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[ err ] [ er r ] [ ﬁﬁJrl; 2 shows in pnnclple a circuit diagram of an image sensor device according to the invention, in
which switching elements 26, 27, 28, 36, 37, 38 of the kind shown in Figure 1, just like the reference lines 15,
18, may be emitted because the electrodes of the electrode system are directly controlled by the outputs of
a dynamic shift register. In this case, the device is an image sensor device 1 of the so-called Frame Field
Transfer type. Such an image sensor device comprises a radiation-sensitive sensor part 2, in which during a
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given exposure period a pattern of electric charge carriers corresponding to the radiation image is formed.

After the exposure period, the pattern of electric charge carriers is stored temporarily in the memory part 3,
from which the part is sequentially read by means of one or more shift registers 4. This reading can be
effected by means of techniques known per se. If desired, the signals obtained may be amplified by means
of the amplifier 6 shown diagrammatically before being further processed.
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The image sensor device comprises (in the same manner as in Figure 1) a semiconductor body which is

composed, for exampie, of a silicon substrate of the n-type and a p-type region provided therein. The
p-type region may be provided, for example, by means of ion implantation followed by a diffusion step. At
the major surface of the semiconductor body there are defined a number of mutually separated
substantially parallel extending charge transport channels {designated in Figure 2 by reference numeral 9),
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in which charge transport can take place, as shown diagrammatically in Figure 2 by means of arrows 10. in

the present case, the charge transport device or CCD is formed by a CCD with bulk transport (PCCD or
BCCD). The charge transport channels are then constituted by n-type regions 11, which are mutually
separated by p-type regions and have a depth of about 1 um, while their width amounts to approximately 5

pm.
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The major surface 8 (see Figure 1) is covered by a layer 12 of insulating material, for example silicon
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At the instant t;, the output of the first stage becomes low (0) by the activation of the clock line 116 ()
the input signal is still high (1). As a result, the said charge is shifted to a potential well under the electrode
65 21 (line e) because the electrode 22 becomes low {0).




[err] [err] 25

SRR 30
a [err] [[e(ra;]r]4g)e{re]rr] 46 [errb %}err&p&err rr] 50 [err] [err] 55 [err]

[err] [err] Ainelififunt tmh@mhe[.ﬁausJerm.mﬁas%smnomm bikanik bdes hotFhrRBRe BRGAWESF | OW
(0) by t hne@ifsk t¥gidetdus®d, (EIbR li6é OGKis hbtrzetivk Ioweedr, t]1e bdientibirvaeil tun@dr gealectirate 2t i | |
high (1). hdksilsapnee@dtlbvtduetv@ssmfa#tMn nllzstl%wrbletﬁf\teedhe @glate a8. éﬁtalpaten\wéM?" hamder

the el ect foovaed Weqne - dbidea s g tsﬂfreéa'éwz Bfrfegf 'SS phtiay

EP 01615 Oéu EE It'z’;g2 Oc lec odet2 ngj, . s 5
low (0), Rih a&e'ruairoders ét%ﬁh@@ha 5 @), WhbddLdo hﬁusfnk:é &b e@&t@gesﬂeﬁwse
(P, (cl OCI@rﬂain@Ehcg:h].l@)) I's not active. However, the potential well under the
el ectrode 21n kebstadiiala Mme dnanhertas @gesripey ‘a'thsfatﬁeﬁ%@tw l; ﬂ'ft?ﬁbtfni zfmqherse
bet V\Benmt H@k?t%g‘ugtft%r‘ it @: Sen-r#l"?q?%ﬁlf?t§ ?ﬁl ;FI a the m uttermina gt r:::l"‘ory

ol ot odeRIRLRA Y D S SRR S o
this pot eﬂhlleaif thiz em®Bdime aﬁruﬁQﬁHIraﬁidet @chEbti litﬁtﬁitedtoh&tpo{eﬁﬁdl \]vel(sﬁhdb@

| i ne 117) twoeleanodeadd Table,2 atbiaserciina agpin lotﬂlcdtheuowmemat\spvm bt theydrargk packe stored ghder
st age, #ntheteleerodgdiy sakeqwréawOT*vSaz%keatreame agathe w??abe pige o} & potersiaelbindg Het h

T E R e T R

(1). In Subaﬁoamﬂ tﬁlcclnyesthkya (B AIRE )AL EHe iiekte BES, (BEd lié 117). SiehieTcaarpes taks ddcgur e
1 and Tzablnehelfpllcwm scdges thelr@ta Gk@ttzsursnl atyrtinstnttadiéne xttheelestredes AL ADH 81.8¢ 121,
el ect r oded22p181. 193, 141 2 Ff%%%?‘t‘%'"f‘ﬂ“%‘zfn‘ﬁﬁnI“V‘eiférytZ’ fjegration

gener at | né"‘*j& ¥ u?é"’é‘;#é‘ ﬁﬁ’ﬁ'éf ' u" Ezré‘tmu (8 4 HRLRA 0P cdlfnd
t erm nal or3 &atﬁe &ﬁﬁ&l%rmtéﬁratfo Qf £h€6dns in 2% metdory %etcl?aniﬁz@g%cde
131, 132, THAdevichaitfers hemodsmsngmnpae:gebsz andes ih rsefa&panmeeaﬂecoms Ry ararE) , aremivt ot N
thi s enbodinmeqd td theiinpyt teteinaly WAsHd rof ﬂtehw%ﬂm‘r?g tire deiven by thgjoutppt 4 thedicst
over pot efegei! {Repghof Fg'?‘% Far tP%ialk?)?fég“p"?' fy- e fiqvice & liqited 9RR ["39p FESY PAT

e ving si ectrades

i ndi cat es® '# H,’étatnfé}v%sﬁ%f 3t Jﬂse. hhao, gg%h@sz iR It YOS park Brel 1 (1) so
el ectr qdethé dbraeaS olUrBE 2 ch b@pd&@ﬁ Btresh eéthatmat; £ telaRhiay id cBlidcled Lhden©
p) a pot efriesecdiectuadek. Tha eledtrotits2 cd2@sd 820d@sin Atlthis 2@tagd ieing rHaperidoay Wity t@btauidife
(el ect r odisp@tryrmjingl hthe 199'5@[ 13 hm@ms htset'mhvoam (How'w‘@memcqm h)“dg) btbuwo
bt ot 't i P A ot el e e e e 0

f fp and ar furm %r:a atia the
out put & fa hJ Ita ﬁgﬁe %7 ta“e rxaters%gh c% Iy
(line g). mé&neathﬁﬁﬁtﬂe msta’i:it.«,% etems\bam sifugted indehhe QMétIdE 4z)f~hn dﬂ@msl bsinage
and hencesituated ghdee the eletrdsidgs Heslimes. In fgd, 4t m)e ir(stalnn'e dué totheliget than theiinplit taemicae
of [err] Wd@mqsw qmmstsv i 4s@PO454 1hRegome High, IR euPE of Siwifirey
stages gt Y GLHIESSY 1@@3&*&; crgde bfg( éﬁf RS2 ey e
el ect rodes :thezl sta , t cha it y d 1th 66 oficl J&ﬂs@l@ﬂals in a
pattern. pétedianosi .&fdert the elbﬂ&ﬁﬁmsmt Btfer twhich 240s (rhisp@ted)duriyg thé Jnstahfs @ Qb at, it® A
under t hepvz;dglahl'uﬁ*med%weeleetmdpﬁje@ Ms?n b%b\bﬁlueplv;hma ﬁrlgmfadzs'dnaam@eﬁaiyt'femﬂnalf or

n ugn i n i sg pign
a sli ght | ﬁaggefgﬁagﬁgg under tr?gééleg:tr es 3 oasnd ﬁqzdglgbf térlgsgfodrygdft]? 'r:e me 6?l:ﬁj';')aértﬁaéndq @sgglgd
therein under the electrodes 151 and 41, respectively.

It should be noted that in the part in which transport takes place the potential wells as well as the
potential barriers have a width of two electrode widths, while at the storage stage this width is equal to only
aone electrode width.

50 From the instant t,, (line j}, the input 107’ of a register 13’ becomes tempaorarily low (0}. This does not
influence at t,o the electrode 51 because ¢, (clock line 117) is active at that instant. At the instant t,,,
however, the clock line 116 ¢, and hence also the output of the first stage becomes high, that is to say that
the electrode 51 becomes high (1).
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The electrode 52 remains high, but becomes low at the instant t,, by the activation of ¢,, while at the
input terminal 107’ no change occurs. At the instant t,3, the electrode 151 becomes permanently high, while
at t,, the electrode 152 becomes permanently low so that a potential well for the following charge packet is
formed under the electrode 151. This is continued until in the memory part all electrodes have alternately a
high and a low potential and the charge packets are transported from the image sensor part to the memory
part {instant t,5, line p). The input 107 becomes low at the instant t,¢ so that in the same manner as just
described for the memory part the electrodes in the image sensor part are alternately brought again to a
high and a low voltage (t,; to t,;, line g to line u), although in this case for interlacing purposes the
odd-numbered electrodes 21, 31 and 81 have a high potential. From the instant t,,, the input terminal 107’
of the register 13’ is no longer kept at a low level (0), but again such voltages are supplied that gradually a
transport or clock signal appears again at the electrodes 51, 52, 151, 152, 41, 42.
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In this embodiment as well as in the two preceding embodiments, it is assumed that at t; the input

a 010101 pattern.

The registers 13 may also be manufactured by means of non-inverting stages, which may then be
again interconnected, for example, by means of switching elements (transistors). A device according to the
invention having registers 13, 13’ with non-inverting stages 101, 101’ is shown diagrammatically in Figure
10. In this embodiment, a stage 101 comprises a switching element 106, a non-inverting circuit 120 and a
capacitance 103. The capacitances 103 are again connected in an electrically conducting manner to
electrodes 21, 22, 31, 32, 121, 122, 131, 132, 141, 142 of an electrode system for charge storage and charge
transport, for example in an image sensor part of a device similar to that shown in Figure 2. /nter alia in

50

55

order to be able to apply alternately a low and a high potential to the electrodes 21, 22, 31, 32...

terminals (107) have had a constant value {1 or 0) for a sufficiently long time to adjust under the electrodes

141, 142

during integration, the odd-numbered electrodes 21, 31, 121, 131, 141 and the even-numbered electrodes
22, 32, 122, 132, 142 are connected in an electrically conducting manner to the output stages of separate
registers 13 and 13’, respectively, which are arranged, for exampie, on both sides of the electrode system.

A possible realization in complementary MOS technology of such a register stage 101 is shown in
Figure 11. Two series arrangements of a p-type MOS transistor 109, 109’ and an n-type MOS transistor 108,
108’ are provided between a supply line 110 and an earth line 111. The gate electrodes of the transistors 108
and 109 and 108’ and 109, respectively, are interconnected, the common electrode of the transistors 108
and 109 being connected to the junction point of the transistors 108’ and 109'. The point 113 at which the

60

transistors 108 and 109 are interconnected determines the voitage at one of the electrodes 21, 22...

65

141,

142; in the embodiment shown in Figure 11, this point is connected to the electrode 31. The capacitance 103

"
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active, this does not influence the first stage of the register 13 and hence the electrode 21 controiled by the

output of this stage; the other stages, which are connected to the clock line 117 {®,), are not influenced
either by the activation of ¢, at t,.

At the instant t;, ®©, (clock line 116} is high (1). The information at the input terminal 107 which is now

high is passed on. The other outputs and electrodes connected thereto (131, 32, 142) which could change
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32, but YhEs9eAE af RTHd: dotivd, SRH &L Ecidoge bhe
ut puts of Jl@m@d’l@ﬁq & Earge] Wg&Sorand et luREdr EHaGRStrab 2n¢IndW@resent under the
espect i vel ylectate21uTreRetiveh.of 1k cibdkding 118 (@ hdoulfddurthpr ifienme ithel elenteoded 721 apds133i byh.

he fact ththe Iamqeretanpm-r Yabsonritpnrl 110%ectial) brerishritolpgHts ofibesrasesting SoPLEICES

he out put® BT 3 29 ?ﬁﬁﬁg f’"*‘iﬁﬁ%’ FPhHhE ot Rrmith doP AL iigh
el ectrode 220 iilnd & oo u‘ﬁph(t:nﬁ t .rs{)l'; § rigitter UBNEA HoRe @ eeﬁ?r&g'g 5T%0
that the high 'Nh@clbé\gﬁeﬁﬂJ)(chﬁbéﬁf'hflﬁJh&eOie@{kEthddm &x]thﬂlﬂieailghezdltag‘e(m veich ths blacttode

[err] due t @1 paindd at gallr@takt t} duedo Qﬂ.(@)JCkI“SG hkﬁws pews passedon te the elaetrode 3l Theggmaiging

The rermai #ii 8 Uﬁ@)(dlﬂ t:asteg_@,g b 1 rmi t” 0 am#ﬁinﬁs . r&ﬂfglae Wc @Tsﬁé]
still remai %&ma@gxk i St#pé'l Bablf Eél)& ranﬁi%ﬁ %Zetplgcg underhaenaisc?ea:mdg number of

eiectrodes, as clearly appears from Table 7. At the instant ty, the charge, which until then was concentrated
under the electrode 142, is distributed under the electrodes 141, 142, after which at the instants t,, to t,4 this
45 discharge is shifted to the electrode 32.
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such input voltages are supplied at the input termnals 107, 107" that due '

to the associated clock pul se pglg %ip@g#ahreﬁfl ock lines 116, 117, 114

charge ‘transport will take plac easi ng nunber of el ectrodes,
as clearly appears from TabI e 7. At ttmeenstant [err], the charge, which
Unt I | t h ;.rr TVaD \JUI"JCI L I al. Cu u "Ian {Ahc U+‘CGI.‘I 6dc 14& I J dl Jt T I bu[ Uu ull er

-

the el ectrodes |141, 142!nP¥fter which at_the_j riecHPESS [err] to [err s 45
i Schar gp TERCH; FEM | § 8‘7 3t e . ¥ 550 B8 15 o Grbr 184 ey
TABLE 7 |npyts ®, 1 0 El ectorodes 5 ¢ Ipstapt 1Cjock
107 0y . 21 22 31 32 121 122 131 132 141 142
[err] [efr]t10} ®[grr] [&r] M5 1[erP] [érr] Qerr] 200 [erP] 28 [lerr]
30 m[érrJ [arr 32 0 [eQ{] Tpe f@rthgr vquatlon S npt shown in Tabl e
7, but is ahal qgols tjo 't hat from[efr the same manner a$ dedcribed for
the devi ce ghown ph Ri gure 12, afteroreadlng1theo|nfqrnataon for pntenl gcing
by nmeansjof a high (1) signal|at the input 107 and a | ow signal at the
i nput 107" 'm 101020101Q pat't ef rP can® be dbt aPned Sunder t e el et r Bdes 121
22, 31, B2, 121, 122, %31 13p 141 14; after1mh|qh iq}egr@tlog is1
possi bl e unaer th 3odd nunbered)electrodes Several variations are alsd
possible|in,the realijzati o of ¢ he register 0l3 hothoMthorespectoto tihe
constrction off the stages and to the technology used. For exanple, it}is
possi bl e| t d”chqos® a [stlati @ shift 45 reBistdr, i'n wfich the §tagls
conprise for gxappl €, jcrogs-coupl eg transistorg. Besides, the igventign
may be aaplled t o nunerous charge-coupl ed sem conduct or devi ces, such gs,
for_e>g?aj,nplas sari@s/ pamal | @l / seri esomenori es, the aﬁorenentlmned1delay
| i nes “‘angd nultiplexers. It may al so be applied to other types of

radi ati oh- sensifti %e defi ces, ? exdnpl &, t8 liMe sénsors. Flrthérnole,
the devi ce ghown ép Hi gures 10,4 11, the el egtrodes may he copnected {o |t
junction p0|nt 11 qf the transistors 108" and 109'. Finally, Figure 12
shows #n| enhodi|mens , lin whicch| an el ectrode system 2%, 224 237 24p 31p 32
33, 34..|, whigh is Suitable for four-phase transport, is controlled by
shift rejiéﬁers 1% 2137 wi thh NVertIng gtagés mﬂlch‘have a cbnmmmof |n5ut
t er m nal 1Q7. hewjlrs% stage| 101 of thg shihft regi fer 43 ig.copnectyed to
t he el¥ctrode—21-andlis contrbolled by —aclock-line 116 ({err])—while the
second stage is connected to the electrode 22 and is controlled by the
clock line TM'F 'eflatf “'S'H%Shmefk in Ttaplg 75 Q%ﬁéga'ms bt ﬁ°’@(§snt"rtbﬂ qaéﬂ ngrige

First llﬁ?ﬁ% Eh f@,‘{% %’9@%3& Jé?%ﬁﬁ: vty él%:ﬁ .sefi, Qle nasftg% s

first 40\Nge§
23, 24 aodh- rarnibe&erttew&deed by cl ock Ilnes 114 ([err]) and 119 ([err]). The

next two stsagsard \@flatlotmaneeagpsiowbqusf tharreah jen nf tbem@g«scbdrl1écbotwwmmgasnﬁlcomkth¢| nes
114, 119 & é’Eﬁ%@F’eﬂ‘ dtp the|teeh ‘?‘ 'esitnp'q? (ispospiple tachgesgjasiatig shifhat

for exantiP te' a%?ﬁi%é bé "sﬁ st“s %??mfé’a%?as&a# deichacabh ped 10

es|
one.w I‘ | fbg aﬂ%%r serué’d?;ﬁr Ells¥ril nid ﬁésn@ eﬁtﬂﬁﬂe& yﬁlﬂ&' anl Mufip/b r@-ﬂdﬁa;l« Iso

Thus, Agplipd abbteerstyes &f aadixtide shnsiviy mdmcescwrexesqﬂeab aih¢ yenabren di f f er ent

el ect rodes Faft'éﬁ'@Pfe\/'éH"efqewPﬁ %‘éVér"eﬂ'g%ﬁsé@eﬁ the elagtiodesyedyi georeetediods ivortes .
point 113’ of the transistors 108" and 1

Finally, Figure 12 shows an embodlment in which an electrode system 21, 22, 23, 24, 31, 32, 33, 34..
which is suitable for four-phase transport, is controlled by two shift registers 13, 13’ with inverting stages
which have a common input terminal 107. The first stage 101 of the shift register 13 is connected to the
electrode 21 and is controlled by a clock line 116 {@,), while the second stage is connected to the electrode
22 and is controlled by the clock line 117 {¢,). The next two stages are again controlled by the clock lines
116, 117 and are connected to electrodes 31, 32. Similarly, the first two stages 101 of the shift register 13’
are connected to electrodes 23, 24 and are controlled by clock lines 114 (p,;) and 119 {(gp,). The next two
stages of the register 13’ are again controlied by the clock lines 114, 119 and are connected to electrodes 33,
34. Thus, it is achieved that, for example, the electrodes 21, 23, 31, 33, which are generally realized in one
wiring layer, are driven alternately from the registers 13 and 13’. Thus, wiring problems are avoided, which
occur especially when different electrodes are driven from several stages located beside the electrodes.
Moreover, in contradistinction with the embodiment shown in Figure 6, it is now not necessary that
electrodes of the electrode system are used as through connection between stages 101. The switching
behaviour of the device shown in Figure 11 is shown symbolically in Table 8.
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I\/greover, in contradistinction with the enbodi nrent shown in Figure 6, it is
now not necessary that el ectrodes of the el ectrode system are used as

t hrough connection between stagegp0d 1eihg23vBichi ng behavi our of the
device shown in Figure 11 is shown synbolically in Table 8. 65 14 EP
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1. A charge-doupled device, tonpris$sing a sem conductor body in which fat a
maj or surfacqg at tl easft ome CEMarge fransport channel 19 definedy and i ch
is provided dt said surface th a row of el ectrodes at Whl ch 2 cont riol

si gnal for stlorafje and a®cl okk ki g1a| f or® cha?ge Pransport can®be du plied,
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sai d row bei g separatelg copnetted i0n ant el eetri @al |y corfducting franner to
stages gf thg 40 shifft register, characte |ze§ in that said shjft register
i s divided intoﬁDIjgl‘f‘tv %ub*st?lft egisterd whi'ch ate r allge,on

both sides of the row of el ectrodes, wherein two subsequent subregisters
provi ded owingd fferent sides of the row of electrcdes are interconnected by
one el ectrode of said row of eI ectrodes. 2. A charge-coupl ed device as
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an der ﬁenams'@ﬂs %eﬁﬁ#weﬁtétmi m ndestens e| ner Rei he von El ektroden
ver sehen i st3 Ag¢¥ Ypled| d&gmm BEL TR Ay W h crrartareqd s g arch giege 2Lke shit
t we

ister ¢ m nses n inve (¢} com nsnst rs.
Ladungst ranqsporf) BI'H° TaKt gnal ra ann, wobei
m ndest ensatehtansSﬁhheber egi ster 55 vor gesehen i st, das von ei nem Ei n- oder

Mehr pha%ent akt| rrpul S enerat or mt nmehreren Stufen gest euert werden kann,
wobei die El® ana? de lnle‘R‘FrsP un Z'rtl‘:%f:ﬁ;érrég;%?"ﬁ Iac emlgi ﬁdétﬁ'zﬁen
des Schi egi%ﬁ %Zteé?;és a&‘?b@lﬁ@‘é&hga gl giiCli @Eﬁﬁtans 38d zum
genannt e RAh P e FaktiMp@ésitP alA ga r ldeS(REHnebﬁb@grhasdeedénﬁbi lﬁélﬁé@d’glster
Sei t en denodgksekérioienven bieera Bingetee Mebrphsskntaktivtpeisgenaitor anitf re¢hnaerdStofeo o
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genannt en SEBSEIERIEAEINE ) et S ASRR et B Ang
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Schi ebe&‘oegleﬁﬁ'&feﬁreﬁbN@dﬁu:ﬁiel‘i?sir@en Verstl rker oder Wandl er aufweist, sow e
ei nen ei nzi gen_adimlggdekmpelggl Anordnung nach Anspruch 1, dadurch gekennzeichnet, dass ;ede Stufe des
Schieberegisters einen einzigen Verstarker oder Wandler aufweist, sowie einen einzigen Schalter als
Verbindung zwischen den Verstiarken oder Wandlern der jeweiligen aufeinanderfolgenden Stufen.

3. Ladungsgekoppelte Anardnung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass jede Stufe
65 des Schieberegisters einen Wandler mit zwei komplementaren MOS-Transistoren aufweist.
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Ver!"i ndung zw schen den Verstirken oder Wandl ern der jeweiligen
auf ei nander f ol genden Stufen. 3. Ladungsgekoppelte Anordnung nach Anspruch 1
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chieberegisters einen einzigen Verstirker oder Wandler aufweist, sowie einen einzigen Schalter als
Verbindung zwischen den Verstirken oder Wandlern der jeweiligen aufeinanderfolgenden Stufen.
3. Ladungsgekoppelte Anordnung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass jede Stufe
65 des Schieberegisters einen Wandler mit zwei komplementaren MOS-Transistoren aufweist.
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