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CCD i mage according to the present invehtion. 50 Fig. 2is a
di agrammati c cross-sectional view sreressgeessenti al portions of an
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depth [err] is the p+ type 5 sem conductor surface region [err] while the

region fromthe depth [err] torg ge h(k,err_] V3 Nd2[err] type first sem
i conduct or region [q{#n-ar)rpf’ th _LE@?&J ffom '18e ept.h.lerr] {9ya depth
[err] Is,fhe p type i corfduct|or, NDagiN%n...[@;rDr*]) The region fromthe depth
[erg] to a depth Wis the nty eﬁow concentration sen conductor region
(ND)T"while the region deeper than the depth Wis the n++ type high
concentration sem conductor region (ND++) The re ion of the
concentrations is given as NA+ P2 ENDgHdw\B+¥e3 . It is assuned that the
potenti aks val ue at tPAe pofgant 1 o7 Thep Tgntijlal turve in £he n+ type
first semiconductor region and the actdtah 4 Ner datl are gi ven by V, and x2,
respectively, whilstthe peak potential value in the p type sem conductor
region and the depth thereatare given by Va and x3, respectively. It is

al so assuned that the substrate voltage [err] isqapplied to the [err] type
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hi gh conéentration sem conduct ubhil ¥YB8’t|he p+ type 5,- i conduct or
surface region is figed "at*3 fe |ground kqevef 5 'From'eacz g1oundary
condition, the follow ng equati on§,-'\7A[é A *aFeldedi ved. Al so, from equation
(5), the followi ng equation (6) 45 [err] Is derived. Mdifying the equation
(4), theI”f ol l owi ng equation (7) [err] is obtained. Then, VMis cal cul at ed.
For sinpli

city, and [err], a arfe gety t@ 3 _gP) 53 665 Bl [err=]
Substituting the equayi onx§§)=| ntoS e S4Rari 0B’ [%92_ the follgwi ng equation
(8) [err] qNp (Np .+ Np)
o
Vu = P - X )
are derived.
Also, from equation (5), the following equation (6)
%
28 vy | V2
Xy = * X491 eeseens (6)
N +
50 o
is derived.
Modifying the equation (4), the following equation (7)
= GNo(Na + Np)
55 VB-Vsub'——-é-::r'—-(W-Xja)z @

is obfained.
Then, Vy is calculated. For simplicity, and A,  are setto
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i s obtained. Sol vi ng this equation (8) as the quadratic equation for [err]
the follow ng equation (9) [err] is EP0343665B1In this equation (9), in
orderfor VMto exist, the mnus (-) sign of the double sign is to be
adopted. Miltiplying each side of the equation (9) by itself, the follow ng
equation (10) [err] is derived. Assum ngg 1[ rr][ = VB durlng
application of the shuttering voltgges di fyi ng the equation (8), 30
Substituting this equation (11) Into the2®guatioen (7), [err] It is seen
fromthi s equation (12) that the shuttering voltage [err] (shutter) may be
reduéed by reducing the depth Wof the high concentration sem conduct or
region. 35 As may be seen fromequgtionNi7), the value of the peak
potential [err] In the p type sem conduct 8k +rNeji on becones constant wit hout
dependencgl upoﬁuhtshtet"umlvmaﬂm(Slitltethstewaw(t)hth bowingleguation 8% he knee
characterstics may be |rrprovecl(xnas )0 Whes= ofyt h@y | ateral overflow

drai n struct, ol tage
[err] (shut t'%érl%m su Iv ?‘ ut'l ?1459'{ L%'c?ﬂtaﬁ% qﬁaﬁpﬁ“g?i"fy ne obt ain
I'n the above expl anat i on, t (1t A ﬂdeub)et ion layer is

conpul sorily term nated at a depth W AT % east, however, the tendency for
the shutter voltage [err]ter) to be reduced may be substantially realized

by providing the high concentration sem conduct@{ region of a first
conductivity type within the onali f the (dep1 i’ 0Bl aaei that is spread

at the time of applicatiort t FeXghlit T eF rz;‘xvoltag eby enabling
electrica 45 shuttering to be pertorne aa oweB‘%h tter voltage. The
CCD{ pager of the illustrative enbodi nent |s an exanple of an interline
transfer typeob@®®d. nager wherein the substrate is formed by an n type
sem conduct or Inghis eguatior (9%in rgey for Mptoekist)theguinus ¢hsignaf thedeublesigndsto beradoptedoMultiptyinigon
of a high i rhgeirsideyf Beeruation(Aby tnelf.the following equation €10) oweri ng of the el ectri cal
shutteri Ay vol tage. The structugge _o}__ngﬁe)_(@cg rﬁ rb 1b5 shown in Fig. 2,
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55  storage layer 5, which is a semiconductor surface region of the second conductivity type, and an n* type sem-
iconductor region 4 on the bottom side of the positive hole storage layer 5. Thus the light receiving section 6
includes, looking from its surface, the p* type positive hole storage layer 5, n* type semiconductor region 4, p
type well region 3, n type low concentration semiconductor region 2 and the n** type high concentration sem-
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the vol t age plogéd. intﬁb%ﬁrﬁ@a{yi{e &6D iRRSdr 8ftha iﬁJ%ﬁatﬁ@HMo@ﬁdeﬁtQa higH Voltdg 6A@.9,'?§not required,
venti onale Prepéh if e Subskede VORGBaL,, istintraddd] dsAtitalel by 4 sdiié lineAC 5AR QNS siitteling may be
increase in peéimeddtatowstwitagel t age [err] as indicated by a broken line B, so

t hat suffi ci enis redantsikade characgtapisties,tlin theconedntianalaiCDUnbges the ambungéf thealotedl glvarges isdnit
pl oyed. | n tcleasgdmfier thedightjvblumng peedgibe satorgtion velile, aé ipditdtddiby i bavkenlipe B intigl #tethe
a hi gh vol t £ ifhagerofthe HlustrativeCEH imagenthe id@easein tha stored ¢hargesyudy be suppressed bs indicated
[err] is4 ndyeadidine Gip Figntlsethatdhp tippming may berontratied sifectively.t hat t he shuttering
may be perforned at a | ower voltage. As regards knee characteristics, in

t he conventional CCD inager, the anount of the stored charges is in-
creased af t &lalie Ilght vol urre exceeds the saturation value, as indicated

byabrokenllgfcg IntheCCD|mager of thelllustratlveCCD

| mager e rn g élalaqe of trecevmgse Fgl % Su reu‘.:?or t.:ea‘rsoI aatece-d
45 by_ a soli dondco 'lty dgﬁ aﬁﬁé'ﬁm %éal srn r
Effe.Ct!V6|y' C‘r%r“ﬁ rin, i an eh€F) o’ coftductivit }?
recei ving sect éaﬁfbm% gﬁm gfsasdﬁrsmo &aforma eﬁfe?éeo\ﬂ}

a sec- ogd con TtHe\éh Li¥kdhe e fsem con ucto regi on Irs
conductivity type, ggidh Jehféﬂdu&&'ﬁgﬁbﬂ 1 pdoMistihd™d ia R coribbntikiS deMBorkiudistadgion (2)
charges; a SecengitRiboRaIAILG tyBs or tREBOREM 6ide of Sdid Seadnd sSfEAMoFBPIHBY df ¥did s4cond
type, and a t hicsdductiotiitpe Bl Highlcoricifitatidh serhicondiictdd fegdm{1lof baid firkt comIBENiB typéioh the
type, fornmed in this sequence, when seen_55 fromthe surface along the
depth thereof, said third sem conduct or r"egi on (1, 2) consisting of a |ow
concentration sem conductor region (2) of said first conductivity type on
the bottom side of said second sem conductor region (3) of said second
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3. CCD-Bilderzeugungsvorrichtung nach Anspruch 2, wobei das hoch konzentrierte Halbleltergebiet (1) des
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55 6. Dispositif de formation d'image CCD en vue de délivrer une information d'image comportant :
une pluralité de parties réceptrices de lumiére (6) comprenant chacune une région superficielle
semiconductrice de type p (5), une premidre région semiconductrice de type n (4), ladite région de type
n (4) stockant des charges de signal, une région semiconductrice de type p (3), ladite région de type p
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6. Dispggitif de formation d'inmage CCD en vue de delivrer une Information
d' i fage conportant: une pluralite de parties receptrices de luneire (6)
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