontal direction, and the p-type pillar-shaped
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t he phot odi odes 237 and 232, and an n-type CCD channel region 210 which
reads and vertically transfers the signal charges generated in the

phot odi odes 235 and 240 are provided, respectively. These n-type CCD
channel regions 25 are extended in the vertical direction while snaking

t hrough between the p-type pillar-shaped sem conductor |ayers arranged in
honeyconb form Mbreover, p -type - 28 isolation regions 213, 214, 215,
and 216 aemprovidled:so 14 patst e theypridDrehannes ol egi-ANnss PRYiREge
isolated not to contact with each other. Although the p+-type isolation
regi ons 28ns214, i21shiand 206 sar ki greviaded atang $besaxes mwinthenéirst
through fifth colums of solid-state inage sensors and the outer edges of
t he p-typehpFpPHacdthmpedl  sé&mdzondnct 6133 agees anrdmgegr ésenthenbodi nent ,
the p-type isolation region should just be provided so that adjacent
n-type CC®EhaRR&IZY edi BAS tiel nod nEomtelcy e ant FhE0 rathipet her, for exanpl e,
t he p+-t§fe Lsolation regions 213, 214, 215, and 216 can al so be

di spl ced L AR FARGEPEH EREOLIOENARFEST kP YEEM e BReakbdieht reHows in
Fig. 11. JfOéggtBett ween t he g-type pi Il ar-shaped sem conductor 15 | ayers
of the fi¥St Fow S SoiTUTEt AFE SiTayet RehBoFE FAS WRhTRE S ilduagat e

ot Lzont 1T SBE XA 1Y bt o {1 RORE T0w 4 tects Bhy . "B de Etype |
1L U6 e LURSE 0 I sebony 8120 JoLjgistere
pillar-shaped semiconductor layers of the fourth row of
10 solid-state image sensors in which the solid-state image
sensors having the photodiodes 239 and 240 are arranged
in the horizontal direction, transfer electrodes 204, 203
and the transfer electrodes 202, 201 are provided,
respectively. These transfer electrodes are extended in
15 the horizontal direction while snaking through between the
p-type pillar-shaped semiconductor layers arranged in
honeycomb form.
[0043]
Incidentally, the photodiode 239 is composed of the
20 p'-type region 221 and the n-type photoelectric conversion
region 217, and the photodiode 240 is composed of the
p'-type region 222 and the n-type photoelectric conversion
region 218.
[0044]
25 Fig. 12 is a cross-sectional view taken from line
X3-X3' in Fig. 11, while Fig. 13 is a cross-sectiocnal view

taken from line Y3;-Y3' in Fig. 11.
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sensors havi ng the photodi odes 234 and 235 are arranged in the horizontal
direction, transfer electrodes 206 and 205 are provided. Simlarly,

bet ween the p-type pillar-shaped sem conductor |ayers of the second row of
25 solid-state image sensor in which the solid-state i mage sensors having
t he phot odi odes 234 and 235 are arranged in the horizontal direction, and
the p-type pillar-shaped 29 - sem conductor |ayers of the third row of
solid-stat®4mmge sensors in which the solid-state image sensors having

t he photodi odes 231, 232, and 233 are arranged in the horizontal

di rection, andTiet veehithe qatey pembgpi Idars shapéd t3am conddet arow ayeds of
the third row of solid-state inmage sensors in which the solid-state inmage
sensors Hd\& ngirRé pleotwuh otlesF28l, 12321 Ahdb238earer ilaedang@d pi+t ¢ he

hori zontal direction, and the p-type pillar-shaped sem conductor |ayers of
the fourtf¥owWwd¥ien 414 d-stiatunédnge sBnBotyrds swvehrahe £011 d-zndt e

i mage_ sensors havin? t he photodi odes 239 and 240 are arranged in the
hori zBnt & PAiT¥ERe ifohl 1 BrafdiaR e @l L i 66651 Doro r2b3Y ednd Stlhé St Earsfleer

electrodﬁs 202, 201 %Le ﬁrovided, respectjveléli:H These transfer el ectrodes
are extedddd'TA °T5 4He RofvPentidLdi FEXiOn whidi-e SMakingYPRrough bet ween

the p-t %ﬂpié#ar-sha ed sem_conductor .l a q{i arranged in . honeyconb form
cl de

[0043] Fn At 55,1 ¢ he® BRSEadi Ve 599 9 frpdBedigich pehe amount

of charge is changed by light is formed on the top of a
p-type pillar-shaped semiconductor layer 251, and the
10 p'-type region 226 is further formed on the surface of the
n-type photoelectric conversion region 242, while being
spaced apart from the top end of the p-type pillar~-shaped
semiconductor layer 251 by a predetermined distance.
Moreover, the transfer electrodes 204 and 205 are formed
15 onthe side of thep-type pillar-shaped semiconductor layer
251 via a gate insulating £ilm 255. The n-type CCD channel
region 208 is formed below the transfer electrodes 204 and
205. A read channel 252 is formed in a region between the
n-type photoelectric conversion region 242 on the top of
20 the p-type pillar-shaped semiconductor layer 251 and the
n-type CCD channel region 208.
[0046]
Subseguently, the solid-state image sensor of the
second row and the fourth column in Fig. 11 will be
25  described. The p-type well region 212 is formed on the
n-type substrate 211, and a p-type pillar-shaped

semiconductor layer 253 is further formed on the p-type
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20 p~-type region 221 and the n-type photoel ectric conversion region 217,
and t he photodi ode 240 is conposed of the pt-type region 222 and the
n-type photoel ectric conversion region 218. [0044] 25 Fig. 12 is a
cross-sectional view taken fromline X3-X3' in Fig. 11, while Fig. 13 is a
cross-sectional view taken fromline Y3-Y3" in Fig. 11. - 30 [0045] The
solid-state i nage sensor of the second row and the first colum in Fig. 11
will be destlibediok p2iygpe Aweld-tegeoph2li ésetamied odnae ry-iype
substrate 211, and 5 a p-type pillar-shaped sem conductor |ayer 251 is
further xarhed oh3tive whitgpe heekbimaweyt ant 21& réa s toypen phdtioellecint ¢
conversion region 242 in which the anount of charge is changed by light is
formed of& heC¥Bgdofora thet @ i f| ahestrapedp semiicohtucsbredeayer 251, and
the 10 p+-type region 226 is further formed on ,the surface of the n-type
phot oel eSS £CeBAVETR onl A¥§iTor? 242, 2Rl |1t ePnyt Yosacerd 4par 23t onft he top
end of the p-type_pillar-shaped sem conductor |ayer 251 by a_predeterm ned
%ce&uﬁkﬁégvg %ﬁ

di st af I O &Rt 611 %t REPr B8e8 200 ~aNdP 205 @ @165 45 on
ol at i g I TEF 588 TG H L5 ha" BB CHarMer 0t SgAsiE SUBP7E 1 Sl ‘e ow t he
LLenster hPLAAUES 24 100 8000 PRSI, 2R U RCTRE L et o
by a predetermined distance. Moreover, the transfer
electrodes 204 and 205 are formed on the side of the p-type
10 pillar-shaped semiconductor layer 253 via a gate
insulating film 256. The n-type CCD channel region 210
is formed below the transfer electrodes 204 and 205. A
read channel 254 is formed in a region between the n-type
photoelectric conversion region 243 bn the top of the
15 p-type pillar-shaped semiconductor layer 253 and the
n-type CCD channel region 210.
[6047]
Moreover, p'-type isolation regions 213, 214, 215,
and 216 are provided so that the n-type CCD channel regions
20 may be isolated not to contact with each cther. Although
the p'-type isclation regions 213, 214, 215, and 216 are
provided along the axes of the first through fifth columns
of solid-state image sensor and the outer edges of the
p-type pillar-shaped semiconductor layers in the present
25 embodiment, the p'-type isolation region should just be

provided so that adjacent n-type CCD channel regions may

not contact with each other, for example, the p'-type
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20 the p-type pillar-shaped sem conductor |ayer 251 and the n-type CCD
channel region 208. [0046] Subsequently, the solid-state i mage sensor of
the second row and the fourth colum in Fig. 11 will be 25 described. The
p-type well region 212 is forned on the n-type substrate 211, and a p-type
pi |l I ar-shaped sem conductor |ayer 253 is further forned on the p-type - 31
well region 212. An n-type photoel ectric conversion region 243 in which

t he anpuntsof achargeresichanged3by 2llight216s faardrezlen ddie 4 bpoofd he
p-type pillar-shaped sem conductor |ayer 253, and the p'-type region 227
is 5 furthespflenowtll pnatrheirsyed ate am the di typé ighot bDebecttrie conver si on
regi on 243, while being spaced apart fromthe top end of the p-type

pi | | ar - shapedngericohdadrem | ayeFigby lal predet er mi ned di stance. Moreover
the transfer electrodes 204 and 205 are fornmed on the side of the p-type
10 pillarl@R4Béd semi conductor layer 253 via a gate insulating film 256.
The n-type CCD channel region 210 is forned bel ow the transfer el ectrodes
204 afld 205. AR 85F Chahfd 228%ei st hgrneaned oF reGiTnt BeeRee e he0R-t ype

photoel sciihc SReLaen Le5 023 g e, 0P S Lhe B LIBE i o
210. | 0OA7) o MALEDYEL (R XA | 2l PLEOR ol 903, 21 2 H5ra 809,218

layers of the adjacent rows of solid-state image sensors
so as to pass through between the p-type pillar-shaped

10 semiconductor layers of the adjacent rows of solid-state
image sensors. The transfer electrodes 201, 202, 203, 204,
205, and 206 are formed on the sides of the p-type
pillar-shaped semiconductor layers via the gate oxide film,
and are arranged spaced apart from each other by a

15 predetermined distance. The transfer electrodes 201, 202,
203, 204, 205, and 206 constitute a vertical charge
transfer device (VCCD) for vertically transferring the
signal charges generated in the photodiodes along with the
n-type CCD channel regions. The VCCD is driven in four

20 phases ((¢1-¢4), and the signal charges generated in the
photodiodes are vertically transferred by the four
transfer electrodes driven with different phases with
respect to each photodiode. Although the VCCD is driven
in four phases in the present embodiment, it will be clear

25 to those skilled in the art that the VCCD can also have

the configuration driven by any appropriate number of

phases.
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20 may be isolated not to contact with each other. Although the p'-type
isolation regions 213, 214, 215, and 216 are provided along the axes of
the first through fifth colums of solid-state i mage sensor and the outer
edges of the p-type pillar-shaped sem conductor |ayers in the present 25
enbodi ment, the p'-type isolation region should just be provided so that
adj acent n-type CCD channel regions may not contact with each other, for
exanpl e, tdeip]-type - 32 isolation regions 213, 214, 215, and 216 can
al so be displacedly arranged in an X3 direction fromthe arrangenent
shown in Fig. The sh@f48}es ® As e sardrhefleabolec tireid s @I pr2 @2 pct v Bdes
201, 202, 203, 204, 205, and 206 extending in the row direction are
provi ded 36t meérb t herh2Oyparpi tburrsithped hsen evhdecf bim [ayens wifz¢te
adj acent rows of solid-state inmage sensors so as to pass through between
the p-type il | dPOshaped aomsémilcondbeddr fiialer 844f itshef avracedn riows of
solid-state _inmage sensors. The_ transfer el ectrodes 201, 202, 203, 204,
205, And P ar 81 £Brmed 6h mHeadi 884 0fd thelp- edge Nt 13 ¥ 1 5RAped 1 ke
sem conductor, | ayers via the gate oxide film and are arranged spaced
apart frSREatRIoPRETT By alPd ety ePRHeS UPEEarfcR. @ The I anst er
el ectrod%s 201..202, 203, 2 and 206 constitute a vert.i geﬁ% har ge
r

transfer "dévi cBt Fve) I?%fft\:’lgﬁi cog]fSiglr?Pe?ﬁb]f%trJrPﬁg TRt STGRER v %%s
gﬁge{/gtcg%lﬂsé" f—‘\jceﬁ{)‘g;%%@ﬁf&é abengMil Lhe ; ki vpe 4R Ghanpsl. &gl ons.
{00501
10 Note herein that, although it is not shown in the
drawing, a cclor filter, a microlens, and the like are
formed on the above metal shield film via a protective film
or the planarized film in a manner similar to that of a
usual CCD image sensor.
15 [00517
Next, an example of a manufacturing process for
forming the solid-state image sensor and the solid-state
image sensing device according to the embodiment of the
present inventionwill be described with reference to Figs.
20 14 through 30.
[0052]
In Figs. 14 through 30, drawing symbols (a) and (b)
correspond to the X;-X;' cross-section and the Y,-Y,'
cross-section of Fig. 7, respectively.
25 [0053]

The p-type well region 165 is formed on the silicon

n-type substrate 164, and the n-type region 301 is formed
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20 phases ((4l-~4), and the signal charges generated in the photodi odes
are vertically transferred by the four transfer electrodes driven with

di fferent phases with respect to each photodi ode. Al though the VCCD is
driven in four phases in the present enbodinment, it will be clear 25 to
those skilled in the art that the VCCD can al so have the configuration
driven by any appropriate nunber of phases. - 33 [0049] The surfaces of
t he transfrertkkedtapdes 20k pP02yp203e1204red0on angls 206 nar eclconer@dd with
an oxide film (planarized film 250, and a netal shield film241 is forned
on the % otivieefremicthe3fet dls st ehddf i(fn @41l hds s candl @4 jke) . openi ng
portion for every photodi ode as a |ight transm ssion portion for
transmttite#ight received by the p'-type region acting as a |ight
receiving portion. [0050] 10 Note herein that, although it is not shown in
the drawing, &ScotorafiloEerde af ilér dlenderasd tde anke efrdiRgrisd on the
above_net al ghi eld filmvia a protective film_or the planarized filmin a

manne? sARTEPTRES & L™ OXsE8l TEEH Mieges sthdor3045 PETE12NéxE00an

exanpl e of_.a manyfacturin rocess for formng the solid-state inmage
sensor an(d‘ﬁjt%%‘sgl‘r"l -)st%Pg Hr?ag%) gensi ng devi ce according to the enbodi nent
of the | [Oqf§§jent invention will be described with reference to Figs.

Silicon is etched to form the pillar-shaped
semiconductors 181, 183, 307, and 308 (Figs. 16{(a) and

10 16(b)).

[0056]

An oxide film 309 is formed for ion channeling
prevention upon ion implantation (Figs. 17(a) and 17 (b)}.
[0057]

15 A polysilicon 310 is deposited so0 as to be used as
a mask upon ion implantation and is planarized, and
etchback is performed thereto (Figs. 18(a) and 18 (b)).
Other materials such as a photoresist or the like may also
be used as a mask material.

20 [0058]

Ion implantation is performed to form the p'~type
regions 155, 156, 153, and 157 (Figs. 19(a) and 19(b)).
[0059]

The polysilicon is etched and removed (Figs. 20 (a)

25 and 20(b}).

[0060]

Anitride film is deposited and etchback is performed
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20 14 through 30. [0052] 1In Figs. 14 through 30, drawi ng synbols (a) and
(b) correspond to the X2-X2' cross-section and the Y2-Y2' cross-section of
Fig. 7, respectively. 25 [0053] The p-type well region 165 is formed on the
silicon n-type substrate 164, and the n-type region 301 is forned - 34
on the top of the p-type well region 165, and then the pt-type region 302
is formed (Figs. 14(a) and 14(b)). [0054] Next, an oxide filmis deposited
and et chitng tits=d Iped for fredi hother foex d€ biildawmbskss 3833041 B0 1and 306
(Figs. 15(a) and 15(b)). [0055] Silicon is etched to formthe

pi | | ar - si¥dped asénd téndoctdres plifl] a183ha309¢ aedi80i ik gsr t6d@wahd 10
16 (b)) . [0056] An oxide film309 is forned for ion channeling

prevent i G 8FoACI waci plahtaliasrk (Fiags 1 o1y ap lawtd o)) .(Fig0572]1 15) A
polysilicon 310 is deposited so as to be used as a nmask upon ion

i mpl ant ati"ch @hdPi 4 -pl anari zed, and etchback is perforned thereto (Figs.
18(a) and[ ]OSéH) O her materials such as a photoresist or the |Iike may

al so ® 0

An n-type regicn 315 which will be an n-type CCD
channel region later is formed (Figs. 22(a) and 22(b)).
[0062]
Photoresists 316, 317, and 318 which are mask
10 materials for forming the p'-type isolation regions are
formed (Figs. 23(a) and 23(b)).
[0063]
Ion implantation is performed to form the p'-type
isolation regions 162 and 163 (Figs. 24{(a) and 24(b)).
15 [0064]
The photoresist, the nitride film, and the oxide film
are removed 1in this order (Figs. 25{(a) and 25(b)).
[0065]
Gate oxidation is performed to form a gate oxide film
20 312, and a polysilicon 320 is deposited and planarized,
and etchback is performed thereto (Figs. 26(a) and 26 (b)) .
[0066]
Photoresists 321, 322, 323, 324, 325, and 326 for
forming the transfer electrodes are formed (Figs. 27 (a)
25 and 27 (b)) .
[0067]

The polysilicon is etched to form the transfer
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be used as a mask material. 20 [0058] lon inplantation is perfornmed to form
the pt-type regions 155, 156, 153, and 157 (Figs. 19(a) and 19(b)).

[ 0059] The polysilicon is etched and renmoved (Figs. 20(a) 25 and 20(b)).
[0060] A nitride filmis deposited and etchback is perfornmed - 35 to
then leave it in the formof sidewall spacers 311, 312, 313, and 314 on
the pillar-shaped sem conductor sidewall so as to use it as a mask upon
ion inplantattondes gsd1211€4d) larid 204{H)) 145,[ GOGL]1 A6 nEtype ragyioh 315
which will be an n-type CCD channel region later is fornmed (Figs. 22(a)
and 22(b)dnd PB03&2]) Photoresists 316, 317, and 318 which are mask 10
materials for formng the p+-type isolation regions are forned (Figs.
23(a) and ©B¢BY). [0063] lon inplantation is performed to formthe p+-type
i solation regions 162 and 163 (Figs. 24(a) and 24(b)). 15 [0064] The

phot or esi st, tH& AT Her £PEML drfd 1HRP bR Pded P M 8rd Genfoved TR0t hfs

OrderS(Hé§503§%%hég%hzggg%griigg?Sknd etchback i1is performed
thereto (Figs. 29(a) and 29(b)).
[0069]
The metal shield £film 170 is deposited and planarized,
and etchback is performed thereto (Figs. 30(a) and 30(b)).
10 [0070]

Although the pillar-shaped semiconductor layer is
formed by etching the semiconductor layer in the above
embodiment, the pillar-shaped semiconductor layer may
also be formed by another method, for example, an epitaxial

15 growth.
[0071]

The pillar-shaped semiconductor layers of the
solid-state image sensor and the solid-state image sensing
device are formed on the p-type well region formed on the

20 n-type substrate in the above embodiment, but it is not
limited to this, and it may also be formed on the silicon
layer on an insulating film formed on the substrate (for
example, on an S0I substrate), for example.

([0072]

25 Moreover, although the n-type photoelectric

conversion region formed on the top of the p-type

pillar-shaped semiconductor layer is pillar-shaped with
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Gate oxidation is performed to forma gate oxide film 20 319, and a
polysilicon 320 is deposited and pl anarized, and etchback is perforned
thereto (Figs. 26(a) and 26(b)). [0066] Photoresists 321, 322, 323, 324,
325, and 326 for formng the transfer electrodes are fornmed (Figs. 27(a)
25 and 27(b)). [0067] The polysilicon is etched to formthe transfer - 36
el ectrodes 141, 142, 143, 144, 145, and 146 (Figs. 28(a) and 28(b)).
[0068] THie pheter esi stetsrr ermvedatand athoxpde yidd b 180 airs-shageposi t ed
and planarized, and etchback is perfornmed thereto (Figs. 29(a) and 29(b)).
[ 0069] Themetahdshitetd 1alymrl7d i shdepisitedeahd qimaaci zed, mapdbet chback
is perforned thereto (Figs. 30(a) and 30 (b)) . 10 [0070] Although the

pi | | ar - sH&paie dedindehduieY o PPy * i 8 t of arineple by odthohi nghehe tseari conduct or

| ayer in the above enbodinent, the pillar-shaped sem conductor |ayer may
al so be fldthed! by anot her nethod, for exanple, an epitaxial 15 grow h.
[0071% The pi |l ar-shaped lien‘i conductor |ayers of the solid-state imge
senso? and t he"'§31SU Sf at BREnGgesehRFnglectrode can be composed of

an electrode material generally used in a semiconductor
process or a solid state device in the above embodiments.
For example, it may include a low resistivity polysilicon,
tungsten (W), molybdenum (Moc), a tungsten silicide {WSi},

10 a2 molybdenum silicide (MoSi), a titanium silicide (Tisi),
a tantalum silicide (TaSi), and a copper silicide (CuSi).
Moreover, the transfer electrode may be formed by stacking
these electrode materials in layers without including the
insuiating film.

15 [0074]

Additionally, the metal shield film may be formed of,
for example, a metal film such as aluminum (A1), chromium
(Cr), tungsten (W), titanium (Ti), molybdenum {Mo), or the
iike, an alloy film composed of two or more kinds of these

20 metals, amuitilayeredmetal film in which two or more kinds
selected from a group including the above metal films and
the above alloy films are combined.

[0075]

As described above, although the present invention

25 has been described in terms of several embodiments for the
purposes of illustration, the present invention is not

limited thereto and it will be clear to those skilled in
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device are fornmed on the p-type well region forned on the 20 n-type
substrate in the above enbodinment, but it is not limted to this, and it
may al so be forned on the silicon l|ayer on an insulating filmforned on
the substrate (for exanple, on an SO substrate), for exanple. [0072] 25
Mor eover, al though the n-type photoelectric conversion region forned on
the top of the p-type pillar-shaped sem conductor |ayer is pillar-shaped
with 37 tthhe ssaneciaaned el cas thatn ot s tded prdy Pe ipiald dsn shagede made

sem conductor |l ayer in the above enbodinent, it may be fornmed into any
appropri dt® Srpasbotherenthamndatne {00731 5 wibirteowerdephe ttirramsf eom

el ectrode can be conposed of an electrode material generally used in a
seni condddt®r S CpPScesidofPa Isidl | df sthtee rievbeati ithenabove enbodi nents.
For exanple, it may include a low resistivity polysilicon, tungsten (W ,
nmol ybdenum (Mp) , a tungsten silicide (W), 10 a nol ybdenum silicide

(MSi ) , L Lani silicide (TiSi), _atantalumsilicide (TaSi) , and a
coppe% gﬁkiﬁ%eBFgﬁ§$é*ﬁﬁ%e@ﬁﬂ?H%hQ&ﬁ%ﬁﬁgér el ectrode nay be formed by
st acki ng (h??éﬁ]electrode materials in layers w thout including the
insulatidg $1?m 15 [0074] Additionally, the metal shield film may be

formed of, ok exanple, ) g pptal, Jilmsuch_as alum num (A) . chrom um
pixel of a conventional solid-state image sensor;
Fig. 2 illustrates a perspective view of one CCD
10 solid-state image sensor in accordance with the present
invention;
Fig. 3 illustrates a plan view of one CCD solid-state
image sensor in accordance with the present invention;
Fig. 4 illustrates a cross-sectional view taken from
15 line X;-X;' shown in Fig. 3;
Fig. 5 illustrates a cross-sectional view taken from
line Y;-Y1;' shown in Fig. 3;
Fig. 6 illustrates a perspective view of CCD
solid-state image sensors arranged in matrix form;
20 Fig. 7 illustrates a plan view of CCD solid-state
image sensors arranged in matrix form;
Fig. 8 illustrates a cross-sectional view taken from
line X;-X;' shown in Fig. 7;
Fig. 9 illustrates a cross-sectional view taken from
25 line Y»-Y;' shown in Fig. 7;
Fig. 10 illustrates a perspective view of CCD

solid-state image sensors arranged in honeycomb form;
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(Cr) , tungsten (W , titanium(Ti) , nolybdenum (M) , or the Ilike, an
alloy filmconposed of two or nore kinds of these 20 netals, a nultil ayered
metal filmin which two or nore kinds selected froma group including the
above netal films and the above alloy filnms are conbined. [0075] As
descri bed above, although the present invention 25 has been described in
ternms of several enbodinents for the purposes of illustration, the present
invention is ndtiglihitedituveretbeand iglawl Fibe cdfearChbosbhdse skatked in
- 38 the art that various changes and nodifications can be nade to the
enbodi mert’&? @R d Sl @les aklry a3 dut ndépare y agrfor dhermhe scope and spirit of
t he present invention. 5 BRI EF DESCRI PTION OF THE DRAWNGS [0076, Fig. 1
illustrates a Erichs-ldedtilowd L ¥ ew dfc 20 BnT 6 © i ka2 bfv he e onvkani bham
solid-state in&ge sgnsgr; Fig. 2. illustrates a perspective view of one CCD
10 sol i d-st’afe®Fn SRSt R ddSordahce with the present invention; Fig.

3illustrates a.plan_vi of, one CCD solid-state inpge sensor in
accor dance w t%ﬁ%'eq&réig SUIRERCI DL CFP S A TR ra ®8 g ken from

T a g e aek G T e AL S R LT
Fig. 6i||UStr@¥§iai@?5§p%¥iygt¥§%g§faC@Qoss—sectional process

view taken from X;-X;', showing an example of production

of the solid-state image sensor in accordance with the

10 present invention;

Fig. 14(b) illustrates a cross-sectional process
view taken from Y,-Y,', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

15 Fig. 15{(a} illustrates a cross-sectional process
view taken from X,-X;', showing the example of preoduction
of the solid-state image sensor in accordance with the
present invention;

Fig. 15(b) illustrates a cross-sectional process

20 view taken from Y,-Y;', showing the example of production
0of the solid-state image sensor in accordance with the
present invention:

Fig. 16(a) illustrates a cross-sectional process
view taken from X;-X,', showing the example of production

25 of the solid-state image sensor in accordance with the
present invention;

Fig. 16{(b) illustrates a cross-sectional process
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solid-state image sensors arranged in matrix form 20 Fig. 7 illustrates a
pl an view of CCD solid-state inage sensors arranged in matrix form Fig. 8

illustrates a cross-sectional view taken from |ine X2-X2' shown in Fig. 7;
Fig. 9illustrates a cross-sectional view taken from 25 line Y2-Y2' shown
in Fig. 7; Fig. 10 illustrates a perspective view of CCD solid-state inmage
sensors arranged in honeyconb form - 39 Fig. 11 illustrates a plan view

of CCD sdlidvstaken ifmage %engors shounged tie kormysbdeboftopiodti@: i 42
illustrates a cross-sectional view taken from |ine X3-X3'" shown in Fig.
11; 5 Fi @2t 18hel st idresag crssgsectdonal vinew ¢ aked afrcemwi the tYss Y3'
shown in Fig. 11; Fig. 14(a) illustrates a cross-sectional process View
taken frdth @RS 15H®W A§76n exanpl e of production of the solid-state

i mge sensor i%.accoiggn%e _\M{h the 10 present invention;_ Fig. 14(b)
illustrates a crobs-séctionat i PPOCESES vi e RS ESMOVYR Y2P L OSIRGW ng t he

exanpke . producti o of the solid-state ipage sensor in accordance with
t he %re(sveln wiﬁ%%ﬁtﬁi %ﬁ’;onig}zlfi 1B 3W?P9u§graealeé‘f§”%P%?o%§-Eéé’tdiudﬁfa}obrocess

Lo SNl AT R T e BRI o Mokt oL S
present invention;

Fig. 17 (b} illustrates a cross-sectional process
view taken from Y,-Y,', showing the example of production

10 -of the solid-state image sensor in accordance with the
present invention;

Fig. 18(a) illustrates a cross-sectional process
view taken from X,-X;', showing the example of production
cf the solid-state image sensor in accordance with the

15 present invention;

Fig. 18(b) illustrates a cross-sectional process
view taken from Y,-Y,', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

20 Fig. 19(a) illustrates a cross-sectional process
view taken from X;~X:;', showing the example of production
of the solid~-state image sensor in accordance with the
present invention;

Fig. 19(b) illustrates a cross—-sectional process

25 view taken from Y,-Y,', showing the example of production
of the solid-state image sensor in accordance with the

present invention;
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Fig. 15(b) illustrates a cross-sectional process 20 view taken from
Y2-Y2', showi ng the exanple of production of the solid-state inmge sensor
in accordance with the present invention; Fig. 16(a) illustrates a
cross-sectional process view taken from X2-X2', show ng the exanple of
production 25 of the solid-state inmage sensor in accordance with the
present invention; Fig. 16(b) illustrates a cross-sectional process - 40
vi ew t aken fromi¥2- Y20 (ashaowi hgst e texanpl erofs produtt vom ]l gfrbhess
solid-state i mage sensor in accordance with the present invention; Fig.
17(a) il Mistv¥ dtekea Eross-secti'onalhqrboesshe5exisaw takeh HromuxatHen,
show ng the exanple of production of the solid-state inmage sensor in
accor dan®& Wit h £Re 1 Pretane iimanuti 68N Y. 1r7aCITdasERatestla the
cross-sectional process  view taken from Y2-Y2', show ng the exanple of
product i & €397 bf 1L _bf PB st ate i mage sensor in accordance with the

present invention; FEig. 18(a),il]ustrates a cross-sectional process view
takengf rom X2-;2§'gj' s%@w&g(ﬁr?eu%{iﬁ 1€ ot f)FB&&c‘tSi%‘ﬁtlBPatﬂhéPE‘BFieﬁ-Sstate

i rage sensar. . i or.dance with th 15 present inventiop; Fig. 18(b

il gst ra?éser‘%t %‘r%‘gg-géé} |§fﬁ§IYt2pl’oCS§‘sosz% e%vﬁfeaﬁéﬁmfprelo‘?nc?g-%o,gu#oj\(ﬁ g the

exanpl e ofr produghian- o 21 8e :5p1 b4~ SR J MRICSN501 kB AGHY ARG W LN
present invention;

Fig. 21(a) illustrates a cross-sectional proccess

100 view taken from X;-X;', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

Fig. 21(b) illustrates a cross-sectional process
view taken from Y;-Y,', showing the example of production

156 of the solid-state image sensor in accordance with the
present invention:

Fig. 22(a) illustrates a cross-sectional process
view taken from X;-X,', showing the example of production
of the sclid-state image sensor in accordance with the

20 present invention:

Fig. 22(b) illustrates a cross-sectional process
view taken from Y,-Y;', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

25 Fig. 23 (a) illustrates a Cross—sectional process
view taken from X;-X;', showing the example of production

of the solid-state image senscor in accordance with the
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present invention; 20 Fig. 19(a) illustrates a cross-sectional process
view taken from X2-X2', showi ng the exanple of production of the
solid-state i mage sensor in accordance with the present invention; Fig.

19(b) illustrates a cross-sectional process 25 view taken from Y2-Y2',
showi ng the exanple of production of the solid-state image sensor in
accordance with the present invention; - 41 Fig. 20(a) illustrates a

cross-sed¥enahtprigcesstivingw t aken from X2-X2', showi ng the exanpl e of
production of the solid-state image sensor in accordance with the present
i nvention; 5 Fifg-9 20¢€B)(bi)| |kt vates e TrassToectTonalk ipmocksprovess t aken
fromY2-Y2' , show ng the exanple of production of the solid-state inmage
sensor i ¥ 5&¥of a&Rde S YtZkng 'or SSENY INAVERS erammp e 2f(ayodualksieates a
cross-segc# ogsl pro]gjg(?s 10 view taken from X2-X2', show ng the exanple of
product i ®t R Sof T AF &t&t e P HEGe SEERRVF 1R &or BadAEE it ht Bhéhopresent
i nven io%gjsg. 21(b‘) illustrates a cross-sectional process view taken
from ¥2- Y2 25 SRowitty’ et 8 dnpl e of production 15 of the solid-state i mage

sensor in accord _cezxviéy} j[ihiel QE%secnets i nvegti on; Fi 5 22(a) iIIustSr ates a
cross-secti onal ;a)C'Poces vi'ew taken Tronf X2 R3= %%Sgn ﬁéleiﬁepﬁ?gﬁﬁ e of
productiQMey taken from X;-X2', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

10 Fig. 24(b) illustrates a cross—-sectional process
view taken from Y,;-Y,', showing the example of production
of the solid-state image sensor in accordance with the
present Invention;

Fig. 25(a) illustrates a cross-sectional process

15 view taken from X;-X,;', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

Fig. 25{(b) illustrates a cross-sectional process
view taken from Y;-Y,', showing the example of production

20 of the solid-state image sensor in accordance with the
present invention:

Fig. 26(a) illustrates a cross-sectional process
view taken from X;-X;', showing the example of production
of the solid-state image sensor in accordance with the

25 present invention;

Fig. 26 (b) illustrates a cross—-secticnal process

view taken from Y,-Y,', showing the example of production
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of the solid-state image sensor in accordance with the 20 present

invention; Fig. 22(b) illustrates a cross-sectional process viewtaken
fromY2-Y2', show ng the exanple of production of the solid-state inmage
sensor in accordance with the present invention; 25 Fig. 23(a) illustrates

a cross-sectional process view taken from X2-X2', show ng the exanpl e of
production of the solid-state i mage sensor in accordance with the 42
present igWwehhieomoF g-s23(te) ihkyst satresoa ¢nosscSectboral PIoBesSie Vi ew
taken from Y2-Y2', showi ng the exanple of production of the solid-state

i mge sers®Esentacigorelahéensith the 5 present invention; Fig. 24(a)
illustrates a cross-sectional process view taken from X2-X2', show ng the
exanpl e of producti oA’ (6 thelgstirdistate cmegs seasdr e hcpopdance Wit h
the present invention;, 10 Fig. 24(b) illustrates a cross-sectional process
vi ew t akéht§¥ onf ¥2Y2KEWieg H2he Sl BIot her 66@dMr ba o &f prRelust idnst at e
i mage senz‘éﬁ)r%ﬁn accordance with the present invention; Fig. 25(a)

X Br 6Ss-5EcPFondl ro2BsSCMIOY| ey AN LRBMEXM KON, téifowi ng

illustrat
t he exarr%lreeso(fen rg%u&ti?m of the solid-state i nage sensor in accordance
with the present i nVeERti8AY Fig. 25(b) illustrates a cross-sectional

process Fig. 27(b) illustrates a cross-sectional process
view taken from Y;-Y,', showing the example of production
of the solid-state image sensor in accordance with the

10 present invention;

Fig. 28(a) illustrates a cross-sectional process
view taken from X,-X,', showing the example of production
of the solid-state image sensor in accordance with the
present invention;

15 Fig. 28(b) illustrates a cross—-sectional process
view taken from Y,-Y:', showing the example of production
of the solid-state image sensor in accordance with the
present invention:

Fig. 28(a) illustrates a cross-sectional process

20 view taken from X;-X;', showing the example of production
of the sclid-state image sensor in accordance with the
present invention;

Fig. 29(b) illustrates a cross-sectional process
view taken from Y,-Y,', showing the example of production

26 of the solid-state image sensor in accordance with the
present invention;

Fig. 30(a) illustrates a cross-sectional process
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view taken from Y2-Y2', showi ng the exanple of production 20 of the
solid-state i nage sensor in accordance with the present invention; Fig.

26(a) illustrates a cross-sectional process view taken from X2-X2',
show ng the exanple of production of the solid-state inmage sensor in
accordance with the 25 present invention; Fig. 26(b) illustrates a

cross-sectional process view taken from Y2-Y2', show ng the exanpl e of
producti oniew d3keof firven SOl-Xb'st atleow mage tdensoramml acodr danem ot £ bnt he
present invention; Fig. 27(a) illustrates a cross-sectional process view
t aken frd?ﬁXQhXZ'S,O]ngvxﬁﬁgtteheiIe&aﬁpIS@rtﬁOpr 6ductd omr dBngfe twetBoltihe st at e
i mage sensor in accordance with the present invention; Fig. 27(b)

i || ustratRs® acBlosdiseetiiondl Prdcess view taken from Y2-Y2', show ng the
exanpl e of productio f the solid-state i nage sensor in accordance with
the 10 presen Ji‘—’nvegpi(gﬂ; FHuss8eded | fuSErRTSS ACEEGIR LeBEPERAS process
vi ew taken from X2- X2' , show t he exanpl e of productio of the .

sol i dgst ate" ¥ n%%gege%&?rm ih’i?f"a@gdr fgﬁb"élwgt Flhtehgxarﬂ%%%n?gi AveMti Ot °35 Fig.
28(b) illust e Ck 0ss-sectional process | viewtaken fromY2-Y2',
showi ng tct% %@%rr%logl locg %?8 actiOhIof “the Sol 8- &Caﬁ%raﬁﬁé’@ JEhsBr t%r‘?

accor dan%pré/\ééﬂtt he v PLeSERL 1 nvention;

EXPLANATIONS OF LETTERS OR NUMERALS

10 [0077]
11: n-type substrate
12: p-type well region
13: n-type photoelectric conversion region
14: p-type region

15 15: p’-type isclation region
16: n-type CCD channel region
17: Si oxide film
18: Transfer electrode
20: Metal shield film

20 24: Metal shield film opening
111: n-type substrate
112: p-type well region
113: n-type photoelectric conversion region
114: p'-type region

25 116: n-type CCD channel region
115: p'-type isolation region

118: Transfer electrode
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Fig. 29(a) illustrates a cross-sectional process 20 view taken from
X2-X2', showi ng the exanple of production of the solid-state inmge sensor
in accordance with the present invention; Fig. 29(b) illustrates a
cross-sectional process view taken fromY2-Y2', show ng the exanple of
production 25 of the solid-state inmage sensor in accordance with the
present invention; | Fig. 30(a) illustrates a cross-sectional process 44
view taken frorhD@: X2'ranshioa nglehe exaepl e of production of the
solid-state i nage sensor in accordance with the present invention; and
Fig. 30(b) illusttat¥stalcrossesdetfiloiml process 5 view taken from Y2-Y2',
show ng the exanple of production of the solid-state inmage sensor in
accordance witH4he Cpié€entiifventi on. EXPLANATI ONS OF LETTERS OR NUMERALS

10 [0077] 11: gaﬁz e_substrate 12: p-type. well region 13. n-type
phot oel ect ri c rE&t8R Y gt Rl Viag pP‘??EéOIDeg RMCE5dEmde) -t ype isol ation

;th?gonG Hﬁgf' gﬁgpg??re Igﬂﬂnlconghc%§5ge ngq?ls Transfer

132: Read channel
133: Gate insulating film
141: Transfer electrode
142: Transfer electrode

10 143: Transfer electrode
144: Transfer electrode
145: Transfer electrode
lde: Transfer electrode
147: Photodiode (PD)

15 148: Photodiode (PD)
149: Photodiode (PD)
150: Photodiode (PD)
151: Photodiode (PD)
152: Photodiode (PD)

20 153: p'-type region
154: p'-type region
155: p'-type region
156: p'-type region
157: p'-type region

25 158: p'-type region
159: n-type CCD channel region

160: n-type CCD channel region
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20 24: Metal shield filmopening 111: n-type substrate 112: p-type well
region 113: n-type photoel ectric conversion region 114: p'-type region 25
116: n-type CCD channel region 115: p'-type isolation region 118:
Transfer electrode - 45 119: Transfer electrode 120: Metal shield film
121: Oxide film 130: Light receiving portion (photodiode) 5 131:

Pill ar-shaped sem conductor |ayer 132: Read channel 133: Gate insulating
film 141: Transfker elrégtoreodeCDl4Parfia@nstergiedectrode 10 143: Transfer

el ectrode 144: Transfer electrode 145: Transfer electrode 146: Transfer
el ectrode 147:16hotpdibiee( BBoLsti48: Photodi ode (PD) 149: Phot odi ode

(PD) 150: Photaodiode (PD) 151: Photodi ode (PD)
163: p'-type isolation regilon

164: n-type substrate

5 | 165: p-type well region
166: n-type photoelectric conversion region
167: n-type photoelectric conversion region
168: n-type photoelectric conversion region
163: n-type photoelectric conversion region
10 170: Metal shield film
172: n-type photoelectric conversion region
180: Oxide film
181: Pillar-shaped semiconductor layer

182: Read channel

15 183: Pillar-shaped semiconductor layer
184: Read channel
185: Gate insulating film
186: Gate insulating film
201: Transfer electrode
20 202: Transfer electrode
203: Transfer electrode
204: Transfer electrode
205: Transfer electrode
206: Transfer electrode
25 207: n-type CCD channel region
208: n-type CCD channel region
209: n-type CCD channel region
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152: Photodi ode (PD) 20 153: p'-type region 154: p'-type region 155:
p'-type region 156: p'-type region 157: p'-type region 25 158: p -type
region 159: n-type CCD channel region 160: n-type CCD channel region - 46
161: n-type CCD channel region 162: p'-type isolation region 163: p -type
isolation region 164: n-type substrate 5 165: p-type well region 166:
n-type photoel ectric conversion region 167: n-type photoel ectric
conver si on regiZdrd : 168t ymet ypeD phboglelt regiconversion region 169: n-type
phot oel ectric conversion region 10 170: Metal shield film172: n-type

phot oel ectric @drverBréiPreegiwhst18d:e Oki de film 181: Pill ar-shaped

sem conductor | ayer 182: Read channel 15 183: Pillar-shaped sem conduct or

| ayer 184: Red&d <hannélressieht 8t ating film

213: p'-type isolation region
5 214: p*-type isoclation region
215: p*~type isoclation region
216: p'-type isolation region
217: n-type photoelectric conversion region
218: n-type photcelectric conversion region
10 221: p*'-type region
222: p'-type region
223: p'-type region
224: p*'-type region
225: p’-type region
15 226: p'-type region
227: p'-type region
228: p'-type region
229: p'-type region
230: p'-type region
20 231: Photeodiode (PD)
23%2: Photodiode (FD)
233: Photodiode (PD)
234: Photodiode (PD)
235: Photcdiode (PD)
25 236: Photodiode (PD)
237: Photodiode (PD)

238: Photodiode (PD)
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186: Gate insulating film 201: Transfer electrode 20 202: Transfer

el ectrode 203: Transfer electrode 204: Transfer electrode 205: Transfer
el ectrode 206: Transfer electrode 25 207: n-type CCD channel region 208:
n-type CCD channel region 209: n-type CCD channel region - 47 210:
n-type CCD channel region 211: n-type substrate 212: p-type well region
213. p'-type isolation region 5 214: p'-type isolation region 215:

p' -type isol atiZiP r eghomoRiisdep' (ADjpe isol ation region 217: n-type
phot oel ectric conversion region 218: n-type photoel ectric conversion
region 10 221:24P:tjpetoshione242D)p' -type region 223: p'-type region
224. p'-type region 225. p'-type region 15 226: p'-type region 227:

p' -type region%4ﬂ28:M%t§€yﬁ%‘¥%gﬂoﬁl m

242: n-type photoelectric conversion region
5 243: n-type photoelectric conversion region
250: Oxide film
251: Pillar-shaped semiconductor layer
252: Read channel
253: Pillar-shaped semiconductor layer
10 254: Read channel
255: Gate insulating film
256: Gate insulating film
301: n-type region
302: p'-type region
15 303: Oxide film mask
304: Oxide film mask
305: Oxide film mask
306: Oxide film mask
307: Pillar-shaped semiconductor
20 308: Pillar-shaped semiconductor
309: Oxide film
310: Polysilicon
311: Sidewall spacer
312: Sidewall spacer
25 313: Sidewall spacer
314: Sidewall spacer

315: n-type region
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229: p'-type region 230: p'-type region F 20 231: Photodi ode (PD) 232:
Phot odi ode (PD) 233: Photodi ode (PD) 234: Photodi ode (PD) 235:

Phot odi ode (PD) 25 236: Photodi ode (PD) 237: Photodi ode (PD) 238:

Phot odi ode (PD) - 48 239: Photodi ode (PD) 240: Photodiode (PD) 241:
Metal shield film242: n-type photoelectric conversion region 5 243:
n-type photoel ectric conversion region 250: Oxide film251: Pillar-shaped
sem conduct or I3ayer PRe&ZoRemtsthannel 253: Pillar-shaped semi conduct or

| ayer 10 254: Read channel 255: Gate insulating film 256: Gate insulating
film 301: n-type refPOrBOEipt-type region 15 303: Oxide filmmsk 304:

Oxi de filmmaslg 305 Oxide fil mnask
Photoresist

319: Gate oxide film
5 320: Polysilicon
321: Photoresist
322: Photoresist
323: Photoresist
324: Photoresist
10 325: Photoresist

326: Photoresist
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306: Oxide filmmask 307: Pillar-shaped sem conductor 20 308:

Pill ar-shaped sem conductor 309: Oxide film 310: Polysilicon 311:

Si dewal | spacer 312: Sidewall spacer 25 313: Sidewall spacer 314:

Si dewal | spacer 315: n-type region - 49 316: Photoresist 317:

Phot oresi st 318: Photoresist 319: Gate oxide film5 320: Polysilicon
321: Photoresist 322: Photoresist 323: Photoresist 324: Photoresist 10
325: Photoresist 326: Photoresist SG-ADIAIMS 1. A solid-state image
sensor, conprising: a first conductive type sem conductor |ayer; a first

conduct i Ve typé pid}af- Shapetl sBAPCoFRRESE, SARREESLiedred on the first

' type sem conductor )
conducti ve ypa farst conductive type semiconductor layer;

a first conductive type pillar-shaped semiconductor
5 layer formed on the first conductive type semiconductor
layer;

a second conductive type photoelectric conversion
region formed on the top of the first conductive type
pillar-shaped semiconductor layer, an electric charge

10 amount of the photoelectric conversion region being
changed by light; and

a high-concentrated impurity region of the first
conductive type formed on a surface of the second
cenductive type photoelectric conversion region, the

15 impurity region being spaced apart from a top end of the
first conductive type pillar-shaped semiconductor layer
by a predetermined distance, wherein

a transfer electrode is formed on sides of the first
conductive type pillar-shaped semiconductor layer via a

20 gate insulating film,

a second conductive type CCD channel region is formed
below the transfer electrode, and

a read channel is formed in a region between the second
conductive type photoelectric conversion region and the

25 second conductive type CCD channel region.

2. A solid-state image sensing device, wherein a
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| ayer; a second conductive type photoelectric conversion region forned on
the top of the first conductive type pillar-shaped sem conductor |ayer, an
el ectric charge 10 anmount of the photoelectric conversion region being
changed by light; and a high-concentrated inpurity region of the first
conductive type fornmed on a surface of the second conductive type
phot oel ectric conversion region, the 15 inpurity region being spaced apart
froma tdpteRdldft s I siilst-ebpdEctimag ¢ iR pP FBanr Cslvaskidh ¢ e cohad bt or

| ayer by a predeterm ned distance, wherein a transfer electrode is forned
on sides:bfagﬁeE*ﬁ9%@ge€0H6h6¥?9élﬁy6%”@F}Iar-shaped seni conduct or | ayer
via a 20 gate insulating film a second conductive type CCD channel region
is formed below the transfer electrode, and a read channel is formed in a

regi on befween . the d .conductive type photoel ectric conversion region
angttmeQ%B segﬁﬁi%gﬁgaﬁ%R%F?yﬁgagi)%ﬁﬁﬁﬁ&gr Y o< fC99§§HWﬁS§%te

| mgessensj Ngndevi ¢8, . Wherekn & s 3k Rld éﬂ&%¥v%ff§%%ﬁ$é§?%%éﬁ@g$

Sensors accorlgi ng to clarm are arranged 1n natri x

T . , . : Lai .
sol 1 d- st atey1 BRYG é%ﬁgsgﬁv'ocfee€cggﬁg!nw dPhdlct 1@@%¥p§hgén?odr}%£@$

second conductive type CCD chann region is conposed ot (
conducti ve&:d¥ype eRREAdYngl 661 o0 SXheRt] Ng: FB R 16l ump diregtipy at | east

in
respective portions between adjacent columns of the first
conductive type pillar-shaped semiconductor layers, and
10 an isolation region composed of high concentration
impurities of the first conductive type is provided so that

the second ceonductive type CCD channel regions may not

contact with each other.

15 4. The solid-state image sensing device according to
claim 3, wherein a plurality of transfer electrodes
including the transfer electrodes formed on the side of
the first conductive type pillar-shaped semiconductor
layerviathegateinsulatingfilmextendinearowdirection,

20 in respective portions between the adjacent rows of the
first conductive type pillar-shaped semiconductor layers,
and are arranged at a predetermined space so as to transfer
a signal charge generated in the solid-state image sensor
along the second conductive type CCD channel region.

25
5. A solid-state image sensing device, wherein a

plurality of sets of the columns of solid-state image
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respective portions between adjacent colums of the first conductive type
pi |l | ar-shaped sem conductor |ayers, and 10 an isolation region conposed of
hi gh concentration inpurities of the first conductive type is provided so
that the second conductive type CCD channel regions may not contact with
each other. 15 4. The solid-state i mage sensi ng device according to claim
3, wherein a plurality of transfer electrodes including the transfer

el ectrodesc 1 dPHEd o t HBisilde of i rsfe d¢kvmncoridusel ¥d-tygmet i fihagsshaped

sem conductor |ayer via the g?te insulating filmextend in a row
di recti o ®2B°FF FEsPEAUGE Porty dhs tHekedR Ltifk 2P A€o At s TS P RE

first conductive type pillar-shaped sem conductor | ayers, . and are arranged
at a prec?e?%?ﬁfiﬁé@yg‘b)a&l%bmai Tget?ﬁﬁﬁné?e a-Ri ynat L EhaPdd feherat 88 in

th l'id- [ | t d duct | CCD ch I

rogi on, 25 5L RCCOUAE St At g0 Aagi CRRE i U0 cBY wifer Lok B Py of
t ft : ; i.d- | - i_n which a first

ol i of SO 7o st bt Ariivabd Fasncor kTP nren L o UFAR: 19°0F S 4k rat o

i mge sensatSrqaagPndi ng L enchaim.l ar a%&éé“&%ﬂﬂﬂ%f%{}éﬁtdQQé%%igﬁ_at a
I I d= ich a

first space, and a second colum of so state inmage 5 sensors in
pluralitywoftgel iFd-sd@t gphRIG SENGLES 4 BEEPLEINT Oaft;a'nraefﬁ g arr anged
y ar

inthe first direction at the first space and are displace ranged by
a predetrerediaed rammisd dMotife fild Hhdlif EEELORi WAL 188PREEL respect
to the first column of solid-state image sensors are
10 displacedly arranged at a second space are displacedly

arranged by a predetermined amount in the first direction

at the second space.

6. The solid-state image sensing device according to

15 claim 5, wherein the second conductive type CCD channel
region is composed of a second conductive type impurity
region which extends in the column direction passing
through between respective pillar-shaped semiconductor
layers of the adjacent columns of the first conductive type

20 pillar-shaped semiconductor layers, at least in
respective portions between the adjacent columns of the
pillar-shaped semiconductor layers, and an isolation
region composed of high concentration impurities of the
first conductive type is provided so that the second

25 conductive type CCD channel regions may not contact with

each other.
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to the first colum of solid-state i nage sensors are 10 di splacedly
arranged at a second space are displacedly arranged by a predeterm ned
anount in the first direction at the second space. 6. The solid-state

i mage sensing device according to 15 claim5, wherein the second
conductive type CCD channel region is conposed of a second conductive type
inmpurity _region which extends in the colum direction passing through

bet ween’ respectie prlig-shaped iderd eoRgucticrs fayérse of cthe dddjacent
colums of the first conductive type 20 pillar-shaped sem conductor |ayers,
at |east $h?1Pe8peblP¥éE Portions et hBEncLRE tat) 2B xE6NEAS bhet hew
piIIar-sn§Ped en conduct,or I%%ers, and an isolation region conposed of

hi gh concentr&tioH" i Rpariti%s - oF CBHE 15T ¥EeCondtRPFEE itfe is provided so

that th tive t h | [ [ t tact with
cach ot ndrT 2880+ h 4R B BB TRt el SEREFnG cYl S  BIGBIT hOEPB2 ol ai m
6, wh e thet fer_ : [ o di. ti [
A e e R e W v

adj acent ﬁ@ﬁ@io§§ﬁbébgegwlégj ?@P%gﬁﬁﬁ%cggd%géipkgﬁgggSﬁggg%§panive

portions between adjacent rows o ar - shape sem conductor |ayers,
and are a6t Alc o Predebesm el SRAGE SOngsdt 9+t hansiak & S gnak
charge generated in the solid-state inage senSor along the second
conduct i wpdypesol@sCeR chammekere@ Mignal charge generated in the
solid-state image sensor along the second conductive type

100 CCD channel region.

8. A method of producing a solid-state image sensor,
comprising the steps of:
forming a first conductive type semiconductor layer,
15 a first conductive type pillar-shaped semiconductor layer
on the first conductive type semiconductor layer, a second
conductivetypephotoelectricconversionregioncn1thetop
of the first conductive type pillar-shaped semiconductor
layer, and 2 high-concentrated impurity region of the first
20 conductive type on a surface of the second conductive type
photoelectric conversion region, the impurity region
being spaced apart from a top end of the first conductive
type pillar-shaped semiconductor layer by a predetermined
"distance;
25 forming a second conductive type CCD channel region
on a surface of the first conductive type semiconductor

layer;
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8. A nethod of producing a solid-state inmage sensor, conprising the steps
of: formng a first conductive type sem conductor |ayer, 15 a first
conductive type pillar-shaped sem conductor layer on the first conductive
type sem conductor |ayer, a second conductive type photoelectric
conversion region on the top of the first conductive type pillar-shaped
sem conductor |ayer, and a high- concentrated inpurity region of the first
20 conductive thd‘é“blﬁgaa sartfead 8 sofl a hengetbhd o silge pypehe first
photoelectrlc converS|on region, the inmpurity region being spaced apart

froma t &P ERACHE ithet YPRsP IdomiicENe@ed ypelpiadndushaped aemt coradct or

| ayer by a pre%eternlned dlst%nce 25 form ng a second conductive t%pe CCD
channel regi on "G %L RErd 40P BF LEReCLAAd eoRduR T Re TyPe Skrhikeddies

| ayer; m_n ate Jinsul ati on the side of the first
COﬂdUCtIVeI%%%§£6WF?5#F&%§BéHl%En?@&ﬁ fﬁ?“}%989u9£ﬁff%ﬁ%?ﬁgvéatﬁ%ﬁsfer

el ectgod t.he f ir ctive ty |Ilar aped

sem c%nd?atottr)ler aylz!rLg\%/llg1 tfqeh{s %ng%ﬁya%%%n éilbot\/]e ?hc B&ond
conduct i v& 4ype1 CeR 4 channel region. 9. The met hod of produci ng the
solid-state inmage sensor according to claim38, wherein the step of formng
the first 10 conductive type sem conductor |ayer, the first conductive

type pillar-shaped sem conductor |ayer on the first conductive type

sem condyct or Tayeme ted SECP¥bducing the solid-state image sensor
according to claim 8, wherein the step of forming the first
100 conductive type semiconductor layer, the first conductive
type pillar-shaped semiconductor layer on the first
conductive type semiconductor layer, the second
conductivetypephotoelectricconversionregionrn1thetop
of the first conductive type pillar-shaped semiconductor
15 layer, and the high-concentrated impurity region of the
first conductive type on a surface of the second conductive
type photoelectric conversion region, the impurity region
being spaced apart from a top end of the first conductive
type pillar-shaped semiconductor layer by the
20 predetermined distance further includes:
forming a semiconductor layer of the first conductive
type with a larger thickness than the first conductive type
semiconductor layer;
forming a semiconductor layer of the second
25 conductive type on the semiconductor layer of the first
conductive type with the larger thickness than the first

conductive type semiconductor layer;
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conductive type photoel ectric conversion region on the top of the first
conductive type pillar-shaped sem conductor 15 | ayer, and the

hi gh-concentrated inmpurity region of the first conductive type on a
surface of the second conductive type photoel ectric conversion region, the
inmpurity region being spaced apart froma top end of the first conductive
type pillar-shaped sem conductor |ayer by the 20 predeterm ned distance
further includé®TMopfih§edseredsdrct er vy & tdf htilge f ¢ psceadricRieefve
type with a | arger thickness than the first conductive type sem conductor

| ayer ; f&ﬂ@?@lglﬁﬁﬁ%Bnﬁﬁ@uﬁl?%9eFQﬂd%%El§§c&%P%SOEOQﬂ%t$9€Oﬁﬂmeon

the sem cond ctgt | ayer of the.firét conductive type with the |arger
thi ckness YRARCEAE F i T4PS SSTHuUe P8 Spe SB#FESnductor |ayer; - 55 form ng

a sem conductor, |ayer .wi th high-concentrated., inpurities.of the first
conducti ve typg’eo%y? 8’8 or?&gc c%ﬁgugthﬁ/es?Hﬁbgogéirﬁcc%%ﬁuéﬁéfreﬁ a?/%rt'ge

| i ; I t he. ] duct f t 5 fi t j t
oL oo o SLobbEB e s condhtaf et bh B st angictbye e

yp€ “senm conduct or

| ayer, the sepi e%@lq}{péeivb%gp&fs&ﬂ%&ﬁf:@@&w‘%ﬂ;w? e, and the

sem conductor layer w th high-concentrated Inpurities of | first
conduct i Wdnyi ¢¥RE UG dPrMA §8e 41 rste cNENE T ¥6ndQ dviPee SO £0NLNQt OR | ayer,

the first conductive type " pillar-shaped sem conductor |ayer on the first
conduct i weeniypadserd eondugter wh ayeh,i dihec sgeend oNduct npe Mibes of
the first conductivity type to form the first conductive
10 type semiconductor layer, the first conductive type
pillar~shaped semiconductor layer on the first conductive
type semiconductor layer, the second conductive type
photoelectric conversion region on the top of the first
conductive type pillar-shaped semiconductor layer, and
15 the high-concentrated impurity region of the first
conductive type on the.upper surface of the second
conductive type photoelectric conversion region;
forming an oxide film on the surface of the first
conductive type semiconductor layer, the side of the second
20 conductive type photoelectric conversion region, and the
side of the first conductive type pillar-shaped
semiconductor layer;
depositing a maskingmaterial on the side of the first
conductive type pillar-shaped semiconductor layer, the
25 mask material being used in forming the high-concentrated
impurity region of the first conductive type on the side

surface of the second conductive type photoelectric
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phot oel ectric conversion region on the top of the first conductive type
pi |l | ar-shaped sem conductor |ayer, and 15 the high-concentrated inpurity
region of the first conductive type on the upper surface of the second
conductive type photoel ectric conversion region; formng an oxide filmon
the surface of the first conductive type sem conductor |ayer, the side of
the second 20 conductive type photoel ectric conversion region, and the

si de of tden¥erst cwondagtiove kypeopi liprlahapéd gem aodduct or | ayer;
depositing a masking material on the side of the first conductive type

pi | | ar-shaped démitehauelerhiahecondrnt 28 tegskmpates v 8lTdeing asedhin
formng the high-concentrated inpurity region of the first conductive type
on the si SEuFP&&??ﬁlYﬁetﬁaﬁHQHCBﬁ&ﬂﬁﬁ@% Eype Aot vkl BEEr i sBRd
conversion region by ion inplantation; and form ng the high-concentrated
Cpuri Ly TR BR OO R HeYPF] PO TORUBEEAE { SPB Vo 1" SFE ISUT { ke 167 t he
secon d ive .t ype photoel ectric conversion region by ion 5
inpla%taﬁ?@%fgéaé%ﬁlﬁgthod of producing a solid-state i mge sensing

device, conprising the steps of: formng a first conductive type
sem conductor |layer, 10 a plurality of first conductive type pillar-shaped

sem condygf or hayelsyp9n Lie ﬂf?éﬁc@.?x’bd%tgggiw-péata‘?gmi?n cLapdigyer. a
second conductive type photoelectric conversion region o the top of each
of the device, comprising the steps of:
forming a first conductive type semiconductor layer,
10 a plurality of first conductive type pillar-shaped
semiconductor layers on the first conductive type
semiconductor layer, a second conductive type
photoelectric conversion region on the top of each of the
plurality of first conductive type pillar-shaped
15 semiconductor layers, and a high-concentrated impurity
regicn of the first conductive type on the surface of the
second conductive type photoelectric conversion region,
the impurity region being spaced apart from the top end
of the first conductive type pillar-shaped semiconductor
20 layers;
forming a second conductive type CCD channel region
on the surface of the first conductive type semiconductor
layer;
forming a gate insulating film on the sides of the
25 plurality of first conductive type pillar-shaped
semiconductor layers; and

forming a plurality of transfer electrodes above the
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plurality of first conductive type pillar-shaped 15 sem conductor | ayers,
and a high-concentrated inpurity region of the first conductive type on
the surface of the second conductive type photoel ectric conversion region,
the inmpurity regi on being spaced apart fromthe top end of the first
conductive type pillar-shaped sem conductor 20 l|layers; formng a second
conductive type CCD channel region on the surface of the first conductive
type seniddnAlEt 60nFugel vef iR ngCalgatenmall eioigdi | Bhen tttnsfess of
the 25 plurality of first conductive type pillar-shaped sem conductor

| ayers; dnd®Fbrfidfg & pFhrdridy 30 kamsteF 2BPdaT GiesChbove § H T Byd
"o udi gt Eagi 1o BnSF oF i dELREdas for fba T idrt | neCBAuERT Yot aDe

Phe gat e i Hah et PR e B R S R S g et col 1 & st at e
the r T ot o A SR8 M onduct o | ayer | the 10 plural ty of firet

conductive type pillar-shaped semniconductor layers on the first conductive
type sem conductor |ayer, the second conductive type photoelectric

conver si an I egireie ARty LaPpeb RAchn §ft 1de o Pl araliatoe ofddd Sl condycti ve
type pill ar-shaped

device according to claim 10, wherein the step of forming
the first conductive type semiconductor layer, the

10 piurality of first conductive type pillar-shaped
semiconductor layers on the first conductive type
semiconductor layer, the second conductive type
photoelectric conversion region on the top of each of the
plurality of first conductive type pillar-shaped

15 semiconductor layers, and the high-concentrated impurity
region of the first conductive type on the surface of the
second conductive type photoelectric conversion region,
the impurity region being spaced apart from the top end
of the first conductive type pillar-shaped semiconductor

20 layer by the predetermined distance, further includes:

forming a semiconductor layer of the first conductive
type with a larger thickness than the first conductive type
semiconductor layer;
forming a semiconductor layer of the second

26 conductive type on the semiconductor layer of the first

conductive type with a larger thickness than the first

conductive type semiconductor layer;
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15 sem conductor |ayers, and the high-concentrated inpurity region of the
first conductive type on the surface of the second conductive type
phot oel ectric conversion region, the inpurity region being spaced apart
fromthe top end of the first conductive type pillar-shaped sem conduct or
20 |l ayer by the predeterm ned distance, further includes: formng a

sem conductor |ayer of the first conductive type with a larger thickness
than the first feondueeia e anyipeon deritcondector Widyehi dloropngeatrated

sem conductor | ayer of the second 25 conductive type on the sem conduct or

| ayer of YTHRUELEdteS cohdGeE Vel ¥§pe oWt At LaegdryR$i eknddse thamorise fir st
conducti ve t%ge sem conductor |ayer; - 58 - t formng a sem conductor |ayer

wi th hi giFTONEERLYA edYPPnFE ¢ @R A5 te +R¥SE ‘conducti ve type on the

s conduct of SR bE SEe T § 65 CRIATT S SO § AT ke SPhdil { hBer i r st
cecond candiet SePETLEEIEG Fins R EoRtuctorh | BPEr MR HPRNCBAt r at ed
st condadtor 1253ed it EOBR Faas ) M ¥PEeh e foe (oY arhEhaped.

sem condudainbayghanit 1he LLpel, COMIUCLLVekYRe  REOLEONGUCIOL | AYRT. @
second conductive type photoelectric conversion region on the top of the
pluralityif-Ebhelertongdbeti VendyPerRidd afrshared isem cepduaiOFivity
type to form the first conductive type semiconductor layer,
100 a plurality of first conductive type pillar-shaped
semiconductor layers on the first conductive type
semiconductor layer, a second conductive type
photoelectric conversion region on the top of the plurality
of first conductive type pillar-shaped semiconductor
15 layers, and a high-concentrated impurity region of the
first conductive type on the upper surface of the second
conductive type photoelectric conversion region;
forming an oxide film on the surface of the first
conductive type semiconductor layer, the side of the second
20 conductive type photoelectric conversion region, and the
side of the first conductive type pillar-shaped
semiconductor layer;
depositing a masking material between the plurality
of first conductive type pillar-shaped semiconductor
25 layers, the mask material being used in forming the
high-concentrated impurity region of the first conductive

type on the side surface of the second conductive type
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15 layers, and a high-concentrated inpurity region of the first conductive
type on the upper surface of the second conductive type photoelectric
conversion region; formng an oxide filmon the surface of the first
conductive type sem conductor |ayer, the side of the second 20 conductive
type photoel ectric conversion region, and the side of the first conductive
type pillar-shaped sem conductor |ayer; depositing a nmasking material

bet ween ttHeC pPEA&G YL Cofonivests konduepilve typd Ppi | 1aplshaped seni ebAduct or
25 layers, the mask material being used in form ng the high-concentrated
inpurity regiof VF™tRE FPestigbndwitert refse amrhel svdecgirraed bhet he
second conductive type, ,- 59 hot oel ectric_conversion region by ion
inplantméaﬁﬁ aﬁ8HQQ#E?ﬁ§ ﬁmggﬂ%ﬂ-EB&xﬁﬁ?%téBqﬂﬂﬁﬁi?§ &G otf 9P ehe
first conductive.type on the side,surface of the second conductive type
MKnoelaﬁhﬁéugoﬁﬁg¥?%ﬁer§ BBy Lot 1S FRPIVATISE PBn L e2- O hRY métHbd of
produgi n li.d- st ate i mage sensing device according to claim 10 or
11, ergfﬁggﬁgggfgﬁﬁgf form ng the second conductive type CCD channel

region on 10 the surface of the first conductive type sem conductor |ayer
is the steps of formng a second conductivity type inpurity region on the

surface af2 ! he tfid fib teRE WG b dVPEn o SaNE CNPUGL QL Jay ey ween 1

plurality of first conductive type plglar-shaped senlcongﬁgﬁér Iayerg, 15

form ng arevsekaticed r&ghgnteomposed ob Rghrcongertrat €dihe step of
forming the second conductive type CCD channel region on

10 the surface of the first conductive type semiconductor
layer is the steps of forming a second conductivity type
impurity region on the surface of the first conductive type
semiconductor layer between the plurality of first
conductive type pillar-shaped semiconductor layers,

15 forming an isolation region composed of high-concentrated
impurities of the first conductivity type in the second
conductivity type impurity region, and forming a second
conductive type CCD channel region which extends in the
column directicn at least in respective portions between

20 adjacent columns of the first conductive type

piilar-shaped semiconductor layers, and is

mutually-isolated.

13. A method of producing the solid-state image sensing
25 device according to claim 10 or 11, wherein the step of
forming the second conductive type CCD channel region on

the surface of the first conductive type semiconductor
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inpurities of the first conductivity type in the second conductivity type
inpurity region, and formng a second conductive type CCD channel region
whi ch extends in the colunm direction at |east in respective portions
between 20 adjacent colums of the first conductive type pillar-shaped

sem conductor layers, and is mnutually-isolated. 13. A nethod of producing
the solid-state i nage sensing 25 device according to claim10 or 11,

wher ei n theyetep fofrtherniims theesedcdrrd soadactdfve type CCD channel region
on the surface of the first conductive type sem conductor - 60 |ayer,
further includd¥mengt apsisrideortni by @nrikeigedesl mfohhehe lsitesidl t he
plurality _of first conductive type pillar-shaped sem conductor |ayers and

the si de®bf ILRE SsecdnduesrdifetF VBt el b2 phstedi et FPR1EEHVRRSESH 1 egi on:
form ng second conducti ve e i rity region on the surface of the
first coﬁHﬁ%?F@eafyﬁetgﬁnﬁé' c?Bgegrﬁy%?Cﬁggméﬁﬂﬁ?%%tﬁWﬁ?aWYP§ of first
condugt i illar-shaped sem conductor |ayers; 10 depositing a
naski%g #ﬁyégggﬁ%%ﬁr%grﬁpﬁfﬁﬁﬁﬁops&%ﬁ%?ﬂ’region whi ch is conposed of the

hi gh- concentra ' riti f,t iLrst _conductivity. . e on.the second
Conductivity typaiedr it SEE el nabE o A he TR¥F Ao FBLP Brofn oh

b R SR L ot bk v T e B R TR
layer between the plurality of first conductive type
pillar-shaped semiconductor layers;

16 depositing a masking material for forming the
isclation region which is composed of the
high-concentrated impurities of the first conductivity
type on the second conductivity type impurity region; and

forming the isolation region which is composed of the

15 high-concentrated impurities of the first conductivity
type in the second conductivity type impurity region by
ion implantation, whereby a second conductive type CCD
channel region which extends in the column direction at
least in respective portions between adjacent columns of

20 the first conductive type pillar-shaped semiconductor

layers, and is mutually-isolated is formed.

14. A method of producing the sclid-state image sensing
device according to claim 13, wherein the step of forming
25 the nitride film on the sides of the plurality of first
conductive type pillar-shaped semiconductor layers and

the sides of the second conductive type photoelectric
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ion inplantation, whereby a second conductive type CCD channel region
whi ch extends in the colum direction at |east in respective portions
bet ween adj acent colums of 20 the first conductive type pillar-shaped
sem conductor layers, and is nutually-isolated is forned. 14. A nethod of
produci ng the solid-state i nage sensing device according to claim13,
wherein the step of formng 25 the nitride filmon the sides of the

pl ural ity ®tVersstorcorritit tinve itsy e i ¢ P ap Lshaped sent cendad¢trord¢ afelks and
the sides of the second conductive type photoel ectric - 61 conversion
regions i‘S? & stepeyr ieaiRagerhehfing iee fhemsidea of dehal blspackt tyhape
on the sides_of the |éll’a| it of first conductive type pillar-shaped
seni condt o?lrrséiyecr‘g",‘ PR& 1S et Pt ke S bnd Nédirict pid cqpptustor

phot oel ectric_conversion region, and the side of the high-concentrated
i npur i tyclrae%?ﬁﬁ’o:ﬁ‘tehes’rfiFsg’fﬁo%%ﬁc?ﬁ?é’“‘?yﬁ@“@ﬁ“%%"?u? &% of the second

e L e s S At s b e CHE R S T LA

step tol%¥§ﬁ£gb@%ék$¥@%ehh?ﬁ%h%it§'égﬁion.of'the first conductive
type on the surface of the second conductive type
photoelectric conversion region, by forming the nitride
film on the surface of a structure formed at the previous

10 step of this step to perform etch-back thereto.
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