1 | MAGE SENSOR :DEVI CE. 21 34 71 0 The invention relates to
an i mage s&nsor device for collecting a radiation i nage and converting it
into“an el €ctrigcal signal . which device conprises at | east one sem co t.or
boe in which at a 5 ‘major surface a plurality of -nutually separat /-
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the 35 transport manner ensor “device 1Is
charge packets which corresponds to the radiation or exposure

'pattetn and which after the termination of the integration period
20 can be transferred to a storage register (frame/field-transfer).’

The charge stored in_the storage registef is then shiftéd line by

line into a shift register, from which it can be read for further

processing. S _ o

By means of the electrode system, depletion regions can be |

_25 induced in the underlying semiconductbr body, in or near which

regions charge carriers can be produced by absorption of

radiation. These charge carriers can then be stored in the

. depletion regions below the electrode system in the form of the
aforementioned charge packets.

e a0 The embodiment of the said Dutch Patent Application shows an
image sensor device which is provided in the radiation-sensitive
part with windows which are bounded tramsversely to the direction
of transport by the first group of electrodes and in the direction
of transport by parts of an electrode which mainly extend above the

35 transport channels. 1In this manner, an image sensor device is



obt ai ned conprising an el ectrode systemwhich is suitable to shift the

char packets produced in the radiation-sensitive part into a storage

regi AFSK by means of a three-phase clock system In order to obtain a - ;.
shor 2)esponse tinme and a high speed_of transport, 5 t he el ectrode had
el emeA+§ parallel to the direction of ?ransport may be interconnected, if
desired, by neans of transverse connections. Such a structure of the
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pl ace alternately In erent parts o radi ation-sensitive part. For
this purposeSuchhd stRugtrepefc ke claptrodes drAnidesya J5ry JHebseALsiyilay i nage
sensor devi Céspécidlily € @ludrdgghpdor aidt indpé faaneod devbes, i.e. alternately
20 bel ow the twopgl selnodes ol die fhipSL.ALeuR A Gelawclhe et rode
parts limting the whn SWsPIoN The® i Tection o ﬁa’nspor CORESRBYVEP, probl ens
arise wifth ttd 3 seuseddimage iscgdnerahly. ca@verpedbintamacetanadtforia that, in .

order to obtgdiRvBsiidndfededsdl | BN-13CHRN! htallVed Retfi@el C1RUARItel yAUE SENSOT
device, the 25 parts of .the el ectrodes parall el

to the di recﬂeﬁﬁ“‘mbef‘lfgr%gégg'ﬁb‘;éﬁlv'%s‘g’efrg dl\imﬂgg% cEMf ABP&ehAfTeeRr ditifk. The
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device within one image period at different areas, i.e. alternately
) 20. below the two electrodes of the firét group and below the electrode
parts limiting the windows in the direction of transport.

However, problems arise with this method of interlacing. Onme
problem consists in that, in order to obtain a high
radiation-sensitivity in the relevant image sensor device, the

25  parts located between the windows of the electrodes parallel to the
direction of transport have a lengch;exceediﬂg their width. The
width of these electrode parts will generally be the minimum track
width of the conductor tracks used so as to minimize the surface
area to be utilized. In order to obtain a high

30 radiation-sensitivity, the length of these parts is chosen a few
times larger, in a typical embodiment, for example l4ym with a _
(ninimum) track width of 3.6ym. When charge 1s collected under .
this electrode, the associated depletion region therefore has a
surface area of approximately 50ym2. At the same time, the

35 integration regions are accurately defined due to the fact that the



3 relative distance of the electrodes is not excessivel y large
(appr oxi matel y S[err]) so that electrons produced between the transport

channel s are distributed over these adjacent transport channels. 5 '
| 't he devi.ce shown in the said Dutch Patgnt Application, in which
channel "st opper reglons extend under the electrodes of the first gra d
moreover limt directly the transport channel, during a.second int egratlon

period _charge |ﬁelaeideeatainu toFi Ehe REedaBBed rmg&:pafdeedimgtehrgbe

el ectr;0des which are Io tori Q | es_t.0 harg transport
channe™and ove' ﬁpam"eia‘é g‘é"‘% PR partejleﬁ\?'f"f(gI tﬁmd‘s1 mer?lnrrur% track
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el ectrodes, so only part effec I ve. act It has been found that
especi al |y due t&?reﬁaaFathéZm St a‘Fﬂfé"‘f?“onf‘!%ée%‘reéé?‘t Faeiqng thus) greduced ¢ o
the direction oddjolidRerdurtsitadng &aauaoﬂ&raeqfdrtawlaydak Gﬂ,lyaﬁerﬁhe

i nt egrat i on regl ons_can,.V, con I’OCGS L ati s_and
devi at i-ons |'5n 97 E)eonew’% x? ghﬁl é@ i ot ﬁgpefea8¥ I!fg %ﬂ ’Flg to
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that the 35 average val ue of two inage signals is utilized in signal
situation during the aforementioned first integration period. This

effect is increased further by the aforementioned fact that, in the
20 direction of transport, the windows have a larger dimension than in
the transverse direction. i
.. In order to avoid this. effect, the signals produced could be
. amplified to a different extent, but this leads to the use of
additional control electronics. a
25 . The enlargement of the depletion region under the first
electrodes by choosing narrower channel stopper regions under these
electrodes, is also only partly effective. In fact it has been
- found that especially due to the large distance from the electrode
- part parallel to the direction of transport the effective
# ' 30 gensitivity of adjacent integration regions can vary considerably
owing to process variations and deviations in the geometry of the
electrodes due to the fact that owing to the said varlations the
barrier under these electrode parts is poorly defined. This could
possibly be improved slightly by electronic means in that the
35. average value of two 1mage signals is utilized in signal



4 processjng. The invention has for its object to provide a charge:coupled

| mage Sansor device in which these di sadvantages can be obviated for the
: ‘by being | ess sensitive to such process 5 variations and mask .,
A further object is to proyide such a device in which the

char ge\pafkets for even- and odd-nunbered image |lines may be collected in
substantially the sane manner. The invention is based on the recognition of
the fact thaprdddssidy.s can be achieved by the use of an electrode structure
i n which one con nuous el ectrode ture
radi ati on- sensi t.i b% i {dakiin lPaf'fegﬁl"'eé't"' B%ﬁ/é%?\ Wi‘&%r?sﬁg’r'lge cronRhed < s%/t hat
no | oss of tﬂ.mgaapeemsoefﬂevdpermywbmlumqsebdrtsaﬂmtaghs sag Obet obwigied el ect r ode
structure Ca@gpemgcmj%ye&rk?ymaﬂ& 9fed saRERRe 13 sdidptdliesd 9roup of

el ectrodes which define cong etee/ In part the edges of the w ndows and
are arrangedVeFiAtdons sed sk Hlevip jlé’(“,‘t’ron of transport. Such a

char ge- coupl ed i KR@erthes Sobjechc\isCd zpeaﬂrddl #iht ® deftfcd QM GMichItheSs t herefore
characterised,in tha 0 radl | S a nt ndows, . vi ewed at
right anglesP&%h &? gfgé e ¥ ﬁ‘?cf{]e R | nwpg?tmgyb"oot h a second

and a third geblgsted iel emsmmny r&'—thﬁmetmnsmond group of electrodes are,

electrically insqhgtffehéRR imaééd oh a{eomoghaoﬁcu Qﬁ@sfaﬂedtlﬁi:e part of &
second | ayer of conductive g&terl al, in _that roup

el ect rode® atBincagihe acieyed by, Fha Bge ofoft tellré"'i‘”"f‘%ts':éﬂﬁlt‘ggc’cﬂﬂhb"r‘bups of =
el ect rodes abdeafoacmbhscéleatﬁdaerstrhagmre 0§ foomsltiche material,” in that

the el ect [ 00¢5s0leabiSe386000 A0 49khd ALOUPRNRN B8 TBRAIoke | dhafngl eCt 1 OF

transverse t or anne Podes of
the third gr&aptag m/é-PF%lwfl FFﬁ&&PQrtt REfielenayr eel%ls‘sofbﬂtth%eé'ﬂrﬂd group at

| east at t hecaﬁﬁ&ue.‘is bmsc&laaé Q;Qt&é’ﬁli& P&t b& RRAANRIed - by \hesns’ 88 W lsecsndNi gher
st eadi ness hﬁg’vx%ndows 0 tal riqg r%‘%/ be boun led |n t he
di rectlon BEORR, @ I% °F5 hie sctmé' #B5%in one
processi ng stthp eiaels&E aheewbmdmdethdl ‘ard herdng&dsnmns\earéermthon by parts of
the el ectrodggrection of tramsport. :

Such a charge—QOupled'image sensor device according to the

iavention 1s therefore characterised in thdt the

20 radiation—transparent windows, viewed at right angles to the
surface, are bounded at least in part by both a second and a third
group of electrodes, in that the second group of electrodes are
electrically insulated from the first group of electrodes aund are
pdart of a_second'layer of conductive material, in that the third

25 group of electrodes are electrically insulated from the first and
second groups of electrodes and are part of a third layer of
conductive material, in that the electrodes of the second and third
groups extend mainly in a direction transverse to the charge
transport channels, and in that the electrodes of the third group

30  overlap in part the electrodes of the second group at least at the
area of the charge :ransport channels.

As a result, a higher steadiness of the windows can be

obtained. They may be bounded in the direction of tramnsport by
electrodes of the first group provided in one processing step and

35  are bounded in the transverse direction by parts of the electrodes



the second’and third groups can take the same form Possible relati

di spl acenents of the second and third groups of electrodes are now
h—bstantlally equal throughout the sem conductor device and do not 5:-°

i nfl uence the size of the windows. The paPts of the el ectrode above the -
transport channels, such as described for the i mage sensor device in Dutch
Pat ent Appl i cation No. 8000999, are now effectively subdivided into two
groups” This prifvi the Seppnd ﬁﬁsgiﬁglqrf’yp'of Farfiherrqne, fhe gieqfEodes of ternatel y
under"?ﬁectrodesq@and @andf thdmé grbutsheahvnkgrﬂupsamet fesn ePasibdeepaiive bei ng
[ ocated i rect | deBERldgntd Sy Al QAR o PRRA Blupl! KOV e TRRD B!

four-phase cloc aci ng can ecting cﬁarge
twice within orﬁelbishﬁgéabb'r P@%Plpﬁh’é,"c“ﬁb%ﬂtl yhe ﬁea#FqndMﬁOFcfbﬁVi%anir@nn%
substantial by agdirdeéite ok eLad ekyﬂﬁeamdsparts of the radi ation- sen5| tive

part of the device._At the e ns§ 9 certa anpunt of

rel ative variation BF Pﬁte“s?ée‘: ﬁ’é?g\fﬁe‘?fé( d - FAPegPYY éf‘gﬂ’te 8 'suen

sem conduct or beddescrdbed lierrMUmeemsof udevher ib\DutehHatgnt he wi ndows to
be 20 entirel yyhoudedn bt RoFILL hEO ISR éﬁfe&&ﬁei?%ﬂ \é]ﬁgd ti*&':BOLerOUPS

Consequently, possible variations in sensjtivity to due to
al i gnment t ol erfdRERY JERie, grevides dibgr easslbllisy ‘tfhé°]f1|eF§’tnggF'ER$°of
el ectrodes are aAtersirdly |dild6fl&19élﬁ.‘fo6é rlﬁdter&fodnmattmf W gbRBS GRBEOI

devi ce in 25 aclggéﬁd%ncgar\@? 1 € ged t\F ﬁ}e%r odes of the first
e 70

group are al t erna an e e Sécond and of the
third group in @déhtianmpamatmﬁ@%ouw rmﬁgﬂs af 4 &aux-phase ledodiper ati ve

condi tion, intrgdueds 1acdabeitg' 8in %fwiewdeb?eéo\m&uw%«a@%@&es of the
first group and bﬁ ween fhe el eg {odes i g qaand of the third
group, respect iR oo fmase ReZLe @"F"s“ﬁé}]ty ﬁl‘gri"i”s‘ FALBRE §8P charge
transport bys nmaxbstaft:iallw\ndﬁmae ackocdtety leftaedEpindi afrthe of the
invention wll. &qwamndgéﬁm}] Palr{yoweojw%grrpl e, with reference to the

acconpanyi ng draw nAqt o

5 - of the second or third group. Furthernore the el ectrodes Ef

e expense of a certain amount of space, the relative
‘variation of the size of windows defined in different semiconductor
bodies can be reduced even further by causing the windows to be
20 entirely boepded by the electrodes of the second and third groups:
Consequently, possible variations in sensitivity to blue light due
to alignment tolerances during the manufacture of the first group
of electrodes are avoided. ' '
In one ﬁreferred embodiment of an image sensor device in
25. accordance with the invention, the electrodes of the first group
are alternately coupled to an electrode of the second and of the
third group in such a manner that the coupling, at least in the
operative condition, introduces a potential difference between the
electrodes of the first group and between the electrodes of the
' ' 30 gecond and of the third group, respectively. Such a device is
particularly suitable for charge transport by means of a two-phase
clock system. ' .
Embodiments of the invention will now be described, by way of
example, with reference to the accompanying drawings, in which:

35 Figure 1 shows schematically a circuit arrangement of a



35 - Figure 1 shows schenmatically a circuit arrangenent of*a 6
charge~coupl ed i nage sensor device to which the invention relates; Figure 2
shopg.wbagranmatically in plan view a part of the radiation-sensitive partHJ
of {4chlj/an i mage sensor device in accorgance with the invention; 5 -
Fi guxe shows di agrammatically in cross-section the inmage sensor device
taken on the line I1I-11l1 in Figure 2; Figure 4 shows diagrannatically I n

Cross-secti onph -wmedsmersé&e& CRvidked fch ! imnh\é Yeidtebl gure 2;
Figure 5 shows di agranmmati cal ‘F%gl n cross-section the image 10 sensor. /

devi ce taken on tHHEUFS Beshpwy FRgttically iy alen Hig‘ﬁdw?a‘iﬁ ahrhtmati ¢

in plan vi eWradiEﬁ’ibn-Gﬁen'&hﬁvéaﬁhﬂt oD BuBR N thdge Pénsbr Olevasotiner i mage SenSOl’
device in accq t hg tion; Figure 7 shows di agrammatically
in cross-sect’ g%éja‘?aﬁ& w‘%ﬁm anleg%]g%r’ deV| ce taken on the line VII-VII in
Figure 6,5and Fi dilsursg 3s$hﬂﬂ§ diaggannaticdldy| oy cresacsectiogcthe dmagehe i nage

sensor devi Cehideqeptiel Bicebl 8P b ll1ud! itii1y Fhobigsb 2;The F g;Jres are
schenmatl C an no ra sca esa arl |n e
1 hiop Thng SR o, GESq8E S hion; The

cross sections i B4Fei
t hi ckness ar sessdsrodegvicecksigpgeomithe . Lige nivedvidine Figureoyes of the sarre .
conductivi LY o YDGghfe S°DRA hihethaatlALG AR Llbd UGBTI Ll o' |1 L1
vari ous enbodi nment correspon 'ng parts enerari esi-gnat ed by i ke

r ef er encelOnurfepreqrs devise taken ¢n &he ine¥r¥nde Flgprecdi t schematic of a .

char ge-coupl ed i rﬁgeréenﬂcszsduegeamihcméaltlbemewalvheel d pareloki @led- t r ansf er
type Such an devi ce COH@}F& r adi at‘i on- sg_n5| t1ve sensor
r

part 2 in V\Ihlr(?ﬂi%& 3&‘*@?%“81‘ %Tréc?ﬁ" j3g° Eaﬁqsgfs ¥8¢¢ d&pondi ng to .t he
radi ation i nagecrdantervithl ther iavgntiqu;ven exposure period. 30 After t he

exposure period, dpg:Pyt Lﬁ‘JwQ Hag%&:ﬁ&ki&ﬁl?hﬂ Q‘?a&@&ééﬁ%ﬁ ¢he M&

terrporarllylnthe storage from wh pattern i s rea
sequent i al¥ y 96959% 4RELS] ‘E“ﬁé %‘hl"’F‘F lriéglvsItIeVIIAi“TWS&r‘P &adfMy can be effected

by neans of techriigufs sksiie {iigradnatiéally in cross-section the image
sensor device taken on the line VIII-VIII in Figure 6.
The Figures are schematic and not drawn to scale, whilst for

the sake of clarity in the crosshsections_in particular the

20  dimensions in the direction of thickness are strongly exaggetated{
Semieondﬁctpr zones of the same conductivity type are generally
cross—~hatched in the same direction; in the various embodiments,
cofresponding parts are generally designated by like reference
numerals. _

B Figure 1 shows a circuit schematic of a charge-coupled image
sensor device 1 of the so-called frame/field-transfer type. Such

" an image sensor device comprises a radiation—sensitive sensor ﬁart
2 in which a pattern of electric charge carriers corresponding to
the radiation image is formed during a given exposure period.

30 After the exposure period, the pattern of electric charge carriers
is stored temporarily in the storage part 3 from which the pattern
is read sequentiaily by means of the shift register 4. This
reading can be effected by means of techniques known per se. If
desired, the signals obtained may be amplified before furthet

36 processing by means of the amplifier 22 shown diagrammatically.



desired, the signals obtained my be anpllfled bef ore further processi ng
nmeans of ‘the anplifier 22 shown di agrammatically. 7 The image sengg
device (Figures 2-- 5) conprises a semi conductor body 5 which is co
r exanple, of a silicon substrate 6 of7the n-type having a resisti V+Ey
“approximately I err]cm (approxi mately 5.21014 donor atons/cnB) and a p-type
region 5 deposited thereon and having a dopi ng of approxi mately 3.1015

aCCGptOf atons/anThg'fﬁaﬁ %éﬂ@of ﬁmﬂ:@ ?Fi@ﬁi‘e@@ d%oﬁéﬁﬁ-@seé Qr exanple, by
means; of epitaxial grow he' major surface of the sem conductor body

5 théfe are dé‘F‘F‘r?QHd%F"ﬁFLH"&P'l"W’hB‘fh ﬁﬁt??&??iﬁdseﬁ%ﬁﬁi‘@ﬂ’ euift aritiiliren,
par al | el char geubstxacH @I bf chanmelyse (Hamidg) aFrapiseivitgasti gpmiortndrely ef er ence

nunmeral 9), }g\fa Gh Ffaé,ﬁfégﬁfggeaﬂ}s E’Olrc])g‘t g‘forlo;: akCub) .:83? anﬁfﬁ :;QQ#%S z ngi Pose,

dlagrammtlcal y in arrows 1
t he char ge & r afepreitedi dhpreon and bawingt atdoging of MP’g’eméepre‘epléew ce (ccd)

with bulk tranggadpeot %Gds&'iﬁbcqﬂl -_E &Qﬁéfcﬁﬁ?tﬂa%nﬁé)(a@boﬁ%ﬂn%ﬁ are 15
constituted by i ons are tua \Féeseparate by p-type

n- 'Ep(yl e re g. (i
regi ons 12. Th&*® gpé’ T BRANEE jeRitaRial BFY drigu e Ak ity
concentrat i on ohe sppianidactor yodyes | |thateo e Mimﬁjahﬂmamndem mueéally

abproxi et el v Lyfeqth lefnd dish aitlydhdbadiBL BhegkOr ARALAN BRLGLYe 3457 1]

The p- type regio have at ace con entratlon o)
" approxi mat 0y Féeures} siesignaced waﬁ?qeé’el"F?enW‘ﬁFFn Y imabich chavses at the

surface is ?pptﬁgisﬁﬁitf|dn5ﬂﬁea§1dcﬁh%61téﬁ§h£&isgi%&ﬁiniﬁtiEaIlQ md&g&ﬂf of o
appr oxi mat el y err] .nto nduct or. bo maj or surface
is coated wit hg?a % ?tgf'srﬁ’sul i.?l %ﬁﬁ Rrase gﬁ‘%‘/{l g‘e Fg‘?rggx B i con
oxi de. On thi sdevisel && icngstigyted bB 4 chaligepowmwded devic (sed) sitlelbetk r odes,
by means of whighJpetenhidd o%éca?]caahbechQWngpb& lR@asdgl HRNduct or

mat eri al for charge storage and arge transport. This first set of
el ect rodes W5, ctptitutad; B%llﬂ'ﬂ?enéfﬁ#’é’f‘édnaﬁhi‘é’oa&f‘éﬁ‘&uyrPe&aH‘Ptr"'éc‘?X on at
right angles tg-tspe thgiess ilan Thet iraypé aregrors’ &l Iyhds lexaliphenbhee ab i nterval s

of apF”-OXirnateL#ei%gg1fﬂpQP£E§:QSiéeggfgyiLé'bf'approximately 101-6 atqms/em3 and
have a depth of approximately luym, while their width amounts to
approximately 3.5pm. The p-type regions 12 have at the surface a
20 concentration of approximately 1018 atoms/cm3, while the width of
these regions at the surface 15 apﬁroximately 5pm and these regions
penetrate to a depth of approximately 0.5pm 1nto the semiconductor
body 5.
The major surface 8 is coated with a leyer 13 of imsulating
25 material, for example, silicon oxide. On this insulating layer 13
'~ 1s disposed a first set of electrodes, by means.of which potential
wells can be produced in the semiconductor material for charge

- storage and charge transport. _
This first set of electrodes 15, 16 is mutually insulated and
- : 30 extends in a direction at right angles to the direction of the

charge transport channels at intervals of approximately 4ym. along
the channels.

'As a material for the electrodes, for example, polycrystalline
silicon may be chosen. Since polycrystalline silicom is

35 comparatively poorly transparent to short-wave {blue) light, the



As a material for the electrodes, for exanple, polycrystalline silicon may
be chosen. Since polycrystalline silicon is 35 conparatively poorly

transparent to short-wave (blue) light, the 8 electrode systemis ’ v’
provi.dafOWi th wi ndows 14 through which 8lue light in particular can
penet ria \nt 0 the sem conductor body 5 and can produce charge carriers

~thereiy p accordance with the invention, the electrode system5
t her ef ohe“congliecsesieasyennts peevided sﬁebtwi@gw 1% thydugh whichd bes of

el ectrodes 18;;.bhese pa@ chitbalkes gzamaxetmasw SénilcBndditot NRAFPPaba -
channel s 11 an& have projecti ngﬁoarts 19, 20 whi ch extend above  t hese ™

channel s 11 |?Pnap’c'ﬁ4“étt"rh6ﬁg‘i)é‘? e&p T‘G‘F% charge transport direction. The.
el ectrodes 17, 18 mdctériattectitiodhe iMvedfioch) tHe aldcticbde system

radi ot on, tr ARBEGI! MIOUP o Tdudfa L UE b4 W5EAE, TG wOBBE d°

channel s i1 e he pro] ecti n
the wi ndows 19f Fheftm'edﬁ)ﬂgt t'l!l'&#ﬁa@lfedhceéﬂ sainhy. F?ﬁ?seﬁ%ﬁmé? sthfl Above t he

_C]tlannel | 11tth@ca|n9 aell dmln7 Wﬁﬁél qqtsmﬁ&;el%r@j@ei@opa&doeo zw&?&f&%&ap% ts 19
of an electro ile i ec r el.ectrodes

overlap in patte's thege’ %\asﬁlfog% d&Eg?'git?n tf’ﬁ% FLoERePesHEERf ¢ he

el ectrode 18.tdamepdmx Himectiwt. tThet elémzrom 3¢, 18 amd tbe telehtwudes s15116 ar e
thus Coveg},ed ﬂm&tr%nmﬁ&m—%k&rstpw& o) 1400n | 98 St Ahgb RSO t

ef ficiency occurs q@el s transported under these 20 el ectrodes *
Above the chatifersionsof fbecthanpelsydl, Whils, Fhe priojeqqing Ragddiomehiof

constitute togRt Beéctobdds Lhaselaer eikewiddowanlh 1A the Bdmgdtadmalsystem for a
four-phase cl ock ste Inth confiqurati charg rrj roduced by
radi ati on can&ﬁo % nate §7 8 %?eggg?ved tge Channel ?1 C':%malin“%ermloneadj acent
25 regions. emterﬁsl%meﬂ@e in lpare @Irem#na:warge lga@ﬂ@pselaserqﬂet ernately

col | ect ed,ndgy mﬁeospaﬁemggpmrst@oﬂo% aimei’&&taw%edveew)daspéz and 18,

respecti ve y. Upon exposure of the radiation-sensiti vglrepart gf t he i mage
sensor devi ce® "EKGrejEctEade Y §°‘éﬁ’€dp‘?‘bdﬂﬁéﬁ“°®’&$" 19fgRe lechreds Bnar ge
carriers 30 Dughsdaiei fddeytisatl yhé ahargaheptinspbrtappameﬂ.aranehye Ghdgerr], in

'ﬁ)'ﬁ;t icular in,dhe.p eh}fﬁeel;eg} ?He ]e%.ecm;ig hsylsieJ. efnL 1deEC X rh mow: ndovvs 14.

efficiency occurs when charge .is transported under these
zu' elecrrodes._ Above the channels 11 the electrodes 17 and 18 in this
embodiment constitute together with the electrodes 15 and 16 an
electrode system for a four-phase clock system. .
In this configuration, charge carriers produced by radiation
can now be alternately integrated in a similar manner in adjacent
25 vregions. For this _purpose, the relevant charge packets are
alternately collected under the projecting perts 19 and_ZO of the
electrodes 17 and 18, respectively. Upon exposure of the

radiation-sensitive part 2 of the image sensor device, charge
carriers are produced. Blue light produces_charge.carriers
30 substantially only to a depth of approximately.O.lum, in particular s
in ;he P-type region 12, which is left free by the windows 1l4. The
holes produced due to this radiation stay in the Pp-type region 12,
while the electrons produced are distriboted_over the adjacent
charge transport channels 11 due to the fact that such a voltage is
35 applied to the electrodes 17 or 18 that potential wells for



hol es produced*due to this radiation stay in the p-type region 12, while
the el-ectrons produced are distributed over the adj acent charge transport
channel s 11 due to the fact that such a voltage is 35 applied to the .
el™ctrodes--17 or 18 that potential wells jfor 9 el ectrons are obt ai pe&g

the charge transport channel s under the gl ectrodes 17 or 18. Light of @D
greater wave-length can reach the surface 8 al so outside the w ndows =

pr oduce char ge eCetoRd ardOital el 1A L@ crdElidhe nblifefd] GEIOPS f'_ow to
t he nearest pot ntia ip thé channel regions 11, e 1 es are

dr ai neH’througﬁ ?‘}fé'm%)es\t,\? é€1 ons 12 or the p-type substrate 7. Wthi n one
i mage period, for &ighmpbe,a duedtey vdve-ldngth dhal FedelClhed sElac@de altso T i I St

applledtothe rade t er.the .10 projegting parts 19.in the
channel regqi on(s"(ﬂls(%(‘i%oﬁ%nt%jr'“jdlzWg r}% g%?ug’?rr% E \ﬁ% %H"s %%1 gé r?a@‘l{%bts
(el ectronsy ar &3%8SK| dRpth Thet*ﬂécFr'EWHele?eS%rqhbe@aabwwtéﬁtéabmﬁhs:tinng

parts 19 may hane ,chﬁﬂfelei(@mah@,ll@ Jtﬂ.ﬂ.gtthxeofloﬂseife] dPdihed Mrdldh Phe 3- 6PM and

a nmutual spaci of 5 Subsequent the charge packets are
transport ed tol’-%t’ EDT ot iﬁaﬁ tBe B ERPS %&b%ﬁr&g%f “a suitably chosen cl ock

vol tage variation Htthiheorul duageogesiod, forbexanple, dutihgf clie ffmfsithaalf
processing. Duawgatmt§£&qedfﬂ%fap$fuéé"§8pa{ Qﬁect@f)&e%nﬁ llaﬁatrhe 20

first formed under the projecting parts ectro o5 18 R have
the sane ditrenBfUssting parfspld la the chapnel regipms Adiposewtialwallsnateot h

hal ves of onef ﬁaueadimlaﬁicgech&g/i?bd&etﬁdetéhht&um aﬂélﬁhié/hcthheibnsiﬁg nmanner
in two rows o t t t he .c ts ve been

col | ect ed, the?/&glr%g 1(rga§§’%§r ed ot oeI{hﬁ E@r F‘%%av?hémél ock

si gnal s requi r expmpde, tahbensltbcqfr éx!ﬂestSa ¥eda oanti-sizﬂ amelya bmtusk dpacifng
desired, to- traﬂs,f,,ﬁr t he |nforrrat|on still stored fromthe first half of
the i mage sensing Febrr od tg an_out, regi ster 4 for further processing. An

even nore fBvour abPEPSFEIRSAY nfthene %@‘ﬁ&%ﬁ’%érﬂﬁ’@&rﬁ’# 89 thehi ch char ge
i s continuousl| gtaregé¢ eared whtlerhé hddedfat sertabpakchésehdclock voltage

variation at the electrodes 15 16, 17 and 19 for futther
~ processing. |
During the secdond half of the period, ﬁoténciai wells are
20 first formed under the ﬁréjegting'pdfts 20 of the electrodes 18

which have the same dimensions as the parts 19. Thus, it is
achieved that in both halves of one_périod chhrge.is collected in
substantially the same manner in two rows of image elements. After
the charge packets have been collected, they are transported to the
25 - storgge part 3. The clock signals required for the electrodes
15,16,17 and 18 may be used, if desired, to transfer the
information still stored from the first half of the. image sensing
- _ period to an output register 4 for further processing.
An even more favourable method of interlacing can be used in
@ 30 which charge is continuously collected under the electrode parts 19
and 20 of the electrodes 17 and 18. After the integratibﬁ periods,
during the first half of an image period, for example, the charge
packets collected under the electrode parts 19 are added to those
collected under the electrode parts 20, while during the second
35 half the charge packets collected under the electrode parts 20 are



and 20 of the electrodes 17 and 18. After the integration periods, during
the first half of an inmage period, for exanple, the charge packets

* ' ted under the electrode parts 19 are added to those coll ected undér 7
= pctrode parts 20, while during thadsecond 35 half the charge packets
ed under the el ectrode parts 20 are 10 added to those coll ected
er"the parts 19. The addi ng process is effected such that the charge
transport tak@idef) s &hese cpblagtedomien the aates dfrovtheladdiTgerioresde part 3
need not col | efdect&dlisath mnaaruaecamgqueahégbé takeB6§AAc0ln Be Pr OVi dedépfj h
wi ndows so th recg oI e |1; can]é) e realized on a considerably small
surface area an-the rac}i'ea? SRE sensitive part 2. The required cl ock
signals for the cmﬁ' geoxaganearsr 3 eed motnceliect endbatipardnd?camsdqaentife
storage part. ﬁeéaaaoéo%eoatoau&dwiéu l&@mioqs sd feﬂaelagcg w‘ﬁbwaus?i Ohethe shift

register 4, in a well known manner, for exan? means o
regi sters notTabaR PRI ﬁ@PS#%fﬁlguPealier %/PE%‘ &h#r FBemanuf actured in
a usual manneradiAticar-sengitivgeaepi2t.axi al Iayer 7 has been grown onto t-he

n-type substrate nnel_s are,formed in t er by
means of i npl ant aﬁe ’Q%“ﬂa ugﬁgsir'i\‘g“% e sur?hgc i 1 obg{‘ athin
oxi de | ayer aflt¢ SPRIOH Baqta9eqnda#'e thermaasm paru\3| ¢atk|’09vwbtm¢erlildee

el ectrodeg 15thel@1odkr eigemblﬁerf emnpécyeegm& l4,NEn 3 Ld A0 Rnowhll hédned!
oxi dation step for e callyﬂé\mﬁg%atl the -6l ectrodes 15, 16 20 t he 3

el ectrodes 1 fge’é“}mé’ oyt o tﬁB?W@Fyﬂ?HPIﬁ'WEh%’i fRcon. After

t hese el ect roElesrthaNe been electrically insulated again by an oxidation

step, the e oot ofes alfic0cdl S hiBikeytld S 4 Bufl SEAEQTS B(gLE has been

finished in this manner, the: re%ons are forne ans o
i npl ant at i on B1%Epe epitaxial layeR/ Bagihesn SFOWR qnso F'ibgure'sﬂ’i qubstraten in a
si npl e napners be-typedeladebd il alite thtedaid WRIPNAFEr ByOfidans Vst em i.e. by

applying a pé@&éﬁ%igdffte& ugiot%le.t v&eng% he5 Iec%rodagmlsztgld 8 and the

el ectrodes 1 SO tha mTetrl i ned.
The pot enti al °%eflayenand vahs |1§Y¢mareai°e‘ded in a well known manner the

electrodes 15, 16, preferably from polycrystalline silicon. After
an oxidation step for electrically 1nsulating'the_electrodea 15,16
20 the electrodes 17,l9 are formed, likewise from polycrystalline
silicon. .After these electrodes have been elecérically.insulated '
‘again by an oxldatlon atep, the electrodes 18,20 afe formed. After

the electrode system has been finished in this manner, the regions
- 12 are formed by means of an implantation step. _
25 The device shown in Figures 1 to 5 can in a simple manner be
rendered suitable for a two-phase clock system, i.e. by applying a
potential difference between the electrodes 17 and 18 and the

O

electrodes 15 and 16 so that asymmetrical potential wells are
obtained. The poteatial diffetence, which is indicated
30 diagrammatically in Figure 2 by the voltage source 21 . may be

£

applied for example, by means of a voltage divider, as described
in Dutch Patent Application No. 7,200,519 laid open for public
inspection, or by meaas.of a capacitive coupling, as described in
Dutch Patent Application No. 7,114,859 laid open for public

35 inspection. An additional advantage of this configuration is the

e
J——_



30 diagrammatically in Figure 2 by the voltage source 21, may be appkied,
for exanple, by neans of a voltage divider, as described in Dutch

Appli-cation No. 7,200,519 laid open for public inspection, or by fa
pacitive coupling, as described in Dut{; Pat ent Application No. & , 859
| aid open for public 35 inspection. An additional advantage of this
configuration is the | ow rel ati ve capaci tance between the two cl ock
phases becauselawheéfauw@%aaaa\eeﬁé@mea%h elehedo Q‘i&{k §wﬁrsyb§dmbé dasd - In
the device shown in Figures. t he el ectroq 18 are constructed so
that tHey ful IBPag8S & aPe 36 AREE 9UeF AfHTuYt?S PamEthis is at the expense

of a certain anounta ahe sdmi&:shmrean Eibhréme v adom ézlecatedesow;‘ml |y

i dentical ; thig cgghslg_? ft% qugﬁ_sltgg} yful[lﬁ, theg tﬁ v;%ﬂf&( | 21868 in the

rranufacture of the re fted electrode Due to e fact
- that the ed ectdgels 85, te H’Eﬁﬂ“ﬂ% afoe %F?’r‘b%“é 27 stlﬁ%“’&ei‘?%st‘lﬂdntw t he

Wi ndows 14, 1Qyind6% U&| adeOhé¥ FALHS 1064caRLT} thes eak|RCaEHIREd amdpltyhe:n
el ectrodes 17, Jh8 nﬁbl onger size_ of t ndq e charge

fl th
packets are now*%l tUs RAISP9 s@&ﬁ%@? i r?gfnwufﬁ?&gfe %24:“@05%%&‘( parts
19, 20 or in thehiftérbelectredésad? mpdnidd hollueite Ul Facht sbatsithe|elaptrodesy under

‘the parts 19 apg 13Q.owQJ1%W pca%tiéiqﬁté-inr @ﬁee ﬁ@fﬁﬁtiﬁﬂrgf adne PaMewd NG, same
meaning as in thﬁﬁﬁrece i ng embodi nent . course, the invention.i$ not

1jmted tot he™ cf|°ﬁ%¥ﬂ“§e%lé’§5‘(‘?°6‘e8he§509’é“°t5?ﬁesv%‘fdl &b eischofesii/elt are
possi bl e for tdwodengiti Ldfddende. the sagé of tlku)ulndiﬁpartl ng fromthe scope of

the 20 inventi on ,ﬁ&r éat%}‘ﬁlc::{]gﬁg JL@“Q&%: g%lii?{’]&dl:em ng

el ectrodes 17, may as | ong h ut
fully defini ngﬂleh@'wieﬁ%\&s}’a#t@r 15%8n91 do W‘Peﬂtheﬁeiltﬁeﬁ%ﬂﬂ@& '!%h%éﬁet he

el ectrodes 15, dfilbéteaBidutadedasly badt R Hapess 191 addhg0 . OpBEteRFEed Nchd1E
transport devi C&SFFUH her np

b Dre ot hg ki nds of 25 {’éa spgr%ﬁﬁew ces may be
used, such’5as R aPpTeE? so&ﬂY(’étt ﬁrﬂaﬁ‘ao‘?‘%‘bﬁ §Pe HPTEE T e ced's. 30
35 -embodiment. :
Of course, the.invention is not limited to the embodiments
described above, but various modifications are possible for those
skilled in the art without departing from the scope of the '
.20 ) inventibn. For example, in a manner analogous to Figures 6 to 8,
qigcttodes 17,18 may be constructed as long strips with openings
without fully defining the windows, for example, when the distance
between the electrodes 15,16 is smaller than the dimensions of the
_ openings in the transport device. Furthermore, other kinds of
25 transport devices may be used, such as, for example, bucket brigade

registers and surface ccd's.

30

35



CLAIMS: 1.__An image sensor device for collecting a radiation i'nage and
converti ngmc signal, which device conprises at | east
one ] co ich at a major surface a 5 plurality of ’
mut WK mﬂ mw ’m;ally parallf% char ge transport channel s are

defixed/ the sem co ody being provided at the sanme mgjor surface
with an insulating |layer on which for the charge transport an el ectrode

systemis di s %3 gl. whi ch ext ends above the charge transport channels,

wi ndows bei ng pr ovided in the el ectrode {sji/%téem wher eb i ation d_@r

penetrate into the s&fkil@3aeAerser detirer 658 1ng, 3 fpd g’r‘?"i P28 her ern,
whi ch el ect r ogi@a ay:aﬁeeaingomprﬂnxemaeiemtcgr eignanf v&iieht&eodee; colpriseext end

na directiof hig SverS%miconhu%&h% °1d AISPAE a G Fufeqcahr act er i sed

in that the r&di&t1oR-1ransparen viewed at "1 r|g t angles to the
surface, o e Wowalisy af ﬂuéa%ltlyl #qsaﬂedbyumﬁhﬁalééd@ﬁél”gﬁloﬂb“-’aﬁd athird

group of el eCHaQQFo%c l:l’ﬂmtngﬁ; atraedefzesmdcw Qum&fnae&&etsmeseﬂge
electrically 1 nsu

fromthe first- grou f elec es.and are part of a
second | ayer W&ﬁ?ﬁd&&t‘i‘\?es% E‘?Jﬂ‘il s“ﬁfﬁ Hg‘t‘gt’r?ei P % 3 0P el ect r odes
are el ectri cadtiigh2fbr tmsuhatgdtfanspotmenfelmstrmdsmeum disnosed of .
el ectrodes a th%@e?:ﬁﬁﬁﬁs &h@%a&gpoggmg&f&ﬁe JR&@H @bing N that

e seco and t d

the el ectrodes ™o groups maln éxtend in a direction
t r ansver seldt oprdvéded dn gihet plaessede st?mn@%reb%rféd?#% RemgpenetEate ot the 5

area of the ch@odend rsaaﬁdaaa&cuebamql fo lpB6due Elargércdesersf :weiihl rd group

owerlap in part, the elecirodes of th Se¢9 d garou e sor
device as cl afH& ]r‘F“Ef e PR ARET TS Se gtrﬁa'f %heféc ‘8‘%% of the

second and t hextndribupsdizectivonbransuerse En thmhmewramrte&annﬁs,t he conb
ext endi ng aboy %&Qtéme&hﬁr Bifat! E@%E@Husm'm&;pam& whiddwdhGA sSR! device

as clainmed in alm 1 har act eri sed hat the radi ati on-s s t|ve
wi ndows ar¥ cetedti ereles ‘i?y"%éﬁf'%'lﬁ’et H@‘“@F‘écﬁtraﬂ’é’é‘ 4 PBRE 2and
third groups. sécond Airouptdid &ahitd gitoup OF élecerdiespdin nhmycherseccﬂd Clains 2

group of electrodes are electrically insulatéd from the first group

of electrodes and are part of a second layer of conductive
material, in that the third group of electrodes-are.e}ectrica;ly

20, .insulated from the first and second groups of electrodes and are
part of a third layer of conductive material, in that the
eiectrodes of the second and third groups mainly extend in a
direction transverse to the charge transport channels, and in that
at least at the area of the charge transport channels the

25 electrodes of the third group overlap in part the electrodes of the
second.group.' '

2. An image sensor device as claimed in Claim 1,
characterised in that the electrodes of the second and third groups
are comb-shaped in plan view, the teeth of the comb extending above

30  the charge transﬁort channels.

3. An image sensor device as claimed in Claim 1,
characterised in that the radiation—-sensitive windows are
constituted by openings in the electrodes of the second and third
groups.

35 4. An image sensor device as claimed in any one of Claims 2



.13 and 3, characterised in that the outline of_the el ectrodes of the
second and third groups are substantially |denU ﬂnu kum a 2 v ew.
An i mage sensor device as clainmed in any on edi | i’

ims, characterised in that the el ectrogg system corrprl sés an el gde
structure for four-phase charge transport. 6. An inmge sensor device as
claimed in any one of Clains 1 to 4, characterised in that the el ectrodes
of the first gramdp3archasddrerisdely thatidhatoutlefd lof Céllel ¥ldcRradesehfGhbode Of

the sgcond 10 Lestr up_ijp such a manner
t hat al~| east ?Jr\%?ﬁdeaagge%hgf?&r% §n3| ?lsc‘)'rll’s{: tqalfgpﬁéﬁgf‘ﬁt d:{}’c’f‘és p
potential diffel@Aceledet ween the el ectrodes of the first group and the

~electrodes of the SﬂCOEhd ﬁagle teBhédt AEILRSas Q@&ﬂ&ﬁtid/%hy onZ {*Qg%?ggg Se“tsg;n
sys _

devi ce as cl ai 15 characterised in that

CO\I’/Y;)I’I ses ah elpé"(?f?‘gld‘ﬁ @t‘?ﬁ%t FPBrahPriasd- Hhsbat cq‘?art}écf?"&ﬁsiﬂttm 8. An

i mage sensor dgxmpeias ol aleanode) sanyctare for fdr-plissecchairfe @rabsifore. '
characterised in that gbh | %ﬁ*‘dfssé‘%ghf cﬂﬁ}éddfn a 5t‘{]°ﬁ2 1 g%{mfl %g: rcuit

and with at | east one CI rcult processin
signal . 9. An i%fafje charRsserined tn that thy; ‘h‘@&t}"n‘eé}%ﬂ %he firstszevreareed in

t Hat the contr alltetdateiy oanﬂddhel&ufdunyf&r ad W1b&&0AL' 3IC 8RS Is@boddne

S C T C% o IRRong ea" 6 XieaBode SO Lne T arbip a8 mshor apBeeRtbRE
reference to Fuaguiwtzire ¢he qperativei cpmdétiod tie fowflingecintecducpanyi ng
draw ngs. 30 3Jotential difference between the electrodes of the first group and

the electrodes of the second and third groups, respectively.
7. An image gensor device as claimed in Claim 6,
15 characterised in that the electrode system comprises an electrode
structure for two-phase charge transport.
8. An image sensor device as claimed in anj one of the
precedingsCIaims, pharacterised in that the device is further
- provided with a control c¢ircuit and wifh at least ome circuit for
20 further processing the electrical signal. |
9. An image sensor device as claimed in Claim 8,
characterised in that the control circuit and the circuit for
further processing the electrical signal are realized at least in
part in the semiconductor body. ' )
25 10. An image sensor device substantially as described with
reference to Figures 2 to 5 or to Figures 6 to 8 of the
accompgnying drawings. o

35



