DESCRI PTION Title of Invention 5 DRI VING DEVI CE AND SPATI AL | NFORVATI ON
DETECTI NG DEVI CE USI NG THE SAME Technical Field [000l] 10The present
invention relates to a driving device for a charge-coupl ed device
configured to adjust control voltages applied to el ectrodes of the
charge-coupl ed device in order to transfer electric charges by use of a
potential well formed within a i ayer constituting the
char ge- coupl ed device, and a spziggﬁﬁﬁgfﬁﬁﬁg¥qon detecting device using the
driving device for controlling the charge-coupl ed device. 15 Background Art

[ 0002] Generally, a charge-coupled device (CCD) is used in a technical
field relf% QgIan %nage sensor, a delay of an anal og signal, and a shift
regi ster nal , for 20exaqP . In such a charge coupl ed

devi ce, pPRFANGD é’ﬂ@@d’é‘é%ﬁ’é‘%kéﬂ&@&% IONDETHCSINE RE ESINGr mat i on

| ayer nadEHEﬁ%dﬁEenlconductor. Electric charges are stored in a potenti al
well formed within the device fornmation |ayer by applying a control voltage
to the elpchnaderid@rther, a position and a depth of the potential well can
be chang g% controlling the control voltages applied to the juxtaposed

el ectr odes. Consequently, it is possible to transfer electric charges
from3ne of tlive PARACAEEYERGY Bitteato adrivigs dgvienior gcharee cPuplodfleves t her

t her e hascobBgyred topbyeiccoatrobotirigeuarndied énelottirodys sethei chaydetopupleddevke of a
30l i ght rieecedetitogragkfereRttridychapek i nge Sfichbtentidlarelicfonetpivdindkevi ce to the

i ght receinNdRdu@benpat conEtQ{utﬁlé%HPL g@&iﬂi@fﬁevﬂce(gﬁ 2004123 AFa tfn
di scl Osesde@ev\kﬁlg QEVlI(’:eeﬁﬁh%ltlQQd ?v1gg§<gv1ce\l\5 tro"iliS RAIR 358 H& tulg, as an M'S

6:C0U device
elene in h an e tro arranged eIecF%l ?* |nsulat|ng
Iayer on a device formation |ayer constltuted by a senlconductor | ayer
doped wi tBadkgpunidiA”ts. The el ectrode and the electrically 35 insulating
| ayer ardogge of |ight transmissive materials. Wen light strikes the

devi ce for rrat;eﬁ@rah@y@éhérgé edpied ieil(echy RRe@nta k@ nRhEGLIN lrétlahhy an

i nsul at| gl ¥k, 6l BRI GRR S8R AERHAS 0P LAF(h e 3RS LS TBL on
ng e i i IR TR
I Lestpplsaalt sy 5%&?%?% s B Cleiroo e AaaTFaD the

el ect r odésrfagapf aglegice é@rm%@ndaeénwdﬁof wepmicppdyater. t ekt thaegesofret he devi ce
f or mat i ostdray er a petenbel wdhformed edthifgre dex@afdrejationdaydbe by applytngat i on | ayer
has a conreueslivélthye toype eRltrBdd. y fRuwrttRBth hdreid £Eld dépth BALRGDHLRI @BCL T ONS.
In this %éﬁgplcﬁangsé@ &y chﬂgolﬂﬂé kid %ﬁtx%?%lfa%les Xﬂh}eﬁqg théju%%logtﬁpelgﬁrotdgg
25 Consequently, it is possible to transfer electric charges from one of the adjacent
potential wells to the other.

[0003]
Further, there has been proposed a technique of enabling sensitivity control of a
30  light receiving element by applying such a charge-coupled device to the light receiving
element. For example, document 1 (JP 2004-309310 A) discloses a light receiving
element which has the same structure as an MIS element in which an electrode is
arranged on an electrically insulating layer on a device formation layer constituted by
a semiconductor layer doped with impurities. The electrode and the electrically
35 insulating layer are made of light transmissive materials. When light strikes the
device formation layer through the electrode and the electrically insulating layer,
electric charges occurs inside the device formation layer.

[0004]

40 In addition, the single light receiving element has the plural electrodes. With
controlling control voltages applied to the electrodes, the area of the potential well
within the surface of the device formation layer can be controlled. For example, the
device formation layer has a conductivity type of n-type, and the electric charges are
electrons. In this example, when the positive control voltage is applied to the
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el ectrode, the potential well accunulating electrons is fornmed at a part of
the device formation | ayer associated with the el ectrode. [0005] 5Wen the
device formation |ayer receives light while the positive control voltage is
applied to the electrode to formthe potential well within the device
formation |ayer, part of electrons generated close to the potential well is
capt ur ed H§etrHe Pswatrntial Wk preustairesledemiiitfosred af  PeHOT Hog d&viseal wel |
The remai ermgtied boer omweciatiail ehthathe etrotrodccunul ated in the potential wel
vani sh at a deep part of the device formation |ayer 10due to reconbination.
[ 0006] [ooo#)s nmentioned in the above, the electrons are accunulated in the
pot entg al \A'e'\*lhe V%l};[eniegha?ocxlim% '0;[1 'S eali'eec%‘ivgg lit }t&.ewl%?ett%gt ! ailtiv\l\'(c%rltrw VE)REil I the
surface of the device ibtornail o ayer, Rk possP TVt o Vary 4o

propor t i ofi 2BPL¢he the elefiredrstoderc i peterial ellfatip thngvase fepatitndlaysre

el ect r onspagk plegleteons isgndrptgdicldse taheatoramial wall by ¢aptured e thepetentisliwell of t he

| i ght r eceidvihag aedvendnted dGathd@tadjdlsteid Die vartaihing cldeeroas ehidbfart het

pot ent i al acd@hbilated0mAAO fhtential wdlOvAHAM AOA diddSadt SRS tetinEOPALEN (agbr Vel |

with reg Q .si.ngle light receiving elenent, it is sufficient that
t he nunbg%gé% ?%g&gﬁgg%fodes receiving the control voltages is adjusted.

For exanpl e, when the single light receiving elenent has the five

el ect r odd8906lhe sensitivity is maximzed by applying the positive contro
vol t ages 25t dstohentioaspecthie\abofd, viee db@cdrsaoe sccuamdatbhén sensitdrtial twelli s

i ni M zedwhy capRlivé B 4108 oPBSipbieh€iaC ROl Kalhil thd AgHSe brhBAepkect rodes (the
el ect 50N, af id}lqutﬁ'cﬁqwéas"gfb%j’éo vaL‘QQQ)%pOH}oﬁ h% 'eg:bgriiﬁse&%hl\ﬁh e(\gl &fENt

havi ng t he, af or enenf 1,0n structure,. .cqontro .30t he.contro ol tages to
the respdGiiiel Sy #%&i%ctﬁogﬁ§8%er3&8wa§§%t PR bR T PEST AR R ept h of
the pot erfffla lighdirpceivipg glement ean heptbusted by vawyiedhe aesn ofdhe Botentieh i ons as

t he char geslcoupl ed device. In brief, this |ight receiving el enent can
transfer the electrons (electric charges) accunulated in the potenti al

wel | .ooDoqypeeipt 1 di scl oses a technique of applying the control voltages to

the respectixe &l eqtfodes oif%leac%grwgallav&e% Wb &SI i:octh%rélarg%eeﬁ HoLLespondi ng to
an anount _ of recelveé,Fl ht "a subsequen ggapp yLnng e control %oltage
to the siclfgr@tet setitbdenttgakthsamihes obtheelgetrodesigrejeasithe edrgot ent i al

wel | . | n voltagss is adjpeteil o di' drexamptou mhkn thagngle dight receivhmredersetridsdhperi od f or
hol di ng tfive eketrudas] eHeednelieity td macindzagias Qplyipg the hedive Ebetrolumitagss of t he
el ectop ?d% tHeOreWhtcEibe FihEIcQREdeR) antOiht 3885t At PisaRRih 88l BY Spsliifsahent | nt Lhe
respecti . r | [ r nner as e
char ge- c e RRCsRTdotcd BRI he slectepdes (RY'Glblons: b e bl BuudlhVE, 92 ¢
noved between the potential wells formed adjacent to each 450t her by
controllmﬂ@slhe control voltages applied to the respective el ectrodes, and
In the light receiving element having the aforementioned structure, control of

30  the control voltages to the respective electrodes causes a change in the position and
the depth of the potential well. Thus, this light receiving element also functions as
the charge-coupled device. In brief, this light receiving element can transfer the
electrons (electric charges) accumulated in the potential well. Document 1 discloses
a technique of applying the control voltages to the respective electrodes to accumulate

35  electric charges corresponding to an amount of received light and subsequently
applying the control voltage to the single electrode to store the electric charges in the
potential well. In brief, a period for accumulating electric charges and a period for
holding the accumulated electric charges are provided. The numbers of the
electrodes to which the control voltages are applied are different in the respective

40  periods.

[0009]
Further, in a similar manner as the charge-coupled device, electric charges held
in the potential well are moved between the potential wells formed adjacent to each
45  other by controlling the control voltages applied to the respective electrodes, and
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finally are taken out fromthe light receiving el enent. [0010] Besi des,

ti mngs of changing the control voltages applied to the respective

5el ectrodes are synchronized with a clock signal used for taking out

el ectric charges fromthe light receiving elenent. In brief, a tine
interval petyween the timng f changing the control voltages applied to
the respedfd! earélt%lfﬂ“r%g]%‘m} é‘ei}gh? Kecetyia elemienti pl e of a period of the clock
signal. 10[0011] In the foll owi ng explanation, it is assumed that

el ectric Obadlges are accunulated in a potential well forned by use of

plural el ect rndeRs alhHRY8FHa g8 the SorARA v&@%%@%ﬁm t% thbfespeguaul at ed

el ect el C é:l@c%%)% I%r npk?xjogizl W"iathpaoélg rllitsli alfllal\lll\gld foI‘ Qarkrirr?d L%Xaleu%‘e cﬂcaronse

el ectrode féﬁﬁ .. F%r exanml 6,0 as shown 17 7 (1%3 Pile electric
charges 13°8Fhe Behfiperigingglement hdngwtel e "9/6@’F‘131Eﬁtw§§%6‘&‘1 BRMEsWEt h the six
el ect r odexhangingithe q@itrol Yoléagsafoelied tadhetromertiva elec@odes i¢ g intetwal el ectri ¢
char ges lRukipde sftaopeaibdiof thehdodkatigmal.i al wel | 11 20associated with the single
el ectrode 10A. FIG 4 (a) indicates positions of the respective el ectrodes
10. The r ctive electrodes 10 are distinguished by use of the reference
nuneral s 10A to 10J. The ten el ectrodes 10 are used,as one unit. [00131
25Further, i r%n?}ﬁeeg’ﬁﬂg‘fnﬁr?égﬁ?ﬁﬁ% AR aﬁ?‘@edgt,haf AlECH I PBTReR g opsr Rt i s al so
per f or ned? 3 Beteriad weHderargddry, usgof Bhigelreledirofpszrrangad)in setigs asidect ri ¢ char ges
12 are acubsaguaniéythenceiveuproddeitdtal chveigts drtk hasbinc pitedtialividil ireedsby

el ectr odage b0bnd QlectBld, and thereafter, as shown in FIG 4 (g), the

el ectj;i c charges 12 are stored in the potential well 11 associated with the

single el Gidi ode 1011. 30 [0014] The operation illustrated by FIG 4
(b) to (g[§ arld the qgperation illustrated by FIG 4 &h) to (i) are the sane
except di r ectPhFEIFe A5 FEAEALN 8%%41@ dhegleptric chnrgeydd a1oagumiviged ansi ti on
from a chbe geteabelumell &t aoncigtedtvath thesixtlestgelendDAitmd0Bt dflereafer3ty everse to
each ot hehowh in BIG ef (g) tthesRciopehatdedN3 add GosyTHER pateMMialGIpPleMENt Ary tO
each 20t heksocl Qi wkh the sihgle! Pk Rbe BER! ANRS. 4QR) indicAR BLYitiBRIS he the eight

el ectr Od%gspjegf?\zet é:iecjcpo]dztle‘s ?0. The respective electrodes 10 are distinguished by use of the

reference numerals 10A to 10J. The ten electrodes 10 are used as one unit.

[0013]

25 Further, in the instance shown in FIG. 4, the following operation is also
performed. In this operation, as shown in FIG. 4 (h), the electric charges 12 are
accumulated in the potential well 11 associated with the six electrodes 10C to 10H,
and thereafter, as shown in FIG. 4 (g), the electric charges 12 are stored in the
potential well 11 associated with the single electrode 10H.

30
[0014]

The operation illustrated by FIG. 4 (b) to (g) and the operation illustrated by
FIG. 4 (h) to (i) are the same except directions of movement of the electric charges 12
during transition from a charge accumulation state to a charge holding state are

35  reverse to each other. In brief, these operations are symmetric or complementary to
each other.

[0015]
The following explanation is mainly made to the eight electrodes 10A to 10H of

40 one unit of the electrodes 10 as illustrated in FIG. 4. As mentioned in the above,

voltages applied to the respective electrodes 10A to 10H are switched to the control

voltages at timings synchronized with the clock signal. Therefore, the control

voltages are applied at timings as illustrated in FIG. 13. FIG. 13 (a) shows an

operation of a counter of counting the clock signals. FIG. 13 (b) illustrates timings
45  indicative of the light projection and the no light projection from a light emitting
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400ne unit of the electrodes 10 as illustrated in FIG 4. As nentioned in
t he above, voltages applied to the respective el ectrodes 10A to 1011 are
switched to the control voltages at timngs synchronized with the cl ock
signal. Therefore, the control voltages are applied at timngs as
illustrated in F|G 13. FIG _13 {aé shc_;ws an operation of a counter of
counting tREcelodbk tapgiRree. ElQ 199 tofy shpy dewedivs oltegs Frydatsisndiheat i ve of
t he |i ghtelpstojdesdPdito d0Hd. t Hee yodtake §ht tvpr lejdsithatisf a statea(uppeghlievesirt t i ng

sour ce t owhieh thacg@etol s@ene.is pled k3 thcdledtendej1D, shbastaes decdr v vial t age

vari ati ongngf, nm@nt%l%tt%aﬁdss‘pm@ L6hd Qe diE170! tage has two levels, that
is, agtate (upper |evee) in which the control voltage is applied to the

el ectrode %? and a state (lower level) in which no control voltage is

appl i ed t@ ‘ﬂe el ectrode 10. S [0016] As apparent fromFI G 13, the five

cl ock si gnal S\ssappareat dogallG.f18r the fivealvsk sisoalspee nedss2y far agimaeditiothe

el ectri c pdridgesin khidc theraldcatiechargest 1Peacpohahitddain thebbtehdiabsslocl ated with
the six elR64i4ted@sthlBé sixe1dddodas CoOARYASF 4,0 hdied ROt il tiatlehl 141

10as SﬁCI ais%ﬁciawe& an;hfht% gln gal 8ed Lo%f%tlbgqe\ﬂ;h%ﬁ'a uVIYfF OB a4t tthg S fje Q Sast he sane
| ength as_the ttof eriod o e clock |q;|)‘|)f, and |é)er|0(51 or_ hol di ng
the el ecttﬂﬁeélgéﬁ%%%%mfff clog |Sé%ﬂjﬁ And A@REPE Br ToBting el Berhagers 1% the

cl ock si gla lengthadentieal ithe twpeeiiets of the deckumignadtanmycualagioameripd char ges
12 has a fheagumuldentthealectriz dhegets MR hpeniladsh dfenting tolthe twepegivdk of Thus, t he
| engt h oftht bRclasigHA| ThiQRhPRLEAOS ths aQiedl &5t fbrRfs td e louimh br RN i od.
[0017]; T*’lﬁli%&ﬁ)td” c charges 12 are newy accunul ated during a period in

whi ch the electric charges 12 accunulated in the potential well 11
associated with the six 20el ectrodes 10A to 10F are noved to the potenti al
wel | 11 d9Qbdiated with the single el ectrode 10A. However, in this period,
it is inpossilbkelecicaborgrlldtage péwlytacecumchtedgbgink2: pariddiiglwisdnthiet i vity. The
transiti elecpét iiRggeb 2 fc@Oibtaih tHobesstikhecInUNhbciafedtwieh tHeagt rodes 10 is
changgd. eﬂlﬁrogésof(ﬁ; toaldrezir@trﬁo\(z@d B QR _otén@ﬁl _Q'Ezlltllf%S&Q%@mghltﬂgsigﬂel od is

i ncreased t i ngrease . n, the .uni.t. peri od., However 25 I'ncrease in
e oot didthiode 18 AFARE ib Tl Bbllt shibonsible EOARNRR sk dect | 0OT 0298
light recCBfMEeRd? 8l BigBiensidvidet diiedransdiipn neatydd]2 if sonshantapdess thkpl anation is
made to awnhbesphiheelasirodes 1hie chimagede- Thrrploed adelsitive pB@ivagomofithact i on of the
l'i ght recetunwgtied pomo is dedrbared wath AhcMaSe B @RIt periddeVHbwewrSthei N an
i nst apce ;LR ih ke GRRPOSsLAUPLEAaM Q?_ﬂhﬁém 1ok tf U ok O Pe @ rndali€e b 9Nt

i

recei vi nth?ii&ﬁer@&eix{i?lg%leﬁ%ﬁflijs&fe%rlic%a JiS kely to occur. In brief, with

regard to an opera ninc a process of noving electric charges
accunul ated in the potential well formed at a region over the plural
el ect r 0dé@018b t he potential well formed at a 35region over the fewer
el ect rodes, b fhegpord ¢xpinciionhiemhidatsint instanpewihetk the chiigettnuplepdsdiad i s
r el ap vehys Rifghbtion R she idhTBeRBGESSiaf¥nt Arine@APLRS MO cRinhBe MhRver,0per ati on
may be pLRkengfthathidl bl gL %?%—T%ﬂ EQ%eL 8RR B RLASE b 18R T Nen an
undesire recglevir?'gy el(rn,];‘;lgnt? Ceusra'me 191‘0 lém isrl' el(gr to O(r:]c\{g.nt fnolg]rief, with regard to an
operation including a process of moving electric charges accumulated in the potential
well formed at a region over the plural electrodes to the potential well formed at a
35  region over the fewer electrodes, a proportion of the transition period to the unit

period is relatively high. Thus, time necessary for completion of the whole operation

may be prolonged with an increase in the transition period, and then an undesired

delay may occur.

40  Summary of Invention
[0019]
In view of the above insufficiency, the present invention has aimed to propose a
driving device which can shorten a transfer time period of electric charges within a
charge-coupled device without need for a decrease in a period of a clock signal, and
45  further to propose a spatial information detection device using the driving device.
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[0019] In view of the above insufficiency, the present invention has
ainmed to propose a driving device which can shorten a transfer tine period
of electric charges within a charge-coupl ed device w thout need for a
decrease in a period of a clock signal, and 45further to propose a spati al

i nformation detection device using the driving device. [00201 The
first aspect of the driving device in accordance with the present invention
i s define908el a driving device for controlling a charge-coupl ed device to
transfer el ectheiforsbadpactgdshe dfieng davigemmCaupidetkedevh g praednt @@ néion is

sem condugdfied lad Y QlFriviHPR 1M 6 coh BB gt @Sirgdbuble@Clelics & drindfisibatik ng | ayer

for meds ONARYEL. LBt SRILELABME! Blid B flides Aot D8P Tay b A18] Gl ect rodes
posi tioned oh/over the'ele trical i nsul a Ing 1 ayer {or“Formng a
pot ent i al TIPS ThelRCHif ys’é‘ﬁ‘i‘l%‘ﬁfﬁi(?é’teﬁ Ormgg 8p/OVERHE® SPTPFPRYUTVAER: i ncl udes
a cl ock gt Bes efifranfifer elephmgdempesiisined dnipwin thg elesivatp insyfting layer fot ock
gener at i oforthOwgra goterstiad ovelli vgitiriedhé¢ eemaivérpliictod laleoc KTlsd dytidhg ddilie iappleed
vol tage coabEokendRitloni it AR hGUpSEed @IS tATtHB] Anit! AMTHE BbcIPEQRBRTHOT
SW t Cﬂ)' NGurdt %Q:L)Lﬂ@ﬁ*e@‘&p&dtggt & aoél{]:ﬁgxtlepan'?fleegppqie?(%ftg ecoilﬂ%mu(ﬁt 90nt rol

wel | refe ¥ or

vol tage for .formn he potentia tg a ence voltage

o1t et 1 QOCFRE O PRTORLF SRETEY PHOSP e R DR & Pl nalad fothe SOeid end of

the |ine Wfctiode fiopns eqndrol gplizaerfonosmbnestdg retentinbwell ik refergned voltree appl i ed

vol t age cloneliminating thd pitetialded] ia ocdartfraph adirstouidtto arsdcandanid i thg: lider cui t .

The cont rdflth€iragsfbi clo@raionbag@droadht elogk sighfl. aTHE hyiliRg vaitgiadoneief ed as a

bi narys si;gnaheAMndS1 Girdif Sia ¥ 8FivR MR SERORH MR HRI( Qo @RERed fANST er

el ect rodec ga[%ga%lilltvl%“ltsitlbﬁ dg 11?(38‘01t eda glll’ !‘:u\'” sr}%nasllhgnlaﬁl ) f:ll;h? qu yipg slhguit 1s

configured to, ‘u ﬁgr%§§iV|ng The drViRg sTanai® Mappt e fhe 861 PFol vol tage

to the traHgrar eahdetrsbasloskoderad eurit the arrded diigingaigal i Ehedirsimghal when

t he receioiedit 20epmiigitreg tai ypealreteaigng phe drivisg signiluepplanke appio) velteertef er ence

vol t age tthe thasfer alestrate Bk@tdteddéthahs oededlee driviigbighie whes ehy edeidted vi ng

si gnaly WheRidd\8ehA4ak VIRIRAE LuBGhrdl 8 tHasthdRe S8R YR HanstIhe control

Cirout lefuohRRL hAHGREAAen bIL OS] ARIAELIREATES Sine (8L R%a A REEONG AT ! VI NG

si gnal d |n§ éﬁt‘ﬁ riNIng Signal . as qgjatedamat one of the adj acent

transfer "8f &% FSUEVE Fom e Prel ahcrifith e diey e tod@rthA &R TSI PHRSCH i vi ng

signal  2slayssenst &ivipg signalefigedby thef driviag sighalesaeciatedwsthemeef gt r odes so

as to adjadgteerd tphrase aliictfodeefice afetstvdening biznhl ddined by thagrigingraginabnd t he

second daktcii@edwERahe §theRofAb UBjacAtHESRANPEI RIS RIRAGLERE AeHadel M

shorter {i@ane 2 RRLQM BE st rfi)g?gcé\}jgxfeﬂ%{ﬁa'the L&Q@é‘hrig'ﬂ%gféngf}tosaesﬁgg aspect of
%

the drivin evi,ce I n_accordance resen n on, Jn addition to
the fir stcoggsﬁggélflgtt?lBre?ﬁtﬁlrﬁléqe JUpT &RPEE F‘% aipﬁE‘P(ijaé@eé %F’@Pﬁ el ectrode

positioned on/over the electrically insulating |ayer for generating, in the
senmi condl®23} | ayer, a potential well serving as a hol ding region for
hol didag el ecld the setvad@epedt bafhsi@viRtdddyeetih @ cebrdatch it GResehie hol di ng

el ect r 0dgnJesitipRShbb@Red +3 90626 8 et Pnd LB rsEERRL IR indille s i N§i0f t he

transfer glectrodes. The, a i ed vol t.age nt r.ol it is confiqured to, in
the tran$ 8trr0(%)e %Ogg%oél ° ng\}\ﬁ(’f’%ﬁﬁ}ge\%‘irfcﬁfgl%gré?ﬁ%ﬁfn@daife(ﬁ?ﬁ%entef%h%gf B8l ect r ode
fr om t he SEBIFPRBICtRF drYesgePetentinavelbeavinnae awidingeesin 5 beldimeedspttine fir st
end to tHeargescioaesfemed by therivingdevade. t Abe bkl decteldeds podémedased on t he
cl ocRs si gdjatens do gt decorddradsifelic hieofehe ctansfer eRatrghs. t Ohd hspllalvditage r egi on.

40 [00228odtpb1 LhR it RinduAsiteCin @b ti8fed biotbH sHRVI & SoltdbeappAEARNGE W th the
present hg.}{gfg} L8%rode from the control voltage to the reference voltage in order from the

first end to the second end of the line of the transfer electrodes based on the clock

signal so as to transfer the electric charges to the holding region.

40
[0022]

In the third aspect of the driving device in accordance with the present invention,
in addition to the first aspect, the charge-coupled device includes first and second
holding electrodes positioned on/over the electrically insulating layer for generating,

45  in the semiconductor layer, potential wells each serving as a holding region for
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in addition to the first aspect, the charge-coupl ed device includes first
and second hol ding el ectrodes positioned on/over the electrically
insulating | ayer for generating, 45in the sem conductor |ayer, potenti al
wel | s each serving as a holding region for holding electric charges
transferr drivin ce. The first holdipg ele trode is
p05|t|one§9g3%§%§ﬁ? ¢ ¢hgrees “E@ ﬁgiﬁﬁg'gfwPﬁ%bWFﬁe'ﬂh f @PHW%#%*“ﬂe
eIectrode§P0$ﬁén@bﬁbW&nh61@Wﬁgx@ﬂ@@ﬂpﬁﬂ@1U§Cééﬁiﬂﬁ@ﬁ@&ﬂaﬂrde%nﬁﬂmo t he
first endseoénd hddingrictbdd heotitianaf adjaehe et thedast enihd the Ansbfahe pr ocess

i ncl udes @ahdfESdledtFABST EMeREQGRTDH e BcRABED Rektitk A&, §hodEOLRSS. The
appl i e Vé%'cér?cﬂzﬁaﬁsq&t BlestNiph a%é)gg&]%l?a'# %gn&& éﬂrls r?ﬁf;réé%o 4 ﬁl Sf‘%

process

control t&f"t‘%‘&e" PEPHE 1&@1% P@ﬁ%‘éa%}efié& ghei 2 %‘e‘?lecl“?ogﬁﬁtoﬁb%le CP"%‘*tr‘ﬂend to the
second ent®l3ge thike|rpiseense velagetip arder drompthedipbensstoihs setondhendief beock si gnal
so as to lincarishetranbfer degeddes baghdangss clock tigealhvoladitntranefgi tie dartiespondi ng
to the fidhatgddab etiolepl@hectdiOderrrebpendib@pihie €GstViRdiag 8le6Rbdd. OlThENi t i s

confnmurg%pm@d va)magtefasnéaqaﬂ&s b r@& toowaﬁss%con%&f Eegaprx(f%sé aqe.RRP! i ed to
f e

the tran r _electrad ence voltage in
or der fromtta Re? g%:eg% g tda?%e’i%‘é&]fora? éfonéﬁ’t? C8T‘ge]h‘6’?ﬁafg {‘?éentc? ansf er

el ect r ode®1BES BPEer ffr?fé the sReRnG pifhin the dirgfeend of thedking ithe frangfect ri ¢ char ges
to t he holleitredes kagednn ¢l dledpogil ngas v trissfoaberbbchrol diargpsed get r ode. 15

[ 00231 | rhdidiag fapisi doraspatlingdfo thbeeddhil WblAghL¥dtEe N accordance with the
presenst invention, in addition to the second aspect or the third aspect,

t he contrg ircuit is configured to adjust values of the driving signals

given to t el?enfe bve a{@fer 20el| ectrodes to the first val ue

si mul taneous Jsipreeta v ippeqondance iy the pEsssRess. [00241 In
the fiftHo¥esbent m(ﬂddttm t@rthQ/ pasgndiespecteori the slvicd agtwatc thagonbrol fiecuir iesent

i nvent i orpnfigired v alfjdittvabres bdttenirivanesighalt Bveh ité e despdetive tanaspect s, the
cont 120l GldeEdilds toIhé ARt vl QEnt RakB B8Ry i S PbRAED €5Mp RELN bi (1R tEARALaNt
|rrespectp|r3g f the nunber of times of output of the driving signal. [00251
30In the sixth aspect of the driving device in accordance with the present
|nvent|or£ ?éﬁ] addition to any one of the first to fourth aspects, the
control 9 it is configured to prolong the predetermined tinme on the

basi s of thelmihelfeth adpetti afelbe dfiviogidpuite of acebvdadte with ghespigaalt.indntid026]

25  in addition to any one of the first to fourth aspects, the control circuit is configured to

keep the predetermined time constant irrespective of the number of times of output of
the driving signal.

[0025]

30 In the sixth aspect of the driving device in accordance with the present invention,
in addition to any one of the first to fourth aspects, the control circuit is configured to
prolong the predetermined time on the basis of the number of times of output of the
driving signal.

35 [0026]

In the seventh aspect of the driving device in accordance with the present
invention, in addition to any one of the first to sixth aspects, the control circuit
includes a delay circuit, a synchronization circuit, and a driving signal generation
circuit. The delay circuit is configured to generate plural timing signals delayed by

40  the predetermined time. The synchronization circuit is configured to synchronize
one of the plural timing signals with the clock signal. The driving signal generation
circuit is configured to generate the driving signals for the respective transfer
electrodes based on the plural timing signals. The delay circuit includes plural delay
elements connected circularly. Each delay element is configured to delay a signal

45  inputted by constant time and output the resultant signal.
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In the seventh aspect of the driving device in accordance with the present
invention, in addition to any one of the first to sixth aspects, the
control circuit includes a delay circuit, a synchronization circuit, and a
driving signal generation circuit. The delay circuit is configured to
generate plural timng signals delayed by 40the predeterm ned tinme. The
synchroni zation circuit is configured to synchronize one of the plural
timng si@ﬁaﬂs with the clock signal. The driving signal generation circuit
i s confi gur edntthe gizgher adpectt dfehddtiving deGtginad csortl@ficetwieh tlespeedntve transfer

el ect r odegvbasfd i0Rddihen B allyAdnelor PR ErsB tXhSispdi€ tHELA B biEMHE T 1 nCl udes
pl ural, def.ay, el $ARNL.S.GORNSGE £l Sha SULALL u sl dslay el gent i
confi gureé1 o de ay.a signa mpu?tea1 %y opnstant fimne an out put the

r esul t ant COSIRGRIEPT Unt GPp ey icdtAgeap tarplzféﬁ&f@r%\ce Heveapitks et dsvinge in
accor danceswilend thesqsprddnving sigaat | die timing ddiusiroentiugitas gordresirest tot he fi r st
to sixth afpectdeast bve danthaed ofttihe st drbringsibndesda gaas ef therpandson uni t
and a ti ndfMgnadighslt MBREhatht phd RIS i MRACAISOA P#Bddteinsine@PiLEUr €d tO
measuje a phase difference between the first driving signal and the second
driving si ﬁg@l . The timng adjustnent unit is configured to adjust at |east
one of a[l8 e of the first driving signal and a phase of the second
driving si gndihesuetaliptermatien defaetingflevicerin pecerdagqcs giththe areseet a

pr edet er ninnedionahcedesl:0ligl3@28}ting sourcEhan spagingtevics andatpraassiet éoti¢eng

devi ce i Miacleoi danGmaWolifte idl®nBgesant emVRIMLItOR thidel 40s. are ighkigm tting
sour Cg, %Vicméoﬁﬁggﬁ\ﬁltggeqe%qigﬂt BORGHE $4438t Qﬁgé.cefhemgﬁgéigghe\gm ting

source is confiqured to emt. .li to a, target ace., The .l I 15devi ce
S0 ort 1 craRBaeed b Eatednbnhiioh Shthe kored: SR IR scBR G elabof o RRdnIfl, LOASY BC
is confi gtﬁl‘éﬁn?%edcfr%‘attée Hgktormistinserugse aethediegbreceiyad by bisistresg a rel ati on
bet ween tdesicki ghhe iomigintgedvice amludes al dhghge gemitationgungtoandorechamge-tdvplddi ght

recei ved deyict heThamgidigederitva unlihe confBgiratodRvbete hnamddesofalaehas ge
genermt i QRakdk bordbiloRdinB ¥ SRR ek G irken thENG &3P AR, OBREr ation unit is
conf | gur afly1,0. AGHIEA AL A1 ATRAAL, o trsﬁf}tﬁlg%b% GRARASS ok esagnding to

intensity,o o] get space. C ré%-coupl evice is
conf i gur &82%85 SePEAEPR PNty e%‘l" BY EORH e e SPe M REE RarY e

gener at i sperhyvith imparitipg pgelestigalls dngdatinelayercfordetoroweihe onduct or | ayer
doped w tshmidopdudtdd leger, amd e lli@e bf traasfbiyeledtsadeabodigodcdyarovbpthed on/ over the
sen eandutdctticallg¥Sdulatiiager o BrAind 4 RSHEL IEFHEROBS sBARbALQAGD ON/ over

the 25el qz%;eg*.i (gf/rol}&%%%%téblgglllcﬁYd%E a&l?fvixI e&e@&c@Q’o og%ﬁgmt itﬁl: wel | within the

sem conductor |a e(;. A Er ocgesshngle evi I ncl udes Z’ iving device for
cont r ol | Ay EEHEERAAGRS IR st dBs Flegrcshetesn g nsrated &y dpecharpe char ges
gener at edeBsratipe ubiiar fee ¢arieg devieninghides a tleek geneyatiqp waif pedan aeplinfes a
cl ock geneltage @ntrahuuit.ariitheatochgphération ahitageondigntadob outyiut a cldek stdnat k
genenat i @heupplied Sl2RAEs G QIO coigNwWd @ fekBEK aSirA®r pra@Ther appl i ed
vol tage cQuLfal (URlhgd 200%) B €M Ji0 RELLOL Bt L LANSASLIRLAGE RISl
switchin a Vtontth%al i g to tﬁe th)anﬁ er £ (—:t-gtrot et.fro a control
vol tage TorPFEMM N & SETEHEIRI ARG SHBmtngas RRleBHY Y ¢ e RSy
el i ni nat 198 ¥ ABstSBE éne petondend of thedingef the gandderqlpdiroden based og theeled end of
t he |i nesighak hd'he papkddevoltake cintud @sitiagedesoncdanbe] cirovkamd gdeivingThe appl i ed
vol t age ecoatit.olTherbhtrbNGicuttes cénfigarddr tolcrddts & divivirdngitnl defivddng a3Bahfcui t .
The cont kghaChdvesl 4 ikt VAR dnAW QEodOvGEERE Badh Bhhdh e dtA0Ahd dGfjuaed as a
binary s lt}ganc%l at@g‘ \c/ilrlr\]f?l 4 fr{arl StT kit a&gcuellt T iy dur\é%kou% I)I(l) ;‘ecel%?nh tthr ansf er
el ectr odg -and out gu ggﬁ Cr entoat ARE GGt BiCgRLY ari i ﬁg GFCuit is
conf i gur EBVY8 SIEIBORPPECEP GPHEVREA R iR FrasPh alectragitpotised sdth ths1  vol t age
to the treaypedrizingsigrodiwhas slrcteativer! diving sisaal kasethg ddstdralvd, agd sbpfsial when
t he Hecethwedfatencivolasd @riab thaasfet blectlrodesissv@iteé withnitheapglived driving

signal when the received driving signal has the second value. The control circuit is

configured to, in the transfer process, delay a second driving signal defined by the

driving signal associated with one of the adjacent transfer electrodes with respect to a

first driving signal defined by the driving signal associated with the other of the

45  adjacent transfer electrodes so as to adjust a phase difference between the first
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40t he reference voltage to the transfer el ectrode associated with the

recei ved driving signal when the received driving signal has the second

val ue. The control circuit is configured to, in the transfer process, delay
a second driving signal defined by the driving signal associated with one
of the adjacent. tr r electrodes with respect to a first driving signal
defi ned bYy™tHe S@P?E‘f‘ﬁ%t isgPRr davangsignad do Wvﬁﬁetcﬁré”e%ﬂoﬁ%‘lngé? t he 45adj acent
transfer etedetermpied tiee é@rte@tlaai} yperial gfibs elodk figealence between the first
driving signal and the second driving signal to a value corresponding to

pr edet er anlgf:nggdfﬁ,tﬁ,m{ftmrawtl a period of the clock signal. Brief
Descrigpti f Drawi ngs 5[ 0029] FI G dl IS anf expl anﬁ%i gn di agram
|IIustrat|n eratiqgn of the dri evi ce of one embodinment in

associ at i ongvﬁ?;h?tri)%%n Auatton; HRgEAD; | \éHStr‘l’ﬁF@ anpopezationsfifBer AV e dSHICe gur at i on
diagrami? IOEI@ﬁﬁ@?@lﬁg%nélmwpg@tlmwﬁhébe peegerienvemtion, 3 is a bl ock di agram

il lustrating B R isegbdgmdelicogigmpliaydiagranhdluabareg 2 0dsigyicogplebdi e,

FIG 4 is an H@B@@Blo@lﬂdﬂg%ﬁ AMstrakingtahaiiaBheldacicOPRLBY IR hehindae above

drivipg deydifedevi e Sis acircuit diagramillustrating an instance
of the appli iontrol uni t . f t he above drivi Pg][ehagv &} A5FIG 6
is an expl anati 0% lsd?‘g‘éf?p Ha 1°PL51§1‘5I3‘E“| tf’?fé“% 8 PRETEGAR © ¥h8ppl i ed
vol t age cdvictol unit, FIG 7 is aCII’CUIt diagramillustrating an

i nst ance of tHe. émar@@mihmwﬂlwagénganﬁmwmoara»ifthe applied voltage cbh#gol 8 i S an
expl anat i @it ofi the aBsVel drivissd datideng the operation of the above applied
20vol tsage co 0, |l hng a

15 rPtIG 6 151"53[}{ éx’planatlon Eiha%ar% %l&st?atﬁlgq(ﬁg oQ%I@ﬁB&the a%ﬁ&éfl:%éh@% 0 Shows

primary pvoﬁtage i fle at%ove appli ed voltage contro

circuit d b) each illustrating a _del ayed si gnal generation
unit used |nFtIﬁe laSt?o%:u perag Jyptralges aprstagice ghthe aboxrarplied yokagans
circuit doagekwst.(a) and (b) each illustrating a primary part of the

appl i ed vol t #ge. & adpldhativbn dfgdarh AllENatBRAKE oféravibM gf the\ab6® applied FI G 12
is a dl oGgkidi @gﬁl@m{l}ultustratl ng a prl mary part of anot her instance of the

vol Nt U t he above dri d FIG 13
?g pl’ilnegx ploa;%?éoéri ?ﬁt lgg?ka(% e l‘te Gt Hnﬁagﬁmbaﬁg Pat |°c§#% ongp Clrléido‘for?tgg?
control unit
FIG. 10 shows circuit diagrams (a) and (b) each illustrating a delayed signal
generation unit used in the above applied voltage control unit,
25 FIG. 11 shows circuit diagrams (a) and (b) each illustrating a primary part of the

applied voltage control unit used in the above driving device,
FIG. 12 is a block diagram illustrating a primary part of another instance of the
applied voltage control unit used in the above driving device, and
FIG. 13 is an explanation diagram illustrating an operation of the prior art.
30
Description of Embodiments
[0030]
As shown in FIG. 3, the present embodiment explained below exemplifies an
imaging device including a light emitting source 1, and an imaging element 2
35  configured to receive light from a target space. In FIG. 3, a charge-coupled device is
adopted as the imaging element 2. However, the above configuration is merely an
example, and does not limit the configuration in association with the present
invention.

40 [0031]

The light emitting source 1 is constructed by use of one or more light emitting
diodes or one or more laser diodes. The light emitting source 1 is driven by a light
projection signal generated by a light projection control unit 4. The light projection
signal is defined as a signal which indicates light projection or no-light projection of

45  the light emitting source 1 each time a predetermined period based on a period of a
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30 Description of Enbodi ments [0030] As shown in FIG 3, the present
enbodi nent expl ai ned bel ow exenplifies an i nmagi ng device including a |light
emtting source 1, and an inaging elenment 2 35configured to receive |light
froma target space. In FIG 3, a charge-coupled device is adopted as the

i magi ng e nt er, the above configuration is nmerely an exanple,
and does ﬂB‘%IPﬁlﬂﬁ%t(thﬁ% PESARY grbosiment Fhe %%}étg’é‘il Be5ehPhkhe Hogkwignalbsent

i nvent i onoutpoftedfein a clock gpneratioghmitehelapieng Bloulighd plojectiononstal ict ed by use
of one orgaerged by liteqesmcy dividing odteslek siynal By thedisht basetiodicodes.unlhe | i ght
emtting gource 1 is driven by a light projection signal generated by a
l'ight projection control unit 4. The light projection signal is defined as
a si gnal W@F«ﬂh i ndicates light projection or no-light projection of 45the
light em source 1 each tine a predeterm ned period based on a period
of a clock @Wél‘{hﬂ@ thetimagipgedanant Eiodenthattargehepase thofigh d peri od of the
cl ock si ghgtityreceintipgibptickl bystem de.¢.l o tdaspasteshahonA tiniihg 3t @hkpshs imddigg | i ght
proj ecti odle@b@Bmdess GaNQLal 8fadd)s ESREMBAGY adiappBidebiRke EHR A hAGKs ST gnal by

the | nghtTlpJ ﬁ)ﬁa%% ce%g)%t e%‘orllﬁgél En éync§ro[n Zocl’}%{l w1’?‘|ht the i lgﬁ?‘erohec 1gfr1f§t he i magi ng

el ement 2 |ma es ar, 4l system
(e.g., a H“ean% ¢ hgtio ﬂ%ﬁ% W aﬁsyﬁﬁ RTEf 1°|“r?§ “éf” e $Ehirm

the tar getmistiagwoure Leits th"e‘lf By tipe apped @aremfteag’efeer@ﬁtt@ ot "rmhght5 10The
i magi ng mropess pegiod®rihovhigdttierlighy nolitiogiszatce drlowd tdt enfieligitghTher oj ect i on
signal i mpplitd h8lt4pecbRtlol(iet Bkaak-iRE arr@ffe@é’rﬂ'c@ﬁnhﬂg gignall dygtHroRTz6d K&t ON

! C n h n S 1 e u C n O el n -a tl me
B:H o % hﬁgrgerle@%gfe%l ind 1AW BOTLLENG RANGES b] uBILE Pedu@lolPleel ' A e

et.e
the 17 ght g} RS ELRTghe Tiine Sé%ﬁ I ogheerleBiy, B8 ol g
cont r ol 3 gn Q}?&pa?ile% voltgegrcapiaplcunit p ﬁ‘?nﬁ&t‘é‘?@rﬁélw%%/ﬁ*ﬁ%ecfﬂ? Fangt eh 15t he
cl ock si gmagmgae eirti2veenstitiuéed hyeldie thamkemeried @ehse. use of a control vol tage
generated based on the reference timng signal. Consequently, the clock
genersgt i qoogg]lit 3 and the appl ied voltage control unit 5 constitute a

driving devi f‘@ tgl{e (Méc%% Icp%% f\lgts%rrrl?gltxﬁe?l raﬂ? per%ttie:ggglilt he

charge-co is defined
as a si gr‘l’gg gas?&‘apﬁ?%ﬁe‘a?q SUg é‘?&?‘i“é’ﬁga%?n?ﬁéecé%‘é? g‘%?o{i]ﬁl""éﬂe‘& plestriuch as

accunul archaigesfand|read putcof elpgtrifechargpsyiarnditionf togbrortipe ofthardigbs, and
r ead- out pofje@lopciigriat ach shiegesrende tadiietsignal.t @Fogeranpie] e cikk kh@al isght

proj est i efctahdNM wankid e hheheheRGRehdydno ignal . For exanple, the clock
signal is a 25 rectangular wave signal having a frequency of 10 Miz. [0034]

An i mage utted fromthe inaging element 2 is a grayscale image having
g

gray val ach of which is corresponding to an anount of received |ight,
and is An image outputted from the imaging element 2 is a grayscale image having

gray values each of which is corresponding to an amount of received light, and is
30  inputted into an image generation unit 6. The image generation unit 6 creates a
grayscale image (hereinafter referred to as "grayscale difference image") having pixel
values each of which is corresponding to a difference between the gray values of
corresponding pixels of the image created during the light projection period by the
imaging element 2 and the image created during the no light projection period by the
35  imaging element 2.

[0035]
The grayscale difference image is a difference image between the image created

in the light projection period by the imaging element 2 and the image created in the

40 no light projection period by the imaging element 2. Thus, the pixel value of the
grayscale difference image is corresponding to an amount of received reflection light of
light emitted from the light emitting source 1 to the target space. Therefore, the
grayscale difference image is regarded as a grayscale image with a pixel value
obtained by subtracting an outside light component from the pixel value of the

45  grayscale image created in the light projection period. Consequently, an effect of the
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30 inputted into an i nage generation unit 6. The inmage generation unit 6

creates a grayscale image (hereinafter referred to as "grayscal e difference
i mge") having pixel values each of which is corresponding to a difference
between the gray val ues of corresponding pi xel s of the image created during

the |ight eriod b el enent 2 and the jmge created
during th%lptﬁ‘gLI %Igb%‘] g& adtond Clb %%gﬁgﬁrat I‘Sg?fg ¢ Hepss i pesticed anfloo3s)
The gr aystas engideredrtbateetieppepelighs camawfefnépélmié eimietge fiomt the dight ewittimage
creat ed i sputrdrel Isiogtrtingt. o) ect| on period by the imaging elenment 2 and the
i mage created in the 40no light projection period by the inmaging el erent 2.
Thus, E;he[og? val ue of the grayscal e difference image is corresponding to

an anount o ecelve Iectlon | i ht emtted fromthe |ight
enmitting sour é‘@ Ay Hié Targeragnp érgéte %Wé!b% "f‘%e epRRtprafachise difference

i mage is PeYHPYEHC adudeing uyis danred 1snu@ect\mi tha degireddmagimgpaoesss by Hed by

subt r act i mdgmpntourtit V.deAd a gdstultc oerponeninfmationhieepiractdd frammuhe gfaybbmde

45gr ay s c adiffe teiBEn Lge ATRinhdkihd1BrokdGRF tHj Qi @8EALAMIPRI RoperffoRtReENt | Y, an
ef fecfy of batsbaaon %‘Bﬁﬁsﬁﬁm‘ MQEXQQ (i &'f qa‘o&f%&m lel m,gaﬁg ot ée gﬁgyf%fs al e

differ enc kr{aga fl con et 1on |ight
conponent “ 6f %@ear%lcte 058 W Pﬁgmf’{l RRukil S%a(‘}ﬁpﬁé‘sﬁo ©obt ai ned.

5[ 0036] gfaysca}rﬁélag? a%lg‘eea?@péﬂdr f éﬂhéw@ eﬁﬁﬁgéh@r Baleerep peerienry phgiet the

gener at i owweeifit tordigusationpitthemhdgimgonat 7.udgi ng unit 7, and is subjected to a
desired imagi ng process by the judgnent unit 7. As a result, necessary

i nf orywat i[pp31]s ext racted fromthe grayscale difference image. The imaging

process of t %gg&tvmlél %{)rgstltuéemrtﬁg eltoély%esnt%l C(;[nelgmtl 9 a?(gfhed Oy nf or mat i on

to be extr cte g ques flng
appear anc@.3e L uﬂ’r‘ic’f CPB?tltHfﬁ*?latWPFeﬁ@m? I‘?@Vlf%ifoégﬁn?ﬁ%{{%%t}tf‘ys?ﬁ%lél of the

gr ayscal eénfopmgtion gnedoperationwatd. thhight preiectism tented juort 4, thedeesrged necessary
about t hezespatioh uaitahahd ghe @tdgaantodnit e Thidgidegssiiiy device cdBtR0BE]a The
dri vizng c&gqunfo@mhbﬁ ubieekiAyddvite 6 é&l’éragﬁi%echétgi' ey ufffeiiexﬁg Gmbhfiea@pop! i ed
vol tage %Q éﬂ&'tltal gf&%ﬁohttﬂér%ﬁ'ogl 18 %%g | (p ﬁ\ﬂle Sna e §&AGrating t he
spati al gtn% Q{tﬁ}ﬁ ngi%% c,gt% trol unit
4, the i r?ﬁ YV APE OB D’Fﬁc?“’%’g Oéfﬁ‘ﬁa sPi%te t‘mﬁ Psa‘ﬂfpﬂ’@esm ng

devi ce cois8t PRiftiag sewpodpati al information detecting deV| ce for generating
the grayscale difference i mage and extracting spatial information therefrom
in caeeperfedispn with the i magi ng device constituted by the |ight-receiving

opti cal systﬁmeanqtmqni LR i SR IE%?E‘{%&R%A(RO&% ol gource 1.

25[ 0038 resen
em[)odl rr!e*rll?tIGr %is}“’lssﬁ1 teh ‘He }ﬁrepzﬂ% a?%e%grog?sr raéfws? 8’;;3‘?"8?) eisect rodes 10

are arraRi§edicahy be‘i\b‘é"rt)“galﬁy &1 e (prex)  feviessformationylavay & mpde ofa (over) a

devi ce f eemmpidurtiray bris 28sumediethaf tl& igpgingehduatt@ hasld stret@assodedinghat t he

i magisng aheieging Zedias afd 8h bl Ltin N EJgueh iAG 3MilaNma ARG KGhe €F1 @Raafd an
accumul amn&fmwpgroom i gpnls@fr ﬁ@n@@err A2 e; E T TR {fRedhANGhAl,  YRe OCD

|rrage sesr

t
i mage senyé)or ("1;?%6 SeE QIm(nl£l rﬁ#ﬁ‘f éeﬂllr%mﬁrésﬁ% Fyﬁ’ﬁ Ca(g&?e g)e/pgensor
can be c8HISPOFIRY SRR %‘Hﬂ?%‘l‘mﬂﬁ‘éﬁ‘ﬁé’rﬂeéés theerbabo CEDaeBer ferser-sensor .
35[ 0039]

35 [0039]

FIG. 2 shows a configuration corresponding to one pixel of the imaging element 2.

The ten electrodes 10 are arranged in a line on the surface of the device formation
layer 13. Further, in FIG. 2, in order to distinguish the electrodes 10, the electrodes
10 are designated by respective reference numerals 10A to 10J. Besides, in the

40  operation of the present embodiment, the electrode 101 is positioned adjacent to the
electrode 10A. The electrode 101 is used for forming a potential barrier in a
light-receiving period, and also is used for moving electric charge in a process of
taking out electric charges. Similarly, in the operation of the present embodiment,
the electrode 10J is positioned adjacent to the electrode 10H. The electrode 10d is

45  used for forming a potential barrier in the light-receiving period, and also is used for
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FIG 2 shows a configuration corresponding to one pixel of the imaging

el ement 2. The ten electrodes 10 are arranged in a line on the surface of
the device formation |ayer 13. Further, in FIG 2, in order to distinguish
the el ectrodes 10, the electrodes 10 are designated by respective reference
nunerals 10A to, 10J. Besides, in the _400per1ati on _of the present enbodi nent,
the el ect POYRE PIFIcchatRs injadiracess af EBOUE BleptRls cBREgePr ode 10A. The

el ectrode 101 is used for formng a potential barrier in a |light-receiving
period, al®@4@ll so is used for noving electric charge in a process of taking
out el ectric TRanH8Hhe eRddt@ d¥d i thel P85 AP EMBLAiBRNPIncllA8s RHESENtor
enbOd'Brmnﬂohéith%Bgélg&hr ﬁlz?r ngrl'ess 91’9(?1}1%‘;00 ne.gm?lgﬂta& ?r}:tee'v%ccl)lit ﬂ@ inetlllgcf't LP de 1011.
The el ectrode’10J |.s(§t|s or. form ga pg entla ‘q}g{ Per RS

i ght - r ecBPPCHY BB a el targiEmessoyeEdl £BY 2 TReoR iy holddrg theeled®it ge in a
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35 unless the control voltage is applied to the electrode 10. Namely, the control voltage

for generating the potential well within the device formation layer (semiconductor

layer) 13 and the reference voltage for causing the potential well to vanish is applied

to the electrode 10 selectively.

40  [0042]

Generally, in a read-out period for taking out the electric charges held by the
imaging element 2, the electric charges are transferred in order by controlling the
potential wells formed in association with plural electrodes 10 provided to the imaging
element 2. Therefore, the read-out period requires a time period much longer than

45 the period of the clock signal. When the grayscale images obtained in the light
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within the device formation |ayer 13. Consequently, no potential well is
formed 35unl ess the control voltage is applied to the electrode 10. Nanely,
the control voltage for generating the potential well within the device
formation | ayer (sem conduct or layer) 13 and the reference vol tage for
causing the patenti al anish is app|/ied to the el ect
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proj ecti are store e po ent al I'n association
with the(%g'i3 B@fi?’ﬁc?ée ir(?fi serving as the hol ding el ectrode. [0045] 30During

the light projection period, as shown in FIG 4 (b), the potential well 11
i s fornmedo@4sla region overl apped with the el ectrodes 10A to 10F. During the

no |isght propaeink@he REKt PHiectish SrDINad shonGan FHG( B)b), tHReopatRNveRl11ve! | 11
is for ”e‘i‘oﬂn{éda}n L&OLBR 09&%{ @EQ&‘& tWetei'lachJa&eseﬂo%%rl@@‘esD%Qiﬁgttﬁ’e &9%& During
the lig @ec&{oe(:tel 28 LS h‘g& Afgg t L9 teeS %;Pweltl %1 1sq:rme£1nua§1e'e 1081'1S a line
of trans1pe ect F(%e 8?{8 PR et By PE gatenh &
overlapped with the electrodes 10C to 10H. During the light projection period, the
electrodes 10B to 10F are used as a line of transfer electrodes, and the electrode 10G
35  is used as a barrier electrode (separation electrode) for forming a potential barrier for
separating the potential well associated with the electrodes 10B to 10F from the
potential well associated with the single electrode 10H. In contrast, during the light
projection period, the electrodes 10C to 10G are used as a line of transfer electrodes,
and the electrode 10B is used as a barrier electrode (separation electrode) for forming
40  a potential barrier for separating the potential well associated with the electrodes 10C
to 10G from the potential well associated with the single electrode 10A. Besides, a
first end of the line of the transfer electrodes is illustrated as a right end in FIG. 2,
and a second end of the line of the transfer electrodes is illustrated as a left end in
FIG. 2. Therefore, the holding electrode (first holding electrode) 10A is positioned
45  adjacent to the second end of the line of the transfer electrodes 10B to 10F. The
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35is used as a barrier electrode (separation electrode) for formng a
potential barrier for separating the potential well associated wth the
el ectrodes 10B to 10F fromthe potential well associated with the single
el ectrode 1011. In contrast, during the light projection period, the
el ectrodes 10C to 10G are used as a |j ge of transfer electrodes, and the
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area of tehetyfoibangdsah thehdldibg region.ncr eased such that the potential well
functsons as the photosensitive part so as to accumulate electric charges,
and a per g',l n which the area of the potentl al well 11 is decreased so as

to hold e ec c charges in the haldin 25 [ 0048] To hol d, by
the potentia Mdr 51 hes@mtwﬁngg Il tser i ﬁ“g%ﬂ@ngg&%%@&mﬁ%o t he
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formed i n theeregiogioverlapped vafiped eMctilodéhB)Aetockfr ddass the Aighopdfdetidnr i ng t he

l'i ghtgopr %ﬁ@d itROn3RBEN 41Qe elehBotdTOE whichithe cEABAVOREES a}0 apStidhkch the
control Cﬁ,}gggg ?‘E%fag%%‘ﬁ‘g‘f h%i gradeal. lp\é eci %ﬁE? to reduce the area of
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control voltage are applied to all the
Yob4o7 PP

First, as shown in FIG. 4 (b) to (h), the control voltage are applied to all the

35  electrodes 10A to 10F, and subsequently applying the control voltage is terminated in
order from the electrode (transfer electrode) 10 farthest from the electrode (holding
electrode) 10A. In other words, the applied voltage control unit 5 performs a process
(first transfer process) of transferring the electric charges to the holding region
(potential well) associated with the holding electrode (first holding electrode) 10A by

40 switching the voltage applied to the transfer electrode 10 from the control voltage to
the reference voltage in order from the transfer electrode 10F at the first end of the
line of the transfer electrodes 10B to 10F to the transfer electrode 10B at the second
end of the line of the transfer electrodes 10B to 10F. According to this operation, the
electric charges 12 accumulated in the potential well 11 associated with the electrodes

45  10A to 10F are stored in the potential well 11 formed in association with the
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35el ectrodes 10A to 10F, and subsequently applying the control voltage is
termnated in order fromthe electrode (transfer el ectrode) 10 farthest
fromthe el ectrode (holding electrode) 10A. In other words, the applied
voltage control unit 5 perforns a process (first transfer process) of
transferring the electric charges to the holding region (potential well)
associ at etledradss LA tobP5iang sabrareydearerstored imbiediomptisll @etllddeymeron by
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t he el ect“;h % %cgre? accurml ated by the electrodes 10C to 1011 during
t he no Ilg}f projectron perlod are noved towards the potential well 11
formed in association with the el ectrode 1011, and are stored in the
potenti al (0] | 11 forned in association with the el ectrode 1011. Duri ng
thi's operati dsappdrenefrentthé ebahatogesuri@lagethereiicade eargaageRbianel ini thht
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accunul ateagcHaudite the ﬁﬂectélﬁahfgf@gs gengEted @lﬂ@crt?rﬂiﬂhéﬁ’é@e‘éloédlerlpé thharefes are
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proj ecti gnyRAIeHrojliBndefBa 0f the potential well is increased in the no
| i ght projection périod to accunul ate the 35electric charges, and the

accunul at ed ﬁl ectric charges are stored in the holding region in the |ight
proj ecti riod. [0052] As nentioned in the above, in the |ight
proj ection p@$ medticefd indgte abova, i thetlighepiwattion period defined as a first period,
40 to form the potential well 11, the control voltage is applied to each of the electrodes
10A to 10F. The electric charges are accumulated in this potential well 11.
Thereafter, to move the electric charges accumulated in the potential well 11 to the
holding region associated with the electrode 10A, the area of the potential well 11 is
decreased.
45
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40to formthe potential well 11, the control voltage is applied to each of
the el ectrodes 10A to 10F. The electric charges are accunulated in this
potential well 11. Thereafter, to nove the electric charges accunulated in
the potential well 11 to the holding region associated with the el ectrode
10A, the @roﬁg] of the potential well 11 is decreased. 45 [00531 In
contrast, the no light projection period defined as a second period, to
form t he pot dntcpatirasteinl the ho ligheprinstion benial dediped ins aappindedrivd tedom of t he
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proj ect i ajutp@rdaol tiadech $rle@etdPminedPeripd PR bhARe POiddE tWOtIeEk LavA (Hee sane
lengtfy. HowRYRd pelﬁcnleoflthegmclpéig{lﬁpﬁ' (8P iIRGE s th ﬁ?%nw ubgeé,'tgé&b}pr 0j ection

|Wii

period can_have ff.erent. | engt.ns.. .The,.pr ned. perioq | ot limted
Po the onrrurs thbale b Fhohera inchy B b Paliro iy b apd Pt

appr opr i dtsdt proigcsieypriod whichhage the gaae lepethy ) Howgyer, thedipbé prajeetivsl t age

vari at i orpsriofl ap#h¢heehebghtodeisctiGypearipd £ad havedidfexenlt iengehsof Thhe el ectrode 10
has two |pevdltermifnepdriqape hot Emekd t@fhetdightfoldpéresdedfshe dbck ghAQM aSnay St at e

i n whicch HeheleeRBthb Opyiglcetlﬁge is applied to the electrode 10, and the other
(lower level) of the two levels indicates a state in which no control

vol t age i1§ %Epl ied to the electrode 10. In other words, the state in which
no contrc! 0 | t age is_asgpl ied to the electrode 10 is considered as a state
i n which t heFlefkfcbinc@® shovs sgpedtiyeaplihgathriasion of thieetactrodes 102 toA0H. e

i nt erval The vbltagn dfhke cheangle I0hdsheodonrtd: 0l0nedljipegdevdDof tlanwvodévdlhe paired
adj agent igdieats 9dase MOwrlkh theRkREL51008Ss %-MeHQo WFeitQrdddaochange in the
control %%etr"{‘g@e fev&llj'gf tqltﬁQQrB llefelstingicQ Lt % at?%% %%‘iac'ﬂtnoe logﬁ%f\(f)o ﬁ%%e {0 1s
selected to.b tzt or]tﬁetr Oidglaon ?ne erio ‘?‘h of the cl.ock q%:?g?a 5° For exanpl e,
when t he 2RPoektodng RgFrades It ?8%@??’8 ottty VN fEo! KelEasgdt Ti mmy
have 1 n&Prligd torbe pleetsede 1Qisisentidared 2s o Hiate inmshichtls efgremge yoitagoisst ant .
Furt her, aphleed tiorthe plectiratt IU. Astii3b sekeel il foucthetchabtgd heht obrakolobltadee ti ne

i nt esyal sf diie dfith@pairél 4dj@REt tle@Podee N0 thEXledtHdSIA & 10IRMtht BRarf2@r i 0d TO.
For  exammpl tho Shil6Pudifie bl 8 ot AL URI p GHAGHIRORCe1I: RS 108801 g B! | Ot
proj ectloEo eerrbggl, the.tl,pgofltrﬂgtcalrvai I i ps8lected such that . l‘i“l is
shorter CRARTTE" 401 By SR OB Ing P PO R asEE tBp e PiBR! t he
Lransi i BR pERABEICT2! {9 B the time el T marene e r e Ueneieeas 12 ar
accunul aewdodimenhdhptirerintearal Wil ik cdrist{rgeeFFttler, 4he timepesibdfld is n whi ch t he
el ects i csdbasdaschiBaethe thell of the tEhoimtaialsanG.ene tPekithd pbtoafT2l ke cl ock
signal . IiGdtARS tild QRicREI0. Ofod xa8il18 tdnde Th&AGH b Nl AL 19%0d €Cti on
peri od Tgse%nlg the light projection period, the time interval T1 is selected such that 5 * T1 is

shorter than TO.

40  [0056]

According to the above operation, the transition period T2 from a state in which
the electric charges 12 are accumulated in the potential well 11 (see FIG. 4) to a state
in which the electric charges 12 are held is shorter than one period TO of the clock
signal. The transition period T2 exists in each of the light projection period Tb and

45  the no light projection period Td which have the same length as the eightfold period (8
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45the no light projection period Td which have the sane | ength as the
eightfold period (8 * TO of the clock signal, and the transition period
T2 is shorter than one period TO of the clock signal. As a result, a nost
part of each of the light projection period Tb and the no |ight projection
period Td_can be used for not movement of the electric charges 12 but
accunul at 1 OF dthe flecketigralyand g drageiionperigd d'2]is shortegfbanoreparpdiiofabove, a
propor t i othegtock kgnal adsiatieswlt,pempedafRofteach dighb light projeofiec pérdml Preandd Tb
and a pr operdoilipht fojdchien peasS TH cONbPEIITEr dot thévehlaat Ofxhk kBbtriduhaiget i on
period Tdiapg Je8HERHon IN@RIfEe cHakgdsS POSSi bl e to accunulate the electric
10charges 12 with naximzing the area of the potential well 11 in the nost
part of the light projection period Tb and the no |ight projection period
Td. That '09,57]i t is possible to performimaging with the high sensibility.
Consequent | y Asimendinmed s thetabore, si propdrtion ofwhe teanstiontiemed Ttte thalighfti  f or
changi ng pro@cianpérild Trodddgprdpbrtidhenf thairahdition ppedd DEltoliheind IgUHCHr oni zed
with the ;ﬁlog@t!imﬁ)egmlrm Maeremwntq*mrefoﬁeg@aixggsskmgmacléﬁapﬁé%ae&ﬂs ,

obt ai 1, ngcélta %e ﬁa‘?ﬁtharql?i#%iziﬁf t%hgreglo?%erﬂocf\en%la%@gﬁ laS tltleheoatﬁj%\{'? o§ t:hteuatl on
may be r d.. us, Lh& P ‘Epr )j ect’li on perio r;lJ;[B e he T ght
proj ect i fgli‘g(?f"‘?]%"rﬁlo?ﬂ’eﬁ‘& Bé‘ngﬁ ‘?P‘éﬁ%}bt.prﬂ%%‘g]pef -he habbvl ippesERis on, the
ti me int dpwarform imaging wagiha dighheeneiblity ol Canskyuegélyaipplontrdstto &t he el ectr ode
10 i s kepdituatins tvaate thy tinheina@phl Bdfov ohdmges therbniabl witiage b theansaiivant | y,
the time gento@megak syhichRatinasntitte ddcRGigal, Whé shoaideybidetilgneontrol vol tage

tothe elReldflSord ialind BohARIAuLY oPuR L ALAIRES LI E BE Aleud Gt a0ES
are applie 1t)o t.he reﬁ‘gect v ﬁl ectrodes 10 an nd a timng at which
appl yi ng PRePOEAER: of %ﬁ@%ﬁ% GRFORRROEP Ey dy 031 EPTVSPHPBA has the
same | engehioddbieap be shertgneder val Ti between a timing at which applying the
control voltage to the electrode 10E is termnated in a state where the
control \obdghges are applied to the respective el ectrodes 10D and 10E and a
timng at whipg b ARRLY bRt (RO Ghte 1 TAGE: iAnkRE th Bt gglt;g%D s

term nated.,.3 05 anwhi l e, 1n.the rat’i ons ated in
Fron | aRplP e Blberpe. 10 FADY chisEiny b ehe R Bl Egi‘»f.o W38y hol di ng
the el ect'fPeequRatiydle tinednfraralo esweee timinant which garlvmectheicentedlar ges i n

t he phot gokags toitheelsetrede Y0¥eis ¢omtinated v histage svharethagphtiredoBBgésmrkt aneous! y
to all thepkieetthedepedtefcdictiots (BaihePaiEatinghg weWwhichupplyi@niheg as the
phot @sensbite MG oRAEd to th eRENEde YOI B eriitbiddthakBe bdB1RE A d th8Rghd 1 ON from a

period of. K I the.area . of, .t,he potential 11,11 for holding electric
char ges (RoEA TENHR W BRI b EThe Byl vasgie o Pl IR, O
accunul arlﬁﬁgs R Sefey’ erefihe £yiEd. IPItRRSP Py ligh do Ehspreseagtive

si mul t anelsagpdesti®Dand 1eantbe isyag gt whishappliing the coNselaolaghtmtthet o
facilitaekcoodd 10D isabrhivategiont rol vol t ages applied to the respective

el ecgpodes 10, the control voltages nay be applied to the electrodes in
order inpidagitime of the above transition (in the operation explained

bel ow, the cl%tro vol ;diages ar e ?ﬁ)&)lied to fd.éel(zlnﬁ(:tmdes i n.order).

45[ 0060] anwhile, in the“operations illustrated in F 4, during the time of'a
transition from a period for holding the electric charges to a period for accumulating

the electric charges in the photosensitive part, the control voltages are applied

35  simultaneously to all the electrodes 10 for forming the potential well functioning as
the photosensitive part. In other words, during the time of a transition from a period
of decreasing the area of the potential well 11 for holding electric charges to a period
of increasing the area of the potential well 11 for accumulating electric charges, the
control voltages are applied simultaneously to all the necessary electrodes 10. Note

40  that, to facilitate control of the control voltages applied to the respective electrodes 10,
the control voltages may be applied to the electrodes in order in the time of the above
transition (in the operation explained below, the control voltages are applied to the
electrodes in order).

45 [0060]
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The configuration as expl ai ned bel ow can be adopted as an exanple of the
applied voltage control unit 5 configured to apply the control voltages to
the respective electrodes 10 at the aforenentioned timngs. In the

configuration illustrated in FIG 5 arlng oscillator 21 is used to
construct the_appljed voltage con unlg 5. The ring 5oscillator 21 is
constituted byetrRBUGHEtIARADSPIYRe Oﬁéf“é e adonded 33 HyS @Rl PHPee| enent s. | n

the ring wediel ivaltage c@atrok Yt N@Tnf@altf@istozh@phzr@e@mm@wéelgmtp thd wosbgctivech t hat
one has agledtijdas 10 et thenddreaentienddetintngs aninaht pottfiguestinnidustohteanoFb@r . The

ring osciglat OS%JH&%(Q%S %@éof fo%ﬁétklllc@-tth@é’bph%g[vgﬁ%control unif's. S’t‘ﬁﬁ’\ﬂ n Fl G

6 (a) 40 Qut utsar&toarn wav.e signa (eg Si
to 84)5t Vmcgsgﬁlatoraﬁﬁ‘acons ted d% 13(%% of %a%sne ﬁaim aF h]? 3 tl e
differ enc"éeli“‘a‘étﬁ etl”{'Pgt‘ﬁ‘é‘ ﬁ?"ﬁél Fatﬁ" 2%6?%@%‘6%64 Y 36%1" y time of
t he NOT ¢iédpeonphasyninpebiermaiadl conpetisd te anenput eyminged anppei-ed beainghe

el ect r odesscillatdr21 shbwsisef-adcillaltienabove rect angul ar wave signals Si to $4, it
is possible to shorten the tine interval Ti for changing the control

vol ta%eségg gijhe respective electrodes 10 than the period of the clock

si gha nsequent | riod T2 can be shortened. [0062]
20Besi des, ?A% E‘OWBE{%E@@ a‘?% %%‘ﬁff@t% Ouf%‘btfé‘rfﬁfff‘%u%\yévesl gnal s Si
to S4 wi t%grtaﬂaée &l %bt@%‘%qﬁaﬁh is ed Hrom an weut signalrtg thaNOksnte 32 nal sS4
gener at ediima deffenetve gdrnziatli totheitde inteevad Tdokrsigndingldy delag timagf theci | | at or
21 i s conperedtegd. h WikiecsltRtlinSihgrahtroluioRdEdaphplit @t thieldtegd weser ati on
uni t 3 by, oPﬂﬂeSﬁ)o%) ?arn' A v&é@b%lgéé s 1o @l le% pddsi Go@%oggﬁl%ﬁe ggpari son

unit 15 i.s, us ust n gat es
22. Consequenzqu‘%/”o }f R tlh%’??’htr(ﬁ ﬁ%g%/r?ﬂi}he refpetcgﬁe gle?%?op lbéﬁ?rg% to reach
a t hr eshdiediod 6f theglock pisna t#‘@mﬁ%@nﬁy&é}? tepeitiopageed Tacan bhehqusredat e 22
based on the output fromthe phase conparison unit 15, the delay time of

t he NOT daoe&2]22 is adjusted. 30[ 0063] In the illustrated instance,
only sgne par BeBifled Eis AURMY tQEyﬁcﬂﬁthg(i‘E&%gggaﬂ @ax"éss@&alé'gi’\@ovg the

Klgl'p;t tseng Blee CﬁOCﬁ%%ge?llgpg erefﬁr e rec aflﬁlﬂar \% \?‘e}/%a‘l!grll%tgtﬁ%n?ratt r egar gat g tzge

is inver t%8RC ﬂ‘éfz?té"fb\vﬁt l‘.i’f“i gack yigha ?)Pié hg ggg o t@%%’lewzgmpwér B “when the
350ut put ciicksigaak Mmttwtﬁogethe clpgk gerleration et 3 by purhasd canparisempnNdP. gat e 22
ri ses af téarowdputefrapske phaselRemahnsanatit 1 Hzaded &rayjisting thd\ddley tietoft he

out puk ofeaém@fthewoql\lgmemie Cotsl flehly af iR haRBtiRE BRREvIALH ithekdabt aperi od of

the Squar VLR q{;eor%&rﬂhr P&'&o%% %{; %Qt%lﬁ%%h Q%rr81§t0{14v!7e%t18£0 tht- N(ﬂ‘ Fg'teus' ng

Care 32" SAbabtion Bapuiest o Behase conmutian i 1o s der Oae the NG

possi bl e gate 4&ie adiustadhe out puts of the respective NOT gates 22 for
controlling the timngs of applying the control voltages to the el ectrodes
10. Bbus[ogdsl the NOT gates 22 can be used effectively. [0064] 450ne

rectangul ar payug iﬁh%%led ﬁlst&%%ﬁl} 6k éfh’?'&ﬁl@%u'ﬁ uRS OP&%'NI(’) é%’{es 33l s

i nputted to,are e ener.ati I shown in
H ot 6o et el RN R E_%Ht?ﬁ“@%%%?qteﬁ% S Fogral e no
peri od hatdang te the NQTeates fgcannestedria epdr othar thy etpahef the fiort NOgreatei n t he
| i ght pr 8Péctiveriepend souliptaidireth eharpar NHE sgge @e cThonfoperitod tiﬁel (see FIG
6 (] B} | sugpanefaldthnt NODesteatiglld hige @apht &lthy addrayes cha2l ried after t he

respectiyg eﬁp@@%ﬁﬂg%%réﬂen&&{%drd%%'tﬂhé‘g N&e tRaub @ﬁtpW@M?th%'rgﬁalhéTsz to 4
of the r|n e%llnputted

nto dat S ARy AP o ST ARt 05 ot B o 24 10
be provi dew ti re%grqs@élﬁm%&’l ng Wi siee sHefseime relatien. df ’éé’t‘)?%]ﬂlééo e ths b

cont r ol | edtpufspitthe rppeNOdtsadaBd andrthet reas Nz ate 82 ewgsessdillv olln ahes ar e
appl ted tvordshe iepghibletoackabldis olfpuad oftthe rdfpditiieedN@Tigates22igs, the ei ght

dat a | at ghiRsoliMy MHeQiMREE S Nying the control voltages to the electrodes 10. Thus, all
the NOT gates 22 can be used effectively.

[0064]
45 One rectangular wave signal S1 outputted from the ring oscillator 21 is inputted
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[ 0065] The reference timng signal S5 is inputted into a data
termnal D of the data |atch 24, and the correspondi ng rectangul ar wave
signal (S2 to S4) is inputted into a 15cl ock signal of the data |atch 24.
The data latch 24 is a rising latch, and outputs, froman output term nal
Q an in ut of fhe data termnal Dat the tinme of rise |n the rectangul ar
wave Ssi ggﬁ’lof‘ efegcenylse seneraliqly wnit 28 a0H hEr ias sk el G- 6 (te) a(pferencpe

out puts SBmirg ggnadSotvech bape bomi leeeldaltfmglaate@héshamghh&/@amménsdmas ameyvef or m
as the repeicriifeoftthatlogk sipgilah timbliglandojastenqensd dbraed thonbéghiel ay signal s

of the reﬁl%ye@ﬁ&e &%dm&ge STQNAY)) ReendPBedelT@YsehbXEe éh% cfa%m%m ding to a
tinme pq ; &t aqa%llxal}el\{l\g‘v? Stodl %%I ula wave ?%t angul ar
wave Si gn?i5 f‘% %&i rder.of tam g E of "4 {) & control
vol t ages ?‘io £he lencr s i T ?F‘ﬁﬂfPPb g gvft) gt peri od
Tb is reviatches ﬂ@r ) 24.mi Thesnvatibeappthei daga tatiehes Gdtte be pxovideddes to the
respecti V®relsmtdnme$thélﬁum|hei bfghaelektirglds 10rt0jpe eddtenileper inothe padesehth vi ew of
this, to &fhRGhe@NsinbPiHe cahﬁsna«loltﬁgestehea%Wmttﬁé Righatle@fodeBaodatie | at ch 24
f rom fhe GRELAPAHIAL, YRAVAER ARRLGRE A %Secclospl SCTION sTgnal SEL s

generated. The sel ettion |gna Ined ds a si gnal which is del ayed

by appropff')l ate tinme fromthe light 30projection signal (see FIG 6 (j))

defi ni ng Ilght projection period Tb and the no light projection period

Td. I n ot her TherdsrencetiessapignaMih isiignates! iofo 4 deanectiaagilofthevdave si gnal s

S2 to 4 latthdt deditiercoffebfiRdidgN@ctasgilhl ¥h s sigdaldS L tOS VAN idpRtdcAend@l ect or 25

as i NpUt SyjocRNEnANEF Ak dB&elaEb%%SS@BXdBt‘I’éﬂaﬁzh%%§rls bc@da 1;{{1&& fl&e sel ector

25 is sel cn'[tle a[s%]g rmmﬁ% ﬁfstﬁ ctt Qr gﬁaﬁ% Q g tion

si gnal 38 i PPl “ttﬁgmrné‘ f‘vﬂ% als S2

and 4 arréc?ﬁ%‘t}?]f ®ave ﬁgﬁdt(ﬁ%tclrfﬂ’?ns %ré foae 1 showmn ik Do (IPhthe ect angul ar

wave si greatpwg Shas S8 éthei msneative date laichdse4dmoe tb@&mwavetf@ai fisthed t he

r ect angulraferav¥ €insingBizghal S, aus ade EdRkidgsden dkideRyishaalkbrikd f@ese ti m ng

si gnal S%mfﬁ@%g%?i}@“%ﬂ@&el%ﬁe% &)@I:"elsp(gﬂlutf@% atthﬁe mrmbtefv%nwhgf erence

bet ween |E‘[stg %lMa\% 8 ﬂa‘?‘étla quhar.wave, signal . S 2L¥FI% t he rectangul ar
8 3 e ok v G et &

wave signa ving thessecond nce tvveen itself and
t he rectan ar wave signal Si and the rect angul ar wave signal having the
second g @&i‘%st time difference between itself and the rectangul ar wave

si gnal 51 ar @hdbidepuf timihgsni aphlhmgrax torsel] @6ltafes 2btheTlagpadtivaeidsiodzel ect or

25 i 95enabligghd pgmqir@@&m gﬁmoﬁwn, Emrgee&a@[rtglﬂin%gmva% §lighale cofitand the
rect angul, By %@El}m cti g@gdersgaaﬁe&%a w&é eakoql Lioghdas, 426, maxi mum

h
Fect anguP Ly S ATt o e ol St e et o | (ool

and the PRGN HRvemgnalsPabs a@ielecsor[ ©g8®SEL is gengyagask dilhg selectinsch a
conbi nat isgnab$EL ipddfged s tisegnabwpiebtis deagel lycdmprepr28e tinte frem phskgliyl e to
change t Beojedtidarsigdhl (BEFIGW G gutiding WAY Belft bt tfoneriod T¥hddadthbed into the

clock t eﬁlgbmofecagn bhGod BEPRATINE WIRES eSS wh 4idt¥1sUF en P ecldiGuRig! €ction
signal SE

wave signals S2 to S4 outputted from the ring oscillator 21 are given to the selector 25
as inputs, and one of the necessary two signals inputted into the selector 25 is
selected as an output of the selector 25 based on the selection signal SEL.

35
[0067]

For example, the rectangular wave signals S2 and S4 are inputted into the
upmost selector 25 in FIG. 5. The rectangular wave signal S2 has the minimum time
difference between itself and the rectangular wave signals S1 used for generating the

40  reference timing signal S5. The rectangular wave signal S4 has the maximum time
difference between itself and the rectangular wave signal S1. Further, the
rectangular wave signal having the second smallest time difference between itself and
the rectangular wave signal S1 and the rectangular wave signal having the second
greatest time difference between itself and the rectangular wave signal S1 are

45  inputted into the next selector 25. The downmost selector 25 is enabled to select one

_18_.



10Besi des, the same set of the rectangular wave signals S2 and $4 is
inputted into each of the upnost selector 25 and the downnost sel ector 25.
However, the connection relation is designed such that the upnost sel ector
25 and t he downnost selector 25 output the different rectangul ar wave
signals S2 and S4. The simlar concept is applied to the connection

r elgat i on é?mtth‘ér%f%i‘ﬂaé"é???’éfétstﬁnéﬂ %?mﬁ?}lep@%g?ular wave siggal Rt T8 pl anat i on

r ef er ri ngreFia@Sulay wanel si@nalsS4veabetht onasgrmengmpé diffofench betdeewiitaglf dediloe of t he
present erbodciRAtvavd Bignalr$Ni Mhe dedtheilaSwakeeiiad B2 tas YiagidiM@m time

char ge- couptRdcOpiveen [that s 19 rE&Qn%dIQIeWQ\te dispagbect rodes 10 (10A to 10J)
as 20idlustrated in FIG 2. The electrode 10A is used as the hol ding

el ectrode, (fi,rst holding electrode) for form ng the holding region (first
hol di ng r@éﬁ%n) for accunul ating the electric charges 12 generated in the
| i ght proj ectfcerrdperto guchrp cqmhiaai@n pldnpwd to theRleghecBve $l9ctorFIS, éliect r ode
1011 i s usesibesothendechdbniyref getreadeglsecandsihivlldSag $4 aplutedeytofthes

form ng thekhehsinig Jr ekt RBpdHeE AR 1RRhEl 2Ly 88 FMe i tidRAGRUNYERL i NG the
el eptlgl ¢ ﬁ% g,e%le % g%@ﬁegt‘%{lﬁgecragl {, & wide lsi({g%Qfs 4 fﬂld_eé:éf 1590 LR?E]!;(}I iggo -I.;\%h(t he OFF
period in & n |§h roleg 1o p i'od , e 'set of the
el ect r ode¥ AOBPTEF etog 25, an] theFPrRaRef HGSeT Tho Lomanes Eie wPBetiades.

Furt her, Tehéioplizdesigngd sugatas thesermess selaetond? pid pheedogmmastieelécber 3%r mi ng t he
pot ent i aloutputrthediffepentprevegilangatdggedle 82 nnd¢ Sahaflyesmildr genreptaised i n t he
l'i ght praippGed @theebh@tidh rdlsHen SQhb oiMengelbdtb:@ gshe second hol di ng regi on.
In thg no light projection period Td, the set of the electrodes 10C to 10G
i s used 80(%ﬂe line of the transfer el ectrodes. Further, the electrode 10B
is used as e barrier electrode for formng the potential barrier for
preventing t A& spEplanating refeaingl 1Gendad Sds mpde he amsxampaof Breoj ect i on
peri od Tdirfvimaddviawi blgp presentehdboflinrest. Hbheddmgng dejiicmis ufdrbfoedeigingagte 101 i s
used as ahamytcoagslbd agvidbineluaalsr the ¢int of tHeakdci@dewito (104 teliedtdsi ¢ charges 12
stored i nuifigatbd [SFIANY. diTRY o [EGbAM 0ATRG 6L ESIHAMRMIAD dlcbFodtS@PstaS an

extracti | ect r.od or. taki oyt. the .el gectr char ge 2 stored in the
Sacond. haPUFRESLLINE) LBy Bk Ritding Mot B5HL pfaadabelin e o0 PO 1)
i ncl udes FHEVERHRK thicHetHE Lotreeml 2 eonemiad thihedight perdectisn pared ABSHeol uni t
5. The cl®¥kredehiorBG. §bMni Thexl¢atrode APHge nesdl asthe bplding ¢lparadedeskond gnal .
[0071] 4hohenagpitred) folfdradeg contidldihg wedién Getohd doRfihgtieesh) fa performt he
trangfer spEReA8Eng He QQMNE BhdrbOl01d 8 FHAd BEcHe HRlBE p HEN:BR pbRod TANST er the
electric (&g%ﬂﬁﬁe&o%l in F16:. %r(ﬁg‘.s“l%rth@ﬁg&e%% '6*8 fﬂ?‘%‘hé %enc%% ¢l ansfer

oC . tnﬁ

5 edrgf’?ih d Vol t
@&?Oﬁwapﬁé'riﬁgﬁﬁe "9¢

process a t@ee CO t.ransfier )
control SE’FF‘) Sf)]z]%ftt?r 1 H%edf"“}srtgg ELPF’ ghigedfa
electrode 10G is used as the barrier electrode for forming the potential barrier for

preventing the electric charges 12 generated in the light projection period Tb from

30  flowing into the second holding region. In the no light projection period Td, the set of
the electrodes 10C to 10G is used as the line of the transfer electrodes. Further, the
electrode 10B is used as the barrier electrode for forming the potential barrier for
preventing the electric charges 12 generated in the no light projection period Td from
flowing into the first holding region. The electrode 101 is used as an extracting

3b  electrode for taking out the electric charges 12 stored in the first holding region. The
electrode 10dJ is used as an extracting electrode for taking out the electric charges 12
stored in the second holding region.

[0070]

40 The driving device illustrated in FIG. 7 includes the clock generation unit 3 and
the applied voltage control unit 5. The clock generation unit 3 is configured to output
the clock signal.

[0071]
45 The applied voltage control unit 5 is configured to perform the transfer process
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projection period Tbh. The applied voltage control unit 5 is configured to,
inthe first transfer process, switch the voltage applied to the transfer
el ectrode 10 fromthe control voltage to the reference voltage in order
fromthe first end (the electrode 10F) to the second end (the el ectrode
10B) of the lin ne of the transfer electrodes 10B to 10F 10based on the cl ock
signal sootgenirahpg theshareq spupladddeyicp go F?ﬁ%?f@‘"e@ef?cf%c tREe98diZdi hBe r egi on

cor r espondpngen rrotase ifdlydes thofidt tignefeepraceosandGhe s§c00d BnThepemopdsi ed
voltage control unit 5 perforns the second transfer process in the no

151i ght ppgigction peri od Td. The applied voltage control unit 5 is

configured t ondtransf rocess witch a vo Iledto
the tr ansf er Olg]le agf) c?vcﬁ efcontro %Ent be%er?or S%}Sl {s% trantsﬁertpﬁocess 1Pg§%?]‘§e vol t age
in order erﬁml?rh%e%oéc é‘ﬁ&P(’ V%ﬁ%&f%ﬁf& ufé ISt%n freveed 1o & therfyst t he

el ect r odetragdyr mcqshé“flﬂiChéh@ffolt%e apphgistodhe tlagsfer eldetsode0lQ from 1XG based on

t he cl ockecostrghadltage t@shetrefetrérn sbsiget i@ rddreednt tle Rasge&hd 2ettBodei®FNol di ng
%ﬁr egi oln 6Qhé BSPANEHNGhE ele&th&iesmm@étmqirfélo@gheedrsﬁgfémgcéﬂo%g 1(5199Jngand .

e appl i
BT B St B o B S U
create a 8F1ie§/‘i’%’&”§t§ﬁ fi getrode 10 nary signal having a f| rst val ue
(high level) and a second value (low level) for each electrode 10 and
out put tHeowleated driving signal. Aternatively, the first value may
30def i ne t he ThewppBateolrage c&ﬂﬁ)l SRAW$brivRind @h B oktErh Refe mcéysgxmﬂe%el
[ 0076]; Thg%h‘i“bi«éjéc@ﬁn%'eh‘&&“l‘ﬁ gﬂ}ﬁ{eu@ add éarlalol M!‘?Jc% mfea%lég 8J)

respectiv ssocl at ed ura The
ariver 28 ddERRT dirgeed e oL ?%’é’haﬁli R 1}?3%1}5&%&98 7de ) éfom ¢ val ue,
apply t hé’oﬁ‘a”ﬂlt‘fo&ag‘?/& glepece ﬁ@t%%ewﬁé@m heceradenddthepiestiode conf i gur ed
to, whil el0Cheo deifirbngndsithymabcthals 106 obthe dimd of teuleansfepilacttodes 1@E &r ence

vol t age t10G hiRedss Od AdkGiglated & OberdlforChosSRERIThhites 1D €o el holdigg Ci 1 cui t

280 i cqp 1b19H&&@Lp%&dmg'l@&fhers%&fd"ﬂo'ﬂﬂné BRcbdeviglfl signal fromthe control
circuit 250, apply the control voltage to the electrode 10 associated with

the recei d driving 40si gnal when the received driving signal has the
first val[ % 74l and apply the reference voltage to the el ectrode 10 associ ated
with the rec&hgenpledi vipltage eindred bniidenclufies 3 eoméiol eideudy 250 angl silgniak has t he
second vairueit 280077
25
[0075]
The control circuit 250 is configured to create a driving signal defined as a
binary signal having a first value (high level) and a second value (low level) for each
electrode 10 and output the created driving signal. Alternatively, the first value may
30  define the low level and the second value may define the high level.

[0076]
The driving circuit 280 includes plural drivers 28 (28A to 28dJ) respectively
associated with the plural electrodes 10 (10A to 10J). The driver 28 is configured to,
35  while the driving signal has the first value, apply the control voltage to the associated
electrode 10, and is configured to, while the driving signal has the second value, apply
the reference voltage to the associated electrode 10. Consequently, the driving
circuit 280 is configured to, upon receiving the driving signal from the control circuit
250, apply the control voltage to the electrode 10 associated with the received driving
40  signal when the received driving signal has the first value, and apply the reference
voltage to the electrode 10 associated with the received driving signal when the
received driving signal has the second value.

[0077]
45 The control circuit 250 includes the delay circuit (ring oscillator) 21, the
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45The control circuit 250 includes the delay circuit (ring oscillator) 21,
the synchronization circuit (phase conparison unit) 15, a driving signal
generation circuit 251, and a driving control circuit 252. [0078] 5The
delay circuit 21 includes the plural delay el enments connected circul arly.
In the instance illustrated in FIG 7, ﬁgﬁ delay circuit 21 is constituted
by the pliYPgrroRgartign cisau ﬁ).l?%er wasyisopupiil 1 g drivinesignal genciption AECHY. The
NOT gat e 21, hrd sdnivinguroatiot orcddl292. a si gnal recei ved by constant tine
(delay tinme td) and output the resultant signal. In the instance
illTustratggygin FIG 7, the ring oscillator 21 includes 10 the nine NOT

gat es 522 Th dele%xr c};rcgnﬁ 2t1 1nccfudeshcﬁe HOT ?I%Eaéf e%emen Selfnee(é\”geﬁ c%rcﬁj]fxﬁhlgt hfit an

OSCI||atI n.perio OSCi 1 isi erlod of
the cl ock H@ﬁﬁaﬂwe ﬂm%rf&g%m F%C?. ToFhetstavoarepitAl ip pensfityfigd S the Pléerf&r 21 is
expr essedV@¥ gutes (mvertprs) 22 Havipk hesameaddladiimatés ThreNATebee 256 t he NOT
gat es 22.cohBfied 94 ddihe asighgl aseivéd B amstiht genelalag $inid 8de ahd satpgt shegnal s dl
to d5. ThesdltdHtReknal. grlﬁ|th91?nsta'§1c9ﬁhﬁ;i’1%qedf1ﬁ1@’mi hechte'rmgngmﬁhgmh ifdludg only 2

_IlhThechE 'nggenlgOﬂ%gPe% Z%d?’Thgd g%%él%dcd ehltﬂTB? gtaken%éqg sgfeglg gggqbth ¥ only 2 *

etimn only 2 *
td The t4Hish a&l?%ﬁ%ﬁw o't ?*%rlalaoa Gefor pLiR igrionbia iy g rig &Kby only 2 *
td. Consedgnaht |'Yhe qspidlatien agried T elithe ring qssﬂlewiﬁlgwwe%sed g@ﬁ‘ef &t @ "pdur al
timng sivgmakia n( tllicheesdbd ndmbayddhdWOTheatps 22let ernmined tine (2 * td).
10080] The synchroni zation circuit 15 is configured to synchroni ze one (the
timng 2 gbﬁﬁal dl) of the plural timng signals (dl to d5) wth the clock
si gnal . i gnal s .dl FI G (c) to
(o "ar e obt an hEdmecheilGr A Fphitat® gl S\R}r‘f“fl%s’lgfl@d %8 R B i gt | <
equi val erft2 if delayed fromithe tignpmarnd dl popg1? *$ThEredimeg el gdas  gener at| on
circuit Zskyed froonthiedimiad stemahdéhby amle 2t*htd. pThe Amigssighaldidi ividalgysd gnal s D1
to D6 redpecthieiehihgassntdabednyid hid hahpltimiak sghhkds BlRUyEOHRH t:l{aB to 10G
As i |2|OUSttf1§1tn§(élénQ1 Eéig& OIYI AN0g d@bﬂéeﬂgerﬁi B déj%nﬁh%tlﬂ ﬁ)lnls%bﬁﬁéu E

i ncl udes the t he pl ur our) dat a
ot ches Ancale Bt Nadla) B & d%k% b VRt O g
switching circuit 253. 35 [0082] The ref erence pul se generation unit

23 is co@8lred to output a reference tinming signal RL based on the timng
signal dl . A$hsbpwhrinizatiow.ciBuif ) is tdadigietiab epedrédins a1@ (ShedtimingRl has t he
second valdsar 41)QcheEY IR tHMnb RGEnhisNB1 6Pd8) S BPAR Bk sRnale AReS #eR61 Of

the timing signals d1 to d5 as shown in FIG. 8 (¢) to (g) are obtained. In the instance

shown in FIG. 7, the clock signal is equivalent to the timing signal d1.

[0081]

30 The driving signal generation circuit 251 is configured to generate the plural
(six) driving signals D1 to D6 respectively associated with the plural (six) electrodes
10B to 10G. As illustrated in FIG. 7, the driving signal generation circuit 251
includes the plural (six) selectors 25 (25A to 25F), the plural (four) data latches 24
(24A to 24D), the reference pulse generation unit 23, and a switching circuit 253.

35
[0082]

The reference pulse generation unit 23 is configured to output a reference timing
signal R1 based on the timing signal d1. As shown in FIG. 8 (h), the reference timing
signal R1 has the second value (low level) during time corresponding to one period of

40  the timing signal d1 in the light projection period Th and the no light projection
period Td. In other words, the reference timing signal R1 has the first value (high
level) unless the time period having the same length as the sevenfold period of the
timing signal d1 elapses from the start of the light projection period Tb or the no light
projection period Td. After a lapse of the time period having the same length as the

45  sevenfold period of the timing signal d1, the reference timing signal R1 has the second

-Zlv



40the timng signal dl in the light projection period Tb and the no |ight
projection period Td. In other words, the reference timng signal Rl has
the first value (high level) unless the tine period havi ng the sane | ength
as the sevenfold period of the timng S|gnal el apses fromthe start of
the |ight ro i 0 od or the n |gh prol ction period Td. After
a | apse oY ' O‘fﬁ Bgéfy.%a fﬁa@feﬁﬁnwféwé lqgéh@ﬁfﬁna ngHeaneearrERiof d peri od
of the tithergnisggienal ¢ the reference timng signal Rl has the second
value (low |l evel) only durlng the time period having the sane | ength as one
period of[gbBgl tim ng signal dl. [00831 5The switching circuit 253 is

conf i gured ! Or}grs%;.{gﬂl 2,20 o8h1d ?%nﬁglgrng to VA% ffhall N0t L ow | evel
circuit 21519 ?I}?elr"Wﬁf’ Shih ?@:"Bdl‘?o out put a
barrier s<ilg‘ﬁa$ CWI“OlAB”C@hg% |Fn1r$ileG thg syityhing lhiwcwh 293 srecoshgprad tRutpst used
for appl ya bayricheighef R2.e oeshoohtiad@Gt ® (1, ke edreet sigdel RDis wad firapalyeys kept

at the segmanefevdlcs @olldRWo 1KY Q¥&kdde 100DBHE alhg s3@b st Bk sé@nbBaana (dw st 1 nput
term pal ]]e@el econd input terminal, and an out put termnal. Upon receiving a

hi gh-1 evel signal, the selector 25 out puts, via the 15output termnal, a
signal i n[ﬁutéed vi a the first input termnal. Upon receiving a | ow| eveI
signal , t988%e| ector 25 outputs, via the output terninal, a signal inputted
vi a the secoftheisplpctor 28 has adlrst ifpng terminal assegmalinph® tesminapuhtied i nt o t he
first inpupdteefhinal. afpohhecssahgathdsh-Ro4, sigiad thheelbdtvi ZoghGRaliaghe i S

' nDUt1t5ed du@}gﬁ ttaﬂﬁmﬁ?%%a‘l ﬂ%&teh%ﬂﬂéq{rspﬁlphpérﬁlﬂﬁdQﬁo@%wiﬂ% t' m ng

si gnal d21 w%eve‘f'%%%g eﬂue dsg ector ﬁoukp(u% v1a th%pu t%gr%lﬁla a s p%n(a uﬁ% %'Itlaor 258,

and the t{mn of the
sel ect or @SB‘?C%‘P%@%F%‘”&%?I 25‘@‘3 kiayng ﬁ‘én?]i dsie inmstad IP@r‘i]i*P iast iBB¥hect ed to

t he out puermiephdfithe sdedbr 256 agdtthe tiatinhsigdd), d2tih enpsgiednutoi thp a¢conér i nal
recei vi ngnpiletetrainal effths isgloetbr R2A. & timmgoigralit2 isihputiad igotretised to the
drivep ZQ%utTt@ﬁnﬁﬁi SO ke 18Rb: 8985 AnlRqn tihdhe gl Mtdstlgﬁ.gadmld inQnmected to the

out pUt zégf%mlﬂél%t tgrlgma} ﬁhg aélgctma E % sefe {E% 1p1is% 11%?‘6:]2} nal

receivin connect ed
to the d%FWa neefﬁ‘g é’Bf‘B‘F %E“ﬁ]a fﬂ’@ datq el ?‘l ?é‘?cﬁ’f“illéﬂpufecel Vi ng
t he ref ertegiaalt yeasirigedhe haurieRsignahB2.gaddhe opippt terminal cnamecmﬁrﬁqéb@ ed to the
out put t elrivien28B.Q Tife delvetod 6B HaatthdfidA Gypuanerniinel @ubpatéd toetheionglutconnect ed
to the dréMeinaP@hs thbRiis elecdnt, tBoEeDAS idp® tdrinfifdl lebldiihg 30 RIS AQ!

recei vi ngnm Pg:éfkf tg@%llgﬁi%t?rgﬂsazl b ﬁg&g%f &!RH& dh%m&' ﬁ@@g@ggsd to the

out put t onnect ed
Lo the drPrdps L A

the D fl p]ﬁplfﬁt@tﬁnlinﬁbq%p%gi thide output terminal Q of the data latch 24C, and the
output terminal connected to the driver 28F. The selector 25F has the first input

30  terminal receiving the barrier signal R2, the second input terminal connected to the
output terminal Q of the data latch 24D, and the output terminal connected to the
driver 28G.

to ea sel ontr ol
Yﬁgtgw@ r@Pﬂ’&EﬁsPonfSéo PSTRIGHPT

[0085]

35 As mentioned in the above, the data latch 24 is the D flip-flop including the
output terminal Q, the data terminal D, and the clock terminal. The reference
timing signal R1 is inputted into the data terminals D of the respective data latches
24.

40 [0086]

The data latch 24A has the clock terminal connected to the output terminal of
the selector 25A and the output terminal Q connected to the driver 28D. Therefore,
while the switching signal has the high level, the data latch 24A outputs the reference
signal R1 delayed by only the delay time (4 * td) of the timing signal d3. While the

45  switching signal has the low level, the data latch 24A outputs the reference signal R1
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output termnal Q the data termnal D, and the clock term nal. The
reference timng signal RL is inputted into the data termnals D of the
respective data | atches 24. 40[ 0086] The data | atch 24A has the cl ock
term nal connect ed to the output terminal of the selector 25A and the
out put ternm nal onnected to the driver 28D, Therefore, while the

swi t chi ngdpéi’“éf’ﬁahy thtehi@}% tiRe (%\vED of thedimgsignal g?r 24A outputs the
reference signal Rl delayed by only the delay tine (4 * td) of the timn
signal d3[oog¥li | e the 45switching signal has the low |l evel, the data latc

24A out puts t”ﬂ‘h% da8f laa'fﬁpﬁzﬁB Bhonalc1oRt teﬂﬁh@yc%ﬁine@{e(pﬂaltﬂe ubedr@¥ndliof® (2

Ega mm;]af ht%ensn 98%93 gngthe outPLOtg§7 naT co necle hd12'14eBIi 20l or g“gl ggg t he

out put t ¥ Rl s ° i Hﬁé&f@@ poheritley Feia? ﬁé?‘éﬁa&l@u tite reter e

Swi t chi ngsigia)fdl defayed phenlyi thh dpley dlme @Hetdiof the ltaniok szarl ddit plikide thie

r ef er encesvatdivgd sigtial dhak stycldwhiyved thy dafadathll 24P dutpiers (e Fefdrdhceafigtah®1t i m ng

signal d2ge138Riulbg chiieths WelaG RiO (45t @8t tHRasminBRidnavas.evel , the data latch 24B

out puts the reference signal Rl delayed by only the delay tine (4 * td) of

the tim nlg @égnal d3. 10 [0088] The data | atch 24C has the cl ock

termnal P& ving the timng signal d4 and the output termnal Q connected

to the secon('fhien*ﬁ?ﬁ lagdy FAChbas the C%H]ét@mlé%itYGWIQBEtheﬂh@rléf%g@l dé¢jgaddbg a | at ch

24C out putwpithermafiéQenceecsdidgnahe Reogkkirmyé teriindnif yhe sedecidbdbEay tinme (6 *

td) of thendrifoid)ghesd3Adtckid4C LRGN the refeddiRe dRhal RBHERytMy dagtide cl ock

t er m ppal ({e@gyeﬂnylbr@*w)%fmer@u?lglgsgl% 3lq4d5 and the output term nal Q connected
e

to the second I nput term na sel ector 25F. 20 Therefore, the data

| atch 24 ouﬁputs the reference signal Rl delayed by only the delay tine (8
* td) of PH)tining signal d5. [0090] The driving control circuit 252

out puts t he dhevrirglagihgdid) kast the clvek terspedireeeaviasthd tming @l 28And 2841, 281,
and 28J) dgsadeaninkhQ cohekedto gh@becoMNbiiBluy teridififleg figdeldctte 25Fght proj ecti on
peri od ThriaRdoteNehetich 1AM 290 Bh@%td @R BRFMRE siktlal RDBe1dyddvilyéhig B T Ol

circuit 2%, rngégsd 38?%%&#“'&2%%“3?%61 having the first value (high Ievel)

to the driv I'vely associated with the el ectrodes 10A
and 1011 used as the holding electrodes. Further, throughout the Iight

proj ecti dﬂo%&ri od Tb and the no 30 light proj ecti on period Td, the driving
control circ@ihe dﬁSﬂlgpbbmbuﬁﬁ:uitmzcbntputmglesdxgﬁﬁg sigaalis m«gt}tehes@eﬁwd val ue

(I OWzlseveilﬁveissozg @SAdQSH’GI@ &ﬁlgsanﬂas%%n&%a@ai & ﬁhy Rames alets wuth the

el ect r odeg ﬁg?e%%dpbagn Jﬂ% n%ﬁ}gli{el pg%& 24850 d ‘%9
%éé-‘éamaf

35Add|t|ona
circuit SHSY eﬁﬁ%e @988& Sgg.n ]%ﬂ“‘i‘?f ftrﬁtevaéll%@ug L*ﬁ%lﬁ La ths rtvﬁfst 3 As

shown i n 28A@nd@8thnespachizely msoiciagedcwivh the el@?W@l?ﬁ@é@Edd@HﬂFS@ﬁ@S thfe swi t chi ng
circuit 2bBlitmelocitplet. thetlsan thobiugigus ilgriadht basjeaipntpeeiotiThandetehoi n t he

I'i ghtsopr ¢jgBEhioptipbeRsH T, tha BevERbARbEcikcE HRipkGAINIHE dFGiHetsidhS t O

out put t ngvﬁl\énthg Qéc'agd v4190 @%wh@%‘l)ncg tfl@&rlté}@ﬁb?éﬁ% 2$J1regpeecti091y associated

with the electrodes 10I and 10dJ used as the extracting electrodes.

g
h

[0091]

35 Additionally, the driving control circuit 252 controls the switching circuit 253
based on the clock signal from the clock generation unit 8. As shown in FIG. 8 (b),
the driving control circuit 252 controls the switching circuit 253 to ocutput the
switching signal having the high level in the light projection period Tb, and controls
the switching circuit 253 to output the switching signal having the low level in the no

40  light projection period Td.

[0092]
As shown in FIG. 8 (j) to (0), during the light projection period Tb, the signal (the
reference timing signal R1 delayed by only 8 * td) outputted from the data latch 24D
45  is used as the driving signal D1 associated with the electrode 10B. Further, the
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401 i ght projection period Td. [0092] As shown in FIG 8 (j) to (0),
during the light projection period Th, the signal (the reference timng
signal Rl delayed by only 8 * td) outputted fromthe data | atch 24D 45is
used as the driving signal Dl associated with the electrode 1OB Further,
the signal (the rfgf erence tim n]?:R naI Rl del ayg)(rj by onle/

out puttedSIEr%rﬁherré egedicy tINEPE fiep }ée pEdbynly Bt quWP Hgeds @Iﬁaﬂw

associ at eldtehi 24¢ isheedkheterdyieng 9ehal PMeassoqatall withride ebtapéntQC.t |’Jrheng si gnal
Rl del ayedgimi (thalrgfederice tiah)ing wigpall R Edelhyaabyt didy dattd) duap el RBémithe Bstad as t he

driving sj.ghedaaAlR uééé%érétd@ﬁuﬂg §1£1n§1hﬁ; e?sls&%te&’q)@th]tgpele-gﬂgdé%]ﬂnaﬂ‘he( t he
reference il arpéﬁlgggfegentc% tlmdn% S].anI 1 é’ia er&[%/ OnSySOCI a) egpt&lfledint% t he data

| at ch 248 TS ct rode
SRR AT T oL R LA S AT

associ at extfexprds tihimgeizvel RbdeustRs thihdripae sisapl Bp gerariaR2l wigh alseed as the
driving sélgnalde OFasEchatiedsightlR2 hewsed acthealievid®signdlDG &B363hted with Dur i ng
the |ightinpreRic8eldd oo period Th, the reference voltage is applied to the

el ectypode 10G and then the electric charges 12 are prevented fromflow ng
into theeﬂag%’eﬁr ng region corresponding to the el ectrode 1011 (see FIG 4
(a)). ving signal 15D4 is delayed fromthe driving signal D5 by the
pr edet er mi neduringthe Mgkt prgjectipnperied Th.be sifepsase witape isgaprhige e theom t he
drivi ng silgtade DaGhynd thenphedettei rhaeds 12 are {r2véntedfromThevidg into blge Si gnal D2
i s del ayegbhidihg RditicddsybriiGnStohalelebFoly 10M &P Feded @D Mad dbivi dighal td) .

gpgdgreey'rgﬂrﬂ ew}@h i3k rh%ag @%ﬁgnahr M% ‘Jéde‘{él%nédﬂ gl Dggpy rhpe

age 1.ed res ctr 20
ol ectrodesldvgﬁrcﬁg%ég ip gl feome r_rrg'g%a D4 Sits Srods i 15
vol tage tc helheghrasiingeignaldid wgelavad frmsthe daising signad D3dw, thehe voI t ages

appl i ed troeddternghedtimed@s td0 dhe dsiwirtectigth]l Dlosdelagedcivomtbé duivingagmat o t he
r ef er enceD¥ by thrgReddle@fided titdedpn*tthe dhecbragde appleddo thBeedpbétite €end to the

el ectypodekOBqad 1dﬁ‘%ﬁeﬁﬁfl%@ngmi3ioﬁ QFe Avhﬂzﬁe@i‘rohmlefc&?ﬂi‘érfv%[ta é %Cr;fhEOdeS 10A
to 10F. Acgor din char ges

2512 accunu 8 QLt%ge lﬁ%hls Otrent bme% ?he V%Rli%es aé)gja%d H’ the eﬁecﬁ & e ettrodes
10B t o 1@@1%3%41 o the fﬁe&rql rrolrtr%‘ tﬁaberﬁ prancs piagq in %Féé’b@”P’é‘ttéﬂ elgetradonl y t he
el ect r odd0¥Gu\the firspehd o theredestrode)@0B lab ther seconsleandgpd shel Bneapfdhe tramsfeerred to
t he hol dieigtioégd A @SIHICI At@ddinglyhad ftewal ia@RIGod€b)10Ag), B0[cDRO4] charges | N
cont rogst ,1201EdRGlaldagn @He bd)tgﬁlttlalﬂzl}éll EChd:s00atR] wlﬁﬂth_gcizlech*a&esbﬂfﬂ {oeforsi,gnal R2

s used ecIE'eE(\l gthg lgwrr]é’j} lpel'ss%(,sl?f)e w1£hegnl elEe ?{hd% lg’% r?de thB

Fur t her, gnal

associ af érrfr e ¢ ﬁeﬂér%ﬁgﬁ%b%arfd%ansﬁréedsro Sl foropeneraiied Mitng si gnal
Rl del ayéhbe ﬂ?cte?ﬂeyl% * td) 35outputted fromthe data latch 24A is used as
the driving signal D3 associated with the el ectrode 10D. The signal (the

ref esencgoddaim ng signal RLl delayed by only 4 * td) outputted fromthe data

latch 24B is | ect rode
10E. The si gho VR dm?’é%é }éééﬂ?hﬁrgﬁ%‘) %erEﬁFl Eiﬁ éﬁk E{% f‘ﬁ?yf‘% * td)
out put t ed® ?(’?%srﬁhte VY Ségqaéﬁj;hasﬁwtfg déle'g‘ ectrpde }?v N ﬁ’ﬁ
associ at &¥fevinentifvies sigealdtk is dged apthe driyangsigpal| DY assecipte erleh@e ti m ng
si gnal RtledebdeyHAC. byhesignas (the refyreond Putinesighaldh ddieyeddyanlya? Ehd)24D is used
as tbhe doutpubi@dSioghede dba a38024A1AteMak bhd Deviak ighh NS adddbiated with the

electrode 10D. The signal (the reference timing signal R1 delayed by only 4 * td)

outputted from the data latch 24B is used as the driving signal D4 associated with the

electrode 10E. The signal (the reference timing signal R1 delayed by only 6 * td)
outputted from the data latch 24C is used as the driving signal D5 associated with the

40  electrode 10F. The signal (the reference timing signal R1 delayed by only 8 * td)
outputted from the data latch 24D is used as the driving signal D6 associated with the
electrode 10G.

[0095]
45 During the no light projection period Tb, the reference voltage is applied to the
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[ 0095] 45During the no light projection period Th, the reference voltage is
applied to the electrode 10B, and then the electric charges 12 are
prevented fromflowing into the holding region corresponding to the

el ectrode 10A (see FIG 4 (h)). The driving signal D3 is delayed fromthe
driving signal D2 by the predetermned tinme (2 * tdé The driving signal D4
is del ayeﬂeqtquimlpﬁealu*rﬂ\?pﬁbe elegnigichpzen )2 Wepr radet Bpwiflosdng infethio 5% tq) .
The dri vilngdisggegion @ErﬂssomhayﬁﬁektwmdmwM($va@ 4ihynalhpdrivingtshgnal

pr edet er N @dddldy8 ffot thetddh)ving agnzdmszyﬂglesprgmém@ﬁed amde€p ayed frhem t he

driving Sdl%ﬂ% m@ﬁalqyzl hel @%Wh@d@%gt él I(D% by tthg red-ElE'eerm\{Qeé aREs2 appl i ed

toth ve, el.ectro t%re swtched from

t he cont r ofy of ¥ drm{l%slﬁﬁze eq?eaﬁ’@g V8 ‘iqlﬁ mVlnng Stlﬁna or det’ In brief, the
vol t ages %rﬁﬁfrtffeepnﬁ%ter?e@e|tébt hgasiving sigral Digs dafleyechizemithe ATiVHE <@ r ol
vol t age 1135 bnehermkdetermimed tinted@e tidh Jihdevltagsmpphel bl thetrespdetiveOC at t he
second endedt>deHe0@! 100K 10EE10F)en@l0CG Aee §witded Eth Ofe chfigol volag@to thae
transfer @k&%&%ﬁ§gejig(€hfs%ré&'e IIP\BEQF Nty esaa% ﬁb@mmm&h@deﬁd;&% the

el ect rl ¢ Ch %93?1‘88 thg%((j:_ ftage tOQPe Letel (I)lcee\pl gelpln ?rdei gi*orlat%e fec% d Wi th

h
;sgogl Sf Ee](ri) tithe S‘Fﬂo toetlhééfet"ffﬂée } at F}H” Fehen %?5&5 19e© tthﬁém&s ctric

char ges Iedecsirodes 1%3* Jé}Cr ed\ceardingly, o bivryin B difhh skeodpeitie ghwigeh 12 he
el ect r odeact@thdlatddd@96¢ potential welCbhsegeietet lwith tHeeldtiodénPGioghoH agener ati on

circuit Zafledt&d HOURE bGﬁéExﬁQl 01 IeRsoaheddPkR 6n19rthé/ bIRGr&detivM. S TRLtHee D6
res pel%t I %Aﬂa{{ Qﬁ bt?'ltc%g%%@eg F%ég% rgq;ﬁgeﬁ" %%Icﬁl?%jreegm:}l SQ(?C?&&Qd thﬂtht he plural

timng si de ay SI gna eneration unit 26
|IIustrat eeﬁ 0 (a) can be adopted as 25an alternative to the del ay
si gnal generatlon unit 26 including the ring oscillator 21 and the data

| at ches 24@09%6ln this nodification, output voltages of buffers 27 connected

in such a nameﬁgeqaentsﬁ@wdﬁﬁngls@nall&n@ae)n@rcemamﬂshesicotnﬂgﬁm telesdrades 10.
In the i ltilelﬁ;l(zﬂltg%%na&sﬁf"{bcﬁﬁ résBecac q}‘stsg!:qat%&) %{hodhe\ffgntsﬁeg%ﬁc Cfgdéshﬁ)
ﬁ8|

respectivye t ectr.odes . ers are provided. The outputs
of ltohe r\é)g ec‘fl Mé%ngﬁ‘ Iéff’lﬁ 'd 30to the respgctl ve different P

el ectrodes 10. [0098] As shown in FIG 9, the timng signal which the
ref erencdO@fl se generation unit 23 generates by use of the clock signal

out putted frohe tbiay elgackgegentioatundn2emiubtrdtedsin FIGNIG) eth boidvptdieasdel ayed

si gnah g%ﬂ%ﬂéme{%{be%%ﬁe & élgnﬂ e3h&akiBh uﬁ&%%clﬁ&mrghﬁe h‘ﬁ&%é&ﬁ%rél m ng

si gnal 85 I til u&ataeiatc ede %4 Fy I(;jthli ﬁr{o%lﬁca?ioﬁ n LHE Voﬁa%es%f l-buﬁers%w C]Qm%eﬁ? nl y

during the e clock

si gnal "bfél%eean%rsaﬁahewww 9 Y Ghare ang PO electrodeld. g £ s 27 ar e
connect edluateated ingtancédo ppplutthe eyniiod apliades do thegpifestive thres elegmerestl€d to t he
out put t eherihrad buiferannt hrevidbdlf fEe ciZputthétief esgctivhbuftit ROtrobpiilie first

buf f gy 27, whi ebpdcB6LlRSenk RRcErbfdsN®. Si gnal is inputted in to the second
buffer 27. The output of the second buffer 27 is inputted in to the third

buf fer Zfooggjjnsequent ly,

As shown in FIG. 9, the timing signal which the reference pulse generation unit
23 generates by use of the clock signal outputted from the clock generation unit 3 is
35  inputted into the delayed signal generation unit 26. In a similar manner as the
reference timing signal S5 illustrated in FIG. 6 (e), a signal having the low level only
during the time period having the same length as one period of the clock signal may
be used as the timing signal.

40 [0099]
The buffers 27 are connected such that the input terminal of one buffer 27 is
connected to the output terminal of another buffer 27. Therefore, the output of the
first buffer 27 which receives the timing signal is inputted in to the second buffer 27.
The output of the second buffer 27 is inputted in to the third buffer 27. Consequently,
45  the output of the upper buffer 27 in FIG. 10 (a) is equivalent to a signal passing
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45t he out put of the upper buffer 27 in FIG 10 (a) is equivalent to a
signal passing through the single buffer 27. The output of the m ddle
buffer 27 in FIG 10 (a) is equivalent to a signal passing through the two
buffers 27. The output of the [ower buffer 27 in FIG 10 (a) is equival ent
to a signal passing through the three buffers As a result, the out put
of the nidaeushdtie pawledutfes 2%”&%@%%@%@1%% b\yf{fero@ ipFGuBOEY 1S buf f er
27. The ogupaiendfto tlvnhbpwessinguhfoegh2ie tveo lodfeay 86 fThemutig of thelevenf t he

m ddl e bufdfer 22 Tn FEONSE@URRLaleAE €04 Sighgl Ja@sihB tisroG ot cli-ad hidfers 2he

out puts fXomldig Hﬁf&z‘?ﬁh& o%?hé&%lé’ﬂuf?&%%‘@é%fé&tﬂr@rh kile &?cﬁ‘c?t fehathpy as the

At orvi ) DB 27 R Bl 6160 wgr "y alf.dshyadn.rfm% « RendtheTRa 10"

(b) may pfkndpt e@PnSPWG’(“h]WsaCé? ipgyertbificon g atien ) e quingiipm gl ‘her ation unit
26 i ncl udedfepd ¥t showhng fherssib@antially segné reationt asrtie natpsuts:fmmesbe datat 0 each

ot her. Thaetchud $£slowalintFI¢e 5 ouh paibbthefeli Nnal s connected to capacitors O to
C3 having different capacitances. 15The term nal voltages of the respective
cgpa0|tor§h g to 1533 are applied to the rgispecti\éel el ectrodesI 10. Also with
adopt i ng conlg rat| i s possible to de a signa atine

di ff erence hé\}e &lweéﬁeﬁ%gerteﬁ%mwaf %F‘S% Fgf 18?95t% cl ock
signal . |he %dhp‘@dcohﬁhw@@m@mena the #ﬁlﬁgewlgmlgen@ﬁﬂt)lhenél?énatﬂufii@ del ayed

W t h an ipicradastfers31thaeingdpmdt tbahimalsafonhdgeCiapach diber.( Thetmffesy 31 Ther ef or e,

when the Haeb 3LipR tathiRils EdnrietiRd o %a’cfboxfsldlfﬂol(tmvmé‘dﬁ'f@%@ esfucit@ndedl | In a
vol t age “ng%qﬁﬁﬁmﬂ 50%&%@?%%6 r(%s]lpléaﬁve cgﬁactit%;&?% ﬁggket %g) leﬁ'fto e capacitor C
an e

falls, ere ca and
finally CRPERTHAIFTogB LD ag s oM BRORLRGTIT Grtesrathr & Sl
adopt i ng ienal brimtiue diffesance havimeithe lepeth shorterfhagy thet ef t i@e{lﬂ} ofhe j s
possi bl e clook sigmpl. i fly thikeordfigueatiidn, @dithingwf sis¢ ontheelgatl isalelayed lvgth an

conf i gur ahdreikeaARhOYHPAGItA S of tH¥GEapsGtdr (@1 &5 CP1. TBe®kHaeSvhdnxhadelptioh he

del aygd %'t‘@'i@c ereridklifled P be @ns"&'twaﬁ Hle Gcgﬂi %&P&% LPerS28uN f“iré’c FIG 10
(a) or z ectc%ﬁg on the rear

nece
S te of | {H A8y @Valtgge R e e e A
sel ect i ngh¢ prPagterer2 i Starfﬁ ly&heaﬁfmlw fgltesroldte straciior 3Gl of t he
del ayed signal generation unit 26 to the respective electrodes 10 by use of
t he sel edvioah signal SEL (see FIG 6). [0102] 35However, with regard to the

conf ixgur at i 0W1§h tlh thd @nﬁéuﬁtmﬁ@ﬁov@f?m Fﬁyrl@t('ap& ISI@)% (B)nltF;l) ﬁ)ssﬁo@e in
necessary to

g:: g\e“r dteo éral 0 éX ify P\e cir %n}t cgrtlﬁ%ura%ltﬁrgrﬁlatl‘f,‘e tfo &né ccfn(fi\gufaglonlegnplo;m%gihe AT T The
driver rraw%%tob?bv.%uiewwﬁ%pﬁ t9p del ag?(h%g%% SCRRRHQR Bt 25GEL BFe t he del ayed
si gnal geenftearitdm them in@IGWHS () PhETG 10/}, 8t idmerrssarytowrayidef dem

char act esélsttbrs25 dohthe 480mide &l thy dblhpgbsgid geheratippuhid6tio otdee tel ect rodes 10
in the | RERIESH scREGSES the[oQ&Q:ﬂf tﬁﬂhﬁﬁf%ﬁaiﬁmg RO v%&aéé%%f@lﬁh‘*&el@ie% used

‘fvdz electrod il ﬂSB;P se St%é‘&‘?é t8h 3 %BP' led to

for |nstr 915 }t{’g §t
the resp %}I@( 3 nr{%[ 11(a)
and (b), ot dr| ver s 28 for applying t he cont rol voltages
[0102]
35 However, with regard to the configuration shown in FIG. 5 or the configuration

shown in FIG. 10, in order to apply the control voltage to the electrode 10, it is
necessary to provide drivers for adjusting level shifts of voltages or impedance. The
driver may be provided on the input side or the output side of the delayed signal
generation unit 26. When the drivers do not show uniform characteristics, the

40  control voltages may be applied to the electrodes 10 in the incorrect order.

[0103]
For example, signals Sn and Sn+1 are used for instructing timings at which the
control voltages are applied to the respective adjacent electrodes 10. Further, as
45  shown in FIG. 11 (a) and (b), the paired drivers 28 for applying the control voltages
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respectively associated with the signals Sn and Sn+l to the el ectrodes 10
are provided. To prevent the control voltages frombeing applied to the
el ectrodes 10 in the incorrect order, a phase conparison unit 29 is

enpl oyed for neasuring a phase difference between outputs of the paired

drivers 28. In the configuratjon sho [ I (@), ba_timng adjustnent
unit 30 i ?S@%&VB&?@&S@W%& tihs ﬁlén{ﬁis’_\r%f?d’géﬁi}Bﬁ%@&é@%ﬁ&btﬁéﬁ?%ﬁt%dt he
respect i vEo Breverdrthe 2entae) vabiages fhase peinig epplicdsiatbelptfacsies dP it Hrednewresdnst ant .
[ 0104] | notdbe aqdnaké guniiatrisom unltl295% e@apkgled for Me@surldg 4 ahasetdifferehed ng

adj ust menbetWBéd Sutd s aEH HRNANEHBH28.0 ThepPemiikM R tionRUb®n &f Fidrer @), r ed

dri verss 28 uGARE LBULGH L QnAPR!Y LB, EORLLRlLKBL LAgER. diQoklle RAlYEM, adi acent
el ect rodes . e single se Co arl(sﬁo unr t IZI. onfig red to

i nstruct Pt eirﬁ*?H’f@t“éf‘di%ilﬁéetr fo ghitheenshg BeatretPhashd IFHERELN A ont r ast |
as shown in FIG 11 (b), the single timng adjustnment unit 30 may be
connect edloiedlany one of the inputs of the paired drivers 28 configured to

apply the L50afhé QnfigetdiABaRuiitaibien PRG.MAARBAGAM, Aj@akhadesidio |0 (his
ar r angement, o4 el 1 e Al ﬁ{;ﬁ’éé%&”t}fé%aﬁreﬁ%rfééfssz%nﬁé‘ﬁﬁﬂtm %%mc@)t of one

driver 28 a reference and, contr n,o ut, ti.m of e er driver
26 based SHUPhERERLraiE 2 APRrGr & PRACHY | TP ERE I eh RIS can be
facilitateyt 28pconfsyred to instiwpicthetiaing gAfistue AUl 39toRAiushtheirbasest (a) s
adopt ed, InventasteanshovarindfIG: hé (i thersipgdalfimsignativstornt gnid G0 asayt e

el ect r ode®niéktédStonRg@ns af the ifpiitsethe R dRivame28RANRIIed AR apill th9 1S
requifsed doReBl Aiades foWRe BHEPAESacdn? e PRLAARSTD: W {His AIQREMh:I B

confi gur atgﬁl%% hlPS\Qpn ItnunFi gbuél']éa(nbc)u’t tt ?m1nu 0, errle invetr%a;[ Ianll'e? eac%]aliln%it ment
units 30 1S YStaf rer t han the. nunber 0f the el ect] odes %y one.

Nor eover,co{lﬁé‘sﬁl‘?a?élép‘tt&ﬁﬁ’é‘tgioggﬁ AReE dupeeri28 brgilamy & teisTcevi ddeEi{PE one

out put . Aeediishegnt of theetimebicgubafdc8itatedn be sinplified. [0106]
30Alternatively, as shown in FIG 12, a configuration for adjusting the
phaseodi flbegsnce bet ween an output of the driver 28 and an input voltage

| nput t ed int ¥ elﬁetﬁg%ry ur;tgom“}ﬁeanIa\.Iipea?'J&{o ?e%cﬂleosfaxﬁengmglge'r\é?h% 28
associated wwth.the re ecr;@l ve eliactr&)de 16 1R thlnli conflggr%{al on, the
phase cortPaIESEHSIRrtt WalsHOAs he &Rt HYdE nerertaey e nfce et SEPRAL out put
vol t age SPUPRESUYNiEEI Bgreamided Werrpripatweoltpttte BEEamtast etith adaptingdhelr i ver
28. The phefigirebompshdwsoin K6 11 29, dentundles of the timimgrgjwesthnerst ursts 30uni t 30 so
as t @skegpallbetHanthathbeNasie dicdir8d &MeRyCaRst Ridkeovh) thb/PhaAecording to this
conf | guf 3bkBlisd\GriPIRRG AL PLHIEAILRNBED b i CUARMaiNL LGS H00f the
driver 28%thelqlp¢1t.v a e dr

const ant CHHEVARGH & Raam

. e ITnputted Into't rver 28 1s kept
8r'd&t of the outputs fromthe drivers 28 is
correct unless the order of the input voltages associated with the
respecti @108l ectrodes 10 is incorrect.

30 Alternatively, as shown in FIG. 12, a configuration for adjusting the phase
difference between an output of the driver 28 and an input voltage inputted into the
driver 28 may be provided for each of the drivers 28 associated with the respective
electrodes 10. In this configuration, the phase comparison unit 29 measures the
phase difference between the output voltage of the driver 28 and the input voltage

35  inputted into the driver 28. The phase comparison unit 29 controls the timing
adjustment unit 30 so as to keep the measured phase difference constant.

[0107]
According to this configuration, the phase difference between the output voltage
40  of the driver 28 and the input voltage inputted into the driver 28 is kept constant.
Therefore, the order of the outputs from the drivers 28 is correct unless the order of
the input voltages associated with the respective electrodes 10 is incorrect.

[0108]
45 With regard to a configuration where the area of the potential well 11 is
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[0108] 45Wth regard to a configuration where the area of the potenti al
well 11 is decreased with a | apse of tinme, an anount of the electric
charges per unit area is increased as the area of the potential well 11 is
decreased. Therefore, it is considered that an overflow of the electric
charges i |Ik€4é 510 occur, due to a diffusi fn ca aC|t I n. consideration of
this, “ﬁﬁ% Hhedapieaf titfe apiameuphe ectFiC G FBFBH@%&%% a

5decr eas eincygapdseasghe aresf oftthepgieniartwedl 1lvs|decredsedn ‘Bhefefore,ot jsreenedered

occur r encthaohn bheflowef tHheoemdfic theged ie tikelyto otvar das to 4 Aif8jonhApscityt he

fol I ow ngh%ﬁgla&ﬂa@l@n 0Pthid r1§1\é§ﬁ‘&ﬂeﬂgd ahnant enRfinidiealahigs brdisndehasiges can 10be
adopt eéd (iégr %%;ﬁé FI 85&8’512& wp}fgl H:}ne(gr\é to-grgje%t g?(:l%r{%%ee gf tﬂgwn to a

pr edet er m ne ent’l is relatively

| arge, an®°t'H& tﬁﬁeeﬁttrlﬁfr Ar8°¥i is incr eased up to a predeternined val ue
when the area of the potential well 11 is relatively small. 15[0110]

During thi®109lght projection period Tb, the control circuit 250 outputs the
five driving Thughb SollduinddperBBon 92 pravoaltiill a Wastelf Shos16@Fic cEMge@&ﬁﬁpl e, the

cont g dg%e&lfdabzed%ﬂlfmio&qgélagg?égﬁem § 70 AEL wﬁowe&%; 'Srrgf'nL erval
APl Sl it 26 BEG 31 P el e R FlaGre bgS a8 of

the drivifi§ ficr ease
t he predetflé? Fﬁtﬁ’@’él T reinerepard %tqaopqeﬁ%teﬂpwﬁdabwml@aébéﬁrﬁaﬁédh%| nme on the
basi s of notentidiweBrllo$ ralatredy erhalbut put of the driving signal. For exanple,
during the light projection period Th, the control circuit 250 may increase
the pedgpergyi ned time by the tine td each tine the nunber of tines of

out put of the, driv i S increa ti.al val ue of
Dutn h ggﬁegrogectéoqp?r P fth%ﬁ"e con)éro?cu'cmé/g'ﬁfI u%autsr}h k’

t he 25predetéerm Gelayed from
the driviHging gasals B Bd. Pﬁé)?praéeéilelflﬁbﬁé)a ¢ Ol(%a*nrt lp)the qopéral irging

si gnal D®50gnajenralpad the predeteemifred img(the timelinavpf theedrpriegisigealy med ti ne
(3 * td).acddréamteivitinthesiwgiitadr oPDBmies ofl@itpyted the arivinbeighal. vilagtisrgnals, D3 by
the pzroed%@ EdHtRE dirkdibB5d thay lﬁc%asem@pfiardbﬁémqlealtsm@lfelalve' % tHehANRAsf rom t he

driving g(ﬁ%érngge(i) meh)?l t E%QSE Sf r}ﬁl%ber TBikR sI_Bf &g%&t (§QE§ ﬁngl%%l Il &

simlar nner Sl%w T 250
may prol o ei‘?fﬁpa]ﬁ’r geti}’f%l ’ﬁ@gp{ ‘i‘ﬁé‘oi’ ﬁe’é@gﬁ’& A EFt ’r’fc‘flltlg HiBer of tinmes
of out putingpasetibe arqdwemgmsﬁdgwéﬁ by he thee hé eqaqhgtime pheopembiran timasiodd Td. [on
ii 351 n ouher oidredbivingsigngrie tessased bylene. e d8hagart inétidrvadueaff thdre pot enti al

wel | 281 wirédet@nliabemefis & iR, tht Reividg BN DAY ablapat Me@RhE bﬁvinlgrgigam of

PP aecor Bt A8 M er &9‘“%%%@‘% & tﬁ*‘eﬂlgﬁ Sl ffaP b8} OHE Al | 0 aron
the cont FEI e D4 yrige prciiess F%H“n g Siq The BrEng s @?aﬁ.pn shown i n
FIG 5, d$ata eéﬂvm sl B8 hydh PiP pipingd tirse g tdheThe driving

s1gnal Dl is delayed from the driving signal D2 by the predetermined time (5 * td).

30 Besides, in a similar manner as the light projection period Tb, the control circuit 250
may prolong the predetermined time in accordance with the number of times of
output of the driving signal in the no light projection period Td.

fo111]

35 In other words, in a process of decreasing the area of the potential well 11 with a
lapse of time, the time interval between the timings of applying the control voltages to
the respective electrodes 10 is increased in accordance with a decrease in the number
of the electrodes 10 to which the control voltages are applied. With regard to the
configuration shown in FIG. 5, such an operation can be realized by adjusting the

40  number of the NOT gates 22. With regard to the configuration shown in FIG. 8 (a),
the above operation can be realized by adjusting the number of the buffers 27. With
regard to the configuration shown in FIG. 8 (b), the above operation can be realized by
adjusting the capacitance of the capacitor.

45 [0112]
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40 nunber of the NOT gates 22. Wth regard to the configuration shown in
FIG 8 (a), the above operation can be realized by adjusting the nunber of
the buffers 27. Wth regard to the configuration shown in FIG 8 (b), the
above operation can be realized by adjusting the capacitance of the

capaci tor. 4%\0 12%0 . In 1tnge af or errentjﬁgned enbodi ment, an expl anation
is made to tHE 'BpBRETOHPLEPErHTerha™ FPROAHIDISdRIIIA tRRPPYALNUI i ng whi ch
t he | i ghtprefiding thg Lisbtipeogection pptied {imgg whigh thelighireguttingroeceahemithe no

| 'i ght pr oligatto ol ppegdtapadumidrige whilight pdogctiorgpdriceld urirignghis tlicCkght em ts no
light. Thenafins eneed 1 eRaY nel3hoe 14U EReH8YARnEAR-BEplel a6Hcd Bindhedevi ce
for. cal culahling @l A-3RGELRL ANABAEG S bBL Adddl hNR. LaLaSl, space from
an i nmage greate Y edlnaﬁglageenfent r-exa , ;lé |%F| emtting
source 1 FRRAPWPRRE Gieated by B ifagnepletieghd KU caamp e'nﬁtﬁh £ EBTght havi ng
a nodul at®yrient isdsivey with & medelgrigesizspde emibmddulheddizsht badnegiaoned

char ge- coupddatedentcogity ® ths edrgasspahe andahe afyrehavpntd 2harkercddpilal si t uati on,

i mges cr®&ai@ds adedldsth g8aghRE Ol RPN dinngist Stullibh alnapsLdelen At ﬂﬁﬁ!n%cshases in
the TRAU! BrlOflh /R o) AP p AL ALAGHY pHiSecdh hD DG ABISAENAR GBR, 8. cul ati on
of the dllﬁta#(%ﬁ} {0 LHe o })Ect 1;é)rlegerﬁ Ln the tgrglgt hﬁ% ce. Inthis

conf i gur at %o, ¥ PasssRerlss s P g agaR gf the dihrncedn dhe ohieth 89401 Wdhpi xel

val ues r epFeed éptengliclicimagetionsit anrassibly tgektain gdiptame image higpg exanpl e,
recei ved Hikglvaluentramssentiog calculesipbstansevabesi ti ons in a |ight receiving
surface of the imaging elenent 2 are varied with an intensity variation of
the modyhaigd 1ight. Wth nmeasuring an anount of received light at the

i mgi ng ele t 2 at, a tim chr.oni zed wi t.h the.nodul at light, it is
possi bi'e to oot s ot TSP HBR Ao s e i oIS risp e

01 1 er encuTBEL Yon IpRgE Ement 8 e YHRY BINY 2P SRRV PTG ERA at ed 1 ght .

Si nce t heneydatediight. | Viibh measurinkaroamotinted nenivgd dight athtdephagieedi f f er ence
can be cahresdtethttactihhe dyntierodizéd @ithribe modaladed git| it is pdreibll Btcaraité 0 t he
obj ea capige atetstREGespbRdiRkiteh tinl @it aRAG oL PR A GiitizAhdbE
measured B TRAN% AhadilRg Lok ( Niflk di ofodi Bl 1R MLGHGRLEL Ales
flight ti fre 8 y SE 0 L#g%t_e ‘tllfg avi ng q(%éfla‘{te

i nt ensi t 1€ PRASEATITRN (A BP SPRYRE TR T8 tl@ﬁﬁf"‘dﬁl‘?‘iﬁtﬁﬁf"sﬁ‘ et BYEPFC char ges
accunul atte#heehischgan becdl¢wdttied prloy keeafi tha disganasdo drecolienp i beimeasurhé hol di ng
regi on assondaatetithei TOF (Tiee30 bt welthsd (hichsatanlatgs fAight hienehdlightigy

el ectopodeis@aBmbiaRteaIRheHating h ehdiulABd idthesigl ectri c charges accumul at ed
during the no |ight projection period are supplied to the hol ding region

associ at ﬁ@ﬂ! th the electrodes (8) serving as the holding el ectrode and

then sto herein. Meanwhile, in an exanple of creating the distance

i mge, the elbtheraferepieniiorad wpbigiratiandde a%ecftriCrﬁhﬁg%ES@é@p@gﬁedduying

cor r espoilié hghttrgojevtomirand a36sywpdied doilrdoblding hedidreaswociatedtvath giegnal can be

di st B0 bueRdtrbdest(Nesei-GiaPas the/kolfiak dldagrod €8h Dilenabited Bateint @heehet her ei n.

[0115] FQlecfxAMRlcs 2MRGNILAG SR AL G61ibA OGNSR FerfodSi LR IEAl 1o YR T AL T On

of int en%lloltd¥ﬂg region associated with the electrodes (8) serving as the holding electrode and
then stored therein. Meanwhile, in an example of creating the distance image, the
electric charges accumulated at timings respectively corresponding to two phase

35  synchronized with the modulated signal can be distributed to the respective holding

regions and then stored therein.

[0115]
For example, when the modulated light shows a sinusoidal variation of intensity,
40  the target space is imaged at four different timings respectively corresponding to the
phases of 0, 90, 180, and 270 degree in the modulated signal. In this example, the
distance to the object can be calculated from the images created at the four different
timings. With using the aforementioned charge-coupled device as the imaging
element 2, two sets of the electric charges accumulated at two difference timings of
45  the four different timings can be stored in the respective holding regions. For
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40t he target space is imaged at four different timngs respectively
corresponding to the phases of 0, 90, 180, and 270 degree in the nodul ated
signal. In this exanple, the distance to the object can be cal cul ated from
the imges created at the four different timngs. Wth using the

af orenmenti oned char ge-coupl ed device as the inmaging elenent 2, two sets of
the el ect$REPshahydectas chigPateqeatnpipteddhreughaniacass A sjaredgte thsepen f our
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infornmati.on I nc es, In.a S|p1 [ na ngr as the.device conhl ur e
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e

di stance | ] L g ntione odr nmen e applied
vol t age dBREPation PR the distanre IPA r ef erence timi ng signal created in
synchroni zation with the clock signal in order to produce the contro
vol tage dppi7ied to the el ectrode. Alternatively, the applied voltage

cont gl uni t 1pHBYodGeA¥ohdtfe b RAGKerst) BRAlppliBd QSIS cbRtrBI QHYS BelhhStHeoNt 1 Ol
vol tage. r:e3 ert{n(c):él' g‘iérg({in signal'zc%atea( & yln%h ot taFiorq %“%y haQ otcfggi %Lﬁ%l%rgérgcgal by use
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30
[0118]
For example, with delaying the clock signal by use of a delay element to generate
plural delayed clock signals associated with different delay time and then inputting
the clock signal and the delayed clock signals into respective different signal
35  generation units, it is possible to generate signals respectively equivalent to the
rectangular wave signals S5 to S8. The signal generation unit includes a counter
and a signal generation circuit, for example. The signal generation circuit
determines, based on an output from the counter, a period during which an output of
the signal generation unit has a high level and a period during which the output of
40  the signal generation unit has a low level. According to this configuration, the
rectangular wave signal outputted from the signal generation unit is delayed by only
delay time given by a clock of the delay element. Therefore, it is possible to generate
the signals respectively equivalent to the aforementioned rectangular wave signals S6
to S8.
45
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35generation units, it is possible to generate signals respectively

equi val ent to the rectangul ar wave signals S5 to S8. The signal generation
unit includes a counter and a signal generation circuit, for exanple. The
signal generation circuit determ nes, based on an output fromthe counter,

a period Purlng whi ch an out put of the signal generation unit has a high
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45driving signal defined by the driving signal associated with the other of
the adjacent transfer electrodes 10 so as to adjust the phase difference
between the first driving signal and the second driving signal to the val ue
corresponding to the predeterm ned time shorter than the period of the
clock signal. 5 According.to the dri ng device 0 he present
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decr easi ng t HEeLw{@s, B transfesoeend phaledhs Fhaygespithia the C%ﬁwmﬁe# he del ayed
control \sivicagesbe sharfraed ediheut shoeteainsrithe pdesd althe glodesgenaldi ng order of the
di stance fromthe holding electrode. In other words, the charge-coupl ed
devi og i ngisgjes the 30hol di ng el ectrode 10 positioned on/over the

Sk e ooy LAPRHL I} AR BB R AERPL ARt Bl PEPRETIERIENEET ! &V
o b vl d“q O“Eﬁ“

t he nti
eI ectric C8’P| ?‘tfé%‘o‘f Hstb’é"rcf’%%g‘ﬁ tl?‘hé %Fe’(?ﬁgé u rm% I ect r ode

10 is poé@dl@&ml(ald@abeldtngttbep etrg:eceemseﬂ I@thetMIqeufwaifontlheerthBaﬁsfer

el ect r odgsxtafosetl he thealldiah gleetredtsriod eIriLﬁiddleoxarthaag;dcbdaﬂitageemntﬁod)uhh6
transztser @b&ﬁfrgnmeto%&ﬁ@%me cll8BicARPIg S HcMBlLIAGE t1IBQ0EK He pBEdss 6f | S confi gured
in th %R%/E\Egnﬁ\e%[nhb%l%ﬁﬁ s t%‘%(% e éé%ﬁze\é AP&@ t3RL 16% % ﬁo'i'cﬁn ransf er
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based on ftonethel ledding elgniabdes 0 Imstheo wiordsn sfeethatrgrecosb kdtdevice ofthrdgeshel2 t o t he
40hol3di n@oldegd @Bctrddd14ositiehtde/ovelriBe BlebtyicAlly Heuia¢Rgdyel-he far esent
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(1011) use“ﬂ 10 "M hg T hol ?Phgl? &1 ons g Fcﬁ%g"t &
electrode 10 1s p0s1t10ned adjacent to the second end of the line of the transfer
electrodes 10 (the holding electrode 10 is arranged adjacent to the transfer electrode
35  10B). The applied voltage control unit 5 is configured to, in the transfer process,
switch the voltage applied to the transfer electrode 10 from the control voltage to the
reference voltage in order from the first end to the second end of the line of the
transfer electrodes 10 (in order from the transfer electrode 10F to the transfer
electrode 10B) based on the clock signal so as to transfer the electric charges 12 to the
40 holding region.

[0124]
Further, the driving device of the present embodiment can employ the following
configuration. In this configuration, the first holding electrode 10 (10A) and the
45  second holding electrode 10 (10H) used for forming the holding regions for holding the
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el ectric charges within the device formation |ayer 13 are juxtaposed to the
plural electrodes 10 (10B to 10G such that the el ectrodes 10 (10B to 10QG

are positioned between the first holding el ectrode 10 (10A) and the second
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apply the con ages aneously when the
state is svmtched from45the state of hoI di ng the el ectrlc charges in the
hol di ng @@ﬁ nto the state of accunulating electric charges. In other
wor dg9 t he citwnitthed irciheativin2didef clong degrit @thbodingdhit Udt appliadesltake t he

driving sd@naksit® MeNdéiQy tRELMESRRE hp Yink A 8difFol SbRELL B bOhdchive
electrodes 10 by time shorter than the period of the clock signal in the process of
transferring the accumulated electric charges 12 to the holding region, and apply the
control voltages to the electrodes 10 simultaneously when the state is switched from
45  the state of holding the electric charges in the holding region to the state of
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the first value sinmultaneously in response to conpletion of the transfer
process. 5[ 0126] Further, in the driving device of the present

enbodi ment, the applied voltage control unit 5 nay keep the tinme interval
between the tinm ngs of applying the control voltages to the respective

el ectrodes 10 constant. In other words, the control circuit is conflgured
to keep tHM&UpMEdmESlarHeehareqre I:rb?réltefamrqsrfrl@§ﬁ%fé9h%u6f259ﬁ%0%ﬁ

10ti mes oddjositvaltesof thettriving sigmygs givgnad the[ 104 2liveiiransimatlpateddes 10 to t he
driving dewsifiiet eflud fieuaasaily @nadinsE it conpliot@f tietra@dféCitbtes 50 may be
confi gured to, in the process of decreasing the area of the potential 15
wel | 0tlgea | apse of tinme by decreasing the nunber of the el ectrodes 10
recei VI ngt €] control valtages, increase the time interval of the timngs
of applying titethesnnthe dwntgai@we plothepeeseak prabedivents thicirdigd yoligee n

accor dancengyiot hni4 Sdewr leeap ¢hé fimehatenatiberwesh thhimengsctf poplesigitbe cegedlvi ng t he
control valltagge®.thé Respbdibe el2trd8es Ih@net@ant.r dh othdrGbirils, 2ZbOcdnsrot einddigur ed to

prol ong tlfa%omgﬁ:ﬂ@& é%)rl{@eﬁ'%ﬁ’e ﬁﬂea&e%u{emln@@@n&a@t i S e WERR EnOf u gL Jres  of

out puf, h rLvin Further, in the driving device of
t he prese I%l gnf‘gu ur%eogfﬁﬁe mn %gl ed vol tage control unit 5 may include the

pl ural deI a eI enents. Each of the delay elenents is 25 configured to del ay
an input It hen out put the delayed i nput. One del ay el enent has an out put
term nal conmétetrmme@,amtﬁermuﬁng éevitendlthopreanateheod thedndythelcemesit . Any one
of the inpkug 20 Iﬁatyeoeck%hﬁyu@aemmﬁe h1® Y BENBRIsZRANWLE dthiBe FdteRifalST gnal .

The appl 1,64, YPLVEtﬁgxelaﬁé%rl}frt aécr%% qoils %Hﬁ’)ﬁr bt Q%gtrf)&érs 196baYIiRg the

referencetlmn t|ve el ay

i rui t 5. F EOUFREP BT d@cr% RN T i i i
circuit 2P tag?ﬁé%bﬁtﬁﬁ?%ﬁﬁ%@ﬁﬁcﬁ"ﬁd‘@l Wcigiaccories &vitohpesreasean tha 1ymhe  and t he
driving snfg]nmdalquqdes a0 rgmiving theiconi2éllvoltibes. d&h athec wpolsi theZonirgl doniti gur ed
t o gener &5 it bnfighitbdatd plrdlBhdgheSredbsnided ayrRbnlye bhds pf hdeuaibat bed ti ne.
The %”Chﬁxﬁég&%hl;ﬁfﬂo?l;}{e%\hn%?ighél. configured to synchronize one of the
plural timng signals witht clock signal. The driving signal generation
circuit 3[51 is 35 configured to generate the driving signals for the
respecti @138l ansfer el ectrodes 10 based on the plural timng signals. The
del ay ci r cui tupthei,nutheldgvinhdeyptaridhe dedsayt ahleatement, (INGPpgad ealt{22)

connect edostrolcidiad hay ifcdade el pyratHeaR Bleniests OMakly uf thd deiyd@dnddntaissi gnal

i nputgdsed Byn B&E@&Ela;ﬁ éﬁ%p%@%@%e%ﬂutﬁnh%h@ %%M!y&@ﬁltpu§' amal delék%l@x%@x?ﬂ

Further, ;in_the drivin e plied

vol tage ChOI’lt I;lé)f.ltput t% nggaldconnec%f(?z ant 1];'188{ ﬁarmmal opg)no(%hergd;ti el% %atpand t he
timng a nySPsehthe Rpyts A HEREN S IR PAICT EBre Aifh ¥ élﬁ’i‘fi}gur ed to
measur e tlthe aphhekvaliage evrtralanifeh daterminhe timongsrfor delayipg flessredgyphdeed to t he

respect i tBniadjsanehtbyalse of thedespdtd of ﬂffeaereékfebnm tdaadpastsnmeht other o3, i S
conf izgur @Fe tshtAlkidlit EARinkiuAbSeheQfel it Be @ﬁ@ﬁ%nﬁﬁ]ﬁ‘on fculih@ns@nt r ol
vol t ages §8891§sotn 6598, %ﬁth@*ﬁﬁ% ‘h% x‘ia‘% H&%m‘&ﬁ’ @E&QPEM %@h@%& ﬁg&@s the

control ¢Lr i ncludes t rr]EaI timng
adj ust mertt ‘BFiRTEREd B genPRlhe %ghS‘% im y‘? yc fprﬁ‘g}f‘;’erémfl% measur e
the phaséingfi-f fléesrpdroniraiianreitcne 16iip senfighred fogyashyaaire prnel tae PTG si gnal
associ at edning stgndbrvatiofhet diekaiinat e rithetdravinsg gnalgeo¢mbtide sirdf} 28hs t he second
drivisRg sogaired to@n6lfaty tHXH 1S G5 dlknAS $QGha ke ettiviet rdhigereldieiod 10 he

adj acent pt Eansf §E pﬁlrﬁ%&‘?&esi MEOR ’ﬂiﬁedefle{ﬂlﬁgltaﬂl 1H§15&'«§‘srlfh 'ﬂﬂh&l 89af S

configure ng signal

Cou t pa” hoaleRe MO bt 22 canaecgef ¢ §Cuéaf§vna| AR SRRy sl §H§§léfe§"°%ference
i s i dent feay arsienah ipytied &y cpnitaritivg rod outpat the resultant signa

40  [0129]

Further, in the driving device of the present embodiment, the applied voltage
control unit 5 may include the phase comparison unit 29 and the timing adjustment
unit 30. The phase comparison unit 29 is configured to measure the phase difference
between the control voltages applied to the respective adjacent electrodes 10. The

45  timing adjustment unit 30 is configured to adjust the timing of applying at least one

_34_



[ 0130] The spatial information detecting device using the driving
devi ce of the present enbodi nent includes the |[ight emtting source 1, the
i mgi ng device, and the processing device. The light emtting source 1 is
configured to emt light to the 15 target space. The imaging device
includes the imaging elenment 2. The imaging element 2 i ncI udes the

char ge- co?fﬁh%ﬁpndré\}r'gléageﬁsq\m trkeen dhqpplass diffarence coprianty o Inpidenrerifged on
(over) t hiesomtfrelearcoit 260 eénciieles clee plorsamomparidoayerit 2Banvhithe tohing

sem condugdj@tmeatltnit 0.C OTHd gHHsE dorhPari BB IRt ADeis barifBRe SPABsuldhepr OCESSI NQ

devi ce i %}&%Qﬁifﬂ%&g bERveQQTtﬁ‘é Ard 'a%vid”gfs‘i’éd?i%hg'an@fngts?&aﬁ Qé&&%mﬁ%‘%}? Wi th
refereSnceto tting

source€ 1 and acelelggran%ar %];/gﬁf%dgs lﬁg %e(%?? gdrmﬂff S E&nglﬁ Y'®devi ce

i ncl udes T#R2 6?%0953‘#‘@* Wl theotbpned taaﬁ%lac% wmsies e?ﬁ@°‘?“1§d@§ he| é‘ﬁ*é‘ﬁt 2. The
drivi ng deliigmehtsnia 30 inonfignredfto edimst @l lbasigne hiethp pheswt ¢fdhe fuedtldriverened i n
the devi cogddbrthophdsayihekdcdnd drBspodigealtsactaghak yhayghadsbaifeasiceas vol t age

to the elgeteQde @ ﬁ&ie%n;lge(y;ﬁ@g er the electric charges within the
25devj,ce formation layer 13. The driving device includes the clock

generatl 2[8 :%Jrilt 3 configured to generate the clock signal, and the applied
vol t age A4 unit 5 configured to vary the area of the potential well
with regard tlbeasrpianelopantart ddtectingtdemics ysingdhe dfivingsleviey picide fooesent i on

| ayer 13 dmybodondrtahdludeg thbéight ermitisg adurvdl,che ihesispatvial, andtheages are

appl i ed tioddd@ng SARST THE 128E A68Ahe ShEES | AIRRALO-AT0 Lhe 16hees frdes 10. The
30 appl i &g, e%ﬁaacge ”P}?é“lta{a {1 %i vﬁw%dlﬁdé&‘%ﬁ& i&%ﬁﬁ%&eg% ayTﬁeﬁ%a%i k signal

or theree e ti rat.e ont z t he cl ock
oignal s& %&%?1@ Hgésat?% SORIPD A e Betrotes Toracent

el ect r odedrazed g Qi’lef )itk ewtfacej ofthrydevicprfermatipg lpyprddvmrdegdeween the control
vol t ages sapplondacton ahéh e @dfigeedtto ehegt the deget pasel diteguodessibgdehiariser t han
the peri @dn@furbded HtQGKIS igBdhatichoftRd Bklet space With 84 BRMH WY dfslatidie

af or egEntjpned 1&@%&%& ﬂ&grtf{@h%mn%&gcgau% AEYd fignd AGHAGS ttth i ght

emtting.sour sin evi The |ight
o 1 ng ERPEAeTEe o dbhra e evwé%rﬁ“fluﬂ?s e 5 EVRR PR, e

i magi ng d&veche imEnglamegus- edT}tedirrVé%%ii%cq At fupstem of ﬁ@ntf%%}lg%iﬂ espace The
processi mgta¢ini well fgmednf lt}ga.ldeey@betfmrnwemﬂeyetrﬁé inméspopst foouppbiing the t ar get
space basegtréinvolthge foethakleottode1oneeds tohearsieghhe lbttiicetafgeoWithiettel ght

em tng d%?l‘éé ﬁﬁm%h@ﬁ'@ay@f“%l 'ﬂﬁtdrﬁﬁﬁ§ﬂé/\§& 19Muaglseth'e TEﬁ)gk Sn BN £ Enit 3he | Magi ng
devi ce incl e generation unit

and t he C?I fu%lre%EoLl%[tlexc'fl glchegclofclk Sﬁ,'natl aﬁld tﬂﬁ 6})@;%%0 $%e con%i'o i 5%45conf i qur ed
to gener SPRIBECHIOFY L 2eRe @eé)eferqt@ B regay fé? ABs rRyallel tordbensi ty of
t he | i ghtsutfpeemfthedevacedermatiaclayerTiebyctvatngBingdhp tiedngieati wleich sheceontiohur ed t o
transfer vbh@eeIae@hpsplred(ma}ﬁeg&smgﬁmea&;hedltb}ectrb@sch)acrfghae gectesdatilon Dind t . The

i magisng ebek olt% b SorfrdPLRit SR A6n HRASP o deﬁa%“h%%ﬁﬁ?'s%nalﬂl&h@ haegercoupl ed

devi ce | 2y 1H§ engga%éi*ﬁ; %E%Mzgpoxll @Vgt%lrth%%loclg Ql s%ca%rtb %allerXte tﬂgm ating
of

| ayer 14, g n conduct or
| ayer 13°9%T Elge\ﬁnapﬁ RhigUPP AfEgen eétré?ﬁ‘ésc%t t&‘& t ‘Ve‘?trfé‘mn&ﬁ n q%gér 14 is

formed ofrtevel betiieen dif coptialiealnees aprdied £g theprdjagenhelegrodeids taleptrd

el ect r odbs si@tirghposhd parivacdf ol dudrsigivd. el ectrically insulating layer 14
for germng the potential well within the sem conductor layer 13. The
processi ngsq9¢ VI ce includes the drivi ng deV| ce for controlli ng t he

char ge- coupl evi Cﬁl K trfansfetr 10t h e ftl‘lf p gtn % gted by
t he charg}ﬁa gé1 at Vo Sun® /O THe aes Sﬁa YRR FUGES ] e i BER®
gener at i ttensttgwowré Lol MIW%"&@eﬂ bhemngpeesting %Vlcerhé"he lighk

gener at i emitgmgtso@rce 4 ig omffiggradgd etot bghtpathd taegaispate. siTyaahagithdedppl i ed

vol t age eidhfighretdnd tecbive tight Guimate targpeiphod. MM rédeading asvigriocess of

sw t chi ”go&fig’éréﬁodotc?&%e afé%&"o%’lahgn foh@hettﬁf’g%% Eglce %h%tcfnot@k@ rd3tibh BBRIBE control

P! s PRAREBL DR ROYEH Ll ) dad PR AT SE R b o0 Lo

elimnatin g t he second
end (t helPAERE ffcee) dbE IBABNE AEVELIERECT FheHETemelent c?d‘é‘dl‘éB)g ¢ t he

charge generation unit and the charge-coupled device. The charge generation unit is
45  configured to generate an amount of the electric charges corresponding to intensity of
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line of the transfer electrodes 10 based on the clock signal. The applied
vol tage control unit 5 includes the control circuit 250 and the driving
circuit 280. The control circuit 250 is configured to create the driving
signal defined as the binary signal 20having the first value and the second
val ue for each transfer electrode 10 and output the created driving signal.
The dri vihg lieht &am the gorepssnagnf .%rcéaraecyouﬂﬁgﬁe‘ﬂ%é.C%frgglr%@ tyRRsfEmg

si gnal , afhelelectrirechaogesrgeheratddt tagde thanghgenaratigf enitel Botinpgengldemestdti at ed
with the kao@lDedagh devibdrQfozieginapleWnEhe tihecd-anplodedvids indlwigs sShgdakicehas t he

first val fdﬁnaﬁ&ﬂl &pisy tﬂé@e&ﬁﬁaﬁ AERlaYAL 1RYL 14, %nﬁQﬁe M@B‘fstfh@rtra‘%ﬂsﬁ‘ft rode 10
assom5at W t h Srece i ng, S e re%%l ved driving

si gnal Ctt]f;?desecon © Sefmcong"ﬁ?or fagelct rar dg??dcw%%? 1%16r1| & confi gured to, in
the tr ans‘f gqtrigpllydpedlatipglayer Lhis fegeghrp/arer thegrusogdustongrehbd bhbet he
driving slinprdithatreosfentledrades A0 onposgioneth en/avirdbe alectrically fremlagingdayesdes 10
from t he 14 fosforahing/iha@osdn@iadivell fiihie ehdye ndikvaddétoy lafgr 53.9MTle pas@edhat ed Wit h
the ot herg®fcetift@uaditas emmgrd@aéé B csxllt%mﬁg@&eeschwge%ua@dtd@w@éiw&angf&e phase

30di ff0er ec?.%%le@&gc%gp%%gé bh r§1£edqor It\{x ga? n&rafao urtu’c ’EI\ r1v1ni“ev\{l 419 si gnal
o

tothe va corre g erm.ne The s H‘é‘?
period of"f flHdexihg cloce BORFA tm b‘ilé ans&é PRASY vPtageenEs RGP | Thorias | on
det ect i nggegexation un@th%lsgzplaﬁgtqu tQﬁ%P%‘t}IPG}?C@%é@]ecffhﬁgpﬂm wHagenerat es the
control wohtragest applfigaded © Helforadhacentfeepeetssofiesitdting tie witager ent

timngs ypie@isthefird@fa¥lddgodden fbhGke %érﬁﬁﬁ'vo@ﬁgetfbﬁfo&ﬁir%’ 818 G8telnkil NY

2;)2??1; g%fﬁttﬁgf%%gg{gﬁ{a%@f& th'nﬂﬂat\{\ﬁg:]ﬁletpagen@ ﬁ&rgll roﬁlutrh % def 25 of
the cont rBf %‘fﬁ%n R L I e ré’??@hﬁp?&{’ﬁe ol ock
si gnal . thretpnsfer glectyogdes 40 pasedjop|the tlocktigpalenThherrliefwolidgech it t akes

for novi Wgntrhlelret 8aotchudes d;lhmrog@sﬂ tiront 250 mplothe drivalg ovehit 286r Ntk @wmérl t he
regi on asHegit26e6k iwhfifuled@o Pledtedthe Aritig HELS dbOndde thObENALY signiel | over the
regi o a@ﬁ@ﬁig%gﬁrwvfametm the Welon 8L ERE rf&%%h tx[a%éﬁleleééﬂbeﬂﬁixﬁfcﬁzt fihe

transfer ,period.of.electri 1€ alh deV| ce can
be shortetfr)%e V\A%td h%wtm%?'} en?ﬁ lg}ﬁmg Clrcull“ gséﬁs “h 1gur?§(t: uglgn reCfmmgCLAl MS 1.

A drivi nghadyyieg siegel eaﬂltYrtéP £$ &laO%%%?rf@éh% Haﬁﬁféaelamd@ewta@sw%%f er
el ect ri c witlathyasseiBdlalrivieheisgd-vwonghe dedov deivowmgriad hagthe fsenidoaduct or
| ayer doped applylthe mgfbifeintd @dtagao eeaeindf@adlécyroda 30 laadociaged wiyRthd or med
on/ OvEr srédegvea%mvﬁ%gﬁl Wheh@ﬂ@f‘eceﬁ*@&l dﬁving@?gngi h&J ﬁl@%fe&)rnd%laﬁfet r ?93 S
posi ti Onl%gntg c r\égﬁc 2?)61 18 cogggured to, 1n (jjl¥e trans F roc eéay the seconﬁ dr1v1
potentia signa (gle ine by the riving mgna? assomated W16§/one ofaﬂe adjacent transfer
electrodes 10 from the first driving signal defined by the driving signal associated
with the other of the adjacent transfer electrodes 10 so as to adjust the phase
30  difference between the first driving signal and the second driving signal to the value

corresponding to the predetermined time shorter than the period of the clock signal.

[0132]
According to the spatial information detecting device, the spatial information
35  detecting device generates the control voltages applied to the adjacent electrodes at
the different timings by means of delaying the clock signal or the reference timing
signal generated in synchronization with the clock signal. Further, the spatial
information detecting device shortens the time defining a delay of the control voltage
applied to each electrode than the period of the clock signal. Consequently, it is
40  possible to shorten the time which it takes for moving the electric charges from the
potential well formed over the region associated with the plural electrodes to the
potential well over the region associated with the fewer electrodes.

[0133]
45 Therefore, the transfer period of electric charges within the charge-coupled
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said driving device conprising: 10a clock generation unit configured to
out put a clock signal; and an applied voltage control unit configured to
performa transfer process of switching a voltage applied to said transfer
el ectrode froma control voltage for formng the potential well to a
reference voltage for elimnating the potent| al n . order froma first
end to a %eé(tcér‘fﬂné?\@h‘lﬁef’teﬁé"lﬂ}oﬁés}%f?ffteé‘éli‘%th@rpﬁﬁg@ éffthélclé’éifﬁ’ﬁaé]s based on 15t he
cl ock signal, wherein said applied voltage control unit conprises: a
control circuit configured to create a driving signal defined as a binary
signal having a first value and a second value for each transfer el ectrode
and output the created driving signal; and 20a driving circuit configured
to, upon receiving the driving signal, apply the control voltage to said
transfer el ectrode associated with the received driving signal when the
recei ved driving signal has the first value, and apply the reference
voltage to said transfer el ectrode associated with the received driving

si gnal when the received driving signal has the second val ue, and 25said
control circuit is configured to, in the transfer process, delay a second
driving signal defined by said driving signal associated with one of said
adj acent transfer electrodes froma first driving signal defined by said
driving signal associated with the other of said adjacent transfer

el ectrodes so as to adjust a phase difference between said first driving
signal and said second driving signal to a val ue 30corresponding to
predeterm ned tine shorter than a period of said clock signal. 2. A driving
device as set forth in claiml, wherein sai d charge-coupl ed device
conprises a holding el ectrode positioned on/over said electrically
insulating layer for generating, in said sem conductor |ayer, a potenti al
35wel | serving as a holding region for holding electric charges transferred
by said driving device, and said holding electrode is positioned

adj acent to the second end of the |line of said transfer el ectrodes, and
said applied voltage control unit is configured to, in the transfer
process, switch 40the voltage applied to said transfer electrode fromthe
control voltage to the reference voltage in order fromthe first end to the
second end of the line of said transfer el ectrodes based on the clock
signal so as to transfer the electric charges to said holding region. 3.
A driving device as set forth in claiml, wherein sai d charge-coupl ed
devi ce conprises first and second hol di ng el ectrodes positioned on/over
said electrically insulating | ayer for generating, in said sem conductor

| ayer, potential wells each serving as a holding region for holding

S5el ectric charges transferred by said driving device, and
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said first holding electrode is positioned adjacent to the second end of
the line of said transfer el ectrodes, and sai d second hol di ng

el ectrode is positioned adjacent to the first end of the line of said
transfer electrodes, and 10the transfer process conprises a first transfer
process and a second transfer process, and sai d applied voltage

control unit is configured to, in t@EAmgg transfer process, swtch the
voltage applied to said transfer electrode fromthe control voltage to the
reference voltage in order fromthe first end to the second end of the |ine
of said 15transfer el ectrodes based on the clock signal so as to transfer

the el ect { | £a80E 9851 B SALLINIRL SR L8G90 $Q5LSS 9&%"%9?1&&@%%59 ok I st
hol di ng e 'ecflro(rj1 , and Sar d apﬁFi ed Vol t ge ontrol unit sy

conf | gﬁred t 5219 shargrecoupledlgvics spapraring p seaienducigriayerdpred Bithage appl i ed
to said tiyamsites, &l dettriceldy nswlating dayeo frmetl oploveragd seanicdraluctef davence

vol t age idandod Hes of ti-omsférhde csi®d engbséitthell onfohe daid dectendlyoihstilaeng layer of sai d
20t r ansf efor @)rB6id S nhASEL] ARhINRIE Ko RIugRR 3P a8a t0 transfer the

electric charsgﬁzdrg‘gﬂgg%&g%hc%l%irﬂgﬁr: egi on cor responding to said second
: ri e

holdi{bg el ec v vice as set forth in claim2 or 3,

tr : n
wher ef'’h ac Ocis%afl%r%esﬂflpmcogﬁ%ﬁ o qWPRhFiPguT et %dj ust val ues of
sai d drivi ng a%iagrbed veJtage sortgolamdisgog igesp de perfarm ¢ Aeapler pedcesstofodes to the
first valavetchingd vdtegoeusplyed to snelspande diatwdailoet 4 comtofl volbegetfpanst er
process. fobmind tHE bileAHald@dll fea RSerSBde Vol ol BliAMAtRREhObotehBhellid O 4,
wher ei n sghd £ARGLMAL: Gld ©H decdi &%’Uf'tﬁwfﬁ@oﬁsgimgﬁsféme&foﬁ §B§Jeg‘o ed time
const%ntt;gkgégspecﬁlve of the number of times of output of sai riving
si gnal’. . PBUThg device as set forth in any one of claims 1 to 4,
wher ei n weherein spiftarglied voltage contgol B SoFWrises't o prol ong the
pr edet er m ned coiirel @rpuitlrenimeed tofrestioar drivihesignd! deflimed apd boutrpsignaf sai d
driving Siagihd a fidh valtie afd ArdevdndgatieVioe eachratiferfeldctiddé Andbytpaneheof clains 1
to 6, wheLgjhd §attleGRLEQhaCl recuit conpri ses: a delay circuit
conf i gur ed 1 Q AENE B1&:PhHEAlrel L3y SLANAL S Gk Ay etk byt i, predet er mi ned
time;” 40a synchromi zati ol crycuit gonflgur }E yﬁ%%?oniigione of said
plural t icﬁP%ﬁl ‘ﬁlt@ﬁ%FQsS%#) traneay Eile‘i,tlr?ﬁ?l@s%‘?c@ar‘ié‘i wit ﬁge received driving signal

when the received driving signal has the first value, and apply the reference voltage
to said transfer electrode associated with the received driving signal when the
received driving signal has the second value, and

25 said control circuit is configured to, in the transfer process, delay a second
driving signal defined by said driving signal associated with one of said adjacent
transfer electrodes from a first driving signal defined by said driving signal associated
with the other of said adjacent transfer electrodes so as to adjust a phase difference
between said first driving signal and said second driving signal to a value

30 corresponding to predetermined time shorter than a period of said clock signal.

2. A driving device as set forth in claim 1, wherein
said charge-coupled device comprises a holding electrode positioned on/over said
electrically insulating layer for generating, in said semiconductor layer, a potential
35  well serving as a holding region for holding electric charges transferred by said
driving device, and
said holding electrode is positioned adjacent to the second end of the line of said
transfer electrodes, and
said applied voltage control unit is configured to, in the transfer process, switch
40  the voltage applied to said transfer electrode from the control voltage to the reference
voltage in order from the first end to the second end of the line of said transfer
electrodes based on the clock signal so as to transfer the electric charges to said
holding region.
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a driving signal generation circuit configured to generate said driving
signals for said respective transfer el ectrodes based on said plural timng
signals, and said delay circuit conprises plural delay el enents connected
circularly, and 45each delay elenent is configured to delay a signal

i nputted by constant tinme and output the resultant signal. 8. A driving
devi ce as3-delriYige dpviphassey fateingflaig hivvierding o 6, wherein said control
circuit conprsa@eélarg’eacophhddemwmmpmaﬁmtiatnd(smvhﬂgmkdéng tlectngl@sur e a phase
di ff er encgoshemueenvosai did dle@ticAdly ivibngtiss Biyat foagensaiifly, Se6g@d driving
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switch the voltage applied to said transfer electrode from the control voltage to the

reference voltage in order from the second end to the first end of the line of said
20  transfer electrodes based on the clock signal so as to transfer the electric charges to
said holding region corresponding to said second holding electrode.

4. A driving device as set forth in claim 2 or 3, wherein
said control circuit is configured to adjust values of said driving signals given to
25  said respective transfer electrodes to the first value simultaneously in response to
completion of the transfer process.

5. A driving device as set forth in any one of claims 1 to 4, wherein
said control circuit is configured to keep the predetermined time constant
30  irrespective of the number of times of output of said driving signal.

6. A driving device as set forth in any one of claims 1 to 4, wherein
said control circuit is configured to prolong the predetermined time on the basis
of the number of times of output of said driving signal.
3b
7. A driving device as set forth in any one of claims 1 to 6, wherein
said control circuit comprises:
a delay circuit configured to generate plural timing signals delayed by the
predetermined time;
40 a synchronization circuit configured to synchronize one of said plural timing
signals with said clock signal; and
a driving signal generation circuit configured to generate said driving signals for
said respective transfer electrodes based on said plural timing signals, and
said delay circuit comprises plural delay elements connected circularly, and
45 each delay element is configured to delay a signal inputted by constant time and
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for formng a potential well within said sem conductor |ayer, and sai d
processi ng device conprises a driving device for controlling said

char ge-coupl ed device to transfer the electric charges generated by said
charge generation unit, and 30said driving device conprising: a clock
generation unit configured to output a clock signal; and an applied
vol t age cOHPrioihegpsHta@dmigPgured to performa transfer process of sw tching
a voltage applied to said transfer electrode froma control voltage for
form ng ther peviapidedbe ddckt fdreh th 481 Gl cRIMOL t@gevieEinel | M nating the
potential well;d R,38PGHRE: ohiQMsds:first end to a second end of the line of
sai d H;ansfer q{ectrodes basqg og thﬁ cl ock si%%al,dﬁhereig sai d agplied
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second val ue af tonirgachustmantsist calfgotedddedast ablepgisme ohe ph@erdatiddindt i vi ng
si gnal ; adiving signaldandrd phadg ofédid ldcond 0FifingWigad] s izh tHROIhe phasd diiffagenthe
driving sigi@kicaPBRI preddirsiabd (o Vol tage to said transfer el ectrode

assoc#ated with the received driving signal when the received driving
si gnal” has the f'r%t val ue, and apply the reference voltage to said
transfer %IAeﬂaF‘Sij’él FERbop Jetegting fevieh@MPEsEI% ed drivi ng signal when the
45r ecei ved drilight gmdtitipgabuies sonflemrerbtocmeit ightte a target seaged control circuit
i s confi gur edntimaging diehiee tardigafel tope@btedizht dehatheadasec spudethddvi ng si gna
?ef In ?d by saiffokiiMs A8vied GABLuRATO Cheateid fodMrlalioR Bﬁ%}@f’ca t sz@@jba%érﬁn _

ransf.er e r i.ng 1§ ; : riving
signa5 agg%%gi%é ?éefH&%%%hE%ﬁg%ﬂg%hégggIgﬁ?gggﬁggfbgﬁs?g¥ﬂ%ﬁé%?rodes SO as
to adj ust™FPHAYSH PIE LY Shet ween said first driving signal and said
second dri vi Mgessigrald imgemevigrige campi®spondi ng to predeterm ned tine
short er thanaahperigedematiosand cohfiwiced tggemlerate an amount of electric charges

corresponding to intensity of the light from the target space; and
20 a charge-coupled device configured to transfer the electric charges generated by

said charge generation unit, and

said charge-coupled device comprises:
a semiconductor layer doped with impurities;
an electrically insulating layer formed on/over said semiconductor layer; and
25 a line of transfer electrodes positioned on/over said electrically insulating layer
for forming a potential well within said semiconductor layer, and
said processing device comprises a driving device for controlling said
charge-coupled device to transfer the electric charges generated by said charge
generation unit, and
30 said driving device comprising:
a clock generation unit configured to output a clock signal; and
an applied voltage control unit configured to perform a transfer process of
switching a voltage applied to said transfer electrode from a control voltage for
forming the potential well to a reference voltage for eliminating the potential well in
35  order from a first end to a second end of the line of said transfer electrodes based on
the clock signal,
wherein said applied voltage control unit comprises:
a control circuit configured to create a driving signal defined as a binary signal
having a first value and a second value for each transfer electrode and output the
40  created driving signal; and
a driving circuit configured to, upon receiving the driving signal, apply the
control voltage to said transfer electrode associated with the received driving signal
when the received driving signal has the first value, and apply the reference voltage
to said transfer electrode associated with the received driving signal when the
45  received driving signal has the second value, and
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said control circuit is configured to, in the transfer process, delay a second
driving signal defined by said driving signal associated with one of said adjacent
transfer electrodes from a first driving signal defined by said driving signal associated
with the other of said adjacent transfer electrodes so as to adjust a phase difference
between said first driving signal and said second driving signal to a value
corresponding to predetermined time shorter than a period of said clock signal.
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